
Αρτιχλε Ι∆ : ���� � ������������ � ���� � �� 

Αµ ορπηουσ στρυχτυρε ιν α λασερ χλαδ Νι2Χρ2Αλ χοατινγ ον Αλ 2Σι αλλοψ 
≠ 

← ♥ϒ →♣ ♣∉∈∩ 2∧⊃ ∈∩�梁工英� � � • ↓ →♣ × ∏∈2×ℑ  �黄俊达� � � 

≥ ∝ ♠∏∈2∧⊃ �苏俊义� � � • ↓ ↓ ≤∪∏∈∩ 2 ♦∉�胡仲豪� � 

1 . Σχηοολ οφ Μεχηανιχαλ Ενγινεερινγ , Ξιχαν ϑιαοτονγ Υνιϖερσιτψ, Ξιχαν 710049 , Π . Ρ . Χηινα ; 

2 . ∆επαρτ µ εντ οφ Μεχηανιχαλ Ενγινεερινγ , Ηονγ Κονγ Πολψ τεχηνιχ Υνιϖερσιτψ, Ηονγ Κονγ 

Αβσ τραχτ : ϒ ⊆⊃ ¬ ⊃ ∈∩ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ℘ ∉∈ ℑ ⊃ ∈⊃ ∈∩ → ⊃ 2ℜ ℑ  ⊕ ⊗ ℑ⊆∉ ∠∪∉∏    ∏ ℘  ∏  ⊕  ⋅ℑ ∉ℜ  ⊕  √⊕ ⊗ ℜ∧ × ∞ ↑ ⊃ ∈  ∪⊕⊂ℑ  ⊕ ℘ ⊂ℑ⊗ 

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

⋅⊃  ∪ ∉⊆⊕ → ⊃ � ϒ⊂ ℘  ∧  ℑ ⊂ ℘ ∉⊕ ¬ ⊃   ⊃ ∈  ∪ ⊕ ℘ ⊂ℑ⊗ ⊗ ⊃ ∈∩� × ∪⊕ ⊆⊃ ℘  ∉∪ ℑ  ⊗ ∈⊕  ∉ ∅  ∪⊕ ⊆⊃ ¬ ⊃ ∈∩ ℑ⊆∉ ∠∪ ∉∏    ∏ ℘  ∏  ⊕⊃  ♦ ∂ ��� ∗ 

��� � ⋅∪ ⊃ ℘ ∪⊃ ⊂∉⋅⊕  ∪ ℑ∈  ∪ ℑ ∉∅℘  ∧  ℑ ⊂ ∠∪ ℑ  ⊕ ⊃ ∈  ∪ ⊕℘ ∉ℑ  ⊃ ∈∩� ⁄ ⊃ ∅ ∅ ⊕  ⊕ ∈ ⊃ ℑ ⊂  ∪ ⊕ ⊆ℑ ⊂ ℑ∈ℑ ⊂∧ ⊃ � ⁄× ϒ�  ∪∉⋅ ∪ ℑ → ⊃ 2ℜ ℑ  ⊕ ⊗ 

ℑ⊆∉ ∠∪∉∏    ∏ ℘  ∏  ⊕⊕ ¬∪ ⊃ ℜ ⊃  ℑ ∪ ⊃ ∩∪ ⊕ ⊃ ∈⊃  ⊃ ℑ ⊂℘  ∧  ℑ ⊂ ⊂ ⊃ ∨⊃ ∈∩ ⊕⊆∠ ⊕  ℑ  ∏  ⊕�ℑℜ ∉∏ ��� ε � � ⋅∪ ⊃ ℘ ∪⊃  ⊂ ⊃ ∩∪  ⊂∧ ∪ ⊃ ∩∪⊕  ∪ℑ∈  ∪ ℑ ∉ ∅ 

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

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

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

1  ΙΝΤ Ρ Ο∆ ΥΧΤΙΟΝ 

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

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

⊆⊕∈∉∅ ⋅⊕ ℑ ℑ∈⊗ ℘ ∉  ∉ ⊃ ∉∈  ⊕  ⊃   ℑ∈℘ ⊕ ≈� ∗ � � ƒ∉ ∪⊕ 

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

ℑ ⊂ ⊂∉∧�  ∉⊆⊕   ℑ∈ ⊃  ⊃ ∉∈ ⊕ ⊂⊕⊆⊕∈ �  ∏ ℘ ∪ ℑ  ƒ⊕� → ⊃� 

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

℘ ⊂ℑ⊗ ⊗ ⊃ ∈∩ ∉⊂ℑ  ⊕ ℑ ⊂ ⊂∉∧⊃ ∈∩  ⊕ ℑ  ⊆⊕∈ ≈� ∗ � � 

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

⋅⊕  ⊕∅∉∏∈⊗⊃ ∈  ∪⊕ ⊂ℑ  ⊕ ℘ ⊂ℑ⊗ → ⊃ 2≤ 2′2≥⊃℘ ∉ℑ  ⊃ ∈∩  ≈� � � 

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

♥♥♥ϒ ⊕ ⊂⊕⊆⊕∈  ℑ  ⊕ ℘ ℑ∠ ℑℜ ⊂⊕ ∉∅ ∅∉⊆⊃ ∈∩ ℑ⊆∉ ∠∪∉∏  

   ∏ ℘  ∏  ⊕ ⋅⊃  ∪ ⊆⊕  ℑ ⊂ ⊂∉ ⊃ ⊗ ⊕ ⊂⊕⊆⊕∈ � ∏ ℘ ∪ ℑ  ′ ℑ∈⊗ ≥⊃� 

℘  ℑ ℘ ⊄ℑ  ⊕ ∉∅  ⊕∈ ∅∉⊆⊕⊗⊃ ∈  ∪⊕⊂ℑ  ⊕ ℘ ⊂ℑ⊗ ∨∉∈⊕� ♦∉⋅2 

⊕ √⊕ � ∪⊕⊂ℑ  ⊕ ℘ ⊂ℑ⊗ → ⊃ 2≤ 2ϒ⊂ ℘ ∉ℑ  ⊃ ∈∩ ∪ℑ√⊕ ∪ ⊃ ∩∪⊕  ⊆⊃ 2 

℘  ∉∪ℑ  ⊗∈⊕  ℑ∈⊗ℜ ⊕   ⊕  ∏  ∅ℑ ℘ ⊕∇∏ ℑ ⊂ ⊃  ∧ ∉∈ ϒ⊂ 2≥⊃ℑ ⊂ ⊂∉∧� 

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

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

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

⋅⊃  ∪  ℑ∈ ⊃  ⊃ ∉∈ ⊕ ⊂⊕⊆⊕∈  ƒ⊕� → ⊃ℑ∈⊗ ≤⊗∏  ⊃ ∈∩  ℑ∠ ⊃ ⊗ 

 ∉ ⊂ ⊃ ⊗ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈ � ∝∠ ∉ ∈∉⋅ �∅⊕⋅  ⊕  ⊕ ℑ  ℘ ∪ ⋅ℑ ℑ√ℑ ⊃ ⊂ℑℜ ⊂⊕ 

∉∈  ∪⊕ ℑ⊆∉ ∠∪∉∏     ∏ ℘  ∏  ⊕ ⊃ ∈ ⊂ℑ  ⊕  ℘ ⊂ℑ⊗ → ⊃ 2≤ 2 ϒ⊂ 

℘ ∉ℑ  ⊃ ∈∩  ≈�� � ℜ∏  ∪⊕ ∠  ∉∠ ⊕   ∧ ∉∅  ∪⊕  ⊕ ℑ⊆∉ ∠∪∉∏  

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

 ∏  ⊕⊕¬∪ ⊃ ℜ ⊃   ∪ ⊃ ∩∪ ∪ℑ  ⊗∈⊕  ℑ∈⊗ ∩∉∉⊗ ℘ ∉  ∉ ⊃ ∉∈  ⊕  ⊃  2 

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

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

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

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

2  Ε ΞΠΕ ΡΙ ΜΕ ΝΤ ΑΛ ΠΡ ΟΧΕ ∆ ΥΡ Ε 

× ∪⊕  ∏ℜ    ℑ  ⊕ ⋅ℑ  ℑ ℘ ℑ  ϒ⊂ 2≥⊃ℑ ⊂ ⊂∉∧ ℘ ∉∈ ℑ ⊃ ∈⊃ ∈∩ 

� ⊆ℑ  ∅  ℑ℘  ⊃ ∉∈� � ��� � ≥⊃� � ���� � ↑ ∩ ℑ∈⊗ � ��� � 

≤∏� ≥ℑ⊆∠ ⊂⊕  ⋅⊕  ⊕ ⊆ℑ ℘ ∪ ⊃ ∈⊕⊗⊃ ∈ ∉ �� ⊆ ⊆  ∪ ⊃ ℘ ⊄  ⊕ ℘  ℑ∈2 

∩∏ ⊂ℑ ∠ ⊂ℑ  ⊕ � ϒ∅  ⊕ ⊕  ℘ ∪ ⊃ ∈∩⊃ ∈ ∪∉→ ℑ↓ ♦  ∉ ⊂∏  ⊃ ∉∈ ℑ∈⊗ 

 ℑ∈⊗ℜ ⊂ℑ   ⊃ ∈∩� ℑ⊆∠ ⊂⊕ ∏  ∅ ℑ℘ ⊕ ⋅ℑ  ∠  ℑ∧⊕⊗ ⋅⊃  ∪ → ⊃ 2≤ 2 

ϒ⊂ ∠∉⋅⊗ ⊕ ∏  ⊃ ∈∩ ℑ ↑ ∞× ≤ ↓ � ♦ ≤ ∠ ⊂ℑ ⊆ℑ ∠  ℑ ∧⊃ ∈∩ ⊗ ⊕ 2 

√⊃ ℘ ⊕� ƒ∉ ∪⊕ → ⊃ 2≤ 2 ϒ⊂  ∠  ℑ ∧⊕⊗ ∠ ∉⋅⊗ ⊕ � ∪⊕℘ ∪⊕⊆⊃ ℘ ℑ ⊂ 

℘ ∉⊆∠∉ ⊃  ⊃ ∉∈� ⊆ℑ  ∅  ℑ ℘  ⊃ ∉∈ � � � ⋅⊕  ⊕� ≤�� � � � ϒ⊂ 

� � � ℑ∈⊗ → ⊃ ∪⊕ ℜℑ ⊂ℑ∈℘ ⊕� × ∪⊕ ℘ ∉ℑ  ⊃ ∈∩  ∪ ⊃ ℘ ⊄∈⊕   ⋅ℑ  

ℑ∠∠  ∉¬ ⊃⊆ℑ  ⊕ ⊂∧ � � �� ⊆ ⊆ � 

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

⊄ • ℘ ∉∈ ⊃ ∈∏ ∉∏  2 ⋅ℑ√⊕   ℑ∈ √⊕   ⊕ 2∅ ⊂∉⋅ ≤ ↓ � ⊂ℑ  ⊕ � × ∪⊕ 

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

∉∅ ∪⊕⊂ℑ  ⊕ ℜ ⊕ ℑ⊆  ℑ∈∩⊕⊗∅  ∉⊆ �� ⊄ • �℘⊆ �  ∉ �� ⊄ • � 

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

 ∪⊕⊆ ∉∈ ℑ∈ ℘ ∉⊆∠∏  ⊕  2℘ ∉∈  ∉ ⊂ ⊂⊕⊗ Ξ2 Ψ  ℑℜ ⊂⊕� × ∪⊕ 

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

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

 ∪⊕⊂ℑ  ⊕ ℘ ⊂ℑ⊗⊗ ⊃ ∈∩� 

ϒ ℘  ∉  2 ⊕ ℘  ⊃ ∉∈ ∉∅  ∪⊕ ℑ⊆∠ ⊂⊕ ⋅ℑ  ℑ⊄⊕∈ ∠⊕  ∠⊕∈2 

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

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

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

∨∉∈⊕� ϒ∅  ⊕  ⊆⊕ ℘ ∪ℑ∈⊃ ℘ ℑ ⊂  ∪ ⊃ ∈∈⊃ ∈∩ ∉ � � � ⊆ ⊆ ⊃ ∈  ∪ ⊃ ℘ ⊄2 

∈⊕  ℜ∧ ∩  ⊃ ∈⊗ ⊃ ∈∩� × ∞ ↑  ℑ⊆∠ ⊂⊕ ⋅ℑ ∠  ⊕∠ ℑ  ⊕⊗ ℜ ∧ ⊕ ⊂⊕ ℘ 2 

  ∉∠∉ ⊂ ⊃  ∪ ⊃ ∈∩ ∏  ⊃ ∈∩ ℑ  ⋅⊃ ∈ ⊇ ⊕ ∠∉ ⊂ ⊃  ∪⊕ � ↓ℜ  ⊕  √ℑ  ⊃ ∉∈ ∉∅ 

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

⊕ ⊂⊕ ℘   ∉∈ ⊆⊃ ℘  ∉ ℘ ∉∠ ⊕�≥∞ ↑ � ℑ∈⊗ℑ♠∞ ↑2���≤ ÷   ℑ∈ 2 

⊆⊃   ⊃ ∉∈ ⊕ ⊂⊕ ℘   ∉∈ ⊆⊃ ℘  ∉ ℘ ∉∠ ⊕ �× ∞ ↑ � � × ∪⊕ ℘  ∧  ℑ ⊂ ⊂ ⊃ ∨ℑ 2 

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

∧ ⊃ �⁄× ϒ� � × ∪⊕ ⁄× ϒ  ℑ⊆∠ ⊂⊕  ⋅⊕  ⊕ ∠  ⊕∠ℑ  ⊕⊗∅  ∉⊆ 

 ⊕ √⊕  ℑ ⊂∅∉ ⊃ ⊂∉∅ ∪⊕⊂ℑ  ⊕ ℘ ⊂ℑ⊗ ∏  ∅ ℑ℘ ⊕⊂ℑ∧⊕ � ⋅∪ ⊃ ℘ ∪ ℑ  ⊕ 

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

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

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

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

≠ Φουνδατιον ιτεµ : ° ∉ ⊇ ⊕ ℘   ∏ ∠∠ ∉  ⊕ ⊗ℜ∧  ∪⊕ ƒ∉∏ ∈⊗ ℑ  ⊃ ∉∈ ∉∅ ≥ ℑ  ⊕ ↔ ⊕ ∧ ← ℑℜ ∉ ℑ  ∉ ∧ ∉∅ ≥∉ ⊂ ⊃ ⊗ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈ ° ∉℘ ⊕   ⊃ ∈∩ℑ∈⊗ ♦∉∈∩ ↔ ∉∈∩ °∉ ⊂∧ ⊕ ℘ ∪∈⊃ ℘ ∝∈⊃ √⊕   ⊃  ∧ 

Ρεχε ιϖεδ δατε : ↑ ℑ � �� ����� �αχχεπτεδ δατε : ϒ∏ ∩� � �����



⁄∏°∉∈× ∧∠ ⊕ ���� ⁄× ϒ ⊕ ∇∏ ⊃ ∠⊆⊕∈ � × ∪⊕ ⊆⊕ ℑ  ∏  ⊕ 2 

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

���� ∗ � ��� ↔ � ℑ∈⊗  ∪⊕ ∪⊕ ℑ  ⊃ ∈∩  ℑ  ⊕ ⋅ℑ �� ↔ � ⊆⊃ ∈ 

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

∏  ⊃ ∈∩ ℑ ∂⊃ ℘ ⊄⊕   ♦ℑ  ⊗∈⊕   ⊕  ⋅⊃  ∪⊂∉ℑ⊗ ∉∅ � � � →ℑ∈⊗ 

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

∉∏ ∉∈ ℑ∈ ↑ ���  ⊃ ∈∩ 2∉∈2ℜ ⊂∉℘ ⊄ ℑ∠∠ ℑ  ℑ  ∏ ∏∈⊗ ⊕ ∉ ⊃ ⊂⊂∏ 2 

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

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

3  Ρ ΕΣΥΛΤΣ ΑΝ∆ ∆ΙΣΧΥΣΣΙΟΝ 

3 .1  Μιχροσ τρυχτυρε οφ λασερ χλαδ ζονε 

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

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

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

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

 ∪⊕⊂ℑ  ⊕ ℘ ⊂ℑ⊗ ∨∉∈⊕� ƒ⊃ ∩� ��ℜ� ⊃ ℑ ∪ ⊃ ∩∪⊕  ⊆ℑ∩∈⊃ ∅ ⊃ ℘ ℑ 2 

 ⊃ ∉∈ ⊆⊃ ℘  ∉∩  ℑ∠∪⊃ ∈ ∠∉ ⊃ ∈ Α ∉∅ ƒ⊃ ∩� ��ℑ� � ƒ ∉⊆ ƒ⊃ ∩� 

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

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

⋅∪ ⊃  ⊕ ∈⊕  ⋅∉ ⊄2⊂ ⊃ ⊄⊕   ∏ ℘  ∏  ⊕ � 

3 .2  Αµ ορπηουσ σ τρυχτυρε ιν λασερ χλαδ ζονε 

ƒ⊃ ∩� �  ∪∉⋅ℑ  ⊕  ⊃ ⊕ ∉∅ × ∞ ↑ ⊆⊃ ℘  ∉∩  ℑ∠∪∉∅ ℑ 

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

⊗ ⊕∈ ⊃  ∧ ∉∅ �� ⊄ • �℘⊆ � � ϒ ∅ ⊂ℑ⊄⊕ 2⊂ ⊃ ⊄⊕   ∏ ℘  ∏  ⊕ ℑ∠∠ ⊕ ℑ   

Φ ιγ .1  ≥∞ ↑ ⊆⊃ ℘  ∉∩  ℑ∠∪∉∅ ℑ⊂ℑ  ⊕ ℘ ⊂ℑ⊗ ⋅⊃  ∪ 

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

Φ ιγ .2  × ∞ ↑ ⊆⊃ ℘  ∉∩  ℑ∠∪∉∅ ℑ⊂ℑ  ⊕ ℘ ⊂ℑ⊗∨∉∈⊕ ⋅⊃  ∪ 

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

�ℑ� ) ƒ⊂ℑ⊄⊕ 2⊂ ⊃ ⊄⊕ℑ⊆∉ ∠∪ ∉∏ ∅ ∉⊆ � 

�ℜ � ) ∞⊂⊕ ℘   ∉∈ ⊗ ⊃ ∅ ∅  ℑ ℘  ⊃ ∉∈ ∠ ℑ   ⊕  ∈ 

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

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

��ℑ� ⊃ ℑ⊆∉ ∠∪∉∏    ∏ ℘  ∏  ⊕� 

ƒ⊃ ∩� �  ∪∉⋅ × ∞ ↑ ⊆⊃ ℘  ∉∩  ℑ∠∪∉∅ ∪⊕⊂ℑ  ⊕ ℘ ⊂ℑ⊗ 

∨∉∈⊕ ℑ ℑ ⊂ℑ  ⊕ ∠∉⋅⊕ ⊗ ⊕∈ ⊃  ∧ ∉∅ �� ⊄ • �℘⊆ � � ƒ⊃ ∩�� 

�ℑ� ⊃ ℑ × ∞ ↑ ℜ  ⊃ ∩∪  ∅ ⊃ ⊕ ⊂⊗⊃⊆ℑ∩ ⊕� × ∪⊕   ∏ ℘  ∏  ⊕∉∅ ∪⊕ 

⊂ℑ  ⊕ ℘ ⊂ℑ⊗∨∉∈⊕ ℑ∠∠ ⊕ ℑ   ∉ ℜ ⊕⊃ ∈ ∠ ⊕  ℑ ⊂∉ ⊃ ⊗∅∉⊆ � ƒ⊃ ∩� � 

�ℜ � ⊃ ℑ∈ ⊕ ⊂⊕ ℘   ∉∈ ⊗ ⊃ ∅ ∅  ℑ℘  ⊃ ∉∈ ∠ℑ   ⊕  ∈ ∉∅ ƒ⊃ ∩� ��ℑ� �♥ 

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

⊃  ℑ∈∉ ∪⊕  × ∞ ↑ ⊆⊃ ℘  ∉∩  ℑ∠∪� × ∪⊕  ⊕ ℑ  ⊕  ⋅∉    ∏ ℘ 2 

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

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

 ∏  ⊕ Β ⊃ ∈ ƒ⊃ ∩���℘ � � × ∪⊕ ⊗ ⊕∈⊗  ⊃  ⊃ ℘ 2⊂ ⊃ ⊄⊕    ∏ ℘  ∏  ⊕ Α 

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

��ℜ� � × ∪⊕  ⊕ ∅∉ ⊕�⊃ ⊃ ℑ⊆∉ ∠∪∉∏  ∉∉ � ≥  ∏ ℘  ∏  ⊕ Β � 

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

♥℘ ℑ∈ ℜ ⊕  ⊕ ⊕∈  ∪ℑ  ∪⊕  ⊕ ℑ  ⊕  ∉⊆⊕ → ⊃ 2ℜ ℑ  ⊕⊗ 

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

⊕¬ ⊃   ⊃  ∉ ⊂ℑ  ⊕⊗ℑ∈⊗℘ ∉⊕¬ ⊃  ⋅⊃  ∪  ∪⊕ → ⊃ � ϒ⊂ ∠∪ℑ  ⊕ � ″ ⊕ 2 

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

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

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

⊗∏  ⊃ ∈∩ ∩  ℑ ⊃ ∈ ∩  ∉⋅ ∪� × ∪⊕  ⊕ ∅∉ ⊕�  ∪⊕ ∧ ⊕¬ ⊃  ⊃ ∈  ∪⊕ 

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

# � � � # ∂ ∉ ⊂1��  λ 1�      ϒ ⊆∉ ∠∪∉∏    ∏ ℘  ∏  ⊕⊃ ∈ ℑ⊂ℑ  ⊕ ℘ ⊂ℑ⊗ → ⊃ 2≤ 2 ϒ⊂ ℘ ∉ℑ  ⊃ ∈∩ ∉∈ ϒ⊂ 2≥⊃ℑ ⊂ ⊂∉∧



Φ ιγ .3  × ∞ ↑ ⊆⊃ ℘  ∉∩  ℑ∠∪∉∅⊂ℑ  ⊕  ⊆⊕ ⊂  ⊕⊗∨∉∈⊕ ∏∈⊗ ⊕ ⊂ℑ  ⊕ ∠∉⋅⊕ ∉∅ �� ⊄ • �℘⊆ � 

�ℑ � ) ′ ⊃ ∩∪ ∅ ⊃ ⊕ ⊂⊗⊃ ⊆ℑ∩ ⊕��ℜ � ) ∞⊂⊕ ℘   ∉∈ ⊗ ⊃ ∅ ∅  ℑ ℘  ⊃ ∉∈ ∠ ℑ   ⊕  ∈ ∉ ∅ ƒ⊃ ∩� � �ℑ � � 

�℘ � ) ′ ⊃ ∩∪ ∅ ⊃ ⊕ ⊂⊗⊃ ⊆ℑ ∩ ⊕��⊗ � ) ∞⊂⊕ ℘   ∉∈ ⊗ ⊃ ∅ ∅  ℑ ℘  ⊃ ∉∈ ∠ ℑ   ⊕  ∈ ∉ ∅   ∏ ℘  ∏  ⊕ Β 

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

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

 ∪⊕ ∠  ⊕∠ℑ  ℑ  ⊃ ∉∈ ∉∅ × ∞ ↑  ℑ⊆∠ ⊂⊕ � ϒ⊃ ⊕¬ ⊃    ∉∩⊕  ∪ 2 

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

   ∏ ℘  ∏  ⊕� × ∪⊕ × ∞ ↑  ⊕  ℑ ⊂ ∉  ∪∉⋅ ∪ℑ  ∪⊕ ℑ⊆∉ 2 

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

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

∈⊕  ⋅∉ ⊄ ⊂ ⊃ ⊄⊕ ℜ∉∏∈⊗ ℑ  ⊃ ⊕ � ↑ ∉ ⊕ ∉√⊕ � ∪⊕ ∩  ℑ∈∏ ⊂ℑ  ⊃ ∈ 

 ∪⊕ ∏ℜ  ∏  ∅ ℑ ℘ ⊕⊃  → ⊃ � ϒ⊂� 

3 .3  ∆ΤΑ αναλψσ ισ 

ƒ⊃ ∩� �  ∪∉⋅ ∪⊕ ⁄× ϒ  ⊕  ∏ ⊂  ∉∅ ∪⊕⊂ℑ  ⊕ ℘ ⊂ℑ⊗ ⊕ 2 

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

⋅ℑ  ⊗⊗ ⊃  ⊕ ℘  ⊃ ∉∈  ∪∉⋅⊕¬∉ ∪⊕ ⊆⊃ ℘ ⊕ ℑ ℘  ⊃ ∉∈ ⊃ ∈  ∪ ⊃ ∅ ⊃ ∩ 2 

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

⊂⊕ ∧ � αφβ� ℑ∈⊗ ℑ∈ ⊕¬∉ ∪⊕ ⊆⊃ ℘∠ ⊕ ℑ⊄ � βπχ� �♥⊃  ⊕ ⊕∈ 

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

 ⊕ ℘  ⊃ ℘  ⊕⊆∠⊕  ℑ  ∏  ⊕ ∉∅ ϒ⊂ 2≥⊃ ℑ ⊂ ⊂∉∧  ∉  ∪ℑ  ∪⊕ ⊕∈2 

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

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

ℜ ∧ ℘  ∧  ℑ ⊂ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ ∉∅  ∪⊕ ℑ⊆∉ ∠∪∉∏    ∏ ℘  ∏  ⊕� ≥∉⊆⊕ 

℘  ⊃  ⊃ ℘ ℑ ⊂  ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ℑ √ℑ  ⊃ ∉∏  ℑ⊆∠ ⊂⊕ ∉∅⊂ℑ  ⊕ ∠ ∉⋅⊕  

∉∈  ∪⊕ ℘ ∏  √⊕ ℑ  ⊕⊂ ⊃   ⊕⊗⊃ ∈ ×ℑℜ ⊂⊕ � � Τ β ⊃  ∪⊕⊃ ∈⊃  ⊃ ℑ ⊂ 

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

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

Φ ιγ .4  ⁄× ϒ ℘ ∏  √⊕∉∅⊂ℑ  ⊕ ℘ ⊂ℑ⊗⊂ℑ∧⊕ ��� ⊄ • �℘⊆ � � 

Ταβλε 1  ≥∉⊆⊕℘  ⊃  ⊃ ℘ ℑ ⊂  ⊕⊆∠⊕  ℑ  ∏  ⊕  

∉∈ ⁄× ϒ ℘ ∏  √⊕ℑ ⊗ ⊃ ∅ ∅ ⊕  ⊕∈∠ ∉⋅⊕ ⊗ ⊕∈ ⊃  ⊃ ⊕  

°∉⋅⊕ ⊗ ⊕ ∈ ⊃  ∧ 
��⊄ • #℘⊆ � � � 

Τ α Τ φ Τ β Τ π Τ χ 

�� ��� ��� ��� ��� ��� 

�� ��� ��� ��� ��� ��� 

�� ��� ��� ��� ��� ��� 

�� ��� ��� ��� ��� ��� 

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

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



℘ ∉ ⊗ ⊃ ∈∩ ∉  ∪⊕ ⁄× ϒ  ⊕  ∏ ⊂  �⊃  ⊃ ∅∉∏∈⊗ ∪ℑ  ∪⊕℘  ∧ 2 

 ℑ ⊂ ⊂ ⊃ ∨ℑ  ⊃ ∉∈  ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ∉∅ ⊕√⊕  ∧  ℑ⊆∠ ⊂⊕ ⊃  ∇∏ ⊃  ⊕ ∪ ⊃ ∩∪ 

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

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

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

  ∧ � 

3 .4  Προπερτιεσ οφ αµ ορπηουσ σ τρυχτυρε 

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

ƒ⊃ ∩� � ⊃ ⊂ ⊃   ⊕⊗⊃ ∈ ×ℑℜ ⊂⊕� � × ∪⊕ ∪ℑ  ⊗∈⊕  ∉∅ ∪⊕ℑ⊆∉ 2 

∠∪∉∏  ⊆⊃ ¬ ∏  ⊕⊃  ♦ ∂ ��� ∗ ��� � ⋅∪ ⊃ ℘ ∪⊃ ⊂∉⋅⊕  ∪ℑ∈ 

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

∏  ⊃ ∈∩ ℑ ℑ⊆∠ ⊂⊕�⊂ℑ  ⊕ ∠ ∉⋅⊕ ⊗ ⊕∈ ⊃  ∧ �� ⊄ • �℘⊆ � � ℘ ∉∈2 

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

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

∅∉� ∪� � ϒ∅  ⊕ ⋅⊕ ℑ  ⊂ ⊃ ⊗ ⊃ ∈∩∉∅ ⊗ ⊃   ℑ∈℘ ⊕� ⊄⊆ � ∪⊕√∉ ⊂ 2 

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

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

⊃ � � ��� ⊆ ⊆ � � 

Ταβλε 2  ↑⊃ ℘  ∉∪ℑ  ⊗∈⊕  ∉∅ ⊗ ⊃ ∅ ∅ ⊕  ⊕∈ ⊕∩ ⊃ ∉∈ ⊃ ∈ 

⊂ℑ  ⊕ ℘ ⊂ℑ⊗∨∉∈⊕ℑ ⊗ ⊃ ∅ ∅ ⊕  ⊕∈∠∉⋅⊕ ⊗ ⊕∈ ⊃  ⊃ ⊕  � ♦ ∂ � 

← ℑ  ⊕ ∠ ∉⋅⊕ ⊗ ⊕ ∈ ⊃  ∧ 
��⊄ • #℘⊆ � � � 

ϒ ⊆∉ ∠∪∉∏  ⊆⊃ ¬  ∏  ⊕ 
 ⊕ ∩ ⊃ ∉∈ 

≥⊕ ∠ ℑ  ℑ  ⊕ ⊗ ∩  ℑ∈∏ ⊂ℑ  
 ⊕ ∩ ⊃ ∉∈ 

�� ��� ��� 

�� ��� ��� 

�� ��� ��� 

�� ��� ��� 

ƒ⊃ ∩� �  ∪∉⋅ ∪⊕ ≥∞ ↑ ⊆⊃ ℘  ∉∩  ℑ∠∪ ∉∅ ∪⊕ ℘  ∉  2 

Φ ιγ .5  ≥∞ ↑ ⊆⊃ ℘  ∉∩  ℑ∠∪∉∅℘  ∉  2 ⊕ ℘  ⊃ ∉∈ ∉∅ ℑ⊆∠ ⊂⊕  
�ℑ � ) ≤∉∈ ℑ ⊃ ∈⊃ ∈∩ ℑ⊆∉ ∠∪∉∏    ∏ ℘  ∏  ⊕��ℜ � ) • ⊃  ∪∉∏ ℑ⊆∉ ∠∪∉∏  

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

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

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

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

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

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

⋅⊕ ℑ  ⊕  ⊃   ℑ∈℘ ⊕� 

4  ΧΟΝΧΛΥΣΙΟΝ 

≥∉⊆⊕ → ⊃ 2 ⊃ ℘ ∪ ℑ⊆∉ ∠∪∉∏    ∏ ℘  ∏  ⊕ ⊕¬ ⊃  ⊃ ∈  ∪⊕ 

⊂ℑ  ⊕ ℘ ⊂ℑ⊗ → ⊃ 2≤ 2 ϒ⊂ ℘ ∉ℑ  ⊃ ∈∩ ∉∈ ℑ ⊂∏⊆⊃ ∈∏⊆ ℑ ⊂ ⊂∉∧� × ∪⊕ ∧ 

⊕¬ ⊃  ⊃ ∈  ∪⊕ ∈⊕  ⋅∉ ⊄2⊂ ⊃ ⊄⊕    ∏ ℘  ∏  ⊕ ℑ  ∉∏∈⊗ ∩  ℑ∈∏ ⊂ℑ  

   ∏ ℘  ∏  ⊕ℑ∈⊗ ℘ ∉⊕¬ ⊃    ⋅⊃  ∪ → ⊃ � ϒ⊂ ∠∪ℑ  ⊕⊃ ∈  ∪⊕ ∩  ℑ∈2 

∏ ⊂⊕ � × ∪ ⊃ ℑ⊆∉ ∠∪∉∏    ∏ ℘  ∏  ⊕ ∪ℑ ⊕¬∪ ⊃ ℜ ⊃  ⊕⊗ ℑ ∪ ⊃ ∩∪ 

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

∈⊕   ∉∅  ∪⊕ ℑ⊆∉ ∠∪∉∏  ⊆⊃ ¬ ∏  ⊕ ⊃  ♦ ∂ ��� ∗ ��� � 

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

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

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

Ρ ΕΦΕ Ρ Ε ΝΧΕΣ 

≈�  ∂ ℑ∈∪ ⊃ ⊂ ⊂⊕ ° � ×∉  ∉ ≥ � °⊕ ⊂ ⊂⊕  ⊃ ⊕ ♠ ↑ �⊕ ℑ ⊂� ∞⊂⊕ ℘   ∉∈ ℜ ⊕ ℑ⊆ 

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

ℑ∈⊗ ≤∉ℑ  ⊃ ∈∩  ×⊕ ℘ ∪∈∉ ⊂∉∩∧ ����� ��� ���� ∗ ��� � 

≈�  °ℑ⋅⊂ℑ⊄ ″ ℑ∈⊗ ″ ℑ ℘ ∨∧∈ ⊄ ⊃× �≥⊕ ⊂⊕ ℘  ⊕ ⊗∠  ∉∠ ⊕   ⊃ ⊕ ∉ ∅ ∏  ∅ ℑ ℘ ⊕ 

⊂ℑ∧⊕  ∉ ∅ ⊆⊕  ℑ ⊂ℑ ⊂ ⊂∉∧⊕ ⊗ ⋅⊃  ∪ℑ ∠∏ ⊂  ⊕ ⊗⊂ℑ  ⊕ ≈♠  � ↑ ℑ  ⊕  ⊃ ℑ ⊂  

≥℘ ⊃ ⊕ ∈℘ ⊕ℑ∈⊗ ∞∈∩ ⊃ ∈⊕ ⊕  ⊃ ∈∩����� � ϒ��� ��� ∗ �� � 

≈�  ×∉⊆⊂ ⊃ ∈ ∉∈ • ♠ ℑ∈⊗ ′ ℑ∈ ⊗ ⊕ ∈ ϒ ≥ � ≤ℑ√⊃  ℑ  ⊃ ∉∈ ⊕  ∉ ⊃ ∉∈ ∉ ∅ 

⊂ℑ  ⊕  ∏  ∅ ℑ ℘ ⊕ ℑ ⊂ ⊂∉∧⊕ ⊗ ℘ ∉ℑ  ⊃ ∈∩  ∉∈ ϒ⊂ 2�� � ≥⊃≈♠ � • ⊕ ℑ � 

���� ���� ��� ∗ �� � 

≈�  ƒ∏ ≠ ℑ∈⊗ ′ℑ  ℘ ∪⊕ ⊂∉ϒ • � ← ℑ  ⊕ ℑ ⊂ ⊂∉∧⊃ ∈∩ ∉ ∅ ℑ ⊂∏⊆⊃ ∈∏⊆ ℑ ⊂2 

⊂∉∧ ���� ⋅⊃  ∪ → ⊃ℑ∈⊗ ≤� °ℑ    � × ∪ ⊕⊕ ∅ ∅ ⊕ ℘ ∉ ∅⊂ℑ  ⊕ ℑ ⊂2 

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

≤∉ℑ  ⊃ ∈∩  ×⊕ ℘ ∪∈∉ ⊂∉∩∧ ����� ������ ∗ �� ���� ∗ ��� � 

≈�  °⊃ ⊕  ℑ∈ ∉∈⊃ ↑ � • ℑ∩∈⊃ ⊕  ⊕♠ ⁄ ℑ∈⊗ ′⊂ℑ∈⊄ ∞ �♥⊆∠  ∉√⊕⊆⊕ ∈ 

⊃ ∈  ∪⊕ ∏  ∅ ℑ ℘ ⊕∠  ∉∠ ⊕   ⊃ ⊕ ∉∅ ϒ⊂ 2≥⊃℘ ℑ   ℑ ⊂ ⊂∉∧ ℜ∧ ⊂ℑ  ⊕  ∏  ∅ ℑ ℘ ⊕ 

ℑ ⊂ ⊂∉∧⊃ ∈∩ ≈♠  � ↑ ℑ  ⊕  ⊃ ℑ ⊂ ≥℘ ⊃ ⊕ ∈℘ ⊕ ℑ∈⊗ ∞∈∩ ⊃ ∈⊕ ⊕  ⊃ ∈∩� ���� � 

ϒ��� � ← �� ∗ ← �� � 

≈�  ♣ℑ ∅ ∅ ⊕ ∞ � °⊕ ⊂ ⊂⊕  ⊃ ⊕ ♠ ↑ ℑ∈⊗ ′∉∈∈⊕ ♠ ≡ � ← ℑ  ⊕  ∏  ∅ ℑ ℘ ⊕ ∉ ∅ 

→ ⊃∅ ⊃ ⊂⊆ ∉∈ ϒ⊂ 2ℜ ℑ  ⊕ ⊗ ℑ ⊂ ⊂∉∧ ≈♠ � ϒ ≤ × ϒ ↑ ⊕  ℑ ⊂ ⊂∏  ∩ ⊃ ℘ ℑ ⊕  

↑ ℑ  ⊕  ⊃ ℑ ⊂����� ������� ����� ∗ ���� � 

≈�  ϒ⊂⊆⊕ ⊃ ⊗ ℑ ϒ � ϒ∈⊇ ∉ ↑ � ∂⊃ ⊂ℑ ″ �⊕ ℑ ⊂� ← ℑ  ⊕ ℑ ⊂ ⊂∉∧⊃ ∈∩∉ ∅ℑ 2 

⊂∏⊆⊃ ∈∏⊆ ℑ ⊂ ⊂∉∧ ⋅⊃  ∪ ℘ ∪  ∉⊆⊃ ∏⊆ ≈♠  � ≥∏  ∅ ℑ ℘ ⊕ ℑ∈⊗ ≤∉ℑ  ⊃ ∈∩ 

×⊕ ℘ ∪∈∉ ⊂∉∩∧ ����� ��� ���� ∗ ��� � 

≈�  ←∝ ≥ ÷ � ≠ ϒ →♣ ÷ ≠ � ≡ ♦ ↓ ∝ ° →�⊕ ℑ ⊂� ∝⊂   ℑ 2 ⊆⊃ ℘  ∉2 

∪ ℑ  ⊗ ∈⊕   ⊆⊕ ℑ  ∏  ⊕⊆⊕ ∈∉∈ → ⊃ 2 • ≤ ℑ ⊂ ⊂∉∧ ℘ ∉ℑ  ⊃ ∈∩ ∉ ∅ ℘ ℑ   

  ⊕ ⊕ ⊂ ℜ∧ ⊂ℑ  ⊕ ℘ ⊂ℑ⊗ ⊗ ⊃ ∈∩ ≈♠  � ↑ ℑ  ⊕  ⊃ ℑ ⊂ ℑ∈⊗ ↑ ℑ∈∏ ∅ ℑ ℘  ∏  ⊃ ∈∩ 

° ∉℘ ⊕   ⊕ ����� ������ ���� ∗ ��� � 

≈�  ← ♥ϒ →♣ ♣ ≠ � ← ♥ ≤ ←ℑ∈⊗ ≥ ∝ ♠ ≠ � ↑⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ∉ ∅ 

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

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

�� � 

≈��  ← ♥ϒ →♣ ♣ ≠ � ← ♥ ≤ ← ℑ∈⊗ ≥ ∝ ♠ ≠ � ≥⊕ ∩  ⊕ ∩ ℑ  ⊃ ∉∈ ∠∪ ⊕ 2 

∈∉⊆⊕ ∈ℑ ∉ ∅⊂ℑ  ⊕ ℑ ⊂ ⊂∉∧⊕ ⊗ → ⊃ 2≤ 2 ϒ⊂ ℘ ∉ℑ  ⊃ ∈∩ ∉∈ ϒ⊂ 2≥⊃ℑ ⊂ ⊂∉∧ 

≈♠  � ↑ ℑ  ⊕  ⊃ ℑ ⊂ ≥℘ ⊃ ⊕ ∈℘ ⊕ℑ∈⊗ ∞∈∩ ⊃ ∈⊕ ⊕  ⊃ ∈∩����� � ϒ����� 
∗ �� ���� ∗ ��� � 

(Εδιτεδ βψ ΗΥΑΝΓ ϑιν2σονγ) 

# � � � # ∂ ∉ ⊂1��  λ 1�      ϒ ⊆∉ ∠∪∉∏    ∏ ℘  ∏  ⊕⊃ ∈ ℑ⊂ℑ  ⊕ ℘ ⊂ℑ⊗ → ⊃ 2≤ 2 ϒ⊂ ℘ ∉ℑ  ⊃ ∈∩ ∉∈ ϒ⊂ 2≥⊃ℑ ⊂ ⊂∉∧


