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

Κεψτεχηνολογιεσ οφ νυµεριχαλσ ιµ υλατιον οφ 

χυπ ηψδροδψναµιχ δεεπ δραωινγ 
≠ 

←ϒ→♣ ← ⊃ 2∪∏ ⊃ �郎利辉� � ↔ϒ→♣ ⁄ℑ 2℘ ∪ℑ∈∩�康达昌� �≡ ♦ ϒ→♣ ≥∪ ⊃ 2∪∉∈∩�张士宏� � 

⁄ϒ♥ ↔ ∏∈�戴  昆� � • ϒ→♣ ≡∪∉∈∩ 2 ⊕∈�王仲仁� � ≠ ∝ϒ→≥∪ ⊃ 2⊇ ⊃ ℑ∈�苑世剑� 

�≥℘ ∪∉∉ ⊂∉∅ ↑ ℑ  ⊕  ⊃ ℑ ⊂≥℘ ⊃ ⊕∈℘ ⊕ℑ∈⊗∞∈∩ ⊃ ∈⊕ ⊕  ⊃ ∈∩� ♦ℑ  ℜ ⊃ ∈ ♥∈  ⊃  ∏  ⊕∉∅ ×⊕ ℘ ∪∈∉ ⊂∉∩∧ � 

♦ℑ  ℜ ⊃ ∈ ������ �° �″ �≤∪ ⊃ ∈ℑ� 

[ Αβστραχτ] ϒ ⊆ℑ  ∪∅ ∉⊆∏ ⊂ℑℑℜ∉∏   ∪ ⊕ ⊕ ⊂ℑ  ⊃ ∉∈ ℜ ⊕  ⋅⊕ ⊕ ∈∅ ⊂∏ ⊃ ⊗∠  ⊕   ∏  ⊕ℑ ∅  ⊕ ∉√⊕  ∅ ⊂∉⋅⊃ ∈∩ℑ∈⊗∠∏∈℘ ∪   ∉⊄⊕ ∪ℑ ℘ ℑ∈ ℜ ⊕ℑ∠ 2 
∠ ⊂ ⊃ ⊕ ⊗⊃ ∈ ∩ ⊕ ∈⊕  ℑ ⊂ ƒ∞↑  ∉∅  ⋅ℑ  ⊕ ⋅ℑ ∠  ∉∠∉ ⊕ ⊗�♥ ⊃ ∠  ∉√⊕ ⊗ ∪ℑ  ∪ ⊕ ∉ ⊕  ⊃ ℘ ℑ ⊂ ⊕  ∏ ⊂  ⊄⊕ ⊕ ∠℘ ∉ ⊃ ∈℘ ⊃ ⊗ ⊕ ∈ ∉ ⊕ ¬∠ ⊕  ⊃ ⊆⊕ ∈ ℑ ⊂ ⊕  ∏ ⊂   

ℑ∈⊗ ∪ ⊕ ⊆⊕  ∪∉⊗ ∉ ⊃ ⊆∏ ⊂ℑ  ⊕∪∧⊗  ∉⊗ ∧∈ℑ⊆⊃ ℘⊗ ⊕ ⊕ ∠⊗  ℑ⋅⊃ ∈∩∠  ∉℘ ⊕   ∪ℑ  ⊃ ∈ ⊕ ∩  ℑ  ⊕ ∩ ⊕ ∈⊕  ℑ ⊂ ƒ∞↑  ∉ ∅  ⋅ℑ  ⊕ ⋅⊃  ∪ ⊆ℑ  ∪ ⊕⊆ℑ  ⊃ ℘ ℑ ⊂ 

⊗ ⊕  ℘  ⊃ ∠  ⊃ ∉∈⊃ ∅ ⊕ ℑ  ⊃ ℜ ⊂⊕� 

[ Κεψ ωορδσ] ∪∧⊗  ∉⊗∧∈ℑ⊆⊃ ℘⊗ ⊕ ⊕ ∠⊗  ℑ⋅⊃ ∈∩�∅ ⊂∏ ⊃ ⊗∠  ⊕   ∏  ⊕�ƒ∞ ↑ 

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

1  ΙΝΤΡ Ο∆ΥΧΤΙΟΝ 

×∪⊕∅∉⊆⊃ ∈∩ ∪⊕ ∉ ∧ ∉∅∪∧⊗  ∉⊗ ∧∈ℑ⊆⊃ ℘⊗ ⊕ ⊕ ∠⊗  ℑ⋅2 
⊃ ∈∩�♦⁄⁄� ∠  ∉℘ ⊕  ⊃  ∪∉⋅∈⊃ ∈ ƒ⊃ ∩� � 

≈� �♥∪ℑ ℜ ⊕ ⊕∈ 

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

ℑ⊗ √ℑ∈ ℑ∩ ⊕  
≈� ∗ � � ♦∉⋅⊕ √⊕ � ⊆ℑ∈∧ ⊃ ∈∅ ⊂∏ ⊕∈℘ ⊃ ∈∩∅ ℑ℘  ∉  

⊕¬ ⊃   ⊃ ∈  ∪⊕∠  ∉℘ ⊕  ∉∅ ♦⁄⁄�ℑ∈⊗ ∪⊕ ⊆∉ ⊃⊆∠ ∉  ℑ∈ 

⊃ ∈∅ ⊂∏ ⊕∈℘ ⊃ ∈∩∅ ℑ ℘  ∉⊃  ∪⊕⊕ ∅ ∅ ⊕ ℘ ∉∅⊂ ⊃ ∇∏ ⊃ ⊗⊃ ∈ ∪⊕⊗ ⊃ ⊕℘ ℑ√⊃ 2 
 ∧ 

≈� � ↑ℑ∈∧ ⋅ℑ∧ ∉ ∉ ⊂√⊕ ∪ ⊃ ∠  ∉ℜ ⊂⊕⊆ ⋅⊕  ⊕∠  ∉∠ ∉ ⊕⊗ 

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

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

⊃ ∈ ∪⊕∅∉⊆⊃ ∈∩∉∅ℑ∈∧ ∠ℑ    ≈� �′∏  �⊃ ∠  ∉√⊕⊗ ∪ℑ   ∪⊕ 

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

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

∩∉∉⊗ ⊆⊕  ∪∉⊗ ∉ ∉ ⊂√⊕ ∪⊕∠  ∉ℜ ⊂⊕⊆ ∉∅⊂ ⊃ ∇∏ ⊃ ⊗∠  ⊕   ∏  ⊕⊃ ∈ 

♦ ⁄⁄ ∠  ∉℘ ⊕   
≈� � ≠⊕ �⊃ ⊃   ⊃ ⊂ ⊂ ℜ ⊕ ℘ ℑ∏  ⊕ ∉∅ ∪⊕℘ ∉⊆2 

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

⋅∉ ⊄ ≈� � 

×∪ ⊃ ∠ ℑ∠ ⊕ ⊃ ℜ ℑ  ⊕⊗∉∈  ∪⊕℘ ∉∈ ⊕∈ ⊃ ∈ ″ ⊕ ∅� ≈� � 

 ∪⊕ ⊗ ⊃    ⊃ ℜ∏  ⊃ ∉∈  ∏ ⊂⊕ ∉∅  ∪⊕ ⊂ ⊃ ∇∏ ⊃ ⊗ ∠  ⊕   ∏  ⊕ ℜ ⊕  ⋅⊕ ⊕∈ 

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

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

⊆∉⊗ ⊕ ⊂℘ ℑ∈ ℜ ⊕℘ ∉⊆ℜ ⊃ ∈⊕⊗ ⋅⊃  ∪ ƒ∞↑ � ×∪⊕ ⊆⊕  ∪∉⊗∪∉⋅ 

Φ ιγ .1  ≥℘ ∪⊕  ℘ ∪∉∅℘ ∏ ∠∪∧⊗  ∉⊗ ∧∈ℑ⊆⊃ ℘⊗ ⊕ ⊕ ∠⊗  ℑ⋅⊃ ∈∩ 

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

∩ ⊕∈⊕  ℑ ⊂ ƒ∞ ↑  ∉∅  ⋅ℑ  ⊕⊃   ∏ ⊗ ⊃ ⊕⊗ℑ∈⊗∠  ∉∠ ∉ ⊕⊗� 

2  ΜΑΤΗΕ ΜΑΤΙΧΑΛ ΧΟΜΠΥΤΑΤΙΟΝ ΜΟ∆ΕΛ 

ΑΦΤΕΡ Ος ΕΡΦΛΟΩΙΝΓ 

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

∪∉ ⊂⊗ ⊃ ∈∩� ×∪⊕ ⋅∉ ⋅ℑ ∧∉∅ ℜ ⊂ℑ∈⊄ ∪∉ ⊂⊗ ⊃ ∈∩ ∪ℑ√⊕ ℜ ∉ ∪ 

ℜ ⊕ ⊕∈ ℑ∠∠ ⊂ ⊃ ⊕⊗⊃ ∈ ⊕¬∠ ⊕  ⊃⊆⊕∈ ⊃ ∈ ∪ ⊃ ∠ ℑ∠ ⊕ �×∪⊕ ⋅ℑ∧ ∉∅ 

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

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

⊗ ⊃ ⊕ ℘ ℑ∈ ℜ ⊕ ⊕¬∠  ⊕   ⊕⊗ ℜ∧  ∪⊕ ⊕ ∇∏ ℑ  ⊃ ∉∈ ∉∅ → ℑ√⊃ ⊕  2 
≥ ∉⊄⊕ �♥⊃ ∠  ∉√⊃ ⊗ ⊕⊗ ∪ℑ  ∪⊕⊃ ∈⊕   ⊃ ℑ ℑ∈⊗ ∏  ℜ∏ ⊂⊕∈ 

∅ ⊂∉⋅ ℘ ℑ∈ ℑ ∅ ∅ ⊕ ℘  ∪⊕⊂ ⊃ ∇∏ ⊃ ⊗∅ ⊂∉⋅⊃ ∈∩⊂ ⊃   ⊂⊕ℑ∈⊗℘ ℑ∈ ℜ ⊕∈⊕ 2 
∩ ⊂⊕ ℘  ⊕⊗⊃ ∈ ∪⊕ ⊆∉⊗ ⊕ ⊂�ℑ∈⊗ ∪⊕⊂ ⊃ ∇∏ ⊃ ⊗  ℑ∩ ⊕ℜ ⊕  ⋅⊕ ⊕∈ ⊗ ⊃ ⊕ 

ℑ∈⊗ ∪⊕ ⊕ ⊆⊕  ℑ ⊂ ⊃ ℑ ∪ ⊃ ∈ ∅ ⊃ ⊂⊆ ℑ∈⊗⊂ℑ⊆⊃ ∈ℑ ∅ ⊂∉⋅ � ϒ 

∉∈⊕ 2⊗ ⊃⊆⊕∈ ⊃ ∉∈ ⊕ ∇∏ ℑ  ⊃ ∉∈ ∉∅ → ℑ√⊃ ⊕  2≥ ∉⊄⊕ ℘ ℑ∈ ℜ ⊕ ⊕¬2 
∠  ⊕   ⊕⊗ℑ � 

Φ ιγ .2  ∂ ⊕ ⊂∉℘ ⊃  ∧ ⊗ ⊃    ⊃ ℜ∏  ⊃ ∉∈⊃ ∈ 

∩ ℑ∠ℜ ⊕  ⋅⊕ ⊕∈ ℜ ⊂ℑ∈⊄∅ ⊂ℑ∈∩ ⊕ℑ∈⊗⊗ ⊃ ⊕ 

∂ ∉ ⊂���  λ ��         Τρανσ. Νονφερρουσ Μετ . Σοχ . Χηινα         ⁄⊕ ℘����� 

≠ [ Φουνδατιον ιτεµ ] ° ∉ ⊇ ⊕ ℘ ����������  ∏ ∠∠ ∉  ⊕ ⊗ℜ∧  ∪⊕ → ℑ  ⊃ ∉∈ℑ ⊂ → ℑ  ∏  ℑ ⊂ ≥℘ ⊃ ⊕ ∈℘ ⊕ ƒ∉∏ ∈⊗ ℑ  ⊃ ∉∈ ∉ ∅ ≤∪ ⊃ ∈ℑ 

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



  
5 π( ρ) 
5 ρ = Γ 

5 � υ ρ 
5 ζ � 

��� 

⋅∪⊕  ⊕ � [ ζ [ η � Ρ β [ ρ [ α � α � Ρ δ � ρ δ � 
×∪⊕ℜ ∉∏∈⊗ ℑ  ∧ ℘ ∉∈⊗ ⊃  ⊃ ∉∈∞∇∈ ���� ℘ ℑ∈ ℜ ⊕ ∩ ⊃ √⊕∈ 

ℑ � 

υ ρ ( ζ) = �      ⋅∪⊕∈  ζ � � 

υ ρ ( ζ) = υ � 
α 
ρ

   ⋅∪⊕∈  ζ � η 

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

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

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

 ℑ∧ π( Ρ) � � � ×∪⊕∈ � ∪⊕√⊕ ⊂∉℘ ⊃  ∧ ⊗ ⊃    ⊃ ℜ∏  ⊃ ∉∈ ∉∅⊂ ⊃ ∇2 
∏ ⊃ ⊗∅ ⊂∉⋅⊃ ∈∩ℑ ⊂∉∈∩ ℑ⊗ ⊃ ℑ ⊂ ⊗ ⊃  ⊕ ℘  ⊃ ∉∈ ∉∅ ℜ ⊂ℑ∈⊄ ∅ ⊂ℑ∈∩⊕℘ ℑ∈ 

ℜ ⊕ ⊕  ℑ ⊃ ∈⊕⊗ 

υ ρ = 
η � 

� Γ 
5 π(ρ) 
5 ρ 

ζ 
η 

ζ 
η 

− � + υ � 
α 
ρ 

ζ 
η 

♥∈ ⊕∩  ℑ  ⊃ ∈∩ π(ρ) ⋅⊃  ∪ ⊕  ∠⊕ ℘  ∉ ρ� ∪⊕∅∉ ⊂ ⊂∉⋅2 
⊃ ∈∩⊕¬∠  ⊕   ⊃ ∉∈ ℘ ℑ∈ ℜ ⊕∩∉  ⊕∈ ℑ � 

π(ρ) = πσ − 
� Γ 
η � 

υ � αη + 
Θ 
Π 

⊂∈ 
ρ 
α 

��� 

⋅∪⊕  ⊕ Θ ⊃  ∪⊕ ℑ  ⊕ 2∉∅ 2∅ ⊂∉⋅ ∉∅⊂ ⊃ ∇∏ ⊃ ⊗∅ ⊂∉∉⊗ ⊃ ∈∩∅  ∉⊆ 

 ∪⊕∩ℑ∠ ℜ ⊕  ⋅⊕ ⊕∈  ∪⊕ ⊕ ⊆⊕  ℑ ⊂ ℑ∈⊗ ∪⊕ ⊗ ⊃ ⊕� ϒ∅  ⊕ ⊃ ⊃  

∠  ∉√⊃ ⊗ ⊕⊗ ∪ℑ  ∪⊕ ∅ ⊂∉∉⊗ ⊃ ∈∩  ℑ  ⊕ 2∉∅ 2∅ ⊂∉⋅ ⊆⊕ ⊕  ⊃ ∈∩  ∪⊕ 

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

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

∠∏∈℘ ∪ ∠  ⊕   ⊃ ∈∩⊃  ⊕ ℑ ℑ℘ ∉∈  ℑ∈� 

∞∇∈ � ���  ∪∉⋅ ∪ℑ  ∪⊕ √ℑ  ⊃ ℑℜ ⊂⊕ ∉∅ η ℑ∈⊗ ρ 

⋅⊃ ⊂ ⊂ℑ ∅ ∅ ⊕ ℘  ∪⊕∅∏∈℘  ⊃ ∉∈ π( ρ) ⊆∉ ⊕ ∩  ⊕ ℑ  ⊂∧  ∪ℑ∈  ∪⊕ 

∉ ∪⊕ √ℑ  ⊃ ℑℜ ⊂⊕ � ƒ∉ ∪⊕ ∅∉⊆⊃ ∈∩ ⋅⊃  ∪ √ℑ  ⊃ ⊕⊗ ℜ ⊂ℑ∈⊄ 

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

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

Φ βη � �Π Θ 
Ρ 

α 
π(ρ)⊗ρ 

� Π( Ρ � − α � ) πσ − Α⊂∈α − 
Α 
� 

� 

ΠΑ( Ρ � ⊂∈ Ρ − α � ⊂∈α) ��� 

⋅∪⊕  ⊕ 

Α = 
− � Γ 
η � 

υ � Ρ π η + 
Θ 
Π 

♥ ⊃ ⊄∈∉⋅∈ ℜ ∧ ∞∇∈ � ���  ∪ℑ  ∪⊕ ℜ ⊂ℑ∈⊄ ∪∉ ⊂⊗ ⊃ ∈∩ 

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

 ∪⊕ ∪ ⊃ ℘ ⊄∈⊕  ∉∅∉√⊕  ∅ ⊂∉⋅⊃ ∈∩⊂ℑ∧⊕ � 

ϒ℘ ℘ ∉ ⊗ ⊃ ∈∩  ∉  ∪⊕ ∈∏⊆⊕  ⊃ ℘ ℑ ⊂  ⊃⊆∏ ⊂ℑ  ⊃ ∉∈ ∉∅ ♦⁄⁄ 

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

∅∉ ℘ ⊕� ℑ  ∪⊕ ℜ ⊕ ∩ ⊃ ∈∈⊃ ∈∩ ∉∅ ℘ ℑ ⊂℘ ∏ ⊂ℑ  ⊃ ∈∩� ∪⊕ √ℑ ⊂∏ ⊕ ∉∅ 

Φ βη ⊃ ∩ ⊃ √⊕∈ ∅ ⊃    ⊂∧ ℑ∈⊗ ∪⊕ ∪ ⊃ ℘ ⊄∈⊕  ∉∅∅ ⊂∉∉⊗ ⊃ ∈∩⊂ℑ∧⊕  

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

ℑ √⊕  ∧ ⊃⊆∠ ∉  ℑ∈∠ℑ  ℑ⊆⊕  ⊕ ∅∉ ⊆∉⊗ ⊕ ⊂ ⊃ ∈∩ ⊃ ∈ ƒ∞ ↑ � 

ϒ℘ ℘ ∉ ⊗ ⊃ ∈∩ ∉  ∪⊕ ℜ∉∏∈⊗ ℑ  ∧ ℘ ∉∈⊗ ⊃  ⊃ ∉∈ ∉∅ π( Ρ ) � � � 

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

⊆ℑ  ⊃ ∉∈ ∉∅ ∞∇∈ � ��� � 

π( Ρ) = πσ − 
� Γ 
η � 

υ � αη + 
Θ 
Π 

⊂∈ 
Ρ 
α 

ℑ∈⊗ 

πσ 

⊂∈ 
Ρ 
α 

η � − � Γ υ � Ρ π η − � Γ 
Θ 
Π 

= � ��� 

∞∇∈ � ��� ⊃  ∪ℑ ⋅⊃  ∪ ∉∈⊕ ∏∈⊄∈∉⋅∈ ℑ∈⊗ ℘ ∏ℜ ⊃ ℘ 

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

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

♥∈ ∞∇∈ ���� � ⋅∪⊕∈  ∪⊕ ℜ ⊂ℑ∈⊄ ∪∉ ⊂⊗ ⊃ ∈∩∅∉ ℘ ⊕ Φ βη 
⊄⊕ ⊕∠ ⊃ ∈√ℑ  ⊃ ℑℜ ⊂⊕� ∪⊕ √ℑ  ⊃ ℑℜ ⊂⊕ ∉∅ η ⊃ ∉∈⊂∧  ⊕ ⊂ℑ  ⊕⊗ ∉ 

 ∪⊕⊂ ⊃ ∇∏ ⊃ ⊗∠  ⊕   ∏  ⊕⊃ ∈ ⊗ ⊃ ⊕℘ ℑ√⊃  ∧ ∉∅ πσ ℑ∈⊗ ∪⊕∅ ⊂∉∉⊗ ⊃ ∈∩ 

 ℑ  ⊕ 2∉∅ 2∅ ⊂∉⋅ ∉∅ Θ �♥∅ ∪⊕√ℑ ⊂∏ ⊕ ∉∅ Θ ℑ∈⊗ πσ ⊃ ∈℘  ⊕ ℑ  ⊕ 

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

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

 ∪ℑ  ∠ ⊂∧ � 

ƒ∉ ∪⊕∅∉⊆⊃ ∈∩ ⋅⊃  ∪ ∅ ⊃ ¬⊕⊗ ∩ℑ∠ ℜ ⊂ℑ∈⊄ ∪∉ ⊂⊗ ⊃ ∈∩� 

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

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

∠  ⊕   ∏  ⊕ℜ ⊕ ⊂∉⋅ ∅ ⊂ℑ∈∩⊕∉∅ℜ ⊂ℑ∈⊄� ×∪⊕∈ � ∪ ∉∏ ∩∪ ∞∇∈ � 

��� � ∪⊕⊂ ⊃ ∇∏ ⊃ ⊗∠  ⊕   ∏  ⊕⊗ ⊃    ⊃ ℜ∏  ⊃ ∉∈ ℜ ⊕ ⊂∉⋅  ∪⊕∅ ⊂ℑ∈∩⊕ 

∉∅ℜ ⊂ℑ∈⊄ ∪ℑ ℘ ℑ∈ ℜ ⊕ℑ∠∠ ⊂ ⊃ ⊕⊗⊃ ∈ ƒ∞↑ ℘ ℑ∈ ℜ ⊕∩∉  ⊕∈ ⊗ ⊃ 2 
 ⊕ ℘  ⊂∧ � 

3  ΑΠΠΛΙΧΑΤΙΟΝ ΟΦ ΜΑΤΗΕ ΜΑΤΙΧΑΛ ΧΟΜ2 
ΠΥΤΑΤΙΟΝ ΜΟ∆ΕΛ ΟΦ ΠΡ ΕΣΣΥΡΕ ∆ΙΣΤΡΙ2 
ΒΥΤΙΟΝ ΑΦΤΕΡ Ος ΕΡΦΛΟ ΩΙΝΓ ΙΝ ΦΕ Μ 

♥∈  ∪⊕  ⊃ ⊆∏ ⊂ℑ  ⊃ ∉∈ ⊗∏  ⊃ ∈∩ ♦⁄⁄� ∪⊕∅ ⊂∉⋅⊃ ∈∩ ∉∅ 

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

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

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

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

⊃ ∈  ⊕  ∠∉∈ ⊕  ∉  ∪⊕ ∠∏∈℘ ∪    ∉⊄⊕ ℑ ⊗ ⊃ ∅ ∅ ⊕  ⊕∈ ⊃ ⊆⊕ 

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

 ∪ ∉∏ ∩∪ ∪⊕⊂ ⊃ ∇∏ ⊃ ⊗⊃ ∈  ∪⊕ ⊗ ⊃ ⊕ ℘ ℑ√⊃  ∧ � ∪⊕ ∪ ⊕ ⊕  ⊕ ∩ 2 
⊆⊕∈  Α , Β ℑ∈⊗ Χℑ  ∪∉⋅∈⊃ ∈ ƒ⊃ ∩� � ℘ ℑ∈ ℜ ⊕⊗ ⊃ √⊃ ⊗ ⊕⊗ 

⊃ ∈  ∪⊕ ∉ ∧ � 

♠∏  ℑ ℑℜ∉√⊕ ⊆⊕∈ ⊃ ∉∈⊕⊗�⊗∏  ⊃ ∈∩ ♦⁄⁄ ∉∅℘ ∧⊂ ⊃ ∈2 

Φ ιγ .3  ×∪ ⊕ ⊕ ⊕∩⊆⊕∈ ∉∅ ∪⊕ ⊕ ⊗∏  ⊃ ∈∩ ♦⁄⁄ 

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



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

∉∅ ⊂ ⊃ ∇∏ ⊃ ⊗ ∉∠⊕  ℑ  ⊃ ∉∈ � ×∪⊕ ∅ ⊃     ⊕∠ ⊃  ⊃ ∈⊃  ⊃ ℑ ⊂ ∠  ⊕ 2 
ℜ∏ ⊂∩ ⊃ ∈∩∠  ⊕   ∏  ⊕ ⋅∪⊕∈ ∪⊕ ⊕∩⊆⊕∈ ∉∅ Α ℑ∈⊗ Β ⋅⊃ ⊂ ⊂ 

ℜ ⊕ℜ∏ ⊂∩ ⊕⊗ℜ∧  ∪⊕⊂ ⊃ ∇∏ ⊃ ⊗∠  ⊕   ∏  ⊕� ×∪⊕ ⊕ ℘ ∉∈⊗  ⊕ ∠⊃  

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

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

 ∪⊕⊂ ⊃ ∇∏ ⊃ ⊗∠  ⊕   ∏  ⊕℘ ℑ∈  ⊕ ℑ ℘ ∪ ∪⊕∉√⊕  ∅ ⊂∉⋅⊃ ∈∩∠  ⊕   ∏  ⊕ 

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

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

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

πσ = πσπ + �ΠΡ π Η π # Ε χ / ς χ ��� 

×∪⊕ ∪ ⊃  ⊗   ⊕ ∠ ⊃  ∪ℑ ∅  ∉⊆  ∪⊕ ℜ ⊕ ∩ ⊃ ∈∈⊃ ∈∩ ∉∅ 

∉√⊕  ∅ ⊂∉⋅⊃ ∈∩ ∉ ∪⊕∅ ⊃ ∈⊃  ∪ ⊃ ∈∩∉∅⊗  ℑ⋅⊃ ∈∩� ×∉ ∪⊕∅ ⊃ ¬⊕⊗ 

∩ℑ∠ℜ ⊂ℑ∈⊄ ∪∉ ⊂⊗ ⊃ ∈∩�ℑ  ∪∉⋅∈ ⊃ ∈ ƒ⊃ ∩�� � ∪⊕⊕ ⊂⊕⊆⊕∈ 

∇∏ ℑ∈ ⊃  ⊃ ⊕ ∉∅ℜ ⊂ℑ∈⊄∅ ⊂ℑ∈∩⊕� ⊕∩⊆⊕∈Χ� ℑ  ⊕ Ν Η ≅ Ν ρ � 
⋅∪⊕  ⊕ Ν ρ ⊃  ∪⊕⊕ ⊂⊕⊆⊕∈∈∏⊆ℜ ⊕ ⊗ ⊃ √⊃ ⊗ ⊕⊗⊃ ∈ ∪⊕ ℑ⊗ ⊃ ℑ ⊂ 

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

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

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

 ∪ℑ   ∪⊕ℑ  ⊕ ℑ∉∅ ⊗ ⊕ ∅∉⊆⊕⊗ℜ ⊂ℑ∈⊄ ℑ  ∉∏∈⊗∠∏∈℘ ∪ ⊕ ∇∏ ℑ ⊂  

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

τ � ∪⊕⊂∉ℑ⊗ ⊕⊗ ∠  ⊕   ∏  ⊕ ∉∅ ℜ ⊂ℑ∈⊄ ∅ ⊂ℑ∈∩⊕℘ ℑ∈ ⊕¬∠  ⊕   ⊕⊗ 

ℑ � 

π(ρ ι ) � πσ, τ    ⋅∪⊕  ⊕ ρ ι [ Ρ δ � ρ δ 

π(ρ ι ) = πσ, τ − 
� Γ 
η � 

υ � αη + 
Θ 
Π 

⊂∈ 
ρ ι 
α

        ⋅∪⊕  ⊕ ρ ι > Ρ δ + ρ δ 

��� 

Φ ιγ .4  ′⊂ℑ∈⊄∅ ⊂ℑ∈∩ ⊕⊃ ∈ ƒ∞↑

  ♥⊃  ∠  ∉√⊃ ⊗ ⊕⊗  ∪ℑ  ∪⊕  ∪⊕ ⊕ ℘ ∉√⊕  ⊕⊗ ∉∈  ∪⊕ 

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

 ∪⊕ ⊕  ⊃ ∈  ⊕∩⊆⊕∈ Β � ϒ ⊃⊆⊕ τ � ∪⊕ ∠∏∈℘ ∪   ∉⊄⊕⊃  

Η τ � ∪⊕ ∪⊕ ⊕ ℜ ⊂ℑ∈⊄⊃ ∈∅ ⊂ℑ∈∩ ⊕ℜ ⊕ ∩ ⊃ ∈ ∉ℜ ⊕⊗  ℑ⋅∈ ℑ ∅  ⊕  

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

⊃ ∈  ⊕∩⊆⊕∈ Β � ϒ℘ ℘ ∉ ⊗ ⊃ ∈∩ ∉  ∪⊕ ℑℜ ∉√⊕ ℑ   ∏⊆∠  ⊃ ∉∈ � 

 ∪⊕⊕ ∅ ∅ ⊕ ℘  ∉∅ ∪⊕ ∪⊕ ⊕ ℑ  ∉∏∈⊗ ∪⊕∠∏∈℘ ∪℘ ∉ ∈⊕ ⋅⊃ ⊂ ⊂ 

∈∉ℜ ⊕ ℑ⊄⊕∈ ⊃ ∈ ∉ ℑ ℘ ℘ ∉∏∈⋅∪⊕∈  ∪⊕ ⊗ ⊕ ∅∉⊆ℑ  ⊃ ∉∈ ∉∅ 

∅ ⊂ℑ∈∩⊕⊃ ℘ ℑ ⊂℘ ∏ ⊂ℑ  ⊕⊗� 

ƒ∉ ι ∪  ∉⋅ ⊕ ⊂⊕⊆⊕∈⊃ ∈  ∪⊕  ℑ⊗ ⊃ ℑ ⊂ ⊗ ⊃  ⊕ ℘  ⊃ ∉∈ ⊃ ∈ 

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

∠  ⊕   ⊕⊗ℑ � 

π(ρ τ , ι ) = 
π(ρ τ , ι ) + π(ρ τ , ι+� ) 

� 
��� 

ϒ∈⊗ℜ∧ ∞∇∈� ��� ℑ∈⊗��� � ∪⊕∅∉ ⊂ ⊂∉⋅⊃ ∈∩⊕∇∏ ℑ 2 
 ⊃ ∉∈ ℘ ℑ∈ ℜ ⊕∉ℜ  ℑ ⊃ ∈⊕⊗� 

π(ρ τ , ι ) = πσ, τ  ⋅∪⊕  ⊕ ρ τ , ι [ Ρ δ � ρ δ 

π(ρ τ , ι ) = πσ, τ − 
� Γ 
η � 

υ � αη + 
Θ 
Π 

⊂∈ 
ρ τ , ι 
α

       ⋅∪⊕  ⊕ ρ τ , ι � Ρ δ � ρ δ 

��� 

⋅∪⊕  ⊕ 

ρ τ , ι � ρ � τ 
� 
, ι � 

Φ � 

Π
  ⋅∪⊕∈ ρ � τ 

� 
, ι � 

Φ � 

Π 
∴� 

ρ τ , ι = �       ⋅∪⊕∈ ρ � τ 
� 
, ι � 

Φ � 

Π 
� � 

Φ � = �ΠΡ π ( Η τ − η π − ρ π )

            ⋅∪⊕∈ Η τ ∴ η π + ρ π 
⋅∪⊕  ⊕ πσ, τ ⊃  ∪⊕⊂ ⊃ ∇∏ ⊃ ⊗∠  ⊕   ∏  ⊕⊃ ∈ ⊗ ⊃ ⊕℘ ℑ√⊃  ∧ ℑ   ⊃ ⊆⊕ 

τ � π( ρ τ , ι ) � π( ρ τ , ι � � ) ℑ  ⊕ ∪⊕⊂∉ℑ⊗ ⊕⊗ ∠  ⊕   ∏  ⊕ ∉∈ 

 ∪⊕∅∉⊆⊕ ∈∉⊗ ⊕ ℑ∈⊗ ∪⊕⊂ℑ   ⊕ ∈∉⊗ ⊕ ∉∅ ∪⊕ ι ∪ ∉⋅ 

∉∅⊕ ⊂⊕⊆⊕∈ ⊃ ∈  ∪⊕ ℑ⊗ ⊃ ℑ ⊂ ⊗ ⊃  ⊕ ℘  ⊃ ∉∈ ℑ  ⊃⊆⊕ τ � ⊕  ∠ ⊕ ℘ 2 
 ⊃ √⊕ ⊂∧� ρ τ , ι �ρ τ , ι � � ℑ  ⊕ ∪⊕ ℑ⊗ ⊃ ⊃∉∅ ∪⊕∅∉⊆⊕ ∈∉⊗ ⊕  

ℑ∈⊗ ∪⊕⊂ℑ   ⊕ ∈∉⊗ ⊕ ∉∅ ∪⊕ ι ∪ ∉⋅ ∉∅⊕ ⊂⊕⊆⊕∈ ⊃ ∈ ∪⊕ 

 ℑ⊗ ⊃ ℑ ⊂ ⊗ ⊃  ⊕ ℘  ⊃ ∉∈ ℑ  ⊃⊆⊕ τ � ⊕  ∠⊕ ℘  ⊃ √⊕ ⊂∧ � ρ τ 
� 
, ι � ρ τ 

� 
, ι � � 

ℑ  ⊕ ∪⊕ ℑ⊗ ⊃ ⊃∉∅ ∪⊕∅∉⊆⊕ ∈∉⊗ ⊕ ℑ∈⊗ ∪⊕⊂ℑ   ⊕ ∈∉⊗ ⊕  

∉∅ ∪⊕ ι ∪ ∉⋅ ∉∅ ⊕ ⊂⊕⊆⊕∈ ⊃ ∈  ∪⊕ ℑ⊗ ⊃ ℑ ⊂ ⊗ ⊃  ⊕ ℘  ⊃ ∉∈ ℑ  

 ⊃ ⊆⊕ τ � � ⊕  ∠ ⊕ ℘  ⊃ √⊕ ⊂∧ � 

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

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

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

∠  ⊕   ∏  ⊕℘ ℑ∈ ℜ ⊕ ⋅ ⊃   ⊕∈ ⊃ ∈  ∪⊕℘ ℑ  ⊗∅ ⊃ ⊂⊕ ⋅⊃  ∪  ∠⊕ ℘ ⊃ ∅ ⊃ ℘ 

∅∉⊆ℑ ⋅∪ ⊃ ℘ ∪℘ ℑ∈ ℜ ⊕ ⊕ ℑ⊗ℜ∧ ← ≥2⁄≠ →ϒ�⁄℘ ∉⊗ ⊕� 

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

ℑ∈⊗∅ ⊃ ¬⊕⊗∩ℑ∠ℜ ⊂ℑ∈⊄ ∪∉ ⊂⊗ ⊃ ∈∩�′∏  �∅∉ ∪⊕℘ ∉∈⊗ ⊃  ⊃ ∉∈ ∉∅ 

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

ℜ ⊂ℑ∈⊄ ℑ∈⊗ ⊗ ⊃ ⊕ √ℑ  ⊃ ⊕ ⊃ ∈ ⊗ ⊃ ∅ ∅ ⊕  ⊕∈ ⊃ ⊆⊕ ℑ  ∪⊕ ℜ ⊂ℑ∈⊄ 

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

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

ℜ∧ ← ≥2⁄≠ ϒ→ �⁄� ⋅∪ ⊃ ℘ ∪ ⋅⊃ ⊂ ⊂ ⊄⊕ ⊕∠ ℘ ∉ ⊃ ∈℘ ⊃ ⊗ ⊕∈℘ ⊕ ⋅⊃  ∪ 

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

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

⋅⊃  ∪ ∠ ⊕ ℘ ⊃ ∅ ⊃ ℘∅∉⊆ℑ  � 

4  ΝΥΜΕΡΙΧΑΛ ΣΙΜΥΛΑΤΙΟΝ ΑΝ∆ ΠΡ ΟΧΕΣΣ 

ΕΞΠΕΡΙΜΕΝΤΣ ∆ΥΡΙΝΓ Η∆∆ ΟΦ ΧΨΛΙΝ2 
∆ ΡΙΧ ΧΥΠ 

×∪⊕ℑ∠∠ ⊂ ⊃ ⊕⊗ ⊆ℑ  ⊕  ⊃ ℑ ⊂ ∉∅ ℜ ⊂ℑ∈⊄ ⊃ ��ϒ⊂�ℑ∈⊗ ∪⊕ 

∪ℑ  ⊗ ⊕∈⊃ ∈∩ ⊆∉⊗ ⊕ ⊂ ∉∅ ℜ ⊃ ⊂ ⊃ ∈⊕ ℑ ⊂ℑ⋅ ⊃ ∏  ⊕⊗� ×∪⊕⊂ℑ⋅ ∉∅ 

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

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

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

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

⊆⊆ � ×∪⊕ ∅ ⊃ ¬⊕⊗ ∩ℑ∠ ℜ ⊕  ⋅⊕ ⊕∈ ℜ ⊂ℑ∈⊄ ℑ∈⊗ ⊗ ⊃ ⊕⊃  � � �� 

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



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

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

∠ℑ  ℑ⊆⊕  ⊕  ℑ  ⊕⊂ ⊃   ⊕⊗⊃ ∈ ×ℑℜ ⊂⊕� ⊃ ∈ ″ ⊕ ∅� ≈� � ×∪⊕ℑ∠ 2 
∠ ⊂ ⊃ ⊕⊗ ∅ ⊃ ∈⊃  ⊕ ⊕ ⊂⊕⊆⊕∈℘ ∉⊗ ⊕⊃  ← ≥2⁄≠ →ϒ�⁄� ⋅∪ ⊃ ℘ ∪ ⊃  

⊕ ∅ ∅ ⊃ ℘ ⊃ ⊕∈⊃ ∈  ∪⊕  ⊃⊆∏ ⊂ℑ  ⊃ ∉∈ ∉∅  ∪⊕ ⊕  ⊆⊕  ℑ ⊂ ∅∉⊆2 
⊃ ∈∩ 

≈� � �� � ×∪⊕∅ ⊃ ∈⊃  ⊕⊕ ⊂⊕⊆⊕∈⊆∉⊗ ⊕ ⊂⊃  ∪∉⋅∈ ⊃ ∈ ƒ⊃ ∩� 

� � 

Φ ιγ .5  ƒ⊃ ∈⊃  ⊕⊕ ⊂⊕⊆⊕∈⊆∉⊗ ⊕ ⊂

  ×∪⊕ ⊃ ∈⊃  ⊃ ℑ ⊂ ∠  ⊕   ∏  ⊕ ⊃  ∏  ⊕⊗  ∉ ∠  ⊕ 2ℜ∏ ⊂∩ ⊕  ∪⊕ 

 ∪⊕ ⊕  � ℑ∈⊗  ∪⊕ ℑ∠∠ ⊂ ⊃ ⊕⊗⊃ ∈⊃  ⊃ ℑ ⊂ ∠  ⊕   ∏  ⊕⊃  � � � ↑ °ℑ� 

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

⊄∈∉⋅∈ ∅ ⊃    ⊂∧ ℑ ℘ ℘ ∉ ⊗ ⊃ ∈∩  ∉ ″ ⊕ ∅�≈� � ×∪⊕ ∅ ⊃ ∈⊃  ∪⊕⊗ 

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

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

⊗ ∉∈⊕ ℑ∈⊗ ℑ∈ ⊕¬∠ ⊕  ⊃⊆⊕∈ ℑ ⊂ ∠ ℑ  ⊃  ∪∉⋅∈ ⊃ ∈ ƒ⊃ ∩� � � 

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

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

⊆∉⊗ ⊕ ⊂⊃ ∈ ″ ⊕ ∅ � ≈� ℑ∈⊗ ≈� ℑ  ⊕ ∅ ⊕ ℑ  ⊃ ℜ ⊂⊕ ℑ∈⊗ ℑ∩  ⊕ ⊕ 

Φ ιγ .6  ↑⊕  ∪⊕⊗∅ ⊃ ∈⊃  ∪⊕⊗∠ℑ  ℑ ∅  ⊕  ⊃⊆∏ ⊂ℑ  ⊃ ∉∈ 
�⁄ ℑ⋅⊃ ∈∩ ℑ  ⊃ ∉⊃ � � �� 

Φ ιγ .7  °∪∉ ∉∩  ℑ∠∪∉∅∅ ⊃ ∈⊃  ∪⊕⊗∠ ℑ  ℑ ∅  ⊕ ⊕¬∠ ⊕  ⊃⊆⊕∈ 
�⁄ ℑ⋅⊃ ∈∩ ℑ  ⊃ ∉⊃ � � �� 

Φ ιγ .8  ≤∉⊆∠ℑ  ⊃  ∉∈ ∉∅ ∪ ⊃ ℘ ⊄∈⊕   ∪ ⊃ ∈∈⊃ ∈∩ ℑ  ⊃ ∉∉∅ 

℘ ∏  √⊃ ⊂ ⊃ ∈⊕ ℑ ⊗ ⊃   ℑ∈℘ ⊕ ∉ ∠ℑ   ℜ∉  ∉⊆ ℘ ⊕∈ ⊕  
�′⊕  ⋅⊕ ⊕ ∈ ƒ∞↑ ℑ∈⊗⊕ ¬∠ ⊕  ⊃ ⊆⊕ ∈ ℑ ⊂ ⊕  ∏ ⊂   � 

⋅⊃  ∪ ∪⊕∠  ℑ ℘  ⊃ ℘ ⊕� 

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

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

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

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

 ⊕∈ ⊃ ⊂⊕    ⊕   ⊗ ⊃    ⊃ ℜ∏  ⊃ ∉∈ ∉ ∅  ∪⊕ ⊕ ⊗∏  ⊃ ∈∩ ♦⁄⁄� ϒ 

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

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

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

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

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

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

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

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



�� � ⊃ ∈ ♦ ⁄⁄�ℜ∏ � � ⊃ ∈   ℑ⊗ ⊃  ⊃ ∉∈ℑ ⊂ ⊗ ⊕ ⊕∠ ⊗  ℑ⋅⊃ ∈∩� 

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

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

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

  ∉∠ ∪ ⊃ ∈∈⊃ ∈∩ℑ∈⊗⊄⊕ ⊕ ∠℘ ∉∈  ℑ∈ � ×∪ ⊃ ⊃  ∪⊕⊕ ∅ ∅ ⊕ ℘ ∉∅ 

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

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

⋅⊃ ⊂ ⊂ ℜ ⊕ ℘ ∉⊆⊕⊕√⊕∈ ⊆∉ ⊕ ∪ ⊃ ℘ ⊄� ⋅∪ ⊃ ℘ ∪⊃  ∪∉⋅∈⊃ ∈ ƒ⊃ ∩� 

� � 

Φ ιγ .9  ″ ℑ⊗ ⊃ ℑ ⊂   ⊕  ⊗ ⊃    ⊃ ℜ∏  ⊃ ∉∈ ⊗∏  ⊃ ∈∩⊗  ℑ⋅⊃ ∈∩ 

5  ΧΟΝΧΛΥΣΙΟΝΣ 

�� ♥ ⊃ ∅⊕ ℑ  ⊃ ℜ ⊂⊕ ∉ℑ∈ℑ ⊂∧∨⊕ ∪⊕ ♦⁄⁄∉∅ ∪⊕ ⊕ ⋅⊃  ∪ 

∩ ⊕∈⊕  ℑ ⊂ ∉∅  ⋅ℑ  ⊕← ≥2⁄≠ →ϒ�⁄� 

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

∉√⊕  ∅ ⊂∉⋅⊃ ∈∩ ∠  ⊕   ∏  ⊕ ℑ∈⊗ ∪⊕ ∠  ⊕   ∏  ⊕ ⊗ ⊃    ⊃ ℜ∏  ⊃ ∉∈ ∉∅ 

⊂ ⊃ ∇∏ ⊃ ⊗ℑ ∅  ⊕ ∉√⊕  ∅ ⊂∉⋅⊃ ∈∩ ℑ  ⊕ℑ∠∠ ⊂ ⊃ ⊕⊗⊃ ∈  ∪⊕ ⊃⊆∏ ⊂ℑ  ⊃ ∉∈ 

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

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

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

 ∪ℑ∠ ⊕ ∏ ℘ ∪ℑ  ∇∏ ℑ  ⊕℘ ℑ  ⊕ℑ∈⊗ ℑ∠ ⊕  ⊕⊗ ⊕ ℘  ℑ∈∩∏ ⊂ℑ ℘ ℑ  ⊕ 

⊕  ℘� 

ΝΟΤΑΤΙΟΝ 

πσπ   ♥∈⊃  ⊃ ℑ ⊂ ∠  ⊕   ∏  ⊕ 

πσ, τ ← ⊃ ∇∏ ⊃ ⊗∠  ⊕   ∏  ⊕⊃ ∈ ⊗ ⊃ ⊕℘ ℑ√⊃  ∧ ℑ  ⊃⊆⊕ τ 

π(ρ) ← ⊃ ∇∏ ⊃ ⊗∠  ⊕   ∏  ⊕ℑ ρ 
Ρ ρ ″ ℑ⊗ ⊃ ℑ ⊂   ⊕  ⊃ ∈  ∪⊕ ⊕ ∅ ⊂ℑ∈∩ ⊕ 

Ρ Η ×ℑ∈∩⊕∈ ⊃ ℑ ⊂   ⊕  ⊃ ∈  ∪⊕ ⊕ ∅ ⊂ℑ∈∩ ⊕ 

Ρ ρζ ≥∪⊕ ℑ    ⊕  ⊃ ∈ ∪⊕∠ ⊂ℑ∈⊕ ρ ζ ∉∅ ∪⊕ ⊕  

υ � °∏∈℘ ∪ √⊕ ⊂∉℘ ⊃  ∧ 

υ ρ ∂ ⊕ ⊂∉℘ ⊃  ∧ ∉∅⊂ ⊃ ∇∏ ⊃ ⊗ℑ ρ⊃ ∈ ∅ ⊂∉∉⊗ ⊃ ∈∩⊂ℑ ∧⊕  

Ρ δ ⁄ ⊃ ⊕ ℑ⊗ ⊃ ∏ ∉∅℘ ∧⊂ ⊃ ∈⊗  ⊃ ℘℘ ∏ ∠ 

ρ δ ⁄ ⊃ ⊕℘ ∉ ∈⊕  ℑ⊗ ⊃ ∏ ∉∅℘ ∧⊂ ⊃ ∈⊗  ⊃ ℘℘ ∏∠

  πσ   ← ⊃ ∇∏ ⊃ ⊗∠  ⊕   ∏  ⊕⊃ ∈ ⊗ ⊃ ⊕℘ ℑ√⊃  ∧ 
Φ ℜ∪ ′⊂ℑ∈⊄ ∪∉ ⊂⊗ ⊃ ∈∩∅∉ ℘ ⊕ 

Γ ∂⊃  ℘ ∉ ⊃  ∧ ∉∅⊂ ⊃ ∇∏ ⊃ ⊗ 

Θ ƒ⊂∉⋅2 ℑ  ⊕∉∅⊂ ⊃ ∇∏ ⊃ ⊗ 

Ν ρ   ∞⊂⊕⊆⊕∈∈∏⊆ℜ ⊕ ⊗ ⊃ √⊃ ⊗ ⊕⊗⊃ ∈  ℑ⊗ ⊃ ℑ ⊂ ⊗ ⊃  ⊕ ℘ 2 
 ⊃ ∉∈ ∉∅∅ ⊂ℑ∈∩ ⊕ 

Ν Η   ∞⊂⊕⊆⊕∈∈∏⊆ℜ ⊕ ⊗ ⊃ √⊃ ⊗ ⊕⊗⊃ ∈ ℑ∈∩ ⊕∈ ⊃ ℑ ⊂⊗ ⊃ 2 
 ⊕ ℘  ⊃ ∉∈ ∉∅∅ ⊂ℑ∈∩ ⊕ 

Η τ   °∏∈℘ ∪   ∉⊄⊕ℑ  ⊃ ⊆⊕ τ 

α ″ ℑ⊗ ⊃ ∏ ℑ ⊗ ⊃ ⊕⊕∈  ℑ∈℘ ⊕�⊕ ∇∏ ℑ ⊂ ∉ Ρ δ � 

ρ δ 

[ Ρ ΕΦΕΡ ΕΝΧΕΣ] 

≈�  ↔ϒ→♣ ⁄ℑ 2℘ ∪ ℑ∈∩�← ϒ→♣ ← ⊃ 2∪∏ ⊃ℑ∈⊗ ↑ ∞→♣ ÷⊃ ℑ ∉ 2∅ ⊕ ∈∩� 
ϒ   ∏ ⊗∧ ∉∈ ∪∧⊗  ∉⊗ ∧∈ℑ⊆⊃ ℘⊗ ⊕ ⊕ ∠ ⊗  ℑ⋅⊃ ∈∩ ⊕ ∇∏ ⊃ ∠⊆⊕ ∈⋅⊃  ∪ 

∩ ⊕ ∈⊕  ℑ ⊂ ∪∧⊗  ∉⊗ ∧∈ℑ⊆⊃ ℘⊗ ⊕ ⊕ ∠⊗  ℑ⋅⊃ ∈∩⊗ ⊃ ⊕ ⊕  ≈♠ �♠ ∉∏  ∈ℑ ⊂ 

∉∅ °⊂ℑ   ⊃ ℘ ⊃  ∧ ∞∈∩ ⊃ ∈⊕ ⊕  ⊃ ∈∩��⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕ � �������� ��� � 

≈�  → ℑ⊄ℑ⊆∏  ℑ ↔� ×∪⊕  ∪ ⊕ ⊕  ⊆⊕  ℑ ⊂ ∅ ∉⊆⊃ ∈∩ ⋅⊃  ∪ ∪∧⊗  ℑ∏ ⊂ ⊃ ℘ 

℘ ∉∏ ∈ ⊕  ∠  ⊕   ∏  ⊕ ≈ ♠ � °⊂ℑ   ⊃ ℘ ⊃  ∧ ×⊕ ℘ ∪∈∉ ⊂∉∩∧ � �⊃ ∈ 

♠ ℑ∠ ℑ∈⊕  ⊕ � ����� ������ ���� � 

≈�  ♣⊕ ⊂ ⊃ ∈ ♠ ≤ ℑ∈⊗ ⁄⊕ ⊂ℑ   ∏ ° � ↑ ∉⊗ ⊕ ⊂ ⊃ ∈∩ℑ∈⊗∉∠  ⊃ ⊆ℑ ⊂ ℘ ∉∈  ∉ ⊂ 

∉∅∠  ∉℘ ⊕  ∠ ℑ  ℑ⊆⊕  ⊕  ⊃ ∈  ∪⊕ℑ∇∏ ℑ⊗  ℑ⋅ ⊗ ⊕ ⊕ ∠ ⊗  ℑ⋅⊃ ∈∩ ∠  ∉2 
℘ ⊕  ≈ϒ � ϒ⊗ √ℑ∈℘ ⊕ ⊗ ×⊕ ℘ ∪∈∉ ⊂∉∩∧ ∉ ∅ °⊂ℑ   ⊃ ℘ ⊃  ∧ ���� ≈ ≤ � 

° ∉℘ ⊕ ⊕ ⊗ ⊃ ∈∩∉∅ ∪ ⊕� ∪ ♥∈ ⊕  ∈ℑ  ⊃ ∉∈ℑ ⊂ ≤∉∈∅ ⊕  ⊕ ∈℘ ⊕ ∉∈ ×⊕ ℘ ∪ 2 
∈∉ ⊂∉∩∧ ∉ ∅ °⊂ℑ   ⊃ ℘ ⊃  ∧ � ≤∉ ⊂∏⊆ℜ∏ � ↓∪ ⊃ ∉� ∝≥ϒ � ↓℘  ∉ℜ ⊕ � 

� �� ����� ���� � 

≈�  ′ℑ∧ →� ↔ ⊃ ⊆ ♠ ′ � ƒ⊃ ∈∈ ♠�⊕ ℑ ⊂� ƒ∉⊆⊃ ∈∩⊂ ⊃ ⊆⊃  ⊃ ∈ ∪∧2 
⊗  ∉⊆⊕ ℘ ∪ ℑ∈⊃ ℘ ℑ ⊂ ⊗ ⊕ ⊕ ∠ ⊗  ℑ⋅⊃ ∈∩ ≈ ♠ � ϒ∈∈ℑ ⊂  ∉ ∅ ≤♥″ ° � 

���� ��� ���� � 

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

 ∪ ⊕ ∪ ℑ∠ ⊕ℑ ℘ ℘ ∏  ℑ ℘ ∧ ∏  ⊃ ∈∩℘ ∉∈√⊕ ∈ ⊃ ∉∈ℑ ⊂ℑ∈⊗∪∧⊗  ∉ 2⊆⊕ ℘ ∪ℑ∈2 
⊃ ℘ ℑ ⊂⊗ ⊕ ⊕ ∠ ⊗  ℑ⋅⊃ ∈∩ ≈ ϒ � ♥⁄⁄″ ♣. ��2← ⊃  ℜ∉∈ ≈ ≤ � ↑ℑ∧ 

�� � �� ����� ���� � 

≈�  ♣⊕ ⊂ ⊃ ∈ ♠ ≤ ℑ∈⊗ ⁄⊕ ⊂ℑ   ∏ ° � ↑ ∉⊗ ⊕ ⊂ ⊃ ∈∩ℑ∈⊗ ⊃ ⊆∏ ⊂ℑ  ⊃ ∉∈ ℑ ∇∏ ℑ 2 
⊗  ℑ⋅ ⊗ ⊕ ⊕ ∠ ⊗  ℑ⋅⊃ ∈∩ ∠  ∉℘ ⊕   ≈♠ � ϒ∈∈ℑ ⊂  ∉∅  ∪ ⊕ ≤♥″ ° � 

���� ������ ���� � 

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

 ∪ ⊕� ∪ ♥∈ ⊕  ∈ℑ  ⊃ ∉∈ℑ ⊂ ≤∉∈∅ ⊕  ⊕ ∈℘ ⊕∉∈ ×⊕ ℘ ∪∈∉ ⊂∉∩∧ ∉ ∅ °⊂ℑ  2 
 ⊃ ℘ ⊃  ∧� ≤∉ ⊂∏⊆ℜ∏ � ↓∪ ⊃ ∉� ∝≥ϒ � ↓℘  ∉ℜ ⊕ � � �� � ���� � 

��� � 

≈�  ×⊃  ∉ ∪♠�≥∪ ⊃  ⊃ ∨⊂∧ ϒ ℑ∈⊗ ≠∉  ⊃ ∅ ∉∈ ≥ � ↓∈  ⊕ ℘ ⊕ ∈∠  ∉∩  ⊕   

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

≈ ϒ � ϒ⊗ √ℑ∈℘ ⊕ ⊗ ×⊕ ℘ ∪∈∉ ⊂∉∩ ∧ ∉ ∅ °⊂ℑ   ⊃ ℘ ⊃  ∧ ���� ≈≤ �° ∉2 
℘ ⊕ ⊕ ⊗ ⊃ ∈∩ ∉ ∅ ∪ ⊕� ∪♥∈ ⊕  ∈ℑ  ⊃ ∉∈ℑ ⊂ ≤∉∈∅ ⊕  ⊕ ∈℘ ⊕∉∈ ×⊕ ℘ ∪∈∉ ⊂∉2 
∩∧ ∉ ∅ °⊂ℑ   ⊃ ℘ ⊃  ∧ �≤∉ ⊂∏⊆ℜ∏ �↓∪ ⊃ ∉� ∝≥ϒ �↓℘  ∉ℜ ⊕ � � �� � 

���� ���� � 

≈�  ♦ℑ ⊂ ⊂∇∏ ⊃  ♠ ↓ � ← ≥2⁄≠ →ϒ�⁄� ×∪⊕ ∉ ⊕  ⊃ ℘ ℑ ⊂ ↑ℑ∈∏ ℑ ⊂ ← ≥× ≤ 

″ ⊕ ∠ ∉ ���� ≈ ≤ � ← ⊃ √⊕⊆∉ ⊕� ← ⊃ √⊕⊆∉ ⊕ ≥∉ ∅  ⋅ℑ  ⊕ ×⊕ ℘ ∪ 2 
∈∉ ⊂∉∩∧ ≤∉ ∠ ∉ ℑ  ⊃ ∉∈ ����� � 

≈��  ♦∉∈⊕ ℘ ∪⊕  ϒ ℑ∈⊗ ↑ ℑ   ⊃ ℑ   ∉∈ ↔� ƒ⊃ ∈⊃  ⊕ ⊕ ⊂⊕⊆⊕ ∈∠  ∉℘ ⊕ 2 
⊗ ∏  ⊕ ∅ ∉ �⁄  ∪ ⊕ ⊕ ∅ ∉⊆⊃ ∈∩  ⊃ ⊆∏ ⊂ℑ  ⊃ ∉∈ ≈ ϒ � →∝ ↑ ♥2 
ƒ ↓ ″ ↑ . �� ≈≤ � ×∪⊕ ×∪ ⊃  ⊗♥∈ ⊕  ∈ℑ  ⊃ ∉∈ℑ ⊂ ≤∉∈∅ ⊕  ⊕ ∈℘ ⊕∉∈ 

→ ∏⊆⊕  ⊃ ℘ ℑ ⊂ ↑ ⊕  ∪ ∉⊗  ⊃ ∈ ♥∈⊗ ∏    ⊃ ℑ ⊂ ƒ∉⊆⊃ ∈∩ ° ∉℘ ⊕   ⊕ � 

≤∉ ⊂∉ ℑ⊗ ∉ ≥ ℑ  ⊕ ∝∈⊃ √⊕   ⊃  ∧ ����� ���� � 

(Εδιτεδ βψ ΗΥΑΝΓ ϑιν2σονγ) 

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


