
[ Αρτιχλε Ι∆] ���� � ������������ � ���� � �� 

Χαταλψ τιχ εφφεχτ οφ αλκαλ ι χηλοριδεσ 

ον χαρβοτηερµιχ ρεδυχτιον οφ πρε2οξιδιζεδ ιλµ ενιτε 
≠ 

• ∝ ♠ ⊃ ℑ∈2∪∏ ⊃ �吴剑辉� � � ≥ ∝ → ↔ ℑ∈∩�孙  康� � � ↑ ϒ ≠ ∏ ⊕ 2∧∏ �马跃宇� � � 

← ♥∝ ↑⊃ ∈∩ 2∧∏ ⊕ �刘明月� � � ≡ ♦ ϒ →♣ ≠ ∉∈∩ 2⊇ ⊃ ℑ∈�张永健� � 

�� �≥℘ ∪∉∉ ⊂ ∉∅ ↑ ℑ  ⊕  ⊃ ℑ ⊂ ℑ∈⊗ ↑ ⊕  ℑ ⊂ ⊂∏  ∩∧ � → ∉  ∪⊕ ℑ   ⊕  ∈ ∝∈⊃ √⊕   ⊃  ∧ � ≥∪⊕∈∧ℑ∈∩ ������ � ° �″ �≤∪ ⊃ ∈ℑ� 

� �≥∪⊕∈∧ℑ∈∩ ″ ⊕  ⊕ ℑ  ℘ ∪ ♥∈  ⊃  ∏  ⊕ ∉ ∅ ↑⊃ ∈⊃ ∈∩ ℑ∈⊗ ↑ ⊕  ℑ ⊂ ⊂∏  ∩∧ � ≥∪⊕∈∧ℑ∈∩ ������ � ° �″ �≤∪ ⊃ ∈ℑ� 

[ Αβσ τραχτ] ϒ ℘ ∉⊆∠∏  ⊕  2 ⊆∉∈⊃  ∉ ⊃ ∈∩ ∪ ⊕ ⊆∉∩  ℑ√⊃ ⊆⊕   ⊃ ℘ ∧  ⊕⊆ ⋅ℑ ∏  ⊕ ⊗ ∉   ∏ ⊗ ∧  ∪ ⊕⊕ ∅ ∅ ⊕ ℘ ∉ ∅ℑ ⊂⊄ℑ ⊂ ⊃℘ ∪ ⊂∉ ⊃ ⊗ ⊕  � ↑ ≤⊂� ↑ � 

← ⊃� → ℑ� ↔ℑ∈⊗ ≤ � ∉∈  ∪ ⊕℘ ℑ  ℜ∉  ∪ ⊕ ⊆⊃ ℘ ⊕ ⊗ ∏ ℘  ⊃ ∉∈ ∉∅∠  ⊕ 2∉¬ ⊃ ⊗ ⊃ ∨⊕ ⊗⊃ ⊂⊆⊕ ∈⊃  ⊕⊃ ∈  ∪ ⊕℘ ∉∏   ⊕∉ ∅ℑ⊂ ⊃ ∈⊕ ℑ  ⊃  ⊕⊃ ∈  ⊕⊆∠ ⊕  ℑ  ∏  ⊕∅  ∉⊆ 

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

∉¬ ⊃ ⊗ ⊃ ∨⊕ ⊗⊃ ⊂⊆⊕ ∈⊃  ⊕� ⊆∉ ⊕ ∉√⊕ � ↔ ≤⊂⊃  ∪⊕ ⊆∉  ⊕ ∅ ∅ ⊕ ℘  ⊃ √⊕℘ ℑ  ℑ ⊂∧ ∉∅ ∪⊕℘ ∪ ⊂∉ ⊃ ⊗ ⊕ � ⋅∪ ⊃ ⊂⊕ ∪ ⊕℘ ℑ  ℑ ⊂∧ ⊃ ℘⊕ ∅ ∅ ⊕ ℘  ∉ ∅ ← ⊃ ≤⊂ℑ∈⊗ ≤ ≤⊂ 

ℑ  ⊕ ⊕ ⊂ℑ  ⊃ √⊕ ⊂∧ ⋅⊕ ℑ⊄⊕ �♥ ⊕ ⊕⊆ ∪ ℑ  ∪ ⊕℘ ℑ  ℑ ⊂∧ ⊃ ℘ ⊆⊕ ℘ ∪ ℑ∈⊃ ⊆ ∉ ∅ ← ⊃ ≤⊂⊃ ⊗ ⊃ ∅ ∅ ⊕  ⊕ ∈∅  ∉⊆  ∪ ∉ ⊕ ∉ ∅  ∪ ⊕ ∉  ∪⊕ ℑ ⊂⊄ℑ ⊂ ⊃℘ ∪ ⊂∉ ⊃ ⊗ ⊕ � 

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

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

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

[ Κεψ ωορδσ]  ∪⊕ ⊆∉∩  ℑ √⊃ ⊆⊕   ∧ �∈∉∈2⊃  ∉ ∪ ⊕ ⊆ℑ ⊂ ⊂∧ ℘ ℑ  ℜ ∉ ∪ ⊕ ⊆⊃ ℘ ⊕ ⊗∏ ℘  ⊃ ∉∈ �ℑ ⊂⊄ℑ ⊂ ⊃ℑ⊗ ⊗ ⊃  ⊃ √⊕ �∠  ⊕ 2∉¬ ⊃ ⊗ ⊃ ∨⊕ ⊗⊃ ⊂⊆⊕ ∈⊃  ⊕ 

[ ΧΛΧ νυµ βερ] × ƒ��� � × ± ���            [ ∆οχυµ εντ χοδε] Α 

1  ΙΝΤ Ρ Ο∆ ΥΧΤΙΟΝ 

→ ℑ  ∏  ℑ ⊂⊃ ⊂⊆⊕∈⊃  ⊕⊃ ℑ∈ ℑℜ∏∈⊗ ℑ∈ ⊕  ∉∏  ℘ ⊕∅∉ℜ ∉ ∪ 

⊃  ∉∈ ℑ∈⊗  ⊃  ℑ∈⊃ ∏⊆ � ↑ ℑ∈∧ ∠  ∉℘ ⊕   ⊕  ∪ℑ√⊕ ℜ ⊕ ⊕∈ ⊗ ⊕√⊕ ⊂ 2 

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

∈∏⊆ℜ ⊕ ∉∅ℑ√ℑ ⊃ ⊂ℑℜ ⊂⊕⊂ ⊃  ⊕  ℑ  ∏  ⊕ ∪ℑ√⊕ ⊕ ∠∉  ⊕⊗ ∪⊕  ∏⊗ 2 

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

∉ ⊕  ⋅⊃  ∪ ♦ � � ≤ ↓ ∉ ∉ ⊂ ⊃ ⊗ ℘ ℑ  ℜ ∉∈⊃ ℘ ⊆ℑ  ⊕  ⊃ ℑ ⊂� ° ⊕√⊃ 2 

∉∏ ⊃ ∈√⊕   ⊃ ∩ ℑ  ⊃ ∉∈⊃ ∈⊗ ⊃ ℘ ℑ  ⊕⊗ ∪ℑ ℘ ℑ  ℜ∉∈⊃ ℘ ⊆ℑ  ⊕  ⊃ ℑ ⊂ ⋅ℑ  

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

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

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

⊂∧   ≈� � 

× ∪ ⊃   ∏⊗ ∧ ⊆ℑ ⊃ ∈⊂∧ ⊃ ∈√⊕   ⊃ ∩ℑ  ⊕  ∪⊕⊕ ∅ ∅ ⊕ ℘ ∉∅ℑ ⊂⊄ℑ ⊂ ⊃ 

℘ ∪ ⊂∉ ⊃ ⊗ ⊕  ∉∈  ∪⊕ ⊄⊃ ∈⊕  ⊃ ℘  ∉∅  ∪⊕  ⊕⊗∏ ℘  ⊃ ∉∈ ∉∅ ∠  ⊕ 2 

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

∩ ⊕∈� × ∪⊕ ⊕¬∠ ⊕  ⊃⊆⊕∈  ⋅⊕  ⊕ ∠ ⊕  ∅∉⊆⊕⊗ ⊃ ∈ ℑ ∈∉∈2 

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

⊃ ℘ ⊆⊕ ℘ ∪ℑ∈⊃ ⊆ ℑ∈⊗  ∪⊕ ⊄ ⊃ ∈⊕  ⊃ ℘ ℜ ⊕∪ℑ√⊃ ∉ ∉∅  ∪⊕  ∉ ⊂ ⊃ ⊗ 2 

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

∩  ℑ√⊃ ⊆⊕   ⊃ ℘ ∧  ⊕⊆ ℑ∈⊗ ℑ ∠  ∉∩  ℑ⊆ ⊆ℑℜ ⊂⊕  ⊕⊆∠ ⊕  ℑ  ∏  ⊕ 

℘ ∉∈  ∉ ⊂ ⊂⊕ ⋅⊕  ⊕ ∏  ⊕⊗ ∉   ∏⊗ ∧  ∪⊕℘ ℑ  ℜ∉ ∪⊕ ⊆⊃ ℘ ⊕⊗∏ ℘ 2 

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

⊆⊕∈ ℑ ⊂ ∧  ⊕⊆ �ℜ∉ ∪ ∪⊕ ⊕⊗∏ ℘  ⊃ ∉∈ ⊕¬ ⊕∈ℑ∈⊗ ∪⊕℘ ∉ 2 

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

⊆∉∈⊃  ∉ ⊕⊗ℑ∈⊗ℑ∏  ∉⊆ℑ  ⊃ ℘ ℑ ⊂ ⊂∧  ⊕ ℘ ∉ ⊗ ⊕⊗� 

2  Ε ΞΠΕ ΡΙ ΜΕ ΝΤ ΑΛ 

2 .1  Εξπεριµ ενταλ αππαρατυσ ανδ οπερατιον προχε2 

δυρεσ 

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

ℑ∠∠ ℑ  ℑ  ∏ � ⋅∪ ⊃ ℘ ∪ ℘ ∉∈ ⊃    ∉∅  ∪ ⊕ ⊕ ∠ ℑ   � �� ℑ ∩ℑ  2 

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

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

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

  ∉ ⊂ ⊂⊕ ℑ∈⊗ ⊕ ℘ ∉ ⊗ ⊕⊗ ⋅⊃  ∪ℑ∈ Ξ2 Ψ ∅∏∈℘  ⊃ ∉∈ℑ ⊂ ⊕ ℘ ∉ ⊗ ⊕ � 

�� ℑ∈ ⊕ ⊂⊕ ℘   ∉∈⊃ ℘ ℜ ℑ ⊂ℑ∈℘ ⊕ ℘ ∉∈√⊕   ⊃ ∈∩  ∪⊕ ⊆ℑ  ℘ ∪ℑ∈∩⊕ 

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

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

 ⊕  √ℑ ⊂ ⋅ℑ   ∪∉ ⊕∈∉∏ ∩∪  ∉  ⊕√⊕ ℑ ⊂  ∪⊕ ⊗ ⊕  ℑ ⊃ ⊂ ∉∅  ∪⊕ 

℘ ℑ  ℜ∉ ∪⊕ ⊆⊃ ℘ ⊕⊗∏ ℘  ⊃ ∉∈ � 

° ⊕ 2  ⊕ ℑ  ⊕⊗ ⊃ ⊂⊆⊕∈⊃  ⊕� ∩  ℑ∠∪ ⊃  ⊕ ℑ∈⊗ ℑ ⊂⊄ℑ ⊂ ⊃ ℘ ∪ ⊂∉2 

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

⋅⊃  ∪ ∩  ℑ∠∪ ⊃  ⊕ ℜ ⊕ ⊃ ∈∩ ⊆∉ ⊕  ∪ℑ∈  ∪⊕   ∉ ⊃ ℘ ∪ ⊃ ∉⊆⊕   ⊃ ℘ ⊕ 2 

∇∏ ⊃  ⊕⊆⊕∈� ƒ∉⊕ ℑ ℘ ∪ ∉∅  ∪⊕∅∉∏ ⊄ ⊃ ∈⊗ ℘ ∪ ⊂∉ ⊃ ⊗ ⊕ � ⊕ ⊕ 

ℜ ⊕ ⊂∉⋅� � � � � � � ∉ �� � � ⋅⊃  ∪∉∏  ∠ ⊕ ℘ ⊃ ∅ ⊃ ℘ ∈∉ ℑ 2 

 ⊃ ∉∈ � ∪⊕  ⊕ ℑ ∅  ⊕  ∪⊕ ∠ ⊕  ℘ ⊕∈⊆ℑ  ⊄   ℑ∈⊗ ∅∉ ⊆ℑ  ∠ ⊕  2 

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

ℑ⊗⊗ ⊕⊗⊃ ∈ ⊕ ℑ ℘ ∪  ∏∈ � ⁄∏  ⊃ ∈∩  ⊕⊗∏ ℘  ⊃ ∉∈ ∠  ∉℘ ⊕  � ∈⊃   ∉2 

∩ ⊕∈ ∩ ℑ  ⋅ℑ  ⊄⊕ ∠  ∉ ∅ ⊂∉⋅  ∪ ∉∏ ∩∪  ∪⊕ ∇∏ ℑ   ∨  ∏ℜ ⊕  ∉ 

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

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

∈ℑ ℘ ⊕ ⋅ℑ ℑ⊗ ⊇ ∏   ⊕⊗ℑ∈⊗⊗ ⊃  ∠ ⊂ℑ∧⊕⊗ ℜ ∧  ∪⊕ ∠  ∉∩  ℑ⊆ ⊆ℑℜ ⊂⊕ 

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

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

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

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

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

⊕¬∠ ⊕  ⊃ ⊆⊕∈⋅ℑ ℘ ∉∈ ⊕ ∇∏ ⊕∈ ⊂∧ ℘ ∉⊆∠ ⊂⊕  ⊕⊗� 

× ∪⊕ ⊆∉ ∠∪∉ ⊂∉∩∧ ∉∅ ∪⊕ ∠ ℑ   ⊃ ℑ ⊂ ⊂∧  ⊕ ℑ ℘  ⊕⊗ ∠ ℑ   ⊃ ℘ ⊂⊕  

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

∂ ∉ ⊂���  λ ��         Τρανσ. Νονφερρουσ Μετ . Σοχ . Χηινα         ⁄⊕ ℘����� 

≠ [ Φουνδατιον ιτεµ ] ° ∉ ⊇ ⊕ ℘  ∏ ∠∠∉  ⊕ ⊗ ℜ∧  ∪ ⊕ → ℑ  ⊃ ∉∈ℑ ⊂ → ℑ  ∏  ℑ ⊂ ≥℘ ⊃ ⊕ ∈℘ ⊕ ƒ∉∏ ∈⊗ ℑ  ⊃ ∉∈ ∉∅ ≤ ∪ ⊃ ∈ℑ 

[ Ρεχε ιϖεδ δατε] ���� � �� � �� �[ Αχχεπτεδ δατε] ���� � �� � ��



Φ ιγ .1  ≥℘ ∪⊕⊆ℑ  ⊃ ℘⊗ ⊃ ℑ∩  ℑ⊆ ∉∅ 

⊕¬∠⊕  ⊃⊆⊕∈ ℑ ⊂ ℑ∠∠ℑ  ℑ  ∏  

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

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

ℜ ⊕ ⊂∉⋅ � 

2 .2  Ματεριαλσ ανδ τηειρ προπερτιεσ 

♥⊃  ⋅⊕ ⊂ ⊂ ⊄∈∉⋅∈  ∪ℑ ∠  ⊕ 2∉¬ ⊃ ⊗ ℑ  ⊃ ∉∈ ∉∅  ∪⊕ ⊃ ⊂ 2 

⊆⊕∈⊃  ⊕⊃ ∅ℑ√∉ ℑℜ ⊂⊕∅∉ ∪⊕∅∉ ⊂ ⊂∉⋅⊃ ∈∩  ⊕⊗ ∏ ℘  ⊃ ∉∈ ∉∠ ⊕  ℑ 2 

 ⊃ ∉∈ ≈� ∗ � � ⁄∏  ⊃ ∈∩ ∠  ⊕ 2∉¬ ⊃ ⊗ ℑ  ⊃ ∉∈ �  ∪⊕ ⊃ ⊂⊆⊕∈⊃  ⊕ � ƒ⊕ 2 

×⊃ ↓ � � ⊃ ℘ ∉∈√⊕   ⊕⊗ ∉ ∠  ⊕∏ ⊗ ∉ℜ  ∉∉⊄ ⊃  ⊕ �ƒ⊕ � ×⊃ ↓ � � ℑ∈⊗ 

 ∏  ⊃ ⊂⊕ � ×⊃ ↓ � � ℑ  ⊕⊆∠⊕  ℑ  ∏  ⊕ ℑℜ ∉√⊕ ��� ε ℑ℘ ℘ ∉ ⊗ ⊃ ∈∩ 

 ∉  ∪⊕∅∉ ⊂ ⊂∉⋅⊃ ∈∩ ⊕ ℑ ℘  ⊃ ∉∈ ≈� � 

�ƒ⊕×⊃ ↓ � � � � 
� 

� 
↓ � �∩� �

    ƒ⊕ � ×⊃ ↓ � � � � ×⊃ ↓ � � � ��� 

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

⊆⊕∈⊃  ⊕ ∏  ⊕⊗ ⊃ ∈  ∪⊕ ⊕¬∠ ⊕  ⊃⊆⊕∈  ⋅ℑ  ∠  ⊕ 2∉¬ ⊃ ⊗ ⊃ ∨⊕⊗ ℑ  

� ��� ε ⋅⊃  ∪ ∠∏  ⊕∉¬∧∩⊕∈ ∅∉⊆∉ ⊕ ∪ℑ∈ � ∪� × ∪⊕ ⊕ 2 

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

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

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

 ∪⊕⊃ ⊂⊆⊕∈⊃  ⊕ ⊃ ⊂ ⊃   ⊕⊗ ⊃ ∈ ×ℑℜ ⊂⊕ � � ϒ ℘ ∉∈∅ ⊃ ⊆⊕⊗ ℜ∧ 

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

⊃ ⊂⊆⊕∈⊃  ⊕ ℘ ∉∈ ⊃    ⊆ℑ ⊃ ∈⊂∧ ∉∅ ƒ⊕ � ×⊃ ↓ � � ↑ ∩×⊃ ↓ � ℑ∈⊗ 

×⊃ ↓ � ⊕  ℘ ≈� ∗ � � 

Ταβλε 1  ≤∪⊕⊆⊃ ℘ ℑ ⊂ ℘ ∉⊆∠∉ ⊃  ⊃ ∉∈ ∉∅⊃ ⊂⊆⊕∈⊃  ⊕∉ ⊕ � � � 

×⊃ ↓ � ƒ⊕ � ↓ � ↑ ∩↓ ≤ℑ↓ ↑ ∈↓ 

�� � �� �� � �� � � �� � � �� � � �� 

ϒ⊂ � ↓ � ≥⊃ ↓ � ∂ � ↓ � ° � ↓ � ≥ ↓ � 

� � �� � � �� � � �� � � �� � � ��

  ϒℑ ⊂⊄ℑ ⊂ ⊃ℑ⊗⊗ ⊃  ⊃ √⊕ ℘ ℑ∈ ℘ ℑ  ℑ ⊂∧∨⊕ ∪⊕ ℘ ℑ  ℜ∉ ∪⊕ ⊆⊃ ℘ 

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

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

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

ℑ ⊂∧  � × ∪⊕ ℑ ⊂  ∏  ⊕⊗ℑ ℘ ℑ  ℑ ⊂∧  ∪ℑ⊗ℑ ⊆⊃ ∈⊃⊆∏⊆ ∠∏ 2 

 ⊃  ∧ ∉∅ �� � � � � 

∝⊂   ℑ 2∪ ⊃ ∩∪ ∠∏  ⊃  ∧ ∩  ℑ⊗ ⊕ ∈⊃   ∉∩ ⊕∈ ��� � �� � � ⋅ℑ  

∏  ⊕⊗ ∉ ⊆ℑ ⊃ ∈ ℑ ⊃ ∈ ℑ∈ ⊃ ∈⊕  ℑ  ⊆∉ ∠∪⊕  ⊕⊃ ∈  ∪⊕  ⊕ ℑ ℘  ⊃ ∉∈ 

℘ ∪ℑ⊆ℜ ⊕ � ′⊕ ∅∉ ⊕ ℜ ⊕ ⊃ ∈∩ ∅ ⊕⊗⊃ ∈ ∉  ∪⊕  ⊕ ℑ ℘  ⊃ ∉∈  ∧  ⊕⊆ � 

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

∩⊕ ⊂� 

2 .3  Εξπεριµ ενταλ χονδιτιονσ 

× ∪⊕ ⊆ℑ ⊃ ∈ ⊕¬∠ ⊕  ⊃ ⊆⊕∈ ℑ ⊂ ℘ ∉∈⊗ ⊃  ⊃ ∉∈ℑ  ⊕� 

♦⊕ ℑ  ⊃ ∈∩ 2∏ ∠  ∠ ⊕ ⊕⊗    � � �� ↔ # � � 

×⊕⊆∠ ⊕  ℑ  ∏  ⊕ ℑ∈∩ ⊕ ��� ∗ � ��� ε 

→ � ∅ ⊂∉⋅  ℑ  ⊕ � � �� ≅ �� � � ⊆ � # � � 

≥⊃ ∨⊕∉∅ ∠  ⊕ 2∉¬ ⊃ ⊗ ⊃ ∨⊕⊗ 

⊃ ⊂⊆⊕∈⊃  ⊕ ∠ ∉⋅⊗ ⊕  
   � � ��� ∗ � � ��� ⊆ ⊆ 

≥⊃ ∨⊕∉∅ ∩  ℑ∠∪ ⊃  ⊕ ∠∉⋅⊗ ⊕   � � � �� ⊆ ⊆ 

ϒ ⊆∉∏∈∉∅ ∠  ⊕ 2∉¬ ⊃ ⊗ ⊃ ∨⊕⊗ 

⊃ ⊂⊆⊕∈⊃  ⊕  
 �� � �� ∩ 

ϒ ⊆∉∏∈∉∅ ∩  ℑ∠∪ ⊃  ⊕   � � �� ∩ 

3  Ρ ΕΣΥΛΤΣ ΑΝ∆ ∆ΙΣΧΥΣΣΙΟΝ 

3 .1  Εφφεχτσ οφ αµ ουντ οφ αλκαλ ι αδδιτιϖεσ ον ρεδυχ2 

τιον ρατε 

× ∪⊕∉√⊕  ℑ ⊂ ⊂  ⊕⊗∏ ℘  ⊃ ∉∈  ⊕ ℑ ℘  ⊃ ∉∈ ℘ ℑ∈ ℜ ⊕ ⊆ℑ ⊃ ∈⊂∧ ⊕¬2 

∠  ⊕   ⊕⊗ℑ ∞∇∈ � ��� � × ∪⊕  ⊕⊗∏ ℘  ⊃ ∉∈ ℘ ∉∈√⊕   ⊃ ∉∈ ⊃ ⊗ ⊕ 2 

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

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

⊆⊕  ℑ ⊂ ⊂ ⊃ ℘⊃  ∉∈ �ℑ∈⊗ ∪⊕∅∏   ∪⊕  ⊕⊗∏ ℘  ⊃ ∉∈ ∉∅ ×⊃ ↓ � ⊃ ∈⊕ 2 

∩ ⊂⊕ ℘  ⊕⊗� 

� µ � ν 

� 
ƒ⊕ � ×⊃ ↓ � � � � � µ � ν�≤� � � 

� 

� 
�� µ � ν�ƒ⊕ � � � 

� µ � ν 

� 
×⊃ ↓ � � � � 

µ ≤ ↓ � �∩� � ν ≤ ↓�∩ � ��� 

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

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

 ∪⊕ℑ⊗⊗ ⊃  ⊃ ∉∈ ∉∅ ↔ ≤⊂℘ ℑ∈ ∈∉ ℑℜ ⊂∧ ∠  ∉⊆∉ ⊕ ∪⊕ ⊕⊗∏ ℘  ⊃ ∉∈ 

∠  ∉℘ ⊕  � ↑ ∉ ⊕ ∉√⊕ �ℑ  ∪⊕ ℑ⊆∉∏∈∉∅ ↔ ≤⊂ ⊃ ∈℘  ⊕ ℑ  ⊕ � 

 ∪⊕℘ ℑ  ℑ ⊂∧ ⊃ ℘⊕ ∅ ∅ ⊕ ℘ ℜ ⊕ ℘ ∉⊆⊕  ⊆∉ ⊕ ∉ℜ√⊃ ∉∏ � 

× ∪⊕ ⊕ ∅ ∅ ⊕ ℘   ∉ ∅ → ℑ≤⊂� ← ⊃ ≤⊂ ℑ∈⊗ ≤ ≤⊂ ∉∈  ∪⊕ 

Φ ιγ .2  ↑ ℑ  ⊂∉ ∉∅⊃ ⊂⊆⊕∈⊃  ⊕ ℑ⊆∠ ⊂⊕ ⊗∏  ⊃ ∈∩ 

∈∉∈2⊃  ∉ ∪⊕ ⊆ℑ ⊂ ⊂∧ ℘ ℑ  ℜ ∉ ∪⊕ ⊆⊃ ℘ ⊕⊗∏ ℘  ⊃ ∉∈ ⋅⊃  ∪ 

⊗ ⊃ ∅ ∅ ⊕  ⊕∈ℑ⊆∉∏∈ ∉∅ ↔ ≤⊂ 

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



 ⊕⊗∏ ℘  ⊃ ∉∈  ℑ  ⊕ ⋅⊕  ⊕ ∪∉⋅∈ ⊃ ∈ ƒ⊃ ∩ � � ∗ �  ⊕  ∠ ⊕ ℘  ⊃ √⊕ ⊂∧ � 

⋅∪ ⊃ ℘ ∪⊃⊆∠ ⊂∧  ∪ℑ   ∪⊕ ⊃ ⊄ ⊃ ∈⊕  ⊃ ℘ℜ ⊕∪ℑ√⊃ ∉ ℑ  ⊕ ⊃⊆⊃ ⊂ℑ  ∉ 

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

∉∅ ∪⊕ ℑ⊗⊗ ⊃  ⊃ √⊕ ℑ  ⊕ℑ ⊂ ∉  ∪⊕ ℑ⊆⊕ � � 

3 .2  Εφφεχτ οφ αλκαλι χηλοριδεσ 

♥∈ ∉ ⊗ ⊕  ∉ ℘ ∉⊆∠ℑ  ⊕ ∪⊕⊕ ∅ ∅ ⊕ ℘  ⊃ √⊕∈⊕  ∉∅ ⊗ ⊃ ∅ ∅ ⊕  ⊕∈ 

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

 ℑ⊆⊕ ℑ⊆∉∏∈∉∅ ℑ ⊂⊄ℑ ⊂ ⊃ℑ⊗⊗ ⊃  ⊃ √⊕ ℑ  ⊕ ∠  ⊕  ⊕∈ ⊕⊗⊃ ∈ ƒ⊃ ∩� 

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

Φ ιγ .3  ↑ ℑ  ⊂∉ ∉∅⊃ ⊂⊆⊕∈⊃  ⊕ ℑ⊆∠ ⊂⊕ ⊗∏  ⊃ ∈∩ 

∈∉∈2⊃  ∉ ∪⊕ ⊆ℑ ⊂ ⊂∧ ℘ ℑ  ℜ ∉ ∪⊕ ⊆⊃ ℘ ⊕⊗∏ ℘  ⊃ ∉∈ ⋅⊃  ∪ 

⊗ ⊃ ∅ ∅ ⊕  ⊕∈ℑ⊆∉∏∈ ∉∅ → ℑ≤⊂ 

Φ ιγ .4  ↑ ℑ  ⊂∉ ∉∅⊃ ⊂⊆⊕∈⊃  ⊕ ℑ⊆∠ ⊂⊕ ⊗∏  ⊃ ∈∩ 

∈∉∈2⊃  ∉ ∪⊕ ⊆ℑ ⊂ ⊂∧ ℘ ℑ  ℜ ∉ ∪⊕ ⊆⊃ ℘ ⊕⊗∏ ℘  ⊃ ∉∈ ⋅⊃  ∪ 

⊗ ⊃ ∅ ∅ ⊕  ⊕∈ℑ⊆∉∏∈ ∉∅ ← ⊃ ≤⊂ 

Φ ιγ .5  ↑ ℑ  ⊂∉ ∉∅⊃ ⊂⊆⊕∈⊃  ⊕ ℑ⊆∠ ⊂⊕ ⊗∏  ⊃ ∈∩ 

∈∉∈2⊃  ∉ ∪⊕ ⊆ℑ ⊂ ⊂∧ ℘ ℑ  ℜ ∉ ∪⊕ ⊆⊃ ℘ ⊕⊗∏ ℘  ⊃ ∉∈ ⋅⊃  ∪ 

⊗ ⊃ ∅ ∅⊕  ⊕∈ℑ⊆∉∏∈ ∉∅ ≤ ≤⊂ 

Φ ιγ .6  ↑ ℑ  ⊂∉ ∉∅⊃ ⊂⊆⊕∈⊃  ⊕ ℑ⊆∠ ⊂⊕ ⊗∏  ⊃ ∈∩ 

∈∉∈2⊃  ∉ ∪⊕ ⊆ℑ ⊂ ⊂∧ ℘ ℑ  ℜ ∉ ∪⊕ ⊆⊃ ℘ ⊕⊗∏ ℘  ⊃ ∉∈ ⋅⊃  ∪ 

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

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

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

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

ℑ  ∏  ⊕ ℑ∈⊗ ⋅⊃  ∪ ⊃ ∈  ∪⊕  ℑ⊆⊕  ⊃⊆⊕ ⊃ ∈ ⊕  √ℑ ⊂�  ∪⊕ ℑ ⊂⊄ℑ ⊂ ⊃ 

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

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

⊗ ∏ ℘  ⊃ ∉∈ ℜ ⊕ ℘ ∉⊆⊃ ∈∩ ⋅⊕ ℑ⊄⊕  

↔ ≤⊂� → ℑ≤⊂� ← ⊃ ≤⊂� ≤ ≤⊂ 

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

 ⊕⊆∠⊕  ℑ  ∏  ⊕� ∪⊕℘ ℑ  ℑ ⊂∧ ⊃ ℘⊕ ∅ ∅ ⊕ ℘  ∉ ∅ ∪⊕  ⊕ℑ ⊂⊄ℑ ⊂ ⊃ℑ⊗ ⊗ ⊃ 2 

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

ƒ⊃ ∩� �  ∉ ƒ⊃ ∩� � � 

3 .3  Βεηαϖ ιορ οφ αλκαλι ιον 

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

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

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

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

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

 ∪⊕ ∏∈ ⊕ ℑ ℘  ⊕⊗∠ ℑ   ⊃ ℘ ⊂⊕ ℑ∈⊗ ∪⊕ ⊕   ⊕∈ ⊃ ℘ ∪⊕ ℑ   ∪⊕∠ ⊕ 2 

 ⊃ ∠∪⊕  ∧ ∉∅  ∪⊕ ∠ ℑ   ⊃ ℑ ⊂ ⊂∧  ⊕ ℑ ℘  ⊕⊗ ∠ℑ   ⊃ ℘ ⊂⊕ � × ∪ ⊃  ∠∪⊕ 2 

∈∉⊆⊕∈∉∈ ⊃⊆∠ ⊂ ⊃ ⊕   ∪ℑ  ∪⊕ ∠ ∉ ℑ   ⊃ ∏⊆ ⊃ ∉∈ ⊆⊃ ∩∪ ℑ ⊂ ∉ 

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

∉¬ ⊃ ⊗ ⊃ ∨⊕⊗⊃ ⊂⊆⊕∈⊃  ⊕� 

4  ΧΟΝΧΛΥΣΙΟΝΣ 

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

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

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

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

℘ ∉∈⊗ ⊃  ⊃ ∉∈� 

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

ℜ ⊕ ℑ∈⊄⊕⊗ℑ  ∪⊕∅∉ ⊂ ⊂∉⋅⊃ ∈∩ ∉ ⊗ ⊕ � ↔ ≤⊂ � → ℑ≤⊂ � ← ⊃ ≤⊂ 

� ≤ ≤⊂� 

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

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

⊕∈ ⊃ ℘ ∪⊕ ℑ  ∪⊕ ∠ ⊕  ⊃ ∠∪⊕  ∧ ∉∅ ∪⊕ ∠ ℑ   ⊃ ℘ ⊂⊕� 

# � � � # ∂ ∉ ⊂1��  λ 1�    ∞∅ ∅ ⊕ ℘ ∉∅ ℑ ⊂⊄ℑ ⊂ ⊃℘ ∪ ⊂∉ ⊃ ⊗ ⊕ ∉∈ ℘ ℑ  ℜ∉ ∪⊕ ⊆⊃ ℘ ⊕⊗∏ ℘  ⊃ ∉∈ ∉∅ ∠  ⊕ 2∉¬ ⊃ ⊗ ⊃ ∨⊕⊗⊃ ⊂⊆⊕∈⊃  ⊕



Φ ιγ .7  ↑ ∉ ∠∪∉ ⊂∉∩ ⊃ ⊕ ℑ∈⊗ ⊗ ⊃    ⊃ ℜ∏  ⊃ ∉∈∉∅ 

×⊃� ƒ⊕� ↔⊃ ∉∈ ⋅⊃  ∪ ⊃ ∈ ∠ℑ   ⊃ ℑ ⊂ ⊂∧  ⊕⊗∏ ℘ ⊕⊗ ∠  ⊕ 2∉¬ ⊃ ⊗ ⊃ ∨⊕⊗⊃ ⊂⊆⊕∈⊃  ⊕ ∠ℑ   ⊃ ℘ ⊂⊕  

�ℑ � ) ↑ ∉ ∠∪∉ ⊂∉∩∧ ∉ ∅ ∠  ⊕ 2∉¬ ⊃ ⊗ ⊃ ∨⊕ ⊗⊃ ⊂⊆⊕ ∈⊃  ⊕ ∠ ℑ   ⊃ ℘ ⊂⊕ ��ℜ� ) ⁄ ⊃    ⊃ ℜ∏  ⊃ ∉∈ ∉ ∅ ⊃  ℑ∈⊃ ∏⊆ ⊃ ∉∈ � 

�℘ � ) ⁄ ⊃    ⊃ ℜ∏  ⊃ ∉∈ ∉ ∅⊃  ∉∈ ⊃ ∉∈ ��⊗ � ) ⁄ ⊃    ⊃ ℜ∏  ⊃ ∉∈ ∉ ∅ ∠∉  ℑ   ⊃ ∏⊆ ⊃ ∉∈ 

[ Ρ ΕΦΕ Ρ Ε ΝΧΕΣ] 

≈�  ↑ ∉∪ ℑ∈ ∧ ′ ° ℑ∈⊗ ≥ ⊆⊃  ∪ ↔ ϒ � ϒ⊂⊄ℑ ⊂ ⊃ ⊆⊕  ℑ ⊂ ℘ ℑ  ℑ ⊂∧ ⊃  ∉ ∅ 

℘ ℑ  ℜ ∉ ∪ ⊕ ⊆⊃ ℘ ⊕ ⊗ ∏ ℘  ⊃ ∉∈ ∉ ∅ ⊃ ⊂⊆⊕ ∈⊃  ⊕ ≈♠ � × ℑ∈♥∈  ↑⊃ ∈ 

↑ ⊕  ℑ ⊂����� ���� ���� � ��� � 

≈�  °∉∩∩ ⊃ ⁄ � ≤∪ℑ  ⊕   ⊕ ♣ ♣ ℑ∈⊗ ″⊃ ∩ ℑ∏ ⊗ ↑ � ″ ⊕ ⊗ ∏ ℘  ⊃ ∉∈ ∉ ∅⊃ ⊂2 

⊆⊕ ∈⊃  ⊕ℑ∈⊗⊃ ⊂⊆⊕ ∈⊃  ⊕∉ ⊕ ≈♠  � ×⊃  ℑ∈⊃ ∏⊆ ≥℘ ⊃×⊕ ℘ ∪����� � 

� ���� � ��� � 

≈�  ♠ ∉∈⊕  ⁄ � ↓∠  ⊃ ℘ ℑ ⊂ ⊆⊃ ℘  ∉ ℘ ∉∠∧ ℑ∈⊗ ⊕ ⊂⊕ ℘   ∉∈ ∠  ∉ℜ ⊕ ⊆⊃ ℘  ∉2 

ℑ∈ℑ ⊂∧ ⊃   ∏⊗ ∧ ∉∅⊃ ⊂⊆⊕ ∈⊃  ⊕ ⊕ ⊗ ∏ ℘  ⊃ ∉∈ ≈♠  � × ℑ∈♥∈  ↑⊃ ∈ 

↑ ⊕  ℑ ⊂ �≥⊕ ℘≤ � ↑⊃ ∈⊕  ℑ ⊂ ° ∉℘ ⊕   ∞¬   ↑ ⊕  ℑ ⊂ ⊂� � ���� � �� 

��� �� � � � 

≈�  °ℑ   ⊕   ∉∈ ↑ ≤ ←ℑ∈⊗ ≤ℑ⊆⊕  ∉∈ ♠� ← ⊃ ⊆⊃  ℑ  ⊃ ∉∈ ⊃ ∈ ∩ ℑ  ⊕ ∉∏  

 ⊕ ⊗ ∏ ℘  ⊃ ∉∈ � ∉¬ ⊃ ⊗ ℑ  ⊃ ∉∈ ℑ∈⊗ ∏ ∠∩  ℑ⊗ ⊃ ∈∩ ∉ ∅ ϒ⊂ ⊂ℑ  ∉ ⊂ ⊂ℑ⊄⊕ ⊃ ⊂2 

⊆⊕ ∈⊃  ⊕ ≈♠  � × ℑ∈♥∈ ↑⊃ ∈ ↑ ⊕  ℑ ⊂ �≥⊕ ℘≤ � ↑⊃ ∈⊕  ℑ ⊂ ° ∉2 

℘ ⊕   ∞¬   ↑ ⊕  ℑ ⊂� ����� ��� ���� � ��� � 

≈�  ƒ⊕  ⊃  ∉√ ∂ ′ � ← ⊕ ∉∈∅∧⊕ √ ←♥ �⊕ ℑ ⊂� × ∪ ⊕ ⊕ ⊗ ∏ ℘  ⊃ ∉∈ ∉∅ ∉¬ ⊃ 2 

⊗ ⊃ ∨⊕ ⊗⊃ ⊂⊆⊕ ∈⊃  ⊕℘ ∉∈℘ ⊕ ∈  ℑ  ⊕ ≈♠  � ″ ∏   ↑ ⊕  ����� �� ��� 

� �� � 

≈�  ↓  ℜ ⊕  ∩ ♣ � ≥∉ ⊂ ⊃ ⊗   ℑ  ⊕  ⊕ ⊗∏ ℘  ⊃ ∉∈ ∉ ∅ ⊃ ⊂⊆⊕ ∈⊃  ⊕ ≈♠ � 

♠ ⊕  ∈⊄∉∈ϒ∈∈ ����� ���� ��� ��� � �� � 

≈�  ×ℑ∧⊂∉ ♦ ≥ ℑ∈⊗ → ⊕ √⊃ ⊂ ⊂⊕ ♦ ϒ � ≤ℑ  ℑ ⊂∧ ⊃ ⊃ ∈  ∪⊕⊃ ∈ ⊕  ℑ ℘  ⊃ ∉∈ 

∉ ∅ ℘ ℑ  ℜ∉∈ ⋅⊃  ∪   ⊕ ℑ⊆ ℑ∈⊗ ⋅⊃  ∪℘ ℑ  ℜ ∉∈ ⊗ ⊃ ∉¬ ⊃ ⊗ ⊕≈♠  �♠ ϒ ⊆ 

≤∪⊕⊆ ≥∉℘����� ��� ����� � ���� � 

≈�  ′ℑ  ∈⊕ ≤ ℑ∈⊗ °⊃ ℘ ⊄ ⊂⊕  ≤ ϒ � ϒ  ∪ ⊕ ⊆∉∩  ℑ√⊃ ⊆⊕   ⊃ ℘  ∏ ⊗ ∧ ∉ ∅ 

 ∪ ⊕ ℘ ℑ  ℑ ⊂∧ ⊃ ℘⊕ ∅ ∅ ⊕ ℘ ∉ ∅ℑ ⊂⊄ℑ ⊂ ⊃℘ ℑ  ℜ ∉∈ℑ  ⊕ ∉∈  ∪⊕ ⊕ ⊗ ∏ ℘  ⊃ ∉∈ ∉ ∅ 

⊃ ⊂⊆⊕ ∈⊃  ⊕≈♠ � ♦⊃ ∩∪ ×⊕⊆∠ ×⊕ ℘ ∪� ���� � � ��� � ��� � 

��� � 

≈�  ↔ ℑ  ⊄∪ ℑ∈ℑ√ℑ ⊂ℑ ↑ ⁄ ℑ∈⊗ ↑ ∉⊆⊃ ∈ ϒ ≤ � × ∪⊕ℑ ⊂  ⊕  ℑ  ⊃ ∉∈ ∉ ∅⊃ ⊂2 

⊆⊕ ∈⊃  ⊕≈♠  � ∞℘ ∉∈ ♣⊕ ∉ ⊂����� ��� ����� � ���� � 

≈��  ″ ℑ ∉ ≠ ↔ℑ∈⊗ ♦ℑ∈ ♦ ♣ �≤ℑ  ℑ ⊂∧ ⊃ ℜ∧ ℑ ⊂⊄ℑ ⊂ ⊃℘ ℑ  ℜ ∉∈ℑ  ⊕ ∉ ∅ 

℘ ℑ  ℜ ∉ ∪⊕ ⊆⊃ ℘ ⊕ ⊗ ∏ ℘  ⊃ ∉∈ ∉ ∅ ⊆ℑ∩∈⊕  ⊃  ⊕ ℘ ∉∈℘ ⊕ ∈  ℑ  ⊕  ≈♠ � 

♥ ∉∈⊆ℑ⊄ ⊃ ∈∩ ℑ∈⊗ ≥ ⊕ ⊕ ⊂⊆ℑ⊄ ⊃ ∈∩� ���� � �� ��� � ��� � 

��� � 

≈��  ″ ℑ ∉ ≠ ↔�≤ℑ  ℑ ⊂∧ ⊃ ⊃ ∈ ⊕ ¬  ℑ ℘  ⊃ √⊕ ⊆⊕  ℑ ⊂ ⊂∏  ∩ ∧ ≈♠  �♠ ↑ ⊕  2 

ℑ ⊂ ����� ������ ��� � �� � 

(Εδιτεδ βψ ΛΟΝΓ Ηυαι2ζηονγ) 

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


