
Vegtunnelene Eikremtunnelen og 
Knappetunnelen:
Vurdering av refraksjonsseismikk, 

resistivitetsmålinger og 

laboratorieundersøkelser som en del av de 

ingeniørgeologiske undersøkelsene

Mari Lie Arntsen

Geofag og petroleumsteknologi

Hovedveileder: Bjørn Nilsen, IGB
Medveileder: Mona Lindstrøm, Statens vegvesen, Vegdirektoratet

Institutt for geologi og bergteknikk

Innlevert: Juni 2012

Norges teknisk-naturvitenskapelige universitet







✐

❙❛♠♠❡♥❞r❛❣

❋♦r å ❦✉♥♥❡ ♣❧❛♥❧❡❣❣❡ ♦❣ ❞r✐✈❡ ❡♥ ✈❡❣t✉♥♥❡❧✱ ❡r ❞❡t ♥ø❞✈❡♥❞✐❣ ♠❡❞ t✐❧str❡❦❦❡❧✐❣
✐♥❢♦r♠❛s❥♦♥ ♦♠ ❣r✉♥♥❢♦r❤♦❧❞❡♥❡✳ ❙✈❛❦❤❡tss♦♥❡r ❡r ✐ ❞❡♥♥❡ s❛♠♠❡♥❤❡♥❣ sær❧✐❣
✈✐❦t✐❣ ❞❛ ✉❢♦r✉ts❡tt❡ s✈❛❦❤❡tss♦♥❡r ❦❛♥ ❣✐ st♦r❡ ♣r♦❜❧❡♠❡r ✉♥❞❡r ❞r✐✈✐♥❣✳ ❙♦♥❡r
♠❡❞ s✈❡❧❧❡♥❞❡ ♠❛t❡r✐❛❧❡ ❦❛♥ ❞❡ss✉t❡♥ ♦✈❡r t✐❞ ❢ør❡ t✐❧ ✉tr❛s♥✐♥❣❡r ✐ t✉♥♥❡❧❡♥✱ ♠❡❞
♣♦t❡♥s✐❡❧t st♦r❡ ❦♦♥s❡❦✈❡♥s❡r✳

❋♦r å ❢å ❡t ❣♦❞t ❜✐❧❞❡ ❛✈ s✈❛❦❤❡tss♦♥❡r ✐ ❜❡r❣❣r✉♥♥❡♥ ✱ ❜❡♥②tt❡s ❜❧❛♥t ❛♥♥❡t
r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦ ♦❣ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r s♦♠ ❢♦r✉♥❞❡rsø❦❡❧s❡r✳ ❯♥❞❡r ❞r✐✈✐♥❣
❜❡♥②tt❡s ❧❛❜♦r❛t♦r✐❡✉♥❞❡rsø❦❡❧s❡r ♣å s❧❡♣♣❡♠❛t❡r✐❛❧❡r ❢♦r å ✈✉r❞❡r❡ ♠❛t❡r✐❛❧❡ts
s✈❡❧❧❡♥❞❡ ❡❣❡♥s❦❛♣❡r✳

■ ♦♣♣❣❛✈❡♥ ❜❧✐r ❞❡t ❣❥♦rt ❡♥ s❛♠♠❡♥❧✐❣♥✐♥❣ ❛✈ ♣r♦❣♥♦s❡♥❡ ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡
♠❡❞ ❢♦r❤♦❧❞ ♠øtt ✐ t✉♥♥❡❧ ✈❡❞ ❞❡ t♦ ✈❡❣t✉♥♥❡❧❡♥❡ ❊✐❦r❡♠t✉♥♥❡❧❡♥ ♦❣ ❑♥❛♣♣❡t✉♥✲
♥❡❧❡♥✳ ❊✐❦r❡♠t✉♥♥❡❧❡♥ ❧✐❣❣❡r ✐ ▼ør❡ ♦❣ ❘♦♠s❞❛❧ ♦❣ ❡r ❢❡r❞✐❣ ❞r❡✈❡t ♦❣ s❛tt ✐ ❜r✉❦✳
❑♥❛♣♣❡t✉♥♥❡❧❡♥ sør ❢♦r ❇❡r❣❡♥ ❡r ♦♠tr❡♥t ❤❛❧✈✈❡✐s ❢❡r❞✐❣ ❞r❡✈❡t✳ ●r✉♥♥❧❛❣❡t ❢♦r
s❛♠♠❡♥❧✐❣♥✐♥❣❡♥ ❡r ✐ ❤♦✈❡❞s❛❦ r❛♣♣♦rt❡r ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ♦❣ ❞❛t❛ s❛♠❧❡t ✐♥♥
✉♥❞❡r ❞r✐✈✐♥❣ ✈❡❞ ❞❡ t♦ ✈❡❣t✉♥♥❡❧❡♥❡✳ ■ t✐❧❧❡❣❣ ❜❧❡ ❞❡t ❣❥❡♥♥♦♠❢ørt ❡♥ ❜❡❢❛r✐♥❣ ✐
❑♥❛♣♣❡t✉♥♥❡❧❡♥ ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ❦r②ss✐♥❣ ❛✈ ❡♥ ✈❛♥s❦❡❧✐❣ s✈❛❦❤❡tss♦♥❡✳

❊❣❡♥s❦❛♣❡♥❡ t✐❧ ♠❡t♦❞❡♥❡ r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦ ♦❣ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r ✈✉r❞❡r❡s ✐
♦♣♣❣❛✈❡♥ ❢r❛ ❞❡♥♥❡ s❛♠♠❡♥❧✐❣♥✐♥❣❡♥✱ ❦♥②tt❡t ♦♣♣ ♠♦t ❞❡t t❡♦r❡t✐s❦❡ ❣r✉♥♥❧❛❣❡t ♦❣
❡r❢❛r✐♥❣❡r ❢r❛ t✐❞❧✐❣❡r❡ ❛r❜❡✐❞✳ ❆✈✈✐❦ ♠❡❧❧♦♠ ♣r♦❣♥♦s❡r ♦❣ ❡r❢❛r✐♥❣ ❜❧✐r ❞✐s❦✉t❡rt ♦❣
✢❡r❡ ♠✉❧✐❣❡ års❛❦❡r t✐❧ ❛✈✈✐❦ ♣r❡s❡♥t❡r❡s✳ ❙❡❧✈ ♦♠ ❡♥ ❞❡❧ ❛✈✈✐❦ s❦②❧❞❡s st❡❞s❢♦r❤♦❧❞✱
❦❛♥ ✢❡r❡ r❡❞✉s❡r❡s ✈❡❞ t✐❧♣❛s♥✐♥❣ ❛✈ ♠❡t♦❞❡♥❡✳

❋✉♥♥❡♥❡ ❧✐❣♥❡r ❡r❢❛r✐♥❣❡♥❡ ❣❥♦rt ✈❡❞ t✐❞❧✐❣❡r❡ t✉♥♥❡❧♣r♦s❥❡❦t❡r ♦❣ ✈✐s❡r ❛t ❜❡❣❣❡
♠❡t♦❞❡♥❡ ❜✐❞r❛r t✐❧ å ❛✈❞❡❦❦❡ s✈❛❦❤❡tss♦♥❡r ✐ ❣r✉♥♥❡♥✳ ❘❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦❡♥
✈✐s❡r s❡❣ ✐ t✐❧❧❡❣❣ å ❦✉♥♥❡ ❡st✐♠❡r❡ ❜❡r❣♠❛ss❡❦❧❛ss❡r ❡❧❧❡rs ❧❛♥❣s ♠å❧❡♣r♦✜❧❡t ♣å
❡♥ ❣♦❞ ♠åt❡✱ ❣❥❡♥♥♦♠ ❛♥t❛tt❡ ❦♦rr❡❧❛s❥♦♥❡r ♠❡❧❧♦♠ s❡✐s♠✐s❦ ❤❛st✐❣❤❡t ♦❣ ◗✲✈❡r❞✐✳
▼❡t♦❞❡♥s ♠❛♥❣❧❡♥❞❡ ❡✈♥❡ t✐❧ å ❛♥❣✐ ♦r✐❡♥t❡r✐♥❣ ❛✈ s✈❛❦❤❡tss♦♥❡r ❤❛r ❞❡r✐♠♦t ✈✐st
s❡❣ å ❦✉♥♥❡ ❣✐ st♦r❡ ❢❡✐❧t♦❧❦♥✐♥❣❡r✳

❘❡s✐st✐✈✐t❡ts♠❡t♦❞❡♥ ❤❛r ❛✈❞❡❦t ♠❛♥❣❡ ❛✈ ❞❡ ♠øtt❡ s✈❛❦❤❡tss♦♥❡♥❡✱ ♠❡♥ ❞❡t
❜❡❤ø✈❡s ♠❡r ❡r❢❛r✐♥❣ ♠❡❞ ❜r✉❦ ❛✈ ♠❡t♦❞❡♥ ❢ør ❞❡♥ ❦❛♥ stå s❡❧✈st❡♥❞✐❣ ✐
❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✳ ▼å❧✐♥❣❡♥❡ ❤❛r ❜❧✳❛✳ ✈✐st ✈❛r✐❡r❡♥❞❡ ❡✈♥❡ t✐❧ å ❛♥s❧å ❢❛❧❧ ♦❣
❞②❜❞❡r❡❦❦❡✈✐❞❞❡ ❛✈ s✈❛❦❤❡tss♦♥❡♥❡✱ s♦♠ ♦♣♣r✐♥♥❡❧✐❣ ❡r ❡t ❛✈ ❤♦✈❡❞❛r❣✉♠❡♥t❡♥❡
❢♦r ❜r✉❦ ❛✈ ♠❡t♦❞❡♥✳

▲❛❜♦r❛t♦r✐❡❞❡❧❡♥ ❛✈ ♦♣♣❣❛✈❡♥ ✐♥❦❧✉❞❡r❡r ✐ t✐❧❧❡❣❣ t✐❧ ❡♥ ✈✉r❞❡r✐♥❣ ❛✈ ❞❡t t✐❧❣❥❡♥✲
❣❡❧✐❣❡ ❣r✉♥♥❧❛❣s♠❛t❡r✐❛❧❡t✱ t❡st✐♥❣ ❛✈ s❧❡♣♣❡♠❛t❡r✐❛❧❡ ♠❡❞ ❤❡♥s②♥ ♣å s✈❡❧❧❡❡❣❡♥✲
s❦❛♣❡r ✐ ❧❛❜♦r❛t♦r✐❡t✳ ◆②tt❡✈❡r❞✐❡♥ ❛✈ ♠❡t♦❞❡♥ ❞✐s❦✉t❡r❡s ♠❡❞ ✉t❣❛♥❣s♣✉♥❦t ✐
❦r❛✈❡t ❣✐tt ❛✈ ❙t❛t❡♥s ✈❡❣✈❡s❡♥ t✐❧ ✉tstø♣♥✐♥❣ ❢♦r s✈❡❧❧❡tr②❦❦ ♦✈❡r ✵✱✺✵ ▼P❛✳

❋✉♥♥❡♥❡ ✈✐s❡r ❛t ♠❡t♦❞❡♥ ❤❛r ♣♦t❡♥s✐❛❧❡ ❢♦r å ❜❡st❡♠♠❡ s✐❦r✐♥❣s♦♠❢❛♥❣✱ ♠❡♥ ❛t
❧♦❣✐st✐❦❦❡♥ r✉♥❞t ❧❛❜♦r❛t♦r✐❡t❡st❡♥❡ ❡r ♥♦❡ ♠❛♥❣❡❧❢✉❧❧✳ ❉❡ss✉t❡♥ ✈✐s❡r ❢✉♥♥❡♥❡ ❛t
❞❡t ❡r ♣r♦❜❧❡♠❡r ♠❡❞ ♣rø✈❡♥❡s r❡♣r❡s❡♥t❛t✐✈✐t❡t ❢♦r ❢♦r❤♦❧❞❡♥❡ ✐ ♣rø✈❡s♦♥❡♥✱ ♦❣ ❞❡t
❛♥❜❡❢❛❧❡s ❞❡r❢♦r å t❛ ✢❡r❡ ♠❛t❡r✐❛❧♣rø✈❡r✳
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❙✉♠♠❛r②

■♥ ♦r❞❡r t♦ ♣❧❛♥ ❛♥❞ ❡①❝❛✈❛t❡ ❛ r♦❛❞ t✉♥♥❡❧✱ ✐t ✐s ♥❡❝❡ss❛r② t♦ ❤❛✈❡ s✉✣❝✐❡♥t
✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t t❤❡ ❣r♦✉♥❞ ❝♦♥❞✐t✐♦♥s✳ ❲❡❛❦♥❡ss ③♦♥❡s ❛r❡ ♦❢ ♣❛rt✐❝✉❧❛r
✐♠♣♦rt❛♥❝❡ ✐♥ t❤✐s ❝♦♥t❡①t✱ ❛s ✉♥❡①♣❡❝t❡❞ ✇❡❛❦♥❡ss ③♦♥❡s ❝❛♥ ❝❛✉s❡ ♠❛❥♦r ♣r♦❜❧❡♠s
❞✉r✐♥❣ ❡①❝❛✈❛t✐♦♥✳ ❋✉rt❤❡r♠♦r❡✱ ③♦♥❡s ✇✐t❤ s✇❡❧❧✐♥❣ ♠❛t❡r✐❛❧ ❝❛♥ ♦✈❡r t✐♠❡ r❡s✉❧t
✐♥ ❢❛❧❧♦✉ts ✐♥ t❤❡ t✉♥♥❡❧✱ ✇✐t❤ ♣♦t❡♥t✐❛❧❧② ❞✐r❡ ❝♦♥s❡q✉❡♥❝❡s✳

❚♦ ❣❡t ❛ ❣♦♦❞ ♣✐❝t✉r❡ ♦❢ ✇❡❛❦♥❡ss ③♦♥❡s ✐♥ t❤❡ ❜❡❞r♦❝❦✱ ❜♦t❤ s❡✐s♠✐❝ r❡❢r❛❝t✐♦♥
s✉r✈❡②s ❛♥❞ r❡s✐st✐✈✐t② ♣r♦✜❧✐♥❣ ❛r❡ ❡♠♣❧♦②❡❞ ❛s ❢❡❛s✐❜✐❧✐t② st✉❞✐❡s✳ ❉✉r✐♥❣
❡①❝❛✈❛t✐♦♥✱ ❧❛❜♦r❛t♦r② t❡sts ♦♥ ❣♦✉❣❡ ♠❛t❡r✐❛❧s ❛r❡ ♣❡r❢♦r♠❡❞ t♦ ❛ss❡ss ✐ts s✇❡❧❧✐♥❣
♣r♦♣❡rt✐❡s✳

■♥ t❤✐s t❤❡s✐s✱ t❤❡ r❡s✉❧ts ❢r♦♠ ❡♥❣✐♥❡❡r✐♥❣ ❣❡♦❧♦❣✐❝❛❧ ✐♥✈❡st✐❣❛t✐♦♥s ❛r❡ ❝♦♠♣❛r❡❞
✇✐t❤ ❝♦♥❞✐t✐♦♥s ❡♥❝♦✉♥t❡r❡❞ ✐♥ t❤❡ ❊✐❦r❡♠ ❛♥❞ ❑♥❛♣♣❡ r♦❛❞ t✉♥♥❡❧s✳ ❚❤❡ ❊✐❦r❡♠
t✉♥♥❡❧ ✐s s✐t✉❛t❡❞ ✐♥ ▼ør❡ ♦❣ ❘♦♠s❞❛❧ ❝♦✉♥t② ❛♥❞ ❤❛s ❛❧r❡❛❞② ❜❡❡♥ ❝♦♠♣❧❡t❡❞ ❛♥❞
♣✉t ✐♥ s❡r✈✐❝❡✳ ❚❤❡ ❑♥❛♣♣❡ r♦❛❞ t✉♥♥❡❧ ✐s ❛❜♦✉t ❤❛❧❢✇❛② ❝♦♠♣❧❡t❡✳ ❘❡♣♦rts ❢r♦♠
t❤❡ ❣❡♦❧♦❣✐❝❛❧ ✐♥✈❡st✐❣❛t✐♦♥s ❛♥❞ ❞❛t❛ ❝♦❧❧❡❝t❡❞ ❞✉r✐♥❣ ❡①❝❛✈❛t✐♦♥ ❢♦r♠s t❤❡ ❜❛s✐s
❢♦r t❤❡ ❝♦♠♣❛r✐s♦♥✳ ■♥ ❛❞❞✐t✐♦♥✱ ❛ ✈✐s✐t t♦ t❤❡ ❑♥❛♣♣❡ t✉♥♥❡❧ ✇❛s ❝♦♥❞✉❝t❡❞ ✐♥
♦r❞❡r t♦ ✐♥s♣❡❝t ❛ ♣❛rt✐❝✉❧❛r❧② ❞✐✣❝✉❧t ✇❡❛❦♥❡ss ③♦♥❡✳

❇❛s❡❞ ♦♥ t❤❡ ❝♦♠♣❛r✐s♦♥s✱ ❝❤❛r❛❝t❡r✐st✐❝s ♦❢ s❡✐s♠✐❝ r❡❢r❛❝t✐♦♥ s✉r✈❡②✐♥❣ ❛♥❞
r❡s✐st✐✈✐t② ♣r♦✜❧✐♥❣ ❛r❡ ❤✐❣❤❧✐❣❤t❡❞ ❛♥❞ ❧✐♥❦❡❞ t♦ t❤❡♦r② ❛♥❞ ❡①♣❡r✐❡♥❝❡ ❢r♦♠
♣r❡✈✐♦✉s ✇♦r❦✳ ❉❡✈✐❛t✐♦♥s ❜❡t✇❡❡♥ t❤❡ ❢♦r❡❝❛sts ❛♥❞ ❡①♣❡r✐❡♥❝❡ ❛r❡ ❞✐s❝✉ss❡❞ ❛❧♦♥❣
✇✐t❤ ♣♦ss✐❜❧❡ ❝❛✉s❡s ❢♦r t❤❡ ❞❡✈✐❛t✐♦♥s✳ ❆❧t❤♦✉❣❤ s♦♠❡ ❞❡✈✐❛t✐♦♥s ❛r❡ ❞✉❡ t♦ s✐t❡
❝♦♥❞✐t✐♦♥s✱ ♦t❤❡rs ❝❛♥ ❜❡ r❡❞✉❝❡❞ ❜② ✜♥❡ t✉♥✐♥❣ ♦❢ t❤❡ ♠❡t❤♦❞s✳

❚❤❡ ✜♥❞✐♥❣s ❛r❡ s✐♠✐❧❛r t♦ t❤♦s❡ ♦❢ ♣r❡✈✐♦✉s t✉♥♥❡❧ ♣r♦❥❡❝ts ❛♥❞ s❤♦✇ t❤❛t ❜♦t❤
♠❡t❤♦❞s ❤❡❧♣ t♦ ❞✐s❝♦✈❡r ✇❡❛❦♥❡ss ③♦♥❡s✳ ❙❡✐s♠✐❝ r❡❢r❛❝t✐♦♥ s✉r✈❡②s ❛❧s♦ ❛❧❧♦✇s
✐❞❡♥t✐✜❝❛t✐♦♥ ♦❢ r♦❝❦ ♠❛ss ❝❧❛ss❡s ❡❧s❡✇❤❡r❡ ✐♥ t❤❡ s♦✉♥❞✐♥❣ ♣r♦✜❧❡✱ t❤r♦✉❣❤ t❤❡
❛ss✉♠❡❞ ❝♦rr❡❧❛t✐♦♥ ❜❡t✇❡❡♥ s❡✐s♠✐❝ ✈❡❧♦❝✐t✐❡s ❛♥❞ ◗ ✈❛❧✉❡s✳ ❚❤❡ ✐♥❛❜✐❧✐t② ♦❢ t❤❡
♠❡t❤♦❞ t♦ ❡st✐♠❛t❡ ♦r✐❡♥t❛t✐♦♥ ♦❢ ✇❡❛❦♥❡ss ③♦♥❡s✱ ❤♦✇❡✈❡r✱ ❤❛s s❤♦✇♥ t♦ r❡s✉❧t ✐♥
♠❛❥♦r ♠✐s✐♥t❡r♣r❡t❛t✐♦♥s✳

❘❡s✐st✐✈✐t② ♣r♦✜❧✐♥❣ ❤❛s ✉♥❝♦✈❡r❡❞ ♠❛♥② ♦❢ t❤❡ ✇❡❛❦♥❡ss ③♦♥❡s ❡♥❝♦✉♥t❡r❡❞✱ ❜✉t
♠♦r❡ ❡①♣❡r✐❡♥❝❡ ✐s ♥❡❝❡ss❛r② ❜❡❢♦r❡ t❤❡ ♠❡t❤♦❞ ❝❛♥ ❜❡ ✉s❡❞ r❡❧✐❛❜❧② ❜② ✐ts❡❧❢✳ ❚❤❡
♣r♦✜❧✐♥❣ ❤❛s✱ ❢♦r ✐♥st❛♥❝❡✱ s❤♦✇♥ ✈❛r②✐♥❣ ❛❜✐❧✐t② t♦ ❡st✐♠❛t❡ ❞✐♣ ❛♥❞ ❞❡♣t❤ r❛♥❣❡
♦❢ t❤❡ ✇❡❛❦♥❡ss ③♦♥❡s✱ ✇❤✐❝❤ ❤❛s ❜❡❡♥ ♦♥❡ ♦❢ t❤❡ ♠❛✐♥ ❛r❣✉♠❡♥ts ❢♦r t❤❡ ✉s❡ ♦❢
t❤❡ ♠❡t❤♦❞✳

❚❤❡ ♣❛rt ❝♦♥❝❡r♥✐♥❣ ❧❛❜♦r❛t♦r② t❡sts ✐♥❝❧✉❞❡s ❛♥ ❛ss❡ss♠❡♥t ♦❢ t❤❡ ❛✈❛✐❧❛❜❧❡ r❛✇
♠❛t❡r✐❛❧✱ ✐♥ ❛❞❞✐t✐♦♥ t♦ t❡st✐♥❣ ♦❢ ❣♦✉❣❡ ♠❛t❡r✐❛❧ ✇✐t❤ r❡s♣❡❝t t♦ s✇❡❧❧✐♥❣ ♣r♦♣❡rt✐❡s✳
❚❤❡ ✉s❡❢✉❧♥❡ss ♦❢ t❤❡ ♠❡t❤♦❞ ✐s ❞✐s❝✉ss❡❞ ❜❛s❡❞ ♦♥ r❡q✉✐r❡♠❡♥ts ❢♦r s✇❡❧❧✐♥❣
♣r❡ss✉r❡ ❛❜♦✈❡ ✵✳✺✵ ▼P❛ ❛s s❡t ❜② t❤❡ ◆♦r✇❡❣✐❛♥ P✉❜❧✐❝ ❘♦❛❞s ❆❞♠✐♥✐str❛t✐♦♥✳

❚❤❡ ✜♥❞✐♥❣s s❤♦✇ t❤❛t ❧❛❜♦r❛t♦r② t❡sts ❤❛✈❡ ♣♦t❡♥t✐❛❧ t♦ ❡st✐♠❛t❡ t❤❡ r❡q✉✐r❡❞
r♦❝❦ s✉♣♣♦rt✱ ❜✉t ❛❧s♦ t❤❛t ❧♦❣✐st✐❝s ❛r♦✉♥❞ t❤❡ ❧❛❜♦r❛t♦r② t❡sts ❛r❡ s♦♠❡✇❤❛t
❧❛❝❦✐♥❣✳ ❋✉rt❤❡r♠♦r❡✱ t❤❡ ✜♥❞✐♥❣s r❡✈❡❛❧ t❤❛t t❤❡ r❡♣r❡s❡♥t❛t✐✈❡♥❡ss ♦❢ t❤❡ t❡st
③♦♥❡ ✐s ♣r♦❜❧❡♠❛t✐❝✱ ❛♥❞ ✐t ✐s t❤❡r❡❢♦r❡ r❡❝♦♠♠❡♥❞❡❞ t♦ ❝♦❧❧❡❝t ♠✉❧t✐♣❧❡ t❡st✐♥❣
s❛♠♣❧❡s✳



✐✈



❋♦r♦r❞

❉❡♥♥❡ ♠❛st❡r♦♣♣❣❛✈❡♥ ❡r ✉t❢ørt ✈❡❞ ■♥st✐t✉tt ❢♦r ●❡♦❧♦❣✐ ♦❣ ❇❡r❣t❡❦♥✐❦❦ ✈❡❞
◆♦r❣❡s t❡❦♥✐s❦♥❛t✉r✈✐t❡♥s❦❛♣❧✐❣❡ ✉♥✐✈❡rs✐t❡t ✭◆❚◆❯✮ ❛✈ ▼❛r✐ ▲✐❡ ❆r♥ts❡♥ s♦♠ ❡♥
❛✈s❧✉t♥✐♥❣ ♣å ❞❡t ✺✲år✐❣❡ ♠❛st❡rst✉❞✐❡t ●❡♦❢❛❣ ♦❣ ♣❡tr♦❧❡✉♠st❡❦♥♦❧♦❣✐✳ ❆r❜❡✐❞❡t
❡r ❣❥❡♥♥♦♠❢ørt ✐ t✐❞sr♦♠♠❡t ❥❛♥✉❛r ✷✵✶✷ t✐❧ ❥✉♥✐ ✷✵✶✷✳

❖♣♣❣❛✈❡♥ ✈✉r❞❡r❡r ♥②tt❡✈❡r❞✐❡♥ ❛✈ ❜r✉❦ ❛✈ r❡❢r❛❦s❥♦♥ss❡✐♠s✐❦❦✱ ✷❉ r❡s✐st✐✈✐t❡t
♦❣ ❧❛❜♦r❛t♦r✐❡✉♥❞❡rsø❦❡❧s❡r ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ✈❡❣t✉♥♥❡❧♣r♦s❥❡❦t❡r✳ ❖♣♣❣❛✈❡♥
❡r ❣❥❡♥♥♦♠❢ørt ✐ s❛♠❛r❜❡✐❞ ♠❡❞ ❙t❛t❡♥s ✈❡❣✈❡s❡♥✱ ❤✈♦r ❱❡❣❞✐r❡❦t♦r❛t❡t ✈❛r
✐♥✐t✐❛t✐✈t❛❦❡r ❢♦r t❡♠❛✳ ■ t✐❧❧❡❣❣ t✐❧ ❢❛❣❧✐❣ ✈❡✐❧❡❞♥✐♥❣ ❣❥❡♥♥♦♠ ♠❡❞✈❡✐❧❡❞❡r ▼♦♥❛
▲✐♥❞strø♠ ✐ ❱❡❣❞✐r❡❦t♦r❛t❡t✱ ❤❛r ❙t❛t❡♥s ✈❡❣✈❡s❡♥ st✐❧t ♠❡❞ ø❦♦♥♦♠✐s❦ støtt❡
✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ♦♣♣❣❛✈❡♥✳ ❍♦✈❡❞✈❡✐❧❡❞❡r ❤❛r ✈ært ♣r♦❢❡ss♦r ❇❥ør♥ ◆✐❧s❡♥
✈❡❞ ◆❚◆❯✳ ◆♦r❣❡s ●❡♦❧♦❣✐s❦❡ ❯♥❞❡rsø❦❡❧s❡ ✭◆●❯✮ ❤❛r ♦❣så ✈ært ❡♥ ✈✐❦t✐❣
s❛♠❛r❜❡✐❞s♣❛rt♥❡r✳

❚✐❧ å ❜❡❣②♥♥❡ ♠❡❞ ø♥s❦❡r ❥❡❣ å t❛❦❦❡ ❇❥ør♥ ◆✐❧s❡♥✳ ■❦❦❡ ❜❛r❡ ❢♦r ❣♦❞❡ ❢❛❣❧✐❣❡
❞✐s❦✉s❥♦♥❡r✱ ♠❡♥ ♦❣så ❢♦r ❤❛♥s ❡✈♥❡ t✐❧ å ♠♦t✐✈❡r❡ ❣❥❡♥♥♦♠ ❞❡ t✉♥❣❡ ♠✐❞ts❡♠❡st❡r✲
t✐❞❡♥❡✳ ❚❛❦❦ ♦❣så t✐❧ ♠❡❞✈❡✐❧❡❞❡r ▼♦♥❛ ▲✐♥❞strø♠ s♦♠ ❤❛r ✈ært t✐❧ st♦r ❤❥❡❧♣ ♦❣
❦♦♠♠❡t ♠❡❞ ♠❛♥❣❡ ❣♦❞❡ ❦♦♠♠❡♥t❛r❡r t✐❧ ♦♣♣❣❛✈❡t❡❦st❡♥ ✐ ✐♥♥s♣✉rt❡♥✳

❋r❛ ◆●❯ ø♥s❦❡r ❥❡❣ å t❛❦❦❡ ❏❛♥ ❙t❡✐♥❛r ❘ø♥♥✐♥❣ ♦❣ ●✉r✐ ❱❡♥✈✐❦ ●❛♥❡rø❞ ❢♦r ❞❡r❡s
✐♥♥s♣✐❧❧ ♦❣ ❡r❢❛r✐♥❣❡r ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ t♦❧❦♥✐♥❣❡♥ ❛✈ r❡s✉❧t❛t❡♥❡✳

❏❡❣ ø♥s❦❡r å t❛❦❦❡ ❛❧❧❡ ✈❡❞ ♣r♦s❥❡❦t❦♦♥t♦r❡t ❢♦r ❘✐♥❣✈❡❣ ❱❡st ❢♦r ❡♥ ❣♦❞ ♠♦tt❛❣❡❧s❡
✉♥❞❡r ❜❡❢❛r✐♥❣❡♥ ✐ ❑♥❛♣♣❡t✉♥♥❡❧❡♥✳ ❙ær❧✐❣ ✈✐❧ ❥❡❣ t❛❦❦❡ ❚❡r❥❡ ❑✐r❦❡❜② ❢♦r t✐❧❣❛♥❣
t✐❧ ❞❛t❛ ♦❣ r❛♣♣♦rt❡r s❛♠t ✐♥♥s♣✐❧❧ ♣å ❤❛♥s t♦❧❦♥✐♥❣❡r ❛✈ ❢♦r❤♦❧❞ ✐ t✉♥♥❡❧❡♥✳ ■ t✐❧❧❡❣❣
ø♥s❦❡r ❥❡❣ å t❛❦❦❡ ▲❛rs ▲❛♥❣❤❡❧❧❡ ❢♦r ♠❛♥❣❡ ❧ær❡r✐❦❡ s❛♠t❛❧❡r ♦♠ t✉♥♥❡❧❞r✐✈✐♥❣
♦❣ ♥♦❡♥ ✢♦tt❡ t✉r❡r ✐♥♥ ✐ t✉♥♥❡❧❡♥✳ ❆✉❞❤✐❧❞ ❙t♦r❜råt❡♥ ♦❣ ❲❡♥❝❤❡ ■r❡♥ ❍ø②♥❡s
❢♦rt❥❡♥❡r ❡♥ s♣❡s✐❡❧❧ t❛❦❦ ❢♦r ❞❡r❡s tå❧♠♦❞✐❣❤❡t ♦❣ ✉♣å❦❧❛❣❡❧✐❣ r❛s❦❡ s✈❛r ♣å ❡✲
♣♦st❤❡♥✈❡♥❞❡❧s❡r✳

❱❡❞ ❊✐❦r❡♠t✉♥♥❡❧❡♥ ø♥s❦❡r ❥❡❣ å t❛❦❦❡ ❚♦r❡ ❍✉♠st❛❞ ❢♦r ❛t ❤❛♥ ❤❛r t❛tt s❡❣ t✐❞
t✐❧ å st✐❧❧❡ ♠❡❞ ❞♦❦✉♠❡♥t❛s❥♦♥ ♦❣ å s✈❛r❡ ♣å s♣ørs♠å❧ ✐ s✐♥ tr❛✈❧❡ ❤✈❡r❞❛❣✳ ❊❧❧❡rs
t❛❦❦❡r ❥❡❣ ❣✉tt❛ ♣å ❙■◆❚❊❋✲❧❛❜❡♥ ❢♦r ❞❡r❡s ❤❥❡❧♣✳
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✺✳✼ ❙❛♠♠❡♥❧✐❣♥✐♥❣ ❛✈ s♦♥❡r ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ♦❣ ♣å♠øtt❡ s♦♥❡r ✐
❑♥❛♣♣❡t✉♥♥❡❧❡♥✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✼

✺✳✽ ❙❛♠♠❡♥❤❡♥❣ ♠❡❧❧♦♠ r❡s✐st✐✈✐t❡t ♦❣ s♦♥❡❦❛r❛❦t❡r ❢♦r ❑♥❛♣♣❡t✉♥♥❡❧❡♥✳✶✵✽

✺✳✾ ❙❛♠♠❡♥st✐❧❧✐♥❣ ❛✈ ❜❡r❣♠❛ss❡❦❧❛ss❡❢♦r❞❡❧✐♥❣ ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ♦❣
❡r❢❛r✐♥❣❡r ❢r❛ ❞r✐✈✐♥❣✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✽

✺✳✶✵ ❆♥t❛❧❧ s♦♥❡r ❢✉♥♥❡t ❢r❛ ❞❡ ✉❧✐❦❡ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✶✵✾

✻✳✶ ❙❛♠♠❡♥❤❡♥❣ ♠❡❧❧♦♠ r❡s✐st✐✈✐t❡t ♦❣ s♦♥❡❦❛r❛❦t❡r ❢♦r ❜❡❣❣❡ t✉♥♥❡❧❡r✳ ✶✶✾

✻✳✷ ❙❛♠♠❡♥st✐❧❧✐♥❣ ❛✈ s✈❡❧❧❡tr②❦❦ ♦❣ s✐❦r✐♥❣s♦♠❢❛♥❣ ❢♦r ❜❡❣❣❡ t✉♥♥❡❧❡r✳ ✶✷✶



❑❛♣✐tt❡❧ ✶

■♥♥❧❡❞♥✐♥❣

❍♦✈❡❞t❡♠❛ ❢♦r ♦♣♣❣❛✈❡♥ å ✈✉r❞❡r❡ ♥②tt❡✈❡r❞✐❡♥ ❛✈ ✉❧✐❦❡ ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦❡
✉♥❞❡rsø❦❡❧s❡s♠❡t♦❞❡r✳ ❉❡tt❡ ❣❥ør❡s ♠❡❞ ✉t❣❛♥❣s♣✉♥❦t ✐ ❡♥ s❛♠♠❡♥❧✐❣♥✐♥❣ ♠❡❧❧♦♠
❢♦r✈❡♥t❡❞❡ ♦❣ ❢❛❦t✐s❦❡ ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦❡ ❢♦r❤♦❧❞ ✐ ✈❡❣t✉♥♥❡❧❡♥❡ ❊✐❦r❡♠t✉♥♥❡❧❡♥ ♦❣
❑♥❛♣♣❡t✉♥♥❡❧❡♥✳ ❊✐❦r❡♠t✉♥♥❡❧❡♥ ❧✐❣❣❡r ♣å ♥♦r❞s✐❞❡♥ ❛✈ ❚✐♥❣✈♦❧❧❢❥♦r❞❡♥ ✐ ▼ør❡
♦❣ ❘♦♠s❞❛❧ ♦❣ ❡r ❡♥ ❞❡❧ ❛✈ ❡♥ ❢♦r❜❡❞r✐♥❣ ❛✈ ✈❡❣st❛♥❞❛r❞❡♥ ✐ ♦♠rå❞❡t r✉♥❞t
❑r✐st✐❛♥s✉♥❞✳ ❑♥❛♣♣❡t✉♥♥❡❧❡♥ ❡r ❡♥ ❞❡❧ ❛✈ ❛♥❞r❡ ✉t❜②❣❣❡❧s❡s❢❛s❡ ❛✈ ♣r♦s❥❡❦t❡t
❘✐♥❣✈❡❣ ❱❡st sør ❢♦r ❇❡r❣❡♥✱ s♦♠ s❦❛❧ ❣✐ ♠✐♥❞r❡ tr❛✜❦❦✲❦♦r❦ ❧❛♥❣s ❡♥ ❤ø②t tr❛✜❦❦❡rt
str❡❦♥✐♥❣❡♥✳ P❧❛ss❡r✐♥❣ ❛✈ ♣r♦s❥❡❦t❡♥❡ ❡r ✈✐st ✐ ♣å ❞❡t ❣❡♦❧♦❣✐s❦❡ ❦❛rt❡t ✐ ❋✐❣✉r ✶✳✶✳

❉❡tt❡ ❢ørst❡ ❦❛♣✐t❧❡t ❣✐r ❜❛❦❣r✉♥♥ ❢♦r ✈❛❧❣ ❛✈ t❡♠❛✱ ♣r❡s❡♥t❡r❡r ♠❡t♦❞❡♥ ❜r✉❦t ✐
❛r❜❡✐❞❡t s❛♠t ♦♠❢❛♥❣ ♦❣ ❜❡❣r❡♥s♥✐♥❣❡r ✐ ❜❡❤❛♥❞❧✐♥❣❡♥ ❛✈ t❡♠❛✳ ❚✐❧ s❧✉tt ❣✐s ❞❡t
❡♥ ♦r✐❡♥t❡r✐♥❣ ✈❡❞rør❡♥❞❡ str✉❦t✉r ✐ r❡st❡♥ ❛✈ ♦♣♣❣❛✈❡♥✳

■ ❛r❜❡✐❞❡t ❡r ❞❡t sær❧✐❣ ❢♦❦✉s❡rt ♣å s✈❛❦❤❡tss♦♥❡r ✐ t✉♥♥❡❧❜②❣❣✐♥❣✳ ▼❡❞
s✈❛❦❤❡tss♦♥❡ ♠❡♥❡s s♦♥❡r ♠❡❞ ❜❡r❣♠❛ss❡ s♦♠ ❜❡står ❛✈ ✈❡s❡♥t❧✐❣ ❞år❧✐❣❡r❡ ❦✈❛❧✐t❡t

❡♥♥ ❜❡r❣♠❛ss❡♥ r✉♥❞t✳ ❊♥ s✈❛❦❤❡tss♦♥❡ ❦❛♥ s❦②❧❞❡s ❜å❞❡ ❢♦r❦❛st♥✐♥❣❡r✱ s✈❛❦❡ ♠✐♥✲
❡r❛❧❧❛❣✱ s❧❡♣♣❡r ♦s✈ ✭◆✐❧s❡♥✱ P❛❧♠strø♠✱ ✷✵✵✵✮✳ ■ ❛r❜❡✐❞❡t ♠❡❞ ♦♣♣❣❛✈❡♥ ❣❥ør❡s ❞❡t
❡♥ s❦❥ø♥♥s♠❡ss✐❣ ✈✉r❞❡r✐♥❣ ❛✈ t❡r♠❡♥ ✏✈❡s❡♥t❧✐❣ ❞år❧✐❣❡r❡ ❦✈❛❧✐t❡t✑ ✐ ❤✈❡r ❡♥❦❡❧t t✐❧✲
❢❡❧❧❡ ♦❣ ❞❡t ❢♦r❡❦♦♠♠❡r ❞❡r❢♦r ❛t s♦♥❡r s♦♠ ✐❦❦❡ ❡r ❜❧✐tt r❡❣✐str❡rt s♦♠ s✈❛❦❤❡tss♦♥❡r
✉♥❞❡r ❦❛rt❧❡❣❣✐♥❣❡♥ ❤❛r ❜❧✐tt t♦❧❦❡t s♦♠ s✈❛❦❤❡tss♦♥❡r ✐ r❡s✉❧t❛t❞❡❧❡♥ ♦❣ ♠♦ts❛tt✳

✶
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❋✐❣✉r ✶✳✶ ✕ ●❡♦❧♦❣✐s❦ ❦❛rt ❢♦r ❙ør✲◆♦r❣❡ ♠❡❞ ❧♦❦❛❧✐s❡r✐♥❣ ❛✈ ❊✐❦r❡♠t✉♥♥❡✲
❧❡♥ ♦❣ ❑♥❛♣♣❡t✉♥♥❡❧❡♥✳ ❑❛rt❡t ❡r ❤❡♥t❡t ❢r❛ ◆●❯s ❜❡r❣❣r✉♥♥s❦❛rt ♣å ♥❡tt
✭✇✇✇✳♥❣✉✳♥♦✴❦❛rt✴❜❡r❣❣r✉♥♥✮✳

✶✳✶ ❇❛❦❣r✉♥♥ ❢♦r t❡♠❛

❋ør ❜②❣❣✐♥❣ ❛✈ ✉♥❞❡r❥♦r❞s♣r♦s❥❡❦t❡r ❡r ❞❡t ø♥s❦❡❧✐❣ å ❤❛ ❡t t✐❧str❡❦❦❡❧✐❣ ❣♦❞t ❜✐❧❞❡
❛✈ ❣r✉♥♥❢♦r❤♦❧❞❡♥❡ s❧✐❦ ❛t ♣r♦s❥❡❦t❡t ❦❛♥ ♣❧❛♥❧❡❣❣❡s ♦❣ ❣❥❡♥♥♦♠❢ør❡s ♣å ❡♥ ❣♦❞
♠åt❡✳ ❯t✐❧str❡❦❦❡❧✐❣ ✐♥❢♦r♠❛s❥♦♥ ♦♠ ❜❡r❣♠❛ss❡❦✈❛❧✐t❡t✱ s♣❡♥♥✐♥❣s❢♦r❤♦❧❞✱ ❧øs♠❛ss✲
❡r✱ ✈❛♥♥❢♦r❤♦❧❞ ♦s✈✳ ❦❛♥ ❢å st♦r❡ ø❦♦♥♦♠✐s❦❡ ♦❣ ✐♥♥❞r✐❢ts♠❡ss✐❣❡ ❦♦♥s❡❦✈❡♥s❡r✳ ❋♦r
å ❤✐♥❞r❡ ❞❡tt❡ ❡r ❞❡t ✈✐❦t✐❣ ♠❡❞ ❡♥ ❣♦❞ ♣❧❛♥❧❡❣❣✐♥❣ ♦❣ ❣❥❡♥♥♦♠❢ør✐♥❣ ❛✈ ♣r♦s❥❡❦t✲
t✐❧♣❛ss❡❞❡ ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦❡ ❢♦r✉♥❞❡rsø❦❡❧s❡r✳

❊✛❡❦t❡♥ ❛✈ ✉t✐❧str❡❦❦❡❧✐❣❡ ❢♦r✉♥❞❡rsø❦❡❧s❡r ❜❧❡ ❡r❢❛rt ❜❧❛♥t ❛♥♥❡t ✈❡❞ ❞❡♥
✉♥❞❡rs❥ø✐s❦❡ ❇❥♦rø②t✉♥♥❡❧❡♥ ✈❡❞ ❇❡r❣❡♥✱ ❤✈♦r ❡♥ ✉❢♦r✈❡♥t❡t s❛♥❞s♦♥❡ ❧✐❦❡ ❡tt❡r
❜②❣❣❡st❛rt ❢ørt❡ t✐❧ ❡♥ ❞♦❜❧✐♥❣ ✐ t♦t❛❧ ❞r✐✈❡❦♦st♥❛❞ ✐ ❢♦r❤♦❧❞ t✐❧ ❡st✐♠❡rt ❦♦st♥❛❞✳ ■
❡tt❡rt✐❞ ❤❛r ❞❡t ✈✐st s❡❣ ❛t ❞❡♥♥❡ s♦♥❡♥ ❦✉♥♥❡ ❜❧✐tt ❛✈❞❡❦t✱ ❞❡rs♦♠ ❞❡t ❤❛❞❞❡
❜❧✐tt ❣❥❡♥♥♦♠❢ørt ♠❡r ♦♠❢❛tt❡♥❞❡ s❡✐s♠✐s❦❡ ✉♥❞❡rsø❦❡❧s❡r✳ ❑❥❡r♥❡❜♦r✐♥❣ ❦✉♥♥❡
♦❣så ❛✈❞❡❦t s❛♥❞s♦♥❡♥ ✭P❛❧♠strø♠ ❡t ❛❧✳✱ ✷✵✵✸✮✳

❊t ❛♥♥❡t ❡❦s❡♠♣❡❧ s♦♠ P❛❧♠strø♠ ❡t ❛❧✳ ✭✷✵✵✸✮ ❜❡s❦r✐✈❡r ❡r ❘♦♠❡r✐❦s♣♦rt❡♥
❥❡r♥❜❛♥❡t✉♥♥❡❧ ❤✈♦r ❞❡t ✉♥❞❡r ❞r✐✈✐♥❣ ♦♣♣st♦❞ st♦r❡ ♣r♦❜❧❡♠❡r ♠❡❞ ✈❛♥♥❧❡❦❦❛s❥❡r
❢r❛ ✈❛♥♥❢ør❡♥❞❡ s♦♥❡r s♦♠ ✐❦❦❡ ✈❛r ✐❞❡♥t✐✜s❡rt ❛✈ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✳ Pr♦❜❧❡♠❡♥❡
❢ørt❡ t✐❧ ❡♥ ♠❡r❦♦st♥❛❞ ♣å ✼✾✵ ♠✐❧❧✐♦♥❡r ❦r♦♥❡r ✐ ❣r✉♥♥❛r❜❡✐❞✱ ❛❧tså ❡t t✐❧❧❡❣❣ ♣å
♦✈❡r ✶✷✵ ✪ ❛✈ ♣r♦❣♥♦s❡♥❡ ♣å ✻✺✵ ♠✐❧❧✐♦♥❡r ❦r♦♥❡r✳ ❱❡❞ ❘♦♠❡r✐❦s♣♦rt❡♥ ❦❛♥ ❞❡t



✶✳✷✳ ❋❖❘▼➴▲ ✸

t❡♥❦❡s ❛t ♥②❡r❡ ❢♦r✉♥❞❡rsø❦❡❧s❡s♠❡t♦❞❡r s♦♠ ❢♦r ❡❦s❡♠♣❡❧ ✷❉ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r
❤❛❞❞❡ ❛✈❞❡❦t s♦♥❡♥❡✳

❊♥ ✈✐❦t✐❣ ❢♦r✉ts❡t♥✐♥❣ ❢♦r å ♣❧❛♥❧❡❣❣❡ å ❣❥❡♥♥♦♠❢ør❡ r✐❦t✐❣❡ ❢♦r✉♥❞❡rsø❦❡❧s❡r✱ ❡r ❛t
❡♥ ❦❥❡♥♥❡r ❡❣❡♥s❦❛♣❡♥❡ t✐❧ ❞❡ ✉❧✐❦❡ ♠❡t♦❞❡♥❡ ✲ ❜å❞❡ st②r❦❡r ♦❣ s✈❛❦❤❡t❡r✳ ❉❡tt❡
♠❛st❡r❛r❜❡✐❞❡t t❛r ✐ ❢♦r s❡❣ t♦ ❣❡♦❢②s✐s❦❡ ✉♥❞❡rsø❦❡❧s❡s♠❡t♦❞❡r❀ r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦
♦❣ ✷❉ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r✳ ❍♦✈❡❞❢♦❦✉s ❧✐❣❣❡r ♣å ♠❡t♦❞❡♥❡s ❡✈♥❡ t✐❧ å ✐❞❡♥t✐✜s❡r❡
♦❣ ❦❛r❛❦t❡r✐s❡r❡ s✈❛❦❤❡tss♦♥❡r✳ ❇å❞❡ ◆♦r❣❡s ●❡♦❧♦❣✐s❦❡ ❯♥❞❡rsø❦❡❧s❡ ✭◆●❯✮ ♦❣
❙t❛t❡♥s ✈❡❣✈❡s❡♥ ❡r ✐♥t❡r❡ss❡rt ✐ ❡♥ ✈✉r❞❡r✐♥❣ ❛✈ ❞❡ ✉❧✐❦❡ ♠❡t♦❞❡♥❡ ♦❣ ❞❡t ✈❛r
❱❡❣❞✐r❡❦t♦r❛t❡t s♦♠ ❢♦r❡s❧♦ t❡♠❛❡t ❢♦r ♦♣♣❣❛✈❡♥✳

❙✈❡❧❧❡♥❞❡ s❧❡♣♣❡♠❛t❡r✐❛❧❡r ❦❛♥ s❦❛♣❡ ❡t st♦rt tr②❦❦ ♣å ❞❡♥ ♠♦♥t❡rt❡ ❜❡r❣s✐❦r✐♥❣❡♥
✐ ❡♥ t✉♥♥❡❧✳ ❱❡❞ ❢❡✐❧ ✈❛❧❣ ❛✈ s✐❦r✐♥❣s♠❡t♦❞❡ ❡❧❧❡r ✉t✐❧str❡❦❦❡❧✐❣ ❞✐♠❡♥s❥♦♥❡r✐♥❣ ❛✈
s✐❦r✐♥❣❡♥ ✈✐❧ ❞❡tt❡ ❦✉♥♥❡ ❢ør❡ t✐❧ ✉tr❛s♥✐♥❣❡r ✐ t✉♥♥❡❧❡♥✳ ❉❡tt❡ s❦❥❡❞❞❡ ✈❡❞ ❘❛❢♥❡s
✈❛♥♥t✉♥♥❡❧✱ ❜②❣❣❡t ♠❡❧❧♦♠ ✶✾✼✹ ♦❣ ✶✾✼✻✳ ❍❡r ❜❧❡ ❞❡t s✐❦r❡t ♠❡❞ s♣rø②t❡❜❡t♦♥❣
♣å st✉✛✱ s❡♥❡r❡ ❢♦rst❡r❦❡t ❛✈ ♥❡tt❛r♠❡r✐♥❣✳ ❊tt❡r ❢②❧❧✐♥❣ ❛✈ ✈❛♥♥t✉♥♥❡❧❡♥ ❣✐❦❦ ❞❡t
✢❡r❡ r❛s✳ ❉❡tt❡ ✈✐st❡ s❡❣ å s❦②❧❞❡s s❧❡♣♣❡❧❡✐r❡ ♠❡❞ ♠❡❣❡t ❛❦t✐✈❡ s✈❡❧❧❡❡❣❡♥s❦❛♣❡r✳
❯♥❞❡r r❡❤❛❜✐❧✐t❡r✐♥❣❡♥ ❛✈ t✉♥♥❡❧❡♥ ❜❧❡ r❛ss♦♥❡♥❡ s✐❦r❡t ♠❡❞ ❜❡t♦♥❣✉tstø♣♥✐♥❣
✭P❛❧♠strø♠ ❡t ❛❧✳✱ ✷✵✵✸✮✳

❉❡tt❡ ❡❦s❡♠♣❧❡t ✐❧❧✉str❡r❡r ❜❛❦❣r✉♥♥❡♥ ❢♦r ❧❛❜♦r❛t♦r✐❡❞❡❧❡♥ ❛✈ ♦♣♣❣❛✈❡♥✳ ❚✐❧str❡❦❦❡✲
❧✐❣ ✐♥❢♦r♠❛s❥♦♥ ♦♠ s❧❡♣♣❡♠❛t❡r✐❛❧❡rs s✈❡❧❧❡❡❣❡♥s❦❛♣❡r ❡r ❛✈❣❥ør❡♥❞❡ ❢♦r å ❦✉♥♥❡
❜②❣❣❡ ❡♥ s✐❦❦❡r t✉♥♥❡❧ ♣å ❡♥ ø❦♦♥♦♠✐s❦ ♠åt❡✳ ❙✐❞❡♥ s✈❡❧❧❡❧❡✐r❡ ✐❦❦❡ ❦❛♥ ♦♣♣❞❛❣❡s
♦❣ ❦❛r❛❦t❡r✐s❡r❡s ♠❡❞ ❞❡t ❜❧♦tt❡ ø②❡ ❤❛r ❙t❛t❡♥s ✈❡❣✈❡s❡♥ s❛tt ♥❡❞ ❦r❛✈ t✐❧ ❜❡✲
t♦♥❣✉tstø♣♥✐♥❣ ✈❡❞ t✐❧str❡❦❦❡❧✐❣ ❤ø②❡ s✈❡❧❧❡tr②❦❦ ✐ s♦♥❡r ♦✈❡r ❡♥ ✈✐ss ♠❡❦t✐❣❤❡t ✐
✈❡❣t✉♥♥❡❧❡r✳ ❙♣ørs♠å❧❡t ❡r ❤✈♦r❞❛♥ ❞✐ss❡ ❦r❛✈❡♥❡ ❜❧✐r ♠øtt ♦❣ ❢✉♥❣❡r❡r ✐ ♣r❛❦s✐s ✐
t✉♥♥❡❧❜②❣❣✐♥❣✳ ❖❣så ❞❡tt❡ t❡♠❛❡t ❜❧❡ ❢♦r❡s❧ått ❛✈ ❱❡❣❞✐r❡❦t♦r❛t❡t s♦♠ ❡♥ ❞❡❧ ❛✈
♠❛st❡r♦♣♣❣❛✈❡♥✳

✶✳✷ ❋♦r♠å❧

❖♣♣❣❛✈❡♥ ❤❛r t♦ ❤♦✈❡❞t❡♠❛✿

❼ ❘❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦ ♦❣ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r s♦♠ ❢♦r✉♥❞❡rsø❦❡❧s❡s♠❡t♦❞❡r
✈❡❞ ✈❡❣t✉♥♥❡❧❡r✱ ♠❡❞ sær❧✐❣ ❢♦❦✉s ♣å s✈❛❦❤❡tss♦♥❡r✳ ■ ❞❡tt❡ ✐♥♥❣år ❢ø❧❣❡♥❞❡
♠å❧✿

✶✳ ❆♥❛❧②s❡r❡ ♠✉❧✐❣❡ års❛❦❡r t✐❧ ❛✈✈✐❦ ♠❡❧❧♦♠ ♣r♦❣♥♦s❡r ♦❣
❡r❢❛r✐♥❣

✷✳ ❆♥❛❧②s❡r❡ ♥②tt❡✈❡r❞✐ ❛✈ ❞❡ t♦ ♠❡t♦❞❡♥❡ s♦♠ ❡♥ ❞❡❧ ❛✈
❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ✈❡❞ ✈❡❣t✉♥♥❡❧❡r

❼ ▲❛❜♦r❛t♦r✐❡✉♥❞❡rsø❦❡❧s❡r ♣å s❧❡♣♣❡♠❛t❡r✐❛❧❡ ✐ ✈❡❣t✉♥♥❡❧❡r✳ ▼å❧❡t ❡r å✿

✸✳ ❆♥❛❧②s❡r❡ ♥②tt❡✈❡r❞✐❡♥ ❛✈ å ❧❛❜♦r❛t♦r✐❡t❡st❡ s❧❡♣♣❡♠❛t❡r✐❛❧❡r
❢r❛ ✈❡❣t✉♥♥❡❧❡r

❆♥❛❧②s❡♥❡ ❜②❣❣❡r ♣å ❡r❢❛r✐♥❣❡r ❣❥♦rt ✐ ❞❡ t♦ ✈❡❣t✉♥♥❡❧❡♥❡ ❊✐❦r❡♠t✉♥♥❡❧❡♥ ♦❣
❑♥❛♣♣❡t✉♥♥❡❧❡♥✱ ♠❡♥ ❦♥②tt❡s ♦♣♣ ♠♦t ❡r❢❛r✐♥❣❡r ❣❥♦rt t✐❞❧✐❣❡r❡ ✈❡❞ ❛♥❞r❡ t✉♥♥❡❧❡r✳
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✶✳✸ ❖♠❢❛♥❣ ♦❣ ❜❡❣r❡♥s♥✐♥❣❡r

❖♣♣❣❛✈❡♥s ♦✈❡r♦r❞♥❡❞❡ ❢♦r♠å❧ ❡r ❜❡s❦r❡✈❡t ✐ ❢♦rr✐❣❡ ❛✈s♥✐tt✳ ❍❡r ❜❧✐r ♠å❧❡♥❡ ✈✐❞❡r❡
❜❡s❦r❡✈❡t ♠❡❞ t❛♥❦❡ ♣å ❤✈❛ ❞❡ ✐♥♥❜❡❢❛tt❡r✳

❆♥❛❧②s❡♥ ❛✈ ♠✉❧✐❣❡ års❛❦❡r t✐❧ ❛✈✈✐❦ ♠❡❧❧♦♠ ♣r♦❣♥♦s❡r ♦❣ ❡r❢❛r✐♥❣❡r ❢♦r ❞❡
t♦ t✉♥♥❡❧❡♥❡ ❦r❡✈❡r ❡♥ s❛♠♠❡♥❧✐❣♥✐♥❣ ♠❡❧❧♦♠ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡s t♦❧❦♥✐♥❣ ♦❣
❡r❢❛r✐♥❣❡♥❡ ❢r❛ ❞r✐✈✐♥❣ ✈❡❞ ❞❡ t♦ t✉♥♥❡❧❡♥❡✳ ❑♥❛♣♣❡t✉♥♥❡❧❡♥ ❜②❣❣❡s ♠❡❞ ♣å✲ ♦❣
❛✈❦❥ør✐♥❣sr❛♠♣❡r t✐❧ ❤♦✈❡❞❧ø♣❡♥❡✱ ♠❡♥ r❛♠♣❡♥❡ ❡r ✐❦❦❡ ✐♥❦❧✉❞❡rt ✐ ❞❡tt❡ ❛r❜❡✐❞❡t✳

➴rs❛❦ t✐❧ ❛✈✈✐❦ ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ❛♥❞r❡ ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦❡ ❢♦r❤♦❧❞ ❡♥♥ s✈❛❦❤❡tss♦♥❡♥❡
❡r ✐❦❦❡ ❞✐s❦✉t❡rt✳

❘❡❢r❛❦s❥♦♥ss❡✐♠✐❦❦❡♥ ♦❣ r❡s✐st✐✈✐t❡t♠å❧✐♥❣❡♥❡s ❡✈♥❡ t✐❧ å ❛✈❞❡❦❦❡ ❛♥❞r❡ ✐♥❣❡♥✐ør✲
❣❡♦❧♦❣✐s❦❡ ❢♦r❤♦❧❞ ❡r ❞❡r✐♠♦t t❛tt ♠❡❞ ✲ ✐ s✈ært ❜❡❣r❡♥s❡t ❣r❛❞✱ ✐ ✈✉r❞❡r✐♥❣❡♥ ❛✈
♠❡t♦❞❡♥s ♥②tt❡✈❡r❞✐ ✭♠å❧ ✷✮✳ ■ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ♠å❧❡♥❡ ✶ ♦❣ ✷ ❡r størst ✈❡❦t ❧❛❣t
♣å r❡s✐st✐✈✐t❡ts♠❡t♦❞❡♥✱ ❞❛ ❞❡t ❡r ❢♦r ❞❡♥♥❡ ♠❡t♦❞❡♥ ❞❡t ✜♥♥❡s ♠✐♥st ❡r❢❛r✐♥❣❡r
❢r❛ t✐❞❧✐❣❡r❡✳ ■ t✐❧❧❡❣❣ ❦❛♥ ❞❡♥♥❡ ♠❡t♦❞❡♥ s❡s s♦♠ ❡♥ ✉t❢♦r❞r❡r t✐❧ ❞❡♥ ♠❡r ❦❥❡♥t❡
r❡❢r❛❦s❥♦♥ss❡✐♠s✐❦❦❡♥✳

❊t ❧✐tt❡r❛t✉rst✉❞✐❡ ♣å t✐❞❧✐❣❡r❡ ❛r❜❡✐❞ ❡r ♦❣så ❣❥❡♥♥♦♠❢ørt✳ ▲✐tt❡r❛t✉rst✉❞✐❡t
❜❡❣r❡♥s❡r s❡❣ t✐❧ ♥♦❡♥ ❢å ✉t✈❛❧❣t❡ ♣r♦s❥❡❦t❡r✳ ❙ær❧✐❣ ♣r♦s❥❡❦t❡t ▼✐❧❥ø✲ ♦❣

s❛♠❢✉♥♥st❥❡♥❧✐❣❡ t✉♥♥❡❧❡r ✭▲✐♥❞strø♠✱ ❑✈❡❡♥✱ ✷✵✵✹✮ ❡r ✐ ❞❡♥♥❡ s❛♠♠❡♥❤❡♥❣
❛❦t✉❡❧❧✳

❖♣♣❣❛✈❡♥ t❛r ✐❦❦❡ ❢♦r s❡❣ ❛♥❞r❡ ❣❡♦❢②s✐s❦❡ ✉♥❞❡rsø❦❡❧s❡s♠❡t♦❞❡r✳ ❉❡t ❡r ✐❦❦❡ ❣❥♦rt
❜❡r❡❣♥✐♥❣❡r ♣å ❦♦st♥❛❞❡r ✈❡❞ ❞❡ ✉❧✐❦❡ ♠❡t♦❞❡♥❡✳ ❖♠❢❛♥❣❡t ❛✈ ❢♦r✉♥❞❡rsø❦❡❧s❡r ❡r
❤❡❧❧❡r ✐❦❦❡ ❦✈❛♥t✐t❛t✐✈t ✈✉r❞❡rt✳ ❉❡tt❡ ❣❥❡❧❞❡r ❢♦r ❛❧❧❡ ♠å❧❡♥❡ ✶✲✸✳

■ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ♠å❧ ✸ ❡r ❞❡t ❣❥❡♥♥♦♠❢ørt ❧❛❜♦r❛t♦r✐❡✉♥❞❡rsø❦❡❧s❡r ♣å é♥
s❧❡♣♣❡♣rø✈❡✳ ❊✈❡♥t✉❡❧❧❡ s✈❛❦❤❡t❡r ♦❣ ❢❡✐❧❦✐❧❞❡r ♠❡❞ s❡❧✈❡ ❧❛❜♦r❛t♦r✐❡t❡st❡♥❡ ❡r ✐❦❦❡
❜❡❤❛♥❞❧❡t ✐ ✈✉r❞❡r✐♥❣❡♥ ❛✈ ♥②tt❡✈❡r❞✐❡♥ ❛✈ ♠❡t♦❞❡♥✳

❉❡t ♣r❡s✐s❡r❡s ❛t r❡s✉❧t❛t❡♥❡ ♦❣ ✈✉r❞❡r✐♥❣❡♥❡ ❣❥❡❧❞❡r ✐♥♥❡♥❢♦r ❞❡t ❜❡st❡♠t❡
❣❡♦❧♦❣✐s❦❡ ♠✐❧❥ø❡t✳ ❊❣♥❡t❤❡t❡♥ ❢♦r ❜r✉❦ ❛✈ ♠❡t♦❞❡♥❡ ✐ ❛♥❞r❡ ❣❡♦❧♦❣✐s❦❡ r❡❣✐♦♥❡r
❞✐s❦✉t❡r❡s ✐❦❦❡✳

✶✳✹ ▼❡t♦❞❡

❆r❜❡✐❞❡t ❡r ✐ ❤♦✈❡❞s❛❦ ❣❥♦rt s♦♠ ❡t r❛♣♣♦rtst✉❞✐❡ ♣å ❞❡ t♦ ✈❡❣t✉♥♥❡❧❡♥❡
❊✐❦r❡♠t✉♥♥❡❧❡♥ ✐ ▼ør❡ ♦❣ ❘♦♠s❞❛❧ ♦❣ ❑♥❛♣♣❡t✉♥♥❡❧❡♥ ✐ ❍♦r❞❛❧❛♥❞✳ ❉❡ ✈✐❦t✐❣st❡
❦✐❧❞❡♥❡ ❜❛❦ ❛r❜❡✐❞❡t ❡r ❣❡♦❧♦❣✐s❦❡ ♦❣ ❣❡♦❢②s✐s❦❡ r❛♣♣♦rt❡r ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ♦❣
❞r✐✈❡❞❛t❛ ❢r❛ ❜②❣❣❡♣r♦s❡ss❡♥✳ ■ t✐❧❧❡❣❣ ❤❛r ❡♥ ❞❡❧ ✐♥❢♦r♠❛s❥♦♥ ❜❧✐tt ❣✐tt ♣❡rs♦♥❧✐❣
❣❥❡♥♥♦♠ ♠øt❡r✱ ❡✲♣♦st ♦❣ t❡❧❡❢♦♥❦♦♥t❛❦t ♠❡❞ ❙t❛t❡♥s ✈❡❣✈❡s❡♥s ❣❡♦❧♦❣❡r ♣å ❞❡
t♦ ♣r♦s❥❡❦t❡♥❡✳ ❉❡t ❡r ♦❣så ❢♦r❡t❛tt ❡t ❧✐tt❡r❛t✉rst✉❞✐❡ ♣å ❡r❢❛r✐♥❣❡r ❢r❛ ❧✐❣♥❡♥❞❡
❛r❜❡✐❞ ❢r❛ t✐❞❧✐❣❡r❡ ♣r♦s❥❡❦t❡r✳

❙✐❞❡♥ ❊✐❦r❡♠t✉♥♥❡❧❡♥ ❡r s❛tt ✐ tr❛✜❦❦✱ ❡r ✐❦❦❡ ❞❡♥♥❡ t✉♥♥❡❧❡♥ ❜❡sø❦t✱ ♠❡♥ ✷✼✳✲
✷✽✳ ♠❛rs ✷✵✶✷ ❜❧❡ ❞❡t ❤♦❧❞t ❡t ✐ ♠øt❡ ✐ ❖s❧♦ ♠❡❞ ▼♦♥❛ ▲✐♥❞strø♠ ♦❣ ❚♦r❡



✶✳✺✳ ❙❚❘❯❑❚❯❘ ✺

❍✉♠st❛❞ ❢r❛ ❱❡❣❞✐r❡❦t♦r❛t❡t✳ ❚♦r❡ ❥♦❜❜❡r ♦❣så ✈❡❞ ❙t❛t❡♥s ✈❡❣✈❡s❡♥s ❦♦♥t♦r ✐
▼♦❧❞❡ ♦❣ ❤❛r ✈ært ❤♦✈❡❞❦♦♥t❛❦t♣❡rs♦♥ ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ❊✐❦r❡♠t✉♥♥❡❧❡♥✳ ❯♥❞❡r
♠øt❡t ❜❧❡ ❞❡ ❢♦r❡❧ø♣✐❣❡ r❡s✉❧t❛t❡♥❡ ❢r❛ ❛r❜❡✐❞❡t ❧❛❣t ❢r❡♠ ♦❣ ♠❡r ❡r❢❛r✐♥❣s❞❛t❛ ❢r❛
t✉♥♥❡❧❞r✐✈✐♥❣❡♥ ❜❧❡ s❛♠❧❡t ✐♥♥✳

❇❡❢❛r✐♥❣ ✐ ❑♥❛♣♣❡t✉♥♥❡❧❡♥ ❜❧❡ ✉t❢ørt ✼✳✲✽✳ ♠❛✐ ✷✵✶✷ ♦❣ ❜❡st♦❞ ❛✈ ♦♠✈✐s♥✐♥❣ ✐
t✉♥♥❡❧❡♥❡ ❢r❛ ❜❡❣❣❡ s✐❞❡r✱ ❦❛rt❧❡❣❣✐♥❣ ♣å st✉✛ ♦❣ ♠øt❡r ♠❡❞ ❛♥s❛tt❡ ❢r❛ ❙t❛t❡♥s
✈❡❣✈❡s❡♥ ♣å ❛♥❧❡❣❣❡t✳ ■ t✐❧❧❡❣❣ ❜❧❡ ❞❡t t❛tt ❡♥ ♣rø✈❡ ❛✈ s❧❡♣♣❡♠❛t❡r✐❛❧❡t ✈❡❞ s♦♥❡
✶✵ ✈❡❞ ♣r♦✜❧ ✼✽✷✽ ✐ ❧ø♣ ✶✶ ❢♦r t❡st✐♥❣ ❛✈ s✈❡❧❧❡❡❣❡♥s❦❛♣❡r✳ ❖♣♣r✐♥♥❡❧✐❣ ♣❧❛♥ ✈❛r
å ❤❛ ❡t ❧❡♥❣r❡ ♦♣♣❤♦❧❞ ✐ ❇❡r❣❡♥ ✉♥❞❡r ❦r②ss✐♥❣ ❛✈ ✈❛♥s❦❡❧✐❣❡ s✈❛❦❤❡tss♦♥❡r✱ ♠❡♥
❢♦rs✐♥❦❡❧s❡r ✐ ❞r✐✈✐♥❣❡♥ ❣❥♦r❞❡ ❛t ❞❡tt❡ ✐❦❦❡ ❜❧❡ ♠✉❧✐❣ å ❣❥❡♥♥♦♠❢ør❡✳

❇❡sø❦❡t ✐ ❇❡r❣❡♥ s❛tt❡ ♣✉♥❦t✉♠ ❢♦r ❤✈✐❧❦❡ ❞❡❧❡r ❛✈ t✉♥♥❡❧❡♥ s♦♠ ❡r ❜❡❤❛♥❞❧❡t
✐ ❡r❢❛r✐♥❣s❞❡❧❡♥ ❛✈ ♦♣♣❣❛✈❡♥ ♦❣ ❞❡tt❡ ❜❡❣r❡♥s❡r s❡❣ t✐❧ ♣r♦✜❧ ✺✶✺✺✲✻✵✼✺ ♦❣ ❢r❛
♣r♦✜❧ ✼✽✸✾ ✉t t✉♥♥❡❧❡♥ ✐ ♥♦r❞✳ ❉✐ss❡ ♣r♦✜❧♥✉♠♠❡r❡♥❡ ❣❥❡❧❞❡r ❢♦r sør❣å❡♥❞❡ ❧ø♣✳
◆♦r❞❣å❡♥❞❡ ❧ø♣ ❤❛r ♣❡r ✽✳ ♠❛✐ ❦♦♠♠❡t ✶✶ ♠❡t❡r ❧❡♥❣r❡ ❢r❛ ♣å❤✉❣❣❡t ✈❡❞ ▲✐❛✈❛t♥❡t❀
t✐❧ ♣r♦✜❧ ✼✵✷✽✳

❚✐❧❜❛❦❡ ✐ ❚r♦♥❞❤❡✐♠ ❜❧❡ ❞❡♥ ✐♥♥s❛♠❧❡❞❡ ♠❛t❡r✐❛❧♣rø✈❡♥ ❛♥❛❧②s❡rt ✐ ❙■◆❚❊❋s
❧❛❜♦r❛t♦r✐❡r ♠❡❞ ❞✐✛❡r❡♥t✐❛❧t❡r♠✐s❦ ❛♥❛❧②s❡✱ ❢r✐s✈❡❧❧✐♥❣s❢♦rsø❦ ♦❣ s✈❡❧❧❡tr②❦❦s❢♦rsø❦
♠❡❞ ø❞♦♠❡t❡r ✈❡❞ ❦♦♥st❛♥t ✈♦❧✉♠ s♦♠ ❜❡s❦r❡✈❡t ✐ ❆✈s♥✐tt ✷✳✻✳✶✳ Prø✈❡♥ ❜❧❡
♣r❡♣❛r❡rt ❛✈ ❙■◆❚❊❋ ♠❡♥s s❡❧✈❡ ❢♦rsø❦❡♥❡ ❜❧❡ ✉t❢ørt ❛✈ st✉❞❡♥t❡♥ ✐ s❛♠❛r❜❡✐❞
♠❡❞ ❛♥s❛tt❡ ✈❡❞ ❙■◆❚❊❋✳

✶✳✺ ❙tr✉❦t✉r

❘❛♣♣♦rt❡♥ ❡r ❜②❣❞ ♦♣♣ ♣å ❢ø❧❣❡♥❞❡ ♠åt❡✿ ■ ❑❛♣✐tt❡❧ ✷ ❣✐s ❡♥ ❦♦rt t❡♦r❡t✐s❦
✐♥♥❢ør✐♥❣ ✐ ❞❡ ✉❧✐❦❡ ♠❡t♦❞❡♥❡ s♦♠ ❞❛♥♥❡r ❣r✉♥♥❧❛❣❡t ❢♦r ❛r❜❡✐❞❡t✱ ♠❡❞ ❜❧❛♥t ❛♥♥❡t
❜❡s❦r✐✈❡❧s❡ ❛✈ ❞❡ ❣❡♦❢②s✐s❦❡ ♠❡t♦❞❡♥❡✱ ❧❛❜♦r❛t♦r✐❡✉♥❞❡rsø❦❡❧s❡♥❡✱ ◗✲✈❡r❞✐s②st❡♠❡t
❡t❝✳ ❊r❢❛r✐♥❣❡r ❢r❛ ✉t✈❛❧❣t❡✱ r❡❧❡✈❛♥t❡ ♣r♦s❥❡❦t❡r ❡r ♣r❡s❡♥t❡rt ✐ ❑❛♣✐tt❡❧ ✸✳

■ ❑❛♣✐tt❡❧ ✹ ♦❣ ✺ ❣✐s ❢ørst ❡♥ ✐♥tr♦❞✉❦s❥♦♥ t✐❧ ❤❡♥❤♦❧❞s✈✐s ❊✐❦r❡♠t✉♥♥❡❧❡♥ ♦❣
❑♥❛♣♣❡t✉♥♥❡❧❡♥✱ ❡tt❡r❢✉❧❣t ❛✈ ❡♥ ♣r❡s❡♥t❛s❥♦♥ ❛✈ r❡s✉❧t❛t❡r ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡
♦❣ ❡r❢❛r✐♥❣❡♥❡ ❣❥♦rt ✉♥❞❡r ❞r✐✈✐♥❣ ✈❡❞ ❞✐ss❡ t♦ ✈❡❣t✉♥♥❡❧❡♥❡✳ ❚✐❧ s❧✉tt ✐ ❤✈❡rt ❛✈
❞✐ss❡ ❦❛♣✐t❧❡♥❡ s❛♠♠❡♥❧✐❣♥❡s ♣r♦❣♥♦s❡♥❡ ♠❡❞ ❡r❢❛r✐♥❣❡♥❡ ❢r❛ ❞r✐✈✐♥❣✳

❉✐s❦✉s❥♦♥❡♥ s♦♠ ❜❡❤❛♥❞❧❡r ❞❡ tr❡ ♠å❧❡♥❡ ♠❡❞ ♦♣♣❣❛✈❡♥ ❣✐tt ✐ ❆✈s♥✐tt ✶✳✷ ❢ø❧❣❡r
✐ ❑❛♣✐tt❡❧ ✻✳ ❚✐❧ s❧✉tt ❜❧✐r ❦♦♥❦❧✉s❥♦♥❡♥❡ ❢r❛ ❛r❜❡✐❞❡t ♦♣♣s✉♠♠❡rt ✐ ❑❛♣✐tt❡❧ ✼ ❢ør
❢♦rs❧❛❣ t✐❧ ✈✐❞❡r❡ ❛r❜❡✐❞ ❡r ♣r❡s❡♥t❡rt ✐ ❑❛♣✐tt❡❧ ✽✳
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❑❛♣✐tt❡❧ ✷

■♥tr♦❞✉❦s❥♦♥ t✐❧ ♠❡t♦❞❡r

■ ❞❡tt❡ ❦❛♣✐tt❡❧❡t ❣✐s ❡♥ ✐♥♥❢ør✐♥❣ ✐ ❞❡ ✈✐❦t✐❣st❡ ♠❡t♦❞❡r s♦♠ ❧✐❣❣❡r t✐❧ ❣r✉♥♥
❢♦r ♦♣♣❣❛✈❡♥s r❛♣♣♦rt❣r✉♥♥❧❛❣✳ ■ t✐❧❧❡❣❣ t✐❧ r❡❢r❛❦s❥♦♥ss❡✐♠s✐❦❦✱ ✷❉ r❡s✐st✐✈✐t❡t
♦❣ ❧❛❜♦r❛t♦r✐❡✉♥❞❡rsø❦❡❧s❡r ♣r❡s❡♥t❡r❡s ♦❣så ♣r✐♥s✐♣♣❡t ❢♦r ■P✲♠å❧✐♥❣❡r✱ ◗✲
✈❡r❞✐s②st❡♠❡t ♦❣ ❜❡r❣♠❛ss❡❦❧❛ss✐✜s❡r✐♥❣✳ ❉❡t ❣✐s ♦❣så ❡♥ ❦♦rt ♣r❡s❡♥t❛s❥♦♥ ❛✈
✈❡r❦tø②❡t ◆♦✈❛♣♦✐♥t ❚✉♥♥❡❧✿ ●❡♦❧♦❣✐ ♦❣ ❇❡r❣s✐❦r✐♥❣✳ ❉❡t ❛♥t❛s ❛t ❧❡s❡r❡♥ ❤❛r ❣♦❞
❦❥❡♥♥s❦❛♣ t✐❧ ❤✈♦r❞❛♥ ❣❡♦❧♦❣✐s❦ ♦❣ ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦❡ ❦❛rtst✉❞✐❡r ♦❣ ❢❡❧t❦❛rt❧❡❣❣✐♥❣
♠❡❞ ❣r✉♥♥❜♦r✐♥❣❡r ❢♦r❣år✳ ❉❡♥♥❡ ❜❛s✐s♠❡t♦❞❡♥ ❢♦r ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ❜❧✐r ❞❡r❢♦r
✉t❡❧❛tt ✐ ♣r❡s❡♥t❛s❥♦♥❡♥ ♦❣ ❧❡s❡r❡♥ ❤❡♥✈✐s❡s t✐❧ ❢♦r ❡❦s❡♠♣❡❧ ◆✐❧s❡♥✱ P❛❧♠strø♠
✭✷✵✵✵✮ ❢♦r ❜❡s❦r✐✈❡❧s❡ ❛✈ ♠❡t♦❞❡♥✳

❉❡t ❡r ✉t❡♥❢♦r ♦♣♣❣❛✈❡♥s ♦♠❢❛♥❣ å ❣✐ ❡♥ ❢✉❧❧ ❣❥❡♥♥♦♠❣❛♥❣ ❛✈ ❜❡❤❛♥❞❧✐♥❣
♦❣ t♦❧❦♥✐♥❣ ❛✈ ❞❛t❛ ❢r❛ ❞❡ ❣❡♦❢②s✐s❦❡ ✉♥❞❡rsø❦❡❧s❡♥❡❀ ❢♦r ❡♥ ♠❡r ❞❡t❛❧❥❡rt
❜❡s❦r✐✈❡❧s❡ ❛✈ ♠❡t♦❞❡♥❡ ♦❣ ❜❡❛r❜❡✐❞✐♥❣ ♦❣ t♦❧❦♥✐♥❣ ❛✈ r❡s✉❧t❛t❡r ✐ ❢♦r❜✐♥❞❡❧s❡
♠❡❞ r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦ ♦❣ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r ❤❡♥✈✐s❡s ❞❡t t✐❧ ❢❛❣❧✐tt❡r❛t✉r
♣å ♦♠rå❞❡t✱ ❢♦r ❡❦s❡♠♣❡❧ ❘❡②♥♦❧❞s ✭✶✾✾✼✮ ❡❧❧❡r t✐❧ ◆●❯s ♥❡tts✐❞❡r✱ ❤✈♦r
♠❡t♦❞❡❜❡s❦r✐✈❡❧s❡r ✜♥♥❡s ✭✇✇✇✳♥❣✉✳♥♦✮✳

✷✳✶ ❘❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦

❘❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦ ❜❡♥②tt❡s ❢♦r å ✉♥❞❡rsø❦❡ ❧øs♠❛ss❡t②❦❦❡❧s❡ ♦❣ ❧øs♠❛ss❡t②♣❡r✱
❜❡r❣♠❛ss❡❦✈❛❧✐t❡t ♦❣ ❣r✉♥♥✈❛♥♥s♥✐✈å s❛♠t ❢♦r å ❧♦❦❛❧✐s❡r❡ s✈❛❦❤❡tss♦♥❡r ✐ ❣r✉♥♥❡♥✳
❖❢t❡ ✉t❢ør❡s ❞❡ r❡❢r❛❦s❥♦♥ss❡✐s♠✐s❦❡ ✉♥❞❡rsø❦❡❧s❡♥❡ ✐ ❞❡ ♠❡r ❦r✐t✐s❦❡ ♦♠rå❞❡♥❡ ❛✈
❡♥ t✉♥♥❡❧✱ ❢♦r ❡❦s❡♠♣❡❧ ✈❡❞ ♣♦rt❛❧♦♠rå❞❡♥❡ ♦❣ ❤✈♦r t❡rr❡♥❣❡t ✐♥❞✐❦❡r❡r ✈❛♥s❦❡❧✐❣❡
❞r✐✈❡❢♦r❤♦❧❞✳ ❙❡✐s♠✐❦❦ ❦❛♥ ♦❣så s❦②t❡s ❧❛♥❣s ❤❡❧❡ t✉♥♥❡❧tr❛s❡❡♥✱ sær❧✐❣ ❡r ❞❡tt❡
❛❦t✉❡❧t ❢♦r ✉♥❞❡rs❥ø✐s❦❡ t✉♥♥❡❧❡r ✭❍♦❧♠ø②✱ ✷✵✵✽✮✳ ➴ s❦②t❡ r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦ ❧❛♥❣s
❤❡❧❡ t✉♥♥❡❧tr❛s❡❡♥ ❢♦r ♣r♦s❥❡❦t❡r ♣å ❧❛♥❞ ❡r ♦❢t❡ ✈❛♥s❦❡❧✐❣ å ❢♦rs✈❛r❡ ø❦♦♥♦♠✐s❦❀
♦♠tr❡♥t❧✐❣ ❡♥❤❡ts♣r✐s ❢♦r r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦ ✈❛r ✐ ✷✵✵✸ ✶✺✵ ❦r✴♠ ✭P❛❧♠strø♠ ❡t ❛❧✳✱
✷✵✵✸✮✳

✼
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❉❡♥ s❡✐s♠✐s❦❡ ❤❛st✐❣❤❡t❡♥ ✐ ❜❡r❣ ❛✈❤❡♥❣❡r ❛✈ ❢ø❧❣❡♥❞❡ ❢♦r❤♦❧❞ ✭❍♦❧♠ø②✱ ✷✵✵✽✮✿

❼ ❇❡r❣❛rtst②♣❡

❼ ❖♣♣s♣r❡❦❦✐♥❣s❣r❛❞✿ ❚❡tt ♦♣♣s♣r✉❦❦❡t ❜❡r❣ ❣✐r ❧❛✈❡r❡ s❡✐s♠✐s❦ ❤❛st✐❣❤❡t

❼ ❙♣❡♥♥✐♥❣s♥✐✈å✿ ▲❛✈❡ s♣❡♥♥✐♥❣❡r s❡♥❦❡r ❞❡♥ s❡✐s♠✐s❦❡ ❤❛st✐❣❤❡t❡♥

❼ ❱❛♥♥✐♥♥❤♦❧❞✿ ❚ørr❡ ♠❛ss❡r ❤❛r ❧❛✈❡r❡ s❡✐s♠✐s❦ ❤❛st✐❣❤❡t ❡♥♥ ✈❛♥♥❢②❧t❡

❼ ❙♣r❡❦❦❡❢②❧❧✐♥❣❡r✿ ❋②❧❧✐♥❣❡r s❡♥❦❡r ❞❡♥ s❡✐s♠✐s❦❡ ❤❛st✐❣❤❡t❡♥✳

❼ ➴♣♥❡ s♣r❡❦❦❡r s❡♥❦❡r ❤❛st✐❣❤❡t❡♥✳

❉❡♥ s❡✐s♠✐s❦❡ ❤❛st✐❣❤❡t❡♥ s✐❡r ♠❡❞ ❛♥❞r❡ ♦r❞ ❡♥ ❞❡❧ ♦♠ ❜❡r❣♠❛ss❡♥ ❡❣❡♥s❦❛♣❡r✳
❉❡t ❡r ✐❦❦❡ ♠✉❧✐❣ å s❡tt❡ ❡♥ ❦❧❛r ❤❛st✐❣❤❡ts❣r❡♥s❡ s♦♠ s❦✐❧❧❡r ❣♦❞t ❜❡r❣ ❢r❛
s✈❛❦❤❡tss♦♥❡r✱ ♠❡♥ ♦♠rå❞❡r ♠❡❞ s❡✐s♠✐s❦ ❤❛st✐❣❤❡t ❧❛✈❡r❡ ❡♥♥ ✸✺✵✵✴✹✵✵✵ ♠✴s ❡r
✈❛♥❧✐❣✈✐s t♦❧❦❡t s♦♠ s✈❛❦❤❡tss♦♥❡r ✭◆✐❧s❡♥✱ ✷✵✶✷✮✴✭P❡❞❡rs❡♥✱ ✷✵✵✸✮✳

■ ❛❧❧ ❡♥❦❡❧❤❡t ❣år ❡♥ r❡❢r❛❦s❥♦♥ss❡✐s♠✐s❦ ❧❛♥❞✲✉♥❞❡rsø❦❡❧s❡ ✉t ♣å å ❢r✐❣✐ ❡t s❡✐s♠✐s❦
s✐❣♥❛❧ ✐ ❜❛❦❦❡♥ s♦♠ r❡❣✐str❡r❡s ❛✈ ❣❡♦❢♦♥❡r ✐ ❡♥ st♦r ❛✈st❛♥❞ ❢r❛ ❦✐❧❞❡♥✳ ❙å r❡❣✐str❡r❡s
❣❛♥❣t✐❞❡♥ ❢♦r ❞❡ r❡❢r❛❦t❡rt❡ ❜ø❧❣❡♥❡ s♦♠ ❜❡✈❡❣❡r s❡❣ ✐ ❧❛❣❣r❡♥s❡r ✐ ❜❡r❣♠❛ss❡♥
✭▲❛♥❞rø✱ ✷✵✵✽✮✳

❉❡ s❡✐s♠✐s❦❡ ❜ø❧❣❡♥❡ ❡r ❡❧❛st✐s❦❡✱ ♦❣ t✐❞❡♥ ❢r❛ s❦✉❞❞ t✐❧ ❢ørst❡ r❡❢r❛❦t❡rt❡ s✐❣♥❛❧ ♥år
❛✈ ❣❡♦❢♦♥❡♥❡ r❡❣✐str❡r❡s ❉❡tt❡ ✐ ♠♦ts❡t♥✐♥❣ t✐❧ ✈❡❞ r❡✢❡❦s❥♦♥ss❡✐s♠✐❦❦✱ ❤✈♦r ❢ørst❡
r❡✢❡❦t❡rt❡ s✐❣♥❛❧ r❡❣✐str❡r❡s✳ ❚✐❞♠å❧✐♥❣❡♥❡ ❣✐r ✉t❣❛♥❣s♣✉♥❦t ❢♦r ❡t ♣❧♦tt ❛✈ ❣❛♥❣t✐❞
♠♦t ❞✐st❛♥s❡✳

▼❡t♦❞❡♥ ❜❛s❡r❡r s❡❣ ♣å ❛t ❞❡♥ s❡✐s♠✐s❦❡ ❤❛st✐❣❤❡t❡♥ ø❦❡r ♥❡❞♦✈❡r ✐ ❣r✉♥♥❡♥✳ ❉❛ ✈✐❧
❞❡ r❡❢r❛❦t❡rt❡ s✐❣♥❛❧❡♥❡ ❢r❛ ✉♥❞❡r❧✐❣❣❡♥❞❡ ❧❛❣ t❛ ✐❣❥❡♥ s✐❣♥❛❧❡♥❡ ❢r❛ ❧❛❣❡t ♦✈❡r ♥år
❛✈st❛♥❞❡♥ ♠❡❧❧♦♠ ❧②❞❦✐❧❞❡ ♦❣ ❣❡♦❢♦♥ ❡r ❛✈ ❡♥ ✈✐ss størr❡❧s❡✳ Pr✐♥s✐♣♣❡t ❡r s❦✐ss❡rt ✐
❋✐❣✉r ✷✳✶✳ ❍❡r s❡r ❡♥ ❛t ❢ørst❡❛❞❦♦♠st ✈❡❞ ❣❡♦❢♦♥❡♥❡ ♥ær♠❡st ❧②❞s✐❣♥❛❧❡t ✭❣❡♦❢♦♥
✶✲✾✮ st❛♠♠❡r ❢r❛ ❜ø❧❣❡♥❡ ❢r❛ ❞❡t ø✈❡rst❡ ❧❛❣❡t✱ ♠❡♥ ♥år ❡♥ ❜❡✈❡❣❡r s❡❣ ❧❡♥❣❡r ❜♦rt✱
❤❛r ❜ø❧❣❡♥❡ ❢r❛ ❞❡t ✉♥❞❡r❧✐❣❣❡♥❞❡ ❧❛❣❡t t❛tt ✐❣❥❡♥ ❞❡ ø✈❡rst❡ ❜ø❧❣❡♥❡✱ s❧✐❦ ❛t ❜ø❧❣❡♥❡
❢r❛ ❧❛❣ ✷ r❡❣✐str❡r❡s✳ ❋r❛ ❣❡♦❢♦♥ ✷✷ ❤❛r ❞❡ r❡❢r❛❦t❡rt❡ ❜ø❧❣❡♥❡ ❢r❛ ❞❡t ♥❡❞❡rst❡ ❧❛❣❡t
♣❛ss❡rt ❞✐ss❡ ❜ø❧❣❡♥❡ ✐❣❥❡♥✱ s❧✐❦ ❛t ❣❛♥❣t✐❞❡♥❡ ❤❡r❢r❛ ♦❣ ✉t t✐❧ ❣❡♦❢♦♥ ✷✹ ❣❥❡❧❞❡r ❢♦r
❧❛❣ ✸ ✭P❡❞❡rs❡♥✱ ✷✵✵✸✮✳

❙✐❞❡♥ ❞❡t ❦✉♥ ❡r ❢ørst❡ s✐❣♥❛❧ s♦♠ r❡❣✐str❡r❡s✱ ✈✐❧ ❞❡tt❡ ❦✉♥♥❡ ❜r✉❦❡s t✐❧ å ✜♥♥❡ ❜å❞❡
t②❦❦❡❧s❡ ♦❣ s❡✐s♠✐s❦ ❤❛st✐❣❤❡t ❛✈ ❞❡ ✉❧✐❦❡ ❧❛❣❡♥❡✳ ❚♦❧❦♥✐♥❣❡♥ ❢r❛♠st✐❧❧❡s ❣r❛✜s❦ s♦♠
❡t s♥✐tt ❣❥❡♥♥♦♠ ♠å❧❡♣r♦✜❧❡t ✐ ❡♥ s❡✐s♠✐s❦ s❡❦s❥♦♥✱ s♦♠ ✈✐st ✐ ❋✐❣✉r ✷✳✷✳ ❍❡r s❡r ❡♥
❞❡ t♦❧❦❡❞❡ s✈❛❦❤❡tss♦♥❡♥❡ s♦♠ ✈❡rt✐❦❛❧❡ s♦♥❡r ♠❡❞ ❛✈✈✐❦❡♥❡ ❧❛✈ ❤❛st✐❣❤❡t ✐ ❢♦r❤♦❧❞
t✐❧ ❜❡r❣♠❛ss❡♥ r✉♥❞t✳ ❆✈ ♣r♦✜❧❡t ❢r❛♠❦♦♠♠❡r ♦❣så ♦✈❡r✢❛t❡t♦♣♦❣r❛✜❡♥✱ t♦❧❦❡t
❞②❜❞❡ ❛✈ ❧øs♠❛ss❡♥❡ ♠❡❞ ✐♥♥t❡❣♥✐♥❣ ❛✈ ❡✈❡♥t✉❡❧❧❡ ❧øs♠❛ss❡❧❛❣ s❛♠t ❡♥ ❧❛❣❣r❡♥s❡ ✐
❜❡r❣✳ ❉❡♥♥❡ ❧✐♥❥❡♥ r❡♣r❡s❡♥t❡r❡r s♦♠ r❡❣❡❧ ♦✈❡r❣❛♥❣❡♥ ♠❡❧❧♦♠ ❞❛❣❜❡r❣ ♦❣ ❢❛st ❜❡r❣
✭P❡❞❡rs❡♥✱ ✷✵✵✸✮✳ ❙❡❦s❥♦♥❡♥ ✐ ❋✐❣✉r ✷✳✷ ❡r ❧❛❣❡t ❢♦r s❡✐s♠✐❦❦ s❦✉tt s♦♠ ❡♥ ❞❡❧ ❛✈
❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ t✐❧ ❑♥❛♣♣❡t✉♥♥❡❧❡♥✳

❋♦r å ❦✉♥♥❡ ✐❞❡♥t✐✜s❡r❡ ❛❧❧❡ ❞❡ ❣❡♦❧♦❣✐s❦❡ ❧❛❣❡♥❡ ✐ ❣r✉♥♥❡♥✱ st✐❧❧❡s ❞❡t ❦r❛✈ t✐❧ ❛t
❞❡♥ s❡✐s♠✐s❦❡ ❤❛st✐❣❤❡t❡♥ ø❦❡r ♥❡❞♦✈❡r ✐ ♣r♦✜❧❡t ♦❣ ❛t ❞❡ ✉❧✐❦❡ s❡✐s♠✐s❦❡ ❧❛❣❡♥❡
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❋✐❣✉r ✷✳✶ ✕ Pr✐♥s✐♣♣s❦✐ss❡ ❢♦r r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦ s♦♠ ✈✐s❡r ❧②❞❦✐❧❞❡✱ ❣❡♦❢♦♥❡r ♦❣
❞❡ r❡❢r❛❦t❡rt❡ s✐❣♥❛❧❡♥❡ ✭✇✇✇✳❣❡♦♣❤②s✐①✳❝♦♠✮✳ ❙❡ t❡❦st ❢♦r ❢♦r❦❧❛r✐♥❣✳

❋✐❣✉r ✷✳✷ ✕ ❊❦s❡♠♣❡❧ ♣å r❡❢r❛❦s❥♦♥ss❡✐s♠✐s❦ ♣r♦✜❧✳ ■❧❧✉str❛s❥♦♥❡♥ ❡r ❤❡♥t❡t ❢r❛ ●❡♦✲
P❤②s✐① ✭✷✵✵✾✮ ♦❣ ✈✐s❡r ❡t ♣r♦✜❧ ❢r❛ ♠å❧✐♥❣❡r ❣❥♦rt ✈❡❞ ❙t♦r♠②r❛ ✈❡❞ ❑♥❛♣♣❡t✉♥♥❡❧❡♥✳
❉❡♥ ❤❡❧tr✉❦♥❡ ❧✐♥❥❡♥ ✈✐s❡r t❡rr❡♥❣♦✈❡r✢❛t❡♥✳ ❉❡♥ t②♥♥❡ st✐♣❧❡❞❡ ❧✐♥❥❡♥ ✐♥❞✐❦❡r❡r ❧❛❣✲
❣r❡♥s❡r ✐ ❧øs♠❛ss❡r ♠❡♥s ❞❡♥ t②❦❦❡ st✐♣❧❡❞❡ ❧✐♥❡♥ ✈✐s❡r ❜❡r❣♦✈❡r✢❛t❡♥✳ ❉❡♥ ♥❡❞❡rst❡
st✐♣❧❡❞❡ ❧✐♥❥❡♥ ✐♥❞✐❦❡r❡r ❞❛❣❜❡r❣s♦♥❡♥✳ ❊♥ s✈❛❦❤❡tss♦♥❡ s❡s ♠❡❧❧♦♠ ♣r♦✜❧ ✺✵ ♦❣ ✻✵
s♦♠ ❡♥ ✈❡rt✐❦❛❧ s♦♥❡ ♠❡❞ ❧❛✈ ❤❛st✐❣❤❡t✳
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❤❛r ❡♥ t✐❧str❡❦❦❡❧✐❣ ♠❡❦t✐❣❤❡t ❢♦r å ❞❡t❡❦t❡r❡s✳ ■ ❡♥❦❡❧t❡ t✐❧❢❡❧❧❡r ❦❛♥ s❡✐s♠✐s❦❡ ❧❛❣
✐ ❣r✉♥♥❡♥ ❜❧✐ ♦✈❡rs❡tt ✐ ♠å❧✐♥❣❡♥❡ ❡❧❧❡r t♦❧❦♥✐♥❣❡♥❡ ❛✈ ❣❛♥❣t✐❞s♣❧♦tt❡♥❡✳ ❘❡②♥♦❧❞s
✭✶✾✾✼✮ ❜❡s❦r✐✈❡r ❢ø❧❣❡♥❞❡ ♠✉❧✐❣❡ års❛❦❡r t✐❧ ✉s②♥❧✐❣❡ ❧❛❣✿

❼ ❙❡✐s♠✐s❦ ✐♥✈❡rs❥♦♥ ✭❧❛✈❡r❡ s❡✐s♠✐s❦ ❤❛st✐❣❤❡t ♥❡❞♦✈❡r ✐ ❜❡r❣♠❛ss❡♥✮

❼ ▲❛✈ ❤❛st✐❣❤❡ts❦♦♥tr❛st

❼ ❋♦r ❧✐t❡♥ ♠❡❦t✐❣❤❡t ❛✈ ❧❛❣❡t

❼ ❋♦r st♦r ❣❡♦❢♦♥❛✈st❛♥❞

■ t✐❧❧❡❣❣ t✐❧ ❞✐ss❡ ❢❡✐❧❦✐❧❞❡♥❡✱ ❡r ❞❡t ❡r ✈✐❦t✐❣ å ❤✉s❦❡ ❛t ❞❡t ❡r ✢❡r❡ ♠✉❧✐❣❡ t♦❧❦♥✐♥❣❡r
❛✈ ❣❛♥❣t✐❞s♣❧♦tt❡♥❡✳ ❉❡t ❡r ❞❡ss✉t❡♥ ✐❦❦❡ ♠✉❧✐❣ å s❦✐❧❧❡ ♣å ♦♠ ❡♥ ❦❛❧❦✉❧❡rt ❧❛✈
❤❛st✐❣❤❡t s❦②❧❞❡s ❢♦r ❡❦s❡♠♣❡❧ ♦♣♣s♣r❡❦❦✐♥❣ ✐ ❦♦♠❜✐♥❛s❥♦♥ ♠❡❞ ✈❛♥♥ ❡❧❧❡r ♦♠
❞❡t s❦②❧❞❡s ❦✉♥ ✐♥t❡♥s ♦♣♣s♣r❡❦❦✐♥❣ ✐ tørt ❜❡r❣✳ ❱❡❞ st❛♥❞❛r❞ ✐♥✈❡rs❥♦♥s♠❡t♦❞❡r
❣✐r r❡❢r❛❦s❥♦♥ss❡✐♠s✐❦❦❡♥ ✐♥❣❡♥ ✐♥❞✐❦❛s❥♦♥❡r ♣å ❢❛❧❧ ♦❣ ❞②❜❞❡r❡❦❦❡✈✐❞❞❡ ❛✈
❧❛✈❤❛st✐❣❤❡tss♦♥❡♥❡ ✭❘ø♥♥✐♥❣✱ ✷✵✶✷❜✮✳

✷✳✷ ✷❉ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r

❉❡♥♥❡ ♠❡t♦❞❡♥ ❜❡♥②tt❡r ❣r✉♥♥❡♥s ❡✈♥❡ t✐❧ å ❧❡❞❡ strø♠ t✐❧ å ❧❛❣❡ ❡♥ ✷❉✲♠♦❞❡❧❧
❛✈ r❡st✐st✐✈✐t❡ts❢♦r❞❡❧✐♥❣❡♥ ♠♦t ❞②♣❡t✳ ▼♦❞❡❧❧❡♥ ❜❡♥②tt❡s ❢♦r å ❧♦❦❛❧✐s❡r❡ s♦♥❡r
♠❡❞ s✈❛❦❡r❡ ❜❡r❣♠❛ss❡ ♦❣ ❡✈❡♥t✉❡❧t t✐❧st❡❞❡✈ær❡❧s❡ ❛✈ ✈❛♥♥ ♦❣✴❡❧❧❡r ❧❡✐r♠✐♥❡r❛❧❡r
✭❘ø♥♥✐♥❣✱ ✷✵✵✸✮✳

■ ♦❣ ♠❡❞ ❛t ❞❡ ✢❡st❡ ❜❡r❣❛rts❞❛♥♥❡♥❞❡ ♠✐♥❡r❛❧❡r ✐❦❦❡ ❧❡❞❡r ❡❧❡❦tr✐s❦ strø♠
❛✈❤❡♥❣❡r r❡s✐st✐✈✐t❡t❡♥ ✐ ❤♦✈❡❞s❛❦ ❛✈ ♣♦r❡✲ ♦❣ s♣r❡❦❦❡❡❣❡♥s❦❛♣❡♥❡ t✐❧ ❜❡r❣♠❛ss❡♥✳
❙✈❛❦❤❡tss♦♥❡r ♠❡❞ t❡tt ♦♣♣s♣r❡❦❦✐♥❣ ♦❣ ❡✈❡♥t✉❡❧t ❧❡✐r❡♠✐♥❡r❛❧❡r ✈✐❧ ❧❡❞❡ strø♠ ❣♦❞t
♦❣ ❞❡r♠❡❞ ✈ær❡ ❧❛✈r❡s✐st✐✈❡ ✭❍♦❧♠ø②✱ ✷✵✵✽✮✳ ▼❡t♦❞❡♥ ❣❥ør ❞❡t ❞❡ss✉t❡♥ ♠✉❧✐❣ å
s❦✐❧❧❡ ♠❡❧❧♦♠ s♦♥❡r ♠❡❞ ✈❛♥♥ s♦♠ ❤♦✈❡❞♣r♦❜❧❡♠ ♦❣ s♦♥❡r ♠❡❞ ❧❡✐r❡ ♦❣ ♠❡r ✉st❛❜✐❧❡
❜❡r❣♠❛ss❡r ✈❡❞ ❛t ❧❡✐rs♦♥❡r ❤❛r ❧❛✈❡r❡ r❡s✐st✐✈✐t❡t ❡♥♥ r❡♥❡ ✈❛♥♥s♦♥❡r ♣å ❣r✉♥♥ ❛✈
❛t ❧❡✐r♠✐♥❡r❛❧❡r ❧❡❞❡r strø♠ ✭❘ø♥♥✐♥❣✱ ✷✵✵✸✮✳

▼å❧✐♥❣❡♥ ❣år ✉t ♣å ❧❡❣❣❡ ✉t ❦❛❜❧❡r ♠❡❞ ❡♥ r❡❦❦❡ ❡❧❡❦tr♦❞❡r t✐❧❦♦❜❧❡t✱ ❢♦r så å s❡♥❞❡
❡♥ ❞✐r❡❦t❡strø♠ ♥❡❞ ✐ ❜❛❦❦❡♥ ♠❡❧❧♦♠ t♦ strø♠❡❧❡❦tr♦❞❡r ♠❡♥s s♣❡♥♥✐♥❣st❛♣❡t
♠å❧❡s ♦❣ r❡❣✐str❡r❡s ✈❡❞ t♦ ♦❣ t♦ ♣❛r✈✐s❡ ♣♦t❡♥s✐❛❧❡❧❡❦tr♦❞❡r ❡tt❡r ❡t ❢❛sts❛tt
♠ø♥st❡r✳ ❍✈❡r ❡❧❡❦tr♦❞❡ ❦❛♥ ❢✉♥❣❡r❡ ❜å❞❡ s♦♠ strø♠✲ ♦❣ ♣♦t❡♥s✐❛❧❡❧❡❦tr♦❞❡ ♦❣
❛❧t ❡r ❦♦❜❧❡t s❛♠♠❡♥ ✐ ❡t r❡❧é ❤✈♦r ❤❡❧❡ ♣r♦s❡ss❡♥ st②r❡s ❢r❛ ❡♥ P❈✳ ❊t s②st❡♠
♠❡❞ ✜r❡ ❦❛❜❧❡r ❦❛♥ ❦❛♥ ✏s❡✑ ✶✸✵ ♠❡t❡r ♥❡❞ ✐ ❜❛❦❦❡♥✳ ■ ♣r❛❦s✐s ❡r r❡❦❦❡✈✐❞❞❡♥ ♦❢t❡
♠✐♥❞r❡✱ t②♣✐s❦ r✉♥❞t ✽✵ ♠❡t❡r ✭❘ø♥♥✐♥❣✱ ✷✵✵✸✱ ✷✵✶✷❜✮✳ ❯t❜r❡❞❡❧s❡ ❛✈ strø♠♠❡♥
♦❣ s♣❡♥♥✐♥❣s❢♦r❞❡❧✐♥❣❡♥ ✐ ❜❛❦❦❡♥ ❡r ✈✐st ✐ ✐❧❧✉str❛s❥♦♥❡♥ ✐ ❋✐❣✉r ✷✳✸✳

❋♦r å ♣r♦❞✉s❡r❡ ❡t ❧❛t❡r❛❧t ♣r♦✜❧✱ ✢②tt❡s ❡❧❡❦tr♦❞❡♥❡ s✐❞❡✈❡✐s✳ ❋♦r å s❡ ♠♦t ❞②♣❡t✱
ø❦❡s ❡❧❡❦tr♦❞❡❛✈st❛♥❞❡♥✳ ❱❡❞ å ❜❡♥②tt❡ ✢❡r❡ ❡❧❡❦tr♦❞❡r ❦❛♥ ❡♥ ❢å ❢r❛♠ ❡t t♦✲
❞✐♠❡♥s❥♦♥❛❧t ❜✐❧❞❡ ✭P❡❞❡rs❡♥✱ ✷✵✵✸✮✳ Pr✐♥s✐♣♣❡t ❜❛❦ ❞❡tt❡ ❡r ✈✐st ✐ ❋✐❣✉r ✷✳✹✳ ❙♦♠
❡♥ s❡r✱ ✈✐❧ ❡♥ st❛❞✐❣ ❦✉♥♥❡ s❡ ❧❡♥❣❡r ♥❡❞ ✐ ❜❛❦❦❡♥ ✈❡❞ ø❦❡♥❞❡ ❡❧❡❦tr♦❞❡❛✈st❛♥❞✳
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❋✐❣✉r ✷✳✸ ✕ ❙❦❥❡♠❛t✐s❦ s❦✐ss❡ ❛✈ ♣r✐♥s✐♣♣❡t ❜❛❦ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r✳ ❋✐❣✉r❡♥ ❡r
❤❡♥t❡t ❢r❛ ♥❡tts✐❞❡♥❡ t✐❧ ◆♦rt❤✇❡st ●❡♦♣❤②s✐❝❛❧ ❆ss♦❝✐❛t❡s✱ ■♥❝✳ ✭✇✇✇✳♥❣❛✳❝♦♠✮

❋✐❣✉r ✷✳✹ ✕ ❙❦✐ss❡ s♦♠ ✈✐s❡r ✐❧❧✉str❡r❡r ❛t ø❦t ❛✈st❛♥❞ ♠❡❧❧♦♠ ❡❧❡❦tr♦❞❡r ❣✐r ø❦t
❞②❜❞❡r❡❦❦❡✈✐❞❞❡✳ ❑♦♠❜✐♥❡rt ♠❡❞ ❡♥ ❧❛t❡r❛❧ ❜❡✈❡❣❡❧s❡ ❛✈ ♠å❧❡❦❛❜❧❡♥❡ ❣✐r ❞❡tt❡ ❡t
t♦❞✐♠❡♥s❥♦♥❛❧t r❡s✐st✐✈✐t❡ts❜✐❧❞❡ ✭❛❧ ❍❛❣r❡②✱ ✷✵✵✻✮✳
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❋✐❣✉r ✷✳✺ ✕ Ps❡✉❞♦s❡❦s❥♦♥ ❢r❛ ♠å❧t❡ ❞❛t❛ ✭ø✈❡rst✮ ♠❡❞ ❞❡♥ ✐t❡r❡rt❡ ♠♦❞❡❧❧❡♥
♥❡❞❡rst✳ ■ ♠✐❞t❡♥ s❡s ♣s❡✉❞♦s❡❦s❥♦♥❡♥ ❢♦r ♠♦❞❡❧❧❡♥ ✭◆●❯✱ ✷✵✵✽✮✳ ❊❦s❡♠♣❡❧❡t ❡r
❢r❛ ▲✉♥♥❡rt✉♥♥❡❧❡♥✳

❋✐❣✉r❡♥ ✈✐s❡r ❡❧❡❦tr♦❞❡❦♦♥✜❣✉r❛s❥♦♥❡♥ ❞✐♣♦❧✲❞✐♣♦❧✱ ♠❡♥ ø❦t ❡❧❡❦tr♦❞❡❛✈st❛♥❞ ✈✐❧
❣✐ t✐❧s✈❛r❡♥❞❡ ♠✉❧✐❣❤❡t❡r t✐❧ å s❡ ✐ ❞②♣❡t ♠❡❞ ❛♥❞r❡ ♦♣♣s❡tt✳

❉❡ ♠å❧t❡ r❡s✐st✐✈✐t❡t❡♥❡ ♣❧♦tt❡s ✐ t♦ ❞✐♠❡♥s❥♦♥❡r ✐ ❡♥ så❦❛❧t ♣s❡✉❞♦s❡❦s❥♦♥✳ ❉❡tt❡
✈✐s❡r ❞❡♥ t✐❧s②♥❡❧❛t❡♥❞❡ r❡s✐st✐✈✐t❡t❡♥ ✐ ❡t ✜❦t✐✈t ❞②♣ ✐ ♣r♦✜❧❡t ♦❣ r❡♣r❡s❡♥t❡r❡r ❡t
s♥✐tt ❛✈ r❡s✐st✐✈✐t❡t❡♥ t✐❧ ❛❧❧❡ ♠❛t❡r✐❛❧❡♥❡ strø♠♠❡♥ ❤❛r ❣ått ❣❥❡♥♥♦♠ ✭◆●❯✱ ✷✵✵✽✮✳

❋♦r å ✜♥♥❡ ❞❡♥ ❢❛❦t✐s❦❡ r❡s✐st✐✈✐t❡t❡♥✱ ❜❡♥②tt❡s ✐♥✈❡rs❥♦♥ ♦❣ ✐t❡r❛s❥♦♥❡r ❢♦r å ✜♥♥❡
❢r❛♠ t✐❧ ❡♥ ♠♦❞❡❧❧ s♦♠ ♣❛ss❡r t✐❧ ❞❡ ♠å❧t❡ ❞❛t❛✳ ●r✉♥♥❡♥ ❞❡❧❡s ❞❛ ♦♣♣ ✐ ♠✐♥❞r❡
❜❧♦❦❦❡r s♦♠ ❜❧✐r s❛tt t✐❧ å ❤❛ ❡♥ ✈✐ss r❡s✐st✐✈✐t❡t s♦♠ ❡♥❞r❡s ❢r❛♠ t✐❧ ❡♥ ❤❛r ❢ått
❡♥ ♠♦❞❡❧❧ ❤✈♦r ♠♦❞❡❧❧❡♥s ♣s❡✉❞♦s❡❦s❥♦♥ ♣❛ss❡r ❞❡♥ ♦♣♣r✐♥♥❡❧✐❣❡ ♣s❡✉❞♦s❡❦s❥♦♥❡♥✳
❉❡♥♥❡ ♠♦❞❡❧❧❡♥ ✈✐❧ ❜❧✐ ❞❡♥ ❡♥❞❡❧✐❣❡ ♠♦❞❡❧❧❡♥ ❢♦r r❡s✐st✐✈✐t❡t❡♥ ✐ ❣r✉♥♥❡♥ ✭◆●❯✱
✷✵✵✽✮✳

❋✐❣✉r ✷✳✺ ✈✐s❡r ❡t ❡❦s❡♠♣❡❧ ❢r❛ ▲✉♥♥❡rt✉♥♥❡❧❡♥ ♣å ♣s❡✉❞♦s❡❦s❥♦♥ ❢r❛ ❢❡❧t♠å❧✐♥❣❡r
✭ø✈❡rst✮ ♦❣ ❞❡♥ t✐❧s✈❛r❡♥❞❡ ♠♦❞❡❧❧❡♥ ✭♥❡❞❡rst✮ ♠❡❞ s✐♥ ♣s❡✉❞♦s❡❦s❥♦♥ ✭✐ ♠✐❞t❡♥✮✳
❙♦♠ ❡♥ s❡r ❡r ❞❡ t♦ ♣s❡✉❞♦s❡❦s❥♦♥❡♥❡ s✈ært ❧✐❦❡✱ ♥♦❡ s♦♠ t②❞❡r ♣å ❡♥ ❣♦❞ ♠♦❞❡❧❧
❢♦r ❞❡ ♠å❧t❡ ❞❛t❛❡♥❡ ✭◆●❯✱ ✷✵✵✽✮✳

■ ✐♥✈❡rs❥♦♥❡♥ ❦❛♥ ❞❡t ❜❡♥②tt❡s ❢♦rs❦❥❡❧❧✐❣❡ ✈❡rt✐❦❛❧✴❤♦r✐s♦♥❡♥❧✲✜❧tr❡ ✭❱✴❍✲✜❧t❡r✮✳
❱❡❞ ❜r✉❦ ❛✈ ✜❧t❡r✱ ❦❛♥ ✈❡rt✐❦❛❧❡✴❤♦r✐s♦♥t❛❧❡ str✉❦t✉r❡r ❢❛✈♦r✐s❡r❡s✳ ❊t ✜❧t❡r ♣å
✷ s♦♠ ❢❛✈♦r✐s❡r❡r ✈❡rt✐❦❛❧❡ str✉❦t✉r❡r ❡r ♦❢t❡ ❜r✉❦t✳ ❉❡t ❡r ♦❣så ♠✉❧✐❣ å ✈❡❧❣❡ ❡t



✷✳✸✳ ■P✲▼➴▲■◆●❊❘ ✶✸

♥ø②tr❛❧t ✜❧t❡r ♣å ✶ ❡❧❧❡r ❡t s♦♠ ❢❛✈♦r✐s❡r❡r ❤♦r✐s♦♥t❛❧❡ str✉❦t✉r❡r ✭❱✴❍❂✵✱✺✮ ✭❘❡✐s❡r
❡t ❛❧✳✱ ✷✵✵✾✮✳

❉❡rs♦♠ ❞❡♥ ❣❡♥❡r❡❧❧❡ ❜❡r❣♠❛ss❡♥ ✐ ♦♠rå❞❡t ❤❛r t✐❧str❡❦❦❡❧✐❣ ❤ø② r❡s✐st✐✈✐t❡t ❦❛♥
❡♥ s❡ ❡✈❡♥t✉❡❧❧❡ ❧❛✈r❡s✐st✐✈❡ s♦♥❡r ✐ r❡s✐st✐✈✐t❡ts♠♦❞❡❧❧❡♥✳ ❍ø② r❡s✐st✐✈✐t❡t ❦r❡✈❡s ❢♦r
å ❦✉♥♥❡ ♦♣♣♥å ❡♥ t✐❧str❡❦❦❡❧✐❣ ❤ø② ❦♦♥tr❛st ♠❡❧❧♦♠ ❤ø②✲ ♦❣ ❧❛✈r❡s✐st✐✈❡ ♦♠rå❞❡r
s♦♠ ❦❛♥ ❣❥ør❡ s♦♥❡♥❡ s②♥❧✐❣❡ ✭◆●❯✱ ✷✵✵✽✮✳ ❊r❢❛r✐♥❣❡r ❢r❛ ♣r♦s❥❡❦t❡r ✐ ◆♦r❣❡ ❤❛r
✈✐st ❛t t✐❧str❡❦❦❡❧✐❣ ❦♦♥str❛st ♦♣♣♥ås ✈❡❞ ❣❡♥❡r❡❧❧ r❡s✐st✐✈✐t❡t ❤ø②❡r❡ ❡♥♥ ✺✵✵✵ Ωm
✭❘ø♥♥✐♥❣✱ ✷✵✶✷❛✮✳ ◆❡❞❡rst ✐ ❋✐❣✉r ✷✳✺ s❡s t♦ s❧✐❦❡ ❧❛✈r❡s✐st✐✈❡ s♦♥❡r ✐ ❜❧å t✐❧ ❣rø♥♥
❢❛r❣❡✳

❊♥ s✈ært ♥②tt✐❣ ❡❣❡♥s❦❛♣ ✈❡❞ r❡s✐st✐✈✐t❡ts♠❡t♦❞❡♥ ❡r ❛t ❞❡♥ ❣✐r ✐♥❢♦r♠❛s❥♦♥ ♦♠
s♦♥❡rs ♦r✐❡♥t❡r✐♥❣ ♠♦t ❞②♣❡t✳ ❙♦♠ ❡♥ s❡r ♥❡❞❡rst ✐ ❋✐❣✉r ✷✳✺✱ ❡r ❞❡ t♦ ❧❛✈r❡s✐st✐✈❡
s♦♥❡♥❡ t♦❧❦❡t å ✈ær❡ ✈❡rt✐❦❛❧❡✳ ❋❛❧❧❡t ❦❛♥ ✐❦❦❡ ❢❛sts❡tt❡s ❦✈❛♥t✐t❛t✐✈t✱ ♠❡♥ s❡tt❡s ✐
t♦❧❦♥✐♥❣❡♥ t✐❧ å ✈ær❡ s❧❛❦t ✭❁ 45◦ ✱ ♠♦❞❡r❛t ✭✹✺✲80◦✮ ❡❧❧❡r st❡✐❧t ✭❃80◦✮✳ ❋❛❧❧❡t ❡r
❛♥❣✐tt s♦♠ ❞❡t t♦❧❦❡❞❡ ❢❛❧❧❡t ❧❛♥❣s ♠å❧❡♣r♦✜❧❡t ✭❘ø♥♥✐♥❣✱ ✷✵✶✷❜✮✳

■ t✐❧❧❡❣❣ t✐❧ å ✈ær❡ ❡♥ ❜✐❧❧✐❣ ♠❡t♦❞❡ ✭▲♦✉✐s ❡t ❛❧✳✱ ✷✵✵✷✮✱ ❡r ♠❡t♦❞❡♥ ❢♦r❤♦❧❞s✈✐s
❡✛❡❦t✐✈✿ ❚♦ ♣❡rs♦♥❡r ❦❛♥ ✐ ❧ø♣❡t ❛✈ ❡♥ ❞❛❣ ♠å❧❡ r❡s✐st✐✈✐t❡t ❧❛♥❣s ❡t ♣r♦✜❧ ♣å ✺✵✵✲✻✵✵
♠❡t❡r ❢ør ❞❛t❛ ✐♥✈❡rt❡r❡s ✐ ❧ø♣❡t ❛✈ ✸✲✹ t✐♠❡r✳ ▼❡t♦❞❡♥ ❡r ❛❧tså ❧✐t❡ r❡ss✉rs❦r❡✈❡♥❞❡
♦❣ ❣❥ør ❤❡❧❧❡r ✐❦❦❡ s❦❛❞❡ ♣å ♥❛t✉r❡♥✳ ■ ♠♦ts❡t♥✐♥❣ ❛♥❞r❡ ♠❡t♦❞❡r s♦♠ ❢♦r ❡❦s❡♠♣❡❧
❞❡♥ ❡❧❡❦tr♦♠❛❣♥❡t✐s❦❡ ♠❡t♦❞❡♥ ❱❡r② ▲♦✇ ❋r❡q✉❡♥❝② ✭❱▲❋✱ s❡ ❢✳❡❦s✳ ❘❡②♥♦❧❞s
✭✶✾✾✼✮✮✱ ❢♦rst②rr❡s r❡s✐st✐✈✐t❡t❡♥ ❞❡ss✉t❡♥ ❧✐t❡ ❛✈ t❡❦♥✐s❦❡ ✐♥st❛❧❧❛s❥♦♥❡r ✐ ♥ær❤❡t❡♥✱
♦❣ r❡❧❛t✐✈❡ r❡s✐st✐✈✐t❡ts✈❡r❞✐❡r ❦❛♥ ✉❛♥s❡tt ✜♥♥❡s ✭❘ø♥♥✐♥❣✱ ✷✵✵✸✮✳

✷✳✸ ■P✲♠å❧✐♥❣❡r

❙♦♠ ❡♥ ❦♦♥s❡❦✈❡♥s ❛✈ ❛t ❡♥❦❡❧t❡ ♠✐♥❡r❛❧❡r✱ ❜❧❛♥t ❛♥♥❡t ❣r❛✜tt✱ ❡r strø♠❧❡❞❡♥❞❡✱
✈✐❧ ❞✐ss❡ ❦✉♥♥❡ ❢♦rst②rr❡ r❡s✉❧t❛t❡♥❡ ❢r❛ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡♥❡ ✈❡❞ ❛t strø♠❧❡❞❡♥❞❡
♠✐♥❡r❛❧❡r ✈✐❧ s❡♥❦❡ r❡s✐st✐✈✐t❡t❡♥ ♦❣ ❞❡r♠❡❞ ❦✉♥♥❡ ❣✐ ✉r✐❦t✐❣❡ s✈❛❦❤❡tss♦♥❡r
✐ r❡s✐st✐✈✐t❡ts♣r♦✜❧❡t ✭❍♦❧♠ø②✱ ✷✵✵✽✮✳ ❉❡r❢♦r ❡r ❞❡t ❛♥❜❡❢❛❧t å ♠å❧❡ ■P✲❡✛❡❦t
s❛♠t✐❞✐❣ s♦♠ ❡♥ ❣❥❡♥♥♦♠❢ør❡r r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r✳ ❉❡tt❡ ❣❥ør❡s ♠❡❞ s❛♠♠❡ ✉tst②r
✭❘ø♥♥✐♥❣✱ ✷✵✵✸✮✳

▼❡t♦❞❡♥ ❣år ✉t ♣å ♠å❧❡ ❜❛❦❦❡♥s ❡✈♥❡ t✐❧ å ♣♦❧❛r✐s❡r❡s ✈❡❞ å ✐♥❞✉s❡r❡ ❡♥ ♣♦❧❛r✐s❛s❥♦♥
♦❣ ♠å❧❡ ❤✈♦r ❢♦rt r❡ststrø♠♠❡♥ ✐ ❜❛❦❦❡♥ ❢♦rs✈✐♥♥❡r ❡tt❡r ❛t strø♠❦✐❧❞❡♥ ❡r s❧ått
❛✈ ✭t✐♠❡ ❞♦♠❛✐♥✮✳ ■ t✐❧❧❡❣❣ t✐❧ å ❧✉❦❡ ✉t s♦♥❡r ♠❡❞ ❢❡✐❧t♦❧❦❡t ❧❛✈ r❡s✐st✐✈✐t❡t✱ ❦❛♥
♠❡t♦❞❡♥ ✐ t❡♦r✐❡♥ ❜✐❞r❛ t✐❧ å s❦✐❧❧❡ ❞❡ ✉❧✐❦❡ s✈❛❦❤❡tss♦♥❡t②♣❡♥❡ ❢r❛ ❤✈❡r❛♥❞r❡ s♦♠
✈✐st ✐ ❚❛❜❡❧❧ ✷✳✶ ✭❍♦❧♠ø②✱ ✷✵✵✽✮✳ ▼❡t♦❞❡♥ ❤❛r ✐♠✐❞❧❡rt✐❞ ✈✐st ❞år❧✐❣ s❛♠s✈❛r ♠❡❧❧♦♠
■P✲❡✛❡❦t ♦❣ s✈❛❦❤❡tss♦♥❡r ✭❘ø♥♥✐♥❣✱ ✷✵✵✸✮✳



✶✹ ❑❆P■❚❚❊▲ ✷✳ ■◆❚❘❖❉❯❑❙❏❖◆ ❚■▲ ▼❊❚❖❉❊❘

❚❛❜❡❧❧ ✷✳✶ ✕ ❚♦❧❦♥✐♥❣ ❛✈ s✈❛❦❤❡tss♦♥❡t②♣❡ ✉t ❢r❛ r❡s✐st✐✈✐t❡t ♦❣ ■P✲❡✛❡❦t ✭❢r❛ ❍♦❧♠ø②
✭✷✵✵✽✮✮✳

❙✈❛❦❤❡tss♦♥❡t②♣❡ ❘❡s✐st✐✈✐t❡t ■P✲❡✛❡❦t

▲❡✐rr✐❦ ▲❛✈ ▲✐❦✴❤ø②❡r❡ ❡♥♥ ♦♠❧✐❣❣❡♥❞❡ ❜❡r❣

❱❛♥♥❢ør❡♥❞❡ ♦❣
❧❡✐rr✐❦

▲❛✈ ▲❛✈❡r❡ ❡♥♥ ♦♠❧✐❣❣❡♥❞❡ ❜❡r❣

❱❛♥♥❢ør❡♥❞❡ ▼❡❞✐✉♠ ▲❛✈❡r❡ ❡♥♥ ♦♠❧✐❣❣❡♥❞❡ ❜❡r❣

❚ørt✱ ♦♣♣s♣r✉❦❦❡t
❜❡r❣

❍ø②❡r❡ ❡♥♥ ❢♦r
✈❛♥♥❢ør❡♥❞❡ s♦♥❡r

▲✐❦ s♦♠ ♦♠❧✐❣❣❡♥❞❡ ❜❡r❣

✷✳✹ ◗✲✈❡r❞✐✱ ❜❡r❣❦❧❛ss❡ ♦❣ ❜❡r❣s✐❦r✐♥❣

❊♥ ♠åt❡ å ❦✈❛♥t✐t❛t✐✈t ❦❧❛ss✐✜s❡r❡ ❜❡r❣♠❛ss❡❦✈❛❧✐t❡t ❡r ✈✐❛ ◗✲♠❡t♦❞❡♥✳ ●❥❡♥♥♦♠
å t❛❧❧❢❡st❡ ✈❡r❞✐❡r ❢♦r ❜❧♦❦❦størr❡❧s❡✴♦♣♣s♣r❡❦❦✐♥❣s❣r❛❞✱ s♣r❡❦❦❡❡❣❡♥s❦❛♣❡r✱ ✈❛♥✲
♥✐♥♥❤♦❧❞ ♦❣ ❜❡r❣s♣❡♥♥✐♥❣❡r ❜❡r❡❣♥❡s ❡♥ ◗✲✈❡r❞✐ ♠❡❧❧♦♠ ✵✱✵✵✶ ♦❣ ✶✵✵✵ ✉t ❢r❛ ❋♦r♠❡❧
✷✳✶✳ ❘◗❉ ♦❣ Jn ✐ ❢♦r♠❡❧❡♥ ❜❡s❦r✐✈❡r ❜❧♦❦❦størr❡❧s❡ ♦❣ ♦♣♣s♣r❡❦❦✐♥❣s❣r❛❞✱ Jr ♦❣
Ja ❛♥❣✐r r✉❤❡t ♦❣ s♣r❡❦❦❡❢②❧❧✐♥❣ ♦❣ Jw ♦❣ ❙❘❋ ❜❡s❦r✐✈❡r ❤❡♥❤♦❧❞s✈✐s ✈❛♥♥✲ ♦❣
s♣❡♥♥✐♥❣s❢♦r❤♦❧❞ ✭❙t❛t❡♥s ✈❡❣✈❡s❡♥✱ ✷✵✶✵❛✮✳

Q =
RQD

Jn
×

Jr

Ja
×

Jw

SRF
✭✷✳✶✮

▲❛✈❡r❡ ◗✲✈❡r❞✐ ❛♥❣✐r ❡♥ s✈❛❦❡r❡ ❜❡r❣♠❛ss❡✳ ❑r✐t❡r✐❡r ❢♦r å s❡tt❡ ♣❛r❛♠❡t❡r✈❡r❞✐❡♥❡ ✐
❋♦r♠❡❧ ✷✳✶✱ s❛♠t ❡♥ ♠❡r ❞❡t❛❧❥❡rt ❜❡s❦r✐✈❡❧s❡ ❛✈ ♠❡t♦❞❡♥ ✜♥♥❡s ✐ ❚❡❦♥♦❧♦❣✐r❛♣♣♦rt
✷✺✸✽ ✭❙t❛t❡♥s ✈❡❣✈❡s❡♥✱ ✷✵✶✵❛✮ ♦❣ ❡r ❣❥❡♥❣✐tt ✐ ❱❡❞❧❡❣❣ ❈✳✶✳

◗✲✈❡r❞✐❡♥ ❦❛♥ ❜❡r❡❣♥❡s ✐ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ❢r❛ ❢❡❧t❦❛rt❧❡❣❣✐♥❣ ♦❣ ❦❥❡r♥❡❜♦r✐♥❣✳ ■
t✐❧❧❡❣❣ ✜♥♥❡s ❞❡t ❡♥ r❡❧❛s❥♦♥ ♠❡❧❧♦♠ s❡✐s♠✐s❦ ❤❛st✐❣❤❡t ♦❣ ◗✲✈❡r❞✐✿ ❤❛st✐❣❤❡t❡r ♦✈❡r
✹✺✵✵ ♠✴s t✐❧s✈❛r❡r ◗✲✈❡r❞✐❡r ❃✶✵ ♦❣ ❤❛st✐❣❤❡t❡r ❁✸✺✵✵ ♠✴s t✐❧s✈❛r❡r ◗✲✈❡r❞✐❡r ❁ ✶
✭❙t❛t❡♥s ✈❡❣✈❡s❡♥✱ ✷✵✶✵❛✮✳ ❙❡✐s♠✐s❦ ❤❛st✐❣❤❡t ❛✈❤❡♥❣❡r ✐♠✐❞❧❡rt✐❞ ❛✈ ❜❡r❣❛rtst②♣❡✱
❜❡r❣❛rt❡♥s tr②❦❦st②r❦❡✱ ❛♥✐s♦tr♦♣✐ ♦❣ ❤♦✈❡❞s♣❡♥♥✐♥❣sr❡t♥✐♥❣✱ s❧✐❦ ❛t ❞❡tt❡ ♦❣så
♠å ♠❡❞ ✐ ❜❡tr❛❦t♥✐♥❣❡♥ ♥år ◗✲✈❡r❞✐❡♥ ❛♥s❧ås✳ ❊♥ ♠❡r ♣r♦s❥❡❦ts♣❡s✐✜❦❦ ✐♥♥❞❡❧✐♥❣
❦❛♥ ♦❣så ❣❥ør❡s✱ s♦♠ ✈❡❞ ❊✐❦r❡♠t✉♥♥❡❧❡♥✳ ❚❛❜❡❧❧ ✷✳✷ ✈✐s❡r ❞❡♥ ❛♥t❛tt❡ r❡❧❛s❥♦♥❡♥
♠❡❧❧♦♠ ◗✲✈❡r❞✐ ♦❣ s❡✐s♠✐s❦ ❤❛st✐❣❤❡t ❢♦r ❞❡♥♥❡ t✉♥♥❡❧❡♥✳

✭❇❛rt♦♥✱ ✷✵✵✷✮ ❤❛r ❞❡ss✉t❡♥ ❢♦r❡s❧ått ❢ø❧❣❡♥❞❡ s❛♠♠❡♥❤❡♥❣ ♠❡❧❧♦♠ ◗✲✈❡r❞✐ ♦❣
s❡✐s♠✐s❦ ❤❛st✐❣❤❡t ✭Vp✮✿

Vp = logQc + 3, 5 = log(
Q× σc

100
) + 3, 5 ✭✷✳✷✮

❍❡r ❡r σc ❡r ❜❡r❣❛rt❡♥s ❡♥❛❦s✐❡❧❧❡ tr②❦❦st②r❦❡✳Vp ❡r ✐ ❦♠✴s✳
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❚❛❜❡❧❧ ✷✳✷ ✕ ❆♥t❛tt s❛♠♠❡♥❤❡♥❣ ♠❡❧❧♦♠ ◗✲✈❡r❞✐❡r ♦❣ s❡✐s♠✐s❦ ❤❛st✐❣❤❡t ❢r❛
❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ✈❡❞ ❊✐❦r❡♠t✉♥♥❡❧❡♥✭❍✉♠st❛❞✱ ✷✵✵✾✮✳

◗✲✈❡r❞✐ ❙❡✐s♠✐s❦ ❤❛st✐❣❤❡t ✭♠✴s✮

✶✵✲✹✵ ❃✹✺✵✵

✹✲✶✵ ✹✵✵✵✲✹✺✵✵

✶✲✹ ✸✺✵✵✲✹✵✵✵

✵✱✶✲✶ ✸✵✵✵✲✸✺✵✵

✵✱✵✶✲✵✱✶ ❁✸✵✵✵

❇❛rt♦♥s ❢♦r♠❡❧ ❤❛r ✐♠✐❞❧❡rt✐❞ ✈✐st s❡❣ å ✐❦❦❡ st❡♠♠❡ ❣♦❞t ♦✈❡r♥❡s ♠❡❞
♦❜s❡r✈❛s❥♦♥❡r ❣❥♦rt ♣å s❛♠♠❡♥❤❡♥❣❡♥ ♠❡❧❧♦♠ ◗✲✈❡r❞✐ ♦❣ s❡✐s♠✐s❦ ❤❛st✐❣❤❡t s❧✐❦ ❛t
❤❡❧❧❡r ❡♥ ❞✐r❡❦t❡ ♦✈❡r❢ør✐♥❣❡r s♦♠ ✐ ❚❛❜❡❧❧ ✷✳✷ ❜❡♥②tt❡s ✭❘ø♥♥✐♥❣✱ ✷✵✵✸✮ ✳

◗✲✈❡r❞✐❡♥ ❜r✉❦❡s t✐❧ å ❞❡❧❡ ❜❡r❣❡t ✐♥♥ ✐ s②✈ ❢♦rs❦❥❡❧❧✐❣❡ ❜❡r❣♠❛ss❡❦❧❛ss❡r ❢r❛ ❆
t✐❧ ●✳ ❙t❛t❡♥s ✈❡❣✈❡s❡♥ ❤❛r ❞❡✜♥❡rt s❡❦s ❡❣♥❡ s✐❦r✐♥❣s❦❧❛ss❡r ❢♦r ✈❡❣t✉♥♥❡❧❡r ✉t
❢r❛ ◗✲✈❡r❞✐✴❜❡r❣♠❛ss❡❦❧❛ss❡✱ ♣r❡s❡♥t❡rt ✐ ❍å♥❞❜♦❦ ✵✷✶ ✭❙t❛t❡♥s ✈❡❣✈❡s❡♥✱ ✷✵✶✵❜✮✳
■♥♥❞❡❧✐♥❣❡♥ ❡r ✈✐st ✐ ❚❛❜❡❧❧ ✷✳✸✳

❙♦♠ ❡♥ s❡r ❛✈ t❛❜❡❧❧❡♥ s❡tt❡r s✐❦r✐♥❣s❦❧❛ss❡♥ ❦r❛✈ t✐❧ ❛❧t ❢r❛ t②♣❡ ♦❣ ❛♥t❛❧❧ ❜♦❧t❡r t✐❧
❜r✉❦ ♦❣ ♦♣♣❜②❣❣✐♥❣ ❛✈ s♣rø②t❡❜❡t♦♥❣❜✉❡r✳ ●❥❡♥♥♦♠ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ❦❛♥ ❡♥ ❛❧tså
❛♥s❧å ◗✲✈❡r❞✐❡♥ ❧❛♥❣s tr❛s❡❡♥ ♦❣ ❜❡♥②tt❡ ❞❡♥♥❡ ❢♦r å ❛♥s❧å ❜❡r❣♠❛ss❡❦✈❛❧✐t❡t❡♥
♦❣ ❞❡t t✐❧❤ør❡♥❞❡ s✐❦r✐♥❣s♦♠❢❛♥❣❡t ❢♦r ❡♥ ✈❡❣t✉♥♥❡❧✳ ❊♥ ✈✐❞❡r❡ ♣r♦s❥❡❦tt✐❧♣❛ss❡t
✐♥♥❞❡❧✐♥❣ ♦❣ s♣❡s✐✜s❡r✐♥❣ ❛✈ ❞❡ ❢♦rs❦❥❡❧❧✐❣❡ ❦❧❛ss❡♥❡ ✉t ❢r❛ ◗✲✈❡r❞✐ ❡r ♦❣så ♠✉❧✐❣✳

❯♥❞❡r ❞r✐✈✐♥❣ ❛✈ ✈❡❣t✉♥♥❡❧❡r ❢❛sts❡tt❡s ◗✲✈❡r❞✐❡♥ ❢♦r ❤✈❡r s❛❧✈❡ ✐ ❤❡♥❤♦❧❞ t✐❧
❦r❛✈ t✐❧ ❞♦❦✉♠❡♥t❛s❥♦♥ ❣✐tt ❛✈ ❙t❛t❡♥s ✈❡❣✈❡s❡♥s ✭❙t❛t❡♥s ✈❡❣✈❡s❡♥✱ ✷✵✶✵❜✮✱ ♦❣
s✐❦r✐♥❣s❦❧❛ss❡ ❜❡st❡♠♠❡s ✉t ❢r❛ ❞❡tt❡✳ ■ t✐❧❧❡❣❣ ✈✐❧ r❡s✉❧t❛t❡♥❡ ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡
✈ær❡ ♠❡❞ å ❜❡st❡♠♠❡ s✐❦r✐♥❣s♦♠❢❛♥❣❡t ❧❛♥❣s t✉♥♥❡❧❡♥ ✈❡❞ ❛t ❞❡t ✈❡❞ ❞r✐✈✐♥❣ ♠♦t
❢♦r✈❡♥t❡❞❡ s✈❛❦❤❡tss♦♥❡r s❦❛❧ ❡t❛❜❧❡r❡s ❡♥ ✉♥❞❡rsø❦❡❧s❡s✲ ♦❣ s✐❦r✐♥❣ss♦♥❡ ♠✐♥st ✶✺
♠❡t❡r ❢ør s♦♥❡♥ ❡r ❢♦r✈❡♥t❡t✳ ❍❡r s❦❛❧ s♦♥❞❡r❜♦r✐♥❣✱ ❢♦r❜♦❧t✐♥❣ ♦❣ ❡✈❡♥t✉❡❧❧ ✐♥❥❡❦s❥♦♥
st❛rt❡s ✭❙t❛t❡♥s ✈❡❣✈❡s❡♥✱ ✷✵✶✵❜✮✳
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❚❛❜❡❧❧ ✷✳✸ ✕ ❇❡r❣♠❛ss❡❦❧❛ss❡ ♦❣ s✐❦r✐♥❣s❦❧❛ss❡ ❢r❛ ◗✲✈❡r❞✐ ✭❙t❛t❡♥s ✈❡❣✈❡s❡♥✱
✷✵✶✵❜✮✳
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✷✳✺ ◆♦✈❛♣♦✐♥t ❚✉♥♥❡❧

❇❡❣❣❡ ♣r♦s❥❡❦t❡♥❡ ❞✐s❦✉t❡rt ✐ ❞❡♥♥❡ ♦♣♣❣❛✈❡♥ ❤❛r ❣❥❡♥♥♦♠ ❙t❛t❡♥s ✈❡❣✈❡s❡♥s ◆❆✲
r✉♥❞s❦r✐✈ ✷✵✵✼✴✸ ❦r❛✈ t✐❧ å ❧❡✈❡r❡ ❡♥ t❡❦♥✐s❦ s❧✉ttr❛♣♣♦rt ❡tt❡r ❢❡r❞✐❣st✐❧❧❡❧s❡✳
❚❡❦♥✐s❦ s❧✉ttr❛♣♣♦rt s❦❛❧ ❜❧❛♥t ❛♥♥❡t ✐♥❦❧✉❞❡r❡ ❞♦❦✉♠❡♥t❛s❥♦♥ ❛✈ ❣❡♦❧♦❣✐s❦ ♦❣
✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦ ❦❛rt❧❡❣❣✐♥❣✱ ✉t❢ørt ❜❡r❣s✐❦r✐♥❣ ✐ t✉♥♥❡❧❡♥ ♦❣ ❡✈❡♥t✉❡❧❧❡ ❛✈✈✐❦
♠❡❧❧♦♠ ❢♦r✈❡♥t❡t ♦❣ ❢❛❦t✐s❦ s✐❦r✐♥❣s♦♠❢❛♥❣ ♠❡❞ års❛❦❡r t✐❧ ❞✐ss❡ ❛✈✈✐❦❡♥❡ ✭❙t❛t❡♥s
✈❡❣✈❡s❡♥✱ ✷✵✵✼❜✮✳

❋♦r å s✐❦r❡ ❦♦♥t✐♥✉❡r❧✐❣ ❞❛t❛❢❛♥❣st ♦❣ ❡♥ ❣♦❞ ♠åt❡ å ❧❛❣r❡ ♦❣ ♣r❡s❡♥t❡r❡ ❞❛t❛
♣å✱ ❜❡♥②tt❡s ♣r♦❣r❛♠✈❛r❡♥ ◆♦✈❛♣♦✐♥t ❚✉♥♥❡❧✿ ●❡♦❧♦❣✐ ♦❣ ❜❡r❣s✐❦r✐♥❣ ✭❤❡r❡tt❡r
❜❛r❡ ❦❛❧t ◆♦✈❛♣♦✐♥t✮ ✈❡❞ ❜❡❣❣❡ ❞❡ ✉♥❞❡rsø❦t❡ t✉♥♥❡❧❡♥❡✳ ◆♦✈❛♣♦✐♥t ❡r ❡t
s②st❡♠ ❢♦r r❡❣✐str❡r✐♥❣ ♦❣ ❞♦❦✉♠❡♥t❛s❥♦♥ ❛✈ ❣❡♦❧♦❣✐ ♦❣ s✐❦r✐♥❣ ✉♥❞❡r ❞r✐✈✐♥❣
❛✈ t✉♥♥❡❧❡r✳ ■ ♣r♦❣r❛♠♠❡t r❡❣✐str❡r❡s ❛❧t ❢r❛ ❣❡♦❧♦❣✐ t✐❧ ✉t❢ørt s✐❦r✐♥❣s❛r❜❡✐❞ ♦❣
❜♦r♣❛r❛♠❡t❡rt♦❧❦♥✐♥❣❡r ✭❇P❚✮ ♦❣ ❦❛♥ ✐ ❡tt❡rt✐❞ ❡♥❦❡❧t ❜❡♥②tt❡s ❢♦r å ♣r♦❞✉s❡r❡
❣r❛✜s❦❡ ♦❣ s❦❥❡♠❛t✐s❦❡ ❢r❛♠st✐❧❧✐♥❣❡r ❛✈ ❢♦r❤♦❧❞❡♥❡ ❧❛♥❣s t✉♥♥❡❧❡♥✳ ❊❦s❡♠♣❧❡r
♣å ❣❡♦❧♦❣✐s❦❡ ❡❧❡♠❡♥t❡r s♦♠ ❦❛rt❧❡❣❣❡s ♣å st✉✛ ♦❣ ❧❡❣❣❡s ✐♥♥ ✐ ◆♦✈❛♣♦✐♥t ❡r
s♣r❡❦❦❡♠å❧✐♥❣❡r✱ ❜❡r❣❛rtst②♣❡ ♦❣ s✈❛❦❤❡tss♦♥❡r ✭❍ø✐❡♥✱ ✷✵✵✾✮✳

✷✳✻ ❙❧❡♣♣❡♠❛t❡r✐❛❧❡ts s✈❡❧❧❡❡❣❡♥s❦❛♣❡r

■ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ❞❡tt❡ ❛r❜❡✐❞❡t✱ s❦❛❧ ♥②tt❡✈❡r❞✐❡♥ ❛✈ ❧❛❜♦r❛t♦r✐❡✉♥❞❡rsø❦❡❧s❡r
♣å s❧❡♣♣❡♠❛t❡r✐❛❧❡r ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ❜❡st❡♠♠❡❧s❡ ❛✈ s✐❦r✐♥❣s♦♠❢❛♥❣ ✐ t✉♥♥❡❧
✈✉r❞❡r❡s✳ ❍❡r ❜r✉❦❡s ♦r❞❡t ✏s❧❡♣♣❡♠❛t❡r✐❛❧❡✑ ❢♦r ❧øs♠❛t❡r✐❛❧❡ ✐ s❧❡♣♣❡r ♦❣
s✈❛❦❤❡tss♦♥❡r✳ ▼❛t❡r✐❛❧❡ts s✈❡❧❧❡❡❣❡♥s❦❛♣❡r ❡r ✐ ❞❡♥♥❡ s❛♠♠❡♥❤❡♥❣ ❛✈ størst
✐♥t❡r❡ss❡✱ ❞❛ s✈❡❧❧❡♥❞❡ ❧❡✐r♠❛t❡r✐❛❧❡ ✈❛♥❧✐❣✈✐s ✉t❣❥ør ❞❡♥ størst❡ r✐s✐❦♦❡♥ ❢♦r
st❛❜✐❧✐t❡ts♣r♦❜❧❡♠❡r ✐ ❧❡✐r❢②❧t❡ s♦♥❡r ✭◆✐❧s❡♥✱ ❇r♦❝❤✱ ✷✵✵✾✮✳

❉❡tt❡ s❦②❧❞❡s ❛t s✈❡❧❧❡♥❞❡ ♠❛t❡r✐❛❧❡r ✈✐❧ ❦✉♥♥❡ ✉tø✈❡ ❡t st♦rt tr②❦❦ ♣å ❜❡r❣♠❛ss❡♥
♦❣ ♦♣♣❢ørt s✐❦r✐♥❣ ✐ ❡♥ t✉♥♥❡❧ ♦❣ ❣✐ st❛❜✐❧✐t❡ts♣r♦❜❧❡♠❡r✳ ■❦❦❡✲s✈❡❧❧❡♥❞❡ ❧❡✐r❡ ❣✐r
♣r♦❜❧❡♠❡r ♠❡r ✐ r❡t♥✐♥❣ ❛✈ ♥❡❞s❛tt ❢r✐❦s❥♦♥ ♦❣ ✉t✈❛s❦✐♥❣ ❛✈ s❧❡♣♣❡♠❛t❡r✐❛❧❡ ✭◆✐❧s❡♥✱
❇r♦❝❤✱ ✷✵✵✾✮✳

❙✈❡❧❧❡♥❞❡ ❧❡✐r♠✐♥❡r❛❧❡r ❦❛❧❧❡s s♠❡❦t✐tt❡r✱ ❤✈♦r❛✈ ❞❡t ♠❡st ❛❦t✉❡❧❧❡ ❧❡✐r♠✐♥❡r❛❧❡t
✐ ◆♦r❣❡ ❡r ♠♦♥t♠♦r✐❧❧♦♥✐tt✳ ❉❡tt❡ ♠✐♥❡r❛❧❡t ✜♥♥❡s ✐ ✉❧✐❦❡ ♠❡♥❣❞❡r ✐ ❛❧❧❡ ♥♦rs❦❡
❣❡♦❧♦❣✐s❦❡ ❢♦r♠❛s❥♦♥❡r✱ ♠❡♥ ❡r sær❧✐❣ ✈❛♥❧✐❣ ✐ ♣r❡❦❛♠❜r✐s❦❡ ❣♥❡✐s❡r ❤✈♦r ♠✐♥❡r❛❧❡t
❦❛♥ ❞❛♥♥❡s s♦♠ ❡t ❢♦r✈✐tr✐♥❣s♣r♦❞✉❦t ❛✈ ❢❡❧ts♣❛t ✭▲øs❡t✱ ✷✵✵✻✮✳

Prø✈❡t❛❦✐♥❣ ❛✈ s❧❡♣♣❡♠❛t❡r✐❛❧❡ ❣❥ør❡s s♦♠ r❡❣❡❧ ✐❦❦❡ ✉♥❞❡r ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✳ ❉❡t
❡r ♠✉❧✐❣ å t❛ ♦♣♣ ♣rø✈❡r ❛✈ s❧❡♣♣❡♠❛t❡r✐❛❧❡t ❢r❛ ❞❛❣❡♥ ✈❡❞ ❜r✉❦ ❛✈ ❦❥❡r♥❡❜♦r✐♥❣ ❢♦r
å ✐♥❦❧✉❞❡r❡ r❡s✉❧t❛t❡♥❡ s♦♠ ❡♥ ❞❡❧ ❛✈ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✳ ❱❡❞ ❜r✉❦ ❛✈ ❦❥❡r♥❡❜♦r✐♥❣
t✐❧ å t❛ ♣rø✈❡ ❡r ❞❡t ✈✐❦t✐❣ å ✈ær❡ ❢♦rs✐❦t✐❣ ♠❡❞ ✈❛♥♥s♣②❧✐♥❣❡♥ ❢♦r å s✐❦r❡ ♥♦❦
♣rø✈❡♠❛t❡r✐❛❧❡✳ ▲❛❜♦r❛t♦r✐❡✉♥❞❡rsø❦❡❧s❡♥❡ ♣❧❛♥❧❡❣❣❡s ❞❡r❢♦r ❤❡❧❧❡r s♦♠ ❡♥ ❞❡❧ ❛✈
❞❡ ✉ts❛tt ✉♥❞❡rsø❦❡❧s❡♥❡✳ Prø✈❡♥❡ s❛♠❧❡s ❞❛ ❡♥t❡♥ ♣å st✉✛ ❡❧❧❡r ❢r❛ ❦❥❡r♥❡❜♦r✐♥❣❡r
❢r❛♠♦✈❡r ❧❛♥❣s t✉♥♥❡❧tr❛s❡❡♥ ❢♦r så å ❜❧✐ t❡st❡t ✐ ❧❛❜♦r❛t♦r✐❡t ✭◆✐❧s❡♥✱ ✷✵✶✷✮✳
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✷✳✻✳✶ ▲❛❜♦r❛t♦r✐❡✉♥❞❡rsø❦❡❧s❡

❱❡❞ ❊✐❦r❡♠t✉♥♥❡❧❡♥ ♦❣ ❑♥❛♣♣❡t✉♥♥❡❧❡♥ ❜❧❡ ❢ø❧❣❡♥❞❡ ❧❛❜♦r❛t♦r✐❡✉♥❞❡rsø❦❡❧s❡r ♣å
s❧❡♣♣❡♠❛t❡r✐❛❧❡ ❣❥❡♥♥♦♠❢ørt✿

❼ ▼✐♥❡r❛❧♦❣✐

✕ ❘ø♥t❣❡♥❞✐✛r❛❦s❥♦♥s❛♥❛❧②s❡ ✭❳❘❉✮

✕ ❉✐✛❡r❡♥t✐❛❧t❡r♠✐s❦ ❛♥❛❧②s❡ ✭❉❚❆✮

❼ ❙✈❡❧❧✐♥❣

✕ ❋r✐s✈❡❧❧✐♥❣

✕ ❙✈❡❧❧❡tr②❦❦s♠å❧✐♥❣ ✐ ø❞♦♠❡t❡rs❦å❧

❯♥❞❡r ❢ø❧❣❡r ❞❡t ❡♥ ♠❡t♦❞❡❜❡s❦r✐✈❡❧s❡ ❛✈ ❞✐ss❡ ✜r❡ ✉♥❞❡rsø❦❡❧s❡♥❡✳ ❇r✉❦❡♥ ❛✈
❧❛❜♦r❛t♦r✐❡r❡s✉❧t❛t❡♥❡ ❜❡❤❛♥❞❧❡s ✐ ❆✈s♥✐tt ✷✳✻✳✷✳

Prø✈❡♣r❡♣❛r❡r✐♥❣

Prø✈❡♥ ♣r❡♣❛r❡r❡s ❧✐❦t ❢♦r ❛❧❧❡ ❞❡ ❢ø❧❣❡♥❞❡ t❡st♠❡t♦❞❡♥❡✳ ❉❡♥ ✐♥♥s❛♠❧❡❞❡
♠❛t❡r✐❛❧♣rø✈❡♥ ✐♥♥❡❤♦❧❞❡r ♦❢t❡ ❡♥ ❞❡❧ ❣r♦✈❡r❡ ♠❛t❡r✐❛❧❡ s♦♠ ❣r✉s ♦❣ st❡✐♥ ✐ t✐❧❧❡❣❣
t✐❧ ❞❡t ✜♥❡r❡ ♠❛t❡r✐❛❧❡t✳ ❚❡st♠❛t❡r✐❛❧❡t ❁✷✵ µm s❦✐❧❧❡s ✉t ✈❡❞ s❡❞✐♠❡♥t❡r✐♥❣ ✐
❞❡st✐❧❧❡rt ✈❛♥♥✳ Prø✈❡❢r❛❦s❥♦♥❡♥ ♣❧❛ss❡r❡s ❞❡r❡tt❡r ✐ tør❦❡s❦❛♣✱ ❢ør ❞❡♥ ❢år ❤✈✐❧❡ ✉t❡
✐ ❧❛❜♦r❛t♦r✐❡t✳ ❚✐❧ s❧✉tt ♠❛❧❡s ♣rø✈❡♠❛t❡r✐❛❧❡t ♥❡❞ t✐❧ ♣✉❧✈❡r ✐ ❡♥ ♣♦rs❡❧❡♥s♠♦rt❡r
✭▼❛♦ ❡t ❛❧✳✱ ✷✵✶✶✮✳ Prø✈❡♠❛t❡r✐❛❧❡t ❢♦r ❳❘❉✲❛♥❛❧②s❡♥ ❣❥❡♥♥♦♠❣år ❞❡♥ s❛♠♠❡
♣r♦s❡ss❡♥ ❡♥ ❣❛♥❣ t✐❧✱ ❢♦r å ❢å ♣rø✈❡♠❛t❡r✐❛❧❡ ♠✐♥❞r❡ ❡♥♥ ✻ µm ✭❉❛❤❧✱ ✷✵✶✷✮✳

❳❘❉

❳❘❉✲❛♥❛❧②s❡ ❡❧❧❡r rø♥t❣❡♥❞✐✛r❛❦s❥♦♥s❛♥s❧②s❡ ❡r ❡♥ ♠✐♥❡r❛❧♦❣✐s❦ ✉♥❞❡rsø❦❡❧s❡ s♦♠
r❡❣✐str❡r❡r ✐♥t❡r❢❡r❡♥s♠ø♥str❡ s♦♠ ♦♣♣står ♥år ♠✐♥❡r❛❧❡r r❡✢❡❦t❡r❡r rø♥t❣❡♥strå❧❡r✳
❉❡ ❦♦♥str✉❦t✐✈❡ ✐♥t❡r❢❡r❡♥s♠ø♥str❡♥❡ ♦♣♣står ♥år ❣❛♥❣❢♦rs❦❥❡❧❧❡♥ ❢r❛ ❞❡ ✉❧✐❦❡
♣❧❛♥❡♥❡ ✐ ♠✐♥❡r❛❧❡t ❡r ❧✐❦ ❡t ❤❡❧t ❛♥t❛❧❧ ❜ø❧❣❡❧❡♥❣❞❡r ✭◆✐❧s❡♥✱ ❇r♦❝❤✱ ✷✵✵✾✮✳ ❯t ❢r❛
❞❡tt❡ ❦❛♥ ❡♥ ✜♥♥❡ ❛✈st❛♥❞❡♥ ♠❡❧❧♦♠ ♣❧❛♥❡♥❡ ✲ ❣✐tt❡r❛✈st❛♥❞❡♥ ✐ r❡✢❡❦t♦r♠✐♥❡r❛❧❡t
✉t ❢r❛ ❇r❛❣❣s ❧♦✈✿

nλ = 2d× sinθ ✭✷✳✸✮

●✐tt❡r❛✈st❛♥❞❡♥ d ❡r ❢♦rs❦❥❡❧❧✐❣ ❢r❛ ♠✐♥❡r❛❧ t✐❧ ♠✐♥❡r❛❧✳ ❖♠ ❡♥ ❦❥❡♥♥❡r ♥ ♦❣ λ

♦❣ ❤❛r ♠å❧t θ✱ ❦❛♥ ❡♥ ✉t ❢r❛ ❋♦r♠❡❧ ✷✳✸ ❜❡r❡❣♥❡ d ♦❣ ✐❞❡♥t✐✜s❡r❡ ❞❡t t✐❧❤ør❡♥❞❡
♠✐♥❡r❛❧❡t ❣❥❡♥♥♦♠ ❡♥ s❛♠♠❡♥❧✐❣♥✐♥❣ ♠♦t ❡♥ ❞❛t❛❜❛s❡ ♠❡❞ ❦❥❡♥t❡ ♠✐♥❡r❛❧❡r✳
▼❡t♦❞❡♥ ❛♥❣✐r ♠❡♥❣❞❡r ❛✈ ❞❡ ✉❧✐❦❡ ♠✐♥❡r❛❧❡♥❡ ✐ ✈❡❦t✲♣r♦s❡♥t ✭✇t✪✮ ✭◆✐❧s❡♥✱ ❇r♦❝❤✱
✷✵✵✾❀ ❙■◆❚❊❋✱ ✷✵✶✷❜✮✳
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❋✐❣✉r ✷✳✻ ✕ Pr✐♥s✐♣♣ ❢♦r ❦♦♥str✉❦t✐✈ ✐♥t❡r❢❡r❡♥s ✈❡❞ rø♥t❣❡♥❞✐✛r❛❦s❥♦♥✳
❋✐❣✉r❡♥ ❡r ❢r❛ ❙❝❤♦♦❧ ♦❢ ❈r②st❛❧❧♦❣r❛♣❤②✱ ❇✐r❦❜❡❝❦✱ ❯♥✐✈❡rs✐t② ♦❢ ▲♦♥❞♦♥
✭❤tt♣✿✴✴♣❞✳❝❤❡♠✳✉❝❧✳❛❝✳✉❦✮✳

❉❚❆

❉❡♥ ❞✐✛❡r❡♥t✐❛❧t❡r♠✐s❦❡ ❛♥❛❧②s❡♥ ❛✈ s❧❡♣♣❡♠❛t❡r✐❛❧❡t ❜②❣❣❡r ♣å ❛t ❡♥ ❞❡❧ ♠✐♥❡r❛❧❡r
✈❡❞ s♣❡s✐❡❧❧❡ t❡♠♣❡r❛t✉r❡r ❡♥t❡♥ ❛✈❣✐r ❡❧❧❡r t❛r ♦♣♣ ✈❛r♠❡ ✐ ❞❡t ❞❡ ❢♦r❛♥❞r❡r
❦r②st❛❧❧str✉❦t✉r✳ ❉❡tt❡ ❜r✉❦❡s så t✐❧ å ❜❡st❡♠♠❡ ❤✈✐❧❦❡t ❡❧❧❡r ❤✈✐❧❦❡ ♠✐♥❡r❛❧❡r
♣rø✈❡♠❛t❡r✐❛❧❡t ❜❡står ❛✈ ✈❡❞ å s❡ ♣å ❤✈✐❧❦❡ r❡❛❦s❥♦♥❡r s♦♠ s❦❥❡r ✈❡❞ ❞❡ ✉❧✐❦❡
t❡♠♣❡r❛t✉r❡♥❡ ✭❙■◆❚❊❋✱ ✷✵✶✷❛✮✳

❯♥❞❡r ❛♥❛❧②s❡♥ ✈❛r♠❡s ♠✐♥❡r❛❧♣✉❧✈❡r❡t ❦♦♥tr♦❧❧❡rt ♦♣♣ s❛♠t✐❞✐❣ ♠❡❞ ❡t ❦♦♥tr♦❧❧✲
♠❛t❡r✐❛❧❡ s♦♠ ✐❦❦❡ ✉♥❞❡r❣år ♥♦❡♥ t❡r♠✐s❦ r❡❛❦s❥♦♥ ✉♥❞❡r ❞❡t ❣✐tt❡ t❡♠♣❡r❛t✉r✐♥t❡r✲
✈❛❧❧❡t✳ ◆år ❡♥ ❡♥❞♦t❡r♠ ❡❧❧❡r ❡❦s♦t❡r♠ r❡❛❦s❥♦♥ s❦❥❡r ✐ ♣rø✈❡♠❛t❡r✐❛❧❡t✱ r❡❣✐str❡r❡s
❞❡tt❡ ❛✈ ❛♣♣❛r❛t✉r❡t ✈❡❞ ❛t ❞❡t ♦♣♣står ❡♥ t❡♠♣❡r❛t✉r❢♦rs❦❥❡❧❧ ♠❡❧❧♦♠ ♣rø✈❡♠❛✲
t❡r✐❛❧❡ ♦❣ ❦♦♥tr♦❧❧♠❛t❡r✐❛❧❡t✳ Prø✈❡♥ ❦❥ør❡s ♦❢t❡ ♦♣♣ t✐❧ ✶✵✺✵➦❈ ❢ør t❡♠♣❡r❛t✉r❡♥
✐❣❥❡♥ s❡♥❦❡s ♥❡❞ t✐❧ ✉t❣❛♥❣s♣✉♥❦t❡t✳ ▼å❧✐♥❣❡♥❡ ❢♦r❡❣år ❜å❞❡ ✉♥❞❡r ♦♣♣✈❛r♠✐♥❣
♦❣ ♥❡❞❦❥ø❧✐♥❣✳ ❯♥❞❡r ❛♥❛❧②s❡♥ ❣❥♦rt ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ❞❡tt❡ ♠❛st❡r❛r❜❡✐❞❡t✱ ❜❧❡
♦♣♣✈❛r♠✐♥❣❡♥ ❛✈s❧✉tt❡t ✈❡❞ ✼✺✵➦❈✱ ❞❛ ❞❡tt❡ ❡r ✈❛♥❧✐❣ ♣r♦s❡❞②r❡ ♣å ❧❛❜♦r❛t♦r✐❡t✳

❋✐❣✉r ✷✳✼❛ ✈✐s❡r s❦❥❡♠❛t✐s❦ ♦♣♣s❡tt❡t ❛✈ ❛♣♣❛r❛t✉r❡t✳ Prø✈❡♥❡ ♦❣ ❦♦♥tr♦❧❧♠❛t❡r✐❛❧❡t
❡r ♣❧❛ss❡rt ✐ ❤✈❡r s✐♥ ❜❡❤♦❧❞❡r ❤✈♦r ❞❡t ❡r ♣❧❛ss❡rt t❡r♠♦♠❡t❡r❡❧❡♠❡♥t❡r s♦♠ ♠å❧❡r
t❡♠♣❡r❛t✉r❡♥ ✐ ♠❛t❡r✐❛❧❡♥❡ ✉♥❞❡r ♦♣♣✈❛r♠✐♥❣✳ ❚❡♠♣❡r❛t✉r❢♦rs❦❥❡❧❧❡♥ ♠❡❧❧♦♠ ❞❡
t♦ ♠❛t❡r✐❛❧❡♥❡ ♣❧♦tt❡s ♠♦t t❡stt❡♠♣❡r❛t✉r✳ ▼✐♥❡r❛❧❡♥❡ ✐❞❡♥t✐✜s❡r❡s ❣❥❡♥♥♦♠ ❡♥
s❛♠♠❡♥❧✐❣♥✐♥❣ ❛✈ ❉❚❆✲❦✉r✈❡♥ ♠❡❞ ❦✉r✈❡r ❢r❛ ❦❥❡♥t❡ ♠✐♥❡r❛❧❡r✱ ❢✳❡❦s✳ s♦♠ ✈✐st
✐ ❋✐❣✉r ✷✳✽✳ ▼❡t♦❞❡♥ ❣✐r ✐❦❦❡ ✉t ♥♦❡♥ ♠❡♥❣❞❡❛♥❣✐✈❡❧s❡ ❛✈ ❞❡ ✉❧✐❦❡ ♠✐♥❡r❛❧❡♥❡✱ ✐
♠♦ts❡t♥✐♥❣ t✐❧ ❳❘❉ ✭❙■◆❚❊❋✱ ✷✵✶✷❛✮✳
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✭❛✮ Pr✐♥s✐♣♣s❦✐ss❡ ❛✈ ❉❚❆✲❛♣♣❛r❛t✉r s♦♠ ✈✐s❡r ♣rø✈❡♥❡ ✐♥♥❡
✐ ❡♥ ❣❧ø❞❡♦✈♥ ♠❡❞ ❦❥❡♥t t❡♠♣❡r❛t✉r✳ ◆år ❞❡t ♦♣♣står ❡♥ t❡♠✲
♣❡r❛t✉r❢♦rs❦❥❡❧❧ ♠❡❧❧♦♠ ♣rø✈❡♠❛t❡r✐❛❧❡t ♦❣ ❦♦♥tr♦❧❧♠❛t❡r✐❛❧❡t✱
♦♣♣står ❡♥ s♣❡♥♥✐♥❣ ♠❡❧❧♦♠ ❞❡ ✭❙■◆❚❊❋✱ ✷✵✶✷❛✮✳

✭❜✮ ❚♦ ♣❛r❛❧❡❧❧❡ ♣rø✈❡r ♣❧❛ss❡rt ✐ ❛♥❛❧②s❡❛♣✲
♣❛r❛t✉r❡t ♠❡❞ r❡❢❡r❛♥s❡♠❛t❡r✐❛❧❡ t✐❧ ❤ø②r❡✳
❋♦t♦✿ ▼❛r✐ ▲✐❡ ❆r♥ts❡♥✳

❋✐❣✉r ✷✳✼ ✕ Pr✐♥s✐♣♣s❦✐ss❡ ♦❣ ❢♦t♦ ❛✈ ❛♣♣❛r❛t✉r ❢♦r ❞✐✛❡r❡♥t✐❛❧t❡r♠✐s❦ ❛♥❛❧②s❡✳
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❋✐❣✉r ✷✳✽ ✕ ❊❦s❡♠♣❡❧❦✉r✈❡r ❢♦r ✉❧✐❦❡ ♠✐♥❡r❛❧❡r ✉♥❞❡rsø❦t ✈❡❞ ❉❚❆ ✭❙■◆❚❊❋✱
✷✵✶✷❛✮✳ ❉❡ ❦❥❡♥t❡ ❦✉r✈❡♥❡ ❜r✉❦❡s ❢♦r å ✐❞❡♥t✐✜s❡r❡ ♠✐♥❡r❛❧❡r ✐ ♣rø✈❡♥✳

❋r✐s✈❡❧❧✐♥❣

❋r✐s✈❡❧❧✐♥❣❢♦rsø❦❡t ❣år ✉t ♣å å ♠å❧❡ ✈♦❧✉♠❡t ✈❛♥♥ ✉♥❞❡rsø❦❡❧s❡s♠❛t❡r✐❛❧❡t t❛r ♦♣♣
✉♥❞❡r s❡❞✐♠❡♥t❛s❥♦♥✳ ❋r✐ s✈❡❧❧✐♥❣ ✭❋❙✮ ❞❡✜♥❡r❡s s♦♠ ❞❡t ✈♦❧✉♠❡t ♠❛t❡r✐❛❧❡t ✐♥♥t❛r
❡tt❡r å ❤❛ ❢ått s✈❡❧❧❡t ❢r✐tt✱ ✉ttr②❦t ✐ ♣r♦s❡♥t ❛✈ ♦♣♣r✐♥♥❡❧✐❣ ✈♦❧✉♠ ♣å ✶✵ ♠❧ ❛✈ ❧øst
♣❛❦❦❡t ♠❛t❡r✐❛❧❡ ✭❙t❛t❡♥s ✈❡❣✈❡s❡♥✱ ✷✵✵✼❛❀ P❛❧♠strø♠ ❡t ❛❧✳✱ ✷✵✵✸✮✳
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▼❡❞ ✉t❣❛♥❣s♣✉♥❦t ✐ ❋✐❣✉r ✷✳✾✱ ❜r✉❦❡s ❢ø❧❣❡♥❞❡ ❜❡r❡❣♥✐♥❣s❢♦r♠❡❧ ❢♦r ❢r✐ s✈❡❧❧✐♥❣✿

FS =
V1

Vt

× 100%

V1♦❣ Vt ❡r ✈♦❧✉♠ ❛✈ ❤❡♥❤♦❧❞s✈✐s s❡❞✐♠❡♥t❡rt ♠❛t❡r✐❛❧❡ ❡tt❡r ❢r✐ s✈❡❧❧✐♥❣ ♦❣ ✈♦❧✉♠
❛✈ tørt✱ ❧øst ♣❛❦❦❡t ♠❛t❡r✐❛❧❡ ✭◆✐❧s❡♥✱ ❇r♦❝❤✱ ✷✵✵✾✮✳

❚❡st❡♥ ❣✐r r❛s❦t ❡t ❣r✉♥♥❧❛❣ ❢♦r å ✈✉r❞❡r❡ ♦♠ ♣rø✈❡♠❛t❡r✐❛❧❡t ❡r s✈❡❧❧❡♥❞❡ ❡❧❧❡r
✐❦❦❡✱ ♦❣ ♠❛t❡r✐❛❧❡t ❦❧❛ss✐✜s❡r❡s ❢r❛ ✐❦❦❡ ❛❦t✐✈t t✐❧ ♠❡❣❡t ❛❦t✐✈t ❡tt❡r ✐♥♥❞❡❧✐♥❣❡♥
✈✐st ✐ ❚❛❜❡❧❧ ✷✳✹✳ ▼❡t♦❞❡♥ ❣✐r ✐❦❦❡ ❣r✉♥♥❧❛❣ ❢♦r å ✈✉r❞❡r❡ ♣♦t❡♥s✐❡❧t s✈❡❧❧❡tr②❦❦ ✐
♣rø✈❡♥✳

❚❛❜❡❧❧ ✷✳✹ ✕ ❙❛♠♠❡♥❤❡♥❣ ♠❡❧❧♦♠ ❢r✐ s✈❡❧❧✐♥❣ ♦❣ s✈❡❧❧❡❡❣❡♥s❦❛♣❡r t✐❧ ❧❡✐r♠❛t❡r✐❛❧❡
✭❙t❛t❡♥s ✈❡❣✈❡s❡♥✱ ✷✵✵✼❛✮✳

❋❙✱ ✪ ▼❛t❡r✐❛❧❡❣❡♥s❦❛♣❡r

❃✶✺✵ ▼❡❣❡t ❛❦t✐✈t

✶✷✵✲✶✺✵ ▼✐❞❞❡❧s ❛❦t✐✈t

✽✵✲✶✷✵ ▲✐t❡ ❛❦t✐✈t

❁✽✵ ■❦❦❡ ❛❦t✐✈t

Prø✈❡r s♦♠ ✈✐s❡r s✈❡❧❧❡♥❞❡ ❡❣❡♥s❦❛♣❡r✱ s❡♥❞❡s ♦❢t❡ t✐❧ ✈✐❞❡r❡ ♠å❧✐♥❣ ❛✈ s✈❡❧❧❡tr②❦❦✳

❋✐❣✉r ✷✳✾ ✕ Pr✐♥s✐♣♣s❦✐ss❡ ❢♦r ❢r✐ s✈❡❧❧✐♥❣ ✭P❛❧♠strø♠ ❡t ❛❧✳✱ ✷✵✵✸✮✳

❙✈❡❧❧❡tr②❦❦

▼å❧✐♥❣ ❛✈ s✈❡❧❧❡tr②❦❦ ❦❛♥ ❣❥ør❡s ❡♥t❡♥ ✈❡❞ ❦♦♥st❛♥t ✈♦❧✉♠ ❡❧❧❡r s♦♠ ❛✈❧❛st♥✐♥❣s✲
❢♦rsø❦ ♠❡❞ ❦♦♥st❛♥t tr②❦❦ ✳ ■ ❞❡tt❡ ♠❛st❡r❛❜❡✐❞❡t ❢♦r❡❧✐❣❣❡r ❦✉♥ r❡s✉❧t❛t❡r ❢r❛
❢♦rsø❦ ♠❡❞ ❦♦♥st❛♥t ✈♦❧✉♠✱ ♦❣ ❞❡t ❡r ❞❡♥♥❡ ♠❡t♦❞❡♥ s♦♠ ♣r❡s❡♥t❡r❡s ❤❡r✳
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❋✐❣✉r ✷✳✶✵ ✕ Pr✐♥s✐♣♣ ❢♦r ♠å❧✐♥❣ ❛✈ s✈❡❧❧❡tr②❦❦ ✈❡❞ ❦♦♥st❛♥t ✈♦❧✉♠ ✭P❛❧♠strø♠
❡t ❛❧✳✱ ✷✵✵✸✮✳

❚❛❜❡❧❧ ✷✳✺ ✕ ■♥♥❞❡❧✐♥❣ ❛✈ s✈❡❧❧❡tr②❦❦✳

❑❧❛ss✐✜s❡r✐♥❣ ❙✈❡❧❧❡tr②❦❦✱ ▼P❛

▼❡❣❡t ❤ø②t ❃✵✱✼✺

❍ø②t ✵✱✸✵✲✵✱✼✺

▼✐❞❞❡❧s ✵✱✶✵✲✵✱✸✵

▲❛✈t ❁✵✱✶✵

Pr✐♥s✐♣♣❡t ❢♦r ❢♦rsø❦❡t ❡r ✐❧❧✉str❡rt ✐ ❋✐❣✉r ✷✳✶✵✳ ❯♥❞❡r ❢♦rsø❦❡t ♣❧❛ss❡r❡s ❞❡t tørr❡
♠❛t❡r✐❛❧❡t ✐ ❡♥ ø❞♦♠❡t❡rs❦å❧ s♦♠ ❢ørst ♣å❢ør❡s ❡t tr②❦❦ ♣å ✷ ▼P❛ ✐ ♠✐♥st ✷✹ t✐♠❡r
❢ør ❞❡r❡tt❡r å ❜❧✐ ❛✈❧❛st❡t ✐❣❥❡♥ t♦ t✐♠❡r ❢ør t❡st✐♥❣❡♥ ❜❡❣②♥♥❡r✳ ❱♦❧✉♠❡t ♣rø✈❡♥
❤❛r ❡tt❡r ❛✈❧❛st♥✐♥❣ ❡r ❞❡t ❦♦♥st❛♥t❡ ✈♦❧✉♠❡t s♦♠ ❜❡❤♦❧❞❡s ❣❥❡♥♥♦♠ ❤❡❧❡ ❢♦rsø❦❡t✳
Prø✈❡♥ s❡tt❡s ✐ ✈❛♥♥✱ ♦❣ tr②❦❦❡t s♦♠ ♦♣♣står ♥år ♠❛t❡r✐❛❧❡t s✈❡❧❧❡r r❡❣✐str❡r❡s ✐
♠✐♥st ✷✹ t✐♠❡r✳ ❙✈❡❧❧❡tr②❦❦❡t ❡r ❞❡✜♥❡rt s♦♠ st❛❜✐❧✐s❡r✐♥❣str②❦❦❡t ❤✈♦r ♣rø✈❡♥ ❡r
❢❡r❞✐❣ s✈❡❧❧❡t ♦❣ ❣✐s ✐ ▼P❛✳ ■♥❛❦t✐✈❡ ♠❛t❡r✐❛❧❡r ❣✐r ✈❛♥❧✐❣✈✐s s✈❡❧❧❡tr②❦❦ ♣å ✉♥❞❡r
✵✱✶✺ ▼P❛✳ ❆❦t✐✈❡ ♠❛t❡r✐❛❧❡r ❤❛r s✈❡❧❧❡tr②❦❦ ❢r❛ ❝❛✳ ✵✱✸ ▼P❛ ♦❣ ♦♣♣♦✈❡r ✭P❛❧♠strø♠
❡t ❛❧✳✱ ✷✵✵✸❀ ❙■◆❚❊❋✱ ✷✵✶✷❜✮✳

❆♣♣❛r❛t✉r❡t ❡r ✈✐st ✐ ❋✐❣✉r ✷✳✶✶✳ Prø✈❡♠❛t❡r✐❛❧❡t ❡r ♣❧❛ss❡rt ✐ ø❞♦♠❡t❡r❡t t✐❧ ❤ø②r❡
✐ ❜✐❧❞❡♥❡✳

◆♦rs❦ ❜❡r❣♠❡❦❛♥✐❦❦❣r✉♣♣❡ ✭◆❇●✮ ❦❧❛ss✐✜s❡r❡r s✈❡❧❧❡tr②❦❦❡t s♦♠ ❧❛✈t✱ ♠✐❞❞❡❧s✱
❤ø②t ♦❣ ♠❡❣❡t ❤ø②t ❡tt❡r ✐♥♥❞❡❧✐♥❣❡♥ ✈✐st ✐ ❚❛❜❡❧❧ ✷✳✺ ✭▼❛♦ ❡t ❛❧✳✱ ✷✵✶✶✮✳
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✭❛✮ ❋♦r❦♦♠♣❛❦t❡r✐♥❣ ♠❡❞ ✹×✶✵✵ ◆ ✈❡❦✲
ts❦✐✈❡r ✭t✐❧ ✈❡♥str❡✮✱ t✐❧s✈❛r❡♥❞❡ ✷ ▼P❛ ✐
ø❞♦♠❡t❡rs❦å❧❡♥ ✭t✐❧ ❤ø②r❡✮✳

✭❜✮ ❯♥❞❡r s✈❡❧❧✐♥❣ ✐ ✈❛♥♥✳ Prø✈❡✈♦❧✉♠❡t
❤♦❧❞❡s ❦♦♥st❛♥t ♦❣ s✈❡❧❧❡tr②❦❦❡t r❡❣✐str❡r❡s
❛✈ ❡♥ ❦r❛❢tr✐♥❣ ✭t✐❧ ✈❡♥str❡✮ ♦❣ ❧♦❣❣❡s ❞✐❣✐✲
t❛❧t✳

❋✐❣✉r ✷✳✶✶ ✕ ❆♣♣❛r❛t✉r ❢♦r s✈❡❧❧❡tr②❦❦s♠å❧✐♥❣ ✉♥❞❡r ❦♦♥st❛♥t tr②❦❦✳ ❋♦t♦✿ ▼❛r✐
▲✐❡ ❆r♥ts❡♥✳

✷✳✻✳✷ ❇r✉❦ ❛✈ ❧❛❜♦r❛t♦r✐❡r❡s✉❧t❛t❡♥❡

❘❡s✉❧t❛t❡♥❡ ❢r❛ ❞❡ ♠✐♥❡r❛❧♦❣✐s❦❡ ✉♥❞❡rsø❦❡❧s❡♥❡ ❜r✉❦❡s t✐❧ å ❢å ❡♥ ✐♥❞✐❦❛s❥♦♥
♣å s❧❡♣♣❡♠❛t❡r✐❛❧❡ts s✈❡❧❧❡❡❣❡♥s❦❛♣❡r ✈❡❞ ❛t ❡♥❦❡❧t❡ ♠✐♥❡r❛❧❡r ❡r ♠❡r s✈❡❧❧❡♥❞❡
❡♥♥ ❛♥❞r❡✳ ❳❘❉✲❛♥❛❧②s❡♥ ❛♥❣✐r ❞❡ss✉t❡♥ ❛♥s❧ått ♠❡♥❣❞❡ ❛✈ ❞❡ ✉❧✐❦❡ ♠✐♥❡r❛❧❡♥❡✳
❉❡ ♠✐♥❡r❛❧♦❣✐s❦❡ ✉♥❞❡rsø❦❡❧s❡♥❡ ❢✉♥❣❡r❡r ❦✉♥ ❜r✉❦t s♦♠ ❡t s✉♣♣❧❡♠❡♥t ❡❧❧❡r ❡♥
✐♥❞❡❦st❡st t✐❧ s✈❡❧❧❡t❡st❡♥❡ ✭▲øs❡t✱ ✷✵✵✻✮✳

❙♦♠ ♥❡✈♥t ✉t❢ør❡s ♦❢t❡ ❢r✐s✈❡❧❧❡t❡st❡♥ s♦♠ ❡♥ ✐♥♥❧❡❞❡♥❞❡ ✉♥❞❡rsø❦❡❧s❡ ❛✈ s❧❡♣♣❡✲
♠❛t❡r✐❛❧❡t✳ ❉❡rs♦♠ ♠❛t❡r✐❛❧❡t ✈✐s❡r s❡❣ å ✈ær❡ ❛❦t✐✈t✱ s❡♥❞❡s ❞❡t ✈✐❞❡r❡ t✐❧ s✈❡❧✲
❧❡tr②❦❦s♠å❧✐♥❣✳ ❘❡s✉❧t❛t❡t ❤❡r❢r❛ ✈✐❧ ✈ær❡ ♠❡❞ ♣å å ❜❡st❡♠♠❡ ❞❡t ❡♥❞❡❧✐❣❡ s✐❦r✐♥❣✲
s♦♠❢❛♥❣❡t ✐ t✉♥♥❡❧❡♥✳

❇❡t♦♥❣✉tstø♣♥✐♥❣ ❣✐r ❡♥ st❡r❦ s✐❦r✐♥❣s❦♦♥tr✉❦s❥♦♥ ✐ t✉♥♥❡❧✳ ■ t✐❧❧❡❣❣ ❤❛r ❞❡t ✈✐st
s❡❣ ❛t ❞❡t ♠❛❦s✐♠❛❧❡ s✈❡❧❧❡tr②❦❦❡t ❦❛♥ s❡♥❦❡s ❜❡tr❛❦t❡❧✐❣ ✈❡❞ å t✐❧❧❛t❡ ♥♦❡ ✉t✈✐❞❡❧s❡
❛✈ ♠❛t❡r✐❛❧❡t✳ ❇❡t♦♥❣stø♣ ❣✐r ♠✉❧✐❣❤❡t ❢♦r ✉t✈✐❞❡❧s❡✱ s❧✐❦ ❛t s✐❦r✐♥❣s❦♦♥str✉❦s❥♦♥❡♥
❜❧✐r ✉ts❛tt ❢♦r ❧❛♥❣t ❧❛✈❡r❡ tr②❦❦ ❡♥♥ ❞❡t ❡♥ ❡✈t✳ s♣rø②t❡❜❡t♦♥❣ s♣r✉t❡t r❡tt ♣å
❜❡r❣♦✈❡r✢❛t❡♥ ✈✐❧❧❡ ♦♣♣❧❡✈❞ ✭◆✐❧s❡♥✱ ❇r♦❝❤✱ ✷✵✵✾✮✳

På ❣r✉♥♥ ❛✈ ❞❡tt❡ ❡r ❞❡t ❢r❛ ❙t❛t❡♥s ✈❡❣✈❡s❡♥ st✐❧t ❦r❛✈ ♦♠ ❛t s♦♥❡r ♠❡❞
s❧❡♣♣❡♠❛t❡r✐❛❧❡ ♠❡❞ ♠å❧t s✈❡❧❧❡tr②❦❦ ♣å ♦✈❡r ✵✱✺ ▼P❛ ❢r❛ ø❞♦♠❡t❡r s✐❦r❡s ♠❡❞
❜❡t♦♥❣✉tstø♣♥✐♥❣ ❞❡rs♦♠ s✈❡❧❧❡❧❡✐r❡s♦♥❡♥ ❡r ♦✈❡r t♦ ♠❡t❡r ❜r❡❞ ❡❧❧❡r ♦♠ s♦♥❡♥ ❢ø❧❣❡r
t✉♥♥❡❧❡♥ ✐ ♠❡r ❡♥♥ t♦ ❧ø♣❡♠❡t❡r ✭❙t❛t❡♥s ✈❡❣✈❡s❡♥✱ ✷✵✶✵❜✱❛✮✳ ■ ❚❡❦♥♦❧♦❣✐s❦ ❘❛♣♣♦rt
✷✺✸✽ ❙t❛t❡♥s ✈❡❣✈❡s❡♥ ✭✷✵✶✵❛✮ står ❞❡t ✈✐❞❡r❡ ❛t ✏✈❡❞ ♠✐st❛♥❦❡ ♦♠ s✈❡❧❧❡❧❡✐r❡ så s❦❛❧
❞❡tt❡ ✉♥❞❡rsø❦❡s ❣r✉♥❞✐❣❡r❡ ♠❡❞ ❢❛r❣❡t❡st✱ s✈❡❧❧❡t❡st✱ ❞✐✛❡r❡♥t✐❛❧t❡r♠✐s❦ ❛♥❛❧②s❡
❡❧❧❡r rø♥t❣❡♥❞✐✛r❛❦s❥♦♥ ✭❳❘❉✮✏✳

❙✐❞❡♥ ❣r❡♥s❡✈❡r❞✐❡♥ ❣❥❡❧❞❡r ❢♦r ♠❛❦s✐♠❛❧t s✈❡❧❧❡tr②❦❦ ♠å❧t ✐ ❧❛❜♦r❛t♦r✐❡t✱ t❛r ❦r❛✈❡t
❛❧tså ❦✉♥ ❤❡♥s②♥ t✐❧ ❞❡t ♣♦t❡♥s✐❡❧❧❡ s✈❡❧❧tr②❦❦❡t ✐ ✜♥❢r❛❦s❥♦♥❡♥ ❛✈ s❧❡♣♣❡♠❛t❡r✐❛❧❡t



✷✳✻✳ ❙▲❊PP❊▼❆❚❊❘■❆▲❊❚❙ ❙❱❊▲▲❊❊●❊◆❙❑❆P❊❘ ✷✺

♦❣ ✐♥❣❡♥ ❤❡♥s②♥ t✐❧ ❞❡ ❢❛❦t✐s❦❡ s✈❡❧❧❡❡❣❡♥s❦❛♣❡♥❡ t✐❧ s❧❡♣♣❡♠❛t❡r✐❛❧❡t ✐♥✲s✐t✉✳ ❑r❛✈❡t
❜❛s❡r❡ s❡❣ ❛❧tså ♣å ❡t ✇♦rst ❝❛s❡ s❝❡♥❛r✐♦✳ ■♥✲s✐t✉ s✈❡❧❧❡tr②❦❦ ❛✈❤❡♥❣❡r ❛✈ ❜❧❛♥t
❛♥♥❡t ♣❛❦♥✐♥❣s❣r❛❞✱ ❧❡✐r✐♥♥❤♦❧❞✱ ✈❛♥♥t✐❧❣❛♥❣ ✐ s♦♥❡♥ ♦❣ ♣❛rt✐❦❦❡❧❜✐♥❞✐♥❣❡r ✭◆✐❧s❡♥✱
❇r♦❝❤✱ ✷✵✵✾✮✳

❉❡rs♦♠ ♠❛t❡r✐❛❧❡t ✈✐s❡r s❡❣ å ✈ær❡ s✈❡❧❧❡♥❞❡✱ ♠❡♥ ♠❡❞ s✈❡❧❧❡tr②❦❦ ✉♥❞❡r ❣r❡♥s❛ ♣å
✵✱✺ ▼P❛✱ ❜❡♥②tt❡s ♦❢t❡ s♣rø②t❡❜❡t♦♥❣❜✉❡r s♦♠ s✐❦r✐♥❣✳ ❙♣rø②t❡❜❡t♦♥❣❜✉❡r ❡❣♥❡r
s❡❣ r❡❧❛t✐✈t ❣♦❞t t✐❧ s✐❦r✐♥❣ ✐ s♦♥❡r ♠❡❞ s✈❡❧❧❡♥❞❡ ♠❛t❡r✐❛❧❡ ❞❛ ❜✉❡♥❡ t✐❧❧❛t❡r ❡♥
✈✐ss ❞❡❢♦r♠❛s❥♦♥ ❛✈ ❜❡r❣❡t ♦❣ ❣✐r ❡♥ ♠✐♥❞r❡ st✐✈ s✐❦r✐♥❣ ❡♥♥ ❞❡♥ ✈❛♥❧✐❣❡ s✐❦r✐♥❣❡♥
♠❡❞ ❜♦❧t❡r ♦❣ s♣rø②t❡❜❡t♦♥❣✳ ❉❡rs♦♠ ❞❡t ❤✈❡r❦❡♥ ❜❡♥②tt❡s s♣rø②t❡❜❡t♦♥❣❜✉❡r
❡❧❧❡r ❜❡t♦♥❣✉tstø♣♥✐♥❣ ❣❥❡♥♥♦♠ s✈❡❧❧❡❧❡✐r❡s♦♥❡♥✱ ❦❛♥ s✐❦r✐♥❣ ♠❡❞ r❛❞✐❡❧❧❡ ❜♦❧t❡r
♦❣ s♣rø②t❡❜❡t♦♥❣ ❜❡♥②tt❡s ❞❡rs♦♠ ❡t ❡❧❛st✐s❦ ♠❛t❡r✐❛❧❡ s♦♠ ❢♦r ❡❦s❡♠♣❡❧ st❡✐♥✉❧❧✱
❧❡❣❣❡s ♠❡❧❧♦♠ ❜❡r❣♦✈❡r✢❛t❡♥ ♦❣ ❞❡♥ ✜❜❡r❛r♠❡rt❡ s♣rø②t❡❜❡t♦♥❣✳ ❉❡tt❡ ❣✐r r♦♠ ❢♦r
♥♦❡ ❞❡❢♦r♠❛s❥♦♥✱ s❧✐❦ ❛t ❞❡t ❡♥❞❡❧✐❣❡ s✈❡❧❧❡tr②❦❦❡t ❦❛♥ r❡❞✉s❡r❡s ✭❙✈❡ ❡t ❛❧✳✱ ✷✵✵✽✮✳
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❑❛♣✐tt❡❧ ✸

❚✐❞❧✐❣❡r❡ ❛r❜❡✐❞

❙t✉❞✐❡r t✐❧s✈❛r❡♥❞❡ ❞❡♥♥❡ ♠❛st❡r♦♣♣❣❛✈❡♥✱ ♠❡❞ ✈✉r❞❡r✐♥❣ ❛✈ ❜r✉❦ ❛✈ r❡❢r❛❦✲
s❥♦♥ss❡✐s♠✐❦❦ ♦❣ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ t✉♥♥❡❧♣r♦s❥❡❦t❡r ❡r ❣❥♦rt
t✐❞❧✐❣❡r❡✳ ❊r❢❛r✐♥❣❡r ❢r❛ ❜r✉❦ ❛✈ ♠❡t♦❞❡♥❡ ✈❡❞ t✉♥♥❡❧❡♥❡ ❧✐st❡t ✉♥❞❡r ♣r❡s❡♥t❡r❡s
❤❡r✳

❼ ▲✉♥♥❡rt✉♥♥❡❧❡♥✱ ✈❡❣t✉♥♥❡❧ ❖♣♣❧❛♥❞

❼ ❆s❦❡r ✲ ❏♦♥❣✱ ❥❡r♥❜❛♥❡t✉♥♥❡❧ ❆❦❡rs❤✉s

❼ ❊✸✾ Ø②s❛♥❞ ✲ ❚❤❛♠s❤❛✈♥✿ ❱✐❣❣❥❛t✉♥♥❡❧❡♥✱ ❙t♦rs❛♥❞t✉♥♥❡❧❡♥✱ ▼❛♥♥s❢❥❡❧❧t✉♥✲
♥❡❧❡♥✱ ✈❡❣t✉♥♥❡❧❡r ❙ør✲❚rø♥❞❡❧❛❣

❼ ❇♦❧♠❡♥t✉♥♥❡❧❡♥✱ ✈❛♥♥t✐❧❢ørs❡❧st✉♥♥❡❧ ❙❦å♥❡✱ ❙✈❡r✐❣❡

❼ ❍❛♥❡❦❧❡✐✈t✉♥♥❡❧❡♥✱ ✈❡❣t✉♥♥❡❧ ❱❡st❢♦❧❞

❼ ❘❛✈♥❡❤❡✐t✉♥♥❡❧❡♥✱ ✈❡❣t✉♥♥❡❧ ❱❡st✲❆❣❞❡r

❼ ❱❛❞❢♦sst✉♥♥❡❧❡♥ ✱ ✈❡❣t✉♥♥❡❧ ❚❡❧❡♠❛r❦

❉❡t ❡r ❣❥♦rt ❢å ❛♥❛❧②s❡r ❛✈ ❧❛❜♦r❛t♦r✐❡✉♥❞❡rsø❦❡❧s❡rs ♥②tt❡✈❡r❞✐ t✐❞❧✐❣❡r❡✱ ♠❡♥
❈❛tr✐♥❡ ❍❛t❧❡♥❡s ✭❍❛t❧❡♥❡s✱ ✷✵✶✶✮ ❜❡rør❡r t❡♠❛❡t ✐ s✐♥ ♠❛st❡r♦♣♣❣❛✈❡ ✈❡❞ ◆❚◆❯
❢r❛ ✷✵✶✶✳ ◆♦❡♥ ❤♦✈❡❞♠♦♠❡♥t❡♥❡ ❢r❛ ❤❡♥♥❡s ✈✉r❞❡r✐♥❣❡r ❜❧✐r ♣r❡s❡♥t❡rt ✐ ❆✈s♥✐tt
✸✳✸✳

✸✳✶ ❘❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦

❘❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦ ❡r ❢r❛ ❢ør ❜r✉❦t ✐ ❧❛♥❣t ♦❢t❡r❡ ❡♥♥ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r✱ ♠❡♥
❞✐r❡❦t❡ s❛♠♠❡♥❧✐❣♥✐♥❣ ♠❡❧❧♦♠ t♦❧❦♥✐♥❣❡♥❡ ❢r❛ s❡✐s♠✐❦❦❡♥ ♦❣ ❞❡ ❢❛❦t✐s❦❡ ❢♦r❤♦❧❞❡♥❡
✐ t✉♥♥❡❧❧❡r ❡r ❢♦rts❛tt ❣❥❡♥♥♦♠❢ørt ✐ ♠✐♥❞r❡ ❣r❛❞❀ ♦❢t❡ ❡r ❞❡t ❞❡♥ ❣❡♥❡r❡❧❧❡
❡❣♥❡t❤❡t❡♥ ❢♦r ♠❡t♦❞❡♥ s♦♠ ❜❧✐r ♣r❡s❡♥t❡rt✿ ▼❡t♦❞❡♥ ❡❣♥❡r s❡❣ ❣♦❞t ❢♦r å ❛✈❞❡❦❦❡

✷✼
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s✈❛❦❤❡tss♦♥❡r ♦❣ ❞år❧✐❣ ❜❡r❣♠❛ss❡✱ ♠❡♥ ❞❡❦❦❡r ❦✉♥ ❞❡ ø✈❡rst❡ ♠❡t❡r❡♥❡ ❛✈ ❣r✉♥♥❡♥
✭s❡ ❢♦r ❡❦s❡♠♣❡❧ ❘ø♥♥✐♥❣ ✭✷✵✵✸✮❀ ❙t❛♥❢♦rs ✭✶✾✽✼✮❀ ●❛♥❡rø❞ ❡t ❛❧✳ ✭✷✵✵✻✮✮✳

❊♥ ♠❡r ❦✈❛♥t✐t❛t✐✈ s❛♠♠❡♥❧✐❣♥✐♥❣ ❛✈ r❡s✉❧t❛t❡♥❡ ❢r❛ r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦❡♥ ♦❣ ♦❜✲
s❡r✈❛s❥♦♥❡r ✉♥❞❡r ❞r✐✈✐♥❣ ❛✈ ❇♦❧♠❡♥ ✈❛♥♥t✉♥♥❡❧✱ ✈✐s❡r ❛t ❛✈ t♦t❛❧t ✹✽✷ ❤❛st✐❣❤❡t✲
s❛♥♦♠❛❧✐❡r ✭s❡✐s♠✐s❦ ❤❛st✐❣❤❡t ✉♥❞❡r ✺✵✵✵ ♠✴s✮ r❡❣✐str❡t ❛✈ r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦❡♥
❜❧❡ ✹✹✾ r❡❧❛t❡rt t✐❧ s✈❛❦❤❡tss♦♥❡r ✐ t✉♥♥❡❧❡♥ ✉♥❞❡r ❞r✐✈✐♥❣✳ ❋♦r ❇♦❧♠❡♥ t✉♥♥❡❧ ❤❛r
❞❡ss✉t❡♥ s❡✐s♠✐s❦❡ ❤❛st✐❣❤❡t❡r ❁ ✸✾✵✵ ♠✴s ❡♥ ❦❧❛r s❛♠♠❡♥❤❡♥❣ ♠❡❞ ✈❛♥♥❧❡❦❦❛s❥❡r
✐♥♥ ✐ t✉♥♥❡❧❡♥ ✭❙t❛♥❢♦rs✱ ✶✾✽✼✮✳

❊♥ ✈✐❦t✐❣ ✉❧❡♠♣❡ ✈❡❞ ♠❡t♦❞❡♥ ❡r ❛t ❞❡♥ ✐❦❦❡ ❣✐r ✐♥❢♦r♠❛s❥♦♥ ♦♠ s♦♥❡rs ❢❛❧❧
♦❣ ✉tstr❡❦♥✐♥❣ ♠❡❞ ❞❡ ♠❡t♦❞❡♥❡ s♦♠ ♥♦r♠❛❧t ❜❡♥②tt❡ ✐ ❞❛❣✳ ◆②❡ t♦♠♦❣r❛✜s❦❡
✐♥✈❡rs❥♦♥s♠❡t♦❞❡r ❤❛r ✐♠✐❞❧❡rt✐❞ ❣❥❡♥♥♦♠ ✢❡r❡ st✉❞✐❡r ✈✐st s❡❣ å ❦✉♥♥❡ ❡st✐♠❡r❡
♦r✐❡♥t❡r✐♥❣ ♦❣ ✉t❜r❡❞❡❧s❡ ❛✈ ❧❛✈❤❛st✐❣❤❡tss♦♥❡r ♠♦t ❞②♣❡t✳ ▼❡t♦❞❡♥ ❣✐r ♦❣så ❥❡✈♥❡r❡
♦✈❡r❣❛♥❣❡r ❢r❛ s✈❛❦❤❡tss♦♥❡r ♦❣ ❣♦❞t ❜❡r❣✱ ♥♦❡ st♦rt s❡tt ✈✐❧ st❡♠♠❡ ❜❡❞r❡ ♠❡❞
✈✐r❦❡❧✐❣❤❡t❡♥ ❡♥♥ ❞❡ ♠❛r❦❡rt❡ s❦✐❧❧❡♥❡ ❣✐tt ❛✈ ❢♦r ❡❦s❡♠♣❡❧ ●❘▼✲♠❡t♦❞❡♥✱ s♦♠
✈❛♥❧✐❣✈✐s ❜❡♥②tt❡s✳ ❉❡t ✈✐s❡r s❡❣ ✐♠✐❞❧❡rt✐❞ ❛t ❞❡♥ ❡♥❞❡❧✐❣❡ ❤❛st✐❣❤❡ts♠♦❞❡❧❧❡♥
✈❡❞ ❜r✉❦ ❛✈ t♦♠♦❣r❛✜s❦ ✐♥✈❡rs❥♦♥ ❛✈❤❡♥❣❡r ✐ st♦r ❣r❛❞ ❛✈ ❤✈✐❧❦❡♥ ✉t❣❛♥❣s♠♦❞❡❧❧
s♦♠ ✈❡❧❣❡s ❢ør ✐t❡r❛s❥♦♥❡♥ st❛rt❡r✳ ❙❡❧✈ ♦♠ ♠❡t♦❞✐❦❦❡♥ ✐ ❞❛❣ ❣✐r ✉s✐❦r❡ r❡s✉❧t❛t❡r✱
❧✐❣❣❡r ❞❡t ♠✉❧✐❣❡♥s ❡t st♦rt ♣♦t❡♥s✐❛❧❡ ✐ ❞❡♥ r❡❢r❛❦s❥♦♥ss❡✐s♠✐s❦❡ ♠❡t♦❞❡♥ ♦♠ ❞❡♥
t♦♠♦❣r❛✜s❦❡ ✐♥✈❡rs❥♦♥s♠❡t♦❞❡♥ ✈✐❞❡r❡✉t✈✐❦❧❡s ♦❣ ❢♦r❜❡❞r❡s ✭❘ø♥♥✐♥❣ ❡t ❛❧✳✱ ✷✵✶✶✮✳

✸✳✷ ❘❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r

❉❡ s✐st❡ år❡♥❡ ❤❛r ❞❡t ❜❧✐tt ❣❥❡♥♥♦♠❢ørt ✢❡r❡ ✉♥❞❡rsø❦❡❧s❡r ♦❣ ✈✉r❞❡r✐♥❣❡r ♣å ❤✈♦r
❣♦❞t r❡s✐st✐✈✐t❡ts♠❡t♦❞❡♥ ❡❣♥❡r s❡❣ t✐❧ å ❛✈❞❡❦❦❡ ♦❣ ❦❛r❛❦t❡r✐s❡r❡ s✈❛❦❤❡tss♦♥❡r✳
❍❡r ❜❧✐r ❢ørst ❢✉♥♥❡♥❡ ❢r❛ ❡♥ s✐♠✉❧❡r✐♥❣s✲st✉❞✐❡ ♣r❡s❡♥t❡rt✱ ❢ør ❡r❢❛r✐♥❣❡r ✈❡❞rør❡♥❞❡
❜r✉❦ ❛✈ ♠❡t♦❞❡♥ ✐ ❢❡❧t ❜❧✐r ♣r❡s❡♥t❡rt ✐ ❆✈s♥✐tt ✸✳✷✳✷✳

✸✳✷✳✶ ❘❡s✐st✐✈✐t❡ts♠♦❞❡❧❧❡♥s ❡❣❡♥s❦❛♣❡r

❘❡✐s❡r ❡t ❛❧✳ ✭✷✵✵✾✮ ❤❛r ✉♥❞❡rsø❦t r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡♥❡s ❡✈♥❡ t✐❧ å ♣r♦❞✉s❡r❡ ❡t
❣♦❞t ❜✐❧❞❡ ❛✈ ❡♥ s✈❛❦❤❡tss♦♥❡♠♦❞❡❧❧ ♠❡❞ ✈❛r✐❡r❡♥❞❡ ❢❛❧❧✱ ❜r❡❞❞❡✱ ❞②♣ ♦❣ ❦♦♥tr❛st
✈❡❞ ❜r✉❦ ❛✈ ✜r❡ ✉❧✐❦❡ ❡❧❡❦tr♦❞❡❦♦♥✜❣✉r❛s❥♦♥❡r✿ ❉✐♣♦❧✲❞✐♣♦❧✱ ❲❡♥♥❡r✱ P♦❧✲❞✐♣♦❧ ♦❣
●r❛❞✐❡♥t✳ ●❥❡♥♥♦♠ ❛r❜❡✐❞❡t ❜❧❡ ❞❡t ♦♣♣♥å❞❞ ❡♥ ø❦t ❦✉♥♥s❦❛♣ ❛♥❣å❡♥❞❡ ♠❡t♦❞❡♥s
s✈❛❦❤❡t❡r ♦❣ ♠✉❧✐❣❤❡t❡r✳

❘❡✐s❡r ❡t ❛❧✳ ✭✷✵✵✾✮ ❢❛♥t ❛t ❡❧❡❦tr♦❞❡❦♦♥✜❣✉r❛s❥♦♥❡♥ ●r❛❞✐❡♥t ❣❡♥❡r❡❧t ❣❛ ❜❡st
r❡s✉❧t❛t❡r ✐ ♠♦❞❡❧❧❡r❡✐♥❣❡♥✳ ❆r❜❡✐❞❡t ✈✐st❡ ❛t ❞❡t ❡r ♠✉❧✐❣ å ❧❛❣❡ ❣♦❞❡ ♠♦❞❡❧❧❡r ❢♦r
r❡s✐st✐✈✐t❡t❡♥ ✐ ❜❡r❣❣r✉♥♥❡♥✳ ▼♦❞❡❧❧❡♥❡ ❦❛♥ ✈✐s❡ ❜å❞❡ s✈❛❦❤❡tss♦♥❡rs ❜r❡❞❞❡✱ ❢❛❧❧
♦❣ r❡❦❦❡✈✐❞❞❡ ✐ ❞②♣❡t✳

❊✈♥❡♥ t✐❧ å ✜♥♥❡ r❡tt ❢❛❧❧✱ ✈✐s❡r s❡❣ å ❛✈❤❡♥❣❡ ❛✈ ❤✈✐❧❦❡t ✜❧t❡r s♦♠ ❜❡♥②tt❡s ✐
✐♥✈❡rs❥♦♥❡♥✳ ■ ❋✐❣✉r ✸✳✶ ♠♦❞❡❧❧❡r❡s ❡♥ ❧❛✈r❡s✐st✐✈ s♦♥❡ ♠❡❞ 60◦ ❢❛❧❧ ✭♥❡❞❡rst✮ ✈❡❞
❜r✉❦ ❛✈ ♥ø②tr❛❧t ✜❧t❡r ✭ø✈❡rst✮ ♦❣ ❡t ✜❧t❡r s♦♠ ❢♦rst❡r❦❡r ❞❡ ✈❡rt✐❦❛❧❡ str✉❦t✉r❡♥❡ ✭✐
♠✐❞t❡♥✮✳ ❙♦♠ ❡♥ s❡r ❢r❛ ❢♦r♠❡♥ ♣å ✉ts❧❛❣❡t ✐ r❡s✐st✐✈✐t❡ts♠♦❞❡❧❧❡♥✱ ✈✐s❡r ❞❡♥ ♥❡❞❡rst
♠♦❞❡❧❧❡♥ ✭❱✴❍❂✷✮ ❡♥ st❡✐❧❡r❡ s♦♥❡ ❡♥♥ ✐ ♠♦❞❡❧❧❡♥ ♠❡❞ ❱✴❍❂✶✳



✸✳✷✳ ❘❊❙■❙❚■❱■❚❊❚❙▼➴▲■◆●❊❘ ✷✾

❉❡t ♦♣♣står ✢❡r❡ ❦✉♥st✐❣❡ ❡✛❡❦t❡r ✐ ♠♦❞❡❧❧❡♥✳ ❋♦r ❞❡t ❢ørst❡ s②♥❡s s♦♥❡♥❡ å ❜❧✐
❜r❡❞❡r❡ ♠♦t ❞②♣❡t✱ s❧✐❦ ❛t s♦♥❡♥s ❢❛❦t✐s❦❡ t②❦❦❡❧❡s❡ ♠å ❧❡s❡s ❢r❛ s♦♥❡♥s ✉t❣å❡♥❞❡✳
◆år ❞❡t ❣❥❡❧❞❡r ♠♦❞❡❧❧❡r✐♥❣ ❛✈ s♦♥❡rs ❢❛❧❧ ✈❡❞ r❡s✐st✐✈✐t❡t ✈✐s❡r ❞❡t s❡❣ ❛t ❞❡t t♦❧❦❡❞❡
❢❛❧❧❡t ❛✈✈✐❦❡r ♠❡r ♦❣ ♠❡r ♠♦t ❞②♣❡t✱ s❧✐❦ ❛t ♦❣så ❞❡tt❡ ♠å ❛✈❧❡s❡s ✐ ❞❡♥ ø✈❡rst❡
❞❡❧❡♥ ❛✈ ♠♦❞❡❧❧❡♥ ✭❘❡✐s❡r ❡t ❛❧✳✱ ✷✵✵✾✮✳ ❇❡❣❣❡ ❞✐ss❡ ❢♦r❤♦❧❞❡♥❡ s❡s ✐ ❋✐❣✉r ✸✳✶✳ ❉❡tt❡
t❛r ✐❦❦❡ ❤❡♥s②♥ t✐❧ ✈❛r✐❛s❥♦♥ ✐ ♦r✐❡♥t❡r✐♥❣ ♠♦t ❞②♣❡t ✭❘ø♥♥✐♥❣✱ ✷✵✶✷❜✮✳

❊♥ ❛♥♥❡♥ ❡✛❡❦t s♦♠ ♦♣♣står ✐ ♠♦❞❡❧❧❡♥ ❡r ❛t r❡s✐st✐✈✐t❡t❡♥ ✈✐r❦❡r å ø❦❡ ♠♦t ❞②♣❡t✱
♦❣så ❞❡tt❡ ❦♦♠♠❡r ❢r❛♠ ✐ ❋✐❣✉r ✸✳✶ ✈❡❞ ❛t ❢❛r❣❡♥ ✐ s♦♥❡♥ ❡♥❞r❡r s❡❣ ❢r❛ ❜❧å✴❣rø♥♥
t✐❧ ❣✉❧✴♦r❛♥❣❡✳ ❙♦♠ ♥❡✈♥ ✐ ❆✈s♥✐tt ✷✳✷ ✈✐s❡r ❞❡t s❡❣ ❞❡ss✉t❡♥ ♥ø❞✈❡♥❞✐❣ ♠❡❞ ❡♥
❤ø② ❦♦♥tr❛st ❢♦r å ❣♦❞t ❦✉♥♥❡ ♠♦❞❡❧❧❡r❡ s♦♥❡♥✳ ❊✛❡❦t❡♥ ❛✈ ✉t✐❧str❡❦❦❡❧✐❣ ❦♦♥tr❛st
♠❡❧❧♦♠ r❡s✐st✐✈✐t❡t❡♥ ✐ ❞❡♥ ❧❛✈r❡s✐st✐✈❡ s♦♥❡♥ ♦❣ ❜❡r❣♠❛ss❡♥ r✉♥❞t ❡r ✈✐st ✐ ❋✐❣✉r
✸✳✷✱ ❤✈♦r ❡♥ s❡r ❛t ❞❡♥ ø✈❡rst❡ s♦♥❡♥✱ ♣å ✷✵✵✵ Ωm ✐❦❦❡ ❣✐r sær❧✐❣ ✉ts❧❛❣✱ ♠❡♥s ❡♥
❡❧❧❡rs ❧✐❦ s♦♥❡ ♣å ✺✵✵ Ωm ✐ s❛♠♠❡ ❣❡♥❡r❡❧❧❡ ❜❡r❣♠❛s❡ ❣✐r ❦❧❛rt ✉ts❧❛❣ ♣å ♠♦❞❡❧❧❡♥✳

❙t✉❞✐❡♥ ✈✐st❡ ♦❣så ❛t s♠❛❧❡ ❧❛✈r❡s✐st✐✈❡ s♦♥❡r ✐❦❦❡ ❦✉♥♥❡ ❢ø❧❣❡s ♠♦t ❞②♣❡t ✐ ❞❡♥
r❡s✉❧t❡r❡♥❞❡ ♠♦❞❡❧❧❡♥✱ s❧✐❦ ❛t ❞❡ s❡r ✉t t✐❧ å ✈ær❡ ♠✐♥❞r❡ ✉t❤♦❧❞❡♥❞❡ ✐ ❞②♣❡t ❡♥♥ ✐
✈✐r❦❡❧✐❣❤❡t❡♥✳ ❉❡tt❡ ♣r♦❜❧❡♠❡t ♦♣♣st♦❞ ✐❦❦❡ ✈❡❞ ♠♦❞❡❧❧❡r✐♥❣ ❛✈ ❜r❡❞❡r❡ ❧❛✈r❡s✐st✐✈❡
s♦♥❡r ✭❘❡✐s❡r ❡t ❛❧✳✱ ✷✵✵✾✮

❚✐❧ s✐st ❜❧❡ ❞❡t ❢✉♥♥❡t ❛t r❡s✐st✐✈✐t❡t❡♥ t✐❧ ❧øs♠❛ss❡♥❡ ❧❛♥❣s ♣r♦✜❧❡t ♦❣så s♣✐❧❧❡r ❡♥
✈✐❦t✐❣ r♦❧❧❡ ✐ ❤✈♦r✈✐❞t s✈❛❦❤❡tss♦♥❡r ✈✐❧ ❜❧✐ ♦♣♣❞❛❣❡t✳ ❚②❦❦❡ ❧❛✈r❡s✐st✐✈❡ ❛✈s❡t♥✐♥❣❡r
✭❢♦r ❡❦s❡♠♣❡❧ s❛❧t ♠❛r✐♥ ❧❡✐r❡✮ ✈✐❧ ❦✉♥♥❡ ❢ør❡ t✐❧ ❛t s✈❛❦❤❡tss♦♥❡r ✐ ❜❡r❣❡t
✉♥❞❡r ❜❧✐r ✉s②♥❧✐❣❡ ✭❘❡✐s❡r ❡t ❛❧✳✱ ✷✵✵✾✮✳ ▲øs♠❛ss❡❞❡❦❦❡r ✈✐❧ ♦❣så ❦✉♥♥❡ ❢♦rst②rr❡
♠♦❞❡❧❧❡r✐♥❣❡♥ ♦❣ ❣✐ ❦✉♥st✐❣❡ ❡✛❡❦t❡r s♦♠ ❢♦r ❡❦s❡♠♣❡❧ ✉t✈✐❞❡❧s❡ ❛✈ s♦♥❡♥ ♠♦t
❞②♣❡t ✭❘ø♥♥✐♥❣ ❡t ❛❧✳✱ ✷✵✶✶✮✳

❯t ❢r❛ r❡s✉❧t❛t❡♥❡ s❡r ❞❡t ✉t t✐❧ ❛t r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r ❦❛♥ ❣✐ ❡♥ ❣♦❞ ✐♥❞✐❦❛s❥♦♥ ♣å
s✈❛❦❤❡tss♦♥❡r ♦❣ ❞❡r❡s ❢❛❧❧✱ ✉tstr❡❦♥✐♥❣ ♦❣ ❞②♣ så ❢r❡♠t ❡♥ t❛r ❤❡♥s②♥ t✐❧ s✈❛❦❤❡t❡♥❡
✐ ♠♦❞❡❧❧❡r✐♥❣❡♥ ✉♥❞❡r t♦❧❦♥✐♥❣❡♥ ✭❘❡✐s❡r ❡t ❛❧✳✱ ✷✵✵✾✮✳

✸✳✷✳✷ ❊r❢❛r✐♥❣❡r ❢r❛ ♣r❛❦t✐s❦ ❜r✉❦ ❛✈ ♠❡t♦❞❡♥

❇r❛♥s❥❡♣r♦s❥❡❦t❡t ✏▼✐❧❥ø✲ ♦❣ s❛♠❢✉♥♥st❥❡♥❧✐❣❡ t✉♥♥❡❧❡r✑ ❜❧❡ ❣❥❡♥♥♦♠❢ørt ✐ t✐❞sr♦♠✲
♠❡t ✷✵✵✵✲✷✵✵✸✳ ❊tt ❛✈ ❞❡❧♣r♦s❥❡❦t❡♥❡✱ ❤✈♦r ◆●❯ ✈❛r ❞❡❧t❛❦❡r✱ ♦♠❤❛♥❞❧❡t ♠❡t♦❞❡r
❢♦r ❢♦r✉♥❞❡rsø❦❡❧s❡r✱ ❤✈♦r ❜❧❛♥t ❛♥♥❡t ♥②❡ ✉♥❞❡rsø❦❡❧s❡s♠❡t♦❞❡r ❜❧❡ ✉t♣rø✈❞ ♦❣
❡✈❛❧✉❡rt✳ ❘❡s✐st✐✈✐t❡t ✈❛r ❡♥ ❛✈ ❞✐ss❡ ♠❡t♦❞❡♥❡✱ ♦❣ ❜❧❡ ✉t♣rø✈❞ ✐ ❜❧❛♥t ❛♥♥❡t ▲✉♥✲
♥❡rt✉♥♥❡❧❡♥✱ ❘♦♠❡r✐❦s♣♦rt❡♥ ♦❣ ❆s❦❡r ✲ ❏♦♥❣ ✭❘ø♥♥✐♥❣✱ ✷✵✵✸✮✳ ■ s❡♥❡r❡ s❛♠❛r❜❡✐❞✲
s♣r♦s❥❡❦t ♠❡❧❧♦♠ ◆●❯ ♦❣ ❙t❛t❡♥s ✈❡❣✈❡s❡♥ ❡r ❛r❜❡✐❞❡t ❢♦rts❛tt✱ ♠❡❞ ✉♥❞❡rsø❦❡❧s❡r
✈❡❞ ❛♥❞r❡ t✉♥♥❡❧♣r♦s❥❡❦t❡r✳

▲✉♥♥❡rt✉♥♥❡❧❡♥ ❡r ❞❡♥ t✉♥♥❡❧❡♥ ❞❡t ❡r ❧❛❣t ♠❡st ✈❡❦t ♣å ✐ ♣r♦s❥❡❦t❡t ▼✐❧❥ø✲ ♦❣ s❛♠✲
❢✉♥♥st❥❡♥❧✐❣❡ t✉♥♥❡❧❡r✳ ❊r❢❛r✐♥❣❡♥❡ ❤❡r❢r❛ ✈✐st❡ ❛t r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡♥❡ ❛✈❞❡❦❦❡t
❛❧❧❡ s✈❛❦❤❡tss♦♥❡♥❡ ❦❛rt❧❛❣t ✉♥❞❡r ❞❡♥ ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦❡ ❢❡❧t❦❛rt❧❡❣❣✐♥❣❡♥✱ ♠❡♥
♠å❧✐♥❣❡♥❡ ❢❛♥t ✐ t✐❧❧❡❣❣ t♦ ❡❦str❛ s♦♥❡r✱ ❤✈♦r❛✈ ❞❡♥ ❡♥❡ ✈✐st❡ s❡❣ å ❦r❡✈❡ tr✐♣♣❡❧
✐♥❥❡❦s❥♦♥ss❦❥❡r♠ ✉♥❞❡r ❞r✐✈✐♥❣ ✭❘ø♥♥✐♥❣✱ ✷✵✵✸✮✳

❊t ♣r♦❜❧❡♠ s♦♠ ♦♣♣st♦❞ ✈❛r ❛t ✈✐❦t✐❣❡ s♦♥❡r ✐❦❦❡ ❜❧❡ ✐♥❞✐❦❡rt ♥❡❞ t✐❧ t✉♥♥❡❧♥✐✈å
❣❥❡♥♥♦♠ ♠❡t♦❞❡♥✳ ➴rs❛❦❡♥ t✐❧ ❞❡tt❡ ❜❧❡ ❛♥t❛tt å s❦②❧❞❡s ❛t s♦♥❡♥ ✈❛r ❢♦r s♠❛❧ t✐❧
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❋✐❣✉r ✸✳✶ ✕ ❊✛❡❦t ❛✈ ❡♥❞r❡t ❱✴❍✲✜❧t❡r ✈❡❞ ♠♦❞❡❧❧❡r✐♥❣ ❛✈ 60
◦ st❡✐❧ ❧❛✈r❡s✐st✐✈ s♦♥❡✳

❱✴❍❂✶ ø✈❡rst✱ ❱✴❍❂✷ ✐ ♠✐❞t❡♥✳ ▼♦❞✐✜s❡rt ❢r❛ ❘❡✐s❡r ❡t ❛❧✳ ✭✷✵✵✾✮✳
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❋✐❣✉r ✸✳✷ ✕ ❊✛❡❦t ❛✈ ❡♥❞r❡t ❦♦♥tr❛st ✈❡❞ ♠♦❞❡❧❧❡r✐♥❣ ❛✈ ✈❡rt✐❦❛❧ ❧❛✈r❡s✐st✐✈ s♦♥❡
✐ ✺✵✵✵ Ωm ❜❡r❣♠❛ss❡✳ ❙♦♥❡ ♣å ✷✵✵✵ Ωm ø✈❡rst ♦❣ ✺✵✵ Ωm ♥❡❞❡rst✳ ▼♦❞✐✜s❡rt ❢r❛
❘❡✐s❡r ❡t ❛❧✳ ✭✷✵✵✾✮✳
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å ❞❡t❡❦t❡r❡s ♠♦t ❞②♣❡t✳ ❙♦♥❡♥❡ s♦♠ ❦✉♥♥❡ ❢ø❧❣❡s ♠♦t ❞②♣❡t✱ ✈✐st❡ ❞❡r✐♠♦t ♦❢t❡
❢❡✐❧❛❦t✐❣❡ ✉t✈✐❞❡❧s❡r✳

❙♦♠ ♥❡✈♥t ✐ ❆✈s♥✐tt ✷✳✸ ❦❛♥ ❡♥❦❡❧t❡ ♠✐♥❡r❛❧❡r ❢✉♥❣❡r❡ s♦♠ ❧❡❞❡r❡✱ s❧✐❦ ❛t s✈ært
❧❛✈❡ r❡s✐st✐✈✐t❡t❡r ✐❦❦❡ ♥ø❞✈❡♥❞✐❣✈✐s ❜❡❤ø✈❡r å ❤❡♥❣❡ s❛♠♠❡♥ ♠❡❞ s✈❛❦❤❡tss♦♥❡r✳
❱❡❞ ▲✉♥♥❡rt✉♥♥❡❧❡♥ ❜❧❡ ❡❦str❡♠t ❧❛✈❡ r❡s✐st✐✈✐t❡t❡r r❡❣✐str❡rt s♦♠ ❢ø❧❣❡ ❛✈
s✉❧✜❞♠✐♥❡r❛❧✐s❡r✐♥❣❡r ♣å s♣r❡❦❦❡r ✭❘ø♥♥✐♥❣✱ ❉❛❧s❡❣❣✱ ✷✵✵✶✮✳ ❉❡t ❛♥❜❡❢❛❧❡s ❞❡r❢♦r å
❛❧❧t✐❞ ✉t❢ør❡ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r ✐ ❡♥ ❦♦♠❜✐♥❛s❥♦♥ ♠❡❞ ■P✲♠å❧✐♥❣❡r ❢♦r å ❛✈❞❡❦❦❡
s❧✐❦❡ ❢♦r❤♦❧❞ ✭❘ø♥♥✐♥❣ ❡t ❛❧✳✱ ✷✵✵✾❛✮✳ ❘ø♥♥✐♥❣ ✭✷✵✵✸✮ ♣♦❡♥❣t❡r❡r ✈✐❦t✐❣❤❡t❡♥ ❛✈ å
❧❡❣❣❡ r❡s✐st✐✈✐t❡ts♣r♦✜❧❡♥❡ så ♥ært t✉♥♥❡❧tr❛s❡❡♥ s♦♠ ♠✉❧✐❣ ❢♦r å ♦♣♣♥å ❣♦❞❡ ♦❣
❞❡t❛❧❥❡rt❡ r❡s✉❧t❛t❡r✳

❱❡❞ ❆s❦❡r✲❏♦♥❣ ❦♦♠ ♠❡t♦❞❡♥s s✈❛❦❤❡t ✐ t✐❧❢❡❧❧❡r ♠❡❞ ❧❛✈ r❡s✐st✐✈✐t❡ts❦♦♥tr❛st
t②❞❡❧✐❣ ❢r❛♠✳ ❙♦♠ ♥❡✈♥t ✐ ❆✈s♥✐tt ✷✳✷✱ ❜❡❤ø✈❡s ❡♥ t✐❧str❡❦❦❡❧✐❣ ❤ø② ❣❡♥❡r❡❧❧
r❡s✐st✐✈✐t❡t ✐ ❜❡r❣♠❛ss❡♥ ❢♦r å ❦✉♥♥❡ ✜♥♥❡ s✈❛❦❤❡tss♦♥❡r ❣❥❡♥♥♦♠ ♠❡t♦❞❡♥✳ ❱❡❞
❆s❦❡r✲❏♦♥❣ ✈❛r ❞❡♥ ❣❡♥❡r❡❧❧❡ r❡s✐st✐✈✐t❡t❡♥ ❧❛✈❡r❡ ❡♥♥ ✺✵✵✵ Ωm✱ ♦❣ s✈❛❦❤❡tss♦♥❡r
❜❧❡ ❤❡r ✐❦❦❡ ❧✐❦❡ ❣♦❞t ❛✈❞❡❦❦❡t s♦♠ ✈❡❞ ❞❡ ❛♥❞r❡ t✉♥♥❡❧❡♥❡ ✐ ♣r♦s❥❡❦t❡t✱ ❤✈♦r
♠❡t♦❞❡♥ ❛✈❞❡❦❦❡t s✈❛❦❤❡tss♦♥❡r ❧✐❦❡ ❣♦❞t s♦♠ r❡❢r❛❦s❥♦♥ss❡✐♠✐❦❦❡♥✳

❋✐❣✉r ✸✳✸ ✐❧❧✉str❡r❡r ♣r♦❜❧❡♠❡t s♦♠ ♦♣♣står ♥år ❞❡♥ ❣❡♥❡r❡❧❧❡ r❡s✐st✐✈✐t❡t❡♥ ❡r ❢♦r
❧❛✈✳ ■ ✜❣✉r❡♥ ❡r s♣r❡❦❦❡❢r❡❦✈❡♥s ♦❣ t✐❧❤ør❡♥❞❡ ♠å❧t r❡s✐st✐✈✐t❡t ✈✐st ❢♦r ♠å❧✐♥❣❡r
✐ ❜♦r❤✉❧❧ ✈❡❞ ❆s❦❡r✲❏♦♥❣ ✭➴st❛❞✮ ♦❣ ▲✉♥♥❡rt✉♥♥❡❧❡♥✳ ❇♦r❤✉❧❧❡t ✈❡❞ ➴st❛❞ ❣år
❣❥❡♥♥♦♠ ❧❡✐rs❦✐❢❡r ♦❣ ❦❛❧❦st❡✐♥❡r ❢r❛ ♦r❞♦✈✐❝✉♠s❦ t✐❧ s✐❧✉rs❦ t✐❞✱ ♠❡♥s ❜♦r❤✉❧❧❡t ✈❡❞
▲✉♥♥❡rt✉♥♥❡❧❡♥ ❣år ❣❥❡♥♥♦♠ ②♥❣r❡ ❜❡r❣❛rt❡r ✭❉❛❧s❡❣❣ ❡t ❛❧✳✱ ✷✵✵✹❀ ❍♦❧♠ø②✱ ✷✵✵✽✮✳

❙♦♠ ❡♥ s❡r✱ ❣✐r ❤ø② ♦♣♣s♣r❡❦❦✐♥❣ ❡t st♦rt ✉ts❧❛❣ ♣å r❡s✐st✐✈✐t❡t❡♥ ✈❡❞ ▲✉♥♥❡rt✉♥✲
♥❡❧❡♥ ❤✈♦r ❞❡♥ ❣❡♥❡r❡❧❧❡ r❡s✐st✐✈✐t❡t❡♥ ❡r ❤ø②✱ s❛♠♠❡♥❧✐❣♥❡t ♠❡❞ ✈❡❞ ❆s❦❡r ✲ ❏♦♥❣✱
❤✈♦r ❞❡♥ ❣❡♥❡r❡❧❧❡ r❡s✐st✐✈✐t❡t❡♥ ❧✐❣❣❡r ♠❡❧❧♦♠ ✶✵✵✵ ♦❣ ✺✵✵✵ Ωm✳ ❍❡r ❡r ❞❡t s♦♠
❡♥ s❡r ❛✈ ✜❣✉r❡♥ ✈❛♥s❦❡❧✐❣❡r❡ å s❡ ❢♦rs❦❥❡❧❧ ♣å r❡s✐st✐✈✐t❡t❡♥ ✐ ✉♦♣♣s♣r✉❦❦❡t ♦❣
♦♣♣s♣r✉❦❦❡t ❜❡r❣✳

❑♦♥❦❧✉s❥♦♥❡♥❡ ❢r❛ ▼✐❧❥ø✲ ♦❣ s❛♠❢✉♥♥st❥❡♥❧✐❣❡ t✉♥♥❡❧❡r ✈❛r ✐♠✐❞❧❡rt✐❞ ❛t ✉♥❞❡r ✈✐ss❡
❣❡♦❧♦❣✐s❦❡ ❢♦r❤♦❧❞✱ ❢✉♥❣❡r❡r ♠❡t♦❞❡♥ ♠❡❣❡t ❣♦❞t ❢♦r ♣å✈✐s♥✐♥❣ ❛✈ s✈❛❦❤❡tss♦♥❡r
✐ ❜❡r❣✳ ▼❡t♦❞❡♥ ✈✐st❡ s❡❣ ❞❡ss✉t❡♥ å ❦✉♥♥❡ ❦❛r❛❦t❡r✐s❡r❡ s✈❛❦❤❡tss♦♥❡♥❡ ♠❡❞
t❛♥❦❡ ♣å ♦♣♣s♣r❡❦❦✐♥❣ ♦❣ ❧❡✐r❡✲✴✈❛♥♥✐♥♥❤♦❧❞ ♦❣ ✐ t✐❧❧❡❣❣ ✐♥❞✐❦❡r❡ s♦♥❡rs ❢❛❧❧✳
▼❡t♦❞❡♥ ❡r ✈✉r❞❡rt s♦♠ ❧✐❦❡ ❣♦❞ s♦♠ tr❛❞✐s❥♦♥❡❧❧❡ s❡✐s♠✐s❦❡ ✉♥❞❡rsø❦❡❧s❡r✱ ♠❡♥
♠❡r ❦♦st♥❛❞s❡✛❡❦t✐✈ ✭❘ø♥♥✐♥❣✱ ✷✵✵✸✮✳

■ t✐❧❧❡❣❣ t✐❧ ❦❛rt❧❡❣❣✐♥❣ ❛✈ s✈❛❦❤❡tss♦♥❡r✱ ✈✐st❡ ♠❡t♦❞❡♥ å ❡❣♥❡ s❡❣ t✐❧ å ❦❛rt❧❡❣❣❡
❣♦❞❡ ❜❡r❣❦✈❛❧✐t❡t❡r ❀ ♦♠rå❞❡r ♠❡❞ ❤ø② r❡s✐st✐✈✐t❡t ❧❛♥❣s tr❛s❡❡♥ ✈✐st❡ s❡❣ å t✐❧s✈❛r❡
❣♦❞❡ ❞r✐✈❡❢♦r❤♦❧❞ ✐ t✉♥♥❡❧❡♥✳ ▼❡t♦❞❡♥ ✈✐❧ ❞❡r♠❡❞ ❦✉♥♥❡ ❜✐❞r❛ t✐❧ å ❣✐ ❡t ❣♦❞t
❦♦st♥❛❞s♦✈❡rs❧❛❣ ❢♦r t✉♥♥❡❧♣r♦s❥❡❦t❡r ✭❘ø♥♥✐♥❣✱ ✷✵✵✸✮✳

❱✐❣❣❥❛t✉♥♥❡❧❡♥ ✭❊✸✾ Ø②s❛♥❞ ✲ ❚❤❛♠s❤❛✈♥✮ ❜❧❡ ✈✐❞❡r❡ ✉♥❞❡rsø❦t ❢r❛♠ t✐❧
❢❡r❞✐❣st✐❧❧❡❧s❡ ✐ ✷✵✵✺ ❡tt❡r ❛t ♣r♦s❥❡❦t❡t ▼✐❧❥ø✲ ♦❣ s❛♠❢✉♥♥st❥❡♥❧✐❣❡ t✉♥♥❡❧❡r ✈❛r
❛✈s❧✉tt❡t ✐ ✷✵✵✸✳ ❍❡r ❜❧❡ ❞❡ ✢❡st❡ s♦♥❡♥❡ ❛✈❞❡❦t ❣❥❡♥♥♦♠ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡♥❡
♦❣så ♦❜s❡r✈❡rt ✐ t✉♥♥❡❧❡♥✳ ❉❡t ✈❛r ♦❣så ❣♦❞ ♦✈❡r❡♥sst❡♠♠❡❧s❡ ♠❡❧❧♦♠ ✈❛♥♥❧❡❦❦❛s❥❡r
✐ t✉♥♥❡❧❡♥ ♦❣ s♦♥❡r ♠❡❞ ❧❛✈ r❡s✐st✐✈✐t❡t✳ ❉❡tt❡ t✐❧ tr♦ss ❢♦r ❡♥ ❦♦♠♣❧❡❦s ❣❡♦❧♦❣✐✱
♥♦❡ s♦♠ ❢ørt❡ t✐❧ ❡♥ ❣❡♥❡r❡❧t ♣♦s✐t✐✈ ❦♦♥❦❧✉s❥♦♥ ✈❡❞rør❡♥❞❡ ♠❡t♦❞❡♥ s♦♠ s✐❡r
❛t ✷❉ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r ✐ ❢r❛♠t✐❞❡♥ ❦❛♥ ✈ær❡ ❛❦t✉❡❧t s♦♠ ❡t ❛❧t❡r♥❛t✐✈ t✐❧
r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦ ✈❡❞ t✉♥♥❡❧♣r♦s❥❡❦t❡r ✭●❛♥❡rø❞ ❡t ❛❧✳✱ ✷✵✵✻✮✳



✸✳✷✳ ❘❊❙■❙❚■❱■❚❊❚❙▼➴▲■◆●❊❘ ✸✸

❋✐❣✉r ✸✳✸ ✕ ❊❦s❡♠♣❡❧ ♣å ❢♦r❤♦❧❞ ♠❡❧❧♦♠ s♣r❡❦❦❡❢r❡❦✈❡♥s ♦❣ t✐❧s②♥❡❧❛t❡♥❞❡
r❡s✐st✐✈✐t❡t ❢♦r ❆s❦❡r✲❏♦♥❣ ✭t✳✈✳✮ ♦❣ ▲✉♥♥❡rt✉♥♥❡❧❡♥ ✭t✳❤✳✮ ✭❉❛❧s❡❣❣ ❡t ❛❧✳✱ ✷✵✵✹✮✳ ❍ø②
♦♣♣s♣r❡❦❦✐♥❣ ❣✐r ♠✐♥❞r❡ ✉ts❧❛❣ ➴st❛❞ ❡♥♥ ✈❡❞ ▲✉♥♥❡rt✉♥♥❡❧❡♥ ♣å ❣r✉♥♥ ❛✈ ❧❛✈❡r❡
❣❡♥❡r❡❧❧ r❡s✐st✐✈✐t❡t✳
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●❛♥❡rø❞ ❡t ❛❧✳ ✭✷✵✵✻✮ ✉♥❞❡rstr❡❦❡r ❧✐❦❡✈❡❧ ❛t ♠❡t♦❞❡♥ ❤❛r s✐♥❡ s✈❛❦❤❡t❡r✿ ❋♦r
❞❡t ❢ørst❡ t♦❧❦❡t s♦♠ r❡❣❡❧ ♠❡t♦❞❡♥ ❢❛❧❧❡t ♣å s♦♥❡♥❡ t✐❧ å ✈ær❡ st❡✐❧❡r❡ ❡♥♥ ✐
✈✐r❦❡❧✐❣❤❡t❡♥✳ ■ t✐❧❧❡❣❣ ✈✐st❡ ❞❡t s❡❣ å ✈ær❡ ✈❛♥s❦❡❧✐❣ ❢♦r ♠❡t♦❞❡♥ å ❛✈❞❡❦❦❡ s♦♥❡r
s♦♠ ❣år ❧❛♥❣s ♠å❧❡♣r♦✜❧❡t s❛♠t s♦♥❡r s♦♠ ❦r②ss❡r ❛♥❞r❡ s♦♥❡r✳ ❱❡❞ ❜r✉❦ ❛✈
♠❡t♦❞❡♥ ❦❛♥ ❞❡t ❜❧✐ ❜❡❤♦✈ ❢♦r å ♠å❧❡ r❡s✐st✐✈✐t❡t ♦❣så ♣å t✈❡rs ❛✈ t✉♥♥❡❧tr❛s❡❡♥ ❢♦r
å ❢å ❡t så ❣♦❞t ❜✐❧❞❡ s♦♠ ♠✉❧✐❣ ❛✈ s✈❛❦❤❡tss♦♥❡♥❡ s♦♠ ❦❛♥ ♣å✈✐r❦❡ t✉♥♥❡❧❞r✐✈✐♥❣❡♥✳
❉❡ss✉t❡♥ ✈✐st❡ r❡s✐st✐✈✐t❡ts♠♦❞❡❧❧❡♥ ❡♥ ✉❦♦rr❡❦t ✉t✈✐❞❡❧s❡ ❛✈ s♦♥❡♥❡ ♠♦t ❞②♣❡t✳

■ ❡tt❡r❦❛♥t ❛✈ ♣r♦s❥❡❦t❡t ▼✐❧❥ø✲ ♦❣ s❛♠❢✉♥♥st❥❡♥❧✐❣❡ t✉♥♥❡❧❡r ❜❧❡ ✐ ✷✵✵✼✲✷✵✵✽ ♠❡t♦✲
❞❡♥ ✈✐❞❡r❡ ✈✉r❞❡rt ❛✈ ◆●❯ ✈❡❞ tr❡ ❛♥❞r❡ t✉♥♥❡❧❡r❀ ❍❛♥❡❦❧❡✐✈t✉♥♥❡❧❡♥✱ ❘❛✈♥❡✲
❤❡✐t✉♥♥❡❧❡♥ ♦❣ ❱❛❞❢♦sst✉♥♥❡❧❡♥✳ ❋❡❧❧❡s ❢♦r ❞✐ss❡ tr❡ ❢❡r❞✐❣st✐❧t❡ t✉♥♥❡❧♣r♦s❥❡❦t❡♥❡
✈❛r ❛t ❞❡t ❤❛❞❞❡ ♦♣♣stått ♣r♦❜❧❡♠❡r ❡♥t❡♥ ✉♥❞❡r ❞r✐✈✐♥❣ ❡❧❧❡r ❡tt❡r ❢❡r❞✐❣st✐❧❧❡❧s❡✳
❍♦✈❡❞❢♦r♠å❧❡t ♠❡❞ ♣r♦s❥❡❦t❡t ✈❛r å ✈✉r❞❡r❡ ❤✈♦r✈✐❞t ❞❡♥ ❢♦r❡s❧ått❡ t♦❧❦♥✐♥❣s♠♦❞✲
❡❧❧❡♥ ❢r❛ ▲✉♥♥❡rt✉♥♥❡❧❡♥ ✭s❡ ✉♥❞❡r✮ ♦❣så ❣❥❛❧❞t ✉♥❞❡r ❞✐ss❡ ❣❡♦❧♦❣✐s❦❡ ❜❡t✐♥❣❡❧s❡♥❡✱
♠❡♥ ❡♥ ✈✉r❞❡r✐♥❣ ❛✈ ♠❡t♦❞❡♥s ❡✈♥❡ t✐❧ å ❛✈❞❡❦❦❡ ♦❣ ❦❛r❛❦t❡r✐s❡r❡ s✈❛❦❤❡tss♦♥❡r
♠❡❞ t❛♥❦❡ ♣å ❣❡♦♠❡tr✐ ❜❧❡ ♦❣så ❣❥❡♥♥♦♠❢ørt ✭❘ø♥♥✐♥❣ ❡t ❛❧✳✱ ✷✵✵✾❛✮✳

❊r❢❛r✐♥❣❡♥❡ ✈❛r ❛t ❛❧❧❡ ❞❡ ♣å♠øtt❡ s✈❛❦❤❡tss♦♥❡♥❡ ❢r❛ ❞r✐✈✐♥❣❡♥ ❛✈ ❞❡ tr❡ t✉♥♥❡❧❡♥❡
❣❛ ✉ts❧❛❣ ♣å r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡♥❡✳ ■ t✐❧❧❡❣❣ ❜❧❡ t♦ ❡❦str❛ s♦♥❡r ❢✉♥♥❡t ✈❡❞
❍❛♥❡❦❧❡✐✈t✉♥♥❡❧❡♥ ♦❣ é♥ ❡❦str❛ s♦♥❡ ♣å✈✐st ✈❡❞ ❱❛❞❢♦sst✉♥♥❡❧❡♥ ✭❘ø♥♥✐♥❣ ❡t ❛❧✳✱
✷✵✵✾❛✮✳

◆år ❞❡t ❣❥❡❧❞❡r ♠❡t♦❞❡♥s ❡✈♥❡ t✐❧ å ❛✈❞❡❦❦❡ s♦♥❡rs ❣❡♦♠❡tr✐ ✈❛r ❤♦✈❡❞r❡s✉❧t❛t❡♥❡
❛t ❜r❡❞❞❡♥ ♣å s♦♥❡♥❡ ✐ ✈❛r✐❡r❡♥❞❡ ❣r❛❞ ❜❧❡ ❡st✐♠❡rt ❦♦rr❡❦t✳ ❙♦♥❡♥❡s ❢❛❧❧ ❜❧❡ ❣♦❞t
♠♦❞❡❧❧❡rt✱ s❡❧✈ ♦♠ ❡♥ ❦✈❛♥t✐t❛t✐✈ t♦❧❦♥✐♥❣ ❛✈ ❢❛❧❧ ✐❦❦❡ ✈✐st❡ s❡❣ ♠✉❧✐❣✳ ❊st✐♠❡r✐♥❣❡♥
❛✈ r❡❦❦❡✈✐❞❞❡♥ t✐❧ s♦♥❡r ♠♦t ❞②♣❡t ❣❛ ✐❦❦❡ ❦❧❛r❡ r❡s✉❧t❛t❡r ✈❡❞ ❞✐ss❡r tr❡ t✉♥♥❡❧❡♥❡✱
✐ ♠♦ts❡t♥✐♥❣ t✐❧ ❤✈❛ ❡♥ t✐❞❧✐❣❡r❡ ❤❛❞❞❡ ♦♣♣❧❡✈❞ ✈❡❞ ▲✉♥♥❡rt✉♥♥❡❧❡♥ ✭❘ø♥♥✐♥❣ ❡t ❛❧✳✱
✷✵✵✾❛✮✳

❘❡s✐st✐✈✐t❡ts♠❡t♦❞❡♥ ❜❧❡ ♦❣så ✈✉r❞❡rt ❛✈ ❙t❛♥❢♦rs ✭✶✾✽✼✮ ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ❇♦❧♠❡♥
✈❛♥♥t✉♥♥❡❧ ✐ ❙✈❡r✐❣❡✳ ❍♦✈❡❞❦♦♥❦❧✉s❥♦♥❡♥❡ ✈❡❞rør❡♥❞❡ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡rs ❡❣♥❡✲
t❤❡t t✐❧ å ❛✈❞❡❦❦❡ s✈❛❦❤❡tss♦♥❡r ✐ ❜❡r❣ ✈❛r ❛t ♠❡t♦❞❡♥ ❡❣♥❡r s❡❣ ❣♦❞t✱ sær❧✐❣ ❢♦r
å ✐❞❡♥t✐✜s❡r❡ ❜r❡❞❡ s♦♥❡r s♦♠ ♦❣så ✐♥♥❡❤♦❧❞❡r ❧❡✐r❡ ❡❧❧❡r ✈❛♥♥✳ ❊❦s❡♠♣❡❧✈✐s ✐❞❡♥✲
t✐✜s❡rt❡ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡♥❡ ✾✺ ✪ ❛✈ ❛❧❧❡ ❜r❡❞❡ s✈❛❦❤❡tss♦♥❡r ✭❃✺✵ ♠✮ ♣åtr✉✛❡t
✐ t✉♥♥❡❧❡♥ s♦♠ ❧❛✈r❡s✐st✐✈❡ s♦♥❡r ✭❁✸✵✵✵ Ωm✮✳ ✽✵✪ ❛✈ ❞❡ s♠❛❧❡ s✈❛❦❤❡tss♦♥❡♥❡
✭s♠❛❧❡r❡ ❡♥♥ ✶✵ ♠✮ ❜❧❡ r❡❣✐str❡rt s♦♠ ❧❛✈r❡s✐st✐✈❡ s♦♥❡r ✭❙t❛♥❢♦rs✱ ✶✾✽✼✮✳ ❙t❛♥❢♦rs
❢❛♥t ❛t r❡s✐st✐✈✐t❡ts♣r♦✜❧❡r✐♥❣ ❦❛♥ ❜❡♥②tt❡s ❢♦r å s❡tt❡ ♦♣♣ ❡t ❡st✐♠❛t ❢♦r ♥ø❞✈❡♥❞✐❣
s✐❦r✐♥❣s♦♠❢❛♥❣ ❢♦r t✉♥♥❡❧❡♥ ✉t ❢r❛ ❛t ❧❛✈r❡s✐st✐✈❡ s♦♥❡r ❦r❡✈❡r t②♥❣r❡ s✐❦r✐♥❣ ❡♥♥
♦♠rå❞❡♥❡ ♠❡❞ ❤ø②❡r❡ r❡s✐st✐✈✐t❡t✳ ❋♦r ❡❦s❡♠♣❡❧ ❜❡❤ø✈❞❡ ✼✺✪ ❛✈ t✉♥♥❡❧❧❡♥❣❞❡♥
♠❡❞ r❡s✐st✐✈✐t❡t ✉♥❞❡r ✺✵✵ Ωm s✐❦r✐♥❣ ♠❡❞ s♣rø②t❡❜❡t♦♥❣✱ ♠❡♥s ❦✉♥ ✷✵✪ ❛✈ t✉♥✲
♥❡❧❧❡♥❞❡♥ ❤✈♦r r❡s✐st✐✈✐t❡t❡♥ ✈❛r ❢✉♥♥❡t å ✈ær❡ ♠❡❧❧♦♠ ✶✵✵✵ ♦❣ ✸✵✵✵ Ωm ❜❧❡ ❞❡t
❜❡♥②tt❡t s♣rø②t❡❜❡t♦♥❣ ✭❙t❛♥❢♦rs✱ ✶✾✽✼✮✳

■ ❇♦❧♠❡♥t✉♥♥❡❧❡♥ ✈✐st❡ ❞❡t s❡❣ ✈❛♥s❦❡❧✐❣ å ✐❞❡♥t✐✜s❡r❡ ✈❛♥♥❢ør❡♥❞❡ ❡♥❦❡❧ts♣r❡❦❦❡r✳
❙✈❛❦t ❤❡❧❧❡♥❞❡ s♦♥❡r ✈❛r ❞❡ss✉t❡♥ ✈❛♥s❦❡❧✐❣❡r❡ å ♦♣♣❞❛❣❡ ❡♥♥ ❞❡ st❡✐❧❡r❡
s✈❛❦❤❡tss♦♥❡♥❡ ✭❙t❛♥❢♦rs✱ ✶✾✽✼✮✳



✸✳✸✳ ▲❆❇❖❘❆❚❖❘■❊❯◆❉❊❘❙Ø❑❊▲❙❊❘ ✸✺

▲✉♥♥❡rt✉♥♥❡❧❡♥ ✲ t♦❧❦♥✐♥❣s♠♦❞❡❧❧ ❢♦r r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r ✐ ❢❥❡❧❧

▼❡❞ ❜❛s✐s ✐ ❡r❢❛r✐♥❣❡♥❡ ❢r❛ ▲✉♥♥❡rt✉♥♥❡❧❡♥✱ ❜❧❡ ❞❡t ❢♦r❡s❧ått ❢ø❧❣❡♥❞❡ t♦❧❦♥✐♥❣s♠♦❞✲
❡❧❧ ❛✈ r❡s✐st✐✈✐t❡t❡♥ ✐ ❢♦r❤♦❧❞ t✐❧ ❦❛r❛❦t❡r❡♥ t✐❧ ❞❡♥ ❧❛✈r❡s✐st✐✈❡ s♦♥❡♥ ✭❘ø♥♥✐♥❣ ❡t ❛❧✳✱
✷✵✵✾❜✮✿

❼ ❁✺✵✵Ωm✿ ❙♦♥❡r ♠❡❞ ❧❡✐r❡ ♦❣ st❛❜✐❧✐t❡ts♣r♦❜❧❡♠❡r✱ ♠✐♥❞r❡ ✈❛♥♥ ❡♥♥ ✈❡❞ ❤ø②r❡
r❡s✐st✐✈✐t❡t✳

❼ ✺✵✵✲✹✵✵✵ Ωm✿ ❙♦♥❡r ♠❡❞ å♣♥❡ s♣r❡❦❦❡r ♠❡❞ ♠②❡ ✈❛♥♥✳ ▼✐♥❞r❡ st❛❜✐❧✐t❡t✲
s♣r♦❜❧❡♠ ✈❡❞ ❤ø②❡r❡ r❡s✐st✐✈✐t❡t✳

❼ ❃✹✵✵✵ Ωm✿ ●♦❞ st❛❜✐❧✐t❡t ♦❣ ❧✐t❡ ✈❛♥♥

❚✐❞❧✐❣❡r❡ ✈❡rs❥♦♥❡r ❛✈ ♠♦❞❡❧❧❡♥ s❛tt❡ ❣r❡♥s❡♥ ♠❡❧❧♦♠ ✈❛♥♥❢ør❡♥❞❡ s♦♥❡r ♦❣ ❣♦❞t
❜❡r❣ ✈❡❞ ✸✵✵✵ Ωm✱ s❧✐❦ ❛t ❡r❢❛r✐♥❣❡♥❡ ❛♥❣å❡♥❞❡ ❜r✉❦ ❛✈ t♦❧❦♥✐♥❣s♠♦❞❡❧❧❡♥ ♦❢t❡
❜②❣❣❡r ♣å ❞❡♥♥❡ ❣r❡♥s❡♥✳

❉❡♥♥❡ ♠♦❞❡❧❧❡♥ ❣❥❡❧❞❡r ❢♦r ▲✉♥♥❡rt✉♥♥❡❧❡♥s ❣❡♦❧♦❣✐s❦❡ ♠✐❧❥ø✳ ▲✉♥♥❡rt✉♥♥❡❧❡♥
❧✐❣❣❡r ✐ ❖s❧♦❢❡❧t❡t✱ ✐ ❦❛♠❜r♦✲s✐❧✉rs❦❡ s❡❞✐♠❡♥tær❡ ♦❣ ❦♦♥t❛❦t♠❡t❛♠♦r❢❡ ❜❡r❣❛rt❡r
✭❤♦r♥❢❡❧s✮ ♦❣ ❜❡r❣❛rt❡r ✈✉❧❦❛♥s❦❡ ♦❣ ♣❧✉t♦♥s❦❡ ❜❡r❣❛rt❡r ❢r❛ s❡♥❦❛r❜♦♥ ♦❣ ♣❡r♠
s♦♠ ❢♦r ❡❦s❡♠♣❡❧ s②❡♥✐tt ✭❍♦❧♠ø②✱ ✷✵✵✽✮✳

❚♦❧❦♥✐♥❣s♠♦❞❡❧❧❡♥ ❢♦r❡s❧ått ♣❛ss❡r ♠❡❞ ❡r❢❛r✐♥❣❡♥❡ ❢r❛ ❇♦❧♠❡♥t✉♥♥❡❧❡♥ ✈❡❞rør❡♥❞❡
s❛♠♠❡♥❤❡♥❣❡♥ ♠❡❧❧♦♠ r❡s✐st✐✈✐t❡t ♦❣ s♦♥❡❦❛r❛❦t❡r ✭❙t❛♥❢♦rs✱ ✶✾✽✼✮✳ ❖❣så ❤❡r ✈✐st❡
❞❡t s❡❣ ❛t s♦♥❡r ❤✈♦r r❡s✐st✐✈✐t❡t❡♥ ✈❛r ♠å❧t t✐❧ ❁ ✺✵✵ Ωm ❜❧❡ ❞❡t ♦❢t❡ ✐ t✉♥♥❡❧❡♥
♣åtr✉✛❡t ❧❡✐rr✐❦❡ s♦♥❡r ♠❡❞ ❜❡❤♦✈ ❢♦r t✉♥❣ s✐❦r✐♥❣✳

■ ❡tt❡rt✐❞ ❤❛r t♦❧❦♥✐♥❣s♠♦❞❡❧❧❡♥ ❢r❛ ▲✉♥♥❡rt✉♥♥❡❧❡♥ ✈✐st s❡❣ å st❡♠t ❜r❛
♠❡❞ r❡s✉❧t❛t❡♥❡ ❢r❛ ❞❡ tr❡ t✉♥♥❡❧❡♥❡ ❍❛♥❡❦❧❡✐✈t✉♥♥❡❧❡♥✱ ❘❛✈♥❡❤❡✐t✉♥♥❡❧❡♥ ♦❣
❱❛❞❢♦sst✉♥♥❡❧❡♥ ❣❥❡♥♥♦♠ ❡t ♦♣♣❢ø❧❣✐♥❣s♣r♦s❥❡❦t ❣❥❡♥♥♦♠❢ørt ❛✈ ◆●❯✳ ❍❡r ❜❧❡
s✈❡❧❧❡❧❡✐r❡ ♣å✈✐st ♣å s♣r❡❦❦❡r ❞❡r ❤✈♦r r❡s✐st✐✈✐t❡t❡♥ ✈❛r ❧❛✈❡r❡ ❡♥♥ ✺✵✵ Ωm✳ ■♥❣❡♥
❛✈ s♦♥❡♥❡ ✐ ❞❡ tr❡ t✉♥♥❡❧❡♥❡ ❤❛❞❞❡ r❡s✐st✐✈✐t❡t❡r ✐ ✐♥t❡r✈❛❧❧❡t ✶✵✵✵✲✸✵✵✵Ωm✱ s❧✐❦
❛t ❞❡♥ ❢♦r❡s❧ått❡ t♦❧❦♥✐♥❣s♠♦❞❡❧❧❡♥ ♣å r❡♥❡ ✈❛♥♥❢ør❡♥❞❡ s♦♥❡r ✐ ❞❡tt❡ ✐♥t❡r✈❛❧❧❡t
❦✉♥♥❡ ✐❦❦❡ ❡tt❡r♣rø✈❡s ✭❘ø♥♥✐♥❣ ❡t ❛❧✳✱ ✷✵✵✾❛✮✳

✸✳✸ ▲❛❜♦r❛t♦r✐❡✉♥❞❡rsø❦❡❧s❡r

❈❛tr✐♥❡ ❍❛t❧❡♥❡s ♣å♣❡❦t❡ ✐ s✐♥ ♠❛st❡r❛✈❤❛♥❞❧✐♥❣ ✭❍❛t❧❡♥❡s✱ ✷✵✶✶✮ ✢❡r❡ ✐♥t❡r❡ss❛♥t❡
s✈❛❦❤❡t❡r ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ❙t❛t❡♥s ✈❡❣✈❡s❡♥s ❦r❛✈ t✐❧ ❜❡t♦♥❣✉tstø♣♥✐♥❣ ✈❡❞ ❤ø②❡
s✈❡❧❧❡tr②❦❦✳ ◆♦❡♥ ❛✈ ❤♦✈❡❞♣♦❡♥❣❡♥❡ ❡r ❛t ❢✉❧❧ ✉tstø♣♥✐♥❣ ❡r ❡♥ ♠❡t♦❞❡ s♦♠ ❡r ♣å
✈❡✐ ✉t ✐♥♥❡♥ ♥♦rs❦ t✉♥♥❡❧❜②❣❣✐♥❣ ♦❣ ❛r♠❡rt❡ s♣rø②t❡❜❡t♦♥❣❜✉❡r t❛r ✐ st❛❞✐❣ størr❡
❣r❛❞ ♦✈❡r s♦♠ s✐❦r✐♥❣s♠❡t♦❞❡ ✐ ❜❡r❣♠❛ss❡ ❤❡❧t ♥❡❞❡ ✐ ❦❧❛ss❡ ❋✳ ❙✐❦r✐♥❣s❜✉❡r ❦❛♥
t❡♥❦❡s å ❣✐ t✐❧str❡❦❦❡❧✐❣ s✐❦r✐♥❣ ♦❣så ❣❥❡♥♥♦♠ s✈❛❦❤❡tss♦♥❡r ♠❡❞ ❤ø②❡ s✈❡❧❧❡tr②❦❦✱
♥❡tt♦♣♣ ❛✈ års❛❦❡♥ ♥❡✈♥t ✐ ❆✈s♥✐tt ✷✳✻✳✶❀ ❛t ❜✉❡♥❡ ❣✐r r♦♠ ❢♦r ❞❡❢♦r♠❛s❥♦♥ ❛✈
❜❡r❣❡t✳ ❙♣rø②t❡❜❡t♦♥❣❜✉❡r ❡r ❞❡ss✉t❡♥ ✈❡s❡♥t❧✐❣ ❜✐❧❧✐❣❡r❡ ❡♥♥ ❡♥ ❜❡t♦♥❣✉tstø♣♥✐♥❣✳
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❍❛t❧❡♥❡s ✭✷✵✶✶✮ ♣å♣❡❦❡r ♦❣så ❛t ❦r❛✈❡t st✐❧t ❛✈ ❙t❛t❡♥s ✈❡❣✈❡s❡♥ ❦❛♥ ✈ær❡ ♥♦❡
❞✐✛✉s✳ ❑r❛✈❡♥❡ s✐❡r ❛t s✈❡❧❧❡s♦♥❡r ♣å ✏✷ ♠❡t❡rs ♠❡❦t✐❣❤❡t ❡❧❧❡r s♦♠ ❢ø❧❣❡r t✉♥♥❡❧❡♥
✐ ♠❡r ❡♥♥ ✷ ♠❡t❡r✏ ✭❙t❛t❡♥s ✈❡❣✈❡s❡♥✱ ✷✵✶✵❜✮ s❦❛❧ stø♣❡s ✉t✱ ♠❡♥ ❤✈❛ ♠❡♥❡s
♠❡❞ ✏✷ ♠❡t❡rs ♠❡❦t✐❣❤❡t✑❄ ❊♥ ✈✐❧ så ♦❣ s✐ ❛❧❞r✐ ♠øt❡ ♣å ✷ ♠❡t❡r t②❦❦❡ r❡♥❡
❧❡✐rs♦♥❡r✱ s❧✐❦ ❛t ♦♠ s❡t♥✐♥❣❡♥ t♦❧❦❡s ❜♦❦st❛✈❡❧✐❣ ✈✐❧ ❞❡t ❛❧❞r✐ ❜❧✐ ❜❡❤♦✈ ❢♦r s✐❦r✐♥❣✳
❍✉♥ ♥❡✈♥❡r ❞❡ss✉t❡♥ ❛t s✐❞❡♥ ❞❡t ✐❦❦❡ ❡r ❦r❛✈ t✐❧ ♥♦❡♥ ❦♦♥t✐♥✉❡r❧✐❣ ♣rø✈❡t❛❦✐♥❣
❛✈ s❧❡♣♣❡♠❛t❡r✐❛❧❡r✱ ❦❛♥ s✈❡❧❧❡♥❞❡ s♦♥❡r ♦✈❡rs❡s ♦❣ s✈❡❧❧❡s♦♥❡r ❜❧❡ ♠❡❞ ❡♥ r❡♥
t✐❧❢❡❧❞✐❣❤❡t ♦♣♣❞❛❣❡t ✐ ❑❛r♠ø②t✉♥♥❡❧❡♥✳



❑❛♣✐tt❡❧ ✹

❊✐❦r❡♠t✉♥♥❡❧❡♥

❉❡tt❡ ❦❛♣✐tt❡❧❡t ❡r ❞❡❧t ✐ ✜r❡ ❞❡❧❡r✳ ❋ørst ❣✐s ❞❡t ❡♥ ✐♥tr♦❞✉❦s❥♦♥ t✐❧ ❊✐❦r❡♠t✉♥♥❡❧❡♥
♠❡❞ ♣r❡s❡♥t❛s❥♦♥ ❛✈ ♣r♦s❥❡❦t❡t✱ ❞❡♥ ❣❡♦❧♦❣✐s❦❡ ❤✐st♦r✐❡♥ ❡♥ ❣❥❡♥♥♦♠❣❛♥❣ ❛✈ ❞❡ ✉t✲
❢ørt❡ ❣r✉♥♥✉♥❞❡rsø❦❡❧s❡✳ ■ ❆✈s♥✐tt ✹✳✷ ♣r❡s❡♥t❡r❡s r❡s✉❧t❛t❡♥❡ ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✱
♠❡♥s ✐ ❆✈s♥✐tt ✹✳✸ ❣✐s t♦❧❦♥✐♥❣❡♥❡ ❛✈ ❞❡ ❞♦❦✉♠❡♥t❡rt❡ ❢♦r❤♦❧❞❡♥❡ ✐ t✉♥♥❡❧❡♥✳ ❚✐❧
s✐st ❣❥ør❡s ❞❡t ❡♥ s❛♠♠❡♥❧✐❣♥✐♥❣ ❛✈ ♣r♦❣♥♦s❡♥❡ ♦❣ ❡r❢❛r✐♥❣❡♥❡ ❢r❛ ❊✐❦r❡♠t✉♥♥❡❧❡♥✱
t✐❧ ❜r✉❦ ✐ s❡♥❡r❡ ❞✐s❦✉s❥♦♥✳

✹✳✶ Pr♦s❥❡❦t❜❡s❦r✐✈❡❧s❡

❊✐❦r❡♠t✉♥♥❡❧❡♥ ✐♥♥❣år ✐ ❛♥❞r❡ ✉t❜②❣❣❡❧s❡s❢❛s❡ ❛✈ ♣r♦s❥❡❦t❡t ❙t♦r✲❑❘■❋❆❙❚ s♦♠
s❦❛❧ ❢♦r❜❡❞r❡ ✈❡❣st❛♥❞❛r❞❡♥ ✐ ♦♠rå❞❡♥❡ r✉♥❞t ❑r✐st✐❛♥s✉♥❞✳ ❚✉♥♥❡❧❡♥ ❡r ❡♥ ❞❡❧
❛✈ ❡♥ ✉t✈✐❞❡❧s❡ ♦❣ ♦♠❧❡❣❣✐♥❣ t✐❧ st❛♠✈❡❣st❛♥❞❛r❞ ❛✈ ❘✈✳ ✼✵ ♠❡❧❧♦♠ Ø②❞❡❣❛r❞ ♦❣
❇r♦♥♥❡s❡t ✐ ❚✐♥❣✈♦❧❧ ❦♦♠♠✉♥❡✱ ▼ør❡ ♦❣ ❘♦♠s❞❛❧✳ ❉❡♥♥❡ str❡❦♥✐♥❣❡♥ ✉t❣❥ør ❡t
❛✈ t♦t❛❧t tr❡ ❞❡❧♣r♦s❥❡❦t❡r ❢♦r ❛♥❞r❡ ✉t❜②❣❣✐♥❣s❢❛s❡✳ ❚✉♥♥❡❧ ❡r ✈❛❧❣t ♣å str❡❦♥✐♥❣❡♥
♣❣❛ ♠✐❧❥ø✲ ♦❣ s✐❦❦❡r❤❡ts❤❡♥s②♥✳ Pr♦s❥❡❦t❡t ✉t❢ør❡s ❛✈ ❙t❛t❡♥s ✈❡❣✈❡s❡♥ ❘❡❣✐♦♥ ♠✐❞t
✭❙t❛t❡♥s ✈❡❣✈❡s❡♥✱ ✷✵✶✷❜✮✳

❊✐❦r❡♠t✉♥♥❡❧❡♥ ✉t❣❥ør r✉♥❞t ✾✼✵ ♠ ❛✈ ❞❡❧♣r♦s❥❡❦t❡ts t♦t❛❧❡ ❧❡♥❣❞❡ ♣å ✹✷✵✵ ♠✳
❚✉♥♥❡❧❡♥ ❡r ❜②❣❞ ✐ t✉♥♥❡❧❦❧❛ss❡ ❇ ♠❡❞ ❚✽✱✺✲♣r♦✜❧ ✐ ♣❡r✐♦❞❡♥ ♦❦t♦❜❡r ✷✵✶✵ t✐❧
❢❡❜r✉❛r ✷✵✶✷ ✭❍✉♠st❛❞✱ ✷✵✵✾✮✳ ❋✐❣✉r ✹✳✶ ❣✐r ❡♥ ♦✈❡rs✐❦t ♦✈❡r ❙t♦r✲❑❘■❋❆❙❚✲
♣r♦s❥❡❦t❡t ♦❣ ✈✐s❡r ❜❡❧✐❣❣❡♥❤❡t❡♥ ❛✈ ❊✐❦❡r❡♠t✉♥♥❡❧❡♥ s♦♠ st✐♣❧❡t ❧✐♥❥❡ ✈❡❞
Ø②❞❡❣❛r❞✳

✹✳✶✳✶ ●❡♦❧♦❣✐s❦ ❤✐st♦r✐❡

❊✐❦r❡♠t✉♥♥❡❧❡♥ ❧✐❣❣❡r ✐ ❡t ❣❡♦❧♦❣✐s❦ ♦♠rå❞❡ ❦❛❧t ❞❡♥ ✈❡str❡ ❣♥❡✐sr❡❣✐♦♥❡♥✳
●♥❡✐sr❡❣✐♦♥❡♥ str❡❦❦❡r s❡❣ ❢r❛ ❙♦❣♥❡❢❥♦r❞❡♥ ✐ sør ♦❣ ♥♦r❞♦✈❡r t✐❧ ◆♦r❞✲❚rø♥❞❡❧❛❣
♦❣ ❧✐❣❣❡r ✈❡st ❢♦r ❞❡ ❦❛❧❡❞♦♥s❦❡ ❞❡❦❦❡♥❡✳ ❇❡r❣❛rt❡♥❡ ✐ r❡❣✐♦♥❡♥ st❛♠♠❡r ✐ ❤♦✈❡❞s❛❦
❢r❛ ♣r♦t❡r♦③♦✐s❦ t✐❞ ✭✶✺✵✵✲✶✽✺✵ ▼❛✮✳ ❉❡t s♣❡s✐❡❧❧❡ ♠❡❞ ❜❡r❣❛rt❡♥❡ ✐ ❞❡♥ r❡❣✐♦♥❡♥

✸✼
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❋✐❣✉r ✹✳✶ ✕ ❖✈❡rs✐❦ts❦❛rt ❙t♦r✲❑❘■❋❆❙❚ ♠❡❞ ♣❧❛ss❡r✐♥❣ ❛✈ ❊✐❦r❡♠t✉♥♥❡❧❡♥
✭❍✉♠st❛❞✱ ✷✵✵✾✮✳

❡r ❛t ❞✐ss❡ ❣r✉♥♥❢❥❡❧❧s❜❡r❣❛rt❡♥❡ ❡r ♠②❡ ♠❡r ♦♠❞❛♥♥❡t ❡♥♥ ❣r✉♥♥❢❥❡❧❧s❜❡r❣❛rt❡♥❡
❧❡♥❣❡r øst ✭❘❛♠❜❡r❣ ❡t ❛❧✳✱ ✷✵✵✼✮✳

❋ør ❞❡♥ ❦❛❧❡❞♦♥s❦❡ ❢❥❡❧❧❦❥❡❞❡♥ ❜❧❡ ❞❛♥♥❡t✱ ❧å ❙❦❛♥❞✐♥❛✈✐❛ ♣å ❦♦♥t✐♥❡♥t❡t ❇❛❧t✐❦❛✳ ■
❦❛♠❜r♦✲s✐❧✉r ✭✺✵✵✲✹✵✵ ▼❛✮ ❜❡❣②♥t❡ ❇❛❧t✐❦❛ ♦❣ ❞❡t ♥♦r❞❛♠❡r✐❦❛♥s❦❡ ❦♦♥t✐♥❡♥t❡t
▲❛✉r❡♥t✐❛ å ❜❡✈❡❣❡ s❡❣ ♠♦t ❤✈❡r❛♥❞r❡✳ ■ ❞❡t ❞✐ss❡ ❦♦♥t✐♥❡♥t❡♥❡ ❦♦❧❧✐❞❡rt❡ ❢♦r
♦♠tr❡♥t ✹✷✺ ♠✐❧❧♦♥❡r år s✐❞❡♥✱ ❜❧❡ st♦r❡ ❜❡r❣♠❛ss❡r r❡✈❡t ❧øs ♦❣ s❦❥ø✈❡t ✐♥♥♦✈❡r
❇❛❧t✐❦❛ s♦♠ s❦②✈❡❞❡❦❦❡r ♦❣ ❞❡♥ ❑❛❧❡❞♦♥s❦❡ ❢❥❡❧❧❦❥❡❞❡♥ ❜❧❡ ❞❛♥♥❡t✳ På ◆♦r❞♠ør❡
❜❧❡ ❞❡❦❦❡♥❡ s❦❥ø✈❡t ✐♥♥ ❢r❛ ✈❡st✲sør✈❡st✳

❯♥❞❡r ❞❡♥♥❡ ♣r♦s❡ss❡♥ ❜❧❡ ❞❡ ♣r❡❦❛♠❜r✐s❦❡ ❜❡r❣❛rt❡♥❡ tr②❦t ♥❡❞ ✐ ❞②♣❡t ♦❣
❣❥❡♥♥♦♠❣✐❦❦ ❡♥ ♦♠❞❛♥♥✐♥❣ ♦❣ ❞❡❢♦r♠❛s❥♦♥ ✉♥❞❡r ❤ø②❡ tr②❦❦ ♦❣ t❡♠♣❡r❛t✉r❡r
✭❘❛♠❜❡r❣ ❡t ❛❧✳✱ ✷✵✵✼✮✳

❋❧❡r❡ st♦r❡ Ø◆Ø✲❱❙❱✲❧✐❣❣❡♥❞❡ ❢♦r❦❛st♥✐♥❣❡r ✜♥♥❡s ✐ r❡❣✐♦♥❡♥✱ ❜❧❛♥t ❛♥♥❡t
❍✐tr❛❢♦r❦❛st♥✐♥❣❡♥ ♦❣ ❚❛r✈❛❢♦r❦❛st♥✐♥❣❡♥✳ ▼✉❧✐❣❡♥s ❤❛r ❞❡t ✈ært ❛❦t✐✈✐t❡t ❧❛♥❣s
❞✐ss❡ ❢♦r❦❛st♥✐♥❣❡♥❡ ✉♥❞❡r ❧❛♥❞❡❤❡✈✐♥❣❛ ✐ ❚❡rt✐ært✐❞❡♥✳ ❉✐ss❡ ❢♦r❦❛st♥✐♥❣❡♥❡ ❦❛♥
s❡s ✐❣❥❡♥ ✐ ❢❥♦r❞❡r ♦❣ ❞❛❧❡r s♦♠ ◆Ø✲❙❱✲♦r✐❡♥t❡rt❡ s✈❛❦❤❡tss♦♥❡r✳ ▲❛♥❣s ❦②st❡♥ ❡r ❞❡t
❞❡ss✉t❡♥ ♠❛r❦❡rt❡ s♣r❡❦❦❡r ♦❣ ❢♦r❦❛st♥✐♥❣❡r ✈✐♥❦❡❧r❡tt ♣å ❞✐ss❡✱ ♦❣så ❢r❛ ❦❛♠❜r♦✲
s✐❧✉rs❦ t✐❞ ✭▲øs❡t✱ ✷✵✵✻❀ ❘❛♠❜❡r❣ ❡t ❛❧✳✱ ✷✵✵✼✮✳ ❉❡t ❡r ♥❛t✉r❧✐❣ å t❡♥❦❡ s❡❣ ❛t ♦❣så
❚✐♥❣✈♦❧❧❢❥♦r❞❡♥ ✈❡❞ ❊✐❦r❡♠t✉♥♥❡❧❡♥ ❡r ❡♥ s❧✐❦ ❦❛❧❡❞♦♥s❦ s✈❛❦❤❡tss♦♥❡✳

❉❡ ❦❛♠❜r✐s❦❡ s❦②✈❡❞❡❦❦❡♥❡ ✐ ❞❡♥♥❡ ❞❡❧❡♥ ❛✈ ❧❛♥❞❡t ❞❡❧❡s ✐♥♥ ✐ ✉♥❞r❡✱ ♠✐❞tr❡

♦❣ ø✈r❡ ❞❡❦❦❡s❡r✐❡✳ ■ ❚r♦♠s ♦❣ ❋✐♥♥♠❛r❦ ✜♥♥❡s ✐ t✐❧❧❡❣❣ ❞❡t s♦♠ ❦❛❧❧❡s ❞❡♥
ø✈❡rst❡ ❞❡❦❦❡s❡r✐❡✳ ❉❡♥ ✉♥❞r❡ ❞❡❦❦❡s❡r✐❡♥ ❜❡står ❛✈ ❦♦rttr❛♥s♣♦rt❡rt❡ s❡❞✐♠❡♥tær❡
❛✈s❡t♥✐♥❣❡r ❢r❛ ❞❡♥ ❜❛❧t✐s❦❡ r❛♥❞❡♥✴s❦❥♦❧❞❡t ❢r❛ ❢ør ❦♦♥t✐♥❡♥t❦♦❧❧✐s❥♦♥❡♥✱ ♦♠❞❛♥♥❡t
✉♥❞❡r ❧❛✈❡ tr②❦❦ ♦❣ t❡♠♣❡r❛t✉r❡r✳ ❉❡♥ ♠✐❞tr❡ ❞❡❦❦❡s❡r✐❡♥ ❜❡står ❛✈ ♣r❡❦❛♠❜r✐s❦
❣r✉♥♥❢❥❡❧❧ ❢r❛ ❇❛❧t✐❦❛✱ ♠❡r ♦♠✈❛♥❞❧❡t ❡♥♥ ❞❡♥ ✉♥❞r❡ ❞❡❦❦❡s❡r✐❡♥✳ Ø✈r❡ ❞❡❦❦❡s❡r✐❡
❜❡står ❛✈ t✐❞❧✐❣❡r❡ ❤❛✈❜✉♥♥✱ s❦②✈❞ ♦♣♣ ♦✈❡r ❞❡ ♥❡❞❡r❡❧✐❣❣❡♥❞❡ ❞❡❦❦❡s❡r✐❡♥❡
✭❘❛♠❜❡r❣ ❡t ❛❧✳✱ ✷✵✵✼✮✳



✹✳✶✳ P❘❖❙❏❊❑❚❇❊❙❑❘■❱❊▲❙❊ ✸✾

❋✐❣✉r ✹✳✷ ✕ ❇❡r❣❣r✉♥♥s❣❡♦❧♦❣✐✱ ❊✐❦r❡♠t✉♥♥❡❧❡♥✳ ❋r❛ ◆●❯s ❦❛rtt❥❡♥❡st❡ ♣å
✇✇✇✳♥❣✉✳♥♦✳

❊tt❡r ❛t ❦♦❧❧✐s❥♦♥s❜❡✈❡❣❡❧s❡♥ ❤❛r st♦♣♣❡t ♦♣♣✱ ❤❛r ❞❡ ❦❛❧❡❞♦♥s❦❡ ❞❡❦❦❡♥❡ s❦❧✐❞❞
t✐❧❜❛❦❡✱ ❜❧✐tt str✉❦❦❡t ♦❣ ❡r♦❞❡rt ♥❡❞ s❧✐❦ ❛t ❞❡♥ ✉♥❞❡r❧✐❣❣❡♥❞❡ ❜❡r❣♠❛ss❡♥ ✲ ❞❡t
♣r❡❦❛♠❜r✐s❦❡ ❣r✉♥♥❢❥❡❧❧❡t ✲ ✐❣❥❡♥ ❤❛r ❜❧✐tt s②♥❧✐❣ ✭❘❛♠❜❡r❣ ❡t ❛❧✳✱ ✷✵✵✼✮✳

❙❡❧✈ ♦♠ ❊✐❦r❡♠t✉♥♥❡❧❡♥ ❧✐❣❣❡r ✐ ❣♥❡✐sr❡❣✐♦♥❡♥✱ ✜♥♥❡s ❞❡t ❧✐❦❡✈❡❧ ❡♥ ❞❡❧ ❣❧✐♠♠❡r✲
s❦✐❢❡r ❢r❛ ø✈r❡ ❞❡❦❦❡s❡r✐❡ ❤❡r ✭❙♦❧❧✐✱ ◆♦r❞❣✉❧❡♥✱ ✷✵✵✻✮✳ På ❜❡r❣❣r✉♥♥s❦❛rt❡t ❋✐❣✉r
✹✳✷ ❧✐❣❣❡r ❞✐ss❡ s♦♠ ◆Ø✲❙❱✲❧✐❣❣❡♥❞❡ ❜å♥❞ ✐♥♥✐♠❡❧❧♦♠ ❣♥❡✐s❡♥✳

✹✳✶✳✷ ❉r✐✈✐♥❣

❊✐❦r❡♠t✉♥♥❡❧❡♥ ❡r ❞r❡✈❡t ❢r❛ é♥ st✉✛✱ ❢r❛ Ø②❞❡❣❛r❞ ✐ ♥♦r❞ ❢r❛ ♣r♦✜❧ ✹✽✹ ♦❣ sør♦✈❡r
t✐❧ ♣r♦✜❧ ✶✱✹✹✾✳ ❋ørst❡ s❛❧✈❡ ❣✐❦❦ ✼✳ ♦❦t♦❜❡r ✷✵✶✵ ♦❣ s❡❧✈❡ ❞r✐✈✐♥❣❡♥ ❛✈ ❞❡♥ ♦♠❧❛❣
✾✼✵ ♠❡t❡r ❧❛♥❣❡ t✉♥♥❡❧❡♥ t♦❦ ❡tt år ♦❣ s②✈ ♠å♥❡❞❡r✳ ❚✉♥♥❡❧❡♥ ❜❧❡ å♣♥❡t ❢♦r tr❛✜❦❦
✷✼✳ ❢❡❜r✉❛r ✷✵✶✷✳ ❍♦✈❡❞❡♥tr❡♣r❡♥ør ❢♦r t✉♥♥❡❧❞r✐✈✐♥❣❡♥ ✈❛r ❛r❜❡✐❞s❢❡❧❧❡ss❦❛♣❡t
❇❡t♦♥♠❛st✲❆♥❧❡❣❣✴▼✐❦❛ ✭♥å ■♠♣❧❡♥✐❛✮ ✭❚♦❞♥❡♠✱ ✷✵✶✷✮✳

❙tr❡❦♥✐♥❣❡♥ ✉♥❞❡r ❞❡t ❧❛✈❡r❡❧✐❣❣❡♥❞❡ ♦♠rå❞❡t ♠❡❧❧♦♠ ❑♦❧ås❡♥ ♦❣ ❑❥❡rr✐♥❣❤❛✉❣❡♥
❜❧❡ ❧❛❣t ✐ ❣❡♦t❡❦♥✐s❦ ♣r♦s❥❡❦t❦❧❛ss❡ ✸ ♣å ❣r✉♥♥ ❛✈ ❞år❧✐❣❡r❡ ❜❡r❣♠❛ss❡❦✈❛❧✐t❡t✱ ♥♦❡
s♦♠ ❤❛r s❛tt ❦r❛✈ t✐❧ str❡♥❣❡r❡ ♦♣♣❢ø❧❣✐♥❣ ♦❣ tr❡❞❥❡♣❛rts❦♦♥tr♦❧❧✳ ❘❡st❡♥ ❛✈ t✉♥♥❡❧❡♥
❜❧❡ ❧❛❣t ✐ ♣r♦s❥❡❦t❦❧❛ss❡ ✷ ✭❍✉♠st❛❞✱ ✷✵✵✾✮✳

❚✉♥♥❡❧❡♥ ❜❧❡ ❞r❡✈❡t ♠❡❞ t②♣✐s❦ ❢❡♠ ♠❡t❡r ❧❛♥❣❡ s❛❧✈❡r ♠❡❞ s②st❡♠❛t✐s❦
s♦♥❞❡r❜♦r✐♥❣ ❞❡r ❤✈♦r ❣❡♦t❡❦♥✐s❦ ♣r♦s❥❡❦t❦❧❛ss❡ ✈❛r ✸✳ ❚✉♥♥❡❧r♦♠♠❡t ❡r s✐❦r❡t ✐
❤❡♥❤♦❧❞ t✐❧ s✐❦r✐♥❣s❦❧❛ss❡ ✉t ❢r❛ ❦❛rt❧❛❣t ◗✲✈❡r❞✐ ✐ t✉♥♥❡❧❡♥ s♦♠ ♣r❡s❡♥t❡rt ✐ ❆✈s♥✐tt
✷✳✹✳



✹✵ ❑❆P■❚❚❊▲ ✹✳ ❊■❑❘❊▼❚❯◆◆❊▲❊◆

✹✳✶✳✸ ❋♦r✉♥❞❡rsø❦❡❧s❡r

❉❡t ❡r ✉t❢ørt ❡♥ r❡❦❦❡ ❢♦r✉♥❞❡rsø❦❡❧s❡r ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ t✉♥♥❡❧❡♥ ♦❣ ❞✐ss❡
❜❡s❦r✐✈❡s ❤❡r✳ ❯♥❞❡rsø❦❡❧s❡♥❡ ❡r ❣❥❡♥♥♦♠❢ørt ✐ t✐❞sr♦♠♠❡t ✶✾✾✸✲✷✵✵✾✳ ❘❡s✉❧t❛t❡♥❡
❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ❡r ♣r❡s❡♥t❡rt ✐ r❛♣♣♦rt❣r✉♥♥❧❛❣❡t ❧✐st❡t ✐ ❆✈s♥✐tt ✹✳✶✳✺✳

●❡♦❧♦❣✐s❦ ❦❛rt❧❡❣❣✐♥❣

❉❡♥ ❣❡♦❧♦❣✐s❦❡ ❦❛rt❧❡❣❣✐♥❣❡♥ ❜❡st♦❞ ❛✈ ❦❛rtst✉❞✐❡r ❛✈ ❜❡r❣❣r✉♥♥s❦❛rt✱ ❧øs♠❛ss❡❦❛rt
♦❣ t♦♣♦❣r❛✜ s❛♠t ❣❡♦❧♦❣✐s❦ ♦❣ ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦ ❦❛rt❧❡❣❣✐♥❣ ✐ ❢❡❧t✳ ❋ørst❡
❢❡❧t❦❛rt❧❡❣❣✐♥❣ ❜❧❡ ❣❥❡♥♥♦♠❢ørt ❤øst❡♥ ✶✾✾✸ ❢♦r ✈✉r❞❡r✐♥❣ ❛✈ t✉♥♥❡❧tr❛s❡✳ ■ ✷✵✵✼✲
✷✵✵✽ ❜❧❡ ❞❡t ❣❥❡♥♥♦♠❢ørt ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦ ❦❛rt❧❡❣❣✐♥❣ ♦❣ ❢❡❧t❜❡❢❛r✐♥❣ ❢♦r å
♣❧❛♥❧❡❣❣❡ ❣❥❡♥♥♦♠❢ør✐♥❣ ❛✈ s❡✐s♠✐s❦❡ ✉♥❞❡rsø❦❡❧s❡r✳ ❑❛rt❧❡❣❣✐♥❣❡♥ ❡r ❣❥❡♥♥♦♠❢ørt
❛✈ ❙t❛t❡♥s ✈❡❣✈❡s❡♥✱ ✐ t✐❧❧❡❣❣ t✐❧ ❆s♣❧❛♥ ❱✐❛❦ ❆❙✱ s♦♠ ✉t❢ørt❡ ❢❡❧t❜❡❢❛r✐♥❣❡r ♣å
s❡♥❤øst❡♥ ✷✵✵✽✳

◆●❯ ❣❥❡♥♥♦♠❢ørt❡ ✐ ❥✉♥✐ ✷✵✵✾ ❡♥ str✉❦t✉r❣❡♦❧♦❣✐s❦ ❦❛rt❧❡❣❣✐♥❣ r✉♥❞t t✉♥♥❡❧♦♠✲
rå❞❡t✳ ❘❡s✉❧t❛t❡♥❡ ❡r ♣r❡s❡♥t❡rt ✐ ❉❛❧s❡❣❣ ❡t ❛❧✳ ✭✷✵✶✵✮ ♦❣ ❡r ✐❦❦❡ ✐♥❦❧✉❞❡rt ✐ ❣❡♦❧✲
♦❣✐s❦ r❛♣♣♦rt✳

●r✉♥♥❜♦r✐♥❣❡r

❚♦t❛❧t ❡r ❞❡t ❣❥❡♥♥♦♠❢ørt ✷✷ ❜♦r✐♥❣❡r r✉♥❞t ❊✐❦r❡♠t✉♥♥❡❧❡♥ ✐ tr❡ ♦♠❣❛♥❣❡r❀ ✐
✶✾✾✻✱ ✷✵✵✽ ♦❣ ✷✵✵✾✳ ❆❧❧❡ ❜♦r✐♥❣❡♥❡ ❡r ❣❥♦rt ❛✈ ❙t❛t❡♥s ✈❡❣✈❡s❡♥✳ ❉❡♥ ❢ørst❡ r✉♥❞❡♥
❣r✉♥♥❜♦r✐♥❣❡r ❜❧❡ ❣❥♦rt ♠❡❞ t❛♥❦❡ ♣å t✐❞❧✐❣❡r❡ tr❛s❡❛❧t❡r♥❛t✐✈✱ ♠❡♥s ❞❡ t♦ s✐st❡
r✉♥❞❡♥❡ ❜❧❡ ❣❥❡♥♥♦♠❢ørt ♠❡❞ t❛♥❦❡ ♣å ♣❧❛ss❡r✐♥❣ ❛✈ ♣å❤✉❣❣s♦♠rå❞❡t ✐ ♥♦r❞ s❛♠t
❣r✉♥♥❢♦r❤♦❧❞ ❢♦r t♦ ❜②❣❣✳

●❡♦❢②s✐s❦❡ ✉♥❞❡rsø❦❡❧❡r

❘❡❢r❛❦s❥♦♥ss❡✐s♠s✐❦❡ ❣r✉♥♥✉♥❞❡rsø❦❡❧s❡r ❤❛r ❜❧✐tt ✉t❢ørt ✐ t♦ ♦♠❣❛♥❣❡r✿ ❙❡♣t❡♠❜❡r
✷✵✵✼ ❛✈ ●❡♦♠❛♣ ❧❛♥❣s s❡❦s ♣r♦✜❧❡r ♦❣ ❧❛♥❣s ②tt❡r❧✐❣❡r❡ s❡❦s ♣r♦✜❧❡r ✐ ♠❛✐
✷✵✵✽ ❛✈ ●❡♦P❤②s✐①✳ ❑✉♥ ❞❡♥ sør❧✐❣❡ ❞❡❧❡♥ ❛✈ ❡♥❞❡❧✐❣ t✉♥♥❡❧tr❛sé ❡r ❞❡❦❦❡t ❛✈
r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦❡♥✳ ❉❡tt❡ s❦②❧❞❡s ❛t t✉♥♥❡❧❡♥ ♦♣♣r✐♥♥❡❧✐❣ ✈❛r ♣❧❛♥❧❛❣t å ❧✐❣❣❡
s❧✐❦ ❛t ❞❡t ♥♦r❞r❡ ♣å❤✉❣❣❡t ❦♦♠ ❧❡♥❣❡r ✈❡st ❡♥♥ ❞❛❣❡♥s t✉♥♥❡❧✳ ❘❡s✉❧t❛t❡♥❡ ❢r❛
❞❡♥ r❡❢r❛❦s❥♦♥ss❡✐s♠✐s❦❡ ✉♥❞❡rsø❦❡❧s❡r ❢r❛ ✷✵✵✽ ❢ørt❡ t✐❧ ❛t ❞❡t ♥♦r❞r❡ ♣å❤✉❣❣❡t ❜❧❡
✢②tt❡t ❧❡♥❣❡r øst ✭❙t❛t❡♥s ✈❡❣✈❡s❡♥✱ ✷✵✶✷❛❀ ❚♦❞♥❡♠✱ ✷✵✵✽✮✳

◆●❯ ❤❛r ✉t❢ørt ✷❉ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r ♦❣ ■P✲♠å❧✐♥❣❡r ❧❛♥❣s t♦ ♣r♦✜❧❡r ❢♦r å
❛✈❞❡❦❦❡ ♣♦t❡♥s✐❡❧❧ ✉st❛❜✐❧ ❜❡r❣♠❛ss❡ ♠❡❞ ❡❧❧❡r ✉t❡♥ ✈❛♥♥ ♦❣✴❡❧❧❡r ❧❡✐r❡✳ Pr♦✜❧ ✶
❢ø❧❣❡r ✐ st♦r ❣r❛❞ t✉♥♥❡❧❡♥s tr❛sé ♠❡♥s ♣r♦✜❧ ✷ ❧✐❣❣❡r ❧❡♥❣❡r ✈❡st✳ ▼å❧✐♥❣❡♥❡ ❜❧❡
❣❥♦rt ✐ ❛♣r✐❧ ✷✵✵✾ ♦✈❡r ❡♥ t♦t❛❧ ❧❡♥❣❞❡ ♣å ✷✱✽ ❦♠✳ ❉❡t ❜❧❡ ❜❡♥②tt❡t ●r❛❞✐❡♥t
❡❧❡❦tr♦❞❡❦♦♥✜❣✉r❛s❥♦♥ ♠❡❞ ✶✵ ♠❡t❡rs ❡❧❡❦tr♦❞❡❛✈st❛♥❞✳ ❯♥❞❡r ✐♥✈❡rs❥♦♥❡♥ ❛✈
♠å❧❡❞❛t❛❡♥❡ ❜❧❡ ❞❡t ❜❡♥②tt❡t ❡♥ ❱✴❍✲❢❛❦t♦r ♣å ✷✳ ■♥✈❡rs❥♦♥❡♥ ❜❧❡ ❣❥♦rt ✈❡❞ ❜r✉❦
❛✈ ♣r♦❣r❛♠♠❡t ❘❊❙✷❉■◆❱✳
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▲❛❜♦r❛t♦r✐❡✉♥❞❡rsø❦❡❧s❡r

❉❡t ❡r ✐❦❦❡ ❣❥❡♥♥♦♠❢ørt ❧❛❜♦r❛t♦r✐❡✉♥❞❡rsø❦❡❧s❡r s♦♠ ❡♥ ❞❡❧ ❛✈ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡
❢♦r ❊✐❦r❡♠t✉♥♥❡❧❡♥✳

✹✳✶✳✹ ❯ts❛tt❡ ✉♥❞❡rsø❦❡❧s❡r

❯♥❞❡rsø❦❡❧s❡♥❡ ❣❥❡♥♥♦♠❢ørt ✉♥❞❡r✴❡tt❡r ❞r✐✈✐♥❣ ❜❧✐r ❤❡r ❣❥❡♥♥♦♠❣ått✳ ❘❡s✉❧t❛t❡♥❡
❢r❛ ✉♥❞❡rsø❦❡❧s❡♥❡ ❤❛r ✈ært t✐❧❣❥❡♥❣❡❧✐❣ ❣❥❡♥♥♦♠ r❛♣♣♦rt❣r✉♥♥❧❛❣❡t ❧✐st❡t ✐ ❆✈s♥✐tt
✹✳✶✳✺✳

■♥❣❡♥✐ør❣❡♦❧♦❣✐s❦ ❦❛rt❧❡❣❣✐♥❣

❙t❛t❡♥s ✈❡❣✈❡s❡♥ ❤❛r ❦❛rt❧❛❣t t✉♥♥❡❧st✉✛❡♥ ❢♦r ✭♦♠tr❡♥t✮ ❤✈❡r s❛❧✈❡ ✉♥❞❡r ❞r✐✈✐♥❣❡♥
✐ ❤❡♥❤♦❧❞ t✐❧ ◆❙ ✸✹✽✵✶✳ ❋♦r❤♦❧❞ s♦♠ ❤❛r ❜❧✐tt ❦❛rt❧❛❣t ♦❣ ❦♦♠♠❡♥t❡rt ❡r ◗✲✈❡r❞✐✱
s✈❛❦❤❡tss♦♥❡r✱ s♣r❡❦❦❡❢②❧❧✐♥❣❡r✱ ♣r♦✜❧❦♦♥t✉r ♦❣ ♦r✐❡♥t❡r✐♥❣ ❛✈ s♣r❡❦❦❡r ♦❣ ❢♦❧✐❛s❥♦♥✳
❇❡r❣❛rtst②♣❡ ❡r ❦❛rt❧❛❣t s♣♦r❛❞✐s❦✳ ❑❛rt❧❡❣❣✐♥❣❡♥ ❡r r❡❣✐str❡rt ✐ ◆♦✈❛♣♦✐♥t✳

❙♦♥❞❡r❜♦r✐♥❣❡r

❙♦♥❞❡r❜♦r✐♥❣❡r ❡r ❣❥❡♥♥♦♠❢ørt s②st❡♠❛t✐s❦ ♠❡❧❧♦♠ ♣r♦✜❧ ✾✺✵ ♦❣ ✶✷✺✵ ✐ ❤❡♥❤♦❧❞ t✐❧
❦r❛✈ t✐❧ s✉♣♣❧❡r❡♥❞❡ ✉♥❞❡rsø❦❡❧s❡r ✉♥❞❡r ❜②❣❣✐♥❣ ✐ ❣❡♦t❡❦♥✐s❦ ♣r♦s❥❡❦t❦❧❛ss❡ ✸ ✭◆❙
✸✹✽✵✮✳ ❉❡t ❡r ❜♦r❡t ✷✸ ♠❡t❡r ❧❛♥❣❡ ❤✉❧❧ ♠❡❞ ✼✲✽ ♠❡t❡rs ♦✈❡r❧❛♣♣ ✐ ❞❡tt❡ ♦♠rå❞❡t✳
❊❧❧❡rs ❡r ❞❡t ❣❥❡♥♥♦♠❢ørt s♦♥❞❡r❜♦r✐♥❣❡r ❞❡r ❞❡t s②♥t❡s ♥ø❞✈❡♥❞✐❣✳

▲❛❜♦r❛t♦r✐❡✉♥❞❡rsø❦❡❧s❡r

❚♦ s❧❡♣♣❡♠❛t❡r✐❛❧❡♣rø✈❡r ❤❛r ❜❧✐tt t❡st❡t ✈❡❞ ❙■◆❚❊❋ ❜②❣❣❢♦rs❦ ♠❡❞ t❛♥❦❡ ♣å
s✈❡❧❧❡❡❣❡♥s❦❛♣❡r✳ ❇å❞❡ ❢r✐s✈❡❧❧✐♥❣s❢♦rsø❦ ♦❣ s✈❡❧❧❡❢♦rs❦ ✐ ø❞♦♠❡t❡r ❜❧❡ ❣❥♦rt ♣å ❜❡❣❣❡
♣rø✈❡♥❡✳

❑♦♥✈❡r❣❡♥s♠å❧✐♥❣

❱❡❞ ♣r♦✜❧ ✶✶✼✼ ❡r ❞❡t ❣❥❡♥♥♦♠❢ørt ❡♥ ❦♦♥✈❡r❣❡♥s♠å❧✐♥❣ ✈❡❞ ❜r✉❦ ❛✈ ❡❦st❡♥s♦♠❡t❡r
❢♦r å ❦♦♥tr♦❧❧❡r❡ st❛❜✐❧✐t❡t❡♥ ❡tt❡r ♦♣♣❢ør✐♥❣ ❛✈ t✉♥❣ ❜❡r❣s✐❦r✐♥❣✳

✶◆♦rs❦ st❛♥❞❛r❞ ❢♦r ❣❡♦t❡❦♥✐s❦ ♣r♦s❥❡❦t❡r✐♥❣✳ ❋r❛ ♠❛rs ✷✵✶✵ tr✉❦❦❡t t✐❧❜❛❦❡ t✐❧ ❢♦r❞❡❧ ❢♦r ❞❡♥
❡✉r♦♣❡✐s❦❡ st❛♥❞❛r❞❡♥ ❊✉r♦❦♦❞❡ ✼✳ Pr♦s❥❡❦t❡r✐♥❣ ❛✈ ❊✐❦r❡♠t✉♥♥❡❧❡♥ ♦❣ ❑♥❛♣♣❡t✉♥♥❡❧❡♥ ❜❧❡ ❣❥♦rt
❢ør ✉ts❦✐❢t♥✐♥❣❡♥✱ ♦❣ ❢♦r❤♦❧❞❡r s❡❣ ❞❡r❢♦r t✐❧ ◆❙ ✸✹✽✵ ❡tt❡r ❦r❛✈ ❣✐tt ✐ ❙t❛t❡♥s ✈❡❣✈❡s❡♥s ❍å♥❞❜♦❦
✵✷✶✳
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▲❡❦❦❛s❥❡♠å❧✐♥❣❡r

❉❡t ❜❧❡ ❣❥♦rt ❡♥ ✈✉r❞❡r✐♥❣ ❛✈ ✐♥♥❧❡❦❦❛s❥❡ ✉t ❢r❛ ♠❡♥❣❞❡♥ ♦♣♣s❛♠❧❡t ✈❛♥♥ ✐ ❜rø♥♥
✈❡❞ ♣r♦✜❧ ✼✹✸ ❡tt❡r❤✈❡rt s♦♠ st✉✛❡♥ ❤❛r ❜❡✈❡❣❞ s❡❣ ❢r❛♠♦✈❡r✳

❊tt❡r ❛t t✉♥♥❡❧❡♥ ✈❛r ❢❡r❞✐❣ ❞r❡✈❡t✱ ♠❡♥ ❢ør ✈❛♥♥✲ ♦❣ ❢r♦sts✐❦r✐♥❣❡♥ ❜❧❡ ♠♦♥t❡rt✱ ❜❧❡
✈❛♥♥❧❡❦❦❛s❥❡r ✐ t✉♥♥❡❧❡♥ ❦❛rt❧❛❣t ❧❛♥❣s ❤❡❧❡ tr❛s❡❡♥ ❛✈ ◆❚◆❯✲st✉❞❡♥t ❆❧❡①❛♥❞❡r
❑♦rss✉♥❞ ❆♥❞r✐❛♥♦♣♦✉❧♦s✳ ■ s❦r✐✈❡♥❞❡ st✉♥❞ ❡r ❢♦rts❛tt ✐❦❦❡ ❛❧❧❡ ❧❡❦❦❛s❥❡r ❢ørt ✐♥♥
✐ ◆♦✈❛♣♦✐♥t✳

❇rø♥♥♠å❧✐♥❣❡r

●r✉♥♥✈❛♥♥s❜rø♥♥❡r ♦✈❡r t✉♥♥❡❧❡♥ ❜❧❡ ❥❡✈♥❧✐❣ ❦♦♥tr♦❧❧❡rt ❣❥❡♥♥♦♠ ❞r✐✈❡♣❡r✐♦❞❡♥✳

❑❥❡r♥❡❜♦r✐♥❣

➱♥ ❦❥❡r♥❡❜♦r✐♥❣ ❤❛r ❜❧✐tt ❣❥♦rt ✐ t✉♥♥❡❧❡♥ ✉♥❞❡r ❞r✐✈✐♥❣✳ ❇♦r✐♥❣❡♥ ❜❧❡ st❛rt❡t ✈❡❞
♣r♦✜❧ ✶✶✺✻ ♦❣ ✺✷ ♠❡t❡r ❦❥❡r♥❡ ❜❧❡ t❛tt ✉t ❢r❛♠ t✐❧ ♣r♦✜❧ ✶✷✶✵✳

❇♦r♣❛r❛♠❡t❡rt♦❧❦♥✐♥❣

❇♦rr✐❣❣❡♥ ✈❡❞ ❊✐❦r❡♠ ✈❛r ✉tst②rt ♠❡❞ ❧♦❣❣❡✉tst②r ❢♦r ❜♦r♣❛r❛♠❡tr❡ s♦♠
r❡❣✐str❡r❡r ❜♦rs②♥❦✱ ♠❛t❡tr②❦❦✱ r♦t❛s❥♦♥str②❦❦✱ ❤❛♠♠❡rtr②❦❦✱ r♦t❛s❥♦♥s❤❛st✐❣❤❡t✱
✈❛♥♥♠❡♥❣❞❡✱ ✈❛♥♥tr②❦❦ ♦❣ t✐❞✳ ❉❡♥♥❡ ❞❛t❛❡♥ ❜r✉❦❡s ❢♦r å ❢å ✐♥❢♦r♠❛s❥♦♥ ♦♠
❜❡r❣♠❛ss❡♥ ❡♥ ❜♦r❡r ✐✱ s♦♠ ❢✳❡❦s✳ ✈❛♥♥✐♥♥❤♦❧❞✱ ♦♣♣s♣r❡❦❦✐♥❣ ♦❣ ❜❡r❣❛rtsst②r❦❡✳
❘♦❝❦♠❛ st♦❞ ❢♦r ❞❡♥♥❡ t♦❧❦♥✐♥❣❡♥ ✈❡❞ ❊✐❦r❡♠t✉♥♥❡❧❡♥✳ ❚♦❧❦♥✐♥❣❡♥ ❡r ♣r❡s❡♥t❡rt
❣r❛✜s❦✱ ❤✈♦r ❢❛r❣❡❦♦❞❡r ✈✐s❡r r❡❧❛t✐✈❡ ✈❡r❞✐❡r✳ ▲♦❣❣❡r❡♥ ✈❛r ❛❦t✐✈ ✉♥❞❡r ❛❧❧ ❜♦r✐♥❣
❢♦r å ❢å ❡t ❦♦♥t✐♥✉❡r❧✐❣ ❜✐❧❞❡ ❧❛♥❣s ❤❡❧❡ t✉♥♥❡❧tr❛s❡❡♥✳

✹✳✶✳✺ ❘❛♣♣♦rt❣r✉♥♥❧❛❣ ❢♦r ❊✐❦r❡♠t✉♥♥❡❧❡♥

■ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ♦♣♣❣❛✈❡♥✱ ❤❛r ❢ø❧❣❡♥❡ r❛♣♣♦rt❡r ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ✈ært
t✐❧❣❥❡♥❣❡❧✐❣✿

❼ ●❡♦❧♦❣✐s❦ r❛♣♣♦rt ♣å ❜②❣❣❡♣❧❛♥♥✐✈å✱ r❛♣♣♦rt ♥r✳ ✷✵✵✼✶✷✾✺✷✸✲✶✺ ♠❡❞
t✐❧❤ør❡♥❞❡ ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦ ❦❛rt✱ ❞❛t❡rt ✶✽✳✵✻✳✷✵✵✾ ✭❍✉♠st❛❞✱ ✷✵✵✾✮ ✭✐♥✲
❣❡♥✐ør❣❡♦❧♦❣✐s❦ ❧✐❣❣❡r ✐ ♦♣♣❣❛✈❡♥s ❱❡❞❧❡❣❣ ❆✳✶✮✳

❼ ❘❛♣♣♦rt ❢r❛ ◆●❯ ♣å r❡s✐st✐✈✐t❡t ♦❣ str✉❦t✉r❣❡♦❧♦❣✐✱ ◆●❯ r❛♣♣♦rt ♥r✳
✷✵✶✵✳✵✵✻✱ ❞❛t❡rt ✸✵✳✵✹✳✷✵✶✵ ✭❉❛❧s❡❣❣ ❡t ❛❧✳✱ ✷✵✶✵✮ ✭♠å❧❡♣r♦✜❧❡r✱ ❦❛rt ♦❣
♦♣♣s✉♠♠❡r✐♥❣ ✐ ♦♣♣❣❛✈❡♥s ❱❡❞❧❡❣❣ ❆✳✸✱ ❆✳✹ ♦❣ ❆✳✺✮✳

❼ ❘❛♣♣♦rt ❢r❛ r❡❢r❛❦s❥♦♥ss❡✐♠s✐❦❡ ✉♥❞❡rsø❦❡❧s❡r ❢r❛ ●❡♦♠❛♣ ✰ t❡❣♥✐♥❣❡r✱
r❛♣♣♦rt ♥r✳ ✷✼✶✾✷✾✳✵✶✱ ❞❛t❡rt ✶✻✳✶✵✳✷✵✵✼ ✭●❡♦♠❛♣✱ ✷✵✵✼✮✳



✹✳✷✳ P❘❖●◆❖❙❊❘ ❋❘❆ ❋❖❘❯◆❉❊❘❙Ø❑❊▲❙❊◆❊ ✹✸

❼ ❘❛♣♣♦rt ❢r❛ r❡❢r❛❦s❥♦♥ss❡✐s♠✐s❦❡ ✉♥❞❡rsø❦❡❧s❡r ❢r❛ ●❡♦P❤②s✐①✱ r❛♣♣♦rt ♥r✳
✵✽✶✻✷❛✱ ❞❛t❡rt ✸✵✳✵✻✳✷✵✵✽ ✭●❡♦P❤②s✐①✱ ✷✵✵✽✮✳

❼ ◆♦t❛t ♦♠ ✈❛❧❣ ❛✈ t✉♥♥❡❧tr❛sé✱ ❞❛t❡rt ✶✵✳✶✶✳✷✵✵✽ ✭❚♦❞♥❡♠✱ ✷✵✵✽✮✳

❚✐❞❧✐❣❡r❡ ✈❡rs❥♦♥❡r ❛✈ ♠❛t❡r✐❛❧❡ ❡r ✐❦❦❡ ❧✐st❡t ♦♣♣✳

◆år ❞❡t ❣❥❡❧❞❡r r❛♣♣♦rt❡r✐♥❣ ♦❣ ❞♦❦✉♠❡♥t❛s❥♦♥ ❢r❛ ❞r✐✈✐♥❣✱ ❤❛r ❢ø❧❣❡♥❞❡ ♠❛t❡r✐❛❧❡
✈ært t✐❧❣❥❡♥❣❡❧✐❣✿

❼ ❯ts❦r✐❢t ❛✈ ❦❛rt❧❡❣❣✐♥❣ ❣❥♦rt ✐ ◆♦✈❛♣♦✐♥t ♠❡❞ ❜♦r♣❛r❛♠❡t❡rt♦❧❦♥✐♥❣✱ ♠♦tt❛tt
✷✼✳✵✸✳✷✵✶✷ ✭❱❡❞❧❡❣❣ ❆✳✻✮✳

❼ ❊❦s♣♦rt ❛✈ ◗✲✈❡r❞✐✲❦❛rt❧❡❣❣✐♥❣ ♦❣ ❦❛rt❧❡❣❣✐♥❣s❦♦♠♠❡♥t❛r❡r ❢r❛ ◆♦✈❛♣♦✐♥t✱
❊①❝❡❧✲r❡❣♥❡❛r❦✱ ❞❛t❡rt ✷✽✳✵✷✳✷✵✶✷✳

❼ ❊❦s♣♦rt ❛✈ s♣r❡❦❦❡✲ ♦❣ ❢♦❧✐❛s❥♦♥s♠å❧✐♥❣❡r ❢r❛ ◆♦✈❛♣♦✐♥t✱ ❊①❝❡❧✲r❡❣♥❡❛r❦✱
❞❛t❡rt ✷✽✳✵✷✳✷✵✶✷✳

❼ ▲ø♣❡♥❞❡ ❜♦r♣❛r❛♠❡t❡rt♦❧❦♥✐♥❣ ✭❤❛r❞❤❡t✱ ♦♣♣s♣r❡❦❦✐♥❣ ♦❣ ✈❛♥♥✮ ❧❛♥❣s
tr❛s❡❡♥✱ ❞❛t❡rt ✷✵✳✵✼✳✷✵✶✶ ✭❱❡❞❧❡❣❣ ❆✳✼✮✳

❼ ▲❡❦❦❛s❥❡❦❛rt❧❡❣❣✐♥❣ ✐ ❢❡r❞✐❣ t✉♥♥❡❧✱ ❢r❛ ✷✵✶✶ ✭❱❡❞❧❡❣❣ ❆✳✽✮✳

❼ ❑❥❡r♥❡❜♦r✐♥❣ ❢r❛ ♣❡❧✳ ♥r✳ ✶✶✺✻✱ ❊①❝❡❧✲r❡❣♥❡❛r❦ ♠❡❞ t✐❧❤ør❡♥❞❡ ❢♦t♦✱ ❞❛t❡rt
✵✻✳✵✷✳✷✵✶✶ ✭❧♦❣❣ ✐ ❱❡❞❧❡❣❣ ❆✳✾✮✳

❼ ❙❛❧✈❡r❛♣♣♦rt✱ ❊①❝❡❧✲r❡❣♥❡❛r❦✱ ❞❛t❡rt ✷✸✳✵✺✳✷✵✶✷✳

❼ ■♥❣❡♥✐ør❣❡♦❧♦❣✐s❦ s❧✉ttr❛♣♣♦rt✱ ❙t❛t❡♥s ✈❡❣✈❡s❡♥s r❛♣♣♦rt ♥r✳ ✷✵✶✵✵✸✼✹✻✼✲✶✶
♠❡❞ ✈❡❞❧❡❣❣✱ ❞❛t❡rt ✷✶✳✵✺✳✷✵✶✷ ✭❚♦❞♥❡♠✱ ✷✵✶✷✮✳

✹✳✷ Pr♦❣♥♦s❡r ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡

❉❡tt❡ ❛✈s♥✐tt❡t ♣r❡s❡♥t❡r❡r ❤♦✈❡❞r❡s✉❧t❛t❡♥❡ ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ❣❥❡♥♥♦♠❢ørt ✐
❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ♣❧❛♥❧❡❣❣✐♥❣❡♥ ❛✈ ❊✐❦r❡♠t✉♥♥❡❧❡♥✳ Pr♦❣♥♦s❡♥❡ ❢♦r ❞❡ ✐♥❣❡♥✐ør❣❡✲
♦❧♦❣✐s❦❡ ❢♦r❤♦❧❞❡♥❡ s♦♠ ❡r ♣r❡s❡♥t❡rt ❡r ✐ ❤♦✈❡❞s❛❦ s❛♠♠❡♥❢❛tt❡t ❢r❛ ❣❡♦❧♦❣✐s❦
r❛♣♣♦rt ♣å ❜②❣❣❡♣❧❛♥♥✐✈å ✭❍✉♠st❛❞✱ ✷✵✵✾✮✱ ❞❡rs♦♠ ❛♥♥❡t ✐❦❦❡ ❡r ♦♣♣❣✐tt✳ ❋✐❣✉r
✹✳✸ ♦♣♣s✉♠♠❡r❡r ♣r♦❣♥♦s❡r ❢♦r ❛♥t❛tt❡ ❜❡r❣❛rt❡r✱ ◗✲✈❡r❞✐❡r ♦❣ s✈❛❦❤❡tss♦♥❡r ❧❛♥❣s
t✉♥♥❡❧tr❛s❡❡♥✳

✹✳✷✳✶ ❇❡r❣❛rt❡r✱ ❢♦❧✐❛s❥♦♥ ♦❣ ♦♣♣s♣r❡❦❦✐♥❣

❑❛rtst✉❞✐❡r✱ ❢❡❧t❦❛rt❧❡❣❣✐♥❣ ♦❣ ❡r❢❛r✐♥❣❡r ❢r❛ ♥ær❧✐❣❣❡♥❞❡ ❛♥❧❡❣❣ ❦♦♥❦❧✉❞❡r❡r ♠❡❞
❛t ❞❡t ❡r t♦ ❤♦✈❡❞❜❡r❣❛rt❡r ✐ ♦♠rå❞❡t✿ Pr❡❦❛♠❜r✐s❦ ❣r✉♥♥❢❥❡❧❧ ♠❡❞ ❛♠✜❜♦❧✐tt✐s❦
♦❣ ❣r❛♥✐tt✐s❦ ❣♥❡✐s ♦❣ ♠✐❣♠❛t✐tt s❛♠t ❡♥ ♦❢t❡ ✢❛❦✐❣ ❛♠✜❜♦❧✐tt ♠❡❞ ✐♥♥s❧❛❣ ❛✈
s✈❛❦❡r❡ ❣❧✐♠♠❡r❧❛❣✳ ❇❡r❣❛rts❢♦r❞❡❧✐♥❣❡♥ ❡r ✐ ❦♦♥❦✉rr❛♥s❡❣r✉♥♥❧❛❣❡t t♦❧❦❡t t✐❧ å



✹✹ ❑❆P■❚❚❊▲ ✹✳ ❊■❑❘❊▼❚❯◆◆❊▲❊◆

❋✐❣✉r ✹✳✸ ✕ ❆♥t❛tt ❜❡r❣❛rts❢♦r❞❡❧✐♥❣ ♦❣ ❜❡r❣♠❛ss❡❦❧❛ss❡r ❢♦r ❊✐❦r❡♠t✉♥♥❡❧❡♥✳

✈ær❡ s♦♠ ✈✐st ✐ ❋✐❣✉r ✹✳✸✳ ❉❡♥ ❛♥t❛tt❡ ❢♦r❞❡❧✐♥❣❡♥ ❛✈ ❜❡r❣❛rt❡r ❢r❛ ❢❡❧t❦❛rt❧❡❣❣✐♥❣❡♥
st❡♠♠❡r ♦✈❡r❡♥s ♠❡❞ r❡s✉❧t❛t❡♥❡ ❢r❛ s❡✐s♠✐❦❦✉♥❞❡rsø❦❡❧s❡♥❡✱ s♦♠ ✈✐st❡ ❡♥ ❣❡♥❡r❡❧t
❤ø②❡r❡ s❡✐s♠✐s❦ ❤❛st✐❣❤❡t ✈❡❞ ❑♦❧ås❡♥ ♦❣ ❑❥❡rr✐♥❣❤❛✉❣❡♥ ♦❣ ❧❛✈❡r❡ ❤❛st✐❣❤❡t ✐
❞❡ ❧❛✈❡r❡❧✐❣❣❡♥❞❡ ♦♠rå❞❡♥❡✳ ❉❡tt❡ ❣❥❡♥s♣❡✐❧❡s ♦❣så ❢r❛ r❡s✐st✐✈✐t❡t❡♥✱ ♠❡❞ ❤ø②❡r❡
r❡s✐st✐✈✐t❡t❡r ✐ ❞❡t ❤ø②❡r❡❧✐❣❣❡♥❞❡ ♦♠rå❞❡♥❡ ✭❉❛❧s❡❣❣ ❡t ❛❧✳✱ ✷✵✶✵✮✳ ❉❡tt❡ s❡s ø✈❡rst ✐
❋✐❣✉r ✹✳✻ s♦♠ ✈✐s❡r r❡s✉❧t❛t❡♥❡ ❢r❛ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r ❧❛♥❣s ♣r♦✜❧ ✶✳ ❋r❛ ✜❣✉r❡♥ s❡r
❡♥ ❛t ♣å ❞❡ ❤ø②❡r❡❧✐❣❣❡♥❞❡ ♦♠rå❞❡♥❡ ❡r r❡s✐st✐✈✐t❡t❡♥ ✐ ❞❡t ❣✉❧✲♦r❛♥s❥❡ ✐♥t❡r✈❛❧❧❡t✱
♠❡♥s ✐ ❞❡ ❧❛✈❡r❡ ♦♠rå❞❡♥❡ ❧✐❣❣❡r ❞❡♥ ♠❡r ✐ ❞❡t ❣rø♥♥❡ ♦♠rå❞❡t ✭❁✺✵✵✵ Ωm✮ ♦❣
✐♥❞✐❦❡r❡r ❞år❧✐❣❡r❡ ❜❡r❣♠❛ss❡✳

❇❡r❣❛rt❡♥❡ ✈✐s❡r ❞❡❣ s✈ært ❢♦❧❞❡t ♠❡❞ ✉t♣r❡❣❡t ❢♦❧✐❛s❥♦♥✳ ❋♦❧✐❛s❥♦♥❡♥ ✈❛r✐❡r❡r ✈❡❧❞✐❣
❜å❞❡ ♠❡❞ t❛♥❦❡ ♣å strø❦ ♦❣ ❢❛❧❧✱ ♠❡♥ ❞❡ ❛❧❧❡r ✢❡st❡ ♠å❧✐♥❣❡♥❡ ✈✐s❡r ❛t ❢♦❧✐❛s❥♦♥❡♥
str②❦❡r ◆Ø✲❙❱✳ ❋❛❧❧❡t ✈❛r✐❡r❡r ❢r❛ ✉♥❞❡r 20◦ t✐❧ ♦♣♣t✐❧ 80◦✱ ♠❡♥ ❤♦✈❡❞t②♥❣❞❡♥ ❛✈
♠å❧✐♥❣❡♥❡ ✈✐s❡r ❡t ♥♦r❞✈❡st❧✐❣ ❢❛❧❧ ♣å ✷✵✲40◦ ✭❉❛❧s❡❣❣ ❡t ❛❧✳✱ ✷✵✶✵✮✳

❙♦♠ ❡♥ s❡r ❛✈ ❦❛rt✉ts♥✐tt❡t ✐ ❋✐❣✉r ✹✳✹ ✈❛r✐❡r❡r ♦r✐❡♥t❡r✐♥❣❡♥ ♦❣ ❢❛❧❧❡t ❛✈ ❢♦❧✐❛s❥♦♥❡♥
✈❡❧❞✐❣ s❡❧✈ ♣å ❦♦rt❡ ❛✈st❛♥❞❡r✳ ❋✐❣✉r❡♥ ❣✐r ♦❣så ♦✈❡rs✐❦t ♦✈❡r ❛❧❧❡ ❢♦❧✐❛s❥♦♥s♠å❧✐♥❣❡r
❣❥♦rt ❛✈ ◆●❯ ♠❡❞ t✐❧❤ør❡♥❞❡ ❢♦❧✐❛s❥♦♥s✲r♦s❡✳

❋♦❧✐❛s❥♦♥❡♥ ❢❛❧❧❡r s❛♠♠❡♥ ♠❡❞ ❡tt ❛✈ t♦t❛❧t t♦ ❤♦✈❡❞s♣r❡❦❦❡s❡tt ✐ t✉♥♥❡❧♦♠rå❞❡t✳
❉❡t ❛♥❞r❡ ❤♦✈❡❞s♣r❡❦❦❡s❡tt❡t ❣år ♣å t✈❡rs ❛✈ ❢♦❧✐❛s❥♦♥❡♥✱ ♦❣ ❢❛❧❧❡r st❡✐❧t ♠♦t ❜å❞❡
◆Ø ♦❣ ❙❱✳ ❙♣r❡❦❦❡r♦s❡♥ ✐ ❋✐❣✉r ✹✳✺ ✈✐s❡r ❛❧❧❡ r❡❧❡✈❛♥t❡ s♣r❡❦❦❡♠å❧✐♥❣❡r ✭✐❦❦❡
✐♥❦❧✉❞❡rt ◆●❯s ❦❛rt❧❡❣❣✐♥❣✮ ❢♦r ❊✐❦r❡♠t✉♥♥❡❧❡♥✳ ❙♦♠ ❡♥ s❡r ❡r t✉♥♥❡❧❡♥ ♦r✐❡♥t❡rt
❣✉♥st✐❣ ✐ ❢♦r❤♦❧❞ t✐❧ ❢♦❧✐❛s❥♦♥❡♥✱ ♠❡♥ ❞❡t ❛♥❞r❡ s♣r❡❦❦❡s❡tt❡t ❦❛♥ tr❡✛❡ t✉♥♥❡❧❡♥ ✐
❡♥ ✉❤❡❧❞✐❣ ✈✐♥❦❡❧ ♠❡❞ t❛♥❦❡ ♣å t✐❧ st❛❜✐❧✐t❡t❡♥✳
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❋✐❣✉r ✹✳✹ ✕ ❙❛♠t❧✐❣❡ ❢♦❧✐❛s❥♦♥s❦❛rt❧❡❣❣✐♥❣❡r ❣❥♦rt ✉♥❞❡r str✉❦t✉r❣❡♦❧♦❣✐s❦ ❦❛rt❧❡❣✲
❣✐♥❣ r✉♥❞t ❊✐❦r❡♠t✉♥♥❡❧❡♥ ✭❉❛❧s❡❣❣ ❡t ❛❧✳✱ ✷✵✶✵✮✳

❋✐❣✉r ✹✳✺ ✕ ❙♣r❡❦❦❡r♦s❡ ❢♦r ❦❛rt❧❛❣t❡ s♣r❡❦❦❡r r❡❧❡✈❛♥t❡ ❢♦r ❊✐❦r❡♠t✉♥♥❡❧❡♥
✭❍✉♠st❛❞✱ ✷✵✵✾✮✳ Ø✈❡rst ✈✐s❡s ❞❡ t♦ ❤♦✈❡❞s♣r❡❦❦❡s❡tt❡♥❡ ✭❢♦❧✐❛s❥♦♥❡♥ rø❞ ♦❣
t✈❡rrs♣r❡❦❦❡♥❡ ❜❧å✮✳ ◆❡❞❡rst ❡r t✉♥♥❡❧♦r✐❡♥t❡r✐♥❣❡♥ t❡❣♥❡t ✐♥♥ ♠❡❞ ❛❧❧❡ s♣r❡❦❦❡r
t✐❧ ✈❡♥str❡ ♦❣ ♠❡❞ s♣r❡❦❦❡r ♠❡❞ ❃45

◦ ❢❛❧❧ t✐❧ ❤ø②r❡✳



✹✻ ❑❆P■❚❚❊▲ ✹✳ ❊■❑❘❊▼❚❯◆◆❊▲❊◆

✹✳✷✳✷ ❇❡r❣❦❧❛ss❡r ♦❣ ❜❡r❣s✐❦r✐♥❣

◗✲✈❡r❞✐❡r ❢♦r tr❛s❡❡♥ ❡r ❛♥s❧ått ✉t ❢r❛ ❡♥ s❛♠♠❡♥st✐❧❧✐♥❣ ❛✈ ❞❡♥ ❣❡♦❧♦❣✐s❦❡
❢❡❧t❦❛rt❧❡❣❣✐♥❣❡♥ ♠❡❞ ❣r✉♥♥❜♦r✐♥❣❡r ♦❣ s❡✐s♠✐❦❦r❡s✉❧t❛t❡♥❡ ♦❣ ❜r✉❦t t✐❧ å ❛♥s❧å
❜❡r❣s✐❦r✐♥❣s❦❧❛ss❡r s♦♠ ♣r❡s❡♥t❡rt ✐ ❆✈s♥✐tt ✷✳✹✳ ❉❡♥ ❛♥t❛tt❡ ❢♦r❞❡❧✐♥❣❡♥ ❡r ✈✐st
✐ ❋✐❣✉r ✹✳✸ ♠❡❞ ❜❡r❣❦❧❛ss❡ ❆✲❋✳ ●❡♥❡r❡❧t ❡r ❜❡r❣♠❛ss❡♥ ♠❡r ♦♣♣s♣r✉❦❦❡t ✐ ❞❡♥
sør❧✐❣❡ ❞❡❧❡♥ ❛✈ t✉♥♥❡❧❡♥ ❡♥♥ ✐ ♥♦r❞✳ ■ sør ❡r ❞❡t r❡❣✐str❡rt s✉❦❦❡r❜✐t❜❡r❣ ♦❣ t✐❧
❞❡❧s st❡r❦t ❢♦r✈✐tr❡t ❜❡r❣✳ ❉❡tt❡ ❜❡❦r❡❢t❡s ❛✈ ❣r✉♥♥❜♦r✐♥❣❡r ✐ ❢❥❡❧❧✳ ❯t ❢r❛ ❞❡♥♥❡
❢♦r❞❡❧✐♥❣❡♥ ❛✈ ❜❡r❣❦❧❛ss❡r ✲ ♣r❡s❡♥t❡rt ✐ ✪ ❛✈ t✉♥♥❡❧❧❡♥❣❞❡ ✐ ❚❛❜❡❧❧ ✹✳✶✱ ♦❣ ❞❡t
t✐❧❤ør❡♥❞❡ s✐❦r✐♥❣s♦♠❢❛♥❣ ❡r ❞❡t ❛♥t❛tt ❡t t♦t❛❧t s✐❦r✐♥❣s♦♠❢❛♥❣ s♦♠ ♣r❡s❡♥t❡rt t✐❧
✈❡♥str❡ ✐ ❚❛❜❡❧❧ ✹✳✷✳ ■ ❦♦♥tr❛❦t❡♥ ♠❡❞ ❡♥tr❡♣r❡♥ør ❜❧❡ ♠❡♥❣❞❡♥❡ ❛♥❣✐tt s♦♠ t✐❧
❤ø②r❡ ✐ s❛♠♠❡ t❛❜❡❧❧✳ ▼❡♥❣❞❡♥❡ ❡r s♦♠ ❡♥ s❡r ❤❡r ø❦t ♥♦❡✳ ❉❡tt❡ s❦②❧❞❡s ❛t ❞❡t ❡r
t❛tt ❤ø②❞❡ ❢♦r ❢❛r❡ ❢♦r ✉❢♦r✉ts❡tt❡ ❢♦r❤♦❧❞ ✐ t✉♥♥❡❧❡♥✳

❚❛❜❡❧❧ ✹✳✶ ✕ ❆♥t❛tt ❢♦r❞❡❧✐♥❣ ❛✈ ❜❡r❣❦❧❛ss❡✳

❇❡r❣❦❧❛ss❡ ❆♥t❛tt ❢♦r❞❡❧✐♥❣

❆✴❇ ✸✼ ✪

❈ ✸✶ ✪

❉ ✷✼ ✪

❊ ✸ ✪

❋ ✷ ✪

❚❛❜❡❧❧ ✹✳✷ ✕ ❆♥t❛tt s✐❦r✐♥❣s♦♠❢❛♥❣ ✉t ❢r❛ ❜②❣❣❡♣❧❛♥sr❛♣♣♦rt ♦❣ ❡♥tr❡♣r❡♥ør❦♦♥✲
tr❛❦t✳

❙✐❦r✐♥❣ ❆♥s❧ått ♠❡♥❣❞❡ ✐ ❜②❣❣❡♣❧❛♥ ❆♥s❧ått ♠❡♥❣❞❡ ✐ ❦♦♥tr❛❦t

❘❛❞✐❡❧❧❡ ❜❡r❣❜♦❧t❡r ✹✷✺✵ st❦ ✹✳✸ ❜♦❧t✴❧♠ ✺✽✵✵ st❦ ✺✱✾ ❜♦❧t✴❧♠

❋♦r❜♦❧t❡r ✺✵✵ st❦ ✵✱✺ ❜♦❧t✴❧♠ ✶✼✵✵ ✶✱✼ ❜♦❧t✴❧♠

❙♣rø②t❡❜❡t♦♥❣ ✷✷✵✵ ♠➩ ✷✱✸ ♠➩✴❧♠ ✸✶✻✵♠➩ ✸✱✷ ♠➩✴❧♠

❙♣rø②t❡❜❡t♦♥❣❜✉❡r ✷✵ st❦ ✷✵ st❦

❇❡t♦♥❣✉tstø♣♥✐♥❣ ✵ ✷✺ ♠

■♥❥❡❦s❥♦♥ ✲ ✷✵✵ t♦♥♥

✹✳✷✳✸ ❙✈❡❧❧❡❧❡✐r❡

❉❡t ❜❧❡ ✐❦❦❡ ❣❥❡♥♥♦♠❢ørt særs❦✐❧t❡ ✉♥❞❡rsø❦❡❧s❡r ❢♦r å ✈✉r❞❡r❡ ♠✉❧✐❣❤❡t❡♥❡ ❢♦r å
tr❡✛❡ ♣å s✈❡❧❧❡❧❡✐r❡ ✉♥❞❡r ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✳ ❊r❢❛r✐♥❣❡r ❢r❛ t✐❞❧✐❣❡r❡ t✉♥♥❡❧❛♥❧❡❣❣
✐ ♦♠rå❞❡t t✐❧s✐❡r ❛t s✈❡❧❧❡❧❡✐r❡ ❦❛♥ ❢♦r❡❦♦♠♠❡ ❧❛♥❣s s❧❡♣♣❡r ♦❣ s✈❛❦❤❡tss♦♥❡r✱ ♠❡♥
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s✈❡❧❧❡tr②❦❦❡t ❤❛r st♦rt s❡tt ✈ært ♠♦❞❡r❛t✳ ▲❡✐r❡♥ ❡r ♦❢t❡ t❡tt✱ ♥♦❡ s♦♠ ❢ør❡r t✐❧ ❧✐t❡
✈❛♥♥❧❡❦❦❛s❥❡r ✭▲øs❡t✱ ✷✵✵✻✮✳

✹✳✷✳✹ ❙✈❛❦❤❡tss♦♥❡r

■ ❢ø❧❣❡ ❞❡t ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦❡ ❦❛rt❡t ✐ ■♥❣❡♥✐ør❣❡♦❧♦❣✐s❦ r❛♣♣♦rt ❢♦r ❜②❣❣❡♣❧❛♥
✭❍✉♠st❛❞✱ ✷✵✵✾✮ ✭❣❥❡♥❣✐tt ✐ ❱❡❞❧❡❣❣ ❆✳✶✮✱ ❡r ❞❡t ❢♦r✈❡♥t❡t ✶✵ s✈❛❦❤❡tss♦♥❡r
❧❛♥❣s t✉♥♥❡❧tr❛s❡❡♥✳ ■ r❡s✐st✐✈✐t❡tsr❛♣♣♦rt❡♥ ✭❉❛❧s❡❣❣ ❡t ❛❧✳✱ ✷✵✶✵✮ ❡r ❞❡t ❢✉♥♥❡t
❡♥ ❡❦str❛ s♦♥❡✱ s♦♠ ♦❣så t❛s ♠❡❞ ❤❡r✳ ❙♦♥❡♥❡ ❜❡s❦r✐✈❡s ❦r♦♥♦❧♦❣✐s❦ ❡tt❡r
ø❦❡♥❞❡ ♣r♦✜❧♥✉♠♠❡r ♦❣ ❣✐s ❡❣♥❡ ♥❛✈♥✳ ❉❡ ✢❡st❡ ❛✈ s♦♥❡♥❡ ❡r r❡❣✐str❡rt ❛✈
r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡♥❡✱ ♠❡♥ s♦♥❡ ❊✶ ❡r ✉t❡❧✉❦❦❡♥❞❡ ❢✉♥♥❡t ❢r❛ t❡rr❡♥❣❡t✱ ♦❣
✢❡r❡ s♦♥❡r ✐ sør ✭ø❦❡♥❞❡ ♣r♦✜❧ ✲ ♦❣ s♦♥❡♥✉♠♠❡r✮ ❡r ✐ t✐❧❧❡❣❣ ❢✉♥♥❡t ✉t ❢r❛
r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦❡♥✳

❇❡s❦r✐✈❡❧s❡♥ ❛✈ s✈❛❦❤❡tss♦♥❡ ❡r s❛♠♠❡♥❢❛tt❡t ✉t ❢r❛ ❞❡♥ ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦❡ r❛♣✲
♣♦rt❡♥✭❍✉♠st❛❞✱ ✷✵✵✾✮ ♦❣ r❡s✐st✐✈✐t❡tsr❛♣♣♦rt❡♥ ✭❉❛❧s❡❣❣ ❡t ❛❧✳✱ ✷✵✶✵✮✱ ❞❡rs♦♠ ✐❦❦❡
❛♥♥❡t ❡r ♦♣♣❣✐tt✳ ❆♥❣✐✈❡❧s❡ ❛✈ ❤♦✈❡❞♣r♦❜❧❡♠ ✭✈❛♥♥ ❡❧❧❡r ❧❡✐r❡✮ ❜②❣❣❡r ♣å ▲✉♥♥❡r✲
t✉♥♥❡❧❡♥s t♦❧❦♥✐♥❣s♠♦❞❡❧❧ ✭❆✈s♥✐tt ✸✳✷✳✷✮✳ ●❡♥❡r❡❧t ❡r ❞❡t ✐ ❣r✉♥♥❧❛❣s♠❛t❡r✐❛❧❡t ❣✐tt
❧✐t❡ ❛♥t②❞♥✐♥❣❡r ♦♠ ❞r✐✈❡✲ ♦❣ st❛❜✐❧✐t❡ts❢♦r❤♦❧❞ ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ s✈❛❦❤❡tss♦♥❡♥❡ ✐
❣r✉♥♥❧❛❣s♠❛t❡r✐❛❧❡t✳

◆●❯s t♦❧❦♥✐♥❣ ❛✈ s✈❛❦❤❡tss♦♥❡r ❜❛s❡rt ♣å r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r st❡♠♠❡r ✐❦❦❡
❛❧❧t✐❞ ♦✈❡r❡♥s ♠❡❞ ❙t❛t❡♥s ✈❡❣✈❡s❡♥s t♦❧❦♥✐♥❣ ❜❛s❡rt ♣å ❡♥ ❤❡❧❤❡ts✈✉r❞❡r✐♥❣ ❛✈
s❡✐s♠✐❦❦✱ t♦♣♦❣r❛✜ ♦❣ r❡s✐st✐✈✐t❡t✳ ❉❡tt❡ ❢ør❡r t✐❧ ❛✈✈✐❦ ✐ ♣❧❛ss❡r✐♥❣ ♦❣ ♦r✐❡♥t❡r✐♥❣ ❛✈
s✈❛❦❤❡tss♦♥❡♥❡ ♠❡❧❧♦♠ ❞❡ t♦ r❛♣♣♦rt❡♥❡✳ ❆✈✈✐❦❡t ❦❛♥ t✐❧s❦r✐✈❡s ❢♦rs❦❥❡❧❧✐❣ t♦❧❦♥✐♥❣
❛✈ strø❦✳ ❘❡s✉❧t❛t❡♥❡ ❢r❛ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡♥❡ s❦❛❧ ✈✉r❞❡r❡s ♦♣♣ ♠♦t ❣❡♦❧♦❣✐s❦❡
❢♦r❤♦❧❞✱ s❧✐❦ ❛t ❞❡t ❡r ♣❧❛ss❡r✐♥❣❡♥❡ ♣r❡s❡♥t❡rt ✐ ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦ r❛♣♣♦rt s♦♠ ❡r
❧❛❣t t✐❧ ❣r✉♥♥ ❤❡r✳ ❉❡r ❞❡t ❡r ❛✈❣✐tt ❢♦rs❦❥❡❧❧✐❣❡ ❢❛❧❧ ♣å s♦♥❡♥❡ ✐ ❞❡ t♦ r❛♣♣♦rt❡♥❡✱
❡r ✐♠✐❞❧❡rt✐❞ ❜❡❣❣❡ t♦❧❦♥✐♥❣❡r t❛tt ♠❡❞✱ ❢♦r å s✐❦r❡ ❡♥ r❡tt❢❡r❞✐❣ ♦❣ ❢✉❧❧st❡♥❞✐❣
✈✉r❞❡r✐♥❣ ❛✈ ♠❡t♦❞❡♥s ❡✈♥❡ t✐❧ å ❛♥❣✐ ❢❛❧❧✳ ■ ❞✐ss❡ t✐❧❢❡❧❧❡♥❡ ❡r ❞❡t ❤❡r ♦♣♣❣✐tt t♦
♠✉❧✐❣❡ ❦r②s♥✐♥❣s♣✉♥❦t ✐ t✉♥♥❡❧♥✐✈å✳

❋✐❣✉r ✹✳✻ ✈✐s❡r ❞❡ t♦❧❦❡❞❡ s♦♥❡♥❡ ❢r❛ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡♥❡✳ ■♥❣❡♥ ❛✈ s♦♥❡♥❡ ✈✐st❡
❢♦r❤ø②❡t ■P✲❡✛❡❦t✱ s❧✐❦ ❛t ❧❛✈r❡s✐st✐✈✐t❡tss♦♥❡♥❡ ♣å✈✐st s❦②❧❞❡s ♣❛rt✐❡r ♠❡❞ ø❦t
♦♣♣s♣r❡❦❦✐♥❣ ♠❡❞ ❡❧❧❡r ✉t❡♥ ❧❡✐r❡ ✭❉❛❧s❡❣❣ ❡t ❛❧✳✱ ✷✵✶✵✮✳ ■P✲♣r♦✜❧❡♥❡ ❡r ❣❥❡♥❣✐tt
s❛♠♠❡♥ ♠❡❞ r❡s✐st✐✈✐t❡ts♣r♦✜❧❡♥❡ ✐ ❱❡❞❧❡❣❣ ❆✳✹✳

❆❧❧❡ s♦♥❡♥❡ ❡r ♦r✐❡♥t❡rt ♦♠tr❡♥t ✈✐♥❦❡❧r❡tt ♣å t✉♥♥❡❧❛❦s❡♥ ♠❡❞ ❡t ◆Ø✲❙❱✲❣å❡♥❞❡
strø❦✱ ♠❡❞ ✉♥♥t❛❦ ❛✈ s♦♥❡ ❊✸✱ ❊❍✱ ❊✾ ♦❣ ❊✶✵ ✭s❡ ♥❡❞❡♥❢♦r✮✱ s♦♠ str②❦❡r ♠❡r øst✲
✈❡st✳ ❊♥ ♦♣♣s✉♠♠❡r✐♥❣ ❛✈ ❞❡ ❢♦r✈❡♥t❡❞❡ s✈❛❦❤❡tss♦♥❡♥❡ ✐ t✉♥♥❡❧❡♥ ♠❡❞ ❛♥❣✐✈❡❧s❡
♦♠ s♦♥❡♥ ❡r r❡❣✐str❡rt ❛✈ s❡✐s♠✐s❦✱ r❡s✐st✐✈✐t❡t❡♥ ♦❣✴❡❧❧❡r ❢❡❧t❦❛rt❧❡❣❣✐♥❣❡♥ ✜♥♥❡s ✐
❚❛❜❡❧❧ ✹✳✸✳ ❙✈❛❦❤❡tss♦♥❡♥❡ ❡r t❡❣♥❡t ✐♥♥ ✐ ❧❡♥❣❞❡♣r♦✜❧❡t ✐ ❋✐❣✉r ✹✳✼✳

Pr♦✜❧ ✺✶✺✿ ❙✈❛❦❤❡tss♦♥❡ ❊✶

❉❡♥♥❡ s♦♥❡♥ ❡r t♦❧❦❡t ✉t ❢r❛ sø❦❦ ✐ t❡rr❡♥❣❡t✱ ♠❡♥ s♦♥❡♥ ❡r ❛♥t❛tt å ✈ær❡ ❜❡s❦❥❡❞❡♥
♦❣ ❞❡t ❡r ✐❦❦❡ s✐❦❦❡rt ❛t ❞❡♥ ♥år ♥❡❞ t✐❧ t✉♥♥❡❧♥✐✈å✳ ❋❧❡r❡ s❧✐❦❡ sø❦❦ ❡r r❡❣✐str❡rt✱



✹✽ ❑❆P■❚❚❊▲ ✹✳ ❊■❑❘❊▼❚❯◆◆❊▲❊◆

❋✐❣✉r ✹✳✻ ✕ ❘❡s✐st✐✈✐t❡ts♠♦❞❡❧❧ ❢♦r ❊✐❦r❡♠t✉♥♥❡❧❡♥ ✭❉❛❧s❡❣❣ ❡t ❛❧✳✱ ✷✵✶✵✮✳ ◆❛✈♥❡♥❡
❆✱ ❇✱ ❈✱ ❉ ❡t❝✳ ❡r ♥❛✈♥❡♥❡ t✐❧ s♦♥❡♥❡ ✐ r❡s✐st✐✈✐t❡tsr❛♣♣♦rt❡♥✳ ❙♦♥❡♥ ✏❏✑ tr❡✛❡r ✉t❡♥❢♦r
t✉♥♥❡❧tr❛s❡❡♥ ♦❣ ❤❛r ❞❡r♠❡❞ ✐❦❦❡ ❜❧✐tt t✐❧❞❡❧t ♥②tt ♥❛✈♥✳

❋✐❣✉r ✹✳✼ ✕ ▲❡♥❣❞❡♣r♦✜❧ ❛✈ ❊✐❦r❡♠t✉♥♥❡❧❡♥ ♠❡❞ ❛♥❣✐✈❡❧s❡ ❛✈ s✈❛❦❤❡tss♦♥❡r ❢r❛
❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✳



✹✳✷✳ P❘❖●◆❖❙❊❘ ❋❘❆ ❋❖❘❯◆❉❊❘❙Ø❑❊▲❙❊◆❊ ✹✾

♠❡♥ ✐❦❦❡ t♦❧❦❡t s♦♠ s✈❛❦❤❡tss♦♥❡r ✐ ❢ø❧❣❡ ❣❡♦❧♦❣✐s❦ r❛♣♣♦rt✳ ❇❡r❣❦❧❛ss❡♥ ❡r ♦✈❡r
♣r♦✜❧❡t s❛tt t✐❧ ❈✳

Pr♦✜❧ ✼✽✺✿ ❙✈❛❦❤❡tss♦♥❡ ❊✷

❊✷ ❡r ❡♥ ❧❛✈r❡s✐st✐✈ s♦♥❡ ♠❡❞ ❢❛❧❧ st❡✐❧t ♥♦r❞♦✈❡r ♦❣ s♦♠ ❛♥s❧ås å tr❡✛❡ t✉♥♥❡❧❡♥
r✉♥❞t ♣r♦✜❧ ✼✽✺✳ ❘❡s✐st✐✈✐t❡t❡♥ ❡r ♠❡❧❧♦♠ ✺✵✵ ♦❣ ✶✵✵✵ Ωm ♦❣ t②❞❡r ♣å ✈❛♥♥ ✐ s♦♥❡♥✳
❙♦♥❡♥ ❡r ✐❦❦❡ ❞❡❦❦❡t ❛✈ ❞❡ s❡✐s♠✐s❦❡ ✉♥❞❡rsø❦❡❧s❡♥❡ ♦❣ ❢r❡♠❣år ❤❡❧❧❡r ✐❦❦❡ t②❞❡❧✐❣
❛✈ t♦♣♦❣r❛✜❡♥✳ ❙♦♥❡♥ ❡r t♦❧❦❡t t✐❧ å ❜❡stå ❛✈ ❜❡r❣♠❛ss❡ ❛✈ ❦❧❛ss❡ ❉✳

Pr♦✜❧ ✽✹✺✿ ❙✈❛❦❤❡tss♦♥❡ ❊✸

❉❡♥♥❡ s♦♥❡♥ ❡r ❦❛rt❧❛❣t ❧❛♥❣s s❛♠♠❡ r❡s✐st✐✈✐t❡ts♣r♦✜❧✱ ♠❡❞ t✐❧s✈❛r❡♥❞❡ ❧❛✈❡ r❡s✐s✲
t✐✈✐t❡t s♦♠ s♦♥❡ ❊✷ ✭✺✵✵✲✶✵✵✵ Ωm✮✳ ❉❡♥ ❡r ♦❣så ♦❜s❡r✈❡rt ❧❛♥❣s r❡s✐st✐✈✐t❡ts♣r♦✜❧❡t
❧❡♥❣❡r sør✈❡st✳ ❖♠rå❞❡t ❡r s❛tt t✐❧ å ✈ær❡ ❜❡r❣❦❧❛ss❡ ❈ ✭♠✐❞❞❡❧s✮✱ ♠❡♥ ❡♥ s♦♥❡ ♠❡❞
❦❧❛ss❡ ❉ ❡r ❛♥t②❞❡t ✐ ♥ær❤❡t❡♥✳ ❘❡s✐st✐✈✐t❡t❡♥ ❛♥t②❞❡r ✈❛♥♥ ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ s♦♥❡♥✳

■ ❞❡ ❡♥❞❡❧✐❣❡ t♦❧❦♥✐♥❣❡♥❡ ❡r ❞❡♥ t❡❣♥❡t ✐♥♥ s♦♠ ❡♥ ✈❡rt✐❦❛❧ s♦♥❡✱ ♠❡♥ t♦❧❦♥✐♥❣❡♥❡ ❛✈
r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡♥❡ ✈✐s❡r ❡t st❡✐❧t ♥♦r❞✈❡st❧✐❣ ❢❛❧❧ ♦❣ ❡♥ t✐❧❤ør❡♥❞❡ ❢♦rs❦②✈♥✐♥❣ ❛✈
❦r②s♥✐♥❣s♣✉♥❦t❡t ✐ t✉♥♥❡❧❡♥ ✺✲✶✵ ♠❡t❡r ❧❡♥❣❡r ♥♦r❞✈❡st✳ ❊♥ så♣❛ss ❧✐t❡♥ ❢♦rs❦②✈♥✐♥❣
❤❛r ❞❡r✐♠♦t ❧✐t❡♥ r❡❡❧❧ ❜❡t②❞♥✐♥❣ ✉♥❞❡r ❞❡ ❣❡♦❧♦❣✐s❦❡ ❜❡t✐♥❣❡❧s❡♥❡ ♠❡❞ st❡r❦t
❢♦❧❞❡t❡ ❜❡r❣❛rt❡r✳

Pr♦✜❧ ✶✵✵✺✿ ❙✈❛❦❤❡tss♦♥❡ ❊✹

❉❡♥♥❡ s♦♥❡♥ ❡r r❡❣✐str❡rt ❧❛♥❣s ❜❡❣❣❡ r❡s✐st✐✈✐t❡ts♣r♦✜❧❡♥❡ s♦♠ ❡♥ ✈❛♥♥❢ør❡♥❞❡
s♦♥❡ ♠❡❞ r❡s✐st✐✈✐t❡t ♣å ✺✵✵✲✶✵✵✵ Ωm✳ ❙♦♥❡♥ ❧✐❣❣❡r ✐ ❞❡t ❛♥t❛tt❡ s❦✐❧❧❡t ♠❡❧❧♦♠
❛♠✜❜♦❧✐tt ♦❣ ❣♥❡✐s✱ s❧✐❦ ❛t ❡t ♥♦r❞✈❡st❧✐❣ ❢❛❧❧ ❧❛♥❣s ❜❡r❣❛rts❣r❡♥s❡♥ ❦❛♥ ✈ær❡ ♠✉❧✐❣✳
■så❢❛❧❧ ❡r ❞❡t ❢♦r❡✈❡♥t❡t å ♠øt❡ s♦♥❡♥ ✈❡❞ ♣r♦✜❧ ✾✻✵✲✾✼✵ ✐ t✉♥♥❡❧❡♥✳

Pr♦✜❧ ✶✵✸✵✿ ❙✈❛❦❤❡tss♦♥❡ ❊✺

❉❡♥♥❡ s♦♥❡♥ ❡r ♦❜s❡r✈❡r ✐ r❡s✐st✐✈✐t❡ts♠♦❞❡❧❧❡♥✱ ❤✈♦r ❞❡♥ s❡s s♦♠ ❡♥ s♦♥❡ ♠❡❞
r❡s✐st✐✈✐t❡t ♣å ✺✵✵✲✶✵✵✵ Ωm✱ s♦♠ t②❞❡r ♣å t✐❧st❡❞❡✈ær❡❧s❡ ❛✈ ✈❛♥♥✳ ■ t✐❧❧❡❣❣ s❡s ❞❡♥
s♦♠ ❡t sø❦❦ ✐ t❡rr❡♥❣❡t✳ ❙♦♥❡♥ ❡r ❛♥t❛tt å ❢❛❧❧❡ ✈❡rt✐❦❛❧t ✐ ❢ø❧❣❡ ❣❡♦❧♦❣✐s❦ r❛♣♣♦rt✱
♠❡♥s ✐ r❡s✐st✐✈✐t❡tsr❛♣♣♦rt❡♥ ❡r ❞❡♥ t❡❣♥❡t ✐♥♥ ♠❡❞ ❡t ♠♦❞❡r❛t sørøst❧✐❣ ❢❛❧❧✱ ♥♦❡
s♦♠ ♦❣så ❤❡r ❣✐r t♦ ♠✉❧✐❣❡ ♣❧❛ss❡r✐♥❣❡r❀ ✈❡❞ ♣r♦✜❧ ✶✵✸✵ ♦❣ ✶✵✹✵✳

Pr♦✜❧ ✶✶✸✺✿ ❙✈❛❦❤❡tss♦♥❡ ❊✻

❙♦♥❡♥ s❡s s♦♠ ❡♥ s✈ært ❧❛✈r❡s✐st✐✈ s♦♥❡ ✭r❡s✐st✐✈✐t❡t ❁ ✺✵✵Ωm✮ ❧❛♥❣s ❜❡❣❣❡ ❞❡ ♠å❧t❡
♣r♦✜❧❡♥❡✳ ❉❡♥ ❧❛✈❡ r❡s✐st✐✈✐t❡t❡♥ t②❞❡r ♣å ❛t ❞❡t ❡r ❧❡✐r❡ ✐ s♦♥❡♥✳ ❆♥t❛tt ❢❛❧❧ ❡r st❡✐❧t
♠♦t ♥♦r❞✈❡st✱ s❧✐❦ ❛t s♦♥❡♥ tr❡✛❡r ✈❡❞ ♣r♦✜❧ ✶✵✷✺✳ ■ ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦ r❛♣♣♦rt ❡r
❊✻ t❡❣♥❡t ✐♥♥ s♦♠ ❡♥ ✈❡rt✐❦❛❧ s♦♥❡✳
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Pr♦✜❧ ✶✶✻✵✿ ❙✈❛❦❤❡tss♦♥❡ ❊✼

❉❡♥♥❡ ✈❡rt✐❦❛❧❡ s♦♥❡♥ ❡r ❦✉♥ ❢✉♥♥❡t ✉t ❢r❛ r❡s✐st✐✈✐t❡t❡♥ ✭✺✵✵✲✶✵✵✵ Ωm✮✳

Pr♦✜❧ ✶✶✽✺✿ ❙✈❛❦❤❡tss♦♥❡ ❊✽

❉❡♥♥❡ ❜r❡❞❡ s✈❛❦❤❡tss♦♥❡♥ ❣✐r ✉ts❧❛❣ ❜å❞❡ ♣å s❡✐s♠✐❦❦❡♥ ♦❣ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡♥❡✳
❙❡✐s♠✐s❦ ❤❛st✐❣❤❡t ❡r ♠å❧t t✐❧ ✸✵✵✵ ♠✴s ♦✈❡r ❡♥ ❧❡♥❣❞❡ ♣å ❝❛✳ ✹✵ ♠✱ ♠❡♥s
r❡s✐st✐✈✐t❡t❡♥ ❡r ❧❛✈❡r❡ ❡♥♥ ✺✵✵ Ωm✱ ♥♦❡ s♦♠ ✐ ❢ø❧❣❡ ◆●❯ ❜❡t②r t✐❧st❡❞❡✈ær❡❧s❡
❛✈ ❧❡✐r❡ ✐ s♦♥❡♥✳ ❯t ❢r❛ r❡s✐st✐✈✐t❡t❡♥ ❛♥t❛s s♦♥❡♥ å ❢❛❧❧❡ st❡✐❧t ♠♦t sørøst ♦❣ tr❡✛❡
✶✵ ♠❡t❡r ❧❡♥❣❡r sør✱ ✈❡❞ ♣r♦✜❧ ✶✶✾✺✳ ■ ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦ r❛♣♣♦rt ❡r ❞❡♥ t❡❣♥❡t ✐♥♥
✈❡rt✐❦❛❧✳ ▲❛♥❣s ❞❡♥♥❡ s♦♥❡♥ ❦❛♥ ❜❡r❣❦❧❛ss❡♥ ❦♦♠♠❡ ❤❡❧t ♥❡❞ ✐ ❦❧❛ss❡ ❋ ✭❡❦str❡♠t
❞år❧✐❣ ❜❡r❣✮✱ ♦❣ ❦❧❛ss❡ ❊✴❋ ✭s✈ært✴❡❦str❡♠t ❞år❧✐❣✮ ❡r ❢♦r✈❡♥t❡t ❧❛♥❣s ✷✵ ♠❡t❡r ❛✈
t✉♥♥❡❧❡♥✳

Pr♦✜❧ ✶✸✸✵✿ ❙✈❛❦❤❡tss♦♥❡ ❊❍

❉❡♥♥❡ s✈❛❦❤❡tss♦♥❡♥ ❡r ✐❦❦❡ t❛tt ♠❡❞ ✐ ❣❡♦❧♦❣✐s❦ r❛♣♣♦rt✱ ♠❡♥ ❡r ✉t ❢r❛
r❡s✐st✐✈✐t❡t❡♥ t♦❧❦❡t t✐❧ å ✈ær❡ ❡♥ st❡✐❧ ✈❛♥♥❢ør❡♥❞❡ s✈❛❦❤❡tss♦♥❡✱ ✉♥❞❡r ✶✵ ♠❡t❡r
❜r❡❞ ♦❣ ♠❡❞ ❡♥ r❡s✐st✐✈✐t❡t ♣å ✺✵✵✲✶✵✵✵ Ωm✳ ❙♦♥❡♥ ❡r ❢✉♥♥❡t ❧❛♥❣s ❜❡❣❣❡
r❡s✐st✐✈✐t❡ts♣r♦✜❧❡♥❡✳

Pr♦✜❧ ✶✸✼✺✿ ❙✈❛❦❤❡tss♦♥❡ ❊✾

❖♠tr❡♥t ✶✵✵ ♠ ❢r❛ ♣å❤✉❣❣❡t ✐ sør ❡r ❞❡t ❢♦r✈❡♥t❡t ❡♥ ♥♦r❞✈❡st❢❛❧❧❡♥❞❡ s✈❛❦❤❡tss♦♥❡
♠❡❞ s❡✐s♠✐s❦ ❤❛st✐❣❤❡t ✸✵✵✵ ♠✴s ♦❣ r❡s✐st✐✈✐t❡t ✺✵✵✲✶✵✵✵ Ωm ✭❉❛❧s❡❣❣ ❡t ❛❧✳✱ ✷✵✶✵✮✳
❉❡♥ ❧❛✈❡ ❤❛st✐❣❤❡t❤❡♥ ❡r ♠å❧t ❧❛♥❣s ❝❛✳ ✷✵ ♠❡t❡r ❛✈ ❞❡t s❡✐s♠✐s❦❡ ♣r♦✜❧❡t✳ ❙❧✐❦ s♦♠
❢♦r s♦♥❡ ❊✽ ❡r ❞❡t ❤❡r ♦❣så ❢♦r✈❡♥t❡t ❡❦str❡♠t ❞år❧✐❣ ❜❡r❣ ❛✈ ❦❧❛ss❡ ❋✱ ❤❡r ♠❡❞
✈❛♥♥✳

Pr♦✜❧ ✶✹✺✺✿ ❙✈❛❦❤❡tss♦♥❡ ❊✶✵

■ ♣å❤✉❣❣s♦♠rå❞❡t ❡r ❞❡t ❢♦r✈❡♥t❡t ❡♥ ♦♠tr❡♥t ✷✺ ♠ ❜r❡❞ s✈❛❦❤❡tss♦♥❡ ♠❡❞
s❡✐s♠✐s❦ ❤❛st✐❣❤❡t ✸✼✵✵ ♠✴s✳ ❇❡r❣♦✈❡r❞❡❦♥✐♥❣❡♥ ♥❡❞❡ ✐ ✉♥❞❡r ✶✵ ♠✱ ♥♦❡ s♦♠
❦❛♥ s❡♥❦❡ st❛❜✐❧✐t❡t❡♥ ②tt❡r❧✐❣❡r❡✳ ❇❡r❣❦✈❛❧✐t❡t❡♥ ❡r ❛♥t❛tt å ✈ær❡ s✈ært ❞år❧✐❣
✭❦❧❛ss❡ ❊✮✳ ❙♦♥❡♥ ❡r ❛♥t❛tt å ✈ær❡ ❡♥ ❞❡❧ ❛✈ ❞❡ r❡❣✐♦♥❛❧❡ ◆✲◆◆❱✲❧✐❣❣❡♥❞❡
str✉❦t✉r❡♥❡✳ ■ ❢ø❧❣❡ ❉❛❧s❡❣❣ ❡t ❛❧✳ ✭✷✵✶✵✮ ❡r ✐❦❦❡ s♦♥❡♥ ❢✉♥♥❡t ❧❛♥❣s t✉♥♥❡❧tr❛s❡❡♥
❛✈ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡♥❡✱ ♠❡♥ ❞❡t ❡r ❦❛rt❧❛❣t ❡♥ ✈❡rt✐❦❛❧ ❜r❡❦s❥❡❢♦r❦❛st♥✐♥❣ ❤❡r
✉♥❞❡r ❞❡♥ str✉❦t✉r❣❡♦❧♦❣✐s❦❡ ❦❛rt❧❡❣❣✐♥❣❛✳
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❚❛❜❡❧❧ ✹✳✸ ✕ ❖✈❡rs✐❦t ♦✈❡r s✈❛❦❤❡tss♦♥❡r ♦❣ ❤✈♦r ❧❛♥❣s t✉♥♥❡❧tr❛s❡❡♥ ❞❡ ❡r
❢♦r✈❡♥t❡t å ❦♦♠♠❡ ✐ ❢ø❧❣❡ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✳ ✏❳✑ ❜❡t②r ❛t s♦♥❡♥ ✐❦❦❡ ✈✐s❡s ♣å
s❡✐s♠✐❦❦❡♥✴r❡s✐st✐✈✐t❡t❡♥✱ ✏✲✑ ❜❡t②r s❡✐s♠✐❦❦✴r❡s✐st✐✈✐t❡t ✐❦❦❡ ✉t❢ør ♦✈❡r s♦♥❡♥✳

Pr♦✜❧ ❙♦♥❡ ❙❡✐s♠✐s❦ ❤❛st✐❣❤❡t✱ ♠✴s ❘❡s✐st✐✈✐t❡t✱ Ωm ❑❛rt❧❛❣t❛

✺✶✺ ❊✶ ✲ ❳ ❏❛

✼✽✺ ❊✷ ✲ ✺✵✵✲✶✵✵✵ ◆❡✐

✽✹✺ ❊✸ ✲ ✺✵✵✲✶✵✵✵ ❏❛

✶✵✵✺ ❊✹ ❳ ✺✵✵✲✶✵✵✵ ◆❡✐

✶✵✸✵ ❊✺ ❳ ✺✵✵✲✶✵✵✵ ❏❛

✶✶✸✺ ❊✻ ❳ ❁✺✵✵ ◆❡✐

✶✶✻✵ ❊✼ ❳ ✺✵✵✲✶✵✵✵ ◆❡✐

✶✶✽✺ ❊✽ ✸✵✵✵ ❁✺✵✵ ◆❡✐

✶✸✸✵ ❊❍ ✲ ✺✵✵✲✶✵✵✵ ◆❡✐

✶✸✼✺ ❊✾ ✸✵✵✵ ✺✵✵✲✶✵✵✵ ◆❡✐

✶✹✺✺ ❊✶✵ ✸✼✵✵ ❳ ❏❛

❚♦t❛❧t ❛♥t✳ ✶✶ ✸ ✾ ✹

❛❉❡t ❦♦♠♠❡r ✐❦❦❡ ❦❧❛rt ❢r❛♠ ❛✈ ❣r✉♥♥❧❛❣s♠❛t❡r✐❛❧❡t ❤✈♦r✈✐❞t ❞❡ ✉❧✐❦❡ s♦♥❡♥❡ ❡r ❢✉♥♥❡t ✉♥❞❡r
❞❡♥ ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦❡ ❦❛rt❧❡❣❣✐♥❣❡♥ ♦❣ ❞❡t t❛s ❢♦r❜❡❤♦❧❞ ♦♠ ❢❡✐❧ ✐ ♦✈❡rs✐❦t❡♥✳
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✹✳✸ ❊r❢❛r✐♥❣❡r ❢r❛ ❞r✐✈✐♥❣

❍❡r ♣r❡s❡♥t❡r❡s ❡r❢❛r✐♥❣❡♥❡ ❣❥♦rt ✉♥❞❡r ❞r✐✈✐♥❣ ✐ t✉♥♥❡❧❡♥✳ ❘❡s✉❧t❛t❡♥❡ ❜②❣❣❡r ♣å
❡♥ ❤❡❧❤❡t❧✐❣ ✈✉r❞❡r✐♥❣ ❛✈ r❛♣♣♦rt❡r✐♥❣s❣r✉♥♥❧❛❣❡t ❧✐st❡t ✐ ❆✈s♥✐tt ✹✳✶✳✺✳

✹✳✸✳✶ ❙✈❡❧❧❡❡❣❡♥s❦❛♣❡r

❉❡t ❡r t❛tt t♦ ♣rø✈❡r ❛✈ s❧❡♣♣❡♠❛t❡r✐❛❧❡ ✐ ❊✐❦r❡♠t✉♥♥❡❧❡♥✱ ❜❡❣❣❡ ❢r❛ ❡♥ ✶✵✲✺✵ ❝♠
♠❡❦t✐❣ ❧❡✐rs♦♥❡ ✈❡❞ ♣r♦✜❧♥✉♠♠❡r ✶✶✻✼✳ ❘❡s✉❧t❛t❡♥❡ ❢r❛ ❧❛❜♦r❛t♦r✐❡✉♥❞❡rsø❦❡❧s❡♥❡
❡r ♣r❡s❡♥t❡rt ✐ ❚❛❜❡❧❧ ✹✳✹✳ ❍❡r ❡r ♦❣så ❛♥❞❡❧❡♥ ❛✈ ♣rø✈❡♠❛t❡r✐❛❧❡t ♠✐♥❞r❡ ❡♥♥ ✷✵
µm ❧✐st❡t ❢♦r ❞❡ t♦ ♣rø✈❡♥❡✳

❙♦♠ t❛❜❡❧❧❡♥ ✈✐s❡r ❡r ♠❛t❡r✐❛❧❡t ✉t ❢r❛ ❢r✐s✈❡❧❧✐♥❣❡♥ ❦❧❛ss✐✜s❡rt s♦♠ ♠✐❞❞❡❧s ❛❦t✐✈t✱
❤❡❧t ♣å ❣r❡♥s❡♥ t✐❧ ♠❡❣❡t ❛❦t✐✈t ✭s❡ ❚❛❜❡❧❧ ✷✳✹✮✳ ❙✈❡❧❧❡tr②❦❦❡t ❧✐❣❣❡r ❛❦❦✉r❛t ✐
❣r❡♥s❡♥❧❛♥❞ ♠❡❧❧♦♠ ❡t ♠✐❞❞❡❧s ♦❣ ❡t ❤ø②t s✈❡❧❧❡tr②❦❦ ❡tt❡r ✐♥♥❞❡❧✐♥❣❡♥ ❢r❛ ◆❇●
✭❚❛❜❡❧❧ ✷✳✺✮✳ ❯t ❢r❛ ❞❡tt❡ ❡r ❞❡t ✐❦❦❡ ❦r❛✈ t✐❧ ✉tstø♣♥✐♥❣ ❛✈ s♦♥❡♥ ♦❣ ❞❡tt❡ ❡r
❤❡❧❧❡r ✐❦❦❡ ❣❥♦rt✳ ❙♦♥❡♥ ❡r ❞r❡✈❡t ❣❥❡♥♥♦♠ ♠❡❞ ❢♦r✐♥❥❡❦s❥♦♥✱ ❢♦r❜♦❧t✐♥❣ ♦❣ ❢❥❡❧❧❜å♥❞
✐ t✐❧❧❡❣❣ t✐❧ ❞❡♥ ✈❛♥❧✐❣❡ s✐❦r✐♥❣❡♥ ♠❡❞ s♣rø②t❡❜❡t♦♥❣ ♦❣ r❛❞✐❡❧❧❡ ❜♦❧t❡r✳

❚❛❜❡❧❧ ✹✳✹ ✕ ❘❡s✉❧t❛t❡r ❢r❛ ❧❛❜♦r❛t♦r✐❡✉♥❞❡rsø❦❡❧s❡r ❛✈ s❧❡♣♣❡♠❛t❡r✐❛❧❡✱ ♣r♦✜❧♥✉♠✲
♠❡r ✶✶✻✼ ✭❚♦❞♥❡♠✱ ✷✵✶✷✮✳

Prø✈❡♥r✳ ❋❙✱ ✪ ❙✈❡❧❧❡tr②❦❦✱ ▼P❛ ❆♥❞❡❧ ♠❛t❡r✐❛❧❡ ❁ ✷✵ µm✱ ✪

✶ ✶✹✽ ✵✱✷✻ ✹✺

✷ ✶✺✵ ✵✱✷✾ ✶✵

✹✳✸✳✷ ❇❡r❣❛rt✱ ♦♣♣s♣r❡❦❦✐♥❣✱ ❜❡r❣❦❧❛ss❡r ♦❣ ❜❡r❣s✐❦r✐♥❣

❉❡t ❤❛r ✈✐st s❡❣ ❛t ❞❡t ✐❦❦❡ ❡r ♥♦❡♥ ❦❧❛r❡ ❜❡r❣❛rtss❦✐❧❧❡r ✐ t✉♥♥❡❧❡♥❀ ❞❡ ✉❧✐❦❡
❜❡r❣❛rt❡♥❡ ♦♣♣tr❡r ♠❡r ✐ ❡♥ st❛❞✐❣ ✈❡❦s❧✐♥❣ ✭❚♦❞♥❡♠✱ ✷✵✶✷✮✳ ❋♦r❞❡❧✐♥❣❡♥ ❛✈
❜❡r❣❦❧❛ss❡ ✭❆✲❋✮ ❧❛♥❣s t✉♥♥❡❧❡♥ ❡r ❜❡r❡❣♥❡t ❢r❛ ❦❛rt❧❡❣❣✐♥❣ss❦❥❡♠❛ ❢♦r ◗✲✈❡r❞✐ ♦❣
❡r ✈✐st s♦♠ ♣r♦s❡♥t✈✐s ❢♦r❞❡❧✐♥❣ ❧❛♥❣s t✉♥♥❡❧❧❡♥❣❞❡♥ ✐ ❚❛❜❡❧❧ ✹✳✺✳ ❇❡r❣❛rts❢♦r❞❡❧✐♥❣
♦❣ ❜❡r❣❦❧❛ss❡r ❧❛♥❣s tr❛s❡❡♥ ❡r ✈✐st ✐ ❋✐❣✉r ✹✳✽✳

◆år ❞❡t ❦♦♠♠❡r t✐❧ ♦♣♣s♣r❡❦❦✐♥❣✱ ❡r ❞❡♥♥❡ ❢r❛♠st✐❧t ✈❡❞ ❜r✉❦ ❛✈ s♣r❡❦❦❡r♦s❡ ✐ ❋✐❣✉r
✹✳✾✳ ❙♦♠ ❡♥ s❡r ❛✈ ✜❣✉r❡♥s ✈❡♥str❡ ❞❡❧✱ ❡r ❞❡t ♦♠tr❡♥t ❧✐❦ ❢♦r❞❡❧✐♥❣ ❛✈ s♣r❡❦❦❡r ❧❛♥❣s
♦❣ ♣å t✈❡rs ❛✈ ❢♦❧✐❛s❥♦♥❡♥ s♦♠ str②❦❡r ◆❱✲❙Ø✳ ❇❧❛♥t ❞❡ st❡✐❧❡r❡ s♣r❡❦❦❡♥❡ ✭❃45◦✮✱
❞♦♠✐♥❡r❡r t✈❡rrs♣r❡❦❦❡♥❡✳ ❉❡tt❡ ❡r ✈✐st t✐❧ ❤ø②r❡ ✐ ❋✐❣✉r ✹✳✾✳

▼❡♥❣❞❡ s✐❦r✐♥❣ ✉t❢ørt ❡r ♣r❡s❡♥t❡rt ✐ ❚❛❜❡❧❧ ✹✳✻✳
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❋✐❣✉r ✹✳✾ ✕ ❙♣r❡❦❦❡r♦s❡ ❢♦r s♣r❡❦❦❡♠å❧✐♥❣❡r ❣❥♦rt ✐ t✉♥♥❡❧✳ ❆❧❧❡ s♣r❡❦❦❡r t✐❧ ✈❡♥str❡✱
s♣r❡❦❦❡r ♠❡❞ ❢❛❧❧ ❃ 45

◦ t✐❧ ❤ø②r❡ ✭❚♦❞♥❡♠✱ ✷✵✶✷✮✳

❋✐❣✉r ✹✳✽ ✕ ❋❛❦t✐s❦ ❜❡r❣❛rts❢♦r❞❡❧✐♥❣ ♦❣ ❦❛rt❧❛❣t ❜❡r❣♠❛ss❡❦❧❛ss❡ ✐ ❊✐❦r❡♠t✉♥♥❡❧❡♥✳

❚❛❜❡❧❧ ✹✳✺ ✕ ❋♦r❞❡❧✐♥❣ ❛✈ ❦❛rt❧❛❣t❡ ❜❡r❣❦❧❛ss❡r✭❚♦❞♥❡♠✱ ✷✵✶✷✮✳

❇❡r❣❦❧❛ss❡ ❋♦r❞❡❧✐♥❣

❆✴❇ ✸✸ ✪

❈ ✸✶ ✪

❉ ✶✸ ✪

❊ ✷✶ ✪

❋ ✷ ✪
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❚❛❜❡❧❧ ✹✳✻ ✕ ❖✈❡rs✐❦t ♦✈❡r ✉t❢ørt s✐❦r✐♥❣✲ ♦❣ ✐♥❥❡❦s❥♦♥s❛r❜❡✐❞✳

❙✐❦r✐♥❣ ❚♦t❛❧ ♠❡♥❣❞❡ ✐ t✉♥♥❡❧

❘❛❞✐❡❧❧❡ ❜❡r❣❜♦❧t❡r ✺✹✾✹ st❦✳ ✺✱✻ ❜♦❧t✴❧♠

❋♦r❜♦❧t❡r ✷✷✺✵ st❦✳ ✷✱✸ ❜♦❧t✴❧♠

❙♣rø②t❡❜❡t♦♥❣ ✸✹✶✼ ♠➩ ✸✱✺ ♠➩✴♠

❙♣rø②t❡❜❡t♦♥❣❜✉❡r ✶✺ st❦✳

❇❡t♦♥❣✉tstø♣♥✐♥❣ ✵

■♥❥❡❦s❥♦♥✱ t♦t❛❧t ✷✺✱✻ t♦♥♥

✹✳✸✳✸ ❙✈❛❦❤❡tss♦♥❡r

■ ◆♦✈❛♣♦✐♥t ❡r ❞❡t r❡❣✐str❡rt ✐ ❛❧t ♦✈❡r ✸✵ størr❡ ♦❣ ♠✐♥❞r❡ s✈❛❦❤❡tss♦♥❡r ❧❛♥❣s
❊✐❦r❡♠t✉♥♥❡❧❡♥✳ ❉✐ss❡ ❜❧✐r ❤❡r ♣r❡s❡♥t❡rt ♠❡❞ t❛♥❦❡ ♣å ♦r✐❡♥t❡r✐♥❣✱ ✉tstr❡❦♥✐♥❣
♦❣ ♠❛t❡r✐❛❧❦❛r❛❦t❡r✳ ■ ♣r❡s❡♥t❛s❥♦♥❡♥ ❛✈ ❞❡ ♠øtt❡ s♦♥❡♥❡ ❡r ✉ts♥✐tt ❢r❛ ◆♦✈❛♣♦✐♥t
♠❡❞ ✉t❜r❡tt ❛✈ ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦ ❦❛rt❧❡❣❣✐♥❣ ♦❣ ❇P❚ ♦✈❡r ❞❡♥ ❛❦t✉❡❧❧❡ str❡❦♥✐♥❣❡♥
✈✐st✳ ❋✐❣✉r ✹✳✶✵ ✈✐s❡r ❧❡❣❡♥❞❡ s♦♠ ❣❥❡❧❞❡r ❢♦r ❛❧❧❡ ✉ts♥✐tt❡♥❡✳ ❚♦❧❦♥✐♥❣❡♥ ❛✈ ✈❛♥♥
❢r❛ ❜♦r♣❛r❛♠❡t❡r❡♥❡ ❡r ✐❦❦❡ ✈✐st ❤❡r✱ ♠❡♥ ❡r ❜r✉❦t ❢♦r å ✜♥♥❡ ♦♠❢❛♥❣❡t ❛✈ ✈❛♥♥
❣❥❡♥♥♦♠ s♦♥❡♥❡✳ ❱❛♥♥t♦❧❦♥✐♥❣❡♥ ❡r ❣❥❡♥❣✐tt ✐ ❱❡❞❧❡❣❣ ❆✳✼✳

❋❛❧❧❛♥❣✐✈❡❧s❡♥ ❣✐tt ❡r ❜❡r❡❣♥❡t tr✐❣♦♥♦♠❡tr✐s❦ ✉t ❢r❛ ✐♥♥t❡❣♥✐♥❣❡♥ ❛✈ ❞❡♥ ❦❛rt❧❛❣t❡
s♦♥❡♥ ✐ ◆♦✈❛♣♦✐♥t ♦❣ t✉♥♥❡❧❡♥s ❣❡♦♠❡tr✐ ✭❚✽✱✺ ♥♦r♠❛❧♣r♦✜❧ ✰ ✵✱✹ ♠❡t❡r ✭❙t❛t❡♥s
✈❡❣✈❡s❡♥✱ ✷✵✶✷❛✮✮✳ ❋♦r ❞❡ ❛❧❧❡r ✢❡st❡ s♦♥❡♥❡ ❡r ❞❡t ❜❡r❡❣♥❡❞❡ ❢❛❧❧❡t ❞❡t s❛♠♠❡ s♦♠
❢❛❧❧❡t ❧❛♥❣s t✉♥♥❡❧tr❛s❡❡♥✱ s✐❞❡♥ ❞❡ ❦r②ss❡r t✉♥♥❡❧❡♥ ✐ ♦♠tr❡♥t 90◦✳ ❋❛❧❧❡t ♣å s♦♥❡♥❡
s♦♠ ❦r②ss❡r t✉♥♥❡❧❡♥ ✐ ❡♥ ❛♥♥❡♥ ✈✐♥❦❡❧ ❡♥♥ ❞❡tt❡ ❡r ❥✉st❡rt t✐❧ t✉♥♥❡❧❛❦s❡♥ ✈❡❞ ❜r✉❦
❛✈ t✐❧s②♥❡❧❛t❡♥❞❡ ❢❛❧❧✲s❦❥❡♠❛❡t ✐ ❱❡❞❧❡❣❣ ❈✳✷✳

❙✈❛❦❤❡tss♦♥❡♥❡ ❤❛r ✐ st♦r ❣r❛❞ ❢❛❧❧❡r❡t♥✐♥❣ ♦♠tr❡♥t ♣❛r❛❧❧❡❧t ♠❡❞ t✉♥♥❡❧❛❦s❡♥✱
❣✉♥st✐❣ ❢♦r st❛❜✐❧✐t❡t❡♥✳ ■ ❡♥ ❞❡❧ ♦♠rå❞❡r ❡r ❞❡t r❡❣✐str❡rt ✢❡r❡ ❧✐❦t ♦r✐❡♥t❡rt
s✈❛❦❤❡tss♦♥❡r ♥ært ❤✈❡r❛♥❞r❡ ♦❣ ❡r ✐ ♣r❡s❡♥t❛s❥♦♥❡♥ s❧ått s❛♠♠❡♥ t✐❧ é♥
r❡❣✐str❡r✐♥❣✳ ❚❛❜❡❧❧ ✹✳✼ ❧✐st❡r ♦♣♣ s✈❛❦❤❡tss♦♥❡♥❡ s♦♠ ❜❧❡ ♠øtt ✐ t✉♥♥❡❧❡♥✳

❉❡t ❡r r❡❣✐str❡rt t♦ ❤♦✈❡❞t②♣❡r s✈❛❦❤❡tss♦♥❡r✿ ❉❡ ✢❡st❡ ❢ø❧❣❡r ❢♦❧✐❛s❥♦♥❡♥ ♠❡❞ ❡t
r❡❧❛t✐✈t s❧❛❦t ❢❛❧❧ ♦❣ ❞❡tt❡ ❡r ❞❡ ❜r❡❞❡st❡ ♦❣ størst❡ s♦♥❡♥❡ ✐ t✉♥♥❡❧❡♥✳ ■ t✐❧❧❡❣❣ ❡r ❞❡t
r❡❣✐str❡rt ❡♥ ❞❡❧ st❡✐❧❡r❡ s♦♥❡r✱ st♦rt s❡tt ♣å ✉♥❞❡r ❡♥ ♠❡t❡rs ♠❡❦t✐❣❤❡t✳ ❉✐ss❡ s♠❛❧❡✱
st❡✐❧❡ s♦♥❡♥❡ ❛♥t❛s å ❤❛ ❡♥ ♣❧❛♥❡r❡ ♦r✐❡♥t❡r✐♥❣ ♦♣♣ ♠♦t ❞❛❣❡♥ ❡♥♥ ❢♦❧✐❛s❥♦♥ss♦♥❡♥❡
✭●❛♥❡rø❞✱ ✷✵✶✷✮✳

Pr♦✜❧ ✽✸✵✲✽✻✷

❖✈❡r ❡♥ ✈❡❧ ✸✵ ♠❡t❡r ❧❛♥❣ str❡❦♥✐♥❣ ❡r ❞❡t ✐ t✉♥♥❡❧❡♥ ♠øtt ♣å ✢❡r❡ ❜r❡❞❡
♦❣ ❡♥ s♠❛❧❡r❡ s✈❛❦❤❡tss♦♥❡✳ ❉❡ ❜r❡❞❡ s♦♥❡♥❡ ❢❛❧❧❡r r✉♥❞t 50◦ ♠♦t ♥♦r❞✈❡st✱
♠❡♥s ❞❡♥ s♠❛❧❡ s♦♥❡♥ ✐ ♠✐❞t❡♥ ❡r st❡✐❧❡r❡ ♦❣ ❢❛❧❧❡r r✉♥❞t 75◦✱ ❞❡♥♥❡ ♦❣så ♠♦t
♥♦r❞✈❡st✳ ❉❡ s❧❛❦❡ s♦♥❡♥❡ ❢ø❧❣❡r ❣r❡♥s❡♥ ♠❡❧❧♦♠ ❛♠✜❜♦❧✐tt✐s❦ ♦❣ ❣r❛♥✐tt✐s❦ ❣♥❡✐s
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❚❛❜❡❧❧ ✹✳✼ ✕ Påtr✉❢♥❡ s✈❛❦❤❡tss♦♥❡r ❊✐❦r❡♠t✉♥♥❡❧❡♥✱ r❡❣✐str❡rt ✉♥❞❡r ◆♦✈❛♣♦✐♥t
❚✉♥♥❡❧✲❦❛rt❧❡❣❣✐♥❣❛ ❢♦r t✉♥♥❡❧❡♥✳

Pr♦✜❧♥✉♠♠❡r❛ ❚②♣❡❜ ❍♦✈❡❞♣r♦❜❧❡♠

✽✹✺ ❇ ❱❛♥♥

✽✸✵✲✽✻✷ ❆ ❖♣♣❦♥✉st ❜❡r❣ ♠❡❞ ❧❡✐r❡

✾✶✺ ❆ ❖♣♣❦♥✉st ❜❡r❣ ♠❡❞ ❧❡✐r❡

✾✼✺✲✾✽✻ ❇ ❱❛♥♥

✶✵✷✼✲✶✵✸✵ ❇ ❱❛♥♥

✶✵✻✷ ❆ ❱❛♥♥

✶✵✾✹ ❇ ❖♣♣❦♥✉st ❜❡r❣ ♠❡❞ ♥♦❡ ✈❛♥♥

✶✶✶✼ ❇ ❖♣♣❦♥✉st ❜❡r❣ ♠❡❞ ❧❡✐r❡

✶✶✹✵ ❇ ❖♣♣❦♥✉st ❜❡r❣ ♠❡❞ ❧❡✐r❡

✶✶✸✺✲✶✷✹✵ ❆ ❱❛r✐❡r❡♥❞❡

✶✷✽✵✲✶✸✷✵ ❆ ❱❛♥♥

✶✸✸✸ ❆ ❖♣♣s♣r✉❦❦❡t ❜❡r❣ ♠❡❞ ❧❡✐r❡

✶✸✻✺✲✶✹✵✾ ❆ ❖♣♣s♣r✉❦❦❡t ❜❡r❣ ♠❡❞ ❧❡✐r❡

✶✹✹✺ ❇ ❯s✐❦❦❡rt

❛❊♥❦❡❧t t❛❧❧ ❛♥❣✐r ♣r♦✜❧♥✉♠♠❡r ❤✈♦r ❡♥❦❡❧ts♦♥❡r ❢ørst tr❡✛❡s ✐ t✉♥♥❡❧❡♥✳ ❉♦❜❧❡ t❛❧❧ ✭❢r❛✲t✐❧✮
❛♥❣✐r ♣r♦✜❧♥✉♠♠❡r ❤✈♦r ❞❡t ✜♥♥❡s ✢❡r❡ s✈❛❦❤❡tss♦♥❡r✱ s❧ått s❛♠♠❡♥ ✐ ❡♥ r❡❣✐str❡r✐♥❣✳

❜❆❂❢♦❧✐❛s❥♦♥ss♦♥❡✱ ❇❂✐❦❦❡ ❢♦❧✐❛s❥♦♥ss♦♥❡

❋✐❣✉r ✹✳✶✵ ✕ ▲❡❣❡♥❞❡ t✐❧ ✜❣✉r❡♥❡ ✹✳✶✶✲✹✳✷✶✳ ●❡♦❧♦❣✐ ♦❣ ❜❡r❣♠❛ss❡❦❧❛ss❡r ø✈❡rst✱
❇P❚ ♥❡❞❡rst ✭s❛❦s❡t ❢r❛ ❚♦❞♥❡♠ ✭✷✵✶✷✮✮✳



✺✻ ❑❆P■❚❚❊▲ ✹✳ ❊■❑❘❊▼❚❯◆◆❊▲❊◆

❧❛♥❣s ❢♦❧✐❛s❥♦♥❡♥✱ ♠❡♥s ❞❡♥ s♠❛❧❡✱ st❡✐❧❡r❡ s♦♥❡♥ s❡r ✉t t✐❧ å s❦❥ær❡ ❣❥❡♥♥♦♠
❢♦❧✐❛s❥♦♥❡♥✳ ❆❧❧❡ s♦♥❡♥❡ ❦r②ss❡r t✉♥♥❡❧❡♥ ✐ ❡♥ ✈✐♥❦❡❧ ♣å ∼90◦✱ ♥♦❡ s♦♠ ❡r ❣✉♥st✐❣
❢♦r t✉♥♥❡❧❞r✐✈✐♥❣❡♥✳

❙♦♠ ❞❡t ❢r❛♠❦♦♠♠❡r ❛✈ ❋✐❣✉r ✹✳✶✶ ❦♦♠♠❡r sær❧✐❣ ❞❡♥ ❜r❡❞❡st❡ s♦♥❡♥ ✭t❡❣♥❡t ✐♥♥
s♦♠ ❡♥ ❜r❡❞ s♦♥❡ s♦♠ ❞❡❧❡s ✐ tr❡ s♠❛❧❡r❡ s♦♥❡r t✐❧ ✈❡♥str❡ ✐ ❋✐❣✉r ✹✳✶✶✮ ❢r❛♠ ♣å
❜♦r♣❛r❛♠❡t❡rt♦❧❦♥✐♥❣❡♥ s♦♠ ❡♥ s♦♥❡ ♠❡❞ ❧❛✈ ❤❛r❞❤❡t ♦❣ ❤ø② ♦♣♣s♣r❡❦❦✐♥❣s❣r❛❞✳
❉❡♥ s♠❛❧❡ s♦♥❡♥ s❡s ♦❣så t②❞❡❧✐❣ ♣å ♦♣♣s♣r❡❦❦✐♥❣s✉t❜r❡tt❡t ✐ s❛♠♠❡ ✜❣✉r✳

◗✲✈❡r❞✐❡♥ t✐❧ s♦♥❡♥❡ ❡r s❛tt t✐❧ ✶✱✸ ✲ t✐❧s✈❛r❡♥❞❡ ❜❡r❣❦❧❛ss❡ ❉✱ ♠❡♥s ❞❡t ♦♠❧✐❣❣❡♥❞❡
❜❡r❣❡t ❤❛r ❜❡r❣❦❧❛ss❡ ❇ ♦❣ ❈✳ ❉❡t ❡r r❡❣✐str❡rt ❧❡✐r❡ ✐ ❢♦❧✐❛s❥♦♥ss♣r❡❦❦❡♥❡✱ ♠❡♥s
❇P❚ ✈✐s❡r ✈❛♥♥ ✐ ❞❡♥ st❡✐❧❡ s♦♥❡♥✳ ❚②♣✐s❦ ❧❡❦❦❛s❥❡ ❡tt❡r t✉♥♥❡❧❡♥s ❢❡r❞✐❣st✐❧❧❡❧s❡ ❡r
✶✺ ❞r②♣♣✴♠✐♥✉tt✳

❆✈ ❡❦str❛ s✐❦r✐♥❣ ❣❥❡♥♥♦♠ s♦♥❡♥✱ ❡r ❞❡t ♣å❢ørt ❡t ❡❦str❛ ❧❛❣ s♣rø②t❡❜❡t♦♥❣ ❤❡❧t
♥❡❞ t✐❧ så❧❡♥ ✐ ❞❡♥ ❢ørst❡ ❜r❡❞❡ s♦♥❡♥ ✈❡❞ ♣r♦✜❧ ✽✹✵✳ ❊❧❧❡rs ❡r str❡❦♥✐♥❣❡♥ ❞r❡✈❡t
❣❥❡♥♥♦♠ s♦♠ ♥♦r♠❛❧t ♠❡❞ s✐❦r✐♥❣ ✐ ❤❡♥❤♦❧❞ t✐❧ s✐❦r✐♥❣s❦❧❛ss❡✳

❋✐❣✉r ✹✳✶✶ ✕ ❯ts♥✐tt ❢r❛ ◆♦✈❛♣♦✐♥t✲✉ts❦r✐❢t✱ ♣r♦✜❧♥✉♠♠❡r ✽✸✵✲✽✼✺✳ ❋r❛ ✈❡♥str❡✿
◗✲✈❡r❞✐ ♦❣ ❜❡r❣❦❧❛ss❡✱ ✉t❜r❡tt ❛✈ ❣❡♦❧♦❣✐s❦ ❦❛rt❧❡❣❣✐♥❣ ♦❣ ✉t❜r❡tt ❛✈ ❜♦r♣❛r❛♠❡t❡r✲
t♦❧❦♥✐♥❣ ✭❤❛r❞❤❡t t✐❧ ✈❡♥str❡ ♦❣ ♦♣♣s♣r❡❦❦✐♥❣ t✐❧ ❤ø②r❡✮✳

Pr♦✜❧ ✾✶✺✲✾✷✵

❍❡r ❡r ❞❡t r❡❣✐str❡rt ❡♥ s♠❛❧ s✈❛❦❤❡tss♦♥❡ ✐ ❤❡♥❣❡♥ ♦❣ ✈❡♥str❡ ✈❡❣❣ ✐ ❡t ♦♠rå❞❡ ❤✈♦r
❜❡r❣♠❛ss❡♥ ❡❧❧❡rs ❡r ❛✈ ❣♦❞ ❦✈❛❧✐t❡t ✭❦❧❛ss❡ ❇✮✳ ❖♠rå❞❡t ❜❡står ❛✈ ❡♥ ❛♠✜❜♦❧✐tt✐s❦
❣♥❡✐s ♠❡❞ ❜å♥❞✐♥❣✳ ❯t ❢r❛ ❢♦r♠❡♥ ♣å s♦♥❡♥ ✐ t✉♥♥❡❧✉t❜r❡tt❡t s❡r ❞❡♥ ✉t t✐❧ å ❤❛ ❡t
s❧❛❦t ❢❛❧❧ ♣å ♠❡❧❧♦♠ ✸✺ ♦❣ 40◦✱ t②♣✐s❦ ❢♦r ❢♦❧✐❛s❥♦♥❡♥✳ ❙♦♠ ❞❡ ❢♦r❡❣å❡♥❞❡ s♦♥❡♥❡✱
❢❛❧❧❡r ♦❣så ❞❡♥♥❡ ♠♦t ♥♦r❞✈❡st✳ ◆♦✈❛♣♦✐♥t✉ts❦r✐❢t ♠❡❞ ❣❡♦❧♦❣✐s❦ ❦❛rt❧❡❣❣✐♥❣ ♦❣
❇P❚ ❡r ✈✐st ✐ ❋✐❣✉r ✹✳✶✷✳



✹✳✸✳ ❊❘❋❆❘■◆●❊❘ ❋❘❆ ❉❘■❱■◆● ✺✼

❋✐❣✉r ✹✳✶✷ ✕ ❯ts♥✐tt ❢r❛ ◆♦✈❛♣♦✐♥t✲✉ts❦r✐❢t✱ ♣r♦✜❧♥✉♠♠❡r ✾✶✵✲✾✷✺✳ ❋r❛ ✈❡♥str❡✿
◗✲✈❡r❞✐ ♦❣ ❜❡r❣❦❧❛ss❡✱ ✉t❜r❡tt ❛✈ ❣❡♦❧♦❣✐s❦ ❦❛rt❧❡❣❣✐♥❣ ♦❣ ✉t❜r❡tt ❛✈ ❜♦r♣❛r❛♠❡t❡r✲
t♦❧❦♥✐♥❣ ✭❤❛r❞❤❡t t✐❧ ✈❡♥str❡ ♦❣ ♦♣♣s♣r❡❦❦✐♥❣ t✐❧ ❤ø②r❡✮✳

Pr♦✜❧ ✾✼✺✲✾✽✻

❖✈❡r ❞❡♥♥❡ ✶✶ ♠❡t❡r ❧❛♥❣❡ str❡❦♥✐♥❣❡♥ ❡r ❞❡t r❡❣✐str❡rt ♦❣ t❡❣♥❡t ✐♥♥ tr❡ s♠❛❧❡
s✈❛❦❤❡tss♦♥❡r ✐ ◆♦✈❛♣♦✐♥t✳ ❯ts♥✐tt ❢r❛ ❦❛rt❧❡❣❣✐♥❣❡♥ ♦✈❡r str❡❦♥✐♥❣❡♥ ❡r ✈✐st ✐ ❋✐❣✉r
✹✳✶✸✳ ❉❡ t♦ ❢ørst❡ s♦♥❡♥❡ ❡r ♣❛r❛❧❧❡❧❧❡ ♦❣ ❢❛❧❧❡r ♠♦❞❡r❛t ♠♦t ❙Ø✱ ❛❧tså ♠♦ts❛tt ✈❡✐
❛✈ ❢♦❧✐❛s❥♦♥❡♥✳ ❊♥ ❛✈ ❞✐ss❡ ❦❛♥ ❢ø❧❣❡s ♦✈❡r ❤❡❧❡ t✉♥♥❡❧♣r♦✜❧❡t ♠❡♥s ❞❡♥ ❛♥❞r❡ ❦✉♥
s❡s ✐ ❤ø②r❡ ✈❡❣❣ ♦❣ ✈❡❞❡r❧❛❣✳ ❉❡♥ s✐st❡ s♦♥❡♥ s❡r ✉t t✐❧ å ❢❛❧❧❡ ♠♦❞❡r❛t ♠♦t ◆❱✳
❖❣så ❞❡♥♥❡ ❡r ❦✉♥ ♦❜s❡r✈❡rt ✐ ❤ø②r❡ ✈❡❣❣ ♦❣ ✈❡❞❡r❧❛❣✳

❉❡♥ s❡r ✉t s♦♠ ♦♠ ❤♦✈❡❞♣r♦❜❧❡♠❡♥❡ ❦♥②tt❡t t✐❧ s♦♥❡♥ ❡r ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞
✈❛♥♥❧❡❦❦❛s❥❡r✿ ❉❡t ❡r r❡❣✐str❡rt ❡♥ ♦♠rå❞❡❧❡❦❦❛s❥❡ ✐ ♥ær❤❡t❡♥ ♦❣ ❞❡t ❡r ✐❦❦❡ ♠♦♥t❡rt
♦♣♣ ❡❦str❛ s✐❦r✐♥❣ ✉t♦✈❡r ❞❡♥ ✈❛♥❧✐❣❡ s✐❦r✐♥❣s❦❧❛ss❡♥✱ s♦♠ t②❞❡r ♣å ❛t ❜❡r❣♠❛ss❡♥
❡r st❛❜✐❧✳

❋✐❣✉r ✹✳✶✸ ✕ ❯ts♥✐tt ❢r❛ ◆♦✈❛♣♦✐♥t✲✉ts❦r✐❢t✱ ♣r♦✜❧♥✉♠♠❡r ✾✼✺✲✾✾✵✳ ❋r❛ ✈❡♥str❡✿
◗✲✈❡r❞✐ ♦❣ ❜❡r❣❦❧❛ss❡✱ ✉t❜r❡tt ❛✈ ❣❡♦❧♦❣✐s❦ ❦❛rt❧❡❣❣✐♥❣ ♦❣ ✉t❜r❡tt ❛✈ ❜♦r♣❛r❛♠❡t❡r✲
t♦❧❦♥✐♥❣ ✭❤❛r❞❤❡t t✐❧ ✈❡♥str❡ ♦❣ ♦♣♣s♣r❡❦❦✐♥❣ t✐❧ ❤ø②r❡✮✳

Pr♦✜❧ ✶✵✷✼✲✶✵✸✵

❋r❛ r✉♥❞t ♣r♦✜❧ ✶✵✵✵ ❜❧✐r ❜❡r❣❡t ♠❡r ♦♣♣s♣r✉❦❦❡t ♦❣ s♣r❡❦❦❡♥❡ ❡r ❢②❧t ♠❡❞ ❜❧✳❛✳
❢♦r✈✐tr❡t ♣❧❛❣✐♦❦❧❛s ♦❣ ❦❧♦r✐tt ✐ ❧❛❣ ♣å ✵✱✶✲✺ ❝♠✳ ●❧✐♠♠❡r♠✐♥❡r❛❧✐s❡r✐♥❣ ❢♦r❡❦♦♠♠❡r
♦❣så✳

◆♦❡♥ s✈❛❦❤❡tss♦♥❡ tr❡✛❡r ✐♠✐❞❧❡rt✐❞ ✐❦❦❡ t✉♥♥❡❧❡♥ ♣å ❢ør ✈❡❞ ♣r♦✜❧ ✶✵✷✼✳ ❍❡r
❦r②ss❡r ❡♥ s❦✐❢r✐❣ s♦♥❡ t✈❡rs ♦✈❡r t✉♥♥❡❧❡♥✳ ❋❛❧❧❡t ♣å s♦♥❡♥ ❡r ❡st✐♠❡rt t✐❧ å ✈ær❡
r✉♥❞t 70◦ ♠♦t ◆❱✳ ❉❡t ❤❛r ❢♦r❡❦♦♠♠❡t ✢❡r❡ ✉t❣❧✐❞♥✐♥❣❡r ✐ ♦❣ r✉♥❞t s♦♥❡♥✳ ❙♦♠
❡♥ s❡r ❛✈ ❋✐❣✉r ✹✳✶✹ ❡r ❢♦❧✐❛s❥♦♥❡♥ ❤❡r ♠å❧t ✐♥♥ t✐❧ å ❢❛❧❧❡ 5◦ ♠♦t ♥♦r❞✈❡st✳ ❙♦♥❡♥
❡r ♠❡❞ ❛♥❞r❡ ♦r❞ ✐❦❦❡ ❡♥ ❞❡❧ ❛✈ ❞❡♥♥❡✳
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❉❡t ❡r r❡❣✐str❡rt s♠å ❞r②♣♣ ❛✈ ✈❛♥♥ ♦❣ ❢✉❦t ✐ ✈❡❣❣❡♥❡ ✐ t✉♥♥❡❧❡♥ ❡tt❡r ❞r✐✈✐♥❣✳
❇❡r❣❦✈❛❧✐t❡t❡♥ ❡r ❢✉♥♥❡t t✐❧ å ✈ær❡ ♠✐❞❞❡❧s✱ ❛❧tså ❦❧❛ss❡ ❈✳ ❋✐❣✉r ✹✳✶✹ ✈✐s❡r
r❡❣✐str❡r✐♥❣❡♥ ❛✈ s♦♥❡♥ ✐ ◆♦✈❛♣♦✐♥t✳ ❯ts♥✐tt❡t ✈✐s❡r ❞❡ss✉t❡♥ ❦♦♠♠❡♥t❛r❡r s♦♠
✈✐s❡r ❤✈♦r ✉t❢❛❧❧ ❡r r❡❣✐str❡rt✳ ▲♦❣❣❡✉tst②r❡t ♣å ❜♦rr✐❣❣❡♥ ❤❛r ✐❦❦❡ ✈ært ❛❦t✐✈t
❣❥❡♥♥♦♠ s♦♥❡♥✱ så ❞❡t ❡r ✐❦❦❡ ❣❥♦rt ❜♦r♣❛r❛♠❡t❡rt♦❧❦♥✐♥❣❡r✳

▲❛♥❣s str❡❦♥✐♥❣ ❢r❛ ♣r♦✜❧ ✶✵✷✶ t✐❧ ✶✵✹✼ ❡r ❞❡t ✉t❢ørt ❡❦str❛ s✐❦r✐♥❣ ✐ ❢♦r♠ ❛✈ ❛t
s♣rø②t❡❜❡t♦♥❣❡♥ ❡r ❢ørt ❤❡❧t ♥❡❞ t✐❧ så❧❡♥ ✐ ✶✵ ❝♠ t②❦❦❡❧s❡✳ ❉❡tt❡ t②❞❡r ♣å ❛t
❢❥❡❧❧❦✈❛❧✐t❡t❡♥ ❤❛r ✈ært ❞år❧✐❣ ♦❣så r✉♥❞t s❡❧✈❡ s✈❛❦❤❡tss♦♥❡♥✳

❆✈ ❋✐❣✉r ✹✳✶✹ s❡ ❡♥ ❛t ♣å s❛❧✈❡♥ ❡tt❡r ❛t s♦♥❡♥ ❡r ♣❛ss❡rt✱ ❡r ❜❡r❣❡t ❢✉♥♥❡t å ✈ær❡
❛✈ ❦❧❛ss❡ ❊✳ ❙❛❧✈❡♥ ❡tt❡r ❡r ❜❡r❣❦❧❛ss❡♥ ✐❣❥❡♥ s❛tt t✐❧ ❈✳ ❉❡♥♥❡ ❡♥❡ ❊✲❦❛rt❧❡❣❣✐♥❣❡♥
✈✐s❡r s❡❣ å ✈ær❡ ❣❥♦rt ❛✈ ❡♥ ❛♥♥❡♥ ❣❡♦❧♦❣ ❡♥♥ ❞❡ ❛♥❞r❡ s❛❧✈❡♥❡ ♦❣ ❙❘❋✲✈❡r❞✐❡♥ ❡r
s❛tt t✐❧ å ✈ær❡ ✷✱✺ ✐ st❡❞❡t❢♦r ✶✱✵ s♦♠ ❞❡♥ ❡r ✐ ♦♠rå❞❡♥❡ r✉♥❞t✳ ❉❡r♠❡❞ ❛♥t❛s ❞❡t
❛t ❞❡t ✐❦❦❡ ❢♦r❡❦♦♠♠❡r sær❧✐❣ ❞år❧✐❣❡r❡ ❜❡r❣ ♦✈❡r ❞❡♥♥❡ str❡❦♥✐♥❣❡♥ ❡♥♥ ❡❧❧❡rs ✐
♦♠rå❞❡t ♦❣ ❛t ❊✲❦❧❛ss❡♥ s♥❛r❡r❡ ❡r ❡t r❡s✉❧t❛t ❛✈ ❛t ◗✲✈❡r❞✐❡♥ ♣å✈✐r❦❡s ❛✈ s✉❜❥❡❦t✐✈❡
✈✉r❞❡r✐♥❣❡r ❛✈ ✐♥♥❣❛♥❣s♣❛r❛♠❡t❡r♥❡✳

❋✐❣✉r ✹✳✶✹ ✕ ❯ts♥✐tt ❢r❛ ◆♦✈❛♣♦✐♥t✲✉ts❦r✐❢t✱ ♣r♦✜❧♥✉♠♠❡r ✶✵✷✵✲✶✵✸✺✳ ◗✲✈❡r❞✐ ♦❣
❜❡r❣❦❧❛ss❡ t✐❧ ✈❡♥str❡✱ ✉t❜r❡tt ❛✈ ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦ ❦❛rt❧❡❣❣✐♥❣ t✐❧ ❤ø②r❡✳

Pr♦✜❧ ✶✵✻✷✲✶✵✻✼

❉❡♥♥❡ s♦♥❡♥ ❡r s♦♠ ✈✐st ✐ ❋✐❣✉r ✹✳✶✺ ♦❣så ❡♥ t②♣✐s❦ ❢♦❧✐❛s❥♦♥ss♦♥❡ ♠❡❞ s❧❛❦t t✐❧
♠♦❞❡r❛t ❢❛❧❧ ♠♦t ◆❱ ♦❣ strø❦ ♦♠tr❡♥t ✈✐♥❦❡❧r❡tt ♣å t✉♥♥❡❧❛❦s❡♥✳ ❉❡t ❡r r❡❣✐str❡rt
s♣♦r❛❞✐s❦❡ s♠å❞r②♣♣ ✐ t✉♥♥❡❧❡♥ s❛♠t ❡♥❦❡❧t❡ ❢✉❦t✢❡❦❦❡r ✐ ♦❣ r✉♥❞t s♦♥❡♥✳ ❉❡t
✜♥♥❡s ❞❡ss✉t❡♥ t♦ ❣❥❡♥♥♦♠s❡tt❡♥❞❡ ❢♦❧✐❛s❥♦♥ss♣r❡❦❦❡r s♦♠ ❦❛♥ s❡s ♦✈❡r ❤❡❧❡ ♣r♦✜❧❡t
✐ ♥ær❤❡t❡♥ ❛✈ s✈❛❦❤❡tss♦♥❡♥✱ ♦❣så ❞✐ss❡ ❛✈❣✐r ✈❛♥♥✳ ❙♦♥❡♥ ❧✐❣❣❡r ✐ ❡♥ ❛♠✜❜♦❧✐tt✐s❦
❣♥❡✐s ♠❡❞ ✉t❢❛❧❧ r❡❣✐str❡rt ✉♥❞❡r ❦❛rt❧❡❣❣✐♥❣✳

Pr♦✜❧ ✶✵✾✹✲✶✶✶✺

▲❛♥❣s ✷✻ t✉♥♥❡❧♠❡t❡r s❡s ❡♥ ❜r❡❞ s✈❛❦❤❡tss♦♥❡ ❜❡stå❡♥❞❡ ❛✈ st❡r❦t ♦♣♣s♣r✉❦❦❡t
♠❛t❡r✐❛❧❡ ✐ ❤ø②r❡ ✈❡❣❣ ♦❣ ✈❡❞❡r❧❛❣✳ ❉❡♥♥❡ s♦♥❡♥ s❦✐❧❧❡r s❡❣ ❢r❛ ❞❡ ✢❡st❡ ❛♥❞r❡ s♦♥❡♥❡
✐ t✉♥♥❡❧❡♥ ✈❡❞ ❛t ❞❡♥ ❢❛❧❧❡r ♠♦t sør✈❡st✳ ❚✐❧s②♥❡❧❛t❡♥❞❡ ❢❛❧❧ ❧❛♥❣s t✉♥♥❡❧❛❦s❡♥ ❡r
s❧❛❦t ♠♦t sørøst✳ ❙♦♥❡♥ ❦♦♠♠❡r ✐❦❦❡ ❢r❛♠ ♣å ❜♦r♣❛r❛♠❡t❡rt♦❧❦♥✐♥❣❡♥✳ ❙❡tt ❜♦rt
❢r❛ s♣♦r❛❞✐s❦❡ ❞r②♣♣ ❡r ♦♠rå❞❡ tørt✳ ■ ❡tt❡rt✐❞ ❤❛r ❞❡t ❜❧✐tt ✉t❢ørt ❡❦str❛ s✐❦r✐♥❣
✐ ❢♦r♠ ❛✈ ❡❦str❛ s♣rø②t❡❜❡t♦♥❣ ❢r❛ så❧❡♥ ♦❣ ått❡ ♠❡t❡r ♦♣♣✳ ■ t✐❧❧❡❣❣ ❡r ❜♦❧t✐♥❣❡♥
❢ørt ♥❡❞ t✐❧ så❧❡♥ ♣å ❞❡♥ s✐❞❡♥ s✈❛❦❤❡tss♦♥❡♥ ❧✐❣❣❡r✳
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❋✐❣✉r ✹✳✶✺ ✕ ❯ts♥✐tt ❢r❛ ◆♦✈❛♣♦✐♥t✲✉ts❦r✐❢t✱ ♣r♦✜❧♥✉♠♠❡r ✶✵✺✵✲✶✵✻✺✳ ❋r❛ ✈❡♥str❡✿
◗✲✈❡r❞✐ ♦❣ ❜❡r❣❦❧❛ss❡✱ ✉t❜r❡tt ❛✈ ❣❡♦❧♦❣✐s❦ ❦❛rt❧❡❣❣✐♥❣ ♦❣ ✉t❜r❡tt ❛✈ ❜♦r♣❛r❛♠❡t❡r✲
t♦❧❦♥✐♥❣ ✭❤❛r❞❤❡t t✐❧ ✈❡♥str❡ ♦❣ ♦♣♣s♣r❡❦❦✐♥❣ t✐❧ ❤ø②r❡✮✳

❋✐❣✉r ✹✳✶✻ ✕ ❯ts♥✐tt ❢r❛ ◆♦✈❛♣♦✐♥t✲✉ts❦r✐❢t✱ ♣r♦✜❧♥✉♠♠❡r ✶✵✾✹✲✶✶✶✺✳ ❋r❛ ✈❡♥str❡✿
◗✲✈❡r❞✐ ♦❣ ❜❡r❣❦❧❛ss❡✱ ✉t❜r❡tt ❛✈ ❣❡♦❧♦❣✐s❦ ❦❛rt❧❡❣❣✐♥❣ ♦❣ ✉t❜r❡tt ❛✈ ❜♦r♣❛r❛♠❡t❡r✲
t♦❧❦♥✐♥❣ ✭❤❛r❞❤❡t t✐❧ ✈❡♥str❡ ♦❣ ♦♣♣s♣r❡❦❦✐♥❣ t✐❧ ❤ø②r❡✮✳

Pr♦✜❧ ✶✶✶✼✲✶✷✹✵

❋r❛ ♣r♦✜❧ ✶✶✶✼ ❣år t✉♥♥❡❧❡♥ ✐♥♥ ✐ ❡t ♦♠rå❞❡ ♠❡❞ ♠❛♥❣❡ s✈❛❦❤❡tss♦♥❡r ♦r✐❡♥t❡rt
♠❡❞ ❡t strø❦ ♦rt♦❣♦♥❛❧t t✉♥♥❡❧❛❦s❡♥✳ ◆♦✈❛♣♦✐♥t✉ts❦r✐❢t❡♥ ❡r ✈✐st ✐ ❋✐❣✉r ✹✳✶✼✳ ❙♦♠
❡♥ s❡r ❛✈ ❦❛rt❧❡❣❣✐♥❣❡♥ ✐ ✜❣✉r❡♥ ❡r ❢❡♠ ❛✈ s♦♥❡♥❡ ♦✈❡r ❡♥ ♠❡t❡r ❜r❡❞❡✳ ❆❧❧❡ s♦♥❡♥❡
❢❛❧❧❡r ♠♦t ❞r✐✈❡r❡t♥✐♥❣❡♥❀ ❞❡ ✢❡st❡ s❧❛❦t✱ ♠❡♥ t♦ s♦♥❡r ✐ ♥♦r❞ ✭✈❡❞ ♣r♦✜❧ ✶✶✶✼ ♦❣
✶✶✹✵✮ ❢❛❧❧❡r st❡✐❧❡r❡ ✐ ❡t ♦♠rå❞❡ ♠❡❞ ❢å ❢♦❧✐❛s❥♦♥♠å❧✐♥❣❡r✳ ❉❡ ✢❡st❡ s♦♥❡♥❡ s❡s ♦✈❡r
❤❡❧❡ t✉♥♥❡❧♣r♦✜❧❡t✳

❇❡r❣❦❧❛ss❡♥ ❡r st♦rt s❡tt s❛tt t✐❧ ❦❧❛ss❡ ❊ ✲ s✈ært ❞år❧✐❣ ❜❡r❣♠❛ss❡❦✈❛❧✐t❡t✱ ♠❡♥
❞❡t ✜♥♥❡s ♦❣så st❡❞❡r ♠❡❞ ✏❡❦str❡♠t ❞år❧✐❣ ❜❡r❣✑ ✭❦❧❛ss❡ ❋✮✳ På ❣r✉♥♥ ❛✈ ❧❛✈
♦✈❡r❞❡❦♥✐♥❣ ♦❣ s✈❛❦❤❡tss♦♥❡r ❡r ❙❘❋ ø❦t t✐❧ ✷✱✺ ♦❣ ✺✱✵ ♦✈❡r ❡♥ ❞❡❧ s❛❧✈❡❧❡♥❞❡r✱ ♥♦❡
s♦♠ ❡r ♠❡❞ ♣å å s❡♥❦❡ ◗✲✈❡r❞✐❡♥ ②tt❡r❧✐❣❡r❡ ✭s❡ ❆✈s♥✐tt ✷✳✹✮✳

❇❡r❣♠❛ss❡♥ ❡r st❡r❦t t✐❧ ♠❡❣❡t st❡r❦t ♦♣♣s♣r✉❦❦❡t ♠❡❞ ❘◗❉ ♥❡❞❡ ✐ ✶✺ ✭s❡ ❆✈s♥✐tt
✷✳✹✮✳ ❉❡t ❢♦r❡❦♦♠♠❡r ♦❢t❡ ❤✈✐t ♦❣ ❣rø♥♥ ❧❡✐r❡ ❧❛♥❣s ❢♦❧✐❛s❥♦♥ss♣r❡❦❦❡r✳ ❙t♦rt s❡tt
❧✐❣❣❡r ❞❡ ✐ t②♥♥❡ ❧❛❣✱ ♠❡♥ ❧❡✐r❡♠❡❦t✐❣❤❡t❡r ♣å ♦♣♣t✐❧ ✺ ❝♠ ❡r r❡❣✐str❡rt✳ ■ t✐❧❧❡❣❣
❢♦r❡❦♦♠♠❡r ❞❡t ❣❧✐♠♠❡r♠✐♥❡r❛❧✐s❡r✐♥❣❡r ♣å ❢♦❧✐❛s❥♦♥ss♣r❡❦❦❡r s❛♠t ❡♥ ❞❡❧ r✉strø❞
❢♦r✈✐tr❡t ❢❡❧ts♣❛t✳ ●rø♥♥❡ ♠✐♥❡r❛❧❜❡❧❡❣❣ ❡r r❡❣✐str❡rt r✉♥❞t ♣r♦✜❧ ✶✶✺✺✳

■ ❞❡t ❢ørst❡ ♦♠rå❞❡t ♠❡❞ ❜❡r❣❦❧❛ss❡ ❋ ❡r ❞❡t r❡❣✐str❡rt ❧❡✐rs♦♥❡r ♠❡❞ ✶✵✲✺✵ ❝♠
♠❡❦t✐❣❤❡t✳ ■ ❋✲s♦♥❡♥ ♠❡❧❧♦♠ ♣r♦✜❧ ✶✶✾✷ ♦❣ ✶✶✾✾ ❡r ❜❡r❣❡t s✈ært ♦♣♣❦♥✉st ♦❣ ❞❡tt❡
❤❛r ❢ørt t✐❧ ❜❧♦tt❧❡❣❣✐♥❣ ❛✈ ❢♦r❜♦❧t❡r s♦♠ ❢ø❧❣❡ ❛✈ ♥❡❞❢❛❧❧✳ ❙❡❧✈ ✈❡❞ ❢♦rs✐❦t✐❣ ♣✐❣❣✐♥❣
❢♦r❡❦♦♠♠❡r ❞❡t ♥❡❞❢❛❧❧✱ ♦❣ ❞❡t ❢❛❧❧❡r ♦❣så ❡♥ ❞❡❧ ♠❛t❡r✐❛❧❡ ❡tt❡r ♣✐❣❣✐♥❣✳
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❋r❛ ♣r♦✜❧ ✶✷✷✷ ❜❧✐r ❜❡r❣♠❛ss❡❦✈❛❧✐t❡t❡♥ ♥♦❡ ❜❡❞r❡ ✭❦❧❛ss❡ ❉✮✱ ♠❡♥ t♦ s✈❛❦❤❡tss♦♥❡r
❡r ✐❣❥❡♥ ♣åtr✉✛❡t ✈❡❞ ♣r♦✜❧ ✶✷✸✻✳ ❉✐ss❡ ❣✐r ✐♠✐❞❧❡rt✐❞ ✐❦❦❡ ✉ts❧❛❣ ✐ ø❦t
s❦✐❢r✐❣❤❡t✴♦♣♣s♣r❡❦❦✐♥❣ ✐ t✉♥♥❡❧❡♥✱ ♠❡♥ ♦♠rå❞❡t r✉♥❞t ✈✐s❡r s❡❣ å ✈ær❡ ❢✉❦t✐❣
✉♥❞❡r ❡tt❡r✲❦❛rt❧❡❣❣✐♥❣❡♥ ❛✈ ✈❛♥♥ ✐ t✉♥♥❡❧❡♥✳

På ❜♦r♣❛r❛♠❡t❡rt♦❧❦♥✐♥❣❡♥ ❦♦♠♠❡r ❞❡t ❢r❛♠ str✉❦t✉r❡r s♦♠ ❢ø❧❣❡r s✈❛❦❤❡tss♦♥❡♥❡s
♦r✐❡♥t❡r✐♥❣✱ ♠❡♥ ❞❡t ❡r ✈❛♥s❦❡❧✐❣ å ❦♦rr❡❧❡r❡ ❞❡ ✉❧✐❦❡ s♦♥❡♥❡ ♠❡❞ ❜❡st❡♠t❡ str✉❦✲
t✉r❡r ✐ ❜♦r♣❛r❛♠❡t❡rt♦❧❦♥✐♥❣❡♥✳ ▲❛♥❣s ❞❡❧❡r ❛✈ str❡❦♥✐♥❣❡♥ s❡r ❞❡t ❞❡ss✉t❡♥ ✉t t✐❧
❛t ❞❡t ❡r ❡♥❞❛ ❡t ✉t♣r❡❣❡t s♣r❡❦❦❡s❡tt❀ ❞❡t ❡r r❡❣✐str❡rt størr❡ ♦♣♣s♣r❡❦❦✐♥❣ ✐ str✉❦✲
t✉r❡r s♦♠ ❣år ✐ ❡♥ r❡tt ❧✐♥❥❡ ♦✈❡r ✉t❜r❡tt❡t✳ ❉❛ ❞✐ss❡ ✐ st♦r ❣r❛❞ ❢ø❧❣❡r s❛❧✈❡❧❡♥❞❡♥
❞❡ ✐♠✐❞❧❡rt✐❞ t♦❧❦❡t t✐❧ å s❦②❧❞❡s s♣r❡♥❣♥✐♥❣s❢♦rst②rr❡❧s❡r s♥❛r❡r❡ ❡♥♥ s✈❛❦❡ ♣❛rt✐❡r
❜❡r❣♠❛ss❡♥✳

❯♥❞❡r ❡tt❡r❦❛rt❧❡❣❣✐♥❣❡♥ ❛✈ ✈❛♥♥ ❡r ❞r②♣♣r❡❣♥ r❡❣✐str❡rt r✉♥❞t ♣r♦✜❧ ✶✶✻✵✱ ✶✶✾✵
♦❣ ✶✷✵✺✳ ❖♣♣t✐❧ ✷ ❧✴♠✐♥ ❡r ♠å❧t ✈❡❞ ♣r♦✜❧ ✶✶✺✵✲✶✶✻✵✳

◆år ❞❡t ❣❥❡❧❞❡r ❞r✐✈✐♥❣ ♦❣ s✐❦r✐♥❣ ❣❥❡♥♥♦♠ s♦♥❡♥❡✱ så ❤❛r ❞❡t ❜❧✐tt ❜❡♥②tt❡t
❢♦r✐♥❥❡❦s❥♦♥ ❢r❛ ♣r♦✜❧ ✶✶✸✾ ♦❣ ✉t t✐❧ ♣r♦✜❧ ✶✷✶✶✱ t♦t❛❧t ✷✺✺✽✸ ❦❣✱ ❢♦r❞❡❧t ♣å ✜r❡
s❦❥❡r♠❡r à ✷✸ ♠❡t❡r✳ ●❥❡♥♥♦♠ ❞❡ ✈❛♥s❦❡❧✐❣st❡ s♦♥❡♥❡ ❢r❛ ♣r♦✜❧ ✶✶✻✸✲✶✷✵✽ ❡r ❞❡t
❞❡ss✉t❡♥ s❛❧✈❡❧❡♥❣❞❡♥ r❡❞✉s❡rt ❢r❛ ❢❡♠ t✐❧ tr❡ ♠❡t❡r✳ ❙✐❦r✐♥❣ ❡r ✉t❢ørt ✐ s❛♠s✈❛r ♠❡❞
s✐❦r✐♥❣s❦❧❛ss❡ ■❱ ♦❣ ❱✱ ♠❡❞ ❢♦r❜♦❧t✐♥❣✱ ❢❥❡❧❧❜å♥❞✱ ❛r♠❡rt❡ s♣rø②t❡❜❡t♦♥❣❜✉❡r ✭t♦t❛❧
✶✶ st②❦❦✮ ♦❣ ❣②st❡ ❜♦❧t❡r✳ ❙✈❡❧❧❡tr②❦❦s♠å❧✐♥❣❡r ❡r ❣❥♦rt ❛✈ ❧❡✐r♣rø✈❡ ❢r❛ s♦♥❡♥ ✈❡❞
♣r♦✜❧ ✶✶✼✵✳ ❘❡s✉❧t❛t❡♥❡ ✈✐st❡ ♠♦❞❡r❛t❡ t✐❧ ❤ø②❡ s✈❡❧❧❡tr②❦❦ ♣å ✵✱✷✻ ♦❣ ✵✱✷✾ ▼P❛✱
s♦♠ t✐❞❧✐❣❡r❡ ♣r❡s❡♥t❡rt ✐ ❚❛❜❡❧❧ ✹✳✹✳
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❋✐❣✉r ✹✳✶✼ ✕ ❯ts♥✐tt ❢r❛ ◆♦✈❛♣♦✐♥t✲✉ts❦r✐❢t✱ ♣r♦✜❧♥✉♠♠❡r ✶✵✶✵✲✶✶✷✵✳ ❋r❛ ✈❡♥str❡✿
◗✲✈❡r❞✐ ♦❣ ❜❡r❣❦❧❛ss❡✱ ✉t❜r❡tt ❛✈ ❣❡♦❧♦❣✐s❦ ❦❛rt❧❡❣❣✐♥❣ ♦❣ ✉t❜r❡tt ❛✈ ❜♦r♣❛r❛♠❡t❡r✲
t♦❧❦♥✐♥❣ ✭❤❛r❞❤❡t t✐❧ ✈❡♥str❡ ♦❣ ♦♣♣s♣r❡❦❦✐♥❣ t✐❧ ❤ø②r❡✮✳

Pr♦✜❧ ✶✷✽✵✲✶✹✺✺

❋r❛ ♣r♦✜❧ ✶✷✽✵ ♦❣ ✉t t✉♥♥❡❧❡♥ ✐ sør ❡r ❜❡r❣♠❛ss❡♥ st♦rt s❡tt ❛✈ s✈ært ❞år❧✐❣ ❦✈❛❧✐t❡t✳
▲❛♥❣s str❡❦♥✐♥❣❡♥ ❡r ❞❡t ❦❛rt❧❛❣t ❞❡✜♥❡rt❡ s✈❛❦❤❡tss♦♥❡r ❧❛♥❣s tr❡ str❡❦❦✱ ♠❡❧❧♦♠
♣r♦✜❧ ✶✷✽✵ ♦❣ ✶✸✷✵✱ ♣r♦✜❧ ✶✸✻✺ ♦❣ ✶✹✵✾ s❛♠t ✉t❡ ✈❡❞ ♣å❤✉❣❣❡t ✈❡❞ ♣r♦✜❧ ✶✹✹✻✲✶✹✺✶✳
❙t♦rt s❡tt ❤❡❧❡ str❡❦♥✐♥❣❡♥ ❡r ❞r❡✈❡t ♠❡❞ tr❡ ♠❡t❡rs s❛❧✈❡❧❡♥❣❞❡r ♠❡❞ ❢♦r❜♦❧t✐♥❣
♦❣ ❢❥❡❧❧❜å♥❞ ✐ t✐❧❧❡❣❣ t✐❧ s②st❡♠❛t✐s❦ ❜♦❧t✐♥❣ ♦❣ s♣rø②t❡❜❡t♦♥❣✳
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Pr♦✜❧ ✶✷✽✵✲✶✸✷✵ ❯♥❞❡r ❑❥❡rr✐♥❣❤❛✉❣❡♥ ✈❡❞ ♣r♦✜❧ ✶✷✽✵ tr❡✛❡r t✉♥♥❡❧❡♥ ♣å
✜r❡ ❡tt❡r❢ø❧❣❡♥❞❡ ❜r❡❞❡ s✈❛❦❤❡tss♦♥❡r ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ♦♣♣s♣r❡❦❦✐♥❣❡r ❧❛♥❣s
❢♦❧✐❛s❥♦♥❡♥✳ ❆❧❧❡ ❡r ♦r✐❡♥t❡rt ♣å t✈❡rs ❛✈ t✉♥♥❡❧❛❦s❡♥ ♠❡❞ ❡t ❢❛❧❧ ♣å r✉♥❞t 40◦

♠♦t ♥♦r❞✈❡st✳

❙♦♥❡♥❡ ❜❡står ❛✈ s✈ært s❦✐❢r✐❣ ❧❡✐rs❦✐❢❡r✳ ❘ø❞t ♠❛t❡r✐❛❧❡✱ tr♦❧✐❣ ❢♦r✈✐tr❡t ❢❡❧ts♣❛t✱
❧✐❣❣❡r ✐ ✵✱✶✲✺ ♠♠ t②❦❦❡ ❧❛❣ ♣å tr❡ s♣r❡❦❦❡s❡tt✱ ♠❡♥ ✐❦❦❡ ❧❛♥❣s ❢♦❧✐❛s❥♦♥❡♥✳ ◆♦❡
❧❡✐r❡ ❡r ✐♠✐❞❧❡rt✐❞ ♦❜s❡r✈❡rt ♣å ❢♦❧✐❛s❥♦♥ss♣r❡❦❦❡♥❡ ♦❣ ♦♠rå❞❡t ❡r ✈ått ✉♥❞❡r ❡tt❡r✲
❦❛rt❧❡❣❣✐♥❣❡♥ ❛✈ ✈❛♥♥✳ ❊♥ ❞❡❧ ❛✈ ❧❡❦❦❛s❥❡♥❡ ❦♦♠♠❡r ❢r❛ ❜♦❧t❡❤✉❧❧✳ ❇❡r❣❦❧❛ss❡♥ ❡r
s❛tt t✐❧ ❦❧❛ss❡ ❊ ✲ s✈ært ❞år❧✐❣ ❜❡r❣✳ ❱❡❞ ♣r♦✜❧ ✶✸✵✵ ❡r ◗✲✈❡r❞✐❡♥ s❛tt t✐❧ ✵✱✷ ♦❣
❞❡t ❡r ❞❡r♠❡❞ s❛tt ♦♣♣ ❡♥ ❛r♠❡rt s♣rø②t❡❜❡t♦♥❣❜✉❡ ❡tt❡r ❦r❛✈ t✐❧ ❞❡tt❡ ✈❡❞ så ❧❛✈❡
◗✲✈❡r❞✐❡r ✭❚♦❞♥❡♠✱ ✷✵✶✷✮✳

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

❉✐ss❡ s♦♥❡♥❡ s♦♠ ❦❛♥ ❢ø❧❣❡s ♦✈❡r ❤❡❧❡ ♣r♦✜❧❡t✱ s❧✉tt❡r ✈❡❞ ♣r♦✜❧ ✶✸✵✶✳ ❊tt❡r ❞❡tt❡
❡r ❞❡t ♠❡r s♣♦r❛❞✐s❦❡ r❡❣✐str❡rt✐♥❣❡r ❛✈ s✈❛❦❤❡tss♦♥❡r✱ ♠❡♥ ❜❡r❣♠❛ss❡♥ ❡r ❢♦rts❛tt
s❛tt t✐❧ ❦❧❛ss❡ ❊✳ ❍❡r ❡r ❞❡t ✐♠✐❞❧❡rt✐❞ tørt✳

❋✐❣✉r ✹✳✶✽ ✕ ❯ts♥✐tt ❢r❛ ◆♦✈❛♣♦✐♥t✲✉ts❦r✐❢t✱ ♣r♦✜❧♥✉♠♠❡r ✶✷✽✵✲✶✸✷✵✳ ❋r❛
✈❡♥str❡✿ ◗✲✈❡r❞✐ ♦❣ ❜❡r❣❦❧❛ss❡✱ ✉t❜r❡tt ❛✈ ❣❡♦❧♦❣✐s❦ ❦❛rt❧❡❣❣✐♥❣ ♦❣ ✉t❜r❡tt ❛✈
❜♦r♣❛r❛♠❡t❡rt♦❧❦♥✐♥❣ ✭❤❛r❞❤❡t t✐❧ ✈❡♥str❡ ♦❣ ♦♣♣s♣r❡❦❦✐♥❣ t✐❧ ❤ø②r❡✮✳

Pr♦✜❧ ✶✸✷✵✲✶✸✻✺ ❍❡r ❡r ❦❛r❧❡❣❣✐♥❣❡♥ ♥♦❡ ♠❛♥❣❡❧❢✉❧❧✱ ♠❡♥ ❞❡t ❡r r❡❣✐str❡rt
♠❡❣❡t st❡r❦t ♦♣♣s♣r✉❦❦❡t ❜❡r❣ ♠❡❞ s✉❦❦❡r❜✐t❜❡r❣ ✭❘◗❉ ♥❡❞❡ ✐ ✷✵✮✳ ❊♥ s♦♥❡ ♠❡❞
st❡r❦t ♦♣♣s♣r✉❦❦❡t ♠ør❦t ❢❥❡❧❧ ♦❣ t②♥♥❡ ❧❡✐r❜❡❧❡❣❣ ❡r r❡❣✐str❡rt ✐ så❧❡♥ ✈❡❞ ✶✸✸✸
✐ ❢ø❧❣❡ ❦♦♠♠❡♥t❛r❡♥❡ ❣❥♦rt ✉♥❞❡r ❞r✐✈✐♥❣✳ ❙♦♥❡♥ ❜❡✈❡❣❡r s❡❣ ❡tt❡r❤✈❡rt ♦♣♣♦✈❡r
✐ st✉✛❡♥✱ ♦❣ ❦❛♥ ✈ær❡ ❡♥ ❢♦❧✐❛s❥♦♥ss♣r❡❦❦❡s♦♥❡✳ ❙♦♠ ❡♥ s❡r ❛✈ ❋✐❣✉r ✹✳✶✾ ❡r ✐❦❦❡
s♦♥❡♥ t❡❣♥❡t ✐♥♥ ✐ ◆♦✈❛♣♦✐♥t✳

❙♦♥❡♥ s❡s ❞❡r✐♠♦t ✐ ❜♦r♣❛r❛♠❡t❡rt♦❧❦♥✐♥❣❡♥✱ s♦♠ ✈✐st ✐ ❋✐❣✉r ✹✳✶✾✳ ❍❡r s❡r ❡♥
t♦❧❦♥✐♥❣❡♥ ❛✈ ♦♣♣s♣r❡❦❦✐♥❣ ❤❡❧t t✐❧ ❤ø②r❡ ❡♥ ❦❧❛r ❜✉❡❢♦r♠❡t ❢♦rt②❦♥✐♥❣ ❛✈ rø❞❡ ♦❣
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❣✉❧❡ ✢❡❦❦❡r s♦♠ ✈✐s❡r ø❦t ♦♣♣s♣r❡❦❦✐♥❣✳ ❉❡♥ ❜✉❡❞❡ ❢♦r♠❡♥ st②r❦❡r ❛♥t❛❦❡❧s❡♥ ♦♠
❛t ❞❡t ❞r❡✐❡r s❡❣ ♦♠ ❡♥ ❢♦❧✐❛s❥♦♥ss♦♥❡✳

❋✐❣✉r ✹✳✶✾ ✕ ❯ts♥✐tt ❢r❛ ◆♦✈❛♣♦✐♥t✲✉ts❦r✐❢t✱ ♣r♦✜❧♥✉♠♠❡r ✶✸✷✵✲✶✸✻✵✳ ❋r❛ ✈❡♥str❡✿
◗✲✈❡r❞✐ ♦❣ ❜❡r❣❦❧❛ss❡✱ ✉t❜r❡tt ❛✈ ❣❡♦❧♦❣✐s❦ ❦❛rt❧❡❣❣✐♥❣ ♦❣ ✉t❜r❡tt ❛✈ ❜♦r♣❛r❛♠❡t❡r✲
t♦❧❦♥✐♥❣ ✭❤❛r❞❤❡t t✐❧ ✈❡♥str❡ ♦❣ ♦♣♣s♣r❡❦❦✐♥❣ t✐❧ ❤ø②r❡✮✳

Pr♦✜❧ ✶✸✻✺✲✶✹✵✾ ❍❡r ❡r ❞❡t ❦❛rt❧❛❣t ♠❡r s❧❛❦t ❤❡❧❧❡♥❞❡ ❢♦❧✐❛s❥♦♥ss♣r❡❦❦❡s♦♥❡r✳
❊❦s❛❦t ❢❛❧❧ ♣å s♦♥❡♥❡ ❡r ✈❛♥s❦❡❧✐❣ å ✜♥♥❡ ✉t ❢r❛ ❦❛rt❧❡❣❣✐♥❣❡♥✱ ♠❡♥ ❢❛❧❧❡t ❛♥t❛s å
❧✐❣❣❡ ♠❡❧❧♦♠ ✷✵ ♦❣ 30◦ ♠♦t ♥♦r❞✈❡st✳ ❇❡r❣❡t ❡r ♥♦❡ ❜❡❞r❡ ❤❡r ❡♥♥ t✐❞❧✐❣❡r❡✱ ♠❡♥
❞❡t ❡r ❧❡✐r❜❡❧❡❣❣ ♣å ❢♦❧✐❛s❥♦♥ss♣r❡❦❦❡♥❡✳ ❇❡r❣❦❧❛ss❡♥ ✈❛r✐❡r❡r ♠❡❧❧♦♠ ❉ ♦❣ ❊✳ ▲❛♥❣s
❡♥❦❡❧t❡ s♦♥❡r tr❡❦❦❡s ❢♦r❜♦❧t✐♥❣❡♥ ❡♥ ♠❡t❡r ❧❡♥❣❡r ♥❡❞ ✐ ✈❡❣❣❡♥✳ ■ s♦♥❡♥ ✈❡❞ ♣r♦✜❧
✶✹✵✵ ❡r ❞❡t ❡♥ ✷✲✶✺ ❝♠ ♠❡❦t✐❣ ❦❧♦r✐tts❧❡♣♣❡✳ ❆✈ ✈❛♥♥ ❡r ❞❡t r❡❣✐str❡rt s♠å❞r②♣♣
♦❣ ♦♠rå❞❡t ❡r ❢✉❦t✐❣✳

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

❋✐❣✉r ✹✳✷✵ ✕ ❯ts♥✐tt ❢r❛ ◆♦✈❛♣♦✐♥t✲✉ts❦r✐❢t✱ ♣r♦✜❧♥✉♠♠❡r ✶✸✻✲✶✸✽✺✳ ❋r❛ ✈❡♥str❡✿
◗✲✈❡r❞✐ ♦❣ ❜❡r❣❦❧❛ss❡✱ ✉t❜r❡tt ❛✈ ❣❡♦❧♦❣✐s❦ ❦❛rt❧❡❣❣✐♥❣ ♦❣ ✉t❜r❡tt ❛✈ ❜♦r♣❛r❛♠❡t❡r✲
t♦❧❦♥✐♥❣ ✭❤❛r❞❤❡t t✐❧ ✈❡♥str❡ ♦❣ ♦♣♣s♣r❡❦❦✐♥❣ t✐❧ ❤ø②r❡✮✳

Pr♦✜❧ ✶✹✹✻✲✶✹✺✶ ❍❡❧t ✉t❡ ✐ ♣å❤✉❣❣s♦♠rå❞❡t ❡r ❞❡t ♣åtr✉✛❡t ❡♥ s♠❛❧ ♦❣ ❡♥ ❜r❡❞
s♦♥❡ s♦♠ s❡r ✉t t✐❧ å ❢❛❧❧❡ ♥♦❡ st❡✐❧❡r❡ ✭✺✺✲60◦✮ ❡♥♥ ❢♦❧✐❛s❥♦♥❡♥ ✐ ♦♠rå❞❡t s♦♠ ❡r
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♣å r✉♥❞t 30◦✳ ❉❡t ❡r ✐❦❦❡ ❣✐tt ♥♦❡♥ s♣❡s✐❡❧❧❡ ❦♦♠♠❡♥t❛r❡r ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ s♦♥❡♥
✉♥❞❡r ❞r✐✈✐♥❣✳ ■ ❡tt❡rt✐❞ ❡r ❞❡t ❦❛rt❧❛❣t s♠å ✈❛♥♥❞r②♣♣ ♦❣ ❢✉❦t ✐ t✉♥♥❡❧❡♥✳

❋✐❣✉r ✹✳✷✶ ✕ ❯ts♥✐tt ❢r❛ ◆♦✈❛♣♦✐♥t✲✉ts❦r✐❢t✱ ♣r♦✜❧♥✉♠♠❡r ✶✹✺✺✲✶✹✺✵✳ ❋r❛ ✈❡♥str❡✿
◗✲✈❡r❞✐ ♦❣ ❜❡r❣❦❧❛ss❡✱ ✉t❜r❡tt ❛✈ ❣❡♦❧♦❣✐s❦ ❦❛rt❧❡❣❣✐♥❣ ♦❣ ✉t❜r❡tt ❛✈ ❜♦r♣❛r❛♠❡t❡r✲
t♦❧❦♥✐♥❣ ✭❤❛r❞❤❡t t✐❧ ✈❡♥str❡ ♦❣ ♦♣♣s♣r❡❦❦✐♥❣ t✐❧ ❤ø②r❡✮✳

✹✳✹ ❙❛♠♠❡♥❧✐❣♥✐♥❣ ❛✈ ♣r♦❣♥♦s❡r ♦❣ ❡r❢❛r✐♥❣❡r

■ ❞❡tt❡ ❛✈s♥✐tt❡t ❜❧✐r ♣r♦❣♥♦s❡♥❡ ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ s❛♠♠❡♥❧✐❣♥❡t ♠❡❞ ❡r❢❛r✐♥✲
❣❡♥❡ ❢r❛ ❞r✐✈✐♥❣❡♥✳ ❍♦✈❡❞✈❡❦t❡♥ ❧✐❣❣❡r ♣å s✈❛❦❤❡tss♦♥❡r✱ ❞❡r❡s ❣❡♦♠❡tr✐ ♦❣ ❦❛r❛❦t❡r
♦❣ ❡♥ ✈✉r❞❡r✐♥❣❡♥ ❛✈ ❤✈✐❧❦❡ s♦♥❡r ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ s♦♠ t✐❧s✈❛r❡r ❤✈✐❧❦❡ s♦♥❡r
❢r❛ ❞r✐✈✐♥❣❡♥✳ ❋✐❣✉r ✹✳✷✷✱ ❤✈♦r ❛❧❧❡ ❢♦r✈❡♥t❡❞❡ ♦❣ ♣å♠øtt❡ s♦♥❡r ❡r t❡❣♥❡t ✐♥♥ ❤❛r
✈ært ❡t ♥②tt✐❣ ✈❡r❦tø② ✐ s❛♠♠❡♥❧✐❣♥✐♥❣❡♥✳

❉❡tt❡ ❡r ❡♥ r❡♥ s❛♠♠❡♥❧✐❣♥✐♥❣ ❛✈ ♣r♦❣♥♦s❡♥❡ ♦❣ ❡r❢❛r✐♥❣❡♥❡ ❢r❛ ❞r✐✈✐♥❣✳ ➴rs❛❦❡r
t✐❧ ❛✈✈✐❦ ♦❣ ✈✐❞❡r❡ ❞✐s❦✉s❥♦♥ ❢ø❧❣❡r ✐ ❑❛♣✐tt❡❧ ✻✳

✹✳✹✳✶ ❙✈❛❦❤❡tss♦♥❡r

■ ❞❡tt❡ ❛✈s♥✐tt❡t ❣❥❡♥♥♦♠❢ør❡s ❞❡t ❡♥ ❛♥❛❧②s❡ ❛✈ ♣r♦❣♥♦s❡♥❡ ♦❣ ❡r❢❛r✐♥❣❡♥❡ ❢r❛
t✉♥♥❡❧❞r✐✈✐♥❣❡♥ ❢♦r å s❡ ❤✈✐❧❦❡ s♦♥❡r ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ s♦♠ ❜❧❡ ♠øtt ✐ t✉♥♥❡❧❡♥✳
❙❛♠♠❡♥❧✐❣♥✐♥❣❡♥ ❜❡❣②♥♥❡r ♠❡❞ s♦♥❡♥❡ ✐ sør ♦❣ t❛r ❢♦r s❡❣ ❛❧❧❡ s♦♥❡♥❡ ❜å❞❡ ❢r❛
❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ♦❣ ❢r❛ ❞r✐✈✐♥❣❡♥✳

❉❡t ♣å♣❡❦❡s ❛t ✈❡❞ ❊✐❦r❡♠t✉♥♥❡❧❡♥ ❡r ❜❡r❣♠❛ss❡♥ s✈ært ❢♦❧❞❡t ♦❣ ❞❡tt❡
✈❛♥s❦❡❧✐❣❣❥ør t♦❧❦♥✐♥❣❛ ❛✈ ❤✈✐❧❦❡ s♦♥❡r ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ♦❣ s♦♠ t✐❧s✈❛r❡r ❞❡
✉❧✐❦❡ s♦♥❡♥❡ ♠øtt ✐ t✉♥♥❡❧❡♥✳ ❊♥ ✈❛♥❧✐❣ ❢♦r❡♥❦❧✐♥❣ ❡r å ❛♥t❛ ❛t s✈❛❦❤❡tss♦♥❡♥❡ ❡r
♣❧❛♥❡ ✭◆✐❧s❡♥✱ ✷✵✶✷✮✱ ♠❡♥ ✈❡❞ ❊✐❦r❡♠t✉♥♥❡❧❡♥ ❡r ❜❡r❣♠❛ss❡♥ s✈ært ❢♦❧❞❡t✱ s❧✐❦ ❛t
❞❡tt❡ ❜❧✐r ❡♥ ❢♦r❡♥❦❧✐♥❣ s♦♠ ✐❦❦❡ ❤❛r ❤♦❧❞ ✐ ✈✐r❦❡❧✐❣❤❡t❡♥✭●❛♥❡rø❞✱ ✷✵✶✷✮✳ ❉❡t ♠å
❞❡r❢♦r t❛s ❢♦r❜❡❤♦❧❞ ♦♠ st♦r❡ ❛✈✈✐❦ ✐ ♣❧❛ss❡r✐♥❣ ❛✈ s✈❛❦❤❡tss♦♥❡r ✐ ❞❛❣❡♥✳

❋r❛ ♥♦r❞r❡ ♣å❤✉❣❣ ♦❣ ❣❥❡♥♥♦♠ ❑♦❧ås❡♥✱ ♣r♦✜❧ ✹✽✹✲✾✼✵

❇❡r❣❢♦r❤♦❧❞❡♥❡ ♥♦r❞ ✐ t✉♥♥❡❧❡♥ ✈❛r ❢♦r✈❡♥t❡t å ✈ær❡ ❣♦❞❡✱ ❦✉♥ ♠❡❞ ♥♦❡♥
s✈❛❦❤❡tss♦♥❡r✳ ❉❡♥ ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦❡ ❦❛rt❧❡❣❣✐♥❣❡♥ ✉♥❞❡r ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ✐♥✲
❞✐❦❡rt❡ ❡♥ s♦♥❡ ✭❊✶✮✱ ♠❡♥ ❞❡♥♥❡ ❜❧❡ ✐❦❦❡ ♣åtr✉✛❡t ✐ t✉♥♥❡❧❡♥✳ ❉❡t ❡r r❡❣✐str❡rt ♥♦❡
♠❡r ♦♣♣s♣r✉❦❦❡t ❜❡r❣ ✐ ♦♠rå❞❡t ✐ t✉♥♥❡❧♥✐✈å✱ ♠❡♥ ✐♥❣❡♥ s✈❛❦❤❡tss♦♥❡✳

❙♦♥❡♥ ❊✷ ❡r ❤❡❧❧❡r ✐❦❦❡ ♣åtr✉✛❡t ✐ t✉♥♥❡❧❡♥✱ ❦✉♥ ❡♥ ❣❥❡♥♥♦♠s❡tt❡♥❞❡ s♣r❡❦❦ ✈❡❞
♣r♦✜❧ ✼✾✵✳ ❇❡r❣❦❧❛ss❡♥ ❡r ❞❡ss✉t❡♥ ❢✉♥♥❡t å ✈ær❡ ❇✳ ❉❡♥ ❛♥t❛tt❡ ❜❡r❣❦❧❛ss❡♥ ✈❛r
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❋✐❣✉r ✹✳✷✷ ✕ ❙❛♠❧❡✜❣✉r ♦✈❡r ❛❧❧❡ s✈❛❦❤❡tss♦♥❡r ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ♦❣ ❢r❛
❞r✐✈✐♥❣❡♥ ❛✈ ❊✐❦r❡♠t✉♥♥❡❧❡♥✳
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s❛tt t✐❧ å ✈ær❡ ❉✳ ❘❡s✐st✐✈✐t❡t❡♥ ❢♦r ❞❡♥ ❛♥t❛tt❡ s♦♥❡♥ ✐♥❞✐❦❡rt❡ ❛t ❡♥ ❦✉♥♥❡ ❢å
✈❛♥♥♣r♦❜❧❡♠❡r ✉♥❞❡r ❞r✐✈✐♥❣✱ ♠❡♥ ❞❡t ❡r ❤❡❧❧❡r ✐❦❦❡ r❡❣✐str❡rt ♥♦❡ ✈❛♥♥ ✐ ♦♠rå❞❡t✳
❇❡r❣❢♦r❤♦❧❞❡♥❡ ✐ t✉♥♥❡❧❡♥ ✈❛r ❛❧tså ♠②❡ ❜❡❞r❡ ❡♥♥ ❛♥t❛tt ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡
r✉♥❞t s♦♥❡ ❊✷✳

❙♦♥❡ ❊✸ ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ❢❛❧❧❡r s❛♠♠❡♥ ♠❡❞ s✈❛❦❤❡tss♦♥❡ ♠❡❧❧♦♠ ♣r♦✜❧ ✽✸✵
♦❣ ✽✻✷ ♣åtr✉✛❡t ✉♥❞❡r ❞r✐✈✐♥❣✳ ❙♦♠ s❛❣t ❢❛❧❧❡r ❞❡ ❜r❡❞❡ s♦♥❡♥❡ s❧❛❦t ♠♦t ✐ ♥♦r❞✱
♠❡♥s ❞❡♥ ♠❡❧❧♦♠❧✐❣❣❡♥❞❡ s♠❛❧❡ s♦♥❡♥ ❢❛❧❧❡r 75◦ ♠♦t ♥♦r❞✈❡st✳ ❉❡tt❡ st❡♠♠❡r
❜❡❞r❡ ♠❡❞ ❞❡t ❛♥t❛tt❡ st❡✐❧❡ ❢❛❧❧❡t ❢♦r s♦♥❡ ❊✸✳ ■ ♠♦ts❡t♥✐♥❣ t✐❧ ❢♦❧✐❛s❥♦♥ss♦♥❡♥❡✱
✐♥♥❡❤♦❧❞t ❞❡♥♥❡ s♦♥❡♥ ✈❛♥♥✱ s♦♠ ❢♦r✈❡♥t❡t ✐ s♦♥❡ ❊✸✳

▼②r❞❛❧ ✲ ❑❥❡rr✐♥❣❤❛✉❣❡♥ ♥♦r❞

❱❡❞ ♣r♦✜❧ ✶✵✵✺✱ ❤✈♦r s♦♥❡ ❊✹ ✈❛r ❢♦r✈❡♥t❡t å tr❡✛❡ t✉♥♥❡❧❡♥ ✐ ❢ø❧❣❡ ❣❡♦❧♦❣✐s❦
r❛♣♣♦rt✱ ❡r ❞❡t ✐❦❦❡ r❡❣✐str❡rt s♣❡s✐❡❧❧❡ ❢♦r❤♦❧❞ ✐ t✉♥♥❡❧❡♥✳ ❉❡r✐♠♦t s❡r ❡♥ ✉t ❢r❛
❋✐❣✉r ✹✳✷✷ ❛t ❞❡♥ ♥♦r❞✈❡st❢❛❧❧❡♥❞❡ s♦♥❡♥ ✈❡❞ ♣r♦✜❧ ✾✽✺ ❤❛r ✉t❣å❡♥❞❡ ✐ ❞❛❣❡♥
✈❡❞ ❞❡r ❤✈♦r ❊✹ ❜❧❡ ❧♦❦❛❧✐s❡rt ❛✈ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡♥❡✳ ❊✹ ✈❛r ♦♣♣r✐♥♥❡❧✐❣ t♦❧❦❡t
t✐❧ å ❢❛❧❧❡ st❡✐❧t ♠♦t sørøst✱ ♠❡♥ ❞❡tt❡ ❦❛♥ s❡❧✈❢ø❧❣❡❧✐❣ ✈ær❡ ❡♥ ❢❡✐❧t♦❧❦♥✐♥❣✳
❘❡s✐st✐✈✐t❡t❡♥ ✐♥❞✐❦❡rt❡ ✈❛♥♥♣r♦❜❧❡♠❡r ✐ s♦♥❡♥✱ ♥♦❡ s♦♠ st❡♠♠❡r ♠❡❞ ❢♦r❤♦❧❞❡♥❡
✐ t✉♥♥❡❧❡♥ ❤✈♦r ❡t ♦♠rå❞❡ ♠❡❞ ❧❡❦❦❛s❥❡ ❡r r❡❣✐str❡rt ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ s♦♥❡♥✳
❯tstr❡❦♥✐♥❣❡♥❡ ❛✈ s♦♥❡♥ ❡r ❞❡ss✉t❡♥ ❜❡s❦❥❡❞❡♥✱ s♦♠ ❢♦r✈❡♥t❡t✳ ❆✈ ❞❡tt❡ t♦❧❦❡s ❞❡t
❛t ❞❡♥ ♥♦r❞✈❡st❢❛❧❧❡♥❞❡ s♦♥❡♥ ✈❡❞ ♣r♦✜❧ ✾✽✺ t✐❧s✈❛r❡r s♦♥❡ ❊✹ ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✳

❱❡❞ ♣r♦✜❧ ✾✽✵✱ ✜♥♥❡s ❞❡t t♦ sørøst❢❛❧❧❡♥❞❡ s✈❛❦❤❡tss♦♥❡r✳ ❉✐ss❡ t♦ ❤❛r ✐♥❣❡♥
❢♦r❛❦r✐♥❣ ✐ s✈❛❦❡ t❡rr❡♥❣❢♦r♠❡r ✐ ❞❛❣❡♥ ♦❣ ❡r ❤❡❧❧❡r ✐❦❦❡ ❢❛♥❣❡t ♦♣♣ ❛✈ ❞❡ ❛♥❞r❡
✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦❡ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✳ ❙♦♥❡♥❡ ✈✐s❡r ♥♦❡ ✉r❡❣❡❧♠❡ss✐❣ ❢♦r❧ø♣ ♦✈❡r
♣r♦✜❧❡t✱ s❧✐❦ ❛t ❞❡t ❡r ❣♦❞t ♠✉❧✐❣ ❛t ❞✐ss❡ ❢❛❦t✐s❦ ❢❛❧❧❡r ♠♦ts❛tt ✈❡✐ ❡♥♥ ❛♥t②t❡t
✐ ❋✐❣✉r ✹✳✷✷ ♦❣ ❡r ❡♥ ❞❡❧ ❛✈ s♦♥❡ ❊✹✳ ❯❛♥s❡tt ❤❛r ❞✐ss❡ t♦ s♦♥❡♥❡ ✐❦❦❡ ❣✐tt sær❧✐❣❡
❞r✐✈❡♣r♦❜❧❡♠❡r✳

❙♦♥❡ ❊✺ s❛♠♠❡♥❢❛❧❧❡r ♠❡❞ s♦♥❡♥ ✈❡❞ ♣r♦✜❧ ✶✵✸✵ ✐ t✉♥♥❡❧❡♥✳ ❘❡s✐st✐✈✐t❡t❡♥ ✐♥❞✐❦❡rt❡
✈❛♥♥ ✐ s♦♥❡♥✱ ♥♦❡ s♦♠ ♦❣så ❡r ♣åtr✉✛❡t ✐ t✉♥♥❡❧❡♥✳

❋♦r ❞❡♥♥❡ s♦♥❡♥ ❡r ❞❡t ✐♠✐❞❧❡rt✐❞ t♦ ❣❛♥s❦❡ ❢♦rs❦❥❡❧❧✐❣❡ ❛♥❣✐✈❡❧s❡r ❛✈ ♦r✐❡♥t❡r✐♥❣
♠♦t ❞②♣❡t ✐ ❣❡♦❧♦❣✐s❦ r❛♣♣♦rt ♦❣ ✐ ◆●❯s r❡s✐st✐✈✐t❡tsr❛♣♣♦rt✿ ■ ❣❡♦❧♦❣✐s❦ r❛♣♣♦rt
❡r ❞❡♥ s❛tt t✐❧ å ✈ær❡ ✈❡rt✐❦❛❧✱ ♠❡♥s ✐ ❢ø❧❣❡ r❡s✐st✐✈✐t❡t❡♥ ❢❛❧❧❡r ❞❡♥ ♠♦❞❡r❛t t✐❧ st❡✐❧t
♠♦t sørøst✳ ❉❡t t♦❧❦❡s ❞✐t❤❡♥ ❛t ❞❡♥ st❡✐❧t❢❛❧❧❡♥❞❡ s♦♥❡♥ ✈❡❞ ✶✵✸✵ t✐❧s✈❛r❡r s♦♥❡ ❊✺
♦❣ ❛t ❞❡♥♥❡ ❡r r❡❣✐str❡rt ❛✈ r❡s✐st✐✈✐t❡t❡♥✳

❉❡♥ ❢ørst❡ s♦♥❡♥ ✐ ❞❡♥ ♣r♦❜❧❡♠❛t✐s❦❡ str❡❦♥✐♥❣❡♥ ❢r❛ ✶✶✶✼ t✐❧ ✶✷✹✵ ❡r tr✉✛❡t ♦❣
♦r✐❡♥t❡rt s❧✐❦ ❛t ♣❛ss❡r ❣♦❞t ♠❡❞ s♦♥❡ ❊✻ ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✳ ■ t✐❧❧❡❣❣ ✐♥♥❡❤♦❧❞
s♦♥❡♥ ✐ t✉♥♥❡❧❡♥ ♠②❡ ❧❡✐r❡✱ s♦♠ ❢♦r✈❡♥t❡t ❢♦r s♦♥❡ ❊✻ ✉t ❢r❛ ❞❡♥ ❧❛✈❡ r❡s✐st✐✈✐t❡t❡♥✳
❙♦♥❡♥ ✈❡❞ ✶✶✶✼ s❡tt❡s ❞❡r❢♦r å ✈ær❡ ❞❡♥ ❧❛✈r❡s✐st✐✈❡ s♦♥❡♥ ❊✻✳

❙♦♥❡ ❊✼ t♦❧❦❡s t✐❧ å t✐❧s✈❛r❡ ❞❡♥ ❜r❡❞❡✱ st❡✐❧❡ s♦♥❡♥ ✈❡❞ ♣r♦✜❧ ✶✶✹✵✳ ■
♠♦ts❡t♥✐♥❣ t✐❧ ❞❡t ❢♦r✈❡♥t❡❞❡ ✉t ❢r❛ r❡s✐st✐✈✐t❡t❡♥✱ ❡r ❞❡t ❤✈❡r❦❡♥ ❢r❛ ❇P❚ ❡❧❧❡r
❧❡❦❦❛s❥❡❦❛rt❧❡❣❣✐♥❣❡♥ r❡❣✐str❡rt sær❧✐❣ ✈❛♥♥ ❤❡r✳

◆år ❞❡t ❦♦♠♠❡r t✐❧ s♦♥❡♥ ❊✽ ❢r❛ s❡✐s♠✐❦❦❡♥✱ ❡r ❞❡t ❣r✉♥♥ t✐❧ å ❛♥t❛ ♠❡❞
✉t❣❛♥❣s♣✉♥❦t ✐ ❋✐❣✉r ✹✳✷✷ ❛t ❢♦❧✐❛s❥♦♥ss♦♥❡♥❡ s♦♠ tr❡✛❡r t✉♥♥❡❧❡♥ ✈❡❞ ♣r♦✜❧
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✶✶✹✵ ♦❣ ✶✶✺✵ ❡r års❛❦❡♥ t✐❧ ❛t ❡♥ ❧❛✈ ❤❛st✐❣❤❡t ❡r ♠å❧t ❤❡r✳ ❉❡t ❦❛♥ t❡♥❦❡s ❛t
❢♦❧✐❛s❥♦♥ss♦♥❡♥❡ s♦♠ tr❡✛❡r ✉♥❞❡r ❞❡♥ ✐♥♥t❡❣♥❡❞❡ ❧❛✈❤❛st✐❣❤❡tss♦♥❡♥❡ ❤❛r ❣✐tt ♥♦❡
✉ts❧❛❣ ♣å s❡✐s♠✐❦❦❡♥✱ ♠❡♥ ❤♦✈❡❞✉ts❧❛❣❡t t✐❧s❦r✐✈❡s s♦♥❡♥ ✈❡❞ ♣r♦✜❧ ✶✶✹✵✳ På ❣r✉♥♥
❛✈ ❛t s❡✐s♠✐❦❦❡♥ ✐❦❦❡ ❛♥❣✐r ♥♦❡ ❢❛❧❧✱ ❜❧❡ s♦♥❡♥ ❞❡r✐♠♦t t♦❧❦❡t s♦♠ st❡✐❧ ♦❣ ♠❡❞ ❞❡t
❛♥t❛tt å tr❡✛❡ ✷✵✲✹✵ ♠❡t❡r ❧❡♥❣❡r ♥♦r❞ ❡♥♥ ❞✐ss❡ ❢♦❧✐❛s❥♦♥ss♦♥❡♥❡✳

❍❡r ♦♣♣står ❞❡t ❡t ✐♥t❡r❡ss❛♥t ❢♦r❤♦❧❞✿ ❙♦♥❡♥❡ ✉♥❞❡r ❞❡♥ ❛♥t❛tt❡ ❊✽ ❡r str❡♥❣t
✐❦❦❡ ❛✈❞❡❦t ❛✈ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✱ ♠❡♥ tr❛✛ t✉♥♥❡❧❡♥ ✐♥♥❡ ✐ ❡t ♦♠rå❞❡ ❤✈♦r
❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ✐♥❞✐❦❡rt❡ ❞år❧✐❣❡r❡ ❜❡r❣❢♦r❤♦❧❞ s♦♠ ❡♥ ❦♦♥s❡❦✈❡♥s ❛✈ ❡♥ ❛♥♥❡♥

❧❛✈❤❛st✐❣❤❡tss♦♥❡✳ ■ ❞❡♥ ❢❛❣❧✐❣❡ ❞✐s❦✉s❥♦♥❡♥ ✈❡❞rør❡♥❞❡ ❧❛✈❤❛st✐❣❤❡tss♦♥❡ ❊✽✱ ✈✐❧
♠❡❞ ❛♥❞r❡ ♦r❞ ❞✐ss❡ s♦♥❡♥❡ ✐❦❦❡ ❤❛ ♥♦❡♥ ❜❡t②❞♥✐♥❣✳ ❉r✐✈❡♠❡ss✐❣ ✐ t✉♥♥❡❧❡♥ ♠❡❞
t❛♥❦❡ ♣å ø❦♦♥♦♠✐ ♦❣ t✐❞s♣r♦❣♥♦s❡r ❦❛♥ ❡♥ ❞❡r✐♠♦t s✐ ❛t ❞❡ ❤❛r ❜❧✐tt ❛✈❞❡❦t
♦❣ ❛t ❧❛✈❤❛st✐❣❤❡tss♦♥❡♥ ❊✽ ✲ ✉t❡♥ ❢❛❧❧❛♥❣✐✈❡❧s❡ ✲ ❡r ♣åtr✉✛❡t✳ ❙♦♥❡♥ ❤❛r ❧✐❦❡✈❡❧
✈✐st s❡❣ ♦✈❡r ❡♥ ♠②❡ størr❡ str❡❦♥✐♥❣ ❡♥♥ ♣r♦❣♥♦s❡♥❡ t✐❧s❛✿ ❉❡t ✈❛r ❢♦r✈❡♥t❡t
❜❡r❣♠❛ss❡❦❧❛ss❡ ❊✴❋ ❧❛♥❣s ✷✵ ♠❡t❡r✱ ♠❡♥s ✐ ✈✐r❦❡❧✐❣❤❡t❡♥ ✈❛r ❜❡r❣♠❛ss❡❦❧❛ss❡♥
❊✴❋ ❧❛♥❣s ✼✵ ♠❡t❡r✦ ❉❡✜♥❡rt❡ s✈❛❦❤❡tss♦♥❡r ❦♦♠♠❡r ♦❣ ❣år ❧❛♥❣s ❤❡❧❡ ❞❡♥♥❡
str❡❦♥✐♥❣❡♥✳

■♥❣❡♥ s♦♥❡r tr✉✛❡t ✐ t✉♥♥❡❧❡♥ ❦❛♥ ❞✐r❡❦t❡ ❦♥②tt❡s ♦♣♣ ♠♦t ❞❡♥ ❧❛✈r❡s✐st✐✈❡✱ st❡✐❧❡
s♦♥❡♥ ❊✽ ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✳ ❉❡t ✈✐❧ s✐❀ ❡♥ ❧✐t❡♥✱ ✐❦❦❡ ✉t❤♦❧❞❡♥❞❡ s✈❛❦❤❡tss♦♥❡
s❡s ✐ ✈❡♥str❡ ✈❡❣❣ ✈❡❞ ♣r♦✜❧ ✶✶✾✸ ✐ ❋✐❣✉r ✹✳✶✼✱ ♠❡♥ ✐ ❢♦r❤♦❧❞ t✐❧ ❢♦❧✐❛s❥♦♥ss♦♥❡♥❡
❤❡r✱ ❤❛r ❞❡♥♥❡ ✐♥❣❡♥ ❜❡t②❞♥✐♥❣ ❢♦r ❞r✐✈❡❢♦r❤♦❧❞❡♥❡ ♦❣ s♦♥❡♥ ❜❧✐r s♦♠ ❡♥ ❞rå♣❡ ✐
❤❛✈❡t✳

●❥❡♥♥♦♠ ❑❥❡rr✐♥❣❤❛✉❣❡♥ ♦❣ ✉t t✐❧ ♣å❤✉❣❣ sør

❙♦♥❡♥❡ ✉♥❞❡r ❑❥❡rr✐♥❣❤❛✉❣❡♥ t♦❧❦❡s t✐❧ å ✐❦❦❡ ❤❛ ♥♦❡♥ ❢♦r❛♥❦r✐♥❣ ✐ s♦♥❡♥❡ ❢✉♥♥❡t
✉♥❞❡r ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✳

❱❡❞ ♣r♦✜❧ ✶✸✸✵✱ ❤✈♦r s♦♥❡♥ ❊❍ ✈❛r ❢♦r✈❡♥t❡t å tr❡✛❡ t✉♥♥❡❧❡♥✱ ♠❛♥❣❧❡r ❞❡♥
✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦❡ ❦❛rt❧❡❣❣✐♥❣❡♥ ✐ ◆♦✈❛♣♦✐♥t✳ På ❇P❚ ❦❛♥ ❡♥ s❧❛❦ ❢♦❧✐❛s❥♦♥ss♦♥❡
s❦✐♠t❡s✳ ❉❡♥♥❡ ❡r ♦❣så ❦♦♠♠❡♥t❡rt ✐ ❦❛rt❧❡❣❣✐♥❣ss❦❥❡♠❛❡t ❢♦r ◗✲✈❡r❞✐✳ ❉❡t ❡r ♠✉❧✐❣
❛t st❡✐❧❡r❡ s♦♥❡r ♦❣så ✜♥♥❡s ❤❡r✱ ♠❡♥ ❡♥ ✈✉r❞❡r✐♥❣ ❛✈ ❤✈♦r✈✐❞t s♦♥❡ ❊❍ ❤❛r ❜❧✐tt
♠øtt ❡❧❧❡r ✐❦❦❡ ❡r ✐❦❦❡ ♠✉❧✐❣✳

◆år ❡♥ ❜❡✈❡❣❡r s❡❣ t✐❧ sørs✐❞❡♥ ❛✈ ❑❥❡rr✐♥❣❤❛✉❣❡♥ ♦❣ s♦♥❡ ❊✾✱ t♦❧❦❡s ❢♦❧✐❛s❥♦♥ss♦♥❡♥
✈❡❞ ♣r♦✜❧ ✶✸✸✸ å r❡♣r❡s❡♥t❡r❡ ❧❛✈❤❛st✐❣❤❡tss♦♥❡♥ ❢✉♥♥❡t ❤❡r✿ ❉❡♥♥❡ s♦♥❡♥ ❤❛r
✉t❣å❡♥❞❡ ✐ sør❡♥❞❡♥ ❛✈ ❧❛✈❤❛st✐❣❤❡tss♦♥❡♥ ♦❣ ❢♦r✈✐♥♥❡r ♥❡❞ ✉♥❞❡r ❑❥❡rr✐♥❣❤❛✉❣❡♥
♣å ♥♦r❞❡♥❞❡♥ ❛✈ ❧❛✈❤❛st✐❣❤❡tss♦♥❡♥✳ ❍❡r st♦♣♣❡r ♦❣så ❞❡t s❡✐s♠✐s❦❡ ♠å❧❡♣r♦✜❧❡t✳
▲❛✈❡ ❤❛st✐❣❤❡t❡r ❜❧❡ ♠å❧t ♦✈❡r ❡♥ ✷✵ ♠❡t❡r ❧❛♥❣ str❡❦♥✐♥❣✳

❙♦♠ ❡♥ s❡r ❛✈ ❋✐❣✉r ❤❛r ❡♥ ❤❡r s❛♠♠❡ s✐t✉❛s❥♦♥ s♦♠ ✈❡❞ ❊✽✿ ❙♦♥❡♥❡ ♣åtr✉✛❡t ✐
t✉♥♥❡❧❡♥ ✐♥♥❡♥❢♦r ❧❛✈❤❛st✐❣❤❡tss♦♥❡♥ ❡r ✐❦❦❡ ❞❡ s❛♠♠❡ s♦♥❡♥❡ s♦♠ ❣❛ ✉ts❧❛❣ ♣å
s❡✐s♠✐❦❦❡♥✳

◆år ❞❡t ❣❥❡❧❞❡r ❞❡♥ st❡✐❧❡ ❧❛✈r❡s✐st✐✈❡ s♦♥❡♥ ❊✾ ❤❛r ✐❦❦❡ ❞❡♥♥❡ ❜❧✐tt ♠øtt✳

❙♦♥❡ ❊✶✵ s❡r ✉t t✐❧ å t✐❧s✈❛r❡ s♦♥❡♥ tr✉✛❡t ✐ ❞❡t sør❧✐❣❡ ♣å❤✉❣❣❡t✱ ♠❡♥ ♠❡❞ ❢❡✐❧
❡st✐♠❛t ❛✈ ❢❛❧❧✿ ❉❡rs♦♠ ❡♥ ❢♦r❧❡♥❣❡r s♦♥❡♥ ✐ t✉♥♥❡❧❡♥ ✉t ♠♦t ❞❛❣❡♥✱ tr❡✛❡r ❞❡♥
✐♥♥❡ ✐ ♦♠rå❞❡t ❤✈♦r s❡✐s♠✐❦❦❡♥ ✈✐st❡ ❞år❧✐❣❡r❡ ❜❡r❣❢♦r❤♦❧❞✳
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❘❡s✐st✐✈✐t❡t❡♥ r❡❣✐str❡rt❡ ✐❦❦❡ s♦♥❡ ❊✶✵ ❤❡r✱ ♠❡♥ s♦♥❡♥ ❡r ❢❛❦t✐s❦ ❛✈❞❡❦t ❛✈
r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡♥❡✱ ♠❡♥ t♦❧❦❡t å ❧✐❣❣❡ ✉t❡♥❢♦r ♣å❤✉❣❣❡t ✭♠❡r❦❡t s♦♥❡ ✏❏✑ ✐ ❋✐❣✉r
✹✳✻✮✳

▲✉♥♥❡rt✉♥♥❡❧❡♥s t♦❧❦♥✐♥❣s♠♦❞❡❧❧

❊r❢❛r✐♥❣❡♥❡ ❢r❛ ❊✐❦r❡♠t✉♥♥❡❧❡♥ ✈❡❞rør❡♥❞❡ ▲✉♥♥❡r♠♦❞❡❧❧❡s t♦❧❦♥✐♥❣s♠♦❞❡❧❧✱
♣r❡s❡♥t❡rt ✐ ❆✈s♥✐tt ✸✳✷✳✷✱ ❡r ♦♣♣s✉♠♠❡rt ✐ t❛❜❡❧❧❢♦r♠ ♥❡❞❡♥❢♦r ✭❚❛❜❡❧❧ ✹✳✽✮✳ ❙♦♠
❡♥ s❡r✱ ❤❛r ♠♦❞❡❧❧❡♥ st❡♠t ❢♦r ❞❡ ✢❡st❡ s♦♥❡♥❡✱ ♠❡❞ ✉♥♥t❛❦ ❛✈ s♦♥❡ ❊✼✱ ❤✈♦r
r❡s✐st✐✈✐t❡t❡♥ ✐♥❞✐❦❡rt❡ ✈❛♥♥✱ ♠❡♥s ❞❡t ✐ t✉♥♥❡❧❡♥ ❦✉♥ ❡r ♦❜s❡r✈❡rt ♥♦❡ ❧❡✐r❡✳

❚❛❜❡❧❧ ✹✳✽ ✕ ❘❡s✐st✐✈✐t❡t ♦❣ s♦♥❡❦❛r❛❦t❡r ❢♦r ❛❧❧❡ ❧❛✈r❡s✐st✐✈❡ s♦♥❡r tr✉✛❡t ✐ t✉♥♥❡❧❡♥❡✳

❙♦♥❡ ❘❡s✐st✐✈✐t❡t✱ Ωm ❙♦♥❡❦❛r❛❦t❡r ❚♦❧❦♥✐♥❣s♠♦❞❡❧❧

❊✸ ✺✵✵✲✶✵✵✵ ❱❛♥♥ ❱❛♥♥

❊✹ ✺✵✵✲✶✵✵✵ ❱❛♥♥ ❱❛♥♥

❊✺ ✺✵✵✲✶✵✵✵ ❱❛♥♥ ❱❛♥♥

❊✻ ❁✺✵✵ ▲❡✐r❡ ▲❡✐r❡

❊✼ ✺✵✵✲✶✵✵✵ ▲❡✐r❡ ❱❛♥♥

✹✳✹✳✷ ❆♥❞r❡ ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦❡ ❢♦r❤♦❧❞

■ ❢♦t❡♥ ❛✈ ❑♦❧ås❡♥ ✈❛r ❞❡t ❢♦r✈❡♥t❡t ❡t ❜❡r❣❛rtss❦✐❧❧❡ ♠❡❧❧♦♠ ❣♥❡✐s ♦❣ ❛♠✜❜♦❧✐tt✳
❯♥❞❡r ❞r✐✈✐♥❣ ❜❧❡ ❞❡t s♦♠ s❛❣t ✐❦❦❡ ♦❜s❡r✈❡rt ❦❧❛r❡ ❜❡r❣❛rtss❦✐❧❧❡r ♥♦❡ st❡❞ ❧❛♥❣s
tr❛s❡❡♥✱ ♦❣ ❞❡♥♥❡ ❣r❡♥s❡♥ ❡r ❛❧tså ✐❦❦❡ ♠øtt✳

❙❛♠♠❡♥❧✐❣♥❡r ♠❛♥ ❋✐❣✉r❡♥❡ ✹✳✺ ♦❣ ✹✳✾ s❡r ❡♥ ❛t ❢♦❧✐❛s❥♦♥❡♥s t✈❡rrs♣r❡❦❦❡r ❤❛r
✈ært ♠❡r ✉t❜r❡❞t ✐ t✉♥♥❡❧❡♥ ❡♥♥ ♣r♦❣♥♦s❡♥❡ t✐❧s❛✳ ◆år ❞❡t ❣❥❡❧❞❡r ❜❡r❣♠❛ss❡❦❧❛ss❡✲
❢♦r❞❡❧✐♥❣❡♥✱ s❡r ❡♥ ✉t ❢r❛ s❛♠♠❡♥st✐❧❧✐♥❣❡♥ ❛✈ ♣r♦❣♥♦s❡♥❡ ♠❡❞ ❢❛❦t✐s❦ ❢♦r❞❡❧✐♥❣ ✐
❚❛❜❡❧❧ ✹✳✾ ❛t ♣r♦❣♥♦s❡♥❡ ❤❛r st❡♠t ❜r❛ ♦♠ ♠❛♥ s❡r ♣å ❜❡r❣❦❧❛ss❡ ❈ ♦❣ ♦♣♣✳ ❊♥ s❡r
✐♠✐❞❧❡rt✐❞ ❛t ♦♠❢❛♥❣❡t ❛✈ ❜❡r❣❦❧❛ss❡ ❊ ❡r ♠②❡ størr❡ ❡♥♥ ❢♦r✈❡♥t❡t✳

◆år ❞❡t ❣❥❡❧❞❡r s✐❦r✐♥❣s♦♠❢❛♥❣✱ s❡r ❡♥ ❛✈ ❚❛❜❡❧❧❡♥❡ ✹✳✷ ♦❣ ✹✳✻ ❛t ❞❡t ✐❦❦❡ ❡r
st♦r❡ ❛✈✈✐❦ ✐ ♠❡♥❣❞❡♥❡ ♦♣♣❣✐tt ✐ ❦♦♥tr❛❦t❡♥ ♦❣ ❞❡ ❢❛❦t✐s❦ ✉t❢ørt❡ ♠❡♥❣❞❡♥❡ ♥år
❞❡t ❦♦♠♠❡r t✐❧ ❜r✉❦ ❛✈ ❜♦❧t❡r✱ s♣rø②t❡❜❡t♦♥❣ ♦❣ s♣rø②t❡❜❡t♦♥❣❜✉❡r✳ ❙❡❧✈ ♦♠
❜❡t♦♥❣✉tstø♣♥✐♥❣ ✈❛r ❧❛❣t ✐♥♥ ✐ ❦♦♥tr❛❦t❡♥ ❤❛r ✐❦❦❡ ❞❡tt❡ ❜❧✐tt ❜❡♥②tt❡t ✐ t✉♥♥❡❧❡♥✳
❊♥ s❡r ♦❣så ❛t ✐♥❥❡❦s❥♦♥s❛r❜❡✐❞❡t ❤❛r ✈ært ✈❡s❡♥t❧✐❣ ♠✐♥❞r❡ ♦♠❢❛tt❡♥❞❡ ❡♥♥ ❢r②❦t❡t
✭✷✻ t♦♥♥ ✉t❢ørt ♠♦t ✷✵✵ t♦♥♥ ✐ ❦♦♥tr❛❦t❡♥✮✳ ❉✐ss❡ t♦ ❛✈✈✐❦❡♥❡ s❦②❧❞❡s ❛t ❞❡t ✐
❦♦♥tr❛❦t❡♥ ✈❛r t❛tt ❤ø②❞❡ ❢♦r ❛t ❞❡ ✈❛♥s❦❡❧✐❣st❡ s♦♥❡♥❡ ❦✉♥♥❡ ❜❧✐ ❡♥❞❛ ✈❛♥s❦❡❧✐❣❡r❡
❡♥♥ ❞❡t ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ t✐❧s❛✳ ❉❡tt❡ ❤❛r ✐❦❦❡ ✈ært t✐❧❢❡❧❧❡ ✭❚♦❞♥❡♠✱ ✷✵✶✷✮✳
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❚❛❜❡❧❧ ✹✳✾ ✕ ❙❛♠♠❡♥st✐❧❧✐♥❣ ❛✈ ❜❡r❣♠❛ss❡❦❧❛ss❡❢♦r❞❡❧✐♥❣ t♦❧❦❡t ❢r❛ ❢♦r✉♥❞❡r✲
sø❦❡❧s❡♥❡ ♦❣ ❦❛rt❧❛❣t✳

❇❡r❣❦❧❛ss❡ ❋r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ❋❛❦t✐s❦ ❢♦r❞❡❧✐♥❣

❆✴❇ ✸✼✪ ✸✸✪

❈ ✸✶✪ ✸✶✪

❉ ✷✼✪ ✶✸✪

❊ ✸✪ ✷✶✪

❋ ✷✪ ✷✪

❚❛❜❡❧❧ ✹✳✶✵ ✕ ❖✈❡rs✐❦t ♦✈❡r ❛♥t❛❧❧ s♦♥❡r ❢✉♥♥❡t ❛✈ ❞❡ ✉❧✐❦❡ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✳
❚❂❢❡❧t❦❛rt❧❡❣❣✐♥❣✱ ❙❂r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦✱ ❘❂r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r✳

▼❡t♦❞❡✿ ❚ ❙ ❘

❆♥t❛❧❧ s♦♥❡r ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ✹ ✸ ✾

❆✈ ❞✐ss❡ ♠øtt ✐ t✉♥♥❡❧ ✸ ✸ ✺

❆✈ ❞✐ss❡ ❦✉♥ ❛✈❞❡❦t ❛✈ ❛❦t✉❡❧❧❡ ♠❡t♦❞❡ ✵ ✷ ✸

✹✳✹✳✸ ❖♣♣s✉♠♠❡r✐♥❣

❊♥ ♦♣♣s✉♠♠❡r✐♥❣ ❛✈ s❛♠♠❡♥❧✐❣♥✐♥❣❡♥ ♦✈❡r ✈❡❞rør❡♥❞❡ s✈❛❦❤❡tss♦♥❡♥❡ ❡r ❣✐tt ✐
❚❛❜❡❧❧ ✹✳✶✶✳ ■ t❛❜❡❧❧❡♥ ❡r s♦♥❡♥❡ ❧✐st❡t ♦♣♣ ♠❡❞ ♣r♦✜❧♥✉♠♠❡r ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✱
♣r♦✜❧♥✉♠♠❡r ✐ t✉♥♥❡❧ ♦❣ ❛♥❣✐✈❡❧s❡ ❛✈ ❤✈✐❧❦❡ ❢♦r✉♥❞❡rsø❦❡❧s❡r s♦♠ ❛✈❞❡❦❦❡t s♦♥❡♥✳

❙♦♠ ❡♥ ♦♣♣s✉♠♠❡r✐♥❣ ❛✈ s❛♠s✈❛r❡t ♠❡❧❧♦♠ ♣r♦❣♥♦s❡r ♦❣ ❡r❢❛r✐♥❣❡r ❢r❛ ❊✐❦r❡♠✲
t✉♥♥❡❧❡♥✱ ❦❛♥ ❞❡t s✐❡s ❛t r❡s✐st✐✈✐t❡t❡♥ ✐ st♦r ❣r❛❞ ❤❛r ✐❞❡♥t✐✜s❡rt ❞❡ st❡✐❧❡
s✈❛❦❤❡tss♦♥❡♥❡ ✐ t✉♥♥❡❧❡♥✱ ♠❡♥ ✐ ❧✐t❡♥ ❡❧❧❡r ✐♥❣❡♥ ❣r❛❞ s♦♥❡♥❡ ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞
❢♦❧✐❛s❥♦♥❡♥✳ ❘❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦❡♥ ❤❛r ✈✐st ✉ts❧❛❣ ♣å tr❡ ♣å♠øtt❡ s✈❛❦❤❡tss♦♥❡r✳
❘❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡♥❡ ❡r ♠❡t♦❞❡♥ s♦♠ ❤❛r ❛✈❞❡❦t ✢❡st s✈❛❦❤❡tss♦♥❡r ✐ t✉♥♥❡❧❡♥✳
❊♥ ♦♣♣s✉♠♠❡r✐♥❣ ❛✈ ❛♥t❛❧❧ s♦♥❡r ❢✉♥♥❡t ❛✈ ❞❡ ✉❧✐❦❡ ♠❡t♦❞❡♥❡ ❡r ❣✐tt ✐ ❚❛❜❡❧❧ ✹✳✶✵✳
❋ørst❡ r❛❞ ✐ t❛❜❡❧❧❡♥ ❛♥❣✐r t♦t❛❧t ❛♥t❛❧❧ s✈❛❦❤❡tss♦♥❡r ❞❡ ✉❧✐❦❡ ♠❡t♦❞❡♥❡ ❤❛r ❛✈❞❡❦t
✈❡❞ ❊✐❦r❡♠t✉♥♥❡❧❡♥✳ ❘❛❞ t♦ ❛♥❣✐r ❤✈♦r ♠❛♥❣❡ ❛✈ ❞✐ss❡ s♦♠ ❜❧❡ ♠øtt ✐ t✉♥♥❡❧✱ ♠❡♥s
r❛❞ tr❡ s✐❡r ❤✈♦r ♠❛♥❣❡ ❛✈ ❞✐ss❡ s♦♥❡♥❡ ✐❣❥❡♥ s♦♠ ❜❧❡ ❛✈❞❡❦t ✉t❡❧✉❦❦❡♥❞❡ ❛✈ ❞❡♥
❛❦t✉❡❧❧❡ ♠❡t♦❞❡♥✳

❙♦♠ ❢♦r✈❡♥t❡t ❛✈ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ❤❛r ❜❡r❣♠❛ss❡♥ ✐ ♥♦r❞ ❤❛r ❣❡♥❡r❡❧t ✈ært ❣♦❞✳
❋♦r❤♦❧❞❡♥❡ ✈❛r ❦❛♥s❦❥❡ ❡♥❞❛ ❜❡❞r❡ ❡♥♥ ❢♦r✈❡♥t❡t ♦❣ s♦♥❡♥❡ ❊✶ ♦❣ ❊✷ ❜❧❡ ✐❦❦❡
♠øtt✳ ■ ❞❡ ❧❛✈t❧✐❣❣❡♥❞❡ ♦♠rå❞❡♥❡ ✈❡❞ ▼②r❞❛❧ ♦❣ sør♦✈❡r ❤❛r ❜❡r❣♠❛ss❡❦✈❛❧✐t❡t❡♥
s♦♠ ❢♦r✈❡♥t❡t ✈ært ❞år❧✐❣❡r❡ ♦❣ ❛❧❧❡ s♦♥❡♥❡ ❊✹✲❊✼ ❦❛♥ ❦♦rr❡❧❡r❡s ♠❡❞ s♦♥❡r ❢r❛
t✉♥♥❡❧❡♥✳

❍❡❧t sør ✐ t✉♥♥❡❧❡♥ ❡r s❛♠s✈❛r❡t ♠❡❧❧♦♠ ♣r♦❣♥♦s❡r ♦❣ ❡r❢❛r✐♥❣❡r ♠✐♥❞r❡✱ ♠❡❞ sær❧✐❣
t♦ ❜❡❧t❡r ❛✈ s✈❛❦❤❡tss♦♥❡r ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ❢♦❧✐❛s❥♦♥❡♥ s♦♠ t❡❦♥✐s❦ s❡tt ✐❦❦❡ ❤❛r
❜❧✐tt ❛✈❞❡❦t ❛✈ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✳
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❱❛♥s❦❡❧✐❣❤❡ts❣r❛❞❡♥ ❛✈ ❞❡ ✈❡rst❡ s✈❛❦❤❡tss♦♥❡♥❡ ✐ t✉♥♥❡❧❡♥ ❤❛r ✈ært s♦♠ ❢♦r✈❡♥t❡t✳

❚❛❜❡❧❧ ✹✳✶✶ ✕ ❙❛♠♠❡♥st✐❧❧✐♥❣ ❛✈ s✈❛❦❤❡tss♦♥❡r ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡r ♦❣ ❞r✐✈✐♥❣✳
❚❂❣❡♦❧♦❣✐s❦ ❦❛rt❧❡❣❣✐♥❣✱ ❙❂r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦✱ ❘❂r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r✳
❳ ❛♥❣✐r ❛t s♦♥❡♥ ❡r r❡❣✐str❡rt ❛✈ ❞❡♥ ❛❦t✉❡❧❧❡ ♠❡t♦❞❡♥✳

❙✈❛❦❤❡tss♦♥❡
❋✉♥♥❡t
❢r❛✿

Pr♦✜❧♥✉♠♠❡r

❚ ❙ ❘ Pr♦❣♥♦s❡ ❋❛❦t✐s❦

❊✶ ❳ ✺✶✺ ■❦❦❡ ♠øtt

❊✷ ❳ ✼✽✺ ■❦❦❡ ♠øtt

❊✸ ❳ ❳ ✽✹✺ ✽✹✺

■❦❦❡ ❢✉♥♥❡t❛ ✲ ✽✸✵✲✽✻✷

■❦❦❡ ❢✉♥♥❡t ✲ ✾✶✺

❊✹ ❳ ✶✵✵✺ ✾✽✺ ✭❡✈t✳ ✾✼✺✲✾✽✻✮

❊✺ ❳ ❳ ✶✵✸✵ ✭✶✵✹✵✮ ✶✵✸✵

■❦❦❡ ❢✉♥♥❡t ✲ ✶✵✻✷

■❦❦❡ ❢✉♥♥❡t ✲ ✶✵✾✹

❊✻ ❳ ✶✶✸✺ ✭✶✶✷✺✮ ✶✶✶✼

❊✼ ❳ ✶✶✻✵ ✶✶✹✵

❊✽ ❳ ❳❜ ✶✶✽✺ ✭✶✶✾✺✮ ✶✶✸✺

■❦❦❡ ❢✉♥♥❡t❛ ✲ ✶✶✻✺✲✶✷✷✵

■❦❦❡ ❢✉♥♥❡t ✲ ✶✷✽✵✲✶✸✷✵

❊❍ ❳ ✭✶✸✸✵✮ ■❦❦❡ ♠øtt

❊✾ ❳ ❳❜ ✶✸✼✺ ✶✸✸✸

■❦❦❡ ❢✉♥♥❡t❛ ✲ ✶✸✻✺✲✶✹✵✾

❊✶✵ ❳ ❳ ✶✹✺✺ ✶✹✹✺

❛❙♦♥❡♥❡ tr❡✛❡r t✉♥♥❡❧❡♥ ✐ ❡t ♦♠rå❞❡ ❤✈♦r ❞❡t ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ✈❛r ❢♦r✈❡♥t❡t s✈❛❦❤❡tss♦♥❡r✳
❙♦♥❡♥❡ ❜❧❡ ✐♠✐❞❧❡rt✐❞ ✐❦❦❡ t♦❧❦❡t å ✈ær❡ års❛❦❡♥ t✐❧ ❧❛✈❡r❡ r❡s✐st✐✈✐t❡t✴s❡✐s♠✐s❦ ❤❛st✐❣❤❡t ♦❣ ❧✐st❡s
❞❡r❢♦r s♦♠ ✏✐❦❦❡ ❢✉♥♥❡t✑✳

❜❉❡♥ ❧❛✈r❡s✐st✐✈❡ s♦♥❡♥ ✐❦❦❡ ♠øtt✳



❑❛♣✐tt❡❧ ✺

❑♥❛♣♣❡t✉♥♥❡❧❡♥

❉❡tt❡ ❦❛♣✐tt❡❧❡t ❜❡står ❛✈ ✜r❡ ❞❡❧❡r✳ ❋ørst ❣✐s ❞❡t ❡♥ ✐♥tr♦❞✉❦s❥♦♥ t✐❧ ❑♥❛♣♣❡t✉♥♥❡✲
❧❡♥ ♠❡❞ ♣r❡s❡♥t❛s❥♦♥ ❛✈ ♣r♦s❥❡❦t❡t✱ ❞❡♥ ❣❡♦❧♦❣✐s❦❡ ❤✐st♦r✐❡♥ ❡♥ ❣❥❡♥♥♦♠❣❛♥❣ ❛✈ ❞❡
✉t❢ørt❡ ❣r✉♥♥✉♥❞❡rsø❦❡❧s❡✳ ❘❡s✉❧t❛t❡♥❡ ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ♣r❡s❡♥t❡r❡s ✐ ❆✈s♥✐tt
✺✳✷✳ ■ ❆✈s♥✐tt ✺✳✸ t♦❧❦❡s ❞❡t t✐❧❣❥❡♥❣❡❧✐❣❡ ❡r❢❛r✐♥❣s♠❛t❡r✐❛❧❡t ❢r❛ t✉♥♥❡❧❡♥✳ ❚✐❧ s✐st
❣❥ør❡s ❞❡t ❡♥ s❛♠♠❡♥❧✐❣♥✐♥❣ ❛✈ ♣r♦❣♥♦s❡♥❡ ♦❣ ❡r❢❛r✐♥❣❡♥❡ ❢r❛ t✉♥♥❡❧❡♥✱ t✐❧ ❜r✉❦ ✐
s❡♥❡r❡ ❞✐s❦✉s❥♦♥✳

✺✳✶ Pr♦s❥❡❦t❜❡s❦r✐✈❡❧s❡

❑♥❛♣♣❡t✉♥♥❡❧❡♥ sør✈❡st ❢♦r ❇❡r❣❡♥ ❡r ❡♥ ❞❡❧ ❛✈ ♣r♦s❥❡❦t❡t ❘✐♥❣✈❡❣ ❱❡st s♦♠ s❦❛❧
❢♦r❜❡❞r❡ ✈❡✐❢♦r❜✐♥❞❡❧s❡♥ ♠❡❧❧♦♠ ❋❧②♣❧❛ss✈❡❣❡♥ ✐ sør ♦❣ ▲✐❛✈❛t♥❡t ✐ ♥♦r❞✳ ❇②❣❣❡tr✐♥♥
✷ str❡❦❦❡r s❡❣ ❢r❛ ❙❛♥❞❡✐❞❡ t✐❧ ▲✐❛✈❛t♥❡t✱ s♦♠ ✈✐st ✐ ❋✐❣✉r ✺✳✶✱ ♠❡❞ ❇❡r❣❡♥ ✐
❜❛❦❣r✉♥♥❡♥ ✐ ♥♦r❞øst✳ ❚r❛✜❦❦❡♥ ❧❛♥❣s str❡❦♥✐♥❣❡♥ ❣år ✐ ❞❛❣ ✐ st♦r ❣r❛❞ ❣❥❡♥♥♦♠ t❡tt
❜❡❜②❣❣❡❧s❡ ♦❣ ❞❡t ❡r ✢❡r❡ ✢❛s❦❡❤❛❧s❡r ❧❛♥❣ str❡❦♥✐♥❣❡♥ s♦♠ r❡s✉❧t❡r❡r ✐ ❦ø❞❛♥♥❡❧s❡
✐ r✉s❤t✐❞❡♥ ✭❑✐r❦❡❜②✱ ✷✵✶✵❀ ❙t❛t❡♥s ✈❡❣✈❡s❡♥✱ ✷✵✶✷❜✮✳

❘✐♥❣✈❡❣ ❱❡st ❜❡står ❛✈ tr❡ ❜②❣❣❡tr✐♥♥✿ ❉♦❧✈✐❦ ✲ ❙❛♥❞❡✐❞❡ ✭❢❡r❞✐❣ s❡♣t❡♠❜❡r ✷✵✶✵✮✱
❙❛♥❞❡✐❞❡ ✲ ▲✐❛✈❛t♥❡t ✭♣❧❛♥❧❛❣t ❢❡r❞✐❣ s♦♠♠❡r❡♥ ✷✵✶✺✮ ♦❣ ❋❧②♣❧❛ss✈❡❣❡♥ ✲ ❉♦❧✈✐❦
✭❜②❣❣❡tr✐♥♥ ✸✱ ✐❦❦❡ ♣å❜❡❣②♥t✮✳ ❑♥❛♣♣❡t✉♥♥❡❧❡♥ ❜❧❡ ♣å❜❡❣②♥t ✉♥❞❡r ❜②❣❣❡tr✐♥♥ ✶✱
♦❣ s❦❛❧ ❢♦rts❡tt❡s ♥♦r❞♦✈❡r ✉♥❞❡r ❜②❣❣❡tr✐♥♥ ✷✳ ❱❡❣tr❛s❡❡♥ s♦♠ s❦❛❧ ❜②❣❣❡s ✉♥❞❡r
❞❡tt❡ tr✐♥♥❡t str❡❦❦❡r s❡❣ ♦✈❡r ✸✱✽ ❦♠ ✲ ❢r❛ ❙❛♥❞❡✐❡ ✐ sør✱ ✉♥❞❡r ❑❛♥❛❞❛s❦♦❣❡♥
♦❣ t✐❧ ▲✐❛✈❛t♥❡t ✐ ♥♦r❞ ✭❋✐❣✉r ✺✳✶✮✳ ❙tr❡❦♥✐♥❣❡♥ ❜②❣❣❡s s♦♠ t♦✲❧ø♣s t✉♥♥❡❧ ♠❡❞
t♦ ❢❡❧t ✐ ❤✈❡r t✉♥♥❡❧ ✳ ■ t✐❧❦♥②t♥✐♥❣ t✐❧ t✉♥♥❡❧❡♥❡s ❤♦✈❡❞❧ø♣✱ s❦❛❧ ❞❡t ❜②❣❣❡s
❛✈✲ ♦❣ ♣å✲❦❥ør✐♥❣sr❛♠♣❡r ✈❡❞ ❙❛♥❞❡✐❞❡✱ ♥❡❞ t✐❧ ❤♦✈❡❞t✉♥♥❡❧❡♥❡✳ ❉❡tt❡ ❡r ✈✐st ✐
✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦ ❦❛rt ✐ ❱❡❞❧❡❣❣ ❇✳✶✳

❚✉♥♥❡❧❡♥❡ ❜②❣❣❡s ❣❡♥❡r❡❧t ♠❡❞ ❚✾✱✺✲♣r♦✜❧❡r✱ ♠❡❞ ✉t✈✐❞❡❧s❡r ♦♣♣ t✐❧ ❚✶✸✳ ❘❛♠♣❡♥❡
❜②❣❣❡s s♦♠ ❚✼✱✺✰✶✲♣r♦✜❧✱ ❞✈s ❡t ♠♦❞✐✜s❡rt ❚✼✱✺✲♣r♦✜❧ ❤✈♦r ❜r❡❞❞❡♥ ❡r ✉t✈✐❞❡t ♠❡❞
é♥ ♠❡t❡r✳ ❚♦t❛❧t s❦❛❧ ✽✸✷✺ ♠ t✉♥♥❡❧ ❞r✐✈❡s ❧❛♥❣s ❞❡ t♦ ❧ø♣❡♥❡✱ ❤✈♦r❛✈ ✻✽✺ ♠❡t❡r ❡r
r❛♠♣❡r ✭❙t❛t❡♥s ✈❡❣✈❡s❡♥✱ ✷✵✶✷❛❀ ❑✐r❦❡❜②✱ ✷✵✶✵✮✳

✼✶
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❋✐❣✉r ✺✳✶ ✕ ❖✈❡rs✐❦ts❢♦t♦ ❜②❣❣❡tr✐♥♥ ✷ ✭❑✐r❦❡❜②✱ ✷✵✶✵✮✳

✺✳✶✳✶ ●❡♦❧♦❣✐s❦ ❤✐st♦r✐❡

❇②❣❣❡tr✐♥♥ ✷ ❛✈ ❑♥❛♣♣❡t✉♥♥❡❧❡♥ ❧✐❣❣❡r ✐ ❜❡r❣❛rt❡r ❧✐❦ ❞❡ ✐ ❞❡♥ ✈❡str❡ ❣♥❡✐sr❡❣✐♦♥❡♥
♦❣ ♦♠rå❞❡t ❤❛r ❡♥ ❧✐❦ ❣❡♦❧♦❣✐s❦ ❤✐st♦r✐❡ s♦♠ ❊✐❦r❡♠t✉♥♥❡❧❡♥ ✭s❡ ❆✈s♥✐tt ✹✳✶✳✶✮✳
❖♠rå❞❡t ❡r ❧✐❦❡✈❡❧ s♣❡s✐❡❧t✿

❘✉♥❞t ❇❡r❣❡♥ ✜♥♥❡r ❡♥ ❞❡ så❦❛❧t❡ ❇❡r❣❡♥s❜✉❡♥❡ s♦♠ ❜❡står ❛✈ ❡♥ r❡❦❦❡ ❢♦rs❦❥❡❧❧✐❣❡
s❦②✈❡❞❡❦❦❡r✳ ❋✐❣✉r ✺✳✷ ✈✐s❡r ❜❡r❣❡♥s❜✉❡♥❡✳ ❇②❣❣❡tr✐♥♥ ✷ ❛✈ ❑♥❛♣♣❡t✉♥♥❡❧❡♥ ❣år
❣❥❡♥♥♦♠ ❦❥❡r♥❡♥ ❛✈ ❜✉❡♥❡ ♦❣ ❜❡r❣❣r✉♥♥❡♥ ❜❡står ❤❡r ❛✈ ♣r❡❦❛♠❜r✐s❦ ❣r✉♥♥❢❥❡❧❧ ❢r❛
❇❛❧t✐❦❛✳ ❉❡♥♥❡ ❦❥❡r♥❡♥ ❦❛❧❧❡s Ø②❣❛r❞❡♥ ❣♥❡✐s❦♦♠♣❧❡❦s✳ ❉❡♥ ②tt❡rst❡ ♦❣ ✐♥♥❡rst❡
❜✉❡♥ ✭❙t♦r❡ ♦❣ ▲✐❧❧❡ ❇❡r❣❡♥s❜✉❡✮ ❜❡står ❛✈ ❜❡r❣❛rt❡r t②♣✐s❦ ❢♦r ø✈r❡ ❞❡❦❦❡❧❛❣✳
▼❡❧❧♦♠ ❞✐ss❡ t♦ ❜✉❡♥❡ ❧✐❣❣❡r ❞❡t ✐♠✐❞❧❡rt✐❞ ❜✉❡r ❛✈ ♦✈❡rs❦❥ø✈❡t ❣r✉♥♥❢❥❡❧❧ ✭❧❡♥❣st
øst✮ ♦❣ ❡♥ ❜✉❡ ♠❡❞ ❣r✉♥♥❢❥❡❧❧ ♦❣ ❦✈❛rts✐tt✱ ❛♥t❛tt å r❡♣r❡s❡♥t❡r❡ ❞❡t ♠✐❞tr❡ ❞❡❦❦❡t✳
❉✐ss❡ ♠✐❞tr❡ ❞❡❦❦❡♥❡ ❤✈✐❧❡r ♣å ❞❡♥ ø✈r❡ ❞❡❦❦❡s❡r✐❡♥ ♦❣ ❞❡❦❦❡str❛t✐❣r❛✜❡♥ ❡r ♠❡❞
❛♥❞r❡ ♦r❞ ✐♥✈❡rt❡rt ❤❡r✳ ❉❛♥♥❡❧s❡s♣r♦s❡ss❡♥ ❢♦r ❜✉❡♥❡ ❡r ✉❦❧❛r✱ ♠❡♥ é♥ ♠✉❧✐❣❡
❢♦r❦❧❛r✐♥❣❡r ❡r ♥♦r❞✲sør✲r❡tt❡t tr②❦❦ s♦♠ ❣❛ ❢♦❧❞♥✐♥❣ ✭❘❛♠❜❡r❣ ❡t ❛❧✳✱ ✷✵✵✼✮✳

❇②❣❣❡tr✐♥♥ ✶ ❛✈ ❑♥❛♣♣❡t✉♥♥❡❧❡♥ ❣år ❣❥❡♥♥♦♠ ❇❡r❣❡♥s❜✉❡♥❡✱ ♠❡♥s ✈✐❞❡r❡❢ør✐♥❣❡♥
❛✈ t✉♥♥❡❧❡♥ ♥♦r❞♦✈❡r ✉♥❞❡r ❜②❣❣❡tr✐♥♥ ✷ ❤♦❧❞❡r s❡❣ ✐ Ø②❣❛r❞❦♦♠♣❧❡❦s❡t ❤✈♦r
❣r❛♥✐tt✐s❦❡ ❣♥❡✐s❡r ♠❡❞ ✐♥♥s❧❛❣ ❛✈ ❛♠✐❜♦❧✐tt ❞♦♠✐♥❡r❡r ✭❘❛♠❜❡r❣ ❡t ❛❧✳✱ ✷✵✵✼✮✳
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❋✐❣✉r ✺✳✷ ✕ ❇❡r❣❡♥s❜✉❡♥❡ ✭❘❛♠❜❡r❣ ❡t ❛❧✳✱ ✷✵✵✼✮

✺✳✶✳✷ ❉r✐✈✐♥❣

❍✈❡rt ❛✈ ❤♦✈❡❞❧ø♣❡♥❡ ❞r✐✈❡s ❢r❛ tr❡ st✉✛❡r❀ sør♦✈❡r ♦❣ ♥♦r❞♦✈❡r ❢r❛ ❙❛♥❞❡✐❞❡ ♦❣
sør♦✈❡r ❢r❛ ▲✐❛✈❛t♥❡t ♠❡❞ ø❦❡♥❞❡ ♣r♦✜❧♥✉♠♠❡r ♥♦r❞♦✈❡r✳ ❉❡ ✉❧✐❦❡ st✉✛❡♥❡ ❜❡t❡❣♥❡s
♠❡❞ ❢ø❧❣❡♥❞❡ ♥❛✈♥✿

❼ ❙✶✶❙✴❙✶✷❙✿ ❙ør♦✈❡r ❢r❛ ❙❛♥❞❡✐❞❡✱ ❧ø♣ ✶✶✴✶✷

❼ ❙✶✶◆✴❙✶✷◆✿ ◆♦r❞♦✈❡r ❢r❛ ❙❛♥❞❡✐❞❡✱ ❧ø♣ ✶✶✴✶✷

❼ ▲✶✶✴▲✶✷✿ ❋r❛ ▲✐❛✈❛t♥❡t✱ ❧ø♣ ✶✶✴✶✷

▲ø♣ ✶✶ ❡r ❧ø♣❡t ❢♦r ♥♦r❞❣å❡♥❞❡ tr❛✜❦❦✱ ❧ø♣ ✶✷ ❢♦r sør❣å❡♥❞❡✳

❍❡❧❡ t✉♥♥❡❧❧❡♥ ❡r ❧❛❣t t✐❧ ❣❡♦t❡❦♥✐s❦ ♣r♦s❥❡❦t❦❧❛ss❡ ✸ ❡tt❡r ◆❙ ✸✹✽✵✳ Pr♦s❥❡❦t❦❧❛ss❡
✸ ❡r ✈❛❧❣t ❜❧❛♥t ❛♥♥❡t ♣å ❣r✉♥♥ ❛✈ str❡♥❣❡ r②st❡❧s❡❦r❛✈✱ st❡❞✈✐s❡ ❧❛✈❡ ♦✈❡r❞❡❦♥✐♥❣❡r
♠❡❞ ❞år❧✐❣ ❜❡r❣♠❛ss❡ ♦❣ ❢♦r✈❡♥t♥✐♥❣❡r ♦♠ ♦♠❢❛tt❡♥❞❡ ✐♥❥❡❦s❥♦♥s❛r❜❡✐❞ ♦✈❡r ❧❡♥❣r❡
str❡❦♥✐♥❣❡r ✭❑✐r❦❡❜②✱ ✷✵✶✷✮✳

◆♦r♠❛❧t ❞r✐✈❡s ❞❡t ♠❡❞ ❢❡♠ ♠❡t❡rs s❛❧✈❡❧❡♥❣❞❡r✱ ♠❡♥ ✐ ✈❛♥s❦❡❧✐❣❡ ♣❛rt✐❡r
♦❣ ✐ ♣❛rt✐❡r ♠❡❞ ❧❛✈ ♦✈❡r❞❡❦♥✐♥❣ ❜❡♥②tt❡s r❡❞✉s❡rt s❛❧✈❡❧❡♥❣❞❡✱ ♦❢t❡ ♣å tr❡
♠❡t❡r✳ ❙②st❡♠❛t✐s❦ ❢♦r✐♥❥❡❦s❥♦♥ ❜❡♥②tt❡s ❞❡r ❤✈♦r ❞❡t ❡r t♦❧❦❡t ♥ø❞✈❡♥❞✐❣ ❢r❛
❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✳

P❡r ✽✳ ♠❛✐ ✷✵✶✷ ❡r ♦♠tr❡♥t ❤❛❧✈❡ t✉♥♥❡❧❧❡♥❣❞❡♥ ❞r❡✈❡t✳ ■❧❧✉str❛s❥♦♥❡♥ ✐ ❋✐❣✉r ✺✳✸
✈✐s❡r ❞❡ ❢❡r❞✐❣❞r❡✈♥❡ ❞❡❧❡♥❡ ❛✈ t✉♥♥❡❧❡♥ ✼✳ ♠❛✐✳

❍♦✈❡❞❡♥tr❡♣r❡♥ør ❢♦r t✉♥♥❡❧❡♥ ❡r ❆❋✳
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❋✐❣✉r ✺✳✸ ✕ ❖✈❡rs✐❦ts❜✐❧❞❡ ❛✈ t✉♥♥❡❧tr❛s❡❡♥ ♠❡❞ ❞❡ ❞r❡✈♥❡ str❡❦♥✐♥❣❡r ♣❡r ✼✳ ♠❛✐
♠❛r❦❡rt ✐ rø❞t ✭❙t❛t❡♥s ✈❡❣✈❡s❡♥✱ ✷✵✶✷❜✮✳

✺✳✶✳✸ ❋♦r✉♥❞❡rsø❦❡❧s❡r

❉❡t ❡r ✉t❢ørt ❡♥ r❡❦❦❡ ❢♦r✉♥❞❡rsø❦❡❧s❡r ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ t✉♥♥❡❧❡♥ ♦❣ ❞✐ss❡
❜❡s❦r✐✈❡s ❤❡r✳ ❯♥❞❡rsø❦❡❧s❡♥❡ ❡r ❣❥❡♥♥♦♠❢ørt ✐ t✐❞sr♦♠♠❡t ✶✾✾✽✲✷✵✵✾✳ ❘❡s✉❧t❛t❡♥❡
❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ❡r ♣r❡s❡♥t❡rt ✐ r❛♣♣♦rt❣r✉♥♥❧❛❣❡t ❧✐st❡t ✐ ❆✈s♥✐tt ✺✳✶✳✺✳

●❡♦❧♦❣✐s❦ ❦❛rt❧❡❣❣✐♥❣

●❡♦❧♦❣✐s❦ ♦❣ ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦ ❦❛rt❧❡❣❣✐♥❣ ❡r ❣❥❡♥♥♦♠❢ørt ✐ ✢❡r❡ ♦♠❣❛♥❣❡r ❢r❛ ✶✾✾✽
❛✈ ❙t❛t❡♥s ✈❡❣✈❡s❡♥ s❛♠t ❛✈ st✉❞❡♥t❡r ✈❡❞ ❯♥✐✈❡rs✐t❡t❡t ✐ ❇❡r❣❡♥ ✭❯✐❇✮ ✐ ✷✵✵✶ ♦❣
✷✵✵✸✳

●r✉♥♥❜♦r✐♥❣❡r

❙t❛t❡♥s ✈❡❣✈❡s❡♥ ❍♦r❞❛❧❛♥❞ ❣❥❡♥♥♦♠❢ørt❡ ❡♥ r❡❦❦❡ ❢❥❡❧❧❦♦♥tr♦❧❧❜♦r✐♥❣❡r ♦❣ t♦t❛❧✲
s♦♥❞❡r✐♥❣❡r ✐ s②✈ ♦♠rå❞❡r ❧❛♥❣s tr❛s❡❡♥ ✐ ✶✾✾✽✲✷✵✵✷ ♦❣ ✷✵✵✾ ❢♦r å ✜♥♥❡ ❞②♣❡t t✐❧
❜❡r❣♦✈❡r✢❛t❡♥ ♦❣ ❢♦r å ❛♥s❧å ❜❡r❣❦✈❛❧✐t❡t❡♥✳

●❡♦❢②s✐s❦❡ ✉♥❞❡rsø❦❡❧❡r

❘❡❢r❛❦s❥♦♥ss❡✐s♠✐s❦❡ ✉♥❞❡rsø❦❡❧s❡r ❡r ❣❥❡♥♥♦♠❢ørt ✐ ❢❡♠ ♦♠❣❛♥❣❡r❀ ✐ ✷✵✵✷ ♦❣ ✷✵✵✸
❛✈ ●❡♦♠❛♣ ❆❙ ♦❣ ✐ ✷✵✵✹✱ ✷✵✵✾ ♦❣ ✷✵✶✵ ❛✈ ●❡♦P❤②s✐①✳ ✶✺ ♣r♦✜❧❡r ❡r s❦✉tt ✐ ♥ær❤❡t❡♥
❛✈ t✉♥♥❡❧tr❛s❡❡♥ ♠❡❞ st♦r ❞❡❦♥✐♥❣s❣r❛❞✳

✷❉ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r ♦❣ ■P✲♠å❧✐♥❣❡r ❜❧❡ ✉t❢ørt ❛✈ ◆●❯ ✐ ✷✵✶✵ ❧❛♥❣s ❡♥ ✸✵✵✵
♠❡t❡r ❧❛♥❣ str❡❦♥✐♥❣ s♦♠ ❢ø❧❣❡r t✉♥♥❡❧tr❛s❡❡♥ ❢r❛ ❍❡s❥❛❦♦❧❧❡♥ ✈❡❞ ❝❛✳ ♣r♦✜❧ ✻✷✺✵
♦❣ ♥♦r❞♦✈❡r t✐❧ ♣å❤✉❣❣❡t ✈❡❞ ▲✐❛✈❛t♥❡t ✈❡❞ ♣r♦✜❧ ✽✽✸✵✳ ❉❡t ❜❧❡ ❜❡♥②tt❡t ●r❛❞✐❡♥t
❡❧❡❦tr♦❞❡❦♦♥✜❣✉r❛s❥♦♥ ♠❡❞ ✶✵ ♠❡t❡rs ❡❧❡❦tr♦❞❡❛✈st❛♥❞✳ ❱❡❞ ❍❡s❥❛❦♦❧❧❡♥ ❜❧❡ ❞❡t
♠å❧t ❡t ❡❦str❛ ♣r♦✜❧ ♠❡❞ ❤❛❧✈❡rt ❡❧❡❦tr♦❞❡❛✈st❛♥❞ ❢♦r ❡t ♠❡r ❞❡t❛❧❥❡rt ❜✐❧❞❡✳ ❯♥❞❡r
✐♥✈❡rs❥♦♥❡♥ ❛✈ ♠å❧❡❞❛t❛❡♥❡ ❡r ❞❡t ❜❡♥②tt❡t ❡♥ ❱✴❍✲❢❛❦t♦r ♣å ✷✳ ■♥✈❡rs❥♦♥❡♥ ❡r ❣❥♦rt
✈❡❞ ❜r✉❦ ❛✈ ♣r♦❣r❛♠♠❡t ❘❊❙✷❉■◆❱✳
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▲❛❜♦r❛t♦r✐❡✉♥❞❡rsø❦❡❧s❡r

❙t❛t❡♥s ✈❡❣✈❡s❡♥ ❧❛❜♦r❛t♦r✐❡t❡st❡t ✐ ✷✵✵✸ ❜❡r❣❛rts♣rø✈❡r ❢r❛ t♦t❛❧t s❡❦s ❧♦❦❛❧✐t❡t❡r
❧❛♥❣s tr❛s❡❡♥✳ ❚❡st❡r s♦♠ ❤❛r ❜❧✐tt ❣❥♦rt ❡r ❢❛❧❧♣rø✈❡ ♦❣ ▲♦s ❆♥❣❡❧❡s ✭❛❧❧❡ ♣rø✈❡r✮
♦❣ ❦✉❧❡♠ø❧❧❡ ✭t♦ ❛✈ ♣rø✈❡♥❡✮✳ ❉❡t ❡r ❤✈❡r❦❡♥ ❣❥♦rt t❡st❡r ♣å ❜❡r❣❛rt❡♥s ❜♦r❜❛r❤❡t✱
s♣r❡♥❣❜❛r❤❡t ❡❧❧❡r ♠✐♥❡r❛❧♦❣✐✱ ❤❡❧❧❡r ✐❦❦❡ ♣å s❧❡♣♣❡♠❛t❡r✐❛❧❡r✳

❍②❞❡r♦❣❡♦❧♦❣✐s❦❡ ✉♥❞❡rsø❦❡❧s❡r

■ ✷✵✵✷ ❣❥❡♥♥♦♠❢ørt❡ ❘✉♥❡ ❙t✉♠♦ ❢r❛ ❯✐❇ s✐♥ ❤♦✈❡❞❢❛❣s♦♣♣❣❛✈❡ ♣å ♥✉♠❡r✐s❦
♠♦❞❡❧❧❡r✐♥❣ ❛✈ ❜r✉❞❞♥❡tt✈❡r❦✱ ❦♦♥♥❡❦t✐✈✐t❡t ♦❣ ♣❡r♠❡❛❜✐❧✐t❡t ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞
❑♥❛♣♣❡t✉♥♥❡❧❡♥ ✭❙t✉♠♦✱ ✷✵✵✷✮✳ ■ ●✉r✐ ●❛♥❡rø❞s ❤♦✈❡❞❢❛❣s♦♣♣❣❛✈❡ ❢r❛ ✷✵✵✸ s❡r
❤✉♥ ♣å ❜r✉❞❞s②st❡♠ ♦❣ s♣❡♥♥✐♥❣s❢❡❧t t✐❧❦♥②tt❡t t✉♥♥❡❧❡♥ ✭●❛♥❡rø❞✱ ✷✵✵✸✮✳ ❖❣så
❞❡♥♥❡ ♦♣♣❣❛✈❡♥ ❡r ❣❥❡♥♥♦♠❢ørt ❤♦s ❯✐❇ ✳

❏♦r❞❢♦rs❦ ✭♥å ❆s♣❧❛♥ ❱✐❛❦✮ ❣❥❡♥♥♦♠❢ørt❡ ✐ ✷✵✵✸ ❡♥ ✈✉r❞❡r✐♥❣ ❛✈ ❞❡ ❤②❞r♦❣❡♦❧♦❣✐s❦❡
❢♦r❤♦❧❞❡♥❡ ✈❡❞ t✉♥♥❡❧❡♥ ♦❣ ❤❛r s❛tt ❦r❛✈ t✐❧ ✐♥♥❧❡❦❦❛s❥❡ ❡tt❡r s♣r❡♥❣♥✐♥❣✳

❙t❛t❡♥s ✈❡❣✈❡s❡♥ ❜♦r❡t ✐ ✷✵✵✸ s❡❦s ❦♦♥tr♦❧❧❜rø♥♥❡r ♦❣ ❤❛r ❧❛❣❡t ❡t ♣r♦❣r❛♠ ❢♦r
♦✈❡r✈å❦♥✐♥❣ ❛✈ ❣r✉♥♥✈❛♥♥s♥✐✈å❡t ✈❡❞ t✉♥♥❡❧tr❛s❡❡♥✳ ❈❖❲■ ✉t❢ørt❡ ❣❡♦r❛❞❛r✉♥✲
❞❡rsø❦❡❧s❡r ♦❣ ❢❡❧t✉♥❞❡rsø❦❡❧s❡r ❛✈ ✈❛♥♥❦✈❛❧✐t❡t ✭❦♦♥❞✉❦t✐✈✐t❡t ♦❣ t❡♠♣❡r❛t✉r✮ ✐
✷✵✵✾ ♦❣ ❤❛r s❛tt ♦♣♣ ❡t ❛♥❜❡❢❛❧t ♣r♦❣r❛♠ ❢♦r ♦✈❡r✈å❦♥✐♥❣ ❛✈ ✈❛♥♥ ✐ ❧øs♠❛ss❡r✳

❇❡❢❛r✐♥❣ ♦❣ ❡r❢❛r✐♥❣❡r ❢r❛ ♥ær❧✐❣❣❡♥❞❡ ❛♥❧❡❣❣

◆♦r❝♦♥s✉❧t ❇❡r❣❡♥ ❣❥❡♥♥♦♠❢ørt❡ ✐ ✷✵✶✵ ❡♥ ❜❡❢❛r✐♥❣ ❛✈ ❡♥ ❦❧♦❛❦❦t✉♥♥❡❧ s♦♠
❦r②ss❡r ❑♥❛♣♣❡t✉♥♥❡❧❡♥ ✈❡❞ ❙❛♥❞❡✐❞❡ ✐ sør✳ ❉❡t ❤❛r ✐❦❦❡ ✈ært ♠✉❧✐❣ å ♦♣♣❞r✐✈❡
♦♣♣❧②s♥✐♥❣❡r ❢r❛ ❞r✐✈✐♥❣❡♥ ❛✈ ❞❡♥♥❡ t✉♥♥❡❧❡♥✳

❊r❢❛r✐♥❣❡r ❢r❛ ❞r✐✈✐♥❣❡♥ ❛✈ ♥♦r❞❞❡❧❡♥ ❛✈ ❜②❣❣❡tr✐♥♥ ✶ ❤❛r ♦❣så ✈ært ♥②tt✐❣ ❞❛
❞❡t ❤❛r ✈ært ❢♦r✈❡♥t❡t s❛♠♠❡ ❜❡r❣❛rt❡r ♦❣ s❛♠♠❡ ❢♦r❤♦❧❞ ✐ ❞❡♥ sør❧✐❣❡ ❞❡❧❡♥ ❛✈
❜②❣❣❡tr✐♥♥ ✷✳ ❍❡r❢r❛ ❤❛r ❡♥ ✐♥❢♦r♠❛s❥♦♥ ♦♠ s♣r❡❦❦❡❢r❡❦✈❡♥s✱ s♣r❡❦❦❡❡❣❡♥❦❛♣❡r✱
s♣r❡❦❦❡❣❡♦♠❡tr✐✱ s♣❡♥♥✐♥❣❡r✱ ❧❡❦❦❛s❥❡♣r♦❜❧❡♠❡r ♦❣ ❜❡r❣❛rt❡r✳ ■ t✐❧❧❡❣❣ ❡r ❞❡t ❣❥♦rt
❧❛❜♦r❛t♦r✐❡t❡st✐♥❣ ❛✈ s❧❡♣♣❡♠❛t❡r✐❛❧❡ ♠❡❞ ❤❡♥s②♥ ♣å s✈❡❧❧❡❡❣❡♥s❦❛♣❡r✳

✺✳✶✳✹ ❯ts❛tt❡ ✉♥❞❡rsø❦❡❧s❡r

❯♥❞❡rsø❦❡❧s❡♥❡ ❣❥❡♥♥♦♠❢ørt ✉♥❞❡r ❞r✐✈✐♥❣ ❜❧✐r ❤❡r ❣❥❡♥♥♦♠❣ått✳ ❘❡s✉❧t❛t❡♥❡ ❢r❛
✉♥❞❡rsø❦❡❧s❡♥❡ ❤❛r ✈ært t✐❧❣❥❡♥❣❡❧✐❣ ❣❥❡♥♥♦♠ r❛♣♣♦rt❣r✉♥♥❧❛❣❡t ❧✐st❡t ✐ ❆✈s♥✐tt
✺✳✶✳✺✳

■♥❣❡♥✐ør❣❡♦❧♦❣✐s❦ ❦❛rt❧❡❣❣✐♥❣

❙♦♠ ✐ ❊✐❦r❡♠t✉♥♥❡❧❡♥ ❤❛r t✉♥♥❡❧st✉✛❡♥ ❜❧✐tt ❦❛rt❧❛❣t ❛✈ ❡♥ ✐♥❣❡♥✐ør❣❡♦❧♦❣ ♦♠tr❡♥t
❢♦r ❤✈❡r s❛❧✈❡ ✉♥❞❡r ❞r✐✈✐♥❣✳ ❯♥❞❡r ❦❛rt❧❡❣❣✐♥❣❡♥ ❡r ♣❛r❛♠❡tr❡ ❢♦r ◗✲✈❡r❞✐ ❛♥s❧ått
♦❣ ❜❡r❣❛rtst②♣❡✱ ♦♣♣s♣r❡❦❦✐♥❣✱ ❢♦❧✐❛s❥♦♥✱ s✈❛❦❤❡tss♦♥❡r ♦❣ ❡✈❡♥t✉❡❧t ❛♥❞r❡ ❢♦r❤♦❧❞
r❡❣✐str❡rt✳ ❑❛rt❧❡❣❣✐♥❣s❞❛t❛❡♥ ❡r r❡❣✐str❡rt ◆♦✈❛♣♦✐♥t✳
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❑❥❡r♥❡❜♦r✐♥❣

❙å ❧❛♥❣t ❡r ❞❡t ❣❥❡♥♥♦♠❢ørt t♦ ❦❥❡r♥❡❜♦r✐♥❣❡r ❢r❛ st✉✛ ✐ ❑♥❛♣♣❡t✉♥♥❡❧❡♥✳ ❇❡❣❣❡
❤✉❧❧❡♥❡ ❡r ♣❧❛ss❡rt ✐ sør ✈❡❞ ♣r♦✜❧ ✺✶✽✵ ♦❣ str❡❦❦❡r s❡❣ ✹✺ ♦❣ ✸✼ ♠❡t❡r sør♦✈❡r✳

❇♦r♣❛r❛♠❡t❡rt♦❧❦♥✐♥❣

❇♦rr✐❣❣❡♥ ❡r ✉tst②rt ♠❡❞ ❧♦❣❣❡✉tst②r ❢♦r å r❡❣✐str❡r❡ ❜♦r♣❛r❛♠❡tr❡♥❡ ❜♦rs②♥❦✱
♠❛t❡tr②❦❦✱ r♦t❛s❥♦♥str②❦❦✱ ❤❛♠♠❡rtr②❦❦✱ r♦t❛s❥♦♥s❤❛st✐❣❤❡t✱ ✈❛♥♥♠❡♥❣❞❡✱ ✈❛♥✲
♥tr②❦❦ ♦❣ t✐❞ ✉♥❞❡r ❛❧❧ ❜♦r✐♥❣ ✐ t✉♥♥❡❧❡♥✳ ❉❡♥♥❡ ❞❛t❛❡♥ ❜r✉❦❡s ❢♦r å ❢å ✐♥❢♦r♠❛s❥♦♥
♦♠ ❜❡r❣♠❛ss❡♥ ❡♥ ❜♦r❡r ✐✱ s♦♠ ❢✳❡❦s✳ ✈❛♥♥✐♥♥❤♦❧❞✱ ♦♣♣s♣r❡❦❦✐♥❣ ♦❣ ❜❡r❣❛rtsst②r❦❡✳
❇❡✈❡r ❈♦♥tr♦❧ ❆❙ ❤❛r stått ❢♦r t♦❧❦♥✐♥❣❡♥ ❛✈ ❜♦r❧♦❣❣❡♥✳

▲❛❜♦r❛t♦r✐❡t❡st✐♥❣ ❛✈ s❧❡♣♣❡♠❛t❡r✐❛❧❡

P❡r ❞❛❣s ❞❛t♦ ❡r ✐ ❛❧t ✷✶ ♣rø✈❡r ❜❧✐tt s❛♠❧❡t ✐♥♥ ♦❣ s❡♥❞t ✐♥♥ ❢♦r ❛♥❛❧②s❡✳
❉❡tt❡ ✐♥❦❧✉❞❡r❡r ❧❛❜♦r❛t♦r✐❡❛r❜❡✐❞❡t ❣❥♦rt ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ❞❡tt❡ ♠❛st❡r❛r❜❡✐❞❡t✳
Prø✈❡r s♦♠ ✈✐s❡r ❢r✐s✈❡❧❧✐♥❣ ❜❧✐r tr②❦❦✲ ♦❣ ❳❘❉✲t❡st❡t✳ ❚❡st❡♥❡ ❡r ❣❥❡♥♥♦♠❢ørt ✈❡❞
❙■◆❚❊❋s ■♥❣❡♥✐ør❣❡♦❧♦❣✐s❦❡ ▲❛❜♦r❛t♦r✐✉♠✳

❙♦♥❞❡r❜♦r✐♥❣❡r

❙♦♥❞❡r❜♦r✐♥❣❡r ❤❛r ❢r❛♠ t✐❧ ♥å ❜❧✐tt ❣❥❡♥♥♦♠❢ørt ✈❡❞ ❛❧❧ ❞r✐✈✐♥❣ ❢r❛ ❙❛♥❞❡✐❞❡✳ ❋r❛
▲✐❛✈❛t♥❡t✲st✉✛❡♥ ❡r ❞❡t s♦♥❞❡r❜♦r❡t ❢r❛ ❝❛✳ ♣r♦✜❧ ✽✹✺✵ ♦❣ sør♦✈❡r✳

✺✳✶✳✺ ❘❛♣♣♦rt❣r✉♥♥❧❛❣ ❢♦r ❑♥❛♣♣❡t✉♥♥❡❧❡♥

❋r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✱ s♦♠ ❞❛♥♥❡r ❣r✉♥♥❧❛❣❡t ❢♦r ♦♣♣s✉♠♠❡r✐♥❣❡♥ ❛✈ ❞❡ ❢♦r✈❡♥t✲
❡❞❡ ❢♦r❤♦❧❞❡♥❡ t✐❧ ❜r✉❦ ✐ s❛♠♠❡♥❧✐❣♥✐♥❣s❞❡❧❡♥ ❛✈ ♦♣♣❣❛✈❡♥✱ ❤❛r ❢ø❧❣❡♥❞❡ r❡❧❡✈❛♥t❡
r❛♣♣♦rt❡r✴❞♦❦✉♠❡♥t❡r ✈ært t✐❧❣❥❡♥❣❡❧✐❣ ♦❣ ❜❧✐tt ❜r✉❦t✿

❼ ■♥❣❡♥✐ør❣❡♦❧♦❣✐s❦ r❛♣♣♦rt t✐❧ ❦♦♥❦✉rr❛♥s❡❣r✉♥♥❧❛❣❡t✱ r❛♣♣♦rt ♥r✳ ✷✵✶✵✶✷✼✼✹✷✲
✵✵✶✱ ❞❛t❡rt ✶✺✳✶✵✳✷✵✶✵ ✭❑✐r❦❡❜②✱ ✷✵✶✵✮ ✭✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦ ❦❛rt s❛♠t ♦♣♣s✉♠✲
♠❡r✐♥❣ ❛✈ ❧❛✈r❡s✐st✐✈❡ s♦♥❡r ✐ ♦♣♣❣❛✈❡♥s ❱❡❞❧❡❣❣ ❇✳✶ ♦❣ ❇✳✹✮✳

❼ ✷❉ r❡s✐st✐✈✐t❡tsr❛♣♣♦rt✱ ◆●❯ r❛♣♣♦rt ♥r✳ ✷✵✵✾✳✵✼✼✱ ❞❛t❡rt ✶✺✳✵✶✳✷✵✶✵
✭●❛♥❡rø❞ ❡t ❛❧✳✱ ✷✵✵✾✮ ✭r❡s✐st✐✈✐t❡ts♠♦❞❡❧❧❡♥❡ ✜♥♥❡s ✐ ❱❡❞❧❡❣❣ ❇✳✸✮✳

❼ ❘❛♣♣♦rt❡r ❢r❛ r❡❢r❛❦ss❥♦♥ss❡✐s♠✐s❦❡ ✉♥❞❡rsø❦❡❧s❡r ❣❥❡♥♥♦♠❢ørt ❛✈ ●❡♦♠❛♣✱
r❛♣♣♦rt♥✉♠♠❡r ✷✶✶✸✶✻✳✵✶ ♦❣ ✷✸✶✺✷✶✳✵✶✱ ❞❛t❡rt ❤❤✈✳ ✷✺✳✵✷✳✷✵✵✷ ♦❣ ✷✹✳✶✶✳✷✵✵✸
✭●❡♦♠❛♣✱ ✷✵✵✷✱ ✷✵✵✸✮✳

❼ ❘❛♣♣♦rt ❢r❛ r❡❢r❛❦s❥♦♥ss❡✐s♠✐s❦❡ ✉♥❞❡rsø❦❡❧s❡r ❢r❛ ●❡♦P❤②s✐①✱ r❛♣♣♦rt ♥r✳
✵✾✶✼✶ ♦❣ ✵✾✹✸✶✱ ❞❛t❡rt ❤❤✈✳ ✷✶✳✵✽✳✷✵✵✾ ♦❣ ✷✶✳✵✹✳✷✵✶✵ ✭●❡♦P❤②s✐①✱ ✷✵✵✾✱
✷✵✶✵✮✳



✺✳✷✳ P❘❖●◆❖❙❊❘ ❋❘❆ ❋❖❘❯◆❉❊❘❙Ø❑❊▲❙❊◆❊ ✼✼

❚✐❞❧✐❣❡r❡ ✈❡rs❥♦♥❡r ❛✈ ♠❛t❡r✐❛❧❡ ❡r ❤❡r ✐❦❦❡ t❛tt ♠❡❞ ✐ ♦✈❡rs✐❦t❡♥✳ ❉❡t ✜♥♥❡s ❜❧❛♥t
❛♥♥❡t ♠❛♥❣❡ ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦❡ r❛♣♣♦rt❡r ❢r❛ t✐❞❧✐❣❡r❡ ♣❧❛♥♥✐✈å✳ ❘❡s✉❧t❛t❡♥❡ ❢r❛
t✐❞❧✐❣❡r❡ r❛♣♣♦rt❡r ♦❣ ❢r❛ ❞❡ ❛♥❞r❡ ✉♥❞❡rsø❦❡❧s❡♥❡ ✭❣r✉♥♥❜♦r✐♥❣❡r✱ ❤②❞r♦❣❡♦❧♦❣✐s❦❡
✉♥❞❡rsø❦❡❧s❡r ♦s✈✳✮ ❡r ✐♥❦❧✉❞❡rt ✐ ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦ r❛♣♣♦rt✳

◆år ❞❡t ❣❥❡❧❞❡r r❛♣♣♦rt❡r✐♥❣ ♦❣ ❞♦❦✉♠❡♥t❛s❥♦♥ ❢r❛ ❞r✐✈✐♥❣✱ ❤❛r ❢ø❧❣❡♥❞❡ ♠❛t❡r✐❛❧❡
✈ært t✐❧❣❥❡♥❣❡❧✐❣ ✉♥❞❡r ❛r❜❡✐❞❡t✿

❼ ❯ts❦r✐❢t ❛✈ ❦❛rt❧❡❣❣✐♥❣ ❣❥♦rt ✐ ◆♦✈❛♣♦✐♥t ❢♦r ❜❡❣❣❡ ❧ø♣ s❛♠♠❡♥st✐❧t ♠❡❞
s✐❦r✐♥❣s♦♠❢❛♥❣✱ ❞❛t❡rt ✵✹✳✵✻✳✷✵✶✷✴✵✽✳✵✺✳✷✵✶✷ ✭❧ø♣ ✶✶✴✶✷✮ ✭▲ø♣ ✶✷ ✐ ❱❡❞❧❡❣❣
❇✳✺✮✳

❼ ❯ts❦r✐❢t ❛✈ ❦❛rt❧❡❣❣✐♥❣ ❣❥♦rt ✐ ◆♦✈❛♣♦✐♥t ❢♦r ♥♦r❞❣å❡♥❞❡ ❧ø♣ ✭❧ø♣ ✶✶✮
s❛♠♠❡♥st✐❧t ♠❡❞ ❇P❚ ❛✈ ❤❛r❞❤❡t ♦❣ ♦♣♣s♣r❡❦❦✐♥❣✱ ❞❛t❡rt ✷✵✳✵✹✳✷✵✶✷✳

❼ ❇P❚ ❛✈ ♥♦r♠❛❧✐s❡rt ❜♦rs②♥❦ ❢♦r ❧ø♣ ✶✷ ✐ ❜✐❧❞❡❢♦r♠❛t✱ ❞❛t❡rt ✵✽✳✵✺✳✷✵✶✷✳

❼ ❋r❛♠❞r✐❢ts❦❛rt ♠❡❞ ♠❛r❦❡r✐♥❣ ❛✈ s✈❛❦❤❡tss♦♥❡r ♦❣ s♣rø②t❡❜❡t♦♥❣❜✉❡r ✐
t✉♥♥❡❧❡♥✱ ♠❡❞ ❦♦♠♠❡♥t❛r❡r✱ ♠♦tt❛tt ✶✾✳✵✹✳✷✵✶✷✳

❼ ❊❦s♣♦rt ❛✈ ◗✲✈❡r❞✐✲❦❛rt❧❡❣❣✐♥❣ ♦❣ ❦❛rt❧❡❣❣✐♥❣s❦♦♠♠❡♥t❛r❡r ❢r❛ ◆♦✈❛♣♦✐♥t
❢♦r ❜❡❣❣❡ ❧ø♣✱ ❊①❝❡❧✲r❡❣♥❡❛r❦✱ ❞❛t❡rt ✵✽✳✵✺✳✷✵✶✷✳

❼ ❊❦s♣♦rt ❛✈ s♣r❡❦❦❡✲ ♦❣ ❢♦❧✐❛s❥♦♥s♠å❧✐♥❣❡r ❢r❛ ◆♦✈❛♣♦✐♥t ❢♦r ❜❡❣❣❡ ❧ø♣✱ ❊①❝❡❧✲
r❡❣♥❡❛r❦✱ ❞❛t❡rt ✵✽✳✵✺✳✷✵✶✷✳

❼ ❑❥❡r♥❡❜♦r✐♥❣ ✈❡❞ ♣❡❧ ♥r✳ ✺✶✽✵❀ ❧ø♣❡♥❞❡ r❡❣✐str❡r✐♥❣ ❛✈ ◗✲✈❡r❞✐♣❛r❛♠❡tr❡✱
❊①❝❡❧✲r❡❣♥❡❛r❦ ♠❡❞ t✐❧❤ør❡♥❞❡ ❢♦t♦✱ ♠♦tt❛tt ✷✵✳✵✹✳✷✵✶✷ ✭❧♦❣❣ ✐ ❱❡❞❧❡❣❣ ❇✳✻✮✳

❼ ❘❡s✉❧t❛t❡r ❢r❛ ❢r✐s✈❡❧❧✐♥❣s❢♦rsø❦ ❛✈ s❧❡♣♣❡♠❛t❡r✐❛❧❡✱ ❊①❝❡❧✲r❡❣♥❡❛r❦ ❢r❛
❙t❛t❡♥s ✈❡❣✈❡s❡♥s s❡♥tr❛❧❧❛❜♦r❛t♦r✐✉♠✱ ❞❛t❡rt ✷✵✳✵✷✳✷✵✶✷

❼ ❘❛♣♣♦rt ❢r❛ ❧❛❜♦r❛t♦r✐❡✉♥❞❡rsø❦❡❧s❡r ❛✈ s✈❡❧❧❡❡❣❡♥s❦❛♣❡r t✐❧ ❛❦t✐✈❡ s❧❡♣♣❡♠❛✲
t❡r✐❛❧❡r✱ ❙■◆❚❊❋ r❛♣♣♦rt ♥r✳ ✶✷✵✶✺■●✱ ❞❛t❡rt ✵✾✳✵✺✳✷✵✶✷ ✭❉❛❤❧✱ ✷✵✶✷✮✳

■ t✐❧❧❡❣❣ ❡r ♠②❡ ✐♥❢♦r♠❛s❥♦♥ ❣✐tt ❞✐r❡❦t❡ ❢r❛ ❞❡ ❛♥s❛tt❡ ✈❡❞ ❘✐♥❣✈❡❣ ❱❡sts
♣r♦s❥❡❦t❦♦♥t♦r ✐ ❇❡r❣❡♥✳

✺✳✷ Pr♦❣♥♦s❡r ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡

❉❡tt❡ ❛✈s♥✐tt❡t ♣r❡s❡♥t❡r❡r ❤♦✈❡❞r❡s✉❧t❛t❡♥❡ ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ❣❥❡♥♥♦♠❢ørt ✐
❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ♣❧❛♥❧❡❣❣✐♥❣❡♥ ❛✈ ❑♥❛♣♣❡t✉♥♥❡❧❡♥✳ Pr♦❣♥♦s❡♥❡ ❢♦r ❞❡ ✐♥❣❡♥✐ør❣❡♦❧✲
♦❣✐s❦❡ ❢♦r❤♦❧❞❡♥❡ s♦♠ ❡r ♣r❡s❡♥t❡rt ❡r ✐ s❛♠♠❡♥❢❛tt❡t ❢r❛ ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦ r❛♣♣♦rt
❢♦r ❦♦♥❦✉rr❛♥s❡❣r✉♥♥❧❛❣❡t ✭❑✐r❦❡❜②✱ ✷✵✶✵✮✱ ❞❡rs♦♠ ❛♥♥❡t ✐❦❦❡ ❡r ♦♣♣❣✐tt✳
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❋✐❣✉r ✺✳✹ ✕ ❇❡r❣❣r✉♥♥s❦❛rt ♠❡❞ ✐♥♥t❡❣♥❡t t✉♥♥❡❧tr❛sé✳
✸✻ ❂ ●r❛♥✐tt✐s❦ ❣♥❡✐s✱ rø❞✱ ♦♠❞❛♥♥❡t ❣r❛♥✐tt✳
✹✼ ❂ ●♥❡✐s✱ ♦✈❡r✈❡✐❞❡♥❞❡ ❣r❛♥✐tt✐s❦ t✐❧ ❣r❛♥♦❞✐♦r✐tt✐s❦ ♠❡❞ rø❞ ❦❛❧✐❢❡❧ts♣❛t✱ ✉❡♥s❛rt❡t
t✐❧ ♠✐❣♠❛t✐tt✐s❦✱ st❡❞✈✐s ❜å♥❞❡t✱ ♦✈❡r✈❡✐❡♥❞❡ ❛♠✜❜♦❧ ♦❣ ❜✐♦t✐ttr✐❦✱ st❡❞✈✐s ❣rå
❣r❛♥♦❞✐♦r✐tt✐s❦ t✐❧ t♦♥❛❧✐tt✐s❦ ❣♥❡✐s✳
▼♦❞✐✜s❡rt ✜❣✉r ❢r❛ ❑✐r❦❡❜② ✭✷✵✶✵✮✳

✺✳✷✳✶ ❇❡r❣❛rt❡r✱ ❢♦❧✐❛s❥♦♥ ♦❣ ♦♣♣s♣r❡❦❦✐♥❣

❚✉♥♥❡❧❡♥ ✈✐❧ ❣å ❣❥❡♥♥♦♠ Ø②❣❛r❞s❦♦♠♣❧❡❦s❡t ✐♥♥❡rst ✐ ❇❡r❣❡♥s❜✉❡♥❡ ✭❆✈s♥✐tt
✺✳✶✳✶✮✱ s♦♠ ❤❡r ❜❡står ❛✈ ❤♦♠♦❣❡♥❡ ❣r❛♥✐tt✐s❦❡ ❣♥❡✐s❡r ✐ sør ♦❣ ♦♠❞❛♥♥❡t ❣r❛♥✐tt✱
❣♥❡✐s❣r❛♥✐tt ♦❣ ❜å♥❞❡t❡✴♠✐❣♠❛t✐tt✐s❦❡ ❣♥❡✐s❡r ✐ ♥♦r❞✱ ♠❡❞ ✐♥♥s❧❛❣ ❛✈ ❛♠✜❜♦❧✐tt❡r
♦❣ ♠ør❦❡ ❜✐♦t✐tt✴❛♠✜❜♦❧✲r✐❦❡ ❣♥❡✐s❡r✳ ❇❡r❣❣r✉♥♥s❣❡♦❧♦❣✐s❦ ❦❛rt ❢♦r t✉♥♥❡❧tr❛s❡❡♥
❡r ✈✐st ✐ ❋✐❣✉r ✺✳✹✳ ▲❛❜♦r❛t♦r✐❡t❡st❡r ♣å ♣rø✈❡r ❢r❛ s❡❦s ❧♦❦❛s❥♦♥❡r ✈✐st❡ ❛t ❜❡r❣❛rt❡♥
❣❡♥❡r❡❧t ❡r ❛✈ ❣♦❞ ❦✈❛❧✐t❡t✳

❇❡r❣❛rt❡♥ ✈✐s❡r ❜å❞❡ ❢♦❧✐❛s❥♦♥ ✭strø❦✴❢❛❧❧ ❱❙❱✲Ø◆Ø✴✶✺✲20◦❙ ✐ sør ♦❣ ❱❙❱✲
Ø◆Ø✴✷✵✲30◦❙ ✐ ♥♦r❞✮ ♦❣ ❧✐♥❡❛s❥♦♥ ✭st✉♣♥✐♥❣ ✺✲15◦ Ø◆Ø✮✳ ❙t♦rt s❡tt ❡r ❞❡t ✐❦❦❡
❢♦r✈❡♥t❡t å ✈ær❡ ❣❥❡♥♥♦♠s❡tt❡♥❞❡ ♦♣♣s♣r❡❦❦✐♥❣ ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ❢♦❧✐❛s❥♦♥❡♥✱ ♠❡♥
❞❡t s②♥❡s å ✈ær❡ ø❦t ♦♣♣s♣r❡❦❦✐♥❣ ❧❛♥❣s ❞❡♥ ✐ ❞❡ s❡♥tr❛❧❡ ❞❡❧❡♥ ❛✈ t✉♥♥❡❧❡♥✱ ✈❡❞
❑❛♥❛❞❛s❦♦❣❡♥✳



✺✳✷✳ P❘❖●◆❖❙❊❘ ❋❘❆ ❋❖❘❯◆❉❊❘❙Ø❑❊▲❙❊◆❊ ✼✾

❙✉❜✈❡rt✐❦❛❧❡ t✈❡rrs♣r❡❦❦❡r ♦r✐❡♥t❡rt ◆◆❱✲❙❙Ø ❡r ♠❛r❦❡rt❡ ✐ t❡rr❡♥❣❡t ♦❣ ♦♣♣tr❡r
❧❛♥❣s ❤❡❧❡ t✉♥♥❡❧❧❡♥❣❞❡♥✳ ❆✈st❛♥❞❡♥ ♠❡❧❧♦♠ ❡♥❦❡❧ts♣r❡❦❦❡r ❧❛♥❣s ❞❡tt❡ s♣r❡❦❦❡s❡t✲
t❡t ✈❛r✐❡r❡r ❢r❛ ✵✱✺✲✶✱✺ ♠❡t❡r t✐❧ t✐❧ ♠❡❣❡t t❡tt ♦♣♣s♣r❡❦❦✐♥❣ ✐ ♦♣♣t✐❧ ✸ ♠❡t❡r ❜r❡❞❡
s♦♥❡r✳ ■ ❞✐ss❡ s♦♥❡♥❡ ❦❛♥ ❞❡t ❢♦r❡❦♦♠♠❡ ❧❡✐r❡✳ ❉✐ss❡ s♦♥❡♥❡ ❡r ✉❣✉♥st✐❣ ♦r✐❡♥t❡rt ✐
❢♦r❤♦❧❞ t✐❧ t✉♥♥❡❧❛❦s❡♥ ♦❣ ❦❛♥ t❡♥❦❡s å ❣✐ ❡t ♠❡r ✜r❦❛♥t❡t t✉♥♥❡❧♣r♦✜❧✳

✺✳✷✳✷ ❇❡r❣❦❧❛ss❡r ♦❣ ❜❡r❣s✐❦r✐♥❣

❉❡♥ ❢♦r✈❡♥t❡❞❡ ❢♦r❞❡❧✐♥❣❡♥ ❛✈ ❜❡r❣❦❧❛ss❡♥❡ ❧❛♥❣s tr❛s❡❡♥ ❡r ✈✐st ❧❡♥❣❞❡♣r♦✜❧❡t ✐
❋✐❣✉r ✺✳✶✸✳ ❉❡rs♦♠ ♠❛♥ ✉t❡❧✉❦❦❡♥❞❡ s❡r ♣å ❞❡♥ ❞❡❧❡♥ ❛✈ t✉♥♥❡❧❡♥ s♦♠ ❡r ❞r❡✈❡t
♣❡r ✽✳ ♠❛✐✱ ❜❧✐r ❞❡♥ ❢♦r✈❡♥t❡❞❡ ❢♦r❞❡❧✐♥❣❡♥ s♦♠ ♣r❡s❡♥t❡rt ✐ ❚❛❜❡❧❧ ✺✳✶✳ ❙♦♠ ❡♥ s❡r
❛✈ t❛❜❡❧❧❡♥✱ ❡r ❞❡t ❢♦r✈❡♥t❡t ♦✈❡r ♠✐❞❞❡❧s ❣♦❞t ❜❡r❣ ❧❛♥❣s st♦r❡ ❞❡❧❡r ❛✈ str❡❦♥✐♥❣❡♥✳

❉❡t ❡r ✐❦❦❡ ❧②❦t❡s å ❢å ♥♦❡♥ ♦✈❡rs✐❦t ♦✈❡r ❛♥t❛tt s✐❦r✐♥❣s♦♠❢❛♥❣ ❢♦r ❑♥❛♣♣❡t✉♥♥❡✲
❧❡♥✳

❚❛❜❡❧❧ ✺✳✶ ✕ ❆♥t❛tt ❢♦r❞❡❧✐♥❣ ❛✈ ❜❡r❣❦❧❛ss❡✳

❇❡r❣❦❧❛ss❡ ❋♦r✈❡♥t❡t ❢♦r❞❡❧✐♥❣

❆✴❇✴❈ ✽✹✪

❉ ✶✷✪

❊✴❋ ✹✪

✺✳✷✳✸ ❙✈❡❧❧❡❧❡✐r❡

❉❡t ❡r ✐❦❦❡ ❣❥❡♥♥♦♠❢ørt særs❦✐❧t❡ ✉♥❞❡rsø❦❡❧s❡r ❢♦r å ✈✉r❞❡r❡ ♠✉❧✐❣❤❡t❡♥❡ ❢♦r å
tr❡✛❡ ♣å s✈❡❧❧❡❧❡✐r❡ ✉♥❞❡r ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✳ ❊r❢❛r✐♥❣❡r ❢r❛ ❜②❣❣❡tr✐♥♥ ✶ ✈✐st❡ ✐❦❦❡
t❡❣♥ t✐❧ s✈❡❧❧❡♥❞❡ s♣r❡❦❦❡♠❛t❡r✐❛❧❡✳ ■ ❢ø❧❣❡ ▲øs❡t ✭✷✵✵✻✮ ❡r ✐♠✐❞❧❡rt✐❞ s✈❡❧❧❡❧❡✐r❡
♣åtr✉✛❡t ✐ ✢❡r❡ ✉♥❞❡r❥♦r❞s❛♥❧❡❣❣ ✐ ❇❡r❣❡♥s♦♠rå❞❡t✱ s❧✐❦ ❛t ❞❡t ❡r ❢♦r♥✉❢t✐❣ å ❛♥t❛
❛t s✈❡❧❧❡❧❡✐r❡ ❦❛♥ ❢♦r❡❦♦♠♠❡ ✐ ❜②❣❣❡tr✐♥♥ ✷ ❛✈ ❑♥❛♣♣❡t✉♥♥❡❧❡♥✳

✺✳✷✳✹ ❙✈❛❦❤❡tss♦♥❡r

■ ❛❧t ❡r ❞❡t t♦❧❦❡t å tr❡✛❡ ✷✺ s✈❛❦❤❡tss♦♥❡r ♦❣ ❜❡❧t❡r ♠❡❞ s✈❛❦❤❡tss♦♥❡r ❧❛♥❣s
❞❡ t♦ t✉♥♥❡❧❧ø♣❡♥❡✳ ✶✸ ❛✈ ❞✐ss❡ ❧✐❣❣❡r ✐ ❞❡ ❞❡❧❡♥❡ ❛✈ tr❛s❡❡♥ s♦♠ ❡r ❞r❡✈❡t
♣❡r ❥✉♥✐ ✷✵✶✷✳ ❯♥❞❡r ❜❧✐r s♦♥❡♥❡ ❜❡s❦r❡✈❡t ❡tt❡r ❤✈♦r ❞❡ ❡r ❛♥t❛tt å ♣åtr❡✛❡✱
❢r❛ sør t✐❧ ♥♦r❞ ✭ø❦❡♥❞❡ ♣r♦✜❧♥✉♠♠❡r✮✳ Pr♦✜❧♥✉♠♠❡r ❣❥❡❧❞❡r ❢♦r ❤✈♦r s♦♥❡♥❡
❡r ❛♥t❛tt å tr❡✛❡ ❧❛♥❣s ❧ø♣ ✶✷✳ ❇❡s❦r✐✈❡❧s❡♥ ❛✈ s✈❛❦❤❡tss♦♥❡ ❡r s❛♠♠❡♥❢❛tt❡t
✉t ❢r❛ ❣❡♦❧♦❣✐s❦ r❛♣♣♦rt ❢♦r ❦♦♥❦✉rr❛♥s❡❣r✉♥♥❧❛❣❡t ✭❑✐r❦❡❜②✱ ✷✵✶✵✮ ❞❡rs♦♠ ✐❦❦❡
❛♥❞r❡ r❡❢❡r❛♥s❡r ❡r ♦♣♣❣✐tt✳ ❘❡s✐st✐✈✐t❡t❡♥ s♦♠ ❡r ♦♣♣❣✐tt ❡r ♦❣så ❤❡♥t❡t ❢r❛ ❞❡♥♥❡
r❛♣♣♦rt❡♥✱ ❢r❛ t❛❜❡❧❧❡♥ ❣❥❡♥❣✐tt ✐ ❱❡❞❧❡❣❣ ❇✳✹✳ ❚❛❜❡❧❧❡♥ ❡r r❡✈✐❞❡rt ✐ ❢♦r❤♦❧❞
t✐❧ ❞❡t s♦♠ ♣r❡s❡♥t❡r❡s ✐ r❡s✐st✐✈✐t❡tsr❛♣♣♦rt❡♥ ❢r❛ ◆●❯ ✭●❛♥❡rø❞ ❡t ❛❧✳✱ ✷✵✵✾✮✳
❙♦♥❡♥❡ s♦♠ ❡r t❛tt ♠❡❞ ❤❡r ❤❛r ❢ått ♥❛✈♥ s♦♠ ✐ r❛♣♣♦rt❣r✉♥♥❧❛❣❡♥❡✱ ♠❡♥ ♠❡❞
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❚❛❜❡❧❧ ✺✳✷ ✕ ❖✈❡rs✐❦t ♦✈❡r s✈❛❦❤❡tss♦♥❡r ♦❣ ❤✈♦r ❧❛♥❣s t✉♥♥❡❧tr❛s❡❡♥ ❞❡ ❡r ❢♦r✈❡♥t❡t
å ❦♦♠♠❡ ✐ ❢ø❧❣❡ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✳ ✏❳✑ ❜❡t②r ❛t s♦♥❡♥ ✐❦❦❡ ✈✐s❡s ♣å ♠å❧✐♥❣❡♥ ✏✲✑ ❜❡t②r
♠å❧✐♥❣ ✐❦❦❡ ✉t❢ør ♦✈❡r s♦♥❡♥✳

Pr♦✜❧ ❙♦♥❡ ❙❡✐s♠✐s❦
❤❛st✐❣❤❡t✱ ♠✴s
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✻✺✺✵✴✺✺✼✺ ❑✺ ✸✽✵✵ ✺✵✵✲✶✵✵✵ ❏❛

✻✼✶✵ ❑✻❛ ✹✷✵✵ ✷✵✵✲✺✵✵ ❏❛
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✼✸✹✵ ❑▼♥✹✳✶ ✷✼✵✵ ❳ ◆❡✐

✼✸✽✵ ❑▼♥✹✳✷ ✷✼✵✵ ❳ ◆❡✐

✼✹✺✺ ❑❙✶ ✸✺✵✵ ✶✵✵✵✲✷✵✵✵ ◆❡✐

✼✹✽✵✲✼✺✵✵ ❑✽ ✸✽✵✵ ✶✵✵✵✲✷✵✵✵ ❏❛

✼✺✼✵✲✼✻✵✵ ❑✾ ✲ ✶✵✵✵✲✷✵✵✵ ❏❛

✼✽✹✵✲✼✽✻✵ ❑✶✵ ✷✺✵✵ ✺✵✵✲✶✵✵✵ ❏❛

✼✾✵✵ ❑❍ ✲ ✺✵✵✲✶✵✵✵ ◆❡✐

✽✵✵✵✲✽✷✸✵ ❑✶✶ ✲ ✶✵✵✵✲✷✵✵✵✴✷✵✵✲✺✵✵ ❏❛

✽✷✺✵ ❑❏ ✹✵✵✵ ✶✵✵✵✲✷✵✵✵ ◆❡✐

✽✸✸✵ ❑❑ ❳ ✷✵✵✲✺✵✵ ◆❡✐

✽✸✺✵ ❑❋✶ ✸✸✵✵ ❳ ◆❡✐

✽✸✽✵ ❑✶✷ ✸✵✵✵ ❁✷✵✵ ❏❛

✽✻✹✵ ❑❙♣✷ ✲ ❳ ❏❛

✽✼✾✺ ❑▲ ✲ ❁✷✵✵ ◆❡✐

✽✽✷✵ ❑✶✸ ✲ ❁✷✵✵ ◆❡✐

❚♦t❛❧t ❛♥t✳ s♦♥❡r ✸✵ ✶✺✶ ✷✵ ✶✻
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❜♦❦st❛✈❡♥ ✏❑✑ ❢♦r ✏❑♥❛♣♣❡t✉♥♥❡❧❡♥✑ ❢♦r❛♥✳ ■ t✐❧❧❡❣❣ ❡r s♦♥❡r s♦♠ ♠❛♥❣❧❡r ♥❛✈♥ ✐
❦♦♥❦✉rr❛♥s❡❣r✉♥♥❧❛❣❡t ❣✐tt ❡✈♥❡ ♥❛✈♥✱ ❢✳❡❦s✳ ❑▼♥✹✳✶✳

❊♥ ♦♣♣s✉♠♠❡r✐♥❣ ❛✈ ❞❡ ❢♦r✈❡♥t❡❞❡ s✈❛❦❤❡tss♦♥❡♥❡ ❣✐s ✐ ❚❛❜❡❧❧ ✺✳✷✳ ▲❡♥❣❞❡♣r♦✜❧❡t
✐ ❋✐❣✉r ✺✳✻ ✈✐s❡r s✈❛❦❤❡tss♦♥❡♥❡ ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✱ ✐♥❞✐❦❡rt ✐ rø❞t✳ ■♥❣❡♥✐ør❣❡♦❧✲
♦❣✐s❦ ❦❛rt ✈✐s❡r ♦r✐❡♥t❡r✐♥❣❡♥ ❛✈ s♦♥❡♥❡ ✐ ❞❛❣❡♥✳ ❉❡tt❡ ❡r ✈❡❞❧❛❣t r❛♣♣♦rt❡♥ ✭❱❡❞✲
❧❡❣❣ ❇✳✶✮✳ ■♥❣❡♥ ❛✈ s♦♥❡♥❡ ❢r❛ r❡s✐st✐✈✐t❡t❡♥ ✈✐st❡ ❢♦r❤ø②❡t ■P✲❡✛❡❦t ♥♦❡ s♦♠ ❜❡t②r
❛t s♦♥❡♥❡ ✐❦❦❡ s❦②❧❞❡s ❧❡❞❡♥❞❡ ♠✐♥❡r❛❧❡r✱ ♠❡♥ ø❦t ♦♣♣s♣r❡❦❦✐♥❣ ✭●❛♥❡rø❞ ❡t ❛❧✳✱
✷✵✵✾✮✳ ■P✲♣r♦✜❧❡♥❡ ❡r ❞❡r❢♦r ✐❦❦❡ ✐♥❦❧✉❞❡rt ✐ ❋✐❣✉r ✺✳✺✱ s♦♠ ✈✐s❡r r❡s✐st✐✈✐t❡ts♠♦❞✲
❡❧❧❡♥ ❢♦r t✉♥♥❡❧❡♥✳

❋✐❣✉r ✺✳✺ ✕ ❘❡s✐st✐✈✐t❡ts♣r♦✜❧❡r ✈❡❞ ❑♥❛♣♣❡t✉♥♥❡❧❡♥✱ s❛♠♠❡♥st✐❧t ♠❡❞ r❡s✉❧t❛t❡♥❡
❢r❛ r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦❡♥✳ ❉❡ t♦ ø✈❡rst❡ ♣r♦✜❧❡♥❡ ❡r ♠å❧t ♠❡❞ ✶✵ ♠❡t❡rs ❡❧❡❦tr♦❞❡❛✈✲
st❛♥❞✱ ♥❡❞❡rst❡ ♣r♦✜❧ ✈✐s❡r ❞❡t❛❧❥❡r r✉♥❞t s♦♥❡ ❑✹✱ ♠å❧t ♠❡❞ ✺ ♠❡t❡rs ❡❧❡❦tr♦❞❡❛✈s✲
t❛♥❞ ✭●❛♥❡rø❞ ❡t ❛❧✳✱ ✷✵✵✾✮✳



✽✷ ❑❆P■❚❚❊▲ ✺✳ ❑◆❆PP❊❚❯◆◆❊▲❊◆

✭❛✮ Pr♦✜❧ ✺✵✵✵✲✻✾✵✵✳

✭❜✮ Pr♦✜❧ ✻✽✺✵✲✽✽✵✵✳

❋✐❣✉r ✺✳✻ ✕ ▲❡♥❣❞❡♣r♦✜❧ ❛✈ ❑♥❛♣♣❡t✉♥♥❡❧❡♥ ♠❡❞ ♣❧❛ss❡r✐♥❣ ❛✈ s✈❛❦❤❡tss♦♥❡r ❢r❛
❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ♦❣ ❛♥t❛tt ❜❡r❣♠❛ss❡❦❧❛ss❡✳ ❋✐❣✉r❡♥ ❡r ❜❛s❡rt ♣å ❑✐r❦❡❜② ✭✷✵✶✵✮✳

Pr♦✜❧ ✺✵✽✵✲✺✶✽✵✿ ❙✈❛❦❤❡tss♦♥❡ ❑✶ ❍❡❧t ✐ sør ❧❛♥❣s t✉♥♥❡❧tr❛s❡❡♥ ❡r
♦✈❡r❞❡❦♥✐♥❣❡♥ ❧✐t❡♥✱ ♥❡❞ ♠♦t ✺ ♠❡t❡r✳ ❙❡✐s♠✐s❦ ❤❛st✐❣❤❡t ❡r ❤❡r ♠å❧t t✐❧ ✸✵✵✵✲
✸✼✵✵ ♠✴s ♦❣ ❜❡r❣♠❛ss❡♥ t♦❧❦❡s å ❜❡stå ❛✈ ♦♣♣s♣r✉❦❦❡t✱ ❢♦r✈✐tr❡t✱ ❞år❧✐❣ ✐♥♥s♣❡♥t
❞❛❣❢❥❡❧❧✳ ❉❡t ❡r ❢♦r✈❡♥t❡t å ♣åtr❡✛❡ ◆◆❱✲❙❙Ø✲❣å❡♥❞❡ s♣r❡❦❦❡s♦♥❡r ✐ ♦♠rå❞❡t✳
▲✐❦❡✈❡❧ ❡r ❞❡t ❢♦r✈❡♥t❡t ❣♦❞t ❜❡r❣ ✐ ✈❡❦s❧✐♥❣ ♠❡❞ ❞❡t ❞år❧✐❣❡r❡ ❜❡r❣❡t ✉t ❢r❛
❡r❢❛r✐♥❣❡r ❢r❛ ❣r✉♥♥❜♦r✐♥❣❡r ♦❣ ♦❜s❡r✈❛s❥♦♥❡r ❧❛♥❣s ❇ør❣❡✈❡✐❡♥✳ ❙♦♥❡♥ ❡r ♦❜s❡r✈❡rt
❜å❞❡ ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ❢❡❧t❛r❜❡✐❞✴❦❛rtst✉❞✐❡r ♦❣ s❡✐s♠✐❦❦✳ ❘❡s✐st✐✈✐t❡t ❡r ✐❦❦❡ ♠å❧t
✐ ♦♠rå❞❡t✳

Pr♦✜❧ ✺✸✵✵✲✺✻✺✵✿ ❙✈❛❦❤❡ts♦♥❡r ❑❙♣✶ ❉❡tt❡ ♦♠rå❞❡t ♣r❡❣❡s ❛✈ ◆◆❱✲❙❙Ø✲
❧✐❣❣❡♥❞❡ s♣r❡❦❦❡s♦♥❡r s♦♠ ❢❛❧❧❡r st❡✐❧t ✼✵✲90◦ øst✴✽✺✲90◦ ✈❡st✳ ❉❡t ❡r ❢♦r✈❡♥t❡t
s♣r❡❦❦❡r ♠❡❞ ♥♦❡ s♣r❡❦❦❡♠❛t❡r✐❛❧❡ ♦❣ ❧❡✐r❡✳ ❙tr✉❦t✉r❡♥❡ ❡r ❢✉♥♥❡t så ❧❛♥❣t sør s♦♠
♣r♦✜❧ ✺✸✵✵ ♦❣ ♠✉❧✐❣❡♥s ✈✐❧ ❞✐ss❡ s♦♥❡♥❡ ❦♦♠♠❡ ♦❣ ❣å ✐ t✉♥♥❡❧❡♥ ❤❡❧t t✐❧ ♦❣ ♠❡❞
s♦♥❡ ❑✶✳ ❙♦♥❡♥❡ ❡r t❡❣♥❡t ✐♥♥ ♣å ❣❡♦❧♦❣✐s❦ ❦❛rt ✐ ❦♦♥❦✉rr❛♥s❡❣r✉♥♥❧❛❣❡t✱ ♠❡♥ ✐❦❦❡
t❛tt ♠❡❞ ✐ s❡❧✈❡ r❛♣♣♦rt❡♥✱ ♠❡❞ ✉♥♥t❛❦ ❛✈ ✈❡❞ ♣r♦✜❧ ✺✻✵✵ ✈❡❞ ❱❛r❞❡s✈✐♥❣❡♥ ❤✈♦r
❢♦r✈❡♥t❡t ❜❡r❣♠❛ss❡❦❧❛ss❡ ❡r s❛tt ♥❡❞ t✐❧ ❉✳

■ t✐❧❧❡❣❣ ❡r ❞❡t sær❧✐❣ ❧❡♥❣st ✐ ♥♦r❞ ♦❣ ❤❡❧t ♦♣♣ ♠♦t ♣r♦✜❧ ✺✽✺✵✱ ♦❜s❡r✈❡rt ♠❡r ❢♦❧✐❡rt❡
❣♥❡✐s❡r s♦♠ ❞❡t ❡r ❢♦r✈❡♥t❡t ❛t ❦❛♥ ♣åtr❡✛❡s s♦♠ s♣r❡❦❦❡s♦♥❡r ✐ t✉♥♥❡❧❡♥✳ ❊♥ s❧✐❦
s♦♥❡ ❞❛♥♥❡r ❣r✉♥♥❧❛❣❡t ❢♦r å s❡tt❡ ❢♦r✈❡♥t❡t ❜❡r❣❦❧❛ss❡ t✐❧ ❉ ✈❡❞ ♣r♦✜❧ ✺✺✵✵✳
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❉❡t ❡r ✐❦❦❡ ❣❥♦rt ❣❡♦❢②s✐s❦❡ ✉♥❞❡rsø❦❡❧s❡r ❡❧❧❡r s♦♥❞❡r✐♥❣❡r ❧❛♥❣s str❡❦♥✐♥❣❡♥✳
▼❡❧❧♦♠ ♣r♦✜❧ ✺✻✺✵ ♦❣ ✺✼✺✵ ❡r ❞❡t ❞❡ss✉t❡♥ ❢å ❜❡r❣❜❧♦t♥✐♥❣❡r✱ s❧✐❦ ❛t ❢♦r❤♦❧❞❡♥❡
❤❡r ❡r sær❧✐❣ ✉s✐❦r❡✳

Pr♦✜❧ ✺✽✸✵✴✺✽✽✵✿ ❙✈❛❦❤❡tss♦♥❡ ❑✷ ❱❡❞ ❞❡tt❡ ♣r♦✜❧❡t sør ❢♦r ❱❛r❞❡♥ ❙t❛❞✐♦♥
❡r ❞❡t r❡❣✐str❡rt ❡♥ ❧❛✈❤❛st✐❣❤❡tss♦♥❡ ❧❛♥❣s t♦ ❢♦rs❦❥❡❧❧✐❣❡ s❡✐s♠✐s❦❡ ♣r♦✜❧❡r✱ ♠❡❞
❤❛st✐❣❤❡t❡r ♣å ❤❤✈✳ ✸✷✵✵ ♠✴s ♦❣ ✸✾✵✵ ♠✴s✳ ❖r✐❡♥t❡r✐♥❣❡♥ ❛✈ ❞❡♥♥❡ s♦♥❡♥ ❡r ✉s✐❦❦❡r❀
❞❡♥ ❦❛♥ ❡♥t❡♥ ✈ær❡ st❡✐❧ ♦❣ tr❡✛❡ t✉♥♥❡❧❧ø♣❡♥❡ ✈❡❞ ♣r♦✜❧ ✺✽✽✵✱ ❡✈❡♥t✉❡❧t ❦❛♥
s✈❛❦❤❡tss♦♥❡♥ ✈ær❡ ❡♥ ❞❡❧ ❛✈ ❢♦❧✐❛s❥♦♥sstr✉❦t✉r❡♥❡ ✐ ♦♠rå❞❡t✱ ♦❣ ❢❛❧❧❡ s❧❛❦t sør♦✈❡r✳
■så❢❛❧❧ ✈✐❧ ❞❡♥ tr❡✛❡ ❧ø♣❡♥❡ r✉♥❞t ♣r♦✜❧ ✺✽✸✵✳ ❉❡♥♥❡ s♦♥❡♥ ❜❧❡ ✐❦❦❡ ♦♣♣❞❛❣❡t ✐ ❦❛rt✲
♦❣ ❢❡❧tst✉❞✐❡r✳ ❘❡s✐st✐✈✐t❡t ❡r ✐❦❦❡ ♠å❧t ✐ ♦♠rå❞❡t✳

Pr♦✜❧ ✻✷✶✵✿ ❙✈❛❦❤❡tss♦♥❡ ❑✸ ❖❜s❡r✈❛s❥♦♥❡r ✐ ❢❡❧t t②❞❡r ♣å ❡♥ s✈❛❦❤❡tss♦♥❡
♣å t✈❡rs ❛✈ t✉♥♥❡❧❧ø♣❡♥❡ ✈❡❞ ❞❡tt❡ ♣r♦✜❧❡t✳ ❙♦♥❞❡r❜♦r✐♥❣❡r ✈✐s❡r ❤ø② ❜♦rs②♥❦
♦❣ ❧❛✈ ♠❛t❡❦r❛❢t✱ ♦❣ s♦♥❡♥ ❡r s❛tt t✐❧ å ❜❡stå ❛✈ ❜❡r❣❦❧❛ss❡ ❉✱ ♦♠ ✐❦❦❡ ❧❛✈❡r❡✳
❉❡t ❦❛♥ ❜❧✐ ❜❡❤♦✈ ❢♦r s②st❡♠❛t✐s❦ ✐♥❥❡❦s❥♦♥ ❧❛♥❣s s♦♥❡♥✳ ❍✈❡r❦❡♥ s❡✐s♠✐❦❦ ❡❧❧❡r
r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r ❡r ✉t❢ørt ♦✈❡r s♦♥❡♥✳

Pr♦✜❧ ✻✸✼✺✿ ❙✈❛❦❤❡tss♦♥❡ ❑✹ ❱❡❞ ❍❡s❥❛❦♦❧❧❡♥ ✜♥♥❡r ♠❛♥ ❡♥ ♠❛r❦❡rt
s✈❛❦❤❡tss♦♥❡✱ r❡❣✐st❡r❡rt ❜å❞❡ ✈❡❞ ❢❡❧t❦❛rt❧❡❣❣✐♥❣✱ r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦ ♦❣ r❡s✐s✲
t✐✈✐t❡ts♠å❧✐♥❣❡r✳ ❙♦♥❡♥ ♦r✐❡♥t❡r❡r s❡❣ ✈✐♥❦❡❧r❡tt ♣å t✉♥♥❡❧r❡t♥✐♥❣❡♥ ♦❣ ❦❛♥ ❢ø❧❣❡s
❤❡❧t ✉t ✐ ❇❥ør♥❞❛❧s✈❛t♥❡t✱ ❤✈♦r ❞❡t ❡r r❡❣✐str❡rt ❜r❡❦s❥✐s❡rt ❜❡r❣ s❡♥tr❛❧t ✐ s♦♥❡♥
♠❡❞ t❡tt r✐ss❡t ❣♥❡✐s ♣å ❜❡❣❣❡ s✐❞❡r s♦♠ ❦❛♥ ✈ær❡ s❡♥s✐t✐✈ ✈❡❞ s♣r❡♥❣♥✐♥❣✳ ❉❡ ❣❡✲
♦❢②s✐s❦❡ ✉♥❞❡rsø❦❡❧s❡♥❡ ✈✐s❡r ❡♥ s❡✐s♠✐s❦ ❤❛st✐❣❤❡t ♣å ✷✼✵✵ ♠✴s ♦❣ ❡♥ r❡s✐st✐✈✐t❡t
♣å ✉♥❞❡r ✶✵ Ωm ♦✈❡r s♦♥❡♥✱ ♥♦❡ s♦♠ t②❞❡r ♣å t❡tt ♦♣♣s♣r❡❦❦✐♥❣ ♦❣ t✐❧st❡❞❡✈ær❡❧s❡
❛✈ ❧❡✐r❡✳ ❇❡r❣❦❧❛ss❡♥ ❡r ❛♥s❧ått t✐❧ ❦❧❛ss❡ ❋✴●✳ ❙♦♥❡♥ ❡r ✉t ❢r❛ r❡s✐st✐✈✐t❡t❡♥ ❢✉♥✲
♥❡t t✐❧ å ✈ær❡ ✶✵✲✷✵ ♠❡t❡r ❜r❡❞✳ ❙②st❡♠❛t✐s❦ ❢♦r✐♥❥❡❦s❥♦♥ ✐❣❛♥❣s❛tt ❢ør ♦♠rå❞❡t
♣åtr❡✛❡s ✈✐❧ ❜❡❞r❡ st❛❜✐❧✐t❡t❡♥ ❧❛♥❣s s♦♥❡♥✱ ♠❡♥ ❞❡t ❢♦r✈❡♥t❡s ✐ ❢ø❧❣❡ ❦♦♥❦✉rr❛♥s❡❣✲
r✉♥♥❧❛❣❡t ✏✈❛♥s❦❡❧✐❣❡ ♦❣ ✈❛r✐❛❜❧❡ ❢♦r❤♦❧❞ ♠❡❞ ❤❡♥s②♥ t✐❧ ♦♣♣s♣r❡❦❦✐♥❣✱ ❧❡✐r❡✱ st❛✲

❜✐❧✐t❡t ♦❣ ❧❡❦❦❛s❥❡r✑ ✐ ❤❡❧❡ ❞❡♥ ✶✵✵ ♠❡t❡r ❧❛♥❣❡ str❡❦♥✐♥❣❡♥ ❢r❛ ♣r♦✜❧ ✻✸✻✵ t✐❧ ✻✹✻✵✱
s♦♠ ❢♦r✉t❡♥ s✈❛❦❤❡tss♦♥❡ ✹ ✐♥♥❡❤♦❧❞❡r s♦♥❡♥❡ ❑❆ ♦❣ ❑❇✱ ❜❡s❦r❡✈❡t ✉♥❞❡r✳

Pr♦✜❧ ✻✸✽✵✿ ❙✈❛❦❤❡tss♦♥❡ ❑❆ ❙✈❛❦❤❡tss♦♥❡ ❆ ✈❡❞ ❍❡s❥❛❦♦❧❧❡♥ ❡r ❦❛rt❧❛❣t
❣❥❡♥♥♦♠ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r s♦♠ ✈✐s❡r ❡♥ ✉♥❞❡r ✶✵ ♠❡t❡r ❜r❡❞ s♦♥❡ ♠❡❞ ❧❛✈
r❡s✐st✐✈✐t❡t ♣å ✷✵✵✲✺✵✵ Ω♠✱ ♥♦❡ s♦♠ t②❞❡r ♣å ❛t ❞❡t ❦❛♥ ✈ær❡ ❧❡✐r❡ ♣å s♣r❡❦❦❡♥❡✳

Pr♦✜❧ ✻✹✷✺✿ ❙✈❛❦❤❡tss♦♥❡ ❑❇ ❉❡♥♥❡ s♦♥❡♥ ❡r ❦❛rt❧❛❣t s♦♠ ❡♥ ❧❛✈❤❛st✐❣❤❡ts✲
♦❣ ❧❛✈r❡s✐st✐✈✐t❡ts✲s♦♥❡ ✈❡❞ ❤✈❡rt s✐tt ❧ø♣ ♠❡❞ ❤❛st✐❣❤❡t ♦❣ r❡s✐st✐✈✐t❡t ♣å ❤❤✈ ✸✽✵✵
♠✴s ♦❣ ❁✶✵ Ω♠✳ ❇❡r❣❢♦r❤♦❧❞❡♥❡ ❢♦r✈❡♥t❡s å ✈ær❡ s❧✐❦ s♦♠ ❣❥❡♥♥♦♠ s♦♥❡ ✹ ♠❡❞
t❡tt ♦♣♣s♣r❡❦❦✐♥❣ ♦❣ ❧❡✐r❡✳ ❙♦♥❡♥ ❡r ❛♥t❛tt å ✈ær❡ ✉♥❞❡r ✶✵ ♠❡t❡r ❜r❡❞ ✉t ✐ ❢r❛
r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡♥❡✳
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Pr♦✜❧ ✻✺✺✵✴✻✺✼✺✿ ❙✈❛❦❤❡tss♦♥❡ ❑✺

■ t❡rr❡♥❣❡t s②♥❡s s✈❛❦❤❡tss♦♥❡ ✺ s♦♠ ❡t ❞❛❧sø❦❦ ♠❡❞ ❡♥ ❜❡❦❦✳ ●❡♦❢②s✐s❦❡ ♠å❧✐♥❣❡r
❛♥❣✐r s❡✐s♠✐s❦ ❤❛st✐❣❤❡t t✐❧ ✸✽✵✵ ♠✴s ♦❣ r❡s✐st✐✈✐t❡t t✐❧ ✺✵✵✲✶✵✵✵ Ωm✳ ❙♦♥❡♥ ❡r
❛♥t❛tt ❢r❛ r❡s✐st✐✈✐t❡t❡♥ å ❢❛❧❧❡ s❧❛❦t ♠♦t sør✱ ♥♦❡ s♦♠ ❡r ✐ ♦✈❡r❡♥sst❡♠♠❡❧s❡ ♠❡❞
t❡rr❡♥❣❡t ♦❣ s♣r❡❦❦❡♦❜s❡r✈❛s❥♦♥❡r✳ ❉❡t ❡r ✐♠✐❞❧❡rt✐❞ ♦❣så ♠✉❧✐❣ ❛t s♦♥❡♥ ❡r ♠❡r
st❡✐❧ ♦❣ tr❡✛❡r t✉♥♥❡❧❡♥ ✈❡❞ ♣r♦✜❧ ✻✺✼✺✳

Pr♦✜❧ ✻✺✷✵✿ ❙✈❛❦❤❡tss♦♥❡ ❑❈

❘❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r ✐♥❞✐❦❡r❡r ❡♥ s✈❛❦❤❡tss♦♥❡ ❤❡r✱ ♠❡♥ ❞❡t ❡r ♥♦❡ ✉s✐❦❦❡rt ♦♠
❞❡t ❢❛❦t✐s❦ ❡r ♥♦❡♥ s♦♥❡ ❤❡r ✐ ♦❣ ♠❡❞ ❞❡♥ ✐❦❦❡ ❦❛♥ ❦♥②tt❡s t✐❧ ♥♦❡♥ str✉❦t✉r❡r ✐
t❡rr❡♥❣❡t ♦✈❡r tr❛s❡❡♥✳

❙✈❛❦❤❡tss♦♥❡♦♠rå❞❡ ❑✻

❋r❛ ♣r♦✜❧ ✻✼✶✺✲✻✾✹✵ ♣åtr❡✛❡s ❞❡t ❡t ❜❡❧t❡ ♠❡❞ ♣❛r❛❧❧❡❧❧❡ s♦♥❡r✱ s♦♠ ❦❛♥ ❞❡❧❡s ✐♥♥
✐ s♦♥❡♥❡ ✻❛✱ ❜✱ ❝ ♦❣ ❞✳

Pr♦✜❧ ✻✼✶✵✿ ❙✈❛❦❤❡tss♦♥❡ ❑✻❛ ❉❡♥♥❡ s♦♥❡♥ ❡r r❡❣✐str❡rt ❜å❞❡ ✐ ❢❡❧t ♦❣ ✈❡❞
❣❡♦❢②s✐s❦❡ ✉♥❞❡rsø❦❡❧s❡r✳ ❘❡s✐st✐✈✐t❡t❡♥ ❡r ♠å❧t t✐❧ ✷✵✵✲✺✵✵ Ω♠✱ ♠❡♥s ❞❡♥ s❡✐s♠✐s❦❡
❤❛st✐❣❤❡t❡♥ ❡r ✹✷✵✵ ♠✴s✳

Pr♦✜❧ ✻✼✻✺✿ ❙✈❛❦❤❡tss♦♥❡ ❑✻❜ ❉❡♥♥❡ s♦♥❡♥ s❡s s♦♠ ❡t ♠❛r❦❡rt ❞❛❧sø❦❦✳ ▲❛✈
s❡✐s♠✐s❦ ❤❛st✐❣❤❡t ♦❣ r❡s✐st✐✈✐t❡t ❡r ♠å❧t ❧✐❦❡ ♥♦r❞ ❢♦r ❛♥t❛tt ❦r②s♥✐♥❣ ✐ t✉♥♥❡❧♥✐✈å
✭✸✾✵✵ ♠✴s ♦❣ ✺✵✵✲✶✵✵✵ Ωm✮✳

Pr♦✜❧ ✻✽✹✺✿ ❙✈❛❦❤❡tss♦♥❡ ❑✻❝ ❉❡♥♥❡ s✈❛❦❤❡tss♦♥❡♥ ❜❡står ❛✈ ✢❡r❡ s♠❛❧❡
s♦♥❡r ❢✉♥♥❡t ❢r❛ ❣❡♦❢②s✐❦❦❡♥ ✭✺✵✵✲✶✵✵✵ Ωm ♦❣ ✸✸✵✵ ♠✴s✮✳ ❙♦♥❡♥ s❡s ❞❡ss✉t❡♥ s♦♠
❡t ❞❛❧sø❦❦ ✐ t❡rr❡♥❣❡t✳

Pr♦✜❧ ✻✾✹✵✿ ❙✈❛❦❤❡tss♦♥❡ ❑✻❞ ❉❡♥♥❡ s✈❛❦❤❡tss♦♥❡♥ ❡r ✐❦❦❡ r❡❣✐str❡rt ❛✈
❞❡ ❣❡♦❢②s✐s❦❡ ✉♥❞❡rsø❦❡❧s❡♥❡✱ ♠❡♥ s♦♥❡♥ ❦♥②tt❡s t✐❧ ❡♥ ❞❡♣r❡s❥♦♥ ✐ t❡rr❡♥❣❡t✳
❯♥❞❡rsø❦❡❧s❡r ♠❡❞ ❣❡♦r❛❞❛r ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ❞❡ ❤②❞r♦❣❡♦❧♦❣✐s❦❡ ✉♥❞❡rsø❦❡❧s❡♥❡✱
❛♥t②❞❡r ❞❡ss✉t❡♥ ◆◆❱✲♦r✐❡♥t❡rt ❜✉♥♥t♦♣♦❣r❛✜ ✐ ❢♦r❧❡♥❣❡❧s❡♥ ❛✈ ❞❡♥ ❛♥t❛tt❡ s♦♥❡♥✱
♥♦❡ s♦♠ ♣❛ss❡r ❣♦❞t ♠❡❞ ❞❡♥ ❛♥t❛tt❡ ♥♦r❞✲♥♦r❞✈❡st❧✐❣❡ ♦r✐❡♥t❡r✐♥❣❡♥ t✐❧ s♦♥❡♥✳

Pr♦✜❧ ✻✾✼✵✴✼✵✵✵✿ ❙✈❛❦❤❡tss♦♥❡ ❑✼

❉❡♥♥❡ ❛♥t❛tt❡ s✈❛❦❤❡tss♦♥❡♥ ❦♦♠♠❡r ❢r❛♠ ✐ t❡rr❡♥❣❡t s♦♠ ❡♥ ♥♦r❞✈❡st✲sørøst❧✐❣
❢♦rs❡♥❦♥✐♥❣✳ ❘❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r ✈✐s❡r ❡♥ ✷✵✲✹✵ ♠❡t❡r ❜r❡❞ s♦♥❡ ♠❡❞ r❡s✐st✐✈✐t❡t
♣å ✷✵✵✲✺✵✵ Ωm✳ ❙❡✐s♠✐❦❦❡♥ ✜♥♥❡r ✐♥❣❡♥ t✐❧s✈❛r❡♥❞❡ ❧❛✈❤❛st✐❣❤❡tss♦♥❡ ✐ ♦♠rå❞❡t✱
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♦❣ ❞❡ t♦❧❦❡❞❡ ❤❛st✐❣❤❡t❡♥❡ ❡r ♣å ✹✼✵✵ ♠✴s ♦❣ ✺✺✵✵ ♠✴s✳ ❉❡t ❢♦r✈❡♥t❡s ❜❡❤♦✈ ❢♦r
s②st❡♠❛t✐s❦ ❢♦r✐♥❥❡❦s❥♦♥ ❣❥❡♥♥♦♠ s♦♥❡♥ ❢♦r å ♦♣♣r❡tt❤♦❧❞❡ ❦r❛✈❡t t✐❧ ✐♥♥❧❡❦❦❛s❥❡✳
❉❡t ❡r t♦ t♦❧❦♥✐♥❣❡r ❛✈ ❢❛❧❧❡t ♣å s♦♥❡♥❀ ❜❡❣❣❡ t♦❧❦♥✐♥❣❡♥❡ ❛♥t❛r ❛t ❞❡♥ ❢❛❧❧❡r ♠♦t
sør✈❡st✱ ♠❡♥ ❢❛❧❧❡t ♣å s♦♥❡♥ ❦❛♥ ✈❛r✐❡r❡✳

Pr♦✜❧ ✼✶✹✵✲✼✶✺✵✿ ❙✈❛❦❤❡tss♦♥❡ ✉♥❞❡r ♠②r ▼♥✷ ✲ ❑▼♥✷

❉❡♥♥❡ s♦♥❡♥ ❡r r❡❣✐str❡rt ♠❡❞ ❤❛st✐❣❤❡t❡r ♣å ✸✹✵✵ ♠✴s ♦❣ ✷✽✵✵ ♠✴s ❧❛♥❣s ✷✺ ♠❡t❡r
❛✈ ❞❡t s❡✐s♠✐s❦❡ ♣r♦✜❧❡t✳ ●❡♦r❛❞❛r ✈✐s❡r ❡♥ tr❛✉❢♦r♠ ✉♥❞❡r ♠②r❡♥✳ ❘❡s✐st✐✈✐t❡t❡♥
❡r ❞❡r✐♠♦t ❤ø② ♦❣ s♦♥❡♥ ❦❛♥ ❤❡❧❧❡r ✐❦❦❡ ❦♥②tt❡s t✐❧ t❡rr❡♥❣❡❧❡♠❡♥t❡r✳ ❉❡t ❡r ♠❡❞
❛♥❞r❡ ♦r❞ ✐❦❦❡ s✐❦❦❡rt ❛t ❡♥ ✈✐❧ tr❡✛❡ ♣å ♥♦❡♥ s♦♥❡ ❤❡r✱ ♠❡♥ ❞❡t ❦❛♥ ❤❡♥❞❡ ❛t
♣r♦✜❧✉t✈✐❞❡❧s❡r ❢♦r ♥✐s❥❡r ♦❣ ❤❛✈❛r✐❧♦♠♠❡r s❛♠t t✈❡rrs❧❛❣ ♠å ✢②tt❡s ✐ ❢♦r❤♦❧❞ t✐❧
♣❧❛♥❡♥ ❞❡rs♦♠ st❛❜✐❧✐t❡t❡♥ t✐❧s✐❡r ❞❡t✳ ❯❛♥s❡tt ✈✐❧ ❞❡t ♠❡st s❛♥♥s②♥❧✐❣ ❜❧✐ ❜❡❤♦✈
❢♦r s②st❡♠❛t✐s❦ ❢♦r✐♥❥❡❦s❥♦♥ ❢r❛♠ t✐❧ ♣r♦✜❧ ✼✸✵✵✱ s❧✐❦ ❛t st❛❜✐❧✐t❡t❡♥ ❜❡❞r❡s ♦♠ ❞❡t
❢❛❦t✐s❦ ❡r ❡♥ s✈❛❦❤❡tss♦♥❡ ❤❡r✳

Pr♦✜❧ ✼✸✹✵✿ ❙✈❛❦❤❡tss♦♥❡ ✶ ✉t❦❛♥t ❛✈ ♠②r ▼♥✹ ✲ ❑▼♥✹✳✶

❉❡♥♥❡ s♦♥❡♥ ❡r r❡❣✐str❡rt ♠❡❧❧♦♠ ❧ø♣❡♥❡ ❣❥❡♥♥♦♠ s❡✐s♠✐❦❦❡♥✱ ♠❡♥ ❡r ✐❦❦❡
✐❞❡♥t✐✜s❡rt s♦♠ ❡♥ ❧❛✈r❡s✐st✐✈✐t❡tss♦♥❡✳ ❙❡✐s♠✐s❦ ❤❛st✐❣❤❡t ❡r ✷✼✵✵ ♠✴s✳ ●❡♦r❛❞❛r
✈✐s❡r ✐❦❦❡ t❡❣♥ t✐❧ sø❦❦ ❡❧❧❡r ❦❧ø❢t❡r ✉♥❞❡r ♠②r❛✳

Pr♦✜❧ ✼✸✽✵✿ ❙✈❛❦❤❡tss♦♥❡ ✷ ✉t❦❛♥t ❛✈ ♠②r ▼♥✹ ✲ ❑▼♥✹✳✷

❉❡♥♥❡ s♦♥❡♥ ❡r ❧✐❦ s♦♠ ❞❡♥ ❢♦r❡❣å❡♥❞❡ ♦❣ ❦✉♥ r❡❣✐str❡rt ❛✈ s❡✐s♠✐❦❦❡♥ ✭✷✼✵✵ ♠✴s✮✳

Pr♦✜❧ ✼✹✺✺✿ ❙✈❛❦❤❡tss♦♥❡ s❦rå♥✐♥❣ ✲ ❑❙✶

❉❡♥♥❡ s♦♥❡♥ ❡r r❡❣✐str❡rt ❜å❞❡ ❛✈ s❡✐s♠✐❦❦❡♥ ✭✸✺✵✵ ♠✴s✮ ♦❣ r❡s✐st✐✈✐t❡t❡♥ ✭✶✵✵✵✲
✷✵✵✵ Ωm✮✳ ❙♦♥❡♥ ❡r ❛♥t❛tt å ❤❛ ❡♥ ❜❡s❦❥❡❞❡♥ ✉tstr❡❦♥✐♥❣✱ ♣å ✉♥❞❡r ✶✵ ♠❡t❡r✳

Pr♦✜❧ ✼✹✽✵✲✼✺✵✵✿ ❙✈❛❦❤❡tss♦♥❡ ❑✽

❉❡♥♥❡ s♦♥❡♥❡ ❡r r❡❣✐str❡rt ❜å❞❡ ♣å s❡✐s♠✐❦❦❡♥ ♦❣ r❡s✐st✐✈✐t❡t❡♥✱ ✐ t✐❧❧❡❣❣ t✐❧ ❛t ❞❡♥
s❡s ✐ t❡rr❡♥❣❡t✳ ❉❡♥ ❡r t♦❧❦❡t t✐❧ å ♥å ♥❡❞ t✐❧ t✉♥♥❡❧♥✐✈å✱ ♠❡♥ ✐❦❦❡ ♥ø❞✈❡♥❞✐❣✈✐s ♦✈❡r
❡♥ st♦r ❧❡♥❣❞❡ ✭✵✲✶✵ ♠❡t❡r✮✳ ❙❡✐s♠✐s❦ ❤❛st✐❣❤❡t ❡r ♠å❧t t✐❧ ✸✽✵✵ ♠✴s✱ r❡s✐st✐✈✐t❡t❡♥
t✐❧ ✶✵✵✵✲✷✵✵✵ Ωm s♦♠ ❢♦r ❞❡♥ ❢♦rr✐❣❡ s♦♥❡♥✳

Pr♦✜❧ ✼✺✼✵✲✼✻✵✵✿ ❙✈❛❦❤❡tss♦♥❡ ❑✾

❙✈❛❦❤❡tss♦♥❡ ❑✾ ❡r ❡♥ ♠✉❧✐❣ ✈❛♥♥❢ør❡♥❞❡ s♦♥❡ ✭r❡s✐st✐✈✐t❡t ✶✵✵✵✲✷✵✵✵ Ωm✮ ✐ ❡❧❧❡rs
❣♦❞t ❜❡r❣✳ ❙♦♥❡♥ r❡❣♥❡s ✐❦❦❡ s♦♠ sær❧✐❣ ♣r♦❜❧❡♠❛t✐s❦ ♦❣ ❞❡t ❡r ❤❡❧❧❡r ✐❦❦❡ s✐❦❦❡rt
❛t ❞❡♥ ♥år ♥❡❞ t✐❧ t✉♥♥❡❧♥✐✈å✳ ❇r❡❞❞❡♥ ❡r t♦❧❦❡t t✐❧ å ✈ær❡ ✉♥❞❡r ✶✵ ♠❡t❡r✳ ❙❡✐s♠✐❦❦
❡r ✐❦❦❡ ❣❥❡♥♥♦♠❢ørt ✐ ♦♠rå❞❡t✳



✽✻ ❑❆P■❚❚❊▲ ✺✳ ❑◆❆PP❊❚❯◆◆❊▲❊◆

Pr♦✜❧ ✼✽✹✵✲✼✽✻✵✿ ❙✈❛❦❤❡tss♦♥❡ ❑✶✵

❉❡♥♥❡ s♦♥❡♥ ❤❛r ❞❡♥ ❧❛✈❡st❡ r❡❣✐str❡rt❡ s❡✐s♠✐s❦❡ ❤❛st✐❣❤❡t❡♥ ♠å❧t ♣å ❤❡❧❡
♣r♦s❥❡❦t❡t❀ ✷✺✵✵ ♠✴s✳ ❍❛st✐❣❤❡t❡♥ ❡r ♠å❧t ♦✈❡r ❡♥ ✸✵ ♠❡t❡r ❧❛♥❣ str❡❦♥✐♥❣✳
❘❡s✐st✐✈✐t❡t❡♥ ❡r ✺✵✵✲✶✵✵✵ Ωm ♦❣ r❡s✐st✐✈✐t❡ts♠♦❞❡❧❧❡♥ ✐♥❞✐❦❡r❡r ❡♥ s♦♥❡❜r❡❞❞❡ ♣å
✶✵✲✷✵ ♠❡t❡r✳ ❙✈❛❦❤❡tss♦♥❡♥ s❡s t②❞❡❧✐❣ ✐ t❡rr❡♥❣❡t ♦✈❡r ❡♥ st♦r str❡❦♥✐♥❣✳ ❉❡t ❡r
❢♦r✈❡♥t❡t ❞år❧✐❣ ❜❡r❣❦✈❛❧✐t❡t ✐ t✉♥♥❡❧❡♥❡ ♦✈❡r ❡♥ ♠✐♥st ✺✵ ♠❡t❡r ❧❛♥❣ str❡❦♥✐♥❣ ✐
❢♦r❜✐♥❞❡❧s❡ ♠❡❞ s✈❛❦❤❡tss♦♥❡♥✳ ❊♥ ♠✐♥❞r❡ ❧❛✈r❡s✐st✐✈✐t❡tss♦♥❡ ✏●✑ ❡r ♦❜s❡r✈❡rt ✐
♥ær❤❡t❡♥ ❛✈ s✈❛❦❤❡tss♦♥❡ ❑✶✵✱ ♠✉❧✐❣❡♥s s♦♠ ❡♥ ❞❡❧ ❛✈ ❞❡♥ ✭s❡ ❋✐❣✉r ✺✳✺✮✳

Pr♦✜❧ ✽✵✵✵✲✽✷✸✵✿ ❙✈❛❦❤❡tss♦♥❡ ❑✶✶

❙♦♥❡ ❑✶✶ ❡r ❡♥ s❛♠❧✐♥❣ ❛✈ ◆✲◆◆❱✲strø❦❡♥❞❡ str✉❦t✉r❡r ✉♥❞❡r ❙t♦r❤♦✈❞❡♥✱ ❧✐❦
❞❡ ♦❜s❡r✈❡rt ❧❡♥❣❡r sør r✉♥❞t ♣r♦✜❧ ✺✺✵✵✳ ●♥❡✐s❡♥❡ ✐ ♦♠rå❞❡t ❢❛❧❧❡r 20 − 30◦ øst
♦❣ ❞❡t ❡r ❛♥t❛tt ❛t t✐❧s✈❛r❡♥❞❡ ♦r✐❡♥t❡rt ♦♣♣s♣r❡❦❦✐♥❣ ✈✐❧ ❢♦r❡❦♦♠♠❡ ✐ t✉♥♥❡❧❡♥✳
❉❡t ❦♦♠♠❡r ✐❦❦❡ ❤❡❧t ❦❧❛rt ❢r❛♠ ❛✈ ❞❡♥ ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦❡ r❛♣♣♦rt❡♥ ♦♠ ❞❡t ❡r
❢♦r✈❡♥t❡t ♠❡r st❡✐❧❡ s♣r❡❦❦❡s♦♥❡r ✐ t✐❧❧❡❣❣✱ ♠❡♥ r❡s✐st✐✈✐t❡ts♠♦❞❡❧❧❡r✐♥❣❡♥ ✈✐s❡r s♦♥❡
❑✶✶ s♦♠ st❡✐❧✳ ❖r✐❡♥t❡r✐♥❣❡♥ ❡r ✉❣✉♥st✐❣ ✐ ❢♦r❤♦❧❞ t✐❧ t✉♥♥❡❧❛❦s❡♥ ♦❣ ❞❡t ❡r ❢❛r❡ ❢♦r
❛t s♣r❡❦❦❡♥❡ ❦❛♥ ❞❛♥♥❡ ❛s②♠♠❡tr✐s❦❡ t✈❡rrs♥✐tt ♦✈❡r ❧❡♥❣r❡ str❡❦♥✐♥❣❡r✳

❙♦♥❡ ✏❑■✑ ❢r❛ r❡s✐st✐✈✐t❡t❡♥ ✭s❡ ❋✐❣✉r ✺✳✺✮ ❧✐❣❣❡r ❞❡r ❤✈♦r s♦♥❡♥❡ ❡r t❡❣♥❡t ✐♥♥ ✐
✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦ r❛♣♣♦rt✳ ❉❡♥♥❡ s♦♥❡♥ ❤❛r r❡s✐st✐✈✐t❡t ✐ ♦♠rå❞❡t ✶✵✵✵✲✷✵✵✵ Ωm✳
❊t ❡❦str❛ s♦♥❡ ❡r ❢✉♥♥❡t ♥♦❡ ❧❡♥❣❡r sør✱ ❞❡♥♥❡ ♠❡❞ r❡s✐st✐✈✐t❡t ✷✵✵✲✺✵✵ Ωm✳

Pr♦✜❧ ✽✷✺✵✿ ❙✈❛❦❤❡tss♦♥❡ ❑❏

❉❡♥♥❡ s♦♥❡♥ ❡r ❢✉♥♥❡t ❢r❛ r❡s✐st✐✈✐t❡t❡♥✱ ♠❡♥ ❡r ✐❦❦❡ t❛tt ♠❡❞ ✐ ❣❡♦❧♦❣✐s❦ r❛♣♣♦rt
❢♦r ❦♦♥❦✉rr❛♥s❡❣r✉♥♥❧❛❣❡t✱ ♦❣ ❡r ♥♦❦ ❞❡r♠❡❞ ✐❦❦❡ ❛♥s❡tt å ❢ør❡ t✐❧ sær❧✐❣❡ ♣r♦❜❧❡♠❡r
✉♥❞❡r t✉♥♥❡❧❞r✐✈✐♥❣❡♥✳ ❘❡s✐st✐✈✐t❡t❡♥ ❡r ♠å❧t t✐❧ å ✈ær❡ ✶✵✵✵✲✷✵✵✵ Ωm✳ ❙♦♥❡♥ ❡r
t♦❧❦❡t t✐❧ å ❢❛❧❧❡ ♦♠tr❡♥t ✻✵ ❣r❛❞❡r ♠♦t sør✳ ❇r❡❞❞❡♥ ❡r ❛♥t❛tt å ✈ær❡ ❧✐t❡♥✱ ✵✲
✶✵ ♠❡t❡r✳ ❉❡♥ s❡✐s♠✐s❦ ❤❛st✐❣❤❡t❡♥ ❡r ✹✵✵✵ ♠✴s✱ ❛❦❦✉r❛t ✐ ❣r❡♥s❡♥ ❢♦r ❞❡t s♦♠
❦❧❛ss✐✜s❡r❡s s♦♠ ❡♥ s✈❛❦❤❡tss♦♥❡ ✭s❡ ❆✈s♥✐tt ✷✳✶✮✳

Pr♦✜❧ ✽✸✸✵✿ ❙✈❛❦❤❡tss♦♥❡ ❑❑

❉❡♥♥❡ s♦♥❡♥ ❡r ❢✉♥♥❡t ❢r❛ r❡s✐st✐✈✐t❡t❡♥ ✭✷✵✵✲✺✵✵ Ωm✮✱ ♠❡♥ ❡r ✐❦❦❡ t❛tt ♠❡❞ ✐
❣❡♦❧♦❣✐s❦ r❛♣♣♦rt ❢♦r ❦♦♥❦✉rr❛♥s❡❣r✉♥♥❧❛❣❡t✳ ❙♦♥❡♥ ❢❛❧❧❡r ♠♦t ♥♦r❞✳

Pr♦✜❧ ✽✸✺✵✿ ❙✈❛❦❤❡tss♦♥❡ ❢❥❡❧❧❦❛♥t ❑❋✶

❉❡♥♥❡ s♦♥❡♥ ❡r ❦✉♥ t♦❧❦❡t ✉t ❢r❛ s❡✐s♠✐s❦❡ ❤❛st✐❣❤❡t❡r ✭✸✸✵✵ ♠✴s✮✳ ❉❡♥ ❡r ✐❦❦❡ t❛tt
♠❡❞ ✐ ❣❡♦❧♦❣✐s❦ r❛♣♣♦rt ❢♦r ❦♦♥❦✉rr❛♥s❡❣r✉♥♥❧❛❣❡t✱ ♦❣ ❡r ♥♦❦ ❞❡r♠❡❞ ✐❦❦❡ ❛♥s❡tt
t✐❧ å ✉t❣❥ør❡ ♥♦❡♥ sær❧✐❣❡ ♣r♦❜❧❡♠❡r ✉♥❞❡r t✉♥♥❡❧❞r✐✈✐♥❣❡♥✳
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Pr♦✜❧ ✽✸✽✵✿ ❙✈❛❦❤❡tss♦♥❡ ❑✶✷

❉❡♥♥❡ ✵✲✶✵ ♠❡t❡r ❜r❡❞❡ s♦♥❡♥ ❡r s✈ært ♠❛r❦❡rt ❜å❞❡ ✐ t❡rr❡♥❣❡t ♦❣ ❢r❛ ❞❡ ❣❡♦❢②s✐s❦❡
✉♥❞❡rsø❦❡❧s❡♥❡✳ ❘❡s✐st✐✈✐t❡t❡♥ ❡r ♠å❧t t✐❧ å ✈ær❡ ✉♥❞❡r ✷✵✵ Ωm ♦❣ ✐♥❞✐❦❡r❡r
♣r♦❜❧❡♠❡r ♠❡❞ ❧❡✐r❡✱ ♠❡♥ ✐❦❦❡ ✈❛♥♥✳ ❉❡ s❡✐s♠✐s❦❡ ❤❛st✐❣❤❡t❡♥❡ ❡r ♦❣så ❧❛✈❡❀ ♥❡❞ ♠♦t
✸✵✵✵ ♠✴s ❢♦r ❧ø♣ ✶✷✳ ❉❡tt❡ t②❞❡r ♣å s✈ært ❞år❧✐❣ ❜❡r❣♠❛ss❡❦✈❛❧✐t❡t ♥❡❞ ♠♦t ❦❧❛ss❡
❋✳ ❉❡t ❛♥❜❡❢❛❧❡s å ❜❡♥②tt❡ s②st❡♠❛t✐s❦ ❢♦r✐♥❥❡❦s❥♦♥ ✐ ❣♦❞ t✐❞ ❢ør s♦♥❡♥ ♣åtr❡✛❡s✱ t✐❧
tr♦ss ❢♦r ❛t ♦♠rå❞❡t ✐❦❦❡ ❛♥s❡s s♦♠ sår❜❛r ♠t♣✳ ❞r❡♥❡r✐♥❣✳ ❆♥t❛tt ❜r❡❞❞❡ ❛✈ s♦♥❡♥
❢r❛ r❡s✐st✐✈✐t❡t❡♥ ❡r ✉♥❞❡r ✶✵ ♠❡t❡r✳

Pr♦✜❧ ✽✻✹✵✿ ❙♣r❡❦❦❡s♦♥❡ ❑❙♣✷

❱❡❞ ♣r♦✜❧ ✽✻✹✵ ❡r ❞❡t ✐♥♥t❡❣♥❡t ❡♥ s✈❛❦❤❡tss♦♥❡ ✐ ❦❛rt❡♥❡ t✐❧ ❦♦♥❦✉rr❛♥s❡❣r✉♥♥❧❛❣❡t
s♦♠ s❦②❧❞❡s ❡♥ ♠✐♥❞r❡ s♣r❡❦❦❡s♦♥❡ ♣å t✈❡rs ❛✈ t✉♥♥❡❧❧ø♣❡♥❡✱ ✐♥❞✐❦❡rt ❛✈
t❡rr❡♥❣❢♦r♠❡♥✳ ❙♦♥❡♥ ❡r ❛❧tså ❡♥ ❞❡❧ ❛✈ t✈❡rrs♣r❡❦❦❡♥❡ t✐❧ ❞❡♥ ❞♦♠✐♥❡r❡♥❞❡ ◆◆❱✲
❙❙Ø✲♦r✐♥t❡rt❡ ♦♣♣s♣r❡❦❦✐♥❣❡♥✳ ❙♦♥❡ ❑❙♣✷ ❡r ✐❦❦❡ r❡❣✐str❡t ❛✈ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡♥❡
♦✈❡r s♦♥❡♥✳

Pr♦✜❧ ✽✼✾✺✿ ❙✈❛❦❤❡tss♦♥❡ ❑▲

❉❡♥♥❡ s♦♥❡♥ ❡r ✐❞❡♥t✐✜s❡rt ❣❥❡♥♥♦♠ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r✳ ❘❡s✐st✐✈✐t❡t❡♥ ❡r s✈ært
❧❛✈ ✭❁ ✷✵✵ Ωm✮ ♦❣ s♦♥❡♥ s❦②❧❞❡s ♠❡st s❛♥♥s②♥❧✐❣ ♦♣♣s♣r✉❦❦❡t ❜❡r❣ ♠❡❞ ❧❡✐r❡✳
❚♦t❛❧s♦♥❞❡r✐♥❣ ✈✐s❡r ♦❣så s❧❡♣♣❡t❡ ❜❡r❣❣r✉♥♥✳ ❙❡✐s♠✐❦❦ ❡r ✐❦❦❡ ❣❥♦rt ♦✈❡r s♦♥❡♥✳
❙♦♥❡♥ ❡r ✐❦❦❡ ❛♥t❛tt å ✈ær❡ ❜r❡❞❡r❡ ❡♥♥ ✶✵ ♠❡t❡r✳

Pr♦✜❧ ✽✽✷✵✿ ❙✈❛❦❤❡tss♦♥❡ ❑✶✸

❙✈❛❦❤❡tss♦♥❡ ✶✸ s❡s ❢r❛ r❡s✐st✐✈✐t❡t❡♥ s♦♠ ❡♥ s♦♥❡ ♠❡❞ s✈ært ❧❛✈❡ r❡s✐st✐✈✐t❡ts✈❡r❞✐❡r
✭❁ ✷✵✵ Ωm✮✳ ❙❡✐s♠✐❦❦ ❡r ✐❦❦❡ ✉t❢ørt ✈❡❞ s♦♥❡♥✳ ❉❡♥♥❡ s♦♥❡♥ ❧✐❣❣❡r ✐ ♣å❤✉❣❣❡t t✐❧
❧ø♣ ✶✷ ♦❣ ❡r ❛♥t❛tt å ✈ær❡ ✶✵✲✷✵ ♠❡t❡r ❜r❡❞✳
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✺✳✸ ❊r❢❛r✐♥❣❡r ❢r❛ ❞r✐✈✐♥❣

❍❡r ♣r❡s❡♥t❡r❡s ❡r❢❛r✐♥❣❡♥❡ ❣❥♦rt ✉♥❞❡r ❞r✐✈✐♥❣ ✐ t✉♥♥❡❧❡♥✳ ❘❡s✉❧t❛t❡♥❡ ❜②❣❣❡r ♣å
❡♥ ❤❡❧❤❡t❧✐❣ ✈✉r❞❡r✐♥❣ ❛✈ ❞❡t t✐❧❣❥❡♥❣❡❧✐❣❡ r❛♣♣♦rt❡r✐♥❣s❣r✉♥♥❧❛❣❡t ❧✐st❡t ✐ ❆✈s♥✐tt
✺✳✶✳✺✳ ■ t✐❧❧❡❣❣ ❜②❣❣❡r ❡♥ ❞❡❧ ♣å ❡❣♥❡ ♦❜s❡r✈❛s❥♦♥❡r ❣❥♦rt ✐ t✉♥♥❡❧ s❛♠t ❞✐r❡❦t❡
♦✈❡r❢ør✐♥❣ ❛✈ ❡r❢❛r✐♥❣ ❢r❛ ✐♥❣❡♥✐ør❣❡♦❧♦❣❡r ♦❣ ❦♦♥tr♦❧❧✐♥❣❡♥✐ør❡r ♣å ♣r♦s❥❡❦t❡t✳

P❡r ♠❛✐ ✷✵✶✷ ❡r ❞❡t ❢♦rts❛tt ♠②❡ ✐❣❥❡♥ ❛✈ ❞r✐✈✐♥❣❡♥ ❛✈ t✉♥♥❡❧❡♥✿ ◆♦r❞❢r❛ ❤❛r ❧ø♣ ✶✶
❦♦♠♠❡t t✐❧ ♣r♦✜❧ ✼✽✼✺✱ ♠❡♥s ❞r✐✈✐♥❣❡♥ sør♦✈❡r ❢r❛ ❙❛♥❞❡✐❞❡ ❤❛r ❦♦♠♠❡t t✐❧ ♣r♦✜❧
✺✶✵✵✳ ❉r✐✈✐♥❣❡♥ ♥♦r❞♦✈❡r ✐ ❤♦✈❡❞❧ø♣❡♥❡ ❢r❛ ❙❛♥❞❡✐❞❡ ❡r ♦♠tr❡♥t ❦♦♠♠❡t t✐❧ ♣r♦✜❧
✻✵✸✵✳ ❉❡r♠❡❞ ❡r ❞❡t ♥❛t✉r❧✐❣✈✐s ❦✉♥ ❡r❢❛r✐♥❣❡r ❢r❛ ♣r♦✜❧ ✺✶✵✵✲✻✵✸✵ ♦❣ ✼✽✼✺✲✽✽✸✵
s♦♠ ❦❛♥ ❜❧✐ ♣r❡s❡♥t❡rt ❤❡r✳ ❙✐❞❡♥ ♣r♦❣♥♦s❡♥❡ ❢r❛ ❢♦rr✐❣❣❡ ❛✈s♥✐tt ❣❥❡❧❞❡r ❢♦r ❧ø♣ ✶✷✱
❡r ❞❡t ❡r❢❛r✐♥❣❡♥❡ ❢r❛ ❞❡tt❡ ❧ø♣❡t s♦♠ st♦rt s❡tt ❜❧✐r ♣r❡s❡♥t❡rt ❤❡r✳ ❉❡♥ s✐st❡ s♦♥❡♥
♣åtr✉✛❡t ✐ ▲✶✶ ❡r ✐ t✐❧❧❡❣❣ t❛tt ♠❡❞✱ ❞❛ ❞❡t ❢♦r✈❡♥t❡s ❛t ❞❡♥♥❡ ♦❣så s❦❛❧ tr❡✛❡s ✐ ❧ø♣
✶✷ ♦♠ ✐❦❦❡ ❧❡♥❣❡✳ Pr♦✜❧♥✉♠♠❡r ❢♦r s♦♥❡♥ ✐ ❧ø♣ ✶✷ ❡r ❛♥s❧ått ✉t ❢r❛ ♦r✐❡♥t❡r✐♥❣ ❛✈
s♦♥❡♥✳

❙t✉✛♥❛✈♥❡♥❡ ▲✶✶✱ ❙✶✷◆ ♦s✈✳ ❜r✉❦❡s s♦♠ ❜❡s❦r❡✈❡t ✐ ❆✈s♥✐tt ✺✳✶✳✷✳

✺✳✸✳✶ ❙✈❡❧❧❡❡❣❡♥s❦❛♣❡r

❯♥❞❡r✈❡✐s ✉♥❞❡r ❞r✐✈✐♥❣❡♥ ❤❛r ❞❡t ❜❧✐tt t❛tt ♣rø✈❡r ❛✈ s❧❡♣♣❡♠❛t❡r✐❛❧❡ ✐ t✉♥♥❡❧❡♥
♦❣ ✈❡❞ t✉♥♥❡❧❜❡❢❛r✐♥❣ ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ❞❡tt❡ ♠❛st❡r❛r❜❡✐❞❡t ❜❧❡ ❞❡t t❛tt é♥
♠❛t❡r✐❛❧♣rø✈❡ ✭♣rø✈❡ ✶✶✲✼✽✷✽✮ ❢♦r t❡st✐♥❣ ✐ ❧❛❜♦r❛t♦r✐❡t✳ ❙❧❡♣♣❡♠❛t❡r✐❛❧❡t ❤❛r ❜❧✐tt
t❡st❡t ♠❡❞ ❤❡♥s②♥ ♣å s✈❡❧❧❡♥❞❡ ❡❣❡♥s❦❛♣❡r ♦❣ ♠✐♥❡r❛❧♦❣✐ s♦♠ ❜❡s❦r❡✈❡t ✐ ❆✈s♥✐tt
✷✳✻✳✶✳

Prø✈❡ ✶✶✲✼✽✷✽

❍❡r ♣r❡s❡♥t❡r❡s ❧❛❜♦r❛t♦r✐❡r❡s✉❧t❛t❡♥❡ ❢r❛ ♣rø✈❡♥ s❛♠❧❡t ✐♥♥ ✉♥❞❡r ❜❡sø❦❡t ✐
❑♥❛♣♣❡t✉♥♥❡❧❡♥ ✽✳ ♠❛✐✳

❉❚❆ ❆♥❛❧②s❡♥ ❜❧❡ ❦❥ørt ♣å t♦ ♣❛r❛❧❧❡❧❧❡ ♣rø✈❡r ♦❣ ❣❥♦r❞❡ ✉ts❧❛❣ ♣å ♠♦♥t♠♦✲
r✐❧❧♦♥✐tt✳ ❉❡tt❡ s❡s ❛✈ ❞❡t ❜❧å ♦♠rå❞❡t ✐ ❉❚❆✲❦✉r✈❡♥❡ ✐ ❋✐❣✉r ✺✳✼✳ ■ t✐❧❧❡❣❣ ✈✐st❡
♣rø✈❡♥ ✉ts❧❛❣ ♣å ❡t ✉✐❞❡♥t✐✜s❡rt ♠✐♥❡r❛❧ ✈❡❞ ✺✵✵✲550◦❈✳

❋r✐s✈❡❧❧✐♥❣ ❋✐❣✉r ✺✳✽ ✈✐s❡r ♣rø✈❡♠❛t❡r✐❛❧❡t ❢r❛ ♣❡❧ ✶✶✲✼✽✷✽ ❢ør ♦❣ ❡tt❡r ❢r✐s✈❡❧❧✐♥❣✳
❙♦♠ ❡♥ s❡r ❛✈ ❜✐❧❞❡♥❡✱ ❢r✐s✈❡❧❧❡t ♣rø✈❡♥ ✶✺✵✪ ♦❣ s✈❡❧❧❡❧❡✐r❡♥ ❡r ♠❡❞ ❞❡t ❦❧❛ss✐✜s❡rt
s♦♠ ♠✐❞❞❡❧s t✐❧ ♠❡❣❡t ❛❦t✐✈t ❡tt❡r ✐♥♥❞❡❧✐♥❣❡♥ ✐ ❚❛❜❡❧❧ ✷✳✹✳ Prø✈❡♥ ✉tø✈❞❡ ❡t
s✈❡❧❧❡tr②❦❦ ♣å ✵✱✸✵ ▼P❛✳

❙✈❡❧❧❡tr②❦❦ ❙✈❡❧❧❡tr②❦❦s❦✉r✈❡♥ ❢r❛ ❢♦rsø❦❡t ❡r ♣❧♦tt❡t ♦❣ ✈✐st ✐ ❋✐❣✉r ✺✳✾✳ ❙♦♠
❡♥ s❡r ❛✈ ❦✉r✈❡♥✱ ❡r ❞❡t ♠❛❦s✐♠❛❧❡ s✈❡❧❧❡tr②❦❦❡t t✐❧ ♣rø✈❡♥ ✵✱✸✵ ▼P❛✳



✺✳✸✳ ❊❘❋❆❘■◆●❊❘ ❋❘❆ ❉❘■❱■◆● ✽✾

❋✐❣✉r ✺✳✼ ✕ ❉❚❆✲❦✉r✈❡r ❢♦r ♣rø✈❡ ♥r✳ ✶✶✲✼✽✷✽✳ ❯ts❧❛❣❡t ♠❡❧❧♦♠ ✺✾✱✻ ♦❣ ✸✸✶✱✶◦❈
st❛♠♠❡r ❢r❛ ♠♦♥t♠♦r✐❧❧♦♥✐tt✳ ▼✐♥❡r❛❧❡t s♦♠ ❣✐r ✉ts❧❛❣ r✉♥❞t 550

◦❈ ❡r ✐❦❦❡
✐❞❡♥t✐✜s❡rt✳
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✭❛✮ ❖♣♣♠å❧t tørt ♣rø✈❡♠❛t❡r✐❛❧❡✱
✶✵ ♠❧✳

✭❜✮ ❊tt❡r s❡❞✐♠❡♥t❡r✐♥❣ ♦❣ s✈❡❧✲
❧✐♥❣✳ Prø✈❡♠❛t❡r✐❛❧❡t ❤❛r ❢r✐s✈❡❧❧❡t
✶✺✵ ✪✱ t✐❧ ✶✺ ♠❧✳

❋✐❣✉r ✺✳✽ ✕ ❋r✐s✈❡❧❧✐♥❣t❡st ♣rø✈❡ ✶✶✲✼✽✷✽✱ ❑♥❛♣♣❡t✉♥♥❡❧❡♥✳ ❙♦♠ ❡♥ s❡r✱ ✈✐st❡ ♣rø✈❡♥
❢r✐ s✈❡❧❧✐♥❣ ♣å ✶✺✵✪✳ ❋♦t♦✿ ▼❛r✐ ▲✐❡ ❆r♥ts❡♥✳

❋✐❣✉r ✺✳✾ ✕ P❧♦tt ❛✈ s✈❡❧❧❡tr②❦❦ ♠♦t t✐❞ ❢♦r ♣rø✈❡ ✶✶✲✼✽✷✽✳ ❙♦♠ ❡♥ s❡r ✈✐s❡r ♣rø✈❡♥
s❡❣ å ✈ær❡ ♠✐❞❞❡❧s ❛❦t✐✈ ♠❡❞ ❡t ♠❛❦s✐♠❛❧t s✈❡❧❧❡tr②❦❦ ♣å ✵✱✸✵ ▼P❛✳
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❚❛❜❡❧❧ ✺✳✸ ✕ ❘❡s✉❧t❛t❡r ❢r❛ ❧❛❜✉♥❞❡rsø❦❡❧s❡r ❛✈ s❧❡♣♣❡♠❛t❡r✐❛❧❡✳ ✏ ✲ ✏ ❜❡t②r ❛t t❡st
✐❦❦❡ ❡r ❣❥♦rt✱ ① ❜❡t②r ❛t ❞❡t ❤❛r ✈ært ❢♦r ❧✐t❡ ♣rø✈❡♠❛t❡r✐❛❧❡ ✐ ❦♦rr❡❦t ❢r❛❦s❥♦♥ t✐❧ å
❦❥ør❡ ❢♦rsø❦❡t✳ ❘❡s✉❧t❛t❡♥❡ ❡r ❤❡♥t❡t ❢r❛ ❉❛❤❧ ✭✷✵✶✷✮ ♠❡❞ ✉♥♥t❛❦ ❛✈ ♣rø✈❡ ✶✶✲✼✽✷✽✱
s♦♠ ❜❧❡ t❡st❡t s♦♠ ❡♥ ❞❡❧ ❛✈ ♠❛st❡r❛r❜❡✐❞❡t✳

Prø✈❡♥r✳✴♣r♦✜❧♥r✳❛
❋r✐s✈❡❧❧✐♥❣✱

✪
❙✈❡❧❧❡tr②❦❦✱

▼P❛
❙✈❡❧❧❡♥❞❡ ♠✐♥❡r❛❧❡r✱

✇t✪

✶✶✲✺✺✾✽ ✻✺ ✲ ✲

✻✶✲✺✸✷✻ ✽✵ ✲ ✲

✻✷✲✺✷✶✵ ✾✺ ✲ ✲

✻✷✲✺✷✹✽ ✶✶✵ ✲ ✲

✻✷✲✺✷✺✻ ✾✵ ✲ ✲

✻✷✲✺✷✽✻ ✹✵ ✲ ✲

✻✷✲✺✹✸✷ ✻✸ ✲ ✲

✻✷✲✺✹✽✵ ✾✸ ✲ ✲

✶✶✲✼✽✷✽ ✶✺✵ ✵✱✸✵ ▼♦♥t♠♦r✐❧❧♦♥✐tt ✭✲✮❜

✶✶✲✽✸✸✾ ✭❆✮ ✶✾✵ ✵✱✶✺ ▼♦♥t♠♦r✐❧❧♦♥✐tt ✭✹✽✪✮

✶✶✲✽✸✸✾ ✭❇✮ ✶✼✺ ✵✱✷✵ ▼♦♥t♠♦r✐❧❧♦♥✐tt ✭✹✷✪✮

✶✶✲✽✺✼✵ ✶✼✵ ✵✱✶✻ ▼♦♥t♠♦r✐❧❧♦♥✐tt ✭✷✷✪✮

✶✶✲✽✻✺✶ ✷✷✸ ✵✱✻✵ ▼♦♥t♠♦r✐❧❧♦♥✐tt ✭✻✾✪✮

✶✷✲✽✸✶✵ ✷✵✵ ✵✱✹✸ ▼♦♥t♠♦r✐❧❧♦♥✐tt ✭✺✽✪✮

✶✷✲✽✼✻✵ ① ① ▼♦♥t♠♦r✐❧❧♦♥✐tt ✭✽✼✪✮

✶✷✲✽✽✵✷ ✭❆✮ ✶✹✺ ✵✱✵✽ ▼♦♥t♠♦r✐❧❧♦♥✐tt ✭✺✪✮

✶✷✲✽✽✵✷ ✭❇✮ ① ① ▼♦♥t♠♦r✐❧❧♦♥✐tt ✭✺✾✪✮

✶✷✲✽✽✷✵ ✶✽✵ ✵✱✶✵
▼♦♥t♠♦r✐❧❧♦♥✐tt ✭✻✪✮
❙❡♣✐♦❧✐tt ✭✹✪✮

✶✷✲✽✽✷✺ ✶✼✸ ✵✱✶✷ ▼♦♥t♠♦r✐❧❧♦♥✐tt ✭✶✹✪✮

✶✷✲s♦♥❡ ✶✷ ✭❆✮ ✶✾✺ ✵✱✶✺
▼♦♥t♠♦r✐❧❧♦♥✐tt ✭✷✸✪✮
❙❡♣✐♦❧✐tt ✭✾✪✮

✶✷✲s♦♥❡ ✶✷ ✭❇✮ ① ① ❙❡♣✐♦❧✐tt ✭✷✪✮

❛✶✶✲✱ ✻✶✲✱ ✶✷✲✱ ✻✷✲ ❣❥❡❧❞❡r ❧❛♥❣s ❤❡♥❤♦❧❞✈✐s ♥♦r❞❣å❡♥❞❡ ❧ø♣ ♦❣ r❛♠♣❡ ♦❣ sør❣å❡♥❞❡ ❧ø♣ ♦❣ r❛♠♣❡✳
❜❋r❛ ❉❚❆✱ ✐♥❣❡♥ ♠❡♥❣❞❡❛♥❣✐✈❡❧s❡✳
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❆❧❧❡ ♣rø✈❡r

▲❛❜♦r❛t♦r✐❡r❡s✉❧t❛t❡♥❡ ❢r❛ ❛❧❧❡ ♣rø✈❡♥❡ ❢r❛ t✉♥♥❡❧❡♥ ❡r ♣r❡s❡♥t❡rt ✐ ❚❛❜❡❧❧ ✺✳✸✳
❙♦♠ ❡♥ s❡r ❢r❛ t❛❜❡❧❧❡♥ ✜♥♥❡r ❡♥ ❞❡ s✈❡❧❧❡♥❞❡ s❧❡♣♣❡♠❛t❡r✐❛❧❡♥❡ ♥♦r❞ ✐ t✉♥♥❡❧❡♥✳
▼❛❦s✐♠❛❧ ❢r✐s✈❡❧❧✐♥❣ ❡r ❢✉♥♥❡t t✐❧ å ✈ær❡ ✷✷✸ ✭♣r♦✜❧ ♥r ✶✶✲✽✻✺✶✮✳ ▼❛t❡r✐❛❧♣rø✈❡♥❡ ❢r❛
❞❡♥ sør❧✐❣❡ ❞❡❧❡♥ ❛✈ t✉♥♥❡❧❡♥ ✈✐s❡r ❧✐t❡ ❢r✐s✈❡❧❧✐♥❣✱ ♦❣ ❞❡r♠❡❞ ❡r ✐❦❦❡ ❞✐ss❡ ♣rø✈❡♥❡
t❛tt ♠❡❞ ✈✐❞❡r❡ t✐❧ s✈❡❧❧❡tr②❦❦s♠å❧✐♥❣ ♦❣ ♠✐♥❡r❛❧♦❣✐s❦ ✉♥❞❡rsø❦❡❧s❡✳

❙♦♠ ❞❡t ❢r❛♠❣år ❛✈ ❚❛❜❡❧❧ ✺✳✸✱ ✈✐st❡ ✢❡st❡♣❛rt❡♥ ❛✈ ♣rø✈❡♥❡ ♠✐❞❞❡❧s ❤ø②❡
s✈❡❧❧❡tr②❦❦ ✭♠❡❧❧♦♠ ✵✱✶✵ ▼P❛ ♦❣ ✵✱✸✵ ▼P❛✮✳ ❆✈ ❞❡ t♦t❛❧t ♥✐ ♣rø✈❡♥❡ s♦♠ ❜❧❡
s❡♥❞t t✐❧ s✈❡❧❧❡tr②❦❦s♠å❧✐♥❣✱ ✈✐st❡ t♦ ❛✈ ❞❡ ❤ø②❡ s✈❡❧❧❡tr②❦❦ ✭❃✵✱✸✵ ▼P❛✮✳ ❆✈ ❞✐ss❡
t♦ ✈✐st❡ é♥ ♣rø✈❡ s✈❡❧❧❡tr②❦❦ ♦✈❡r ✵✱✺✵ ▼P❛✱ s♦♠ ❡r s❛tt s♦♠ ❣r❡♥s❡tr②❦❦❡t ❢♦r
❜r✉❦ ❛✈ ❜❡t♦♥❣✉tstø♣♥✐♥❣ ✐ t✉♥♥❡❧ ✭s❡ ❆✈s♥✐tt ✷✳✻✳✷✮✳ ❉❡♥♥❡ ♣rø✈❡♥ ❡r t❛tt ❢r❛
s✈❛❦❤❡t❡tss♦♥❡♥ ✐ ❤❡♥❣❡♥ ✈❡❞ ♣r♦✜❧ ✶✶✲✽✻✺✶✱ ✈✐st ✐ ❋✐❣✉r ✺✳✶✵✳ ❙♦♥❡♥ ❢ø❧❣❡r t✉♥♥❡❧❡♥
❧❛♥❣s ♠✐♥st ❢❡♠ ♠❡t❡r✳ ❆✈❤❡♥❣✐❣ ❛✈ ❤✈♦r❞❛♥ ❦r❛✈❡♥❡ st✐❧t ✐ ❍å♥❞❜♦❦ ✵✷✶ t♦❧❦❡s✱
✈✐❧ ❞❡♥♥❡ ♣♦t❡♥s✐❡❧t ❤❛ ❜❡❤♦✈ ❢♦r å stø♣❡s ✉t✳

■ ❚❛❜❡❧❧ ✺✳✹ ❡r ❞❡t ❢♦r❡❧ø♣✐❣❡ s✐❦r✐♥❣s♦♠❢❛♥❣❡t ❣❥❡♥♥♦♠ ♣rø✈❡t❛❦✐♥❣ss♦♥❡♥❡
♣r❡s❡♥t❡rt✳ ❙♦♠ ❡♥ s❡r ❛✈ t❛❜❡❧❧❡♥✱ ❡r så ❧❛♥❣t ✐♥❣❡♥ ❛✈ s♦♥❡♥❡ stø♣t ✉t✳ ■
t✐❧❧❡❣❣ t✐❧ s✐❦r✐♥❣❡♥ ❧✐st❡t✱ ❡r t✉♥♥❡❧❡♥ s✐❦r❡t ♣å ✈❛♥❧✐❣ ♠åt❡ ♠❡❞ r❛❞✐❡❧❧❡ ❜♦❧t❡r
♦❣ s♣rø②t❡❜❡t♦♥❣✳

❚❛❜❡❧❧ ✺✳✹ ✕ ❖✈❡rs✐❦t ♦✈❡r ♠å❧t s✈❡❧❧❡tr②❦❦ ♦❣ t✐❧❤ør❡♥❞❡ s✐❦r✐♥❣s♦♠❢❛♥❣ ✐ t✉♥♥❡❧✳

Prø✈❡ ❙✈❡❧❧❡tr②❦❦✱ ▼P❛ ❇❡r❣s✐❦r✐♥❣

✶✶✲✼✽✷✽ ✵✱✸✵ ❋♦r✐♥❥❡❦s❥♦♥
❋♦r❜♦❧t❡r ♠❡❞ ❢❥❡❧❧❜å♥❞
❙✐❦r✐♥❣s❜✉❡r

✶✷✲✽✸✶✵ ✵✱✹✸
❋♦r✐♥❥❡❦s❥♦♥
❙✐❦r✐♥❣s❜✉❡r
❋♦r❜♦❧t❡r ♠❡❞ ❢❥❡❧❧❜å♥❞
✭❙✐❦r✐♥❣❡♥ s❦❛❧ s✉♣♣❧❡r❡s ✐ ❧ø♣ ✶✶✳✮

✶✷✲s♦♥❡ ✶✷ ✭❆✮ ✵✱✶✺

✶✷✲s♦♥❡ ✶✷ ✭❇✮ ①

✶✶✲✽✸✸✾ ✭❆✮ ✵✱✶✺

✶✶✲✽✸✸✾ ✭❇✮ ✵✱✷✵

✶✶✲✽✺✼✵ ✵✱✶✻ ❋♦r❡❧ø♣✐❣ ✐♥❣❡♥ ❡❦str❛ s✐❦r✐♥❣

✶✶✲✽✻✺✶ ✵✱✻✵ ❋♦r❡❧ø♣✐❣ ✐♥❣❡♥ ❡❦str❛ s✐❦r✐♥❣

✶✷✲✽✽✵✷ ✭❆✮ ✵✱✵✽ ❙②st❡♠❛t✐s❦ ❜♦❧t❡r ♥❡❞ t✐❧ så❧❡
❙✐❦r✐♥❣s❜✉❡r
❋♦r❜♦❧t✐♥❣ ♠❡❞ ❢❥❡❧❧❜å♥❞
✭❙✐❦r✐♥❣❡♥ s❦❛❧ s✉♣♣❧❡r❡s ♣❣❛✳ ❞år❧✐❣
❤♦❧❞ ✐ ❜❡r❣❡t✳✮

✶✷✲✽✽✷✵ ✵✱✶✵

✶✷✲✽✽✷✺ ✵✱✶✷
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❋✐❣✉r ✺✳✶✵ ✕ ❯ts♥✐tt ❢r❛ ◆♦✈❛♣♦✐♥t ♣r♦✜❧ ✽✻✸✺✲✽✻✺✺ ❧ø♣ ✶✶✱ ❑♥❛♣♣❡t✉♥♥❡❧❡♥✳ Prø✈❡♥
✶✶✲✽✻✺✶ ❜❧❡ t❛tt ❢r❛ s✈❛❦❤❡tss♦♥❡♥ ❦❛rt❧❛❣t ✐ ❤❡♥❣❡♥✳ Prø✈❡♥ ✈✐st❡ ✷✷✸ ✪ ❢r✐ s✈❡❧❧✐♥❣
♦❣ ❡t s✈❡❧❧❡tr②❦❦ ♣å ✵✱✻✵ ▼P❛ ✲ ❤✐tt✐❧ ❞❡ ❤ø②❡st❡ ✈❡r❞✐❡♥❡ ❢♦r ❤❡❧❡ ❑♥❛♣♣❡t✉♥♥❡❧❡♥✳

✺✳✸✳✷ ❇❡r❣❛rt❡r ♦❣ ❜❡r❣♠❛ss❡❦❧❛ss❡r

❉❡t ❦❛rt❧❡❣❣❡s ✐ ❧✐t❡♥ ❣r❛❞ ❜❡r❣❛rts❣r❡♥s❡r ✉♥❞❡r ❞❡♥ ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦❡ ❦❛rt❧❡❣❣✐♥✲
❣❡♥ ❛✈ st✉✛ ✐ ❑♥❛♣♣❡t✉♥♥❡❧❡♥✱ ♠❡♥ ❜❡r❣❛rt❡♥❡ s❡r st♦rt s❡tt ✉t t✐❧ å ✈❛r✐❡r❡ ♠❡❧❧♦♠
❣r❛♥✐tt✐s❦ ❣♥❡✐s✱ ❛♠✜❜♦❧✐tt✐s❦ ❣♥❡✐s✱ ❛♠✜❜♦❧✐tt✱ ❜å♥❞❣♥❡✐s ♦❣ ❣❧✐♠♠❡r❣♥❡✐s✳

❙ær❧✐❣ ✐ ♥♦r❞ ❡r ❞❡t ♦❜s❡r✈❡rt ❡♥ ❞❡❧ ❛♠✜❜♦❧✐tt✱ ♦❢t❡ s✈ært ❜✐♦t✐tt✐s❦✳ ❋✐❣✉r ✺✳✶✶❛
✈✐s❡r ❜✐❧❞❡ ❛✈ ❡♥ s❧✐❦ ❜✐♦t✐tt✐s❦ ❛♠✐❢❜♦❧✐tt✱ ❢✉♥♥❡t ✐ t✉♥♥❡❧❡♥✳ ❇❡r❣❛rt❡♥ ❡r s✈❛❦ ♦❣
❦❛♥ t✐❧ ❞❡❧s s♠✉❧❞r❡s ♠❡❞ ✜♥❣r❡♥❡✳ ❆♠✜❜♦❧✐tt❡♥ ❧✐❣❣❡r ✐ s♦♥❡r s♦♠ ❢ø❧❣❡r ❢♦❧✐❛s❥♦♥❡♥
t✐❧ ♠❡r ♠❛ss✐✈ ❣♥❡✐s✳ ❉❡♥ t②♣✐s❦❡✱ rø❞❧✐❣❡ ❣♥❡✐s❡♥ ❡r ✈✐st ♣å ❜✐❧❞❡t ✐ ❋✐❣✉r ✺✳✶✶❜✳
❋♦r❞❡❧✐♥❣❡♥ ♠❡❧❧♦♠ ❞❡ t♦ ❜❡r❣❛rt❡♥❡ ❡r ♦♣♣ ♠♦t ✺✵✴✺✵ ❡♥❦❡❧t❡ st❡❞❡r✱ ❢♦r ❡❦s❡♠♣❡❧
✈❡❞ ♣r♦✜❧ ✶✷✲✼✾✵✵✱ ✈✐st ✐ ❋✐❣✉r ✺✳✶✶❝✳ ❍❡r s❡s ❛♠✜❜♦❧✐tt❡♥ s♦♠ t✈❡rs❣å❡♥❞❡ s♦♥❡r
♣å st✉✛✲✢❛t❡♥✳

◗✲✈❡r❞✐ ❦❛rt❧❡❣❣❡s ❢♦r ❤✈❡r s❛❧✈❡ ♦❣ ✉t ❢r❛ ❞❡tt❡ s❡tt❡s ❜❡r❣♠❛ss❡❦❧❛ss❡♥ ❆✲●✳ ❍✐tt✐❧
❤❛r ❜❡r❣♠❛ss❡♥ st♦rt s❡tt ❧✐❣❣❡t ✐ ❦❧❛ss❡ ❆✲❈ ♦❣ ❦✉♥ ✺ ✪ ❛✈ ❞❡♥ ❢❡r❞✐❣❞r❡✈♥❡
❞❡❧❡♥ ❛✈ t✉♥♥❡❧❡♥ ❧✐❣❣❡r ✐ ❜❡r❣❦❧❛ss❡ ❊✴❋✳ ❚❛❜❡❧❧ ✺✳✺ ♦♣♣s✉♠♠❡r❡r ❢♦r❞❡❧✐♥❣❡♥ ❛✈
❜❡r❣♠❛ss❡❦❧❛ss❡r ❦❛rt❧❛❣t ❤✐tt✐❧ ✐ t✉♥♥❡❧❡♥✳

❚❛❜❡❧❧ ✺✳✺ ✕ ❋❛❦t✐s❦ ❢♦r❞❡❧✐♥❣ ❛✈ ❜❡r❣♠❛ss❡❦❧❛ss❡r ♣❡r ✽✳ ♠❛✐ ✷✵✶✷✳

❇❡r❣❦❧❛ss❡ ❋❛❦t✐s❦ ❢♦r❞❡❧✐♥❣

❆✴❇✴❈ ✼✷✪

❉ ✷✸✪

❊✴❋ ✺✪
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✭❛✮ ❇✐♦t✐tt✐s❦ ❛♠✜❜♦❧✐tt ❢r❛ ♣r♦✜❧♥✉♠♠❡r
✶✷✲✼✾✵✹✳ ❋♦t♦✿ ▼❛r✐ ▲✐❡ ❆r♥ts❡♥✳

✭❜✮ ●r❛♥✐tt✐s❦ ❣♥❡✐s ❢r❛ ♣r♦✜❧♥✉♠♠❡r ✶✷✲
✼✾✵✹✳ ❋♦t♦✿ ▼❛r✐ ▲✐❡ ❆r♥ts❡♥✳

✭❝✮ ❙t✉✛✲✢❛t❡♥ ✈❡❞ ✶✷✲✼✾✵✹ s♦♠ ✈✐s❡r ✺✵✴✺✵✲❢♦r❞❡❧✐♥❣ ❛✈ ❜✐♦t✐tt✐s❦
❛♠✜❜♦❧✐tt ♦❣ ❣r❛♥✐tt✐s❦ ❣♥❡✐s✳ ❋♦t♦✿ ▲❛rs ▲❛♥❣❤❡❧❧❡✳

❋✐❣✉r ✺✳✶✶ ✕ ❆♠✜❜♦❧✐tt ❧❛♥❣s ❣♥❡✐s❢♦❧✐❛s❥♦♥❡♥ ✐ ♥♦r❞r❡ ❞❡❧ ❛✈ ❑♥❛♣♣❡t✉♥♥❡❧❡♥✳
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❋✐❣✉r ✺✳✶✷ ✕ ▲❡❣❡♥❞❡ ❢♦r ♥♦r♠❛❧✐s❡rt ❜♦rs②♥❦ ✭✪✮ ❢♦r ❑♥❛♣♣❡t✉♥♥❡❧❡♥ ✳

✺✳✸✳✸ ❙✈❛❦❤❡tss♦♥❡r

❖✈❡rs✐❦t❡♥ ♦✈❡r ♣å♠øtt❡ s✈❛❦❤❡tss♦♥❡r ✐ ❑♥❛♣♣❡t✉♥♥❡❧❡♥ ❜②❣❣❡r ✐ ❧✐t❡♥ ❣r❛❞
♣å ◆♦✈❛♣♦✐♥t❦❛rt❧❡❣❣✐♥❣❡♥✱ ✐ ♠♦ts❡t♥✐♥❣ t✐❧ ✈❡❞ ❊✐❦r❡♠t✉♥♥❡❧❡♥✱ ❤✈♦r ❞❡tt❡ ✈❛r
❤♦✈❡❞❦✐❧❞❡♥✳ ❉❡tt❡ s❦②❧❞❡s ❛t ❢å s✈❛❦❤❡tss♦♥❡r ❡r t❡❣♥❡t ✐♥♥ ✐ ◆♦✈❛♣♦✐♥t✳ ➴rs❛❦❡♥
t✐❧ ❞❡tt❡ ❡r ♥♦❡ ✉❦❧❛r✱ ♠❡♥ ❞❡t ❦❛♥ s❦②❧❞❡s ❞❡♥ ❣❧✐❞❡♥❞❡ ♦✈❡r❣❛♥❣❡♥ ♠❡❧❧♦♠ ❞❡t
s♦♠ ❞❡✜♥❡r❡s s♦♠ ❞år❧✐❣✱ t❡tt ♦♣♣s♣r✉❦❦❡t ❜❡r❣ ♦❣ s✈❛❦❤❡tss♦♥❡r✳ ◆♦❡♥ ❛✈ s♦♥❡♥❡
❦❛♥ ❞❡r♠❡❞ ❧✐❣❣❡ ✐ ❣r❡♥s❡❧❛♥❞ ❢♦r ❤✈❛ s♦♠ ❜❡t❡❣♥❡s ❡♥ s✈❛❦❤❡tss♦♥❡✳

❇❡s❦r✐✈❡❧s❡♥❡ ❜❛s❡r❡r s❡❣ ✐ st♦r ❣r❛❞ ♣å ❤✐tt✐❧ ✉❞♦❦✉♠❡♥t❡rt❡ ❡r❢❛r✐♥❣❡r ❢r❛ ❚❡r❥❡
❑✐r❦❡❜②✳ ■ t✐❧❧❡❣❣ ❡r ✉ts❦r✐❢t ❛✈ ❇P❚ ❜❧✐tt ❤②♣♣✐❣ ❜r✉❦t ❢♦r å ❛✈❞❡❦❦❡ s✈❛❦❤❡tss♦♥❡r✳
❉✐ss❡ ❣✐r s♦♠ r❡❣❡❧ ❡t ❜❡❞r❡ ❜✐❧❞❡ ❛✈ s✈❛❦❤❡tss♦♥❡♥❡ ❡♥♥ st✉✛❦❛rt❧❡❣❣✐♥❣❡♥✳ ❊♥
r❡❦❦❡ ❛✈ s✈❛❦❤❡tss♦♥❡♥❡ s❡s ❤❡r s♦♠ s♦♥❡r ♠❡❞ ❤ø② ❜♦rs②♥❦ ✭❜❧å ❢❛r❣❡✮ ♣å
❜♦r♣❛r❛♠❡t❡rt♦❧❦♥✐♥❣❡♥✳ ❉❡r ❞❡tt❡ ❡r t✐❧❢❡❧❧❡✱ ❡r ❞❡t ✈✐st ♠❡❞ ✜❣✉r❡r✳ ❋✐❣✉r ✺✳✶✷
✈✐s❡r ❧❡❣❡♥❞❡ ❢♦r ❇P❚✲✜❣✉r❡♥❡ ❢r❛ ❑♥❛♣♣❡t✉♥♥❡❧❡♥✳ ❋❛r❣❡♥❡ ✐♥❞✐❦❡r❡r ♥♦r♠❛❧✐s❡rt
❜♦rs②♥❦✱ ♠❡♥ ❦❛♥ ♦✈❡r❢ør❡s t✐❧ ❤❛r❞❤❡t✳ ◆♦✈❛♣♦✐♥t❦❛rt❧❡❣❣✐♥❣❡♥ ❡r ✐❦❦❡ ✈✐st ❤❡r ❛✈
års❛❦❡♥❡ ♥❡✈♥t ♦✈❡♥❢♦r✱ ♠❡♥ ✜♥♥❡s ✐ ❱❡❞❧❡❣❣ ❇✳✺✳

❋✐❣✉r ✺✳✶✸ ✈✐s❡r ♣❧❛ss❡r✐♥❣ ❛✈ s✈❛❦❤❡tss♦♥❡♥❡ ❧❛♥❣s t✉♥♥❡❧tr❛s❡❡♥✱ s❛♠♠❡♥st✐❧ ♠❡❞
s♦♥❡♥❡ ❢✉♥♥❡t ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✳ ❉❡ ✢❡st❡ ❛✈ s♦♥❡♥❡ tr❡✛❡r t✉♥♥❡❧❡♥ ✐ ❡♥ ❧✐t❡♥
✈✐♥❦❡❧ ♦❣ ❢ø❧❣❡r tr❛s❡❡♥ ♦✈❡r ❧❡♥❣r❡ ❛✈st❛♥❞❡r✳ ❉❡tt❡ ❡r ✐❧❧✉str❡rt ✐ ✜❣✉r❡♥ ♠❡❞ ❞✐✛✉s
t✉r❦✐s ❢❛r❣❡✳ ❚❛❜❡❧❧ ✺✳✻ ♦♣♣s✉♠♠❡r❡r ❞❡ ♣å♠øtt❡ s♦♥❡♥❡ ♦❣ ❛♥❣✐r s♦♥❡❦❛r❛❦t❡r ♦❣
♦♠ s♦♥❡♥❡ ❤❛r strø❦ ♠❡❞ ❡❧❧❡r ♣å t✈❡rs ❛✈ t✉♥♥❡❧❛❦s❡♥✳
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❚❛❜❡❧❧ ✺✳✻ ✕ Påtr✉❢♥❡ s✈❛❦❤❡tss♦♥❡r ❑♥❛♣♣❡t✉♥♥❡❧❡♥✳

Pr♦✜❧♥✉♠♠❡r❛ ❚②♣❡❜ ❍♦✈❡❞♣r♦❜❧❡♠

❄❄❄❄✲✺✷✵✵ ✶ ❖♣♣s♣r✉❦❦❡t ❜❡r❣ ♠❡❞ ❧❡✐r❡

✺✸✽✾✲✺✹✸✺ ✶ ❖♣♣s♣r✉❦❦❡t ❜❡r❣ ♠❡❞ ❧❡✐r❡

✺✼✹✵✲✺✽✶✺ ✶ ❖♣♣s♣r✉❦❦❡t ❜❡r❣ ♠❡❞ ❧❡✐r❡

✺✾✶✵✲✺✾✸✵ ✶ ❖♣♣s♣r✉❦❦❡t ❜❡r❣ ♠❡❞ ❧❡✐r❡

❄❄❄❄✲✼✽✵✵ ✷ ❱❛♥♥ ✭♦♣♣t✐❧ ✷✵✼✵ ❧✴♠✐♥✮

✽✵✺✵✲✽✶✶✵ ✶ ❱❛♥♥ ✭♦♣♣t✐❧ ✶✺✵✵ ❧✴♠✐♥✮

✽✸✵✺ ✷ ❖♣♣s♣r✉❦❦❡t ❜❡r❣ ♠❡❞ ❧❡✐r❡

✽✺✵✺ ✶ ❖♣♣s♣r✉❦❦❡t ❜❡r❣ ♠❡❞ ❧❡✐r❡

✽✺✻✵ ✷ ❖♣♣s♣r✉❦❦❡t ❜❡r❣ ♠❡❞ ❧❡✐r❡

✽✽✵✵ ✶ ❖♣♣s♣r✉❦❦❡t ❜❡r❣ ♠❡❞ ❧❡✐r❡

❛❊♥❦❡❧t t❛❧❧ ❛♥❣✐r ♣r♦✜❧♥✉♠♠❡r ❤✈♦r ❡♥❦❡❧ts♦♥❡r ❢ørst tr❡✛❡s ✐ t✉♥♥❡❧❡♥✱ s❡tt ♠♦t ø♥s❦❡♥❞❡
♣r♦✜❧♥✉♠♠❡r✳ ❉♦❜❧❡ t❛❧❧ ✭❢r❛✲t✐❧✮ ❛♥❣✐r ♣r♦✜❧♥✉♠♠❡r ❤✈♦r ❞❡t ✜♥♥❡s ✢❡r❡ s✈❛❦❤❡tss♦♥❡r✱ s❧ått
s❛♠♠❡♥ ✐ ❡♥ r❡❣✐str❡r✐♥❣✳

❜✶❂◆◆❱✲❧✐❣❣❡♥❞❡ s♦♥❡r ✷ ❂ s♦♥❡r ♣å t✈❡rs ❛✈ ◆◆❱✲str✉❦t✉r❡♥❡

❉r✐✈✐♥❣ ❢r❛ ❙❛♥❞❡✐❞❡

❍❡r ♣r❡s❡♥t❡r❡s s♦♥❡♥❡ ♠øtt ✉♥❞❡r ❞r✐✈✐♥❣ ❢r❛ ❙❛♥❞❡✐❞❡✳ ❙♦♥❡♥❡ ❜❧✐ ❜❡s❦r❡✈❡t ❡tt❡r
ø❦❡♥❞❡ ♣r♦✜❧♥✉♠♠❡r✳ ❋♦rø✈r✐❣ ❤❡♥✈✐s❡s ❞❡t t✐❧ ❋✐❣✉r ✺✳✶✸ ❢♦r ♣❧❛ss❡r✐♥❣ ❛✈ s♦♥❡♥❡
✐ t✉♥♥❡❧ ♦❣ ✐ ❞❛❣❡♥✳

Pr♦✜❧ ✺✷✵✵ ♦❣ sør♦✈❡r ❋r❛ ♣r♦✜❧ ✺✷✵✷ ❡r ◗✲✈❡r❞✐❡♥❡ ❦❛rt❧❛❣t ✐ t✉♥♥❡❧❡♥ st♦rt
s❡tt ✉♥❞❡r ✶✱✵ ✲ t✐❧s✈❛r❡♥❞❡ ❜❡r❣❦❧❛ss❡ ❊✳ ❉❡tt❡ s❦②❧❞❡s ❢♦r ❞❡t ❢ørst❡ ❡♥ ❧❛✈
♦✈❡r❞❡❦♥✐♥❣ s♦♠ ❣✐r ❞år❧✐❣❡ s♣❡♥♥✐♥❣s❢♦r❤♦❧❞✱ ♠❡♥ ❜❡r❣♠❛ss❡♥ ❡r t②❞❡❧✐❣ ♠❡r
♦♣♣s♣r✉❦❦❡t ❤❡r ❡♥♥ ❧❡♥❣❡r ♥♦r❞✳ ❙♣r❡❦❦❡♠å❧✐♥❣❡r ♦❣ ❦❛rt❧❡❣❣✐♥❣❡r ❛✈ s❧❡♣♣❡r ✐
t✉♥♥❡❧❡♥ ✈✐s❡r ❡♥ t②❞❡❧✐❣ ◆◆❱✲❙❙Ø✲♦r✐❡♥t❡r✐♥❣✳ ■ ❋✐❣✉r ✺✳✶✹ ✈✐s❡s ❡♥ s❧✐❦ s♦♥❡
tr✉✛❡t ✐ ❧ø♣ ✶✷✳ ❙♦♥❡♥ s❡s s♦♠ ❡♥ ♦♣♣❦♥✉st s♦♥❡ ✐ ❤❡♥❣❡♥ ♦❣ ♣å st✉✛✲✢❛t❡♥✳

❋r❛ ♣r♦✜❧ ✺✶✽✼ ❡r ❞❡t ❞r❡✈❡t ♠❡❞ tr❡♠❡t❡rs s❛❧✈❡❧❡♥❣❞❡r ♦❣ ❢r❛ ♣r♦✜❧ ✺✶✻✻ ❜r✉❦❡s
✐ t✐❧❧❡❣❣ ❢♦r❜♦❧t✐♥❣ ♠❡❞ ✸✷ ♠♠ ❦❛♠stå❧❜♦❧t❡r✳ ▲❛♥❣s ❤❡❧❡ str❡❦♥✐♥❣❡♥ s♣rø②t❡s
❜❡t♦♥❣ ❤❡❧t ♥❡❞ t✐❧ så❧❡♥✳ P❡r ✽✳ ♠❛✐ ❡r ❡r ❢♦rts❛tt t✉♥♥❡❧st✉✛❡♥ ✐ ❞❡tt❡ ♦♠rå❞❡t✱
s♦♠ ✐ ❡tt❡rt✐❞ s❦❛❧ stø♣❡s ✉t ✐ ❜❡❣❣❡ ❧ø♣ ♣å ❣r✉♥♥ ❛✈ ❧✐t❡♥ ♦✈❡r❞❡❦♥✐♥❣ ♦♣♣ t✐❧ ❡♥
❦r②ss❡♥❞❡ ❦❧♦❛❦❦t✉♥♥❡❧✳

❑❥❡r♥❡❜♦r✐♥❣❡♥ ❢r❛ ♣r♦✜❧ ✶✶✲✺✶✽✵ ✈✐s❡r ❛t ❜❡r❣♠❛ss❡ ♥❡❞❡ ✐ ❦❧❛ss❡ ● ✭❡❦s❡♣s❥♦♥❡❧t
❞år❧✐❣ ❜❡r❣✮ ❦❛♥ ❦♦♠♠❡ ✈✐❞❡r❡ sør♦✈❡r✳ ❑❥❡r♥❡❜♦r✐♥❣sr❛♣♣♦rt❡♥ ✜♥♥❡s ✐ ❱❡❞❧❡❣❣
❇✳✻✳
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✭❛✮ Pr♦✜❧ ✺✵✵✵✲
✻✾✵✵✳

✭❜✮ Pr♦✜❧ ✻✽✺✵✲
✽✽✵✵✳

❋✐❣✉r ✺✳✶✸ ✕ ▲❡♥❣❞❡♣r♦✜❧ ❛✈ ❑♥❛♣♣❡t✉♥♥❡❧❡♥ ♠❡❞ ♣❧❛ss❡r✐♥❣ ❛✈ s✈❛❦❤❡tss♦♥❡r
❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ♦❣ ❞r✐✈✐♥❣✳ ❋✐❣✉r❡♥ ✈✐s❡r ♦❣så ❞❡♥ ❛♥t❛tt❡ ❜❡r❣♠❛ss❡❦❧❛ss❡✲
❢♦r❞❡❧✐♥❣❡♥✳ ▼♦❞✐✜s❡rt ✜❣✉r ❢r❛ ❑✐r❦❡❜② ✭✷✵✶✵✮✳
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✭❛✮ ❖✈❡r❣❛♥❣ ♠❡❧❧♦♠ st✉✛✲✢❛t❡ ♦❣ ❤❡♥❣✳ ✭❜✮ ❉❡t❛❧❥✱ st✉✛✲✢❛t❡✳

❋✐❣✉r ✺✳✶✹ ✕ ◆◆❱✲♦r✐❡♥t❡rt s♦♥❡ ✈❡❞ ❙✶✷❙✱ ♣r♦✜❧♥✉♠♠❡r ✺✶✺✸✳ ❋♦t♦✿ ▼❛r✐ ▲✐❡
❆r♥ts❡♥✳

◆◆❱✲❙❙Ø✲str✉❦t✉r❡r ✐ sør✿ ❙ør ✐ t✉♥♥❡❧❡♥ ❤❛r ❞❡t ❜❧✐tt ♦❜s❡r✈❡rt ✢❡r❡ st❡✐❧❡
✵✱✺✲✹ ♠❡t❡r ❜r❡❞❡ s♣r❡❦❦❡s♦♥❡r ♠❡❞ strø❦ ♦♠tr❡♥t ◆✶✼✵❊✳ ❙♦♥❡♥❡ ❦❛♥ ✐♥♥✐♠❡❧❧♦♠
s❡s ❢r❛ ✈❡❣❣ t✐❧ ✈❡❣❣✱ ♠❡♥ ♦❢t❡ ♦♣♣tr❡r ❞❡ ❦✉♥ ♦✈❡r ❞❡❧❡r ❛✈ t✉♥♥❡❧❡♥✳ ❙♦♥❡♥❡
❤❛r ❧❡✐r❡ ♣å s♣r❡❦❦❡✢❛t❡♥❡✱ ♠❡♥ ♠❛t❡r✐❛❧❡t ✈✐s❡r s♦♠ s❛❣t ✐♥❣❡♥ s✈❡❧❧✐♥❣ ✭❚❛❜❡❧❧
✺✳✸✮✳ ❙♣r❡❦❦❡s♦♥❡♥❡ ❤❛r ✐❦❦❡ ❣✐tt sær❧✐❣❡ st❛❜✐❧✐t❡ts♣r♦❜❧❡♠❡r✱ ♠❡♥ ✉t❣❧✐❞♥✐♥❣❡r ✐
✈❡❞❡r❧❛❣❡♥❡ ❤❛r ❢ørt t✐❧ ❡t ♠❡r ✜r❦❛♥t❡t t✉♥♥❡❧♣r♦✜❧ ❡♥❦❡❧t❡ st❡❞❡r✳

❇♦r♣❛r❛♠❡t❡rt♦❧❦♥✐♥❣❡♥ ✈✐s❡r str✉❦t✉r❡♥❡ t②❞❡❧✐❣ ❧❛♥❣s st♦r❡ ❞❡❧❡r ❛✈ str❡❦♥✐♥❣❡♥
♠❡❧❧♦♠ ♣r♦✜❧ ✺✷✵✵ ♦❣ ✺✾✵✵✳ ▼❡❧❧♦♠ ♣r♦✜❧ ✺✹✵✵ ♦❣ ✺✻✵✵ s②♥❡s ✐❦❦❡ s♦♥❡♥❡ ✐ ❧✐❦❡
st♦r ❣r❛❞ s♦♠ ❡❧❧❡rs✳ ❊t ❡❦s❡♠♣❡❧ ♣å ❤✈♦r❞❛♥ ❤❛r❞❤❡tst♦❧❦♥✐♥❣❡♥ t②♣✐s❦ s❡r ✉t ✐
♦♠rå❞❡t ❡r ❣✐tt ✐ ❋✐❣✉r ✺✳✶✺✳ ●❡♥❡r❡❧t ❡r ❜❡r❣♠❛ss❡❦✈❛❧✐t❡t❡♥ ✐ ♦♠rå❞❡t ❣♦❞✱ ♠❡♥
❧❛♥❣s tr❡ str❡❦❦ ❡r ❞❡♥ s❛tt t✐❧ å ✈ær❡ ❛✈ ❦❧❛ss❡ ❉✿

Pr♦✜❧ ✺✸✽✾✲✺✹✸✺ ❍❡r ❡r ❞❡t ✉♥❞❡r t✉♥♥❡❧❞r✐✈✐♥❣ ❦❛rt❧❛❣t ✢❡r❡ s❧❡♣♣❡s♦♥❡r ✐
❜å❞❡ ✈❡❣❣ ♦❣ ❤❡♥❣✳ ❙❧❡♣♣❡♥❡ ❢❛❧❧❡r st❡✐❧t ♠♦t øst ♦❣ ✈❡st✱ ❛♥s❧❛❣s✈✐s ♠❡❧❧♦♠ ✼✺ ♦❣
80◦✳ ▲❡✐r❢②❧❧✐♥❣❡r ♣å ❡♥ ♠❡t❡rs t②❦❦❡❧s❡ ❡r ❢✉♥♥❡t ✐ s♣r❡❦❦❡♥❡ ✐ ❤❡♥❣❡♥ ✈❡❞ ♣r♦✜❧
✺✹✵✵✳

Pr♦✜❧ ✺✼✹✵✲✺✽✶✺ ❙♦♠ ✈✐st ✐ ❋✐❣✉r ✺✳✶✻ ❦♦♠♠❡r ❤❡r ❞❡t t✐❧ s②♥❡ ❡♥ ❜r❡❞
s✈❛❦❤❡tss♦♥❡ ✐ ❤ø②r❡ ✈❡❣❣✱ s♦♠ ❡tt❡r❤✈❡rt s♠❛❧♥❡r ❛✈ ♠❡♥s ❞❡♥ ❢♦rts❡tt❡r ♦♣♣ t✐❧
♦♠tr❡♥t ♠✐❞t ✐ ❤❡♥❣❡♥✱ ❤✈♦r ♥♦❦ ❡♥ s♠❛❧ s✈❛❦❤❡tss♦♥❡ ❡r ❦❛rt❧❛❣t✳ ❉❡♥♥❡ s♦♥❡♥
❢ø❧❣❡r t✉♥♥❡❧❡♥ t✐❧ ♣r♦✜❧ ✺✽✶✺✱ ❤✈♦r ❞❡♥ ❢♦rs✈✐♥♥❡r ✉t ✐ ✈❡♥str❡ ✈❡❣❣✳ ❙♦♥❡♥❡ ❦♦♠♠❡r
♦❣så ❢r❛♠ ♣å ❜♦r♣❛r❛♠❡t❡rt♦❧❦♥✐♥❣❡♥✱ ✈✐st ✐ ❋✐❣✉r ✺✳✶✼✳ ❇❡❣❣❡ s♦♥❡♥❡ ❤❛r ❡t ❢❛❧❧ ♣å
r✉♥❞t 80◦✳ ❋❛❧❧r❡t♥✐♥❣❡♥ ✈❛r✐❡r❡r ❧❛♥❣s s♦♥❡♥❡✳ ❇♦❧t❡❧❡♥❣❞❡♥ ♣å ❞❡ r❛❞✐❡❧❧❡ ❜♦❧t❡♥❡
❡r ❤❡r ø❦t ❢r❛ tr❡ t✐❧ ✜r❡ ♠❡t❡r✳

▲✐❣♥❡♥❞❡ ♣❛r❛❧❧❡❧❧❡ s♦♥❡r ❡r ❦❛rt❧❛❣t ✐ ❧ø♣ ✶✶✳
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❋✐❣✉r ✺✳✶✺ ✕ ❇♦r♣❛r❛♠❡t❡rt♦❧❦♥✐♥❣ ❢r❛ ♣r♦✜❧ ✺✸✵✵ t✐❧ ✺✹✵✵ s♦♠ ✈✐s❡r ◆◆❱✲str✉❦t✉r
✐ ❜❧ått t②♣✐s❦ ❢♦r ♦♠rå❞❡t sør ❢♦r ❱❛r❞❡♥ st❛❞✐♦♥ ✭♣r♦✜❧ ✺✾✵✵✮✳

❋✐❣✉r ✺✳✶✻ ✕ ■♥♥t❡❣♥❡t s✈❛❦❤❡tss♦♥❡ ✐ ◆♦✈❛♣♦✐♥t ✈❡❞ ♣r♦✜❧ ✺✼✹✵✱ ❧ø♣ ✶✷✳ ❖r❛♥❣❡
❢❛r❣❡ ❛♥❣✐r ❛t ❜❡r❣♠❛ss❡♥ ❡r ❦❛rt❧❛❣t t✐❧ å ✈ær❡ ❛✈ ❦❧❛ss❡ ❉✱ ❣✉❧ ❢❛r❣❡ ❡r ❦❧❛ss❡ ❈✳
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❋✐❣✉r ✺✳✶✼ ✕ ❇♦r♣❛r❛♠❡t❡rt♦❧❦♥✐♥❣ ❢♦r ♣r♦✜❧ ✺✼✵✺✲✺✽✵✵ ♠❡❞ ❡♥ s②♥❧✐❣ ◆◆❱✲s♦♥❡
s♦♠ st❛rt❡r ✈❡❞ ♣r♦✜❧ ✺✼✹✵✳

Pr♦✜❧ ✺✾✶✵✲✺✾✸✵ ▲❛♥❣s ❞❡tt❡ str❡❦❦❡t ❡r ❞❡t tr❡ s❧❡♣♣❡r ✐ t✉♥♥❡❧❡♥❀ t♦ ✐ ❤❡♥❣❡♥
♦❣ ❡♥ ✐ ✈❡♥str❡ ✈❡❣❣✳ ❉❡t ❡r ❧✐t❡ ❤♦❧❞ ✐ ❞❡♥ ✢❛t❡ ❤❡♥❣❡♥✳ ❉❡t ❡r r❡❣✐str❡rt ❜♦♠t ❜❡r❣
✐ ✈❡❞❡r❧❛❣❡♥❡✳

❉r✐✈✐♥❣ ❢r❛ ▲✐❛✈❛t♥❡t

❍❡r ♣r❡s❡♥t❡r❡s s♦♥❡♥❡ ♠øtt ✉♥❞❡r ❞r✐✈✐♥❣ ❢r❛ ▲✐❛✈❛t♥❡t✳ ❙♦♥❡♥❡ ❜❧✐ ❜❡s❦r❡✈❡t ❡tt❡r
ø❦❡♥❞❡ ♣r♦✜❧♥✉♠♠❡r✳ ❉❡t ❤❡♥✈✐s❡s t✐❧ ❋✐❣✉r ✺✳✶✸ ❢♦r ♣❧❛ss❡r✐♥❣ ❛✈ s♦♥❡♥❡ ✐ t✉♥♥❡❧
♦❣ ✐ ❞❛❣❡♥✳

Pr♦✜❧ ✶✶✲✼✽✸✵ ✭✶✷✲✼✽✵✵✮ ♦❣ sør♦✈❡r ❘✉♥❞t ♣r♦✜❧ ✼✽✸✵ ✐ ❧ø♣ ✶✶ ❡r ❡♥
s✈❛❦❤❡tss♦♥❡ ♠❡❞ ♦♣♣❦♥✉st ♠❛t❡r✐❛❧❡ ♣å♠øtt ✐ t✉♥♥❡❧❡♥✳ ❙♦♥❡♥ ❡r ❢♦rts❛tt ✐❦❦❡
♣❛ss❡rt✱ s❧✐❦ ❛t ❞❡t ✐❦❦❡ ❡r ♠✉❧✐❣ å s✐ ♥♦❡ ♦♠ ✉tstr❡❦♥✐♥❣❡♥ ❛✈ ❞❡♥✳

■ ❋✐❣✉r ✺✳✶✽ ✈✐s❡s st✉✛❡♥ ✈❡❞ ♣r♦✜❧ ✼✽✷✽✱ ❤✈♦r ❡♥ ❧❡✐r♣rø✈❡ ❜❧❡ s❛♠❧❡t ✐♥♥ ✉♥❞❡r
❜❡sø❦❡t ✐ t✉♥♥❡❧❡♥ ❢r❛ s♦♥❡♥ s♦♠ s❡s ♠✐❞t ♣å st✉✛❡♥✳ ❙❧❡♣♣❡♠❛t❡r✐❛❧❡t ✈✐st❡ ♠✐❞❞❡❧s
t✐❧ ❤ø②t s✈❡❧❧❡tr②❦❦ ✭r❡❢✳ ❚❛❜❡❧❧ ✺✳✸✮✳

❙♦♥❡♥ ❢ør❡r s✈ært ♠②❡ ✈❛♥♥✳ P❡r ✶✷✳ ❥✉♥✐ ❡r ❞❡t st♦r❡ ♣r♦❜❧❡♠❡r ♠❡❞ å ❢å ❞❡t tørt
❜❛❦ st✉✛ ♦❣ ✐♥❥❡❦s❥♦♥ss❦❥❡r♠❡r ✐ ❦r②ss ❡r ✉♥❞❡r ✉t♣rø✈♥✐♥❣ ✐ ❤å♣ ♦♠ å ❢å ❜✉❦t
♠❡❞ ✈❛♥♥♠❡♥❣❞❡♥❡✳ ▲❡❦❦❛s❥❡r ♣å ♦♣♣t✐❧ ✷✵✼✵ ❧✴♠✐♥ ❡r r❡❣✐str❡rt s❛♠❧❡t ❢♦r ❤❡❧❡
✐♥❥❡❦s❥♦♥ss❦❥❡r♠❡♥ ✭♣r♦✜❧ ✶✶✲✼✽✵✺✮ ✭❑✐r❦❡❜②✱ ✷✵✶✷✮✳

❖♠ ❡♥ ❢♦r❧❡♥❣❡r ❢♦r❧ø♣❡t ❛✈ s♦♥❡♥ ✈❡st♦✈❡r ♠♦t ❧ø♣ ✶✷✱ s❡r ❞❡♥ ✉t t✐❧ å tr❡✛❡ ❤ø②r❡
✈❡❣❣ ✐ ❞❡tt❡ ❧ø♣❡t ✈❡❞ ♣r♦✜❧ ✶✷✲✼✽✵✵✳ ❉❡tt❡ ♣r♦✜❧♥✉♠♠❡r❡t ❜r✉❦❡s ✐ ❞❡♥ ✈✐❞❡r❡
♦♠t❛❧❡♥ ❛✈ s♦♥❡♥✳

Pr♦✜❧ ✽✵✺✵✲✽✶✶✵✿ ❉❡♥♥❡ s♦♥❡♥ ❜❡står ❛✈ ✢❡r❡ s♠❛❧❡ s♦♥❡r ♠❡❞ ♠②❡ ✈❛♥♥✳ ❙♦♥❡♥
❡r ❦✉♥ r❡❣✐str❡rt ✐ ❧ø♣ ✶✷✳ ▲❡❦❦❛s❥❡r ♣å ♦♣♣t✐❧ ✶✺✵✵ ❧✴♠✐♥ ❣❥❡♥♥♦♠ ✐♥❥❡❦s❥♦♥s❤✉❧❧❡♥❡
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❋✐❣✉r ✺✳✶✽ ✕ ▲✶✶✱ ♣r♦✜❧ ✼✽✷✽✳ ▲❡✐r❤♦❧❞✐❣ s♦♥❡ ✐ s❡♥t❡r ❛✈ st✉✛❡♥✳ ❇✐❧❞❡t ❡r t❛tt ♠❡♥s
❞❡t ✉t❢ør❡s ✐♥❥❡❦s❥♦♥s❛r❜❡✐❞✳ ❋♦t♦✿ ▼❛r✐ ▲✐❡ ❆r♥ts❡♥✳

s❛♠❧❡t ❡r ❡st✐♠❡rt ✉t ❢r❛ ♠å❧✐♥❣❡r ❢r❛ ❜♦r❤✉❧❧ ✭❑✐r❦❡❜②✱ ✷✵✶✷✮✳ ■ ❡tt❡rt✐❞ ❡r ❞❡t
♠♦♥t❡rt ♦♣♣ ❡♥ ♣r♦✈✐s♦r✐s❦ ❞✉❦✲❧øs♥✐♥❣ ✈❡❞ s♦♥❡♥ ❢♦r å ❧❡❞❡ ✈❛♥♥❧❡❦❦❛s❥❡r ❜♦rt ❢r❛
✈❡❣❜❛♥❡♥✱ ✭❋✐❣✉r ✺✳✶✾✮✳ ❉❡t ❡r ❧✐t❡ ❧❡✐r❡ ♦❜s❡r✈❡rt ✐ s♦♥❡♥✳

Pr♦✜❧ ✽✸✵✵✲✽✸✸✵✿ ❉❡♥♥❡ s✈❛❦❤❡tss♦♥❡♥ ❦r②ss❡r t✉♥♥❡❧❛❦s❡♥ ✐ ❡♥ ✈✐♥❦❡❧ ♣å
r✉♥❞t 55◦ ♦❣ ❢❛❧❧❡r st❡✐❧t ♠♦t sørøst✳ ❇❡r❣♠❛ss❡♥ ❡r ❜r❡❦s❥✐s❡rt ♦❣ ✐♥♥❡❤♦❧❞❡r ❛❧❧❡
❦♦r♥størr❡❧s❡r✱ ✐♥❦❧✉❞❡rt ❧❡✐r❡ ♦❣ s♦♥❡♥ ❡r ❛♥t❛tt å ❦♦♠♠❡ ❛✈ ❡♥ ❢♦r❦❛st♥✐♥❣ ♠❡❞
t②❞❡❧✐❣ s♣r❛♥❣✳ ❙❡♥tr❛❧s♦♥❡♥ ❡r ♣å ✵✱✺✲✶✱✺ ♠❡t❡r✱ ♠❡♥ s✈❛❦❤❡tss♦♥❡♥ ❡r ♠✐♥st ✶✵
♠❡t❡r ❜r❡❞✳ ❯t ❢r❛ ❜♦r♣❛r❛♠❡t❡rt♦❧❦♥✐♥❣❡♥ ✈✐st ✐ ❋✐❣✉r ✺✳✷✵ ❦❛♥ ❞❡t s❡ ✉t s♦♠ ♦♠
s♦♥❡♥ ❡r ♦♣♣ ♠♦t ✶✺ ♠❡t❡r ❜r❡❞✳

❉❡t ❤❛r ❜❧✐tt t❛tt ❢❡♠ ♣rø✈❡r ❛✈ s❧❡♣♣❡♠❛t❡r✐❛❧❡ ✐ s♦♥❡♥❀ tr❡ ✐ ❧ø♣ ✶✷ ✭♣rø✈❡
✏✶✷✲s♦♥❡ ✶✷ ❆✴❇✑ ♦❣ ✶✷✲✽✸✶✵✮ ♦❣ t♦ ✐ ❧ø♣ ✶✶ ✭✶✶✲✽✸✸✾ ❆✴❇✮✳ ❙♦♠ ✈✐st ✐ ❚❛❜❡❧❧
✺✳✸✱ ❡r s✈❡❧❧❡tr②❦❦❡t ♠å❧t t✐❧ å ✈ær❡ ♣å ♦♣♣t✐❧ ✵✱✹✸ ▼P❛ ✭✶✷✲✽✸✶✵✮✳ ❉❡ ❛♥❞r❡
♣rø✈❡r❡s✉❧t❛t❡♥❡ ✈✐s❡r ♠♦❞❡r❛t s✈❡❧❧❡tr②❦❦ ♣å ✵✱✶✺✲✵✱✷✵ ▼P❛✳

❯♥❞❡r ❞r✐✈✐♥❣ ❤❛r ❞❡t ❜❧✐tt ❜❡♥②tt❡t ❢♦r✐♥❥❡❦s❥♦♥✱ ❢♦r❜♦❧t✐♥❣ ♦❣ r❡❞✉s❡rt❡
s❛❧✈❡❧❡♥❣❞❡r ♥❡❞ ♠♦t tr❡ ♠❡t❡r✳ ■ t✐❧❧❡❣❣ ❡r ❞❡t ♠♦♥t❡rt ått❡ s♣rø②t❡❜❡t♦♥❣❜✉❡r
✐ sør❣å❡♥❞❡ ❧ø♣ ✭✈✐st ✐ ❋✐❣✉r ✺✳✷✶✮ ♦❣ ❢♦r❡❧ø♣✐❣ ✜r❡ ❜✉❡r ✐ ❧ø♣ ✶✶✳ ■ ❧ø♣ ✶✶ s❦❛❧
❞❡t s✉♣♣❧❡r❡s ♠❡❞ ✢❡r❡ ❜✉❡r ❡tt❡r ❤✈❡rt✳ ❉❡t ❤❛r ✐❦❦❡ ✈ært ♣r♦❜❧❡♠❡r ♠❡❞ ✈❛♥♥
❣❥❡♥♥♦♠ s♦♥❡♥✱ t②♣✐s❦ ✶✵ ❧✴♠✐♥ ❢r❛ ✐♥❥❡❦s❥♦♥s❤✉❧❧❡♥❡ ✭❑✐r❦❡❜②✱ ✷✵✶✷✮✳
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❋✐❣✉r ✺✳✶✾ ✕ ▲✶✷✱ ❝❛ ♣r♦✜❧ ✽✵✺✵✿ ❉✉❦❧øs♥✐♥❣ ❢♦r å ❧❡❞❡ ❧❡❦❦❛s❥❡✈❛♥♥ ♥❡❞ ✐ ❣rø❢t❛
❣❥❡♥♥♦♠ s♦♥❡ ♠❡❞ ❤ø② ✈❛♥♥❢ør✐♥❣✳ ❋♦t♦✿ ▲❛rs ▲❛♥❣❤❡❧❧❡✳

❋✐❣✉r ✺✳✷✵ ✕ ❚♦❧❦♥✐♥❣ ❛✈ ❤❛r❞❤❡t✱ ♣r♦✜❧ ✽✷✾✵✲✽✹✵✵✱ ❧ø♣ ✶✷✳ ❙✈❛❦❤❡tss♦♥❡♥ ♠❡❧❧♦♠
♣r♦✜❧ ✽✸✵✵ ♦❣ ✽✸✸✵ ❦♦♠♠❡r t②❞❡❧✐❣ ❢r❛♠ s♦♠ ❜❧å ❢❛r❣❡ ♣å ❜♦r♣❛r❛♠❡t❡rt♦❧❦♥✐♥❣❡♥
❣❥♦rt ❛✈ ❇❡✈❡r ❈♦♥tr♦❧✳

Pr♦✜❧ ✽✺✵✺✲✽✺✸✵✿ ❍❡r ❡r ❞❡t ✐❣❥❡♥ r❡❣✐str❡rt ❡♥ s✈❛❦❤❡tss♦♥❡ ♦r✐❡♥t❡rt ♠❡❞
t✉♥♥❡❧r❡t♥✐♥❣❡♥✱ ❧✐❦ ❞❡ s♦♥❡♥❡ ♦❜s❡r✈❡rt ❧❡♥❣❡r sør ✐ t✉♥♥❡❧❡♥✳ ❙♦♥❡♥ s❡s ♦❣så ♣å
❜♦r♣❛r❛♠❡t❡rt♦❧❦♥✐♥❣❡♥ ❧❛♥❣s ❤ø②r❡ ✈❡❣❣✱ ❣❥❡♥❣✐tt ✐ ❋✐❣✉r ✺✳✷✷✳ ❙♦♥❡♥ ❤❛r ✐❦❦❡
❣✐tt ♥❡✈♥❡✈❡r❞✐❣❡ st❛❜✐❧✐t❡ts♣r♦❜❧❡♠❡r ♦❣ ❜❡r❣❦❧❛ss❡♥ ❡r s❛tt t✐❧ ❈✳ ❙♦♥❡♥ ❧✐❣❣❡r ✐
❡t ♦♠rå❞❡ ♠❡❞ st❛❞✐❣ ✈❡❦s❧✐♥❣ ♠❡❧❧♦♠ ❣r❛♥✐tt✐s❦❡ ❣♥❡✐s❡r✱ ❛♠✜❜♦❧✐tt✐s❦❡ ❣♥❡✐s❡r ♦❣
❛♠✜❜♦❧✐tt✳
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❋✐❣✉r ✺✳✷✶ ✕ ❙♣rø②t❡❜❡t♦♥❣❜✉❡r s❛tt ♦♣♣ ✐ ❧ø♣ ✶✷ ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ❢♦r❦❛st♥✐♥❣ss♦✲
♥❡♥ ✈❡❞ ♣r♦✜❧ ✽✸✵✵✲✽✸✸✵✳ ❋♦t♦✿ ▼❛r✐ ▲✐❡ ❆r♥ts❡♥✳

❋✐❣✉r ✺✳✷✷ ✕ ❚♦❧❦♥✐♥❣ ❛✈ ❤❛r❞❤❡t ✉t ❢r❛ ▼❲❉✲❞❛t❛✱ ❣❥♦rt ❛✈ ❇❡✈❡r ❈♦♥tr♦❧✳
❙✈❛❦❤❡tss♦♥❡♥ ❦❛rt❧❛❣t ✈❡❞ ♣r♦✜❧ ✽✺✵✺✲✽✺✸✵ s❡s s♦♠ ❡t ❜❧ått ♦♠rå❞❡ ✐ ❤ø②r❡ ✈❡❣❣
✐ t♦❧❦♥✐♥❣❡♥✳

Pr♦✜❧ ✽✺✻✵✲✽✺✻✷✿ ❘✉♥❞t ♣r♦✜❧ ✽✺✻✵ ❦r②ss❡r t✉♥♥❡❧❡♥ ♦♠tr❡♥t ✈✐♥❦❡❧r❡tt ❡♥ s♠❛❧
♠✐❣♠❛t✐tts♦♥❡✳ ❉❡♥♥❡ str✉❦t✉r❡♥ ❦❛♥ s❦✐♠t❡s s♦♠ ❡t ♦♣♣s♣r❡❦❦✐♥❣s♠ø♥st❡r ♣å
❜♦r♣❛r❛♠❡t❡rt♦❧❦♥✐♥❣❡♥ ♦✈❡r ❡♥ ❧❡♥❣r❡ str❡❦♥✐♥❣✱ ♠❡♥ ❞✐ss❡ t✈❡rs❣å❡♥❞❡ s♦♥❡♥❡
♠❡❞ ❧❛✈❡r❡ ❤❛r❞❤❡t s♦♠ ❦♦♠♠❡r ♠❡❞ ❥❡✈♥❡ ♠❡❧❧♦♠r♦♠ ❦❛♥ ♦❣så ❦♦♠♠❡ ❛✈
❢♦rst②rr❡❧s❡r ✐ ❜❡r❣❡t ✉♥❞❡r s♣r❡♥❣♥✐♥❣✳ ❯❛♥s❡tt ❤❛r ✐♥❣❡♥ ❛✈ ❞✐ss❡ ❢♦r♠❛s❥♦♥❡♥❡
❣✐tt ✈❛♥♥✲ ❡❧❧❡r st❛❜✐❧✐t❡ts✲♣r♦❜❧❡♠❡r ✐ t✉♥♥❡❧❡♥✳ ❉❡♥ ❦❛rt❧❛❣t❡ s✈❛❦❤❡tss♦♥❡♥ ❤❛r
❤❡❧❧❡r ✐❦❦❡ ❣✐tt st♦r❡ ♣r♦❜❧❡♠✱ ❛♥♥❡t ❡♥♥ ❛t ❞❡♥ r❛❞✐❡❧❧❡ ❜♦❧t✐♥❣❡♥ ❡r ❢ørt ❤❡❧t ♥❡❞
t✐❧ så❧❡♥ ✐ ✈❡♥str❡ ✈❡❣❣✳ ❙❧❡♣♣❡♠❛t❡r✐❛❧❡t s❛♠❧❡t ✈❡❞ ♣r♦✜❧ ✶✶✲✽✺✼✵ ❦❛♥ ✈ær❡ ❡♥ ❞❡❧
❛✈ ❞❡♥♥❡ s♦♥❡♥✳ ▲❛❜♦r❛t♦r✐❡t❡st❡♥❡ ❛✈ ♠❛t❡r✐❛❧❡t ✈✐s❡r ❡♥ ♠❡❣❡t ❛❦t✐✈ ❧❡✐r❡✱ ♠❡♥
♠❡❞ ❦✉♥ ❡t ♠✐❞❞❡❧s s✈❡❧❧❡tr②❦❦ ✭s❡ ❚❛❜❡❧❧ ✺✳✸✮✳

❉❡ størr❡ ♦♠rå❞❡♥❡ t♦❧❦❡t t✐❧ å ❤❛ ❧❛✈❡r❡ ❤❛r❞❤❡t r✉♥❞t ♣r♦✜❧ ✽✺✵✵✲✽✻✵✵ ✭s❡ ❋✐❣✉r
✺✳✷✷✮ s❦②❧❞❡s ✐❦❦❡ s✈❛❦❤❡tss♦♥❡r✱ ♠❡♥ s♥❛r❡r❡ ❛t ❜❡r❣❛rt❡♥ st❛❞✐❣ ✈❡❦s❧❡r ♠❡❧❧♦♠
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❣♥❡✐s ♦❣ ❛♠✜❜♦❧✐tt✳ ❆♠✜❜♦❧✐tt❡♥ ❤❛r ❡♥ ❧❛✈❡r❡ ❤❛r❞❤❡t ❡♥♥ ❞❡♥ ♦♠❦r✐♥❣❧✐❣❣❡♥❞❡
❣♥❡✐s❡♥✱ ♥♦❡ s♦♠ ❣✐r ❤ø②❡r❡ ❜♦rs②♥❦✳

Pr♦✜❧ ✽✽✵✵✲✽✽✷✻✿ ❍❡❧t ✉t❡ ♠♦t ♣♦rt❛❧❡♥ ✐ ❧ø♣ ✶✷ ❡r ❞❡t r❡❣✐str❡rt ❡♥ ❤❛❧✈ ♠❡t❡r
❜r❡❞ s❧❡♣♣❡s♦♥❡✴♠✐♥✐❢♦r❦❛st♥✐♥❣ ♠❡❞ ❡♥ ❧✐t❡♥ ✈✐♥❦❡❧ t✐❧ t✉♥♥❡❧❛❦s❡♥ ♦❣ ❡t st❡✐❧t
øst❧✐❣ ❢❛❧❧✳ ❙❡tt ✉t❡♥❢r❛ t✉♥♥❡❧❡♥✱ tr❡✛❡r s♦♥❡♥ ❧ø♣ ✶✷ ✐ ✈❡♥str❡ ✈❡❞❡r❧❛❣ ✐ ♣å❤✉❣❣❡t
♦❣ ❢♦rts❡tt❡r ♦✈❡r t✉♥♥❡❧♣r♦✜❧❡t ❢ør ❞❡♥ ❢♦rs✈✐♥♥❡r ✈❡❞ ♣r♦✜❧ ✽✽✵✵✳ ❉❡t ❡r ❢✉♥♥❡t
s✈❡❧❧❡❧❡✐r❡ ✐ størr❡ ❡❧❧❡r ♠✐♥❞r❡ ❣r❛❞ ✐ ❛❧❧❡ ✜r❡ ❧❡✐r♣rø✈❡♥❡ t❛tt ♦✈❡r s♦♥❡♥s ❧❡♥❣❞❡
✐ t✉♥♥❡❧❡♥✳ ❉❡t ❤ø②❡st❡ r❡❣✐str❡rt❡ s✈❡❧❧❡tr②❦❦❡t ❡r ♣å ✵✱✶✷ ▼P❛ ❢♦r ♣rø✈❡♥ ♠❡❞
✶✹ ✇t✪ s♠❡❦t✐tt ✭❚❛❜❡❧❧ ✺✳✸✮✳ ❉❡t ❛♥t❛s ❛t ❞❡t ♣♦t❡♥s✐❡❧❧❡ s✈❡❧❧❡tr②❦❦❡t ❦❛♥ ✈ær❡
❤ø②❡r❡ ❡♥♥ ❞❡tt❡✱ ❞❛ s♠❡❦t✐tt✐♥♥❤♦❧❞ ♣å ♦♣♣t✐❧ ✺✾ ✇t✪ ❡r ❢✉♥♥❡t✳ ❉❡ss✈❡rr❡ ✈❛r
❞❡t ✐❦❦❡ ♥♦❦ ♣rø✈❡♠❛t❡r✐❛❧❡ t✐❧ å ❣❥❡♥♥♦♠❢ør❡ s✈❡❧❧❡tr②❦❦s♠å❧✐♥❣ ♣å ❞❡♥♥❡ ♣rø✈❡♥✳
❋♦r❡❧ø♣✐❣ ❡r ❞❡t s✐❦r❡t ♠❡❞ ått❡ s♣rø②t❡❜❡t♦♥❣❜✉❡r✳ ❙✐❞❡♥ s♦♥❡♥ ❢♦rs✈✐♥♥❡r ✉t ✐
♣å❤✉❣❣❡t t✐❧ ❧ø♣ ✶✷ ❡r ❞❡♥ ✐❦❦❡ ♣åtr✉✛❡t ✐ ❧ø♣ ✶✶✳
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✺✳✹ ❙❛♠♠❡♥❧✐❣♥✐♥❣ ❛✈ ♣r♦❣♥♦s❡r ♦❣ ❡r❢❛r✐♥❣❡r

❍❡r ❜❧✐r ♣r♦❣♥♦s❡r ♦❣ ❡r❢❛r✐♥❣❡r ✈❡❞rør❡♥❞❡ ❞❡ ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦❡ ❢♦r❤♦❧❞❡♥❡ ✈❡❞
❑♥❛♣♣❡t✉♥♥❡❧❡♥ s❛♠♠❡♥❧✐❣♥❡t✳ ❉❡tt❡ ❡r ❡♥ r❡♥ s❛♠♠❡♥❧✐❣♥✐♥❣ ❛✈ ♣r♦❣♥♦s❡♥❡ ♦❣
❡r❢❛r✐♥❣❡♥❡ ❢r❛ ❞r✐✈✐♥❣✳ ➴rs❛❦❡r t✐❧ ❛✈✈✐❦ ♦❣ ✈✐❞❡r❡ ❞✐s❦✉s❥♦♥ ❢ø❧❣❡r ✐ ❑❛♣✐tt❡❧ ✻✳

❙❛♠♠❡♥❧✐❣♥✐♥❣❡♥ ❞❡❦❦❡r ♥❛t✉r❧✐❣✈✐s ❦✉♥ ❞❡ ❞r❡✈♥❡ str❡❦♥✐♥❣❡♥❡ ❛✈ t✉♥♥❡❧❡♥✳

❊♥ ♦♣♣s✉♠♠❡r❡♥❞❡ s❛♠♠❡♥st✐❧❧✐♥❣ ❛✈ s❛♠♠❡♥❧✐❣♥✐♥❣❡♥ ❛✈ s✈❛❦❤❡tss♦♥❡r ❢r❛
❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ♦❣ ❞❡ ♠øtt ✐ t✉♥♥❡❧❡♥ ✜♥♥❡s ✐ ❚❛❜❡❧❧ ✺✳✼ s❛♠t ✐ ❋✐❣✉r ✺✳✶✸✳

✺✳✹✳✶ ❙✈❛❦❤❡tss♦♥❡r

❉❡ ❞r❡✈♥❡ ❞❡❧❡♥❡ ❛✈ t✉♥♥❡❧❡♥ ✐♥❦❧✉❞❡r❡r s✈❛❦❤❡tss♦♥❡♥❡ ❑✶✱ ❑❙♣✶✱ ❑✷✱ ❑❍✱
❑✶✶✱ ❑❏✱ ❑❑✱ ❑❋✶✱ ❑✶✷✱ ❑❙♣✷✱ ❑▲ ♦❣ ❑✶✸ ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✳ ❍❡r ❣✐s ❞❡t
❡♥ ❛♥❛❧②s❡ ❛✈ ❤✈✐❧❦❡ s♦♥❡r ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ s♦♠ ❜❧❡ ♠øtt ♦❣ ✐❦❦❡✳ ❉❡t
❜❧✐r ♦❣så ❦♦♠♠❡♥t❡rt ♦♠ ❞❡t ❡r tr✉✛❡t s♦♥❡r ✐ t✉♥♥❡❧❡♥ s♦♠ ✐❦❦❡ ✈❛r ❛✈❞❡❦t
❛✈ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✳ ❙❛♠♠❡♥❧✐❣♥✐♥❣❡♥ st❛rt❡r ♠❡❞ s♦♥❡♥❡ ✐ sør ♦❣ ❜❡✈❡❣❡r s❡❣
♥♦r❞♦✈❡r✳ ❉❡t ❡r s❦✐❧t ♠❡❧❧♦♠ ❞r✐✈✐♥❣ ❢r❛ ❙❛♥❞❡✐❞❡ ♦❣ ▲✐❛✈❛t♥❡t✳

❉r✐✈✐♥❣ ❢r❛ ❙❛♥❞❡✐❞❡

❙✈❛❦❤❡tss♦♥❡ ❑✶ s♦♠ ✈❛r ❢♦r✈❡♥t❡t å tr❡✛❡ ❙✶✷❙ ✈❡❞ ♣r♦✜❧ ✺✶✽✵ ❜❧❡ tr✉✛❡t r✉♥❞t ✷✵
♠❡t❡r t✐❞❧✐❣❡r❡✱ ✈❡❞ ♣r♦✜❧ ✺✷✵✵✳ ❙♦♠ ❢♦r✈❡♥t❡t ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ❡r ❜❡r❣♠❛ss❡♥
❤❡r st❡❦t ♦♣♣s♣r✉❦❦❡t ♠❡❞ t②❞❡❧✐❣❡ ◆◆❱✲❙❙Ø✲str✉❦t✉r❡r✳

❉❡ ❛♥❞r❡ ❢♦r✈❡♥t❡❞❡ ♥♦r❞✲♥♦r❞✈❡st✲str②❦❡♥❞❡ s♣r❡❦❦❡s♦♥❡♥❡ ✭❑❙♣✶✮ ✐ sør ❜❧❡ ♦❣så
♦❜s❡r✈❡rt ✐ t✉♥♥❡❧❡♥✳ ❉✐ss❡ ❦✉♥♥❡ s❡s s♦♠ ✵✱✺✲✹ ♠❡t❡r ❜r❡❞❡ s♣r❡❦❦❡s♦♥❡r s♦♠
❦♦♠♠❡r ♦❣ ❣år ✐ ❞❡♥ sør❧✐❣❡st❡ ❞❡❧❡♥ ❛✈ t✉♥♥❡❧❡♥✳ ❙♦♠ t♦❧❦❡t ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✱
❢❛♥t❡s ❞❡t ♥♦❡ ❧❡✐r❡ ♣å s♣r❡❦❦❡✢❛t❡♥❡✳ ❉✐ss❡ str✉❦t✉r❡♥❡ ❢✉❧❣t❡ ✐♠✐❞❧❡rt✐❞
t✉♥♥❡❧❧ø♣❡t ❧❡♥❣❡r ♥♦r❞ ❡♥♥ ❛♥t❛tt ✐ t♦❧❦♥✐♥❣s❞❡❧❡♥ ❛✈ ❣❡♦❧♦❣✐s❦ r❛♣♣♦rt✱ ♦❣ ❡r
♠✐♥st ❢✉♥♥❡t ♦♣♣ t✐❧ ♣r♦✜❧ ✺✾✸✵✳

❉❡r ❤✈♦r s✈❛❦❤❡tss♦♥❡ ❑✷ ✈❛r ❢♦r✈❡♥t❡t å ❦r②ss❡ t✉♥♥❡❧❡♥ ♣å t✈❡rs ❤❛r ❞❡t ✐❦❦❡
❜❧✐tt ♠øtt ♥♦❡♥ s♦♥❡ ✐ t✉♥♥❡❧❡♥✳ ■ st❡❞❡t ❡r ❞❡t ❤❡r ❞år❧✐❣❡r❡ ❜❡r❣ s♦♠ ❢ø❧❣❡ ❛✈ ❞❡
◆◆❱✲♦r✐❡♥t❡rt❡ s♣r❡❦❦❡s♦♥❡♥❡✳

❉r✐✈✐♥❣ ❢r❛ ▲✐❛✈❛t♥❡t

P❡r ✽✳ ♠❛✐ ❡r ▲✶✶ ✐♥♥❡ ✐ ❡♥ s✈❛❦❤❡tss♦♥❡ s♦♠ ❢ør❡r s✈ært ♠②❡ ✈❛♥♥✱ ♦♣♣t✐❧ ✷✵✼✵
❧✴♠✐♥ ✐ ✐♥❥❡❦s❥♦♥s❤✉❧❧❡♥❡✳ ❉❡♥♥❡ s♦♥❡♥ s❡r ✉t t✐❧ å t✐❧s✈❛r❡ s✈❛❦❤❡tss♦♥❡ ❑✶✵ ❢r❛
❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✳ ❑✶✵ ❤❛❞❞❡ ❞❡♥ ❧❛✈❡st❡ s❡✐s♠✐s❦❡ ❤❛st✐❣❤❡t❡♥ r❡❣✐str❡rt ❧❛♥❣s
❛❧❧❡ s❡✐s♠✐❦❦✉t❧❡❣❣❡♥❡✱ t②❞❡♥❞❡ ♣å ❤ø② ♦♣♣s♣r❡❦❦✐♥❣✳ ■ t✐❧❧❡❣❣ ✈❛r s♦♥❡♥ ❢♦r✈❡♥t❡t
å ✈ær❡ ✈❛♥♥❢ør❡♥❞❡ ✉t ❢r❛ r❡s✐st✐✈✐t❡t❡♥✳ ❋r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ❜❧❡ ❞❡t ❛♥t❛tt ❛t
❞år❧✐❣ ❜❡r❣ ✈✐❧❧❡ ❢ø❧❣❡ t✉♥♥❡❧❡♥ ♦✈❡r ✺✵ ❧ø♣❡♠❡t❡r✳ ❚♦t❛❧ ✉tstr❡❦♥✐♥❣ ❛✈ ❞❡♥ ♣å♠øtt❡
s♦♥❡♥ ❡r ❞❡t ❡♥❞❛ ✐❦❦❡ ♠✉❧✐❣ å s✐ ♥♦❡ ♦♠✱ s✐❞❡♥ st✉✛❡♥ ❢♦rts❛tt står ✐♥♥❡ ✐ s♦♥❡♥✳
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❙✈❛❦❤❡tss♦♥❡♦♠rå❞❡ ❑✶✶ ❤❛r ❜❧✐tt r❡❣✐str❡rt ✐ t✉♥♥❡❧❡♥✱ ♠❡♥ ❦✉♥ é♥ ❡r r❡❣✐str❡rt
s♦♠ ❡♥ s✈❛❦❤❡tss♦♥❡ ✐ t✉♥♥❡❧❡♥✳ ❘❡s✐st✐✈✐t❡t❡♥ ❞❡r s♦♥❡♥ tr❡✛❡r ✈❛r ❢✉♥♥❡t å ✈ær❡
♦♣♣ ♠♦t ✷✵✵✵ Ωm ♦❣ ✐♥❞✐❦❡rt❡ ❛❧tså ❢❛r❡ ❢♦r ✈❛♥♥♣r♦❜❧❡♠❡r ✐ s♦♥❡♥✳ ❉❡tt❡ st❡♠♠❡r
❣♦❞t ♠❡❞ ❢♦r❤♦❧❞❡♥❡ ✐ t✉♥♥❡❧❡♥✱ ❤✈♦r s✈ært st♦r❡ ❧❡❦❦❛s❥❡r ♣å ♦♣♣t✐❧ ✶✺✵✵ ❧✴♠✐♥
❤❛r ❜❧✐tt r❡❣✐str❡rt s❛♠❧❡t ❣❥❡♥♥♦♠ ✐♥❥❡❦s❥♦♥s❤✉❧❧❡♥❡✳ ❉❡♥ ❧❛✈❡st❡ r❡s✐st✐✈✐t❡t❡♥ ✭✷✵✵
Ωm✱ ♠å❧t ♥♦❡ ❧❡♥❣❡r sør✮✱ ❤❛r ✐❦❦❡ ♥♦❡♥ ❢♦r❛♥❦r✐♥❣ ✐ ♦❜s❡r✈❡rt ❢♦r❤♦❧❞ ❣❥❡♥♥♦♠
s❡❧✈❡ s♦♥❡♥ ❡❧❧❡r sør ❢♦r ❞❡♥✳

❉❡♥ ♣åtr✉❢♥❡ s♦♥❡♥ ✉♥❞❡r ❙t♦r❛♠②r❛ ✈❡❞ ♣r♦✜❧ ✽✸✵✵ tr❡✛❡r t✉♥♥❡❧❧ø♣❡t ❛❦❦✉r❛t
❞❡r ❤✈♦r s♦♥❡ ❑❑ ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ✈❛r ❢♦r✈❡♥t❡t å tr❡✛❡✳ ❙♦♥❡ ❑❑s ✉t❣å❡♥❞❡
✐ ❞❛❣❡♥ ❡r ✐♠✐❞❧❡rt✐❞ ❧❡♥❣❡r sør ❡♥♥ s♦♥❡♥✳ ▼❡❞ t❛♥❦❡ ♣å ❛t s♦♥❡♥ ✐ t✉♥♥❡❧❡♥ ❡r
r❡❣✐str❡rt ♠❡❞ ❡t sør❧✐❣ ❢❛❧❧ ❡r ❞❡t ❧✐t❡ s❛♥♥s②♥❧✐❣ ❛t ❞❡tt❡ ❡r s♦♥❡ ❑❑✳ ■ så ❢❛❧❧ ♠å
❢❛❧❧❡t ❡♥❞r❡ s❡❣ ❢r❛ ♠♦❞❡r❛t sør❧✐❣ t✐❧ ♥♦r❞❧✐❣ ✐ ❧ø♣❡t ❛✈ r✉♥❞t ✺✵ ❤ø②❞❡♠❡t❡r✱ ♥♦❡
s♦♠ ✈✐r❦❡r ❧✐t❡ s❛♥♥s②♥❧✐❣✳

❙♦♥❡♥ t♦❧❦❡s ❞❡r✐♠♦t å t✐❧s✈❛r❡ s✈❛❦❤❡tss♦♥❡ ❑✶✷ ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✱ ❢♦rs❦❥ø✈❡t
r✉♥❞t ✺✵ ❧❡♥❣❡r sør ✐ t✉♥♥❡❧❧ø♣❡t ✐ ❢♦r❤♦❧❞ t✐❧ ❛♥t❛tt ❦r②s♥✐♥❣✳ ❉❡tt❡ t♦❧❦❡s ✉t ❢r❛ ❛t
❞❡♥ r❡❣✐str❡rt❡ s♦♥❡♥ ❡r ♣❛r❛❧❧❡❧❧ ♠❡❞ s♦♥❡ ❑✶✷✱ s❛♠t ✉t ❢r❛ ❛t ❦❛r❛❦t❡r❡♥ t✐❧ s♦♥❡♥
st❡♠♠❡r ♠❡❞ ❞❡t ❢♦r✈❡♥t❡❞❡ ❢♦r s♦♥❡ ❑✶✷✱ ♠❡❞ ❢♦r❤♦❧❞s✈✐s tørr❡ ❧❡✐r♠❛t❡r✐❛❧❡r✳

▼❡❞ ❣r✉♥♥❧❛❣ ✐ ❞❡♥♥❡ t♦❧❦♥✐♥❣❡♥ ❜❡t②r ❞❡t ❛t ❢❛❧❧❡t ♣å s♦♥❡ ❑✶✷ ❡r ❢❡✐❧❡st✐♠❡rt
✐ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✱ ❤✈♦r ❞❡♥ ✈❛r t♦❧❦❡t å ❢❛❧❧❡ st❡✐❧t✳ ■ t✉♥♥❡❧♥✐✈å ❢❛❧❧❡r
s♦♥❡♥ ♠❡❧❧♦♠ ✹✺ ♦❣ 60◦ ♠♦t sørøst✱ t✐❧s✈❛r❡♥❞❡ ❡t ❣❥❡♥♥♦♠s♥✐tts❢❛❧❧ ♣å ✹✵✲45◦

❧❛♥❣s t✉♥♥❡❧❛❦s❡♥✴r❡s✐st✐✈✐t❡ts♣r♦✜❧❡t ❡tt❡r ❦♦rr✐❣❡r✐♥❣ ❢♦r strø❦r❡t♥✐♥❣✳ ❉❡t ❛♥s❡s
❞❡r✐♠♦t s♦♠ s❛♥♥s②♥❧✐❣ ❛t s♦♥❡♥ ✈✐s❡r ❡t ❦r✉♠♠❡t ❢♦r❧ø♣ ♦♣♣ ♠♦t ❞❛❣❡♥✱ s❧✐❦ ❛t
r❡s✐st✐✈✐t❡t❡♥s ❢❛❧❧t♦❧❦♥✐♥❣ ✐❦❦❡ ❡r så ❢❡✐❧ s♦♠ ❞❡t ❦❛♥ s❡ ✉t ❋✐❣✉r ✺✳✶✸✱ ❤✈♦r s♦♥❡♥
❡r t❡❣♥❡t ✐♥♥ s♦♠ ♣❧❛♥✳ ❉❡tt❡ ❡r ♠❡❞ ❜❛❦❣r✉♥♥ ✐ ♦❜s❡r✈❛s❥♦♥❡r ❣❥♦rt ❛✈ ❑✐r❦❡❜②
✭✷✵✶✷✮ ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ❞❡♥ ♣❛r❛❧❧❡❧❧❡ s♦♥❡♥ ✐ ♣å❤✉❣❣❡t✳

❱✐❞❡r❡ ♥♦r❞♦✈❡r ❡r ❞❡t ✐ t✉♥♥❡❧❡♥ r❡❣✐str❡rt ❡♥ ◆◆❱✲s♦♥❡ s♦♠ ❧✐❣♥❡r ♣å ❞❡ ♠øtt
✐ ❞r✐✈✐♥❣❡♥ ❢r❛ ❙❛♥❞❡✐❞❡✳ ❋♦r✉♥❞❡rsø❦❡❧s❡♥❡ ❣❛ ✐♥❣❡♥ ✐♥❞✐❦❛s❥♦♥ ♣å s❧✐❦❡ s♦♥❡r ✐
❞❡♥♥❡ ♥♦r❞❧✐❣❡ ❞❡❧❡♥ ❛✈ t✉♥♥❡❧❡♥✳

❉❡♥ ♥❡st❡ ♣åtr✉❢♥❡ s♦♥❡♥ ✲ ❡♥ s♠❛❧ ♠✐❣♠❛t✐tts♦♥❡ s♦♠ ❦r②ss❡r t✉♥♥❡❧❡♥ t✈❡rs ♦✈❡r
✐ st♦r ✈✐♥❦❡❧✱ ✈❛r ❤❡❧❧❡r ✐❦❦❡ ❢✉♥♥❡t ❛✈ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✳ ❙❡✐s♠✐❦❦ ❡r ✐❦❦❡ s❦✉tt
❤❡r✳ ❯t ❢r❛ ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦ ❦❛rt s❡r ❡♥ ❛t ❞❡♥♥❡ s♦♥❡♥ s❛♠♠❡♥❢❛❧❧❡r ♠❡❞ ✈❛♥❧✐❣❡
s♣r❡❦❦❡str✉❦t✉r❡r ✐ ♦♠rå❞❡t✱ ♦❣ ❛t ❞❡♥ ❧✐❣❣❡r ❧✐❦t ♦r✐❡♥t❡rt s♦♠ s♦♥❡♥ ❑❙♣✷✱ ❦❛rt❧❛❣t
❧❡♥❣❡r ♥♦r❞✳

■ ♣♦rt❛❧♦♠rå❞❡t ♦❣ ❞❡ ❢ørst❡ ✷✻ ♠❡t❡r♥❡ ❛✈ ❧ø♣ ✶✷ ❡r ❞❡t ♠øtt ♣å ❡♥ s❧❡♣♣❡s♦♥❡
s♦♠ ❦r②ss❡r t✉♥♥❡❧❡♥ ♠❡❞ ❡♥ ♠♦❞❡r❛t ✈✐♥❦❡❧✳ ❯♥❞❡r ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ❜❧❡ ❞❡t
r❡❣✐str❡rt t♦ ❧❛✈r❡s✐st✐✈❡ s♦♥❡r ✐ ♦♠rå❞❡t✱ ❛♥t❛tt å tr❡✛❡ t✉♥♥❡❧❡♥ ✈❡❞ ♣r♦✜❧ ✽✼✾✺ ♦❣
✽✽✷✵ ✭❚❛❜❡❧❧ ✺✳✷✮✳ ❇❡❣❣❡ ❞✐ss❡ ✈❛r t♦❧❦❡t t✐❧ å ❢❛❧❧❡ st❡✐❧t✱ ♠❡♥ ♠♦t ❤✈❡r s✐♥ r❡t♥✐♥❣✳
❙♦♥❡♥ ✐ t✉♥♥❡❧❡♥ ❦r②ss❡r ❣❥❡♥♥♦♠ ❞❡♥ ♥♦r❞❧✐❣st❡ ❛✈ ❞❡ ❧❛✈r❡s✐st✐✈❡ s♦♥❡♥❡✱ ♠❡♥
❢❛❧❧❡r ♠♦ts❛tt ✈❡✐ ✐ t✉♥♥❡❧❡♥✳ ❍❡r t♦❧❦❡s ❞❡t ❛t ❜❡❣❣❡ ❞❡ ❧❛✈r❡s✐st✐✈❡ s♦♥❡♥❡ st❛♠♠❡r
❢r❛ s✈❛❦❤❡tss♦♥❡♥ ✐ ♣♦rt❛❧❡♥✱ ❛❧tså ❛t ❑▲ ♦❣ ❑✶✸ st❛♠♠❡r ❢r❛ ♦❣ r❡♣r❡s❡♥t❡r❡r
s❛♠♠❡ s✈❛❦❤❡tss♦♥❡✳

❋❧❡r❡ ❛✈ s♦♥❡♥❡ ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ❤❛r ✐❦❦❡ ✈✐st s❡❣ ✉♥❞❡r ❞r✐✈✐♥❣ ❢r❛ ▲✐❛✈❛t♥❡t✱
♥❡♠❧✐❣ s✈❛❦❤❡tss♦♥❡ ❑❍✱ ❑❏✱ ❑❑✱ ❑❋✶ ♦❣ ❑❙♣✷✳
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❚❛❜❡❧❧ ✺✳✼ ✕ ❙❛♠♠❡♥st✐❧❧✐♥❣ ❛✈ ❛❧❧❡ s✈❛❦❤❡tss♦♥❡r ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡r ♦❣ ❞r✐✈✐♥❣
❛✈ ❑♥❛♣♣❡t✉♥♥❡❧❡♥✳
❚❂❣❡♦❧♦❣✐s❦ ❦❛rt❧❡❣❣✐♥❣✱ ❙❂r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦✱ ❘❂r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r✳
❳ ❛♥❣✐r ❛t s♦♥❡♥ ❡r r❡❣✐str❡rt ❛✈ ❞❡♥ ❛❦t✉❡❧❧❡ ♠❡t♦❞❡♥✳

❙✈❛❦❤❡tss♦♥❡
❋✉♥♥❡t
❢r❛✿

Pr♦✜❧♥✉♠♠❡r

❚ ❙ ❘ Pr♦❣♥♦s❡ ❋❛❦t✐s❦

❑✶ ❳ ❳ ✺✵✽✵✲✺✶✽✵ ❄❄❄❄❛✲✺✷✵✵

❑❙♣✶ ❳ ❝❛✳ ✺✹✵✵✲✺✻✺✵ ❝❛✳ ✺✷✵✵✲✺✾✵✵

❑✷ ❳ ✺✽✸✵✴✺✽✽✵ ■❦❦❡ ♠øtt

❑✶✵ ❳ ❳ ❳ ✼✽✹✵✲✼✽✻✵ ❄❄❄❄❛✲✼✽✵✵

❑❍ ❳ ✼✾✵✵ ■❦❦❡ ♠øtt

❑✶✶ ❳ ❳ ✽✵✵✵✲✽✷✸✵ ✶✷✲✽✵✺✵✲✶✷✲✽✶✶✵

❑❏ ❳ ✽✷✺✵ ■❦❦❡ ♠øtt

❑❑ ❳ ✽✸✸✵ ■❦❦❡ ♠øtt

❑❋✶ ❳ ✽✸✺✵ ■❦❦❡ ♠øtt

❑✶✷ ❳ ❳ ❳ ✽✸✽✵ ✽✸✵✺✲✽✸✷✵

■❦❦❡ ❢✉♥♥❡t ✲ ✽✺✵✺✲✽✺✸✵

■❦❦❡ ❢✉♥♥❡t ✲ ✽✺✻✵✲✽✺✻✷

❑❙♣✷ ❳ ✽✻✹✵ ■❦❦❡ ♠øtt

❑▲ ❳ ✽✼✾✺
✶✷✲✽✽✷✻✲✶✷✲✽✽✵✵

❑✶✸ ❳ ✽✽✷✵

❛❙♦♥❡♥ ❡r ✐❦❦❡ ❞r❡✈❡t ✐❣❥❡♥♥♦♠✱ ♦❣ st❛rt✲♣r♦✜❧ ❦❛♥ ❞❡r❢♦r ✐❦❦❡ s❡tt❡s✳
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▲✉♥♥❡rt✉♥♥❡❧❡♥s t♦❧❦♥✐♥❣s♠♦❞❡❧❧

❊r❢❛r✐♥❣❡♥❡ ❢r❛ ❑♥❛♣♣❡t✉♥♥❡❧❡♥ ✈❡❞rør❡♥❞❡ ▲✉♥♥❡r♠♦❞❡❧❧❡s t♦❧❦♥✐♥❣s♠♦❞❡❧❧✱
♣r❡s❡♥t❡rt ✐ ❆✈s♥✐tt ✸✳✷✳✷✱ ❡r ♦♣♣s✉♠♠❡rt ✐ ❚❛❜❡❧❧ ✺✳✽✳ ❙♦♠ ❡♥ s❡r✱ ❤❛r ♠♦❞❡❧❧❡♥ så
❧❛♥❣t ✐ ❞r✐✈✐♥❣❡♥ st❡♠t ❢♦r ❛❧❧❡ ♣å♠øtt❡ s✈❛❦❤❡tss♦♥❡r ❢✉♥♥❡t ❢r❛ r❡s✐st✐✈✐t❡t❡♥✳

❚❛❜❡❧❧ ✺✳✽ ✕ ❘❡s✐st✐✈✐t❡t ♦❣ s♦♥❡❦❛r❛❦t❡r ❢♦r ❛❧❧❡ ❧❛✈r❡s✐st✐✈❡ s♦♥❡r tr✉✛❡t✳

❙♦♥❡ ❘❡s✐st✐✈✐t❡t✱ Ωm ❙♦♥❡❦❛r❛❦t❡r ❚♦❧❦♥✐♥❣s♠♦❞❡❧❧

❑✶✵ ✺✵✵✲✶✵✵✵ ❱❛♥♥ ❱❛♥♥

❑✶✶ ✶✵✵✵✲✷✵✵✵ ❱❛♥♥ ❱❛♥♥

❑✶✷ ❁✷✵✵ ▲❡✐r❡ ▲❡✐r❡

❑▲✴❑✶✸ ❁✷✵✵ ▲❡✐r❡ ▲❡✐r❡

✺✳✹✳✷ ❆♥❞r❡ ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦❡ ❢♦r❤♦❧❞

❑❛rt❧❡❣❣✐♥❣ ❛✈ ❜❡r❣❛rt❡r ❡r s♦♠ s❛❣t ❣❥♦rt ✐ ❧✐t❡♥ ❣r❛❞ ✐ t✉♥♥❡❧❡♥✱ ♠❡♥ ❣❡♥❡r❡❧t s❡r
❞❡t ✉t t✐❧ ❛t ❜❡r❣❛rt❡♥❡ tr✉✛❡t ✐ t✉♥♥❡❧❡♥ ❡r s♦♠ ❢♦r✈❡♥t❡t ♠❡❞ ♠❛ss✐✈❡ ❣♥❡✐s❡r ✐
sør ♦❣ ♠❡r ✈❡❦s❧❡♥❞❡ ♠❡❞ ♠②❦❡r❡ ❜❡r❣❛rt❡r s♦♠ ❛♠✜❜♦❧✐tt ✐♥♥✐♠❡❧❧♦♠ ❣♥❡✐s❡♥ ✐
♥♦r❞✳

❉❡♥ ❛♥t❛tt❡ ❜❡r❣♠❛ss❡❦❧❛ss❡❢♦r❞❡❧✐♥❣❡♥ ❡r ✐ ❚❛❜❡❧❧ ✺✳✾ s❛♠♠❡♥st✐❧t ♠❡❞ ❜❡r❣❦✲
❧❛ss❡❢♦r❞❡❧✐♥❣❡♥ ❜❡r❡❣♥❡t ✉t ❢r❛ ❦❛rt❧❡❣❣✐♥❣ss❦❥❡♠❛❡♥❡ ❢r❛ t✉♥♥❡❧❡♥✳ ❙♦♠ ❡♥ s❡r ❡r
❞❡t ✐ t✉♥♥❡❧❡♥ ♠øtt ♠❡r ❜❡r❣♠❛ss❡ ❛✈ ❦❧❛ss❡ ❉ ❡♥♥ ❢♦r✈❡♥t❡t✱ ♠❡♥ ♣r♦❣♥♦s❡♥❡
✈❡❞rør❡♥❞❡ ❞❡ ❞år❧✐❣st❡ ❜❡r❣♠❛ss❡♥❡ ❤❛r st❡♠t ❜r❛ ♠❡❞ ❢♦r❤♦❧❞❡♥❡ ✐ t✉♥♥❡❧❡♥✳

❉❡♥ ◆◆❱✲♦r✐❡♥t❡rt❡ ♦♣♣s♣r❡❦❦✐♥❣❡♥ ❤❛r s♦♠ ❢♦r✈❡♥t❡t ✈ært ❣♦❞t r❡♣r❡s❡♥t❡rt ✐
t✉♥♥❡❧❡♥✳

❚❛❜❡❧❧ ✺✳✾ ✕ ❙❛♠♠❡♥st✐❧❧✐♥❣ ❛✈ ❜❡r❣♠❛ss❡❦❧❛ss❡❢♦r❞❡❧✐♥❣ ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ♦❣
❡r❢❛r✐♥❣❡r ❢r❛ ❞r✐✈✐♥❣✳

❇❡r❣❦❧❛ss❡ ❋r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡ ❋❛❦t✐s❦ ❢♦r❞❡❧✐♥❣

❆✲❈ ✽✹✪ ✼✷✪

❉ ✶✷✪ ✷✸✪

❊✲❋ ✹✪ ✺✪

✺✳✹✳✸ ❖♣♣s✉♠♠❡r✐♥❣

❙å ❧❛♥❣t ❤❛r ♣r♦❣♥♦s❡♥❡ ✈❡❞rør❡♥❞❡ s✈❛❦❤❡tss♦♥❡r st❡♠t r❡❧❛t✐✈t ❣♦❞t ♠❡❞
❡r❢❛r✐♥❣❡♥❡ ❢r❛ t✉♥♥❡❧❡♥✳ ❉❡ st❡✐❧❡ ◆◆❱✲❙❙Ø✲❧✐❣❣❡♥❞❡ s♦♥❡♥❡ s♦♠ ✈❛r ❢♦r✈❡♥t❡t✱
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❦♦♠♠❡r ♦❣ ❣år ❧❛♥❣s st♦r❡ ❞❡❧❡r ❛✈ t✉♥♥❡❧❧❡♥❣❞❡♥ ✐ sør ♠❡♥ ❞❡ ❢♦r✈❡♥t❡❞❡
❢♦❧✐❛s❥♦♥ss♣r❡❦❦❡s♦♥❡♥❡ ❤❛r ✐❦❦❡ ✈✐st s❡❣ ✐ sær❧✐❣ ❣r❛❞ så ❧❛♥❣t✳ ❉❡ størr❡
t✈❡rs❣å❡♥❞❡ s♦♥❡♥❡ ❑✶✵ ♦❣ ❑✶✷ ❤❛r ✈✐st s❡❣ å ❢❛❧❧❡ s❧❛❦❡r❡ ❡♥♥ ❛♥t❛tt ❢r❛
❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✱ s❧✐❦ ❛t ❞✐ss❡ ❤❛r ❜❧✐tt ♣åtr✉✛❡t ♥♦❡ s❡♥❡r❡ ❡♥♥ ❛♥t❛tt✳
❚✈❡rrs♦♥❡♥❡ ❑✷ ♦❣ ❑❙♣✷ ❤❛r ✐❦❦❡ ✈✐st s❡❣✳ ❙å ❧❛♥❣t ❡r ❞❡t ✐❦❦❡ ♠øtt ♣r♦❜❧❡♠❛t✐s❦❡
s✈❛❦❤❡tss♦♥❡r s♦♠ ✐❦❦❡ ❤❛r ✈ært ❢♦r✈❡♥t❡t ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✳

❙♦♠ ❡♥ s❡r ❛✈ ❚❛❜❡❧❧ ✺✳✶✵ ❡r ❞❡t r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡♥❡ s♦♠ ❤❛r ✐❞❡♥t✐✜s❡rt ✢❡st

s✈❛❦❤❡tss♦♥❡r ✉♥❞❡r ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✱ ♠❡♥ ❦✉♥ ❢❡♠ ❛✈ ❞✐ss❡ ❤❛r ❜❧✐tt ♠øtt ✐
t✉♥♥❡❧❡♥✳ ❘❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦❡♥ ❤❛r så ❧❛♥❣t ✐❦❦❡ ❛✈❞❡❦t ♥♦❡♥ ❡❣♥❡ s♦♥❡r ♠øtt
✐ t✉♥♥❡❧❡♥✳

❚❛❜❡❧❧ ✺✳✶✵ ✕ ❖✈❡rs✐❦t ♦✈❡r ❛♥t❛❧❧ s♦♥❡r ❢✉♥♥❡t ❛✈ ❞❡ ✉❧✐❦❡ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✳
❚❂❢❡❧t❦❛rt❧❡❣❣✐♥❣✱ ❙❂r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦✱ ❘❂r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r✳

▼❡t♦❞❡✿ ❚ ❙ ❘

❆♥t❛❧❧ s♦♥❡r ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ✻ ✺ ✾

❆✈ ❞✐ss❡ ♠øtt ✐ t✉♥♥❡❧ ✺ ✸ ✺

❆✈ ❞✐ss❡ ❦✉♥ ❛✈❞❡❦t ❛✈ ❛❦t✉❡❧❧❡ ♠❡t♦❞❡ ✶ ✵ ✷
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❑❛♣✐tt❡❧ ✻

❉✐s❦✉s❥♦♥

■ ❞❡tt❡ ❦❛♣✐tt❡❧❡t ❞✐s❦✉t❡r❡s ❢✉♥♥❡♥❡ ❢r❛ ♦♣♣❣❛✈❡♥ ♠❡❞ ❤❡♥s②♥ ♣å ❞❡ tr❡
♠å❧❡♥❡ ♣r❡s❡♥t❡rt ✐ ❆✈s♥✐tt ✶✳✷✳ ❋ørst ❞✐s❦✉t❡r❡s ♠✉❧✐❣❡ års❛❦❡r t✐❧ ❛✈✈✐❦ ♠❡❧❧♦♠
♣r♦❣♥♦s❡♥❡ ♦❣ ❡r❢❛r✐♥❣❡♥❡ ❣❥♦rt ✉♥❞❡r ❞r✐✈✐♥❣ ✈❡❞ ❞❡ t♦ ✉♥❞❡rsø❦t❡ t✉♥♥❡❧❡♥❡✱ ♠❡❞
❤❡♥s②♥ ♣å s✈❛❦❤❡tss♦♥❡r✳ ❉❡r❡tt❡r ✈✉r❞❡r❡s ♥②tt❡✈❡r❞✐❡♥ ❛✈ r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦ ♦❣
r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r s♦♠ ❡♥ ❞❡❧ ❛✈ ❞❡ ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦❡ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✳ ❚✐❧ s❧✉tt
❞✐s❦✉t❡r❡s ♥②tt❡✈❡r❞✐❡♥ ❛✈ ❧❛❜♦r❛t♦r✐❡✉♥❞❡rsø❦❡❧s❡r ♣å s❧❡♣♣❡♠❛t❡r✐❛❧❡✳

✻✳✶ ▼✉❧✐❣❡ års❛❦❡r t✐❧ ❛✈✈✐❦

■ ❞❡tt❡ ❛✈s♥✐tt❡t ❛♥❛❧②s❡r❡s ♠✉❧✐❣❡ års❛❦❡r t✐❧ ❛✈✈✐❦ ♠❡❧❧♦♠ s✈❛❦❤❡tss♦♥❡r ❢✉♥♥❡t
✉♥❞❡r ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ♦❣ ❡r❢❛r✐♥❣ ❢r❛ ❞r✐✈✐♥❣✳

✻✳✶✳✶ ❘❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦

❉❡t ❜❧❡ ✐❞❡♥t✐✜s❡rt tr❡ års❛❦❡r t✐❧ ❛✈✈✐❦ ♠❡❧❧♦♠ ❛✈✈✐❦ ♠❡❧❧♦♠ r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦❡♥
♦❣ ❡r❢❛r✐♥❣❡r ❢r❛ t✉♥♥❡❧❡♥❡✳

▼❛♥❣❧❡♥❞❡ ❡✈♥❡ t✐❧ å ❛♥❣✐ ♦r✐❡♥t❡r✐♥❣

❘❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦❡♥ ❦❛♥ ✐❦❦❡ ❛♥❣✐ ❢❛❧❧ ❛✈ ❧❛✈❤❛st✐❣❤❡tss♦♥❡♥❡ ❞❡♥ ✜♥♥❡r✳ ❉❡♥♥❡
❜❡❣r❡♥s♥✐♥❣❡♥ ❦♦♠♠❡r t②❞❡❧✐❣ ❢r❛♠ s♦♠ ❡♥ s✈❛❦❤❡t ✈❡❞ ♠❡t♦❞❡♥ ✈❡❞ ❊✐❦r❡♠t✉♥✲
♥❡❧❡♥✿ ❍❡r ❣✐r s✈❛❦❤❡tss♦♥❡♥❡ s♦♠ ❢ø❧❣❡r ❢♦❧✐❛s❥♦♥❡♥ ✉ts❧❛❣ ♣å s❡✐s♠✐❦❦❡♥✱ ♠❡♥
s✐❞❡♥ ❢♦❧✐❛s❥♦♥❡♥ ❢❛❧❧❡r s❧❛❦t✱ ❜❧✐r ♣❧❛ss❡r✐♥❣❡♥ ❛✈ s✈❛❦❤❡tss♦♥❡♥❡ ✐ t✉♥♥❡❧♥✐✈å s✈ært
✉♥ø②❛❦t✐❣✳ ❙♦♠ ❡♥ s❡r ❛✈ ❋✐❣✉r ✹✳✷✷✱ ❡r ❞❡t ❢♦r ❡❦s❡♠♣❡❧ ❢♦r ❜å❞❡ s♦♥❡ ❊✽ ♦❣ ❊✾
r✉♥❞t ✸✵✲✹✵ ♠❡t❡r ❛✈st❛♥❞ ♠❡❧❧♦♠ ❛♥t❛tt ❢ørst❡♣❛ss❡r✐♥❣ ❛✈ ❞❡♥ ❧❛✈r❡s✐st✐✈❡ s♦♥❡♥
♦❣ ❞❡r ❤✈♦r ❡♥ ❢❛❦t✐s❦ ♠øtt❡ s♦♥❡♥ ✐ t✉♥♥❡❧❡♥✳

✶✶✶



✶✶✷ ❑❆P■❚❚❊▲ ✻✳ ❉■❙❑❯❙❏❖◆

▲❛✈ s❡✐s♠✐s❦ ❤❛st✐❣❤❡t

❱❡❞ ❊✐❦r❡♠t✉♥♥❡❧❡♥ ❤❛r ✐♥❣❡♥ ❛✈ s♦♥❡♥❡ ❊✹✲❊✼ ❜❧✐tt ❛✈❞❡❦t ❛✈ r❡❢r❛❦s❥♦♥ss❡✐♠✲
s✐❦❦❡♥✳ ❉❡tt❡ ❦❛♥ t❡♥❦❡s å s❦②❧❞❡s ❛t ❞❡♥ ❣❡♥❡r❡❧❧❡ ❤❛st✐❣❤❡t❡♥ ❤❡r ❡r ❡♥ ❞❡❧ ❧❛✈❡r❡
❡♥♥ ❡❧❧❡rs ❧❛♥❣s tr❛s❡❡♥ ✭✹✺✵✵ ♠✴s ♠♦t ❃✺✵✵✵ ♠✴s✮✱ s♦♠ ❜❡s❦r❡✈❡t ✐ ❆✈s♥✐tt ✹✳✷✳
❋♦r ❞❡t ❢ørst❡ t②❞❡r ❞❡tt❡ ♣å ❞år❧✐❣❡r❡ ❜❡r❣♠❛ss❡ ❧❛♥❣s str❡❦♥✐♥❣❡♥✱ s❡❧✈ ♦♠ ♥♦❡♥
❦❧❛r s✈❛❦❤❡tss♦♥❡ ✐❦❦❡ t♦❧❦❡s ✉t ❛✈ ❞❡t✳

❙♦♠ ❜❡s❦r❡✈❡t ✐ ❆✈s♥✐tt ✷✳✶ ❦❛♥ ❞❡ss✉t❡♥ ❢♦r ❧❛✈ ❦♦♥tr❛st ♠❡❧❧♦♠ ❤❛st✐❣❤❡t❡♥❡ ✐
✉❧✐❦❡ ❣❡♦❧♦❣✐s❦❡ ❡♥❤❡t❡r ❢ør❡ t✐❧ s❦✉❧t❡ ❧❛❣✳ ❉❡r♠❡❞ ❦❛♥ ❞❡t t❡♥❦❡s ❛t ❞❡♥ ❡✈❡♥t✉❡❧❧❡
❢♦rs❦❥❡❧❧❡♥ ✐ ❤❛st✐❣❤❡t❡r ✐ ❞❡t ❣❡♥❡r❡❧❧❡ ❜❡r❣❡t ♦❣ s✈❛❦❤❡tss♦♥❡r ❤❡r ❡r så ❧✐t❡♥ ❛t
❡♥❞r✐♥❣❡♥ ✐❦❦❡ r❡❣✐str❡rs ✉♥❞❡r ❜❡❤❛♥❞❧✐♥❣❡♥❡ ❛✈ rå❞❛t❛❡♥❡✳

❯t✐❧str❡❦❦❡❧✐❣ ♦♠❢❛♥❣

❘❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦ ❡r ❡♥ ❦♦st❜❛r ✉♥❞❡rsø❦❡❧s❡s♠❡t♦❞❡ s♦♠ ❦❛♥ ✈ær❡ ✈❛♥s❦❡❧✐❣ å
❣❥❡♥♥♦♠❢ør❡ ✐ ✉❧❡♥❞t t❡rr❡♥❣✳ ❉❡tt❡ ❣❥ør ❛t ♠❡t♦❞❡♥ s♦♠ r❡❣❡❧ ❦✉♥ ❜❡♥②tt❡s ✐ ❞❡
❞❡❧❡r ❛✈ t✉♥♥❡❧❡♥ ✭s❡ ❆✈s♥✐tt ✷✳✶✮✳ ❊♥ ❦❛♥ s✐ ❛t r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦❡♥ ❤❡❧❧❡r ❜❧✐r
❜r✉❦t t✐❧ å ❜❡❦r❡❢t❡ t✐❧st❡❞❡✈ær❡❧s❡♥ ❛✈ s✈❛❦❤❡tss♦♥❡r ❢✉♥♥❡t ✈✐❛ ❛♥❞r❡ ♠❡t♦❞❡r
✭❢❡❧t❦❛rt❧❡❣❣✐♥❣✮ ❡♥♥ ❢♦r å ❛✈❞❡❦❦❡ ♥②❡ s♦♥❡r✳

❉❡tt❡ ❦❛♥ s②♥❡s å ✈ær❡ ❡♥ ❛✈ års❛❦❡♥❡ t✐❧ ❛t ❡♥ ❞❡❧ ❛✈ ❢♦❧✐❛s❥♦♥ss♦♥❡ ✈❡❞ ❊✐❦r❡♠✲
t✉♥♥❡❧❡♥ ✐❦❦❡ ❜❧❡ ❛✈❞❡❦t ❛✈ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✳ ❍❡r ✈✐st❡ r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦❡♥
❣❡♥❡r❡❧t ❣♦❞ ❡✈♥❡ t✐❧ å ❛✈❞❡❦❦❡ s✈❛❦❤❡tss♦♥❡♥❡ ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ❢♦❧✐❛s❥♦♥❡♥✿ ❙♦♠
❞❡t ❢r❛♠❦♦♠♠❡r ❛✈ ❋✐❣✉r ✹✳✷✷ ♦❣ ❆✈s♥✐tt ✹✳✹ s❡r ❞❡t ✉t t✐❧ ❛t t♦ ❛✈ s♦♥❡♥❡ ♠❡❞
❧❛✈ ❤❛st✐❣❤❡t ❤❛r ✈ært ❢♦rårs❛❦❡t ❛✈ ❢♦❧✐❛s❥♦♥❡♥✳ ▼❡❞ ❜❛❦❣r✉♥♥ ✐ ❞❡tt❡ ❡r ❞❡t ✐❦❦❡
✉t❡♥❦❡❧✐❣ ❛t ♦❣så ❢♦❧✐❛s❥♦♥ss♦♥❡♥❡ ♣å ♥♦r❞s✐❞❡♥ ❛✈ ♦❣ ✉♥❞❡r ❑❥❡rr✐♥❣❤❛✉❣❡♥ ❤❛❞❞❡
❜❧✐tt ❛✈❞❡❦t ✐ ❞❛❣❡♥✱ ❞❡rs♦♠ r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦ ❤❛❞❞❡ ❜❧✐tt s❦✉tt ❤❡r✳

✻✳✶✳✷ ❘❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r

❋♦r r❡s✐st✐✈✐t❡ts♠❡t♦❞❡♥ ❡r ❞❡t ❢✉♥♥❡t ✢❡r❡ ♠✉❧✐❣❡ års❛❦❡r t✐❧ ❛✈✈✐❦ ♠❡❧❧♦♠
♣r♦❣♥♦s❡♥❡ ♦❣ ❡r❢❛r✐♥❣❡♥❡ ❢r❛ t✉♥♥❡❧❡♥❡✳ ❉✐ss❡ ❜❧✐r ❤❡r ♣r❡s❡♥t❡rt✳

❯t✐❧str❡❦❦❡❧✐❣ ❦♦♥tr❛st

❱❡❞ ❣❡♥❡r❡❧❧ ❧❛✈ r❡s✐st✐✈✐t❡t ✐ ❜❡r❣♠❛ss❡♥✱ ❦❛♥ ❦♦♥tr❛st❡♥ ✐ r❡s✐st✐✈✐t❡t ♠❡❧❧♦♠ ❞❡t
s♦♠ ❦❛♥ ❦❛❧❧❡s ❢♦r ❣♦❞t ❜❡r❣ ♦❣ ❞❡t s♦♠ ❦❛r❛❦t❡r✐s❡r❡s s♦♠ ❡♥ s✈❛❦❤❡tss♦♥❡ ❜❧✐
❢♦r ❧✐t❡♥ t✐❧ ❛t s♦♥❡♥ r❡❣✐str❡r❡s✳ ❉❡tt❡ ❡r ❣♦❞t ✐❧❧✉str❡rt ✐ ❋✐❣✉r ✸✳✸ ✭❆✈s♥✐tt ✸✳✷✮✳
■ ❢ø❧❣❡ ❆✈s♥✐tt ✷✳✷✱ ❡r ✺✵✵✵ Ωm s❛tt s♦♠ ❡♥ ✈❡✐❧❡❞❡♥❞❡ ❣r❡♥s❡ ❢♦r ❤✈❛ s♦♠ ❡r
t✐❧str❡❦❦❡❧✐❣ r❡s✐st✐✈✐t❡t ❢♦r å ❦✉♥♥❡ ❞❡t❡❦t❡r❡ ♦❣ ❦♦rr❡❦t ✈✉r❞❡r❡ ❦❛r❛❦t❡r ♦❣ ❢♦r❧ø♣
❛✈ s✈❛❦❤❡tss♦♥❡r✳

❙♦♠ ❡♥ s❡r ❛✈ ❋✐❣✉r ✹✳✻ ❡r ❞❡♥ ❣❡♥❡r❡❧❧❡ r❡s✐st✐✈✐t❡t❡♥ ❧❛✈❡r❡ ❡♥♥ ❞❡tt❡ ✐ ♠❛♥❣❡
♦♠rå❞❡r✱ sær❧✐❣ ✐ ❞❡ ❧❛✈❡r❡❧✐❣❣❡♥❞❡ ♦♠rå❞❡♥❡ ♠❡❞ s✈❛❦❤❡tts♦♥❡♥❡ ❊✹✲❊✽✳ ❉❡♥ ❧❛✈❡
r❡s✐st✐✈✐t❡t❡♥ ❡r ❡♥ ♠✉❧✐❣ års❛❦ t✐❧ ❛t s✈❛❦❤❡tss♦♥❡♥❡ ❤❡r ❤❛r ❜❧✐tt ✈✉r❞❡rt ❢❡✐❧ ♠❡❞
t❛♥❦❡ ♣å ♦r✐❡♥t❡r✐♥❣ ✭s❡ ❆✈s♥✐tt ✹✳✹ ♦❣ ❋✐❣✉r ✹✳✷✷✮✳
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❯❣✉♥st✐❣ ♦r✐❡♥t❡r✐♥❣

❊r❢❛r✐♥❣❡r ❢r❛ ❜❧❛♥t ❛♥♥❡t ❱✐❣❣❥❛t✉♥♥❡❧❡♥ ✈✐st❡ ❛t ❧❛✈r❡s✐st✐✈❡ s♦♥❡r ❦❛♥ ❜❧✐ ❛✈❜✐❧❞❡t
✉r✐❦t✐❣ ❞❡rs♦♠ ✈✐♥❦❡❧❡♥ ♠❡❧❧♦♠ r❡s✐st✐✈✐t❡ts♠å❧❡♣r♦✜❧❡t ♦❣ s✈❛❦❤❡tss♦♥❡♥s strø❦ ❡r
❧✐t❡♥ ✭s❡ ❆✈s♥✐tt ✸✳✷✮✳ ❉❡t ❦❛♥ ♦❣så s❦❥❡ ❛t s♦♥❡♥ ✐❦❦❡ ❜❧✐r ❛✈❞❡❦t ❛✈ ♠❡t♦❞❡♥ ✐ ❞❡t
❤❡❧❡ t❛tt ✉♥❞❡r s❧✐❦❡ ❢♦r❤♦❧❞✳

❱❡❞ ❞✐ss❡ t♦ ♣r♦s❥❡❦t❡♥❡ ❤❛r r❡s✐st✐✈✐t❡ts♣r♦✜❧❡♥❡ st♦rt s❡tt ❦r②ss❡t ❞❡ ❛♥t❛tt❡ ♦❣
♣åtr✉❢♥❡ s✈❛❦❤❡tss♦♥❡♥❡ ✐ ❡♥ st♦r ✈✐♥❦❡❧✳ ❋♦r ❧✐t❡♥ ✈✐♥❦❡❧ ❛♥s❡s ❧✐❦❡✈❡❧ s♦♠ ❡♥
♣❧❛✉s✐❜❡❧ års❛❦ ❜❧❛♥t ❛♥♥❡t t✐❧ ❛t s♦♥❡♥ ❑✶✸ ✐ ❑♥❛♣♣❡t✉♥♥❡❧❡♥ ❜❧❡ ❢✉♥♥❡t å ❢❛❧❧❡
♠♦ts❛tt ✈❡✐ ✐ ❢♦r❤♦❧❞ t✐❧ ❞❡t ❛♥t②❞❡t ❛✈ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡♥❡✳

❖❣så ✈❡❞ ◆◆❱✲s♦♥❡♥❡ ♥♦r❞ ❢♦r s♦♥❡ ❑✶✷ ❢ø❧❣❡r r❡s✐st✐✈✐t❡ts♣r♦✜❧❡t ✐ st♦r
s✈❛❦❤❡tss♦♥❡♥❡ ♠øtt ✐ t✉♥♥❡❧❡♥✳ ❉✐ss❡ ❜❧❡ ✐❦❦❡ ❛✈❞❡❦t ❛✈ ♠❡t♦❞❡♥✳ ❉❡♥ ❣❡♥❡r❡❧❧❡
r❡s✐st✐✈✐t❡t❡♥ ❤❡r ❡r ❤ø② ❣❡♥❡r❡❧❧ r❡s✐st✐✈✐t❡t✱ s❧✐❦ ❛t ❧❛✈ ❦♦♥str❛st ✭s❡ ♦✈❡r✮
s❛♥♥s②♥❧✐❣✈✐s ✐❦❦❡ ❡r års❛❦❡♥ t✐❧ ❛t s♦♥❡♥❡ ✐❦❦❡ ❜❧❡ ❛✈❞❡❦t ♦❣ ❛♥t❛❦❡❧✐❣✈✐s ❤❛r ❞✐ss❡
❜❧✐tt ♦✈❡rs❡tt ♣å ❣r✉♥♥ ❛✈ ❞❡♥ ✉❣✉♥st✐❣❡ ♦r✐❡♥t❡r✐♥❣❡♥ ❛✈ ♠å❧❡♣r♦✜❧❡t ✐ ❢♦r❤♦❧❞ t✐❧
s✈❛❦❤❡tss♦♥❡♥✳

❋❡✐❧ ❱✴❍✲✜❧t❡r

❋❧❡r❡ ❛✈ s♦♥❡♥❡ ✈✐s❡r s❡❣ å ❢❛❧❧❡ s❧❛❦❡r❡ ❡♥♥ ❞❡t t♦❧❦❡t ❢r❛ r❡s✐st✐✈✐t❡t❡♥✳ ❙♦♠ ❡♥
s❡r ❛✈ ❧❡♥❣❞❡s♥✐tt❡♥❡ ✐ ❋✐❣✉r ✹✳✷✷ ♦❣ ✺✳✶✸✱ ❣❥❡❧❞❡r ❡❦s❡♠♣❡❧✈✐s ❢♦r s♦♥❡ ❊✼✱ ❑✶✵ ♦❣
❑✶✷✳

❊♥ ♠✉❧✐❣ års❛❦ t✐❧ ❛t s♦♥❡♥❡ t♦❧❦❡s ❢♦r st❡✐❧❡ ❡r ❛t ✈❡rt✐❦❛❧❡ str✉❦t✉r❡r ❢❛✈♦r✐s❡r❡s
♠❡❞ ♠❡❞ ❞❡♥ ✈❛❧❣t❡ ✐♥✈❡rs❥♦♥s❦♦♥✜❣✉r❡r✐♥❣❡♥ ✈❡❞ ❞✐ss❡ t♦ ♣r♦s❥❡❦t❡♥❡✱ ❤✈♦r ❡t
❱✴❍✲✜❧t❡r ♣å ✷ ❡r ❜❡♥②tt❡t✳ ❙♦♠ ❜❡s❦r❡✈❡t ✐ ❆✈s♥✐tt ✸✳✷ ✈✐❧ ❡t ✈❡rt✐❦❛❧✴❤♦r✐s♦♥t❛❧✲
✜❧t❡r ♣å ✷ ❢r❛♠❤❡✈❡r ✈❡rt✐❦❛❧❡ str✉❦t✉r❡r ♦❣ str❡❦❦❡r s♦♥❡r ♠♦t ❞②♣❡t s❧✐❦ ❛t ❞❡
✈✐r❦❡r st❡✐❧❡r❡ ✐ r❡s✐st✐✈✐t❡ts♠♦❞❡❧❧❡♥ ❡♥♥ ❞❡ ❡r ✐ ✈✐r❦❡❧✐❣❤❡t❡♥✳ ❊t ♠❡r ❦♦rr❡❦t ❜✐❧❞❡
❦✉♥♥❡ ♠✉❧✐❣❡♥s ❜❧✐tt ❞❛♥♥❡t ✈❡❞ ❜r✉❦ ❛✈ ❡t ♥ø②tr❛❧t ✜❧t❡r ✭❱✴❍❂✶✮✳

❋♦r s♠❛❧ ❧❛✈r❡s✐st✐✈ s♦♥❡

❊♥ s✈❛❦❤❡t ♠❡❞ ♠❡t♦❞❡♥ ❤❛r ✈✐st s❡❣ å ✈ær❡ ❛t s♠❛❧❡ ❧❛✈r❡s✐st✐✈❡ s♦♥❡r ❦❛♥
♦✈❡rs❡s ✐ ♠♦❞❡❧❧❡r✐♥❣❡♥ ✭❆✈s♥✐tt ✸✳✷✮✳ ❱❡❞ sær❧✐❣ ❡tt t✐❧❢❡❧❧❡ ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞
❞❡tt❡ ♠❛st❡r❛r❜❡✐❞❡t ❦❛♥ ❞❡tt❡ ✈ær❡ ❡♥ ♠✉❧✐❣ års❛❦ t✐❧ ❛t ❡♥ s♦♥❡ ✐❦❦❡ ❤❛r ❜❧✐tt
♣å✈✐st ❛✈ r❡s✐st✐✈✐t❡t❡♥❀ ✈❡❞ ❞❡♥ s♠❛❧❡ ♠✐❣♠❛t✐tts♦♥❡♥ ♥♦r❞ ✐ ❑♥❛♣♣❡t✉♥♥❡❧❡♥✳ ■
r❡s✐st✐✈✐t❡ts♠♦❞❡❧❧❡♥ ❦❛♥ ❡♥ s♦♥❡ s❦✐♠t❡s s♦♠ ❡♥ ❣✉❧ ❢❛r❣❡ ✈❡❞ ♠å❧❡♣r♦✜❧ ✷✺✵✵ ✐
❋✐❣✉r ✺✳✺✱ ♠❡♥ ❞❡♥ ❦❛♥ ✐❦❦❡ ❢ø❧❣❡s ♥❡❞ ✐ ♣r♦✜❧❡t✳ ❉❡tt❡ t♦❧❦❡s å s❦②❧❞❡s ❛t s♦♥❡♥ ❡r
❢♦r s♠❛❧✳

❇❡❣r❡♥s❡t r❡❦❦❡✈✐❞❞❡ ♦❣ ♦♣♣❧øs♥✐♥❣ ✐ ❞②♣❡t

❊♥ r❡❦❦❡ ❧❛✈r❡s✐st✐✈❡ s♦♥❡r ❢r❛ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ❤❛r ✐❦❦❡ ❣✐tt ♣r♦❜❧❡♠❡r ✉♥❞❡r
❞r✐✈✐♥❣✳ ❆❧❧❡ ❞✐ss❡ s♦♥❡♥❡ ❤❛r ❜❧✐tt ❛♥t❛tt å ✈ær❡ s♠❛❧❡ ✭❁✶✵ ♠❡t❡r ❜r❡❞❡✮✳ ❊♥
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♠✉❧✐❣ års❛❦ t✐❧ ❛t ❞✐ss❡ ❡r ❢❡✐❧❛❦t✐❣ ❛✈❞❡❦t ❦❛♥ ✈ær❡ ❛t ❞❡ ❤❛r ❞ø❞❞ ✉t ❢ør t✉♥♥❡❧♥✐✈å✳
❆t ❞❡tt❡ ✐❦❦❡ ❡r ♦♣♣❞❛❣❡t ❛✈ ♠❡t♦❞❡♥ ❦❛♥ s❦②❧❡s ❞❡♥ ❜❡❣r❡♥s❡❞❡ r❡❦❦❡✈✐❞❞❡♥ ♦❣
❞år❧✐❣❡r❡ ♦♣♣❧øs♥✐♥❣ ♠♦t ❞②♣❡t✱ s♦♠ ❜❡s❦r❡✈❡t ✐ ❆✈s♥✐tt ✷✳✷✳ ❉❡tt❡ ❦❛♥ sær❧✐❣ t❡♥❦❡s
å ❣❥❡❧❞❡ ❢♦r ❞❡♥ sør❧✐❣❡ r❡❣✐str❡r✐♥❣❡♥ ❛✈ s♦♥❡♥ ❑✶✶✱ ❤✈♦r ♦✈❡r❞❡❦♥✐♥❣❡♥ ❡r ♦✈❡r ✶✵✵
♠❡t❡r ✭r❡❢✳ ❋✐❣✉r ✺✳✶✸✮✳

❙❡♥s✐t✐✈✐t❡t

▼❡t♦❞❡♥ ❤❛r ❢❡✐❧❛❦t✐❣ t♦❧❦❡t ❡♥ ❞❡❧ s♦♥❡r✳ ❉❡tt❡ ❦❛♥ t❡♥❦❡s å s❦②❧❡s ❛t ❣r❡♥s❡♥ ❢♦r
❤✈❛ s♦♠ ❞❡✜♥❡r❡s s♦♠ ❡♥ ❧❛✈r❡s✐st✐✈ s♦♥❡ ❡r s❛tt ❢♦r ❤ø②t ✭❢♦r ❞✐ss❡ t♦ ♣r♦s❥❡❦t❡♥❡
✈❡❞ ✸✵✵✵ Ωm✮✳ ❍ø② s❡♥s✐t✐✈✐t❡t ❦❛♥ ♦❣så t❡♥❦❡s å ✈ær❡ års❛❦ t✐❧ ❛t ❡♥ ❞❡❧ s♦♥❡r
t♦❧❦❡t å ♥å ♥❡❞ t✐❧ t✉♥♥❡❧♥✐✈å ✐ ✈✐r❦❡❧✐❣❤❡t❡♥ ❤❛r ❞ø❞❞ ✉t ❢ør ❞❡ ❤❛r ♥å❞❞ t✉♥♥❡❧❡♥✳

❋❡✐❧ ✐ t♦❧❦♥✐♥❣s♠♦❞❡❧❧

Pr♦❣♥♦s❡♥❡ ✉t ❢r❛ ❞❡♥ ❢♦r❡s❧ått❡ t♦❧❦♥✐♥❣s♠♦❞❡❧❧❡♥ ❢r❛ ▲✉♥♥❡rt✉♥♥❡❧❡♥ ❛✈✈✐❦❡r ❢r❛
❡r❢❛r✐♥❣❡♥❡ ✈❡❞ ❡tt t✐❧❢❡❧❧❡ ✈❡❞ ❊✐❦r❡♠t✉♥♥❡❧❡♥✱ ❤✈♦r ❡♥ t♦❧❦❡t ✈❛♥♥✲s♦♥❡ ❜❧❡ ♠øtt
s♦♠ ❡♥ ❧❡✐rs♦♥❡ ✐ t✉♥♥❡❧❡♥✳ ❉❡tt❡ ❦❛♥ s❦②❧❞❡s ❛t ❞❡♥ ❢♦r❡s❧ått❡ ❣r❡♥s❛ ♠❡❧❧♦♠
❧❡✐r✴✈❛♥♥✲s♦♥❡r ❧✐❣❣❡r ❢♦r ❧❛✈t✳

❉❡t ❦❛♥ t❡♥❦❡s ❛t ❞❡tt❡ s❦②❧❞❡s ❛t ✈❡❞ ❊✐❦r❡♠t✉♥♥❡❧❡♥ ❡r ❞❡♥ ❣❡♥❡r❡❧❧❡ r❡s✐st✐✈✐t❡t❡♥
❧❛✈❡r❡ ❡♥♥ ✈❡❞ ▲✉♥♥❡rt✉♥♥❡❧❡♥✳ ❙♦♠ ❜❡s❦r❡✈❡t ✐ ❆✈s♥✐tt ✸✳✷✳✷ ♦❣ ✐❧❧✉str❡rt ✐ ❋✐❣✉r
✸✳✸✱ ✈✐❧ ❞❡tt❡ ♣å✈✐r❦❡ r❡s✐st✐✈✐t❡t❡♥ ❡♥ ❢år ✉t ❛✈ ♦♣♣s♣r✉❦♥❡ s♦♥❡r✳ ❯t ❢r❛ s❛♠♠❡
❡❦s❡♠♣❡❧✱ s❦✉❧❧❡ ✐♠✐❞❧❡rt✐❞ ❣r❡♥s❡♥ ❢♦r s❦✐❧❧❡t ♠❡❧❧♦♠ ❧❡✐r❡ ♦❣ ✈❛♥♥ ❜❧✐tt s❡♥❦❡t ✐
st❡❞❡t❢♦r ø❦t✱ s♦♠ ✉t ❢r❛ r❡s✉❧t❛t❡♥❡ ❛✈ ❞❡tt❡ ❛r❜❡✐❞❡t ✈✐r❦❡r s♦♠ ❡♥ ♠❡r r✐❦t✐❣
❦♦rr✐❣❡r✐♥❣ ❛✈ ♠♦❞❡❧❧❡♥ ❢♦r ❊✐❦r❡♠t✉♥♥❡❧❡♥✳ ❉❡t s❡r ❞❡r♠❡❞ ✉t s♦♠ ❢❡✐❧❡♥ ✐
t♦❧❦♥✐♥❣s♠♦❞❡❧❧❡♥ ✐❦❦❡ ❜②❣❣❡r ❦✉♥ ♣å ❞❡♥ ❣❡♥❡r❡❧❧❡ r❡s✐st✐✈✐t❡t❡♥ ✐ ❜❡r❣♠❛ss❡♥✱
♠❡♥ ❛t ❞❡t ❡r ♥♦❡ ♠❡r ❦♦♠♣❧❡❦st ❡♥♥ ❞❡tt❡✳ ❍❡r ❦❛♥ ❞❡t t❡♥❦❡s ❛t ❢♦r❤♦❧❞ s♦♠
st❡❞t②♣✐s❦❡ ❢♦r✈✐tr✐♥❣s♠❛t❡r✐❛❧❡r✱ ✈❛♥♥❦❛r❛❦t❡r ♦❣ ❧✐❣♥❡♥❞❡ ❦❛♥ s♣✐❧❧❡ ✐♥♥✳

❖♣♣s♣r❡❦❦✐♥❣ ❧❛♥❣s ❢♦❧✐❛s❥♦♥❡♥

❱❡❞ ❊✐❦r❡♠t✉♥♥❡❧❡♥ ❡r ❞❡t ❣❥❡♥♥♦♠❣å❡♥❞❡ ❛t r❡s✐st✐✈✐t❡t❡♥ ❦✉♥ ❤❛r ❛✈❞❡❦t ❞❡ st❡✐❧❡
s✈❛❦❤❡tss♦♥❡♥❡✱ ♠❡♥ ✐♥❣❡♥ ❛✈ ❢♦❧✐❛s❥♦♥ss♦♥❡♥❡✳ ❉❡tt❡ ❡r så t②♣✐s❦✱ ❛t ❢♦r❤♦❧❞❡t ❤❡r
❣✐s ❡♥ ❡❣❡♥ ♣❧❛ss ❢♦r ❞✐s❦✉s❥♦♥✿ ❍✈♦r❢♦r ❤❛r ✐❦❦❡ r❡s✐st✐✈✐t❡t❡♥ ❦❧❛rt å ❛✈❞❡❦❦❡
❢♦❧✐❛s❥♦♥ss♦♥❡♥❡ ✈❡❞ ❊✐❦r❡♠t✉♥♥❡❧❡♥❄

❘❡s✐st✐✈✐t❡t❡♥ ❣✐r ✉t t♦❧❦♥✐♥❣❡r ❛✈ ♣❧❛♥❡ s♦♥❡r ✐ ♠å❧❡♣r♦✜❧❡t✳ ❊♥ ♠✉❧✐❣ ❢♦r❦❧❛r✐♥❣
♣å ❛t ❢♦❧✐❛s❥♦♥❡♥ ✐❦❦❡ ❡r ❢❛♥❣❡t ♦♣♣✱ ❡r ❛t ❜❡r❣♠❛ss❡♥ ♦❣ ❞❡r♠❡❞ ❢♦❧✐❛s❥♦♥❡♥ ♦❣
❢♦❧✐❛s❥♦♥s♦♥❡♥❡ ❡r så ❢♦❧❞❡t ❛t ❞✐st✐♥❦t❡ s♦♥❡r ✐❦❦❡ ❦❛♥ t♦❧❦❡s ✉t ❢r❛ r❡s✐st✐✈✐t❡t❡♥✳

❊♥ ❛♥♥❡♥ ♠✉❧✐❣ års❛❦ ❡r ❛t ❜❡r❣♠❛ss❡♥s ❣❡♥❡r❡❧❧❡ r❡s✐st✐✈✐t❡t❡♥ ✈❡❞ ❊✐❦r❡♠t✉♥♥❡❧❡♥
✐❦❦❡ ❡r t✐❧str❡❦❦❡❧✐❣ ❤ø② t✐❧ å ❛✈❞❡❦❦❡ s♦♥❡r✱ s❡❧✈ ♦♠ ❢♦❧✐❛s❥♦♥❡♥ ✈✐s❡r s❡❣ å ✐❦❦❡ ✈ær❡
så ❢♦❧❞❡t s♦♠ ❛♥t❛tt✳ ❙♦♠ ❡♥ s❡r ❛✈ ❋✐❣✉r ✹✳✻ ❧✐❣❣❡r ❞❡♥ ❣❡♥❡r❡❧t ✐ ♦♠rå❞❡t ✶✵✵✵✲
✺✵✵✵ Ωm ❧❛♥❣s st♦r❡ str❡❦♥✐♥❣❡r ❛✈ ♠å❧❡♣r♦✜❧❡t✳
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❊♥ s✐st❡ t♦❧❦♥✐♥❣ ❣år ♣å ❛t ❞✐ss❡ t♦ ❢♦r❤♦❧❞❡♥❡ ❤❡♥❣❡r s❛♠♠❡♥ ✈❡❞ ❞❡♥ ❧❛✈❡ ❣❡♥❡r❡❧❧❡
r❡s✐st✐✈✐t❡t❡♥ s❦②❧❞❡s ❞❡♥ ✏✉r②❞❞✐❣❡✑ ❢♦❧✐❛s❥♦♥❡♥ ✳ ❉❡t ✈✐r❦❡r s❛♥♥s②♥❧✐❣ ❛t ❡♥ s❧✐❦
❦♦♠❜✐♥❛s❥♦♥ ❛✈ ❞❡ t♦ ❢♦r❤♦❧❞❡♥❡ ❦❛♥ ✈ær❡ års❛❦❡♥ t✐❧ ❛t ❢♦❧✐❛s❥♦♥ss♦♥❡ ✐❦❦❡ ❡r
✐❞❡♥t✐✜s❡rt ❛✈ r❡s✐st✐✈✐t❡t❡♥✳

✻✳✷ ❱✉r❞❡r✐♥❣ ❛✈ ♥②tt❡✈❡r❞✐

➴ ❤❛ ♥♦❦ ✐♥❢♦r♠❛s❥♦♥ ♦♠ ❜❡r❣♠❛ss❡♥ ✐ ♦♠rå❞❡t r✉♥❞t ❡♥ ♣❧❛♥❧❛❣t t✉♥♥❡❧ ❡r ✈✐❦t✐❣✳
❚✐❧str❡❦❦❡❧✐❣ ♦❣ ❦♦rr❡❦t ✐♥❢♦r♠❛s❥♦♥ ❣✐r ❣r✉♥♥❧❛❣ ❢♦r å ♦♣t✐♠❛❧✐s❡r❡ ♦r✐❡♥t❡r✐♥❣ ♦❣
✉t❢♦r♠✐♥❣ ❛t ❞❡♥ ❡♥❞❡❧✐❣❡ t✉♥♥❡❧❡♥ ♦❣ ø❦❡r ♠✉❧✐❣❤❡t❡♥❡ t✐❧ å st✐❧❧❡ ❢♦r❜❡r❡❞t ♥år
❡♥ tr❡✛❡r ✈❛♥s❦❡❧✐❣❡ ♣❛rt✐❡r✳ ■♥❢♦r♠❛s❥♦♥ ♦♠ ❣r✉♥♥❢♦r❤♦❧❞❡♥❡ ✈✐❧ ♦❣så ❢♦r❜❡❞r❡
♠✉❧✐❣❤❡t❡♥❡ t✐❧ å ✉t❛r❜❡✐❞❡ ❡♥ ❣♦❞ t✐❞s♣❧❛♥ ♦❣ ❡t ❡st✐♠❛t ♣å t♦t❛❧❦♦st♥❛❞❡r ✈❡❞
❞r✐✈✐♥❣✳

■ ❞❡ t✐❞❧✐❣❡ ♣❧❛♥❢❛s❡♥❡ ❛✈ ❡t t✉♥♥❡❧♣r♦s❥❡❦t ❡r ❞❡♥ tr❛❞✐s❥♦♥❡❧❧❡ ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦
❦❛rt❧❡❣❣✐♥❣❡♥ ♦❢t❡ t✐❧str❡❦❦❡❧✐❣✳ ❋♦r❞❡❧❡♥ ♠❡❞ ❢❡❧t❦❛rt❧❡❣❣✐♥❣ ❡r ❛t ❞❡t ❡r ❡♥❦❡❧t ♦❣
❜✐❧❧✐❣ å ❣❥❡♥♥♦♠❢ør❡ ♦❣ ❦❛rt❧❡❣❣✐♥❣❡♥ ❦❛♥ ❞❡❦❦❡ ❡t st♦rt ♦♠rå❞❡ ✐ ❡♥ t✐❞❧✐❣ ♣❧❛♥❢❛s❡
❢♦r t✉♥♥❡❧♣r♦s❥❡❦t❡t✳

❊♥ ✈✐❦t✐❣ s✈❛❦❤❡t ✈❡❞ ❦❛rt❧❡❣❣✐♥❣ ✐ ❞❛❣❡♥ ❡r ❛t ❢♦r❤♦❧❞❡♥❡ ♥❡❞♦✈❡r ✐ ❣r✉♥♥❡♥ ✐❦❦❡
❦❛♥ s❡s✳ ❇❡❜②❣❣❡❧s❡✱ ❧øs♠❛ss❡r ♦❣ ✈❡❣❡t❛s❥♦♥ ✈❛♥s❦❡❧✐❣❣❥ør ❞❡ss✉t❡♥ ❦❛rt❧❡❣❣✐♥❣❡♥
♦❣ ❞❡t ❦❛♥ ✈ær❡ ✈❛♥s❦❡❧✐❣ å ❢å ♥♦❡ ❣♦❞t ❜✐❧❞❡ ♦❣så ❛✈ ❢♦r❤♦❧❞❡♥❡ ✐ ❞❛❣❡♥ ♦✈❡r ❞❡♥
❡♥❞❡❧✐❣❡ tr❛s❡❡♥✳ ❱❡❞ ❜❡❣❣❡ t✉♥♥❡❧♣r♦s❥❡❦t❡♥❡ ❞✐s❦✉t❡rt ✐ ❞❡♥♥❡ ♦♣♣❣❛✈❡♥ ❤❛r ❞❡tt❡
❣✐tt ❜❡❣r❡♥s♥✐♥❣❡r ✐ ❦❛rt❧❡❣❣✐♥❣❡♥✳ ❇✐❧❞❡t ✐ ❋✐❣✉r ✻✳✶ ✐❧❧✉str❡r❡r ❣♦❞t ♣r♦❜❧❡♠❡t✳
❇✐❧❞❡t ❡r t❛tt ♦✈❡r s✈❛❦❤❡tss♦♥❡ ❑✻❞ ♦❣ s♦♠ ❡♥ s❡r ❡r ❞❡t ❧✐t❡ ❜❡r❣ s②♥❧✐❣ ❢♦r å
✈✉r❞❡r❡ s♦♥❡♥✳

❉❡tt❡ ♣r♦❜❧❡♠❡t ❡r ✐❦❦❡ ❧✐❦❡ ❛❦t✉❡❧t ❢♦r r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦ ♦❣ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r✳
❉✐ss❡ ✉♥❞❡rsø❦❡❧s❡♥❡ ❦❛♥ ✉t❢ør❡s ✐ ❧øs♠❛ss❡❞❡❦t❡ ♦♠rå❞❡r ✭❣✐tt ❛t ❧øs♠❛ss❡♠❡❦✲
t✐❣❤❡t❡♥ ✐❦❦❡ ❡r ❢♦r st♦r ♦❣ ❧øs♠❛ss❡❦❛r❛❦t❡r❡♥ ✐❦❦❡ ❤✐♥❞r❡r ❢♦r ❡❦s❡♠♣❡❧ strø♠ å
tr❡♥❣❡ ♥❡❞ ✐ ❜❡r❣❡t✮✱ ✐ ❤❛❣❡r ♦❣ ✐ ❜❡❜②❣❞❡ ♦♠rå❞❡r ♦❣ ❦❛♥ ❞❡ss✉t❡♥ ✏s❡✑ ❣r✉♥♥✲
❢♦r❤♦❧❞❡♥❡ ✐ ❞②♣❡t✳

❉❡tt❡ ❣❥❡♥s♣❡✐❧❡s ✐ ❛♥t❛❧❧ s✈❛❦❤❡tss♦♥❡r ❢✉♥♥❡t ✈❡❞ ❞❡ ✉❧✐❦❡ ♠❡t♦❞❡♥❡✳ ❙❛♠♠❡♥✲
❧✐❣♥✐♥❣❡♥ ♠❡❧❧♦♠ ♣r♦❣♥♦s❡r ♦❣ ❡r❢❛r✐♥❣❡r ✐ ❆✈s♥✐tt ✹✳✹ ♦❣ ✺✳✹ ✈✐st❡ ❛t ❢❡❧t❦❛rt❧❡❣❣✐♥✲
❣❡♥ ✈❡❞ ❊✐❦r❡♠t✉♥♥❡❧❡♥ ♦❣ ❢♦r ❞❡ ❤✐tt✐❧ ❞r❡✈♥❡ ❞❡❧❡♥❡ ❛✈ ❑♥❛♣♣❡t✉♥♥❡❧❡♥ ❛✈❞❡❦t❡
t♦t❛❧t ✶✵ s✈❛❦❤❡tss♦♥❡r❀ ❣❛♥s❦❡ ❢å ✐ ❢♦r❤♦❧❞ t✐❧ r❡s✐st✐✈✐t❡ts♠❡t♦❞❡♥ s♦♠ ❢❛♥t ✶✽
s♦♥❡r✳ ❆✈ ❞✐ss❡ ❧❛✈r❡s✐st✐✈❡ s♦♥❡♥❡ ❡r ❞❡t ✐♠✐❞❧❡rt✐❞ ❦✉♥ ♦♠tr❡♥t ❤❛❧✈♣❛rt❡♥ s♦♠
❢❛❦t✐s❦ ❤❛r ❜❧✐tt ♠øtt ✐ t✉♥♥❡❧❡♥❡✱ ♠❡♥ r❡s✐st✐✈✐t❡t❡♥ ❤❛r ♣å ❡♥ ❛♥♥❡♥ s✐❞❡ ❛✈❞❡❦t
❢❡♠ ♠øtt❡ s♦♥❡r s♦♠ ❜❧❡ ✐❞❡♥t✐✜s❡rt ❛✈ ❤✈❡r❦❡♥ ❢❡❧t❦❛rt❧❡❣❣✐♥❣❡♥ ❡❧❧❡r r❡❢r❛❦s❥♦♥✲
ss❡✐s♠✐❦❦❡♥✳ ❘❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦❡♥ ❤❛r ♦❣så ✈✐st ❜❡❞r❡ ❡✈♥❡ ❡♥♥ ❢❡❧t❦❛rt❧❡❣❣✐♥❣❡♥
t✐❧ å ❛✈❞❡❦❦❡ s♦♥❡r s♦♠ ✐❦❦❡ ❡r ❢✉♥♥❡t ❛✈ ❛♥❞r❡ ♠❡t♦❞❡r ✳

❚✐❧ tr♦ss ❢♦r ❛t ❞❡t ✐ ❞❡t ❢♦r❡❣å❡♥❞❡ ❛✈s♥✐tt❡t ❡r ❜❡s❦r❡✈❡t ♠❛♥❣❡ ❢❡✐❧❦✐❧❞❡r ♦❣
s✈❛❦❤❡t❡r ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ❜å❞❡ ✷❉ r❡s✐st✐✈✐t❡t ♦❣ r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦✱ ❤❛r ❛❧tså
♠❡t♦❞❡♥❡ ❛✈❞❡❦t ♠❛♥❣❡ ✈✐❦t✐❣❡ ❢♦r❤♦❧❞ ✉♥❞❡r ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✳ ❉❡tt❡ ❦❛♣✐t❧❡t ✈✐❧
♠❡❞ ✉t❣❛♥❣s♣✉♥❦t ✐ ❜å❞❡ ❞✐ss❡ st②r❦❡♥❡ ♦❣ s✈❛❦❤❡t❡♥❡ ❞✐s❦✉t❡r❡ ♥②tt❡✈❡r❞✐❡♥ ❛✈
♠❡t♦❞❡♥❡✳



✶✶✻ ❑❆P■❚❚❊▲ ✻✳ ❉■❙❑❯❙❏❖◆

❋✐❣✉r ✻✳✶ ✕ ❚♦r✈ ♦❣ ✈❡❣❡t❛s❥♦♥ s♦♠ ❞❡❦❦❡r s♦♥❡ ❑✻❞ ✭❑♥❛♣♣❡t✉♥♥❡❧❡♥✮ ❣✐r ❢å
❜❡r❣❜❧♦t♥✐♥❣❡r ♦❣ ✈❛♥s❦❡❧✐❣❣❥ør ❦❛rt❧❡❣❣✐♥❣❡♥✳ ❇❛rt ❢❥❡❧❧ s❡s ♦♣♣❡ t✐❧ ❤ø②r❡✳ ❇✐❧❞❡t ❡r
❤❡♥t❡t ❢r❛ ❑✐r❦❡❜② ✭✷✵✶✵✮✳

✻✳✷✳✶ ❘❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦

❆❧❧❡r❡❞❡ ✐ ❡♥ t✐❞❧✐❣ ♣❧❛♥❢❛s❡ ❤❛r r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦❡♥ ✈✐st s❡❣ å ✈ær❡ ♥②tt✐❣✿ ❱❡❞
❊✐❦r❡♠t✉♥♥❡❧❡♥ ❜❧❡ ❞❡t ❜❡st❡♠t å ✢②tt❡ ♣å❤✉❣❣❡t ♦❣ tr❛s❡❡♥ ❧❡♥❣❡r ♥♦r❞ ❢♦r å
✉♥♥❣å sær❧✐❣ ✈❛♥s❦❡❧✐❣❡ s✈❛❦❤❡tss♦♥❡r✳ ❇❡s❧✉t♥✐♥❣❡♥ ❜❧❡ t❛tt ❜❛s❡rt ♣å ❜❧❛♥t ❛♥♥❡t
r❡s✉❧t❛t❡♥❡ ❢r❛ ❞❡ r❡❢r❛❦s❥♦♥ss❡✐s♠✐s❦❡ ✉♥❞❡rsø❦❡❧s❡♥❡✳ ❉❡tt❡ ❡r st♦r❡ ✈❛❧❣✱ s♦♠ ❢år
st♦r❡ ❦♦♥s❡❦✈❡♥s❡r ❢♦r ❜å❞❡ ❜②❣❣✐♥❣❡♥ ❛✈✱ ♦❣ ❞❡♥ ❡♥❞❡❧✐❣❡ ❞r✐❢t❡♥ ♦❣ ❜r✉❦❡♥ ❛✈
t✉♥♥❡❧❡♥✳

❱❡❞ ❞❡ ❡♥❞❡❧✐❣❡ tr❛s❡❡♥❡ s❡r ❡♥ ✈✐s❡r r❡s✉❧t❛t❡♥❡ ❢r❛ s❛♠♠❡♥❧✐❣♥✐♥❣❡♥❡ ❣❥♦rt ✐
❆✈s♥✐tt ✹✳✹ ♦❣ ✺✳✹ ❛t r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦❡♥ ❤❛r ❛✈❞❡❦t t♦ s✈❛❦❤❡tss♦♥❡r s♦♠ ✐❦❦❡ ❤❛r
❜❧✐tt ❢✉♥♥❡t ❛✈ ❞❡ t♦ ❛♥❞r❡ ♠❡t♦❞❡♥❡ ♣r❡s❡♥t❡rt✳ ❉✐ss❡ t♦ s♦♥❡♥❡ ❡r ❢♦❧✐❛s❥♦♥ss♦♥❡r
✈❡❞ ❊✐❦r❡♠t✉♥♥❡❧❡♥✳ ▼❡t♦❞❡♥ ❤❛r ✐ ❧✐t❡♥ ❣r❛❞ ❢❡✐❧t♦❧❦❡t s✈❛❦❤❡tss♦♥❡r ♦❣ ♠❡t♦❞❡♥
s❡r ♠❡❞ ❛♥❞r❡ ♦r❞ ✉t t✐❧ å ✈ær❡ ❢♦r❤♦❧❞s✈✐s s✐❦❦❡r ♥år ❞❡♥ ❣✐r ✉t ✐♥❞✐❦❛s❥♦♥❡r ♣å
s✈❛❦❤❡tss♦♥❡r✳

❊♥ ❛♥♥❡♥ ♥②tt✐❣ ❡❣❡♥s❦❛♣ ✈❡❞ ♠❡t♦❞❡♥✱ ❡r ❛t ❞❡♥ s❛♠♠❡♥ ♠❡❞ ❢❡❧t❦❛rt❧❡❣❣✐♥❣❡♥
❤❛r ✈✐st r❡❧❛t✐✈t ❣♦❞❡ ♠✉❧✐❣❤❡t❡r t✐❧ å ❛♥s❧å ❜❡r❣♠❛ss❡❦✈❛❧✐t❡t❡♥ ♦❣så ✉t❡♥♦♠
s✈❛❦❤❡tss♦♥❡♥❡✳ ■ ❋✐❣✉r ✻✳✷ ❡r r❡s✉❧t❛t❡♥❡ ❢r❛ ❆✈s♥✐tt ✹✳✹ ♦❣ ✺✳✹ ✈❡❞rør❡♥❞❡ ❢♦r✈❡♥t❡t
♦❣ ❢❛❦t✐s❦ ❜❡r❣♠❛ss❡❦❧❛ss❡❢♦r❞❡❧✐♥❣ s❛♠♠❡♥st✐❧t✳ ❋✐❣✉r ✻✳✷❜ ❣❥❡❧❞❡r ❢♦r ❞❡♥ ❞❡❧❡♥
❛✈ ❑♥❛♣♣❡t✉♥♥❡❧❡♥ s♦♠ ❡r ❞r❡✈❡t ♣❡r ✽✳ ♠❛✐✱ ❛❧tså ♦♠tr❡♥t ❤❛❧✈❡ t✉♥♥❡❧❧❡♥❣❞❡♥✳

❙♦♠ ❡♥ s❡r ❛✈ ✜❣✉r❡♥✱ ❤❛r ❢♦r❞❡❧✐♥❣❡♥ ❛✈ ❞❡ ❜❡❞r❡ ✭❦❧❛ss❡ ❆✲❈✮ ♦❣ ❞❡ ❞år❧✐❣❡r❡
❜❡r❣♠❛ss❡♥❡ ✭❦❧❛ss❡ ❉✲❋✮ ❜❧✐tt ❡st✐♠❡rt ♠❡❞ ❡♥ ❢♦r❤♦❧❞s✈✐s st♦r ♥ø②❛❦t✐❣❤❡t✳
❙✐❞❡♥ ❞❡♥ ❣❡♥❡r❡❧❧❡ ❜❡r❣♠❛ss❡♥ ✉t❡♥ s✈❛❦❤❡tss♦♥❡r ❡r ❞❡t ❡♥ ♠øt❡r ♣å ❧❛♥❣s ❞❡
størst❡ ❞❡❧❡♥❡ ❛✈ t✉♥♥❡❧❧❡♥❣❞❡♥✱ ❡r ❞❡tt❡ s✈ært ♥②tt✐❣ ✐♥❢♦r♠❛s❥♦♥ å ❢å ✉t ❛✈
❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ❢♦r å ❜❧❛♥t ❛♥♥❡t ❦✉♥♥❡ ❡st✐♠❡r❡ s✐❦r✐♥❣s♦♠❢❛♥❣ ✐ t✉♥♥❡❧❡♥✳
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✭❜✮ ❑♥❛♣♣❡t✉♥♥❡❧❡♥ ♣❡r ✽✳ ♠❛✐ ✷✵✶✷✳

❋✐❣✉r ✻✳✷ ✕ ●r❛✜s❦ ❢r❛♠st✐❧❧✐♥❣ ❛✈ ❢♦r✈❡♥t❡t ♦❣ ❢❛❦t✐s❦ ❜❡r❣♠❛ss❡❦❧❛ss❡❢♦r❞❡❧✐♥❣✳

◆år ❞❡t ❦♦♠♠❡r t✐❧ s✈❛❦❤❡tss♦♥❡r✱ ❧✐❣❣❡r ✐ ❞❡♥ r❡❢r❛❦s❥♦♥ss❡✐♠s✐❦❡ ♠❡t♦❞❡♥s
♥❛t✉r å ✐❦❦❡ ❦✉♥♥❡ ❛♥❣✐ s♦♥❡rs ♦r✐❡♥t❡r✐♥❣ ♦❣ r❡❦❦❡✈✐❞❞❡ ✐ ❣r✉♥♥❡♥ ♠❡❞ ❞❡
✐♥✈❡rs❥♦♥s♠❡t♦❞❡♥❡ s♦♠ ♥♦r♠❛❧t ❡r ❜❡♥②tt❡t✳ ❱❡❞ t♦♠♦❣r❛✜s❦ ✐♥✈❡rs❥♦♥ ❡r ❞❡t ❡♥
✈✐ss ♠✉❧✐❣❤❡t t✐❧ å ✐♥❞✐❦❡r❡ ❢❛❧❧r❡t♥✐♥❣ ✭❑❛♣✐tt❡❧ ✸✮✱ ♠❡♥ ❞❡tt❡ ❡r ✐❦❦❡ ❜❡♥②tt❡t ✈❡❞
❞✐ss❡ t♦ ♣r♦s❥❡❦t❡♥❡✳

❙♦♠ ♣r❡s❡♥t❡rt ✐ ❆✈s♥✐tt ✹✳✹✱ ❤❛r ❞❡tt❡ ❢ørt t✐❧ ❡♥ ❢❡✐❧♣❧❛ss❡r✐♥❣ ❛✈ s♦♥❡r ✐ t✉♥♥❡❧♥✐✈å
♣å ♦♣♣t✐❧ ✹✵ ♠❡t❡r✳ ■ ❢♦r❤♦❧❞ t✐❧ å ♦♣♣r❡tt❡ ❡♥ ✉♥❞❡rsø❦❡❧s❡ss♦♥❡ ✶✺ ♠❡t❡r ❢ør
❢♦r✈❡♥t❡❞❡ s✈❛❦❤❡tss♦♥❡r✱ ✈✐❧ ❞❡tt❡ ❦✉♥♥❡ ❢å st♦r❡ ❦♦♥s❡❦✈❡♥s❡r ❢♦r t✉♥♥❡❧❞r✐✈✐♥❣❡♥
❞❡rs♦♠ s♦♥❡♥ ❢❛❧❧❡r ♠♦t ❞r✐✈❡r❡t♥✐♥❣❡♥ ♦❣ ♠❡❞ ❞❡t ❦♦♠♠❡r ♦✈❡rr❛s❦❡♥❞❡ ♣å✳
❍✈♦r st♦r ❦♦♥s❡❦✈❡♥s ❞❡tt❡ ❢år✱ ❛✈❤❡♥❣❡r ❞❡r✐♠♦t ✐ st♦r ❣r❛❞ ❛✈ ❛♥❞r❡ ❢♦r❤♦❧❞
✈❡❞ ♣r♦s❥❡❦t❡t✳ ❋♦r ❡❦s❡♠♣❡❧ tr❛✛ ❞✐ss❡ ❢❡✐❧♣❧❛ss❡rt❡ s♦♥❡♥❡ ✐♥♥❡ ✐ ❡t ❛♥♥❡t

❙✈❛❦❤❡tss♦♥❡♦♠rå❞❡ ✐ ❊✐❦r❡♠t✉♥♥❡❧❡♥✱ s❧✐❦ ❛t ❡✛❡❦t❡♥ ❡❧❧❡r ❦♦♥s❡❦✈❡♥s❡♥ ❛✈ ❛t
r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦❡♥ ✐❦❦❡ ❣✐r ✉t ✐♥❢♦r♠❛s❥♦♥ ♦♠ ❢❛❧❧ ❤❛r ❜❧✐tt ♠②❡ ♠✐♥❞r❡ ❡♥♥ ❤✈❛
❞❡ ❦✉♥♥❡ ❤❛ ❜❧✐tt✳ ❉❡tt❡ ❣❥❡♥s♣❡✐❧❡s ✐ s✐❦r✐♥❣s♦♠❢❛♥❣❡t ✈❡❞ ❊✐❦r❡♠t✉♥♥❡❧❡♥✱ ❤✈♦r
♠❡♥❣❞❡ ✐ ❦♦♥tr❛❦t ✐ ❧✐t❡♥ ❣r❛❞ ❛✈✈✐❦❡r ❢r❛ ❞❡ ❢❛❦t✐s❦ ✉t❢ørt❡ ♠❡♥❣❞❡♥❡ ✭s❡ ❆✈s♥✐tt
✹✳✹✮✳
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❙♦♠ ❞✐s❦✉t❡rt ✐ ❆✈s♥✐tt ✻✳✶✳✶ ❤❛r ✉t✐❧str❡❦❦❡❧✐❣ ♦♠❢❛♥❣ ❛✈ r❡❢r❛❦s❥♦♥ss❡✐s♠✐s❦❡
✉♥❞❡rsø❦❡❧s❡r ✈✐st s❡❣ å ✈ær❡ ❡♥ ♠✉❧✐❣ års❛❦ t✐❧ ❛t ❞❡♥♥❡ ♠❡t♦❞❡♥ ❛✈❞❡❦❦❡r
❢♦r❤♦❧❞s✈✐s ❢å s✈❛❦❤❡tss♦♥❡r✱ s❛♠♠❡♥❧✐❣♥❡t ♠❡❞ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡♥❡✳ ❯♥❞❡r
❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ❡r ❞❡t ♥❛t✉r❧✐❣✈✐s ø♥s❦❡❧✐❣ å ❢å ✐♥❢♦r♠❛s❥♦♥ ♦♠ så ♠❛♥❣❡

s✈❛❦❤❡tss♦♥❡r s♦♠ ♠✉❧✐❣ ♦❣ ✐ ❢♦r❤♦❧❞ t✐❧ ❞❡tt❡ ❡r ❛❧tså ✐❦❦❡ r❡❢r❛❦s❥♦♥ss❡✐♠s✐❦❦
❞❡♥ ❜❡st❡ ♠❡t♦❞❡♥✳

❉❡tt❡ ❡r ❡♥ s✈❛❦❤❡t ♠❡❞ ♠❡t♦❞❡♥ s♦♠ ❞❡t ❡r ✈❛♥s❦❡❧✐❣ å ❣❥ør❡ ♥♦❡ ♠❡❞✳ ❙♦♠ ♥❡✈♥t ✐
❆✈s♥✐tt ✷✳✶ ❡r ♠❡t♦❞❡♥ ❢♦r❤♦❧❞s✈✐s ❦♦st❜❛r ♦❣ t✉♥❣✈✐♥❞t å ❣❥❡♥♥♦♠❢ør❡✱ s❧✐❦ ❛t å ❤❛
❢✉❧❧ ❞❡❦♥✐♥❣s❣r❛❞ ♣å ❧❛♥❣❡ t✉♥♥❡❧♣r♦✜❧❡r ❦❛♥ ✐❦❦❡ ❢♦rs✈❛r❡s ø❦♦♥♦♠✐s❦✳ ❉❡tt❡ ❣❥ør
❛t ♠❡t♦❞❡♥ ✐❦❦❡ ❦❛♥ ✉t♥②tt❡s t✐❧ ❞❡♥s ❢✉❧❧❡✳ ❋♦r å ❢å størst ♠✉❧✐❣ ♥②tt❡ ❛✈ ♠❡t♦❞❡♥
♣å ❡♥ ❦♦st♥❛❞s❡✛❡❦t✐✈ ♠åt❡✱ ❡r ❞❡t ❞❡r❢♦r ♥ø❞✈❡♥❞✐❣ ♠❡❞ ❡♥ ❣♦❞ ♣❧❛♥❧❡❣❣✐♥❣ ❛✈
❤✈♦r ❞❡ s❡✐s♠✐s❦❡ ♣r♦✜❧❡♥❡ s❦❛❧ ❧❡❣❣❡s ✉t ❢r❛ ♦❜s❡r✈❛s❥♦♥❡r ❣❥♦rt ✐ ❢❡❧t✳

✻✳✷✳✷ ❘❡s✐st✐✈✐t❡t

❘❡s✉❧t❛t❡♥❡ ✈✐s❡r ❛t ❞❡♥♥❡ ♠❡t♦❞❡♥ ❦❛rt ❤❛r ❛✈❞❡❦t ✢❡st s✈❛❦❤❡tss♦♥❡r ✈❡❞ ❞✐ss❡
t♦ ♣r♦s❥❡❦t❡♥❡❀ t♦t❛❧t ✶✽ s♦♥❡r ✐♥♥❡♥❢♦r ❞❡ ❛❦t✉❡❧❧❡ ♦♠rå❞❡♥❡✳ ■ t✐❧❧❡❣❣ ❡r ❤✐tt✐❧
❢❡♠ ❛✈ s♦♥❡♥❡ ♠øtt ✐ t✉♥♥❡❧❡♥❡ ✉t❡❧✉❦❦❡♥❞❡ ❢✉♥♥❡t ✈✐❛ r❡s✐st✐✈✐t❡t❡♥✳ ❇❡❣❣❡ ❞✐ss❡
❛♥t❛❧❧❡♥❡ ❡r ✐♥❦❧✉❞❡rt str❡❦♥✐♥❣❡♥ ✈❡❞ ❑♥❛♣♣❡t✉♥♥❡❧❡♥ ❤✈♦r r❡s✐st✐✈✐t❡t ✐❦❦❡ ❡r
♠å❧t✳ ▼❡t♦❞❡♥ ✈✐s❡r ♠❡❞ ❛♥❞r❡ ♦r❞ st♦r st②r❦❡ ♥år ❞❡t ❦♦♠♠❡r t✐❧ å ✐❞❡♥t✐✜s❡r❡
s✈❛❦❤❡tss♦♥❡r✳

❘❡s✐st✐✈✐t❡ts♠❡t♦❞❡♥s ♠✉❧✐❣❤❡t t✐❧ å ❛♥❣✐ ❦❛r❛❦t❡r✱ ❜r❡❞❞❡✱ ❞②♣ ♦❣ ♦r✐❡♥t❡r✐♥❣ ❛✈
s✈❛❦❤❡tss♦♥❡r ❡r ❡t ❛✈ ❤♦✈❡❞❛r❣✉♠❡♥t❡t❡♥❡ ❢♦r å ✈✐❞❡r❡✉t✈✐❦❧❡ ♠❡t♦❞❡♥ ♦❣ ❜❡♥②tt❡
❞❡♥ ✈❡❞ ✢❡r❡ ✉♥❞❡r❥♦r❞s♣r♦s❥❡❦t❡r✳ ❊r❢❛r✐♥❣❡♥❡ ❢r❛ ❞❡tt❡ ❛r❜❡✐❞❡t ✈✐s❡r ❛t ❞❡♥ ✐ ❡♥
✈✐ss ❣r❛❞ ❦❧❛r❡r ♥❡tt♦♣♣ ❞❡tt❡✳ ❙ær❧✐❣ ❤❛r ♠❡t♦❞❡♥ ✈✐st ❣♦❞❡ ❡✈♥❡r t✐❧ å ❢♦r✉ts❡
s♦♥❡♥s ♠❛t❡r✐❛❧❦❛r❛❦t❡r✳ ❘❡s✉❧t❛t❡♥❡ ❢r❛ s❛♠♠❡♥❧✐❣♥✐♥❣❡♥ ❣❥♦rt ✐ ❦❛♣✐t❧❡♥❡ ✹✳✹
♦❣ ✺✳✹ ✈❡❞rør❡♥❞❡ ❞❡tt❡ ❡r s❛♠♠❡♥st✐❧t ❤❡r ✐ ❚❛❜❡❧❧ ✻✳✶✳ ❙♦♠ ❡♥ s❡r✱ st❡♠♠❡r
t♦❧❦♥✐♥❣s♠♦❞❡❧❧❡♥ ✐ ✽ ❛✈ ✾ t✐❧❢❡❧❧❡r✳

◆år ❞❡t ❣❥❡❧❞❡r r❡s✐st✐✈✐t❡ts♠❡t♦❞❡♥✱ s❡r ❡♥ ❛t ❞❡♥♥❡ ❤❛r ❛✈❞❡❦t ♠❛♥❣❡ s✈❛❦❤❡tss♦♥✲
❡r ✉♥❞❡r ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✳ ▼❡t♦❞❡♥ ❤❛r ✈✐st ❡♥ ✈✐ss ❡✈♥❡ t✐❧ å ❛♥s❧å ❢❛❧❧✱ ❞②♣t✲
❣å❡♥❞❡✱ ♠❡❦t✐❣❤❡t ❛✈ s♦♥❡r ♦❣ s♦♥❡❦❛r❛❦t❡r ✉t ❢r❛ ❞❡♥ ❢♦r❡s❧ått❡ t♦❧❦♥✐♥❣s♠♦❞❡❧❧❡♥✳

❊✈♥❡♥ t✐❧ å s❦✐❧❧❡ ♠❡❧❧♦♠ ❧❡✐rs♦♥❡r ♦❣ ✈❛♥♥❢ør❡♥❞❡ s♦♥❡r ❡r s✈ært ✈❡r❞✐❢✉❧t ✐
❢♦r❜✐♥❞❡❧s❡ ♠❡❞ t✉♥♥❡❧❞r✐❢t ♦❣ ❦❛♥ ❢♦r ❡❦s❡♠♣❡❧ ❜✐❞r❛ t✐❧ å ✈✉r❞❡r❡ ♦♠❢❛♥❣ ❛✈
❢♦r✐♥❥❡❦s❥♦♥✳ ■ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ s✈❡❧❧❡❧❡✐r❡ ❦❛♥ ❞❡t ❞❡ss✉t❡♥ t❡♥❦❡s ❛t ♠❡t♦❞❡♥ ❦❛♥
❧✉❦❡ ✉t ❞❡ s♦♥❡♥❡ s♦♠ ❞❡t ✐❦❦❡ ✈✐❧ ✈ær❡ ❧❡✐r❡ ✐ ✲ ♦❣ ❞❡r♠❡❞ ❤❡❧❧❡r ✐❦❦❡ s✈❡❧❧❡❧❡✐r❡✳

▼✉❧✐❣❤❡t❡♥ t✐❧ å ❛♥s❧å ❣❡♦♠❡tr✐ ❛✈ s✈❛❦❤❡tss♦♥❡r ✈✐❧✱ ❞❡rs♦♠ ❞❡t ❢✉♥❣❡r❡r✱ ❣❥ør❡
♠❡t♦❞❡♥ s✈ært ❤❡♥s✐❦ts♠❡ss✐❣ å ❜r✉❦❡ s♦♠ ❡♥ ❞❡❧ ❛✈ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡✳ ❊r❢❛r✐♥❣❡♥❡
✈❡❞rør❡♥❞❡ ❞❡tt❡ ❢r❛ ❞✐ss❡ t♦ ♣r♦s❥❡❦t❡♥❡ ❡r ✐♠✐❞❧❡rt✐❞ ♥♦❡ ❜❧❛♥❞❡t✳ P♦t❡♥s✐❛❧❡t
❧✐❣❣❡r ❞❡r✱ ♠❡♥ ❞❡t s❡r ❛❧tså ✉t t✐❧ å ✐❦❦❡ ❢✉♥❣❡r❡ ❧✐❦❡ ❣♦❞t ✐ ♣r❛❦s✐s✳

❙♦♠ ❡❦s❡♠♣❡❧ ♥❡✈♥❡s s♦♥❡ ❑✶✷✱ ❤✈♦r ❢❡✐❧t♦❧❦♥✐♥❣❡♥ ✐ ❢❛❧❧❡t ✉t❣❥ør ✺✵ ♠❡t❡r ❛✈✈✐❦
❧❛♥❣s t✉♥♥❡❧tr❛s❡❡♥✱ t✐❧ tr♦ss ❢♦r ❡♥ ❜❡s❦❥❡❞❡♥ ♦✈❡r❞❡❦♥✐♥❣✳ ■ ❢♦r❤♦❧❞ t✐❧ ♦♣♣r❡tt❡❧❡s❡
❛✈ ✉♥❞❡rsø❦❡❧s❡ss♦♥❡ ✶✺ ♠❡t❡r ❢ør ❢♦r✈❡♥t❡❞❡ s✈❛❦❤❡tss♦♥❡r✱ ✈✐❧ ❞❡tt❡ ❦✉♥♥❡ ❢å
st♦r❡ ❦♦♥s❡❦✈❡♥s❡r ❢♦r t✉♥♥❡❧❞r✐✈✐♥❣❡♥ ❞❡rs♦♠ s♦♥❡♥ ❢❛❧❧❡r ♠♦t ❞r✐✈❡r❡t♥✐♥❣❡♥✳ ❱❡❞
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❚❛❜❡❧❧ ✻✳✶ ✕ ❘❡s✐st✐✈✐t❡t ♦❣ s♦♥❡❦❛r❛❦t❡r ❢♦r ❛❧❧❡ ❧❛✈r❡s✐st✐✈❡ s♦♥❡r tr✉✛❡t ✐ t✉♥♥❡❧❡♥❡✳

❙♦♥❡ ❘❡s✐st✐✈✐t❡t✱ Ωm ❙♦♥❡❦❛r❛❦t❡r ❚♦❧❦♥✐♥❣s♠♦❞❡❧❧

❊✐❦r❡♠✲
t✉♥♥❡❧❡♥

❊✸ ✺✵✵✲✶✵✵✵ ❱❛♥♥ ❱❛♥♥

❊✹ ✺✵✵✲✶✵✵✵ ❱❛♥♥ ❱❛♥♥

❊✺ ✺✵✵✲✶✵✵✵ ❱❛♥♥ ❱❛♥♥

❊✻ ❁✺✵✵ ▲❡✐r❡ ▲❡✐r❡

❊✼ ✺✵✵✲✶✵✵✵ ▲❡✐r❡ ❱❛♥♥

❑♥❛♣♣❡✲

t✉♥♥❡❧❡♥

❑✶✵ ✺✵✵✲✶✵✵✵ ❱❛♥♥ ❱❛♥♥

❑✶✶ ✶✵✵✵✲✷✵✵✵ ❱❛♥♥ ❱❛♥♥

❑✶✷ ❁✷✵✵ ▲❡✐r❡ ▲❡✐r❡

❑▲✴❑✶✸ ❁✷✵✵ ▲❡✐r❡ ▲❡✐r❡

♣❛ss❡r✐♥❣ ❛✈ ❞❡♥♥❡ s♦♥❡♥ ✭♦❣ t✐❧s✈❛r❡♥❞❡ ❢♦r s♦♥❡ ❑✶✵✮ ✈❛r ❡♥ ✐♠✐❞❧❡rt✐❞ ❤❡❧❞✐❣ ✈❡❞
❛t ❢❛❧❧❡t ❣år ♠❡❞ ❞r✐✈❡r❡t♥✐♥❣❡♥✱ s❧✐❦ ❛t ✉♥❞❡rsø❦❡❧s❡ss♦♥❡r ♠❡❞ s♦♥❞❡r❜♦r✐♥❣ ❜❧❡
st❛rt❡t ♦♣♣ ✐ ❣♦❞ t✐❞ ❢ør ♣❛ss❡r✐♥❣✳ ❉❡tt❡ ✐♠✐❞❧❡rt✐❞ ♣r♦s❥❡❦ts♣❡s✐✜❦❦❡ ❢♦r❤♦❧❞ s♦♠
✐❦❦❡ ❦❛♥ ❜r✉❦❡s ✐ ❡t ❢♦rs✈❛r ❛✈ ♠❡t♦❞❡♥s ♠❛♥❣❧❡♥❞❡ ❡✈♥❡ t✐❧ å ❦♦rr❡❦t ❡st✐♠❡r❡ ❢❛❧❧✳

▼❡t♦❞❡♥ ❡r ❞❡ss✉t❡♥ ❢ø❧s♦♠ ✈❡❞ ❛t ❞❡♥ ❦r❡✈❡r ✈✐ss❡ ❢♦r❤♦❧❞ ❢♦r å ❢✉♥❣❡r❡ ❣♦❞t✱
✐❧❧✉str❡rt ❛✈ ❛✈✈✐❦sårs❛❦❡♥❡ ❣✐tt ✐ ❆✈s♥✐tt ✻✳✶✳ ❊♥❦❡❧t❡ ❛✈ ❞✐ss❡ ♠✉❧✐❣❡ års❛❦❡♥❡
t✐❧ ❛✈✈✐❦ ❦❛♥ ✉♥♥❣ås ✈❡❞ ❣♦❞ ♣❧❛♥❧❡❣❣✐♥❣ ♦❣ ✉t❢ør❡❧s❡ ❛✈ ♠å❧✐♥❣❡♥❡✱ ✈❡❞ å ❢♦r
❡❦s❡♠♣❡❧ ❣❥❡♥♥♦♠❢ør❡ ♠å❧✐♥❣❡r ❧❛♥❣s t✈❡rr♣r♦✜❧❡r✳ ❆♥❞r❡ ❢♦r❤♦❧❞✱ s♦♠ ❛t ♠❡t♦❞❡♥
♠❡t♦❞❡♥ ❦r❡✈❡r ❡♥ t✐❧str❡❦❦❡❧✐❣ ❦♦♥tr❛st ❢♦r å ❢✉♥❣❡r❡ ❣♦❞t ❡r ❞❡t ✐❦❦❡ ♠✉❧✐❣ å
❦♦♥tr♦❧❧❡r❡✳ ❉❡tt❡ ❣❥ør ❛t ♠❡t♦❞❡♥ ♣♦t❡♥s✐❡❧t ❦❛♥ ❤❛ ♥✉❧❧ ✈❡r❞✐ ✐ ❢♦r❤♦❧❞ t✐❧ å ❛✈❞❡❦❦❡
s✈❛❦❤❡tss♦♥❡r ✐ ❜❡r❣♠❛ss❡♥✳

■ ❢ø❧❣❡ s❛♠♠❡♥❧✐❣♥✐♥❣❡♥ ✐ ❆✈s♥✐tt ✹✳✹ ♦❣ ✺✳✹✱ ✈✐s❡r ❞❡t s❡❣ ❛t ♠❡t♦❞❡♥ ✐ t✐❧❧❡❣❣ t✐❧
å ♦✈❡rs❡ ❡♥❦❡❧t❡ s✈❛❦❤❡tss♦♥❡r ♦❣så ❢❡✐❧❛❦t✐❣ t♦❧❦❡r s✈❛❦❤❡tss♦♥❡r ✐ t✉♥♥❡❧❡♥✳ ❉❡tt❡
✈✐❧ ❦✉♥♥❡ ❣✐ ❡♥ ✉♥ø❞✈❡♥❞✐❣ ❞②r t✉♥♥❡❧✱ ✈❡❞ ❛t ✉♥❞❡rsø❦❡❧s❡s✲ ♦❣ s✐❦r✐♥❣s♦♠❢❛♥❣
❜❧✐r ♦✈❡r✈✉r❞❡rt ✐ ❢♦r❤♦❧❞ t✐❧ ❞❡t ❢❛❦t✐s❦ ♥ø❞✈❡♥❞✐❣❡✳

❋✉♥♥❡♥❡ ♦✈❡r ♠✉❧✐❣❡ års❛❦❡r t✐❧ ❛✈✈✐❦ ✈❡❞ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r ✐ ❆✈s♥✐tt ✻✳✶ ✈✐s❡r ❛t
❞❡t ❢♦rts❛tt ❡r ❡♥ ❞❡❧ ✉s✐❦❦❡r❤❡t ✐ r❡s✉❧t❛t❡♥❡ ❢r❛ ♠❡t♦❞❡♥✳ ❉❡tt❡ ❡r ❡♥ ❦❧❛r ✉❧❡♠♣❡
✈❡❞ ♠❡t♦❞❡♥ ✐ ❞❛❣✳

❱✉r❞❡rt ♦♣♣ ♠♦t ❦♦st♥❛❞❡r✱ ♣❡❦❡r ❞❡r✐♠♦t r❡s✉❧t❛t❡♥❡ ♠♦t ❛t ♥②tt❡✈❡r❞✐❡♥ ❛✈
♠❡t♦❞❡♥ ❤ø②✳ ❉❡♥ ❦❛♥✱ s♦♠ r❡s✉❧t❛t❡♥❡ ❤❛r ✈✐st✱ ❛✈❞❡❦❦❡ ♠❛♥❣❡ s✈❛❦❤❡tss♦♥❡r
✲ ♣å ❡♥ ❢♦r❤♦❧❞s✈✐s ❜✐❧❧✐❣ ♠åt❡✳

✻✳✷✳✸ ❘❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦ ❦♦♥tr❛ r❡s✐st✐✈✐t❡t

❘❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r ❦❛♥ s❡s s♦♠ ❡♥ ✉t❢♦r❞r❡r t✐❧ ❞❡♥ tr❛❞✐s❥♦♥❡❧❧❡ r❡❢r❛❦s❥♦♥ss❡✐s✲
♠✐❦❦❡♥ ♦❣ ❡♥ s❛♠♠❡♥❧✐❣♥✐♥❣ ❛✈ ❞❡ t♦ ♠❡t♦❞❡♥❡ ♠❡❞ ❤❡♥s②♥ ♣å ❜r✉❦s✈❡r❞✐ ❡r ❞❡r❢♦r
♥❛t✉r❧✐❣ å ✐♥❦❧✉❞❡r❡✳



✶✷✵ ❑❆P■❚❚❊▲ ✻✳ ❉■❙❑❯❙❏❖◆

❉❡♥ st♦r❡ ❢♦r❞❡❧❡♥ ✈❡❞ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡♥❡ ❧✐❣❣❡r ✐ ❛t ♠❡t♦❞❡♥ ❡r ❜✐❧❧✐❣ ♦❣ ❡✛❡❦t✐✈
♦❣ ❛t ♠❡t♦❞❡♥ ❣❥ør ❞❡t ♠✉❧✐❣ å ✈✉r❞❡r❡ s♦♥❡rs ❣❡♦♠❡tr✐ ♦❣ ❦❛r❛❦t❡r✳ ❋♦r å s❡tt❡ ❞❡t
♣å s♣✐ss❡♥✱ ❦❛♥ ♠❛♥ s✐ ❛t r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦❡♥ ♣å ❞❡♥ ❛♥❞r❡ s✐❞❡♥ ❡r ❞②r✱ t✉♥❣✈✐♥♥
♦❣ ❣✐r ❢♦r❤♦❧❞s✈✐s ❧✐t❡ ✐♥❢♦r♠❛s❥♦♥ ♦♠ s✈❛❦❤❡tss♦♥❡♥❡ ✉t♦✈❡r ❡♥ r❡♥ ✐❞❡♥t✐✜s❡r✐♥❣✳

❇❡❣❣❡ ♠❡t♦❞❡♥❡ ❤❛r ❞❡r✐♠♦t ✈✐st s❡❣ å ✈ær❡ ❡t ❣♦❞t t✐❧s❦✉❞❞ t✐❧ ❢❡❧t❦❛rt❧❡❣❣✐♥❣❡♥✳
◆år ❞❡t ❦♦♠♠❡r t✐❧ s✈❛❦❤❡tss♦♥❡r✱ s❡r ❞❡t ❞❡r✐♠♦t ✉t t✐❧ ❛t r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦❡♥
❤❛r ❜❡❣r❡♥s❡t ✈❡r❞✐ ♥år ❞❡♥ ❜❧✐r ❜r✉❦t ✐ ❦♦♠❜✐♥❛s❥♦♥ ♠❡❞ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r
så ❢r❡♠t ❢♦r❤♦❧❞❡♥❡ ❧✐❣❣❡r t✐❧ r❡tt❡ ❢♦r r❡s✐st✐✈✐t❡ts♠❡t♦❞❡♥✳ ❘❡s✉❧t❛t❡♥❡ t②❞❡r ♣å
❛t r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦❡♥ ✐ ❞✐ss❡ t✐❧❢❡❧❧❡r ✐❦❦❡ ✈✐❧ ❣✐ ♥♦❡ ❡❦str❛ ✐♥❢♦r♠❛s❥♦♥ ♦♠
s✈❛❦❤❡tss♦♥❡r ✉t♦✈❡r ❞❡t r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡♥❡ ❣✐r✳ ❉❡rs♦♠ ❢♦r❤♦❧❞❡♥ ✐❦❦❡ ❧✐❣❣❡r
t✐❧ r❡tt❡ ❢♦r r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r✱ ✈✐❧ ❞❡r✐♠♦t s❡✐s♠✐❦❦❡♥ ✈ær❡ ♥②tt✐❣ å ❣❥❡♥♥♦♠❢ør❡
✐ t✐❧❧❡❣❣✳ ❉❡♥♥❡ ✈✉r❞❡r✐♥❣❡♥ ❣❥ør❡s ✐ ❧②s ❛✈ ❛t s❡✐s♠✐❦❦❡♥ ✐❦❦❡ ❤❛r ❛✈❞❡❦t ♥♦❡♥ ❡❣♥❡
s♦♥❡r ✐ ❑♥❛♣♣❡t✉♥♥❡❧❡♥✱ ♠❡♥s ✐ ❊✐❦r❡♠t✉♥♥❡❧❡♥✱ ❤✈♦r ❞❡♥ ❣❡♥❡r❡❧❧❡ r❡s✐st✐✈✐t❡t❡♥
✐ ❜❡r❣♠❛ss❡♥ ✈❛r ❧❛✈✱ ❤❛r ❞❡♥ ❢✉♥♥❡t t♦ ❡❣♥❡ s♦♥❡r✳

❯t ❢r❛ ❞❡tt❡ s❦✉❧❧❡ ❡♥ tr♦ ❛t ❞❡♥ ❦❧❛r❡ ❦♦♥❦❧✉s❥♦♥❡♥ ❢r❛ ❞❡tt❡ ❛r❜❡✐❞❡t ❡r
❛t ❞❡rs♦♠ ❢♦r❤♦❧❞❡♥❡ t✐❧s②♥❡❧❛t❡♥❞❡ ❧✐❣❣❡r t✐❧ r❡tt❡ ❢♦r r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r
❜ør ❞❡♥♥❡ ♠❡t♦❞❡♥ t❛ ♦✈❡r ❢♦r s❡✐s♠✐❦❦❡♥✳ ❉❡tt❡ ❡r ✐♠✐❞❧❡rt✐❞ ✐❦❦❡ t✐❧❢❡❧❧❡✿
❘❡s✐st✐✈✐t❡ts♠❡t♦❞❡♥ ❡r ❢♦rts❛tt ❡♥ ❢♦r❤♦❧❞s✈✐s ♥② ♠❡t♦❞❡✳ ❚✐❧ tr♦ss ❢♦r ❛t ♠❡t♦❞❡♥
❜❧❡ ❜r✉❦t ♦❣ ✈✐st❡ ❧♦✈❡♥❞❡ r❡s✉❧t❛t❡r ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ❢♦r ❡❦s❡♠♣❡❧ ❇♦❧♠❡♥t✉♥♥❡❧❡♥
❛❧❧❡r❡❞❡ ♣å ✼✵✲t❛❧❧❡t✱ ❤❛r ♠❡t♦❞❡♥ ❜❧✐tt ❧✐t❡ ❜❡♥②tt❡t s✐❞❡♥ ✭s❡ ❆✈s♥✐tt ✸✳✷✮✳
❉❡tt❡ ❣❥ør ❛t ❡r❢❛r✐♥❣s❣r✉♥♥❧❛❣❡t ♣å ❜r✉❦ ❛✈ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r s♦♠ ❡♥ ❞❡❧
❛✈ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ❢♦r t✉♥♥❡❧♣r♦s❥❡❦t❡r ❡r ❜❡❣r❡♥s❡t✱ ♦❣ ❢♦rts❛tt ❡r ❞❡t ✢❡r❡
✉s✐❦❦❡r❤❡t❡r ❦♥②tt❡t t✐❧ ♠❡t♦❞❡♥✳ ❙♦♠ ❜❡s❦r❡✈❡t ✐ ❆✈s♥✐tt ✸✳✷ ♦❣ ✻✳✶✳✷ ❣år ❞❡tt❡
♣å ❢♦r❤♦❧❞ ✐ ❢❡❧t✱ så ✈❡❧ s♦♠ ♣å ✐♥✈❡rs❥♦♥s♣r♦s❡ss❡♥ ❛✈ ♠å❧❡❞❛t❛❡♥❡✿ ❉❡t ❡r
✉s✐❦❦❡rt ♦♠ ♠❡t♦❞❡♥ ♦❣ t♦❧❦♥✐♥❣❡♥❡ ❛✈ r❡s✉❧t❛t❡♥❡ ❦❛♥ ♦✈❡r❢ør❡s ❞✐r❡❦t❡ t✐❧ ❛♥❞r❡
❣❡♦❧♦❣✐s❦❡ ♠✐❧❥ø❡r✳ ❇❧❛♥t ❛♥♥❡t ❤❛r ♠❡t♦❞❡♥ ✈✐st s❡❣ å ❢✉♥❣❡r❡ ❞år❧✐❣ ✐ ❧❡✐rs❦✐❢r❡♥❡
✐ ❖s❧♦❢❡❧t❡t ✭s❡ ❆✈s♥✐tt ✸✳✷✳✷✮✳ ❖❣ t✐❧ tr♦ss ❢♦r ❛t ❞❡t ❡r ❣❥❡♥♥♦♠❢ørt st✉❞✐❡r ❢♦r
å ø❦❡ ❢♦rstå❡❧s❡♥ ❛✈ ♠♦❞❡❧❧❡♥ ♠❡t♦❞❡♥ ❣✐r ✉t ✭s❡ ❆✈s♥✐tt ✸✳✷✳✶✮✱ ✈✐s❡r r❡s✉❧t❛t❡♥❡
❢r❛ ❞❡tt❡ ♠❛st❡r❛r❜❡✐❞❡t ❛t ❞❡t ❢♦rts❛tt ♦♣♣står ❡♥ ❞❡❧ ❢❡✐❧❛❦t✐❣❡ t♦❧❦♥✐♥❣❡r✳ ❖♠
♠❡t♦❞❡♥ ❦❛♥ støtt❡ s❡❣ ♣å ❡t ❜r❡❞❡r❡ ❡r❢❛r✐♥❣s❣r✉♥♥❧❛❣✱ ✈✐❧ ❞❡♥ ❛❧tså ❦✉♥♥❡ ø❦❡ s✐♥
♥②tt❡✈❡r❞✐✳

❊♥ ❛♥♥❡♥ ✐♥t❡r❡ss❛♥t t❛♥❦❡ ❡r ❛t ♠❡t♦❞❡♥s t❡♦r❡t✐s❦❡ ❡✈♥❡ t✐❧ å ❛♥❣✐ s✈❛❦❤❡tss♦♥❡rs
♦r✐❡♥t❡r✐♥❣ ♦❣ ❦❛r❛❦t❡r ❣❥ør ❛t ❞❡♥ s♦♠ s❦❛❧ ❜r✉❦❡ r❡s✉❧t❛t❡♥❡✱ ♦❣ s♦♠ ❦❛♥s❦❥❡ ✐❦❦❡
❤❛r ❣❥♦rt s❡❣ ❦❥❡♥t ♠❡❞ t❡♦r✐❡♥ ❜❛❦ ♠❡t♦❞❡♥✱ ❧❡tt ❦❛♥ st♦❧❡ ❜❧✐♥❞t ♣å r❡s✉❧t❛t❡♥❡
♦❣ ♦♣♣❢❛tt❡ ❞❡ s♦♠ ❡♥ ❜❡s❦r✐✈❡❧s❡ ❛✈ ❞❡ ✈✐r❦❡❧✐❣❡ ❣r✉♥♥❢♦r❤♦❧❞❡♥❡✳ ❱❡❞ ❜r✉❦ ❛✈
r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦ ❡r ❜r✉❦❡r❡♥ ❛♥t❛❦❡❧✐❣✈✐s ♠❡r ✐♥♥❡❢♦rstått ♠❡❞ ❜❡❣r❡♥s♥✐♥❣❡♥❡
✈❡❞ ♠❡t♦❞❡♥✳

❉❡rs♦♠ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r s❦❛❧ ❦✉♥♥❡ ❦♦♥❦✉rr❡r❡ ♠❡❞ r❡❢r❛❦s❥♦♥ss❡✐♠s✐❦❦❡♥✱ ✈✐❧
❞❡t ❛❧tså ❢♦r ❞❡t ❢ørst❡ ✈ær❡ ♥ø❞✈❡♥❞✐❣ å ❢å ♠❡r ❡r❢❛r✐♥❣ ✐ ❜r✉❦ ❛✈ ♠❡t♦❞❡♥✳ ■ t✐❧❧❡❣❣
❜ør ♠❡t♦❞❡♥s ♣r✐♥s✐♣♣❡r ♦❣ s✈❛❦❤❡t❡r ❦♦♠♠❡ ❢r❛♠ ♣å ❡♥ t②❞❡❧✐❣ ♠åt❡ ❢♦r ❞❡ s♦♠
❡✈❡♥t✉❡❧t s❦❛❧ ❜❡♥②tt❡ r❡s✉❧t❛t❡♥❡ ✐ s✐♥❡ t♦❧❦♥✐♥❣❡r ❛✈ ❣r✉♥♥❢♦r❤♦❧❞❡♥❡✳



✻✳✸✳ ▲❆❇❖❘❆❚❖❘■❊❯◆❉❊❘❙Ø❑❊▲❙❊❘ ✶✷✶

✻✳✸ ▲❛❜♦r❛t♦r✐❡✉♥❞❡rsø❦❡❧s❡r

På ❣r✉♥♥ ❛✈ ❛t ❞❡t ❦✉♥ ❡r r❡❣✐str❡rt ♠♦❞❡r❛t❡ s✈❡❧❧❡tr②❦❦ ✈❡❞ ❊✐❦r❡♠t✉♥♥❡❧❡♥ ♦❣
❢♦r❞✐ ❑♥❛♣♣❡t✉♥♥❡❧❡♥ ❢♦rts❛tt ✐❦❦❡ ❡r ❢❡r❞✐❣ ❞r❡✈❡t✱ ❡r ❣r✉♥♥❧❛❣❡t ❢♦r å ✈✉r❞❡r❡ ♥②t✲
t❡✈❡r❞✐❡♥ ❛✈ ❧❛❜♦r❛t♦r✐❡✉♥❞❡rsø❦❡❧s❡r ❢♦r ❜❡st❡♠♠❡❧s❡ ❛✈ s✐❦r✐♥❣s♦♠❢❛♥❣ ✉t ❢r❛ ❡r✲
❢❛r✐♥❣❡♥❡ ❤❡r❢r❛ ♥♦❡ t②♥t✳ ❚❛❜❡❧❧ ✻✳✷ r❡♣❡t❡r❡r r❡s✉❧t❛t❡♥❡ ❢r❛ s✈❡❧❧❡tr②❦❦s♠å❧✐♥❣❡♥
♦❣ s✐❦r✐♥❣s♦♠❢❛♥❣❡t ❣❥❡♥♥♦♠ ❞❡♥ t✐❧❤ør❡♥❞❡ s♦♥❡♥✱ t✐❞❧✐❣❡r❡r ♣r❡s❡♥t❡rt ✐ ❆✈s♥✐tt
✹✳✸ ♦❣ ✺✳✸✳ ■ t❛❜❡❧❧❡♥ ❡r ♣rø✈❡t❛❦✐♥❣❡♥s ♣r♦✜❧♥✉♠♠❡r ❦♦rr❡❧❡rt ♠❡❞ s✈❛❦❤❡tss♦♥❡♥❡
❢✉♥♥❡t ✐ t✉♥♥❡❧✳

❚❛❜❡❧❧ ✻✳✷ ✕ ❖✈❡rs✐❦t ♦✈❡r ♠å❧t s✈❡❧❧❡tr②❦❦ ♦❣ t✐❧❤ør❡♥❞❡ s✐❦r✐♥❣s♦♠❢❛♥❣ ✐ t✉♥♥❡❧✳

❙♦♥❡ Prø✈❡ ❙✈❡❧❧❡tr②❦❦✱ ▼P❛ ❇❡r❣s✐❦r✐♥❣

❊✽
✶ ✵✱✷✻

❋♦r✐♥❥❡❦s❥♦♥
❋♦r❜♦❧t❡r ♠❡❞ ❢❥❡❧❧❜å♥❞
❙✐❦r✐♥❣s❜✉❡r✷ ✵✱✷✾

❑✶✵ ✶✶✲✼✽✷✽ ✵✱✸✵ ❋♦r✐♥❥❡❦s❥♦♥
❋♦r❜♦❧t❡r ♠❡❞ ❢❥❡❧❧❜å♥❞
❙✐❦r✐♥❣s❜✉❡r

❑✶✷

✶✷✲✽✸✶✵ ✵✱✹✸ ❋♦r✐♥❥❡❦s❥♦♥
❙✐❦r✐♥❣s❜✉❡r
❋♦r❜♦❧t❡r ♠❡❞ ❢❥❡❧❧❜å♥❞
✭❙✐❦r✐♥❣❡♥ s❦❛❧ s✉♣♣❧❡r❡s ✐ ❧ø♣
✶✶✳✮

✶✷✲s♦♥❡ ✶✷ ✭❆✮ ✵✱✶✺

✶✷✲s♦♥❡ ✶✷ ✭❇✮ ■❦❦❡ ♥♦❦ ♠❛t✳

✶✶✲✽✸✸✾ ✭❆✮ ✵✱✶✺

✶✶✲✽✸✸✾ ✭❇✮ ✵✱✷✵

✶✷✲✽✺✻✺ ✶✶✲✽✺✼✵ ✵✱✶✻ ❋♦r❡❧ø♣✐❣ ✐♥❣❡♥ ❡❦str❛ s✐❦r✐♥❣

▲ø♣ ✶✶ ✶✶✲✽✻✺✶ ✵✱✻✵ ❋♦r❡❧ø♣✐❣ ✐♥❣❡♥ ❡❦str❛ s✐❦r✐♥❣

❑✶✸

✶✷✲✽✽✵✷ ✭❆✮ ✵✱✵✽ ❙②st❡♠❛t✐s❦ ❜♦❧t❡r ♥❡❞ t✐❧ så❧❡
❙✐❦r✐♥❣s❜✉❡r
❋♦r❜♦❧t✐♥❣ ♠❡❞ ❢❥❡❧❧❜å♥❞
✭❙✐❦r✐♥❣❡♥ s❦❛❧ s✉♣♣❧❡r❡s ♣❣❛✳
❞år❧✐❣ ❤♦❧❞ ✐ ❜❡r❣❡t✳✮

✶✷✲✽✽✷✵ ✵✱✶✵

✶✷✲✽✽✷✺ ✵✱✶✷

❊r❢❛r✐♥❣❡r ❡r ❞❡r✐♠♦t ❣❥♦rt ✈❡❞rør❡♥❞❡ ♠❡t♦❞❡♥s ❣❡♥❡r❡❧❧❡ ❡❣❡♥s❦❛♣❡r ♦❣ ❜r✉❦❡r✲
✈❡♥♥❧✐❣❤❡t✳ ❉✐ss❡ ❞❛♥♥❡r ❤❡r ❣r✉♥♥❧❛❣❡t ❢♦r ❡♥ ❞✐s❦✉s❥♦♥ ❛✈ ♥②tt❡✈❡r❞✐❡♥ ❛✈ ❧❛❜♦✲
r❛t♦r✐❡✉♥❞❡rsø❦❡❧s❡r✳

❙✈❡❧❧❡♥❞❡ ♠✐♥❡r❛❧❡r ❡r ♦❢t❡ ❞❡♥ størst❡ ✉t❢♦r❞r✐♥❣❡♥ ✈❡❞ ❦r②ss✐♥❣ ❛✈ ❧❡✐rs♦♥❡r ✐
t✉♥♥❡❧❡r✳ ❊t ✈❡r❦tø② ❢♦r å ✈✉r❞❡r❡ s✐❦r✐♥❣s♦♠❢❛♥❣ ❣❥❡♥♥♦♠ ❧❡✐r❤♦❧❞✐❣❡ s♦♥❡r ❡r
❧❛❜♦r❛t♦r✐❡✉♥❞❡rsø❦❡❧s❡r✱ ❤✈♦r r❡s✉❧t❛t❡♥❡ ❜r✉❦❡s ❢♦r å ✈✉r❞❡r❡ ❜❡❤♦✈❡t ❢♦r t✉♥❣
s✐❦r✐♥❣ ❣❥❡♥♥♦♠ s♦♥❡♥✳ ▲❛❜♦r❛t♦r✐❡✉♥❞❡rsø❦❡❧s❡r ♣å s❧❡♣♣❡♠❛t❡r✐❛❧❡ s♦♠ ❡♥ ❞❡❧ ❛✈
❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ❡r s❥❡❧❞❡♥t ❜r✉❦t✳ ❉❡tt❡ t✐❧ tr♦ss ❢♦r ❛t ❤✈♦r✈✐❞t s♦♥❡r ✉tø✈❡r ❡t
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❤ø②t s✈❡❧❧❡tr②❦❦ ❡❧❧❡r ✐❦❦❡ ❤❛r st♦r❡ ø❦♦♥♦♠✐s❦❡ ❦♦♥s❡❦✈❡♥s❡r ✭s❡ ❆✈s♥✐tt ✷✳✻✳✶✮✳

Pr♦❜❧❡♠❡t ♠❡❞ å ✉t❢ør❡ ❧❛❜t❡st✐♥❣❡♥ s♦♠ ❡♥ ❞❡❧ ❛✈ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ❡r ❞❡♥
❜❡❣r❡♥s❡❞❡ ♠✉❧✐❣❤❡t❡r ❢♦r å ❢å t❛tt ♠❛t❡r✐❛❧♣rø✈❡r✿ ❑❥❡r♥❡❜♦r✐♥❣ ❡r s♦♠ s❛❣t ❡♥✱
♦♠ ❡♥♥ ♥♦❡ t✉♥❣✈✐♥♥✱ ♠✉❧✐❣❤❡t✳ ❋år ❡♥ ✐♠✐❞❧❡rt✐❞ s❛♠❧❡t ♥♦❦ ♠❛t❡r✐❛❧❡ t✐❧ å ❦❥ør❡
❡♥ ♠✐♥❡r❛❧♦❣✐s❦ ✉♥❞❡rsø❦❡❧s❡✱ ❦❛♥ ❡♥ ✐ ❛❧❧❡❢❛❧❧ ❢å ✐♥❢♦r♠❛s❥♦♥ ♦♠ ❤✈♦r✈✐❞t s✈❡❧❧❡♥❞❡
♠✐♥❡r❛❧❡r ✜♥♥❡s ❡❧❧❡r ✐❦❦❡✳ ❉❡rs♦♠ ❡♥ ❤❛r ❞✐r❡❦t❡ t✐❧❣❛♥❣ t✐❧ s♦♥❡♥ ❢r❛ ❞❛❣❡♥ ❡r ❞❡t
❥♦ ♦❣så ♠✉❧✐❣ å størr❡ t❛ ♣rø✈❡r ❞✐r❡❦t❡✳ Pr♦❜❧❡♠❡t ♠❡❞ ❞❡tt❡ ❡r ❛t ❞❡♥ ❞❛❣♥ær❡
♣rø✈❡♥ ✈✐❧ ❦✉♥♥❡ ✈ær❡ ✈❡s❡♥t❧✐❣ ❢♦rs❦❥❡❧❧✐❣ ❢r❛ ❡♥ ♣rø✈❡ t❛tt ✐ t✉♥♥❡❧♥✐✈å✳ ▼❡st
s❛♥♥s②♥❧✐❣ ✈✐❧ ♥♦❦ ✉❛♥s❡tt ♥② ♣rø✈❡ t❛s ✐ t✉♥♥❡❧❡♥✱ s❧✐❦ ❛t ❧❛❜♦r❛t♦r✐❡✉♥❞❡rsø❦❡❧s❡r
✉♥❞❡r ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ❦❛♥ ✈ær❡ ✈❛♥s❦❡❧✐❣ å ❢♦rs✈❛r❡ ✉t ❢r❛ ❡♥ t♦t❛❧✈✉r❞❡r✐♥❣ ❛✈
♥②tt❡ ♦❣ ❦♦st♥❛❞❡r✳

❊r❢❛r✐♥❣❡r ❢r❛ ❊✐❦r❡♠✲ ♦❣ ❑♥❛♣♣❡t✉♥♥❡❧❡♥ ✈✐s❡r ❛t ❤❡❧❧❡r ✐❦❦❡ ♣rø✈❡r t❛tt ♣å st✉✛
✐ t✉♥♥❡❧❡♥ ❜❡❤ø✈❡r ✈ær❡ r❡♣r❡s❡♥t❛t✐✈❡ ❢♦r ❞❡ ❣❡♥❡r❡❧❧❡ s✈❡❧❧❡❡❣❡♥s❦❛♣❡♥❡ ✐ s♦♥❡♥✳
▼❡❞ ✉t❣❛♥❣s♣✉♥❦t ✐ ❚❛❜❡❧❧ ✺✳✸✱ s❡r ❡♥ ❛t ❞❡t ✈❡❞ ❑♥❛♣♣❡t✉♥♥❡❧❡♥ ❡r t❛tt t♦ ♣rø✈❡r
♣å s❛♠♠❡ st✉✛ ✭♣rø✈❡ ❆ ♦❣ ❇✮ ✈❡❞ tr❡ ♣r♦✜❧❡r✳ ■ t♦ ❛✈ t✐❧❢❡❧❧❡ ✈✐s❡r ❞✐ss❡ ❢♦r❤♦❧❞s✈✐s
❧✐❦❡ ❡❣❡♥s❦❛♣❡r ♠t♣ ♠✐♥❡r❛❧✐♥♥❤♦❧❞✱ ♠❡♥ ♦♠ ❡♥ s❡r ♣å ♣rø✈❡ ✶✷✲✽✽✵✷ ❆ ♦❣ ❇✱ ❡r
s✈❡❧❧❡❧❡✐r❡✐♥♥❤♦❧❞❡t ✐ ♣rø✈❡♥❡ s✈ært ❢♦rs❦❥❡❧❧✐❣ ✭❤❡♥❤♦❧❞s✈✐s ✺ ✇t✪ ♦❣ ✺✾ ✇t ✪✮✳
Prø✈❡♥ ♠❡❞ ❧❛✈❡st ♠♦♥t♠♦r✐❧❧♦♥✐tt✐♥♥❤♦❧❞ ❣✐r ❡t ❧❛✈t s✈❡❧❧❡tr②❦❦ ✭✵✱✵✽ ▼P❛✮ ♠❡♥s
❞❡t ❢♦r ♣rø✈❡ ❇ ✐❦❦❡ ✈❛r ♥♦❦ ♠❛t❡r✐❛❧❡ t✐❧ å ♠å❧❡ s✈❡❧❧❡tr②❦❦❡t✳

■ ❋✐❣✉r ✻✳✸ ❡r s✈❡❧❧❡tr②❦❦ ♣❧♦tt❡t ♠♦t t✐❧❤ør❡♥❞❡ s✈❡❧❧❡❧❡✐r❡✐♥♥❤♦❧❞ ❢♦r ❛❧❧❡ ♣rø✈❡♥❡
❢r❛ ❑♥❛♣♣❡t✉♥♥❡❧❡♥✳ ❊♥ ❡❦s♣♦♥❡♥t✐❛❧❢✉♥❦s❥♦♥ ❡r t✐❧♣❛ss❡t ♠å❧❡❞❛t❛❡♥❡✳ ❯t ❢r❛
✜❣✉r❡♥ s❡r ❞❡t ✉t t✐❧ ❛t ❡♥ ♣rø✈❡ ♠❡❞ ✺✾ ✇t✪ s✈❡❧❧❡❧❡✐r❡ ❦❛♥ ❛♥t❛s å ✉tø✈❡ ❡t
s✈❡❧❧❡tr②❦❦ r✉♥❞t ✵✱✸✺ ▼P❛ ✉t ❢r❛ ❞❡♥ ❣❡♥❡r❡❧❧❡ tr❡♥❞❡♥ ✈❡❞ ❑♥❛♣♣❡t✉♥♥❡❧❡♥✳ ❉❡tt❡
❡r ♥❡st❡♥ ✹✹✵ ✪ ❛✈ s✈❡❧❧❡tr②❦❦❡t ♠å❧t ♣å ❆✲♣rø✈❡♥ ❢r❛ s❛♠♠❡ st✉✛✦
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❋✐❣✉r ✻✳✸ ✕ P❧♦tt ❛✈ ♠å❧t s✈❡❧❧❡tr②❦❦ ♠♦t s♠❡❦t✐tt✐♥♥❤♦❧❞ ♠❡❞ t✐❧♣❛ss❡t
❡❦s♣♦♥❡♥t✐❛❧❢✉❦s❥♦♥ ❢♦r s❧❡♣♣❡♣rø✈❡r ❢r❛ ❑♥❛♣♣❡t✉♥♥❡❧❡♥✳

❉❡tt❡ ✈✐s❡r t②❞❡❧✐❣ ❛t ❡♥ ♣rø✈❡ ♥ø❞✈❡♥❞✐❣✈✐s ✐❦❦❡ ❡r r❡♣r❡s❡♥t❛t✐✈ ❢♦r ❢♦r❤♦❧❞❡♥❡ ✐
❤❡❧❡ s♦♥❡♥ ♦❣ r❡♣r❡s❡♥t❡r❡r ❡♥ ❦❧❛r s✈❛❦❤❡t ✐ ❢♦r❤♦❧❞ t✐❧ å ❜❡♥②tt❡ ❧❛❜♦r❛t♦r✐❡✉♥❞❡r✲
sø❦❡❧s❡r s♦♠ ❜❡st❡♠♠❡♥❞❡ ❢❛❦t♦r ❢♦r ❡♥❞❡❧✐❣ s✐❦r✐♥❣✳ ❱❡❞ ✉❤❡❧❞✐❣ ♣rø✈❡t❛❦✐♥❣ ❦❛♥
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❡♥ ♠å❧❡ ❡t ♠②❡ ❧❛✈❡r❡ s✈❡❧❧❡tr②❦❦ ❡♥ ❞❡t ❡♥ ❢❛❦t✐s❦ ❤❛r ✐ s♦♥❡♥✳ På ❞❡♥♥❡ ♠åt❡♥
❦❛♥ ❡♥ ❣å ❣❧✐♣♣ ❛✈ s♦♥❡r s♦♠ ❡❣❡♥t❧✐❣ ❜✉r❞❡ ❤❛tt t✉♥❣ s✐❦r✐♥❣✳ ❋♦r å ❜❡❞r❡ s✐❦r❡
s❡❣ ♠♦t ❞❡tt❡✱ ✈✐❧ ❞❡t ✈ær❡ ❧✉rt å t❛ ✢❡r❡ ♣rø✈❡r ✈❡❞ s❛♠♠❡ st✉✛ ♦❣ ❦❥ør❡ ♣❛r❛❧❧❡❧❧❡
❛♥❛❧②s❡r ♣å ❞✐ss❡✳ ■ ✈✉r❞❡r✐♥❣❡♥ ❛✈ ❜❡❤♦✈ ❢♦r ✈✐❞❡r❡ s✐❦r✐♥❣ ❜ør ❞❡r❡tt❡r ❞❡t ❤ø②❡st
r❡❣✐str❡rt❡ s✈❡❧❧❡tr②❦❦❡t ❧❡❣❣❡s t✐❧ ❣r✉♥♥✳

❙❧❡♣♣❡♠❛t❡r✐❛❧❡t ❦❛♥ ❛❧tså ✈❡s❡♥t❧✐❣ ❡♥❞r❡ ❦❛r❛❦t❡r ♦✈❡r ❛✈st❛♥❞❡r ♣å ♥♦❡♥ ❢å
♠❡t❡r✳ ❉❡♥♥❡ ♦❜s❡r✈❛s❥♦♥❡♥ t❛❧❡r ❢♦r ❛t ✉♥❞❡rsø❦❡❧s❡♥❡ ❛✈ s❧❡♣♣❡♠❛t❡r✐❛❧❡t ❜ør
✉ts❡tt❡s t✐❧ ❜②❣❣❡❢❛s❡♥ ❛✈ t✉♥♥❡❧❡r✳ ❉❡rs♦♠ ❡♥ ♣rø✈❡t❛r s❧❡♣♣❡♠❛t❡r✐❛❧❡ ❢r❛ ❞❛❣❡♥
✈❡❞ ❜r✉❦ ❛✈ ❦❥❡r♥❡❜♦r✐♥❣✱ ✈✐❧ ❞❡t ❢♦r ❞❡t ❢ørst❡ ♠❡st s❛♥♥s②♥❧✐❣ ❦✉♥ ❜❧✐ t❛tt é♥ ♣rø✈❡✳
❋♦r ❞❡t ❛♥❞r❡ ❦❛♥ ❞❡t ✈ær❡ ❛t ❞❡♥♥❡ ♣rø✈❡♥ ✐❦❦❡ ❡r r❡♣r❡s❡♥t❛t✐✈ ❢♦r ❢♦r❤♦❧❞❡♥❡ ✐
t✉♥♥❡❧❡♥✱ ❞❛ ♠❛t❡r✐❛❧❡❣❡♥s❦❛♣♥❡ ✈❛r✐❡r❡r ✈❡❧❞✐❣ s❡❧✈ ♦✈❡r ❦♦rt❡ ❛✈st❛♥❞❡r✳

❯ts❡tt❡❧s❡ ❛✈ ✉♥❞❡rsø❦❡❧s❡♥❡ t✐❧ ❜②❣❣❡st❛❞✐❡t ❤❛r ❞♦❣ s✐♥❡ ✉❧❡♠♣❡r✳ ❙♦♠ ♥❡✈♥t
❡r ❞❡t ø❦♦♥♦♠✐s❦ ♦❣ t✐❞s♠❡ss✐❣ ❢♦r♥✉❢t✐❣ å ✈✐t❡ ❤✈♦r✈✐❞t t✉♥❣ ❜❡r❣s✐❦r✐♥❣ ✐ ❢♦r♠
❛✈ ✉tstø♣♥✐♥❣ ❦r❡✈❡s ❢ør ❞❡♥ ❛❦t✉❡❧❧❡ s♦♥❡♥ ♣❛ss❡r❡s✳ ❯t ❢r❛ ❜❡st✐❧❧✐♥❣ss❦❥❡♠❛❡t
❢♦r ❧❛❜♦r❛t♦r✐❡t❡st✐♥❣ ♦❣ ❢r❛ s❡❧✈❡ ❧❛❜♦r❛t♦r✐❡r❛♣♣♦rt❡♥ ❢♦r s✈❡❧❧❡❢♦rsø❦❡♥❡ ✈❡❞
❑♥❛♣♣❡t✉♥♥❡❧❡♥✱ s❡r ❡♥ ❛t ❞❡t t♦❦ ♥❡st❡♥ t♦ ♠å♥❡❞❡r ❢r❛ ❜❡st✐❧❧✐♥❣❡♥ ❛✈
s✈❡❧❧❡tr②❦❦st❡st ♦❣ ❳❘❉✲❛♥❛❧②s❡ ✈❛r ✐♥♥❡ t✐❧ r❛♣♣♦rt❡♥ ❢r❛ ❧❛❜♦r❛t♦r✐❡t ❜❧❡ s❡♥❞t
t✐❧❜❛❦❡✳ ❋ør ❞❡tt❡ ❤❛❞❞❡ ✐ t✐❧❧❡❣❣ ❛❧❧❡ ♣rø✈❡♥❡ ❜❧✐tt t❡st❡t ❢♦r ❢r✐tt s✈❡❧❧❡✈♦❧✉♠✱ s❧✐❦ ❛t
t✐❞ ❢r❛ s✐st❡ ♣rø✈❡t❛❦✐♥❣ t✐❧ ♠♦tt❛tt s✈❡❧❧❡tr②❦❦r❡s✉❧t❛t ✈❛r ♥ær♠❡r❡ tr❡ ♠å♥❡❞❡r✳
På ❞❡♥♥❡ t✐❞❡♥ ❤❛❞❞❡ t✉♥♥❡❧❞r✐✈✐♥❣❡♥ ❦♦♠♠❡t ❧❛♥❣t✱ ♦❣ ❞❡ ❛❦t✉❡❧❧❡ s♦♥❡♥❡ ♣❛ss❡rt
❢♦r ❧❡♥❣❡ s✐❞❡♥✳

■ ❞❡tt❡ t✐❧❢❡❧❧❡t ❜❧❡ s✈ært ♠❛♥❣❡ ♣rø✈❡r s❡♥❞t t✐❧ t❡st✐♥❣ s❛♠t✐❞✐❣✱ s❧✐❦ ❛t ✈❡♥t❡t✐❞❡♥
♥♦❦ ❤❛r ❜❧✐tt ♥♦❡ ❧❡♥❣❡r ❡♥♥ ❞❡t s♦♠ ❡r ♥ø❞✈❡♥❞✐❣✳ ▲✐❦❡✈❡❧ ✈✐s❡r ❞❡t ❛t ❢♦r❤♦❧❞❡♥❡
✐❦❦❡ ❧✐❣❣❡r t✐❧ r❡tt❡ ❢♦r å ✉t♥②tt❡ ♠❡t♦❞❡♥ t✐❧ s✐tt ❢✉❧❧❡✳ ❍❛❞❞❡ ♣rø✈❡r❡s✉❧t❛t❡♥❡ ✈ært
❦❧❛r❡ ✐ ❧ø♣❡t ❛✈ ❡t ♣❛r ❞❛❣❡r✱ ❦✉♥♥❡ ❡♥ ❞❡rs♦♠ ❞❡t ✈❛r ♥ø❞✈❡♥❞✐❣ st❛rt❡t ♠❡❞ ❡t
✉t✈✐❞❡t ♣r♦✜❧ t✐❞❧✐❣ ✐ s✈❡❧❧❡❧❡✐r❡s♦♥❡♥ ♦❣ s❡♥❡r❡ ❡✈❡♥t✉❡❧t str♦ss❡t ✉t ❞❡ ♠❡t❡r❡♥❡
s♦♠ ✈❛r ❞r❡✈❡t ✐❣❥❡♥♥♦♠ ♣å ❞✐ss❡ ❢å ❞❛❣❡♥❡✳ P❡r ✐ ❞❛❣ ✈✐r❦❡r ❞❡t ✐❦❦❡ s♦♠ ♦♠ ❞❡♥
♥ø❞✈❡♥❞✐❣❡ ❦❛♣❛s✐t❡t❡♥ ♦❣ ❧♦❣✐st✐❦❦❡♥ ❡r t✐❧ st❡❞❡ ❢♦r å ❢å t✐❧ ❞❡tt❡✳

❉❡♥ tr❡❣❡ ♣r♦s❡ss❡♥ ❢♦r å ❢å ✉♥❞❡rsø❦t ♠❛t❡r✐❛❧❡t ✐ ❧❛❜ ❦❛♥ t❡♥❦❡s å ❤❛ ❡♥ ✉❤❡❧❞✐❣
❡✛❡❦t ♣å s✐❦❦❡r❤❡t❡♥ ✐ t✉♥♥❡❧❡♥✳ ❉❡t ❡r ♥å ❡♥❣❛♥❣ s❧✐❦ ❛t ø❦♦♥♦♠✐ ❡r ❡♥ ✈✐❦t✐❣ ❞❡❧ ❛✈
t✉♥♥❡❧❜②❣❣✐♥❣✱ ♦❣ ✐♥❣❡♥ ❡r ✐♥t❡r❡ss❡rt ✐ å ❞r✐✈❡ ♠❡❞ ✉♥ø❞✈❡♥❞✐❣ ✉t✈✐❞❡t t✈❡rrs♥✐tt✳
❙❛♠♠❡♥ ♠❡❞ ❞❡♥ ✉❦❧❛r❡ ❢♦r♠✉❧❡r✐♥❣❡♥ ❛♥❣✳ ❦r❛✈ t✐❧ ❜❡t♦♥❣✉tstø♣♥✐♥❣ ✭s❡ ❆✈s♥✐tt
✷✳✻✳✷✮ ❦❛♥ s❡♥ t✐❧❜❛❦❡♠❡❧❞✐♥❣ ♣å ❧❛❜♦r❛t♦r✐❡t❡st❡r ❢ør❡ t✐❧ ❛t s♦♥❡r✱ ❦❛♥s❦❥❡ ❢❡✐❧❛❦t✐❣
♦❣ ❦❛♥s❦❥❡ ♦✈❡r❧❛❣t✱ ❦♦♥❦❧✉❞❡r❡s ♠❡❞ å ✈ær❡ ✉♥❞❡r t♦ ♠❡t❡r ❜r❡❞❡ ✐ ✉tstr❡❦♥✐♥❣ ♦❣
♣å ❞❡♥ ♠åt❡♥ ❜❧✐r ❜❡t♦♥❣stø♣ ✉❛♥s❡tt ✐❦❦❡ ♥ø❞✈❡♥❞✐❣✳ ❙❧✐❦ ❞❡t ❡r ✐ ❞❛❣✱ ❧❡❣❣❡s ❞❡t
♦♣♣ t✐❧ ❛t ✉tstr❡❦♥✐♥❣❡♥ ❛✈ ❧❡✐rs♦♥❡♥ ❦❛♥ t♦❧❦❡s ❜å❞❡ s✈ært ❦♦♥s❡r✈❛t✐✈t ♦❣ ❧✐❜❡r❛❧t✳

■ t✐❧❧❡❣❣ st✐❧❧❡r ✐❦❦❡ ❙t❛t❡♥s ✈❡❣✈❡s❡♥ ♥♦❡ ❞✐r❡❦t❡ ❦r❛✈ t✐❧ ❛t s❧❡♣♣❡♠❛t❡r✐❛❧❡t s❦❛❧
✉♥❞❡rsø❦❡s✳ ■ ❚❡❦♥♦❧♦❣✐s❦ ❘❛♣♣♦rt ✷✺✸✽ står ❞❡t ❛t ✏✈❡❞ ♠✐st❛♥❦❡ ♦♠ s✈❡❧❧❡❧❡✐r❡
så s❦❛❧ ❞❡tt❡ ✉♥❞❡rsø❦❡s ❣r✉♥❞✐❣❡r❡ ♠❡❞ ❢❛r❣❡t❡st✱ s✈❡❧❧❡t❡st✱ ❞✐✛❡r❡♥t✐❛❧t❡r♠✐s❦
❛♥❛❧②s❡ ❡❧❧❡r rø♥t❣❡♥❞✐✛r❛❦s❥♦♥ ✭❳❘❉✮✳ ✏ ✭s❡ ❆✈s♥✐tt ✷✳✻✳✷✮✳ ❙tr❡♥❣ t❛tt ✜♥♥❡s ❞❡t
✐♥❣❡♥ ♠✉❧✐❣❤❡t❡r t✐❧ å s❡ s✈❡❧❧❡❧❡✐r❡ ✉♥❞❡r t✉♥♥❡❧❞r✐✈✐♥❣❡♥✱ s❧✐❦ ❛t ❞❡t ❡r ❢❛r❡ ❢♦r
❛t s✈❡❧❧❡♥❞❡ ♠❛t❡r✐❛❧❡r ✐❦❦❡ ❜❧✐r s❛♠❧❡t ✐♥♥ ♦❣ ✉♥❞❡rsø❦t ♥ær♠❡r❡✳ ❉❡tt❡ ❡r ❡♥
s✈❛❦❤❡t ♠❡❞ ❞❛❣❡♥s ❦r❛✈ s♦♠ ♦❣så ❍❛t❧❡♥❡s ✭✷✵✶✶✮ ❤❛r ❜✐tt s❡❣ ♠❡r❦❡ ✐❀ ✈❡❞
❑❛r♠ø②t✉♥♥❡❧❡♥ s♦♠ ❤❡♥♥❡s ♠❛st❡r❛r❜❡✐❞ ❞r❡✐❞❡ s❡❣ ♦♠✱ ❜❧❡ s✈❡❧❧❡❧❡✐r❡ ❛✈❞❡❦t
✈❡❞ ✢❡r❡ ❧♦❦❛s❥♦♥❡r ✈❡❞ r❡♥ t✐❧❢❡❧❞✐❣❤❡t✳
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❋år å ✉♥♥❣å å ♦✈❡rs❡ s✈❡❧❧❡❧❡✐r❡s♦♥❡r✱ ✈✐❧ s②st❡♠❛t✐s❦ ✐♥♥s❛♠❧✐♥❣ ❛✈ s❧❡♣♣❡♠❛t❡r✐❛❧❡r
❣❥❡♥♥♦♠ t✉♥♥❡❧❡♥ ✈ær❡ ♥②tt✐❣✳ ❉❡rs♦♠ ❞❡tt❡ s❦❛❧ ❤❛ ♥♦❡ ❢♦r s❡❣✱ ❡r ❞❡t s♦♠ ♥❡✈♥t
t✐❞❧✐❣❡r❡ ✈✐❦t✐❣ ♠❡❞ ❡t ❣♦❞t s②st❡♠ ❢♦r r❛s❦ ❧❛❜♦r❛t♦r✐❡t❡st✐♥❣ ❛✈ ♠❛t❡r✐❛❧❡t✳

❙♦♠ ❜❡s❦r❡✈❡t ✐ ❆✈s♥✐tt ✷✳✻✳✶ t❛r ✐❦❦❡ ❦r❛✈❡♥❡ st✐❧t ❛✈ ❙t❛t❡♥s ✈❡❣✈❡s❡♥ ❤❡♥s②♥
t✐❧ tr②❦❦❢♦r❤♦❧❞❡♥❡ ✐♥✲s✐t✉✳ ❑r❛✈❡♥❡ ❜❛s❡r❡r s❡❣ ♣å r❡s✉❧t❛t❡r ❢r❛ ❧❛❜♦r❛t♦r✐❡t❡st❡r
❣❥♦rt ♣å ❢♦rst②rr❡t ♣rø✈❡ ✉♥❞❡r ❢♦r❤♦❧❞ s♦♠ ❦❛♥ ✈ær❡ s✈ært ✉❧✐❦❡ ❢r❛ ❞❡ ✐ t✉♥♥❡❧❡♥✳
❉❡t ❡r ♥❛t✉r❧✐❣ å t❡♥❦❡ s❡❣ ❛t ❡♥ tørr s♦♥❡ ♠❡❞ ❧✐t❡ ✐♥♥❤♦❧❞ ❛✈ s✈❡❧❧❡❧❡✐r❡ ♦❣ ♠❡❞
♠②❡ ❣r♦✈❡ ❢r❛❣♠❡♥t❡r ✐ ✈✐r❦❡❧✐❣❤❡t❡♥ ✈✐❧ ✈ær❡ ♠✐♥❞r❡ ❦r✐t✐s❦ ❡♥♥ ❡♥ s♦♥❡ ♠❡❞
♠❡r ❧❡✐r❡ ♦❣ ♠✉❧✐❣❤❡t❡r ❢♦r å t❛ ♦♣♣ ✈❛♥♥✱ s❡❧✈ ♦♠ ❧❛❜♦r❛t♦r✐❡t❡st❡♥❡ ✈✐s❡r ❧✐❦❡
♣♦t❡♥s✐❡❧❧❡ s✈❡❧❧❡tr②❦❦ ✐ ❞❡ t♦ s✐t✉❛s❥♦♥❡♥❡✳ ❉❡tt❡ ✐❧❧✉str❡r❡s ❣♦❞t ♠❡❞ ❡r❢❛r✐♥❣❡♥❡
♥❡✈♥t ✐♥♥❧❡❞♥✐♥❣s✈✐s ✐ ♦♣♣❣❛✈❡♥✱ ❤✈♦r ❞❡t ✐ ❘❛❢♥❡s ✈❛♥♥t✉♥♥❡❧ ❣✐❦❦ r❛s ❧✐❦❡ ❡tt❡r ❛t
❞❡♥ ❜❧❡ s❛tt ✐ ❞r✐❢t ♦❣ ❢②❧t ♠❡❞ ✈❛♥♥ ✭s❡ ❆✈s♥✐tt ✶✳✶✮✳ ❍❡r ❜②❣❞❡ ✐❦❦❡ s✈❡❧❧❡tr②❦❦❡t
s❡❣ ♦♣♣ ❢ør s♦♥❡♥ ❦♦♠ ✐ ❦♦♥t❛❦t ♠❡❞ ✈❛♥♥❀ ❛❧tså ✐❦❦❡ ❢ør ❞❡ ②tr❡ ❢♦r❤♦❧❞❡♥❡ ✈❛r t✐❧
st❡❞❡ ✭s❡ ❆✈s♥✐tt ✷✳✻✳✶✮✳

På ❡♥ ❛♥♥❡♥ s✐❞❡ ❡r ❦♦♥s❡❦✈❡♥s❡♥ ❛✈ r❛s✉❧②❦❦❡r ✐ ❡♥ ✈❡❣t✉♥♥❡❧ ✈❡s❡♥t❧✐❣ størr❡ ❡♥♥
✐ ❡♥ ✈❛♥♥t✉♥♥❡❧✳ ❯t ❢r❛ ❞❡tt❡ ❡r ❞❡t ❢♦r♥✉❢t✐❣ ❛t ❦r❛✈❡♥❡ ❡r ❦♦♥s❡r✈❛t✐✈❡ ♦❣ ❜❛s❡sr❡r
s❡❣ ♣å ❞❡t ♣♦t❡♥s✐❡❧t ♠❛❦s✐♠❛❧❡ s✈❡❧❧❡tr②❦❦❡t s♦♠ ❦❛♥ ♦♣♣stå✳ På ❞❡♥♥❡ ♠åt❡♥ ❡r
❡♥ ❜❡❞r❡ s✐❦r❡t ♠♦t å ✉♥❞❡r✈✉r❞❡r❡ s✐❦r✐♥❣s♦♠❢❛♥❣❡t ✐ ✈❡❣t✉♥♥❡❧❡♥✳



❑❛♣✐tt❡❧ ✼

❑♦♥❦❧✉s❥♦♥

❇å❞❡ r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦ ♦❣ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r ❤❛r ✈✐st s❡❣ å ✈ær❡ ✈❡r❞✐❢✉❧❧❡ ✐
❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ❢♦r ✈❡❣t✉♥♥❡❧❡r✳

❘❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦❡♥ ✐ ❡♥ ❦♦♠❜✐♥❛s❥♦♥ ♠❡❞ ❢❡❧t❦❛rt❧❡❣❣✐♥❣ ❣✐r ❡t ❣♦❞t ❡st✐♠❛t
♣å ❜❡r❣♠❛ss❡❦✈❛❧✐t❡t❡♥ ❧❛♥❣s t✉♥♥❡❧str❡❦♥✐♥❣❡♥ ♦❣ ❦❛♥ ✐ t✐❧❧❡❣❣ å ❛✈❞❡❦❦❡
s✈❛❦❤❡tss♦♥❡r ✐ ❣r✉♥♥❡♥✳ ❉❡♥ st♦r❡ ❜❡❣r❡♥s♥✐♥❣❡♥ ✐ ♥②tt❡✈❡r❞✐❡♥ ❛✈ ♠❡t♦❞❡♥ ❧✐❣❣❡r
✐ ❞❡♥s ♠❛♥❣❧❡♥❞❡ ❡✈♥❡ t✐❧ å ✈✉r❞❡r❡ s✈❛❦❤❡tss♦♥❡rs ♦r✐❡♥t❡r✐♥❣ ♦❣ ✉tstr❡❦♥✐♥❣✱ ♥♦❡
s♦♠ ❤❛r ✈✐st s❡❣ å ❦✉♥♥❡ ❤❛ st♦r❡ ❦♦♥s❡❦✈❡♥s❡r ❢♦r ❛♥t❛tt tr❡✛♣✉♥❦t ♠❡❞ ❞❡♥
❛✈❞❡❦t❡ s♦♥❡♥✳ ❚♦♠♦❣r❛✜s❦ ✐♥✈❡rs❥♦♥ ❤❛r ✈❡❞ ❛♥❞r❡ ♣r♦s❥❡❦t❡r ✈✐st s❡❣ å ❦✉♥♥❡
❛♥s❧å ❢❛❧❧ ♦❣ ✉tstr❡❦♥✐♥❣ ♠♦t ❞②♣❡t ♦❣ ❤❡r ❧✐❣❣❡r ❡t ♠✉❧✐❣ ❢♦r❜❡❞r✐♥❣s♣♦t❡♥s✐❛❧❡ t✐❧
♠❡t♦❞❡♥✳

❘❡❢r❛❦s❥♦♥ss❡✐♠s✐❦❦ ❡r ❡♥ ❦♦st❜❛r ❣❡♦❢②s✐s❦ ✉♥❞❡rsø❦❡❧s❡s♠❡t♦❞❡✳ ❇r✉❦❡♥ ❜❡❣r❡♥s✲
❡s ❞❡r❢♦r t✐❧ ❞❡ ♠❡st ❦r✐t✐s❦❡ str❡❦♥✐♥❣❡♥❡ ❧❛♥❣s t✉♥♥❡❧❡♥ ♦❣ t✐❧ ♦♠rå❞❡r ❤✈♦r ❞❡t
❢r❛ ❢ør ❡r ❢♦r✈❡♥t❡t ❞år❧✐❣❡ ❜❡r❣❢♦r❤♦❧❞✳ ❘❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦ ❦❛♥ så❧❡❞❡s s✐ å ✈ær❡
❡♥ ♠❡r ❜❡❦r❡❢t❡♥❞❡ ❡♥♥ ❛✈❞❡❦❦❡♥❞❡ ♠❡t♦❞❡✳

❯♥❞❡r ❡❣♥❡❞❡ ❢♦r❤♦❧❞ ❤❛r r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡♥❡ ✈✐st st♦rt ♣♦t❡♥s✐❛❧❡ t✐❧ ❜å❞❡
å ❛✈❞❡❦❦❡ ♦❣ ✈✉r❞❡r❡ s✈❛❦❤❡tss♦♥❡r ✐ ❜❡r❣❣r✉♥♥❡♥ ♠❡❞ t❛♥❦❡ ♣å ♦r✐❡♥t❡r✐♥❣✱
r❡❦❦❡✈✐❞❞❡ ♦❣ s♦♥❡❦❛r❛❦t❡r✳ ❉❡♥ ❢♦r❡s❧ått❡ t♦❧❦♥✐♥❣s♠♦❞❡❧❧❡♥ ❢r❛ ▲✉♥♥❡rt✉♥♥❡❧❡♥
❤❛r ✈✐st s❡❣ å st❡♠♠❡ ❣♦❞t ✐ ❜å❞❡ ❊✐❦r❡♠t✉♥♥❡❧❡♥ ♦❣ ❑♥❛♣♣❡t✉♥♥❡❧❡♥✳ ❊r❢❛r✐♥❣❡♥❡
❛♥t②❞❡r ♠❡❞ ❛♥❞r❡ ♦r❞ ❛t ♠♦❞❡❧❧❡♥ ❞✐r❡❦t❡ ❦❛♥ ♦✈❡r❢ør❡s ❢r❛ ▲✉♥♥❡rt✉♥♥❡❧❡♥s
❣❡♦❧♦❣✐s❦❡ ♠✐❧❥ø t✐❧ ❣♥❡✐s❡♥❡ ✐ ❱❡st✲◆♦r❣❡✳

❙å ❧❡♥❣❡ ❡r❢❛r✐♥❣❡♥❡ ✐ ❜r✉❦ ❛✈ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r ✐ ✉❧✐❦❡ ❣❡♦❧♦❣✐s❦❡ ♠✐❧❥ø❡r
❡r så♣❛ss ❜❡❣r❡♥s❡t s♦♠ ✐ ❞❛❣✱ ❡r ❞❡t ❧✐t❡ ❛❦t✉❡❧t å ❧❛ ❞❡♥♥❡ ♠❡t♦❞❡♥ ♦✈❡rt❛

❢♦r r❡❢r❛❦s❥♦♥ss❡✐s♠✐s❦❡ ✉♥❞❡rsø❦❡❧s❡r ♣å ❧❛♥❞✳ ❘❡s✉❧t❛t❡♥❡ t❛❧❡r ✐♠✐❞❧❡rt✐❞ ❢♦r
✈✐❞❡r❡ ❜r✉❦ ❛✈ ♠❡t♦❞❡♥ ♦❣ s❛ts✐♥❣ ♣å å ✉t✈✐❦❧❡ ❡♥ ❜❡❞r❡ ❢♦rstå❡❧s❡ ♦❣ ❡t størr❡
❡r❢❛r✐♥❣s❣r✉♥♥❧❛❣ ✐ ✐♥♥s❛♠❧✐♥❣ ♦❣ t♦❧❦♥✐♥❣ ❛✈ ♠å❧❡❞❛t❛✳

◆år ❞❡t ❦♦♠♠❡r t✐❧ ♥②tt❡✈❡r❞✐❡♥ ❛✈ ❧❛❜♦r❛t♦r✐❡✉♥❞❡rsø❦❡❧s❡r ❛✈ s❧❡♣♣❡♠❛t❡r✐❛❧❡t
❦♦♥❦❧✉❞❡r❡s ❞❡t ♠❡❞ ❛t s❡❧✈❡ ♠❡t♦❞❡♥ ✐ t❡♦r✐❡♥ ❡❣♥❡r s❡❣ ❣♦❞t t✐❧ ✈✉r❞❡r✐♥❣ ❛✈ ❜❡❤♦✈
❢♦r t✉♥❣ s✐❦r✐♥❣ ✐ ✈❡❣t✉♥♥❡❧❡r✱ ♠❡♥ ❛t ✉t❢ør❡❧s❡♥ ✐ ♣r❛❦s✐s ♣r❡❣❡s ❛✈ ✉t✐❧str❡❦❦❡❧✐❣

✶✷✺
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❧♦❣✐st✐❦❦ ♦❣ ❦❛♣❛s✐t❡t✳ ❑r❛✈❡♥❡ s♦♠ ❣✐s ❛✈ ❙t❛t❡♥s ✈❡❣✈❡s❡♥ ✈❡❞rør❡♥❞❡ ❜r✉❦ ❛✈
t✉♥❣ s✐❦r✐♥❣ ❣❥❡♥♥♦♠ s✈❡❧❧❡s♦♥❡r ❡r ❞❡ss✉t❡♥ ❢♦r ✈❛❣t ❢♦r♠✉❧❡rt t✐❧ ❛t ♠❡t♦❞❡♥s
❢✉❧❧❡ ♣♦t❡♥s✐❛❧❡ ❦❛♥ ✉t♥②tt❡s✳

❋♦r❜❡❞r✐♥❣s♣♦t❡♥s✐❛❧❡ ✜♥♥❡s ❛❧tså ❢♦r ❛❧❧❡ ❞❡ tr❡ ♠❡t♦❞❡♥❡ ✈✉r❞❡rt ✐ ❞❡tt❡ ❛r❜❡✐❞❡t✳
❋♦r ❞❡ t♦ ❣❡♦❢②s✐s❦❡ ✉♥❞❡rsø❦❡❧s❡♥❡ ✈✐❧ ❞❡t ✈ær❡ ❢♦r♥✉❢t✐❣ ♠❡❞✿

❼ P❛r❛❧❧❡❧❧ ❜r✉❦ ❛✈ ❞❡ t♦ ✉♥❞❡rsø❦❡❧s❡s♠❡t♦❞❡♥❡ ❢♦r å ❢å ♠❡r ❡r❢❛r✐♥❣ ✈❡❞ ❜r✉❦
❛✈ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r✳

❼ ❱✐❞❡r❡ ✉t❢♦rs❦✐♥❣ ❛✈ ♠✉❧✐❣❤❡t❡♥❡ ✈❡❞ t♦♠♦❣r❛✜s❦ ✐♥✈❡rs❥♦♥ ❛✈ r❡❢r❛❦s❥♦♥s✲
s❡✐s♠✐s❦❡ ❞❛t❛

◆♦❡♥ ♠✉❧✐❣❡ t✐❧t❛❦ ❢♦r å st②r❦❡ ✈❡r❞✐❡♥ ❛✈ ❧❛❜♦r❛t♦r✐❡t❡st✐♥❣ ❛✈ s❧❡♣♣❡♠❛t❡r✐❛❧❡ ❡r✿

❼ Pr❡s✐s❡r✐♥❣ ❛✈ ❦r❛✈❡♥❡ ❣✐tt ✐ ❛✈ ❙t❛t❡♥s ✈❡❣✈❡s❡♥ ✐ ❚❡❦♥♦❧♦❣✐r❛♣♣♦rt ✷✺✸✽✳

❼ ❙❡tt❡ ❦r❛✈ t✐❧ ❦♦♥t✐♥✉❡r❧✐❣ ♣rø✈❡t❛❦✐♥❣ ♦❣ ❧❛❜♦r❛t♦r✐❡t❡st✐♥❣ ❛✈ s❧❡♣♣❡♠❛t❡r✐✲
❛❧❡r ❢♦r å ✉♥♥❣å å ♦✈❡rs❡ ♠✉❧✐❣❡ s✈❡❧❧❡❧❡✐r❡s♦♥❡r✳

❼ ❑r❡✈❡ ❛t ♠✐♥st t♦ ♣rø✈❡r ❢r❛ ❤✈❡r ♣rø✈❡❧♦❦❛❧✐t❡t ❜❧✐r s❛♠❧❡t ✐♥♥ ♦❣ ❛♥❛❧②s❡rt✳



❑❛♣✐tt❡❧ ✽

❱✐❞❡r❡ ❛r❜❡✐❞

❉❡t ❣❥❡♥står ✢❡r❡ ♠✉❧✐❣❤❡t❡r ❢♦r ✈✐❞❡r❡ ❛r❜❡✐❞ ♠❡❞ ❞✐ss❡ t♦ t✉♥♥❡❧❡♥❡✳ ❉❡tt❡
✐♥❦❧✉❞❡r❡r å ❢❡r❞✐❣st✐❧❧❡ s❛♠♠❡♥❧✐❣♥✐♥❣❡♥ ♦❣ ❞✐s❦✉s❥♦♥❡♥ ❛✈ ♠✉❧✐❣❡ års❛❦❡r t✐❧ ❛✈✈✐❦
♠❡❧❧♦♠ ♣r♦❣♥♦s❡r ♦❣ ❡r❢❛r✐♥❣❡r ❢r❛ ❑♥❛♣♣❡t✉♥♥❡❧❡♥ ♥år ❞❡♥ ❡r ❢❡r❞✐❣ ❞r❡✈❡t✳ ❉❡tt❡
✈✐❧ ❣✐ ❡t størr❡ ❣r✉♥♥❧❛❣ ❢♦r å ✈✉r❞❡r❡ ♥②tt❡✈❡r❞✐❡♥ ❛✈ ❞❡ ✉❧✐❦❡ ♠❡t♦❞❡♥❡✳

■ t✐❧❧❡❣❣ ✈✐❧ ❞❡t ✈ær❡ ✐♥t❡r❡ss❛♥t å s❡ ♣å ✉♥❞❡rsø❦❡❧s❡s♦♠❢❛♥❣❡t ✈❡❞ ❞❡ t♦
♣r♦s❥❡❦t❡♥❡✳ ❉❡tt❡ ❦❛♥ ❣❥ør❡s ♠❡❞ ✉t❣❛♥❣s♣✉♥❦t ❱❡❣❞✐r❡❦t♦r❛t❡ts ♣✉❜❧✐❦❛s❥♦♥ ✶✵✶
✲ ✏❘✐❦t✐❣ ♦♠❢❛♥❣ ❛✈ ✉♥❞❡rsø❦❡❧s❡r ❢♦r ❜❡r❣❛♥❧❡❣❣✑ ✭P❛❧♠strø♠ ❡t ❛❧✳✱ ✷✵✵✸✮✳ ❱❡❞
å ✐♥♥❤❡♥t❡ ❞r✐✈❡❦♦st♥❛❞❡r ♦❣ ❦♦st♥❛❞❡r ❦♥②tt❡t t✐❧ ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ✈❡❞ ❞❡ t♦
t✉♥♥❡❧❡♥❡ ❦❛♥ ❞❡t ❣✐s ❡♥ ✈✉r❞❡r✐♥❣ ❛♥❣å❡♥❞❡ ❞❡tt❡✳

❊❧❧❡rs ✈✐❧ ❞❡t ✈ær❡ ❢♦r♥✉❢t✐❣ å ❢♦rts❡tt❡ ❣❥❡♥♥♦♠❢ør✐♥❣❡♥ ❛✈ ❧❛❜♦r❛t♦r✐❡✉♥❞❡rsø❦❡❧s❡r
♣å s❧❡♣♣❡♠❛t❡r✐❛❧❡t ♠øtt ✐ ❑♥❛♣♣❡t✉♥♥❡❧❡♥ ❢♦r å ✈✐❞❡r❡ st✉❞❡r❡ ❤✈♦r❞❛♥ ❦r❛✈❡♥❡
❣✐tt ❛✈ ❙t❛t❡♥s ✈❡❣✈❡s❡♥ t✐❧ ❜❡t♦♥❣✉tstø♣♥✐♥❣ ❢✉♥❣❡r❡r ✐ ♣r❛❦s✐s✳

På ♠❡r ❣❡♥❡r❡❧❧ ❜❛s✐s ✈✐❧ ❞❡t ✈ær❡ ❢♦r♥✉❢t✐❣ å ✉t❢ør❡ ❧✐❣♥❡♥❞❡ ❛♥❛❧②s❡r s♦♠ ❣❥♦rt
❤❡r ✐ ❛♥❞r❡ ❣❡♦❧♦❣✐s❦❡ ♠✐❧❥ø ❢♦r å ♦♣♣❛r❜❡✐❞❡ s❡❣ ❡t størr❡ ❡r❢❛r✐♥❣s❣r✉♥♥❧❛❣ ✐ ❜r✉❦
❛✈ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r✱ s❛♠t ❢♦r å ❢å ❡♥ ❜❡❞r❡ ❢♦rstå❡❧s❡ ❛✈ ♠❡t♦❞❡♥✳ ■ ❞❡tt❡ ❜ør
▲✉♥♥❡rt✉♥♥❡❧❡♥s t♦❧❦♥✐♥❣s♠♦❞❡❧❧ ✐♥❦❧✉❞❡r❡s✳ ❑❛♥s❦❥❡ ❦❛♥ ❞❡t ❧❛❣❡s ♠♦❞❡❧❧❡r s♦♠
❢✉♥❣❡r❡r ✐ ❤✈❡rt s✐tt ❣❡♦❧♦❣✐s❦❡ ♠✐❧❥ø❄

❉❡rs♦♠ ❞❡t s❦❛❧ ✈ær❡ ❡♥ r❡❡❧❧ ♠✉❧✐❣❤❡t ❢♦r r❡s✐st✐✈✐t❡ts♠❡t♦❞❡♥ å t❛ ♦✈❡r ❢♦r ♠②❡
❛✈ r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦❡♥ ✉♥❞❡r ❢♦r✉♥❞❡rsø❦❡❧s❡♥❡ ✈✐❧ ❞❡t ❞❡ss✉t❡♥ ✈ær❡ ♥ø❞✈❡♥❞✐❣
å ✉♥❞❡rsø❦❡ ♥ær♠❡r❡ r❡s✐st✐✈✐t❡ts♠❡t♦❞❡♥s ❡✈♥❡ t✐❧ å ✈✉r❞❡r❡ ❧øs♠❛ss❡❞❡❦❦❡rs
❦❛r❛❦t❡r ♦❣ t②❦❦❡❧s❡✳

◆år ❞❡t ❦♦♠♠❡r t✐❧ r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦❡♥✱ ❤❛❞❞❡ ❞❡t ✈ært ✐♥t❡r❡ss❛♥t å ✈✐❞❡r❡
✉t❢♦rs❦❡ ♣♦t❡♥s✐❛❧❡t s♦♠ ❧✐❣❣❡r ✐ t♦♠♦❣r❛✜s❦ ✐♥✈❡rs❥♦♥✳

✶✷✼
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❇✐❜❧✐♦❣r❛✜

❇❛rt♦♥ ◆✳ ❙♦♠❡ ♥❡✇ ◗✲✈❛❧✉❡ ❝♦rr❡❧❛t✐♦♥s t♦ ❛ss✐st ✐♥ s✐t❡ ❝❤❛r❛❝t❡r✐s❛t✐♦♥ ❛♥❞
t✉♥♥❡❧ ❞❡s✐❣♥ ✴✴ ■♥t❡r♥❛t✐♦♥❛❧ ❏♦✉r♥❛❧ ♦❢ ❘♦❝❦ ▼❡❝❤❛♥✐❝s ❛♥❞ ▼✐♥✐♥❣ ❙❝✐❡♥❝❡s✳
■■ ✷✵✵✷✳ ✸✾✱ ✷✳ ❙✐❞❡ ✶✽✺✕✷✶✻✳

❉❛❤❧ ❋✳ Prø✈✐♥❣sr❛♣♣♦rt✳ ❯♥❞❡rsø❦❡❧s❡ ❛✈ s✈❡❧❧❡❡❣❡♥s❦❛♣❡r✱ ❘✐♥❣✈❡❣ ❱❡st✱ ❇❡r❣❡♥✱
✷✳ ❜②❣❣❡tr✐♥♥✳ ❙■◆❚❊❋ r❛♣♣♦rt ♥r✳ ✶✷✵✶✺■●✳ ✷✵✶✷✳ ✸✻ s✐❞❡r✳

❉❛❧s❡❣❣ ❊✳✱ ❊❧✈❡❜❛❦❦ ❍✳✱ ❘ø♥♥✐♥❣ ❏✳ ❙✳ ❚✉♥♥❡❧♣r♦s❥❡❦t❡t✳ ●❡♦❢②s✐s❦❡ ❜❛❦❦❡♠å❧✐♥❣❡r
♦❣ ❜♦r❤✉❧❧s❧♦❣❣✐♥❣✱ ❏♦♥❣ ✲ ❆s❦❡r✱ ❆s❦❡r ♦❣ ❇ær✉♠ ❦♦♠♠✉♥❡✱ ❆❦❡rs❤✉❞✳ ◆●❯
r❛♣♣♦rt ♥r✳ ✷✵✵✸✳✵✵✻✳ ✷✵✵✹✳ ✼✷ s✐❞❡r✳

❉❛❧s❡❣❣ ❊✳✱ ❙❛✐♥t♦t ❆✳✱ ●❛♥❡rø❞ ●✳ ❱✳ ●❡♦❢②s✐s❦❡ ♦❣ ❣❡♦❧♦❣✐s❦❡ ✉♥❞❡rsø❦❡❧s❡r ✐
❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ❊✐❦r❡♠ t✉♥♥❡❧tr❛s❡✱ ❘✈ ✼✵ Ø❞❡❣❛r❞✲❇r✉♥♥❡s❡t✱ ❚✐♥❣✈♦❧❧✱ ▼ør❡
♦❣ ❘♦♠s❞❛❧✳ ◆●❯ ❘❛♣♣♦rt ✷✵✶✵✳✵✵✻✳ ✷✵✶✵✳ ✻✼ s✐❞❡r✳

●❛♥❡rø❞ ●✳ ❱✳ ❇r✉❞❞s②st❡♠ ♦❣ s♣❡♥♥✐♥❣s❢❡❧t t✐❧❦♥②tt❡t t✉♥♥❡❧tr❛sé❡♥ ❘✐♥❣✈❡❣
❱❡st ✐ ❇❡r❣❡♥ ✴✴ ❍♦✈❡❞❢❛❣s♦♣♣❣❛✈❡ ✈❡❞ ❯♥✐✈❡rs✐st❡t ✐ ❇❡r❣❡♥✳ ✷✵✵✸✳ ✶✼✻ s✐❞❡r✳

●❛♥❡rø❞ ●✳ ❱✳ P❡rs♦♥❧✐❣ ❦♦♠♠✉♥✐❦❛s❥♦♥✳ ✷✵✶✷✳

●❛♥❡rø❞ ●✳ ❱✳✱ ❉❛❧s❡❣❣ ❊✳✱ ❘ø♥♥✐♥❣ ❏✳ ❙✳ ●❡♦❧♦❣✐s❦❡ ♦❣ ❣❡♦❢②s✐s❦❡ ✉♥❞❡rsø❦❡❧s❡r
❢♦r t✉♥♥❡❧str❡❦♥✐♥❣❡♥ ❙❛♥❞❡✐❞❡✲▲✐❛✈❛t♥❡t✱ ❘✐♥❣✈❡❣ ❱❡st✱ ❇❡r❣❡♥✳ ◆●❯ ❘❛♣♣♦rt
✷✵✵✾✳✵✼✼✳ ✷✵✵✾✳ ✷✸ s✐❞❡r✳

●❛♥❡rø❞ ●✳❱✳✱ ❘ø♥♥✐♥❣ ❏✳ ❙✳✱ ❉❛❧s❡❣❣ ❊✳✱ ❊❧✈❡❜❛❦❦ ❍✳✱ ❍♦❧♠ø② ❑✳ ❍✳✱ ◆✐❧s❡♥ ❇✳✱

❇r❛❛t❤❡♥ ❆✳ ❈♦♠♣❛r✐s♦♥ ♦❢ ❣❡♦♣❤②s✐❝❛❧ ♠❡t❤♦❞s ❢♦r s✉❜✲s✉r❢❛❝❡ ♠❛♣♣✐♥❣ ♦❢
❢❛✉❧ts ❛♥❞ ❢r❛❝t✉r❡ ③♦♥❡s ✐♥ ❛ s❡❝t✐♦♥ ♦❢ t❤❡ ❱✐❣❣❥❛ r♦❛❞ t✉♥♥❡❧ ✱ ◆♦r✇❛② ✴✴ ❊♥❣✳
●❡♦❧✳ ❊♥✈✳ ✷✵✵✻✳ ❙✐❞❡ ✷✸✶✕✷✹✸✳

●❡♦P❤②s✐① ✳ ❘✈ ✼✵ Ø②❞❡❣❛r❞✲❇r✉♥♥❡s❡t✳ ❘❛♣♣♦rt r❡❢r❛❦s❥♦♥ss❡✐s♠✐❦❦✳ ✷✵✵✽✳ ✷✻
s✐❞❡r✳

●❡♦P❤②s✐① ✳ ❘✐♥❣✈❡❣ ✈❡st✱ ❜②❣❣❡tr✐♥♥ ✷ ❙❛♥❞❡✐❞❡✲▲✐❛✈❛t♥❡t✳ ✷✵✵✾✳ ✶✶ s✐❞❡r✳

●❡♦P❤②s✐① ✳ ❘✐♥❣✈❡❣ ✈❡st✱ ❜②❣❣❡tr✐♥♥ ✷ ❙❛♥❞❡✐❞❡✲▲✐❛✈❛t♥❡t✳ ❙✉♣♣❧❡r❡♥❞❡
✉♥❞❡rsø❦❡❧s❡r ❍❡s❥❛❦♦❧❧❡♥✳ ✷✵✶✵✳ ✶✷ s✐❞❡r✳

●❡♦♠❛♣ ✳ ❘✐♥❣✈❡❣ ✈❡st✱ str❡❦♥✐♥❣❡♥ ❉♦❧✈✐❦ ✲ ◆♦r❞åsstr❛✉♠❡♥ ♦❣ ✈❡❞ ❱❛r❞❡♥✳
❘❡❢r❛❦s❥♦♥ss❡✐s♠✐s❦❡ ✉♥❞❡rsø❦❡❧s❡r✳ ✭▼❡❞ t❡❣♥✐♥❣❡r✳✮✳ ✷✵✵✷✳ ✼ s✐❞❡r✳

✶✷✾
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●❡♦♠❛♣ ✳ ❘✐♥❣✈❡❣ ✈❡st✱ ❙❛♥❞❡✐❞❡ ✲ ❑r②ss✐♥❣ ✉♥❞❡r ❇❥ør❣❡✈❡✐❡♥ ❍♦r❞❛❧❛♥❞✳
❘❡❢r❛❦s❥♦♥ss❡✐s♠✐s❦❡ ✉♥❞❡rsø❦❡❧s❡r✳ ✷✵✵✸✳ ✺ s✐❞❡r✳

●❡♦♠❛♣ ✳ ❘✈✼✵ Ø②❞❡❣❛r❞ ✲ ❇r✉♥♥❡s❡t✱ t✉♥♥❡❧ ❢♦r❜✐ ❊✐❦r❡♠✳ ❘❡❢r❛❦s❥♦♥ss❡✐s♠✐s❦❡
❣r✉♥♥✉♥❞❡rsø❦❡❧s❡r✳ ✷✵✵✼✳ ✽ s✐❞❡r✳

❍❛t❧❡♥❡s ❈✳ ❚✲❢♦r❜✐♥❞❡❧s❡♥✳ ❆♥❛❧②s❡ ❛✈ ✐♥❣❡♥✐ør❣❡♦❧♦❣✐s❦❡ ❢♦r❤♦❧❞ ❦♥②tt❡t t✐❧
❦r②s♥✐♥❣ ❛✈ s✈❛❦❤❡tss♦♥❡r ✐ ✉♥❞❡rs❥ø✐s❦ t✉♥♥❡❧✳ ✷✵✶✶✳ ✷✶✽ s✐❞❡r✳

❍ø✐❡♥ ❆✳ ◆♦✈❛♣♦✐♥t ❚✉♥♥❡❧ ✲ ♥② ♠♦❞✉❧ ❢♦r ❣❡♦❧♦❣✐ ♦❣ ❜❡r❣s✐❦r✐♥❣✳ ✴✴
❇❡r❣♠❡❦❛♥✐❦❦❞❛❣❡♥✳ ✷✵✵✾✳ ❙✐❞❡ ✷✽✳✶✕✷✽✳✷✳

❍♦❧♠ø② ❑✳ ❍✳ ❙✐❣♥✐✜❝❛♥❝❡ ♦❢ ❣❡♦❧♦❣✐❝❛❧ ♣❛r❛♠❡t❡rs ❢♦r ♣r❡❞✐❝t✐♥❣ ✇❛t❡r ❧❡❛❦❛❣❡ ✐♥
❤❛r❞ r♦❝❦ t✉♥♥❡❧s✳ ✷✵✵✽✳ ❙✐❞❡ ✼✶✕✼✻✳

❍✉♠st❛❞ ❚✳ ❊✐❦r❡♠st✉♥♥❡❧❡♥ ♣å❘✈ ✼✵ Ø②❞❡❣❛r❞✲❇r✉♥♥❡s❡t✳ ●❡♦❧♦❣✐s❦ r❛♣♣♦rt ❢♦r
❜②❣❣❡♣❧❛♥✳ ❙t❛t❡♥ ✈❡❣✈❡s❡♥ r❛♣♣♦rt ♥r✳ ✷✵✵✼✶✷✾✺✷✸✲✶✺✳ ✷✵✵✾✳ ✸✷ s✐❞❡r✳

❑✐r❦❡❜② ❚✳ ❘✐♥❣✈❡❣ ❱❡st ❇❡r❣❡♥✱ ✷✳ ❜②❣❣❡tr✐♥♥✳ ■♥❣❡♥✐ør❣❡♦❧♦❣✐s❦ r❛♣♣♦rt
t✐❧ ❦♦♥❦✉rr❛♥s❡❣r✉♥♥❧❛❣❡t✳ ❖♣♣❞r❛❣sr❛♣♣♦rt ♥r✳ ✷✵✶✵✶✷✼✼✹✷✲✵✵✶ ❢r❛ ❙t❛t❡♥s
❱❡❣✈❡s❡♥✱ ❚❡❦♥♦❧♦❣✐❛✈❞❡❧✐♥❣❡♥✳ ✷✵✶✵✳ ✶✸✷ s✐❞❡r✳

❑✐r❦❡❜② ❚✳ P❡rs♦♥❧✐❣ ❦♦♠♠✉♥✐❦❛s❥♦♥✳ ✷✵✶✷✳

▲❛♥❞rø ▼❛rt✐♥✳ ❆♥✈❡♥❞t ❣❡♦❢②s✐❦❦ ✐ ❚P●✹✶✵✵ ❋②s✐❦❦ ♦❣ ●❡♦❢②s✐❦❦✳ ✷✵✵✽✳ ❙✐❞❡
✸✾✕✶✶✵✳

▲✐♥❞strø♠ ▼♦♥❛✱ ❑✈❡❡♥ ❆❧❢✳ ▼✐❧❥ø✲ ♦❣ s❛♠❢✉♥♥st❥❡♥❧✐❣❡ t✉♥♥❡❧❡r ✲ ❙❧✉ttr❛♣♣♦rt✳
P✉❜❧✐❦❛s❥♦♥ ♥r✳ ✶✵✺✱ ❙t❛t❡♥s ✈❡❣✈❡s❡♥✱ ❚❡❦♥♦❧♦❣✐❛✈❞❡❧✐♥❣❡♥✳ ✷✵✵✹✳ ✼✸ s✐❞❡r✳

▲øs❡t ❋✳ ◆♦r❣❡s t✉♥♥❡❧❣❡♦❧♦❣✐✳ ✷✵✵✻✳

▲♦✉✐s ■♦❛♥♥✐s ❋✱ ▲♦✉✐s ❋✐❧✐♣♣♦s ■✱ ●r❛♠❜❛s ❆❧❡①✐❛✳ ❊①♣❧♦r✐♥❣ ❢♦r ❢❛✈♦r❛❜❧❡ ❣r♦✉♥❞✲
✇❛t❡r ❝♦♥❞✐t✐♦♥s ✐♥ ❤❛r❞r♦❝❦ ❡♥✈✐r♦♥♠❡♥ts ❜② r❡s✐st✐✈✐t② ✐♠❛❣✐♥❣ ♠❡t❤♦❞s✿ s②♥✲
t❤❡t✐❝ s✐♠✉❧❛t✐♦♥ ❛♣♣r♦❛❝❤ ❛♥❞ ❝❛s❡ st✉❞② ❡①❛♠♣❧❡ ✴✴ ■♥t❡r♥❛t✐♦♥❛❧ ❈♦♥❢❡r❡♥❝❡
♦♥ ❊❛rt❤ ❙❝✐❡♥❝❡s ❛♥❞ ❊❧❡❝tr♦♥✐❝s✳ ✷✵✵✷✱ ❖❝t♦❜❡r✳ ✷✵✵✷✳ ✶✺ s✐❞❡r✳

▼❛♦ ❉✳✱ ◆✐❧s❡♥ ❇✳✱ ❉❛❤❧ ❋✳ ▲❛❜♦r❛t♦r② ❚❡st✐♥❣ ♦❢ ❙✇❡❧❧✐♥❣ ●♦✉❣❡ ❢r♦♠ ❲❡❛❦♥❡ss
❩♦♥❡ ✲ Pr✐♥❝✐♣❧❡ ❛♥❞ ❘❡❝❡♥t ❯♣❞❛t❡ ✴✴ ❆❘▼❆✱ ❆♠❡r✐❝❛❧ ❘♦❝❝❦ ▼❡❝❤❛♥✐❝s
❆ss♦❝✐❛t✐♦♥✳ ✹✺t❤ ❯❙ ❘♦❝❦ ▼❡❝❤❛♥✐❝s✴●❡♦♠❡❝❤❛♥✐❝s ❙②♠♣♦s✐♦♠✳ ✷✵✶✶✳ ✻ s✐❞❡r✳

◆●❯ ✳ ▼❡t♦❞❡❜❡s❦r✐✈❡❧s❡ ✷❉ r❡s✐st✐✈✐t❡ts♠å❧✐♥❣❡r✳ ✷✵✵✽✳ ✺ s✐❞❡r✳

◆✐❧s❡♥ ❇✳ P❡rs♦♥❧✐❣ ❦♦♠♠✉♥✐❦❛s❥♦♥✳ ✷✵✶✷✳

◆✐❧s❡♥ ❇✳✱ ❇r♦❝❤ ❊✳ ■♥❣❡♥✐ør❣❡♦❧♦❣✐ ❜❡r❣✱ ❣r✉♥♥❦✉rs❦♦♠♣❡♥❞✐✉♠✳ ✷✵✵✾✳

◆✐❧s❡♥ ❇✳✱ P❛❧♠strø♠ ❆✳ ❍❛♥❞❜♦♦❦ ◆♦ ✷ ✲ ❊♥❣✐♥❡❡r✐♥❣ ●❡♦❧♦❣② ❛♥❞ ❘♦❝❦
❊♥❣✐♥❡❡r✐♥❣✳ ✴✴ ❯t❣✐tt ❛✈ ◆♦rs❦ ❜❡r❣♠❡❦❛♥✐❦❦❣r✉♣♣❡ ✐ s❛♠❛r❜❡✐❞ ♠❡❞ ◆♦rs❦
❢♦r❡♥✐♥❣ ❢♦r ❢❥❡❧❧s♣r❡♥❣♥✐♥❣st❡❦♥✐❦❦✳ ✷✵✵✵✳ ❙✐❞❡ ✺✹✕✺✺✳
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P❛❧♠strø♠ ❆r✐❧❞✱ ◆✐❧s❡♥ ❇❥ør♥✱ P❡❞❡rs❡♥ ❑♥✉t ❇♦r❣❡✱ ●r✉♥❞t ▲❡✐❢✳ ❘✐❦t✐❣ ♦♠❢❛♥❣
❛✈ ✉♥❞❡rsø❦❡❧s❡r ❢♦r ❜❡r❣❛♥❧❡❣❣✳ ❱❡❣❞✐r❡❦t♦r❛t❡ts ♣✉❜❧✐❦❛s❥♦♥ ♥r✳ ✶✵✶✳ ✷✵✵✸✳ ✶✸✼
s✐❞❡r✳

P❡❞❡rs❡♥ ❖✳ ❈✳ ●❡♦❢②s✐s❦❡ ♠❡t♦❞❡r ✴✴ ❑✉rs❞❛❣❡♥❡ ✈❡❞ ◆❚◆❯ ✷✵✵✸✿ ❯♥❞❡rsø❦❡❧s❡
❢♦r ❛♥❧❡❣❣ ✐ ❜❡r❣ ✲ ❍✈✐❧❦❡ ♠❡t♦❞❡r ❜r ❜❡♥②tt❡s✱ ❤✈♦r❞❛♥ ✉t♥②tt❡ r❡s✉❧t❛t❡♥❡❄
✷✵✵✸✳

❘❛♠❜❡r❣ ■✳ ❇✳✱ ❇r②❤♥✐ ■✳✱ ◆øtt✈❡❞t ❆✳ ▲❛♥❞❡t ❜❧✐r t✐❧ ✲ ◆♦r❣❡s ❣❡♦❧♦❣✐✳ ✴✴ ✷✳ ✉t❣❛✈❡✱
✉t❣✐tt ❛✈ ◆♦rs❦ ❣❡♦❧♦❣✐s❦ ❢♦r❡♥✐♥❣✳ ✷✵✵✼✳ ✻✵✽ s✐❞❡r✳

❘❡✐s❡r ❋✳✱ ❉❛❧s❡❣❣ ❊✳✱ ❉❛❤❧✐♥ ❚✳✱ ●❛♥❡rø❞ ●✳ ❱✳✱ ❘ø♥♥✐♥❣ ❏✳ ❙✳ ❘❡s✐st✐✈✐t②
▼♦❞❡❧❧✐♥❣ ♦❢ ❋r❛❝t✉r❡ ❩♦♥❡s ❛♥❞ ❍♦r✐③♦♥t❛❧ ▲❛②❡rs ✐♥ ❇❡❞r♦❝❦✳ ◆●❯ r❛♣♣♦rt
✷✵✵✾✳✵✼✵✳ ✷✵✵✾✳ ✶✷✵ s✐❞❡r✳

❘❡②♥♦❧❞s ❏✳ ▼✳ ❆♥ ■♥tr♦❞✉❝t✐♦♥ t♦ ❆♣♣❧✐❡❞ ❛♥❞ ❊♥✈✐r♦♥♠❡♥t❛❧ ●❡♦♣❤②s✐❝s✳ ✶✾✾✼✳
✽✵✻ s✐❞❡r✳

❘ø♥♥✐♥❣ ❏✳ ❙✳ ❋♦r❡❞r❛❣ ✈❡❞ ❙t❛t❡♥s ✈❡❣✈❡s❡♥s ❣❡♦❧♦❣✐s❛♠❧✐♥❣ ✐ ❖s❧♦ ✷✽✳✲✷✾✳ ♠❛rs✳
✷✵✶✷❛✳

❘ø♥♥✐♥❣ ❏✳ ❙✳ P❡rs♦♥❧✐❣ ❦♦♠♠✉♥✐❦❛s❥♦♥✳ ✷✵✶✷❜✳

❘ø♥♥✐♥❣ ❏✳ ❙✳✱ ❉❛❧s❡❣❣ ❊✳ ❚✉♥♥❡❧♣r♦s❥❡❦t❡t✳ ●❡♦❢②s✐s❦❡ ♠å❧✐♥❣❡r ✈❡❞ ▲❛♥❣✈❛t♥❡t✱
▲✉♥♥❡r✱ ❖♣♣❧❛♥❞✳ ◆●❯ ❘❛♣♣♦rt ✷✵✵✶✳✵✾✵✳ ✷✵✵✶✳ ❙✐❞❡ ✾✕✶✶✳

❘ø♥♥✐♥❣ ❏✳ ❙✳✱ ❉❛❧s❡❣❣ ❊✳✱ ❊❧✈❡❜❛❦❦ ❍✳✱ ❞❡ ❇❡❡r ❍✳✱ ●❛♥❡rø❞ ●✳ ❱✳✱ ●✉♥❞❡rs❡♥

P✳✱ ❘❡✐s❡r ❋✳ ❋♦r❜❡❞r❡❞❡ ❢♦r✉♥❞❡rsø❦❡❧s❡r ❢♦r t✉♥♥❡❧❡r ✲ ♦♣♣s✉♠♠❡r✐♥❣ ❛✈
❡t s❛♠❛r❜❡✐❞s♣r♦s❥❡❦t ♠❡❞ ✈❡❣❞✐r❡❦t♦r❛t❡t ✴✴ ❇❡r❣♠❡❦❛♥✐❦❦❞❛❣❡♥✳ ✷✵✶✶✳ ❙✐❞❡
✷✺✳✶✕✷✺✳✶✾✳

❘ø♥♥✐♥❣ ❏✳ ❙✳✱ ❉❛❧s❡❣❣ ❊✳✱ ❍❡✐♥❝❦❡ ❇✳✱ ❖❧❡s❡♥ ❖✳✱ ❚ø♥♥❡s❡♥ ❏✳ ❋✳ ●❡♦❢②s✐s❦❡
♠å❧✐♥❣❡r ♦✈❡r t✉♥♥❡❧❡r ✈❡❞ ❍❛♥❡❦❧❡✐✈✱ ❘❛✈♥❡❤❡✐❛ ♦❣ ❱❛❞❢♦ss✳ ◆●❯ ❘❛♣♣♦rt
✷✵✵✾✳✵✹✵✳ ✷✵✵✾❛✳ ✸✻ s✐❞❡r✳

❘ø♥♥✐♥❣ ❏✳❙✳ ▼✐❧❥ø✲ ♦❣ s❛♠❢✉♥♥st❥❡♥❧✐❣❡ t✉♥♥❡❧❡r✿ ❉❡❧♣r♦s❥❡❦t ❆✱ ❋♦r✉♥❞❡rsø❦❡❧s❡r✳
❙❧✉ttr❛♣♣♦rt✳ ✷✵✵✸✳ ✼✶ s✐❞❡r✳

❘ø♥♥✐♥❣ ❏❛♥ ❙✱ ❉❛❧s❡❣❣ ❊✐♥❛r✱ ❊❧✈❡❜❛❦❦ ❍❛r❛❧❞✱ ●❛♥❡rø❞ ●✉r✐ ❱✳ ❈❤❛r❛❝t❡r✐③❛t✐♦♥
♦❢ ❢r❛❝t✉r❡ ③♦♥❡s ✐♥ ❜❡❞r♦❝❦ ✉s✐♥❣ ✷❉ r❡s✐st✐✈✐t② ✴✴ ❙❡♠✐♥❛r ♦♥ ❙tr❛✐t ❈r♦ss✐♥❣s✳
✷✵✵✾❜✳ ✻ s✐❞❡r✳

❙■◆❚❊❋ ✳ ❉✐✛❡r❡♥t✐❛❧t❡r♠✐s❦ ❛♥❛❧②s❡ ✭❉❚❆✮ ✲ ♠❡t♦❞❡❜❡s❦r✐✈❡❧s❡✳ ✴✴ ▼♦tt❛tt
❢r❛ ❙■◆❚❊❋ ✐ ❢♦r❜✐♥❞❡❧s❡ ♠❡❞ ❧❛❜♦r❛t♦r✐❡❛r❜❡✐❞❡t ✐ ♠❛st❡r♦♣♣❣❛✈❡♥✳ ❯❦❥❡♥t
❢♦r❢❛tt❡r✳ ✷✵✶✷❛✳ ✻ s✐❞❡r✳

❙■◆❚❊❋ ✳ P❡rs♦♥❧✐❣ ❦♦♠♠✉♥✐❦❛s❥♦♥✳ ✷✵✶✷❜✳

❙♦❧❧✐ ❆✳✱ ◆♦r❞❣✉❧❡♥ Ø✳ ❇❡r❣❣r✉♥♥s❦❛rt ♦✈❡r ◆♦r❣❡ ♦❣ ❦❛❧❡❞♦♥✐❞❡♥❡ ✐ ❙✈❡r✐❣❡ ♦❣
❋✐♥❧❛♥❞✳ ▼å❧❡st♦❦❦ ✶✿✷✵✵✵✵✵✵✳ ❯t❣✐tt ❛✈ ◆●❯✳ ✷✵✵✻✳
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❙t❛♥❢♦rs ❘✳ ❚❤❡ ❇♦❧♠❡♥ t✉♥♥❡❧ ♣r♦❥❡❝t ❊✈❛❧✉❛t✐♦♥ ♦❢ ❣❡♦♣❤②s✐❝❛❧ s✐t❡ ✐♥✈❡st✐❣❛t✐♦♥
♠❡t❤♦❞s✳ ✶✾✽✼✳ ✼✼ s✐❞❡r✳

❙t❛t❡♥s ✈❡❣✈❡s❡♥ ✳ ❍å♥❞❜♦❦ ✵✶✹ ▲❛❜♦r❛t♦r✐❡✉♥❞❡rsø❦❡❧s❡r✳ ✷✵✵✼❛✳

❙t❛t❡♥s ✈❡❣✈❡s❡♥ ✳ ❙t❛t❡♥s ✈❡❣✈❡s❡♥ ◆❆✲r✉♥❞s❦r✐✈ ✷✵✵✼✴✸✳ ✷✵✵✼❜✳ ✷✶ s✐❞❡r✳

❙t❛t❡♥s ✈❡❣✈❡s❡♥ ✳ ❆r❜❡✐❞❡r ❢♦r❛♥ st✉✛ ♦❣ st❛❜✐❧✐t❡tss✐❦r✐♥❣ ✐ ✈❡❣t✉♥♥❡❧❡r✳
❚❡❦♥♦❧♦❣✐r❛♣♣♦rt ♥r✳ ✷✺✸✽✳ ✷✵✶✵❛✳ ✹✽ s✐❞❡r✳

❙t❛t❡♥s ✈❡❣✈❡s❡♥ ✳ ❍å♥❞❜♦❦ ✵✷✶✿ ❱❡❣t✉♥♥❡❧❡r✳ ✷✵✶✵❜✳ ✺✺ s✐❞❡r✳

❙t❛t❡♥s ✈❡❣✈❡s❡♥ ✳ ◆♦✈❛♣♦✐♥t ♣❞❢✲✉ts❦r✐❢t ♣r♦✜❧ ✺✶✺✵✲✺✾✵✵✱ ❑♥❛♣♣❡t✉♥♥❡❧❡♥ ❧ø♣ ✶✶✳
✷✵✶✷❛✳ ✺✳

❙t❛t❡♥s ✈❡❣✈❡s❡♥ ✳ ✇✇✇✳✈❡❣✈❡s❡♥✳♥♦✴✈❡❣♣r♦s❥❡❦t❡r✳ ✷✵✶✷❜✳

❙t✉♠♦ ❘✳ ◆✉♠❡r✐s❦ ♠♦❞❡❧❧❡r✐♥❣ ❛✈ ❜r✉❞❞♥❡tt✈❡r❦✱ ❦♦♥♥❡❦t✐✈✐t❡t ♦❣ ♣❡r♠❡❛❜✐❧✐t❡t
♠❡❞ ❛♥✈❡♥❞❡❧s❡ ♣åt✉♥♥❡❧❡r✱ ❘✐♥❣✈❡❣ ❱❡st✱ ❇❡r❣❡♥ ✴✴ ❍♦✈❡❞❢❛❣s♦♣♣❣❛✈❡ ✈❡❞
❯♥✐✈❡rs✐st❡t ✐ ❇❡r❣❡♥✳ ✷✵✵✷✳ ✶✶✹ s✐❞❡r✳

❙✈❡ ❘✳✱ ❊❧✈ø② ❏✳✱ ❙❛❣❡♥ ❚✳✱ ❇❛❝❦❡r ▲✳✱ ❍♦❧t❡r ❑✳ ●✳✱ ❇♦❧❧✐♥❣♠♦ P✳✱ P❡❞❡rs❡♥

❑✳ ❇♦❣❡ ❑✳ ❇✳✱ ❆❛rs❡t ❆✳ ❚✉♥❣ ❜❡r❣s✐❦r✐♥❣ ✐ ✉♥❞❡r❣r✉♥♥s❛♥❧❡❣❣✳ ◆♦rs❦ ❋♦r❡♥✐♥❣
❢♦r ❋❥❡❧❧s♣r❡♥❣♥✐♥❣st❡❦♥✐❦❦s ✭◆❋❋s✮ ❤å♥❞❜♦❦ ♥r✳ ✵✺✳ ✷✵✵✽✳ ❙✐❞❡ ✸✸✕✸✾✳

❚♦❞♥❡♠ ▲✳ ❘❱ ✼✵ Ø②❞❡❣❛r❞ ✲ ❇r✉♥♥❡s❡t ◆②❡ ❢♦r✉♥❞❡rsø❦❡❧s❡r ♦❣ tr❛sé✈❛❧❣ ❢♦r
t✉♥♥❡❧ ❢♦r❜✐ ❊✐❦r❡♠✳ ✷✵✵✽✳ ✺ s✐❞❡r✳

❚♦❞♥❡♠ ▲✳ ❘✈✳ ✼✵ ❊✐❦r❡♠t✉♥♥❡❧❡♥✱ ■♥❣❡♥✐ør❣❡♦❧♦❣✐s❦ s❧✉ttr❛♣♣♦rt✳ ❙t❛t❡♥s
✈❡❣✈❡s❡♥s r❛♣♣♦rt ♥r✳ ✷✵✶✵✵✸✼✹✻✼✲✶✶✳ ✷✵✶✷✳ ✼✽ s✐❞❡r✳

❛❧ ❍❛❣r❡② ❙✳ ❆✳ ●❡♦♣❤②s✐❝❛❧ ✐♠❛❣✐♥❣ ♦❢ r♦♦t✲③♦♥❡✱ tr✉♥❦✱ ❛♥❞ ♠♦✐st✉r❡
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RQD Jr SRF

1 1 0 6.5 0.9286

0.00 0.93 40 6 1.5 2 1 5 1

0.93 1.86 40 9 1.5 3 1 5 0.44444444

1.86 2.79 35 9 1.5 3 1 5 0.38888889

2.79 3.71 45 9 1.5 4 1 5 0.375

3.71 4.64 65 6 1.5 2 1 5 1.625

4.64 5.57 45 6 1.5 3 1 5 0.75

5.57 6.50 70 6 1.5 4 1 5 0.875

1 2 6.5 13.5 1.0

6.5 7.5 85 4 1.5 1 1 5 6.375

7.5 8.5 75 4 1.5 3 1 5 1.875

8.5 9.5 90 4 1.5 2 1 5 3.375

9.5 10.5 25 6 1.5 2 1 5 0.625

10.5 11.5 90 4 1.5 2 1 5 3.375

11.5 12.5 95 3 1.5 2 1 5 4.75

12.5 13.5 70 4 1.5 1 1 5 5.25

1 3 13.4 21.4

75 6 1.5 2 1 5 1.875

55 6 1.5 2 1 5 1.375

55 6 1.5 8 1 5 0.34375

55 6 1.5 2 1 5 1.375

13 12 1.5 4 1 5 0.08125

40 6 1.5 4 1 5 0.5

21.4 35 6 1.5 4 1 5 0.4375

1 4 21.4 28.1 12 4 1.5 3 1 5 0.3

55 6 1.5 2 1 5 1.375

50 4 1.5 2 1 5 1.875

45 6 1.5 2 1 5 1.125

40 6 1.5 2 1 5 1

85 4 1.5 2 1 5 3.1875

28.1 50 6 1.5 1 1 5 2.5

1 5 20.1 34.9 65 6 1.5 2 1 5 1.625

80 6 1.5 3 1 5 1.33333333

55 9 1.5 2 1 5 0.91666667

40 6 1.5 2 1 5 1

80 4 1.5 3 1 5 2

40 6 1.5 2 1 5 1

40 6 1.5 3 1 5 0.66666667

1 6 34.9 41.6 65 4 1.5 2 1 5 2.4375

85 9 1.5 2 1 5 1.41666667

90 4 1.5 3 1 5 2.25

85 4 1.5 2 1 5 3.1875

40 6 1.5 2 1 5 1

75 4 1.5 1 1 5 5.625

41.6 65 6 1.5 3 1 5 1.08333333

1 7 41.6 45.4 55 6 1.5 2 1 5 1.375

65 9 1.5 3 1 5 0.72222222

45 9 1.5 2 1 5 0.75

45.4 1 15 1.5 8 1 5 0.0025

Borhull
Kasse 
nummer Lengde

fra til Snittleng Jn Ja Jw Q-verdi
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2 1 0 6.2 50 6 1.5 2 1 5 1.25

50 6 1.5 2 1 5 1.25

40 6 1.5 6 1 5 0.33333333

65 4 1.5 3 1 5 1.625

80 4 1.5 3 1 5 2

90 6 1.5 3 1 5 1.5

6.2 60 4 1.5 2 1 5 2.25

2 2 6.2 12.9 50 4 1.5 3 1 5 1.25

25 9 1.5 3 1 5 0.27777778

95 4 1.5 3 1 5 2.375

60 9 1.5 3 1 5 0.66666667

20 9 1.5 4 1 5 0.16666667

75 6 1.5 6 1 5 0.625

12.9 60 12 1.5 6 1 5 0.25

2 3 12.9 19.6 85 6 1.5 1 1 5 4.25

75 6 1.5 3 1 5 1.25

90 2 1.5 1 1 5 13.5

95 4 1.5 2 1 5 3.5625

100 2 1.5 1 1 5 15

85 4 1.5 3 1 5 2.125

19.9 95 4 1.5 1 1 5 7.125

2 4 19.6 26.4 60 4 1.5 2 1 5 2.25

40 6 1.5 2 1 5 1

65 4 1.5 3 1 5 1.625

85 4 1.5 1 1 5 6.375

70 6 1.5 1 1 5 3.5

70 6 1.5 3 1 5 1.16666667

26.4 95 2 1.5 2 1 5 7.125

2 5 26.4 33 0.943

26.4 27.343 95 2 1.5 1 1 5 14.25

27.3 28.286 100 2 1.5 1 1 5 15

28.28571 29.229 80 4 1.5 1 1 5 6

29.22857 30.171 45 9 1.5 2 1 5 0.75

30.17143 31.114 50 9 1.5 3 1 5 0.55555556

31.11429 32.057 25 12 1.5 4 1 5 0.15625

32.05714 33 55 6 1.5 2 1 5 1.375

2 6 33 37.5 0.9

33 33.9 30 9 1.5 6 1 5 0.16666667

33.9 34.8 65 6 1.5 2 1 5 1.625

34.8 35.7 35 6 1.5 6 1 5 0.29166667

35.7 36.6 1 15 1.5 8 1 5 0.0025

36.6 37.5 1 15 1.5 8 1 5 0.0025
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