
Αρτιχλε Ι∆ : ���� � ������������ � ���� � �� 

Εθυαλ ιζατιον οφ Τι2�Αλ 2� ς αλ λοψ ωελδεδ ϕοιντ 
βψσχαννινγ ελεχτρον βεαµ ωελδινγ 

≠ 

≤∪⊕∈ ÷⊃ ℑ∉∅ ⊕∈∩�陈晓风� � � ♦ℑ∈ ≡∪∉∈∩�韩  忠� � �← ∉∏ ÷⊃ ∈∅ℑ∈∩�楼新芳� � � 

♦∏ ≤∪∏ ℑ∈ ∪∏∈�胡传顺� � �≥∏∈ ≤∪ℑ∈∩∧⊃ �孙长义� � �← ⊃≡∪∉∈∩⊄∏ �李忠库� � 

1 . Ινστιτυτε οφ Μεταλ Ρεσεαρχη , Τηε Χηινεσε Αχαδε µ ψ οφ Σχιενχεσ , 

Σηενψανγ 110015 , Π . Ρ . Χηινα 

2 . Στατε Κεψ Λαβ φορ Χορροσιον ανδ Προτεχτιον , Ινστιτυτε οφ Χορροσιον ανδ 

Προτεχτιον οφ Μεταλ σ , Τηε Χηινεσε Αχαδε µ ψ οφ Σχιενχεσ , Σηενψανγ 110015 , Π . Ρ . Χηινα 

Αβσ τραχτ �×∪ ⊕⊕ ∇∏ ℑ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ ∉ ∅ ×⊃ 2�ϒ⊂ 2�∂ ℑ ⊂ ⊂∉∧ ⋅⊕ ⊂⊗ ⊕ ⊗⊇ ∉ ⊃ ∈⋅⊃  ∪ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂ ∉∈ ℘ ∉  ∉ ⊃ ∉∈  ⊕  ⊃   ℑ∈℘ ⊕�   ⊕ ∈∩  ∪ 

ℑ∈⊗⊗ ∏ ℘  ⊃ ⊂ ⊃  ∧ ⋅ℑ   ∏ ⊗ ⊃ ⊕ ⊗� ×∪ ⊕ ∉ ⊂ ⊃ ⊗ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕⊃   ℑ∈ ∅ ∉⊆⊕ ⊗∅  ∉⊆ ��� Λ ⊆ ℘ ∉ ⊂∏⊆∈ℑ ∩  ℑ ⊃ ∈ ∉��� 

Λ ⊆ ⊕ ∇∏ ⊃ ℑ¬⊕ ⊗ ∩  ℑ ⊃ ∈ℜ∧  ℘ ℑ∈∈⊃ ∈∩ ⊕ ⊂⊕ ℘   ∉∈ ℜ ⊕ ℑ⊆ ⋅⊕ ⊂⊗ ⊃ ∈∩� ×∪⊕ ℑ∈∉⊗ ⊃ ℘∠∉ ⊂ℑ  ⊃ ∨ℑ  ⊃ ∉∈ ℘ ∏  √⊕ ∉ ∅ ��� Λ ⊆ ⊕ ∇∏ ⊃ ℑ¬⊕ ⊗ 

∩  ℑ ⊃ ∈℘ ∉ ⊃ ∈℘ ⊃ ⊗ ⊕  ⋅⊃  ∪ ∪ℑ ∉ ∅ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂�∞∇∏ ℑ ⊂℘ ∉  ∉ ⊃ ∉∈ ⊕  ⊃   ℑ∈℘ ⊕ℜ ⊕  ⋅⊕ ⊕ ∈ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ℑ∈⊗ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂ ⋅ℑ ∉ℜ 2 
 ℑ ⊃ ∈⊕ ⊗� ∝∈⊃ ∅ ∉⊆ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ℑ∈⊗ ∉ ⊂∏  ⊕ ⊗ ⊃    ⊃ ℜ∏  ⊃ ∉∈ ℑ  ⊕ ∪⊕ ℜ ℑ  ⊃ ∉∅ ⊕ ∇∏ ℑ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ � ≤∉  ∉  ⊃ ∉∈  ℑ  ⊕ ∉∅ ⋅⊕ ⊂⊗ 

⋅⊃  ∪��� Λ ⊆ ⊕ ∇∏ ⊃ ℑ¬⊕ ⊗ ∩  ℑ ⊃ ∈⊃  ∪ ⊕⊂∉⋅⊕   � � ���  ⊃ ⊆⊕ ⊂∉⋅⊕  ∪ ℑ∈  ∪ ℑ ∉ ∅ ��� Λ ⊆ ℘ ∉ ⊂∏⊆∈ℑ ∩  ℑ ⊃ ∈� • ⊕ ⊂⊗ 

   ⊕ ∈∩  ∪⊃ �� � ℑ  ⊆∏ ℘ ∪ℑ  ∪ ℑ ∉ ∅ ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂� ∧⊃ ⊕ ⊂⊗ 2   ⊕ ∈∩  ∪ ℑ  ⊃ ∉⊃ �� � � � � ⋅∪ ⊃ ℘ ∪⊃ � � � � ∪ ⊃ ∩∪⊕  ∪ℑ∈ 

 ∪ ℑ ∉∅ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂� 

Κεψ ωορδσ:  ℘ ℑ∈∈⊃ ∈∩⊕ ⊂⊕ ℘   ∉∈ ℜ ⊕ ℑ⊆ ⋅⊕ ⊂⊗ ⊃ ∈∩� ⊃  ℑ∈⊃ ∏⊆ ℑ ⊂ ⊂∉∧ � ⋅⊕ ⊂⊗ ⊃ ∈∩�⊕ ∇∏ ℑ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ ∆οχυµεντ χοδε: Α 

1  ΙΝΤΡ Ο∆ΥΧΤΙΟΝ 

≥∏ ℘ ∪ℑ ∪ ⊃ ∩∪   ⊕∈∩  ∪ ϒ⊂ℑ ⊂ ⊂∉∧ � ×⊃ℑ ⊂ ⊂∉∧ ℑ∈⊗ 

 ∏∠⊕ ∪ ⊃ ∩∪    ⊕∈∩  ∪   ⊕ ⊕ ⊂� ∪⊕ ⊃ ℘ ∉  ∉ ⊃ ∉∈  ⊕  ⊃  2 
 ℑ∈℘ ⊕ ⋅ℑ  ⊗ ⊕ ℘  ⊕ ℑ  ⊕⊗ ⊗∏ ⊕  ∉ ⋅⊕ ⊂⊗ ⊃ ∈∩ 

≈� � � � ∪⊕ ⊃  

   ⊕∈∩  ∪ ℑ∈⊗⊗∏ ℘  ⊃ ⊂ ⊃  ∧ ⋅⊕  ⊕⊗ ⊕ ℘  ⊕ ℑ  ⊕⊗ ∉ �� � ∗ 

�� � ℑ  ⊆∏ ℘ ∪ ℑ  ∪ℑ ∉∅ ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂ ≈� � ×∉  ⊕ 2 
  ⊃ ⊕√⊕∠  ∉∠⊕   ⊃ ⊕ ∉∅⊂ℑ  ∩⊕℘ ∉∈   ∏ ℘  ⊃ ∉∈⊃ ⊂ ⊃⊆⊃  ⊕⊗ 

ℜ ∧ ∪⊕⊗ ⊕ ∅∉⊆ℑ  ⊃ ∉∈℘ ℑ∏  ⊕⊗ℜ ∧ ∪⊕ ℑ    ⊕ ℑ  ⊆⊕∈ �×∉ 

⊃ ∈℘  ⊕ ℑ  ⊕   ⊕∈∩  ∪ ℜ ∧ ⊃ ∈℘  ⊕ ℑ  ⊃ ∈∩ ∪ ⊃ ℘ ⊄∈⊕  ℑ∈⊗ℑ ⊂2 
⊂∉∧⊃ ∈∩∈∉∉∈⊂∧⊂ ⊃⊆⊃  ⊂ ⊃ ∩∪  ⊃ ∈∩∉∅℘ ∉∈   ∏ ℘  ⊃ ∉∈ ℜ∏  

ℑ ⊂ ∉ ⊃ ∈℘  ⊕ ℑ  ⊕     ⊕   ℘ ∉∈℘ ⊕∈  ℑ  ⊃ ∉∈ ℘ ∉⊕ ∅ ∅ ⊃ ℘ ⊃ ⊕∈ � 

∏∈⊕√⊕∈ ℘ ∉  ∉ ⊃ ∉∈ ℑ∈⊗℘ ∉ℑ   ⊕ ∉ ⊂ ⊃ ⊗ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈    ∏ ℘ 2 
 ∏  ⊕∉∅ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂� ϒ⊂ ⊂ ℑℜ∉√⊕ ⋅⊃ ⊂ ⊂  ⊕  ∏ ⊂ ⊃ ∈ ∅ℑ 2 
 ⊃ ∩∏ ⊕℘  ℑ℘ ⊄�⊂⊕ ℑ⊄ℑ∩ ⊕ ℑ∈⊗ ∪ℑ∠∠ ⊕∈⊃ ∈∩ ∉∅∅  ℑ ℘  ∏  ⊕ 

ℑ ℘ ℘ ⊃ ⊗ ⊕∈ � ℑ∈⊗  ∪∏  ∪⊕  ℑ ∅ ⊕  ∧ �  ⊕ ⊂ ⊃ ℑℜ ⊃ ⊂ ⊃  ∧ ℑ∈⊗ 

  ∉ ℑ∩ ⊕⊂ ⊃ ∅⊕∉∅℘ ∉∈   ∏ ℘  ⊃ ∉∈ℑ  ⊕⊂ℑ  ∩ ⊕ ⊂∧ ⊂∉⋅⊕  ⊕⊗� 

← ⊃ ∩∪  ⊃ ∈∩ ⋅⊕ ⊂⊗ ⊃ ∈∩℘ ∉∈   ∏ ℘  ⊃ ∉∈ℑ  ⊕∉∅  ⊕∈ ⊃ ∈ 

 ⊕  √⊃ ℘ ⊕ ℑ  ∏ ℘ ∪ ℑ∈ ⊕∈√⊃  ∉∈⊆⊕∈ℑ   ⊕ ℑ ⋅ℑ  ⊕ � 

℘ ℑ√⊕�⊂∉⋅  ⊕⊆∠⊕  ℑ  ∏  ⊕�⊂ ⊃ ∇∏ ⊃ ⊗∅∏ ⊕ ⊂ℑ∈⊗ ∉ ⊂ ⊃ ⊗℘ ∉ℑ  

⊕  ℘�  ∪⊕  ⊕ ∅∉ ⊕ ⊕ ∇∏ ℑ ⊂ ℘ ∉  ∉ ⊃ ∉∈  ⊕  ⊃   ℑ∈℘ ⊕� 

   ⊕∈∩  ∪ ℑ∈⊗ ⊗ ∏ ℘  ⊃ ⊂ ⊃  ∧ ℜ ⊕  ⋅⊕ ⊕∈ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ ℑ∈⊗ 

ℜℑ  ⊕ ⊆⊕  ℑ ⊂ℑ  ⊕⊗ ⊕⊆ℑ∈⊗ ⊕⊗� • ⊕⊗ ⊕ ∅ ⊃ ∈⊕ ∪⊕⊕ ∇∏ ℑ ⊂ ⊃  ∧ 

∉∅℘ ∉  ∉ ⊃ ∉∈  ⊕  ⊃   ℑ∈℘ ⊕�   ⊕∈∩  ∪ ℑ∈⊗⊗ ∏ ℘  ⊃ ⊂ ⊃  ∧ ∉∅ 

⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ ⋅⊃  ∪ ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂ ℑ ⊕∇∏ ℑ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ � ∞2 
∇∏ ℑ ⊂ ⊃ ∨ℑ  ⊃ ∉∈⊃ ℑ∅∉∏∈⊗ ℑ  ⊃ ∉∈ ⋅∪ ⊃ ℘ ∪ ⊆ℑ⊄⊕  ⋅⊕ ⊂⊗ ⊃ ∈∩ 

℘ ∉∈   ∏ ℘  ⊃ ∉∈⊂ ⊃ ∩∪  ⊕ ℑ∈⊗⊆ℑ ⊂ ⊂⊕ � 

• ⊃  ∪  ∪⊕ ⊃ ∈℘  ⊕ ℑ  ⊕ ∉∅    ⊕∈∩  ∪ ℑ∈⊗ ⊕ ⊂ℑ   ⊃ ℘ 

⊆∉⊗∏ ⊂∏ ∉∅ ⊆⊕  ℑ ⊂ ℑ∈⊗ ⊆⊕  ℑ ⊂ ⊂ ⊃ ℘℘ ∉⊆∠∉∏∈⊗ � ∪⊕ ⊃  

∠  ∉∠ ⊕   ∧⊂∉ ⊗ ∏ ⊕ ∉ ⋅⊕ ⊂⊗ ⊃ ∈∩ ⊆∏  ℜ ⊕ℑ∩∩  ℑ√ℑ  ⊕⊗� 

 ∪⊕℘ ∉∈  ℑ⊗ ⊃ ℘  ⊃ ∉∈∉∅   ⊕∈∩  ∪�⊗∏ ℘  ⊃ ⊂ ⊃  ∧ ℑ∈⊗℘ ∉ 2 
 ∉ ⊃ ∉∈  ⊕  ⊃   ℑ∈℘ ⊕ ℜ ⊕  ⋅⊕ ⊕∈ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ ℑ∈⊗ ℜ ℑ  ⊕ 

⊆⊕  ℑ ⊂ ℑ  ⊕ ⊕ √⊕∈ ⊆∉ ⊕ ∠  ∉  ∏  ⊃ √⊕� ϒ⊂  ∪∉∏ ∩∪ ⊗ ∉2 
⊆⊕   ⊃ ℘ℑ∈⊗ℑℜ  ∉ℑ⊗ ⋅⊕ ⊂⊗ ⊃ ∈∩ ⋅∉ ⊄⊕  ∪ℑ√⊕ ⊆ℑ⊗ ⊕ℑ 

⊂∉ ∉∅ ⊕  ⊕ ℑ  ℘ ∪⊕  ∉⊃⊆∠  ∉√⊕⊕ ⊂⊕ ℘   ∉℘ ∪⊕⊆⊃ ℘℘ ∉  ∉2 
 ⊃ ∉∈  ⊕  ⊃   ℑ∈℘ ⊕ ≈� ∗ � ℑ∈⊗ ⊆⊕ ℘ ∪ℑ∈⊃ ℘ ℑ ⊂ ∠  ∉∠ ⊕   ⊃ ⊕ ∉∅ 

⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂� ∪⊕℘ ∉∈  ℑ⊗ ⊃ ℘  ⊃ ∉∈ ∪ℑ ∈∉ℜ ⊕ ⊕∈ ∏∈⊃  2 
⊕⊗ℜ ⊕ ℘ ℑ∏  ⊕ ∪⊕ ∧ ℑ ⊂ ⊂ ∏  ⊕⊗ ⊕ ∇∏ ⊃ ⊂ ⊃ ℜ  ⊃ ∏⊆  ∪⊕ ⊆∉⊗∧2 
∈ℑ⊆⊃ ℘  ∉ ⊂ ⊃ ⊗ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈ ∪⊕ ∉ ∧ ∉∩∏ ⊃ ⊗ ⊕∈∉∈⊕ ∇∏ ⊃ ⊂ ⊃ ℜ  ⊃ 2 
∏⊆ ⋅⊕ ⊂⊗ ⊃ ∈∩ ∉ ⊂ ⊃ ⊗ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈ ∠  ∉℘ ⊕  � 

♥∈  ∪ ⊃  ∠ ℑ∠ ⊕ � ⊕ ∇∏ ℑ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ ∉∅ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ 

⋅⊃  ∪ ×⊃ 2�ϒ⊂ 2�∂ ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂�⊃ ∈℘ ⊂∏⊗ ⊃ ∈∩ ℘ ∉  ∉ ⊃ ∉∈ 

∂ ∉ ⊂��  λ ��       Τρανσ. Νονφερρουσ Μετ . Σοχ . Χηινα       ≥⊕ ∠����� 

≠ ° ∉ ⊇ ⊕ ℘ ��������  ∏ ∠∠ ∉  ⊕ ⊗ℜ∧ ∪⊕ → ℑ  ⊃ ∉∈ℑ ⊂ → ℑ  ∏  ℑ ⊂ ≥℘ ⊃ ⊕ ∈℘ ⊕ƒ∉∏ ∈⊗ ℑ  ⊃ ∉∈ ∉∅ ≤∪ ⊃ ∈ℑℑ∈⊗∠  ∉ ⊇ ⊕ ℘ �������  ∏ ∠∠ ∉  ⊕ ⊗ℜ∧ ∪⊕ → ℑ  ∏  ℑ ⊂ ≥℘ ⊃ 2 

⊕ ∈℘ ⊕ ƒ∉∏ ∈⊗ ℑ  ⊃ ∉∈ ∉ ∅ ← ⊃ ℑ ∉∈⊃ ∈∩ ° ∉√⊃ ∈℘ ⊕�   ″ ⊕ ℘ ⊕ ⊃ √⊕ ⊗ ↓℘  � �� ����� �ℑ ℘ ℘ ⊕ ∠  ⊕ ⊗ ⁄⊕ ℘� �� �����



 ⊕  ⊃   ℑ∈℘ ⊕�   ⊕∈∩  ∪ ℑ∈⊗⊗∏ ℘  ⊃ ⊂ ⊃  ∧ �⊃   ∏⊗ ⊃ ⊕⊗ ℜ ∧ 

 ℘ ℑ∈∈⊃ ∈∩⊕ ⊂⊕ ℘   ∉∈ ℜ ⊕ ℑ⊆ ⋅⊕ ⊂⊗ ⊃ ∈∩�≥∞′ • � � 

2  ΕΞΠΕΡΙΜΕΝΤΑΛ 

2 .1  Ματεριαλσ ανδ εθυιπ µεντ 

♦∉ ∉ ⊂ ⊂⊕⊗ ×⊃ 2�ϒ⊂ 2�∂ ℑ ⊂ ⊂∉∧ ∠ ⊂ℑ  ⊕ ⋅⊃  ∪� ⊆⊆ 

 ∪ ⊃ ℘ ⊄∈⊕   ⋅ℑ  ∏  ⊕⊗ ⊃ ∈  ∪ ⊃  ⊕¬∠ ⊕  ⊃ ⊆⊕∈� ×∪⊕ 

 ∠⊕ ℘ ⊃ ⊆⊕∈  ⊃ ∨⊕∅∉ ⊕∈ ⊃ ⊂⊕ ⊕  ⋅ℑ ��� ⊆⊆ ≅ �� 
⊆⊆ ≅ � ⊆⊆ � ×∪⊕ ∠ ⊕ ℘ ⊃⊆⊕∈  ⊃ ∨⊕∅ ∉℘ ∉  ∉ ⊃ ∉∈ ⊕   

⋅ℑ �� ⊆⊆ ≅ � ⊆⊆ ≅ � ⊆⊆ ≈� � 
ϒ  ⊕ ⊂ ∅ 2⊆ℑ⊗ ⊕ ��� ⊄∂ ⊕ ⊂⊕ ℘   ∉∈ ℜ ⊕ ℑ⊆ ⋅⊕ ⊂⊗ ⊕  

⋅ℑ ∏  ⊕⊗⊃ ∈  ∪ ⊃ ⊕¬∠ ⊕  ⊃⊆⊕∈ �⊃   ⊆ℑ¬ ⊃⊆∏⊆ ∉∏  2 
∠∏  ⊃ �� �� ⊄• �ℑ ℘ ℘ ⊕ ⊂⊕  ℑ  ⊃ ∈∩ √∉ ⊂  ℑ∩⊕⊃ � ∗ ��� 
⊄∂ �∩  ⊃ ⊗ℜ ⊃ ℑ √∉ ⊂  ℑ ∩ ⊕⊃ � ∗ � ��� ∂ � ×∪⊕  ⊕ ⋅⊕  ⊕ 
 ⋅∉ ⊆ℑ∩∈⊕  ⊃ ℘∅∉℘ ∏  ⊃ ∈∩  ∧  ⊕⊆�  ∪⊕ ⊆⊃ ∈⊃ ⊆∏⊆ 

 ℑ⊗ ⊃ ∏ ∉∅ ∪⊕∅∉℘ ∏ ⊃ � � � ∗ � � � ⊆⊆ � ∪⊕ ⊆ℑ¬ ⊃ 2 
⊆∏⊆ ⊗ ⊕ ∅ ⊂⊕ ℘  ⊃ ∉∈ ⊗ ⊃   ℑ∈℘ ⊕⊃ �� ⊆⊆ ℑ ⊂∉∈∩ Ξ , Ψ 

ℑ¬⊕ � ϒ ⊆⊃ ℘  ∉∠  ∉℘ ⊕   ∉ ⋅ℑ  ∏  ⊕⊗ ℑ  ⊕ ⊂⊕ ℘   ∉∈ 

ℜ ⊕ ℑ⊆  ℘ ℑ∈∈⊃ ∈∩⊗ ⊕ √⊃ ℘ ⊕� 

2 .2  Εξπεριµενταλ µετηοδσ 

×∪⊕⊕ ⊂⊕ ℘   ∉∈ ℜ ⊕ ℑ⊆  ℘ ℑ∈∈⊃ ∈∩∅  ⊕ ∇∏ ⊕∈℘ ∧ ⋅ℑ  

� ∗ � ��� ♦∨�ℑ℘ ℘ ⊕ ⊂⊕  ℑ  ⊃ ∈∩ √∉ ⊂  ℑ∩ ⊕ ⋅ℑ ��� ⊄∂ � 

ℜ ⊕ ℑ⊆ ℘ ∏   ⊕∈⋅ℑ  �� ∗ �� ⊆ϒ � ⋅⊕ ⊂⊗ ⊃ ∈∩  ∠⊕ ⊕⊗ 
⋅ℑ � ��� ∗ � ��� ⊆⊆�⊆⊃ ∈ �√ℑ ℘ ∏∏⊆ ⊗ ⊕∩  ⊕ ⊕ ⋅ℑ  

� � �� ≅ �� � � °ℑ� 
∝∈⊗ ⊕  ∪⊕∩∏ ⊃ ⊗ ℑ∈℘ ⊕∉∅ ∪⊕ ∉ ∧ ∉∅ ⊕ ∅ ⊃ ∈⊃ ∈∩ ∉2 

⊂ ⊃ ⊗ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈    ∏ ℘  ∏  ⊕ ℜ ∧ ⊕ ⊂⊕ ℘   ∉∈ ℜ ⊕ ℑ⊆ ⊆⊕ ⊂  ⊃ ∈∩ 

℘ ∏   ⊃ ∈∩ 
≈� � � �ℑ ⊆ℑ  ∪⊕⊆ℑ  ⊃ ℘ ⊆∉⊗ ⊕ ⊂ ∅∉ ⊃ ⊆∏ ⊂ℑ  ⊃ ∈∩ 

 ∉ ⊂ ⊃ ⊗ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈ ∅  ∉∈ ⋅ℑ  ⊕   ℑℜ ⊂ ⊃  ∪⊕⊗� ×∪⊕  ℘ ℑ∈2 
∈⊃ ∈∩⊕ ⊂⊕ ℘   ∉∈ ℜ ⊕ ℑ⊆ ⋅⊕ ⊂⊗ ⊃ ∈∩ ⋅ℑ ℘ ∉∈  ∉ ⊂ ⊂⊕⊗ℜ∧ ∪⊕ 

∠  ∉∩  ℑ⊆ ⊃ ∈∠∏   ⊕⊗⊃ ∈ ∉ ⊆⊃ ℘  ∉∠  ∉℘ ⊕   ∉� 

×∪⊕ ℘ ∉  ∉ ⊃ ∉∈  ⊕    ⋅⊕  ⊕ ℘ ℑ   ⊃ ⊕⊗ ∉∏ ⊃ ∈ 

≤∏≥↓ � ℑ∈⊗  ℑ  ∏  ℑ  ⊕⊗ → ℑ≤⊂  ∉ ⊂∏  ⊃ ∉∈ � ≤∉  ∉ ⊃ ∉∈ 

∠ ∉ ⊕∈ ⊃ ℑ ⊂ℑ∈⊗∠∉ ⊂ℑ  ⊃ ∨ℑ  ⊃ ∉∈ ℘ ∏  √⊕  ⋅⊕  ⊕ ⊆⊕ ℑ  ∏  ⊕⊗ 

⊃ ∈ ≤∏≥↓ �  ∉ ⊂∏  ⊃ ∉∈ ℜ∧ ↑ ���2°ϒ ″ ���  ∧  ⊕⊆ � ϒ 

 ℑ  ∏  ℑ  ⊕⊗℘ ℑ ⊂∉⊆⊕ ⊂ ⊕ ⊂⊕ ℘   ∉⊗ ⊕ ℑ∈⊗ℑ ∠ ⊂ℑ  ⊃ ∈∏⊆ ⊕ ⊂⊕ ℘ 2 
  ∉⊗ ⊕ ⋅⊕  ⊕∏  ⊕⊗ℑ ℑ ⊕ ∅ ⊕  ⊕∈℘ ⊕ℑ∈⊗ℑ℘ ∉∏∈ ⊕ ⊕ ⊂⊕ ℘ 2 
  ∉⊗ ⊕ ⊕  ∠⊕ ℘  ⊃ √⊕ ⊂∧ � 

× ∞↑ ∉ℜ  ⊕  √ℑ  ⊃ ∉∈  ⊕  ∏ ⊂   ⋅⊕  ⊕ ∉ℜ  ℑ ⊃ ∈⊕⊗ ℜ ∧ 

°♦♥← ♥°≥ ∞↑ ��� � 

3  ΕΞΠΕΡΙΜΕΝΤ Ρ ΕΣΥΛΤΣ 

3 .1  Εφφεχτ οφ σχαννινγ φρεθυενχψ ον σολιδιφι2 
χατιον στρυχτυρε οφ ωελδ µεταλ 

×∪⊕ ⊕¬∠ ⊕  ⊃⊆⊕∈ ℑ ⊂  ⊕  ∏ ⊂   ℑ  ⊕  ∪∉⋅∈ ⊃ ∈ 

ƒ⊃ ∩� � � • ∪⊕∈  ℘ ℑ∈∈⊃ ∈∩∅  ⊕ ∇∏ ⊕∈℘ ∧ ⊃ � ∗ ��� ♦∨� 
 ∪⊕ ℑ√⊕  ℑ∩ ⊕ ⊆ℑ¬ ⊃⊆∏⊆ ℑ¬ ⊃  ⊂⊕∈∩  ∪ ∉∅ ℘ ∉ℑ   ⊕ 

℘ ∉ ⊂∏⊆∈ℑ ∩  ℑ ⊃ ∈⊃ ℑℜ ∉∏ ��� ∗ ��� Λ ⊆ � • ⊃  ∪ ∪⊕ 

⊃ ∈℘  ⊕ ℑ  ⊕∉ ∅∅  ⊕∇∏ ⊕∈℘ ∧ � ∪⊕ ∉ ⊂ ⊃ ⊗ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈    ∏ ℘  ∏  ⊕ 

ℜ ⊕ ℘ ∉⊆⊕ ⊕ ∇∏ ⊃ ℑ¬⊕⊗∩  ℑ ⊃ ∈� • ∪⊕∈∅  ⊕ ∇∏ ⊕∈℘ ∧⊃ ��� 

♦∨� ∪⊕⊕ ∇∏ ⊃ ℑ¬⊕⊗∩  ℑ ⊃ ∈ ⊃ ��� Λ ⊆ � • ∪⊕∈  ℘ ℑ∈2 
∈⊃ ∈∩∅  ⊕ ∇∏ ⊕∈℘ ∧⊃ ��� ♦∨� ∪⊕ ⊆⊃ ∈⊃ ⊆∏⊆ ⊕ ∇∏ ⊃ ℑ¬⊕⊗ 

∩  ℑ ⊃ ∈ ⊃  ��� Λ ⊆ � • ∪⊕∈  ℘ ℑ∈∈⊃ ∈∩ ∅  ⊕ ∇∏ ⊕∈℘ ∧ ⊃  

��� ♦∨� ∪⊕ ⊕∇∏ ⊃ ℑ¬⊕⊗ ∩  ℑ ⊃ ∈ ∩  ∉⋅ ∉ ��� Λ ⊆ � 

• ∪⊕∈  ℘ ℑ∈∈⊃ ∈∩ ∅  ⊕ ∇∏ ⊕∈℘ ∧ ⊃ ⊃ ∈℘  ⊕ ℑ  ⊕⊗ ∉ � ��� 

♦∨� ∪⊕∩  ℑ ⊃ ∈ ⊃ ∨⊕∩  ∉⋅ ∉ ��� Λ ⊆ � 

Φ ιγ . 1  ″ ⊕ ⊂ℑ  ⊃ ∉∈ ℜ ⊕  ⋅⊕ ⊕∈ ∅  ⊕ ∇∏ ⊕∈℘ ∧ ( φ) ℑ∈⊗ 

ℑ√⊕  ℑ ∩ ⊕ ⊆ℑ¬ ⊃⊆∏⊆ ℑ¬ ⊃ ⊂⊕∈∩  ∪∉∅∩  ℑ ⊃ ∈( Λ) 

3 . 2  Ρελατιον βετωεεν σολιδιφιχατιον στρυχτυρε 

ανδ ανοδιχ πολαριζατιον χυρϖε 

×∪⊕ℑ∈∉⊗ ⊃ ℘∠∉ ⊂ℑ  ⊃ ∨ℑ  ⊃ ∉∈ ℘ ∏  √⊕ ∉∅ ⊆⊕  ℑ ⊂⊃ ℑ 

℘  ⊃  ⊕  ⊃ ∉∈ ⋅∪ ⊃ ℘ ∪⊃ ∈⊗ ⊃ ℘ ℑ  ⊕  ∪⊕ ⊃ ⊕ ⊂⊕ ℘   ∉℘ ∪⊕⊆⊃ ℘℘ ∉ 2 
 ∉ ⊃ ∉∈  ⊕  ⊃   ℑ∈℘ ⊕� ×∪⊕∅ ⊃   ⊗ ⊕⊆ℑ∈⊗∅∉⊕ ∇∏ ℑ ⊂ ⊃ ∨ℑ 2 
 ⊃ ∉∈⊃  ∪⊕ ℑ⊆⊕℘ ∉⊆∠∉ ⊃  ⊃ ∉∈ℑ∈⊗⊕ ∇∏ ℑ ⊂℘ ∉  ∉ ⊃ ∉∈ 

 ⊕  ⊃   ℑ∈℘ ⊕ ∉∅ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ ⋅⊃  ∪ ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂� ×∪⊕ 

 ⊕ ∩∏ ⊂ℑ  ⊃  ∧ ∉∅ ℘ ∪ℑ∈∩⊕ ⊃ ∈  ∉ ⊂ ⊃ ⊗ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈    ∏ ℘  ∏  ⊕ 

ℑ∈⊗ ℑ∈∉⊗ ⊃ ℘ ∠∉ ⊂ℑ  ⊃ ∨ℑ  ⊃ ∉∈ ℘ ∏  √⊕ ∉∅ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ ⊃  

⊆⊕ ℑ  ∏  ⊕⊗� • ∪⊕∈  ∪⊕ ⊆ℑ¬ ⊃⊆∏⊆ ℑ¬ ⊃ ⊂⊕∈∩  ∪ ∉∅ 

℘ ∉ ⊂∏⊆∈ℑ ∩  ℑ ⊃ ∈⊃ ��� ∗ ��� Λ ⊆ � ∪⊕  ⊕ℑ∠∠ ⊕ ℑ ℑ 

℘ ∉  ∉ ⊃ ∉∈ ℘ ∏   ⊕∈⊗ ⊕∈ ⊃  ∧ ∠ ⊕ ℑ⊄ √ℑ ⊂∏ ⊕ ℑ∈⊗ ℑ∈ ℑ ℘ 2 
 ⊃ √⊕ 2∠ ℑ   ⊃ √⊕  ℑ∈ ⊃  ⊃ ∉∈ ∉∈ ⊕ ℑ ℘ ∪∉∅ ∪⊕ ⊃ ℑ∈∉⊗ ⊃ ℘∠ ∉2 
⊂ℑ  ⊃ ∨ℑ  ⊃ ∉∈ ℘ ∏  √⊕ � ×∪⊕ ⊃  ℑ ℘  ⊃ √⊕ ℘ ∏   ⊕∈⊗ ⊕∈ ⊃  ∧ 

∠⊕ ℑ⊄ √ℑ ⊂∏ ⊕  ⊕ ℑ ℘ ∪ �� � ��� � ∗ �� � ���� Λ ϒ�℘⊆ 
� � 

×∪⊕ ∠ℑ   ⊃ √⊕ ℘ ∏   ⊕∈⊗ ⊕∈ ⊃  ∧ ⊃  � � � ∗ � � �  ⊃⊆⊕  

∪ ⊃ ∩∪⊕  ∪ℑ∈  ∪ℑ ∉∅ ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂� ×∪⊕ ℘ ∉  ∉ ⊃ ∉∈ 

∠∉ ⊕∈ ⊃ ℑ ⊂⊃ ⊗ ⊕ ℘  ⊕ ℑ  ⊕⊗ ∉ �� � ∗ �� � ℑ  ⊆∏ ℘ ∪ℑ  

 ∪ℑ ∉∅ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂� ϒℑ∈ ⊕¬ℑ⊆∠ ⊂⊕�ƒ⊃ ∩�� ∩ ⊃ √⊕  

 ∪⊕ℑ∈∉⊗ ⊃ ℘∠ ∉ ⊂ℑ  ⊃ ∨ℑ  ⊃ ∉∈ ℘ ∏  √⊕ ∉∅ ∪⊕ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ 

# � � � # × ℑ∈� → ∉∈∅ ⊕   ∉∏  ↑⊕  �≥∉℘�≤∪ ⊃ ∈ℑ       ≥⊕ ∠�����



⋅⊃  ∪ ��� Λ ⊆ ℘ ∉ ⊂∏⊆∈ℑ ∩  ℑ ⊃ ∈ℑ∈⊗ ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂� 

ƒ ∉⊆ ℑℜ∉√⊕ ⊕  ∏ ⊂  � ∪⊕  ⊕ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ℑ  ⊕⊕ ℑ  ⊃ ⊕  

 ∉℘ ∉  ∉⊗ ⊕∠  ⊃ ∉ ∉ ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂� ♦∉⋅⊕ √⊕ � ⋅∪⊕∈ 

 ∪⊕⊕∇∏ ⊃ ℑ¬⊕⊗ ∩  ℑ ⊃ ∈⊃ ∈ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ ⊃  ��� Λ ⊆ � 

 ∪⊕  ⊕ℑ  ⊕ ∈∉ ℑ ℘  ⊃ √⊕ 2∠ ℑ   ⊃ √⊕  ℑ∈ ⊃  ⊃ ∉∈ ℑ∈⊗℘ ∉  ∉2 
 ⊃ ∉∈ ℘ ∏   ⊕∈⊗ ⊕∈ ⊃  ∧ ∠ ⊕ ℑ⊄ √ℑ ⊂∏ ⊕∉∈ ⊃  ℑ∈∉⊗ ⊃ ℘∠∉2 
⊂ℑ  ⊃ ∨ℑ  ⊃ ∉∈ ℘ ∏  √⊕ � ⊕ ⊕⊃ ∈ ƒ⊃ ∩� �� �♥ ℘ ∉  ∉ ⊃ ∉∈ 

∠ ∉ ⊕∈ ⊃ ℑ ⊂ℑ  ⊕⊂ ⊃   ⊂⊕∪ ⊃ ∩∪⊕  ∪ℑ∈ ∪ℑ ∉∅ℜ ℑ  ⊕ ⊆⊕  2 
ℑ ⊂� ⋅∪ ⊃ ℘ ∪ ⊃ ∈⊗ ⊃ ℘ ℑ  ⊕  ∪ℑ ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂ ∪ℑ ℑ ∠  ⊃ ∉ 

 ⊕∈⊗ ⊕∈℘ ∧  ∉℘ ∉  ∉⊗ ⊕� 

Φ ιγ .2  °∉ ⊂ℑ  ⊃ ∨ℑ  ⊃ ∉∈ ℘ ∏  √⊕ ∉∅ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ ⋅⊃  ∪ 

��� Λ ⊆ ℘ ∉ ⊂∏⊆∈ℑ ∩  ℑ ⊃ ∈ℑ∈⊗ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂ 

Φ ιγ .3  °∉ ⊂ℑ  ⊃ ∨ℑ  ⊃ ∉∈ ℘ ∏  √⊕ ∉∅ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ ⋅⊃  ∪ 

��� Λ ⊆ ⊕∇∏ ⊃ ℑ¬⊕⊗∩  ℑ ⊃ ∈ℑ∈⊗ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂ 

≥∉ ⊂ ⊃ ⊗ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈    ∏ ℘  ∏  ⊕⊃  ∉∉ ∅ ⊃ ∈⊕ ∉ ⊆ℑ  ℘ ∪ 

ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂� ∪⊕  ⊕ ∅∉ ⊕⊃ ⊗ ∉⊕ ∈∉ ∏ ⊃  ℑℜ ⊂⊕∅∉ ∪⊕ 

⊗ ⊕⊆ℑ∈⊗ ∉∅ ⊕ ∇∏ ℑ ⊂ ⊃ ∨ℑ  ⊃ ∉∈� • ∪⊕∈  ∪⊕ ⊕ ∇∏ ⊃ ℑ¬⊕⊗ 

∩  ℑ ⊃ ∈∉∅ ∪⊕ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂⊃ ��� Λ ⊆⊃ ∈ ⊃ ∨⊕�⊃  ℑ∈2 
∉⊗ ⊃ ℘ ∠∉ ⊂ℑ  ⊃ ∨ℑ  ⊃ ∉∈ ℘ ∏  √⊕ ⊃   ⊃⊆⊃ ⊂ℑ   ∉ ƒ⊃ ∩� � � 

×∪ ∉∏ ∩∪ ℑ⊗ ⊇ ∏   ⊃ ∈∩  ∪⊕ ⊆ℑ ⊂ ℘ ∧℘ ⊂⊕ ℜ∧  ℘ ℑ∈∈⊃ ∈∩ 

⊕ ⊂⊕ ℘   ∉∈ ℜ ⊕ ℑ⊆ ⋅⊕ ⊂⊗ ⊃ ∈∩ ℑ∈⊗ ℘ ∉∈  ∉ ⊂ ⊂ ⊃ ∈∩ ⊆⊃ 2 

℘  ∉   ∏ ℘  ∏  ⊕⊃ ∈ ��� Λ ⊆ ⊕ ∇∏ ⊃ ℑ¬⊕⊗∩  ℑ ⊃ ∈� ∪⊕ℑ∈2 
∉⊗ ⊃ ℘∠∉ ⊂ℑ  ⊃ ∨ℑ  ⊃ ∉∈ ℘ ∏  √⊕⊃  ⊂ ⊃ ∩∪  ⊂∧  ⊕ ∩∏ ⊂ℑ  ⊕⊗� ×∪⊕ 

⊃ ∈ ⊕  ∅ ℑ℘ ⊕ ⊕∈⊕  ∩∧ ∉∅ ℘  ∧  ℑ ⊂ ∩  ∉⋅ ∪ ⊃ ⊃ ∈℘  ⊕ ℑ  ⊕⊗ 

∠  ∉∠⊕  ⊂∧ � ∪⊕℘  ∧  ℑ ⊂ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕⊃ ℘ ∪ℑ∈∩⊕⊗� 

×∪ ⊃ ⊃ ∈ ⊕  ∅ℑ ℘ ⊕ ⊕∈⊕  ∩∧ ⊃ � ��  ⊃ ⊆⊕ ℑ  ⊆∏ ℘ ∪ ℑ  

 ∪ℑ ∉∅ ∪⊕∅∉⊆⊕ ℜ ∧ ℘ ℑ ⊂℘ ∏ ⊂ℑ  ⊃ ∉∈ � ϒ ∪∉⋅∈ ⊃ ∈ 

ƒ⊃ ∩� � � ∪⊕ℑ∈∉⊗ ⊃ ℘∠∉ ⊂ℑ  ⊃ ∨ℑ  ⊃ ∉∈ ℘ ∏  √⊕∉∅ ∪ ⊃ ∩∪⊃ ∈2 
 ⊕  ∅ℑ ℘ ⊕ ⊕∈⊕  ∩∧ ⋅⊕ ⊂⊗ ⊕⊗ ⊇ ∉ ⊃ ∈ ⋅⊃  ∪ ��� Λ ⊆ ⊕ 2 
∇∏ ⊃ ℑ¬⊕⊗∩  ℑ ⊃ ∈∈⊕ ℑ  ⊂∧ ∉√⊕  ⊂ℑ∠  ∪ℑ ∉∅ ℜ ℑ  ⊕ ⊆⊕  2 
ℑ ⊂� ×∪⊕ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ ∠ℑ   ⊃ √⊕ ℘ ∏   ⊕∈⊗ ⊕∈ ⊃  ∧ ⊃  

� � ��� Λ ϒ�℘⊆ 
� ℑ∈⊗ℑ∠∠  ∉ℑ ℘ ∪⊕  ∪ℑ ∉∅ ℜℑ  ⊕ ⊆⊕  2 

ℑ ⊂� ×∪⊕ ⊃ ℘ ∉  ∉ ⊃ ∉∈ ∠∉ ⊕∈ ⊃ ℑ ⊂ ⊗ ⊃ ∅ ∅ ⊕  ⊕∈℘ ⊕ ∃ Ε � � � 

⊃ ∈⊗ ⊃ ℘ ℑ  ⊃ ∈∩ ∪ℑ  ∪⊕  ⊕⊃ ∈∉ ⊕ ℑ℘  ⊃ ∉∈ ℜ ⊕  ⋅⊕ ⊕∈ ⋅⊕ ⊂⊗ 

⊆⊕  ℑ ⊂ℑ∈⊗ℜℑ  ⊕ ⊆⊕  ℑ ⊂�ℑ∈⊗ ⋅⊕ ⊂⊗ ⊃ ∈∩⊃ ⊃ ∈ ℑ  ℑℜ ⊂⊕ 

∠ℑ   ⊃ √⊕  ℑ∩ ⊕� • ⊕ ⊂⊗ ⊆⊕  ℑ ⊂ℑ∈⊗ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂∪ℑ√⊕⊕ 2 
∇∏ ℑ ⊂℘ ∉  ∉ ⊃ ∉∈  ⊕  ⊃   ℑ∈℘ ⊕� 

Φ ιγ .4  °∉ ⊂ℑ  ⊃ ∨ℑ  ⊃ ∉∈ ℘ ∏  √⊕ ∉∅∪ ⊃ ∩∪⊃ ∈ ⊕  ∅ℑ ℘ ⊕ 

⊕∈⊕  ∩∧ ⋅⊕ ⊂⊗ ⋅⊃  ∪��� Λ ⊆ ⊕ ∇∏ ⊃ ℑ¬⊕⊗ 

∩  ℑ ⊃ ∈ℑ∈⊗ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂ 

3 .3  Εφφεχτ οφ σολιδιφιχατιον σ τρυχτυρε ον χορρο2 
σ ιον ρεσ ιστανχε 

×∪⊕ ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠ ∉∅  ∉ ⊂ ⊃ ⊗ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈    ∏ ℘  ∏  ⊕ 

ℑ∈⊗ ℘ ∉  ⊕  ∠ ∉∈⊗ ⊃ ∈∩ ∠ ℑ   ⊃ √⊕ ℘ ∏   ⊕∈⊗ ⊕∈ ⊃  ∧ � ∪⊕ 

℘ ∉  ∉ ⊃ ∉∈ ∠∉ ⊕∈ ⊃ ℑ ⊂ ℑ∈⊗℘ ∉  ∉ ⊃ ∉∈  ℑ  ⊕ ℑ  ⊕ ∪∉⋅∈ 

⊃ ∈ ƒ⊃ ∩� � � • ⊃  ∪ ∪⊕∩  ∉⋅ ∪ ∉∅ ∩  ℑ ⊃ ∈  ⊃ ∨⊕⊃ ∈ ⋅⊕ ⊂⊗ 

⊆⊕  ℑ ⊂� ∪⊕ ∠ℑ   ⊃ √⊕℘ ∏   ⊕∈⊗ ⊕∈ ⊃  ∧ ⊃ ⊃ ∈℘  ⊕ ℑ  ⊕⊗� 

 ∪⊕℘ ∉  ∉ ⊃ ∉∈ ∠ ∉ ⊕∈ ⊃ ℑ ⊂ ⊗ ⊃ ∅ ∅ ⊕  ⊕∈℘ ⊕ ℜ ⊕  ⋅⊕ ⊕∈ ⋅⊕ ⊂⊗ 

⊆⊕  ℑ ⊂ℑ∈⊗ℜℑ  ⊕ ⊆⊕  ℑ ⊂⊃ ⊗ ⊕ ℘  ⊕ ℑ  ⊕⊗� ∪⊕℘ ∉  ∉ ⊃ ∉∈ 

 ℑ  ⊕⊃ ⊃ ∈℘  ⊕ ℑ  ⊕⊗� • ∪⊕∈ ∪⊕⊕ ∇∏ ⊃ ℑ¬⊕⊗∩  ℑ ⊃ ∈⊃ ��� 

Λ ⊆ � ∪⊕∠ ℑ   ⊃ √⊕℘ ∏   ⊕∈⊗ ⊕∈ ⊃  ∧ ∉∅ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂⊃  

⊂∉⋅⊕ ⊂ ⊃ ∩∪  ⊂∧ ∪ℑ∈ �∉∈⊕ ℑ  ⊂∧ ⊕ ∇∏ ℑ ⊂ ∉ ∪ℑ ∉∅ℜ ℑ  ⊕ 

⊆⊕  ℑ ⊂� ∪⊕℘ ∉  ∉ ⊃ ∉∈ ∠ ∉ ⊕∈ ⊃ ℑ ⊂ ⊗ ⊃ ∅ ∅⊕  ⊕∈℘ ⊕⊃ ∨⊕  ∉� 

 ∪⊕℘ ∉  ∉ ⊃ ∉∈  ℑ  ⊕ ∉∅ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ ⊃  ∪⊕⊂∉⋅⊕  � 

ℜ ⊕ ⊃ ∈∩⊗ ⊕ ℘  ⊕ ℑ  ⊕⊗ ∉ � � ��  ⊃ ⊆⊕ ⊂∉⋅⊕  ∪ℑ∈ ∪ℑ ∉∅ 

# � � � # ∂ ∉ ⊂1�  λ 1�      ∞∇∏ ℑ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ ∉∅ ×⊃ 2�ϒ⊂ 2� ∂ ℑ ⊂ ⊂∉∧ ⋅⊕ ⊂⊗ ⊕⊗⊇ ∉ ⊃ ∈ℜ∧ ≥∞′ •



��� Λ ⊆ ℘ ∉ ⊂∏⊆∈ℑ ∩  ℑ ⊃ ∈�♥∈ ℑ  ∏  ℑ  ⊕⊗→ ℑ≤⊂ ∉ ⊂∏ 2 
 ⊃ ∉∈�  ∪⊕ ℘ ∉  ∉ ⊃ ∉∈  ℑ  ⊕ ∉∅ ��� Λ ⊆ ⊕ ∇∏ ⊃ ℑ¬⊕⊗ 

∩  ℑ ⊃ ∈⊃  � � �  ⊃ ⊆⊕ ⊂∉⋅⊕  ∪ℑ∈  ∪ℑ ∉∅ ��� Λ ⊆ 

℘ ∉ ⊂∏⊆∈ℑ ∩  ℑ ⊃ ∈�⋅∪ ⊃ ℘ ∪ ∪∉⋅   ∉∈∩⊕ ℘ ∉  ∉ ⊃ ∉∈ 

 ⊕  ⊃   ℑ∈℘ ⊕ ∉ ⊕ ℑ ⋅ℑ  ⊕ � 

Φ ιγ .5  ″ ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠∉∅ ∉ ⊂ ⊃ ⊗ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈ 

   ∏ ℘  ∏  ⊕ℑ∈⊗℘ ∉  ∉ ⊃ ∉∈  ⊕  ⊃   ℑ∈℘ ⊕ 

3 .4  Εφφεχτ οφ σολιδιφιχατιον στρυχτυρε ον ωελδ 

σ τρενγτη ανδ δυχτιλιτψ 

∞∇∏ ℑ ⊂    ⊕∈∩  ∪ ℑ∈⊗ ⊗∏ ℘  ⊃ ⊂ ⊃  ∧ ∉∅ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ 

 ∉ ∪ℑ ∉∅ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂⊃ ⊗ ⊕⊆ℑ∈⊗ ⊕⊗∅∉⊕ ∇∏ ℑ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ 

∉∅ ⋅⊕ ⊂⊗ ⊃ ∈∩ ℘ ∉∈   ∏ ℘  ⊃ ∉∈� ∞¬∠ ⊕  ⊃ ⊆⊕∈ ℑ ⊂  ⊕  ∏ ⊂   

ℑ  ⊕  ∪∉⋅∈ ⊃ ∈ ƒ⊃ ∩� � � ƒ ℑ ℘  ∏  ⊕ ∉∅ ⊕ ℑ ℘ ∪ ⋅⊕ ⊂⊗ ⊕⊗ 

⊇ ∉ ⊃ ∈∅∉ ⊕∈ ⊃ ⊂⊕  ∠ ⊕ ℘ ⊃⊆⊕∈ ⊃  ⊃ ∈ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂� 

ƒ ∉⊆ ƒ⊃ ∩� � �  ∪⊕  ⊕∈ ⊃ ⊂⊕    ⊕∈∩  ∪ ℑ∈⊗ ∧⊃ ⊕ ⊂⊗ 2 
   ⊕∈∩  ∪ ℑ  ⊃ ∉ ∉∅ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ℑ  ⊕⊗ ⊕ ℘  ⊕ ℑ  ⊕⊗ ⊂∉⋅⊂∧ 

⋅∪⊕∈ ℘ ∉ ⊂∏⊆∈ℑ ∩  ℑ ⊃ ∈∩  ∉⋅ ∉ ��� Λ ⊆ � • ⊃  ∪ 

 ∪⊕℘ ∉ ⊂∏⊆∈ℑ ∩  ℑ ⊃ ∈∩  ∉⋅⊃ ∈∩ ∉ ��� Λ ⊆ � ∪⊕ ⊕∈2 
 ⊃ ⊂⊕   ⊕∈∩  ∪ ∉ ∅ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂⊃ ⊗ ⊕ ℘  ⊕ ℑ  ⊕⊗∉ℜ√⊃ ∉∏  2 
⊂∧ � ⊃      ⊕∈∩  ∪ ℘ ∉⊕ ∅ ∅ ⊃ ℘ ⊃ ⊕∈⊃  ∉∈⊂∧ �� � � � ℑ  

⊆∏ ℘ ∪ℑ  ∪ℑ ∉∅ ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂� • ∪⊕∈  ∪⊕⊕ ∇∏ ⊃ ℑ¬⊕⊗ 

∩  ℑ ⊃ ∈ ⊃ ��� Λ ⊆ ⊃ ∈  ⊃ ∨⊕� ∪⊕ ⊕∈ ⊃ ⊂⊕   ⊕∈∩  ∪ ∉∅ 

⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ ∩⊕   ∉ �� � ℑ  ⊆∏ ℘ ∪ℑ  ∪ℑ ∉∅ℜℑ  ⊕ 

⊆⊕  ℑ ⊂� �� � ∪ ⊃ ∩∪⊕  ∪ℑ∈  ∪ℑ ∉∅ ��� Λ ⊆ ℘ ∉ℑ   ⊕ 

℘ ∉ ⊂∏⊆∈ℑ ∩  ℑ ⊃ ∈� ×∪⊕∧⊃ ⊕ ⊂⊗ 2   ⊕∈∩  ∪ ℑ  ⊃ ∉ ⊕ ℑ ℘ ∪ 2 
⊕ �� � � � �� � � � ∪ ⊃ ∩∪⊕  ∪ℑ∈ ∪ℑ ∉∅ℜ ℑ  ⊕ ⊆⊕  2 
ℑ ⊂� ×∪ ⊃ ⊃ ∈⊗ ⊃ ℘ ℑ  ⊕  ∪ℑ  ∪⊕   ⊕∈∩  ∪ℑ∈⊗⊗∏ ℘  ⊃ ⊂ ⊃  ∧ 

∉∅ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ ⋅⊃  ∪ ��� Λ ⊆ ⊕ ∇∏ ⊃ ℑ¬⊕⊗ ∩  ℑ ⊃ ∈ℑ  ⊕ 

∈⊕ ℑ  ⊂∧ ⊕ ∇∏ ℑ ⊂ ∉ ∪ℑ ∉∅ ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂� ⋅∪ ⊃ ℘ ∪ ∪∉⋅ 

 ∪⊕⊕ ∇∏ ℑ ⊂ ⊆⊕ ℘ ∪ℑ∈⊃ ℘ ℑ ⊂∠  ∉∠ ⊕   ∧ ∉∅ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ ⋅⊃  ∪ 

ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂� ×∪⊕∉∠  ⊃ ⊆∏⊆ ⊆ℑ  ℘ ∪∉∅ ∉ ⊂ ⊃ ⊗ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈ 

   ∏ ℘  ∏  ⊕∉∅ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ ⋅⊃  ∪ ∪ℑ ∉∅ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂⊃  

ℑ ℘ ∪ ⊃ ⊕ √⊕⊗ ℜ ∧ ⊕ ∇∏ ℑ ⊂ ℘ ∉  ∉ ⊃ ∉∈  ⊕  ⊃   ℑ∈℘ ⊕ℑ∈⊗⊕ ∇∏ ℑ ⊂ 

Φ ιγ .6  ″ ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠ℜ ⊕  ⋅⊕ ⊕∈  ∉ ⊂ ⊃ ⊗ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈ 

   ∏ ℘  ∏  ⊕ℑ∈⊗ ⊆⊕ ℘ ∪ℑ∈⊃ ℘ ℑ ⊂ ∠  ∉∠ ⊕   ∧ 

⊆⊕ ℘ ∪ℑ∈⊃ ℘ ℑ ⊂ ∠  ∉∠ ⊕   ∧ � ∪ℑ  ⊃  ∉ ℑ∧ �⊕ ∇∏ ℑ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ 

∉∅ ∪⊕  ⊕  ∉∩ ⊕∈∉∏  ⋅⊕ ⊂⊗ ⊕⊗⊇ ∉ ⊃ ∈⋅⊃  ∪ ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂⊃  

ℑ ℘ ℘ ∉⊆∠ ⊂ ⊃  ∪⊕⊗� ϒ ∠  ⊕ ℘ ⊕⊗ ⊕∈ ∅∉ ⊆ℑ⊄ ⊃ ∈∩ ∪ ⊃ ∩∪ 

   ⊕∈∩  ∪ ⋅⊕ ⊂⊗ ⊃ ∈∩ ℘ ∉∈   ∏ ℘  ⊃ ∉∈ ⊆ℑ ⊂ ⊂⊕  ℑ∈⊗ 

⊂ ⊃ ∩∪  ⊕ ⊃  ⊕ ∏ ∠� 

4  ΑΝΑΛΨΣΕΣ ΑΝ∆ ∆ΙΣΧΥΣΣΙΟΝ 

4 .1  Ωελδ µεταλ ωιτη 650 Λµ χολυµ ναρ γραινσ 

♥∈ ∉ ⊗ ⊕  ∉ ⊄∈∉⋅  ∪⊕ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ℑ ⊂⊕ ∅ ∅⊕ ℘   

∉∈ ⊃ ∈∅ ⊕  ⊃ ∉ ℘ ∉  ∉ ⊃ ∉∈  ⊕  ⊃   ℑ∈℘ ⊕ ∉∅ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ 

⋅⊃  ∪ ℘ ∉ ⊂∏⊆∈ℑ  ∩  ℑ ⊃ ∈� ⋅⊕ ∉ℜ  ⊕  √⊕⊗  ∪⊕ ⊆⊃ 2 
℘  ∉   ∏ ℘  ∏  ⊕∉∅ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ ⋅⊃  ∪��� Λ ⊆ ℘ ∉ ⊂∏⊆∈ℑ  

∩  ℑ ⊃ ∈� ∝∈⊗ ⊕ ∉∠  ⊃ ℘ ℑ ⊂ ⊆⊃ ℘  ∉ ℘ ∉∠ ⊕� ∪⊕  ⊕ℑ  ⊕ℑ⊂∉ 

∉∅℘ ∉ℑ   ⊕ℑ℘ ⊃ ℘ ∏ ⊂ℑ �Α� Β � ∠∪ℑ  ⊕ℑ∈⊗ ⊆ℑ   ⊕∈ ⊃  ⊃ ℘ 
Α∠∪ℑ  ⊕� ∝∈⊗ ⊕  × ∞↑ �⊃ ℘ ℑ∈ ℜ ⊕ ∉ℜ  ⊕  √⊕⊗ ∪ℑ  

∏∈⊕ √⊕∈ ∇∏ ℑ  ⊃   ℑℜ ⊂⊕ Β ∠∪ℑ  ⊕⊗ ⊃    ⊃ ℜ∏  ⊕ ℜ ⊕  ⋅⊕ ⊕∈ Α 

∠ ⊂ℑ  ⊕ � ⊕ ⊕ ⊃ ∈ ƒ⊃ ∩� �� � ⁄ ⊃  ⊂∉℘ ℑ  ⊃ ∉∈ ∩  ∉∏∠  ⊗ ⊃  2 
  ⊃ ℜ∏  ⊕⊃ ∈ Α∠∪ℑ  ⊕� ⊕ ⊕⊃ ∈ ƒ⊃ ∩� � � �≤∉ℑ   ⊕ ∉ ⊂ ⊃ ⊗ ⊃ 2 
∅ ⊃ ℘ ℑ  ⊃ ∉∈    ∏ ℘  ∏  ⊕�℘ ∉ℑ   ⊕ � Α � Β � ∠∪ℑ  ⊕ ℑ∈⊗ Β 
∠∪ℑ  ⊕ℑ  ⊕ ∪⊕ ⊆ℑ ⊃ ∈ ℘ ℑ∏  ⊕ ∉∅⊂∉⋅⊕    ⊕∈∩  ∪ ℑ∈⊗ 

℘ ∉  ∉ ⊃ ∉∈ ∠  ∉∠⊕   ∧ ∉∅ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂� ♣ ℑ ⊃ ∈ ℜ∉∏∈⊗ 2 
ℑ  ∧  ⊂ ⊃ ⊗ ⊃ ∈∩⊃ ℜ ⊂∉℘ ⊄⊕⊗ℜ ∧  ∪⊕ ⊗ ⊃  ⊂∉℘ ℑ  ⊃ ∉∈ ∩  ∉∏ ∠ � 

⋅∪ ⊃ ℘ ∪⊃  ∪⊕ ⊆ℑ ⊃ ∈ ℘ ℑ∏  ⊕∉∅⊂∉⋅⊕ ⊗ ∏ ℘  ⊃ ⊂ ⊃  ∧ �≤∉⊆2 
∠∉ ⊃  ⊃ ∉∈ℑ ⊂ ∈∉∈∏∈⊃ ∅∉⊆⊃  ∧  ⊕  ∏ ⊂  ⊕⊗ ∅  ∉⊆ ℘ ∉ℑ   ⊕ 

℘ ∉ ⊂∏⊆∈ℑ ∩  ℑ ⊃ ∈℘ ℑ∈ ℜ ⊕ ⊕ ⊕∈ ⊃ ∈ ƒ⊃ ∩� � � ×∪⊕  ⊕⊃  

 ⊕  ⊃ ∉∏  ⊕∩  ⊕∩ℑ  ⊃ ∉∈ ∉∅ ƒ⊕ ℑ∈⊗ ∂ ⊃ ∈ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂� 

∞∇∏ ℑ ⊂ ⊃ ∨ℑ  ⊃ ∉∈⊃  ⊕    ⊃ ℘  ⊕⊗ℜ ∧ ∈∉∈∏∈⊃ ∅∉⊆ ⊗ ⊃    ⊃ ℜ∏ 2 
 ⊃ ∉∈ ∉∅℘ ∪⊕⊆⊃ ℘ ℑ ⊂℘ ∉⊆∠ ∉ ⊃  ⊃ ∉∈ � 

4 .2  Ωελδ µεταλ ωιτη 100 Λµ εθυιαξεδ γραινσ 

ϒ⊂  ∪∉∏ ∩∪ ∪⊕  ⊃ ∨⊕ ∉∅ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ ⋅⊃  ∪ ��� 

# � � � # × ℑ∈� → ∉∈∅ ⊕   ∉∏  ↑⊕  �≥∉℘�≤∪ ⊃ ∈ℑ       ≥⊕ ∠�����



Λ ⊆ ⊕ ∇∏ ⊃ ℑ¬⊕⊗ ∩  ℑ ⊃ ∈ ℑ∠∠  ∉ℑ ℘ ∪⊕  ∉  ∪ℑ ∉∅ ℜℑ  ⊕ 

⊆⊕  ℑ ⊂�⊃  ℘ ∉  ∉ ⊃ ∉∈ ∠∉ ⊕∈ ⊃ ℑ ⊂⊃ ∪ ⊃ ∩∪⊕  ∪ℑ∈  ∪ℑ  

∉∅ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂�°∉ ⊕∈ ⊃ ℑ ⊂ ⊗ ⊃ ∅ ∅ ⊕  ⊕∈℘ ⊕ ∃ Ε � � �∠ℑ  2 
 ⊃ √⊕℘ ∏   ⊕∈⊗ ⊕∈ ⊃  ∧ ⊃ �� � ⊂∉⋅⊕  ∪ℑ∈  ∪ℑ ∉∅ 

ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂�×∪⊕  ⊕ ∅∉ ⊕ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂ ∪ℑ ℑ∠  ⊕ ∅⊕   ⊕⊗ 

℘ ∉  ∉ ⊃ ∉∈  ⊕∈⊗ ⊕∈℘ ∧ � ∝∈⊗ ⊕ ∉∠  ⊃ ℘ ℑ ⊂ ⊆⊃ ℘  ∉ ℘ ∉∠ ⊕� 

⊆ℑ   ⊕∈ ⊃  ⊃ ℘ Α χ ∠∪ℑ  ⊕⊃ ⊃ ∈℘  ⊕ ℑ  ⊕⊗� ×∪⊕⊃ ∈℘  ⊕ ℑ  ⊕ 

∉∅    ⊕∈∩  ∪ ℑ ℘ ℘ ∉⊆∠ ℑ∈⊃ ⊕  ⋅⊃  ∪  ∪⊕ ⊗ ⊕ ℘  ⊕ ℑ  ⊕ ∉∅ 

⊗∏ ℘  ⊃ ⊂ ⊃  ∧� ♥⊃  ∈. ℑ ℜ ⊕   ⊆ℑ  ℘ ∪ ℜ ⊕  ⋅⊕ ⊕∈ ⋅⊕ ⊂⊗ 

⊆⊕  ℑ ⊂ℑ∈⊗ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂� 

Φ ιγ .7  × ∞↑ ℜ  ⊃ ∩∪ ∅ ⊃ ⊕ ⊂⊗⊃⊆ℑ∩ ⊕∉∅ 

∇∏ ℑ  ⊃   ℑℜ ⊂⊕ Β 2∠∪ℑ  ⊕ 

Φ ιγ . 8  ⁄ ⊃  ⊂∉℘ ℑ  ⊃ ∉∈⊃ ∈ Α 2∠∪ℑ  ⊕ 

4 .3  Ωελδ µεταλ ωιτη 150 Λµ εθυιαξεδ γραινσ 
×∪⊕ℑ∈∉⊗ ⊃ ℘∠∉ ⊂ℑ  ⊃ ∨ℑ  ⊃ ∉∈ ℘ ∏  √⊕∉∅ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ 

⋅⊃  ∪��� Λ ⊆ ⊕ ∇∏ ⊃ ℑ¬⊕⊗∩  ℑ ⊃ ∈⊃  ⊃ ⊆⊃ ⊂ℑ  ∉ ∪ℑ ∉∅ 

��� Λ ⊆ ⊕ ∇∏ ⊃ ℑ¬⊕⊗∩  ℑ ⊃ ∈� ϒ⊂  ∪∉∏ ∩∪⊃  ∪∉⋅ ∪ℑ  

 ∪⊕ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂ ∪ℑ ℑ ∠  ⊕ ∅⊕   ⊕⊗℘ ∉  ∉ ⊃ ∉∈  ⊕∈⊗ ⊕∈2 
℘ ∧ � ∪⊕℘ ∉  ∉ ⊃ ∉∈ ∠∉ ⊕∈ ⊃ ℑ ⊂⊃ ∈⊕ ℑ  ⊂∧ ⊕∇∏ ℑ ⊂ ∉ ∪ℑ  

Φ ιγ .9  ϒ⊂� ∂ � ƒ⊕⊗ ⊃    ⊃ ℜ∏  ⊃ ∉∈⊃ ∈ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ 

⋅⊃  ∪��� Λ ⊆ ℘ ∉ ⊂∏⊆∈ℑ ∩  ℑ ⊃ ∈ 

∉∅ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂� ⋅∪ ⊃ ℘ ∪⊃ ∈⊗ ⊃ ℘ ℑ  ⊕  ∪ℑ   ∪⊕∠  ⊕ ∅ ⊕   ⊕⊗ 

℘ ∉  ∉ ⊃ ∉∈  ⊕∈⊗ ⊕∈℘ ∧ ∉ ∅ ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂ ⊃  ⋅⊕ ℑ⊄⊕∈⊕⊗� 

• ∪⊕∈ ∪⊕⊃ ∈ ⊕  ∅ℑ ℘ ⊕⊕∈⊕  ∩∧ ∉∅ ∉ ⊂ ⊃ ⊗ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈ ∅  ∉∈ 

⊃ ⊃ ∈℘  ⊕ ℑ  ⊕⊗ ∉ � � �  ⊃ ⊆⊕ �⊃  ℑ∈∉⊗ ⊃ ℘∠∉ ⊂ℑ  ⊃ ∨ℑ  ⊃ ∉∈ 

℘ ∏  √⊕ ∈⊕ ℑ  ⊂∧ ∉√⊕  ⊂ℑ∠  ∪ℑ ∉∅ ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂� ×∪⊕ 

∠ℑ   ⊃ √⊕℘ ∏   ⊕∈⊗ ⊕∈ ⊃  ∧ ⊗ ⊃ ∅ ∅⊕  ⊕∈℘ ⊕ ℜ ⊕  ⋅⊕ ⊕∈ ⋅⊕ ⊂⊗ 

⊆⊕  ℑ ⊂ℑ∈⊗ℜℑ  ⊕ ⊆⊕  ℑ ⊂⊃ √⊕  ∧ ⊂ ⊃   ⊂⊕� ∃Ι � � ���� 

Λ ϒ�℘⊆ 
� � ∪⊕℘ ∉  ∉ ⊃ ∉∈ ∠∉ ⊕∈ ⊃ ℑ ⊂ ⊗ ⊃ ∅ ∅ ⊕  ⊕∈℘ ⊕ ⊕∈⊗  

 ∉ ℜ ⊕∨⊕  ∉�∞⊂⊕ ℘   ∉℘ ∪⊕⊆⊃ ℘ ⊕ ℑ ℘  ⊃ ∉∈ ⊗ ∉⊕ ∈∉∪ℑ∠ 2 
∠ ⊕∈ ℜ ⊕  ⋅⊕ ⊕∈ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ ℑ∈⊗ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂� ∉  ∪⊕ 

℘ ∉  ∉ ⊃ ∉∈  ℑ  ⊕⊃  ∪⊕⊂∉⋅⊕   � ×∪⊕ℑ   ∏⊆∠  ⊃ ∉∈ ∉∅ 

⊕∇∏ ℑ ⊂ ∠∉ ⊕∈ ⊃ ℑ ⊂ ℑ∈⊗ ⊕∇∏ ℑ ⊂ ℘ ∉  ∉ ⊃ ∉∈  ⊕  ⊃   ℑ∈℘ ⊕⊃  

ℑ ℘ ∪ ⊃ ⊕√⊕⊗� ♥∈ ℘ ∉⊆∠ℑ  ⊃  ∉∈ ⋅⊃  ∪ ⊆⊕  ℑ ⊂ ⊂∉∩  ℑ∠∪ ⊃ ℘ 

   ∏ ℘  ∏  ⊕�⊃ ℘ ℑ∈ ℜ ⊕ ⊕ ⊕∈  ∪ℑ ℑ ℘ ⊃ ℘ ∏ ⊂ℑ �Α � Β � 

∠∪ℑ  ⊕ℑ∈⊗ ⊆ℑ   ⊕∈ ⊃  ⊃ ℘ Α χ ∠∪ℑ  ⊕⊃ ∈ ∪ ⊃ ∩∪⊕ ⊃ ∈ ⊕  2 
∅ ℑ ℘ ⊕ ⊕∈⊕  ∩∧ ⊃   ℑ∈ ∅∉⊆⊕⊗ ∅  ∉⊆ ∏∈⊃ ⊗ ⊃  ⊕ ℘  ⊃ ∉∈ℑ ⊂ 

⊂∉∈∩ ℑ ℘ ⊃ ℘ ∏ ⊂ℑ  ∉ ⊆∏ ⊂  ⊃ ⊗ ⊃  ⊕ ℘  ⊃ ∉∈ℑ ⊂  ∪∉ ℑ ℘ ⊃ ℘ ∏ ⊂ℑ � 

∝∈⊗ ⊕  × ∞↑ �⊃ ℘ ℑ∈ ℜ ⊕ ∉ℜ  ⊕  √⊕⊗ ∪ℑ  ∪⊕ ∅ ⊃ ∈⊕ 

∇∏ ℑ  ⊃   ℑℜ ⊂⊕ Β ∠∪ℑ  ⊕ ⊗ ⊃    ⊃ ℜ∏  ⊕  ∏∈⊃ ∅∉⊆⊂∧ ℜ ⊕ 2 
 ⋅⊕ ⊕∈ Α∠∪ℑ  ⊕�  ⊕ ⊕ ƒ⊃ ∩� �� � � ×∪⊕  ⊕ℑ  ⊕∉∈⊂∧ ℑ 

⊂ ⊃   ⊂⊕⊗ ⊃  ⊂∉℘ ℑ  ⊃ ∉∈⊃ ∈ Α ∠∪ℑ  ⊕� ϒ⊂� ∂ � ƒ⊕ ⊗ ⊃    ⊃ 2 
ℜ∏  ⊃ ∉∈⊃  ⊆∉ ⊕ ∏∈⊃ ∅∉⊆  ∪ℑ∈  ∪ℑ ∉∅ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ 

⋅⊃  ∪℘ ∉ ⊂∏⊆∈ℑ ∩  ℑ ⊃ ∈� ⊕ ⊕⊃ ∈ ƒ⊃ ∩� ��� � ⋅∪ ⊃ ℘ ∪⊃ ∈2 
⊗ ⊃ ℘ ℑ  ⊕  ∪ℑ  ∪⊕    ⊕∈∩  ∪⊕∈⊃ ∈∩ ∉∅  ∉ ⊂ ⊃ ⊗ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈ 

   ∏ ℘  ∏  ⊕ℑ ⊂ ∉ℑ ℘ ℘ ∉⊆∠ ℑ∈⊃ ⊕ ⋅⊃  ∪ ∪⊕⊕∈∪ℑ∈℘ ⊕⊆⊕∈ 

∉∅⊗ ∏ ℘  ⊃ ⊂ ⊃  ∧ ℑ∈⊗ ∪⊕℘ ∉  ∉ ⊃ ∉∈ ⊕  ⊃   ℑ∈℘ ⊕�×∪ ⊃  ⊕ 2 
 ∏ ⊂  ⊃ ∈  ∪⊕    ⊕∈∩  ∪ ℜ ⊕ ⊃ ∈∩ �� � ℑ  ⊆∏ ℘ ∪ ℑ  

 ∪ℑ  ∉∅ ℜℑ  ⊕ ⊆⊕  ℑ ⊂� ∧⊃ ⊕ ⊂⊗ 2   ⊕∈∩  ∪  ℑ  ⊃ ∉ ℜ ⊕ ⊃ ∈∩ 

�� � � � �� � � � ∪ ⊃ ∩∪⊕  ∪ℑ∈  ∪ℑ ∉∅ ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂� 

# � � � # ∂ ∉ ⊂1�  λ 1�      ∞∇∏ ℑ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ ∉∅ ×⊃ 2�ϒ⊂ 2� ∂ ℑ ⊂ ⊂∉∧ ⋅⊕ ⊂⊗ ⊕⊗⊇ ∉ ⊃ ∈ℜ∧ ≥∞′ •



Φ ιγ .10  × ∞↑ ℜ  ⊃ ∩∪ ∅ ⊃ ⊕ ⊂⊗⊃⊆ℑ∩ ⊕∉∅ 

∅ ⊃ ∈⊕∇∏ ℑ  ⊃   ℑℜ ⊂⊕ Β 2∠∪ℑ  ⊕ 

Φ ιγ .11  ϒ⊂� ∂ � ƒ⊕⊗ ⊃    ⊃ ℜ∏  ⊃ ∉∈⊃ ∈ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ 

⋅⊃  ∪��� Λ ⊆ ℘ ∉ ⊂∏⊆∈ℑ ∩  ℑ ⊃ ∈ 

ℑ∈⊗ ∪⊕℘ ∉  ∉ ⊃ ∉∈  ℑ  ⊕ ∉∅ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ ℜ ⊕ ⊃ ∈∩ ∪⊕ 

⊂∉⋅⊕   � ⋅∪ ⊃ ℘ ∪⊃ � ���  ⊃⊆⊕ ⊂∉⋅⊕  ∪ℑ∈  ∪ℑ ∉∅ 

��� Λ ⊆ ℘ ∉ ⊂∏⊆∈ℑ ∩  ℑ ⊃ ∈� 

5  ΧΟΝΧΛΥΣΙΟΝΣ 

��� ×∪⊕ ∏∈⊃ ⊗ ⊃  ⊕ ℘  ⊃ ∉∈ℑ ⊂ ℑ℘ ⊃ ℘ ∏ ⊂ℑ  � Α � Β � 

∠∪ℑ  ⊕�ℑ ℘ ⊃ ℘ ∏ ⊂ℑ  ⊆ℑ   ⊕∈ ⊃  ⊃ ℘ Α χ ∠∪ℑ  ⊕ℑ∈⊗ ∂ � ƒ⊕ 

⊕ ⊂⊕⊆⊕∈ ⊕ ∩  ⊕ ∩ ℑ  ⊃ ∉∈ ⊃ ∈ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ ⋅⊃  ∪ ��� ∗ 
��� Λ ⊆ ℘ ∉ ⊂∏⊆∈ℑ ∩  ℑ ⊃ ∈� ⊆ℑ⊄⊕ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂∪ℑ√⊕ 

ℑ ∠  ⊕ ∅ ⊕   ⊕⊗  ⊕∈⊗ ⊕∈℘ ∧  ∉ ℘ ∉  ∉⊗ ⊕ ℑ∈⊗  ∪⊕ ⊃  

   ⊕∈∩  ∪ℜ ⊕∉∈⊂∧ �� � � � ℑ  ⊆∏ ℘ ∪ℑ  ∪ℑ ∉∅ℜℑ  ⊕ 

⊆⊕  ℑ ⊂� 

��� ×∪⊕ ⊆∏ ⊂  ⊃ ⊗ ⊃  ⊕ ℘  ⊃ ∉∈ℑ ⊂ ℑ ℘ ⊃ ℘ ∏ ⊂ℑ � Α � Β � 

∠∪ℑ  ⊕ℑ∈⊗ ⊆∉ ⊕ℑ ℘ ⊃ ℘ ∏ ⊂ℑ  ⊆ℑ   ⊕∈ ⊃  ⊃ ℘ Α χ ∠∪ℑ  ⊕⊃ ∈ 
⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ ⋅⊃  ∪��� Λ ⊆ ⊕ ∇∏ ⊃ ℑ¬⊕⊗∩  ℑ ⊃ ∈ ⊆ℑ⊄⊕⊃  

∪ℑ√⊕ℑ ∪ ⊃ ∩∪⊕    ⊕∈∩  ∪� ∝∈⊃ ∅∉⊆⊃  ∧ ∉∅ ϒ⊂� ∂ � 

ƒ⊕ ⊕ ⊂⊕⊆⊕∈ ⊆ℑ⊄⊕   ∪⊕ ℘ ∉  ∉ ⊃ ∉∈  ⊕  ⊃   ℑ∈℘ ⊕ ∉∅ 

⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ ∩⊕ ℜ ⊕   ⊕  ∪ℑ∈  ∪ℑ ∉∅ ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂� 

° ⊕ ∅ ⊕   ⊕⊗℘ ∉  ∉ ⊃ ∉∈ ⊆ℑ∧ ℜ ⊕∉℘ ℘ ∏   ⊕⊗⊃ ∈ ℜ ℑ  ⊕ ⊆⊕  2 
ℑ ⊂� 

��� ×∪⊕ ∏∈⊃ ⊗ ⊃  ⊕ ℘  ⊃ ∉∈ℑ ⊂ ℑ ℘ ⊃ ℘ ∏ ⊂ℑ � Α � Β � 

∠∪ℑ  ⊕ℑ∈⊗ℑ⊂ ⊃   ⊂⊕ℑ℘ ⊃ ℘ ∏ ⊂ℑ ⊆ℑ   ⊕∈ ⊃  ⊃ ℘Α χ ∠∪ℑ  ⊕⊃ ∈ 
⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ ⋅⊃  ∪ ��� Λ ⊆ ⊕ ∇∏ ⊃ ℑ¬⊕⊗ ∩  ℑ ⊃ ∈ ⊆ℑ⊄⊕ 

⋅⊕ ⊂⊗∪ℑ√⊕⊂∉⋅⊕    ⊕∈∩  ∪� • ⊕ ⊂⊗ ⊆⊕  ℑ ⊂ ⋅⊃  ∪ ∪∉2 
⊆∉∩ ⊕∈⊕ ⊃  ∧ ∉∅ ϒ⊂� ∂ � ƒ⊕ ⊕ ⊂⊕⊆⊕∈∪ℑ  ∪⊕  ℑ⊆⊕ 

℘ ∉  ∉ ⊃ ∉∈  ⊕  ⊃   ℑ∈℘ ⊕ ℑ  ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ ⋅⊃  ∪ ��� Λ ⊆ 

⊕ ∇∏ ⊃ ℑ¬⊕⊗∩  ℑ ⊃ ∈� 

��� ƒ∉ ⋅⊕ ⊂⊗ ⊆⊕  ℑ ⊂ ⋅⊃  ∪ ��� Λ ⊆ ⊕ ∇∏ ⊃ ℑ¬⊕⊗ 

∩  ℑ ⊃ ∈� ⋅∪⊕∈  ∪⊕⊃ ∈ ⊕  ∅ℑ ℘ ⊕⊕∈⊕  ∩∧ ∉∅ ∪⊕∅  ∉∈⊃  

⊃ ∈℘  ⊕ ℑ  ⊕⊗ℜ∧ ≥∞′ • � ∪⊕ ⊆∏ ⊂  ⊃ ⊗ ⊃  ⊕ ℘  ⊃ ∉∈ℑ ⊂ℑ ℘ ⊃ ℘ ∏ ⊂ℑ  

�Α� Β � ∠∪ℑ  ⊕� ℑ ∠  ∉∠⊕  ℑ⊆∉∏∈ ∉∅ ℑ ℘ ⊃ ℘ ∏ ⊂ℑ  

⊆ℑ   ⊕∈ ⊃  ⊃ ℘ Α χ ∠∪ℑ  ⊕�∅ ⊃ ∈⊕ ∇∏ ℑ  ⊃   ℑℜ ⊂⊕ Β χ ∠∪ℑ  ⊕ 
ℜ ⊕  ⋅⊕ ⊕∈ Α ∠∪ℑ  ⊕�ℑ∈⊗∏∈⊃ ∅∉⊆⊃  ∧ ∉∅ ϒ⊂� ∂ � ƒ⊕ 

⊕ ⊂⊕⊆⊕∈ � ℑ  ⊕ ℑ ⊂ ⊂  ∪⊕  ⊕ ℑ  ∉∈  ∪ℑ ⊃    ⊕∈ ⊃ ⊂⊕ 

   ⊕∈∩  ∪  ⊕ ℑ ℘ ∪⊕ �� � ℑ  ⊆∏ ℘ ∪ ℑ  ∪ℑ ∉∅ ℜ ℑ  ⊕ 

⊆⊕  ℑ ⊂�∧⊃ ⊕ ⊂⊗ 2   ⊕∈∩  ∪⊃ �� � � � �ℑ∈⊗ℑ∈∉⊗ ⊃ ℘∠ ∉2 
⊂ℑ  ⊃ ∨ℑ  ⊃ ∉∈ ℘ ∏  √⊕∈⊕ ℑ  ⊂∧ ∉√⊕  ⊂ℑ∠  ∪ℑ ∉∅ℜ ℑ  ⊕ ⊆⊕  2 
ℑ ⊂� ×∪ ⊃ ⊃ ℑ∈ ⊕ ∇∏ ℑ ⊂℘ ∉  ∉ ⊃ ∉∈  ⊕  ⊃   ℑ∈℘ ⊕ℜ ⊕  ⋅⊕ ⊕∈ 

⋅⊕ ⊂⊗ℑ∈⊗ℜ ℑ  ⊕ ⊆⊕  ℑ ⊂� 

��� ≤∉∈  ∉ ⊂ ⊂ ⊃ ∈∩  ∉ ⊂ ⊃ ⊗ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈ ⊆⊃ ℘  ∉   ∏ ℘ 2 
 ∏  ⊕�  ∉ ⊂∏  ⊕ ⊗ ⊃    ⊃ ℜ∏  ⊃ ∉∈ � ℑ∈⊗ ℘ ∪ℑ∈∩ ⊃ ∈∩ ∠∪ℑ  ⊕ 

   ∏ ℘  ∏  ⊕⊃ ℑ∈ ⊕ ∅ ∅⊕ ℘  ⊃ √⊕ ⊆⊕  ∪∉⊗∅∉⊕ ∇∏ ℑ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ 

ℜ ⊕  ⋅⊕ ⊕∈ ⋅⊕ ⊂⊗ℑ∈⊗ℜℑ  ⊕ ⊆⊕  ℑ ⊂� 

Ρ ΕΦΕΡ ΕΝΧΕΣ 

�  ″ ∉ ∪⋅⊕ ⊂ ⊂ → ετ αλ . ↑ ℑ  ⊕ °⊕  ∅∉⊆ � ���� � �� ��� � 

�� � 

�  ≤∏ ⊃ • ƒ � ≥∏ ∈ ± ÷ ℑ∈⊗ • ⊕ ⊃ ♦ ″ � ″ ℑ  ⊕ ↑⊕  ↑ℑ  ⊕  

∞∈∩��⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕ � ����� ��� ��� ��� � 

�  ≥⊕ ⊃ ∉ ↑ � • ⊕ ⊂⊗ ⊃ ∈∩∉∅ ϒ⊂∏⊆⊃ ∈∏⊆ ℑ∈⊗ ϒ⊂∏⊆⊃ ∈∏⊆ ϒ⊂ ⊂∉∧ � 

′⊕ ⊃ ⊇ ⊃ ∈∩� ↑⊕  ℑ ⊂ ⊂∏  ∩ ⊃ ℘ ℑ ⊂ ♥∈⊗ ∏    ∧ ° ⊕  ����� �� � 

�  ≥ℑ  ℘ ∪ ♦ ετ αλ. ♥∈ �← ℑ ℘ ∉⊆ℜ ⊕ ° ετ αλ ⊕ ⊗� ° ∉℘∉ ∅ � ∪ 

• ∉ ⊂⊗ ≤∉∈∅ ∉∈ ×⊃  ℑ∈⊃ ∏⊆ � ← ⊕  ∝⊂ ⊃  ≤⊕ ⊗ ⊕ ¬� ← ⊕  ∞⊗ ⊃ 2 
 ⊃ ∉∈ ⊗ ⊕ °∪∧ ⊃ ∇∏ ⊕����� ���� ∗ ��� � 

�  ′∉ ⊂⊗ ∧ ⊕ √ ϒ ↑ � °⊕   ∉√ ϒ ≥ ℑ∈⊗ ⁄∉ ∉ ∅ ⊕ ⊕ √ ∞ ′ � ϒ∏  ∉2 
⊆ℑ  ⊃ ℘ • ⊕ ⊂⊗ ⊃ ∈∩����� ��� ��� ��� � 

�  ≡ℑ⊆⊄∉√ ∂ → ετ αλ. • ⊕ ⊂⊗♥∈ ����� �� ��� �� � 

�  ♦⊕ ∈ ∪∉ ∈⊕ ↑ � ≤∉  ∉ ⊃ ∉∈ ����� ��� ��� ��� � 

�  ≤∪ ⊕ ∈ ÷ ƒ �≥∪ ⊃≤ ≠ �← ⊃≡ ↔ ετ αλ. • ⊕ ⊂⊗♠��⊃ ∈ ≤∪ ⊃ 2 
∈⊕  ⊕ � ����� �� ��� ��� � 

�  • ℑ∈∩ ≥ ± �← ⊃ ∏ ƒ ♠ℑ∈⊗ ≤∪ ⊕ ∈ ÷ ƒ �♠∉ ∅ ↑ ℑ  ⊕ ″ ⊕ � 

�⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕ � ����� � �� ��� ���� � 

(Εδιτεδ βψ Ψυαν Σαιθιαν) 

# � � � # × ℑ∈� → ∉∈∅ ⊕   ∉∏  ↑⊕  �≥∉℘�≤∪ ⊃ ∈ℑ       ≥⊕ ∠�����


