
Αρτιχλε Ι∆ : ���� � ����(����)�� � ���� � �� 

∆ισ λοχατιον εϖολυτιον ωιτη ρηεολογιχαλ φορµινγ οφ µεταλ ≠ 

← ∏ ∉ ≠⊃ ∈∩  ∪⊕ �罗迎社� � � ♣∏ ∉ ÷⊃ ℑ∉∩ℑ∈∩�郭小刚� � � ↑ ⊕ ⊃≠ℑ ∅∏ �梅亚夫� � � ♦∏ ≠∏∈∩∏ ⊃ �胡云贵� � 

1 . Ρεσεαρχη Ινστιτυτε οφ Φυνδαµενταλ Μεχηανιχσ ανδ Ματεριαλ σ Ενγινεερινγ , 

2 . Χολ λεγε οφ Μεχηανιχαλ Ενγινεερινγ , Ξιανγταν Υνιϖερσιτψ , Ξιανγταν 411105 , Π . Ρ . Χηινα ; 

3 . Τηε ∆επαρτµ εντ οφ Ενγινεερινγ Μεχηανιχσ , Νεβρασκα2Λινχολν Υνιϖερσιτψ, ΝΕ , ΥΣΑ 

Αβσ τραχτ : ♥ ⊃ ⊄∈∉⋅∈ ∪ ℑ   ∉⊆⊕⊃ ∈ ⊕  ∈ℑ ⊂⊗ ⊕ ∅ ⊕ ℘  ⊕ ¬ ⊃   ⊃ ∈ ⊆⊕  ℑ ⊂ ⊆ℑ  ⊕  ⊃ ℑ ⊂�° ⊕ ⊂ ⊃ ⊆⊃ ∈ℑ  ∧ ℑ   ⊕⊆∠   ∉ ⊕ ⊂ℑ  ⊕⊗ ⊃  ⊂∉2 
℘ ℑ  ⊃ ∉∈ ⊕ √∉ ⊂∏  ⊃ ∉∈ ⋅⊃  ∪ ⊆⊕  ℑ ⊂ ∪ ⊕ ∉ ⊂∉∩ ⊃ ℘ ℑ ⊂∅∉⊆⊃ ∈∩ ⋅ℑ ⊗ ∉∈⊕� ′∧  ∪ ⊕ℑ   ⊕⊆∠  �⊃ ⊃ ⊂⊕ ℑ  ∈⊕ ⊗ ∪ℑ  ∪ ⊕⊕ √∉ ⊂∏  ⊃ ∉∈ ∉ ∅ 

⊗ ⊃  ⊂∉℘ ℑ  ⊃ ∉∈ ⊗ ⊕ ∈ ⊃  ∧ Θ ( ξ , ψ, τ) ⊃ ⊕   ⊕ ∈ ⊃ ℑ ⊂ ⊂∧ ∪⊕℘ ∪ ℑ∈∩ ⊕∉ ∅ ν⊃ ∈⊗ ⊕ ∠ ⊕ ∈⊗ ⊕ ∈ ⊃ ∈ ⊕  ∈ℑ ⊂ √ℑ  ⊃ ℑℜ ⊂⊕ θΑ (Α = � , � , , , 

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

∅ ∉⊆⊃ ∈∩ ⊆⊕  ∪∉⊗� 

Κεψ ωορδσ: ⊗ ⊃  ⊂∉℘ ℑ  ⊃ ∉∈ � ⊆⊕  ℑ ⊂� ∪⊕ ∉ ⊂∉∩ ⊃ ℘ ℑ ⊂∅ ∉⊆⊃ ∈∩ ∆οχυµεντ χοδε: Α 

1  ΙΝΤΡ Ο∆ΥΧΤΙΟΝ 

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

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

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

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

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

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

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

∝ ∏ ℑ ⊂ ⊂∧ �⊗ ⊕ ∅ ⊕ ℘ ∪ℑ ⊗ ∏ ℑ ⊂℘ ∪ℑ  ℑ ℘  ⊕  ⊃   ⊃ ℘ � ↓∈ 

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

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

∈⊕ ∩ ⊂ ⊃ ∩ ⊃ ℜ ⊂∧ ⊆ℑ ⊂ ⊂� ♦∉⋅⊕√⊕ ⊃ ∈  ∪ ⊃ ∠ℑ∠ ⊕ �∉∈  ∪⊕ 

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

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

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

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

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

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

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

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

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

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

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

 ∪⊕ ∉ ∧ 
≈� ℑ∈⊗ ∩ ⊕ ∉⊆⊕   ∧  ∪⊕ ∉ ∧ ∉∅ ⊗ ⊕ ∅⊕ ℘   ℑ∈2 

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

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

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

≠ ° ∉ ⊇ ⊕ ℘ ��������  ∏ ∠∠∉  ⊕ ⊗ℜ∧  ∪ ⊕ → ℑ  ⊃ ∉∈ℑ ⊂ → ℑ  ∏  ℑ ⊂ ≥℘ ⊃ ⊕ ∈℘ ⊕ ƒ∉∏ ∈⊗ ℑ  ⊃ ∉∈ ∉∅ ≤∪ ⊃ ∈ℑℑ∈⊗∠  ∉ ⊇ ⊕ ℘ ��♠↔≠����  ∏ ∠∠ ∉  ⊕ ⊗ℜ ∧ ≥℘ ⊃ ⊕ ∈℘ ⊕ℑ∈⊗ 

×⊕ ℘ ∪∈∉ ⊂∉∩∧ ≤∉⊆⊆⊃   ⊕ ⊕∉∅ ♦∏∈ℑ∈ ° ∉√⊃ ∈℘ ⊕  ″ ⊕ ℘ ⊕ ⊃ √⊕ ⊗ ϒ∏ ∩��� ����� �ℑ ℘ ℘ ⊕ ∠  ⊕ ⊗ ↑ ℑ ��� �����



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

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

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

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

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

⊗ ⊕ ⊕∠⊕ ℑ∈⊗ ⋅⊃ ⊗ ⊕ ⊃ ∈ ⊗ ⊕ √⊕ ⊂∉∠⊆⊕∈℘ ∉⊆ℜ ⊃ ∈⊕⊗ ⋅⊃  ∪ 

⊆ℑ ℘  ∉ 2⊆⊕  ∉ 2⊆⊃ ℘  ∉ ⊂⊕ √⊕ ⊂� ≥∉⊆⊕  ⊃ ∩∈⊃ ∅ ⊃ ℘ ℑ∈ 

ℑ ℘ ∪ ⊃ ⊕ √⊕⊆⊕∈  ∉∈  ∪⊕ ℘ ∉∈  ⊃  ∏  ⊃ √⊕ ⊕ ∇∏ ℑ  ⊃ ∉∈ ∉∅ 

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

ℜ ⊕ ⊕∈ ∉ℜ  ℑ ⊃ ∈⊕⊗ ≈� � 

2  ΤΗΕΟΡ ΕΤΙΧΑΛ ΣΤΥ∆Ψ ΟΝ Ες ΟΛΥΤΙΟΝ 

ΟΦ ∆ΙΣΛΟΧΑΤΙΟΝ ∆ΕΝΣΙΤΨ 

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

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

♦∉ ⊂ ⊆∉⊗ ⊕ ⊂ ≈� �⊂∉⋅ ⊕∈⊕  ∩∧ 
≈� ⊗ ⊃  ⊂∉℘ ℑ  ⊃ ∉∈    ∏ ℘ 2 

 ∏  ⊕ ⊆∉⊗ ⊕ ⊂ℑ∈⊗↔  ℑ  ∉℘ ∪√⊃ ⊂ ⊆∉⊗ ⊕ ⊂ ≈� ℜ ⊕ ⊂∉∈∩ ∉ ∪⊕ 

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

⊃  ∪ℑ   ∪⊕⊗ ⊃  ⊂∉℘ ℑ  ⊃ ∉∈∅ ⊂∉⋅ ϑ ⋅∉∏ ⊂⊗ℜ ⊕⊗ ⊕ ∅ ⊃ ∈⊕⊗ℜ∧ 

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

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

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

 ∪ℑ  ⊃  ⊃ ∈∉⊕ ℑ  ∧ ∉∏  ⊕�×∪⊕ ⊕ ℘ ∉∈⊗∉∈⊕⊃  • ℑ ⊂ 2 

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

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

Θ ( ξ , ψ , τ) . 

2 .1  ∆ψναµιχ πηψσ ιχαλ µ οδελ οφ εϖολυτιον ον 

δισ λοχατιον δενσ ιτψ 

′⊕ ℘ ℑ∏  ⊕⊗ ⊃  ⊂∉℘ ℑ  ⊃ ∉∈⊕¬ ⊃  ⊃ ∈ ⊆ℑ  ⊕  ⊃ ℑ ⊂  ⋅⊃  ∪ 

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

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

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

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

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

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

℘ ℑ ⊂ ⊆∉⊗ ⊕ ⊂⊃ ⊗ ⊃  ∠ ⊂ℑ∧⊕⊗ℑ ∅∉ ⊂ ⊂∉⋅� 

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

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

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

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

∈∉ ∪⊕∪∧∠ ⊕  ℜ∉ ⊂ ⊃ ℘� 

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

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

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

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

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

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

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

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

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

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

5 Θ 
5 τ = ♦ [ ∆ ♦ Θ ] + 

5 ι µ 
5 τ (�) 

ℑ∈⊗ 
5 ι µ 
5 τ = Ξ (�) 

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

Ξ = ♦( Λ 
Τ 
) (�) 

⋅∪⊕  ⊕  µ ⊃  ∪⊕ ⊆ℑ  ∉∅  ∪⊕ ⊕√∉ ⊂∏  ⊃ ∉∈ℑ ⊂  ∧ 2 
 ⊕⊆ � τ⊃  ⊃⊆⊕� ∆ ⊃ ⊕ √∉ ⊂∏  ⊃ ∉∈ ℘ ∉⊕ ∅ ∅ ⊃ ℘ ⊃ ⊕∈ � Τ ⊃  

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

∅∏∈℘  ⊃ ∉∈� ∩⊕∈⊕  ℑ ⊂ ⊂∧  ∠⊕ ℑ⊄⊃ ∈∩� Λ ⊃  ℑ ∈∉∈⊂ ⊃ ∈⊕ ℑ  

∅∏∈℘  ⊃ ∉∈ ∉∅ ⊗ ⊃  ⊂∉℘ ℑ  ⊃ ∉∈ ⊗ ⊕∈ ⊃  ∧ Θ ,  ∪⊕  ⊕ ∅∉ ⊕ Λ = 

Λ ( Θ ) . 

2 .2  Εϖολυτιον δψναµιχ εθυατιονσ οφ δισ λοχα2 
τιον δενσ ιτψ 

♥∅ Τ ⊃   ⊕ ℑ  ⊕⊗ ℑ ∠ ℑ  ℑ⊆⊕  ⊕ �∅  ∉⊆ ∞∇∈ �� 

∉∈⊕℘ ℑ∈ ∉ℜ  ℑ ⊃ ∈  ∪⊕∩ ⊕∈⊕  ℑ ⊂ ⊃ ∨⊕⊗∅∉ ℘ ⊕ 

Ξ = Τ −� ♦ Λ ��� 

⋅∪⊕  ⊕ Λ ( Θ ) ⊕¬∠ℑ∈⊗ ⊕⊗⊃ ∈ ∉ ∠∉ ⊂∧∈∉⊆⊃ ∈ℑ ⊂ ∉∅ Θ , 
⊃  ∪∉∏ ⊂⊗ ∪ℑ√⊕ ⊆⊃ ∈⊃ ⊆∏⊆ √ℑ ⊂∏ ⊕�⊃ ∅ ∉∈⊕℘ ∉∈ ⊃ ⊗ ⊕   

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

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



 ∪⊕⊕¬∠ℑ∈⊗ ⊕⊗⊕ ∇∏ ℑ  ⊃ ∉∈∉∅ Λ ( Θ ) ⊆ℑ∧ ℜ ⊕ ℘ ∉⊆⊕ℑ  

 ∪⊕∅∉ ⊂ ⊂∉⋅⊃ ∈∩ 

Λ ( Θ ) = δ Θ 
� − χ Θ 

� − β Θ 
� (�) 

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

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

 ∪⊕ ⊕ ℑ ⊂  ∠ℑ ℘ ⊕� ∞∇∈ �� ∪ℑ  ℑ∈⊗ ∉∈⊂∧ ∪ℑ  ⋅∉ 

⊄⊃ ∈⊗  ⊕ ℑ  ∉∈ℑℜ ⊂⊕∅∉⊆ 

Λ ( Θ ) = δ Θ 
� − β Θ 

� (�) 

ℑ∈⊗  Λ ( Θ ) = δ Θ 
� − χ Θ 

� − β Θ 
� (�) 

♥ ⊃ ⊕ ℑ  ∧  ∉  ⊕ ⊕ ∪ℑ ∞∇∈ �� ∪ℑ  ⋅∉ ℘ ∉⊆2 

∠ ⊕∈⊗ ⊃ ∉∏   ℑ  ⊕  Θ = ? ( β/ δ) 
�/ � 

, ℑ  ∪ ⊃  ⊃⊆⊕ 

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

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

 ∉ ∪ℑ√⊕ ∧⊆⊆⊕   ⊃ ℘ ℑ ⊂℘  ℑ ℘ ⊄� 

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

Ξ � = Θ 
� − � Β( Τ) Θ (�) 

ℑ∈⊗ 

Ξ � = Θ 
� 
− � Χ( Τ) Θ 

� 
− � Β( Τ) Θ (�) 

°∏ ∞∇∈ � � ℑ∈⊗ ∞∇∈ � �  ⊕  ∠ ⊕ ℘  ⊃ √⊕ ⊂∧ ⊃ ∈ ∉ ∞∇∈ � � � 

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

⊕¬∠  ⊕   ⊕⊗⊃ ∈ ⊗ ⊃  ⊂∉℘ ℑ  ⊃ ∉∈ ⊗ ⊕∈ ⊃  ∧ Θ ( ξ , ψ , τ) , ⊃� 
⊕� 

5 Θ 
5 τ = ♦( ∆ ♦ Θ ) − 

� Β( Τ) Θ + Θ 
� (��) 

ℑ∈⊗ 
5 Θ 
5 τ = ♦( ∆ ♦ Θ ) − 

� Β( Τ) Θ− 
� Χ( Τ) Θ 

� + Θ 
� 

(��) 

′∉ ∪ ∉∅  ∪⊕⊆ ℑ  ⊕ ∈∉∈⊂ ⊃ ∈⊕ ℑ ⊗ ⊃ ∅ ∅∏  ⊃ ∉∈2 ⊕ ℑ ℘ 2 
 ⊃ ∉∈ ∧∠ ⊕⊗ ∧∈ℑ⊆⊃ ℘⊕ ∇∏ ℑ  ⊃ ∉∈�← ⊕  Θ = Θ ι + Θµ , 
 ∪⊕∈ ∠∏  ⊃  ⊃ ∈ ∉ ∞∇∈ � �� �ℑ ℘ ℘ ∉ ⊗ ⊃ ∈∩ ∉ ∪⊕⊗∏ ℑ ⊂ ⊃  ∧ 

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

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

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

5 Θ ι 
5 τ = ♦( ∆ ι ♦ Θ ι ) + γ� ( Θ ι ) −

   � Β( Τ) Θ ι + ΘµΘ 
� 
ι 

5 Θµ 
5 τ = ♦( ∆ µ ♦ Θµ ) + 

� Β( Τ) Θ ι −

   ΘµΘ 
� 
ι 

(��) 

⋅∪⊕  ⊕ 

γ� ( Θ ι ) = Θ 
� 
ι + Θ ιΘ 

� 
µ (��) 

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

℘ ℑ∏  ⊕⊗ℜ∧  ∪⊕ ⊕  ⊕∈ ⊃ ∉∈ ∉∅ ∪⊕ ⊗ ⊃  ⊂∉℘ ℑ  ⊃ ∉∈ ⊃ ∈℘  ⊕ 2 
⊆⊕∈� ×∪⊕ ⊆∉⊗ ⊕ ⊂�� ⊃ ℘ ℑ ⊂ ⊂⊕⊗ • ℑ ⊂∩  ℑ⊕ ∅ 2ϒ⊃ ∅ℑ∈ ⊃  . 
⊗ ⊃ ∅ ∅∏  ⊃ ∉∈2 ⊕ ℑ ℘  ⊃ ∉∈ ∧∠⊕⊗∧∈ℑ⊆⊃ ℘⊕∇∏ ℑ  ⊃ ∉∈ ≈ � � 

ƒ ∉⊆ ∞∇∈� �� � ⋅⊕℘ ℑ∈ ℑ ⊂ ∉ ∉ℜ  ℑ ⊃ ∈ 
5 Θ ι 
5 τ = ♦( ∆ ι ♦ Θ ι ) + γ� ( Θ ι ) − 

� Β( Τ) Θ ι −

   � Χ( Τ) ΘµΘ ι + ΘµΘ 
� 
ι 

5 Θµ 
5 τ = ♦( ∆ µ ♦ Θµ ) + 

� Β( Τ) Θ ι +

   � Χ( Τ) ΘµΘ ι − ΘµΘ 
� 
ι 

(��) 

⋅∪⊕  ⊕ 

γ� ( Θ ι ) = Θ 
� 
ι + Θ 

� 
µΘ ι − 

� Χ( Τ) Θ 
� 
ι (��) 

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

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

2 .3  ∆ισχυσσ ιον αβουτ προπερτιεσ οφ µ οδελσ 

♥ℑ∠∠⊕ ℑ   ⋅∉⊄ ⊃ ∈⊗ ∉∅∈∉∈⊂ ⊃ ∈⊕ ℑ ⊕√∉ ⊂∏  ⊃ ∉∈ℑ ⊂ 

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

�� ℑ∈⊗�� ∩ ⊃ √⊕∈⊃ ∈ ∪⊕ℑℜ ∉√⊕ ⊕ ℘  ⊃ ∉∈ �∈∉⋅ ⊂⊕ ∏  

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

′ℑ  ⊕⊗∉∈  ∪⊕ ∩ ⊕∈⊕  ℑ ⊂ ∠  ⊃ ∈℘ ⊃ ∠ ⊂⊕ ∉∅  ∪⊕⊂⊕ ℑ   

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

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

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

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

Ξ � − Ξ � = − 
� Χ( Τ) Θ 

� < � (��) 

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

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

⊕√∉ ⊂∏  ⊃ ∉∈ ∉∅⊗ ⊃  ⊂∉℘ ℑ  ⊃ ∉∈ ⊗ ⊕∈ ⊃  ∧ � 

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

�� ⊃  ∪⊕ ⊕  ∏ ⊂ ∉∅⊂∉ ⊃ ∈∩  ℑℜ ⊃ ⊂ ⊃  ∧ � ∪ℑ  ⊃ � � Χ( Τ) 
= �) ∉∅  ∪⊕ ℑℜ∉√⊕ ⊆∉⊗ ⊕ ⊂.    ∏ ℘  ∏  ⊕� ♥∈  ∪ ⊃  

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

 ∪ℑ   ∪⊕∠ ℑ  ℑ⊆⊕  ⊕  β , χ , δ , ∉ � Β( Τ) , � Χ( Τ) , 
∩ ⊃ √⊕∈⊃ ∈ ∪⊕ℑℜ∉√⊕ ⊕ ℘  ⊃ ∉∈  ∪∉∏ ⊂⊗ℜ ⊕ 

Λ = Λ ( Θ , Ε , Τ) (��) 

 ∉ ∪ℑ ⋅⊕℘ ℑ∈ ∉ℜ  ℑ ⊃ ∈ 

# � � � # ∂ ∉ ⊂1�  λ 1�      ⁄ ⊃  ⊂∉℘ ℑ  ⊃ ∉∈ ⊕ √∉ ⊂∏  ⊃ ∉∈ ⋅⊃  ∪ ∪⊕ ∉ ⊂∉∩ ⊃ ℘ ℑ ⊂∅∉⊆⊃ ∈∩∉∅ ⊆⊕  ℑ ⊂



β = β(Ε , Τ) 
χ = χ(Ε , Τ) 
δ = δ(Ε , Τ) 

(��) 

� Β = � Β(Ε , Τ) 
� Χ = � Χ(Ε , Τ) 

(��) 

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

 ⊕ ℑ ⊂ ⊂∧ ⊗ ⊕ ∠ ⊕∈⊗ ⊕∈∉∈ ∪⊕∅∏∈℘  ⊃ ∉∈∉∅   ℑ ⊃ ∈ Εℑ∈⊗ 
 ⊕⊆∠⊕  ℑ  ∏  ⊕ Τ . ∞∇∈ � �� ℑ∈⊗ ∪⊕∅∉⊆∏ ⊂ℑ⊕ℜ ⊕ ⊂∉⋅ 

ε = ε(Ε , Τ , θΑ ) 

Ρ = Ρ(Ε , Τ , θΑ ) 
(��) 

∪ℑ√⊕ ∪⊕ ℑ⊆⊕∅∉⊆ ≈�� � ⋅∪ ⊃ ⊂ ∞∇∈ ��� ⊃  ∪⊕ 

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

   ⊕  ⊗ ⊃  ℘ ∏   ⊕⊗⊃ ∈  ∪⊕⊃⊆ℑ∩ ⊃ ∈ℑ  ∧ Ε Τ 
θ 
  ℑ  ⊕ ∠ ℑ ℘ ⊕ 

∉∈ ∪⊕⊃ ∈ ⊕  ∈ℑ ⊂ √ℑ  ⊃ ℑℜ ⊂⊕ ∪⊕ ∉ ∧ �∪⊕∈℘ ⊕ ∪⊕ ⊆⊕ ℑ∈2 
⊃ ∈∩ ∉∅ Θ ℑ∈⊗ θΑ (Α = � , � , , , ν) ⊆∏  ℜ ⊕ ∪⊕ 

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

⊗ ⊃  ⊂∉℘ ℑ  ⊃ ∉∈ ⊗ ⊕∈ ⊃  ∧ Θ ⊃ ∈ ∉  ∪⊕ ℘ ∪ℑ∈∩ ⊕⊆⊕∈∉∅ ν 

⊃ ∈⊗ ⊕ ∠ ⊕∈⊗ ⊕∈⊃ ∈ ⊕  ∈ℑ ⊂ √ℑ  ⊃ ℑℜ ⊂⊕  θΑ . ×∪⊕  ∠ ⊕ ℘ ⊃ ∅ ⊃ ℘ 

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

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

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

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

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

3  ΕΞΠΕΡΙΜΕΝΤΑΛ Ρ ΕΣΕΑΡ ΧΗ 

3 .1  ∆ισ λοχατιον ρεσεαρχη 

♥∪ℑ ℜ ⊕ ⊕∈ ∠ ∉ ⊃ ∈ ⊕⊗∉∏   ∪ℑ   ∪⊕⊗ ⊕ ∅∉⊆ℑ  ⊃ ∉∈ 

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

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

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

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

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

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

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

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

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

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

 ∪∉⋅∈⊃ ∈ ƒ⊃ ∩� � � 

Φ ιγ .1  ⁄⊃  ⊂∉℘ ℑ  ⊃ ∉∈ ∠ ⊃ ⊂ ⊃ ∈∩ 2∏∠ ℘ ∪⊕⊆⊕ 

♥ ⊃ ∈∉⊗ ⊃ ∅ ∅ ⊃ ℘ ∏ ⊂  ∉ ∉ℜ  ℑ ⊃ ∈ ≈�� 

Σ = ΝΣ � (��) 

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

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

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

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

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

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

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

⊃⊆∠  ∉∠ ⊕  ⊕⊆∠ ⊕  ℑ  ∏  ⊕��� ε �⁄ ⊃  ⊂∉℘ ℑ  ⊃ ∉∈ ∠ ⊃ ⊂ ⊃ ∈∩  

ℑ∈⊗ ⊆⊃ ℘  ∉2℘  ℑ℘ ⊄ ∏  ∏ ℑ ⊂ ⊂∧ ∉℘ ℘ ∏  ∉∈  ∪⊕ ℘  ∧  ℑ ⊂ 

ℜ∉∏∈⊗ ℑ  ∧ ℑ  ∪∉⋅∈ ⊃ ∈ ƒ⊃ ∩�� � ∪∏ ⊃ ⊃ ⊕ ℑ  ∧  ∉ 

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

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

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

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

⊆∉√⊕� ⊆ℑ⊄⊕  ∪⊕ ⊗ ⊕ ∅∉⊆ℑ  ⊃ ∉∈ ⊕¬ ⊕∈⊗ ∅  ∉⊆ ∉∈⊕ 

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

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

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

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

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

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



Φ ιγ .2  ↑⊃ ℘  ∉∩  ℑ∠∪∧ ∉∅ ×⊃ 2�ϒ⊂ 2�∂ ℑ ⊂ ⊂∉∧ 

   ⊕  ℜ∧  ⊕⊆∠ ⊕  ℑ  ∏  ⊕ℑ∈⊗   ℑ ⊃ ∈  ℑ  ⊕� 

3 .2  Εφφεχτ ον ρηεολογιχαλ σ τρεσσ βψ τεµ περα2 
τυρε ανδ στραιν ρατε [ 13 , 14] 

• ⊕℘ ∉∈⊗∏ ℘  ⊕⊗ ∪⊕⊕¬∠ ⊕  ⊃ ⊆⊕∈∉∈ ℑ ⊂∏⊆⊃ ∈∏⊆ 

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

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

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

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

 ∠ ⊕ ⊕⊗ℑ∈⊗ ⊗ ⊃ ∅ ∅⊕  ⊕∈⊗  ℑ⋅⊃ ∈∩    ℑ ⊃ ∈  ℑ  ⊕�♥∈  ∪⊕ 

∅∉⊆∏ ⊂ℑ Ρ = Κ ⇔Ε Μ , Κ⊃ ℑ ⊆ℑ  ⊕  ⊃ ℑ ⊂℘ ∉∈  ℑ∈� ⋅⊕ 

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

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

3 .3  Τεστ οφ προδυχτσ προπερτιεσ

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

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

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

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

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

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

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

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

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

ℜ ⊕ ∅∉ ⊕⊗ ⊕ ∅∉⊆ℑ  ⊃ ∉∈  ∪⊕ ⊆ℑ  ⊕  ⊃ ℑ ⊂⊃ ∈⊕ ⊕⊗ ⊂⊕℘ ∉∈  ⊃ 2 
 ∏  ⊃ ∉∈ ∉∅ Α + Β ,  ∪⊕∪∏ℜ∠ ℑ  ⋅⊃  ∪⊂ℑ  ∩ ⊕ ⊗ ⊕ ∅∉ 2 
⊆ℑ  ⊃ ∉∈  ∪∉⋅⊕ ∇∏ ⊃ ℑ¬ ⊃ ℑ ⊂  ℑ∈ ∅∉⊆⊕⊗℘ ∉∈  ⊃  ∏  ⊃ ∉∈ 

∉∅ Α + Β , ℑ∈⊗ ∉⊆⊕ ∈⊕⋅ ⊕¬ ⊕∈⊗ ⊕⊗ Α⊂⊕   ∪ℑ∈ 

� � � ⊆⊆ ⊃ ∈ ⊂⊕∈∩  ∪� ×∪⊕ √ℑ∈⊕ ∠ℑ   ⋅⊃  ∪  ∪⊕ 

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

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

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

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

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

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

 ∉⊆⊕⊃ ∈ ⊕  ∈ℑ ⊂℘  ℑ ℘ ⊄�⊆ℑ  ∪⊕ ℘  ∧  ℑ ⊂� ∪⊕  ⊕ ∅∉ ⊕ 

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

ℜ ⊕ ⊕∈ ⊃ ⊆∠  ∉√⊕⊗� ×ℑℜ ⊂⊕ � ℑ∈⊗ ×ℑℜ ⊂⊕ � ∩ ⊃ √⊕  ∪⊕ 

 ⊕   ⊕  ∏ ⊂  ∉∅ ×⊃ 2�ϒ⊂ 2�∂ ℑ ⊂ ⊂∉∧ ∠  ∉⊗∏ ℘ ℑ  ∉⊆⊕ 

⊕¬ℑ⊆∠ ⊂⊕ � 

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

∠ℑ    ⋅⊃  ∪  ∪ ⊃ ∈ ⋅ℑ ⊂ ⊂ ℑ∈⊗ ∪ ⊃ ∩∪  ⊃ ℜ � ×∪⊕ ∠ ℑ    

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

Φ ιγ .3  ↑ℑ  ⊕  ⊃ ℑ ⊂ ⊆⊃ ℘  ∉∩  ℑ∠∪ ⊃ ⊕ ∉∅ ×⊃ 2�ϒ⊂ 2�∂ ℑ ⊂ ⊂∉∧⊃⊆∠⊕ ⊂ ⊂⊕  
⊆ℑ⊗ ⊕ℜ∧  ∪⊕ ∉ ⊂∉∩ ⊃ ℘ ℑ ⊂∅∉⊆⊃ ∈∩ ⊆⊕  ∪∉⊗ 

�ℑ � ) ″ ℑ⋅ ⊆ℑ  ⊕  ⊃ ℑ ⊂��ℜ � ) ♦∏ ℜ∠ ℑ   ��℘ � ) ∂ ℑ∈⊕∠ ℑ   

# � � � # ∂ ∉ ⊂1�  λ 1�      ⁄ ⊃  ⊂∉℘ ℑ  ⊃ ∉∈ ⊕ √∉ ⊂∏  ⊃ ∉∈ ⋅⊃  ∪ ∪⊕ ∉ ⊂∉∩ ⊃ ℘ ℑ ⊂∅∉⊆⊃ ∈∩∉∅ ⊆⊕  ℑ ⊂



Ταβλε 1  ″ ∉∉⊆  ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ⊕   ⊕  ∏ ⊂   ��� ε � 
×⊕   ⊃  ⊕⊆ Ρ ℜ � ↑ °ℑ Ρ � � � � ↑ °ℑ ∆� � Ω � � 

° ⊕  ℘  ⊃ ℜ ⊕ ⊗ 
⊗ ℑ  ℑ ∴��� � �� ∴��� � �� ∴� � �� ∴�� � �� 

×⊕  ⊗ ℑ  ℑ � ��� � �� � ��� � �� �� � �� �� � �� 

♥⊆∠  ∉√⊕ ⊗ 
 ℑ  ⊃ ∉� � 

��� � �� ��� � �� ��� � �� ��� � �� 

Ταβλε 2  ♦⊃ ∩∪ ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ⊕   ⊕  ∏ ⊂   ���� ε � 
×⊕   ⊃  ⊕⊆ Ρ ℜ � ↑ °ℑ Ρ � � � � ↑ °ℑ ∆� � Ω � � 

° ⊕  ℘  ⊃ ℜ ⊕ ⊗ 

⊗ ℑ  ℑ 
∴��� � �� ∴��� � �� ∴� � �� ∴�� � �� 

×⊕  ⊗ ℑ  ℑ ��� � �� ��� � �� �� � �� �� � �� 

♥⊆∠  ∉√⊕ ⊗ 

 ℑ  ⊃ ∉� � 
��� � �� ��� � �� ��� � �� ��� � �� 

∠ ⊂ℑ   ⊃ ℘ ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ℑ ⊂ ⊂∉∧ ⊆ℑ  ⊕  ⊃ ℑ ⊂ � ←≠�� � ℜ ∧ 

 ∪⊕ ⊆∉ 2 ∪⊕ ∉ ⊂∉∩ ⊃ ℘ ℑ ⊂ ℘  ⊕ ⊕∠ ∅∉⊆⊃ ∈∩ ⊆⊕  ∪∉⊗� ×∪⊕ 

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

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

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

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

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

Φ ιγ .4  ↑ℑ  ⊕  ⊃ ℑ ⊂ ⊆⊃ ℘  ∉∩  ℑ∠∪ ⊃ ⊕ ∉∅ 

ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ℑ ⊂ ⊂∉∧ ⊆ℑ  ⊕  ⊃ ℑ ⊂ �←≠��� 
�ℑ � ) ×∪ ⊃ ℘ ⊄ ℑ∈⊗⊂ℑ  ∩ ⊕℘  ∉  2 ⊕ ℘  ⊃ ∉∈ � 

�ℜ� ) ↑ ⊕ ⊕  ⊃ ∈∩∠ ⊂ℑ ℘ ⊕∉ ∅ ∪ ⊃ ℘ ⊄ℑ∈⊗ ∪ ⊃ ∈ ℘  ∉  2 ⊕ ℘  ⊃ ∉∈ 

 ∪ ⊃ ∈∈⊕  ℑ  ⊕ ℑ⊃ ∉∈⊂∧ � ⊆⊆  ∪ ⊃ ℘ ⊄�ℜ∏ ℑℜ ∉∏ ��� 

⊆⊆ ∪ ⊃ ∩∪ 
≈�� � ϒ ⋅⊕ ℑ⊗ ∉∠  ⊕⊗ ℑ ∈⊕⋅ ⊆⊕  ∪∉⊗ ∉∅ 

 ∪⊕ ⊆∉ 2 ∪⊕ ∉ ⊂∉∩ ⊃ ℘ ℑ ⊂ ℘  ⊕ ⊕∠ ∅∉⊆⊃ ∈∩  ⊕ ℘ ∪∈⊃ ∇∏ ⊕� 

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

⊆ℑ  ⊕  ⊃ ℑ ⊂ℑ   ∪⊕ ℑ⊆⊕ ⊃⊆⊕�⋅⊕ℑ  ⊕ℑℜ ⊂⊕ ∉∠  ⊕√⊕∈ 

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

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

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

∇∏ ℑ ⊂ ⊃  ∧ ℑ  ∪⊕  ℑ∈ ⊃  ⊃ ∉∈ℑ ⊂ℑ  ⊕ ℑ∪ℑ ℜ ⊕ ⊕∈ ⊕∈ ∏  ⊕⊗� 

Ρ ΕΦΕΡ ΕΝΧΕΣ 

�  ← ∏ ∉ ≠ ≥ ℑ∈⊗ • ℑ∈∩ ≤ �♥∈ �÷∏′ ≠ ετ αλ⊕ ⊗ �♥∈≤∉∈∅ 

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

∞∈∩ ⊃ ∈⊕ ⊕  ⊃ ∈∩ ↑ℑ  ⊕  ⊃ ℑ ⊂ � ′⊕ ⊃ ⊇ ⊃ ∈∩� ♥∈ ⊕  ϒ℘ ℑ °∏ ℜ� 

���� ���� ∗ ��� � 
�  ⁄∉∈∩ ←↔� ƒ ℑ ℘  ℑ ⊂ ⁄∧∈ℑ⊆⊃ ℘ � ≥∪ ⊕ ∈∧ℑ∈∩� ← ⊃ ℑ ∉ → ⊃ ∈∩ 

≥℘ ⊃ � ×⊕ ℘ ∪ ° ⊕  ����� � 

�  ϒ⊃ ⊗ ℑ ↔ℑ∈⊗ ⁄∉⊆⊃ ∈⊃ ℘♣ ′ ∞ � ϒ ♣ℑ∏ ∩ ⊕ ×∪⊕ ∉ ∧ ∉ ∅ ⁄ ⊃  2 
⊂∉℘ ℑ  ⊃ ∉∈ ℑ∈⊗ ⁄ ⊃  ℘ ⊂ ⊃ ∈ℑ  ⊃ ∉∈ �′⊕  ⊂ ⊃ ∈ �≥∠  ⊃ ∈∩ ⊕ ����� � 

�  • ℑ∈∩ ″ �♠ ↑⊕ ℘ ∪ � ° ℑ ℘����� ��� �� ∗ � � 
�  ⁄ℑ √⊃ ⊗ ←♦ �♠ ϒ∠∠ ⊂ °∪∧����� ��� ����� ∗ ���� � 
�  • ⊃ ⊂  ⊗ ∉ ∅ ⁄ ↔� ↑ℑ  ⊕ ≥℘ ⊃∞∈∩����� ��� ���� ∗ ��� � 
�  ↔  ℑ  ∉℘ ∪√⊃ ⊂ ♠� ″ ⊕ √⊃ ⊕⋅ °∪∧ ϒ∠∠ ⊂� ���� � �� � ��� ∗ 

��� � 

�  ⁄ℑ∈⊃ ⊕ ⊂ • ℑ∈⊗ ∞⊂ ⊃ ℑ  ≤ ϒ �♥∈♠ ∞∈∩ ≥℘ ⊃����� ��� � 

���� ∗ ���� � 
� → ⊃ ℘ ∉ ⊂ ⊃  ♣ ℑ∈⊗ ° ⊃ ∩ ∉∩ ⊃ ∈⊕ ♥� ≥⊕ ⊂ ∅ 2↓ ∩ ℑ∈⊃ ∨ℑ  ⊃ ∉∈ ⊃ ∈ 

→ ∉∈⊕ ∇∏ ⊃ ⊂ ⊃ ℜ  ⊃ ∏⊆ ≥∧  ⊕⊆� → ⊕⋅ ≠∉ ⊄�♠ ∉∪∈ • ⊃ ⊂⊕ ∧ � 

≥∉∈����� � 

��  ← ∏ ∉ ≠ ≥ �♠ ÷⊃ ℑ∈∩  ℑ∈ ∝∈⊃ √ ����� ��� ���� ∗ ��� � 
��  ← ∏ ∉ ≠ ≥ �← ∏ ∉ ↔ • ℑ∈⊗≡∪ ∉∏♠° �♠ ∉∏  ∈ℑ ⊂∉ ∅ ♦∏∈ℑ∈ 

∝∈⊃ √⊕   ⊃  ∧ ����� ��� ��� ∗ ��� � 
��  ≥∪ ⊃⁄ ↔� ⁄ ⊃  ⊂∉℘ ℑ  ⊃ ∉∈ ℑ∈⊗ ↑ ℑ  ⊕  ⊃ ℑ ⊂ ≥  ⊕ ∈∩  ∪� ÷⊃ χℑ∈ � 

÷⊃ χℑ∈ ♠ ⊃ ℑ ∉  ∉∈∩ ∝∈⊃ √ ° ⊕  ����� � 

��  ← ∏ ∉ ≠ ≥ ℑ∈⊗ ×∉ ∪ ⊃ ∪ ⊃ ⊄∉ ↑ � ƒ∉ ∩ ≥ ℑ⊆∠ ×⊕ ℘ ∪∈ � 

���� ��� ��� ∗ �� � 
��  ← ⊃ ∏ ≤ ←�≡∪ ℑ∈∩ ° ℑ∈⊗°ℑ∈ ≠∉∈∩� × ℑ∈→ ∉∈∅ ⊕   ∉∏  

↑⊕ ≥∉℘∉ ∅ ≤∪ ⊃ ∈ℑ����� �� ��� ∗ �� � 
��  ← ∏ ∉ ≠ ≥ ℑ∈⊗ ← ∏ ∉ ≡ ♦ � ♦∉ • ∉ ⊄ ⊃ ∈∩ ×⊕ ℘ ∪����� � 

��� ��� ∗ �� � 

(Ειδτεδ βψ Ηυανγ ϑινσονγ) 

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


