
❆■ ❳❱✱ ✶ ✭✷✵✶✺✮ ✶✻ ✲ ✷✵ ❆◆◆❆▲❊❙ ❯▼❈❙ ■◆❋❖❘▼❆❚■❈❆ ❉❖■✿ ✶✵✳✶✺✶✺✴✉♠❝s✐♥❢♦✲✷✵✶✺✲✵✵✵✸

❆♣♣❧✐❝❛t✐♦♥ ♦❢ ❚♦♦❧s ❢♦r ❈r❡❛t✐♥❣ ▼❛♣s ♦❢ ❑♥♦✇❧❡❞❣❡ ✐♥ ❚❡❛❝❤✐♥❣

▼❛t❡r✐❛❧s ❙❝✐❡♥❝❡ t♦ ❙t✉❞❡♥ts ♦❢ ❯♥✐✈❡rs✐t② ♦❢ ▲✐❢❡ ❙❝✐❡♥❝❡s

▼♦♥✐❦❛ ❑r③②✇✐❝❦❛1∗✱ ❉❛r✐✉s③ ❉♦❜r♦✇♦❧s❦✐2†✱ ❏❡r③② ●r✉❞③✐➠s❦✐1‡
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2■♥st✐t✉t❡ ♦❢ ❈♦♠♣✉t❡r ❙❝✐❡♥❝❡✱ ▼❛r✐❛ ❈✉r✐❡✲❙❦❧♦❞♦✇s❦❛ ❯♥✐✈❡rs✐t②✱

♣❧✳ ▼✳ ❈✉r✐❡✲❙❦❧♦❞♦✇s❦✐❡❥ ✺✱ ✷✵✲✵✸✶ ▲✉❜❧✐♥✱ P♦❧❛♥❞

❆❜str❛❝t ✕ ▼♦❞❡r♥ ❞✐st❛♥❝❡ ❡❞✉❝❛t✐♦♥ s②st❡♠s ❛❧❧♦✇ ❢♦r t❡❛❝❤✐♥❣ ❛♥② s✉❜❥❡❝t✳ ❍♦✇❡✈❡r✱ ❝♦♥❞✉❝t✐♥❣ ❝❧❛ss❡s

str✐❝t❧② ❞❡✜♥❡❞ ❜② ❛ s②st❡♠ ♦❢ ❡❞✉❝❛t✐♦♥❛❧ ❝②❝❧❡✱ ❞♦❡s ♥♦t ❛❧✇❛②s ❛❧❧♦✇ ❢♦r s❡❧❡❝t✐♥❣ ✐♥❞✐✈✐❞✉❛❧ ❧❡❛r♥✐♥❣ ♣❛t❤s

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

t❛✉❣❤t ❜② ✇❡❧❧✲❞❡✜♥❡❞ ♣❛t❤s ♦❢ ❧❡❛r♥✐♥❣✱ t❤❡ ❝♦✉rs❡ ♦❢ ✇❤✐❝❤ ♠❛② ❜❡ ❞❡t❡r♠✐♥❡❞ ❜② t❤❡ st✉❞❡♥t✳ ❚❤❡ ❛rt✐❝❧❡

♣r❡s❡♥ts ❛♥ ❡①❛♠♣❧❡ ♦❢ ✉s✐♥❣ ❦♥♦✇❧❡❞❣❡ ♠❛♣s ❝r❡❛t❡❞ ✐♥ t❤❡ ■♥❢♦❘❛♣✐❞ ❑♥♦✇❧❡❞❣❡▼❛♣ s②st❡♠ ❛♥❞ t❤❡ r❡s✉❧ts

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

st✉❞❡♥ts ♦❢ ▼❛t❡r✐❛❧s ❊♥❣✐♥❡❡r✐♥❣✳

❑❡②✇♦r❞s✿ ❦♥♦✇❧❡❞❣❡ ♠❛♣s✱ ❦♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡♠❡♥t✱ ❡✲❧❡❛r♥✐♥❣

✶ ■♥tr♦❞✉❝t✐♦♥ ✲ ❦♥♦✇❧❡❞❣❡ ♠❛♣s ❛s ❛

t♦♦❧ t♦ s✉♣♣♦rt ❡❞✉❝❛t✐♦♥

❚♦♥② ❛♥❞ ❇❛rr② ❇✉③❛♥ ❬✶❪ ❝r❡❛t❡❞ t❤❡ ♠✐♥❞ ♠❛♣ t❡❝❤✲

♥✐q✉❡ ✐♥ ✶✾✼✹✳ ❉❛✈✐❡s ❞❡✜♥❡s ❛ ♠✐♥❞ ♠❛♣ ❛s ❛ ✈✐s✉❛❧✱

♥♦♥✲❧✐♥❡❛r ♥❡t✇♦r❦ ♦❢ ❝♦♥❝❡♣ts r❡❧❛t❡❞ t♦ ❡❛❝❤ ♦t❤❡r ❬✷❪✳

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

❛ ❜✉s✐♥❡ss ♣r❡s❡♥t❛t✐♦♥✱ ♣r♦❥❡❝ts✱ ♦r ✇❤✐❧❡ ✧❜r❛✐♥st♦r♠✲

✐♥❣✧✮✱ ❛❣r✐❝✉❧t✉r❡ ✭t❤❡ ♦r❣❛♥✐③❛t✐♦♥ ♦❢ ❝r♦♣s✮✱ ❛s ✇❡❧❧ ❛s

❛t ✈❛r✐♦✉s ❧❡✈❡❧s ♦❢ ❡❞✉❝❛t✐♦♥✳ ■♥ ♣r✐♠❛r② s❝❤♦♦❧✱ ❦♥♦✇❧✲

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

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

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

t❤❡ ❧✐♥❡❛r ♥♦t❡s ❬✸❪✳ ❈r♦✇❡ ❛♥❞ ❙❤❡♣♣❛r❞ s✉❣❣❡st t❤❛t

♠✐♥❞ ♠❛♣s ❝❛♥ ❜❡ ✉s❡❞ ❛s ❛ t❡❛❝❤✐♥❣ str❛t❡❣② ❛♥❞ ❝❛♥

❜❡ ❤❡❧♣❢✉❧ ✐♥ s✉♣❡r✈✐s✐♥❣ ❛♥❞ ❣✉✐❞✐♥❣ t❤❡ st✉❞❡♥ts ✇❤✐❧❡

♣❡r❢♦r♠✐♥❣ ✈❛r✐♦✉s st✉❞✐❡s ❬✹❪✳

❚❤❡ ❛❞✈❛♥t❛❣❡s ♦❢ ♠✐♥❞ ♠❛♣s ❛r❡ ❬✸❪ ❬✶❪✿

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

❢♦r♠✱

• ✉♥❧✐♠✐t❡❞ ❛ss♦❝✐❛t✐♦♥s ✇✐t❤ t❤❡ ❝♦♥❝❡♣t✱

• ✉♥✐♥❤✐❜✐t❡❞ str✉❝t✉r❡✱

• ✐♥❢♦r♠❛t✐♦♥ ✐s ♦r❣❛♥✐③❡❞ ✐♥ ❛ ❤✐❡r❛r❝❤✐❝❛❧ ♠❛♥✲

♥❡r✳

∗♠♦♥✐❦❛✳❣r✉s③❡❝❦❛❅✉♣✳❧✉❜❧✐♥✳♣❧
†❞❛r✐✉s③✳❞♦❜r♦✇♦❧s❦✐❅✉♠❝s✳❧✉❜❧✐♥✳♣❧
‡❥❡r③②✳❣r✉❞③✐♥s❦✐❅✉♣✳❧✉❜❧✐♥✳♣❧

■♥ ❛❞❞✐t✐♦♥✱ ❘❛❝❡ ❛♥❞ P✐❝❦❢♦r❞ ✐♥❞✐❝❛t❡ t❤❛t t❤❡ ♠✐♥❞

♠❛♣s ❛r❡ ✐♥❞✐✈✐❞✉❛❧❧② ♣r❡♣❛r❡❞ ❜② st✉❞❡♥ts❀ t❤✐s ♠❛② r❡✲

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

♦✉s ♣r♦❜❧❡♠ ♦❢ ✉♥✐✈❡rs✐t✐❡s ❛r♦✉♥❞ t❤❡ ✇♦r❧❞ ❬✺❪✳ ▼✉❧t✐✲

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

s✐♦♥ ♦❢ ✐♥❢♦r♠❛t✐♦♥ ❢r♦♠ s❤♦rt t♦ ❧♦♥❣ ♣❡r✐♦❞s ♦❢ ♠❡♠♦r②

❬✻❪✳ ▼❡❛♥✐♥❣❢✉❧ ❧❡❛r♥✐♥❣ ♦✉t❝♦♠❡s ❛r❡ ❛❝❤✐❡✈❡❞ ✇❤❡♥ t❤❡

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

♠❛t✐♦♥ ❬✶❪✳ ❉❛✈✐❡s ❛❧s♦ ♣♦✐♥ts ♦✉t t❤❛t t❤❡ ♠✐♥❞ ♠❛♣s

r❡q✉✐r❡ ♠♦r❡ ❛❝t✐✈❡ ✐♥✈♦❧✈❡♠❡♥t ♦❢ t❤❡ st✉❞❡♥ts✱ ✇❤✐❝❤

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

❬✷❪✳ ❲✐t❤ ♠✐♥❞ ♠❛♣s✱ st✉❞❡♥ts ✇❤♦ ❤❛✈❡ ❞✐✛❡r❡♥t ❧❡❛r♥✲

✐♥❣ st②❧❡s ❝❛♥ ❜❡♥❡✜t ✭✈✐s✉❛❧✱ ❦✐♥❡st❤❡t✐❝✮❬✼❪✳ ❚r❛❞✐t✐♦♥❛❧

♠❡t❤♦❞s ♦❢ ❡❞✉❝❛t✐♦♥ ❛r❡ ♦❢t❡♥ ♥♦t ❡✛❡❝t✐✈❡ ❞✉❡ t♦ t❤❡

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

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

❤❡♠✐s♣❤❡r❡ ❬✸❪✳ ❋♦r ❡❞✉❝❛t✐♦♥ t♦ ❜❡ ❡✛❡❝t✐✈❡ ♦♥❡ ♠✉st

✉s❡ t❤❡ t✇♦ ❝❡r❡❜r❛❧ ❤❡♠✐s♣❤❡r❡s ❬✽❪✳ ❲✐t❤ tr❛❞✐t✐♦♥❛❧

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

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

❬✽❪ ❬✶❪✳ ❚❤❡ ✐♥t❡❣r❛t✐♦♥ ♦❢ ❜♦t❤ ❤❡♠✐s♣❤❡r❡s ❛❝❝❡❧❡r❛t❡s

❛♥❞ str❡❛♠❧✐♥❡s t❤❡ ♣r♦❝❡ss ♦❢ ❧❡❛r♥✐♥❣ ❬✸❪✳

❚❤❡ ❞✐s❛❞✈❛♥t❛❣❡s ♦❢ ♠✐♥❞ ♠❛♣s ✐♥❝❧✉❞❡✿ ❧✐♠✐t✐♥❣ t❤❡

✐♥❢♦r♠❛t✐♦♥ t♦ s✐♠♣❧❡ ❛ss♦❝✐❛t✐♦♥s✱ t❤❡ ❧❛❝❦ ♦❢ ❝❧❡❛r ❧✐♥❦s

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

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

❝♦♠♣❧✐❝❛t❡❞ ❬✶❪✳ ❉✬❆♥t♦♥✐ ❡t ❛❧✳✱ ❝♦♥❞✉❝t❡❞ ❛ st✉❞② ♦♥

❛ ❣r♦✉♣ ♦❢ st✉❞❡♥ts✳ ❇❡❢♦r❡ t❤❡ ❡①❛♠ ♦♥❡ ❣r♦✉♣ r❡❝❡✐✈❡❞

tr❛❞✐t✐♦♥❛❧ ♥♦t❡s ❢♦r ❧❡❛r♥✐♥❣ ✱ ❛♥❞ t❤❡ ♦t❤❡r ❣r♦✉♣ ✲ t❤❡

♠✐♥❞ ♠❛♣s✳ ❚❤❡r❡ ✇❡r❡ ♥♦ s✐❣♥✐✜❝❛♥t ❞✐✛❡r❡♥❝❡s ✐♥ ❛✈❡r✲

❛❣❡ ❡①❛♠ r❡s✉❧ts ❬✼❪✳ ❍♦✇❡✈❡r✱ ❢✉rt❤❡r st✉❞② ✐s ♥❡❡❞❡❞ t♦

❛♥❛❧②③❡ t❤❡ ✐♠♣❛❝t ♦❢ t❤❡ ✉s❡ ♦❢ ♠✐♥❞ ♠❛♣s ❢♦r ❧♦♥❣✲t❡r♠

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

✶✻
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♣r❡♣❛r✐♥❣ ❢♦r t❤❡ ❡①❛♠ ❛♥❞ ❤❡❧♣ ②♦✉ ♦r❣❛♥✐③❡ ✐♥❢♦r♠❛t✐♦♥

❬✽❪✳ ▼✐♥❞ ♠❛♣s ❝❛♥ ❜❡ ♣r❡♣❛r❡❞ ♠❛♥✉❛❧❧② ♦r ✉s✐♥❣ t❤❡

♦♣❡♥❧② ❛✈❛✐❧❛❜❧❡ ♦♥✲❧✐♥❡ t♦♦❧s✳

✷ ■❚ t♦♦❧s ✉s❡❞ t♦ ❝r❡❛t❡ ❦♥♦✇❧❡❞❣❡

♠❛♣s

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

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

❡❞❣❡ ❛♥❞ s❡ts ❛♥❞ ✢♦✇s ❢♦r♠✐♥❣ ♦♥ t❤❡♠✱ ✐♥❞✐❝❛t✐♥❣ t❤❡

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

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

✐s ❞❡t❡r♠✐♥❡❞ ❜② ❛ ♥✉♠❜❡r ♦❢ ❞❡❝✐s✐♦♥s✱ s✉❝❤ ❛s ✶✮ t❤❡

s✉❜❥❡❝t ♦❢ ♠❛♣s✱ ✷✮ t❤❡ ❝❤♦✐❝❡ ♦❢ ❛ ♣r❡s❡♥t❛t✐♦♥ ♦❢ ✐♥❢♦r✲

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

✐s ❝r❡❛t❡❞✳ ❚❤❡r❡❢♦r❡✱ t❤❡ str✉❝t✉r❡ ♦❢ ♠❛♣s t❤❛t ✐❞❡♥t✐❢②

t❤❡ s♦✉r❝❡s ♦❢ ❦♥♦✇❧❡❞❣❡✱ r❡❢❡rr❡❞ t♦ ❛s t❤❡ t♦♣♦❣r❛♣❤② ♦❢

❦♥♦✇❧❡❞❣❡✱ ❛❧❧♦✇s ❝r❡❛t✐♦♥ ♦❢ ❝❤❛r❛❝t❡r✐st✐❝s ♦❢ t❤❡ ❛r❡❛s

♦❢ ❝♦♠♣❡t❡♥❝❡ ♦❢ ❡♠♣❧♦②❡❡s✱ ✐❞❡♥t✐✜❝❛t✐♦♥ ♦❢ ❡①♣❡rts ✐♥

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

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

❆♠♦♥❣ t❤❡s❡ ■❚ t♦♦❧s t❤❛t s✉♣♣♦rt t❤❡ ♣r♦❝❡ss ♦❢

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

s✉❝❤ ♣r♦❣r❛♠s ❛s ❈♠❛♣❚♦♦❧s✱ ❱✐s✉❛❧ ❯♥❞❡rst❛♥❞✐♥❣

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

✇♦r❧❞✇✐❞❡ ✐♥ ❛❧❧ ✜❡❧❞s ♦❢ ❦♥♦✇❧❡❞❣❡✳

✭✶✮ ❚❤❡ s♦❢t✇❛r❡ ♣❛❝❦❛❣❡ ❈♠❛♣❚♦♦❧s ✐s ❛♥ ❡♥✈✐✲

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

♦❢ ❦♥♦✇❧❡❞❣❡✲❜❛s❡❞ ❝♦♥❝❡♣t✉❛❧ ♠❛♣s ✭❈♠❛♣s✮✳

❈♠❛♣❚♦♦❧s ♣r♦❣r❛♠ ✐ts❡❧❢ ✐s s✐♠♣❧❡ t♦ ✉s❡✱ ❜✉t

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

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

❈♠❛♣❚♦♦❧s ❝❛♥ ❜❡ ✉s❡❞ ❜♦t❤ ✐♥ ❡❞✉❝❛t✐♦♥✱

❦♥♦✇❧❡❞❣❡ ♠❛♥❛❣❡♠❡♥t✱ t♦ ❜r❛✐♥st♦r♠ ❛♥❞ t♦

♦r❣❛♥✐③❡ ✐♥❢♦r♠❛t✐♦♥ ❬❋✐❣✳✶❪✳

✭✷✮ ❱✐s✉❛❧ ❯♥❞❡rst❛♥❞✐♥❣ ❊♥✈✐r♦♥♠❡♥t ✭❱❯❊✮ ✐s ❛♥

❖♣❡♥ ❙♦✉r❝❡ ♣r♦❥❡❝t ❝r❡❛t❡❞ ❛t ❚✉❢ts ❯♥✐✈❡rs✐t②✳

❚❤❡ ❱❯❊ ♣r♦❥❡❝t ✐s ❢♦❝✉s❡❞ ♦♥ ❝r❡❛t✐♥❣ ✢❡①✐✲

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

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

r❡s❡❛r❝❤✳ ❱❯❊ ♣r♦✈✐❞❡s ❛ ✢❡①✐❜❧❡ ✈✐s✉❛❧ ❡♥✈✐✲

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

❝❤❛♥❣❡ ♦❢ ❞✐❣✐t❛❧ ✐♥❢♦r♠❛t✐♦♥ ❬❋✐❣✳✷❪✳

✭✸✮ ■♥❢♦❘❛♣✐❞ ❑♥♦✇❧❡❞❣❡▼❛♣ ✐s ❛ ❝♦♠♣❧❡t❡ ❦♥♦✇❧✲

❡❞❣❡ ♠❛♥❛❣❡♠❡♥t s②st❡♠ ✇❤✐❝❤ ❝♦♥s✐sts ♦❢

t✇♦ ❝♦♠♣♦♥❡♥ts✿ ❛♥ ✐♠❛❣❡✲❡❞✐t✐♥❣ ✭❞r❛✇✐♥❣✮

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

♠✐♥❞♠❛♣s✱ ❛♥❞ t❤❡ ✐♥t❡❧❧✐❣❡♥t ❑♥♦✇❧❡❞❣❡▼❛♣

s❡r✈❡r✱ ✇❤✐❝❤ ❛♥❛❧②③❡s t❡①t ❞♦❝✉♠❡♥t ❝♦♥t❡♥t

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

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

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

t♦ ❝r❡❛t❡ ♦r❣❛♥✐③❛t✐♦♥❛❧ ❝❤❛rts✱ ❞❡❝✐s✐♦♥ tr❡❡s✱

✇♦r❦ ❜r❡❛❦❞♦✇♥ str✉❝t✉r❡ ♦r ✇❤✐❧❡ ❜r❛✐♥st♦r♠✲

✐♥❣✳ ■♥ ❛❞❞✐t✐♦♥✱ t❤❡ ❡✛❡❝ts ♦❢ ✇♦r❦ ❝❛♥ ❜❡ ♣✉❜✲

❧✐s❤❡❞ ♦♥ t❤❡ ■♥t❡r♥❡t✱ ♣r✐♥t❡❞ ♦r ✐♥s❡rt❡❞ ✐♥t♦

♣r♦❣r❛♠s s✉❝❤ ❛s P♦✇❡rP♦✐♥t✳ ❑♥♦✇❧❡❞❣❡▼❛♣

❙❡r✈❡r ❛❧❧♦✇s ✐♠♣♦rt✐♥❣ t❡①t ❞♦❝✉♠❡♥ts ♦r t❤❡✐r

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

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

❢♦r ❝♦❧❧❡❝t✐♥❣ ❢✉❧❧✲t❡①t ✐♥❢♦r♠❛t✐♦♥ ❬✶✷❪✳ ❯s✐♥❣

■♥❢♦❘❛♣✐❞ ❑♥♦✇❧❡❞❣❡▼❛♣ ❛❧❧♦✇s t❤❡ st✉❞❡♥t ✐♥

❛ ✈❡r② ❢❛st ❛♥❞ s✐♠♣❧❡ ✇❛② t♦ ❝r❡❛t❡ ❦♥♦✇❧❡❞❣❡

♠❛♣s✱ ✇❤✐❝❤ ❝❛♥ ❜❡ ❛ ❢♦r♠ ♦❢ ❛ s✉♠♠❛r② ♦❢ ❛

♣❛rt✐❝✉❧❛r ♠❛t❡r✐❛❧ ❬❋✐❣✳✸❪✳❚❤❡ ♣r♦❣r❛♠ ❛❧❧♦✇s

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

❝♦♥❝❡♣ts✱ ✐t ✐s ❛❧s♦ ♣♦ss✐❜❧❡ t♦ ✐♥s❡rt ❞❡s❝r✐♣t✐♦♥s

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

♦♥ t❤❡ ♣❛rt✐❝✉❧❛r s✉❜❥❡❝t ♠❛tt❡r✱ s♦ t❤❛t ❦♥♦✇❧✲

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

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

✸ ▼❡t❤♦❞♦❧♦❣② ❛♥❞ r❡s✉❧ts

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

▼❛t❡r✐❛❧s ❙❝✐❡♥❝❡ ❝♦✉rs❡ ❛♠♦♥❣ t❤❡ st✉❞❡♥ts ❛t t❤❡ ❯♥✐✲

✈❡rs✐t② ♦❢ ▲✐❢❡ ❙❝✐❡♥❝❡s ✐♥ ▲✉❜❧✐♥✱ ♠❡❛s✉r❡s ❤❛✈❡ ❜❡❡♥

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

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

❛♥ ❛❧t❡r♥❛t✐✈❡ t♦ tr❛❞✐t✐♦♥❛❧ ♥♦t❡s✳ ❯s✐♥❣ t❤❡ ■❚ t♦♦❧s ✐♥

t❤❡ ❧❛❜♦r❛t♦r② ❝❧❛ss❡s t♦ ❝r❡❛t❡ ♠✐♥❞ ♠❛♣s ❝♦✉❧❞ ❢❛❝✐❧✐t❛t❡

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

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

♠❛t❡r✐❛❧s ✉♥❞❡r t❤❡ ✐♥✢✉❡♥❝❡ ♦❢ t❡❝❤♥♦❧♦❣✐❝❛❧ ❢❛❝t♦rs✳ ❚❤❡

❡①❛♠♣❧❡ ♦❢ ❛♣♣❧✐❝❛t✐♦♥ ♦❢ t❤❡ ■♥❢♦❘❛♣✐❞ ❑♥♦✇❧❡❞❣❡▼❛♣

s♦❢t✇❛r❡ ❢♦r t❤❡ ❞❡s❝r✐♣t✐♦♥ ♦❢ t❤❡ ❝❧❛ss✐✜❝❛t✐♦♥✱ ♣r♦♣❡r✲

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

✉r❡ ✸✳ ❚❤❡ ♣r❡r❡q✉✐s✐t❡ ❢♦r t❤❡ s✉❝❝❡ss ♦❢ s✉❝❤ ❛ ✈❡♥t✉r❡ ✐s

st✉❞❡♥ts✬ ❛❝❝❡♣t❛♥❝❡ ❢♦r ❛ ♥❡✇ ❢♦r♠ ♦❢ t❛❦✐♥❣ ♥♦t❡s ❞✉r✲

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

❦♥♦✇❧❡❞❣❡ ♦❢ ❊♥❣❧✐s❤ ❧❛♥❣✉❛❣❡ t♦ t❤❡ ❡①t❡♥t ❛❧❧♦✇✐♥❣ t❤❡

✉s❡ ♦❢ t❤❡ s♦❢t✇❛r❡ ✐♥ ❊♥❣❧✐s❤✳ ❚❤❡ r❡❝❡♥t ♥❛t✐♦♥❛❧ s✉r✈❡②

r❡s✉❧ts ✐♥❞✐❝❛t❡ ❝♦♥t✐♥✉♦✉s ❣r♦✇t❤ ✐♥ ■❚ ❦♥♦✇❧❡❞❣❡ ❛♠♦♥❣

②♦✉♥❣ ♣❡♦♣❧❡✳ ❆❧s♦ t❤❡ t❡❛❝❤✐♥❣ ❡①♣❡r✐❡♥❝❡ ♦❢ t❤❡ ❛✉t❤♦rs

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

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

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

♦❢ ❊♥❣❧✐s❤ ❧❛♥❣✉❛❣❡ ✇❤✐❝❤ ✐s t❤❡ ♠♦st ❝♦♠♠♦♥❧② ❝❤♦s❡♥

s✉❜❥❡❝t ✐♥ t❤❡ s❝❤♦♦❧✲❧❡❛✈✐♥❣ ❡①❛♠✐♥❛t✐♦♥s✳ ❚❤❡ st✉❞②

❛✐♠❡❞ ❛t ❡①❛♠✐♥✐♥❣ ✇❤❡t❤❡r t❤❡ ❦♥♦✇❧❡❞❣❡ ❛♥❞ ❛❜✐❧✐t✐❡s

♦❢ t❤❡ ✜rst ②❡❛r st✉❞❡♥ts ♦❢ t❤❡ ✜✈❡ ♠❛❥♦rs ♦❢ st✉❞② ❛t t❤❡

❯♥✐✈❡rs✐t② ♦❢ ▲✐❢❡ ❙❝✐❡♥❝❡s ✐♥ ▲✉❜❧✐♥ ✇♦✉❧❞ ❛❧❧♦✇ t❤❡ ✉s❡

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

❦♥♦✇❧❡❞❣❡ ❢♦r t❡❛❝❤✐♥❣ ▼❛t❡r✐❛❧s ❊♥❣✐♥❡❡r✐♥❣✳
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❋✐❣✉r❡ ✶✳ ❊①❡♠♣❧❛r② s❝r❡❡♥s❤♦t ♦❢ ❈♠❛♣❚♦♦❧s ♣r♦❣r❛♠✳ ✭❙♦✉r❝❡✿ ❤tt♣✿✴✴❝♠❛♣✳✐❤♠❝✳✉s✴✮

❋✐❣✉r❡ ✷✳ ❊①❡♠♣❧❛r② s❝r❡❡♥s❤♦t ♦❢ t❤❡ ❱❯❊ ♣r♦❣r❛♠ ✭❙♦✉r❝❡✿ ❤tt♣✿✴✴✈✉❡✳t✉❢ts✳❡❞✉✴❣❛❧❧❡r②✴✐♥❞❡①✳❝❢♠

■♥ ♦r❞❡r t♦ ✈❡r✐❢② t❤❡ ✈❛❧✐❞✐t② ♦❢ t❤❡ ❤②♣♦t❤❡s✐s ♦❢

❝❤❛♥❣❡s ✐♥ t❤❡ ❝✉rr✐❝✉❧✉♠ ✐♥ ✷✵✶✸✱ ❛ s✉r✈❡② ✇❛s ❝♦♥✲

❞✉❝t❡❞ ✐♥ ❛ ❣r♦✉♣ ♦❢ ✷✷✶ st✉❞❡♥ts ♦❢ t❤❡ ✜rst ②❡❛r ♠❛❥♦rs✿

❆❣r✐❝✉❧t✉r❡ ❛♥❞ ❋♦r❡st ❊♥❣✐♥❡❡r✐♥❣ ✭✽✪ ♦❢ r❡s♣♦♥✲

❞❡♥ts✮✱ ▼❛♥❛❣❡♠❡♥t ❛♥❞ Pr♦❞✉❝t✐♦♥ ❊♥❣✐♥❡❡r✐♥❣ ✭✷✾✪

♦❢ r❡s♣♦♥❞❡♥ts✮✱ ❚r❛♥s♣♦rt❛t✐♦♥ ✭✷✷✪ ♦❢ r❡s♣♦♥❞❡♥ts✮✱

❊♥✈✐r♦♥♠❡♥t❛❧ ❊♥❣✐♥❡❡r✐♥❣ ✭✷✵✪ ♦❢ r❡s♣♦♥❞❡♥ts✮✱ ❙❛❢❡t②

❊♥❣✐♥❡❡r✐♥❣ ✭✷✶✪ ♦❢ r❡s♣♦♥❞❡♥ts✮✳ ❚❤❡ s✉r✈❡② ❝♦♥t❛✐♥❡❞

✶✼ q✉❡st✐♦♥s✿ ♣❡rs♦♥❛❧✱ ♦♥ ❛ s✉❜❥❡❝t✐✈❡ ❛ss❡ss♠❡♥t ♦❢

❊♥❣❧✐s❤ ❧❛♥❣✉❛❣❡ ♣r♦✜❝✐❡♥❝②✱ ❝♦♠♣✉t❡r ❧✐t❡r❛❝②✱ ✈❡r✐❢②✲

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

❧❡❛r♥✐♥❣ ▼❛t❡r✐❛❧s ❙❝✐❡♥❝❡✱ ❛❝❝❡ss ❛♥❞ ❛❝❝❡♣t❛♥❝❡ t♦ t❤❡

✉s❡ ♦❢ ■❚ t❡❝❤♥♦❧♦❣②✳ ❘❡s❡❛r❝❤ ❤❛s s❤♦✇♥ t❤❛t st✉❞❡♥ts

❛♣♣r❡❝✐❛t❡ t❤❡ ✉s❡ ♦❢ ■❚ t❡❝❤♥♦❧♦❣② ✐♥ t❤❡ ❝❧❛ssr♦♦♠ ❛♥❞

✼✻✪ ♦❢ t❤❡♠ ❜❡❧✐❡✈❡ t❤❛t ✐t r❛✐s❡s t❤❡ ❛ttr❛❝t✐✈❡♥❡ss ♦❢

❝❧❛ss❡s ❬❋✐❣✳✹❪✳

❆s ♠✉❝❤ ❛s ✼✺✪ ♦❢ r❡s♣♦♥❞❡♥ts ✇♦✉❧❞ ❧✐❦❡ t♦ ❦♥♦✇ t❤❡

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

♣✉t❡r ♣r♦❣r❛♠ ❬❋✐❣✳✺❪✳

❚❤❡ ❛❜♦✈❡ ♦♣✐♥✐♦♥s ❛r❡ ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ r❡s✉❧ts ♦❢ r❡✲

s❡❛r❝❤ ❝❛rr✐❡❞ ♦✉t ❜② ❇③♦✇s❦❛✲❇❛❦❛❧❛r③ ❡t ❛❧✳✱ ❬✾❪ ❛♠♦♥❣

t❤❡ ❣r❛❞✉❛t❡s ♦❢ t❤❡ ❯♥✐✈❡rs✐t② ♦❢ ▲✐❢❡ ❙❝✐❡♥❝❡s ✐♥ ▲✉❜❧✐♥

✐♥❞✐❝❛t✐♥❣ t❤❛t t❤❡ ❣r❛❞✉❛t❡s s❡❡ t❤❡ ♥❡❡❞ ♦❢ ✐♥❝r❡❛s✐♥❣

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

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

♦♣♠❡♥t ♦❢ ✐♠❛❣✐♥❛t✐♦♥✱ r❡s❡❛r❝❤ ❛❝t✐✈✐t② ❛♥❞ ❝r❡❛t✐✈✐t②

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

t❡❝❤♥♦❧♦❣② ✐♥ ❛❝❛❞❡♠✐❝ t❡❝❤♥✐❝❛❧ ❡❞✉❝❛t✐♦♥✱ ✷✵✶✷✮✳ ❚❤❡
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❋✐❣✉r❡ ✸✳ ❊①❛♠♣❧❡ ♦❢ ❦♥♦✇❧❡❞❣❡ ♠❛♣ ❢♦r t❤❡ ▼❛t❡r✐❛❧s ❙❝✐❡♥❝❡ ❝♦✉rs❡✭❙♦✉r❝❡✿ ❖✇♥✮

❋✐❣✉r❡ ✹✳ P❡r❝❡♥t❛❣❡ ♦❢ st✉❞❡♥ts ✇❤♦ ❜❡❧✐❡✈❡ t❤❛t t❤❡ ✉s❡ ♦❢ ❛ ❝♦♠♣✉t❡r ❞✉r✐♥❣ t❤❡ ❧❛❜♦r❛t♦r② ❝❧❛ss❡s

✇✐❧❧ ✐♥❝r❡❛s❡ t❤❡✐r ❛ttr❛❝t✐✈❡♥❡ss✳

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

♦❢ ♠❛t❡r✐❛❧s✱ ❡✳❣✳ ❢♦r ♠♦❜✐❧❡ ♣❤♦♥❡s✳

♣❛rt✐❝✐♣❛♥ts ♦❢ ❦✐♥❛❡st❤❡t✐❝✲t②♣❡ ♦❢ ❝❧❛ss❡s ❛❝❤✐❡✈❡❞ ❜❡t✲

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

s✉❝❤ ❛s ❧❡❝t✉r❡s ❬✶✶❪✳

❚❤❡ st✉❞❡♥ts ✇❡r❡ ❛❧s♦ ❛s❦❡❞ ❛❜♦✉t t❤❡✐r s✉❜❥❡❝t✐✈❡ ❛s✲

s❡ss♠❡♥t ♦❢ ❝♦♠♣✉t❡r s❦✐❧❧s ✭♦♥ ❛ s❝❛❧❡ ✶ ✲✺✱ ✇❤❡r❡ ✶ ✲ ♣♦♦r

s❦✐❧❧s✱ ✺ ✕ ✈❡r② ❣♦♦❞ s❦✐❧❧s✮✳ ❖♥ ❛✈❡r❛❣❡✱ ✺✻✪ ♦❢ r❡s♣♦♥✲

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

■♥ t❤❡ ❛✉t❤♦rs✬ ♦♣✐♥✐♦♥✱ t❤❡ ✉s❡ ♦❢ t❤❡ ■♥❢♦❘❛♣✐❞ ❑♥♦✇❧✲

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

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

✶❪✳

❙t✉❞❡♥ts ✐♥❞✐❝❛t❡ t❤❛t t❤❡ ♠♦st ❛ttr❛❝t✐✈❡ ❝❧❛ss❡s ❢♦r

t❤❡♠ ❛r❡ t❤♦s❡ ✇✐t❤ t❤❡ ✉s❡ ♦❢ ✈❛r✐♦✉s ❢♦r♠s ♦❢ t❡❛❝❤✲

✐♥❣✳ ❲❤❡♥ ❛♥❛❧②③✐♥❣ t❤❡ r❡s✉❧ts ♦❢ t❤❡ st✉❞② ✐t ❝❛♥ ❜❡

❝♦♥❝❧✉❞❡❞ t❤❛t ❝❤❛♥❣❡s ✐♥ t❤❡ ❝✉rr✐❝✉❧✉♠ ❛♥❞ t❤❡ ✉s❡ ♦❢

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

✇♦✉❧❞ ✐♥❝r❡❛s❡ t❤❡ ❛ttr❛❝t✐✈❡♥❡ss ♦❢ ❝❧❛ss❡s✳

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

✐♥ ❡✈❡r②❞❛② s♣❡❡❝❤✱ ♦♥❧② ✷✾✪ ♦❢ r❡s♣♦♥❞❡♥ts ❛ss❡ss t❤❡✐r

✶✾

Pobrane z czasopisma Annales AI- Informatica http://ai.annales.umcs.pl
Data: 04/04/2026 10:56:09

UM
CS



❆■ ❳❱✱ ✶ ✭✷✵✶✺✮ ✶✻ ✲ ✷✵ ❆◆◆❆▲❊❙ ❯▼❈❙ ■◆❋❖❘▼❆❚■❈❆ ❉❖■✿ ✶✵✳✶✺✶✺✴✉♠❝s✐♥❢♦✲✷✵✶✺✲✵✵✵✸

❘❡s♣♦♥❞❡♥ts✴▼❛❥♦r
❙❝♦r❡

✶ ✷ ✸ ✹ ✺

❆❣r✐❝✉❧t✉r❛❧ ❛♥❞ ❋♦r❡str②
❊♥❣✐♥❡❡r✐♥❣✱ ❚❘✐▲ 0% 18% 12% 52% 18%

▼❛♥❛❣❡♠❡♥t ❛♥❞ Pr♦❞✉❝t✐♦♥
❊♥❣✐♥❡❡r✐♥❣✱ ❩✐❧P 0% 3% 33% 47% 17%

❚r❛♥s♣♦rt✱ ❚r 0% 6% 26% 48% 20%

❊♥✈✐r♦♥♠❡♥t❛❧
❊♥❣✐♥❡❡r✐♥❣✱ ■❙ 0% 7% 52% 39% 2%

❙❛❢❡t②
❊♥❣✐♥❡❡r✐♥❣✱ ■❇ 2% 10% 45% 30% 13%

❚♦t❛❧ 0.5% 7.3% 36.2% 42.2% 13.8%

❚❛❜❧❡ ✶✳ ❙✉❜❥❡❝t✐✈❡ ❛ss❡ss♠❡♥t ♦❢ ❝♦♠✲

♣✉t❡r s❦✐❧❧s✳

❦♥♦✇❧❡❞❣❡ ♦❢ ❊♥❣❧✐s❤ t♦ ❜❡ ❣♦♦❞ ♦r ✈❡r② ❣♦♦❞✳ ❚❤❡r❡❢♦r❡✱

❛❧t❤♦✉❣❤ t❤❡ ❤❛♥❞❧✐♥❣ ♦❢ t❤❡ ■♥❢♦❘❛♣✐❞ ❑♥♦✇❧❡❞❣❡▼❛♣

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

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

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

❘❡s♣♦♥❞❡♥ts✴▼❛❥♦r
❙❝♦r❡

✶ ✷ ✸ ✹ ✺

❆❣r✐❝✉❧t✉r❛❧ ❛♥❞ ❋♦r❡str②
❊♥❣✐♥❡❡r✐♥❣✱ ❚❘✐▲ 0% 24% 41% 35% 0%

▼❛♥❛❣❡♠❡♥t ❛♥❞ Pr♦❞✉❝t✐♦♥
❊♥❣✐♥❡❡r✐♥❣✱ ❩✐❧P 5% 20% 51% 19% 5%

❚r❛♥s♣♦rt✱ ❚r 0% 12% 48% 38% 2%

❊♥✈✐r♦♥♠❡♥t❛❧
❊♥❣✐♥❡❡r✐♥❣✱ ■❙ 0% 15% 63% 15% 7%

❙❛❢❡t②
❊♥❣✐♥❡❡r✐♥❣✱ ■❇ 10% 23% 38% 19% 10%

❚♦t❛❧ 4% 18% 49% 23% 6%

❚❛❜❧❡ ✷✳ ❙✉❜❥❡❝t✐✈❡ ❛ss❡ss♠❡♥t ♦❢ ❊♥❣✲

❧✐s❤ ❦♥♦✇❧❡❞❣❡✳

✹ ❈♦♥❝❧✉s✐♦♥s

✭✶✮ ❚❤❡ r❡s❡❛r❝❤ ❤❛s ✐♥❞✐❝❛t❡❞ t❤❛t st✉❞❡♥ts ❛♣♣r❡✲

❝✐❛t❡ t❤❡ ✉s❡ ♦❢ ■❚ ♠❡t❤♦❞s ✐♥ t❤❡ ❝❧❛ssr♦♦♠ ❛♥❞

✼✻✪ ♦❢ t❤❡♠ ❜❡❧✐❡✈❡ t❤❛t ✐t ✐♠♣r♦✈❡s t❤❡ ❛ttr❛❝✲

t✐✈❡♥❡ss ♦❢ ❝❧❛ss❡s✳

✭✷✮ ❖✉r ♦❜s❡r✈❛t✐♦♥s ❛♥❞ r❡s✉❧ts ♦❢ t❤❡ s✉r✈❡② ✐♥✲

❞✐❝❛t❡ t❤❛t ✼✺✪ ♦❢ r❡s♣♦♥❞❡♥ts ✐♥t❡r❡st ✐♥ t❤❡

✐ss✉❡s r❡❧❛t❡❞ t♦ ▼❛t❡r✐❛❧s ❙❝✐❡♥❝❡✳

✭✸✮ ❆♣♣r♦①✐♠❛t❡❧② ✺✻✪ ♦❢ r❡s♣♦♥❞❡♥ts ❛ss❡ss t❤❡✐r

❝♦♠♣✉t❡r s❦✐❧❧s t♦ ❜❡ ❣♦♦❞ ♦r ✈❡r② ❣♦♦❞ ❛♥❞ ✼✶✪

♦❢ t❤❡♠ ❜❡❧✐❡✈❡ t❤❛t t❤❡✐r ❦♥♦✇❧❡❞❣❡ ♦❢ ❊♥❣❧✐s❤

✐s ❛t s✉✣❝✐❡♥t ♦r ♣♦♦r❡r ❧❡✈❡❧✳

✭✹✮ ❋✉rt❤❡r st✉❞✐❡s ✇✐❧❧ ❜❡ ❛✐♠❡❞ ❛t t❤❡ ❛ss❡ss♠❡♥t

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

♠❛♣s ❜② st✉❞❡♥ts ❛s ❛♥ ❛✉①✐❧✐❛r② t❡❛❝❤✐♥❣

♠❡t❤♦❞ ✐♥ t❡r♠s ♦❢ ❛ttr❛❝t✐✈❡♥❡ss ❛♥❞ ✐♠♣❛❝t

♦♥ ❧❡❛r♥✐♥❣ ♦✉t❝♦♠❡s ✐♥ ▼❛t❡r✐❛❧s ❊♥❣✐♥❡❡r✐♥❣✳

❘❡❢❡r❡♥❝❡s

❬✶❪ ◆♦♦♥❛♥ ▼✳ ✷✵✶✸✳ ▼✐♥❞ ♠❛♣s✿ ❊♥❤❛♥❝✐♥❣ ♠✐❞✇❡r✐❢② ❡❞✉❝❛t✐♦♥✳

◆✉rs❡ ❊❞✉❝❛t✐♦♥ ❚♦❞❛②✳ ✷✵✶✸✱ ✸✸✱ s✳ ✽✹✼✲✽✺✷✳

❬✷❪ ❉❛✈✐❡s ▼✳ ✷✵✶✶✳ ❈♦♥❝❡♣t ♠❛♣♣✐♥❣✱ ♠✐♥❞ ♠❛♣♣✐♥❣ ❛♥❞ ❛r❣✉♠❡♥t

♠❛♣♣✐♥❣✿ ✇❤❛t ❛r❡ t❤❡ ❞✐✛❡r❡♥❝❡s ❛♥❞ ❞♦ t❤❡② ♠❛tt❡r❄ ❍✐❣❤❡r

❊❞✉❝❛t✐♦♥✳ ✷✵✶✶✱ ❚♦♠ ✻✷✱ ✸✱ s✳ ✷✼✾✲✸✵✶✳

❬✸❪ ▼❛r✐❛♥ ▼✳ ✷✵✵✽✳ ▼♥❡♠♦t❡❝❤♥✐❦❛ ✐ ♠❛♣② ♠②➧❧✐ ❥❛❦♦ ♥❛r③➛❞③✐❛

✇s♣♦♠❛❣❛❥→❝❡ ♣r♦❝❡s ✉❝③❡♥✐❛ s✐➛✳ ❩❡s③②t② ◆❛✉❦♦✇❡ ❲❙❖❲▲✳

✷✵✵✽✱ ❚♦♠ ✹✱ ✶✺✵✱ s✳ ✾✶✲✶✵✸✳

❬✹❪ ❈r♦✇❡ ▼✳✱ ❙❤❡♣♣❛r❞ ▲✳ ✷✵✶✷✳ ▼✐♥❞ ▼❛♣♣✐♥❣ ❘❡s❡❛r❝❤ ▼❡t❤♦❞s✳

◗✉❛❧✐t② ❛♥❞ ◗✉❛♥t✐t②✳ ✷✵✶✷✱ ❚♦♠ ✹✻✱ ✺✱ s✳ ✶✹✾✸✲✶✺✵✹✳

❬✺❪ ❘❛❝❡ P✳✱ P✐❝❦❢♦r❞ ❘✳ ✷✵✵✼✳ ▼❛❦✐♥❣ ❚❡❛❝❤✐♥❣ ❲♦r❦ ✬❚❡❛❝❤✐♥❣

❙♠❛rt❡r✬ ✐♥ P♦st✲❈♦♠♣✉❧s♦r② ❡❞✉❝❛t✐♦♥✳ ▲♦♥❞♦♥ ✿ ❙❛❣❡✱ ✷✵✵✼✳

❬✻❪ ❉✬❆♥t♦♥✐ ❆✳ ❱✳✱ P✐♥t♦ ❩✐♣♣ ●✳ ✐ ❖❧s♦♥ ❱✳ ●✳ ✷✵✵✾✳ ■♥t❡rr❛t❡r

❘❡❧✐❛❜✐❧✐t② ♦❢ t❤❡ ▼✐♥❞ ▼❛♣ ❆ss❡ss♠❡♥t ❘✉❜r✐❝ ✐♥ ❛ ❈♦❤♦rt ♦❢

▼❡❞✐❝❛❧ ❙t✉❞❡♥ts✳ ❇▼❈ ▼❡❞✐❝❛❧ ❊❞✉❝❛t✐♦♥✳ ✷✵✵✾✱ ❚♦♠ ✾✱ ✶✾✳

❬✼❪ ❉✬❆♥t♦♥✐✱ ❆✳ ❱✳❀ P✐♥t♦ ❩✐♣♣✱ ●✳❀ ❖❧s♦♥✱ ❱✳ ●✳❀ ❈❛❤✐❧❧✱ ❚✳ ❋✳

✷✵✶✵✳ ❉♦❡s t❤❡ ▼✐♥❞ ▼❛♣ ▲❡❛r♥✐♥❣ ❙tr❛t❡❣② ❋❛❝✐❧✐t❛t❡ ■♥❢♦r♠❛✲

t✐♦♥ ❘❡tr✐❡✈❛❧ ❛♥❞ ❈r✐t✐❝❛❧ ❚❤✐♥❦✐♥❣ ✐♥ ▼❡❞✐❝❛❧ ❙t✉❞❡♥ts❄ ❇▼❈

▼❡❞✐❝❛❧ ❊❞✉❝❛t✐♦♥✳ ✷✵✶✵✱ ❚♦♠ ✶✵✱ ✻✶✳

❬✽❪ ❇✉③❛♥ ❚✳ ✷✵✵✸✳ ❯s❡ ❨♦✉r ▼❡♠♦r②✳ ❊❞✐♥❜✉r❣❤ ✿ ❇❇❈ ❆❝t✐✈❡✳✱

✷✵✵✸✳

❬✾❪ ❇③♦✇s❦❛✲❇❛❦❛❧❛r③ ▼✳✱ P✐❡❝③②❦♦❧❛♥ ❊✳ ✷✵✵✺✳ ❏❛❦♦➧➣ ❦s③t❛➟❝❡♥✐❛

✇ ♦❝❡♥✐❡ ❛❜s♦❧✇❡♥tó✇ ❲②❞③✐❛➟✉ ❚❡❝❤♥✐❦✐ ❘♦❧♥✐❝③❡❥✳ ■♥➺②♥✐❡r✐❛
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