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

Πρεπαρατιον οφ ζιρχονια2αλυµινα ποωδερ βψ χο2πρεχιπιτατιον 
≠ 

← ♥ ÷⊃ ℑ∉ 2ℜ ⊃ ∈�李小斌� � � ≡ ♦ ↓ ∝ ±⊃ ∏ 2 ∪⊕∈∩�周秋生� � � °∞→♣ ≡∪ ⊃ 2∪∉∈∩�彭志宏� � � 

← ♥∝ ♣∏ ⊃ 2∪∏ ℑ�刘桂华� � �≥ ∏ ℑ  ′⊂ℑ ℘ ⊄ℜ∏  ∈ � � ≤⊂ ⊃ √⊕ °∉∈ ∉∈ � 

1 . ∆επαρτ µ εντ οφ Νονφερρουσ Μεταλ λυργψ, 

Χεντραλ Σουτη Υνιϖερσιτψ οφ Τεχηνολογψ , Χηανγσηα 410083 , Π . Ρ . Χηινα ; 

2 . Ι Ρ Χ ιν Ματεριαλ σ , Υνιϖερσιτψ οφ Βιρµ ινγηα µ , Ελµσ Ροαδ , Βιρµ ινγ ηα µ Β152 Τ Τ , Υ Κ 

Αβσ τραχτ : ϒ ∨ ⊃  ℘ ∉∈⊃ ℑ 2ℑ ⊂∏⊆⊃ ∈ℑ ∠∉⋅⊗ ⊕ ⋅⊃  ∪ ℑ ∈⊕ ℑ  ∠∪⊕  ⊃ ℘ ℑ ⊂  ∪ℑ∠ ⊕ℑ∈⊗ℑ∈ ℑ√⊕  ℑ∩ ⊕ ⊃ ∨⊕ ∉ ∅ � � � ∗ � � � Λ ⊆ ⋅ℑ ∠  ⊕ ∠ ℑ  ⊕ ⊗ ℜ∧ 

℘ ∉ 2∠  ⊕ ℘ ⊃ ∠ ⊃  ℑ  ⊃ ∉∈ � ÷ ″ ⁄ ℑ∈ℑ ⊂∧ ⊃  ∪∉⋅ ∪ ℑ Α 2ϒ⊂ � ↓ � ∠∪ ℑ  ⊕ ⊆ℑ∧ ℜ ⊕⊗ ⊃  ⊕ ℘  ⊂∧   ℑ∈ ∅ ∉⊆⊕ ⊗∅  ∉⊆ ℑ⊆∉ ∠∪∉∏ ⊃ ∈ ℘ ℑ ⊂℘ ⊃ ∈⊃ ∈∩ ∪ ⊕∪∧2 

⊗  ∉¬ ⊃ ⊗ ⊕℘ ∉⊆∠ ∉ ⊃  ⊕� × ∪ ⊕ ≡ ↓ � 2ϒ⊂ � ↓ � ℘ ∉⊆∠∉ ⊃  ⊕℘ ⊕  ℑ⊆⊃ ℘  ⊆ℑ∈∏ ∅ ℑ ℘  ∏  ⊕ ⊗∅  ∉⊆  ∪ ⊃ ∠∉⋅⊗ ⊕ ∪ ℑ  ∪⊕ ⊆ℑ¬ ⊃ ⊆∏⊆ ∅  ℑ ℘  ∏  ⊕ ∉∏ ∩∪ 2 

∈⊕  ∉ ∅� ↑ °ℑ # ⊆ � ��� ℑ �� � ≡ ↓ � ℑ∈⊗��� ↑ °ℑ∅  ℑ ℘  ∏  ⊕   ⊕ ∈∩  ∪ℑ � � ≡ ↓ � �≡⊃  ℘ ∉∈⊃ ℑ ∩  ℑ ⊃ ∈ℑℜ∉∏ � Λ ⊆ ⊃ ∈ ⊗ ⊃ ℑ⊆⊕  ⊕ ℑ  ⊕ 

⊗ ⊃  ∠ ⊕   ⊕ ⊗ ∏ ∈⊃ ∅ ∉⊆⊂∧ ⊃ ∈  ∪⊕ℑ ⊂∏⊆⊃ ∈ℑ ℘ ⊕  ℑ⊆⊃ ℘ ⊆ℑ   ⊃ ¬ � 

Κεψ ωορδσ: ∨⊃  ℘ ∉∈⊃ ℑ 2ℑ ⊂∏⊆⊃ ∈ℑ ∠ ∉⋅⊗ ⊕ �℘ ∉∠  ⊕ ℘ ⊃ ∠ ⊃  ℑ  ⊃ ∉∈ �℘ ∉⊆∠∉ ⊃  ⊕℘ ⊕  ℑ⊆⊃ ℘  ∆οχυµ εντ χοδε : Α 

1  ΙΝΤ Ρ Ο∆ ΥΧΤΙΟΝ 

′⊕ ℘ ℑ∏  ⊕ ∉∅ ⊕¬℘ ⊕ ⊂ ⊂⊕∈ ⊆⊕ ℘ ∪ℑ∈⊃ ℘ ℑ ⊂ ∠  ∉∠ ⊕   ⊃ ⊕ � ⊃ ∈ 

∠ℑ   ⊃ ℘ ∏ ⊂ℑ � ∪ ⊃ ∩∪ ∅  ℑ℘  ∏  ⊕  ∉∏∩∪∈⊕  � ∪ ⊃ ∩∪    ⊕∈∩  ∪� 

∪ ⊃ ∩∪ ∪ℑ  ⊗∈⊕   ℑ∈⊗ ⋅⊕ ℑ   ⊕  ⊃   ℑ∈℘ ⊕� ∨⊃  ℘ ∉∈⊃ ℑ  ∉∏ ∩∪ 2 

⊕∈⊕⊗ℑ ⊂∏⊆⊃ ∈ℑ �≡ × ϒ� ⊃ ℑ ⊗ ⊕  ⊃  ℑℜ ⊂⊕ ⊆ℑ  ⊕  ⊃ ℑ ⊂ ∅∉⊕∈∩ ⊃ 2 

∈⊕ ⊕  ⊃ ∈∩ ℑ∠∠ ⊂ ⊃ ℘ ℑ  ⊃ ∉∈� ≥⊃ ∈℘ ⊕ ≤⊂ℑ∏  ⊕∈  ⊕ ∠∉  ⊕⊗ ≡ × ϒ 

⋅⊃  ∪ ∪ ⊃ ∩∪∅  ℑ ℘  ∏  ⊕ ∉∏ ∩∪∈⊕   ≈� ⊃ ∈ ���� �≡ × ϒ ∪ℑ  ⊕ 2 

℘ ⊕ ⊃ √⊕⊗ ⊆ℑ∈∧  ⊕  ⊕ ℑ  ℘ ∪⊕  . ℑ   ⊕∈ ⊃ ∉∈ � ↑ ℑ∈∧   ∏⊗ ⊃ ⊕  

∪ℑ√⊕ ℜ ⊕ ⊕∈ ℘ ∉∈℘ ⊕∈  ℑ  ⊕⊗ ∉∈  ∪⊕ ∏∈⊗ ⊕    ℑ∈⊗ ⊃ ∈∩ ∉∅ ⊃   

 ∉∏ ∩∪⊕∈⊃ ∈∩ ⊆⊕ ℘ ∪ℑ∈⊃ ⊆ ℑ∈⊗ℑ ∈∏⊆ℜ ⊕ ∉∅ ∠  ∉℘ ⊕   ⊕ ∅∉ 

∠  ⊕∠ℑ  ⊃ ∈∩  ∏ ℘ ∪ ∠∉⋅⊗ ⊕ ∪ℑ√⊕ ℜ ⊕ ⊕∈ ∠  ∉∠∉ ⊕⊗ ∧⊕  � 

≡⊃  ℘ ∉∈⊃ ℑ ∪ℑ  ⊗ ⊃ ∅ ∅ ⊕  ⊕∈  ℑℜ ⊂⊕ ∠∪ℑ  ⊕  ℑ  √ℑ  ⊃ ∉∏  

 ⊕⊆∠ ⊕  ℑ  ∏  ⊕  ≈� � ϒ  ∉∉⊆  ⊕⊆∠ ⊕  ℑ  ∏  ⊕� ⊃     ℑℜ ⊂⊕ 

∠∪ℑ  ⊕⊃  ⊆∉∈∉℘ ⊂ ⊃ ∈⊃ ℘� ⋅∪ ⊃ ⊂⊕⊃    ℑℜ ⊂⊕ ∠∪ℑ  ⊕⊃  ⊕   ℑ ∩∉2 

∈ℑ ⊂ ⋅∪⊕∈  ∪⊕  ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ⊃  ∪ ⊃ ∩∪⊕  ∪ℑ∈ � ��� ε � 

⁄∏  ⊃ ∈∩ ℘ ∉∉ ⊂ ⊃ ∈∩ ⊗ ∉⋅∈ ⊃ ∅ ∈∉℘ ∉∈   ℑ ⊃ ∈⊕⊗� ∪⊕ ∨⊃  ℘ ∉∈⊃ ℑ 

⋅⊃ ⊂ ⊂   ℑ∈ ∅∉⊆ ∅  ∉⊆  ⊕   ℑ ∩∉∈ℑ ⊂  ∉ ⊆∉∈∉℘ ⊂ ⊃ ∈⊃ ℘� ⊃�⊕� 

⊆ℑ   ⊕∈ ⊃  ⊃ ℘  ℑ∈ ∅∉⊆ℑ  ⊃ ∉∈ �ℑ ℘ ℘ ∉⊆∠ ℑ∈∧⊃ ∈∩√∉ ⊂∏⊆⊕⊕¬2 

∠ ℑ∈ ⊃ ∉∈ ℑ∈⊗ ∪⊕ ℑ    ℑ ⊃ ∈ � • ∪⊕∈ ℜ ⊕ ⊃ ∈∩℘ ∉∈   ℑ ⊃ ∈⊕⊗ ∪⊕ 

 ⊕   ℑ ∩∉∈ℑ ⊂ ℘ ℑ∈ ⊕¬ ⊃   ∉  ∉∉⊆  ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ℑ∈⊗  ∪⊕ 

  ℑ∈ ∅∉⊆ℑ  ⊃ ∉∈  ℑ⊄⊕  ∠ ⊂ℑ ℘ ⊕ ∏∈⊗ ⊕  ℑ∈ ℑ∠∠ ⊂ ⊃ ⊕⊗    ⊕   

⊂⊕ ℑ⊗ ⊃ ∈∩ ∉  ∉∏ ∩∪⊕∈⊃ ∈∩�≥∉⊆⊕℘ ℑ∏  ⊕ �⊃ ∈℘ ⊂∏⊗ ⊃ ∈∩   ⊕   2 

⊃ ∈⊗∏ ℘ ⊕⊗   ℑ∈ ∅∉⊆ℑ  ⊃ ∉∈  ∉∏ ∩∪⊕∈⊃ ∈∩ 
≈� � ℘  ℑ ℘ ⊄ ⊗ ⊕ ∅ ⊂⊕ ℘ 2 

 ⊃ ∉∈ ℑ∈⊗ ℘ ∉⊆∠  ⊕   ⊃ √⊕  ∏  ∅ℑ ℘ ⊕    ⊕   ≈� � ⊆⊃ ℘  ∉℘  ℑ ℘ ⊄⊃ ∈∩ 

 ∉∏ ∩∪⊕∈⊃ ∈∩ 
≈� � ⊕  ℘� ℑ    ⊃ ℜ∏  ⊕  ∉  ∉∏ ∩∪⊕∈⊃ ∈∩ ⊆⊕ ℘ ∪ℑ 2 

∈⊃ ⊆ � 

↑ ℑ∈∏ ∅ℑ ℘  ∏  ⊃ ∈∩ ∉∏  ⊕ℑ∈⊗℘ ∉∈⊗ ⊃  ⊃ ∉∈ ⊃ ∈∅ ⊂∏ ⊕∈℘ ⊕ ⊃ ∩ 2 

∈⊃ ∅ ⊃ ℘ ℑ∈ ⊂∧  ∪⊕ ∠∪∧ ⊃ ℘ ∉ 2℘ ∪⊕⊆⊃ ℘ ℑ ⊂ ℘ ∪ℑ  ℑ ℘  ⊕  ⊃   ⊃ ℘  ℑ∈⊗ 

℘  ∧  ℑ ⊂ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ ℜ ⊕∪ℑ√⊃ ∉∏  ∉∅ ≡ × ϒ ∠ ∉⋅⊗ ⊕  ≈� ∗ � � × ∪⊕ 

⊆⊕  ∪∉⊗ ∅∉∠  ⊕∠ ℑ  ⊃ ∈∩ ≡ × ϒ ∠ ∉⋅⊗ ⊕ ℘ ℑ∈ ℜ ⊕⊗ ⊃ √⊃ ⊗ ⊕⊗⊃ ∈2 

 ∉ ⊆⊕ ℘ ∪ℑ∈⊃ ℘ ℑ ⊂ ⊆⊕  ∪∉⊗ ℑ∈⊗ ℘ ∪⊕⊆⊃ ℘ ℑ ⊂ ⊆⊕  ∪∉⊗� • ⊕  

⊆⊃ ¬ ⊃ ∈∩ ∉ ⊗  ∧ ⊆⊃ ¬ ⊃ ∈∩ ℑ ⊂∏⊆⊃ ∈ℑ ℑ∈⊗ ∨⊃  ℘ ∉∈⊃ ℑ ∠ ∉⋅⊗ ⊕   

ℑ∈⊗ ⋅⊕ ℑ ∉∅∨⊃  ℘ ∉∈⊃ ℑ ⊆⊕⊗ ⊃ ℑ�⊕¬ ⊕∈ ⊃ √⊕ ⊂∧ ⊆⊃ ⊂ ⊂ ⊃ ∈∩ℑ ⊂∏⊆⊃ 2 

∈ℑ ∠∉⋅⊗ ⊕ ℜ∧ ∏  ⊃ ∈∩ ∨⊃  ℘ ∉∈⊃ ℑ ⊆⊕⊗ ⊃ ℑ� � ℜ ⊕ ⊂∉∈∩  ∉ ⊆⊕ 2 

℘ ∪ℑ∈⊃ ℘ ℑ ⊂ ⊆⊕  ∪∉⊗� × ∪⊕℘ ∪⊕⊆⊃ ℘ ℑ ⊂ ⊆⊕  ∪∉⊗⊃ ∈℘ ⊂∏⊗ ⊕ ≤ ∂ ⁄ 

∠  ∉℘ ⊕   ≈� �  ∉ ⊂ 2∩ ⊕ ⊂ ∠  ∉℘ ⊕   ≈� ∗ �� ℑ∈⊗ ℘ ∉ 2∠  ⊕ ℘ ⊃ ∠ ⊃  ℑ  ⊃ ∉∈ 

∠  ∉℘ ⊕   ⋅∪ ⊃ ℘ ∪ ⊃  ∉ ⊆⊃ ¬ ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆  ∏ ⊂∠∪ℑ  ⊕  ∉ ⊂∏  ⊃ ∉∈ 

⋅⊃  ∪  ∏  ∠ ⊕∈⊗ ⊃ ∈∩  ∉ ⊂�∉ℜ  ℑ ⊃ ∈⊕⊗ ℜ∧ ℑ⊗ ⊗ ⊃ ∈∩ ℑ⊆ ⊆∉∈⊃ ℑ  ∉ 

 ∪⊕ ∨⊃  ℘ ∉∈⊃ ∏⊆ ∉¬∧℘ ∪ ⊂∉ ⊃ ⊗ ⊕  ∉ ⊂∏  ⊃ ∉∈ ℑ∈⊗  ∪⊕∈   ⊃   ⊃ ∈∩ 

∅∉� ∪ ℑ ∨⊃  ℘ ∉∈⊃ ℑ  ∏  ∠⊕∈⊗ ⊃ ∈∩  ∉ ∅∉⊆ ℑ ⊆⊃ ¬ ⊃ ∈∩  ∉ ⊂∏ 2 

 ⊃ ∉∈ � →♦ � ↓ ♦ ⋅ℑ ℑ⊗⊗ ⊕⊗  ∉ ∉ℜ  ℑ ⊃ ∈ ℑ ⊆⊃ ¬ ∏  ⊕ ∉∅ ∪∧2 

⊗  ∉¬ ⊃ ⊗ ⊕ ∠∉⋅⊗ ⊕  ∉ ∅ ∨⊃  ℘ ∉∈⊃ ∏⊆ ℑ∈⊗ ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ � × ∪⊕ 

⊆⊃ ¬ ∏  ⊕ ⋅ℑ  ∪⊕∈ ∪⊕ ℑ    ⊕ ℑ  ⊕⊗ℑ   ⊕⊆∠⊕  ℑ  ∏  ⊕ℜ ⊕  ⋅⊕ ⊕∈ 

��� ∗ ���� ε  ∉ ⊗ ⊕ ℘ ∉⊆∠∉ ⊕ ∪⊕∪∧⊗  ∉¬ ⊃ ⊗ ⊕� ϒ⊂ ⊂ ∉∅ ∪⊕ 

⊆⊕  ∪∉⊗  ⊆⊕∈ ⊃ ∉∈⊕⊗ ℑℜ ∉√⊕ ∪ℑ√⊕  ∪⊕ ⊃  ∉⋅∈ ⊗ ⊃  ℑ⊗ √ℑ∈2 

 ℑ∩ ⊕ ⊗∏ ⊕  ∉ ⊃   ℘ ∉ ∉ ∪⊕ ℘ ∪ℑ  ℑ℘  ⊕  ⊃   ⊃ ℘ � ≥∉ ⊃ ⊃  

∈⊕ ℘ ⊕   ℑ  ∧  ∉ ⊗ ⊕√⊕ ⊂∉∠∉ ∪⊕ ∈⊕⋅  ∉∏  ⊕ ∅∉ ∪⊕∠  ⊕ ∠ℑ  ℑ 2 

 ⊃ ∉∈ ∉∅ ≡ × ϒ ∠∉⋅⊗ ⊕ � 

2  Ε ΞΠΕ ΡΙ ΜΕ ΝΤ ΑΛ 

ƒ∉ ⊂ ⊂∉⋅⊃ ∈∩⊕ ∇∏ ℑ  ⊃ ∉∈⋅⊕  ⊕∏  ⊕⊗ ∉ ∉ℜ  ℑ ⊃ ∈ ℑ ⊂∏⊆⊃ ∈ℑ 2 

∨⊃  ℘ ∉∈⊃ ℑ ∠∉⋅⊗ ⊕ ℜ∧ ℘ ∉ 2∠  ⊕ ℘ ⊃ ∠ ⊃  ℑ  ⊃ ∉∈ � 

≡ ≤⊂ � � � →♦ � ↓ ♦ � ≡ �↓ ♦� � � � � � →♦ � ≤⊂

  Κ  ∠ � � � � ≅ �� � �� ��� 

ϒ⊂ � �≥ ↓ � � � � � →♦ � ↓ ♦ � �ϒ⊂�↓ ♦� � � � � 

�� →♦ � � � ≥ ↓ �

  Κ  ∠ � � � � ≅ �� � �� ��� 

ƒ ∉⊆  ∪⊕ ⊕ ∇∏ ℑ  ⊃ ∉∈ ℑℜ ∉√⊕�⊃ ℘ ℑ∈ ℜ ⊕ ℘ ℑ ⊂℘ ∏ ⊂ℑ  ⊕⊗ 

 ∪ℑ   ∪⊕ ⊆⊃ ∈⊃⊆∏⊆ ∠♦ √ℑ ⊂∏ ⊕ ∅∉∠  ⊕ ℘ ⊃ ∠ ⊃  ℑ  ⊃ ∈∩ ∪∧⊗  ∉¬2 

⊃ ⊗ ⊕ ∉∅ ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ℑ∈⊗ ∨⊃  ℘ ∉∈⊃ ∏⊆ ℑ  ⊕  ⊕  ∠⊕ ℘  ⊃ √⊕ ⊂∧ 

∠♦ � Υ � � �� ℑ∈⊗ ∠♦ � Υ � � �� ⋅∪⊕∈  ∪⊕ ℘ ∉∈℘ ⊕∈  ℑ  ⊃ ∉∈ 

∉∅ ℜ ∉ ∪ ϒ⊂ � � ℑ∈⊗ ≡ � � ℑ  ⊕⊕ ∇∏ ℑ ⊂ ∉ � � � ⊆∉ ⊂�←�≥∉ ℑ ⊂∏ 2 

⊆⊃ ∈⊃ ∏⊆  ∏ ⊂∠∪ℑ  ⊕� ∨⊃  ℘ ∉∈⊃ ∏⊆ ℘ ∪ ⊂∉ ⊃ ⊗ ⊕ ℑ∈⊗ ℑ⊆ ⊆∉∈⊃ ℑ 

℘ ℑ∈ ℜ ⊕ ∏  ⊕⊗ ℑ   ℑ   ⊃ ∈∩ ⊆ℑ  ⊕  ⊃ ℑ ⊂ ∉ ∠  ∉⊗ ∏ ℘ ⊕ ∨⊃  ℘ ∉∈⊃ ℑ 2 

ℑ ⊂∏⊆⊃ ∈ℑ ∠∉⋅⊗ ⊕ � ∈⊕∏   ℑ ⊂ ⊃  ⊃ ∈∩  ∪⊕  ℑ ⊂   ∉ ⊂∏  ⊃ ∉∈ ∉∅ 

ϒ⊂ � � ℑ∈⊗ ≡ � � ⋅⊃  ∪ →♦ � ↓ ♦  ∉ ⊂∏  ⊃ ∉∈ � 

≡ × ϒ ∠∉⋅⊗ ⊕ ⋅ℑ  ∧∈ ∪⊕  ⊃ ∨⊕⊗ℜ∧ ∈⊕∏   ℑ ⊂ ⊃  ⊃ ∈∩� � � 

⊆∉ ⊂�←≡ ≤⊂ �  ∉ ⊂∏  ⊃ ∉∈ �⊃   ⊂∏   ∧ ⋅ℑ  ⊆⊃ ¬⊕⊗ ⋅⊃  ∪  ∉ ⊂∏ 2 

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

≠ Ρεχε ιϖεδ δατε : ♠ ℑ∈ � �� ����� �αχχεπτεδ δατε : ↑ ℑ � � �����



 ⊃ ∉∈ ℘ ∉∈ ℑ ⊃ ∈⊃ ∈∩ � �� ⊆∉ ⊂�← ϒ⊂ � � ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆  ∏ ⊂∠∪ℑ  ⊕ 

ℑ∈⊗ ∪⊕∈ ⋅ℑ ∈⊕∏   ℑ ⊂ ⊃  ⊕⊗ ⋅⊃  ∪ � ⊆∉ ⊂�← →♦ � ↓ ♦ �∅∉ ⊂ 2 

⊂∉⋅⊕⊗ℜ∧ ∅ ⊃ ⊂   ℑ  ⊃ ∉∈ � ⋅ℑ  ∪ ⊃ ∈∩�⊗  ∧⊃ ∈∩ℑ∈⊗℘ ℑ ⊂℘ ⊃ ∈⊃ ∈∩∅∉ 

�� ⊆⊃ ∈ ℑ � ��� ε � × ∪⊕ √∉ ⊂∏⊆⊕ ∉∅ ≡ ≤⊂ � ℘ ∉  ⊕  ∠∉∈⊗  

 ∉  ∪⊕ ∨⊃  ℘ ∉∈⊃ ℑ ℘ ∉∈ ⊕∈⊃ ∈  ∪⊕ ≡ × ϒ ∠∉⋅⊗ ⊕ � ∂ ⊕  ∧ 

⊆ℑ ⊂ ⊂ ℑ⊆∉∏∈∉∅ ⁄′≥ �⊗ ∉⊗ ⊕ ℘ ∧℘ ⊂⊕ ℜ ⊕∈∨⊕∈⊕  ∏ ⊂ ∅∉∈⊃ ℘ℑ℘ ⊃ ⊗ 

 ∉⊗ ⊃ ∏⊆� ⋅ℑ ℑ⊗⊗ ⊕⊗  ∉  ∪⊕ ℘ ∉2∠  ⊕ ℘ ⊃ ∠ ⊃  ℑ  ⊃ ∉∈ ∠  ∉℘ ⊕  ⊃ ∈ 

∉ ⊗ ⊕  ∉ ℑ ℘ ℘ ⊕ ⊂⊕  ℑ  ⊕ ∪⊕ ⊕  ∏ ⊂  ℑ∈ ⊂∏   ∧ ∅ ⊃ ⊂   ℑ  ⊃ ∉∈ � × ∪⊕ 

℘ ℑ ⊂℘ ⊃ ∈⊕⊗ ∠∉⋅⊗ ⊕ ⋅ℑ  ∪⊕∈ ∠  ⊕   ⊕⊗⊃ ∈ ℑ   ⊕ ⊕ ⊂ ⊗ ⊃ ⊕ ∉∅ �� 

⊆ ⊆ ⊃ ∈ ⊗ ⊃ ℑ⊆⊕  ⊕  ∏∈⊗ ⊕  ∠  ⊕   ∏  ⊕ ∉∅ ��� ↑ °ℑ� × ∪⊕ 

 ∪ ⊃ ℘ ⊄∈⊕  ∉∅ ℑ⊆∠ ⊂⊕  ⋅ℑ ℑℜ∉∏ � ⊆ ⊆ � ϒ∅  ⊕  ∪⊕ ℑ⊆2 

∠ ⊂⊕ ⋅ℑ  ⊃ ∈ ⊕  ⊕⊗∅∉�� ⊆⊃ ∈ ℑ ���� ε �⊃   ⊆⊕ ℘ ∪ℑ∈⊃ ℘ ℑ ⊂ 

∠  ∉∠ ⊕   ⊃ ⊕  ⋅⊕  ⊕ ⊆⊕ ℑ  ∏  ⊕⊗� 

3  Ρ ΕΣΥΛΤ ΑΝ∆ ∆ΙΣΧΥΣΣΙΟΝ 

3 .1  Χηαραχτεριζατιον οφ ποωδερ 

× ∪⊕ ≥∞ ↑ ⊆⊃ ℘  ∉∩  ℑ∠∪  ∪∉⋅  ∪ℑ  ∪⊕ ∠ ∉⋅⊗ ⊕  

 ∧∈ ∪⊕  ⊃ ∨⊕⊗∅  ∉⊆ ℑ ∇∏ ⊕ ∉∏  ∉ ⊂∏  ⊃ ∉∈ ℜ ∧ ℘ ∉ 2∠  ⊕ ℘ ⊃ ∠ ⊃  ℑ  ⊃ ∉∈ 

⊃ ∈⊕ ℑ  ∠∪⊕  ⊃ ℘ ℑ ⊂ ⋅⊃  ∪ ℑ∈ ℑ√⊕  ℑ ∩ ⊕ ⊃ ∨⊕∉∅ � � � ∗ � � � Λ ⊆ 

ℑ∈⊗ ∪⊕ ∠ℑ   ⊃ ℘ ⊂⊕ ⊗ ⊃    ⊃ ℜ∏  ⊃ ∉∈  ⊕ ⊕⊆ ∉ ℜ ⊕ ∈ℑ   ∉⋅ � ♥ 

℘ ℑ∈ ℑ ⊂ ∉ ℜ ⊕  ⊕ ⊕∈ ∅  ∉⊆  ∪⊕ ℜ ℑ ℘ ⊄  ℘ ℑ   ⊕  ⊕⊗ ⊆⊃ ℘  ∉∩  ℑ∠∪ 

∉∅ ℘ ⊕  ℑ⊆⊃ ℘  ∠ ⊕ ℘ ⊃ ⊆⊕∈ ∠  ⊕ ∠ ℑ  ⊕⊗ ℜ∧  ∏ ℘ ∪ ∠∉⋅⊗ ⊕  ∪ℑ  

∨⊃  ℘ ∉∈⊃ ℑ⊃  ⋅⊕ ⊂ ⊂ ⊗ ⊃  ∠ ⊕   ⊕⊗⊃ ∈  ∪⊕ ℑ ⊂∏⊆⊃ ∈ℑ ⊆ℑ   ⊃ ¬ � ⊕ ⊕ 

ƒ⊃ ∩� �� � 

Φ ιγ .1  ′ℑ ℘ ⊄  ℘ ℑ   ⊕  ⊕⊗ ⊆⊃ ℘  ∉∩  ℑ∠∪ ∉∅ 

≡ × ϒ  ∠⊕ ℘ ⊃ ⊆⊕∈

  ⁄× ϒ ℑ∈ℑ ⊂∧ ⊃ ⊃ ∈⊗ ⊃ ℘ ℑ  ⊕  ∪ℑ  ∪⊕ ∪∧⊗  ∉¬ ⊃ ⊗ ⊕ ℘ ∉⊆2 

∠ ∉ ⊃  ⊕ ∉∅ ∨⊃  ℘ ∉∈⊃ ∏⊆ ℑ∈⊗ ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ⋅⊃ ⊂ ⊂   ℑ∈ ∅∉⊆ 

∅  ∉⊆ ℑ⊆∉ ∠∪∉∏   ∉ ℘  ∧  ℑ ⊂ ⊂ ⊃ ∈⊕ ℑ ℑℜ∉√⊕ ��� ε � ⊕ ⊕ 

ƒ⊃ ∩� �� � ÷ ″ ⁄ ℑ∈ℑ ⊂∧ ⊃ √⊕  ⊃ ∅ ⊃ ⊕  ∪⊕  ⊕  ∏ ⊂ ∅  ∉⊆ ⁄× ϒ � 

÷ ″ ⁄  ⊕ √⊕ ℑ ⊂ ∪ℑ  ∪⊕ ∪∧⊗  ∉¬ ⊃ ⊗ ⊕ ℘ ∉⊆∠∉ ⊃  ⊕ ∉ℜ  ℑ ⊃ ∈⊕⊗ 

∅  ∉⊆  ∪⊕ ℑ∇∏ ⊕ ∉∏  ∉ ⊂∏  ⊃ ∉∈ ⊃ ℑ⊆∉ ∠∪∉∏ ℑ∈⊗ ⊗ ∉⊕ ∈∉ 

∩ ⊃ √⊕ ∩∉∉⊗⊕√⊃ ⊗ ⊕∈℘ ⊕∅∉℘  ∧  ℑ ⊂ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ ⋅∪⊕∈  ∪⊕ ℑ⊆∠ ⊂⊕ 

⊃  ℘ ℑ ⊂℘ ⊃ ∈⊕⊗ ℑ  ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ⊂∉⋅⊕   ∪ℑ∈ ��� ε � × ∪⊕ 

÷ ″ ⁄ ℑ∈ℑ ⊂∧ ⊃  ⊕  ∏ ⊂  ⊃ ⊂ ⊃   ⊕⊗⊃ ∈ ×ℑℜ ⊂⊕ � � 

♥℘ ℑ∈ ℜ ⊕ ⊄∈∉⋅∈ ℑ ⊂ ∉∅  ∉⊆ ÷ ″ ⁄ ℑ∈ℑ ⊂∧ ⊃  ∪ℑ   ∪⊕ 

 ℑ⊆∠ ⊂⊕ ℘ ℑ ⊂℘ ⊃ ∈⊕⊗ ℑ � ��� ε ℘ ∉∈ ℑ ⊃ ∈ ∉⊆⊕ ⊆∉∈∉℘ ⊂ ⊃ ∈⊃ ℘ 

∨⊃  ℘ ∉∈⊃ ℑ� × ∪ ⊃ ⊃ ⊗∏ ⊕  ∉  ∪⊕ τ ψ µ ∨⊃  ℘ ∉∈⊃ ℑ   ℑ∈ ∅∉ 2 

⊆ℑ  ⊃ ∉∈ ⊗∏  ⊃ ∈∩℘ ∉∉ ⊂ ⊃ ∈∩� × ∪⊕℘ ∉∈ ⊕∈ ∉∅ ⊕   ℑ∩∉∈ℑ ⊂ℑ∈⊗ 

⊆∉∈∉℘ ⊂ ⊃ ∈⊃ ℘ ∨⊃  ℘ ∉∈⊃ ℑ� ℘ ℑ ⊂℘ ∏ ⊂ℑ  ⊕⊗ ℑ ℘ ℘ ∉ ⊗ ⊃ ∈∩  ∉  ∪⊕ 

Φ ιγ .2  ⁄× ϒ ℑ∈⊗ × ♣ϒ ℘ ∏  √⊕ ∉∅ ℘ ∉⊆∠∉∏∈⊗ 

⊗ ⊕  ⊃ √⊕⊗ ℜ∧ ℘ ∉2∠  ⊕ ℘ ⊃ ∠ ⊃  ℑ  ⊃ ∉∈ 

Ταβλε 1  ÷ ″ ⁄ ℑ∈ℑ ⊂∧ ⊃  ⊕  ∏ ⊂  ∉∅ ℑ⊆∠ ⊂⊕ ℘ ℑ ⊂℘ ⊃ ∈⊕⊗ 

ℑ √ℑ  ⊃ ∉∏  ⊕⊆∠⊕  ℑ  ∏  ⊕ 

×⊕⊆∠ ⊕  ℑ  ∏  ⊕ � ε 
°∪ ℑ  ⊕ 

ϒ⊂∏⊆⊃ ∈ℑ ≡⊃  ℘ ∉∈⊃ ℑ 

∝∈℘ ℑ ⊂℘ ⊃ ∈⊕ ⊗ ϒ ⊆∉ ∠∪ ∉∏  ϒ ⊆∉ ∠∪∉∏  

��� ϒ ⊆∉ ∠∪ ∉∏  ϒ ⊆∉ ∠∪∉∏  

� ��� ϒ ⊆∉ ∠∪ ∉∏  τ2≡ ↓ � 

� ��� Α 2ϒ⊂ � ↓ � τ2≡ ↓ � � µ2≡ ↓ � 

∅∉ ⊂ ⊂∉⋅⊃ ∈∩ ⊕ ∇∏ ℑ  ⊃ ∉∈ ≈�� � ℑ  ⊕  ⊕  ∠⊕ ℘  ⊃ √⊕ ⊂∧ ℑℜ∉∏  

�� � �� � ℑ∈⊗ � � �� � ∉∅ ∪⊕ ∉ ℑ ⊂ ∨⊃  ℘ ∉∈⊃ ℑ� 

Ξ µ = 
Ι µ (���) + Ι µ (���) 

Ι τ(���) + Ι µ (���) + Ι µ (���) 
(�) 

ς τ = 
� − Ξ µ 

� + � .��� Ξ µ 
≅ ��� % (�) 

⋅∪⊕  ⊕ Ι τ ℑ∈⊗ Ι µ ⊗ ⊕∈∉ ⊕ ∪⊕ ÷2 ℑ∧ ⊗ ⊃ ∅ ∅  ℑ ℘  ⊃ ∉∈ ⊃ ∈ ⊕∈2 

 ⊃  ⊃ ⊕ ℘ ∉  ⊕  ∠∉∈⊗ ⊃ ∈∩ ∉ ����� ℑ∈⊗����� ∠ ⊂ℑ∈⊕ ∉∅ ∪⊕ 

τ2≡ ↓ � ℑ∈⊗ µ2≡ ↓ � ∠∪ℑ  ⊕  ⊕  ∠⊕ ℘  ⊃ √⊕ ⊂∧ � ≥⊃ ∈℘ ⊕ ∪⊕ τ2 

≡ ↓ � ⊃  ℑ∈ ∏∈  ℑℜ ⊂⊕ ∠∪ℑ  ⊕ ℑ  ∉∉⊆  ⊕⊆∠ ⊕  ℑ  ∏  ⊕� ∠ ℑ 2 

 ℑ⊆⊕  ⊕  ς τ � ∪⊕√∉ ⊂∏⊆⊕∅  ℑ℘  ⊃ ∉∈ ∉∅ τ2≡ ↓ � ⊃ ∈  ∪⊕ ∉ ℑ ⊂ 

ℑ⊆∉∏∈∉∅ ≡ ↓ � � ⊕∠  ⊕  ⊕∈  ∪⊕  ℑℜ ⊃ ⊂ ⊃  ∧ ∉∅ τ2≡ ↓ � ⊃ ∈ 

 ∪⊕ ≡ ↓ � 2 ϒ⊂ � ↓ � ℘ ⊕  ℑ⊆⊃ ℘ � 

3 .2  Σιντερινγ βεηαϖ ιουρ ανδ µιχροσ τρυχτυρε οφ ΖΤ Α 

χεραµιχ 

× ∪⊕ ⊃ ∈ ⊕  ℑℜ ⊃ ⊂ ⊃  ∧ ∉∅ ≡ × ϒ ⊃ ⊗ ⊕⊆∉∈   ℑ  ⊕⊗⊃ ∈ ƒ⊃ ∩� 

� �♥⊃ ∈⊗ ⊃ ℘ ℑ  ⊕  ∪ℑ  ∪⊕ ⊕ ⊂ℑ  ⊃ √⊕ ⊗ ⊕∈ ⊃  ∧ ⊗ ∉⊕ ∈∉√ℑ  ∧ 

ℑ  ∪⊕ ∨⊃  ℘ ∉∈⊃ ℑ ℘ ∉∈ ⊕∈℘ ∪ℑ∈∩⊕ � × ∪ ⊃  ∠∪⊕∈∉⊆⊕∈∉∈ 

⊗ ⊃ ∅ ∅ ⊕  ∅  ∉⊆ ⋅∪ℑ ♦⊃ ⊗ ⊕∧∏⊄⊃ℑ∈⊗ ∪ ⊃ ℘ ∉ ⊂ ⊂⊕ ℑ∩∏ ⊕ ∪ℑ⊗ ⊕ 2 

∠ ∉  ⊕⊗ ≈�� � × ∪⊕ ⊃  ⋅∉ ⊄  ∪∉⋅⊕⊗  ∪⊕  ⊕ ⊂ℑ  ⊃ √⊕ ⊗ ⊕∈ ⊃  ∧ 

⊗ ⊕ ℘  ⊕ ℑ  ⊕  ⋅⊃  ∪ ⊃ ∈℘  ⊕ ℑ  ⊃ ∈∩ ∨⊃  ℘ ∉∈⊃ ℑ ℘ ∉∈ ⊕∈� × ∪ ⊃  ⊆ℑ∧ 

ℜ ⊕ ℑ    ⊃ ℜ∏  ⊕⊗  ∉  ∪⊕ ⊗ ⊃ ∅ ∅ ⊕  ⊕∈ ∉∏  ⊕  ℑ⊗ ∉∠  ⊕⊗� ƒ ∉⊆ 

 ∪ ⊃ ∅ ⊃ ∩∏  ⊕ ℑ∈⊗  ∪⊕ ≥∞ ↑ ⊆⊃ ℘  ∉∩  ℑ∠∪ ∉∅  ∪⊕ ℘ ⊕  ℑ⊆⊃ ℘ 

� ⊕ ⊕ ƒ⊃ ∩� �� �⊃ ℘ ℑ∈ ℜ ⊕  ⊕ ⊕∈  ∪ℑ  ∪⊕ ⊗ ⊕∈ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈ ∉∅ 

 ∪⊕ ∠ ⊕ ℘ ⊃⊆⊕∈ ⊃ ∈∉℘ ∉⊆∠ ⊂⊕  ⊕� × ∪ ⊃  ⊆ℑ ∧ ℜ ⊕ ⊗∏ ⊕ ∉  ∪⊕ 

∠ ∉∉ ⊕ ℘ ∉⊆∠ℑ ℘  ⊃ ∉∈ ∉∅  ∪⊕ √⊕  ∧ ∅ ⊃ ∈⊕ ℜ∏ ℑ∩∩ ⊂∉⊆⊕  ℑ  ⊕⊗ 

∠∉⋅⊗ ⊕  � 

× ∪⊕ ≥∞ ↑ ⊆⊃ ℘  ∉∩  ℑ∠∪ ∅∉  ∪⊕ ≡ × ϒ ∠∉ ⊂ ⊃  ∪⊕⊗ 

℘ ⊕  ℑ⊆⊃ ℘ ∏  ∅ℑ ℘ ⊕  ∪∉⋅ ∪ℑ  ∪⊕ ∩  ℑ ⊃ ∈  ⊃ ∨⊕ ∉∅ ϒ⊂ � ↓ � ⊃  

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



Φ ιγ .3  ″ ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠ ℜ ⊕  ⋅⊕ ⊕∈  ⊕ ⊂ℑ  ⊃ √⊕ 

⊗ ⊕∈ ⊃  ∧ ℑ∈⊗∨⊃  ℘ ∉∈⊃ ℑ ℘ ∉∈ ⊕∈ 

Φ ιγ .4  ≥℘ ℑ∈∈⊃ ∈∩ ⊕ ⊂⊕ ℘   ∉∈⊃ ℘ ⊆⊃ ℘  ∉∩  ℑ∠∪ ∉∅ 

⊕  ℘ ∪⊕⊗ ∏  ∅ ℑ ℘ ⊕ ∉∅ ≡ ↓ � 2 ϒ⊂ � ↓ � ℘ ⊕  ℑ⊆⊃ ℘ 

� � � Λ ⊆ �ℑ  ∪∉⋅∈ ⊃ ∈ ƒ⊃ ∩� � �♥℘ ℑ∈ ℑ ⊂ ∉ ℜ ⊕ ⊕ ⊕∈ ∅  ∉⊆ 

ƒ⊃ ∩� �  ∪ℑ   ∪⊕ ≡ ↓ � ∩  ℑ ⊃ ∈ ℑℜ∉∏ � Λ ⊆ ⊃ ⊗ ⊃  ∠⊕   ⊕⊗ ∪∉2 

⊆∉∩⊕∈⊕ ∉∏  ⊂∧ ⊃ ∈  ∪⊕ ⊆ℑ   ⊃ ¬ � ♥ ∪∉∏ ⊂⊗ ℜ ⊕ ∈∉ ⊕⊗  ∪ℑ  

 ∪⊕∨⊃  ℘ ∉∈⊃ ℑ ∠ℑ   ⊃ ℘ ⊂⊕  ⊃ ∨⊕ ⊆⊃ ∩∪ ℜ ⊕ ⊃⊆∠  ∉√⊕⊗ ℜ∧ ℘ ∉∈2 

  ∉ ⊂ ⊂ ⊃ ∈∩ ∪⊕ ≡ ≤⊂ � ℘ ∉∈℘ ⊕∈  ℑ  ⊃ ∉∈ � 

3 .3  Μεχηανιχαλ προπερτιεσ οφ ΖΤ Α χεραµιχ 

ƒ⊃ ∩� � ⊃ ⊂ ⊂∏    ℑ  ⊕  ∪⊕∅  ℑ ℘  ∏  ⊕ ∉∏ ∩∪∈⊕   Κ ♥≤ ℑ ℑ 

∅∏∈℘  ⊃ ∉∈ ∉∅∨⊃  ℘ ∉∈⊃ ℑ℘ ∉∈ ⊕∈ ∅∉ ∪⊕℘ ⊕  ℑ⊆⊃ ℘ ⊃ ∈ ⊕  ⊕⊗ℑ  

� ��� ε ∅ ∉�� ⊆⊃ ∈ � × ∪⊕∅  ℑ℘  ∏  ⊕ ∉∏ ∩∪∈⊕   Κ ♥≤ ⋅ℑ  

⊆⊕ ℑ  ∏  ⊕⊗ ⋅⊃  ∪ ⊃ ∈⊗ ⊕∈ ℑ  ⊃ ∉∈ ⊆⊃ ℘  ∉ 2∅  ℑ ℘  ∏  ⊕ ⊆⊕  ∪∉⊗ ℑ  

⊗ ⊃ ∅ ∅ ⊕  ⊕∈ ⊂∉ℑ⊗ ∏∈⊗ ⊕ ∂⊃ ℘ ⊄⊕   ♦ℑ  ⊗∈⊕  ×⊕   � Κ ♥≤ ℘ ℑ∈ 

ℜ ⊕℘ ℑ ⊂℘ ∏ ⊂ℑ  ⊕⊗ℜ∧ ∏  ⊃ ∈∩ ∪ ⊕ ⊕⊗ ⊃ ∅ ∅⊕  ⊕∈⊕ ∇∏ ℑ  ⊃ ∉∈ ∪∉⋅∈ 

ℑ ℜ ⊕ ⊂∉⋅ � 

�� ← ⊃ ℑ∈∩. ∞∇∏ ℑ  ⊃ ∉∈ ≈�� 

( 
Κ ♥≤ < 

Ηα �/ � )( 
Η

Ε< 
) � .� Α = ( 

χ 
α 

) ( 
χ 

�� α −
� .��) ��� 

Α = ��[ � − �( 
� Τ − � .� 

� + Τ 
) � ] 

⋅∪⊕  ⊕ χ ℑ∈⊗ α ℑ  ⊕ ∪⊕  ℑ⊗ ⊃ ℘ ℑ ⊂ ℘  ℑ ℘ ⊄ ⊂⊕∈∩  ∪ ℑ∈⊗⊃ ∈2 

⊗ ⊕∈ ℑ  ⊃ ∉∈ ⊗ ⊃ ℑ∩∉∈ℑ ⊂ ∪ℑ ⊂ ∅⊂⊕∈∩  ∪  ⊕  ∠ ⊕ ℘  ⊃ √⊕ ⊂∧ � Λ ⊆ � Ε ⊃  

⊕ ⊂ℑ   ⊃ ℘ ⊆∉⊗ ∏ ⊂∏ � Η ⊃ ∪ℑ  ⊗∈⊕  ℑ∈⊗ < ⊃ ℘ ∉∈  ℑ∈ �ℜ ⊕ 2 

⊃ ∈∩ ⊕ ∇∏ ℑ ⊂  ∉ � � Α ⊃ ℑ ∈∉∈2⊗ ⊃ ⊆⊕∈ ⊃ ∉∈ℑ ⊂ ℘ ∉∈  ℑ∈ℑ ℑ 

∅∏∈℘  ⊃ ∉∈ ∉∅ °∉ ⊃   ∉∈  ℑ  ⊃ ∉ Τ ∉∅ ∪⊕ ⊆ℑ  ⊕  ⊃ ℑ ⊂� 

�� ′⊂⊕∈⊗ ⊕ ⊂ ⊂ ∞∇∏ ℑ  ⊃ ∉∈ 

( 
Κ ♥≤ < 

Ηα �/ � )( 
Η

Ε< 
) � .� = � .��� ⊂∩( 

� .� α 
χ 

) ��� 

�� → ⊃ ⊃ ∪ℑ  ℑ ∞∇∏ ℑ  ⊃ ∉∈ ≈�� 

( 
Κ ♥≤ 

Ηα �/ � )( 
Η 
Ε 

) � .� = � .���( 
χ − α 

α 
) − � .�

    (χ/ α < � .�) 

Κ ♥≤ 

Ηα �/ � = � .���( 
χ 
α 

) − � .�

    (χ/ α ∴ � .�) 

��� 

Φ ιγ .5  ≤∏  √⊕ ∉∅∅  ℑ ℘  ∏  ⊕ ∉∏∩∪∈⊕   

Κ ♥≤ √∨⊃  ℘ ∉∈⊃ ℑ℘ ∉∈ ⊕∈

  × ∪⊕⊕ ⊂ℑ   ⊃ ℘ ⊆∉⊗∏ ⊂∏ ⊃ ∈ ∞∇∈ � ��� √ℑ  ⊃ ⊕  ⋅⊃  ∪  ∪⊕ 

∨⊃  ℘ ∉∈⊃ ℑ ℘ ∉∈ ⊕∈ℑ ℘ ℘ ∉ ⊗ ⊃ ∈∩ ∉ ← ⊃ ℑ∈∩.  ⋅∉ ⊄ ≈�� � ⋅∪ ⊃ ⊂⊕ 

⊃ ∈ ∞∇∈� ��� ℑ∈⊗��� � ∪⊕⊕ ⊂ℑ   ⊃ ℘ ⊆∉⊗∏ ⊂∏ ℑ  ⊕  ⊕ ℑ  ⊕⊗ 

ℑ ℑ℘ ∉∈  ℑ∈ ���� ♣°ℑ ≈�� � × ∪⊕√ℑ ⊂∏ ⊕∉∅ °∉ ⊃   ∉∈  ℑ  ⊃ ∉ 

⊃ ∈ ∞∇∈ � ��� ⋅ℑ  ℑ⊄⊕∈  ∉ ℜ ⊕� � �� � 

× ∪⊕ ′ℑ ⊂ ⊂ 2∉∈2″ ⊃ ∈∩ ×⊕  ⋅ℑ ⊃ ∈  ∉⊗∏ ℘ ⊕⊗  ∉ ⊕√ℑ ⊂∏ 2 

ℑ  ⊕ ∪⊕∅  ℑ ℘  ∏  ⊕   ⊕∈∩  ∪∅∉ ∪⊕ ⊗ ⊃  ℘ ℑ⊆∠ ⊂⊕� × ∪⊕⊕¬2 

∠ ⊕  ⊃ ⊆⊕∈ ℑ ⊂ ⊗ ℑ  ℑ ⋅ℑ   ⊕ ℑ  ⊕⊗ ⋅⊃  ∪  ∪⊕∅∉ ⊂ ⊂∉⋅⊃ ∈∩ ⊕ ∇∏ ℑ 2 

 ⊃ ∉∈  ∉ ℘ ℑ ⊂℘ ∏ ⊂ℑ  ⊕ ∪⊕   ⊕  √ℑ ⊂∏ ⊕� 

≥  ⊕   � ↑ °ℑ = [ 
�� .�� Λ 

τ � ≅ � .��� ⊂∈( 
Σ 
τ 

) � 

� � �� ≅ �� � � ��� 

⋅∪⊕  ⊕ Λ  ⊕∠  ⊕  ⊕∈ ⊂∉ℑ⊗ � →�τ⊃  ∪⊕ ℑ⊆∠ ⊂⊕ ∪ ⊃ ℘ ⊄2 

∈⊕  � ⊆ � Σ ⊃  ∪⊕  ℑ⊗ ⊃ ∏ ∉∅ ⊄∈⊃ ∅ ⊕ 2⊕⊗ ∩⊕ ∉∅  ∪⊕ ′ℑ ⊂ ⊂ 2∉∈ 

″⊃ ∈∩ ×⊕  � ⊆ � 

ƒ ∉⊆ ƒ⊃ ∩ � � ℑ∈⊗� �⊃ ℘ ℑ∈ ℜ ⊕ ⊕ ⊕∈  ∪ℑ  ∪⊕∅  ℑ℘ 2 

 ∏  ⊕    ⊕∈∩  ∪  ⊕ ℑ ℘ ∪⊕   ∪⊕ ⊆ℑ¬ ⊃⊆∏⊆ √ℑ ⊂∏ ⊕ ∉∅ ℑℜ∉∏  

��� ↑ °ℑ ℑ � � ∨⊃  ℘ ∉∈⊃ ℑ ℘ ∉∈ ⊕∈ � ⋅∪ ⊃ ⊂⊕  ∪⊕ ∅  ℑ℘  ∏  ⊕ 

 ∉∏ ∩∪∈⊕   ⊆ℑ¬ ⊃⊆∏⊆ ∉∅� ↑ °ℑ# ⊆ � ��� ⊃ ℑ �� � ∨⊃  ℘ ∉2 

∈⊃ ℑ ℘ ∉∈ ⊕∈ � × ∪⊕ ∩  ⊕ ℑ ⊗ ⊃ ∅ ∅ ⊕  ⊕∈℘ ⊕⊃ ∈  ∪⊕∨⊃  ℘ ∉∈⊃ ℑ ℘ ∉∈2 

 ⊕∈ ∅∉ℜ ∉ ∪    ⊕∈∩  ∪ ℑ∈⊗ ∉∏ ∩∪∈⊕   ⊆ℑ¬ ⊃⊆∏⊆ √ℑ ⊂ 2 

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

 ⋅∉ ⊃  ⊕⊆ℑ  ⊕ ⊗ ⊃ ∅ ∅ ⊕  ⊕∈�⊃� ⊕�⊃ ⊃  ⊗ ⊃ ∅ ∅ ⊃ ℘ ∏ ⊂  ∉ ∉ℜ  ℑ ⊃ ∈ 

ℜ ⊕  ∅  ℑ ℘  ∏  ⊕ ∉∏ ∩∪∈⊕  ℑ∈⊗∅  ℑ ℘  ∏  ⊕   ⊕∈∩  ∪ ⊃ ⊆∏ ⊂  ℑ 2 

∈⊕ ∉∏  ⊂∧ � ♥⊃  ∠  ∉ℜ ℑℜ ⊂⊕  ∪ℑ  ∉∉ ⊆∏ ℘ ∪ ∨⊃  ℘ ∉∈⊃ ℑ ⋅⊃ ⊂ ⊂ 

∠  ∉⊗ ∏ ℘ ⊕ ∉∉ ⊆ℑ∈∧ ℘  ℑ ℘ ⊄ ⋅∪⊕∈ ℘ ⊕  ℑ⊆⊃ ℘℘ ∉∉ ⊂ ⊗∏ ⊕  ∉ 

√∉ ⊂∏⊆⊕ ⊕¬∠ℑ∈ ⊃ ∉∈ ℑ∈⊗  ∪∏  ⊗ ⊕ ℘  ⊕ ℑ  ⊕ ⊃   ∅  ℑ℘  ∏  ⊕ 

   ⊕∈∩  ∪� 

4  ΧΟΝΧΛΥΣΙΟΝΣ 

�� ϒ ∏∈⊃ ∅∉⊆⊂∧ ⊗ ⊃  ∠ ⊕   ⊕⊗ ≡ × ϒ ∠∉⋅⊗ ⊕ � ⋅⊃  ∪ 

# � � � # ∂ ∉ ⊂1��  λ 1�        ° ⊕∠ℑ  ℑ  ⊃ ∉∈ ∉∅∨⊃  ℘ ∉∈⊃ ℑ 2ℑ ⊂∏⊆⊃ ∈ℑ ∠∉⋅⊗ ⊕ ℜ∧ ℘ ∉ 2∠  ⊕ ℘ ⊃ ∠ ⊃  ℑ  ⊃ ∉∈



Φ ιγ .6  ≤∏  √⊕ ∉∅∅  ℑ℘  ∏  ⊕   ⊕∈∩  ∪ √ 

∨⊃  ℘ ∉∈⊃ ℑ ℘ ∉∈ ⊕∈ 

ℑ ∈⊕ ℑ  ∠∪⊕  ⊃ ℘ ℑ ⊂  ∪ℑ∠ ⊕ ℑ∈⊗ ℑ∈ ℑ√⊕  ℑ∩ ⊕  ⊃ ∨⊕ ∉∅ � �� ∗ 

� � � Λ ⊆ �∪ℑ ℜ ⊕ ⊕∈ ∠  ⊕∠ ℑ  ⊕⊗ ℜ∧ ℘ ∉ 2∠  ⊕ ℘ ⊃ ∠ ⊃  ℑ  ⊃ ∉∈ � ÷ ″ ⁄ 

ℑ∈ℑ ⊂∧ ⊃  ∪∉⋅  ∪ℑ  Α 2 ϒ⊂ � ↓ � ∠∪ℑ  ⊕ ⊆ℑ ∧ ℜ ⊕ ⊗ ⊃  ⊕ ℘  ⊂∧ 

  ℑ∈ ∅∉⊆⊕⊗∅  ∉⊆ ℑ⊆∉ ∠∪∉∏ ⊃ ∈ ℘ ℑ ⊂℘ ⊃ ∈⊃ ∈∩ ∪⊕ ∪∧⊗  ∉¬2 

⊃ ⊗ ⊕℘ ∉⊆∠∉ ⊃  ⊕� 

�� × ∪⊕ ∅  ℑ ℘  ∏  ⊕  ∉∏ ∩∪∈⊕   ∉∅  ∪⊕ ≡ × ϒ ℘ ⊕  ℑ⊆⊃ ℘ 

⊆ℑ∈∏ ∅ ℑ℘  ∏  ⊕⊗ ⋅⊃  ∪  ∪⊕ ℘ ∉ 2∠  ⊕ ℘ ⊃ ∠ ⊃  ℑ  ⊕⊗ ∠ ∉⋅⊗ ⊕  

ℑ ℘ ∪ ⊃ ⊕ √⊕  ∪⊕ ⊆ℑ¬ ⊃ ⊆∏⊆ √ℑ ⊂∏ ⊕ℑ �� � ∨⊃  ℘ ∉∈⊃ ℑ℘ ∉∈ ⊕∈ � 

⋅∪ ⊃ ⊂⊕ ∪⊕∅  ℑ ℘  ∏  ⊕   ⊕∈∩  ∪ ⊕ ℑ ℘ ∪⊕ ⊃  ℜ ⊕  ℑ � � ∨⊃  2 

℘ ∉∈⊃ ℑ℘ ∉∈ ⊕∈ � 

�� × ∪⊕∩  ℑ ⊃ ∈  ⊃ ∨⊕∉∅ ϒ⊂ � ↓ � ⊃ ∈  ∪⊕ ≡ × ϒ ℘ ⊕  ℑ⊆⊃ ℘⊃  

ℑℜ∉∏ � � � Λ ⊆ ℑ∈⊗≡ ↓ � ⊃ ℑℜ∉∏ � Λ ⊆ � × ∪⊕≡ ↓ � ∩  ℑ ⊃ ∈ 

⊃ ⊗ ⊃  ∠ ⊕   ⊕⊗ ∏∈⊃ ∅∉⊆⊂∧ ⊃ ∈  ∪⊕℘ ⊕  ℑ⊆⊃ ℘ ⊆ℑ   ⊃ ¬ � 

Ρ ΕΦΕ Ρ Ε ΝΧΕΣ 

≈�  ≤⊂ℑ∏   ⊕ ∈ →� ƒ ℑ ℘  ∏  ⊕ ∉∏ ∩∪∈⊕  ∉ ∅ ϒ⊂ � ↓ � ⋅⊃  ∪ ℑ∈ ∏∈  ℑ 2 

ℜ ⊂ ⊃ ∨⊕ ⊗≡ ↓ � ⊗ ⊃  ∠ ⊕   ⊕ ⊗∠∪ℑ  ⊕≈♠  �♠ ϒ ⊆ ≤⊕  ℑ⊆ ≥∉℘����� � 

���� ∗ �� ��� ∗ �� � 

≈� ← ℑ⊄ ⊃ ∨ℑ ≥ ↑ ℑ∈⊗ ← ∉∠ ℑ  ∉ ← ↑ �≥ ℑℜ ⊂⊕ℑ∈⊗ ⊆⊕  ℑ   ℑℜ ⊂⊕∠∪ ℑ  ⊕ 

 ⊕ ⊂ℑ  ⊃ ∉∈⊃ ∈  ∪⊕ ∧  ⊕⊆ ℑ ⊂∏⊆⊃ ∈ℑ 2∨ ⊃  ℘ ∉∈⊃ ℑ 2∧   ⊃ ℑ ≈♠  �♠ ϒ ⊆ 

≤⊕  ℑ⊆ ≥∉℘����� ������ ���� ∗ ��� � 

≈�  • ℑ∈∩ ♠ ℑ∈⊗ ≥ ⊕ √⊕ ∈ ″ � ″ ⊕ √⊃ ⊕⋅ ∉ ∅ ∨⊃  ℘ ∉∈⊃ ℑ 2 ∉∏ ∩∪ ⊕ ∈⊕ ⊗ ℑ 2 

⊂∏⊆⊃ ∈ℑ � ≡ × ϒ � ℘ ⊕  ℑ⊆⊃ ℘  ≈♠ � ♠ ↑ ℑ  ⊕  ≥℘ ⊃� ���� � �� 

���� ����� ∗ ���� � 

≈�  ∞√ℑ∈ ϒ ♣ ℑ∈⊗ ƒℑℜ ⊕  ↔ × � ×∉∏ ∩∪ ⊕ ∈⊃ ∈∩ ∉ ∅ ℘ ⊕  ℑ⊆⊃ ℘  ℜ∧ 

℘ ⊃  ℘ ∏⊆∅ ⊕  ⊕ ∈ ⊃ ℑ ⊂ ⊆⊃ ℘  ∉℘  ℑ ℘ ⊄ ⊃ ∈∩ ≈ ♠ � ♠ ϒ ⊆ ≤⊕  ℑ⊆ ≥∉℘� 

���� ������ ���� ∗ ��� � 

≈�  ϒ⊂ℑ∈ ′⊂⊕ ⊃ ⊕ � °ℑ∏ ⊂ ƒ � ⊕ ℑ ⊂� ∞∅ ∅ ⊕ ℘ ∉ ∅ ℑ∇∏ ⊕ ∉∏ ∠  ∉℘ ⊕   ⊃ ∈∩ 

℘ ∉∈⊗ ⊃  ⊃ ∉∈ ∉∈  ∪ ⊕ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ℑ∈⊗   ℑ∈ ∅∉⊆ℑ  ⊃ ∉∈ ℜ ⊕ 2 

∪ ℑ√⊃ ∉∏ ⊃ ∈ ϒ⊂ � ↓ � 2≡ ↓ � �≤⊕↓ � � ℘ ∉⊆∠∉ ⊃  ⊕ ≈♠  �♠ ϒ ⊆ ≤⊕  2 

ℑ⊆ ≥∉℘����� ������� ����� ∗ ���� � 

≈�  ↔ ∉∈ ∨ ∉⋅⊃ ℘ ∨ ↔♠� ∞∅ ∅ ⊕ ℘  ∉ ∅ ∪ ⊕  ⊕  ∉∅ ⊂∉℘ ℘ ∏ ⊂ℑ  ⊃ ∉∈ ∉ ∅ ∠ ∉⋅⊗ ⊕   

∉∈ ⊆⊕ ℘ ∪ ℑ∈⊃ ℘ ℑ ⊂ ∠  ∉∠ ⊕   ⊃ ⊕  ∉∅ ∨⊃  ℘ ∉∈⊃ ℑ ℑ ⊂∏⊆⊃ ∈ℑ ℘ ∉⊆∠ ∉ ⊃  ⊕  

≈♠  �♠ ↑ ℑ  ⊕ ≥℘ ⊃����� ������ ����� ∗ ���� � 

≈�  ′ℑ ℘ ∪ ♠ ° ℑ∈⊗ × ∪⊕ √⊕ ∈∉ƒ � ƒℑℜ  ⊃ ℘ ℑ  ⊃ ∉∈ ℑ∈⊗ ℘ ∪ ℑ  ℑ ℘  ⊕  ⊃ ∨ℑ 2 

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

ℑ∈⊗∉ ∩ ℑ∈⊃ ℘∠  ⊕ ℘ ∏   ∉ ≈♠ �♠ ↑ ℑ  ⊕ ≥℘ ⊃� ���� � ����� � 

���� ∗ ���� � 

≈�  ↔ ℑ∩ ℑ⋅ℑ ↑ � ↔ ⊃ ⊄∏ ℘ ∪ ⊃ ↑ �≥∧∉∈∉ ≠ �⊕ ℑ ⊂� ≥ ℑℜ ⊃ ⊂ ⊃  ∧ ∉ ∅ ∏ ⊂2 

  ℑ ∅ ⊃ ∈⊕ ⊕   ℑ∩ ∉∈ℑ ⊂ ≡ ↓ � ℘ ∉∠  ⊕ ℘ ⊃ ∠ ⊃  ℑ  ⊕ ⊗ ⋅⊃  ∪ ϒ⊂ � ↓ � ℜ∧  ∪ ⊕ 

 ∠  ℑ∧ 2♥≤ °  ⊕ ℘ ∪∈⊃ ∇∏ ⊕ ≈♠ � ♠ ϒ ⊆ ≤⊕  ℑ⊆ ≥∉℘� ���� � �� 

���� ���� ∗ ��� � 

≈�  °∏ ∩ ℑ ∞ ϒ ℑ∈⊗ ↑ ∉ ∩ ℑ∈ ° ∞ ⁄ � ≤∉∏ ∠ ⊂⊕ ⊗∩  ℑ ⊃ ∈ ∩  ∉⋅ ∪ ⊕ ∅ 2 

∅ ⊕ ℘  ⊃ ∈ ϒ⊂ � ↓ � ���√∉ ⊂� ≡ ↓ � ≈ ♠ � ♠ ϒ ⊆ ≤⊕  ℑ⊆ ≥∉℘� 

���� ������ � ≤��� ∗ ≤��� � 

≈��  ♦⊃ ⊗ ⊕ ∧∏⊄ ⊃ ≠ � ↔ ℑ⋅ℑ  ℑ  ⊃ ♦ ℑ∈⊗ ↓ ℑ⊄ℑ ϒ � ≥ ℑℜ ⊃ ⊂ ⊃  ∧ ∉ ∅  ⊕ 2 

  ℑ∩ ∉∈ℑ ⊂ ≡ ↓ � ∠∪ ℑ  ⊕ ⊃ ∈ ϒ⊂ � ↓ � ∠  ⊕ ∠ ℑ  ⊕ ⊗ ∅  ∉⊆ ≡ 2 ϒ⊂ 

∉ ∩ ℑ∈∉⊆⊕  ℑ ⊂ ⊂ ⊃ ℘℘ ∉⊆∠ ∉∏ ∈⊗ ≈♠ �♠ ↑ ℑ  ⊕ ≥℘ ⊃� ���� � �� 

��� ���� ∗ ��� � 

≈��  ≥ ⊗ ⊃ ℘ ∂ ∂ ℑ∈⊗ ″ ℑ⊗ ∉∈⊇ ⊃ ℘ ←� × ℑ∈ ∅∉⊆ℑ  ⊃ ∉∈  ∉∏ ∩∪ ⊕ ∈⊃ ∈∩ 

⊃ ∈  ∉ ⊂ 2∩ ⊕ ⊂ 2⊗ ⊕  ⊃ √⊕ ⊗ℑ ⊂∏⊆⊃ ∈ℑ 2∨ ⊃  ℘ ∉∈⊃ ℑ℘ ∉⊆∠∉ ⊃  ⊕ ≈♠  �♠ ϒ ⊆ 

≤⊕  ℑ⊆ ≥∉℘����� ������ ����� ∗ ���� � 

≈ �� ×∉ ℑ∧ℑ ♦ � ≠∉ ∪ ⊃ ⊆∏  ℑ ↑ ℑ∈⊗ ≥∉⊆⊃ ∧ℑ ≥ � ≤ℑ ⊂ ⊃ ℜ  ℑ  ⊃ ∉∈ 

℘ ∏  √⊕∅ ∉∇∏ ℑ∈ ⊃  ℑ  ⊃ √⊕ℑ∈ℑ ⊂∧ ⊃ ∉ ∅ ∪ ⊕ ⊆∉∈∉℘ ⊂ ⊃ ∈⊃ ℘ 2 ⊕   ℑ∩ ∉2 

∈ℑ ⊂ ≡ ↓ �  ∧  ⊕⊆ ℜ∧ ÷2 ℑ∧ ⊗ ⊃ ∅ ∅  ℑ ℘  ⊃ ∉∈ ≈♠ �♠ ϒ ⊆ ≤⊕  ℑ⊆ 

≥∉℘����� ������ � ≤��� � 

≈��  ≠ ∉  ∪ ⊃ ⊆ℑ   ∏ ♦ �⊕ ℑ ⊂� ↑ ⊕ ℘ ∪ℑ∈⊃ ℘ ℑ ⊂ ∠  ∉∠ ⊕   ⊃ ⊕ ∉ ∅ ∨ ⊃  ℘ ∉∈⊃ ℑ 2 

ℑ ⊂∏⊆⊃ ∈ℑ ℘ ∉⊆∠∉ ⊃  ⊕ ℘ ⊕  ℑ⊆⊃ ℘  ∠  ⊕ ∠ ℑ  ⊕ ⊗∅  ∉⊆ ≡ 2ϒ⊂ ⊆⊕  ℑ ⊂2 

⊂∉ 2∉ ∩ ℑ∈⊃ ℘℘ ∉⊆∠ ∉∏ ∈⊗ ≈♠  �♠ ↑ ℑ  ⊕ ≥℘ ⊃����� ������� � 

���� ∗ ���� � 

≈��  ← ⊃ ℑ∈∩ ↔ ↑ �⊕ ℑ ⊂� ∞√ℑ ⊂∏ ℑ  ⊃ ∉∈ ℜ∧ ⊃ ∈⊗ ⊕ ∈ ℑ  ⊃ ∉∈ ∉ ∅∅  ℑ ℘  ∏  ⊕ 

 ∉∏ ∩∪∈⊕  ∉ ∅ ℘ ⊕  ℑ⊆⊃ ℘ ⊆ℑ  ⊕  ⊃ ℑ ⊂≈♠  �♠ ↑ ℑ  ⊕ ≥℘ ⊃����� � 

����ϒ� ���� ∗ ��� � 

≈��  → ⊃ ⊃ ∪ ℑ  ℑ ↔�⊕ ℑ ⊂� ∞√ℑ ⊂∏ ℑ  ⊃ ∉∈ ∉ ∅ Κ ♥≤ ∉ ∅ ℜ  ⊃   ⊂⊕  ∉ ⊂ ⊃ ⊗  ℜ∧ 

 ∪⊕⊃ ∈⊗ ⊕ ∈ ℑ  ⊃ ∉∈ ⊆⊕  ∪ ∉⊗ ⋅⊃  ∪ ⊂∉⋅ ℘  ℑ ℘ ⊄ 2 ∉ 2⊃ ∈⊗ ⊕ ∈ ℑ  ⊃ ∉ 

≈♠  �♠ ↑ ℑ  ⊕ ≥℘ ⊃← ⊕   ����� ����� ��� ∗ �� � 

(Εδιτεδ βψ ΨΥΑΝ Σαι2θιαν) 

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


