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Abstract: Official poverty figures in Uganda are flawed by the fact that the underlying poverty 
lines are based on a single national food basket that was constructed in the early 1990s. In this 
paper, we estimate a new set of poverty lines that accounts for the widely divergent diets 
throughout the country using the latest available household survey. Using these updated poverty 
lines, we then look at poverty dynamics using four waves of the Uganda National Panel Survey. 
We classify households into categories depending on their change in poverty status over time and 
relate this to characteristics that are likely to change only slowly. This enables us to explore the 
characteristics of households that, for instance, grow out of poverty and how they differ from 
households that appear to be trapped in poverty. Our approach generates poverty measures that 
are more credible from a theoretical point of view and are more in line with what other researchers 
find. 
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✶ ■♥tr♦❞✉❝t✐♦♥

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

❣r♦✇t❤✳ ❙✐♥❝❡ ✶✾✽✻✱ ✇❤❡♥ t❤❡ ◆❛t✐♦♥❛❧ ❘❡s✐st❛♥❝❡ ▼♦✈❡♠❡♥t t♦♦❦ ♦✈❡r ❣♦✈✲

❡r♥♠❡♥t✱ r❡❛❧ ❣r♦ss ❞♦♠❡st✐❝ ♣r♦❞✉❝t ✭●❉P✮ ❤❛s ❣r♦✇♥ ❛t ❛♥ ❛♥♥✉❛❧ r❛t❡ ♦❢

✻✳✽ ♣❡r ❝❡♥t✱ ♠❛❦✐♥❣ ✐ts ❡❝♦♥♦♠② ♦♥❡ ♦❢ t❤❡ ❢❛st❡st ❣r♦✇✐♥❣ ✐♥ ❆❢r✐❝❛✳ ❚❤✐s

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

❛ ❢❛r✲r❡❛❝❤✐♥❣ ❡❝♦♥♦♠✐❝ r❡❢♦r♠s ❛❣❡♥❞❛✱ tr❛♥s❢♦r♠✐♥❣ ❯❣❛♥❞❛ ✐♥t♦ ♦♥❡ ♦❢

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

✐♥ ❲♦r❧❞ ❇❛♥❦ ✭✶✾✾✸✿ ✷✷✮✱ t❤❡ ❣♦✈❡r♥♠❡♥t ✬❧✐❜❡r❛❧✐③❡❞ t❤❡ tr❛❞❡ r❡❣✐♠❡ ❜②

❛❜♦❧✐s❤✐♥❣ ❡①♣♦rt ❛♥❞ ✐♠♣♦rt ❧✐❝❡♥s✐♥❣❀ ❞✐s♠❛♥t❧❡❞ ❛❧❧ ♣r✐❝❡ ❝♦♥tr♦❧s✱ ✇❤✐❝❤

✇❡r❡ ❢❡✇ t♦ ❜❡❣✐♥ ✇✐t❤❀ r❡♣❡❛❧❡❞ t❤❡ ■♥❞✉str✐❛❧ ▲✐❝❡♥s✐♥❣ ❆❝t✱ ♣r♦♠✉❧❣❛t❡❞ ❛

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

❛♥❞ ❝♦♠♠❡♥❝❡❞ ♣r✐✈❛t✐③✐♥❣ ♣✉❜❧✐❝ ✐♥❞✉str✐❛❧ ❡♥t❡r♣r✐s❡s❀ ♠❛❞❡ ✐♠♣♦rt❛♥t

str✐❞❡s ✐♥ ❛❜♦❧✐s❤✐♥❣ ❡①♣♦rt ❛♥❞ ❞✐str✐❜✉t✐♦♥ ♠♦♥♦♣♦❧✐❡s❀ ❡♠❜❛r❦❡❞ ✉♣♦♥ ❛

♠❛❥♦r ♦✈❡r❤❛✉❧ ♦❢ t❤❡ ❝✐✈✐❧ s❡r✈✐❝❡❀ r❡str✉❝t✉r❡❞ t❤❡ t❛① s②st❡♠ ❛♥❞ ✐♠♣r♦✈❡❞

t❛① ❛❞♠✐♥✐str❛t✐♦♥❀ ❛♥❞ ❤❛s ♠❛❞❡ ❛♥ ✐♠♣r❡ss✐✈❡ st❛rt ✐♥ r❡str✉❝t✉r✐♥❣ ♣✉❜✲

❧✐❝ ❡①♣❡♥❞✐t✉r❡s t♦✇❛r❞s ❝r✐t✐❝❛❧ ❡❝♦♥♦♠✐❝ ❛♥❞ s♦❝✐❛❧ s❡r✈✐❝❡s✬✳ ❙✉❝❤ ♣♦❧✐❝②

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

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

❧❡✈❡❧s ♦❢ ♣♦✈❡rt② ❛s r❡♣♦rt❡❞ ❜② t❤❡ ❣♦✈❡r♥♠❡♥t✳ ❲❤✐❧❡ ❛❣❣r❡❣❛t❡ ❤❡❛❞❝♦✉♥t

♣♦✈❡rt② st♦♦❞ ❛t ❛❜♦✉t ✺✼ ♣❡r ❝❡♥t ✐♥ t❤❡ ❡❛r❧② ✶✾✾✵s✱ t❤❡ ♠♦st r❡❝❡♥t ♦✣❝✐❛❧

❡st✐♠❛t❡ ♣✉ts ✶✾✳✺ ♣❡r ❝❡♥t ♦❢ t❤❡ ♣♦♣✉❧❛t✐♦♥ ❜❡❧♦✇ t❤❡ ♦✣❝✐❛❧ ♣♦✈❡rt② ❧✐♥❡✳✶

❇✉t ❞❡s♣✐t❡ t❤❡s❡ s✉❝❝❡ss❡s ❛t t❤❡ ❛❣❣r❡❣❛t❡ ❧❡✈❡❧✱ r❡s❡❛r❝❤❡rs ✇❛r♥ t❤❛t

✶❋♦r t❤❡ ♠♦st r❡❝❡♥t ♦✣❝✐❛❧ ❡st✐♠❛t❡✱ ✇❡ t❛❦❡ t❤❡ ♣♦✈❡rt② ❡st✐♠❛t❡ ❜❛s❡❞ ♦♥ t❤❡
✷✵✶✷✴✶✸ ❯❣❛♥❞❛ ◆❛t✐♦♥❛❧ ❍♦✉s❡❤♦❧❞ ❙✉r✈❡② ✭❯◆❍❙✮✳ ❚❤❡ ❞❛t❛ ♦♥ ✇❤✐❝❤ t❤❡s❡ ❡st✐♠❛t❡s
❛r❡ ❜❛s❡❞ ✇❡r❡ ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ❯❣❛♥❞❛ ❇✉r❡❛✉ ♦❢ ❙t❛t✐st✐❝s ✭❯❇❖❙✮ ✐♥ ❆✉❣✉st ✷✵✶✹✳
❆s ✐s ♠♦st❧② t❤❡ ❝❛s❡ ✇✐t❤ ❯◆❍❙ ❞❛t❛ ♦❜t❛✐♥❡❞ ❢r♦♠ ❯❇❖❙✱ t❤❡ ❞❛t❛s❡t ❝❛♠❡ ✇✐t❤ ❛
❝♦♠♣✐❧❡❞ ✇❡❧❢❛r❡ ❛❣❣r❡❣❛t❡ ❜❛s❡❞ ♦♥ ❝♦♥s✉♠♣t✐♦♥ ❡①♣❡♥❞✐t✉r❡ ❛♥❞ ❛ s❡t ♦❢ ♦✣❝✐❛❧ ♣♦✈❡rt②
❧✐♥❡s✳ ❯s✐♥❣ t❤❡ s❛♠❡ ♠❡t❤♦❞s ✇❡ ✉s❡❞ t♦ r❡♣❧✐❝❛t❡ ♦✣❝✐❛❧ ♣♦✈❡rt② ✜❣✉r❡s ✐♥ ♣r❡✈✐♦✉s
r♦✉♥❞s ♦❢ t❤❡ ❯◆❍❙✱ ✇❡ ❡st✐♠❛t❡ ♥❛t✐♦♥❛❧ ❤❡❛❞❝♦✉♥t ♣♦✈❡rt② t♦ ❜❡ ✶✾✳✺ ♣❡r ❝❡♥t ✐♥ t❤❡
❯◆❍❙ ✷✵✶✷✴✶✸✳ ❚❤✐s ✐s s❧✐❣❤t❧② ❧♦✇❡r t❤❛♥ ♦✣❝✐❛❧ ♣♦✈❡rt② ❡st✐♠❛t❡s ❛t t❤❡ t✐♠❡ ♦❢ t❤❡
❯◆❍❙ ✷✵✶✷✴✶✸ ❞✐ss❡♠✐♥❛t✐♦♥ ❛♥❞ r❡♣♦rt❡❞ ✐♥ t❤❡ ♣r❡ss ✭✷✷✳✶ ♣❡r ❝❡♥t✮✳

✶



t❤✐s ❣r♦✇t❤ ❤❛s ♥♦t ❜❡❡♥ s❤❛r❡❞ ❡q✉❛❧❧② ❜② t❤❡ ♣♦♣✉❧❛t✐♦♥ ❛t ❧❛r❣❡✳ ❋♦r

✐♥st❛♥❝❡✱ ♠❛r❦❡❞ s♣❛t✐❛❧ ❤❡t❡r♦❣❡♥❡✐t② ✐♥ ❜❛s❡❧✐♥❡ ♣♦✈❡rt② ❛♥❞ s✉❜s❡q✉❡♥t

♣♦✈❡rt② r❡❞✉❝t✐♦♥s ♠❡❛♥ t❤❛t ❞✐✛❡r❡♥❝❡s ✐♥ t❤❡ st❛♥❞❛r❞ ♦❢ ❧✐✈✐♥❣ ❜❡t✇❡❡♥

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

❆♣❛rt ❢r♦♠ t❤❡ ♦❜s❡r✈❡❞ ❤❡t❡r♦❣❡♥❡✐t② ✐♥ t❡r♠s ♦❢ ♣♦✈❡rt② ❛♥❞ ♣♦✈❡rt②

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

❛r❣✉❡ t❤❛t t❤❡ ❧❛❝❦ ♦❢ ♣r♦❣r❡ss ♦♥ ❛ss❡ts ❛❝❝✉♠✉❧❛t✐♦♥ ❛♥❞ ♥♦♥✲♠♦♥❡t❛r②

✇❡❧❧✲❜❡✐♥❣ ♣r♦①✐❡s s✉❣❣❡st ♠✉❝❤ ♠♦r❡ ♠♦❞❡st ♣♦✈❡rt② r❡❞✉❝t✐♦♥s✱ r❛✐s✐♥❣

s✉s♣✐❝✐♦♥ ❛❜♦✉t t❤❡ ♣♦✈❡rt② ❧✐♥❡s ❛♥❞ t❤❡ ✇❡❧❢❛r❡ ✐♥❞✐❝❛t♦r ✉s❡❞ ❜② t❤❡ ❣♦✈✲

❡r♥♠❡♥t ♦❢ ❯❣❛♥❞❛ ✭❉❛♥✐❡❧s ❛♥❞ ▼✐♥♦t ✷✵✶✹❀ ❑❛❦❛♥❞❡ ✷✵✶✵✮✳ ❙♦♠❡ s❝❤♦❧❛rs

❤❛✈❡ ❛❧s♦ ❜❡❡♥ q✉❡st✐♦♥✐♥❣ t❤❡ s♣❛t✐❛❧ ♣❛tt❡r♥ ♦❢ ♣♦✈❡rt② ❛s r❡♣♦rt❡❞ ✐♥ ♦❢✲

✜❝✐❛❧ ❞♦❝✉♠❡♥ts✱ ❛r❣✉✐♥❣ t❤❛t ❛ s✐♥❣❧❡ ♥❛t✐♦♥❛❧ ❢♦♦❞ ♣♦✈❡rt② ❧✐♥❡ ✐s ❧✐❦❡❧②

t♦ ♦✈❡rst❛t❡ ♣♦✈❡rt② ✐♥ s♦♠❡ ❛r❡❛s ✇❤✐❧❡ ✉♥❞❡r❡st✐♠❛t✐♥❣ ♣♦✈❡rt② ✐♥ ♦t❤❡rs

✭❆♣♣❧❡t♦♥ ✷✵✵✸❀ ❏❛♠❛❧ ✶✾✾✽✮✳

■♥ t❤✐s ♣❛♣❡r✱ ✇❡ ✇❛♥t t♦ ✉♣❞❛t❡ ❡①✐st✐♥❣ ❦♥♦✇❧❡❞❣❡ ❛❜♦✉t t❤❡ st❛t❡ ♦❢

♣♦✈❡rt② ❛♥❞ ✐ts ❞②♥❛♠✐❝s ✐♥ ❯❣❛♥❞❛✱ ✇❤✐❧❡ ❛t t❤❡ s❛♠❡ t✐♠❡ ❛❞❞r❡ss s♦♠❡

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

st✉❞✐❡s✳ ❚♦ ❛❝❝♦✉♥t ❢♦r ❞✐✛❡r❡♥❝❡s ✐♥ ❞✐❡ts ✐♥ ❞✐✛❡r❡♥t ❧♦❝❛t✐♦♥s✱ ✇❡ ✇✐❧❧

❝♦♥str✉❝t ❞✐✛❡r❡♥t ♣♦✈❡rt② t❤r❡s❤♦❧❞s ❢♦r ❞✐✛❡r❡♥t s♣❛t✐❛❧ ❞♦♠❛✐♥s ✉s✐♥❣ t❤❡

❧❛t❡st ❛✈❛✐❧❛❜❧❡ ♥❛t✐♦♥❛❧❧② r❡♣r❡s❡♥t❛t✐✈❡ ❤♦✉s❡❤♦❧❞ s✉r✈❡② ✭❯◆❍❙ ✷✵✶✷✴✶✸✮✳

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

♠✐♥✐♠✉♠ ♦❢ ❝❛❧♦r✐❡s t❤❛t r❡✢❡❝ts t❤❡ ❞✐❡ts ♦❢ t❤❡ ♣♦♦r❡st ❤♦✉s❡❤♦❧❞s ✐♥ t❤❛t

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

t♦ ❛rr✐✈❡ ❛t ❢♦♦❞ ♣♦✈❡rt② ❧✐♥❡s✳ ❆♥ ❛❧❧♦✇❛♥❝❡ ❢♦r ❜❛s✐❝ ♥♦♥✲❢♦♦❞ ♥❡❝❡ss✐t✐❡s ✐s

t❤❡♥ ❛❞❞❡❞ t♦ ❣❡t ❛ s❡t ♦❢ ❈♦st ♦❢ ❇❛s✐❝ ◆❡❡❞s ✭❈❇◆✮ ♣♦✈❡rt② ❧✐♥❡s✱ ♦♥❡ ✐♥

❡❛❝❤ s♣❛t✐❛❧ ❞♦♠❛✐♥✳ ❲❡ t❤❡♥ t❡st t❤❡s❡ ♣♦✈❡rt② ❧✐♥❡s t♦ s❡❡ ✐❢ t❤❡② ❛r❡ ✉t✐❧✐t②✲

❝♦♥s✐st❡♥t✳ ❚❤❡ ✐❞❡❛ ✐s t❤❛t ❛ ❜❛s✐❝ ♥❡❡❞s ❜✉♥❞❧❡ ✐♥ ❛ ❝❡rt❛✐♥ s♣❛t✐❛❧ ❞♦♠❛✐♥

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

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

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

✷



✉♥t✐❧ t❤❡② ❞♦✱ ❛s ♦✉t❧✐♥❡❞ ✐♥ ❆r♥❞t ❛♥❞ ❙✐♠❧❡r ✭✷✵✶✵✮✳

❲❤✐❧❡ ❝♦♠♣❛r✐♥❣ ♣♦✈❡rt② ❡st✐♠❛t❡s ✉s✐♥❣ t❤❡s❡ ♥❡✇ ♣♦✈❡rt② ❧✐♥❡s ✇✐t❤

t❤❡ ♦✣❝✐❛❧ ❡st✐♠❛t❡s ✐s ✐♥t❡r❡st✐♥❣ ✐♥ ✐ts ♦✇♥ r✐❣❤t✱ ✇❡ ✇✐❧❧ ✉s❡ t❤❡ ✉t✐❧✐t②✲

❝♦♥s✐st❡♥t ♣♦✈❡rt② ❧✐♥❡s t♦ ❧♦♦❦ ❛t ♣♦✈❡rt② ❞②♥❛♠✐❝s ✉s✐♥❣ t❤❡ r❡❝❡♥t❧② r❡✲

❧❡❛s❡❞ ❯❣❛♥❞❛ ◆❛t✐♦♥❛❧ P❛♥❡❧ ❙✉r✈❡② ✭❯◆P❙✮✳ ❚❤❡ ❯◆P❙ ✐s ❛ ②❡❛r❧② ♣❛♥❡❧

s✉r✈❡② ❝♦❧❧❡❝t❡❞ ❜② t❤❡ ❯❣❛♥❞❛ ❇✉r❡❛✉ ♦❢ ❙t❛t✐st✐❝s ✭❯❇❖❙✮ s✉♣♣♦rt❡❞ ❜②

t❤❡ ❲♦r❧❞ ❇❛♥❦✬s ▲✐✈✐♥❣ ❙t❛♥❞❛r❞ ▼❡❛s✉r❡♠❡♥t ❙t✉❞② ✭▲❙▼❙✮ ♣r♦❥❡❝t t❤❛t

tr❛❝❦s ❛❜♦✉t ✸✱✵✵✵ ❤♦✉s❡❤♦❧❞s✳ ❲❡ ❝❛♥ ✉s❡ t❤❡ ♣❛♥❡❧ ♥❛t✉r❡ ♦❢ t❤✐s s✉r✈❡② t♦

st✉❞② ❤♦✇ ♠❛♥② ❤♦✉s❡❤♦❧❞s ❛r❡ ❝❤r♦♥✐❝❛❧❧② ♣♦♦r ✭❞❡✜♥❡❞ ❛s ❛❧✇❛②s ❢❛❧❧✐♥❣

❜❡❧♦✇ t❤❡ ♣♦✈❡rt② t❤r❡s❤♦❧❞✮ ❛♥❞ ✐♥✈❡st✐❣❛t❡ ❤♦✇ t❤❡✐r ❝❤❛r❛❝t❡r✐st✐❝s ❞✐✛❡r

❢r♦♠ ♦t❤❡r ❣r♦✉♣s✱ s✉❝❤ ❛s ❤♦✉s❡❤♦❧❞s t❤❛t s✉❝❝❡ss❢✉❧❧② ❡s❝❛♣❡❞ ♣♦✈❡rt②✳ ■♥

♦t❤❡r ✇♦r❞s✱ ✇❡ ✇✐❧❧ ❝♦♥str✉❝t ❛ ❞❡t❛✐❧❡❞ ♣♦✈❡rt② ♣r♦✜❧❡ t❤❛t t❛❦❡s ❞②♥❛♠✐❝

❛s♣❡❝ts ✐♥t♦ ❛❝❝♦✉♥t✱ ❞❡✜♥✐♥❣ ❣r♦✉♣s ❜❛s❡❞ ♦♥ ♣♦✈❡rt② tr❛♥s✐t✐♦♥s ✐♥st❡❛❞ ♦❢

❛ s✐♠♣❧❡ ❞✐❝❤♦t♦♠♦✉s ♣♦♦r✴♥♦♥✲♣♦♦r st❛t✉s ✭❇♦❛t❡♥❣ ❡t ❛❧✳ ✶✾✾✷✮✳ ❆s ❢♦r t❤❡

❝❤❛r❛❝t❡r✐st✐❝s ✇❡ ❝♦♥tr❛st ✇✐t❤✐♥ ❡❛❝❤ ❣r♦✉♣✱ ✇❡ ❝♦♥✜♥❡ ♦✉rs❡❧✈❡s t♦ t❤♦s❡

t❤❛t ❝❤❛♥❣❡ ♦♥❧② s❧♦✇❧② ♦✈❡r t✐♠❡✱ ❛♥❞ ✇❡ ❧♦♦❦ ❛t t❤❡ ✏✐♥✐t✐❛❧ ❝♦♥❞✐t✐♦♥s✑

❛t t❤❡ st❛rt ♦❢ t❤❡ ♣❛♥❡❧✳ ❲❡ ❤♦♣❡ t❤❛t t❤✐s ❝❛♥ ❡♥❧✐❣❤t❡♥ ✉s ♦♥ t❤❡ ♣r❡✲

❝♦♥❞✐t✐♦♥s t❤❛t ♥❡❡❞ t♦ ❜❡ ✐♥ ♣❧❛❝❡ t♦ ❜❡ ✐♥ ❛ ♣❛rt✐❝✉❧❛r ♣♦✈❡rt② ❞②♥❛♠✐❝s

❣r♦✉♣✳✷

❚❤❡ r❡♠❛✐♥❞❡r ♦❢ t❤✐s ♣❛♣❡r ✐s str✉❝t✉r❡❞ ❛s ❢♦❧❧♦✇s✿ ❲❡ ✜rst ❣✐✈❡ ❛♥

♦✈❡r✈✐❡✇ ♦❢ ♣♦✈❡rt② ✐♥ t❤❡ ♣❛st ❢❡✇ ❞❡❝❛❞❡s ❛♥❞ ❧♦♦❦ ❛t t❤❡ ♣r❡s❡♥t ♦✣❝✐❛❧

♣♦✈❡rt② ❡st✐♠❛t❡s ✐♥ ❯❣❛♥❞❛✳ ❲❡ ❛❧s♦ ♣r❡s❡♥t s♦♠❡ st✉❞✐❡s t❤❛t ♣♦✐♥t t♦

s❤♦rt❝♦♠✐♥❣s ✐♥ ♦✣❝✐❛❧ ♣♦✈❡rt② ♠❡❛s✉r❡♠❡♥t✳ ■♥ ❙❡❝t✐♦♥ ✸✱ ✇❡ ❜r✐❡✢② ❡①✲

♣❧❛✐♥ t❤❡ r❡❛s♦♥✐♥❣ ❜❡❤✐♥❞ t❤❡ ✉s❡ ♦❢ s♣❛t✐❛❧❧② ❞✐s❛❣❣r❡❣❛t❡❞ ♣♦✈❡rt② ❧✐♥❡s

❛♥❞ t❤❡ r♦❧❡ ♦❢ r❡✈❡❛❧❡❞ ♣r❡❢❡r❡♥❝❡s t♦ t❡st ❢♦r ✉t✐❧✐t② ❝♦♥s✐st❡♥❝②✳ ❙❡❝t✐♦♥

✹ ♣r❡s❡♥ts t❤❡ ❝♦♥str✉❝t✐♦♥ ♦❢ t❤❡ ♥❡✇ s❡t ♦❢ ♣♦✈❡rt② ❧✐♥❡s ❛♥❞ ♦✉r ♣♦✈❡rt②

❡st✐♠❛t❡s ❜❛s❡❞ ♦♥ t❤❡ ❯◆❍❙ ✷✵✶✷✴✶✸✳ ❙❡❝t✐♦♥ ✺ t❤❡♥ ❧♦♦❦s ❛t ♣♦✈❡rt② ❞②✲

♥❛♠✐❝s ❛♥❞ r❡❧❛t❡s ❤♦✉s❡❤♦❧❞s ✇✐t❤ ❞✐✛❡r✐♥❣ ♣♦✈❡rt② ❞②♥❛♠✐❝s t♦ ❛ s❡❧❡❝t✐♦♥

✷❋♦r ❡①❛♠♣❧❡✱ ✇❡ ❝♦✉❧❞ ❝❤❡❝❦ ✐❢ ❤♦✉s❡❤♦❧❞s t❤❛t ❛r❡ ❛❧✇❛②s ❜❡❧♦✇ t❤❡ ♣♦✈❡rt② ❧✐♥❡ ❛r❡
❞✐✛❡r❡♥t ✐♥ t❡r♠s ♦❢ t❤❡✐r r❡♣♦rt❡❞ ❛❜✐❧✐t② t♦ ❝♦♣❡ ✇✐t❤ ❛❞✈❡rs❡ s❤♦❝❦s ❛t t❤❡ st❛rt ♦❢ t❤❡
♣❛♥❡❧ ❢r♦♠ t❤♦s❡ t❤❛t ❣r♦✇ ♦✉t ♦❢ ♣♦✈❡rt② ♦✈❡r t❤❡ ❝♦✉rs❡ ♦❢ t❤❡ ♣❛♥❡❧✳

✸



♦❢ ❝❤❛r❛❝t❡r✐st✐❝s✳ ❆ ✜♥❛❧ s❡❝t✐♦♥ ❝♦♥❝❧✉❞❡s✳

✷ P♦✈❡rt② ✐♥ ❯❣❛♥❞❛✿ ❚r❡♥❞s ❛♥❞ ❝♦♥tr♦✈❡rs✐❡s

❉✉r✐♥❣ t❤❡ ✶✾✾✵s✱ ♣♦✈❡rt② ✐♥ ❯❣❛♥❞❛ ❞❡❝r❡❛s❡❞ s✉❜st❛♥t✐❛❧❧②✱ ❢❛❧❧✐♥❣ ❜② ❛❧✲

♠♦st ✹✵ ♣❡r ❝❡♥t ❛t t❤❡ ♥❛t✐♦♥❛❧ ❧❡✈❡❧✳ ❚❛❜❧❡ ✷ ✐♥ ❆♣♣❧❡t♦♥ ✭✷✵✵✸✮ ♣r❡s❡♥ts

♦✣❝✐❛❧ ❤❡❛❞❝♦✉♥t ♣♦✈❡rt② r❛t❡s ❜❡❢♦r❡ t❤❡ ②❡❛r ✷✵✵✵✳✸ ❚❤❡ t❛❜❧❡ ❛❧s♦ s❤♦✇s

s✐❣♥✐✜❝❛♥t s♣❛t✐❛❧ ❞✐✛❡r❡♥❝❡s ✐♥ ❜♦t❤ ❧❡✈❡❧s ❛♥❞ ❝❤❛♥❣❡s ✐♥ ♣♦✈❡rt②✳ ❚❤❡

✉r❜❛♥ ❛r❡❛s ❛♥❞ ❝❡♥tr❛❧ r❡❣✐♦♥ r❡❞✉❝❡ ♣♦✈❡rt② t❤❡ ❢❛st❡st✳ ❚❤❡ ♥♦rt❤❡r♥ r❡✲

❣✐♦♥✱ ❛❧r❡❛❞② st❛rt✐♥❣ ❢r♦♠ ❤✐❣❤ ❧❡✈❡❧s ♦❢ ♣♦✈❡rt②✱ ✐s r❡❧❛t✐✈❡❧② ✉♥s✉❝❝❡ss❢✉❧

✐♥ ❜r✐♥❣✐♥❣ ❞♦✇♥ t❤❡ ♥✉♠❜❡r ♦❢ ♣❡♦♣❧❡ ❧✐✈✐♥❣ ❜❡❧♦✇ t❤❡ ♣♦✈❡rt② ❧✐♥❡✳ ■♥

❛❞❞✐t✐♦♥✱ st✉❞✐❡s t❤❛t ❡①♣❧♦✐t t❤❡ ♣❛♥❡❧ ♥❛t✉r❡ ♦❢ t❤❡ ❞❛t❛ ✜♥❞ t❤❛t ✐♥ s♦♠❡

r❡❣✐♦♥s✱ ♣♦✈❡rt② ✐s ♣❛rt✐❝✉❧❛r❧② ♣❡rs✐st❡♥t ✭❉❡✐♥✐♥❣❡r ❛♥❞ ❖❦✐❞✐ ✷✵✵✸✮✳ ❆❧s♦

♣✉③③❧✐♥❣ ✐s t❤❡ s✉❞❞❡♥ ❞r♦♣ ❜❡t✇❡❡♥ ✶✾✾✼✴✶✾✾✽ ❛♥❞ ✶✾✾✾✴✷✵✵✵✳ ❆❧t❤♦✉❣❤

✐t t♦♦❦ ✜✈❡ ②❡❛rs ❢♦r ♣♦✈❡rt② t♦ ❞❡❝r❡❛s❡ ❜② ✷✵ ♣❡r ❝❡♥t ❜❡t✇❡❡♥ ✶✾✾✷ ❛♥❞

✶✾✾✼✱ ✐t t♦♦❦ ♦♥❧② t✇♦ ②❡❛rs t♦ ❞❡❝r❡❛s❡ ❛♥♦t❤❡r ✷✵ ♣❡r ❝❡♥t ❛t t❤❡ t✉r♥ ♦❢

t❤❡ ❝❡♥t✉r②✳ ❚❤✐s ♠❛② ❜❡ ❞✉❡ t♦ ✐♥❝♦♥s✐st❡♥t ✉♥❞❡r❧②✐♥❣ ✇❡❧❢❛r❡ ✐♥❞✐❝❛t♦r

❞❛t❛ t❤❛t ✇❡r❡ ♦❜t❛✐♥❡❞ ❢r♦♠ ❞✐✛❡r❡♥t s✉r✈❡②s ✭t❤❡ ▼♦♥✐t♦r✐♥❣ ❙✉r✈❡②s ❛♥❞

t❤❡ ❯❣❛♥❞❛ ◆❛t✐♦♥❛❧ ❍♦✉s❡❤♦❧❞ ❙✉r✈❡②✱ s❡❡ ❢♦♦t♥♦t❡ ✸✮✳

❖♥❡ ❝♦♥tr♦✈❡rs② ✇❡ ✇✐❧❧ ❛❧s♦ ❛❞❞r❡ss ✐♥ t❤✐s ♣❛♣❡r r❡❢❡rs t♦ t❤❡ ❢❛❝t t❤❛t

t❤❡ ♦✣❝✐❛❧ ♣♦✈❡rt② ❡st✐♠❛t❡s ❛r❡ ❜❛s❡❞ ♦♥ ♣♦✈❡rt② ❧✐♥❡s t❤❛t ❛r❡ r♦♦t❡❞ ✐♥ ❛

s✐♥❣❧❡ ❢♦♦❞ ❝♦♥s✉♠♣t✐♦♥ ❜✉♥❞❧❡✱ ❞❡r✐✈❡❞ ❢r♦♠ ✶✾✾✸✴✶✾✾✹ ▼♦♥✐t♦r✐♥❣ ❙✉r✈❡②

❞❛t❛✳ ■♥ ♣❛rt✐❝✉❧❛r✱ ❛ s✐♥❣❧❡ ❢♦♦❞ ❜❛s❦❡t ✇❛s ✐❞❡♥t✐✜❡❞ ❛t t❤❡ ♥❛t✐♦♥❛❧ ❧❡✈❡❧

✇✐t❤ ✷✽ ♦❢ t❤❡ ♠♦st ❢r❡q✉❡♥t❧② ❝♦♥s✉♠❡❞ ❢♦♦❞ ✐t❡♠s ❜② ❤♦✉s❡❤♦❧❞s ✇✐t❤ ❧❡ss

✸❚❤❡r❡ ✐s ❛ s✉❜st❛♥t✐❛❧ ❧✐t❡r❛t✉r❡ ♦♥ ♣♦✈❡rt② ❛♥❞ ✐ts ❞②♥❛♠✐❝s ✐♥ t❤❡ ✶✾✾✵s✳ ❚❤✐s ✐s
❜❡❝❛✉s❡ ♦❢ t❤❡ r❡❧❛t✐✈❡❧② ❤✐❣❤ q✉❛❧✐t② ❞❛t❛ ❛✈❛✐❧❛❜❧❡ ❢♦r t❤✐s ♣❡r✐♦❞✳ ❯❣❛♥❞❛ ❤❛s ❜❡❡♥
❝♦♥❞✉❝t✐♥❣ ♥❛t✐♦♥❛❧ ❤♦✉s❡❤♦❧❞ s✉r✈❡②s s✐♥❝❡ ✶✾✾✷✱ ❛♥❞ ❝♦♥❞✉❝t❡❞ s✐① s✉❝❤ s✉r✈❡②s ❜❡❢♦r❡
t❤❡ t✉r♥ ♦❢ t❤❡ ♠✐❧❧❡♥♥✐✉♠✳ ❙♦♠❡ ♦❢ t❤❡s❡ ❞❛t❛s❡ts ❢♦r♠ ❛ ♣❛♥❡❧✳ ❚❤❡ ✜rst ❞❛t❛s❡t✱ t❤❡
■♥t❡❣r❛t❡❞ ❍♦✉s❡❤♦❧❞ ❙✉r✈❡② ❝♦♥❞✉❝t❡❞ ✐♥ ✶✾✾✷✴✶✾✾✸ ❝❛♥ ❜❡ ❧✐♥❦❡❞ t♦ t❤❡ ❧❛st s✉r✈❡②
♦❢ t❤❡ ♠✐❧❧❡♥♥✐✉♠✱ r❡❢❡rr❡❞ t♦ ❛s t❤❡ ✜rst ❯❣❛♥❞❛ ◆❛t✐♦♥❛❧ ❍♦✉s❡❤♦❧❞ ❙✉r✈❡② ✭❯◆❍❙
✶✾✾✾✴✷✵✵✵✮✳ ❇❡t✇❡❡♥ t❤❡s❡ t✇♦ s✉r✈❡②s✱ ❛ s❡r✐❡s ♦❢ ❢♦✉r ▼♦♥✐t♦r✐♥❣ ❙✉r✈❡②s ✭✶✾✾✸✴✶✾✾✹
✉♣ t♦ ✶✾✾✼✴✶✾✾✽✮ ✇❛s ❝❛rr✐❡❞ ♦✉t✳ ▼♦r❡ ✐♥❢♦r♠❛t✐♦♥ ♦♥ t❤❡s❡ ❞❛t❛ s❡ts ❝❛♥ ❜❡ ❢♦✉♥❞ ✐♥
▲❛✇s♦♥✱ ▼❝❦❛②✱ ❛♥❞ ❖❦✐❞✐ ✭✷✵✵✻✮✳

✹



t❤❛♥ t❤❡ ♠❡❞✐❛♥ ✐♥❝♦♠❡✳ ❚❤❡ ✐t❡♠s ✐♥ t❤✐s ❢♦♦❞ ❜❛s❦❡t ✇❡r❡ t❤❡♥ ❝♦♥✈❡rt❡❞

✐♥t♦ ❝❛❧♦r✐❝ ❡q✉✐✈❛❧❡♥ts ❛♥❞ s❝❛❧❡❞ t♦ ❣❡♥❡r❛t❡ ✸✱✵✵✵ ❝❛❧♦r✐❡s ♣❡r ❛❞✉❧t ❡q✉✐✈✲

❛❧❡♥t ♣❡r ❞❛② ✉s✐♥❣ t❤❡ ❲♦r❧❞ ❍❡❛❧t❤ ❖r❣❛♥✐③❛t✐♦♥ ✭❲❍❖✮ ❡st✐♠❛t❡s ❢♦r ❛♥

✶✽✲✸✵✲②❡❛r✲♦❧❞ ♠❛❧❡ ❛s ❛ r❡❢❡r❡♥❝❡✳ ◆❡①t✱ ❛ ♥♦♥✲❢♦♦❞ ❛❧❧♦✇❛♥❝❡ ✇❛s ❛❞❞❡❞✳

◆♦♥✲❢♦♦❞ r❡q✉✐r❡♠❡♥ts ✇❡r❡ ❡st✐♠❛t❡❞ ❛s t❤❡ ❛✈❡r❛❣❡ ♥♦♥✲❢♦♦❞ ❡①♣❡♥❞✐t✉r❡

♦❢ t❤♦s❡ ❤♦✉s❡❤♦❧❞s ✇❤♦s❡ t♦t❛❧ ❡①♣❡♥❞✐t✉r❡ ✇❛s ❛r♦✉♥❞ t❤❡ ❢♦♦❞ ♣♦✈❡rt②

❧✐♥❡✳ ❚❤❡ ♥♦♥✲❢♦♦❞ ❛❧❧♦✇❛♥❝❡ ❞♦❡s ❛❧❧♦✇ ❢♦r s♣❛t✐❛❧ ❤❡t❡r♦❣❡♥❡✐t②✱ ❛s s❡♣❛✲

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

t❤❡ ❢♦✉r r❡❣✐♦♥s ✭❝❡♥tr❛❧✱ ❡❛st❡r♥✱ ♥♦rt❤❡r♥✱ ❛♥❞ ✇❡st❡r♥✮✱ ✉s✐♥❣ t❤❡ ♠❡t❤♦❞

❞❡s❝r✐❜❡❞ ✐♥ ❘❛✈❛❧❧✐♦♥ ❛♥❞ ❇✐❞❛♥✐ ✭✶✾✾✹✮✳ ❆s ❢❛r ❛s ✇❡ ❦♥♦✇✱ t❤❡s❡ ♣♦✈❡rt②

❧✐♥❡s ❤❛✈❡ s✐♥❝❡ ❜❡❡♥ ✉♣❞❛t❡❞ ❜② t❤❡ ♦✣❝✐❛❧ ✐♥✢❛t✐♦♥ ✜❣✉r❡s ❡❛❝❤ t✐♠❡ ❛ ♥❡✇

❤♦✉s❡❤♦❧❞ s✉r✈❡② ❝❛♠❡ ♦✉t✳

❆♣♣❧❡t♦♥ ✭✷✵✵✸✮ ❛♥❞ ❏❛♠❛❧ ✭✶✾✾✽✮ ❛r❣✉❡ t❤❛t ❯❣❛♥❞❛ ✐s ✉♥✉s✉❛❧ ✐♥ ✐ts

❞✐❡t❛r② ❞✐✈❡rs✐t②✳ ■♥❞❡❡❞✱ ❯❣❛♥❞❛ ❤❛s ✜✈❡ ❞✐✛❡r❡♥t st❛♣❧❡s✱ ♠❛t♦♦❦❡✱ ♠❛✐③❡✱

s✇❡❡t ♣♦t❛t♦❡s✱ ❝❛ss❛✈❛✱ ❛♥❞ ♠✐❧❧❡t t❤❛t ❛r❡ ♠♦r❡ ♦r ❧❡ss ✐♠♣♦rt❛♥t ✇✐t❤✐♥

t❤❡ ❞✐❡t ❞❡♣❡♥❞✐♥❣ ♦♥ t❤❡ r❡❣✐♦♥✳ ❚❤✐s ♠❛② ♥♦t ♠❛tt❡r ✈❡r② ♠✉❝❤ ✐❢ t❤❡

❞✐❡ts ❛r❡ ❡q✉❛❧❧② ❝♦st✲❡✛❡❝t✐✈❡ ✐♥ ♦❜t❛✐♥✐♥❣ t❤❡ s❛♠❡ ❧❡✈❡❧ ♦❢ ❜❛s✐❝ ♥❡❡❞s ❛s

❞❡✜♥❡❞ ✐♥ ❦✐❧♦✲❝❛❧♦r✐❡s✳ ❍♦✇❡✈❡r✱ t❤❡ st❛♣❧❡ ❢♦♦❞ ♦❢ ❝❤♦✐❝❡ ♦❢ ❛ ❧❛r❣❡ ♣❛rt ♦❢

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

❤✐❣❤❧② ❧♦❝❛❧✐③❡❞ st❛♣❧❡✳✹ ❆♣♣❧❡t♦♥ ✭✷✵✵✸✮ ❝❛❧❝✉❧❛t❡s t❤❛t✱ ❛t ❧❡❛st ✐♥ ✶✾✾✸✲

✶✾✾✹✱ ♠❛t♦♦❦❡ ❛♣♣❡❛r❡❞ t♦ ❜❡ ❛ ✈❡r② ❡①♣❡♥s✐✈❡ s♦✉r❝❡ ♦❢ ❝❛❧♦r✐❡s✱ ❝♦♠♣❛r❡❞

✇✐t❤ ✇❤❛t ♣❡♦♣❧❡ ✐♥✱ ❢♦r ✐♥st❛♥❝❡✱ t❤❡ ♥♦rt❤ ❝♦♥s✉♠❡✳ ❲❤❡♥ ❆♣♣❧❡t♦♥ ✭✷✵✵✸✮

❛♥❞ ❏❛♠❛❧ ✭✶✾✾✽✮ ❛❝❝♦✉♥t ❢♦r t❤✐s ✐♥ t❤❡✐r ❛♥❛❧②s✐s✱ t❤❡② ❝♦♠❡ t♦ t❤❡ ❝♦♥✲

❝❧✉s✐♦♥ t❤❛t ♣♦✈❡rt② ✐s ♠♦r❡ ♣r♦♥♦✉♥❝❡❞ ✐♥ t❤❡ ✇❡st❡r♥ r❡❣✐♦♥ t❤❛♥ ❢♦✉♥❞ ✐♥

♦✣❝✐❛❧ st❛t✐st✐❝s✳ ❊✈❡♥ ❛❢t❡r ❝♦rr❡❝t✐♥❣ ❢♦r ✐♥❝♦♠❡ ❞✐✛❡r❡♥❝❡✱ ❛s r❡❣✐♦♥s t❤❛t

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

✐♥❝♦♠❡s✱ ❆♣♣❧❡t♦♥ ✭✷✵✵✸✮ ❝♦♠❡s t♦ t❤❡ ❝♦♥❝❧✉s✐♦♥ t❤❛t t❤❡ ✇❡st❡r♥ r❡❣✐♦♥

♦✈❡rt❛❦❡s ❡✈❡♥ t❤❡ ♥♦rt❤❡r♥ r❡❣✐♦♥ ❛s t❤❡ ♣♦♦r❡st✳

Pr♦❣r❡ss ✐♥ ✜❣❤t✐♥❣ ♣♦✈❡rt② r❡♣♦rt❡❞ ❜② t❤❡ ❣♦✈❡r♥♠❡♥t ♦❢ ❯❣❛♥❞❛ ❛♥❞

✹▼❛t♦♦❦❡ ✐s ❛ ✈❛r✐❡t② ♦❢ st❛r❝❤② ❜❛♥❛♥❛✱ ❝♦♠♠♦♥❧② r❡❢❡rr❡❞ t♦ ❛s ❝♦♦❦✐♥❣ ❜❛♥❛♥❛s✳

✺



❯❇❖❙ ✐♥ t❤❡ ✜rst ❞❡❝❛❞❡ ♦❢ t❤❡ ♥❡✇ ♠✐❧❧❡♥♥✐✉♠ ✐s ❡q✉❛❧❧② ✐♠♣r❡ss✐✈❡✳ ❚❛❜❧❡ ✶

s❤♦✇s t❤❛t ♣♦✈❡rt② ❛t t❤❡ ♥❛t✐♦♥❛❧ ❧❡✈❡❧ ❦❡♣t ❢❛❧❧✐♥❣ ❞✉r✐♥❣ t❤❡ ✜rst ❞❡❝❛❞❡✱

s❤❛✈✐♥❣ ❛♥♦t❤❡r ✺✵ ♣❡r ❝❡♥t ♦✛ ♦❢ ❤❡❛❞❝♦✉♥t ♣♦✈❡rt②✳ ❆t t❤❡ s❛♠❡ t✐♠❡✱

❞✐✛❡r❡♥t✐❛❧ ♣r♦❣r❡ss ✐♥ ♣♦✈❡rt② r❡❞✉❝t✐♦♥ ✐♥ ❞✐✛❡r❡♥t r❡❣✐♦♥s ♣❡rs✐sts✱ t♦♦✳

❋♦r ✐♥st❛♥❝❡✱ ❜② ✷✵✶✷✴✶✸✱ ♣♦✈❡rt② ✐s ♠♦r❡ t❤❛♥ ❡✐❣❤t t✐♠❡s ❤✐❣❤❡r ✐♥ t❤❡

♥♦rt❤❡r♥ r❡❣✐♦♥ t❤❛♥ ✐♥ t❤❡ ❝❡♥tr❛❧ r❡❣✐♦♥✳ ■♥ ✷✵✵✷✴✷✵✵✸✱ t❤❡ ♥♦rt❤ ✇❛s

♦♥❧② ✷✳✼ t✐♠❡s ♣♦♦r❡r t❤❛♥ t❤❡ ❝❡♥tr❛❧ r❡❣✐♦♥✳ ❚❤❡ ♠♦r❡ ❞✐s❛❣❣r❡❣❛t❡❞ t❤❡

♥✉♠❜❡rs✱ t❤❡ st❛r❦❡r t❤❡ ❝♦♥tr❛sts ❜❡❝♦♠❡✳ ■♥ t❤❡ ♥♦rt❤❡❛st✱ ❛ s❡♠✐✲❛r✐❞ ❛r❡❛

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

❣r♦✉♣✱ ♣♦✈❡rt② r❡♠❛✐♥s st✉❜❜♦r♥❧② ❤✐❣❤✱ ✇❤✐❧❡ ✐♥ t❤❡ ❝❡♥tr❛❧ ❛♥❞ ✇❡st❡r♥

r❡❣✐♦♥s ♦❢ t❤❡ ❝♦✉♥tr②✱ ♣♦✈❡rt② ✐s ❛❧♠♦st ❡r❛❞✐❝❛t❡❞✳✺

❚❤❡ ♦✣❝✐❛❧ ♣♦✈❡rt② ✜❣✉r❡s ❤❛✈❡ ❜❡❡♥ q✉❡st✐♦♥❡❞ ✐♥ r❡❝❡♥t ②❡❛rs ❢♦r ❜❡✐♥❣

♦✈❡r❧② ♦♣t✐♠✐st✐❝✳ ❉❛♥✐❡❧s ❛♥❞ ▼✐♥♦t ✭✷✵✶✹✮ ✉s❡ ❉❡♠♦❣r❛♣❤✐❝ ❛♥❞ ❍❡❛❧t❤

❙✉r✈❡② ✭❉❍❙✮ ❞❛t❛ ❛♥❞ ♠❡t❤♦❞s r❡❧❛t❡❞ t♦ ♣♦✈❡rt② ♠❛♣♣✐♥❣ ❛♥❞ s♠❛❧❧ ❛r❡❛

❡st✐♠❛t✐♦♥ t♦ ❧♦♦❦ ❛t ♣♦✈❡rt② tr❡♥❞s ❛❝r♦ss ❯❣❛♥❞❛ ❢r♦♠ ✶✾✾✺ t♦ ✷✵✶✵✳ ❚❤❡②

✉s❡ t❤❡ ✷✵✵✺✴✵✻ ❯◆❍❙ s✉r✈❡② t♦ ❡st✐♠❛t❡ r❡❣r❡ss✐♦♥s t❤❛t ❝♦rr❡❧❛t❡ ♣♦✈❡rt②

t♦ ❛ r❛♥❣❡ ♦❢ ❤♦✉s❡❤♦❧❞ ❝❤❛r❛❝t❡r✐st✐❝s t❤❛t ❛❧s♦ ❛♣♣❡❛r ✐♥ t❤❡ ❉❍❙ ✭❢♦✉r s✉❝❤

s✉r✈❡②s ❤❛✈❡ ❜❡❡♥ ❝❛rr✐❡❞ ♦✉t ❜❡t✇❡❡♥ ✶✾✾✺ ❛♥❞ ✷✵✵✾✴✶✵✮✳ ❚❤❡② t❤❡♥ ✉s❡

t❤❡ ❉❍❙ s✉r✈❡②s t♦ ♣r❡❞✐❝t ♣♦✈❡rt② ✐♥ ❡❛❝❤ ♦❢ t❤❡ ❉❍❙ s✉r✈❡② ②❡❛rs✳ ❚❤❡②

✜♥❞ t❤❛t ♣♦✈❡rt② ✐♥❞❡❡❞ r❡❞✉❝❡❞ ♦✈❡r t✐♠❡✱ ❜✉t ♠✉❝❤ s❧♦✇❡r t❤❛♥ ♦✣❝✐❛❧

✜❣✉r❡s s✉❣❣❡st✳ ❲❤✐❧❡ t❤❡✐r ♥❛t✐♦♥❛❧ ❡st✐♠❛t❡ ♦❢ ❤❡❛❞❝♦✉♥t ♣♦✈❡rt② ✐♥ ✷✵✵✻

✐s ✸✸ ♣❡r ❝❡♥t ❛♥❞ t❤✉s ✈❡r② ❝❧♦s❡ t♦ t❤❡ ♦✣❝✐❛❧ ❡st✐♠❛t❡ ♦❢ ✷✵✵✺✴✵✻✱ t❤❡ r❛t❡

st✐❧❧ st❛♥❞s ❛s ✸✵ ♣❡r ❝❡♥t ✉s✐♥❣ t❤❡ ✷✵✵✾ ❉❍❙✱ ❛❜♦✉t ✻ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts

❤✐❣❤❡r t❤❛♥ t❤❡ ✷✵✵✾✴✶✵ ❯◆❍❙ ❡st✐♠❛t❡✳

✺❚❤❡ ♥♦rt❤❡❛st❡r♥ s✉❜r❡❣✐♦♥ ✐♥❝❧✉❞❡s t❤❡ ❞✐str✐❝ts ♦❢ ❑♦t✐❞♦✱ ▼♦r♦t♦✱ ◆❛❦❛♣✐r✐♣✐r✐t✐✱
❑❛t✇❛❦✐✱ ❆♠✉r✐❛✱ ❙♦r♦t✐✱ ❑✉♠✐✱ ❛♥❞ ❑❛❜❡r❛♠❛✐❞♦❀ ♠✐❞✲♥♦rt❤❡r♥ ✐♥❝❧✉❞❡s ●✉❧✉✱ ❑✐t❣✉♠✱
P❛❞❡r✱ ❆♣❛❝✱ ❛♥❞ ▲✐r❛❀ ❲❡st ◆✐❧❡ ✐♥❝❧✉❞❡s ▼♦②♦✱ ❆❞❥✉♠❛♥✐✱ ❨✉♠❜❡✱ ❆r✉❛✱ ❑♦❜♦❦♦✱ ❛♥❞
◆❡❜❜✐❀ ♠✐❞✲✇❡st❡r♥ ✐♥❝❧✉❞❡s ▼❛s✐♥❞✐✱ ❍♦✐♠❛✱ ❑✐❜❛❛❧❡✱ ❇✉♥❞✐❜✉❣②♦✱ ❑❛❜❛r♦❧❡✱ ❑❛s❡s❡✱
❑②❡♥❥♦❥♦ ❛♥❞ ❑❛♠✇❡♥❣❡❀ s♦✉t❤✇❡st❡r♥ ✐♥❝❧✉❞❡s ❇✉s❤❡♥②✐✱ ❘✉❦✉♥❣✐r✐✱ ❑❛♥✉♥❣✉✱ ❑❛❜❛❧❡✱
❑✐s♦r♦✱ ▼❜❛r❛r❛✱ ❛♥❞ ◆t✉♥❣❛♠♦❀ ❡❛st❡r♥ ✐♥❝❧✉❞❡s ❑❛♣❝❤♦r✇❛✱ ▼❜❛❧❡✱ ❚♦r♦r♦✱ ❙✐r♦♥❦♦✱
P❛❧✐✐s❛✱ ❛♥❞ ❇✉s✐❛❀ ❝❡♥tr❛❧ ✶ ✐♥❝❧✉❞❡s ❑❛❧❛♥❣❛❧❛✱ ▼❛s❛❦❛✱ ▼♣✐❣✐✱ ❘❛❦❛✐✱ ❙❡♠❜❛❜✉❧❡✱ ❛♥❞
❲❛❦✐s♦❀ ❈❡♥tr❛❧ ✷ ✐♥❝❧✉❞❡s ❑❛②✉♥❣❛✱ ❑✐❜♦❣❛✱ ▲✉✇❡r♦✱ ▼✉❜❡♥❞❡✱ ▼✉❦♦♥♦✱ ❛♥❞ ◆❛❦❛✲
s♦♥❣♦❧❛❀ ❊❛st ❈❡♥tr❛❧ ✐♥❝❧✉❞❡s ❏✐♥❥❛✱ ■❣❛♥❣❛✱ ❑❛♠✉❧✐✱ ❇✉❣✐r✐✱ ❛♥❞ ▼❛②✉❣❡✳

✻



❚❛❜❧❡ ✶✿ ❖✣❝✐❛❧ ♣♦✈❡rt② ❤❡❛❞❝♦✉♥ts ✷✵✵✷✲✶✷
✷✵✵✷✴✵✸ ✷✵✵✺✴✵✻ ✷✵✵✾✴✶✵ ✷✵✶✷✴✶✸

❯❣❛♥❞❛ ✸✽✳✽ ✸✶✳✶ ✷✹✳✺ ✶✾✳✺

❯r❜❛♥ ✶✹✳✹ ✶✸✳✼ ✾✳✶ ✾✳✻
❘✉r❛❧ ✹✷✳✼ ✸✹✳✷ ✷✼✳✷ ✷✷✳✹

❈❡♥tr❛❧ ✷✷✳✸ ✶✻✳✹ ✶✵✳✼ ✺✳✶
❊❛st❡r♥ ✹✻✳✵ ✸✺✳✾ ✷✹✳✸ ✷✹✳✶
◆♦rt❤❡r♥ ✻✸✳✵ ✻✵✳✼ ✹✻✳✷ ✹✸✳✼
❲❡st❡r♥ ✸✷✳✾ ✷✵✳✺ ✷✶✳✽ ✼✳✻

❑❛♠♣❛❧❛ ✹✳✼ ✹✳✹ ✸✳✾ ✵✳✽
❈❡♥tr❛❧ ✶ ✷✷✳✵ ✶✽✳✽ ✶✶✳✶ ✸✳✾
❈❡♥tr❛❧ ✷ ✸✵✳✵ ✶✾✳✼ ✶✸✳✻ ✼✳✾
❊❛st ❈❡♥tr❛❧ ✹✷✳✻ ✸✷✳✼ ✷✶✳✹ ✷✹✳✶
❊❛st❡r♥ ✹✽✳✹ ✸✾✳✷ ✷✻✳✺ ✷✹✳✶
▼✐❞✲♥♦rt❤❡r♥ ✺✼✳✹ ✻✶✳✶ ✹✵✳✹ ✸✺✳✻
◆♦rt❤❡❛st❡r♥ ✽✷✳✽ ✼✾✳✸ ✼✺✳✽ ✼✹✳✺
❲❡st ◆✐❧❡ ✻✷✳✽ ✺✺✳✸ ✸✾✳✼ ✹✷✳✵
▼✐❞✲✇❡st❡r♥ ✸✼✳✾ ✷✸✳✷ ✷✺✳✸ ✾✳✺
❙♦✉t❤✇❡st❡r♥ ✷✾✳✵ ✶✽✳✼ ✶✽✳✹ ✺✳✽

❙♦✉r❝❡✿ ❋✐❣✉r❡s ❛r❡ ❝❛❧❝✉❧❛t❡❞ ❢r♦♠ t❤❡ r❡s♣❡❝t✐✈❡ ❯◆❍❙✳

✼



❚❤✐s ✈✐❡✇ ✐s s❤❛r❡❞ ❛♠♦♥❣ ♠❛♥② ♣✉❜❧✐❝✐sts ❛♥❞ ♦♣✐♥✐♦♥ ♠❛❦❡rs ✐♥ ❯❣❛♥❞❛✳

❇②❡❦✇❛s♦ ✭✷✵✶✵✮ ❝❛❧❧s ♦✣❝✐❛❧❧② r❡♣♦rt❡❞ ♣♦✈❡rt② ❝❤❛♥❣❡s ✏❛ ✜❝t✐♦♥✳✑ ❑❛❦❛♥❞❡

✭✷✵✶✵✮ ❛❞♠✐ts t❤❛t q✉❛❧✐t❛t✐✈❡ ✜♥❞✐♥❣s ♦♥ ♣♦✈❡rt② tr❡♥❞s s✉❣❣❡st t❤❡r❡ ✇❛s

❛ ❞❡❝r❡❛s❡ ✐♥ ✇❡❧❧✲❜❡✐♥❣ ❞❡s♣✐t❡ t❤❡ ❞r♦♣ ✐♥ ♣♦✈❡rt② r❛t❡s✳ ❘❡❝❡♥t❧②✱ ❛♥

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

❆❢r✐❝❛♥ ❝♦✉♥tr✐❡s ♦♥ s✐① ♥♦♥✲♠♦♥❡t❛r② ♣♦✈❡rt② ✐♥❞✐❝❛t♦rs✱ s✉❝❤ ❛s ❧✐t❡r❛❝②

r❛t❡s ❛♥❞ ❛❝❝❡ss t♦ ♣✐♣❡❞ ✇❛t❡r✳ ❚❤✐s ❛❞♠✐tt❡❞❧② ♣❛rt✐❛❧ ❛♥❛❧②s✐s ❛❧s♦ ♣♦✐♥ts

t♦ ❛ ♠✉❝❤ ❤✐❣❤❡r ✐♥❝✐❞❡♥❝❡ ♦❢ ♣♦✈❡rt② t❤❛♥ ♦✣❝✐❛❧❧② r❡♣♦rt❡❞✳

✸ ❯t✐❧✐t②✲❝♦♥s✐st❡♥t ♣♦✈❡rt② ❧✐♥❡s ✉s✐♥❣ r❡✈❡❛❧❡❞

♣r❡❢❡r❡♥❝❡s

❋r♦♠ t❤❡ ❛❜♦✈❡✱ ✇❡ ❧❡❛r♥ t❤❛t ♦♥❡ ♦❢ t❤❡ ♠❛✐♥ ✇❡❛❦♥❡ss❡s ♦❢ t❤❡ ♦✣❝✐❛❧

♣♦✈❡rt② ♠❡❛s✉r❡s ✐s t❤❛t t❤❡② ❛r❡ ❜❛s❡❞ ♦♥ ❛ ♣♦✈❡rt② ❧✐♥❡ t❤❛t ✐s ❝♦♥str✉❝t❡❞

✉s✐♥❣ ❛ s✐♥❣❧❡ ❢♦♦❞ ❝♦♠♠♦❞✐t② ❜✉♥❞❧❡ ❢♦r t❤❡ ❡♥t✐r❡ ❝♦✉♥tr②✳ ■♥ ❛❞❞✐t✐♦♥✱ t❤✐s

❢♦♦❞ ❜❛s❦❡t ✇❛s ❝♦♥str✉❝t❡❞ ✐♥ ✶✾✾✸ ❛♥❞ ❤❛s ♥♦t ❜❡❡♥ ✉♣❞❛t❡❞ s✐♥❝❡✱ ❛♣❛rt

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

✐t ✐s ✇❡❧❧ ❦♥♦✇♥ t❤❛t ✐♥ ♠❛♥② ✐♥st❛♥❝❡s ✲ ❢♦r ❡①❛♠♣❧❡✱ ✐❢ r❡❧❛t✐✈❡ ♣r✐❝❡s ♦❢

❜❛s✐❝ ❝♦♠♠♦❞✐t✐❡s ✈❛r② ❜② r❡❣✐♦♥ ✭♦r t❤r♦✉❣❤ t✐♠❡✮ ❛♥❞ ♣r❡❢❡r❡♥❝❡s ♣❡r♠✐t

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

♣♦✈❡rt② ❝♦♠♣❛r✐s♦♥s ✭❚❛r♣ ❡t ❛❧✳ ✷✵✵✷✮✳ ❲❤✐❧❡ ❞✐✛❡r❡♥❝❡s ✐♥ ♣r✐❝❡s ✐♥ ❞✐✛❡r❡♥t

❧♦❝❛t✐♦♥s ❛r❡ ✉s✉❛❧❧② ✐♥❝♦r♣♦r❛t❡❞ ✐♥ ♣♦✈❡rt② ♠❡❛s✉r❡♠❡♥t ❜② ❛❞❥✉st✐♥❣ t❤❡

✇❡❧❢❛r❡ ✐♥❞✐❝❛t♦r t♦ r❡✢❡❝t ♣r✐❝❡s ✉s❡❞ ✐♥ t❤❡ ❝♦♥str✉❝t✐♦♥ ♦❢ t❤❡ ♣♦✈❡rt② ❧✐♥❡s

✭♦r ❜② ❛❞❥✉st✐♥❣ t❤❡ ♣♦✈❡rt② ❧✐♥❡s t♦ r❡✢❡❝t ♣r✐❝❡s ✉s❡❞ ✐♥ t❤❡ ❝♦♥str✉❝t✐♦♥ ♦❢

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

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

s♣❡❝✐✜❝✐t② ♦❢ ♣♦✈❡rt② ❧✐♥❡s ✭❡✳❣✳ ❘❛✈❛❧❧✐♦♥ ❛♥❞ ▲♦❦s❤✐♥ ✷✵✵✻❀ ▼✉❦❤❡r❥❡❡ ❛♥❞

❇❡♥s♦♥ ✷✵✵✸✮✳

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

r✐❣❤t✱ t❤❡② ❜❡❝♦♠❡ r❡❧❡✈❛♥t ♦♥❧② ✐♥ t❤❡ ❝♦♥t❡①t ♦❢ ♣♦✈❡rt② ♠❡❛s✉r❡♠❡♥t ❛♥❞

✽



❛♥❛❧②s✐s✱ ❛s ✇❡ r❡❧❛t❡ ❛ ✇❡❧❢❛r❡ ✐♥❞✐❝❛t♦r t♦ t❤❡ ❝♦st ♦❢ t❤❡s❡ ❜❛s✐❝ ♥❡❡❞s✳

■♥❞❡❡❞✱ ❞✐✛❡r❡♥t ❞✐❡ts ♠❛② ♣r♦✈✐❞❡ t❤❡ s❛♠❡ ❜❛s✐❝ ♥❡❡❞s ✭✉s✉❛❧❧② ❛ ❣✐✈❡♥

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

♣❧✐❝❛t❡s ♣♦✈❡rt② ❝♦♠♣❛r✐s♦♥s ❜❡t✇❡❡♥ ✉♥✐ts ✭r❡❣✐♦♥s✱ ❤♦✉s❡❤♦❧❞s✱ ✐♥❞✐✈✐❞✉❛❧s✱

❛♥❞ s♦ ❢♦rt❤✮ ✇✐t❤ ❞✐✛❡r❡♥t ❞✐❡ts✳ ■t ✐s ❡s♣❡❝✐❛❧❧② ✐♥ t❤✐s r❡❣❛r❞ t❤❛t ❯❣❛♥❞❛

♣r♦✈✐❞❡s ❛♥ ✐♥t❡r❡st✐♥❣ st✉❞②✳ ▼❛t♦♦❦❡✱ t❤❡ ♠❛✐♥ ✐♥❣r❡❞✐❡♥t ✐♥ t❤❡ ❞✐❡t ♦❢

❤♦✉s❡❤♦❧❞s ✐♥ t❤❡ ✇❡st✱ ♠❛② ❜❡ ♠♦r❡ ♦r ❧❡ss ❡①♣❡♥s✐✈❡ ♣❡r ❡♥❡r❣② ✉♥✐t t❤❛♥✱

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

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

♣♦✈❡rt② ❧✐♥❡✱ ❡✈❡♥ ❛❢t❡r ❛❧❧♦✇✐♥❣ ❢♦r s♣❛t✐❛❧ ♣r✐❝❡ ❤❡t❡r♦❣❡♥❡✐t②✳

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

t❤❡ s❛♠❡ ❜❛s✐❝ ♥❡❡❞s❄ ❖r✱ ✐♥ t❤❡ ❧❛♥❣✉❛❣❡ ♦❢ ❘❛✈❛❧❧✐♦♥ ❛♥❞ ❇✐❞❛♥✐ ✭✶✾✾✹✮✱

❤♦✇ ❞♦ ✇❡ ❡♥s✉r❡ ❝♦♥s✐st❡♥❝②✻❄ ❚❤❡ t❤❡♦r② ✉♥❞❡r❧②✐♥❣ ❛❜s♦❧✉t❡ ♣♦✈❡rt②

❧✐♥❡s ✐s ❣r♦✉♥❞❡❞ ✐♥ ✇❡❧❢❛r❡ ❡❝♦♥♦♠✐❝s ❛♥❞ ❝♦♥str❛✐♥❡❞ ✉t✐❧✐t② ♠❛①✐♠✐③❛t✐♦♥✳

■♥ t❤✐s ❝♦♥t❡①t✱ t❤❡ ✜①❡❞ st❛♥❞❛r❞ ♦❢ ❧✐✈✐♥❣ r❡♣r❡s❡♥t❡❞ ❜② t❤❡ ♣♦✈❡rt② ❧✐♥❡ ✐s

✈✐❡✇❡❞ ❛s ❛ ❧❡✈❡❧ ♦❢ ✉t✐❧✐t② ❛ss♦❝✐❛t❡❞ ✇✐t❤ t❤❡ ♠✐♥✐♠❛❧❧② ❛❝❝❡♣t❛❜❧❡ st❛♥❞❛r❞

♦❢ ❧✐✈✐♥❣✳ ❉✐✛❡r❡♥t ♣♦✈❡rt② ❧✐♥❡s ✇✐❧❧ ❜❡ ✉t✐❧✐t②✲❝♦♥s✐st❡♥t ✐❢ t❤❡ ✉♥❞❡r❧②✐♥❣

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

❛♥❞ ❤❡♥❝❡ ②✐❡❧❞ t❤❡ s❛♠❡ ❧❡✈❡❧ ♦❢ ✉t✐❧✐t② ✭❆r♥❞t ❛♥❞ ❙✐♠❧❡r ✷✵✶✵✮✳ ■♥ ♦t❤❡r

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

❆s ❘❛✈❛❧❧✐♦♥ ❛♥❞ ▲♦❦s❤✐♥ ✭✷✵✵✻✮ ❛r❣✉❡✱ t❤❡ t❤❡♦r② ♦❢ r❡✈❡❛❧❡❞ ♣r❡❢❡r❡♥❝❡s

♣r♦✈✐❞❡s ❛ ❢r❛♠❡✇♦r❦ ❢♦r ❛♥s✇❡r✐♥❣ t❤❡s❡ q✉❡st✐♦♥s✳

❚❤❡ ✐❞❡❛ ✉s❡s t❤❡ r❛t✐♦♥❛❧✐t② ❛ss✉♠♣t✐♦♥ t❤❛t ❡❝♦♥♦♠✐❝ ❛❣❡♥ts t❤❛t ❞❡✲

r✐✈❡ ✉t✐❧✐t② ❢r♦♠ ❝♦♥s✉♠♣t✐♦♥ ❛❧✇❛②s ♣r❡❢❡r ❝♦♥s✉♠✐♥❣ ♠♦r❡ t♦ ❧❡ss✳ ▲❡t ✉s

❛ss✉♠❡ t❤❛t ❛ r❡♣r❡s❡♥t❛t✐✈❡ ❛❣❡♥t ❧✐✈✐♥❣ ✐♥ s♣❛t✐❛❧ ❞♦♠❛✐♥ (r ∈ R) ❞❡r✐✈❡s

✉t✐❧✐t② ❢r♦♠ ❛ s❡t ♦❢ ❝♦♥s✉♠♣t✐♦♥ ❣♦♦❞s ✭i ∈ I✮✳ ❲❡ ✇✐❧❧ t❤❡♥ ✐♥str✉❝t ❡❛❝❤

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

❛tt❛✐♥ ❛♥ ❛r❜✐tr❛r② ✭❜✉t ❝♦♥st❛♥t ❛❝r♦ss s♣❛t✐❛❧ ❞♦♠❛✐♥s✮ ❧❡✈❡❧ ♦❢ ✉t✐❧✐t②✳ ❆s

✻❆ ♣♦✈❡rt② ♠❡❛s✉r❡ ✐s ❝♦♥s✐st❡♥t ✐❢ t✇♦ ✐♥❞✐✈✐❞✉❛❧s ❛t t❤❡ s❛♠❡ ✇❡❧❢❛r❡ ❧❡✈❡❧ ❛r❡ ❝♦♥✲
s✐❞❡r❡❞ ❡q✉❛❧❧② ♣♦♦r✳

✾



s✉❝❤✱ ❡❛❝❤ ✐♥❞✐✈✐❞✉❛❧ ✇✐❧❧ s♣❡♥❞
∑

pi,rqi,r ♦♥ ❛ ❝♦♥s✉♠♣t✐♦♥ ❜✉♥❞❧❡✱ ✇✐t❤ pi,r

t❤❡ ♣r✐❝❡ ♦❢ ❣♦♦❞ ✐ ✐♥ s♣❛t✐❛❧ ❞♦♠❛✐♥ r ❛♥❞ qi,r t❤❡ q✉❛♥t✐t② ♦❢ ❣♦♦❞ ✐ ✐♥

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

∑
pi,rqi,r′ ≥

∑
pi,rqi,r ∀r, r

′. ✭✶✮

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

❝❤♦♦s❡ ♦♥❧② t❤❛t ❜✉♥❞❧❡ t❤❛t ♠✐♥✐♠✐③❡s ❡①♣❡♥❞✐t✉r❡✳ ❚❤✉s✱ ❛♥② ♦t❤❡r ❜✉♥❞❧❡

t❤❛t ②✐❡❧❞s t❤❡ s❛♠❡ ❧❡✈❡❧ ♦❢ ✉t✐❧✐t② ✭s✉❝❤ ❛s✱ ❢♦r ✐♥st❛♥❝❡✱ t❤❡ ♦♥❡ ❝❤♦s❡♥ ❜②

t❤❡ r❡♣r❡s❡♥t❛t✐✈❡ ❝♦♥s✉♠❡r ✐♥ r❡❣✐♦♥ r✬ ✮ s❤♦✉❧❞ ❜❡ ❡q✉❛❧❧② ❡①♣❡♥s✐✈❡ ❛s ♦r

♠♦r❡ ❡①♣❡♥s✐✈❡ t❤❛♥ t❤❡ ❝❤♦s❡♥ ❜✉♥❞❧❡✳ ◆♦ ❜✉♥❞❧❡ ❝❛♥ ❝♦st ❧❡ss t❤❛♥ t❤❡

❝❤♦s❡♥ ♦♥❡ ②❡t ②✐❡❧❞ t❤❛t s❛♠❡ ✉t✐❧✐t②✱ ❜❡❝❛✉s❡ t❤❡♥ t❤❡ r❛t✐♦♥❛❧ ❝♦♥s✉♠❡r

s❤♦✉❧❞ ❤❛✈❡ ❝❤♦s❡♥ t❤❛t ♦♥❡✳ ❖r✱ ❛s ✐♥ ●✐❜s♦♥ ❛♥❞ ❘♦③❡❧❧❡ ✭✷✵✵✸✮✱ ✐❢ t❤❡ ❝♦st

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

❞♦♠❛✐♥✱ t❤✐s ♠❡❛♥s ✐t ♠✉st ❤❛✈❡ ❧♦✇❡r ✉t✐❧✐t② t❤❛♥ t❤❡ ❜✉♥❞❧❡ ✐♥ t❤❛t s♣❡❝✐✜❝

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

❢r♦♠ t❤❡ ♦t❤❡r ❞♦♠❛✐♥✳ ❚❤❡ ❛❜♦✈❡ ❝♦♥❞✐t✐♦♥ ✭✶✮ s❤♦✉❧❞ ❤♦❧❞ ❢♦r ❛❧❧ ♣♦ss✐❜❧❡

♣❛✐rs ♦❢ s♣❛t✐❛❧ ❞♦♠❛✐♥s✳

■♥ ♣r❛❝t✐❝❡✱ ❤♦✇❡✈❡r✱ ✐t ✇✐❧❧ ❜❡ ❤❛r❞ t♦ ❝♦♥str✉❝t ❛ s❡t ♦❢ ♣♦✈❡rt② ❧✐♥❡s

t❤❛t ♠❡❡t r❡✈❡❛❧❡❞ ♣r❡❢❡r❡♥❝❡ ❝♦♥❞✐t✐♦♥s ❢♦r ❛❧❧ ♣♦ss✐❜❧❡ ♣❛✐rs ♦❢ s♣❛t✐❛❧ ❞♦✲

♠❛✐♥s✳ ❖♥❡ ❛♣♣r♦❛❝❤✱ ✇❤✐❝❤ ✇❡ ✇✐❧❧ ✉s❡ ✐♥ t❤✐s ♣❛♣❡r✱ ✉s❡s ❛ ♠✐♥✐♠✉♠

❝r♦ss✲❡♥tr♦♣② ❛♣♣r♦❛❝❤ t♦ ❛❞❥✉st ❡①♣❡♥❞✐t✉r❡ s❤❛r❡s s✉❝❤ t❤❛t t❤❡② ♠❡❡t r❡✲

✈❡❛❧❡❞ ♣r❡❢❡r❡♥❝❡ ❝♦♥❞✐t✐♦♥s ✭❆r♥❞t ❛♥❞ ❙✐♠❧❡r ✷✵✶✵✮✳ ❚❤✐s ❛♣♣r♦❛❝❤ ✉s❡s

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

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

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

❝♦♥❞✐t✐♦♥s ❛s ❝♦♥str❛✐♥ts ♦♥ t❤❡ ✈❛❧✉❡s t❤❛t t❤❡ ♣❛r❛♠❡t❡rs ❝❛♥ t❛❦❡✳ ❚❤❡

❡♥❞ r❡s✉❧t ✇✐❧❧ ❜❡ ❛ s❡t ♦❢ ❛❞❥✉st❡❞ ❡①♣❡♥❞✐t✉r❡ s❤❛r❡s t❤❛t ❛r❡ ❛s ❝❧♦s❡ ❛s

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

s✉❝❤ t❤❛t t❤❡ ❡st✐♠❛t❡❞ ❜✉♥❞❧❡s ❛r❡ ❝♦♥s✐st❡♥t ✇✐t❤ s♦♠❡ ❛r❜✐tr❛r② ✉♥❦♥♦✇♥

♣r❡❢❡r❡♥❝❡ s❡t✳

✶✵



✹ ❆ r❡❛ss❡ss♠❡♥t ♦❢ ♣♦✈❡rt② ✐♥ ❯❣❛♥❞❛

■♥ t❤✐s r❡❛ss❡ss♠❡♥t ♦❢ ♣♦✈❡rt② ✐♥ ❯❣❛♥❞❛✱ ✇❡ ✇✐❧❧ ♠❛✐♥❧② ✇♦r❦ ✇✐t❤ t❤❡

❢♦✉r ✇❛✈❡s ♦❢ t❤❡ ❯❣❛♥❞❛ ◆❛t✐♦♥❛❧ P❛♥❡❧ ❙✉r✈❡② ✭❯◆P❙✮✳ ❚❤❡ ❯◆P❙ ✐s ❛

♠✉❧t✐✲t♦♣✐❝ ♣❛♥❡❧ ❤♦✉s❡❤♦❧❞ s✉r✈❡② st❛rt❡❞ ❜② ❯❇❖❙ ✐♥ ✷✵✵✾✴✶✵✳ ❍♦✇❡✈❡r✱

t❤❡ ✷✵✵✾✴✶✵ s❛♠♣❧❡ ✇❛s ❡ss❡♥t✐❛❧❧② ❛ s✉❜s❡t ♦❢ ✸✱✶✷✸ ❤♦✉s❡❤♦❧❞s t❤❛t ✇❡r❡ ✐♥✲

t❡r✈✐❡✇❡❞ ❛s ♣❛rt ♦❢ t❤❡ ✷✵✵✺✴✵✻ ❯❣❛♥❞❛ ◆❛t✐♦♥❛❧ ❍♦✉s❡❤♦❧❞ ❙✉r✈❡② ✭❯◆❍❙

✷✵✵✺✴✵✻✮✱ ❛ ♥❛t✐♦♥❛❧❧② r❡♣r❡s❡♥t❛t✐✈❡ s✉r✈❡② t❤❛t ❝♦✈❡r❡❞ ✻✱✼✼✺ ❤♦✉s❡❤♦❧❞s✳

❆s s✉❝❤✱ t❤❡ ✜rst ✇❛✈❡ ♦❢ t❤❡ ♣❛♥❡❧ ❝♦♠♣r✐s❡s t❤❡ ❯◆❍❙ ✷✵✵✺✴✵✻ ❞❛t❛ ♦❢ t❤✐s

s✉❜s❛♠♣❧❡ ♦❢ ✸✱✶✷✸ ❤♦✉s❡❤♦❧❞s✳ ❆❢t❡r t❤❡ s❡❝♦♥❞ ✇❛✈❡ ♦❢ ✷✵✵✾✴✶✵✱ t❤❡ s✉r✈❡②

✇❛s r❡♣❡❛t❡❞ ❛♥♥✉❛❧❧②✳ ❈✉rr❡♥t❧② ❞❛t❛ ❛r❡ ❛✈❛✐❧❛❜❧❡ ❢♦r ❛ t❤✐r❞ r♦✉♥❞ ❝♦✈❡r✲

✐♥❣ t❤❡ ✷✵✶✵✴✶✶ ❛❣r✐❝✉❧t✉r❛❧ ②❡❛r ❛♥❞ ❛ ❢♦✉rt❤ r♦✉♥❞ ❝♦✈❡r✐♥❣ t❤❡ ✷✵✶✶✴✶✷

❛❣r✐❝✉❧t✉r❛❧ ②❡❛r✳✼ ❚❤❡ ❯◆P❙ ✐s ❝♦♥❞✉❝t❡❞ ✐♥ t✇♦ ✈✐s✐ts t♦ ❜❡tt❡r ❝❛♣t✉r❡

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

tr②✳ ▼♦r❡ ✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t t❤❡ ❯◆P❙ ❝❛♥ ❜❡ ❢♦✉♥❞ ✐♥ ❯❇❖❙ ✭✷✵✶✵✮✳

❋♦r t❤❡ ❝♦♥str✉❝t✐♦♥ ♦❢ t❤❡ ✉t✐❧✐t②✲❝♦♥s✐st❡♥t ♣♦✈❡rt② t❤r❡s❤♦❧❞s ❡❧❛❜♦✲

r❛t❡❞ ♦♥ ✐♥ t❤❡ ♣r❡✈✐♦✉s s❡❝t✐♦♥✱ ✇❡ ✇✐❧❧ ✉s❡ t❤❡ ✷✵✶✷✴✶✸ ❯❣❛♥❞❛ ◆❛t✐♦♥❛❧

❍♦✉s❡❤♦❧❞ ❙✉r✈❡② ✭❯◆❍❙ ✷✵✶✷✴✶✸✮✳ ❏✉st ❛s t❤❡ ❯◆❍❙ ✷✵✵✺✴✵✻✱ t❤❡ ❯◆❍❙

✷✵✶✷✴✶✸ ✐s ♥❛t✐♦♥❛❧❧② r❡♣r❡s❡♥t❛t✐✈❡✱ t❤✐s t✐♠❡ ❝♦✈❡r✐♥❣ ✻✱✽✽✽ ❤♦✉s❡❤♦❧❞s✳ ❲❡

❝❤♦♦s❡ t❤✐s s✉r✈❡② ❜❡❝❛✉s❡ ✐t ✐s t❤❡ ♠♦st r❡❝❡♥t ♦♥❡ ❛✈❛✐❧❛❜❧❡✱ ❛♥❞ t❤❡ ❝♦♥✲

str✉❝t✐♦♥ ♦❢ ✉t✐❧✐t②✲❝♦♥s✐st❡♥t ♣♦✈❡rt② ❧✐♥❡s r❡q✉✐r❡s ❛ s✉✣❝✐❡♥t❧② ❧❛r❣❡ s❛♠✲

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

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

t❤❡ ❞♦♠❛✐♥s✳ ■t ❛❧s♦ ❛❧❧♦✇s ✉s t♦ ❞❡✜♥❡ ♣♦✈❡rt② ❧✐♥❡s ❛t ❛ ♠♦r❡ ❞✐s❛❣❣r❡✲

❣❛t❡❞ ❧❡✈❡❧ t❤❛♥ t❤❡ ♠❛①✐♠✉♠ ❧❡✈❡❧ ♦❢ ❞✐s❛❣❣r❡❣❛t✐♦♥ ❢♦r ✇❤✐❝❤ t❤❡ ❯◆P❙

✐s ❞❡❡♠❡❞ r❡♣r❡s❡♥t❛t✐✈❡✳✽ ❖✉r ❜❛s❡❧✐♥❡ ❝❛s❡ ✇✐❧❧ ❧♦♦❦ ❛t ♣♦✈❡rt② ♠❡❛s✉r❡s

❜❛s❡❞ ♦♥ ❛ s✐♥❣❧❡ ♥❛t✐♦♥❛❧ ♣♦✈❡rt② ❧✐♥❡ ✉s✐♥❣ ❛ s✐♥❣❧❡ s♣❛t✐❛❧ ❞♦♠❛✐♥✱ ❛s t❤✐s

✇♦✉❧❞ ❜❡ ❝❧♦s❡ t♦ s✐♠♣❧② ✉♣❞❛t✐♥❣ t❤❡ ❝✉rr❡♥t ♦✣❝✐❛❧ ♣♦✈❡rt② ❧✐♥❡✳ ❚❤✐s

✇✐❧❧ t❤❡♥ ❜❡ ❝♦♠♣❛r❡❞ t♦ ❛♥ ❛♥❛❧②s✐s ❜❛s❡❞ ♦♥ s✐① s❡♣❛r❛t❡ s♣❛t✐❛❧ ❞♦♠❛✐♥s

✼◆♦ ❯◆P❙ s✉r✈❡② ❤❛s ❜❡❡♥ ❞♦♥❡ ✐♥ ✷✵✶✷✴✶✸✳
✽❚❤❡ ❯◆P❙ ✐s r❡♣r❡s❡♥t❛t✐✈❡ ♦♥❧② ✉♣ t♦ t❤❡ r❡❣✐♦♥❛❧ ❧❡✈❡❧✳

✶✶



✭❑❛♠♣❛❧❛✱ ❘✉r❛❧ ❝❡♥tr❛❧✱ ❘✉r❛❧ ❊❛st✱ ❘✉r❛❧ ◆♦rt❤✱ ❘✉r❛❧ ❲❡st✱ ❛♥❞ ❖t❤❡r

❯r❜❛♥✮✳

▼♦r❡ s♣❡❝✐✜❝❛❧❧②✱ ❢♦❧❧♦✇✐♥❣ ❆r♥❞t ❛♥❞ ❙✐♠❧❡r ✭✷✵✶✵✮✱ ✇❡ st❛rt ❜② ❝♦♥✲

str✉❝t✐♥❣ ❢♦♦❞ ❜✉♥❞❧❡s ✐♥ ❡❛❝❤ s♣❛t✐❛❧ ❞♦♠❛✐♥✳ ■♥ ❡❛❝❤ ❞♦♠❛✐♥✱ ❛ ❜❛s❦❡t ♦❢

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

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

s✉♠♣t✐♦♥ ♣❛tt❡r♥s ♦❢ ♣♦♦r❡r ❤♦✉s❡❤♦❧❞s✳✾ ❚❤❡ ❝♦st ♦❢ t❤✐s ❜❛s❦❡t✱ ✈❛❧✉❡❞ ❛t

♣r✐❝❡s ♣r❡✈❛✐❧✐♥❣ ✇✐t❤✐♥ ❡❛❝❤ s♣❛t✐❛❧ ❞♦♠❛✐♥✱ r❡s✉❧ts ✐♥ ❛ s❡t ♦❢ ❢♦♦❞ ♣♦✈❡rt②

❧✐♥❡s✱ ♦♥❡ ✐♥ ❡❛❝❤ s♣❛t✐❛❧ ❞♦♠❛✐♥✳ ♥♦♥✲❢♦♦❞ ♣♦✈❡rt② ❧✐♥❡s ❛r❡ ♦❜t❛✐♥❡❞ ❜②

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

❛♥❞ ♥♦♥✲❢♦♦❞ ❝♦♥s✉♠♣t✐♦♥ ♣❡r ❝❛♣✐t❛ ✐s ♥❡❛r t❤❡ ❢♦♦❞ ♣♦✈❡rt② ❧✐♥❡✳ ❚♦t❛❧

♣♦✈❡rt② ❧✐♥❡s ❛r❡ ♦❜t❛✐♥❡❞ ❛s t❤❡ s✉♠ ♦❢ t❤❡ ❢♦♦❞ ❛♥❞ t❤❡ ♥♦♥✲❢♦♦❞ ♣♦✈❡rt②

❧✐♥❡s✳ ❚❤❡s❡ ♣♦✈❡rt② ❧✐♥❡s ❛r❡ t❤❡♥ ❝♦♠♣❛r❡❞✱ t♦ ♠❛❦❡ s✉r❡ t❤❛t t❤❡② ❛r❡

✉t✐❧✐t②✲❝♦♥s✐st❡♥t✳ ■♥ ♣❛rt✐❝✉❧❛r✱ ✇❡ ❝♦♠♣❛r❡ t❤❡ ❝♦st ♦❢ ❛ ❜✉♥❞❧❡ ✐♥ ♦♥❡ s♣❛✲

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

♣r✐❝❡ ✐♥ t❤✐s s♣❛t✐❛❧ ❞♦♠❛✐♥✳ ❆s st❛t❡❞ ❛❜♦✈❡✱ r❡✈❡❛❧❡❞ ♣r❡❢❡r❡♥❝❡s st❛t❡s t❤❛t

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

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

✇❡ ✉s❡ ❛ ♠✐♥✐♠✉♠ ❝r♦ss✲❡♥tr♦♣② ❢r❛♠❡✇♦r❦ t♦ ❛❞❥✉st ❝♦♥s✉♠♣t✐♦♥ s❤❛r❡s ✐♥

s✉❝❤ ❛ ✇❛② t❤❛t r❡✈❡❛❧❡❞ ♣r❡❢❡r❡♥❝❡ ❝♦♥❞✐t✐♦♥s ❛r❡ s❛t✐s✜❡❞✳

■t ❝❛♥ ❜❡ ✐♥str✉❝t✐✈❡ t♦ ❤❛✈❡ ❛ ❝❧♦s❡r ❧♦♦❦ ❛t t❤❡ ♣♦✈❡rt② ❧✐♥❡s✳ ❆❢t❡r

❛❧❧✱ ♣♦✈❡rt② ❧✐♥❡s ❛r❡ ♥♦t ♦♥❧② ✉s❡❢✉❧ t♦ s❡♣❛r❛t❡ t❤❡ r✐❝❤ ❢r♦♠ t❤❡ ♣♦♦r✱ ❜✉t

❛❧s♦ s❡r✈❡ ❛s ❞❡✢❛t♦rs ❢♦r ❝♦st✲♦❢✲❧✐✈✐♥❣ ❞✐✛❡r❡♥❝❡s✱ ♣❡r♠✐tt✐♥❣ ✐♥t❡r♣❡rs♦♥❛❧

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

♦r s♣❛❝❡ ✭❘❛✈❛❧❧✐♦♥ ✶✾✾✽✮✳ ❚❛❜❧❡ ✷ r❡♣♦rts t❤❡ ✉t✐❧✐t②✲❝♦♥s✐st❡♥t ♣♦✈❡rt②

❧✐♥❡s ✇❡ ❡st✐♠❛t❡ ✉s✐♥❣ t❤❡ ✷✵✶✷✴✶✸ ❯◆❍❙ ❜❛s❡❞ ♦♥ t❤❡ s✐① ❞✐✛❡r❡♥t s♣❛t✐❛❧

❞♦♠❛✐♥s✳✶✵ ❚❤❡ ❝♦st ♦❢ ❧✐✈✐♥❣ s❡❡♠s t♦ ❜❡ ❤✐❣❤❡st ✐♥ t❤❡ ❝❡♥tr❛❧ r❡❣✐♦♥✳

✾❚❤❡ ❞❡♠♦❣r❛♣❤✐❝ str✉❝t✉r❡ ♦❢ ❡❛❝❤ r❡❣✐♦♥ ✐s ♠❛♣♣❡❞ t♦ ❛♥ ❛✈❡r❛❣❡ ❜❛s✐❝ ❝❛❧♦r✐❡ r❡✲
q✉✐r❡♠❡♥t ✐♥ ❡❛❝❤ r❡❣✐♦♥ ✉s✐♥❣ ❲❍❖ ✭✶✾✽✺✮✳ ❚❤❡ ♠❛♣♣✐♥❣ ❢r♦♠ t❤❡s❡ ❜❛s✐❝ ❝❛❧♦r✐❝ ♥❡❡❞s
✐♥t♦ ❜❛s✐❝ ♥❡❡❞s ❝♦♥s✉♠♣t✐♦♥ ❜✉♥❞❧❡s ✐s ❜❛s❡❞ ♦♥ ❋❆❖ ✭✶✾✽✻✮✳

✶✵❚❤❡ ♣♦✈❡rt② ❧✐♥❡s ✐♥ ❚❛❜❧❡ ✷ ❛r❡ ❛❣❣r❡❣❛t❡❞ t♦ ❞✐✛❡r❡♥t s♣❛t✐❛❧ ❞♦♠❛✐♥s ❢♦r t❤❡ s❛❦❡ ♦❢

✶✷



❚❤❡ ❲❡st❡r♥ r❡❣✐♦♥ ❝♦♠❡s ✐♥ s❡❝♦♥❞✳ ❚❤✐s ✐s ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ✜♥❞✐♥❣s ♦❢

❆♣♣❧❡t♦♥ ✭✷✵✵✸✮ ❛♥❞ ❏❛♠❛❧ ✭✶✾✾✽✮ ❛♥❞ ✐s ❝❛✉s❡❞ ❜② t❤❡ ❧♦✇ ❡♥❡r❣② ❝♦♥t❡♥t

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

✐♥ t❤❡ ✇❡st❡r♥ ❛♥❞ ❝❡♥tr❛❧ r❡❣✐♦♥s✳ ❍♦✉s❡❤♦❧❞s ✐♥ t❤❡ ❡❛st❡r♥ r❡❣✐♦♥✱ ♦♥ t❤❡

♦t❤❡r ❤❛♥❞✱ ❝♦♥s✉♠❡ ❛ ❧♦t ♦❢ ❝❛ss❛✈❛✱ ♠♦st❧② ✐♥ ❞r✐❡❞ ♦r ✢♦✉r ❢♦r♠✱ ✇❤✐❝❤

✐s ♦♥❧② t❤r❡❡ t✐♠❡s ❛s ❝♦st❧② ❜✉t ♠♦r❡ t❤❛♥ ❡✐❣❤t t✐♠❡s ❛s ♥✉tr✐t✐♦✉s✳ ❲❤✐❧❡

t❤❡ ✷✵✶✷✴✶✸ ♣♦✈❡rt② ❧✐♥❡s ❛r❡ ❞✐r❡❝t❧② ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ✷✵✶✷✴✶✸ ❯◆❍❙✱ t❤❡

♣♦✈❡rt② ❧✐♥❡s ❢♦r t❤❡ ♦t❤❡r ②❡❛rs ❛r❡ s✐♠♣❧② ❞❡✢❛t❡❞ ✉s✐♥❣ t❤❡ ❈♦♥s✉♠❡r Pr✐❝❡

■♥❞❡①✳ P♦✈❡rt② ❧✐♥❡s ❛r❡ ❡①♣r❡ss❡❞ ✐♥ ❯❣❛♥❞❛♥ s❤✐❧❧✐♥❣s ♣❡r ♣❡rs♦♥ ♣❡r ❞❛②✳

▲❡t ✉s ♥♦✇ ❧♦♦❦ ❛t t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ ♣♦✈❡rt② ❞✉r✐♥❣ t❤❡ r❡❝❡♥t ♣❛st✳ ❲❡

✇✐❧❧ ♣r❡s❡♥t t✇♦ s❡ts ♦❢ r❡s✉❧ts✳ ❚❤❡ ✜rst s❡t ♦❢ r❡s✉❧ts✱ r❡♣♦rt❡❞ ✐♥ ❚❛❜❧❡ ✸✱

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

♣♦✈❡rt② ❧✐♥❡ ❜❛s❡❞ ♦♥ ❛ s✐♥❣❧❡ ♥❛t✐♦♥❛❧ ❢♦♦❞ ❜❛s❦❡t✳✶✶ ❲❡ ❞♦ t❤✐s ❜❡❝❛✉s❡✱ ✐♥

❛ ✇❛②✱ t❤✐s ✇♦✉❧❞ ❜❡ t❤❡ ❝❧♦s❡st t♦ s✐♠♣❧② ✉♣❞❛t✐♥❣ t❤❡ ♦✣❝✐❛❧ ♣♦✈❡rt② ❧✐♥❡✱

t❤❛t ✐s ❜❛s❡❞ ♦♥ ♦♥❡ s✐♥❣❧❡ ♥❛t✐♦♥❛❧ ❝♦♥s✉♠♣t✐♦♥ ❜❛s❦❡t✳ ❙❡❝♦♥❞✱ ✇❡ ✇✐❧❧

♣r❡s❡♥t r❡s✉❧ts ❢♦r ❛♥ ❛♥❛❧②s✐s t❤❛t ✉s❡s t❤❡ s✐① s♣❛t✐❛❧ ❞♦♠❛✐♥s ♠❡♥t✐♦♥❡❞

❛❜♦✈❡ ✭❑❛♠♣❛❧❛✱ ❘✉r❛❧ ❈❡♥tr❛❧✱ ❘✉r❛❧ ❊❛st✱ ❘✉r❛❧ ◆♦rt❤✱ ❘✉r❛❧ ❲❡st✱ ❛♥❞

❖t❤❡r ❯r❜❛♥✮✳ ❚❤❡ r❡s✉❧ts ❛r❡ r❡♣♦rt❡❞ ✐♥ ❚❛❜❧❡ ✹✳

❝♦♠♣❛r✐s♦♥ t♦ ♦✣❝✐❛❧ st❛t✐st✐❝s✳ ❚❤❡ ✉♥❞❡r❧②✐♥❣ ♣♦✈❡rt② ❧✐♥❡s ❢♦r t❤❡ s✐① s♣❛t✐❛❧ ❞♦♠❛✐♥s✱
✐♥ ❛❞❞✐t✐♦♥ t♦ ❛ ♣♦✈❡rt② ❧✐♥❡ ✉s✐♥❣ ♦♥❧② ♦♥❡ ✭♥❛t✐♦♥❛❧✮ s♣❛t✐❛❧ ❞♦♠❛✐♥ ❢♦r ❝♦♠♣❛r✐s♦♥✱
❛r❡ ♣r❡s❡♥t❡❞ ✐♥ ❚❛❜❧❡ ❆✳✶ ✐♥ t❤❡ ❛♣♣❡♥❞✐①✳ ■t ✐s ♥♦t ♣♦ss✐❜❧❡ t♦ ❞✐r❡❝t❧② ❝♦♠♣❛r❡ t❤❡
✉t✐❧✐t②✲❝♦♥s✐st❡♥t ♣♦✈❡rt② ❧✐♥❡s ✇❡ ❡st✐♠❛t❡ t♦ t❤❡ ♦✣❝✐❛❧ ♣♦✈❡rt② ❧✐♥❡s✱ s✐♥❝❡ s♣❛t✐❛❧ ♣r✐❝❡
❞✐✛❡r❡♥❝❡s ❛r❡ ♥♦t r❡✢❡❝t❡❞ ✐♥ t❤❡ ♣♦✈❡rt② ❧✐♥❡s✳ ■♥st❡❛❞✱ t❤❡ ♦✣❝✐❛❧ ♣♦✈❡rt② ♠❡❛s✉r❡s
✐♥❝♦r♣♦r❛t❡ s♣❛t✐❛❧ ♣r✐❝❡ ❞✐✛❡r❡♥❝❡ ❜② ❛❞❥✉st✐♥❣ t❤❡ ✇❡❧❢❛r❡ ✐♥❞✐❝❛t♦r✳

✶✶❚❤✐s ♥❛t✐♦♥❛❧ ♣♦✈❡rt② ❧✐♥❡ ✇❛s ❡st✐♠❛t❡❞ t♦ ❜❡ ✶✷✸✸✳✹✷✱ s❡❡ ✜rst r♦✇ ✐♥ ❚❛❜❧❡ ❆✳✶ ✐♥
t❤❡ ❛♣♣❡♥❞✐①✳ ❖♥❡ ♠❛② ❜❡ s✉r♣r✐s❡❞ t❤❛t t❤❡ ♣♦✈❡rt② ❧✐♥❡ ❜❛s❡❞ ♦♥ ❛ s✐♥❣❧❡ s♣❛t✐❛❧ ❞♦♠❛✐♥
✐s s♦ ❧♦✇✱ ❛♥❞ ❜❡❧♦✇ ❛❧❧ ♦❢ t❤❡ ♦t❤❡r ♣♦✈❡rt② ❧✐♥❡s ❡st✐♠❛t❡❞ ✐♥ t❤❡ s✐① r❡❣✐♦♥s✱ ✐♥st❡❛❞ ♦❢
s♦♠❡✇❤❡r❡ ✐♥ ❜❡t✇❡❡♥✳ ❚❤✐s ✐s ❜❡❝❛✉s❡✱ ✉s✐♥❣ ♦♥❧② ♦♥❡ s♣❛t✐❛❧ ❞♦♠❛✐♥ ❡ss❡♥t✐❛❧❧② ♠❡❛♥s
t❤❛t ❛ s✐♥❣❧❡ ♣♦✈❡rt② ❧✐♥❡ ✐s ❝♦♥str✉❝t❡❞ ❜❛s❡❞ ♦♥ t❤❡ ❧♦✇❡st ❝♦st ❛♥❞ ❧♦✇❡st ❝♦♥s✉♠✐♥❣
r✉r❛❧ ③♦♥❡s✳ ❚❤✐s ❧❡❛❞s t♦ ❛ ❧♦✇ ♣♦✈❡rt② ❧✐♥❡✱ ❝❧♦s❡r t♦ t❤❡ ❧♦✇❡st ♣♦✈❡rt② ❧✐♥❡ ✉s✐♥❣ ❞✐✛❡r❡♥t
s♣❛t✐❛❧ ❞♦♠❛✐♥s ✭❡❛st❡r♥ r❡❣✐♦♥✮ t❤❛♥ t♦ t❤❡ ❤✐❣❤❡st ♣♦✈❡rt② ❧✐♥❡ ✭❑❛♠♣❛❧❛✮✳ ❚❤❡ ❢❛❝t t❤❛t
t❤❡ ♣♦✈❡rt② ❧✐♥❡ ✉s✐♥❣ ♦♥❡ s♣❛t✐❛❧ ❞♦♠❛✐♥ ✐s ❛❝t✉❛❧❧② ❜❡❧♦✇ t❤❡ ❧♦✇❡st ♣♦✈❡rt② ❧✐♥❡ ✇❤❡♥
❞✐✛❡r❡♥t s♣❛t✐❛❧ ❞♦♠❛✐♥s ❛r❡ ✉s❡❞ ✐s ❞✉❡ t♦ t❤❡ ✉t✐❧✐t② ❝♦♥s✐st❡♥❝② ❛❞❥✉st♠❡♥ts✳ P♦✈❡rt②
❧✐♥❡s ❢♦r t❤❡ ❝❡♥tr❛❧ ❛♥❞ ❡❛st❡r♥ r❡❣✐♦♥s ❛r❡ s✐❣♥✐✜❝❛♥t❧② ❛❞❥✉st❡❞ ✉♣✇❛r❞✱ ❧✐❢t✐♥❣ t❤❡♠
❛❜♦✈❡ t❤❡ ♣♦✈❡rt② ❧✐♥❡ ✉s✐♥❣ ❛ s✐♥❣❧❡ s♣❛t✐❛❧ ❞♦♠❛✐♥✳
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❚❛❜❧❡ ✷✿ ❯t✐❧✐t②✲❝♦♥s✐st❡♥t ♣♦✈❡rt② ❧✐♥❡s ❜❛s❡❞ ♦♥ ❯◆❍❙ ✷✵✶✷✴✶✸
✷✵✵✺✴✵✻ ✷✵✵✾✴✶✵ ✷✵✶✵✴✶✶ ✷✵✶✶✴✶✷ ✷✵✶✷✴✶✸

❯❣❛♥❞❛ ✾✷✾✳✸✹ ✶✸✸✽✳✶✸ ✶✹✷✺✳✺✷ ✶✼✻✵✳✾✸ ✶✽✻✵✳✺✹

❘✉r❛❧ ✾✵✶✳✾✸ ✶✷✾✽✳✻✻ ✶✸✽✸✳✹✼ ✶✼✵✽✳✾✾ ✶✽✵✺✳✻✻
❯r❜❛♥ ✶✵✷✹✳✻✾ ✶✹✼✺✳✹✸ ✶✺✼✶✳✼✽ ✶✾✹✶✳✻✶ ✷✵✺✶✳✹✹

❈❡♥tr❛❧ ✶✵✹✽✳✺✼ ✶✺✵✾✳✽✵ ✶✻✵✽✳✹✵ ✶✾✽✻✳✽✹ ✷✵✾✾✳✷✸
❊❛st❡r♥ ✼✾✽✳✹✵ ✶✶✹✾✳✺✾ ✶✷✷✹✳✻✻ ✶✺✶✷✳✽✶ ✶✺✾✽✳✸✾
◆♦rt❤❡r♥ ✾✶✹✳✸✺ ✶✸✶✻✳✺✹ ✶✹✵✷✳✺✷ ✶✼✸✷✳✺✷ ✶✽✸✵✳✺✷
❲❡st❡r♥ ✾✼✺✳✷✼ ✶✹✵✹✳✷✻ ✶✹✾✺✳✾✻ ✶✽✹✼✳✾✺ ✶✾✺✷✳✹✾

❑❛♠♣❛❧❛ ✶✷✻✷✳✸✾ ✶✽✶✼✳✻✽ ✶✾✸✻✳✸✽ ✷✸✾✷✳✵✵ ✷✺✷✼✳✸✵
❈❡♥tr❛❧ ✶ ✶✵✶✸✳✷✹ ✶✹✺✽✳✾✹ ✶✺✺✹✳✷✶ ✶✾✶✾✳✾✶ ✷✵✷✽✳✺✶
❈❡♥tr❛❧ ✷ ✶✵✷✵✳✷✹ ✶✹✻✾✳✵✷ ✶✺✻✹✳✾✺ ✶✾✸✸✳✶✼ ✷✵✹✷✳✺✸
❊❛st ❈❡♥tr❛❧ ✽✵✸✳✸✾ ✶✶✺✻✳✼✽ ✶✷✸✷✳✸✸ ✶✺✷✷✳✷✽ ✶✻✵✽✳✸✾
❊❛st❡r♥ ✼✾✹✳✽✸ ✶✶✹✹✳✹✺ ✶✷✶✾✳✶✾ ✶✺✵✻✳✵✺ ✶✺✾✶✳✷✺
▼✐❞✲♥♦rt❤❡r♥ ✾✶✼✳✸✶ ✶✸✷✵✳✽✶ ✶✹✵✼✳✵✼ ✶✼✸✽✳✶✹ ✶✽✸✻✳✹✻
◆♦rt❤❡❛st❡r♥ ✾✶✶✳✵✹ ✶✸✶✶✳✼✽ ✶✸✾✼✳✹✺ ✶✼✷✻✳✷✻ ✶✽✷✸✳✾✶
❲❡st ◆✐❧❡ ✾✶✵✳✼✹ ✶✸✶✶✳✸✹ ✶✸✾✻✳✾✽ ✶✼✷✺✳✻✽ ✶✽✷✸✳✸✵
▼✐❞✲✇❡st❡r♥ ✾✼✺✳✺✽ ✶✹✵✹✳✼✷ ✶✹✾✻✳✹✺ ✶✽✹✽✳✺✺ ✶✾✺✸✳✶✷
❙♦✉t❤✇❡st❡r♥ ✾✼✹✳✾✻ ✶✹✵✸✳✽✷ ✶✹✾✺✳✺✵ ✶✽✹✼✳✸✽ ✶✾✺✶✳✽✽
❙♦✉r❝❡✿ ❋✐❣✉r❡s ❛r❡ ❝❛❧❝✉❧❛t❡❞ ❢r♦♠ t❤❡ r❡s♣❡❝t✐✈❡ ❯◆❍❙ ✷✵✶✷✴✶✸✳
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❚❛❜❧❡ ✸✿ P♦✈❡rt② ❤❡❛❞❝♦✉♥ts ✷✵✵✷✲✷✵✶✷ ✉s✐♥❣ ♦♥❡ s♣❛t✐❛❧ ❞♦♠❛✐♥
✷✵✵✺✴✵✻ ✷✵✵✾✴✶✵ ✷✵✶✵✴✶✶ ✷✵✶✶✴✶✷ ✷✵✶✷✴✶✸
P✵ ❝♦♥tr P✵ ❝♦♥tr P✵ ❝♦♥tr P✵ ❝♦♥tr P✵ ❝♦♥tr

❯❣❛♥❞❛ ✵✳✷✶✻ ✶✳✵✵✵ ✵✳✷✵✵ ✶✳✵✵✵ ✵✳✷✵✼ ✶✳✵✵✵ ✵✳✶✺✼ ✶✳✵✵✵ ✵✳✶✸✻ ✶✳✵✵✵

❘✉r❛❧ ✵✳✷✺✵ ✵✳✾✻✺ ✵✳✷✷✾ ✵✳✾✻✸ ✵✳✷✸✷ ✵✳✾✻✷ ✵✳✶✼✾ ✵✳✾✺✶ ✵✳✶✺✾ ✵✳✾✵✵
❯r❜❛♥ ✵✳✵✹✻ ✵✳✵✸✺ ✵✳✵✹✼ ✵✳✵✸✼ ✵✳✵✺✻ ✵✳✵✸✽ ✵✳✵✹✺ ✵✳✵✹✾ ✵✳✵✻✵ ✵✳✶✵✵

❈❡♥tr❛❧ ✵✳✶✵✸ ✵✳✶✹✽ ✵✳✵✽✷ ✵✳✶✷✼ ✵✳✵✹✽ ✵✳✵✺✾ ✵✳✵✷✷ ✵✳✵✸✶ ✵✳✵✷✹ ✵✳✵✹✻
❊❛st❡r♥ ✵✳✷✷✸ ✵✳✷✺✼ ✵✳✷✵✵ ✵✳✷✹✹ ✵✳✷✹✽ ✵✳✸✷✶ ✵✳✶✽✻ ✵✳✸✼✾ ✵✳✶✻✺ ✵✳✸✺✷
◆♦rt❤❡r♥ ✵✳✹✽✽ ✵✳✸✾✵ ✵✳✸✽✺ ✵✳✸✹✻ ✵✳✸✵✵ ✵✳✸✸✺ ✵✳✷✽✻ ✵✳✸✽✷ ✵✳✸✸✻ ✵✳✺✶✷
❲❡st❡r♥ ✵✳✶✻✹ ✵✳✷✵✺ ✵✳✷✶✷ ✵✳✷✽✸ ✵✳✷✹✵ ✵✳✷✽✺ ✵✳✶✷✾ ✵✳✷✵✼ ✵✳✵✺✶ ✵✳✵✾✵
❙♦✉r❝❡✿ ❋✐❣✉r❡s ❛r❡ ❝❛❧❝✉❧❛t❡❞ ❢r♦♠ t❤❡ r❡s♣❡❝t✐✈❡ ❯◆❍❙ ❛♥❞ ❯◆P❙ ✇❛✈❡s✳
◆♦t❡✿ P✵ ♠❡❛♥s ❤❡❛❞❝♦✉♥t ♣♦✈❡rt②✱ ❝♦♥tr ♠❡❛♥s ❝♦♥tr✐❜✉t✐♦♥ t♦ ♥❛t✐♦♥❛❧

♣♦✈❡rt②✳

P♦✈❡rt② ❤❡❛❞❝♦✉♥ts ✉s✐♥❣ ♦♥❡ s♣❛t✐❛❧ ❞♦♠❛✐♥ ❛s r❡♣♦rt❡❞ ✐♥ ❚❛❜❧❡ ✸ ❛r❡

♠✉❝❤ ❧♦✇❡r t❤❛♥ t❤❡ ♦✣❝✐❛❧ ❤❡❛❞❝♦✉♥ts r❡♣♦rt❡❞ ✐♥ ❚❛❜❧❡ ✶✳ ❋♦r ✐♥st❛♥❝❡✱

t❤❡ ♥❛t✐♦♥❛❧ ❡st✐♠❛t❡ ✐♥ ✷✵✵✺✴✵✻ ✐s ❛❜♦✉t ✶✵ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ❧♦✇❡r t❤❛♥

t❤❡ ♦✣❝✐❛❧ ❡st✐♠❛t❡s✳ ❍♦✇❡✈❡r✱ t❤❡ r❡❞✉❝t✐♦♥ ✐♥ ♣♦✈❡rt② ❜❡t✇❡❡♥ ✷✵✵✺✴✵✻

❛♥❞ ✷✵✵✾✴✶✵ ✭✼✳✹ ♣❡r ❝❡♥t✮ ✐s ♠✉❝❤ s♠❛❧❧❡r t❤❛♥ ✐♥ t❤❡ ♦✣❝✐❛❧ ✜❣✉r❡s ✭♠♦r❡

t❤❛♥ ✷✵ ♣❡r ❝❡♥t✮✳ ❚❤❡r❡ ✐s ❛ s❧✐❣❤t ✐♥❝r❡❛s❡ ✐♥ ♣♦✈❡rt② ✐♥ ✷✵✶✵✴✶✶✱ ❜✉t

♥❛t✐♦♥❛❧ ❤❡❛❞❝♦✉♥t ♣♦✈❡rt② ❢❛❧❧s t♦ ❛❜♦✉t ✶✻ ♣❡r ❝❡♥t ✐♥ ✷✵✶✶✴✶✷✳✶✷ ❖✈❡r❛❧❧✱

t❤❡ r❡❞✉❝t✐♦♥ ✐♥ ♣♦✈❡rt② ❜❡t✇❡❡♥ ✷✵✵✺✴✵✻ ❛♥❞ ✷✵✶✷✴✶✸ ✇❛s ❛❜♦✉t t❤❡ s❛♠❡

❛s ✐♥ t❤❡ ♦✣❝✐❛❧ ✜❣✉r❡s ❛t ❛r♦✉♥❞ ✸✼ ♣❡r ❝❡♥t✱ ♠♦st ♦❢ t❤✐s ❝♦♠✐♥❣ ❛❜♦✉t ✐♥

t❤❡ t✇♦ ❧❛st ②❡❛rs ♦❢ t❤❡ ♣❛♥❡❧✳ ❚❤❡ s♣❛t✐❛❧ ♣❛tt❡r♥s ❛r❡ t❤❡ s❛♠❡✱ ❛s ❜♦t❤

t❤❡s❡ ❛♥❞ t❤❡ ♦✣❝✐❛❧ ❡st✐♠❛t❡s ❛r❡ ❜❛s❡❞ ♦♥ ❛ s✐♥❣❧❡ ♣♦✈❡rt② ❧✐♥❡✳

❚❤❡ ♥❛t✐♦♥❛❧ ♣♦✈❡rt② ❤❡❛❞❝♦✉♥ts ❛r❡ ♠✉❝❤ ❤✐❣❤❡r t❤❛♥ t❤❡ ♦✣❝✐❛❧ ♦♥❡s ✐❢

✶✷❲❤✐❧❡ ♣❛rt ♦❢ t❤❡ ✐♥❝r❡❛s❡ ✐♥ ✷✵✶✵✴✶✶ ✐s ❧✐❦❡❧② ❝❛✉s❡❞ ❜② t❤❡ ✐♥❝r❡❛s❡ ✐♥ ❢♦♦❞ ♣r✐❝❡s✱
❞❛t❛ ♣r♦❜❧❡♠s ♣r♦✈✐❞❡ ❛♥ ❛❞❞✐t✐♦♥❛❧ ❡①♣❧❛♥❛t✐♦♥✳ ❋♦r ✐♥st❛♥❝❡✱ s✐♠♣❧❡ ❝♦✉♥ts ♦❢ ❤♦✇ ♠❛♥②
❤♦✉s❡❤♦❧❞s r❡♣♦rt ❝♦♥s✉♠✐♥❣ ❛ ♣❛rt✐❝✉❧❛r ❝♦♠♠♦❞✐t② ♣♦✐♥t t♦ s♦♠❡ s❡✈❡r❡ ♣r♦❜❧❡♠s✳ ■♥
✷✵✶✵✴✶✶ ♦♥❧② ❛❜♦✉t ✸✵✵ ❤♦✉s❡❤♦❧❞ r❡♣♦rt ❝♦♥s✉♠✐♥❣ s✇❡❡t ♣♦t❛t♦❡s✱ ✇❤✐❧❡ t❤✐s ✐s ❛r♦✉♥❞
✶✱✹✵✵ ✐♥ t❤❡ ♦t❤❡r r♦✉♥❞s✳ ❋♦r ❝❛ss❛✈❛✱ ✐♥ ✷✵✶✵✴✶✶ ♦♥❧② ✺✻✷ ❤♦✉s❡❤♦❧❞ r❡♣♦rt ❝♦♥s✉♠♣t✐♦♥✱
✈❡rs✉s ❛❣❛✐♥ ❛❜♦✉t ✶✱✹✵✵ ✐♥ ❛❧❧ ♦t❤❡r r♦✉♥❞s ♦❢ t❤❡ ❯◆P❙✳

✶✺



✇❡ ✉s❡ s✐① s♣❛t✐❛❧ ❞♦♠❛✐♥s ✭❚❛❜❧❡ ✹✮✳ ❲❤✐❧❡ ❉❛♥✐❡❧s ❛♥❞ ▼✐♥♦t ✭✷✵✶✹✮ ❛r❣✉❡

t❤❛t t❤❡ ♦r✐❣✐♥❛❧ ✶✾✾✸ ♣♦✈❡rt② ❧✐♥❡s ♠❛② ❤❛✈❡ ✐♥❝r❡❛s❡❞ t♦♦ ❧✐tt❧❡ t♦ ❦❡❡♣

♣❛❝❡ ✇✐t❤ ✐♥✢❛t✐♦♥ ❛♥❞ t❤❛t ❞✐✛❡r❡♥❝❡s ✐♥ t❤❡ ♠❡❛s✉r❡♠❡♥t ♦❢ ❝♦♥s✉♠♣t✐♦♥

♠❛② ❝♦♥tr✐❜✉t❡ t♦ t❤❡ ✉♥❞❡r❡st✐♠❛t✐♦♥ ♦❢ ♣♦✈❡rt②✱ ✇❡ ✜♥❞ t❤❛t ❝♦♥s✉♠♣t✐♦♥

❜✉♥❞❧❡ ❛❣❣r❡❣❛t✐♦♥ ❛❧s♦ s❡❡♠s t♦ ❞❡♣r❡ss ♣♦✈❡rt② ✜❣✉r❡s✳ ❚❤❡ r❡❞✉❝t✐♦♥s

✐♥ ♣♦✈❡rt② ❛❧s♦ s❡❡♠ ♠♦r❡ ♠♦❞❡st t❤❛♥ t❤❡ ♦✣❝✐❛❧ ♦♥❡s✱ ✇✐t❤ ❛♥ ♦✈❡r❛❧❧

r❡❞✉❝t✐♦♥ ✐♥ ♣♦✈❡rt② ❜❡t✇❡❡♥ ✷✵✵✺✴✵✻ ❛♥❞ ✷✵✶✷✴✶✸ ♦❢ ❛❜♦✉t ♦♥❡ q✉❛rt❡r✳

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

♣♦✈❡rt② ❧✐♥❡ ❤❛♣♣❡♥❡❞ ❜❡t✇❡❡♥ ✷✵✶✶✴✶✷ ❛♥❞ ✷✵✶✷✴✶✸✳ ❍♦✇❡✈❡r✱ ✐❢ ✇❡ ❧♦♦❦ ❛t

t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ t❤❡ ♣♦✈❡rt② ❣❛♣ ✭❛s r❡♣♦rt❡❞ ✐♥ ❚❛❜❧❡ ❆✳✷ ✐♥ t❤❡ ❆♣♣❡♥❞✐①✮✱

t❤❡ ❧❛r❣❡st r❡❞✉❝t✐♦♥ ✐s ❜❡t✇❡❡♥ ✷✵✶✵✴✶✶ ❛♥❞ ✷✵✶✶✴✶✷✳ ❚❤✐s s✉❣❣❡sts q✉✐t❡

s♦♠❡ ♠♦❜✐❧✐t② ❜❡❧♦✇ t❤❡ ♣♦✈❡rt② ❧✐♥❡ ❜❡t✇❡❡♥ ✷✵✶✵✴✶✶ ❛♥❞ ✷✵✶✶✴✶✷✳

■❢ ✇❡ ❞✐s❛❣❣r❡❣❛t❡ ❜❡t✇❡❡♥ r✉r❛❧ ❛♥❞ ✉r❜❛♥ ♣♦✈❡rt②✱ ✇❡ s❡❡ t❤❛t ♠♦st ♦❢

t❤❡ ♣♦✈❡rt② r❡❞✉❝t✐♦♥ ❤❛s ❜❡❡♥ ❤❛♣♣❡♥✐♥❣ ✐♥ r✉r❛❧ ❛r❡❛s✳ ❖✈❡r t❤❡ ②❡❛rs✱

♣♦✈❡rt② ✐♥ r✉r❛❧ ❛r❡❛s ❤❛s st❡❛❞✐❧② ❢❛❧❧❡♥ ❢r♦♠ ❛❧♠♦st ✺✵ ♣❡r ❝❡♥t t♦ ✸✻ ♣❡r

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

❜❡t✇❡❡♥ ✷✵✵✺✴✵✻ ❛♥❞ ✷✵✶✵✴✶✶ ✉r❜❛♥ ♣♦✈❡rt② ✇❛s ♦♥ t❤❡ ❞❡❝❧✐♥❡✱ ✐t st❛rt❡❞

r✐s✐♥❣ ❛❣❛✐♥ ❛❢t❡r✇❛r❞s✳ ❆ ♠❛r❦❡❞ ❛❝❝❡❧❡r❛t✐♦♥ ✐♥ ✉r❜❛♥ ♣♦✈❡rt② ❜❡t✇❡❡♥

✷✵✶✶✴✶✷ ❛♥❞ ✷✵✶✷✴✶✸ t♦❣❡t❤❡r ✇✐t❤ ❛ st❡❛❞② ❞❡❝❧✐♥❡ ✐♥ r✉r❛❧ ♣♦✈❡rt② r❡❞✉❝❡❞

t❤❡ ❝♦♥tr✐❜✉t✐♦♥ ♦❢ r✉r❛❧ ♣♦✈❡rt② t♦ ♦✈❡r❛❧❧ ♣♦✈❡rt② ❢r♦♠ ❛❜♦✉t ✾✹ ♣❡r ❝❡♥t

t♦ ✽✽ ♣❡r ❝❡♥t ✐♥ ✷✵✶✷✴✶✸✳ ❚❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ ♦✣❝✐❛❧ ✜❣✉r❡s ✐s ✐♥ ❧✐♥❡ ✇✐t❤ ♦✉r

✜♥❞✐♥❣s✱ ❡①❝❡♣t t❤❛t ✇❡ ✜♥❞ ❛ ♠✉❝❤ str♦♥❣❡r r❡❜♦✉♥❞ ♦❢ ✉r❜❛♥ ♣♦✈❡rt②✳

❋✐♥❛❧❧②✱ ✇❡ ❞✐s❛❣❣r❡❣❛t❡ ♣♦✈❡rt② ❜② r❡❣✐♦♥✳ ❲❡ ✜♥❞ t❤❛t ✐♥ t❤❡ ◆♦rt❤❡r♥

r❡❣✐♦♥✱ ✇❤✐❝❤ ✐s t❤❡ ♣♦♦r❡st✱ ♣♦✈❡rt② ❤❛s ❞❡❝r❡❛s❡❞ ❜② ✶✺ ♣❡r ❝❡♥t ♦✈❡r t❤❡

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

✷✵✵✾✴✶✵ ❛♥❞ ✷✵✶✵✴✶✶✱ t❤❡r❡ ✇❛s ❛ str♦♥❣ r❡❞✉❝t✐♦♥ ✐♥ ♣♦✈❡rt②✳ ❇✉t s✐♥❝❡

t❤❡♥✱ ♣♦✈❡rt② ✐♥ t❤❡ ♥♦rt❤❡r♥ r❡❣✐♦♥ ❤❛s ❜❡❡♥ r✐s✐♥❣ ❛❣❛✐♥✳ ❚❤❡ t❛❜❧❡s ✐♥

t❤❡ ❛♣♣❡♥❞✐① s❤♦✇ t❤❛t✱ ❡s♣❡❝✐❛❧❧② ✐♥ ✷✵✶✷✴✶✸✱ ♥♦t ♦♥❧② ❤❡❛❞❝♦✉♥t ♣♦✈❡rt②

❜✉t ❛❧s♦ t❤❡ ♣♦✈❡rt② ❣❛♣ ❛♥❞ t❤❡ s❡✈❡r✐t② ♦❢ ♣♦✈❡rt② ❤❛s ❜❡❡♥ ✐♥❝r❡❛s✐♥❣✳

❖✣❝✐❛❧ ♣♦✈❡rt② ✜❣✉r❡s r❡♣♦rt ❛ r❡❞✉❝t✐♦♥ ♦❢ ✷✽ ♣❡r ❝❡♥t ❜❡t✇❡❡♥ ✷✵✵✺✴✵✻

✶✻



❛♥❞ ✷✵✶✷✴✶✸ ✐♥ ❤❡❛❞❝♦✉♥t ♣♦✈❡rt②✱ ✈❡r② ❝❧♦s❡ t♦ ✇❤❛t ✇❡ ✜♥❞ ✉s✐♥❣ ♦♥❧②

♦♥❡ s♣❛t✐❛❧ ❞♦♠❛✐♥ ✭✜❣✉r❡ ✸✮✳ ❚❤❡ ✇❡st❡r♥ r❡❣✐♦♥ ✐s✱ ❥✉st ❛s ✐♥ t❤❡ ♦✣❝✐❛❧

❡st✐♠❛t❡s✱ t❤❡ s❡❝♦♥❞ r✐❝❤❡st r❡❣✐♦♥✳ ❍♦✇❡✈❡r✱ ✐t ✐s ♥♦✇ ✺✺ ♣❡r ❝❡♥t ♣♦♦r❡r

t❤❛♥ t❤❡ r✐❝❤❡st r❡❣✐♦♥✳ ❚❤✐s ❣❛♣ ❜❡t✇❡❡♥ t❤❡ ✇❡st❡r♥ ❛♥❞ ❝❡♥tr❛❧ r❡❣✐♦♥s ✐s

s✐❣♥✐✜❝❛♥t❧② ❧❛r❣❡r t❤❛♥ ✐♥ t❤❡ ♦✣❝✐❛❧ st❛t✐st✐❝s✱ ✇❤❡r❡ ♣♦✈❡rt② r❛t❡s ✐♥ t❤❡

✇❡st❡r♥ r❡❣✐♦♥ ❛r❡ ✸✸ ♣❡r ❝❡♥t ❤✐❣❤❡r t❤❛♥ ✐♥ t❤❡ ❡❛st❡r♥ r❡❣✐♦♥✳ ❚❤✉s✱ ✇❤✐❧❡

✇❡ ❞♦ ♥♦t ♦❜s❡r✈❡ t❤❡ ❝❤❛♥❣❡s ✐♥ t❤❡ r❛♥❦✐♥❣s ♦❜s❡r✈❡❞ ❜② ❆♣♣❧❡t♦♥ ✭✷✵✵✸✮✱

♦✉r r❡s✉❧ts ❛r❡ ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ✜♥❞✐♥❣ t❤❛t t❤❡ ✇❡st ✐s ♣♦♦r❡r t❤❛♥ ♦✣❝✐❛❧

✜❣✉r❡s s✉❣❣❡st✳

❚❤❡ ❝❡♥tr❛❧ r❡❣✐♦♥✱ ❛❧r❡❛❞② t❤❡ ❧❡❛st ♣♦♦r r❡❣✐♦♥ ❛t t❤❡ st❛rt ♦❢ t❤❡ ♣❛♥❡❧✱

r❡❞✉❝❡❞ ❤❡❛❞❝♦✉♥t ♣♦✈❡rt② ❜② ❤❛❧❢ ❜❡t✇❡❡♥ ✷✵✵✺✴✵✻ ❛♥❞ ✷✵✶✷✴✶✸ ❛❝❝♦r❞✐♥❣

t♦ ♦✉r ❡st✐♠❛t❡s ✉s✐♥❣ s✐① s♣❛t✐❛❧ ❞♦♠❛✐♥s✳ ❆❣❛✐♥✱ ♦✣❝✐❛❧ ❡st✐♠❛t❡s r❡❝♦r❞

❤✐❣❤❡r ♣♦✈❡rt② r❡❞✉❝t✐♦♥s ✭❛❧♠♦st ✼✵ ♣❡r ❝❡♥t✮✱ ✇❤✐❝❤ ✐s ❛❣❛✐♥ s✐♠✐❧❛r t♦

✇❤❛t ✇❡ ✜♥❞ ✐♥ ♦✉r ❡st✐♠❛t❡s ✉s✐♥❣ ♦♥❧② ♦♥❡ s♣❛t✐❛❧ ❞♦♠❛✐♥✳ ■♥❡q✉❛❧✐t② ✐♥

♣♦✈❡rt② ❤❡❛❞❝♦✉♥t ❤❛s ❛❧s♦ ✐♥❝r❡❛s❡❞ ♦✈❡r t✐♠❡✳ ❲❤✐❧❡ t❤❡ ♥♦rt❤❡r♥ r❡❣✐♦♥

✐♥✐t✐❛❧❧② ❝♦♥tr✐❜✉t❡❞ ✷✼ ♣❡r ❝❡♥t t♦ ♦✈❡r❛❧❧ ♣♦✈❡rt②✱ t❤✐s ❤❛s ✐♥❝r❡❛s❡❞ t♦ ✸✼ ♣❡r

❝❡♥t ✐♥ ✷✵✶✷✴✶✸✳ ❚❤❡ ❝♦♥tr✐❜✉t✐♦♥ ♦❢ t❤❡ ❡❛st❡r♥ r❡❣✐♦♥ ❛❧s♦ ❤❛s ✐♥❝r❡❛s❡❞

s✉❜st❛♥t✐❛❧❧②✳ ❆♥❞ ✇❤✐❧❡ s❡✈❡r✐t② ♦❢ ♣♦✈❡rt② ❤❛s r❡❞✉❝❡❞ ✐♥ t❤❡ ♥♦rt❤❡r♥

r❡❣✐♦♥✱ ✐♥ ✷✵✶✷✴✶✸✱ ❛❧♠♦st ✻✵ ♣❡r ❝❡♥t ♦❢ t❤❡ ♥❛t✐♦♥❛❧ s❡✈❡r✐t② ♦❢ ♣♦✈❡rt②

♠❡❛s✉r❡ ✇❛s ❝♦♥tr✐❜✉t❡❞ ❜② t❤❡ ◆♦rt❤✳ ■❢ ✇❡ ❞✐s❛❣❣r❡❣❛t❡ t❤❡ ✷✵✶✷✴✶✸ ❞❛t❛

❢✉rt❤❡r✱ ✇❡ ✜♥❞ t❤❛t ♠♦st ♣♦✈❡rt② ✐s ❢♦✉♥❞ ✐♥ t❤❡ ♥♦rt❤❡❛st✱ ✇❤❡r❡ ♦✈❡r ✽✵

♣❡r ❝❡♥t ♦❢ t❤❡ ✐♥❞✐✈✐❞✉❛❧s ❧✐✈❡ ✐♥ ♣♦✈❡rt②✳ ❚❤✐s ✐s ❢♦❧❧♦✇❡❞ ❜② ❲❡st ◆✐❧❡✱ ❛

❞✐st❛♥t s❡❝♦♥❞ ✇✐t❤ ✻✵ ♣❡r ❝❡♥t ♦❢ t❤❡ ♣♦♣✉❧❛t✐♦♥ ❧✐✈✐♥❣ ✐♥ ♣♦✈❡rt②✳

❚♦ s✉♠♠❛r✐③❡✱ ✇❡ ❢❡❡❧ t❤❛t t❤❡ ♣♦✈❡rt② ♠❡❛s✉r❡s ❛♥❞ t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢

♣♦✈❡rt② ♦✈❡r t✐♠❡ ❛r❡ ♠✉❝❤ ♠♦r❡ ❝r❡❞✐❜❧❡✱ ❜♦t❤ ❢r♦♠ ❛ t❤❡♦r❡t✐❝❛❧ ❛♥❞ ❛♥

❡♠♣✐r✐❝❛❧ ♣♦✐♥t ♦❢ ✈✐❡✇✳ ❚❤❡ ❝♦♥t✐♥✉❡❞ ✉s❡ ♦❢ ♦✉t❞❛t❡❞ ♣♦✈❡rt② ❧✐♥❡s ❜❛s❡❞ ♦♥

❛ s✐♥❣❧❡ ❢♦♦❞ ❜❛s❦❡t ✐s ❧✐❦❡❧② t♦ ❧❡❛❞ t♦ ✐♥❝♦♥s✐st❡♥t ♣♦✈❡rt② ❡st✐♠❛t❡s✱ ❡s♣❡✲

❝✐❛❧❧② ✐♥ ❛ ❝♦✉♥tr② ✇❤❡r❡ ❞✐✛❡r❡♥t r❡❣✐♦♥s ❤❛✈❡ ✇✐❞❡❧② ✈❛r②✐♥❣ ❞✐❡ts✳ ■♥❞❡❡❞✱

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

♣r✐❝❡ ❢r♦♠ ❧♦❝❛❧ ❞❡♠❛♥❞ ❛♥❞ s✉♣♣❧② ❝♦♥❞✐t✐♦♥s✳ ❚❤❡ r❡s✉❧t ✐s t❤❛t t❤❡ ❝♦st ♦❢
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❚❛❜❧❡ ✹✿ P♦✈❡rt② ❤❡❛❞❝♦✉♥ts ✷✵✵✷✲✷✵✶✷ ✉s✐♥❣ s✐① s♣❛t✐❛❧ ❞♦♠❛✐♥s
✷✵✵✺✴✵✻ ✷✵✵✾✴✶✵ ✷✵✶✵✴✶✶ ✷✵✶✶✴✶✷ ✷✵✶✷✴✶✸
P✵ ❝♦♥tr P✵ ❝♦♥tr P✵ ❝♦♥tr P✵ ❝♦♥tr P✵ ❝♦♥tr

❯❣❛♥❞❛ ✵✳✹✷✸ ✶✳✵✵✵ ✵✳✸✽✶ ✶✳✵✵✵ ✵✳✸✼✵ ✶✳✵✵✵ ✵✳✸✺✾ ✶✳✵✵✵ ✵✳✸✶✺ ✶✳✵✵✵

❘✉r❛❧ ✵✳✹✼✻ ✵✳✾✸✽ ✵✳✹✸✶ ✵✳✾✺✶ ✵✳✹✶✸ ✵✳✾✺✾ ✵✳✹✵✽ ✵✳✾✹✸ ✵✳✸✻✵ ✵✳✽✼✾
❯r❜❛♥ ✵✳✶✺✽ ✵✳✵✻✷ ✵✳✶✶✼ ✵✳✵✹✾ ✵✳✶✵✽ ✵✳✵✹✶ ✵✳✶✷✶ ✵✳✵✺✼ ✵✳✶✻✼ ✵✳✶✷✶

❝❡♥tr❛❧ ✵✳✷✾✶ ✵✳✷✶✸ ✵✳✷✸✶ ✵✳✶✽✼ ✵✳✶✹✸ ✵✳✵✾✽ ✵✳✶✹✻ ✵✳✵✽✾ ✵✳✶✹✾ ✵✳✶✷✸
❊❛st❡r♥ ✵✳✸✼✹ ✵✳✷✶✾ ✵✳✷✾✺ ✵✳✶✽✽ ✵✳✸✽✾ ✵✳✷✽✷ ✵✳✸✼✾ ✵✳✸✸✼ ✵✳✸✺✺ ✵✳✸✷✽
◆♦rt❤❡r♥ ✵✳✻✼✵ ✵✳✷✼✸ ✵✳✻✵✸ ✵✳✷✽✺ ✵✳✹✽✾ ✵✳✸✵✻ ✵✳✺✷✾ ✵✳✸✵✽ ✵✳✺✻✼ ✵✳✸✼✹
❲❡st❡r♥ ✵✳✹✻✸ ✵✳✷✾✺ ✵✳✹✽✺ ✵✳✸✹✵ ✵✳✹✼✸ ✵✳✸✶✹ ✵✳✸✼✾ ✵✳✷✻✻ ✵✳✷✸✶ ✵✳✶✼✺
❙♦✉r❝❡✿ ❋✐❣✉r❡s ❛r❡ ❝❛❧❝✉❧❛t❡❞ ❢r♦♠ t❤❡ r❡s♣❡❝t✐✈❡ ❯◆❍❙ ❛♥❞ ❯◆P❙ ✇❛✈❡s✳
◆♦t❡✿ P✵ ♠❡❛♥s ❤❡❛❞❝♦✉♥t ♣♦✈❡rt②✱ ❝♦♥tr ♠❡❛♥s ❝♦♥tr✐❜✉t✐♦♥ t♦ ♥❛t✐♦♥❛❧

♣♦✈❡rt②✳

❜❛s✐❝ ♥❡❡❞s✱ ❡✈❡♥ t❤♦✉❣❤ ❛♥❝❤♦r❡❞ ✐♥ ❛ s✐♥❣❧❡ ❝❛❧♦r✐❝ r❡q✉✐r❡♠❡♥t✱ ♠❛② ✈❛r②

s✐❣♥✐✜❝❛♥t❧②✳ ❲❡ ❛❧s♦ ❢❡❡❧ t❤❛t t❤❡ ♣♦✈❡rt② ❧❡✈❡❧s✱ ❛s ✇❡❧❧ ❛s t❤❡ ❡st✐♠❛t❡❞

r❡❞✉❝t✐♦♥ ✐♥ ♣♦✈❡rt②✱ ❛r❡ ❝❧♦s❡r t♦ ✇❤❛t ♦t❤❡r r❡s❡❛r❝❤❡rs ❤❛✈❡ ❞❡❡♠❡❞ ♠♦r❡

r❡❛❧✐st✐❝✳

✺ ❆ ♣r♦✜❧❡ ❜❛s❡❞ ♦♥ ♣♦✈❡rt② ❞②♥❛♠✐❝s

◆♦✇ t❤❛t ✇❡ ❞❡✈❡❧♦♣❡❞ ❛ ♥❡✇ s❡t ♦❢ ♣♦✈❡rt② ❧✐♥❡s ❛❜♦✈❡✱ ✐♥ t❤✐s s❡❝t✐♦♥✱ ✇❡

✇✐❧❧ ✉s❡ t❤❡ ❯❣❛♥❞❛ ◆❛t✐♦♥❛❧ P❛♥❡❧ t♦ ❝♦♥str✉❝t ♣r♦✜❧❡s ❢♦r ❞✐✛❡r❡♥t ❝❛t❡✲

❣♦r✐❡s ♦❢ ❤♦✉s❡❤♦❧❞s ❜❛s❡❞ ♦♥ t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ t❤❡✐r ♣♦✈❡rt② st❛t✉s ♦✈❡r t✐♠❡✳

❲❡ ✇✐❧❧ st❛rt ❜② ❞❡✜♥✐♥❣ ✜✈❡ ❞✐✛❡r❡♥t ❝❛t❡❣♦r✐❡s✳ ❚❤❡ ✜rst ❝❛t❡❣♦r② ❝♦♥s✐sts

♦❢ ❤♦✉s❡❤♦❧❞s t❤❛t ❛r❡ ✐❞❡♥t✐✜❡❞ ❛s ❜❡✐♥❣ ♣♦♦r ✐♥ ❛❧❧ ❢♦✉r ✇❛✈❡s ♦❢ t❤❡ ❯◆P❙✳

❲❡ ✇✐❧❧ r❡❢❡r t♦ t❤❡s❡ ❤♦✉s❡❤♦❧❞s ❛s t❤❡ ❝❤r♦♥✐❝ ♣♦♦r✳ ❙❡❝♦♥❞✱ ✇❡ ✇✐❧❧ ✐❞❡♥t✐❢②

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

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

❤♦❧❞s t❤❛t ❛r❡ ❡s❝❛♣✐♥❣ ♣♦✈❡rt②✳ ❚❤❡s❡ ❛r❡ ❤♦✉s❡❤♦❧❞s t❤❛t ❛r❡ ♣♦♦r ✐♥ ❛❧❧
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♣❛st ✇❛✈❡s ❜✉t ♥♦♥✲♣♦♦r ✐♥ ❛❧❧ s✉❜s❡q✉❡♥t ✇❛✈❡s✳✶✸ ❆ ❢♦✉rt❤ ❣r♦✉♣ ✇✐❧❧ t❤❡♥

❝♦♥s✐st ♦❢ t❤♦s❡ ❤♦✉s❡❤♦❧❞s t❤❛t ❛r❡ ❢❛❧❧✐♥❣ ✐♥t♦ ♣♦✈❡rt②✳ ❚❤❡s❡ ❛r❡ ❤♦✉s❡✲

❤♦❧❞s t❤❛t ❛r❡ ♥♦♥✲♣♦♦r ✐♥ ❛❧❧ ♣❛st ✇❛✈❡s ❜✉t ♣♦♦r ✐♥ ❛❧❧ s✉❜s❡q✉❡♥t ✇❛✈❡s✳✶✹

❋✐♥❛❧❧②✱ t❤❡r❡ ✐s ❛ ❝❛t❡❣♦r② ❢♦r t❤❡ r❡st✳ ❚❤❡s❡ ❤♦✉s❡❤♦❧❞s✱ r❡♣❡❛t❡❞❧② ♠♦✈✐♥❣

✐♥ ❛♥❞ ♦✉t ♦❢ ♣♦✈❡rt②✱ ❛r❡ ❧❛❜❡❧❡❞ ❛s ✈✉❧♥❡r❛❜❧❡ ✐♥ ♦✉r ❛♥❛❧②s✐s✳

▲♦♦❦✐♥❣ ❛t ♣♦✈❡rt② tr❛♥s✐t✐♦♥s ✉s✐♥❣ t❤❡ ❛❜♦✈❡ t②♣♦❧♦❣②✱ ✇❡ ✜♥❞ t❤❛t ♦♥❧②

❛❜♦✉t ✷✺✼ ♦❢ t❤❡ ✷✱✶✾✺ ❤♦✉s❡❤♦❧❞s t❤❛t ❛♣♣❡❛r ✐♥ ❛❧❧ ❢♦✉r ✇❛✈❡s ❛r❡ ♣♦♦r ✐♥

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

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

t❤❡ ♥✉♠❜❡r ♦❢ ❝❤r♦♥✐❝ ♣♦♦r ✐♥❞✐✈✐❞✉❛❧s ✐♥❝r❡❛s❡s t♦ ✶✷✳✸ ♣❡r ❝❡♥t✳ ❚❤✐s s✉❣✲

❣❡sts t❤❛t t❤❡ ❝❤r♦♥✐❝ ♣♦♦r t❡♥❞ t♦ ❧✐✈❡ ✐♥ ❧❛r❣❡r ❤♦✉s❡❤♦❧❞s✳ ❆t t❤❡ ♦t❤❡r

❡①tr❡♠❡✱ ✇❡ ✜♥❞ t❤❛t ✽✸✸ ❤♦✉s❡❤♦❧❞s✱ ♦r ✸✼✳✾ ♣❡r ❝❡♥t ♦❢ t❤❡ ❤♦✉s❡❤♦❧❞s✱ ❛r❡

♥❡✈❡r ♣♦♦r✱ ❝♦rr❡s♣♦♥❞✐♥❣ t♦ ❛❜♦✉t ✸✺✳✽ ♣❡r ❝❡♥t ✇❤❡♥ ✉s✐♥❣ ✇❡✐❣❤ts✳ ◆❡①t✱

✸✽✼ ❤♦✉s❡❤♦❧❞s ❤❛✈❡ ❡s❝❛♣❡❞ ♣♦✈❡rt② ❛♥❞ ✶✾✽ ❤❛✈❡ ❢❛❧❧❡♥ ✐♥t♦ ♣♦✈❡rt②✱ ❝♦r✲

r❡s♣♦♥❞✐♥❣ t♦ ✶✾✳✵ ❛♥❞ ✽✳✷ ♣❡r ❝❡♥t ♦❢ t❤❡ ♣♦♣✉❧❛t✐♦♥✱ r❡s♣❡❝t✐✈❡❧②✳ ❋✐♥❛❧❧②✱

t❤❡r❡ ✐s ❛ s✐③❛❜❧❡ ❝❧❛ss ♦❢ ❛❜♦✉t ✺✷✵ ✈✉❧♥❡r❛❜❧❡ ❤♦✉s❡❤♦❧❞s✱ ♦r ❛❧♠♦st ❛ q✉❛r✲

t❡r ♦❢ t❤❡ ♣♦♣✉❧❛t✐♦♥✱ t❤❛t ♠♦✈❡s ✐♥t♦ ♦r ♦✉t ♦❢ ♣♦✈❡rt②✱ ♣♦ss✐❜❧② ♠✉❧t✐♣❧❡

t✐♠❡s✱ ♦✈❡r t❤❡ ❢♦✉r ✇❛✈❡s✳

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

❤♦❧❞ ❝❤❛r❛❝t❡r✐st✐❝s t♦ ❝♦♠❡ ✉♣ ✇✐t❤ ❛ ♣r♦✜❧❡✱ s✐♠✐❧❛r t♦ ♣♦✈❡rt② ♣r♦✜❧❡s ✐♥

❛ st❛t✐❝ ❛♥❛❧②s✐s ♦❢ ♣♦✈❡rt②✳ ❙✐♥❝❡ ✇❡ ❛r❡ ✐♥t❡r❡st❡❞ ✐♥ t❤❡ ❧✐❦❡❧② ❝❛✉s❡s ♦❢

♣♦✈❡rt② tr❛♥s✐t✐♦♥s ✭❛s ♦♣♣♦s❡❞ t♦ t❤❡ ❧✐❦❡❧② ❝♦♥s❡q✉❡♥❝❡s ♦❢ ♣♦✈❡rt② tr❛♥s✐✲

t✐♦♥s✮✱ ✇❡ ✇✐❧❧ ❧♦♦❦ ❛t ❝❤❛r❛❝t❡r✐st✐❝s ♦❢ t❤❡ ❤♦✉s❡❤♦❧❞ ❛t t❤❡ ✜rst ✇❛✈❡ ♦❢ t❤❡

♣❛♥❡❧ ✐♥ ✷✵✵✺✴✵✻✳ ■♥ ♦t❤❡r ✇♦r❞s✱ t❤❡ ♣r♦✜❧❡ ✇✐❧❧ ❤❡❧♣ ✉s ✉♥❞❡rst❛♥❞ ✇❤②

✶✸❚❤✐s ❣r♦✉♣ ❝♦♠♣r✐s❡s ❤♦✉s❡❤♦❧❞s t❤❛t ❛r❡ ♣♦♦r ✐♥ ✷✵✵✺✴✵✻ ❛♥❞ ♥♦♥✲♣♦♦r ✐♥ ❛❧❧ s✉❜✲
s❡q✉❡♥t r♦✉♥❞s✱ t❤♦s❡ t❤❛t ❛r❡ ♣♦♦r ✐♥ ✷✵✵✺✴✵✻ ❛♥❞ ✷✵✵✾✴✶✵ ❛♥❞ ♥♦♥✲♣♦♦r ✐♥ ✷✵✶✵✴✶✶
❛♥❞ ✷✵✶✶✴✶✷✱ ❛♥❞ t❤♦s❡ t❤❛t ❛r❡ ♣♦♦r ✐♥ ✷✵✵✺✴✵✻✱ ✷✵✵✾✴✶✵ ❛♥❞ ✷✵✶✵✴✶✶ ❛♥❞ ♥♦♥✲♣♦♦r ✐♥
✷✵✶✶✴✶✷✳

✶✹❚❤✐s ❣r♦✉♣ ❝♦♠♣r✐s❡s ❤♦✉s❡❤♦❧❞s t❤❛t ❛r❡ ♥♦♥✲♣♦♦r ✐♥ ✷✵✵✺✴✵✻ ❛♥❞ ♣♦♦r ✐♥ ❛❧❧ s✉❜✲
s❡q✉❡♥t r♦✉♥❞s✱ t❤♦s❡ t❤❛t ❛r❡ ♥♦♥✲♣♦♦r ✐♥ ✷✵✵✺✴✵✻ ❛♥❞ ✷✵✵✾✴✶✵ ❛♥❞ ♣♦♦r ✐♥ ✷✵✶✵✴✶✶
❛♥❞ ✷✵✶✶✴✶✷✱ ❛♥❞ t❤♦s❡ t❤❛t ❛r❡ ♥♦♥✲♣♦♦r ✐♥ ✷✵✵✺✴✵✻✱ ✷✵✵✾✴✶✵ ❛♥❞ ✷✵✶✵✴✶✶ ❛♥❞ ♣♦♦r ✐♥
✷✵✶✶✴✶✷✳

✶✾



❤♦✉s❡❤♦❧❞s ❤❛✈❡ ❢❛r❡❞ ❞✐✛❡r❡♥t❧② ✐♥ t❡r♠s ♦❢ ♣♦✈❡rt② st❛t✉s ❜❡❝❛✉s❡ ♦❢ ❛ ❞✐❢✲

❢❡r❡♥t ♣❛st✳ ❆s s✉❝❤✱ ✇❡ ✇✐❧❧ ❛❧s♦ ❝♦♥❝❡♥tr❛t❡ ♦♥ ❝❤❛r❛❝t❡r✐st✐❝s t❤❛t ❝❤❛♥❣❡

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

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

❝♦♥❞✐t✐♦♥s ❛t t❤❡ ❤♦✉s❡❤♦❧❞ ❧❡✈❡❧ ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❞✐✛❡r❡♥t ♣♦✈❡rt② tr❛♥s✐t✐♦♥

tr❛❥❡❝t♦r✐❡s✳

✺✳✶ ▲♦❝❛t✐♦♥

▲♦❝❛t✐♦♥ ❛♥❞ ✇❡❧❧✲❜❡✐♥❣ ❛r❡ ♦❢t❡♥ ❢♦✉♥❞ t♦ ❜❡ ❝♦rr❡❧❛t❡❞✳ ■♥ ✈✐rt✉❛❧❧② ❛❧❧

❝❛s❡s✱ ♣♦✈❡rt② ✐s ❢♦✉♥❞ t♦ ❜❡ ❤✐❣❤❡r ✐♥ r✉r❛❧ ❛r❡❛s t❤❛♥ ✐♥ ✉r❜❛♥✳ ▼♦r❡ ✐♥

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

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

t❤✐♥ r♦❛❞ ♥❡t✇♦r❦ t❤❛t ✐s ♦❢t❡♥ ✐♥ ❜❛❞ s❤❛♣❡✱ tr❛♥s❛❝t✐♦♥ ❝♦sts ❛r❡ ❤✐❣❤✱ ❛❢✲

❢❡❝t✐♥❣ ❡❝♦♥♦♠✐❝ ❛❝t✐✈✐t② ✭❙t✐❢❡❧ ❛♥❞ ▼✐♥t❡♥ ✷✵✵✽✮✳ ❉❡r❝♦♥✱ ❍♦❞❞✐♥♦tt✱ ❛♥❞

❲♦❧❞❡❤❛♥♥❛ ✭✷✵✶✷✮ ✜♥❞ t❤❛t ❝❤r♦♥✐❝ ♣♦✈❡rt② ✐♥ ❊t❤✐♦♣✐❛ ✐s s✐❣♥✐✜❝❛♥t❧② ❝♦r✲

r❡❧❛t❡❞ t♦ ✬r❡♠♦t❡♥❡ss✬ ✐♥ t❡r♠s ♦❢ ❞✐st❛♥❝❡ t♦ t♦✇♥ ♦r ♣♦♦r r♦❛❞s✳ ❇✉t ❇✐r❞✱

▼❝❑❛②✱ ❛♥❞ ❙❤✐♥②❡❦✇❛ ✭✷✵✶✵✮ ♥♦t❡ t❤❛t ❛❣r♦✲❡❝♦❧♦❣②❀ ✐♥st✐t✉t✐♦♥❛❧✱ ♣♦❧✐t✲

✐❝❛❧✱ ❛♥❞ ❣♦✈❡r♥❛♥❝❡ ❢❛✐❧✉r❡s❀ s❡r✈✐❝❡ ❞❡❧✐✈❡r②❀ st✐❣♠❛ ❛♥❞ ❡①❝❧✉s✐♦♥❀ ❝r✐♠❡

❛♥❞ ✐♥s❡❝✉r✐t②❀ ❛♥❞ ❝♦♠♠✉♥✐❝❛t✐♦♥✱ ♠❡❞✐❛✱ ❛♥❞ ✐♥❢♦r♠❛t✐♦♥ ❛♥❞ ❝♦♠♠✉♥✐✲

❝❛t✐♦♥ t❡❝❤♥♦❧♦❣✐❡s ❛r❡ ❛❧❧ ❢❛❝t♦rs t❤❛t ❛r❡ ♠❡❞✐❛t❡❞ ❜② r❡♠♦t❡♥❡ss ❛♥❞ ❛s

s✉❝❤ ❧✐❦❡❧② t♦ ❝♦♥tr✐❜✉t❡ t♦ s♣❡❝✐❛❧ ♣♦✈❡rt② tr❛♣s✳

❲❡ ✜rst ❧♦♦❦ ❛t t❤❡ ❧♦❝❛t✐♦♥ ♦❢ ❤♦✉s❡❤♦❧❞s ✐♥ t❤❡ ✜✈❡ ❝❧❛ss❡s ✐♥ t❡r♠s ♦❢

❜❡✐♥❣ ✐♥ ✉r❜❛♥ ♦r r✉r❛❧ ❛r❡❛s✳ ❖❢ ❛❧❧ t❤❡ ❝❤r♦♥✐❝ ♣♦♦r✱ ✾✼✳✼ ♣❡r ❝❡♥t ❧✐✈❡ ✐♥

r✉r❛❧ ❛r❡❛s✳ ❖❢ ❛❧❧ t❤❡ ♥♦♥✲♣♦♦r✱ t❤✐s ✐s ♦♥❧② ✼✶✳✾ ♣❡r ❝❡♥t✳ ❋♦r ❯❣❛♥❞❛ ❛s ❛

✇❤♦❧❡✱ ✽✻✳✼ ♣❡r ❝❡♥t r❡♣♦rt t♦ ❜❡ ❧✐✈✐♥❣ ✐♥ r✉r❛❧ ❛r❡❛s✳ ●♦✐♥❣ ♦♥❡ st❡♣ ❢✉rt❤❡r✱

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

✐♥ ✜❣✉r❡ ✶✳ ❚❤❡ ✜❣✉r❡ ❝❧❡❛r❧② s❤♦✇s t❤❛t ❝❤r♦♥✐❝ ♣♦✈❡rt② ✐s ❝♦♥❝❡♥tr❛t❡❞

✐♥ t❤❡ ♥♦rt❤❡r♥ r❡❣✐♦♥✳ ❍❡r❡✱ ✹✺✳✺ ♣❡r ❝❡♥t ♦❢ ❛❧❧ t❤❡ ❝❤r♦♥✐❝ ♣♦♦r ❝❛♥ ❜❡

❢♦✉♥❞✳ ❖♥ t❤❡ ♦t❤❡r ❡♥❞✱ t❤❡ ❤♦✉s❡❤♦❧❞s t❤❛t ♥❡✈❡r ❡①♣❡r✐❡♥❝❡❞ ♣♦✈❡rt② ❛r❡

❞✐s♣r♦♣♦rt✐♦♥❛t❡❧② ❧♦❝❛t❡❞ ✐♥ t❤❡ ❝❡♥tr❛❧ r❡❣✐♦♥✿ ▼♦r❡ t❤❛♥ ✹✹ ♣❡r ❝❡♥t ♦❢

✷✵



t❤❡ ♣❡♦♣❧❡ t❤❛t ❛r❡ ❛❧✇❛②s ❛❜♦✈❡ t❤❡ ♣♦✈❡rt② t❤r❡s❤♦❧❞ ❧✐✈❡ t❤❡r❡✳ ■❢ ♦♥❡

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

♣♦✈❡rt②✳ P❡♦♣❧❡ ❧✐✈✐♥❣ ✐♥ t❤❡ ✇❡st❡r♥ r❡❣✐♦♥ s❡❡♠ t♦ ❜❡ ♠♦✈✐♥❣ ✐♥ ❛♥❞ ♦✉t ♦❢

♣♦✈❡rt② ♠♦r❡ t❤❛♥ ♣❡♦♣❧❡ ❧✐✈✐♥❣ ✐♥ ♦t❤❡r r❡❣✐♦♥s✳ ❲❤✐❧❡ t❤❡ ♥♦rt❤❡r♥ r❡❣✐♦♥

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

♣❡♦♣❧❡ ❡s❝❛♣✐♥❣ ♣♦✈❡rt② ✐s ❧❛r❣❡r t❤❛♥ t❤❡ s❤❛r❡ t❤❛t ❢❛❧❧ ✐♥t♦ ♣♦✈❡rt②✳ ❚❤✐s ✐s

❞✐✛❡r❡♥t ✐♥ t❤❡ ❡❛st❡r♥ r❡❣✐♦♥✱ ✇❤❡r❡ t❤❡ ❧❛r❣❡ s❤❛r❡ ♦❢ ✐♥❞✐✈✐❞✉❛❧s s❧✐❞✐♥❣ ✐♥t♦

♣♦✈❡rt② ❤❛♣♣❡♥s s✐♠✉❧t❛♥❡♦✉s❧② ✇✐t❤ r❡❧❛t✐✈❡❧② ❢❡✇ ♣❡♦♣❧❡ ❡s❝❛♣✐♥❣ ♣♦✈❡rt②✳

❋✐♥❛❧❧②✱ ✐t ✐s ✇♦rt❤ ♥♦t✐♥❣ t❤❛t✱ ❞❡s♣✐t❡ t❤❡ ❛❧r❡❛❞② ❤✐❣❤ ♣r❡s❡♥❝❡ ♦❢ ♥♦♥✲♣♦♦r

✐♥ t❤❡ ❝❡♥tr❛❧ r❡❣✐♦♥✱ ♠❛♥② ♣♦♦r ❤♦✉s❡❤♦❧❞s ❤❛✈❡ ❡s❝❛♣❡❞ ♣♦✈❡rt② ♦✈❡r t✐♠❡

❛♥❞ ✈❡r② ❢❡✇ ❤♦✉s❡❤♦❧❞s ❤❛✈❡ s❧✐♣♣❡❞ ❜❛❝❦ ✐♥t♦ ♣♦✈❡rt②✳

❆s ♠❡♥t✐♦♥❡❞ ❛❜♦✈❡✱ ❧♦❝❛t✐♦♥ ❛❧s♦ ❛✛❡❝ts ❛❝❝❡ss t♦ s❡r✈✐❝❡s✱ s✉❝❤ ❛s s❛❢❡

❞r✐♥❦✐♥❣ ✇❛t❡r✳ ❋✐❣✉r❡ ✷ ♣r♦✈✐❞❡s ❦❡r♥❡❧ ❞❡♥s✐t② ♣❧♦ts ❢♦r t✐♠❡ r❡♣♦rt❡❞ t♦

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

❝❧✉st❡r t❤❡✐r ❛♥s✇❡rs ❛r♦✉♥❞ ✷ ❤♦✉rs ❛♥❞ ✹ ❤♦✉rs✳ ❲❡ ✜♥❞ t❤❛t✱ ✐♥ ❣❡♥❡r❛❧✱

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

♥♦♥✲♣♦♦r t❤❛t s♣❡♥❞ ❛❜♦✉t ✷ ❤♦✉rs✳ ❚❤❡ ♠❡❞✐❛♥ ❢♦r t❤❡ ♥♦♥✲♣♦♦r ✐s ❛❜♦✉t ✺✵

♠✐♥✉t❡s✱ ❛s ♦♣♣♦s❡❞ t♦ ❛❜♦✉t ✻✵ ♠✐♥✉t❡s ❢♦r t❤❡ ❝❤r♦♥✐❝ ♣♦♦r✳ ❚❤❡ r❡s♣❡❝t✐✈❡

♠❡❛♥s ❛r❡ ✻✸ ♠✐♥✉t❡s ❢♦r t❤❡ ♥♦♥✲♣♦♦r ❛♥❞ ✼✼ ❢♦r t❤❡ ♣♦♦r✳ ❚❤✐s ✐s ❛❧s♦

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

❡①tr❡♠❡ r✐❣❤t ♦❢ t❤❡ ❞✐str✐❜✉t✐♦♥✱ ❢♦r ✐♥st❛♥❝❡ ❛r♦✉♥❞ ✹ ❤♦✉rs✱ ♦r ✷✹✵ ♠✐♥✉t❡s✳

❚❤❡ ✈✉❧♥❡r❛❜❧❡ ❤❛✈❡ ❛ ❤✐❣❤ ❞❡♥s✐t② ❛r♦✉♥❞ ✷ ❤♦✉rs✳

✺✳✷ ❍♦✉s❡❤♦❧❞ ❞❡♠♦❣r❛♣❤✐❝s

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

t✉r❡ ✐♥ ♣♦✈❡rt② r❡❣r❡ss✐♦♥s✳ ❋♦r ✐♥st❛♥❝❡✱ ♠❛♥② st✉❞✐❡s ✜♥❞ t❤❛t ❤♦✉s❡❤♦❧❞

s✐③❡ ✐s ❛ ❣♦♦❞ ♣♦✈❡rt② ✐♥❞✐❝❛t♦r✳ ■t ✐s t❤♦✉❣❤t t❤❛t ✐♥❝r❡❛s❡❞ ❝♦♠♣❡t✐t✐♦♥ ❢♦r

❛ ❣✐✈❡♥ ❢♦♦❞ st♦❝❦ r❡❞✉❝❡s ❝♦♥s✉♠♣t✐♦♥✳ ❍♦✇❡✈❡r✱ ▲❛♥❥♦✉✇ ❛♥❞ ❘❛✈❛❧❧✐♦♥

✭✶✾✾✺✮ ❛r❣✉❡ t❤❛t t❤❡ ♥❡❣❛t✐✈❡ ❝♦rr❡❧❛t✐♦♥ ❞✐s❛♣♣❡❛rs ❛s ♦♥❡ t❛❦❡s ❡❝♦♥♦♠✐❡s

♦❢ s❝❛❧❡ ✐♥ ❤♦✉s❡❤♦❧❞ ❢♦♦❞ ❝♦♥s✉♠♣t✐♦♥ ✐♥t♦ ❛❝❝♦✉♥t✳ ■♥ t❡r♠s ♦❢ ♣r♦❞✉❝t✐♦♥✱
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❋✐❣✉r❡ ✶✿ ❘❡❣✐♦♥❛❧ ♣♦✈❡rt② ❞②♥❛♠✐❝s
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❙♦✉r❝❡✿ ❆✉t❤♦r✬s ❝❛❧❝✉❧❛t✐♦♥s ❢r♦♠ t❤❡ ❯◆P❙✳
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❛ ❧❛r❣❡r ❤♦✉s❡❤♦❧❞ ♠❛② ♠❡❛♥ ♠♦r❡ ❛♥❞ ❝❤❡❛♣❡r ❧❛❜♦r ✐s ❛✈❛✐❧❛❜❧❡✱ ❜✉t ❱❛♥

❈❛♠♣❡♥❤♦✉t ✭✷✵✶✹✮ ✜♥❞s t❤❛t ❡s♣❡❝✐❛❧❧② ♠♦t❤❡rs ✐♥ ❧❛r❣❡r ❤♦✉s❡❤♦❧❞s ❞❡✈♦t❡

❛ s✐❣♥✐✜❝❛♥t ❛♠♦✉♥t ♦❢ t✐♠❡ t♦ ♥♦♥✲♣r♦❞✉❝t✐✈❡ ❛❝t✐✈✐t✐❡s✳ ❚❤✐s ❧❛st ❢❡❛t✉r❡

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

✐♥ t❡r♠s ♦❢ ♣♦✈❡rt② ❞②♥❛♠✐❝s t♦ ❞❡♣❡♥❞❡♥❝② r❛t✐♦s✳

❋❡♠❛❧❡✲❤❡❛❞❡❞♥❡ss ✐s ❛❧s♦ ♦❢t❡♥ ❢♦✉♥❞ t♦ ❜❡ ❛ ❣♦♦❞ ♣r❡❞✐❝t♦r ♦❢ ♣♦✈❡rt②✳

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

❛♥❞ ❢❡♠❛❧❡✲❤❡❛❞❡❞ ❤♦✉s❡❤♦❧❞s ✐♥ t❡r♠s ♦❢ ❛❝❝❡ss t♦ s❡❝✉r❡ ❧❛♥❞ t❡♥✉r❡✱ ❧❛❜♦r✱

❝r❡❞✐t✱ t❡❝❤♥♦❧♦❣②✱ ❛♥❞ ❡①t❡♥s✐♦♥ s❡r✈✐❝❡s ✭❡✳❣✳ ◗✉✐s✉♠❜✐♥❣ ❛♥❞ P❛♥❞♦❧❢❡❧❧✐

✷✵✶✵✮✳ ❖♥❡ ♦❢ t❤❡ ❝♦♥s❡q✉❡♥❝❡s ✐s t❤❛t ❢❡♠❛❧❡✲❤❡❛❞❡❞ ❤♦✉s❡❤♦❧❞s ❡♠♣❧♦②

❢❡✇❡r ✐♥♣✉ts✱ s✉❝❤ ❛s ✐♠♣r♦✈❡❞ s❡❡❞s ❛♥❞ ❢❡rt✐❧✐③❡r✱ ✇❤✐❝❤ ❤❛s ❜❡❡♥ s❤♦✇♥

t♦ r❡❞✉❝❡ ♣r♦❞✉❝t✐✈✐t② ✭❡✳❣✳ ❯❞r② ❡t ❛❧✳ ✶✾✾✺✮✳ ❲❡ ✇✐❧❧ ❛❧s♦ ❧♦♦❦ ❛t ♠❛r✐t❛❧

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

✇✐❧❧ ❡♥❛❜❧❡ ✉s t♦ s❡❡ ✐❢✱ ❢♦r ✐♥st❛♥❝❡✱ ✇✐❞♦✇❤♦♦❞ ✐s ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❝❤r♦♥✐❝

♣♦✈❡rt② ✭✈❛♥ ❞❡ ❲❛❧❧❡ ✷✵✶✸✮✳

❲❡ ✜♥❞ t❤❛t ✐♥❞❡❡❞✱ ❝❤r♦♥✐❝ ♣♦♦r ❤♦✉s❡❤♦❧❞s ❛r❡ ♠♦r❡ ❧✐❦❡❧② t♦ ❜❡ ❤❡❛❞❡❞

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

✇❡❧❧ ❛s ❤♦✉s❡❤♦❧❞s t❤❛t ❛r❡ ❡s❝❛♣✐♥❣ ♣♦✈❡rt② ♦✈❡r t✐♠❡✱ ❛r❡ ♠♦r❡ ❧✐❦❡❧② t♦ ❜❡

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

❜❡t✇❡❡♥ ♠❛❧❡✲ ❛♥❞ ❢❡♠❛❧❡✲❤❡❛❞❡❞ ❤♦✉s❡❤♦❧❞s✳ ❲❡ ❛❧s♦ ❧♦♦❦❡❞ ❛t t❤❡ ❛❣❡

♦❢ t❤❡ ❤♦✉s❡❤♦❧❞ ❤❡❛❞✳ ❲❡ ✜♥❞ t❤❛t ❛✈❡r❛❣❡ ❛❣❡ ♦❢ t❤❡ ❤♦✉s❡❤♦❧❞ ❤❡❛❞ ✐s

❛r♦✉♥❞ ✹✵ ❢♦r ❤♦✉s❡❤♦❧❞s t❤❛t ❛r❡ ❝❤r♦♥✐❝ ♣♦♦r ♦r ❤❛✈❡ ❜❡❡♥ s❧✐❞✐♥❣ ✐♥t♦

♣♦✈❡rt②✳ ❍♦✉s❡❤♦❧❞s t❤❛t ❤❛✈❡ ♥❡✈❡r ❜❡❡♥ ♣♦♦r ♦r t❤❛t ❤❛✈❡ ♠♦✈❡❞ ♦✉t ♦❢

♣♦✈❡rt② ❛r❡ ♦♥ ❛✈❡r❛❣❡ ❛❜♦✉t ✹ ②❡❛rs ♦❧❞❡r✳

❋✐❣✉r❡ ✸ ❣✐✈❡s ❛♥ ✐❞❡❛ ♦❢ t❤❡ ❞✐str✐❜✉t✐♦♥ ❤♦✉s❡❤♦❧❞ s✐③❡ ❛♥❞ ❝❤✐❧❞ ❞❡♣❡♥✲

❞❡♥❝② r❛t✐♦s ❝♦♥❞✐t✐♦♥❛❧ ♦♥ t❤❡ ♣♦✈❡rt② ❞②♥❛♠✐❝s ❣r♦✉♣ ♦❢ t❤❡ ❤♦✉s❡❤♦❧❞✳ ■♥

t❤❡ ❧❡❢t ♣❛♥❡❧ ✭✶✮✱ ✇❡ ♣❧♦t ❜♦① ♣❧♦ts ❢♦r ❤♦✉s❡❤♦❧❞ s✐③❡ ❢♦r ❡❛❝❤ ♦❢ t❤❡ ✜✈❡

♣♦✈❡rt② ❞②♥❛♠✐❝s ❝❧❛ss❡s✳ ■♥ t❤❡ r✐❣❤t ♣❛♥❡❧ ✭✷✮ ✇❡ ❞♦ t❤❡ s❛♠❡ ❢♦r ❝❤✐❧❞

❞❡♣❡♥❞❡♥❝② r❛t✐♦s✳ ❋♦r ❡❛❝❤ ❤♦✉s❡❤♦❧❞ ✇❡ ❝❛❧❝✉❧❛t❡ t❤❡ s❤❛r❡ ♦❢ ❝❤✐❧❞r❡♥

✉♥❞❡r t❤❡ ❛❣❡ ♦❢ ✶✺ ✇✐t❤✐♥ t❤❡ t♦t❛❧ ❤♦✉s❡❤♦❧❞ ❛♥❞ ✉s❡ t❤✐s t♦ ♣❧♦t ❜♦① ♣❧♦ts
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❜② ♣♦✈❡rt② ❞②♥❛♠✐❝s ❝❛t❡❣♦r②✳ ❲❡ ✜♥❞ t❤❛t ❤✐❣❤❡r ❝❤✐❧❞ ❞❡♣❡♥❞❡♥❝② ✐s ❛ss♦✲

❝✐❛t❡❞ ✇✐t❤ ❝❤r♦♥✐❝ ♣♦✈❡rt②✱ ✇❤✐❧❡ t❤❡ ♥♦♥✲♣♦♦r ❤❛✈❡ t❤❡ ❧♦✇❡st ♠❡❞✐❛♥ ❝❤✐❧❞

❞❡♣❡♥❞❡♥❝② r❛t✐♦✳ ▲♦♦❦✐♥❣ ❛t ❜♦t❤ ♦❢ t❤❡ ❝❤❛rts t♦❣❡t❤❡r✱ t❤❡ ❝❤r♦♥✐❝ ♣♦♦r

❤❛✈❡ r❡❧❛t✐✈❡❧② ❧❛r❣❡ ❤♦✉s❡❤♦❧❞s ❛♥❞ ❤✐❣❤ ❞❡♣❡♥❞❡♥❝② r❛t✐♦s✳ ❚❤♦s❡ t❤❛t

❛r❡ ♥❡✈❡r ♣♦♦r ❤❛✈❡ s♠❛❧❧ ❤♦✉s❡❤♦❧❞s ❛♥❞ ❧♦✇ ❞❡♣❡♥❞❡♥❝② r❛t✐♦s✳ ❍♦✉s❡✲

❤♦❧❞s t❤❛t s❧✐❞❡ ❜❡❧♦✇ t❤❡ ♣♦✈❡rt② t❤r❡s❤♦❧❞ ❛♥❞ t❤♦s❡ t❤❛t ❛r❡ ✈✉❧♥❡r❛❜❧❡

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

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

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

♣♦✈❡rt②✳ ❚❤❡s❡ ♠❛② ❜❡ ❤♦✉s❡❤♦❧❞s t❤❛t st❛rt t♦ ❜❡♥❡✜t ❢r♦♠ t❤❡ ❛❞❞✐t✐♦♥❛❧

❝❤❡❛♣ ❧❛❜♦r ♣r♦✈✐❞❡❞ ❜② ❝❤✐❧❞r❡♥✳

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

✜✈❡ ♠✉t✉❛❧❧② ❡①❝❧✉s✐✈❡ t②♣❡s ♦❢ ♠❛rr✐❛❣❡✿ ♠❛rr✐❡❞ ♠♦♥♦❣❛♠♦✉s❧②✱ ♠❛rr✐❡❞

♣♦❧②❣❛♠♦✉s❧②✱ ❞✐✈♦r❝❡❞✱ ✇✐❞♦✇ ♦r ✇✐❞♦✇❡r✱ ❛♥❞ ♥❡✈❡r ♠❛rr✐❡❞✳ ❚❤❡ r❡s✉❧ts

❛r❡ ♣r❡s❡♥t❡❞ ❛s ❛ t❛❜❧❡ ♦❢ ♣r♦♣♦rt✐♦♥s ✇❤❡r❡ t❤❡ r♦✇s s✉♠ t♦ ✶ ✭❚❛❜❧❡ ✺✮✳

❚❤✐s ❛❧❧♦✇s ✉s t♦ ❥✉❞❣❡ t❤❡ ❢r❛❝t✐♦♥ ♦❢ t❤❡ t♦t❛❧ ✐♥ ❡❛❝❤ t②♣❡ ♦❢ ♠❛rr✐❛❣❡

❛❝❝♦✉♥t❡❞ ❢♦r ❜② ❡❛❝❤ ♦❢ ♦✉r ♣♦✈❡rt② tr❛♥s✐t✐♦♥ ❣r♦✉♣s✳ ❚❤✉s✱ ❛❧t❤♦✉❣❤ t❤❡

❝❤r♦♥✐❝ ♣♦♦r ❛❝❝♦✉♥t ❢♦r ♦♥❧② ❛❜♦✉t ✶✷✳✸ ♣❡r ❝❡♥t ♦❢ t❤❡ ♣♦♣✉❧❛t✐♦♥✱ t❤❡②

❛❝❝♦✉♥t ❢♦r ❛❧♠♦st ✷✵ ♣❡r ❝❡♥t ♦❢ ✐♥❞✐✈✐❞✉❛❧s ❧✐✈✐♥❣ ✐♥ ❤♦✉s❡❤♦❧❞s ✇❤❡r❡ t❤❡

❤❡❛❞ ❤❛s ♥❡✈❡r ❜❡❡♥ ♠❛rr✐❡❞✳ ❍♦✇❡✈❡r✱ ❛t t❤❡ s❛♠❡ t✐♠❡✱ ❤♦✉s❡❤♦❧❞s ✇❤❡r❡

t❤❡ ❤❡❛❞ ✐s ♥❡✈❡r ♠❛rr✐❡❞ ❛r❡ ❝❧❡❛r❧② ♠♦r❡ ❧✐❦❡❧② t♦ ❜❡ ♥♦♥✲♣♦♦r✱ ❛s ❛r❡ ❤♦✉s❡✲

❤♦❧❞s ✇❤❡r❡ t❤❡ ❤❡❛❞ ❤❛s ❞✐✈♦r❝❡❞✳ ❲❡ ❛❧s♦ s❡❡ t❤❛t ✇✐❞♦✇❡❞ ❤♦✉s❡❤♦❧❞s ❛r❡

✉♥❞❡rr❡♣r❡s❡♥t❡❞ ✐♥ t❤❡ ♥♦♥✲♣♦♦r s❡❣♠❡♥t✳ ■♥ ❛❞❞✐t✐♦♥✱ ❤♦✉s❡❤♦❧❞s ❤❡❛❞❡❞

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

❡✈✐❞❡♥t ❜② t❤❡ ❧❛r❣❡ ♣r♦♣♦rt✐♦♥ ❝❧❛ss✐✜❡❞ ❛s ✈✉❧♥❡r❛❜❧❡✳ ❉✐✈♦r❝❡❞ ❤♦✉s❡❤♦❧❞

❤❡❛❞s ❤❛✈❡ ❜❡❡♥ ♠♦r❡ s✉❝❝❡ss❢✉❧ ✐♥ ♠♦✈✐♥❣ ♦✉t ♦❢ ♣♦✈❡rt② ❛♥❞ ❛r❡ ✉♥❞❡r✲

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

❤♦✉s❡❤♦❧❞s ❤❛✈❡ ❜❡❡♥ ❧❡ss s✉❝❝❡ss❢✉❧ ✐♥ ❡s❝❛♣✐♥❣ ♣♦✈❡rt②✳ ❏✉st ❛s ✇✐❞♦✇❡❞

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

❜❡t✇❡❡♥ t❤❡ ❞✐✛❡r❡♥t ②❡❛rs✳

✷✺
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(2)

❙♦✉r❝❡✿ ❆✉t❤♦r✬s ❝❛❧❝✉❧❛t✐♦♥s ❢r♦♠ t❤❡ ❯◆P❙✳

❚❛❜❧❡ ✺✿ ▼❛r✐t❛❧ st❛t✉s
◆♦♥✲♣♦♦r ❊s❝❛♣❡ ❱✉❧♥❡r❛❜❧❡ ❋❛❧❧ ❈❤r♦♥✐❝

▼❛rr✐❡❞ ♠♦♥♦❣❛♠♦✉s❧② ✵✳✸✻✼ ✵✳✶✾✷ ✵✳✷✸✵ ✵✳✵✽✻ ✵✳✶✷✺
▼❛rr✐❡❞ ♣♦❧②❣❛♠♦✉s❧② ✵✳✸✹✽ ✵✳✶✺✷ ✵✳✷✾✾ ✵✳✵✽✶ ✵✳✶✶✾
❉✐✈♦r❝❡❞ ✵✳✹✷✵ ✵✳✷✸✽ ✵✳✶✻✾ ✵✳✵✼✼ ✵✳✵✾✻
❲✐❞♦✇❡❞ ✵✳✷✼✷ ✵✳✷✹✻ ✵✳✷✾✸ ✵✳✵✼✶ ✵✳✶✶✽
◆❡✈❡r ♠❛rr✐❡❞ ✵✳✺✶✼ ✵✳✶✷✺ ✵✳✶✸✾ ✵✳✵✷✾ ✵✳✶✾✵

❆❧❧ ✵✳✸✺✽ ✵✳✶✾✵ ✵✳✷✹✼ ✵✳✵✽✷ ✵✳✶✷✸
❙♦✉r❝❡✿ ❆✉t❤♦r✬s ❝❛❧❝✉❧❛t✐♦♥s ❢r♦♠ t❤❡ ❞✐✛❡r❡♥t ✇❛✈❡s ♦❢ t❤❡ ❯◆P❙✳

✷✻



❚❛❜❧❡ ✻✿ ▼♦st ✐♠♣♦rt❛♥t s♦✉r❝❡ ♦❢ ❡❛r♥✐♥❣s
◆♦♥✲♣♦♦r ❡s❝❛♣❡ ✈✉❧♥❡r❛❜❧❡ ❢❛❧❧ ❝❤r♦♥✐❝

❙✉❜s✐st❡♥❝❡ ❢❛r♠✐♥❣ ✵✳✷✺✼ ✵✳✷✶✶ ✵✳✷✾✸ ✵✳✵✽✾ ✵✳✶✺✵
❈♦♠♠❡r❝✐❛❧ ❢❛r♠✐♥❣ ✵✳✺✻✸ ✵✳✶✻✵ ✵✳✷✺✽ ✵✳✵✶✾ ✵✳✵✵✵
❲❛❣❡ ❡♠♣❧♦②♠❡♥t ✵✳✺✶✸ ✵✳✶✹✺ ✵✳✶✺✷ ✵✳✵✾✹ ✵✳✵✾✼
◆♦♥✲❛❣r✐❝✉❧t✉r❛❧ ❡♥t❡r♣r✐s❡s ✵✳✺✸✺ ✵✳✶✺✾ ✵✳✶✻✵ ✵✳✵✻✵ ✵✳✵✽✻
Pr♦♣❡rt② ✐♥❝♦♠❡ ✵✳✽✻✺ ✵✳✵✸✺ ✵✳✵✸✼ ✵✳✵✻✹ ✵✳✵✵✵
❚r❛♥s❢❡rs ✵✳✺✺✺ ✵✳✷✵✼ ✵✳✶✻✽ ✵✳✵✹✽ ✵✳✵✷✶
❖r❣❛♥✐③❛t✐♦♥❛❧ s✉♣♣♦rt ✵✳✶✼✷ ✵✳✶✸✷ ✵✳✷✾✵ ✵✳✵✺✼ ✵✳✸✹✾

❆❧❧ ✵✳✸✺✽ ✵✳✶✾✵ ✵✳✷✹✼ ✵✳✵✽✷ ✵✳✶✷✸
❙♦✉r❝❡✿ ❆✉t❤♦r✬s ❝❛❧❝✉❧❛t✐♦♥s ❢r♦♠ t❤❡ ❞✐✛❡r❡♥t ✇❛✈❡s ♦❢ t❤❡ ❯◆P❙✳

✺✳✸ ❆❝t✐✈✐t②

❚❛❜❧❡ ✻ ❧♦♦❦s ❛t ✇❤❛t ❤♦✉s❡❤♦❧❞s r❡♣♦rt t♦ ❜❡ t❤❡✐r ♠❛❥♦r s♦✉r❝❡ ♦❢ ❡❛r♥✐♥❣s

❛t t❤❡ ❜❡❣✐♥♥✐♥❣ ♦❢ t❤❡ ♣❛♥❡❧✳ ❲❤✐❧❡ ✐♥ ❣❡♥❡r❛❧ ✸✺✳✽ ♣❡r ❝❡♥t ♦❢ ❯❣❛♥❞❛♥s

❢❛❧❧ ✐♥ t❤❡ ♥♦♥✲♣♦♦r ❝❛t❡❣♦r②✱ ♦♥❧② ✷✺✳✼ ♣❡r ❝❡♥t ♦❢ t❤❡ ❯❣❛♥❞❛♥ s✉❜s✐st❡♥❝❡

❢❛r♠❡rs ❛r❡ ✐♥ t❤❡ ♥♦♥✲♣♦♦r s✉❜❣r♦✉♣✳ ■t s❡❡♠s t❤❡ ❣r♦✉♣ ♦❢ ✈✉❧♥❡r❛❜❧❡

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

❢❛r♠❡rs✳ ❙✉❜s✐st❡♥❝❡ ❢❛r♠✐♥❣ ✐s ✐♥❞❡❡❞ ❛ ✈❡r② r✐s❦② ❛❝t✐✈✐t②✱ ❛♥❞ s✉❜s✐st❡♥❝❡

❢❛r♠❡rs ❤❛✈❡ ❢❡✇ ❛ss❡ts t♦ ✐♥s✉r❡ ❛❣❛✐♥st ❛❞✈❡rs❡ s❤♦❝❦s s✉❝❤ ❛s ❜❛❞ ✇❡❛t❤❡r

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

❜❡ ❡♥❣❛❣❡❞ ✐♥ ❝♦♠♠❡r❝✐❛❧ ❢❛r♠✐♥❣ ❛♣♣❡❛r ♠♦r❡ ❧✐❦❡❧② t♦ ❜❡ ♥♦♥✲♣♦♦r✳ ❲❛❣❡

❡♠♣❧♦②♠❡♥t ❛❧s♦ s❡❡♠s t♦ ❜❡ ❛♥ ❛❝t✐✈✐t② t❤❛t ✐s ♣r❡✈❛❧❡♥t ❛♠♦♥❣ t❤❡ ♥♦♥✲

♣♦♦r✳ ❇✉t ❛♠♦♥❣ t❤❡ ✇❛❣❡ ❡♠♣❧♦②❡❞✱ t❤❡r❡ ✐s ❛❧s♦ ❛♥ ♦✈❡r✲r❡♣r❡s❡♥t❛t✐♦♥ ✐♥

t❤❡ ❣r♦✉♣ ♦❢ ♣❡♦♣❧❡ t❤❛t ❤❛✈❡ ❢❛❧❧❡♥ ✐♥t♦ ♣♦✈❡rt②✳

❯❣❛♥❞❛♥s ❡♥❣❛❣❡❞ ✐♥ ♥♦♥❛❣r✐❝✉❧t✉r❛❧ ❡♥t❡r♣r✐s❡s ❛r❡ ❛❧s♦ ❧✐❦❡❧② t♦ ❢❛❧❧ ✐♥t♦

t❤❡ ♥♦♥✲♣♦♦r ❝❛t❡❣♦r②✳ ❚❤❡ ♠♦st ❝❧❡❛r r❡s✉❧ts ❛r❡ ❢♦r t❤♦s❡ ✇❤♦ ♠❡♥t✐♦♥ t❤❡✐r

♠❛✐♥ s♦✉r❝❡ ♦❢ ✐♥❝♦♠❡ ✐s ♣r♦♣❡rt② ✲ ✈✐rt✉❛❧❧② ❛❧❧ ❛r❡ ♥♦♥✲♣♦♦r✳ P❡♦♣❧❡ t❤❛t

❞❡♣❡♥❞ ♦♥ tr❛♥s❢❡rs ❛r❡ ❛❧s♦ ♥♦♥✲♣♦♦r✳ ❚r❛♥s❢❡rs ❛r❡ ❧✐❦❡❧② t♦ ❝♦rr❡❧❛t❡ ✇✐t❤

s♦❝✐❛❧ ❝❛♣✐t❛❧✱ ❛♥❞ ❤❡♥❝❡ t❤❡ ❧♦✇❡r ♣r♦❜❛❜✐❧✐t② t❤❛t ❤♦✉s❡❤♦❧❞s ❢❛❧❧ ✐♥t♦ t❤❡

✈✉❧♥❡r❛❜❧❡ ❣r♦✉♣ ♦r ✐♥ t❤❡ ❣r♦✉♣ t❤❛t ❢❛❧❧s ✐♥t♦ ♣♦✈❡rt②✳ ❋✐♥❛❧❧②✱ ❛ s✐❣♥✐✜❝❛♥t

✷✼



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

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

❤♦✇❡✈❡r✱ ❛❧s♦ ✐♥t❡r❡st✐♥❣ t♦ ♥♦t❡ t❤❛t ✶✼✳✷ ♣❡r ❝❡♥t ♦❢ t❤❡ ✐♥❞✐✈✐❞✉❛❧s t❤❛t

r❡♣♦rt ♦r❣❛♥✐③❛t✐♦♥❛❧ s✉♣♣♦rt ❛s t❤❡✐r ♠❛✐♥ s♦✉r❝❡ ♦❢ ✐♥❝♦♠❡ ❛r❡ ♥❡✈❡r ♣♦♦r

✐♥ t❤❡ ❢♦✉r✲✇❛✈❡ ♣❛♥❡❧✳

✺✳✹ ❊❞✉❝❛t✐♦♥

■♥ tr❛❞✐t✐♦♥❛❧ ♣♦✈❡rt② ♣r♦✜❧❡s✱ t❤❡ ❡❞✉❝❛t✐♦♥ ❧❡✈❡❧ ♦❢ t❤❡ ❤♦✉s❡❤♦❧❞ ❤❡❛❞

✐s ♦❢t❡♥ s✐❣♥✐✜❝❛♥t✳ ■♥❞❡❡❞✱ s❦✐❧❧s ❛r❡ ✐♠♣♦rt❛♥t ❢♦r t❤❡ s❡❧❢✲❡♠♣❧♦②❡❞✱ ❛♥❞

s❝❤♦♦❧❡❞ ❧❛❜♦r ✐s ❧✐❦❡❧② t♦ ❜❡ ❜❡tt❡r r❡✇❛r❞❡❞✳ ■t ✐s ❧❡ss ♦❜✈✐♦✉s ❤♦✇ s❝❤♦♦❧✐♥❣

❛✛❡❝ts ♣♦✈❡rt② ❞②♥❛♠✐❝s ✐♥ t❤❡ s❤♦rt r✉♥✳ ▲❛❝❦ ♦❢ ❡❞✉❝❛t✐♦♥ ❤❛s ❜❡❡♥ ❧✐♥❦❡❞

t♦ ✐♥t❡r❣❡♥❡r❛t✐♦♥❛❧ ♣♦✈❡rt② ✭❍❛r♣❡r✱ ▼❛r❝✉s✱ ❛♥❞ ▼♦♦r❡ ✷✵✵✸✮✳ ❊❞✉❝❛t✐♦♥

✐s ❛❧s♦ ❛♠♦♥❣ t❤❡ ✐♥✐t✐❛❧ ❝❤❛r❛❝t❡r✐st✐❝s ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❝❤r♦♥✐❝ ♣♦✈❡rt② ✐♥

r✉r❛❧ ❝♦♠♠✉♥✐t✐❡s ✐♥ ❊t❤✐♦♣✐❛ ✭❉❡r❝♦♥✱ ❍♦❞❞✐♥♦tt✱ ❛♥❞ ❲♦❧❞❡❤❛♥♥❛ ✷✵✶✷✮✳

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

❤❡❛❞✳ ❲❡ s❡❡ t❤❛t ✶✼✳✻ ♣❡r ❝❡♥t ♦❢ ❛❧❧ ❯❣❛♥❞❛♥ ❤♦✉s❡❤♦❧❞ ❤❡❛❞s ❤❛✈❡ ♥❡✈❡r

❛tt❡♥❞❡❞ s❝❤♦♦❧✳ ❍♦✇❡✈❡r✱ ✇✐t❤✐♥ t❤❡ ❣r♦✉♣ ♦❢ ✐♥❞✐✈✐❞✉❛❧s ✐♥ ❤♦✉s❡❤♦❧❞s t❤❛t

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

✇✐t❤♦✉t ❢♦r♠❛❧ ❡❞✉❝❛t✐♦♥ ✐s ✸✼ ♣❡r ❝❡♥t✳ ❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ t❤❡ s❤❛r❡ ♦❢

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

♦♥❧② ✼✳✽ ♣❡r ❝❡♥t✳ ■♥ t❤❡ s❡❝♦♥❞ r♦✇✱ ✇❡ s❡❡ t❤❛t t❤❡ ♠❛❥♦r✐t② ♦❢ ❤♦✉s❡✲

❤♦❧❞ ❤❡❛❞s ❤❛✈❡ ✜♥✐s❤❡❞ ♣r✐♠❛r② ❡❞✉❝t✐♦♥✳ Pr✐♠❛r② ❡❞✉❝❛t✐♦♥ ❛❧s♦ s❡❡♠s

✐♥s✉✣❝✐❡♥t t♦ ❦❡❡♣ t❤❡ ❤♦✉s❡❤♦❧❞ ♣❡r♠❛♥❡♥t❧② ♦✉t ♦❢ ♣♦✈❡rt②✳ ❊✈❡r②t❤✐♥❣

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

♥♦♥✲♣♦♦r ❝❧❛ss✳

✺✳✺ ❍❡❛❧t❤

■❧❧♥❡ss ❛♥❞ ❤❡❛❧t❤ s❤♦❝❦s ❤❛✈❡ ❜❡❡♥ r❡♣♦rt❡❞ t♦ ❛✛❡❝t ♣♦✈❡rt② ❞②♥❛♠✐❝s✳ ❋♦r

✐♥st❛♥❝❡✱ ❇❛rr❡tt ❡t ❛❧✳ ✭✷✵✵✻✮ ♥♦t❡ t❤❛t s❡r✐♦✉s ❤✉♠❛♥ ❤❡❛❧t❤ s❤♦❝❦s ❝❛✉s✐♥❣

✷✽



❚
❛❜

❧❡
✼✿

❊
❞
✉
❝❛
t✐
♦♥

♦❢
❤
♦✉

s❡
❤
♦❧
❞
❤
❡❛
❞

♥
♦♥

✲♣
♦
♦r

❊
s❝
❛♣

❡
❱
✉
❧♥
❡r
❛❜

❧❡
❋
❛❧
❧

❈
❤
r♦
♥
✐❝

❆
❧❧

◆
♦
s❝
❤
♦
♦❧
✐♥
❣

✵✳
✵✼
✽

✵✳
✶✾
✵

✵✳
✷✷
✼

✵✳
✶✹
✷

✵✳
✸✻
✻

✵✳
✶✼
✻

P
r✐
♠
❛r
②

✵✳
✹✷
✺

✵✳
✻✹
✽

✵✳
✻✷
✼

✵✳
✻✹
✷

✵✳
✺✽
✸

✵✳
✺✺
✹

P
♦s
t✲
♣
r✐
♠
❛r
②
tr
❛✐
♥
✐♥
❣✴
❝❡
rt
✐✜
❝❛
t❡

✵✳
✵✽
✺

✵✳
✵✷
✻

✵✳
✵✷
✹

✵✳
✵✸
✷

✵✳
✵✶
✵

✵✳
✵✹
✺

❙
❡❝
♦♥

❞
❛r
②

✵✳
✷✾
✼

✵✳
✶✶
✾

✵✳
✶✶
✹

✵✳
✶✼
✺

✵✳
✵✹
✶

✵✳
✶✼
✼

P
♦s
t✲
s❡
❝♦
♥
❞
❛r
②
tr
❛✐
♥
✐♥
❣✴
❝❡
rt
✐✜
❝❛
t❡

✵✳
✵✽
✻

✵✳
✵✶
✻

✵✳
✵✵
✻

✵✳
✵✵
✾

✵✳
✵✵
✵

✵✳
✵✸
✻

❆
❜
♦✈
❡

✵✳
✵✷
✾

✵✳
✵✵
✵

✵✳
✵✵
✷

✵✳
✵✵
✵

✵✳
✵✵
✵

✵✳
✵✶
✶

❙
♦✉

r❝
❡✿

❆
✉
t❤
♦r
✬s
❝❛
❧❝
✉
❧❛
t✐
♦♥

s
❢r
♦♠

t❤
❡
❞
✐✛
❡r
❡♥
t
✇
❛✈
❡s

♦❢
t❤
❡
❯
◆
P
❙
✳

✷✾



♣❡r♠❛♥❡♥t ✐♥❥✉r② ♦r ✐❧❧♥❡ss ♦r ❞❡❛t❤ ✇❡r❡ ❛♠♦♥❣ t❤❡ ♠♦st ❢r❡q✉❡♥t❧② ❝✐t❡❞

r❡❛s♦♥s ❢♦r ❤♦✉s❡❤♦❧❞s ❢❛❧❧✐♥❣ ✐♥t♦ ♣♦✈❡rt② ✐♥ q✉❛♥t✐t❛t✐✈❡ ❞❛t❛ ❢r♦♠ ▼❛❞❛✲

❣❛s❝❛r ❛♥❞ ❑❡♥②❛✳ ❇✉t t❤❡ ❜✐❞✐r❡❝t✐♦♥❛❧ ♥❛t✉r❡ ♦❢ t❤❡ ♣♦✈❡rt② r❡❧❛t✐♦♥s❤✐♣

❜❡t✇❡❡♥ ♣♦✈❡rt② ❛♥❞ ❤❡❛❧t❤ ♠❛② tr❛♣ ❤♦✉s❡❤♦❧❞s ✐♥ ♣❡rs✐st❡♥t ♣♦✈❡rt②✱ ❛s ✐❧❧

❤❡❛❧t❤ ❝❛♥ ❜❡ ❛ ❝❛t❛❧②st ❢♦r ♣♦✈❡rt② s♣✐r❛❧s ❛♥❞ ✐♥ t✉r♥ ♣♦✈❡rt② ❝❛♥ ❝r❡❛t❡

❛♥❞ ♣❡r♣❡t✉❛t❡ ♣♦♦r ❤❡❛❧t❤ st❛t✉s ✭●r❛♥t ✷✵✵✺✮✳

❍❡❛❧t❤ st❛t✉s ✐s ❧✐❦❡❧② t♦ ❜❡ ❛ ❢✉♥❝t✐♦♥ ♦❢ t❤❡ ❞✐st❛♥❝❡ t❤❡ ♥❡❛r❡st ❤❡❛❧t❤

❢❛❝✐❧✐t②✳ ❋✐❣✉r❡ ✹ r❡♣♦rts ♦♥ ❞✐st❛♥❝❡ t♦ ♥❡❛r❡st ❤❡❛❧t❤ ❢❛❝✐❧✐t②✳ ❇② ❤❡❛❧t❤

❢❛❝✐❧✐t② ✇❡ ♠❡❛♥ ❡✐t❤❡r ❛ ♣r✐✈❛t❡ ❝❧✐♥✐❝✱ ❛ ❣♦✈❡r♥♠❡♥t ♦r ♥♦♥✲❣♦✈❡r♥♠❡♥t❛❧

❤❡❛❧t❤ ✉♥✐t ♦r ❤♦s♣✐t❛❧✳ ❚❤❡r❡ s❡❡♠s t♦ ❜❡ s♦♠❡ ♣❛tt❡r♥ ✐♥ t❤❡ ❞❛t❛✳ ❍♦✉s❡✲

❤♦❧❞s t❤❛t ❛r❡ ♥❡✈❡r ♣♦♦r ✐♥ ❛♥② ♦❢ t❤❡ ✇❛✈❡s ♦❢ t❤❡ ♣❛♥❡❧ ❞❛t❛s❡t r❡♣♦rt❡❞

❧♦✇❡st ♠❡❞✐❛♥ ❞✐st❛♥❝❡ t♦ ❤❡❛❧t❤ ❢❛❝✐❧✐t✐❡s✳ ❆t t❤❡ ♦t❤❡r ❡①tr❡♠❡✱ ✇❡ ✜♥❞ t❤❛t

❤♦✉s❡❤♦❧❞s t❤❛t ❧✐✈❡ ✐♥ ❝❤r♦♥✐❝ ♣♦✈❡rt② r❡♣♦rt❡❞ ❤✐❣❤❡st ♠❡❞✐❛♥ ❞✐st❛♥❝❡ t♦

❤❡❛❧t❤ ❢❛❝✐❧✐t✐❡s✳ ❉✐st❛♥❝❡ t♦ ❤❡❛❧t❤ ❢❛❝✐❧✐t✐❡s ❧✐❦❡❧② r❡✢❡❝ts ❧♦❝❛t✐♦♥✱ ❛s ✇❡

❤❛✈❡ s❡❡♥ t❤❛t t❤❡ ❝❤r♦♥✐❝ ♣♦♦r t❡♥❞ t♦ ❧✐✈❡ ✐♥ ♠♦r❡ r❡♠♦t❡ ❛r❡❛s✳

❋✐❣✉r❡ ✺ ❧♦♦❦s ❛t ❛✈❡r❛❣❡ ❞❛②s t❤❛t ❤♦✉s❡❤♦❧❞ ❤❡❛❞s r❡♣♦rt❡❞ ❜❡✐♥❣ ✐♥✲

❛❝t✐✈❡ ❞✉❡ t♦ ✐❧❧♥❡ss ✐♥ t❤❡ ❧❛st s✐① ♠♦♥t❤s ✐♥ t❤❡ ✷✵✵✺✴✵✻ ❯◆P❙ ✇❛✈❡ ❝♦♥✲

❞✐t✐♦♥❛❧ ♦♥ s✉❜s❡q✉❡♥t ♣♦✈❡rt② tr❛♥s✐t✐♦♥s✳ ❋♦r ♠♦st ♦❢ t❤❡ ❝❛t❡❣♦r✐❡s✱ t❤❡

♥✉♠❜❡r ♦❢ ❞❛②s ❧♦st ✐s ♦♥ ❛✈❡r❛❣❡ ❛❜♦✉t ✽✳✺ ❞❛②s✳ ❲❡ s❡❡ t❤❛t ♣❡♦♣❧❡ t❤❛t

❤❛✈❡ ❧♦st r❡❧❛t✐✈❡❧② ❢❡✇ ❞❛②s ❞✉❡ t♦ ✐❧❧♥❡ss ❛r❡ ♠♦r❡ ❧✐❦❡❧② t♦ ❜❡ ✐♥ t❤❡ s✉❜✲

❣r♦✉♣ t❤❛t s✉❜s❡q✉❡♥t❧② ❡s❝❛♣❡s ♣♦✈❡rt②✳ ❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ t❤❡ ❤♦✉s❡❤♦❧❞s

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

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

✐♥t♦ ♣♦✈❡rt② ♦r ❛r❡ ❧✐✈✐♥❣ ✐♥ ❝❤r♦♥✐❝ ♣♦✈❡rt②✳

✺✳✻ ❙❤♦❝❦s ❛♥❞ ❈♦♣✐♥❣

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

❛❜✐❧✐t② t♦ ✐♥s✉r❡ ✭❉❡r❝♦♥ ✷✵✵✹✮✳ ❙❤♦❝❦s ❝❛♥ ❤❛✈❡ ❧❛st✐♥❣ ❡✛❡❝ts ✐❢ t❤❡② ❞❡str♦②

♣r♦❞✉❝t✐✈❡ ❛ss❡ts✱ s✉❝❤ ❛s ✇❤❡♥ ❞r♦✉❣❤ts r❡❞✉❝❡ ❧✐✈❡st♦❝❦✱ ♦r ❤❡❛❧t❤ s❤♦❝❦s

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

❜❛s❡❞ ♣♦✈❡rt② tr❛♣ ✭❈❛rt❡r ❛♥❞ ❇❛rr❡tt ✷✵✵✻✮✳ ❲❡ ❛❧s♦ ❧♦♦❦ ❛t ❤♦✇ t❤❡

❤♦✉s❡❤♦❧❞s ❞❡❛❧ ✇✐t❤ s❤♦❝❦s ❡① ♣♦st ❝♦♥❞✐t✐♦♥❛❧ ♦♥ t❤❡✐r ✇❡❛❧t❤ ❞②♥❛♠✐❝s

❝❛t❡❣♦r②✳

❚❛❜❧❡ ✽ ❧♦♦❦ ❛t s❤♦❝❦s r❡♣♦rt❡❞ ❛t t❤❡ ♦♥s❡t ♦❢ t❤❡ ♣❛♥❡❧✳ ❲❡ ❛❣❛✐♥ r❡♣♦rt

❝♦❧✉♠♥ ♣❡r❝❡♥t❛❣❡s✳ ❍❡♥❝❡✱ ✇❤✐❧❡ ✸✺ ♣❡r ❝❡♥t ♦❢ ❛❧❧ s❤♦❝❦s ❛r❡ ❞r♦✉❣❤t

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

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

❡s❝❛♣❡s ♣♦✈❡rt②✳ ❆ s✉❜st❛♥t✐❛❧ s❤❛r❡ ♦❢ t❤❡ ♥♦♥✲♣♦♦r r❡♣♦rt t♦ ❤❛✈❡ ❜❡❡♥

❡①♣♦s❡❞ t♦ ❞r♦✉❣❤t s❤♦❝❦s✱ ❜✉t t❤✐s s❤❛r❡ ✐s ♦♥❧② ❛❜♦✉t ✺ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts

❧♦✇❡r t❤❛♥ t❤❡ ♦✈❡r❛❧❧ s❤❛r❡ t❤❛t r❡♣♦rts ❞r♦✉❣❤t✲r❡❧❛t❡❞ s❤♦❝❦s✳ ❋❧♦♦❞s✱

❤❛✐❧st♦r♠s✱ ❛♥❞ ❛❧s♦ ♣❡st r❡♣♦rts ❞♦ ♥♦t s❡❡♠ t♦ ❞✐✛❡r t♦♦ ♠✉❝❤ ❜❡t✇❡❡♥ t❤❡

❞✐✛❡r❡♥t ❣r♦✉♣s✳

❇❛❞ s❡❡❞ q✉❛❧✐t② ✐s r❡♣♦rt❡❞ ♠♦r❡ ❛♠♦♥❣ t❤❡ ♥♦♥✲♣♦♦r t❤❛♥ ❛✈❡r❛❣❡✳ ❚❤✐s

♠❛② ❜❡ ❜❡❝❛✉s❡ ❡s♣❡❝✐❛❧❧② ❢❛r♠❡rs t❤❛t ❛r❡ ❛❧✇❛②s ❛❜♦✈❡ t❤❡ ♣♦✈❡rt② ❧✐♥❡ ❛r❡

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

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

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

❝❤r♦♥✐❝❛❧❧② ♣♦♦r ❤♦✉s❡❤♦❧❞s t❤❛t r❡♣♦rt ❜❡✐♥❣ ❛✛❡❝t❡❞ ❜② ❝✐✈✐❧ str✐❢❡✳ P♦✈❡rt②

t❤❛t ✐s ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❝✐✈✐❧ ✇❛r s❡❡♠s t♦ ❜❡ ✈❡r② ♣❡rs✐st❡♥t ✭●♦♦❞❤❛♥❞ ✷✵✵✸✮✳

❚❤❡ ♥♦♥✲♣♦♦r ❝❧❡❛r❧② ❢❛❝❡❞ ❞✐✛❡r❡♥t s❤♦❝❦s✳ ❚❤❡② r❡♣♦rt ♠♦r❡ t❤❛♥ ❛✈❡r❛❣❡

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

♠♦r❡ ✐♥ t❤❡ ❝❛t❡❣♦r② ♦❢ ❤♦✉s❡❤♦❧❞s t❤❛t s❧✐❞❡ ✐♥t♦ ♣♦✈❡rt②✳ ❚❤❡ ❞❡❛t❤ ♦❢ ❛

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

✐♥t♦ ♣♦✈❡rt② ♦✈❡r t❤❡ ♣❡r✐♦❞ ❝♦✈❡r❡❞ ❜② t❤❡ ♣❛♥❡❧✳

❋✐♥❛❧❧②✱ t❤❡ ❞♦t ❝❤❛rt ✐♥ ✜❣✉r❡ ✻ s❤♦✇s ❤♦✇ t❤❡ ❞✐✛❡r❡♥t ❝❛t❡❣♦r✐❡s ♦❢

❤♦✉s❡❤♦❧❞s r❡♣♦rt❡❞❧② ❞❡❛❧t ✇✐t❤ s❤♦❝❦s✳ ❚❤❡ t♦♣ ♦❢ t❤❡ ❝❤❛rt s❤♦✇s t❤❛t t❤❡

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

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

♣♦✈❡rt② ♦✈❡r t❤❡ ❝♦✉rs❡ ♦❢ t❤❡ ♣❛♥❡❧✳ ❚❤❡ ❝❤r♦♥✐❝ ♣♦♦r ❞❡❛❧ ✐♥ ❛ ❝♦♠♣❧❡t❡❧②
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❞✐✛❡r❡♥t ✇❛② ✇✐t❤ s❤♦❝❦s✳ ❋♦r ✐♥st❛♥❝❡✱ t❤❡② ❝❛♥ ♥♦t r❡❧② ♦♥ s❛✈✐♥❣s t♦ ❞❡❛❧

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

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

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

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

t❤❡ ✜rst r♦✉♥❞ ♦❢ ♦✉r ♣❛♥❡❧ ✐s ❛ss♦❝✐❛t❡❞ t♦ ❛♥ ✐♥❝r❡❛s❡ ✐♥ t❤❡ ❝❤❛♥❝❡ t❤❛t

❤♦✉s❡❤♦❧❞s ❞❡s❝❡♥❞ ✐♥t♦ ♣♦✈❡rt②✳

✻ ❈♦♥❝❧✉s✐♦♥

■♥ t❤✐s ♣❛♣❡r✱ ✇❡ r❡❛ss❡ss t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ ♣♦✈❡rt② ♦✈❡r t❤❡ ♣❛st t❡♥ ②❡❛rs ✐♥

❯❣❛♥❞❛✳ ❖✣❝✐❛❧ ✜❣✉r❡s s✉❣❣❡st s✉❜st❛♥t✐❛❧ ♣♦✈❡rt② r❡❞✉❝t✐♦♥✱ ❜✉t ✐♥❞❡♣❡♥✲

❞❡♥t r❡s❡❛r❝❤❡rs ♥♦t❡ t❤❛t t❤❡ ❜❡♥❡✜ts ♦❢ ❡❝♦♥♦♠✐❝ ❣r♦✇t❤ ❤❛✈❡ ❜❡❡♥ s❤❛r❡❞

✉♥❡q✉❛❧❧②✳ ■♥ ❛❞❞✐t✐♦♥✱ ❝❛s✉❛❧ ♦❜s❡r✈❛t✐♦♥ ❞♦❡s ♥♦t ❝♦rr❡s♣♦♥❞ t♦ t❤❡ r♦s②

♣✐❝t✉r❡ t❤❛t ♦✣❝✐❛❧ ✜❣✉r❡s s✉❣❣❡st✳ ❖t❤❡r ✐♥❞✐❝❛t♦rs t❤❛t ❞❡✜♥❡ ✇❡❧❧✲❜❡✐♥❣ ✐♥

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

❛ ♠✉❝❤ ❧♦✇❡r ❧❡✈❡❧ t❤❛♥ ✇❤❛t ✇♦✉❧❞ ❝♦rr❡s♣♦♥❞ t♦ t❤❡ ❞✐ss❡♠✐♥❛t❡❞ ♣♦✈❡rt②

❧❡✈❡❧s✳

❖♥❡ ♣♦ss✐❜❧❡ ❡①♣❧❛♥❛t✐♦♥ ❢♦r t❤✐s ❞✐✈❡r❣❡♥❝❡ ❧✐❡s ✐♥ t❤❡ ♣♦✈❡rt② ❧✐♥❡✳ ❚❤❡

♣♦✈❡rt② ❧✐♥❡ t❤❛t ✐s ❝✉rr❡♥t❧② ✐♥ ✉s❡ t♦ ❡st✐♠❛t❡ ♦✣❝✐❛❧ ♣♦✈❡rt② ✐♥ ❯❣❛♥❞❛ ✇❛s

❝♦♥str✉❝t❡❞ ♠♦r❡ t❤❛♥ ❛ ❞❡❝❛❞❡ ❛❣♦✱ ✉s✐♥❣ ❞❛t❛ ❢r♦♠ ❛ ✶✾✾✸✴✶✾✾✹ s✉r✈❡②✳

■♥ ❛❞❞✐t✐♦♥✱ t❤✐s ♣♦✈❡rt② ❧✐♥❡ r❡❧✐❡s ♦♥ ❛ s✐♥❣❧❡ ❢♦♦❞ ❝♦♥s✉♠♣t✐♦♥ ❜❛s❦❡t ❢♦r

❯❣❛♥❞❛✱ ❞❡s♣✐t❡ t❤❡ ❢❛❝t t❤❛t ❯❣❛♥❞❛ ❝♦♥s✐sts ♦❢ ❛ ❞✐✈❡rs❡ s❡t ♦❢ r❡❣✐♦♥s✱

❡❛❝❤ ✇✐t❤ t❤❡✐r ♦✇♥ ❞✐❡ts✳ ❚❤❡s❡ ❞✐❡ts ❛r❡ ❛❧s♦ ❡①❝❡♣t✐♦♥❛❧ ✐♥ t❤❡✐r ❞✐✛❡r❡♥❝❡

✐♥ ❝♦st t♦ ♦❜t❛✐♥ ❛ ❝❡rt❛✐♥ ❧❡✈❡❧ ♦❢ ❦✐❧♦✲❝❛❧♦r✐❡s ✭♦r ✉t✐❧✐t② ♦❢ t❤❛t ♠❛tt❡r✮✳

▲✉♠♣✐♥❣ ❛❧❧ r❡❣✐♦♥s t♦❣❡t❤❡r ❛♥❞ ❛ss✉♠✐♥❣ t❤❡② r❡q✉✐r❡ t❤❡ s❛♠❡ ❛♠♦✉♥ts

♦❢ ❡❛❝❤ ❝♦♠♠♦❞✐t② ❞✐sr❡❣❛r❞s t❤❡ ❝✉❧t✉r❛❧ ❛♥❞ ❛❣r♦✲❝❧✐♠❛t✐❝ ❞✐✈❡rs✐t② t❤❛t

t②♣✐✜❡s ❯❣❛♥❞❛✳

❲❡ t❤❡r❡❢♦r❡ ❢♦❧❧♦✇ ❆r♥❞t ❛♥❞ ❙✐♠❧❡r ✭✷✵✶✵✮✱ ✇❤♦ ♣r♦♣♦s❡ ❛♥ ✐♥❢♦r♠❛t✐♦♥✲

t❤❡♦r❡t✐❝ ❛♣♣r♦❛❝❤ t♦ ❝♦♥str✉❝t✐♥❣ ✉t✐❧✐t②✲❝♦♥s✐st❡♥t ♣♦✈❡rt② ❧✐♥❡s✳ ❚❤❡ ✐❞❡❛

✸✺



❋✐❣✉r❡ ✻✿ ❈♦♣✐♥❣ ✇✐t❤ ❛❞✈❡rs❡ s❤♦❝❦s

withdraw children from school and sent them for wage employment

send children to live else where

mortgage assets
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improve technology

migration

increased agriculture labour supply
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other
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change crop choices to avoid bad weather or pest attack
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use savings
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✐s t♦ ❝♦♥str✉❝t ❞✐✛❡r❡♥t ♣♦✈❡rt② ❧✐♥❡s ❜② s♣❛t✐❛❧ ✭♦r t❡♠♣♦r❛❧✮ ❞♦♠❛✐♥ t❤❛t

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

r❡❣✐♦♥✳ ❚❤❡s❡ ♣♦✈❡rt② ❧✐♥❡s ❛r❡ t❤❡♥ t❡st❡❞ t♦ ❝❤❡❝❦ ✐❢ t❤❡② ♦❜❡② r❡✈❡❛❧❡❞

♣r❡❢❡r❡♥❝❡ ❝♦♥❞✐t✐♦♥s✳ ■♥ ♣❛rt✐❝✉❧❛r✱ ✇❡ ❝❤❡❝❦ ✐❢ t❤❡ ❢♦♦❞ ❜❛s❦❡ts ❝❤♦s❡♥ ✐♥ ❛❧❧

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

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

t❤❡ s❛♠❡ ✉t✐❧✐t②✳ ❚❤✐s ✈✐♦❧❛t❡s t❤❡ r❡✈❡❛❧❡❞ ♣r❡❢❡r❡♥❝❡ ❝♦♥❞✐t✐♦♥✳ ❲❡ ❛♣♣❧②

❛♥ ✐♥❢♦r♠❛t✐♦♥✲t❤❡♦r❡t✐❝ ❛♣♣r♦❛❝❤ t❤❛t ❛❞❥✉sts ❝♦♥s✉♠♣t✐♦♥ s❤❛r❡s s✉❝❤ t❤❛t

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

✐♥t❛❝t ❛s ♠✉❝❤ ❛s ♣♦ss✐❜❧❡✳

❲❡ ❢❡❡❧ t❤❛t t❤❡ ♣♦✈❡rt② ❡st✐♠❛t❡s ✉s✐♥❣ ♣♦✈❡rt② ❧✐♥❡s t❤❛t r❡✢❡❝t ❧♦❝❛❧

❞✐❡ts ❛r❡ ♠♦r❡ r❡❛❧✐st✐❝ t❤❛♥ t❤❡ ♦✣❝✐❛❧ ♦♥❡s✳ ❋♦r ✐♥st❛♥❝❡✱ t❤❡② ❛r❡ ♠✉❝❤

♠♦r❡ ✐♥ ❧✐♥❡ ✇✐t❤ t❤❡ ❧❡✈❡❧s ❛♥❞ ❡✈♦❧✉t✐♦♥ ♦❢ ♦t❤❡r ♥♦♥✲♠♦♥❡t❛r② ♣♦✈❡rt②

✐♥❞✐❝❛t♦rs✳ ❆ ❝❛s❡ ✐♥ ♣♦✐♥t ✐s t❤❡ ♥✉tr✐t✐♦♥❛❧ st❛t✉s ♦❢ ❝❤✐❧❞r❡♥✳ ❆❝❝♦r❞✐♥❣ t♦

t❤❡ ❯❣❛♥❞❛ ❉❡♠♦❣r❛♣❤✐❝ ❍♦✉s❡❤♦❧❞ ❙✉r✈❡② ✷✵✶✶✱ ❤❡✐❣❤t✲❢♦r✲❛❣❡ s❝♦r❡s ❛r❡

✇♦rst ✐♥ t❤❡ ✇❡st❡r♥ r❡❣✐♦♥✱ ❡①❝❡♣t ❢♦r t❤❡ ❑❛r❛♠♦❥❛ ❞✐str✐❝t✳ ❙s❡✇❛♥②❛♥❛

❛♥❞ ❑❛s✐r②❡ ✭✷✵✶✵✮ ❛❧s♦ ✜♥❞ t❤❛t t❤❡ ❤✐❣❤❡st r❛t❡s ♦❢ st✉♥t✐♥❣ ❛r❡ ✐♥ t❤❡

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

♦❢ ♣♦✈❡rt② ✐s ❧❡ss r♦s② t❤❛♥ ♦✣❝✐❛❧ ✜❣✉r❡s s✉❣❣❡st✳

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

♥♦rt❤❡r♥ r❡❣✐♦♥✱ ❛ ❞✐st✉r❜✐♥❣❧② ❧❛r❣❡ ♣r♦♣♦rt✐♦♥ ♦❢ t❤❡ ❝❤r♦♥✐❝ ♣♦♦r r❡♠❛✐♥✳

■♥ ❛❞❞✐t✐♦♥✱ ❛ s✉❜st❛♥t✐❛❧ ♣r♦♣♦rt✐♦♥ ♦❢ ✈✉❧♥❡r❛❜❧❡ ❤♦✉s❡❤♦❧❞s r❡s✐❞❡s ✐♥ t❤❡

♥♦rt❤❡r♥ r❡❣✐♦♥✳ ❚❤❡ ✉s❡ ♦❢ ✉t✐❧✐t②✲❝♦♥s✐st❡♥t ♣♦✈❡rt② ❧✐♥❡s t❤❛t ❛r❡ ❛❧❧♦✇❡❞

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

♣♦✈❡rt② ✐♥ t❤❡ ✇❡st❡r♥ r❡❣✐♦♥✳ ❚❤❡ ❢❛❝t t❤❛t ✐♥ t❤✐s r❡❣✐♦♥✱ r❡❧❛t✐✈❡❧② ❢❡✇

❤♦✉s❡❤♦❧❞s ❛r❡ ❡s❝❛♣✐♥❣ ♣♦✈❡rt② ❛♥❞ r❡❧❛t✐✈❡❧② ♠♦r❡ ❤♦✉s❡❤♦❧❞s ❛r❡ ❢❛❧❧✐♥❣

✐♥t♦ ♣♦✈❡rt② ♥❡❡❞s ❛tt❡♥t✐♦♥✳ ❚❤✐s ✐s ✐♥ st❛r❦ ❝♦♥tr❛st t♦ t❤❡ ❝❡♥tr❛❧ r❡❣✐♦♥✱

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

❤❛✈❡ ❡s❝❛♣❡❞ ♣♦✈❡rt② ♦✈❡r t✐♠❡ ❛♥❞ ✈❡r② ❢❡✇ ❤♦✉s❡❤♦❧❞s ❤❛✈❡ s❧✐♣♣❡❞ ❜❛❝❦

✐♥t♦ ♣♦✈❡rt②✳

✸✼



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

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

♥❡✈❡r ♣♦♦r ✐♥ ♦✉r ♣❛♥❡❧ ❛r❡ ♠♦r❡ ❧✐❦❡❧② t♦ ❜❡ ❤❡❛❞❡❞ ❜② ❛ ♠❛❧❡✳ ❍✐❣❤❡r ❝❤✐❧❞

❞❡♣❡♥❞❡♥❝② ✐s ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❝❤r♦♥✐❝ ♣♦✈❡rt②✱ ✇❤✐❧❡ t❤❡ ♥♦♥✲♣♦♦r ❤❛✈❡ t❤❡

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

s✐③❡✱ ✐t ♥♦✇ s❡❡♠s t❤❛t t❤❡ ❤♦✉s❡❤♦❧❞s t❤❛t s❧✐❞❡ ❜❡❧♦✇ t❤❡ ♣♦✈❡rt② t❤r❡s❤♦❧❞

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

♦♥❡ ♦❢ t❤❡ ♣❛r❡♥ts ❤❛s ❞✐❡❞ ♦r ❤❛s ❧❡❢t t❤❡ ❤♦✉s❡❤♦❧❞✳ ❲❡ ❛❧s♦ s❡❡ t❤❛t ✇✐❞✲

♦✇❡❞ ❤♦✉s❡❤♦❧❞s ❛r❡ ✉♥❞❡rr❡♣r❡s❡♥t❡❞ ✐♥ t❤❡ ♥♦♥✲♣♦♦r s❡❣♠❡♥t✳ ■♥ ❛❞❞✐t✐♦♥✱

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

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

❍♦✉s❡❤♦❧❞s ✇❤❡r❡ t❤❡ ❤❡❛❞ ✐s ♥❡✈❡r ♠❛rr✐❡❞ ❛r❡ ❝❧❡❛r❧② ♠♦r❡ ❧✐❦❡❧② t♦ ❜❡

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

♦✉t ♦❢ ♣♦✈❡rt②✱ ❛♥❞ t❤❡② ❛r❡ ❛❧s♦ ♠♦r❡ ❧✐❦❡❧② t♦ ❜❡ ♥♦♥✲♣♦♦r✳ P♦❧②❣❛♠♦✉s❧②

♠❛rr✐❡❞ ❤♦✉s❡❤♦❧❞s ❤❛✈❡ ❜❡❡♥ ❞✐s♣r♦♣♦rt✐♦♥❛t❡❧② s❧✐❞✐♥❣ ✐♥t♦ ♣♦✈❡rt② ❛♥❞ ❛r❡

❛❧s♦ s❧✐❣❤t❧② ♠♦r❡ ❧✐❦❡❧② t♦ ❜❡ ❝❤r♦♥✐❝ ♣♦♦r✳

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

❛ s✐❣♥✐✜❝❛♥t ❣r♦✉♣ ♦❢ ♣❡♦♣❧❡ t❤❛t r❡♣♦rt❡❞ t♦ ❜❡ ❞❡♣❡♥❞✐♥❣ ♦♥ ❤❛♥❞♦✉ts✳ ❆s

❡①♣❡❝t❡❞✱ t❤❡s❡ ❛r❡ ❡s♣❡❝✐❛❧❧② t❤❡ ❝❤r♦♥✐❝ ♣♦♦r ♦r ✐♥❞✐✈✐❞✉❛❧s t❤❛t ❢❛❧❧ ✐♥t♦

♣♦✈❡rt②✳ ■t s❡❡♠s t❤❡ ❣r♦✉♣ ♦❢ ✈✉❧♥❡r❛❜❧❡ ❤♦✉s❡❤♦❧❞s ✐s ❞✐s♣r♦♣♦rt✐♦♥❛t❡❧②

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

♦❢ r❛✐♥✲❢❡❞ ❛❣r✐❝✉❧t✉r❡✳ ❯❣❛♥❞❛♥s ❡♥❣❛❣❡❞ ✐♥ ❝♦♠♠❡r❝✐❛❧ ❛❣r✐❝✉❧t✉r❡ ♦❢ ♥♦♥✲

❛❣r✐❝✉❧t✉r❛❧ ❡♥t❡r♣r✐s❡s ❛r❡ ❛❧s♦ ❧✐❦❡❧② t♦ ❢❛❧❧ ✐♥t♦ t❤❡ ♥♦♥✲♣♦♦r ❝❛t❡❣♦r②✳

❲❡ t❤❡♥ ❧♦♦❦ ❛t ❡❞✉❝❛t✐♦♥ ❛♥❞ ❤❡❛❧t❤✳ ❲❡ ✜♥❞ t❤❛t ❤♦✉s❡❤♦❧❞s t❤❛t

❧✐✈❡ ✐♥ ❝❤r♦♥✐❝ ♣♦✈❡rt② r❡♣♦rt❡❞ ❤✐❣❤❡st ♠❡❞✐❛♥ ❞✐st❛♥❝❡ t♦ ❤❡❛❧t❤ ❢❛❝✐❧✐t✐❡s✳

❉✐st❛♥❝❡ t♦ ❤❡❛❧t❤ ❢❛❝✐❧✐t✐❡s ❧✐❦❡❧② r❡✢❡❝ts ❧♦❝❛t✐♦♥✱ ❛s ✇❡ ❤❛✈❡ s❡❡♥ t❤❛t t❤❡

❝❤r♦♥✐❝ ♣♦♦r t❡♥❞ t♦ ❧✐✈❡ ✐♥ ♠♦r❡ r❡♠♦t❡ ❛r❡❛s✳ ❆♥♦t❤❡r str✐❦✐♥❣ ❢❡❛t✉r❡ ✐s

t❤❛t ❧♦♥❣ ♣❡r✐♦❞s ♦❢ ✐❧❧♥❡ss ✭✐♥ t❡r♠s ♦❢ ❞❛②s ❧♦st ❞✉❡ t♦ ✐❧❧♥❡ss✮ ❛r❡ ❝♦rr❡❧❛t❡❞

✇✐t❤ s❧✐❞✐♥❣ ✐♥t♦ ♣♦✈❡rt②✳ Pr✐♠❛r② ❡❞✉❝❛t✐♦♥ ♦❢ t❤❡ ❤♦✉s❡❤♦❧❞ ❤❡❛❞ ❛❧♦♥❡ ❛❧s♦

s❡❡♠s ✐♥s✉✣❝✐❡♥t t♦ ❡s❝❛♣❡ ♣♦✈❡rt② ✐♥ t❤❡ ❧♦♥❣ r✉♥✳ ❋✐♥❛❧❧②✱ ✇❡ ✜♥❞ s♦♠❡

✸✽



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

❞❡❛❧ ✇✐t❤ t❤❡s❡ s❤♦❝❦s✳ ❲❤✐❧❡ t❤❡ ❝❤r♦♥✐❝ ♣♦♦r ❤❛✈❡ ♥♦ ♦t❤❡r ♦♣t✐♦♥ t❤❛♥

t♦ r❡❞✉❝❡ ❝♦♥s✉♠♣t✐♦♥✱ t❤❡ ♥♦♥✲♣♦♦r ❞r❛✇ ♦♥ s❛✈✐♥❣s✳ ❙♦❝✐❛❧ ♥❡t✇♦r❦s ❛❧s♦

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

✸✾



❘❡❢❡r❡♥❝❡s

❆♣♣❧❡t♦♥✱ ❙✳ ✷✵✵✸✳ ✏❘❡❣✐♦♥❛❧ ♦r ◆❛t✐♦♥❛❧ P♦✈❡rt② ▲✐♥❡s❄ ❚❤❡ ❈❛s❡ ♦❢ ❯❣❛♥❞❛

✐♥ t❤❡ ✶✾✾✵s✳✑ ❏♦✉r♥❛❧ ♦❢ ❆❢r✐❝❛♥ ❊❝♦♥♦♠✐❡s ✶✷ ✭✹✮✿ ✺✾✽✕✻✷✹✳

❆r♥❞t✱ ❈✳ ❛♥❞ ❑✳ ❘✳ ❙✐♠❧❡r✳ ✷✵✶✵✳ ✏❊st✐♠❛t✐♥❣ ❯t✐❧✐t②✲❈♦♥s✐st❡♥t P♦✈❡rt②

▲✐♥❡s ✇✐t❤ ❆♣♣❧✐❝❛t✐♦♥s t♦ ❊❣②♣t ❛♥❞ ▼♦③❛♠❜✐q✉❡✳✑ ❊❝♦♥♦♠✐❝ ❉❡✈❡❧♦♣✲

♠❡♥t ❛♥❞ ❈✉❧t✉r❛❧ ❈❤❛♥❣❡ ✺✽ ✭✸✮✿ ✹✹✾✕✹✼✹✳

❇❛rr❡tt✱ ❈✳ ❇✳✱ P✳ P✳ ▼❛r❡♥②❛✱ ❏✳ ▼❝♣❡❛❦✱ ❇✳ ▼✐♥t❡♥✱ ❋✳ ▼✉r✐t❤✐✱

❲✳ ❖❧✉♦❝❤✲❑♦s✉r❛✱ ❋✳ P❧❛❝❡✱ ❏✳ ❈✳ ❘❛♥❞r✐❛♥❛r✐s♦❛✱ ❏✳ ❘❛s❛♠❜❛✐♥❛r✐✈♦✱

❛♥❞ ❏✳ ❲❛♥❣✐❧❛✳ ✷✵✵✻✳ ✏❲❡❧❢❛r❡ ❞②♥❛♠✐❝s ✐♥ r✉r❛❧ ❑❡♥②❛ ❛♥❞ ▼❛❞❛❣❛s✲

❝❛r✳✑ ❏♦✉r♥❛❧ ♦❢ ❉❡✈❡❧♦♣♠❡♥t ❙t✉❞✐❡s ✹✷ ✭✷✮✿ ✷✹✽✕✷✼✼✳

❇✐r❞✱ ❑✳✱ ❆✳ ▼❝❑❛②✱ ❛♥❞ ■✳ ❙❤✐♥②❡❦✇❛✳ ✷✵✶✵✳ ■s♦❧❛t✐♦♥ ❛♥❞ P♦✈❡rt②✿ ❚❤❡

❘❡❧❛t✐♦♥s❤✐♣ ❇❡t✇❡❡♥ ❙♣❛t✐❛❧❧② ❉✐✛❡r❡♥t✐❛t❡❞ ❆❝❝❡ss t♦ ●♦♦❞s ❛♥❞ ❙❡r✲

✈✐❝❡s ❛♥❞ P♦✈❡rt②✳ ❈P❘❈ ✇♦r❦✐♥❣ ♣❛♣❡r✳ ❖✈❡rs❡❛s ❉❡✈❡❧♦♣♠❡♥t ■♥st✐t✉t❡

✭❖❉■✮✳

❇♦❛t❡♥❣✱ ❊✳ ❖✳✱ ❑✳ ❊✇✉s✐✱ ❘✳ ❑❛♥❜✉r✱ ❛♥❞ ❆✳ ▼❝❑❛②✳ ✶✾✾✷✳ ✏❆ P♦✈❡rt②

Pr♦✜❧❡ ❢♦r ●❤❛♥❛✱ ✶✾✽✼✕✶✾✽✽✳✑ ❏♦✉r♥❛❧ ♦❢ ❆❢r✐❝❛♥ ❊❝♦♥♦♠✐❡s ✶ ✭✶✮✿ ✷✺✕

✺✽✳

❇②❡❦✇❛s♦✱ ◆✳ ✷✵✶✵✳ ✏P♦✈❡rt② ✐♥ ❯❣❛♥❞❛✳✑ ❘❡✈✐❡✇ ♦❢ ❆❢r✐❝❛♥ P♦❧✐t✐❝❛❧ ❊❝♦♥✲

♦♠② ✸✼ ✭✶✷✻✮✿ ✺✶✼✕✺✷✺✳

❈❛rt❡r✱ ▼✳ ❘✳ ❛♥❞ ❈✳ ❇✳ ❇❛rr❡tt✳ ✷✵✵✻✳ ✏❚❤❡ ❡❝♦♥♦♠✐❝s ♦❢ ♣♦✈❡rt② tr❛♣s ❛♥❞

♣❡rs✐st❡♥t ♣♦✈❡rt②✿ ❆♥ ❛ss❡t✲❜❛s❡❞ ❛♣♣r♦❛❝❤✳✑ ❏♦✉r♥❛❧ ♦❢ ❉❡✈❡❧♦♣♠❡♥t

❙t✉❞✐❡s ✹✷ ✭✷✮✿ ✶✼✽✕✶✾✾✳

❉❛♥✐❡❧s✱ ▲✳ ❛♥❞ ◆✳ ▼✐♥♦t✳ ✷✵✶✹✳ ✏■s P♦✈❡rt② ❘❡❞✉❝t✐♦♥ ❖✈❡r✲❙t❛t❡❞ ✐♥

❯❣❛♥❞❛❄ ❊✈✐❞❡♥❝❡ ❢r♦♠ ❆❧t❡r♥❛t✐✈❡ P♦✈❡rt② ▼❡❛s✉r❡s✳✑ ❙♦❝✐❛❧ ■♥❞✐❝❛✲

t♦rs ❘❡s❡❛r❝❤ ✶✕✶✾✳

✹✵



❉❡✐♥✐♥❣❡r✱ ❑✳ ❛♥❞ ❏✳ ❖❦✐❞✐✳ ✷✵✵✸✳ ✏●r♦✇t❤ ❛♥❞ P♦✈❡rt② ❘❡❞✉❝t✐♦♥ ✐♥ ❯❣❛♥❞❛✱

✶✾✾✾✕✷✵✵✵✿ P❛♥❡❧ ❉❛t❛ ❊✈✐❞❡♥❝❡✳✑ ❉❡✈❡❧♦♣♠❡♥t P♦❧✐❝② ❘❡✈✐❡✇ ✷✶ ✭✹✮✿

✹✽✶✕✺✵✾✳

❉❡r❝♦♥✱ ❙✳ ✭❡❞✐t♦r✮✳ ✷✵✵✹✳ ■♥s✉r❛♥❝❡ ❆❣❛✐♥st P♦✈❡rt②✳ ◆♦✳ ✾✼✽✵✶✾✾✷✼✻✽✸✼ ✐♥

❖❯P ❈❛t❛❧♦❣✉❡✱ ❖①❢♦r❞ ❯♥✐✈❡rs✐t② Pr❡ss✳ ❖①❢♦r❞ ❯♥✐✈❡rs✐t② Pr❡ss✳

❉❡r❝♦♥✱ ❙✳✱ ❏✳ ❍♦❞❞✐♥♦tt✱ ❛♥❞ ❚✳ ❲♦❧❞❡❤❛♥♥❛✳ ✷✵✶✷✳ ✏●r♦✇t❤ ❛♥❞ ❈❤r♦♥✐❝

P♦✈❡rt②✿ ❊✈✐❞❡♥❝❡ ❢r♦♠ ❘✉r❛❧ ❈♦♠♠✉♥✐t✐❡s ✐♥ ❊t❤✐♦♣✐❛✳✑ ❏♦✉r♥❛❧ ♦❢ ❉❡✲

✈❡❧♦♣♠❡♥t ❙t✉❞✐❡s ✹✽ ✭✷✮✿ ✷✸✽✕✷✺✸✳

❋❆❖✳ ✶✾✽✻✳ ✏❋♦♦❞ ❈♦♠♣♦s✐t✐♦♥ ❚❛❜❧❡ ❢♦r ❯s❡ ✐♥ ❆❢r✐❝❛✳✑

❤tt♣✿✴✴✇✇✇✳✉❜♦s✳♦r❣✴♦♥❧✐♥❡✜❧❡s✴✉♣❧♦❛❞s✴✉❜♦s✴♣❞❢✪✷✵❞♦❝✉♠❡♥ts✴❯◆❍❙❘❡♣♦rt✷✵✵✺✷✵✵✻✳♣❞❢✳

●✐❜s♦♥✱ ❏✳ ❛♥❞ ❙✳ ❘♦③❡❧❧❡✳ ✷✵✵✸✳ ✏P♦✈❡rt② ❛♥❞ ❆❝❝❡ss t♦ ❘♦❛❞s ✐♥ P❛♣✉❛ ◆❡✇

●✉✐♥❡❛✳✑ ❊❝♦♥♦♠✐❝ ❉❡✈❡❧♦♣♠❡♥t ❛♥❞ ❈✉❧t✉r❛❧ ❈❤❛♥❣❡ ✺✷ ✭✶✮✿ ✶✺✾✕✽✺✳

●♦♦❞❤❛♥❞✱ ❏✳ ✷✵✵✸✳ ✏❊♥❞✉r✐♥❣ ❉✐s♦r❞❡r ❛♥❞ P❡rs✐st❡♥t P♦✈❡rt②✿ ❆ ❘❡✈✐❡✇

♦❢ t❤❡ ▲✐♥❦❛❣❡s ❇❡t✇❡❡♥ ❲❛r ❛♥❞ ❈❤r♦♥✐❝ P♦✈❡rt②✳✑ ❲♦r❧❞ ❉❡✈❡❧♦♣♠❡♥t✱

❊❧s❡✈✐❡r ✸✶ ✭✸✮✿ ✻✷✾✕✻✹✻✳

●r❛♥t✱ ❯✳ ✷✵✵✺✳ ❍❡❛❧t❤ ❛♥❞ P♦✈❡rt② ▲✐♥❦❛❣❡s✿ P❡rs♣❡❝t✐✈❡s ♦❢ t❤❡ ❝❤r♦♥✐❝❛❧❧②

♣♦♦r✳ ❚❡❝❤✳ r❡♣✳

❍❛r♣❡r✱ ❈✳✱ ❘✳ ▼❛r❝✉s✱ ❛♥❞ ❑✳ ▼♦♦r❡✳ ✷✵✵✸✳ ✏❊♥❞✉r✐♥❣ P♦✈❡rt② ❛♥❞ t❤❡

❈♦♥❞✐t✐♦♥s ♦❢ ❈❤✐❧❞❤♦♦❞✿ ▲✐❢❡❝♦✉rs❡ ❛♥❞ ■♥t❡r❣❡♥❡r❛t✐♦♥❛❧ P♦✈❡rt② ❚r❛♥s✲

♠✐ss✐♦♥s✳✑ ❲♦r❧❞ ❉❡✈❡❧♦♣♠❡♥t ✸✶ ✭✸✮✿ ✺✸✺✕✺✺✹✳ ❈❤r♦♥✐❝ P♦✈❡rt② ❛♥❞

❉❡✈❡❧♦♣♠❡♥t P♦❧✐❝②✳

❏❛♠❛❧✱ ❱✳ ✶✾✾✽✳ ✏❈❤❛♥❣❡s ✐♥ P♦✈❡rt② P❛tt❡r♥s ✐♥ ❯❣❛♥❞❛✳✑ ■♥ ✏❉❡✈❡❧♦♣✐♥❣

❯❣❛♥❞❛✱✑ ✱ ❡❞✐t❡❞ ❜② ❍✳ ❍❛♥s❡♥ ❛♥❞ ▼✳ ❚✇❛❞❞❧❡✳ ❋♦✉♥t❛✐♥ P✉❜❧✐s❤❡rs✳

❑❛❦❛♥❞❡✱ ▼✳ ✷✵✶✵✳ ✏P♦✈❡rt② ▼♦♥✐t♦r✐♥❣✳✑ ■♥ ✏❯❣❛♥❞❛✬s ❊❝♦♥♦♠✐❝ ❘❡✲

❢♦r♠s✿ ■♥s✐❞❡r ❆❝❝♦✉♥ts✱✑ ✱ ❡❞✐t❡❞ ❜② ❋✳ ❑✉t❡❡s❛✱ ❊✳ ❚✉♠✉s✐✐♠❡✲▼✉t❡❜✐❧❡✱

❆✳ ❲✐t❤✇♦rt❤✱ ❛♥❞ ❚✳ ❲✐❧❧✐❛♠s♦♥✳ ❖①❢♦r❞ ❯♥✐✈❡rs✐t② Pr❡ss✳

✹✶



▲❛♥❥♦✉✇✱ P✳ ❛♥❞ ▼✳ ❘❛✈❛❧❧✐♦♥✳ ✶✾✾✺✳ ✏P♦✈❡rt② ❛♥❞ ❍♦✉s❡❤♦❧❞ ❙✐③❡✳✑ ❊❝♦✲

♥♦♠✐❝ ❏♦✉r♥❛❧ ✶✵✺ ✭✹✸✸✮✿ ✶✹✶✺✕✸✹✳

▲❛✇s♦♥✱ ❉✳✱ ❆✳ ▼❝❦❛②✱ ❛♥❞ ❏✳ ❖❦✐❞✐✳ ✷✵✵✻✳ ✏P♦✈❡rt② ♣❡rs✐st❡♥❝❡ ❛♥❞ tr❛♥s✐✲

t✐♦♥s ✐♥ ❯❣❛♥❞❛✿ ❆ ❝♦♠❜✐♥❡❞ q✉❛❧✐t❛t✐✈❡ ❛♥❞ q✉❛♥t✐t❛t✐✈❡ ❛♥❛❧②s✐s✳✑ ❚❤❡

❏♦✉r♥❛❧ ♦❢ ❉❡✈❡❧♦♣♠❡♥t ❙t✉❞✐❡s ✹✷ ✭✼✮✿ ✶✷✷✺✕✶✷✺✶✳

▼✉❦❤❡r❥❡❡✱ ❙✳ ❛♥❞ ❚✳ ❇❡♥s♦♥✳ ✷✵✵✸✳ ✏❚❤❡ ❉❡t❡r♠✐♥❛♥ts ♦❢ P♦✈❡rt② ✐♥ ▼❛❧❛✇✐✱

✶✾✾✽✳✑ ❲♦r❧❞ ❉❡✈❡❧♦♣♠❡♥t ✸✶ ✭✷✮✿ ✸✸✾✕✸✺✽✳

◗✉✐s✉♠❜✐♥❣✱ ❆✳ ❘✳ ❛♥❞ ▲✳ P❛♥❞♦❧❢❡❧❧✐✳ ✷✵✶✵✳ ✏Pr♦♠✐s✐♥❣ ❆♣♣r♦❛❝❤❡s t♦ ❆❞✲

❞r❡ss t❤❡ ◆❡❡❞s ♦❢ P♦♦r ❋❡♠❛❧❡ ❋❛r♠❡rs✿ ❘❡s♦✉r❝❡s✱ ❈♦♥str❛✐♥ts✱ ❛♥❞

■♥t❡r✈❡♥t✐♦♥s✳✑ ❲♦r❧❞ ❉❡✈❡❧♦♣♠❡♥t ✸✽ ✭✹✮✿ ✺✽✶✕✺✾✷✳

❘❛✈❛❧❧✐♦♥✱ ▼✳ ✶✾✾✽✳ P♦✈❡rt② ▲✐♥❡s ✐♥ ❚❤❡♦r② ❛♥❞ Pr❛❝t✐❝❡✳ P❛♣❡rs ✶✸✸✱ ❲♦r❧❞

❇❛♥❦ ✲ ▲✐✈✐♥❣ ❙t❛♥❞❛r❞s ▼❡❛s✉r❡♠❡♥t✳

❘❛✈❛❧❧✐♦♥✱ ▼✳ ❛♥❞ ❇✳ ❇✐❞❛♥✐✳ ✶✾✾✹✳ ✏❍♦✇ ❘♦❜✉st ■s ❛ P♦✈❡rt② Pr♦✜❧❡❄✑ ❲♦r❧❞

❇❛♥❦ ❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇ ✽ ✭✶✮✿ ✼✺✕✶✵✷✳

❘❛✈❛❧❧✐♦♥✱ ▼✳ ❛♥❞ ▼✳ ▲♦❦s❤✐♥✳ ✷✵✵✻✳ ✏❚❡st✐♥❣ P♦✈❡rt② ▲✐♥❡s✳✑ ❘❡✈✐❡✇ ♦❢

■♥❝♦♠❡ ❛♥❞ ❲❡❛❧t❤ ✺✷ ✭✸✮✿ ✸✾✾✕✹✷✶✳

❙s❡✇❛♥②❛♥❛✱ ❙✳ ◆✳ ❛♥❞ ■✳ ❑❛s✐r②❡✳ ✷✵✶✵✳ ❋♦♦❞ s❡❝✉r✐t② ✐♥ ❯❣❛♥❞❛✿ ❛ ❞✐❧❡♠♠❛

t♦ ❛❝❤✐❡✈✐♥❣ t❤❡ ♠✐❧❧❡♥♥✐✉♠ ❞❡✈❡❧♦♣♠❡♥t ❣♦❛❧✳ ❘❡s❡❛r❝❤ ❙❡r✐❡s ✶✶✸✻✶✹✱

❊❝♦♥♦♠✐❝ P♦❧✐❝② ❘❡s❡❛r❝❤ ❈❡♥tr❡ ✭❊P❘❈✮✳

❙t✐❢❡❧✱ ❉✳ ❛♥❞ ❇✳ ▼✐♥t❡♥✳ ✷✵✵✽✳ ✏■s♦❧❛t✐♦♥ ❛♥❞ ❛❣r✐❝✉❧t✉r❛❧ ♣r♦❞✉❝t✐✈✐t②✳✑

❆❣r✐❝✉❧t✉r❛❧ ❊❝♦♥♦♠✐❝s ✸✾ ✭✶✮✿ ✶✕✶✺✳

❚❛r♣✱ ❋✳✱ ❑✳ ❘✳ ❙✐♠❧❡r✱ ❈✳ ▼❛t✉ss❡✱ ❘✳ ❍❡❧t❜❡r❣✱ ❛♥❞ ●✳ ❉❛✈❛✳ ✷✵✵✷✳ ✏❚❤❡

❘♦❜✉st♥❡ss ♦❢ P♦✈❡rt② Pr♦✜❧❡s ❘❡❝♦♥s✐❞❡r❡❞✳✑ ❊❝♦♥♦♠✐❝ ❉❡✈❡❧♦♣♠❡♥t ❛♥❞
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