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❆❜str❛❝t

❘❡s❡❛r❝❤ ✐♥ ❙❝❤♦♦❧s ✭❘✐❙✮ ♣r♦❥❡❝ts ♦✛❡r s❝❤♦♦❧ st✉❞❡♥ts ♦♣♣♦rt✉♥✐t✐❡s t♦ ❡①♣❡r✐❡♥❝❡ s❝✐❡♥t✐✜❝ r❡s❡❛r❝❤
♦✈❡r ♣r♦❧♦♥❣❡❞ ♣❡r✐♦❞s ✇✐t❤✐♥ t❤❡✐r s❝❤♦♦❧ ❡♥✈✐r♦♥♠❡♥t✳ ❚❤❡ ❙❝❤♦♦❧ ♦❢ P❤②s✐❝s ❛♥❞ ❆str♦♥♦♠② ❛t ◗✉❡❡♥
▼❛r② ❯♥✐✈❡rs✐t② ♦❢ ▲♦♥❞♦♥ ❤❛s ♣✐❧♦t❡❞ s✉❝❤ ❛ ♣r♦❣r❛♠♠❡ ♦✈❡r t❤❡ ♣❛st t✇♦ ②❡❛rs ✐♥ ✜✈❡ ▲♦♥❞♦♥ s❝❤♦♦❧s
❛❝r♦ss t✇♦ r❡s❡❛r❝❤ ❛r❡❛s✿ ❝♦s♠✐❝ r❛② ♠✉♦♥s ❛♥❞ ♠❛❣♥❡t♦s♣❤❡r✐❝ ✉❧tr❛✲❧♦✇ ❢r❡q✉❡♥❝② ✇❛✈❡s✳ ❚❤r♦✉❣❤
t❤❡ ❡✈❛❧✉❛t✐♦♥ ♦❢ t❤✐s ♣r♦❣r❛♠♠❡✱ ✜♥❞✐♥❣s ❛♥❞ r❡❝♦♠♠❡♥❞❛t✐♦♥s t♦✇❛r❞s ❣♦♦❞ ♣r❛❝t✐s❡ ❛r❡ ♣r❡s❡♥t❡❞
✇❤✐❝❤ ❝♦✉❧❞ ❜❡ ❛♣♣❧✐❡❞ t♦ ♦t❤❡r ❘✐❙ ♣r♦❣r❛♠♠❡s✳

❊✈✐❞❡♥❝❡ t♦✇❛r❞s t❤❡ ♣♦s✐t✐✈❡ ✐♠♣❛❝t ❘✐❙ ❝❛♥ ❤❛✈❡ ♦♥ ♣❛rt✐❝✐♣❛t✐♥❣ st✉❞❡♥ts ✐s s❤♦✇♥✱ ✐♥❝❧✉❞✐♥❣
r❛✐s✐♥❣ ❛✇❛r❡♥❡ss ♦❢ ❝✉rr❡♥t s❝✐❡♥t✐✜❝ r❡s❡❛r❝❤✱ ✐♥❝r❡❛s❡❞ ✉♥❞❡rst❛♥❞✐♥❣ ♦❢ t❤❡ s❝✐❡♥t✐✜❝ ♠❡t❤♦❞✱ ❛♥❞
❞❡✈❡❧♦♣❡❞ s❦✐❧❧s✳ ❚❡❛❝❤❡rs ❛r❡ ❛❧s♦ ❢♦✉♥❞ t♦ ❜❡♥❡✜t ❢r♦♠ ❘✐❙✱ r❡❝♦♥♥❡❝t✐♥❣ t❤❡♠ ✇✐t❤ t❤❡✐r s✉❜❥❡❝t ❛t ❛♥
❛❝❛❞❡♠✐❝ ❧❡✈❡❧✱ ❝❤❛❧❧❡♥❣✐♥❣ t❤❡♠ ❛♥❞ ❛✐❞✐♥❣ t♦✇❛r❞s t❤❡✐r ♣r♦❢❡ss✐♦♥❛❧ ❞❡✈❡❧♦♣♠❡♥t✳ ❍♦✇❡✈❡r✱ ✇❡ r❡♣♦rt
t❤❛t t❡❛❝❤❡rs ❛♥❞ st✉❞❡♥ts ❜❡♥❡✜t ❣r❡❛t❧② t❤r♦✉❣❤ s✉♣❡r✈✐s✐♦♥ ❢r♦♠ ❝✉rr❡♥t r❡s❡❛r❝❤❡rs✳ ❲❡ ✜♥❞ t❤❛t
t❤❡ str✉❝t✉r❡ ♦❢ t❤❡ ♣r♦❥❡❝ts ✐s ✈❡r② ✐♠♣♦rt❛♥t ❛♥❞ r❡❝♦♠♠❡♥❞ ❛ ❢r❛♠❡✇♦r❦ ❝♦♥t❛✐♥✐♥❣ ✐♥✐t✐❛❧ ♣r❡s❝r✐❜❡❞
❛❝t✐✈✐t✐❡s ❢♦❧❧♦✇❡❞ ❜② ✐♥❞❡♣❡♥❞❡♥t r❡s❡❛r❝❤✳ ❘❡❝♦♠♠❡♥❞❛t✐♦♥s ♦♥ t❤❡ ❛❝❝♦♠♣❛♥②✐♥❣ r❡s♦✉r❝❡s ♣r♦✈✐❞❡❞
t♦ ❜♦t❤ st✉❞❡♥ts ❛♥❞ t❡❛❝❤❡rs ❛r❡ ❛❧s♦ ❣✐✈❡♥✳ ❋✐♥❛❧❧②✱ ✇❡ str❡ss t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ ♣✐❧♦t✐♥❣ ❘✐❙ ♣r♦❥❡❝ts
❛❧❧♦✇✐♥❣ ❢♦r ❡✈❛❧✉❛t✐♦♥ ❛♥❞ ✐t❡r❛t✐♦♥ ♦❢ t❤❡ ♣r♦❥❡❝ts ❜❡❢♦r❡ ❡①♣❛♥❞✐♥❣✱ ✇❤✐❧st ❛❧s♦ ❜❡❛r✐♥❣ ✐♥ ♠✐♥❞ t❤❡
❧❛r❣❡ ✇♦r❦❧♦❛❞s ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❘✐❙✳
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❙❝❤♦♦❧ st✉❞❡♥ts t②♣✐❝❛❧❧② ❤❛✈❡ ❧✐♠✐t❡❞ ♦♣♣♦rt✉♥✐t✐❡s t♦ ❡①♣❡r✐❡♥❝❡ s❝✐❡♥❝❡ ✐♥ t❤❡ ✇❛② t❤❛t r❡s❡❛r❝❤❡rs ❞♦✳
❋♦r t❤✐s r❡❛s♦♥ ❛ ♥✉♠❜❡r ♦❢ ♦r❣❛♥✐s❛t✐♦♥s ❛♥❞ ✐♥st✐t✉t✐♦♥s s✉♣♣♦rt st✉❞❡♥t✲❧❡❞ ♣r♦❥❡❝t ✇♦r❦ ✐♥ s❝✐❡♥❝❡✳
❆❝❝♦r❞✐♥❣ t♦ ❛ r❡❝❡♥t r❡♣♦rt ❝♦♠♠✐ss✐♦♥❡❞ ❜② t❤❡ ❲❡❧❧❝♦♠❡ ❚r✉st ❬❇❡♥♥❡tt ❡t ❛❧✳✱ ✷✵✶✻✱ ❍♦❧♠❛♥ ❡t ❛❧✳✱
✷✵✶✻❪✱ ✐♥❞❡♣❡♥❞❡♥t r❡s❡❛r❝❤ ♣r♦❥❡❝ts ✐♥ s❝✐❡♥❝❡ ✏✉s✉❛❧❧② ✐♥✈♦❧✈❡ ❤❛♥❞s✲♦♥ ✐♥✈❡st✐❣❛t✐♦♥s✱ ✐♥ ✇❤✐❝❤ st✉❞❡♥ts ♦r
❣r♦✉♣s ♦❢ st✉❞❡♥ts ✇♦r❦ ✐♥❞❡♣❡♥❞❡♥t❧②✱ s✉♣❡r✈✐s❡❞ ❜② ❛ t❡❛❝❤❡r ❛♥❞✴♦r ♦t❤❡r ❛❞✉❧ts✱ ♦♥ ❛ s❝✐❡♥t✐✜❝ ♣r♦❜❧❡♠
♦✈❡r ❛♥ ❡①t❡♥❞❡❞ ♣❡r✐♦❞✑✳ ❚❤❡② ❢♦✉♥❞ t❤❛t ❣❧♦❜❛❧❧② t❤❡s❡ ♣r♦❥❡❝ts ❛r❡ st✐❧❧ ♦♥❧② ❞♦♥❡ ❜② ❛ s♠❛❧❧ ♠✐♥♦r✐t② ♦❢
st✉❞❡♥ts ❛♥❞ ♦♥❧② s♦♠❡t✐♠❡s ❛r❡ t❤❡s❡ s✉♣♣♦rt❡❞ ❜② ❛ ✏♠❡♥t♦r✑ ❢r♦♠ ✉♥✐✈❡rs✐t② ♦r ✐♥❞✉str②✳

❘❡s❡❛r❝❤ ✐♥ ❙❝❤♦♦❧s ✭❘✐❙✮ ✐s t❤❡ t❡r♠ ♦❢t❡♥ ✉s❡❞ t♦ ❞❡s❝r✐❜❡ s✉❝❤ ♣r♦❥❡❝ts ✇❤✐❝❤ ❤❛✈❡ ❞✐r❡❝t ❧✐♥❦s t♦ ❝✉rr❡♥t
❛❝❛❞❡♠✐❝ s❝✐❡♥t✐✜❝ r❡s❡❛r❝❤✳ ❊①❛♠♣❧❡s ♦❢ t❤✐s ❛r❡❛ ✐♥❝❧✉❞❡ ❈❊❘◆❅❙❝❤♦♦❧✱ ❛ s❝❤❡♠❡ t❤❛t ❜r✐♥❣s t❡❝❤♥♦❧♦❣②
❢r♦♠ ❈❊❘◆ ✐♥t♦ t❤❡ ❝❧❛ssr♦♦♠✱ ❛♥❞ ❍✐❙♣❛r❝✱ ❛ ❝♦s♠✐❝ r❛② s❤♦✇❡r ❞❡t❡❝t♦r ♥❡t✇♦r❦ ♦r✐❣✐♥❛t✐♥❣ ✐♥ t❤❡
◆❡t❤❡r❧❛♥❞s ✇❤✐❝❤ ♥♦✇ r✉♥s r❡❣✐♦♥❛❧❧② ✐♥ t❤❡ ❯❑ ❢r♦♠ ❇r✐st♦❧ ❛♥❞ ❇✐r♠✐♥❣❤❛♠✳ ❲❤✐❧❡ t❤❡r❡ ✐s ♠✉❝❤
✐♥t❡r❡st ♦♥ ❘✐❙ ❛t ♣r❡s❡♥t✱ ❧❛r❣❡❧② ❜❡❝❛✉s❡ t❤❡② ❛r❡ ✉♥❧✐❦❡❧② t♦ s✉✛❡r t❤❡ s❛♠❡ ❧✐♠✐t❛t✐♦♥s ✉♣♦♥ ✐♠♣❛❝t ❛s
♦♥❡✲♦✛ ♦✉tr❡❛❝❤ ✐♥t❡r✈❡♥t✐♦♥s ❣✐✈❡♥ t❤❡✐r ♣r♦tr❛❝t❡❞ ♥❛t✉r❡✱ ❧✐tt❧❡ ✐♥ t❡r♠s ♦❢ ♣r❛❝t✐❝❛❧ ❛❞✈✐❝❡ ✐♥t♦ ❤♦✇ ❜❡st
t♦ s❡t✉♣ ❛♥❞ r✉♥ ❘✐❙ ♣r♦❥❡❝ts ❤❛s ❜❡❡♥ ❞✐ss❡♠✐♥❛t❡❞✳

✹



✷ P❤②s✐❝s ❘❡s❡❛r❝❤ ✐♥ ❙❝❤♦♦❧s ❛t ◗▼❯▲

❚❤❡ ♦✉tr❡❛❝❤ ♣r♦❣r❛♠♠❡ ❢r♦♠ ◗✉❡❡♥ ▼❛r② ❯♥✐✈❡rs✐t② ♦❢ ▲♦♥❞♦♥✬s ✭◗▼❯▲✮ ❙❝❤♦♦❧ ♦❢ P❤②s✐❝s ❛♥❞ ❆str♦♥✲
♦♠② ❤❛✈❡ ❜❡❡♥ ♣✐❧♦t✐♥❣ ❛ ❘✐❙ ♣r♦❣r❛♠♠❡ ❢♦r t❤❡ ♣❛st t✇♦ ②❡❛rs✳ ❚❤❡ ♦✈❡r❛❧❧ ❛✐♠s ♦❢ t❤✐s ♣r♦❣r❛♠♠❡ ❛r❡ ❛s
❢♦❧❧♦✇s✿

✶✳ ❚♦ r❛✐s❡ ❛✇❛r❡♥❡ss ♦❢ ❝✉rr❡♥t P❤②s✐❝s r❡s❡❛r❝❤ q✉❡st✐♦♥s ✇✐t❤ ✶✹✕✶✽ ②❡❛r ♦❧❞ s❝❤♦♦❧ st✉❞❡♥ts✳

✷✳ ❚♦ ❡♥❛❜❧❡ st✉❞❡♥ts t♦ ❞❡✈❡❧♦♣ ❛ ❜❡tt❡r ✉♥❞❡rst❛♥❞✐♥❣ ♦❢ ❤♦✇ s❝✐❡♥t✐✜❝ r❡s❡❛r❝❤ ✇♦r❦s ❜② ❝♦♥❞✉❝t✐♥❣
s✉st❛✐♥❡❞ ✐♥❞❡♣❡♥❞❡♥t r❡s❡❛r❝❤ ♣r♦❥❡❝ts✳

✸✳ ❚♦ ♣r♦✈✐❞❡ st✉❞❡♥ts ✇✐t❤ ❛ ❢r❛♠❡✇♦r❦ t♦ ❞❡✈❡❧♦♣ t❤❡✐r ♦✇♥ ❧✐♥❡s ♦❢ ❡♥q✉✐r② ❛r♦✉♥❞ t❤❡ s✉❜❥❡❝t ♠❛t❡r✐❛❧
✐♥ ❝♦❧❧❛❜♦r❛t✐♦♥ ✇✐t❤ ◗▼❯▲ r❡s❡❛r❝❤ ❛♥❞ ♦✉tr❡❛❝❤ st❛✛✳

❚❤❡ ♣r♦❣r❛♠♠❡ r✉♥s ❞✉r✐♥❣ t❤❡ ✜rst t✇♦ t❡r♠s ♦❢ t❤❡ ❛❝❛❞❡♠✐❝ ②❡❛r ❝✉❧♠✐♥❛t✐♥❣ ✐♥ ❛ st✉❞❡♥t ❝♦♥❢❡r❡♥❝❡
✇❤❡r❡ ♣❛rt✐❝✐♣❛♥ts ♣r❡s❡♥t t❤❡✐r r❡s❡❛r❝❤ ✜♥❞✐♥❣s✳ ❙♦ ❢❛r t✇♦ ♣r♦❥❡❝ts ❤❛✈❡ ❜❡❡♥ ❞❡✈❡❧♦♣❡❞✱ ❜❛s❡❞ ❛r♦✉♥❞
t❤❡ ❛❝❛❞❡♠✐❝ r❡s❡❛r❝❤ ❜❡✐♥❣ ✉♥❞❡rt❛❦❡♥ ✇✐t❤✐♥ t❤❡ ❞❡♣❛rt♠❡♥t✬s r❡s❡❛r❝❤ ❣r♦✉♣s✿ ♦♥❡ ♦♥ ❝♦s♠✐❝ r❛② ♠✉♦♥s
❛♥❞ ❛♥♦t❤❡r ♦♥ ♠❛❣♥❡t♦s♣❤❡r✐❝ ✉❧tr❛✲❧♦✇ ❢r❡q✉❡♥❝② ✭❯▲❋✮ ✇❛✈❡s✳

❋✐❣✉r❡ ✶✿ ❆ ❝♦s♠✐❝ r❛② ♠✉♦♥ ❡✈❡♥t ❞❡t❡❝t❡❞ ❜② t❤❡ ❙✉❞❜✉r② ◆❡✉tr✐♥♦ ❖❜s❡r✈❛t♦r②✱ ❝♦✉rt❡s② ♦❢ ❈❤r✐s ❑②❜❛✳

❈♦s♠✐❝ ❘❛② ▼✉♦♥ Pr♦❥❡❝t✿ ❈✉rr❡♥t ♥❡✉tr✐♥♦ ❡①♣❡r✐♠❡♥ts✱ s✉❝❤ ❛s ❚✷❑ ❛♥❞ ❙✉♣❡r✲❑❛♠✐♦❦❛♥❞❡ ✐♥ ❏❛♣❛♥
❛♥❞ ❙◆❖✰ ✐♥ ❈❛♥❛❞❛ ✇❤✐❝❤ ◗▼❯▲ ♣❛rt✐❝❧❡ ♣❤②s✐❝✐sts ❛r❡ ✐♥✈♦❧✈❡❞ ✇✐t❤✱ ✉s❡ ❧❛r❣❡ ✈♦❧✉♠❡s ♦❢ s❝✐♥t✐❧❧❛t✐♥❣
♠❛t❡r✐❛❧ s✉rr♦✉♥❞❡❞ ❜② ♣❤♦t♦♠✉❧t✐♣❧✐❡r t✉❜❡s t♦ ❞❡t❡❝t t❤❡ ❧✐❣❤t ♣r♦❞✉❝❡❞ ❜② t❤❡ ✈❡r② r❛r❡ ✐♥t❡r❛❝t✐♦♥s
♦❢ ♥❡✉tr✐♥♦s ✇✐t❤ ♠❛tt❡r✳ ❚❤❡s❡ ❛r❡ ❝♦♥str✉❝t❡❞ ❞❡❡♣ ✉♥❞❡r❣r♦✉♥❞ t♦ r❡❞✉❝❡ t❤❡ ♥✉♠❜❡r ♦❢ ❜❛❝❦❣r♦✉♥❞
❡✈❡♥ts ❞✉❡ t♦ ❤✐❣❤❧② ♣❡♥❡tr❛t✐♥❣ ❝♦s♠✐❝ r❛② ♠✉♦♥s ✭❛♥ ❡①❛♠♣❧❡ ♠✉♦♥ ❡✈❡♥t ✐s s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✶✮✳ ❚❤❡ ❘✐❙
♣r♦❥❡❝t ❜❛s❡❞ ❛r♦✉♥❞ t❤✐s t♦♣✐❝ ✉t✐❧✐s❡s ❛ ❢✉♥❞❛♠❡♥t❛❧❧② s✐♠✐❧❛r s❝✐♥t✐❧❧❛t♦r ✕ ♣❤♦t♦♠✉❧t✐♣❧✐❡r t✉❜❡ ❞❡t❡❝t♦r
s❡t✉♣ ✇❤✐❝❤ ✐s ❛❜❧❡ t♦ ✐❞❡♥t✐❢② ❛♥❞ st✉❞② t❤❡s❡ ❝♦s♠✐❝ r❛② ♠✉♦♥s✳ ❙t✉❞❡♥ts ✐♥✐t✐❛❧❧② ✉♥❞❡rt❛❦❡ ❛ ❧✐❢❡t✐♠❡
♠❡❛s✉r❡♠❡♥t ✐♥✈♦❧✈✐♥❣ ❡q✉✐♣♠❡♥t ❝❛❧✐❜r❛t✐♦♥✱ ❞❛t❛ ❝♦❧❧❡❝t✐♦♥ ❛♥❞ st❛t✐st✐❝❛❧ ❛♥❛❧②s✐s ❛♥❞ t❤❡♥ ♠❛② ♣✉rs✉❡
t❤❡✐r ♦✇♥ ✐♥❞❡♣❡♥❞❡♥t❧②✲♠♦t✐✈❛t❡❞ st✉❞✐❡s ✉s✐♥❣ t❤❡ ❝❛♣❛❜✐❧✐t✐❡s ♦❢ t❤❡ ❞❡t❡❝t♦r✱ ✇❤✐❝❤ ♠❛② ✐♥❝❧✉❞❡ t♦♣✐❝s
s✉❝❤ ❛s ❛♥t✐♠❛tt❡r✱ s♣❡❝✐❛❧ r❡❧❛t✐✈✐t②✱ t❤❡ ❍✐❣❣s ❜♦s♦♥✱ ♦r t❤❡ ♦r✐❣✐♥s ♦❢ ❝♦s♠✐❝ r❛②s✳ ❉✉❡ t♦ t❤❡ ❛✈❛✐❧❛❜✐❧✐t②
❛♥❞ ❝♦st ♦❢ t❤❡ ❡q✉✐♣♠❡♥t✱ s♦ ❢❛r t❤✐s ♣r♦❥❡❝t ❤❛s ♦♥❧② ❜❡❡♥ r✉♥ ✐♥ ♦♥❡ ✐♥❞❡♣❡♥❞❡♥t ♣✉❜❧✐❝ s❝❤♦♦❧ ❢♦r ❜♦②s ✐♥
❉✉❧✇✐❝❤✱ ❙♦✉t❤ ▲♦♥❞♦♥ ♦✈❡r t❤❡ ♣❛st t✇♦ ②❡❛rs✳ ❚❤✐s ❧✐♠✐ts ✇❤❛t ❝❛♥ ❜❡ ❧❡❛r♥❡❞ ❛❜♦✉t t❤✐s s♣❡❝✐✜❝ ♣r♦❥❡❝t
❛t ♣r❡s❡♥t ❞✉❡ t♦ ♦♥❧② ♦♥❡ t②♣❡ ♦❢ s❝❤♦♦❧ ♣❛rt✐❝✐♣❛t✐♥❣✳

✺



▼❛❣♥❡t♦s♣❤❡r✐❝ ❯▲❋ ❲❛✈❡ Pr♦❥❡❝t✿ ❖♥❡ ❛r❡❛ ♦❢ st✉❞② ✐♥ s♣❛❝❡ ✇❡❛t❤❡r r❡s❡❛r❝❤ ✐s t❤❛t ♦❢ ✉❧tr❛✲❧♦✇
❢r❡q✉❡♥❝② ✇❛✈❡s ✐♥ ❊❛rt❤✬s ♠❛❣♥❡t♦s♣❤❡r❡ ✭s❡❡ ❋✐❣✉r❡ ✷ ❢♦r ❛♥ ✐❧❧✉str❛t✐♦♥✮ s✐♥❝❡ ✐t ✐s t❤♦✉❣❤t t❤❡s❡ ❝❛♥
❝r❡❛t❡ ✏❦✐❧❧❡r ❡❧❡❝tr♦♥s✑ ✐♥ t❤❡ ❱❛♥ ❆❧❧❡♥ r❛❞✐❛t✐♦♥ ❜❡❧ts✳ ❚❤❡s❡ ✇❛✈❡s ❛r❡ r♦✉t✐♥❡❧② ♠❡❛s✉r❡❞ ❜② s❛t❡❧❧✐t❡s
✐♥ ♦r❜✐t ❛r♦✉♥❞ t❤❡ ❊❛rt❤✱ ❤♦✇❡✈❡r✱ ❜❡❝❛✉s❡ t❤❡s❡ ♦❜s❡r✈❛t✐♦♥s ❞♦ ♥♦t ♣r♦✈✐❞❡ ❛ ❢✉❧❧ ♣✐❝t✉r❡ t❤r♦✉❣❤♦✉t t❤❡
♠❛❣♥❡t♦s♣❤❡r❡ ♦❢ t❤❡ ✇❛✈❡ ❛❝t✐✈✐t② ❛t ❛♥② ❣✐✈❡♥ t✐♠❡ ❛♥❞ ❞✉❡ t♦ t❤❡ ✈❛r✐❛❜✐❧✐t② ♦❢ t❤❡ ♠❛❣♥❡t♦s♣❤❡r❡ ✐ts❡❧❢
t❤❡r❡ r❡♠❛✐♥ ❛ ❧❛r❣❡ ♥✉♠❜❡r ♦❢ q✉❡st✐♦♥s s✉rr♦✉♥❞✐♥❣ t❤❡s❡ ✇❛✈❡s✳ ❚❤❡ ❘✐❙ ♣r♦❥❡❝t ♣r♦✈✐❞❡s st✉❞❡♥ts ✇✐t❤
t❤❡ s❛t❡❧❧✐t❡ ❞❛t❛ ✐♥ t❤❡ ❢♦r♠ ♦❢ ❛✉❞✐❜❧❡ s♦✉♥❞ ✜❧❡s✱ ❛ ❝♦♥✈❡rs✐♦♥ ♣r♦❝❡ss ✇❤✐❝❤ t✉r♥s ❛ ②❡❛r✬s ✇♦rt❤ ♦❢ ❞❛t❛
✐♥t♦ ✉♥❞❡r s✐① ♠✐♥✉t❡s ♦❢ ❛✉❞✐♦✳ ❙t✉❞❡♥ts ❝❛♥ t❤❡♥ ❧✐st❡♥ t♦ t❤❡ ✇❛✈❡s ❛♥❞ ❛♥❛❧②s❡ t❤❡♠ ✐♥ ❛✉❞✐♦ s♦❢t✇❛r❡
s✉❝❤ ❛s ❆✉❞❛❝✐t②✳ ❚❤✐s ❛❝t✐✈✐t② ✇❛s ✐♥✐t✐❛❧❧② ♣✐❧♦t❡❞ ❞✉r✐♥❣ ❛ ✇❡❡❦✲❧♦♥❣ s✉♠♠❡r s❝❤♦♦❧ ❛♥❞ t❤❡♥ r♦❧❧❡❞ ♦✉t
t♦ ❢♦✉r ▲♦♥❞♦♥ s❝❤♦♦❧s ❧❛st ②❡❛r✳

❋✐❣✉r❡ ✷✿ ❙❝❤❡♠❛t✐❝ ♦❢ ✉❧tr❛✲❧♦✇ ❢r❡q✉❡♥❝② ✇❛✈❡s ✐♥ ❊❛rt❤✬s ♠❛❣♥❡t♦s♣❤❡r❡ ❝♦✉rt❡s② ♦❢ ◗✳ ❩♦♥❣✳

❚❤❡ t✇♦ ♣r♦❥❡❝ts ❛r❡ t❤❡r❡❢♦r❡ q✉✐t❡ ❞✐✛❡r❡♥t ✐♥ ❛ ♥✉♠❜❡r ♦❢ ✇❛②s✳ ❚❤❡ ❧✐♥❦ t♦ ❝✉rr❡♥t r❡s❡❛r❝❤ ✐s ♠✉❝❤
str♦♥❣❡r ✇✐t❤ t❤❡ ♠❛❣♥❡t♦s♣❤❡r❡ ❯▲❋ ✇❛✈❡ ♣r♦❥❡❝t✱ ❧❡❛❞✐♥❣ t♦ t❤❡ ♣♦ss✐❜✐❧✐t② ♦❢ ❝♦✲❝r❡❛t✐♦♥ ♦❢ ♥❡✇ r❡s❡❛r❝❤
❜❡t✇❡❡♥ st✉❞❡♥ts ❛♥❞ r❡s❡❛r❝❤❡rs✱ ✇❤❡r❡❛s t❤❡ ❝♦s♠✐❝ r❛② ♠✉♦♥ ♣r♦❥❡❝t ✐s ✉♥❧✐❦❡❧② t♦ r❡s✉❧t ✐♥ ❛♥② ♥♦✈❡❧
♦✉t♣✉ts✳ ❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ s♦♠❡ st✉❞❡♥ts ♠❛② ✜♥❞ t❤❡ r❡❧❛t✐✈❡ ❢❛♠✐❧✐❛r✐t② ♦❢ ♣❛rt✐❝❧❡ ♣❤②s✐❝s t♦♣✐❝s ❛♥❞
t❤❡ ❤❛♥❞s✲♦♥ ✉s❡ ♦❢ ❡q✉✐♣♠❡♥t ♠♦r❡ ❡♥❣❛❣✐♥❣ t❤❛♥ str✐❝t❧② ❛♥❛❧②s✐♥❣ ❞❛t❛ ✐♥ ❛♥ ✉♥❢❛♠✐❧✐❛r ❛r❡❛ ✇✐t❤ ❛ ✇✐❞❡
s❝♦♣❡ ♦❢ ♣♦t❡♥t✐❛❧ st✉❞✐❡s ♣♦ss✐❜❧❡✳ ■t ✐s ♥♦t ②❡t ❝❧❡❛r ✐❢ ♦♥❡ ❛♣♣r♦❛❝❤ ✐s ❜❡tt❡r ♦✈❡r❛❧❧✳

✻



✸ ❙t❛❦❡❤♦❧❞❡rs

✸✳✶ ❙❝❤♦♦❧ ❙t✉❞❡♥ts ✫ ❚❡❛❝❤❡rs

❋✐✈❡ s❝❤♦♦❧s ✇❡r❡ ✐♥✈♦❧✈❡❞ ✐♥ t❤❡ t✇♦✲②❡❛r ♣✐❧♦t ♦❢ ◗▼❯▲✬s ❘✐❙ ♣r♦❣r❛♠♠❡✱ t❤❡ ♥❛♠❡s ♦❢ ✇❤✐❝❤ ❛r❡ s❤♦✇♥
s❤♦✇♥ ✐♥ ❚❛❜❧❡ ✶✳ ❙✉✣❝❡ ✐t t♦ s❛② t❤❡② r❡♣r❡s❡♥t ❛ ✈❛r✐❡t② ♦❢ s❝❤♦♦❧ t②♣❡s ❢r♦♠ ❞✐✛❡r❡♥t ❛r❡❛s ❛♥❞ ❜❛❝❦✲
❣r♦✉♥❞s ✇✐t❤✐♥ ▲♦♥❞♦♥✳ ❙t✉❞❡♥ts ✐♥✈♦❧✈❡❞ t②♣✐❝❛❧❧② ✇❡r❡ ✐♥ ❨❡❛r ✶✷ ✭✶✻✕✶✼ ②❡❛rs✲♦❧❞ ✴ st✉❞②✐♥❣ ❆✲▲❡✈❡❧
q✉❛❧✐✜❝❛t✐♦♥s✮ ❛♥❞ ❛❧❧ st✉❞❡♥ts ✐♥ t❤❛t ②❡❛r ♣❛rt✐❝✐♣❛t❡❞ ✐♥ ❛t ❧❡❛st t❤❡ ✜rst ❘✐❙ s❡ss✐♦♥✱ ❛♣❛rt ❢r♦♠ ❛t ❉✉❧✲
✇✐❝❤ ❈♦❧❧❡❣❡ ❛♥❞ ◆❡✇❤❛♠ ❙✐①t❤ ❋♦r♠ ❈♦❧❧❡❣❡ ✇❤❡r❡ t❡❛❝❤❡rs ❤❛❞ s✉r✈❡②❡❞ st✉❞❡♥t ✐♥t❡r❡st ❜❡❢♦r❡❤❛♥❞ ❛♥❞
s❡❧❡❝t❡❞ t❤❡ st✉❞❡♥ts✳ ❉✉❧✇✐❝❤ ❈♦❧❧❡❣❡ ❛❧s♦ ❡♥❝♦✉r❛❣❡❞ ❛ s♠❛❧❧ ♥✉♠❜❡r ♦❢ ❤✐❣❤✲❛❜✐❧✐t② ❨❡❛r ✶✵✕✶✶ st✉❞❡♥ts
✭✶✹✕✶✻ ②❡❛rs✲♦❧❞ ✴ st✉❞②✐♥❣ ●❈❙❊ q✉❛❧✐✜❝❛t✐♦♥s✮ t♦ ♣❛rt✐❝✐♣❛t❡✳

❚❤❡ t❡❛❝❤❡rs ❜❡❝❛♠❡ ✐♥✈♦❧✈❡❞ ✇✐t❤ ❘✐❙ ✐♥ ❞✐✛❡r❡♥t ✇❛②s✳ ❚❤❡ ❘✐❙ ♣r♦❣r❛♠♠❡ ✇❛s ❝r❡❛t❡❞ ❛❢t❡r ❛ ❝♦♥s✉❧t❛✲
t✐♦♥ ✐♥ s✉♠♠❡r ✷✵✶✹ ✇✐t❤ P❤②s✐❝s t❡❛❝❤❡rs ❛t ❉✉❧✇✐❝❤ ❈♦❧❧❡❣❡✱ ♦❢ ♣❛rt✐❝✉❧❛r ✐♥t❡r❡st t♦ ◗▼❯▲ ❢♦r st✉❞❡♥t
r❡❝r✉✐t♠❡♥t✱ t♦ ❛s❦ ✇❤❛t P❤②s✐❝s ♦✉tr❡❛❝❤ ♦♣♣♦rt✉♥✐t✐❡s t❤❡② ✇♦✉❧❞ ❜❡ ✐♥t❡r❡st❡❞ ✐♥✳ ❚❤✐s ❞✐s❝✉ss✐♦♥ ❤✐❣❤✲
❧✐❣❤t❡❞ t❤❡ ❞❡s✐r❡ ❢♦r ❜❡s♣♦❦❡ ❝♦♥t❡♥t ✇✐t❤ r❡♣❡❛t❡❞ ✐♥t❡r✈❡♥t✐♦♥s ❛♥❞ ♦♥❣♦✐♥❣ ❛❝t✐✈✐t✐❡s✳ ❚❤❡ s❝❤♦♦❧ ✇❡r❡
♦✛❡r❡❞ t❤r❡❡ ♣♦t❡♥t✐❛❧ ♣r♦❥❡❝ts ❜❛s❡❞ ♦♥ t❤❡ ❛❝❛❞❡♠✐❝ r❡s❡❛r❝❤ ❛t ◗▼❯▲✳ ■♥ ❝♦♥tr❛st✱ t❤❡ ♠❛❣♥❡t♦s♣❤❡r✐❝
❯▲❋ ✇❛✈❡ ♣r♦❥❡❝t ✇❛s ✐♥✐t✐❛❧❧② ❞❡✈❡❧♦♣❡❞ ❢♦r ❛ P❤②s✐❝s s✉♠♠❡r s❝❤♦♦❧ ❛♥❞ t❤❡♥ r♦❧❧❡❞ ♦✉t ❢♦r ❛ ❘✐❙ ♣✐❧♦t
❜② ✐♥✈✐t✐♥❣ t❡❛❝❤❡rs t♦ ❣❡t ✐♥✈♦❧✈❡❞ ✈✐❛ t❤❡ ◗▼❯▲ t❡❛❝❤❡rs✬ ♥❡✇s❧❡tt❡r ✐♥ ❖❝t♦❜❡r ✷✵✶✺✳

❙❝❤♦♦❧ P♦st ❈♦❞❡ ❚②♣❡ ❋❙▼ ✭✪✮ P❛rt♥❡r ❘✐❙ Pr♦❥❡❝t
❉✉❧✇✐❝❤ ❈♦❧❧❡❣❡ ❙❊✷✶ ✼▲❉ ■♥❞❡♣❡♥❞❡♥t ◆✴❆ ❙❘ ▼✉♦♥

❇✐s❤♦♣ ❈❤❛❧❧♦♥❡r ❈❛t❤♦❧✐❝ ❋❡❞❡r❛t✐♦♥ ♦❢ ❙❝❤♦♦❧s ❊✶ ✵▲❇ ❱♦❧✉♥t❛r② ❆✐❞❡❞ ✸✶✳✵ ❙P◆ ❯▲❋

◆❡✇❤❛♠ ❙✐①t❤ ❋♦r♠ ❈♦❧❧❡❣❡ ❊✶✸ ✽❙● ❙✐①t❤✲❋♦r♠ ✷✵✳✼ ❲P ❯▲❋

❖❝❦❡♥❞♦♥ ❆❝❛❞❡♠② ✫ ❙t✉❞✐♦ ❙❝❤♦♦❧ ❘▼✶✺ ✺❆❨ ❆❝❛❞❡♠② ❈♦♥✈❡rt❡r ✷✶✳✶ ❯▲❋

❙t ●r❡❣♦r②✬s ❘♦♠❛♥ ❈❛t❤♦❧✐❝ ❙❝✐❡♥❝❡ ❈♦❧❧❡❣❡ ❍❆✸ ✵◆❇ ❱♦❧✉♥t❛r② ❆✐❞❡❞ ✶✺✳✽ ❯▲❋

❚❛❜❧❡ ✶✿ P❛rt✐❝✐♣❛t✐♥❣ s❝❤♦♦❧s ✐♥ ◗▼❯▲✬s P❤②s✐❝s ❘✐❙ ♣✐❧♦t ♣r♦❣r❛♠♠❡ ❜❡t✇❡❡♥ ✷✵✶✹✲✷✵✶✻✳ ❋❙▼ ❞❡♥♦t❡s t❤❡
♣❡r❝❡♥t❛❣❡ ♦❢ st✉❞❡♥ts ❡❧✐❣✐❜❧❡ ❢♦r ❢r❡❡ s❝❤♦♦❧ ♠❡❛❧s✳ ◗▼❯▲ st✉❞❡♥t r❡❝r✉✐t♠❡♥t ✭❙❘✮ ❛♥❞ ✇✐❞❡♥✐♥❣ ♣❛rt✐❝✐♣❛t✐♦♥
✭❲P✮ t❛r❣❡t s❝❤♦♦❧s ❛r❡ ✐♥❞✐❝❛t❡❞ ❛❧♦♥❣ ✇✐t❤ ❙t✐♠✉❧❛t✐♥❣ P❤②s✐❝s ◆❡t✇♦r❦ ♣❛rt♥❡r s❝❤♦♦❧s✳ ❋♦r ❢✉rt❤❡r ✐♥❢♦r♠❛t✐♦♥
s❡❡ ❊❞✉❜❛s❡✳

✸✳✷ ❯♥✐✈❡rs✐t② ❙t❛✛

◗▼❯▲ ❛❝❛❞❡♠✐❝ ❛♥❞ ♦✉tr❡❛❝❤ st❛✛ ❤❛✈❡ ❜❡❡♥ ✐♥✈♦❧✈❡❞ ✐♥ t❤❡ ❘✐❙ ♣✐❧♦t✳ Pr♦❢ ❏❡❛♥♥❡ ❲✐❧s♦♥✱ ❛ ❘❡❛❞❡r ✐♥
P❛rt✐❝❧❡ P❤②s✐❝s ✇❤♦ ✇♦r❦s ♦♥ ♥❡✉tr✐♥♦ ❡①♣❡r✐♠❡♥ts ❜❡❝❛♠❡ ❛❝❛❞❡♠✐❝ ❧❡❛❞ ♦♥ t❤❡ ❝♦s♠✐❝ r❛② ♠✉♦♥ ♣r♦❥❡❝t✱
✇✐t❤ ❤❡r ❝❤✐❡❢ ✐♥✈♦❧✈❡♠❡♥t ❜❡✐♥❣ ❛♥ ✐♥tr♦❞✉❝t♦r② t❛❧❦ ♦♥ ❤❡r r❡s❡❛r❝❤ ❛r❡❛ ❛♥❞ ❤♦✇ ✐t r❡❧❛t❡❞ t♦ ♠✉♦♥s✳ ■t
✇❛s ♣❧❛♥♥❡❞ t❤❛t t❤❡ ❖✉tr❡❛❝❤ ❖✣❝❡r ✇♦✉❧❞ s✉♣♣♦rt t❤❡ ♣r♦❥❡❝t ❢r♦♠ t❤❡♥ ♦♥✳ ❍♦✇❡✈❡r✱ ❛❢t❡r t❤❡ ✜rst ✐♥✐t✐❛❧
s❡ss✐♦♥ ✐♥ ❙❡♣t❡♠❜❡r ✷✵✶✹ ❛ ♥✉♠❜❡r ♦❢ st❛✛ ❝❤❛♥❣❡s ♦❝❝✉rr❡❞ ❧❡❛✈✐♥❣ t❤❡ ❞❡♣❛rt♠❡♥t ✇✐t❤♦✉t ❛♥ ❖✉tr❡❛❝❤
❖✣❝❡r ✉♥t✐❧ ❉❡❝❡♠❜❡r ✷✵✶✹ ✇❤❡♥ ■ ❥♦✐♥❡❞✳ ❋r♦♠ ❏❛♥✉❛r② ✷✵✶✺ ♦♥✇❛r❞s ♠② r♦❧❡ ✐♥ t❤❡ ❘✐❙ ♣r♦❣r❛♠♠❡ ❤❛s
❜❡❡♥ s♦♠❡✇❤❛t ♦❢ ❛ ♠✐① ❜❡t✇❡❡♥ r❡s❡❛r❝❤ ❛♥❞ ♦✉tr❡❛❝❤ ✲ ❞r❛✇✐♥❣ ♦♥ ♠② r❡s❡❛r❝❤ ❜❛❝❦❣r♦✉♥❞ ✐♥ ❞❡✈✐s✐♥❣
♣r♦❥❡❝t r❡s♦✉r❝❡s✱ ♣r♦✈✐❞✐♥❣ s✉♣♣♦rt ❛♥❞ s✉❣❣❡st✐♦♥s t♦ st✉❞❡♥ts✱ ❛♥❞ ✐♥ ❞❡✈❡❧♦♣✐♥❣ t❤❡ ♠❛❣♥❡t♦s♣❤❡r✐❝ ❯▲❋
✇❛✈❡ ♣r♦❥❡❝t ❛r♦✉♥❞ ♠② ❝✉rr❡♥t r❡s❡❛r❝❤ ✐♥t❡r❡sts✳ ■t s❤♦✉❧❞ ❜❡ str❡ss❡❞ t❤❛t t❤✐s ❝♦♠❜✐♥❛t✐♦♥ ♦❢ r♦❧❡s ✐s ❜②
♥♦ ♠❡❛♥s ♥❡❝❡ss❛r② ❛♥❞ t❤❛t ❛ ❝♦♠❜✐♥❛t✐♦♥ ♦❢ ❜♦t❤ r❡s❡❛r❝❤❡rs ❛♥❞ ♦✉tr❡❛❝❤ st❛✛ ❝❛♥ ❞❡❧✐✈❡r ❘✐❙ ♣r♦❥❡❝ts
❡✳❣✳ ✇✐t❤ t❤❡ ❍✐❙♣❛r❝ ♣r♦❥❡❝t✳

✼

http://www.education.gov.uk/edubase/


✹ ❋✐♥❞✐♥❣s

❋r♦♠ ❡✈❛❧✉❛t✐♥❣ ◗▼❯▲✬s P❤②s✐❝s ❘✐❙ ♣r♦❣r❛♠♠❡ ✇❡ ❝❛♥ ✐❞❡♥t✐❢② s♦♠❡ ❡❧❡♠❡♥ts ♦❢ ❣♦♦❞ ♣r❛❝t✐❝❡ ✇❤✐❝❤ ❛r❡
r❡❧❡✈❛♥t t♦ ♦t❤❡r ❘✐❙ ♣r♦❥❡❝ts✳ ❚❤❡ ♣r♦❣r❛♠♠❡ ✇✐❧❧ ❝♦♥t✐♥✉❡ t♦ ❜❡ ❡✈❛❧✉❛t❡❞ ❛s ✐t ❡✈♦❧✈❡s✳ ■♥ t❤✐s s❡❝t✐♦♥
❛ ♥✉♠❜❡r ♦❢ ♣r❛❝t✐❝❛❧ ✜♥❞✐♥❣s ❛r❡ ♣r❡s❡♥t❡❞ ❜❛s❡❞ ♦♥ t❤❡ r❡s✉❧ts ♦❢ ❜❡❢♦r❡ ❛♥❞ ❛❢t❡r s✉r✈❡②s ♦❢ st✉❞❡♥ts✱
❛♥♦♥②♠♦✉s ❢❡❡❞❜❛❝❦ ❢♦r♠s ❢r♦♠ ❜♦t❤ st✉❞❡♥ts ❛♥❞ t❡❛❝❤❡rs✱ ❛♥❞ t❤❡ ❧❡ss♦♥s ❧❡❛r♥❡❞ t❤r♦✉❣❤ r✉♥♥✐♥❣ t❤❡
♣r♦❣r❛♠♠❡✳

✹✳✶ ■s ❘❡s❡❛r❝❤ ✐♥ ❙❝❤♦♦❧s ❲♦rt❤ ❉♦✐♥❣❄

❆♥ ✐♠♣♦rt❛♥t q✉❡st✐♦♥ ✐s ✇❤❡t❤❡r ❘✐❙ ❛❝t✐✈✐t✐❡s ❛r❡ ✇♦rt❤ t❤❡ s✐❣♥✐✜❝❛♥t ❛♠♦✉♥t ♦❢ t✐♠❡ ❛♥❞ ❡✛♦rt r❡q✉✐r❡❞
❜② ❛❧❧ ♣❛rt✐❡s ✐♥✈♦❧✈❡❞✿ t❤❡ r❡s❡❛r❝❤❡rs✱ t❡❛❝❤❡rs ❛♥❞ st✉❞❡♥ts✳ ❆ ❝♦♠♣❧❡t❡ ❛ss❡ss♠❡♥t ♦❢ t❤❡ ✇♦rt❤✐♥❡ss
♦❢ s✉❝❤ ❛♥ ❡♠❡r❣✐♥❣ ✜❡❧❞ ✐s ❜❡②♦♥❞ t❤❡ s❝♦♣❡ ♦❢ t❤✐s r❡♣♦rt❀ ❢♦r ❛ st❛rt t❤❡ ❛✐♠s ❛♥❞ ♦❜❥❡❝t✐✈❡s ♦❢ t❤❡s❡
❛❝t✐✈✐t✐❡s ❝❛♥ ❛♥❞ ❞♦ ✈❛r② ❛♠♦♥❣st ❜♦t❤ ♣r♦❥❡❝ts ❛♥❞ ✐♥st✐t✉t✐♦♥s✳ ❚❤❡r❡❢♦r❡✱ t❤✐s r❡♣♦rt ❝♦♥❝❡r♥s ♦♥❧② t❤❡
♦✉t❝♦♠❡s ♦❢ ◗▼❯▲✬s ♣✐❧♦t ❘✐❙ ♣r♦❣r❛♠♠❡✱ ✇❤✐❝❤ ❛r❡ t❡st❡❞ ❛❣❛✐♥st t❤❡ s♣❡❝✐✜❝ ❛✐♠s ♦❢ t❤❡ ♣r♦❣r❛♠♠❡ ✭❛s
❞❡t❛✐❧❡❞ ✐♥ s❡❝t✐♦♥ ✷✮ ❛♥❞ t❤❡ st✉❞❡♥ts✬ ❛♥❞ t❡❛❝❤❡rs✬ ❡①♣❡r✐❡♥❝❡s✳
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Topics Practises

Cosmic Ray Muon Research Project
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Topics Practises

Magnetospheric ULF Wave Project

Mean Before

Mean After

Key

0 Unsure

1 Very Poor

2 Poor

3 Reasonable

4 Good

5 Very Good

6 Excellent

❋✐❣✉r❡ ✸✿ ❆✈❡r❛❣❡ st✉❞❡♥t ✉♥❞❡rst❛♥❞✐♥❣ ✐♥ r❡❧❡✈❛♥t s❝✐❡♥t✐✜❝ t♦♣✐❝s ❛♥❞ ♠❡t❤♦❞s ❜❡❢♦r❡ ✭❜❧✉❡✮ ❛♥❞ ❛❢t❡r ✭r❡❞✮
✉♥❞❡rt❛❦✐♥❣ t❤❡ t✇♦ ♣r♦❥❡❝ts✳ ❚❤❡ st❛♥❞❛r❞ ❡rr♦r ✐♥ t❤❡ ♠❡❛♥ ✐s ❛❧s♦ s❤♦✇♥✳

❚✇♦ ♦❢ t❤❡ ♠❛✐♥ ❛✐♠s ♦❢ t❤❡ r❡s❡❛r❝❤ ♣r♦❥❡❝ts ✇❡r❡ ❢♦r st✉❞❡♥ts t♦ ❜❡tt❡r ✉♥❞❡rst❛♥❞ ❝✉rr❡♥t r❡s❡❛r❝❤
t♦♣✐❝s ❛♥❞ t❤❡ s❝✐❡♥t✐✜❝ ♣r❛❝t✐s❡s t❤r♦✉❣❤ ✇❤✐❝❤ t❤❡s❡ ❛r❡ t❛❝❦❧❡❞✳ ❖♥❡ ♦❢ t❤❡ ♠❡t❤♦❞s ✉s❡❞ t♦ ❡✈❛❧✉❛t❡
t❤❡ ♣r♦❣r❛♠♠❡ ❛❣❛✐♥st t❤❡s❡ ❛✐♠s ✇❛s ❛s❦✐♥❣ st✉❞❡♥ts t♦ q✉❛♥t✐❢② ✭♦♥ t❤❡ ▲✐❦❡rt s❝❛❧❡✮ t❤❡✐r ✉♥❞❡rst❛♥❞✐♥❣
♦❢ s❝✐❡♥t✐✜❝ t♦♣✐❝s ❛♥❞ ♣r❛❝t✐s❡s r❡❧❡✈❛♥t t♦ t❤❡ ♣r♦❥❡❝t✳ ❚❤✐s ✇❛s ❞♦♥❡ ❜♦t❤ ♣r❡✲ ❛♥❞ ♣♦st✲ ♣r♦❥❡❝t ❛♥❞ ✐♥
t❤❡ ❝❛s❡ ♦❢ t❤❡ ❧❛tt❡r st✉❞❡♥ts ✇❡r❡ ❛❧s♦ ❛s❦❡❞ t♦ r❡❛ss❡ss t❤❡✐r ✉♥❞❡rst❛♥❞✐♥❣ ❜❡❢♦r❡ ❤❛✈✐♥❣ t❛❦❡♥ ♣❛rt✳ ◆♦
st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ❞✐✛❡r❡♥❝❡ ✐♥ t❤❡ ✏❜❡❢♦r❡✑ ❞❛t❛ ✇❛s ❢♦✉♥❞ ❜❡t✇❡❡♥ t❤❡ ♣r❡✲ ❛♥❞ ♣♦st✲ ♣r♦❥❡❝t s✉r✈❡②s✱
t❤✉s ♦♥❧② ♣♦st✲♣r♦❥❡❝t s✉r✈❡② ❞❛t❛ ✐s ✉s❡❞ ❤❡♥❝❡❢♦rt❤✳

❋✐❣✉r❡ ✸ s❤♦✇s t❤❡ ❛✈❡r❛❣❡ r❡s✉❧ts ❜❡❢♦r❡ ❛♥❞ ❛❢t❡r ✉♥❞❡rt❛❦✐♥❣ t❤❡ ♣r♦❥❡❝ts✳ ❆❧♠♦st ❛❝r♦ss t❤❡ ❜♦❛r❞ t❤❡
r❡s✉❧ts s❤♦✇ s✐❣♥✐✜❝❛♥t❧② ❣r❡❛t❡r ✉♥❞❡rst❛♥❞✐♥❣ ❛❢t❡r ❤❛✈✐♥❣ ❜❡❡♥ ✐♥✈♦❧✈❡❞ ✐♥ t❤❡ ♣r♦❥❡❝ts✳ ❚❤❡ st✉❞❡♥ts✬
r❡s♣♦♥s❡s ❢♦r ❡❛❝❤ ❝❛t❡❣♦r② ✇❡r❡ ♦♥ ❛✈❡r❛❣❡ ✶✳✶➧✵✳✶ ❛♥❞ ✶✳✷➧✵✳✶ ♣♦✐♥ts ❤✐❣❤❡r ❛❢t❡r t❤❡ ♣r♦❥❡❝ts t❤❛♥
❜❡❢♦r❡ ❢♦r t❤❡ t✇♦ ♣r♦❥❡❝ts r❡s♣❡❝t✐✈❡❧②✳ ❋r♦♠ t❤❡ ❞❛t❛✱ ✇❡ ❝❛♥ r❡❥❡❝t t❤❡ ♥♦t✐♦♥ t❤❛t t❤❡ ♣r♦❥❡❝ts ❞✐❞ ♥♦t
✐♥❝r❡❛s❡ t❤❡ st✉❞❡♥ts✬ ♦✈❡r❛❧❧ ✉♥❞❡rst❛♥❞✐♥❣ ✐♥ t❤❡ r❡❧❡✈❛♥t r❡s❡❛r❝❤ t♦♣✐❝s ❛♥❞ ♠❡t❤♦❞s ✇✐t❤ ✽✺➧✸✪ ❛♥❞
✾✷➧✹✪ ❝♦♥✜❞❡♥❝❡✳ ❚❤❡r❡❢♦r❡✱ t❤❡ s✉❝❝❡ss ❢r♦♠ t❤✐s ♣✐❧♦t ❞❡♠♦♥str❛t❡s t❤❛t ❘✐❙ ♣r♦❥❡❝ts✱ ♠♦r❡ ❣❡♥❡r❛❧❧②✱
❝❛♥ ✐♥❞❡❡❞ r❛✐s❡ ❛✇❛r❡♥❡ss ♦❢ ❝✉rr❡♥t s❝✐❡♥t✐✜❝ r❡s❡❛r❝❤ t♦♣✐❝s ❛♥❞ ✐♥❝r❡❛s❡ ✉♥❞❡rst❛♥❞✐♥❣ ♦❢ t❤❡ s❝✐❡♥t✐✜❝
♠❡t❤♦❞ t❤r♦✉❣❤ ✜rst ❤❛♥❞ ❡①♣❡r✐❡♥❝❡✳

✏st✉❞❡♥ts ❤❛✈❡ ❣❛✐♥❡❞✳ ✳ ✳ ❛ ❜❡tt❡r ❛♣♣r❡❝✐❛t✐♦♥ ♦❢ r❡❛❧ s❝✐❡♥❝❡✑
❚♦♥② ❉✉♥♥✱ P❤②s✐❝s ❚❡❛❝❤❡r✱ ◆❡✇❤❛♠ ❙✐①t❤ ❋♦r♠ ❈♦❧❧❡❣❡

✽



❖✈❡r❛❧❧ ❊①♣❡r✐❡♥❝❡ ❙❦✐❧❧s ●❛✐♥❡❞

❋✐❣✉r❡ ✹✿ ❙t✉❞❡♥t ❛♥❞ t❡❛❝❤❡r r❡s♣♦♥s❡s t♦ t❤❡ r❡s❡❛r❝❤ ♣r♦❥❡❝ts ♦✈❡r❛❧❧ ✭❧❡❢t✮ ❛♥❞ t❤❡ s❦✐❧❧s t❤❡② ❤❡❧♣❡❞ t❤❡
st✉❞❡♥ts ❞❡✈❡❧♦♣ ✭r✐❣❤t✮✳ ❚❤❡ s✐③❡ ✐♥❞✐❝❛t❡s t❤❡ t♦t❛❧ ♥✉♠❜❡r ♦❢ ❡❛❝❤ r❡s♣♦♥s❡✳

▼♦r❡ q✉❛❧✐t✐t❛t✐✈❡❧②✱ st✉❞❡♥ts ❛♥❞ t❡❛❝❤❡rs ✇❡r❡ s✉r✈❡②❡❞ ❢♦r ❛❞❥❡❝t✐✈❡s ❞❡s❝r✐❜✐♥❣ t❤❡✐r ❡①♣❡r✐❡♥❝❡ ♦❢ t❤❡
♣r♦❥❡❝ts ♦✈❡r❛❧❧ ❛♥❞ t❤❡ s❦✐❧❧s ✭✐❢ ❛♥②✮ t❤❡② t❤✐♥❦ ✐t ❤❡❧♣❡❞ t♦ ❞❡✈❡❧♦♣✳ ❚❤❡② ✇❡r❡ ❢r❡❡ t♦ ✉s❡ ❛♥② ✇♦r❞s t❤❡②
✇❛♥t❡❞ ❛♥❞ ✇❡r❡ ♥♦t ❣✐✈❡♥ ❛ ♣r❡✲s❡❧❡❝t❡❞ ❧✐st✳ ❚❤❡s❡ r❡s✉❧ts ❛r❡ ♣r❡s❡♥t❡❞ ✐♥ ❋✐❣✉r❡ ✹✳ ❆❧❧ ♦❢ t❤❡ ❛❞❥❡❝t✐✈❡s
❛r❡ ♦❢ ❛ ♣♦s✐t✐✈❡ ♥❛t✉r❡ ✇✐t❤ ✏✐♥t❡r❡st✐♥❣✑✱ ✏❝❤❛❧❧❡♥❣✐♥❣✑ ❛♥❞ ✏✐♥s♣✐r✐♥❣✑ ❜❡✐♥❣ t❤❡ t♦♣ t❤r❡❡ ♠♦st✲q✉♦t❡❞✱
s✉❣❣❡st✐♥❣ t❤❛t st✉❞❡♥ts ✇❡r❡ ❡♥❣❛❣❡❞ ✇✐t❤ t❤❡ ♣r♦❥❡❝ts t❤r♦✉❣❤♦✉t ❛♥❞ ❢♦✉♥❞ t❤❡♠ ❛ r❡✇❛r❞✐♥❣ ❡①♣❡r✐❡♥❝❡✳

✏t❤❡ ❤❛r❞ ✇♦r❦ ♣❛✐❞ ♦✛✑
❙t✉❞❡♥t✱ ❉✉❧✇✐❝❤ ❈♦❧❧❡❣❡

✏❦❡♣t ♠② st✉❞❡♥ts ❜✉s② ❛♥❞ ♠♦✲

t✐✈❛t❡❞✑
❚♦♥② ❉✉♥♥✱ P❤②s✐❝s ❚❡❛❝❤❡r✱

◆❡✇❤❛♠ ❙✐①t❤ ❋♦r♠ ❈♦❧❧❡❣❡

✏♣r♦✈✐❞❡❞ ❛ ♣✉r❡ ♣❤②s✐❝s ♦✉t❧❡t

❢♦r ♠❛♥② st✉❞❡♥ts✑
❙✐♠♦♥ ❲❤✐tt❛❦❡r✱ ❍❡❛❞ ♦❢

P❤②s✐❝s✱ ❉✉❧✇✐❝❤ ❈♦❧❧❡❣❡

❚❤❡ ✐❞❡♥t✐✜❡❞ s❦✐❧❧s ❞❡✈❡❧♦♣❡❞ ❜② t❤❡ st✉❞❡♥ts t❤r♦✉❣❤ ✉♥❞❡rt❛❦✐♥❣ t❤❡ ♣r♦❥❡❝ts ❝♦✈❡r ❛ ✇✐❞❡ r❛♥❣❡ ♦❢ t❤♦s❡
❛♣♣❧✐❝❛❜❧❡ t♦ r❡❛❧ s❝✐❡♥t✐✜❝ r❡s❡❛r❝❤ ❡✳❣✳ t❡❛♠✲✇♦r❦✱ ♣r❡s❡♥t❛t✐♦♥✱ ❛♥❛❧②s✐s ❛♥❞ ✇♦r❦✐♥❣ ✇✐t❤ ❞❛t❛ ✇❡r❡ t❤❡
♠♦st ❝♦♠♠♦♥❧② r❡❝♦❣♥✐s❡❞✳ ❚❤❡ tr❡❛t♠❡♥t ♦❢ t❤❡s❡ ❢♦✉r ❛r❡❛s ❛t ❛ ✉♥✐✈❡rs✐t② ❛♥❞ r❡s❡❛r❝❤ ❧❡✈❡❧ ❛r❡ ❛r❣✉❛❜❧②
q✉✐t❡ ❞✐✛❡r❡♥t ❢r♦♠ ❛t s❝❤♦♦❧✱ t❤✉s t❤❡ ❡①♣♦s✉r❡ t♦ ♥❡✇ ✇❛②s ♦❢ ✇♦r❦✐♥❣ ❤❛s ❤❛❞ ❛ ♣♦s✐t✐✈❡ ✐♠♣❛❝t ♦♥ t❤❡
st✉❞❡♥ts✳

✏❚❤❡ ❛✉t♦♥♦♠♦✉s ❣r♦✉♣ ✇♦r❦✱ ✇✐t❤ ✈❡r② ❧✐tt❧❡ ✐♥♣✉t ❢r♦♠ ♠❡✱ ✇❛s ❣r❡❛t t♦ s❡❡✳ ❚❤❡② ❤❛✈❡ ❜❡❝♦♠❡ ♠♦r❡
❝♦♥✜❞❡♥t ✐♥ ❝♦♠♠✉♥✐❝❛t✐♥❣ t❤❡✐r ✐❞❡❛s ❛♥❞ r❡❛❧✐s❡❞ t❤❛t t❤❡② ❛r❡ ♥♦t t♦♦ ②♦✉♥❣ t♦ ❞♦ r❡s❡❛r❝❤✳ ❚❤❡
♣r♦❞✉❝t✐♦♥ ♦❢ r❡s✉❧ts ❛♥❞ ♣♦st❡rs ✇❛s ❛ ❝❤❛❧❧❡♥❣❡ ✇❤✐❝❤ r❡q✉✐r❡❞ r❡❛❧ ❣r♦✉♣ ✇♦r❦✳✑

❉r✳ ❆❧❡①❛♥❞r❛ ●❛❧❧♦♥✐✱ P❤②s✐❝s ❚❡❛❝❤❡r✱ ❉✉❧✇✐❝❤ ❈♦❧❧❡❣❡

❲❤✐❧❡ t❤❡ ♣r♦❥❡❝ts ❛r❡ r❡❧❛t✐✈❡❧② s❡❧❢✲❝♦♥t❛✐♥❡❞✱ t❤❡r❡ ❛r❡ s♦♠❡ ✈❡r② r❡❧❡✈❛♥t ✭❛♥❞ s♦♠❡ ❧❡ss s♦✮ ❧✐♥❦s t♦ t❤❡
❝✉rr❡♥t ❝✉rr✐❝✉❧✉♠ ❡✳❣✳ ♣❛rt✐❝❧❡ ♣❤②s✐❝s ❛♥❞ ✇❛✈❡s t♦♣✐❝s r❡s♣❡❝t✐✈❡❧②✳ ❙t✉❞❡♥ts ✇❡r❡ ❛s❦❡❞ ✇❤❡t❤❡r ✇♦r❦✐♥❣
♦♥ t❤❡ ♣r♦❥❡❝ts ❤❛❞ ❤❡❧♣❡❞ ✇✐t❤ t❤❡✐r st✉❞✐❡s✳ ✼✽✪ r❡s♣♦♥❞❡❞ t❤❡② ❤❛❞ ❜❡❡♥ ✏✈❡r② ✉s❡❢✉❧✑ ♦r ✏✉s❡❢✉❧✑ ❛♥❞
t❡♥❞❡❞ t♦ ❢❡❡❧ t❤❛t ❡✐t❤❡r t❤❡ ♣r♦❥❡❝ts ❤❛❞ ❡✐t❤❡r ❡♥❤❛♥❝❡❞ t❤❡✐r ✉♥❞❡rst❛♥❞✐♥❣ ♦❢ s♣❡❝✐✜❝ t♦♣✐❝s

✏❛❢t❡r r❡s❡❛r❝❤✐♥❣ ❢♦r ♦✉r ♣r♦❥❡❝t✱ ✐t ✇❛s ❡❛s✐❡r ❢♦r ♠❡ t♦ ✉♥❞❡rst❛♥❞ t❤❡ ✇❛✈❡s t♦♣✐❝ ✇❤❡♥ ✇❡ st✉❞✐❡❞ ✐t
✐♥ ❝❧❛ss ✇✐t❤ ♦✉r t❡❛❝❤❡rs✑

❙t✉❞❡♥t✱ ◆❡✇❤❛♠ ❙✐①t❤ ❋♦r♠ ❈♦❧❧❡❣❡

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

✏❬t❤❡ ♣r♦❥❡❝t❪ ❤❛s ❡♥❤❛♥❝❡❞ ♠② ❛❜✐❧✐t② t♦ ✉♥❞❡rst❛♥❞ ♥❡✇ t♦♣✐❝s ✐♥ P❤②s✐❝s✑
❙t✉❞❡♥t✱ ◆❡✇❤❛♠ ❙✐①t❤ ❋♦r♠ ❈♦❧❧❡❣❡

✾



❍♦✇❡✈❡r✱ s♦♠❡ st✉❞❡♥ts ✇❡r❡ ✉♥❛❜❧❡ t♦ s❡❡ ✇❤❡r❡ ❝✉rr✐❝✉❧✉♠ ❧✐♥❦s ♠✐❣❤t ❜❡ ♣r❡s❡♥t ♦r s✐♠♣❧② ❢❡❧t t❤❛t t❤❡
♣r♦❥❡❝ts ❞✐❞♥✬t ❡♥❤❛♥❝❡ ✇❤❛t t❤❡② ❧❡❛r♥❡❞ ✐♥ ❝❧❛ss✳ ❲❤✐❧❡ t❤❡ ❛✐♠ ♦❢ t❤❡ ♣r♦❥❡❝ts ✐s ♥♦t t♦ ❝♦♥tr✐❜✉t❡ t♦ t❤❡
❢♦r♠❛❧ ❡❞✉❝❛t✐♦♥ ♦❢ st✉❞❡♥ts ✇✐t❤ t❤❡✐r st✉❞✐❡s✱ ♦♥❡ t❡❛❝❤❡r ✭❙✐♠♦♥ ❲❤✐tt❛❦❡r ♦❢ ❉✉❧✇✐❝❤ ❈♦❧❧❡❣❡✮ s❛✐❞ t❤❛t
❡✛♦rts ❧✐❦❡ t❤✐s ✇❡r❡ ✏❡ss❡♥t✐❛❧ ❢♦r ❝♦♥t❡①t✉❛❧✐s✐♥❣ P❤②s✐❝s✑ ✐♥ t❤❡ ❝❧❛ssr♦♦♠✳

❍❛✈✐♥❣ r✉♥ ❘✐❙ ♣r♦❥❡❝ts ❢♦r ♦♥❧② t✇♦ ②❡❛rs✱ ✐t ✐s t♦♦ ❡❛r❧② t♦ s❛② ✇❤❡t❤❡r r✉♥♥✐♥❣ s✉❝❤ ❛❝t✐✈✐t✐❡s ❤❛s ❛♥②
❧❛st✐♥❣ ✐♠♣❛❝t ♦♥ st✉❞❡♥ts✱ ❝❤❛♥❣✐♥❣ t❤❡✐r ❛s♣✐r❛t✐♦♥s✳ ❍♦✇❡✈❡r✱ ♦♥❡ t❡❛❝❤❡r ✭❚♦♥② ❉✉♥♥ ♦❢ ◆❡✇❤❛♠ ❙✐①t❤
❋♦r♠ ❈♦❧❧❡❣❡✮ ❜❡❧✐❡✈❡❞ t❤❛t t❤❡s❡ ❘✐❙ ❡✛♦rts ✇❡r❡ ✏❡①❝❡❧❧❡♥t ❢♦r ♠♦t✐✈❛t✐♥❣ st✉❞❡♥ts✑ ❛♥❞ ❢r♦♠ t❤❡ ❢❡❡❞❜❛❝❦
♦♥❡ st✉❞❡♥t t❤♦✉❣❤t ♣❛rt✐❝✐♣❛t✐♥❣ ❤❛❞ ✏✐♥❝r❡❛s❡❞ ♠② ✐♥t❡r❡st ✐♥ s♣❛❝❡✑ ✇❤✐❧❡ ❛♥♦t❤❡r s❛✐❞ ✐t ❤❛❞ ✏❝♦♥✈✐♥❝❡❞
♠❡ ■ ✇♦✉❧❞ ❧✐❦❡ t♦ ♣✉rs✉❡ P❤②s✐❝s✑✳ ❋✉rt❤♠♦r❡✱ t❤❡ ❲❡❧❧❝♦♠❡ r❡♣♦rt ♦♥ ✐♥❞❡♣❡♥❞❡♥t r❡s❡❛r❝❤ ♣r♦❥❡❝ts
❬❇❡♥♥❡tt ❡t ❛❧✳✱ ✷✵✶✻❪✱ ♦❢ ✇❤✐❝❤ ❘✐❙ ✐s ❛ s✉❜s❡t✱ ❞♦❡s s✉♣♣♦rt t❤❡✐r ❜❡♥❡✜ts t♦ st✉❞❡♥ts✳ ❇② tr❛❝❦✐♥❣ ❘✐❙
st✉❞❡♥ts ✇❤♦ t❛❦❡ ♣❛rt ✐♥ ♣r♦❥❡❝ts✱ ✇❡ ❤♦♣❡ t♦ ❜❡ ❛❜❧❡ t♦ ❝♦♠♠❡♥t ✐♥ t❤❡ ❢✉t✉r❡ ♦♥ t❤❡ ♣♦t❡♥t✐❛❧ ✐♠♣❛❝t
❘✐❙ ❝❛♥ ❤❛✈❡✳ ◆♦♥❡t❤❡❧❡ss✱ ❛❧❧ ❡✈✐❞❡♥❝❡ ❤❡r❡ s✉❣❣❡sts t❤❛t ❘✐❙ ♣r♦❥❡❝ts ❝❛♥ ❤❛✈❡ s✐❣♥✐✜❝❛♥t❧② ♣♦s✐t✐✈❡
r❡s✉❧ts ♦♥ st✉❞❡♥ts✬ ✉♥❞❡rst❛♥❞✐♥❣ ❛♥❞ ❛♣♣r❡❝✐❛t✐♦♥ ♦❢ s❝✐❡♥❝❡✱ ❛s ✇❡❧❧ ❛s ❡q✉✐♣♣✐♥❣ t❤❡♠ ✇✐t❤
✈✐t❛❧ s❦✐❧❧s✳ ❚❤❡ ♣♦t❡♥t✐❛❧ ✐♠♣❛❝ts ♦❢ ❘✐❙ ♣r♦❥❡❝ts ♦♥ t❡❛❝❤❡rs ❛♥❞ r❡s❡❛r❝❤❡rs ❛r❡ ❞✐s❝✉ss❡❞ ❧❛t❡r✳

✹✳✷ Pr♦❥❡❝t ❙tr✉❝t✉r❡

❖✈❡r t❤❡ ❝♦✉rs❡ ♦❢ t❤❡ ♣r♦❣r❛♠♠❡ ❞❡✈❡❧♦♣♠❡♥t ❛♥❞ ♣✐❧♦t ✇❡ ❤❛✈❡ ❝r❡❛t❡❞ ❛ ❢r❛♠❡✇♦r❦ ❢♦r ❘✐❙✱ ❛ t✇♦✲t❡r♠
♠♦❞❡❧ ✇❤✐❝❤ ✇❡ ♣r❡s❡♥t ✐♥ ❚❛❜❧❡ ✷✳

❖❝t ◆♦✈ ❉❡❝ ❏❛♥ ❋❡❜ ▼❛r ❆♣r

❑✐❝❦✲❖✛ ❊✈❡♥t ❙t✉❞❡♥t ❈♦♥❢❡r❡♥❝❡

Pr❡s❝r✐❜❡❞ Pr♦❥❡❝t ■♥❞❡♣❡♥❞❡♥t ❘❡s❡❛r❝❤ Pr♦❥❡❝t

❲r✐t✐♥❣ ❯♣

❙❝❤♦♦❧ ❱✐s✐t ❙❝❤♦♦❧ ❱✐s✐t ❙❝❤♦♦❧ ❱✐s✐t

❚❛❜❧❡ ✷✿ ❆♥♥✉❛❧ ❙tr✉❝t✉r❡ ♦❢ ❘✐❙ ♣r♦❣r❛♠♠❡✳

❯♥❞❡r t❤✐s str✉❝t✉r❡✱ ♣r♦❥❡❝ts st❛rt ✇✐t❤ s♦♠❡ s♦rt ♦❢ ❦✐❝❦✲♦✛ ❡✈❡♥t ❡❛r❧② t♦ ♠✐❞✲✇❛② t❤r♦✉❣❤ t❤❡ ❆✉t✉♠♥
t❡r♠✱ ✇❤❡r❡❜② st✉❞❡♥ts ❧❡❛r♥ ❛❜♦✉t t❤❡ ✜❡❧❞ ♦❢ s❝✐❡♥t✐✜❝ r❡s❡❛r❝❤ t❤❡② ✇✐❧❧ ❜❡ ✇♦r❦✐♥❣ ♦♥ ❛♥❞ s♦♠❡ s♣❡❝✐✜❝s
♦❢ t❤❡ ♣r♦❥❡❝t ✐ts❡❧❢✳ ❚❤✐s t❛❦❡s t❤❡ ❢♦r♠ ♦❢ ❛ t❛❧❦ ❢♦❧❧♦✇❡❞ ❜② ❛ ✇♦r❦s❤♦♣✱ ✇❤✐❝❤ ♠❛② ❜❡ ❤❡❧❞ ❛t t❤❡ s❝❤♦♦❧
♦r ❛t t❤❡ ♣❧❛❝❡ ♦❢ r❡s❡❛r❝❤ ❡✳❣✳ ✉♥✐✈❡rs✐t② ❝❛♠♣✉s✳

❚❤❡ st✉❞❡♥ts ❢♦r♠ ♠✐♥✐ r❡s❡❛r❝❤ ❣r♦✉♣s ♦❢ ❛r♦✉♥❞ ✜✈❡ t♦ ✇♦r❦ ♦♥ t❤❡ ♣r♦❥❡❝ts✳ ❚❤❡ ✐♥✐t✐❛❧ t❛s❦s ❣✐✈❡♥
t♦ t❤❡s❡ ❣r♦✉♣s ✐s ❛ ♣r❡s❝r✐❜❡❞ ❡①♣❡r✐♠❡♥t ♦r ❛❝t✐✈✐t② ❡✳❣✳ ♠❡❛s✉r✐♥❣ t❤❡ ❧✐❢❡t✐♠❡ ♦❢ ❛ ♠✉♦♥✱ ❛s ❧❛✐❞ ♦✉t
✐♥ t❤❡ ♣r♦✈✐❞❡❞ r❡s♦✉r❝❡s ✭s❡❡ s❡❝t✐♦♥ ✹✳✸✮✳ ❚❤✐s st❛❣❡ ✐♥❝♦r♣♦r❛t❡s ❡❧❡♠❡♥ts ♦❢ s❝✐❡♥t✐✜❝ r❡s❡❛r❝❤✱ ♥❛♠❡❧②
❝❛❧✐❜r❛t✐♦♥✱ ❞❛t❛ ❝♦❧❧❡❝t✐♦♥✱ ❞❛t❛ ❛♥❛❧②s✐s✱ ❡rr♦r ❛♥❛❧②s✐s✱ ❝r✐t✐❝❛❧ ❞✐s❝✉ss✐♦♥ ❛♥❞ ❞r❛✇✐♥❣ ❝♦♥❝❧✉s✐♦♥s✳ ❚❤❡
✐❞❡❛ ✐s t❤❛t st✉❞❡♥ts ✭❛♥❞ t❡❛❝❤❡rs✮ ❜✉✐❧❞ ❝♦♥✜❞❡♥❝❡ ✇✐t❤ t❤❡ t❤❡♦r② ❛♥❞ ♠❡t❤♦❞s ❜❡❢♦r❡ t❤❡② ❛r❡ ❛s❦❡❞ t♦
❝♦♥❞✉❝t t❤❡✐r ♦✇♥ ✐♥❞❡♣❡♥❞❡♥t❧② ♠♦t✐✈❛t❡❞ r❡s❡❛r❝❤✳

❚❤❡ ✐♥❞❡♣❡♥❞❡♥t r❡s❡❛r❝❤ ♦❝❝✉♣✐❡s t❤❡ ♠❛❥♦r✐t② ♦❢ t❤❡ ♣r♦❥❡❝t t✐♠❡✳ ❚❤❡s❡ ❛r❡ s✉♣❡r✈✐s❡❞ ❛♥❞ s✉♣♣♦rt❡❞ ❜②
t❤❡ t❡❛❝❤❡rs ✭s❡❡ s❡❝t✐♦♥ ✹✳✹✮ ❛♥❞ t❤r♦✉❣❤ ✈✐s✐ts ❜② r❡s❡❛r❝❤❡rs ✭s❡❡ s❡❝t✐♦♥ ✹✳✺✮ t❤r♦✉❣❤♦✉t✱ ❝✉❧✐♠❛t✐♥❣ ✐♥
t❤❡ ♣r❡s❡♥t❛t✐♦♥ ♦❢ r❡s✉❧ts ❛t ❛ st✉❞❡♥t ❝♦♥❢❡r❡♥❝❡ ❜❡❢♦r❡ ❊❛st❡r ❤♦❧✐❞❛②s✳ ❚❤✐s t✐♠❡s❝❛❧❡ ✇❛s ❝❤♦s❡♥ ❜❡❝❛✉s❡
t❤❡ ♠❛❥♦r✐t② ♦❢ st✉❞❡♥ts ✐♥ ♦✉r t❛r❣❡t ❛❣❡✲r❛♥❣❡ ✇✐❧❧ ❤❛✈❡ ❡①❛♠s ✐♥ t❤❡ s✉♠♠❡r✱ t❤✉s ✜♥✐s❤✐♥❣ t❤❡ ♣r♦❥❡❝t
❛t t❤✐s t✐♠❡ s❤♦✉❧❞ ♥♦t ❛❞❞ str❡ss ♦♥ t♦♣ ♦❢ t❤❡✐r r❡✈✐s✐♦♥ ❛♥❞ ❡①❛♠ ♣r❡♣❛r❛t✐♦♥✳ ▼♦st t❡❛❝❤❡rs ❛❣r❡❡❞ t❤❛t
t❤✐s t✐♠❡s❝❛❧❡ ✇❛s ❣♦♦❞✳

❲❡ ❤❛✈❡ ❢♦✉♥❞ t❤❛t t❤❡ ♣r♦❥❡❝ts✬ str✉❝t✉r❡ ✐s ✈❡r② ✐♠♣♦rt❛♥t ✐♥ st✉❞❡♥ts✬ s✉❝❝❡ss❢✉❧ ❡♥❣❛❣❡♠❡♥t
❛♥❞ ♣r♦❣r❡ss✐♦♥ ♦✈❡r t❤❡ s✐①t❤ ♠♦♥t❤s✳ ❚❤❡ ✜rst ②❡❛r ♦❢ t❤❡ ❝♦s♠✐❝ r❛② ♠✉♦♥ ♣r♦❥❡❝t✱ ❛ ❞✐✛❡r❡♥t str✉❝t✉r❡
✇❛s ✐♠♣❧❡♠❡♥t❡❞ ✇❤✐❝❤ s❡t st✉❞❡♥ts ❛ ❧✐t❡r❛t✉r❡ r❡✈✐❡✇ ❛♥❞ r❡♣♦rt ❢♦❧❧♦✇❡❞ ❜② ❡①♣❡r✐♠❡♥t❛❧ ♣r♦❥❡❝t ✇♦r❦✳
❇❡❝❛✉s❡ t❤❡ ❧✐t❡r❛t✉r❡ r❡✈✐❡✇ ✇❛s ❣✐✈❡♥ ❛ s♣❡❝✐✜❝ t✐t❧❡✱ ✏■s ♠❡❛s✉r❡❞ ♠✉♦♥ ❧✐❢❡t✐♠❡ ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡
♣r❡❞✐❝t✐♦♥s ♦❢ s♣❡❝✐❛❧ r❡❧❛t✐✈✐t②❄✑✱ st✉❞❡♥ts ❜❡❝❛♠❡ t♦♦ ✜①❛t❡❞ ♦♥ t❤✐s ♣❛rt✐❝✉❧❛r ❛s♣❡❝t r❛t❤❡r t❤❛♥ ❡①♣❧♦r✐♥❣

✶✵



❋✐❣✉r❡ ✺✿ ❆ ❣r♦✉♣ ♦❢ ❨❡❛r ✶✷ st✉❞❡♥ts ❣✐✈✐♥❣ ❛ ♣r❡s❡♥t❛t✐♦♥ ♦♥ t❤❡✐r r❡s❡❛r❝❤ ❛t t❤❡ ❈♦s♠✐❝ ❈♦♥ ✷✵✶✻ st✉❞❡♥t
❝♦♥❢❡r❡♥❝❡✳

♦t❤❡r ♣♦ss✐❜❧❡ ❛✈❡♥✉❡s✱ ❡✈❡♥ ✇✐t❤ ✐♥t❡r❥❡❝t✐♦♥s t♦ t❤❡ ❝♦♥tr❛r② ❞✉r✐♥❣ t❤❡ ❧❛t❡✲st❛❣❡ r❡s❡❛r❝❤❡r ✈✐s✐ts ✭s❡❡
s❡❝t✐♦♥ ✹✳✺✮✳ ❙t✉❞❡♥ts ✇❡r❡ ❛❧s♦ ♥♦t ❡①♣♦s❡❞ t♦ t❤❡ ❡①♣❡r✐♠❡♥t❛❧ ❛♥❞ ❛♥❛❧②s✐s t❡❝❤♥✐q✉❡s ✉♥t✐❧ ❛ r❡❧❛t✐✈❡❧②
❧❛t❡ st❛❣❡✳ ❚❤✐s ✉♥❢♦rt✉❛♥t❡❧② r❡s✉❧t❡❞ ✐♥ ♥❡❛r✲✐❞❡♥t✐❝❛❧ ♣♦st❡rs ❜❡✐♥❣ ♣r♦❞✉❝❡❞ ❜② ❛❧❧ ❣r♦✉♣s ✐♥ t❤❡ ❡♥❞✳ ❚❤❡
str✉❝t✉r❡ ♦✉t❧✐♥❡❞ ✐♥ ❚❛❜❧❡ ✷ ✐♠♣❧❡♠❡♥t❡❞ ✐♥ t❤❡ s❡❝♦♥❞ ②❡❛r s❤♦✇❡❞ ❛♥ ✐♠♣r♦✈❡♠❡♥t t❤r♦✉❣❤♦✉t✳ ❊❛❝❤
❣r♦✉♣ ❝♦♠♣❧❡t❡❞ t❤❡ ♣r❡s❝r✐❜❡❞ ❛❝t✐✈✐t② ❛❧♦♥❣ ✇✐t❤ t❤❡ ❛❝❝♦♠♣❛♥②✐♥❣ ❡①❡r❝✐s❡s ❛♥❞ ❞✐s❝✉ss✐♦♥ q✉❡st✐♦♥s
✇✐t❤✐♥ t❤❡ t✐♠❡❧✐♥❡✱ ♠♦✈✐♥❣ ♦♥ t♦ ♣✉rs✉❡ ❞✐✛❡r❡♥t r❡s❡❛r❝❤ t♦♣✐❝s ✉s✐♥❣ t❤❡ ❝♦s♠✐❝ r❛② ❞❡t❡❝t♦r ❛♥❞ ❛♣♣❧②✐♥❣
❛♣♣r♦♣r✐❛t❡ t❡❝❤♥✐q✉❡s t♦ ❛rr✐✈❡ ❛t r❡s✉❧ts✳

❲❡ ❤❛✈❡ ❛❧s♦ ❧❡❛r♥❡❞ t❤❛t ✐t ✐s ✈✐t❛❧ ❢♦r t❤❡ ♣r❡s❝r✐❜❡❞ ❛❝t✐✈✐t② t♦ ❜❡ ❝❛r❡❢✉❧❧② str✉❝t✉r❡❞ ✇✐t❤
❡❛s✐❧② ❢♦❧❧♦✇❡❞ st❡♣s✳ ■♥ t❤❡ ♣✐❧♦t ②❡❛r ♦❢ t❤❡ ♠❛❣♥❡t♦s♣❤❡r✐❝ ❯▲❋ ✇❛✈❡ ♣r♦❥❡❝t✱ t❤❡ ✐♥✐t✐❛❧ ❛❝t✐✈✐t✐❡s ✇❡r❡
♦♥❧② ❧♦♦s❡❧② ♣r❡s❝r✐❜❡❞ s✐♥❝❡ ❛ st❡♣✲❜②✲st❡♣ ♠❡t❤♦❞ ❞✐❞ ♥♦t ❢❡❡❧ r❡✢❡❝t✐✈❡ ♦❢ ❛♥ ♦❜s❡r✈❛t✐♦♥❛❧ r❡s❡❛r❝❤ ❛r❡❛
❧✐❦❡ s♣❛❝❡ ♣❧❛s♠❛ ♣❤②s✐❝s✳ ❍♦✇❡✈❡r✱ t❤✐s ❧❡❛❞ t♦ s♦♠❡ st✉❞❡♥ts ❛♥❞ t❡❛❝❤❡rs str✉❣❣❧✐♥❣ ❛t ✜rst ❞✉❡ t♦ t❤❡
✇✐❞❡ r❛♥❣❡ ♦❢ ♣♦ss✐❜✐❧✐t✐❡s ♦♣❡♥ t♦ t❤❡♠✱ ❞❡s♣✐t❡ s♦♠❡ ❤✐♥ts ♦r s✉❣❣❡st✐♦♥s ✐♥ t❤❡ r❡s♦✉r❝❡s ♣r♦✈✐❞❡❞✳ ❖♥❡
t❡❛❝❤❡r ✭▼❛r② ❲♦♦❞ ♦❢ ❙t✳ ●r❡❣♦r②✬s ❙✐①t❤ ❋♦r♠ ❈♦❧❧❡❣❡✮ ♥♦t❡❞ t❤❛t ✏♠♦st ❛r❡ st✐❧❧ ❞❛✉♥t❡❞ ❜② t❤❡ ✇❤♦❧❡
t❤✐♥❣✑ ♠✐❞✇❛② t❤r♦✉❣❤ t❤❡ ♣r♦❥❡❝t✳

✏■ ❛♠ ❤❛✈✐♥❣ ❞✐✣❝✉❧t② ✉♥❞❡rst❛♥❞✐♥❣ t❤❡ ♣r♦❥❡❝t ❢✉❧❧② ❛♥❞ ❛❧s♦ ✇✐t❤ ❤♦✇ t♦ ❛♥❛❧②s❡ t❤❡ ❛✉❞✐♦ ✜❧❡s✑
❙t✉❞❡♥t✱ ❚❤❡ ❖❝❦❡♥❞♦♥ ❆❝❛❞❡♠② ❛♥❞ ❙t✉❞✐♦ ❙❝❤♦♦❧

❚♦ ❛❞❞r❡ss t❤✐s✱ ❝❤❛♥❣❡s ❤❛✈❡ ❜❡❡♥ ♠❛❞❡ t♦ t❤✐s ♣❛rt✐❝✉❧❛r ♣r♦❥❡❝t ❢♦r t❤❡ ❝♦♠✐♥❣ ②❡❛r ✇✐t❤ ♠♦r❡ str✉❝t✉r❡❞
♣r❡❧✐♠✐♥❛r② ❛❝t✐✈✐t✐❡s ♣r❡s❡♥t❡❞ ❛♥❞ ❝❧❡❛r❡r ✐❞❡❛s ♦❢ ❤♦✇ t♦ ♣r♦❣r❡ss ✐♥t♦ t❤❡ ✐♥❞❡♣❡♥❞❡♥t r❡s❡❛r❝❤✳ ❲❡ ❤❛✈❡
❢♦✉♥❞ t❤❛t t❤❡r❡ ✐s ♥♦ ♦♥❡ ❢♦r♠ ♦❢ ♣r❡s❝r✐❜❡❞ ❛❝t✐✈✐t② t❤❛t ✇✐❧❧ s✉✐t ❛❧❧ ❘✐❙ ♣r♦❥❡❝ts✱ t❤✉s t❤❡s❡ ❛❝t✐✈✐t✐❡s ✇✐❧❧
❜❡ ❤✐❣❤❧② ❞❡♣❡♥❞❡♥t ♦♥ t❤❡ s♣❡❝✐✜❝ ❞❡t❛✐❧s ♦❢ t❤❡ ♣r♦❥❡❝t ❛♥❞ ♥❡❡❞ t♦ ❜❡ t❤♦✉❣❤t❢✉❧❧② ❞❡s✐❣♥❡❞ ❛❝❝♦r❞✐♥❣❧②✳

❖✉r st✉❞❡♥t s❝✐❡♥t✐✜❝ ❝♦♥❢❡r❡♥❝❡✱ ❈♦s♠✐❝ ❈♦♥ ✷✵✶✻✱ s❛✇ ✷✶ st✉❞❡♥ts ❝♦♠❡ t♦ ◗▼❯▲ t♦ ♣r❡s❡♥t ❛ t♦t❛❧ ♦❢ ✷
t❛❧❦s ❛♥❞ ✻ ♣♦st❡rs✳ ❇♦t❤ t❡❛❝❤❡rs ❛♥❞ ♣❛r❡♥ts ✇❡r❡ ❡♥❝♦✉r❛❣❡❞ t♦ ❛tt❡♥❞✱ ❣✐✈❡♥ t❤❡ ✐♥✢✉❡♥❝❡ ❜♦t❤ ❝❛♥ ❤❛✈❡
♦♥ st✉❞❡♥ts✬ ❛s♣✐r❛t✐♦♥s ❬❆r❝❤❡r ❡t ❛❧✳✱ ✷✵✶✸❪ ❛♥❞ ✐t ✇❛s ✇❡❧❧ ❛tt❡♥❞❡❞ ❜② ❜♦t❤ ✭✼ t❡❛❝❤❡rs ❛♥❞ ✽ ♣❛r❡♥ts✮✳
Pr✐③❡s ✇❡r❡ ❛✇❛r❞❡❞ t♦ t❤❡ t♦♣ ✸ r❡s❡❛r❝❤ ❣r♦✉♣s✱ ✇❤✐❝❤ ✇❡r❡ s♣r❡❛❞ ❛❝r♦ss t❤❡ ❞✐✛❡r❡♥t s❝❤♦♦❧s s❤♦✇✐♥❣
t❤❛t st✉❞❡♥ts ❢r♦♠ ✈❛r✐♦✉s ❞✐✛❡r❡♥t t②♣❡s ♦❢ s❝❤♦♦❧s ❝❛♥ s✉❝❝❡❡❞ ❛t ❘✐❙ ♣r♦❥❡❝ts✳
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Introduction 

A coronal mass ejection (also known as a 

CME) is an eruption of billions of tonnes of 

magnetically charged plasma from a star’s 

corona into interplanetary space. ¹ 

Although the sun is 149.6 million km away, 

CMEs can still pose a danger to earth since 

the material could collide with us and 

disrupt our magnetosphere. ¹ Energetic 
CMEs can cause geomagnetic storms and 

could affect electric power transmission 

lines.² For example, in 1859 a large CME 

occurred that caused telegraph wires in 

the US and Europe to become non-

functional. ¹  

 

 

 

 

 

The objective of this research project was 

to see if the dates of potential CMEs 

during 2008 coincided with the ultra-low 

frequency wave activity in the 

magnetosphere that the G11 

magnetometer picked up. 

Method 

To begin with, we used data from a CME 

catalogue ³ for 2008, and focused on the 

events that had partial halos. The G11 ULF 

wave data was provided in an audio 

format, whereby the data was resampled 

to audible frequencies resulting in 1 day 

corresponding to approximately 0.9 

seconds. Using that information and a 

program called Audacity, we were able to 

identify parts of the audio that 

corresponded to the dates of partial halo 

CMEs so that we could see if there was any 

ultra-low frequency wave activity in the 

magnetosphere. 

Results 

The data shows that in general, on the dates that 

partial halo CMEs have been detected, there was high 

amplitude ultra-low frequency wave activity in the 

magnetosphere (demonstrated in figures 2 and 3). 

However there was one date where, although partial 

halo CMEs were detected, there was little to no ultra-

low frequency wave activity in the magnetosphere 

(figure 4). This could perhaps be due to the fact that 

the CME wasn’t actually directed at Earth, something 

that is hard to accurately predict with remote imaging 

of the sun. 

Conclusion 

There was  a significant amount of 

ultra-low frequency wave activity 

detected by the G11 satellite on the 

dates of the CMEs, suggesting that 

CMEs have a  large impact on the 

magnetosphere. However, there was 

also an increase in activity on days 

where a CME wasn’t detected, so 

further research is necessary in 

order to pinpoint what was  the 

cause. 
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Figure 1 : A CME 

recorded by the 

SOHO satellite in 

2000. 
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Figure 2: A 

waveform of a 

partial halo on 

the 4th of Feb 

2008. 

Figure 3: A 

waveform of a 

partial halo on 

the 13th of Feb 

2008. 

Figure 4: A 

waveform of a 

partial halo on 

the 5th of April 

2008. 

❋✐❣✉r❡ ✻✿ ❋✐rst Pr✐③❡ ✇✐♥♥✐♥❣ ♣♦st❡r ❢r♦♠ t❤❡ ♠❛❣♥❡t♦s♣❤❡r❡ ❯▲❋ ✇❛✈❡ ♣r♦❥❡❝t ❜② ♦♥❡ ❢❡♠❛❧❡ ✭✜rst ❛✉t❤♦r✮ ❛♥❞
t✇♦ ♠❛❧❡ ❨❡❛r ✶✷ st✉❞❡♥ts ✭♥❛♠❡s r❡❞❛❝t❡❞✮ ❢r♦♠ ❛ ❝♦❡❞✉❝❛t✐♦♥❛❧ ❘♦♠❛♥ ❈❛t❤♦❧✐❝ s❡❝♦♥❞❛r② s❝❤♦♦❧ ✐♥ ❍❛rr♦✇✱
◆♦rt❤✲❲❡st ▲♦♥❞♦♥✳

✏■ ❛tt❡♥❞❡❞ ❈♦s♠✐❝ ❈♦♥ ✷✵✶✻✱ t❤❡ ❝♦♥❢❡r❡♥❝❡ ✇❤❡r❡ ♣❛rt✐❝✐♣❛t✐♥❣ st✉❞❡♥ts ❣❛✈❡ t❛❧❦s ❛♥❞ ♣r❡s❡♥t❡❞ ♣♦st❡rs
❜❛s❡❞ ♦♥ t❤❡ r❡s❡❛r❝❤✳ ❚❤❡ st❛♥❞❛r❞ ♦❢ ♣r❡s❡♥t❛t✐♦♥s ✇❛s ❤✐❣❤✱ ✐♥ s♦♠❡ ❝❛s❡s ❜❡tt❡r t❤❛♥ s♦♠❡ ❛❝❛❞❡♠✐❝
❝♦♥❢❡r❡♥❝❡s ■ ❤❛✈❡ ❛tt❡♥❞❡❞ ✐♥ t❤❡ ♣❛st✦ ❚❤❡ ♣♦st❡rs ✇❡r❡ ❛❧❧ ❝❧❡❛r✱ ✐♥❢♦r♠❛t✐✈❡ ❛♥❞ ✇♦r❦❡❞ ❛s ♣r♦♠♣ts ❢♦r
t❤❡ st✉❞❡♥ts t❤❡♠s❡❧✈❡s t♦ ❞✐s❝✉ss t❤❡✐r ✇♦r❦✳ ❲❤❛t ✇❛s ❛❧s♦ ❢❛♥t❛st✐❝ ❛❜♦✉t t❤❡ ❡✈❡♥t ✇❛s t❤❡ ♣r❡s❡♥❝❡
♦❢ ❢❛♠✐❧✐❡s ❛♥❞ t❡❛❝❤❡rs✳ ❚❤❡ ♣r✐❞❡ ✇❛s ♣❛❧♣❛❜❧❡✳ ❚❤❡ r♦❧❡ t❤❛t ✐ts❡❧❢ ✇✐❧❧ ♣❧❛② ✐♥ ❜✉✐❧❞✐♥❣ t❤❡ ❛s♣✐r❛t✐♦♥s
♦❢ t❤❡ st✉❞❡♥ts ✐s ✐♥❝❛❧❝✉❧❛❜❧❡✳✑

❉r ❉♦♠✐♥✐❝ ●❛❧❧✐❛♥♦✱ ❙❊P♥❡t ❉✐r❡❝t♦r ♦❢ ❖✉tr❡❛❝❤

❲❡ ❢♦✉♥❞ t❤❛t ✐♥t❡r❡st ✐♥ s❝❤♦♦❧s s✐❣♥✐♥❣ ✉♣ t♦ t❛❦❡ ♣❛rt ✐♥ ❘✐❙ ♣r♦❥❡❝ts ✐s ❞❡♣❡♥❞❡♥t ♦♥ t❤❡ t✐♠❡ ♦❢ ②❡❛r✳
▲✐tt❧❡ r❡♣♦♥s❡ ✇❛s r❡❝❡✐✈❡❞ ✉s✐♥❣ ♦✉r t❡❛❝❤❡r ♠❛✐❧✐♥❣ ❧✐st ✭❝♦✈❡r✐♥❣ ∼ 200 P❤②s✐❝s t❡❛❝❤❡rs✮ ✐♥ ❙❡♣t❡♠❜❡r
t✐♠❡✱ ❛t t❤❡ st❛rt ♦❢ t❤❡ ❛❝❛❞❡♠✐❝ ②❡❛r✳ ❚❡❛❝❤❡rs ✇❡r❡ ♠♦r❡ r❡❝❡♣t✐✈❡ ❛t t❤❡ ❡♥❞ ♦❢ t❤❡ s✉♠♠❡r t❡r♠ ❢♦r
t❤❡ ❝♦♠✐♥❣ ②❡❛r✳ ❚❤✐s ✐s ✇❤❡♥ t❡❛❝❤❡rs st❛rt ♣❧❛♥♥✐♥❣ t❤❡ ✉♣❝♦♠✐♥❣ ❛❝❛❞❡♠✐❝ ②❡❛r✱ ✇❤❡r❡❛s ❜② ❙❡♣t❡♠❜❡r
✐t ✐s ♠♦r❡ ❞✐✣❝✉❧t ❢♦r t❤❡♠ t♦ ❜✉✐❧❞ t❤❡ ❘✐❙ ❛❝t✐✈✐t✐❡s ✐♥t♦ t❤❡✐r ❡①✐st✐♥❣ ♣❧❛♥✳ ❋✉rt❤❡r♠♦r❡✱ ✇❡ r❡❝❡✐✈❡❞
♠✉❝❤ ♠♦r❡ ✐♥t❡r❡st ❢r♦♠ ❜♦t❤ ✇♦r❞ ♦❢ ♠♦✉t❤ ❛♠♦♥❣st t❡❛❝❤❡rs ❛♥❞ ✈✐❛ ❛ ❙t✐♠✉❧❛t✐♥❣ P❤②s✐❝s ◆❡t✇♦r❦ ❝♦❛❝❤
✭∼✷✵ t❡❛❝❤❡rs✮ t❤❛♥ ✈✐❛ ♦✉r t❡❛❝❤❡r ♠❛✐❧✐♥❣ ❧✐st ✭∼✺ t❡❛❝❤❡rs✮✳ ❲❡ t❤❡r❡❢♦r❡ r❡❝♦♠♠❡♥❞ t❤❛t s❝❤♦♦❧s
❛r❡ ❝♦♥t❛❝t❡❞ ❛❜♦✉t ✐♥✈♦❧✈❡♠❡♥t ❜❡❢♦r❡ t❤❡ s✉♠♠❡r ✉s✐♥❣ ❡①✐st✐♥❣ t❡❛❝❤❡r ♥❡t✇♦r❦s✳

✹✳✸ Pr♦❥❡❝t ❘❡s♦✉r❝❡s

❚♦ ❡♥❛❜❧❡ t❤❡ st✉❞❡♥ts t♦ t❛❦❡ ♣❛rt ✐♥ ♦✉r ❘✐❙ ♣r♦❥❡❝ts✱ t❤❡ st✉❞❡♥ts ❛♥❞ t❡❛❝❤❡rs ✇❡r❡ ♣r♦✈✐❞❡❞ ✇✐t❤ ❛
♥✉♠❜❡r ♦❢ r❡s♦✉r❝❡s ✐♥❝❧✉❞✐♥❣ ❡q✉✐♣♠❡♥t✱ ❞❛t❛ ❛♥❞ s♦❢t✇❛r❡✳ ❲❡ ❛❧s♦ ♣r♦✈✐❞❡❞ st✉❞❡♥ts ✇✐t❤ ❛ ✇r✐tt❡♥ ❣✉✐❞❡
t♦ t❤❡ ♣r♦❥❡❝t✳

❋♦r t❤❡ ❝♦s♠✐❝ r❛② ♠✉♦♥ ♣r♦❥❡❝t✱ ❛ ❚❡❛❝❤❙♣✐♥ ▼✉♦♥ P❤②s✐❝s ✇❛s ❧❡♥t t♦ t❤❡ s❝❤♦♦❧ ✭s❡❡ ❋✐❣✉r❡ ✼✮ ✇✐t❤ ❛♥
❛❣r❡❡♠❡♥t s✐❣♥❡❞ ♣r✐♠❛r✐❧② st✐♣✉❧❛t✐♥❣ t❤❛t t❤❡ ❞❡t❡❝t♦r ❜❡ ♣❧❛❝❡❞ ♦♥ t❤❡ s❝❤♦♦❧✬s ✐♥s✉r❛♥❝❡ ♣♦❧✐❝②✱ ♠❛❦✐♥❣
t❤❡ s❝❤♦♦❧ ❧✐❛❜❧❡ ❢♦r t❤❡ ❡①♣❡♥s✐✈❡ ✭∼ ➾✹✵✵✵✮ ❡q✉✐♣♠❡♥t ✐♥ ❝❛s❡ ♦❢ ❞❛♠❛❣❡ ♦r t❤❡❢t✳ ❲❡ ❛❧s♦ ♣r♦✈✐❞❡❞ ❛
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❞❡❞✐❝❛t❡❞ P❈✴❧❛♣t♦♣ ❛❧♦♥❣ ✇✐t❤ ❛♥② ❡q✉✐♣♠❡♥t ♣r♦✈✐❞❡❞ t♦ ❛❧❧❡✈✐❛t❡ ♣♦t❡♥t✐❛❧ s♦❢t✇❛r❡ ♦r ✐♥st✐t✉t✐♦♥❛❧ ■❚
✐ss✉❡s ✇✐t❤ ✉s✐♥❣ s❝❤♦♦❧ ❝♦♠♣✉t❡rs ✇✐t❤ t❤❡ ❞❡t❡❝t♦r✳ ❚❡❝❤♥✐❝❛❧ ♠❛♥✉❛❧s ❢♦r t❤❡ ❞❡t❡❝t♦r ✇❡r❡ ❛❧s♦ ♣r♦✈✐❞❡❞
t♦ t❡❛❝❤❡rs✳ ❚❤✐s ♣r♦✈❡❞ ✐♠♣♦rt❛♥t s✐♥❝❡ t❤❡ ♠✉♦♥ ❦✐t✬s ♠❛♥✉❛❧ ❞❡t❛✐❧❡❞ ❤♦✇ t❤❡ ❞❛t❛ ✇❛s st♦r❡❞✱ ✇❤✐❝❤ ✇❛s
✈✐t❛❧ ✇❤❡♥ ❣♦✐♥❣ ❜❡②♦♥❞ s✐♠♣❧② ✉s✐♥❣ t❤❡ s♦❢t✇❛r❡ ♣❛❝❦❛❣❡ ❢♦r t❤❡ st✉❞❡♥ts✬ r❡s❡❛r❝❤ ♣r♦❥❡❝ts✳ ■♥ s✐♠✐❧❛r
❝❛s❡s ♦❢ ❧❡♥❞✐♥❣ ❡q✉✐♣♠❡♥t✱ ✇❡ r❡❝♦♠♠❡♥❞ t❤❛t ❛ ❝♦♠♣❧❡t❡ s♦❧✉t✐♦♥ t♦ ❡q✉✐♣♠❡♥t ❜❡ ♣r♦✈✐❞❡❞
✇✐t❤ ♥♦ ❡①♣❡❝t❛t✐♦♥s ♦❢ ✇❤❛t s❝❤♦♦❧s ❝❛♥ ♣r♦✈✐❞❡ ❛❞❞✐t✐♦♥❛❧❧② ❛♥❞ t❤❛t ✐♥s✉r❛♥❝❡ ♦❢ ❡q✉✐♣♠❡♥t
✐s ❝♦♥s✐❞❡r❡❞✳

❋✐❣✉r❡ ✼✿ ❚❡❛❝❤❙♣✐♥ ▼✉♦♥ P❤②s✐❝s ❦✐t ♣r♦✈✐❞❡❞ t♦ s❝❤♦♦❧s ✐♥❝❧✉❞✐♥❣ s❝✐♥t✐❧❧❛t♦r ✲ ♣❤♦t♦♠✉❧t✐♣❧✐❡r t✉❜❡✱ ❞❡t❡❝t♦r
❡❧❡❝tr♦♥✐❝s ❛♥❞ ❛❝❝♦♠♣❛♥②✐♥❣ s♦❢t✇❛r❡✳

❚❤❡ ♠❛❣♥❡t♦s♣❤❡r✐❝ ❯▲❋ ✇❛✈❡ ♣r♦❥❡❝t✱ ♦♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ ❤❛❞ ♥♦ ❡q✉✐♣♠❡♥t ❜✉t ✐♥st❡❛❞ r❡q✉✐r❡❞ s✉♣♣❧②✐♥❣
❞❛t❛ ✐♥ t❤❡ ❢♦r♠ ♦❢ ❛✉❞✐♦ ✜❧❡s✳ ❚❤❡s❡ ✇❡r❡ ♣r♦✈✐❞❡❞ t♦ st✉❞❡♥ts ♦♥ ❯❙❇ st✐❝❦s ❛❧♦♥❣ ✇✐t❤ ❛ ♣♦rt❛❜❧❡ ✈❡rs✐♦♥
♦❢ ❆✉❞❛❝✐t② t♦ ❜❡ ✉s❡❞ ❢♦r t❤❡ ❛♥❛❧②s✐s ✭s❡❡ ❋✐❣✉r❡ ✽✮✳ ▼♦st s❝❤♦♦❧s ✇❡r❡ ❛❜❧❡ t♦ ❡✐t❤❡r ✉s❡ t❤❡ ♣r♦✈✐❞❡❞
s♦❢t✇❛r❡ ♦r ❣❡t ❛ ✈❡rs✐♦♥ ♦❢ t❤❡ ❢r❡❡ s♦❢t✇❛r❡ ✐♥st❛❧❧❡❞ ♦♥ t❤❡✐r s②st❡♠ ❜② t❤❡✐r ■❚ ❞❡♣❛rt♠❡♥t✳ ❲❤✐❧❡ st✉❞❡♥ts
✇❡r❡ ✐♥str✉❝t❡❞ t♦ r❡❝♦r❞ t❤❡ ✇❛✈❡ ❡✈❡♥ts t❤❡② ❢♦✉♥❞ ❛♥❞ ❛♥❛❧②s❡❞ ✐♥ ❛ s♣r❡❛❞s❤❡❡t✱ ♠❛♥② ♦❢ t❤❡♠ str✉❣❣❧❡❞
✇✐t❤ t❤✐s✱ ♣❛rt✐❝✉❧❛r❧② ✐♥ ❛♣♣❧②✐♥❣ s♦♠❡ ♦❢ t❤❡ r♦✉t✐♥❡ ❢♦r♠✉❧❛s r❡q✉✐r❡❞ s✉❝❤ ❛s r❡❧✐❛❜❧② ❝♦♥✈❡rt✐♥❣ ❜❡t✇❡❡♥
t✐♠❡s ✐♥ t❤❡ ❛✉❞✐♦ ✜❧❡s t♦ ❡✐t❤❡r r❡❛❧ t✐♠❡s ♦r s♣❛❝❡❝r❛❢t ❧♦❝❛❧ t✐♠❡s ✭❛ ♠❡❛s✉r❡ ♦❢ ❧♦❝❛t✐♦♥✮✳ ❚❤✐s ❝♦♠✐♥❣ ②❡❛r
✇❡ ❤❛✈❡ ❞❡❝✐❞❡❞ t♦ ♣r♦✈✐❞❡ ❛ s❡t s♣r❡❛❞s❤❡❡ts ❢♦r st✉❞❡♥ts✬ ❞❛t❛ ❧♦❣❣✐♥❣ ✇❤✐❝❤ s❤♦✉❧❞ ♥♦t ♦♥❧② ❛✐❞ st✉❞❡♥ts✬
♣r♦❣r❡ss✐♦♥ ✇✐t❤ t❤❡ ♣r♦❥❡❝t ❜✉t ♠❛② ♣r♦✈❡ ✉s❡❢✉❧ ❢♦r ✉s❡ ❜② r❡s❡❛r❝❤❡rs ❞✉❡ t♦ t❤❡ st❛♥❞❛r❞✐s❡❞ ❢♦r♠❛t✳
❚❤❡r❡❢♦r❡✱ ❢♦r ❝♦♠♣✉t❡r✲❜❛s❡❞ ♣r♦❥❡❝ts ✇❡ r❡❝♦♠♠❡♥❞ ♣♦rt❛❜❧❡ s♦❢t✇❛r❡ ❜❡ ✉s❡❞ ✇❤❡r❡ ♣♦ss✐❜❧❡ ❛♥❞
t❤❛t ❛ st❛♥❞❛r❞ ❢♦r♠❛t ♦❢ ❞❛t❛ ❧♦❣❣✐♥❣ ✐s ♣r♦✈✐❞❡❞✳

❋♦r ❛♥❛❧②s✐s✱ st✉❞❡♥ts ✇❡r❡ ❛❜❧❡ t♦ ✉s❡ ❛♥② ♣❛❝❦❛❣❡ t❤❡② ❝❤♦s❡✳ ❍♦✇❡✈❡r✱ ❢♦r s♦♠❡ t❛s❦s s✉❝❤ ❛s ♥♦♥✲❧✐♥❡❛r
❝✉r✈❡ ✜tt✐♥❣ ❛♥❞ ❡rr♦r ❡st✐♠❛t✐♦♥ ✇❡ ❢♦✉♥❞ t❤❛t ❊①❝❡❧✱ t❤❡ ♠♦st ✇✐❞❡❧② ❛✈❛✐❧❛❜❧❡ ❛♥❞ ❢❛♠✐❧✐❛r t♦♦❧ ❢♦r t❤❡
st✉❞❡♥ts✱ ✇❛s ✐♥s✉✣❝✐❡♥t✳ ■t ✇❛s r❡❝♦♠♠❡♥❞❡❞ t❤❛t st✉❞❡♥ts ✉s❡ P❧♦t✳❧②✱ ❛ ❢r❡❡ ♦♥❧✐♥❡ ❛♥❛❧②t✐❝s ❛♥❞ ❞❛t❛
✈✐s✉❛❧✐③❛t✐♦♥ t♦♦❧ ❜❛s❡❞ ♦♥ P②t❤♦♥✱ ❛ ♣r♦❣r❛♠♠✐♥❣ ❧❛♥❣✉❛❣❡ ✇❤✐❝❤ ✐s ✐♥❝r❡❛s✐♥❣❧② ✉s❡❞ ✐♥ s❝✐❡♥t✐✜❝ r❡s❡❛r❝❤
♥♦✇❛❞❛②s ♣❛rt✐❝✉❧❛r❧② ❢♦r ❞❛t❛ ❛♥❛❧②s✐s✳ ❋✐❣✉r❡ ✾ s❤♦✇s t❤❡ ✉s❡ ♦❢ t❤✐s t♦♦❧ ✐♥ t❤❡ ❝♦s♠✐❝ r❛② ♠✉♦♥✬s
♣r❡s❝r✐❜❡❞ ❡①♣❡r✐♠❡♥t ♦❢ ❛ ❧✐❢❡t✐♠❡ ♠❡❛s✉r❡♠❡♥t✳

■♥ t❤❡ ✜rst ②❡❛r ♦❢ t❤❡ ❘✐❙ ♣r♦❣r❛♠♠❡✱ st✉❞❡♥ts ✇❡r❡ ❣✐✈❡♥ ❛ ❜❛r❡❜♦♥❡s ❣✉✐❞❡ ✇❤✐❝❤ ❤❛❞ ❜❡❡♥ ✇r✐tt❡♥ ❜② ❛♥
✉♥❞❡r❣r❛❞✉❛t❡✳ ❚❤✐s ❣❛✈❡ ✐♥str✉❝t✐♦♥s ❢♦r t♦ t❤❡ ♠✉♦♥ ❡q✉✐♣♠❡♥t✱ ❜✉t ❞✐❞ ♥♦t ❝♦✈❡r ♠✉❝❤ ♦❢ t❤❡ s❝✐❡♥t✐✜❝
✜❡❧❞✱ t❤❡♦r②✱ ♦r ❤♦✇ t❤❡ ❞❡t❡❝t♦r ✇♦r❦❡❞✳ ❚❤✐s s❡❡♠❡❞ t♦ ❧✐♠✐t st✉❞❡♥ts✬ ♣r♦❣r❡ss✿ t❤❡② ❞✐❞ ♥♦t s✉✣❝✐❡♥t❧②

✶✸

http://www.plot.ly


❋✐❣✉r❡ ✽✿ ❙t✉❞❡♥ts ✉s❡❞ t❤❡ ♣♦rt❛❜❧❡ ✈❡rs✐♦♥ ♦❢ ❆✉❞❛❝✐t② t♦ ❛♥❛❧②s❡ ♠❛❣♥❡t♦s♣❤❡r✐❝ ❯▲❋ ✇❛✈❡s✱ ✉t✐❧✐s✐♥❣ ❢❡❛t✉r❡s
s✉❝❤ ❛s ✇❛✈❡❢♦r♠ ✭t♦♣✮ ❛♥❞ s♣❡❝tr♦❣r❛♠ ✭❜♦tt♦♠✮ ✈✐❡✇s✳

❋✐❣✉r❡ ✾✿ ▼✉♦♥ ❞❡❝❛② t✐♠❡ ❤✐st♦❣r❛♠ ✇✐t❤ P♦✐ss♦♥ ❡rr♦r ❜❛rs ❛♥❞ ❛♥ ❡①♣♦♥❡♥t✐❛❧ ✜t ✇✐t❤ ❛ss♦❝✐❛t❡❞ ✐♥ ✜t
♣❛r❛♠❡t❡r ❡rr♦rs ✉s✐♥❣ ♣❧♦t✳❧②

✶✹



✉♥❞❡rst❛♥❞ ✇❤❡♥ q✉❡st✐♦♥❡❞ ❞✉r✐♥❣ t❤❡✐r ♣♦st❡r ♣r❡s❡♥t❛t✐♦♥s ✇❤❛t t❤❡② ❤❛❞ ♠❡❛s✉r❡❞✱ ✇❤② t❤❡② ❤❛❞ ✉s❡❞
t❤❡ ♠❡t❤♦❞s t❤❡② ❞✐❞✱ ❛♥❞ ✇❤❛t t❤❡ s✐❣♥✐✜❝❛♥❝❡ ♦❢ t❤❡✐r r❡s✉❧ts ✇❡r❡✳

❋♦r t❤❡ s❡❝♦♥❞ ②❡❛r ♦❢ ❘✐❙ ♣r♦❥❡❝ts ♠♦r❡ ❝♦♠♣r❡❤❡♥s✐✈❡ st✉❞❡♥t ❛♥❞ t❡❛❝❤❡r ❣✉✐❞❡s ✇❡r❡ ❝r❡❛t❡❞✳ ❚❤❡s❡
❣✉✐❞❡s✱ ♣r❡s❡♥t❡❞ ✐♥ t❤❡ st②❧❡ ♦❢ ❛♥ ❛❝❛❞❡♠✐❝ ♣❛♣❡r ✭s❡❡ ❋✐❣✉r❡ ✶✵✮✱ ✇❡r❡ ❞❡s✐❣♥❡❞ t♦ s❡r✈❡ ❛s ❛♥ ✐♥tr♦❞✉❝t✐♦♥✱
♣r♦✈✐❞✐♥❣ ❡♥♦✉❣❤ ✐♥❢♦r♠❛t✐♦♥ ❢♦r st✉❞❡♥ts t♦ st❛rt ✇♦r❦✐♥❣ ♦♥ t❤❡ ♣r♦❥❡❝t ❛♥❞ r❡❢❡r ❜❛❝❦ t♦ ❜✉t ❛❧s♦ r❡q✉✐r✐♥❣
t❤❡♠ t♦ r❡❛❞ ❛❞❞✐t✐♦♥❛❧ ♠❛t❡r✐❛❧s ❛s t❤❡② ♣r♦❣r❡ss❡❞✳ ❚❤❡ ❝♦♥t❡♥t ❝♦✈❡r❡❞✿

❼ ■♥tr♦❞✉❝t✐♦♥ t♦ t❤❡ s❝✐❡♥t✐✜❝ ✜❡❧❞

❼ ❘❡❧❡✈❛♥t t❤❡♦r②

❼ ❊①♣❧❛♥❛t✐♦♥ ♦❢ t❤❡ ❡q✉✐♣♠❡♥t✴❞❛t❛

❼ ❆♥❛❧②s✐s t❡❝❤♥✐q✉❡s

❼ ❉❡t❛✐❧s ♦❢ t❤❡ ✐♥✐t✐❛❧ ♣r❡s❝r✐❜❡❞ ❛❝t✐✈✐t②

❼ ❙✉❣❣❡st❡❞ ❛✈❡♥✉❡s ♦❢ ❡①♣❧♦r❛t✐♦♥ ❢♦r ✐♥❞❡♣❡♥❞❡♥t r❡s❡❛r❝❤

❚❤r♦✉❣❤♦✉t t❤✐s ♠❛t❡r✐❛❧✱ ❛ ♥✉♠❜❡r ♦❢ ❡①❡r❝✐s❡s ✇❡r❡ ♣r❡s❡♥t r❡q✉✐r✐♥❣ ❡✐t❤❡r ♠❛t❤❡♠❛t✐❝❛❧ ❝❛❧❝✉❧❛t✐♦♥s ♦r
❝r✐t✐❝❛❧ ❞✐s❝✉ss✐♦♥s ❞❡s✐❣♥❡❞ t♦ ❣❡t st✉❞❡♥ts t❤✐♥❦✐♥❣ ❛❜♦✉t t❤❡ ♣r♦❥❡❝t ❛♥❞✴♦r ♠♦t✐✈❛t✐♥❣ t❤❡✐r ❛❝t✐✈✐t✐❡s✱
r❛t❤❡r t❤❛♥ ❜❧✐♥❞❧② ❢♦❧❧♦✇✐♥❣ ✐♥str✉❝t✐♦♥s✳

✏❚❤❡ st✉❞❡♥ts ♥❡❡❞ ❛♥❞ ♥❡❡❞❡❞ t♦ t❤✐♥❦ ❛❜♦✉t t❤❡ ✇♦r❦✑
▼❛r② ❲♦♦❞✱ P❤②s✐❝s ❚❡❛❝❤❡r✱ ❙t ●r❡❣♦r②✬s ❘♦♠❛♥ ❈❛t❤♦❧✐❝ ❙❝✐❡♥❝❡ ❈♦❧❧❡❣❡

❚❡❛❝❤❡rs ✇❡r❡ ♣r♦✈✐❞❡❞ ✇✐t❤ t❤❡ s❛♠❡ ❣✉✐❞❡✱ ❜✉t ✇✐t❤ ❡①tr❛ ❣✉✐❞❛♥❝❡ ✐♥❝❧✉❞✐♥❣ ❛♥s✇❡rs t♦ t❤❡ ❡①❡r❝✐s❡s✱
❤✐♥ts ❛♥❞ t✐♣s ❛❜♦✉t ❞✐✛❡r❡♥t ♠❡t❤♦❞s✱ ❝♦♠♠♦♥ ♣✐t❢❛❧❧s ♦❢ st✉❞❡♥ts ❡t❝✳ ❆❧❧ t❡❛❝❤❡rs str♦♥❣❧② ❛❣r❡❡❞ ✐♥ t❤❡
❢❡❡❞❜❛❝❦ t❤❛t s✉✣❝✐❡♥t r❡s♦✉r❝❡s ❤❛❞ ❜❡❡♥ ♣r♦✈✐❞❡❞ t♦ t❤❡♠ ❢♦r t❤❡ ♣r♦❥❡❝ts✳ ●✐✈❡♥ t❤✐s ❢❡❡❞❜❛❝❦ ❛♥❞ t❤❡
✐♠♣r♦✈❡❞ st✉❞❡♥t ♣r♦❣r❡ss ❛♥❞ ✉♥❞❡rst❛♥❞✐♥❣ ✐♥ t❤❡ ❝❛s❡ ♦❢ ❝♦s♠✐❝ r❛② ♠✉♦♥ ♣r♦❥❡❝t✱ ✇❡ r❡❝♦♠♠❡♥❞ t❤❛t
❛ ❝♦♠♣r❡❤❡♥s✐✈❡ ✐♥tr♦❞✉❝t♦r② r❡s♦✉r❝❡ t♦ t❤❡ ♣r♦❥❡❝t ✐s ❣✐✈❡♥ t♦ st✉❞❡♥ts ✇✐t❤ t❡❛❝❤❡rs ❣✐✈❡♥
❛❞❞✐t✐♦♥❛❧ ❣✉✐❞❛♥❝❡✳

❋✐❣✉r❡ ✶✵✿ ❙t✉❞❡♥ts ❛r❡ ❣✐✈❡♥ r❡s♦✉r❝❡s ✐♥ t❤❡ st②❧❡ ♦❢ ❛ s❝✐❡♥t✐✜❝ ♣❛♣❡r ✭❧❡❢t✮ ✇❤✐❧❡ t❡❛❝❤❡rs r❡❝❡✐✈❡ t❤❡ s❛♠❡ ❜✉t
✇✐t❤ ❡①tr❛ ❣✉✐❞❛♥❝❡ ♥♦t❡s ✭r✐❣❤t✮✳

✹✳✹ ❘♦❧❡ ♦❢ t❤❡ ❚❡❛❝❤❡r

❚❡❛❝❤❡rs ♣❧❛②❡❞ ❛♥ ✐♠♣♦rt❛♥t r♦❧❡ ✐♥ ❛rr❛♥❣✐♥❣ ❛♥❞ s✉♣♣♦rt✐♥❣ t❤❡✐r st✉❞❡♥ts ✇✐t❤ t❤❡s❡ ❘✐❙
♣r♦❥❡❝ts✳ ❚❤❡② ❛❝t❡❞ ❛s t❤❡ st✉❞❡♥ts✬ ✜rst ♣♦✐♥t ♦❢ ❝❛❧❧ ✇❤❡♥ ❞✐s❝✉ss✐♦♥s ✇✐t❤✐♥ t❤❡✐r r❡s❡❛r❝❤ ❣r♦✉♣ ❛r❡
✐♥s✉✣❝✐❡♥t✳ ❲❤✐❧❡ st✉❞❡♥ts ❣❡♥❡r❛❧❧② s❡❡♠❡❞ t♦ ✇♦r❦ ❛❧♠♦st ❛✉t♦♥♦♠♦✉s❧② ♦♥ t❤❡ ♣r♦❥❡❝ts✱ ♠♦st t❡❛❝❤❡rs
❢❡❧t t❤❡② ✇❡r❡ ❛❜❧❡ t♦ s✉♣♣♦rt t❤❡✐r st✉❞❡♥ts✳ ❍♦✇❡✈❡r✱ ♦♥❡ ❢❡❧t ❤❛♠♣❡r❡❞ ❜② t✐♠❡ ❝♦♥str❛✐♥ts ✇❤✐❧st ❛♥♦t❤❡r
❢❡❧t t❤❡② ❝♦✉❧❞ ♣r♦✈✐❞❡ ✏❛ ❧✐tt❧❡ ❜✉t ♦♥❧② t❤r♦✉❣❤ ▼❛rt✐♥✬s s✉♣♣♦rt✑✱ ❤✐❣❤❧✐❣❤t✐♥❣ t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ ❛❞❞✐t✐♦♥❛❧
r❡s❡❛r❝❤❡r ✐♥✈♦❧✈❡♠❡♥t ❛s ✇❡❧❧ ✭s❡❡ t❤❡ ♥❡①t s❡❝t✐♦♥✮✳ ◗✉❛❧✐t❛t✐✈❡❧② ✐t ❛♣♣❡❛r❡❞ t❤❛t st✉❞❡♥ts ♠❛❞❡ ♠♦r❡
♣r♦❣r❡ss ❜❡t✇❡❡♥ r❡s❡❛r❝❤❡r ✈✐s✐ts ✇❤❡♥ t❤❡✐r t❡❛❝❤❡r ❛♣♣❡❛r❡❞ ❝♦♥✜❞❡♥t ✇✐t❤ t❤❡ ♠❛t❡r✐❛❧ ❝♦♠♣❛r❡❞ t♦
t❤♦s❡ t❤❛t s❤♦✇❡❞ ♦✉t✇❛r❞ ✉♥❝❡rt❛✐♥t②✳

✶✺



❲❡ ❜❡❧✐❡✈❡ t❤❛t ❤♦✇ t❤❡ ❘✐❙ ♣r♦❥❡❝ts ❛r❡ ✐♥❝♦r♣♦r❛t❡❞ ✐♥t♦ ❛ s❝❤♦♦❧ ✐s ❜❡st ❞❡❝✐❞❡❞ ❜② t❤❡
s✉♣❡r✈✐s✐♥❣ t❡❛❝❤❡r✳ ❚❤❡ ♠❛❥♦r✐t② ♦❢ t❤❡ ❘✐❙ ❛❝t✐✈✐t✐❡s ✇✐❧❧ ❜❡ ❛♥ ❡①tr❛✲❝✉rr✐❝✉❧❛r ❛❝t✐✈✐t②✱ ✉♥❞❡rt❛❦❡♥ ✐♥
t❤❡ st✉❞❡♥ts✬ ♦✇♥ t✐♠❡✳ ❍♦✇❡✈❡r✱ t❡❛❝❤❡rs ♦❢t❡♥ ❛rr❛♥❣❡❞ ❧✉♥❝❤t✐♠❡ ♦r ❛❢t❡r s❝❤♦♦❧ s❡ss✐♦♥s ✇✐t❤✐♥ ✇❤✐❝❤
t♦ r✉♥ ❛❝t✐✈✐t❡s s✉rr♦✉♥❞✐♥❣ t❤❡ ♣r♦❥❡❝ts✳ ❖t❤❡r t❡❛❝❤❡rs ✉t✐❧✐s❡❞ ❛ ♠✐①t✉r❡ ♦❢ ❜♦t❤ ❝❧❛ssr♦♦♠✱ ♣❛rt✐❝✉❧❛r❧②
✐♥ t❤❡ ✐♥tr♦❞✉❝t♦r② st❛❣❡s ♦❢ t❤❡ ♣r♦❥❡❝t✱ ❛♥❞ ❡①tr❛✲❝✉rr✐❝✉❧❛r s❡ss✐♦♥s✳ ❋r♦♠ t❤❡ r❡s❡❛r❝❤❡r s✐❞❡✱ s♦♠❡
✢❡①✐❜✐❧✐t② ✐s t❤❡r❡❢♦r❡ r❡q✉✐r❡❞ ❢♦r s✉❝❝❡ss❢✉❧ ✐♥✈♦❧✈❡♠❡♥t ♦❢ ❛ s❝❤♦♦❧ ✇✐t❤ t❤❡ ♣r♦❥❡❝t✳

❲✐t❤ t❤❛t ❜❡✐♥❣ s❛✐❞✱ ♥♦t ❛❧❧ s❝❤♦♦❧s ✇❡r❡ ❛❜❧❡ t♦ ♠❛✐♥t❛✐♥ ✐♥✈♦❧✈❡♠❡♥t ✇✐t❤ ♦✉r ❘✐❙ ♣r♦❥❡❝ts✳ ❖♥❡ t❡❛❝❤❡r
r❡♣♦rt❡❞ ❜❛❝❦ t❤❛t ✏❚❤❡ st✉❞❡♥ts ❛r❡ ❝♦♥❝❡r♥❡❞ ❛❜♦✉t ✜tt✐♥❣ ✐♥ ❛❧❧ ♦❢ t❤❡✐r ❆ ❧❡✈❡❧ ❝♦♥t❡♥t✑ r❡s✉❧t✐♥❣ ✐♥ ♦♥❧②
♦♥❡ st✉❞❡♥t ❝♦♥t✐♥✉✐♥❣ ✇✐t❤ ✐t ❢r♦♠ t❤❛t s❝❤♦♦❧ ✇❤❡r❡❛s ❛♥♦t❤❡r st❛t❡❞ ✏s❛❞❧② ❝♦♠♣❡t✐♥❣ ❛❝t✐✈✐t✐❡s✳ ✳ ✳ ♣❧✉s
t❤❡✐r ✇♦r❦ ❝♦♥❝❡r♥s✑ ♠❡❛♥t t❤❡② ✇❡r❡ ✉❧t✐♠❛t❡❧② ✉♥❛❜❧❡ t♦ ❣❡t ✐♥✈♦❧✈❡❞ q✉♦t✐♥❣ ✏✐t ✐s t❤❡ t✐♠❡ ♦❢ ②❡❛r✑✳
❍♦✇❡✈❡r✱ ❜♦t❤ t❡❛❝❤❡rs ✇❡r❡ ✐♥t❡r❡st❡❞ ✐♥ tr②✐♥❣ t♦ ✇♦r❦ t❤❡ ❘✐❙ ♣r♦❥❡❝ts ✐♥t♦ t❤❡✐r s❝❤❡❞✉❧❡ ❞✐✛❡r❡♥t❧② t❤❡
❢♦❧❧♦✇✐♥❣ ②❡❛r✳

❖♥❡ t❡❛❝❤❡r ✇❛s ✐♥t❡r❡st❡❞ ✐♥ ✐♥❝♦r♣♦r❛t✐♥❣ t❤❡ ❇r✐t✐s❤ ❙❝✐❡♥❝❡ ❆ss♦❝✐❛t✐♦♥✬s ❈❘❊❙❚ ❆✇❛r❞s ♦r ❊①t❡♥❞❡❞
Pr♦❥❡❝t ◗✉❛❧✐✜❝❛t✐♦♥s ✐♥t♦ t❤❡ ❘✐❙ ♣r♦❣r❛♠♠❡✳ ❚❤❡r❡ ✐s ❛❧s♦ t❤❡ ♣♦ss✐❜✐❧✐t② ♦❢ st✉❞❡♥ts ♣✉❜❧✐s❤✐♥❣ t❤❡✐r
✇♦r❦ ✐♥ ❛ ❣r♦✇✐♥❣ ♥✉♠❜❡r ♦❢ ❥♦✉r♥❛❧s ❞❡s✐❣♥❡❞ ❢♦r ②♦✉♥❣ r❡s❡❛r❝❤❡rs ❡✳❣✳ ❨♦✉♥❣ ❙❝✐❡♥t✐st ❏♦✉r♥❛❧✳ ❲❡ ❢❡❡❧
t❤❛t t❡❛❝❤❡rs ❛r❡ ❛❣❛✐♥ ❜❡st ♣❧❛❝❡❞ t♦ ❞❡t❡r♠✐♥❡ ✇❤❡t❤❡r t❤❡s❡ ❛❝t✐✈✐t✐❡s ❛r❡ ✇♦rt❤ ❞♦✐♥❣ ❜❡②♦♥❞ ♦✉r ❘✐❙
♣r♦❣r❛♠♠❡ str✉❝t✉r❡✱ t❤♦✉❣❤ t❤❡ r❡❝❡♥t❧② ❢♦r♠❡❞ ■♥st✐t✉t❡ ❢♦r ❘❡s❡❛r❝❤ ✐♥ ❙❝❤♦♦❧s ♠❛② ❜❡ ❛❜❧❡ t♦ ♣r♦✈✐❞❡
t❡❛❝❤❡rs ✇✐t❤ s✉♣♣♦rt ❢♦r t❤❡s❡ ❡♥❞❡❛✈♦✉rs✳

❙✐♠✐❧❛r t♦ t❤❡ ❲❡❧❧❝♦♠❡ ❚r✉st✬s r❡✈✐❡✇✱ ✇❡ ❛❧s♦ ✜♥❞ t❤❛t ❘✐❙ ♣r♦❥❡❝ts ❝❛♥ ❤❛✈❡ ❛ ♣♦s✐t✐✈❡ ✐♠♣❛❝t ♦♥
t❤❡ t❡❛❝❤❡rs t❤❡♠s❡❧✈❡s✳

✏■t ❤❛s r❡❝♦♥♥❡❝t❡❞ ♠❡ ✇✐t❤ ✉♥✐✈❡rs✐t② ❧❡✈❡❧ ♣❤②s✐❝s ❛♥❞ r❡♠✐♥❞❡❞ ♠❡ ❤♦✇ t♦ ♠❡♥t♦r ❛ r❡s❡❛r❝❤ ♣r♦❥❡❝t
❬❛s❪ ■ ✇❛s ✈❡r② r✉st②✳ ❬❚❤❡ ♣r♦❥❡❝t ❤❛s❪ ❣✐✈❡♥ ♠② t❡❛❝❤✐♥❣ ❛ ❜♦♦st✑

❉r✳ ❆❧❡①❛♥❞r❛ ●❛❧❧♦♥✐✱ P❤②s✐❝s ❚❡❛❝❤❡r✱ ❉✉❧✇✐❝❤ ❈♦❧❧❡❣❡

✏▼❛❞❡ ♠❡ s♣❡♥❞ ❡①tr❛ t✐♠❡ ✐♥ s❝❤♦♦❧ ✇✐t❤ ♠② st✉❞❡♥ts✳ ■t ❤❛s ❜❡❡♥ ✐♥t❡r❡st✐♥❣ s❝✐❡♥❝❡ t♦♦ s♦ ■ ❤❛✈❡ ❧❡❛r♥t
s♦♠❡ ♠♦r❡ P❤②s✐❝s✳✑

▼❛r② ❲♦♦❞✱ P❤②s✐❝s ❚❡❛❝❤❡r✱ ❙t ●r❡❣♦r②✬s ❘♦♠❛♥ ❈❛t❤♦❧✐❝ ❙❝✐❡♥❝❡ ❈♦❧❧❡❣❡

●✐✈❡♥ t❤❡ ✐♠♣♦rt❛♥t r♦❧❡ t❤❛t t❡❛❝❤❡rs ♣❧❛② ♦♥ st✉❞❡♥ts✬ ❛s♣✐r❛t✐♦♥s ❬❡✳❣✳ ❆r❝❤❡r ❡t ❛❧✳✱ ✷✵✶✸❪ r❡❝♦♥♥❡❝t✐♥❣
t❤❡♠ ✇✐t❤ t❤❡✐r s✉❜❥❡❝t ❛t ❛♥ ❛❝❛❞❡♠✐❝ ❧❡✈❡❧✱ ❝❤❛❧❧❡♥❣✐♥❣ t❤❡♠ ❛♥❞ ❤❡❧♣✐♥❣ t❤❡♠ ❞❡✈❡❧♦♣ t❤❡✐r s❦✐❧❧s s❤♦✉❧❞
r❡✢❡❝t ♣♦s✐t✐✈❡❧② ♦♥ t❤❡✐r st✉❞❡♥ts ✲ ❜♦t❤ t❤♦s❡ ✉♥❞❡rt❛❦✐♥❣ ❘✐❙ ❛♥❞ ♠♦r❡ ❣❡♥❡r❛❧❧②✳

✹✳✺ ❘♦❧❡ ♦❢ t❤❡ ❯♥✐✈❡rs✐t②

❖♥❡ ♦❢ t❤❡ ❛s♣❡❝ts ♦❢ t❤✐s ❘✐❙ ♣r♦❣r❛♠♠❡ ✇❤✐❝❤ ❞✐✛❡rs ❢r♦♠ s♦♠❡ ♦❢ t❤❡ ❡①✐st✐♥❣ ♦♥❡s ✐s t❤❡ ❛❝t✐✈❡ s✉♣❡r✈✐s✐♦♥
❛♥❞ s✉♣♣♦rt ❢r♦♠ P❤②s✐❝s r❡s❡❛r❝❤❡rs✳ ❚❤✐s ❡♥❝♦♠♣❛ss❡❞ ❛ ♥✉♠❜❡r ♦❢ r♦❧❡s t♦ ❡♥s✉r❡ t❤❡ st✉❞❡♥ts✬ s✉❝❝❡ss
✇✐t❤ t❤❡ ♣r♦❥❡❝ts ✐♥❝❧✉❞✐♥❣✿

❼ ❉❡❧✐✈❡r✐♥❣ ❛ ♣r❡s❡♥t❛t✐♦♥✴✇♦r❦s❤♦♣ ♣r♦✈✐❞✐♥❣ ❛♥ ❛❝❛❞❡♠✐❝ ✐♥tr♦❞✉❝t✐♦♥ t♦ t❤❡ s❝✐❡♥t✐✜❝ ✜❡❧❞ ❛♥❞ t❤❡
♣r♦❥❡❝t ✐ts❡❧❢ t♦ st✉❞❡♥ts✳

❼ ❈♦♥t❛❝t ✇✐t❤ ❛♥❞ ♠❛♥❛❣✐♥❣ t❤❡ t❡❛❝❤❡rs ❡✳❣✳ ❛rr❛♥❣✐♥❣ s❝❤♦♦❧ ✈✐s✐ts✱ s♦❧✐❝✐t✐♥❣ ✉♣❞❛t❡s ♦♥ ♣r♦❣r❡ss✱
♣r♦✈✐❞✐♥❣ ❧✐♥❦s t♦ r❡s♦✉r❝❡s✱ s❡tt✐♥❣ ❞❡❛❞❧✐♥❡s ❡t❝✳

❼ ❙❝❤♦♦❧ ✈✐s✐ts ✇❤❡r❡ ❛s♣❡❝ts ♦❢ ♠❡t❤♦❞s✱ ❛♥❛❧②s✐s t❡❝❤♥✐q✉❡s✱ ❡rr♦rs✱ ❛♥❞ s❝✐❡♥t✐✜❝ ♣r❡s❡♥t❛t✐♦♥ ❛r❡
❞✐s❝✉ss❡❞ ✇✐t❤ st✉❞❡♥ts✳

❼ ▲✐st❡♥✐♥❣ t♦ ❛♥❞ ♣r♦✈✐❞✐♥❣ ❝♦♠♠❡♥ts ♦♥ st✉❞❡♥ts✬ ♣r♦❣r❡ss ✇✐t❤ s✉❣❣❡st✐♦♥s ❢♦r ❝♦♥t✐♥✉❛t✐♦♥ ✇✐t❤✐♥
t❤❡ t✐♠❡❢r❛♠❡ ♦❢ t❤❡ ♣r♦❥❡❝ts✳

❼ ❈♦♥t❡①t✉❛❧✐s✐♥❣ t❤❡ st✉❞❡♥ts✬ ✇♦r❦ ✐♥ t❡r♠s ♦❢ ❝✉rr❡♥t ❛♥❞ ♣❛st r❡s❡❛r❝❤✱ ❤✐❣❤❧✐❣❤t✐♥❣ t❤❡ ♠♦t✐✈❛t✐♦♥s
✇✐t❤✐♥ t❤❡ ✜❡❧❞ ❡t❝✳

❼ Pr♦✈✐❞✐♥❣ ❝♦♠♠❡♥ts ♦♥ st✉❞❡♥ts✬ ♣r♦❞✉❝❡❞ ❞r❛❢t ♣♦st❡rs ❛♥❞ t❛❧❦s ❢♦r t❤❡ ❝♦♥❢❡r❡♥❝❡✳

✶✻



❋✐❣✉r❡ ✶✶✿ P❤♦t♦ ♦❢ ❛ s❝❤♦♦❧ ✈✐s✐t t♦ s✉♣❡r✈✐s❡ st✉❞❡♥ts ✇♦r❦✐♥❣ ♦♥ t❤❡ ❝♦s♠✐❝ r❛② ♠✉♦♥ ♣r♦❥❡❝t✳

❆s ✇❛s ❤✐❣❤❧✐❣❤t❡❞ ✐♥ t❤❡ ♣r❡✈✐♦✉s s❡❝t✐♦♥✱ ♠♦st t❡❛❝❤❡rs ❞✐❞ ♥♦t ❢❡❡❧ ❝♦♥✜❞❡♥t ❡♥♦✉❣❤ t♦ ❢✉❧❧②
s✉♣♣♦rt t❤❡✐r st✉❞❡♥ts✬ ♣r♦❥❡❝t ✇♦r❦ ❛❧♦♥❡✳ ❚❤✐s ✐s ✇❤❡r❡ t❤❡ s❦✐❧❧s ❛♥❞ ❡①♣❡r✐❡♥❝❡ ♦❢ r❡s❡❛r❝❤❡rs ♠❛②
♣r♦✈❡ ✐♥❝r❡❞✐❜❧② ✐♥✈❛❧✉❛❜❧❡ ✐♥ t❛❝❦❧✐♥❣ st✉❞❡♥ts✬ ♣r♦❜❧❡♠s✳

✏❖♥❡ r❡s❡❛r❝❤ ❣r♦✉♣ ✇♦r❦✐♥❣ ♦♥ t❤❡ ❞✐r❡❝t✐♦♥ ♦❢ ❝♦s♠✐❝ r❛② ♠✉♦♥s ✇❡r❡ ✇♦rr✐❡❞ t❤❛t t❤❡✐r r❡s✉❧ts ♦❢ t❤❡
♠✉♦♥ ❞❡t❡❝t✐♦♥ r❛t❡ ✇✐t❤ ❛♥❣❧❡ ❞✐❞♥✬t ✜t t❤❡✐r t❤❡♦r❡t✐❝❛❧ ♠♦❞❡❧ ❜❛s❡❞ ♦♥ t❤❡ ❝r♦ss✲s❡❝t✐♦♥❛❧ ❛r❡❛ ♦❢ t❤❡
❝②❧✐♥❞r✐❝❛❧ ❞❡t❡❝t♦r✳ ❚❤❡② ✇❛♥t❡❞ ❛ r❡s✉❧t t❤❛t t❤❡② ❝♦✉❧❞ ♣r❡s❡♥t ❛t t❤❡ ❝♦♥❢❡r❡♥❝❡ ❛♥❞ t❤❡✐r t❡❛❝❤❡r
✇❛s♥✬t s✉r❡ ❤♦✇ t♦ ❤❡❧♣ t❤❡♠✳ ▼② r❡s❡❛r❝❤ ❡①♣❡r✐❡♥❝❡ ❤❡❧♣❡❞ ✐♥ ✐❞❡♥t✐❢②✐♥❣ t❤❡ ❛ss✉♠♣t✐♦♥s t❤❛t ❤❛❞
❣♦♥❡ ✐♥t♦ t❤❡✐r ♠♦❞❡❧✱ t❤❛t ❛❧❧ ♠✉♦♥s ❝❛♠❡ ❢r♦♠ ❛ s✐♥❣❧❡ ❞✐r❡❝t✐♦♥✱ ❛♥❞ t❤✉s ❤♦✇ t❤❡✐r r❡s✉❧t s❤♦✇❡❞ t❤✐s
❛ss✉♠♣t✐♦♥ ❝♦✉❧❞ ♥♦t ❜❡ tr✉❡ ❣✐✈❡♥ t❤❡ ❞❛t❛ ✲ ❛ r❡s✉❧t ✇❤✐❝❤ t❤❡② t❤❡♥ ♣r❡s❡♥t❡❞✳ ■t✬s ✐♥ ❛r❡❛s ❧✐❦❡ t❤✐s
✇❤❡r❡ s✉♣♣♦rt ❢r♦♠ ❛♥ ❡①♣❡r✐❡♥❝❡❞ r❡s❡❛r❝❤❡r ✐s ✈✐t❛❧ ✐♥ ♠❛❦✐♥❣ t❤❡s❡ ♣r♦❥❡❝ts s✉❝❝❡❡❞✳✑

❉r✳ ▼❛rt✐♥ ❆r❝❤❡r

■♥ t❤❡ ✜rst ②❡❛r ♦❢ t❤❡ ❝♦s♠✐❝ r❛② ♠✉♦♥ ♣r♦❥❡❝t✱ ❞✉❡ t♦ st❛✣♥❣ ✐ss✉❡s✱ t❤❡ ♣r♦❥❡❝t ✇❛s ❧❡❢t ✉♥s✉♣❡r✈✐s❡❞ ❢r♦♠
t❤❡ ❛❝❛❞❡♠✐❝ s✐❞❡ ❢♦r ♠❛♥② ♠♦♥t❤s✳ ❲❤❡♥ s✉❝❤ s✉♣❡r✈✐s✐♦♥ ✇❛s ✐♥tr♦❞✉❝❡❞✱ ✐t ✇❛s ❢♦✉♥❞ t❤❛t t❤❡ st✉❞❡♥ts
❤❛❞ ❛❞♦♣t❡❞ ❛ ❧❛r❣❡ ♥✉♠❜❡r ♦❢ ♠✐s❝♦♥❝❡♣t✐♦♥s ❛♥❞ ❤❛❞♥✬t ♠❛❞❡ ♠✉❝❤ ✐♥ t❡r♠s ♦❢ ♣r♦❣r❡ss✳ ❲❤✐❧❡ t❤❡ ❧❛t❡✲
st❛❣❡ s✉♣❡r✈✐s✐♦♥ ♠❡❛♥t t❤❛t t❤❡ st✉❞❡♥ts ✇❡r❡ ❛❜❧❡ t♦ ♣r♦❞✉❝❡ r❡s✉❧ts ❛♥❞ ❛ss♦❝✐❛t❡❞ r❡s❡❛r❝❤ ♣♦st❡rs ❜❛s❡❞
♦♥ t❤❡ ♣r❡s❝r✐❜❡❞ ❛❝t✐✈✐t②✱ ✇❤❡♥ q✉❡st✐♦♥❡❞ ♦♥ t❤❡✐r ♣r❡s❡♥t❛t✐♦♥s t❤❡ st✉❞❡♥ts ✇❡r❡ ♥♦t ❛❧✇❛②s ❝♦♥✜❞❡♥t
❛♥❞ s♦♠❡ ♠✐s❝♦♥❝❡♣t✐♦♥s st✐❧❧ r❡♠❛✐♥❡❞✳

■♥ ❝♦♥tr❛st✱ ❞✉r✐♥❣ t❤❡ s❡❝♦♥❞ ②❡❛r ♦❢ t❤❡ ♠✉♦♥ ♣r♦❥❡❝t✱ ✇❤❡r❡ r❡s❡❛r❝❤❡r s✉♣❡r✈✐s✐♦♥ ✇❛s ♣r❡s❡♥t t❤r♦✉❣❤♦✉t✱
t❤❡ st✉❞❡♥ts ♠❛❞❡ ♠✉❝❤ ❣r❡❛t❡r ♣r♦❣r❡ss✳ ■t ✇❛s ♠❛❞❡ ❝❧❡❛r ❢r♦♠ t❤❡ ❣❡t ❣♦ t❤❛t r❡s❡❛r❝❤❡r ✈✐s✐ts s❤♦✉❧❞ ❜❡
tr❡❛t❡❞ ❛s ❛ st❡♣✲❝❤❛♥❣❡ ✐♥ t❤❡ t❡r♠s ♦❢ t❤❡ ♣r♦❥❡❝ts✱ ❝✉❧t✐✈❛t✐♥❣ ❛♥ ❡①♣❡❝t❛t✐♦♥ t❤❛t t❤❡② ♠❡❡t ❞❡❛❞❧✐♥❡s
❛♥❞ ♥♦t ✇❛st❡ r❡s❡❛r❝❤❡rs✬ ✈❛❧✉❛❜❧❡ t✐♠❡ ✇✐t❤ ❡①❝✉s❡s✱ ❛s ❤❛❞ ❜❡❡♥ t❤❡ ❝❛s❡ s♦♠❡t✐♠❡s ✐♥ t❤❡ ♣r❡✈✐♦✉s ②❡❛r✳

✧❚❤❡② ✉s✉❛❧❧② ❢❡❡❧ r❡✲✐♥s♣✐r❡❞ ❜② ❛♥② ✈✐s✐t ②♦✉ ♠❛❦❡✱ s♦ ■✬♠ ❧♦♦❦✐♥❣ ❢♦r✇❛r❞ t♦ s❡❡✐♥❣ ❤♦✇ t❤❡② ❣♦t ♦♥✳✧
❉r✳ ❆❧❡①❛♥❞r❛ ●❛❧❧♦♥✐✱ P❤②s✐❝s ❚❡❛❝❤❡r✱ ❉✉❧✇✐❝❤ ❈♦❧❧❡❣❡

❚❤✐s ❛♣♣r♦❛❝❤ s❡❡♠❡❞ t♦ ✇♦r❦✱ ❛s t❤❡ st✉❞❡♥ts ♣r♦❣r❡ss❡❞ ❜❡②♦♥❞ t❤❡ ♣r❡s❝r✐❜❡❞ ❛❝t✐✈✐t✐❡s ✇✐t❤ ❡❛❝❤ ❣r♦✉♣
❛❞❞r❡ss✐♥❣ ✈❡r② ❞✐✛❡r❡♥t ❧✐♥❡s ♦❢ ❡♥q✉✐r②✱ ✉t✐❧✐s✐♥❣ ❞✐✛❡r❡♥t ♠❡t❤♦❞s ❛♥❞ ❛♥❛❧②s✐s t❡❝❤♥✐q✉❡s t♦ ❛rr✐✈❡ ❛t
r❡s✉❧ts ❛♥❞ ❝♦♥❝❧✉s✐♦♥s t❤❛t ✇❡r❡ ❝♦♥✜❞❡♥t❧② ♣r❡s❡♥t❡❞ ❛t t❤❡ ❝♦♥❢❡r❡♥❝❡✳

✶✼



❆❝t✐✈✐t② ❚✐♠❡ ✭❞❛②s✮

Pr♦❥❡❝t ❉❡✈❡❧♦♣♠❡♥t

❉❡s✐❣♥ ♦❢ P✐❧♦t Pr♦❥❡❝t ✭♠❛② ✈❛r②✮ ✶✺

❲r✐t✐♥❣ Pr♦❥❡❝t ❘❡s♦✉r❝❡s ✺

Pr❡♣❛r❛t✐♦♥ ♦❢ ■♥tr♦❞✉❝t♦r② ❙❡ss✐♦♥ ✷

✷✷

Pr♦❥❡❝t ❉❡❧✐✈❡r② ✭♣❡r s❝❤♦♦❧✮

❈♦♥t❛❝t ✇✐t❤ ❚❡❛❝❤❡r ✷

■♥tr♦❞✉❝t♦r② ❙❡ss✐♦♥ ❆❞♠✐♥ ✵✳✺

■♥tr♦❞✉❝t♦r② ❙❡ss✐♦♥ ❉❡❧✐✈❡r② ✵✳✺

Pr♦❥❡❝t ❙✉♣❡r✈✐s✐♦♥ ✭✹ s❡ss✐♦♥s✮ ✷

Pr♦✈✐❞✐♥❣ ♣♦st❡r✴t❛❧❦ ❝♦♠♠❡♥ts ✵✳✺

✺✳✺

❙t✉❞❡♥t ❈♦♥❢❡r❡♥❝❡ ❖r❣❛♥✐s❛t✐♦♥

❉❛t❡ ❖r❣❛♥✐s❛t✐♦♥ t❤r♦✉❣❤ ❚❡❛❝❤❡rs ✵✳✺

▲♦❝❛t✐♦♥ ✫ ❈❛t❡r✐♥❣ ❆❞♠✐♥ ✸

❚✐❝❦❡t✐♥❣ ❛♥❞ ❘❡❣✐str❛t✐♦♥ ❆❞♠✐♥ ✶

P♦st❡r Pr♦❞✉❝t✐♦♥ ✵✳✺

❙t✉❞❡♥t ❈♦♥❢❡r❡♥❝❡ ✵✳✺

✺✳✺

Pr♦❥❡❝t ❊✈❛❧✉❛t✐♦♥

Pr♦❞✉❝t✐♦♥ ♦❢ ❊✈❛❧✉❛t✐♦♥ ❋♦r♠s ✵✳✺

❆♥❛❧②s✐s ♦❢ ❊✈❛❧✉❛t✐♦♥ ❉❛t❛ ✸

■t❡r❛t✐✈❡ r❡❞❡✈❡❧♦♣♠❡♥t ♦❢ ♣r♦❥❡❝t ✺

✽✳✺

❚❖❚❆▲

✹✶✳✺

❚❛❜❧❡ ✸✿ ❊st✐♠❛t❡s ♦♥ ❛♠♦✉♥t ♦❢ ✉♥✐✈❡rs✐t② st❛✛ t✐♠❡ r❡q✉✐r❡❞ ❢♦r ❛ ❘✐❙ ♣r♦❥❡❝t✳

✶✽



✏■ ✇❛s ✈❡r② ✐♠♣r❡ss❡❞ ❛♥❞ ✈❡r② ♣❧❡❛s❛♥t❧② s✉r♣r✐s❡❞ ❛❜♦✉t t❤❡ q✉❛❧✐t② ♦❢ ✇♦r❦ t❤❛t ✇❛s ♦♥ s❤♦✇ ❛t ❈♦s♠✐❝
❈♦♥✳ ■t ✇❛s ✈❡r② ❝❧❡❛r t♦ ♠❡ t❤❛t ❛❧♠♦st ❛❧❧ ♦❢ t❤❡ st✉❞❡♥t ❣r♦✉♣s ❤❛❞ ❢✉❧❧② ❡♥❣❛❣❡❞ ✇✐t❤ t❤❡ r❡s❡❛r❝❤ t❛s❦s
❛ss✐❣♥❡❞ t♦ t❤❡♠✱ ❛♥❞ ♣r♦❞✉❝❡❞ ✇♦r❦ t❤❛t ✇❛s s✐❣♥✐✜❝❛♥t❧② ❛❜♦✈❡ ✇❤❛t ■ ❤❛❞ ❡①♣❡❝t❡❞ t♦ ❜❡ ♣♦ss✐❜❧❡ ❢r♦♠
s✐①t❤ ❢♦r♠ s❝❤♦♦❧ st✉❞❡♥ts✳ ■t ❥✉st ❣♦❡s t♦ s❤♦✇ ✇❤❛t ❛ ♠✐①t✉r❡ ♦❢ ✐♥s♣✐r❛t✐♦♥✱ ❤❛r❞ ✇♦r❦✱ ❤✐❣❤ q✉❛❧✐t②
♠❡♥t♦rs❤✐♣ ❛♥❞ ✇❡❧❧ t❤♦✉❣❤t t❤r♦✉❣❤ r❡s❡❛r❝❤ t❛s❦s ❝❛♥ ❧❡❛❞ t♦✳ ❖❢ ♣❛rt✐❝✉❧❛r ♥♦t❡ ✇❛s t❤❡ ❢❛❝t t❤❛t s♦♠❡
st✉❞❡♥t ❣r♦✉♣s r❡❛❧❧② ❡①❝❡❧❧❡❞ ✐♥ t❤❡ ♣r❡s❡♥t❛t✐♦♥ s✐❞❡ ♦❢ t❤❡ t❛s❦✱ ♣r♦❞✉❝✐♥❣ ✈✐s✉❛❧❧② ❡②❡✲❝❛t❝❤✐♥❣ ♣♦st❡rs
✇✐t❤ ❝❧❡❛r ❡①♣❧❛♥❛t✐♦♥s ♦❢ t❤❡ ✉♥❞❡r❧②✐♥❣ ♠♦t✐✈❛t✐♦♥ ❛♥❞ ♣❤②s✐❝s t❤❛t t❤❡② ✇❡r❡ ❡①♣❧♦r✐♥❣✳ ❋♦r ♦t❤❡rs✱
✐t ✇❛s ❝❧❡❛r t❤❛t t❤❡② ✇❡r❡ ♣r✐♠❛r✐❧② ♠♦t✐✈❛t❡❞ ❜② t❤❡ ❝❤❛❧❧❡♥❣❡ ♦❢ s❝✐❡♥t✐✜❝ r❡s❡❛r❝❤ ❛♥❞ ❡①♣❧♦r❛t✐♦♥✱
❛♥❞ ♣r♦❞✉❝❡❞ ❡①❝❡❧❧❡♥t r❡s✉❧ts ❛♥❞ ✐♥s✐❣❤ts ❢r♦♠ t❤❡✐r ✐♥❞❡♣❡♥❞❡♥t r❡s❡❛r❝❤ ✇✐t❤♦✉t ♥❡❝❡ss❛r✐❧② ❤✐tt✐♥❣ t❤❡
❤❡✐❣❤ts ✐♥ ❛rt✐st✐❝ ♣♦st❡r ♣r❡s❡♥t❛t✐♦♥✳ ❚❤❛t✬s ♦♥❡ ♦❢ t❤❡ ♣♦s✐t✐✈❡ ❛s♣❡❝ts ♦❢ ❘❡s❡❛r❝❤ ✐♥ ❙❝❤♦♦❧s✿ ✐t ❛❧❧♦✇s
❞✐✛❡r❡♥t ♣❡♦♣❧❡ t♦ ❞❡♠♦♥str❛t❡ t❤❡✐r ✢❛✐r ❛♥❞ ♦r✐❣✐♥❛❧✐t② ✐♥ ❞✐✛❡r❡♥t ✇❛②s✳✑

Pr♦❢✳ ❘✐❝❤❛r❞ ◆❡❧s♦♥✱ ❍❡❛❞ ♦❢ ❆str♦♥♦♠② ❯♥✐t✱ ◗▼❯▲

❙✐♥❝❡ t❤❡ ❡✈✐❞❡♥❝❡ s✉❣❣❡sts t❤❛t s✉♣❡r✈✐s✐♦♥ ❢r♦♠ t❤❡ ❛❝❛❞❡♠✐❝ s✐❞❡ ✇❛s ❛ ❦❡② ❛s♣❡❝t t♦✇❛r❞s t❤❡
s✉❝❝❡ss ♦❢ t❤✐s ❘✐❙ ♣✐❧♦t✱ ❛ ♣r❛❝t✐❝❛❧ ❣✉✐❞❡ t♦ t❤❡ ❛❝❛❞❡♠✐❝ t✐♠❡ ✐♥✈♦❧✈❡❞ ✐s ♣r❡s❡♥t❡❞ ✐♥ ❚❛❜❧❡ ✸✳ ❙✐♥❝❡
♠❛♥② ❡❧❡♠❡♥ts ♦❢ ♣r♦❥❡❝t ❞❡✈❡❧♦♣♠❡♥t✱ ♦r❣❛♥✐s❛t✐♦♥ ❛♥❞ ❡✈❛❧✉❛t✐♦♥ ❛r❡ ✐♥❞❡♣❡♥❞❡♥t ♦❢ t❤❡ ♥✉♠❜❡r ♦❢ s❝❤♦♦❧s
♣❛rt✐❝✐♣❛t✐♥❣✱ ❘✐❙ ♣r♦❥❡❝ts ❜❡❝♦♠❡ ♠♦r❡ t✐♠❡✲❡✛❡❝t✐✈❡ ❛s ♠♦r❡ s❝❤♦♦❧s ❣❡t ✐♥✈♦❧✈❡❞✳ ❋✉rt❤❡r♠♦r❡✱ ✐t s❤♦✉❧❞
❜❡ ♠❡♥t✐♦♥❡❞ t❤❛t t❤✐s t✐♠❡ ❞♦❡s ♥♦t ♥❡❝❡ss❛r✐❧② ❤❛✈❡ t♦ ❝♦♠❡ ❢r♦♠ ❥✉st ♦♥❡ r❡s❡❛r❝❤❡r✳ ■♥❞❡❡❞ ❛ ♠♦❞❡❧ ♦❢
s❤❛r✐♥❣ ♦✉t r❡s♣♦♥s✐❜✐❧✐t② ❛♠♦♥❣st ❛ r❡s❡❛r❝❤ ❣r♦✉♣ ✭r❡s❡❛r❝❤✴❛❝❛❞❡♠✐❝ st❛✛ ❛♥❞ P❤❉ st✉❞❡♥ts✮ ❛s
✇❡❧❧ ❛s ❛❞♠✐♥✐str❛t✐✈❡ ❛♥❞ ♦✉tr❡❛❝❤✴♣✉❜❧✐❝ ❡♥❣❛❣❡♠❡♥t s✉♣♣♦rt ✇♦✉❧❞ s❡❡♠ ♠♦st s❡♥s✐❜❧❡✱ ♣❛rt✐❝✉❧❛r❧② ♦♥❝❡
♣r♦❥❡❝ts ♣r♦❣r❡ss ❜❡②♦♥❞ t❤❡ ♣✐❧♦t st❛❣❡ ✭s❡❡ ♥❡①t s❡❝t✐♦♥✮✳ ❍♦✇ t❤❡ ❞✐✛❡r❡♥t r♦❧❡s ❛r❡ s❤❛r❡❞ ♦✉t ❜❡t✇❡❡♥
r❡s❡❛r❝❤❡rs ❛♥❞ ♦✉tr❡❛❝❤✴♣✉❜❧✐❝ ❡♥❣❛❣❡♠❡♥t st❛✛ ✇✐❧❧ ❞❡♣❡♥❞ ♦♥ t❤❡✐r ❡①♣❡r✐❡♥❝❡ ❛♥❞ ❛✈❛✐❧❛❜✐❧✐t②✳ ❙✉❝❤ ❛
❝♦❧❧❛❜♦r❛t✐✈❡ ♠♦❞❡❧ ♠❛② ❜❡ ❛ ✇❛② ♦❢ ❡✛❡❝t✐✈❡❧② ❡♠❜❡❞❞✐♥❣ ❛ ❝✉❧t✉r❡ ♦❢ ♣✉❜❧✐❝ ❡♥❣❛❣❡♠❡♥t ✇✐t❤✐♥ ❛ r❡s❡❛r❝❤
❣r♦✉♣✳

❉✉❡ t♦ t❤❡ ❡❛r❧② st❛❣❡ ♦❢ t❤✐s ❘✐❙ ♣r♦❣r❛♠♠❡✱ ✇❡ ❤❛✈❡ ❧✐tt❧❡ ❡✈✐❞❡♥❝❡ ♦❢ t❤❡ ✐♠♣❛❝t ❘✐❙ ♠❛② ❤❛✈❡ ♦♥
r❡s❡❛r❝❤❡rs✳ ❍♦✇❡✈❡r✱ t❤❡r❡ ✐s ♣♦t❡♥t✐❛❧ t❤❛t ❘✐❙ ♠❛② ❢❡❡❞ ❜❛❝❦ ✐♥t♦ t❤❡ r❡s❡❛r❝❤ ✐♥ t❤❡ ❢✉t✉r❡✳

✹✳✻ P✐❧♦t✐♥❣ Pr♦❥❡❝ts

❚❤❡ ✜♥❛❧ ✜♥❞✐♥❣ r❡❧❛t❡s t♦ ♣✐❧♦t✐♥❣ ♣r♦❥❡❝ts ❜❡❢♦r❡ ❡①♣❛♥❞✐♥❣ t❤❡♠✳ ❚❤❡ ❝♦s♠✐❝ r❛② ♠✉♦♥ ♣r♦❥❡❝t ✇❛s r✉♥
❢♦r t✇♦ ②❡❛rs ✇✐t❤ t❤❡ s❛♠❡ s❝❤♦♦❧✱ ✇✐t❤ ♠❛♥② ❝❤❛♥❣❡s ♠❛❞❡ t♦ t❤❡ str✉❝t✉r❡ ❛♥❞ r❡s♦✉r❝❡s t❤r♦✉❣❤♦✉t✱
❛s ❤❛s ❜❡❡♥ ❞✐s❝✉ss❡❞✳ ❚❤❡ ♠❛❣♥❡t♦s♣❤❡r✐❝ ❯▲❋ ✇❛✈❡ ♣r♦❥❡❝t ✇❛s ✜rst tr✐❛❧❧❡❞ ♦✈❡r ❛ ✇❡❡❦✲❧♦♥❣ s✉♠♠❡r
s❝❤♦♦❧✱ ✇✐t❤ ❛❣❛✐♥ ♥❡❝❡ss❛r② ❝❤❛♥❣❡s ❜❡✐♥❣ ✐❞❡♥t✐✜❡❞✱ ❛♥❞ t❤❡♥ r♦❧❧❡❞ ♦✉t t♦ ♣✐❧♦t ✇✐t❤ ✹ s❝❤♦♦❧s ♦❢ ❞✐✛❡r❡♥t
t②♣❡s✳ ❚❤✐s ✜rst ②❡❛r ✐♥ s❝❤♦♦❧s ❤✐❣❤❧✐❣❤t❡❞ ❢✉rt❤❡r r❡q✉✐r❡❞ ❝❤❛♥❣❡s ✇❤✐❝❤ ❤❛✈❡ ❜❡❡♥ ♠❛❞❡ ❢♦r t❤❡ ❝♦♠✐♥❣
②❡❛r✳

❚❤❡ ♣r♦❝❡ss ♦❢ ♣✐❧♦t✐♥❣ t❤❡s❡ ♣r♦❥❡❝ts ❤❛s ❛❧❧♦✇❡❞ ♦✉r r❡s❡❛r❝❤❡rs ❛♥❞ ♦✉tr❡❛❝❤ t❡❛♠ t♦ ❞✐s❝♦✈❡r ✇❤❛t ❛s♣❡❝ts
♦❢ t❤❡ ♣r♦❥❡❝ts ✇♦r❦✱ ✇❤✐❝❤ ♥❡❡❞ ♠♦r❡ ✇♦r❦✱ ❛♥❞ ♣r♦✈✐❞❡❞ s♦♠❡ ❧✐♠✐t❡❞ ✐♥s✐❣❤t ✐♥t♦ ❤♦✇ t❤❡s❡ ❛r❡ ❛✛❡❝t❡❞
❞❡♣❡♥❞✐♥❣ ♦♥ ❞✐✛❡r❡♥t t②♣❡s ♦❢ s❝❤♦♦❧s ♦r ❞✐✛❡r❡♥t t❡❛❝❤❡rs ❛♥❞✴♦r st✉❞❡♥ts✳ ■♥❞❡❡❞✱ ❛❧❧ ♦❢ t❤❡ ✜♥❞✐♥❣s
♣r❡s❡♥t❡❞ ✐♥ t❤✐s r❡♣♦rt ✇❡r❡ ♦♥❧② ♣♦ss✐❜❧❡ t❤r♦✉❣❤ t❤❡ ♣✐❧♦t✐♥❣ ♣r♦❝❡ss ❛♥❞ ✐t ✇♦✉❧❞ ❤❛✈❡ ♣r♦✈❡♥ ❞✐✣❝✉❧t t♦
✐♠♣❧❡♠❡♥t ❛♥② ♦❢ t❤❡ ♥❡❝❡ss❛r② ❝❤❛♥❣❡s ❛❧♦♥❣ t❤❡ ✇❛② ❤❛❞ ✇❡ ❛tt❡♠♣t❡❞ t♦ st❛rt ♦✉t ✇✐t❤ ❛ ✇✐❞❡✲r❡❛❝❤✐♥❣
❘✐❙ ♣r♦❣r❛♠♠❡✳ ❲❡ ❤❛✈❡ t❤✉s ❢♦✉♥❞ t❤❛t t❤❡ ❡✈❛❧✉❛t✐♦♥ ❛♥❞ ✐t❡r❛t✐✈❡ r❡❞❡✈❡❧♦♣♠❡♥t ♦❢ ❘✐❙ ♣r♦❥❡❝ts
s❤♦✉❧❞ ❜❡ s♦♠❡t❤✐♥❣ ✇❤✐❝❤ ✐s ♣❧❛♥♥❡❞ ❢♦r ❛t ❧❡❛st ❢♦r t❤❡ ✜rst ❢❡✇ ②❡❛rs ♦❢ ❛♥② ♥❡✇ ❘✐❙ ♣r♦❥❡❝t✳
❲❡ ❜❡❧✐❡✈❡ t❤❛t t❤❡ r❡❛❝❤ ♦❢ t❤❡s❡ ♣r♦❥❡❝ts s❤♦✉❧❞ ❜❡ ❦❡♣t ✇✐t❤✐♥ t❤❡ r❡❛s♦♥❛❜❧❡ ✇♦r❦❧♦❛❞s ♦❢ t❤❡ ✉♥✐✈❡rs✐t②
st❛❦❡❤♦❧❞❡rs ✐♥✈♦❧✈❡❞ ❛s t❤❡② ❡①♣❛♥❞✱ s✐♥❝❡ ✇❡ ❤❛✈❡ ❢♦✉♥❞ t❤❛t ❘✐❙ r❡❛❧❧② ❜❡♥❡✜ts ❢r♦♠ t❤❡ s✉♣♣♦rt ❜♦t❤
❢r♦♠ t❤❡ ❛❝❛❞❡♠✐❝ ❛♥❞ t❡❛❝❤❡r s✐❞❡s✳

✧❚❤❛♥❦s s♦ ♠✉❝❤ ✲ ②♦✉r ♦✉tr❡❛❝❤ ❛♥❞ t❤❡ ❧❛✉♥❝❤ ❤❛s ❜❡❡♥ ❣r❡❛t ❛♥❞ ♠✉❝❤ ❛♣♣r❡❝✐❛t❡❞✳ ❲❡ ❢❡❧t ✈❡r②
♣r✐✈✐❧❡❣❡❞✳✧

❉r✳ ❆❧❡①❛♥❞r❛ ●❛❧❧♦♥✐✱ P❤②s✐❝s ❚❡❛❝❤❡r✱ ❉✉❧✇✐❝❤ ❈♦❧❧❡❣❡

✶✾



✺ ❈♦♥❝❧✉s✐♦♥s ❛♥❞ ❘❡❝♦♠♠❡♥❞❛t✐♦♥s

❍❡r❡ t❤❡ ❝♦♥❝❧✉s✐♦♥s ♦❢ ♦✉r ❡✈❛❧✉❛t✐♦♥ ✐♥t♦ ◗▼❯▲✬s ♣✐❧♦t ❘✐❙ ❛r❡ s✉♠♠❛r✐s❡❞ ❛❧♦♥❣ ✇✐t❤ r❡❝♦♠♠❡♥❞❛t✐♦♥s
t♦ t❤♦s❡ ❧♦♦❦✐♥❣ t♦ ❝♦♥❞✉❝t ❘✐❙ ♣r♦❥❡❝ts✳

✶✳ ■s ❘❡s❡❛r❝❤ ✐♥ ❙❝❤♦♦❧s ❲♦rt❤ ❉♦✐♥❣❄

❛✳ ❘✐❙ ♣r♦❥❡❝ts ❝❛♥ r❛✐s❡ ❛✇❛r❡♥❡ss ♦❢ ❝✉rr❡♥t s❝✐❡♥t✐✜❝ r❡s❡❛r❝❤ t♦♣✐❝s ❛♥❞ ✐♥❝r❡❛s❡ ✉♥❞❡rst❛♥❞✐♥❣ ♦❢ t❤❡
s❝✐❡♥t✐✜❝ ♠❡t❤♦❞ t❤r♦✉❣❤ ✜rst ❤❛♥❞ ❡①♣❡r✐❡♥❝❡✳

❜✳ ❘✐❙ ♣r♦❥❡❝ts ❝❛♥ ❜❡ ♣♦s✐t✐✈❡ ❛♥❞ r❡✇❛r❞✐♥❣ ❡①♣❡r✐❡♥❝❡s ❢♦r st✉❞❡♥ts✳

❝✳ ❘✐❙ ♣r♦❥❡❝ts ❝❛♥ ❤❡❧♣ ❞❡✈❡❧♦♣ st✉❞❡♥ts✬ s❦✐❧❧s✳

✷✳ Pr♦❥❡❝t ❙tr✉❝t✉r❡

❛✳ ❘✐❙ ♣r♦❥❡❝ts✬ str✉❝t✉r❡ ✐s ✈❡r② ✐♠♣♦rt❛♥t ✐♥ st✉❞❡♥ts✬ s✉❝❝❡ss❢✉❧ ❡♥❣❛❣❡♠❡♥t ❛♥❞ ♣r♦❣r❡ss✐♦♥✳

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

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

❞✳ ❙t✉❞❡♥ts ❢r♦♠ ✈❛r✐♦✉s ❞✐✛❡r❡♥t t②♣❡s ♦❢ s❝❤♦♦❧s ❝❛♥ s✉❝❝❡❡❞ ❛t ❘✐❙ ♣r♦❥❡❝ts✳

❡✳ ❲❡ r❡❝♦♠♠❡♥❞ t❤❛t s❝❤♦♦❧s ❛r❡ ❝♦♥t❛❝t❡❞ ❛❜♦✉t ✐♥✈♦❧✈❡♠❡♥t ❜❡❢♦r❡ t❤❡ s✉♠♠❡r ✉s✐♥❣ ❡①✐st✐♥❣ t❡❛❝❤❡r
♥❡t✇♦r❦s✳

✸✳ Pr♦❥❡❝t ❘❡s♦✉r❝❡s

❛✳ ❲❡ r❡❝♦♠♠❡♥❞ t❤❛t ❛ ❝♦♠♣❧❡t❡ s♦❧✉t✐♦♥ t♦ ❛♥② ♣r♦❥❡❝t ❡q✉✐♣♠❡♥t ♥❡❡❞s ✐s ♣r♦✈✐❞❡❞ ✭✐♥❝❧✉❞✐♥❣ ❝♦♠✲
♣✉t❡rs✱ s♦❢t✇❛r❡ ❛♥❞ ❞♦❝✉♠❡♥t❛t✐♦♥✮ ✇✐t❤ ♥♦ ❡①♣❡❝t❛t✐♦♥s ♦❢ ✇❤❛t s❝❤♦♦❧s ❝❛♥ ♣r♦✈✐❞❡ ❛❞❞✐t✐♦♥❛❧❧②✳

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

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

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

❡✳ ❲❡ r❡❝♦♠♠❡♥❞ t❤❛t ❛ ❝♦♠♣r❡❤❡♥s✐✈❡ ✐♥tr♦❞✉❝t♦r② r❡s♦✉r❝❡ t♦ t❤❡ ♣r♦❥❡❝t ✐s ❣✐✈❡♥ t♦ st✉❞❡♥ts ✇✐t❤
t❡❛❝❤❡rs ❣✐✈❡♥ ❛❞❞✐t✐♦♥❛❧ ❣✉✐❞❛♥❝❡✳

✹✳ ❘♦❧❡ ♦❢ t❤❡ ❚❡❛❝❤❡r

❛✳ ❚❡❛❝❤❡rs ♣❧❛② ❛♥ ✐♠♣♦rt❛♥t r♦❧❡ ✐♥ ❛rr❛♥❣✐♥❣ ❛♥❞ s✉♣♣♦rt✐♥❣ t❤❡✐r st✉❞❡♥ts ✇✐t❤ ❘✐❙ ♣r♦❥❡❝ts✳

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

❝✳ ❲❡ r❡❝♦♠♠❡♥❞ t❡❛❝❤❡rs ❞❡❝✐❞❡ ❤♦✇ t♦ ✐♥❝♦r♣♦r❛t❡ ❘✐❙ ♣r♦❥❡❝ts ✐♥t♦ t❤❡✐r s❝❤♦♦❧✳

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

✷✵



✺✳ ❘♦❧❡ ♦❢ t❤❡ ❯♥✐✈❡rs✐t②

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

❜✳ ❲❡ r❡❝♦♠♠❡♥❞ r❡s❡❛r❝❤ ❣r♦✉♣s s❤❛r❡ ♦✉t t❤❡ r❡s♣♦♥s✐❜✐❧✐t✐❡s ❛ss♦❝✐❛t❡❞ ✇✐t❤ t❤✐s s✉♣♣♦rt ❛❝r♦ss r❡✲
s❡❛r❝❤✱ ♦✉tr❡❛❝❤ ❛♥❞ ❛❞♠✐♥✐str❛t✐✈❡ st❛✛

✻✳ P✐❧♦t✐♥❣ Pr♦❥❡❝ts

❛✳ P✐❧♦t✐♥❣ ❘✐❙ ♣r♦❥❡❝ts ❛❧❧♦✇s ✉♥✐✈❡rs✐t✐❡s t♦ ❡✈❛❧✉❛t❡ ❛♥❞ ❝❤❛♥❣❡ ❛s♣❡❝ts ♦❢ ♣r♦❥❡❝ts ✇❡r❡ ♥❡❝❡ss❛r②✳

❜✳ ❲❡ r❡❝♦♠♠❡♥❞ t❤❛t t❤❡ ❡✈❛❧✉❛t✐♦♥ ❛♥❞ ✐t❡r❛t✐✈❡ r❡❞❡✈❡❧♦♣♠❡♥t ♦❢ ❘✐❙ ♣r♦❥❡❝ts s❤♦✉❧❞ ❜❡ s♦♠❡t❤✐♥❣
✇❤✐❝❤ ✐s ♣❧❛♥♥❡❞ ❢♦r ❛t ❧❡❛st ❢♦r t❤❡ ✜rst ❢❡✇ ②❡❛rs ♦❢ ❛♥② ♥❡✇ ❘✐❙ ♣r♦❥❡❝t✳

❝✳ ❲❡ r❡❝♦♠♠❡♥❞ t❤❛t ❘✐❙ ♣r♦❥❡❝ts ❜❡ ❦❡♣t ✇✐t❤✐♥ t❤❡ r❡❛s♦♥❛❜❧❡ ✇♦r❦❧♦❛❞s ♦❢ r❡s❡❛r❝❤ ❣r♦✉♣s ❛s t❤❡
♣r♦❥❡❝ts ❡①♣❛♥❞✳

✷✶



✻ ❋✉t✉r❡ ❆s♣✐r❛t✐♦♥s

❋♦r t❤❡ ❛❝❛❞❡♠✐❝ ②❡❛r ✷✵✶✻✴✶✼ t❤❡ ◗▼❯▲ ❘✐❙ ♣r♦❣r❛♠♠❡ ✇✐❧❧ ❣r♦✇ ❜❡②♦♥❞ t❤❡ ♣✐❧♦t st❛❣❡✳ ❚❤❛♥❦s t♦ ❛♥
❙❚❋❈ P✉❜❧✐❝ ❊♥❣❛❣❡♠❡♥t ❙♠❛❧❧ ❆✇❛r❞ ✇❡ ❤❛✈❡ ❜❡❡♥ ❛❜❧❡ t♦ ♣✉r❝❤❛s❡ ❛❞❞✐t✐♦♥❛❧ ♠✉♦♥ ❞❡t❡❝t♦rs✱ ❡♥❛❜❧✐♥❣
✉s t♦ ♦✛❡r t❤❡ ❝♦s♠✐❝ r❛② ♠✉♦♥ ♣r♦❥❡❝t t♦ ✺ s❝❤♦♦❧s ✐♥ ✷✵✶✻✴✶✼✳ ❚❤❡ ♠❛❣♥❡t♦s♣❤❡r✐❝ ❯▲❋ ✇❛✈❡ ♣r♦❥❡❝t
❤❛s ❡①♣❛♥❞❡❞ t♦ ✶✺ s❝❤♦♦❧s✱ ✇✐t❤ ♥❡✇ ❞❛t❛ ❛❞❞❡❞ ❛♥❞ r❡✈✐s❡❞ r❡s♦✉r❝❡s ❝r❡❛t❡❞✳ ❋✉rt❤❡r♠♦r❡✱ ❛ ♥❡✇
♣r♦❥❡❝t ✐s ❜❡✐♥❣ ♣✐❧♦t❡❞ ✐♥ ✹ s❝❤♦♦❧s ❝♦♥❝❡r♥✐♥❣ ❛♥❛❧②s✐s ♦❢ ❞❛t❛ ❢r♦♠ t❤❡ ❑❡♣❧❡r ♠✐ss✐♦♥✱ ❡♥❛❜❧❡❞ t❤r♦✉❣❤
❛♥ ✐♥tr♦❞✉❝t✐♦♥ t♦ ❝♦❞✐♥❣ ✐♥ P②t❤♦♥✳ ❚❤✐s ♣r♦❥❡❝t ✇❛s ❝♦♥❝❡✐✈❡❞ ❜② Pr♦❢✳ ❘✐❝❤❛r❞ ◆❡❧s♦♥ ❛♥❞ ❤❛s ❜❡❡♥
❞❡✈❡❧♦♣❡❞ ❜② ❛ ♣♦st✲❞♦❝✱ ❢✉♥❞❡❞ t♦ ✇♦r❦ ♦♥ t❤✐s ♦♥❡ ❞❛② ♣❡r ✇❡❡❦ t❤❛♥❦s t♦ ❖♣❡♥ ❆❝❝❡ss ❆❣r❡❡♠❡♥t ●r❛♥t
❛t ◗▼❯▲ t❤❛t ✇❡ s❡❝✉r❡❞✳ ▲✐❦❡ t❤❡ ❯▲❋ ♣r♦❥❡❝t t❤❡ ②❡❛r ❜❡❢♦r❡✱ t❤✐s ♣r♦❥❡❝t ✇❛s tr✐❛❧❧❡❞ ✐♥✐t✐❛❧❧② ❞✉r✐♥❣ ❛
s✉♠♠❡r s❝❤♦♦❧ ✇✐t❤ s✉♣❡r✈✐s✐♦♥ ❢r♦♠ t❤❡ ♣♦st✲❞♦❝ ❛♥❞ ✐♥ t❤❡ ❢♦rt❤❝♦♠✐♥❣ ♣✐❧♦t ✇❡ ♣❧❛♥ t♦ tr✐❛❧ ✉s✐♥❣ P❤❉
st✉❞❡♥ts st✉❞②✐♥❣ ❡①♦♣❧❛♥❡ts ❛s ♣❛rt ♦❢ t❤❡ ♣r♦❥❡❝t✬s s✉♣❡r✈✐s✐♦♥✳

❚❤❡r❡ ❛r❡ ❛ ♥✉♠❜❡r ♦❢ ❛r❡❛s ✇❡ ❛♥t✐❝✐♣❛t❡ t♦ st✉❞② ✇✐t❤ t❤❡ ❝♦♥t✐♥✉❛t✐♦♥ ♦❢ t❤✐s ❘✐❙ s❝❤❡♠❡✳ ❚❤✐s ②❡❛r
✇❡ ✇✐❧❧ ❜❡ tr✐❛❧❧✐♥❣ ❛ ♠❡♥t♦r✐♥❣ s❝❤❡♠❡ ❛t s♦♠❡ s❝❤♦♦❧s ✇❤❡r❡❜② st✉❞❡♥t ♣❛rt✐❝✐♣❛♥ts ❢r♦♠ ♣r❡✈✐♦✉s ②❡❛rs✬
♣r♦❥❡❝ts ❝❛♥ ♣r♦✈✐❞❡ ❛ss✐st❛♥❝❡ t♦ t❤❡ ❝✉rr❡♥t st✉❞❡♥ts ✐♥ ❛❞❞✐t✐♦♥ t♦ t❤❡ t❡❛❝❤❡rs✳ ❲❡ ❛❧s♦ ❤♦♣❡ t♦ ✜♥❞ ♦✉t
✐❢ ❘✐❙ ✐s ❛♥ ❡✛❡❝t✐✈❡ ♦✉tr❡❛❝❤ t♦♦❧ ❜② tr❛❝❦✐♥❣ st✉❞❡♥ts ❛ ♥✉♠❜❡r ♦❢ ②❡❛rs ❛❢t❡r ♣❛rt✐❝✐♣❛t✐♥❣ t♦ s❡❡ ✇❤❡t❤❡r
t❤❡② ❤❛✈❡ ✉❧t✐♠❛t❡❧② ♣✉rs✉❡❞ ❛ s❝✐❡♥t✐✜❝ s✉❜❥❡❝t✱ ♦r ✐♥❞❡❡❞ P❤②s✐❝s ✐♥ ♣❛rt✐❝✉❧❛r✱ ❛♥❞ ✇❤❡t❤❡r t❤❡ s✉st❛✐♥❡❞
❡♥❣❛❣❡♠❡♥t ✇✐t❤ r❡s❡❛r❝❤ ❛♥❞ r❡s❡❛r❝❤s ♦✈❡r t❤❡ ❝♦✉rs❡ ♦❢ t❤❡ ♣r♦❥❡❝ts ❝❤❛♥❣❡❞ ❛s♣✐r❛t✐♦♥s ♦r ♣❧❛②❡❞ ❛♥②
♣❛rt ✐♥ t❤❡✐r ❞❡❝✐s✐♦♥ ♠❛❦✐♥❣ ♣r♦❝❡ss❡s✳ ❲❡ t❤❡r❡❢♦r❡ ♣❧❛♥ t♦ r❡❧❡❛s❡ ❢✉t✉r❡ s✉♣♣❧❡♠❡♥ts t♦ t❤✐s r❡♣♦rt ✐♥
❞✉❡ ❝♦✉rs❡✳

✷✷



▲✐st ♦❢ ❙✉♣♣❧❡♠❡♥t❛r② ▼❛t❡r✐❛❧

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

❼ ❚❡❛❝❤❡r✴st✉❞❡♥t ♣r♦❥❡❝t ❣✉✐❞❡s

❼ ❙❝❤♦♦❧s ❈♦❧❧❛❜♦r❛t✐♦♥ ❆❣r❡❡♠❡♥t

❆❝❦♥♦✇❧❡❞❣❡♠❡♥ts

❉r ▼❛rt✐♥ ❆r❝❤❡r ✐s ❛ ❙♣❛❝❡ P❧❛s♠❛ P❤②s✐❝✐st ❛♥❞ ❖✉tr❡❛❝❤ ❖✣❝❡r ✐♥ t❤❡ ❙❝❤♦♦❧ ♦❢ P❤②s✐❝s ❛♥❞ ❆str♦♥♦♠②
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