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Αβσ τραχτ : ×∪ ⊕ ⋅∉ ⊄ ⋅ℑ ℜ ℑ  ⊕ ⊗∉∈  ∪ ⊕ ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠ℜ ⊕  ⋅⊕ ⊕ ∈  ∪ ⊕℘  ∧  ℑ ⊂   ∏ ℘  ∏  ⊕ℑ∈⊗∠ ℑ  ℑ⊆⊕  ⊕  ∉ ∅ ⊗ ⊃ ℑ⊆∉∈⊗  

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

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

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

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

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

Κεψ ωορδσ: ∪ ⊃ ∩∪∩  ℑ⊗ ⊕�⊗ ⊃ ℑ⊆∉∈⊗� ⊕ ∇ ⊃  ℑ¬ ⊃ ℑ ⊂ ∩  ∉⋅ ∪ ∆οχυµεντ χοδε :Α 

�  ΙΝΤΡ Ο∆ΥΧΤΙΟΝ 

×∪⊕ ⊗ ⊃ ℑ⊆∉∈⊗  ∧∈ ∪⊕  ⊃ ∨⊕⊗ ℑ ⊃  ∉  ℑ  ⊃ ℘ ℑ ⊂ ⊂∧ 

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

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

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

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

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

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

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

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

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

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

↑ ∉ ∉∅  ∪⊕ ⊗ ∉⊆⊕   ⊃ ℘ ∧∈ ∪⊕  ⊃ ℘ ⊗ ⊃ ℑ⊆∉⊆⊗  

∏  ⊃ ∈∩ → ⊃↑ ∈≤∉ ℘ ℑ  ℑ ⊂∧ ∪ℑ√⊕ ℑ ℘ ∏ℜ ⊃ ℘ 2∉℘  ℑ∪⊕⊗  ∉∈ 

℘  ∧  ℑ ⊂   ∏ ℘  ∏  ⊕ ≈� ∗ �� � ← ∏ ∉ ετ αλ [ �] ∪ℑ⊗  ∏⊗ ⊃ ⊕⊗ 

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

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

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

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

 ∪⊕ ⊃ ⋅∉ ⊄ ∪ℑ⊗ ⊗  ℑ⋅ ⊆∏ ℘ ∪ ℑ   ⊕∈ ⊃ ∉∈ ≈�� � ♦∉⋅2 

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

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

×∪ ⊃  ⋅∉ ⊄ ℑ⊗ ∉∠  ⊕⊗ → ⊃ 2 ↑ ∈2≤ ℘ ℑ  ℑ ⊂∧ �ℑ∈⊗ 

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

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

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

⊃ ∈ ∉ ∉℘  ℑ∪⊕⊗  ∉∈ ℘  ∧  ℑ ⊂� 

2 ΕΞΠΕΡΙΜΕΝΤΑΛ 

2 .1  Ραω µ ατεριαλσ 

→ ⊃ 2 ↑ ∈2≤ ∠∉⋅⊗ ⊕ ℘ ℑ  ℑ ⊂∧ ⋅⊃  ∪ ℑ ∅ ⊃  ∪ 2 ℘ ℑ ⊂⊕ 
ℑ∠∠⊕ ℑ  ℑ∈℘ ⊕ 

≈�� ⋅ℑ  ∏  ⊕⊗� ×∪⊕ ×��°  ∧∠⊕ 

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

∞⊂⊕ ℘   ⊃ ℘ ≤ℑ  ℜ∉∈ • ∉ ⊄ � ≡⊃ ∩∉∈∩� ≥⊃ ℘ ∪∏ ℑ∈ 

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

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

′⊕ ⊃ ⊇ ⊃ ∈∩� 

2 .2  Σψντηεσ ισ ατ ηιγη πρεσσυρεσ ανδ ηιγη τεµ 2 
περατυρεσ 

×∪⊕ → ⊃ 2 ↑ ∈2≤ ℘ ℑ  ℑ ⊂∧  ∠∉⋅⊗ ⊕   ℑ∈⊗  ∪⊕ 

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

℘ ∉⊆∠ℑ ℘  ⊕⊗ ∉ ℘ ℑ⊄⊕ ℑ ℑ ∠  ⊕   ∏  ⊕ ∉∅ � ↑ °ℑ�×∪⊕ 

℘ ⊂⊕ ℑ√⊕ ⊂ℑ∈⊗ ⊃  ⊕∠∉⋅⊗ ⊕  ⋅⊕  ⊕ℑ ⊂  ∉ ∠  ⊕   ⊕⊗ ∉ ∈⊕ ℘ ⊕  2 

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

≠ ″ ⊕ ℘ ⊕ ⊃ √⊕ ⊗ ↓℘  � � ����� �ℑ ℘ ℘ ⊕ ∠  ⊕ ⊗ ∞⊕ ℜ� �� �����



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

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

ℑ ⁄≥� ≅ ���ϒ  ∧∠⊕⊗ ⊃ ℑ⊆∉∈⊗ 2 ∧∈ ∪⊕  ⊃ ∨⊃ ∈∩ ∠  ⊕  � 

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

℘ ∪ℑ⊆ℜ ⊕ ⊂ℑ∧⊕ ℜ∧ ⊂ℑ∧⊕ �ℑ  ∪∉⋅∈⊃ ∈ ƒ⊃ ∩� � � 

Φ ιγ .1  ≥℘ ∪⊕⊆ℑ  ⊃ ℘⊗ ⊃ ℑ∩  ℑ⊆ ∉∅ 

 ∧∈ ∪⊕  ⊃ ∉∅⊗ ⊃ ℑ⊆∉∈⊗ 

Φ ιγ .2  ↑ ∉ ∠∪∉ ⊂∉∩∧ ∉∅⊗ ⊃ ℑ⊆∉∈⊗  ∧∈ ∪⊕  ⊃ ∨⊕⊗ 

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

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

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

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

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

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

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

3  Ρ ΕΣΥΛΤΣ 

3 . 1  Οχταηεδρον διαµ ονδ σψντηεσ ιζεδ βψ ιν2 
χρεασ ινγ τεµ περατυρε�∃ Τ > 0� 

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

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

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

℘ ∪ℑ∈∩ ⊕∉℘ ℘ ∏   ⊕⊗ ⋅∪⊕∈ ∃ Τ � �� ε �ℑ  ∪∉⋅∈ ⊃ ∈ 

ƒ⊃ ∩� � � ♦∉⋅⊕ √⊕ �⊗ ⊃   ∉ ⊂∏  ⊃ ∉∈ ∉∅ ∉℘  ℑ∪⊕⊗  ∉∈ ℘  ∧ 2 
 ℑ ⊂ ∉℘ ℘ ∏   ⊕⊗ℑ ∃ Τ � �� ε �ℑ  ∪∉⋅∈ ⊃ ∈ ƒ⊃ ∩� � � 
×∪⊕∠  ∉ℜ ℑℜ ⊂⊕ ⊕ ℑ  ∉∈⊂ ⊃ ⊕ ⊃ ∈ ∪ℑ   ∪⊕ ∧∈ ∪⊕  ⊃ ℘∠ ℑ 2 
 ℑ⊆⊕  ⊕  ∪ℑ⊗ ∏  ∠ ℑ   ⊕⊗ ∪⊕ ∩  ℑ∠∪ ⊃  ⊕ 2⊗ ⊃ ℑ⊆∉∈⊗⊕ 2 
∇∏ ⊃ ⊂ ⊃ ℜ  ⊃ ∏⊆  ⊕ ∩ ⊃ ∉∈ �ℑ∈⊗ ∪⊕ ⊕√⊕   ⊕ ⊕ ℑ ℘  ⊃ ∉∈ ∉∅⊗ ⊃ 2 
ℑ⊆∉∈⊗ψ∩  ℑ∠∪ ⊃  ⊕∉℘ ℘ ∏   ⊕⊗� 

Φ ιγ .3  ↑ ∉ ∠∪∉ ⊂∉∩∧ ∉∅⊗ ⊃ ℑ⊆∉∈⊗  ∧∈ ∪⊕  ⊃ ∨⊕⊗ 

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

3 .2  Οχταηεδρον διαµ ονδ σψντηεσ ιζεδ βψ δε2 
χρεασ ινγ πρεσσυρε �∃ π < 0� 

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

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

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

ℑ ∃ π � � � �� ↑ °ℑ�♥∈ ∉∏ ⊕¬∠ ⊕  ⊃⊆⊕∈ �⊃ ⊃  

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

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

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



Φ ιγ .4  ↑ ∉ ∠∪∉ ⊂∉∩∧ ∉∅⊗ ⊃ ℑ⊆∉∈⊗  ∧∈ ∪⊕  ⊃ ∨⊕⊗ 

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

Φ ιγ .5  ↑ ∉ ∠∪∉ ⊂∉∩∧ ∉∅∉℘  ℑ∪⊕⊗  ∉∈ ⊗ ⊃ ℑ⊆∉∈⊗ 

∉∅∪ ⊃ ∩∪∩  ℑ⊗ ⊕ 

⊗ ⊃ ℑ⊆∉∈⊗⊃ ∈ℑ   ∉⋅ � 

3 .3  Σψντηεσ ισ οφ ηιγη γραδε οχταηεδρον δια2 
µ ονδ 

♥∈ ∉ ⊗ ⊕  ∉ ⊗ ⊕ ℘  ⊕ ℑ  ⊕ ∪⊕℘ ∪ℑ∈∩ ⊕ ∉∅ ∠  ⊕   ∏  ⊕ 

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

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

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

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

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

ƒ⊃ ∩� � � 

4  ∆ΙΣΣΧΥΣΙΟΝ 

� .�  Α µ οδελ φορ επιταξιαλ γροωτη οφ οχταηε2 
δρον διαµ ονδ 

ϒ℘ ℘ ∉ ⊗ ⊃ ∈∩ ∉ ∪⊕ Π 2Τ ⊗ ⊃ ℑ∩  ℑ⊆ ∅∉⊗ ⊃ ℑ⊆∉∈⊗ 

 ∧∈ ∪⊕  ⊃  ≈� �  ∪⊕ ∩  ∉⋅ ∪  ℑ  ⊕  ∉∅ ⇔ ���⇑ ℑ∈⊗ 

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

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

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

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

∠ ⊂ℑ∈⊕  ⋅⊕  ⊕  ⊕    ℑ ⊃ ∈⊕⊗� ⋅∪ ⊃ ⊂⊕ ⇔ ��� ⇑ ℘  ∧  ℑ ⊂ 

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

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

℘ ∉⊆∠ ⊂⊕  ⊕ ∩  ∉⋅ ∪ ∉∅ ⇔ ���⇑ ℘  ∧  ℑ ⊂ ∠ ⊂ℑ∈⊕ �ℑ  

 ∪∉⋅∈⊃ ∈ ƒ⊃ ∩� � � 

4 .2  Χοντρολ οφ χρψσ ταλστρυχτυρειν τηε σψντηε2 
σ ισ οφ οχταηεδρον διαµ ονδσ 

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

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

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

ℑ ⊂ ∉℘ ℑ ⊂ ⊂⊕⊗ / ∪ ⊃ ∩∪ ⊕⊆∠ ⊕  ℑ  ∏  ⊕℘  ∧  ℑ ⊂   ∏ ℘  ∏  ⊕0 � 
′⊕ ℘ ℑ∏  ⊕  ∪⊕ ℘ ⊂⊕ ℑ√⊕ ⊂ℑ∈⊗ ⊃  ⊕ ⋅⊃ ⊂ ⊂   ℑ∈∅∉⊆⊕⊗  ∉ 

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

 ∪⊕ ⊕¬∠⊕∈ ⊕ ∉∅  ∪⊕ ℘ ∪ℑ⊆ℜ ⊕  ∠  ⊕   ∏  ⊕ 
≈�� �  ∪⊕ 

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

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

∉∅ ⊗ ⊃ ℑ⊆∉∈⊗ ⊃ ∈∩ ⊂⊕℘  ∧  ℑ ⊂  ∪∉∏ ⊂⊗ ℜ ⊕ ℑ√∉ ⊃ ⊗ ⊕⊗ ℜ ⊕ 2 
℘ ℑ∏  ⊕ ∪⊕℘ ∉∈∈⊕ ℘  ⊃ ∉∈ ∉∅ / ⊆⊕  ℑ ⊂∅ ⊃ ⊂⊆0 ∉∈  ∪⊕⊗ ⊃ ℑ 2 
⊆∉∈⊗ ∏  ∅ℑ ℘ ⊕ ⋅⊃ ⊂ ⊂⊂⊕ ℑ⊗ ∉ ∪⊕⊗ ⊕ ℘  ⊕ ℑ  ⊕∉∅ ∪⊕ ⊕ 2 
 ⊃   ℑ∈℘ ⊕∉∅ ∪⊕ ∧∈ ∪⊕  ⊃ ℘ℜℑ ℑ∈⊗ ∪⊕⊃ ∈℘  ⊕ ℑ  ⊕ ∉∅ 

 ∪⊕ ⊕⊆∠ ⊕  ℑ  ∏  ⊕� 

♥∈ ∪ ⊃ ⋅∉ ⊄� ∪⊕ ⊃ ∨⊕∉∅ ∪⊕ ∧∈ ∪⊕  ⊃ ∨⊕⊗⊗ ⊃ 2 
ℑ⊆∉∈⊗ ⋅ℑ ℜ ⊕ ⊂∉⋅ ��� Λ ⊆ �ℑ∈⊗ ∪⊕ ∧∈ ∪⊕  ⊃ ∉∅ 

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

# � � � # ∂ ∉ ⊂1�  λ 1�    ≥∧∈ ∪⊕  ⊃ ∪ ⊃ ∩∪∩  ℑ⊗ ⊕∉℘  ℑ∪⊕⊗  ∉∈ ⊗ ⊃ ℑ⊆∉∈⊗ ∪ ∉∏ ∩∪⊕∠ ⊃  ℑ¬ ⊃ ℑ ⊂ ∩  ∉⋅ ∪



Φ ιγ .6  ∞∠ ⊃  ℑ¬ ⊃ ℑ ⊂ ∩  ∉⋅ ∪∉∅ 

∉℘  ℑ∪⊕⊗  ∉∈ ⊗ ⊃ ℑ⊆∉∈⊗  

5  ΧΟΝΧΛΥΣΙΟΝΣ 

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

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

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

Ρ ΕΦΕΡ ΕΝΧΕΣ 

�  • ∏ ↑⊕ ⊃ ⊂ ⊃ ∈∩�≡∪∉∈∩ • ⊕ ⊃ ∨∏ ∉ ℑ∈⊗ ≠ℑ∈∩ ≡∪ ⊕ ∩ ∇∏ ∈ � → ⊕⋅ 

♥∈∉ ∩ ℑ∈⊃ ℘ ↑ ℑ  ⊕  ⊃ ℑ ⊂��⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕ � ����� ����� � �� � � � 

�  ← ∏≡∪ ℑ∉  ⊃ ℑ∈ �♥∈⊗ ∏    ∧ ⁄ ⊃ ℑ⊆∉∈⊗← ⊕   ⊕  � �⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕ � 

���� � ��� � � ∗ � � 
�  ← ∏ ∉♠ ∏∈∧⊃�⁄ ⊃ ∈∩← ⊃ ∧⊕ℑ∈⊗← ∏ ∉ ÷⊃ ℑ∈∩ ⊇ ⊃ ⊕�♠ ♦⊃ ∩∪ ° ⊕  2 

 ∏  ⊕ °∪∧ ⊃ ℘ ��⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕ � ����� ������ ��� ∗ �� � 
�  ′ ∏∈″ ≤ ℑ∈⊗⁄ℑ√⊃ ⊕ ♣ ♠� ♥∈ �ƒ⊃ ⊕ ⊂⊗♠⊕ ⊗� ×∪⊕° ∉∠ ⊕  2 

 ⊃ ⊕ ∉ ∅ → ℑ  ∏  ℑ ⊂ ≥∧∈ ∪ ⊕  ⊃ ℘⁄ ⊃ ℑ⊆∉∈⊗�← ∉∈⊗ ∉∈ � ϒ℘ ℑ⊗ ⊕⊆2 
⊃ ℘° ⊕  ����� ���� � 

�  ≠ℑ⊆ℑ ∉⊄ℑ ≥ � ↔ ∉⊆ℑ  ∏ ♦ � ↔ ℑ∈⊗ ℑ ♦ ετ αλ. ♠∉∅ ≤ ∧  ℑ ⊂ 

♣ ∉⋅ ∪����� ��� ���� ∗ ��� � 
�  ↔ ℑ∈⊗ ℑ ♦ � ↓∪  ℑ⋅ℑ × �ƒ∏⊄∏ ∈ℑ∩ ⊕ ↓ ετ αλ. ♠∉ ∅ ≤ ∧  ℑ ⊂ 

♣ ∉⋅ ∪����� ��� ���� � 

�  ′∉√⊕ ∈⊄⊕  ⊄ ♦ ° � ♦ℑ ⊂ ⊂ ♦ × ετ αλ . → ℑ  ∏  ⊕����� ���� � 

���� ∗ ���� � 
�  ← ⊃ ∏ ≥∪∏ ∨∪ ⊕ ∈ � ≡∪ℑ∈∩ ♠ ⊃ ℑ∈. ℑ∈ ℑ∈⊗ ×ℑ∈ ÷⊃ ∈℘ ∪ℑ∈∩� 

↑⊃ ∈⊕  ℑ ⊂ � ↑ ⊕  ℑ ⊂ ⊂∏  ∩∧ ∞∈∩ ⊃ ∈⊕ ⊕  ⊃ ∈∩� �⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕� � 

���� ������ ��� ∗ �� � 
�  ⁄∏ ÷⊃ ℑ∈∩ ∨∪∏� ← ⊃ ∏ ≠⊃ ∈∩ ⊇ ⊃ ⊕ ℑ∈⊗ • ℑ∈∩ ≠∉∏ ⊇ ∏ ∈ � ♠ 

→ ∉  ∪ 2 • ⊕   ⊕  ∈ ∝∈⊃ √ � → ℑ  ∏  ℑ ⊂ ≥℘ ⊃ ⊕ ∈℘ ⊕� � �⊃ ∈ ≤∪ ⊃ 2 
∈⊕  ⊕ � ����� ������ ���� � 

��  ≥∏∈ ♠ ⊃ ℑ∈∩�♠≥ ⊕ ⊕ ⊂ ″ ⊕  ⊕ ℑ  ℘ ∪��⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕ � ����� �� 

��� ���� ∗ ��� � 
��  ← ⊃ ∈ ƒ⊕ ∈∩�← � ≡∪ ⊃ℑ∈⊗ ← ℑ ∉ ≥∪ ℑ∈⊗ ∉∈∩� °∉⋅⊗ ⊕  ↑⊕  2 

ℑ ⊂ ⊂∏  ∩∧ ×⊕ ℘ ∪∈⊃ ∇∏ ⊕��⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕ � ����� ������ ���� 
∗ ��� � 

��  ♠ ⊃ ℑ∈∩♠ ⊃ ∈∩ ℘ ∪∏ ∈ �← ⊃← ⊃ ℑ∈∩ ℜ ⊃ ∈ � ♦∉∈∩≥∪ ⊃ ⊆⊃ ∈∩ ετ αλ. ♠ 

♦⊃ ∩∪ ° ⊕   ∏  ⊕°∪∧ ⊃ ℘ ��⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕ � ����� ������ � 

��� � 

��  ≤∏ ⊃≥⊃ ∇∏∈ � ±⊃ ℑ∈ ♠ ⊃ ∈∩∪∏ ℑ∈ ℑ∈⊗ ×⊃ ℑ∈ ♦∉∈∩� ↑⊃ ∈⊕  ℑ ⊂ 

� ↑ ⊕  ℑ ⊂ ⊂∏  ∩ ∧ ∞∈∩ ⊃ ∈⊕ ⊕  ⊃ ∈∩��⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕ � � ���� ��� 

��� ��� � 

��  ≠⊃♠ ⊃ ℑ∈∪∉∈∩� ↑ℑ ƒ∏⊄ℑ∈∩ ℑ∈⊗ ← � ♦ℑ ⊃ ℜ∉� ♠ ♦⊃ ∩∪ 

° ⊕   ∏  ⊕ °∪∧ ⊃ ℘ � �⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕ � ����� ������ ���� 
∗ ��� � 

��  ×ℑ ∉ ≡∪ ⊃ ℘ ∪ ⊃ℑ∈⊗ °∏ ≡∪ ⊕ ∈∩¬ ⊃ ∈∩� ≤∪ ⊃ ∈ℑ ≥℘ ⊃ ⊕ ∈℘ ⊕��⊃ ∈ 

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

(Εδιτεδ βψ Ζηυ Ζηονγγυο) 

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


