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

Πρεπαρατιον οφ ΡυΟ�2ΣνΟ� νανο µ ατεριαλ βψ σολ2γελ τεχηνιθυε 
≠ 

× ϒ →♣ ⁄⊃ ℑ∈�唐  电� � • ∞→ ≥∪ ⊃ 2¬∏ ⊕ �文仕学� � ≤ ♦ ∞→ ≥∪ ⊃ 2 ⊕∈�陈士仁� 

Ρεσεαρχη Ινστιτυτε φορ Ματεριαλ σ , Φυζηου Υνιϖερσιτψ , Φυζηου 350002 , Π . Ρ . Χηινα 

Αβσ τραχτ : ″ ∏ 2≥∈ ℜ ⊃ ∈ℑ  ∧ ∉¬ ⊃ ⊗ ⊕⊃ ∉∈⊕∉ ∅ ∪⊕ ⊆∉  ∅  ⊕ ∇∏ ⊕ ∈ ⊂∧ ∏  ⊕ ⊗ℑ∈∉⊗ ⊕℘ ∉ℑ  ⊃ ∈∩ ⊆ℑ  ⊕  ⊃ ℑ ⊂⊃ ∈ ⊕ ⊂⊕ ℘   ∉℘ ∪ ⊕⊆⊃ ℘ ℑ ⊂⊃ ∈⊗ ∏    ∧ �ℜ∏  

⊃  ℘ ∉⊆∠∉ ⊃  ⊃ ∉∈ ⊗ ⊃    ⊃ ℜ∏  ⊃ ∉∈ ℑ∈⊗ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕ℑ  ⊕ ∈∉∪ ∉⊆∉∩ ⊕ ∈⊕ ∉∏ � ∉  ∪ ⊕ ∈ℑ∈∉ ℘ ℑ ⊂⊕ ″ ∏↓ � 2≥∈↓ � ℜ ⊃ ∈ℑ  ∧ ∉¬ ⊃ ⊗ ⊕ ⋅ℑ ∠  ⊕ 2 

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

 ∪ ⊕ ∈⊕⋅ ∉¬ ⊃ ⊗ ⊕ ⋅⊕  ⊕  ∏ ⊗ ⊃ ⊕ ⊗ℜ∧ ∞° ↑ ϒ � ⁄× ϒ �÷ ″ ⁄ �× ∞ ↑ �ℑ∈⊗⊕ ⊂⊕ ℘   ∉℘ ∪ ⊕⊆⊃ ℘ ℑ ⊂ ℑ∈ℑ ⊂∧ ⊃ � × ∪ ⊕ ⊕  ∏ ⊂   ∪∉⋅⊕ ⊗ ∪ℑ   ∪ ⊕ ″ ∏ 2 

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

Κεψ ωορδσ: ″ ∏↓ � 2≥∈↓ � ∈ℑ∈∉⊆ℑ  ⊕  ⊃ ℑ ⊂� ∉ ⊂ 2∩ ⊕ ⊂  ⊕ ℘ ∪∈⊃ ∇∏ ⊕�⊕ ⊂⊕ ℘   ∉℘ ℑ  ℑ ⊂∧ ⊃ ℘ ℑ ⊂ ∆οχυµ εντ χοδε : Α 

1  ΙΝΤ Ρ Ο∆ ΥΧΤΙΟΝ 

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

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

″ ∏ 2≥∈ ℜ ⊃ ∈ℑ  ∧ ∉¬ ⊃ ⊗ ⊕  ∪ℑ√⊕ ⊕¬℘ ⊕ ⊂ ⊂⊕∈ ⊕ ⊂⊕ ℘   ∉℘ ℑ  ℑ ⊂∧ ⊃  

∠  ∉∠ ⊕   ⊃ ⊕ ℑ∈⊗ ℘ ∉  ∉ ⊃ √⊕  ⊕  ⊃   ℑ∈℘ ⊕� ″ ∏ 2≥∈ ℜ ℑ  ⊕⊗ ∉¬2 

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

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

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

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

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

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

℘ ∉ℑ  ⊃ ∈∩ ℑ  ⊕∈∉∪∉⊆∉∩ ⊕∈⊕ ∉∏  ≈� ∗ � �♥∈ ∉ ⊗ ⊕  ∉ ⊗ ⊕√⊕ ⊂ 2 

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

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

 ⊕ ℘ ∪∈⊃ ∇∏ ⊕  ⊆∏  ℜ ⊕ ℘ ∉∈ ⊃ ⊗ ⊕  ⊕⊗� ♥∈  ∪ ⊃   ⊕ ∩ ℑ  ⊗�  ∪⊕ 

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

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

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

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

ℑ∈∉⊗ ⊕ ⊆ℑ  ⊕  ⊃ ℑ ⊂ℜ∧  ∉ ⊂ 2∩ ⊕ ⊂ ⊆⊕  ∪∉⊗ℑ  ⊕ √⊕  ∧  ℘ ℑ  ℘ ⊕ ≈� � 

× ∪⊕ ⊆∉  ⊕ ℘ ⊕∈  ∏⊗ ⊃ ⊕ ∪ℑ√⊕ ∪∉⋅∈  ∪ℑ �∠  ∉∠ 2 

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

∩  ℑ ⊃ ∈  ⊃ ∨⊕  ⊕ ℑ ℘ ∪ ∈ℑ∈∉ ℘ ℑ ⊂⊕� ≥∉ ⋅⊕ ⊕¬⊕   ⊕⊗ ∉∏   ⊕ ⊂√⊕  

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

∅∉  ≈� ∗ �� � ″ ⊕ ℘ ⊕∈ ⊂∧ � ⋅⊕ ⊕ ∠∉  ⊕⊗ℑ ⊕ ℘ ∪∈⊃ ∇∏ ⊕ ∉ ∠  ⊕ 2 

∠ℑ  ⊕ ″ ∏↓ � ∈ℑ∈∉℘  ∧  ℑ ⊂ ℜ∧ ℑ ∉ ⊂ 2∩ ⊕ ⊂ ⊆⊕  ∪∉⊗ ≈� �♥∈  ∪ ⊃  

∠ℑ∠⊕ �ℑ ∈ℑ∈∉ ℘ ℑ ⊂⊕ ″ ∏ 2≥∈ ∉¬ ⊃ ⊗ ⊕⊃ ∠  ⊕∠ℑ  ⊕⊗ ℜ∧ ℑ  ∉ ⊂ 2 

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

  ∏⊗ ⊃ ⊕⊗� 

2  Ε ΞΠΕ ΡΙ ΜΕ ΝΤ ΑΛ 

2 .1  Ραω µ ατεριαλσ 

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

 ℑ⋅ ⊆ℑ  ⊕  ⊃ ℑ ⊂� ϒ  ⊕ ∇∏ ⊃  ⊕⊗ ℑ⊆∉∏∈ ∉∅  ∏  ∪⊕∈⊃ ∏⊆ ℑ∈⊗ 

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

∠  ⊕ ∠ ℑ  ⊕  ∏  ∪⊕∈⊃ ∏⊆ ⊕  ∪∉¬ ⊃ ⊗ ⊕ ℑ∈⊗  ⊃ ∈ ℑ ⊂⊄∉¬∧⊂ℑ  ⊕�  ⊕ 2 

 ∠ ⊕ ℘  ⊃ √⊕ ⊂∧ 
≈� � �� � 

2 .2  Ρεαχτιον προχεσσ 

≤⊕   ℑ ⊃ ∈ ℑ⊆∉∏∈ ∉∅  ∏  ∪⊕∈⊃ ∏⊆ ⊕  ∪∉¬ ⊃ ⊗ ⊕ ⋅ℑ  

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

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

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

 ⊃ ∉ ℜ ⊕ ⊃ ∈∩ ��Β�� ⋅ℑ ∅∉⊆⊕⊗ℑ∈⊗ ∪⊕∈ ⊗  ⊃ ⊕⊗⊃ ∈ ℑ∈ ∉√⊕∈ 

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

″ ∏ 2≥∈ ∉¬ ⊃ ⊗ ⊕ ℑ ��� ε � ��� ε ℑ∈⊗ ��� ε �  ⊕  ∠ ⊕ ℘ 2 

 ⊃ √⊕ ⊂∧ � 

2 .3  Ινστρυµ ενταλ αναλψσεσ 

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

⊗  ⊃ ⊕⊗ ∩ ⊕ ⊂ ⋅ℑ  ∠ ⊕  ∅∉⊆⊕⊗⊃ ∈ °⊕  ⊄⊃ ∈2∞⊂⊆⊕  ⁄× ϒ���� � 

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

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

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

   ∏ ℘  ∏  ⊕  ⋅⊕  ⊕   ∏ ⊗ ⊃ ⊕⊗ ℜ ∧ ÷2 ℑ∧ ⊗ ⊃ ∅ ∅  ℑ ℘  ∉⊆⊕   ∧ 

� ÷ ″ ⁄� � × ∪⊕ ⊕¬∠ ⊕  ⊃⊆⊕∈ ℑ ⊂ ℘ ∉∈⊗ ⊃  ⊃ ∉∈ ⋅⊕  ⊕� ≤∏↔ Α 

 ℑ⊗ ⊃ ℑ  ⊃ ∉∈ � → ⊃∅ ⊃ ⊂  ⊕ ��� ⊄∂ ��� ⊆ϒ � × ∪⊕℘  ∧  ℑ ⊂  ⊃ ∨⊕  

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

♦ ∝2��   ℑ∈⊆⊃   ⊃ ∉∈ ⊕ ⊂⊕ ℘   ∉∈ ⊆⊃ ℘  ∉ ℘ ∉∠ ⊕ �× ∞ ↑ � � 

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

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

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

 ∪⊕ ⊃ ℘ ∪ ⊂∉ ⊃ ∈⊕ 2⊕ √∉ ⊂∏  ⊃ ∉∈ √∉ ⊂  ℑ∩ ⊕ ⊃ ∈ ℜ  ⊃ ∈⊕ ∏  ⊃ ∈∩ ♦ ⁄∂2 

�ℜ ∧∠ ⊕ ∠∉ ⊕∈ ⊃ ∉  ℑ  � 

3  Ρ ΕΣΥΛΤΣ ΑΝ∆ ∆ΙΣΧΥΣΣΙΟΝΣ 

3 .1  ΕΠΜΑ αναλψσ ισ 

× ∪⊕℘ ∉⊆∠∉ ⊃  ⊃ ∉∈ ∉∅ ⊗ ⊃ ∅ ∅⊕  ⊕∈ ⊕ ∩ ⊃ ∉∈⊃ ∈  ∪⊕∉¬ ⊃ ⊗ ⊕ 

⋅ℑ  ℑ∈ℑ ⊂∧∨⊕⊗ ℜ∧ ∞° ↑ ϒ � × ∪⊕ ⊗ ℑ  ℑ ⊆⊕ ℑ  ∏  ⊕⊗ ℑ  ⊕ 

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

  ℑ   ⊃ ∈∩ ⊆ℑ  ⊕  ⊃ ℑ ⊂� 

3 .2  ∆ΤΑ αναλψσ ισ 

∂ ∉ ⊂���  λ ��         Τρανσ. Νονφερρουσ Μετ . Σοχ . Χηινα         ♠∏∈ ����� 

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

ƒ∉∏ ∈⊗ ℑ  ⊃ ∉∈ ∉∅ ƒ∏ ⊇ ⊃ ℑ∈    Ρεχειϖεδ δατε : ♠∏ ∈ � � ����� �αχχεπτεδ δατε : ϒ∏ ∩� �� �����



× ∪⊕ ⁄× ϒ ℘ ∏  √⊕ ∅∉ ∪⊕ ⊗  ⊃ ⊕⊗ ∩ ⊕ ⊂ ⋅ℑ  ⊗ ⊕  ⊕ ℘  ⊕⊗ 

� ⊕ ⊕ ƒ⊃ ∩��� � ϒ ∠  ⊕ ℘ ⊃ ∠ ⊃  ∉∏  ∠⊕ ℑ⊄ ℑ ℑℜ∉∏ ��� ∗ 

��� ε ℘ ℑ∈ ℜ ⊕ ⊕ ⊕∈ ⊃ ∈  ∪⊕℘ ∏  √⊕�♥⊆ℑ∧ ℜ ⊕℘ ∉∈  ⊃ ℜ∏  2 

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

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

��� ε ⊆ℑ∧ ∪ℑ√⊕ ∉⊆⊕  ∪ ⊃ ∈∩ ∉ ⊗ ∉ ⋅⊃  ∪ ℑ ∠∪ℑ  ⊕  ℑ∈ 2 

∅∉⊆ℑ  ⊃ ∉∈ � × ∪⊕ √ℑ ⊂ ⊂⊕ ∧ ℑ ��� ε ⊃ ℑ ∪⊕ ℑ ℑℜ  ∉ ∠  ⊃ ∉∈ 

∅  ∉⊆  ∪⊕⊕√∉ ⊂∏  ⊃ ∉∈ ∉∅ ⋅ℑ  ⊕ � 

Φ ιγ .1  ⁄× ϒ ℘ ∏  √⊕ ∉∅ ¬⊕  ∉∩ ⊕ ⊂ 

3 .3  Ξ Ρ ∆ αναλψσ ισ 

× ∪⊕ ÷ ″ ⁄ ∠ ℑ   ⊕  ∈∉∅  ∪⊕ ∉¬ ⊃ ⊗ ⊕  ℑ⊆∠ ⊂⊕  ⊃ ∈ ⊕  ⊕⊗ 

ℑ √ℑ  ⊃ ∉∏  ⊕⊆∠⊕  ℑ  ∏  ⊕ ℑ  ⊕ ∪∉⋅∈ ⊃ ∈ ƒ⊃ ∩� � � ϒ℘ ℘ ∉ ⊗ 2 

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

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

 ∪ ⊕ ⊕ ∠∪ℑ  ⊕ �  ∏  ⊃ ⊂⊕ ″ ∏↓ � �  ∏  ⊃ ⊂⊕ � ″ ∏�≥∈� ↓ � ℑ∈⊗ 

∪⊕¬ℑ∩∉∈ℑ ⊂ ″ ∏� ϒ⊂∉⋅  ⊃ ∈ ⊕  ⊃ ∈∩  ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ��� ε � 

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

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

∠ ∉ ⊕� ƒ⊃    ⊂∧ � ⊆⊕  ℑ ⊂ ⊂ ⊃ ℘ ″ ∏ ⊆ℑ∧ ⊗ ⊕ ∠∉ ⊃  � ∅∉ℑ ⊆ℑ ⊂ ⊂ 

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

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

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

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

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

Φ ιγ .2  ÷ ″ ⁄ ∠ℑ   ⊕  ∈∉∅ ∠∉⋅⊗ ⊕   ⊃ ∈ ⊕  ⊕⊗ℑ  

√ℑ  ⊃ ∉∏  ⊕⊆∠⊕  ℑ  ∏  ⊕  

 ⊕ ∠ ℑ  ℑ  ⊕⊗ ∠ ⊕ ℑ⊄ℜ ⊕ ⊂∉∈∩  ∉  ∏  ⊃ ⊂⊕ ∠∪ℑ  ⊕ �♥⊃ ∉ℜ√⊃ ∉∏  

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

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

⊕⊗ ℑ ⊂ ⊂∉∧� × ∪ ⊃  ∠∪⊕∈∉⊆⊕∈∉∈ ⊃  ∈∉∅∉∏∈⊗ ⊃ ∈ ″ ∏↓ � 2 

×⊃ ↓ � ℜ ⊃ ∈ℑ  ∧  ∧  ⊕⊆ � ″ ∏  ⊃ ⊂⊕ ∠∪ℑ  ⊕ ∉∅ ∠  ⊕ ℘ ⊃ ∉∏  ⊆⊕  ℑ ⊂ 

∉¬ ⊃ ⊗ ⊕ ℑ  ⊕ ∩ ⊕∈⊕  ℑ ⊂ ⊂∧ ℑ ℘ ℘ ⊕ ∠  ⊕⊗ ∉ ℜ ⊕ ∪⊕ ⊕¬℘ ⊕ ⊂ ⊂⊕∈⊕ ⊂⊕ ℘ 2 

  ∉℘ ℑ  ℑ ⊂∧ ⊃ ℘ ℑ ⊂ ⊆ℑ  ⊕  ⊃ ℑ ⊂� ϒ℘ ℘ ∉ ⊗ ⊃ ∈∩  ∉  ∪⊕ ℑℜ∉√⊕ ⊕¬2 

∠ ⊕  ⊃ ⊆⊕∈ �⊃  ⊃ ∈∉ ∏ ∩∩ ⊕   ⊕⊗ ∪ℑ   ∪⊕ ″ ∏↓ � 2≥∈↓ � ℜ ⊃ 2 

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

��� ε � 

3 .4  Ελεχτρον µιχρογραπησ ανδ χρψσ ταλ σ ιζεσ 

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

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

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

ℑ  ⊃ ∈∩ √∉ ⊂  ℑ∩⊕∉∅�� ⊄∂ �ƒ∉ ∪⊕ ℑ⊆∠ ⊂⊕ ⊃ ∈ ⊕  ⊕⊗ℑ ��� 
ε � ∪⊕ ⊗ ∉ ⊕⊗ 2⊂ ⊃ ⊄⊕ ℘  ∧  ℑ ⊂ ℘ ℑ∈ ℜ ⊕  ⊕ ⊕∈ ℑ ⊂ ⊂ ∉√⊕  ∪⊕ 

∅ ⊃ ⊕ ⊂⊗∉∅ √⊃  ⊃ ∉∈ �ƒ⊃ ∩� ��ℑ�� � × ∪⊕ ℑ√⊕  ℑ∩ ⊕  ⊃ ∨⊕ ∉∅  ∪⊕⊆ 

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

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

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

 ∉⊆⊕∉∅ ∪⊕⊆  ⊕⊆ℑ ⊃ ∈ ℑℜ∉∏ � ∈⊆ �ƒ⊃ ∩� ��ℜ�� � ∞√⊕∈ 

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

∠ℑ   ⊃ ℘ ⊂⊕  ⋅⊃  ∪  ⊃ ∨⊕ ℜ ⊕  ⋅⊕ ⊕∈ �� ∗ �� ∈⊆ �ƒ⊃ ∩� ��℘ �� � 

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

″ ∏↓ � 2≥∈↓ � ℜ ⊃ ∈ℑ  ∧  ∧  ⊕⊆  ∪ℑ∈  ∪∉ ⊕ ⊃ ∈ ″ ∏↓ � ∉ 

≥∈↓ � ⊆∉∈∉ℜ ℑ  ⊃ ℘ ∧  ⊕⊆ ≈� � � � × ∪⊕ ⊕ ℑ  ∉∈ ⊆ℑ∧ ℜ ⊕ ℑ  

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

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

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

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

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

⊃ ∈∩�♥⊃  ⋅∉  ∪∧ ∈∉ ⊃ ℘ ⊃ ∈∩  ∪ℑ  ∪⊕  ∪ℑ∠ ⊕ ∉∅ ∇∏ ℑ⊗  ⊃ 2 

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

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

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

⊆⊕∈ ⊃ ∉∈ � 

3 .5  Ελεχτροχαταλψτιχαλ προπερτιεσ 

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

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

℘ ∉ ⊗ ⊃ ∈∩ ∉ ∪⊕  ℑ∈⊗ ℑ  ⊗ ≈�� ⊃   ∏ ⊕⊗ℜ∧  ∪⊕ ≤∪⊕⊆⊃ ℘ ℑ ⊂ ∞∈2 

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

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

 ⊃ ∈ ⊕  ⊕⊗ ℑ ��� ε ⋅ℑ  ⊗ ⊕  ⊕ ⊆⊃ ∈⊕⊗� ƒ⊃ ∩��� � • ⊃  ∪ ⊃ ∈ 

 ∪⊕ ⊕¬∠ ⊕  ⊃ ⊆⊕∈ �  ∪⊕  ⊃  ⊕ ∉∅ √∉ ⊂  ℑ∩ ⊕ ∅∉ ⊂ ⊂∉⋅ ∪⊕ ⊃ ∈2 

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

⊂∉⋅⊕  ∪ℑ∈ � ��� ∂ � ⋅∪ ⊃ ℘ ∪ ⊆∉ ∪ ⊃ ∩∪ ℑ℘  ⊃ √⊕ ℑ∈∉⊗ ⊕  

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

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

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

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

 ⊃ ∉∈� ∉∈ ⋅∪ ⊃ ℘ ∪ ⊆∏ ℘ ∪ ⊆∉ ⊕  ⊕ ℑ ℘  ⊃ √⊕ ℘ ⊕∈ ⊕   ⊆ℑ∧ ⊕¬2 

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

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

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

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



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

�ℑ � ) ��� ε ��ℜ � ) ��� ε ��℘ � ) ��� ε 

Φ ιγ .4  ≤∏  √⊕∉∅ ℘ ∪ ⊂∉ ⊃ ∈⊕ 2⊕ √∉ ⊂∏  ⊃ ∉∈ √∉ ⊂  ℑ∩⊕ √ 

℘ ∏   ⊕∈⊗ ⊕∈ ⊃  ∧ ∉∅ ��� ε  ∠ ⊕ ℘ ⊃⊆⊕∈ 

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

4  ΧΟΝΧΛΥΣΙΟΝΣ 

♥∈  ∪⊕∠  ⊕  ⊕∈∠ ℑ∠ ⊕ �ℑ ″ ∏↓ � 2≥∈↓ � ℜ ⊃ ∈ℑ  ∧ ⊆⊃ ¬⊕⊗ 

∉¬ ⊃ ⊗ ⊕ ⋅⊃  ∪  ∪⊕ ″ ∏ 2≥∈ ⊆∉ ⊂ℑ  ℑ  ⊃ ∉ ℜ ⊕ ⊃ ∈∩ ��Β�� ⋅ℑ  

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

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

⋅ℑ  ⊕ � × ∪ ⊕ ⊕ ∠∪ℑ  ⊕ � ∏  ⊃ ⊂⊕ ″ ∏↓ � � ∏  ⊃ ⊂⊕�″ ∏� ≥∈�↓ � 

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

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

∈ℑ  ∧ ∉¬ ⊃ ⊗ ⊕ ⊃ ∉ℜ  ℑ ⊃ ∈⊕⊗ ⋅∪⊕∈  ⊃ ∈ ⊕  ⊕⊗ℑ ��� ε � × ∪⊕ 

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

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

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

⊕ ℑ  ∪⊕ ⊃ ∈ ⊕  ⊃ ∈∩ ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ⊃  ⊕ � × ∪⊕℘  ∧  ℑ ⊂ ⊃ ∨⊕  

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

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

⊗ ⊃ ℑ⊆⊕  ⊕   ℑ  ⊕ ℜ ⊕  ⋅⊕ ⊕∈ � ∗ �� ∈ ⊆ � × ∪⊕ ⊕ ⊂⊕ ℘   ∉2 

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

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

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

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

∈ℑ∈∉⊆⊕  ⊕ � 

Ρ ΕΦΕ Ρ Ε ΝΧΕΣ 

≈�  × ϒ →⁄ ⁄ ⊃ ℑ∈ � ≤ ♦ ∞→ ≥∪ ⊃ 2 ⊕ ∈ � ← ♥→ ÷ ∏ ℑ∈ �⊕ ℑ ⊂� ƒℑ ⊃ ⊂∏  ⊕ 

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

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

≈�  × ϒ →♣ ⁄ ⊃ ℑ∈ � ∞⊂⊕ ℘   ∉⊗ ⊕ ⊆ℑ  ⊕  ⊃ ℑ ⊂ ∅∉⊕ ⊂⊕ ℘   ∉℘ ∪⊕⊆⊃ ℘ ℑ ⊂ ⊃ ∈2 

⊗ ∏   ⊃ ⊕  ≈♠ � ↑ ℑ  ⊕  ⊃ ℑ ⊂ ≥℘ ⊃ ⊕ ∈℘ ⊕ ℑ∈⊗ ×⊕ ℘ ∪∈∉ ⊂∉∩∧ � �⊃ ∈ ≤ ∪ ⊃ 2 

∈⊕  ⊕ � ����� ����� ��� � 

≈�  ϒ ⊗ ⊃ ∨∨∉∈⊕ ≥ � ƒℑ ⊂℘ ⊃ ∉ ⊂ℑ ↑ ℑ∈⊗ × ℑ  ℑ   ⊃≥ � ∞∅ ∅ ⊕ ℘ ∉ ∅ ∪ ⊕∈ℑ 2 

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

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

≥∉℘����� ���� ���� � 

≈�  ♥ ∉ ↑ � ↑ ∏  ℑ⊄ℑ⊆⊃≠ � ↔ ℑ ⊇ ⊃→�⊕ ℑ ⊂�° ⊕ ∠ ℑ  ℑ  ⊃ ∉∈ ∉ ∅ ∏ ⊂   ℑ 2 

∅ ⊃ ∈⊕ ″ ∏↓ � 2≥∈↓ � ℜ ⊃ ∈⊕  ∧ ∉¬ ⊃ ⊗ ⊕ ∠ ℑ   ⊃ ℘ ⊂⊕  ℜ∧ ℑ  ∉ ⊂ 2∩ ⊕ ⊂ ∠  ∉2 

℘ ⊕   ⊕ ≈♠  �♠ ∞⊂⊕ ℘   ∉℘ ∪ ⊕⊆ ≥∉℘����� ���� ����� � 

≈�  ′ℑ   ⊃   ⊃ϒ ⁄ � ← ∉⊗ ⊃♣ � ≤ℑ∠∠ ℑ⊗ ∉∈⊃ ℑ ↑ �⊕ ℑ ⊂�♥∈∅ ⊂∏ ⊕ ∈℘ ⊕∉ ∅ 

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

ℜ ℑ  ⊕ ⊗ ⊆⊃ ¬⊕ ⊗ ∉¬ ⊃ ⊗ ⊕ ⊕ ⊂⊕ ℘   ∉⊗ ⊕  ≈♠ � ♠ ∞⊂⊕ ℘   ∉℘ ∪⊕⊆ ≥∉℘� 

���� ���� ����� � 

≈�  × ϒ →♣ ⁄ ⊃ ℑ∈ � ≠ ϒ → ±⊃ℑ∈⊗ ≤ ∝♥ ÷⊃ ∉∈∩� ↓∈ ⊆⊃ ℘  ∉   ∏ ℘ 2 

 ∏  ⊕ ∉ ∅  ∪ ⊕  ⊃  ℑ∈⊃ ∏⊆ ℑ∈∉⊗ ⊕  ≈♠ � ≤ ∪ ⊂∉ ⊃ ∈⊕ ℑ∈⊗ ≥∉⊗ ℑ ♥∈2 

⊗ ∏    ⊃ ⊕ ��⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕ � ����� ���� ��� � 

≈�  ↔ ℑ⊆⊕ ∧ℑ⊆ℑ ↔� ≥∪ ∉∪ ⊇ ⊃≥ � ↓∈∏ ⊕ ≥ � ⊕ ℑ ⊂� ° ⊕ ∠ ℑ  ℑ  ⊃ ∉∈ ∉ ∅ 

∏ ⊂   ℑ ∅ ⊃ ∈⊕ ″ ∏↓ � 2×⊃ ↓ � ℜ ⊃ ∈ℑ  ∧ ∉¬ ⊃ ⊗ ⊕ ∠ ℑ   ⊃ ℘ ⊂⊕  ℜ∧ ℑ  ∉ ⊂ 2∩ ⊕ ⊂ 

∠  ∉℘ ⊕   ⊕ ≈♠  �♠ ∞⊂⊕ ℘   ∉℘ ∪ ⊕⊆ ≥∉℘����� ������� ����� � 

≈�  × ϒ →♣ ⁄ ⊃ ℑ∈ � • ∞→ ≥∪ ⊃ 2¬∏ ⊕ ℑ∈⊗ ≤ ♦ ∞→ ≥∪ ⊃ 2 ⊕ ∈ � ° ⊕ ∠ ℑ 2 

 ℑ  ⊃ ∉∈ ∉ ∅ ∈ℑ∈∉ ℘ ℑ ⊂⊕ ∏  ∪⊕ ∈⊃ ∏⊆ ⊗ ⊃ ∉¬ ⊃ ⊗ ⊕ ≈♠  �≤ ∪ ⊕⊆⊃ ℘ ℑ ⊂ ∞∈∩ ⊃ 2 

∈⊕ ⊕  ⊃ ∈∩ ℑ∈⊗ ↑ ⊕  ℑ ⊂ ⊂∏  ∩∧ ��⊃ ∈ ≤ ∪ ⊃ ∈⊕  ⊕ � ����� ������ �� � 

≈�  • ∞→ ≥∪ ⊃ 2¬∏ ⊕� ≤ ♦ ∞→ ≥∪ ⊃ 2 ⊕ ∈ � × ϒ →♣ ⁄ ⊃ ℑ∈ � ⊕ ℑ ⊂� 

° ⊕ ∠ ℑ  ℑ  ⊃ ∉∈ ∉ ∅ ∈ℑ∈∉ ℘ ℑ ⊂⊕ ⊃ ∈ ⊗ ⊃ ∉¬ ⊃ ⊗ ⊕ ≈♠  � ≤ ∪ ⊂∉ ⊃ ∈⊕ℑ∈⊗ ≥∉2 

⊗ ℑ ♥∈⊗ ∏    ⊃ ⊕ ��⊃ ∈ ≤ ∪ ⊃ ∈⊕  ⊕ � �������� ��� � 

≈��  × ϒ →♣ ⁄ ⊃ ℑ∈ � ← ♥ ≠ ∉∈∩ 2 ∪⊕ ∈∩� • ϒ →♣ ≠ ∉∈∩ 2⊄ℑ∈∩� ⊕  

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

≈♠ � ≤ ∪ ⊂∉ ⊃ ∈⊕ ℑ∈⊗ ≥∉⊗ ℑ ♥∈⊗ ∏    ⊃ ⊕ � �⊃ ∈ ≤ ∪ ⊃ ∈⊕  ⊕� � 

���� ����� ��� � 

≈��  × ϒ →♣ ⁄ ⊃ ℑ∈ � • ∞→ ≥∪ ⊃ 2¬∏ ⊕ℑ∈⊗ ≤ ♦ ∞→ ≥∪ ⊃ 2 ⊕ ∈ �⊕ ℑ ⊂� 

→ ℑ∈∉⊆ℑ  ⊕  ⊃ ℑ ⊂ ∠  ⊕ ∠ ℑ  ⊕ ⊗ ∅  ∉⊆  ∏  ∪⊕ ∈⊃ ∏⊆ ⊕  ∪∉¬ ⊃ ⊗ ⊕ ℜ∧ 

ℑ⊆ ⊆∉∈⊃ ℑ ∪∧⊗  ∉ ⊂∧ ⊃ ℑ∈⊗ ∪ ⊕ ⊃  ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕  ≈♠ � ° ⊕ 2 

℘ ⊃ ∉∏  ↑ ⊕  ℑ ⊂ ��⊃ ∈ ≤ ∪ ⊃ ∈⊕  ⊕ � ����� ������ �� � 

≈��  ≡ ♦ ϒ →♣ ≠ ∏ 2∧⊃ ∈∩� ″ ⊕ √⊃ ⊕⋅ ∉ ∅  ∪ ⊕ ∇∏ ℑ ⊂ ⊃  ∧ ⊕ ¬ℑ⊆⊃ ∈ℑ  ⊃ ∉∈ 

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

ℑ∈⊗ ≥∉⊗ ℑ♥∈⊗ ∏    ⊃ ⊕ ��⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕ � ����� ���� �� � 

(Εδιτεδ βψ Ζ ΗΥ Ζηονγ2γυο) 

# � � � # ∂ ∉ ⊂1��  λ 1�       ° ⊕ ∠ ℑ  ℑ  ⊃ ∉∈ ∉∅ ″ ∏↓ � 2≥∈↓ � ∈ℑ∈∉⊆ℑ  ⊕  ⊃ ℑ ⊂ ℜ∧  ∉ ⊂ 2∩ ⊕ ⊂  ⊕ ℘ ∪∈⊃ ∇∏ ⊕


