
[ Αρτιχλε Ι∆] ���� � ������������ � ���� � �� 

Σιµ υλατιον ανδ πρεδιχτιον οφ µιχροστρυχτυρειν ηοτ φορµινγ οφ µεταλσ 
≠ 

≤ ♦∞→ ♦∏ ⊃ 2∇ ⊃ ∈�陈慧琴� �≡ ♦ ϒ→♣ ±⊃ ℑ∉ 2⊂ ⊃ �张巧丽� �← ♥∝ ♠ ⊃ ℑ∈2 ∪⊕∈∩�刘建生� � ♣∝ ↓ ♦∏ ⊃ 2∩∏ ℑ∈∩�郭会光� 

�⁄⊕ ∠ ℑ   ⊆⊕∈∉∅ ↑⊕ ℘ ∪ℑ∈⊃ ℘ ℑ ⊂ ∞∈∩ ⊃ ∈⊕ ⊕  ⊃ ∈∩� ×ℑ ⊃ ∧∏ ℑ∈ ♦⊕ ℑ√∧ ↑ ℑ ℘ ∪ ⊃ ∈⊕  ∧ ♥∈  ⊃  ∏  ⊕� 

×ℑ ⊃ ∧∏ ℑ∈ ������ �° �″ �≤∪ ⊃ ∈ℑ� 

[ Αβσ τραχτ] ×∪⊕⊕ √∉ ⊂∏  ⊃ ∉∈ ∉ ∅ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ⊕  ⊃ ∉∏  ⊂∧⊃ ∈∅ ⊂∏ ⊕ ∈℘ ⊕  ∪ ⊕∅ ∉⊆⊃ ∈∩∠  ∉℘ ⊕   ⊕ ℑ∈⊗ ∪⊕∇∏ ℑ ⊂ ⊃  ∧ ∉ ∅∅ ∉ ∩ ⊃ ∈∩ ⊃ ∈ ⊆⊕  ℑ ⊂ 

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

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

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

[ Κεψ ωορδσ] ⊆⊕  ℑ ⊂ ∪∉ ∅ ∉⊆⊃ ∈∩� ⊆⊃ ℘  ∉   ∏ ℘  ∏  ℑ ⊂ ⊃ ⊆∏ ⊂ℑ  ⊃ ∉∈ �∇∏ ℑ ⊂ ⊃  ∧ ∠  ⊕ ⊗ ⊃ ℘  ⊃ ∉∈ 

[ ΧΛΧ νυµ βερ] × ♣���                [ ∆οχυµεντ χοδε] Α 

1  ΙΝΤΡ Ο∆ΥΧΤΙΟΝ 

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

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

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

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

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

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

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

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

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

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

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

ℑ ∅  ⊕ ∪∉⊗ ⊕ ∅∉⊆ℑ  ⊃ ∉∈ ≈� ∗ � � ↑ ∉ ∉∅ ∪⊕  ⊕ ⊆∉⊗ ⊕ ⊂ ℑ  ⊕ 

ℜ ℑ  ⊕⊗∉∈  ∪⊕ ⋅∉ ⊄ ∉∅ ≥⊕ ⊂ ⊂ℑ   ≈� � ↔ ∉∠∠⊕ ℑ ⊂ ∪ℑ ∠  ⊕ 2 
 ⊕∈ ⊕⊗ ℑ∈ ⊆∉⊗ ⊕ ⊂ ∅∉ ⊃ ∈ ⊕∩  ℑ  ⊕⊗ ∠  ∉℘ ⊕   ℑ∈⊗ ⊆⊃ 2 
℘  ∉   ∏ ℘  ∏  ℑ ⊂  ⊃⊆∏ ⊂ℑ  ⊃ ∉∈ ⊃ ∈ ∪∉∅∉⊆⊃ ∈∩� ∏  ⊕⊗ ƒ∞ ↑ 

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

⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ⊃ ∈ ∅∉ ∩ ⊃ ∈∩ ∉∅ ℑ ℘ ∉∈∈⊕ ℘  ⊃ ∈∩  ∉⊗ ℜ∧ 

⊆⊕ ℑ∈∉∅∅ ⊃ ∈⊃  ⊕⊕ ⊂⊕⊆⊕∈ ⊃⊆∏ ⊂ℑ  ⊃ ∉∈ ∏ ℘ ℘ ⊕   ⊃ √⊕ ⊂∧ 
≈� ∗ � � 

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

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

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

 ⊕ ℘  ∧  ℑ ⊂ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ ℑ ∅  ⊕  ⊗ ⊕ ∅∉⊆ℑ  ⊃ ∉∈ ℑ  ⊕ ∠  ⊕  ⊕∈ ⊕⊗ ℜ∧ 

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

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

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

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

∠  ∉℘ ⊕   ⊕ ℑ  ⊕ ⊃⊆∏ ⊂ℑ  ⊕⊗� 

2  ΣΙΜΥΛΑΤΙΟΝ ΟΦ ∆ΨΝΑΜΙΧ Ρ ΕΧΡ ΨΣΤΑΛ2 
ΛΙΖΑΤΙΟΝ ΠΡ ΟΧΕΣΣ 

2 . 1  ∆ψναµιχ µιχροστρυχτυραλ χηανγεσ δυρινγ ηοτ 

φορµινγ 

♦∉∅∉⊆⊃ ∈∩⊃ ℘ ∪ℑ  ℑ ℘  ⊕  ⊃ ∨⊕⊗ℜ∧ ⋅∉ ⊄ ∪ℑ  ⊗ ⊕∈⊃ ∈∩ 

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

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

ƒ∉ ⊂ ⊂∉⋅⊃ ∈∩ ⊃ ∈⊃  ⊃ ℑ ⊂ ⋅∉ ⊄ ∪ℑ  ⊗ ⊕∈⊃ ∈∩�  ∪⊕    ⊕   2   ℑ ⊃ ∈ 

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

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

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

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

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

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

Φ ιγ .1  ⁄∧∈ℑ⊆⊃ ℘   ⊕   2   ℑ ⊃ ∈ ℘ ∏  √⊕ 

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

≠ [ Ρεχε ιϖεδ δατε] ���� � �� � �� �[ Αχχεπτεδ δατε] ���� � �� � ��



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

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

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

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

∉∅ ∪⊕   ℑ ⊃ ∈ ∅∉  ⊕ ℑ⊗∧2  ℑ  ⊕   ⊕   Ε  �′⊕ ℘ ℑ∏  ⊕∨∉∈⊕  
⋅∪ ⊃ ℘ ∪ ∪ℑ√⊕ℑ ⊂ ⊕ ℑ⊗ ∧  ⊕ ℘  ∧  ℑ ⊂ ⊂ ⊃ ∨⊕⊗ ⋅⊃ ⊂ ⊂ ⊕∈∏ ℘ ⊂⊕ ℑ  ⊕� ∪⊕ 

∅ ⊂∉⋅    ⊕  ⊂⊕√⊕ ⊂ℑ  ⊕  ⊕ ℑ⊗ ∧ √ℑ ⊂∏ ⊕� 

×∪⊕ ⊄⊃ ∈⊕  ⊃ ℘ ∉∅ ⊗ ∧∈ℑ⊆⊃ ℘ ⊕ ℘ ∧  ℑ ⊂ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ ℘ ℑ∈ ℜ ⊕ 

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

Υ ⊗ = � − ⊕¬∠κ � 
Ε − Ε ℘ 
Ε  − Ε ℘ 

κ 
� 

��� 

⋅∪⊕  ⊕  Υ ⊗ ⊃  ∪⊕ ⊗ ∧∈ℑ⊆⊃ ℘ ℑ ⊂ ⊂∧  ⊕ ℘ ∧  ℑ ⊂ ⊂ ⊃ ∨⊕⊗ √∉ ⊂∏⊆⊕ 

∅  ℑ ℘  ⊃ ∉∈ � 

×∪⊕⊕ ∇∏ ⊃ √ℑ ⊂⊕∈   ℑ ⊃ ∈ Ε ℘ ℑ∈⊗ Ε  ℘ ∪ℑ  ℑ℘  ⊕  ⊃ ∨⊃ ∈∩ ∪⊕ 

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

Ε ℘ � κ � Ε ∠ ��� 

Ε  � κ � δ 
κ 
� Ζ κ � ��� 

⋅∪⊕  ⊕ Ζ⊃  ∪⊕≡⊕∈⊕  2♦∉ ⊂ ⊂∉⊆∉∈ ∠ ℑ  ℑ⊆⊕  ⊕ � δ ⊃  ∪⊕ 

∩  ℑ ⊃ ∈  ⊃ ∨⊕� 

Ε ∠ � κ � δ 
κ 
� Ζ κ � ��� 

♥∈ ∪⊕  ⊕ ℑ⊗ ∧2  ℑ  ⊕ ℑ∈∩ ⊕� ∪⊕∩  ℑ ⊃ ∈  ⊃ ∨⊕ δ ⊗ ⊃ ℑ 

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

∩  ℑ ⊃ ∈  ⊃ ∨⊕�♥⊆ℑ∧ ℜ ⊕⊗ ⊕  ℘  ⊃ ℜ ⊕⊗ℜ∧ ∪⊕∅∉ ⊂ ⊂∉⋅⊃ ∈∩ ∞∇∈ � 

δ ⊗ � κ �� Ζ 
κ 
�� ��� 

×∪⊕ ℘ ∉⊕ ∅ ∅ ⊃ ℘ ⊃ ⊕∈  κ � ∗ κ �� ⊆∏  ℜ ⊕ ⊗ ⊕  ⊕ ⊆⊃ ∈⊕⊗ 

⊕⊆∠ ⊃  ⊃ ℘ ℑ ⊂ ⊂∧ � 

∝ ⊃ ∈∩ ∪⊕ ∞∇∈�∩ ⊃ √⊕∈ ℑℜ∉√⊕� ∪⊕℘ ∪ℑ  ℑ ℘  ⊕  ⊃   ⊃ ℘ 

√ℑ  ⊃ ℑℜ ⊂⊕ ∅∉ ⊕ ℘  ∧  ℑ ⊂ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ ∉∅ ℑ  ⊕ ⊕ ⊂ ℘ ℑ∈ ℜ ⊕ ⊗ ⊕  ⊕  2 
⊆⊃ ∈⊕⊗� ′∧ ⊃ ∈ ⊕∩  ℑ  ⊃ ∈∩ ∪⊕  ⊕ ⊆∉⊗ ⊕ ⊂⊃ ∈ ℑ ∠ ⊂ℑ   ⊃ ℘ 2⊆⊕ 2 
℘ ∪ℑ∈⊃ ℘ ℑ ⊂  ⊃⊆∏ ⊂ℑ  ⊃ ∉∈ ⊆∉⊗ ⊕ ⊂ �ƒ∞↑ � �⊃ ⊃  ∠∉  ⊃ ℜ ⊂⊕ ∉ 

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

2 .2  Σιµ υλατιον µ οδελφορ δψναµιχ ρεχρψσ ταλλιζατιον 
• ∪⊕∈ ⊗ ∧∈ℑ⊆⊃ ℘ ⊕ ℘  ∧  ℑ ⊂ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ ∉℘ ℘ ∏  � ∪⊕  ⊕ℑ  ⊕ 

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

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

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

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

×∪ ⊃  ⊆⊕ ℑ∈  ∪ℑ  ∪⊕  ⊕ ℘  ∧  ℑ ⊂ ⊂ ⊃ ∨⊕⊗ ∩  ℑ ⊃ ∈ ∪ℑ   ∪⊕ 

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

∉℘ ℘ ∏  � 

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

∅  ∉⊆  ∪⊕ ⊆ℑ   ⊃ ¬ ∪⊕ ∧ ⊗ ⊕  ⊃ √⊕⊗∅  ∉⊆ � ∞∇∈ � ��� ℘ ℑ∈ ℜ ⊕ 

∏  ⊕⊗ ∉ ⊗ ⊕  ⊕ ⊆⊃ ∈⊕ ∪⊕ ⊗∧∈ℑ⊆⊃ ℘ ℑ ⊂ ⊂∧  ⊕ ℘  ∧  ℑ ⊂ ⊂ ⊃ ∨⊕⊗ √∉ ⊂ 2 
∏⊆⊕∅  ℑ ℘  ⊃ ∉∈ Υ ιϕ � ♦⊕  ⊕ ∪⊕⊃ ∈⊗ ⊕¬ ι ℘ ∪ℑ  ℑ ℘  ⊕  ⊃ ∨⊕  ∪⊕ 

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

×∪⊕  ⊕ ∅∉ ⊕� ∪⊕ √∉ ⊂∏⊆⊕∅  ℑ ℘  ⊃ ∉∈ ∃ Υ ιϕ ∉∅ ℑ ∈⊕⋅⊂∧  ⊕ 2 
℘  ∧  ℑ ⊂ ⊂ ⊃ ∨⊕⊗   ∏ ℘  ∏  ⊕℘ ℑ∈ ℜ ⊕℘ ℑ ⊂℘ ∏ ⊂ℑ  ⊕⊗ℜ ∧ 

∃ Υ ιϕ � Υ ιϕ � Υ (ι � �) ϕ ��� 

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

∃ δ ιϕ � κ �� Ζ 
κ 
�� ��� 

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

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

ℑ∈⊗⊃  ℘ ∉  ⊕  ∠ ∉∈⊗ ⊃ ∈∩∩  ℑ ⊃ ∈  ⊃ ∨⊕ 

δ ιϕ � 6 
ι 

� 

∃ δ ιϕ ∃ Υ ιϕ + δ � (� − Υ ιϕ ) ��� 

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

∉∈ ⊕ ∉∅ ⊗ ∧∈ℑ⊆⊃ ℘ ⊕ ℘  ∧  ℑ ⊂ ⊂ ⊃ ∨ℑ  ⊃ ∉∈� ∉ ∪⊕  ⊕ ℘  ∧  ℑ ⊂ 2 
⊂ ⊃ ∨⊕⊗∅  ℑ℘  ⊃ ∉∈ ⊃ ⊆ℑ ⊂ ⊂⊕  ∪ℑ∈ Υ⊆⊃ ∈ �� � � � ∪⊕  ⊕⊃ ∈∉ 

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

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

ℑ∈⊗∪ℑ√⊕ ∪⊕  ⊕ ℑ⊗ ∧   ℑ  ⊕∩  ℑ ⊃ ∈  ⊃ ∨⊕�♥∅ ∪⊕∅  ℑ℘  ⊃ ∉∈ ∉∅ 

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

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

℘ ∉⊆∠ ⊂⊕  ⊕⊗� ×∪⊕ ∈⊕¬⊃ ∈℘  ⊕⊆⊕∈⊃  ⊕    ⊃ ℘  ⊕⊗  ∉  ∪⊕ 

∈⊕⋅⊂∧  ⊕ ℘  ∧  ℑ ⊂ ⊂ ⊃ ∨⊕⊗   ∏ ℘  ∏  ⊕� 

3  ΣΙΜΥΛΑΤΙΟΝ ΟΦ ΣΤΑΤΙΧ Ρ ΕΧΡΨΣΤΑΛΛΙΖΑ2 
ΤΙΟΝ ΠΡ ΟΧΕΣΣ 

3 .1  Στατιχ µιχροστρυχτυρε χηανγεσ αφτερ ηοτ δεφορ2 
µ ατιον 

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

ℑ∈⊗⊗ ∧∈ℑ⊆⊃ ℘ ⊕ ℘ ∉√⊕  ∧� ⊕ ℘  ∧  ℑ ⊂ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ ⊗ ⊕  ⊕ ⊆⊃ ∈⊕⊗ℜ∧ 

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

⊗∏  ⊃ ∈∩ ∪∉∅∉⊆⊃ ∈∩ ∠  ∉℘ ⊕  � ×∪⊕ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ∉℘ 2 
℘ ∏   ⊕⊗⊃ ∈ ∪ ⊃ ∠  ∉℘ ⊕  ⊃ ∈∉∈2  ⊕ ℑ⊗∧ �ℑ∈⊗ ∪⊕ /   ℑ  ⊃ ℘ 0 
℘ ∪ℑ∈∩ ⊕  ⋅⊃ ⊂ ⊂  ℑ⊄⊕ ∠ ⊂ℑ ℘ ⊕ ⊗ ∏  ⊃ ∈∩ ℘ ∉∉ ⊂ ⊃ ∈∩ ∠  ∉℘ ⊕  ℑ ∅  ⊕  

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

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

• ∪⊕∈ ∪⊕⊕ ∅ ∅⊕ ℘  ⊃ √⊕   ℑ ⊃ ∈ ∉∅ ⊗ ⊕ ∅∉⊆ℑ  ⊃ ∉∈    ∏ ℘  ∏  ⊕⊃  

⊂∉⋅⊕  ∪ℑ∈  ∪⊕∉∈ ⊕    ℑ ⊃ ∈ ∉∅ ∪⊕  ℑ  ⊃ ℘ ⊕ ℘  ∧  ℑ ⊂ ⊂ ⊃ ∨ℑ 2 
 ⊃ ∉∈ Ε ℘  � ∪⊕   ℑ  ⊃ ℘ ⊕ ℘ ∉√⊕  ∧ ⋅⊃ ⊂ ⊂  ℑ⊄⊕ ∠ ⊂ℑ ℘ ⊕� ∉ ∪⊕  2 
⋅⊃  ⊕� ∪⊕  ℑ  ⊃ ℘ ⊕ ℘  ∧  ℑ ⊂ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ ⋅⊃ ⊂ ⊂ ℑ⊄⊕ ∠ ⊂ℑ ℘ ⊕ ℑ ∅  ⊕  

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

 ∪ℑ ⊃ ℑ  ∠ ⊕ ℘ ⊃ ℑ ⊂   ℑ  ⊃ ℘ ⊕ ℘  ∧  ℑ ⊂ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ ∠  ∉℘ ⊕  � ⋅⊃ ⊂ ⊂ 

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

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

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

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

ℑ∈⊗∠  ∉∠⊕   ∧ ∉∅∠  ∉⊗∏ ℘  � 

3 .2  Σιµ υλατιον µ οδελ φορ στατιχ ρεχρψσταλ λιζατιον 
×∪⊕  ℑ  ⊃ ℘ ⊕ ℘  ∧  ℑ ⊂ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ ⊃ ℑ∠  ∉℘ ⊕  ℜ ∧ ⋅∪ ⊃ ℘ ∪ 

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

ℜ ∧  ∪⊕ ϒ√ ℑ⊆⊃∞∇∈ �ℑ∈⊗ ∪⊕ ⊕ ℘  ∧  ℑ ⊂ ⊂ ⊃ ∨⊕⊗∅  ℑ ℘  ⊃ ∉∈ ⊃  

⊗ ⊕  ⊕ ⊆⊃ ∈⊕⊗∏  ⊃ ∈∩ ∪⊕∞∇∈ �� 

Υ  = � − ⊕¬∠[ − � .���( 
τ 

τ � .� 
) ν ] ��� 

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



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

 ⊃ ⊆⊕ τ � ν ⊃  ∪⊕ ⊃ ⊆⊕⊕¬∠∉∈⊕∈ℑ∈⊗ τ � � � ⊃  ∪⊕ ⊃ ⊆⊕ 

∅∉ ⊕ ℘  ∧  ℑ ⊂ ⊂ ⊃ ∨⊕⊗�� � � 

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

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

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

℘ ∉∈ ⊃ ⊗ ⊕  ⊕⊗ ∉ ℜ ⊕ ℘ ∉∈  ℑ∈ � ×∪∏ � ∪⊕  ⊕ ℘  ∧  ℑ ⊂ ⊂ ⊃ ∨⊕⊗ 

√∉ ⊂∏⊆⊕∅  ℑ℘  ⊃ ∉∈ ℑ ∅  ⊕ ℑ ⊃ ⊆⊕⊃ ∈ ⊕  √ℑ ⊂ ∃τ ⊃ ℘ ℑ ⊂℘ ∏ ⊂ℑ  ⊕⊗ 

ℑ  

Υ ι = � − ⊕¬∠[ − � .���( 
τ ι−� + ∃τ 

τ � .� ( Τ ι ) 
) ν ] ���� 

×∪⊕  ℑ  ⊃ ℘ 2 ⊕ ℘  ∧  ℑ ⊂ ⊂ ⊃ ∨⊕⊗∩  ℑ ⊃ ∈  ⊃ ∨⊕⊃ ∩ ⊃ √⊕∈ ℜ∧ 
δ ι = φ( δ ⊗ , Ε)    Ε [ Ε ℘ 

∉ 

δ ι = φ( Ζ)     Ε > Ε ℘ ���� 

⁄∏  ⊃ ∈∩  ⊃⊆∏ ⊂ℑ  ⊃ ∉∈ ∉∅  ∪⊕   ℑ  ⊃ ℘ ⊕ ℘  ∧  ℑ ⊂ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ 

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

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

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

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

℘ ∉∈⊗ ⊃  ⊃ ∉∈ℑ  ∪ℑ  ⊕⊆∠ ⊕  ℑ  ∏  ⊕⊃  τχ ι ℑ∈⊗⊃ ∩ ⊃ √⊕∈ ℑ  

τχ ι = 
� 

� .��� 
⊂∈ 

� 

� − � .�� 

� 
ν 
≅ τ � .� ( Τ ι ) ���� 

♥∅ τχ ι � τ ι � ∪⊕ ⊕ ℘  ∧  ℑ ⊂ ⊂ ⊃ ∨ℑ  ⊃ ∉∈⊃ ℘ ∉⊆∠ ⊂⊕  ⊕⊗ℑ∈⊗ 

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

 ⊕ ℑ ℘ ∪⊕ � � �� � 

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

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

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

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

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

ℑ∈⊗ ⊕⊆∠ ⊕  ℑ  ∏  ⊕⊃ ⋅ ⊃   ⊕∈ ℑ  

δ �� = δ ��Σ + Ατ⊕¬∠(− Θ ∩∩ / Ρ Τ) ���� 

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

4  ΕΞΑΜΠΛΕ ΟΦ ΜΙΧΡ ΟΣΤΡ ΥΧΤΥΡ Ε ΣΙΜΥΛΑ2 
ΤΙΟΝ 

×∪⊕ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ℘ ∪ℑ∈∩ ⊕  ∉∅ ↑ ∈��≤ ��→ 

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

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

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

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

Ταβλε 1  ° ∉℘ ⊕  ⊗ ℑ  ℑℑ∈⊗ ⊃ ∈∩ 2ℜ ⊂ℑ∈⊄ ⊗ ⊃ ⊆⊕∈ ⊃ ∉∈ 
→ ℑ⊆⊕ ∂ ℑ ⊂∏ ⊕ ∝∈⊃  

↓∏  ⊕  ℑ⊗ ⊃ ∏ ∉ ∅ ⊃ ∈∩ℜ ⊂ℑ∈⊄ ��� ⊆⊆ 

♥∈∈⊕  ℑ⊗ ⊃ ∏ ∉ ∅ ⊃ ∈∩ℜ ⊂ℑ∈⊄ ��� ⊆⊆ 

ϒ¬ ⊃ ℑ ⊂ ∪ ⊕ ⊃ ∩∪ ∉∅ ⊃ ∈∩ℜ ⊂ℑ∈⊄ ��� ⊆⊆ 

♥∈⊃  ⊃ ℑ ⊂ ∩  ℑ ⊃ ∈  ⊃ ∨⊕ ��� Λ ⊆ 

∂⊕ ⊂∉℘ ⊃  ∧ ∉ ∅ ∠∏∈℘ ∪ ��� ⊆⊆� 

ƒ ⊃ ℘  ⊃ ∉∈ ℘ ∉⊕ ∅ ∅ ⊃ ℘ ⊃ ⊕ ∈ � � �� 

ƒ∉ ∩ ⊕ ⊕ ⊗∏ ℘  ⊃ ∉∈ � � � 

↓ ⊃ ∩ ⊃ ∈ℑ ⊂ ⊕⊆∠ ⊕  ℑ  ∏  ⊕∉ ∅ ⊃ ∈∩ℜ ⊂ℑ∈⊄ � ��� ε 

×⊕⊆∠ ⊕  ℑ  ∏  ⊕∉ ∅⊗ ⊃ ⊕  ��� ε 

×∪⊕ ⊕  ∏ ⊂  ∉∅ ⊃ ⊆∏ ⊂ℑ  ⊃ ∉∈ ℑ  ⊕ℑ ∅∉ ⊂ ⊂∉⋅� 

×∪⊕⊗ ⊃    ⊃ ℜ∏  ⊃ ∉∈ ∉∅∩  ℑ ⊃ ∈  ⊃ ∨⊕ δ ℑ∈⊗⊗ ∧∈ℑ⊆⊃ ℘ ⊕ 2 
℘  ∧  ℑ ⊂ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ √∉ ⊂∏⊆⊕∅  ℑ ℘  ⊃ ∉∈ Υ ⊗ ℑ ∅  ⊕ ∪∉∅∉⊆⊃ ∈∩∉∅ 

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

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

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

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

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

∅∉⊆⊃ ∈∩∉∅ ∪⊕ ⊃ ∈∩� 

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

⊃ ⊃⊆∠ ∉  ℑ∈  ∉ ∪⊕∪∉⊆∉∩ ⊕∈⊕ ⊃  ⊃ ⊕ ∉∅∩  ℑ ⊃ ∈  ⊃ ∨⊕�ƒ⊃ ∩� � 

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

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

Φ ιγ .2  °ℑ  ℑ⊆⊕  ⊕ ⊗ ⊃    ⊃ ℜ∏  ⊃ ∉∈∉∅⊗ ⊕ ∅∉⊆⊃ ∈∩ℑ∈⊗ ⊕ ℘  ∧  ℑ ⊂ ⊂ ⊃ ∨ℑ  ⊃ ∉∈⊃ ∈ ∅∉⊆⊕⊗ ⊃ ∈∩ 
�ℑ � ) ≥  ℑ ⊃ ∈ ℑ∈⊗ ⊕⊆∠ ⊕  ℑ  ∏  ⊕��ℜ � ) ♣ ℑ ⊃ ∈  ⊃ ∨⊕ℑ∈⊗√∉ ⊂∏⊆⊕∅  ℑ ℘  ⊃ ∉∈ ∉∅ ⊕ ℘  ∧  ℑ ⊂ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ 

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



Φ ιγ .3  ♣ ℑ ⊃ ∈  ⊃ ∨⊕⊗ ⊃    ⊃ ℜ∏  ⊃ ∉∈ ∉∈ ℘  ∉  ⊕ ℘  ⊃ ∉∈ ∉∅ ⊃ ∈∩ℑ ⊗ ⊃ ∅ ∅ ⊕  ⊕∈℘ ∉∉ ⊂ ⊃ ∈∩ ⊃⊆⊕  
�ℑ� ) ���ℜ� ) ��� 

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

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

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

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

⋅⊃  ∪ ∪⊕⊕¬∠ ⊕  ⊃⊆⊕∈ ℑ ⊂ ⊕  ∏ ⊂   ≈� � �� ∉∅ ⊕  ⊕ ℑ  ℘ ∪∉∈ ℘ ∉∈2 
  ∉ ⊂∅∉ ∩ ⊃ ∈∩ℑ∈⊗℘ ∉∈  ∉ ⊂℘ ∉∉ ⊂ ⊃ ∈∩∉∅ ↑ ∈��≤ ��→� 

5  ΧΟΝΧΛΥΣΙΟΝ 

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

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

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

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

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

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

[ Ρ ΕΦΕΡ ΕΝΧΕΣ] 

≈�  ≥⊕ ⊂ ⊂ℑ  ≤ ↑ � ↑ ∉⊗ ⊕ ⊂ ⊂ ⊃ ∈∩ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕⊗ ⊕ √⊕ ⊂∉∠⊆⊕ ∈⊗ ∏  2 
⊃ ∈∩ ∪ ∉ ∉ ⊂ ⊂ ⊃ ∈∩ ≈♠ � ↑ℑ  ⊕  ⊃ ℑ ⊂ ≥℘ ⊃ ⊕ ∈℘ ⊕ ℑ∈⊗ ×⊕ ℘ ∪∈∉ ⊂∉∩ ∧ � 

���� ����� ����� � ���� � 

≈�  ↔ ∏⊆ℑ ϒ ℑ∈⊗♠∪ ℑ ≥ � ↑ ∉⊗ ⊕ ⊂ ⊂ ⊃ ∈∩ ∪ ⊕ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕⊕ √∉ ⊂∏ 2 
 ⊃ ∉∈ ⊗∏  ⊃ ∈∩∪∉ ℘ ∉⊆∠  ⊕   ⊃ ∉∈ ∉∅⊂∉⋅ ℘ ℑ  ℜ ∉∈  ⊕ ⊕ ⊂≈♠  �≥ ⊕ ⊕ ⊂ 

″ ⊕  ⊕ ℑ  ℘ ∪����� ��� ���� � ��� � 

≈�  ↔ ℑ  ∪ ℑ∏  ⊕ ∈ ↔ℑ∈⊗ ↔ ∉∠∠ ″ � ↑ ∉⊗ ⊕ ⊂∅∉ ⊃ ∈ ⊕ ∩  ℑ  ⊕ ⊗ ∠  ∉℘ ⊕   

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

″ ⊕  ⊕ ℑ  ℘ ∪�������� ���� � ��� � 

≈�  ↔ ℑ  ∪ℑ∏  ⊕ ∈ ↔ℑ∈⊗ ↔ ∉∠∠ ″ �♥⊆∠  ∉√⊕⊆⊕ ∈∉ ∅ ⊆⊃ ℘  ∉   ∏ ℘ 2 
 ∏  ⊕⊃ ∈ ∅ ∉ ∩ ⊃ ∈∩∉ ∅ℑ℘ ∉∈∈⊕ ℘  ⊃ ∈∩ ∉⊗ℜ∧ ⊆⊕ ℑ∈∉ ∅∅ ⊃ ∈⊃  ⊕⊕ ⊂⊕ 2 
⊆⊕ ∈ ⊃ ⊆∏ ⊂ℑ  ⊃ ∉∈ ≈♠  �≥ ⊕ ⊕ ⊂ ″ ⊕  ⊕ ℑ  ℘ ∪�������� ��� � �� � 

≈�  ↔ ∉∠∠ ″ ℑ∈⊗↔ ℑ  ∪ℑ∏  ⊕ ∈ ↔�ϒ∠∠ ⊂ ⊃ ℘ ℑ  ⊃ ∉∈ ∉ ∅ ƒ∞ ↑  ∉∠  ⊕ ⊗ ⊃ ℘ 2 
 ⊃ ∉∈ ∉ ∅ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕⊃ ∈ ∪ ∉ ∅∉⊆⊃ ∈∩∉ ∅ ⊆⊕  ℑ ⊂ ≈ϒ �° ∉℘ 

� ∪♥≤ × ° ≈≤ ����� ����� � ���� � 

≈�  ÷ ∝ ÷ ∝ ℑ∈⊗≤ ϒ ↓ ± ÷ �→ ∏⊆⊕  ⊃ ℘ ℑ ⊂ ⊃ ⊆∏ ⊂ℑ  ⊃ ∉∈ ∉ ∅ ∪⊕ ⊆⊃ 2 
℘  ∉    ∏ ℘  ∏  ⊕⊃ ∈ ∪ ⊕ ⊃ ∈∩ ∉ ⊂ ⊂ ⊃ ∈∩∉ ∅∪∉   ⊕ ⊕ ⊂≈♠  �♠ ∉∏  ∈ℑ ⊂∉ ∅ 

↑ℑ  ⊕  ⊃ ℑ ⊂ ° ∉℘ ⊕   ⊃ ∈∩ ×⊕ ℘ ∪∈∉ ⊂∉∩∧ ����� ��� ���� � ��� � 

≈�  ← ♥∝ ♠ ≥ � ≤ ♦∞→ ♦ ± ℑ∈⊗ ♣∝ ↓ ♦ ♣ � ≥⊃ ⊆∏ ⊂ℑ  ⊃ ∉∈ ∉∅ ℑ 

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

∉∅ ⊕  ℑ ⊃ ∈⊃ ∈∩ ⊃ ∈∩≈♠  � ↑⊕ ℘ ∪ℑ∈⊃ ℘ ℑ ⊂ ∞∈∩ ⊃ ∈⊕ ⊕  ⊃ ∈∩����� �� � 

�� � �� � 

≈�  ≤ ♦∞→ ♦ ± �← ♥∝ ♠≥ ℑ∈⊗ ♣∝ ↓ ♦ ♣ �≥⊃ ⊆∏ ⊂ℑ  ⊃ ∉∈ ∉∅ ⊆⊃ 2 
℘  ∉    ∏ ℘  ∏  ⊕⊕ √∉ ⊂∏  ⊃ ∉∈ ⊗ ∏  ⊃ ∈∩∪∉ ∅ ∉⊆⊃ ∈∩∉ ∅ ↑ ∈��≤ ��→ 

 ⊕  ℑ ⊃ ∈⊃ ∈∩ ⊃ ∈∩  ⊕ ⊕ ⊂ ≈♠  �ϒ℘  ℑ ↑⊕  ℑ ⊂ ⊂∏  ∩ ⊃ ℘ ℑ ≥⊃ ∈⊃ ℘ ℑ����� � 

� ��� � �� � 

≈�  ♣∝↓ ♦ ♣ � ≥ ∏ ⊗ ∧ ∉ ∅ ∪∉∅ ∉⊆⊃ ∈∩ ⊆⊕ ℘ ∪ℑ∈⊃ ⊆ ∉ ∅ ↑ ∈��2 
≤ ��→  ⊕ ⊕ ⊂ ≈♠  �≥∠ ⊕ ℘ ⊃ ℑ ⊂ ≥ ⊕ ⊕ ⊂����� �� ��� � �� � 

≈��  ♣∝↓ ♦ ♣ � ″ ⊕  ⊕ ℑ  ℘ ∪∉∈ ℘ ∉∈  ∉ ⊂ ∪∉  ∅ ∉⊆⊃ ∈∩ℑ∈⊗℘ ∉∉ ⊂ ⊃ ∈∩ 

∉ ∅ ↑ ∈��≤ ��→ ⊕  ℑ ⊃ ∈⊃ ∈∩ ⊃ ∈∩  ⊕ ⊕ ⊂ ≈♠  �≥ ⊕ ⊕ ⊂ℑ∈⊗♥ ∉∈ � 

���� �� ��� � �� � 

(Εδιτεδ βψ ΗΥΑΝΓ ϑιν2σονγ) 

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


