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✶✾✾✹❀ ■❧❧❡❞✐ts❝❤✱ ✷✵✶✶✮✱ t❤❡ ❢❛♠✐❧✐❛r✐t② ❜✐❛s ❛♥❞ t❤❡ ❤♦♠❡ ❜✐❛s ✐♥ ✐♥✈❡st♠❡♥ts

✭❯♣♣❛❧ ❛♥❞ ❲❛♥❣✱ ✷✵✵✸❀ ❍✉❛♥❣✱ ✷✵✵✼❀ ❈❛♦ ❡t ❛❧✳✱ ✷✵✶✶✮✱ ❛♠♣❧✐✜❝❛t✐♦♥ ❡✛❡❝ts

✭❘♦✉t❧❡❞❣❡ ❛♥❞ ❩✐♥✱ ✷✵✵✾❀ ●✉✐❞♦❧✐♥ ❛♥❞ ❘✐♥❛❧❞✐✱ ✷✵✶✵❀ ■❧❧❡❞✐ts❝❤✱ ✷✵✶✶✮✱ ❛♥❞

✶❑❡②♥❡s ✭✶✾✷✶✮❞✐❞ ♥♦t ✉s❡ t❤❡ t❡r♠ ❛♠❜✐❣✉✐t②✳ ■♥st❡❛❞✱ ❤❡ r❡❢❡rr❡❞ t♦ ❵t❤❡ ✇❡✐❣❤t ♦❢
❛r❣✉♠❡♥ts❵✱ ❜✉t ✇❛s ♥♦t s✉r❡ ❛❜♦✉t t❤✐s ❝♦♥❝❡♣t✳ ■♥ ❢❛❝t✱ ❛t t❤❡ ❜❡❣✐♥♥✐♥❣ ♦❢ t❤❡ ❈❤❛♣t❡r
❱■ ❤❡ ✇r✐t❡s✿ ✧❬❆❪❢t❡r ♠✉❝❤ ❝♦♥s✐❞❡r❛t✐♦♥ ■ r❡♠❛✐♥ ✉♥❝❡rt❛✐♥ ❛s t♦ ❤♦✇ ♠✉❝❤ ✐♠♣♦rt❛♥❝❡ t♦
❛tt❛❝❤ t♦ ✐t✳✧ ✭❑❡②♥❡s✱ ✶✾✷✶✱ ❈❤❛♣t❡r ❱■✳✶✮

✷❋♦r ❡①❝❡❧❧❡♥t ♦✈❡r✈✐❡✇s✱ s❡❡ ❈❛♠❡r❡r ❛♥❞ ❲❡❜❡r ✭✶✾✾✷✮✱ ❲❛❦❦❡r ✭✷✵✶✵✮✱ ❊t♥❡r ❡t ❛❧✳
✭✷✵✶✷✮✳ ◆♦t❡ t❤❛t ✐♥❞✐✈✐❞✉❛❧s ❝❛♥ ❛❧s♦ ❜❡ ❛♠❜✐❣✉✐t② s❡❡❦✐♥❣✱ ❢♦r ❡①❛♠♣❧❡✱ ✐❢ t❤❡ ♣r♦❜❛❜✐❧✐t②
♦❢ ✇✐♥♥✐♥❣ ✐s ✈❡r② ❧♦✇ ✭❡✳❣✳✱ ❊✐♥❤♦r♥ ❛♥❞ ❍♦❣❛rt❤✱ ✶✾✽✺❀ ❈✉r❧❡② ❛♥❞ ❨❛t❡s✱ ✶✾✽✾❀ ❑❛❤♥ ❛♥❞
❙❛r✐♥✱ ✶✾✽✽✮✳ ❲❤❡r❡ ♣♦ss✐❜❧❡✱ ✇❡ t❤❡r❡❢♦r❡ r❡❢❡r t♦ t❤❡ ♠♦r❡ ♥❡✉tr❛❧ t❡r♠s ❵❛♠❜✐❣✉✐t② ❡✛❡❝ts❵
♦r ❵❛♠❜✐❣✉✐t② ♣r❡❢❡r❡♥❝❡s❵✱ ❛❧t❤♦✉❣❤ t❤❡ ❛✈❡r❛❣❡ ❡♠♣✐r✐❝❛❧ r❡s♣♦♥s❡ t♦ t❤❡ t✇♦✲❝♦❧♦r ❊❧❧s❜❡r❣
✉r♥ ✐s ❛♠❜✐❣✉✐t② ❛✈❡rs✐♦♥✳

✷



❛s②♠♠❡tr✐❝ r❡❛❝t✐♦♥s t♦ ❣♦♦❞ ❛♥❞ ❜❛❞ ♥❡✇s ✭❊♣st❡✐♥ ❛♥❞ ❙❝❤♥❡✐❞❡r✱ ✷✵✵✽❀ ❊♣✲

st❡✐♥ ❡t ❛❧✳✱ ✷✵✶✵❀ ■❧❧❡❞✐ts❝❤✱ ✷✵✶✶✮✳

❨❡t✱ ✐t ✐s ♥♦t ❛ ❣✐✈❡♥ t❤❛t ❛♠❜✐❣✉✐t② ❡✛❡❝ts ✐♥ ✐♥❞✐✈✐❞✉❛❧ ❞❡❝✐s✐♦♥ ♠❛❦✐♥❣

s✉r✈✐✈❡ ✇❤❡♥ ♠❛r❦❡t ❢♦r❝❡s ❛r❡ ❛t ✇♦r❦✳ ■♥ ♠❛r❦❡ts✱ s✉❜❥❡❝ts❵ ❞❡❝✐s✐♦♥s ❛r❡

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

❆❝❝♦r❞✐♥❣ t♦ t❤❡ st❛♥❞❛r❞ ♥❡♦❝❧❛ss✐❝❛❧ ❛r❣✉♠❡♥t✱ ♠❛r❦❡t ♠❡❝❤❛♥✐s♠s ❛♥❞ ✐♥✲

❝❡♥t✐✈❡s s❤♦✉❧❞ r❡❞✉❝❡ ❜❡❤❛✈✐♦r❛❧ ❜✐❛s❡s ❛♥❞ ♥♦♥✲❡①♣❡❝t❡❞ ✉t✐❧✐t② ❜❡❤❛✈✐♦r✱ ✐♥✲

❝❧✉❞✐♥❣ ❛♠❜✐❣✉✐t② ❡✛❡❝ts ✭❈❛♠❡r❡r✱ ✶✾✽✼✮✳

❉❡s♣✐t❡ t❤❡ ❜✉r❣❡♦♥✐♥❣ t❤❡♦r❡t✐❝❛❧ ❧✐t❡r❛t✉r❡ ❛♥❞ t❤❡ ♣r♦♠✐s✐♥❣ ❡①♣❧❛♥❛t♦r②

♣♦t❡♥t✐❛❧ ♦❢ ❛♠❜✐❣✉✐t② ♣r❡❢❡r❡♥❝❡s✱ ❡✈✐❞❡♥❝❡ ♦♥ t❤❡ ✐♠♣❛❝t ♦❢ ❛♠❜✐❣✉✐t② ✐♥ ❡①✲

♣❡r✐♠❡♥t❛❧ ✜♥❛♥❝✐❛❧ ♠❛r❦❡ts ✐s ✈❡r② ❧✐♠✐t❡❞ ❛♥❞ r❛t❤❡r ♠✐①❡❞✳ ❙t✉❞✐❡s t❤❛t

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

♠❛❦✐♥❣✱ t❤❡ t✇♦✲❝♦❧♦r ❊❧❧s❜❡r❣ ✉r♥✱ ✇✐t❤ ♣r❡❞♦♠✐♥❛♥t ♠❛r❦❡t ❞❡s✐❣♥s ✐♥ ❡①♣❡r✐✲

♠❡♥t❛❧ ✜♥❛♥❝✐❛❧ tr❛❞✐♥❣✱ t❤❡ ❞♦✉❜❧❡ ❛✉❝t✐♦♥ ❛♥❞ t❤❡ ❝❛❧❧ ♠❛r❦❡t✱ ❛r❡ ♣❛rt✐❝✉❧❛r❧②

s❝❛r❝❡✳ ❚❤❡r❡❢♦r❡✱ t❤❡ ♠❛✐♥ ❝♦♥tr✐❜✉t✐♦♥ ♦❢ t❤✐s ♣❛♣❡r ✐s t♦ t❡st ✇❤❡t❤❡r ❛♠❜✐✲

❣✉✐t② ❡✛❡❝ts ❛r✐s❡ ❛♥❞ s✉r✈✐✈❡ ✐♥ ✜♥❛♥❝✐❛❧ tr❛❞✐♥❣ ❡♥✈✐r♦♥♠❡♥ts✱ ❜② ♣r♦✈✐❞✐♥❣ ❛

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

♦♥ t✇♦✲❝♦❧♦r ❊❧❧s❜❡r❣ ✉r♥✱ ❛♥❞ ❛ ❝♦rr❡s♣♦♥❞✐♥❣ r✐s❦② ❛ss❡t ✐♥ ❞♦✉❜❧❡ ❛✉❝t✐♦♥s

❛♥❞ ❝❛❧❧ ♠❛r❦❡ts✳

❆ ❝❤r♦♥♦❧♦❣✐❝❛❧ ❞❡s❝r✐♣t✐♦♥ ♦❢ ♦✉r ❡①♣❡r✐♠❡♥t ❜❡st ❡①♣❧❛✐♥s t❤❡ tr❡❛t♠❡♥ts

❛♥❞ t❤❡✐r r❡s✉❧ts✳ ❲❡ st❛rt❡❞ ✇✐t❤ ❛ st❛♥❞❛r❞ ❞♦✉❜❧❡ ❛✉❝t✐♦♥ ♠❛r❦❡t ✇❤❡r❡

s✉❜❥❡❝ts ✇❡r❡ ❛❜❧❡ t♦ s✐♠✉❧t❛♥❡♦✉s❧② tr❛❞❡ ❛ r✐s❦② ❛♥❞ ❛♥ ❛♠❜✐❣✉♦✉s ❛ss❡t ✱ ❜✉t

✐♥ t✇♦ ❞✐✛❡r❡♥t ♠❛r❦❡ts ♦♥ ❛ s♣❧✐t s❝r❡❡♥✳ ❚♦ ♣r♦✈✐❞❡ ♠♦r❡ r♦♦♠ ❢♦r ❛♠❜✐❣✉✐t②

❡✛❡❝ts ✇❡ st❛②❡❞ ❛s ❝❧♦s❡ ❛s ♣♦ss✐❜❧❡ t♦ ✐♥❞✐✈✐❞✉❛❧ ❞❡❝✐s✐♦♥ t❛s❦ s❡tt✐♥❣s✿ ❜②

s❡♣❛r❛t✐♥❣ t❤❡ t✇♦ ♠❛r❦❡ts ✇✐t❤ ❞❡❞✐❝❛t❡❞ tr❛❞✐♥❣ ❛❝❝♦✉♥t ❢♦r ❡❛❝❤ ♠❛r❦❡t✱ ✇❡

❡❧✐♠✐♥❛t❡❞ t❤❡ ♣♦ss✐❜✐❧✐t② t♦ ❛r❜✐tr❛❣❡ ❜❡t✇❡❡♥ r✐s❦ ❛♥❞ ❛♠❜✐❣✉✐t②❀ ❛♥❞ ❜② ❞✐s✲

♣❧❛②✐♥❣ ❜♦t❤ ♠❛r❦❡ts ♦♥ t❤❡ s❛♠❡ s❝r❡❡♥✱ ✇❡ ✐♥❝r❡❛s❡❞ t❤❡ s❛❧✐❡♥❝❡ ♦❢ ❛♠❜✐❣✉✐t②✱

❛s s❤♦✇♥ ❜② ❋♦① ❛♥❞ ❚✈❡rs❦② ✭✶✾✾✺✮✳ ❉❡♣❡♥❞✐♥❣ ♦♥ t❤❡ r❡s✉❧ts ♦❢ t❤✐s tr❡❛t✲

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

♦❢ ❛♠❜✐❣✉✐t② ❡✛❡❝ts✱ ✇❡ ♣❧❛♥♥❡❞ t♦ t❡st t❤❡✐r r♦❜✉st♥❡ss ✐♥ ❛ ♠♦r❡ ✐♥t❡❣r❛t❡❞

✜♥❛♥❝✐❛❧ ♠❛r❦❡t ✇✐t❤ ❛r❜✐tr❛❣❡✳ ■♥ ❝❛s❡ ♦❢ ♥♦ ❛♠❜✐❣✉✐t② ❡✛❡❝ts✱ ✇❡ ♣❧❛♥♥❡❞

t♦ ❣✐✈❡ t❤❡♠ ♠♦r❡ r♦♦♠ ❜② ❛❞♠✐♥✐st❡r✐♥❣ ❛ ❝❛❧❧ ♠❛r❦❡t ✇✐t❤ ❧❡ss ✐♥tr❛✲♣❡r✐♦❞

♠❛r❦❡t ❢❡❡❞❜❛❝❦✳ ❚❤❡ r❡s✉❧ts ❢r♦♠ t❤❡ ❞♦✉❜❧❡ ❛✉❝t✐♦♥ ♠❛r❦❡t ❡①♣❡r✐♠❡♥t ❞✐❞

♥♦t s❤♦✇ ❛♥② ❛♠❜✐❣✉✐t② ❡✛❡❝ts ♦♥ tr❛♥s❛❝t✐♦♥ ♣r✐❝❡s✱ ❜✐❞s✱ ❛s❦s✱ ✈♦❧✉♠❡✱ ✈♦❧❛t✐❧✲

✐t②✱ ♦r s❤❛r❡ ❞✐str✐❜✉t✐♦♥s ✐♥ tr❛❞❡rs❵ ♣♦rt❢♦❧✐♦s✳ ❆❝❝♦r❞✐♥❣❧②✱ ✇❡ ❛❞♠✐♥✐st❡r❡❞

❛ ❝❛❧❧ ♠❛r❦❡t tr❡❛t♠❡♥t✱ ✇❤✐❧❡ t❛❦✐♥❣ ❣r❡❛t ❝❛r❡ t♦ ❦❡❡♣ ❛❧❧ ♦t❤❡r ❛s♣❡❝ts ✉♥✲

❝❤❛♥❣❡❞✳ ❆❣❛✐♥✱ ✇❡ ❞✐❞ ♥♦t ♦❜s❡r✈❡ s②st❡♠❛t✐❝ ❛♠❜✐❣✉✐t② ❡✛❡❝ts ♦♥ ❛♥② ♦❢ t❤❡

❛❜♦✈❡ ♠❡♥t✐♦♥❡❞ ✈❛r✐❛❜❧❡s✳ ❲❡ t❤❡r❡❢♦r❡ ❞❡❣❡♥❡r❛t❡❞ t❤❡ t✇♦ s✐❞❡❞ ❝❛❧❧ ♠❛r✲

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

❛ ❇❡❝❦❡r✕❉❡●r♦♦t✕▼❛rs❝❤❛❦ ✭❇❉▼✮ ♠❡❝❤❛♥✐s♠ ✭❇❡❝❦❡r ❡t ❛❧✳✱ ✶✾✻✹✮✳ ❚❤✐s

✸



✇❛s ♠❡❛♥t t♦ t❡st ✇❤❡t❤❡r ♦✉r ♦♣❡r❛t✐♦♥❛❧✐③❛t✐♦♥ ♦❢ ❛♠❜✐❣✉✐t② ✇❛s s✉✣❝✐❡♥t

t♦ ♣r♦❞✉❝❡ ❛♠❜✐❣✉✐t② ❡✛❡❝ts ✐♥ ✐♥❞✐✈✐❞✉❛❧ ❞❡❝✐s✐♦♥ ♠❛❦✐♥❣✳ ❆s ❡①♣❡❝t❡❞✱ s✉❜✲

❥❡❝ts❵ ✐♥❞✐✈✐❞✉❛❧ ✇✐❧❧✐♥❣♥❡ss t♦ ♣❛② ✭❲❚P✮ ❢♦r t❤❡ r✐s❦② ❛ss❡t ✇❛s s✐❣♥✐✜❝❛♥t❧②

❣r❡❛t❡r t❤❛♥ ❢♦r t❤❡ ❛♠❜✐❣✉♦✉s ❛ss❡t✳ ❍♦✇❡✈❡r✱ ❛❧t❤♦✉❣❤ t❤❡s❡ r❡s✉❧ts s✉♣♣♦rt❡❞

♦✉r ♦♣❡r❛t✐♦♥❛❧✐③❛t✐♦♥ ♦❢ ❛♠❜✐❣✉✐t②✱ ❛❧t❡r♥❛t✐✈❡ ♠❡t❤♦❞s ♠✐❣❤t ❤❛✈❡ ❜❡❡♥ ❡✈❡♥

str♦♥❣❡r✳ ❚❤❡ ❧❛tt❡r ❝♦✉❧❞ ❡①♣❧❛✐♥✱ ✇❤② r❡❧❛t❡❞ st✉❞✐❡s ❞✐s❝✉ss❡❞ ❢✉rt❤❡r ❜❡❧♦✇

✭❡✳❣✳✱ ❙❛r✐♥ ❛♥❞ ❲❡❜❡r✱ ✶✾✾✸✮ ❢♦✉♥❞ s♦♠❡ ❛♠❜✐❣✉✐t② ❡✛❡❝ts ✐♥ ♠❛r❦❡ts✱ ✇❤✐❧❡ ✇❡

❞✐❞ ♥♦t✳ ❆s ❛ r♦❜✉st♥❡ss ❝❤❡❝❦ ✇❡ t❤❡r❡❢♦r❡ r❛♥ t❤❡ ❇❉▼ tr❡❛t♠❡♥t ❛❣❛✐♥✱ ❜✉t

♣r♦❞✉❝❡❞ t❤❡ ❛♠❜✐❣✉♦✉s ❛ss❡t ✇✐t❤ ❛ ❝♦♠♣♦✉♥❞ ❧♦tt❡r②✱ ✇❤✐❝❤ ✇❛s ❛❧s♦ ✉s❡❞ ✐♥

❙❛r✐♥ ❛♥❞ ❲❡❜❡r ✭✶✾✾✸✮✳ ❚❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ ❲❚P ❢♦r t❤❡ r✐s❦② ❛♥❞ t❤❡

❛♠❜✐❣✉♦✉s ❛ss❡ts t✉r♥❡❞ ♦✉t t♦ ❜❡ s♠❛❧❧❡r ❛♥❞ st❛t✐st✐❝❛❧❧② ✐♥s✐❣♥✐✜❝❛♥t✳ ❍❡♥❝❡✱

✐t s❡❡♠s t❤❛t ♦✉r ♦r✐❣✐♥❛❧ ♦♣❡r❛t✐♦♥❛❧✐③❛t✐♦♥ ♦❢ ❛♠❜✐❣✉✐t② ❤❛s ❜❡❡♥ s✉✣❝✐❡♥t❧②

str♦♥❣✱ s✉♣♣♦rt✐♥❣ t❤❡ ♥♦t✐♦♥ t❤❛t ♠❛r❦❡t ❢♦r❝❡s ✇❛s❤❡❞ ♦✉t ❛♠❜✐❣✉✐t② ❡✛❡❝ts

✐♥ t❤❡ ❞♦✉❜❧❡ ❛✉❝t✐♦♥ ❛♥❞ ❝❛❧❧ ♠❛r❦❡ts✳

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

♦✉s ❛ss❡ts ✐♥ ♠❛r❦❡ts✳ ❚♦ t❤❡ ❜❡st ♦❢ ♦✉r ❦♥♦✇❧❡❞❣❡✱ ❈❛♠❡r❡r ❛♥❞ ❑✉♥r❡✉t❤❡r

✭✶✾✽✾✮ ❛r❡ t❤❡ ✜rst t♦ st✉❞② ❛♠❜✐❣✉✐t② ❡✛❡❝ts ✐♥ ❡①♣❡r✐♠❡♥t❛❧ ♠❛r❦❡ts✳ ❚❤❡② ❛❞✲

♠✐♥✐st❡r❡❞ ♦♣❡♥ ♦✉t❝r② ❞♦✉❜❧❡ ❛✉❝t✐♦♥ ♠❛r❦❡ts ❢♦r ✐♥s✉r❛♥❝❡ ❝♦✈❡r❛❣❡ ❛❣❛✐♥st

r✐s❦② ❛♥❞ ❛♠❜✐❣✉♦✉s ❤❛③❛r❞s t❤❛t ♣r♦❞✉❝❡❞ ♦♥❧② ❧♦ss❡s✳ ❚❤❡ ♠❛r❦❡ts ✇❡r❡

s❡♣❛r❛t❡❞ ✇✐t❤♦✉t ♦♣♣♦rt✉♥✐t✐❡s ❢♦r ❛r❜✐tr❛❣❡ ❛♥❞ ❛♠❜✐❣✉✐t② ✇❛s ♦♣❡r❛t✐♦♥❛❧✲

✐③❡❞ t❤r♦✉❣❤ ❝♦♠♣♦✉♥❞ ❧♦tt❡r✐❡s ✭s❡❝♦♥❞✲♦r❞❡r ♣r♦❜❛❜✐❧✐t✐❡s✮✱ ❛❧s♦ r❡❢❡rr❡❞ t♦

❛s ❵✇❡❛❦ ❛♠❜✐❣✉✐t②❵✳ ❚❤❡ ❛✉t❤♦rs ❝♦♥❝❧✉❞❡ t❤❛t ✧❬t❪❤❡ ❡✛❡❝ts ♦❢ ❛♠❜✐❣✉✐t② ❛r❡

r❛t❤❡r ♠✐♥♦r ❛♥❞ ♠✐①❡❞✧ ✭♣✳✷✽✼✮✱ ✇✐t❤ ❝♦♥✢✐❝t✐♥❣ ❡✛❡❝ts ♦♥ t❤❡ ♥✉♠❜❡r ♦❢ ✐♥s✉r✲

❛♥❝❡ ❝♦♥tr❛❝ts ❤❡❧❞ ❛t t❤❡ ❡♥❞ ♦❢ tr❛❞✐♥❣ ❛♥❞ ♥♦ ❡✛❡❝ts ♦♥ ♣r✐❝❡s✳ ❇② ❝♦♥tr❛st✱

✇❡ ✉s❡❞ str♦♥❣ ❛♠❜✐❣✉✐t② ❛♥❞ st✉❞② ✐ts ❡✛❡❝ts ✐♥ t❤❡ ❣❛✐♥ ❞♦♠❛✐♥✳

❇♦ss❛❡rts ❡t ❛❧✳ ✭✷✵✶✵✮ ✉s❡❞ ❛ ❞♦✉❜❧❡ ❛✉❝t✐♦♥ ❡♥✈✐r♦♥♠❡♥t t♦ ❡①♣❡r✐♠❡♥t❛❧❧②

✐♥✈❡st✐❣❛t❡ t❤❡ s✐♠✉❧t❛♥❡♦✉s tr❛❞✐♥❣ ♦❢ ❛ss❡ts ✇✐t❤ st❛t❡✲❞❡♣❡♥❞❡♥t ❞✐✈✐❞❡♥❞s

✇❤❡r❡ st❛t❡ ♣r♦❜❛❜✐❧✐t✐❡s ✇❡r❡ ❡✐t❤❡r r✐s❦② ♦r ❛♠❜✐❣✉♦✉s✳ ❚❤❡② ❛❞♠✐♥✐st❡r❡❞

❛ t❤r❡❡✲❝♦❧♦r ❊❧❧s❜❡r❣ ✉r♥✱ ✇❤❡r❡ t❤❡ ♣❛②♦✛s ❢r♦♠ t❤❡ r✐s❦② ❛♥❞ t❤❡ ❛♠❜✐❣✉✲

♦✉s ❛ss❡t ❛r❡ ♥♦t ✐♥❞❡♣❡♥❞❡♥t ❢r♦♠ ❡❛❝❤ ♦t❤❡r✱ ❛♥❞ t❤❡② ❧❡t s✉❜❥❡❝ts ❧❡❛r♥

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

♠❡♥t✳ ❚❤❡ ❛✉t❤♦rs ❛❝❦♥♦✇❧❡❞❣❡ t❤❛t t❤✐s r❡❞✉❝t✐♦♥ ✐♥ ❛♠❜✐❣✉✐t② ♦♥ ♣r✐❝❡s ❝♦✉❧❞

❜❡ ❝♦♥❢♦✉♥❞❡❞ ✇✐t❤ ❝♦♥✈❡r❣❡♥❝❡ t♦ ❡q✉✐❧✐❜r✐✉♠✱ ✧❜❡❝❛✉s❡ ✐t ✐s ❞✐✣❝✉❧t✖✐❢ ♥♦t

✐♠♣♦ss✐❜❧❡✖t♦ ❛ss❡ss ✇❤❡♥ ♣r✐❝❡s ❤❛✈❡ ❵s❡tt❧❡❞ ❞♦✇♥❵ ❞✉r✐♥❣ ❛♥ ❡①♣❡r✐♠❡♥✲

t❛❧ ♣❡r✐♦❞✳✧ ✭♣✳✶✸✺✶✮ ▼♦r❡♦✈❡r✱ t❤❡✐r s❡t✉♣ r❡q✉✐r❡s t❤❡ ❝♦♠♣✉t❛t✐♦♥ ♦❢ st❛t❡

♣r✐❝❡✴♣r♦❜❛❜✐❧✐t② r❛t✐♦s ✇✐t❤ ❛ ♥✉♠❜❡r ♦❢ ❛ss✉♠♣t✐♦♥s ♦♥ ♣r✐♦rs ❛♥❞ ✉♣❞❛t✐♥❣✳✸

✸❆s t❤❡r❡ ❡①✐sts ♥♦ t❤❡♦r② ❢♦r ✉♣❞❛t✐♥❣ ✉♥❞❡r ❛♠❜✐❣✉✐t②✱ t❤❡ ❛✉t❤♦rs ✧❢♦❧❧♦✇ t❤❡ s✐♠♣❧❡st
❛♣♣r♦❛❝❤ ❛♥❞ ✉s❡ ✉♥✐❢♦r♠ ♣r✐♦rs ♦✈❡r t❤❡ ❛♠❜✐❣✉♦✉s st❛t❡s ❢♦r t❤❡ ✐♥✐t✐❛❧ ❞r❛✇✱ ✉♣❞❛t❡❞ ❜②
❇❛②❡s✬ ❘✉❧❡ ❢♦r s✉❜s❡q✉❡♥t ❞r❛✇s✳✧ ✭♣✳✶✸✹✼✮ ❆❧t❤♦✉❣❤ r❡❝❡♥t ❡✈✐❞❡♥❝❡ ♣♦✐♥ts ✐♥t♦ t❤❡ ❞✐r❡❝t✐♦♥
♦❢ ❇❛②❡s✐❛♥ ❧❡❛r♥✐♥❣ ✉♥❞❡r ❛♠❜✐❣✉✐t②✱ ✐t ❛❧s♦ s✉❣❣❡sts t❤❛t s✉❜❥❡❝ts ♠✐❣❤t ♦✈❡r✲❛❞❥✉st✴✉♥❞❡r✲
❛❞❥✉st t♦ ❝♦♥tr❛❞✐❝t♦r②✴❝♦♥✜r♠✐♥❣ s✐❣♥❛❧s✳ ✭◗✐✉ ❛♥❞ ❲❡✐t③❡❧✱ ✷✵✶✸✮

✹



❇♦ss❛❡rts ❡t ❛❧✳ ❝♦♥❝❧✉❞❡ t❤❛t ❛♠❜✐❣✉✐t② ❛✈❡rs✐♦♥ ♠❛tt❡rs ♦♥❧② ♣❛rt✐❛❧❧②✿ ✧❚❤❡

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

❡①♣❡r✐♠❡♥t❛❧ ❞❛t❛❀ t❤❡ ♣r❡❞✐❝t✐♦♥s ❢♦r ♣r✐❝❡s ❛r❡ ❧❡ss r♦❜✉st✳✧ ✭♣✳✶✸✺✺✮ ❇② ❝♦♥✲

tr❛st✱ ✇❡ ❡①❝❧✉❞❡❞ ✉♣❞❛t✐♥❣ ✉♥❞❡r ❛♠❜✐❣✉✐t② ❛♥❞ ❡♥s✉r❡❞ ✐♥❞❡♣❡♥❞❡♥t ♣❛②♦✛s

❜② ❝♦♥tr❛st✐♥❣ ❛ t✇♦✲❝♦❧♦r ❊❧❧s❜❡r❣ ✉r♥ ✇✐t❤ ❛ s❡♣❛r❛t❡ r✐s❦② ✉r♥✳

❑♦❝❤❡r ❛♥❞ ❚r❛✉t♠❛♥♥ ✭✷✵✶✸✮ ❞❡s✐❣♥❡❞ t✇♦ s❡♣❛r❛t❡ ✜rst✲♣r✐❝❡ s❡❛❧❡❞ ❜✐❞

♠❛r❦❡t ❡♥✈✐r♦♥♠❡♥ts ❢♦r r✐s❦② ❛♥❞ ❛♠❜✐❣✉♦✉s ❛ss❡ts ❛♥❞ ❛❧❧♦✇❡❞ s✉❜❥❡❝ts t♦

s❡❧❢✲s❡❧❡❝t ✐♥t♦ ♦♥❡ ♦❢ t✇♦✱ ♠✉t✉❛❧❧② ❡①❝❧✉s✐✈❡ ♠❛r❦❡ts✳ ❍❡♥❝❡✱ ❛s ✐♥ ♦✉r st✉❞②✱

❛r❜✐tr❛❣❡ ❜❡t✇❡❡♥ r✐s❦ ❛♥❞ ❛♠❜✐❣✉✐t② ✇❛s ♥♦t ♣♦ss✐❜❧❡✳ ❚❤❡ ❛♠❜✐❣✉♦✉s ❛ss❡t

✇❛s ♦♣❡r❛t✐♦♥❛❧✐③❡❞ ✇✐t❤ ❛ t✇♦✲❝♦❧♦r ❊❧❧s❜❡r❣ ✉r♥✳ ❆❧t❤♦✉❣❤ ♠♦st s✉❜❥❡❝ts ❝❤♦s❡

t♦ s✉❜♠✐t ❛ ❜✐❞ ✐♥ t❤❡ r✐s❦② ♠❛r❦❡t✱ ❛✈❡r❛❣❡ tr❛♥s❛❝t✐♦♥ ♣r✐❝❡s ❢♦r ❜♦t❤ t②♣❡s ♦❢

❛ss❡ts ✇❡r❡ ❡q✉❛❧ ❛❝r♦ss ♠❛r❦❡ts✳ ❇② ❝♦♥tr❛st✱ ✇❡ ❛❧❧♦✇❡❞ ❛❧❧ s✉❜❥❡❝ts✱ ✇✐t❤♦✉t

♣r✐♦r s❡❧❢✲s❡❧❡❝t✐♦♥✱ t♦ tr❛❞❡ ❜♦t❤ t②♣❡s ♦❢ ❛ss❡ts ✐♥ ❞♦✉❜❧❡ ❛✉❝t✐♦♥ ❛♥❞ ❝❛❧❧

♠❛r❦❡t ❡♥✈✐r♦♥♠❡♥ts✳ ▼♦r❡♦✈❡r✱ r✐s❦② ❛♥❞ ❛♠❜✐❣✉♦✉s ❛ss❡ts ✇❡r❡ ♥♦t tr❛❞❡❞ ✐♥

♠✉t✉❛❧❧② ❡①❝❧✉s✐✈❡ ❡♥✈✐r♦♥♠❡♥ts✱ ❜✉t s✐♠✉❧t❛♥❡♦✉s❧②✳

❚❤❡ st✉❞② ♦❢ ❙❛r✐♥ ❛♥❞ ❲❡❜❡r ✭✶✾✾✸✮ ✐s ♠♦st r❡❧❛t❡❞ t♦ ♦✉r ❡①♣❡r✐♠❡♥t❛❧

s❡tt✐♥❣✿ ✐♥ ✶✹ ♠❛r❦❡ts t❤❡ ❛✉t❤♦rs ❡①♣❧♦r❡❞ s❡✈❡r❛❧ ❝♦♠❜✐♥❛t✐♦♥s ♦❢ tr❡❛t♠❡♥t

❡✛❡❝ts✱ ✐♥❝❧✉❞✐♥❣ s❡❛❧❡❞ ❜✐❞ ❛✉❝t✐♦♥s ✈s✳ ♦♣❡♥ ♦✉t❝r② ❞♦✉❜❧❡ ❛✉❝t✐♦♥s✱ ✐♥❞❡♣❡♥✲

❞❡♥t ✈s✳ s✐♠✉❧t❛♥❡♦✉s tr❛❞✐♥❣ ♦❢ r✐s❦② ❛♥❞ ❛♠❜✐❣✉♦✉s ❛ss❡ts ✭✇✐t❤ ❛r❜✐tr❛❣❡✮✱

❡①♣❡r✐❡♥❝❡❞ ❡①❡❝✉t✐✈❡s ✈s✳ st✉❞❡♥ts ❛s tr❛❞❡rs✱ s♠❛❧❧❡r ✈s✳ ❧❛r❣❡r ♥✉♠❜❡r ♦❢

tr❛❞✐♥❣ ♣❡r✐♦❞s✱ ❧♦✇ ✈s✳ ❡q✉❛❧ ♣r♦❜❛❜✐❧✐t② ❧❡✈❡❧s✱ ❛♥❞ t❤❡ ❢r❛♠✐♥❣ ♦❢ ❛♠❜✐❣✉✐t②

❛s ♥❛t✉r❡ ✈s✳ ❡①♣❡rt ❥✉❞❣♠❡♥ts✳ ■♥ ❛❧❧ tr❡❛t♠❡♥ts✱ ❝♦♠♣♦✉♥❞ ❧♦tt❡r✐❡s ✇❡r❡

✉s❡❞ t♦ ♦♣❡r❛t✐♦♥❛❧✐③❡ ✭✇❡❛❦✮ ❛♠❜✐❣✉✐t②✳ ❙❛r✐♥ ❛♥❞ ❲❡❜❡r ✭✶✾✾✸✮ r❡♣♦rt ✐♥✲

❝♦♥❝❧✉s✐✈❡ r❡s✉❧ts ✇❤❡♥ r✐s❦② ❛♥❞ ❛♠❜✐❣✉♦✉s ❛ss❡ts ✇❡r❡ tr❛❞❡❞ ✐♥❞❡♣❡♥❞❡♥t❧②✳

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

❝❛♥t❧② ❧♦✇❡r✳ ❚❤❡ ❛✉t❤♦rs ❛❝❦♥♦✇❧❡❞❣❡ t❤❛t t❤✐s ✐s ✉♥❡①♣❡❝t❡❞✱ ❛s s✐♠✉❧t❛♥❡♦✉s

❛✉❝t✐♦♥s ❛❧❧♦✇ ❢♦r ❛r❜✐tr❛❣❡✳✹ ◆♦t❡✱ ❤♦✇❡✈❡r✱ t❤❛t t❤✐s r❡s✉❧t ✐s ❜❛s❡❞ ♦♥ ♦♥❧②

❢♦✉r ♠❛r❦❡ts ✭✐♥❝❧✉❞✐♥❣ ❜♦t❤ s❡❛❧❡❞ ❜✐❞ ❛✉❝t✐♦♥s ❛♥❞ ❞♦✉❜❧❡ ❛✉❝t✐♦♥ ♠❛r❦❡ts✮✱

✇❤✐❝❤ ❝♦♥st✐t✉t❡ t❤❡ ❡♥t✐r❡ ❡①♣❡r✐♠❡♥t❛❧ ❡✈✐❞❡♥❝❡ ♦♥ t❤❡ s✐♠✉❧t❛♥❡♦✉s tr❛❞✐♥❣

♦❢ r✐s❦② ❛♥❞ ❛♠❜✐❣✉♦✉s s❤❛r❡s ✇✐t❤ ✐♥❞❡♣❡♥❞❡♥t ♦✉t❝♦♠❡s✳ ❲❡ ❝♦♠♣❧❡♠❡♥t

t❤❡s❡ ♠❛r❦❡t ❡①♣❡r✐♠❡♥ts ✇✐t❤ ❛ ❣r❡❛t❡r ♥✉♠❜❡r ♦❢ ✐♥❞❡♣❡♥❞❡♥t ♦❜s❡r✈❛t✐♦♥s✱

str♦♥❣ ❛♠❜✐❣✉✐t②✱ ♥♦ ❛r❜✐tr❛❣❡ ✐♥ s✐♠✉❧t❛♥❡♦✉s tr❛❞✐♥❣✱ ❛♥❞ ❛♥ ✐♥❞✐✈✐❞✉❛❧ ❞❡❝✐✲

s✐♦♥ ♠❛❦✐♥❣ ❇❉▼ ❝♦♥tr♦❧✳

❆s t❤❡ ❞❡s✐❣♥s ♦❢ ♣r✐♦r st✉❞✐❡s ❞✐✛❡r q✉✐t❡ s✉❜st❛♥t✐❛❧❧②✱ ✐t ✐s ♥♦t s✉r♣r✐s✐♥❣

t❤❛t r❡s✉❧ts ❛r❡ ♠✐①❡❞✳ ❋♦r ❜❡tt❡r ❝♦♠♣❛r❛❜✐❧✐t② ❛♥❞ ✐♥t❡r♣r❡t❛❜✐❧✐t② t❤✐s ♣❛♣❡r

❛tt❡♠♣ts t♦ ♣r♦✈✐❞❡ ❛ s✐♠♣❧❡ ❛♥❞ ❞✐r❡❝t t❡st ✇✐t❤ ✇❡❧❧✲❦♥♦✇♥ ❞❡s✐❣♥ ❢❡❛t✉r❡s✳

❲✐t❤ r❡❣❛r❞ t♦ ✐♥❞✐✈✐❞✉❛❧ ❛♠❜✐❣✉✐t② ❡✛❡❝ts ✇❡ ❝❛♥ ❝❧❡❛r❧② r❡♣❧✐❝❛t❡ ♣r✐♦r st✉❞✐❡s✳

✹✧■t s❡❡♠s t❤❛t ❛ ♠♦r❡ tr❛♥s♣❛r❡♥t ❝♦♠♣❛r✐s♦♥ ❜❡t✇❡❡♥ t❤❡ ✉♥❛♠❜✐❣✉♦✉s ❛♥❞ ❛♠❜✐❣✉✲
♦✉s ❛ss❡ts ❧❡❛❞s t♦ ❛ ❣r❡❛t❡r ❞✐✛❡r❡♥t✐❛❧ ✐♥ ♠❛r❦❡t ♣r✐❝❡s ✭s✐♠✉❧t❛♥❡♦✉s ✈❡rs✉s ✐♥❞❡♣❡♥❞❡♥t✮
❝♦♥tr❛r② t♦ ♦✉r ❡①♣❡❝t❛t✐♦♥✳✧ ✭❙❛r✐♥ ❛♥❞ ❲❡❜❡r✱ ✶✾✾✸✱ ♣✳✻✶✷✮

✺



❍♦✇❡✈❡r✱ ✇❤❡♥ ❡①♣♦s✐♥❣ t❤❡s❡ ❡✛❡❝ts t♦ ❜❛s✐❝ ♠❛r❦❡t ♠❡❝❤❛♥✐s♠s✱ ❛♠❜✐❣✉✐t②

❞♦❡s ♥♦t s❡❡♠ t♦ ♣❧❛② ❛ r♦❧❡ ❛♥②♠♦r❡✳

❚❤❡ ♣❛♣❡r ✐s ♦r❣❛♥✐③❡❞ ❛s ❢♦❧❧♦✇s✳ ❙❡❝t✐♦♥ ✷ ♣r❡s❡♥ts t❤❡ ❡①♣❡r✐♠❡♥t❛❧ ❞❡✲

s✐❣♥✱ ❢♦❧❧♦✇❡❞ ❜② ❛ ❞✐s❝✉ss✐♦♥ ♦❢ t❤❡ r❡s✉❧ts ❛♥❞ r♦❜✉st♥❡ss ❝❤❡❝❦s✳ ❙❡❝t✐♦♥ ✹

❝♦♥❝❧✉❞❡s✳

✷ ❊①♣❡r✐♠❡♥t❛❧ ❉❡s✐❣♥

✷✳✶ ❖✈❡r✈✐❡✇

❚❛❜❧❡ ✶ ♣r♦✈✐❞❡s ❛♥ ♦✈❡r✈✐❡✇ ♦❢ t❤❡ ❡①♣❡r✐♠❡♥t✳ ■♥ t♦t❛❧✱ ✶✼✻ s✉❜❥❡❝ts ♣❛r✲

t✐❝✐♣❛t❡❞ ✐♥ ❡✐❣❤t s❡ss✐♦♥s✳ ❲❡ r❛♥ ❢♦✉r s❡ss✐♦♥s ✇✐t❤ ❞♦✉❜❧❡ ❛✉❝t✐♦♥ ♠❛r❦❡ts

✭❉❆✱ t✇❡❧✈❡ ✐♥❞❡♣❡♥❞❡♥t ♠❛r❦❡ts ✇✐t❤ ❡✐❣❤t s✉❜❥❡❝ts ❡❛❝❤✮✱ t✇♦ s❡ss✐♦♥s ✇✐t❤

❝❛❧❧ ♠❛r❦❡ts ✭❈▼✱ s✐① ✐♥❞❡♣❡♥❞❡♥t ♠❛r❦❡ts ✇✐t❤ ❡✐❣❤t s✉❜❥❡❝ts ❡❛❝❤✮✱ ❛♥❞ t✇♦

s❡ss✐♦♥s ✇✐t❤ ❇❉▼ ❡✈❛❧✉❛t✐♦♥s ✭❲❚P✱ ✐♥❞✐✈✐❞✉❛❧ ♦❜s❡r✈❛t✐♦♥s ♦❢ ✸✷ s✉❜❥❡❝ts✮✳

❊❛❝❤ ❡①♣❡r✐♠❡♥t❛❧ s❡ss✐♦♥ ❝♦♥s✐st❡❞ ♦❢ t✇❡❧✈❡ ❝♦♥s❡❝✉t✐✈❡ ❛♥❞ ✐❞❡♥t✐❝❛❧❧② ❞❡✲

s✐❣♥❡❞ ♣❡r✐♦❞s✳ ❙✉❜❥❡❝ts tr❛❞❡❞ ♦r ❡✈❛❧✉❛t❡❞ r✐s❦② ❛ss❡ts ✭❘✮ ❛♥❞ ❛♠❜✐❣✉♦✉s

❛ss❡ts ✭❆✮✱ ✇❤✐❝❤ ✇❡ ❜♦t❤ r❡❢❡rr❡❞ t♦ ❛s s❤❛r❡s✳ ❚❤❡ s❤❛r❡s ✇❡r❡ tr❛❞❡❞ ✐♥

t✇♦ ♠❛r❦❡ts✱ ✇❤✐❝❤ ✇❡ ❛❞♠✐♥✐st❡r❡❞ s❡♣❛r❛t❡❧②✱ ❜✉t s✐♠✉❧t❛♥❡♦✉s❧② ♦♥ ❛ s♣❧✐t

s❝r❡❡♥✳ ❚♦ ❛✈♦✐❞ ❛♥② r❡❢❡r❡♥❝❡ t♦ r✐s❦ ♦r ❛♠❜✐❣✉✐t② ✇❡ r❡❢❡rr❡❞ t♦ t❤❡ s❤❛r❡s ♦♥

t❤❡ t✇♦ s✐❞❡s ♦❢ t❤❡ s♣❧✐t s❝r❡❡♥ ❛s ❜❧✉❡ ❛♥❞ ②❡❧❧♦✇ s❤❛r❡s✳ ❆❧❧ ♠♦♥❡t❛r② ✈❛❧✉❡s

✇❡r❡ ❞❡♥♦♠✐♥❛t❡❞ ✐♥ ❡①♣❡r✐♠❡♥t❛❧ ❝✉rr❡♥❝② ✉♥✐ts ✭❊❈❯✮ ✇✐t❤ ❛♥ ❡①❝❤❛♥❣❡ r❛t❡

♦❢ ✷✵✵ ❊❈❯ ♣❡r ❊✉r♦✳✺

✷✳✷ ❘✐s❦② ❛♥❞ ❛♠❜✐❣✉♦✉s ❛ss❡t

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

✭✸✵✵ ♦r ✶✷✹ ❊❈❯✮✱ ✇❤✐❝❤ ✇❡r❡ ❛♥♥♦✉♥❝❡❞ ❛t t❤❡ ❡♥❞ ♦❢ ❡❛❝❤ ♣❡r✐♦❞✳ ❲❡ ❢♦❧❧♦✇

❆❜❞❡❧❧❛♦✉✐ ❡t ❛❧✳ ✭✷✵✶✶✮ ❛♥❞ ❞❡t❡r♠✐♥❡❞ t❤❡ ❞✐✈✐❞❡♥❞ ♣❛②♠❡♥ts ❜② ❞r❛✇✐♥❣ ❛

❜❛❧❧ ❢r♦♠ ❛♥ ✉r♥ t❤❛t ❝♦♥t❛✐♥❡❞ ❡✐❣❤t ❜❛❧❧s ✇✐t❤ ✭✉♣ t♦✮ ❡✐❣❤t ❝♦❧♦rs✳ ■❢ t❤❡ ❞r❛✇♥

❜❛❧❧ ♠❛t❝❤❡❞ ♦♥❡ ♦❢ ❢♦✉r ✇✐♥♥✐♥❣ ❝♦❧♦rs✱ t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ❛ss❡t ♣❛✐❞ t❤❡ ❤✐❣❤

❞✐✈✐❞❡♥❞ ✭❛♥❞✱ ♦t❤❡r✇✐s❡✱ t❤❡ ❧♦✇ ❞✐✈✐❞❡♥❞✮✳ ❆s t❤❡ ♣r♦❜❛❜✐❧✐t② ❢♦r ❞r❛✇✐♥❣

❛ ✇✐♥♥✐♥❣ ❝♦❧♦r ✐s ✵✳✺ ✇❡ r❡♣❧✐❝❛t❡ t❤❡ ✉♥❞❡r❧②✐♥❣ ♦❜❥❡❝t✐✈❡ ♣r♦❜❛❜✐❧✐t✐❡s ♦❢ ❛

t✇♦✲❝♦❧♦r ❊❧❧s❜❡r❣ ✉r♥✳

❚❤❡ ❢♦✉r ✇✐♥♥✐♥❣ ❝♦❧♦rs ✇❡r❡ ❞❡t❡r♠✐♥❡❞ ❛s ❢♦❧❧♦✇s✳ ❯♣♦♥ ❛rr✐✈❛❧✱ ❛♥❞ ✇✐t❤✲

♦✉t ❛♥② ✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t t❤❡ ❡①♣❡r✐♠❡♥t✱ ❡❛❝❤ ♦❢ t❤❡ ✷✹ s✉❜❥❡❝ts s❡❧❡❝t❡❞ ❢♦✉r

❝♦❧♦rs ❜② ✐♥❞❡♣❡♥❞❡♥t❧② ❛♥❞ ♣r✐✈❛t❡❧② ♠❛r❦✐♥❣ t❤❡♠ ♦♥ ❛ s❤❡❡t ✇✐t❤ ❡✐❣❤t ❝♦❧✲

♦rs✳ ❍❡♥❝❡✱ ❡❛❝❤ ♦❢ t❤❡ ✷✹ s❤❡❡ts ✐♥❞✐❝❛t❡❞ ❢♦✉r ♣r✐✈❛t❡❧② ❝❤♦s❡♥ ✇✐♥♥✐♥❣ ❝♦❧♦rs✳

❚❤❡ ✷✹ s❤❡❡ts ✇❡r❡ ♣✐♥♥❡❞ ♦♥ t❤❡ ❧❛❜ ✇❛❧❧✱ ♦r❣❛♥✐③❡❞ ✐♥ t✇♦ ❝♦❧✉♠♥s✿ ♦♥❡ ❝♦❧✲

✉♠♥ ✇✐t❤ t✇❡❧✈❡ s❤❡❡ts✱ ♦♥❡ ❢♦r ❡❛❝❤ ♣❡r✐♦❞✱ r❡♣r❡s❡♥t❡❞ t❤❡ ✇✐♥♥✐♥❣ ❝♦❧♦rs

✺■♥ t❤❡ ❡①♣❡r✐♠❡♥t ✇❡ r❡❢❡rr❡❞ t♦ ♦♥❡ ❊❈❯ ❛s ✬❚❛❧❡r✬✳

✻



♦❢ t❤❡ r✐s❦② ❛ss❡ts❀ t❤❡ ♦t❤❡r ❝♦❧✉♠♥ ✇✐t❤ t✇❡❧✈❡ s❤❡❡ts✱ ♦♥❡ ❢♦r ❡❛❝❤ ♣❡r✐♦❞✱

r❡♣r❡s❡♥t❡❞ t❤❡ ✇✐♥♥✐♥❣ ❝♦❧♦rs ♦❢ t❤❡ ❛♠❜✐❣✉♦✉s ❛ss❡ts✳

❋♦r t❤❡ r✐s❦② ❛ss❡t✱ ✇❡ ♣✉❜❧✐❝❧② ✜❧❧❡❞ ❛♥ ✉r♥ ✇✐t❤ ❡①❛❝t❧② ❡✐❣❤t ❞✐✛❡r❡♥t

❝♦❧♦rs✳ ❆❢t❡r ❡❛❝❤ ♣❡r✐♦❞✱ ❛ s✉❜❥❡❝t ❞r❡✇ ♦♥❡ ❜❛❧❧ ❢r♦♠ t❤❡ r✐s❦② ✉r♥ ✭✇✐t❤

r❡♣❧❛❝❡♠❡♥t✮ ❛♥❞ ✇❡ ❝♦♠♣❛r❡❞ t❤❡ ❞r❛✇♥ ❝♦❧♦r ✇✐t❤ t❤❡ ✇✐♥♥✐♥❣ ❝♦❧♦rs ❢♦r t❤❛t

♣❡r✐♦❞ t♦ ❞❡t❡r♠✐♥❡ t❤❡ ❞✐✈✐❞❡♥❞✳

❚♦ ♦♣❡r❛t✐♦♥❛❧✐③❡ ❛♠❜✐❣✉✐t②✱ t✇❡❧✈❡ ❞✐✛❡r❡♥t ✉r♥s ✭♦♥❡ ❢♦r ❡❛❝❤ ♣❡r✐♦❞✮ ✇❡r❡

❝r❡❛t❡❞ ❛s ❢♦❧❧♦✇s✳ ❋♦r ❡❛❝❤ s❡ss✐♦♥ ✇❡ ✐♥✈✐t❡❞ ❢♦✉r ❛❞❞✐t✐♦♥❛❧ s✉❜❥❡❝ts✱ ✇❤♦

st❛②❡❞ ✐♥ t❤❡ ✇❛✐t✐♥❣ r♦♦♠ ♦✉ts✐❞❡ ♦❢ t❤❡ ❧❛❜✳ ❆❢t❡r t❤❡ ♦t❤❡r ✷✹ s✉❜❥❡❝ts ✇❡r❡

s❡❛t❡❞ ❛♥❞ ♠❛r❦❡❞ t❤❡✐r ✇✐♥♥✐♥❣ ❝♦❧♦rs✱ ✇❡ ❛s❦❡❞ t❤❡ ❛❞❞✐t✐♦♥❛❧ s✉❜❥❡❝ts t♦ ❡❛❝❤

✜❧❧ t❤r❡❡ ✉r♥s ✇✐t❤ ❡①❛❝t❧② ❡✐❣❤t ❜❛❧❧s ✐♥ ❛♥② ❝♦❧♦r ❝♦♠❜✐♥❛t✐♦♥ ♦❢ t❤❡✐r ❧✐❦✐♥❣✳

❲❡ ♣r♦✈✐❞❡❞ ❡✐❣❤t tr❛♥s♣❛r❡♥t ❥❛rs✱ ❡❛❝❤ ✜❧❧❡❞ ✇✐t❤ ✶✹✹ ❜❛❧❧s ✭s♠❛❧❧ ♠❛r❜❧❡s✮

♦❢ ♦♥❡ ♦❢ t❤❡ ❡✐❣❤t ❝♦❧♦rs✱ ❛♥❞ ♣❧❛❝❡❞ t❤❡♠ ♦♥ ❛ t❛❜❧❡ ✐♥ t❤❡ ❢r♦♥t ♦❢ t❤❡ ❧❛❜✳✻

❲❡ t❤❡♥ ❣❛✈❡ ❡❛❝❤ ♦❢ t❤❡ ❛❞❞✐t✐♦♥❛❧ s✉❜❥❡❝ts t❤r❡❡ ❡♠♣t② ✉r♥s ❛♥❞ ❝♦♥❝❡❛❧❡❞

t❤❡ t❛❜❧❡ ✇✐t❤ ❜❧✐♥❞s✳ ◆❡✐t❤❡r t❤❡ ❡①♣❡r✐♠❡♥t❡rs ♥♦r t❤❡ ♦t❤❡r s✉❜❥❡❝ts ✇❡r❡

❛❜❧❡ t♦ s❡❡ ❤♦✇ t❤❡ ❛❞❞✐t✐♦♥❛❧ s✉❜❥❡❝ts ✜❧❧❡❞ t❤❡ ❛♠❜✐❣✉♦✉s ✉r♥s ✭♦♥❡ ❜② ♦♥❡✮

❜❡❤✐♥❞ t❤❡ ❜❧✐♥❞s✳ ◆♦♥❡ ♦❢ t❤❡ s✉❜❥❡❝ts ❤❛❞ ❛♥② ❢✉rt❤❡r ✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t t❤❡

❡①♣❡r✐♠❡♥t✳ ❆❢t❡r t❤❡ ❛❞❞✐t✐♦♥❛❧ s✉❜❥❡❝ts ❤❛♥❞❡❞ ♦✈❡r t❤❡✐r ❛♠❜✐❣✉♦✉s ✉r♥s✱

✇❡ ♣❧❛❝❡❞ ❛❧❧ t✇❡❧✈❡ ✉r♥s ✭♦♥❡ ❢♦r ❡❛❝❤ ♣❡r✐♦❞✮ ✐♥ ❛ r❛♥❞♦♠ s❡q✉❡♥❝❡ ♦♥ ❛

s❡♣❛r❛t❡ t❛❜❧❡ ✐♥ ❢✉❧❧ ✈✐❡✇ ♦❢ t❤❡ ♦t❤❡r s✉❜❥❡❝ts✳ ❲❡ t❤❡♥ ♣r✐✈❛t❡❧② ♣❛✐❞ ❡❛❝❤

♦❢ t❤❡ ❛❞❞✐t✐♦♥❛❧ s✉❜❥❡❝ts ❛ ✜①❡❞ ❢❡❡ ♦❢ s✐① ❊✉r♦s ❛♥❞ ❞✐s♠✐ss❡❞ t❤❡♠✳✼ ❆❢t❡r

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

❞❡t❡r♠✐♥❡ t❤❡ ❞✐✈✐❞❡♥❞ ♦❢ t❤❡ ❛♠❜✐❣✉♦✉s ❛ss❡t✳ ❚❤❡ ❛♠❜✐❣✉♦✉s ✉r♥ ✇❛s t❤❡♥

r❡♠♦✈❡❞ s♦ t❤❛t t❤❡ ❞✐✈✐❞❡♥❞ ♣❛②♠❡♥t ♦❢ ❡❛❝❤ ♣❡r✐♦❞ ✇❛s ❞❡t❡r♠✐♥❡❞ ✇✐t❤ ❛

♥❡✇ ❛♠❜✐❣✉♦✉s ✉r♥✳

❆s ❛ r♦❜✉st♥❡ss ❝❤❡❝❦ ❢♦r ♦✉r ♠❛✐♥ ♦♣❡r❛t✐♦♥❛❧✐③❛t✐♦♥ ♦❢ ❛♠❜✐❣✉✐t②✱ ✇❡ ❛❧s♦

✉s❡❞ ❛ ❝♦♠♣♦✉♥❞ ❧♦tt❡r② t♦ ♣r♦❞✉❝❡ ❛ ✇❡❛❦❧② ❛♠❜✐❣✉♦✉s ✉r♥ ✭✇✐t❤ s❡❝♦♥❞✲♦r❞❡r

♣r♦❜❛❜✐❧✐t✐❡s✮ ✐♥ ❙❡ss✐♦♥ ❇❉▼✷✳ ■♥ ❧✐♥❡ ✇✐t❤✱ ❡✳❣✳✱ ❙❛r✐♥ ❛♥❞ ❲❡❜❡r ✭✶✾✾✸✮✱

❆❜❞❡❧❧❛♦✉✐ ❡t ❛❧✳ ✭✷✵✶✶✮✱ ❛♥❞ ♠❛♥② ♦t❤❡rs✱ ✇❡ ✐♠♣❧❡♠❡♥t❡❞ ✭❝♦♠♣✉t❡r✐③❡❞✮

❧♦tt❡r✐❡s ✇✐t❤ ✉♥✐❢♦r♠ ❞✐str✐❜✉t✐♦♥s t♦ ❞❡t❡r♠✐♥❡ t❤❡ ❝♦♠♣♦s✐t✐♦♥ ♦❢ ❝♦❧♦rs ✐♥

t❤❡ ❛♠❜✐❣✉♦✉s ✉r♥✳ ❆ r❛♥❞♦♠ ❞r❛✇ ♦❢ t❤✐s ✉r♥ t❤❡♥ ❞❡t❡r♠✐♥❡❞ t❤❡ ❞✐✈✐❞❡♥❞

♦❢ t❤❡ ❛♠❜✐❣✉♦✉s ❛ss❡t✱ ❛s ❞❡s❝r✐❜❡❞ ❛❜♦✈❡✳

✷✳✸ ❉♦✉❜❧❡ ❛✉❝t✐♦♥ ♠❛r❦❡t

❲❡ ✉s❡❞ ❛ st❛♥❞❛r❞ ❝♦♠♣✉t❡r✐③❡❞ ❝♦♥t✐♥✉♦✉s ♦♣❡♥✲❜♦♦❦ ❞♦✉❜❧❡ ❛✉❝t✐♦♥ ♠❛r❦❡t

✐♥ ✇❤✐❝❤ ❡✐❣❤t ♣❛rt✐❝✐♣❛♥ts tr❛❞❡❞ ❢♦r t✇❡❧✈❡ ♣❡r✐♦❞s✳ ❊❛❝❤ tr❛❞✐♥❣ ♣❡r✐♦❞ ❧❛st❡❞

✻❲❡ ❝❤♦s❡ ✶✹✹ ♠❛r❜❧❡s s♦ t❤❛t ✐t ✇❛s ✐♥ ♣r✐♥❝✐♣❧❡ ♣♦ss✐❜❧❡ t♦ ✜❧❧ ❛❧❧ t✇❡❧✈❡ ✉r♥s ✇✐t❤ ♦♥❧②
♦♥❡ ❝♦❧♦r✳

✼❚❤❡ ❜❧✐♥❞s st❛②❡❞ ❛r♦✉♥❞ t❤❡ t❛❜❧❡ ✇✐t❤ t❤❡ ❥❛rs t❤r♦✉❣❤♦✉t t❤❡ ✇❤♦❧❡ ❡①♣❡r✐♠❡♥t s♦ t❤❛t
♥♦❜♦❞② ✭❛❧s♦ ♥♦t t❤❡ ❡①♣❡r✐♠❡♥t❡rs✮ ❝♦✉❧❞ s❡❡ t❤❡ r❡♠❛✐♥✐♥❣ ❜❛❧❧s✳ ❚♦ ♠❛❦❡ s✉r❡ t❤❛t t❤❡r❡
✇❡r❡ ❡✐❣❤t ❜❛❧❧s ✐♥ ❡❛❝❤ ❛♠❜✐❣✉♦✉s ✉r♥✱ ✇❡ ❝♦✉♥t❡❞ t❤❡ ♥✉♠❜❡r ♦❢ ♠❛r❜❧❡s t❤r♦✉❣❤ t❤❡ ❢❛❜r✐❝
♦❢ t❤❡ ✉r♥s ✭❜❛❣s✮✳

✼



❢♦✉r ♠✐♥✉t❡s✳ ❚r❛❞❡rs ❝♦✉❧❞ ❜♦t❤ s❡❧❧ ❛♥❞ ❜✉② s❤❛r❡s ✇✐t❤ ❧✐♠✐t ♦r❞❡rs ♦r ❞✐r❡❝t

tr❛❞❡s✳ ❋♦r ❧✐♠✐t ♦r❞❡rs ❛ ♥❡✇ ❜✐❞✴♦✛❡r ❤❛❞ t♦ ❜❡ ❤✐❣❤❡r✴❧♦✇❡r t❤❛♥ ♦✉tst❛♥❞✐♥❣

❜✐❞s✴♦✛❡rs✳

❚❤❡ s❝r❡❡♥ ✇❛s ♦r❣❛♥✐③❡❞ ✐♥ s✉❝❤ ❛ ✇❛② t❤❛t ✐t s✐♠✉❧t❛♥❡♦✉s❧② ❞✐s♣❧❛②❡❞

t✇♦ ✐♥❞❡♣❡♥❞❡♥t ♠❛r❦❡ts ♦♥ t❤❡ ❧❡❢t ❛♥❞ r✐❣❤t ❤❛♥❞ s✐❞❡ ✭s❡❡ ❋✐❣✉r❡ ✶ ✐♥ t❤❡

❛♣♣❡♥❞✐①✮✳ ■♥ ❙❡ss✐♦♥ ❉❆✶ ❛♥❞ ❉❆✷✱ tr❛❞❡rs s✐♠✉❧t❛♥❡♦✉s❧② ❢❛❝❡❞ r✐s❦② ❛ss❡ts

✐♥ ♦♥❡ ♠❛r❦❡t ❛♥❞ ❛♠❜✐❣✉♦✉s ❛ss❡ts ✐♥ t❤❡ ♦t❤❡r✳✽ ❍❡♥❝❡✱ ❙❡ss✐♦♥ ❉❆✶ ❛♥❞

❉❆✷ ❞✐r❡❝t❧② ❝♦♥tr❛st❡❞ t❤❡ ❛♠❜✐❣✉♦✉s ✇✐t❤ t❤❡ r✐s❦② ❛ss❡t✱ ✇❤✐❝❤ ♠❛❦❡s t❤❡

❛♠❜✐❣✉♦✉s ❛❧t❡r♥❛t✐✈❡ ♠♦r❡ s❛❧✐❡♥t ❛♥❞ ♣r♦♥♦✉♥❝❡s ❛♠❜✐❣✉✐t② ❡✛❡❝ts✱ ❛t ❧❡❛st

✐♥ ✐♥❞✐✈✐❞✉❛❧ ❞❡❝✐s✐♦♥ ♠❛❦✐♥❣ ✭❋♦① ❛♥❞ ❚✈❡rs❦②✱ ✶✾✾✺✮✳ ❆s ❛ r♦❜✉st♥❡ss ❝❤❡❝❦✱

✇❡ ❛❧s♦ r❛♥ s❡ss✐♦♥s t❤❛t ♠✐♠✐❝ t❤❡ s❡t✉♣ ♦❢ ❙❛r✐♥ ❛♥❞ ❲❡❜❡r ✭✶✾✾✸✮✱ ✇❤❡r❡

❛ss❡ts ❛r❡ tr❛❞❡❞ ✇✐t❤♦✉t ❛ ❞✐r❡❝t ❝♦♥tr❛st✿ ✐♥ ❙❡ss✐♦♥ ❉❆✸ ❛❧❧ tr❛❞❡rs ❢❛❝❡❞

r✐s❦② ❛ss❡ts ✐♥ ❜♦t❤ ♠❛r❦❡ts✱ ✇❤✐❧❡ ✐♥ ❙❡ss✐♦♥ ❉❆✹ ❛❧❧ tr❛❞❡rs ❢❛❝❡❞ ❛♠❜✐❣✉♦✉s

❛ss❡ts ✐♥ ❜♦t❤ ♠❛r❦❡ts ♦♥ t❤❡ s♣❧✐t s❝r❡❡♥✳

❆t t❤❡ ❜❡❣✐♥♥✐♥❣ ♦❢ ❡❛❝❤ tr❛❞✐♥❣ ♣❡r✐♦❞✱ s✉❜❥❡❝ts ✇❡r❡ ❡♥❞♦✇❡❞ ✇✐t❤ ♦♥❡ ♦❢

t✇♦ ❡♥❞♦✇♠❡♥t ♣r♦✜❧❡s✳ ■♥ ❉❆✶ ❛♥❞ ❉❆✷✱ ♦♥❡ ❤❛❧❢ ♦❢ t❤❡ tr❛❞❡rs r❡❝❡✐✈❡❞ ✶✵

r✐s❦② s❤❛r❡s ❛♥❞ ✹✷✵✵ ❊❈❯ ❝❛s❤ ✐♥ t❤❡ r✐s❦② ♠❛r❦❡t ❛♥❞ ✻ ❛♠❜✐❣✉♦✉s s❤❛r❡s

❛♥❞ ✺✷✵✵ ❊❈❯ ❝❛s❤ ✐♥ t❤❡ ❛♠❜✐❣✉♦✉s ♠❛r❦❡t❀ ❛♥❞ t❤❡ ♦t❤❡r ❤❛❧❢ r❡❝❡✐✈❡❞ ✻

r✐s❦② s❤❛r❡s ❛♥❞ ✺✷✵✵ ❊❈❯ ❝❛s❤ ✐♥ t❤❡ r✐s❦② ♠❛r❦❡t ❛♥❞ ✶✵ ❛♠❜✐❣✉♦✉s s❤❛r❡s

❛♥❞ ✹✷✵✵ ❊❈❯ ❝❛s❤ ✐♥ t❤❡ ❛♠❜✐❣✉♦✉s ♠❛r❦❡t✳ ■♥ ❛❧❧ ❡♥❞♦✇♠❡♥ts✱ ✸✵✵✵ ❊❈❯

♦❢ t❤❡ ❝❛s❤ ♣♦rt✐♦♥ ✇❛s ♣r♦✈✐❞❡❞ ❛s ❛ ❧♦❛♥ ❛♥❞ ❤❛❞ t♦ ❜❡ r❡t✉r♥❡❞ ❛t t❤❡ ❡♥❞

♦❢ ❡❛❝❤ ♣❡r✐♦❞✳✾ ❚❤❡ s❛♠❡ ❡♥❞♦✇♠❡♥t ♣r♦✜❧❡s ❛♣♣❧✐❡❞ t♦ ❉❆✸✴❉❆✹✱ ❜✉t ✇✐t❤

r✐s❦②✴❛♠❜✐❣✉♦✉s s❤❛r❡s ♦♥❧②✳ ❆r❜✐tr❛❣❡ ❛❝r♦ss ♠❛r❦❡ts ✇❛s ♥♦t ♣♦ss✐❜❧❡ ❛♥❞

s❤♦rt s❛❧❡s ✇❡r❡ ♥♦t ❛❧❧♦✇❡❞✳ ❆s ❡①♣❧❛✐♥❡❞ ✐♥ t❤❡ ✐♥tr♦❞✉❝t✐♦♥✱ ✇❡ ✇❛♥t❡❞ t♦

❣✐✈❡ ❛♠❜✐❣✉✐t② ❡✛❡❝ts ❛♠♣❧❡ r♦♦♠ t♦ s✉r✈✐✈❡✳

✷✳✹ ❈❛❧❧ ♠❛r❦❡t

❚❤❡ ♠❛✐♥ ♠♦t✐✈❛t✐♦♥ ❢♦r t❤❡ ❈▼ tr❡❛t♠❡♥t ✇❛s t♦ r❡❞✉❝❡ t❤❡ ✇✐t❤✐♥ ♠❛r❦❡t

❢❡❡❞❜❛❝❦✳ ❲❡ t❤❡r❡❢♦r❡ t♦♦❦ ❣r❡❛t ❝❛r❡ t♦ ♦♥❧② ❛❞❥✉st t❤❡ ♠❛r❦❡t ❞❡s✐❣♥ ❛♥❞

t♦ ❦❡❡♣ ❡✈❡r②t❤✐♥❣ ❡❧s❡ ✭❡✳❣✳✱ ❡♥❞♦✇♠❡♥ts✱ s♣❧✐t s❝r❡❡♥ ❛❧❧♦❝❛t✐♦♥ ♦❢ ♠❛r❦❡ts✱

❛♠❜✐❣✉✐t② ♦♣❡r❛t✐♦♥❛❧✐③❛t✐♦♥✮ ❛s ❝❧♦s❡ ❛s ♣♦ss✐❜❧❡ t♦ t❤❡ ❉❆ tr❡❛t♠❡♥t✳ ■♥ ❡❛❝❤

♠❛r❦❡t✱ tr❛❞❡rs s✉❜♠✐tt❡❞ t❤❡ ♠❛①✐♠✉♠ q✉❛♥t✐t② ♦❢ s❤❛r❡s t❤❡② ❛r❡ ✇✐❧❧✐♥❣ t♦

❜✉②✴s❡❧❧ ❛♥❞ t❤❡ ❤✐❣❤❡st✴❧♦✇❡st ♣r✐❝❡ t❤❡② ❛r❡ ✇✐❧❧✐♥❣ t♦ ♣❛②✴❛❝❝❡♣t ✭s❡❡ ❋✐❣✉r❡

✷ ✐♥ t❤❡ ❛♣♣❡♥❞✐①✮✳ ❆❢t❡r ❛❧❧ s✉❜❥❡❝ts ❤❛✈❡ ❡♥t❡r❡❞ t❤❡✐r tr❛❞❡s✱ t❤❡ ❝♦♠♣✉t❡r

♠❛t❝❤❡❞ t❤❡ ❜✉② ❛♥❞ s❡❧❧ ♦r❞❡rs t♦ ❞❡t❡r♠✐♥❡ ❛ ♠❛r❦❡t ♣r✐❝❡ ❢♦r ❡❛❝❤ ♦❢ t❤❡

t✇♦ ❈▼s ♦♥ t❤❡ s❝r❡❡♥ ❛♥❞ t❤❡♥ ❝❧❡❛r❡❞ ❡❛❝❤ ♦❢ t❤❡ t✇♦ ♠❛r❦❡ts s❡♣❛r❛t❡❧②✳

✽❲❡ ❝♦✉♥t❡r✲❜❛❧❛♥❝❡❞ ❘ ❛♥❞ ❆ ♦♥ t❤❡ ❧❡❢t ❛♥❞ r✐❣❤t ❤❛♥❞ s✐❞❡ ♦❢ t❤❡ s♣❧✐t s❝r❡❡♥✿ ❢♦✉r
tr❛❞❡rs ✭r❛♥❞♦♠❧② ❞❡t❡r♠✐♥❡❞✮ ❛❧✇❛②s tr❛❞❡❞ t❤❡ r✐s❦② ❛ss❡t ♦♥ t❤❡ ❧❡❢t ❤❛♥❞ s✐❞❡ ❛♥❞ t❤❡
❛♠❜✐❣✉♦✉s ❛ss❡t ♦♥ t❤❡ r✐❣❤t ❤❛♥❞ s✐❞❡ ♦❢ t❤❡ s♣❧✐t s❝r❡❡♥✱ ❛♥❞ t❤❡ ♦t❤❡r ❢♦✉r tr❛❞❡rs ✈✐❝❡
✈❡rs❛✳

✾◆♦ s✉❜❥❡❝t ✇❡♥t ❜❛♥❦r✉♣t✳

✽



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

✭✷✵✶✷✮✳✶✵

✷✳✺ ■♥❞✐✈✐❞✉❛❧ ❉❡❝✐s✐♦♥ ▼❛❦✐♥❣

■♥ ❡❧✐❝✐t✐♥❣ t❤❡ ✐♥❞✐✈✐❞✉❛❧ ❲❚P ♦❢ s✉❜❥❡❝ts ❢♦r t❤❡ r✐s❦② ❛♥❞ t❤❡ ❛♠❜✐❣✉♦✉s

❛ss❡t ✇❡✱ ❛❣❛✐♥✱ ✉s❡❞ t❤❡ s♣❧✐t s❝r❡❡♥ ♣❛rt✐t✐♦♥✐♥❣ t♦ st❛② ❝❧♦s❡ t♦ t❤❡ ❛♣♣❡❛r❛♥❝❡

♦❢ t❤❡ ♦t❤❡r tr❡❛t♠❡♥ts ✭s❡❡ ❋✐❣✉r❡ ✸ ✐♥ t❤❡ ❛♣♣❡♥❞✐①✮✳ ❲❡ ✐♠♣❧❡♠❡♥t❡❞ t❤❡

❇❉▼ ♠❡❝❤❛♥✐s♠ ❛s ❢♦❧❧♦✇s✳ ❙✉❜❥❡❝ts s✉❜♠✐tt❡❞ t❤❡✐r ✇✐❧❧✐♥❣♥❡ss t♦ ♣❛② ❢♦r ♦♥❡

s❤❛r❡ ✐♥ ❡❛❝❤ ♦❢ t❤❡ t✇♦ ♠❛r❦❡ts ✐♥ t✇❡❧✈❡ s✉❜s❡q✉❡♥t ♣❡r✐♦❞s✳ ❚❤❡ ❝♦♠♣✉t❡r

❞r❡✇ ❛ r❛♥❞♦♠ ♣r✐❝❡ ❢♦r ❡❛❝❤ ♠❛r❦❡t✳ ■❢ t❤❡ s✉❜❥❡❝t✬s st❛t❡❞ ✇✐❧❧✐♥❣♥❡ss t♦ ♣❛②

❡①❝❡❡❞❡❞ t❤❡ r❛♥❞♦♠ ♣r✐❝❡✱ t❤❡ s✉❜❥❡❝t ♣✉r❝❤❛s❡❞ t❤❡ s❤❛r❡ ❛t t❤❡ r❛♥❞♦♠ ♣r✐❝❡❀

♦t❤❡r✇✐s❡✱ t❤❡ s✉❜❥❡❝t ❞✐❞ ♥♦t ♣✉r❝❤❛s❡ t❤❡ s❤❛r❡✳ ❆s t❤❡ ❲❚P ♦♥❧② ❛♣♣❧✐❡❞ t♦

♦♥❡ s❤❛r❡✱ ✇❡ ❤❛❞ t♦ ❛❞❥✉st t❤❡ ❞✐✈✐❞❡♥❞ ❜② ❛ ❢❛❝t♦r ♦❢ t❡♥ ✭❤✐❣❤✴❧♦✇ ❞✐✈✐❞❡♥❞✿

✸✵✵✵✴✶✷✹✵ ❊❈❯✮ ❛♥❞ t❤❡ ❡♥❞♦✇♠❡♥t t♦ ✸✺✵✵ ❊❈❯ ✭✐♥❝❧✉❞✐♥❣ ❛ ✺✵✵ ❊❈❯ ❧♦❛♥✮✳

■♥ t❤❡ ❙❡ss✐♦♥ ❇❉▼✶ ✇❡ ♦♣❡r❛t✐♦♥❛❧✐③❡❞ ❛♠❜✐❣✉✐t② ❛s ✐♥ ❛❧❧ ❉❆ ❛♥❞ ❈▼

s❡ss✐♦♥s ❜② ✐♥✈✐t✐♥❣ ❛❞❞✐t✐♦♥❛❧ s✉❜❥❡❝ts ✇❤♦ ♣r♦❞✉❝❡❞ ❛♠❜✐❣✉♦✉s ✉r♥s ✭s❡❡ ❙❡❝✲

t✐♦♥ ✷✳✷ ❛❜♦✈❡✮✳ ❚♦ ❡♥s✉r❡ t❤❛t t❤✐s ♦♣❡r❛t✐♦♥❛❧✐③❛t✐♦♥ ♦❢ ❛♠❜✐❣✉✐t② ✇❛s str♦♥❣

❡♥♦✉❣❤✱ ✇❡ r❡♣❡❛t❡❞ t❤❡ tr❡❛t♠❡♥t ✐♥ ❛ ❙❡ss✐♦♥ ❇❉▼✷ ✇✐t❤ ❛♠❜✐❣✉✐t② ❜❛s❡❞

♦♥ ❛ ❝♦♠♣♦✉♥❞ ❧♦tt❡r② ✭s❡❡ ❛❜♦✈❡✮✳

✷✳✻ ❋✐♥❛❧ P❛②♠❡♥t

❋♦r t❤❡ ✜♥❛❧ ♣❛②♠❡♥t✱ ✇❡ ❡♠♣❧♦②❡❞ t❤❡ r❛♥❞♦♠ ✐♥❝❡♥t✐✈❡ s②st❡♠ ✭❙t❛r♠❡r ❛♥❞

❙✉❞❣❡♥✱ ✶✾✾✶❀ ❍❡② ❛♥❞ ▲❡❡✱ ✷✵✵✺✮✳ ❆t t❤❡ ❡♥❞ ♦❢ t❤❡ s❡ss✐♦♥ ♦♥❡ ♦❢ t❤❡ t✇❡❧✈❡ ♣❡✲

r✐♦❞s ✇❛s ✐♥❞✐✈✐❞✉❛❧❧② ❛♥❞ r❛♥❞♦♠❧② s❡❧❡❝t❡❞ ✭✇✐t❤ ❛ t✇❡❧✈❡✲s✐❞❡❞ ❞✐❝❡✮✳ ❲✐t❤✐♥

t❤❡ ♣❛②♦✛✲r❡❧❡✈❛♥t ♣❡r✐♦❞ ✇❡ s❡❧❡❝t❡❞ ♦♥❡ ♦❢ t❤❡ t✇♦ ♠❛r❦❡ts ♦❢ t❤❡ s♣❧✐t s❝r❡❡♥

✭❧❡❢t ♦r r✐❣❤t✮ ✇✐t❤ ❛ ❝♦✐♥ ✢✐♣✳ ❚r❛❞❡rs ✐♥ t❤❡ ❉❆ ❛♥❞ ❈▼ s❡ss✐♦♥s r❡❝❡✐✈❡❞ t❤❡

❡♥❞✲♦❢✲♣❡r✐♦❞ ♥❡t ❝❛s❤ ♣❧✉s t❤❡ ❞✐✈✐❞❡♥❞s ♦❢ t❤❡✐r s❤❛r❡ ❤♦❧❞✐♥❣s✳ ❙✉❜❥❡❝ts ✐♥

t❤❡ ❇❉▼ tr❡❛t♠❡♥ts ✇❡r❡ ♣❛✐❞ ❛❝❝♦r❞✐♥❣ t♦ t❤❡✐r ❲❚P ❛♥❞ t❤❡ ♦✉t❝♦♠❡ ♦❢ t❤❡

❇❉▼ ♠❡❝❤❛♥✐s♠✳

✷✳✼ Pr♦❝❡❞✉r❡

❆❧❧ s✉❜❥❡❝ts ✇❡r❡ r❡❝r✉✐t❡❞ ❢r♦♠ ❛ ❜r♦❛❞ st✉❞❡♥t ❞❛t❛❜❛s❡s ❛❝r♦ss s❡✈❡r❛❧ ✜❡❧❞s

♦❢ st✉❞② ✉s✐♥❣ ❖❘❙❊❊ ✭●r❡✐♥❡r✱ ✷✵✵✹✮✳ ❲❡ ♦♥❧② ✐♥✈✐t❡❞ s✉❜❥❡❝ts✱ ✇❤♦ ❤❛✈❡

♥❡✈❡r ♣❛rt✐❝✐♣❛t❡❞ ✐♥ ❛ss❡t ♠❛r❦❡t ❡①♣❡r✐♠❡♥ts ❜❡❢♦r❡✳✶✶ ❆❧❧ ❉❆ ❛♥❞ ❈▼ s❡s✲

s✐♦♥s ❛♥❞ ❇❉▼✶ ✇❡r❡ r✉♥ ✐♥ ◆♦✈❡♠❜❡r ✷✵✶✶✱ ❉❡❝❡♠❜❡r ✷✵✶✶ ❛♥❞ ❏✉❧② ✷✵✶✷

❛t t❤❡ ❯♥✐✈❡rs✐t② ♦❢ ❉üss❡❧❞♦r❢ ✭●❡r♠❛♥②✮✳ ❇❉▼✷ ✇❛s r✉♥ ✐♥ ◆♦✈❡♠❜❡r ✷✵✶✷

✶✵❲❡ t❤❛♥❦ t❤❡ ❛✉t❤♦rs ❢♦r ♣r♦✈✐❞✐♥❣ t❤❡✐r ③❚r❡❡ ❝♦❞❡✳
✶✶❚♦ ♠✐♥✐♠✐③❡ t❤❡ ❝♦♥❢♦✉♥❞✐♥❣ ❡✛❡❝ts ❛♥❞ ✈❛r✐❛♥❝❡ ❛r✐s✐♥❣ ❢r♦♠ ❣❡♥❞❡r ❝♦♠♣♦s✐t✐♦♥s ✐♥

❡①♣❡r✐♠❡♥t❛❧ ❛ss❡rt ♠❛r❦❡ts ✭❛s s❤♦✇♥ ✐♥ ❊❝❦❡❧ ❛♥❞ ❋✉❧❧❜r✉♥♥ ✭✷✵✶✷✮✮✱ ✇❡ ♦♥❧② ✐♥✈✐t❡❞ ♠❛❧❡
st✉❞❡♥ts ✐♥ t❤❡ ❉❆ ❛♥❞ ❇❉▼ s❡ss✐♦♥s✳ ■♥ t❤❡ ❈▼ s❡ss✐♦♥s✱ t✇♦ ♠❛r❦❡ts ❛❧s♦ ✐♥❝❧✉❞❡ ❢❡♠❛❧❡
tr❛❞❡rs✳ ❆s ♦✉r r❡s✉❧ts ❞♦ ♥♦t ❞✐✛❡r ❢♦r ❢❡♠❛❧❡ tr❛❞❡rs ♦r ♠❛r❦❡ts✱ ✇❡ ❞♦ ♥♦t r❡♣♦rt t❤❡♠
s❡♣❛r❛t❡❧②✳

✾



❛t t❤❡ ❯♥✐✈❡rs✐t② ♦❢ ◆✐❥♠❡❣❡♥ ✭❚❤❡ ◆❡t❤❡r❧❛♥❞s✮✳ ❚❤❡ ❡①♣❡r✐♠❡♥t ✇❛s ❡♥t✐r❡❧②

❝♦♠♣✉t❡r✐③❡❞ ✉s✐♥❣ ③❚r❡❡ ✭❋✐s❝❤❜❛❝❤❡r✱ ✷✵✵✼✮✳ ❚❤❡ ❞✉r❛t✐♦♥ ♣❡r s❡ss✐♦♥ ✇❛s ❛♣✲

♣r♦①✐♠❛t❡❧② ✶✳✺ ❤♦✉rs ❢♦r ✇❤✐❝❤ s✉❜❥❡❝ts r❡❝❡✐✈❡❞ ❛♥ ❛✈❡r❛❣❡ ♣❛②♠❡♥t ♦❢ ✷✵✳✵✻

❊✉r♦s✳✶✷

❚❤❡ s❡q✉❡♥❝❡ ♦❢ ❡✈❡♥ts ✇❛s ❛s ❢♦❧❧♦✇s✳ ❯♣♦♥ ❛rr✐✈❛❧✱ s✉❜❥❡❝ts ♠❛r❦❡❞ t❤❡

✇✐♥♥✐♥❣ ❝♦❧♦rs ❛♥❞ t❤❡ ❛❞❞✐t✐♦♥❛❧ s✉❜❥❡❝ts ✜❧❧❡❞ t❤❡ ❛♠❜✐❣✉♦✉s ✉r♥s ❛♥❞ ✇❡r❡

t❤❡♥ ❞✐s♠✐ss❡❞ ✭❡①❝❡♣t ✐♥ ❇❉▼✷✮✳ ■♥ t❤❡ ❉❆ ❛♥❞ ❈▼ s❡ss✐♦♥s✱ ♠❛r❦❡t ♣❛r✲

t✐❝✐♣❛♥ts ✇❡r❡ t❤❡♥ tr❛✐♥❡❞ ✐♥ ✉s✐♥❣ t❤❡ ❝♦♠♣✉t❡r ✐♥t❡r❢❛❝❡✳ ❙t❡♣ ❜② st❡♣ ✇❡

❡①♣❧❛✐♥❡❞ ❤♦✇ t♦ ❜✉② ❛♥❞ s❡❧❧✱ ❛♥❞ s✉❜❥❡❝ts ❤❛❞ ❛ tr✐❛❧ r♦✉♥❞ t♦ ❣❡t ❛❝❝✉s✲

t♦♠❡❞ t♦ t❤❡ ✐♥t❡r❢❛❝❡✳ ❆❢t❡r t❤❡ tr✐❛❧ r♦✉♥❞✱ ✇❡ ❝❛r❡❢✉❧❧② ❡①♣❧❛✐♥❡❞ t❤❡ ❛❝t✉❛❧

❡①♣❡r✐♠❡♥t✱ ✐♥ ♣❛rt✐❝✉❧❛r✱ t❤❡ ❞❡t❡r♠✐♥❛t✐♦♥ ♦❢ t❤❡ ❞✐✈✐❞❡♥❞ ♣❛②♠❡♥ts✳✶✸ ❲❡

t❤❡♥ ♣r✐✈❛t❡❧② ❛♥s✇❡r❡❞ r❡♠❛✐♥✐♥❣ q✉❡st✐♦♥s ❛♥❞ st❛rt❡❞ t❤❡ ✜rst ♦❢ t❤❡ t✇❡❧✈❡

♣❛②♦✛✲r❡❧❡✈❛♥t ♣❡r✐♦❞s✳ ❆t t❤❡ ❡♥❞ ♦❢ t❤❡ s❡ss✐♦♥✱ s✉❜❥❡❝ts ❛♥s✇❡r❡❞ ❛ s❤♦rt

❞❡♠♦❣r❛♣❤✐❝ q✉❡st✐♦♥♥❛✐r❡✱ ✇❡r❡ ♣❛✐❞ ✐♥ ❝❛s❤ ❛♥❞ ❞✐s♠✐ss❡❞✳

✸ ❘❡s✉❧ts

■♥ ❛♥❛❧②③✐♥❣ t❤❡ ❞❛t❛ ✇❡ s❡❛r❝❤ ❢♦r ❛♠❜✐❣✉✐t② ❡✛❡❝ts ✐♥ t❤r❡❡ ❝❛t❡❣♦r✐❡s ♦❢ ♠❛r✲

❦❡t ✈❛r✐❛❜❧❡s✿ ♠❛r❦❡t ♣r✐❝❡s ✭✐♥❝❧✳ ❜✐❞s ❛♥❞ ❛s❦s✮✱ tr❛❞✐♥❣ ✈♦❧✉♠❡ ❛♥❞ ✈♦❧❛t✐❧✐t②✱

❛s ✇❡❧❧ ❛s ♣♦rt❢♦❧✐♦ ❝♦♠♣♦s✐t✐♦♥ ✐♥ s✉❜❥❡❝ts❵ ❡♥❞✲♦❢✲♣❡r✐♦❞ s❤❛r❡ ❤♦❧❞✐♥❣s✳✶✹ ❋♦r

r♦❜✉st♥❡ss ✇❡ ❛❧s♦ ❝❤❡❝❦ ✇❤❡t❤❡r ♦✉r ♦♣❡r❛t✐♦♥❛❧✐③❛t✐♦♥ ♦❢ ❛♠❜✐❣✉✐t② ❣❡♥❡r❛t❡s

❛♠❜✐❣✉✐t② ❡✛❡❝ts ♦♥ ✐♥❞✐✈✐❞✉❛❧ ❞❡❝✐s✐♦♥ ♠❛❦✐♥❣ ❛♥❞ ❤♦✇ str♦♥❣ t❤❡s❡ ❡✛❡❝ts

❛r❡ ✐♥ ❝♦♠♣❛r✐s♦♥ t♦ ❛♥ ❛❧t❡r♥❛t✐✈❡ ♦♣❡r❛t✐♦♥❛❧✐③❛t✐♦♥ ✭❝♦♠♣♦✉♥❞ ❧♦tt❡r②✮✳ ❆❧❧

r❡s✉❧ts ❛r❡ ❛♥❛❧②③❡❞ ♣❡r ♣❡r✐♦❞ t♦ ✐❞❡♥t✐❢② ♣♦ss✐❜❧❡ ❧❡❛r♥✐♥❣ ❡✛❡❝ts✳ ❯♥❧❡ss ♠❡♥✲

t✐♦♥❡❞ ♦t❤❡r✇✐s❡ ✇❡ ✉s❡ ❛ ✾✺ ♣❡r❝❡♥t ❝♦♥✜❞❡♥❝❡ ✐♥t❡r✈❛❧ ❛s st❛♥❞❛r❞ ❧❡✈❡❧ ♦❢

st❛t✐st✐❝❛❧ s✐❣♥✐✜❝❛♥❝❡ ✭p < 0.05✮✳

✸✳✶ Pr✐❝❡s✱ ❜✐❞s✱ ❛s❦s

❲❡ st❛rt ✇✐t❤ t❤❡ ❛♥❛❧②s✐s ♦❢ ♣r✐❝❡s ✐♥ t❤❡ ❉❆✱ ✇❤❡r❡ t❤❡ r✐s❦② ❛♥❞ t❤❡ ❛♠❜✐❣✉✲

♦✉s ❛ss❡ts ❛r❡ tr❛❞❡❞ s✐♠✉❧t❛♥❡♦✉s❧② ✭❙❡ss✐♦♥s ❉❆✶ ❛♥❞ ❉❆✷✮✱ ❜② ❝♦♠♣✉t✐♥❣

t❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ ♠❡❞✐❛♥ ♠❛r❦❡t ♣r✐❝❡s ❢♦r ❘ ❛♥❞ ❆ ❢♦r ❡❛❝❤ ♣❡r✐♦❞

✶✷❇❉▼ ✷ ✇❛s ❤❛❧❢ ❛♥ ❤♦✉r s❤♦rt❡r t❤❛♥ t❤❡ ♦t❤❡r s❡ss✐♦♥s ✭✶ ❤♦✉r✮✳
✶✸❆❧❧ ✐♥str✉❝t✐♦♥s ❛♥❞ ③tr❡❡ ❝♦❞❡s ❛r❡ ❛✈❛✐❧❛❜❧❡ ❢r♦♠ t❤❡ ❛✉t❤♦rs ✉♣♦♥ r❡q✉❡st✳
✶✹❚❤✐s ✐s ✐♥ ❧✐♥❡ ✇✐t❤ t❤❡ t❤❡♦r❡t✐❝❛❧ ❧✐t❡r❛t✉r❡✱ ✇❤✐❝❤ s✉❣❣❡sts t❤r❡❡ ❛r❡❛s ✇❤❡r❡ ❛♠❜✐❣✉✐t②

❡✛❡❝ts ♠❛② ❜❡ ♣❛rt✐❝✉❧❛r❧② ✐♠♣♦rt❛♥t✳ ❋✐rst✱ ❛♠❜✐❣✉♦✉s ❛ss❡ts ♠❛② ❝♦♠♠❛♥❞ ❛ r❡t✉r♥ ♣r❡✲
♠✐✉♠ ❛♥❞ t❤❡r❡❢♦r❡ tr❛❞❡ ❛t ❧♦✇❡r ♣r✐❝❡s✱ ❛s s✉❣❣❡st❡❞ ❜② ♠♦❞❡❧s t❤❛t ❛tt❡♠♣t t♦ ❡①♣❧❛✐♥ t❤❡
❡q✉✐t② ♣r❡♠✐✉♠ ✭❊♣st❡✐♥ ❛♥❞ ❲❛♥❣✱ ✶✾✾✹❀ ▼❛❡♥❤♦✉t✱ ✷✵✵✹❀ ❈❛♦ ❡t ❛❧✳✱ ❲✐♥t❡r ✷✵✵✺❀ ▲❡✐♣♣♦❧❞
❡t ❛❧✳✱ ✷✵✵✽✮✳ ❙❡❝♦♥❞✱ ❤✐❣❤❡r ✉♥❝❡rt❛✐♥t② ❛❜♦✉t ❛♠❜✐❣✉♦✉s ❛ss❡ts ♠❛② r❡s✉❧t ✐♥ ❧❡ss tr❛❞✲
✐♥❣ ✭❧♦✇❡r ❧✐q✉✐❞✐t②✮ ❛♥❞ ❤✐❣❤❡r ♣r✐❝❡ ✈♦❧❛t✐❧✐t②✱ ❛s t❤❡♦r❡t✐❝❛❧ ❧✐t❡r❛t✉r❡ ♦♥ ♣♦rt❢♦❧✐♦ ✐♥❡rt✐❛✱
❡①❝❡ss ✈♦❧❛t✐❧✐t② ❛♥❞ ❛♠♣❧✐✜❝❛t✐♦♥ ❡✛❡❝ts s✉❣❣❡sts ✭❊♣st❡✐♥ ❛♥❞ ❲❛♥❣✱ ✶✾✾✹❀ ❘♦✉t❧❡❞❣❡ ❛♥❞
❩✐♥✱ ✷✵✵✾❀ ●✉✐❞♦❧✐♥ ❛♥❞ ❘✐♥❛❧❞✐✱ ✷✵✶✵❀ ■❧❧❡❞✐ts❝❤✱ ✷✵✶✶✮✳ ❚❤✐r❞✱ s♦♠❡ tr❛❞❡rs ♠❛② ♦✈❡r✇❡✐❣❤t
t❤❡✐r ♣♦rt❢♦❧✐♦ ✇✐t❤ ❧❡ss ❛♠❜✐❣✉♦✉s ❛ss❡ts✱ ❛s ✐♠♣❧✐❡❞ ❜② ♠♦❞❡❧s ♦♥ t❤❡ ❤♦♠❡ ❜✐❛s ❛♥❞ t❤❡
❢❛♠✐❧✐❛r✐t② ❜✐❛s ✭❯♣♣❛❧ ❛♥❞ ❲❛♥❣✱ ✷✵✵✸❀ ❍✉❛♥❣✱ ✷✵✵✼❀ ❈❛♦ ❡t ❛❧✳✱ ✷✵✶✶✮✳

✶✵



❛♥❞ ♠❛r❦❡t✳ ❚❤❡ ✜rst ♣❛rt ♦❢ ❚❛❜❧❡ ✷ r❡♣♦rts t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ r❡s✉❧ts✱ ✐♥❝❧✉❞✲

✐♥❣ ❛✈❡r❛❣❡s ❛❝r♦ss ♠❛r❦❡ts✳ ❆ ♣♦s✐t✐✈❡ ❞✐✛❡r❡♥❝❡ ✐♥❞✐❝❛t❡s ❛♠❜✐❣✉✐t② ❛✈❡rs✐♦♥✱

❜❡❝❛✉s❡ t❤❡ ♠❛r❦❡t ♣r✐❝❡ ♦❢ ❆ ✐s s✉❜tr❛❝t❡❞ ❢r♦♠ ❘✳ ❚❤❡ ♣✲✈❛❧✉❡s r❡❢❡r t♦ t✇♦✲

s✐❞❡❞ ❲✐❧❝♦①♦♥ s✐❣♥❡❞ r❛♥❦ t❡sts ♦❢ t❤❡ ◆✉❧❧ t❤❛t t❤❡ ❞✐✛❡r❡♥❝❡s ❛r❡ ❡q✉❛❧ t♦

③❡r♦✳ ❆s ❚❛❜❧❡ ✷ s❤♦✇s ❢♦r ❉❆✱ ♥♦ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ❞✐✛❡r❡♥❝❡s ✐♥ ♣r✐❝❡s

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

t❤❡ ♣r✐❝❡s ♦❢ ❘ ✐♥ ❉❆✸ ✇✐t❤ ❆ ✐♥ ❉❆✹✱ ❜✉t ❞♦ ♥♦t ✜♥❞ ❛♥② ❛♠❜✐❣✉✐t② ❡✛❡❝ts✳✶✺

❚❤❡ r❡s✉❧ts ♦❢ t❤❡ ❉❆ ❛❧s♦ ❛♣♣❧② t♦ t❤❡ ❈▼✳ ❚❤❡ s❡❝♦♥❞ ♣❛rt ♦❢ ❚❛❜❧❡ ✷

r❡♣♦rts t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ❝❧❡❛r✐♥❣ ♣r✐❝❡ ❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ ❘ ❛♥❞ ❆✳ ❆❣❛✐♥✱

♥♦ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ♣r✐❝❡ ❞✐✛❡r❡♥❝❡s ❝❛♥ ❜❡ ❞❡t❡❝t❡❞✳

◆♦t❡ t❤❛t t❤❡ ❞✐✛❡r❡♥❝❡s ❢♦r t❤❡ ❉❆ ❛r❡ ♠❡❞✐❛♥s ♦❢ ❛ ❢♦✉r ♠✐♥✉t❡ tr❛❞✐♥❣

♣❡r✐♦❞✳ ▲❡❛r♥✐♥❣ t❤r♦✉❣❤ ♠❛r❦❡t ❢❡❡❞❜❛❝❦ ❝♦✉❧❞ t❤❡r❡❢♦r❡ ❜❡ ❛♥ ❡①♣❧❛♥❛t✐♦♥

❢♦r t❤❡ ✐♥s✐❣♥✐✜❝❛♥t r❡s✉❧ts ✐♥ t❤❡ ❉❆✱ ❡✈❡♥ ✐♥ t❤❡ ✈❡r② ✜rst tr❛❞✐♥❣ ♣❡r✐♦❞✳

❍♦✇❡✈❡r✱ ✐❢ ❧❡❛r♥✐♥❣ ❡❧✐♠✐♥❛t❡s ❛♠❜✐❣✉✐t② ❡✛❡❝ts✱ ✇❡ ✇♦✉❧❞ ❡①♣❡❝t ❞✐✛❡r❡♥❝❡s

✐♥ ♣r✐❝❡s ✐♥ t❤❡ ❡❛r❧② ♣❡r✐♦❞s ♦❢ t❤❡ ❈▼✳ ■♥ t❤❡ ❈▼ s❡tt✐♥❣✱ ♠❛r❦❡t ❢❡❡❞❜❛❝❦

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

❛♠❜✐❣✉✐t② ❡✛❡❝ts ❡①✐st ❛t t❤❡ ♦✉ts❡t✱ t❤❡② ❝❛♥♥♦t ❜❡ r❡❞✉❝❡❞ ❜② ❧❡❛r♥✐♥❣ ✐♥ t❤❡

✜rst ♣❡r✐♦❞✱ ❜✉t ♦♥❧② ❛❝r♦ss ♣❡r✐♦❞s✳ ❆❧t❤♦✉❣❤ t❤❡ ❛✈❡r❛❣❡ ❞✐✛❡r❡♥❝❡ ✐♥ t❤❡ ✈❡r②

✜rst ♣❡r✐♦❞ ✐♥ t❤❡ ❈▼ ✐s r❡❧❛t✐✈❡❧② ❤✐❣❤ ✭✻✶✳✽✸✮✱ ✐t ✐s ♥♦t st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t✳

❚❤✐s ♣r♦✈✐❞❡s ❧✐tt❧❡ s✉♣♣♦rt ❢♦r ❧❡❛r♥✐♥❣ ❛s ❛♥ ❡①♣❧❛♥❛t✐♦♥ ❢♦r ♠✐ss✐♥❣ ♣r✐❝❡

❞✐✛❡r❡♥t✐❛❧s✳✶✻

❆s ♠❛r❦❡t ♣r✐❝❡s ❛r❡ ❢♦r♠❡❞ ❜② t❤❡ ♠❛r❣✐♥❛❧ tr❛❞❡r ✐t ✐s ♣♦ss✐❜❧❡ t❤❛t ❛♠✲

❜✐❣✉✐t② ❡✛❡❝ts ♣r✐♠❛r✐❧② ♠❛♥✐❢❡st t❤❡♠s❡❧✈❡s ✐♥ t❤❡ ♦r❞❡r ❜♦♦❦✱ r❛t❤❡r t❤❛♥

tr❛♥s❛❝t✐♦♥ ♣r✐❝❡s✳ ❋♦r ❡①❛♠♣❧❡✱ ❡✈❡♥ ✐❢ t❤❡ tr❛♥s❛❝t✐♦♥ ♣r✐❝❡s ❢♦r ❘ ❛♥❞ ❆ ❛r❡

❡q✉❛❧✱ ✐t ✐s ♣♦ss✐❜❧❡ t❤❛t t❤❡ ❜✐❞s ❢♦r ❘ ❛r❡ ❛❧❧ ❢❛✐r❧② ❝❧♦s❡ t♦ t❤❡ ❝❧❡❛r✐♥❣ ♣r✐❝❡

✭✐♥❞✐❝❛t✐♥❣ r❡❧❛t✐✈❡❧② ❤♦♠♦❣❡♥♦✉s r✐s❦ ♣r❡❢❡r❡♥❝❡s✮✱ ✇❤✐❧❡ ❤✐❣❤❡r ❤❡t❡r♦❣❡♥❡✐t②

✐♥ ❛♠❜✐❣✉✐t② ♣r❡❢❡r❡♥❝❡s ❝r❡❛t❡s ❛♥ ♦r❞❡r ❜♦♦❦ ❢♦r ❆ ✇❤❡r❡ ❜✐❞s ❞❡✈✐❛t❡ ♠♦r❡

str♦♥❣❧② ❞♦✇♥✇❛r❞s✳ ❚❤✐s ♥♦t✐♦♥ ✐s ✐♥ ❧✐♥❡ ✇✐t❤ ❇♦ss❛❡rts ❡t ❛❧✳ ✭✷✵✶✵✮✱ ✇❤♦

r❡♣♦rt ❛ ❤✐❣❤ ❤❡t❡r♦❣❡♥❡✐t② ✐♥ tr❛❞❡rs❵ ❛♠❜✐❣✉✐t② ♣r❡❢❡r❡♥❝❡s✳ ❚♦ t❡st ♣♦ss✐❜❧❡

❛♠❜✐❣✉✐t② ❡✛❡❝ts ♦♥ ♦r❞❡r ❜♦♦❦s ✇❡ ❝♦♠♣✉t❡ t❤❡ ♠❡❞✐❛♥ ❜✐❞ ❞✐✛❡r❡♥❝❡ ❛♥❞ t❤❡

♠❡❞✐❛♥ ❛s❦ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ ❘ ❛♥❞ ❆ ✐♥ ❈▼✳ ❆s t❤❡ r❡s✉❧ts ✐♥ ❚❛❜❧❡ ✷ ✭t❤✐r❞

❛♥❞ ❢♦✉rt❤ ♣❛rt✮ s❤♦✇✱ ✇❡ ✜♥❞ ♥♦ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ❞✐✛❡r❡♥❝❡s ✐♥ ❛s❦s ❛♥❞

♦♥❧② ♦♥❡ ♣❡r✐♦❞ ✇✐t❤ ❞✐✛❡r❡♥❝❡s ✐♥ ❜✐❞s✱ ✇❤✐❝❤ ❛r❡✱ ❤♦✇❡✈❡r✱ ♥❡❣❛t✐✈❡✳ ❆❣❛✐♥✱

❛s ♦❜s❡r✈❡❞ ✇✐t❤ tr❛♥s❛❝t✐♦♥ ♣r✐❝❡s✱ ✇❡ ❛❧s♦ ✜♥❞ ❢♦r ❜✐❞s ❛♥❞ ❛s❦s t❤❛t t❤❡ ❞✐❢✲

❢❡r❡♥❝❡s ✐♥ t❤❡ ✈❡r② ✜rst ♣❡r✐♦❞ ❛r❡ ♣♦s✐t✐✈❡ ❛♥❞ r❡❧❛t✐✈❡❧② ❤✐❣❤ ✭❝♦♠♣❛r❡❞ t♦

s✉❜s❡q✉❡♥t ♣❡r✐♦❞s✮✱ ❜✉t ♥♦t st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t✳

✶✺❋♦r ❜r❡✈✐t②✱ ✇❡ ♦♥❧② r❡♣♦rt s✐♠✉❧t❛♥❡♦✉s❧② tr❛❞❡❞ ❛ss❡ts ✐♥ ❚❛❜❧❡ ✷✳ ❉❡t❛✐❧❡❞ r❡s✉❧ts ♦♥
❉❆✸ ❛♥❞ ❉❆✹ ❛r❡ ❛✈❛✐❧❛❜❧❡ ✉♣♦♥ r❡q✉❡st✳

✶✻❋♦r r♦❜✉st♥❡ss✱ ✇❡ ❛❧s♦ ❛♥❛❧②③❡❞ t❤❡ tr❛❞✐♥❣ ♣❛tt❡r♥ ✐♥ t❤❡ ✜rst ♣❡r✐♦❞ ♦❢ t❤❡ ❉❆ ♦♥ ❛
♠✐♥✉t❡✲❜②✲♠✐♥✉t❡ ❜❛s✐s✱ ❜✉t ❞✐❞ ♥♦t ❞❡t❡❝t ❛♥② ❛♠❜✐❣✉✐t② ❡✛❡❝ts ✐♥ t❤❡ ✜rst ♦r s✉❜s❡q✉❡♥t
♠✐♥✉t❡s✳

✶✶



❍❡♥❝❡✱ ♦✈❡r❛❧❧✱ ✇❡ ❝❛♥ ❝♦♥❝❧✉❞❡ t❤❛t ✇❡ ❞♦ ♥♦t ✜♥❞ ❛♥② ❛♠❜✐❣✉✐t② ❡✛❡❝ts ♦♥

♠❛r❦❡t ♣r✐❝❡s✱ ❜✐❞s✱ ♦r ❛s❦s✳ ❚❤✐s ❛♣♣❧✐❡s t♦ ❞♦✉❜❧❡ ❛✉❝t✐♦♥s ❛♥❞ t♦ ❝❛❧❧ ♠❛r❦❡ts✳

✸✳✷ ❱♦❧❛t✐❧✐t② ❛♥❞ ✈♦❧✉♠❡

❚♦ t❡st ❛♠❜✐❣✉✐t② ❡✛❡❝ts ♦♥ ♣r✐❝❡ ✈♦❧❛t✐❧✐t② ✇❡ ❝♦♠♣✉t❡ t❤❡ ❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥

t❤❡ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ ♦❢ ♣r✐❝❡s ♦❢ ❘ ❛♥❞ ❆ ✐♥ ❉❆✶ ❛♥❞ ❉❆✷✳✶✼ ❚❛❜❧❡ ✸ r❡♣♦rts

t❤❡ r❡s✉❧ts ♣❡r ♣❡r✐♦❞ ❛♥❞ ♠❛r❦❡t ✭sR − sA✮✳ ❖✈❡r❛❧❧✱ ✇❡ ✜♥❞ ♥♦ st❛t✐st✐❝❛❧❧②

s✐❣♥✐✜❝❛♥t ❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ t❤❡ ✈♦❧❛t✐❧✐t② ♦❢ ❘ ❛♥❞ ❆ ✭✇✐t❤ P❡r✐♦❞ ✸ ❛s ♦♥❧②

❡①❝❡♣t✐♦♥✮✳

❚❛❜❧❡ ✸ ❛❧s♦ r❡♣♦rts t❤❡ ❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ t❤❡ ✈♦❧✉♠❡ ♦❢ ❘ ❛♥❞ ❆ ✐♥ s✐✲

♠✉❧t❛♥❡♦✉s tr❛❞✐♥❣ ✐♥ ❉❆ ❛♥❞ ✐♥ ❈▼ ✭qR − qA✮✳ ❆ ♣♦s✐t✐✈❡✴♥❡❣❛t✐✈❡ ♥✉♠❜❡r

✐♥❞✐❝❛t❡s t❤❛t ♠♦r❡ r✐s❦②✴❛♠❜✐❣✉♦✉s s❤❛r❡s ❤❛✈❡ ❝❤❛♥❣❡❞ ❤❛♥❞✳ ■♥ t❤❡ ❉❆

♠❛r❦❡ts ✇❡ ✜♥❞ ♦♥❧② t✇♦ ♦✉t ♦❢ t✇❡❧✈❡ ♣❡r✐♦❞s ✇✐t❤ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ❞✐❢✲

❢❡r❡♥❝❡s ✐♥ tr❛❞✐♥❣ ✈♦❧✉♠❡✿ ✐♥ P❡r✐♦❞ ✻ ❛♥❞ P❡r✐♦❞ ✶✵ ♠♦r❡ ❛♠❜✐❣✉♦✉s ✭♥♦t

r✐s❦②✮ ❛ss❡ts ✇❡r❡ tr❛❞❡❞✳ ■♥ t❤❡ ❈▼ tr❡❛t♠❡♥ts t❤❡r❡ ✐s ♥♦t ❛ s✐♥❣❧❡ ♣❡r✐♦❞

✇✐t❤ s✐❣♥✐✜❝❛♥t ❞✐✛❡r❡♥❝❡s ✐♥ tr❛❞✐♥❣ ✈♦❧✉♠❡✳

✸✳✸ P♦rt❢♦❧✐♦ ❝♦♠♣♦s✐t✐♦♥

❆s t❤❡ t♦t❛❧ ❛♠♦✉♥t ♦❢ s❤❛r❡s ✐♥ t❤❡ ♠❛r❦❡t ✐s ❝♦♥st❛♥t✱ ✇❡ ❢♦❝✉s ♦♥ ❞✐✛❡r❡♥❝❡s

✐♥ t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ s❤❛r❡s ✐♥ tr❛❞❡rs✬ ♣♦rt❢♦❧✐♦s✳ ❙♣❡❝✐✜❝❛❧❧②✱ ✐❢ ❛♠❜✐❣✉✐t②

❧❡❛❞s t♦ ❣r❡❛t❡r ❞✐s❛❣r❡❡♠❡♥t ❛❜♦✉t t❤❡ ✈❛❧✉❡ ♦❢ ❛ss❡ts✱ s♦♠❡ tr❛❞❡rs ✉♥❞❡r✲

✇❡✐❣❤t✴♦✈❡r✇❡✐❣❤t ❛♠❜✐❣✉♦✉s ❛ss❡ts t♦ ❛ ❣r❡❛t❡r ❡①t❡♥t t❤❛♥ r✐s❦② ❛ss❡ts✳

❲❡ ✉s❡ t✇♦ ♠❡❛s✉r❡s ❢♦r ♣♦ss✐❜❧❡ ❞✐✛❡r❡♥❝❡s ✐♥ ♣♦rt❢♦❧✐♦ ❝♦♠♣♦s✐t✐♦♥✳ ❋✐rst✱

✇❡ ❝♦♠♣✉t❡ t❤❡ ❞✐✛❡r❡♥❝❡ ♦❢ t❤❡ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ ♦❢ ❡♥❞✲♦❢✲♣❡r✐♦❞ s❤❛r❡ ❤♦❧❞✲

✐♥❣s ✐♥ ❘ ❛♥❞ ❆ ✭disR − disA✮✳ ◆❡❣❛t✐✈❡ ✈❛❧✉❡s r❡s✉❧t ❢r♦♠ ❛ ♠♦r❡ ❤❡t❡r♦❣❡✲

♥❡♦✉s ❞✐str✐❜✉t✐♦♥ ♦❢ ❛♠❜✐❣✉♦✉s s❤❛r❡s ✐♥ tr❛❞❡rs❵ ♣♦rt❢♦❧✐♦s✱ ✐♥❞✐❝❛t✐♥❣ ❤✐❣❤❡r

❞✐s❛❣r❡❡♠❡♥t ❛❜♦✉t t❤❡ ✈❛❧✉❡ ♦❢ ❆✳ ❙❡❝♦♥❞✱ ❛s ❛♥ ❛❧t❡r♥❛t✐✈❡ ♠❡❛s✉r❡♠❡♥t✱ ✇❡

❝♦♠♣✉t❡ t❤❡ ❞✐✛❡r❡♥❝❡ ♦❢ t❤❡ s❤❛r❡ ❤♦❧❞✐♥❣s ♦❢ t❤❡ t✇♦ tr❛❞❡rs ✇✐t❤ t❤❡ ❤✐❣❤❡st

♥✉♠❜❡r ♦❢ s❤❛r❡s ✐♥ t❤❡✐r ❡♥❞✲♦❢✲♣❡r✐♦❞ ✐♥✈❡♥t♦r② ✭hR − hA ✮✳ ❆❣❛✐♥✱ ♥❡❣❛t✐✈❡

✈❛❧✉❡s ✐♥❞✐❝❛t❡ ♠♦r❡ ♣♦❧❛r✐③❡❞ ❤♦❧❞✐♥❣s ♦❢ t❤❡ ❛♠❜✐❣✉♦✉s ❛ss❡ts✳

❚❛❜❧❡ ✹ s❤♦✇s t❤❡ r❡s✉❧ts ♣❡r ♣❡r✐♦❞ ❛♥❞ ♠❛r❦❡t ❢♦r s✐♠✉❧t❛♥❡♦✉s❧② tr❛❞❡❞

❛ss❡ts ✐♥ ❉❆ ❛♥❞ ❈▼✳ ❲❡ ✜♥❞ ♥♦t ❛ s✐♥❣❧❡ ♣❡r✐♦❞ ✐♥ ✇❤✐❝❤ t❤❡ ❡♥❞✲♦❢✲♣❡r✐♦❞

❞✐str✐❜✉t✐♦♥ ♦❢ ❘ s✐❣♥✐✜❝❛♥t❧② ❞✐✛❡rs ❢r♦♠ ❆✳

✶✼◆♦t❡ t❤❛t ❈▼ tr❡❛t♠❡♥ts ❞♦ ♥♦t ♣r♦✈✐❞❡ ❝♦♥t✐♥✉♦✉s tr❛❞✐♥❣ ❞❛t❛ ❢♦r ✐♥tr❛✲♣❡r✐♦❞ ✈♦❧❛t✐❧✲
✐t②✳

✶✷



✸✳✹ ❘♦❜✉st♥❡ss ❝❤❡❝❦s✿ ✐♥❞✐✈✐❞✉❛❧ ❞❡❝✐s✐♦♥ ♠❛❦✐♥❣ ❛♥❞

♦♣❡r❛t✐♦♥❛❧✐③❛t✐♦♥ ♦❢ ❛♠❜✐❣✉✐t②

●✐✈❡♥ t❤❛t ✇❡ ❤❛r❞❧② ✜♥❞ ❛♥② ❛♠❜✐❣✉✐t② ❡✛❡❝ts ✐♥ ♠❛r❦❡ts✱ ✐t ✐s ✐♠♣♦rt❛♥t t♦

t❡st ✇❤❡t❤❡r ♦✉r ♦♣❡r❛t✐♦♥❛❧✐③❛t✐♦♥ ♦❢ ❛♠❜✐❣✉✐t② ✐s s✉✣❝✐❡♥t✳ ■♥ ❙❡ss✐♦♥ ❇❉▼✶

✇❡ t❤❡r❡❢♦r❡ ❡❧✐❝✐t❡❞ s✉❜❥❡❝ts❵ ❲❚P ✇✐t❤ ❛ ❇❉▼ ♠❡❝❤❛♥✐s♠ ✭❛s ❞❡s❝r✐❜❡❞ ✐♥

❙❡❝t✐♦♥ ✷✳✺✮ ❛♥❞ ❝♦♠♣✉t❡❞ t❤❡ ✐♥❞✐✈✐❞✉❛❧ ❜✐❞ ❞✐✛❡r❡♥t✐❛❧s ❜❡t✇❡❡♥ ❛ss❡ts ❘ ❛♥❞

❆✳ ❚❛❜❧❡ ✺ r❡♣♦rts t❤❡ ❛✈❡r❛❣❡ ♣❡r ♣❡r✐♦❞ ❛❝r♦ss ❛❧❧ s✉❜❥❡❝ts✳ ❆s ❡①♣❡❝t❡❞✱

t❤❡ ❛✈❡r❛❣❡ ❜✐❞s ❢♦r ❆ ❛r❡ ❧♦✇❡r ✐♥ ❛❧❧ ♣❡r✐♦❞s ✭BidR − BidA > 0✮✱ ❛♥❞ ✐♥

t❤❡ ♠❛❥♦r✐t② ♦❢ ♣❡r✐♦❞s t❤✐s ❞✐✛❡r❡♥❝❡ ✐s ❛❧s♦ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t✳ ▼♦r❡♦✈❡r✱

t❤❡ ❛✈❡r❛❣❡ ❞✐✛❡r❡♥t✐❛❧ ❛❝r♦ss ❛❧❧ ♣❡r✐♦❞s ❛♥❞ ♠❛r❦❡ts ✐♥ ❙❡ss✐♦♥ ❇❉▼✶ ✐s ❛❧s♦

st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ✳

❆❧t❤♦✉❣❤ t❤❡s❡ r❡s✉❧ts s❤♦✇ t❤❛t ♦✉r ♦♣❡r❛t✐♦♥❛❧✐③❛t✐♦♥ ✇♦r❦s ✐♥ ✐♥❞✐✈✐❞✉❛❧

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

❛♠❜✐❣✉✐t② ✉s❡❞ ✐♥ r❡❧❛t❡❞ st✉❞✐❡s ❛r❡ ❡✈❡♥ str♦♥❣❡r✳ ❚❤❡ ❧❛tt❡r ❝♦✉❧❞ ❡①♣❧❛✐♥

✇❤②✱ ❢♦r ❡①❛♠♣❧❡✱ ❙❛r✐♥ ❛♥❞ ❲❡❜❡r ✭✶✾✾✸✮ ✜♥❞ ❛♠❜✐❣✉✐t② ❡✛❡❝ts ✐♥ ♠❛r❦❡ts✱

✇❤✐❧❡ ✇❡ ❞♦ ♥♦t✳ ❚♦ t❡st t❤✐s ✇❡ ✐♠♣❧❡♠❡♥t❡❞ ❛ ❝♦♠♣♦✉♥❞ ❧♦tt❡r② ✭✉s❡❞ ❜②✱ ❡✳❣✳✱

❙❛r✐♥ ❛♥❞ ❲❡❜❡r✱ ✶✾✾✸✮ ✐♥ ❇❉▼✷✳ ❚❛❜❧❡ ✺ r❡♣♦rts t❤❡ ❛✈❡r❛❣❡ ❜✐❞ ❞✐✛❡r❡♥t✐❛❧s

❜❡t✇❡❡♥ ❘ ❛♥❞ ❆ ❛❝r♦ss ❛❧❧ s✉❜❥❡❝ts✳ ❆❧t❤♦✉❣❤ t❤❡ ❛✈❡r❛❣❡ ❜✐❞s ❢♦r ❆ ❛r❡ ❧♦✇❡r

✐♥ ♠♦st ♦❢ t❤❡ ♣❡r✐♦❞s ✭✇✐t❤ t❤❡ ❡①❝❡♣t✐♦♥ ♦❢ P❡r✐♦❞ ✶✷✮✱ ♦♥❧② ♦♥❡ ♦❢ t❤❡♠ ✐s

st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t✳

❍❡♥❝❡✱ ♦✈❡r❛❧❧✱ ♦✉r ♣r✐♠❛r② ♦♣❡r❛t✐♦♥❛❧✐③❛t✐♦♥ ♦❢ ❛♠❜✐❣✉✐t② ❜② ✉s✐♥❣ ❛❞❞✐✲

t✐♦♥❛❧ s✉❜❥❡❝ts ✐s ♥♦t ♦♥❧② s✉✣❝✐❡♥t t♦ ❣❡♥❡r❛t❡ ❛♠❜✐❣✉✐t② ❡✛❡❝ts ✐♥ ✐♥❞✐✈✐❞✉❛❧

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

st✉❞✐❡s✳

✹ ❈♦♥❝❧✉s✐♦♥

❙❛r✐♥ ❛♥❞ ❲❡❜❡r ✭✶✾✾✸✮ ❝♦♥❝❧✉❞❡ ❵t❤❛t t❤❡ ♠❛r❦❡t ❢♦r❝❡s ❛❧♦♥❡ ♠❛② ♥♦t

❜❡ s✉✣❝✐❡♥t t♦ ✇❛s❤ ♦✉t t❤❡ ❡✛❡❝ts ♦❢ ❛♠❜✐❣✉✐t② ♦♥ ❞❡❝✐s✐♦♥s✬ ✭♣✳ ✻✶✻✮✳ ❖✉r

r❡s✉❧ts✱ ❤♦✇❡✈❡r✱ s✉❣❣❡st t❤❛t ♠❛r❦❡t ❢♦r❝❡s ♠❛② ✐♥❞❡❡❞ ❜❡ s✉✣❝✐❡♥t t♦ ✇❛s❤

♦✉t t❤❡ ❡✛❡❝ts ♦❢ ❛♠❜✐❣✉✐t②✳ ❚❤✐s r❛✐s❡s t❤❡ q✉❡st✐♦♥✿ ✇❤✐❝❤ ♠❡❝❤❛♥✐s♠ ❧❡❛❞s

t♦ t❤❡ ❡❧✐♠✐♥❛t✐♦♥ ♦❢ ❛♠❜✐❣✉✐t② ❡✛❡❝ts ✐♥ ♠❛r❦❡ts✱ ✐♥ ♣❛rt✐❝✉❧❛r ✇✐t❤ r❡❣❛r❞

t♦ ♣r✐❝❡s❄ ❆♥ ❡①❤❛✉st✐✈❡ ❛♥s✇❡r ❣♦❡s ❜❡②♦♥❞ t❤❡ s❝♦♣❡ ♦❢ t❤✐s st✉❞②✱ ❜✉t ♦✉r

r❡s✉❧ts ♣r♦✈✐❞❡ s♦♠❡ ✐♥❞✐❝❛t✐♦♥s ✇❤✐❝❤ ♠❡❝❤❛♥✐s♠s ❛r❡ ❧❡ss ❧✐❦❡❧② t♦ ❜❡ ❛t ✇♦r❦✳

▼❛r❦❡t ❢❡❡❞❜❛❝❦ ♠❛② ❜❡ ❛♥ ✐♥t✉✐t✐✈❡ ❡①♣❧❛♥❛t✐♦♥ ❢♦r t❤❡ ❛❜s❡♥❝❡ ♦❢ ❛♠❜✐❣✉✲

✐t② ❡✛❡❝ts✳ ❚❤❡ ❝r✉❝✐❛❧ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ ♠❛r❦❡ts ❛♥❞ s✐t✉❛t✐♦♥s ♦❢ ✐♥❞✐✈✐❞✉❛❧

❞❡❝✐s✐♦♥ ♠❛❦✐♥❣ ✐s t❤❛t✱ ✐♥ ♠❛r❦❡ts✱ ❛♥ ✐♥❞✐✈✐❞✉❛❧✬s ❞❡❝✐s✐♦♥ ✐s ✐♥✢✉❡♥❝❡❞ ❜② ❞❡✲

❝✐s✐♦♥s ♦❢ ♦t❤❡r ♠❛r❦❡t ♣❛rt✐❝✐♣❛♥ts✳ ❆s s✉❜❥❡❝ts tr❛❞❡ t❤❡② ♠❛② ❧❡❛r♥ t❤❛t t❤❡

❢✉♥❞❛♠❡♥t❛❧ ♣r✐❝❡ ♦❢ t❤❡ ❛♠❜✐❣✉♦✉s ❛ss❡t ❞♦❡s ♥♦t ❞✐✛❡r ❢r♦♠ t❤❡ r✐s❦② ❛ss❡t✱

✶✸



♣r♦✈✐❞❡❞ t❤❛t t❤❡r❡ ✐s ❛ s✉✣❝✐❡♥t ♥✉♠❜❡r ♦❢ tr❛❞❡rs ✇❤♦ ❛tt❛❝❤ t❤❡ s❛♠❡ ✈❛❧✉❡

t♦ ❜♦t❤ ❛ss❡ts✳ ❈♦♥s❡q✉❡♥t❧②✱ ♣r✐❝❡s ❝♦♥✈❡r❣❡✱ ❛s ❛❧s♦ ❢♦✉♥❞ ❜② ❙❛r✐♥ ❛♥❞ ❲❡❜❡r

✭✶✾✾✸✮ ❢♦r s♦♠❡ ♦❢ t❤❡✐r ✐♥❞❡♣❡♥❞❡♥t ♠❛r❦❡t s❡tt✐♥❣s✳ ❖✉r r❡s✉❧ts✱ ❤♦✇❡✈❡r✱ ❞♦

♥♦t s✉❣❣❡st t❤❛t ❧❡❛r♥✐♥❣ ♣❧❛②s ❛ r♦❧❡✱ ♥❡✐t❤❡r ✇✐t❤✐♥ ♥♦r ❛❝r♦ss ♣❡r✐♦❞s✳ ■❢ ♠❛r✲

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

✇❡ ✇♦✉❧❞ ❤❛✈❡ ❡①♣❡❝t❡❞ t♦ s❡❡ ❛♠❜✐❣✉✐t② ❡✛❡❝ts ✐♥ t❤❡ ❈▼✱ ❜✉t ♥♦t ✐♥ t❤❡ ❉❆✳

▼❛r❦❡t ❢❡❡❞❜❛❝❦ ❛❝r♦ss ♣❡r✐♦❞s ✇♦✉❧❞ ❤❛✈❡ ❡❧✐♠✐♥❛t❡❞ ❛♠❜✐❣✉✐t② ❡✛❡❝ts ✐♥ ❧❛t❡r

♣❡r✐♦❞s ✐♥ t❤❡ ❈▼✱ ❜✉t ♥♦t ✐♥ t❤❡ ✜rst ♣❡r✐♦❞✳ ❲❡ ❞♦ ♥♦t ✜♥❞ ❛♥② ❛♠❜✐❣✉✐t②

❡✛❡❝ts ✐♥ t❤❡ ❈▼✱ ♥♦t ❡✈❡♥ ✐♥ t❤❡ ✜rst ♣❡r✐♦❞✳

❆♥t✐❝✐♣❛t✐♦♥ ♦❢ ✭❡q✉❛❧ ❢✉♥❞❛♠❡♥t❛❧✮ ❛ss❡t ♣r✐❝❡s ✐♥ ♠❛r❦❡ts ❝♦✉❧❞ ❡①♣❧❛✐♥

♠✐ss✐♥❣ ❛♠❜✐❣✉✐t② ❡✛❡❝ts ✐♥ t❤❡ ✜rst ♣❡r✐♦❞ ♦❢ t❤❡ ❈▼✳ ■❢ t❤✐s ✐s tr✉❡✱ ✇❡ ✇♦✉❧❞

❡①♣❡❝t ❡q✉❛❧ ❜✐❞s ❢♦r r✐s❦② ❛♥❞ ❛♠❜✐❣✉♦✉s ❛ss❡ts ✐♥ t❤❡ ✐♥❞✐✈✐❞✉❛❧ ❲❚P✳ ❇♦t❤

t❤❡ ❇❉▼ ♠❡❝❤❛♥✐s♠ ❛♥❞ t❤❡ ❈▼ ❛r❡ ✐♥❝❡♥t✐✈❡ ❝♦♠♣❛t✐❜❧❡✳ ■❢ ❛ s✉❜❥❡❝t ❛♥✲

t✐❝✐♣❛t❡s ❛ ❢✉♥❞❛♠❡♥t❛❧❧② ❡q✉❛❧ ♣r✐❝❡ ❢♦r r✐s❦ ❛♥❞ ❛♠❜✐❣✉✐t②✱ s❤❡ s❤♦✉❧❞ ❜✐❞

❛❝❝♦r❞✐♥❣❧② ✐♥ ❜♦t❤ t❤❡ ❈▼ ❛♥❞ ❇❉▼ tr❡❛t♠❡♥t✳ ❲❡ ❞♦ ✜♥❞ ❞✐✛❡r❡♥❝❡s ❜❡✲

t✇❡❡♥ t❤❡ t✇♦ tr❡❛t♠❡♥ts✱ ❤♦✇❡✈❡r✱ ✇✐t❤ s✐❣♥✐✜❝❛♥t ❛♠❜✐❣✉✐t② ❡✛❡❝ts ✐♥ t❤❡

❧❛tt❡r✱ ❜✉t ♥♦t ✐♥ t❤❡ ❢♦r♠❡r✳

❆♥♦t❤❡r ❢❡❛t✉r❡ ♦❢ ♠❛♥② ❛ss❡t ♠❛r❦❡ts ✐s t❤❛t ♠✉❧t✐♣❧❡ ✐t❡♠s ❝❛♥ ❜❡ tr❛❞❡❞

✇❤✐❧❡ ♠♦st ✐♥❞✐✈✐❞✉❛❧ ❞❡❝✐s✐♦♥ ♠❛❦✐♥❣ s✐t✉❛t✐♦♥s ❝♦♥s✐❞❡r ♦♥❧② ♦♥❡ ✐t❡♠✳ ❲✐t❤

♠✉❧t✐♣❧❡ ✐t❡♠s t❤❡ ♠❛✐♥ ❡✛❡❝t ♦❢ ❛♠❜✐❣✉✐t② ♠❛② ❜❡ ❤✐❞❞❡♥ ✐♥ ♦t❤❡r ❞✐♠❡♥s✐♦♥s

t❤❛♥ ♣r✐❝❡s✱ s✉❝❤ ❛s ♣♦rt❢♦❧✐♦ ❝❤♦✐❝❡s✳ ❇♦ss❛❡rts ❡t ❛❧✳ ✭✷✵✶✵✮ ♣r♦✈✐❞❡ s♦♠❡

s✉♣♣♦rt ❢♦r t❤✐s ♥♦t✐♦♥✱ ❜✉t ❛❧s♦ ❛❝❦♥♦✇❧❡❞❣❡ ✧❛ s♦♠❡✇❤❛t s✉r♣r✐s✐♥❣ st❛t❡ ♦❢

❛✛❛✐rs✿ ♠✉❝❤ ♦❢ ❛ss❡t ♣r✐❝✐♥❣ t❤❡♦r② ❝❧❛✐♠s t♦ ♠❛❦❡ s❤❛r♣ ♣r❡❞✐❝t✐♦♥s ❛❜♦✉t

♣r✐❝❡s ❜✉t ♠✉❝❤ ❧❡ss s❤❛r♣ ♣r❡❞✐❝t✐♦♥s ❛❜♦✉t ♣♦rt❢♦❧✐♦ ❝❤♦✐❝❡s✳✧ ✭♣✳✶✸✺✺✮ ■♥ ❧✐♥❡

✇✐t❤ t❤❡ ❧❛tt❡r✱ ✇❡ ❞♦ ♥♦t ♦❜s❡r✈❡ ❛♠❜✐❣✉✐t② ❡✛❡❝ts ♦♥ ♣♦rt❢♦❧✐♦s✱ ❛♥❞ ❛❧s♦ ♥♦t

♦♥ ♦t❤❡r ❞✐♠❡♥s✐♦♥s✱ s✉❝❤ ❛s tr❛❞✐♥❣ ✈♦❧✉♠❡✱ ♦r❞❡r ❜♦♦❦s✱ ♦r ✈♦❧❛t✐❧✐t②✳

❖✈❡r❛❧❧✱ ♦✉r r❡s✉❧ts ❝❛❧❧ ❢♦r ❝❛✉t✐♦♥ ✐♥ t❤❡ ❛♥❛❧②s✐s ❛♥❞ ✐♥t❡r♣r❡t❛t✐♦♥ ♦❢

❛♠❜✐❣✉✐t② ❡✛❡❝ts ✐♥ ❛ss❡t ♠❛r❦❡ts✳ ❚❤✐s st✉❞② s✉❣❣❡sts t❤❛t t❤❡ ❡①♣❧❛♥❛t♦r②

♣♦t❡♥t✐❛❧ ♦❢ ❛♠❜✐❣✉✐t② ♣r❡❢❡r❡♥❝❡s ✐♥ ✜♥❛♥❝✐❛❧ ♠❛r❦❡ts ❧✐❡s ✐♥ s❡tt✐♥❣s t❤❛t ❛r❡

❧❡ss str❛✐❣❤t❢♦r✇❛r❞ t❤❛♥ ♦✉r ❡①♣❡r✐♠❡♥t✳

❘❡❢❡r❡♥❝❡s

❆❜❞❡❧❧❛♦✉✐✱ ▼✳✱ ❇❛✐❧❧♦♥✱ ❆✳✱ P❧❛❝✐❞♦✱ ▲✳✱ ❲❛❦❦❡r✱ P✳ P✳✱ ✷✵✶✶✳ ❚❤❡ r✐❝❤ ❞♦♠❛✐♥ ♦❢

✉♥❝❡rt❛✐♥t②✿ ❙♦✉r❝❡ ❢✉♥❝t✐♦♥s ❛♥❞ t❤❡✐r ❡①♣❡r✐♠❡♥t❛❧ ✐♠♣❧❡♠❡♥t❛t✐♦♥✳ ❆♠❡r✲

✐❝❛♥ ❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇ ✶✵✶ ✭✷✮✱ ✻✾✺✕✼✷✸✳

❇❡❝❦❡r✱ ●✳✱ ❉❡●r♦♦t✱ ▼✳✱ ▼❛rs❝❤❛❦✱ ❏✳✱ ✶✾✻✹✳ ▼❡❛s✉r✐♥❣ ✉t✐❧✐t② ❜② ❛ s✐♥❣❧❡✲

r❡s♣♦♥s❡ s❡q✉❡♥t✐❛❧ ♠❡t❤♦❞✳ ❇❡❤❛✈✐♦r❛❧ ❙❝✐❡♥❝❡ ✾ ✭✸✮✱ ✷✷✻✕✷✸✷✳

❇♦ss❛❡rts✱ P✳✱ ●❤✐r❛r❞❛t♦✱ P✳✱ ●✉❛r♥❛s❝❤❡❧❧✐✱ ❙✳✱ ❩❛♠❡✱ ❲✳ ❘✳✱ ✷✵✶✵✳ ❆♠❜✐❣✉✐t②

✶✹



✐♥ ❛ss❡t ♠❛r❦❡ts✿ ❚❤❡♦r② ❛♥❞ ❡①♣❡r✐♠❡♥t✳ ❘❡✈✐❡✇ ♦❢ ❋✐♥❛♥❝✐❛❧ ❙t✉❞✐❡s ✷✸ ✭✹✮✱

✶✸✷✺✕✶✸✺✾✳

❈❛♠❡r❡r✱ ❈✳✱ ❑✉♥r❡✉t❤❡r✱ ❍✳✱ ✶✾✽✾✳ ❊①♣❡r✐♠❡♥t❛❧ ♠❛r❦❡ts ❢♦r ✐♥s✉r❛♥❝❡✳ ❏♦✉r✲

♥❛❧ ♦❢ ❘✐s❦ ❛♥❞ ❯♥❝❡rt❛✐♥t② ✷✱ ✷✻✺✕✷✾✾✳

❈❛♠❡r❡r✱ ❈✳✱ ❲❡❜❡r✱ ▼✳✱ ❖❝t♦❜❡r ✶✾✾✷✳ ❘❡❝❡♥t ❞❡✈❡❧♦♣♠❡♥ts ✐♥ ♠♦❞❡❧✐♥❣ ♣r❡❢✲

❡r❡♥❝❡s✿ ❯♥❝❡rt❛✐♥t② ❛♥❞ ❛♠❜✐❣✉✐t②✳ ❏♦✉r♥❛❧ ♦❢ ❘✐s❦ ❛♥❞ ❯♥❝❡rt❛✐♥t② ✺ ✭✹✮✱

✸✷✺✕✼✵✳

❈❛♠❡r❡r✱ ❈✳ ❋✳✱ ❉❡❝✳ ✶✾✽✼✳ ❉♦ ❜✐❛s❡s ✐♥ ♣r♦❜❛❜✐❧✐t② ❥✉❞❣♠❡♥t ♠❛tt❡r ✐♥ ♠❛r❦❡ts❄

❡①♣❡r✐♠❡♥t❛❧ ❡✈✐❞❡♥❝❡✳ ❚❤❡ ❆♠❡r✐❝❛♥ ❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇ ✼✼ ✭✺✮✱ ✾✽✶✕✾✾✼✳

❈❛♦✱ ❍✳ ❍✳✱ ❍❛♥✱ ❇✳✱ ❍✐rs❤❧❡✐❢❡r✱ ❉✳✱ ❩❤❛♥❣✱ ❍✳ ❍✳✱ ✷✵✶✶✳ ❋❡❛r ♦❢ t❤❡ ✉♥❦♥♦✇♥✿

❋❛♠✐❧✐❛r✐t② ❛♥❞ ❡❝♦♥♦♠✐❝ ❞❡❝✐s✐♦♥s✯✳ ❘❡✈✐❡✇ ♦❢ ❋✐♥❛♥❝❡ ✶✺ ✭✶✮✱ ✶✼✸✕✷✵✻✳

❈❛♦✱ ❍✳ ❍✳✱ ❲❛♥❣✱ ❚✳✱ ❩❤❛♥❣✱ ❍✳ ❍✳✱ ❲✐♥t❡r ✷✵✵✺✳ ▼♦❞❡❧ ✉♥❝❡rt❛✐♥t②✱ ❧✐♠✐t❡❞

♠❛r❦❡t ♣❛rt✐❝✐♣❛t✐♦♥✱ ❛♥❞ ❛ss❡t ♣r✐❝❡s✳ ❘❡✈✐❡✇ ♦❢ ❋✐♥❛♥❝✐❛❧ ❙t✉❞✐❡s ✶✽ ✭✹✮✱

✶✷✶✾✕✶✷✺✶✳

❈❤❡✉♥❣✱ ❙✳✱ P❛❧❛♥✱ ❙✳✱ ✷✵✶✷✳ ❚✇♦ ❤❡❛❞s ❛r❡ ❧❡ss ❜✉❜❜❧② t❤❛♥ ♦♥❡✿ t❡❛♠ ❞❡❝✐s✐♦♥✲

♠❛❦✐♥❣ ✐♥ ❛♥ ❡①♣❡r✐♠❡♥t❛❧ ❛ss❡t ♠❛r❦❡t✳ ❊①♣❡r✐♠❡♥t❛❧ ❊❝♦♥♦♠✐❝s ✶✺✱ ✸✼✸✕

✸✾✼✳

❈✉r❧❡②✱ ❙✳ P✳✱ ❨❛t❡s✱ ❏✳✱ ✶✾✽✾✳ ❆♥ ❡♠♣✐r✐❝❛❧ ❡✈❛❧✉❛t✐♦♥ ♦❢ ❞❡s❝r✐♣t✐✈❡ ♠♦❞❡❧s ♦❢

❛♠❜✐❣✉✐t② r❡❛❝t✐♦♥s ✐♥ ❝❤♦✐❝❡ s✐t✉❛t✐♦♥s✳ ❏♦✉r♥❛❧ ♦❢ ▼❛t❤❡♠❛t✐❝❛❧ Ps②❝❤♦❧♦❣②

✸✸ ✭✹✮✱ ✸✾✼ ✕ ✹✷✼✳

❊❝❦❡❧✱ ❈✳✱ ❋✉❧❧❜r✉♥♥✱ ❙✳✱ ✷✵✶✷✳ ❚❤❛r ✬s❤❡✬ ❜❧♦✇s❄ ❣❡♥❞❡r✱ ❝♦♠♣❡t✐t✐♦♥✱ ❛♥❞

❜✉❜❜❧❡s ✐♥ ❡①♣❡r✐♠❡♥t❛❧ ❛ss❡t ♠❛r❦❡ts✱ ♠✐♠❡♦✳

❊✐♥❤♦r♥✱ ❍✳✱ ❍♦❣❛rt❤✱ ❘✳✱ ✶✾✽✺✳ ❆♠❜✐❣✉✐t② ❛♥❞ ✉♥❝❡rt❛✐♥t② ✐♥ ♣r♦❜❛❜✐❧✐st✐❝

✐♥❢❡r❡♥❝❡✳ Ps②❝❤♦❧♦❣✐❝❛❧ ❘❡✈✐❡✇ ✾✷ ✭✹✮✱ ✹✸✸✕✹✻✶✳

❊♣st❡✐♥✱ ▲✳ ●✳✱ ◆♦♦r✱ ❏✳✱ ❙❛♥❞r♦♥✐✱ ❆✳✱ ✷✵✶✵✳ ◆♦♥✲❜❛②❡s✐❛♥ ❧❡❛r♥✐♥❣✳ ❚❤❡ ❇✳❊✳

❏♦✉r♥❛❧ ♦❢ ❚❤❡♦r❡t✐❝❛❧ ❊❝♦♥♦♠✐❝s ✶✵ ✭✶✮✱ ✸✳

❊♣st❡✐♥✱ ▲✳ ●✳✱ ❙❝❤♥❡✐❞❡r✱ ▼✳✱ ✵✷ ✷✵✵✽✳ ❆♠❜✐❣✉✐t②✱ ✐♥❢♦r♠❛t✐♦♥ q✉❛❧✐t②✱ ❛♥❞

❛ss❡t ♣r✐❝✐♥❣✳ ❏♦✉r♥❛❧ ♦❢ ❋✐♥❛♥❝❡ ✻✸ ✭✶✮✱ ✶✾✼✕✷✷✽✳

❊♣st❡✐♥✱ ▲✳ ●✳✱ ❲❛♥❣✱ ❚✳✱ ▼❛r✳ ✶✾✾✹✳ ■♥t❡rt❡♠♣♦r❛❧ ❛ss❡t ♣r✐❝✐♥❣ ✉♥❞❡r ❦♥✐❣❤t✲

✐❛♥ ✉♥❝❡rt❛✐♥t②✳ ❊❝♦♥♦♠❡tr✐❝❛ ✻✷ ✭✷✮✱ ✷✽✸✕✸✷✷✳

❊t♥❡r✱ ❏✳✱ ❏❡❧❡✈❛✱ ▼✳✱ ❚❛❧❧♦♥✱ ❏✳✲▼✳✱ ✷✵✶✷✳ ❉❡❝✐s✐♦♥ t❤❡♦r② ✉♥❞❡r ❛♠❜✐❣✉✐t②✳

❏♦✉r♥❛❧ ♦❢ ❊❝♦♥♦♠✐❝ ❙✉r✈❡②s ✷✻ ✭✷✮✱ ✷✸✹✕✷✼✵✳

✶✺



❋✐s❝❤❜❛❝❤❡r✱ ❯✳✱ ❏✉♥❡ ✷✵✵✼✳ ③✲tr❡❡✿ ❩✉r✐❝❤ t♦♦❧❜♦① ❢♦r r❡❛❞②✲♠❛❞❡ ❡❝♦♥♦♠✐❝

❡①♣❡r✐♠❡♥ts✳ ❊①♣❡r✐♠❡♥t❛❧ ❊❝♦♥♦♠✐❝s ✶✵ ✭✷✮✱ ✶✼✶✕✶✼✽✳

❋♦①✱ ❈✳ ❘✳✱ ❚✈❡rs❦②✱ ❆✳✱ ✶✾✾✺✳ ❆♠❜✐❣✉✐t② ❛✈❡rs✐♦♥ ❛♥❞ ❝♦♠♣❛r❛t✐✈❡ ✐❣♥♦r❛♥❝❡✳

❚❤❡ ◗✉❛rt❡r❧② ❏♦✉r♥❛❧ ♦❢ ❊❝♦♥♦♠✐❝s ✶✶✵ ✭✸✮✱ ✺✽✺✕✻✵✸✳

●❤✐r❛r❞❛t♦✱ P✳✱ ▼❛❝❝❤❡r♦♥✐✱ ❋✳✱ ▼❛r✐♥❛❝❝✐✱ ▼✳✱ ❖❝t♦❜❡r ✷✵✵✹✳ ❉✐✛❡r❡♥t✐❛t✐♥❣

❛♠❜✐❣✉✐t② ❛♥❞ ❛♠❜✐❣✉✐t② ❛tt✐t✉❞❡✳ ❏♦✉r♥❛❧ ♦❢ ❊❝♦♥♦♠✐❝ ❚❤❡♦r② ✶✶✽ ✭✷✮✱ ✶✸✸✕

✶✼✸✳

●✐❧❜♦❛✱ ■✳✱ ❙❝❤♠❡✐❞❧❡r✱ ❉✳✱ ❆♣r✐❧ ✶✾✽✾✳ ▼❛①♠✐♥ ❡①♣❡❝t❡❞ ✉t✐❧✐t② ✇✐t❤ ♥♦♥✲✉♥✐q✉❡

♣r✐♦r✳ ❏♦✉r♥❛❧ ♦❢ ▼❛t❤❡♠❛t✐❝❛❧ ❊❝♦♥♦♠✐❝s ✶✽ ✭✷✮✱ ✶✹✶✕✶✺✸✳

●r❡✐♥❡r✱ ❇✳✱ ✷✵✵✹✳ ❆♥ ❖♥❧✐♥❡ ❘❡❝r✉✐t✐♥❣ ❙②st❡♠ ❢♦r ❊❝♦♥♦♠✐❝ ❊①♣❡r✐♠❡♥ts✳

■♥✿ ❑r❡♠❡r✱ ❑✳✱ ▼❛❝❤♦✱ ❱✳ ✭❡❞s✳✮✱ ❋♦rs❝❤✉♥❣ ✉♥❞ ✇✐ss❡♥s❝❤❛❢t❧✐❝❤❡s ❘❡❝❤✲

♥❡♥ ✷✵✵✸✳ ●❲❉● ❇❡r✐❝❤t ✻✸✱ ●♦❡tt✐♥❣❡♥✱ ●❡s❡❧❧s❝❤❛❢t ❢ür ✇✐ss❡♥s❝❤❛❢t❧✐❝❤❡

❉❛t❡♥✈❡r❛r❜❡✐t✉♥❣✿ ✼✾✲✾✸✳

●✉✐❞♦❧✐♥✱ ▼✳✱ ❘✐♥❛❧❞✐✱ ❋✳✱ ✷✵✶✵✳ ❆ s✐♠♣❧❡ ♠♦❞❡❧ ♦❢ tr❛❞✐♥❣ ❛♥❞ ♣r✐❝✐♥❣ r✐s❦②

❛ss❡ts ✉♥❞❡r ❛♠❜✐❣✉✐t②✿ ❛♥② ❧❡ss♦♥s ❢♦r ♣♦❧✐❝②✲♠❛❦❡rs❄ ❆♣♣❧✐❡❞ ❋✐♥❛♥❝✐❛❧

❊❝♦♥♦♠✐❝s ✷✵ ✭✶✲✷✮✱ ✶✵✺✕✶✸✺✳

❍❡②✱ ❏✳ ❉✳✱ ▲❡❡✱ ❏✳✱ ✷✵✵✺✳ ❉♦ s✉❜❥❡❝ts s❡♣❛r❛t❡ ✭♦r ❛r❡ t❤❡② s♦♣❤✐st✐❝❛t❡❞✮❄

❊①♣❡r✐♠❡♥t❛❧ ❊❝♦♥♦♠✐❝s ✽✱ ✷✸✸✕✷✻✺✳

❍✉❛♥❣✱ ❘✳ ❘✳✱ ✷✵✵✼✳ ❉✐st❛♥❝❡ ❛♥❞ tr❛❞❡✿ ❉✐s❡♥t❛♥❣❧✐♥❣ ✉♥❢❛♠✐❧✐❛r✐t② ❡✛❡❝ts ❛♥❞

tr❛♥s♣♦rt ❝♦st ❡✛❡❝ts✳ ❊✉r♦♣❡❛♥ ❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇ ✺✶ ✭✶✮✱ ✶✻✶ ✕ ✶✽✶✳

■❧❧❡❞✐ts❝❤✱ P✳ ❑✳✱ ❉❡❝❡♠❜❡r ✷✵✶✶✳ ❆♠❜✐❣✉♦✉s ✐♥❢♦r♠❛t✐♦♥✱ ♣♦rt❢♦❧✐♦ ✐♥❡rt✐❛✱ ❛♥❞

❡①❝❡ss ✈♦❧❛t✐❧✐t②✳ ❏♦✉r♥❛❧ ♦❢ ❋✐♥❛♥❝❡ ✻✻ ✭✻✮✱ ✷✷✶✸✕✷✷✹✼✳

❑❛❤♥✱ ❇✳ ❊✳✱ ❙❛r✐♥✱ ❘✳ ❑✳✱ ❙❡♣✳ ✶✾✽✽✳ ▼♦❞❡❧✐♥❣ ❛♠❜✐❣✉✐t② ✐♥ ❞❡❝✐s✐♦♥s ✉♥❞❡r

✉♥❝❡rt❛✐♥t②✳ ❏♦✉r♥❛❧ ♦❢ ❈♦♥s✉♠❡r ❘❡s❡❛r❝❤ ✶✺ ✭✷✮✱ ✷✻✺✕✷✼✷✳

❑❡②♥❡s✱ ❏✳ ▼✳✱ ✶✾✷✶✳ ❆ ❚r❡❛t✐s❡ ♦♥ Pr♦❜❛❜✐❧✐t②✳ ▲♦♥❞♦♥✿ ▼❛❝▼✐❧❧❛♥✳

❑❧✐❜❛♥♦✛✱ P✳✱ ▼❛r✐♥❛❝❝✐✱ ▼✳✱ ▼✉❦❡r❥✐✱ ❙✳✱ ◆♦✈❡♠❜❡r ✷✵✵✺✳ ❆ s♠♦♦t❤ ♠♦❞❡❧ ♦❢

❞❡❝✐s✐♦♥ ♠❛❦✐♥❣ ✉♥❞❡r ❛♠❜✐❣✉✐t②✳ ❊❝♦♥♦♠❡tr✐❝❛ ✼✸ ✭✻✮✱ ✶✽✹✾✕✶✽✾✷✳

❑♦❝❤❡r✱ ▼✳ ●✳✱ ❚r❛✉t♠❛♥♥✱ ❙✳ ❚✳✱ ✷✵✶✸✳ ❙❡❧❡❝t✐♦♥ ✐♥t♦ ❛✉❝t✐♦♥s ❢♦r r✐s❦② ❛♥❞

❛♠❜✐❣✉♦✉s ♣r♦s♣❡❝ts✳ ❊❝♦♥♦♠✐❝ ■♥q✉✐r② ✺✶ ✭✶✮✱ ✽✽✷✕✽✾✺✳

▲❡✐♣♣♦❧❞✱ ▼✳✱ ❚r♦❥❛♥✐✱ ❋✳✱ ❱❛♥✐♥✐✱ P✳✱ ✷✵✵✽✳ ▲❡❛r♥✐♥❣ ❛♥❞ ❛ss❡t ♣r✐❝❡s ✉♥❞❡r

❛♠❜✐❣✉♦✉s ✐♥❢♦r♠❛t✐♦♥✳ ❘❡✈✐❡✇ ♦❢ ❋✐♥❛♥❝✐❛❧ ❙t✉❞✐❡s ✷✶ ✭✻✮✱ ✷✺✻✺✕✷✺✾✼✳

▼❛❡♥❤♦✉t✱ P✳ ❏✳✱ ✷✵✵✹✳ ❘♦❜✉st ♣♦rt❢♦❧✐♦ r✉❧❡s ❛♥❞ ❛ss❡t ♣r✐❝✐♥❣✳ ❘❡✈✐❡✇ ♦❢ ❋✐✲

♥❛♥❝✐❛❧ ❙t✉❞✐❡s ✶✼ ✭✹✮✱ ✾✺✶✕✾✽✸✳

✶✻



◆❛✉✱ ❘✳ ❋✳✱ ✷✵✵✻✳ ❯♥❝❡rt❛✐♥t② ❛✈❡rs✐♦♥ ✇✐t❤ s❡❝♦♥❞✲♦r❞❡r ✉t✐❧✐t✐❡s ❛♥❞ ♣r♦❜❛❜✐❧✲

✐t✐❡s✳ ▼❛♥❛❣❡♠❡♥t ❙❝✐❡♥❝❡ ✺✷ ✭✶✮✱ ✶✸✻✕✶✹✺✳

◗✐✉✱ ❏✳✱ ❲❡✐t③❡❧✱ ❯✳✱ ✷✵✶✸✳ ❊①♣❡r✐♠❡♥t❛❧ ❡✈✐❞❡♥❝❡ ♦♥ ✈❛❧✉❛t✐♦♥ ❛♥❞ ❧❡❛r♥✐♥❣

✇✐t❤ ♠✉❧t✐♣❧❡ ♣r✐♦rs✱ ❤tt♣✿✴✴❞①✳❞♦✐✳♦r❣✴✶✵✳✷✶✸✾✴ssr♥✳✷✷✵✼✹✶✸✳

❘♦✉t❧❡❞❣❡✱ ❇✳✱ ❩✐♥✱ ❙✳✱ ❖❝t♦❜❡r ✷✵✵✾✳ ▼♦❞❡❧ ✉♥❝❡rt❛✐♥t② ❛♥❞ ❧✐q✉✐❞✐t②✳ ❘❡✈✐❡✇

♦❢ ❊❝♦♥♦♠✐❝ ❉②♥❛♠✐❝s ✶✷ ✭✹✮✱ ✺✹✸✕✺✻✻✳

❙❛r✐♥✱ ❘✳ ❑✳✱ ❲❡❜❡r✱ ▼✳✱ ✶✾✾✸✳ ❊✛❡❝ts ♦❢ ❛♠❜✐❣✉✐t② ✐♥ ♠❛r❦❡t ❡①♣❡r✐♠❡♥ts✳

▼❛♥❛❣❡♠❡♥t ❙❝✐❡♥❝❡ ✸✾ ✭✺✮✱ ✻✵✷✕✻✶✺✳

❙❛✈❛❣❡✱ ▲✳ ❏✳✱ ✶✾✺✹✳ ❚❤❡ ❋♦✉♥❞❛t✐♦♥s ♦❢ ❙t❛t✐st✐❝s✳ ◆❡✇ ❨♦r❦✿ ❲✐❧❡②✳

❙t❛r♠❡r✱ ❈✳✱ ❙✉❞❣❡♥✱ ❘✳✱ ✶✾✾✶✳ ❉♦❡s t❤❡ r❛♥❞♦♠✲❧♦tt❡r② ✐♥❝❡♥t✐✈❡ s②st❡♠ ❡❧✐❝✐t

tr✉❡ ♣r❡❢❡r❡♥❝❡s❄ ❛♥ ❡①♣❡r✐♠❡♥t❛❧ ✐♥✈❡st✐❣❛t✐♦♥✳ ❆♠❡r✐❝❛♥ ❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇

✽✶✱ ✾✼✶✕✾✼✽✳

❯♣♣❛❧✱ ❘✳✱ ❲❛♥❣✱ ❚✳✱ ✷✵✵✸✳ ▼♦❞❡❧ ♠✐ss♣❡❝✐✜❝❛t✐♦♥ ❛♥❞ ✉♥❞❡r❞✐✈❡rs✐✜❝❛t✐♦♥✳

❚❤❡ ❏♦✉r♥❛❧ ♦❢ ❋✐♥❛♥❝❡ ✺✽ ✭✻✮✱ ✷✹✻✺✕✷✹✽✻✳

❲❛❦❦❡r✱ P✳✱ ✷✵✶✵✳ Pr♦s♣❡❝t ❚❤❡♦r②✿ ❢♦r ❘✐s❦ ❛♥❞ ❆♠❜✐❣✉✐t②✳ ❈❛♠❜r✐❞❣❡ ❯♥✐✲

✈❡rs✐t② Pr❡ss✱ ❈❛♠❜r✐❞❣❡✱ ❯❑✳

❚❛❜❧❡s ❛♥❞ ❋✐❣✉r❡s

❵

❚❛❜❧❡ ✶✿ ❖✈❡r✈✐❡✇ ♦❢ s❡ss✐♦♥s

❙❡ss✐♦♥ ★ ▼❛r❦❡ts ★ ❙✉❜❥❡❝ts ø P❛② ✭❊✉r♦s✮ ❆♠❜✐❣✉✐t②

❉❆ ✶ 3 3× 8 = 24 21.58 str♦♥❣
❉❆ ✷ 3 3× 8 = 24 19.42 str♦♥❣
❉❆ ✸ 3 3× 8 = 24 22.04 str♦♥❣
❉❆ ✹ 3 3× 8 = 24 19.17 str♦♥❣
❈▼ ✶ 3 3× 8 = 24 19.96 str♦♥❣
❈▼ ✷ 3 3× 8 = 24 22.90 str♦♥❣
❇❉▼ ✶ ◆✴❆ 20 16.55 str♦♥❣
❇❉▼ ✷ ◆✴❆ 12 16.85 ✇❡❛❦

✶✼



❚❛❜❧❡ ✷✿ ❉✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ ❘ ❛♥❞ ❆✿ ♣r✐❝❡s✱ ❜✐❞s✱ ❛s❦s

❚❤❡ t❛❜❧❡ r❡♣♦rts ❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ t❤❡ r✐s❦② ❛ss❡t ✭❘✮ ❛♥❞ ♦❢ t❤❡ ❛♠❜✐❣✉♦✉s ❛ss❡t ✭❆✮ ✐♥ t❤❡

❞♦✉❜❧❡ ❛✉❝t✐♦♥ ✭❉❆✮ ❛♥❞ ❝❛❧❧ ♠❛r❦❡ts ✭❈▼✮ ❢♦r ❡❛❝❤ ♠❛r❦❡t ✇❤❡r❡ ❘ ❛♥❞ ❆ ❛r❡ tr❛❞❡❞ s✐♠✉❧t❛✲

♥❡♦✉s❧② ✭❙❡ss✐♦♥s ❉❆✶✱ ❉❆✷✱ ❈▼✶✱ ❈▼✷✮ ❛♥❞ ❛s ❛ ♣❡r✐♦❞ ❛✈❡r❛❣❡✳ PR − PA ✐s t❤❡ ❞✐✛❡r❡♥❝❡ ♦❢

❝❧❡❛r✐♥❣❤♦✉s❡ ♣r✐❝❡s ❢r♦♠ ❈▼ ❛♥❞ ♦❢ ♠❡❞✐❛♥ ♣r✐❝❡s ❢r♦♠ ❉❆✳ BR −BA ✐s t❤❡ ♠❡❞✐❛♥ ❜✐❞ ❞✐✛❡r❡♥❝❡

❛♥❞ AR − AA t❤❡ ♠❡❞✐❛♥ ❛s❦ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ ❘ ❛♥❞ ❆ ✐♥ ❈▼✳ ❇✐❞s ❛♥❞ ❛s❦s ❛r❡ ♦♥❧② ✐♥❝❧✉❞❡❞

✇❤❡♥ ❛ s✉❜❥❡❝ts s✉❜♠✐tt❡❞ q✉♦t❡s ❢♦r ❜♦t❤ ❛ss❡ts✳ ❚❤❡ ♣✲✈❛❧✉❡ r❡❢❡rs t♦ ❛ ❲✐❧❝♦①♦♥ s✐❣♥❡❞ r❛♥❦

t❡st ♦❢ t❤❡ ♥✉❧❧ ❤②♣♦t❤❡s✐s t❤❛t t❤❡ ❞✐✛❡r❡♥❝❡ ✐s ❡q✉❛❧ t♦ ③❡r♦ ✭t❤❛t t❤❡ ♠❡❛s✉r❡ ♦❢ ✐♥t❡r❡st ❞♦❡s ♥♦t

❞✐✛❡r ❜❡t✇❡❡♥ ❛ss❡ts ❘ ❛♥❞ ❆✮✳

 

 
Period 

1 
Period 

2 
Period 

3 
Period 

4 
Period 

5 
Period 

6 
Period 

7 
Period 

8 
Period 

9 
Period 

10 
Period 

11 
Period 

12 
DA: �� � ��              

M1 49 -3 10 20 -20 -5 -10 -16 0 5 -22 0 
M2 -15 -8 17 -26 -10 1 -9 0 1 26 2 -10 
M3 0 5 5 -1 0 9 -5 -2 -5 -5 -9 0 
M4 60 17 12 -5 -16 13 0 2 2 0 -18 -45 
M5 30 30 10 10 15 15 10 10 9 6 0 0 
M6 0 -9 0 -3 -2 2 0 0 1 0 0 4 

Average 20.50 5.50 9.00 -0.58 -5.33 5.83 -2.25 -1.00 1.33 5.25 -7.75 -8.42 
p-value 0.196 0.600 0.035 0.753 0.206 0.116 0.449 0.829 0.291 0.234 0.196 0.425 

CM: �� � ��             
M1 -89 -5 -20 5 7 -10 -2 0 7 -7 0 0 
M2 60 -60 -16 -40 -25 -45 -25 0 -10 1 1 0 
M3 100 -49 12 0 9 1 7 0 0 3 1 0 
M4 0 0 0 -15 -5 0 0 0 0 0 15 35 
M5 240 0 20 -100 70 -50 0 -5 -20 10 -15 0 
M6 60 0 20 10 30 45 -10 70 0 20 30 -20 

Average 61.83 -19.00 2.67 -23.33 14.33 -9.83 -5.00 10.83 -3.83 4.50 5.33 2.50 
p-value  0.205 0.087 0.670 0.292 0.249 0.459 0.281 0.898 0.425 0.206 0.244 0.898 

CM: �� � �� 
            

M1 0 0 0 -5 0 0 0 0 0 0 0 0 
M2 -180 10 -50 -13 -25 0 -10 0 0 -15 0 0 
M3 180 -75 25 1 0 0 0 3 5 -1 0 0 
M4 0 0 0 0 -5 0 0 0 0 0 0 0 
M5 75 0 0 -50 0 0 0 0 0 0 0 0 
M6 0 0 0 0 0 0 0 0 0 0 0 0 

Average 13 -11 -4 -11 -5 0 -2 0 1 -3 0 0 
p-value 0.760 0.567 0.188 0.051 0.035 0.765 0.223 0.978 0.540 0.536 0.302 0.331 

CM: �� � ��             
M1 0 0 0 0 0 0 0 0 0 0 0 0 
M2 -10 20 -23 0 0 0 3 0 0 0 0 0 
M3 85 0 40 0 0 0 0 5 0 0 0 0 
M4 0 0 0 -35 0 0 0 0 3 0 0 0 
M5 100 50 -75 0 0 0 0 0 0 0 0 0 
M6 0 0 -15 0 0 0 0 0 0 0 0 0 

Average 29 12 -12 -6 0 0 0 1 0 0 0 0 
p-value 0.782 0.143 0.142 0.835 0.283 0.375 0.073 0.841 0.322 0.603 0.230 0.522 

✶✽



❚❛❜❧❡ ✸✿ ❉✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ ❘ ❛♥❞ ❆✿ ✈♦❧❛t✐❧✐t② ❛♥❞ ✈♦❧✉♠❡

❚❤❡ t❛❜❧❡ r❡♣♦rts ❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ t❤❡ r✐s❦② ❛ss❡t ✭❘✮ ❛♥❞ ♦❢ t❤❡ ❛♠❜✐❣✉♦✉s ❛ss❡t ✭❆✮ ✐♥ t❤❡ ❞♦✉✲

❜❧❡ ❛✉❝t✐♦♥ ✭❉❆✮ ❛♥❞ ❝❛❧❧ ♠❛r❦❡ts ✭❈▼✮ ❢♦r ❡❛❝❤ ♠❛r❦❡t ✇❤❡r❡ ❘ ❛♥❞ ❆ ❛r❡ tr❛❞❡❞ s✐♠✉❧t❛♥❡♦✉s❧②

✭❙❡ss✐♦♥s ❉❆✶✱ ❉❆✷✱ ❈▼✶✱ ❈▼✷✮ ❛♥❞ ❛s ❛ ♣❡r✐♦❞ ❛✈❡r❛❣❡✳ sR−sA ✐s t❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ st❛♥✲

❞❛r❞ ❞❡✈✐❛t✐♦♥ ♦❢ ♣r✐❝❡s ♦❢ ❘ ❛♥❞ ❆ ✐♥ ❉❆✳ qR − qA r❡❢❡rs t♦ t❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ ✈♦❧✉♠❡ ♦❢ ❘

❛♥❞ ❆ ✐♥ ❉❆ ❛♥❞ ✐♥ ❈▼✳ ❚❤❡ ♣✲✈❛❧✉❡ r❡❢❡rs t♦ ❛ ❲✐❧❝♦①♦♥ s✐❣♥❡❞ r❛♥❦ t❡st ♦❢ t❤❡ ♥✉❧❧ ❤②♣♦t❤❡s✐s t❤❛t

t❤❡ ❞✐✛❡r❡♥❝❡ ✐s ❡q✉❛❧ t♦ ③❡r♦ ✭t❤❛t t❤❡ ♠❡❛s✉r❡ ♦❢ ✐♥t❡r❡st ❞♦❡s ♥♦t ❞✐✛❡r ❜❡t✇❡❡♥ ❛ss❡ts ❘ ❛♥❞ ❆✮✳

 

 
Period 

1 
Period 

2 
Period 

3 
Period 

4 
Period 

5 
Period 

6 
Period 

7 
Period 

8 
Period 

9 
Period 

10 
Period 

11 
Period 

12 
DA: �� � ��             

M1 6 54 2 3 -12 7 1 -10 -36 -10 -15 12 
M2 65 6 56 -1 12 -8 -13 14 -2 -10 16 -17 
M3 2 -9 3 -4 -5 -18 1 0 1 3 1 0 
M4 -37 11 8 -2 1 -56 64 1 -7 -3 -7 17 
M5 45 0 2 -6 18 13 -1 0 38 -3 0 -4 
M6 4 10 0 2 -5 -3 -1 15 0 1 -1 1 

Average 14 12 12 -2 2 -11 9 4 -1 -4 -1 2 
p-value  0.173 0.116 0.028 0.345 0.917 0.917 0.345 0.753 0.600 0.173 0.753 0.753 

DA: �� � �� 
            

M1 13 9 34 15 -1 -10 1 -2 -24 -4 12 -5 
M2 3 1 -4 -2 3 -12 -10 -2 -4 -10 13 8 
M3 -15 9 -14 1 10 -11 2 0 12 -2 4 -5 
M4 0 -3 -4 -10 7 -4 -5 8 -17 -4 5 -4 
M5 -3 -6 6 0 -2 -2 16 -9 -6 -10 -4 17 
M6 -4 2 -4 9 6 -6 -2 -2 12 -3 -4 15 

Average -1 2 2 2 4 -8 0 -1 -5 -6 4 4 
p-value 0.597 0.462 0.916 0.673 0.116 0.028 0.834 0.286 0.462 0.027 0.168 0.344 

CM: �� � ��             
M1 1 -3 1 0 2 -2 1 3 1 4 2 0 
M2 2 -9 -18 -8 -8 2 -5 3 -7 -1 -3 3 
M3 8 -4 1 0 2 -4 0 5 12 -5 3 4 
M4 -2 -5 4 1 -7 -4 -2 -2 6 -7 4 -6 
M5 2 10 9 -2 3 0 -1 -6 -10 3 0 -6 
M6 4 1 9 -10 12 -4 4 10 -7 0 9 -5 

Average 3 -2 1 -3 1 -2 -1 2 -1 -1 3 -2 
p-value 0.112 0.463 0.343 0.196 0.753 0.109 0.597 0.344 0.753 0.527 0.169 0.291 

✶✾



❚❛❜❧❡ ✹✿ ❉✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ ❘ ❛♥❞ ❆✿ ❞✐str✐❜✉t✐♦♥ ♦❢ s❤❛r❡s

❚❤❡ t❛❜❧❡ r❡♣♦rts ❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ t❤❡ r✐s❦② ❛ss❡t ✭❘✮ ❛♥❞ ♦❢ t❤❡ ❛♠❜✐❣✉♦✉s ❛ss❡t ✭❆✮ ✐♥ t❤❡

❞♦✉❜❧❡ ❛✉❝t✐♦♥ ✭❉❆✮ ❛♥❞ ❝❛❧❧ ♠❛r❦❡ts ✭❈▼✮ ❢♦r ❡❛❝❤ ♠❛r❦❡t ✇❤❡r❡ ❘ ❛♥❞ ❆ ❛r❡ tr❛❞❡❞ s✐♠✉❧t❛✲

♥❡♦✉s❧② ✭❙❡ss✐♦♥s ❉❆✶✱ ❉❆✷✱ ❈▼✶✱ ❈▼✷✮ ❛♥❞ ❛s ❛ ♣❡r✐♦❞ ❛✈❡r❛❣❡✳ disR − disA ✐s t❤❡ ❞✐✛❡r❡♥❝❡

♦❢ t❤❡ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ ♦❢ ❡♥❞✲♦❢✲♣❡r✐♦❞ s❤❛r❡ ❤♦❧❞✐♥❣s✳ hR − hA ✐s t❤❡ ❞✐✛❡r❡♥❝❡ ♦❢ t❤❡ s❤❛r❡

❤♦❧❞✐♥❣s ♦❢ t❤❡ t✇♦ tr❛❞❡rs ✇✐t❤ t❤❡ ❤✐❣❤❡st ♥✉♠❜❡r ♦❢ s❤❛r❡s ✐♥ t❤❡✐r ❡♥❞✲♦❢✲♣❡r✐♦❞ ✐♥✈❡♥t♦r②✳ ❚❤❡

♣✲✈❛❧✉❡ r❡❢❡rs t♦ ❛ ❲✐❧❝♦①♦♥ s✐❣♥❡❞ r❛♥❦ t❡st ♦❢ t❤❡ ♥✉❧❧ ❤②♣♦t❤❡s✐s t❤❛t t❤❡ ❞✐✛❡r❡♥❝❡ ✐s ❡q✉❛❧ t♦

③❡r♦ ✭t❤❛t t❤❡ ♠❡❛s✉r❡ ♦❢ ✐♥t❡r❡st ❞♦❡s ♥♦t ❞✐✛❡r ❜❡t✇❡❡♥ ❛ss❡ts ❘ ❛♥❞ ❆✮✳

 

 
Period 

1 
Period 

2 
Period 

3 
Period 

4 
Period 

5 
Period 

6 
Period 

7 
Period 

8 
Period 

9 
Period 

10 
Period 

11 
Period 

12 
CM: ���� � ���� 

M1 -1.22 -1.14 0.79 1.14 -0.64 -1.23 0.05 0.61 1.72 0.65 0.95 2.12 
M2 0.86 -4.55 -3.42 -1.13 -1.75 2.11 -1.49 0.80 -3.89 -0.09 -1.20 -0.03 
M3 0.32 0.74 -0.86 -0.74 -0.27 0.48 -0.99 2.22 1.03 -1.08 0.24 -0.53 
M4 -1.09 -2.33 -0.55 0.38 0.80 -1.59 -2.35 -1.92 0.30 -0.69 1.39 -1.06 
M5 0.64 1.46 1.97 -2.15 2.36 -0.37 0.82 -3.28 -3.40 1.21 -1.26 -1.86 
M6 2.16 -2.74 2.22 -3.12 3.54 -2.45 0.22 2.94 -1.87 0.71 3.00 -2.19 

Average 0.28 -1.43 0.02 -0.94 0.67 -0.51 -0.62 0.23 -1.02 0.12 0.52 -0.59 
p-value  0.753 0.173 0.917 0.249 0.463 0.463 0.345 0.753 0.345 0.753 0.463 0.249 

DA: ���� � ���� 
M1 0.48 -1.96 0.40 -0.74 1.27 1.55 -2.92 -3.17 0.10 0.58 0.98 -0.03 
M2 -0.88 -0.09 -0.19 1.95 1.86 0.87 1.19 -0.26 2.15 -1.09 -0.93 0.42 
M3 -2.44 -1.10 -1.27 0.33 2.98 3.04 2.37 -0.38 0.22 0.33 -0.79 0.93 
M4 0.89 0.75 -1.77 -3.15 1.81 1.47 -2.33 2.82 -3.78 0.40 1.75 -3.73 
M5 0.00 4.06 1.36 -3.06 1.84 -1.48 -0.82 0.41 2.08 -0.40 0.03 0.93 
M6 0.76 -0.42 -0.93 1.54 -1.53 -1.72 -0.56 -1.48 -0.70 -1.93 -0.09 0.88 

Average -0.20 0.21 -0.40 -0.52 1.37 0.62 -0.51 -0.34 0.02 -0.35 0.16 -0.10 
p-value 0.932 0.866 0.352 0.499 0.063 0.499 0.499 0.499 0.612 0.446 0.612 0.498 

CM: �� � �� 
M1 -2.44 -1.10 -1.27 0.33 2.98 3.04 2.37 -0.38 0.22 0.33 -0.79 0.93 
M2 0.89 0.75 -1.77 -3.15 1.81 1.47 -2.33 2.82 -3.78 0.40 1.75 -3.73 
M3 0.00 4.06 1.36 -3.06 1.84 -1.48 -0.82 0.41 2.08 -0.40 0.03 0.93 
M4 0.76 -0.42 -0.93 1.54 -1.53 -1.72 -0.56 -1.48 -0.70 -1.93 -0.09 0.88 
M5 -0.20 0.21 -0.40 -0.52 1.37 0.62 -0.51 -0.34 0.02 -0.35 0.16 -0.10 
M6 0.93 0.87 0.35 0.50 0.06 0.50 0.50 0.50 0.61 0.45 0.61 0.50 

Average -0.01 0.73 -0.44 -0.73 1.09 0.40 -0.23 0.25 -0.26 -0.25 0.28 -0.10 
p-value 0.673 0.463 0.345 0.463 0.116 0.753 0.463 0.600 0.917 0.834 0.463 0.462 

DA: �� � �� 
M1 -0.03 -0.11 0.03 0.09 -0.08 -0.05 0.03 0.05 0.14 0.03 0.05 0.09 
M2 0.00 -0.25 -0.22 -0.06 -0.13 0.09 -0.02 0.05 -0.25 0.05 -0.06 -0.05 
M3 0.05 0.08 -0.05 -0.05 -0.05 0.03 -0.03 0.13 0.06 -0.03 0.00 -0.02 
M4 -0.08 -0.09 -0.06 0.08 0.06 -0.06 -0.09 -0.09 0.05 -0.08 0.06 0.00 
M5 0.00 0.03 0.11 -0.08 0.17 -0.02 0.03 -0.20 -0.25 0.05 -0.06 -0.16 
M6 0.09 -0.11 0.09 -0.09 0.19 -0.11 0.00 0.14 -0.11 0.02 0.20 -0.08 

Average 0.01 -0.08 -0.02 -0.02 0.03 -0.02 -0.01 0.01 -0.06 0.01 0.03 -0.03 
p-value 0.829 0.115 0.917 0.752 0.600 0.463 0.670 0.753 0.462 0.670 0.670 0.292 

✷✵



❚❛❜❧❡ ✺✿ ❉✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ ❘ ❛♥❞ ❆✿ ❜✐❞s ✐♥ ❇❉▼

❚❤❡ t❛❜❧❡ r❡♣♦rts t❤❡ ❛✈❡r❛❣❡ ♦❢ ❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ ❜✐❞s ✭❲❚P✮ ❢♦r t❤❡ r✐s❦② ❛ss❡t ✭❘✮ ❛♥❞ ❢♦r

t❤❡ ❛♠❜✐❣✉♦✉s ❛ss❡t ✭❆✮✳ ❚❤❡ ✜rst r♦✇ s❤♦✇s t❤❡ ❛✈❡r❛❣❡s ✐♥ ❙❡ss✐♦♥ ❇❉▼✶ ✇✐t❤ ♦✉r ♣r✐♠❛r②

♦♣❡r❛t✐♦♥❛❧✐③❛t✐♦♥ ♦❢ ❛♠❜✐❣✉✐t②✱ ❛♥❞ t❤❡ t❤✐r❞ r♦✇ r❡♣♦rts t❤❡ ❛✈❡r❛❣❡s ✐♥ ❙❡ss✐♦♥ ❇❉▼✷ ✇✐t❤

❛♠❜✐❣✉✐t② ❛s ❛ s❡❝♦♥❞✲♦r❞❡r ♣r♦❜❛❜✐❧✐t② ✭❝♦♠♣♦✉♥❞ ❧♦tt❡r②✮✳ ❚❤❡ ♣✲✈❛❧✉❡ r❡❢❡rs t♦ ❛ ❲✐❧❝♦①♦♥

s✐❣♥❡❞ r❛♥❦ t❡st ♦❢ t❤❡ ♥✉❧❧ ❤②♣♦t❤❡s✐s t❤❛t t❤❡ ❞✐✛❡r❡♥❝❡ ✐s ❡q✉❛❧ t♦ ③❡r♦ ✭t❤❛t t❤❡ ❛✈❡r❛❣❡ ❜✐❞ ❞♦❡s

♥♦t ❞✐✛❡r ❜❡t✇❡❡♥ ❛ss❡ts ❘ ❛♥❞ ❆✮✳

 

 
Period 

1 
Period 

2 
Period 

3 
Period 

4 
Period 

5 
Period 

6 
Period 

7 
Period 

8 
Period 

9 
Period 

10 
Period 

11 
Period 

12 

BDM 1: ���� � ���� 200 65 168 36 279 65 240 68 164 31 123 162 

p-value 0.017 0.287 0.025 0.476 0.001 0.169 0.003 0.337 0.005 0.383 0.004 0.015 

BDM 2: ���� � ���� 114 115 10 1 117 83 107 142 202 152 156 -14 

p-value 0.170 0.204 0.813 0.809 0.305 0.325 0.195 0.176 0.016 0.132 0.100 0.843 

❆♣♣❡♥❞✐①

❋✐❣✉r❡ ✶✿ ❙❝r❡❡♥s❤♦t ♦❢ ❉❆ s♣❧✐t s❝r❡❡♥

 

Click to buy blue/yellow share at lowest ask. 

Click to sell blue/yellow share at highest bid. 

Quotes to sell 
Quotes to buy 

Time left 

Enter Ask Price, click to submit Enter Bid Price, click to submit Shares and available cash in account in markets 

✷✶



❋✐❣✉r❡ ✷✿ ❙❝r❡❡♥s❤♦t ♦❢ ❈▼ s♣❧✐t s❝r❡❡♥

 

# of blue shares to buy 

Highest price to buy  

Shares and available cash in account in markets 

# of yellow shares to sell 

Lowest price to sell  
to buy 

❋✐❣✉r❡ ✸✿ ❙❝r❡❡♥s❤♦t ♦❢ ❇❉▼ s♣❧✐t s❝r❡❡♥

Maximum bid for yellow/blue share 

Available amount of Taler for yellow/blue share 

Yellow/Blue Share 

✷✷



❙❛♠♣❧❡ ♦❢ ✐♥str✉❝t✐♦♥s ♦❢ ❉❆✶ ❛♥❞ ❉❆✷

✭♥♦t ❢♦r ♣✉❜❧✐❝❛t✐♦♥✮✶✽

❲❡❧❝♦♠❡ t♦ t❤❡ ❡①♣❡r✐♠❡♥t✳ ❨♦✉ ♣❛rt✐❝✐♣❛t❡ ✐♥ t❤✐s ❡①♣❡r✐♠❡♥t t♦ ❡❛r♥ ♠♦♥❡②✳ ❆❝✲

❝♦r❞✐♥❣❧②✱ ②♦✉ s❤♦✉❧❞ tr② t♦ ♠❛①✐♠✐③❡ t❤❡ ♣❛②♦✛ ✐♥ t❤✐s ❡①♣❡r✐♠❡♥t✳ ■❢ ②♦✉ ❢♦❧❧♦✇ t❤❡

✐♥str✉❝t✐♦♥s ❝❛r❡❢✉❧❧②✱ ❛♥❞ ♠❛❦❡ ❣♦♦❞ ❞❡❝✐s✐♦♥s✱ ②♦✉ ✇✐❧❧ r❡❝❡✐✈❡ ❛ s✐❣♥✐✜❝❛♥t ❛♠♦✉♥t

✐♥ ❝❛s❤✳ ■♥ t❤✐s ❡①♣❡r✐♠❡♥t ②♦✉ tr❛❞❡ s❤❛r❡s✳ ❆❧❧ tr❛♥s❛❝t✐♦♥s ❛r❡ ❝❛❧❝✉❧❛t❡❞ ✐♥ ✏❚❛❧❡r✑✳

❆t t❤❡ ❡♥❞ ♦❢ t❤❡ ❡①♣❡r✐♠❡♥t ②♦✉r t♦t❛❧ ❛♠♦✉♥t ❡❛r♥❡❞ ✐♥ ❚❛❧❡rs ✇✐❧❧ ❜❡ ❡①❝❤❛♥❣❡❞

❛♥❞ ♣❛✐❞ t♦ ②♦✉ ❛t t❤❡ ❢♦❧❧♦✇✐♥❣ ❡①❝❤❛♥❣❡ r❛t❡✿ ✷✵✵ ❚❛❧❡rs ❂ ✶ ❊✉r♦✳

✶✳ ❚r❛❞✐♥❣ ✐♥ t❤❡ ♠❛r❦❡t

❚r❛❞✐♥❣ ♦❢ s❤❛r❡s t❛❦❡s ♣❧❛❝❡ ♦♥ ❛ ♠❛r❦❡t ♣❧❛t❢♦r♠✳ ❚❤✉s✱ ②♦✉ ✜rst ❤❛✈❡ t♦ ❣❡t

❡①♣❡r✐❡♥❝❡❞ ✇✐t❤ t❤❡ tr❛❞✐♥❣ ♣❧❛t❢♦r♠✳ ❋♦r t❤❡ tr❛❞✐♥❣ ❛❝t✐♦♥s ②♦✉ ♥❡❡❞ ❚❛❧❡rs ❛♥❞

s❤❛r❡s✳ ❨♦✉ ✜♥❞ ②♦✉r ✐♥✈❡♥t♦r② ✐♥ ❚❛❧❡rs ❛♥❞ s❤❛r❡s ✐♥ t❤❡ ✜❡❧❞ ❜❡❧♦✇ t❤❡ tr❛❞✐♥❣

♣❧❛t❢♦r♠✳

■❢ ②♦✉ ✇❛♥t t♦ s❡❧❧ ❛ s❤❛r❡✱ ②♦✉ ❝❛♥ ✉s❡ t❤❡ t❡①t ❜♦① ✑❊◆❚❊❘ ❙❊▲▲■◆● P❘■❈❊✑✳

■♥ t❤✐s t❡①t ❜♦① ②♦✉ ❡♥t❡r t❤❡ ♣r✐❝❡ ❛t ✇❤✐❝❤ ②♦✉ ❛r❡ ✇✐❧❧✐♥❣ t♦ s❡❧❧ t❤❡ s❤❛r❡✳ ❆❢t❡r✲

✇❛r❞s ❝❧✐❝❦ ♦♥ t❤❡ ✏❙❯❇▼■❚✑ ❜✉tt♦♥ ❜❡❧♦✇ t❤❡ t❡①t ❜♦①✳ P❧❡❛s❡ ❞♦ t❤✐s r✐❣❤t ♥♦✇

✭❨♦✉ ❝❛♥ t②♣❡ ✐♥ ❛♥② ❛r❜✐tr❛r② ♣r✐❝❡✮✦ ❖♥❝❡ ②♦✉ ❤❛✈❡ ❞♦♥❡ t❤✐s✱ ②♦✉ ✇✐❧❧ r❡❝♦❣♥✐③❡ t❤❛t

t❤❡r❡ ❛r❡ ✽ ♣r✐❝❡s ✭♦♥❡ ♦❢ ❡❛❝❤ ♣❛rt✐❝✐♣❛♥t✮ r❡❝♦r❞❡❞ ✐♥ t❤❡ s❝❤❡❞✉❧❡ ♥❛♠❡❞ ✏◗❯❖❚❊❙

❚❖ ❙❊▲▲✑ ♦♥ t❤❡ ❧❡❢t✲❤❛♥❞ s✐❞❡✳ ❚❤❡ ❧♦✇❡st q✉♦t❡ ✐s ❧✐st❡❞ ✐♥ t❤❡ ✜rst r♦✇ ❛♥❞ ✐s

❡♠♣❤❛s✐③❡❞✳ ■❢ ②♦✉ ❝❧✐❝❦ t❤❡ ✏❇❯❨✑ ❜✉tt♦♥ ②♦✉ ✇✐❧❧ ❜✉② ❛ s❤❛r❡ ❛t t❤❡ ❝✉rr❡♥t❧② ❧♦✇❡st

s❡❧❧✐♥❣ ♣r✐❝❡✳ ■❢ ②♦✉ ✜rst s❡❧❡❝t ❛♥ ♦t❤❡r ♣r✐❝❡ ♦♥ t❤❡ ❧✐st ❜② ❝❧✐❝❦✐♥❣ ♦♥ ✐t✱ ②♦✉ ✇✐❧❧

❜✉② t❤❡ s❤❛r❡ ❛t t❤❡ s❡❧❡❝t❡❞ ♣r✐❝❡✳ P❧❡❛s❡ ❜✉② ❛ s❤❛r❡ ♥♦✇ ❜② ❝❧✐❝❦✐♥❣ ♦♥ ❛ ♣r✐❝❡ ❛♥❞

t❤❡♥ ♦♥ t❤❡ ✏❇❯❨✑ ❜✉tt♦♥✳ ◆♦✇✱ ❡✈❡r②❜♦❞② s❤♦✉❧❞ ♦✇♥ t❤❡ s❛♠❡ ❛♠♦✉♥t ♦❢ s❤❛r❡s

❛s ✐♥ t❤❡ ❜❡❣✐♥♥✐♥❣✱ ❜❡❝❛✉s❡ ❛❧❧ ♦❢ ②♦✉ ❤❛✈❡ ♦✛❡r❡❞ ♦♥❡ s❤❛r❡ t♦ s❡❧❧ ❛♥❞ ❛❧❧ ♦❢ ②♦✉

❤❛✈❡ ♣✉r❝❤❛s❡❞ ♦♥❡ s❤❛r❡✳

■❢ ②♦✉ ✇❛♥t t♦ ❜✉② ❛ s❤❛r❡✱ ♣❧❡❛s❡ ✉s❡ t❤❡ t❡①t ❜♦① ✏❊◆❚❊❘ ❇❯❨■◆● P❘■❈❊✑✳ ■♥

t❤✐s t❡①t ❜♦① ②♦✉ ❡♥t❡r t❤❡ ♣r✐❝❡ ❛t ✇❤✐❝❤ ②♦✉ ❛r❡ ✇✐❧❧✐♥❣ t♦ ❜✉② t❤❡ s❤❛r❡✳ ❆❢t❡r✇❛r❞s✱

❝❧✐❝❦ ♦♥ t❤❡ ❜✉tt♦♥ ✏❙❯❇▼■❚✑ ❜❡❧♦✇ t❤❡ t❡①t ❜♦①✳ P❧❡❛s❡✱ ❞♦ t❤✐s r✐❣❤t ♥♦✇ ✭❨♦✉

❝❛♥ t②♣❡ ✐♥ ❛♥② ❛r❜✐tr❛r② ♣r✐❝❡✮✦ ❖♥❝❡ ②♦✉ ❤❛✈❡ ❞♦♥❡ t❤✐s✱ ②♦✉ ✇✐❧❧ r❡❝♦❣♥✐③❡ t❤❛t

t❤❡r❡ ❛r❡ ✽ ♣r✐❝❡s ✭♦♥❡ ♦❢ ❡❛❝❤ ♣❛rt✐❝✐♣❛♥t✮ r❡❝♦r❞❡❞ ✐♥ t❤❡ s❝❤❡❞✉❧❡ ♥❛♠❡❞ ✏◗❯❖❚❊❙

❚❖ ❇❯❨✑ ♦♥ t❤❡ r✐❣❤t✲❤❛♥❞ s✐❞❡✳ ❚❤❡ ❤✐❣❤❡st q✉♦t❡ ✐s ❧✐st❡❞ ✐♥ t❤❡ ✜rst r♦✇ ❛♥❞ ✐t

✐s ❡♠♣❤❛s✐③❡❞✳ ■❢ ②♦✉ ❝❧✐❝❦ t❤❡ ✏❙❊▲▲✑ ❜✉tt♦♥ ②♦✉ ✇✐❧❧ s❡❧❧ ❛ s❤❛r❡ ❛t t❤❡ ❝✉rr❡♥t❧②

❤✐❣❤❡st ❜✉②✐♥❣ ♣r✐❝❡✳ ■❢ ②♦✉ ✜rst s❡❧❡❝t ❛♥ ♦t❤❡r ♣r✐❝❡ ♦♥ t❤❡ ❧✐st ❜② ❝❧✐❝❦✐♥❣ ♦♥ ✐t✱

②♦✉ ✇✐❧❧ s❡❧❧ t❤❡ s❤❛r❡ ❛t t❤❡ s❡❧❡❝t❡❞ ♣r✐❝❡✳ P❧❡❛s❡ s❡❧❧ ❛ s❤❛r❡ ♥♦✇ ❜② ❝❧✐❝❦✐♥❣ ♦♥ ❛

♣r✐❝❡ ❛♥❞ t❤❡♥ ♦♥ t❤❡ ✏❙❊▲▲✑ ❜✉tt♦♥✳ ◆♦✇✱ ❡✈❡r②❜♦❞② s❤♦✉❧❞ ♦✇♥ t❤❡ s❛♠❡ ❛♠♦✉♥t

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

❤❛✈❡ s♦❧❞ ♦♥❡ s❤❛r❡✳

✶✽❚r❛♥s❧❛t❡❞ ❢r♦♠ ●❡r♠❛♥ ❛♥❞ ❢♦r♠❛tt❡❞ ✐♥ ❛ ♠♦r❡ ❝♦♠♣❛❝t ✇❛② t❤❛♥ ✐♥ t❤❡ ❛❝t✉❛❧ ❤❛♥❞✲
♦✉ts ❢♦r t❤❡ s✉❜❥❡❝ts✳ ◆♦t❡ t❤❛t ♣❛rt✐❝✐♣❛♥ts s❛✇ t❤❡ tr❛❞✐♥❣ s❝r❡❡♥ ❛♥❞ ✐♥t❡r❛❝t❡❞ ✇✐t❤ ✐t
✇❤✐❧❡ t❤❡ ✐♥str✉❝t✐♦♥s ✇❡r❡ r❡❛❞ ♦✉t ❛❧♦✉❞✳

✷✸



❘❡♠❡♠❜❡r✿ ■❢ ②♦✉ ❜✉② ❛ s❤❛r❡✱ ②♦✉r ❢✉♥❞s ❞❡❝r❡❛s❡ ❜② t❤❡ ♣✉r❝❤❛s❡ ♣r✐❝❡ ❛♥❞ ②♦✉r

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

♣r✐❝❡ ❛♥❞ ②♦✉r ❛♠♦✉♥t ♦❢ s❤❛r❡s ❞❡❝r❡❛s❡✳ ❚❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ♣r✐❝❡s ✇✐❧❧ ❜❡ r❡❝♦r❞❡❞

✐♥ t❤❡ ❧✐st ✏P❘■❈❊❙✑✳ ❚❤❡ s❡q✉❡♥❝❡ ♦❢ t❤❡ ♣r✐❝❡s ✇✐❧❧ ❞❡♣❡♥❞ ♦♥ t❤❡ ♣♦✐♥t ✐♥ t✐♠❡

✇❤❡♥ t❤❡ ♣r✐❝❡s ❛r❡ s❡t✳

❆t ✜rst t❤❡r❡ ✇✐❧❧ ❜❡ ❛ ✷✲♠✐♥✉t❡s tr✐❛❧ ♣❡r✐♦❞✳ ❚❤❡ ❞✉r❛t✐♦♥ ♦❢ t❤❡ ♣❡r✐♦❞ ✇✐❧❧ ❜❡

❞✐s♣❧❛②❡❞ ✐♥ t❤❡ ✉♣♣❡r r✐❣❤t ❝♦r♥❡r ♦❢ t❤❡ s❝r❡❡♥✳ ◆♦♥❡ ♦❢ ②♦✉r ❛❝t✐♦♥s ✐♥ t❤❡ tr✐❛❧

♣❡r✐♦❞ ✇✐❧❧ ❛✛❡❝t ②♦✉r ♣❛②♦✛✳ ❚❤✉s✱ t❤❡s❡ ❛❝t✐♦♥s ✇✐❧❧ ♥♦t ✐♠♣❛❝t ②♦✉r st❛rt✐♥❣ ♣♦s✐t✐♦♥

✐♥ t❤❡ ❡①♣❡r✐♠❡♥t✳ ❚❤❡ ♦♥❧② ❣♦❛❧ ✐s t♦ ❣❡t ❡①♣❡r✐❡♥❝❡❞ ✇✐t❤ t❤❡ tr❛❞✐♥❣ ♣❧❛t❢♦r♠✳ ▼❛❦❡

s✉r❡ t❤❛t ②♦✉ s✉❝❝❡ss❢✉❧❧② s✉❜♠✐tt❡❞ ❜✐❞s t♦ ❜✉② ❛♥❞ t♦ s❡❧❧✳ ❋✉rt❤❡r♠♦r❡ ❡♥s✉r❡ t❤❛t

②♦✉ ❛t ❧❡❛st ❛❝❝❡♣t❡❞ ♦♥❡ ❜✐❞ t♦ ❜✉② ❛♥❞ ♦♥❡ ❜✐❞ t♦ s❡❧❧✳ P❧❡❛s❡ ❢❡❡❧ ❢r❡❡ t♦ ❛s❦ q✉❡st✐♦♥s

❞✉r✐♥❣ t❤❡ tr✐❛❧ ♣❡r✐♦❞✳ ❚❤❡r❡❛❢t❡r ✭✐♥ s✉❜s❡q✉❡♥t ♣❡r✐♦❞s✮ ②♦✉ ✇✐❧❧ ❛❧✇❛②s ❜❡ ❣✐✈❡♥

t❤❡ ♣♦ss✐❜✐❧✐t② t♦ ❛s❦ q✉❡st✐♦♥s✳ ❑❡❡♣ ✐♥ ♠✐♥❞✿ ❚❤❡ ❜❡tt❡r ②♦✉ ✉♥❞❡rst❛♥❞ t❤❡ tr❛❞✐♥❣

♣❧❛t❢♦r♠✱ t❤❡ ♠♦r❡ ②♦✉ ❝❛♥ ❢♦❝✉s ♦♥ ♦t❤❡r ✐♠♣♦rt❛♥t ❛s♣❡❝ts ♦❢ t❤❡ ❡①♣❡r✐♠❡♥t✳

✷✳ Pr♦❝❡❞✉r❡ ✐♥ ♦♥❡ ♣❡r✐♦❞

■♥ ❡❛❝❤ ♣❡r✐♦❞ ②♦✉ ✇✐❧❧ tr❛❞❡ t✇♦ t②♣❡s ♦❢ s❤❛r❡s ✐♥ t✇♦ s❡♣❛r❛t❡ ♠❛r❦❡ts✿ s❤❛r❡ ❇▲❯❊

❛♥❞ s❤❛r❡ ❨❊▲▲❖❲ ✭t❤✐s ✐s ❞✐✛❡r❡♥t ❢r♦♠ t❤❡ tr✐❛❧ ♣❡r✐♦❞✮✳ ❚❤❡ ♠❛r❦❡ts ✇✐❧❧ ❜❡ ♦♣❡♥

❢♦r ❡①❛❝t❧② ✹ ♠✐♥✉t❡s✳ ❆t t❤❡ ❜❡❣✐♥♥✐♥❣ ♦❢ ❡❛❝❤ ♣❡r✐♦❞ ②♦✉ ✇✐❧❧ ❜❡ ❣✐✈❡♥ ❛ s❡♣❛r❛t❡

❡♥❞♦✇♠❡♥t ♦❢ s❤❛r❡s ❛♥❞ ❚❛❧❡rs✳ ❆❧❧ t❤❡ s❤❛r❡s ②♦✉ ♦✇♥ ❛t t❤❡ ❡♥❞ ♦❢ t❤❡ ♣❡r✐♦❞ ✇✐❧❧

♣❛② ②♦✉ ❡✐t❤❡r ✸✵✵ ♦r ✶✷✹ ❚❛❧❡rs ❡❛❝❤✳ ❚❤✐s ♣❛②♦✉t ✇✐❧❧ ❜❡ r❛♥❞♦♠❧② ❞❡t❡r♠✐♥❡❞ ✭❢♦r

♠♦r❡ ❞❡t❛✐❧❡❞ ✐♥❢♦r♠❛t✐♦♥ s❡❡ ❙❡❝t✐♦♥ ✸✮✳ ❆t t❤❡ ❡♥❞ ♦❢ ❡❛❝❤ ♣❡r✐♦❞ ②♦✉ ✇✐❧❧ ❜❡ ❛❜❧❡

t♦ s❡❡ t❤❡ ❝♦♠♣✉t❛t✐♦♥ ♦❢ t❤❡ ♣❡r✐♦❞✬s ♣❛②♦✛✳ ■♥ t♦t❛❧ t❤❡r❡ ✇✐❧❧ ❜❡ ✶✷ ♣❡r✐♦❞s✳

✸✳ ❙❤❛r❡ ♣❛②♦✛

❆❢t❡r ❡❛❝❤ ♣❡r✐♦❞ t❤❡ ♣❛②♦✛s ♦❢ t❤❡ t✇♦ s❤❛r❡s ✇✐❧❧ ❜❡ ❞❡t❡r♠✐♥❡❞✳ ❋♦r t❤✐s✱ ❛ ❜❛❣

✜❧❧❡❞ ✇✐t❤ ♠❛r❜❧❡s ✇✐❧❧ ❜❡ ♣r♦✈✐❞❡❞ ❢♦r ❡❛❝❤ s❤❛r❡✳

❙❤❛r❡ ❇▲❯❊✿ ❋♦r s❤❛r❡ ❇▲❯❊ ❡✈❡r② ❜❛❣ ✇✐❧❧ ❝♦♥t❛✐♥ ✽ ♠❛r❜❧❡s ✇✐t❤ ✽ ❞✐✛❡r❡♥t

❝♦❧♦rs ✭✇❤✐t❡✱ r❡❞✱ ♣✉r♣❧❡✱ ❜❧✉❡✱ ❜❧❛❝❦✱ ❜r♦✇♥✱ ❜r✐❣❤t ❣r❡❡♥✱ ❞❛r❦ ❣r❡❡♥✮✳

❙❤❛r❡ ❨❊▲▲❖❲✿ ❊❛❝❤ ♦❢ t❤❡ ❜❛❣s ♠✐❣❤t ❝♦♥t❛✐♥ ✶ t♦ ✽ ❞✐✛❡r❡♥t ❝♦❧♦rs ✭✇❤✐t❡✱ r❡❞✱

♣✉r♣❧❡✱ ❜❧✉❡✱ ❜❧❛❝❦✱ ❜r♦✇♥✱ ❜r✐❣❤t ❣r❡❡♥✱ ❞❛r❦ ❣r❡❡♥✮✳ ❚❤❡r❡ ✇✐❧❧ ❜❡ ❛ ❞✐✛❡r❡♥t ❜❛❣ ❢♦r

❡❛❝❤ ♣❡r✐♦❞✱ ✐✳❡✳✱ ❛ t♦t❛❧ ♦❢ ✶✷ ❞✐✛❡r❡♥t ❜❛❣s✳ ❋♦r ❡❛❝❤ ❜❛❣ ❛❧❧ ❝♦❧♦r ❝♦♠❜✐♥❛t✐♦♥s ❛r❡

♣♦ss✐❜❧❡✳ ❚❤✉s✱ ✐t ♠✐❣❤t ❤❛♣♣❡♥ t❤❛t ♦♥❡ ❜❛❣ ❝♦♥t❛✐♥s ❡①❛❝t❧② ✽ ♠❛r❜❧❡s ♦❢ t❤❡ s❛♠❡

❝♦❧♦r✳ ❍♦✇❡✈❡r✱ ❛♥♦t❤❡r ♣♦ss✐❜✐❧✐t② ✐s t❤❛t t❤❡r❡ ✐s ♦♥❡ ❜❛❣ ✇❤✐❝❤ ❝♦♥t❛✐♥s ❡①❛❝t❧② ♦♥❡

♠❛r❜❧❡ ♦❢ ❛❧❧ ✽ ❝♦❧♦rs✳ ❆❧❧ ❝♦♠❜✐♥❛t✐♦♥s ❜❡t✇❡❡♥ t❤❡s❡ t✇♦ ❡①❛♠♣❧❡s ♠✐❣❤t ❛r❡ ❛❧s♦

♣♦ss✐❜❧❡✳

❆s ②♦✉ ❤❛✈❡ s❡❡♥ ❛t t❤❡ ❜❡❣✐♥♥✐♥❣ ♦❢ t❤❡ ❡①♣❡r✐♠❡♥t✱ t❤❡ ❜❛❣s ❢♦r s❤❛r❡ ❨❊▲▲❖❲

❤❛✈❡ ❜❡❡♥ ❝♦♠♣♦s❡❞ ❜② ❢♦✉r r❛♥❞♦♠❧② ♣✐❝❦❡❞ ♣❡rs♦♥s✳ ❊❛❝❤ ♦❢ t❤❡s❡ ♣❡rs♦♥s r❡❝❡✐✈❡❞

t❤r❡❡ ❡♠♣t② ❜❛❣s ❛♥❞ ❝♦✉❧❞ ♣✐❝❦ ❡✐❣❤t ♠❛r❜❧❡s ♦❢ ✉♣ t♦ ❡✐❣❤t ❝♦❧♦rs✳ ❚❤✉s✱ t❤❡s❡

♣❡rs♦♥s ❝♦✉❧❞ ✜❧❧ ❛❧❧ ♦❢ t❤❡s❡ ❜❛❣s ✇✐t❤ ❛♥ ❛r❜✐tr❛r② ❝♦♠♣♦s✐t✐♦♥ ♦❢ t❤❡ ❡✐❣❤t ❝♦❧♦rs✳

❆❢t❡r✇❛r❞s t❤❡ ❜❛❣s ✇✐❧❧ ❜❡ ❝❧♦s❡❞✱ s♦ t❤❛t ♥❡✐t❤❡r ②♦✉ ♥♦r t❤❡ ❡①♣❡r✐♠❡♥t❡rs ✇✐❧❧

❦♥♦✇ t❤❡ ❝♦♠♣♦s✐t✐♦♥ ♦❢ t❤❡ ♠❛r❜❧❡s ✐♥ t❤❡ ❜❛❣s✳ ❚♦ ❡♥s✉r❡ t❤❛t t❤❡r❡ ❛r❡ ❡①❛❝t❧②

✷✹



❡✐❣❤t ♠❛r❜❧❡s ✐♥ ❡❛❝❤ ♦❢ t❤❡ ❜❛❣s✱ t❤❡ ❡①♣❡r✐♠❡♥t❡r ✇✐❧❧ ❝♦✉♥t t❤❡ ♠❛r❜❧❡s t❤r♦✉❣❤ t❤❡

❢❛❜r✐❝ ♦❢ t❤❡ ❜❛❣s✳ ❨♦✉ ❝❛♥ ❛❧s♦ ❝❤❡❝❦ t❤✐s ❛❢t❡r t❤❡ ❡①♣❡r✐♠❡♥t ②♦✉rs❡❧❢ ✐❢ ②♦✉ ✇✐s❤✳

❚❤❡ ♣❡rs♦♥s ✇❤♦ ❤❛✈❡ ❝♦♠♣♦s❡❞ t❤❡s❡ ❜❛❣s ✇✐❧❧ ♥♦t t❛❦❡ ♣❛rt ✐♥ t❤❡ ❡①♣❡r✐♠❡♥t✳ ■♥

t♦t❛❧ t❤❡r❡ ❛r❡ ✶✷ ❜❛❣s ✭t❤r❡❡ ❜❛❣s ✜❧❧❡❞ ❜② ❡❛❝❤ ♦❢ t❤❡ ❢♦✉r ♣❡rs♦♥s✮ ✇❤✐❝❤ ✇✐❧❧ ❜❡

r❛♥❞♦♠❧② ❛ss✐❣♥❡❞ t♦ t❤❡ ✶✷ ♣❡r✐♦❞s ❜❡❢♦r❡ ✇❡ st❛rt ✇✐t❤ t❤❡ tr❛❞✐♥❣✳

❆❢t❡r ❡❛❝❤ ♣❡r✐♦❞✱ ❡❛❝❤ s❤❛r❡✬s ✈❛❧✉❡ ✇✐❧❧ ❜❡ ❞❡t❡r♠✐♥❡❞ ❜② t❤❡ ❢♦❧❧♦✇✐♥❣ ♣r♦❝❡❞✉r❡✿

❆t t❤❡ ❜❡❣✐♥♥✐♥❣ ♦❢ t❤❡ ❡①♣❡r✐♠❡♥t✱ ②♦✉ ❤❛✈❡ ♠❛r❦❡❞ ❢♦✉r ❝♦❧♦rs ❢♦r t❤❡ s❤❛r❡ ❇▲❯❊

❛♥❞ ❢♦✉r ❝♦❧♦rs ❢♦r t❤❡ s❤❛r❡ ❨❊▲▲❖❲✳ ❚❤❡ s❡❧❡❝t✐♦♥s ♦❢ ❝♦❧♦rs ♦❢ t❤❡ ✇❤♦❧❡ ❣r♦✉♣

✭✶✷ ❢♦r s❤❛r❡ ❇▲❯❊ ❛♥❞ ✶✷ ❢♦r s❤❛r❡ ❨❊▲▲❖❲✮ ✇✐❧❧ ❜❡ r❛♥❞♦♠❧② ❛ss✐❣♥❡❞ t♦ t❤❡ ✶✷

♣❡r✐♦❞s✳ ❆❢t❡r ❡❛❝❤ ♣❡r✐♦❞✱ ♦♥❡ ♣❛rt✐❝✐♣❛♥t ✇✐❧❧ ❞r❛✇ ❡①❛❝t❧② ♦♥❡ ♠❛r❜❧❡ ♦✉t ♦❢ t❤❡

❵❇▲❯❊ ❜❛❣❵ t♦ ❢♦r t❤❡ ❇▲❯❊ s❤❛r❡✱ ❛♥❞ ♦♥❡ ♣❛rt✐❝✐♣❛♥t ✇✐❧❧ ❞r❛✇ ❡①❛❝t❧② ♦♥❡ ♠❛r❜❧❡

♦✉t ♦❢ t❤❡ ❵❨❊▲▲❖❲ ❜❛❣❵ ✭t❤❛t ✇❛s ❛ss✐❣♥❡❞ t♦ t❤❛t ♣❡r✐♦❞✮ ❢♦r t❤❡ ❨❊▲▲❖❲ s❤❛r❡✳

■❢ t❤❡ ❞r❛✇♥ ♠❛r❜❧❡✬s ❝♦❧♦r ❡q✉❛❧s ♦♥❡ ♦❢ t❤❡ ❢♦✉r ♠❛r❦❡❞ ❝♦❧♦rs✱ t❤❡♥ t❤❡ s❤❛r❡✬s

✈❛❧✉❡ ✐s ✸✵✵ ❚❛❧❡rs✳ ❖t❤❡r✇✐s❡ t❤❡ ✈❛❧✉❡ ✐s ✶✷✹ ❚❛❧❡rs✳ ❚❤❡ ✈❛❧✉❡ ✇✐❧❧ ❜❡ ❡♥t❡r❡❞ ✐♥ t❤❡

❝♦♠♣✉t❡r ❜② t❤❡ s✉♣❡r✈✐s♦r ❛♥❞ ✐s s❤♦✇♥ ♦♥ ②♦✉r s❝r❡❡♥ ✐♥ t❤❡ ♣❛②♦✛ ❝♦♠♣✉t❛t✐♦♥✳

✹✳ ❊♥❞♦✇♠❡♥t ❛♥❞ ♣❛②♦✛

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

❜❡❧♦✇✳ ❋♦✉r ♣❛rt✐❝✐♣❛♥ts r❡❝❡✐✈❡ ❡♥❞♦✇♠❡♥t t②♣❡ ■ ❛♥❞ ❢♦✉r ♣❛rt✐❝✐♣❛♥ts ❡♥❞♦✇♠❡♥t

t②♣❡ ■■✳ ❚❤❡s❡ t②♣❡s ✇✐❧❧ ❜❡ r❛♥❞♦♠❧② ❛ss✐❣♥❡❞ ❜② t❤❡ ❝♦♠♣✉t❡r ❛t t❤❡ ❜❡❣✐♥♥✐♥❣ ♦❢

✐♥ ❡❛❝❤ ♣❡r✐♦❞✳ ❨♦✉ ✇✐❧❧ ❤❛✈❡ t♦ r❡❢✉♥❞ ✸✵✵✵ ❚❛❧❡rs ❛t t❤❡ ❡♥❞ ♦❢ ❡❛❝❤ ♣❡r✐♦❞✳

❇❧✉❡ ♠❛r❦❡t ❨❡❧❧♦✇ ♠❛r❦❡t

❡♥❞♦✇♠❡♥t ♥✉♠❜❡r ❛✈❛✐❧❛❜❧❡ ♥✉♠❜❡r ❛✈❛✐❧❛❜❧❡

t②♣❡ ♦❢ s❤❛r❡s ❚❛❧❡rs ♦❢ s❤❛r❡s ❚❛❧❡rs

■ ✶✵ ✹✷✵✵ ✻ ✺✶✵✵

■■ ✻ ✺✶✵✵ ✶✵ ✹✷✵✵

❨♦✉ ❝❛♥ ✉s❡ t❤❡ ❚❛❧❡rs ✐♥ t❤❡ ❇▲❯❊ ♠❛r❦❡t ♦♥❧② ❢♦r tr❛❞✐♥❣ ✐♥ t❤❡ ❇▲❯❊ ♠❛r❦❡t✱

❛♥❞ t❤❡ ❚❛❧❡rs ✐♥ t❤❡ ❨❊▲▲❖❲ ♠❛r❦❡t ♦♥❧② ❢♦r tr❛❞✐♥❣ ✐♥ t❤❡ ❨❊▲▲❖❲ ♠❛r❦❡t✳ ❆t

t❤❡ ❡♥❞ ♦❢ ❡❛❝❤ ♣❡r✐♦❞✱ ②♦✉r t♦t❛❧ ❚❛❧❡r ♣❛②♦✛ ✐s✿ ❛✈❛✐❧❛❜❧❡ ❚❛❧❡rs ❛t t❤❡ ❜❡❣✐♥♥✐♥❣ ♦❢

❛ ♣❡r✐♦❞ ✰ ❛♠♦✉♥t ♦❢ s❤❛r❡s × s❤❛r❡ ♣❛②♦✛ ✭✸✵✵ ♦r ✶✷✹✮ ✰ ❚❛❧❡rs ❡❛r♥❡❞ ❜② s❡❧❧✐♥❣

s❤❛r❡s ✲ ❚❛❧❡rs s♣❡♥t ♦♥ ❜✉②✐♥❣ s❤❛r❡s ✲ r❡❢✉♥❞✐♥❣ ♦❢ ✸✵✵✵ ❚❛❧❡rs✳

❆t t❤❡ ❡♥❞ ♦❢ t❤❡ ❡①♣❡r✐♠❡♥t✱ ♦♥❧② ♦♥❡ ♣❡r✐♦❞ ✇✐❧❧ ❜❡ ♣❛✐❞ ♦✉t ✐♥ ❝❛s❤✳ ❚❤✐s ♣❡r✐♦❞

✇✐❧❧ ❜❡ ❞❡t❡r♠✐♥❡❞ ❜② ❛ t❤r♦✇ ♦❢ ❛ ✶✷✲s✐❞❡❞ ❞✐❝❡✳ ❋✉rt❤❡r♠♦r❡✱ ♦♥❧② ♦♥❡ ♠❛r❦❡t ✭❇▲❯❊

♦r ❨❊▲▲❖❲✮ ✇✐❧❧ ❜❡ ♣❛✐❞ ♦✉t✳ ❚❤✐s ♠❛r❦❡t ✇✐❧❧ ❜❡ ❞❡t❡r♠✐♥❡❞ ❜② ❛ ❝♦✐♥ t♦ss✳ ❚❤✉s✱

t❤❡r❡ ✐s ❡①❛❝t❧② ♦♥❡ ♣❡r✐♦❞ ✭♦✉t ♦❢ ❛❧❧ ✶✷ ♣♦ss✐❜❧❡ ♣❡r✐♦❞s✮ ♦❢ ❡①❛❝t❧② ♦♥❡ ♠❛r❦❡t ✭♦❢

s❤❛r❡ ❇▲❯❊ ♦r ❨❊▲▲❖❲✮ ✇❤✐❝❤ ✇✐❧❧ ❜❡ ♣❛✐❞ ♦✉t t♦ ②♦✉✳ ❑❡❡♣ ✐♥ ♠✐♥❞ t❤❛t ❡✈❡r②

❞❡❝✐s✐♦♥ ❢♦r ❡❛❝❤ s❤❛r❡ ✐♥ ❡❛❝❤ ♣❡r✐♦❞ ♠✐❣❤t ❜❡ ❡ss❡♥t✐❛❧ ❢♦r ②♦✉r ❛❝t✉❛❧ ♣❛②♠❡♥t✦ ❨♦✉

r❡❝❡✐✈❡ ❛♥ ❛❞❞✐t✐♦♥❛❧ s❤♦✇✲✉♣ ❢❡❡ ♦❢ ✹ ❊✉r♦s ❢♦r ②♦✉r ♣❛rt✐❝✐♣❛t✐♦♥ ✐♥ t❤❡ ❡①♣❡r✐♠❡♥t✳

❚❤❡s❡ ✹ ❊✉r♦s ✇✐❧❧ ❜❡ ❛❞❞❡❞ t♦ ②♦✉r ❝❛s❤ ♣❛②♠❡♥t✳ ❚❤❡ ✜♥❛❧ ♣❛②♠❡♥t ✐♥ ❝❛s❤ ✐s

❞❡t❡r♠✐♥❡❞ ❛s✿ P❛②♠❡♥t ✭✐♥ ❊✉r♦✮ ❂ ❚❛❧❡r ♣❛②♦✛✴✷✵✵ ✰ ✹ ❊✉r♦s ✭s❤♦✇✲✉♣ ❢❡❡✮✳
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