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

Εφφεχτσ οφ γραδιεντ ιντερλαψερ ον ρεσ ιδυαλστρεσσ ανδ 

χραχκινγ ιν ΤιΝ τηιν φιλµσ 
≠ 

±♥ ÷∏ ℑ∈�漆  王睿� �← ♥ ♣⊕ 2∧ℑ∈∩�李戈扬� � 

≥♦♥ ÷⊃ ℑ∉ 2 ∉∈∩�施晓荣� �←Β ÷⊃ ℑ�吕  霞� �← ♥ °⊕∈∩ 2¬ ⊃ ∈∩�李鹏兴� 

Σχηοολοφ Ματεριαλσ Σχιενχε ανδ Ενγινεερινγ , Σηανγηαι ϑιαοτονγ Υνιϖερσιτψ , 

Σηανγηαι 200030 , Π . Ρ . Χηινα 

Αβσ τραχτ : ×∪⊕⊃ ∈∅ ⊂∏ ⊕ ∈℘ ⊕∉ ∅ℑ∩  ℑ⊗ ⊃ ⊕ ∈⊃ ∈ ⊕  ⊂ℑ∧⊕ ∉∈  ∪⊕ ⊕  ⊃ ⊗ ∏ ℑ ⊂   ⊕  ℑ∈⊗℘  ℑ ℘ ⊄ ⊃ ∈∩⊃ ∈ ×⊃ → ∪ ⊃ ∈ ∅ ⊃ ⊂⊆ ⋅ℑ   ∏ ⊗ ⊃ ⊕ ⊗ℑ ℑ 
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 ∪ ⊕ ⊕  ⊃ ⊗∏ ℑ ⊂   ⊕  ⊃ ∈  ∪ ⊃ ∈∅ ⊃ ⊂⊆�♥∈ ×⊃ →∅ ⊃ ⊂⊆� ∪ ⊕  ⊕⊕ ¬ ⊃   ℑ ⊕  ⊃ ⊗ ∏ ℑ ⊂   ⊕  ∉ ∅�� ♣°ℑ�⋅∪ ⊃ ℘ ∪℘ ℑ∈ ℜ ⊕ ⊕⊆ℑ  ⊄ℑℜ ⊂∧ ⊗ ⊕ ℘  ⊕ ℑ  ⊕ ⊗ 

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

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

Κεψ ωορδσ: ×⊃ → ∪ ⊃ ∈ ∅ ⊃ ⊂⊆ � ⊕  ⊃ ⊗ ∏ ℑ ⊂   ⊕  �∩  ℑ⊗ ⊃ ⊕ ∈ ⊃ ∈ ⊕  ⊂ℑ∧⊕ � ∆οχυµεντ χοδε : Α 

1  ΙΝΤΡ Ο∆ΥΧΤΙΟΝ 

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

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

⊃ ℑ  ∩  ⊕ ℑ ℑ  �� ♣°ℑ� ⋅∪ ⊃ ℘ ∪ ⊗ ⊕ ℘  ⊕ ℑ  ⊕  ⊕⊆ℑ  ⊄ℑℜ ⊂∧ 

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

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

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

∏  ⊕⊗ ∉ ⊆⊕ ℑ  ∏  ⊕ ∪⊕ ⊕  ⊃ ⊗∏ ℑ ⊂   ⊕  ⊃ ∈ ×⊃ →∅ ⊃ ⊂⊆�ϒ♥≥♥ 

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

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

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

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

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

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

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

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

2  ΕΞΠΕΡΙΜΕΝΤΑΛ 

2 .1  Σαµ πλε πρεπαρατιον 
×⊃ → �  ℑ ⊃ ∈⊂⊕    ⊕ ⊕ ⊂�ϒ♥≥♥���� ℘ ∉⊆∠∉ ⊃  ⊕ ∧  ⊕⊆ 

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

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

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

ℑ∈⊗ ×⊃ → 2℘ ∉∈ ⊕∈ ⊃ ∈℘  ⊕ ℑ  ⊕⊗∅  ∉⊆ �  ∉ ��� � � ϒ � Λ ⊆ 

 ∪ ⊃ ℘ ⊄ ×⊃ →℘ ∉ℑ  ⊃ ∈∩ ⋅ℑ ⊗ ⊕ ∠∉ ⊃  ⊕⊗∉∈ ∪⊕ ∏  ∅ℑ ℘ ⊕∉∅ ∪⊕ 

∩  ℑ⊗ ⊃ ⊕∈ ⊂ℑ∧⊕ � ϒ∞≥ ∠  ∉∅ ⊃ ⊂⊕ℑ∈ℑ ⊂∧ ⊃ ∉∅∩  ℑ⊗ ⊃ ⊕∈ ⊂ℑ∧⊕   

⊃  ∪∉⋅∈⊃ ∈ ƒ⊃ ∩� � � ×∪⊕∩  ℑ⊗ ⊃ ⊕∈ ⊂ℑ∧⊕ ℑ∈⊗ ×⊃ →℘ ∉ℑ  2 
⊃ ∈∩ ⋅⊕  ⊕∠  ⊕∠ℑ  ⊕⊗ℜ∧ ϒ→≤←∂ ϒ ≥°≤2��� ⊆∏ ⊂  ⊃ 2 ℑ  ∩⊕  

⊆ℑ∩∈⊕  ⊃ ℘ ∠∏   ⊕  ⊃ ∈∩ ∧  ⊕⊆ � ↓∈⊕ ″ ƒ  ℑ  ∩⊕ ⋅ℑ  ×⊃ → 

ℑ∈⊗ ∪⊕∉ ∪⊕ ⋅ℑ   ℑ ⊃ ∈⊂⊕    ⊕ ⊕ ⊂� ×∪⊕∩  ℑ⊗ ⊃ ⊕∈⊂ℑ∧⊕  

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

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

∉∅ ×⊃ →ℑ∈⊗  ℑ ⊃ ∈⊂⊕    ⊕ ⊕ ⊂ ℑ  ∩ ⊕  � 

×∪⊕  ∏ℜ    ℑ  ⊕ ⋅ℑ  ϒ♥≥♥ ���   ℑ ⊃ ∈⊂⊕     ⊕ ⊕ ⊂� 

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

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

��⊕∂ ϒ � ℜ ⊕ ℑ⊆  ∠∏   ⊕  ⊃ ∈∩� πϒ � � ≅ �� 
� � °ℑ⊗∏  ⊃ ∈∩ 

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

⋅ℑ �� ⊆⊆ � ×∪⊕  ∏ℜ    ℑ  ⊕ ∪∉ ⊂⊗ ⊕  ⋅ℑ  ∉ ℑ  ⊕⊗ ℑ ℑ 

 ∠ ⊕ ⊕⊗∉∅�� �⊆⊃ ∈ � 

2 .2  Ρεσ ιδυαλσ τρεσσ µεασυρινγ µετηοδ 

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

∩  ℑ ∨⊃ ∈∩ ⊆⊕  ∪∉⊗�♣ ↑ � ≈� ℑ∈⊗ ∪⊕ ÷2 ℑ∧ ⊕∈ ⊃ ⊂⊕ ⊕   ⊃ ∈∩ 

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

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

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

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

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

×⊃ →℘ ∉ℑ  ⊃ ∈∩∉∈ ∉∈⊕ ⊃ ⊗ ⊕⊃ ⊕¬ ⊕∈⊗ ⊕⊗ℜ∧ ℑ ⊆⊃ ∈⊃ 2 ⊕∈ ⊃ ⊂⊕ 

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

 ℑ⊆⊕ ⊃⊆⊕� ∪⊕⊂ℑ   ⊃ ℘ ⊕ ∠ ℑ ℘ ⊕ δ ηκλ ∠ ℑ  ℑ ⊂ ⊂⊕ ⊂ ∉ ∪⊕ ∏  ∅ ℑ ℘ ⊕ 

∉∅ ∪ ⊃ ∈ ∅ ⊃ ⊂⊆ ⋅ℑ  ⊆⊕ ℑ  ∏  ⊕⊗ ℜ∧ ÷ ″ ⁄� • ∪⊕∈  ∪⊕∅ ⊃ ⊂⊆ 

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

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

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

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

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

Ρεχε ιϖεδ δατε : ↑ ℑ � �� ����� �αχχεπτεδ δατε : ϒ∏ ∩� �� �����



Φ ιγ .1  ϒ∞≥ ∠  ∉ ∅ ⊃ ⊂⊕ℑ∈ℑ ⊂∧ ⊃ ∉∅∩  ℑ⊗ ⊃ ⊕∈ ⊂ℑ∧⊕   

�ℑ� ) • ⊃  ∪∉∏ ∩  ℑ⊗ ⊃ ⊕ ∈ ⊂ℑ∧⊕ ��ℜ � ) • ⊃  ∪ ��� ∈⊆ ∩  ℑ⊗ ⊃ ⊕ ∈ ⊂ℑ∧⊕  

Φ ιγ .2  ≥∠ ⊕ ℘ ⊃⊆⊕∈ ∅∉÷ × × �ℑ� ℑ∈⊗ 

 ℘ ∪⊕⊆ℑ  ⊃ ℘ ⊕∈ ⊃ ⊂⊕℘ ∏  √⊕�ℜ � 

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

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

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

   ⊕   2∅  ⊕ ⊕ ℑ∈⊗ ℑ ∅  ⊕  ⋅ℑ  ⊗ ⊃ ⊄⊕ ⊕ ∠  ℘ ∉∈  ℑ∈ℑ  ∪⊕ 

 ∠ ⊕ ℘ ⊃ ⊆⊕∈ ⊃ ⊕¬ ⊕∈⊗ ⊕⊗℘ ∉∈ ⊃ ∈∏ ∉∏  ⊂∧� ⊕ ⊕ ƒ⊃ ∩���ℜ�� � 

×∪⊕  ⊕ ∅∉ ⊕� ∪⊕ ⊕  ⊃ ⊗∏ ℑ ⊂   ⊕   � Ρ� ⊃ ∈ ∅ ⊃ ⊂⊆℘ ℑ∈ ℜ ⊕⊗ ⊕ 2 
 ⊕ ⊆⊃ ∈⊕⊗ℜ∧ ⊆⊕ ℑ  ∏  ⊃ ∈∩ ∪⊕⊗ ⊃ ∅ ∅ ⊕  ⊕∈℘ ⊕ℜ ⊕  ⋅⊕ ⊕∈ δχ ℑ∈⊗ 
δ � �⊃� ⊕� ∃ δ ηκλ � ⋅∪⊕  ⊕ δχ⊃  ∪⊕⊂ℑ   ⊃ ℘ ⊕ ∠ ℑ℘ ⊕∉∅ ηκλ 

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

   ⊕  ⊃ ∈ ∅ ⊃ ⊂⊆⊃ ℑ∠ ⊂ℑ∈ℑ    ⊕  ℘ ∉∈⊗ ⊃  ⊃ ∉∈ ≈� � ∪⊕∈ 
Ρ ξ � Ρ ψ � Ρ ��� 

 ∉  Ε ζ = − 
Τ 
Ε 
(Ρ ξ + Ρ ψ ) = − 

�Τ
Ε 
Ρ ��� 

∉ Ε ζ = 
δχ − δ � 

δ � 
= 

∃δ ηκλ 
δ � 

��� 

 ∪⊕∈  Ρ = − 
Ε
�Τ # 

δχ − δ � 
δ � 

��� 

⋅∪⊕  ⊕ Ε ℑ∈⊗ Τℑ  ⊕ ∪⊕⊕ ⊂ℑ   ⊃ ℘⊆∉⊗∏ ⊂∏ ℑ∈⊗ ∪⊕°∉ ⊃  2 
 ∉∈  ℑ  ⊃ ∉� ⊕  ∠ ⊕ ℘  ⊃ √⊕ ⊂∧ �♥∅ ∪⊕ ⊕  ⊃ ⊗∏ ℑ ⊂   ⊕   Ρ ψ ⊃ ∈∉ 

 ⊕ ⊂ℑ¬⊕⊗� ∪ℑ  ⊃ � Ρ ξ � � � Ρ ψ Ξ � � ∪⊕⊂ℑ   ⊃ ℘ ⊕ ∠ ℑ℘ ⊕ δ � 
� δ � Ξ δ � � ℑ ∅  ⊕  ∪⊕℘  ℑ ℘ ⊄ ℜ ⊕ ⊃ ∈∩∠  ∉∠ℑ∩ℑ  ⊕⊗℘ ℑ∈ ℜ ⊕⊗ ⊕ 2 

 ⊕ ℘  ⊕⊗�♥∈ ∪ ⊃ ℘ ∉∈⊗ ⊃  ⊃ ∉∈ � 

Ε χ ζ = − 
Τ 
Ε 
Ρ ψ = − 

Τ 
Ε 
Ρ ��� 

ℑ∈⊗ Ε χ ζ = 
δ � − δ � 

δ � 
��� 

 ∪⊕  ⊕ ∅∉ ⊕ Ρ = − 
Ε 
Τ # 

δ � − δ � 
δ � 

��� 

ƒ ∉⊆ ∞∇∈�  ��� ℑ∈⊗��� 

δ � = � δ � − δχ ��� 

 ∏ℜ   ⊃  ∏  ⊕ ∞∇∈� ��� ⊃ ∈ ∉ ∞∇∈ � ��� 

 ∪⊕∈  Ρ = 
Ε 
Τ # 

δχ − δ � 
δχ − � δ � 

��� 

⋅∪⊕  ⊕ Ε � ��� ♣°ℑ ℑ∈⊗ Τ � � �� ≈� � ≥∏ ℜ   ⊃  ∏  ⊕ δχ 
ℑ∈⊗ δ ⊃ ∈ ∉ ∞∇∈ � ��� � Ρ ℘ ℑ∈ ℜ ⊕∉ℜ  ℑ ⊃ ∈⊕⊗� 

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

�ϒ ) ϒ� ∉∅  ∠ ⊕ ℘ ⊃⊆⊕∈ ⋅⊕  ⊕ ∉ℜ  ⊕  √⊕⊗ ℜ∧ ∉∠  ⊃ ℘ ℑ ⊂ ⊆⊃ 2 
℘  ∉ ℘ ∉∠∧ ℑ∈⊗≥∞↑ � ⊕  ∠ ⊕ ℘  ⊃ √⊕ ⊂∧ � 

3  Ρ ΕΣΥΛΤΣ ΑΝ∆ ∆ΙΣΧΥΣΣΙΟΝ 

3 .1  Ρεσ ιδυαλσ τρεσσιν ΤιΝ τηιν φιλµσ 

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

⊆⊕ ℑ∈∉∅ ÷ × × ℑ∈⊗♣ ↑ ⊃ ⊂ ⊃   ⊕⊗⊃ ∈ ×ℑℜ ⊂⊕� ℑ∈⊗ ∪∉⋅∈ 

⊃ ∈ ƒ⊃ ∩� � �♥ ⊃ ∅∉∏∈⊗ ∪ℑ  � 

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

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

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

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

Ταβλε 1  ⁄ℑ  ℑ∉∅ ⊕  ⊃ ⊗∏ ℑ ⊂   ⊕   ⊆⊕ ℑ  ∏  ⊕⊗ 

⊃ ∈ ×⊃ →∅ ⊃ ⊂⊆ 

→ ∉� η ∩ �∈⊆ 
Ρ�♣°ℑ 

♣ ℑ ∨ ⊃ ∈∩ ⊆⊕  ∪∉⊗ ×⊕ ∈ ⊃ ⊂⊕ ⊕   ⊃ ∈∩ 

� � � �� � � � �� � � 

� ��� � � � � � �� � � 

� ��� � �� � � � �� � � 

� ��� � � � � � � � � 

# � � � # ∂ ∉ ⊂1��  λ 1�   ∞∅ ∅ ⊕ ℘  ∉∅∩  ℑ⊗ ⊃ ⊕∈ ⊃ ∈ ⊕  ⊂ℑ∧⊕ ∉∈  ⊕  ⊃ ⊗∏ ℑ ⊂   ⊕  ℑ∈⊗℘  ℑ ℘ ⊄⊃ ∈∩⊃ ∈ ×⊃ → ∪ ⊃ ∈ ∅ ⊃ ⊂⊆



Φ ιγ .3  ∞∅ ∅ ⊕ ℘  ∉∅ ∪ ⊃ ℘ ⊄∈⊕  ∉∅ 

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

∉ℜ  ⊕  √⊕⊗⊃ ∈ ×⊃ ≤�ϒ⊂ ∧  ⊕⊆ ≈� � 

3 . 2  Ρελατιονσηιπ βετωεεν χραχκινγ βεηαϖ ιορ ανδ 

ρεσ ιδυαλσ τρεσσιν φιλµσ 

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

 ∪∉⋅∈⊃ ∈ ƒ⊃ ∩ � � ℑ∈⊗� � 

⁄⊕  ℑ ⊃ ⊂ ℘ ℑ∈ ℜ ⊕∅∉∏∈⊗ℜ∧ ≥∞↑ ∉∈ ℘  ∉  2 ⊕ ℘  ⊃ ∉∈ ∉∅ 

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

℘  ℑ ℘ ⊄⊂∉∉⊄⊂ ⊃ ⊄⊕ℑ / ⊗  ∉∠ ⊂⊕  0 � ⋅∪∉ ⊕ ⊆ℑ¬ ⊃⊆∏⊆ ⋅⊃ ⊗  ∪ 

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

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

×∪⊕℘  ℑ ℘ ⊄⊕¬ ⊕∈⊗ ⊂ ⊃ ⊄⊕ℑ / ⋅⊕⊗ ∩ ⊕ 0  ∉⋅ℑ  ⊗  ∪⊕ ∏  ∅ ℑ ℘ ⊕ 

∉∅ ×⊃ →∅ ⊃ ⊂⊆ �ƒ⊃ ∩� �� � 

×∪⊕ℑℜ∉√⊕∅ℑ ℘  ⊃ ∈⊗ ⊃ ℘ ℑ  ⊕⊗ ∪ℑ  � 

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

⊃ ∈ ⊕  ∅ℑ ℘ ⊕⊗∏  ⊃ ∈∩ ⊕∈ ⊃ ∉∈ �≥⊃ ∈℘ ⊕ ∪⊕⊕¬ ⊕∈ ⊃ ∉∈ ∉∅℘  ℑ ℘ ⊄ 

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

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

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

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

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

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

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

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

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

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

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

 ∪⊕∅ ⊃ ⊂⊆� ×∪⊕⊕√ℑ ⊂∏ ℑ  ⊕⊗ ⊕  ∏ ⊂  ℑ∩  ⊕ ⊕ ⋅⊃  ∪ ∪⊕ ⊆⊕ ℑ 2 
 ∏  ⊕⊗√ℑ ⊂∏ ⊕ � 

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

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

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

Φ ιγ .4  ↑⊃ ℘  ∉∩  ℑ∠∪∉∅ ∏  ∅ℑ ℘ ⊕∉∅ ∠ ⊕ ℘ ⊃ ⊆⊕∈ℑ ∅  ⊕ ⊕¬ ⊕∈ ⊃ ∉∈ 
�ℑ � ) η ∩ � � ��ℜ� ) η ∩ � ��� ∈⊆ ��℘ � ) η ∩ � ��� ∈⊆ ��⊗ � ) η ∩ � ��� ∈⊆ 

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



Φ ιγ .5  ∞∅ ∅⊕ ℘ ∉∅⊃ ∈ ⊕  ⊂ℑ∧⊕  ∪ ⊃ ℘ ⊄∈⊕  ∉∈ 

⊗ ⊕∈ ⊃  ∧ ∉∅℘  ℑ℘ ⊄⊃ ∈ ∅ ⊃ ⊂⊆ 

Φ ιγ .6  ≥∞↑ ⊆∉ ∠∪∉ ⊂∉∩∧ ∉∅ Α ) Α 
 ⊕ ℘  ⊃ ∉∈ ∉∅⊕¬ ⊕∈⊗ ⊕⊗ ∠ ⊕ ℘ ⊃⊆⊕∈ 

Φ ιγ .7  ≥℘ ∪⊕⊆ℑ  ⊃ ℘ ⊕ ∠  ⊕  ⊕∈ ℑ  ⊃ ∉∈ ∉∅   ⊕  ⊗ ⊃    ⊃ ℜ∏  ⊃ ∉∈ 

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

∈∏⊆ℜ ⊕ ∉∅℘  ℑ ℘ ⊄� ×∪∉ ∈ ∉ℑ∈⊗ ♦∉∅ ∅⊆ℑ∈ ≈�� ∠  ∉∠ ∉ ⊕⊗ 

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

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

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

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

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

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

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

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

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

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

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

4  ΧΟΝΧΛΥΣΙΟΝΣ 

�� ϒ  ⊕  ⊃ ⊗∏ ℑ ⊂℘ ∉⊆∠  ⊕   ⊃ ∉∈    ⊕  ��� ♣°ℑ� ⊕¬ ⊃    

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

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

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

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

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

∅ ⊃ ⊂⊆ ∅ℑ ⊃ ⊂∏  ⊕ 2 ⊕  ⊃   ℑ∈℘ ⊕� 

�� ×∪⊕ ÷2 ℑ∧  ⊕∈ ⊃ ⊂⊕  ⊕   ⊃ ∈∩ ⊃  ℑ∈ ⊕ ∅ ∅ ⊕ ℘  ⊃ √⊕ 

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

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

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

Ρ ΕΦΕΡ ΕΝΧΕΣ 

≈�  ″⊃ ℘ ⊄⊕  ℜ∧ ⁄ ≥ �♥∈ ⊕  ∈ℑ ⊂   ⊕  ℑ∈⊗ℑ⊗∪ ⊕  ⊕ ∈℘ ⊕ ∉ ∅ ⊃  ℑ∈⊃ ∏⊆ 

∈⊃   ⊃ ⊗ ⊕℘ ∉ℑ  ⊃ ∈∩ ≈♠  �♠ ∂ ℑ ℘≥℘ ⊃×⊕ ℘ ∪∈∉ ⊂����� � ϒ���� � 

���� ∗ ���� � 
≈�  ±♥ ÷ � • ϒ →♣ ≡ ↑ � ← ♥ ♣ ≠ �⊕ ℑ ⊂� ϒ   ∏ ⊗ ∧ ℑℜ ∉∏  ∪ ⊕ 

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

 ∪ ⊃ ∈∅ ⊃ ⊂⊆ ℜ∧ ∏  ⊃ ∈∩ ÷2 ℑ∧ ∩  ℑ ∨ ⊃ ∈∩ ⊆⊕  ∪∉⊗≈♠  �≥℘  ⊃ ∠  ℑ ↑ ⊕  

∞↑ℑ  ⊕ ����� ������ ���� ∗ ��� � 
≈�  ♣∉⊕ ∪∈⊕ ″ ° ℑ∈⊗ ∞ℑ  ∉∏ ∩∪ ↑ ↓ � ϒ   ∏⊗ ∧ ∉∅∩  ℑ ∨⊃ ∈∩⊃ ∈℘ ⊃ 2 

⊗ ⊕ ∈℘ ⊕℘ ∉∈∅ ⊃ ∩ ∏  ℑ  ⊃ ∉∈ ℑ∈⊗ ∪⊕ ⊃ ⊕ ∅ ∅ ⊕ ℘ ∉∈ ÷2 ℑ∧ ⊗ ⊃ ∅ ∅  ℑ ℘  ⊃ ∉∈ 

⊗ ℑ  ℑ≈♠  � °∉⋅⊗ ⊕ ⁄ ⊃ ∅ ∅  ℑ ℘  ⊃ ∉∈ ����� ����� �� ∗ � � 
≈�  → ∉∧ℑ∈ ♥ ≤ ℑ∈⊗ ≥∪⊕ ⊃ ⊄∪ ♣ � ÷2 ℑ∧  ⊕ ∈ ⊃ ⊂⊕ ⊕   ⊃ ∈∩∉ ∅ ∪ ⊃ ∈ 

∅ ⊃ ⊂⊆≈♠  �♠ ↑ℑ  ⊕ ″ ⊕ ����� ����� ���� ∗ ��� � 
≈�  ← ♥ ♣ ≠ � ≤ ♦ ∞→ ≤ ←� ±♥ ÷ �⊕ ℑ ⊂� ϒ∈ ÷2 ℑ∧ ⊗ ⊃ ∅ ∅  ℑ ℘  ⊃ ∉∈ 

⊆⊕  ∪∉⊗∅ ∉∇∏ ℑ∈ ⊃  ℑ  ⊃ √⊕ ℑ⊗∪⊕  ⊃ ∉∈ ⊆⊕ ℑ  ∏  ⊕⊆⊕ ∈ ∉∅ ∪ ⊃ ∈2 
∪ ℑ  ⊗∅ ⊃ ⊂⊆ ∉∈ ⊆⊕  ℑ ⊂ ⊂ ⊃ ℘ ∏ℜ    ℑ  ⊕ ≈ ϒ � ° ∉℘∉ ∅ ∪ ⊕ �� ∪ 

♥∈ ⊕ ≤∉∈∅∉∈ ∂ℑ ℘ ↑ ⊕  ℑ ⊂ ⊂ ≈≤ ����� �� ���� ∗ ��� � 
≈�  ← ♥ ♣ ≠ � ±♥ ÷ � ≥♦♥ ÷ ″ �⊕ ℑ ⊂�♥∈∅ ⊂∏ ⊕ ∈℘ ⊕ ∉ ∅ ∩  ℑ⊗ ⊃ ⊕ ∈ 

⊂ℑ∧⊕ ∉∈ ×⊃ → ℘ ∉ℑ  ⊃ ∈∩  . ⊃ ∈ ⊕  ∈ℑ ⊂    ⊕   ≈♠ � ƒ∏∈℘  ⊃ ∉∈ℑ ⊂ 

↑ℑ  ⊕  ⊃ ℑ ⊂ ����� ������ � ��� ∗ ��� � 
≈�  °⊕   ∧ ϒ ♠� ∂ℑ ⊂√∉⊗ ℑ ∂ ℑ∈⊗ ″ ℑ ∅ ℑ ⊇ ℑ ⁄� ÷2 ℑ∧ ⊕  ⊃ ⊗ ∏ ℑ ⊂   ⊕   

⊆⊕ ℑ  ∏  ⊕⊆⊕ ∈ ⊃ ∈ ×⊃ →�≡→ℑ∈⊗ ♦∅→∅ ⊃ ⊂⊆∏  ⊃ ∈∩ ∪ ⊕ ≥⊕ ⊕ 2 
⊆ℑ∈∈2′∉∪ ⊂ ⊃ ∈ ⊆⊕  ∪∉⊗≈♠  � ×∪ ⊃ ∈ ≥∉ ⊂ ⊃ ⊗ƒ⊃ ⊂⊆����� ���� � 

��� ∗ ��� � 
≈�  ƒ⊃ ⊂ ⊂ ⊃ ″ ≠ ℑ∈⊗ °⊕   ∧ ϒ ♠� ″ ⊕  ⊃ ⊗ ∏ ℑ ⊂   ⊕  ℑ∈⊗ ÷2 ℑ∧ ⊕ ⊂ℑ  2 

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

�� ���� ∗ ��� � 
≈�  ∞⊂   ∈⊕  ƒ � ∞∪  ⊂ ⊃  ∪ ϒ � ♣⊃ ⊕ ∩ ⊕ ∈∩ ℑ ℘ ⊄ ♦ � ⊕ ℑ ⊂� ≥  ∏ ℘  ∏  ⊕ 

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

⊂∉⋅  ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ∏  ⊃ ∈∩⊗ ⊃  ⊕ ℘ ℘ ∏   ⊕ ∈⊆ℑ∩∈⊕   ∉∈  ∠∏   ⊕  2 
⊃ ∈∩≈♠  �♠ ∂ ℑ ℘≥℘ ⊃×⊕ ℘ ∪∈∉ ⊂����� � ϒ����� ���� ∗ ��� � 

≈��  ×∪∉ ∈ ∉∈ ♠ ϒ ℑ∈⊗ ♦∉ ∅ ∅⊆ℑ∈ ⁄ • � ×∪ ⊃ ∈ ≥∉ ⊂ ⊃ ⊗ ƒ⊃ ⊂⊆� 

���� ������2�� �� �

(Εδιτεδ βψ ΗΥΑΝΓ ϑιν2σονγ) 

# � � � # ∂ ∉ ⊂1��  λ 1�   ∞∅ ∅ ⊕ ℘  ∉∅∩  ℑ⊗ ⊃ ⊕∈ ⊃ ∈ ⊕  ⊂ℑ∧⊕ ∉∈  ⊕  ⊃ ⊗∏ ℑ ⊂   ⊕  ℑ∈⊗℘  ℑ ℘ ⊄⊃ ∈∩⊃ ∈ ×⊃ → ∪ ⊃ ∈ ∅ ⊃ ⊂⊆



Φ ιγ .4  ⁄≥≤ ℘ ∏  √⊕ ∉∅ ⊆⊃ ¬⊕⊗∠∉⋅⊗ ⊕  ℑ ∅  ⊕  

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

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

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

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

≈� � ×∪⊕  ⊕ ℑ  ⊕  ⋅∉ 

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

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

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

ϒ⊂ � ≤ � ⊃ ∈ ∪⊕ ϒ⊂ ⊆ℑ   ⊃ ¬⊃ ∇∏ ⊃  ⊕⊆ℑ ⊂ ⊂�⊃ ∈  ⊕ ⊆∉∅ ∪⊕ 

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

ℑ∈⊗⊄ ⊃ ∈⊕  ⊃ ℘ � 

ϒ ∪⊕∪ℑ  ⊗∈⊕  ∉∅≥⊃ ≤ ∠ ⊃ ∅ℑ ∪ ⊃ ∩∪⊕  ∪ℑ∈ ∪ℑ ∉∅ 

ϒ⊂ 2��≥⊃ℑ ⊂ ⊂∉∧ ∠∉⋅⊗ ⊕ � ℑ ∅  ⊕ ℜ ℑ ⊂ ⊂ ⊆⊃ ⊂ ⊂ ⊃ ∈∩ ∅∉ℑ ⊂∉∈∩ 

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

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

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

∠ ∉⋅⊗ ⊕  � ≥⊕ ℘ ∉∈⊗� ⊃ ∈℘ ⊕ ∪⊕ ⋅⊕   ℑℜ ⊃ ⊂ ⊃  ∧ ℜ ⊕  ⋅⊕ ⊕∈  ∪⊕ 

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

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

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

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

℘ ∉⊆∠∉ ⊃  ⊕  ≈�� � ≤∉∈ ⊃ ⊗ ⊕  ⊃ ∈∩ ∪⊕ ⊕ ∇∏ ⊃ ∠⊆⊕∈℘ ∉∈⊗ ⊃  ⊃ ∉∈ 

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

∅ ℑℜ  ⊃ ℘ ℑ  ⊃ ∉∈ ∉∅ ↑ ↑ ≤ � 

5  ΧΟΝΧΛΥΣΙΟΝΣ 

�� ×∪ ∉∏ ∩∪ ∪ ⊃ ∩∪ 2⊕∈⊕  ∩∧ ℜ ℑ ⊂ ⊂ ⊆⊃ ⊂ ⊂ ⊃ ∈∩�ℜ ∉ ∪ ϒ⊂ 2 

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

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

≥⊃ ≤ ∠ ⋅⊃  ∪∉∏  ⊃ ∈ ⊕  ∅ℑ ℘ ⊃ ℑ ⊂ ⊕ ℑ ℘  ⊃ ∉∈ � → ∉ ⊕ ℑ ℘  ⊃ ∉∈ ℜ∏  ⊕ 2 
⊂ℑ¬ℑ  ⊃ ∉∈ ∉∅ ∪⊕∠∉⋅⊗ ⊕ ℘ ℑ∈ ℜ ⊕⊗ ⊕  ⊕ ℘  ⊕⊗ℜ∧ ⁄≥≤ � 

ΑΧΚΝΟΩΛΕ∆ΓΕ ΜΕΝΤ 

↑ ∉ ⊕¬∠ ⊕  ⊃ ⊆⊕∈ ℑ ⊂ ⋅∉ ⊄ ∉∅ ∪ ⊃ ∠ ℑ∠ ⊕  ⋅ℑ ∅ ⊃ ∈2 
⊃  ∪⊕⊗⊃ ∈ ↑⊕  ℑ ⊂ °∪∧ ⊃ ℘ ♥∈  ⊃  ∏  ⊕� ×⊕ ℘ ∪∈⊃ ℘ ℑ ⊂ ∝∈⊃ √⊕   ⊃ 2 
 ∧ ′⊕  ⊂ ⊃ ∈ �♣⊕ ⊆ℑ∈ �×∪⊕ℑ∏  ∪∉ ⋅∉∏ ⊂⊗⊂ ⊃ ⊄⊕ ∉⊕¬∠  ⊕   

∪⊕ ℑ   ∅ ⊕ ⊂  ∪ℑ∈⊄ ∉ ∠  ∉∅ ⊕   ∉♦ � ♠�ƒ⊕ ℘ ∪ ∅∉∪ ⊃ ∪⊕ ⊂∠� 

Ρ ΕΦΕΡ ΕΝΧΕΣ 

≈�  ≡∪∉∏♠� ⁄∏  ∨℘ ∨∧⊄ ♠ℑ∈⊗ ↔ ∉ ⊕ √ℑ ℑ ′ ↑ � ↑⊃ ℘  ∉   ∏ ℘  ∏  ℑ ⊂ 

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

∠ ∉⋅⊗ ⊕ ≈♠  �♠ ↑ℑ  ⊕ ≥℘ ⊃����� ��� ����� � 

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

≈�  ♣∏ ∠  ℑ ↑ ℑ∈⊗ ← ℑ√⊕  ∈⊃ ℑ ∞ ♠� ∞∅ ∅ ⊕ ℘ ∉∅ ∠  ∉℘ ⊕   ⊃ ∈∩ ∉∈  ∪ ⊕ 

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

∪∧∠ ⊕  ⊕ ∏  ⊕ ℘  ⊃ ℘ϒ⊂ 2≥⊃ℑ ⊂ ⊂∉∧ ≈♠ �♠ ↑ℑ  ⊕ ° ∉℘ ⊕   ×⊕ ℘ ∪∈∉ ⊂� 

���� ��� ���� � 

≈�  ← ∉∧⊗ ⁄ ♠� °ℑ   ⊃ ℘ ⊂⊕ ⊕ ⊃ ∈∅ ∉ ℘ ⊕ ⊗ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ℑ∈⊗ ⊆ℑ∩∈⊕  ⊃ ∏⊆ 

⊆ℑ   ⊃ ¬ ℘ ∉⊆∠∉ ⊃  ⊕ ≈♠  �♥∈ ⊕  ↑ℑ  ⊕ ″ ⊕ √ ����� ��� �� � 

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

ϒ⊂ 2≥⊃ℑ ⊂ ⊂∉∧ ⊆ℑ   ⊃ ¬ ≈♠ � ↑ℑ  ⊕  ≥℘ ⊃ ∞∈∩� ���� � ϒ��� � 

�� � 

≈�  ← ⊃ ∈⊗  ∉∉ ∂ ↔ℑ∈⊗ ×ℑ ⊂√⊃  ⊕ ↑ ♠� ″ ⊕ ℘ ⊕ ∈ℑ⊗ √ℑ∈℘ ⊕ ⊃ ∈ ⊆⊕  ℑ ⊂ 

⊆ℑ   ⊃ ¬ ℘ ∉⊆∠ ∉ ⊃  ⊕  ≈♠ � ♠ ↑ ℑ  ⊕  ° ∉℘ ⊕   ×⊕ ℘ ∪� ���� � 

�� ���� � 

≈�  • ℑ∈∩ ′ �♠ ℑ∈∉⋅ ⊄ ⊃♣ ↑ ℑ∈⊗°ℑ   ⊕   ∉∈ ′ ″ �≥⊃ ≤ ∠ ℑ   ⊃ ℘ ⊂⊕ 

℘  ℑ ℘ ⊄ ⊃ ∈∩⊃ ∈ ∠ ∉⋅⊗ ⊕  ⊆⊕  ℑ ⊂ ⊂∏  ∩∧ ∠  ∉℘ ⊕   ⊕ ⊗ ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ⊆ℑ 2 
  ⊃ ¬℘ ∉⊆∠ ∉ ⊃  ⊕ ⊆ℑ  ⊕  ⊃ ℑ ⊂ ≈♠  � ↑ ⊕  ℑ ⊂ ⊂ ↑ℑ  ⊕ × ℑ∈����� � 

��ϒ ����� � 

≈�  ← ♥ ≠∏ ℑ∈2∧∏ ℑ∈ �≡ ♦ ϒ→♣ ⁄ℑ 2 ∉∈∩� ÷♥ϒ • ⊕ ⊃�⊕  ℑ ⊂�° ∉∠ 2 
⊕   ⊃ ⊕ ∉ ∅ ℑ ∪ ⊃ ∩∪ ⊃ ⊂ ⊃ ℘ ∉∈ ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ℑ ⊂ ⊂∉∧ ∠∉⋅⊗ ⊕ ∠  ⊕ ∠ ℑ  ⊕ ⊗ 

ℜ∧ ∪ ⊃ ∩∪∠  ⊕   ∏  ⊕ ⋅ℑ  ⊕ ℑ  ∉⊆⊃ ∨ℑ  ⊃ ∉∈ ≈♠  � ϒ℘  ℑ ↑⊕  ℑ ⊂ ⊂ ≥⊃ ∈ � 

�⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕ � ����� ��� ��� � 

≈�  ƒ⊕   ∉ ϒ ≤ ℑ∈⊗ ⁄⊕  ℜ∧ ′ � • ⊕   ⊃ ∈∩ℜ ⊕ ∪ℑ √⊃ ∉⊃ ∈  ∪ ⊕ ϒ⊂ 2≥⊃ � 
≥⊃ ≤  ∧  ⊕⊆ �⊃ ∈ ⊕  ∅ ℑ ℘ ⊕ ⊕ ℑ ℘  ⊃ ∉∈ ℑ∈⊗ ∉ ⊂∏ ℜ ⊃ ⊂ ⊃  ∧ ⊕ ∅ ∅ ⊕ ℘  ≈♠ � 

ϒ℘  ℑ ↑⊕  ℑ ⊂ ⊂ ↑ℑ  ⊕ ����� ��� ����� � 

≈�� ∂⊃ ℑ ⊂ℑ♠≤ �ƒ∉  ⊃ ⊕ ° ℑ∈⊗′∉∏  ⊃ ⊕ ♠�≥ ℑℜ ⊂⊕ℑ∈⊗ ⊆⊕  ℑ   ℑℜ ⊂⊕ 

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

���� � 

≈��  → ∉ℜ ⊕ ⊂ ′ � × ∉⋅ ⊗ ℑ ⊂⊕ ϒ ♠ℑ∈⊗ ♦ℑ   ⊃ ≥ ♠�← ∉⋅  ⊕⊆∠ ⊕  ℑ 2 
 ∏  ⊕⊃ ∈ ⊕  ∅ ℑ ℘ ⊕ ⊕ ℑ ℘  ⊃ ∉∈ ⊃ ∈ ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆2 ⊃ ⊂ ⊃ ℘ ∉∈ ℘ ℑ  ℜ ⊃ ⊗ ⊕ ∠ ℑ  2 
 ⊃ ℘ ∏ ⊂ℑ  ⊕℘ ∉⊆∠ ∉ ⊃  ⊕ ∠  ∉⊗ ∏ ℘ ⊕ ⊗ℜ∧ ⊆⊕ ℘ ∪ ℑ∈⊃ ℘ ℑ ⊂ℑ ⊂ ⊂∉∧⊃ ∈∩≈♠  � 

♠ ↑ℑ  ⊕ ≥℘ ⊃����� ��� ����� � 

(Εδιτεδ βψ ΛΟΝΓ Ηυαι2ζηονγ) 

# � � � # ∂ ∉ ⊂1��  λ 1�   ♥∈∅ ⊂∏ ⊕∈℘ ⊕∉∅∪ ⊃ ∩∪ 2⊕∈⊕  ∩∧ ℜ ℑ ⊂ ⊂ ⊆⊃ ⊂ ⊂ ⊃ ∈∩∉∈ ϒ⊂ 2��≥⊃∠∉⋅⊗ ⊕ ℑ∈⊗℘ ⊕  ℑ⊆⊃ ℘∠ℑ   ⊃ ℘ ∏ ⊂ℑ  ⊕


