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Ηιγη τεµ περατυρε χρεεπ προπερτψ οφ σ ιλιχον παρτιχλεσ 

ρεινφορχεδ ηιγη Αλ Ζν2βασεδ αλ λοψσ 
≠ 

≡∪ℑ∈∩ ← ⊃ ⊆⊃ ∈∩�张利明� � �� �⁄⊃ ∈∩ ≡∪ ⊃ ⊆⊃ ∈�丁志敏� � �← ℑ∉ ′⊃ ∈�劳  彬� � 

1 . ∆επαρτµεντ οφ Ματεριαλ σ Ενγινεερινγ , 

∆αλ ιαν Υνιϖερσιτψ οφ Τεχηνολογψ , ∆αλ ιαν 116028 , Π . Ρ . Χηινα 

2 . ∆επαρτµ εντ οφ Ματεριαλ σ Σχιενχε ανδ Ενγινεερινγ , 

∆αλ ιαν Ραιλωαψ Ινστιυτε , ∆αλ ιαν 116024 , Π . Ρ . Χηινα 

3 . Σηανγηαι Αυτο µ οβιλ σ Ινδυστρψ Γρουπ , Σηανγηαι 200006 , Π . Ρ . Χηινα 

Αβσ τραχτ : ×∪⊕ ⊗ ⊕ ∅∉ ⊆ℑ  ⊃ ∉∈ ℘  ⊕ ⊕ ∠ ℘ ∪ ℑ  ℑ ℘  ⊕  ⊃   ⊃ ℘ ∉ ∅ ℑ  2℘ ℑ   ⊃ ⊂ ⊃ ℘ ∉∈ ∠ ℑ   ⊃ ℘ ⊂⊕  ⊕ ⊃ ∈∅ ∉ ℘ ⊕ ⊗∨⊃ ∈℘ 2ℜ ℑ  ⊕ ⊗ ℑ ⊂ ⊂∉∧�≥⊃ � 

≡ ϒ��� ⋅⊕  ⊕⊗ ⊕  ⊕ ⊆⊃ ∈⊕ ⊗ℜ∧ ∪ ⊃ ∩∪ ⊕⊆∠ ⊕  ℑ  ∏  ⊕℘  ⊕ ⊕ ∠⊕ ¬∠ ⊕  ⊃ ⊆⊕ ∈ ℑ ��� ↔ℑ∈⊗�� � � ↑ °ℑ℘ ∉∈⊗ ⊃  ⊃ ∉∈ � ×∪ ⊕⊕ ¬∠ ⊕  2 
⊃ ⊆⊕ ∈ ℑ ⊂ ⊕  ∏ ⊂  ⊃ ∈⊗ ⊃ ℘ ℑ  ⊕ ⊗ ∪ ℑ  ∪ ⊕ ⊆⊃ ∈⊃ ⊆∏⊆ ℘  ⊕ ⊕ ∠ ℑ  ⊕∉ ∅ ∪ ⊕ ⊃ ⊂ ⊃ ℘ ∉∈2℘ ∉∈ ℑ ⊃ ∈⊃ ∈∩ ℑ ⊂ ⊂∉∧ℑ  ⊕ℑℜ∉∏  ∪  ⊕ ⊕∅ ⊃ ∅  ∪ ∉ ∅ 

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

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

Κεψ ωορδσ: ∠ ℑ   ⊃ ℘ ⊂⊕� ⊕ ⊃ ∈∅ ∉ ℘ ⊃ ∈∩ ≡ϒ�� �℘  ⊕ ⊕ ∠∠  ∉∠ ⊕   ∧ ∆οχυµεντ χοδε: Α 

1  ΙΝΤΡ Ο∆ΥΧΤΙΟΝ 

≡⊃ ∈℘ 2ℜℑ  ⊕⊗℘ ℑ  ℑ ⊂ ⊂∉∧℘ ∉∈ ℑ ⊃ ∈⊃ ∈∩ℑ∪ ⊃ ∩∪℘ ∉∈2 
℘ ⊕∈  ℑ  ⊃ ∉∈ ∉∅ ℑ ⊂∏⊆⊃ ∈∏⊆ ℑ∈⊗  ∉⊆⊕ ℘ ∉∠∠⊕  ∪ℑ√⊕ 

ℜ ⊕ ⊕∈ ∅∉∏∈⊗  ∉ ℜ ⊕ ⊕ ℘ ∉∈∉⊆⊃ ℘ ℑ ⊂ 2ℑ∈⊗ 2⊕ ∅ ∅ ⊕ ℘  ⊃ √⊕ ∅∉ 

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

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

⊗ ⊃⊆⊕∈ ⊃ ∉∈ℑ ⊂ ⊃ ∈  ℑℜ ⊃ ⊂ ⊃  ∧ ∅∉ ⊆∉ ∨⊃ ∈℘ 2ℜ ℑ  ⊕⊗ ℘ ℑ   

ℑ ⊂ ⊂∉∧ 
≈� �⋅∪ ⊃ ℘ ∪∪ℑ√⊕ ⊕    ⊃ ℘  ⊕⊗ ∪⊕ ⊃ ∏  ⊕ ∉ ⊂∉⋅2 

⊆∉√⊃ ∈∩  ⊃ ℜ∉ ⊂∉∩ ⊃ ℘ ℑ ⊂ℑ∠∠ ⊂ ⊃ ℘ ℑ  ⊃ ∉∈ � ς ⊆ℑ¬ � � � � ⊆� � 

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

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

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

⊆∉⊗ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈  ∏ ℘ ∪ ℑ  ∨⊃ ∈℘ 2⊆ℑ   ⊃ ¬ ℘ ∉⊆∠ ∉ ⊃  ⊕  

∪ℑ√⊕ ∪ ⊃ ∩∪    ⊕∈∩  ∪ ℑ∈⊗   ⊃ ∅ ∅∈⊕   ℑ  ∪⊕  ∉∉⊆ 

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

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

℘  ⊕ ⊕∠ ⊕  ⊃   ℑ∈℘ ⊕ℑ∈⊗⊕ ⊂ℑ   ⊃ ℘ ⊆∉⊗∏ ⊂∏  ≈� � ♦∉⋅⊕√2 

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

×∪ ⊃ ⊃ ∈√⊕   ⊃ ∩ℑ  ⊃ ∉∈ ∅∉℘ ∏  ⊕⊗∉∈  ∪⊕℘  ⊕ ⊕∠ ℜ ⊕∪ℑ√⊃ ∉ 

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

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

2  ΕΞΠΕΡΙΜΕΝΤΑΛ 

2 .1  Σαµ πλε Πρεπαρατιον 
× ⋅∉  ⊃ ⊂ ⊃ ℘ ∉∈ ∠ ℑ   ⊃ ℘ ⊂⊕ �� � ℑ∈⊗ � � �� ⊆ℑ   

∅  ℑ ℘  ⊃ ∉∈�  ⊕  ∠ ℘  ⊃ √⊕ ⊂∧  ⊕ ⊃ ∈∅ ∉ ℘ ⊕⊗ ∨⊃ ∈℘2ℜ ℑ  ⊕⊗℘ ℑ   

ℑ ⊂ ⊂∉∧ ⊆∉⊗ ⊃ ∅ ⊃ ⊕⊗ ℜ∧ � � �→ ℑ°↓ � � � ℑ∈⊗ ∉∈⊕ ℘ ∉∈2 
√⊕∈ ⊃ ∉∈ℑ ⊂∨⊃ ∈℘ 2ℜ ℑ  ⊕⊗ℑ ⊂ ⊂∉∧ �≡ϒ��� ⋅⊕  ⊕∠  ∉⊗∏ ℘ ⊕⊗ 
ℜ∧ ℘ ℑ   ⊃ ∈∩ ⊃ ∈ ∉ ∠⊕ ⊆ℑ∈⊕∈ ⊆∉∏ ⊂⊗� ↑⊃ ℘  ∉   ∏ ℘ 2 
 ∏  ℑ ⊂   ∏⊗ ⊃ ⊕  ⋅⊕  ⊕ ℘ ℑ   ⊃ ⊕⊗ ∉∏ ∉∈ ⊆⊕  ℑ ⊂ ⊂∉∩  ℑ∠∪2 
⊃ ℘ ℑ ⊂ ⊂∧ ∠  ⊕∠ℑ  ⊕⊗ ℑ⊆∠ ⊂⊕ ℑ ∅  ⊕ ⊕  ℘ ∪ ⊃ ∈∩ ∪⊕⊆ ⋅⊃  ∪ 

� � �� � ♦ ƒ�∪∧⊗  ∉∅ ⊂∏ ∉ ⊃ ∈⊕ℑ ℘ ⊃ ⊗� � ϒ → ⊕∏ ∠∪∉ 2�� 
∉∠  ⊃ ℘ ℑ ⊂ ⊆⊃ ℘  ∉ ℘ ∉∠ ⊕ ℑ∈⊗ ″⊃ ∩ ℑ⊄∏ ⁄� ↑ℑ¬ ÷2 ℑ∧ 
⊗ ⊃ ∅ ∅  ℑ ℘  ∉⊆⊕  ⊕ ∏  ⊃ ∈∩ ≤∏ ℑ⊗ ⊃ ℑ  ⊃ ∉∈ ⋅⊕  ⊕ ∏  ⊕⊗∅∉ 

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

≠ ″ ⊕ ℘ ⊕ ⊃ √⊕ ⊗ ϒ∏ ∩� �� ����� �ℑ ℘ ℘ ⊕ ∠  ⊕ ⊗♠ ℑ∈ � �� �����



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

2 . 2  ∆ετερµινατιον οφ ηαρδνεσσ ανδ τηερµ αλ 

εξπανσ ιον χοεφφιχιεντ 

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

⋅⊃  ∪ℑ ′ ⊃ ∈⊕ ⊂ ⊂ ∪ℑ  ⊗∈⊕   ⊕   ⊕ ⋅∪ ⊃ ⊂⊕⊗ ⊕∈ ⊃  ∧ ⋅ℑ  

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

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

⊕¬∠ℑ∈ ⊃ ∉∈  ⊕   ⊕ � ×∪⊕ ⊗ ℑ  ℑ ∠∉ ⊃ ∈  ⊕∠  ⊕  ⊕∈ℑ∈ 

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

2 .3  ∆εφορµ ατιον χρεεπ τεσ τ 

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

∏∈⊗ ⊕    ⊕   ∉∅ �� � � ↑ °ℑ ∉∈ ℑ ℘ ∉∈  ℑ∈⊂∉ℑ⊗ 

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

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

℘ ∉∈  ∉ ⊂ ⊂⊕⊗ℑ ��� ? � ε �≥  ℑ ⊃ ∈ ⋅ℑ ⊆⊕ ℑ  ∏  ⊕⊗ℜ ∧ 

ℑ ≤ • ′2� ⊆∉⊗ ⊕ ⊂⊗ ⊃ ∩ ⊃  ℑ ⊂ ⊕ ℘ ∉ ⊗ ⊕ ℜ ⊕ ⊃ ∈∩ℑ ℘ ℘ ∏  ℑ  ⊕ ∉ 

� Λ ⊆ �  ∪⊕  ∠ ⊕ ℘ ⊃ ⊆⊕∈  ∏ℜ ⊇ ⊕ ℘  ⊕⊗  ∉ ℘  ⊕ ⊕ ∠  ⊕    

⋅⊕  ⊕� ⊆⊆ ≅ � ⊆⊆ ≅ � ⊆⊆ � 

Φ ιγ .1  ≥℘ ∪⊕⊆⊕∉∅℘  ⊕ ⊕ ∠⊕¬∠ ⊕  ⊃⊆⊕∈⊗ ⊕ √⊃ ℘ ⊕ 

3  Ρ ΕΣΥΛΤΣ ΑΝ∆ ∆ΙΣΧΥΣΣΙΟΝ 

3 .1  Προπερτιεσ ανδ µιχροσ τρυχτυρε 

×ℑℜ ⊂⊕�  ∪∉⋅ ∪⊕℘ ∉⊆∠ ∉ ⊃  ⊃ ∉∈ �⊗ ⊕∈ ⊃  ∧ ℑ∈⊗ 

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

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

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

 ⊕ √⊕ ℑ ⊂⊕⊗ℜ ∧  ∪⊕ ÷2 ℑ∧ ⊗ ⊃ ∅ ∅  ℑ ℘  ⊃ ∉∈ ∠ ℑ   ⊕  ∈  ∪∉⋅∈ 

⊃ ∈ ƒ⊃ ∩� � � ∪⊕ ℑ⊆∠ ⊂⊕ ϒ ⊆ℑ ⊃ ∈⊂∧ ℘ ∉∈ ℑ ⊃ ∈Α, Β ℑ∈⊗ 
Ε ∠∪ℑ  ⊕ � ≤∉⊆∠ ℑ  ⊕⊗ ⋅⊃  ∪  ℑ⊆∠ ⊂⊕ ϒ � ℑ⊆∠ ⊂⊕ ′ 

ℑ ⊂ ∉ ℘ ∉∈ ℑ ⊃ ∈ ≥⊃∠∪ℑ  ⊕ ℜ ⊕  ⊃ ⊗ ⊕  ∪⊕ ℑℜ ∉√⊕  ∪  ⊕ ⊕ 

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

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

×∪⊕ ≡ϒ��  ∪∉⋅⊕⊗ ∠  ⊃⊆ℑ  ⊃ ⊂∧ Α ⊗ ⊕∈⊗  ⊃  ⊕ ℑ ⊂∉∈∩ 

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

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

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

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

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

3 .2  ∆εφορµ ατιον χρεεπ χηαραχτερισ τιχσ 

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

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

   ⊕  ∉∅�� � � ↑ °ℑℑ∈⊗��� ↔⊕¬∠ ⊕  ⊃ ⊆⊕∈ ℑ ⊂℘ ∉∈2 
⊗ ⊃  ⊃ ∉∈� ×∪⊕  ℑℜ ⊂⊕℘  ⊕ ⊕ ∠ ℑ  ⊕ ∉∅ ⊃ ⊂ ⊃ ℘ ∉∈2℘ ∉∈ ℑ ⊃ ∈2 
⊃ ∈∩ℑ ⊂ ⊂∉∧ℑ  ⊕⊂∉⋅⊕  ∪ℑ∈  ∪ℑ ∉∅ ∪⊕ ⊃ ⊂ ⊃ ℘ ∉∈2∅  ⊕ ⊕ 
 ℑ⊆∠ ⊂⊕�ƒ⊃ ∩� �  ⊕√⊕ ℑ ⊂  ∪⊕℘  ⊕ ⊕ ∠ ℑ  ⊕ ∉∅ ℑ⊆∠ ⊂⊕  

⊗∏  ⊃ ∈∩  ∪⊕ ⊕¬∠ ⊕  ⊃ ⊆⊕∈� ×∪⊕ ⊆⊃ ∈⊃⊆∏⊆ ℘  ⊕ ⊕ ∠ 

 ℑ  ⊕ ∉∅ ℑ⊆∠ ⊂⊕  ϒ � ′ ℑ∈⊗ ≤ ℑ  ⊕ ℑ∠∠  ∉¬ ⊃ ⊆ℑ  ⊕ ⊂∧ 

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

 ℑ⊆∠ ⊂⊕  ℑ   ∪ ⊃  ∪ ⊃ ∩∪  ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ℑ  ⊕  ∪⊕ 

Ταβλε 1  ≤∪⊕⊆⊃ ℘ ℑ ⊂℘ ∉⊆∠∉ ⊃  ⊃ ∉∈ℑ∈⊗∠  ∉∠ ⊕   ⊃ ⊕ ∉∅ ℑ⊆∠ ⊂⊕  

→ ∉ 
≤∉⊆∠ ∉ ⊃  ⊃ ∉∈� � 

ϒ⊂ ≤∏ ↑ ∩ ≥⊃ ≡∈ 
♦′ 

⁄⊕ ∈ ⊃  ∧ 

��∩ #℘⊆ � � � 

↑⊕ ⊂  ⊃ ∈∩ 

∠ ∉ ⊃ ∈ � ε 

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

�� ε ��� ε ��� ε ��� ε ��� ε 

ϒ �� � � � � � �� ) ′ℑ ⊂ ��� � � �� ��� �� � � �� � � �� � �� �� � �� �� � �� 

′ �� � � � � � �� � ′ℑ ⊂ ��� � � �� ��� �� � �� �� � �� �� � �� �� � �� �� � �� 

≤ �� � � � � � �� � ′ℑ ⊂ ��� � � �� ��� � � �� �� � �� �� � �� �� � �� �� � �� 

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



Φ ιγ .2  ÷2 ℑ∧ ⊗ ⊃ ∅ ∅  ℑ ℘  ⊃ ∉∈ ∠ℑ   ⊕  ∈∉∅ ℑ⊆∠ ⊂⊕  
ϒ ) ≡ ϒ�� �′ ) �≥⊃ �≡ϒ�� 

Φ ιγ .3  ↑⊃ ℘  ∉   ∏ ℘  ∏  ⊕∉∅ℑ  2℘ ℑ  ≡ϒ�� ℑ ⊂ ⊂∉∧ 

∅∉ ⊂ ⊂∉⋅⊃ ∈∩∉ ⊗ ⊕ � ϒ � ′ � ≤ � 

3 .3  Σιµ υλατιον γραπη οφ µινιµ υµ χρεεπ ρατεσ 
ƒ⊃ ∩��  ∪∉⋅ ∪⊕  ⊃ ⊆∏ ⊂ℑ  ⊃ ∉∈ ∩  ℑ∠∪ ∉∅  ∪⊕ 

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

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

 ⊃ ⊂ ⊃ ℘ ∉∈2℘ ∉∈ ℑ ⊃ ∈⊃ ∈∩ ℑ ⊂ ⊂∉∧⊃  ∪⊕⊂∉⋅ ℑ⊆∉∈∩ ∪⊕ 

 ∪ ⊕ ⊕ ⊆ℑ  ⊕  ⊃ ℑ ⊂ � 

Φ ιγ .4  ↑⊃ ℘  ∉   ∏ ℘  ∏  ⊕∉∅ℑ  2℘ ℑ  �≥⊃ �≡ ϒ�� 
ℑ ⊂ ⊂∉∧ �′⊕ ∅∉ ⊕ ⊆∉⊗ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈� 

3 .4  Μιχροστρυχτυραλ αναλψσ ισ 

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

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

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

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

 ∪⊕  ℑ⊆∠ ⊂⊕ � ≡∪∏ ≠ ♦ 
≈�� ∪ℑ  ⊗ ⊃  ℘ ∏   ⊕⊗  ∪⊕  ⊕ 

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

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

# � � � # ∂ ∉ ⊂1�  λ 1�       ≥⊃ ⊂ ⊃ ℘ ∉∈ ∠ℑ   ⊃ ℘ ⊂⊕ ∠⊕ ⊃ ∈⊕ ∉ ℘ ⊕⊗∪ ⊃ ∩∪ ϒ⊂ 2≡∈2ℜ ℑ  ⊕⊗ℑ ⊂ ⊂∉∧



Φ ιγ .5  ↑⊃ ℘  ∉   ∏ ℘  ∏  ⊕∉∅ℑ  2℘ ℑ  �≥⊃ �≡ ϒ�� 
ℑ ⊂ ⊂∉∧ �ϒ∅  ⊕ ⊆∉⊗ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈� 

Φ ιγ .6  ≤∏  √⊕ ∉∅   ℑ ⊃ ∈ √ ⊃ ⊆⊕∉∅ 

 ∪ ⊕ ⊕ ℑ⊆∠ ⊂⊕  

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

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

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

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

3 .5  Χρεεπ µεχηανισµ 

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

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

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

Φ ιγ .7  ≤∏  √⊕ ∉∅ ∪⊕   ℑ ⊃ ∈  ℑ  ⊕√ ⊃⊆⊕∉∅ 

 ∪  ⊕ ⊕ ℑ⊆∠ ⊂⊕  

Φ ιγ .8  ≥⊃ ⊆∏ ⊂ℑ  ⊃ ∉∈ ∩  ℑ∠∪∉∅ ∪⊕ 

⊆⊃ ∈⊃ ⊆ℑ ⊂℘  ⊕ ⊕ ∠ ℑ  ⊕  

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

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

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

4  ΧΟΝΧΛΥΣΙΟΝΣ 

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

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

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



Φ ιγ .9  ≥  ∏ ℘  ∏  ℑ ⊂ ∉ ⊃ ⊕∈ ℑ  ⊃ ∉∈ ℑ ∅  ⊕ ℘  ⊕ ⊕∠ 

⊗ ⊕ ∅∉⊆ℑ  ⊃ ∉∈ 

Φ ιγ .10  ⁄ℑ⊆ℑ∩ ⊕ ⊆∉ ∠∪∉ ⊂∉∩∧ ∉∅ 

 ⊃ ⊂ ⊃ ℘ ∉∈ ∠ℑ   ⊃ ℘ ⊂⊕ 

∨⊃ ∈℘ 2ℜ ℑ  ⊕⊗ ℘ ℑ  ℑ ⊂ ⊂∉∧ ⊆∉⊗ ⊃ ∅ ⊃ ⊕⊗ ℜ∧ � → ℑ°↓ � � � 
 ∪⊕ ⊆ℑ ⊂⊕¬∠ℑ∈ ⊃ ∉∈ ℘ ∉⊕ ∅ ∅ ⊃ ℘ ⊃ ⊕∈  ∪ℑ∈  ∪∉ ⊕ ∉∅ ∪⊕ 

℘ ∉∈√⊕∈ ⊃ ∉∈ℑ ⊂∨⊃ ∈℘ 2ℜ ℑ  ⊕⊗ℑ ⊂ ⊂∉∧�≡ϒ��� �

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

∨⊃ ∈℘ 2ℜ ℑ  ⊕⊗ℑ ⊂ ⊂∉∧℘ ∉∈ ℑ ⊃ ∈⊃ ∈∩ ⊃ ⊂ ⊃ ℘ ∉∈ ∠ℑ   ⊃ ℘ ⊂⊕ ⋅⊕  ⊕ 

 ⊃ ∩∈⊃ ∅ ⊃ ℘ ℑ∈ ⊂∧ ℜ ⊕   ⊕  ∪ℑ∈ ∪ℑ ∉∅≡ϒ�� ℑ ⊂ ⊂∉∧ ℑ   ∪⊕ 

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

∪ℑ√⊕ℜ ⊕   ⊕ ℘  ⊕ ⊕ ∠ ⊕  ⊃   ℑ∈℘ ⊕� 

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

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

Ρ ΕΦΕΡ ΕΝΧΕΣ 

�  ≡∪∏ ♦ ÷ ℑ∈⊗ ← ⊃ ∏ ≥ ↔�↑ ℑ  ⊕  ⊃ ℑ ⊂ ″ ⊕ √⊃ ⊕⋅ � ���� � � � 

�� � 

�  ≠ℑ∈∩ ←≥ � ≠ℑ∈∩ ♣ ≤ ℑ∈⊗ ≡∪∉∏ ≠ ♦ � ↑ ℑ  ⊕  ⊃ ℑ ⊂  ″ ⊕ 2 
√⊃ ⊕⋅ ����� �� � �� � 

�  ← ⊃≠ ≠ �≡∪ ℑ∈∩ ⁄ × ℑ∈⊗← ∏ ∉♠ ↑ �♠ ∉∏  ∈ℑ ⊂∉ ∅ → ∉∈∅ ⊕  2 
 ∉∏  ↑ ⊕  ℑ ⊂ ����� ����� � �� � 

�  ≥∪ ⊃≡ ←� ♣∏ ↑ ≠ ℑ∈⊗ ← ⊃ ∏♠ ≠ � ♠ ∉∏  ∈ℑ ⊂ ∉ ∅ ↑ℑ  ⊕  ⊃ ℑ ⊂  

° ∉℘ ⊕   ⊃ ∈∩ ×⊕ ℘ ∪∈∉ ⊂∉∩∧ ����� ��� ���� ∗ ��� � 
�  ← ⊕ ⊕ ° ° ℑ∈⊗ ≥ℑ√ℑ  ⊄ℑ∈ ×ℑ∈⊗ ← ℑ∏ ∅ ⊕ ∞ � • ⊕ ℑ ����� � 

��� ��� ∗ �� � 
�  ♠ ⊃ ℑ∈ ←� ← ℑ∏ ∅ ⊕  ∞ ∞ ℑ∈⊗ ↑ ℑ  ∉∏∈ℑ√⊕ ♠�• ⊕ ℑ ����� � 

��� � �� ∗ �� � 
�  ≠ℑ∈∩ ←≥ �← ⊃ ∏ ≠ ≤ � ≠ℑ∈∩ ♣ ≤ ℑ∈⊗≡∪∉∏ ≠ ♦ �× ℑ∈ 

→ ∉∈∅ ⊕   ∉∏  ↑⊕ ≥∉℘≤∪ ⊃ ∈ℑ����� ����� � ��� ∗ ��� � 
�  ← ⊃ ∏♠ ≠ �≥∪ ⊃≡ ←� ♣∏ ↑ ≠ ℑ∈⊗ • ∏ ″ ♠�× ⊃ ℜ∉ ⊂∉∩∧ � 

���� �� � ��� � 

�  ° ℑ  ℑ⊗′ ↔�°ℑ  ⋅ℑ ⊕ ⊗∪ℑ∈ ϒ ↔ℑ∈⊗ ≠⊕ ∩∈⊕ ⋅ℑ  ℑ∈ ϒ ♦ � 

♠ ↑ℑ  ⊕ ∞∈∩ℑ∈⊗ °⊕  ∅� ���� � � � ��� ∗ ��� � 
��  ♦∉ ≤ ″ ℑ∈⊗ ≤ℑ∈ ∉′� ϒ℘  ℑ ↑⊕  ℑ ⊂ ⊂ ↑ℑ  ⊕ ����� � 

�� ����� ∗ ���� � 
��  ≡∪∏ ≠ ♦ � ↓ ∉∨℘ ∉ ∞ ℑ∈⊗ ↑ ∏  ∠∪∧ ≥ �♠ ↑ℑ  ⊕ ≥℘ ⊃� 

���� ��� � ���� ∗ ���� � 

(Εδιτεδ βψ Ζηυ Ζηονγγυο) 

# � � � # ∂ ∉ ⊂1�  λ 1�       ≥⊃ ⊂ ⊃ ℘ ∉∈ ∠ℑ   ⊃ ℘ ⊂⊕ ∠⊕ ⊃ ∈⊕ ∉ ℘ ⊕⊗∪ ⊃ ∩∪ ϒ⊂ 2≡∈2ℜ ℑ  ⊕⊗ℑ ⊂ ⊂∉∧


