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

Εφφεχτσ οφ τεχηνολογιχαλ παραµετερσ ον µιχροστρυχτυρεσ ανδ 

προπερτιεσ οφ ιν σ ιτυ ΤιΧ π / Φε χοµ ποσ ιτεσ 
≠ 

≠ ϒ → ≠∉∏ 2⋅⊕ ⊃ �严有为� � � • ∞♥ ′∉ 2⊄ℑ∈∩�魏伯康� � � 

ƒ ∝ ≡∪⊕∈∩ 2∧⊃ �傅正义� � �← ♥→ ♦ℑ∈2 ∉∈∩�林汉同� � � ≠ ∝ϒ→ ″ ∏∈2∨∪ℑ∈∩�袁润章� � 

1 . Στατε Κεψ Λαβορατορψ οφ Αδϖανχεδ Τεχηνολογψ φορ Ματεριαλ σ Σψντηεσισ ανδ Προχεσσινγ , 

Ωυηαν Υνιϖερσιτψ οφ Τεχηνολογψ , Ωυηαν 430070 , Π . Ρ . Χηινα ; 

2 . Σχηοολ οφ Ματεριαλ σ Σχιενχε ανδ Ενγινεερινγ , Ηυαζηονγ Υνιϖερσιτψ οφ Σχιενχε ανδ Τεχηνολογψ, 

Ωυηαν 430074 , Π . Ρ . Χηινα 

Αβσ τραχτ : ×∪ ⊕⊕ ∅ ∅ ⊕ ℘  ∉ ∅ ∪⊕ ⊕ ℑ ℘  ⊃ √⊕ ⊕⊆∠ ⊕  ℑ  ∏  ⊕� ⊃ ⊆⊕ℑ∈⊗ ∪⊕℘ ∉∉ ⊂ ⊃ ∈∩ ℑ  ⊕∉ ∅ℑ∈ ƒ⊕ 2×⊃ 2≤ ℑ ⊂ ⊂∉∧ ⊆⊕ ⊂ ∉∈ ∪ ⊕ ⊆⊃ ℘  ∉   ∏ ℘ 2 
 ∏  ⊕ ℑ∈⊗ ⊆⊕ ℘ ∪ ℑ∈⊃ ℘ ℑ ⊂ ∠  ∉∠ ⊕   ⊃ ⊕ ∉ ∅⊃ ∈  ⊃  ∏ ×⊃ ≤ ∠ �ƒ⊕℘ ∉⊆∠ ∉ ⊃  ⊕  ⋅⊕  ⊕⊃ ∈√⊕   ⊃ ∩ ℑ  ⊕ ⊗� ×∪ ⊕ ⊕  ∏ ⊂   ∪∉⋅  ∪ ℑ  ∪ ⊕∪ℑ  ⊗∈⊕  ℑ∈⊗ 

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

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

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

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

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

Κεψ ωορδσ: ⊃ ∈  ⊃  ∏ ⊕ ℑ ℘  ⊃ ∉∈ � ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕�∠  ∉∠ ⊕   ∧ � ×⊃ ≤ ∠ �ƒ⊕℘ ∉⊆∠∉ ⊃  ⊕  ∆οχυµεντ χοδε : Α 

1  ΙΝΤΡ Ο∆ΥΧΤΙΟΝ 

×⊃ ≤ ⊃ ⋅⊃ ⊗ ⊕ ⊂∧ ∏  ⊕⊗ℑ ⊃ ∈  ⊃  ∏ ⊕ ⊃ ∈∅∉ ℘ ⊃ ∈∩ ∠ℑ   ⊃ ℘ ⊂⊕ 

⊃ ∈ ⊆⊕  ℑ ⊂ ⊆ℑ   ⊃ ¬ ℘ ∉⊆∠ ∉ ⊃  ⊕  ≈� ∗ � � ℜ ⊕ ℘ ℑ∏  ⊕⊃ ∪ℑ  ∈∉ 

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

ℑ∈⊗⊕¬℘ ⊕ ⊂ ⊂⊕∈℘ ∉  ∉ ⊃ ∉∈  ⊕  ⊃   ℑ∈℘ ⊕�ℜ∏ ℑ ⊂  ∉ ⊆∉ ⊕∈⊕ ∩ 2 
ℑ  ⊃ √⊕  ℑ∈⊗ ℑ  ⊗ ♣⊃ ℜℜ ∅∉⊆ℑ  ⊃ ∉∈ ∅  ⊕ ⊕⊕∈⊕  ∩∧ �♥∈  ⊕ ℘ ⊕∈ 

  ∏⊗ ⊃ ⊕  ≈� ∗ � �∪∉⋅⊕√⊕ � ∪⊕ ℑ⋅ ⊆ℑ  ⊕  ⊃ ℑ ⊂ ∏  ⊕⊗∅∉ ∪⊕ 

 ∧∈ ∪⊕  ⊃ ∉∅ ×⊃ ≤ ∠ℑ   ⊃ ℘ ⊂⊕ ∩ ⊕∈⊕  ℑ ⊂ ⊂∧ ⋅⊕  ⊕ ∪ ⊃ ∩∪ ⊂∧ ∠∏  ⊕ 

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

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

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

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

≈�� � �� ⋅ℑ ⊕ ℑ  ⊂∧ ⊗ ⊕√⊕ ⊂∉∠ ⊕⊗ 

ℜ ∧  ∪⊕ℑ∏  ∪∉ � 

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

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

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

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

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

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

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

⊆⊕  ℑ ⊂ ⊆ℑ   ⊃ ¬� 

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

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

2  ΕΞΠΕΡΙΜΕΝΤΑΛ ΠΡ ΟΧΕ∆ΥΡ Ε 

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

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

×ℑℜ ⊂⊕� �♥∈ ℑ⊗⊗ ⊃  ⊃ ∉∈ � ϒ�   ⊕ ⊕ ⊂��� � ≥⊃ 2ƒ⊕ℑ∈⊗�� � 

↑ ∈2ƒ⊕ ⋅⊕  ⊕ ∏  ⊕⊗ ∉ ℑ⊗ ⊇ ∏   ∪⊕ℑ ⊂ ⊂∉∧ ℘ ∉⊆∠∉ ⊃  ⊃ ∉∈ � ϒ 

ƒ⊕ 2� � � � ×⊃ 2� � � � ≤2� � � � ≥⊃ 2� � � � ↑ ∈ ⊆ℑ   ⊕ ℑ ⊂ ⊂∉∧ � 

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

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

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

⊆⊕ ⊂ ∅  ∉⊆ ∉¬ ⊃ ⊗ ⊃ ∨ℑ  ⊃ ∉∈� • ∪⊕∈  ∪⊕ ⊆⊕ ⊂  ⊕ ℑ ℘  ⊃ √⊕ ⊃ ⊆⊕ 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

≠ Ρεχε ιϖεδ δατε : ♠ ℑ∈ � �� ����� ; αχχεπτεδ δατε : ♠ ℑ∈ � �� �����



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

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

3  Ρ ΕΣΥΛΤΣ ΑΝ∆ ∆ΙΣΧΥΣΣΙΟΝ 

3 .1  Ινφλυενχε οφ ρεαχτιϖετεµ περατυρε 
• ∪⊕∈  ∪⊕ ⊆⊕ ⊂   ⊕ ℑ ℘  ⊃ √⊕  ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ⋅ℑ  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ∪∉⋅∈ ⊃ ∈ ƒ⊃ ∩���ℑ� ⋅⊃  ∪ ∪ℑ  ∪∉⋅∈ ⊃ ∈ ƒ⊃ ∩���ℜ� � 

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

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

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

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

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

 ∪⊕ ⊆⊕ ⊂ ∪ℑ ℜ ℑ  ⊃ ℘ ℑ ⊂ ⊂∧ ℘ ∉⊆∠ ⊂⊕  ⊕⊗�

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

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

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

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

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

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

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

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

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

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

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

3 .2  Ινφλυενχε οφ ρεαχτιϖετιµε 
ƒ⊃ ∩� �  ∪∉⋅ ∪⊕ ∉ ⊂ ⊃ ⊗ ⊃ ∅ ⊃ ⊕⊗ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ∉∅ ∪⊕ 

⊆⊕ ⊂   ⊕ ℑ  ⊕⊗ℑ ���� ε ∅∉⊗ ⊃ ∅ ∅ ⊕  ⊕∈ ⊃⊆⊕∠ ⊕  ⊃ ∉⊗ �♥ 

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

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

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

×⊃ ℑ∈⊗ ≤ ℑ  ∉⊆ ⊃ ∈  ∪⊕ ⊆⊕ ⊂  ∪ℑ⊗ ∈∉℘ ∪ℑ∈℘ ⊕  ∉ 

Ταβλε 1  ≤∪⊕⊆⊃ ℘ ℑ ⊂℘ ∉⊆∠∉ ⊃  ⊃ ∉∈ℑ∈⊗∏  ℑ ∩ ⊕∉∅ ⊆ℑ ⊃ ∈  ℑ⋅ ⊆ℑ  ⊕  ⊃ ℑ ⊂ 

↑ℑ  ⊕  ⊃ ℑ ⊂ ≤∪ ⊕⊆⊃ ℘ ℑ ⊂℘ ∉⊆∠ ∉ ⊃  ⊃ ∉∈ ∝ ℑ∩ ⊕ 

ƒ⊕   ∉ ⊃  ℑ∈⊃ ∏⊆ �� � �� � ×⊃�� � ��� � ≤ �� � ��� � ° �� � ��� � ≥ � ′ℑ ⊂�ƒ⊕ ×∉ ∠  ∉√⊃ ⊗ ⊕ ×⊃ℑ  ∉⊆ 

°⊃ ∩⊃  ∉∈ � � �� � ≤ �� � �� � ≥⊃�� � �� � ↑ ∈ � ° � � � �� � �≥ � � � �� � � ′ℑ ⊂�ƒ⊕ ×∉ ∠  ∉√⊃ ⊗ ⊕ ≤ ℑ  ∉⊆� ⊆ℑ   ⊃ ¬ ∉∅℘ ∉⊆∠∉ ⊃  ⊕  

Φ ιγ .1  ≤ℑ  ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ∉∅ ⊆⊕ ⊂ ℑ ⊗ ⊃ ∅ ∅ ⊕  ⊕∈ ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ∅∉� ⊆⊃ ∈ 
�ℑ� ) � ��� ε ��ℜ� ) � ��� ε ��℘ � ) � ��� ε 

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



Φ ιγ .2  ∞∅ ∅ ⊕ ℘  ∉∅ ⊕ ℑ ℘  ⊃ √⊕ ⊕⊆∠ ⊕  ℑ  ∏  ⊕∉∈ ⊆⊃ ℘ 2 
 ∉   ∏ ℘  ∏  ⊕ �ℑ� ℑ∈⊗∠  ∉∠ ⊕   ⊃ ⊕ �ℜ � ∉∅℘ ∉⊆∠∉ ⊃  ⊕  

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

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

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

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

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

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

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

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

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

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

⊗ ⊕  ⊃  ℑℜ ⊂⊕ ×⊃ ≤ ∠ℑ   ⊃ ℘ ⊂⊕ ⊃ ∈ ∪⊕℘ ∉⊆∠∉ ⊃  ⊕ � ♦∉⋅⊕√⊕ �⊃ ∅ 

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

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

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

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

⊆⊃ ∈� ⊃ ⊂ℑ  ∩⊕  ∪ℑ∈ ∪ℑ  ⊃ ∈ ƒ⊃ ∩� ��ℜ� � ⊕ ℑ ℘  ⊃ √⊕ ⊃ ⊆⊕�� 

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

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

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

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

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

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

℘ ∉⊆∠∉ ⊃  ⊕ �♥℘ ℑ∈ ℜ ⊕ ⊕ ⊕∈  ∪ℑ  ∪⊕  ⊕⊕¬ ⊃   ℑ∈ ∉∠  ⊃ 2 
⊆∏⊆  ⊕ ℑ ℘  ⊃ √⊕ ⊃⊆⊕� ⋅∪ ⊃ ℘ ∪⊃ ℑℜ∉∏ �� ⊆⊃ ∈⊃ ∈ ∪⊕∠  ⊕ 2 
 ⊕∈  ∏⊗ ∧ � • ∪⊕∈  ∪⊕ ⊕ ℑ ℘  ⊃ √⊕ ⊃⊆⊕ ⋅ℑ  ∪∉  ⊕  ∪ℑ∈ 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Φ ιγ .3  ≤ℑ  ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ∉∅ ⊆⊕ ⊂  ⊕ ℑ ℘  ⊕⊗ℑ ���� ε ∅∉⊗ ⊃ ∅ ∅ ⊕  ⊕∈ ⊃⊆⊕∠ ⊕  ⊃ ∉⊗  
�ℑ � ) � ⊆⊃ ∈ ��ℜ � ) �� ⊆⊃ ∈ ��℘ � ) �� ⊆⊃ ∈ 

# � � � # ∂ ∉ ⊂1��  λ 1�       ↑⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ℑ∈⊗∠  ∉∠ ⊕   ⊃ ⊕ ∉∅⊃ ∈  ⊃  ∏ ×⊃ ≤ ∠ �ƒ⊕℘ ∉⊆∠∉ ⊃  ⊕ 



Φ ιγ .4  ∞∅ ∅⊕ ℘  ∉∅ ⊕ ℑ ℘  ⊃ √⊕ ⊃⊆⊕∉∈ ⊆⊃ ℘  ∉ 2 
   ∏ ℘  ∏  ⊕ �ℑ� ℑ∈⊗∠  ∉∠⊕   ⊃ ⊕ �ℜ� ∉∅℘ ∉⊆∠∉ ⊃  ⊕  

⊃ ∅ℑ√∉ ℑℜ ⊂⊕ ∉ ∉ℜ  ℑ ⊃ ∈ ⊆∉ ⊕ℑ∈⊗∅ ⊃ ∈⊕ ×⊃ ≤ ∠ℑ   ⊃ ℘ ⊂⊕ ⊃ ∈ 

 ∪⊕℘ ∉⊆∠∉ ⊃  ⊕ � 

3 .3  Ινφλυενχε οφ χοολινγ ρατε 
ƒ⊃ ∩� �  ∪∉⋅ ∪ ⊕ ⊕℘  ∉  ⊕ ℘  ⊃ ∉∈ℑ ⊂ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕  

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

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

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

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

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

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

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

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

 ∪⊕℘ ℑ   ⊃ ∈∩  ⋅⊃ ⊂ ⊂ ∪ℑ√⊕⊂ ⊃   ⊂⊕℘ ∪ℑ∈∩ ⊕ � ×∪ ⊃  ⊕  ∏ ⊂ ℘ ℑ∈ 

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

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

∩  ⊕ ℑ √ℑ  ⊃ ℑ  ⊃ ∉∈ ⊃ ∈ ℘ ∉∉ ⊂ ⊃ ∈∩  ℑ  ⊕ ℘ ℑ∈  ⊕  ∏ ⊂ ⊃ ∈  ∉⊆⊕ 

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

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

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

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

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

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

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

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

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

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

∠ℑ   ⊃ ℘ ⊂⊕ ∩  ∉⋅⊃ ∈∩�ℑ  ∪∉⋅∈ ⊃ ∈ ƒ⊃ ∩� ��ℑ� � ♦∉⋅⊕√⊕ � 

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

 ∪⊕ ×⊃ℑ∈⊗≤ ℑ  ∉⊆ ⊕⊆ℑ ⊃ ∈⊕⊗⊃ ∈ ∪⊕ ⊆⊕ ⊂ ⊗ ⊃ ⊗∈∉∪ℑ√⊕ 

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

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

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

ℑ∈⊗ ≤ ℑ  ∉⊆⊃ ∈ ∉  ∪⊕  ⊕⊆ℑ ⊃ ∈⊕⊗ ⊂ ⊃ ∇∏ ⊃ ⊗ ∠∪ℑ  ⊕ ℑ  ∪⊕ 

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

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

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

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

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

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

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

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

Φ ιγ .5  ↑⊃ ℘  ∉   ∏ ℘  ∏  ⊕  ⋅⊃  ∪⊗ ⊃ ∅ ∅ ⊕  ⊕∈⋅ℑ ⊂ ⊂ ∪ ⊃ ℘ ⊄∈⊕   ⊕ ⊃ ∈   ⊕ ∠∠ ⊕⊗ ∠ ⊕ ℘ ⊃ ⊆⊕∈ 
�ℑ � ) �� ⊆⊆ ��ℜ � ) �� ⊆ ⊆ ��℘ � ) � ⊆ ⊆ 

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



 ∪⊕℘ ∉⊆∠∉ ⊃  ⊕ � 

�  ΧΟΝΧΛΥΣΙΟΝΣ

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

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

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

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

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

⋅∪⊕  ⊕ ℑ  ∪⊕ ⊃ ℑ√⊕  ℑ∩⊕ ⊃ ∨⊕⊃ ⊗ ⊕ ℘  ⊕ ℑ  ⊕⊗� ϒℑ ⊕  ∏ ⊂  � 

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

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

⊆⊕ ⊂  ⊕ ℑ ℘  ⊃ √⊕ ⊕⊆∠ ⊕  ℑ  ∏  ⊕� 

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

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

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

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

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

�� ×∪⊕  ⊕⊕¬ ⊃   ℑ ⊆ℑ  ℘ ∪ ⊃ ∈∩ ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠ ℜ ⊕  ⋅⊕ ⊕∈ 

 ∪⊕ ⊆⊕ ⊂  ⊕ ℑ ℘  ⊃ √⊕ ⊕⊆∠⊕  ℑ  ∏  ⊕ ℑ∈⊗ ⊃ ⊆⊕� ∝∈⊗ ⊕  ∪⊕ 

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

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

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

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

�� ϒ⊂∉∈∩ ℑ  ∪⊕ ×⊃ ≤  ∧∈ ∪⊕  ⊃  ⊕ ℑ℘  ⊃ ∉∈ ⊃ ∈  ∪⊕ 

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

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

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

Ρ ΕΦΕΡ ΕΝΧΕΣ 

≈�  ←∝ • ⊕ ⊃ 2⊇ ⊃ ⊕� ≡ ♦ ϒ→♣ ÷⊃ ℑ ∉ 2∈∉∈∩� ≡ ♦ ϒ→♣ ⁄ ⊃� ⊕ ℑ ⊂� 

×∪⊕ ⊆∉⊗ ∧∈ℑ⊆⊃ ℘ ⊕  ⊕ ℑ  ℘ ∪ ∉∈⊃ ∈2 ⊃  ∏∅ ∉⊆ℑ  ⊃ ∉∈ ∉∅ ×⊃ ′ ℑ∈⊗ 

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

���� ���� ∗ ��� � 

≈�  ≤ ♦∞→♣ ÷⊃ ∏ 2⊂ℑ∈ � °ϒ→ ƒ∏ 2 ∪⊕ ∈∩ ℑ∈⊗ × ϒ→♣ ϒ⊃ 2 ℑ ∉� 

ϒ⊂ � ↓ � 2×⊃ ≤�ϒ⊂⊃ ∈2 ⊃  ∏℘ ∉⊆∠∉  ⊃  ⊕ ∠  ⊕ ∠ ℑ  ⊕ ⊗ ℜ∧ ∪ ⊃ ∩∪ 2 ⊕⊆2 

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

→ ∉∈∅ ⊕   ∉∏  ↑⊕  ℑ ⊂��⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕ � � ���� � ���� � ��� ∗ 
��� � 

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

���� ���ϒ���� ����� ∗ ���� � 
≈�  ≥ℑ∪∉∉∠ ° ℑ∈⊗ ↔ ∉℘ ∨ℑ⊄ ↑ ♠� ↑⊃ ℘  ∉   ∏ ℘  ∏  ⊕ 2∠  ∉∠ ⊕   ∧  ⊕ ⊂ℑ 2 

 ⊃ ∉∈ ∪ ⊃ ∠ ∉ ∅⊃ ∈2 ⊃  ∏ ⊕ ℑ ℘  ⊕ ⊗ ×⊃ ≤�ϒ⊂ 2≤∏ ⊆⊕  ℑ ⊂ ⊆ℑ   ⊃ ¬℘ ∉⊆2 
∠ ∉ ⊃  ⊕ ≈♠  � ↑ ℑ  ⊕ ≥℘ ⊃∞∈∩����� ����ϒ��� ��� ∗ �� � 

≈�  ≤ ∝♥ ≤∪∏ ∈2¬ ⊃ ℑ∈∩ℑ∈⊗ • ∝ ″ ⊕ ∈2⊇ ⊃ ⊕�♥∈2 ⊃  ∏ ϒ⊂→ 2×⊃ ≤ ∠ ℑ  2 
 ⊃ ℘ ∏ ⊂ℑ  ⊕  ⊕ ⊃ ∈∅ ∉ ℘ ⊕ ⊗ℑ ⊂∏⊆⊃ ∈∏⊆ ⊆ℑ   ⊃ ¬℘ ∉⊆∠∉ ⊃  ⊕ ≈♠  �ϒ℘ 2 
 ℑ ↑⊕  ℑ ⊂ ⊂ ≥⊃ ∈⊃ ℘ ℑ� �⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕� � ���� � ����� � ��� ∗ 
��� � 

≈�  • ϒ →♣ ≡⊃ 2⊗ ∉∈∩ ℑ∈⊗ ← ♥ ±⊃ ∈∩ 2℘ ∪∏ ∈ � ↑⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ℑ∈⊗ 

⊆⊕ ℘ ∪ ℑ∈⊃ ℘ ℑ ⊂ ∠  ∉∠ ⊕   ⊃ ⊕  ∉ ∅ ⊃ ∈2 ⊃  ∏ ×⊃ ≤ ∠ ℑ   ⊃ ℘ ∏ ⊂ℑ  ⊕   ⊕ ⊃ ∈2 
∅∉ ℘ ⊕ ⊗ ℑ ⊂∏⊆⊃ ∈∏⊆ ⊆ℑ   ⊃ ¬ ℘ ∉⊆∠∉ ⊃  ⊕  ≈♠ � ϒ℘  ℑ ↑⊕  ℑ ⊂ ⊂ 

≥⊃ ∈⊃ ℘ ℑ��⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕ � ����� ������ ��� ∗ �� � 
≈�  ↑⊃   ℑ ″ � ƒ⊃ ∈⊕ ↑ ∞ ℑ∈⊗ • ⊕ ⊕   ⊆ℑ∈ ♠ ″ � ≤∪ ⊕⊆⊃ ℘ ℑ ⊂ ⊕ ℑ ℘ 2 

 ⊃ ∉∈    ⊕ ∈∩  ∪⊕ ∈⊃ ∈∩ ∉ ∅ ϒ⊂�×⊃ ≤ ↑ ↑ ≤ℜ∧ ⊃  ∉ ∪ ⊕ ⊆ℑ ⊂ ∪⊕ ℑ  

  ⊕ ℑ  ⊆⊕ ∈ℑ ��� ↔ ≈♠ � ♠ ↑ℑ  ⊕  ″ ⊕ � ���� � � ��� � 

���� ∗ ���� � 
≈�  → ∏⊄ℑ⊆⊃× ℑ∈⊗ ƒ⊂⊕⊆⊃ ∈∩  ↑ ≤ �♥∈2 ⊃  ∏ ∧∈ ∪ ⊕  ⊃ ∉ ∅ ×⊃ ≤ 

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

↑⊕  ℑ ⊂ ⊂ ↑ℑ  ⊕ × ℑ∈����� ���ϒ��� ����� ∗ ���� � 
≈�  ≤∪∉ ⊃≠ � ↑ ∏ ⊂ ⊂ ⊃ ∈∩  ↑ � • ⊃ ⊇ ℑℜ  ⊃ ⊂ ⊂⊕ ⊄⊕ ↔�⊕ ℑ ⊂� ƒℑℜ  ⊃ ℘ ℑ  ⊃ ∉∈ 

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

��� ����� ∗ ���� � 
≈��  ≠ ϒ → ≠∉∏ 2⋅⊕ ⊃� • ∞♥ ′∉ 2⊄ℑ∈∩ℑ∈⊗ ← ♥→ ♦ℑ∈2 ∉∈∩� ″ ⊕ 2 

ℑ ℘  ⊃ √⊕℘ ℑ   ⊃ ∈∩ ⊕ ℘ ∪∈⊃ ∇∏ ⊕ ℑ∈⊗ ⊆⊕  ℑ ⊂ ⊆ℑ   ⊃ ¬ ⊃ ∈2 ⊃  ∏℘ ∉⊆2 
∠ ∉ ⊃  ⊕ ≈♠ � ƒ∉∏∈⊗  ∧ � �⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕ � � ���� � �� � �� ∗ 
�� � 

≈��  ≠ ϒ → ≠∉∏ 2⋅⊕ ⊃� • ∞♥ ′∉ 2⊄ℑ∈∩ ℑ∈⊗ ← ♥→ ♦ℑ∈2 ∉∈∩� ϒ 

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

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

⊆⊕  ∪∉⊗ ≈♠ � ↑ ∉⊗ ⊕  ∈ ≤ℑ   ⊃ ∈∩ ♥ ∉∈ � �⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕� � 

���� ����� ���� ∗ ��� � 
≈��  ≠ ϒ → ≠∉∏ 2⋅⊕ ⊃� • ∞♥ ′∉ 2⊄ℑ∈∩ ℑ∈⊗ ← ♥→ ♦ℑ∈2 ∉∈∩� ∞∅ 2 

∅ ⊕ ℘ ∉ ∅℘ ∪ ⊕⊆⊃ ℘ ℑ ⊂℘ ∉⊆∠ ∉ ⊃  ⊃ ∉∈ ∉ ∅ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕ℑ∈⊗∠  ∉∠ 2 
⊕   ∧ ∉ ∅ ⊃ ∈2 ⊃  ∏ ×⊃ ≤ ∠ �ƒ⊕ ℘ ∉⊆∠ ∉ ⊃  ⊕ ≈♠ � ×∪⊕ ≤∪ ⊃ ∈⊕  ⊕ 

♠ ∉∏  ∈ℑ ⊂ ∉ ∅ → ∉∈∅ ⊕   ∉∏  ↑ ⊕  ℑ ⊂ � �⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕� � ���� � � 

��� ���� ∗ ��� � 

(Εδιτεδ βψ ΗΥΑΝΓ ϑιν2σονγ) 

# � � � # ∂ ∉ ⊂1��  λ 1�       ↑⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ℑ∈⊗∠  ∉∠ ⊕   ⊃ ⊕ ∉∅⊃ ∈  ⊃  ∏ ×⊃ ≤ ∠ �ƒ⊕℘ ∉⊆∠∉ ⊃  ⊕ 


