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Αβσ τραχτ �×∉ ∉ ⊂√⊕ ∪ ⊕ ∉ 2℘ ℑ ⊂ ⊂⊕ ⊗ / ⋅∪ ⊃  ⊕ ∏   0 ℑ∈⊗ . ⋅ℑ  ⊕ ℜ  ⊃ ⊗ ∩ ⊕ 0 ∠  ∉ℜ ⊂⊕⊆∉ ∅ ∪ ⊕ℑ ⊂∏⊆⊃ ∈∏⊆ ∅ ⊃ ∈∅ ∉∪⊕ ℑ ⊕ ¬2 
℘ ∪ ℑ∈∩ ⊕ ∉ ∅ ℑ∏  ∉⊆∉ℜ ⊃ ⊂⊕ℑ ⊃ ℘ ∉∈⊗ ⊃  ⊃ ∉∈⊕ �ℑ ⊃ ⊆⊕ ⊗ ℑ ∈ℑ  ⊃ ∉∈ℑ ⊂ ⊃ ∨⊃ ∈∩ ∪ ⊕ ℑ  ∉ ∅ ∪∧⊗  ∉∠∪ ⊃ ⊂ ⊃ ℘℘ ∉ℑ  ⊃ ∈∩ ⊕ ℘ ∪∈∉ ⊂∉∩∧ � ∪ ⊕ 

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

Κεψ ωορδσ: ℑ ⊃  ℘ ∉∈⊗ ⊃  ⊃ ∉∈ ⊕ ∇∏ ⊃ ∠⊆⊕ ∈ �ℑ ⊂∏⊆⊃ ∈∏⊆ ∅ ⊃ ∈�∪∧⊗  ∉∠∪ ⊃ ⊂ ⊃ ℘ ⊃  ∧ �℘ ∉ℑ  ⊃ ∈∩  ∆οχυµεντ χοδε: Α 

1  ΙΝΤΡ Ο∆ΥΧΤΙΟΝ 

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

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

⊆ℑ⊗ ⊕⊃ ∈ ♠ ℑ∠ ℑ∈ ∏  ⊕ℑ ⊂∏⊆⊃ ∈∏⊆ ∪⊕ ℑ ⊕¬℘ ∪ℑ∈∩ ⊕   
≈� � 

≥⊃ ∈℘ ⊕ ∪⊕∉∏   ⊃ ⊗ ⊕⊕∈√⊃  ∉∈⊆⊕∈ ⊃ √⊕  ∧  ⊕√⊕  ⊕� ∪⊕ 

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

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

⊗ ⊕⋅ � ⊗∏  ℑ∈⊗ ∠  ∉⊗∏ ℘ ⊕  ∪⊕  ∉ 2℘ ℑ ⊂ ⊂⊕⊗ 0 ⋅∪ ⊃  ⊕ 

 ∏   0 �℘ ∉∈ ℑ⊆⊃ ∈ℑ  ⊃ ∈∩ ∪⊕⊕∈√⊃  ∉∈⊆⊕∈�ℑ∈⊗ ∪⊕ 

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

⊗ ⊕⋅ ∠∉ ⊃ ∈∉∅ℑ ⊃ ⋅∪⊕∈ ⋅∉ ⊄ ⊃ ∈∩� ∪⊕ ⋅ℑ  ⊕ ⊗  ∉∠  

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

 ⊕⊆⊃ ℘ ⊃  ℘ ⊂⊕ℑ∈⊗⊕ √⊕∈∅∉⊆ 0 ⋅ℑ  ⊕ ℜ  ⊃ ⊗ ∩ ⊕ 0 ℜ ⊕  ⋅⊕ ⊕∈ 

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

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

ℑ∈⊗ ∪∉  ⊕∈⊃ ∈∩ ∪⊕∏  ⊕ ⊃ ⊆⊕ ≈� � � � 

∞√⊕  ⊃ ∈℘ ⊕ ∪⊕ ���� � ⋅⊃  ∪  ∪⊕  ∠ℑ ℘ ⊃ ∈∩ ∉∅ 

 ∪⊕∅ ⊃ ∈∩⊕   ⊃ ∈∩⊆ℑ ⊂ ⊂⊕ ℑ∈⊗⊆ℑ ⊂ ⊂⊕ � ∪⊕ / ⋅∪ ⊃  ⊕ 

 ∏   0 ℑ∈⊗ / ⋅ℑ  ⊕  ℜ  ⊃ ⊗∩⊕0 ∠∪⊕∈∉⊆⊕∈ℑ ℜ ⊕ ℘ ℑ⊆⊕ 
⊆∉ ⊕ℑ∈⊗ ⊆∉ ⊕∉ℜ√⊃ ∉∏ � ♦∉⋅  ∉ ∉ ⊂√⊕ ∪ ⊃ ∠  ∉ℜ 2 
⊂⊕⊆ ∪ℑ ℜ ⊕ ⊕∈ ℑ∈ ⊕⊆⊕  ∩ ⊕∈∠  ∉ ⊇ ⊕ ℘  ⊃ ∈ ∪⊕⊂ℑ   ⋅∉ 

⊗ ⊕ ℘ ℑ⊗ ⊕ ∉∅ ∪⊕℘ ∉∈ ∏  ∧ � 

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

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

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

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

℘ ∉ℑ  ⊃ ∈∩ ⊆⊕  ∪∉⊗ �ℑ∈⊗⊕ ℑ ℘ ∪ ∪ℑ ⊃  ∩∉∉⊗ℑ∈⊗ℜ ℑ⊗ 

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

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

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

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

≈� ∗ �� � 

′∏  ∪⊕ ⊕  ⊕ ℑ  ℘ ∪ ∪ℑ ⊇ ∏  ℜ ⊕ ∩∏∈ ⊃ ∈ ≤∪ ⊃ ∈ℑ� 

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

 ∉ ℜ ⊕ ∈ℑ  ⊃ ∉∈ℑ ⊂ ⊃ ∨⊕⊗� • ⊃  ∪  ∪ ⊃ ∉ℜ ⊇ ⊕ ℘  � ∪⊕ ∠ ℑ∠ ⊕  

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

2  ΕΞΠΕΡΙΜΕΝΤΑΛ ΜΕΤΗΟ∆Σ 

2 .1  Αντιχορροσ ιϖε υνδερλαψερ τρεατµεντ 

♥⊆⊆⊕   ⊃ ∈∩  ∪⊕ ⋅ℑ  ∪⊕⊗ ���� ℑ ⊂∏⊆⊃ ∈∏⊆ 

 ∪⊕ ⊕ ⊃ ∈ ℑ  ∉ ⊂∏  ⊃ ∉∈ � ℘ ∉∈ ℑ ⊃ ∈⊃ ∈∩ ≤ 
� � � �� ∩ �←� 

≤ � � � � � ∩ �←�ƒ 
� � � � ∩ �←�°↓ � � � � � � ∩�←∅∉� 

∗ � ⊆⊃ ∈ � ∪⊕∈ ⊗  ∧⊃ ∈∩⊃ ∈ ∪∉ℑ ⊃ ℑ �� ∗ �� ε  ∉ 

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

≠ ″ ⊕ ℘ ⊕ ⊃ √⊕ ⊗≥⊕ ∠  � �� ����� �ℑ ℘ ℘ ⊕ ∠  ⊕ ⊗♠ ℑ∈ � � �����



∩ℑ ⊃ ∈  ∪⊕ ∠∪∉ ∠∪ℑ  ⊕ 2℘ ∪ ∉⊆ℑ  ⊕ ℑ∈ ⊃ ℘ ∉  ∉ ⊃ √⊕ ℘ ∉ℑ  2 
⊃ ∈∩� 

2 .2  Χοµ ποσ ιτε σχλεχτιον 

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

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

∪ℑ√⊕ℜ ⊕ ⊕∈ ℘ ∉∈ ⊃ ⊗ ⊕  ⊕⊗�ℑ∈⊗ ∪⊕ℑ ℘  ∧⊂ ⊃ ℘ ⊕  ⊃ ∈⋅ℑ  

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

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

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

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

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

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

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

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

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

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

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

∉ ∪⊕ ∠  ∉∠ ⊕   ⊃ ⊕ � 

2 .3  Προπερτψτεσ τσ 

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

≥∞ ↑  ∏  ∅ℑ ℘ ⊕  ℘ ℑ∈∈⊃ ∈∩ ℑ∈⊗⊃ ∈∩  ⊕⊗ ⊃ ⊕∈ℑ∈ℑ ⊂∧ ⊃ � 

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

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

3  ΕΞΠΕΡΙΜΕΝΤΑΛ Ρ ΕΣΥΛΤΣ ΑΝ∆ ΑΝΑΛ2 
ΨΣΙΣ 

3 .1  Οργανιχ ηαρδενερ γλψοξαλ 

↑⊃ ¬ ⊃ ∈∩ ∪⊕ℑ℘  ∧⊂ ⊃ ℘�ℑ⊆⊃ ∈∉ ⊕  ⊃ ∈ � ⋅ℑ  ⊕ ∩ ⊂ℑ   

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

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

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

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

⊆⊃ ∈ ℑ ��� ε � ′∏ ℑ ⊂ ⊂  ∪⊕ ℑ⊆∠ ⊂⊕  ⋅⊕  ⊕ ℜ  ⊃   ⊂⊕ 

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

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

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

ℑ∈ℑ ⊂∧ ⊃ ℑ ⊂ ∉  ∪∉⋅⊕⊗ ∪ℑ  ∪⊕ ⊃ ⊂ ⊃ ℘ ∉∈ ℘ ∉∈ ⊕∈∉∈ 

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

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

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

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

℘ ∉⊆⊆∉∈ ∉∈⊕ ∉ ⊗ ∉⊃ � 

3 .2  Ινοργανιχ ηαρδενερ ΖνΟ 
×∪⊕⊗ ⊃   ∉℘ ⊃ ℑ  ⊃ ∉∈ ⊕ ∇∏ ℑ  ⊃ ∉∈∉∅ ∉⊗ ⊃ ∏⊆ ⋅ℑ  ⊕  

∩ ⊂ℑ  ℑ  ⊕ 

→ ℑ � ≥⊃ ↓ � � �♦ � ↓ ψ ≥⊃ �↓ ♦� � � �→ ℑ � � 

�↓ ♦ � ��� 

≥⊃ �↓ ♦� � � �↓ ♦ 
� ψ ≥⊃ �↓ ♦� � � � ��� 

≡∈↓ ⊃ ℑ⊆∠∪∉ ⊕  ⊃ ℘∉¬ ⊃ ⊗ ⊕ℑ∈⊗℘ ℑ∈ ⊗ ⊃   ∉ ⊂√⊕⊃ ∈ 

→ ℑ↓ ♦ ⊕ ℑ  ⊃ ⊂∧ � ≡∈� ↓ ♦� 
� � 
� ⊃ ∅ ∉⊆⊕⊗ ℑ ∅  ⊕ ⊃ ⊃  

⊆⊃ ¬⊕⊗ ⋅⊃  ∪ → ℑ � ≥⊃ ↓ � � ∠♦ ⊃ ⊗ ⊕ ℘  ⊕ ℑ  ⊕⊗ ℑ∈⊗ ⊃ ⊂ ⊃ 2 
℘ ∉∈⊕ℑ ℘ ⊃ ⊗⊃ ⊗ ⊕∠∉ ⊃  ⊕⊗� 

≡∈↓ � ♦ � ↓ � �↓ ♦ 
� ψ ≡∈�↓ ♦� � � � ��� 

×∪⊕⊕¬ ⊃   ⊕∈℘ ⊕ ∉∅ ∞∇∈ ���� ⊆ℑ⊄⊕  ∪⊕ ⊕ ℑ ℘ 2 
 ⊃ ∉∈ ⊗ ⊕√⊕ ⊂∉∠  ∉⋅ℑ  ⊗ ∪⊕ ⊗ ⊃  ⊕ ℘  ⊃ ∉∈ ∉∅ ∞∇∈ ���� � 

⊗∏  ⊃ ∈∩ ∪⊕⊗ ⊕∪∧⊗  ℑ  ⊃ ∉∈ ∠  ∉℘ ⊕  � ≥⊃ �↓ ♦� � ∠ℑ   ⊃ 2 
℘ ⊂⊕ ℘ ∉⊆⊕℘ ⊂∉ ⊕ ∉ ⊕ ℑ ℘ ∪∉ ∪⊕ � ∪⊕∪∧⊗  ℑ  ⊕⊗⊂ℑ∧⊕  

⊗ ⊃  ℑ∠∠ ⊕ ℑ ∩  ℑ⊗∏ ℑ ⊂ ⊂∧ �ℑ∈⊗ ∪⊕≥⊃ 2↓ ♦ ∩  ∉∏ ∠∉∈ ∪⊕ 

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

℘ ∉∈⊗ ⊕∈ ⊕� ℑ ∪ ⊕ ⊕ ⊗ ⊃⊆⊕∈ ⊃ ∉∈ℑ ⊂ ⋅⊕ℜ 2∅∉⊆    ∏ ℘ 2 
 ∏  ⊕ ⋅⊃  ∪ ) ≥⊃) ↓ ) ≥⊃) ↓ ) ℑ  ∪⊕ ⊆ℑ ⊃ ∈ ℘ ∪ℑ ⊃ ∈ 

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

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

℘  ℑ ℘ ⊄ ⊕ ℑ  ⊃ ⊂∧ �°∉ ⊂∧⊆⊕ ℘ ∉⊆∠∉∏∈⊗ ℘ ℑ∈ ⊗ ⊃  ∠⊕   ⊕ ∉ 

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

℘ ∉⊆∠∉ ⊃  ⊕⊇ ∏  ∪ℑ⊗ ∪ ⊃ ∠  ∉∠ ⊕   ∧ � 

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

⊃ ∈ �� ε ∅∉� ∪�  ∪⊕   ℑ∈ ∠ ℑ  ⊕∈∠ ℑ  ⊃  ∏  ⊕⊗ 

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

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

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

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

  ⊃ ⊂ ⊂ ∈∉∩ ∉∉⊗⊕∈∉∏ ∩∪� 

3 . 3  Ινοργανιχ ηαρδενερ αλυµινυµ τριπολψ 2 
πηοσπηατε 

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

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

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

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

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



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

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

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

� � � ⋅⊕  ⊕⊗ ⊕ ∅ ⊃ ∈⊕⊗ℑ∈⊗ ⊕   ⊕⊗ ⋅⊃  ∪ ∪⊕ ⊕  ∏ ⊂  ℑ  

×ℑℜ ⊂⊕ � � � � 

Ταβλε 1  ϒ√⊕  ℑ∩⊕℘ ∉∈ ℑ ℘ ℑ∈∩ ⊂⊕ ⋅⊃  ∪ ⋅ℑ  ⊕  

≥ℑ⊆∠ ⊂⊕ → ∉� ≤∉∈ ℑ ℘ ℑ∈∩ ⊂⊕ �� ⇐ � 

� � �� 

� � �� 

� � �� 

� � �� 

� � �� 

Ταβλε 2  ≥⊃ ⊂ ⊃ ℘ ∉∈ ℘ ∉∈ ⊕∈∉∅� � 

∞⊂⊕⊆⊕ ∈℘ ∉∈ ⊕ ∈ ↑ ℑ  ∅  ℑ ℘  ⊃ ∉∈ �� ↑ ∉ ⊂⊕∅  ℑ ℘  ⊃ ∉∈ �� 

→ ℑ � � �� � � �� 

ϒ⊂ �� � �� �� � �� 

≥⊃ � � �� � � �� 

° � � �� � � �� 

≤ � � �� � � �� 

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

℘ ∉∈ ⊕∈ ∪∉∏ ⊂⊗∈∉ℜ ⊕∪ ⊃ ∩∪�� �  ⊃ ⊂ ⊃ ℘ ∉∈ ∉∅ � 
� ⊃  

⊆∉⊗ ⊕  ℑ  ⊕� ℑ ⊂∏⊆⊃ ∈∏⊆  ∪⊕ ⊕    ⊕ ℑ  ⊕⊗ ⊂ ⊃ ⊄⊕ � � 

 ∪∉⋅⊕⊗∩ ∉∉⊗ℑ∈ ⊃ ℘ ∉  ∉ ⊃ √⊕�ℑ∈ ⊃ 2∪⊕ ℑ  ⊃ ∈∩ ∠  ∉∠ ⊕  2 
 ⊃ ⊕ � ∪⊕ ⋅ℑ  ⊕ ℘ ∉∈ ℑ ℘ ℑ∈∩ ⊂⊕ ⋅ℑ ��β⊃ ∈ ∩ ⊕∈⊕  ℑ ⊂� 

4  ΧΟΑΤ ΦΟΡ ΜΙΝΓ ΜΕΧΗΑΝΙΣΜΣ 

4 . 1  Αλυµινυµ τριπολψπηοσπηατε ηαρδενινγ 

µεχηανισµ 

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

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

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

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

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

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

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

 ∉ ∪⊕℘  ℑ℘ ⊄ ∉∅ ∪⊕℘ ∉ℑ  ⊃ ∈∩ ⋅∪ ⊃ ⊂⊕ ∪⊕ ∠∪∉ ∠∪ℑ  ⊕ 

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

 ∏  ∅ℑ ℘ ⊕� ×∪ ⊃ ∠  ∉∠ ⊕   ∧ ∉∅ ∠∪∉ ∠∪ℑ  ⊕⊃ √⊕  ∧ ⊃⊆2 
∠ ∉  ℑ∈ � ∪⊕⊃ ∈ ⊕  ∉∅ °2↓    ∏ ℘  ∏  ⊕ ⊂ ⊃⊆⊃   ∪⊕ 

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

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

×∪⊕⊕¬ ⊃   ⊕∈℘ ⊕∉∅ ⊆∏ ⊂  ⊃ 2√ℑ ⊂⊕∈℘ ⊕⊗℘ ℑ  ⊃ ∉∈ℑ ⊂ ∉ 

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

↓ � � ℑ∈⊗ ϒ⊂ � � � ×∪⊕⊃ ∈ ⊕  ∉∅ ϒ⊂ 2↓  ∉ ∪⊕℘ ∪ℑ ⊃ ∈ 

∉∅ ≥♥ 2↓ �°2↓ ℘ ∪ℑ∈∩ ⊕  ∪⊕∠  ∉∠⊕   ∧ ∉∅ ∪⊕⊆ �ϒ∈⊗ 

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

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

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

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

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

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

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

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

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

4 .2  Χυρινγ µεχηανισµσ οφ οργανιχ χο µ ποσ ι2 
τιον 

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

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

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

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

 ∏ ℘ ∪ℑ ℘ ∉∈⊗ ⊕∈ ℑ  ⊃ ∉∈ ℑ∈⊗∠∉ ⊂∧℘ ∉∈⊗ ⊕∈ ℑ  ⊃ ∉∈ � ×∪⊕ 

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

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

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

 ∪⊕  ⊕  ⊃ ∈� ′⊕ ℘ ℑ∏  ⊕ ∉∅  ∪⊕ ℘ ∉∈∈⊕ ℘  ⊃ ∉∈ ∉∅  ∪⊕ 

∩  ∉∏ ∠  � ) ↓ ♦ � ≤ ↓ ↓ ♦ ) ⊕  ℘ � � ℑ∈ ⊃ ∈ ∉ ⊂∏ ℜ ⊂⊕ 

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

℘ ∉ℑ  ⊃ ∈∩∠ ⊕  ∅∉⊆ℑ∈℘ ⊕�×∪⊕⊕ ∇∏ ℑ  ⊃ ∉∈∉∅ ∪⊕℘  ∉  2 
⊂ ⊃ ∈⊄⊃ ∈∩ ⊕ ℑ ℘  ⊃ ∉∈ ℑ  ⊕ℑ ∅∉ ⊂ ⊂∉⋅� 

) →) ≤ ♦ � ↓ ″ � ″χ ) ↓ ♦ 
) →) ≤ ♦ � ↓ ″χ � ″ ↓ ♦ ��� 
) →) ≤ ♦ � ↓ ″ � ″χ ) ≤ ↓ ↓ ♦ 
) →) ≤ ♦ � ↓≤ ″χ � ″ ↓ ♦ ��� 

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

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

) →) ≤ ♦ � ↓≤ ♦ � � ) →) ≤ ♦ � ↓≤ ♦ � 
) →) ≤ ♦ � ) →) � ≤ ♦ � ↓≤ ♦ � ↓≤ ♦ ��� 

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



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

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

 ⊕ ⊂ ∅ 2℘ ∉∈⊗ ⊕∈ ℑ  ⊃ ∉∈ � 

4 .3  Εφφεχτ οφ τηε αχρψ λιχ ρεσ ιν 

ƒ⊃ ∩� � ⊃  ∪⊕∉ℜ√⊕   ⊕∉∅ ∪⊕∠∪∉ ∠∪ℑ  ⊕ 2℘ ∪ ∉2 
⊆ℑ  ⊕℘ ∉ℑ  ⊃ ∈∩ � ∗ � Λ ⊆� � ⋅∪ ⊃ ℘ ∪  ∪∉⋅ ∪⊕℘ ∉∈2 
℘ ℑ√⊕ 2℘ ∉∈√⊕¬  ∏ℜ⊆⊃ ℘  ∉ ℘ ∉∠ ⊃ ℘    ∏ ℘  ∏  ⊕� ≥∏ ℘ ∪ 

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

ℑ∈⊗ ∠ ⊕ ⊆⊕ ℑ  ⊃ ∈∩ ∠  ∉∠ ⊕   ⊃ ⊕ ℑ∈⊗ ∉ℜ  ℑ ⊃ ∈ ⊕¬℘ ⊕ ⊂ ⊂⊕∈ 

Φ ιγ .1  °2≤℘ ∉ℑ  ⊃ ∈∩∉ℜ√⊕   ⊕ 

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

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

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

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

∉∅ ≥♥ ) ↓ ) ≥♥ ) ↓ ) ℘ ∪ℑ ⊃ ∈� ∪⊕ℑ⊗⊗ ⊃  ⊃ ∉∈ ∉∅ ∪⊕ 

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

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

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

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

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

5  ΧΟΝΧΛΥΣΙΟΝΣ 

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

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

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

⋅ℑ  ⊕ ∩ ⊂ℑ  ∪ℑ  ⊗ ⊕∈⊕ � 

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

Φ ιγ .2  ≥⊃ ⊗ ⊕∅ ℑ℘ ⊕∉∅℘ ∉⊆∠∉ ⊃  ⊕℘ ∉ℑ  ⊃ ∈∩ 

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

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

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

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

⋅ℑ  ⊕ ∩ ⊂ℑ  ∪ℑ  ⊗ ⊕∈⊕ � 

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

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

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

Ρ ΕΦΕΡ ΕΝΧΕΣ 

� ← ⊃ ÷⊃ ⋅⊕ ∈ � ← ⊃ ∩∪  ↑⊕  ℑ ⊂ ƒℑℜ  ⊃ ℘ ℑ  ⊃ ∉∈ ×⊕ ℘ ∪∈∉ ⊂∉∩∧ � 

���� � �� ��� ��� � 

�  ← ⊃″ ∏ ⊃� ← ⊃ ∩∪  ↑⊕  ℑ ⊂ ƒℑ ℜ  ⊃ ℘ ℑ  ⊃ ∉∈ ×⊕ ℘ ∪∈∉ ⊂∉∩∧ ����� � 

�� ���� ��� � 

�  ≤∪ ⊕ ∈ ÷⊃ ∈∩ ⊂ ⊃� ← ⊃ ∩∪  ↑ ⊕  ℑ ⊂ ƒℑℜ  ⊃ ℘ ℑ  ⊃ ∉∈ ×⊕ ℘ ∪∈∉ ⊂∉∩∧ � 

���� � ����� ��� � 

�  ϒ⊄ ⊃ ∪ ⊃  ∉ ↔ ⊃ ∧∉ ℑ∈⊃ετ αλ . ≥∏⊆⊃  ∉⊆∉ ← ⊃ ∩∪ ↑⊕  ℑ ⊂ ×⊕ ℘ ∪ 2 
∈⊃ ℘ ℑ ⊂ ″ ⊕ ∠ ∉  ����� �� ��� � 

�  ≡∪ ℑ∈∩ ♠ ∏∈∉∏� ← ⊃ ∩∪  ↑⊕  ℑ ⊂ ƒℑℜ  ⊃ ℘ ℑ  ⊃ ∉∈ ×⊕ ℘ ∪∈∉ ⊂∉∩∧ � 

���� � ����� ��� � 

�  ϒ⊄ ⊃ ∪ ⊃  ∉ ↔ ⊃ ∧∉ ℑ∈⊃ετ αλ. → ∉∈∅ ⊕   ∉∏  ↑⊕  ℑ ⊂ ° ∉℘ ⊕   ⊃ ∈∩� 

���� � � � �� � 

�  °ℑ∈∩ ÷⊃ ∈ �♠ ⊃⁄∉∈∩∧⊃ ∈∩ℑ∈⊗ ♣ℑ∈ • ⊕ ⊃ ∠ ⊃ ∈∩� ×∪ ⊕ ≤∪ ⊃ 2 
∈⊕  ⊕⊇ ∉∏  ∈ℑ ⊂∉ ∅ → ∉∈∅ ⊕   ∉∏  ↑⊕  ℑ ⊂����� ����� ���� � 

�  ♠° � � ������ ��������� � 
�  ♠° �� � ������ � ��������� � 
��  ♠° �� � ����� � ��������� � 
��  ♠° �� � ����� ��������� � 
��  ♠° �� � ����� � ������� � 
��  ≥∪∉⋅ℑ� ϒ⊂∏⊆⊃ ∈∏⊆ ≤ ∉∠�♠° �� � ��� � ��� � 

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

��  ← ⊃ ∏ ♣∏ ∉ ⊇ ⊃ ⊕� ≤∉ℑ  ⊃ ∈∩♥∈⊗ ∏    ∧ ����� �� ��� � 

(Εδιτεδ βψ Ζηυ Ζηονγγυο) 

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


