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❲❤✐❧❡ ✐t ✐s ✇❡❧❧ ❡st❛❜❧✐s❤❡❞ t❤❛t ❝❧✐♠❛t❡ ❝❤❛♥❣❡ ❛✛❡❝ts s♣❡❝✐❡s ❞✐str✐❜✉t✐♦♥s ❛♥❞✶✻
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t✐❣❤t❧② ❧✐♥❦❡❞✱ s✉❝❤ ❛s ❜❡t✇❡❡♥ t❤❡ ♠♦♥❛r❝❤ ❜✉tt❡r✢② ✭❉❛♥❛✉s ♣❧❡①✐♣♣✉s✮ ❛♥❞ t❤❡ ♣❧❛♥t✶✾
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❝✉r❛ss❛✈✐❝❛✳ ❚❤❡ ❞❡❝r❡❛s❡ ✐♥ ❛❞✉❧t s✉r✈✐✈❛❧ ❛♥❞ ✇❡✐❣❤t ✇❛s ❛ss♦❝✐❛t❡❞ ✇✐t❤ ✐♥❝r❡❛s✐♥❣✷✺
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■♥tr♦❞✉❝t✐♦♥✸✻

❆s ❣❧♦❜❛❧ t❡♠♣❡r❛t✉r❡s ❝♦♥t✐♥✉❡ t♦ r✐s❡✱ s♣❡❝✐❡s ♠❛② r❡s♣♦♥❞ t♦ ❝❧✐♠❛t❡ ❝❤❛♥❣❡ ✐♥ ❛ ✈❛r✐✲✸✼

❡t② ♦❢ ✇❛②s✳ ❋♦r ✐♥st❛♥❝❡✱ s♣❡❝✐❡s ♠❛② s❤✐❢t t❤❡✐r ❞✐str✐❜✉t✐♦♥s ❜② ♠✐❣r❛t✐♥❣ t♦ ✉♥❛✛❡❝t❡❞✸✽

♦r ❝❧✐♠❛t✐❝❛❧❧② s✐♠✐❧❛r ❛r❡❛s ✭P❛r♠❡s❛♥ ✫ ❨♦❤❡✱ ✷✵✵✸❀ ▼♦r✐t③ ❡t ❛❧✳✱ ✷✵✵✽✮✳ ❆❧t❡r♥❛t✐✈❡❧②✱✸✾

s♣❡❝✐❡s ♠❛② ✉♥❞❡r❣♦ ♣❤❡♥♦t②♣✐❝ ❝❤❛♥❣❡ t❤❛t ❛♠❡❧✐♦r❛t❡s ♥❡❣❛t✐✈❡ ❝❧✐♠❛t❡✲✐♥❞✉❝❡❞ ✐♠♣❛❝ts✹✵

♦r t❛❦❡s ❛❞✈❛♥t❛❣❡ ♦❢ ♣♦t❡♥t✐❛❧ ♣♦s✐t✐✈❡ ❡✛❡❝ts ✭✐✳❡✳✱ ✐♥❝r❡❛s❡ ✐♥ ♣♦♣✉❧❛t✐♦♥ ❣r♦✇t❤ ❛t ❤✐❣❤❡r✹✶

❧❛t✐t✉❞❡s✮ ✭❙❝❤❧❛❡♣❢❡r ❡t ❛❧✳✱ ✷✵✵✷❀ ❉❡✉ts❝❤ ❡t ❛❧✳✱ ✷✵✵✽❀ ❆♥❣✐❧❧❡tt❛✱ ✷✵✵✾✮✳ ❘❡❣❛r❞❧❡ss ♦❢ t❤❡✹✷

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

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

❣❧♦❜❛❧ ✇❛r♠✐♥❣ ♦♥ ❣❡♥❡r❛❧✐st ❝♦♥s✉♠❡rs✱ t❤❡ ✐♠♣❛❝ts ♦❢ ❝❧✐♠❛t❡ ❝❤❛♥❣❡ ♦♥ ❞✐❡t❛r② s♣❡❝✐❛❧✐sts✹✺

❛r❡ ♥♦t ❛s r❡❛❞✐❧② ❛♣♣❛r❡♥t ✭●♦✉❣❤ ❡t ❛❧✳✱ ✷✵✶✺✮✳ ❚❤✉s✱ ✐t ❤❛s ❜❡❝♦♠❡ ✐♥❝r❡❛s✐♥❣❧② r❡❝♦❣✲✹✻

♥✐③❡❞ t❤❛t s♣❡❝✐❡s ✐♥t❡r❛❝t✐♦♥s✱ ❡s♣❡❝✐❛❧❧② ✐♥t❡r❛❝t✐♦♥s ❜❡t✇❡❡♥ t✐❣❤t❧②✲❧✐♥❦❡❞ s♣❡❝✐❡s✱ ♥❡❡❞✹✼

t♦ ❜❡ ❝♦♥s✐❞❡r❡❞ ✇❤❡♥ tr②✐♥❣ t♦ ✉♥❞❡rst❛♥❞ t❤❡ ❢✉❧❧ ✐♠♣❛❝ts ♦❢ ❝❧✐♠❛t❡ ❝❤❛♥❣❡ ♦♥ ❡❝♦❧♦❣✐❝❛❧✹✽

❞②♥❛♠✐❝s ✭❖✬❈♦♥♥♦r ❡t ❛❧✳✱ ✷✵✶✷❀ ❊❧❞❡r❞ ✫ ❘❡✐❧❧②✱ ✷✵✶✹❀ ❯r❜❛♥ ❡t ❛❧✳✱ ✷✵✶✸✮✳✹✾

❲❤❡♥❡✈❡r r❛♣✐❞ ❡♥✈✐r♦♥♠❡♥t❛❧ ❝❤❛♥❣❡ r❡❞✉❝❡s t❤❡ q✉❛❧✐t② ♦❢ ❛♥ ♦r❣❛♥✐s♠✬s ❤❛❜✐t❛t✱ ✐♥✲✺✵

❝❧✉❞✐♥❣ t❤❡ q✉❛❧✐t② ♦❢ ✐ts ❞✐❡t✱ t❤❡r❡ ✐s ♣♦t❡♥t✐❛❧ ❢♦r t❤❡ s♣❡❝✐❡s t♦ ❜❡ ❝❛✉❣❤t ✐♥ ❛♥ ❡❝♦❧♦❣✐❝❛❧✺✶

tr❛♣ ✭❇❛tt✐♥✱ ✷✵✵✹❀ ❙❝❤❧❛❡♣❢❡r ❡t ❛❧✳✱ ✷✵✵✷✮✳ ❊❝♦❧♦❣✐❝❛❧ tr❛♣s ♦❝❝✉r ✇❤❡♥ ♦r❣❛♥✐s♠s ♠❛❦❡✺✷

♠❛❧❛❞❛♣t✐✈❡ ❤❛❜✐t❛t ❝❤♦✐❝❡s ❛♥❞✴♦r ❡①♣❡r✐❡♥❝❡ ♥❡❣❛t✐✈❡ ♣❤❡♥♦t②♣✐❝ r❡s♣♦♥s❡s ❜❛s❡❞ ♦♥ ❡♥✲✺✸

✈✐r♦♥♠❡♥t❛❧ ❝✉❡s t❤❛t ♦♥❝❡ ❝♦rr❡❧❛t❡❞ ♣♦s✐t✐✈❡❧② ✇✐t❤ ❤❛❜✐t❛t q✉❛❧✐t② ❛♥❞✴♦r ❡✈♦❧✉t✐♦♥❛r✐❧②✺✹

st❛❜❧❡ ♣❤❡♥♦t②♣✐❝ tr❛✐ts ✭❘♦❜❡rts♦♥ ✫ ❍✉tt♦✱ ✷✵✵✻❀ ❙❝❤❧❛❡♣❢❡r ❡t ❛❧✳✱ ✷✵✵✷✮✳ ■♥ ❛♥ ❛❧t❡r❡❞✺✺

❡♥✈✐r♦♥♠❡♥t✱ ❢♦r♠❡r❧② r❡❧✐❛❜❧❡ s✐❣♥❛❧s ♠❛② ♥♦ ❧♦♥❣❡r ❝♦rr❡s♣♦♥❞ t♦ ♣♦s✐t✐✈❡ ❛❞❛♣t✐✈❡ ♦✉t✲✺✻

❝♦♠❡s ❛♥❞ t❤❡ ♦r❣❛♥✐s♠ ❜❡❝♦♠❡s ✏tr❛♣♣❡❞✑ ❜② t❤❡✐r r❡s♣♦♥s❡s✳ ❚❤✐s ♠❛② r❡s✉❧t ✐♥ ❛ ❞❡❝❧✐♥❡✺✼

✐♥ ✜t♥❡ss ✭❙❝❤❧❛❡♣❢❡r ❡t ❛❧✳✱ ✷✵✵✷❀ ❱❛♥ ❉②❝❦ ❡t ❛❧✳✱ ✷✵✶✺✮✳ ❊❝♦❧♦❣✐❝❛❧ tr❛♣s ❞✉❡ t♦ ❛♥t❤r♦✲✺✽

♣♦❣❡♥✐❝ ❛❝t✐♦♥s ❤❛✈❡ ❜❡❝♦♠❡ ✐♥❝r❡❛s✐♥❣❧② ♣r❡✈❛❧❡♥t✳ ❋♦r ❡①❛♠♣❧❡✱ ♦✛ t❤❡ ❝♦❛st ♦❢ ❲❡st❡r♥✺✾

❆❢r✐❝❛✱ ❝❧✐♠❛t❡✲❝❤❛♥❣❡ ✐♥❞✉❝❡❞ ❡♥✈✐r♦♥♠❡♥t❛❧ ✈❛r✐❛❜✐❧✐t② ❛♥❞ ♦✈❡r✜s❤✐♥❣ ❤❛✈❡ ❝r❡❛t❡❞ ❝♦♦❧✱✻✵

❝❤❧♦r♦♣❤②❧❧ ❞❡♥s❡ ✇❛t❡rs✱ ✉s✉❛❧❧② ✐♥❞✐❝❛t✐✈❡ ♦❢ ❤❡❛❧t❤② ✜s❤ ♣♦♣✉❧❛t✐♦♥s✱ t❤❛t ❛r❡ ❞❡✈♦✐❞ ♦❢✻✶

✜s❤ ✭❙❤❡r❧❡② ❡t ❛❧✳✱ ✷✵✶✼✮✳ ❚❤✐s ❤❛s ❝r❡❛t❡❞ ❛♥ ❡❝♦❧♦❣✐❝❛❧ tr❛♣ ❢♦r ❡♥❞❛♥❣❡r❡❞ ❆❢r✐❝❛♥ ♣❡♥✲✻✷
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❣✉✐♥s ✇❤✐❝❤ ✉s❡ ❝❤❧♦r♦♣❤②❧❧ ❞❡♥s✐t② ❛s ❛♥ ✐♥❞✐❝❛t♦r ♦❢ ❣♦♦❞ ✜s❤✐♥❣ ❣r♦✉♥❞s ✭❙❤❡r❧❡② ❡t ❛❧✳✱✻✸

✷✵✶✼✮✳ ❍♦✇❡✈❡r✱ ❡✛❡❝ts ♦❢ ❝❧✐♠❛t❡ ❝❤❛♥❣❡ ♦♥ s♣❡❝✐❡s ✐♥t❡r❛❝t✐♦♥s t❤❛t ❣❡♥❡r❛t❡ ❡❝♦❧♦❣✐❝❛❧✻✹

tr❛♣s r❡♣r❡s❡♥t ❛ r❡❝♦❣♥✐③❡❞ ❜✉t s✉r♣r✐s✐♥❣❧② ❧✐tt❧❡✲st✉❞✐❡❞ ♣r♦❜❧❡♠ ✭❯r❜❛♥ ❡t ❛❧✳✱ ✷✵✶✸✮✳ ❋♦r✻✺

❤❡r❜✐✈♦r❡s✱ ❛♥❞ ♣❛rt✐❝✉❧❛r❧② s♣❡❝✐❛❧✐sts✱ r❛♣✐❞ ❝❤❛♥❣❡s ✐♥ t❤❡ q✉❛❧✐t② ♦❢ t❤❡✐r ♣❧❛♥t ❤♦sts ✉♥✲✻✻

❞❡r ❡♥✈✐r♦♥♠❡♥t❛❧ ❝❤❛♥❣❡ ♠❛② ❣❡♥❡r❛t❡ ❡❝♦❧♦❣✐❝❛❧ tr❛♣s ✐❢ t❤❡ ♣❧❛♥ts ✉♣♦♥ ✇❤✐❝❤ t❤❡② r❡❧②✻✼

❜❡❝♦♠❡ ✉♥s✉✐t❛❜❧❡✳✻✽

▼❛♥② s♣❡❝✐❛❧✐sts ❢❡❡❞ ❡✐t❤❡r ♦♥ ❛ s✐♥❣❧❡ ♣❧❛♥t s♣❡❝✐❡s ♦r ♠✉❧t✐♣❧❡ s♣❡❝✐❡s ✇✐t❤✐♥ ❛ s✐♥❣❧❡✻✾

❣❡♥✉s✱ ❛♥❞ ❛♥ ❤❡r❜✐✈♦r❡✬s ✜t♥❡ss ♠❛② ✈❛r② ❞❡♣❡♥❞✐♥❣ ✉♣♦♥ t❤❡ t②♣❡ ♦❢ s♣❡❝✐❡s ❛♥❞ q✉❛❧✐t②✼✵

♦❢ t❤❡ s♣❡❝✐❡s ❜❡✐♥❣ ❝♦♥s✉♠❡❞ ✭❆❧✐ ✫ ❆❣r❛✇❛❧✱ ✷✵✶✷✮✳ ❋♦r ✐♥st❛♥❝❡✱ t❤❡ ♠♦♥❛r❝❤ ❜✉tt❡r✢②✼✶

✭❉❛♥❛✉s ♣❧❡①✐♣♣✉s✮ ❢❡❡❞s ❛❧♠♦st ❡①❝❧✉s✐✈❡❧② ♦♥ ♠✐❧❦✇❡❡❞ s♣❡❝✐❡s ✇✐t❤✐♥ t❤❡ ❣❡♥✉s ❆s❝❧❡♣✐❛s✳✼✷

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

t❤❛t t❤❡ ♠♦♥❛r❝❤ s❡q✉❡st❡rs ❛s ❛♥ ❛♥t✐✲♣r❡❞❛t♦r ✭❇r♦✇❡r ❡t ❛❧✳✱ ✶✾✻✼✮ ♦r ❛♥ ❛♥t✐✲♣❛r❛s✐t❡ ❞❡✲✼✹

❢❡♥s❡ ✭❞❡ ❘♦♦❞❡ ❡t ❛❧✳✱ ✷✵✵✽✮✳ ❋✉rt❤❡r♠♦r❡✱ ❆s❝❧❡♣✐❛s s♣❡❝✐❡s ❞✐✛❡r ✐♥ ❧❛t❡① ♣r♦❞✉❝t✐♦♥✼✺

✭❆❣r❛✇❛❧ ✫ ❑♦♥♥♦✱ ✷✵✵✾✮✱ ♣❤②s✐❝❛❧ ❞❡❢❡♥s❡s✱ ❧❡❛❢ ♠♦r♣❤♦❧♦❣② ✭❆❣r❛✇❛❧ ❡t ❛❧✳✱ ✷✵✵✾❛✮✱ ❛♥❞✼✻

♣❤❡♥♦❧♦❣✐❡s ✭❲♦♦❞s♦♥✱ ✶✾✺✹✮✳ ■♥❞✐✈✐❞✉❛❧ ♠♦♥❛r❝❤ ✜t♥❡ss ✈❛r✐❡s ♥♦♥✲❧✐♥❡❛r❧② ✇✐t❤ ❝❛r❞❡♥✲✼✼

♦❧✐❞❡ ♣r♦❞✉❝t✐♦♥✱ ✇❤❡r❡ ♠♦r❡ t♦①✐❝ ♠✐❧❦✇❡❡❞s ❝♦♥❢❡r ❛ ❣r❡❛t❡r ❞❡❢❡♥s❡ ❛❣❛✐♥st ♣r❡❞❛t♦rs✱ ❜✉t✼✽

❝❛♥ ❜❡ t♦♦ t♦①✐❝ t♦ ♠♦♥❛r❝❤s ❛t ❤✐❣❤ ♦❢ ❝♦♥❝❡♥tr❛t✐♦♥s✱ s✉❝❤ t❤❛t ✐♥t❡r♠❡❞✐❛t❡ ❧❡✈❡❧s r❡s✉❧t✼✾

✐♥ ❤✐❣❤❡r ✜t♥❡ss ✭▼❛❧❝♦❧♠✱ ✶✾✾✹❀ ❙t❡r♥❜❡r❣ ❡t ❛❧✳✱ ✷✵✶✷✮✳ ❈♦♥s❡q✉❡♥t❧②✱ ❛♥② ❝❤❛♥❣❡s✱ ❡✐t❤❡r✽✵

♣♦s✐t✐✈❡ ♦r ♥❡❣❛t✐✈❡✱ t♦ ♠✐❧❦✇❡❡❞ ❝❤❡♠✐str② ❞✉❡ t♦ ❣❧♦❜❛❧ ✇❛r♠✐♥❣ ❝♦✉❧❞ ❤❛✈❡ ❝♦rr❡s♣♦♥❞✐♥❣✽✶

✐♥❞✐r❡❝t ❡✛❡❝ts ♦♥ ♠♦♥❛r❝❤ ♣❡r❢♦r♠❛♥❝❡✳✽✷

❊✈❡♥ ✐❢ ♣❧❛♥t q✉❛❧✐t② ✐s ✉♥❛✛❡❝t❡❞ ❜② ✐♥❝r❡❛s❡❞ t❡♠♣❡r❛t✉r❡s✱ ♠♦♥❛r❝❤ ♣❤②s✐♦❧♦❣②✱ ❞❡✲✽✸

✈❡❧♦♣♠❡♥t✱ ❛♥❞ ❝❛r❞❡♥♦❧✐❞❡ ♠❡t❛❜♦❧✐s♠ ♠❛② ❝❤❛♥❣❡ ✇✐t❤ ❞✐✛❡r❡♥t t❡♠♣❡r❛t✉r❡s✳ ▼♦♥❛r❝❤✽✹

❧❛r✈❛❡ ❡①♣♦s❡❞ t♦ ❝♦♥st❛♥t✱ ❡❧❡✈❛t❡❞ t❡♠♣❡r❛t✉r❡s ❡①♣❡r✐❡♥❝❡ ✐♥❝r❡❛s❡❞ ♠♦rt❛❧✐t②✱ ❧♦♥❣❡r ❞❡✲✽✺

✈❡❧♦♣♠❡♥t❛❧ t✐♠❡s✱ ❛♥❞ ✇❡✐❣❤ ❧❡ss ❛s ❛❞✉❧ts ✭❨♦r❦ ✫ ❖❜❡r❤❛✉s❡r✱ ✷✵✵✷✮✳ ❆❞❞✐t✐♦♥❛❧❧②✱ s✉r✲✽✻

✈✐✈❛❧ ❛♥❞ ❞❡✈❡❧♦♣♠❡♥t r❛t❡s ♦❢ ♠♦♥❛r❝❤ ❧❛r✈❛❡ ❛r❡ ♠❛①✐♠✐③❡❞ ❛t t❡♠♣❡r❛t✉r❡s ❛r♦✉♥❞ ✷✾o❈✽✼

✭❩❛❧✉❝❦✐✱ ✶✾✽✷✮✱ ❛♥❞ ✐♥❝r❡❛s✐♥❣ t❡♠♣❡r❛t✉r❡s ❞❡❝r❡❛s❡ ♠♦♥❛r❝❤ t✐♠❡ t♦ ♣✉♣❛t✐♦♥ ✭▲❡♠♦✐♥❡✽✽

❡t ❛❧✳✱ ✷✵✶✺✮✳ ❲❤✐❧❡ t❤❡s❡ st✉❞✐❡s ❤❡❧♣ ✉s t♦ ✉♥❞❡rst❛♥❞ t❤❡ ✐♠♣❛❝ts ♦❢ ❞✐✛❡r❡♥t t❡♠♣❡r❛t✉r❡✽✾
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r❡❣✐♠❡s ♦♥ ♠♦♥❛r❝❤ ❞❡✈❡❧♦♣♠❡♥t✱ ❧✐tt❧❡ r❡s❡❛r❝❤ ❤❛s ❜❡❡♥ ❝♦♥❞✉❝t❡❞ t♦ ❡①❛♠✐♥❡ t❡♠♣❡r❛t✉r❡✲✾✵

♠❡❞✐❛t❡❞ ❡✛❡❝ts ♦♥ r❡s♦✉r❝❡ q✉❛❧✐t②✳ ❚♦ q✉❛♥t✐❢② t❤❡ ♣♦t❡♥t✐❛❧ ✐♥❞✐r❡❝t ❡✛❡❝ts ♦❢ ❝❧✐♠❛t❡✾✶

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

♦❢ ❛♥ ❡❝♦❧♦❣✐❝❛❧ tr❛♣✱ ✇❡ ❢♦❝✉s❡❞ ♦♥ t❤❡ ✐♥t❡r❛❝t✐♦♥ ❜❡t✇❡❡♥ ♠♦♥❛r❝❤ ❜✉tt❡r✢✐❡s ✭❉✳ ♣❧❡①✐♣✲✾✸

♣✉s✮ ❛♥❞ t✇♦ ♦❢ t❤❡✐r ♠✐❧❦✇❡❡❞ ❤♦st ♣❧❛♥ts✱ ❆s❝❧❡♣✐❛s ❝✉r❛ss❛✈✐❝❛ ❛♥❞ ❆s❝❧❡♣✐❛s ✐♥❝❛r♥❛t❛✳✾✹

❆✳ ❝✉r❛ss❛✈✐❝❛ ✐s ❛♥ ❡①♦t✐❝✱ ❝♦♠♠❡r❝✐❛❧❧②✲♣❧❛♥t❡❞ ♠✐❧❦✇❡❡❞ s♣❡❝✐❡s ❢♦✉♥❞ ♣r❡❞♦♠✐♥✲✾✺

❛♥t❧② ✐♥ t❤❡ s♦✉t❤❡❛st❡r♥ ❯♥✐t❡❞ ❙t❛t❡s t❤❛t ❝❛♥ ♥❡❣❛t✐✈❡❧② ❛✛❡❝t ♠♦♥❛r❝❤s ❜② ♣r♦✈✐❞✐♥❣✾✻

❛ ②❡❛r✲r♦✉♥❞ s♦✉r❝❡ ♦❢ ❢♦♦❞✱ r❡❞✉❝✐♥❣ t❤❡ ♣r♦♣❡♥s✐t② t♦ ♠✐❣r❛t❡✱ ❛♥❞ t❤❡r❡❜② ✐♥❝r❡❛s✐♥❣✾✼

❞✐s❡❛s❡ ♣r❡✈❛❧❡♥❝❡ ✐♥ ♥♦♥✲♠✐❣r❛t♦r② ♣♦♣✉❧❛t✐♦♥s ✭❙❛tt❡r✜❡❧❞ ❡t ❛❧✳✱ ✷✵✶✺✮✳ ❆ ♠❛❥♦r✐t② ♦❢✾✽

♠♦♥❛r❝❤s t❤❛t ❞♦ ♥♦t ♦✈❡r✇✐♥t❡r ✐♥ ▼❡①✐❝♦ ❞♦ s♦ ✐♥ t❤❡ s♦✉t❤❡r♥ ❯♥✐t❡❞ ❙t❛t❡s ✭❍♦✇❛r❞✾✾

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

✫ ❖❜❡r❤❛✉s❡r✱ ✷✵✶✺✮✳ ■♥ r❡❝❡♥t ②❡❛rs✱ ♠♦♥❛r❝❤s ❤❛✈❡ ❡st❛❜❧✐s❤❡❞ ②❡❛r✲r♦✉♥❞ ♣♦♣✉❧❛t✐♦♥s✶✵✶

♦♥ ✐♥tr♦❞✉❝❡❞✱ ✐♥✈❛s✐✈❡ ❆✳ ❝✉r❛ss❛✈✐❝❛ ✐♥ t❤❡ s♦✉t❤❡r♥ ❯♥✐t❡❞ ❙t❛t❡s✱ ♣♦t❡♥t✐❛❧❧② t♦ t❤❡✐r✶✵✷

❞❡tr✐♠❡♥t ✭❙❛tt❡r✜❡❧❞ ❡t ❛❧✳✱ ✷✵✶✺✮✳ ■♥ ❝♦♥tr❛st✱ ❆✳ ✐♥❝❛r♥❛t❛ ✐s ❛ ❝♦♠♠♦♥✱ ♥❛t✐✈❡ ♠✐❧❦✇❡❡❞✶✵✸

s♣❡❝✐❡s ❢♦✉♥❞ t❤r♦✉❣❤♦✉t t❤❡ ❡❛st❡r♥ ❛♥❞ s♦✉t❤✲❡❛st❡r♥ ♣♦rt✐♦♥ ♦❢ t❤❡ ♠♦♥❛r❝❤ ♠✐❣r❛t♦r②✶✵✹

r❛♥❣❡ t❤❛t s❡♥❡s❝❡s ❞✉r✐♥❣ t❤❡ ✇✐♥t❡r ♠♦♥t❤s ✭▲❛❞♥❡r ✫ ❆❧t✐③❡r✱ ✷✵✵✺❀ ❆❣r❛✇❛❧ ❡t ❛❧✳✱ ✷✵✵✾❛✮✳✶✵✺

■❢ ❆✳ ❝✉r❛ss❛✈✐❝❛ q✉❛❧✐t② ✇❡r❡ t♦ ✐♠♣r♦✈❡ ❞✉❡ t♦ ❡♥✈✐r♦♥♠❡♥t❛❧ ❝❤❛♥❣❡✱ ♣♦♣✉❧❛t✐♦♥s✶✵✻

♦❢ s❡❞❡♥t❛r②✱ ♥♦♥✲♠✐❣r❛t♦r② ♠♦♥❛r❝❤s ❝♦✉❧❞ ✐♥❝r❡❛s❡✳ ❇✉t✱ ✐❢ t❤❡ q✉❛❧✐t② ♦❢ ❆✳ ❝✉r❛ss❛✈✐❝❛✶✵✼

❢♦❧✐❛❣❡ ✇❡r❡ t♦ ❞❡❝❧✐♥❡ ✉♥❞❡r ❡♥✈✐r♦♥♠❡♥t❛❧ ❝❤❛♥❣❡✱ s❡❞❡♥t❛r② ♠♦♥❛r❝❤ ♣♦♣✉❧❛t✐♦♥s ❝♦✉❧❞ ❢❛❧❧✶✵✽

✐♥t♦ ❛♥ ❡❝♦❧♦❣✐❝❛❧ tr❛♣✳ ❍❡r❡✱ ✇❡ ✐♥✈❡st✐❣❛t❡❞ ✇❤❡t❤❡r ✐♥❝r❡❛s❡❞ t❡♠♣❡r❛t✉r❡s ✇✐❧❧ ♥❡❣❛t✐✈❡❧②✶✵✾

♦r ♣♦s✐t✐✈❡❧② ❛✛❡❝t t❤❡ ❢♦❧✐❛r q✉❛❧✐t② ♦❢ ❆✳ ❝✉r❛ss❛✈✐❝❛ ❛♥❞ ❆✳ ✐♥❝❛r♥❛t❛ ❛♥❞✱ s✉❜s❡q✉❡♥t❧②✱✶✶✵

✐♠♣❛❝t ♠♦♥❛r❝❤ ✜t♥❡ss✳ ❇❡❝❛✉s❡ r❡❧❛t✐✈❡ ❞✐✛❡r❡♥❝❡s ✐♥ ❤♦st q✉❛❧✐t② ❝❛♥ ❣❡♥❡r❛t❡ ❡❝♦❧♦❣✐❝❛❧✶✶✶

tr❛♣s✱ ❝♦♠♣❛r✐♥❣ ♦✉r r❡s✉❧ts ✇✐t❤ t❤♦s❡ ❢r♦♠ ❆✳ ✐♥❝❛r♥❛t❛ ❛❧❧♦✇s ✉s t♦ s❤♦✇ t❤❛t t❤❡ ✐♥✈❛s✐✈❡✶✶✷

❆✳ ❝✉r❛ss❛✈✐❝❛ r❡♣r❡s❡♥ts ❛ ♣♦t❡♥t✐❛❧ ❡❝♦❧♦❣✐❝❛❧ tr❛♣ ✉♥❞❡r ✇❛r♠❡r ❝❧✐♠❛t✐❝ ❝♦♥❞✐t✐♦♥s✳✶✶✸
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▼❛t❡r✐❛❧ ❛♥❞ ▼❡t❤♦❞s✶✶✹

❙t✉❞② ❙②st❡♠✶✶✺

▼♦♥❛r❝❤ ❜✉tt❡r✢✐❡s ❤❛✈❡ ❛ ✇✐❞❡ ❞✐str✐❜✉t✐♦♥❛❧ r❛♥❣❡ ❛❝r♦ss ◆♦rt❤ ❆♠❡r✐❝❛✱ s♣❛♥♥✐♥❣ ❢r♦♠✶✶✻

❝❡♥tr❛❧ ❈❛♥❛❞❛ s♦✉t❤ t❤r♦✉❣❤ ❝❡♥tr❛❧ ▼❡①✐❝♦✱ ✇✐t❤ ✐s♦❧❛t❡❞ ✐s❧❛♥❞ ♣♦♣✉❧❛t✐♦♥s ✐♥ t❤❡ ❈❛r✐❜✲✶✶✼

❜❡❛♥ ❛♥❞ ❍❛✇❛✐✐ ✭❆❧t✐③❡r ✫ ❉❛✈✐s✱ ✷✵✶✵✮✳ ▼♦st ❡❛st❡r♥ ❯♥✐t❡❞ ❙t❛t❡s ♠♦♥❛r❝❤ ❜✉tt❡r✢✐❡s✶✶✽

♠❛❦❡ ❛♥ ❛♥♥✉❛❧✱ ♠✉❧t✐✲❣❡♥❡r❛t✐♦♥❛❧ ♠✐❣r❛t✐♦♥ s♣❛♥♥✐♥❣ ✸✺✵✵ ❦♠ ❜❡t✇❡❡♥ ❜r❡❡❞✐♥❣ ❣r♦✉♥❞s✶✶✾

❛♥❞ ♦✈❡r✇✐♥t❡r✐♥❣ s✐t❡s ✭❇r♦✇❡r ✫ ▼❛❧❝♦❧♠✱ ✶✾✾✶✮✱ ❛❧t❤♦✉❣❤ s❡❞❡♥t❛r② ♣♦♣✉❧❛t✐♦♥s ❤❛✈❡✶✷✵

❡st❛❜❧✐s❤❡❞ ♦♥ ❆✳ ❝✉r❛ss❛✈✐❝❛ ✐♥ ❋❧♦r✐❞❛✱ ❚❡①❛s✱ ❛♥❞ ▲♦✉✐s✐❛♥❛ ✭❙❛tt❡r✜❡❧❞ ❡t ❛❧✳✱ ✷✵✶✺✮✳ ❋♦r✶✷✶

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

❜✉tt❡r✢✐❡s✳ P❛r❡♥t ♠♦♥❛r❝❤s ✇❡r❡ ❝♦❧❧❡❝t❡❞ ✐♥ ❇❛t♦♥ ❘♦✉❣❡✱ ▲❆ ❛♥❞ ❑❛t②✱ ❚❳✱ ❯❙❆ ❢r♦♠✶✷✸

♠✐❣r❛t♦r② ♠♦♥❛r❝❤ ♣♦♣✉❧❛t✐♦♥s✳ ❚❤❡✐r ♦✛s♣r✐♥❣ ✭t❤❡ ❋✶ ❣❡♥❡r❛t✐♦♥✮ ✇❡r❡ r❡❛r❡❞ ♦♥ ❆✳✶✷✹

t✉❜❡r♦s❛ t♦ ❡♥s✉r❡ ❋✷ ♦✛s♣r✐♥❣ ♥❛✐✈❡t② t♦ t❤❡ t✇♦ ❢♦❝❛❧ ❡①♣❡r✐♠❡♥t❛❧ s♣❡❝✐❡s✱ ❆✳ ❝✉r❛ss❛✈✐❝❛✶✷✺

❛♥❞ ❆✳ ✐♥❝❛r♥❛t❛✳ ❖✛s♣r✐♥❣ ❢r♦♠ t❤❡ ❋✷ ❣❡♥❡r❛t✐♦♥ ✇❡r❡ ❢r♦♠ ❛ s✐♥❣❧❡ ♣❛r❡♥t❛❧ ♣❛✐r✳ ❯♥❧❡ss✶✷✻

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

❡♥❝❡ ❜❡t✇❡❡♥ t❤❡s❡ t✇♦ ♠✐❧❦✇❡❡❞ s♣❡❝✐❡s ✭▲❡❢❡✈r❡ ❡t ❛❧✳✱ ✷✵✶✵✮✳ ❋✉rt❤❡r♠♦r❡✱ ♠♦♥❛r❝❤s ✐♥✶✷✽

t❤✐s st✉❞② ✇❡r❡ ✉♥✐♥❢❡❝t❡❞ ✇✐t❤ t❤❡ ♣❛r❛s✐t❡ ♣r♦t♦③♦❛♥ ♣❛r❛s✐t❡✱ ❖♣❤r②♦❝②st✐s ❡❧❡❦tr♦s❝✐rr❤❛✶✷✾

✭❖❊✮✱ ❜❛s❡❞ ♦♥ ♠❡t❤♦❞s ❞❡s❝r✐❜❡❞ ✐♥ ❆❧t✐③❡r ✫ ❖❜❡r❤❛✉s❡r ✭✶✾✾✾✮ ❛♥❞ ❆❧t✐③❡r ✭✷✵✵✶✮✳✶✸✵

❚♦ ♣r♦t❡❝t ❛❣❛✐♥st ❤❡r❜✐✈♦r②✱ ♠✐❧❦✇❡❡❞s ❤❛✈❡ ❛ ✈❛r✐❡t② ♦❢ ❞❡❢❡♥s✐✈❡ ♠❡❝❤❛♥✐s♠s✱ ✐♥✲✶✸✶

❝❧✉❞✐♥❣ ❧❛t❡① ❡①✉❞❛t✐♦♥ ❛♥❞ ♣r♦❞✉❝t✐♦♥ ♦❢ t♦①✐❝ ❝❛r❞✐❛❝ ❣❧②❝♦s✐❞❡s ✭❝❛r❞❡♥♦❧✐❞❡s✮✳ ▲❛t❡① ✐s ❛✶✸✷

st✐❝❦②✱ ✈✐s❝♦✉s s✉❜st❛♥❝❡ t❤❛t ✐s ❡①✉❞❡❞ ✉♣♦♥ t✐ss✉❡ ❞❛♠❛❣❡ ❛♥❞ ❝❛♥ tr❛♣ ❡❛r❧② ✐♥st❛r ♠♦♥✲✶✸✸

❛r❝❤s ❛♥❞ ❣✉♠✲✉♣ ❧❛r✈❛❧ ♠♦✉t❤ ♣❛rts ✭❆❣r❛✇❛❧ ❡t ❛❧✳✱ ✷✵✵✾❜✮✳ ❆✳ ✐♥❝❛r♥❛t❛ ❡①✉❞❡s s❧✐❣❤t❧②✶✸✹
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❡♥❝❡s ❞✉r✐♥❣ t❤❡ ♥✐❣❤tt✐♠❡✳ ❚r✐❛❧ r✉♥s ✉s✐♥❣ t❤❡r♠❛❧ ♠❛ss❡s ✐♥❞✐❝❛t❡❞ t❤❡② ❞✐❞ ♥♦t ❤❡❧♣ t♦✶✽✵

s✐❣♥✐✜❝❛♥t❧② r❡❣✉❧❛t❡ ❡✐t❤❡r t❡♠♣❡r❛t✉r❡ ♦r ❤✉♠✐❞✐t② ❝♦♠♣❛r❡❞ t♦ ♥♦♥✲t❤❡r♠❛❧ ♠❛ss ❧✐♥❡❞✶✽✶
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✐♥t♦ t❤❡ ❧❛❜ ♦♥❝❡ t❤❡② ✇❡r❡ ♦❜s❡r✈❡❞ ✐♥ t❤❡ ✜❡❧❞✳ ❈♦❧❧❡❝t❡❞ ♣✉♣❛❡ ✇❡r❡ t❤❡♥ ✇❡✐❣❤❡❞✱ s❡①❡❞✱✶✾✸
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✶st ✐♥st❛r t♦ ❛❞✉❧t❤♦♦❞✮✳ ❆❞✉❧t ♠♦♥❛r❝❤s ✇❡r❡ ✇❡✐❣❤❡❞ ♦♥❡ ❞❛② ❛❢t❡r ❡❝❧♦s✐♦♥ ✭✇❡t ✇❡✐❣❤t✮✱✶✾✺
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s❡t ♦❢ ♠❡❛s✉r❡♠❡♥ts t♦ q✉❛♥t✐❢② ❝❤❡♠✐❝❛❧ ❝❤❛♥❣❡s ✐♥ t❤❡ ❤♦st ♣❧❛♥ts✳✷✵✸

▼✐❧❦✇❡❡❞ ❢♦❧✐❛r ❝❛r❜♦♥ ❛♥❞ ♥✐tr♦❣❡♥ ❝♦♥❝❡♥tr❛t✐♦♥s ✇❡r❡ ❛♥❛❧②③❡❞ ♦♥ ❛ ▲❡❝♦ ❚r✉❙♣❡❝✷✵✹

❈◆ ❛♥❛❧②③❡r ✭❤tt♣✿✴✴✇✇✇✳❧❡❝♦✳❝♦♠✮ ❛♥❞ r❡♣♦rt❡❞ ✐♥ ♣♣♠ ✭❡q✉✐✈❛❧❡♥t t♦ ♠❣✴❦❣ ♦❢ ♣❧❛♥t✷✵✺

s❛♠♣❧❡s✮✳ ▼✐❧❦✇❡❡❞ ❧❛t❡① ♠❡❛s✉r❡♠❡♥ts ✇❡r❡ ❝♦❧❧❡❝t❡❞ ❢♦❧❧♦✇✐♥❣ ♠❡t❤♦❞s s✐♠✐❧❛r t♦ ❆❣r❛✇❛❧✷✵✻

✭✷✵✵✺✮✱ ✇❤❡r❡✐♥ ❛ ❢✉❧❧② ❡①♣❛♥❞❡❞✱ ✐♥t❛❝t ❧❡❛❢ ✇❛s ❝❧✐♣♣❡❞ ✭✵✳✺ ❝♠✮ ❛♥❞ t❤❡ ❡①✉❞✐♥❣ ❧❛t❡① ✇❛s✷✵✼

❝♦❧❧❡❝t❡❞ ♦♥ ❛ ❞r✐❡❞✱ ♣r❡✇❡✐❣❤❡❞ ✶✲❝♠ ❞✐s❦ ♦❢ ✜❧t❡r ♣❛♣❡r✱ t❤❡♥ ♣❧❛❝❡❞ ❛♥❞ s❡❛❧❡❞ ✐♥s✐❞❡ ❛✷✵✽

❞r✐❡❞✱ ♣r❡✇❡✐❣❤❡❞ ❊♣♣❡♥❞♦r❢ ✈✐❛❧✳ ❚❤❡ ✈✐❛❧ ✇❛s ♣r♦♠♣t❧② ✇❡✐❣❤❡❞ ✐♥ t❤❡ ❧❛❜✱ ❛♥❞ t❤❡ r❡s✉❧t✲✷✵✾

✐♥❣ ❞✐✛❡r❡♥❝❡ ✐♥ ✇❡✐❣❤t ✇❛s t❤❡ ✏✇❡t✑ ❧❛t❡① ✇❡✐❣❤t✳ ❚❤❡ ✈✐❛❧ ✇❛s ♦♣❡♥❡❞ ❛♥❞ ❞r✐❡❞ ♦✈❡r♥✐❣❤t✷✶✵

❛t ✻✵o❈✱ ❛♥❞ ✇❡✐❣❤❡❞ ❛❣❛✐♥ t♦ ❝♦❧❧❡❝t ❛ ✏❞r②✑ ❧❛t❡① ✇❡✐❣❤t✳ ▼✐❧❦✇❡❡❞ ❢♦❧✐❛r ❝❛r❞❡♥♦❧✐❞❡✷✶✶

❝♦♥❝❡♥tr❛t✐♦♥s ✇❡r❡ q✉❛♥t✐✜❡❞ ✉s✐♥❣ ♠❡t❤♦❞s ♠♦❞✐✜❡❞ ❢r♦♠ ▼❛❧❝♦❧♠ ✫ ❩❛❧✉❝❦✐ ✭✶✾✾✻✮ ❛♥❞✷✶✷

❞❡s❝r✐❜❡❞ ❜② ❩❡❤♥❞❡r ✫ ❍✉♥t❡r ✭✷✵✵✼✮✳ ▲❡❛❢ t✐ss✉❡ ✇❛s ❢r♦③❡♥ ✐♥ ❧✐q✉✐❞ ◆2✱ ❛♥❞ st♦r❡❞ ✐♥✷✶✸
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t❤❛♥ ✷✵ ♠❣ ✇❛s r❡s✉s♣❡♥❞❡❞ ✐♥ ✼✺ µ▲ ♦❢ ♠❡t❤❛♥♦❧✮✳ ❙❛♠♣❧❡s ✇❡r❡ s♣✐❦❡❞ ✇✐t❤ ✵✳✶✺ ♠❣✴♠▲✷✶✽

✽This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t

http://www.leco.com


❞✐❣✐t♦①✐♥ ❛s ❛♥ ✐♥t❡r♥❛❧ st❛♥❞❛r❞ ❛♥❞ ❛♥❛❧②③❡❞ ✉s✐♥❣ r❡✈❡rs❡ ♣❤❛s❡ ❤✐❣❤✲♣❡r❢♦r♠❛♥❝❡ ❧✐q✉✐❞✷✶✾
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♠♦♥❛r❝❤s ✐♥ t❤❡ ❖❚❈ ♣❧♦ts ❡①♣❡r✐❡♥❝❡❞ ❜r✐❡❢ ♣❡❛❦s ✐♥ t❡♠♣❡r❛t✉r❡ ✉♣ t♦ ❛ ♠❛①✐♠✉♠ ♦❢ ✹✻o❈✱✷✻✺

❛♥❞ ✐♥ ♦♣❡♥✱ ❛♠❜✐❡♥t ♣❧♦ts ♠♦♥❛r❝❤s ❡①♣❡r✐❡♥❝❡❞ t❡♠♣❡r❛t✉r❡ ♣❡❛❦s ♦❢ ✉♣ t♦ ✸✽o❈✳ ◆✐❣❤t✲✷✻✻

t✐♠❡ ❛♠❜✐❡♥t t❡♠♣❡r❛t✉r❡s ✇❡r❡ ❧♦✇❡r t❤❛♥ ♥✐❣❤tt✐♠❡ ❖❚❈ ♣❧♦t t❡♠♣❡r❛t✉r❡s ✭❋1,28❂✻✵✳✾✽✱✷✻✼

♣❁✵✳✵✵✵✶✮✱ ✇✐t❤ ❛♥ ❛✈❡r❛❣❡ t❡♠♣❡r❛t✉r❡ ♦❢ ✷✸o❈✳ ❖♥ ❛✈❡r❛❣❡✱ ♥✐❣❤tt✐♠❡ t❡♠♣❡r❛t✉r❡s ✇❡r❡✷✻✽
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r❛✐s❡❞ ❜② r♦✉❣❤❧② ✵✳✷o❈ ✐♥ ❖❚❈ ❝♦✈❡r❡❞ ♣❧♦ts✳ ❆❞❞✐t✐♦♥❛❧❧②✱ t❤❡r❡ ✇❡r❡ s✐❣♥✐✜❝❛♥t ❞✐✛❡r❡♥❝❡s✷✻✾

❜❡t✇❡❡♥ ❞❛②t✐♠❡ ❛♥❞ ♥✐❣❤tt✐♠❡ t❡♠♣❡r❛t✉r❡s ✭❋1,56❂✸✾✱✶✼✵✳✹✱ ♣❁✵✳✵✵✵✶✮✱ ❞✐✛❡r❡♥❝❡s ❛❝r♦ss✷✼✵

❡①♣❡r✐♠❡♥t❛❧ ❞❛②s ✭❋13,56❂✸✾✱✶✼✺✳✷✷✱ ♣❁✵✳✵✵✵✶✮✱ ❛♥❞ ❛♥ ✐♥t❡r❛❝t✐♦♥ ❜❡t✇❡❡♥ ❡①♣❡r✐♠❡♥t❛❧✷✼✶

❞❛② ❛♥❞ ❖❚❈ ❛♣♣❧✐❝❛t✐♦♥s ✭❋1,56❂✹✹✶✳✶✵✱ ♣❁✵✳✵✵✵✶✮✳ ■♥ ❣❡♥❡r❛❧✱ t❤❡ ✐♥❝r❡❛s❡ ✐♥ t❡♠♣❡r❛t✲✷✼✷

✉r❡ ✐♥ ♦✉r ❡①♣❡r✐♠❡♥t❛❧ ♣❧♦ts r❡✢❡❝ts t❤❡ ♣r♦❥❡❝t❡❞ ✐♥❝r❡❛s❡ ✐♥ t❡♠♣❡r❛t✉r❡ ❡①♣❡❝t❡❞ ❛t ♦✉r✷✼✸

❡①♣❡r✐♠❡♥t❛❧ s✐t❡ ❜② ✷✵✽✵ ✭❑❛r❧ ❡t ❛❧✳✱ ✷✵✵✾✮✳✷✼✹

▼♦♥❛r❝❤✿✷✼✺

❲❛r♠❡r t❡♠♣❡r❛t✉r❡s ❤❛❞ str✐❦✐♥❣❧② ❞✐✛❡r❡♥t ❡✛❡❝ts ♦♥ ♠♦♥❛r❝❤ s✉r✈✐✈❛❧ t♦ ❛❞✉❧t❤♦♦❞ ❞❡✲✷✼✻

♣❡♥❞✐♥❣ ♦♥ ❤♦st ♣❧❛♥t✳ ❙♣❡❝✐✜❝❛❧❧②✱ s✉r✈✐✈♦rs❤✐♣ ✇❛s ✜✈❡ t✐♠❡s ❧♦✇❡r ♦♥ ❆✳ ❝✉r❛ss❛✈✐❝❛✷✼✼

❛t ✇❛r♠❡r t❡♠♣❡r❛t✉r❡s t❤❛♥ ♦♥ ❆✳ ❝✉r❛ss❛✈✐❝❛ ❛t ❛♠❜✐❡♥t t❡♠♣❡r❛t✉r❡s✱ ✇❤❡r❡❛s ♥♦ ❞✐❢✲✷✼✽

❢❡r❡♥❝❡s ✇❡r❡ s❡❡♥ ✐♥ ♠♦♥❛r❝❤ s✉r✈✐✈♦rs❤✐♣ ♦♥ ❆✳ ✐♥❝❛r♥❛t❛ ❜❡t✇❡❡♥ t❡♠♣❡r❛t✉r❡s ✭s♣❡✲✷✼✾

❝✐❡s ① t❡♠♣❡r❛t✉r❡ ✐♥t❡r❛❝t✐♦♥✱ χ̃
2❂✹✳✸✽✱ ♣❂✵✳✵✸✻✸✱ ❋✐❣✳ ✶❆✮✳ ❆s ❡①♣❡❝t❡❞✱ ♣✉♣❛❧ ✇❡✐❣❤ts✷✽✵

✈❛r✐❡❞ s✐❣♥✐✜❝❛♥t❧② ✇✐t❤ ❣❡♥❞❡r✱ ✇✐t❤ ♠❛❧❡ ♣✉♣❛❡ ✇❡✐❣❤✐♥❣ ✶✻✪ ♠♦r❡ t❤❛♥ ❢❡♠❛❧❡ ♣✉♣❛❡✷✽✶

✭❋1,30❂✻✳✼✼✱ ♣❂✵✳✵✶✹✸✮✳ ▼❛r❣✐♥❛❧❧② s✐❣♥✐✜❝❛♥t ❞✐✛❡r❡♥❝❡s ✐♥ ❛❞✉❧t ♠♦♥❛r❝❤ ✇❡✐❣❤t ✇❡r❡✷✽✷

❞r✐✈❡♥ ❜② t❤❡ ✐♥t❡r❛❝t✐♦♥ ❜❡t✇❡❡♥ t❤❡ ❤♦st ♠✐❧❦✇❡❡❞ ♣❧❛♥t s♣❡❝✐❡s ❛♥❞ t❤❡ t❡♠♣❡r❛t✉r❡✷✽✸

tr❡❛t♠❡♥t ✭❋1,23❂✸✳✵✼✱ ♣❂✵✳✵✾✷✾✱ ❋✐❣✳ ✶❇✮✱ ✇✐t❤ ♥♦ ♦❜s❡r✈❡❞ ❞✐✛❡r❡♥❝❡s ✐♥ ❛❞✉❧t ✇❡✐❣❤t✷✽✹

❜❡t✇❡❡♥ s❡①❡s✳ ❆❞✉❧t ♠♦♥❛r❝❤s ❢♦r❡✇✐♥❣ ❧❡♥❣t❤s ❞❡❝r❡❛s❡❞ ❜② ✷✳✺♠♠✱ ♦♥ ❛✈❡r❛❣❡✱ ✇❤❡♥ ❡①✲✷✽✺

♣♦s❡❞ t♦ ✇❛r♠❡r t❡♠♣❡r❛t✉r❡s ✭❋1,20❂✶✶✳✹✱ ♣❂✵✳✵✵✸✱ ❋✐❣✳ ✶❈✮✱ ✇✐t❤ ♠❛❧❡ ♠♦♥❛r❝❤s ❤❛✈✐♥❣✷✽✻

♠❛r❣✐♥❛❧❧② ❧♦♥❣❡r ❢♦r❡✇✐♥❣s ♦✈❡r❛❧❧ ✭❋1,20❂✸✳✾✾✱ ♣❂✵✳✵✺✾✹✮✳✷✽✼

▼✐❧❦✇❡❡❞✿✷✽✽

❆❝r♦ss ❛❧❧ t❡♠♣❡r❛t✉r❡ tr❡❛t♠❡♥ts✱ t❤❡ ✐♥tr♦❞✉❝❡❞ ❆✳ ❝✉r❛ss❛✈✐❝❛ ❡①✉❞❡❞ ♠♦r❡ t❤❛♥ t❤r❡❡✷✽✾

t✐♠❡s t❤❡ ❛♠♦✉♥t ♦❢ ❧❛t❡① ♣r♦❞✉❝❡❞ ❜② t❤❡ ♥❛t✐✈❡ ❆✳ ✐♥❝❛r♥❛t❛ ✭❋1,37.9❂✹✸✳✵✺✱ ♣❁✵✳✵✵✵✶✱✷✾✵

❋✐❣✳ ✷❆✮✳ ❆❢t❡r t✇♦ ✇❡❡❦s ✐♥ t❤❡ ✜❡❧❞✱ ❜♦t❤ ♣❧❛♥t s♣❡❝✐❡s ♣r♦❞✉❝❡❞ ♠♦r❡ ❧❛t❡① ❜② ❛♥ ❛✈❡r❛❣❡✷✾✶

♦❢ ✼✵✪ ✭❋1,38.2❂✶✵✳✺✸✱ ♣❂✵✳✵✵✷✹✮✳ ❚❤❡r❡ ✇❛s ♥♦ s✐❣♥✐✜❝❛♥t ♠❛✐♥ ♦r ✐♥t❡r❛❝t✐♦♥ ❡✛❡❝t ♦❢✷✾✷

✇❛r♠✐♥❣ ♦♥ ❧❛t❡① ❡①✉❞❛t✐♦♥ ✐♥ t❤✐s ❡①♣❡r✐♠❡♥t✳ ❆✳ ✐♥❝❛r♥❛t❛ ❤❛❞ ❛ ❢♦❧✐❛r ❈✿◆ r❛t✐♦ t❤❛t✷✾✸
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✇❛s ✶✹✪ ❤✐❣❤❡r t❤❛♥ ❆✳ ❝✉r❛ss❛✈✐❝❛ ✭❋1,59❂✽✳✷✷✱ ♣❂✳✵✵✺✼✱ ❋✐❣✳ ✷❇✮✱ ✇❤✐❧❡ ❢♦❧✐❛r ❈✿◆ r❛t✐♦s✷✾✹

❞❡❝❧✐♥❡❞ ❜② ✶✸✪ ✐♥ ❜♦t❤ s♣❡❝✐❡s ♦✈❡r t❤❡ t✇♦ ✇❡❡❦ ♣❡r✐♦❞ ✭❋1,59❂✽✳✼✱ ♣❂✵✳✵✵✹✺✱ ❋✐❣✳ ✷❇✮✳✷✾✺

❖♥ ❛✈❡r❛❣❡✱ ❆✳ ❝✉r❛ss❛✈✐❝❛ ♣r♦❞✉❝❡❞ ✶✸✲❢♦❧❞ ❤✐❣❤❡r ❢♦❧✐❛r ❝❛r❞❡♥♦❧✐❞❡ ❝♦♥❝❡♥tr❛t✐♦♥s✷✾✻

t❤❛♥ ❆✳ ✐♥❝❛r♥❛t❛ ✭❋1,39❂✷✾✾✳✹✶✱ ♣❁✵✳✵✵✵✶✱ ❋✐❣✳ ✷❈✮✳ ❋♦❧✐❛r ❝❛r❞❡♥♦❧✐❞❡ ❝♦♥❝❡♥tr❛t✐♦♥s ♠♦r❡✷✾✼

t❤❛♥ ❞♦✉❜❧❡❞ ✐♥ ❜♦t❤ s♣❡❝✐❡s ♦✈❡r t✐♠❡ ✭❋1,39.1❂✷✺✳✾✹✱ ♣❁✵✳✵✵✵✶✱ ❋✐❣✳ ✷❈✮✳ ■♠♣♦rt❛♥t❧②✱ t❤❡✷✾✽

t❡♠♣♦r❛❧ ✐♥❝r❡❛s❡s ✐♥ ❢♦❧✐❛r ❝❛r❞❡♥♦❧✐❞❡ ❝♦♥❝❡♥tr❛t✐♦♥s ✐♥ ❆✳ ❝✉r❛ss❛✈✐❝❛ ✇❡r❡ ❤✐❣❤❡r ✐♥ t❤❡✷✾✾

✇❛r♠✐♥❣ tr❡❛t♠❡♥t✱ r❡❛❝❤✐♥❣ ✹ ♠❣✴❣ ❞r② ♠❛ss ✭❋1,39.1❂✶✸✳✵✷✱ ♣❂✵✳✵✵✵✾✱ ❋✐❣✳ ✷❈✮✳ ❆✳ ❝✉r❛s✲✸✵✵

s❛✈✐❝❛ ♣r♦❞✉❝❡❞ ❛ ✺✲t✐♠❡s ❣r❡❛t❡r ✈❛r✐❡t② ♦❢ ❝❛r❞❡♥♦❧✐❞❡s t❤❛♥ ❞✐❞ ❆✳ ✐♥❝❛r♥❛t❛ ✭P❡r▼❆◆✲✸✵✶

❖❱❆✱ ❋1,55❂✷✽✳✼✻✹✺✱ ♣❂✵✳✵✵✶✮✱ ✇✐t❤ ❝❛r❞❡♥♦❧✐❞❡ ❝♦♠♣♦s✐t✐♦♥ ❝❤❛♥❣✐♥❣ s✐❣♥✐✜❝❛♥t❧② ♦✈❡r✸✵✷

t✐♠❡ ✭P❡r▼❆◆❖❱❆✱ ❋1,55❂✷✶✳✼✶✼✵✱ ♣❂✵✳✵✵✶✮✳ ❚❤❡ t❡♠♣♦r❛❧ ❝❤❛♥❣❡s ✐♥ ❝❛r❞❡♥♦❧✐❞❡ ❝♦♠✲✸✵✸

♣♦s✐t✐♦♥ ✇❡r❡ ♠♦r❡ ✈❛r✐❛❜❧❡ ❛♠♦♥❣ ✐♥❞✐✈✐❞✉❛❧ ❆✳ ✐♥❝❛r♥❛t❛ ♣❧❛♥ts t❤❛♥ ❛♠♦♥❣ ✐♥❞✐✈✐❞✉❛❧✸✵✹

❆✳ ❝✉r❛ss❛✈✐❝❛ ✭P❡r▼❆◆❖❱❆ ✐♥t❡r❛❝t✐♦♥✱ ❋1,55❂✶✷✳✾✺✽✽✱ ♣❂✵✳✵✵✶✱ ❆♣♣❡♥❞✐① ❙✶✿ ❋✐❣✳ ❙✸✮✳✸✵✺

❚❡♠♣❡r❛t✉r❡ tr❡❛t♠❡♥t ❤❛❞ ♥♦ ❡✛❡❝t ♦♥ ♠✐❧❦✇❡❡❞ ❝❛r❞❡♥♦❧✐❞❡ ❝♦♠♣♦s✐t✐♦♥ ✭P❡r▼❆◆❖❱❆✱✸✵✻

❋1,55❂✶✳✵✼✵✹✱ ♣❂✵✳✸✹✾✮✸✵✼

❉✐s❝✉ss✐♦♥✸✵✽
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♦❢ t❤❡ ◆❛t✐♦♥❛❧ ❆❝❛❞❡♠② ♦❢ ❙❝✐❡♥❝❡s ♦❢ t❤❡ ❯♥✐t❡❞ ❙t❛t❡s ♦❢ ❆♠❡r✐❝❛✱ ✶✵✻✱ ✶✽✵✻✼✕✶✽✵✼✷✳✹✷✶

❆❣r❛✇❛❧✱ ❆✳❆✳ ✫ ❑♦♥♥♦✱ ❑✳ ✭✷✵✵✾✮ ▲❛t❡①✿ ❛ ▼♦❞❡❧ ❢♦r ✉♥❞❡rst❛♥❞✐♥❣ ♠❡❝❤❛♥✐s♠s✱ ❡❝♦❧♦❣②✱ ❛♥❞✹✷✷

❡✈♦❧✉t✐♦♥ ♦❢ ♣❧❛♥t ❞❡❢❡♥s❡ ❛❣❛✐♥st ❤❡r❜✐✈♦r②✳ ❆♥♥✉❛❧ ❘❡✈✐❡✇ ♦❢ ❊❝♦❧♦❣② ❊✈♦❧✉t✐♦♥ ❛♥❞ ❙②st❡♠❛t✐❝s✱✹✷✸

✶✻This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



✹✵✱ ✸✶✶✕✸✸✶✳✹✷✹

❆❧✐✱ ❏✳●✳ ✫ ❆❣r❛✇❛❧✱ ❆✳❆✳ ✭✷✵✶✷✮ ❙♣❡❝✐❛❧✐st ✈❡rs✉s ❣❡♥❡r❛❧✐st ✐♥s❡❝t ❤❡r❜✐✈♦r❡s ❛♥❞ ♣❧❛♥t ❞❡❢❡♥s❡✳✹✷✺

❚r❡♥❞s ✐♥ P❧❛♥t ❙❝✐❡♥❝❡✱ ✶✼✱ ✷✾✸✕✸✵✷✳✹✷✻

❆❧t✐③❡r✱ ❙✳▼✳ ✭✷✵✵✶✮ ▼✐❣r❛t♦r② ❜❡❤❛✈✐♦✉r ❛♥❞ ❤♦st✲♣❛r❛s✐t❡ ❝♦✲❡✈♦❧✉t✐♦♥ ✐♥ ♥❛t✉r❛❧ ♣♦♣✉❧❛t✐♦♥s ♦❢✹✷✼

♠♦♥❛r❝❤ ❜✉tt❡r✢✐❡s ✐♥❢❡❝t❡❞ ✇✐t❤ ❛ ♣r♦t♦③♦❛♥ ♣❛r❛s✐t❡✳ ❊✈♦❧✉t✐♦♥❛r② ❊❝♦❧♦❣② ❘❡s❡❛r❝❤✱ ✸✱ ✻✶✶✕✹✷✽

✻✸✷✳✹✷✾

❆❧t✐③❡r✱ ❙✳▼✳ ✫ ❖❜❡r❤❛✉s❡r✱ ❑✳❙✳ ✭✶✾✾✾✮ ❊✛❡❝ts ♦❢ t❤❡ ♣r♦t♦③♦❛♥ ♣❛r❛s✐t❡❖♣❤r②♦❝②st✐s ❡❧❡❦tr♦s❝✐rr❤❛✹✸✵

♦♥ t❤❡ ✜t♥❡ss ♦❢ ♠♦♥❛r❝❤ ❜✉tt❡r✢✐❡s ✭❉❛♥❛✉s ♣❧❡①✐♣♣✉s✮✳ ❏♦✉r♥❛❧ ♦❢ ■♥✈❡rt❡❜r❛t❡ P❛t❤♦❧♦❣②✱ ✼✹✱✹✸✶

✼✻✕✽✽✳✹✸✷

❆❧t✐③❡r✱ ❙✳ ✫ ❉❛✈✐s✱ ❆✳❑✳ ✭✷✵✶✵✮ P♦♣✉❧❛t✐♦♥s ♦❢ ♠♦♥❛r❝❤ ❜✉tt❡r✢✐❡s ✇✐t❤ ❞✐✛❡r❡♥t ♠✐❣r❛t♦r② ❜❡❤❛✲✹✸✸

✈✐♦rs s❤♦✇ ❞✐✈❡r❣❡♥❝❡ ✐♥ ✇✐♥❣ ♠♦r♣❤♦❧♦❣②✳ ❊✈♦❧✉t✐♦♥✱ ✻✹✱ ✶✵✶✽✕✶✵✷✽✳✹✸✹

❆♥❞r❡✇s✱ ❍✳ ✫ ❍✉♥t❡r✱ ▼✳❉✳ ✭✷✵✶✺✮ ❈❤❛♥❣❡s ✐♥ ✇❛t❡r ❛✈❛✐❧❛❜✐❧✐t② ❛♥❞ ✈❛r✐❛❜✐❧✐t② ❛✛❡❝t ♣❧❛♥t✹✸✺

❞❡❢❡♥s❡s ❛♥❞ ❤❡r❜✐✈♦r❡ r❡s♣♦♥s❡s ✐♥ ❣r❛ss❧❛♥❞ ❢♦r❜s✳ ▼❛st❡r t❤❡s✐s✳ ❯♥✐✈❡rs✐t② ♦❢ ▼✐❝❤✐❣❛♥✳✹✸✻

❆♥❣✐❧❧❡tt❛✱ ▼✳ ✭✷✵✵✾✮ ❚❤❡r♠❛❧ ❛❞❛♣t❛t✐♦♥✿ ❆ t❤❡♦r❡t✐❝❛❧ ❛♥❞ ❡♠♣✐r✐❝❛❧ s②♥t❤❡s✐s✳ ❖①❢♦r❞ ❯♥✐✈❡rs✐t②✹✸✼

Pr❡ss✳✹✸✽

❇❛t❛❧❞❡♥✱ ❘✳❱✳✱ ❖❜❡r❤❛✉s❡r✱ ❑✳ ✫ P❡t❡rs♦♥✱ ❆✳❚✳ ✭✷✵✵✼✮ ❊❝♦❧♦❣✐❝❛❧ ♥✐❝❤❡s ✐♥ s❡q✉❡♥t✐❛❧ ❣❡♥❡r❛✲✹✸✾

t✐♦♥s ♦❢ ❡❛st❡r♥ ◆♦rt❤ ❆♠❡r✐❝❛♥ ♠♦♥❛r❝❤ ❜✉tt❡r✢✐❡s ✭▲❡♣✐❞♦♣t❡r❛ ✿ ❉❛♥❛✐❞❛❡✮✿ ❚❤❡ ❡❝♦❧♦❣② ♦❢✹✹✵

♠✐❣r❛t✐♦♥ ❛♥❞ ❧✐❦❡❧② ❝❧✐♠❛t❡ ❝❤❛♥❣❡ ✐♠♣❧✐❝❛t✐♦♥s✳ ❊♥✈✐r♦♥♠❡♥t❛❧ ❊♥t♦♠♦❧♦❣②✱ ✸✻✱ ✶✸✻✺✕✶✸✼✸✳✹✹✶

❇❛t❛❧❞❡♥✱ ❘✳❱✳ ✫ ❖❜❡r❤❛✉s❡r✱ ❑✳❙✳ ✭✷✵✶✺✮ P♦t❡♥t✐❛❧ ❈❤❛♥❣❡s ✐♥ ❊❛st❡r♥ ◆♦rt❤ ❆♠❡r✐❝❛♥ ▼♦♥❛r❝❤✹✹✷

▼✐❣r❛t✐♦♥ ✐♥ ❘❡s♣♦♥s❡ t♦ ❛♥ ■♥tr♦❞✉❝❡❞ ▼✐❧❦✇❡❡❞✱ ❆s❝❧❡♣✐❛s ❝✉r❛ss❛✈✐❝❛✳✱ ✈♦❧✳ ✶✾✱ ♣♣✳ ✷✶✺✕✷✷✹✳✹✹✸

❈♦♠st♦❝❦ P✉❜❧✐s❤✐♥❣ ❆ss♦❝✐❛t❡s✱ ❈♦r♥❡❧❧ ❯♥✐✈❡rs✐t② Pr❡ss✳✹✹✹

❇❛tt✐♥✱ ❏✳ ✭✷✵✵✹✮ ❲❤❡♥ ❣♦♦❞ ❛♥✐♠❛❧s ❧♦✈❡ ❜❛❞ ❤❛❜✐t❛ts✿ ❊❝♦❧♦❣✐❝❛❧ tr❛♣s ❛♥❞ t❤❡ ❝♦♥s❡r✈❛t✐♦♥ ♦❢✹✹✺

❛♥✐♠❛❧ ♣♦♣✉❧❛t✐♦♥s✳ ❈♦♥s❡r✈❛t✐♦♥ ❇✐♦❧♦❣②✱ ✶✽✱ ✶✹✽✷✕✶✹✾✶✳✹✹✻

❇❡tts✱ ❈✳❘✳ ✫ ❲♦♦tt♦♥✱ ❘✳❏✳ ✭✶✾✽✽✮ ❲✐♥❣ s❤❛♣❡ ❛♥❞ ✢✐❣❤t ❜❡❤❛✈✐♦r ✐♥ ❜✉tt❡r✢✐❡s ✭❧❡♣✐❞♦♣t❡r❛✱✹✹✼

♣❛♣✐❧✐♦♥♦✐❞❡❛ ❛♥❞ ❤❡s♣❡r✐♦✐❞❡❛✮ ✲ ❛ ♣r❡❧✐♠✐♥❛r②✲❛♥❛❧②s✐s✳ ❏♦✉r♥❛❧ ♦❢ ❊①♣❡r✐♠❡♥t❛❧ ❇✐♦❧♦❣②✱ ✶✸✽✱✹✹✽

✷✼✶✕✷✽✽✳✹✹✾

❇✐♥❣❤❛♠✱ ❘✳❆✳ ✫ ❆❣r❛✇❛❧✱ ❆✳❆✳ ✭✷✵✶✵✮ ❙♣❡❝✐✜❝✐t② ❛♥❞ tr❛❞❡✲♦✛s ✐♥ t❤❡ ✐♥❞✉❝❡❞ ♣❧❛♥t ❞❡❢❡♥❝❡ ♦❢✹✺✵

❝♦♠♠♦♥ ♠✐❧❦✇❡❡❞ ❆s❝❧❡♣✐❛s s②r✐❛❝❛ t♦ t✇♦ ❧❡♣✐❞♦♣t❡r❛♥ ❤❡r❜✐✈♦r❡s✳ ❏♦✉r♥❛❧ ♦❢ ❊❝♦❧♦❣②✱ ✾✽✱✹✺✶

✶✵✶✹✕✶✵✷✷✳✹✺✷

✶✼This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



❇r♦♦❦s✱ ❘✳✱ ❇❧♦♥✐❛r③✱ ❉✳❱✳ ✫ ▲❡r♠❛♥✱ ❙✳❇✳ ✭✷✵✶✷✮ ✐❇✉tt♦♥ ♣❧❛❝❡♠❡♥t st✉❞②✿ ❚❡st✐♥❣ s❝❡♥❛r✐♦s ❢♦r✹✺✸

✜❡❧❞ ✐♠♣❧❡♠❡♥t❛t✐♦♥✳ ❯✳❙✳ ❋♦r❡st ❙❡r✈✐❝❡✱ ◆♦rt❤❡r♥ ❘❡s❡❛r❝❤ ❙t❛t✐♦♥✳✹✺✹

❇r♦✇❡r✱ ▲✳P✳✱ ❇r♦✇❡r✱ ❏✳❱✳ ✫ ❈♦r✈✐♥♦✱ ❏✳▼✳ ✭✶✾✻✼✮ P❧❛♥t ♣♦✐s♦♥s ✐♥ ❛ t❡rr❡str✐❛❧ ❢♦♦❞ ❝❤❛✐♥✳ Pr♦✲✹✺✺

❝❡❡❞✐♥❣s ♦❢ t❤❡ ◆❛t✐♦♥❛❧ ❆❝❛❞❡♠② ♦❢ ❙❝✐❡♥❝❡s ♦❢ t❤❡ ❯♥✐t❡❞ ❙t❛t❡s ♦❢ ❆♠❡r✐❝❛✱ ✺✼✱ ✽✾✸✕✽✾✽✳✹✺✻

❇r♦✇❡r✱ ▲✳P✳ ✫ ▼❛❧❝♦❧♠✱ ❙✳❇✳ ✭✶✾✾✶✮ ❆♥✐♠❛❧ ♠✐❣r❛t✐♦♥s ✲ ❊♥❞❛♥❣❡r❡❞ ♣❤❡♥♦♠❡♥❛✳ ❆♠❡r✐❝❛♥✹✺✼

❩♦♦❧♦❣✐st✱ ✸✶✱ ✷✻✺✕✷✼✻✳✹✺✽

❈❡rr❛t♦✱ ❈✳✱ ▲❛✐✱ ❱✳✱ ❇❛❧❧❡tt♦✱ ❊✳ ✫ ❇♦♥❡❧❧✐✱ ❙✳ ✭✷✵✶✻✮ ❉✐r❡❝t ❛♥❞ ✐♥❞✐r❡❝t ❡✛❡❝ts ♦❢ ✇❡❛t❤❡r ✈❛r✐❛❜✐❧✐t②✹✺✾

✐♥ ❛ s♣❡❝✐❛❧✐st ❜✉tt❡r✢②✳ ❊❝♦❧♦❣✐❝❛❧ ❊♥t♦♠♦❧♦❣②✱ ✹✶✱ ✷✻✸✕✷✼✺✳✹✻✵

❉❡▲✉❝✐❛✱ ❊✳❍✳✱ ◆❛❜✐t②✱ P✳❉✳✱ ❩❛✈❛❧❛✱ ❏✳❆✳ ✫ ❇❡r❡♥❜❛✉♠✱ ▼✳❘✳ ✭✷✵✶✷✮ ❈❧✐♠❛t❡ ❝❤❛♥❣❡✿ ❘❡s❡tt✐♥❣✹✻✶

♣❧❛♥t✲✐♥s❡❝t ✐♥t❡r❛❝t✐♦♥s✳ P❧❛♥t P❤②s✐♦❧♦❣②✱ ✶✻✵✱ ✶✻✼✼✕✶✻✽✺✳✹✻✷

❉❡✉ts❝❤✱ ❈✳❆✳✱ ❚❡✇❦s❜✉r②✱ ❏✳❏✳✱ ❍✉❡②✱ ❘✳❇✳✱ ❙❤❡❧❞♦♥✱ ❑✳❙✳✱ ●❤❛❧❛♠❜♦r✱ ❈✳❑✳✱ ❍❛❛❦✱ ❉✳❈✳ ✫ ▼❛rt✐♥✱✹✻✸

P✳❘✳ ✭✷✵✵✽✮ ■♠♣❛❝ts ♦❢ ❝❧✐♠❛t❡ ✇❛r♠✐♥❣ ♦♥ t❡rr❡str✐❛❧ ❡❝t♦t❤❡r♠s ❛❝r♦ss ❧❛t✐t✉❞❡✳ Pr♦❝❡❡❞✐♥❣s ♦❢✹✻✹

t❤❡ ◆❛t✐♦♥❛❧ ❆❝❛❞❡♠② ♦❢ ❙❝✐❡♥❝❡s ♦❢ t❤❡ ❯♥✐t❡❞ ❙t❛t❡s ♦❢ ❆♠❡r✐❝❛✱ ✶✵✺✱ ✻✻✻✽✕✻✻✼✷✳✹✻✺

❊❧❞❡r❞✱ ❇✳❉✳ ✫ ❘❡✐❧❧②✱ ❏✳❘✳ ✭✷✵✶✹✮ ❲❛r♠❡r t❡♠♣❡r❛t✉r❡s ✐♥❝r❡❛s❡ ❞✐s❡❛s❡ tr❛♥s♠✐ss✐♦♥ ❛♥❞ ♦✉t❜r❡❛❦✹✻✻

✐♥t❡♥s✐t② ✐♥ ❛ ❤♦st✲♣❛t❤♦❣❡♥ s②st❡♠✳ ❏♦✉r♥❛❧ ♦❢ ❆♥✐♠❛❧ ❊❝♦❧♦❣②✱ ✽✸✱ ✽✸✽✕✽✹✾✳ ■❙❙◆ ✵✵✷✶✲✽✼✾✵✳✹✻✼

●♦❞❢r❡❡✱ ❘✳✱ ❘♦❜❡rts♦♥✱ ❇✳✱ ❇♦❧❣❡r✱ ❚✳✱ ❈❛r♥❡❣✐❡✱ ▼✳ ✫ ❨♦✉♥❣✱ ❆✳ ✭✷✵✶✶✮ ❆♥ ✐♠♣r♦✈❡❞ ❤❡①❛❣♦♥✹✻✽

♦♣❡♥✲t♦♣ ❝❤❛♠❜❡r s②st❡♠ ❢♦r st❛❜❧❡ ❞✐✉r♥❛❧ ❛♥❞ ♥♦❝t✉r♥❛❧ ✇❛r♠✐♥❣ ❛♥❞ ❛t♠♦s♣❤❡r✐❝ ❝❛r❜♦♥✹✻✾

❞✐♦①✐❞❡ ❡♥r✐❝❤♠❡♥t✳ ●❧♦❜❛❧ ❈❤❛♥❣❡ ❇✐♦❧♦❣②✱ ✶✼✱ ✹✸✾✕✹✺✶✳✹✼✵

●♦✉❣❤✱ ▲✳❆✳✱ ❙✈❡r❞r✉♣✲❚❤②❣❡s♦♥✱ ❆✳✱ ▼✐❧❜❡r❣✱ P✳✱ P✐❧s❦♦❣✱ ❍✳❊✳✱ ❏❛♥ss♦♥✱ ◆✳✱ ❏♦♥s❡❧❧✱ ▼✳ ✫ ❇✐r❦❡✲✹✼✶

♠♦❡✱ ❚✳ ✭✷✵✶✺✮ ❙♣❡❝✐❛❧✐sts ✐♥ ❛♥❝✐❡♥t tr❡❡s ❛r❡ ♠♦r❡ ❛✛❡❝t❡❞ ❜② ❝❧✐♠❛t❡ t❤❛♥ ❣❡♥❡r❛❧✐sts✳ ❊❝♦❧♦❣②✹✼✷

❛♥❞ ❊✈♦❧✉t✐♦♥✱ ✺✱ ✺✻✸✷✕✺✻✹✶✳✹✼✸

❍♦✇❛r❞✱ ❊✳✱ ❆s❝❤❡♥✱ ❍✳ ✫ ❉❛✈✐s✱ ❆✳❑✳ ✭✷✵✶✵✮ ❈✐t✐③❡♥ s❝✐❡♥❝❡ ♦❜s❡r✈❛t✐♦♥s ♦❢ ♠♦♥❛r❝❤ ❜✉tt❡r✢②✹✼✹

♦✈❡r✇✐♥t❡r✐♥❣ ✐♥ t❤❡ s♦✉t❤❡r♥ ❯♥✐t❡❞ ❙t❛t❡s✳ Ps②❝❤❡✱ ✷✵✶✵✱ ✶✕✻✳✹✼✺

❑❛r❧✱ ❚✳❘✳✱ ▼❡❧✐❧❧♦✱ ❏✳▼✳ ✫ P❡t❡rs♦♥✱ ❚✳❈✳ ✭✷✵✵✾✮ ●❧♦❜❛❧ ❝❧✐♠❛t❡ ❝❤❛♥❣❡ ✐♠♣❛❝ts ✐♥ t❤❡ ❯♥✐t❡❞✹✼✻

❙t❛t❡s✳ ❈❛♠❜r✐❞❣❡ ❯♥✐✈❡rs✐t② Pr❡ss✳✹✼✼

▲❛❞♥❡r✱ ❉✳❚✳ ✫ ❆❧t✐③❡r✱ ❙✳ ✭✷✵✵✺✮ ❖✈✐♣♦s✐t✐♦♥ ♣r❡❢❡r❡♥❝❡ ❛♥❞ ❧❛r✈❛❧ ♣❡r❢♦r♠❛♥❝❡ ♦❢ ◆♦rt❤ ❆♠❡r✐❝❛♥✹✼✽

♠♦♥❛r❝❤ ❜✉tt❡r✢✐❡s ♦♥ ❢♦✉r ❆s❝❧❡♣✐❛s s♣❡❝✐❡s✳ ❊♥t♦♠♦❧♦❣✐❛ ❊①♣❡r✐♠❡♥t❛❧✐s ❊t ❆♣♣❧✐❝❛t❛✱ ✶✶✻✱✹✼✾

✾✕✷✵✳✹✽✵

✶✽This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



▲❡❢❡✈r❡✱ ❚✳✱ ❈❤✐❛♥❣✱ ❆✳✱ ❑❡❧❛✈❦❛r✱ ▼✳✱ ▲✐✱ ❍✳✱ ▲✐✱ ❏✳✱ ❞❡ ❈❛st✐❧❧❡❥♦✱ ❈✳▲✳❋✳✱ ❖❧✐✈❡r✱ ▲✳✱ P♦t✐♥✐✱ ❨✳✱✹✽✶

❍✉♥t❡r✱ ▼✳❉✳ ✫ ❞❡ ❘♦♦❞❡✱ ❏✳❈✳ ✭✷✵✶✷✮ ❇❡❤❛✈✐♦✉r❛❧ r❡s✐st❛♥❝❡ ❛❣❛✐♥st ❛ ♣r♦t♦③♦❛♥ ♣❛r❛s✐t❡ ✐♥ t❤❡✹✽✷

♠♦♥❛r❝❤ ❜✉tt❡r✢②✳ ❏♦✉r♥❛❧ ♦❢ ❆♥✐♠❛❧ ❊❝♦❧♦❣②✱ ✽✶✱ ✼✵✕✼✾✳✹✽✸

▲❡❢❡✈r❡✱ ❚✳✱ ❖❧✐✈❡r✱ ▲✳✱ ❍✉♥t❡r✱ ▼✳❉✳ ✫ ❞❡ ❘♦♦❞❡✱ ❏✳❈✳ ✭✷✵✶✵✮ ❊✈✐❞❡♥❝❡ ❢♦r tr❛♥s✲❣❡♥❡r❛t✐♦♥❛❧✹✽✹

♠❡❞✐❝❛t✐♦♥ ✐♥ ♥❛t✉r❡✳ ❊❝♦❧♦❣② ▲❡tt❡rs✱ ✶✸✱ ✶✹✽✺✕✶✹✾✸✳✹✽✺

▲❡♠♦✐♥❡✱ ◆✳P✳ ✭✷✵✶✺✮ ❈❧✐♠❛t❡ ❝❤❛♥❣❡ ♠❛② ❛❧t❡r ❜r❡❡❞✐♥❣ ❣r♦✉♥❞ ❞✐str✐❜✉t✐♦♥s ♦❢ ❡❛st❡r♥ ♠✐❣r❛t♦r②✹✽✻

♠♦♥❛r❝❤s ✭❉❛♥❛✉s ♣❧❡①✐♣♣✉s✮ ✈✐❛ r❛♥❣❡ ❡①♣❛♥s✐♦♥ ♦❢ ❆s❝❧❡♣✐❛s ❤♦st ♣❧❛♥ts✳ P❧♦s ❖♥❡✱ ✶✵✳✹✽✼

▲❡♠♦✐♥❡✱ ◆✳P✳✱ ❈❛♣❞❡✈✐❡❧❧❡✱ ❏✳◆✳ ✫ P❛r❦❡r✱ ❏✳❉✳ ✭✷✵✶✺✮ ❊✛❡❝ts ♦❢ ✐♥ s✐t✉ ❝❧✐♠❛t❡ ✇❛r♠✐♥❣ ♦♥✹✽✽

♠♦♥❛r❝❤ ❝❛t❡r♣✐❧❧❛r ✭❉❛♥❛✉s ♣❧❡①✐♣♣✉s✮ ❞❡✈❡❧♦♣♠❡♥t✳ P❡❡r❥✱ ✸✳✹✽✾

▼❛❧❝♦❧♠✱ ❙✳❇✳ ✫ ❇r♦✇❡r✱ ▲✳P✳ ✭✶✾✽✻✮ ❙❡❧❡❝t✐✈❡ ♦✈✐♣♦s✐t✐♦♥ ❜② ♠♦♥❛r❝❤ ❜✉tt❡r✢✐❡s ✭❉❛♥❛✉s ♣❧❡①✐♣♣✉s✮✹✾✵

✐♥ ❛ ♠✐①❡❞ st❛♥❞ ♦❢ ❆s❝❧❡♣✐❛s ❝✉r❛ss❛✈✐❝❛ ❛♥❞ ❆s❝❧❡♣✐❛s ✐♥❝❛r♥❛t❛ ✐♥ ❙♦✉t❤ ❋❧♦r✐❞❛✱ ❯❙❆✳ ❏♦✉r♥❛❧✹✾✶

♦❢ ❚❤❡ ▲❡♣✐❞♦♣t❡r✐sts✬ ❙♦❝✐❡t②✱ ✹✵✱ ✷✺✺✕✷✻✸✳✹✾✷

▼❛❧❝♦❧♠✱ ❙✳❇✳ ✫ ❩❛❧✉❝❦✐✱ ▼✳P✳ ✭✶✾✾✻✮ ▼✐❧❦✇❡❡❞ ❧❛t❡① ❛♥❞ ❝❛r❞❡♥♦❧✐❞❡ ✐♥❞✉❝t✐♦♥ ♠❛② r❡s♦❧✈❡ t❤❡✹✾✸

❧❡t❤❛❧ ♣❧❛♥t ❞❡❢❡♥❝❡ ♣❛r❛❞♦①✳ ❊♥t♦♠♦❧♦❣✐❛ ❊①♣❡r✐♠❡♥t❛❧✐s ❊t ❆♣♣❧✐❝❛t❛✱ ✽✵✱ ✶✾✸✕✶✾✻✳✹✾✹

▼❛❧❝♦❧♠✱ ❙✳ ✭✶✾✾✶✮ ❍❡r❜✐✈♦r❡s✿ ❚❤❡✐r ✐♥t❡r❛❝t✐♦♥s ✇✐t❤ s❡❝♦♥❞❛r② ♣❧❛♥t ♠❡t❛❜♦❧✐t❡s✳ ❚❤❡ ❝❤❡♠✐❝❛❧✹✾✺

♣❛rt✐❝✐♣❛♥ts✱ ❝❛r❞❡♥♦❧✐❞❡✲♠❡❞✐❛t❡❞ ✐♥t❡r❛❝t✐♦♥s ❜❡t✇❡❡♥ ♣❧❛♥ts ❛♥❞ ❤❡r❜✐✈♦r❡s✳ ❆❝❛❞❡♠✐❝ Pr❡ss✱✹✾✻

❙❛♥ ❉✐❡❣♦✳✹✾✼

▼❛❧❝♦❧♠✱ ❙✳❇✳ ✭✶✾✾✹✮ ▼✐❧❦✇❡❡❞s✱ ♠♦♥❛r❝❤ ❜✉tt❡r✢✐❡s ❛♥❞ t❤❡ ❡❝♦❧♦❣✐❝❛❧ s✐❣♥✐✜❝❛♥❝❡ ♦❢ ❝❛r❞❡♥♦❧✐❞❡s✳✹✾✽

❈❤❡♠♦❡❝♦❧♦❣②✱ ✺✱ ✶✵✶✕✶✶✼✳✹✾✾

▼❝❈✉♥❡✱ ❇✳ ✫ ●r❛❝❡✱ ❏✳ ✭✷✵✵✷✮ ❆♥❛❧②s✐s ♦❢ ❡❝♦❧♦❣✐❝❛❧ ❝♦♠♠✉♥✐t✐❡s✳ ▼❥▼ s♦❢t✇❛r❡ ❞❡s✐❣♥✱ ●❧❡♥❡❞❡♥✺✵✵

❇❡❛❝❤✱ ❖r❡❣♦♥✱ ❯❙❆✳✺✵✶

▼♦r✐t③✱ ❈✳✱ P❛tt♦♥✱ ❏✳▲✳✱ ❈♦♥r♦②✱ ❈✳❏✳✱ P❛rr❛✱ ❏✳▲✳✱ ❲❤✐t❡✱ ●✳❈✳ ✫ ❇❡✐ss✐♥❣❡r✱ ❙✳❘✳ ✭✷✵✵✽✮ ■♠♣❛❝t✺✵✷

♦❢ ❛ ❝❡♥t✉r② ♦❢ ❝❧✐♠❛t❡ ❝❤❛♥❣❡ ♦♥ s♠❛❧❧✲♠❛♠♠❛❧ ❝♦♠♠✉♥✐t✐❡s ✐♥ ❨♦s❡♠✐t❡ ◆❛t✐♦♥❛❧ P❛r❦✱ ❯❙❆✳✺✵✸

❙❝✐❡♥❝❡✱ ✸✷✷✱ ✷✻✶✕✷✻✹✳✺✵✹

◆✐❢♦s✐✱ ❏✳▼✳ ✫ ❍✉♥t❡r✱ ▼✳❉✳ ✭✷✵✶✺✮ ❊✛❡❝ts ♦❢ r✐s✐♥❣ t❡♠♣❡r❛t✉r❡ ♦♥ ✐♥t❡r❛❝t✐♦♥s ❜❡t✇❡❡♥ ♠♦♥❛r❝❤✺✵✺

❜✉tt❡r✢✐❡s ❛♥❞ t❤❡✐r ♣❛r❛s✐t❡s✳ ▼❛st❡r t❤❡s✐s✳ ❯♥✐✈❡rs✐t② ♦❢ ▼✐❝❤✐❣❛♥✳✺✵✻

❖❜❡r❤❛✉s❡r✱ ❑✳ ✫ P❡t❡rs♦♥✱ ❆✳❚✳ ✭✷✵✵✸✮ ▼♦❞❡❧✐♥❣ ❝✉rr❡♥t ❛♥❞ ❢✉t✉r❡ ♣♦t❡♥t✐❛❧ ✇✐♥t❡r✐♥❣ ❞✐str✐❜✉✲✺✵✼

t✐♦♥s ♦❢ ❡❛st❡r♥ ◆♦rt❤ ❆♠❡r✐❝❛♥ ♠♦♥❛r❝❤ ❜✉tt❡r✢✐❡s✳ Pr♦❝❡❡❞✐♥❣s ♦❢ t❤❡ ◆❛t✐♦♥❛❧ ❆❝❛❞❡♠② ♦❢✺✵✽

❙❝✐❡♥❝❡s ♦❢ t❤❡ ❯♥✐t❡❞ ❙t❛t❡s ♦❢ ❆♠❡r✐❝❛✱ ✶✵✵✱ ✶✹✵✻✸✕✶✹✵✻✽✳✺✵✾

✶✾This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



❖✬❈♦♥♥♦r✱ ▼✳■✳✱ ❙❡❧✐❣✱ ❊✳❘✳✱ P✐♥s❦②✱ ▼✳▲✳ ✫ ❆❧t❡r♠❛tt✱ ❋✳ ✭✷✵✶✷✮ ❚♦✇❛r❞ ❛ ❝♦♥❝❡♣t✉❛❧ s②♥t❤❡s✐s✺✶✵

❢♦r ❝❧✐♠❛t❡ ❝❤❛♥❣❡ r❡s♣♦♥s❡s✳ ●❧♦❜❛❧ ❊❝♦❧♦❣② ❛♥❞ ❇✐♦❣❡♦❣r❛♣❤②✱ ✷✶✱ ✻✾✸✕✼✵✸✳✺✶✶

❖❦s❛♥❡♥✱ ❏✳✱ ❇❧❛♥❝❤❡t✱ ❋✳✱ ❑✐♥❞t✱ ❘✳✱ ▲❡❣❡♥❞r❡✱ P✳✱ ▼✐♥❝❤✐♥✱ P✳❘✳✱ ❖✬❍❛r❛✱ ❘✳❇✳✱ ❙✐♠♣s♦♥✱ ●✳▲✳✱✺✶✷

❙♦❧②♠♦s✱ P✳✱ ❍❡♥r②✱ ▼✳✱ ❙t❡✈❡♥s✱ ❍✳ ✫ ❲❛❣♥❡r✱ ❍✳ ✭✷✵✶✺✮ ❱❡❣❛♥✿ ❈♦♠♠✉♥✐t② ❡❝♦❧♦❣② ♣❛❝❦❛❣❡✳✺✶✸

❘ ♣❛❝❦❛❣❡ ✈❡rs✐♦♥ ✷✳✷✲✶✱ ❤tt♣✿✴✴❈❘❆◆✳❘✲♣r♦❥❡❝t✳♦r❣✴♣❛❝❦❛❣❡❂✈❡❣❛♥✳✺✶✹

P❛r♠❡s❛♥✱ ❈✳ ✫ ❨♦❤❡✱ ●✳ ✭✷✵✵✸✮ ❆ ❣❧♦❜❛❧❧② ❝♦❤❡r❡♥t ✜♥❣❡r♣r✐♥t ♦❢ ❝❧✐♠❛t❡ ❝❤❛♥❣❡ ✐♠♣❛❝ts ❛❝r♦ss✺✶✺

♥❛t✉r❛❧ s②st❡♠s✳ ◆❛t✉r❡✱ ✹✷✶✱ ✸✼✕✹✷✳✺✶✻

❘♦❜❡rts♦♥✱ ❇✳❆✳ ✫ ❍✉tt♦✱ ❘✳▲✳ ✭✷✵✵✻✮ ❆ ❢r❛♠❡✇♦r❦ ❢♦r ✉♥❞❡rst❛♥❞✐♥❣ ❡❝♦❧♦❣✐❝❛❧ tr❛♣s ❛♥❞ ❛♥✺✶✼

❡✈❛❧✉❛t✐♦♥ ♦❢ ❡①✐st✐♥❣ ❡✈✐❞❡♥❝❡✳ ❊❝♦❧♦❣②✱ ✽✼✱ ✶✵✼✺✕✶✵✽✺✳✺✶✽

❞❡ ❘♦♦❞❡✱ ❏✳❈✳✱ P❡❞❡rs❡♥✱ ❆✳❇✳✱ ❍✉♥t❡r✱ ▼✳❉✳ ✫ ❆❧t✐③❡r✱ ❙✳ ✭✷✵✵✽✮ ❍♦st ♣❧❛♥t s♣❡❝✐❡s ❛✛❡❝ts ✈✐r✲✺✶✾

✉❧❡♥❝❡ ✐♥ ♠♦♥❛r❝❤ ❜✉tt❡r✢② ♣❛r❛s✐t❡s✳ ❏♦✉r♥❛❧ ♦❢ ❆♥✐♠❛❧ ❊❝♦❧♦❣②✱ ✼✼✱ ✶✷✵✕✶✷✻✳✺✷✵

❙❆❙ ■♥st✐t✉t❡ ■♥❝✳ ✭✷✵✶✸✮ ❙❆❙ ❘© ✾✳✹✳ ❙❆❙ ■♥st✐t✉t❡ ■♥❝✱ ❈❛r②✱ ◆❈✳✺✷✶

❙❛tt❡r✜❡❧❞✱ ❉✳❆✳✱ ▼❛❡r③✱ ❏✳❈✳ ✫ ❆❧t✐③❡r✱ ❙✳ ✭✷✵✶✺✮ ▲♦ss ♦❢ ♠✐❣r❛t♦r② ❜❡❤❛✈✐♦✉r ✐♥❝r❡❛s❡s ✐♥❢❡❝t✐♦♥✺✷✷

r✐s❦ ❢♦r ❛ ❜✉tt❡r✢② ❤♦st✳ Pr♦❝❡❡❞✐♥❣s ♦❢ t❤❡ ❘♦②❛❧ ❙♦❝✐❡t② ❇✲❇✐♦❧♦❣✐❝❛❧ ❙❝✐❡♥❝❡s✱ ✷✽✷✳✺✷✸

❙❝❤❧❛❡♣❢❡r✱ ▼✳❆✳✱ ❘✉♥❣❡✱ ▼✳❈✳ ✫ ❙❤❡r♠❛♥✱ P✳❲✳ ✭✷✵✵✷✮ ❊❝♦❧♦❣✐❝❛❧ ❛♥❞ ❡✈♦❧✉t✐♦♥❛r② tr❛♣s✳ ❚r❡♥❞s✺✷✹

✐♥ ❊❝♦❧♦❣② ❛♥❞ ❊✈♦❧✉t✐♦♥✱ ✶✼✱ ✹✼✹✕✹✽✵✳✺✷✺

❙❤❡r❧❡②✱ ❘✳❇✳✱ ▲✉❞②♥✐❛✱ ❑✳✱ ❉②❡r✱ ❇✳▼✳✱ ▲❛♠♦♥t✱ ❚✳✱ ▼❛❦❤❛❞♦✱ ❆✳❇✳✱ ❘♦✉①✱ ❏✳P✳✱ ❙❝❛❧❡s✱ ❑✳▲✳✱✺✷✻

❯♥❞❡r❤✐❧❧✱ ▲✳●✳ ✫ ❱♦t✐❡r✱ ❙✳❈✳ ✭✷✵✶✼✮ ▼❡t❛♣♦♣✉❧❛t✐♦♥ tr❛❝❦✐♥❣ ❥✉✈❡♥✐❧❡ ♣❡♥❣✉✐♥s r❡✈❡❛❧s ❛♥✺✷✼

❡❝♦s②st❡♠✲✇✐❞❡ ❡❝♦❧♦❣✐❝❛❧ tr❛♣✳ ❈✉rr❡♥t ❇✐♦❧♦❣②✱ ✷✼✱ ✺✻✸✕✺✻✽✳✺✷✽

❙t❡r♥❜❡r❣✱ ❊✳❉✳✱ ▲❡❢❡✈r❡✱ ❚✳✱ ▲✐✱ ❏✳✱ ❞❡ ❈❛st✐❧❧❡❥♦✱ ❈✳▲✳❋✳✱ ▲✐✱ ❍✳✱ ❍✉♥t❡r✱ ▼✳❉✳ ✫ ❞❡ ❘♦♦❞❡✱ ❏✳❈✳✺✷✾

✭✷✵✶✷✮ ❋♦♦❞ ♣❧❛♥t ❞❡r✐✈❡❞ ❞✐s❡❛s❡ t♦❧❡r❛♥❝❡ ❛♥❞ r❡s✐st❛♥❝❡ ✐♥ ❛ ♥❛t✉r❛❧ ❜✉tt❡r✢②✲♣❧❛♥t✲♣❛r❛s✐t❡✺✸✵

✐♥t❡r❛❝t✐♦♥s✳ ❊✈♦❧✉t✐♦♥✱ ✻✻✱ ✸✸✻✼✕✸✸✼✻✳✺✸✶

❚❛♦✱ ▲✳▲✳✱ ❇❡r♥s✱ ❆✳❘✳ ✫ ❍✉♥t❡r✱ ▼✳❉✳ ✭✷✵✶✹✮ ❲❤② ❞♦❡s ❛ ❣♦♦❞ t❤✐♥❣ ❜❡❝♦♠❡ t♦♦ ♠✉❝❤❄ ■♥t❡r❛❝✲✺✸✷

t✐♦♥s ❜❡t✇❡❡♥ ❢♦❧✐❛r ♥✉tr✐❡♥ts ❛♥❞ t♦①✐♥s ❞❡t❡r♠✐♥❡ ♣❡r❢♦r♠❛♥❝❡ ♦❢ ❛♥ ✐♥s❡❝t ❤❡r❜✐✈♦r❡✳ ❋✉♥❝t✐♦♥❛❧✺✸✸

❊❝♦❧♦❣②✱ ✷✽✱ ✶✾✵✕✶✾✻✳✺✸✹

❚❛♦✱ ▲✳▲✳✱ ❍♦❛♥❣✱ ❑✳▼✳✱ ❍✉♥t❡r✱ ▼✳❉✳ ✫ ❞❡ ❘♦♦❞❡✱ ❏✳❈✳ ✭✷✵✶✻✮ ❋✐t♥❡ss ❝♦sts ♦❢ ❛♥✐♠❛❧ ♠❡❞✐❝❛✲✺✸✺

t✐♦♥✿ ❆♥t✐♣❛r❛s✐t✐❝ ♣❧❛♥t ❝❤❡♠✐❝❛❧s r❡❞✉❝❡ ✜t♥❡ss ♦❢ ♠♦♥❛r❝❤ ❜✉tt❡r✢② ❤♦sts✳ ❏♦✉r♥❛❧ ♦❢ ❆♥✐♠❛❧✺✸✻

❊❝♦❧♦❣②✱ ✽✺✱ ✶✷✹✻✕✶✷✺✹✳✺✸✼

✷✵This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



❯r❜❛♥✱ ▼✳❈✳✱ ❩❛r♥❡ts❦❡✱ P✳▲✳ ✫ ❙❦❡❧❧②✱ ❉✳❑✳ ✭✷✵✶✸✮ ▼♦✈✐♥❣ ❢♦r✇❛r❞✿ ❉✐s♣❡rs❛❧ ❛♥❞ s♣❡❝✐❡s ✐♥t❡r❛❝✲✺✸✽

t✐♦♥s ❞❡t❡r♠✐♥❡ ❜✐♦t✐❝ r❡s♣♦♥s❡s t♦ ❝❧✐♠❛t❡ ❝❤❛♥❣❡✱ ✈♦❧✳ ✶✷✾✼ ♦❢ ❆♥♥❛❧s ♦❢ t❤❡ ◆❡✇ ❨♦r❦ ❆❝❛❞❡♠②✺✸✾

♦❢ ❙❝✐❡♥❝❡s✱ ❈❧✐♠❛t❡ ❈❤❛♥❣❡ ❛♥❞ ❙♣❡❝✐❡s ■♥t❡r❛❝t✐♦♥s✿ ❲❛②s ❋♦r✇❛r❞✱ ♣♣✳ ✹✹✕✻✵✳ ❲✐❧❡②✲❇❧❛❝❦✇❡❧❧✳✺✹✵

❱❛♥ ❉②❝❦✱ ❍✳✱ ❇♦♥t❡✱ ❉✳✱ P✉❧s✱ ❘✳✱ ●♦tt❤❛r❞✱ ❑✳ ✫ ▼❛❡s✱ ❉✳ ✭✷✵✶✺✮ ❚❤❡ ❧♦st ❣❡♥❡r❛t✐♦♥ ❤②♣♦t❤❡s✐s✿✺✹✶

❈♦✉❧❞ ❝❧✐♠❛t❡ ❝❤❛♥❣❡ ❞r✐✈❡ ❡❝t♦t❤❡r♠s ✐♥t♦ ❛ ❞❡✈❡❧♦♣♠❡♥t❛❧ tr❛♣❄ ❖✐❦♦s✱ ✶✷✹✱ ✺✹✕✻✶✳✺✹✷

❱❛♥ ❍♦♦❦✱ ❚✳✱ ❲✐❧❧✐❛♠s✱ ❊✳❍✳✱ ❇r♦✇❡r✱ ▲✳P✳✱ ❇♦r❦✐♥✱ ❙✳ ✫ ❍❡✐♥✱ ❏✳ ✭✷✵✶✷✮ ❆ st❛♥❞❛r❞✐③❡❞ ♣r♦✲✺✹✸

t♦❝♦❧ ❢♦r r✉❧❡r✲❜❛s❡❞ ♠❡❛s✉r❡♠❡♥t ♦❢ ✇✐♥❣ ❧❡♥❣t❤ ✐♥ ♠♦♥❛r❝❤ ❜✉tt❡r✢✐❡s✱ ❉❛♥❛✉s ♣❧❡①✐♣♣✉s ❧✳✺✹✹

✭◆②♠♣❤❛❧✐❞❛❡✱ ❞❛♥❛✐♥❛❡✮✳ ❚r♦♣✐❝❛❧ ▲❡♣✐❞♦♣t❡r❛♥ ❘❡s❡❛r❝❤✱ ✷✷✱ ✹✷✕✺✷✳✺✹✺

❱❛♥♥❡tt❡✱ ❘✳▲✳ ✫ ❍✉♥t❡r✱ ▼✳❉✳ ✭✷✵✶✹✮ ●❡♥❡t✐❝ ✈❛r✐❛t✐♦♥ ✐♥ ♣❧❛♥t ❜❡❧♦✇✲❣r♦✉♥❞ r❡s♣♦♥s❡ t♦ ❡❧❡✈❛t❡❞✺✹✻

❈❖✷ ❛♥❞ t✇♦ ❤❡r❜✐✈♦r❡ s♣❡❝✐❡s✳ P❧❛♥t ❛♥❞ ❙♦✐❧✱ ✸✽✹✱ ✸✵✸✕✸✶✹✳✺✹✼

❲♦♦❞s♦♥✱ ❘✳❊✳ ✭✶✾✺✹✮ ❚❤❡ ◆♦rt❤ ❆♠❡r✐❝❛♥ s♣❡❝✐❡s ♦❢ ❆s❝❧❡♣✐❛s ▲✳ ❆♥♥❛❧s ♦❢ t❤❡ ▼✐ss♦✉r✐ ❇♦t❛♥✐❝❛❧✺✹✽

●❛r❞❡♥✱ ✹✶✱ ✶✕✷✶✶✳✺✹✾

❨♦r❦✱ ❍✳❆✳ ✫ ❖❜❡r❤❛✉s❡r✱ ❑✳❙✳ ✭✷✵✵✷✮ ❊✛❡❝ts ♦❢ ❞✉r❛t✐♦♥ ❛♥❞ t✐♠✐♥❣ ♦❢ ❤❡❛t str❡ss ♦♥ ♠♦♥❛r❝❤✺✺✵

❜✉tt❡r✢② ✭❉❛♥❛✉s ♣❧❡①✐♣♣✉s✮ ✭▲❡♣✐❞♦♣t❡r❛ ✿ ◆②♠♣❤❛❧✐❞❛❡✮ ❞❡✈❡❧♦♣♠❡♥t✳ ❏♦✉r♥❛❧ ♦❢ t❤❡ ❑❛♥s❛s✺✺✶

❊♥t♦♠♦❧♦❣✐❝❛❧ ❙♦❝✐❡t②✱ ✼✺✱ ✷✾✵✕✷✾✽✳✺✺✷

❩❛❧✉❝❦✐✱ ▼✳P✳ ✭✶✾✽✷✮ ❚❡♠♣❡r❛t✉r❡ ❛♥❞ r❛t❡ ♦❢ ❞❡✈❡❧♦♣♠❡♥t ✐♥ ❉❛♥❛✉s ♣❧❡①✐♣♣✉s ❛♥❞ ❉❛♥❛✉s ❝❤r②s✐♣✲✺✺✸

♣✉s ✭❧❡♣✐❞♦♣t❡r❛✱ ♥②♠♣❤❛❧✐❞❛❡✮✳ ❏♦✉r♥❛❧ ♦❢ t❤❡ ❆✉str❛❧✐❛♥ ❊♥t♦♠♦❧♦❣✐❝❛❧ ❙♦❝✐❡t②✱ ✷✶✱ ✷✹✶✕✷✹✻✳✺✺✹

❩❛❧✉❝❦✐✱ ▼✳P✳✱ ❇r♦✇❡r✱ ▲✳P✳ ✫ ❆❧♦♥s♦✱ ❆✳ ✭✷✵✵✶✮ ❉❡tr✐♠❡♥t❛❧ ❡✛❡❝ts ♦❢ ❧❛t❡① ❛♥❞ ❝❛r❞✐❛❝ ❣❧②❝♦s✐❞❡s✺✺✺

♦♥ s✉r✈✐✈❛❧ ❛♥❞ ❣r♦✇t❤ ♦❢ ✜rst✲✐♥st❛r ♠♦♥❛r❝❤ ❜✉tt❡r✢② ❧❛r✈❛❡ ❉❛♥❛✉s ♣❧❡①✐♣♣✉s ❢❡❡❞✐♥❣ ♦♥ t❤❡✺✺✻

s❛♥❞❤✐❧❧ ♠✐❧❦✇❡❡❞ ❆s❝❧❡♣✐❛s ❤✉♠✐str❛t❛✳ ❊❝♦❧♦❣✐❝❛❧ ❊♥t♦♠♦❧♦❣②✱ ✷✻✱ ✷✶✷✕✷✷✹✳✺✺✼

❩❡❤♥❞❡r✱ ❈✳❇✳ ✫ ❍✉♥t❡r✱ ▼✳❉✳ ✭✷✵✵✽✮ ❊✛❡❝ts ♦❢ ♥✐tr♦❣❡♥ ❞❡♣♦s✐t✐♦♥ ♦♥ t❤❡ ✐♥t❡r❛❝t✐♦♥ ❜❡t✇❡❡♥ ❛♥✺✺✽

❛♣❤✐❞ ❛♥❞ ✐ts ❤♦st ♣❧❛♥t✳ ❊❝♦❧♦❣✐❝❛❧ ❊♥t♦♠♦❧♦❣②✱ ✸✸✱ ✷✹✕✸✵✳✺✺✾

❩❡❤♥❞❡r✱ ❈✳❇✳ ✫ ❍✉♥t❡r✱ ▼✳❉✳ ✭✷✵✵✼✮ ■♥t❡rs♣❡❝✐✜❝ ✈❛r✐❛t✐♦♥ ✇✐t❤✐♥ t❤❡ ❣❡♥✉s ❆s❝❧❡♣✐❛s ✐♥ r❡s♣♦♥s❡✺✻✵

t♦ ❤❡r❜✐✈♦r② ❜② ❛ ♣❤❧♦❡♠✲❢❡❡❞✐♥❣ ✐♥s❡❝t ❤❡r❜✐✈♦r❡✳ ❏♦✉r♥❛❧ ♦❢ ❈❤❡♠✐❝❛❧ ❊❝♦❧♦❣②✱ ✸✸✱ ✷✵✹✹✕✷✵✺✸✳✺✻✶

❩❤✉✱ ❨✳✱ ◗✐❛♥✱ ❲✳ ✫ ❍✉❛✱ ❏✳ ✭✷✵✶✵✮ ❚❡♠♣❡r❛t✉r❡ ♠♦❞✉❧❛t❡s ♣❧❛♥t ❞❡❢❡♥s❡ r❡s♣♦♥s❡s t❤r♦✉❣❤ ◆❇✲✺✻✷

▲❘❘ ♣r♦t❡✐♥s✳ P❧♦s P❛t❤♦❣❡♥s✱ ✻✳✺✻✸

✷✶This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



❋✐❣✉r❡ ❈❛♣t✐♦♥s✺✻✹

✶✳ ❚❤❡ s✉r✈✐✈❛❧ ✭❆✳✮✱ ❛❞✉❧t ♠❛ss ✭❇✳✮✱ ❛♥❞ ❢♦r❡✇✐♥❣ ❧❡♥❣t❤ ✭❈✳✮ ♦❢ ♠♦♥❛r❝❤ ❜✉tt❡r✢✐❡s✺✻✺

r❡❛r❡❞ ♦♥ t✇♦ ♠✐❧❦✇❡❡❞ s♣❡❝✐❡s ✉♥❞❡r ❛♠❜✐❡♥t ❛♥❞ ❡❧❡✈❛t❡❞ t❡♠♣❡r❛t✉r❡s✳ ✭❆✳✮ ❚❤❡✺✻✻

♣r♦♣♦rt✐♦♥ ♦❢ s✉r✈✐✈✐♥❣ ❛❞✉❧t ♠♦♥❛r❝❤s✱ ✇✐t❤ ✾✺✪ ❝♦♥✜❞❡♥❝❡ ✐♥t❡r✈❛❧s✳ ◆♦t❡ t❤❡ s✐❣♥✐✲✺✻✼

✜❝❛♥t ✐♥t❡r❛❝t✐♦♥ ❜❡t✇❡❡♥ t❤❡ ✇❛r♠✐♥❣ tr❡❛t♠❡♥t ❛♥❞ ♠✐❧❦✇❡❡❞ s♣❡❝✐❡s✳ ✭❇✳✮ ❆✈❡r❛❣❡✺✻✽

❛❞✉❧t ♠♦♥❛r❝❤ ✇❡✐❣❤t✱ ✇✐t❤ ✾✺✪ ❝♦♥✜❞❡♥❝❡ ✐♥t❡r✈❛❧s❀ ❢♦❧❧♦✇s t❤❡ s❛♠❡ s✐❣♥✐✜❝❛♥t ♣❛t✲✺✻✾

t❡r♥s ❛s t❤❡ s✉r✈✐✈♦rs❤✐♣ r❡s✉❧ts✳ ✭❈✳✮ ❆✈❡r❛❣❡ ❢♦r❡✇✐♥❣ ❧❡♥❣t❤✱ ✇✐t❤ ✾✺✪ ❝♦♥✜❞❡♥❝❡✺✼✵

✐♥t❡r✈❛❧s✳ ◆♦t❡ t❤❡ s✐❣♥✐✜❝❛♥t ❡✛❡❝t ♦❢ t❤❡ ✇❛r♠✐♥❣ tr❡❛t♠❡♥t✳ ❉❛r❦❡r ❝♦❧♦rs ✐♥❞✐❝❛t❡✺✼✶

t❤❡ ❛♠❜✐❡♥t tr❡❛t♠❡♥t✱ ✇❤✐❧❡ ❧✐❣❤t❡r ❝♦❧♦rs ✐♥❞✐❝❛t❡ t❤❡ ✇❛r♠❡❞ tr❡❛t♠❡♥t✳✺✼✷

✷✳ ■♥❞✐❝❡s ♦❢ ❢♦❧✐❛r q✉❛❧✐t② ♦❢ ♠✐❧❦✇❡❡❞s ❣r♦✇♥ ✉♥❞❡r ❛♠❜✐❡♥t ❛♥❞ ❡❧❡✈❛t❡❞ t❡♠♣❡r❛t✉r❡s✺✼✸

♠❡❛s✉r❡❞ ❜❡❢♦r❡ ✭✐♥✐t✐❛❧✮ ❛♥❞ ❛❢t❡r ✭✜♥❛❧✮ ❤♦st✐♥❣ ♠♦♥❛r❝❤ ❝❛t❡r♣✐❧❧❛rs✳ ✭❆✳✮ ❚❤❡ ❛✈✲✺✼✹

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

❡❛❝❤ ❡①♣❡r✐♠❡♥t❛❧ tr❡❛t♠❡♥t ✇✐t❤ ✾✺✪ ❝♦♥✜❞❡♥❝❡ ✐♥t❡r✈❛❧s✳ ✭❇✳✮ ❚❤❡ ❛✈❡r❛❣❡ ❝❛r✲✺✼✻

❜♦♥✿♥✐tr♦❣❡♥ r❛t✐♦s ✇✐t❤ ✾✺✪ ❝♦♥✜❞❡♥❝❡ ✐♥t❡r✈❛❧s✳ ✭❈✳✮ ❚❤❡ ❛✈❡r❛❣❡ t♦t❛❧ ❝❛r❞❡♥♦❧✐❞❡✺✼✼

❝♦♥❝❡♥tr❛t✐♦♥ ✇✐t❤ ✾✺✪ ❝♦♥✜❞❡♥❝❡ ✐♥t❡r✈❛❧s✳ ❉❛r❦❡r ❝♦❧♦rs ✐♥❞✐❝❛t❡ t❤❡ ❛♠❜✐❡♥t tr❡❛t✲✺✼✽

♠❡♥t✱ ✇❤✐❧❡ ❧✐❣❤t❡r ❝♦❧♦rs ✐♥❞✐❝❛t❡ t❤❡ ✇❛r♠❡❞ tr❡❛t♠❡♥t✳✺✼✾

✷✷This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



❋✐❣✉r❡s✺✽✵

❋✐❣✳ ✶

Ambient Warmed Ambient Warmed
−0.1

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

A. incarnata A. curassavica

Climate

A.
P

ro
po

rt
io

n 
of

 s
ur

vi
vi

ng
 m

on
ar

ch
s

Ambient Warmed Ambient Warmed
0.3

0.4

0.5

0.6

A. incarnata A. curassavica

Climate

B.

A
du

lt 
M

on
ar

ch
 W

ei
gh

t (
gr

am
s)

Ambient Warmed Ambient Warmed
44

45

46

47

48

49

50

51

A. incarnata A. curassavica

Climate

C.

F
or

ew
in

g 
Le

ng
th

 (
m

m
)

✷✸This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



❋✐❣✳ ✷

−0.5
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0

Initial Final Initial Final Initial Final Initial Final

A. incarnata A. incarnata A. curassavica A. curassavica
Ambient Warmed Ambient WarmedA.

A
m

ou
nt

 o
f L

at
ex

 e
xu

de
d 

 (
m

ill
ig

ra
m

s)

9

10

11

12

13

14

15

16

17

Initial Final Initial Final Initial Final Initial Final

A. incarnata A. incarnata A. curassavica A. curassavica
Ambient Warmed Ambient WarmedB.

C
ar

bo
n:

N
itr

og
en

 
(m

g/
kg

 o
f t

is
su

e)

−1

0

1

2

3

4

5

Initial Final Initial Final Initial Final Initial Final

A. incarnata A. incarnata A. curassavica A. curassavica
Ambient Warmed Ambient WarmedC.

To
ta

l A
m

ou
nt

 o
f C

ar
de

no
lid

es
 

 (
m

g/
g 

dr
y 

fo
lia

ge
)

✷✹This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



❆♣♣❡♥❞✐① ❙✶✺✽✶

❋✐❣✳ ❙✶ ❋✐❡❧❞ s✐t❡ ❛♥❞ ❡①♣❡r✐♠❡♥t❛❧ ❧❛②♦✉t ❛t ▲❙❯ ■♥♥♦✈❛t✐♦♥ P❛r❦✱ ❇❛t♦♥ ❘♦✉❣❡✱ ▲♦✉✐s✐✲
❛♥❛✱ ❯❙❆✳

✷✺This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



18

20

22

24

26

28

30

32

34

36

38

40

Te
m

pe
ra

tu
re

 (
 o C

)

Ambient Warm Ambient Warm

Daytime Nighttime

❋✐❣✳ ❙✷ ❚❤❡ ♣❛ss✐✈❡ ✇❛r♠✐♥❣ ❢r♦♠ t❤❡ ♦♣❡♥ t♦♣ ❝❤❛♠❜❡rs ✭❖❚❈✮ s✐❣♥✐✜❝❛♥t❧② ✐♥❝r❡❛s❡❞
❛♠❜✐❡♥t t❡♠♣❡r❛t✉r❡s ❞✉r✐♥❣ t❤❡ ❞❛②t✐♠❡✳ ❚❤❡ ❞❛r❦ ❜❛r ✐♥ t❤❡ ❜♦①✲♣❧♦ts r❡♣r❡s❡♥t t❤❡
❛✈❡r❛❣❡ t❡♠♣❡r❛t✉r❡ ✭✇✐t❤ q✉❛rt✐❧❡ r❛♥❣❡s ♦♥ t❤❡ ♦✉t❡r ♣❡r✐♠❡t❡r✮ ❜❡t✇❡❡♥ ♣❧♦ts ✇✐t❤ ❛♥❞
✇✐t❤♦✉t ❛♥ ❖❚❈✳ ❍❡r❡✱ t❤❡ ❖❚❈s ✇❛r♠❡❞ t❤❡ ❛r❡❛ ✇✐t❤✐♥ t❤❡ ❝❤❛♠❜❡r ❜② r♦✉❣❤❧② ✸o❈
❞✉r✐♥❣ t❤❡ ❞❛②t✐♠❡ ❛♥❞ ✵✳✷o❈ ❞✉r✐♥❣ t❤❡ ♥✐❣❤tt✐♠❡✳

✷✻This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



−3 −2 −1 0 1 2

−
2

−
1

0
1

2

NMDS 1

N
M

D
S

 2

A. curassavica − ambient − initial

A. curassavica − ambient − final

A. curassavica − warmed − initial

A. curassavica − warmed − final

A. incarnata − ambient − initial

A. incarnata − ambient − final

A. incarnata − warmed − initial

A. incarnata − warmed − final

❋✐❣✳ ❙✸ ❙❤❛♣❡s r❡♣r❡s❡♥t ❝❛r❞❡♥♦❧✐❞❡ ❝♦♠♣♦s✐t✐♦♥ ♦❢ ✐♥❞✐✈✐❞✉❛❧ ♠✐❧❦✇❡❡❞ ♣❧❛♥ts ♣❧❛❝❡❞ ✐♥
♦r❞✐♥❛t✐♦♥ s♣❛❝❡✳ ◆▼❉❙ ❛①✐s ✶ ❛♥❞ ◆▼❉❙ ❛①✐s ✷ ❛✐❞ ✐♥ ✈✐s✉❛❧✐③✐♥❣ t❤❡ ❞✐✛❡r❡♥❝❡s t❤❛t ♦❝❝✉r
✐♥ t❤❡ ❝♦♠♣♦s✐t✐♦♥ ♦❢ t❤❡ ❝❛r❞❡♥♦❧✐❞❡s ♣r♦❞✉❝❡❞ ❜② ❜♦t❤ ❆✳ ❝✉r❛ss❛✈✐❝❛ ❛♥❞ ❆✳ ✐♥❝❛r♥❛t❛

❜❡t✇❡❡♥ t❤❡ tr❡❛t♠❡♥ts✳ ❋r♦♠ t❤❡ ❝❧✉st❡r✐♥❣✱ ❝❛r❞❡♥♦❧✐❞❡ ❝♦♠♣♦s✐t✐♦♥ ✐s ❞✐✛❡r❡♥t ❜❡t✇❡❡♥
❆✳ ❝✉r❛ss❛✈✐❝❛ ❛♥❞ ❆✳ ✐♥❝❛r♥❛t❛ ❛♥❞ ❝❤❛♥❣❡s ❞✉r✐♥❣ t❤❡ t✇♦ ✇❡❡❦s ❜❡t✇❡❡♥ t❤❡ ✐♥✐t✐❛❧ ❛♥❞
✜♥❛❧ ♣❧❛♥t tr❛✐t ♠❡❛s✉r❡♠❡♥ts✳ ❚♦❣❡t❤❡r✱ ❝❛r❞❡♥♦❧✐❞❡ ❝♦♠♣♦s✐t✐♦♥ r❡✢❡❝ts t❤❡ ✐♥t❡r❛❝t✐♦♥
❜❡t✇❡❡♥ ♠✐❧❦✇❡❡❞ ♣❧❛♥t s♣❡❝✐❡s ❛♥❞ s❛♠♣❧✐♥❣ ❞❛t❡✳

✷✼This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



ecy_2198_f1.tif

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



ecy_2198_f1.tif

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



ecy_2198_f2.tif

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



ecy_2198_f2.tif

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t


