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

Ιντερφαχιαλ βονδινγ στρενγτη οφ Αλ 2Πβ βεαρινγ αλ λοψστριπσ ανδ 
ηοτ διπ αλυµινιζεδ στεελ σηεετσ βψ ηοτ ρολ λινγ 

≠ 

← ♥∝ ≠∉∈∩ 2ℜ ⊃ ∈∩�刘勇兵� � ϒ→♠ ⊃ ℑ∈�安  健� �≥∝→ ⁄ℑ 2 ⊕∈�孙大仁� 

�⁄⊕ ∠ ℑ   ⊆⊕∈∉∅ ↑ ℑ  ⊕  ⊃ ℑ ⊂ ≥℘ ⊃ ⊕∈℘ ⊕ℑ∈⊗∞∈∩ ⊃ ∈⊕ ⊕  ⊃ ∈∩�♠ ⊃ ⊂ ⊃ ∈ ∝∈⊃ √⊕   ⊃  ∧ ∉∅ ×⊕ ℘ ∪∈∉ ⊂∉∩∧ � 

≤∪ℑ∈∩ ℘ ∪∏∈ ������ �° �″ �≤∪ ⊃ ∈ℑ� 

[ Αβσ τραχτ] ϒ⊂ 2°ℜℑ ⊂ ⊂∉∧    ⊃ ∠ ℑ∈⊗∪∉ ⊗ ⊃ ∠ℑ ⊂∏⊆⊃ ∈⊃ ∨⊕ ⊗  ⊕ ⊕ ⊂ ∪ ⊕ ⊕   ⋅⊕  ⊕ ∏ ℘ ℘ ⊕   ∅∏ ⊂ ⊂∧ ℜ ∉∈⊗ ⊕ ⊗ ∉∩ ⊕  ∪ ⊕ ℜ∧ ∪∉  ∉ ⊂ ⊂ ⊃ ∈∩�ℑ∈⊗ 

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

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

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

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

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

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

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

[ Κεψ ωορδσ] ϒ⊂ 2°ℜℑ ⊂ ⊂∉∧ �⊃ ∈ ⊕  ∅ ℑ ℘ ⊕�∪∉  ∉ ⊂ ⊂ ⊃ ∈∩�⊃ ∈ ⊕  ∅ ℑ ℘ ⊃ ℑ ⊂ ℜ ∉∈⊗ ⊃ ∈∩   ⊕ ∈∩  ∪ 

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

1  ΙΝΤΡ Ο∆ΥΧΤΙΟΝ 

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

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

ℑ∈⊗⊂∉⋅ ∠  ⊃ ℘ ⊕ 
≈� ∗ � � ♦∉⋅⊕√⊕ � ∪⊕∅ℑℜ  ⊃ ℘ ℑ  ⊃ ∉∈ ∉∅ ℑ  2 

℘ ℑ  ϒ⊂ 2°ℜ ℑ ⊂ ⊂∉∧ ∠ ∉  ⊕   ⊕   ⊕  ⊃ ∉∏  ∠  ∉ℜ ⊂⊕⊆ ∉∅  ∪⊕ 

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

� ℑ∈⊗�� � �� ∩�℘⊆ 
�  ⊕ 2 

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

↔ ≈� �×∪⊕  ⊕ ∅∉ ⊕�ℑ  2℘ ℑ  ϒ⊂ 2°ℜℜ ⊕ ℑ  ⊃ ∈∩ℑ ⊂ ⊂∉∧ℑ  ⊕∪ℑ  ⊗ 

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

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

 ∪⊕∅ℑ ℘   ∪ℑ ϒ⊂ 2°ℜℑ ⊂ ⊂∉∧ℑ  ⊕ ∪⊕ ⊆ℑ ⊃ ∈   ⊕ ℑ⊆ ∉∅∅∏  ∏  ⊕ 

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

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

∉∅ ϒ⊂ 2°ℜℑ ⊂ ⊂∉∧ℜ∧ ⊆⊕ ℑ∈∉∅  ⊃  2℘ ℑ   ⊃ ∈∩�ℑ∈⊗  ∏⊗ ⊃ ⊕⊗ 

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

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

ℑ∈⊗� � � ⊆⊆ ⊃ ∈  ∪ ⊃ ℘ ⊄∈⊕  � 

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

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

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

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

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

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

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

∉∅ℜ ⊃⊆⊕  ℑ ⊂ ⊂ ⊃ ℘   ⊃ ∠ � 

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

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

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

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

 ∪⊕  ⊕ ⊕ ⊂ ∪⊕ ⊕  � • ∪ ⊃ ⊂⊕ ∪⊕ℑℜ ∉√⊕⊗ ⊃  ℑ⊗ √ℑ∈ ℑ∩ ⊕ ℘ ℑ∈ ℜ ⊕ 

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

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

  ⊕ ⊕ ⊂ 2ℜ ℑ℘ ⊄ℑ ⊕ ⊂⊕√ℑ  ⊕⊗ ⊕⊆∠ ⊕  ℑ  ∏  ⊕ �↓ ∪⊕ ℑ⊗ √ℑ∈ ℑ∩ ⊕  

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

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

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

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

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

2  ΕΞΠΕΡΙΜΕΝΤΑΛ 

2 .1  Πρεπαρατιον οφ ηοτ διππεδ αλυµινυµ σηεετσ οφ 

στεελ 

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

⊆⊆ ≅ �� ⊆⊆ ≅ � � � ⊆⊆ �° ⊃ ∉ ∉ ∪∉⊗ ⊃ ∠ℑ ⊂∏⊆⊃ ∈⊃ ∨⊃ ∈∩� 

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

∂ ∉ ⊂���  λ ��         Τρανσ. Νονφερρουσ Μετ . Σοχ . Χηινα         ↓℘  ����� 

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

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



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

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

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

∉∅� � ≥⊃ℑ∈⊗� � ≥⊃ℑ ��� ε ∅∉√ℑ  ⊃ ∉∏  ⊃⊆⊕ ∉∅� � � � 

� �� �� ⊆⊃ ∈ � ×∪⊕ ∪ ⊃ ℘ ⊄∈⊕  ∉∅ ϒ⊂ℑ∈⊗ ϒ⊂ 2≥⊃ℑ ⊂ ⊂∉∧ ∉∠ 

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

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

2 .2  Πρεπαρατιον οφ βονδεδ σπεχιµεν ανδ µετηοδ οφ 

εϖαλυατινγ ιντερφαχιαλ βονδινγ σ τρενγτη 

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

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

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

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

  ⊕ ⊕ ⊂ ∪⊕ ⊕  ⋅⊕  ⊕� � � ⊆⊆  ∪ ⊃ ℘ ⊄� ° ⊃ ∉ ∉ ∪∉ ∉ ⊂ ⊂ ⊃ ∈∩� 

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

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

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

ϒ⊂ 2°ℜ ℑ ⊂ ⊂∉∧ ℑ∈⊗ ∪∉⊗ ⊃ ∠ ℑ ⊂∏⊆⊃ ∈⊃ ∨⊕⊗   ⊕ ⊕ ⊂  ∪⊕ ⊕  ℘ ℑ∈ 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

ℜ ∉∈⊗ ⊕⊗ ∠ ⊕ ℘ ⊃⊆⊕∈ 

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

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

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

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

 ∪⊕ ∉ ⊂ ⊂⊕⊗  ℑ  ⊕� 

2 .3  Οβσερϖατιον οφ µιχροστρυχτυρε οφ ηοτ διπ αλυ2 
µινιζεδ λαψερσ ανδ βονδεδ ιντερφαχεσ 

ϒ → ⊃ ⊄∉∈ ∉∠  ⊃ ℘ ℑ ⊂ ⊆⊃ ℘  ∉ ℘ ∉∠ ⊕ ⋅ℑ ∏  ⊕⊗ ∉ ∉ℜ  ⊕  √⊕ 

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

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

ℑ∈⊗  ∪⊕ ⊃ ∈ ⊕ ⊆⊕  ℑ ⊂ ⊂ ⊃ ℘⊂ℑ∧⊕   ℑ⊗ ⊇ ℑ ℘ ⊕∈ ∉   ⊕ ⊕ ⊂  ∏ℜ 2 
   ℑ  ⊕�♠ ℑ¬2��� ≥∞ ↑ ℑ∈⊗ ↓¬∅∉ ⊗♥ ♥ 2�� ∞⁄÷ ⋅⊕  ⊕ 
⊕⊆∠ ⊂∉∧⊕⊗ ∉⊃ ∈√⊕   ⊃ ∩ℑ  ⊕ ∪⊕ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕ℑ∈⊗⊗ ⊃    ⊃ 2 
ℜ∏  ⊃ ∉∈ ∉∅ℑ ⊂ ⊂∉∧⊃ ∈∩⊕ ⊂⊕⊆⊕∈ ℑ ℜ ∉∈⊗ ⊃ ∈∩⊃ ∈ ⊕  ∅ℑ ℘ ⊕� 

3  Ρ ΕΣΥΛΤΣ ΑΝ∆ ∆ΙΣΧΥΣΙΟΝ 

3 . 1  Μορπηολογψ ανδ τηιχκνεσσ οφ ηοτ διπ αλυ2 
µινιζεδ λαψερ 

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

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

ϒ⊂∉ϒ⊂ 2≥⊃ℑ ⊂ ⊂∉∧  ∉∠℘ ∉ℑ ⊂ℑ∧⊕ ⋅⊃  ∪ ℑ ⊂⊆∉  ∪⊕ ℑ⊆⊕ 

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

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

ƒ⊕ � ϒ⊂ � � ⋅∪ ⊃ ℘ ∪ ∪ℑ ℑ / ∉∈∩∏ ⊕ 2⊂ ⊃ ⊄⊕0  ∪ℑ∠ ⊕∠ ⊕∈⊕   ℑ  ⊃ ∈∩ 

⊃ ∈ ∉ ∪⊕  ⊕ ⊕ ⊂ ∏ℜ    ℑ  ⊕�♥∈ ∪⊕℘ ℑ  ⊕∉∅ℑ∈ ϒ⊂ 2≥⊃ℜ ℑ  ∪� 

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

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

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

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

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

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

3 .2  Βονδινγ σ τρενγτη οφ ιντερφαχε 

×∪⊕ √ℑ  ⊃ ℑ  ⊃ ∉∈ ⊃ ∈ ℜ∉∈⊗ ⊃ ∈∩   ⊕∈∩  ∪ ⋅⊃  ∪ ⊗ ⊃ ∠∠ ⊃ ∈∩ 

 ⊃ ⊆⊕⊃  ⊕ ∠  ⊕  ⊕∈ ⊕⊗⊃ ∈ ƒ⊃ ∩�� � ♥⊃  ∈∉ ⊕⊗  ∪ℑ  ∪⊕ 

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

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

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

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

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

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

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

 ∪∉⋅ ∪⊕ √ℑ  ⊃ ℑ  ⊃ ∉∈ ⊃ ∈ ℜ ∉∈⊗ ⊃ ∈∩    ⊕∈∩  ∪ ⋅⊃  ∪  ∪⊕ 

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

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

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



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

Φ ιγ .3  ×∪ ⊃ ℘ ⊄∈⊕  ∉∅⊃ ∈ ⊕ ⊆⊕  ℑ ⊂ ⊂ ⊃ ℘⊂ℑ∧⊕  

√⊗ ⊃ ∠∠ ⊃ ∈∩ ⊃ ⊆⊕ 

Φ ιγ .4  ′∉∈⊗ ⊃ ∈∩   ⊕∈∩  ∪ √⊗ ⊃ ∠∠ ⊃ ∈∩ ⊃⊆⊕ 

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

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

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

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

3 .3  Ιντερφαχιαλ βονδινγ µ οδεσ 
ƒ⊃ ∩� ��ℑ� ⊃  ∪⊕⊂ℑ  ⊕  ℑ ⊂  ⊕ ℘  ⊃ ∉∈ ∠∪∉ ∉⊆⊃ ℘  ∉∩  ℑ∠∪ 

Φ ιγ .5  ′∉∈⊗ ⊃ ∈∩   ⊕∈∩  ∪ √ ∪ ⊃ ℘ ⊄∈⊕  ∉∅ 

⊃ ∈ ⊕ ⊆⊕  ℑ ⊂ ⊂ ⊃ ℘⊂ℑ ∧⊕   

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

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

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

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

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

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

�≥∞ ↑ � ∉∅∅  ℑ ℘  ∏  ⊕⊗⊃ ∈ ⊕  ∅ℑ ℘ ⊕∉∈  ⊕ ⊕ ⊂ ⊃ ⊗ ⊕�♥ ⊃ ∈∉ ⊕⊗ 

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

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

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

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

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

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

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

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

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

ℑ  ⊕ ∠  ∉⊗ ∏ ℘ ⊕⊗� ⊃� ⊕� ϒ⊂ 2°ℜ ℑ ⊂ ⊂∉∧�ϒ⊂  ∉∠ ℘ ∉ℑ ⊂ℑ∧⊕  

# � � � # ∂ ∉ ⊂1��  λ 1�   ♥∈ ⊕  ∅ ℑ℘ ⊃ ℑ ⊂ ℜ∉∈⊗ ⊃ ∈∩   ⊕∈∩  ∪∉∅ ϒ⊂ 2°ℜℜ ⊕ ℑ  ⊃ ∈∩ℑ ⊂ ⊂∉∧ ℑ∈⊗ℑ ⊂∏⊆⊃ ∈⊃ ∨⊕⊗  ⊕ ⊕ ⊂ ∪⊕ ⊕  



Φ ιγ .6  ↑⊃ ℘  ∉   ∏ ℘  ∏  ⊕∉∅ℜ∉∈⊗ ⊃ ∈∩⊃ ∈ ⊕  ∅ ℑ℘ ⊕ 

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

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

ℑ∈⊗  ⊕ ⊕ ⊂  ∏ ℜ    ℑ  ⊕⊃ ∈ ⊕  ∅ℑ ℘ ⊕� ×∪⊕ ∞° ↑ ϒ ℑ∈ℑ ⊂∧ ⊃ ∉∅ 

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

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

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

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

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

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

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

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

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

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

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

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

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

Κ ℜ � λ ℜ �λ ��� 

Κ ℘ � λ ℘ �λ ��� 

Κ ℜ � Κ ℘ � � ��� 

⋅∪⊕  ⊕ Κ ℜ ⊃  ∪⊕∅  ℑ℘  ⊃ ∉∈ ∉∅ℜ ⊂ℑ∈⊄⊃ ∈ ⊕  ∅ ℑ ℘ ⊕ ℜ ⊕  ⋅⊕ ⊕∈ 

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

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

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

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

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

λ� λ ℜ � λ ℘ ��� 

λ ℜ � 6 
ν 

ι = � 

λ ℜι ��� 

λ ℘ � 6 
ν 

ι = � 

λ ℘ ι ��� 

⋅∪⊕  ⊕ ι⊃  ∪⊕⊃ ∈⊗ ⊃ √⊃ ⊗∏ ℑ ⊂ℜ ⊂∉℘ ⊄∉ℜ ⊂ℑ∈⊄ℜ ⊕  ⋅⊕ ⊕∈ ∪⊕ 

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

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

λ ℘ � ν ⊃  ⊕ ⊂⊕ ℘  ⊕⊗ℑ �� � ×∪⊕ ∉ ℑ ⊂ ℜ∉∈⊗ ⊃ ∈∩    ⊕∈∩  ∪ 

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

Φ = Φ ℜ Κ ℜ + Φ ℘ Κ ℘ ��� 

Φ = ( Φ ℜ − Φ ℘ ) Κ ℜ + Φ ℘ ��� 

⋅∪⊕  ⊕ Φ ⊃  ∪⊕ ∉ ℑ ⊂ ℜ∉∈⊗ ⊃ ∈∩    ⊕∈∩  ∪� Φ ℜ ⊃  ∪⊕ 

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

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

 ∪∉∏ ⊂⊗ℜ ⊕ ℑ ⊂ ⊃ ∈⊕ ℑ  ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠ ℜ ⊕  ⋅⊕ ⊕∈ Φ ℑ∈⊗ Κ ℜ � 

 ∪⊕√ℑ  ⊃ ℑ  ⊃ ∉∈ ∉∅ Φ ⋅⊃  ∪ Κ ℜ ⊃ ⊂ ⊃ ∈⊕ ℑ  ⊂∧ ∅ ⊃   ⊕⊗ℑ  ∪∉⋅∈ 

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

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

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

Φ ιγ .7  ′∉∈⊗ ⊃ ∈∩   ⊕∈∩  ∪ √∅  ℑ ℘  ⊃ ∉∈ ∉∅ 

ℜ ⊂ℑ∈⊄⊃ ∈ ⊕  ∅ℑ ℘ ⊕  

3 .4  Εφφεχτ οφ Σι χοντεντ ον βονδινγ σ τρενγτη 

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

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

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

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

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

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



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

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

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

ƒ⊕ � ϒ⊂ � � ⊕  ∏ ⊂  ⊃ ∈∩⊃ ∈  ∪⊕ ℘ ∉∈ ⊃ ⊗ ⊕  ℑℜ ⊂⊕ ∩  ∉⋅ ∪ ∉∅  ∪⊕ 

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

ℜ ℑ  ∪� ∪⊕ℑ  ∉⊆∉∅≥⊃∅ ⊃ ⊂ ⊂ ⊆∉ ∉∅ ∪⊕√∉ ⊃ ⊗ ⊃ ∈ ƒ⊕ � ϒ⊂ � � 

⊃ ∈∪ ⊃ ℜ ⊃  ⊃ ∈∩ ∪⊕ ∩  ∉⋅ ∪ ∉∅ ƒ⊕ � ϒ⊂ � ⊃ ∈  ∪⊕⊃ ∈ ⊕  ∅ℑ ℘ ⊕  ⊕ 2 

∩ ⊃ ∉∈ 
≈� � �� ♥∈  ∪⊕℘ ℑ  ⊕ ∉∅ ℑ∈ ϒ⊂ 2� � ≥⊃ℜ ℑ  ∪� ≥⊃⊕∈2 

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

�ƒ⊕ ξ ϒ⊂ ψ ≥⊃ ζ � � ×∪⊕  ⊕ ∅∉ ⊕� ∪⊕℘ ∪ℑ∈∩ ⊕ ∉∅≥⊃℘ ∉∈ ⊕∈ ⊃ ∈ 

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

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

 ∪ ⊃ ℘ ⊄∈⊕   ≈�� � 

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

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

⊗ ⊃ ∠∠⊕⊗⊃ ∈ ∠∏  ⊕ℑ ⊂∏⊆⊃ ∈∏⊆ � ♦∉⋅⊕ √⊕ �� Λ ⊆   ℑ∈ ⊃  ⊃ ∉∈ 

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

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

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

3 .5  Εφφεχτ οφ ροτατιον οφ ιντερµεταλλιχ βλοχκσ ον 

βονδινγ σ τρενγτη 

♥⊃ ∈∉ ⊕⊗⊃ ∈ ƒ⊃ ∩��  ∪ℑ  ∪⊕ √ℑ ⊂∏ ⊕ ∉∅ ℜ∉∈⊗ ⊃ ∈∩ 

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

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

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

 ∪ℑ � ∪⊕ℜ∉∈⊗ ⊃ ∈∩   ⊕∈∩  ∪⊗ ∉⊕ ⊕ ⊃  ∪⊕ � ×∪⊕ ⊕ ℑ  ∉∈⊃  

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

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

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

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

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

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

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

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

∅  ℑ ℘  ⊃ ∉∈ ∉∅ ℜ ⊂ℑ∈⊄⊃ ∈ ⊕  ∅ℑ ℘ ⊕ � ×∪⊕  ⊕ ∅∉ ⊕� ⋅⊃  ∪ ∪⊕⊃ ∈2 
℘  ⊕ ℑ  ⊕∉∅ ∪⊕ ℑ  ⊕∉∅⊕ ⊂∉∈∩ℑ  ⊃ ∉∈ ∆� ∪⊕ Κ ℜ ⊃ ∈℘  ⊕ ℑ  ⊕ � 

ℑ∈⊗ ∪⊕⊕∇∏ ℑ  ⊃ ∉∈ℑ  ⊕ℑ ∅∉ ⊂ ⊂∉⋅⊃ ∈∩� 
∆� ∃ Λ/ Λ ��� 

Κ ℜ � ∃ Λ/ ( Λ � ∃ Λ� ���� 

×∪∏  ∪⊕ ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠ℜ ⊕  ⋅⊕ ⊕∈ ∆ℑ∈⊗ Κ ℜ ⊃  
Κ ℜ � ∆��� � ∆� ���� 

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

 ∪⊕⊂⊕∈∩  ∪∉ ∅ ∪⊕ ∠ ⊕ ℘ ⊃ ⊆⊕∈� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

4  ΧΟΝΧΛΥΣΙΟΝΣ 

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

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

Φ ιγ .8  ⁄⊕ ℘  ⊕ ℑ  ⊕⊃ ∈ ∅  ℑ ℘  ⊃ ∉∈ ∉∅ℜ ⊂ℑ∈⊄⊃ ∈ ⊕  ∅ℑ ℘ ⊕℘ ℑ∏  ⊕⊗ℜ∧  ∉ ℑ  ⊃ ∉∈ 
�ℑ � ) °∪∉  ∉⊆⊃ ℘  ∉∩  ℑ∠∪��ℜ� ) ≥℘ ∪ ⊕⊆ℑ  ⊃ ℘⊗ ⊃ ℑ∩  ℑ⊆ 

# � � � # ∂ ∉ ⊂1��  λ 1�   ♥∈ ⊕  ∅ ℑ℘ ⊃ ℑ ⊂ ℜ∉∈⊗ ⊃ ∈∩   ⊕∈∩  ∪∉∅ ϒ⊂ 2°ℜℜ ⊕ ℑ  ⊃ ∈∩ℑ ⊂ ⊂∉∧ ℑ∈⊗ℑ ⊂∏⊆⊃ ∈⊃ ∨⊕⊗  ⊕ ⊕ ⊂ ∪⊕ ⊕  



Φ ιγ .9  ↑⊕ ℑ  ∏  ⊕⊗ Κ ℜ ℑ∈⊗℘ ℑ ⊂℘ ∏ ⊂ℑ  ⊕⊗ Κ ℜ 

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

 ∪⊕⊆ ∅∉⊆ ℜ ⊂ℑ∈⊄� ×∪∏ ∠ℑ  ∉∅ ϒ⊂ 2°ℜℑ ⊂ ⊂∉∧    ⊃ ∠ ⊃  

ℜ ∉∈⊗ ⊕⊗ ⋅⊃  ∪ ϒ⊂∉ϒ⊂ 2≥⊃ ∉∠℘ ∉ℑ  ⊂ℑ∧⊕ ∉∈ ∪⊕ℜ ⊂∉℘ ⊄� 

 ∪⊕ ⊕   ⊃ ℜ∉∈⊗ ⊕⊗ ⋅⊃  ∪ ϒ⊂ ∉ϒ⊂ 2≥⊃ ∉∠℘ ∉ℑ ⊂ℑ∧⊕ ∉∈ 

ℜ ⊂ℑ∈⊄∉∅ ∪⊕  ⊕ ⊕ ⊂ ∏ℜ    ℑ  ⊕� 

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

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

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

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

≥⊃� 

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

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

�� Κ ℜ ⊃ ∈℘  ⊕ ℑ  ⊕  ⋅⊃  ∪⊃ ∈℘  ⊕ ℑ  ⊃ ∈∩ ∪⊕ ∪ ⊃ ℘ ⊄∈⊕  ∉∅ 

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

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

  

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

[ Ρ ΕΦΕΡ ΕΝΧΕΣ] 

≈�  ×⊃ ⋅ℑ  ⊃ ≥ →� °ℑ  ∪ℑ⊄ ♠ ° � ↑ ℑ ⊂∪∉   ℑ ≥ ←� ⊕ ℑ ⊂� ↑⊃ 2 
℘  ∉   ∏ ℘  ∏  ⊕  ℑ∈⊗ ⊆⊕ ℘ ∪ℑ∈⊃ ℘ ℑ ⊂ ∠  ∉∠ ⊕   ⊃ ⊕  ∉ ∅ ⊂⊕ ℑ⊗ ⊕ ⊗ ℑ ⊂∏ 2 
⊆⊃ ∈∏⊆ ℑ ⊂ ⊂∉∧ ≈♠  � ↑⊕ ×⊕ ℘ ∪����� ��� ���� � 

≈�  ↑ ∉∪ℑ∈ ≥ →� ϒ∩ ℑ  ⋅ℑ ⊂ℑ ∂ � ″ ℑ∧≥ �⊕ ℑ ⊂� ×∪ ⊕⊕ ∅ ∅ ⊕ ℘ ∉ ∅ 

⊂⊕ ℑ⊗℘ ∉∈ ⊕ ∈∉∈  ∪ ⊕ ⋅⊕ ℑ ℘ ∪ ℑ  ℑ ℘  ⊕  ⊃   ⊃ ℘ ∉ ∅ℑ  ⊃  2℘ ℑ  ϒ⊂ 2 
°ℜℑ ⊂ ⊂∉∧ ≈♠  � • ⊕ ℑ ����� ���� ��� � 

≈�  ×⊃ ⋅ℑ  ⊃≥ →�°ℑ  ∪ℑ⊄ ♠ ° � ↑ℑ ⊂∪∉  ℑ ≥ ←�⊕ ℑ ⊂� ° ∉⊗∏ ℘ 2 
 ⊃ ∉∈ ∉ ∅ ∪ ⊃ ∩∪ 2⊂⊕ ℑ⊗ ⊕ ⊗ ℑ ⊂∏⊆⊃ ∈∏⊆ ℜ∧ ⊃ ⊆∠ ⊕ ⊂ ⊂⊕  ⊆⊃ ¬ ⊃ ∈∩ ≈♠ � 
↑⊕ ×⊕ ℘ ∪����� �� ���� � 

≈�  ↑ ∉∪ℑ∈ ≥ →� ϒ∩ ℑ • ℑ ⊂ℑ ∂ � ″ ℑ∧ ≥ �⊕ ℑ ⊂� ƒ ⊃ ℘  ⊃ ∉∈ ℘ ∪ ℑ  2 
ℑ ℘  ⊕  ⊃   ⊃ ℘  ∉ ∅   ⊃  2℘ ℑ  ϒ⊂ 2°ℜ ℑ ⊂ ⊂∉∧ ≈♠ � • ⊕ ℑ � ���� � 

��� �� � 

≈�  ↑ ∉⊗ ∉ ⊂ ∅ ∉ ←ƒ � ϒ⊂∏⊆⊃ ∈∏⊆ ϒ⊂ ⊂∉∧≈ ↑  �← ∉∈⊗ ∉∈ � ′∏   ⊕  2 
⋅∉  ∪����� ���� � 

≈�  ≥∝→ ⁄ℑ 2 ⊕ ∈ �← ♥∝ ≠∉∈∩ 2ℜ ⊃ ∈∩� ϒ →♠ ⊃ ℑ∈ �⊕ ℑ ⊂� ∞∅ ∅ ⊕ ℘   

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

℘ ℑ  ϒ⊂ 2°ℜℑ ⊂ ⊂∉∧ ≈♠  � ×∪⊕ ≤∪ ⊃ ∈⊕  ⊕♠ ∉∏  ∈ℑ ⊂∉∅ → ∉∈∅ ⊕   ∉∏  

↑⊕  ℑ ⊂ ��⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕ � ����� ��� ∏ ∠∠ ⊂� �� ���� � 

≈�  ← ♥∝ ≠∉∈∩ 2ℜ ⊃ ∈∩� ≥∝→ ⁄ℑ 2 ⊕ ∈ � ϒ →♠ ⊃ ℑ∈ �⊕ ℑ ⊂� ϒ ∈⊕⋅ 

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

≈ ϒ � • ϒ →♣ ÷ ♠� • ϒ →♣ ≡ ′ ⊕ ⊗ �° ∉℘ ⊕ ⊕ ⊗ ⊃ ∈∩ ∉ ∅ ∪ ⊕ 

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

���� ���� � ��� � 

≈�  °ϒ→ ⁄� ♣ϒ ↓ ↔� ≠ ∝ ♠� ⊕ ℑ ⊂� ≤∉ ⊂⊗  ∉ ⊂ ⊂ ℜ ∉∈⊗ ⊃ ∈∩ ∉ ∅ 

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

×⊕ ℘ ∪∈∉ ⊂∉∩∧ ����� �� ���� � 

≈�  ∞∩∩ ⊕ ⊂⊕ ♣ � ϒ∏ ⊕  • �↔ ℑ ⊕  ℘ ∪⊕ ♦ �⊕ ℑ ⊂� ×∪ ⊕⊃ ∈∅ ⊂∏ ⊕ ∈℘ ⊕∉ ∅ 

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

≈��  ∞⊂⊆ℑ∪ ℑ ⊂ ⊂ℑ⋅∧ → ϒ � ×ℑ∪ℑ ↑ ϒ � ≥∪ ℑ⊗ ∧ ↑ ϒ � ⊕ ℑ ⊂� 

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

×⊕ ℘ ∪∈∉ ⊂����� ��� ���� � 

(Εδιτεδ βψ ΨΥΑΝ Σαι2θιαν) 

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


