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Αβσ τραχτ : × ∪ ⊕   ∏ ℘  ∏  ℑ ⊂ ⊕ √∉ ⊂∏  ⊃ ∉∈ ∉ ∅ ∈∉∈2⊗ ⊕ ∈⊗  ⊃  ⊃ ℘ϒ⊂≥⊃ � ↑ ∩ℑ ⊂ ⊂∉∧ ⊗ ∏  ⊃ ∈∩ ⊕ ∪⊕ ℑ  ⊃ ∈∩⊃ ∈  ⊕  ⊃   ℑ∈℘ ⊕∅∏  ∈ℑ ℘ ⊕ ⋅ℑ  

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

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

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

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

⊆⊕ ⊂  ∠ ℑ   ⊃ ℑ ⊂ ⊂∧ ⋅∪⊕ ∈ ≥⊃∠∪ℑ  ⊕ ⊗ ⊃   ∉ ⊂√⊕  ∉  ∉⊆⊕⊕ ¬  ⊕ ∈ �ℑ∈⊗ ∪ ⊕ ⊆∉ ∠∪∉ ⊂∉∩∧ ℑ∈⊗ ⊃ ∨⊕∉∅ ∠  ⊃ ⊆ℑ  ∧ Α ∠∪ℑ  ⊕ℜ ⊕ ∩ ⊃ ∈ 

 ∉ ℘ ∪ ℑ∈∩ ⊕� × ∪ ⊕ ⊗ ⊕ ∈⊗  ⊃  ⊕ℑ∈⊗ ∉ ⊕   ⊕ Α ∠∪ ℑ  ⊕  ⊕ ∈⊗  ∉  ∠∪⊕  ⊃ ℘ ⊃ ∨⊕� × ∪⊕ ⊃ ∨⊕∉ ∅ ∪ ⊕∅ ∉⊆⊕ ℜ ⊕ ℘ ∉⊆⊕ ⊂ℑ  ∩ ⊕ � ⋅∪ ⊃ ⊂⊕ 

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

℘ ∧ ∉ ∅ ∩  ℑ ⊃ ∈ ∩  ∉⋅ ∪� 

Κεψ ωορδσ�ℑ ⊂∏⊆⊃ ∈∏⊆ ℑ ⊂ ⊂∉∧� ⊕ ∪⊕ ℑ  ⊃ ∈∩�∈∉∈2⊗ ⊕ ∈  ⊃  ⊃ ℘   ∏ ℘  ∏  ⊕�  ℑ∈ ∅ ∉⊆ℑ  ⊃ ∉∈ ∆οχυµ εντ χοδε: Α 

1  ΙΝΤ Ρ Ο∆ ΥΧΤΙΟΝ 

↑ ⊕  ℑ ⊂∅∉⊆⊃ ∈∩⊃ ∈  ∪⊕ ⊕⊆⊃ 2 ∉ ⊂ ⊃ ⊗  ℑ  ⊕⊃ ∈∉⋅ 

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

℘ ⊕  ∅∉⊃  ⊕ ℑ  ∧  ∉  ⊕ ℑ ⊂ ⊃ ∨⊕ ∈⊕ ℑ ∈⊕  ∪ℑ∠⊕ ∅∉⊆2 

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

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

ℑ  ⊃   ∈∉∈2⊗ ⊕∈⊗  ⊃  ⊃ ℘ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ℑ∈⊗ ∅ ⊃ ∈⊕  

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

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

 ∏  ⊕ ⊗ ⊃ ⊕ ℘ ℑ   ⊃ ∈∩ 
≈� ∗ � � ≥⊕⊆⊃ 2 ∉ ⊂ ⊃ ⊗ ⊆⊕  ℑ ⊂ ∅∉⊆⊃ ∈∩ 

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

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

ℑ∈⊗ ∪ ⊃ ¬∉∅∉⊆⊃ ∈∩� ϒ ⊆∉∈∩  ∪∉ ⊕� ∪⊕  ⊕⊆⊃ 2 ∉ ⊂ ⊃ ⊗ 

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

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

 ∪ ⊃ ¬∉  ∉∠ ⊃ ℘ ℘ ∪ℑ  ℑ ℘  ⊕  ⊃   ⊃ ℘ ℑ ∅  ⊕  ∠  ∉∠ ⊕  ∠ℑ   ⊃ ℑ ⊂ 

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

 ∉  ∪⊕ ⋅∪∉ ⊂⊕∠  ∉℘ ⊕  � × ∪⊕ ⊕⊆⊃ 2 ∉ ⊂ ⊃ ⊗ℜ ⊃ ⊂ ⊂⊕   ⋅⊕  ⊕ 

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

⊃ ∈⊗∏ ℘ ⊕⊗ ⊆⊕ ⊂  ℑ ℘  ⊃ √ℑ  ⊃ ∉∈ � ≥♥↑ ϒ � ℘ ∉⊆ ⊆⊕  ℘ ⊃ ℑ ⊂2 

⊂∧ 
≈� � � �♥⋅ℑ ∏  ⊕⊗ ∉ ⊆ℑ⊄⊕ ∉⊆⊕⊃⊆∠∉  ℑ∈ℑ∏ 2 

 ∉⊆∉ℜ ⊃ ⊂⊕ ∠ ℑ    ⊆ℑ ⊃ ∈⊂∧ ⋅⊃  ∪ ℑ ⊂∏⊆⊃ ∈∏⊆ � ⊆ℑ∩∈⊕ 2 

 ⊃ ∏⊆ ℑ ⊂ ⊂∉∧�≥⊕⊆⊃ 2 ∉ ⊂ ⊃ ⊗∅∉⊆⊃ ∈∩ ⋅⊃  ∪∉ ∪⊕ ⊆ℑ  ⊕ 2 

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

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

∨⊃ ∈℘ 2ℑ ⊂∏⊆⊃ ∈∏⊆ ℑ ⊂ ⊂∉∧ ℑ ⋅⊕ ⊂ ⊂ℑ  ⊆⊕  ℑ ⊂ ⊆ℑ   ⊃ ¬ ℘ ∉⊆2 

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

⊆⊕∈ ≈� ∗ �� � 

× ∪⊕   ℑ∈ ∅∉⊆ℑ  ⊃ ∉∈ ℜ ⊕∪ℑ√⊃ ∉ ∉∅ ∈∉∈2⊗ ⊕∈2 

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

⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ⊃ ⊕ ℑ  ∧  ∉ ℜ ⊕  ⊕∪⊕ ℑ  ⊕⊗  ∉  ⊕   ∉ ⊕ 

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

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

× ∪⊕  ⊕ ⊃ ⊂ ⊃   ⊂⊕  ⊕ ∠ ∉ ℑℜ ∉∏  ∪ ⊃ � ♥∈  ∪ ⊃  ∠ ℑ∠ ⊕  

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

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

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

 ⊕ ℑ  ∉∈ℑℜ ⊂⊕ ⊕∪⊕ ℑ  ⊃ ∈∩ ∠  ∉℘ ⊕  � 

2  Ε ΞΠΕ ΡΙ ΜΕ ΝΤ ΑΛ 

× ∪⊕ ∈∉∈2⊗ ⊕∈⊗  ⊃  ⊃ ℘ ϒ⊂≥⊃ � ↑ ∩ � ϒ⊂ 2� �� � ≥⊃ 2 

� � � � ↑ ∩� ℑ ⊂ ⊂∉∧ ℜ ⊃ ⊂ ⊂⊕   ⋅⊃  ∪  ∪⊕ ⊃ ∨⊕ ∉∅ δ�� ⊆ ⊆ 
≅ � ��� ⊆ ⊆ � ⋅∪ ⊃ ℘ ∪ ⋅ℑ ∠  ∉⊗∏ ℘ ⊕⊗ ∉∈  ⊕ ⊂ ∅ 2⊗ ⊕√⊕ ⊂2 

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

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

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



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

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

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

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

⋅ℑ  ⊕  ⊃   ℑ∈℘ ⊕ ∅∏  ∈ℑ ℘ ⊕ ⋅⊃  ∪ ℑ ∠∉⋅⊕ ∉∅ � �� ⊄ • 

ℑ∈⊗ ⊃ ∨⊕ ∉∅ δ��� ⊆ ⊆ ≅ ��� ⊆ ⊆ � × ∪⊕℘ ∪ℑ⊆ℜ ⊕ ∉∅ 

 ∪⊕∅∏  ∈ℑ ℘ ⊕ ⋅ℑ ℘ ∉∈  ∉ ⊂ ⊂⊕⊗ ∉ ℜ ⊕⊃ ∈  ℑ∈∩ ⊕ ∉∅ ��� 
∗ ��� ε ℜ ∧ ℑ √∉ ⊂  ℑ∩ ⊕ ⊕ ∩∏ ⊂ℑ  ∉� × ∪⊕∈  ∪⊕ ℑ⊆2 

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

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

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

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

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

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

 ∏  ⊕ ∉ℜ  ⊕  √ℑ  ⊃ ∉∈ � 

3  Ρ ΕΣΥΛΤΣ ΑΝ∆ ∆ΙΣΧΥΣΣΙΟΝ 

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

∈∉∈2⊗ ⊕∈⊗  ⊃  ⊃ ℘ ϒ⊂≥⊃ � ↑ ∩ ℑ ⊂ ⊂∉∧ � ♥ ℘ ℑ∈ ℜ ⊕  ⊕ ⊕∈ 

 ∪ℑ  �ℑ  ∪⊕℘ ⊕∈ ⊕ � ∪⊕ ∠  ⊃⊆ℑ  ∧ Α ∠∪ℑ  ⊕⊃ ∈⊕ ℑ  

 ∠∪⊕  ∉ ⊃ ⊗ ℑ ⊂� ∪⊕ Α� ≥⊃⊕∏  ⊕ ℘  ⊃ ℘⊃ ∅ ⊃ ∈⊕∅ ⊂ℑ⊄⊕�ƒ⊃ ∩� 

��ℑ�� � ♥∈ ƒ⊃ ∩���ℜ� �  ∪⊕ ⊂⊕ ∅ ∪ℑ ⊂ ∅ ⊃  ∈⊕ ℑ  ∪⊕ 

℘ ⊕∈ ⊕ � ⊃   ∠  ⊃ ⊆ℑ  ∧ Α ∠∪ℑ  ⊕ ℑ∠∠ ⊕ ℑ   ℘ ∉ℑ   ⊕ 

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

⊃  ∠  ⊃ ⊆ℑ  ∧ Α ∠∪ℑ  ⊕ ℑ∠∠ ⊕ ℑ  ∅ ⊃ ∈⊕ ⊕ ∇∏ ⊃ ℑ¬ ⊃ ℑ ⊂ ⊗ ⊕∈2 

⊗  ⊃  ⊕� 

3 . 1  Εϖολυτιον οφ τψπιχαλ σπηεροιδαλ γραιν 

σ τρυχτυρε 

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

⊃ ℘ ℑ ⊂ ∈∉∈2⊗ ⊕∈⊗  ⊃  ⊃ ℘ ϒ⊂≥⊃ � ↑ ∩ ℑ ⊂ ⊂∉∧ ℑ ∅  ⊕ ℜ ⊕ ⊃ ∈∩  ⊕ 2 

∪⊕ ℑ  ⊕⊗ ∉ ��� ���� �ℑ∈⊗��� ε �≤∉⊆∠ ℑ  ⊕⊗ ⋅⊃  ∪ 

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

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

ℑℜ∉√⊕ ��� ε � ∪⊕ ≥⊃∠∪ℑ  ⊕⊃ ∈  ∪⊕ Α� ≥⊃⊕∏  ⊕ ℘  ⊃ ℘ 

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

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

⊗ ∉ 2⊂ ⊃ ⊄⊕�ℑ  ∪∉⋅∈ ⊃ ∈ ƒ⊃ ∩� ��ℑ� � • ∪⊕∈  ∪⊕  ⊕ ℑ  2 

⊃ ∈∩  ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ⊃ ∈℘  ⊕ ℑ  ⊕  ∉ ℑℜ∉∏ ��� ε �  ∪⊕ 

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

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

��� ε � ∪⊕ ∠  ⊃⊆ℑ  ∧ Α ∠∪ℑ  ⊕  ∪∉⋅ ℑ  ⊕∈⊗ ⊕∈℘ ∧ 

∉∅ ∩  ℑ ⊃ ∈ ∩  ∉⋅ ∪� 

3 .2  Εϖολυτιον οφ ροσεττελικε γραιν σ τρυχτυρε 

ƒ⊃ ∩� �  ∪∉⋅ ∪⊕ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ∉∅  ∉ ⊕   ⊕ 2 

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

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

ℜ∧ ℑ∩∩ ⊂∉⊆⊕  ℑ  ⊃ ∉∈ ∉∅  ⊕ √⊕  ℑ ⊂ ∠  ⊃⊆ℑ  ∧ Α ∠ℑ   ⊃ ℘ ⊂⊕ � 

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

   ∏ ℘  ∏  ⊕ ⊃  ℑ ∈∉∈2⊗ ⊕∈⊗  ⊃  ⊃ ℘   ∏ ℘  ∏  ⊕� ⋅∪ ⊃ ℘ ∪ ⊃  

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

 ⊃ ∉∈ ∉∅  ⊕⊆⊃ 2 ∉ ⊂ ⊃ ⊗ ℜ ⊃ ⊂ ⊂⊕   ≈�� � • ∪⊕∈  ∪⊕ ℜ ⊃ ⊂ ⊂⊕ ⊃  

 ⊕∪⊕ ℑ  ⊕⊗ ∉ ��� ε � ∪⊕℘ ∉ℑ   ⊕∅ ⊂ℑ⊄⊕ ≥⊃∠∪ℑ  ⊕ ∪ℑ  

⊂ ⊃   ⊂⊕℘ ∪ℑ∈∩ ⊕�ƒ⊃ ∩� ��ℑ�� � • ∪⊕∈  ∪⊕ ⊕⊆∠⊕  ℑ  ∏  ⊕ 

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

 ∉ ⊕   ⊕ ⊂ ⊃ ⊄⊕ ∩  ℑ ⊃ ∈∈⊕ ℑ  ∪⊕ ⊆⊕ ⊂  ⊕⊗ ⊕ ∩ ⊃ ∉∈ ℜ ⊕ ∩ ⊃ ∈  ∉ 

 ⊕ ∠ ℑ  ℑ  ⊕�ƒ⊃ ∩���ℜ�� � × ∪⊕    ∏ ℘  ∏  ⊕   ℑ∈ ∅∉⊆ 

 ∉ ℑ  ℑ  ⊕ ∪ℑ ∈⊕ ℑ  ∠∪⊕  ∉ ⊃ ⊗ ℑ ⊂ Α ∠∪ℑ  ⊕⊗ ⊃    ⊃ ℜ∏  ⊕  

⊃ ∈ ⊆⊕ ⊂  ⊕⊗ ⊕∏  ⊕ ℘  ⊃ ℘ ⊕ √⊕∈⊂∧ � × ∪⊕  ⊃ ∨⊕ ∉∅  ∪⊕ Α 

∠∪ℑ  ⊕ ⊃  ℑℜ∉∏ ��� ∗ ��� ∉∅  ∪⊕  ∉ ⊕   ⊕ ⊂ ⊃ ⊄⊕ Α 

∠∪ℑ  ⊕ �ƒ⊃ ∩� ��℘ �� � 

3 . 3  Εϖολυτιον οφ εθυιαξιαλ δενδριτιχ γραιν 

σ τρυχτυρε 

Φ ιγ .1  × ∪ ⊕ ⊕ ⊄⊃ ∈⊗ ∉∅ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕⊃ ∈ ⊃ ∈∩ ∉ ∠  ∉⊗∏ ℘ ⊕⊗ ℜ ∧ ⊕ ⊂⊕ ℘   ∉⊆ℑ ∩∈⊕  ⊃ ℘  ⊃   ⊃ ∈∩ 
�ℑ � ) ϒ℘ ⊕ ∈ ⊕ ��ℜ � ) → ⊕ ℑ ⊃ ∈∩ ∉ ∏  ∅ ℑ ℘ ⊕ 

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



Φ ιγ .2  ↑⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ∉∅ ℑ⊆∠ ⊂⊕  ⋅⊃  ∪  ∧∠ ⊃ ℘ ℑ ⊂  ⊕⊆⊃ 2 ∉ ⊂ ⊃ ⊗ ⊆∉ ∠∪∉ ⊂∉∩∧ ∇∏ ⊕∈℘ ∪⊕⊗ 

⊃ ∈ ⋅ℑ  ⊕ ℑ ∅  ⊕ ℜ ⊕ ⊃ ∈∩ ⊕∪⊕ ℑ  ⊕⊗ ∉ ⊗ ⊃ ∅ ∅⊕  ⊕∈ ⊕⊆∠ ⊕  ℑ  ∏  ⊕  
�ℑ � ) ��� ε ��ℜ� ) ��� ε ��℘ � ) ��� ε 

Φ ιγ .3  ↑⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ∉∅ ℑ⊆∠ ⊂⊕  ⋅⊃  ∪  ∉ ⊕   ⊕ ⊆∉ ∠∪∉ ⊂∉∩∧ ∇∏ ⊕∈℘ ∪⊕⊗⊃ ∈ ⋅ℑ  ⊕  

ℑ ∅  ⊕ ℜ ⊕ ⊃ ∈∩  ⊕∪⊕ ℑ  ⊕⊗ ∉ ⊗ ⊃ ∅ ∅ ⊕  ⊕∈ ⊕⊆∠⊕  ℑ  ∏  ⊕  
�ℑ � ) ��� ε ��ℜ� ) ��� ε ��℘ � ) ��� ε

  ƒ⊃ ∩� �  ∪∉⋅ ∪⊕ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ∉∅ ⊕ ∇∏ ⊃ ℑ¬ ⊃ ℑ ⊂ 

⊗ ⊕∈⊗  ⊃  ⊃ ℘∩  ℑ ⊃ ∈    ∏ ℘  ∏  ⊕ ∇∏ ⊕∈℘ ∪⊕⊗⊃ ∈ ⋅ℑ  ⊕ ℑ ∅  ⊕  

ℜ ⊕ ⊃ ∈∩  ⊕∪⊕ ℑ  ⊕⊗  ∉ ��� � ��� ℑ∈⊗ ��� ε � ♥⊃  

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

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

× ∪⊕ ⊗ ⊕∈⊗  ⊃  ⊃ ℘ ∠  ⊃⊆ℑ  ∧ Α ∠∪ℑ  ⊕  ∠∪⊕  ℘ ⊃ ∨⊕  ∉ℜ√⊃ 2 

∉∏  ⊂∧ ⋅∪⊕∈  ⊕∪⊕ ℑ  ⊕⊗ ∉ ��� ε �ℑ∈⊗ ∪⊕  ⊕⊃ ⊂ ⊃   ⊂⊕ 

℘ ∪ℑ∈∩⊕ ∉℘ ℘ ∏   ⊕⊗ ∉  ∪⊕ ∉ ⊕   ⊕ ⊂ ⊃ ⊄⊕ Α ∠∪ℑ  ⊕ ∈⊕ ℑ  2 

ℜ∧ � • ∪⊕∈  ⊕∪⊕ ℑ  ⊕⊗  ∉ ��� ε � ℜ∉ ∪ ⊗ ⊕∈⊗  ⊃  ⊃ ℘ Α 

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

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

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

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

⊂ ⊃ ∇∏ ⊃ ⊗ ≈�� �ƒ⊃ ∩� ��ℜ� ℑ∈⊗ �℘ �� � 

# � � � # ∂ ∉ ⊂1�  λ 1�       ≥  ∏ ℘  ∏  ℑ ⊂ ⊕√∉ ⊂∏  ⊃ ∉∈ ∉∅ ∈∉∈2⊗ ⊕∈⊗  ⊃  ⊃ ℘ϒ⊂≥⊃ � ↑ ∩ ℑ ⊂ ⊂∉∧



Φ ιγ .4  ↑⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ∉∅ ℑ⊆∠ ⊂⊕  ⋅⊃  ∪ ⊕∇∏ ⊃ ℑ¬ ⊃ ℑ ⊂ ⊗ ⊕∈⊗  ⊃  ⊃ ℘ ⊆∉ ∠∪∉ ⊂∉∩∧ ∇∏ ⊕∈℘ ∪⊕⊗⊃ ∈ ⋅ℑ  ⊕ ℑ ∅  ⊕  

ℜ ⊕ ⊃ ∈∩  ⊕∪⊕ ℑ  ⊕⊗ ∉ ⊗ ⊃ ∅ ∅ ⊕  ⊕∈ ⊕⊆∠ ⊕  ℑ  ∏  ⊕ 
�ℑ � ) ��� ε ��ℜ� ) ��� ε ��℘ � ) ��� ε 

4  ΧΟΝΧΛΥΣΙΟΝΣ 

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

ℑ ⋅ℑ∧ ∉∅⊗ ⊃ ∅ ∅∏  ⊃ ∉∈  ∉⋅ℑ  ⊗ Α ∠∪ℑ  ⊕� ⋅∪⊕∈  ⊕∪⊕ ℑ  2 

⊃ ∈∩  ∪⊕ ∈∉∈2⊗ ⊕∈⊗  ⊃  ⊃ ℘ ϒ⊂≥⊃ � ↑ ∩ ℑ ⊂ ⊂∉∧ � ♥  ⊆∉ 2 

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

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

ℑ  ∏  ⊕� × ∪⊕ ∪ ⊃ ∈∈⊕  ∪⊕∅ ⊂ℑ⊄⊕� ∪⊕⊂∉⋅⊕  ∪⊕ ⊕⊆2 

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

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

∅ ⊂ℑ⊄⊕ ⊕∏  ⊕ ℘  ⊃ ℘ ⊃ ∈ ⊕ ∇∏ ⊃ ℑ¬ ⊃ ℑ ⊂ ⊗ ⊕∈⊗  ⊃  ⊃ ℘ ℑ∈⊗ 

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

��� ε � ⋅∪ ⊃ ⊂⊕  ∪⊕ ≥⊃ ⊕∏  ⊕ ℘  ⊃ ℘ ⋅⊃  ∪  ∉ ⊕   ⊕ ⊂ ⊃ ⊄⊕ 

   ∏ ℘  ∏  ⊕℘ ∪ℑ∈∩ ⊕ ⊂ ⊃   ⊂⊕� 

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

⋅∪⊕∈ ≥⊃∠∪ℑ  ⊕ ⊗ ⊃   ∉ ⊂√⊕  ∉  ∉⊆⊕⊕¬ ⊕∈ �ℑ∈⊗ ∪⊕ 

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

∉∅ ∪⊕ ∅ ⊂ℑ⊄⊕ ≥⊃∠∪ℑ  ⊕� × ∪⊕ ⊕∏  ⊕ ℘  ⊃ ℘⊃ ∈ ⊗ ⊕∈⊗  ⊃  ⊃ ℘ 

   ∏ ℘  ∏  ⊕ ⊆⊕ ⊂  ℘ ∉⊆∠ ⊂⊕  ⊕ ⊂∧ ℑ ��� ε � × ∪⊕ ⊆⊕ ⊂  2 

 ⊃ ∈∩ ∉∅ ⊕∏  ⊕ ℘  ⊃ ℘ ⊃ ∈  ∉ ⊕   ⊕ ⊂ ⊃ ⊄⊕ ∩  ℑ ⊃ ∈    ∏ ℘  ∏  ⊕ 

∈⊕ ⊕⊗ ⊂∉∈∩⊕ ∠  ∉℘ ⊕   ⊃ ∈∩ ℑ ��� ε � 

��� × ∪⊕ ⊆∉ ∠∪∉ ⊂∉∩∧ ℑ∈⊗ ⊃ ∨⊕∉∅ ∪⊕∠  ⊃⊆ℑ  ∧ 
Α ∠∪ℑ  ⊕℘ ∪ℑ∈∩ ⊕∉ℜ√⊃ ∉∏  ⊂∧ ∉∈⊂∧ ℑ ∅  ⊕ ⊆⊕ ⊂  ⊕⊗� × ∪⊕ 

⊗ ⊕∈⊗  ⊃  ⊃ ℘ Α ∠∪ℑ  ⊕  ⊕∈⊗   ∉ ℜ ⊕  ∠∪⊕  ∉ ⊃ ⊗ ℑ ⊂ ℑ∈⊗ 

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

 ∉ ℜ ⊕∅ ⊃ ∈⊕ ∪ ∉∏ ∩∪  ⊕ ∠ ℑ  ℑ  ⊃ ∉∈ ∉∅ Α ∠∪ℑ  ⊕�⊃   ⊃ ∨⊕ 

⊃ ℑℜ ∉∏ ��� ∗ ��� ∉∅ ∪⊕ ∉ ⊃ ∩ ⊃ ∈ℑ ⊂  ⊃ ∨⊕� × ∪⊕ ∈⊕ ℑ  

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

∩  ∉⋅ ∪� 

Ρ ΕΦΕ Ρ Ε ΝΧΕΣ 

�  ƒ⊂⊕⊆⊃ ∈∩  ↑ ≤ � ↑ ⊕  ℑ ⊂ ⊂ × ℑ∈����� ���′��� ���� ∗ 

��� � 

�  ↔ ⊃  ⊄⋅∉∉⊗ ⁄ ♦ �♥∈ ↑ ⊕ ″ ⊕ √ ����� ������ ���� ∗ 

��� � 

�  ′ ∉⋅∈ ≥ ′ ℑ∈⊗ ƒ⊂⊕⊆⊃ ∈∩  ↑ ≤ � ϒ⊗ √ ↑ ℑ  ⊕  � ° ∉℘� 

���� ���� ��� ∗ �� � 

�  ∂⊃ √⊕  ≤ � ↑ ⊕  ℑ ⊂ ⊂ × ℑ∈����� ���′��� ���� ∗ ��� � 

�  ↔ ⊃  ⊄⋅∉∉⊗ ⁄ ♦ ℑ∈⊗ ↔ ℑ∠  ℑ∈∉° � ↑ ⊕ ↑ ℑ  ⊕ ����� �� 

��� � �� ∗ �� � 

�  ƒ⊂⊕⊆⊃ ∈∩  ↑ ≤ � ″ ⊃ ⊕ ⊄ ″ ♣ ℑ∈⊗ ≠ ∉∏∈∩ ↔° � ↑ ℑ  ⊕ ≥℘ ⊃ 

∞∈∩����� ��� ���� ∗ ��� � 

�  → ∏   ℜ ℑ∏⊆ ϒ ♥� ← ⊃ ∩∪ ↑ ⊕  ℑ ⊂ ϒ∩ ⊕����� �������� �� 
∗ �� � 

�  • ℑ  ⊗ ° ♠ ετ αλ. ϒ℘  ℑ ↑ ⊕  ℑ ⊂ ⊂ ↑ ℑ  ⊕ � ���� � ����� � 

���� ∗ ���� � 

�  ⁄⊕ ⊂ ⊂ ⊃  ↑ ϒ ετ αλ. ↑ ℑ  ⊕ ≥℘ ⊃∞∈∩����� � ϒ��� ���� 
∗ ��� � 

��  ≤ ∪ ⊕ ∈ ≤ ° ℑ∈⊗ × ℑ ∉ ≤ 2 ≠ ϒ �♠ ↑ ℑ  ⊕ ≥℘ ⊃����� ��� � 

���� ∗ ���� � 

��  ≡∪ℑ∈∩ ↔ ∏ ⊃ ετ αλ. ≤∪ ⊃ ∈⊕  ⊕ ♠ ∉∏  ∈ℑ ⊂ ∉ ∅ ″ ℑ  ⊕ ↑ ⊕  ℑ ⊂� 

���� ����≥∏∠∠ ⊂� � ���� ∗ ��� � 

��  ← ∉∏ ⊕ • ″ ℑ∈⊗ ≥∏ ⊕  ∧ ↑ � ↑ ℑ  ⊕  ≥℘ ⊃ ∞∈∩� ���� � 

ϒ��� �� ∗ �� � 

(Εδιτεδ βψ Ψυαν Σαιθιαν) 

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


