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1 . ∆επαρτµεντ οφ Πηψ σιχσ ; 2 . ∆επαρτµ εντ οφ Ματεριαλ σ Σχιενχε ανδ Ενγινεερινγ , 

Ζηεϕ ιανγ Υνιϖερσιτψ , Ηανγζηου 310027 , Π . Ρ . Χηινα 

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

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

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

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

⊕ ⊂⊕ ℘   ∉⊗ ⊕� ∪⊕ℑ ⊂ ⊂∉∧ ⋅ℑ   ⊕ ℑ  ⊕ ⊗⊃ ∈ � ⊆∉ ⊂�← ↔↓ ♦ � � � �� ⊆∉ ⊂�←↔ ′♦ �  ∉ ⊂∏  ⊃ ∉∈ � ×∪ ⊕ ⊕  ∏ ⊂   ∪∉⋅⊕ ⊗ ∪ℑ  ∪ ⊕ 

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

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

∆οχυµεντ χοδε : Α 

1  ΙΝΤΡ Ο∆ΥΧΤΙΟΝ 

→ ⊃ ℘ ⊄⊕ ⊂ 2⊆⊕  ℑ ⊂ ∪∧⊗  ⊃ ⊗ ⊕ � → ⊃ � ↑ ♦ � ℜ ℑ   ⊕  ⊃ ⊕  

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

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

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

→ ⊃ � ↑ ♦ ℜ ℑ   ⊕  ⊃ ⊕  ≈� ∗ � � ×∪⊕ ≤ℑ→ ⊃ � 2 ∧∠ ⊕ ℑ ⊂ ⊂∉∧ 

 ∪∉⋅ℑ ∪ ⊃ ∩∪ ∠⊕ ℘ ⊃ ∅ ⊃ ℘⊗ ⊃  ℘ ∪ℑ  ∩⊕℘ ℑ∠ℑ ℘ ⊃  ∧ ∅∉ℜ ℑ  2 
 ⊕  ∧ 

≈� � ×∪⊕  ∪⊕ ∉ ⊕  ⊃ ℘ ℑ ⊂ ℘ ℑ∠ℑ ℘ ⊃  ∧ ∉∅ ≤ℑ→ ⊃ � ℘ ℑ∈ 

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

 ∪ℑ∈ ��� ⊆ϒ∪�∩ ∅∉ ← ℑ→ ⊃ � � ′∏  ∪⊕ ℘ ∧℘ ⊂ ⊃ ∈∩ 

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

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

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

 ∉ ⊂∏  ⊃ ∉∈ � ↓ ⋅⊃ ∈∩ ∉ ∪⊕∠∉∉∠  ∉ ⊕ ℘  ⊃ √⊕⊕ ∅ ∅ ⊕ ℘ ∉∅ 

≤ℑ �↓ ♦� � ⊂ℑ∧⊕ ℑ∈⊗ ∪⊕⊗ ⊃  ∠  ∉∠∉  ⊃ ∉∈ℑ  ⊃ ∉∈ ∉∅ ∪⊕ 

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

⊗ ⊃  ℘ ∪ℑ  ∩ ⊕℘ ℑ∠ ℑ ℘ ⊃  ∧  ℑ∠ ⊃ ⊗ ⊂∧ ⊗ ⊕ ℘  ⊕ ℑ  ⊕ �← ⊃ℑ∈⊗ ≥∏ 2 

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

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

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

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

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

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

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

⊆∉ ⊂�←↔↓ ♦ � � � �� ⊆∉ ⊂�←↔ ′♦ �  ∉ ⊂∏  ⊃ ∉∈ � ×∪⊕ 

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

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

2  ΕΞΠΕΡΙΜΕΝΤΑΛ 

×∪⊕ ∪∧⊗  ∉∩ ⊕∈   ∉ ℑ∩⊕ ℑ ⊂ ⊂∉∧ ↑⊂ � � � � ξ ≤ℑ ξ 2 

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

≠ ° ∉ ⊇ ⊕ ℘ ��� � ��� � ����  ∏ ∠∠∉  ⊕ ⊗ℜ∧  ∪ ⊕ → ℑ  ⊃ ∉∈ℑ ⊂ ϒ⊗ √ℑ∈℘ ⊕ ⊗ ↑ ℑ  ⊕  ⊃ ℑ ⊂ ≤∉⊆⊆⊃   ⊕ ⊕∉∅ ≤∪ ⊃ ∈ℑ 

″ ⊕ ℘ ⊕ ⊃ √⊕ ⊗♠∏ ⊂� � ����� �ℑ ℘ ℘ ⊕ ∠  ⊕ ⊗ ϒ∠ � � �����



→ ⊃ � � � ≤∉ � � � ϒ⊂ � � � � ↑⊂ � ← ℑ 2 ⊃ ℘ ∪ ⊆⊃  ℘ ∪⊆⊕  ℑ ⊂� 

�� � � � ← ℑ�� �� � ≤⊕� �� �� � °� � �� � → ⊗� 

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

 ∪⊕ ℘ ∉∈  ⊃  ∏ ⊕∈ ⊆⊕  ℑ ⊂ ℑ  ⊕ ≤ℑ �� �� � � → ⊃ 

�� � � � � ≤∉ �� � � � ℑ∈⊗ ϒ⊂ �� � � � � ×∪⊕⊃ ∈∩∉  

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

��� ∗ �� Λ ⊆� � ×∪⊕∠ ⊂ℑ  ⊕ ℑ∏∠  ⊕   ∏  ⊕∉∅ ∪⊕ℑ ⊂ ⊂∉∧ 

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

℘ ∪ℑ∈∩ ⊕�∃ Η� ℑ∈⊗⊕∈  ∉∠∧ ℘ ∪ℑ∈∩ ⊕�∃ Σ� ∉∅ ∪⊕ 

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

∠ ⊂ℑ  ⊕ ℑ∏∠  ⊕   ∏  ⊕ � π� ∉∅ℑ ⊂ ⊂∉∧ℑ ⊗ ⊃ ∅ ∅ ⊕  ⊕∈ ⊕⊆2 
∠ ⊕  ℑ  ∏  ⊕ ℜ∧ ∅∉ ⊂ ⊂∉⋅⊃ ∈∩ ∂ ℑ∈. ♦∉∅ ∅ ∞∇∈ � � 

⊂∈ π = 
∃ Η 
Ρ Τ 

− 
∃ Σ
Ρ 

��� 

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

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

℘ ∉∠∠ ⊕ ∠ ∉⋅⊗ ⊕  � [ �� Λ ⊆� ℑ �� ↑ °ℑ ∉ ∅∉⊆ 

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

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

ℑ  ∉∉⊆  ⊕⊆∠⊕  ℑ  ∏  ⊕�⊕⊆∠ ⊂∉∧⊃ ∈∩ � ⊆∉ ⊂�← ↔↓ ♦ 

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

⊂ℑ  ∩ ⊕  ∪ℑ∈ ∪ℑ ∉∅ ↑ ♦ ⊕ ⊂⊕ ℘   ∉⊗ ⊕ℑ ℘ ∉∏∈ ⊕ ⊕ ⊂⊕ ℘ 2 
  ∉⊗ ⊕ ℑ∈⊗ ℑ∈ ♦∩�♦∩↓ ⊕ ⊂⊕ ℘   ∉⊗ ⊕ ℑ ℑ  ⊕ ∅ ⊕  ⊕∈℘ ⊕ 

⊕ ⊂⊕ ℘   ∉⊗ ⊕� ↑ ♦ ⊕ ⊂⊕ ℘   ∉⊗ ⊕ ⋅ℑ ℘ ∪ℑ  ∩ ⊕⊗∅∉�∪ℑ∈⊗ 

⊗ ⊃  ℘ ∪ℑ  ∩⊕⊗ ∉ � � � � ∂ √♦∩�♦∩↓ ℑ ∅  ⊕ ℑ ⊕  ∉∅ 

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

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

⊆∂ �∈⊕ ℑ  ⊂∧ ⊕∇∏ ⊃ ⊂ ⊃ ℜ  ⊃ ∏⊆ ∠∉ ⊕∈ ⊃ ℑ ⊂ � Υ ⊕ ? �� ⊆∂ � 
�≥∉ ⊂ℑ    ∉∈ ���� ⊕ ⊂⊕ ℘   ∉℘ ∪⊕⊆⊃ ℘ ℑ ⊂⊃ ∈ ⊕  ∅ ℑ ℘ ⊕� � ′⊕ 2 
∅∉ ⊕⊕√⊕  ∧ ⊆⊕ ℑ  ∏  ⊕⊆⊕∈ � ↑ ♦ ⊕ ⊂⊕ ℘   ∉⊗ ⊕ ⋅ℑ ℑ⊗ 2 
⊇ ∏   ⊕⊗ ∉ �� � ⊗ ⊕∠  ∪∉∅ ⊗ ⊃  ℘ ∪ℑ  ∩⊕� ×∪⊕∠∉ ⊂ℑ  ⊃ ∨ℑ 2 
 ⊃ ∉∈ ⊕  ⊃   ℑ∈℘ ⊕� Ρ ∠ � ℑ∈⊗⊕¬℘ ∪ℑ∈∩⊕℘ ∏   ⊕∈⊗ ⊕∈ ⊃ 2 
 ∧ �ϑ � � ⋅⊕  ⊕℘ ℑ ⊂℘ ∏ ⊂ℑ  ⊕⊗ℜ∧ ∞∇∈ � � � ×∪⊕ℑ∠∠ℑ  ⊕∈ 

ℑ ℘  ⊃ √ℑ  ⊃ ∉∈ ⊕∈⊕  ∩∧ � Ε ℑ � ∉∅ ∪⊕ ↑ ♦ ⊕ ⊂⊕ ℘   ∉⊗ ⊕ ⊕ ℑ ℘ 2 
 ⊃ ∉∈ ⋅ℑ ℘ ℑ ⊂℘ ∏ ⊂ℑ  ⊕⊗∅  ∉⊆ ϑ � ℑ ⊗ ⊃ ∅ ∅ ⊕  ⊕∈ ⊕⊆∠ ⊕  ℑ 2 
 ∏  ⊕ ∏  ⊃ ∈∩ ∞∇∈ � � � 

Ρ ∠ = 
ϑ 

Γ 
= 

νΦϑ � 
Ρ Τ 

��� 

ϑ � = Α⊕¬∠ 
− Ε ℑ 
Ρ Τ 

��� 

♥∈ ∉ ⊗ ⊕  ∉  ⊕   ∪⊕ ∪ ⊃ ∩∪ 2 ℑ  ⊕ ⊗ ⊃  ℘ ∪ℑ  ∩⊕ 2 
ℑℜ ⊃ ⊂ ⊃  ∧ ∉∅ ↑⊂ � � � � ξ ≤ℑ ξ → ⊃ � � � ≤∉ � � � ϒ⊂ � � � ℑ ⊂ ⊂∉∧ ⊕ ⊂⊕ ℘ 2 

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

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

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

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

3  Ρ ΕΣΥΛΤΣ ΑΝ∆ ∆ΙΣΧΥΣΣΙΟΝ 

3 . 1  Τηερµ οδψναµιχ προπερτιεσ οφ ηψδρογεν 

σ τοραγε αλλοψ 

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

ƒ⊃ ∩� � ℑ∈⊗ ×ℑℜ ⊂⊕� ∪ℑ   ∪⊕ ⊕ ∠ ⊂ℑ ℘ ⊕⊆⊕∈∉∅ ↑⊂ℜ ∧ 

≤ℑ� ξ � � �� ∗ � ��� ℘ ℑ∏  ⊕  ∪⊕∠ ⊂ℑ  ⊕ ℑ∏∠  ⊕   ∏  ⊕ 

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

ετ αλ [ ��] ∪ℑ√⊕∅∉∏∈⊗ ∪ℑ  ∪⊕℘ ⊕ ⊂ ⊂ √∉ ⊂∏⊆⊕∉∅ ∪⊕ 

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

Φ ιγ .1  ∂ ℑ∈.♦∉∅ ∅∠ ⊂∉ ∉∅ 

↑⊂ � � � � ξ ≤ℑ ξ → ⊃ � � � ≤∉ � � � ϒ⊂ � � � ℑ ⊂ ⊂∉∧ 
ο ) ↑⊂→ ⊃ � � � ≤∉ � � � ϒ⊂ � � � � 

τ ) ↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � � 

ϖ ) ↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � � 

Ε ) ↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � 

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

∪∧⊗  ∉∩⊕∈   ∉ ℑ∩ ⊕ℑ ⊂ ⊂∉∧ 

♦∧⊗  ∉∩ ⊕ ∈   ∉ ℑ∩ ⊕ℑ ⊂ ⊂∉∧ 
∃ Η� 

�⊄♠ #⊆∉ ⊂ � � � 

∃ Σ� 

�♠ #⊆∉ ⊂ � � #↔ 
� � 
� 

π�⊄°ℑ 

��� ε � 

↑⊂→ ⊃ � � � ≤∉ � � � ϒ⊂ � � � � �� � �� ��� � �� �� � � 

↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � � �� � �� ��� � �� �� � � 

↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � � �� � �� ��� � �� �� � � 

↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � � �� � �� ��� � �� �� � � 

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



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

√∉ ⊂∏⊆⊕∉∅ ↑⊂ � � � � ξ ≤ℑ ξ → ⊃ � � � ≤∉ � � � ϒ⊂ � � � ⊗ ⊕ ℘  ⊕ ℑ  ⊕  

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

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

℘ ∪ℑ∈∩ ⊕⊃ ∈ ∃ Η ⋅⊃  ∪⊃ ∈℘  ⊕ ℑ  ⊃ ∈∩ ≤ℑ℘ ∉∈ ⊕∈ �♥⊃  

⊂ ⊃ ⊄⊕ ⊂∧ ∉ ℜ ⊕℘ ℑ∏  ⊕⊗ℜ∧  ⋅∉ ⊄ ⊃ ∈⊗ ∉∅℘ ∉∈  ℑ  ∧ ⊕ ∅ 2 
∅ ⊕ ℘  ∉∅ ≤ℑ 2 ∏ℜ   ⊃  ∏  ⊃ ∉∈ ∉∈ ∃ Η � ↓∈ ∉∈⊕ ∪ℑ∈⊗ 

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

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

∉∅ ∃ Η � ∉∈  ∪⊕ ∉ ∪⊕ ∪ℑ∈⊗� ∪⊕⊃ ∈℘  ⊕ ℑ  ⊕ ∉∅ ≤ℑ 

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

℘ ℑ∈℘ ⊕ ⊂ ⊂⊕⊗∉∏ ⊕ ℑ ℘ ∪∉ ∪⊕ � 

3 .2  Αχτιϖατιον , δισχηαργε χαπαχιτψ οφ Μλ 1 .0 − ξ 
Χα ξ Νι 4 .0 Χο 0 .6 Αλ 0 .4 αλλοψελεχτροδε 

×∪⊕ℑ℘  ⊃ √ℑ  ⊃ ∉∈ ∠  ∉∠ ⊕   ⊃ ⊕ ℑ∈⊗ ⊗ ⊃  ℘ ∪ℑ  ∩ ⊕℘ ℑ 2 
∠ℑ ℘ ⊃  ⊃ ⊕ ∉∅ ↑⊂ � � � � ξ ≤ℑ ξ → ⊃ � � � ≤∉ � � � ϒ⊂ � � � ℑ ⊂ ⊂∉∧⊕ ⊂⊕ ℘ 2 
  ∉⊗ ⊕ ℑ  ⊕⊂ ⊃   ⊕⊗⊃ ∈ ×ℑℜ ⊂⊕ � � ×∪⊕∅ ⊃   ⊗ ⊃  ℘ ∪ℑ  ∩ ⊕ 

℘ ℑ∠ ℑ℘ ⊃  ∧ � Χ � � ⊗ ⊕ ℘  ⊕ ℑ  ⊕⊗ ⋅⊃  ∪⊃ ∈℘  ⊕ ℑ  ⊃ ∈∩ ≤ℑ℘ ∉∈2 
 ⊕∈ � ℜ ⊕ ℘ ℑ∏  ⊕ ∪⊕ ≤ℑ ∉¬ ⊃ ⊗ ⊕ ∉≤ℑ�↓ ♦� � ∉∈  ∪⊕ 

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

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

⊆ℑ¬ ⊃ ⊆∏⊆ ℘ ℑ∠ℑ ℘ ⊃  ∧ ∉∅ ↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � 
ℑ ⊂ ⊂∉∧  ⊕ ℑ ℘ ∪⊕ ∏ ∠ ∉ ��� ⊆ϒ∪�∩� ♦∉⋅⊕ √⊕ � ⋅∪⊕∈ 

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

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

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

×∪⊕ ⊕ ∅ ∅ ⊕ ℘   ∉∅ ≤ℑ 2 ∏ℜ   ⊃  ∏  ⊃ ∉∈ ℑ∈⊗  ∏  ∅ℑ ℘ ⊕ 

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

↑⊂ � � � � ξ ≤ℑ ξ → ⊃ � � � ≤∉ � � � ϒ⊂ � � � ℑ ⊂ ⊂∉∧⊕ ⊂⊕ ℘   ∉⊗ ⊕ ℑ  ⊕ 

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

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

⊃ �� � � 8 � ⋅∪ ⊃ ⊂⊕ ∪ℑ ∉∅∏∈  ⊕ ℑ  ⊕⊗ ↑⊂→ ⊃ � � � ≤∉ � � � 
ϒ⊂ � � � ℑ ⊂ ⊂∉∧ ⊕ ⊂⊕ ℘   ∉⊗ ⊕⊃ � � � 8 � ×∪ ⊃ ⊃ ℑ    ⊃ ℜ∏  ⊕⊗ 

 ∉ ∪ℑ  ∪⊕ ≤ℑ ∉¬ ⊃ ⊗ ⊕ ∉ ≤ℑ� ↓ ♦� � ∉∈  ∪⊕ ℑ ⊂ ⊂∉∧ 

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

⊃ ∈℘  ⊕ ℑ  ⊕ ≈� � ϒ∅  ⊕  ∏  ∅ ℑ ℘ ⊕   ⊕ ℑ  ⊆⊕∈∉∅  ∪⊕ ℑ ⊂2 
⊂∉∧� ∪⊕∠ ∉ ⊂ℑ  ⊃ ∨ℑ  ⊃ ∉∈  ⊕  ⊃   ℑ∈℘ ⊕∉∅ ↑ ♦ ⊕ ⊂⊕ ℘   ∉⊗ ⊕ 

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

 ∪⊕  ⊕ ℑ  ⊕⊗ ↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � ℑ∈⊗ ↑⊂2 
→ ⊃ � � � ≤∉ � � � ϒ⊂ � � � ℑ ⊂ ⊂∉∧⊕ ⊂⊕ ℘   ∉⊗ ⊕ ⊗ ⊕ ℘  ⊕ ℑ  ⊕ ∉ � �� 

8 ℑ∈⊗� �� 8 � ⊕  ∠ ⊕ ℘  ⊃ √⊕ ⊂∧ � ×∪ ⊃  ⋅ℑ ℘ ℑ∏  ⊕⊗ ℜ ∧ 

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

Φ ιγ .2  °∉ ⊂ℑ  ⊃ ∨ℑ  ⊃ ∉∈  ⊕  ⊃   ℑ∈℘ ⊕� Ρ ∠ � ℑ ℑ∅∏∈℘  ⊃ ∉∈ 

∉∅℘ ∧℘ ⊂⊕∈∏⊆ℜ ⊕  
π � ο ) ∝∈  ⊕ ℑ  ⊕ ⊗ℑ∈⊗  ⊕ ℑ  ⊕ ⊗ ↑⊂→ ⊃ � � � ≤∉ � � � ϒ⊂ � � � � 

υ � τ ) ∝∈  ⊕ ℑ  ⊕ ⊗ℑ∈⊗  ⊕ ℑ  ⊕ ⊗ ↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � � 

ω � ϖ ) ∝∈  ⊕ ℑ  ⊕ ⊗ℑ∈⊗  ⊕ ℑ  ⊕ ⊗ ↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � � 

� �≅ ) ∝∈  ⊕ ℑ  ⊕ ⊗ℑ∈⊗  ⊕ ℑ  ⊕ ⊗ ↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � 

Ταβλε 2  ∞∅ ∅ ⊕ ℘  ∉∅ ≤ℑ 2 ∏ ℜ   ⊃  ∏  ⊃ ∉∈ ℑ∈⊗ ∏  ∅ℑ ℘ ⊕  ⊕ ℑ  ⊆⊕∈∉∈ ℑ℘  ⊃ √ℑ  ⊃ ∉∈ ∠  ∉∠⊕   ⊃ ⊕ ℑ∈⊗ 

⊗ ⊃  ℘ ∪ℑ  ∩ ⊕℘ ℑ∠ ℑ ℘ ⊃  ∧ ∉∅ ↑⊂ � � � � ξ ≤ℑ ξ → ⊃ � � � ≤∉ � � � ϒ⊂ � � � ℑ ⊂ ⊂∉∧ ⊕ ⊂⊕ ℘   ∉⊗ ⊕  

ϒ⊂ ⊂∉∧ 
Χ � ��⊆ϒ∪#∩ 

� � ��ℑ �  � 

∏ ∈  ⊕ ℑ  ⊕ ⊗   ⊕ ℑ  ⊕ ⊗ 

Χ ⊆ℑ¬ ��⊆ϒ∪#∩ 
� � � 

∏ ∈  ⊕ ℑ  ⊕ ⊗   ⊕ ℑ  ⊕ ⊗ 

ϒ℘  ⊃ √ℑ  ⊃ ∉∈ ∈∏⊆ℜ ⊕  

∏ ∈  ⊕ ℑ  ⊕ ⊗   ⊕ ℑ  ⊕ ⊗ 

↑⊂→ ⊃ � � � ≤∉ � � � ϒ⊂ � � � ��� ��� ��� ��� � � 

↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � ��� ��� ��� ��� � � 

↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � ��� ��� ��� ��� � � 

↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � ��� ��� ��� ��� � � 

# � � � # ∂ ∉ ⊂1�  λ 1�    ∞∅ ∅ ⊕ ℘  ∉∅ ≤ℑℑ∈⊗ ∏  ∅ ℑ ℘ ⊕  ⊕ ℑ  ⊆⊕∈∉∈ ↑⊂ � � � � ξ ≤ℑ ξ → ⊃ � � � ≤∉ � � � ϒ⊂ � � �



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

→ ⊃ 2 ⊃ ℘ ∪  ∏  ∅ ℑ℘ ⊕ ⊂ℑ∧⊕  ⋅⊃  ∪ ∪ ⊃ ∩∪ ⊕ ⊂⊕ ℘   ∉℘ ∪⊕⊆⊃ ℘ ℑ ⊂ 

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

∉∅ ϒ⊂∉≤ℑ ≈� � � � 

3 . 3  Ηιγη2ρατε δισχηαργεαβιλιτψ ανδ εξχηανγε 
χυρρεντ δενσ ιτιεσ οφ αλλοψσελεχτροδεσ 

×∪⊕∪ ⊃ ∩∪ 2 ℑ  ⊕⊗ ⊃  ℘ ∪ℑ  ∩ ⊕ ℑℜ ⊃ ⊂ ⊃  ⊃ ⊕ ∉∅ ∪⊕ℑ ⊂ ⊂∉∧ 

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

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

 ⊕  ∏ ⊂  ∉∅∪ ⊃ ∩∪ 2 ℑ  ⊕⊗ ⊃  ℘ ∪ℑ  ∩ ⊕ ℑℜ ⊃ ⊂ ⊃  ⊃ ⊕ ℑ  ⊕⊂ ⊃   ⊕⊗⊃ ∈ 

×ℑℜ ⊂⊕� ℑ∈⊗ ƒ⊃ ∩� � �♥℘ ℑ∈ ℜ ⊕ ⊕ ⊕∈ ∅  ∉⊆ ×ℑℜ ⊂⊕� 

ℑ∈⊗ ƒ⊃ ∩��  ∪ℑ ≤ℑ 2 ∏ℜ   ⊃  ∏  ⊃ ∉∈ ∪ℑ ⊗ ⊕  ⊕  ⊃ ∉ ℑ  ⊕⊗ 

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

⊆ϒ∪�∩� ∪⊕ ∪ ⊃ ∩∪  ℑ  ⊕ ⊗ ⊃  ℘ ∪ℑ  ∩⊕ ℑℜ ⊃ ⊂  ∧ ∉∅ ↑⊂ � � � 
≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � ℑ ⊂ ⊂∉∧ ∪ℑ  ⊗ ⊕ ℘  ⊕ ℑ  ⊕⊗ ∅  ∉⊆ 

�� � � � ∉∅ ↑⊂→ ⊃ � � � ≤∉ � � � ϒ⊂ � � �  ∉ �� � � � � ×ℑℜ ⊂⊕� 

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

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

↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � ∪ℑ ⊃ ∈℘  ⊕ ℑ  ⊕⊗ ∅  ∉⊆ 

�� � � �  ∉ �� �� � � ℑ∈⊗  ∪ℑ ∉∅ ↑⊂→ ⊃ � � � ≤∉ � � � 
ϒ⊂ � � � ∪ℑ ⊃ ∈℘  ⊕ ℑ  ⊕⊗∅  ∉⊆ �� � � �  ∉ �� � � � � 

Ταβλε 3  ♦⊃ ∩∪ 2 ℑ  ⊕⊗ ⊃  ℘ ∪ℑ  ∩ ⊕ ℑℜ ⊃ ⊂ ⊃  ∧ ∉∅ 

⊕ ⊂⊕ ℘   ∉⊗ ⊕  �ℑ ��� ⊆ϒ∪�∩� 

ϒ⊂ ⊂∉∧ 
♦ ″ ⁄� � ���� ⊆ϒ∪ �∩ � 

∏∈  ⊕ ℑ  ⊕ ⊗   ⊕ ℑ  ⊕ ⊗ 

↑⊂→ ⊃ � � � ≤∉ � � � ϒ⊂ � � � �� � � �� � � 

↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � �� � � �� � � 

↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � �� � � �� � � 

↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � �� � � �� � � 

Φ ιγ .3  ♦⊃ ∩∪ 2 ℑ  ⊕⊗ ⊃  ℘ ∪ℑ  ∩⊕ ℑℜ ⊃ ⊂ ⊃  ⊃ ⊕ ∉∅ 

ℑ ⊂ ⊂∉∧⊕ ⊂⊕ ℘   ∉⊗ ⊕  
π � ο ) ∝∈  ⊕ ℑ  ⊕ ⊗ℑ∈⊗  ⊕ ℑ  ⊕ ⊗ ↑⊂→ ⊃ � � � ≤∉ � � � ϒ⊂ � � � � 

υ � τ ) ∝∈  ⊕ ℑ  ⊕ ⊗ℑ∈⊗  ⊕ ℑ  ⊕ ⊗ ↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � � 

ω � ϖ ) ∝∈  ⊕ ℑ  ⊕ ⊗ℑ∈⊗  ⊕ ℑ  ⊕ ⊗ ↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � � 

� �≅ ) ∝∈  ⊕ ℑ  ⊕ ⊗ℑ∈⊗  ⊕ ℑ  ⊕ ⊗ ↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � 

×∪⊕⊃ ∈∅ ⊂∏ ⊕∈℘ ⊕  ∉∅ ≤ℑ 2 ∏ℜ   ⊃  ∏  ⊃ ∉∈ ℑ∈⊗  ∪⊕ 

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

∉∅ ↑ ♦ ⊕ ⊂⊕ ℘   ∉⊗ ⊕ ℑ  ⊕⊂ ⊃   ⊕⊗⊃ ∈ ×ℑℜ ⊂⊕� � ×∪⊕⊕ ⊂⊕ ℘ 2 
  ∉℘ ℑ  ℑ ⊂∧ ⊃ ℘ℑ ℘  ⊃ √⊃  ∧ ⊃  ∏  ∏ ℑ ⊂ ⊂∧ ⊗ ⊕  ℘  ⊃ ℜ ⊕⊗ ℜ ∧  ∪⊕ 

⊕¬℘ ∪ℑ∈∩ ⊕℘ ∏   ⊕∈⊗ ⊕∈ ⊃  ∧ �ϑ � � ℑ∈⊗ℑ℘  ⊃ √ℑ  ⊃ ∉∈ ⊕∈2 
⊕  ∩∧ � Ε ℑ � ∉∅  ∪⊕ ⊕ ⊂⊕ ℘   ∉⊗ ⊕  ⊕ ℑ ℘  ⊃ ∉∈ � ♥℘ ℑ∈ ℜ ⊕ 

 ⊕ ⊕∈ ∅  ∉⊆ ×ℑℜ ⊂⊕ �  ∪ℑ  ∪⊕ ⊕¬℘ ∪ℑ∈∩ ⊕ ℘ ∏   ⊕∈ 

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

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

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

ℑ ℘  ⊃ √⊃  ∧ ∉∅ ↑ ♦ ⊕ ⊂⊕ ℘   ∉⊗ ⊕� 

↑ ♦ ⊕ ⊂⊕ ℘   ∉⊗ ⊕ ⊕ ℑ ℘  ⊃ ∉∈⊃ ∈℘ ⊂∏⊗ ⊕ � 

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

⊕ ⊂⊕ ℘   ∉⊗ ⊕  ∏  ∅ℑ ℘ ⊕ �♦ � ↓ � ↑ � ⊕ Ζ 
℘ ∪ℑ ∩ ⊕ 

⊗ ⊃  ℘ ∪ℑ ∩ ⊕ 
↑2♦ ℑ⊗ � 

Ταβλε 4  ∞¬℘ ∪ℑ∈∩ ⊕℘ ∏   ⊕∈⊗ ⊕∈ ⊃  ∧ �ϑ � � ℑ∈⊗ 

ℑ ℘  ⊃ √ℑ  ⊃ ∉∈ ⊕∈⊕  ∩∧ � Ε ℑ � ∉ ∅ ↑ ♦ ⊕ ⊂⊕ ℘   ∉⊗ ⊕ ⊕ ℑ ℘  ⊃ ∉∈ 

ϒ⊂ ⊂∉∧ 
ϑ � ��⊆ϒ#∩ 

� � ���� ε � 

∏∈  ⊕ ℑ  ⊕ ⊗   ⊕ ℑ  ⊕ ⊗ 

Ε ℑ ��⊄♠ #⊆∉ ⊂ 
� � � 

∏∈  ⊕ ℑ  ⊕ ⊗   ⊕ ℑ  ⊕ ⊗ 

↑⊂→ ⊃ � � � ≤∉ � � � ϒ⊂ � � � ��� � � ��� � � �� � � �� � � 

↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � ��� � � ��� � � �� � � �� � � 

↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � ��� � � ��� � � �� � � �� � � 

↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � ��� � � ��� � � �� � � �� � � 

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



↓ ♦ � �. � 
���  ∪⊕ℑ⊗  ∉ ∠  ⊃ ∉∈ ∉∅ ∪⊕ ∪∧⊗  ∉∩ ⊕∈ ∉∈  ∪⊕ 

 ∏  ∅ℑ ℘ ⊕� 

���  ∪⊕ ∪∧⊗  ∉∩ ⊕∈ ⊗ ⊃ ∅ ∅∏  ⊃ ∉∈   ⊕ ∠ � ↑2♦ ℑ⊗ 

Ζ 
℘ ∪ℑ ∩⊕ 

⊗ ⊃  ℘ ∪ℑ ∩⊕ 
↑2♦ ℑℜ � � 

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

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

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

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

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

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

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

ℜ ∉∈⊗   ⊕∈∩  ∪∉∅ ↑2♦ ℑ⊗ ⊃  ∏ ⊃  ℑℜ ⊂⊕� ∪⊕⊕ ⊂⊕ ℘   ∉⊗ ⊕ 

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

⊕ ⊂⊕ ℘   ∉⊗ ⊕ℑ∈⊗ ∪⊕ℑ⊗  ∉ ∠  ⊃ ∉∈ ℜ∉∈⊗⊕∈⊕  ∩∧ ∉∅ ∪∧2 
⊗  ∉∩ ⊕∈ ∉∈ ⊃   ∏  ∅ ℑ ℘ ⊕⊃  ∉ ℘ ℑ ⊂ ⊂⊕⊗ℑ / √∉ ⊂℘ ℑ∈∉ ⊕ ∅ 2 
∅ ⊕ ℘  0 � ϒ ∪⊕∉¬ ⊃ ⊗ ⊕⊂ℑ∧⊕ ∉≤ℑ�↓ ♦� � ∉∈  ∪⊕ℑ ⊂2 
⊂∉∧  ∏  ∅ℑ ℘ ⊕ ∏ ∠∠  ⊕   ⊕  ∪⊕ℑ⊗  ∉ ∠  ⊃ ∉∈ ∉∅∪∧⊗  ∉∩ ⊕∈ 

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

↑ ♦ ⊕ ⊂⊕ ℘   ∉⊗ ⊕ ⊗ ⊕ ℘  ⊕ ℑ  ⊕  ⋅⊃  ∪⊃ ∈℘  ⊕ ℑ  ⊃ ∈∩ ≤ℑ℘ ∉∈2 
 ⊕∈ � 

×∪⊕∉¬ ⊃ ⊗ ⊕⊂ℑ∧⊕ ⊃ ∈℘ ⊂∏⊗ ⊃ ∈∩ ≤ℑ ∉¬ ⊃ ⊗ ⊕ ∉∈  ∪⊕ 

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

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

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

∉≤ℑ�→ ⊃ 2 ⊃ ℘ ∪⊂ℑ∧⊕ ⊕¬ ⊃  ⊃ ∈∅∉⊆ ∉∅ → ⊃ 2℘ ⊂∏   ⊕ ∉ 

″ ℑ∈⊕∧2→ ⊃� ⊕∈∪ℑ∈℘ ⊕  ℑ⊗  ∉ ℜ ℑℜ ⊃ ⊂ ⊃  ∧ ∉∅ ∪∧⊗  ∉∩⊕∈ 

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

≈� 

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

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

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

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

∅ ℑ℘  ℘ ∉∈∅ ⊃ ⊆  ∪ℑ  ∪⊕ ∏  ∅ℑ ℘ ⊕  ⊕ ℑ  ⊆⊕∈℘ ℑ∈ ⊃⊆2 
∠  ∉√⊕  ∪⊕ ⊕ ⊂⊕ ℘   ∉℘ ℑ  ℑ ⊂∧ ⊃ ℘ ℑ℘  ⊃ √⊃  ∧ ∉∅  ∪⊕ ↑ ♦ 

⊕ ⊂⊕ ℘   ∉⊗ ⊕ ⊕ ℑ ℘  ⊃ ∉∈ � 

3 .4  Χψχλινγ δυραβιλιτψ οφ αλλοψ ελεχτροδε 

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

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

ƒ⊃ ∩� � �♥℘ ℑ∈ ℜ ⊕ ⊕ ⊕∈∅  ∉⊆ ƒ⊃ ∩� �  ∪ℑ   ∪⊕ ℑ  ⊕∉∅ 

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

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

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

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

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

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

⊆ϒ∪�∩� ∉∈⊂∧ �� �� � ∉∅⊃   ⊆ℑ¬ ⊃⊆∏⊆ � ×∪ ⊃ ⊃  

⊂ ⊃ ⊄⊕ ⊂∧  ∉ ℜ ⊕℘ ℑ∏  ⊕⊗ℜ∧  ∪⊕∠∉∉∠  ∉ ⊕ ℘  ⊃ √⊕⊕ ∅ ∅ ⊕ ℘  

ℑ∈⊗⊃ ∈℘  ⊕ ℑ  ⊕∉∅ ≤ℑ�↓ ♦� � ⊂ℑ∧⊕ ⊗∏  ⊃ ∈∩℘ ∧℘ ⊂ ⊃ ∈∩�♥ 

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

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

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

Ταβλε 5  ≤∧℘ ⊂ ⊃ ∈∩⊗∏  ℑℜ ⊃ ⊂ ⊃  ∧ ∉∅ℑ ⊂ ⊂∉∧ ⊕ ⊂⊕ ℘   ∉⊗ ⊕ 

ϒ⊂ ⊂∉∧ 
Χ ��� ∪ ��⊆ϒ∪#∩ 

� � 
� 

∏ ∈  ⊕ ℑ  ⊕ ⊗   ⊕ ℑ  ⊕ ⊗ 

� Χ ��� ∪ � Χ ⊆ℑ¬ �� � 

∏ ∈  ⊕ ℑ  ⊕ ⊗   ⊕ ℑ  ⊕ ⊗ 

↑⊂→ ⊃ � � � ≤∉ � � � ϒ⊂ � � � ��� ��� �� � � �� � � 

↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � ��� ��� �� � � �� � � 

↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � ��� ��� �� � � �� � � 

↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � ��� ��� �� � � �� � � 

Φ ιγ .4  ⁄⊃  ℘ ∪ℑ  ∩ ⊕℘ ℑ∠ ℑ ℘ ⊃  ∧ ∉∅ℑ ⊂ ⊂∉∧ ⊕ ⊂⊕ ℘   ∉⊗ ⊕ℑ ℑ 

∅∏∈℘  ⊃ ∉∈ ∉∅℘ ∧℘ ⊂⊕∈∏⊆ℜ ⊕  
π � ο ) ∝∈  ⊕ ℑ  ⊕ ⊗ℑ∈⊗  ⊕ ℑ  ⊕ ⊗ ↑⊂→ ⊃ � � � ≤∉ � � � ϒ⊂ � � � � 

υ � τ ) ∝∈  ⊕ ℑ  ⊕ ⊗ℑ∈⊗  ⊕ ℑ  ⊕ ⊗ ↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � � 

ω � ϖ ) ∝∈  ⊕ ℑ  ⊕ ⊗ℑ∈⊗  ⊕ ℑ  ⊕ ⊗ ↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � � 

� �≅ ) ∝∈  ⊕ ℑ  ⊕ ⊗ℑ∈⊗  ⊕ ℑ  ⊕ ⊗ ↑⊂ � � � ≤ℑ � � � → ⊃ � � � ≤∉ � � � ϒ⊂ � � � 

# � � � # ∂ ∉ ⊂1�  λ 1�    ∞∅ ∅ ⊕ ℘  ∉∅ ≤ℑℑ∈⊗ ∏  ∅ ℑ ℘ ⊕  ⊕ ℑ  ⊆⊕∈∉∈ ↑⊂ � � � � ξ ≤ℑ ξ → ⊃ � � � ≤∉ � � � ϒ⊂ � � �



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

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

4  ΧΟΝΧΛΥΣΙΟΝΣ 

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

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

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

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

��� ≤ℑ 2 ∏ℜ   ⊃  ∏  ⊃ ∉∈ ∅∉ ↑⊂ ⋅⊃ ⊂ ⊂ ⊗ ⊕  ⊕  ⊃ ∉ ℑ  ⊕ 

 ∪⊕⊕ ⊂⊕ ℘   ∉℘ ℑ  ℑ ⊂∧ ⊃ ℘ℑ ℘  ⊃ √⊃  ∧ �∪ ⊃ ∩∪ 2 ℑ  ⊕⊗ ⊃  ℘ ∪ℑ  ∩⊕ 2 
ℑℜ ⊃ ⊂ ⊃  ∧ ℑ∈⊗ ℘ ∧℘ ⊂ ⊃ ∈∩ ⊗∏  ℑℜ ⊃ ⊂ ⊃  ∧ ∉∅  ∪⊕ ℑ ⊂ ⊂∉∧ ⊕ ⊂⊕ ℘ 2 
  ∉⊗ ⊕ℜ ⊕ ℘ ℑ∏  ⊕ ∉∅  ∪⊕ ⊕ ∅ ∅ ⊕ ℘ ∉∅ ≤ℑ� ↓ ♦� � ∉∈ ⊃   

 ∏  ∅ℑ ℘ ⊕� 

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

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

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

∪∧⊗  ∉∩ ⊕∈ ∉∈ ∪⊕ ∏  ∅ ℑ ℘ ⊕� 

Ρ ΕΦΕΡ ΕΝΧΕΣ 

� ♥⋅ℑ⊄∏  ℑ ≤ ℑ∈⊗ ↑ℑ   ∏ ∉⊄ℑ ↑ � ° ∉∩⊃ ∈ ′ℑ   ⊕  ⊃ ⊕ ℑ∈⊗ 

′ℑ   ⊕  ∧ ↑ ℑ  ⊕  ⊃ ℑ ⊂����� � �� � �� � 

�  ƒ∏  ∏⊄ℑ⋅ℑ →�♠ °∉⋅⊕ ≥∉∏  ℘ ⊕ ����� ��� ��� � 

�  ≤∪ ⊕ ∈ ← ÷ ℑ∈⊗ ← ⊕ ⊃ ≠ ± � × ℑ∈ → ∉∈∅ ⊕   ∉∏  ↑⊕ ≥∉℘ 

≤∪ ⊃ ∈ℑ����� � � � ��� � 

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

� � ��� � 

�  → ℑ∪⊆ ↔≥ �♠ ∏∈∩ • ′ ℑ∈⊗← ⊕ ⊕ • ≠ �♠ ♦∧⊗  ∉∩ ⊕ ∈ ∞∈2 
⊕  ∩∧ ����� ��� ���� � 

�  ← ⊃≡ ° ℑ∈⊗ ≥∏ ⊗ ℑ ≥ � ∞⊂⊕ ℘   ∉℘ ∪ ⊃ ⊆⊃ ℘ ℑ ϒ℘  ℑ� ���� ��� � 

��� � 

� ≤∪ ⊕ ∈ • ÷ � ×ℑ∈∩ ≡ ≠ � ♣∏ ∉ ♦ × ετ αλ . ♠ °∉⋅⊕  

≥∉∏  ℘ ⊕ ����� ��� � �� � 

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

� � ��� � 

�  ≥ℑ⊄ℑ ⊃ × � ↑⊃ ∧ℑ⊆ℑ  ℑ ♦ � ↔ ∏  ⊃ ∧ℑ⊆ℑ → ετ αλ . ♠ ∞⊂⊕ ℘ 2 
  ∉℘ ∪ ⊕⊆ ≥∉℘����� � ��� � ��� � 

��  • ℑ∈∩ ÷ ♦ �≤∪⊕ ∈ ≤ ° � • ℑ∈∩≤ ≥ ετ αλ. ♠ ϒ⊂ ⊂∉∧ℑ∈⊗ 

≤∉⊆∠����� ���� ���� � 

(Εδιτεδ βψ Ηυανγ ϑινσονγ) 

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


