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

Α νεω δεϖελοπ µεντ οφ Αλ2Τι2Χ γραιν ρεφινινγ µ αστερ αλ λοψσ 
≠ 

≡ ♦ ϒ→♣ ′ℑ ⊃ 2∇ ⊃ ∈∩�张柏清� �← ♥ ♠ ⊃ ℑ∈2∩∏ ∉�李建国� � ↑ ϒ ♦∉∈∩ 2 ℑ∉�马洪涛� � 

ƒ ϒ→♣ ♦∉∈∩ 2 ∪⊕∈∩�方鸿生� 

∆επαρτ µεντ οφ Ματεριαλ σ Σχιενχε ανδ Ενγινεερινγ , Τσινγηυα Υνιϖερσιτψ , Βειϕ ινγ 100084 , Π . Ρ . Χηινα 

Αβσ τραχτ : ϒ⊂ 2×⊃ 2≤ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧∪ ℑ √⊕ ℜ ⊕ ⊕ ∈ ∠  ⊕ ∠ ℑ  ⊕ ⊗ ⋅⊃  ∪ ℑ ∈∉√⊕ ⊂ ∠  ∉⊗ ∏ ℘  ⊃ ∉∈ ⊆⊕  ∪∉⊗� ϒ ℘ ∉⊆ℜ ⊃ ∈ℑ  ⊃ ∉∈ ∉ ∅ ÷2 ℑ∧ ∠∪ℑ  ⊕ 
ℑ∈ℑ ⊂∧ ⊃ �≥∞↑ ℑ∈⊗ ∞⁄≥ ⋅ℑ ∏  ⊕ ⊗ ∉⊕ ¬ℑ⊆⊃ ∈⊕ ∪⊕∠∪ ℑ  ⊕ ℑ∈⊗ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ∉ ∅ ∪ ⊕ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧� ×∪⊕ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧∪ℑ √⊕ 

ℜ ⊂∉℘ ⊄ 2⊂ ⊃ ⊄⊕ ϒ⊂ � ×⊃∠ ℑ   ⊃ ℘ ⊂⊕ ℑ∈⊗ ∏ ℜ⊆⊃ ℘  ∉∈  ⊃ ∨⊕ ×⊃ ≤ Ξ ⋅⊃  ∪ Ξ  ℑ∈∩ ⊃ ∈∩∅  ∉⊆ � � ��  ∉ � � �� ℑ∈⊗ ∪∉⋅ ⊕ ¬℘ ⊕ ⊂ ⊂⊕ ∈∩  ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈⊃ ∈∩ 

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

℘ ℑ   ⊃ ∈∩ � 

Κεψ ωορδσ: ϒ⊂ 2×⊃ 2≤ � ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧ � ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕�∩  ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈⊕⊆⊕ ∈ ∆οχυµεντ χοδε : Α 

1  ΙΝΤΡ Ο∆ΥΧΤΙΟΝ 

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

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

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

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

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

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

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

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

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

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

⊃ ∈ ∉⊆⊕ℑ ⊂∏⊆⊃ ∈∏⊆ ℑ∈⊗ℑ ⊂∏⊆⊃ ∈∏⊆ ℑ ⊂ ⊂∉∧�′∏   ∪⊕  ⊕ℑ  ⊕ 

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

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

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

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

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

ℜ ∉ ⊃ ⊗ ⊕ ⊃ ℜ ⊕ ⊂ ⊃ ⊕ √⊕⊗ ∉ ℜ ⊕ ∪⊕ ⊆ℑ ⊃ ∈  ⊕ ℑ  ∉∈ ∅∉ ∪⊕∅ℑ⊗ 2 
⊃ ∈∩ ℜ ⊕∪ℑ√⊃ ∉∉∅ ϒ⊂ 2×⊃ 2′ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧⊗∏  ⊃ ∈∩ ∪⊕∩  ℑ ⊃ ∈ 

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

∠ ℑ   ⊃ ℘ ⊂⊕ ℑ  ⊕ √⊕  ∧ ∏∈∅ℑ√∉ ℑℜ ⊂⊕ ∅∉∠  ∉⊗∏ ℘  ⊃ ∈ ⊕∈⊗ ⊕⊗ 

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

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

⊂ ⊃ ⊄⊕≡� ≤�← ⊃ℑ∈⊗ ↑ ∈ ℑ  ⊕ℜ ⊕ ⊂ ⊃ ⊕√⊕⊗ ∉ ∠∉ ⊃  ∉∈ ∪⊕∈∏ 2 
℘ ⊂⊕ ℑ  ⊃ ∈∩ ℜ∉ ⊃ ⊗ ⊕ ∠ ℑ   ⊃ ℘ ⊂⊕  ⋅∪ ⊃ ℘ ∪ ⊆ℑ⊄⊕ ϒ⊂ 2×⊃ 2′ ⊆ℑ   ⊕  

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

⋅⊃  ∪⊗ ⊃ ⊂∏  ⊕℘ ∉⊆∠∉ ⊃  ⊃ ∉∈∉∅ℑ∈∧ ∉∈⊕∉∅ ∪⊕ℑℜ ∉√⊕ 2⊆⊕∈2 
 ⊃ ∉∈⊕⊗⊕ ⊂⊕⊆⊕∈ ∉℘ ∉⊆ℜ ⊃ ∈ℑ  ⊃ ∉∈ ∉∅ ∪⊕⊆ ≈�� ∗ �� �♥∈ ⊕ 2 
℘ ⊕∈∧⊕ ℑ  � ∉⊆⊕∅∏   ∪⊕ ⋅∉ ⊄ ∪ℑ ℜ ⊕ ⊕∈ ⊗ ∉∈⊕ ∉⊃ ⊆2 
∠  ∉√⊕ ∪⊕ ⊕ ∅ ∅ ⊃ ℘ ⊃ ⊕∈℘ ∧ ℑ∈⊗ ℘ ∉∈ ⊃   ⊕∈℘ ∧ ∉∅  ∪⊕ ℘ ∉∈√⊕∈2 
 ⊃ ∉∈ℑ ⊂ ϒ⊂ 2×⊃ 2′ ∠  ∉⊗ ∏ ℘   ≈�� ∗ �� �≥∉⊆⊕℘ ∉⊆⊆⊕  ℘ ⊃ ℑ ⊂∠  ∉2 
⊗ ∏ ℘ ⊕   ∉∅ ∩  ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈⊕   ∪ℑ√⊕ ⊃ ∈  ∉⊗∏ ℘ ⊕⊗   ℑ  ⊃   ⊃ ℘ ℑ ⊂ 

∠  ∉℘ ⊕  ℘ ∉∈  ∉ ⊂ � ≥°≤ �  ⊕ ℘ ∪∈⊃ ∇∏ ⊕  ∉ ∩∏ ℑ  ℑ∈ ⊕ ⊕  ∪⊕ 

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

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

  ⊃ ⊂ ⊂ √⊃   ∏ ℑ ⊂ ⊂∧ ∪ ⊃ ∈⊗ ⊕  ⊃ ∈∩ ϒ⊂ 2×⊃ 2′ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧∅  ∉⊆ 

ℜ ⊕ ⊃ ∈∩ℑ∈ ⊕¬℘ ⊕ ⊂ ⊂⊕∈∩  ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈⊕ � 

≥⊃ ∈℘ ⊕ ∪⊕⊕ ℑ  ⊂∧ ⊕¬ ⊕∈ ⊃ √⊕ ⋅∉ ⊄∉∅ ≤⊃ ℜ∏ ⊂ℑ ≈�� �×⊃ ≤ 

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

≈�� ∗ �� �  ∉⊆⊕ 

⋅∉ ⊄ ≈�� ∗ �� ∪ℑ ℜ ⊕ ⊕∈ ⊗ ∉∈⊕ ∉ ∅ ⊃ ∈⊗ℑ ⊆⊕  ∪∉⊗ ∉ ∠  ∉2 
⊗ ∏ ℘ ⊕ ϒ⊂ 2×⊃ 2≤ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧�ℜ∏  ⊂ ⊃   ⊂⊕ ∏ ℘ ℘ ⊕  ∪ℑ ℜ ⊕ ⊕∈ 

⊆ℑ⊗ ⊕�♥∈ ⊆⊃ ⊗�����′ℑ∈⊕  ⊇ ⊃⊕ ℑ ⊂ 
≈�� � ��  ⊕ ∠ ∉  ⊕⊗ ∪ℑ  

 ∪⊕ ∧ ∪ℑ⊗ ∏ ℘ ℘ ⊕   ∅∏ ⊂ ⊂∧ ∠  ∉⊗∏ ℘ ⊕⊗ ϒ⊂ 2×⊃ 2≤ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧ 

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

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

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

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

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

⊆⊕  ∪∉⊗  ∪∉∏ ⊂⊗ℜ ⊕⊕¬∠ ⊂∉ ⊕⊗ ∉ ∠  ∉⊗∏ ℘ ⊕ ∪⊕ ⊆ℑ   ⊕ ℑ ⊂ 2 
⊂∉∧ ℑ ℑ ℘ ∉⊆∠ ⊕  ⊃  ⊃ √⊕ ⊂∧ ⊂∉⋅ ℘ ∉ ℘ ∉⊆∠ℑ  ⊕⊗ ⋅⊃  ∪  ∪⊕ 

℘ ∉∈√⊕∈ ⊃ ∉∈ℑ ⊂ ϒ⊂ 2×⊃ 2′ ∩  ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈⊕  � 

↓∏  ⊕ ℘ ⊕∈⋅∉ ⊄ ∪ℑ ℜ ⊕ ⊕∈ ∅ ∉℘ ∏  ⊃ ∈∩ ∉∈ ⊕¬∠ ⊂∉ ⊃ ∈∩ 

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

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

≈�� � ⋅∪ ⊃ ℘ ∪⊃  ⊕⊆ℑ  ⊄ℑℜ ⊂∧ ⊗ ⊃ ∅ ∅ ⊕  ⊕∈∅  ∉⊆  ∪⊕∠  ⊕ 2 
√⊃ ∉∏ ⊆⊕  ∪∉⊗  ≈�� � �� � ×∪⊕ ⊆ℑ ⊃ ∈ ℘ ∪ℑ  ℑ℘  ⊕  ⊃   ⊃ ℘ ∉∅ ∪⊕ 

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

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

℘ ∉⊆∠ ⊕  ⊕∈℘ ⊕℘ ∉⊆∠ℑ  ⊕⊗ ⋅⊃  ∪ ∪⊕℘ ∉∈√⊕∈ ⊃ ∉∈ℑ ⊂ ϒ⊂ 2×⊃ 2′ 
⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧� ×∪⊕ ∠  ⊕  ⊕∈∠ ℑ∠ ⊕  ∏⊆⊆ℑ  ⊃ ∨⊕   ∉⊆⊕ 

 ⊕  ∏ ⊂  ∉∅∉∏ ⋅∉ ⊄� 

2  ΕΞΠΕΡΙΜΕΝΤΑΛ 

°∪ℑ  ⊕ ⊃ ∈  ∪⊕ ϒ⊂ 2×⊃ 2≤ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧ ⋅⊕  ⊕ ℑ∈ℑ 2 

∂ ∉ ⊂���  λ ��         Τρανσ. Νονφερρουσ Μετ . Σοχ . Χηινα         ♠∏∈ ����� 

≠ Ρεχε ιϖεδ δατε : ↑ ℑ ∧ �� ����� �αχχεπτεδ δατε : → ∉√ � � �����



⊂∧∨⊕⊗ ⋅⊃  ∪ ⁄� ↑ ϒ ÷�″ ⁄2��⊄• 2≤∏ ∧∠ ⊕ ÷ ″ ⁄ ℑ∈ℑ ⊂∧∨2 
⊕ � ↑ ℑ   ⊕ ℑ ⊂ ⊂∉∧  ℑ⊆∠ ⊂⊕ ∩  ∉∏∈⊗ ℑ∈⊗ ∠∉ ⊂ ⊃  ∪⊕⊗ ∏  ⊃ ∈∩ 

  ℑ∈⊗ ℑ  ⊗∠  ∉℘ ⊕⊗∏  ⊕ ⋅⊕  ⊕∏  ⊕⊗∅∉÷ ″ ⁄ ℑ∈ℑ ⊂∧ ⊃ � ∞¬2 
  ℑ ℘  ⊕⊗ ⊕ ℘ ∉∈⊗∠∪ℑ  ⊕ ∠∉⋅⊗ ⊕  ℑ ∅  ⊕ ℑ ⊂∏⊆⊃ ∈∏⊆ ⊆ℑ   ⊃ ¬ 

⋅ℑ ⊗ ⊃   ∉ ⊂√⊕⊗⊃ ∈ ℑ∈⊃ ∉⊗ ⊃ ∈⊕ 2⊆⊕  ∪ℑ∈∉ ⊂ 2 ℑ   ℑ  ⊃ ℘ℑ ℘ ⊃ ⊗ ⊆⊃ ¬2 
 ∏  ⊕ ≈�� ⋅⊕  ⊕ℑ ⊂ ∉⊗ ⊕  ⊕ ℘  ⊕⊗∉∈ ÷ ″ ⁄ ∉∅∏   ∪⊕ ⊕¬ℑ⊆⊃ ∈⊕ 

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

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

⋅⊃  ∪ ℑ∈ ℑ  ∉⊆⊃ ℘ℑℜ  ∉ ∠  ⊃ ∉∈  ∠ ⊕ ℘   ∉⊆⊕  ⊕ � ≤ℑ  ℜ∉∈ ⋅ℑ  

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

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

ℑ∈⊗ ∪⊕℘ ℑ  ℜ∉∈ ∉∅ ∪⊕ ∠⊕ ℘ ⊃⊆⊕∈⊃ ℘ ∉∈√⊕   ⊕⊗⊃ ∈ ∉ ≤ ↓ � � 

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

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

√ℑ ⊂∏ ⊕℘ ∉  ⊕ ℘  ⊃ ∉∈ �∞⊂⊕ ℘   ∉∠∉ ⊂ ⊃  ∪⊕⊗ ℑ⊆∠ ⊂⊕ ⋅⊕  ⊕⊕¬ℑ⊆2 
⊃ ∈⊕⊗⊃ ∈ ℑ♠≥ ↑2���� ≥℘ ℑ∈∈⊃ ∈∩ ∞⊂⊕ ℘   ∉∈ ↑⊃ ℘  ∉ ℘ ∉∠ ⊕⊕ 2 
∇∏ ⊃ ∠∠ ⊕⊗ ⋅⊃  ∪ ℑ ← ⊃ ∈⊄ ♥≥♥≥ ⊕∈⊕  ∩∧ ⊗ ⊃  ∠ ⊕   ⊃ √⊕ ÷2 ℑ∧ 
 ∠⊕ ℘   ∉⊆⊕  ⊕ � ∞⁄≥�  ∉ ⊃ ∈√⊕   ⊃ ∩ℑ  ⊕  ∪⊕ ⊆⊃ ℘  ∉   ∏ ℘ 2 
 ∏  ⊕ ℑ∈⊗ ⊕ ℘ ∉∈⊗∠∪ℑ  ⊕ ⊃ ∈ ∪⊕ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧� 

×∪⊕ ϒ⊂ 2×⊃ 2≤ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧ ⋅⊕  ⊕ ℑ ⊂ ∉  ⊕   ⊕⊗∅∉ 

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

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

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

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

∠  ⊕ ∠ ℑ  ⊕⊗ ⋅⊃  ∪ ℑ⊗⊗ ⊃  ⊃ ∉∈ ∉∅ ϒ⊂ 2�×⊃ ℑ∈⊗ ϒ⊂ 2�×⊃ 2�′ 
℘ ∉⊆⊆⊕  ℘ ⊃ ℑ ⊂ ∩  ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈⊕  ∉⊗ �∠  ∉℘ ∏  ⊕⊗∅  ∉⊆ ← ≥ ↑2 
← ∉∈⊗ ∉∈ ℑ∈⊗ ≥℘ ℑ∈⊗ ⊃ ∈ℑ√⊃ ℑ∈ ↑ ⊕  ℑ ⊂ ⊂� ≤∉� � � ×∪⊕ ℘ ℑ   

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

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

∈∏⊆ℜ ⊕ ∉∅∈∉∈2∉√⊕  ⊂ℑ∠∠ ⊃ ∈∩ ⊆⊕ ℑ  ∏  ⊕⊆⊕∈ � 

3  Ρ ΕΛΣΥΛΤΣ 

3 .1  Πηασεσ ανδ µιχροσ τρυχτυρεσ οφ Αλ2Τι2Χ µ αστερ 
αλλοψσ 

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

Ταβλε 1  ×∧∠ ⊃ ℘ ℑ ⊂℘ ∉⊆∠ ∉ ⊃  ⊃ ∉∈∉∅ 

ϒ⊂ 2×⊃ 2≤ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧ 

↑ ℑ   ⊕ ℑ ⊂ ⊂∉∧ ω�×⊃ �� � ω�≤�� � 

ϒ⊂ 2�×⊃ 2� � �≤ � � �� � � �� 

ϒ⊂ 2�×⊃ 2� � �≤ � � �� � � �� 

ϒ⊂ 2�×⊃ 2� � �≤ � � �� � � �� 

Φ ιγ .1  ≥℘ ∪⊕⊆ℑ  ⊃ ℘⊗ ⊃ ℑ∩  ℑ⊆ ∉∅∠ ⊕ ⊆ℑ∈⊕∈⊆∉ ⊂⊗ 

   ∏ ℘  ∏  ⊕ ℑ  ⊕⊃ ⊂ ⊂∏    ℑ  ⊕⊗⊃ ∈ ƒ⊃ ∩� � �

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

ℜ ⊂∉℘ ⊄ 2⊂ ⊃ ⊄⊕ ∠ℑ   ⊃ ℘ ⊂⊕  ℑ∈⊗ ℑ∈∉ ∪⊕  ∠ℑ   ⊃ ℘ ∏ ⊂ℑ  ⊕ ∠∪ℑ  ⊕ 

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

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

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

 ⊃ ∨⊕ℜ ⊕  ⋅⊕ ⊕∈ ⊗ ∉∨⊕∈∉∅ ∈ℑ∈∉⊆⊕  ⊕   ∉ � Λ ⊆ � ƒ⊃ ∩�� 

 ∪∉⋅ℑ ⊕ ℘ ∉∈⊗ ℑ  ∧ ⊕ ⊂⊕ ℘   ∉∈⊃ ⊆ℑ∩ ⊕�≥∞♥� ∉∅ℑ ⊕ ⊂⊕ ℘  ⊕⊗ 

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

 ∪ℑ  ∪⊕ℜ ⊂∉℘ ⊄2⊂ ⊃ ⊄⊕∠ℑ   ⊃ ℘ ⊂⊕ ⊕∈ ⊃ ℘ ∪⊃ ∈ ×⊃ℑ∈⊗ ∪⊕ ∏ℜ 2 
⊆⊃ ℘  ∉∈  ⊃ ∨⊕∠ℑ   ⊃ ℘ ⊂⊕ ⊕∈ ⊃ ℘ ∪⊃ ∈ ℜ ∉ ∪ ×⊃ℑ∈⊗≤ �ƒ∏   ∪⊕  

∞⁄≥ ℑ∈ℑ ⊂∧ ⊃  ∪∉⋅ ∪ℑ  ∪⊕ℜ ⊂∉℘ ⊄2⊂ ⊃ ⊄⊕∠ℑ   ⊃ ℘ ⊂⊕ ∪ℑ√⊕ 

ℑ∠  ⊕ ℘ ⊃  ⊕℘ ∉⊆∠∉ ⊃  ⊃ ∉∈ ∉∅ ×⊃ Βϒ⊂� �Β��ℑ  ∉⊆  ℑ  ⊃ ∉� ℑ∈⊗ 

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

∞⁄≥  ⊕  ∏ ⊂  ∉∅ℜ ⊂∉℘ ⊄2⊂ ⊃ ⊄⊕∠ℑ   ⊃ ℘ ⊂⊕ ℑ∈⊗ ∏ℜ⊆⊃ ℘  ∉∈ ∠ℑ  2 
 ⊃ ℘ ⊂⊕ � ƒ⊃ ∩��  ∪∉⋅ ∪⊕ ÷ ″ ⁄  ⊕  ∏ ⊂   ∉∅ ⊕ ⊂⊕ ℘   ∉∠∉ ⊂ 2 
⊃  ∪⊕⊗  ℑ⊆∠ ⊂⊕ ℑ∈⊗⊕¬  ℑ ℘  ⊕⊗ ⊕ ℘ ∉∈⊗∠∪ℑ  ⊕ ∠ ∉⋅⊗ ⊕  �♥ 

⊃  ∪∉⋅∈ ∪ℑ  ∪⊕  ⊕⊕¬ ⊃   ⋅∉ ∠∪ℑ  ⊕ ∉∅ ϒ⊂ � ×⊃ℑ∈⊗ ⊃ 2 

Φ ιγ .2  ×∧∠ ⊃ ℘ ℑ ⊂ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ∉∅ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧⋅⊃  ∪⊗ ⊃ ∅ ∅ ⊕  ⊕∈℘ ∉⊆∠∉ ⊃  ⊃ ∉∈ 
�ℑ � ) ϒ⊂ 2�×⊃ 2� � �≤ ��ℜ � ) ϒ⊂ 2�×⊃ 2� � �≤ ��℘ � ) ϒ⊂ 2�×⊃ 2� � �≤ 

# � � � # ∂ ∉ ⊂1��  λ 1�        ϒ ∈⊕⋅ ⊗ ⊕√⊕ ⊂∉∠⊆⊕∈∉∅ ϒ⊂ 2×⊃ 2≤ ∩  ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈⊃ ∈∩ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧



Φ ιγ .3  ≥℘ ℑ∈∈⊃ ∈∩⊕ ⊂⊕ ℘   ∉∈ ⊆⊃ ℘  ∉ ℘ ∉∠ ⊕ℑ∈ℑ ⊂∧ ⊕ ∉∅ ⊕ ⊂⊕ ℘  ⊕⊗ℑ  ⊕ ℑ∉∅ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧ 

�ℑ � ) ≥∞♥⊃ ⊆ℑ∩ ⊕��ℜ� ) ×⊃÷2 ℑ∧ ⊆ℑ∠∠ ⊃ ∈∩��℘ � ) ≤ ÷2 ℑ∧ ⊆ℑ∠∠ ⊃ ∈∩ 

Φ ιγ .4  ∞⁄≥ ℑ∈ℑ ⊂∧ ⊕ ∉∅∠ ℑ   ⊃ ℘ ⊂⊕ ⊃ ∈ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧ 
�ℑ � ) ′⊂∉℘ ⊄ 2⊂ ⊃ ⊄⊕∠ ℑ   ⊃ ℘ ⊂⊕ ��ℜ � ) ↓∈⊕ ∧∠ ⊃ ℘ ℑ ⊂℘ ∉⊆∠∉ ⊃  ⊃ ∉∈ ∉ ∅ ∏ ℜ⊆⊃ ℘  ∉∈ ∠ ℑ   ⊃ ℘ ⊂⊕  

Φ ιγ .5  ÷2 ℑ ∧ ⊗ ⊃ ∅ ∅  ℑ ℘  ⊃ ∉∈ ∠ ℑ   ⊕  ∈ 
�ℑ � ) ∞⊂⊕ ℘   ∉∠∉ ⊂ ⊃  ∪ ⊕ ⊗ ℑ⊆∠ ⊂⊕��ℜ � ) ∞¬  ℑ ℘  ⊕ ⊗ ⊕ ℘ ∉∈⊗∠∪ ℑ  ⊕ ∠ ∉⋅⊗ ⊕ ∉ ∅ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧ 

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

 ∪⊕ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧�÷ ″ ⁄∉∈ ∪⊕⊕¬  ℑ℘  ⊕⊗ ⊕ ℘ ∉∈⊗∠∪ℑ  2 
⊕ ∠ ∉⋅⊗ ⊕   ∪∉⋅⊆∉ ⊕℘ ⊂⊕ ℑ  ⊂∧ ∪ℑ ∠ ⊕ ℑ⊄∉∅ ϒ⊂ � ×⊃ℑ  ⊕ 

⊃ ∈ ℑ ∩∉∉⊗ ℘ ∉  ⊕  ∠∉∈⊗ ⊕∈℘ ⊕ ⋅⊃  ∪  ∪⊕   ℑ∈⊗ ℑ  ⊗ ∠⊕ ℑ⊄� 

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

3 .2  Γραιν ρεφινινγ περφορµ ανχε οφ Αλ2Τι2Χ µ αστερ 
αλλοψσ 

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

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

⊃ ∈℘  ⊕ ℑ  ⊃ ∈∩ℑ⊗⊗ ⊃  ⊃ ∉∈⊂⊕ √⊕ ⊂∅  ∉⊆ � � �� �  ∉ � � � � � 

♥℘ ℑ∈ ℜ ⊕ ⊕ ⊕∈ ∪ℑ ℜ∉ ∪ ∪⊕∅  ℑ℘  ⊃ ∉∈ ∉∅℘ ∉ ⊂∏⊆∈ℑ  

∩  ℑ ⊃ ∈ℑ∈⊗ ∪⊕ ⊃ ∨⊕ ∉∅ ⊕ ∇∏ ⊃ ℑ¬⊕⊗ ∩  ℑ ⊃ ∈⊗ ⊕ ℘  ⊕ ℑ  ⊕ ⋅⊃  ∪ 

 ∪⊕⊃ ∈℘  ⊕ ℑ  ⊕∉∅ ∪⊕ℑ⊗⊗ ⊃  ⊃ ∉∈⊂⊕ √⊕ ⊂∉∅ℑ ⊂ ⊂ ∪⊕ ∪  ⊕ ⊕ ⊆ℑ  2 
 ⊕ ℑ ⊂ ⊂∉∧�♥∈  ∪⊕℘ ℑ  ⊕ ∉∅ ϒ⊂ 2×⊃ 2≤ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧ � ∪⊕ 

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



Φιγ .6  ↑ℑ ℘  ∉∩  ℑ∠∪∉∅ℑ ⊂∏⊆⊃ ∈∏⊆ ℘ ℑ   ⊃ ∈∩  

 ⊕ ∅ ⊃ ∈⊕⊗ ⋅⊃  ∪⊗ ⊃ ∅ ∅ ⊕  ⊕∈ℑ⊗⊗ ⊃  ⊃ ∉∈ ⊂⊕√⊕ ⊂∉∅ 

ϒ⊂ 2�×⊃� ϒ⊂ 2�×⊃ 2�′ ℑ∈⊗ ϒ⊂ 2�×⊃ 2� � �≤ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧ 
�″ ⊕ ∅ ⊃ ∈⊃ ∈∩ ⊕⊆∠ ⊕  ℑ  ∏  ⊕� ��� ε �∪ ∉ ⊂⊗ ⊃ ∈∩ ⊃ ⊆⊕� � ⊆⊃ ∈ � 

↑ℑ∩∈⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈ � � � ��� 

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

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

⊂⊕√⊕ ⊂∉∅ � �� � �ℑ   ℑ ⊃ ∈⊃ ∈∩ ∪⊕ℑ√⊕  ℑ∩ ⊕⊕ ∇∏ ⊃ ℑ¬⊕⊗ ∩  ℑ ⊃ ∈ 

 ⊃ ∨⊕∉∅ℑℜ∉∏ ��� Λ ⊆ � ⋅∪ ⊃ ℘ ∪⊃ ∉ℜ√⊃ ∉∏  ⊂∧ ⊆∏ ℘ ∪ℜ ⊕   ⊕  

 ∪ℑ∈ ∪⊕ ϒ⊂ 2�×⊃⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧ ℑ∈⊗⊕ √⊕∈ ∉⊆⊕ ⋅∪ℑ ℜ ⊕  2 
 ⊕  ∪ℑ∈ ∪⊕ ϒ⊂ 2�×⊃ 2�′ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧ � 

ƒ⊃ ∩� �  ∪∉⋅ ∪⊕ √ℑ  ⊃ ℑ  ⊃ ∉∈ ∉∅ ℑ√⊕  ℑ∩ ⊕ ∩  ℑ ⊃ ∈  ⊃ ∨⊕ 

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

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

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

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

 ∪ℑ  ∠ ⊂∧ � ♥∈  ∪⊕ ℘ ℑ  ⊕ ∉∅  ∪⊕ ϒ⊂ 2�×⊃ 2�′ ℑ∈⊗ ϒ⊂ 2�×⊃ 2 
� � �≤ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧� ∩ ∉∉⊗∅ℑ⊗ ⊃ ∈∩ ℜ ⊕∪ℑ√⊃ ∉  ⋅⊕  ⊕ ∉ℜ 2 
 ⊕  √⊕⊗� ⊕  ∠ ⊕ ℘ ⊃ ℑ ⊂ ⊂∧ ∅∉ ∪⊕ ⊂ℑ   ⊕  ∪⊕  ⊕⊃  ∈∉ ⊕ √⊃ ⊗ ⊕∈ 

∅ ℑ⊗ ⊃ ∈∩⊕√⊕∈ ∏ ∠ ∉ ��� ⊆⊃ ∈ � 

3 . 3  Νυχλει οβσερϖατιον ιν αλυµινυµ χασ τινγσ ρε2 
φινεδ ωιτη Αλ2Τι2Χ µ ασ τερ αλ λοψσ 

Φ ιγ .7  ƒℑ⊗ ⊃ ∈∩ℜ ⊕∪ℑ√⊃ ∉ ∉∅ ϒ⊂ 2�×⊃� 
ϒ⊂ 2�×⊃ 2�′ ℑ∈⊗ ϒ⊂ 2�×⊃ 2� � �≤ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧ 

�″ ⊕ ∅ ⊃ ∈⊃ ∈∩ ⊕⊆∠ ⊕  ℑ  ∏  ⊕� ��� ε �ℑ⊗ ⊗ ⊃  ⊃ ∉∈ ⊂⊕ √⊕ ⊂� � � � � �

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

⋅⊃  ∪ ϒ⊂ 2×⊃ 2≤ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧⋅⊕  ⊕⊕¬ℑ⊆⊃ ∈⊕⊗� ×⊃  ℑ∈⊃ ∏⊆ 

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

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

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

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

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

⊆ℑ∩∈⊃ ∅ ⊃ ⊕⊗≥∞♥ ∉∅ ∪⊕∈∏ ℘ ⊂⊕∏  �ƒ⊃ ∩� ��ℜ �� � ×∧∠ ⊃ ℘ ℑ ⊂ ÷2 
 ℑ∧ ⊂ ⊃ ∈⊃ ∈∩  ∪∉⋅  ∪ℑ  ∪⊕ ∈∏ ℘ ⊂⊕∏ ⊕∈ ⊃ ℘ ∪⊃ ∈ ×⊃ℑ∈⊗ ≤ 

�ƒ⊃ ∩� ��℘ �� � 

4  ∆ΙΣΧΥΣΣΙΟΝ 

ϒ⊂ � ×⊃∠ ℑ   ⊃ ℘ ⊂⊕  ⊃ ∈ ϒ⊂ 2×⊃ 2≤ ⊆ℑ   ⊕  ℑ ⊂ ⊂∉∧ ∪ℑ√⊕ 

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

 ∪⊕ ∉ℜ  ⊕  √ℑ  ⊃ ∉∈ ∉∅ ϒ ∈ℜ ⊕  ∩ ⊕ ℑ ⊂ ≈�� ℑ∈⊗ ′⊂ℑ⊄⊕ ⊕  

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

 ∪⊕ ⊆⊕ ⊂  ⊕⊆∠ ⊕  ℑ  ∏  ⊕�♥∅ ∪⊕ ⊆ℑ  ⊕ ℑ ⊂ ⊂∉∧ ⋅⊕  ⊕ ∠  ∉ 2 

Φ ιγ .8  ≤ ∧  ℑ ⊂ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ ∈∏ ℘ ⊂⊕ ⊃∉ℜ  ⊕  √ℑ  ⊃ ∉∈ 
�ℑ � ) ≥∞♥ ∉ ∅ ∏ ℜ∩  ℑ ⊃ ∈    ∏ ℘  ∏  ⊕��ℜ� ) ≥∞♥ ∉∅∈∏ ℘ ⊂⊕ ∏ ��℘ � ) ÷2 ℑ∧ ⊂ ⊃ ∈⊃ ∈∩ ∉ ∅ ×⊃ℑ∈⊗ ≤ 

# � � � # ∂ ∉ ⊂1��  λ 1�        ϒ ∈⊕⋅ ⊗ ⊕√⊕ ⊂∉∠⊆⊕∈∉∅ ϒ⊂ 2×⊃ 2≤ ∩  ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈⊃ ∈∩ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧



⊗∏ ℘ ⊕⊗ℑ ℑ⊂∉⋅⊕  ⊕⊆∠ ⊕  ℑ  ∏  ⊕� � ��� ε � �ℑ℘ ∉⊆∠ℑ ℘  

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

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

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

∠  ⊕ ∠ ℑ  ⊕⊗ℜ∧ ′ℑ∈⊕  ⊇ ⊃⊕ ℑ ⊂.  ∠ ℑ  ⊕∈ ⊕⊗ ⊆⊕  ∪∉⊗ ∪ℑ⊗ ℑ 

 ∧∠ ⊃ ℘ ℑ ⊂ ∠ ⊂ℑ  ⊕ ⊆∉ ∠∪∉ ⊂∉∩∧ 
≈�� � �� � ⋅∪ ⊃ ℘ ∪ ℘ ∉∈∅ ⊃ ⊆⊕⊗ ∪⊕ 

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

×∪⊕ℜ  ∉ℑ⊗ ⊕∈⊃ ∈∩∉∅ ÷ ″ ⁄ ∠ ⊕ ℑ⊄∉∅∠∉⋅⊗ ⊕  ℑ⊆∠ ⊂⊕  

⊆ℑ∧ ∪ℑ√⊕ ⋅∉  ⊕ ℑ  ∉∈� ↓∈⊕⊃  ∪⊕ ⊕ ∅ ⊃ ∈⊕⊆⊕∈∉∅ ∪⊕ 

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

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

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

℘  ∧  ℑ ⊂ ≈�� � ƒ ∉⊆  ∪⊕ ℑℜ ∉√⊕ 2⊆⊕∈ ⊃ ∉∈⊕⊗ ℘ ∉⊆∠ ∉ ⊃  ⊃ ∉∈ 

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

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

∠∪⊕∈∉⊆⊕∈∉∈ ∉∅ ∪⊕∠⊕ ℑ⊄∉∅ ⊃  ℑ∈⊃ ∏⊆ ℘ ℑ  ℜ ⊃ ⊗ ⊕  �ƒ⊃ ∩� � 

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

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

∠ℑ  ℑ⊆⊕  ⊕  ℑ∈∩⊕ 
≈�� �♥∈ ℑ⊗⊗ ⊃  ⊃ ∉∈ � ∪⊕ ∏ℜ⊆⊃ ℘  ∉∈  ⊃ ∨⊕ 

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

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

∠⊕ ℑ⊄ 
≈�� �≥∉ ∪⊕ℜ  ∉ℑ⊗ ⊕∈⊃ ∈∩∠∪⊕∈∉⊆⊕∈∉∈ ⊆ℑ∧ ℜ ⊕ ∪⊕ 

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

 ∪⊕  ⊕ ⋅∉ ∉∏  ℘ ⊕ � 

ƒ ∉⊆  ∪⊕⊕¬℘ ⊕ ⊂ ⊂⊕∈∩  ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈⊃ ∈∩∠ ⊕  ∅∉⊆ℑ∈℘ ⊕∉∅ 

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

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

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

 ∪ℑ  ⊃  ℑ∈⊃ ∏⊆ ℘ ℑ  ℜ ⊃ ⊗ ⊕ ℑ  ⊕  ℑℜ ⊂⊕⊃ ∈ ℑ ⊂∏⊆⊃ ∈∏⊆ ⊆⊕ ⊂  ℑ  

 ∪⊕ ⊆⊕ ⊂  ⊕⊆∠⊕  ℑ  ∏  ⊕ ⊃ ∈ ℘ ∉⊆⊆∉∈ ∩  ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈⊕⊆⊕∈ 

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

5  ΧΟΝΧΛΥΣΙΟΝΣ 

×∪⊕ ϒ⊂ 2×⊃ 2≤ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧∠  ⊕ ∠ ℑ  ⊕⊗ℜ ∧ ∉∏ ∈∉√⊕ ⊂ 

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

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

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

⋅⊕  ⊕∉ℜ  ⊕  √⊕⊗ℑ  ∪⊕℘  ∧  ℑ ⊂ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ ℘ ⊕∈ ⊕  ⊃ ∈  ⊕ ∅ ⊃ ∈⊕⊗ 

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

Ρ ΕΦΕΡ ΕΝΧΕΣ 

≈�  ♣ ℑ∈∩ ⊕ ⁄ ϒ ℑ∈⊗ ← ⊃ ∏♠� ↓℘ ℘ ∏   ⊕ ∈℘ ⊕⊕ ∅ ∅ ⊕ ℘ ℑ∈⊗℘ ∉∈  ∉ ⊂ ∉ ∅ 

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

↑⊕  ����� ������ ��� � 

≈�  ← ℑℜ ℑ   ⊕ ←≤ �♠ ℑ⊆⊕  ″ ≥ � • ⊃   ⊕  ♠♠�⊕ ℑ ⊂� ♣ ℑ ⊃ ∈  ⊕ 2 
∅ ⊃ ∈⊕⊆⊕ ∈∉ ∅ℑ ⊂∏⊆⊃ ∈∏⊆ ℑ ⊂ ⊂∉∧≈♠  �♠°∪∧�↓  ℑ∧� ����� � 

����� ��� � 

≈�  ♣ ℑ∈∩ ⊕ ⁄ ϒ �° ∉℘♥∈≥⊕⊆⊃ ∈ℑ ∉∈ ″ ⊕ ∅ ⊃ ∈⊃ ∈∩ℑ∈⊗ ϒ⊂ ⊂∉∧⊃ ∈∩ 

∉ ∅ ← ⊃ ∇∏ ⊃ ⊗ ϒ⊂∏⊆⊃ ∈∏⊆ ℑ∈⊗ ƒ⊕   ∉ 2ϒ⊂ ⊂∉∧≈≤ � × ∉∈⊗∪⊕ ⊃ ⊆ � 

→ ∉ ⋅ℑ∧ ����� ���� � 

≈�  ϒ∠ ⊕ ⊂ ⊃ ℑ∈ ⁄�≥⊃ ∩⋅∉   ∪ ♣ ↔ℑ∈⊗ • ∪ ℑ ⊂⊕ ↔″ �♣ ℑ ⊃ ∈ ⊕ ∅ ⊃ ∈⊕ 2 
⊆⊕ ∈∉ ∅ ℑ ⊂∏⊆⊃ ∈∏⊆ ℜ∧ ϒ⊂ 2×⊃ 2′ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧≈♠ � × ℑ∈ 

ϒƒ≥ ����� ��� ���� � 

≈�  ♦ℑ  ∪ ⊕⊆⊃ 2ϒ∪ ℑ⊆ℑ⊗∧ ≥ ♦ � ″ ⊕  ⊕ ℑ  ℘ ∪∉∈ ∩  ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈⊕⊆⊕ ∈∉∅ 

ℑ ⊂∏⊆⊃ ∈∏⊆ ℑ∈⊗ ⊃   ℑ ⊂ ⊂∉∧ ≈ ⁄ � ∝↔� ∝∈⊃ √⊕   ⊃  ∧ ∉ ∅ 

≥∉∏  ∪ ℑ⊆∠  ∉∈ ����� � 

≈�  ♣⊕  ⊂∉ ∅ ∅ ″ � ″ ⊕ ⊃ ∅ • � ♦⊕ ∧ ∉ ∪ • �⊕ ℑ ⊂� ×∪ ⊕ℑ∩∩ ⊂∉⊆⊕  ℑ 2 
 ⊃ ∉∈ ∉∅ ∪⊕ ×⊃ ′ � ∠∪ℑ  ⊕ ⋅∪ ⊃ ℘ ∪∪ℑ ℜ ⊕ ⊕ ∈ ℑ⊗ ⊗ ⊕ ⊗ ∉ ⊆∉ ⊂  ⊕ ∈ ℑ 2 
⊂∏⊆⊃ ∈∏⊆ ∅ ∉ ∪⊕∩  ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈⊕⊆⊕ ∈≈♠  � ↑ ⊕  ℑ ⊂ ⊂����� ��� 

��� ��� ∗ ��� � 
≈�  ↑∉∪ ℑ∈ ∧ ° ≥ � ♣∏  ∪  ⊃ ⊕ ″ ♥ ←ℑ∈⊗ ♣ ∏ ∨⊂⊕  ⊄ ⊃♠ ∞ �≥ ∏ ⊗ ⊃ ⊕  

∉∈  ∪⊕∅ ℑ⊗ ⊃ ∈∩ℜ ⊕ ∪ℑ √⊃ ∉∉ ∅ ϒ⊂ 2×⊃ 2′ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧ℑ∈⊗∩  ℑ ⊃ ∈2 
 ⊕ ∅ ⊃ ∈⊕⊆⊕ ∈⊆⊕ ℘ ∪ℑ∈⊃ ⊆ ∏  ⊃ ∈∩ ⊂ ⊃ ⊆℘ ℑ ≈♠ � ← ⊃ ∩∪  ↑ ⊕  ℑ ⊂ � 

���� ���� ∗ ��� � 
≈�  ↑ ℑ¬⋅⊕ ⊂ ⊂ ♥ ℑ∈⊗ ♦⊕ ⊂ ⊂ℑ⋅⊕ ⊂ ⊂ ϒ � ×∪ ⊕ ⊆∉ ∠∪∉ ⊂∉∩∧ ∉ ∅ ℑ ⊂∏ 2 

⊆⊃ ∈⊃ ⊗ ⊕ ⊃ ∈ ϒ⊂ 2×⊃ℑ ⊂ ⊂∉∧≈♠  � ϒ℘  ℑ ↑⊕  ℑ ⊂ ⊂����� ��� ���� 
∗ ��� � 

≈�  ♦⊕ ⊂ ⊂ℑ⋅⊕ ⊂ ⊂ ϒ � ♣ ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈⊃ ∈∩∠ ⊕  ∅ ∉⊆ℑ∈℘ ⊕∉ ∅ ϒ⊂ 2×⊃ 2′ ⊆ℑ  2 
 ⊕ ℑ ⊂ ⊂∉∧≈ϒ �≥∉ ⊂ ⊃ ⊗ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈ ℑ∈⊗ ≤ℑ   ⊃ ∈∩∉ ∅ ↑⊕  ℑ ⊂ ≈ ≤ � 

← ∉∈⊗ ∉∈ � ×∪ ⊕ ↑⊕  ℑ ⊂ ≥∉℘ ⊃ ⊕  ∧ ����� ���� ∗ ��� � 
≈��  °⊕ ℑ   ∉∈ ♠� ′⊃  ℘ ∪ ↑ ∞ ♠ ℑ∈⊗ ♦ℑ⊗ ⊂⊕ ⁄� ≥ ∏⊗ ∧ ∉∈  ∪ ⊕ 

∩  ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈⊃ ∈∩ ⊕ ∅ ∅ ⊃ ℘ ⊃ ⊕ ∈℘ ∧ ∉ ∅ ℑ ⊂∏⊆⊃ ∈∏⊆ ∩  ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈⊃ ∈∩ ℑ ⊂2 
⊂∉∧≈ϒ �≥∉ ⊂ ⊃ ⊗ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈ ×⊕ ℘ ∪∈∉ ⊂∉∩∧⊃ ∈  ∪ ⊕ ƒ∉∏∈⊗  ∧ ℑ∈⊗ 

≤ℑ   ∪∉∏  ⊕≈≤ �← ∉∈⊗ ∉∈ �×∪⊕ ↑⊕  ℑ ⊂≥∉℘ ⊃ ⊕  ∧ ����� ��� 
∗ �� � 

≈��  °⊕ ℑ   ∉∈ ♠ℑ∈⊗′⊃  ℘ ∪ ↑ ∞ ←�∞∅ ∅ ⊕ ℘ ∉ ∅ ∪ ⊕ ×⊃ Β′ ℑ  ⊃ ∉ ∉∈ 

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

↑⊕  ����� ������� ��� ∗ �� � 
≈��  °⊕ ℑ   ∉∈ ♠ ℑ∈⊗ ′⊃  ℘ ∪ ↑ ∞ ←� ♣⊕ ⊕ ♠ ° � ← ⊃ ∩∪ ⊆⊕  ℑ ⊂  

≈ ≤ � • ℑ   ⊕ ∈⊗ ℑ ⊂⊕�°ϒ � ↑ ⊕  ℑ ⊂ ⊂∏  ∩ ⊃ ℘ ℑ ⊂ ≥∉℘ ⊃ ⊕  ∧ ∉∅ ϒ♥↑ ∞ � 

���� ����� ∗ ���� � 
≈��  ← ℑℜ ℑ   ⊕←≤ �♠ ℑ⊆⊕  ″ ≥ � • ⊃  ⊃ ⊕  ♠♠�⊕ ℑ ⊂� ♣ ℑ ⊃ ∈  ⊕ 2 

∅ ⊃ ∈⊕⊆⊕ ∈∉ ∅ ℑ ⊂∏⊆⊃ ∈∏⊆ ℑ ⊂ ⊂∉∧ ≈♠ � ♠ °∪∧ � ↓  ℑ∧� � 

���� ��� � ≤� �≥∏ ∠∠ ⊂��� ��� ∗ ��� � 
≈��  ↔ ⊃  ℜ∧ ♠←�° ∉℘� ♥∈≤∉∈∅∉∈ ϒ⊂∏⊆⊃ ∈∏⊆ ϒ⊂ ⊂∉∧ 2 ∪ ⊕ ⊃  

°∪∧ ⊃ ℘ ℑ ⊂ ℑ∈⊗ ↑⊕ ℘ ∪ℑ∈⊃ ℘ ℑ ⊂ ° ∉∠ ⊕   ⊃ ⊕  ≈ ≤  � ≤∪ ℑ  2 
⊂∉   ⊕  √⊃ ⊂ ⊂⊕� ∂ ϒ � ϒ⊂∏⊆⊃ ∈∏⊆ ϒ  ∉℘ ⊃ ℑ  ⊃ ∉∈ �♠ ∏∈⊕���� ��� 
∗ �� � 

≈��  ′⊃  ℘ ∪ ↑ ∞ ♠ ℑ∈⊗ ƒ⊃  ∪⊕  ° � ≥∪ ⊕ ⊕ ∠ ℑ  ⊗ × � ϒ⊂∏⊆⊃ ∈∏⊆ 

×⊕ ℘ ∪∈∉ ⊂∉∩∧ . �� � ← ∉∈⊗ ∉∈ � ×∪⊕ ♥∈  ⊃  ∏  ⊕ ∉ ∅ ↑ ⊕  ℑ ⊂ � 

���� ���� ∗ ��� � 
≈��  ′⊃  ℘ ∪ ↑ ∞ ♠ℑ∈⊗ ≤∉⋅⊕ ⊂ ⊂ ϒ ♠♠� ♣ ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈⊃ ∈∩ ∠ ⊕  ∅ ∉ 2 

⊆ℑ∈℘ ⊕∉∅ ϒ⊂ 2×⊃ 2≤ ∉∈ ℑ ⊂∏⊆⊃ ∈∏⊆ ℑ ⊂ ⊂∉∧ ⋅⊃  ∪ ≡ℑ∈⊗ ≤ 

≈♠  �♠°∪∧�↓  ℑ∧� ����� ��� � ≤� �≥∏ ∠∠ ⊂��� � 

≈��  ϒℜ⊗ ⊕ ⊂ 2♦ℑ⊆⊃ ⊗ ϒ ϒ �∞∅ ∅ ⊕ ℘ ∉ ∅∉  ∪ ⊕ ⊕ ⊂⊕⊆⊕ ∈ ∉∈ ∪ ⊕∩  ℑ ⊃ ∈ 

 ⊕ ∅ ⊃ ∈⊕⊆⊕ ∈∉ ∅ ϒ⊂ ℜ∧ ×⊃∉×⊃ℑ∈⊗′� � ≈♠  � ≡ ↑ ⊕  ℑ ⊂2 
⊂⊄⊗����� ��� ���� ∗ ��� � 

≈��  ϒℜ⊗ ⊕ ⊂ 2♦ℑ⊆⊃ ⊗ ϒ ϒ �∞∅ ∅ ⊕ ℘ ∉ ∅∉  ∪ ⊕ ⊕ ⊂⊕⊆⊕ ∈ ∉∈ ∪ ⊕∩  ℑ ⊃ ∈ 

 ⊕ ∅ ⊃ ∈⊕⊆⊕ ∈∉ ∅ ϒ⊂ ℜ∧ ×⊃∉×⊃ℑ∈⊗′ � ∇� ≈♠  �≡ ↑ ⊕  ℑ ⊂2 
⊂⊄⊗����� ��� ���� ∗ ��� � 

≈��  ♠ ∉∈⊕ ♣ ° ℑ∈⊗°⊕ ℑ   ∉∈ ♠�ƒℑ ℘  ∉ ℑ ∅ ∅ ⊕ ℘  ⊃ ∈∩ ∪ ⊕∩  ℑ ⊃ ∈2 ⊕ 2 
∅ ⊃ ∈⊕⊆⊕ ∈∉ ∅ ℑ ⊂∏⊆⊃ ∈∏⊆ ∏  ⊃ ∈∩  ⊃  ℑ∈⊃ ∏⊆ ℑ∈⊗ ℜ∉ ∉∈ ℑ⊗ ⊗ ⊃ 2 
 ⊃ √⊕ ≈♠  � ↑⊕  ℑ ⊂ ⊂ × ℑ∈����� ��′���� ∗ ��� � 

≈��  ↑ ℑ  ℘ ℑ∈ ∉∈⊃ ∉ ♠ ϒ ℑ∈⊗ ↑ ∉∈⊗ ∉ ⊂ ∅ ∉ ←ƒ � ×∪⊕ ∈∏ ℘ ⊂⊕ ℑ  ⊃ ∉∈ ∉ ∅ 

ℑ ⊂∏⊆⊃ ∈∏⊆ ℜ∧ ⊕ √⊕  ℑ ⊂⊃ ∈ ⊕ ⊆⊕  ℑ ⊂ ⊂ ⊃ ℘℘ ∉⊆∠∉∏∈⊗ ≈♠  �♠♥∈2 
 ↑⊕  ℑ ⊂ ����� ��� ∗ �� � 

≈��  ϒℜ⊗ ⊕ ⊂ 2 ″ ⊕ ⊃ ∪⊕ ⊃ ⊆ ↑ � ♦⊕   →ℑ∈⊗ ″ ⊕ ⊃ ∅ • � ↔ ∉ ∈∅ ⊕ ⊃ ∈∏ ∈∩ 

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

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



⊂ ⊃ ⊕ ⊂⊕⊆⊕ ∈ ⊕≈♠  � ↑⊕  ℑ ⊂ ⊂����� ��� ���� ∗ ��� � 
≈��  ≥∪ ℑ⋅ ϒ ⁄ ℑ∈⊗ ′ℑ  ℜ ⊕ ϒ ⁄� ≤∉∈ ⊃   ⊕ ∈∇∏ ℑ ⊂ ⊃  ∧  ⊕ ⊗ ∏ ℘ ⊕  

∩  ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈⊃ ∈∩ ℘ ∉  ≈♠ � ϒ⊂∏⊆⊃ ∈∏⊆ ×∉⊗ ℑ∧ � ���� � � � 

�� ∗ �� � 
≈��  ↑⊕  ⊕ ⊗ ⊃  ∪ ↑ • � ♣ ⊕ ⊕ ϒ ←ℑ∈⊗ ∞√ℑ∈° ∂ � ∞∅ ∅ ⊕ ℘ ∉ ∅ 

∩  ℑ ⊃ ∈ 2 ⊕ ∅ ⊃ ∈⊃ ∈∩ ℑ⊗ ⊗ ⊃  ⊃ ∉∈∉∈ ⊃ ∈ ⊕ ⊆⊕  ℑ ⊂ ⊂ ⊃ ℘ ⊕ ⊂⊕ ℘  ⊃ ∉∈ ⊃ ∈ ⊗ ⊃ 2 
⊂∏  ⊕ℑ ⊂∏⊆⊃ ∈∏⊆ ℑ ⊂ ⊂∉∧≈♠  �← ⊃ ∩∪ ↑⊕  ℑ ⊂ �° ∉℘ ⊕ ⊕ ⊗ ⊃ ∈∩ ∉ ∅ 

≥⊕   ⊃ ∉∈ ≈ ≤  � × ↑ ≥ ϒ∈∈∏ ℑ ⊂ ↑⊕ ⊕  ⊃ ∈∩ � • ℑ   ⊕ ∈⊗ ℑ ⊂⊕� 

°⊕ ∈∈ ∧⊂√ℑ∈⊃ ℑ � ����� ���� ∗ ��� � 
≈��  °⊕ ℑ   ∉∈ ♠ℑ∈⊗ ↔ ⊕ ℑ  ∈ ↑ ϒ � ↓∠  ⊃ ⊆⊃  ℑ  ⊃ ∉∈ ∉ ∅∩  ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈2 

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

° ℑ ℘  ⊃ ℘ ⊕≈≤ ����� ��� ∗ ��� � 
≈��  ÷♥ϒ ↓ ≠ � ↑ ϒ ♦ �←∝ ♠�⊕  ℑ ⊂�∞∅ ∅ ⊕ ℘  ⊃ √⊕∈∏ ℘ ⊂⊕ ℑ  ⊃ ∉∈ ∠ ℑ  2 

 ⊃ ℘ ⊂⊕ ⊃ ∈ ∩  ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈⊃ ∈∩∉ ∅ ϒ⊂ 2×⊃ 2′ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧ ≈♠  � ×∪ ⊕ 

≤∪ ⊃ ∈⊕  ⊕♠ ∉∏  ∈ℑ ⊂ ∉ ∅ → ∉∈∅ ⊕   ∉∏  ↑⊕  ℑ ⊂� ���� � � ��� � 

��� ∗ ��� � 
≈��  ♦ ∝ ′ ℑ∈⊗← ♥ ♦ �∞∅ ∅ ⊕ ℘  ∉ ∅∠  ∉℘ ⊕   ⊃ ∈∩∠ ℑ  ℑ⊆⊕  ⊕  ∉∈ ∪ ⊕ 

∠ ⊕  ∅ ∉⊆ℑ∈℘ ⊕∉∅ ϒ⊂ ∩  ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈⊕⊆⊕ ∈⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧ ϒ⊂ 2×⊃ 
ℑ∈⊗ ϒ⊂ 2′⊃ ∈ ⊆ℑ ⊂ ⊂⊃ ∈∩ ∉  ≈♠  �♠ ∉∏  ∈ℑ ⊂ ∉ ∅ ↑ℑ  ⊕  ⊃ ℑ ⊂ ° ∉2 
℘ ⊕   ⊃ ∈∩ ×⊕ ℘ ∪∈∉ ⊂∉∩∧ � ���� ����� ∗ �� ��� ∗ �� � 

≈��  ∂ℑ⊗ ⊕  ↑ ℑ∈⊗ → ∉∉ ⊗ ⊕ ∩  ℑ ℑ ∅♠�≤∉∈  ∉ ⊂ ∪ ⊕∇∏ ℑ ⊂ ⊃  ∧ ∉ ∅ ⊆ℑ  2 
 ⊕ ℑ ⊂ ⊂∉∧ ∩  ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈⊕  ≈♠  �← ⊃ ∩∪ ↑⊕  ℑ ⊂ ����� ���� � 

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

℘ ℑ   ⊃ ∈∩⊃ ∈ ℑ ⊂∏⊆⊃ ∈∏⊆ ℑ ⊂ ⊂∉∧ ≈♠ � ♠ ♥∈  ↑ ⊕  � ���� ∗ 
���� ��� ���� � 

≈��  ♦ℑ  ⊗⊆ℑ∈ ϒ ℑ∈⊗ ≠∉∏∈∩ ⁄� ♣ ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈⊃ ∈∩ ∠ ⊕  ∅ ∉⊆ℑ∈℘ ⊕ 

∉∅ ×♥≤ ϒ ″ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧≈♠  �← ⊃ ∩∪ ↑⊕  ℑ ⊂ ����� ���� � 

≈��  ≥℘ ∪∈⊕ ⊃ ⊗ ⊕  • �↔ ⊕ ℑ  ∈ ↑ ϒ � ↑℘♣ℑ   ∧ ↑ ♠�⊕ ℑ ⊂�≤∉⊆2 
∠ ℑ  ⊃  ∉∈ ∉ ∅ ∪ ⊕ℜ ⊕ ∪ ℑ√⊃ ∉∏ ∉ ∅ ϒ⊂×⊃ ′ ℑ∈⊗ ϒ⊂×⊃ ≤ ∩  ℑ ⊃ ∈ ⊕ ∅ ⊃ ∈2 
⊕  ≈♠  �← ⊃ ∩∪ ↑⊕  ℑ ⊂ ����� ���� � 

≈��  ♦ℑ⊗ ⊃ ℑ ↑ ϒ � ♣∪ ℑ∈⊕ ∧ℑ ϒ ϒ ℑ∈⊗ → ⊃ ℑ ∨⊃ϒ � ⁄⊕ √⊕ ⊂∉∠⊆⊕ ∈ 

ℑ∈⊗⊕ √ℑ ⊂∏ ℑ  ⊃ ∉∈ ∉ ∅ ϒ⊂ 2×⊃ 2≤ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧ℑ ∩  ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈⊕  

∅ ∉ℑ ⊂∏⊆⊃ ∈∏⊆ ≈♠  �← ⊃ ∩∪ ↑⊕  ℑ ⊂ ����� ���� � 

≈��  ƒ∞→♣ ± ←ℑ∈⊗ • ϒ→♣ ≤ ↑ �°∉ ⊃ ∉∈⊃ ∈∩∉ ∅ ×⊃ ≤ ∠ ℑ   ⊃ ℘ ⊂⊕  

⊃ ∈ ϒ⊂ 2×⊃ 2≤ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧ ≈♠ � ♠ × ⊃ ∈∩∪∏ ℑ ∝∈⊃ √⊕   ⊃  ∧ � 

���� ��� ���� � 

≈��  ↑ℑ∧⊕ ≤ ⁄� ↑℘ ≤ℑ   ∈⊕ ∧ ⁄ ♣ ℑ∈⊗×ℑ  ⊂∉℘ ⊄ ♣ ♠�↓ℜ  ⊕  √ℑ 2 
 ⊃ ∉∈ ∉∈  ∪ ⊕ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕ℑ∈⊗ ∠ ⊕  ∅ ∉⊆ℑ∈℘ ⊕ ∉ ∅ ϒ⊂ 2×⊃ 2≤ 
∩  ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈⊃ ∈∩ ⊆ℑ   ⊕  ℑ ⊂ ⊂∉∧ ≈♠ � ↑ℑ  ⊕  ≥℘ ⊃ ∞∈∩ ϒ � 

���� ����ϒ ���� � 

≈��  ↑ℑ  ℘ ℑ∈ ∉∈⊃ ∉ ♠ ϒ ℑ∈⊗ ↑∉∈⊗ ∉ ⊂ ∅∉ ← ƒ � ♣ ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈⊕⊆⊕ ∈ 

⊃ ∈ ℑ ⊂∏⊆⊃ ∈∏⊆ ℑ ⊂ ⊂∉∧⊕ ⊗ ⋅⊃  ∪ ×⊃ℑ∈⊗ ∉⊆⊕ ∉  ∪⊕ ⊕ ⊂⊕⊆⊕ ∈  

≈♠  � ↑⊕  ℑ ⊂ ⊂ × ℑ∈����� �� ���� � 

≈��  → ℑ⊄ℑ ∉ ≠ � ° ⊕ ∠ ℑ  ℑ  ⊃ ∉∈ ∉ ∅ ϒ⊂ 2×⊃ 2≤ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧  ∪  ∉∏ ∩∪ 

 ∪ ⊕ℑ⊗ ⊗ ⊃  ⊃ ∉∈ ∉ ∅ ×⊃ ≤  ∉ ϒ⊂ 2×⊃ ⊆⊕ ⊂  ≈♠ � ♠ ♠ ℑ∠ ℑ∈ ♥∈  

← ⊃ ∩∪ ↑⊕  ℑ ⊂����� ��� ��� � 

≈��  ← ⊃ ∪ ⊂ ƒ ℑ∈⊗ ≥ℑ∩ ∉ ℘ ∪⊕ ∈ ♠� ♣ ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈⊕⊆⊕ ∈∉ ∅ ℑ ⊂∏⊆⊃ ∈∏⊆ 

⋅⊃  ∪ ⊃  ℑ∈⊃ ∏⊆ ℑ∈⊗℘ ℑ  ℜ ∉∈ ≈♠  � ↑⊕  ℑ ⊂ ⊂����� ��� ���� � 

≈��  ×∪∏  ∧ • � ′⊕ ⊃   ℑ∩∨∏ ⊄∉ ∈∅ ⊕ ⊃ ∈∏ ∈∩ √∉∈ ℑ ⊂∏⊆⊃ ∈∏⊆ ≈♠ � 

↑⊕  ℑ ⊂ ⊂⊄⊗ ⊕ • ����� ��� ���� � 

≈��  ′ℑ∈⊕  ⊇ ⊃ϒ ℑ∈⊗ ″ ∉∪ℑ  ∩ ⊃° ↔� ≤ℑ  ℑ ⊂∏⊆⊃ ∈∏⊆ ℑ ⊂ ⊂∉∧ ℘ ∉∈2 
 ℑ ⊃ ∈⊃ ∈∩ ⊗ ⊃  ∠ ⊕   ⊃ ∉∈ ∉ ∅ ×⊃ ↓ � ℑ∈⊗ ≡ ↓ � ∠ ℑ   ⊃ ℘ ⊂⊕  ≈♠ � ♠ 

↑ℑ  ⊕ ≥℘ ⊃����� ��� ���� � 

≈��  ′ℑ∈⊕  ⊇ ⊃ ϒ ℑ∈⊗ ″ ⊕ ⊃ ∅ • � ⁄⊕ √⊕ ⊂∉∠⊆⊕ ∈∉ ∅ ϒ⊂ 2×⊃ 2≤ ∩  ℑ ⊃ ∈ 
 ⊕ ∅ ⊃ ∈⊕  ℘ ∉∈ ℑ ⊃ ∈⊃ ∈∩ ×⊃ ≤ ≈♠ � ↑⊕  ℑ ⊂ ⊂ × ℑ∈ ϒ � ���� � 

��ϒ ����� � 

≈��  ƒ ϒ→♣ ♦∉∈∩ 2 ∪ ⊕ ∈∩� ↑ ϒ ♦∉∈∩ 2 ℑ ∉� ≡ ♦ ϒ→♣ ′ℑ ⊃ 2∇ ⊃ ∈∩� 
⊕ ℑ ⊂� ϒ ⊆⊕  ∪ ∉⊗ ∉ ∠  ⊕ ∠ ℑ  ⊕ ℑ ⊄ ⊃ ∈⊗ ∉∅ ℑ ⊂∏⊆⊃ ∈∏⊆ ℜ ℑ  ⊕ ⊗ 

⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧℘ ∉∈ ℑ ⊃ ∈⊃ ∈∩ ×⊃ℑ∈⊗ ≤ ≈ ° � ≤∪ ⊃ ∈ℑ °ℑ  ⊕ ∈ 

ϒ∠∠ ⊂ ⊃ ℘ ℑ  ⊃ ∉∈ → ∉��������� � � � 

≈��  ϒ ∈ℜ ⊕  ∩ ←� ′ & ℑ℘ ⊄⊕  ∏ ⊗ ←ℑ∈⊗ ↔ ⊂ℑ∈∩ ♦ � ° ∉⊗ ∏ ℘  ⊃ ∉∈ ℑ∈⊗ 

∠  ∉∠ ⊕   ⊃ ⊕ ∉ ∅ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧∉ ∅ ϒ⊂ 2×⊃ 2′  ∧∠ ⊕ℑ∈⊗ ∪⊕ ⊃ ℑ 2 
ℜ ⊃ ⊂ ⊃  ∧  ∉ ∩  ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈⊕ ℑ ⊂∏⊆⊃ ∈∏⊆ ≈♠ � ↑⊕  ×⊕ ℘ ∪∈∉ ⊂� 

���� ����� �� ∗ � � 
≈��  ′⊂ℑ⊄⊕ ″ ℑ∈⊗ ≥⊆⊃  ∪ ♠� ≥∉ ⊂ ⊃ ⊗ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈ ×⊕ ℘ ∪∈∉ ⊂∉∩∧ ⊃ ∈  ∪ ⊕ 

ƒ∉∏∈⊗  ∧ ℑ∈⊗ ≤ℑ   ∪∉∏  ⊕≈≤ � ← ∉∈⊗ ∉∈ � ×∪⊕♥∈  ⊃  ∏  ⊕∉ ∅ 

↑⊕  ℑ ⊂ ����� ��� ∗ �� � 
≈��  • ℑ   ⊕ ∈ ′ ƒ � ÷2 ″ ℑ∧ ⁄ ⊃ ∅ ∅  ℑ ℘  ⊃ ∉∈ ≈ ↑  � ϒ⊗ ⊗ ⊃  ∉∈2 • ⊕  ⊂⊕ ∧ � 

���� � 

≈��  ×⊃ ⊆∉ ∅ ⊕ ⊕ √ℑ♥ ♥ ℑ∈⊗ ↔ ⊂∉℘ ∪⊄∉√ ←ϒ �≥ℑ⊆ ∉∈∉√ ♣ ∂ � ″ ⊕ 2 
∅  ℑ ℘  ∉ ∧ ≤ℑ  ℜ ⊃ ⊗ ⊕ ≈≤ �→ ⊕⋅ ≠∉ ⊄�≤∉∈ ∏ ⊂  ℑ∈ ′∏  ⊕ ℑ∏� 

���� � 

(Εδιτεδ βψ ΠΕΝΓ Χηαο2θυν) 

# � � � # ∂ ∉ ⊂1��  λ 1�        ϒ ∈⊕⋅ ⊗ ⊕√⊕ ⊂∉∠⊆⊕∈∉∅ ϒ⊂ 2×⊃ 2≤ ∩  ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈⊃ ∈∩ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧


