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ΑΒΣΤ Ρ ΑΧΤ  ≥⊃ ∈℘ ⊕ ∪ ⊕  ⊕⊃ ℑ ⊃ ∈∩ ⊂⊕ 2√ℑ ⊂∏ ⊕ ⊗ ⊕ √⊕   ⊕ / ≤0  ∪ ℑ∠ ⊕ ⊕ ⊂ℑ  ⊃ ∉∈ ℜ ⊕  ⋅⊕ ⊕ ∈  ∪ ⊕ ⊗ ⊃  ∠ ⊂ℑ∧⊕ ⊗ √ℑ ⊂∏ ⊕ ∉ ∅⊂∉⋅ 

∅  ⊕ ∇∏ ⊕ ∈℘ ∧ • ♠ƒ2��  ∧∠ ⊕ ⊆⊃ ℘  ∉ 2℘ ∉⊆∠∏  ⊕  2ℜ ℑ  ⊕ ⊗ ℑ∏  ∉⊆ℑ  ⊃ ℘ ⊆⊕  ℑ ⊂ ⊆ℑ  ⊕  ⊃ ℑ ⊂  ⊕ ∠ ℑ  ℑ  ∉ℑ∈⊗  ∪ ⊕ ∪ ℑ  ⊗ ∈⊕   ∉ ∅ ���� 

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

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

 ∉∠ ℑ∈⊗ ℜ ∉  ∉⊆ ∉ ∅ ∪ ⊕ ⊕ √⊕   ⊕ / ≤0  ∪ ℑ∠ ⊕ ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠ ℘ ∏  √⊕� ∪⊕ ∪ℑ  ⊗∈⊕  ∉ ∅ ∪⊕ ���� ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ℑ ⊂ ⊂∉∧ ℘ ℑ∈ ℜ ⊕ 

∇∏ ℑ∈ ⊃  ℑ  ⊃ √⊕ ⊂∧ ⊗ ⊕  ⊕ ⊆⊃ ∈⊕ ⊗ ℜ∧  ∪ ⊕ • ♠ƒ2�� ⊃ ∈   ∏⊆⊕ ∈ � ♥  ′ ⊃ ∈⊕ ⊂ ⊂ ∪ ℑ  ⊗ ∈⊕  � ″ ∉℘ ⊄⋅⊕ ⊂ ⊂ ∪ℑ  ⊗∈⊕   ℑ∈⊗ ∂⊃ ℘ ⊄⊕   

∪ℑ  ⊗∈⊕  √ℑ ⊂∏ ⊕ ℘ ℑ∈ ℜ ⊕ ⊗ ⊃  ⊕ ℘  ⊂∧ ⊗ ⊃  ∠ ⊂ℑ∧⊕ ⊗� × ∪⊕∠ ℑ    ⋅⊃  ∪∉∏   ∏ ∅ ∅ ⊃ ℘ ⊃ ⊕ ∈ ∉ ⊂ ⊃ ⊗ ∉ ⊂∏  ⊃ ∉∈ � ∪ ⊕∉√⊕  2ℜ∏  ∈∠ ℑ   ℑ∈⊗ 

 ∪ ⊕ ∪ ℑ  ⊗ ⊕ ∈⊃ ∈∩℘  ℑ ℘ ⊄⊕ ⊗∠ ℑ   ℘ ℑ∈ ℑ ⊂  ∉ ℜ ⊕ ℑ ℘ ℘ ∏  ℑ  ⊕ ⊂∧  ⊕ ∠ ℑ  ℑ  ⊕ ⊗ ℜ∧ ∏  ⊃ ∈∩  ∪⊕ • ♠ƒ2�� ⊃ ∈   ∏⊆⊕ ∈ � ƒ∏   ∪ ⊕ ⊆∉ ⊕� 

 ∪ ⊕  ⊕⊃ ℑ ⊂ ∉ ℑ  ⊕ √⊕   ⊕ / ≤0  ∪ℑ∠ ⊕ ⊕ ⊂ℑ  ⊃ ∉∈ ℜ ⊕  ⋅⊕ ⊕ ∈  ∪ ⊕ ∪ℑ  ⊗∈⊕  ∉ ∅ ���� ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ℑ ⊂ ⊂∉∧ ℑ ∅  ⊕ ℑ   ⊃ ∅ ⊃ ℘ ⊃ ℑ ⊂ ℑ∩ ⊃ ∈∩ 

  ⊕ ℑ  ⊆⊕ ∈ ℑ∈⊗  ∪ ⊕ ⊗ ⊃  ∠ ⊂ℑ∧⊕ ⊗ √ℑ ⊂∏ ⊕ ∉ ∅  ∪ ⊕ • ♠ƒ2�� ⊃ ∈   ∏⊆⊕ ∈ � × ∪⊕ ∠  ⊕ ℘ ⊃  ⊃ ∉∈ ∉ ∅  ∪⊕ ∪ℑ  ⊗ ∈⊕   ⊕   ⊕ ⊗ ℜ∧  ∪ ⊕ 

• ♠ƒ2�� ⊃ ∈   ∏⊆⊕ ∈ ⊃ ℑℜ ∉∏ ♦ ″ ′ ? � � � �ℑ∈⊗ ∪ ⊕ ⊕ ∠ ℑ  ℑ  ⊃ ∈∩ ∠ ⊕ ⊕ ⊗℘ ℑ∈  ⊕ ℑ ℘ ∪ � ��� ∠ ℑ   ∠ ⊕ ∪∉∏ � 

Κεψ ωορδσ  ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ℑ ⊂ ⊂∉∧  ∪ ⊕ ℑ  2  ⊕ ℑ  ⊆⊕ ∈ ∇∏ ℑ ⊂ ⊃  ∧  ∈∉∈⊗ ⊕    ∏ ℘  ⊃ √⊕ ⊕   ⊃ ∈∩ 

1  ΙΝΤ Ρ Ο∆ ΥΧΤΙΟΝ 

≥⊃ ∈℘ ⊕  ∪⊕ ∠ ℑ∠ ⊕  / ″ ℑ∠ ⊃ ⊗� → ∉∈⊗ ⊕    ∏ ℘  ⊃ √⊕ 

ϒ∈⊗ ± ∏ ℑ∈ ⊃  ℑ  ⊃ √⊕ ×⊕   ⊃ ∈∩ ∉∅ ♦ℑ  ⊗∈⊕   ∉∅ ϒ⊂∏ 2 

⊆⊃ ∈⊃ ∏⊆ ℑ ⊂ ⊂∉∧ 0 ⋅ℑ  ∠∏ℜ ⊂ ⊃  ∪⊕⊗ ≈� � ⊆ℑ∈∧  ⊕ ℑ⊗ ⊕   

∪ℑ√⊕ ℜ ⊕ ⊕∈ √⊕  ∧ ℘ ∉∈℘ ⊕  ∈⊃ ∈∩ ℑℜ∉∏  ∪⊕  ℑ∠ ⊃ ⊗ ∈∉∈2 

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

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

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

∪ℑ  ⊗∈⊕  � ≥∉ ⋅⊕ ∠ ℑ   ⊃ ℘ ∏ ⊂ℑ  ⊂∧ ℘ ℑ   ∧ ∉∈  ∪⊕  ⊕ 2 

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

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

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

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

℘ ℑ∈ ∏  ⊕  ∪⊕ • ♠ƒ2��  ∧∠⊕ ⊆⊃ ℘  ∉ 2℘ ∉⊆∠∏  ⊕  2ℜ ℑ  ⊕⊗ 

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

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

ℜ∏  ∈∠ ℑ   �  ∪⊕ ∇∏ ⊕∈℘ ∪ ⊃ ∈∩ ℘  ℑ ℘ ⊄⊕⊗ ∠ ℑ   �  ∪⊕ 

∏∈⊗ ⊕  ℑ∩ ⊕⊗ ℑ∈⊗ ∉√⊕  2ℑ∩ ⊕⊗ ∠ ℑ   � ♥℘ ℑ∈ ℑ ⊂ ∉ ℜ ⊕ 

∏  ⊕⊗ ∉ ∇∏ ℑ∈ ⊃  ℑ  ⊃ √⊕ ⊂∧  ⊕   ∪⊕ ∪ℑ  ⊗∈⊕  ℑ ∅  ⊕  ∉ ⊂2 

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

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

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

2  ΠΡΙΝΧΙΠΛΕ 

× ∪⊕ ℜℑ  ⊃ ℘ ∠  ⊃ ∈℘ ⊃ ∠ ⊂⊕ ∉∅ ∏  ⊃ ∈∩ • ♠ƒ2��  ∧∠ ⊕ 

⊃ ∈   ∏⊆⊕∈ ∉  ⊕  ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ℑ ⊂ ⊂∉∧ . ∠  ∉∠ ⊕   ⊃ ⊕  

 ∏ ℘ ∪ ℑ  ∪ℑ  ⊗∈⊕   ∪ℑ  ℑ ⊂ ⊕ ℑ⊗ ∧ ℜ ⊕ ⊕∈ ⊗ ⊕  ℘  ⊃ ℜ ⊕⊗ ⊃ ∈ 

″ ⊕ ∅� ≈� � × ∪⊕ ⊃ ∈   ∏⊆⊕∈⊃  ∏ ℘ ℘ ⊕   ∅∏ ⊂ ⊂∧ ⊗ ⊕√⊕ ⊂2 

∉∠ ⊕⊗ ℜ ∧ ⊆⊕ ℑ∈∉∅ ⊗ ⊃ ∅ ∅ ⊕  ⊕∈ ⊃ ℑ ⊂ ⊆∉⊗ ⊕� ♥⊃  ℜ ℑ  ⊕⊗ 

∉∈  ∪⊕∅ ℑ ℘  ∪ℑ  ∪⊕ ∉∏  ∠∏ √∉ ⊂  ℑ∩⊕ ∉∅  ∪⊕  ⊕   ⊕⊗ 

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

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

∪ℑ  ⊗∈⊕  ℑ∈⊗    ⊕  � × ⋅∉  ∉ ⊂⊕∈∉ ⊃ ⊗ ∠  ∉ℜ ⊕ �ℑ ⊂ ∉ 

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

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

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

 ⊃ ∨⊕⊗ ℜ∧ ℑ℘ ⊕   ℑ ⊃ ∈ ∅  ⊕ ∇∏ ⊕∈℘ ∧  ℑ∈∩ ⊃ ∈∩∅  ∉⊆ � ♦∨  ∉ 

� ��� ♦∨ ℑ∈⊗  ∪⊕ ⊃ ∈⊗∏ ℘ ⊕⊗ √∉ ⊂  ℑ∩ ⊕  ⊃ ∩∈ℑ ⊂ ⊃  ∉ℜ 2 

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

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

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

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

∂ ∉ ⊂��  λ ��       Τρανσ . Νονφερρουσ Μετ . Σοχ . Χηινα       ↑ ℑ ����� 

≠ ″ ⊕ ℘ ⊕ ⊃ √⊕ ⊗♠∏ ⊂��� ����� �ℑ ℘ ℘ ⊕ ∠  ⊕ ⊗ ≥⊕ ∠�� �����



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

∅∉∏  2⊗ ⊃ ∩ ⊃ ⊗ ⊃  ∠ ⊂ℑ∧ � ♥∅ ⊃ ⊃  ℑ∈ ∏∈∇∏ ℑ ⊂ ⊃ ∅ ⊃ ⊕⊗ ∠ℑ   � 

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

 ∉∏∈⊗� 

3  ΠΡ ΕΠΑΡ ΑΤΙΟΝ ΟΦ ΤΕΣΤ ΠΑΡ ΤΣ ΑΝ∆ 

Ε ΞΠΕ ΡΙ ΜΕ ΝΤ ΑΛ ΜΕΤ ΗΟ∆ 

� .�  Πρεπαρατιον οφ τεστ παρτσ οφ ���� αλυµινι2 

υµ αλλοψ 

≤∪∉∉ ⊕ ∪⊕ ℑ  2⊗ ⊕ ⊂ ⊃ √⊕  ⊕⊗ ���� ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ℑ ⊂2 

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

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

 ∪ℑ  ⊃ � ∪⊕ ⊕  ∠ℑ   ℑ  ⊕ δ�� ⊆ ⊆ ≅ �� ⊆ ⊆ ⊃ ∈ ⊗ ⊃ 2 

⊆⊕∈ ⊃ ∉∈ � 

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

 ⊕  ∠⊕ ℘  ⊃ √⊕ ⊂∧ ��� � ��� � ��� � ��� � ��� � ��� � 

��� ���� ℑ∈⊗ ��� ε � × ∪⊕ ⊃ ∪∉ ⊂⊗ ⊃ ∈∩  ⊃⊆⊕⊃ ℑ ⊂ ⊂ 

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

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

ℑ∩ ⊃ ∈∩� 

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

��� ε �  ∪⊕∈ ℑ℘ ℘ ⊕∠  ⋅ℑ  ⊕  ∪ℑ  ⊗ ⊕∈⊃ ∈∩ ℑ ⊃ ∈⊗ ∉∉ 

 ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ℑ ∅  ⊕  �� ⊆⊃ ∈ ∪⊕ ℑ ∠  ⊕  ⊕  √ℑ  ⊃ ∉∈ � ℑ  

⊂ℑ  � ∪⊕ ∧ ℑ ℘ ℘ ⊕ ∠ ℑ   ⊃ ∅ ⊃ ℘ ⊃ ℑ ⊂ ℑ ∩ ⊃ ∈∩  ⊕ ℑ  ⊆⊕∈ℑ ��� 
ε � × ∪⊕ ℑ∩ ⊃ ∈∩ ∪⊕ ℑ ∠  ⊕  ⊕  √ℑ  ⊃ ∉∈  ⊃⊆⊕  ℑ  ⊕  ⊕ 2 

 ∠ ⊕ ℘  ⊃ √⊕ ⊂∧ � � � �� � � �� � � �� � � �� � � �� � � �� � � � 

� � � �� � � ℑ∈⊗� � � ∪� 

� .�  Εξπεριµ ενταλ µ ετηοδ ανδ εθυιπ µ εντ 

♦ℑ  ⊗ ⊕∈⊃ ∈∩ ∪⊕ ℑ  ⊃ ∈∩ ℑ∈⊗ ℑ   ⊃ ∅ ⊃ ℘ ⊃ ℑ ⊂ ℑ ∩ ⊃ ∈∩ ℑ  ⊕ 

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

×⊕   ∪⊕ ∪ℑ  ⊗∈⊕   ♦ ″ ′ √ℑ ⊂∏ ⊕ ∉∅  ∪⊕ ∪⊕ ℑ  2 

  ⊕ ℑ  ⊆⊕∈ ⊕  ∠ℑ    ⊆⊕∈ ⊃ ∉∈⊕⊗ ℑℜ ∉√⊕ ℜ∧ ♦ ″ ��� 

 ∧∠⊕ ℘ ⊂⊕  ∉ ℘ ∉∠ ⊕� ↓ℜ  ⊕  √⊕ ∪⊕ ⊆⊃ ℘  ∉ ℘ ∉∠ ⊃ ℘   ∏ ℘ 2 

 ∏  ⊕ ℑ∈⊗ ⊗ ⊕ ∅ ⊕ ℘   ∏ ℘ ∪ ℑ ∪ℑ  ⊗ ⊕∈⊃ ∈∩ ℘  ℑ℘ ⊄∉∅ ∪⊕ 

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

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

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

⊕∈⊃ ∈∩ ℘  ℑ ℘ ⊄∉∅ ∪⊕ ∪⊕ ℑ  2  ⊕ ℑ  ⊕⊗∠ ℑ   ℜ∧ • ♠ƒ2�� 

⊃ ∈   ∏⊆⊕∈ .  √ℑ ⊂∏ ⊕ 2⊗ ⊃  ∠ ⊂ℑ∧⊃ ∈∩ ⊆⊕  ∪∉⊗ ℑ∈⊗ / ≠ � 

⊆⊕  ∪∉⊗ 0 ∅∉∪ℑ  ⊗∈⊕   ⊕   ⊃ ∈∩� 

4  Ρ ΕΣΥΛΤΣ ΑΝ∆ ∆ΙΣΧΥΣΣΙΟΝ 

� .�  Ρελατιονσηιπ βετωεεν σολιδ σολυτιον τεµ 2 

περατυρεσ ανδ ΩϑΦ 2�� ινσ τρυµ εντ. σ δισ2 

πλαψεδ ϖαλυεσ οφ ���� αλυµινιυµ αλλοψ 

× ∪⊕ ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠ ℜ ⊕  ⋅⊕ ⊕∈  ∉ ⊂ ⊃ ⊗ ∉ ⊂∏  ⊃ ∉∈  ⊕⊆2 

∠⊕  ℑ  ∏  ⊕  ℑ∈⊗ • ♠ƒ2�� ⊃ ∈   ∏⊆⊕∈ .  ⊗ ⊃  ∠ ⊂ℑ∧⊕⊗ 

√ℑ ⊂∏ ⊕ ∉∅ ���� ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ℑ ⊂ ⊂∉∧ ⊃  ∪∉⋅∈ ⊃ ∈ ƒ⊃ ∩� 

� � ♥⊃   ∪∏  ⊕√⊃ ⊗ ⊕∈ ∪ℑ  ∪⊕ • ♠ƒ2�� ⊃ ∈   ∏ 2 

⊆⊕∈ .  ⊗ ⊃  ∠ ⊂ℑ∧⊕⊗ √ℑ ⊂∏ ⊕ ∉∅ ���� ℑ ⊂∏⊆⊃ ∈⊃ ⊆ ℑ ⊂ ⊂∉∧ 

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

⊂∏  ⊃ ∉∈  ⊕⊆∠ ⊕  ℑ  ∏  ⊕� × ∪⊕  ⊕ ℑ  ∉∈ ⊃   ∪ℑ  ∪⊕ ⊃ ∈2 

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

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

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

ℑ ⊂ ∉ ⊂ℑ  ∩ ⊕�  ∪ℑ ⊃ � ���� ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ℑ ⊂ ⊂∉∧ ⊃ ⊃ ∈ 

 ∪⊕ ⊗ ∉∏ℜ ⊂⊕  ∏ ∠ ⊕   ℑ  ∏  ℑ  ⊕⊗   ℑ  ⊕� ℜ∉ ∪ ∅ℑ ℘  ∉  

℘ ℑ∏  ⊕  ∪⊕  ⊕⊗ ∏ ℘  ⊃ ∉∈ ∉∅ ⊕ ⊂⊕ ℘   ⊃ ℘ ℑ ⊂ ℘ ∉∈⊗∏ ℘  ⊃ √⊃ 2 

 ∧ 
≈� ��  �≥∉  ∪⊕ • ♠ƒ2�� ⊃ ∈   ∏⊆⊕∈ . ⊗ ⊃  ∠ ⊂ℑ∧⊕⊗ 

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

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

 ∉ ⊂ ⊃ ⊗ ∉ ⊂∏  ⊃ ∉∈  ⊕⊆∠⊕  ℑ  ∏  ⊕� 

× ∪⊕  ⊕ ℑ  ∉∈ ∉∅  ∪⊕ ∅∉⊆ℑ  ⊃ ∉∈ ∉∅  ∪⊕ ℘ ∏  √⊕ 

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

   ⊕∈∩  ∪⊕∈⊃ ∈∩ ∠∪ℑ  ⊕ . ⊗ ⊃   ∉ ⊂√⊃ ∈∩ ℘ ∉∈⊗ ⊃  ⊃ ∉∈ ⊗∏  2 

Φ ιγ .1  ″ ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠ ℜ ⊕  ⋅⊕ ⊕∈  ∉ ⊂ ⊃ ⊗ ∉ ⊂∏  ⊃ ∉∈ 

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

ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ℑ ⊂ ⊂∉∧ ∉∈ • ♠ƒ2�� ⊃ ∈   ∏⊆⊕∈ 

�∈ℑ  ∏  ℑ ⊂ ℑ∩ ⊃ ∈∩� 

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



⊃ ∈∩ ���� ℑ ⊂∏⊆⊃ ∈∏⊆ ℑ ⊂ ⊂∉∧.  ∉ ⊂ ⊃ ⊗  ∉ ⊂∏  ⊃ ∉∈   ⊕ ℑ  2 

⊆⊕∈� × ∪⊕ ⊆ℑ ⊇ ∉∠∪ℑ  ⊕  ∪ℑ ∪ℑ√⊕   ⊕∈∩  ∪⊕∈⊃ ∈∩ 

∅∏∈℘  ⊃ ∉∈⊃ ∈ ���� ℑ ⊂∏⊆⊃ ∈∏⊆ ℑ ⊂ ⊂∉∧.  ℑ∩ ⊃ ∈∩ ℑ  ⊕ 

↑ ∩ � ≥⊃� ≤∏ϒ⊂ � � ϒ⊂ � ≤∏↑ ∩ ℑ∈⊗ ≤∏ � ↑ ∩ � ≥⊃ � ϒ⊂ � 

∠∪ℑ  ⊕ � × ∪⊕ ℘ ∪⊕ ℘ ⊄ ∉∅ ⊆⊕  ℑ ⊂ ⊂∉∩  ℑ∠∪∧ ∉∅  ∪⊕  ⊕   

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

∅ ⊕  ⊕∈ ⊕⊆∠ ⊕  ℑ  ∏  ⊕   ∪∉⋅  ∪ℑ  ⋅∪⊕∈  ∪⊕ ∧ ℑ  ⊕ 

∪⊕ ℑ  ⊕⊗ ℜ ⊕  ⋅⊕ ⊕∈ ��� ε ℑ∈⊗��� ε �ℑ ⊂  ∪∉∏ ∩∪ ∪⊕ 

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

⊗ ⊃   ∉√⊂⊕⊗�⊃  ⊃ ∈∉∉ℜ√⊃ ∉∏ � • ∪⊕∈ ∪⊕ ℑ  ⊕⊗ℑ ��� 
ε �⊕¬℘ ⊕∠ ∅∉≤∏ϒ⊂ � � ∪⊕ ∉ ∪⊕ ∠∪ℑ  ⊕  ∪ℑ√⊕ ℑ ⊂ ⊂ 

 ⊕⊆ℑ  ⊄ℑℜ ⊂∧ ⊗ ⊃   ∉ ⊂√⊕⊗� ≥∉  ∪⊕ ⊕  ∠ℑ    . ⊕ ⊂⊕ ℘   ⊃ 2 

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

∪⊕ ℑ  ⊕⊗ ℜ ⊕  ⋅⊕ ⊕∈ ��� ε ℑ∈⊗ ��� ε � ∪⊕ ∉ ⊂ ⊃ ⊗ ∉2 

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

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

⊂∧ � • ∪⊕∈ ∪⊕ ℑ  ⊕⊗ ℑ ��� ε � ≤∏ϒ⊂ � ∠∪ℑ  ⊕ ℜ ⊕ ∩ ⊃ ∈ 

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

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

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

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

↔ ∈∉⋅∈ ∅  ∉⊆ ƒ⊃ ∩� � � ⋅⊕ ∪∉∏ ⊂⊗℘ ∪∉∉ ⊕ ��� ε ∉ 

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

⊆⊃ ∈∏⊆ ℑ ⊂ ⊂∉∧ � ℜ ⊕ ℘ ℑ∏  ⊕ ℑ  ∪ ⊃  ⊃⊆⊕  ∪⊕ • ♠ƒ2�� 

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

� .�  Ρελατιονσηιπ βετωεεν ηαρδνεσσ ανδ σολιδ 

σολυτιον τεµ περατυρε οφ ���� αλυµινιυµ 

αλλοψ 

× ∪⊕ ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠ ℜ ⊕  ⋅⊕ ⊕∈ ∪ℑ  ⊗∈⊕  ℑ∈⊗ ∉ ⊂ ⊃ ⊗ 

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

 ∪∉⋅∈ ⊃ ∈ ƒ⊃ ∩� � �ℑ ∅  ⊕ ∈ℑ  ∏  ℑ ⊂ ℑ∩ ⊃ ∈∩� �♥⊃  ∪∏  

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

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

 ∏  ⊕� ℑ∈⊗  ⊕ ℑ℘ ∪⊕   ∪⊕ ∠ ⊕ ℑ⊄ √ℑ ⊂∏ ⊕ ℑ  ℑℜ ∉∏  

��� ε � ϒ∅  ⊕  ∪⊕  ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ⊕¬℘ ⊕ ⊕⊗  ��� ε � 

⊃ ∈  ⊕ ℑ⊗�  ∪⊕ ∪ℑ  ⊗∈⊕   ⊗ ⊕ ℘  ⊕ ℑ  ⊕  ⋅⊃  ∪ ⊃ ∈℘  ⊕ ℑ  ⊃ ∈∩ 

 ∉ ⊂ ⊃ ⊗ ∉ ⊂∏  ⊃ ∉∈  ⊕⊆∠ ⊕  ℑ  ∏  ⊕� 

ϒ⋅⊕∪ℑ√⊕ ⊆⊕∈ ⊃ ∉∈⊕⊗ℜ ⊕ ∅∉ ⊕� ⋅⊃  ∪⊃ ∈℘  ⊕ ℑ  2 

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

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

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

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

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

   ⊕∈∩  ∪⊕∈⊃ ∈∩ ⊕ ∅ ∅⊕ ℘  ℘ ℑ∏  ⊕⊗ ℜ∧ ℑ∩ ⊃ ∈∩ ⊃  

   ∉∈∩ 
≈� �� � ≥∉ ⋅⊃  ∪ ⊃ ∈℘  ⊕ ℑ  ⊃ ∈∩  ∉ ⊂ ⊃ ⊗  ∉ ⊂∏  ⊃ ∉∈ 

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

 ∪⊕ ∠ ⊕ ℑ⊄ √ℑ ⊂∏ ⊕ ℑ  ��� ε � ′∧ ⊆⊕  ℑ ⊂ ⊂∉∩  ℑ∠∪ ⊃ ℘ 

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

 ∪⊕  ⊕   ∠ℑ      ⊕ ℑ  ⊕⊗ ℑ  ��� ε ℑ∈⊗ ��� ε � 

⊆∉ ⊕ ∉√⊕ �  ∪⊕ ∪ℑ  ⊗ ⊕∈⊃ ∈∩ ℘  ℑ ℘ ⊄ ℑ∠∠⊕ ℑ ⊃ ∈  ∪⊕ 

 ⊕  ∠ℑ     ⊕ ℑ  ⊕⊗ℑ ��� ε � × ∪⊕  ⊕∅ℑ ℘  ∉  ⊕  ∏ ⊂  

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

∪ℑ  ⊗∈⊕  � 

ϒ ∪∉⋅∈ ⊃ ∈ ƒ⊃ ∩�� �⊃  .  ∪ℑ  ⊗  ∉ ⊇ ∏⊗ ∩ ⊕  ∪⊕ 

∉√⊕  ℜ∏  ∈⊃ ∈∩ ⊗ ⊕ ∅ ⊕ ℘  ℜ ∧  ⊕   ⊃ ∈∩ ″ ∉℘ ⊄⋅⊕ ⊂ ⊂ ∪ℑ  ⊗ 2 

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

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

ℜ∏  ∈⊃ ∈∩� ↑ ∉ ⊕ ∉√⊕ � ⊕   ⊃ ∈∩∉√⊕  ℜ∏  ∈⊃ ∈∩ ℜ∧ ⊆⊕  2 

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

ℑ∈⊗  ⊃ ⊂ ⊂⊃  ⊃ ⊗ ⊕    ∏ ℘  ⊃ √⊕ ⊕   ⊃ ∈∩� 

Φ ιγ .2  ″ ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠ ℜ ⊕  ⋅⊕ ⊕∈ ∪ℑ  ⊗∈⊕  ℑ∈⊗ 

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

ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ℑ ⊂ ⊂∉∧ �∈ℑ  ∏  ℑ ⊂ ℑ∩ ⊃ ∈∩� 

� .�  Ρελατιονσηιπ βετωεεν ΩϑΦ 2�� ινστρυ2 

µ εντ. σ δισπλαψεδ ϖαλυεσ ανδ ηαρδνεσσ οφ 

���� αλυµινιυµ αλλοψ αφτερ σολιδ σολυ2 

τιον τρεατµ εντ ατ διφφερεντ τεµ περατυρεσ 

πλυσ νατυραλ αγινγ 

× ∪⊕  ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠ ℜ ⊕  ⋅⊕ ⊕∈ • ♠ƒ2�� ⊃ ∈   ∏ 2 

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

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

⊗ ⊃ ∅ ∅ ⊕  ⊕∈ ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ∠ ⊂∏ ∈ℑ  ∏  ℑ ⊂ ℑ∩ ⊃ ∈∩ ⊃ ∠  ⊕ 2 

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

 ⊕ √⊕   ⊕ / ≤ 0  ∪ℑ∠ ⊕  ⊕ ⊂ℑ  ⊃ ∉∈ ℜ ⊕  ⋅⊕ ⊕∈ • ♠ƒ2�� 

⊃ ∈   ∏⊆⊕∈ .  ⊗ ⊃  ∠ ⊂ℑ∧⊕⊗ √ℑ ⊂∏ ⊕  ℑ∈⊗ ∪ℑ  ⊗∈⊕   ∉∅ 

# � � # ∂ ∉ ⊂1�  λ 1�      ♦⊕ ℑ  2  ⊕ ℑ  ⊆⊕∈∇∏ ℑ ⊂ ⊃  ∧ ∉ ∅ ���� ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ℑ ⊂ ⊂∉∧



���� ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ℑ ⊂ ⊂∉∧ ℑ ∅  ⊕  ∉ ⊂ ⊃ ⊗  ∉ ⊂∏  ⊃ ∉∈   ⊕ ℑ  2 

⊆⊕∈ℑ ⊗ ⊃ ∅ ∅⊕  ⊕∈ ⊕⊆∠⊕  ℑ  ∏  ⊕  ∠ ⊂∏  ∈ℑ  ∏  ℑ ⊂ ℑ∩ 2 

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

⊂∏  ⊃ ∉∈  ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ∪⊕ • ♠ƒ2�� ⊃ ∈   ∏⊆⊕∈ . ⊗ ⊃  2 

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

∪ℑ  ⊗∈⊕   ⊕ ℑ℘ ∪⊕  ∪⊕ ∠ ⊕ ℑ⊄ √ℑ ⊂∏ ⊕ℑ ℑℜ∉∏ ��� ε � 

 ∪∏ ℘ ℑ∏  ⊃ ∈∩  ∪⊕  ⊕√⊕   ⊕ / ≤ 0  ∪ℑ∠ ⊕  ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠ 

ℜ ⊕  ⋅⊕ ⊕∈  ∪⊕ ∪ℑ  ⊗∈⊕   ℑ∈⊗  ∪⊕ • ♠ƒ2�� ⊃ ∈   ∏ 2 

⊆⊕∈ . ⊗ ⊃  ∠ ⊂ℑ∧⊕⊗√ℑ ⊂∏ ⊕ � 

≥⊕ ⊕∈ ∅  ∉⊆ ƒ⊃ ∩� � � ∪⊕∠ℑ   ⋅⊃  ∪⊃ ∈ ∏ ∅ ∅ ⊃ ℘ ⊃ ⊕∈ 

 ∉ ⊂ ⊃ ⊗ ∉ ⊂∏  ⊃ ∉∈ � ∪⊕ ∉√⊕  ℜ∏  ∈∠ ℑ   ℑ∈⊗ ∪⊕ ∪ℑ  ⊗ 2 

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

 ∪⊕ ℜ∉  ∉⊆ ⊕∈⊗ ∉∅  ∪⊕  ⊕ √⊕   ⊕ / ≤ 0  ∪ℑ∠ ⊕  ⊕ ⊂ℑ 2 

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

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

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

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

ℑ  ⊕⊂⊕   ∪ℑ∈ � ��� � 

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

 ∪⊕ ∉√⊕  ℜ∏  ∈ℑ∈⊗ ℘  ℑ ℘ ⊄⊕⊗ ∠ℑ    ℘ ℑ∈ ℜ ⊕ ℘ ℑ   ⊃ ⊕⊗ 

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

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

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

∉∅ • ♠ƒ2�� ⊃ ∈   ∏⊆⊕∈�∈ℑ  ∏  ℑ ⊂ ℑ∩ ⊃ ∈∩� 

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

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

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

ℑ∩ ⊃ ∈∩ ℑ ℑ⊆ℜ ⊃ ⊕∈ ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ℘ ℑ∈ ℘ ℑ∏  ⊕  ∪⊕ ⊃ ∈2 

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

∉⊂ ⊃   ⊂⊕⊕ ∅ ∅⊕ ℘ ∉∈ ⊕ ⊂⊕ ℘   ⊃ ℘ ℑ ⊂ ℘ ∉∈⊗∏ ℘  ⊃ √⊃  ∧ 
≈� � ϒ∅  ⊕  

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

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

∈∉ ⊃ ∈ ⊕  ∅ ⊕  ⊕ ⋅⊃  ∪  ∪⊕  ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠ ℜ ⊕  ⋅⊕ ⊕∈  ∉ ⊂ ⊃ ⊗ 

 ∉ ⊂∏  ⊃ ∉∈  ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ℑ∈⊗ • ♠ƒ2�� ⊃ ∈   ∏⊆⊕∈ .  

⊗ ⊃  ∠ ⊂ℑ∧⊕⊗ √ℑ ⊂∏ ⊕ � 

� . �  Ρελατιονσηιπ βετωεεν ΩϑΦ 2�� ινστρυ2 

µ εντ. σ δισπλαψεδ ϖαλυεσ ανδ ηαρδνεσσ οφ 

���� αλυµινιυµ αλλοψ τεσ τ παρτσ αφτερ 

αρτιφιχιαλ αγινγ 

× ∪⊕  ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠ ℜ ⊕  ⋅⊕ ⊕∈ • ♠ƒ2�� ⊃ ∈   ∏ 2 

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

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

∠  ⊕  ⊕∈ ⊕⊗⊃ ∈ ƒ⊃ ∩� � � ⋅∪ ⊃ ℘ ∪⊃ ∈⊗ ⊃ ℘ ℑ  ⊕  ∪ℑ  ∪⊕ ⊕ 2 

⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠ ℜ ⊕  ⋅⊕ ⊕∈ • ♠ƒ2�� ⊃ ∈   ∏⊆⊕∈ .  ⊗ ⊃  2 

∠ ⊂ℑ∧⊕⊗√ℑ ⊂∏ ⊕ ℑ∈⊗ ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ℑ ⊂ ⊂∉∧. ∪ℑ⊗∈⊕  ℑ ∅ 2 

 ⊕ ℑ   ⊃ ∅ ⊃ ℘ ⊃ ℑ ⊂ ℑ∩ ⊃ ∈∩ ⊃  ℑ  ⊕ √⊕   ⊕ / ≤ 0  ∪ℑ∠⊕  ⊕ ⊂ℑ 2 

 ⊃ ∉∈ ∪ ⊃ ∠ 
≈� � ♥⊃  ℑ ⊂ ∉ ∠ ∉ ⊃ ∈ ⊕⊗ ∉∏ ⊃ ∈ ″ ⊕ ∅ �≈� � 

��  ∪ℑ  ∪⊕ ⊕ ⊂⊕ ℘   ⊃ ℘ ℑ ⊂ ℘ ∉∈⊗∏ ℘  ⊃ √⊃  ∧ ∉∅ ∉√⊕  2ℑ∩⊕⊗ 

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

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

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

ℑ∩ ⊃ ∈∩  ⊃ ⊆⊕ ℑ∈⊗ ℑ   ⊃ ∅ ⊃ ℘ ⊃ ℑ ⊂ ℑ∩ ⊃ ∈∩  ⊕⊆∠⊕  ℑ  ∏  ⊕ ℑ  

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

℘ ℑ∏  ⊕ ∪⊕ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ℑ ⊂ ⊂∉∧. ∉√⊕  2ℑ∩ ⊃ ∈∩� ∪ℑ  ⊃ � 

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

℘ ∉∈⊗∏ ℘  ⊃ √⊃  ∧ ⊃ ∈℘  ⊕ ℑ  ⊕  ⋅⊃  ∪⊃ ∈℘  ⊕ ℑ  ⊃ ∈∩ℑ∩ ⊃ ∈∩ ⊕⊆2 

∠ ⊕  ℑ  ∏  ⊕ ≈�� � ≥∉  ∪⊕ ∉√⊕  2ℑ∩ ⊕⊗ ∠ ℑ    ℑ∈⊗  ∪⊕ 

∏∈⊗ ⊕  2ℑ∩ ⊕⊗ ∠ ℑ   ℘ ℑ∈ ℜ ⊕  ⊕ ∠ℑ  ℑ  ⊕⊗ ℜ∧  ∪⊕ • ♠ƒ2 

�� ⊃ ∈   ∏⊆⊕∈ � ϒ ∪⊕  ℑ⊆⊕  ⊃⊆⊕� ⋅⊕ ℘ ℑ∈ ℑ ⊂ ∉ 

∏  ⊕ • ♠ƒ2�� ⊃ ∈   ∏⊆⊕∈ ∉  ⊕  ⊕ ℑ  ℘ ∪⊃ ∈ ∉ ℑ ⊂∏⊆⊃ ∈⊃ 2 

∏⊆ ℑ ⊂ ⊂∉∧ . ℑ∩ ⊃ ∈∩ ⊕ ℘ ∪∈∉ ⊂∉∩∧ � 

× ∪⊕  ⊕  ∏ ⊂   ∉∅ ∏  ⊃ ∈∩ • ♠ƒ2�� ⊃ ∈   ∏⊆⊕∈ .  
/ ≠ � ⊆⊕  ∪∉⊗0  ∉ ∇∏ ℑ∈ ⊃  ℑ  ⊃ √⊕ ⊂∧  ⊕  ���� ℑ ⊂∏ 2 

⊆⊃ ∈⊃ ∏⊆ ℑ ⊂ ⊂∉∧ ∪ℑ  ⊗∈⊕  ℑ∈⊗ ← ≤� ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ℑ ⊂ ⊂∉∧ 

∪ℑ  ⊗∈⊕  ℑ  ⊕ℑ∈ℑ ⊂∉∩∉∏ ⋅⊃  ∪⊕ ℑ ℘ ∪ ∉ ∪⊕  ≈� � ∉ ∪⊕ 

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

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

• ♠ƒ2�� ⊃ ∈   ∏⊆⊕∈ ∉ ℑ ℘ ℘ ∏  ℑ  ⊕ ⊂∧ ℑ∈⊗ ∇∏ ℑ∈ ⊃  ℑ 2 

 ⊃ √⊕ ⊂∧  ⊕  ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ℑ ⊂ ⊂∉∧ ∠ℑ    . ∪ℑ  ⊗∈⊕   ℑ∈⊗ 

⊗ ⊃  ⊕ ℘  ⊂∧ ⊗ ⊃  ∠ ⊂ℑ∧  ∪⊕ ⊃ ′ ⊃ ∈⊕ ⊂ ⊂ ∪ℑ  ⊗∈⊕  � ″ ∉℘ ⊄⋅⊕ ⊂ ⊂ 

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



∪ℑ  ⊗∈⊕   ℑ∈⊗ ∂⊃ ℘ ⊄⊕  .  ∪ℑ  ⊗∈⊕   √ℑ ⊂∏ ⊕ � × ∪⊕ 

∪ℑ  ⊗∈⊕   ⊕   ⊃ ∈∩ ∠  ⊕ ℘ ⊃  ⊃ ∉∈ ⊃ ℑℜ∉∏ ♦ ″ ′ ? � �� � 

ℑ∈⊗ ∪⊕  ⊕∠ℑ  ℑ  ⊃ ∈∩  ∠⊕ ⊕⊗ ℘ ℑ∈  ⊕ ℑ ℘ ∪ � ��� ∠ℑ    

∠⊕ ∪∉∏ � 

Φ ιγ .4  ″ ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠ ℜ ⊕  ⋅⊕ ⊕∈ ∪ℑ  ⊗∈⊕  ℑ∈⊗ 

• ♠ƒ2�� ⊃ ∈   ∏⊆⊕∈ . ⊗ ⊃  ∠ ⊂ℑ∧⊕⊗ √ℑ ⊂∏ ⊕ ∉∅ ���� 

ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ℑ ⊂ ⊂∉∧ ℑ ∅  ⊕ ℑ   ⊃ ∅ ⊃ ℘ ⊃ ℑ ⊂ ℑ∩ ⊃ ∈∩ 

� .�  Τεστινγ οφ ���� αλυµινιυµ αλλοψ παρτσ. 
οϖερβυρνινγ ανδ ηαρδενινγ χραχκσ 

≥⊕ ⊕∈ ∅  ∉⊆ ƒ⊃ ∩�� � ⋅∪⊕∈ • ♠ƒ2�� ⊃ ∈   ∏ 2 

⊆⊕∈ . ⊗ ⊃  ∠ ⊂ℑ∧⊕⊗ √ℑ ⊂∏ ⊕ ℑ  ⊕⊂⊕   ∪ℑ∈ � ��� � ∪⊕ 

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

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

 ∏  ∈ � ϒ ∪ ⊃  ⊃⊆⊕� ∪⊕ ∪ℑ  ⊗∈⊕  ⊗ ⊕ ℘  ⊕ ℑ  ⊕  ⋅⊃  ∪ 

⊗ ⊕ ℘  ⊕ ℑ  ⊃ ∈∩ ⊗ ⊃  ∠ ⊂ℑ∧⊕⊗ √ℑ ⊂∏ ⊕ � × ∪ ⊃  ⊃  ℘ ℑ∏  ⊕⊗ ℜ ∧ 

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

℘  ℑ ℘ ⊄� ϒ ⊆∉∈∩ ∪⊕⊆  ∪⊕ ∪ℑ  ⊗ ⊕∈⊃ ∈∩ ℘  ℑ℘ ⊄ . ⊗ ⊃  2 

∠ ⊂ℑ∧⊕⊗ √ℑ ⊂∏ ⊕ ℑ  ⊕ ∪⊕⊂⊕ ℑ   � 

″ ⊕ ∅�≈� ∠∉ ⊃ ∈ ∉∏  ∪ℑ  �ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ℑ ⊂ ⊂∉∧. 
∉√⊕  ℜ∏  ∈   ∏ ℘  ∏  ⊕⊃ ∅∉⊆⊕⊗ ℜ ∧ ⊂∉⋅2 ⊆⊕ ⊂  ⊃ ∈∩ 2 

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

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

⋅∪⊕∈  ∪⊕ ℑ ⊂ ⊂∉∧.  ∪⊕ ℑ  ⊃ ∈∩  ⊕⊆∠ ⊕  ℑ  ∏  ⊕⊃  ∪ ⊃ ∩∪⊕  

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

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

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

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

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

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

  ⊕ ℑ  ⊕⊗ ℑ ��� ε ℑ∈⊗ ��� ε � ⋅⊕ ∉ℜ  ⊕  √⊕⊗  ∪⊕ 

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

∩  ℑ ⊃ ∈ ℜ∉∏∈⊗ ℑ  ∧ �  ∪⊕  ⊕ 2 ⊆⊕ ⊂  ⊃ ∈∩ ℜℑ ⊂ ⊂ ⊕⊆⊕  ∩ ⊃ ∈∩ 

⊃ ∈ ⊃ ⊗ ⊕ ℘  ∧  ℑ ⊂ ℑ∈⊗  ∪⊕ ∉ℜ√⊃ ∉∏    ⊃ ℑ∈∩∏ ⊂ℑ   ⊕ 2 

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

× ∪⊕∉√⊕  ℜ∏  ∈⊃ ∈∩ ∉∅  ∪⊕ ⊕   ⊕⊗ ∠ℑ   ℑ ��� ε ⊃  

⊆∉ ⊕  ⊕  ⊃ ∉∏ � ⊃ ∈ ⋅∪ ⊃ ℘ ∪  ∪⊕ ∪ℑ  ⊗ ⊕∈⊃ ∈∩ ℘  ℑ ℘ ⊄ 

∪ℑ√⊕ℑ ⊂ ⊕ ℑ⊗ ∧ ⊕⊆⊕  ∩ ⊕⊗� ″ ⊕ ∅�≈� ∠ ∉ ⊃ ∈ ∉∏  ∪ℑ  

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

⊕ ⊂⊕ ℘   ⊃ ℘ ℑ ⊂ ℘ ∉∈⊗∏ ℘  ⊃ √⊃  ∧ � ∂ ℑ ℘ ℑ∈∠∉ ⊃  ⊃ ∉∈� ⊗ ⊃  ⊂∉2 

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

℘  ⊕ ℑ  ⊕ ∉∅ ⊕ ⊂⊕ ℘   ⊃ ℘ ℑ ⊂ ℘ ∉∈⊗∏ ℘  ⊃ √⊃  ∧ � ∞√⊕  ∧ ⊄ ⊃ ∈⊗ ∉∅ 

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

⊗∏ ℘  ⊃ √⊃  ∧ � ℘  ℑ ℘ ⊄ ⊃  ∈∉ℑ∈ ⊕¬℘ ⊕∠  ⊃ ∉∈ ≈�� � × ∪∏ � 

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

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

∇∏ ℑ ⊂ ⊃ ∅ ⊃ ⊕⊗ ∠ℑ   � ℑ∈⊗  ∪⊕ • ♠ƒ2�� ⊃ ∈   ∏⊆⊕∈ .  

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

 ∪∉ ⊕∉∅ ∈∉⊆ℑ ⊂ ∠ℑ   � ≥∉ ⋅⊕ ℘ ℑ∈ ∏  ⊕  ∪⊕ • ♠ƒ2 

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

 ℑ  ⊕ ℜ∉ ∪  ∪⊕ ∉√⊕  ℜ∏  ∈∠ ℑ   ℑ∈⊗ ∪⊕ ∪ℑ  ⊗ ⊕∈⊃ ∈∩ 

℘  ℑ ℘ ⊄ ∠ ℑ   � × ∪ ⊃  ⊃  ℘ ⊕   ℑ ⊃ ∈⊂∧ ℑ  ⊕ ⊂ ⊃ ℑℜ ⊂⊕ ∈⊕⋅ 

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

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

���� ⋅∪ ⊃ ℘ ∪⊃ ⊂ ⊃ ℑℜ ⊂⊕ ∉ ∉√⊕  ℜ∏  ∈ ⊗∏  ⊃ ∈∩  ∉ ⊂ ⊃ ⊗ ∉2 

⊂∏  ⊃ ∉∈   ⊕ ℑ  ⊆⊕∈ � ∞ ∠ ⊕ ℘ ⊃ ℑ ⊂ ⊂∧ � ∅∉ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ℑ ⊂2 

⊂∉∧�  ∪⊕ • ♠ƒ2�� ⊃ ∈   ∏⊆⊕∈ .   ℑ∈⊗ ℑ  ⊗ ∠ ⊕∈⊕ 2 

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

∇∏ ⊕∈℘ ∧ ⊃ � ��� ♦∨  ∉ �� ⊆ ⊆ ⋅∪⊕∈  ∪⊕∅  ⊕ ∇∏ ⊕∈℘ ∧ 

⊃ �� ♦∨ ≈� � ∪∏ ∉√⊕  ℘ ∉⊆⊃ ∈∩ ∪⊕ ∪∉  ℘ ∉⊆⊃ ∈∩ ∉∅ 

 ∪⊕ ℘ ∉∈√⊕∈ ⊃ ∉∈ℑ ⊂ ⊕⊗⊗ ∧ ℘ ∏   ⊕∈℘ ∉∈⊗∏ ℘  ⊃ √⊃  ∧ ⊃ ∈2 

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

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

 ∪⊕ ∏  ∅ℑ ℘ ⊕� × ∪⊕ • ♠ƒ2�� ⊃ ∈   ∏⊆⊕∈℘ ℑ∈  ⊕    ∪⊕ 

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

∠ℑ   �ℑ∈⊗⊃  ∪ℑ  ⊗∈⊕  ℑ∈⊗⊗ ⊕ ∅ ⊕ ℘   ⊕   ⊃ ∈∩℘ ℑ∈ ℜ ⊕ 

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

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

5  ΧΟΝΧΛΥΣΙΟΝΣ 

�� � • ♠ƒ2��  ∧∠ ⊕ ⊆⊃ ℘  ∉2℘ ∉⊆∠∏  ⊕  2ℜ ℑ  ⊕⊗ 

ℑ∏  ∉⊆ℑ  ⊃ ℘ ⊕ ∠ ℑ  ℑ  ∉∅∉ ⊆⊕  ℑ ⊂ ⊆ℑ  ⊕  ⊃ ℑ ⊂. ∇∏ ℑ ⊂ ⊃  ∧ 

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

# � � # ∂ ∉ ⊂1�  λ 1�      ♦⊕ ℑ  2  ⊕ ℑ  ⊆⊕∈∇∏ ℑ ⊂ ⊃  ∧ ∉ ∅ ���� ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ℑ ⊂ ⊂∉∧



  ⊕ ℑ  ⊆⊕∈ℑ∈⊗ ℑ∩ ⊃ ∈∩   ⊕ ℑ  ⊆⊕∈∉∅ ���� ℑ ⊂∏⊆⊃ ∈⊃ 2 

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

∪⊕ ℑ  2  ⊕ ℑ  ⊆⊕∈ ⊕ ℘ ∪∈∉ ⊂∉∩∧ ∠  ∉℘ ⊕  � 

��� • ♠ƒ2�� ⊃ ∈   ∏⊆⊕∈℘ ℑ∈ ℜ ⊕ ∏  ⊕⊗  ∉ ℑ ℘ 2 

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

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

∠ ℑ   � 

�� � • ♠ƒ2�� ⊃ ∈   ∏⊆⊕∈ ℘ ℑ∈ ℜ ⊕ ∏  ⊕⊗  ∉ 

∇∏ ℑ∈ ⊃  ℑ  ⊃ √⊕ ⊂∧  ⊕  ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ℑ ⊂ ⊂∉∧ ∠ℑ    . ∪ℑ  ⊗ 2 

∈⊕  � ∪⊕ ⊕   ⊃ ∈∩ ∠  ⊕ ℘ ⊃  ⊃ ∉∈ ℘ ℑ∈  ⊕ ℑ ℘ ∪ ♦ ″ ′ ? � � � � 

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

Ρ ΕΦΕ Ρ Ε ΝΧΕΣ 

�  ƒℑ∈ ♠ ⊃ ∈∩ ∧∏∈ ℑ∈⊗ • ℑ∈ ♣∏ ∉∇ ⊃ ∈∩� × ∪ ⊕ ≤∪ ⊃ ∈⊕  ⊕♠ ∉∏  ∈ℑ ⊂ 

∉∅ → ∉∈∅ ⊕   ∉∏  ↑ ⊕  ℑ ⊂ ��⊃ ∈ ≤ ∪ ⊃ ∈⊕  ⊕ � ����� ����� ��� 

� �� � 

�  • ℑ∈ ♣∏ ∉∇ ⊃ ∈∩ℑ∈⊗ ƒℑ∈ ♠ ⊃ ∈∩∧∏∈ � ″ ℑ∠ ⊃ ⊗ → ∉∈⊗ ⊕    ∏ ℘  ⊃ √⊕ 

ℑ∈⊗ ∞⊂⊕ ℘   ∉⊆ℑ∩∈⊕  ⊃ ℘ ×⊕   ⊃ ∈∩ ×⊕ ℘ ∪∈∉ ⊂∉∩ ∧ ∉ ∅ ≤∉⊆∠ ∉ ⊃ 2 

 ⊃ ∉∈� ♦ℑ  ⊗∈⊕   ϒ∈⊗ ≤ ℑ ℘ ⊄ ∉ ∅ ≥ ⊕ ⊕ ⊂  ℑ∈⊗ ♥ ∉∈ � 

♦ℑ  ℜ ⊃ ∈ � ♦⊕ ⊃ ⊂∉∈∩ ⊇ ⊃ ℑ∈∩ ≥℘ ⊃ ⊕ ∈℘ ⊕ ϒ∈⊗ ×⊕ ℘ ∪∈∉ ⊂∉∩∧ ° ⊕  � 

���� ��� � �� � 

�  • ℑ∈ ♣∏ ∉∇ ⊃ ∈∩ℑ∈⊗ ƒℑ∈ ♠ ⊃ ∈∩∧∏ ∈ �♠ ∉∏  ∈ℑ ⊂∉∅ ↑ ⊕ ℘ ∪ ℑ∈⊃ ℘ ℑ ⊂ 

∞∈∩ ⊃ ∈⊕ ⊕  ⊃ ∈∩��⊃ ∈ ≤ ∪ ⊃ ∈⊕  ⊕ � ����� ������ ��� � �� � 

�  ≥∉∈∩ ÷ ∏ ⊕⊆⊕ ∈∩� ϒ∈ℑ ⊂∧ ⊃ ∉ ∅ ↑ ⊕  ℑ ⊂.  °∪∧ ⊃ ℘ ℑ ⊂ ° ∉∠ ⊕  2 

 ∧ � ′⊕ ⊃ ⊇ ⊃ ∈∩� ↑ ⊕ ℘ ∪ℑ∈⊃ ℘ ℑ ⊂ ♥∈⊗∏    ∧ ° ⊕  � ���� � �� � 

�� � �� � 

�  ÷∏ ↔ ⊕ ℜ ⊕ ⊃� → ∉∈⊗ ⊕    ∏ ℘  ⊃ √⊕ ×⊕   ⊃ ∈∩��⊃ ∈ ≤ ∪ ⊃ ∈⊕  ⊕ � � 

���� ������ ���� � ��� � 

�  ← ⊃ ∩∪ ↑ ⊕  ℑ ⊂ ↑ ℑ  ⊕  ⊃ ℑ ⊂ ° ∉℘ ⊕   ⊃ ∈∩ ↑ ℑ∈∏ ℑ ⊂ ≤∉⊆∠ ⊃ ⊂ ⊃ ∈∩ 

♣ ∉∏ ∠� ← ⊃ ∩∪  ↑ ⊕  ℑ ⊂ ↑ ℑ  ⊕  ⊃ ℑ ⊂ ° ∉℘ ⊕   ⊃ ∈∩ ↑ ℑ∈∏ ℑ ⊂��⊃ ∈ 

≤ ∪ ⊃ ∈⊕  ⊕� � ′⊕ ⊃ ⊇ ⊃ ∈∩� ↑ ⊕  ℑ ⊂ ⊂∏  ∩ ⊃ ℘ ℑ ⊂ ♥∈⊗ ∏    ∧ ° ⊕  � 

���� ���� � ��� ���� � ��� � 

�  ÷⊃ ℑ∉ ♠ ⊃ ⊆⊕ ⊃� ϒ⊂ ⊂∉∧ °∪ ℑ  ⊕ ℑ∈⊗ °∪ ℑ  ⊕ × ℑ∈ ∅ ∉⊆ℑ  ⊃ ∉∈ � 

�⊃ ∈ ≤ ∪ ⊃ ∈⊕  ⊕ � � ′⊕ ⊃ ⊇ ⊃ ∈∩� ↑ ⊕  ℑ ⊂ ⊂∏  ∩ ⊃ ℘ ℑ ⊂ ♥∈⊗ ∏    ∧ ° ⊕  � 

���� ���� � ��� ���� � ��� � 

�  • ℑ∈∩ ÷⊃ ℑ∉  ⊃ ℑ∈ � ↑ ⊕  ℑ ⊂ ↑ ℑ  ⊕  ⊃ ℑ ⊂ ≥℘ ⊃ ⊕ ∈℘ ⊕� ′⊕ ⊃ ⊇ ⊃ ∈∩� 

↑ ⊕ ℘ ∪ℑ∈⊃ ℘ ℑ ⊂ ♥∈⊗ ∏    ∧ ° ⊕  ����� ���� � ��� ���� � 

�  ≤∉ℑ⊗ ↔� → ∉∈⊗ ⊕    ∏ ℘  ⊃ √⊕ ×⊕   ⊃ ∈∩��⊃ ∈ ≤ ∪ ⊃ ∈⊕  ⊕ � � 

���� ����� ���� � ��� � 

��  ϒ ⊆⊕  ⊃ ℘ ℑ∈ ≥∉℘ ⊃ ⊕  ∧ ∅ ∉ ↑ ⊕  ℑ ⊂ � ↑ ⊕  ℑ ⊂  ♦ℑ∈⊗ℜ ∉∉⊄ � 

→ ∉∈⊗ ⊕    ∏ ℘  ⊃ √⊕♥∈ ∠ ⊕ ℘  ⊃ ∉∈ ℑ∈⊗ ± ∏ ℑ ⊂ ⊃  ∧ ≤∉∈  ∉ ⊂� � ∪ 

∞⊗ ⊃  ⊃ ∉∈� ∂ ∉ ⊂∏⊆⊕ �� � ���� � �� � �� � �� � ��� � 

��� � 

��  ϒ ⊄⊕ ⊂ℑ∈⊗ ⁄ ″ � ↑ ℑ  ⊕  ⊃ ℑ ⊂ ≥℘ ⊃ ⊕ ∈℘ ⊕ℑ∈⊗ ∞∈∩ ⊃ ∈⊕ ⊕  ⊃ ∈∩� 

′⊕ ⊃ ⊇ ⊃ ∈∩� ≥∠ ℑ ℘ ⊕ ϒ√⊃ ℑ  ⊃ ∉∈ ° ⊕  ����� ���� � ��� � 

(Εδιτεδ βψ πενγ Χηαοθυν) 

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


