
The 2
nd

 author’s respond to the Reviewer #1 
 

  

I. Cited from the referee’s report 

 

Our response 

We did that correcting the last sentence in Sec.3 on page 5 (line 5) to be  

‘For ease of comparison, we mark in Fig.~\ref{figTE}c by the green diamonds the locations 

of stations 13 and 14 with collected surface seawater samples by \citet{Buesseler12} in which 

the cesium concentrations have been measured to be at the background level ($\lesssim 

3.6$~mBq/kg).’ 

The authors have revised the manuscript adequately. I recommend to publish this manuscript as is. 

Only one thing that I would like to recommend to revise is to indicate the concrete threshold value 

separating the green and magenta diamonds used in Figs. 2 and 4. 



The 2
nd

 author’s respond to the Reviewer #2 

 

We are very grateful to the referee for useful comments and suggestions. 

 

Responses to the Second Reviewer's report  

1. Cited from the referee’s report 

I recommend some minor (mostly stylistic) modifications before publication. 

 

Our response 

We are very grateful to the referee for that job and corrected all the points indicated.  

 

2. Cited from the referee’s report 
Pag 3: I do not see why the reference Nencioli et al. 2011 should be left out of that list: it is the 

same type of analysis as Olascoaga et al., 2013, but from two years earlier!!! Please add it in the 

text. 

 

Our response  

The paper by Nencioli et al. 2011 has been added to the list of references.  
 

3. Cited from the referee’s report 

Regarding the origin of the “yellow” waters (Pag 3 L95): My apologies to the authors for having 

misinterpreted the text. However, the sentence they cite in their response has been now removed 

from the text. I suggest to keep it: “...the yellow straight lines in Fig 1a, AND for the period from 

the day of the accident, March 11, 2011, to May 18, 2011, when direct releases of radioactive 

isotopes to the ocean and the atmosphere stopped.” (by adding AND , the two distinct conditions 

required to mark an advected particle as yellow water are further remarked). 

 

Our response 

We did that, thank you. 

 

4. Cited from the referee’s report 
Regarding the use of the adjective “special”: To avoid any sort of confusion, I think that the 

adjective “specific” could be used, instead, in the following sentences: Pag 3 L81: “...in the area, in 

this paper, we develop a specific Lagrangian diagnostic oriented to...” Pag 10 L1: “We developed a 

specific Lagrangian methodology...” 

 

Our response 

OK, we replaced ‘special’ by ‘specific’ in both the cases. 

  

5. Cited from the referee’s report 

Figure 2: It would make more sense if reference to figure 2 and 1 were swapped in the text: 

L77 to 83: ...Fig 2a on March 26,2011 (…) lines in Fig.1a restricting… Moreover, the figure would 

be clearer if the boundary showed in fig 1 would be repeated again in Fig.2a. 

 

 Our response 

We swapped the reference to figures 2 and 1 and showed the boundary in fig 2a by the dashed 

black line.  
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♦s❤✐♦ ➊❖②❛s❤✐♦ ❝♦♥✄✉❡♥❝❡ ③♦♥❡ ✐s ♣♦♣✉❧❛t❡❞ ✇✐t❤ ❛ ♣❧❡♥t②

♦❢
✿✿✿✿✿

s❡✈❡r❛❧
✿

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

❡♥ts✱ ❝❛r❜♦♥✱ ♣♦❧❧✉t❛♥ts ❛♥❞ ♦t❤❡r tr❛❝❡rs ❛❝r♦ss t❤❡ ♦❝❡❛♥✳

❚❤❡② ♦r✐❣✐♥❛t❡✱ ❜❡s✐❞❡s ❢r♦♠ t❤❡ ❑✉r♦s❤✐♦ ❊①t❡♥s✐♦♥✱ ❢r♦♠

t❤❡ ❚s✉❣❛r✉ ❲❛r♠ ❈✉rr❡♥t✱ ✄♦✇✐♥❣ ❜❡t✇❡❡♥ t❤❡ ❍♦♥s❤✉ ❛♥❞

❍♦❦❦❛✐❞♦ ✐s❧❛♥❞s✱ ❛♥❞ ❢r♦♠ t❤❡ ❝♦❧❞ ❖②❛s❤✐♦ ❈✉rr❡♥t ✄♦✇✲

✐♥❣ ♦✉t ♦❢ t❤❡ ❆r❝t✐❝ ❛❧♦♥❣ t❤❡ ❑❛♠❝❤❛t❦❛ P❡♥✐♥s✉❧❛ ❛♥❞ t❤❡ ✻✵

❑✉r✐❧ ■s❧❛♥❞s ✭❋✐❣✳ ✶❛✮✳ ❚❤❡ ❧✐❢❡t✐♠❡ ♦❢ t❤♦s❡ ❡❞❞✐❡s r❛♥❣❡s

❢r♦♠ ❛ ❢❡✇ ✇❡❡❦s t♦ ❛ ❢❡✇ ②❡❛rs✳
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❋✐❣✉r❡ ✶✳ ❛✮ ❚❤❡ ❆❱■❙❖ ✈❡❧♦❝✐t② ✂❡❧❞ ✐♥ t❤❡ ❑✉r♦s❤✐♦ ➊❖②❛s❤✐♦
❝♦♥✄✉❡♥❝❡ ③♦♥❡ ❛✈❡r❛❣❡❞ ❢r♦♠ ✶✾✾✸ t♦ ✷✵✶✻✳ ❚s❙ st❛♥❞s ❢♦r t❤❡
❚s✉❣❛r✉ ❙tr❛✐t✳ ▲♦❝❛t✐♦♥ ♦❢ t❤❡ ❋◆PP ✐s s❤♦✇♥ ❜② t❤❡ r❛❞✐♦❛❝t✐✈✐t②
s✐❣♥✳ ❆r❡❛ ❥✉st ❛r♦✉♥❞ t❤❡ ❋◆PP ✐s s❤♦✇♥ ❜② t❤❡ ②❡❧❧♦✇ ❧✐♥❡s✳ ❜✮
❚❤❡ ✈❡❧♦❝✐t② ✂❡❧❞ ♦♥ ❆✉❣✉st ✷✹✱ ✷✵✶✶ ✇✐t❤ t❤❡ ❚♦❤♦❦✉ ✭❚❊✮ ❛♥❞
❍♦❦❦❛✐❞♦ ✭❍❊✮ ❡❞❞✐❡s st✉❞✐❡❞ ✐♥ t❤❡ ♣❛♣❡r ❛♥❞ ✇✐t❤ tr❛❝❦s ♦❢ s♦♠❡
❛✈❛✐❧❛❜❧❡ ❞r✐❢t❡rs ✭t❤❡ r❡❞ ❝✐r❝❧❡s✮ ❛♥❞ ❆❘●❖

✿✿✿

❆r❣♦
✿

✄♦❛ts ✭t❤❡ ❣r❡❡♥
st❛rs✮ t♦ ❜❡ ♣r❡s❡♥t ✐♥ t❤❡ ❛r❡❛ ❛t t❤❛t t✐♠❡✳ ❊❧❧✐♣t✐❝ ❛♥❞ ❤②♣❡r❜♦❧✐❝
st❛❣♥❛t✐♦♥ ♣♦✐♥ts ✇✐t❤ ③❡r♦ ♠❡❛♥ ✈❡❧♦❝✐t② ❛r❡ ✐♥❞✐❝❛t❡❞ ❜② tr✐❛♥❣❧❡s
❛♥❞ ❝r♦ss❡s✱ r❡s♣❡❝t✐✈❡❧②✱ ✇✐t❤ ✉♣✲ ❛♥❞ ❞♦✇♥✇❛r❞ ♦r✐❡♥t❡❞ tr✐❛♥❣❧❡s
❞❡♥♦t✐♥❣ ❛♥t✐❝②❝❧♦♥❡s ❛♥❞ ❝②❝❧♦♥❡s✱ r❡s♣❡❝t✐✈❡❧②✳

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

❧✐❦❡ ♣r♦♣❛❣❛t✐♦♥ ♦❢ ♦✐❧ ❛❢t❡r t❤❡ ❡①♣❧♦s✐♦♥ ❛t t❤❡ ❇❧✉❡ ❍♦r✐✲

③♦♥ ♠♦❜✐❧❡ ❞r✐❧❧✐♥❣ r✐❣ ✐♥ t❤❡ ●✉❧❢ ♦❢ ▼❡①✐❝♦ ✐♥ ❆♣r✐❧ ✷✵✶✵

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

t❤❡ ❋◆PP ✐s t♦ r✉♥ ❣❧♦❜❛❧ ♦r r❡❣✐♦♥❛❧ ♥✉♠❡r✐❝❛❧ ♠♦❞❡❧s ♦❢✺

❝✐r❝✉❧❛t✐♦♥ t♦ s✐♠✉❧❛t❡ ♣r♦♣❛❣❛t✐♦♥ ♦❢ ♣♦❧❧✉t❛♥ts ❛♥❞ tr② t♦

❢♦r❡❝❛st t❤❡✐r tr❛❥❡❝t♦r✐❡s✳ ❚❤❡ ♦✉t❝♦♠❡s ♣r♦✈✐❞❡ ➇s♣❛❣❤❡tt✐✲

❧✐❦❡➈ ♣❧♦ts ♦❢ ✐♥❞✐✈✐❞✉❛❧ tr❛❥❡❝t♦r✐❡s ✇❤✐❝❤ ❛r❡ ❤❛r❞ t♦ ✐♥t❡r✲

♣r❡t✳ ▼♦r❡♦✈❡r✱ ♠❛❥♦r✐t② ♦❢
✿✿

❛s
✿✿✿✿✿✿✿

♠❛❥♦r✐t②
✿✿

♦❢
✿✿✿✿

r❡❛❧ tr❛❥❡❝t♦r✐❡s ✐♥

❛ ❝❤❛♦t✐❝ ❡♥✈✐r♦♥♠❡♥t ❛r❡ ✈❡r② s❡♥s✐t✐✈❡ t♦ s♠❛❧❧ ❛♥❞ ✐♥❡✈✐t✲✶✵

❛❜❧❡ ✈❛r✐❛t✐♦♥s ✐♥ ✐♥✐t✐❛❧ ❝♦♥❞✐t✐♦♥s✳ ❚❤♦s❡ tr❛❥❡❝t♦r✐❡s ✱
✿✿✿✿

t❤❡②

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

t✐♠❡✳

❚❤❡
✿

❆
✿

s♣❡❝✐✂❝ ▲❛❣r❛♥❣✐❛♥ ❛♣♣r♦❛❝❤✱ ❜❛s❡❞ ♦♥ ❞②♥❛♠✲

✐❝❛❧ s②st❡♠s t❤❡♦r②✱ ❤❛s ❜❡❡♥ ❞❡✈❡❧♦♣❡❞ ✐♥ t❤❡ ❧❛st ❞❡❝❛❞❡s ✶✺

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

✐♥ ❝❤❛♦t✐❝ ✄♦✇s ❣♦✈❡r♥✐♥❣ ♠✐①✐♥❣ ❛♥❞ tr❛♥s♣♦rt ♦❢ ▲❛❣✲

r❛♥❣✐❛♥ ♣❛rt✐❝❧❡s ❛♥❞ ❝r❡❛t✐♥❣ tr❛♥s♣♦rt ❜❛rr✐❡rs ♣r❡✈❡♥t✐♥❣

♣r♦♣❛❣❛t✐♦♥ ♦❢ ❛ ❝♦♥t❛♠✐♥❛♥t ❛❝r♦ss t❤❡♠ ✭❢♦r r❡✈✐❡✇s s❡❡

❙❛♠❡❧s♦♥ ❛♥❞ ❲✐❣❣✐♥s✱ ✷✵✵✻❀ ▼❛♥❝❤♦ ❡t ❛❧✳✱ ✷✵✵✻❀ ❑♦s❤❡❧✬ ✷✵

❛♥❞ Pr❛♥ts✱ ✷✵✵✻❀ ❍❛❧❧❡r✱ ✷✵✶✺✮✳ ■❞❡♥t✐✂❝❛t✐♦♥ ♦❢ s✉❝❤ str✉❝✲

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

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

♣r❡❝✐s❡ s♦❧✉t✐♦♥ ♦❢ t❤❡ ◆❛✈✐❡r ➊ ❙t♦❦❡s ❡q✉❛t✐♦♥s✳ ❚❤✐s ❛♣✲

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

♦❢ ♦✐❧ ✐♥ t❤❡ ●✉❧❢ ♦❢ ▼❡①✐❝♦ ✭▼❡③✐➫❝ ❡t ❛❧✳✱ ✷✵✶✵❀ ❍✉♥t❧❡②

❡t ❛❧✳✱ ✷✵✶✶❀ ❖❧❛s❝♦❛❣❛ ❛♥❞ ❍❛❧❧❡r✱ ✷✵✶✷✮ ❛♥❞ ♣r♦♣❛❣❛t✐♦♥ ♦❢

❋✉❦✉s❤✐♠❛✲❞❡r✐✈❡❞ r❛❞✐♦♥✉❝❧✐❞❡s ✐♥ t❤❡ P❛❝✐✂❝ ♦❝❡❛♥ ✭Pr❛♥ts

❡t ❛❧✳✱ ✷✵✶✶❜❀ ❇✉❞②❛♥s❦② ❡t ❛❧✳✱ ✷✵✶✺❀ Pr❛♥ts ❡t ❛❧✳✱ ✷✵✶✹✮✳

❚❤❡ ♣r❡s❡♥t ❛✉t❤♦rs ❤❛✈❡ ❞❡✈❡❧♦♣❡❞ t❤❡ ❛♣♣r♦♣r✐❛t❡
✿

❛
✿✿

s❡t ✸✵

✿✿

♦❢ ▲❛❣r❛♥❣✐❛♥ t♦♦❧s ❢♦r tr❛❝❦✐♥❣ ♦r✐❣✐♥✱ ❤✐st♦r② ❛♥❞ ❢❛t❡ ♦❢

✇❛t❡r ♠❛ss❡s ❛❞✈❡❝t❡❞ ❜② ❛♥❛❧②t✐❝✱ ❛❧t✐♠❡tr✐❝ ❛♥❞ ♥✉♠❡r✐❝❛❧

✈❡❧♦❝✐t② ✂❡❧❞s ❣❡♥❡r❛t❡❞ ❜② ❡❞❞②✲r❡s♦❧✈❡❞ r❡❣✐♦♥❛❧ ❝✐r❝✉❧❛✲

t✐♦♥ ♠♦❞❡❧s ✭❇✉❞②❛♥s❦② ❡t ❛❧✳✱ ✷✵✵✾❀ Pr❛♥ts ❡t ❛❧✳✱ ✷✵✶✶❜✱ ❛❀

Pr❛♥ts✱ ✷✵✶✸❀ Pr❛♥ts ❡t ❛❧✳✱ ✷✵✶✸❀ Pr❛♥ts✱ ✷✵✶✹❀ ❇✉❞②❛♥s❦② ✸✺

❡t ❛❧✳✱ ✷✵✶✺✮✳ ❊❛❝❤ ❡❧❡♠❡♥t❛r② ✈♦❧✉♠❡ ♦❢ ✇❛t❡r ❝❛♥ ❜❡ ❛ttr✐❜✲

✉t❡❞ t♦ ♣❤②s✐❝♦✲❝❤❡♠✐❝❛❧ ♣r♦♣❡rt✐❡s ✭t❡♠♣❡r❛t✉r❡✱ s❛❧✐♥✐t②✱

❞❡♥s✐t②✱ r❛❞✐♦❛❝t✐✈✐t②✱ ❡t❝✳✮ ✇❤✐❝❤ ❝❤❛r❛❝t❡r✐③❡ t❤✐s ✈♦❧✉♠❡

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

t♦ ♠♦r❡ s♣❡❝✐✂❝ ❝❤❛r❛❝t❡r✐st✐❝s ❛s tr❛❥❡❝t♦r②✬s ❢✉♥❝t✐♦♥s t❤❛t ✹✵

❝❛rr② ❦❡② ❞❛t❛ ❜✉t ❛r❡ ♥♦t ♣❤②s✐❝♦✲❝❤❡♠✐❝❛❧ ♣r♦♣❡rt✐❡s
✿✿✿✿

♦t❤❡r

✿✿✿✿

t②♣❡s
✿✿✿

♦❢
✿✿✿✿✿✿✿✿✿✿

❞✐❛❣♥♦st✐❝s
✿✿✿✿✿

✇❤✐❝❤
✿✿✿✿

❛r❡
✿✿✿✿✿✿✿✿✿✿

❡①❝❧✉s✐✈❡❧②
✿✿✿✿✿✿✿

❢✉♥❝t✐♦♥
✿✿✿

♦❢
✿✿

✐ts

✿✿✿✿✿✿✿✿

tr❛❥❡❝t♦r②✳ ❲❡ ❝❛❧❧ t❤❡♠ ➇▲❛❣r❛♥❣✐❛♥ ✐♥❞✐❝❛t♦rs➈✳ ❚❤❡② ❛r❡✱

❢♦r ❡①❛♠♣❧❡✱ ❞✐st❛♥❝❡ ♣❛ss❡❞
✿

✿
✿✿✿✿✿✿✿

❞✐st❛♥❝❡
✿✿✿✿✿✿✿✿

tr❛✈❡❧❧❡❞ ❜② ❛ ✄✉✐❞

♣❛rt✐❝❧❡ ❢♦r s♦♠❡ ♣❡r✐♦❞ ♦❢ t✐♠❡❀ ❛❜s♦❧✉t❡✱ ③♦♥❛❧✱ ❛♥❞ ♠❡r✐❞✐✲ ✹✺

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

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

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

❀ ❡①✐t

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

❞✐❢❢❡r❡♥t ♣❧❛❝❡s ✐♥ ❛ st✉❞✐❡❞ r❡❣✐♦♥✳ ✺✵

❚❤❡ ▲❛❣r❛♥❣✐❛♥ ✐♥❞✐❝❛t♦rs ❝♦♥t❛✐♥ ✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t t❤❡

♦r✐❣✐♥✱ ❤✐st♦r② ❛♥❞ ❢❛t❡ ♦❢ t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ✇❛t❡r ♠❛ss❡s

❛♥❞ ❛❧❧♦✇ t♦ ✐❞❡♥t✐❢② ✇❛t❡r ♠❛ss❡s ♠♦✈✐♥❣
✿✿

t❤❡
✿✿✿✿✿✿✿✿✿✿✿

✐❞❡♥t✐✂❝❛t✐♦♥

✿✿

♦❢
✿✿✿✿✿

✇❛t❡r
✿✿✿✿✿✿

♠❛ss❡s
✿✿✿

t❤❛t
✿✿✿✿✿

♠♦✈❡
✿

❝♦❤❡r❡♥t❧②✱ ❡✐t❤❡r
✿✿

❜②
✿

♣r♦♣❛❣❛t✐♥❣

t♦❣❡t❤❡r ♦r
✿✿

❜②
✿

r♦t❛t✐♥❣ t♦❣❡t❤❡r✳ ❊✈❡♥ ✐❢ ❛❞❥❛❝❡♥t ✇❛t❡rs ❛r❡ ✺✺

✐♥❞✐st✐♥❣✉✐s❤❛❜❧❡✱ s❛②✱ ❜② t❡♠♣❡r❛t✉r❡ ✱ ❛♥❞
✿✿✿✿

✭❡✳❣✳✱
✿

t❤❡ s❛t❡❧✲

❧✐t❡ ❙❙❚ ✐♠❛❣❡s ✐♥❞✐❝❛t❡ ♥♦ t❤❡r♠❛❧ ❢r♦♥t
✿

✮✱ t❤❡ ❝♦rr❡s♣♦♥❞✲

✐♥❣ ✇❛t❡r ♠❛ss❡s ❝❛♥
✿✿✿✿✿

❝♦✉❧❞
✿✿✿

st✐❧❧
✿

❜❡ ❞✐st✐♥❣✉✐s❤❛❜❧❡✱ ❢♦r ❡①✲

❛♠♣❧❡✱ ❜② t❤❡✐r ♦r✐❣✐♥✱ tr❛✈❡❧❧✐♥❣ ❤✐st♦r② ❛♥❞ ♦t❤❡r ❢❛❝t♦rs✳

❚❤❡ ▲❛❣r❛♥❣✐❛♥ ✐♥❞✐❝❛t♦rs ❛r❡ ❝♦♠♣✉t❡❞ ❜② ✐♥t❡❣r❛t✐♥❣ ❛❞✲ ✻✵

✈❡❝t✐♦♥ ❡q✉❛t✐♦♥s ✭✶✮ ❢♦r ❛ ❧❛r❣❡ ♥✉♠❜❡r ♦❢ s②♥t❤❡t✐❝ ♣❛rt✐❝❧❡s

❢♦r✇❛r❞ ❛♥❞ ❜❛❝❦✇❛r❞ ✐♥ t✐♠❡✳ ❲❤❡♥ ✐♥t❡❣r❛t✐♥❣ ✭✶✮ ❢♦r✇❛r❞

✐♥ t✐♠❡ ♦♥❡ ❝♦♠♣✉t❡s ♣❛rt✐❝❧❡✬s tr❛❥❡❝t♦r✐❡s t♦ ❦♥♦✇ t❤❡ ❢❛t❡

♦❢ t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ♣❛rt✐❝❧❡s ❛♥❞ ✇❤❡♥ ✐♥t❡❣r❛t✐♥❣ ✭✶✮ ❜❛❝❦✲



❙✳❱✳ Pr❛♥ts ❡t ❛❧✿ ▲❛❣r❛♥❣✐❛♥ s✐♠✉❧❛t✐♦♥ ❛♥❞ tr❛❝❦✐♥❣ ♦❢ t❤❡ ♠❡s♦s❝❛❧❡ ❡❞❞✐❡s ❝♦♥t❛♠✐♥❛t❡❞ ❜② ❋✉❦✉s❤✐♠❛ ✸

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

❛♥❞ t❤❡ ❤✐st♦r② ♦❢ t❤❡✐r tr❛✈❡❧✳

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

❛ ▲❛❣r❛♥❣✐❛♥ ♠❡t❤♦❞♦❧♦❣② ✐♥ ♦r❞❡r t♦ tr❛❝❦ ❛♥❞ ❞♦❝✉♠❡♥t

t❤❡ ♦r✐❣✐♥ ❛♥❞ ❤✐st♦r② ♦❢ ✇❛t❡r ♠❛ss❡s ❝♦♥st✐t✉t✐♥❣ ♣r♦♠✐♥✲✺

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

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

t❤❡ ❑✉r♦s❤✐♦ ➊❖②❛s❤✐♦ ❝♦♥✄✉❡♥❝❡ ③♦♥❡✳ ❙❡❝♦♥❞❧②✱ ✇❡ ❛♣✲

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

s❝❛❧❡ ❡❞❞✐❡s✱ ❛❞✈❡❝t❡❞ ❜② t❤❡ ❛❧t✐♠❡tr✐❝ ❆❱■❙❖ ✈❡❧♦❝✐t② ✂❡❧❞✱✶✵

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

♥✉❝❧✐❞❡s✳ ❋✐♥❛❧❧②✱ t❤❡ s✐♠✉❧❛t✐♦♥ r❡s✉❧ts ❛r❡ ❝♦♠♣❛r❡❞ q✉❛❧✲

✐t❛t✐✈❡❧② ✇✐t❤ ✐♥ s✐t✉ s❛♠♣❧✐♥❣ ♦❢ t❤♦s❡ ❡❞❞✐❡s ✐♥ t❤❡ ❘✴❱

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

✈❡r✐✂❡❞✱ ✇❤❡♥ ♣♦ss✐❜❧❡✱ ❜② tr❛❝❦s ♦❢ s✉r❢❛❝❡ ❞r✐❢t❡rs ❛♥❞✶✺

❞✐✈✐♥❣ ❆❘●❖
✿✿✿✿

❆r❣♦
✿

✄♦❛ts ❛✈❛✐❧❛❜❧❡ ❛t t❤❡ s✐t❡s ❛♦♠❧✳♥♦❛❛✳

❣♦✈✴♣❤♦❞✴❞❛❝ ❛♥❞ ✇✇✇✳❛r❣♦✳♥❡t✱ r❡s♣❡❝t✐✈❡❧②✳

✷ ❉❛t❛ ❛♥❞ ♠❡t❤♦❞♦❧♦❣②

❆❧❧ t❤❡ s✐♠✉❧❛t✐♦♥ r❡s✉❧ts ❛r❡ ❜❛s❡❞ ♦♥ ✐♥t❡❣r❛t✐♥❣ ❡q✉❛t✐♦♥s

♦❢ ♠♦t✐♦♥ ❢♦r ❛ ❧❛r❣❡ ♥✉♠❜❡r ♦❢ s②♥t❤❡t✐❝ ♣❛rt✐❝❧❡s ✭tr❛❝❡rs✮✷✵

❛❞✈❡❝t❡❞ ❜② t❤❡ ❆❱■❙❖ ✈❡❧♦❝✐t② ✂❡❧❞

❞✕

❞t
❂ ✉✭✕❀✬❀t✮❀

❞✬

❞t
❂ ✈✭✕❀✬❀t✮❀ ✭✶✮

✇❤❡r❡ ✉ ❛♥❞ ✈ ❛r❡ ❛♥❣✉❧❛r ③♦♥❛❧ ❛♥❞ ♠❡r✐❞✐♦♥❛❧ ✈❡❧♦❝✐t✐❡s✱ ✬
❛♥❞ ✕ ❛r❡ ❧❛t✐t✉❞❡ ❛♥❞ ❧♦♥❣✐t✉❞❡✱ r❡s♣❡❝t✐✈❡❧②✳ ❚❤❡ ❛❧t✐♠❡tr②✲

❜❛s❡❞ ✈❡❧♦❝✐t✐❡s ✇❡r❡ ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ❆❱■❙❖ ❞❛t❛❜❛s❡✷✺

✭❛✈✐s♦✳❛❧t✐♠❡tr②✳❢r✮ ❛r❝❤✐✈❡❞ ❞❛✐❧② ♦♥ ❛ ✶❂✹✍✂✶❂✹✍ ❣r✐❞✳ ❚❤❡
✈❡❧♦❝✐t② ✂❡❧❞ ❤❛s ❜❡❡♥ ✐♥t❡r♣♦❧❛t❡❞ ✉s✐♥❣ ❛ ❜✐❝✉❜✐❝❛❧ s♣❛✲

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

t✐♠❡✳ ■♥ ✐♥t❡❣r❛t✐♥❣ ❊qs✳ ✶ ✇❡ ✉s❡❞ ❛ ❢♦✉rt❤✲♦r❞❡r ❘✉♥❣❡ ➊

❑✉tt❛ s❝❤❡♠❡ ✇✐t❤ ❛♥ ✐♥t❡❣r❛t✐♦♥ st❡♣ ♦❢ ✵✳✵✵✶ ❞❛②✳ ❆❧t✐♠❡tr②✸✵

❞❛t❛ ♣r♦✈✐❞❡ t❤❡ ✈❡❧♦❝✐t② ✂❡❧❞ ✇❤✐❝❤ ✐s ❛

✿✿✿

❚❤❡
✿✿✿✿✿✿✿

✈❡❧♦❝✐t②
✿✿✿✿✿

✂❡❧❞
✿✿

✐s
✿✿✿✿

❢r♦♠
✿✿✿✿✿✿✿✿

❛❧t✐♠❡tr②
✿✿✿✿✿

❞❛t❛✱
✿✿✿✿✿✿

✇❤✐❝❤
✿✿✿✿✿✿

♣r♦✈✐❞❡

✿✿

t❤❡
✿

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

✐❡s ✳ ❚❤❡ r❡s✉❧ts ♦❢ ♦✉r ❛❧t✐♠❡tr②✲❜❛s❡❞ ▲❛❣r❛♥❣✐❛♥ ❛♥❛❧②s✐s

❛r❡ ❡①♣❡❝t❡❞ t♦ ❜❡ ✈❛❧✐❞ ♦♥ ❛ ♠❡s♦s❝❛❧❡ ✇❤❡r❡ t❤❡ ❆❱■❙❖✸✺

✈❡❧♦❝✐t② ✂❡❧❞ ♠❛② ❜❡ ❝♦♥s✐❞❡r❡❞ t♦ ❜❡ ❛ ❣♦♦❞ ❛♣♣r♦①✐♠❛t✐♦♥✳

✿✿✿✿

✈❛❧✐❞
✿✿

❛t
✿✿✿

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

❛♠♦✉♥t ♦❢ ✐♥❢♦r♠❛t✐♦♥✱ ✇❡ ❝♦♠♣✉t❡ ▲❛❣r❛♥❣✐❛♥ ♠❛♣s ✇❤✐❝❤

❛r❡ ♣❧♦ts ♦❢ ❛ s♣❡❝✐✂❝ ▲❛❣r❛♥❣✐❛♥ ✐♥❞✐❝❛t♦r
✿✿✿

♣❧♦t
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♠❛♣s
✿✿

♦❢✹✵
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s♣❡❝✐✂❝
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▲❛❣r❛♥❣✐❛♥
✿✿✿✿✿✿✿✿✿

✐♥❞✐❝❛t♦rs ✈❡rs✉s ♣❛rt✐❝❧❡✬s ✐♥✐t✐❛❧ ♣♦s✐✲

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

♦❢ ▲❛❣r❛♥❣✐❛♥ ♣❛rt✐❝❧❡s ✇❤♦s❡ tr❛❥❡❝t♦r✐❡s ❛r❡ ❝♦♠♣✉t❡❞ ❢♦r

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

❣❡t ❛ ❞❛t❛ ✂❧❡ ✇✐t❤ t❤❡ ✂❡❧❞ ♦❢ ❛ s♣❡❝✐✂❝ ▲❛❣r❛♥❣✐❛♥ ✐♥❞✐❝✲✹✺

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

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

■t ✐s ✐♥❢♦r♠❛t✐✈❡ t♦ ✐♠♣♦s❡
✿✿✿✿

❛❧s♦
✿✿

t♦
✿✿✿✿✿✿

✐❞❡♥t✐❢②
✿

➇✐♥st❛♥t❛♥❡♦✉s➈

st❛❣♥❛t✐♦♥ ❡❧❧✐♣t✐❝ ❛♥❞ ❤②♣❡r❜♦❧✐❝ ♣♦✐♥ts ♦♥ t❤❡ ▲❛❣r❛♥❣✐❛♥

♠❛♣s✳ ❲❡ ♠❛r❦ t❤❡♠ ❜② tr✐❛♥❣❧❡s ❛♥❞ ❝r♦ss❡s✱ r❡s♣❡❝t✐✈❡❧②✳✺✵

❚❤❡② ❛r❡ ♣♦✐♥ts ✇✐t❤ ③❡r♦ ✈❡❧♦❝✐t② ✇❤✐❝❤ ❛r❡ ❝♦♠♣✉t❡❞ ❞❛✐❧②

✇✐t❤ t❤❡ ❆❱■❙❖ ✈❡❧♦❝✐t② ✂❡❧❞✳ ❚❤❡ ❡❧❧✐♣t✐❝ ♣♦✐♥ts ❛r❡ ❝❛❧❧❡❞

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

❜✐❧✐t② ♣r♦♣❡rt✐❡s ❛r❡ ❝❤❛r❛❝t❡r✐③❡❞ ❜② ❛ st❛♥❞❛r❞ ♠❡t❤♦❞ ❝❛❧✲

❝✉❧❛t✐♥❣ ❡✐❣❡♥✈❛❧✉❡s ♦❢ t❤❡ ❏❛❝♦❜✐❛♥ ♠❛tr✐① ♦❢ t❤❡ ✈❡❧♦❝✐t② ✺✺

✂❡❧❞✳ ❚❤❡ ❡❧❧✐♣t✐❝ ♣♦✐♥ts✱ s✐t✉❛t❡❞ ♠❛✐♥❧② ✐♥ t❤❡ ❝❡♥t❡rs ♦❢

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

❛♥❞ ❝✐r❝✉❧❛r✳ ❯♣✭❞♦✇♥✮✇❛r❞ ♦r✐❡♥t❛t✐♦♥ ♦❢ ♦♥❡ ♦❢ t❤❡ tr✐✲

❛♥❣❧❡✬s t♦♣ ♦♥ t❤❡ ♠❛♣s ♠❡❛♥s ❛♥t✐❝②❝❧♦♥✐❝ ✭❝②❝❧♦♥✐❝✮ r♦✲

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

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

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

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

♥❛t✐♦♥ ♣♦✐♥ts ❛r❡ ♠♦✈✐♥❣ ❊✉❧❡r✐❛♥ ❢❡❛t✉r❡s ❛♥❞ ♠❛② ✉♥❞❡r❣♦

❜✐❢✉r❝❛t✐♦♥s ✐♥ t❤❡ ❝♦✉rs❡ ♦❢ t✐♠❡✳ ■♥ s♣✐t❡ ♦❢ ♥♦♥st❛t✐♦♥❛r✐t② ✻✺

♦❢ t❤❡ ✈❡❧♦❝✐t② ✂❡❧❞✱ s♦♠❡ ♦❢ t❤❡♠ ♠❛② ❡①✐st ❢♦r ✇❡❡❦s ❛♥❞

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

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

❤❡❧♣ ♦❢ ❞r✐❢t❡r✬s tr❛❝❦s ✐♥ t❤❡ ●✉❧❢ ♦❢ ▲❛ ❙♣❡③✐❛ ✐♥ t❤❡ ♥♦rt❤✲

✇❡st❡r♥ ▼❡❞✐t❡rr❛♥❡❛♥ ❙❡❛ ✭❍❛③❛ ❡t ❛❧✳✱ ✷✵✶✵✮✱ ✐♥ t❤❡ ●✉❧❢ ♦❢ ✼✵

✿✿✿✿

▲✐♦♥
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✭◆❡♥❝✐♦❧✐ ❡t ❛❧✳✱ ✷✵✶✶✮✱
✿✿✿

✐♥
✿✿✿

t❤❡
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●✉❧❢
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♦❢
✿

▼❡①✐❝♦ ✭❖❧❛s❝♦✲

❛❣❛ ❡t ❛❧✳✱ ✷✵✶✸✮ ❛♥❞ ✐♥ t❤❡ ♥♦rt❤✇❡st❡r♥ P❛❝✐✂❝ ✭Pr❛♥ts ❡t ❛❧✳✱

✷✵✶✻✮✳

❚❤❡ ❛❧t✐♠❡tr②✲❜❛s❡❞ ▲❛❣r❛♥❣✐❛♥ ♠❛♣s ❛❧❧♦✇ ❛❝❝✉r❛t❡❧②

✐❞❡♥t✐❢② ❛♥❞ tr❛❝❦ ♠❡s♦s❝❛❧❡ ❡❞❞✐❡s ❛♥❞ ❞♦❝✉♠❡♥t t❤❡✐r ✼✺

tr❛♥s❢♦r♠❛t✐♦♥ ❞✉❡ t♦ ✐♥t❡r❛❝t✐♦♥s ✇✐t❤ ❝✉rr❡♥ts ❛♥❞ ♦t❤❡r ❡❞✲

❞✐❡s✳ ■♥s♣❡❝t✐♥❣ ❞❛✐❧②✲❝♦♠♣✉t❡❞ ▲❛❣r❛♥❣✐❛♥ ♠❛♣s ❢♦r ❛ ❧♦♥❣

♣❡r✐♦❞ ♦❢ t✐♠❡ ✭✉♣ t♦ t✇♦ ②❡❛rs ✐♥ t❤✐s ♣❛♣❡r✮ ❛♥❞ ❝♦♠♣✉t✲

✐♥❣ st❛❣♥❛t✐♦♥ ❡❧❧✐♣t✐❝ ♣♦✐♥ts ❞❛✐❧②✱ ♦♥❡ ❝❛♥ tr❛❝❦ t❤❡ ❢❛t❡ ♦❢

❛♥②
✿✿✿✿
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❛♥❞
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❢❛t❡
✿✿
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✇❛t❡r
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✿
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❚❤❡ ▲❛❣r❛♥❣✐❛♥ ❞✐❛❣♥♦st✐❝s ✐s ♠♦r❡ ❛♣♣r♦♣r✐❛t❡ ✇✐t❤ t❤❛t

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

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

▲❛❣r❛♥❣✐❛♥ ✽✺

♠❛♣s ❛r❡ ✐♠♣r✐♥ts ♦❢
✿✿✿

t❤❡ ❤✐st♦r② ♦❢ ✇❛t❡r ♠❛ss❡s ✐♥✈♦❧✈❡❞ ✐♥

t❤❡ ✈♦rt❡① ♠♦t✐♦♥✱
✿

✇❤❡r❡❛s ✈♦rt✐❝✐t②✱ t❤❡ ❖❦✉❜♦ ➊❲❡✐ss ♣❛r❛✲

♠❡t❡r ❛♥❞ s✐♠✐❧❛r ✐♥❞✐❝❛t♦rs ❛r❡
✿✿✿

♦♥❧②
✿

➇✐♥st❛♥t❛♥❡♦✉s➈ s♥❛♣✲

s❤♦ts ✭s❡❡ ❖❧❛s❝♦❛❣❛ ❡t ❛❧✳✱ ✷✵✶✸❀ Pr❛♥ts ❡t ❛❧✳✱ ✷✵✶✻✱ ❢♦r ❝♦♠✲

♣❛r✐s♦♥✮✳ ✾✵

❇❡✐♥❣ ♠♦t✐✈❛t❡❞ ❜② t❤❡ ♣r♦❜❧❡♠ ♦❢ ✐❞❡♥t✐✂❝❛t✐♦♥ ♦❢

❋✉❦✉s❤✐♠❛✲❝♦♥t❛♠✐♥❛t❡❞ ✇❛t❡rs ✐♥ t❤❡ ❝♦r❡ ❛♥❞ ❛t t❤❡ ♣❡r✐✲

♣❤❡r② ♦❢ ♣❡rs✐st❡♥t ♠❡s♦s❝❛❧❡ ❡❞❞✐❡s ✐♥ t❤❡ ❛r❡❛✱ ✇❡ ❞❡✈❡❧♦♣

✐♥ t❤✐s ♣❛♣❡r ❛ s♣❡❝✐❛❧
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s♣❡❝✐✂❝ ▲❛❣r❛♥❣✐❛♥ t❡❝❤♥✐q✉❡ ♦r✐❡♥t❡❞

t♦ ❞✐st✐♥❣✉✐s❤ ✇❛t❡r ♠❛ss❡s ♦❢ ❛ ❞✐❢❢❡r❡♥t ♦r✐❣✐♥ ✐♥s✐❞❡ t❤❡ ❡❞✲ ✾✺

❞✐❡s ✇✐t❤ ❛ r✐s❦ t♦ ❜❡ ❝♦♥t❛♠✐♥❛t❡❞✳ ❲✐t❤ t❤✐s ❛✐♠ ✇❡ s♣❡❝✐❢②✱
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❛t ❛r♦✉♥❞ ✹✵✍◆✱ ✶✹✺✍❊✳ ❆❢t❡r t❤❛t ✐t ❝❛♣t✉r❡❞ s♦♠❡ ❝♦♥t❛♠✲

✐♥❛t❡❞ ✇❛t❡r ❢r♦♠ t❤❡ ❚❊✳ ■t ❤❛s ❜❡❡♥ s❛♠♣❧❡❞ ✐♥ t❤❡ ❡♥❞ ♦❢

❏✉❧② ✷✵✶✶ ✭❑❛❡r✐②❛♠❛ ❡t ❛❧✳✱ ✷✵✶✸✮✳

❚❤❡ ❛♥t✐❝②❝❧♦♥✐❝ ❚s✉❣❛r✉ ❡❞❞② ✭❚s❊✮ ✇❛s ❣❡♥❡t✐❝❛❧❧② ❝♦♥✲

♥❡❝t❡❞ ✇✐t❤ t❤❡ ❍❊✳ ■t ✇❛s ❜♦r♥ ✐♥ t❤❡ ❜❡❣✐♥♥✐♥❣ ♦❢ ❋❡❜✲ ✺✺

r✉❛r② ✷✵✶✷ ✇✐t❤ t❤❡ ❝❡♥t❡r ❛t ❛r♦✉♥❞ ✹✶✿✾✍◆✱ ✶✹✽✍❊ ❛♥❞

❝❛♣t✉r❡❞ s♦♠❡ ❝♦♥t❛♠✐♥❛t❡❞ ✇❛t❡r ❢r♦♠ t❤❡ ❍❊✳ ❚❤❡ ❚s❊

❤❛s ❜❡❡♥ s❛♠♣❧❡❞ ✐♥ t❤❡ ❘✴❱ ➇Pr♦❢❡ss♦r ●❛❣❛r✐♥s❦✐②➈ ❝r✉✐s❡

♦♥ ❏✉❧② ✺✱ ✷✵✶✷ t♦ ❤❛✈❡ ❝♦♥❝❡♥tr❛t✐♦♥s ♦❢ ✶✸✼❈s ❛♥❞ ✶✸✹❈s

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

❛t❡ ❞❡♣t❤s ✭❇✉❞②❛♥s❦② ❡t ❛❧✳✱ ✷✵✶✺✮✳ ❆❧❧ t❤❡s❡ ❡❞❞✐❡s ✇✐❧❧ ❜❡

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

♦r❞❡r t♦ s✐♠✉❧❛t❡ ❛♥❞ tr❛❝❦ ❜② ✇❤✐❝❤ tr❛♥s♣♦rt ♣❛t❤✇❛②s t❤❡②

❝♦✉❧❞ ❣❛✐♥
✿✿✿✿

❤❛✈❡
✿✿✿✿✿✿

❣❛✐♥❡❞
✿

✇❛t❡r ♠❛ss❡s ❢r♦♠ t❤❡ ❋✉❦✉s❤✐♠❛

❛r❡❛ ❛♥❞ ✇❛t❡r ♠❛ss❡s ♦❢
✿✿

♦r
✿✿✿✿✿

❢r♦♠ ♦t❤❡r ♦r✐❣✐♥ ❛♥❞ t♦ ❝♦♠✲ ✻✺

♣❛r❡ q✉❛❧✐t❛t✐✈❡❧② t❤❡ s✐♠✉❧❛t✐♦♥ r❡s✉❧ts ✇✐t❤ ✐♥ s✐t✉♠❡❛s✉r❡✲

♠❡♥ts✳

✸✳✶ ❚❤❡ ❚♦❤♦❦✉ ❡❞❞②

❲❡ tr❛❝❦❡❞ ✇✐t❤ ❞❛✐❧②✲❝♦♠♣✉t❡❞ ▲❛❣r❛♥❣✐❛♥ ♠❛♣s t❤❡ ❜✐rt❤✱

♠❡t❛♠♦r♣❤♦s❡s ❛♥❞ ❞❡❝❛② ♦❢ t❤❡ ♠❡s♦s❝❛❧❡ ❛♥t✐❝②❝❧♦♥✐❝ ❚❊✳ ✼✵

■t ✇❛s ❜♦r♥ ✐♥ t❤❡ ♠✐❞❞❧❡ ♦❢ ▼❛② ✷✵✶✵ ✇✐t❤ t❤❡ ❡❧❧✐♣t✐❝ ♣♦✐♥t

❛t ❛r♦✉♥❞ ✸✽✍◆✱ ✶✹✹✍❊ ❛t t❤❛t t✐♠❡ ❛s t❤❡ r❡s✉❧t ♦❢ ✐♥t❡r✲

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

✇✐t❤ ♠✐①❡❞ ❑✉r♦s❤✐♦ ❛♥❞ ❖②❛s❤✐♦ ❝♦r❡ ✇❛t❡rs✳ ■t ❤❛s ✐♥t❡r❛❝✲

t❡❞ ✇✐t❤ ❛♥♦t❤❡r
✿✿✿✿✿

♦t❤❡r ❡❞❞✐❡s ❛❧♠♦st ❢♦r ❛ ②❡❛r ✇✐t❤ ♠✉❧t✐♣❧❡ ✼✺

s♣❧✐tt✐♥❣ ❛♥❞ ♠❡r❣✐♥❣ ✐♥ t❤❡ ❛r❡❛ t♦ t❤❡ ❡❛st ♦❢❢ t❤❡ ❍♦♥s❤✉

■s❧❛♥❞✳ ❏✉st ❛❢t❡r t❤❡ ❛❝❝✐❞❡♥t✱ ✐t ❜❡❣✉♥ t♦ ❣❛✐♥ ➇②❡❧❧♦✇➈ ✇❛t❡r

❢r♦♠ t❤❡ ❛r❡❛ ❛r♦✉♥❞ t❤❡ ❋◆PP ✇✐t❤ ❛ ❤✐❣❤ r✐s❦ ♦❢ ❝♦♥t❛♠✲

✐♥❛t✐♦♥✳ ❚❤❛t ❡❞❞② ✐s ❝❧❡❛r❧② s❡❡♥ ✐♥ ❡❛r❧✐❡r s✐♠✉❧❛t✐♦♥ ❥✉st

❛❢t❡r t❤❡ ❛❝❝✐❞❡♥t ✐♥ ❋✐❣✳ ✸❜ ❜② Pr❛♥ts ❡t ❛❧✳ ✭✷✵✶✶❜✮ ❛♥❞ ♦♥ ✽✵

t❤❡ ▲❛❣r❛♥❣✐❛♥ ♠❛♣ ✐♥ ❋✐❣✳ ✷❛ ❛s ❛ r❡❞ ♣❛t❝❤ ❧❛❜❡❧❡❞ ❛s ❚❊

✇✐t❤ t❤❡ ❝❡♥t❡r ❛t ✸✾✍◆✱ ✶✹✹✍❊ ♦♥ ▼❛r❝❤ ✷✻✱ ✷✵✶✶✳

❚❤❡ ♠❛♣s ✐♥ ❋✐❣✳ ✷ ❛♥❞ ✐♥ t❤❡ s✉❜s❡q✉❡♥t ✂❣✉r❡s ❤❛✈❡

❜❡❡♥ ❝♦♠♣✉t❡❞ ❛s ✐t ✇❛s ❡①♣❧❛✐♥❡❞ ✐♥ ❙❡❝✳ ✷✳ ❚❤❡ r❡❞ ❝♦❧♦r

✐♥ t❤❡ ❝♦r❡ ♦❢ t❤❡ ❚❊ ♠❡❛♥s t❤❛t ✐ts ❝♦r❡ ✇❛t❡r ✇❛s ♦❢ s✉❜✲ ✽✺

tr♦♣✐❝❛❧ ♦r✐❣✐♥✳ ▼♦r❡ ❡①❛❝t❧②
✿✿✿✿✿✿✿✿

♣r❡❝✐s❡❧②✱ t❤❡ r❡❞ tr❛❝❡rs ❝❛♠❡

✿✿✿✿

✇❡r❡
✿✿✿✿✿✿✿✿

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

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

❑✉r♦s❤✐♦ ❥❡t
✿✿

t♦
✿✿✿

t❤❡
✿✿✿✿✿✿

❝✉rr❡♥t
✿✿✿✿✿

♣❧❛❝❡
✿✿

♦♥
✿✿✿

t❤❡
✿✿✿✿

♠❛♣✳ ■♥ ▼❛r❝❤ ✷✵✶✶

➇②❡❧❧♦✇➈ ✇❛t❡r✱ ❝♦♠✐♥❣ ❢r♦♠ t❤❡ ❛r❡❛ ❛r♦✉♥❞ t❤❡ ❋◆PP ✇✐t❤ ✾✵

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

t❤❡ ❚❊✳ ❆ t❤✐♥ str❡❛♠❡r ♦❢ ❚s✉❣❛r✉ ➇❜❧❛❝❦➈ ✇❛t❡r✱ ❝♦♠✐♥❣

❢r♦♠ t❤❡ ❜❧❛❝❦ ❧✐♥❡ s❡❣♠❡♥t ✐♥ ❋✐❣✳ ✶❛✱ ✇r❛♣♣❡❞ ❛ ♣❡r✐♣❤❡r②

♦❢ t❤❡ ❚❊ t♦ t❤❡ ❡♥❞ ♦❢ ▼❛r❝❤✳ ➇❨❡❧❧♦✇➈ ✇❛t❡rs ♣r♦♣❛❣❛t❡❞

❣r❛❞✉❛❧❧② t♦ t❤❡ ❡❛st ❛♥❞ s♦✉t❤ ❞✉❡ t♦ ❛ s②st❡♠ ♦❢ ❝✉rr❡♥ts ✾✺

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

✇r❛♣♣✐♥❣
✿✿✿✿✿✿

❛r♦✉♥❞

✿✿

t❤❡
✿✿✿✿✿✿

❡❞❞✐❡s
✿

♣r❡s❡♥t ✐♥ t❤❡ ❛r❡❛✳ ❚❤❡ str❛✐❣❤t ③♦♥❛❧ ❜♦✉♥❞✲

❛r② ❛❧♦♥❣ ✸✻✿✺✍◆ ❛♥❞ ♠❡r✐❞✐♦♥❛❧ ❜♦✉♥❞❛r② ❛❧♦♥❣ ✶✹✹✍❊✱
s❡♣❛r❛t✐♥❣ ✇❛t❡r ♠❛ss❡s ♦❢ ❞✐❢❢❡r❡♥t ♦r✐❣✐♥ ✐♥ ❋✐❣✳ ✶

✿

✷❛ ♦♥

▼❛r❝❤ ✷✻✱ ✷✵✶✶✱ ❛r❡ ❥✉st ❢r❛❣♠❡♥ts ♦❢ t❤❡ ②❡❧❧♦✇ str❛✐❣❤t ✶✵✵

❧✐♥❡s
✿✿✿✿✿✿✿

❜♦✉♥❞❛r②
✿

✐♥ ❋✐❣✳ ✷
✿

✶❛ r❡str✐❝t✐♥❣ t❤❡ ❛r❡❛ ❛r♦✉♥❞ t❤❡

❋◆PP✳ ❚❤❡s❡ ❜♦✉♥❞❛r✐❡s s❡♣❛r❛t❡ t❤❡ ➇②❡❧❧♦✇➈ tr❛❝❡rs ✇❤✐❝❤

✇❡r❡ ♣r❡s❡♥t ✇✐t❤✐♥ t❤❡ ❛r❡❛ ❢r♦♠ t❤♦s❡ ♦♥❡s ✇❤✐❝❤ ❤❛✈❡ ♥♦t



❙✳❱✳ Pr❛♥ts ❡t ❛❧✿ ▲❛❣r❛♥❣✐❛♥ s✐♠✉❧❛t✐♦♥ ❛♥❞ tr❛❝❦✐♥❣ ♦❢ t❤❡ ♠❡s♦s❝❛❧❡ ❡❞❞✐❡s ❝♦♥t❛♠✐♥❛t❡❞ ❜② ❋✉❦✉s❤✐♠❛ ✺

❋✐❣✉r❡ ✷✳ ❚❤❡ ▲❛❣r❛♥❣✐❛♥ ♠❛♣s s❤♦✇ ❡✈♦❧✉t✐♦♥ ♦❢ t❤❡ ❚♦❤♦❦✉ ❡❞❞② ✭❚❊✮ ❛❢t❡r t❤❡ ❛❝❝✐❞❡♥t t♦ t❤❡ ❞❛②s ♦❢ ✐ts s❛♠♣❧✐♥❣ ❛♥❞ t❤❡ ♦r✐❣✐♥ ♦❢ ✇❛t❡rs
✐♥ ✐ts ❝♦r❡ ❛♥❞ ❛t t❤❡ ♣❡r✐♣❤❡r②✳ ❚❤❡ r❡❞✱ ❜❧❛❝❦ ❛♥❞ ❜❧✉❡ ❝♦❧♦rs s♣❡❝✐❢② t❤❡ tr❛❝❡rs ✇❤✐❝❤ ❝❛♠❡ ❢♦r t✇♦ ②❡❛rs ✐♥ t❤❡ ♣❛st t♦ t❤❡✐r ♣❧❛❝❡s ♦♥ t❤❡
♠❛♣s ❢r♦♠ t❤❡ ❑✉r♦s❤✐♦✱ ❖②❛s❤✐♦ ❛♥❞ ❚s✉s❤✐♠❛ ❝✉rr❡♥ts✱ r❡s♣❡❝t✐✈❡❧②✱ ♠♦r❡ ❡①❛❝t❧②✱ ❢r♦♠ t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ❧✐♥❡ s❡❣♠❡♥ts s❤♦✇♥ ✐♥ ❋✐❣✳ ✶❛✳
❚❤❡ ②❡❧❧♦✇ ❝♦❧♦r ♠❛r❦s t❤❡ ▲❛❣r❛♥❣✐❛♥ ♣❛rt✐❝❧❡s ❝♦♠✐♥❣ ❢r♦♠ t❤❡ ❛r❡❛ ❛r♦✉♥❞ t❤❡ ❋◆PP ✐♥ ❋✐❣✳ ✶❛

✿✿✿✿✿✿

✭s❤♦✇♥
✿

✐♥
✿✿✿✿

❋✐❣✳
✿✿

✷❛
✿✿

❜②
✿✿✿

t❤❡
✿✿✿✿✿

❞❛s❤❡❞
✿✿✿✿

❧✐♥❡✮✱ ❛❢t❡r
t❤❡ ❞❛② ♦❢ t❤❡ ❛❝❝✐❞❡♥t ♦♥ ▼❛r❝❤ ✶✶✱ ✷✵✶✶✳ ❚❤❡ ❚❊ ❤❛s ❜❡❡♥ s❛♠♣❧❡❞ ♦♥ ❏✉♥❡ ✶✵ ❛♥❞ ✶✶✱ ✷✵✶✶ ❜② ❇✉❡ss❡❧❡r ❡t ❛❧✳ ✭✷✵✶✷✮ ❛❧♦♥❣ t❤❡ tr❛♥s❡❝t
✸✺✿✺

✍◆➊ ✸✽✍◆✱ ✶✹✹✍❊ s❤♦✇♥ ✐♥ ♣❛♥❡❧ ❝✮ ❛♥❞ ✐♥ t❤❡ ❡♥❞ ♦❢ ❏✉❧② ✷✵✶✶ ❜② ❑❛❡r✐②❛♠❛ ❡t ❛❧✳ ✭✷✵✶✸✮ ❛❧♦♥❣ t❤❡ tr❛♥s❡❝t ✸✺✍◆➊ ✹✶✍◆✱ ✶✹✹✍❊
s❤♦✇♥ ✐♥ ♣❛♥❡❧ ❞✮✳ ❚❤❡ ❧♦❝❛t✐♦♥s ♦❢ st❛t✐♦♥s ✇✐t❤ ❝♦❧❧❡❝t❡❞ ❜② ❇✉❡ss❡❧❡r ❡t ❛❧✳ ✭✷✵✶✷✮ ❛♥❞ ✭❑❛❡r✐②❛♠❛ ❡t ❛❧✳✱ ✷✵✶✸✮ s✉r❢❛❝❡ s❡❛✇❛t❡r s❛♠♣❧❡s
✇✐t❤ ♠❡❛s✉r❡❞ r❛❞✐♦❝❡s✐✉♠ ❝♦♥❝❡♥tr❛t✐♦♥s ❛t t❤❡ ❜❛❝❦❣r♦✉♥❞ ❧❡✈❡❧ ❛r❡ ✐♥❞✐❝❛t❡❞ ❜② t❤❡ ❣r❡❡♥ ❞✐❛♠♦♥❞s✳ ❙t❛t✐♦♥s✱ ✇❤❡r❡ t❤❡ ❝♦♥❝❡♥tr❛t✐♦♥s
❤❛✈❡ ❜❡❡♥ ♠❡❛s✉r❡❞ t♦ ❜❡ ♠✉❝❤ ❤✐❣❤❡r✱ ❛r❡ ♠❛r❦❡❞ ❜② t❤❡ ♠❛❣❡♥t❛ ❞✐❛♠♦♥❞s✳

②❡t ♠❛♥❛❣❡❞ t♦ ♣❡♥❡tr❛t❡ ✐♥s✐❞❡ t❤❡ ❛r❡❛ ❢♦r ✶✺ ❞❛②s ❛❢t❡r t❤❡

❛❝❝✐❞❡♥t✳

■♥ ❆♣r✐❧ ❛♥❞ ▼❛② ✷✵✶✶ t❤❡ ❚❊ ❤❛❞ ❛ s❛♥❞✇✐❝❤✲❧✐❦❡ str✉❝✲

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

str❡❛♠❡r ♦❢ ❋✉❦✉s❤✐♠❛ ➇②❡❧❧♦✇➈ ✇❛t❡rs ✇❤✐❝❤✱ ✐♥ t✉r♥✱ ✇❛s ✺



✻ ❙✳❱✳ Pr❛♥ts ❡t ❛❧✿ ▲❛❣r❛♥❣✐❛♥ s✐♠✉❧❛t✐♦♥ ❛♥❞ tr❛❝❦✐♥❣ ♦❢ t❤❡ ♠❡s♦s❝❛❧❡ ❡❞❞✐❡s ❝♦♥t❛♠✐♥❛t❡❞ ❜② ❋✉❦✉s❤✐♠❛

❋✐❣✉r❡ ✸✳ ❛✮ ❛♥❞ ❜✮ ❚❤❡ ▲❛❣r❛♥❣✐❛♥ ♠❛♣s s❤♦✇ ❡✈♦❧✉t✐♦♥ ♦❢ t❤❡ ❍♦❦❦❛✐❞♦ ❡❞❞② ✭❍❊✮ ❛❢t❡r t❤❡ ❋◆PP ❛❝❝✐❞❡♥t t♦ t❤❡ ❞❛②s ♦❢ ✐ts s❛♠♣❧✐♥❣ ❛♥❞
t❤❡ ♦r✐❣✐♥ ♦❢ ✇❛t❡rs ✐♥ ✐ts ❝♦r❡ ❛♥❞ ❛t t❤❡ ♣❡r✐♣❤❡r②✳ ❝✮ ❛♥❞ ❞✮ ❆ ❢r❛❣♠❡♥t ♦❢ t❤❡ tr❛❝❦ ♦❢ t❤❡ ❞r✐❢t❡r ♥♦✳ ✸✾✶✷✸ ✐s ✐♥❞✐❝❛t❡❞ ❜② t❤❡ ❢✉❧❧ ❝✐r❝❧❡s
❢♦r t✇♦ ❞❛②s ❜❡❢♦r❡ t❤❡ ❞❛② ✐♥❞✐❝❛t❡❞ ✇✐t❤ t❤❡ s✐③❡ ♦❢ ❝✐r❝❧❡s ✐♥❝r❡❛s✐♥❣ ✐♥ t✐♠❡✳ ❚r❛❝❦s ♦❢ t❤r❡❡ ❆❘●❖

✿✿✿

❆r❣♦
✿

✄♦❛ts ❛r❡ s❤♦✇♥ ❜② t❤❡ st❛rs✳
❚❤❡ ❧❛r❣❡st st❛r ❝♦rr❡s♣♦♥❞s t♦ t❤❡ ❞❛② ✐♥❞✐❝❛t❡❞ ❛♥❞ t❤❡ ♦t❤❡r ♦♥❡s s❤♦✇ ✄♦❛t ♣♦s✐t✐♦♥s ❡❛❝❤ ✺ ❞❛②s ❜❡❢♦r❡ ❛♥❞ ❛❢t❡r t❤❛t ❞❛t❡✳

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

✭❋✐❣✳ ✷❜✮✳ ❆ ♥❡✇ ❡❞❞② ❝♦♥✂❣✉r❛t✐♦♥ ❛♣♣❡❛r❡❞ t♦ t❤❡ ❡♥❞ ♦❢

▼❛② ✐♥ ❋✐❣✳ ✷❜ ✇✐t❤ t❤❡ ❚❊ ✐♥t❡r❛❝t✐♥❣ ✇✐t❤ ❛ ➇❜❧✉❡➈ ❝②❝❧♦♥❡

✇✐t❤ t❤❡ ❝❡♥t❡r ❛t ✸✾✿✾✍◆✱ ✶✹✹✿✼✍❊ ❛♥❞ ❛ ♥❡✇❜♦r♥ ➇②❡❧❧♦✇➈

❛♥t✐❝②❝❧♦♥❡ ✇❤✐❝❤ ✇❡ ❝❛❧❧ t❤❡ ❍♦❦❦❛✐❞♦ ❡❞❞② ✭❍❊✮ ✇✐t❤ t❤❡✺

❝❡♥t❡r ❛t ✹✵✿✹✍◆✱ ✶✹✺✿✺✍❊✳ ❚❤❡ ❝♦r❡ ♦❢ t❤❛t ❝②❝❧♦♥❡ ❝♦♥✲

s✐st❡❞ ♦❢ ❛ ➇❜❧✉❡➈ s✉❜❛r❝t✐❝ ❖②❛s❤✐♦ ✇❛t❡r ✇✐t❤ ❧♦✇ r✐s❦ t♦

❜❡ ❝♦♥t❛♠✐♥❛t❡❞✱ ❜✉t t❤❡ ❍❊ ❝♦r❡ ✇❛t❡r ❝❛♠❡ ❢r♦♠ t❤❡ ❛r❡❛

❛r♦✉♥❞ t❤❡ ❋◆PP ✇✐t❤ ❛ ❤✐❣❤ r✐s❦ t♦ ❜❡ ❝♦♥t❛♠✐♥❛t❡❞✳

■♥ t❤❡ ❝♦✉rs❡ ♦❢ t✐♠❡ t❤❡ ❚❊ ♠♦✈❡❞ ❣r❛❞✉❛❧❧② t♦ t❤❡ s♦✉t❤✳✶✵

■ts ♣❡r✐♣❤❡r② ❤❛s ❜❡❡♥ s❛♠♣❧❡❞ ✐♥ t❤❡ ❜❡❣✐♥♥✐♥❣ ♦❢ ❏✉♥❡

❜② ❇✉❡ss❡❧❡r ❡t ❛❧✳ ✭✷✵✶✷✮✱ ❛♥❞ t❤❡ ✇❤♦❧❡ ❡❞❞② ❤❛s ❜❡❡♥

❝r♦ss❡❞ ✐♥ t❤❡ ❡♥❞ ♦❢ ❏✉❧② ✷✵✶✶ ❜② ❑❛❡r✐②❛♠❛ ❡t ❛❧✳ ✭✷✵✶✸✮✳

❋✉❦✉s❤✐♠❛✲❞❡r✐✈❡❞ ❝❡s✐✉♠ ✐s♦t♦♣❡s ❤❛✈❡ ❜❡❡♥ ♠❡❛s✉r❡❞ ♦♥

❏✉♥❡ ✶✵ ❛♥❞ ✶✶ ❞✉r✐♥❣ t❤❡ ❘✴❱ ➇❑❛✬✐♠✐❦❛✐✲♦✲❑❛♥❛❧♦❛➈ ❝r✉✐s❡ ✶✺

✭❇✉❡ss❡❧❡r ❡t ❛❧✳✱ ✷✵✶✷✮ ❛❧♦♥❣ t❤❡ ✶✹✹✍❊ ♠❡r✐❞✐♦♥❛❧ tr❛♥s❡❝t

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

r❛♥❣❡ ❢r♦♠ t❤❡ ❜❛❝❦❣r♦✉♥❞ ❧❡✈❡❧✱ ❈✶✸✼ ❂ ✶✿✹� ✸✿✻ ♠❇q✴❦❣

✭st❛t✐♦♥s ✶✸ ❛♥❞ ✶✹✮✱ t♦ ❛ ❤✐❣❤ ❧❡✈❡❧ ✉♣ t♦ ❈✶✸✼ ❂ ✶✼✸✿✻✝
✾✿✾♠❇q✴❦❣ ✭st❛t✐♦♥ ✶✵✮✳ ❚❤❡ r❛t✐♦ ✶✸✹❈s✴✶✸✼❈s ✇❛s ❝❧♦s❡ t♦ ✶✳ ✷✵

❋♦r ❡❛s❡ ♦❢ ❝♦♠♣❛r✐s♦♥✱ ✇❡ ♠❛r❦ ✐♥ ❋✐❣✳ ✷❝ ❜② t❤❡ ❣r❡❡♥

❞✐❛♠♦♥❞s t❤❡ ❧♦❝❛t✐♦♥s ♦❢ st❛t✐♦♥s ✶✸ ❛♥❞ ✶✹ ✇✐t❤ ❝♦❧❧❡❝t❡❞

s✉r❢❛❝❡ s❡❛✇❛t❡r s❛♠♣❧❡s ❜② ❇✉❡ss❡❧❡r ❡t ❛❧✳ ✭✷✵✶✷✮ ✐♥ ✇❤✐❝❤

t❤❡ ❝❡s✐✉♠ ❝♦♥❝❡♥tr❛t✐♦♥s ❤❛✈❡ ❜❡❡♥ ♠❡❛s✉r❡❞ t♦ ❜❡ ❛t t❤❡



❙✳❱✳ Pr❛♥ts ❡t ❛❧✿ ▲❛❣r❛♥❣✐❛♥ s✐♠✉❧❛t✐♦♥ ❛♥❞ tr❛❝❦✐♥❣ ♦❢ t❤❡ ♠❡s♦s❝❛❧❡ ❡❞❞✐❡s ❝♦♥t❛♠✐♥❛t❡❞ ❜② ❋✉❦✉s❤✐♠❛ ✼

❋✐❣✉r❡ ✹✳ ❚❤❡ ▲❛❣r❛♥❣✐❛♥ ♠❛♣s ✐♥ t❤❡ st✉❞② ❛r❡❛ ✐♥ t❤❡ ✂rst ❤❛❧❢ ♦❢ ✷✵✶✷✳ ❛✮ ❚❤❡ ❧♦❝❛t✐♦♥s ♦❢ st❛t✐♦♥s ✐♥ t❤❡ ❜❡❣✐♥♥✐♥❣ ♦❢ ❋❡❜r✉❛r② ✇✐t❤
❝♦❧❧❡❝t❡❞ ❜② ❑✉♠❛♠♦t♦ ❡t ❛❧✳ ✭✷✵✶✹✮ s✉r❢❛❝❡ s❡❛✇❛t❡r s❛♠♣❧❡s ✇✐t❤ ♠❡❛s✉r❡❞ r❛❞✐♦❝❡s✐✉♠ ❝♦♥❝❡♥tr❛t✐♦♥s ❛t t❤❡ ❜❛❝❦❣r♦✉♥❞ ❧❡✈❡❧ ✭t❤❡ ❣r❡❡♥
❞✐❛♠♦♥❞s✮ ❛♥❞ ✇✐t❤ ❤✐❣❤❡r ❝♦♥❝❡♥tr❛t✐♦♥ ❧❡✈❡❧s ✭t❤❡ ♠❛❣❡♥t❛ ❞✐❛♠♦♥❞s✮✳ ❜✮ ➊ ❞✮ ❚❤❡ ▲❛❣r❛♥❣✐❛♥ ♠❛♣s s❤♦✇ ❡✈♦❧✉t✐♦♥ ♦❢ t❤❡ ❚s✉❣❛r✉ ❡❞❞②
✭❚s❊✮ ✇❤✐❝❤ ✇❛s ❜♦r♥ ♦♥ ❋❡❜r✉❛r② ✹✱ ✷✵✶✷ ✭♣❛♥❡❧ ❛✮ ❛❢t❡r s♣❧✐tt✐♥❣ ♦❢ t❤❡ ❍❊ ❛♥❞ s❛♠♣❧❡❞ ❜② ❇✉❞②❛♥s❦② ❡t ❛❧✳ ✭✷✵✶✺✮ ❛t st❛t✐♦♥ ✽✹ ♦♥ ❏✉❧② ✺✱
✷✵✶✷ t♦ ❤❛✈❡ ✐♥❝r❡❛s❡❞ r❛❞✐♦❝❡s✐✉♠ ❝♦♥❝❡♥tr❛t✐♦♥s ✭t❤❡ ♠❛❣❡♥t❛ ❞✐❛♠♦♥❞ ✐♥ ♣❛♥❡❧ ❞✮✳

❜❛❝❦❣r♦✉♥❞ ❧❡✈❡❧
✿✿✿✿✿

✭✳ ✸✿✻
✿✿✿✿✿✿✿✿

♠❇q✴❦❣✮✳ ❚❤❡ st❛t✐♦♥s ✶✵✱ ✶✶ ❛♥❞

✶✷✱ ✇❤❡r❡ t❤❡ ❝♦♥❝❡♥tr❛t✐♦♥s ❤❛✈❡ ❜❡❡♥ ❢♦✉♥❞ t♦ ❜❡ ♠✉❝❤

❧❛r❣❡r✱ ❛r❡ ✐♥❞✐❝❛t❡❞ ❜② t❤❡ ♠❛❣❡♥t❛ ❞✐❛♠♦♥❞s✳ ❖✉r s✐♠✉❧❛✲

t✐♦♥ ✐♥ ❋✐❣✳ ✷❝ s❤♦✇s t❤❛t st❛t✐♦♥s ✶✸ ❛♥❞ ✶✹ ♦♥ t❤❡ ❞❛②s ♦❢

s❛♠♣❧✐♥❣ ❤❛✈❡ ❜❡❡♥ ❧♦❝❛t❡❞ ✐♥ ➇r❡❞➈ ❛♥❞ ➇✇❤✐t❡➈ ✇❛t❡rs ✇✐t❤✺

❛ ❧♦✇ r✐s❦ t♦ ❝♦♥t❛✐♥ ❋✉❦✉s❤✐♠❛✲❞❡r✐✈❡❞ r❛❞✐♦♥✉❝❧✐❞❡s✳

❚r❛♥s♣♦rt ❛♥❞ ♠✐①✐♥❣ ❛t ❛♥❞ ❛r♦✉♥❞ st❛t✐♦♥s ✶✵✱ ✶✶ ❛♥❞ ✶✷

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

❇✉❡ss❡❧❡r ❡t ❛❧✳ ✭✷✵✶✷✮ ❤❛✈❡ ❜❡❡♥ ❣♦✈❡r♥❡❞ ♠❛✐♥❧② ❜② t❤❡ ✐♥✲

t❡r❛❝t✐♦♥ ♦❢ t❤❡ ❚❊ ✇✐t❤ t❤❡ ➇②❡❧❧♦✇➈ ♠❡s♦s❝❛❧❡ ❝②❝❧♦♥❡ ✇✐t❤ ✶✵

t❤❡ ❝❡♥t❡r ❛t ✸✼✿✷✍◆✱ ✶✹✷✿✽✍❊✳ ❚❤✐s ❝②❝❧♦♥❡ ❢♦r♠❡❞ ✐♥ t❤❡

❛r❡❛ ✐♥ ❆♣r✐❧ ❛♥❞ ❝❛♣t✉r❡❞ ➇②❡❧❧♦✇➈ ✇❛t❡rs ✇✐t❤ ❛ ❤✐❣❤ r✐s❦

♦❢ ❝♦♥t❛♠✐♥❛t✐♦♥✳ ❯♥❢♦rt✉♥❛t❡❧②✱ ✐t ❤❛s ♥♦t ❜❡❡♥ s❛♠♣❧❡❞ ✐♥



✽ ❙✳❱✳ Pr❛♥ts ❡t ❛❧✿ ▲❛❣r❛♥❣✐❛♥ s✐♠✉❧❛t✐♦♥ ❛♥❞ tr❛❝❦✐♥❣ ♦❢ t❤❡ ♠❡s♦s❝❛❧❡ ❡❞❞✐❡s ❝♦♥t❛♠✐♥❛t❡❞ ❜② ❋✉❦✉s❤✐♠❛

t❤❡ ❘✴❱ ➇❑❛✬✐♠✐❦❛✐✲♦✲❑❛♥❛❧♦❛➈ ❝r✉✐s❡✳ ❚❤❡ s✉r❢❛❝❡ s❡❛✇❛✲

t❡r s❛♠♣❧❡s ❛t st❛t✐♦♥s ✶✵✱ ✶✶ ❛♥❞ ✶✷✱ ❤❛✈❡ ❜❡❡♥ ❝♦❧❧❡❝t❡❞

♦♥ t❤❡ ❞❛②s ♦❢ s❛♠♣❧✐♥❣ ❛t t❤❡ ❡❛st❡r♥ ♣❡r✐♣❤❡r② ♦❢ t❤❛t ❝②❝✲

❧♦♥❡ ❛♥❞ ❛t t❤❡ s♦✉t❤❡r♥ ♣❡r✐♣❤❡r② ♦❢ t❤❡ ❚❊ ✇✐t❤ t❤❡ ➇②❡❧✲

❧♦✇➈ str❡❛♠❡r t❤❡r❡✳ ❙t❛t✐♦♥ ✶✵ ✇✐t❤ t❤❡ ❤✐❣❤❡st ♠❡❛s✉r❡❞✺

❧❡✈❡❧ ♦❢ t❤❡ ✶✸✼❈s ❝♦♥❝❡♥tr❛t✐♦♥✱❈✶✸✼ ❂ ✶✼✸✿✻✝✾✿✾♠❇q✴❦❣✱

✇❛s ❧♦❝❛t❡❞ ❛t ✸✽✍◆✱ ✶✹✹✍❊ ✐♥s✐❞❡ t❤❡ ✇✐❞❡ str❡❛♠❡r ♦❢

➇②❡❧❧♦✇➈ ✇❛t❡r ❛r♦✉♥❞ t❤❡ ❚❊✳ ❙t❛t✐♦♥s ✶✶ ❛♥❞ ✶✷ ✇✐t❤

❈✶✸✼ ❂ ✶✵✸✿✼✝✺✿✾ ♠❇q✴❦❣ ❛♥❞ ❈✶✸✼ ❂ ✾✸✿✻✝✹✿✾ ♠❇q✴❦❣✱

r❡s♣❡❝t✐✈❡❧②✱ ❤❛✈❡ ❜❡❡♥ ❧♦❝❛t❡❞ ✇✐t❤✐♥ t❤❡ ♥❛rr♦✇ str❡❛♠❡rs✶✵

✇✐t❤ ➇②❡❧❧♦✇➈ s✐♠✉❧❛t❡❞ ✇❛t❡r ✐♥ ❋✐❣✳ ✷❝ ✐♥t❡r♠✐tt❡❞ ✇✐t❤

♥❛rr♦✇ str❡❛♠❡rs ♦❢ ➇r❡❞➈ ✇❛t❡r✳ ❙♦✱ ✇❡ ❡st✐♠❛t❡ t❤❡ r✐s❦

t♦ ✂♥❞ ❋✉❦✉s❤✐♠❛✲❞❡r✐✈❡❞ r❛❞✐♦♥✉❝❧✐❞❡s t❤❡r❡ ✭t❤❡ ♠❛❣❡♥t❛

❞✐❛♠♦♥❞s✮ t♦ ❜❡ ♠✉❝❤ ❤✐❣❤❡r t❤❛♥ ❛t st❛t✐♦♥s ✶✸ ❛♥❞ ✶✹ ✭t❤❡

❣r❡❡♥ ❞✐❛♠♦♥❞s✮ ❛♥❞ ✐t ✐s ❝♦♥✂r♠❡❞ ❜② ❛ q✉❛❧✐t❛t✐✈❡ ❝♦♠♣❛r✲✶✺

✐s♦♥ ✇✐t❤ ♠❡❛s✉r❡❞ ❞❛t❛✳

❆ s♣❡❝✐✂❝ ❝♦♥✂❣✉r❛t✐♦♥ ♦❢ ♠❡s♦s❝❛❧❡ ❡❞❞✐❡s ♦❝❝✉rr❡❞ ✐♥

t❤❡ ❛r❡❛ t♦ t❤❡ ♥♦rt❤❡❛st ♦❢ t❤❡ ❋◆PP t♦ t❤❡ ❡♥❞ ♦❢ ❏✉❧②

✷✵✶✶✱ t❤❡ ❞❛②s ♦❢ s❛♠♣❧✐♥❣ ❜② ❑❛❡r✐②❛♠❛ ❡t ❛❧✳ ✭✷✵✶✸✮ ❛❧♦♥❣

t❤❡ ✶✹✹✍❊ ♠❡r✐❞✐❛♥ ❢r♦♠ ✸✺✍◆ t♦ ✹✶✍◆ ✐♥ t❤❡ ❘✴❱ ➇❑❛✐✉♥✷✵

♠❛r✉➈ ❝r✉✐s❡✳ ❚❤❛t tr❛♥s❡❝t ✐s s❤♦✇♥ ✐♥ ❋✐❣✳ ✷❞✳ ■t ❝r♦ss❡s t❤❡

❚❊ ❛♥❞ t❤❡ ❝②❝❧♦♥❡ ✇✐t❤ ➇❜❧✉❡➈ ❖②❛s❤✐♦ ✇❛t❡r✱ ✇❤✐❝❤ ✐s ❣❡✲

♥❡t✐❝❛❧❧② ❧✐♥❦❡❞ t♦ t❤❡ ➇❜❧✉❡➈ ❝②❝❧♦♥❡ ❛t ✸✾✿✾✍◆✱ ✶✹✹✿✼✍❊
✐♥ ❋✐❣✳ ✷❜✳ ❚❤❡ tr❛♥s❡❝t ❛❧s♦ ❝r♦ss❡s ♣❛rt❧② t❤❡ ♣❡r✐♣❤❡r②

♦❢ t❤❡ ❛♥t✐❝②❝❧♦♥✐❝ ❍❊✳ ❚❤❡ ♠❡❛s✉r❡❞ ✶✸✼❈s ❝♦♥❝❡♥tr❛t✐♦♥s✷✺

✐♥ s✉r❢❛❝❡ s❡❛✇❛t❡r s❛♠♣❧❡s ❛t t❤❡ st❛t✐♦♥s ❈✹✸➊❈✺✺ ❤❛✈❡

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

✶✿✾✝ ✵✿✹ ♠❇q✴❦❣✱ ✭st❛t✐♦♥ ❈✺✷✮ t♦ ❛ ♠✉❝❤ ❤✐❣❤❡r ❧❡✈❡❧ ♦❢

✶✺✸✝ ✻✿✽ ♠❇q✴❦❣ ✭st❛t✐♦♥ ❈✹✼✮✳ ❚❤❡ ❝♦❧♦r❡❞ tr❛❝❦✐♥❣ ♠❛♣s

✐♥ ❋✐❣✳ ✺ ❜② Pr❛♥ts ❡t ❛❧✳ ✭✷✵✶✹✮ s❤♦✇ ✇❤❡r❡ t❤❡ s✐♠✉✲✸✵

❧❛t❡❞ tr❛❝❡rs ♦❢ t❤❛t tr❛♥s❡❝t ✇❡r❡ ✇❛❧❦✐♥❣ ❢r♦♠ ▼❛r❝❤ ✶✶ t♦

❆♣r✐❧ ✶✵✱ ✷✵✶✶ ❜❡✐♥❣ ❛❞✈❡❝t❡❞ ❜② t❤❡ ❆❱■❙❖ ✈❡❧♦❝✐t② ✂❡❧❞✳

❚❤❡ r✐s❦ ♦❢ r❛❞✐♦❛❝t✐✈❡ ❝♦♥t❛♠✐♥❛t✐♦♥ ♦❢ t❤❡ ♠❛r❦❡rs

♣❧❛❝❡❞ ❛t ✸✻✍◆➊ ✸✻✿✺✍◆ ✇❛s ❡st✐♠❛t❡❞ ❜② Pr❛♥ts ❡t ❛❧✳

✭✷✵✶✹✮ t♦ ❜❡ s♠❛❧❧✱ ❜❡❝❛✉s❡ t❤❡② ❤❛✈❡ ❜❡❡♥ ❛❞✈❡❝t❡❞ ♠❛✐♥❧②✸✺

❜② t❤❡ ❑✉r♦s❤✐♦ ❈✉rr❡♥t ❢r♦♠ t❤❡ s♦✉t❤✇❡st t♦ t❤❡ ❡❛st ✭t❤❡

❝♦rr❡s♣♦♥❞✐♥❣ ❝♦♥❝❡♥tr❛t✐♦♥s ❤❛✈❡ ❜❡❡♥ ♠❡❛s✉r❡❞ ❜② ❑❛❡r✲

✐②❛♠❛ ❡t ❛❧✳ ✭✷✵✶✸✮ t♦ ❜❡ ✷➊✺ ♠❇q✴❦❣✮✳ ❚❤❡ ♣r❡s❡♥t s✐♠✉❧❛✲

t✐♦♥ ✐♥ ❋✐❣✳ ✷❞ ❛❧s♦ s❤♦✇s t❤❛t st❛t✐♦♥s ❈✺✶✱ ✺✷ ❛♥❞ ✺✸ ✭t❤❡

❣r❡❡♥ ❞✐❛♠♦♥❞s✮ ✇✐t❤ t❤❡ ♠❡❛s✉r❡❞ ❝❡s✐✉♠ ❝♦♥❝❡♥tr❛t✐♦♥s✹✵

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

✐②❛♠❛ ❡t ❛❧✳ ✭✷✵✶✸✮ ❤❛✈❡ ❜❡❡♥ ❧♦❝❛t❡❞ ✐♥ t❤❡ ➇r❡❞➈ ✇❛t❡rs

✭st❛t✐♦♥s ❈✺✶ ❛♥❞ ❈✺✸✮ ❛❞✈❡❝t❡❞ ❜② t❤❡ ♠❛✐♥ ❑✉r♦s❤✐♦ ❥❡t

❢r♦♠ t❤❡ s♦✉t❤✇❡st ❛♥❞ ✐♥ t❤❡ ➇✇❤✐t❡➈ ✇❛t❡rs ✭st❛t✐♦♥ ❈✺✷✮

❜❡t✇❡❡♥ t❤❡ ❚❊ ❛♥❞ t❤❡ ❥❡t✳ ❚❤❡r❡❢♦r❡✱ ✇❡ ❡st✐♠❛t❡ ❛ r✐s❦ t♦✹✺

✂♥❞ ❋✉❦✉s❤✐♠❛✲❞❡r✐✈❡❞ r❛❞✐♦♥✉❝❧✐❞❡s t❤❡r❡ t♦ ❜❡ ❝♦♠♣❛r❛t✲

✐✈❡❧② ❧♦✇✳

❚❤❡ tr❛♥s❡❝t ✸✻✿✺✍◆➊ ✸✽✍◆ ✐♥ ❋✐❣✳ ✷❞ ✭t❤❡ r❡❞ ♦♥❡ ✐♥

❋✐❣✳ ✺ ❜② Pr❛♥ts ❡t ❛❧✳ ✭✷✵✶✹✮✮ ❝r♦ss❡❞ t❤❡ ❚❊✳ ❚❤❡ ✶✸✼❈s ❝♦♥✲

❝❡♥tr❛t✐♦♥s ❛t t❤❡ st❛t✐♦♥s ❈✹✾ ❛♥❞ ❈✺✵ ♦❢ t❤❛t tr❛♥s❡❝t ❤❛✈❡✺✵

❜❡❡♥ ♠❡❛s✉r❡❞ t♦ ❜❡ ✸✻✝ ✸✿✸ ❛♥❞ ✺✵✝ ✸✿✻ ♠❇q✴❦❣ ✭❑❛❡r✲

✐②❛♠❛ ❡t ❛❧✳✱ ✷✵✶✸✮✳ ❈♦♠♣❛r✐♥❣ t❤♦s❡ r❡s✉❧ts ✇✐t❤ s✐♠✉❧❛t❡❞

♦♥❡s✱ ✇❡ ♥♦t❡ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ➇②❡❧❧♦✇➈ ✇❛t❡r ✐♥ t❤❡ ❚❊ ❝♦r❡

❛t t❤❡ ❧♦❝❛t✐♦♥s ♦❢ t❤♦s❡ st❛t✐♦♥s✳ ❙✉r❢❛❝❡ s❛♠♣❧❡s ❛t st❛t✐♦♥

❈✹✽ ✭✸✽✿✺✍◆✮ ❤❛✈❡ ❜❡❡♥ ♠❡❛s✉r❡❞ t♦ ❝♦♥t❛✐♥ t❤❡ ✶✸✼❈s ❝♦♥✲✺✺

❝❡♥tr❛t✐♦♥ t♦ ❜❡ ❛t t❤❡ ❜❛❝❦❣r♦✉♥❞ ❧❡✈❡❧ ✷✿✼✝ ✵✿✻ ♠❇q✴❦❣

✭❑❛❡r✐②❛♠❛ ❡t ❛❧✳✱ ✷✵✶✸✮✳ ❚❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ❣r❡❡♥ ❞✐❛♠♦♥❞

✐s ❧♦❝❛t❡❞ ✐♥ ♦✉r s✐♠✉❧❛t✐♦♥ ✐♥ t❤❡ ❛r❡❛ ✇✐t❤ ➇r❡❞➈ ❛♥❞ ➇✇❤✐t❡➈

✇❛t❡rs✳

■♥s♣❡❝t✐♥❣ t❤❡ ▲❛❣r❛♥❣✐❛♥ ♠❛♣s ♦♥ t❤❡ ❞❛②s ❜❡t✇❡❡♥ ✻✵

❏✉♥❡ ✻ ❛♥❞ ❏✉❧② ✷✽ ✭♥♦t s❤♦✇♥✮✱ ✇❡ ❤❛✈❡ ❢♦✉♥❞ t❤❛t t❤❡

➇②❡❧❧♦✇➈ ❝②❝❧♦♥❡ ✇✐t❤ t❤❡ ❝❡♥t❡r ❛t ✸✼✿✷✍◆✱ ✶✹✷✿✽✍❊ ✐♥

❋✐❣✳ ✷❝ ❝♦❧❧❛♣s❡❞ ✐♥ t❤❡ ❡♥❞ ♦❢ ❏✉♥❡✳ ■ts ➇②❡❧❧♦✇➈ ❝♦r❡ ✇❛✲

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

❛r♦✉♥❞ t❤❡ ♥❡✐❣❤❜♦r ❛♥t✐❝②❝❧♦♥❡ ❚❊ ✐♥ t❤❡ ❢♦r♠ ♦❢ ❛ ✇✐❞❡ ✻✺

②❡❧❧♦✇ str❡❛♠❡r ✈✐s✐❜❧❡ ✐♥ ❋✐❣✳ ✷❞✳ ❚❤❡ ❤✐❣❤❡st ❝♦♥❝❡♥tr❛✲

t✐♦♥ ❈✶✸✼ ❂ ✶✺✸✝ ✻✿✽ ♠❇q✴❦❣ ❤❛s ❜❡❡♥ ♠❡❛s✉r❡❞ ❜② ❑❛❡r✲

✐②❛♠❛ ❡t ❛❧✳ ✭✷✵✶✸✮ ❛t st❛t✐♦♥ ❈✹✼ ✭✸✾✍◆✮ s✐t✉❛t❡❞ ✐♥ t❤❡

❛r❡❛ ♦❢ t❤❛t str❡❛♠❡r✳ ❙t❛t✐♦♥s ❈✹✻ ✭✸✾✿✺✍◆✮ ✇✐t❤ ❈✶✸✼ ❂
✽✸✝✺✿✵♠❇q✴❦❣ ✐s s✐t✉❛t❡❞ ✐♥ t❤❡ ❝❧♦s❡ ♣r♦①✐♠✐t② t♦ ❛ ②❡❧❧♦✇ ✼✵

str❡❛♠❡r s❛♥❞✇✐❝❤❡❞ ❜❡t✇❡❡♥ ➇✇❤✐t❡➈ ❛♥❞ ➇❜❧❛❝❦➈ ✇❛t❡rs✳

❈♦♠♣❛r❛t✐✈❡❧② ❤✐❣❤ ❝♦♥❝❡♥tr❛t✐♦♥ ❈✶✸✼ ❂ ✻✺✝
✹✿✸ ♠❇q✴❦❣ ❤❛s ❜❡❡♥ ♠❡❛s✉r❡❞ ❜② ❑❛❡r✐②❛♠❛ ❡t ❛❧✳

✭✷✵✶✸✮ ❛t st❛t✐♦♥ ❈✹✺ ✭✹✵✍◆✮ t❤❛t ✇❛s ♦♥ t❤❡ ❞❛②s ♦❢

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

❛t ✸✾✿✼✍◆✱ ✶✹✹✿✷✍❊ ✭❋✐❣✳ ✷❞✮✳ ❖✉r s✐♠✉❧❛t✐♦♥ s❤♦✇s t❤❛t

✐t ❤❛s ❜❡❡♥ ❢♦r♠❡❞ ♠❛✐♥❧② ❜② ❖②❛s❤✐♦ ➇❜❧✉❡➈ ✇❛t❡rs

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

r❛❞✐♦♥✉❝❧✐❞❡s✮ ❛♥❞ ♣❛rt❧② ❜② ➇✇❤✐t❡➈ ✇❛t❡rs✳

❲❤❡♥ ❝♦♠♣❛r✐♥❣ s✐♠✉❧❛t✐♦♥ r❡s✉❧ts ✐♥ ❋✐❣✳ ✷❞ ✇✐t❤ t❤❡ ✽✵

♠❡❛s✉r❡♠❡♥ts ❜② ❑❛❡r✐②❛♠❛ ❡t ❛❧✳ ✭✷✵✶✸✮✱ ✇❡ ❤❛✈❡ ❢♦✉♥❞

t❤❛t t❤❡ s✐♠✉❧❛t✐♦♥ ❝♦♥s✐sts
✿

✐s
✿✿✿✿✿✿✿✿✿

❝♦♥s✐st❡♥t
✿

✇✐t❤ s❛♠♣❧✐♥❣s ❛t

st❛t✐♦♥s ❈✹✽✱ ✺✶✱ ✺✷ ❛♥❞ ✺✸ ✐♥ t❤❡ s❡♥s❡ t❤❛t t❤❡ ❝❡s✐✉♠ ❝♦♥✲

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

✐♥ t❤♦s❡ ♣❧❛❝❡s ♦♥ t❤❡ ♠❛♣s ✇❤❡r❡ t❤❡r❡ ✐s ♥♦ s✐❣♥s ♦❢ ➇②❡❧✲ ✽✺

❧♦✇➈ ✇❛t❡r ✇✐t❤ ❛ ❤✐❣❤ r✐s❦ t♦ ❝♦♥t❛✐♥ ❋✉❦✉s❤✐♠❛✲❞❡r✐✈❡❞

r❛❞✐♦♥✉❝❧✐❞❡s✳ ❖✉r s✐♠✉❧❛t✐♦♥ ❝♦♥s✐sts
✿

✐s
✿✿✿✿✿✿✿✿✿

❝♦♥s✐st❡♥t
✿

❛t ❧❡❛st

q✉❛♥t✐t❛t✐✈❡❧② ❛❧s♦ ✇✐t❤ s❛♠♣❧✐♥❣s ❛t st❛t✐♦♥s ❈✹✼✱ ✹✾ ❛♥❞ ✺✵

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

❝❛✉s❡ t❤❡ ➇②❡❧❧♦✇➈ ✇❛t❡r ♣r❡s❡♥ts t❤❡r❡ ✐♥ ♦✉r s✐♠✉❧❛t✐♦♥✳ ✾✵

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

s❛♠♣❧✐♥❣s ❛t st❛t✐♦♥s ❈✹✺ ❛♥❞ ❈✹✻ ✇❤❡r❡ t❤❡r❡ ❛r❡ ♣r❛❝t✐❝✲

❛❧❧② ♥♦✇ ②❡❧❧♦✇ tr❛❝❡rs ❜✉t ♦♥❧② ❜❧✉❡ ❛♥❞ ✇❤✐t❡ ♦♥❡s✳ ❚❤❡

r❡❛s♦♥s ♦❢ t❤✐s ✐♥❝♦♥s✐st❡♥❝② ♠✐❣❤t ❜❡ ❞✐❢❢❡r❡♥t✳ ■♥ t❤✐s ♣❛✲

♣❡r ✇❡ tr❛❝❦ ♦♥❧② t❤♦s❡ tr❛❝❡rs ✇❤✐❝❤ ✇❡r❡ ♦r✐❣✐♥❛t❡❞ ❢r♦♠ ✾✺

t❤❡ ❜❧✉❡✱ r❡❞ ❛♥❞ ❜❧❛❝❦ s❡❣♠❡♥ts ❛♥❞ t❤❡ ②❡❧❧♦✇ r❡❝t❛♥❣✉✲

❧❛r ❛r♦✉♥❞ t❤❡ ❋◆PP s❤♦✇♥ ✐♥ ❋✐❣✳ ✶❛✳ ❙♦ ✇❡ ❞✐❞ ♥♦t s♣❡✲

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

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

t❤❡ ❛r❡❛ ❛r♦✉♥❞ t❤❡ ❋◆PP✳ ❚❤❡② ❝♦✉❧❞ ✐♥ ♣r✐♥❝✐♣❧❡ ❝♦♥t❛✐♥ ✶✵✵

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

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

❛❞✈❡❝t❡❞ ❜② ❡❞❞✐❡s ❛♥❞ ❝✉rr❡♥ts ✐♥ t❤❡ ❛r❡❛✳ ▼♦r❡♦✈❡r✱ t❤❡②

❝♦✉❧❞ ❜❡ t❤♦s❡ tr❛❝❡rs ✇❤✐❝❤ ❤❛✈❡ ❜❡❡♥ ❧♦❝❛t❡❞ ✐♥s✐❞❡ ❆❱■❙❖

❣r✐❞ ❝❡❧❧s ♥❡❛r t❤❡ ❝♦❛st ❛r♦✉♥❞ t❤❡ ❋◆PP ❥✉st ❛❢t❡r t❤❡ ❛❝❝✐✲ ✶✵✺

❞❡♥t ❛♥❞ t❤❡♥ ❤❛✈❡ ❜❡❡♥ ❛❞✈❡❝t❡❞ ♦✉ts✐❞❡✳ ❲❡ r❡♠♦✈❡❞ ❢r♦♠

❝♦♥s✐❞❡r❛t✐♦♥ ❛❧❧ t❤❡ tr❛❝❡rs ❡♥t❡r❡❞ ✐♥t♦ ❛♥② ❆❱■❙❖ ❣r✐❞ ❝❡❧❧

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

❝✉r❛❝② ♦❢ t❤❡ ❛❧t✐♠❡tr②✲❜❛s❡❞ ✈❡❧♦❝✐t② ✂❡❧❞ t❤❡r❡ ❛♥❞ ✐♥ ♦r❞❡r

t♦ ❛✈♦✐❞ ❛rt✐❢❛❝ts✳ ✶✶✵



❙✳❱✳ Pr❛♥ts ❡t ❛❧✿ ▲❛❣r❛♥❣✐❛♥ s✐♠✉❧❛t✐♦♥ ❛♥❞ tr❛❝❦✐♥❣ ♦❢ t❤❡ ♠❡s♦s❝❛❧❡ ❡❞❞✐❡s ❝♦♥t❛♠✐♥❛t❡❞ ❜② ❋✉❦✉s❤✐♠❛ ✾

❚❤✉s✱ t❤❡ ✇❤✐t❡ str❡❛♠❡rs ✐♥s✐❞❡ t❤❡ ❝♦r❡ ❛♥❞ ❛t t❤❡ ♣❡r✐✲

♣❤❡r② ♦❢ t❤❡ ❜❧✉❡ ❝②❝❧♦♥❡ ✇✐t❤ t❤❡ ❝❡♥t❡r ❛t ✸✾✿✼✍◆✱ ✶✹✹✿✷✍❊
♥❡❛r❜② st❛t✐♦♥s ❈✹✺ ❛♥❞ ❈✹✻ ✇✐t❤ ❤✐❣❤ ♠❡❛s✉r❡❞ ❝♦♥❝❡♥tr❛✲

t✐♦♥s ♦❢ ❝❡s✐✉♠ ❜② ❑❛❡r✐②❛♠❛ ❡t ❛❧✳ ✭✷✵✶✸✮✱ ❝♦✉❧❞✱ ✐♥ ♣r✐♥✲

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

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

✸✳✷ ❚❤❡ ❍♦❦❦❛✐❞♦ ❡❞❞②

◆♦✇ ✇❡ ❝♦♥s✐❞❡r t❤❡ ❛♥t✐❝②❝❧♦♥✐❝ ❍❊✳ ■t ✇❛s ❜♦r♥ ✐♥ t❤❡

♠✐❞❞❧❡ ♦❢ ▼❛② ✭s❡❡ t❤❡ ②❡❧❧♦✇ ♣❛t❝❤ ✐♥ ❋✐❣✳ ✷❜ ✇✐t❤ t❤❡

❝❡♥t❡r ❛t ✹✵✿✸✍◆✱ ✶✹✺✿✺✍❊✮ ❜❡✐♥❣ ❣❡♥❡t✐❝❛❧❧② ❧✐♥❦❡❞ t♦ t❤❡✶✵

❚❊✳ ❉✉r✐♥❣ ▼❛②✱ t❤❡ ❚❊ ❣r❛❞✉❛❧❧② ❧♦st ❛ ❋✉❦✉s❤✐♠❛ ➇②❡❧✲

❧♦✇➈ ✇❛t❡r ❢r♦♠ ✐ts ♣❡r✐♣❤❡r② t♦ ❢♦r♠ t❤❡ ❝♦r❡ ♦❢ t❤❡ ❍❊✳

❋✐❣✳ ✸❛ s❤♦✇s t❤❡ ❍❊ ✇✐t❤ ❛ ②❡❧❧♦✇ ❝♦r❡ s✉rr♦✉♥❞❡❞ ❜② ♠♦❞✲

✐✂❡❞ s✉❜tr♦♣✐❝❛❧ ➇r❡❞➈ ✇❛t❡r ✇❤✐❝❤✱ ✐♥ t✉r♥✱ ✐s s✉rr♦✉♥❞❡❞ ❜②

❚s✉❣❛r✉ ➇❜❧❛❝❦➈ ✇❛t❡r✳✶✺

❚❤❡ s❛♠♣❧✐♥❣ ♦❢ t❤❛t ❡❞❞② ❛♥❞ ✐ts ♣❡r✐♣❤❡r② ❜② ❑❛❡r✐②❛♠❛

❡t ❛❧✳ ✭✷✵✶✸✮ ❛❧♦♥❣ t❤❡ ✶✹✹✍❊ ♠❡r✐❞✐❛♥ ✐♥ t❤❡ ❡♥❞ ♦❢ ❏✉❧②

s❤♦✇❡❞ ❝♦♠♣❛r❛t✐✈❡❧② ❤✐❣❤ ❝♦♥❝❡♥tr❛t✐♦♥s✱ ❈✶✸✼ ❂ ✻✵✝ ✹✿✵
❛♥❞ ✼✶✝ ✹✿✻ ♠❇q✴❦❣ ❛t st❛t✐♦♥s ❈✹✹ ✭✹✵✿✺✍◆✮ ❛♥❞ ❈✹✸

✭✹✶✍◆✮✱ r❡s♣❡❝t✐✈❡❧②✳ ❙t❛t✐♦♥ ❈✹✸ ✇❛s ❧♦❝❛t❡❞ ✐♥s✐❞❡ t❤❡ ❛♥t✐✲✷✵

❝②❝❧♦♥❡ ❍❊ ✂❧❧❡❞ ♠❛✐♥❧② ❜② ➇②❡❧❧♦✇➈ ✇❛t❡rs✱ ❛♥❞ ✇❡ ❡st✐♠✲

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

t♦ ❜❡ ❧❛r❣❡✳ ❙t❛t✐♦♥ ❈✹✹ ✇❛s ❧♦❝❛t❡❞ ❛t t❤❡ s♦✉t❤❡r♥ ♣❡r✐♣❤❡r②

♦❢ t❤❡ ❛♥t✐❝②❝❧♦♥❡ ❍❊ ❛t t❤❡ ❜♦✉♥❞❛r② ❜❡t✇❡❡♥ ➇✇❤✐t❡➈ ❛♥❞

➇❜❧✉❡➈ ✇❛t❡rs ❜✉t ✐♥ ❝❧♦s❡ ♣r♦①✐♠✐t② t♦ ❛ ➇②❡❧❧♦✇➈ str❡❛♠❡r✳✷✺

❚❤❡ ❧♦❝❛t✐♦♥ ♦❢ t❤❡ ❍❊ ♦♥ ❆✉❣✉st ✷✹✱ ✷✵✶✶ ✐s s❤♦✇♥ ✐♥ t❤❡

❆❱■❙❖ ✈❡❧♦❝✐t② ✂❡❧❞ ✐♥ ❋✐❣✳ ✶❜✳ ❚♦ ✈❡r✐❢② t❤❡ s✐♠✉❧❛t❡❞ ❧♦❝✲

❛t✐♦♥s ♦❢ t❤❡ ❍❊ ❛♥❞ ✐ts ❢♦r♠✱ ✇❡ ♣❧♦t ✐♥ ❋✐❣s✳ ✸❝ ❛♥❞ ❞ ❢r❛❣✲

♠❡♥ts ♦❢ t❤❡ tr❛❝❦s ♦❢ ❛ ❞r✐❢t❡r ❛♥❞ t❤r❡❡ ❆❘●❖
✿✿✿✿

❆r❣♦
✿

✄♦❛ts

❝❛♣t✉r❡❞ ❜② t❤❛t ❡❞❞② ✐♥ ❙❡♣t❡♠❜❡r ✷✵✶✶✳ ❆ ❢r❛❣♠❡♥t ♦❢ t❤❡✸✵

tr❛❝❦ ♦❢ t❤❡ ❞r✐❢t❡r ♥♦✳ ✸✾✶✷✸ ✐s s❤♦✇♥ ❜② t❤❡ r❡❞ ❝✐r❝❧❡s ✇✐t❤

t❤❡ s✐③❡ ✐♥❝r❡❛s✐♥❣ ✐♥ t✐♠❡ ❢♦r t✇♦ ❞❛②s ❜❡❢♦r❡ t❤❡ ❞❛t❡s ✐♥✲

❞✐❝❛t❡❞ ✐♥ ❋✐❣s✳ ✸❝ ❛♥❞ ❞ ❛♥❞ ❞❡❝r❡❛s✐♥❣ ❢♦r t✇♦ ❞❛②s ❛❢t❡r

t❤♦s❡ ❞❛t❡s✱ ✐✳❡✳ t❤❡ ❧❛r❣❡st ❝✐r❝❧❡ ❝♦rr❡s♣♦♥❞s t♦ t❤❡ ❞r✐❢t❡r

♣♦s✐t✐♦♥ ❛t t❤❡ ✐♥❞✐❝❛t❡❞ ❞❛t❡✳ ■t ✇❛s ❧❛✉♥❝❤❡❞ ❛❢t❡r t❤❡ ❛❝❝✐✲✸✺

❞❡♥t ♦♥ ❏✉❧② ✶✽✱ ✷✵✶✶ ❛t t❤❡ ♣♦✐♥t ✹✺✿✺✽✽✍◆✱ ✶✺✶✿✺✽✸✍❊ ✐♥

t❤❡ ❖②❛s❤✐♦ ❈✉rr❡♥t✱ ❛❞✈❡❝t❡❞ ❜② t❤❡ ❝✉rr❡♥t t♦ t❤❡ s♦✉t❤

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

✇✐s❡✳ ❋r❛❣♠❡♥ts ♦❢ t❤❡ ❝❧♦❝❦✇✐s❡ tr❛❝❦s ♦❢ t❤❡ t❤r❡❡ ❆❘●❖

✿✿✿✿

❆r❣♦
✿

✄♦❛ts ❛r❡ s❤♦✇♥ ✐♥ ❋✐❣s✳ ✸❝ ❛♥❞ ❞ ❜② st❛rs ❢♦r s❡✈❡♥✹✵

❞❛②s ❜❡❢♦r❡ ❛♥❞ s❡✈❡♥ ❞❛②s ❛❢t❡r t❤❡ ✐♥❞✐❝❛t❡❞ ❞❛t❡s✳ ❚❤❡

✄♦❛t ♥♦✳ ✺✾✵✷✵✾✷ ✇❛s r❡❧❡❛s❡❞ ❧♦♥❣ ❜❡❢♦r❡ t❤❡ ❛❝❝✐❞❡♥t ♦♥

❙❡♣t❡♠❜❡r ✾✱ ✷✵✵✽ ❛t t❤❡ ♣♦✐♥t ✸✷✿✻✾✾✍◆✱ ✶✹✺✿✻✻✽✍❊ t♦ t❤❡

s♦✉t❤ ♦❢❢ t❤❡ ❑✉r♦s❤✐♦ ❊①t❡♥s✐♦♥ ❥❡t ❛♥❞ ✇❛s ❛❜❧❡ t♦ ❝r♦ss t❤❡

❥❡t ❛♥❞ t♦ ❣❡t ❢❛r ♥♦rt❤✳ ❚❤❡ ✄♦❛t ♥♦✳ ✷✾✵✶✵✶✾ ✇❛s r❡❧❡❛s❡❞✹✺

❜❡❢♦r❡ t❤❡ ❛❝❝✐❞❡♥t ♦♥ ❆♣r✐❧ ✶✾✱ ✷✵✶✵ ❛t t❤❡ ♣♦✐♥t ✹✶✿✼✷✸✍◆✱
✶✹✻✿✻✵✻✍❊✳ ❚❤❡ ✄♦❛t ♥♦✳ ✷✾✵✶✵✹✽ ✇❛s r❡❧❡❛s❡❞ ❥✉st ❛❢t❡r t❤❡
❛❝❝✐❞❡♥t ♦♥ ❆♣r✐❧ ✶✵✱ ✷✵✶✶ ❛t t❤❡ ♣♦✐♥t ✸✼✿✹✻✾✍◆✱ ✶✹✶✿✹✵✸✍❊
♥❡❛r❜② t❤❡ ❋◆PP✳

❖✉r s✐♠✉❧❛t✐♦♥ s❤♦✇s t❤❛t t❤❡ ❍❊ ❝♦♥t❛✐♥❡❞ ❛❢t❡r ✐ts ❢♦r♠✲✺✵

❛t✐♦♥ ✐♥ t❤❡ ♠✐❞❞❧❡ ♦❢ ▼❛② ✷✵✶✶ ❛ ❧❛r❣❡ ❛♠♦✉♥t ♦❢ ❛ ➇②❡❧❧♦✇➈

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

♦♥✉❝❧✐❞❡s✳ ❚❤✐s ❝♦♥❝❧✉s✐♦♥ ✐s s✉♣♣♦rt❡❞ ❜② ❛♥ ✐♥❝r❡❛s❡❞ ❝♦♥✲

❝❡♥tr❛t✐♦♥ ♦❢ r❛❞✐♦❝❡s✐✉♠ ♠❡❛s✉r❡❞ ✐♥ ✐ts ❝♦r❡ ❛t st❛t✐♦♥ ❈✹✸

❜② ❑❛❡r✐②❛♠❛ ❡t ❛❧✳ ✭✷✵✶✸✮ ✐♥ t❤❡ ❡♥❞ ♦❢ ❏✉❧② ✷✵✶✶✳ ❚❤❡ ❍❊ ✺✺

♣❡rs✐st❡❞ ✐♥ t❤❡ ❛r❡❛ ❛r♦✉♥❞ ✹✷✍◆✱ ✶✹✽✍❊ ✉♣ t♦ t❤❡ ❡♥❞ ♦❢

❏❛♥✉❛r② ♦❢ t❤❡ ♥❡①t ②❡❛r✳ ■t s♣❧✐tt❡❞ ❡✈❡♥t✉❛❧❧② ♦♥ ❏❛♥✉❛r② ✸✶✱

✷✵✶✷ ✐♥t♦ t✇♦ ❛♥t✐❝②❝❧♦♥❡s✳

✸✳✸ ❚❤❡ ❚s✉❣❛r✉ ❡❞❞②

❚❤❡ ❛♥t✐❝②❝❧♦♥✐❝ ❚s❊ ✇❛s ❜♦r♥ ♦♥ ❋❡❜r✉❛r② ✹✱ ✷✵✶✷ ❛❢t❡r ✻✵

❞❡❝❛② ♦❢ t❤❡ ❍❊ ✭t❤❡ ②❡❧❧♦✇ ♣❛t❝❤ ✇✐t❤ t❤❡ ❡❧❧✐♣t✐❝ ♣♦✐♥t ❛t

✹✷✍◆✱ ✶✹✺✿✻✍❊ ✐♥ ❋✐❣✳ ✹❛✮✳ ❚❤❡ ❡❧❧✐♣t✐❝ ♣♦✐♥t ❛t t❤❡ ❝❡♥t❡r ♦❢

t❤❡ ❚s❊ ❛♣♣❡❛r❡❞ ❛t ✹✶✿✽✍◆✱ ✶✹✻✿✾✍❊✳ ❏✉st ❛❢t❡r ✐ts ❜✐rt❤✱ t❤❡
❍❊ ❜❡❣✉♥ t♦ tr❛♥s♣♦rt ✐ts ➇②❡❧❧♦✇➈ ✇❛t❡r ❛r♦✉♥❞ t❤❡ ❚s❊ ✇✐t❤

t❤❡ ❝♦r❡ ❝♦♥s✐st❡❞ ♦❢ ❛♥ ❖②❛s❤✐♦ ➇❜❧✉❡➈ ✇❛t❡r ✭❋✐❣✳ ✹❜✮✳ ❚❤❡ ✻✺

str♦♥❣ ❙✉❜❛r❝t✐❝ ❋r♦♥t ✐s ✈✐s✐❜❧❡ ✐♥ ❋✐❣✳ ✹ ❛s ❛ ❝♦♥tr❛st ❜♦✉♥❞✲

❛r② ❜❡t✇❡❡♥ ❖②❛s❤✐♦ ➇❜❧✉❡➈ ✇❛t❡r ❛♥❞ ❋✉❦✉s❤✐♠❛✲❞❡r✐✈❡❞

➇②❡❧❧♦✇➈ ✇❛t❡r ✇✐t❤ t❤❡ ❚s✉❣❛r✉ ➇❜❧❛❝❦➈ ✇❛t❡r ✐♥ ❜❡t✇❡❡♥✳

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

❢r♦♥t❛❧ ❛r❡❛ ❤❛✈❡ ❜❡❡♥ ❝♦❧❧❡❝t❡❞ ❞✉r✐♥❣ t❤❡ ❘✴❱ ➇▼✐r❛✐➈ ✼✵

❝r✉✐s❡ ❢r♦♠ ❏❛♥✉❛r② ✸✶ t♦ ❋❡❜r✉❛r② ✺✱ ✷✵✶✷ ❛❧♦♥❣ ♦♥❡

♦❢ ♦❜s❡r✈❛t✐♦♥ ❧✐♥❡s ♦❢ t❤❡ ❲♦r❧❞ ❖❝❡❛♥ ❈✐r❝✉❧❛t✐♦♥ ❊①✲

♣❡r✐♠❡♥t ✭❲❖❈❊✮ ✐♥ t❤❡ ✇❡st❡r♥ P❛❝✐✂❝✱ s♣❡❝✐✂❝❛❧❧② t❤❡

❲❖❈❊✲P✶✵✴P✶✵◆ ❧✐♥❡ ✭❑✉♠❛♠♦t♦ ❡t ❛❧✳✱ ✷✵✶✹✮✳ ❲❡ ✐♠✲

♣♦s❡ ♦♥ t❤❡ s✐♠✉❧❛t❡❞ ▲❛❣r❛♥❣✐❛♥ ♠❛♣ ✐♥ ❋✐❣✳ ✹❛ ❧♦❝✲ ✼✺

❛t✐♦♥s ♦❢ st❛t✐♦♥s t♦ t❤❡ ♥♦rt❤ ♦❢ t❤❡ ❑✉r♦s❤✐♦ ❊①t❡♥✲

s✐♦♥ ✭❃✸✻✍◆✮ ✇✐t❤ ♠❡❛s✉r❡❞ ❧❡✈❡❧s ♦❢ t❤❡ ❝❡s✐✉♠ ❝♦♥✲

❝❡♥tr❛t✐♦♥s✳ ❆s ❜❡❢♦r❡✱ t❤❡ ❣r❡❡♥ ❞✐❛♠♦♥❞s ♠❛r❦ ❧♦❝❛t✐♦♥s

♦❢ t❤♦s❡ st❛t✐♦♥s✱ P✶✵✲✶✶✹ ✭✹✷✿✶✼✍◆✱ ✶✹✸✿✽✍❊✮✱ P✶✵✲✶✶✷
✭✹✶✿✼✺✍◆✱ ✶✹✹✿✶✸✍❊✮✱ P✶✵✲✶✶✵ ✭✹✶✿✷✺✍◆✱ ✶✹✹✿✺✶✍❊✮✱ P✶✵✲ ✽✵

✶✵✽ ✭✹✵✿✼✻✍◆✱ ✶✹✹✿✽✽✍❊✮✱ P✶✵✲✶✵✻ ✭✹✵✿✵✽✍◆✱ ✶✹✺✿✸✼✍❊✮
❛♥❞ P✶✵✲✶✵✹ ✭✸✾✿✹✷✍◆✱ ✶✹✺✿✽✺✍❊✮✱ ✇❤❡r❡ t❤❡ ❝❡s✐✉♠ ❝♦♥✲

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

❜② ❑✉♠❛♠♦t♦ ❡t ❛❧✳ ✭✷✵✶✹✮ t♦ ❜❡ ❛t t❤❡ ❜❛❝❦❣r♦✉♥❞ ❧❡✈❡❧✳

❚❤❡ st❛t✐♦♥s✱ P✶✵✲✶✵✷ ✭✸✽✿✼✺✍◆✱ ✶✹✻✿✸✷✍❊✮✱ P✶✵✲✶✵✵ ✽✺

✭✸✽✿✵✽✍◆✱ ✶✹✻✿✼✼✍❊✮✱ P✶✵✲✾✽ ✭✸✼✿✹✷✍◆✱ ✶✹✼✿✷✍❊✮✱ P✶✵✲
✾✻ ✭✸✻✿✼✹✍◆✱ ✶✹✼✿✻✸✍❊✮ ❛♥❞ P✶✵✲✾✹ ✭✸✻✿✵✽✍◆✱ ✶✹✽✿✵✺✍❊✮✱
✇❤❡r❡ t❤❡ ❝♦♥❝❡♥tr❛t✐♦♥s ❤❛✈❡ ❜❡❡♥ ❢♦✉♥❞ t♦ ❜❡ ❧❛r❣❡r ✭❜✉t

♥♦t ❡①❝❡❡❞✐♥❣ ✷✺✿✶✾✝ ✶✿✷✹ ♠❇q✴❦❣ ❢♦r ✶✸✼❈s✮✱ ❛r❡ ✐♥❞✐❝❛t❡❞

❜② t❤❡ ♠❛❣❡♥t❛ ❞✐❛♠♦♥❞s✳ ■t✬s ✇♦rt❤ t♦ str❡ss ❛ ❣♦♦❞ q✉❛❧✐t✲ ✾✵

❛t✐✈❡ ❝♦rr❡s♣♦♥❞❡♥❝❡ ✇✐t❤ ♦✉r s✐♠✉❧❛t✐♦♥ r❡s✉❧ts ✶✵ ♠♦♥t❤s

❛❢t❡r t❤❡ ❛❝❝✐❞❡♥t ✐♥ t❤❡ s❡♥s❡ t❤❛t st❛t✐♦♥s ✇✐t❤ ♠❡❛s✉r❡❞

❜❛❝❦❣r♦✉♥❞ ❧❡✈❡❧ ❛r❡ ✐♥ t❤❡ ❛r❡❛ ♦❢ ❖②❛s❤✐♦ ➇❜❧✉❡➈ ✇❛t❡rs

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

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

t❤❡ ❛r❡❛ ♦❢ t❤❡ ❋✉❦✉s❤✐♠❛✲❞❡r✐✈❡❞ ➇②❡❧❧♦✇➈ ✇❛t❡rs ✇✐t❤ ✐♥✲

❝r❡❛s❡❞ r✐s❦ ♦❢ ❝♦♥t❛♠✐♥❛t✐♦♥✳

❆s t♦ t❤❡ ❚s❊✱ ✐t ✇❛s s❛♠♣❧❡❞ ❧❛t❡r✱ ✐♥ ❏✉❧② ✺✱ ✷✵✶✷✱ ✐♥

t❤❡ ❝r✉✐s❡ ♦❢ t❤❡ ❘✴❱ ➇Pr♦❢❡ss♦r ●❛❣❛r✐♥s❦✐②➈ ✭❇✉❞②❛♥s❦②

❡t ❛❧✳✱ ✷✵✶✺✮ ✇❤❡♥ ✐t ✇❛s ❛ ❝♦♠♣❛r❛t✐✈❡❧② ❧❛r❣❡ ♠❡s♦s❝❛❧❡ ✶✵✵

❡❞❞② ❛r♦✉♥❞ ✶✺✵ ❦♠ ✐♥ ❞✐❛♠❡t❡r ✇✐t❤ t❤❡ ❡❧❧✐♣t✐❝ ♣♦✐♥t ❛t

✹✶✿✸✍◆✱ ✶✹✼✿✸✍❊ ❝♦♥s✐st✐♥❣ ♦❢ ✐♥t❡r♠✐tt❡♥t str✐♣s ♦❢ ➇❜❧✉❡➈

❛♥❞ ➇②❡❧❧♦✇➈ ✇❛t❡rs ✭❋✐❣✳ ✹❞✮ ✇❤✐❝❤ ❤❛✈❡ ❜❡❡♥ ✇r❛♣♣❡❞

❛r♦✉♥❞ ❞✉r✐♥❣ ✐ts ❣r♦✇t❤ ❢r♦♠ ❋❡❜r✉❛r② t♦ ❏✉❧② ✷✵✶✷✳ ❙t❛✲

t✐♦♥ ✽✹ ✐♥ t❤❛t ❝r✉✐s❡ ✇❛s ❧♦❝❛t❡❞ ♥❡❛r t❤❡ ❡❧❧✐♣t✐❝ ♣♦✐♥t ♦❢ t❤❛t ✶✵✺

❡❞❞② ✭❝❛❧❧❡❞ ❛s ● ❜② ❇✉❞②❛♥s❦② ❡t ❛❧✳ ✭✷✵✶✺✮✮✳ ❚❤❡ ❝♦♥❝❡♥✲



✶✵ ❙✳❱✳ Pr❛♥ts ❡t ❛❧✿ ▲❛❣r❛♥❣✐❛♥ s✐♠✉❧❛t✐♦♥ ❛♥❞ tr❛❝❦✐♥❣ ♦❢ t❤❡ ♠❡s♦s❝❛❧❡ ❡❞❞✐❡s ❝♦♥t❛♠✐♥❛t❡❞ ❜② ❋✉❦✉s❤✐♠❛

tr❛t✐♦♥s ♦❢ ✶✸✼❈s ❛t t❤❡ s✉r❢❛❝❡ ❛♥❞ ❛t ✶✵✵ ♠ ❞❡♣t❤ ❤❛✈❡ ❜❡❡♥

♠❡❛s✉r❡❞ t♦ ❜❡ ✶✶✝ ✵✿✻ ♠❇q✴❦❣ ❛♥❞ ✶✽✝ ✶✿✸ ♠❇q✴❦❣✱ r❡✲

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

❧❡✈❡❧✳ ❆s t♦ t❤❡ ✶✸✹❈s ❝♦♥❝❡♥tr❛t✐♦♥✱ ✐t ✇❛s ♠❡❛s✉r❡❞ t♦ ❜❡

s♠❛❧❧❡r✱ ✻✿✶✝ ✵✿✹ ♠❇q✴❦❣ ❛♥❞ ✶✵✿✹✝ ✵✿✼ ♠❇q✴❦❣ ❞✉❡ t♦ ❛✺

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

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

❢❡❛t✉r❡s s❛♠♣❧❡❞ ✐♥ t❤❡ ❝r✉✐s❡ ✶✺ ♠♦♥t❤s ❛❢t❡r t❤❡ ❛❝❝✐❞❡♥t✳

❚❤❡ ♠❛①✐♠❛❧ ❝♦♥❝❡♥tr❛t✐♦♥ ♦❢ r❛❞✐♦♥✉❝❧✐❞❡s ✇❛s ♦❜✲

s❡r✈❡❞✱ ❛s ❡①♣❡❝t❡❞✱ ♥♦t ❛t t❤❡ s✉r❢❛❝❡ ❜✉t ✇✐t❤✐♥ s✉❜s✉r❢❛❝❡✶✵

❛♥❞ ✐♥t❡r♠❡❞✐❛t❡ ✇❛t❡r ❧❛②❡rs ✭✶✵✵➊✺✵✵ ♠✮ ✐♥ t❤❡ ♣♦t❡♥t✐❛❧

❞❡♥s✐t② r❛♥❣❡ ♦❢ ✷✻✳✺➊✷✻✳✼ ❞✉❡ t♦ ❛ ❝♦♥✈❡r❣❡♥❝❡ ❛♥❞ s✉❜❞✉❝✲

t✐♦♥ ♦❢ s✉r❢❛❝❡ ✇❛t❡r ✐♥s✐❞❡ ❛♥t✐❝②❝❧♦♥✐❝ ❡❞❞✐❡s✳ ❚❤❡ ❝♦rr❡s✲

♣♦♥❞✐♥❣ tr❛❝❦✐♥❣ ♠❛♣ ✐♥ ❋✐❣✳ ✶✵❝ ❜② ❇✉❞②❛♥s❦② ❡t ❛❧✳ ✭✷✵✶✺✮

❝♦♥✂r♠s ✐ts ❣❡♥❡t✐❝ ❧✐♥❦ ✇✐t❤ t❤❡ ❚❊✱ ❛♥❞✱ t❤❡r❡❢♦r❡✱ ❛ ♣r♦❜✲✶✺

❛❜✐❧✐t② t♦ ❞❡t❡❝t ✐♥❝r❡❛s❡❞ ❝❡s✐✉♠ ❝♦♥❝❡♥tr❛t✐♦♥s ✇❛s ❡①♣❡❝✲

t❡❞ t♦ ❜❡ ❝♦♠♣❛r❛t✐✈❡❧② ❧❛r❣❡✳ ❲❡ ✇❡r❡ ❛❜❧❡ t♦ tr❛❝❦ ❛❧❧ t❤❡

♠♦❞✐✂❝❛t✐♦♥ ♦❢ t❤❡ ❚s❊ ✉♣ ❛♥❞ ✐ts ❞❡❛t❤ ♦♥ ❆♣r✐❧ ✶✻✱ ✷✵✶✸ ✐♥

t❤❡ ❛r❡❛ ❛r♦✉♥❞ ✹✵✍◆✱ ✶✹✼✿✺✍❊✳

✹ ❈♦♥❝❧✉s✐♦♥s✷✵

❲❡ ❡❧❛❜♦r❛t❡❞ ❛ s♣❡❝✐❛❧
✿✿✿✿✿✿

s♣❡❝✐✂❝
✿

▲❛❣r❛♥❣✐❛♥ ♠❡t❤♦❞♦❧♦❣② ❢♦r

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

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

✈❡❝t✐♦♥ ❡q✉❛t✐♦♥s ❢♦r ♣❛ss✐✈❡ ♣❛rt✐❝❧❡s ✐♥ t❤❡ ❆❱■❙❖ ✈❡❧♦❝✐t②

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

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

✐♥ t❤❡ ❑✉r♦s❤✐♦ ➊❖②❛s❤✐♦ ❝♦♥✄✉❡♥❝❡ ③♦♥❡ ✇❡r❡ ❝♦♠♣♦s❡❞

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

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

r❛❞✐♦♥✉❝❧✐❞❡s✳ ❲❡ ❤❛✈❡ st✉❞✐❡❞ t❤r❡❡ ❣❡♥❡t✐❝❛❧❧②✲❧✐♥❦❡❞ ♣❡r✲✸✵

s✐st❡♥t ♠❡s♦s❝❛❧❡ ❛♥t✐❝②❝❧♦♥✐❝ ❡❞❞✐❡s ✐♥ t❤❡ ❛r❡❛✱ ❚❊✱ ❍❊ ❛♥❞

❚s❊✱ ✇❤✐❝❤ ❤❛✈❡ ❜❡❡♥ s❛♠♣❧❡❞ ✐♥ t❤❡ ❘✴❱ ❝r✉✐s❡s ✐♥ ✷✵✶✶

❛♥❞ ✷✵✶✷ t♦ ❝♦♥t❛✐♥ ❤✐❣❤❡r ❝♦♥❝❡♥tr❛t✐♦♥s ♦❢ r❛❞✐♦❝❡s✐✉♠

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

♠❡♥t ❛♥❞ ❛♥❛❧②③❡ ❤♦✇ t❤❡② ✐♥t❡r❛❝t t♦ ♣❛ss r❛❞✐♦❛❝t✐✈❡ ✇❛t❡r✸✺

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

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