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Zusammenfassung 
 
Max Rostock 
 
Thema der Bachelorthesis  

Konzept und Entwicklung einer Mikrocontroller-basierten Time-of-Flight-Sensorik zur 
autonomen Navigation im Nahbereich 
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Kurzzusammenfassung 

Diese Arbeit umfasst die Auswahl, Inbetriebnahme und Evaluation einer Time-of-Flight-
Kamera zur autonomen Navigation eines „elektronischen Blindenhundes“. 
Mit Hilfe der Time-of-Flight-Kamera soll der „elektronische Blindenhund“ die Umgebung 
und potenzielle Hindernisse erfassen, sodass der Anwender sicher geführt werden kann.  
Hierfür wird Mikrocontroller-Software zum Auslesen der Sensordaten entwickelt und es 
werden diverse Messungen durchgeführt. Des Weiteren wird Software zur Visualisierung 
der Daten entwickelt und es werden Bauteile zur Integration des Sensors in einen 
Prototyp konstruiert und gefertigt. 

 
 

 
Max Rostock 
 
Title of the paper 

Concept and development of a microcontroller-based time-of-flight sensor technology for 
autonomous close-range navigation. 
 

 
Keywords 

time-of-flight, sensor technology, microcontroller, autonomous navigation, Matlab, 3D 
printing, electronic guide dog 
 

 
Abstract 

This thesis includes the selection, installation and evaluation of a time-of-flight camera 
for autonomous navigation of an “electronic guide dog”. With the time-of-flight camera 
the “electronic guide dog” should capture its surroundings and detect potential obstacles 
so that the user can be guided safely. 
Therefore, microcontroller software for reading sensor data is developed and various 
measurements are performed. 
Furthermore, software for data visualization is developed and mechanical components 
for integration of the sensor in a prototype are designed and manufactured. 
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❆❜❜✐❧❞✉♥❣s✈❡r③❡✐❝❤♥✐s
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❚❛❜❡❧❧❡♥✈❡r③❡✐❝❤♥✐s
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❆❜❦ür③✉♥❣❡♥

❈❈❉ ❝❤❛r❣❡✲❝♦✉♣❧❡❞ ❞❡✈✐❝❡

❈❈❙ ❈♦❞❡ ❈♦♠♣♦s❡r ❙t✉❞✐♦

❈❘❈ ❝②❝❧✐❝ r❡❞✉♥❞❛♥❝② ❝❤❡❝❦

❝✇❚❖❋ ❝♦♥t✐♥✉♦✉s ✇❛✈❡ ♠♦❞✉❧❛t❡❞ ❚✐♠❡✲♦❢✲❋❧✐❣❤t

❊●❉ ❊❧❡tr♦♥✐❝ ●✉✐❞❡ ❉♦❣

❋♦❱ ❋✐❡❧❞✲♦❢✲❱✐❡✇

◆❋❖❱ ◆❛rr♦✇✲❋✐❡❧❞✲♦❢✲❱✐❡✇

♣❚❖❋ ♣✉❧s❡ ♠♦❞✉❧❛t❡❞ ❚✐♠❡✲♦❢✲❋❧✐❣❤t

❙▲❆▼ s✐♠✉❧t❛♥❡♦✉s ❧♦❝❛❧✐③❛t✐♦♥ ❛♥❞ ♠❛♣♣✐♥❣

❚♦❋ ❚✐♠❡✲♦❢✲❋❧✐❣❤t

❯❆❘❚ ❯♥✐✈❡rs❛❧ ❆s②♥❝❤r♦♥♦✉s ❘❡❝❡✐✈❡r ❚r❛♥s♠✐tt❡r

❲❋❖❱ ❲✐❞❡✲❋✐❡❧❞✲♦❢✲❱✐❡✇

✐①



✶ ❊✐♥❧❡✐t✉♥❣

✶✳✶ ▼♦t✐✈❛t✐♦♥

❙✐❝❤ s❡❧❜ststä♥❞✐❣ ✉♥❞ ♦❤♥❡ ❢r❡♠❞❡ ❍✐❧❢❡ ✐♠ ❆❧❧t❛❣ ③✉ ❜❡✇❡❣❡♥ ❜✐r❣t ❢ür ❜❧✐♥❞❡ ✉♥❞

s❡❤❜❡❤✐♥❞❡rt❡ ▼❡♥s❝❤❡♥✱ ❜❡s♦♥❞❡rs ✐♥ ●r♦ÿstä❞t❡♥✱ ♦❢t ❡r❤❡❜❧✐❝❤❡ ❙❝❤✇✐❡r✐❣❦❡✐t❡♥ ✉♥❞

●❡❢❛❤r❡♥✳

❇❧✐♥❞❡♥❢ü❤r❤✉♥❞❡ s✐♥❞ ❡✐♥ ❜❡✇ä❤rt❡s ▼✐tt❡❧✱ ✉♠ ❤✐❡r❢ür ❆❜❤✐❧❢❡ ③✉ s❝❤❛✛❡♥✳ ❆❧❧❡r❞✐♥❣s

✐st ❞✐❡ ❆✉s❜✐❧❞✉♥❣ ❞✐❡s❡r ♠✐t ❡♥♦r♠❡♠ ❆✉❢✇❛♥❞ ✉♥❞ ❞❡♠❡♥ts♣r❡❝❤❡♥❞ ❤♦❤❡♥ ❑♦st❡♥

✈♦♥ ❡t✇❛ ✷✵✳✵✵✵ ❜✐s ✸✵✳✵✵✵ ❊✉r♦ ✈❡r❜✉♥❞❡♥✱ ✇❡♥♥❣❧❡✐❝❤ ❞✐❡s❡ ✐♥ ❉❡✉ts❝❤❧❛♥❞ ✉♥t❡r ❯♠✲

stä♥❞❡♥ ✈♦♥ ❞❡r ❥❡✇❡✐❧✐❣❡♥ ❑r❛♥❦❡♥❦❛ss❡ ❣❡tr❛❣❡♥ ✇❡r❞❡♥ ❦ö♥♥❡♥ ❬✸✶❪✳

❉❡s ❲❡✐t❡r❡♥ ❦♦♠♠t ❡s ❢ür ♠❛♥❝❤❡♥ ❜❧✐♥❞❡ ✉♥❞ s❡❤❜❡❤✐♥❞❡rt❡ ▼❡♥s❝❤❡♥ ❛✉s ✉♥t❡rs❝❤✐❡❞✲

❧✐❝❤❡♥ ♣❡rsö♥❧✐❝❤❡♥ ●rü♥❞❡♥✱ ✇✐❡ ❆❧❧❡r❣✐❡♥ ♦❞❡r ❞❡r ♠❛♥❣❡❧♥❞❡♥ ❇❡r❡✐ts❝❤❛❢t ❡✐♥❡♥ ❍✉♥❞

✐♠ ❍❛✉s❤❛❧t ③✉ ❤❛❧t❡♥✱ ♥✐❝❤t ✐♥ ❋r❛❣❡ ❡✐♥❡♥ ❇❧✐♥❞❡♥❢ü❤r❤✉♥❞ ✐♥ ❆♥s♣r✉❝❤ ③✉ ♥❡❤♠❡♥✳ ❙♦

❜❡s✐t③❡♥ ✐♥ ❉❡✉ts❝❤❧❛♥❞ ♥✉r ❡t✇❛ ❡✐♥ ❜✐s ③✇❡✐ Pr♦③❡♥t ❞❡r ❇❧✐♥❞❡♥ ❡✐♥❡♥ ❇❧✐♥❞❡♥❢ü❤r❤✉♥❞

❬✸✶❪✳

■♥ ❩✉❦✉♥❢t ❦ö♥♥t❡♥ ✈❡r♠❡❤rt t❡❝❤♥✐s❝❤❡ ▲ös✉♥❣❡♥ ❡✐♥❣❡s❡t③t ✇❡r❞❡♥✱ ✉♠ ❜❧✐♥❞❡♥ ✉♥❞

s❡❤❜❡❤✐♥❞❡rt❡♥ ▼❡♥s❝❤❡♥ ❞✐❡ ❖r✐❡♥t✐❡r✉♥❣ ✉♥❞ ❞❛s ❱❡r♠❡✐❞❡♥ ✈♦♥ ❯♥❢ä❧❧❡♥ ③✉ ❡r❧❡✐❝❤✲

t❡r♥ ✉♥❞ ✐❤♥❡♥ s♦♠✐t ❡✐♥ ❣r♦ÿ❡s ❙tü❝❦ ▼♦❜✐❧✐tät ✉♥❞ ❙❡❧❜ststä♥❞✐❣❦❡✐t ③✉ ❡r♠ö❣❧✐❝❤❡♥✳

❊✐♥ s♦❧❝❤❡r ❊❧❡tr♦♥✐❝ ●✉✐❞❡ ❉♦❣ ✭❊●❉✮ ♠✉ss ❤♦❤❡ ❆♥❢♦r❞❡r✉♥❣❡♥ ❛♥ ❩✉✈❡r❧äss✐❣❦❡✐t✱

❘♦❜✉st❤❡✐t ✉♥❞ ❆✉s❢❛❧❧s✐❝❤❡r❤❡✐t ❡r❢ü❧❧❡♥✳ ❆✉ÿ❡r❞❡♠ ♠✉ss ❡r ❦♦♠♣❛❦t ✉♥❞ ❧❡✐❝❤t ③✉

tr❛♥s♣♦rt✐❡r❡♥ ✉♥❞ ❞❡♥♥♦❝❤ ♠❡❝❤❛♥✐s❝❤ st❛❜✐❧ s❡✐♥✳ ❉❡s ❲❡✐t❡r❡♥ ♠✉ss ❡✐♥ s♦❧❝❤❡s ❙②s✲

t❡♠ s❡✐♥❡ ❯♠❣❡❜✉♥❣ ③✉✈❡r❧äss✐❣ ❡r❢❛ss❡♥✱ ❍✐♥❞❡r♥✐ss❡ ③✉✈❡r❧äss✐❣ ❡r❦❡♥♥❡♥ ✉♥❞ ❞❡♠ ❆♥✲

✇❡♥❞❡r ❛♥s❝❤❧✐❡ÿ❡♥❞ ❡✐♥❡♥ s✐❝❤❡r❡♥ ❲❡❣ ✈♦r❣❡❜❡♥ ❦ö♥♥❡♥✳ ❉❡r t❡❝❤♥✐s❝❤❡ ❋♦rts❝❤r✐tt ✐♥

❇❡r❡✐❝❤❡♥ ✇✐❡ ❙❡♥s♦r✐❦✱ ❛✉t♦♥♦♠❡s ❋❛❤r❡♥ ✉♥❞ ❘♦❜♦t✲❱✐s✐♦♥✴❇✐❧❞✈❡r❛r❜❡✐t✉♥❣ ❜r❛❝❤t❡

③❛❤❧r❡✐❝❤❡ ❑♦♥③❡♣t❡ ❤❡r✈♦r✱ ✇❡❧❝❤❡ ✐♥ ❡✐♥❡♠ ❡❧❡❦tr♦♥✐s❝❤❡♥ ❇❧✐♥❞❡♥❤✐❧❢s♠✐tt❡❧ ❆♥✇❡♥✲

❞✉♥❣ ✜♥❞❡♥ ❦ö♥♥t❡♥✳

✶



✶ ❊✐♥❧❡✐t✉♥❣

❉✐❡ t❡❝❤♥✐s❝❤❡ ▲ös✉♥❣ ③✉r ❊r❢❛ss✉♥❣ ❞❡r ❯♠❣❡❜✉♥❣ ✉♥❞ ❞❡r ❊r❦❡♥♥✉♥❣ ✈♦♥ ❍✐♥❞❡r♥✐ss❡♥

❞❛r❢ ❤✐❡r❜❡✐ ✉♥t❡r ❛♥❞❡r❡♠ ✐♥ ❞❡r ●❡♥❛✉✐❣❦❡✐t ✉♥❞ ❲✐❡❞❡r❤♦❧❜❛r❦❡✐t ❞❡♥ ❋ä❤✐❣❦❡✐t❡♥

❡✐♥❡s ❣✉t ❛✉s❣❡❜✐❧❞❡t❡♥ ❇❧✐♥❞❡♥❢ü❤r❤✉♥❞❡s ✐♥ ♥✐❝❤ts ♥❛❝❤st❡❤❡♥✳ ❩✉ ❡❜❡♥❞✐❡s❡r ❊r❢❛ss✉♥❣

✈♦♥ ❯♠❣❡❜✉♥❣ ✉♥❞ ❍✐♥❞❡r♥✐ss❡♥ s♦❧❧❡♥ ❞✐❡ ❊r❣❡❜♥✐ss❡ ❞✐❡s❡r ❆r❜❡✐t ❜❡✐tr❛❣❡♥✳

✶✳✷ ❱♦r❣❡❤❡♥s✇❡✐s❡

■♠ ❱❡r❧❛✉❢ ❞✐❡s❡r ❆r❜❡✐t ✇✐r❞ ✈❡rs✉❝❤t ❡✐♥ ❑♦♥③❡♣t ③✉r ❊r❢ü❧❧✉♥❣ ❞❡r ✐♥ ❑❛♣✐t❡❧ ✸ ❛✉❢❣❡✲

❧✐st❡t❡♥ ❆♥❢♦r❞❡r✉♥❣❡♥ ③✉ ❡♥t✇✐❝❦❡❧♥✳ ❉❛❜❡✐ ✇✐r❞ ❡r❧ä✉t❡rt✱ ✇❡❧❝❤❡ ❚❡❝❤♥♦❧♦❣✐❡♥ ❤✐❡r❢ür

❣❡❡✐❣♥❡t s❡✐♥ ❦ö♥♥t❡♥✱ ❞❡r❡♥ ●r✉♥❞❧❛❣❡♥ ❡r❦❧ärt ✉♥❞ ❜❡❣rü♥❞❡t ✇❛r✉♠ ❞✐❡ ❊♥ts❝❤❡✐✲

❞✉♥❣ ❛✉❢ ❞✐❡ ❧❡t③t❡♥❞❧✐❝❤ ✈❡r✇❡♥❞❡t❡ ❍❛r❞✇❛r❡ ✜❡❧✳ ❊s ✇✐r❞ ✐♠ ❉❡t❛✐❧ ❛✉❢ ❞✐❡ ✈❡r✇❡♥❞❡t❡

❍❛r❞✇❛r❡ ❡✐♥❣❡❣❛♥❣❡♥✱ s♦✇✐❡ ❞❡r❡♥ ❱♦r✲ ✉♥❞ ◆❛❝❤t❡✐❧❡ ❤❡r❛✉s❣❡❛r❜❡✐t❡t✳

❲❡✐t❡r❤✐♥ ✇✐r❞ ❞✐❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ❞❡r ❡✐♥③❡❧♥❡♥ ❋✉♥❦t✐♦♥❛❧✐tät❡♥ ❜❡s❝❤r✐❡❜❡♥✳ ❍✐❡r❜❡✐

✇✐r❞ ❛✉❢ ❞✐❡ ♠❡❝❤❛♥✐s❝❤❡✱ ❡❧❡❦tr✐s❝❤❡ ✉♥❞ s♦❢t✇❛r❡t❡❝❤♥✐s❝❤❡ ■♥t❡❣r❛t✐♦♥ ❞❡s ❚❡✐❧s②st❡♠s

✐♥ ❞❛s ●❡s❛♠ts②st❡♠ ❡✐♥❣❡❣❛♥❣❡♥✳ ❉✐❡s ✉♠❢❛sst ❞✐❡ ❱❡r❦❛❜❡❧✉♥❣ ❞❡r ❍❛r❞✇❛r❡✱ ❞✐❡ ❊♥t✲

✇✐❝❦❧✉♥❣ ✈♦♥ ❙♦❢t✇❛r❡ ③✉♠ ❆✉s❧❡s❡♥ ✉♥❞ ❱✐s✉❛❧✐s✐❡r❡♥ ✈♦♥ ❙❡♥s♦rs✐❣♥❛❧❡♥✱ s♦✇✐❡ ❞✐❡

❊♥t✇✐❝❦❧✉♥❣ ✉♥❞ ❋❡rt✐❣✉♥❣ ✈♦♥ ♠❡❝❤❛♥✐s❝❤❡♥ ❇❛✉t❡✐❧❡♥ ③✉r ▼♦♥t❛❣❡ ❞❡r ❍❛r❞✇❛r❡ ❛♠

❜❡st❡❤❡♥❞❡♥ Pr♦t♦t②♣✳

❊s ✇✐r❞ ❞❛s ❡♥t✇✐❝❦❡❧t❡ ❑♦♥③❡♣t ❡✈❛❧✉✐❡rt✱ s♦✇✐❡ ▼❡ss❡r❣❡❜♥✐ss❡ ♣räs❡♥t✐❡rt ✉♥❞ ❛✉s❣❡✲

✇❡rt❡t✳

❙❝❤❧✉ss❡♥❞❧✐❝❤ ✇✐r❞ ❡✐♥ ❋❛③✐t ❣❡③♦❣❡♥✱ ✐♥ ❞❡♠ ❛✉❝❤ ❛✉❢ ❞✐❡ ●r❡♥③❡♥ ❞❡r ❜✐s❤❡r✐❣❡♥ ■♠✲

♣❧❡♠❡♥t✐❡r✉♥❣ ❡✐♥❣❡❣❛♥❣❡♥ ✉♥❞ ❡✐♥ ❆✉s❜❧✐❝❦ ❛✉❢ ♠ö❣❧✐❝❤❡ ③✉❦ü♥❢t✐❣❡ ❱❡r❜❡ss❡r✉♥❣❡♥

✈♦r❣❡♥♦♠♠❡♥ ✇✐r❞✳

■♠ ●❡❣❡♥s❛t③ ③✉♠ ❋❧✐❡ÿt❡①t ❞✐❡s❡r ❆r❜❡✐t s✐♥❞ ❙♦✉r❝❡✲❈♦❞❡✱ ✐♥❦❧✉s✐✈❡ ❑♦♠♠❡♥t❛r s♦✇✐❡

❚❡①t ✐♥ ❉✐❛❣r❛♠♠❡♥ ③✉r ❙♦❢t✇❛r❡ ✐♥ ❡♥❣❧✐s❝❤❡r ❙♣r❛❝❤❡ ✈❡r❢❛sst✱ ❞❛ ❞✐❡s ✐♥ ✈✐❡❧❡♥ ❋ä❧❧❡♥

❣ä♥❣✐❣❡ Pr❛①✐s ✐st ✉♥❞ ❡✐♥❡r ❣röÿ❡r❡♥ ●r✉♣♣❡ ♣♦t❡♥③✐❡❧❧❡r ❊♥t✇✐❝❦❧❡r ❞❛s ❱❡rstä♥❞♥✐s

❡r❧❡✐❝❤t❡rt✳

✷



✷ ●r✉♥❞❧❛❣❡♥

❊s ❡①✐st✐❡r❡♥ ❞✐✈❡rs❡ ❱❡r❢❛❤r❡♥✱ ♠✐t ❞❡♥❡♥ ❙❡♥s♦r❡♥ ❞✐❡ ❊♥t❢❡r♥✉♥❣❡♥ ③✉ ❖❜❥❡❦t❡♥ ✐♥

✐❤r❡r ❯♠❣❡❜✉♥❣ ❜❡st✐♠♠❡♥ ❦ö♥♥❡♥✳ ❊✐♥✐❣❡ ❞✐❡s❡r ❱❡r❢❛❤r❡♥ ✇❡r❞❡♥ ✐♥ ❞✐❡s❡♠ ❑❛♣✐t❡❧

❛✉❢❣❡❢ü❤rt ✉♥❞ ❦✉r③ ❡r❧ä✉t❡rt✳ ■♠ ❱♦r❢❡❧❞ ✇✉r❞❡ ❜❡r❡✐ts ❡♥ts❝❤✐❡❞❡♥✱ ❞❛ss ❯❧tr❛s❝❤❛❧❧

❛✉❢❣r✉♥❞ ❞✐✈❡rs❡r ◆❛❝❤t❡✐❧❡ ✈♦r❡rst ♥✐❝❤t ❛❧s ♣r✐♠är ③✉ ✈❡r✇❡♥❞❡♥❞❡s ❙❡♥s♦rs②st❡♠ ❢ür

❞✐❡s❡ ❆r❜❡✐t ✐♥ ❇❡tr❛❝❤t ❣❡③♦❣❡♥ ✇✐r❞✳ ❉❡r ❋♦❦✉s ❧❛❣ ✐♥ ❞❡♥ ❇❡tr❛❝❤t✉♥❣❡♥ ❛✉❢ ♦♣t✐s❝❤❡♥

♦❞❡r r❛❞❛r❜❛s✐❡rt❡♥ ❙❡♥s♦r❡♥✳

✷✳✶ ❚✐♠❡✲♦❢✲❋❧✐❣❤t✲❚❡❝❤♥♦❧♦❣✐❡

❚✐♠❡✲♦❢✲❋❧✐❣❤t ✭❚♦❋✮✲❑❛♠❡r❛s s✐♥❞ ❡✐♥❡ ❋♦r♠ ✈♦♥ ✸❉✲❑❛♠❡r❛s✱ ✇❡❧❝❤❡ ✐♠ ●❡❣❡♥s❛t③ ③✉

❤❡r❦ö♠♠❧✐❝❤❡♥ ✷❉✲❑❛♠❡r❛s ❛✉❝❤ ❚✐❡❢❡♥✐♥❢♦r♠❛t✐♦♥ ❡r♠✐tt❡❧♥ ❦ö♥♥❡♥✳ ❊s ✇✐r❞ ❞❛❢ür ❞❛s

s♦❣❡♥❛♥♥t❡ ▲❛✉❢③❡✐t✈❡r❢❛❤r❡♥ ✈❡r✇❡♥❞❡t✱ ❜❡✐ ❞❡♠ ❞✐❡ ❜❡tr❛❝❤t❡t❡ ❙③❡♥❡ ❜❡❧❡✉❝❤t❡t ✇✐r❞

✉♥❞ ❛✉s ❞❡r ③❡✐t❧✐❝❤❡♥ ❱❡r③ö❣❡r✉♥❣✱ ❞✉r❝❤ ❞❛s ❩✉rü❝❦❧❡❣❡♥ ❞❡r ❙tr❡❝❦❡ ✈♦♥ ❞❡r ❑❛♠❡r❛

③✉♠ ❖❜❥❡❦t ✉♥❞ ③✉rü❝❦✱ ❞✐❡ ❥❡✇❡✐❧✐❣❡ ❉✐st❛♥③ ❢ür ❥❡❞❡♥ ❡✐♥③❡❧♥❡♥ ❇✐❧❞♣✉♥❦t ❜❡st✐♠♠t

✇✐r❞ ❬✸✵❪✳

❆✉❢❣r✉♥❞ ❞❡r ❤♦❤❡♥ ●❡s❝❤✇✐♥❞✐❣❦❡✐t ✈♦♥ ▲✐❝❤t s✐♥❞ ❜❡s♦♥❞❡rs s❝❤♥❡❧❧❡ ❙❝❤❛❧t✉♥❣❡♥ ♥♦t✲

✇❡♥❞✐❣ ✉♠ ❞❛s ❚✐♠❡✲♦❢✲❋❧✐❣❤t✲❱❡r❢❛❤r❡♥ ✐♠♣❧❡♠❡♥t✐❡r❡♥ ③✉ ❦ö♥♥❡♥ ❬✼❪✳ ❊s ❤❛♥❞❡❧t s✐❝❤

❞❛❤❡r ✉♠ ❡✐♥❡ r❡❧❛t✐✈ ❥✉♥❣❡ ❚❡❝❤♥♦❧♦❣✐❡✱ ❞✐❡ ❞✉r❝❤ ❞✐❡ ❊♥t✇✐❝❦❧✉♥❣ s❝❤♥❡❧❧❡r ❍❛❧❜❧❡✐t❡r✲

❜❛✉t❡✐❧❡ ♠ö❣❧✐❝❤ ❣❡✇♦r❞❡♥ ✐st✳ ❙♦ ❜❡❣❛♥♥❡♥ Pr♦❞✉❦t❡✱ ❞✐❡ ❞❛s ❚✐♠❡✲♦❢✲❋❧✐❣❤t✲❱❡r❢❛❤r❡♥

✐♥ ③✐✈✐❧❡♥ ❆♥✇❡♥❞✉♥❣❡♥ ✐♠♣❧❡♠❡♥t✐❡r❡♥✱ ✉♠ ❞❛s ❏❛❤r ✷✵✵✵ ❛✉❢ ❞❡♥ ▼❛r❦t ③✉ ❦♦♠♠❡♥✳

❊s ❦❛♥♥ ③✇✐s❝❤❡♥ ③✇❡✐ ❆rt❡♥ ❞❡s ❚✐♠❡✲♦❢✲❋❧✐❣❤t✲❱❡r❢❛❤r❡♥s ✉♥t❡rs❝❤✐❡❞❡♥ ✇❡r❞❡♥✿ ♣✉❧s❡

♠♦❞✉❧❛t❡❞ ❚✐♠❡✲♦❢✲❋❧✐❣❤t ✭♣❚❖❋✮ ✉♥❞ ❝♦♥t✐♥✉♦✉s ✇❛✈❡ ♠♦❞✉❧❛t❡❞ ❚✐♠❡✲♦❢✲❋❧✐❣❤t ✭❝✇✲

❚❖❋✮ ❬✼❪✳ ❇❡✐❞❡ ❱❛r✐❛♥t❡♥ ❜❡s✐t③❡♥ ❡✐♥❡♥ ❙❡♥❞❡r✱ ❞❡r ❞✐❡ ❙③❡♥❡ ❜❡❧❡✉❝❤t❡t ✉♥❞ ❡✐♥❡♥

❊♠♣❢ä♥❣❡r✱ ❞❡r ❞❛s r❡✢❡❦t✐❡rt❡ ▲✐❝❤t ❞❡t❡❦t✐❡rt✳ ❇❡✐♠ ♣❚❖❋✲❱❡r❢❛❤r❡♥ ✇✐r❞ ❡✐♥ ❡✐♥✲

③❡❧♥❡r ▲✐❝❤t♣✉❧s ❛✉s❣❡s❡♥❞❡t ✉♥❞ ❞✐❡ ❩❡✐t ❜✐s ❞❡r r❡✢❡❦t✐❡rt❡ ▲✐❝❤t♣✉❧s ❞❡♥ ❊♠♣❢ä♥❣❡r

❡rr❡✐❝❤t ❣❡♠❡ss❡♥✳ ■♠ ●❡❣❡♥s❛t③ ❞❛③✉ ✇✐r❞ ❜❡✐♠ ❝✇❚❖❋✲❱❡r❢❛❤r❡♥ ❡✐♥ ❦♦♥t✐♥✉✐❡r❧✐❝❤❡s

✸



✷ ●r✉♥❞❧❛❣❡♥

❙✐❣♥❛❧ ❛✉s❣❡s❡♥❞❡t ✉♥❞ ♠✐t ❍✐❧❢❡ ❞❡r P❤❛s❡♥✈❡rs❝❤✐❡❜✉♥❣ ③✇✐s❝❤❡♥ ❛✉s❣❡s❡♥❞❡t❡♠ ✉♥❞

❡♠♣❢❛♥❣❡♥❡♠ ▲✐❝❤ts✐❣♥❛❧ ❞✐❡ ❊♥t❢❡r♥✉♥❣ ❜❡st✐♠♠t✳

■♥ ❬✹❪ ✇❡r❞❡♥ ✉♥t❡r ❛♥❞❡r❡♠ ❢♦❧❣❡♥❞❡ ❊✐♥✢✉ss❢❛❦t♦r❡♥ ❜❡✐ ❞❡r ▼❡ss✉♥❣ ♠✐t ❡✐♥❡r ❚♦❋✲

❑❛♠❡r❛ ❣❡♥❛♥♥t✿

• ▼❡❤r❢❛❝❤✲❘❡✢❡①✐♦♥❡♥✿ ❉❛s r❡✢❡❦t✐❡rt❡ ▲✐❝❤t ❦❛♥♥ ✉♥t❡r ❯♠stä♥❞❡♥ ❛✉❢ ♠❡❤r❡r❡♥

❲❡❣❡♥ ③✉rü❝❦ ③✉♠ ❊♠♣❢ä♥❣❡r ❣❡❧❛♥❣❡♥✳ ❉✐❡s tr✐tt ③✉♠ ❇❡✐s♣✐❡❧ ❛✉❢✱ ✇❡♥♥ ❞❛s ▲✐❝❤t

❛✉❢ ❡✐♥❡ ❊❝❦❡ ✐♠ ❘❛✉♠ tr✐✛t✳ ❉✐❡s❡r ❊✛❡❦t ❦❛♥♥ ③✉ Pr♦❜❧❡♠❡♥ ✐♥ ❞❡r ▼❡ss✉♥❣

❢ü❤r❡♥✳

• ❙tr❡✉❧✐❝❤t✿ ❙tr❡✉❧✐❝❤t tr✐tt ❛✉❢ ✇❡♥♥ s✐❝❤ ❤❡❧❧❡ ❖❜❡r✢ä❝❤❡♥ ✐♥ ❞❡r ◆ä❤❡ ❜❡✜♥❞❡♥✳ ❇❡✐

❞❡r ❍❡❧❧✐❣❦❡✐ts♠❡ss✉♥❣ ❡✐♥❡r ❑❛♠❡r❛ ❢ü❤rt ❙tr❡✉❧✐❝❤t ③✉ ✈❡rr✐♥❣❡rt❡♥ ❑♦♥tr❛st❡♥✳

• ❯♠❣❡❜✉♥❣s❧✐❝❤t✿ ❲ä❤r❡♥❞ ❦ü♥st❧✐❝❤❡s ▲✐❝❤t ♠✐t ❡✐♥❡♠ ❣❡r✐♥❣❡♥ ❙♣❡❦tr✉♠ ✉♥♣r♦✲

❜❧❡♠❛t✐s❝❤ ❢ür ❞✐❡ ❚♦❋✲▼❡ss✉♥❣ s❡✐♥ s♦❧❧t❡✱ ❦❛♥♥ ❙♦♥♥❡♥❧✐❝❤t ❛✉❢❣r✉♥❞ s❡✐♥❡s s❡❤r

❣r♦ÿ❡♥ ❙♣❡❦tr✉♠s ❞✉r❝❤❛✉s ❡✐♥❡♥ ♥❡❣❛t✐✈❡♥ ❊✐♥✢✉ss ❛✉❢ ❞✐❡ ▼❡ss✉♥❣ ❤❛❜❡♥✳ ❆✉❝❤

❡✐♥ ♦♣t✐s❝❤❡r ❇❛♥❞♣❛ss✜❧t❡r ✇✐r❞ ❛❧s♦ ❡✐♥❡♥ ❚❡✐❧ ❞❡s ❙♦♥♥❡♥❧✐❝❤ts ❞✉r❝❤❧❛ss❡♥✳ Pr♦✲

❜❧❡♠❛t✐s❝❤ ✐st ❜❡s♦♥❞❡rs ❯♠❣❡❜✉♥❣s❧✐❝❤t ♥❛❤❡ ❞❡s ■♥❢r❛r♦t❜❡r❡✐❝❤s✱ ✐♥ ❞❡♠ ❞✐❡

❚♦❋✲❑❛♠❡r❛ ❛r❜❡✐t❡t✳

• ❍♦❤❡ ❘❡✢❡①✐♦♥ ✉♥❞ ❚r❛♥s♣❛r❡♥③✿ ❉✐❡ ❊♥t❢❡r♥✉♥❣❡♥ ✈♦♥ s♣✐❡❣❡❧♥❞❡♥ ✉♥❞ tr❛♥s♣❛✲

r❡♥t❡ ❖❜❡r✢ä❝❤❡♥ s✐♥❞ ♠❡✐st ♥✐❝❤t s✐❝❤❡r ③✉ ❜❡st✐♠♠❡♥✳

• ❍❡❧❧❡✱ ❞✐✛✉s r❡✢❡❦t✐❡r❡♥❞❡ ❖❜❡r✢ä❝❤❡♥ ❡✐❣♥❡♥ s✐❝❤ ❜❡s♦♥❞❡rs ❣✉t ③✉r ❊♥t❢❡r♥✉♥❣s✲

❜❡st✐♠♠✉♥❣✳

✷✳✷ ❈❈❉✲❙❡♥s♦r❡♥

❆❧s ❊♠♣❢ä♥❣❡r ✐♥ ❚♦❋✲❑❛♠❡r❛s ❦ö♥♥❡♥ s♦❣❡♥❛♥♥t❡ ❝❤❛r❣❡✲❝♦✉♣❧❡❞ ❞❡✈✐❝❡ ✭❈❈❉✮✲❙❡♥s♦r❡♥

③✉♠ ❊✐♥s❛t③ ❦♦♠♠❡♥✳

❈❈❉✲❙❡♥s♦r❡♥ s✐♥❞ ❍❛❧❜❧❡✐t❡r❜❛✉❡❧❡♠❡♥t❡✱ ✇❡❧❝❤❡ ✐♠ ❑❡r♥ ❛✉s ❡✐♥❡r ❆♥♦r❞✉♥❣ ✈♦♥ P❤♦✲

t♦❞✐♦❞❡♥ ❜❡st❡❤❡♥ ❬✷✾❪✳ ❉❛s ❊✐♥tr❡✛❡♥ ✈♦♥ ▲✐❝❤t s♦r❣t✱ ❣❡♠äÿ ❞❡♠ ✐♥♥❡r❡♥ ♣❤♦t♦❡❧❡❦tr✐✲

s❝❤❡♥ ❊✛❡❦t✱ ❢ür ❞❛s ❊♥tst❡❤❡♥ ✈♦♥ ❊❧❡❦tr♦♥❡♥✲▲♦❝❤✲P❛❛r❡♥✳ ❊✐♥❡ ❛♥❣❡❧❡❣t❡ ❙♣❛♥♥✉♥❣

❜❡✇✐r❦t ❡✐♥❡ ▲❛❞✉♥❣str❡♥♥✉♥❣✳ ❉✐❡ ✈♦r❤❛♥❞❡♥❡ ▲❛❞✉♥❣ ✇✐r❞ ③✇✐s❝❤❡♥❣❡s♣❡✐❝❤❡rt ✉♥❞

✐❤r❡ ▼❡♥❣❡ ❜❡✐♠ ❆✉s❧❡s❡♥ ❞❡s ❙❡♥s♦rs ❜❡st✐♠♠t✳ ❆✉s ❞❡r ❜❡st✐♠♠t❡♥ ▲❛❞✉♥❣s♠❡♥❣❡

❦❛♥♥ ❛✉❢ ❞✐❡ ▼❡♥❣❡ ❞❡s ③✉✈♦r ❡✐♥❣❡❢❛❧❧❡♥❡♥ ▲✐❝❤ts ❣❡s❝❤❧♦ss❡♥ ✇❡r❞❡♥✳

✹



✷ ●r✉♥❞❧❛❣❡♥

✷✳✸ ❘❛❞❛r✲❙❡♥s♦r❡♥

❘❛❞❛rs❡♥s♦r❡♥ ❜❡st✐♠♠❡♥ ❞✐❡ ❉✐st❛♥③ ③✉ ❡✐♥❡♠ ❖❜❥❡❦t ❡❜❡♥❢❛❧❧s ü❜❡r ❡✐♥ ▲❛✉❢③❡✐t✈❡r✲

❢❛❤r❡♥✳ ❍✐❡r❢ür ✇❡r❞❡♥ ❡❧❡❦tr♦♠❛❣♥❡t✐s❝❤❡ ❲❡❧❧❡♥ ✈❡rs❡♥❞❡t ✉♥❞ ❞❡r❡♥ ❘❡✢❡①✐♦♥ ❡♠♣✲

❢❛♥❣❡♥ ❬✺❪✳ ❊s ❦❛♥♥ ❛✉ÿ❡r❞❡♠ ü❜❡r ❞❡♥ ❉♦♣♣❧❡r❡✛❡❦t ❞✐❡ ●❡s❝❤✇✐♥❞✐❣❦❡✐t ❡✐♥❡s ❖❜❥❡❦ts

❜❡st✐♠♠t ✇❡r❞❡♥ ❬✸✸❪✳ ❘❛❞❛rs❡♥s♦r❡♥ ❦ö♥♥❡♥ ❜❡✐ s❝❤❧❡❝❤t❡♥ ❙✐❝❤t✈❡r❤ä❧t♥✐ss❡♥ ❡✐♥❡♥ ❱♦r✲

t❡✐❧ ❣❡❣❡♥ü❜❡r ♦♣t✐s❝❤❡♥ ❙②st❡♠❡♥ ❤❛❜❡♥✳

✷✳✹ ❱❡r❣❧❡✐❝❤ ❞❡r ❱❡r❢❛❤r❡♥

❆❧s ❱♦rt❡✐❧ ❞❡r ▲❛✉❢③❡✐t♠❡ss✉♥❣ ♠✐t ▲✐❝❤t ✐st✱ ✐♠ ❱❡r❣❧❡✐❝❤ ③✉♠ ❛♥❢❛♥❣s ❡r✇ä❤♥t❡♥ ❯❧✲

tr❛s❝❤❛❧❧✱ ❞✐❡ ❤♦❤❡ ▲✐❝❤t❣❡s❝❤✇✐♥❞✐❣❦❡✐t ③✉ ♥❡♥♥❡♥✳ ❉❛r❛✉s r❡s✉❧t✐❡r❡♥❞ ❧❛ss❡♥ s✐❝❤ ❤♦❤❡

❇✐❧❞r❛t❡♥ ❡rr❡✐❝❤❡♥✱ ✇♦❞✉r❝❤ ❜❡s♦♥❞❡rs ❞②♥❛♠✐s❝❤❡ ❙③❡♥❡♥ ❜❡ss❡r ❡r❢❛sst ✇❡r❞❡♥ ❦ö♥✲

♥❡♥✳ ❆❧❧❡r❞✐♥❣s ✈❡r❢ü❣❡♥ ❘❛❞❛rs❡♥s♦r❡♥✱ ❞✉r❝❤ ❞✐❡ ❱❡r✇❡♥❞✉♥❣ ✈♦♥ ❡❧❡❦tr♦♠❛❣♥❡t✐s❝❤❡♥

❲❡❧❧❡♥✱ ❡❜❡♥❢❛❧❧s ü❜❡r ❞❡♥ ❱♦rt❡✐❧ ❞❡r ❤♦❤❡♥ ●❡s❝❤✇✐♥❞✐❣❦❡✐t✳ ❆✉ÿ❡r❞❡♠ s✐♥❞ ❞✐❡s❡ ✇❡✲

♥✐❣❡r ❛♥❢ä❧❧✐❣ ❣❡❣❡♥ü❜❡r s❝❤❧❡❝❤t❡♥ ❙✐❝❤t✈❡r❤ä❧t♥✐ss❡♥✱ ❛❧s ❡s ♦♣t✐s❝❤❡ ❱❡r❢❛❤r❡♥ ✇✐❡ ❚♦❋✲

❑❛♠❡r❛s s✐♥❞✳ ❊✐♥ ❣r♦ÿ❡r ❱♦rt❡✐❧ ❡✐♥❡r ❚♦❋✲❑❛♠❡r❛ ✐st✱ ❞❛ss ❡✐♥ ❞❡t❛✐❧❧✐❡rt❡s ❇✐❧❞ ❞❡r

❜❡tr❛❝❤t❡t❡♥ ❙③❡♥❡ ❡rst❡❧❧t ✇✐r❞✳ ❊s ❦❛♥♥ ♥✐❝❤t ♥✉r ❛✉❢ ❞❛s ❱♦r❤❛♥❞❡♥s❡✐♥ ✈♦♥ ❍✐♥❞❡r♥✐s✲

s❡♥ ❤✐♥❣❡✇✐❡s❡♥ ✇❡r❞❡♥✱ s♦♥❞❡r♥ ③✉sät③❧✐❝❤ ❦ö♥♥❡♥ ❞✐❡ ❑♦♥t✉r❡♥ ❞❡r ❍✐♥❞❡r♥✐ss❡ ❡r❢❛sst

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

❧✐❡rt❡s ❇✐❧❞ s❡✐♥❡r ❯♠❣❡❜✉♥❣ ❡r③❡✉❣❡♥ ❦❛♥♥✱ ✉♠ ❡✐♥❡r ❚♦❋✲❑❛♠❡r❛ ✐♥ ❞❡r ❆♥✇❡♥❞✉♥❣

✐♥ ❡✐♥❡♠ ❇❧✐♥❞❡♥❤✐❧❢s♠✐tt❡❧ ü❜❡r❧❡❣❡♥ ③✉ s❡✐♥✳

✺



✸ ❆♥❢♦r❞❡r✉♥❣❡♥

❉❛s ❚❤❡♠❛ ❞✐❡s❡r ❇❛❝❤❡❧♦r❛r❜❡✐t ❡♥tst❛♥❞ ✐♠ ❘❛❤♠❡♥ ❞❡s ❱♦r❤❛❜❡♥s ❛♥ ❞❡r ❍❆❲ ❍❛♠✲

❜✉r❣ ❡✐♥❡♥ ❡❧❡❦tr♦♥✐s❝❤❡♥ ❇❧✐♥❞❡♥❢ü❤r❤✉♥❞ ③✉ ❡♥t✇✐❝❦❡❧♥✳ ■♥ ❞❡r ❆✉❢❣❛❜❡♥❜❡s❝❤r❡✐❜✉♥❣

✇✉r❞❡♥ ❢♦❧❣❡♥❞❡ ❆♥❢♦r❞❡r✉♥❣❡♥ ❛♥ ❞✐❡ ③✉ ❡r❛r❜❡✐t❡♥❞❡ ▲ös✉♥❣ ❣❡st❡❧❧t✿

• ❊r❢❛ss✉♥❣ ✈♦♥ ❍✐♥❞❡r♥✐ss❡♥ ✐♠ ❆❜st❛♥❞ ✈♦♥ ✸✵ ❝♠ ❜✐s ③✉ ♠✐♥❞✳ ✷ ♠ ✭✐❞❡❛❧❡r✇❡✐s❡

❜✐s ③✉ ✸ ♠✮✳

• ❆❜s✐❝❤❡r✉♥❣ ❡✐♥❡s ❇❡r❡✐❝❤s ✐♥ ❞❡r ❍ö❤❡ ✈♦♥ ✷ ♠ ✉♥❞ ❞❡r ❇r❡✐t❡ ✶✱✺ ♠ ✈♦r ❞❡♠

❊●❉✳

• ❉✐❡s❡r ❇❡r❡✐❝❤ s♦❧❧ ❦❡✐♥❡ s✐❣♥✐✜❦❛♥t❡♥ ▲ü❝❦❡♥ ❤❛❜❡♥✱ s♦❞❛ss t②♣✐s❝❤❡ ❍✐♥❞❡r♥✐ss❡

✇✐❡ P❢ä❤❧❡✱ ❩ä✉♥❡✱ ✈♦rst❡❤❡♥❞❡ ❖❜❥❡❦t❡ ♥✐❝❤t ü❜❡rs❡❤❡♥ ✇❡r❞❡♥✳

• ❉✐❡ ❆✉✢ös✉♥❣ s♦❧❧ ❁ 20◦ ✐♥ ❆③✐♠✉t ✉♥❞ ❊❧❡✈❛t✐♦♥ ❜❡tr❛❣❡♥✳

• ❉❡r ❙❡♥s♦r s♦❧❧ ❛✉❢ ❡✐♥❡r ❋❧ä❝❤❡ ✈♦♥ ♠❛①✳ 200 cm2 ✉♥t❡r❣❡❜r❛❝❤t ✇❡r❞❡♥ ❦ö♥♥❡♥✳

• ❊s ❞ür❢❡♥ ♠❡❤r❡r❡ ❊✐♥③❡❧s❡♥s♦r❡♥ ③✉ ❡✐♥❡♠ ❆rr❛② ❦♦♠❜✐♥✐❡rt ✇❡r❞❡♥✳

• ❉✐❡ ❚✐❡❢❡♥❜✐❧❞s③❡♥❡✱ ❞✐❡ s✐❝❤ ❛✉s ❞❡♥ ❊✐♥③❡❧s❡♥s♦rs✐❣♥❛❧❡♥ ❡r❣✐❜t✱ s♦❧❧ ♠✐t ❡✐♥❡♠

▼✐❦r♦❝♦♥tr♦❧❧❡r ❛✉s✇❡rt❜❛r s❡✐♥✳

• ❉❡r ❙❡♥s♦r s♦❧❧ ❢ür ❞❡♥ ■♥♥❡♥✲ ✉♥❞ ❆✉ÿ❡♥❜❡r❡✐❝❤✱ ❛✉❝❤ ❜❡✐ ❙♦♥♥❡♥❧✐❝❤t✱ ❣❡❡✐❣♥❡t

s❡✐♥✳

• ❉❡r ❙❡♥s♦r s♦❧❧ ♠✐t ❍✐❧❢❡ ❡✐♥❡s ❆❞❛♣t❡rs✱ ❞❡r ✐♠ ✸❉✲❉r✉❝❦✈❡r❢❛❤r❡♥ ❡♥t✇✐❝❦❡❧t

✇❡r❞❡♥ ❦❛♥♥✱ ❛✉❢ ❞❡♠ ❊●❉ ❢❡st ✈❡r❜✉♥❞❡♥ ✇❡r❞❡♥✳

• ❊s s♦❧❧❡♥ ❞✐❡ ❆❜st❛♥❞s✐♥❢♦r♠❛t✐♦♥❡♥ ♠✐t ❡✐♥❡♠ ◆❡✐❣✉♥❣ss❡♥s♦r ❦♦♠❜✐♥✐❡rt ✇❡r❞❡♥

❜③✇✳ ❦♦♠❜✐♥✐❡r❜❛r s❡✐♥✱ ✉♠ ❊✐♥✢üss❡ ❜s♣✇✳ ❞❡s ❇♦❞❡♥s ③✉ ❡❧✐♠✐♥✐❡r❡♥✳

• ❉✐❡ ❆✉s✇❡rt✉♥❣ ❞❡s ❙❡♥s♦rs s♦❧❧ ✒❡♠❜❡❞❞❡❞✏ ❡r❢♦❧❣❡♥ ♦❞❡r ③✉♠✐♥❞❡st ♠ö❣❧✐❝❤ s❡✐♥✱

❞✳❤✳ ♥✐❝❤t ❛✉❢ ❡✐♥❡♠ P❈ s♦♥❞❡r♥ ❡✐♥❡♠ ▼✐❦r♦❝♦♥tr♦❧❧❡r✳

✻



✸ ❆♥❢♦r❞❡r✉♥❣❡♥

• ❖♣t✐♦♥❛❧✿ ❡s s♦❧❧ ❡✐♥❡ ❙tr❛t❡❣✐❡ ❣❡❢✉♥❞❡♥ ✇❡r❞❡♥✱ ✇✐❡ ❞✐❡ ❚✐❡❢❡♥❜✐❧❞s③❡♥❡ ✐♥t❡r♣r❡✲

t✐❡rt ✇❡r❞❡♥ ❦❛♥♥ ✉♥❞ ❆✉s✇❡✐❝❤str❛t❡❣✐❡♥✱ ❞✐❡ ❛♥ ❞✐❡ ❙t❡✉❡r✉♥❣ ❞❡s ▼♦t♦rs ❣❡❣❡❜❡♥

✇❡r❞❡♥✱ ❡♥t✇✐❝❦❡❧t ✇❡r❞❡♥✳

• ❑♦st❡♥✿ ❞❛s ❊✈❛❧✉❛t✐♦♥ss②st❡♠ s♦❧❧ ✉♥t❡r ✶✵✵✵ ❊✉r♦ ❜❧❡✐❜❡♥✳

• ❊s s♦❧❧ ♥❛❝❤ ▼ö❣❧✐❝❤❦❡✐t ❡✐♥ ❊✈❛❧✉❛t✐♦♥ss②st❡♠ ③✉♠ s❝❤♥❡❧❧❡♥ ❚❡st ✭❦✉r③❡ ▲✐❡❢❡r✲

③❡✐t✮ ③✉r ❱❡r❢ü❣✉♥❣ st❡❤❡♥✳

• ❊s s♦❧❧ ❛✉sr❡✐❝❤❡♥❞ ❯♥t❡rstüt③✉♥❣ ❣❡❜❡♥ ✭③✳❇✳ ❙❝❤❛❧t♣❧ä♥❡ ✉♥❞ ●❡r❜❡r✜❧❡s ❜③✇✳

▲❛②♦✉t❡♠♣❢❡❤❧✉♥❣❡♥✮ ✉♠ ✐♥ ❡✐♥❡♠ s♣ät❡r❡♥ ❙❝❤r✐tt ❡✐♥❡ ♠❛ÿ❣❡s❝❤♥❡✐❞❡rt❡ ▲ös✉♥❣

❡♥t✇✐❝❦❡❧♥ ③✉ ❦ö♥♥❡♥✳

• ❊✈❛❧✉❛t✐♦♥✿

✕ ❲✐❡ ❣r♦ÿ ♠üss❡♥ ❖❜❥❡❦t❡ ♠✐♥❞❡st❡♥s s❡✐♥✱ ❞❛♠✐t s✐❡ ❡r❦❛♥♥t ✇❡r❞❡♥ ❦ö♥♥❡♥❄

✕ ❲❡❧❝❤❡♥ ❊✐♥✢✉ss ❤❛t ❞❛s ▼❛t❡r✐❛❧✱ ❞✐❡ ❊♥t❢❡r♥✉♥❣✱ ❞✐❡ ❋♦r♠ ✉♥❞ ❖r✐❡♥t✐❡r✉♥❣

❞❡s ❖❜❥❡❦t❡s❄

✕ ❲❡❧❝❤❡♥ ❊✐♥✢✉ss ❤❛❜❡♥ ❯♠❣❡❜✉♥❣s❜❡❞✐♥❣✉♥❣❡♥ ✇✐❡ ❞❛s ❙♦♥♥❡♥❧✐❝❤t❄

✕ ❲❡❧❝❤❡♥ ❊✐♥✢✉ss ❤❛❜❡♥ ❲ä♥❞❡ ✉♥❞ ❋✉ÿ❜♦❞❡♥ ❛✉❢ ❞❛s ❊r❣❡❜♥✐s❄

✕ ❖♣t✐♦♥❛❧✿ ❧❛ss❡♥ s✐❝❤ ●❡❢ä❤r❞✉♥❣❡♥✱ ✇✐❡ ♥✐❡❞❡r❣❡❤❡♥❞❡ ❚r❡♣♣❡♥ ♦❞❡r ❇♦r❞✲

st❡✐♥❡ ❡r❦❡♥♥❡♥❄

❩✉♥ä❝❤st s♦❧❧t❡ ❜❡✐ ❞❡r ❙❡♥s♦r❛✉s✇❛❤❧ ✭s✐❡❤❡ ❑❛♣✐t❡❧ ✹✳✶✮ ❞❡r ❊r❢❛ss✉♥❣s❜❡r❡✐❝❤✱ s♦✇✐❡

❙❝❤♥✐ttst❡❧❧❡♥ ③✉r ❆✉s✇❡rt✉♥❣ ❢ür ❞✐❡ ✐♥❢r❛❣❡ ❦♦♠♠❡♥❞❡♥ ❙❡♥s♦r❡♥ ✐♥ ❊r❢❛❤r✉♥❣ ❣❡❜r❛❝❤t

✇❡r❞❡♥✳ ❉✐❡s❡ s✐♥❞ ♦❢t ❞✐r❡❦t ❛✉❢ ❞❡r ■♥t❡r♥❡ts❡✐t❡ ❡✐♥❡s ❍❡rst❡❧❧❡rs ♦❞❡r ▲✐❡❢❡r❛♥t❡♥

❛✉❢❣❡❢ü❤rt✳

❆✉❝❤ ❞❡r Pr❡✐s✱ ❞✐❡ ❱❡r❢ü❣❜❛r❦❡✐t ✉♥❞ ❞✐❡ ●röÿ❡ s✐♥❞ ❛✉❢ s♦❧❝❤ ❡✐♥❡r ■♥t❡r♥❡ts❡✐t❡ ✐♥ ❞❡r

❘❡❣❡❧ ❞✐r❡❦t ❡rs✐❝❤t❧✐❝❤✳

❲✐r❞ ❡✐♥ ❛✉sr❡✐❝❤❡♥❞❡r ❊r❢❛ss✉♥❣s❜❡r❡✐❝❤ s♦✇✐❡ ❡✐♥❡ ❙❝❤♥✐ttst❡❧❧❡✱ ✇❡❧❝❤❡ ❧❡✐❝❤t ♠✐t ❡✐♥❡♠

▼✐❦r♦❝♦♥tr♦❧❧❡r ❛♥❣❡s♣r♦❝❤❡♥ ✇❡r❞❡♥ ❦❛♥♥ ✭❯❆❘❚✱ ■✷❈✱ ❡t❝✳✮ ❛♥❣❡❣❡❜❡♥ ✉♥❞ ✐st ❞❡r

❙❡♥s♦r ♣r❡✐s❧✐❝❤ ✐♠ ❇✉❞❣❡t✱ ❧✐❡❢❡r❜❛r ✉♥❞ ❦♦♠♣❛❦t ❣❡♥✉❣✱ s♦❧❧t❡ ✐♠ ♥ä❝❤st❡♥ ❙❝❤r✐tt ❞❛s

❉❛t❡♥❜❧❛tt ❜❡tr❛❝❤t❡t ✇❡r❞❡♥✳

✼



✸ ❆♥❢♦r❞❡r✉♥❣❡♥

❍✐❡r❜❡✐ s♦❧❧t❡♥ ❞❡t❛✐❧❧✐❡rt❡r❡ ■♥❢♦s ③✉ ❆✉✢ös✉♥❣✱ ●❡♥❛✉✐❣❦❡✐t✱ ❊♠♣✜♥❞❧✐❝❤❦❡✐t ❣❡❣❡♥ü❜❡r

❙♦♥♥❡♥❧✐❝❤t ✉♥❞ ✇❡✐t❡r❡ ♣♦t❡♥③✐❡❧❧❡ ▼❡ss♣r♦❜❧❡♠❡ ✐♥ ❊r❢❛❤r✉♥❣ ❣❡❜r❛❝❤t ✉♥❞ ♠✐t ❞❡♥

♦❜❡♥ ❛✉❢❣❡❢ü❤rt❡♥ ❆♥❢♦r❞❡r✉♥❣❡♥ ❛❜❣❡❣❧✐❝❤❡♥ ✇❡r❞❡♥✳

✽



✹ ❑♦♥③❡♣t

✹✳✶ ▼ö❣❧✐❝❤❡ t❡❝❤♥✐s❝❤❡ ▲ös✉♥❣❡♥

❯♠ ❞✐❡ ❛✉❢❣❡❢ü❤rt❡♥ ❆♥❢♦r❞❡r✉♥❣❡♥ ③✉ ❡r❢ü❧❧❡♥✱ ✇✉r❞❡♥ ✈❡rs❝❤✐❡❞❡♥❡ ❙❡♥s♦r❡♥ ✐♥ ❊r✇ä✲

❣✉♥❣ ❣❡③♦❣❡♥✳

❊s ✇❛r❡♥ s♦✇♦❤❧ r❛❞❛r❜❛s✐❡rt❡ ❛❧s ❛✉❝❤ ❛♥❞❡r❡ ♦♣t✐s❝❤❡ ❱❡r❢❛❤r❡♥ ✐♠ ●❡s♣rä❝❤✳ ❊✐♥✲

③❡❧♥❡ ♦♣t✐s❝❤❡ ❙❡♥s♦r❡♥ ❤ätt❡♥ ❡✐❣❡♥❤ä♥❞✐❣ ③✉ ❡✐♥❡♠ ❣röÿ❡r❡♥ ❙❡♥s♦r✲❆rr❛② ❦♦♠❜✐♥✐❡rt

✇❡r❞❡♥ ❦ö♥♥❡♥✱ ✇❛s ❦♦st❡♥❣ü♥st✐❣ ❣❡✇❡s❡♥ ✇är❡ ✉♥❞ ❡✐♥❡ ♠❛ÿ❣❡s❝❤♥❡✐❞❡rt❡ ❆♥♦r❞♥✉♥❣

❡r♠ö❣❧✐❝❤t ❤ätt❡✳ ❉❛♠✐t ❤ätt❡ ❛❧❧❡r❞✐♥❣s ❞❡r r❡✐♥❡ ❇❛✉ ❞❡s ❙❡♥s♦r❛rr❛②s ❧❛♥❣❡ ❩❡✐t ✐♥

❆♥s♣r✉❝❤ ❣❡♥♦♠♠❡♥ ✉♥❞ ❞✐❡ ▼ö❣❧✐❝❤❦❡✐t❡♥ ③✉r ❆✉s✇❡rt✉♥❣ ✉♥❞ ❱❡r❛r❜❡✐t✉♥❣ ❞❡r ❙❡♥s✲

♦r❞❛t❡♥ ❡✐♥❣❡s❝❤rä♥❦t✳

❉✐❡ ▲ös✉♥❣ ❡✐♥❡♥ ❢❡rt✐❣❡♥ ❙❡♥s♦r ③✉ ✈❡r✇❡♥❞❡♥✱ ❞✐❡s❡♥ ❛✉s❣✐❡❜✐❣ ③✉ t❡st❡♥ ✉♥❞ ❙♦❢t✲

✇❛r❡ ③✉r ❆✉s✇❡rt✉♥❣ ✉♥❞ ❱❡r❛r❜❡✐t✉♥❣ ❞❡r ❉❛t❡♥ ③✉ ✐♠♣❧❡♠❡♥t✐❡r❡♥✱ s❝❤✐❡♥ ❢ür ❞✐❡

❣❡✇ü♥s❝❤t❡♥ ❆♥❢♦r❞❡r✉♥❣❡♥ ③✐❡❧❢ü❤r❡♥❞❡r✳ ❊✐♥❡ ❚♦❋✲❑❛♠❡r❛ ❜✐❡t❡t ✐♠ ●❡❣❡♥s❛t③ ③✉

❞✐✈❡rs❡♥ ❛♥❞❡r❡♥ ❙❡♥s♦rs②st❡♠❡♥ ❞❡♥ ❱♦rt❡✐❧✱ ❡✐♥ ❞❡t❛✐❧❧✐❡rt❡s ❇✐❧❞ ❞❡r ❯♠❣❡❜✉♥❣ ③✉

❧✐❡❢❡r♥✱ s♦❞❛ss ✐♥ ❩✉❦✉♥❢t ❱❡r❢❛❤r❡♥ ✇✐❡ ❖❜❥❡❦t❦❧❛ss✐✜③✐❡r✉♥❣ ♠ö❣❧✐❝❤ ✇är❡♥✳ ❱♦♥ ❜❡✲

s♦♥❞❡r❡r ❇❡❞❡✉t✉♥❣ ❜❡✐ ❞❡r ❲❛❤❧ ❞❡s ❙❡♥s♦rs ✇❛r ❛✉❝❤ ❞✐❡ ③✉ ❡r✇❛rt❡♥❞❡ ▲✐❡❢❡r③❡✐t✱ ❞❛

❡✐♥ ❡♥❣❡r ❩❡✐t♣❧❛♥ ✈♦r❣❡s❡❤❡♥ ✇❛r✳

❉✐❡ ✉♥t❡rs✉❝❤t❡♥ ❘❛❞❛rs❡♥s♦r❡♥✱ ❤❛tt❡♥ ③✉♠ ❚❡✐❧ ❣r♦ÿ❡ ❊r❢❛ss✉♥❣s❜❡r❡✐❝❤❡✳ ❆❧❧❡r❞✐♥❣s

❤❛tt❡♥ ❞✐❡s❡ ❞❡♥ ◆❛❝❤t❡✐❧✱ ❞❛ss ❦❡✐♥ s♦ ❞❡t❛✐❧❧✐❡rt❡s ❇✐❧❞ ❞❡r ❯♠❣❡❜✉♥❣ ❡r③❡✉❣t ✇❡r❞❡♥

❦❛♥♥✱ ✇✐❡ ❡s ❜❡✐ ❡✐♥❡r ❚♦❋✲❑❛♠❡r❛ ♠ö❣❧✐❝❤ ✐st✳ ❉❛❤❡r ✇✉r❞❡ ❞✐❡ ❊♥ts❝❤❡✐❞✉♥❣ ❣❡tr♦✛❡♥✱

❡✐♥❡ ❚♦❋✲❑❛♠❡r❛ ❛✉s③✉✇ä❤❧❡♥✳

■♥ ❞✐❡ ❡♥❣❡r❡ ❲❛❤❧ ❦❛♠ ❞✐❡ ❚♦❋✲❑❛♠❡r❛ ♠✐t ❞❡r ❇❡③❡✐❝❤♥✉♥❣ ❆❉✲✾✻❚❖❋✶✲❊❇❩ ❞❡r

❋✐r♠❛ ▲✐♥❡❛r ❚❡❝❤♥♦❧♦❣②✴❆♥❛❧♦❣ ❉❡✈✐❝❡s ❬✶❪✳ ❉✐❡s❡ ✈❡r❢ü❣t ü❜❡r ❡✐♥❡ ❆✉✢ös✉♥❣ ✈♦♥ ✻✹✵

① ✹✽✵ P✐①❡❧✱ ❡✐♥ ❋✐❡❧❞✲♦❢✲❱✐❡✇ ✭❋♦❱✮ ✈♦♥ 90◦ ① 69,2◦✱ ❡✐♥❡ ●❡♥❛✉✐❣❦❡✐t ❁ ✷✪ ✉♥❞ ❞✐✈❡rs❡

❘❡✐❝❤✇❡✐t❡✲▼♦❞✐✱ ♠✐t ❞❡♥❡♥ ❞✐❡ ❣❡❢♦r❞❡rt❡ ❘❡✐❝❤✇❡✐t❡ ✈♦♥ ❜✐s ③✉ ✷ ❜③✇✳ ✸ ♠ ❛✉❢ ❥❡❞❡♥

✾
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❋❛❧❧ ❡rr❡✐❝❤❜❛r ✇är❡ ❬✷❪ ✳ ❉❡s ❲❡✐t❡r❡♥ ✇❡✐st ❞❡r ❍❡rst❡❧❧❡r ❛✉❢ ❡✐♥ ❙♦❢t✇❛r❡✲❉❡✈❡❧♦♣♠❡♥t✲

❑✐t ✭❙❉❑✮ ♠✐t ✉♥t❡r ❛♥❞❡r❡♠ ▼❛t❧❛❜✲ ✉♥❞ P②t❤♦♥✲❲r❛♣♣❡r♥ ✉♥❞ ❞✐❡ ❑♦♠♣❛t✐❜✐❧✐tät

♠✐t ❡✐♥❡♠ ❘❛s♣❜❡rr② P✐ ❤✐♥✳

❉❡r ❊✐♥s❛t③ ❞✐❡s❡r ❑❛♠❡r❛ s❝❤❡✐t❡rt❡ ❧❡t③t❡♥❞❧✐❝❤ ❛♥ ❞❡r ③✉ ❡r✇❛rt❡♥❞❡♥ ▲✐❡❢❡r③❡✐t✳

❉✐❡ ❧❡t③t❡♥❞❧✐❝❤ ✈❡r✇❡♥❞❡t❡ ❚❖❋❃❝❛♠ ✻✸✺ ❞❡r ❋✐r♠❛ ❡s♣r♦s ♣❤♦t♦♥✐❝s ❝♦r♣r♦r❛t✐♦♥ ❬✶✷❪

✈❡r❢ü❣t ❧❛✉t ❉❛t❡♥❜❧❛tt ü❜❡r ❡✐♥ ❋♦❱ ✈♦♥ 50◦ ① 19◦ ✉♥❞ ❡✐♥❡♥ ❊r❢❛ss✉♥❣s❜❡r❡✐❝❤ ✈♦♥ ✵✱✶

♠ ❜✐s ✼✱✺ ♠ ✐♠ ❲✐❞❡✲❋✐❡❧❞✲♦❢✲❱✐❡✇ ✭❲❋❖❱✮✲❇❡tr✐❡❜✱ s♦✇✐❡ ❡✐♥ ❋♦❱ ✈♦♥ 5◦ ① 5◦ ✉♥❞

❡✐♥❡♥ ❊r❢❛ss✉♥❣s❜❡r❡✐❝❤ ✈♦♥ ✶ ♠ ❜✐s ✶✺ ♠ ✐♠ ◆❛rr♦✇✲❋✐❡❧❞✲♦❢✲❱✐❡✇ ✭◆❋❖❱✮✲❇❡tr✐❡❜

❬✶✹❪✳ ❉✐❡ ❑❛♠❡r❛ ✐st ❢ür ❯♠❣❡❜✉♥❣s✲ ✉♥❞ ❙♦♥♥❡♥❧✐❝❤t ❜✐s ✶✵✵ ❦▲✉① ❣❡❡✐❣♥❡t ✉♥❞ ❦❛♥♥

♠✐t ❍✐❧❢❡ ❞❡r s❡r✐❡❧❧❡♥ ❙❝❤♥✐ttst❡❧❧❡ ❯❆❘❚✱ ❜❡✐ ❡✐♥❡r ❇✐tr❛t❡ ✈♦♥ ✶✵ ▼❜✐t✴s✱ ❛✉s❣❡❧❡s❡♥

✇❡r❞❡♥✳

❊s ❦❛♥♥ ❜❡r❡✐ts ❛♥ ❞✐❡s❡r ❙t❡❧❧❡ ❢❡st❣❡st❡❧❧t ✇❡r❞❡♥✱ ❞❛ss ✐♥ ❞❡r ❆♥✇❡♥❞✉♥❣ ❛❧s ❍✐❧❢s♠✐tt❡❧

❢ür ❜❧✐♥❞❡ ✉♥❞ s❡❤❜❡❤✐♥❞❡rt❡ ▼❡♥s❝❤❡♥ ♠❡❤r❡r❡ s♦❧❝❤❡r ❑❛♠❡r❛s ③✉♠ ❊✐♥s❛t③ ❦♦♠♠❡♥

s♦❧❧t❡♥✱ ✉♠ ❡✐♥❡♥ ❣röÿ❡r❡♥ ❙✐❝❤t❜❡r❡✐❝❤ ❛❜③✉❞❡❝❦❡♥✳

▼✐t ❡✐♥❡r ❦✉r③❡♥ ▲✐❡❢❡r③❡✐t s❝❤✐❡♥ ❞✐❡s❡s ▼♦❞❡❧❧ ❛❧s ❞✐❡ ❜❡st❡ ❖♣t✐♦♥ ❢ür ❞✐❡ ❊r❢ü❧❧✉♥❣

❞❡r ❣❡❣❡❜❡♥❡♥ ❆♥❢♦r❞❡r✉♥❣❡♥✳

✹✳✷ ❱❡r❢ü❣❜❛r❡ ▼✐tt❡❧ ✉♥❞ ❲❡r❦③❡✉❣❡

❩✉r ❇❡s❝❤❛✛✉♥❣ ✈♦♥ ❙❡♥s♦r❡♥ ❢ür ❞❡♥ ❊●❉ st❡❤❡♥ ✜♥❛♥③✐❡❧❧❡ ▼✐tt❡❧✱ ✐♥ ❞❡♠ ✐♥ ❞❡♥ ❆♥❢♦r✲

❞❡r✉♥❣❡♥ ❜❡s❝❤r✐❡❜❡♥❡♥ ❘❛❤♠❡♥✱ ③✉r ❱❡r❢ü❣✉♥❣✱ s♦❞❛ss ❞✐❡ ✐♥ ❞✐❡s❡r ❆r❜❡✐t ❛✉s❣❡✇ä❤❧t❡

❚♦❋✲❑❛♠❡r❛ ❡r✇♦r❜❡♥ ✇❡r❞❡♥ ❦♦♥♥t❡✳

❆✉ÿ❡r❞❡♠ st❡❤❡♥ ❲❡r❦③❡✉❣❡ ✇✐❡ ❩❛♥❣❡♥ ✉♥❞ ❙❝❤r❛✉❜❡♥❞r❡❤❡r s♦✇✐❡ ❖s③✐❧❧♦s❦♦♣❡ ✉♥❞

❞✐✈❡rs❡ ❑❛❜❡❧ ✉♥❞ ❡❧❡❦tr♦♥✐s❝❤❡ ❇❛✉❡❧❡♠❡♥t❡ ③✉r ❱❡r❢ü❣✉♥❣✳ ■♠ ▼❛❦❡rs♣❛❝❡ ❞❡r ❍❆❲

❦ö♥♥❡♥ ❛✉ÿ❡r❞❡♠ ▲ötst❛t✐♦♥❡♥ ❜❡♥✉t③t ✇❡r❞❡♥✳ ❊s ❜❡st❡❤❡♥ ❞❡s ❲❡✐t❡r❡♥ ♠❡❤r❡r❡ ▼ö❣✲

❧✐❝❤❦❡✐t❡♥ ♠❡❝❤❛♥✐s❝❤❡ ❇❛✉t❡✐❧❡ ❢ür ❞❡♥ ❊●❉ ♠✐t ❡✐♥❡♠ ✸❉✲❉r✉❝❦❡r ③✉ ❢❡rt✐❣❡♥✳

✶✵
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✹✳✸ ❱❡r✇❡♥❞❡t❡ ❍❛r❞✇❛r❡

✹✳✸✳✶ ❚❖❋❃❝❛♠ ✻✸✺

❉✐❡ ✐♥ ❞✐❡s❡r ❆r❜❡✐t ✈❡r✇❡♥❞❡t❡♥ ❚♦❋✲❑❛♠❡r❛ ❜❛s✐❡rt ❛✉❢ ❡✐♥❡♠ ✐♥t❡❣r✐❡rt❡♥ ❙❝❤❛❧t❦r❡✐s

♠✐t ❞❡r ❇❡③❡✐❝❤♥✉♥❣ ❡♣❝✻✸✺ ✸❉✲❚❖❋✲✐♠❛❣❡r ❞❡r ❡s♣r♦s ♣❤♦t♦♥✐❝s ❝♦r♣♦r❛t✐♦♥ ❬✶✹❪✳ ❇❡✐

❞✐❡s❡♠ ❈❤✐♣ ✇✐r❞ ❡✐♥❡ ❋♦r♠ ❞❡s ❝✇❚❖❋ ♠✐t ❡✐♥❡♠ ❘❡❝❤t❡❝❦s✐❣♥❛❧ ✉♥❞ ❡✐♥❡♠ ❚❛st❣r❛❞

✈♦♥ ✺✵ ✪ ✉♥❞ ❛❧s ❊♠♣❢ä♥❣❡r ❡✐♥ ❈❈❉✲P✐①❡❧✲❆rr❛② ❜❡st❡❤❡♥❞ ❛✉s ✶✻✵ ① ✻✵ P✐①❡❧ ✈❡r✇❡♥✲

❞❡t ❬✶✸❪✳

❆❜❜✳ ✹✳✶ ③❡✐❣t ❞✐❡ ❚❖❋❃❝❛♠ ✻✸✺✱ s♦✇✐❡ ❞✐❡ ❋♦❱s ✉♥❞ ❘❡✐❝❤✇❡✐t❡♥ ❢ür ❞✐❡ ❥❡✇❡✐❧✐❣❡♥

❇❡tr✐❡❜s♠♦❞✐✳

❆❜❜✐❧❞✉♥❣ ✹✳✶✿ ❚❖❋❃❝❛♠ ✻✸✺ ❋✐❡❧❞✲♦❢✲❱✐❡✇s ❬✶✹❪

❉✐❡ ❤ö❤❡r❡ ❘❡✐❝❤✇❡✐t❡ ❞❡s ◆❋❖❱ ✈♦♥ ❜✐s ③✉ ✶✺ ♠ ✐st ❢ür ❞✐❡ ❊r❢ü❧❧✉♥❣ ❞❡r ❆♥❢♦r❞❡✲

r✉♥❣❡♥ ♥✐❝❤t ❡r❢♦r❞❡r❧✐❝❤✱ ✇ä❤r❡♥❞ ❞❛s ❞❛❞✉r❝❤ ✈❡rr✐♥❣❡rt❡ ❋♦❱ s♦✇✐❡ ❞✐❡ ♠❛♥❣❡❧♥❞❡

❱❡r✇❡♥❞❜❛r❦❡✐t ✐♠ ❇❡r❡✐❝❤ ✈♦♥ ✵ ❜✐s ✶ ♠ ❡r❤❡❜❧✐❝❤❡ ◆❛❝❤t❡✐❧❡ ❞❛rst❡❧❧❡♥✳ ❋♦❧❣❧✐❝❤ ✐st ❢ür

❞✐❡ ❆♥✇❡♥❞✉♥❣ ✐♥ ❞✐❡s❡r ❆r❜❡✐t ♥✉r ❞❡r ❲❋❖❱✲❇❡tr✐❡❜ ✈♦♥ ■♥t❡r❡ss❡✳

❊s ❡①✐st✐❡rt ❡✐♥ ❯❙❇✲❆❞❛♣t❡r ♠✐t ❞❡♠ ❞✐❡ ❑♦♠♠✉♥✐❦❛t✐♦♥ ③✇✐s❝❤❡♥ P❈ ✉♥❞ ❚♦❋✲❑❛♠❡r❛

❡r♠ö❣❧✐❝❤t ✇✐r❞✳ ❉✐❡ ❋✐r♠❛ ❡s♣r♦s ♣❤♦t♦♥✐❝s ❝♦r♣♦r❛t✐♦♥ st❡❧❧t ❡✐♥❡ ●❯■ ❜❛s✐❡r❡♥❞ ❛✉❢

❞❡r ❇✐❜❧✐♦t❤❡❦ ◗t ❬✷✼❪ ③✉r ❱❡r❢ü❣✉♥❣ ❬✶✶❪✳ ❙♦ ❦❛♥♥ ❞✐❡ ❑❛♠❡r❛ ❧❡✐❝❤t ❢ür ❡rst❡ ▼❡ss✉♥❣❡♥

✐♥ ❇❡tr✐❡❜ ❣❡♥♦♠♠❡♥ ✉♥❞ ❣❡t❡st❡t ✇❡r❞❡♥✳ ■♥ ❞❡r s♣ät❡r❡♥ ❆♥✇❡♥❞✉♥❣ ♠✉ss ❞✐❡ ❑❛♠❡✲

r❛ ❛❧❧❡r❞✐♥❣s ❞✐r❡❦t ♠✐t ❞❡♠ ▼✐❦r♦❝♦♥tr♦❧❧❡r ❦♦♠♠✉♥✐③✐❡r❡♥✱ s♦❞❛ss ❡✐♥❡r ❞❡r ❯❆❘❚s

♣❛ss❡♥❞ ③✉♠ ❑♦♠♠✉♥✐❦❛t✐♦♥s♣r♦t♦❦♦❧❧ ❞❡r ❑❛♠❡r❛ ❦♦♥✜❣✉r✐❡rt ✇❡r❞❡♥ ♠✉ss✳

✶✶



✹ ❑♦♥③❡♣t

▼ö❣❧✐❝❤❡ Pr♦❜❧❡♠❡ ❜❡✐ ❞❡r ❆✉❢♥❛❤♠❡ ✈♦♥ r❡✢❡❦t✐❡r❡♥❞❡♥ ❖❜❡r✢ä❝❤❡♥✱ ❜❡s♦♥❞❡rs ❛✉❢

❦✉r③❡ ❉✐st❛♥③❡♥✱ s✐♥❞ ✉♥t❡r ❛♥❞❡r❡♠ ❞✐❡ P✐①❡❧sätt✐❣✉♥❣ ✭♣✐①❡❧ s❛t✉r❛t✐♦♥✮ ✉♥❞ ❞❡r ❆❉❈✲

Ü❜❡r❧❛✉❢ ✭❆❉❈ ♦✈❡r✢♦✇✮ ❬✶✹❪✳ ❉✐❡s❡ ✇❡r❞❡♥ ✐♠ ❉❛t❡♥❜❧❛tt ❞❡r ❚❖❋❃❝❛♠ ✻✸✺ ❡r✇ä❤♥t✱

❛❧❧❡r❞✐♥❣s ♥✐❝❤t ❦♦♥❦r❡t ❡r❧ä✉t❡rt✱ s✐♥❞ ❛❜❡r ✇♦❤❧ ❛✉❢ ❡✐♥❡ ③✉ ❣r♦ÿ❡ ❡✐♥❣❡❢❛❧❧❡♥❡ ▲✐❝❤t✲

♠❡♥❣❡ ③✉rü❝❦③✉❢ü❤r❡♥ ✭Ü❜❡r❜❡❧✐❝❤t✉♥❣✮✳ ❑❛♠❡r❛♣✐①❡❧✱ ❜❡✐ ❞❡♥❡♥ ❡✐♥s ❞✐❡s❡r P❤ä♥♦♠❡♥❡

❛✉❢tr✐tt✱ ❦ö♥♥❡♥ ♥✐❝❤t ③✉r ❊♥t❢❡r♥✉♥❣s❜❡st✐♠♠✉♥❣ ✈❡r✇❡♥❞❡t ✇❡r❞❡♥✳

❊✐♥ ❜❡s♦♥❞❡rs ✇✐❝❤t✐❣❡r P❛r❛♠❡t❡r ❢ür ❞✐❡ ❱❡r✇❡♥❞✉♥❣ ❡✐♥❡r ❚❖❋❃❝❛♠ ✻✸✺ ✐st ❞✐❡ s♦❣❡✲

♥❛♥♥t❡♥ ✐♥t❡❣r❛t✐♦♥ t✐♠❡ ❬✶✹❪✳ ❉✐❡ ✐♥t❡❣r❛t✐♦♥ t✐♠❡ ✐st ✈❡r❣❧❡✐❝❤❜❛r ♠✐t ❞❡r ❇❡❧✐❝❤t✉♥❣s✲

③❡✐t ❡✐♥❡r ✷❉✲❑❛♠❡r❛✳ ❇❡✐ ❡✐♥❡r ❤ö❤❡r❡♥ ✐♥t❡❣r❛t✐♦♥ t✐♠❡ ❦ö♥♥❡♥ ❛✉❝❤ ✇❡✐t❡r ❡♥t❢❡r♥t❡r

❖❜❥❡❦t❡ ❡r❢❛sst ✇❡r❞❡♥✳ ❆✉ÿ❡r❞❡♠ ✐st ❜❡✐ ❡✐♥❡r ❞✉♥❦❧❡♥ ❯♠❣❡❜✉♥❣ ❡✐♥❡ ❤ö❤❡r❡ ✐♥t❡❣r❛✲

t✐♦♥ t✐♠❡ ❡r❢♦r❞❡r❧✐❝❤✳ ❆✉❢ ❞❡r ❛♥❞❡r❡♥ ❙❡✐t❡ ✇✐r❞ ❜❡✐ ▼❡ss✉♥❣❡♥ ♠✐t ❤ö❤❡r❡r ✐♥t❡❣r❛t✐♦♥

t✐♠❡ ❞❡r ❊✐♥✢✉ss ❞❡s ❯♠❣❡❜✉♥❣s❧✐❝❤t ❡r❤ö❤t✳ ❱♦r ❛❧❧❡♠ tr✐tt ❜❡✐ ❤♦❤❡r ✐♥t❡❣r❛t✐♦♥ t✐♠❡

ö❢t❡r ❞✐❡ P✐①❡❧sätt✐❣✉♥❣ ❛✉❢✱ ✇❛s ❡✐♥❡ ❊♥t❢❡r♥✉♥❣s♠❡ss✉♥❣ ✈❡r❤✐♥❞❡rt✳

✹✳✸✳✷ ❚▼✹❈✶✷✾✹◆❈P❉❚ ▼✐❦r♦❝♦♥tr♦❧❧❡r

❩✉r ❆✉s✇❡rt✉♥❣ ❞❡r ❑❛♠❡r❛❞❛t❡♥ ✇✐r❞ ❞❡r ▼✐❦r♦❝♦♥tr♦❧❧❡r ❚▼✹❈✶✷✾✹◆❈P❉❚ ✐♠ ❊❑✲

❚▼✹❈✶✷✾✹❳▲ ❊✈❛❧✉❛t✐♦♥ ❑✐t ❞❡r ❋✐r♠❛ ❚❡①❛s ■♥str✉♠❡♥ts ✈❡r✇❡♥❞❡t ❬✷✺❪✳ ❉✐❡s❡r ✈❡r✲

❢ü❣t ü❜❡r ❡✐♥❡ ✶✷✵✲▼❤③ ❈P❯ ✉♥❞ ❛❝❤t ❯❆❘❚s✱ ✇❡❧❝❤❡ ✐♠ ❍✐❣❤✲❙♣❡❡❞✲❇❡tr✐❡❜ ❛✉❢ ❇✐tr❛✲

t❡♥ ❜✐s ③✉ ✶✺ ▼❜✐t✴s ❦♦♥✜❣✉r✐❡rt ✇❡r❞❡♥ ❦ö♥♥❡♥ ❬✷✶❪✳

✹✳✸✳✸ ❑♦♠♠✉♥✐❦❛t✐♦♥ss❝❤♥✐ttst❡❧❧❡

❚❛❜❡❧❧❡ ✹✳✶ ③❡✐❣t ❞✐❡ P✐♥❜❡❧❡❣✉♥❣ ❞❡r ❚♦❋✲❑❛♠❡r❛✳ ❱❡r✇❡♥❞❡t ✇✐r❞ ❡✐♥ ❑❛❜❡❧ ♠✐t ❙t❡❝❦❡r

✈♦♠ ❚②♣ ❏❙❚ ❙▼✶✵❇✲❙❘❙❙✲❚❇ ❬✶✹❪✳

❉✐❡ ❆♥s❝❤❧üss❡ ■◆✱ ❖❯❚✶ ✉♥❞ ❖❯❚✷ ✇❡r❞❡♥ ✈♦r❡rst ♥✐❝❤t ❜❡♥öt✐❣t✳

✶✷



✹ ❑♦♥③❡♣t

❚❛❜❡❧❧❡ ✹✳✶✿ P✐♥❜❡❧❡❣✉♥❣ ❞❡r ❚♦❋✲❑❛♠❡r❛ ❬✶✹❪

❉✐❡ ❑♦♠♠✉♥✐❦❛t✐♦♥ ♠✐t ❞❡r ❚♦❋✲❑❛♠❡r❛ ❢✉♥❦t✐♦♥✐❡rt ü❜❡r ❡✐♥❡ ❯❆❘❚✲❙❝❤♥✐ttst❡❧❧❡

❬✶✹❪✳

❯♥✐✈❡rs❛❧ ❆s②♥❝❤r♦♥♦✉s ❘❡❝❡✐✈❡r ❚r❛♥s♠✐tt❡r ✭❯❆❘❚✮ ✐st ❡✐♥❡ s❡r✐❡❧❧❡ ❙❝❤♥✐ttst❡❧❧❡ ✇❡❧✲

❝❤❡ ❉❛t❡♥ ✐♥ ❡✐♥❡♠ ❢❡st❣❡❧❡❣t❡♥ ❘❛❤♠❡♥ ü❜❡rtä❣t✳ ❉❡r ❉❛t❡♥r❛❤♠❡♥ ❜❡st❡❤t ❛✉s ❡✐♥❡♠

❙t❛rt❜✐t✱ ❢ü♥❢ ❜✐s ♥❡✉♥ ❉❛t❡♥❜✐ts✱ ❡✐♥❡♠ ♦♣t✐♦♥❛❧❡♥ P❛r✐t②✲❇✐t ③✉r ❊r❦❡♥♥✉♥❣ ✈♦♥ Ü❜❡r✲

tr❛❣✉♥❣s❢❡❤❧❡r♥✱ s♦✇✐❡ ❡✐♥❡♠ ❜✐s ③✇❡✐ ❙t♦♣♣❜✐ts ❬✸✹❪✳

❯❆❘❚✲❑♦♥✜❣✉r❛t✐♦♥ ✉♥❞ ❯❆❘❚✲❘❛❤♠❡♥❢♦r♠❛t ❞❡r ❚♦❋✲❑❛♠❡r❛ ✇❡r❞❡♥ ✐♥ ❚❛❜❡❧❧❡ ✹✳✷

✉♥❞ ❆❜❜✳ ✹✳✷ ❞❛r❣❡st❡❧❧t✳

❚❛❜❡❧❧❡ ✹✳✷✿ ❯❆❘❚✲❑♦✜❣✉r❛t✐♦♥ ❞❡r ❚♦❋✲❑❛♠❡r❛ ❬✶✹❪

✶✸



✹ ❑♦♥③❡♣t

❆❜❜✐❧❞✉♥❣ ✹✳✷✿ ❯❆❘❚✲❘❛❤♠❡♥❢♦r♠❛t ❞❡r ❚♦❋✲❑❛♠❡r❛ ❬✶✹❪

❉✐❡ ❑♦♠♠✉♥✐❦❛t✐♦♥ ✜♥❞❡t ♥❛❝❤ ❞❡♠ ▼❛st❡r✲❙❧❛✈❡✲Pr✐♥③✐♣ st❛tt ❬✶✹❪✳ ❉✐❡ ❚♦❋✲❑❛♠❡r❛

❢✉♥❣✐❡rt ❤✐❡r ❛❧s ❞❡r ❙❧❛✈❡✱ ❞❡r ❡✐♥❡♥ ❇❡❢❡❤❧ ✈♦♠ ▼❛st❡r ✭✐♥ ❞❡r ③✉ ❡♥t✇✐❝❦❡❧♥❞❡♥ ❆♥✲

✇❡♥❞✉♥❣ ❞❡r ▼✐❦r♦❝♦♥tr♦❧❧❡r✮ ❡♥t❣❡❣❡♥♥✐♠♠t ✉♥❞ ❞❛r❛✉❢❤✐♥ ❡✐♥❡ ❆♥t✇♦rt s❡♥❞❡t✳

❆❜❜✳✹✳✸ ✈✐s✉❛❧✐s✐❡rt ❡✐♥❡ ❑♦♠♠❛♥❞♦✲ ✉♥❞ ❆♥t✇♦rts❡q✉❡♥③✳

❆❜❜✐❧❞✉♥❣ ✹✳✸✿ ❑♦♠♠❛♥❞♦✲ ✉♥❞ ❆♥t✇♦rts❡q✉❡♥③ ❞❡r ❚♦❋✲❑❛♠❡r❛ ❬✶✹❪

❩✉r ❦♦♥t✐♥✉✐❡r❧✐❝❤❡ Ü❜❡rtr❛❣✉♥❣ ✈♦♥ ❉❛t❡♥ ❦❛♥♥ ❞❡r ❙tr❡❛♠✐♥❣✲▼♦❞❡ ✈❡r✇❡♥❞❡t ✇❡r❞❡♥

❬✶✹❪✳ ❉❡r ③✉❣❡❤ör✐❣❡ ❆❜❧❛✉❢ ✇✐r❞ ✐♥ ❆❜❜ ✹✳✹ ❞❛r❣❡st❡❧❧t✳

✶✹



✹ ❑♦♥③❡♣t

❆❜❜✐❧❞✉♥❣ ✹✳✹✿ ❙tr❡❛♠✐♥❣ ▼♦❞❡ ❬✶✹❪

❊✐♥ ❑♦♠♠❛♥❞♦ ❛♥ ❞✐❡ ❚♦❋✲❑❛♠❡r❛ ✇✐r❞ ✐♠ ❋♦r♠❛t ❞❡s ✐♥ ❆❜❜✳ ✹✳✺ ❞❛r❣❡st❡❧❧t❡♥ ❉❛✲

t❡♥♣❛❦❡ts ü❜❡r♠✐tt❡❧t✳

❆❜❜✐❧❞✉♥❣ ✹✳✺✿ ❑♦♠♠❛♥❞♦❢♦r♠❛t ❞❡r ❚♦❋✲❑❛♠❡r❛ ❬✶✹❪

❯♠ Ü❜❡rtr❛❣✉♥❣s❢❡❤❧❡r ❡r❦❡♥♥❡♥ ③✉ ❦ö♥♥❡♥✱ ❦♦♠♠t ❡✐♥❡ ③②❦❧✐s❝❤❡ ❘❡❞✉♥❞❛♥③♣rü❢✉♥❣✱

❛✉❝❤ ❝②❝❧✐❝ r❡❞✉♥❞❛♥❝② ❝❤❡❝❦ ✭❈❘❈✮ ❣❡♥❛♥♥t✱ ③✉♠ ❊✐♥s❛t③ ❬✶✹❪✳ ■♥ ❞✐❡ ❇❡r❡❝❤♥✉♥❣ ❞❡r

❈❘❈✲❝❤❡❝❦s✉♠♠❡ ❣❡❤❡♥ ❛❧❧❡ ❇②t❡s ❞❡s ❉❛t❡♥♣❛❦❡ts ❜✐s ❛✉❢ ❞✐❡ ❈❘❈✲❇②t❡s s❡❧❜st ❡✐♥✳ ■♥

❬✶✹❪ ✇✐r❞ ❇❡✐s♣✐❡❧❝♦❞❡ ③✉r ❈❘❈✲❇❡r❡❝❤♥✉♥❣ ❜❡r❡✐t❣❡st❡❧❧t✳

❉✐❡ ❚♦❋✲❑❛♠❡r❛ ❛♥t✇♦rt❡t ❛✉❢ ❡✐♥ ❑♦♠♠❛♥❞♦ ✐♠ ❋♦r♠❛t ❞❡s ✐♥ ❆❜❜✳ ✹✳✻ ❞❛r❣❡st❡❧❧t❡♥

❉❛t❡♥♣❛❦❡ts✳

❆❜❜✐❧❞✉♥❣ ✹✳✻✿ ❆♥t✇♦rt❢♦r♠❛t ❞❡r ❚♦❋✲❑❛♠❡r❛ ❬✶✹❪

✶✺



✹ ❑♦♥③❡♣t

❉✐❡ ♠❡✐st❡♥ ✈❡r✇❡♥❞❜❛r❡♥ ❑♦♠♠❛♥❞♦s ✉♥t❡rt❡✐❧❡♥ s✐❝❤ ✐♥ ●❊❚✲❝♦♠♠❛♥❞s ✉♥❞ ❙❊❚✲

❝♦♠♠❛♥❞s ❬✶✹❪✳ ❉❛rü❜❡r ❤✐♥❛✉s st❡❤❡♥ ❡✐♥✐❣❡ ✇❡✐t❡r❡ s♣❡③✐❡❧❧❡r❡ ❑♦♠♠❛♥❞♦s ③✉r ❱❡r✲

❢ü❣✉♥❣✳ ▼❡ss❞❛t❡♥ ✇❡r❞❡♥ ✐♥ ❡rst❡r ▲✐♥✐❡ ♠✐t ❍✐❧❢❡ ❞❡s ❑♦♠♠❛♥❞♦s ●❊❚❴❉■❙❚ ❛♥✲

❣❡❢♦r❞❡rt✳ ▼✐t ❞✐❡s❡♠ ❑♦♠♠❛♥❞♦ ❦ö♥♥❡♥ ✉♥t❡r ❛♥❞❡r❡♠ ❊✐♥③❡❧❜✐❧❞❡r ♦❞❡r✱ ✐♠ ③✉✈♦r

❡r✇ä❤♥t❡♥ ❙tr❡❛♠✐♥❣✲▼♦❞❡✱ ❦♦♥t✐♥✉✐❡r❧✐❝❤ ❇✐❧❞❡r ❛✉❢❣❡♥♦♠♠❡♥ ✇❡r❞❡♥✳

❉✐❡ ❉❛t❡♥❜②t❡s ❞❡r ❆♥t✇♦rt ❜❡st❡❤❡♥✱ ❜❡✐ ❡r❢♦❧❣r❡✐❝❤❡r ❑♦♠♠✉♥✐❦❛t✐♦♥✱ ❛✉s ❡✐♥❡♠ ❍❡❛✲

❞❡r ❛✉s ✽✵ ❇②t❡ ❞❡r ❞✐✈❡rs❡ ■♥❢♦r♠❛t✐♦♥❡♥ ❡♥t❤ä❧t✱ s♦✇✐❡ ③✇❡✐ ❇②t❡ ♣r♦ P✐①❡❧ ❞❡s ❛✉❢✲

❣❡♥♦♠♠❡♥❡♥ ❇✐❧❞❡s ❬✶✹❪✳ ❉❛③✉ ❦♦♠♠❡♥ ❞✐❡ st❛rt✲✱ t②♣❡✲✱ ❧❡♥❣t❤✲ ✉♥❞ ❈❘❈✲❇②t❡s ❛✉s

❞❡♠ ③✉✈♦r ❞❛r❣❡st❡❧❧t❡♥ ❆♥t✇♦rt❢♦r♠❛t✳ ❇❡✐ ❱❡r✇❡♥❞✉♥❣ ❞❡s ❦♦♠♣❧❡tt❡♥ P✐①❡❧✲❆rr❛②s

✈♦♥ ✶✻✵ ① ✻✵ P✐①❡❧ ❡r❣❡❜❡♥ s✐❝❤ s♦♠✐t

1Byte(Start)+2Byte(Length)+80Byte(Header)+2·(160·60)Byte+4Byte(CRC) = 19288Byte

❢ür ❥❡❞❡s ❊✐♥③❡❧❜✐❧❞ ❞❡r ❚♦❋✲❑❛♠❡r❛✳

❉✐❡ ❉✐st❛♥③♠❡ss✉♥❣ ❡r❣✐❜t ❢ür ❥❡❞❡s P✐①❡❧ ❡✐♥❡♥ ✶✻✲❇✐t✲❲❡rt✱ ✇❡❧❝❤❡r ✇✐❡ ❡r✇ä❤♥t ✐♥ ③✇❡✐

❡✐♥③❡❧♥❡♥ ❇②t❡ ü❜❡rtr❛❣❡♥ ✇✐r❞ ❬✶✹❪✳ ❉✐❡ ❜❡✐❞❡♥ ▼❙❇s ❣❡❜❡♥ ❤✐❡r❜❡✐ ❆✉s❦✉♥❢t ü❜❡r ❞✐❡

❆♠♣❧✐t✉❞❡ ❞❡s ❡♠♣❢❛♥❣❡♥❡♥ ▲✐❝❤ts ✉♥❞ ❞❛♠✐t ü❜❡r ❞✐❡ ❱❡r❧äss❧✐❝❤❦❡✐t ❞❡r ▼❡ss✉♥❣✳ ❉✐❡

r❡st❧✐❝❤❡♥ ✶✹ ❇✐t st❡❧❧❡♥ ✐♠ ❉❡③✐♠❛❧❢♦r♠❛t ❞✐❡ ❣❡♠❡ss❡♥❡ ❉✐st❛♥③ ✐♥ ♠♠ ❞❛r✳ ■♠ ❲❋❖❱✲

❇❡tr✐❡❜ ❛❧s♦ ❡✐♥❡♥ ❩❛❤❧❡♥✇❡rt ③✇✐s❝❤❡♥ ✵ ✉♥❞ ✼✺✵✵✱ s♦❢❡r♥ ❞✐❡ ▼❡ss✉♥❣ ❡✐♥ ✈❡r✇❡rt❜❛r❡s

❊r❣❡❜♥✐s ❢ür ❞❡♥ ❜❡tr❡✛❡♥❞❡♥ P✐①❡❧ ❡r❣❡❜❡♥ ❤❛t✳ ❆♥❞❡r♥❢❛❧❧s ✇✐r❞ ❡✐♥ ❲❡rt ③✇✐s❝❤❡♥

✶✻✵✵✶ ✉♥❞ ✶✻✵✵✽ ü❜❡rtr❛❣❡♥✱ ✇❡❧❝❤❡r ❢ür ❡✐♥ ❛✉❢❣❡tr❡t❡♥❡s Pr♦❜❧❡♠ ✐♥ ❞❡r ▼❡ss✉♥❣ st❡❤t

✉♥❞ ❞❡ss❡♥ ❇❡❞❡✉t✉♥❣ ❞❡♠ ❉❛t❡♥❜❧❛tt ③✉ ❡♥t♥❡❤♠❡♥ ✐st✳

✹✳✹ ❆✉s❧❡s❡♥ ❞❡r ❚♦❋✲❑❛♠❡r❛ ♠✐tt❡❧s ▼✐❦r♦❝♦♥tr♦❧❧❡r

❩✉♠ ❆✉s❧❡s❡♥ ❞❡r ❚♦❋✲❑❛♠❡r❛ ♠✐t ❍✐❧❢❡ ❞❡s ▼✐❦r♦❝♦♥tr♦❧❧❡rs ♠✉ss ❡✐♥❡ ❯❆❘❚✲❱❡r❜✐♥❞✉♥❣

③✇✐s❝❤❡♥ ▼✐❦r♦❝♦♥tr♦❧❧❡r ✉♥❞ ❚♦❋✲❑❛♠❡r❛ ❛✉❢❣❡❜❛✉t ✇❡r❞❡♥ ❬✶✹❪✳ ▼✐t ❞❡♥ ■♥❢♦r♠❛t✐♦♥❡♥

❛✉s ❞❡♠ ❉❛t❡♥❜❧❛tt ❦❛♥♥ ❞✐❡ ❙❝❤♥✐ttst❡❧❧❡ ❞❡r ❚♦❋✲❑❛♠❡r❛ ❛♥❣❡s♣r♦❝❤❡♥✱ ❑♦♠♠❛♥❞♦s

✈❡rs❡♥❞❡t ✉♥❞ ❉❛t❡♥ ❡♠♣❢❛♥❣❡♥ ✇❡r❞❡♥✳

❉❛s ③✉ ❡♥t✇✐❝❦❡❧♥❞❡ ▼✐❦r♦❝♦♥tr♦❧❧❡r✲Pr♦❣r❛♠♠ s♦❧❧ ❛❧s♦ ✐♥ ❞❡r ▲❛❣❡ s❡✐♥✱ ❑♦♠♠❛♥❞♦s

③✉♠ ❊✐♥st❡❧❧❡♥ ❞❡r ❜❡♥öt✐❣t❡♥ P❛r❛♠❡t❡r s♦✇✐❡ ❑♦♠♠❛♥❞♦s ③✉♠ ❆✉❢♥❡❤♠❡♥ ✈♦♥ ❑❛✲

♠❡r❛❜✐❧❞❡r♥ ③✉ ✈❡rs❡♥❞❡♥ ✉♥❞ ❞✐❡ ❆♥t✇♦rt ❞❡r ❚♦❋✲❑❛♠❡r❛ ❦♦rr❡❦t ❛✉s③✉❧❡s❡♥✳

✶✻





✹ ❑♦♥③❡♣t

❞❡r ❲❡❧t ❜❡✇❡❣❡♥ ✉♥❞ ✈♦♥ ✈♦r♥❤❡r❡✐♥ ❛✉❢ ❡✐♥❡ ❞❡t❛✐❧❧✐❡rt❡ ❑❛rt❡ ❞❡s ❚❡rr❛✐♥s✱ ✐♥❦❧✉s✐✈❡

❞②♥❛♠✐s❝❤❡r ❍✐♥❞❡r♥✐ss❡ ③✉rü❝❦❣r❡✐❢❡♥ ③✉ ❦ö♥♥❡♥✱ s❝❤❡✐♥t ❦❛✉♠ r❡❛❧✐s✐❡r❜❛r✳ ❉❡♥♥♦❝❤

❣✐❜t ❡s ▲ös✉♥❣s❛♥sät③❡ ❢ür s♦❧❝❤ ❡✐♥❡♥ ❋❛❧❧✱ ✐♥ ✇❡❧❝❤❡♠ ❯♠❣❡❜✉♥❣s❦❛rt❡♥ ③✉♠ ❊✐♥s❛t③

❦♦♠♠❡♥ s♦❧❧❡♥✳

✹✳✺✳✶ ❑❛rt❡♥❜❛s✐❡rt❡ ◆❛✈✐❣❛t✐♦♥

❊✐♥ ❡rst❡r ❆♥s❛t③ ③✉r ❱❡r✇❡♥❞✉♥❣ ❡✐♥❡r ❦❛rt❡♥❜❛s✐❡rt❡♥ ◆❛✈✐❣❛t✐♦♥ s♦❧❧ ❛♥❤❛♥❞ ✈♦♥ ❆❜❜✳

✹✳✽ ✉♥❞ ❆❜❜✳ ✹✳✾ ❡r❧ä✉t❡rt ✇❡r❞❡♥✳

❆❜❜✳ ✹✳✽ ③❡✐❣t ❡✐♥ ❇❡✐s♣✐❡❧ ❡✐♥❡s ❲❡❣♣❧❛♥✉♥❣s♣r♦❜❧❡♠s✳ ❉✐❡ ❙③❡♥❡ ✇✐r❞ ❤✐❡r❜❡✐ ✈♦♥ ♦❜❡♥

❜❡tr❛❝❤t❡t✳ ❉✐❡ ❜❧❛✉❡♥ ❖❜❥❡❦t❡✱ ❥❡✇❡✐❧s ❞✉r❝❤ ❡✐♥❡♥ ❇✉❝❤st❛❜❡♥ ❣❡❦❡♥♥③❡✐❝❤♥❡t✱ st❡❧❧❡♥

❤✐❡r❜❡✐ ❍✐♥❞❡r♥✐ss❡ ❞❛r✳ ❆✉❢❣❛❜❡ ❞❡s ❊●❉ ✐st ❡s ♥✉♥ ❡✐♥❡♥ ❲❡❣ ✈♦♠ ❙t❛rt ③✉♠ ❩✐❡❧ ③✉

✜♥❞❡♥✳

❆❜❜✐❧❞✉♥❣ ✹✳✽✿ ❇❡✐s♣✐❡❧ ❡✐♥❡s ❲❡❣♣❧❛♥✉♥❣s♣r♦❜❧❡♠s ♠✐t ❍✐♥❞❡r♥✐ss❡♥

✶✽



✹ ❑♦♥③❡♣t

❊s ✇✐r❞ ❤✐❡r❢ür ❛♥❣❡♥♦♠♠❡♥✱ ❞❛ss ♠✐t ❍✐❧❢❡ ❞❡r ❚♦❋✲❑❛♠❡r❛ ❛❧❧❡ ✈♦r❤❛♥❞❡♥❡♥ ❍✐♥❞❡r✲

♥✐ss❡ ✉♥❞ ❞❡r❡♥ ❊♥t❢❡r♥✉♥❣❡♥ ✈♦♠ ❊●❉ ❦♦rr❡❦t ❜❡st✐♠♠t ✇❡r❞❡♥ ❦ö♥♥❡♥✳ ❉✉r❝❤ ❱❡r✲

✇❡♥❞✉♥❣ ❞❡r ❚♦❋✲❑❛♠❡r❛ ❛❧❧❡✐♥❡ ❜❡st❡❤t ❛❧❧❡r❞✐♥❣s ✐♠ ❡rst❡♥ ❙❝❤r✐tt ❦❡✐♥❡ ▼ö❣❧✐❝❤❦❡✐t

③✉ ❡r❢❛ss❡♥✱ ✇❛s s✐❝❤ ❞✐r❡❦t ❤✐♥t❡r ❡✐♥❡♠ ❍✐♥❞❡r♥✐s ❜❡✜♥❞❡t✳ ❊✐♥ ❡r❦❛♥♥t❡s ❍✐♥❞❡r♥✐s

❦ö♥♥t❡ ❛❧s♦ ③✉♥ä❝❤st t❤❡♦r❡t✐s❝❤ ✉♥❡♥❞❧✐❝❤ t✐❡❢ s❡✐♥✳ ❇❡✜♥❞❡t s✐❝❤ ❞❡r ❊●❉ ♥♦❝❤ ❡✐♥

❙tü❝❦ ✇❡✐t ✈♦♥ ❞❡r ❙③❡♥❡ ❡♥t❢❡r♥t✱ ✇är❡ ③✉♥ä❝❤st ✉♥❦❧❛r✱ ♦❜ ü❜❡r❤❛✉♣t ❩✇✐s❝❤❡♥rä✉♠❡

③✇✐s❝❤❡♥ ❞❡♥ ❍✐♥❞❡r♥✐ss❡ ❡①✐st✐❡r❡♥✱ ♦❞❡r ♦❜ ❡s s✐❝❤ ✉♠ ❡✐♥ ❣r♦ÿ❡s ❍✐♥❞❡r♥✐s ❤❛♥❞❡❧t✱

✇❡❧❝❤❡s ❦♦♠♣❧❡tt ✈♦♥ ❛✉ÿ❡♥ ✉♠❣❛♥❣❡♥ ✇❡r❞❡♥ ♠✉ss✳

❉✉r❝❤ ❞❡♥ str❛❤❧❡♥❢ör♠✐❣❡♥ ❊r❢❛ss✉♥❣s❜❡r❡✐❝❤✱ ❦ö♥♥t❡ ❜❡✐ ❡✐♥❡r ❦ür③❡r❡♥ ❉✐st❛♥③ ♠ö❣✲

❧✐❝❤❡r✇❡✐s❡ ❜❡r❡✐ts ❡r❦❛♥♥t ✇❡r❞❡♥✱ ❞❛ss s✐❝❤ ③✇✐s❝❤❡♥ ❍✐♥❞❡r♥✐s ❆ ✉♥❞ ❍✐♥❞❡r♥✐s ❈ ❡✐♥❡

▲ü❝❦❡ ❜❡✜♥❞❡t✱ ❞✉r❝❤ ❞✐❡ ❤✐♥❞✉r❝❤ ♥❛✈✐❣✐❡rt ✇❡r❞❡♥ ❦ö♥♥t❡✳

❆❜❜✳ ✹✳✾ s♦❧❧ ♥ä❤❡r✉♥❣s✇❡✐s❡ s❦✐③③✐❡r❡♥✱ ✇✐❡ ❞❡r ❊●❉ ❞✐❡ ❙③❡♥❡ ♠✐t ❍✐❧❢❡ ❞❡r ❚♦❋✲❑❛♠❡r❛

✐♥t❡r♣r❡t✐❡r❡♥ ❦ö♥♥t❡✳ ❉❛❜❡✐ st❡❧❧❡♥ ❥❡✇❡✐❧s ❜❧❛✉❡ ✉♥❞ r♦t❡ ❇❡r❡✐❝❤❡ ③✉s❛♠♠❡♥ ❞✐❡ ♠ö❣✲

❧✐❝❤❡ ❋♦r♠ ❞❡s ❍✐♥❞❡r♥✐ss❡s ❞❛r✳

❆❜❜✐❧❞✉♥❣ ✹✳✾✿ ❍✐♥❞❡r♥✐ss❡ ❛✉s ❙✐❝❤t ❞❡s ❊●❉

✶✾
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❲✐r❞ ❛✉❢ ❞✐❡ ▲ü❝❦❡ ③✇✐s❝❤❡♥ ❍✐♥❞❡r♥✐s ❆ ✉♥❞ ❍✐♥❞❡r♥✐s ❈ ③✉❣❡st❡✉❡rt✱ ✇ür❞❡ ❛✉s ❞❡r

s✐❝❤ ä♥❞❡r♥❞❡♥ P❡rs♣❡❦t✐✈❡ ✈❡r♠✉t❧✐❝❤ s❝❤♥❡❧❧ ❦❧❛r ✇❡r❞❡♥✱ ✇✐❡ ❍✐♥❞❡r♥✐s ❆ t❛tsä❝❤❧✐❝❤

❣❡❢♦r♠t ✐st✳

◆❛❝❤ ❞✐❡s❡r ■❞❡❡ ❦ö♥♥t❡ ❛❧s♦ ❞✐❡ ❜❡tr❛❝❤t❡t❡ ❙③❡♥❡ ❛❧s ❡✐♥❡ ❆rt ❚❡✐❧❦❛rt❡ ❞❡r ❯♠❣❡✲

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

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

❉✐❡ ③❡✐t❣❧❡✐❝❤❡ ❑❛rt✐❡r✉♥❣ ✉♥❞ ▲♦❦❛❧✐s✐❡r✉♥❣ ❞✉r❝❤ ❘♦❜♦t❡r st❡❧❧t ✉♥t❡r ❞❡r ❇❡③❡✐❝❤♥✉♥❣

s✐♠✉❧t❛♥❡♦✉s ❧♦❝❛❧✐③❛t✐♦♥ ❛♥❞ ♠❛♣♣✐♥❣ ✭❙▲❆▼✮ ❡✐♥ ❣r♦ÿ❡s ❋♦rs❝❤✉♥❣s❣❡❜✐❡t ❞❡r ❘♦❜♦t✐❦✱

♠✐t ❡✐♥❡r ❱✐❡❧③❛❤❧ ✈♦♥ ▲ös✉♥❣s❛♥sät③❡♥✱ ❞❛r ❬✶✼❪✳

❊✐♥❡ t✐❡❢❡r ❣❡❤❡♥❞❡ ❇❡❢❛ss✉♥❣ ♠✐t ❙▲❆▼ s❝❤✐❡♥ ❢ür ❞✐❡s❡ ❆r❜❡✐t ③✉ ✉♠❢❛♥❣r❡✐❝❤✳ ❊s ✇✐r❞

❡♠♣❢♦❤❧❡♥ ✐♥ ③✉❦ü♥❢t✐❣❡♥ ❆r❜❡✐t❡♥ ▲✐t❡r❛t✉r ③✉ ❞✐❡s❡♠ ❚❤❡♠❛ ③✉ ❘❛t❡ ③✉ ③✐❡❤❡♥✳

P❢❛❞♣❧❛♥✉♥❣

❙t❡❤t ❡✐♥❡ ❯♠❣❡❜✉♥❣s❦❛rt❡ ③✉r ❱❡r❢ü❣✉♥❣✱ ❦❛♥♥ ✐♥ ❞✐❡s❡r ❑❛rt❡ ❡✐♥ ●r❛♣❤ ❡r③❡✉❣t ✇❡r✲

❞❡♥ ❬✶✼❪✱ ✐♥ ✇❡❧❝❤❡♠ ❞✉r❝❤ ❆♥✇❡♥❞✉♥❣ ✈♦♥ ü❜❧✐❝❤❡♥ ●r❛♣❤s✉❝❤✲❆❧❣♦r✐t❤♠❡♥ ✇✐❡ ❞❡♠

❉✐❥❦str❛✲❆❧❣♦r✐t❤♠✉s ❬✸✷❪ ❡✐♥ P❢❛❞ ③✇✐s❝❤❡♥ ❙t❛rt✲ ✉♥❞ ❩✐❡❧❦♥♦t❡♥ ❜❡r❡❝❤♥❡t ✇✐r❞✳ ❩✇❡✐

s♦❧❝❤❡r ❱❡r❢❛❤r❡♥ ③✉r ❊r③❡✉❣✉♥❣ ❡✐♥❡s ●r❛♣❤❡♥ ✐♥ ❡✐♥❡r ✈♦r❤❛♥❞❡♥❡♥ ❑❛rt❡ ✇❡r❞❡♥ ♥❛❝❤✲

❢♦❧❣❡♥❞ ❡r❧ä✉t❡rt✳

❙✐❝❤t❜❛r❦❡✐ts❣r❛♣❤❡♥

❇❡✐ ❊r③❡✉❣✉♥❣ ❡✐♥❡s ❙✐❝❤t❜❛r❦❡✐ts❣r❛♣❤❡♥ ✇❡r❞❡♥ ❛❧❧❡ ✈♦r❤❛♥❞❡♥❡♥ ❖❜❥❡❦t❡ ❛❧s P♦❧②❣♦♥❡

✐♥t❡r♣r❡t✐❡rt ❬✻❪✳ ❉❛❜❡✐ ✇✐r❞ ❥❡❞❡ ❊❝❦❡♥ ❡✐♥❡s P♦❧②❣♦♥s ♠✐t ❞❡♠ ❙t❛rt✲ ✉♥❞ ❞❡♠ ❩✐❡❧❦♥♦t❡♥

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

❣❡s❝❤♥✐tt❡♥ ✇✐r❞✳ ❉✐❡s ✇✐r❞ ✐♥ ❆❜❜✳ ✹✳✶✵ ✈✐s✉❛❧✐s✐❡rt✱ ✇♦❜❡✐ ❞✐❡ ❞✉♥❦❡❧❣r❛✉ ❞❛r❣❡st❡❧❧t❡♥

P♦❧②❣♦♥❡ ❞✉r❝❤ ❡✐♥❡♥ ❤❡❧❧❣r❛✉❡ ❞❛r❣❡st❡❧❧t❡♥ ❘❛♥❞ ❡r✇❡✐t❡rt ✇✉r❞❡♥✱ ✉♠ ❞✐❡ ❆✉s❞❡❤♥✉♥❣

❞❡s ❘♦❜♦t❡rs ③✉ ❜❡rü❝❦s✐❝❤t✐❣❡♥✱ ❞❛ ❞✐❡s❡r ❛♥❞❡r♥❢❛❧❧s ❦♦❧❧✐❞✐❡r❡♥ ✇ür❞❡✳ ❉✐❡ ❇r❡✐t❡ ❞❡s

❘❛♥❞s ♠✉ss ♠✐♥❞❡st❡♥s ❞❡♠ ❤❛❧❜❡♥ ❉✉r❝❤♠❡ss❡r ❞❡s ❘♦❜♦t❡rs ❡♥ts♣r❡❝❤❡♥✳

✷✵
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❆❜❜✐❧❞✉♥❣ ✹✳✶✵✿ ❇❡✐s♣✐❡❧ ❡✐♥❡s ❙✐❝❤t❜❛r❦❡✐ts❣r❛♣❤❡♥ ❬✻❪

❱♦r♦♥♦✐✲❉✐❛❣r❛♠♠❡

▼✐t ❍✐❧❢❡ ❡✐♥❡s ❱♦r♦♥♦✐✲❉✐❛❣r❛♠♠s ❦❛♥♥ ❡✐♥ ❲❡❣ ❣❡❢✉♥❞❡♥ ✇❡r❞❡♥✱ ✇❡❧❝❤❡r ♠ö❣❧✐❝❤st

❦✉r③ ✐st✱ ❞❛❜❡✐ ❛❜❡r ❣❧❡✐❝❤③❡✐t✐❣ ♠❛①✐♠❛❧ ✇❡✐t ❡♥t❢❡r♥t ✈♦♥ ❛❧❧❡♥ ❍✐♥❞❡r♥✐ss❡♥ ❡♥t❧❛♥❣❢ü❤rt

❬✶✼❪✳ ❍✐❡r❢ür ✇❡r❞❡♥ ❛❧❧❡ P✉♥❦t❡ ✐♠ ❜❡❢❛❤r❜❛r❡♥ ❘❛✉♠✱ ✇❡❧❝❤❡ ❞❡♥ ♠❛①✐♠❛❧ ♠ö❣❧✐❝❤❡♥

❆❜st❛♥❞ ③✇✐s❝❤❡♥ ❛❧❧❡♥ ✉♠❧✐❡❣❡♥❞❡♥ ❍✐♥❞❡r♥✐ss❡♥ ❛✉❢✇❡✐s❡♥✱ ❞✉r❝❤ ▲✐♥✐❡♥ ✈❡r❜✉♥❞❡♥✳

❉❛r❛✉❢❤✐♥ ✇❡r❞❡♥ ❑♥♦t❡♥ ❛♥ ❞❡♥ ❑r❡✉③✉♥❣s♣✉♥❦t❡♥✱ ❞❡♥ ❊♥❞♣✉♥❦t❡♥ ✉♥❞ ❛♥ ✇✐❧❧❦ür❧✐❝❤

❣❡✇ä❤❧t❡♥ P✉♥❦t❡♥ ❞✐r❡❦t ❛✉❢ ❞❡♥ ▲✐♥✐❡♥ ♣❧❛t③✐❡rt✳ ❲❡r❞❡♥ ❞❛♥♥ ❞❡r ❙t❛rt✲ ✉♥❞ ❞❡r ❩✐❡❧✲

❦♥♦t❡♥ ❥❡✇❡✐❧s ♠✐t ❡✐♥❡r ❦ür③❡st♠ö❣❧✐❝❤❡♥ ▲✐♥✐❡ ♠✐t ❞❡♥ ▲✐♥✐❡♥ ❞❡s ❱♦r♦♥♦✐✲❉✐❛❣r❛♠♠s

✈❡r❜✉♥❞❡♥✱ st❡❤t ♥✉♥ ❡✐♥ ●r❛♣❤ ③✉r ❱❡r❢ü❣✉♥❣✱ ✐♥ ❞❡♠ ❞❡r ❦ür③❡st❡♥ ❲❡❣ ❣❡s✉❝❤t ✇❡r❞❡♥

❦❛♥♥✳

■♥ ❆❜❜✳ ✹✳✶✶ ✇✐r❞ ❡✐♥ ❱♦r♦♥♦✐✲●r❛♣❤ ❢ür ❡✐♥❡ ❜❡✐s♣✐❡❧❤❛❢t❡ ❯♠❣❡❜✉♥❣ ❞❛r❣❡st❡❧❧t✳

✷✶
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❆❜❜✐❧❞✉♥❣ ✹✳✶✶✿ ❇❡✐s♣✐❡❧ ❡✐♥❡s ❱♦r♦♥♦✐✲●r❛♣❤❡♥ ❬✶✼❪

■♥ ❡✐♥❡r s❡❤r ♦✛❡♥❡♥ ❯♠❣❡❜✉♥❣✱ ❦❛♥♥ ❞✐❡s❡s ❱♦r❣❡❤❡♥ ③✉ Pr♦❜❧❡♠❡♥ ❜❡✐ ❞❡r ❖r✐❡♥t✐❡r✉♥❣

❢ü❤r❡♥✱ ❞❛ ❞❡r ❲❡❣ ✐♥ s♦ ❡✐♥❡♠ ❋❛❧❧ s❡❤r ✇❡✐t ✇❡❣ ✈♦♥ ❛❧❧❡♥ ✉♠❧✐❡❣❡♥❞❡♥ ❖❜❥❡❦t❡♥ ✉♥❞

❲ä♥❞❡♥ ❢ü❤rt✱ s♦❞❛ss ❞✐❡ ✈❡r✇❡♥❞❡t❡♥ ✉♥t❡r ❯♠stä♥❞❡♥ ❙❡♥s♦r❡♥ ♥✐❝❤ts ♠❡❤r ❡r❢❛ss❡♥

❦ö♥♥❡♥ ❬✶✼❪✳ ❯♠ ❤✐❡r❢ür ❆❜❤✐❧❢❡ ③✉ s❝❤❛✛❡♥✱ ❦❛♥♥ ❡✐♥ ▼❛①✐♠❛❧❛❜st❛♥❞ ③✉ ✉♠❧✐❡❣❡♥❞❡♥

❖❜❥❡❦t❡♥ ❡✐♥❣❡❢ü❤rt ✇❡r❞❡♥✱ ❞❡r ❜❡✐ ❞❡r ❲❡❣♣❧❛♥✉♥❣ ♥✐❝❤t ü❜❡rs❝❤r✐tt❡♥ ✇✐r❞✳

✹✳✺✳✷ ❘❡❛❦t✐✈❡ ◆❛✈✐❣❛t✐♦♥ ♦❤♥❡ ❑❛rt❡

●❡❣❡♥ü❜❡r ❞❡r ❦❛rt❡♥❜❛s✐❡rt❡♥ ◆❛✈✐❣❛t✐♦♥ st❡❤t ❞✐❡ r❡❛❦t✐✈❡✱ ❛✉❢ ä✉ÿ❡r❡ ❘❡✐③❡✱ ❛❧s♦ ❛✉❢

❙❡♥s♦rs✐❣♥❛❧❡ r❡❛❣✐❡r❡♥❞❡♥ ◆❛✈✐❣❛t✐♦♥ ❬✶✼❪✳ ◆❛❝❤❢♦❧❣❡♥❞❡ ✇❡r❞❡♥ ❛✉s❣❡✇ä❤❧t❡ ❆❧❣♦r✐t❤✲

♠❡♥ ❞❡r r❡❛❦t✐✈❡♥ ◆❛✈✐❣❛t✐♦♥ ❡r❧ä✉t❡rt✳

❲❛♥❞❡r✐♥❣ ❙t❛♥❞♣♦✐♥t ❆❧❣♦r✐t❤♠

❇❡✐♠ ❲❛♥❞❡r✐♥❣ ❙t❛♥❞♣♦✐♥t ❆❧❣♦r✐t❤♠ ❜❡✇❡❣t ❞❛s ❛✉t♦♥♦♠❡ ❙②st❡♠ s✐❝❤ s♦❧❛♥❣❡ ❣❡✲

r❛❞❡❛✉s✱ ❜✐s ❡✐♥ ❍✐♥❞❡r♥✐s ✐♠ ❲❡❣ ❡r❦❛♥♥t ✇✐r❞ ❬✷✵❪✳ ❚r✐tt ❞✐❡s❡r ❋❛❧❧ ❡✐♥✱ ✇✐r❞ ❡✐♥❡

❉r❡❤✉♥❣ ❡✐♥❣❡❧❡✐t❡t✱ ✉♠ ❞❛s ❍✐♥❞❡r♥✐s ③✉ ✉♠❢❛❤r❡♥✳ ❉❛s ❛✉t♦♥♦♠❡ ❙②st❡♠ ❞r❡❤t ❞❛❜❡✐

❡♥t✇❡❞❡r ♥❛❝❤ ❧✐♥❦s ♦❞❡r r❡❝❤ts✱ ❥❡ ♥❛❝❤❞❡♠ ✐♥ ✇❡❧❝❤❡r ❘✐❝❤t✉♥❣ ❞❡r ❡r❢♦r❞❡r❧✐❝❤❡ ❲✐♥❦❡❧

❦❧❡✐♥❡r ✐st ✉♥❞ ❢ä❤rt ❞❛r❛✉❢❤✐♥ ❛♠ ❍✐♥❞❡r♥✐s ✈♦r❜❡✐✳ ◆❛❝❤t❡✐❧ ❞✐❡s❡r ❱♦r❣❡❤❡♥s✇❡✐s❡ ✐st✱

❞❛ss ❋ä❧❧❡ ❛✉❢tr❡t❡♥ ❦ö♥♥❡♥✱ ✐♥ ❞❡♥❡♥ ✐♥ ❡✐♥❡r ❡♥❞❧♦s❡♥ ❙❡q✉❡♥③ ❞❛s ❩✐❡❧ ♥✐❡♠❛❧s ❡rr❡✐❝❤t

✇✐r❞✳ ❋❛❧❧s ❞❛s ❛✉t♦♥♦♠❡ ❙②st❡♠ s✐❝❤ ✇ä❤r❡♥❞ ❞❡r ❉✉r❝❤❢ü❤r✉♥❣ ❡✐♥♠❛❧ ❦♦♠♣❧❡tt ✉♠

s✐❝❤ s❡❧❜st ❣❡❞r❡❤t ❤❛t ♦❤♥❡ ❞❡♠ ❩✐❡❧ ♥ä❤❡r ③✉ ❦♦♠♠❡♥✱ ♠✉ss ❛♥s❝❤❧✐❡ÿ❡♥❞ st❛tt ✉♠ ❞❡♥

✷✷



✹ ❑♦♥③❡♣t

❦❧❡✐♥❡r❡♥✱ ✉♠ ❞❡♥ ❣röÿ❡r❡ ❲✐♥❦❡❧ ❣❡❞r❡❤t ✇❡r❞❡♥✳ ❍✐❡r❢ür ✐st ❡s ♥♦t✇❡♥❞✐❣ ❡✐♥❡ ❦♦♠♣❧❡t✲

t❡ ❯♠❞r❡❤✉♥❣ ❡r❦❡♥♥❡♥ ③✉ ❦ö♥♥❡♥ ✉♥❞ ❛✉ÿ❡r❞❡♠ ❞❡♥ ❛❦t✉❡❧❧❡♥ ❆❜st❛♥❞ ③✉♠ ❩✐❡❧ ③✉

❦❡♥♥❡♥✳

❇✉❣✲❆❧❣♦r✐t❤♠❡♥

❉✐❡ ❇✉❣✲❆❧❣♦r✐t❤♠❡♥ s✐♥❞ ❡✐♥❡ ❘❡✐❤❡ ✈♦♥ ❆❧❣♦r✐t❤♠❡♥✱ ✇❡❧❝❤❡ ✐♥ ❡✐♥❡♠ ❛✉t♦♥♦♠❡♥ ❙②s✲

t❡♠ ③✉r ❍✐♥❞❡r♥✐s✈❡r♠❡✐❞✉♥❣ ❡✐♥❣❡s❡t③t ✇❡r❞❡♥ ❦ö♥♥❡♥✱ s♦❢❡r♥ ❞❡♠ ❙②st❡♠ ❜❡❦❛♥♥t ✐st

✐♥ ✇❡❧❝❤❡r ❘✐❝❤t✉♥❣ s❡✐♥ ❩✐❡❧ ❧✐❡❣t ❬✶✼❪✳ ❇❡✐♠ ❇✉❣✶✲❆❧❣♦r✐t❤♠✉s✱ ❞❡♠ s✐♠♣❡❧st❡♥ ❋❛❧❧

❡✐♥❡s ❇✉❣✲❆❧❣♦r✐t❤♠✉s✱ ❢ä❤rt ❞❛s ❛✉t♦♥♦♠❡ ❙②st❡♠ ❛✉❢ s❡✐♥ ❩✐❡❧ ③✉✱ ❜✐s ❡✐♥ ❍✐♥❞❡r♥✐s

❡rr❡✐❝❤t ✇✐r❞✱ ❢ä❤rt ✈♦❧❧stä♥❞✐❣ ✉♠ ❞❛s ❣❡s❛♠t❡ ❍✐♥❞❡r♥✐s ❤❡r✉♠ ✉♥❞ ❞❛r❛✉❢❤✐♥ ③✉♠

❞❡♠ P✉♥❦t ❞❡r ❛❜❣❡❢❛❤r❡♥❡♥ ❑♦♥t✉r✱ ✇❡❧❝❤❡r ❞✐❡ ❦ür③❡st❡ ❉✐st❛♥③ ③✉♠ ❩✐❡❧ ❛✉❢✇❡✐st✳

❱♦♥ ❞♦rt ❛✉s ✇✐r❞ ❞❛s ❩✐❡❧ ❛♥❣❡st❡✉❡rt✳ ❋❛❧❧s ❞❛s ❊rr❡✐❝❤❡♥ ❞❡s ❩✐❡❧s ♠ö❣❧✐❝❤ ✐st✱ ✇✐r❞ s♦

✐♠♠❡r ❡✐♥ ✇❡❣ ❣❡❢✉♥❞❡♥✳ ❆❧❧❡r❞✐♥❣s ✐st ❞✐❡s❡s ❱♦r❣❡❤❡♥ ♦✛❡♥s✐❝❤t❧✐❝❤ s❡❤r ✐♥❡✣③✐❡♥t✱ ❞❛

❞❛s ❦♦♠♣❧❡tt❡ ❍✐♥❞❡r♥✐s ✉♠❢❛❤r❡♥ ✇✐r❞✳

❊✐♥ ❇❧✐♥❞❡♥❤✐❧❢s♠✐tt❡❧ ♥❛❝❤ ❞❡♠ ❇✉❣✶✲❆❧❣♦r✐t❤♠✉s ❛❣✐❡r❡♥ ③✉ ❧❛ss❡♥ ✐st ❢ür ❞❡♥ ❆♥✇❡♥✲

❞❡r ✇♦❤❧ ❦❛✉♠ ③✉♠✉t❜❛r✳

❊✐♥❡ ❛❜❣❡✇❛♥❞❡❧t❡ ❋♦r♠ st❡❧❧t ❞❡r ❇✉❣✸✲❆❧❣♦r✐t❤♠✉s ❞❛r✱ ❜❡✐ ❞❡♠ ❞✐❡ ❯♠r✉♥❞✉♥❣ ❞❡s

❍✐♥❞❡r♥✐ss❡s ❜❡❡♥❞❡t ✇✐r❞✱ s♦❜❛❧❞ ❢r❡✐❡ ❙✐❝❤t ❛✉❢ ❞❛s ❩✐❡❧ ❡rr❡✐❝❤t ✇✉r❞❡ ❬✶✼❪✳ ❍✐❡r❢ür

✐st ❡s ❡r❢♦r❞❡r❧✐❝❤✱ ❞❛ss ❞✐❡ ❣❡❢❛❤r❡♥❡ ❙tr❡❝❦❡ ❣❡s♣❡✐❝❤❡rt ✇✐r❞✱ ❞❛ ❛♥s♦♥st❡♥ ❡✐♥❡ ❊♥❞✲

❧♦ss❝❤❧❡✐❢❡ ❡rr❡✐❝❤t ✇❡r❞❡♥ ❦❛♥♥✱ ❢❛❧❧s ❞❡r ❜❡r❡✐ts ❜❡❢❛❤r❡♥❡ ❲❡❣ ❣❡s❝❤♥✐tt❡♥ ✇✐r❞✳ ■♥

❬✻❪ ✇✐r❞ ❛♥❣❡♠❡r❦t✱ ❞❛ss ❞✐❡s❡r ❆❧❣♦r✐t❤♠✉s ❛✉❢❣r✉♥❞ ✈♦♥ ü❜❧✐❝❤❡r✇❡✐s❡ ❛✉❢tr❡t❡♥❞❡♥

❯♥❣❡♥❛✉✐❣❦❡✐t❡♥ ✐♥ ❞❡r P♦s✐t✐♦♥s✲ ✉♥❞ ❉✐st❛♥③❜❡st✐♠♠✉♥❣ ♠❡✐st ♥✐❝❤t r❡❛❧✐s✐❡r❜❛r ✐st✳

✹✳✺✳✸ ❋❛③✐t ③✉r ◆❛✈✐❣❛t✐♦♥

❆♠ ❡r❢♦❧❣✈❡rs♣r❡❝❤❡♥❞st❡♥ s❝❤❡✐♥t ❡✐♥❡ ✉♠❢❛♥❣r❡✐❝❤❡r❡ ❇❡s❝❤ä❢t✐❣✉♥❣ ♠✐t ❞❡♠ ❋♦rs❝❤✉♥❣s✲

❣❡❜✐❡t ❞❡s ❙▲❆▼ ③✉ s❡✐♥✱ ✉♠ ❡✐♥❡ ❯♠❣❡❜✉♥❣s❦❛rt❡ ✈❡r✇❡♥❞❡♥ ③✉ ❦ö♥♥❡♥✱ ✐♥ ✇❡❧❝❤❡r ♠✐t

❡✐♥❡♠ ❡r③❡✉❣t❡♥ ●r❛♣❤❡♥ ♥❛❝❤ ❡✐♥❡♠ P❢❛❞ ③✇✐s❝❤❡♥ ❞❡♥ ❍✐♥❞❡r♥✐ss❡♥ ❣❡s✉❝❤t ✇❡r❞❡♥

❦❛♥♥✳

❇❡✐ r❡❛❦t✐✈❡♥ ◆❛✈✐❣❛t✐♦♥s❛❧❣♦r✐t❤♠❡♥ ✇❡r❞❡♥✱ ❛✉❢❣r✉♥❞ ❞❡r ❣❡r✐♥❣❡♥ ✈❡r❢ü❣❜❛r❡♥ ■♥❢♦r✲

♠❛t✐♦♥❡♥✱ ✐♥ ❞❡r ❘❡❣❡❧ ❦❡✐♥❡ ♦♣t✐♠❛❧❡♥ ❲❡❣❡ ❣❡❢✉♥❞❡♥ ❬✶✼❪✳

✷✸



✺ ■♠♣❧❡♠❡♥t✐❡r✉♥❣

✺✳✶ Pr♦❣r❛♠♠✐❡r✉♥❣ ❞❡s ▼✐❦r♦❝♦♥tr♦❧❧❡rs

❩✉r Pr♦❣r❛♠♠✐❡r✉♥❣ ❞❡s ❚▼✹❈✶✷✾✹◆❈P❉❚ st❡❤❡♥ ③✇❡✐ Pr♦❣r❛♠♠✐❡r♠♦❞❡❧❧❡ ③✉r ❱❡r✲

❢ü❣✉♥❣✿ ❞❛s ❉✐r❡❝t ❘❡❣✐st❡r ❆❝❝❡ss ▼♦❞❡❧✱ ❜❡✐ ❞❡♠ ❞✐r❡❦t ✐♥ ❞✐❡ ❘❡❣✐st❡r ❞❡s ▼✐❦r♦✲

❝♦♥tr♦❧❧❡rs ❣❡s❝❤r✐❡❜❡♥ ✇✐r❞ ✉♥❞ ❞❛s ❙♦❢t✇❛r❡ ❉r✐✈❡r ▼♦❞❡❧✱ ❜❡✐ ❞❡♠ ❞✐❡ ❜❡r❡✐t❣❡st❡❧❧t❡

❚✐✈❛❲❛r❡✲❆P■ ♠✐t ❜❡r❡✐ts ✐♠♣❧❡♠❡♥t✐❡rt❡♥ ✉♥❞ ✈♦♠ ❆♥✇❡♥❞❡r ♥✉t③❜❛r❡♥ ❋✉♥❦t✐♦♥❡♥

✈❡r✇❡♥❞❡t ✇✐r❞ ❬✷✸❪✳ ❊s ❜❡st❡❤t ✇❡✐t❡r❤✐♥ ❞✐❡ ▼ö❣❧✐❝❤❦❡✐t ❞✐❡s❡ ❜❡✐❞❡♥ ▼♦❞❡❧❧❡ ③✉ ❦♦♠✲

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

■♠ ❘❛❤♠❡♥ ❞✐❡s❡r ❆r❜❡✐t ✇✐r❞ ❜❡✈♦r③✉❣t ❞❛s ❙♦❢t✇❛r❡ ❉r✐✈❡r ▼♦❞❡❧ ✈❡r✇❡♥❞❡t✱ ❞❛ ❡s ❡✐♥❡

s❝❤♥❡❧❧❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ✈♦♥ ▲ös✉♥❣❡♥ ❢ür ❙t❛♥❞❛r❞✲Pr♦❜❧❡♠❡✱ ✇✐❡ ❞❡r ❑♦♥✜❣✉r❛t✐♦♥

❞❡s ❙②st❡♠t❛❦ts✱ ❡r♠ö❣❧✐❝❤t✳ ❊s s♦r❣t ❛✉ÿ❡r❞❡♠ ❢ür ❡✐♥❡♥ ❜❡ss❡r❡ ▲❡s❜❛r❦❡✐t ❞❡s ❈♦❞❡s

✉♥❞ ✐st ✇❡♥✐❣❡r ❛♥❢ä❧❧✐❣ ❢ür ❋❧ü❝❤t✐❣❦❡✐ts❢❡❤❧❡r✱ ❞✐❡ ❜❡✐♠ ❙❡t③❡♥ ✉♥❞ ▲ös❝❤❡♥ ❡✐♥③❡❧♥❡r

❇✐ts✱ ♥❛❝❤ ❞❡♠ ❉✐r❡❝t ❘❡❣✐st❡r ❆❝❝❡ss ▼♦❞❡❧✱ ❛✉❢tr❡t❡♥ ❦ö♥♥❡♥✳

❆❧s ❊♥t✇✐❝❦❧✉♥❣s✉♠❣❡❜✉♥❣ ❦♦♠♠t ❈♦❞❡ ❈♦♠♣♦s❡r ❙t✉❞✐♦ ✭❈❈❙✮ ✐♥ ❞❡r ❱❡rs✐♦♥✿ ✾✳✸✳✵✳✵✵✵✶✷

③✉♠ ❊✐♥s❛t③ ❬✷✹❪✳

✺✳✶✳✶ ❯❆❘❚✲❑♦♥✜❣✉r❛t✐♦♥

❯♠ ♠✐t ❞❡r ❚♦❋✲❑❛♠❡r❛ ③✉ ❦♦♠♠✉♥✐③✐❡r❡♥ ♠✉ss ❡✐♥❡r ❞❡r ❯❆❘❚s ❛✉❢ ❡✐♥❡ ❇✐tr❛t❡ ✈♦♥

✶✵ ▼❜✐t✴s ❡✐♥❣❡st❡❧❧t ✇❡r❞❡♥ ❬✶✹❪✳ ❍✐❡r ✈❡r✇❡♥❞❡t ✇✐r❞ ❞❡r ❯❆❘❚✻ ❞❡s ▼✐❦r♦❝♦♥tr♦❧❧❡rs✳

❩✉♥ä❝❤st ✇✐r❞ ❞❡r ❙②st❡♠t❛❦t ❛✉❢ ✶✷✵ ▼❍③ ❡✐♥❣❡st❡❧❧t✿

//Configure UART6 for Communication with ToF-Kamera

//set clock frequency 120 MHz

sysClk = MAP_SysCtlClockFreqSet((SYSCTL_XTAL_25MHZ |

SYSCTL_OSC_MAIN |

SYSCTL_USE_PLL |

SYSCTL_CFG_VCO_480), 120000000);

✷✹
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❉✐❡ ❑♦♥✜❣✉r❛t✐♦♥ ❞❡s ❯❆❘❚✻ ✇✐r❞ ✐♥ ❡✐♥❡ s❡♣❛r❛t❡ ❋✉♥❦t✐♦♥ ❛✉s❣❡❧❛❣❡rt✱ ✐♥ ✇❡❧❝❤❡r ❞✐❡

❯❆❘❚✲❋✉♥❦t✐♦♥❡♥ ❞❡r ❚✐✈❛❲❛r❡✲❆P■ ❬✷✸❪ ❛✉❢❣❡r✉❢❡♥ ✇❡r❞❡♥✿

void configUART6(uint32_t sysClk, uint32_t bitrate, uint32_t dataLength,

uint32_t stopBits, uint32_t parity){

//Enable PORTP for UART6

ROM_SysCtlPeripheralEnable(SYSCTL_PERIPH_UART6);

ROM_SysCtlPeripheralEnable(SYSCTL_PERIPH_GPIOP);

GPIOPinConfigure(GPIO_PP0_U6RX);

GPIOPinConfigure(GPIO_PP1_U6TX);

ROM_GPIOPinTypeUART(GPIO_PORTP_BASE, GPIO_PIN_0 | GPIO_PIN_1);

//configure UART6

ROM_UARTConfigSetExpClk(UART6_BASE, sysClk, bitrate,

(dataLength | stopBits |

parity));

}

❱❡r✇❡♥❞❡t ✇✐r❞ ❞✐❡ ❝♦♥✜❣❯❆❘❚✻✲❋✉♥❦t✐♦♥ ♠✐t ❞❡♥ ❡r❢♦r❞❡r❧✐❝❤❡♥ P❛r❛♠❡t❡r♥ ✇✐❡ ❢♦❧❣t✿

//configure UART6 with Bitrate 10 Mbit/s, 8 Data Bits, 1 Stop Bit, Parity

None

configUART6(sysClk, 10000000, UART_CONFIG_WLEN_8, UART_CONFIG_STOP_ONE,

UART_CONFIG_PAR_NONE);

❊✐♥ ❚♦❋✲❑❛♠❡r❛✲❑♦♠♠❛♥❞♦ ✇✐r❞ ✐♥ ❡✐♥❡♠ ❆rr❛② ❣❡s♣❡✐❝❤❡rt✱ ✇♦❜❡✐ ❥❡❞❡s ❊❧❡♠❡♥t ❛✉s

❡✐♥❡♠ ❇②t❡ ❜❡st❡❤t✱ ❞❛ ❞✐❡ ❑♦♠♠❛♥❞♦s ❇②t❡ ❢ür ❇②t❡ ✈❡rs❡♥❞❡t ✇❡r❞❡♥✳ ❍✐❡r ❡♥t❤ä❧t

❞❛s ❆rr❛② ●❊❚❴❉■❙❚ ❞❛s ❣❧❡✐❝❤♥❛♠✐❣❡ ❑♦♠♠❛♥❞♦✳ ❉✐❡ ❧❡t③t❡ ✈✐❡r ❇②t❡ ✇❡r❞❡♥ ♠✐t

❞❡♥ ❜❡r❡❝❤♥❡t❡♥ ❈❘❈✲❲❡rt❡♥ ❣❡❢ü❧❧t✿

//GET_DIST single measurement, 0xF5: start, 0x20: GET_DIST, 0x00:

single measurement

uint8_t GET_DIST[COMMANDLENGTH] = {0xF5, 0x20 , 0x00, 0x00, 0x00, 0x00,

0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00};

//calculate CRC-checksum

checksum = calcCrc32_32(GET_DIST, 10);

//store checksum-bytes in command-array

for(j = 0; j < 4; j++){

GET_DIST[j+10] = (uint8_t)((checksum>>(8*j)) & 0x000000FF);

}

▼✐t ❞❡r ❋✉♥❦t✐♦♥ ❯❆❘❚s❡♥❞✭✮ ✇✐r❞ ❞❛s ❑♦♠♠❛♥❞♦ ❛♥ ❞✐❡ ❚♦❋✲❑❛♠❡r❛ ✈❡rs❡♥❞❡t✿

✷✺
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//send command to get image

UARTsend(UART6_BASE, GET_DIST, 14);

❉✐❡ ❋✉♥❦t✐♦♥ ❯❆❘❚❈❤❛r●❡t✭✮ ❧✐❡st ❡✐♥ ❇②t❡ ❛✉s ❞❡♠ ❯❆❘❚✲❋■❋❖ ❡✐♥✿

receivedByte = UARTCharGet(UART6_BASE);

❯♠ ❡✐♥ ❦♦♠♣❧❡tt❡s ❇✐❧❞ ❞❡r ❚♦❋✲❑❛♠❡r❛ ③✉ ❡♠♣❢❛♥❣❡♥ ✇✐r❞ ❞✐❡ ❋✉♥❦t✐♦♥ ❯❆❘❚❈❤❛r✲

●❡t✭✮ ✐♥ ❡✐♥❡r ❢♦r✲❙❝❤❧❡✐❢❡ ✶✾✷✽✽ ♠❛❧ ❤✐♥t❡r❡✐♥❛♥❞❡r ❛✉❢❣❡r✉❢❡♥✳ ❉❛s ③✉❣❡❤ör✐❣❡ ❈❈❙✲

Pr♦❥❡❦t trä❣t ❞✐❡ ❇❡③❡✐❝❤♥✉♥❣ ✑❚❖❋❝❛♠❡r❛✑✳ ❩✉♠ ❈❈❙✲Pr♦❥❡❦t s❡✐ ③✉ ❡r✇ä❤♥❡♥✱ ❞❛ss

❞✐❡ ❙t❛❝❦❣röÿ❡ ✐♥ ❞❡♥ ✑Pr♦♣❡rt✐❡s✑ ❞❡s Pr♦❥❡❦t❡s ❛♥❣❡♣❛sst ✇✉r❞❡✱ ✉♠ ❙t❛❝❦ü❜❡r❧ä✉❢❡ ③✉

✈❡r♠❡✐❞❡♥✱ ❞❛ ❞❛s ❆rr❛② ♠✐t ❞❡♥ P✐①❡❧✇❡rt❡♥ ✐♥ ❞❡r ▼❛✐♥✲❋✉♥❦t✐♦♥ ❞❡❦❧❛r✐❡rt ✇✉r❞❡✳

✺✳✶✳✷ ❊♠♣❢❛♥❣ ❡✐♥❡s ❊✐♥③❡❧❜✐❧❞❡s

❩✉♥ä❝❤st ✇✉r❞❡ ❡✐♥ ❑♦♠♠❛♥❞♦ ③✉♠ ❆✉❢♥❡❤♠❡♥ ❡✐♥❡s ❊✐♥③❡❧❜✐❧❞❡s ❛♥ ❞✐❡ ❚♦❋✲❑❛♠❡r❛

❣❡s❡♥❞❡t✳ ❉✐❡ ❡♠♣❢❛♥❣❡♥❡♥ ❉❛t❡♥ ✇✉r❞❡♥ ♠✐t ❍✐❧❢❡ ❡✐♥❡s ✸❉✲❙❝❛tt❡r♣❧♦ts ✐♥ ▼❛t❧❛❜

✈✐s✉❛❧✐s✐❡rt✳ ❊s ✇✉r❞❡ ❡✐♥ ▼❛①✐♠❛❧✇❡rt ✈♦♥ ✸✵✵✵ ❢❡st❣❡❧❡❣t ❛✉❢ ❞❡♥ ❛❧❧❡ ❤ö❤❡r❡♥ ❲❡rt❡

❤❡r✉♥t❡r ❣❡s❡t③t ✇✉r❞❡♥✱ ❞❛ ❣röÿ❡r❡ ❆❜stä♥❞❡ ✐♠ ❘❛❤♠❡♥ ❞❡r ❆♥❢♦r❞❡r✉♥❣❡♥ ♥✐❝❤t ✈♦♥

■♥t❡r❡ss❡ s✐♥❞ ✉♥❞ s♦ ❛✉ÿ❡r❞❡♠ ❢❡❤❧❡r❤❛❢t❡ P✐①❡❧ ✭❲❡rt❡ ✶✻✵✵✶✲✶✻✵✵✽✮ ✐❣♥♦r✐❡rt ✇❡r❞❡♥✳

❇❡✐ ❞❡r ✐♥t❡❣r❛t✐♦♥ t✐♠❡ ♠✉ss ❡✐♥ ❑♦♠♣r♦♠✐ss ❣❡❢✉♥❞❡♥ ✇❡r❞❡♥✱ s♦❞❛ss ❞✐❡ ❙③❡♥❡ ♠ö❣✲

❧✐❝❤st ❣❡♥❛✉ ❡r❢❛sst ✇✐r❞✱ ❘❛✉s❝❤❡♥ ✉♥❞ P✐①❡❧sätt✐❣✉♥❣ ❛❜❡r ♠✐♥✐♠✐❡rt ✇❡r❞❡♥✳

❆❜❜✳ ✺✳✶ ③❡✐❣t ❞❡♥ ❙❝❛tt❡r♣❧♦t ❞❡r ❡♠♣❢❛♥❣❡♥❡♥ ❊✐♥③❡❧❜✐❧❞❞❛t❡♥ ❛✉s ❞❡r ❆✉❢♥❛❤♠❡ ❡✐♥❡r

❑❛✛❡t❛ss❡ ✐♠ ❆❜st❛♥❞ ✈♦♥ ❝❛✳ ✵✳✺ ♠ ❜❡✐ ❡✐♥❡r ✐♥t❡❣r❛t✐♦♥ t✐♠❡ ✈♦♥ ✸✺ µs✳ ❉✐❡ ❋♦r♠ ❡✐♥❡r

❑❛✛❡❡t❛ss❡ ✐st ❞❡✉t❧✐❝❤ ❡r❦❡♥♥❜❛r✱ ✉♥t❡r ✐❤r ✐st ✇❡✐t❡r❤✐♥ ❞❡r ❚✐s❝❤ ❛✉❢ ❞❡♠ ❞✐❡ ❚❛ss❡

st❛♥❞ ③✉ ❡r❦❡♥♥❡♥✳

✷✻
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❆❜❜✐❧❞✉♥❣ ✺✳✶✿ ❑❛✛❡❡t❛ss❡ ✐♠ ❆❜st❛♥❞ ✈♦♥ ✵✳✺ ♠✱ ✸✺ µs

❉✐❡ ❱✐s✉❛❧✐s✐❡r✉♥❣ ❡♥ts♣r✐❝❤t ❞❡♠✱ ❛✉❢❣r✉♥❞ ✈♦♥ ✐♠ ❱♦r❢❡❧❞ ❞✉r❝❤❣❡❢ü❤rt❡♥ ❚❡sts ♠✐t

●❯■ ✉♥❞ ❯❙❇✲❆❞❛♣t❡r✱ ❡r✇❛rt❡t❡♥ ❊r❣❡❜♥✐s✳ ❆✉❢❣r✉♥❞ ❞✐❡s❡r ❆✉❢♥❛❤♠❡ ❦❛♥♥ ❞✐❡ ■♠✲

♣❧❡♠❡♥t✐❡r✉♥❣ ❞❡r ❑♦♠♠✉♥✐❦❛t✐♦♥ ✈♦♥ ▼✐❦r♦❝♦♥tr♦❧❧❡r ✉♥❞ ❚♦❋✲❑❛♠❡r❛ ❛❧s ❡r❢♦❧❣r❡✐❝❤

❜❡tr❛❝❤t❡t ✇❡r❞❡♥✳ ❉❡r s❝❤✇❛r③❡ ❇❡r❡✐❝❤ ❛✉❢ ❞❡r ❚❛ss❡ ❡♥tst❛♥❞ ❤ö❝❤st✇❛❤rs❝❤❡✐♥❧✐❝❤

❛✉❢❣r✉♥❞ ✈♦♥ ❆❉❈✲Ü❜❡r❧ä✉❢❡♥ ✉♥❞✴♦❞❡r P✐①❡❧sätt✐❣✉♥❣❡♥✱ ✇❡❧❝❤❡ ✐♥ ❞❡r ❤✐❡r ❞✉r❝❤❣❡✲

❢ü❤rt❡♥ ❆✉s✇❡rt✉♥❣ ✐❣♥♦r✐❡rt ✇✉r❞❡♥✳

✺✳✶✳✸ ▲✐✈❡❞❛t❡♥ ✐♥ ▼❛t❧❛❜ ✈✐❛ ❈❖▼✲♣♦rt

❩✉r ❱❡r✐✜③✐❡r✉♥❣ ❞❡r ♠✐t ❞❡♠ ▼✐❦r♦❝♦♥tr♦❧❧❡r ❡♠♣❢❛♥❣❡♥❡♥ ❉❛t❡♥✱ ✇✉r❞❡ ❡✐♥❡ s❡r✐❡❧✲

❧❡ ❑♦♠♠✉♥✐❦❛t✐♦♥ ü❜❡r ❡✐♥❡♥ ❈❖▼✲P♦rt ③✇✐s❝❤❡♥ P❈ ✉♥❞ ▼✐❦r♦❝♦♥tr♦❧❧❡r ✐♥ ❇❡tr✐❡❜

❣❡♥♦♠♠❡♥✳

■♥ ❞❡r ❉❡❢❛✉❧t✲❑♦♥✜❣✉r❛t✐♦♥ ❞❡r ❏✉♠♣❡r ❏P✹ ✉♥❞ ❏P✺ ❛✉❢ ❞❡♠ ❊♥t✇✐❝❦❧✉♥❣s❜♦❛r❞ ✐st ❞❡r

❯❆❘❚✵ ❞❡s ▼✐❦r♦❝♦♥tr♦❧❧❡rs ♠✐t ❞❡♠ ✈✐rt✉❡❧❧❡♥ ❈❖▼✲P♦rt ✈❡r❜✉♥❞❡♥ ❬✷✷❪✳ ❊s ❦ö♥♥❡♥

❛❧s♦ ❞✐❡ ü❜❧✐❝❤❡♥ ❋✉♥❦t✐♦♥❡♥ ③✉r ❯❆❘❚✲❑♦♠♠✉♥✐❦❛t✐♦♥ ❞❡s ❯❆❘❚✵ ✈❡r✇❡♥❞❡t ✇❡r❞❡♥

✉♠ ü❜❡r ❞❡♥ ❈❖▼✲P♦rt ③✉ ❦♦♠♠✉♥✐③✐❡r❡♥✳

■♠ ▼❛t❧❛❜✲❙❦r✐♣t ✑❚♦❋✳♠✑ ✇✐r❞ ❡✐♥❡ ❱❡r❜✐♥❞✉♥❣ ③✉♠ ✈❡r✇❡♥❞❡t❡♥ ❈❖▼✲P♦rt ❛✉❢❣❡✲

❜❛✉t✳ ❉✐❡ ✈♦♥ ❞❡r ❚♦❋✲❑❛♠❡r❛ ❡♠♣❢❛♥❣❡♥❡♥ ❉❛t❡♥ ✇❡r❞❡♥ ♥❛❝❤ ❆✉❢♥❛❤♠❡ ❡✐♥❡s ❡✐♥③❡❧✲

♥❡♥ ❇✐❧❞❡s ü❜❡r ❞❡♥ ❯❆❘❚✵ ✈❡rs❡♥❞❡t✳ ❊✐♥❡ ❈❛❧❧❜❛❝❦✲❋✉♥❦t✐♦♥ ✐♥ ✑r❡❛❞❚♦❋❞❛t❛✳♠✑ ✇✐r❞

✷✼



✺ ■♠♣❧❡♠❡♥t✐❡r✉♥❣

❛✉❢❣❡r✉❢❡♥✱ s♦❜❛❧❞ ❉❛t❡♥ ü❜❡r ❞❡♥ ❈❖▼✲P♦rt ✈❡❢ü❣❜❛r s✐♥❞✳ ■♥ ✑r❡❛❞❚♦❋❞❛t❛✳♠✑ ✇❡r✲

❞❡♥ ❞✐❡ ❉❛t❡♥ ❡✐♥❣❡❧❡s❡♥ ✉♥❞ ❛♥ ❞✐❡ ❋✉♥❦t✐♦♥ ✑♣❧♦t❚♦❋❞❛t❛✳♠✑ ü❜❡r❣❡❜❡♥✱ ✇❡❧❝❤❡ ❞✐❡s❡

③✉r ❱✐s✉❛❧✐s✐❡r✉♥❣ ❛✉❢❜❡r❡✐t❡t ✉♥❞ ♠✐tt❡❧s ✸❉✲s❝❛tt❡r♣❧♦t ❞❛rst❡❧❧t✳ ❱❡r✇❡♥❞❡t ✇✉r❞❡ ❞✐❡

▼❛t❧❛❜✲❱❡rs✐♦♥ ❘✷✵✶✾❜ ❬✷✻❪✳

■♥ ❞✐❡s❡r ❑♦♥✜❣✉r❛t✐♦♥ ✇✐r❞ ✇❡✐t❡r❤✐♥ ❢ür ❥❡❞❡s ❇✐❧❞ ❡✐♥ ❑♦♠♠❛♥❞♦ ③✉r ❆✉❢♥❛❤♠❡ ❡✐✲

♥❡s ❊✐♥③❡❧❜✐❧❞❡s ❛♥ ❞✐❡ ❚♦❋✲❑❛♠❡r❛ ❣❡s❡♥❞❡t✱ ❞❛ ❞✐❡ ❱❡r✇❡♥❞✉♥❣ ❞❡s ❙tr❡❛♠✐♥❣✲▼♦❞❡s

✐♠ ❩✉s❛♠♠❡♥❤❛♥❣ ♠✐t ❞❡r s❡r✐❡❧❧❡♥ ❑♦♠♠✉♥✐❦❛t✐♦♥ ③✉♠ P❈ ♦✛❡♥❜❛r Pr♦❜❧❡♠❡ ✐♥ ❞❡r

❙②♥❝❤r♦♥✐s❛t✐♦♥ ③✇✐s❝❤❡♥ ▼✐❦r♦❝♦♥tr♦❧❧❡r ✉♥❞ ▼❛t❧❛❜✲❙❦r✐♣t ✈❡r✉rs❛❝❤t✱ ✇♦❞✉r❝❤ ❞✐❡

▼❡ss❞❛t❡♥ ♥✐❝❤t ✐♥ ❦♦rr❡❦t❡r ❋♦r♠ ✐♠ ▼❛t❧❛❜ ✇♦r❦s♣❛❝❡ ❛♥❦♦♠♠❡♥✳

▼❡ss✉♥❣❡♥ ♠✐t ❍✐❧❢❡ ❞❡r ❚✐♠❡r ❞❡s ▼✐❦r♦❝♦♥tr♦❧❧❡rs ❧❛ss❡♥ ❞❛r❛✉❢ s❝❤❧✐❡ÿ❡♥✱ ❞❛ss ✐♠

❙tr❡❛♠✐♥❣✲▼♦❞❡ ❡t✇❛ ✹✹ ❇✐❧❞❡r ♣r♦ ❙❡❦✉♥❞❡ ❛✉❢❣❡♥♦♠♠❡♥ ✇❡r❞❡♥ ❦ö♥♥❡♥✳ ❇❡✐ ▼❡ss✉♥✲

❣❡♥ ♠✐t ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡r ✐♥t❡❣r❛t✐♦♥ t✐♠❡ ✈❛r✐✐❡rt ❞✐❡ ❇✐❧❞r❛t❡ ❧❡✐❝❤t✳

❇❡✐ ❦♦♥t✐♥✉✐❡r❧✐❝❤❡r ❆✉❢♥❛❤♠❡ ✈♦♥ ❊✐♥③❡❧❜✐❧❞❡r♥✱ ❡r❣❛❜ s✐❝❤ ✐♥ ❞❡♥ ▼❡ss✉♥❣❡♥ ❡t✇❛ ❡✐♥❡

❘❡❞✉③✐❡r✉♥❣ ❞❡r ❇✐❧❞r❛t❡ ❛✉❢ ❝❛✳ ✷✵ ❇✐❧❞❡r ♣r♦ ❙❡❦✉♥❞❡✳ ■♥ ❞❡r ❧❡t③t❡♥❞❧✐❝❤❡♥ ❆♥✇❡♥✲

❞✉♥❣✱ ♦❤♥❡ ❑♦♠♠✉♥✐❦❛t✐♦♥ ③✉♠ P❈✱ ✐st ❛❧s♦ ❞❡r ❙tr❡❛♠✐♥❣✲▼♦❞❡ ❛✉❢❣r✉♥❞ ❞❡r ❤ö❤❡r❡♥

●❡s❝❤✇✐♥❞✐❣❦❡✐t ③✉ ❜❡✈♦r③✉❣❡♥✳

❆❜❜✳ ✺✳✷ st❡❧❧t ❞❡♥ ❆❜❧❛✉❢ ❞❡s ▼✐❦r♦❝♦♥tr♦❧❧❡r♣r♦❣r❛♠♠s ③✉♠ ❆✉s❧❡s❡♥ ❞❡r ❚♦❋✲❑❛♠❡r❛

❞❛r✳

✷✽





✺ ■♠♣❧❡♠❡♥t✐❡r✉♥❣

❉❡r ❣❡♥❡r❡❧❧❡ ❆❜❧❛✉❢ ❞❡r ❑♦♠♠✉♥✐❦❛t✐♦♥ ♠✐t ❞❡♠▼✐❦r♦❝♦♥tr♦❧❧❡r s♦✇✐❡ ❞❡r ❱❡r❛r❜❡✐t✉♥❣

❞❡r ❙❡♥s♦r❞❛t❡♥ ✐♥ ▼❛t❧❛❜ ✇✐r❞ ✐♥ ❆❜❜✳ ✺✳✸ ❞❛r❣❡st❡❧❧t✳ ❲✐❡ ❡r✇ä❤♥t ✇✉r❞❡♥ ❡✐♥✐❣❡ ❞❡r

❙❝❤r✐tt❡ ✐♥ ❋✉♥❦t✐♦♥❡♥ ❛✉s❣❡❧❛❣❡rt✱ ✈❡rt❡✐❧t ❛✉❢ ③✇❡✐ ③✉sät③❧✐❝❤❡ ❉❛t❡✐❡♥✳

✸✵





✺ ■♠♣❧❡♠❡♥t✐❡r✉♥❣

❉❡s ❲❡✐t❡r❡♥ ✇❡r❞❡♥ ✐♠ ❈❈❙✲Pr♦❥❡❦t ♠✐t ❞❡r ❇❡③❡✐❝❤♥✉♥❣ ✑❚❖❋❝❛♠❡r❛❙tr❡❛♠✐♥❣✑ ✐♠

❙tr❡❛♠✐♥❣✲▼♦❞❡ ③❡❤♥ ❇✐❧❞❡r ❤✐♥t❡r❡✐♥❛♥❞❡r ❛✉❢❣❡♥♦♠♠❡♥ ✉♥❞ ❣❡s♣❡✐❝❤❡rt✳ ❉✐❡s❡ ❦ö♥♥❡♥

✐♠ ❉❡❜✉❣✲▼♦❞✉s ✈♦♥ ❈❈❙ ❛✉s ❞❡♠ ❙♣❡✐❝❤❡r ❤❡r✉♥t❡r❣❡❧❛❞❡♥ ✉♥❞ ♠✐t ❞❡♠ ▼❛t❧❛❜s❦r✐♣t

✑❚♦❋❴♠♦✈✐♥❣❖❜❥❡❝t✳♠✑ ③✉ ❡✐♥❡♠ ❦✉r③❡♥ ❱✐❞❡♦ ③✉s❛♠♠❡♥❣❡❢ü❣t ✇❡r❞❡♥✱ ✉♠ ❇❡✇❡❣✉♥✲

❣❡♥ ❡r❢❛ss❡♥ ③✉ ❦ö♥♥❡♥✳ ❩✉♠ ❍❡r✉♥t❡r❧❛❞❡♥ ❛✉s ❞❡♠ ❙♣❡✐❝❤❡r ❞❡s ▼✐❦r♦❝♦♥tr♦❧❧❡rs✱ ♠✉ss

❡✐♥ ❇r❡❛❦♣♦✐♥t ❣❡s❡t③t ✇❡r❞❡♥✱ ✇❡❧❝❤❡r ❡rr❡✐❝❤t ✇✐r❞✱ s♦❜❛❧❞ ❞✐❡ ③❡❤♥ ❇✐❧❞❡r ❢❡rt✐❣ ❡♠♣✲

❢❛♥❣❡♥ ✇✉r❞❡♥✳

✺✳✷ ▼❡❝❤❛♥✐s❝❤❡ ■♥t❡❣r❛t✐♦♥ ✐♥ ❞❡♥ Pr♦t♦t②♣

❩✉r ♠❡❝❤❛♥✐s❝❤❡♥ ■♥t❡❣r❛t✐♦♥ ❞❡s ❙❡♥s♦rs②st❡♠s ✐♥ ❞❡♥ ❜❡st❡❤❡♥❞❡♥ Pr♦t♦t②♣ ❞❡s ❊●❉

✇✉r❞❡ ❡✐♥ ❆❞❛♣t❡r ❦♦♥str✉✐❡rt ✉♥❞ ♠✐tt❡❧s ✸❉✲❉r✉❝❦✈❡r❢❛❤r❡♥ ❤❡r❣❡st❡❧❧t✳

❊s ✇❛r ❜❡r❡✐ts ❛❜③✉s❡❤❡♥✱ ❞❛ss ❞✐❡ ❑❛♠❡r❛ ♥✐❝❤t ❞❡♥ ❦♦♠♣❧❡tt❡♥ ❡r❢♦r❞❡r❧✐❝❤❡♥ ❊r❢❛s✲

s✉♥❣s❜❡r❡✐❝❤ ❛❜❞❡❝❦❡♥ ❦❛♥♥✳ ▲❛♥❣❢r✐st✐❣ ♠üss❡♥ ❤✐❡r❢ür ♠❡❤r❡r❡ ❚♦❋✲❑❛♠❡r❛s ③✉♠ ❊✐♥✲

s❛t③ ❦♦♠♠❡♥✳

❩✉♥ä❝❤st ♠✉ss ❛❧s♦ ❡✐♥ ❚❡✐❧❜❡r❡✐❝❤ ❞❡s ❣❡✇ü♥s❝❤t❡♥ ❊r❢❛ss✉♥❣s❜❡r❡✐❝❤s ❛✉s❣❡✇ä❤❧t ✇❡r✲

❞❡♥✱ ❞❡r ❞❛♥♥ ❞✉r❝❤ ❞✐❡ ❡rst❡ ❑❛♠❡r❛ ❛❜❣❡❞❡❝❦t ✇✐r❞✳ ▼ö❣❧✐❝❤ ✇är❡ ❡✐♥❡ P♦s✐t✐♦♥✐❡r✉♥❣✱

❜❡✐ ❞❡r ❞✐❡ ❑❛♠❡r❛ ❡t✇❛ ❛✉❢ ❍ü❢t❤ö❤❡ ❞❡s ❆♥✇❡♥❞❡rs ❣❡r❛❞❡❛✉s ③❡✐❣t ✉♥❞ s♦ ❣r♦ÿ❡

❍✐♥❞❡r♥✐ss❡ ❞✐r❡❦t ✈♦r ❞❡♠ ❆♥✇❡♥❞❡r ❡r❢❛sst✳

❊✐♥❡ ❛♥❞❡r❡ ❖♣t✐♦♥ ✇är❡✱ ③✉♥ä❝❤st ❞❡♥ ❇❡r❡✐❝❤ ✐♥ ❇♦❞❡♥♥ä❤❡ ❛❜③✉❞❡❝❦❡♥✱ ❞❛ ③✉ ❡r✇❛rt❡♥

✐st✱ ❞❛ss ❡✐♥ ❣r♦ÿ❡r ❚❡✐❧ ❞❡r ♣♦t❡♥t✐❡❧❧❡♥ ❍✐♥❞❡r♥✐ss❡ ❛♠ ❇♦❞❡♥ st❡❤t✳ ❉✐❡s ❦ö♥♥t❡ ♠✐t ❞❡r

❇❡♦❜❛❝❤t✉♥❣ ❞❡s ❇♦❞❡♥s ❦♦♠❜✐♥✐❡rt ✇❡r❞❡♥✱ ✉♠ ❚r❡♣♣❡♥❛❜❣ä♥❣❡ ❡r❦❡♥♥❡♥ ③✉ ❦ö♥♥❡♥✳

❉✐❡s❡ ❆r❣✉♠❡♥t❡ ❢ü❤rt❡♥ ③✉♠ ❊♥ts❝❤❧✉ss ❡✐♥❡ P♦s✐t✐♦♥✐❡r✉♥❣ ❛♠ ❊●❉ ✈♦r❣❡s❡❤❡♥✱ ♠✐t

❞❡r ❖❜❥❡❦t❡ ✐♥ ❇♦❞❡♥♥ä❤❡ s♦✇✐❡ ❞❡r ❇♦❞❡♥ ❡r❢❛sst ✇❡r❞❡♥ ❦❛♥♥✳

❊①♣❡r✐♠❡♥t❡❧❧ ❦♦♥♥t❡ ♠✐t ❡✐♥❡r ❑❛♠❡r❛ ❡✐♥❡ ❑♦♥✜❣✉r❛t✐♦♥ ❣❡❢✉♥❞❡♥ ✇❡r❞❡♥✱ ✐♥ ❞❡r ③✉✲

♠✐♥❞❡st ❡✐♥ ❣❡✇✐ss❡r ❇❡r❡✐❝❤ ❞❡s ❇♦❞❡♥s ✈♦r ❞❡♠ ❊●❉✱ ③❡✐t❣❧❡✐❝❤ ♠✐t ❍✐♥❞❡r♥✐ss❡♥ ✐♥

❡t✇❛ ✶✱✸✵ ♠ ❆❜st❛♥❞ ✈♦♠ ❊●❉ ❡r❢❛sst ✇❡r❞❡♥ ❦♦♥♥t❡✳ ❉✐❡ ❚♦❋✲❑❛♠❡r❛ ♠✉ss ❤✐❡r❢ür

✐♥ ❡✐♥❡♠ ❣❡✇✐ss❡♥ ❲✐♥❦❡❧ ③✉♠ ❇♦❞❡♥ ❣❡♥❡✐❣t ✇❡r❞❡♥✳ ❉✐❡s❡♥ ❡r❢♦r❞❡r❧✐❝❤❡♥ ❱❡rt✐❦❛❧✇✐♥✲

❦❡❧ ♦❤♥❡ ❡✐♥❡ ✈♦r❤❛♥❞❡♥❡ ❍❛❧t❡r✉♥❣ ❛♠ ❊●❉✲Pr♦t♦t②♣ ③✉ ❜❡st✐♠♠❡♥✱ st❡❧❧t❡ s✐❝❤ ❛❧s

s❝❤✇✐❡r✐❣ ❤❡r❛✉s✳

❉❡r ❡r❢♦r❞❡r❧✐❝❤❡ ❱❡rt✐❦❛❧✇✐♥❦❡❧ ❤ä♥❣t ❛✉❝❤ ✈♦♥ ❞❡r ❍ö❤❡ ✐♥ ❞❡r ❞❡r ●r✐✛ ❞❡s ❊●❉ ❣❡✲

❤❛❧t❡♥ ✇✐r❞ ✉♥❞ ❞❛♠✐t ✈♦♥ ❞❡r ●röÿ❡✱ ❆r♠❧ä♥❣❡ s♦✇✐❡ ❞❡r ❍❛❧t✉♥❣ ❞❡s ❆♥✇❡♥❞❡rs ❛❜✳

✸✷



✺ ■♠♣❧❡♠❡♥t✐❡r✉♥❣

❙❡❧❜st ✇❡♥♥ ③✉♥ä❝❤st ❡①❡♠♣❧❛r✐s❝❤ ❡✐♥❡ ❢❡st❡ ❑ör♣❡r❣röÿ❡✱ ❜③✇✳ ❆r♠❧ä♥❣❡ ✉♥❞ ❑ör♣❡r✲

❤❛❧t✉♥❣ ❛♥❣❡♥♦♠♠❡♥ ✇✐r❞ ✉♥❞ ❞✐❡ ❑❛♠❡r❛ ♥❛❝❤ ❞✐❡s❡♥ ❱♦r❣❛❜❡♥ ♦r✐❡♥t✐❡rt ✇❡r❞❡♥ s♦❧❧✱

✐st ❡s ✉♠stä♥❞❧✐❝❤ ❡✐♥❡ ✜①❡ ❑♦♥✜❣✉r❛t✐♦♥ ③✉ ✜♥❞❡♥✱ ✐♥ ❞❡r s♦✇♦❤❧ ❇♦❞❡♥ ❛❧s ❛✉❝❤ ❍✐♥✲

❞❡r♥✐ss❡ ❛♠ ❇♦❞❡♥ ❣✉t ③✉ ❡r❦❡♥♥❡♥ ✇är❡♥✳ ❊✐♥❡ ❧❡✐❝❤t❡ ❱❡r❦✐♣♣✉♥❣ ❤ätt❡ ❤✐❡r❜❡✐ ❡✐♥❡♥

③✉ ❣r♦ÿ❡♥ ❊✐♥✢✉ss✳ ❉❛❤❡r s❝❤✐❡♥ ❡s s✐♥♥✈♦❧❧ ❞❡♥ ❆❞❛♣t❡r s♦ ③✉ ❦♦♥str✉✐❡r❡♥✱ ❞❛ss ❞❡r ❱❡r✲

t✐❦❛❧✇✐♥❦❡❧ ❡✐♥st❡❧❧❜❛r ❣❡❤❛❧t❡♥ ✇✐r❞✳ ❉❛❞✉r❝❤ ❦❛♥♥ ❞✐❡ ❊✐♥st❡❧❧✉♥❣ ❞❡s ❱❡rt✐❦❛❧✇✐♥❦❡❧s

③✉♥ä❝❤st ✈♦♥ ❍❛♥❞ ❞❡✉t❧✐❝❤ ❧❡✐❝❤t❡r ❞✉r❝❤❣❡❢ü❤rt ✉♥❞ ❛♥❣❡♣❛sst ✇❡r❞❡♥✱ ❛❧s ✇❡♥♥ ❞✐❡s

❞✐r❡❦t ✉♥❞ ✉♥✈❡rä♥❞❡r❜❛r ❜❡✐ ❞❡r ❑♦♥str✉❦t✐♦♥ ❞❡s ❆❞❛♣t❡rs ❡r❢♦❧❣❡♥ ✇ür❞❡✳ ❆✉ÿ❡r❞❡♠

❦ö♥♥t❡ s♦ ✐♠ ❘❛❤♠❡♥ ③✉❦ü♥❢t✐❣❡r ❆r❜❡✐t❡♥ ❡✐♥❡ ❛✉t♦♠❛t✐s❝❤❡✱ ❞②♥❛♠✐s❝❤❡ ❆♥♣❛ss✉♥❣

♠✐tt❡❧s ●②r♦✲❙❡♥s♦r❡♥ ✉♥❞ ▼♦t♦r❡♥ ❡r❢♦❧❣❡♥✳ ❆✉s ❞✐❡s❡♥ ●rü♥❞❡♥ ✇✉r❞❡ ❜❡s❝❤❧♦ss❡♥ ❞❡♥

❆❞❛♣t❡r ❛✉s ♠❡❤r❡r❡♥ ❊✐♥③❡❧t❡✐❧❡♥ ③✉ ❢❡rt✐❣❡♥✱ ✈♦♥ ❞❡♥❡♥ ❞✐❡ ❜❡✐❞❡♥ ❍❛✉♣t❦♦♠♣♦♥❡♥t❡♥

❜❡✇❡❣❧✐❝❤ ✉♥❞ ❢❡stst❡❧❧❜❛r ♠✐t❡✐♥❛♥❞❡r ✈❡r❜✉♥❞❡♥ ✇❡r❞❡♥✳

❯♠ ❞❡♥ ❊✐♥st❡❧❧❜❡r❡✐❝❤ ❢ür ❞❡♥ ❱❡rt✐❦❛❧✇✐♥❦❡❧ ♥✐❝❤t ✉♥♥öt✐❣ ❦♦♥str✉❦t✐✈ ❡✐♥③✉s❝❤rä♥❦❡♥✱

✇✉r❞❡ ❞❡r ❆❞❛♣t❡r s♦ ❦♦♥str✉✐❡rt✱ ❞❛ss ❞✐❡ ❚♦❋✲❑❛♠❡r❛ ❡t✇❛s ❛✉s ❞❡♠ ❊●❉✲Pr♦t♦t②♣

❤❡r❛✉sr❛❣t✳ ❙♦ ✇✐r❞ ❛✉❝❤ ❣❡✇ä❤r❧❡✐st❡t✱ ❞❛ss ♥✐❝❤t ❡✐♥ ❚❡✐❧ ❞❡s ❊●❉✲Pr♦t♦t②♣ ✐♠ ❑❛♠❡✲

r❛❜✐❧❞ ❛✉❢t❛✉❝❤t ✉♥❞ s♦ ❞❡♥ ❊r❢❛ss✉♥❣s❜❡r❡✐❝❤ ✈❡r❦❧❡✐♥❡rt✳

❆♠ Pr♦t♦t②♣❡♥ ❞❡s ❊●❉ ✇❛r❡♥ ③✇❡✐ ▲ö❝❤❡r ♠✐t ■♥♥❡♥❣❡✇✐♥❞❡ ✈♦r❤❛♥❞❡♥✱ ❞✐❡ ❜✐s❤❡r

♥✐❝❤t ❜❡♥öt✐❣t ✇✉r❞❡♥ ✉♥❞ ❞❛❤❡r ③✉r ❇❡❢❡st✐❣✉♥❣ ❞❡s ❆❞❛♣t❡rs ✈❡r✇❡♥❞❡t ✇❡r❞❡♥✳

❉❛ ❞❛s ❋♦❱ ❞❡r ❚♦❋✲❑❛♠❡r❛ s✐❝❤ ✐♥ ❞❡r ✈❡rt✐❦❛❧❡♥ ❘✐❝❤t✉♥❣ ♠✐t 19◦ ❛❧s ❡t✇❛s ❦❧❡✐♥

❡r✇✐❡s✱ ✉♠ ❡✐♥❡ st❛❜✐❧❡ ❑♦♥✜❣✉r❛t✐♦♥ ③✉ ✜♥❞❡♥✱ ✐♥ ❞❡r ❇♦❞❡♥ ✉♥❞ ❞❡r ❇❡r❡✐❝❤ ✐♥ ❇♦❞❡♥✲

♥ä❤❡ ③❡✐t❣❧❡✐❝❤ ❡r❢❛sst ✇❡r❞❡♥✱ ✇✉r❞❡ ❜❡r❡✐ts ❛♥ ❞✐❡s❡r ❙t❡❧❧❡ ❡✐♥ P❧❛t③ ❢ür ❡✐♥❡ ③✇❡✐t❡

❑❛♠❡r❛ ✈♦r❣❡s❡❤❡♥✱ ❞❡r❡♥ ❋♦❱ s✐❝❤ ♠ö❣❧✐❝❤st ♥❛❤t❧♦s ❛♥ ❞❛s ❞❡r ❡rst❡♥ ❑❛♠❡r❛ ❛♥✲

s❝❤❧✐❡ÿt✳ ❉❡r ❲✐♥❦❡❧ ③✇✐s❝❤❡♥ ❞❡♥ ❜❡✐❞❡♥ ❑❛♠❡r❛s✱ ✇❡❧❝❤❡ ❛♠ ❆❞❛♣t❡r ❜❡❢❡st✐❣t ✇❡r❞❡♥

❦ö♥♥❡♥✱ ✇✉r❞❡ s♦ ❢❡st❣❡❧❡❣t✱ ❞❛ss ❞✐❡ ❋♦❱s s✐❝❤ ♥✐❝❤t s❝❤♥❡✐❞❡♥✱ ❛❜❡r ♠ö❣❧✐❝❤st ♥❛❤

❜❡✐❡✐♥❛♥❞❡r ❧✐❡❣❡♥✳ ❉✐❡s❡r ❲✐♥❦❡❧ ✇✉r❞❡ ❡①♣❡r✐♠❡♥t❡❧❧ ♠✐t ❍✐❧❢❡ ❞❡r ❈❆❉✲▼♦❞❡❧❧❡ ✉♥❞

❞❡r❡♥ ❉❛rst❡❧❧✉♥❣ ❞❡r ❋♦❱s ❜❡st✐♠♠t✳ ❉✐❡ ✈♦♥ ❞❡r ❋✐r♠❛ ❡s♣r♦s ♣❤♦t♦♥✐❝s ❝♦r♣♦r❛t✐♦♥

③✉r ❱❡r❢ü❣✉♥❣ ❣❡st❡❧❧t❡♥ ❈❆❉✲▼♦❞❡❧❧❡ ❞❡r ❚❖❋❃❝❛♠ ✻✸✺ ❬✶✵❪✱ ❡♥t❤❛❧t❡♥ ✇✐❡ ❡r✇ä❤♥t

❡✐♥❡ ❉❛rst❡❧❧✉♥❣ ❞❡r ❋♦❱s✱ ✇✐❡ ✐♥ ❆❜❜✳ ✺✳✺ ❡r❦❡♥♥❜❛r ✐st✳ ❩✉r ❇❡st✐♠♠✉♥❣ ❞❡s ❡r❢♦r❞❡r✲

❧✐❝❤❡♥ ❲✐♥❦❡❧s ③✇✐s❝❤❡♥ ❞❡♥ ❜❡✐❞❡♥ ✈♦r❣❡s❡❤❡♥❡♥ ❚♦❋✲❑❛♠❡r❛s✱ ✇✉r❞❡♥ ❞✐❡ ❘ä♥❞❡r ❞❡r

❞❛r❣❡st❡❧❧t❡♥ ❲❋❖❱s ❛✉❢ ❡✐♥❡ ▲ä♥❣❡ ✈♦♥ ✸ ♠ ✈❡r❧ä♥❣❡rt ✉♥❞ ❡①♣❡r✐♠❡♥t❡❧❧ ❜❡st✐♠♠t✱

❜❡✐ ✇❡❧❝❤❡♠ ❲✐♥❦❡❧ ❞✐❡ ❘ä♥❞❡r ❞❡r ❜❡✐❞❡♥ ❲❋❖❱s ♥❛❤ ❜❡✐❡✐♥❛♥❞❡r ❧✐❡❣❡♥ ♦❤♥❡ s✐❝❤ ③✉

s❝❤♥❡✐❞❡♥✳ ❉❡r P❧❛t③ ❢ür ❞✐❡ ③✇❡✐t❡ ❚♦❋✲❑❛♠❡r❛ ✐st ✉♠ ✶✽✱✺ ●r❛❞ ♥❛❝❤ ❤✐♥t❡♥ ❣❡♥❡✐❣t✳

❇❡✐ ❱❡r❢ü❣❜❛r❦❡✐t ❡✐♥❡r ③✇❡✐t❡♥ ❑❛♠❡r❛ ♠✉ss ❞✐❡s❡ ❊✐♥st❡❧❧✉♥❣ ✐♥ ❞❡r Pr❛①✐s ❣❡t❡st❡t

✇❡r❞❡♥✳

✸✸



✺ ■♠♣❧❡♠❡♥t✐❡r✉♥❣

❉❡r ❇❡r❡✐❝❤✱ ✐♥ ❞❡♠ ❞❡r ❆❞❛♣t❡r ❛♥❣❡s❝❤r❛✉❜t ✇❡r❞❡♥ s♦❧❧✱ ✈❡r❧ä✉❢t ♥❛❝❤ ✐♥♥❡♥ ❛❜❣❡r✉♥✲

❞❡t✳ ❩✉♥ä❝❤st ❜♦t ❡s s✐❝❤ ❛♥✱ ❘✉♥❞✉♥❣❡♥ ❛♠ ❆❞❛♣t❡r s♦ ❛❜③✉st✐♠♠❡♥✱ ❞❛ss s✐❡ s✐❝❤ ❡①❛❦t

✐♥ ❞✐❡ ❞❡s ❊●❉✲Pr♦t♦t②♣❡♥ ❡✐♥❢ü❣❡♥✳ ❆✉❢❣r✉♥❞ ❞❡r ●❡♦♠❡tr✐❡ ❞❡s ❊●❉✲Pr♦t♦t②♣❡♥s ✇❛r

❡s ❛❧❧❡r❞✐♥❣s ③✉♠ ❚❡✐❧ s❝❤✇✐❡r✐❣✱ ♠✐t ❡✐♥❡♠ ▼❡sss❝❤✐❡❜❡r ❣❡♥❛✉❡ ▼❛ÿ❡ ③✉ ♥❡❤♠❡♥✳ ❇❡✲

s♦♥❞❡rs ❞✐❡ ❘❛❞✐❡♥ ❞❡r ❘✉♥❞✉♥❣❡♥ ✐♥ ❞❡♠ ❇❡r❡✐❝❤✱ ✐♥ ❞❡♠ ❞❡r ❆❞❛♣t❡r ❢❡st❣❡s❝❤r❛✉❜t

✇❡r❞❡♥ s♦❧❧t❡✱ ✇❛r❡♥ s❝❤✇❡r ③✉ ❜❡st✐♠♠❡♥✳ ❉❛❤❡r ✇✉r❞❡ ❞❡r ❤✐♥t❡r❡ ❚❡✐❧ ❞❡s ❆❞❛♣t❡rs✱

✇❡❧❝❤❡r ❛♠ ❊●❉✲Pr♦t♦t②♣❡♥ ✈❡rs❝❤r❛✉❜t ✐st✱ ✈❡r❣❧❡✐❝❤s✇❡✐s❡ ❞ü♥♥ ❦♦♥str✉✐❡rt✱ ❞❛ ❡r s♦

❧❡✐❝❤t❡r ❡✐♥③✉♣❛ss❡♥ ✇❛r ✉♥❞ ❤❛✉♣tsä❝❤❧✐❝❤ ❞✐❡ P♦s✐t✐♦♥ ❞❡r ❜❡✐❞❡♥ ▲ö❝❤❡r ❦♦rr❡❦t ❜❡✲

st✐♠♠t ✇❡r❞❡♥ ♠✉sst❡✳ ❩✉sät③❧✐❝❤ ❦♦♥♥t❡ s♦ ❛✉❝❤ ▼❛t❡r✐❛❧ ❡✐♥❣❡s♣❛rt ✉♥❞ ❞❛♠✐t ❞✐❡

❉r✉❝❦③❡✐t ❞❡s ❊✐♥③❡❧t❡✐❧s r❡❞✉③✐❡rt ✇❡r❞❡♥✳ ❇❡✐ ❡✐♥❡♠ ❑♦♥str✉❦t✐♦♥s❢❡❤❧❡r✱ ✇❡❧❝❤❡r ❡rst

❜❡✐♠ ❢❡sts❝❤r❛✉❜❡♥ ❛✉❢❣❡❢❛❧❧❡♥ ✇är❡✱ ✇är❡ ❞❡r ❩❡✐t✈❡r❧✉st s♦ ❣❡r✐♥❣❡r✳

❊✐♥❡ ❑r❛❢t❡✐♥✇✐r❦✉♥❣ ✐♥ ✈❡rt✐❦❛❧❡r ❘✐❝❤t✉♥❣ ❛♠ ❆❞❛♣t❡r ❦ö♥♥t❡ ❛❧❧❡r❞✐♥❣s ✐♠ ❤✐♥t❡r❡♥

❚❡✐❧ ❞❡s ❆❞❛♣t❡rs✱ ✇❡❧❝❤❡r ❛♠ ❊●❉✲Pr♦t♦t②♣❡♥ ✈❡rs❝❤r❛✉❜t ✐st✱ ❡✐♥ ❇✐❡❣❡♠♦♠❡♥t ❡r✲

③❡✉❣❡♥✱ ✇❛s ❢ür ❞✐❡ ❞ü♥♥❡♥ ❑♦♥str✉❦t✐♦♥ ❛♥ ❞✐❡s❡r ❙t❡❧❧❡ ♣r♦❜❧❡♠❛t✐s❝❤ ✇är❡✳ ❯♠ ❞❡♥

♠♦♥t✐❡rt❡♥ ❆❞❛♣t❡r ❣❡❣❡♥ ❡✐♥ ♠ö❣❧✐❝❤❡s ❊✐♥✇✐r❦❡♥ ✈♦♥ ❑rä❢t❡♥ ✐♥ ✈❡rt✐❦❛❧❡r ❘✐❝❤t✉♥❣

③✉ st❛❜✐❧✐s✐❡r❡♥✱ ✇✐r❞ ❞❛❤❡r ③✉sät③❧✐❝❤ ❡✐♥❡ ❙t❛♥❣❡ ♠✐t ●❡✇✐♥❞❡ ❛♠ ✉♥t❡r❡♥ ❊♥❞❡ ✭❤❛❧✲

t❡r✉♥❣sst❛♥❣❡✳♣rt✮✱ s♦✇✐❡ ❡✐♥❡ P❧❛tt❡ ✭❤❛❧t❡r✉♥❣s♣❧❛tt❡✳♣rt✮ ✈❡r✇❡♥❞❡t✱ ✇❡❧❝❤❡ ❡❜❡♥❢❛❧❧s

♠✐t ❡✐♥❡r ❣❡❞r✉❝❦t❡♥ ▼✉tt❡r ✭♠✉tt❡r✳♣rt✮ ❣❡❣❡♥❡✐♥❛♥❞❡r ❣❡s❝❤r❛✉❜t ✇❡r❞❡♥✳ ❱❡rt✐❦❛❧❡

❑rä❢t❡✱ ✇❡❧❝❤❡ ❛✉❢ ❞❡♥ ❆❞❛♣t❡r ✇✐r❦❡♥✱ ✇❡r❞❡♥ s♦ ③✉ ❡✐♥❡♠ ❣r♦ÿ❡♥ ❚❡✐❧ ❛✉❢ ❞❛s ●❡❤ä✉s❡

❞❡s ❊●❉✲Pr♦t♦t②♣❡♥ ü❜❡rtr❛❣❡♥ ✉♥❞ ❡♥t❧❛st❡♥ ❞❛♠✐t ❞✐❡ ❙❝❤r❛✉❜✈❡r❜✐♥❞✉♥❣✳ ❇❡✐ ❞✐❡s❡r

❑♦♥str✉❦t✐♦♥ ✇✉r❞❡ ❞❛r❛✉❢ ❣❡❛❝❤t❡t✱ ❞❛ss ❞❛s ♠✐t ❞❡r ❚♦❋✲❑❛♠❡r❛ ✈❡rs❝❤r❛✉❜t❡ ❇❛✉t❡✐❧

✐♥ ❞❡r ❇❛✉❣r✉♣♣❡ s❡✐♥❡ ❇❡✇❡❣✉♥❣s❢r❡✐❤❡✐t ❜❡❤ä❧t✳

❉✐❡ ✈♦r❤❛♥❞❡♥❡ ❑♦♥✜❣✉r❛t✐♦♥ s♦❧❧ ✇✐❡ ❡r✇ä❤♥t ❡r♠ö❣❧✐❝❤❡♥✱ ❞❛ss ❞❡r ❇♦❞❡♥ s♦✇✐❡ ❍✐♥✲

❞❡r♥✐ss❡ ✐♥ ❇♦❞❡♥♥ä❤❡ ❡r❦❛♥♥t ✇❡r❞❡♥ ❦ö♥♥❡♥✳ ❍✐❡r❞✉r❝❤ s♦❧❧❡♥ ✉♥t❡r ❛♥❞❡r❡♠ ❚r❡♣✲

♣❡♥st✉❢❡♥ ❞❡t❡❦t✐❡rt ✇❡r❞❡♥✳ ❆✉ÿ❡r❞❡♠ ❦❛♥♥ s♦ ❜❡r❡✐ts ❡✐♥❡ ❣r♦ÿ❡ ❆♥③❛❤❧ ❍✐♥❞❡r♥✐ss❡✱

♥ä♠❧✐❝❤ s♦❧❝❤❡ ❞✐❡ ❛✉❢ ❞❡♠ ❇♦❞❡♥ st❡❤❡♥✱ ❡r❦❛♥♥t ✇❡r❞❡♥✳ ●❡❣❡♥ ❤❡r✈♦rst❡❤❡♥❞❡ ♦❞❡r

✈♦♥ ♦❜❡♥ ❤ä♥❣❡♥❞❡ ❖❜❥❡❦t❡ ♠✉ss ❞❡r ❆♥✇❡♥❞❡r ♠✐t ✇❡✐t❡r❡♥ ❙❡♥s♦r❡♥ ❛❜❣❡s✐❝❤❡rt ✇❡r✲

❞❡♥✳

❊s ✇✉r❞❡♥ ❞✐❡ ❜❡♥öt✐❣t❡♥ ❆♥s❝❤❧✉ss♠❛ÿ❡ ❛♠ Pr♦t♦t②♣❡♥ ❣❡♥♦♠♠❡♥ ✉♥❞ ♣❛ss❡♥❞❡ ❇❛✉✲

t❡✐❧❡ ❦♦♥str✉✐❡rt✳ ❋ür ❞❡♥ ✸❉✲❉r✉❝❦♣r♦③❡ss ✐st ❡s ❡r❢♦r❞❡r❧✐❝❤✱ ❞✐❡ ❡rst❡❧❧t❡♥ ❇❛✉t❡✐❧❡ ❛❧s

❙t❡r❡♦❧✐t❤♦❣r❛✜❡✲❉❛t❡✐❡♥ ✭✳st❧✮ ③✉ s♣❡✐❝❤❡r♥✳ ❉❛❜❡✐ ✇✐r❞ ❞❛s ❇❛✉t❡✐❧ ✐♥ ❡✐♥❡ ❱✐❡❧③❛❤❧ ✈♦♥

❉r❡✐❡❝❦❡♥ ❛✉❢❣❡t❡✐❧t❡♥✱ ❞❡r❡♥ ❆♥③❛❤❧ ❡✐♥st❡❧❧❜❛r ✐st ✉♥❞ ❞✐❡ ●❡♥❛✉✐❣❦❡✐t ❞❡r ③✉✈♦r ❢❡st✲

❣❡❧❡❣t❡♥ ▼❛ÿ❡ ❜❡❡✐♥✢✉sst✳ ❉✐❡ ✳st❧✲❉❛t❡✐ ✇✐r❞ ❛♥s❝❤❧✐❡ÿ❡♥❞ ✐♥ ❡✐♥❡r s♦❣❡♥❛♥♥t❡♥ ❙❧✐❝❡r✲

❙♦❢t✇❛r❡ ❣❡ö✛♥❡t✱ ❞✐✈❡rs❡ ❉r✉❝❦❡✐♥st❡❧❧✉♥❣❡♥ ✈♦r❣❡♥♦♠♠❡♥ ✉♥❞ ❞❛r❛✉s ❡✐♥❡ ●❈❖❉❊✲

✸✹



✺ ■♠♣❧❡♠❡♥t✐❡r✉♥❣

❉❛t❡✐ ✭✳❣❝♦❞❡✮ ❡r③❡✉❣t✱ ✇❡❧❝❤❡ ❞✐❡ ❧❡t③❡♥❞❧✐❝❤❡♥ ❆♥✇❡✐s✉♥❣❡♥ ❢ür ❞❡♥ ✸❉✲❉r✉❝❦❡r ✐♥ ❡✐♥❡r

❢ür ▼❡♥s❝❤❡♥ ♣r✐♥③✐♣✐❡❧❧ ❧❡s❜❛r❡♥ ❋♦r♠ ❡♥t❤ä❧t✳ ❉✐❡ ✳❣❝♦❞❡✲❉❛t❡✐ ✇✐r❞ ✈♦♠ ✸❉✲❉r✉❝❦❡r

✈♦♥ ❡✐♥❡r ❙❉✲❑❛rt❡ ❣❡❧❡s❡♥✳

❆❧s ❈❆❉✲❙♦❢t✇❛r❡ ❦❛♠ P❚❈ ❈r❡♦ P❛r❛♠❡tr✐❝ ✸✳✵ ▼✶✵✵ ③✉♠ ❊✐♥s❛t③ ❬✶✾❪✳ ❆❧s ❙❧✐❝❡r✲

❙♦❢t✇❛r❡ ✇✉r❞❡ ❯❧t✐♠❛❦❡r ❈✉r❛ ✸✳✷✳✶ ✈❡r✇❡♥❞❡t ❬✷✽❪✳ ●❡❞r✉❝❦t ✇✉r❞❡♥ ❛❧❧❡ ✐♠ ❘❛❤♠❡♥

❞✐❡s❡r ❆r❜❡✐t ✸❉✲❣❡❞r✉❝❦t❡♥ ❖❜❥❡❦t❡ ✉♥❞ ❇❛✉t❡✐❧❡ ❛✉❢ ❡✐♥❡♠ ❆♥②❝✉❜✐❝ ■✸ ▼❡❣❛✱ ❞❡s

❝❤✐♥❡s✐s❝❤❡♥ ❍❡rst❡❧❧❡rs ❆♥②❝✉❜✐❝ ❬✸❪✳ ❆❧s ▼❛t❡r✐❛❧ ❦❛♠ ❥❡✇❡✐❧s s❝❤✇❛r③❡s P▲❆✱ ❡❜❡♥❢❛❧❧s

❤❡r❣❡st❡❧❧t ✈♦♥ ❆♥②❝✉❜✐❝✱ ③✉♠ ❊✐♥s❛t③✳

❉❡r ♠❡❝❤❛♥✐s❝❤❡ ❆❞❛♣t❡r ❜❡st❡❤t ❛✉s ✐♥s❣❡s❛♠t s✐❡❜❡♥ ❊✐♥③❡❧t❡✐❧❡♥✳ ❉❛s ❇❛✉t❡✐❧ ✐♥ ❞❡r

❉❛t❡✐ ✑t♦❢❴❛❞❛♣t❡r✳♣rt✑ ✇✐r❞ ❞✐r❡❦t ❛♠ ❊●❉ ✈❡rs❝❤r❛✉❜t✳ ❆♠ ❇❛✉t❡✐❧ ✐♥ ❞❡r ❉❛t❡✐ ✑❦❛✲

♠❡r❛❤❛❧t❡r✳♣rt✑ ✇✐r❞ ❞✐❡ ❚♦❋✲❑❛♠❡r❛ ❛♥❣❡s❝❤r❛✉❜t✳ ❆✉ÿ❡r❞❡♠ ✐st ❡✐♥ P❧❛t③ ❢ür ❡✐♥❡

③✇❡✐t❡ ❑❛♠❡r❛ ♦❜❡r❤❛❧❜ ❞❡r ❡rst❡♥ ✈♦r❣❡s❡❤❡♥✳ ❉✐❡s❡ ❜❡✐❞❡♥ ❇❛✉t❡✐❧❡ ✇❡r❞❡♥ ♠✐t ❡✐♥❡r

❡❜❡♥❢❛❧❧s ❣❡❞r✉❝❦t❡♥ ❙❝❤r❛✉❜❡ ✭s❝❤r❛✉❜❡✳♣rt✮ s♦✇✐❡ ❡✐♥❡r ❣❡❞r✉❝❦t❡♥ ▼✉tt❡r ✭♠✉tt❡r✳♣rt✮

③✉s❛♠♠❡♥❣❡❢ü❣t✳ ❉✐❡s ❣❡✇ä❤r❧❡✐st❡t✱ ❞❛ss ❞❡r ❱❡rt✐❦❛❧✇✐♥❦❡❧ ❞❡r ❑❛♠❡r❛ ❛♥❣❡♣❛sst ✇❡r✲

❞❡♥ ❦❛♥♥✳

❆❜❜✳ ✺✳✹ ③❡✐❣t ❞✐❡ ❇❛✉❣r✉♣♣❡ ❞❡s ❆❞❛♣t❡rs ✐♥ ❈r❡♦ P❛r❛♠❡tr✐❝✳

❆❜❜✐❧❞✉♥❣ ✺✳✹✿ ❇❛✉❣r✉♣♣❡ ♠❡❝❤❛♥✐s❝❤❡r ❆❞❛♣t❡r

✸✺
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■♥ ❆❜❜✳ ✺✳✺ ✐st ❞✐❡ ❇❛✉❣r✉♣♣❡ ❞❡s ❆❞❛♣t❡rs ♠✐t ③✇❡✐ ▼♦❞❡❧❧❡♥ ❞❡r ❚❖❋❃❝❛♠ ✻✸✺ ✐♥❦❧✉✲

s✐✈❡ ❡✐♥❡r ❱✐s✉❛❧✐s✐❡r✉♥❣ ❞❡r ❋♦❱s ✐♥ ❈r❡♦ P❛r❛♠❡tr✐❝ ❞❛r❣❡st❡❧❧t✳

❆❜❜✐❧❞✉♥❣ ✺✳✺✿ ❇❛✉❣r✉♣♣❡ ♠❡❝❤❛♥✐s❝❤❡r ❆❞❛♣t❡r ♠✐t ❑❛♠❡r❛s

❆❜❜✳ ✺✳✻ ③❡✐❣t ❞❡♥ Pr♦t♦t②♣ ❞❡s ❊●❉ ♠✐t ❛♥❣❡s❝❤r❛✉❜t❡r ❚♦❋✲❑❛♠❡r❛✳

❆❜❜✐❧❞✉♥❣ ✺✳✻✿ ❊●❉ ♠✐t ❑❛♠❡r❛

❆❜❜✳ ✺✳✼ ③❡✐❣t ❞❡♥ ❆❞❛♣t❡r ❛♠ ❊●❉✲Pr♦t♦t②♣ ♦❤♥❡ ❑❛♠❡r❛ ✉♥❞ ❑❛♠❡r❛❤❛❧t❡r✳

✸✻
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❆❜❜✐❧❞✉♥❣ ✺✳✼✿ ▼❡❝❤❛♥✐s❝❤❡r ❆❞❛♣t❡r ♦❤♥❡ ❑❛♠❡r❛ ✉♥❞ ❑❛♠❡r❛❤❛❧t❡r

❉✐❡ ❆❜❜✳ ✺✳✽ ✉♥❞ ✺✳✾ ③❡✐❣❡♥ ❞❡♥ ❆❞❛♣t❡r ♠✐t ❑❛♠❡r❛ ❛♠ ❊●❉✲Pr♦t♦t②♣✳

❆❜❜✐❧❞✉♥❣ ✺✳✽✿ ▼❡❝❤❛♥✐s❝❤❡r ❆❞❛♣t❡r ✈♦♥ ✈♦r♥❡

✸✼



✺ ■♠♣❧❡♠❡♥t✐❡r✉♥❣

❆❜❜✐❧❞✉♥❣ ✺✳✾✿ ▼❡❝❤❛♥✐s❝❤❡r ❆❞❛♣t❡r ✈♦♥ ❞❡r ❙❡✐t❡

✸✽



✻ ❊✈❛❧✉❛t✐♦♥

✻✳✶ ▼❡ss✉♥❣❡♥ ♠✐t ❯❙❇✲❆❞❛♣t❡r

❩✉♥ä❝❤st ✇✉r❞❡ ❞✐❡ ❚♦❋✲❑❛♠❡r❛ ♠✐t ❍✐❧❢❡ ❞❡s ❯❙❇✲❆❞❛♣t❡rs ♠✐t ▼❡ss♦❜❥❡❦t❡♥ ✉♥t❡r✲

s❝❤✐❡❞❧✐❝❤❡r ❋❛r❜❡♥✱ ❋♦r♠❡♥✱ ●röÿ❡♥ ✉♥❞ ❖r✐❡♥t✐❡r✉♥❣❡♥ ❣❡t❡st❡t✳ ❱❡r✇❡♥❞❡t ✇✉r❞❡♥

❤✐❡r❜❡✐ ✈✐❡r s❝❤✇❛r③❡✱ ✸❉✲❣❡❞r✉❝❦t❡ ▼❡ss♦❜❥❡❦t❡✱ s♦✇✐❡ ❞✐✈❡rs❡ P❧❛tt❡♥ ✭✺✵ ♠♠ ① ✺✵ ♠♠

① ✷ ♠♠✮ ❬✶✻❪ ❛✉s ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡♥ ▼❛t❡r✐❛❧✐❡♥ ❛✉s ❞❡♠ ❖❜❥❡❦ts♦rt✐♠❡♥t ❞❡r ❋✐r♠❛ ❋❡st♦

❉✐❞❛❝t✐❝ ●♠❜❍ ✫ ❈♦✳ ❑● ❬✶✺❪✳

❉✐❡ ✈✐❡r ✸❉✲❣❡❞r✉❝❦t❡♥ ▼❡ss♦❜❥❡❦t ✇❡r❞❡♥ ✐♠ ❢♦❧❣❡♥❞❡♥ ❛❧s ▼❡ss♦❜❥❡❦t ✶✲✹ ❜❡③❡✐❝❤♥❡t✿

• ▼❡ss♦❜❥❡❦t ✶✿ q✉❛❞r❛t✐s❝❤❡r ◗✉❡rs❝❤♥✐tt✱ ❇r❡✐t❡ ✶✵ ♠♠✱ ❍ö❤❡ ✸✸ ♠♠

• ▼❡ss♦❜❥❡❦t ✷✿ q✉❛❞r❛t✐s❝❤❡r ◗✉❡rs❝❤♥✐tt✱ ❇r❡✐t❡ ✺ ♠♠✱ ❍ö❤❡ ✸✸ ♠♠

• ▼❡ss♦❜❥❡❦t ✸✿ r✉♥❞❡r ◗✉❡rs❝❤♥✐tt✱ ❉✉r❝❤♠❡ss❡r ✶✵ ♠♠✱ ❍ö❤❡ ✸✸ ♠♠

• ▼❡ss♦❜❥❡❦t ✹✿ r✉♥❞❡r ◗✉❡rs❝❤♥✐tt✱ ❉✉r❝❤♠❡ss❡r ✺ ♠♠✱ ❍ö❤❡ ✸✸ ♠♠

■♥ ❞❡♥ ❥❡✇❡✐❧✐❣❡♥ ❆❜❜✐❧❞✉♥❣❡♥ ✐st ❛✉❢ ❞❡r ❧✐♥❦❡♥ ❙❡✐t❡ ❞❛s ❇✐❧❞ ❞❡r ❙③❡♥❡ ❞❛r❣❡st❡❧❧t ✉♥❞

❛✉❢ ❞❡r r❡❝❤t❡♥ ❙❡✐t❡ ❞❛s ❊r❣❡❜♥✐s ❞❡s ♣✐①❡❧ s❝♦♣❡s✳ ❩✉r ❱❡r✇❡♥❞✉♥❣ ❞❡s ♣✐①❡❧ s❝♦♣❡s

✇❡r❞❡♥ ❡✐♥③❡❧♥❡ P✐①❡❧ ✐♠ ❇✐❧❞ ♠❛r❦✐❡rt✱ ③✉ ❡r❦❡♥♥❡♥ ❛♥ ❞❡r ✇❛❛❣❡r❡❝❤t❡♥✱ ✇❡✐ÿ❡♥ ▲✐♥✐❡

✉♥❞ ❞❡r❡♥ ❣❡♠❡ss❡♥❡ ❊♥t❢❡r♥✉♥❣s✇❡rt❡ ❞❛r❣❡st❡❧❧t✳ ❉❛ ❞✐❡ ❑❛♠❡r❛ ❜❡✐ ❞❡♥ ▼❡ss✉♥❣❡♥

❛✉❢ ❡✐♥❡♠ ❚✐s❝❤ ❧❛❣✱ ✐st ❞❡r ❢❛r❜❧✐❝❤❡ ❇❡r❡✐❝❤✱ ✇❡❧❝❤❡r s✐❝❤ ✐♥ ❡t✇❛ ü❜❡r ❞✐❡ ✉♥t❡r❡ ❍ä❧❢t❡

❞❡s ❇✐❧❞❡s ❡rstr❡❝❦t ❛✉❢ ❞❡♥ ❚✐s❝❤ ③✉rü❝❦③✉❢ü❤r❡♥✳

❉✐❡ ❉♦❦✉♠❡♥t❛t✐♦♥ ❡♥t❤ä❧t ❦❡✐♥❡ ▲❡❣❡♥❞❡ ❞❡r ❋❛r❜❣❡❜✉♥❣✱ ❞✐❡s❡ ❦❛♥♥ ♠✐t ❍✐❧❢❡ ❞❡s

❙♦✉r❝❡✲❈♦❞❡s ❞❡r ●❯■ ✐♥t❡r♣r❡t✐❡rt ✇❡r❞❡♥✳ ❊✐♥❡ ✈✐♦❧❡tt❡ ❋är❜✉♥❣ ✇✐❡ ❛♠ ✉♥t❡r❡♥ ❘❛♥❞

✈♦♥ ❆❜❜✳ ✻✳✶ ❞❡✉t❡t ❛✉❢ ❡✐♥❡ P✐①❡❧sätt✐❣✉♥❣ ❤✐♥✱ ✇ä❤r❡♥❞ ❡✐♥❡ ❋är❜✉♥❣ ✐♥ ❡✐♥❡♠▼❛❣❡♥t❛✲

❚♦♥ ❡✐♥❡♥ ❆❉❈✲Ü❜❡r❧❛✉❢ ❛♥③❡✐❣t✳ ❉✐❡s❡ P✐①❡❧ ❦ö♥♥❡♥ ❛❧s♦ ♥✐❝❤t ③✉r ❊♥t❢❡r♥✉♥❣s❜❡st✐♠✲

♠✉♥❣ ❜❡tr❛❝❤t❡t ✇❡r❞❡♥✳

✸✾



✻ ❊✈❛❧✉❛t✐♦♥

❊①❛❦t❡ ❲❡rt❡ ❦♦♥♥t❡♥ ❛✉s ❞❡♠ ♣✐①❡❧ s❝♦♣❡ ♥✐❝❤t ♦❤♥❡ ❲❡✐t❡r❡s ❛✉s❣❡❧❡s❡♥ ✇❡r❞❡♥✱ s♦✲

❞❛ss ❞✐❡s❡ ❡❤❡r ❣r♦❜ ❛✉s ❞❡♠ P❧♦t ❛❜❣❡❧❡s❡♥ ✇❡r❞❡♥✳ ❊①❛❦t❡ ❲❡rt❡ ✇❡r❞❡♥ ✐♥ s♣ät❡r❡♥

❇❡tr❛❝❤t✉♥❣❡♥ ♠✐t ❍✐❧❢❡ ❞❡s ▼✐❦r♦❝♦♥tr♦❧❧❡rs ❛✉s❣❡❧❡s❡♥✳

■♥ ❞❡r ❇✐❧❞✉♥t❡rs❝❤r✐❢t ✐st ❥❡✇❡✐❧s ❛✉❝❤ ❞✐❡ ✈❡r✇❡♥❞❡t❡ ✐♥t❡❣r❛t✐♦♥ t✐♠❡ ❛✉❢❣❡❢ü❤rt✳

❆❜❜✳ ✻✳✶ ③❡✐❣t ❞✐❡ ❆✉❢♥❛❤♠❡ ✈♦♥ ▼❡ss♦❜❥❡❦t ✶ ✐♠ ❆❜st❛♥❞ ✈♦♥ ✵✱✺ ♠✱ ❛✉❢❣❡♥♦♠♠❡♥ ♠✐t

❡✐♥❡r ✐♥t❡❣r❛t✐♦♥ t✐♠❡ ✈♦♥ ✶✵✺ µs✳

❆❜❜✐❧❞✉♥❣ ✻✳✶✿ ▼❡ss♦❜❥❡❦t ✶✱ ✵✳✺ ♠✱ ✶✵✺ µs

❉✐❡ ❣❡♠❡ss❡♥❡♥ ❆❜st❛♥❞s✇❡rt❡ ❜❡✇❡❣❡♥ s✐❝❤ ✐♥ ❡t✇❛ ③✇✐s❝❤❡♥ ✷✼✺ ♠♠ ✉♥❞ ✹✽✵ ♠♠✳

❆❜❜✳ ✻✳✷ ③❡✐❣t ❞✐❡ ❆✉❢♥❛❤♠❡ ✈♦♥ ▼❡ss♦❜❥❡❦t ✷ ✐♠ ❆❜st❛♥❞ ✈♦♥ ✵✱✺ ♠✱ ❛✉❢❣❡♥♦♠♠❡♥ ♠✐t

❡✐♥❡r ✐♥t❡❣r❛t✐♦♥ t✐♠❡ ✈♦♥ ✶✵✺ µs✳

✹✵



✻ ❊✈❛❧✉❛t✐♦♥

❆❜❜✐❧❞✉♥❣ ✻✳✷✿ ▼❡ss♦❜❥❡❦t ✷✱ ✵✳✺ ♠✱ ✶✵✺ µs

❉✐❡ ❣❡♠❡ss❡♥❡♥ ❆❜st❛♥❞s✇❡rt❡ ❜❡✇❡❣❡♥ s✐❝❤ ✐♥ ❡t✇❛ ③✇✐s❝❤❡♥ ✷✺ ♠♠ ✉♥❞ ✶✸✵ ♠♠✳

❆❜❜✳ ✻✳✸ ③❡✐❣t ❞✐❡ ❆✉❢♥❛❤♠❡ ✈♦♥ ▼❡ss♦❜❥❡❦t ✸ ✐♠ ❆❜st❛♥❞ ✈♦♥ ✵✱✺ ♠✱ ❛✉❢❣❡♥♦♠♠❡♥ ♠✐t

❡✐♥❡r ✐♥t❡❣r❛t✐♦♥ t✐♠❡ ✈♦♥ ✶✵✺ µs✳

❆❜❜✐❧❞✉♥❣ ✻✳✸✿ ▼❡ss♦❜❥❡❦t ✸✱ ✵✳✺ ♠✱ ✶✵✺ µs

✹✶



✻ ❊✈❛❧✉❛t✐♦♥

❉✐❡ ❣❡♠❡ss❡♥❡♥ ❆❜st❛♥❞s✇❡rt❡ ❜❡✇❡❣❡♥ s✐❝❤ ✐♥ ❡t✇❛ ✐♠ ❇❡r❡✐❝❤ ✈♦♥ ✶✻✵ ♠♠✳

❆❜❜✳ ✻✳✹ ③❡✐❣t ❞✐❡ ❆✉❢♥❛❤♠❡ ✈♦♥ ▼❡ss♦❜❥❡❦t ✹ ✐♠ ❆❜st❛♥❞ ✈♦♥ ✵✱✺ ♠✱ ❛✉❢❣❡♥♦♠♠❡♥ ♠✐t

❡✐♥❡r ✐♥t❡❣r❛t✐♦♥ t✐♠❡ ✈♦♥ ✶✵✺ µs✳

❆❜❜✐❧❞✉♥❣ ✻✳✹✿ ▼❡ss♦❜❥❡❦t ✹✱ ✵✳✺ ♠✱ ✶✵✺ µs

❉✐❡ ❣❡♠❡ss❡♥❡♥ ❆❜st❛♥❞s✇❡rt❡ ❜❡✇❡❣❡♥ s✐❝❤ ✐♥ ❡t✇❛ ✐♠ ❇❡r❡✐❝❤ ✈♦♥ ✻✵ ♠♠✳

❉✐❡s❡ ✈✐❡r ▼❡ss✉♥❣❡♥ ✇❡✐s❡♥ ③✉♠ ❚❡✐❧ s❡❤r ❣r♦ÿ❡ r❡❧❛t✐✈❡ ❋❡❤❧❡r ❛✉❢✳ ❊s ♠✉ss ❛❧❧❡r❞✐♥❣s

❡r✇ä❤♥t ✇❡r❞❡♥✱ ❞❛ss ❞✐❡ ✈❡r✇❡♥❞❡t❡♥ ❖❜❥❡❦t❡ s❡❤r ❦❧❡✐♥ s✐♥❞✳ ❉❡r❛rt ❦❧❡✐♥❡ ❖❜❥❡❦t❡ ❛✉❢

❦✉r③❡ ❉✐st❛♥③❡♥ ③✉ ❞❡t❡❦t✐❡r❡♥ ✐st ❦❡✐♥❡ t②♣✐s❝❤❡ Pr♦❜❧❡♠st❡❧❧✉♥❣ ✐♥ ❞❡r ❆♥✇❡♥❞✉♥❣ ❛❧s

❍✐❧❢s♠✐tt❡❧ ❢ür ❜❧✐♥❞❡ ✉♥❞ s❡❤❜❡❤✐♥❞❡rt❡ ▼❡♥s❝❤❡♥✳ ❍✐❡r❢ür s✐♥❞ ❡❤❡r ❣röÿ❡r❡ ❖❜❥❡❦t❡✱

✐♥ ❞❡r ●röÿ❡♥♦r❞♥✉♥❣ ✈♦♥ P❢ä❤❧❡♥ ♦❞❡r ä❤♥❧✐❝❤❡♠✱ r❡❧❡✈❛♥t✳ ❉✐❡ ③✉✈♦r ❞❛r❣❡st❡❧❧t❡♥

▼❡ss✉♥❣❡♥ s✐♥❞ ❛❧s♦ ❡❤❡r ❊①tr❡♠❢ä❧❧❡✱ ♠✐t ❞❡r❡♥ ❍✐❧❢❡ ❜❡st✐♠♠t ✇❡r❞❡♥ s♦❧❧t❡✱ ✇✐❡ ❣r♦ÿ

❖❜❥❡❦t❡ ü❜❡r❤❛✉♣t s❡✐♥ ♠üss❡♥ ✉♠ ❞❡t❡❦t✐❡rt ✇❡r❞❡♥ ③✉ ❦ö♥♥❡♥✳ ❊s ✐st ❛❧s♦ ♣♦s✐t✐✈ ③✉

❜❡♠❡r❦❡♥✱ ❞❛ss ❖❜❥❡❦t ♠✐t s♦❧❝❤ ❡✐♥❡r ❦❧❡✐♥❡♥ ●röÿ❡✱ ③✉♠✐♥❞❡st ✐♠ ❆❜st❛♥❞ ✈♦♥ ✵✱✺ ♠

③✉✈❡r❧äss✐❣ ❡r❦❛♥♥t ✇❡r❞❡♥ ❦ö♥♥❡♥✱ ✇❡♥♥❣❧❡✐❝❤ ❞❡r❡♥ ❆❜st❛♥❞s❜❡st✐♠♠✉♥❣ s✐❝❤ ❛❧s s❡❤r

✉♥❣❡♥❛✉ ❡r✇✐❡s❡♥ ❤❛t✳

❯♠ ❞❡♥ ❋❛❧❧ ❡✐♥❡s ▲❛t❡r♥❡♥♣❢❛❤❧s ♦❞❡r ✈❡r❣❧❡✐❝❤❜❛r❡r ❍✐♥❞❡r♥✐ss❡ ③✉ t❡st❡♥ ✇✉r❞❡ ❡✐♥❡

P❛♣♣r♦❧❧❡ ❛✉s ❡✐♥❡r ❤❛♥❞❡❧sü❜❧✐❝❤❡♥ ❑ü❝❤❡♥tü❝❤❡r✲❘♦❧❧❡ ♠✐t ❡✐♥❡♠ ❉✉r❝❤♠❡ss❡r ✈♦♥ ✹✹

♠♠ ❛❧s ❚❡st♦❜❥❡❦t ✈❡r✇❡♥❞❡t✳ ❉✐❡s❡s ✈❡r❢ü❣t ③✇❛r ♥✐❝❤t ü❜❡r ❡✐♥ ✐♠ ❙tr❛ÿ❡♥✈❡r❦❡❤r

ü❜❧✐❝❤❡r✇❡✐s❡ ✈❡r✇❡♥❞❡t❡s ▼❛t❡r✐❛❧✱ ❛❧❧❡r❞✐♥❣s ü❜❡r ❡✐♥❡ ❞✉r❝❤❛✉s r❡❧❡✈❛♥t❡ ❋♦r♠✳

✹✷



✻ ❊✈❛❧✉❛t✐♦♥

❆❜❜✳ ✻✳✺ ③❡✐❣t ❞✐❡ ❆✉❢♥❛❤♠❡ ❞❡r ❣❡♥❛♥♥t❡♥ ❘♦❧❧❡ ✐♠ ❆❜st❛♥❞ ✈♦♥ ✵✱✺ ♠✱ ❛✉❢❣❡♥♦♠♠❡♥

♠✐t ❡✐♥❡r ✐♥t❡❣r❛t✐♦♥ t✐♠❡ ✈♦♥ ✶✵✺ µs✳

❆❜❜✐❧❞✉♥❣ ✻✳✺✿ P❛♣♣r♦❧❧❡✱ ✵✳✺ ♠✱ ✶✵✺ µs

❲✐❡ ❜❡✐ ❡✐♥❡♠ r✉♥❞❡♥ ❖❜❥❡❦t ③✉ ❡r✇❛rt❡♥✱ ❣❡❤❡♥ ❞✐❡ ▼❡ss✇❡rt❡ ❛♥ ❞❡♥ ❘❛♥❞❜❡r❡✐❝❤❡♥

❡t✇❛s ❛✉s❡✐♥❛♥❞❡r✳ ■♠ ❩❡♥tr✉♠ ❧✐❡❣❡♥ ❞✐❡ ❆❜st❛♥❞s✇❡rt❡ ✐♥ ❡t✇❛ ③✇✐s❝❤❡♥ ✸✼✺ ♠♠ ✉♥❞

✸✾✵ ♠♠✳

❆❜❜✳ ✻✳✻ ③❡✐❣t ❞✐❡ ❆✉❢♥❛❤♠❡ ❞❡r ❣❡♥❛♥♥t❡♥ ❘♦❧❧❡ ✐♠ ❆❜st❛♥❞ ✈♦♥ ✶ ♠ ❛✉❢❣❡♥♦♠♠❡♥

♠✐t ❡✐♥❡r ✐♥t❡❣r❛t✐♦♥ t✐♠❡ ✈♦♥ ✶✵✺ µs✳

✹✸



✻ ❊✈❛❧✉❛t✐♦♥

❆❜❜✐❧❞✉♥❣ ✻✳✻✿ P❛♣♣r♦❧❧❡✱ ✶ ♠✱ ✶✵✺ µs

❉✐❡ ❣❡♠❡ss❡♥❡♥ ❲❡rt❡ ❧✐❡❣❡♥ ❡t✇❛ ③✇✐s❝❤❡♥ ✻✺✵ ♠♠ ✉♥❞ ✽✹✺ ♠♠✳

✻✳✷ ▼❡ss✉♥❣❡♥ ♠✐t ▼✐❦r♦❝♦♥tr♦❧❧❡r ✉♥❞ ▼❛t❧❛❜

■♥ ❞❡♥ ♥❛❝❤❢♦❧❣❡♥❞❡♥ ❇❡tr❛❝❤t✉♥❣❡♥ ✇✐r❞ ❞✐❡ ❚♦❋✲❑❛♠❡r❛ ♠✐t ❍✐❧❢❡ ❞❡s ✈❡r✇❡♥❞❡t❡♥

▼✐❦r♦❝♦♥tr♦❧❧❡rs ❛✉s❣❡✇❡rt❡t ✉♥❞ ❞✐❡ ❉❛t❡♥ ♣❡r s❡r✐❡❧❧❡r ❙❝❤♥✐ttst❡❧❧❡ ❛♥ ❡✐♥❡ P❈ ü❜❡r✲

tr❛❣❡♥✳ ❉♦rt ✇❡r❞❡♥ ❞✐❡ ❉❛t❡♥ ❛✉❢❜❡r❡✐t❡t ✉♥❞ ✈✐s✉❛❧✐s✐❡rt✳ ❊✐♥✐❣❡ ❞❡r ✈♦r❤❡r✐❣❡♥ ▼❡ss✉♥✲

❣❡♥ ✇❡r❞❡♥ ❛✉❢ ❞✐❡s❡ ❆rt ✇✐❡❞❡r❤♦❧t✳ ❇❡✐ ❞❡♥ ❢♦❧❣❡♥❞❡♥ ▼❡ss✉♥❣❡♥ ✇✉r❞❡ ❡①❡♠♣❧❛r✐s❝❤

❥❡✇❡✐❧s ❡✐♥ P✐①❡❧ ❛♥❣❡✇ä❤❧t✱ ❞❡r s✐❝❤ ✐♥ ❡t✇❛ ♠✐tt✐❣ ❛✉❢ ❞❡♠ ❛✉❢❣❡♥♦♠♠❡♥❡♥ ❖❜❥❡❦t ❜❡✲

✜♥❞❡t ✉♥❞ ❞❡ss❡♥ ❦♦♥❦r❡t❡r ❆❜st❛♥❞s✇❡rt ❛♥❣❡③❡✐❣t ✇✐r❞✳ ❍✐❡r❜❡✐ ✐st ③✉ ❜❡❛❝❤t❡♥✱ ❞❛ss ❥❡

♥❛❝❤ ❋♦r♠ ✉♥❞ ❖r✐❡♥t✐❡r✉♥❣ ❞✐❡ ✉♠❧✐❡❣❡♥❞❡♥ P✐①❡❧ ❛❜✇❡✐❝❤❡♥❞❡ ❲❡rt❡ ❡♥t❤❛❧t❡♥ ❦ö♥♥❡♥✳

■♥ ❞❡r ❣❡✇ä❤❧t❡♥ ❉❛rst❡❧❧✉♥❣ ✇❛r❡♥ ❛❧❧❡r❞✐♥❣s ♠❡❤r❡r❡ ③❡✐t❣❧❡✐❝❤ ❛♥❣❡③❡✐❣t❡ P✐①❡❧✇❡rt❡

s❝❤❧❡❝❤t ③✉ ❡r❦❡♥♥❡♥✳

❉❛s ✈❡r✇❡♥❞❡t❡ ▼❛t❧❛❜✲❙❦r✐♣t st❡❧❧t ❞✐❡ ❑❛♠❡r❛❜✐❧❞❡r ❛❧s ✸❉✲❙❝❛tt❡r♣❧♦t ❞❛r✳ ❋ür ❞✐❡

❢♦❧❣❡♥❞❡♥ ❆❜❜✐❧❞✉♥❣❡♥ ✻✳✼✱ ✻✳✽✱ ✻✳✾ ✉♥❞ ✻✳✶✵✱ ❞❡r ▼❡ss♦❜❥❡❦t❡ ✶✲✹✱ ✇✉r❞❡♥ ❞✐❡ ✸❉✲P❧♦ts

❢r♦♥t❛❧ ❜❡tr❛❝❤t❡t ✉♠ ♠✐t ❍✐❧❢❡ ❞❡r ❋❛r❜❧❡❣❡♥❞❡ ❞✐❡ ❊♥t❢❡r♥✉♥❣❡♥ ❜❡ss❡r ❡✐♥s❝❤ät③❡♥ ③✉

❦ö♥♥❡♥✳

✹✹



✻ ❊✈❛❧✉❛t✐♦♥

❆❜❜✐❧❞✉♥❣ ✻✳✼✿ ▼❡ss♦❜❥❡❦t ✶✱ ✵✳✺ ♠✱ ✶✵✺ µs✱ ▼❛t❧❛❜✲P❧♦t

❆❜❜✐❧❞✉♥❣ ✻✳✽✿ ▼❡ss♦❜❥❡❦t ✷✱ ✵✳✺ ♠✱ ✶✵✺ µs✱ ▼❛t❧❛❜✲P❧♦t

✹✺



✻ ❊✈❛❧✉❛t✐♦♥

❆❜❜✐❧❞✉♥❣ ✻✳✾✿ ▼❡ss♦❜❥❡❦t ✸✱ ✵✳✺ ♠✱ ✶✵✺ µs✱ ▼❛t❧❛❜✲P❧♦t

❆❜❜✐❧❞✉♥❣ ✻✳✶✵✿ ▼❡ss♦❜❥❡❦t ✹✱ ✵✳✺ ♠✱ ✶✵✺ µs✱ ▼❛t❧❛❜✲P❧♦t

❉✐❡ ❆❜❜✳ ✻✳✶✶✱ ✻✳✶✷✱ ✻✳✶✸ ✉♥❞ ✻✳✶✹ ③❡✐❣❡♥ ❞✐❡ ▼❡ss❡r❣❡❜♥✐ss❡ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡r ❑✉♥st✲

st♦✛♣❧❛tt❡♥ ❛✉s ❞❡♠ ❋❡st♦✲❖❜❥❡❦ts♦rt✐♠❡♥t ✐♠ ❆❜st❛♥❞ ✈♦♥ ✵✱✺ ♠✳ ❆✉❢❣r✉♥❞ ❞❡r ❤♦❤❡♥

❞✐r❡❦t❡♥ ❘❡✢❡❦t✐♦♥ ❞❡r ❖❜❥❡❦t❡✱ ♠✉ss ❛✉❢ ❞✐❡ ❦✉r③❡ ❉✐st❛♥③ ✈♦♥ ✵✱✺ ♠ ❡✐♥❡ ❦❧❡✐♥❡ ✐♥t❡❣r❛✲

t✐♦♥ t✐♠❡ ❣❡✇ä❤❧t ✇❡r❞❡♥✱ ✉♠ ❞✐❡ P✐①❡❧sätt✐❣✉♥❣ ✉♥❞ ❆❉❈✲Ü❜❡r❧ä✉❢❡ ③✉ ♠✐♥✐♠✐❡r❡♥✳

❇✐s ❛✉❢ ❞❡♥ tr❛♥s♣❛r❡♥t❡♥ ❑✉♥stst♦✛ ✇✉r❞❡♥ ❛❧❧❡ ❑✉♥stst♦✛♣❧❛tt❡♥ ♠✐t ❡✐♥❡r ✐♥t❡❣r❛t✐♦♥

t✐♠❡ ✈♦♥ ✶✵ µs ❛✉❢❣❡♥♦♠♠❡♥✳

✹✻



✻ ❊✈❛❧✉❛t✐♦♥

❆❜❜✐❧❞✉♥❣ ✻✳✶✶✿ ❑✉♥stst♦✛ ❜❧❛✉✱ ✵✳✺ ♠✱ ✶✵ µs

❆❜❜✐❧❞✉♥❣ ✻✳✶✷✿ ❑✉♥stst♦✛ r♦t✱ ✵✳✺ ♠✱ ✶✵ µs

✹✼



✻ ❊✈❛❧✉❛t✐♦♥

❆❜❜✐❧❞✉♥❣ ✻✳✶✸✿ ❑✉♥stst♦✛ s❝❤✇❛r③✱ ✵✳✺ ♠✱ ✶✵ µs

❆❜❜✐❧❞✉♥❣ ✻✳✶✹✿ ❑✉♥stst♦✛ tr❛♥s♣❛r❡♥t✱ ✵✳✺ ♠✱ ✸✺ µs

❙❝❤✇✐❡r✐❣❦❡✐t❡♥ ③❡✐❣t❡♥ s✐❝❤ ❜❡✐ ❞❡r P♦s✐t✐♦♥✐❡r✉♥❣ ❞❡r ▼❡ss♦❜❥❡❦t❡✱ ❞❛ ❞✐❡ ❖r✐❡♥t✐❡r✉♥❣

❣r♦ÿ❡ ❆✉s✇✐r❦✉♥❣❡♥ ❛✉❢ ❞✐❡ ❣❡♠❡ss❡♥❡♥ ❊r❣❡❜♥✐ss❡ ❤❛t✳ ❇❡✐♠ tr❛♥s♣❛r❡♥t❡♥ ❑✉♥stst♦✛

✇✉r❞❡♥ ❡✐♥❡ ✐♥t❡❣r❛t✐♦♥ t✐♠❡ ✈♦♥ ✸✺ µs ❣❡✇ä❤❧t✱ ❞❛ ❞✐❡s❡s ❖❜❥❡❦t ❛♥s♦♥st❡♥ ❛✉❢❣r✉♥❞

❞❡r ♦♣t✐s❝❤❡♥ ❉✉r❝❤❧äss✐❣❦❡✐t ❜❡✐ ♥✐❡❞r✐❣❡r❡♥ ❲❡rt❡♥ ❞❡r ✐♥t❡❣r❛t✐♦♥ t✐♠❡ ❦❛✉♠ ③✉ ❡r✲

❦❡♥♥❡♥ ✇❛r✳ ❆♥❤❛♥❞ ❞❡r ✈♦r❧✐❡❣❡♥❞❡♥ ❊r❣❡❜♥✐ss❡ ❧❛ss❡♥ s✐❝❤ ♥✉r t❡✐❧✇❡✐s❡ ❘ü❝❦s❝❤❧üss❡

❛✉❢ ❞❡♥ ❊✐♥✢✉ss ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡r ❋❛r❜❡♥ ③✐❡❤❡♥✳ ❉✐❡ ❣❡♠❡ss❡♥❡♥ ❆❜st❛♥❞s✇❡rt❡ ❧✐❡❣❡♥

✹✽



✻ ❊✈❛❧✉❛t✐♦♥

❜❡✐ ❛❧❧❡♥ ▼❡ss✉♥❣❡♥ ✉♠ ✇❡♥✐❣❡ ❩❡♥t✐♠❡t❡r ❆❜✇❡✐❝❤✉♥❣ ❜❡✐❡✐♥❛♥❞❡r✳ ❉✐❡s ❧❡❣t ③✉♥ä❝❤st

❞✐❡ ❱❡r♠✉t✉♥❣ ♥❛❤❡✱ ❞❛ss ❞✐❡ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡♥ ❋❛r❜❡♥ ❦❡✐♥❡♥ s✐❣♥✐✜❦❛♥t❡♥ ❊✐♥✢✉ss ❛✉❢

❞✐❡ ▼❡ss✉♥❣❡♥ ❤❛❜❡♥✳ ❆✉✛ä❧❧✐❣ ✐st ❞✐❡ ✇❡♥✐❣❡r ❦❧❛r❡ ❑♦♥t✉r ❞❡s s❝❤✇❛r③❡♥ ▼❡ss♦❜❥❡❦ts✱

❛❧❧❡r❞✐♥❣s ♠✉ss ❤✐❡r ❛✉❝❤ ❞✐❡ ❡r✇ä❤♥t❡ ❤♦❤❡ ❆♥❢ä❧❧✐❣❦❡✐t ❣❡❣❡♥ü❜❡r ❛❜✇❡✐❝❤❡♥❞❡r ❖r✐❡♥✲

t✐❡r✉♥❣ ❜❡rü❝❦s✐❝❤t✐❣t ✇❡r❞❡♥✳ ❆✉❢❣r✉♥❞ ❞❡r ❜❡❣r❡♥③t❡♥ ▼ö❣❧✐❝❤❦❡✐t❡♥ ❞✐❡ ▼❡ss♦❜❥❡❦t❡

♣rä③✐s❡ ❛✉s③✉r✐❝❤t❡♥✱ ❧❛ss❡♥ s✐❝❤ ❞✐❡ ❊r❣❡❜♥✐ss❡ ❛❧s♦ ♥✉r ✐♥ ❣❡✇✐ss❡♥ ●r❡♥③❡♥ ✈❡r❧äss❧✐❝❤

♠✐t❡✐♥❛♥❞❡r ❱❡r❣❧❡✐❝❤❡♥✳

❊s ③❡✐❣t❡ s✐❝❤ ✇ä❤r❡♥❞ ❞❡r ▼❡ss✉♥❣❡♥✱ ❞❛ss st❛r❦ ❞✐r❡❦t r❡✢❡❦t✐❡r❡♥❞❡♥ ❖❜❥❡❦t❡✱ ❥❡ ♥❛❝❤

❊♥t❢❡r♥✉♥❣✱ ❜❡r❡✐ts ❜❡✐ ✇❡♥✐❣❡♥ ●r❛❞ ❱❡r❞r❡❤✉♥❣ ✉♠ ❞✐❡ ✈❡rt✐❦❛❧❡ ❆❝❤s❡ ❦♦♠♣❧❡tt ❛✉s

❞❡♠ ❛✉❢❣❡♥♦♠♠❡♥❡♥ ❇✐❧❞ ✈❡rs❝❤✇✐♥❞❡♥✳

❉✐❡ ❞✉r❝❤❣❡❢ü❤rt❡♥ ▼❡ss✉♥❣❡♥ ♠✐t ❞❡♠ tr❛♥s♣❛r❡♥t❡♥ ❑✉♥stst♦✛ s♣r❡❝❤❡♥ ❢ür ❞✐❡ ♥❛❤❡✲

❧✐❡❣❡♥❞❡ ❱❡r♠✉t✉♥❣✱ ❞❛ss tr❛♥s♣❛r❡♥t❡ ❖❜❥❡❦t❡ ❡✐♥ Pr♦❜❧❡♠ ❢ür ❞✐❡ ▼❡ss✉♥❣❡♥ ♠✐t ❞❡r

❚♦❋✲❑❛♠❡r❛ ❞❛rst❡❧❧❡♥ ❦ö♥♥❡♥✳

▼❡ss✉♥❣❡♥ ❛♥ ❋❡♥st❡rs❝❤❡✐❜❡♥ ③❡✐❣t❡♥✱ ❞❛ss ❛✉❢❣r✉♥❞ ❞❡r ❤♦❤❡♥ ❘❡✢❡❦t✐♦♥ ❜❡✐ ❞✐r❡❦t❡r

❇❡❧✐❝❤t✉♥❣✱ ❧❡✐❝❤t ❆❉❈✲Ü❜❡r❧ä✉❢❡ ✉♥❞ P✐①❡❧sätt✐❣✉♥❣ ✐♥ ❞❡r ▼✐tt❡ ❞❡s ❇✐❧❞❡s ❛✉❢tr❡t❡♥✱

❛♥ ❞❡♥ ❘❛♥❞❜❡r❡✐❝❤❡♥ ❛❧❧❡r❞✐♥❣s ❡✐♥ ●r♦ÿt❡✐❧ ❞❡s ▲✐❝❤t❡s ✇❡❣ r❡✢❡❦t✐❡rt ✇✐r❞✳ ❋❡♥st❡r✲

s❝❤❡✐❜❡♥ s✐♥❞ ❛❧s♦ ❛✉s ❡✐♥❡♠ ❇✐❧❞ ❞❡r ❚♦❋✲❑❛♠❡r❛ ♥✐❝❤t ♦❤♥❡ ✇❡✐t❡r❡s ❛❧s s♦❧❝❤❡ ③✉

❡r❦❡♥♥❡♥✳ ❊✐♥❡ ❑♦♠❜✐♥❛t✐♦♥ ③✳❇ ♠✐t ❡✐♥❡♠ ❯❧tr❛s❝❤❛❧❧s❡♥s♦r ✇ür❞❡ ❤✐❡r ✈♦r❛✉ss✐❝❤t❧✐❝❤

❞❛s Pr♦❜❧❡♠ ❞❡r ❘❛♥❞❜❡r❡✐❝❤❡ ♥✐❝❤t ❧ös❡♥✱ ❞❛ ❛✉❝❤ ❞❡r ❙❝❤❛❧❧ ❜❡✐ ③✉ ❣r♦ÿ❡♥ ❲✐♥❦❡❧♥ ✇❡❣

r❡✢❡❦t✐❡rt ✇ür❞❡✳ ❆❧❧❡r❞✐♥❣s ❦ö♥♥t❡ ❞❛s Pr♦❜❧❡♠ ❞❡r ❆❉❈✲Ü❜❡r❧ä✉❢❡ ✉♥❞ P✐①❡❧sätt✐❣✉♥✲

❣❡♥ ✐♥ ❞❡♥ ❢r♦♥t❛❧ ❜❡❧❡✉❝❤t❡t❡♥ ❇❡r❡✐❝❤ ❞✉r❝❤ ❯❧tr❛s❝❤❛❧❧s❡♥s♦r❡♥ ❛✉s❣❡❣❧✐❝❤❡♥ ✇❡r❞❡♥✳

●❧❡✐❝❤❡s ❣✐❧t ❢ür ❞❛s Pr♦❜❧❡♠ ❞❡r ♦♣t✐s❝❤❡♥ ❉✉r❝❤❧äss✐❣❦❡✐t✱ ❞❛ ❞❡r ❙❝❤❛❧❧✱ ✐♠ ●❡❣❡♥s❛t③

③✉♠ ▲✐❝❤t✱ ❡✐♥ tr❛♥s♣❛r❡♥t❡s ❖❜❥❡❦t ♥✐❝❤t ♥❡♥♥❡♥s✇❡rt ❞✉r❝❤❞r✐♥❣❡♥ ❞ür❢t❡✳

❉✐❡ ❆❜❜✳ ✻✳✶✺✱ ✻✳✶✻ ✉♥❞ ✻✳✶✼ ③❡✐❣❡♥ ❡✐♥❡ ❍♦❧③♣❧❛tt❡ ❛✉s ❞❡♠ ❋❡st♦✲❖❜❥❡❦ts♦rt✐♠❡♥t ✐♥

✈❡rs❝❤✐❡❞❡♥❡♥ ❆❜stä♥❞❡♥✱ ❜❡✐ ❡✐♥❡r ✐♥t❡❣r❛t✐♦♥ t✐♠❡ ✈♦♥ ✺✺ µs✳

✹✾



✻ ❊✈❛❧✉❛t✐♦♥

❆❜❜✐❧❞✉♥❣ ✻✳✶✺✿ ❍♦❧③✱ ✵✳✺ ♠✱ ✺✺ µs

❆❜❜✐❧❞✉♥❣ ✻✳✶✻✿ ❍♦❧③✱ ✶ ♠✱ ✺✺ µs

✺✵



✻ ❊✈❛❧✉❛t✐♦♥

❆❜❜✐❧❞✉♥❣ ✻✳✶✼✿ ❍♦❧③✱ ✷ ♠✱ ✺✺ µs

❆✉❢❣r✉♥❞ ❞❡r ❖❜❡r✢ä❝❤❡♥❜❡s❝❤❛✛❡♥❤❡✐t ❞❡r ❍♦❧③♣❧❛tt❡✱ ❤❛♥❞❡❧t ❡s s✐❝❤ ❤✐❡r ❡❤❡r ✉♠

❞✐✛✉s❡ ❘❡✢❡❦t✐♦♥✳ ❉❛❞✉r❝❤ tr❡t❡♥ ✇❡♥✐❣❡r ❆❉❈✲Ü❜❡r❧ä✉❢❡ ✉♥❞ P✐①❡❧sätt✐❣✉♥❣❡♥ ❛✉❢ ✉♥❞

❞❛s ▲✐❝❤t ✇✐r❞ ❜❡✐ ❦❧❡✐♥❡r❡♥ ❱❡r❞r❡❤✉♥❣❡♥ ❞❡s ▼❡ss♦❜❥❡❦ts ✇❡♥✐❣❡r st❛r❦ ✇❡❣ r❡✢❡❦t✐❡rt✱

s♦❞❛ss ❤✐❡r ③✉✈❡r❧äss✐❣❡r❡ ▼❡ss❡r❣❡❜♥✐ss❡ ❡rr❡✐❝❤t ✇❡r❞❡♥ ❦ö♥♥❡♥✳

❉✐❡ P❛♣♣r♦❧❧❡ ❦❛♠✱ ✇✐❡ ❞✐❡ ▼❡ss♦❜❥❡❦t❡ ✶✲✹✱ ♥♦❝❤ ❡✐♥ ③✇❡✐t❡s ▼❛❧ ❛❧s ▼❡ss♦❜❥❡❦t ③✉♠

❊✐♥s❛t③✳ ❆❜❜✳ ✻✳✶✽✱ ❆❜❜✳ ✻✳✶✾ ✉♥❞ ❆❜❜✳ ✻✳✷✵ ③❡✐❣❡♥ ❞✐❡ ❛✉❢❣❡♥♦♠♠❡♥❡♥ ❇✐❧❞❡r ❛❧s ▼❛t❧❛❜✲

P❧♦t✳

✺✶



✻ ❊✈❛❧✉❛t✐♦♥

❆❜❜✐❧❞✉♥❣ ✻✳✶✽✿ P❛♣♣r♦❧❧❡✱ ✵✳✺ ♠✱ ✸✺ µs✱ ▼❛t❧❛❜✲P❧♦t

❆❜❜✐❧❞✉♥❣ ✻✳✶✾✿ P❛♣♣r♦❧❧❡✱ ✶ ♠✱ ✶✵✺ µs✱ ▼❛t❧❛❜✲P❧♦t

✺✷



✻ ❊✈❛❧✉❛t✐♦♥

❆❜❜✐❧❞✉♥❣ ✻✳✷✵✿ P❛♣♣r♦❧❧❡✱ ✷ ♠✱ ✶✵✺ µs✱ ▼❛t❧❛❜✲P❧♦t

■♠ ❆❜st❛♥❞ ✈♦♥ ✵✱✺ ♠ ✉♥❞ ✶ ♠ s❝❤❡✐♥❡♥ ❞✐❡ ❊♥t❢❡r♥✉♥❣s✇❡rt❡ ♥❛❤ ❛♥ ❞❡r t❛tsä❝❤❧✐❝❤❡♥

❊♥t❢❡r♥✉♥❣ ③✉ ❧✐❡❣❡♥✳ ❇❡✐♠ ❆❜st❛♥❞ ✈♦♥ ✷ ♠ ❡r❣❡❜❡♥ s✐❝❤ ✈❡r❣❧❡✐❝❤s✇❡✐s❡ ❣r♦ÿ❡ ❆❜✇❡✐✲

❝❤✉♥❣❡♥✳ ❉✐❡ r✉♥❞❡ ❋♦r♠ s♣✐❡❧t ❤✐❡r ✈❡r♠✉t❧✐❝❤ ❡✐♥❡ ✇✐❝❤t✐❣❡ ❘♦❧❧❡ ✉♥❞ ❜❡❣ü♥st✐❣t✱ ❞❛ss

❞❛s ❖❜❥❡❦t ❜❡✐ ❣röÿ❡r❡♥ ❆❜stä♥❞❡♥ ✐♥ ❞❡r ❉❛rst❡❧❧✉♥❣ ❞❡✉t❧✐❝❤ ✈❡rs❝❤✇✐♠♠t✳

❩✉❧❡t③t ✇✐r❞ ✐♥ ❆❜❜✳ ✻✳✷✶ ❡✐♥❡ ❆✉❢♥❛❤♠❡ ❡✐♥❡r P❡rs♦♥ ♠✐t s❝❤✇❛r③ ❜❡❦❧❡✐❞❡t❡♠ ❖❜❡r❦ör✲

♣❡r ✐♠ ❆❜st❛♥❞ ✈♦♥ ✷ ♠ ✉♥❞ ♠✐t ❡✐♥❡r ✐♥t❡❣r❛t✐♦♥ t✐♠❡ ✈♦♥ ✶✵✺ µs ❞❛r❣❡st❡❧❧t✳ ❉✐❡s♠❛❧

✇✉r❞❡♥ ❡①❡♠♣❧❛r✐s❝❤ ✶✹ P✐①❡❧ ❞❡r ❆✉❢♥❛❤♠❡ ❛✉s❣❡✇ä❤❧t ✉♥❞ ❞❡r❡♥ ❊♥t❢❡r♥✉♥❣s✇❡rt❡ ❛♥✲

❣❡③❡✐❣t✳ ❉❛❜❡✐ ✇✉r❞❡♥ ❜❡✇✉sst P✐①❡❧ ♠✐t ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡r ❋är❜✉♥❣ ❣❡✇ä❤❧t✱ ✉♠ ✐♥ ❡t✇❛

❛❜③✉s❝❤ät③❡♥ ✐♥ ✇❡❧❝❤❡♠ ❲❡rt❡❜❡r❡✐❝❤ ❞✐❡ ❜❡st✐♠♠t❡♥ ❊♥t❢❡r♥✉♥❣❡♥ s✐❝❤ ❜❡✇❡❣❡♥✳

✺✸



✻ ❊✈❛❧✉❛t✐♦♥

❆❜❜✐❧❞✉♥❣ ✻✳✷✶✿ P❡rs♦♥✱ ✷ ♠✱ ✶✵✺ µs

❉✐❡ ❤✐❡r ❜❡st✐♠♠t❡♥ ❆❜st❛♥❞s✇❡rt❡ ❧✐❡❣❡♥ ③✇✐s❝❤❡♥ ✷✱✵✺ ♠ ✉♥❞ ✷✱✷✼✽ ♠✳ ❉❡r ❣❡♠❡ss❡♥❡

❆❜st❛♥❞ ✐st ❜❡✐ ❞✐❡s❡♥ ❜❡tr❛❝❤t❡t❡♥ ❲❡rt❡♥ ❛❧s♦ ❜✐s ③✉ ❡t✇❛ ✷✽ ❝♠ ❣röÿ❡r ❛❧s ❡r✇❛rt❡t✳

❉✐❡ ❣röÿ❡r❡♥ ❆❜✇❡✐❝❤✉♥❣❡♥ s❝❤❡✐♥❡♥ ❤✐❡r ✈♦r ❛❧❧❡♠ ✐♥ ❞❡♥ ❘❛♥❞❜❡r❡✐❝❤❡♥ ❛✉❢③✉tr❡t❡♥✳

❆♥ ❞✐❡s❡r ❙t❡❧❧❡ ✇✉r❞❡♥ ✇✐❡ ❡r✇ä❤♥t ♥✉r ❡✐♥③❡❧♥❡ P✐①❡❧✇❡rt❡ ❜❡tr❛❝❤t❡t✳ ■♥ ❩✉❦✉♥❢t ❦ö♥♥✲

t❡♥ ♥❛❤ ❜❡✐❡✐♥❛♥❞❡r❧✐❡❣❡♥❞❡ P✐①❡❧ ③✉s❛♠♠❡♥❣❡❢❛sst ✇❡r❞❡♥✱ s♦❞❛ss ❖❜❥❡❦t❡ ❛❧s ❊✐♥❤❡✐t

❡r❢❛sst ✇❡r❞❡♥ ✉♥❞ ❡✐♥❡ ❆✉ss❛❣❡ ❞❛rü❜❡r✱ ✇✐❡ ✇❡✐t ❞❛s ❜❡tr❡✛❡♥❞❡ ❖❜❥❡❦t ✈❡r♠✉t❧✐❝❤

t❛tsä❝❤❧✐❝❤ ❡♥t❢❡r♥t ✐st✱ ❣❡tr♦✛❡♥ ✇❡r❞❡♥ ❦❛♥♥✳ ❉✐❡ ❩✉s❛♠♠❡♥❢❛ss✉♥❣ ✈♦♥ ③✉s❛♠♠❡♥❣❡✲

❤ör✐❣❡♥ ❇✐❧❞❜❡r❡✐❝❤❡♥ ✇✐r❞ ✐♥ ❞❡r ❇✐❧❞✈❡r❛r❜❡✐t✉♥❣ ❛❧s ❙❡❣♠❡♥t✐❡r✉♥❣ ❜❡③❡✐❝❤♥❡t ❬✶✽❪✳

✻✳✸ ❊✈❛❧✉❛t✐♦♥ ✐♠ ❍✐♥❜❧✐❝❦ ❛✉❢ ❞✐❡ ❆♥❢♦r❞❡r✉♥❣❡♥

■♠ ❋♦❧❣❡♥❞❡♥ ✇✐r❞ ❛✉❢ ❞✐❡ ✐♥ ❞❡r ❆✉❢❣❛❜❡♥st❡❧❧✉♥❣ ❢♦r♠✉❧✐❡rt❡♥ ❆♥❢♦r❞❡r✉♥❣❡♥ ❡✐♥❣❡✲

❣❛♥❣❡♥ ✉♥❞ ❞❡r❡♥ ❊r❢ü❧❧✉♥❣ ❞✉r❝❤ ❞❛s ❡r❛r❜❡✐t❡t❡ ❙②st❡♠ ✉♥t❡rs✉❝❤t✳

• ❊r❢❛ss✉♥❣ ✈♦♥ ❍✐♥❞❡r♥✐ss❡♥ ✐♠ ❆❜st❛♥❞ ✈♦♥ ✸✵ ❝♠ ❜✐s ③✉ ♠✐♥❞✳ ✷ ♠ ✭✐❞❡❛❧❡r✇❡✐s❡

❜✐s ③✉ ✸ ♠✮✳

→ ▲❛✉t ❉❛t❡♥❜❧❛tt ❧✐❡❣t ❞❡r ❊r❢❛ss✉♥❣s❜❡r❡✐❝❤ ✐♠ ❲❋❖❱✲❇❡tr✐❡❜ ❜❡✐ ✵✱✶ ♠ ❜✐s

✼✱✺ ♠ ❬✶✹❪✳ ❇❡✐ st❛r❦ r❡✢❡❦t✐❡r❡♥❞❡r ❖❜❡r✢ä❝❤❡ ❡✐♥❡s ❍✐♥❞❡r♥✐ss❡s ❦❛♥♥ ❡✐♥ ❣❡✲

r✐♥❣❡r ▼❡ss❛❜st❛♥❞ ③✉ ❆❉❈✲Ü❜❡r❧ä✉❢❡♥ ✉♥❞✴♦❞❡r P✐①❡❧sätt✐❣✉♥❣❡♥ ❢ü❤r❡♥✱ ❞✐❡s❡

✺✹



✻ ❊✈❛❧✉❛t✐♦♥

❦ö♥♥❡♥ ❛❜❡r ✉♥t❡r ❯♠stä♥❞❡♥ ❞✉r❝❤ ❆♥♣❛ss✉♥❣ ❞❡r ✐♥t❡❣r❛t✐♦♥ t✐♠❡ ✈❡r❤✐♥❞❡rt

✇❡r❞❡♥✳ ❉✐❡ ❘❡✐❝❤✇❡✐t❡ ❞❡r ❚♦❋✲❑❛♠❡r❛ ❞❡❝❦t ❞✐❡ ❣❡✇ü♥s❝❤t❡♥ ❊♥t❢❡r♥✉♥❣❡♥ ❛❜✳

❏❡ ♥❛❝❤ ❊✐♥st❡❧❧✉♥❣❡♥ ✉♥❞ ❍✐♥❞❡r♥✐s ❦ö♥♥❡♥ s♦❣❛r ❍✐♥❞❡r♥✐ss❡ ❞❡✉t❧✐❝❤ ü❜❡r ✸ ♠

❊♥t❢❡r♥✉♥❣ ❡r❢❛sst ✇❡r❞❡♥✳

❆❧❧❡ ✈❡r✇❡♥❞❡t❡♥ ▼❡ss♦❜❥❡❦t❡ ❦♦♥♥t❡♥ ✐♥ ❞❡♥ ❞✉r❝❤❣❡❢ü❤rt❡♥ ❱❡rs✉❝❤❡♥ ❡r❢♦❧❣r❡✐❝❤

❡r❢❛sst ✇❡r❞❡♥✳

• ❆❜s✐❝❤❡r✉♥❣ ❡✐♥❡s ❇❡r❡✐❝❤s ✐♥ ❞❡r ❍ö❤❡ ✈♦♥ ✷ ♠ ✉♥❞ ❞❡r ❇r❡✐t❡ ✶✱✺ ♠ ✈♦r ❞❡♠

❊●❉✳

→ ❉✐❡ ❆❜s✐❝❤❡r✉♥❣ ❞❡s ❦♦♠♣❧❡tt❡♥ ❣❡❢♦r❞❡rt❡♥ ❇❡r❡✐❝❤s ❦❛♥♥ ♥✐❝❤t ❞✉r❝❤ ❡✐♥❡ ❡✐♥✲

③❡❧♥❡ ❚♦❋✲❑❛♠❡r❛ ❞❡s ✈❡r✇❡♥❞❡t❡♥ ❚②♣s r❡❛❧✐s✐❡rt ✇❡r❞❡♥✳ ■♥ ❞❡r ✐♠♣❧❡♠❡♥t✐❡rt❡♥

❑♦♥✜❣✉r❛t✐♦♥ ❦ö♥♥❡♥ ♥✉r ❍✐♥❞❡r♥✐ss❡ ✐♥ ❇♦❞❡♥♥ä❤❡ ❡r❦❛♥♥t ✇❡r❞❡♥✳ ❉✉r❝❤ ❱❡r✲

✇❡♥❞✉♥❣ ♠❡❤r❡r❡r ❚♦❋✲❑❛♠❡r❛s ❦❛♥♥ ❛❧❧❡r❞✐♥❣s ❞✐❡ ❍ö❤❡ ❞❡s ❡r❢❛ss❜❛r❡♥ ❇❡r❡✐❝❤s✱

❥❡ ♥❛❝❤ ❆♥③❛❤❧ ❞❡r ❑❛♠❡r❛s ❜❡❧✐❡❜✐❣ ✈❡r❣röÿ❡rt ✇❡r❞❡♥✳ ❉❡r ❜❡❣r❡♥③❡♥❞❡ ❋❛❦t♦r

✇är❡ ❤✐❡r❜❡✐ ❞❛s ✈❡r❢ü❣❜❛r❡ ❇✉❞❣❡t✳

■♥ ❞❡r ❇r❡✐t❡ ✈❛r✐✐❡rt ❞❡r ❡r❢❛ss❜❛r❡ ❇❡r❡✐❝❤ ♠✐t ❞❡r ❊♥t❢❡r♥✉♥❣ ③✉♠ ❖❜❥❡❦t✳ ▼✐t

❍✐❧❢❡ ❞❡r ✐♥ ❆❜❜✳ ✻✳✷✷ ❞❛r❣❡st❡❧❧t❡♥✱ ♥✐❝❤t ♠❛ÿstä❜❧✐❝❤❡♥ ❙❦✐③③❡ s♦❧❧ ❞❛s ❱❡r❤ä❧t♥✐s

③✇✐s❝❤❡♥ ❊♥t❢❡r♥✉♥❣ ✉♥❞ ❇r❡✐t❡ ❞❡s ❊r❢❛ss✉♥❣s❜❡r❡✐❝❤❡s ♥♦❝❤ ❡✐♥♠❛❧ ✈❡r❞❡✉t❧✐❝❤t

✇❡r❞❡♥✳

❆❜❜✐❧❞✉♥❣ ✻✳✷✷✿ ❋♦❱ ✈♦♥ ♦❜❡♥

❍❛❧❜✐❡rt ♠❛♥ ❞❛s ❤♦r✐③♦♥t❛❧❡ ❋♦❱✱ ❜❡✐ ❡✐♥❡♠ ❤♦r✐③♦♥t❛❧❡♥ ❲✐♥❦❡❧ ✈♦♥ 50◦ ✉♥❞ ❡✐♥❡r

❇r❡✐t❡ ✈♦♥ ✶✱✺ ♠✱ ❡r❣❡❜❡♥ s✐❝❤ ❞✐❡ ❡✐♥❣❡③❡✐❝❤♥❡t❡♥ ❲❡rt❡✳

✺✺



✻ ❊✈❛❧✉❛t✐♦♥

❉❡r ❆❜st❛♥❞ ①✱ ✐♥ ✇❡❧❝❤❡♠ ❞❡r ❊r❢❛ss✉♥❣s❜❡r❡✐❝❤ ❡✐♥❡ ❇r❡✐t❡ ✈♦♥ ✶✱✺ ♠ ❛✉❢✇❡✐st✱

❧ässt s✐❝❤ s♦ ③✉ ❡t✇❛

x = 0.75m

tan 25
◦ ≈ 1.61m

❜❡r❡❝❤♥❡♥✳

■♥ ❦ür③❡r❡♥ ❆❜stä♥❞❡♥ ✐st ❞✐❡ ❇r❡✐t❡ ❡♥ts♣r❡❝❤❡♥❞ ❣❡r✐♥❣❡r✳

• ❉✐❡s❡r ❇❡r❡✐❝❤ s♦❧❧ ❦❡✐♥❡ s✐❣♥✐✜❦❛♥t❡♥ ▲ü❝❦❡♥ ❤❛❜❡♥✱ s♦❞❛ss t②♣✐s❝❤❡ ❍✐♥❞❡r♥✐ss❡

✇✐❡ P❢ä❤❧❡✱ ❩ä✉♥❡✱ ✈♦rst❡❤❡♥❞❡ ❖❜❥❡❦t❡ ♥✐❝❤t ü❜❡rs❡❤❡♥ ✇❡r❞❡♥✳

→ ❋♦r♠❡♥ ✈♦♥ t②♣✐s❝❤❡♥ ❍✐♥❞❡r♥✐ss❡♥ ❦♦♥♥t❡♥ ✐♥ ❞❡♥ ▼❡ss✉♥❣❡♥ ❞❡t❡❦t✐❡rt ✇❡r✲

❞❡♥✳ ❙✐❣♥✐✜❦❛♥t❡ ▲ü❝❦❡♥ ✇✉r❞❡♥ ❤✐❡r❜❡✐ ♥✐❝❤t ❡♥t❞❡❝❦t✳

• ❉✐❡ ❆✉✢ös✉♥❣ s♦❧❧ ❁ 20◦ ✐♥ ❆③✐♠✉t ✉♥❞ ❊❧❡✈❛t✐♦♥ ❜❡tr❛❣❡♥✳

→ ❊s ✇✉r❞❡♥ ❦❡✐♥❡ q✉❛♥t✐t❛t✐✈❡♥ ▼❡ss✉♥❣❡♥ ♦❞❡r ❇❡r❡❝❤♥✉♥❣❡♥ ③✉ ❞✐❡s❡♠ P✉♥❦t

❞✉r❝❤❣❡❢ü❤rt✱ ❞✐❡ ❆✉✢ös✉♥❣ ✈♦♥ ✶✻✵ ① ✻✵ P✐①❡❧ s♦❧❧t❡ ❛❧❧❡r❞✐♥❣s ❤♦❝❤ ❣❡♥✉❣ s❡✐♥✳

• ❉❡r ❙❡♥s♦r s♦❧❧ ❛✉❢ ❡✐♥❡r ❋❧ä❝❤❡ ✈♦♥ ♠❛①✳ 200 cm2 ✉♥t❡r❣❡❜r❛❝❤t ✇❡r❞❡♥ ❦ö♥♥❡♥✳

→ ❉✐❡ ❚♦❋✲❑❛♠❡r❛ s❡❧❜st ❦❛♥♥ ❛✉❢ ❞❡✉t❧✐❝❤ ❦❧❡✐♥❡r❡r ❋❧ä❝❤❡ ✉♥t❡r❣❡❜r❛❝❤t ✇❡r❞❡♥✳

❏❡ ♥❛❝❤ ❆♥♦r❞♥✉♥❣ ❞❡r r❡st❧✐❝❤❡♥ ❍❛r❞✇❛r❡ s♦❧❧t❡ ❞✐❡s❡ ❆♥❢♦r❞❡r✉♥❣ ❞✉r❝❤❛✉s

❡✐♥③✉❤❛❧t❡♥ s❡✐♥✳

• ❊s ❞ür❢❡♥ ♠❡❤r❡r❡ ❊✐♥③❡❧s❡♥s♦r❡♥ ③✉ ❡✐♥❡♠ ❆rr❛② ❦♦♠❜✐♥✐❡rt ✇❡r❞❡♥✳

→ ▼✐t ❞❡r ❱❡r✇❡♥❞✉♥❣ ❡✐♥❡r ✈♦❧❧stä♥❞✐❣❡♥ ❚♦❋✲❑❛♠❡r❛ ✐st ❞✐❡s❡ ❆♥❢♦r❞❡r✉♥❣

❤✐♥❢ä❧❧✐❣✳

• ❉✐❡ ❚✐❡❢❡♥❜✐❧❞s③❡♥❡✱ ❞✐❡ s✐❝❤ ❛✉s ❞❡♥ ❊✐♥③❡❧s❡♥s♦rs✐❣♥❛❧❡♥ ❡r❣✐❜t✱ s♦❧❧ ♠✐t ❡✐♥❡♠

▼✐❦r♦❝♦♥tr♦❧❧❡r ❛✉s✇❡rt❜❛r s❡✐♥✳

→ ❉✐❡ ❚✐❡❢❡♥❜✐❧❞s③❡♥❡ ✐st ♠✐t ❞❡♠ ▼✐❦r♦❝♦♥tr♦❧❧❡r ❛✉s✇❡rt❜❛r✳ ❉✐❡s ✇✉r❞❡ ❡r❢♦❧❣✲

r❡✐❝❤ ✐♠♣❧❡♠❡♥t✐❡rt ✉♥❞ ❣❡t❡st❡t✳

• ❉❡r ❙❡♥s♦r s♦❧❧ ❢ür ❞❡♥ ■♥♥❡♥ ✉♥❞ ❆✉ÿ❡♥❜❡r❡✐❝❤✱ ❛✉❝❤ ❜❡✐ ❙♦♥♥❡♥❧✐❝❤t✱ ❣❡❡✐❣♥❡t

s❡✐♥✳

→ ▼❡ss✉♥❣❡♥ ✐♠ ❆✉ÿ❡♥❜❡r❡✐❝❤ ✇✉r❞❡♥ ♥✐❝❤t ❞✉r❝❤❣❡❢ü❤rt✳ ❉❡r ❊✐♥✢✉ss ❞❡s ❯♠✲

❣❡❜✉♥❣s❧✐❝❤ts st❡✐❣t ♠✐t ❞❡r ❡✐♥❣❡st❡❧❧t❡♥ ✐♥t❡❣r❛t✐♦♥ t✐♠❡ ❬✶✹❪✳ ❇❡✐ ▼❡ss✉♥❣❡♥ ✐♠

■♥♥❡♥r❛✉♠ ❤❛tt❡ ❞❛s ❡✐♥❢❛❧❧❡♥❞❡ ❙♦♥♥❡♥❧✐❝❤t ❦❡✐♥❡♥ s❝❤✇❡r✇✐❡❣❡♥❞❡♥ ❊✐♥✢✉ss✳

✺✻



✻ ❊✈❛❧✉❛t✐♦♥

• ❉❡r ❙❡♥s♦r s♦❧❧ ♠✐t ❍✐❧❢❡ ❡✐♥❡s ❆❞❛♣t❡rs✱ ❞❡r ✐♠ ✸❉✲❉r✉❝❦✈❡r❢❛❤r❡♥ ❡♥t✇✐❝❦❡❧t

✇❡r❞❡♥ ❦❛♥♥✱ ❛✉❢ ❞❡♠ ❊●❉ ❢❡st ✈❡r❜✉♥❞❡♥ ✇❡r❞❡♥✳

→ ❊✐♥ ♠❡❝❤❛♥✐s❝❤❡r ❆❞❛♣t❡r ✇✉r❞❡ ❡r❢♦❧❣r❡✐❝❤ ❡♥t✇✐❝❦❡❧t✱ ❣❡❢❡rt✐❣t ✉♥❞ ❛♠ ❊●❉

✈❡rs❝❤r❛✉❜t✳

• ❊s s♦❧❧❡♥ ❞✐❡ ❆❜st❛♥❞s✐♥❢♦r♠❛t✐♦♥❡♥ ♠✐t ❡✐♥❡♠ ◆❡✐❣✉♥❣ss❡♥s♦r ❦♦♠❜✐♥✐❡rt ✇❡r❞❡♥

❜③✇✳ ❦♦♠❜✐♥✐❡r❜❛r s❡✐♥✱ ✉♠ ❊✐♥✢üss❡ ❜s♣✇✳ ❞❡s ❇♦❞❡♥s ③✉ ❡❧✐♠✐♥✐❡r❡♥✳

→ ❊✐♥ ◆❡✐❣✉♥❣ss❡♥s♦r ✐st ✐♠ ❘❛❤♠❡♥ ❞✐❡s❡r ❆r❜❡✐t ♥✐❝❤t ✈❡r✇❡♥❞❡t ✇♦r❞❡♥✱ ❦❛♥♥

❛❜❡r ❞✉r❝❤❛✉s ✐♥ s♣ät❡r❡♥ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ❤✐♥③✉❣❡❢ü❣t ✇❡r❞❡♥✳

• ❉✐❡ ❆✉s✇❡rt✉♥❣ ❞❡s ❙❡♥s♦rs s♦❧❧ ✒❡♠❜❡❞❞❡❞✏ ❡r❢♦❧❣❡♥ ♦❞❡r ③✉♠✐♥❞❡st ♠ö❣❧✐❝❤ s❡✐♥✱

❞✳❤✳ ♥✐❝❤t ❛✉❢ ❡✐♥❡♠ P❈ s♦♥❞❡r♥ ❡✐♥❡♠ ▼✐❦r♦❝♦♥tr♦❧❧❡r✳

→ ❉✐❡ ❙❡♥s♦r❛✉s✇❡rt✉♥❣ ❞✉r❝❤ ❡✐♥❡♥ ▼✐❦r♦❝♦♥tr♦❧❧❡r ✐st ♠ö❣❧✐❝❤ ✉♥❞ ✇✉r❞❡ ❡r✲

❢♦❧❣r❡✐❝❤ ✐♥ ❇❡tr✐❡❜ ❣❡♥♦♠♠❡♥✳

• ❖♣t✐♦♥❛❧✿ ❡s s♦❧❧ ❡✐♥❡ ❙tr❛t❡❣✐❡ ❣❡❢✉♥❞❡♥ ✇❡r❞❡♥✱ ✇✐❡ ❞✐❡ ❚✐❡❢❡♥❜✐❧❞s③❡♥❡ ✐♥t❡r♣r❡✲

t✐❡rt ✇❡r❞❡♥ ❦❛♥♥ ✉♥❞ ❆✉s✇❡✐❝❤str❛t❡❣✐❡♥✱ ❞✐❡ ❛♥ ❞✐❡ ❙t❡✉❡r✉♥❣ ❞❡s ▼♦t♦rs ❣❡❣❡❜❡♥

✇❡r❞❡♥✱ ❡♥t✇✐❝❦❡❧t ✇❡r❞❡♥✳

→ ❆♥sät③❡ ③✉♠ ❆✉s✇❡✐❝❤✈❡r❤❛❧t❡♥ ✇✉r❞❡♥ t❤❡♦r❡t✐s❝❤ ❜❡tr❛❝❤t❡t ✉♥❞ ✈❡r❣❧✐❝❤❡♥✳

■♠♣❧❡♠❡♥t✐❡rt ✇❡r❞❡♥ ❦♦♥♥t❡ ❛❧❧❡r❞✐♥❣s ♥♦❝❤ ❦❡✐♥❡r ❞❡r ❡r✇ä❤♥t❡♥ ❆❧❣♦r✐t❤♠❡♥✳

• ❑♦st❡♥✿ ❞❛s ❊✈❛❧✉❛t✐♦♥ss②st❡♠ s♦❧❧ ✉♥t❡r ✶✵✵✵ ❊✉r♦ ❜❧❡✐❜❡♥✳

→ ❉✐❡ ❜✐s❤❡r✐❣❡♥ ❑♦st❡♥ ❜❧❡✐❜❡♥ ❞❡✉t❧✐❝❤ ✉♥t❡r ❞❡r ●r❡♥③❡ ✈♦♥ ✶✵✵✵ ❊✉r♦✳ ❉❡r

Pr❡✐s ❞❡r ❚♦❋✲❑❛♠❡r❛ ❧✐❡❣t ❜❡✐ ✶✽✵✱✺✷ ❊✉r♦✭✐♥❦❧✉s✐✈❡ ▼✇❙t✳✮ ❬✽❪✱ ❞❡r Pr❡✐s ❢ür ❞❡♥

✈❡r✇❡♥❞❡t❡♥ ❯❙❇✲❆❞❛♣t❡r ❜❡✐ ✶✻✸✱✾✾ ❊✉r♦ ✭✐♥❦❧✉s✐✈❡ ▼✇❙t✳✮ ❬✾❪✳ ❉❛ ❦❡✐♥ ✇❡✐t❡✲

r❡r ❯❙❇✲❆❞❛♣t❡r ❜❡♥öt✐❣t ✇✐r❞✱ s♦❧❧t❡ ❡s ❛✉❢ ❥❡❞❡♥ ❋❛❧❧ ♠ö❣❧✐❝❤ s❡✐♥ ❞r❡✐ ✇❡✐t❡r❡

❚♦❋✲❑❛♠❡r❛s ③✉ ❡r✇❡r❜❡♥✱ ♦❤♥❡ ❞❛s ❇✉❞❣❡t ✈♦♥ ✶✵✵✵ ❊✉r♦ ③✉ ü❜❡rs❝❤r❡✐t❡♥✳ ❊s

♠✉ss ✐♥ ❞❡r Pr❛①✐s ✉♥t❡rs✉❝❤t ✇❡r❞❡♥✱ ♦❜ s✐❝❤ ❡✐♥❡ ❆♥♦r❞♥✉♥❣ ✜♥❞❡♥ ❧ässt✱ ✐♥ ❞❡r

✈✐❡r ❑❛♠❡r❛s ❛✉sr❡✐❝❤❡♥ ✉♠ ❞❡♥ ❣❡✇ü♥s❝❤t❡♥ ❇❡r❡✐❝❤ ❛❜③✉❞❡❝❦❡♥✳ ❉❛ ✐♥ ❞❡r ❜✐s✲

❤❡r✐❣❡♥ ❆♥♦r❞♥✉♥❣ s❝❤♦♥ ③✇❡✐ ❑❛♠❡r❛s ❢ür ❞❡♥ ❇❡r❡✐❝❤ ❇♦❞❡♥ ✉♥❞ ❇♦❞❡♥♥ä❤❡

✈♦r❣❡s❡❤❡♥ s✐♥❞✱ s♦❧❧t❡ ü❜❡r♣rü❢t ✇❡r❞❡♥ ♦❜ ③✉ ❞❡r ❜✐s❤❡r ✈♦r❤❛♥❞❡♥❡♥ ❛✉❝❤ ✈✐❡r

♦❞❡r ❢ü♥❢ ✇❡✐t❡r❡ ❚♦❋✲❑❛♠❡r❛s ❡r✇♦r❜❡♥ ✇❡r❞❡♥ ❦ö♥♥❡♥✳ ❉❡s ❲❡✐t❡r❡♥ s♦❧❧t❡ ❡✐♥

♣❛ss❡♥❞❡r ❆❦❦✉ ✉♥❞ ❡✈❡♥t✉❡❧❧ ●②r♦✲ ✉♥❞ ❯❧tr❛s❝❤❛❧❧s❡♥s♦r❡♥ ❡r✇♦r❜❡♥ ✇❡r❞❡♥✱ ✉♠

❞❛s ❜❡st❡❤❡♥❞❡ ❙②st❡♠ ③✉ ❡r❣ä♥③❡♥✳

✺✼



✻ ❊✈❛❧✉❛t✐♦♥

• ❊s s♦❧❧ ♥❛❝❤ ▼ö❣❧✐❝❤❦❡✐t ❡✐♥ ❊✈❛❧✉❛t✐♦♥ss②st❡♠ ③✉♠ s❝❤♥❡❧❧❡♥ ❚❡st ✭❦✉r③❡ ▲✐❡❢❡r✲

③❡✐t✮ ③✉r ❱❡r❢ü❣✉♥❣ st❡❤❡♥✳

→ ❉❡r ✈❡r✇❡♥❞❡t❡ ❯❙❇✲❆❞❛♣t❡r ❜✐❡t❡t ❞✐❡ ▼ö❣❧✐❝❤❦❡✐t ③✉r s❝❤♥❡❧❧❡♥ ❊✈❛❧✉❛t✐♦♥

✉♥❞ ❦♦♥♥t❡ ♠✐t ❞❡r ❚♦❋✲❑❛♠❡r❛ ❣❡❧✐❡❢❡rt ✇❡r❞❡♥✳

• ❊s s♦❧❧ ❛✉sr❡✐❝❤❡♥❞ ❯♥t❡rstüt③✉♥❣ ❣❡❜❡♥ ✭③✳❇✳ ❙❝❤❛❧t♣❧ä♥❡ ✉♥❞ ●❡r❜❡r✜❧❡s ❜③✇✳

▲❛②♦✉t❡♠♣❢❡❤❧✉♥❣❡♥✮ ✉♠ ✐♥ ❡✐♥❡♠ s♣ät❡r❡♥ ❙❝❤r✐tt ❡✐♥❡ ♠❛ÿ❣❡s❝❤♥❡✐❞❡rt❡ ▲ös✉♥❣

❡♥t✇✐❝❦❡❧♥ ③✉ ❦ö♥♥❡♥✳

→ ❉✐❡ ✈♦r❤❛♥❞❡♥❡ ❯♥t❡rstüt③✉♥❣ ✐st ❛✉sr❡✐❝❤❡♥❞✱ ✉♠ ❞✐❡ ❚♦❋✲❑❛♠❡r❛ ✐♥ ❡✐♥ ♠❛ÿ✲

❣❡s❝❤♥❡✐❞❡rt❡s ❙②st❡♠ ③✉ ✐♥t❡❣r✐❡r❡♥✳

• ❊✈❛❧✉❛t✐♦♥✿

✕ ❲✐❡ ❣r♦ÿ ♠üss❡♥ ❖❜❥❡❦t❡ ♠✐♥❞❡st❡♥s s❡✐♥✱ ❞❛♠✐t s✐❡ ❡r❦❛♥♥t ✇❡r❞❡♥ ❦ö♥♥❡♥❄

→ ❉✐❡ ✈♦r❛♥❣❡❣❛♥❣❡♥❡♥ ▼❡ss✉♥❣❡♥ ③❡✐❣❡♥✱ ❞❛ss✱ ③✉♠✐♥❞❡st ❜❡✐ ❦ür③❡r❡♥ ❆❜✲

stä♥❞❡♥✱ s❡❧❜st ❦❧❡✐♥❡ ❖❜❥❡❦t❡ ✇✐❡ ❞✐❡ ❣❡♥❛♥♥t❡♥ ▼❡ss♦❜❥❡❦t❡ ✶✲✹ ❡r❦❛♥♥t

✇❡r❞❡♥ ❦ö♥♥❡♥✳

✕ ❲❡❧❝❤❡♥ ❊✐♥✢✉ss ❤❛t ❞❛s ▼❛t❡r✐❛❧✱ ❞✐❡ ❊♥t❢❡r♥✉♥❣✱ ❞✐❡ ❋♦r♠ ✉♥❞ ❖r✐❡♥t✐❡r✉♥❣

❞❡s ❖❜❥❡❦t❡s❄

→ ❇❡s♦♥❞❡rs ❞✐❡ ❖❜❡r✢ä❝❤❡♥❜❡s❝❤❛✛❡♥❤❡✐t ❤❛t ❡✐♥❡♥ ❊✐♥✢✉ss ❛✉❢ ❞✐❡ ▼❡s✲

s✉♥❣✳ ❙t❛r❦ ❞✐r❡❦t r❡✢❡❦t✐❡r❡♥❞❡ ❖❜❡r✢ä❝❤❡♥ ❢ü❤r❡♥ ③✉ Pr♦❜❧❡♠❡♥ ♠✐t ❆❉❈✲

Ü❜❡r❧ä✉❢❡♥ ✉♥❞ P✐①❡❧sätt✐❣✉♥❣❡♥✳ ❆✉ÿ❡r❞❡♠ ✇❡r❞❡♥ ❜❡✐ s♦❧❝❤❡♥ ❖❜❥❡❦t❡♥

s❝❤♦♥ ❜❡✐ ❧❡✐❝❤t❡♥ ❱❡r❞r❡❤✉♥❣❡♥ ❣r♦ÿ❡ ❚❡✐❧❡ ❞❡s ▲✐❝❤ts ✇❡❣ r❡✢❡❦t✐❡rt✳ ❉✐❡

❛❧s ▼❡ss♦❜❥❡❦t ✈❡r✇❡♥❞❡t❡ ❍♦❧③♣❧❛tt❡✱ ✇❡❧❝❤❡ ❞✉r❝❤ ✐❤r❡ r❛✉❡r❡ ❖❜❡r✢ä❝❤❡

❡❤❡r ❞✐✛✉s r❡✢❡❦t✐❡rt✱ ✇❛r ❞❛❣❡❣❡♥ ❛✉❝❤ ❜❡✐ ❱❡r❞r❡❤✉♥❣ ✉♠ ❣röÿ❡r❡ ❲✐♥❦❡❧

♥♦❝❤ ③✉ ❡r❦❡♥♥❡♥✱ ✇❡♥♥❣❧❡✐❝❤ s✐❝❤ ❞✐❡ ❇r❡✐t❡ ❞❡s ❛✉❢ ❞❡♠ ❇✐❧❞ ③✉ ❡r❦❡♥♥❡♥❞❡♥

❖❜❥❡❦ts ❡♥ts♣r❡❝❤❡♥❞ ✈❡rr✐♥❣❡rt✳

✕ ❲❡❧❝❤❡♥ ❊✐♥✢✉ss ❤❛❜❡♥ ❯♠❣❡❜✉♥❣s❜❡❞✐♥❣✉♥❣❡♥ ✇✐❡ ❞❛s ❙♦♥♥❡♥❧✐❝❤t❄

→ ■♥ ❞❡♥ ❜✐s❤❡r✐❣❡♥ ▼❡ss✉♥❣❡♥ ✇✉r❞❡♥ ❦❡✐♥❡ s❝❤✇❡r✇✐❡❣❡♥❞❡♥ Pr♦❜❧❡♠❡

❞✉r❝❤ ❙♦♥♥❡♥❧✐❝❤t ❜❡♠❡r❦t✳ ❉❡r ❊✐♥✢✉ss ❞❡s ❯♠❣❡❜✉♥❣s❧✐❝❤ts st❡✐❣t ❛❜❡r ✇✐❡

❡r✇ä❤♥t ♠✐t ❞❡r ✐♥t❡❣r❛t✐♦♥ t✐♠❡ ❬✶✹❪✳ ❉✐r❡❦t❡ ❇❡❧❡✉❝❤t✉♥❣ ❞❡s P✐①❡❧❛rr❛②s

❞❡r ❚♦❋✲❑❛♠❡r❛ ♠✐t ❞❡r ❚❛s❝❤❡♥❧❛♠♣❡ ❡✐♥❡s ❙♠❛rt♣❤♦♥❡s ③❡✐❣t❡ ❡①♣❡r✐♠❡♥✲

t❡❧❧ ❦❡✐♥❡♥ s✐❣♥✐✜❦❛♥t❡♥ ❊✐♥✢✉ss ❛✉❢ ❞❛s ❇✐❧❞✳ ❆❧❧❡r❞✐♥❣s ✐st ❞❛s ❙♣❡❦tr✉♠ ✈♦♥

❙♦♥♥❡♥❧✐❝❤t ✐♥ ❞❡r ❘❡❣❡❧ s❡❤r ✈✐❡❧ ❣röÿ❡r ❛❧s ❞❛s ✈♦♥ ❦ü♥st❧✐❝❤❡♠ ▲✐❝❤t✱ s♦❞❛ss

✺✽



✻ ❊✈❛❧✉❛t✐♦♥

❡s ✇❛❤rs❝❤❡✐♥❧✐❝❤ ✐st✱ ❞❛ss ❛✉❝❤ ❡✐♥ ❚❡✐❧ ❞❡s ❙♦♥♥❡♥❧✐❝❤ts ❞❡♥ ❊♠♣❢ä♥❣❡r ❞❡r

❚♦❋✲❑❛♠❡r❛ ❜❡❡✐♥✢✉sst ❬✹❪✳

✕ ❲❡❧❝❤❡♥ ❊✐♥✢✉ss ❤❛❜❡♥ ❲ä♥❞❡ ✉♥❞ ❋✉ÿ❜♦❞❡♥ ❛✉❢ ❞❛s ❊r❣❡❜♥✐s❄

→ ■♥ ❞❡♥ ❞✉r❝❤❣❡❢ü❤rt❡♥ ▼❡ss✉♥❣❡♥ ✇✉r❞❡♥ ❲ä♥❞❡ ✉♥❞ ❋✉ÿ❜♦❞❡♥ ✐♥ ❞❡r

❘❡❣❡❧ ✇✐❡ ❛♥❞❡r❡ ❖❜❥❡❦t❡ ❛✉❝❤ ❡r❦❛♥♥t✱ s♦❢❡r♥ s✐❡ ✐♠ ❊r❢❛ss✉♥❣s❜❡r❡✐❝❤ ❞❡r

❚♦❋✲❑❛♠❡r❛ ❧❛❣❡♥✳

✕ ❖♣t✐♦♥❛❧✿ ❧❛ss❡♥ s✐❝❤ ●❡❢ä❤r❞✉♥❣❡♥✱ ✇✐❡ ♥✐❡❞❡r❣❡❤❡♥❞❡ ❚r❡♣♣❡♥ ♦❞❡r ❇♦r❞✲

st❡✐♥❡ ❡r❦❡♥♥❡♥❄

→ ❏❡ ♥❛❝❤ ❖r✐❡♥t✐❡r✉♥❣ ❞❡r ❑❛♠❡r❛ ✇❡r❞❡♥ s♦❧❝❤❡ ●❡❢ä❤r❞✉♥❣❡♥ ❞✉r❝❤❛✉s

❡r❦❛♥♥t✳ ❆✉❢❣r✉♥❞ ❞❡s ❦❧❡✐♥❡♥ ❋♦❱s ✐♥ ❞❡r ✈❡rt✐❦❛❧❡♥ ❉✐♠❡♥s✐♦♥ ♠✉ss ❛❧❧❡r✲

❞✐♥❣s ❡✐♥❡ ❑❛♠❡r❛ ❞❡✉t❧✐❝❤ ③✉♠ ❇♦❞❡♥ ❤✐♥ ❣❡♥❡✐❣t ✇❡r❞❡♥ ✉♠ ❞❡♥ ❇♦❞❡♥ ③✉

❜❡♦❜❛❝❤t❡♥✳ ❯♠ ❡✐♥❡♥ ❚r❡♣♣❡♥❛❜❣❛♥❣ ❛❧s s♦❧❝❤❡♥ ③✉ ❡r❦❡♥♥❡✱ s♦❧❧t❡♥ ❑❧❛ss✐✲

✜③✐❡r✉♥❣s✈❡r❢❛❤r❡♥ ❛✉s ❞❡♠ ❇❡r❡✐❝❤ ❞❡r ❇✐❧❞✈❡r❛r❜❡✐t✉♥❣ ✉♥t❡rs✉❝❤t ✇❡r❞❡♥✳

✺✾



✼ ❋❛③✐t ✉♥❞ ❆✉s❜❧✐❝❦

■♥ ❞✐❡s❡r ❆r❜❡✐t s♦❧❧t❡ ❡✐♥ ❙❡♥s♦rs②st❡♠ ❢ür ❡✐♥ ❇❧✐♥❞❡♥❤✐❧❢s♠✐tt❡❧ ❛✉s❣❡✇ä❤❧t ✉♥❞ ✐♥

❇❡tr✐❡❜ ❣❡♥♦♠♠❡♥ ✇❡r❞❡♥✱ ♠✐t ❞❡ss❡♥ ❍✐❧❢❡ ♣♦t❡♥t✐❡❧❧❡ ❍✐♥❞❡r♥✐ss❡ ✐♠ ❲❡❣ ❡✐♥❡r ❜❧✐♥✲

❞❡♥ ♦❞❡r s❡❤❜❡❤✐♥❞❡rt❡♥ P❡rs♦♥ ❡r❦❛♥♥t ✇❡r❞❡♥ ❦ö♥♥❡♥✱ s♦❞❛ss ❞✐❡s❡ P❡rs♦♥ s✐❝❤❡r ♥❛✲

✈✐❣✐❡rt ✇❡r❞❡♥ ❦❛♥♥✳ ❊s ❦♦♥♥t❡ ❡✐♥ ❣❡❡✐❣♥❡t❡r ❙❡♥s♦r✱ ❞✐❡ ❚❖❋❃❝❛♠ ✻✸✺✱ ❛✉s❣❡✇ä❤❧t

✉♥❞ ❜❡s❝❤❛✛t ✇❡r❞❡♥✳ ❆✉ÿ❡r❞❡♠ ❦♦♥♥t❡ ❡✐♥ ♣❛ss❡♥❞❡r ▼✐❦r♦❝♦♥tr♦❧❧❡r ③✉♠ ❆✉s❧❡s❡♥ ❞❡r

❙❡♥s♦r❞❛t❡♥ ❛✉s❣❡✇ä❤❧t ✇❡r❞❡♥✳

▼ö❣❧✐❝❤❡ ❋❛❧❧str✐❝❦❡ ❜❡✐ ❞❡r ■♥❜❡tr✐❡❜♥❛❤♠❡ ❞❡s ❙❡♥s♦rs②st❡♠s✱ ✇❡❧❝❤❡ s✐❝❤ ✐♠ ❱❡r❧❛✉❢

❞❡r ❆r❜❡✐t ❛♥ ❞✐❡s❡r ❇❛❝❤❡❧♦rt❤❡s✐s ③❡✐❣t❡♥✱ ❦♦♥♥t❡♥ ❜❡s❡✐t✐❣t ✇❡r❞❡♥✳ ❉✐❡ ✈❡r✇❡♥❞❡t❡

❚♦❋✲❑❛♠❡r❛ ❦♦♥♥t❡ ❡r❢♦❧❣r❡✐❝❤ ✐♥ ❇❡tr✐❡❜ ❣❡♥♦♠♠❡♥ ✉♥❞ ♠✐t ❍✐❧❢❡ ❞❡r ❡♥t✇✐❝❦❡❧t❡♥

▼✐❦r♦❝♦♥tr♦❧❧❡r✲❙♦❢t✇❛r❡ ❛✉s❣❡❧❡s❡♥ ✇❡r❞❡♥✳ ❉❛s ▼✐❦r♦❝♦♥tr♦❧❧❡r✲Pr♦❣r❛♠♠ ❦❛♥♥ ü❜❡r

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

♠✉♥✐③✐❡r❡♥✱ ❞✳❤ ❑♦♠♠❛♥❞♦s ❛♥ ❞✐❡ ❚♦❋✲❑❛♠❡r❛ ✈❡rs❡♥❞❡♥ ✉♥❞ ❞✐❡ ❆♥t✇♦rt ❞❡r ❚♦❋✲

❑❛♠❡r❛ ❡✐♥❧❡s❡♥✳ ❉❡s ❲❡✐t❡r❡♥ ❦ö♥♥❡♥ ❞✐❡ ▼❡ss❞❛t❡♥ ✈♦♠ ▼✐❦r♦❝♦♥tr♦❧❧❡r ü❜❡r ❡✐♥❡♥

s❡r✐❡❧❧❡♥ ❈❖▼✲P♦rt ❛♥ ❡✐♥❡♥ P❈ ♦❞❡r ▲❛♣t♦♣ ❣❡s❡♥❞❡t ✉♥❞ ü❜❡r ❞✐❡ ❡r❛r❜❡✐t❡t❡♥ ▼❛t❧❛❜✲

❙❦r✐♣t❡ ❡♠♣❢❛♥❣❡♥✱ ✈✐s✉❛❧✐s✐❡rt ✉♥❞ ü❜❡r♣rü❢t ✇❡r❞❡♥✳

■♥ ❞✐✈❡rs❡♥ ▼❡ss✉♥❣❡♥ ❡r✇✐❡s ❞✐❡ ❚❖❋❃❝❛♠ ✻✸✺ s✐❝❤ ❛❧s ❞✉r❝❤❛✉s ✈✐❡❧✈❡rs♣r❡❝❤❡♥❞✱ ✐♠

❍✐♥❜❧✐❝❦ ❛✉❢ ❞✐❡ ❊r❢ü❧❧✉♥❣ ❞❡r ♠❡✐st❡♥ ❞❡r ❢❡st❣❡❧❡❣t❡♥ ❆♥❢♦r❞❡r✉♥❣❡♥✳

❊s ❦♦♥♥t❡ ❡✐♥ ♠❡❝❤❛♥✐s❝❤❡r ❆❞❛♣t❡r ❡♥t✇✐❝❦❡❧t ✉♥❞ ❣❡❢❡rt✐❣t ✇❡r❞❡♥✱ ✇❡❧❝❤❡r ❡s ❡r♠ö❣✲

❧✐❝❤t ❞✐❡ ❚♦❋✲❑❛♠❡r❛ ❛♠ ❊●❉✲Pr♦t♦t②♣ ③✉ ♣♦s✐t✐♦♥✐❡r❡♥ ✉♥❞ ③✉ ❜❡❢❡st✐❣❡♥✳ ❆✉ÿ❡r❞❡♠

st❡❤t ❜❡r❡✐ts ❞✐❡ ▼ö❣❧✐❝❤❦❡✐t ③✉r ❱❡r❢ü❣✉♥❣ ❡✐♥❡ ③✇❡✐t❡ ❑❛♠❡r❛ ❛♥③✉❜r✐♥❣❡♥✳ ❍✐❡r❜❡✐

♠✉ss ✐♥ ❞❡r Pr❛①✐s ❣❡t❡st❡t ✇❡r❞❡♥ ♦❜ ③✇❡✐ ❑❛♠❡r❛s ✐♥ ❞✐❡s❡r ❆♥♦r❞♥✉♥❣ s✐♥♥✈♦❧❧ ♣❛r❛❧✲

❧❡❧ ❣❡♥✉t③t ✇❡r❞❡♥ ❦ö♥♥❡♥✱ ♦❤♥❡ ❞❛ss ❞✐❡ ▲✐❝❤tstr❛❤❧❡♥ s✐❝❤ ❣❡❣❡♥s❡✐t✐❣ ❜❡❤✐♥❞❡r♥ ♦❞❡r

❞✐❡ ▲ü❝❦❡ ③✇✐s❝❤❡♥ ❞❡♥ ❜❡✐❞❡♥ ❋♦❱s ③✉ ❣r♦ÿ ✐st✳ ❋ür ✇❡✐t❡r❡ ❑❛♠❡r❛s ③✉r ❙✐❝❤❡r✉♥❣

❞❡s ❑♦♣❢❡s✱ ❖❜❡r❦ör♣❡rs ❡t❝✳ ❡✐♥❡s ❆♥✇❡♥❞❡rs ♠üss❡♥ ♥❡✉❡ ❆❞❛♣t❡r ❡♥t✇✐❝❦❡❧t ✉♥❞ ❛♠

❊●❉ ✉♥t❡r❣❡❜r❛❝❤t ✇❡r❞❡♥✳ ■♥ ❞❡r ✐♠ ❘❛❤♠❡♥ ❞✐❡s❡r ❆r❜❡✐t ❡♥t✇✐❝❦❡❧t❡♥ ❑♦♥✜❣✉r❛t✐♦♥

❦ö♥♥❡♥ ♥✉r ❍✐♥❞❡r♥✐ss❡ ✐♥ ❇♦❞❡♥♥ä❤❡ ✉♥❞ ❡✐♥ ❚❡✐❧ ❞❡s ❇♦❞❡♥s ❜❡♦❜❛❝❤t❡t ✇❡r❞❡♥✳

✻✵



✼ ❋❛③✐t ✉♥❞ ❆✉s❜❧✐❝❦

❊s s♦❧❧t❡ ❛✉ÿ❡r❞❡♠ ❣❡♣rü❢t ✇❡r❞❡♥ ✇✐❡ ❞❛s ●❡s❛♠ts②st❡♠ ✉♠ ✇❡✐t❡r❡ ❙❡♥s♦r❦♦♥③❡♣t❡✱

✇✐❡ ❯❧tr❛s❝❤❛❧❧ ❡r❣ä♥③t ✇❡r❞❡♥ ❦❛♥♥✱ ✉♠ ❡✐♥✐❣❡ ◆❛❝❤t❡✐❧❡ ❞❡r ♦♣t✐s❝❤❡♥ ❙❡♥s♦r✐❦ ❛✉s✲

③✉❣❧❡✐❝❤❡♥✳ ❚r❛♥s♣❛r❡♥t ❖❜❥❡❦t❡✱ ✇❡❧❝❤❡ ❡✐♥❡ ③✉ ❣r♦ÿ❡ ▼❡♥❣❡ ❞❡s ❡✐♥❢❛❧❧❡♥❞❡♥ ▲✐❝❤ts

❞✉r❝❤❧❛ss❡♥✱ ❦ö♥♥t❡♥ ❞✉r❝❤ ❯❧tr❛s❝❤❛❧❧ ✈❡r♠✉t❧✐❝❤ ❜❡ss❡r ❡r❦❛♥♥t ✇❡r❞❡♥✳ ❆✉❝❤ ❛✉❢ ❦✉r③❡

❉✐st❛♥③❡♥✱ ❜❡s♦♥❞❡rs ❜❡✐ st❛r❦ r❡✢❡❦t✐❡r❡♥❞❡♥ ❖❜❡r✢ä❝❤❡♥ ❦ö♥♥t❡ ❡✐♥ ❯❧tr❛s❝❤❛❧❧s❡♥s♦r

❞✐❡ ❇❡r❡✐❝❤❡ ❞❡r ❙③❡♥❡✱ ✇❡❧❝❤❡ ❛✉❢❣r✉♥❞ ✈♦♥ ❆❉❈✲Ü❜❡r❧ä✉❢❡♥ ✉♥❞ P✐①❡❧sätt✐❣✉♥❣ ♠✐t ❞❡r

❑❛♠❡r❛ ♥✐❝❤t ❡r❦❛♥♥t ✇❡r❞❡♥ ❦ö♥♥❡♥✱ ❛❜❞❡❝❦❡♥✳ ●②r♦s❡♥s♦r❡♥✱ ❦♦♠❜✐♥✐❡rt ♠✐t ▼♦t♦r❡♥✱

❦ö♥♥t❡♥ ③✉❦ü♥❢t✐❣ ❡✐♥❣❡s❡t③t ✇❡r❞❡♥✱ ✉♠ ❞❡♥ ✈❡rt✐❦❛❧❡♥ ❲✐♥❦❡❧ ❞❡r ❑❛♠❡r❛s ❞②♥❛♠✐s❝❤

❛♥③✉♣❛ss❡♥ ✉♥❞ s♦ ●röÿ❡♥✉♥t❡rs❝❤✐❡❞❡ ❞❡r ♣♦t❡♥t✐❡❧❧❡♥ ❆♥✇❡♥❞❡r ❛✉s③✉❣❧❡✐❝❤❡♥ ✉♥❞ ✉♠

❞✐❡ ❜❡tr❛❝❤t❡t❡ ❙③❡♥❡ ✐♠ ❞r❡✐❞✐♠❡♥s✐♦♥❛❧❡♥ ❘❛✉♠ ❦♦rr❡❦t ③✉ ✐♥t❡r♣r❡t✐❡r❡♥✳

❇❡✐ ❞❡r ■♥t❡r♣r❡t❛t✐♦♥ ❞❡r ▼❡ss❞❛t❡♥ ✉♥❞ ❞❡♥ r❡s✉❧t✐❡r❡♥❞❡♥ ❑♦♠♠❛♥❞♦s ③✉r ❙t❡✉❡r✉♥❣

❞❡r ▼♦t♦r❡♥ ❞❡s ❊●❉ ♠✉ss ✐♥ ❩✉❦✉♥❢t ♥♦❝❤ ✈✐❡❧ ❆r❜❡✐t ✐♥✈❡st✐❡rt ✇❡r❞❡♥✳ ◆❛✈✐❣❛t✐✲

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

❩✉❦ü♥❢t✐❣❡ ❆r❜❡✐t❡♥ ❦ö♥♥❡♥ ❤✐❡r❜❡✐ ❛✉❢ ❞✐❡ ❜✐s❤❡r✐❣❡♥ ❊r❣❡❜♥✐ss❡ ③✉rü❝❦❣r❡✐❢❡♥ ✉♥❞ s✐❝❤

❞❛❤❡r ❣❡③✐❡❧t ❛✉❢ ❞✐❡ ■♠♣❧❡♠❡♥t✐❡r✉♥❣ ✈♦♥ ❆❧❣♦r✐t❤♠❡♥ ❦♦♥③❡♥tr✐❡r❡♥✳ ❆✉s ❞❡♠ ❇❡✲

r❡✐❝❤ ❞❡r ✐♥❞✉str✐❡❧❧❡♥ ❇✐❧❞✈❡r❛r❜❡✐t✉♥❣ st❡❤❡♥ ✈✐❡❧❢ä❧t✐❣❡ ▼ö❣❧✐❝❤❦❡✐t❡♥ ③✉r ❋✐❧t❡r✉♥❣

✉♥❞ ❱❡r❛r❜❡✐t✉♥❣ ✈♦♥ ❙❡♥s♦r❞❛t❡♥ ③✉r ❱❡r❢ü❣✉♥❣✱ ❞✐❡ ✐♠ ❘❛❤♠❡♥ ❞✐❡s❡r ❆r❜❡✐t ♥✐❝❤t

✐♠♣❧❡♠❡♥t✐❡rt ✇❡r❞❡♥ ❦♦♥♥t❡♥✳ ❩✉♥ä❝❤st ❦ö♥♥t❡♥ ❘❛✉s❝❤✜❧t❡r ③✉♠ ❊✐♥s❛t③ ❦♦♠♠❡♥ ✉♠

r❛✉s❝❤är♠❡r❡ ▼❡ss❞❛t❡♥ ③✉ ❡r❤❛❧t❡♥✳ ❉❡s ❲❡✐t❡r❡♥ ❦ö♥♥❡♥ P✐①❡❧❣r✉♣♣❡♥ ③✉s❛♠♠❡♥❣❡✲

❢❛sst ✭❙❡❣♠❡♥t✐❡r✉♥❣ ❬✶✽❪✮ ✉♥❞ ❞✐❡s❡ ❛❧s ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡ ❖❜❥❡❦t❡ ❦❧❛ss✐✜③✐❡rt ✇❡r❞❡♥✳

❍✐❡r❜❡✐ s♦❧❧t❡♥ ✐♥ ❩✉❦✉♥❢t ❛✉❝❤ ❞✐❡ ❝♦♥✜❞❡♥❝❡ ❜✐ts ❞❡r P✐①❡❧❞❛t❡♥ ❜❡tr❛❝❤t❡t ✇❡r❞❡♥✳ ❉✐❡

❝♦♥✜❞❡♥❝❡ ❜✐ts ❣❡❜❡♥ ❆✉s❦✉♥❢t ❞❛rü❜❡r✱ ✇✐❡ ③✉✈❡r❧äss✐❣ ❞❡r ▼❡ss✇❡rt ❡✐♥❡s P✐①❡❧s ✐st ✉♥❞

❦ö♥♥t❡♥ ❞❛❤❡r ✈❡r✇❡♥❞❡t❡ ✇❡r❞❡♥✱ ✉♠ ✈❡r❧äss❧✐❝❤❡ ✈♦♥ ✇❡♥✐❣❡r ✈❡r❧äss❧✐❝❤❡♥ ❲❡rt❡♥ ③✉

✉♥t❡rs❝❤✐❡✐❞❡♥ ✉♥❞ s♦ ❡✐♥ ③✉✈❡r❧äss✐❣❡r❡s ●❡s❛♠t❜✐❧❞ ❞❡r ❙③❡♥❡ ③✉ ❜❡❦♦♠♠❡♥ ❬✶✹❪✳ ❊s

s♦❧❧t❡♥ ❛✉❝❤ ▼ö❣❧✐❝❤❦❡✐t❡♥ ③✉r ❞②♥❛♠✐s❝❤❡♥ ❆♥♣❛ss✉♥❣ ❞❡r ✐♥t❡❣r❛t✐♦♥ t✐♠❡ ✉♥t❡rs✉❝❤t

✇❡r❞❡♥✱ ✉♠ ③✳❇✳ ❛✉❢ ✉♥t❡rs❝❤✐❡❞❧✐❝❤❡ ▲✐❝❤t✈❡r❤ä❧t♥✐ss❡ ③✉ r❡❛❣✐❡r❡♥✳

❆♥sät③❡ ❛✉s ❞❡♠ ▼❛❝❤✐♥❡ ▲❡❛r♥✐♥❣✱ ✇✐❡ ❞✐❡ ❑❧❛ss✐✜③✐❡r✉♥❣ ✈♦♥ ❖❜❥❡❦t❡♥ ❦ö♥♥t❡♥ ✐♥ ❩✉✲

❦✉♥❢t ✉♥t❡rs✉❝❤t ✇❡r❞❡♥✳ ❆✉❝❤ ❛✉s ❞❡♠ ❇❡r❡✐❝❤ ❞❡r ❘♦✉t❡♥♣❧❛♥✉♥❣ ❢ür ♠♦❜✐❧❡ ❘♦❜♦t❡r

❜✐❡t❡♥ s✐❝❤ ③❛❤❧r❡✐❝❤❡ ❑♦♥③❡♣t❡✱ ✇❡❧❝❤❡ ✐♥ ③✉❦ü♥❢t✐❣❡♥ ❆r❜❡✐t❡♥ ✉♥t❡rs✉❝❤t ✉♥❞ ❛♥ ❞❡♥

❊●❉ ❛♥❣❡♣❛sst ✇❡r❞❡♥ ❦ö♥♥❡♥✳

❉✐❡ ❡♥t✇✐❝❦❡❧t❡ ▼✐❦r♦❝♦♥tr♦❧❧❡r✲❙♦❢t✇❛r❡ ✐st ❜✐s❤❡r s♦ ❦♦♥③✐♣✐❡rt✱ ❞❛ss ❜❡✐♠ ❲❛rt❡♥ ❛✉❢

❯❆❘❚✲❩❡✐❝❤❡♥ ❞✐❡ ❈P❯ ❜❧♦❝❦✐❡rt ✇✐r❞✱ ❞❛ ❜✐s❤❡r ♥✉r ❞❛s ③✉✈❡r❧äss✐❣❡ ❊♠♣❢❛♥❣❡♥ ❞❡r

❇✐❧❞❞❛t❡♥ Pr✐♦r✐tät ❤❛tt❡✳ ❲❡♥♥ ❛✉❢ ❞❡♠ ▼✐❦r♦❝♦♥tr♦❧❧❡r ✇❡✐t❡r❡ Pr♦③❡ss❡ ✐♠♣❧❡♠❡♥✲

✻✶



✼ ❋❛③✐t ✉♥❞ ❆✉s❜❧✐❝❦

t✐❡rt ✇❡r❞❡♥✱ s♦❧❧t❡ ✐♥ ❇❡tr❛❝❤t ❣❡③♦❣❡♥ ✇❡r❞❡♥✱ ❞✐❡ ❯❆❘❚✲❑♦♠♠✉♥✐❦❛t✐♦♥ ■♥t❡rr✉♣t✲

❣❡st❡✉❡rt ③✉ ✈❡r✇❡♥❞❡♥✳

❉❛s ✐♥ ❞✐❡s❡r ❆r❜❡✐t ❡r❛r❜❡✐t❡t❡ ❙②st❡♠ ❡r♠ö❣❧✐❝❤t ③✉❦ü♥❢t✐❣❡♥ ❊♥t✇✐❝❦❧❡r♥ ❡✐♥❡ ♠♦❞✉✲

❧❛r❡ ❲❡✐t❡r❡♥t✇✐❝❦❧✉♥❣ ❞❡s ❊●❉s✳ ❆❧❣♦r✐t❤♠❡♥ ❦ö♥♥❡♥ ✐♥ ❞❡r Pr❛①✐s ❣❡t❡st❡t ✇❡r❞❡♥✱

❞❛ ❡✐♥❡ ❢✉♥❦t✐♦♥✐❡r❡♥❞❡ ❇❛s✐s ③✉r ❱❡r❢ü❣✉♥❣ st❡❤t✳ ❉✉r❝❤ ❞✐❡ ✐♥ ❞✐❡s❡r ❆r❜❡✐t ❣❡s❝❤❛✛❡✲

♥❡♥ ●r✉♥❞❧❛❣❡♥ s♦❧❧t❡ ③✉❦ü♥❢t✐❣❡♥ ❊♥t✇✐❝❦❧❡r♥ ❡✐♥ ❡r❧❡✐❝❤t❡rt❡r ❊✐♥st✐❡❣ ✐♥ ❞✐❡ ▼❛t❡r✐❡

♠ö❣❧✐❝❤ s❡✐♥✳

✻✷



▲✐t❡r❛t✉r✈❡r③❡✐❝❤♥✐s

❬✶❪ ❆♥❛❧♦❣ ❉❡✈✐❝❡s✿ ❆❉✲✾✻❚❖❋✶✲❊❇❩ ❆♥❛❧♦❣ ❉❡✈✐❝❡s ❲❡❜s✐t❡✳ ❬❖♥❧✐♥❡❪✳ ✕ ❯❘▲

https://www.analog.com/en/design-center/evaluation-hardware-

and-software/evaluation-boards-kits/ad-96tof1-ebz.html#eb-

overview✳ ✕ ▲❡t③t❡r ❩✉❣r✐✛ ❛♠ ✷✻✳✵✸✳✷✵✷✵

❬✷❪ ❆♥❛❧♦❣ ❉❡✈✐❝❡s✿ ❆❉✲✾✻❚❖❋✶✲❊❇❩ ❯s❡r ●✉✐❞❡✳ ✷✵✷✵✳ ❬❖♥❧✐♥❡❪✳ ✕ ❯❘▲ https:

//wiki.analog.com/resources/eval/user-guides/ad-96tof1-ebz✳ ✕

▲❡t③t❡r ❩✉❣r✐✛ ❛♠ ✷✶✳✵✸✳✷✵✷✵

❬✸❪ ❆♥②❝✉❜✐❝✿ ❆♥②❝✉❜✐❝ ■✸ ▼❡❣❛ ❲❡❜s✐t❡✳ ❬❖♥❧✐♥❡❪✳ ✕ ❯❘▲ https://

www.anycubic.com/products/anycubic-i3-mega✳ ✕ ▲❡t③t❡r ❩✉❣r✐✛ ❛♠

✷✻✳✵✸✳✷✵✷✵

❬✹❪ ❇❛s❧❡r ❆●✿ ❲❍■❚❊ P❆P❊❘ ❍♦❝❤❛✉✢ös❡♥❞❡ ▲✐❝❤t❧❛✉❢③❡✐t✲❑❛♠❡r❛ ✭❚✐♠❡✲♦❢✲

❋❧✐❣❤t✲❑❛♠❡r❛✮✳ ✷✵✶✾✳ ✕ ❯❘▲ https://www.baslerweb.com/de/vertrieb-

support/downloads/downloads-dokumente/time-of-flight-

kameras/✳ ✕ ▲❡t③t❡r ❩✉❣r✐✛ ✶✻✳✵✷✳✷✵✷✵

❬✺❪ ❇❛✉♠❡r ●♠❜❍✿ ❋✉♥❦t✐♦♥s✇❡✐s❡ ✉♥❞ ❚❡❝❤♥♦❧♦❣✐❡ ✈♦♥ ❘❛❞❛rs❡♥s♦r❡♥✳ ❬❖♥❧✐♥❡❪✳

✕ ❯❘▲ https://www.baumer.com/de/de/service-support/know-

how/funktionsweise/funktionsweise-und-technologie-von-

radarsensoren/a/Know-how_Function_Radar-sensors✳ ✕ ▲❡t③t❡r

❩✉❣r✐✛ ❛♠ ✷✻✳✵✸✳✷✵✷✵

❬✻❪ ❇rä✉♥❧✱ ❚❤♦♠❛s✿ ❊♠❜❡❞❞❡❞ ❘♦❜♦t✐❝s✳ ❙♣r✐♥❣❡r✲❱❡r❧❛❣ ❇❡r❧✐♥ ❍❡✐❞❡❧❜❡r❣✱ ✷✵✵✽✳ ✕

■❙❇◆ ✾✼✽✸✺✹✵✼✵✺✸✸✽

❬✼❪ ❉❡ ❈♦✐✱ ❇❡❛t✿ ✸❉✲❚❖❋ ❆ ❣✉✐❞❡❧✐♥❡ t♦ ✸❉✲❚❖❋ s❡♥s♦rs t❤❛t ✇♦r❦✳ ❡s♣r♦s ♣❤♦t♦♥✐❝s

❝♦r♣♦r❛t✐♦♥✱ ✷✵✶✽✳ ✕ ■❙❇◆ ✾✼✽✸✵✸✸✵✼✵✾✻✼

✻✸



▲✐t❡r❛t✉r✈❡r③❡✐❝❤♥✐s

❬✽❪ ❉✐❣✐✲❑❡②✿ ❉✐❣✐✲❑❡② ❱❡rs❛♥❞❤ä♥❞❧❡r✱ ❚❖❋❃❈❆▼ ✻✸✺✳ ❬❖♥❧✐♥❡❪✳ ✕ ❯❘▲

https://www.digikey.de/product-detail/de/espros-photonics-

ag/TOF-CAM-635/2199-TOF-CAM635-ND/10516857✳ ✕ ▲❡t③t❡r ❩✉❣r✐✛ ❛♠

✸✵✳✵✸✳✷✵✷✵

❬✾❪ ❉✐❣✐✲❑❡②✿ ❉✐❣✐✲❑❡② ❱❡rs❛♥❞❤ä♥❞❧❡r✱ ❚❖❋❃❈❆▼ ✻✸✺ ❯❙❇ ❆❉❆P✲

❚❊❘ ❑■❚✳ ❬❖♥❧✐♥❡❪✳ ✕ ❯❘▲ https://www.digikey.de/product-

detail/de/espros-photonics-ag/TOF-CAM-635-USB-ADAPTER-
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#include <inc/tm4c1294ncpdt.h>

#include <stdio.h>

#include <stdint.h>

#include <stdbool.h>

#include "inc/hw_memmap.h"

#include "driverlib/debug.h"

#include "driverlib/gpio.h"

#include "driverlib/pin_map.h"
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#include "driverlib/rom.h"

#include "driverlib/rom_map.h"

#include "driverlib/sysctl.h"

#include "driverlib/timer.h"

#include "tivaUART.h"

#include "crc.h"

#define COMMANDLENGTH 14

#define ROWS 60

#define COLUMNS 160

#define RESPONSE_HEADER_SIZE 80

uint32_t sysClk;

int main(void){

//Configure UART6 for Communication with ToF-Kamera

//set clock frequency 120 MHz

sysClk = MAP_SysCtlClockFreqSet((SYSCTL_XTAL_25MHZ |

SYSCTL_OSC_MAIN |

SYSCTL_USE_PLL |

SYSCTL_CFG_VCO_480), 120000000);

//configure UART6 with Bitrate 10 Mbit/s, 8 Data Bits, 1 Stop Bit, Parity

None

configUART6(sysClk, 10000000, UART_CONFIG_WLEN_8, UART_CONFIG_STOP_ONE,

UART_CONFIG_PAR_NONE);

//Communication via virtual COM port

//configure UART0 with Bitrate 128000 bit/s, 8 Data Bits, 1 Stop Bit,

Parity None

configUART0(sysClk, 128000, UART_CONFIG_WLEN_8, UART_CONFIG_STOP_ONE,

UART_CONFIG_PAR_NONE);

//set integration time to 35 us: 0x23, 105 us: 0x69

uint8_t SET_INT_TIME_DIST[COMMANDLENGTH] = {0xF5, 0x00, 0x00, 0x69, 0x00,

0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00};

//calculate CRC-checksum

uint32_t checksum = calcCrc32_32(SET_INT_TIME_DIST, 10);

//store checksum-bytes in command-array

int j = 0;

for(j = 0; j < 4; j++){
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SET_INT_TIME_DIST[j+10] = (uint8_t)((checksum>>(8*j)) & 0x000000FF);

}

//GET_DIST single measurement, 0xF5: start, 0x20: GET_DIST, 0x00: single

measurement

uint8_t GET_DIST[COMMANDLENGTH] = {0xF5, 0x20 , 0x00, 0x00, 0x00, 0x00, 0

x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00};

//calculate CRC-checksum

checksum = calcCrc32_32(GET_DIST, 10);

//store checksum-bytes in command-array

for(j = 0; j < 4; j++){

GET_DIST[j+10] = (uint8_t)((checksum>>(8*j)) & 0x000000FF);

}

//variables to store sensordata

uint8_t receivedByte = 0;

//data is read byte per byte

uint8_t pixelData[ROWS*COLUMNS*2] = {0};

//variables to store start, length and CRC bytes from ToF-response

uint8_t start = 0;

uint8_t type = 0;

uint8_t length[2] = {0};

uint8_t crc[4] = {0};

//array to store response to SET command

uint8_t set_response[8] = {0};

//transmit SET command

UARTsend(UART6_BASE, SET_INT_TIME_DIST, 14);

for(j = 0; j < 8; j++){

set_response[j] = UARTCharGet(UART6_BASE);

}

//wait for character from MATLAB script

while(!UARTCharsAvail(UART0_BASE));

//check for correct character

while(’s’ != UARTCharGet(UART0_BASE));

//empty UART0 FIFO

while(UARTCharsAvail(UART0_BASE)){
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UARTCharGet(UART0_BASE);

}

//empty UART6 FIFO

while(UARTCharsAvail(UART6_BASE)){

UARTCharGet(UART6_BASE);

}

int imageCounter = 0;

//send command to get image

UARTsend(UART6_BASE, GET_DIST, 14);

int i = 0;

/*

//Measure time for image acquisition...

double time = 0;

//configure Timer0

ROM_SysCtlPeripheralEnable(SYSCTL_PERIPH_TIMER0);

ROM_TimerConfigure(TIMER0_BASE, TIMER_CFG_ONE_SHOT_UP);

ROM_TimerLoadSet(TIMER0_BASE, TIMER_A, 0xFFFFFFFF);

ROM_TimerControlStall(TIMER0_BASE, TIMER_A, true);

ROM_TimerEnable(TIMER0_BASE, TIMER_A);*/

while(1){

//response format: 1 byte start, 1 byte type, 2 bytes length n, n

bytes data, 4 bytes CRC

//for GET_DIST 80 byte header -> 160 x 60 pixel data + 80 byte header

+ 8 bytes

for(i = 0; i < ROWS*COLUMNS*2+RESPONSE_HEADER_SIZE+8; i++){

receivedByte = UARTCharGet(UART6_BASE);

//store start byte

if(0 == i){

start = receivedByte;

}

//store type byte

else if(1 == i){

type = receivedByte;

}
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//store length bytes

else if(2 == i){

length[1] = receivedByte;

}

else if(3 == i){

length[0] = receivedByte;

}

//store CRC values

else if(i >= ROWS*COLUMNS*2+RESPONSE_HEADER_SIZE+4){

crc[i-(ROWS*COLUMNS*2+RESPONSE_HEADER_SIZE+4)] = receivedByte

;

}

//store pixel data

else if(i >= RESPONSE_HEADER_SIZE+4) {

pixelData[i-(RESPONSE_HEADER_SIZE+4)] = receivedByte;

}

}

imageCounter++;

/*if(imageCounter >= 500){

//measure required time

time = (double)ROM_TimerValueGet(TIMER0_BASE, TIMER_A)/(double)

sysClk;

}*/

//transmit pixelData to MATLAB script

UARTsend(UART0_BASE, pixelData, ROWS*COLUMNS*2);

//get new image, do not send this when operating in streaming mode!

UARTsend(UART6_BASE, GET_DIST, 14);

}

}

tivaUart.c

/*

* tivaUART.c

*

* Created on: 17.01.2020
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* Author: max_r

*/

#include <tivaUART.h>

void configUART6(uint32_t sysClk, uint32_t bitrate, uint32_t dataLength,

uint32_t stopBits, uint32_t parity){

//Enable PORTP for UART6

ROM_SysCtlPeripheralEnable(SYSCTL_PERIPH_UART6);

ROM_SysCtlPeripheralEnable(SYSCTL_PERIPH_GPIOP);

GPIOPinConfigure(GPIO_PP0_U6RX);

GPIOPinConfigure(GPIO_PP1_U6TX);

ROM_GPIOPinTypeUART(GPIO_PORTP_BASE, GPIO_PIN_0 | GPIO_PIN_1);

//configure UART6

ROM_UARTConfigSetExpClk(UART6_BASE, sysClk, bitrate,

(dataLength | stopBits |

parity));

while(!SysCtlPeripheralReady(SYSCTL_PERIPH_UART6));

}

void configUART0(uint32_t sysClk, uint32_t bitrate, uint32_t dataLength,

uint32_t stopBits, uint32_t parity){

//Enable PORTA for UART0

ROM_SysCtlPeripheralEnable(SYSCTL_PERIPH_UART0);

ROM_SysCtlPeripheralEnable(SYSCTL_PERIPH_GPIOA);

GPIOPinConfigure(GPIO_PA0_U0RX);

GPIOPinConfigure(GPIO_PA1_U0TX);

ROM_GPIOPinTypeUART(GPIO_PORTA_BASE, GPIO_PIN_0 | GPIO_PIN_1);

//configure UART0

ROM_UARTConfigSetExpClk(UART0_BASE, sysClk, bitrate,

(dataLength | stopBits |

parity));

while(!SysCtlPeripheralReady(SYSCTL_PERIPH_UART0));

}

void UARTsend(uint32_t uartBase, const uint8_t *pui8Buffer, uint32_t

ui32Count) {

while(ui32Count--){
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ROM_UARTCharPut(uartBase, *pui8Buffer++);

}

}

/*

* crc.c

*

* Created on: 05.02.2020

*

* CRC-calculation function for the TOF>cam 635 taken from

* Installation_and_Operation_Manual_TOF>cam_635-V0.21

* URL: https://www.espros.com/downloads/02_Cameras_and_Modules/

Installation_and_Operation_Manual_TOFCAM635.pdf

*

*/

#include "crc.h"

uint32_t polynom = 0x04C11DB7;

uint32_t xorValue = 0x00000000;

uint32_t initValue = 0xFFFFFFFF;

uint32_t calcCrc32_32(const uint8_t *data, const uint32_t size){

uint32_t crc = initValue;

int i;

for(i = 0; i < size; i++){

crc = calcCrc32Uint32(crc, data[i]);

}

return crc ^ xorValue;

}

uint32_t calcCrc32Uint32(uint32_t crc, uint32_t data){

int i;

crc = crc ^ data;

for(i=0; i<32; i++){

if (crc & 0x80000000){

crc = (crc << 1) ^ polynom;

}

else{

crc = (crc << 1);

}

}

✼✸



❆ ❆♥❤❛♥❣

return(crc);

}

❆✳✷✳✷ ▼❛t❧❛❜✲❈♦❞❡

❚♦❋✳♠

%% Evaluation of ToF-Sensordata

%%

close all;

clear all;

clc;

%% Serial communication

% list available serial ports

serialportlist("available")’

%connect and configure com port

serialPort = serialport("COM6", 128000);

set(serialPort, ’DataBits’, 8, ’StopBits’, 1, ’ByteOrder’, ’little-endian’);

configureTerminator(serialPort, "LF");

serialPort.UserData = struct("Data",[],"Count",1);

writeline(serialPort, "s");

configureCallback(serialPort, "terminator", readToFdata);

r❡❛❞❚♦❋❞❛t❛✳♠

function readToFdata(src, ~)

columns = 160;

rows = 60;

tic

%read half of the values at once

data = read(src, columns*rows, ’uint8’);

count = src.UserData.Count;

src.UserData.Data((1+(count-1)*columns*rows):(count*columns*rows)) = data;

src.UserData.Count = src.UserData.Count + 1;

if src.UserData.Count > 2
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pixelData = src.UserData.Data;

plotToFdata(pixelData);

% turn off callback function

%configureCallback(src, "off");

src.UserData.Count = 1;

end

end

♣❧♦t❚♦❋❞❛t❛✳♠

function plotToFdata(pixelData)

columns = 160;

rows = 60;

image = zeros(1, columns*rows);

% merge to bytes two one 16-bit pixel data value

for i = 1:columns*rows

image(i) = bitor(pixelData(2*(i-1)+1), bitshift(pixelData(2*i), 8));

% clear confidence bits, todo: store somewhere to evaluate

image(i) = bitset(image(i), 16, 0);

image(i) = bitset(image(i), 15, 0);

end

%ignore values above 3000

for i = 1:length(image)

if image(i) > 3000

image(i) = 3000;

end

end

y = repmat([0:columns-1], 1, rows); %horizontal axis

z = zeros(1, columns); %vertical axis

for i = 1:rows-1

a = i*ones(1, columns);

z = cat(2, z, a);

end

%configure colormap

red = [1 0 0];

yellow = [1 1 0];

green = [0 1 0];
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blue = [0 0 1];

black = [0 0 0];

len = 100;

redToYellow = [linspace(red(1), yellow(1), len)’ linspace(red(2), yellow

(2), len)’ linspace(red(3), yellow(3), len)’];

yellowToGreen = [linspace(yellow(1), green(1), len)’ linspace(yellow(2),

green(2), len)’ linspace(yellow(3), green(3), len)’];

greenToBlue = [linspace(green(1), blue(1), len)’ linspace(green(2), blue

(2), len)’ linspace(green(3), blue(3), len)’];

blueToBlack = [linspace(blue(1), black(1), len)’ linspace(blue(2), black

(2), len)’ linspace(blue(3), black(3), len)’];

redToGreen = cat(1, redToYellow, yellowToGreen);

redToBlue = cat(1, redToGreen, greenToBlue);

redToBlack = cat(1, redToBlue, blueToBlack);

% plot data

scatter3(image, y, z, [], image, ’filled’);

% configure plot

colormap(redToBlack);

colorbar;

set(gca,’ydir’,’reverse’, ’zdir’, ’reverse’); %coordinates from top left

to bottom right

ylabel(’Horizontal’);

zlabel(’Vertical’);

xlabel(’Distance’);

toc

end
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