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Εφφεχτσ οφ λαντηανυµ ον στρυχτυρεσ 

ανδ γραιν σ ιζεσ οφ Τι2��Αλ αλ λοψ 
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← ⊃ ∏ ≤∪ℑ∈∩⊆⊃ ∈∩�刘昌明� �← ⊃♦∏ ℑ ⊇ ⊃ �李华基� � ♦⊕ → ℑ ⊃ ⊇ ∏∈�何乃军� 

Τηε Στατε Κεψ Λαβορατορψ οφ Μεχηανιχαλ Τρανσµισσιον , 

Σχηοολ οφ Μεχηανιχαλ Ενγινεερινγ , Χηονγθινγ Υνιϖερσιτψ , Χηονγθινγ 400044 , Π . Ρ . Χηινα 

Αβσ τραχτ�′∧ √ℑ ℘ ∏ ∏⊆ ℑ  ℘⊆⊕ ⊂  ⊃ ∈∩�⊂ℑ∈ ∪ ℑ∈∏⊆ �← ℑ� ⋅ℑ ℑ⊗ ⊗ ⊕ ⊗⊃ ∈  ∪⊕ ℑ∈∩ ⊕∅  ∉⊆ � ��� �  ∉ � �� � � ⊆∉ ⊂⊕ 

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

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

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

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

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

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

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

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

Κεψ ωορδσ:  ⊃  ℑ∈⊃ ∏⊆2ℑ ⊂∏⊆⊃  ∏ ⊃ ∏⊆ ℑ ⊂ ⊂∉∧ �⊂ℑ∈ ∪ ℑ∈∏⊆ �ℑ⊗ ⊗ ⊃  ⊃ ∉∈    ∏ ℘  ∏  ⊕  ∆οχυµεντ χοδε: Α 

1  ΙΝΤΡ Ο∆ΥΧΤΙΟΝ 

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

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

⊆ℑ  ⊕  ⊃ ℑ ⊂ ∉ ∏ℜ   ⊃  ∏  ⊕∅∉→ ⊃ � ϒ⊂ ℑ∈⊗ ƒ⊕ � ϒ⊂ ℑ ⊂ ⊂∉∧ 

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

≈� ∗ � � ϒ ∩  ⊕ ℑ ∈∏⊆ℜ ⊕  

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

≈� ∗ �� �♥ ⊃   ℑ  ⊕⊗ ∪ℑ  

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

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

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

ℑ∈ ∏∈ ⊃  ⊕⊗⊕ ∅ ∅∉   ∉ ⊕ ∅ ⊃ ∈⊕ ∪⊕ƒ←   ∏ ℘  ∏  ⊕∩  ℑ ⊃ ∈ 

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

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

⊂⊕ ℑ  ��� ∗ � ��� Λ ⊆ 
≈� ℑ∈⊗ ∪⊕℘ ∉ ⊂∉∈∧  ⊃ ∨⊕ ℑ ∅  ⊕  

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

ℑ �� ∗ �� Λ ⊆ 
≈�� � ×∪⊕ℑ ⊂ ⊂∉∧⊃ ∈∩ ∠  ∉℘ ⊕   ∉  ⊕ ∅ ⊃ ∈⊕ 

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

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

≈�� ∗ �� ×∪⊕∩  ℑ ⊃ ∈ ⊃ ∨⊕ ⋅⊕  ⊕ ⊕⊗∏ ℘ ⊕⊗ 

 ∉ ��� Λ ⊆ ℜ ∧ ℑ⊗⊗ ⊃ ∈∩ � �� � ℜ∉ ∉∈ ⊃ ∈ ∉  ∪⊕ ℑ ⊂2 

⊂∉∧ 
≈�� � 

″ ℑ  ⊕⊕ ℑ   ∪ ⊕ ⊂⊕⊆⊕∈ � ″ ∞� ∪ℑ√⊕ ℜ ⊕ ⊕∈ ∏  ⊕⊗ 

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

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

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

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

 ∉ ⊂ ⊃ ⊗ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈ ∉∅ ×⊃ ϒ⊂ ℑ ⊂ ⊂∉∧ 
≈�� ℑ∈⊗ ← ℑ ℘ ∉∏ ⊂⊗⊃⊆2 

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

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

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

♥∈ ∪⊕ ∠  ⊕  ⊕∈  ∏⊗ ∧ ″ ∞ ⊕ ⊂⊕⊆⊕∈← ℑ ⋅ℑ ℑ⊗⊗ ⊕⊗ 

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

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

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

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

ℑ  ⊕∠  ⊕  ⊕∈ ⊕⊗∪⊕  ⊕� 

2  ΕΞΠΕΡΙΜΕΝΤΑΛ ΜΑΤΕΡΙΑΛΣ ΑΝ∆ 

ΠΡ ΟΧΕ∆ΥΡ ΕΣ 

2 .1  Πρεπαρατιον οφ σαµ πλεσ 

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

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

≠ ″ ⊕ ℘ ⊕ ⊃ √⊕ ⊗ ϒ∏ ∩� �� ����� �ℑ ℘ ℘ ⊕ ∠  ⊕ ⊗ ⁄⊕ ℘� � � ����



⊆⊃ ∈∏⊆ ℑ∈⊗ ⊂ℑ∈ ∪ℑ∈∏⊆  ∉ ℑ ⊂ ⋅⊕ ⊃ ∩∪  ⊕⊗  ∉ �� ∩ 

⋅⊕  ⊕ ⊆⊕ ⊂ ⊃ ∈ ℑ √ℑ ℘ ∏∏⊆ ℑ  ℘ ⊆⊕ ⊂  ⊃ ∈∩∅∏  ∈ℑ ℘ ⊕ ℑ∈⊗ 

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

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

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

�� ��� � ∅∉ ϒ⊂� ℑ∈⊗ �� �� � ∅∉ ← ℑ� ×∪⊕ 

ℑ⊆∉∏∈ ∉∅ ← ℑ ℑ⊗⊗ ⊃  ⊃ ∉∈ ⋅⊕  ⊕ � � �� � � � � � � � 

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

×⊃��� ��� � ∅∉ ϒ⊂ ℑ∈⊗ � ��� � ∅∉ ← ℑ� ℑ∈⊗ 

 ∪∉ ⊕∅∉×⊃ 2��ϒ⊂ 2� � �← ℑℑ ⊂ ⊂∉∧ ⋅⊕  ⊕�� � �� � ∅∉ 

×⊃��� ��� � ∅∉ ϒ⊂ ℑ∈⊗� � �� � ∅∉← ℑ� ⋅∪ ⊃ ℘ ∪ 

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

℘ ⊂∉ ⊕ ∉ ∪⊕∈∉⊆⊃ ∈ℑ ⊂∉∈⊕ � 

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

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

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

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

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

×ℑ∅∉ ⊃ ⊂ ℑ∈⊗ ⊕ ℑ ⊂⊕⊗⊃ ∈ ∇∏ ℑ   ∨  ∏ℜ ⊕ ∅ ⊃ ⊂ ⊂⊕⊗ ⋅⊃  ∪ ϒ 

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

∪⊕ ℑ  ⊕⊗ℑ∈⊗⊄⊕ ∠ ℑ ���� ε ⊃ ∈ ∪⊕ ⊃ ∈∩ ⊂⊕ Α ⊕ ∩ ⊃ ∉∈ 
∅∉�∪ ∉℘ ℑ∏  ⊕ ∪⊕ ⊕ ℘  ∧  ℑ ⊂ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ ∉∅ Α∩  ℑ ⊃ ∈� 

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

ℑ � ε � ⊆⊃ ∈ ∉ ���� ε ℑ∈⊗ ∪⊕∈ ℑ � � �� ε �⊆⊃ ∈ 
 ∉ ∉∉⊆  ⊕⊆∠ ⊕  ℑ  ∏  ⊕� 

Φ ιγ .1  ≥⊄⊕  ℘ ∪∉∅∠∉ ⊃  ⊃ ∉∈℘ ∪⊕ ℘ ⊄⊕⊗⊃ ∈ 

⊂⊕∈∩  ∪ 2∪⊕ ⊃ ∩∪  ⊕ ℘  ⊃ ∉∈ 

2 .2  Προχεσσεσοφ οβσερϖατιονσοφσ τρυχτυρεσανδ 

µεασυρεµεντσ οφ γραιν σ ιζεσ 

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

⊆ℑ ℘  ∉   ∏ ℘  ∏  ⊕  ⋅⊕  ⊕ ℑ⊄⊕∈ ℜ∧ ℑ ∈∉⊆ℑ ⊂ ℘ ℑ⊆⊕  ℑ 

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

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

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

�≥∞ ↑ � ℑ∈⊗ ∪⊕ ⊃ ℘ ∉⊆∠∉ ⊃  ⊃ ∉∈ ⋅⊕  ⊕ℑ∈ℑ ⊂∧∨⊕⊗ℜ∧ 

⊕ ⊂⊕ ℘   ∉∈  ∠ ⊕ ℘   ∉⊆⊕  ⊕  ℑ∈⊗ ∠∏ ⊂ ⊕⊗ →↑ ″  ∠ ⊕ ℘ 2 
  ∉⊆⊕  ⊕ � ×∪⊕⊂ℑ⊆⊕ ⊂ ⊂ℑ ℘ ∉ ⊂∉∈∧  ⊃ ∨⊕  ⋅⊕  ⊕ ⊆⊕ ℑ 2 
 ∏  ⊕⊗∏  ⊃ ∈∩  ∪⊕ ℘ ⊃  ℘ ∏ ⊂ℑ ⊃ ∈ ⊕  ℘ ⊕ ∠ ∠  ∉℘ ⊕⊗∏  ⊕ ℑ  

⊗ ⊕  ℘  ⊃ ℜ ⊕⊗⊃ ∈ ϒ≥× ↑   ℑ∈⊗ ℑ  ⊗ ∞���2�� � 

3  ΕΞΠΕΡΙΜΕΝΤΑΛ Ρ ΕΣΥΛΤΣ 

3 .1  Εφφεχτσ οφ Λα ον σ τρυχτυρε οφ ΤιΑλ αλλοψ 

� � � � �  ∞∅ ∅⊕ ℘  ∉∅ ← ℑ∉∈ ℑ  2℘ ℑ     ∏ ℘  ∏  ⊕ 

∞∅ ∅ ⊕ ℘ ∉∅← ℑ∉∈ℑ  2℘ ℑ  ⊆ℑ℘  ∉   ∏ ℘  ∏  ⊕∉∅ ∪⊕ 

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

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

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

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

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

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

⋅⊃  ∪� � �� � ℑ∈⊗� � � � ← ℑℑ  ⊕ℑℜ∉∏ � ⊆⊆ ℑ∈⊗ 

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

← ℑ ∪ℑ  ⊕ ∅ ⊃ ∈⊕⊗ ∪⊕⊕ ∇∏ ⊃ ℑ¬⊕⊗℘ ∉ ⊂∉∈⊃ ⊕ ⊃ ∈ ∪⊕℘ ⊕∈ ⊕  

∉∅ ∪⊕⊃ ∈∩∉ � 

∞∅ ∅ ⊕ ℘  ∉∅← ℑ∉∈ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕∉∅ ∪⊕⊃ ∈∩∉  

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

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

⊆ℑ  ⊕  ⊃ ℑ ⊂ ⋅⊃  ∪� � � � ← ℑ�≥∉�⊃  ⊃ ⊄∈∉⋅∈ ∪ℑ ← ℑ 

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

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

� � � ��  ∞∅ ∅ ⊕ ℘  ∉∅ ← ℑ ∉∈    ∏ ℘  ∏  ⊕ ℑ ∅  ⊕ ℜ ⊕ ⊃ ∈∩ 

∪⊕ ℑ   ⊕ ℑ  ⊕⊗ 

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

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

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

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

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

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

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

� � � � � ← ℑ ⊕∈∪ℑ∈℘ ⊕⊗  ∪⊕   ℑℜ ⊃ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ ∉∅  ∪⊕ 

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



Φ ιγ .2  ∞∅ ∅ ⊕ ℘  ∉∅ ← ℑ∉∈ ⊆ℑ ℘  ∉   ∏ ℘  ∏  ⊕∉∅℘ ℑ   ⊃ ∈∩∉  

�ℑ � ) → ∉ ← ℑ��ℜ� ) � � �� � ← ℑ� �℘ � ) � � � � ← ℑ 

Φ ιγ .3  ∞∅ ∅⊕ ℘  ∉∅ ← ℑ∉∈ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕∉∅℘ ℑ   ⊃ ∈∩⊃ ∈∩ ∉  
�ℑ� ) → ∉ ← ℑ�ℜ∉   ∉⊆ ��ℜ � ) � � � � ← ℑ�ℜ∉   ∉⊆ ��℘ � ) � � �� � ← ℑ� ∉∠ 

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

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

 ⊕ ⊕∈ ∈⊕ ℑ  ∪⊕ℜ ∉  ∉⊆ ∉∅ ∪⊕⊃ ∈∩∉ � ↓∈ ∪⊕∉ ∪⊕  

∪ℑ∈⊗� ∪⊕ ∩  ℑ ⊃ ∈  ⊃ ∨⊕ ∉∅⊃ ∈∩∉⋅⊃  ∪ � ��� � ← ℑ 

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

ℑ ⊂ ⊂∉∧ ℜ∏  ⋅⊕  ⊕ ℘ ∉ℑ   ⊕  ∪ℑ∈  ∪∉ ⊕ ∉∅  ∪⊕ ℑ ⊂ ⊂∉∧ 

⋅⊃  ∪� � � � ← ℑ� ×∪⊕  ⊕ ⊆⊕ ℑ∈  ∪ℑ � � � � ∉∅ ← ℑ⊃  

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

⊕¬∠ ⊕  ⊃ ⊆⊕∈℘ ∉∈⊗ ⊃  ⊃ ∉∈ � 

ƒ⊃ ∩� �  ∪∉⋅ ∪⊕ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ℑ  ∪⊕ℜ ∉ 2 

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

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

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

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

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

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

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

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

∠  ∉℘ ⊕   ⊃ ∈∩� 

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



Φ ιγ .4  ∞∅ ∅ ⊕ ℘  ∉∅ ← ℑ∉∈ ⊆ℑ ℘  ∉   ∏ ℘  ∏  ⊕∉∅⊃ ∈∩∉ ℑ ∅  ⊕ ℜ ⊕ ⊃ ∈∩∪⊕ ℑ   ⊕ ℑ  ⊕⊗ 
�ℑ � ) → ∉ ← ℑ� �ℜ � ) � � �� � ← ℑ� �℘ � ) � � � � ← ℑ� �⊗ � ) � � � � ← ℑ� �⊕ � ) � � � � ← ℑ 

3 .2  Αππεαρανχεσ ανδ διστριβυτιονσ οφ οξιδεσ 

ανδ αλυµινιδεσ οφ Λα 

ϒ ⊆∉∏∈  ∉∅ ∉¬ ⊃ ⊗ ⊕  ℑ∈⊗ ℑ ⊂∏⊆⊃ ∈⊃ ⊗ ⊕  ∉∅ ← ℑ 

⋅⊕  ⊕  ℑ ⊃  ⊕⊗ ℑ  ← ℑ ℑ⊗⊗ ⊃  ⊃ ∉∈ ⊃ ∈℘  ⊕ ℑ  ⊕⊗� ƒ ∉⊆ 

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

⊃ ∈  ∪⊕ ⊆ℑ   ⊃ ¬ ⊃ ∈  ∪⊕⊃ ∈∩∉⋅⊃  ∪ � �� � ← ℑ ℑ∈⊗ 

 ∉⊆⊕← ℑℑ ⊂∏⊆⊃ ∈⊃ ⊗ ⊕ ⊂ℑ∧ ℑ ⊂∉∈∩ ∪⊕∪⊕ ℑ   ⊕ ℑ  ⊆⊕∈ 

ℜ ∉∏∈⊗ ℑ  ⊃ ⊕  ∉ℜ ⊕ ⊕ ⊕∈⊃ ∈ ƒ⊃ ∩� � �ℜ� ℑ ← ℑℑ⊗⊗ ⊃  ⊃ ∉∈ 

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

℘ ∉2⊕¬ ⊃   ⊕∈℘ ⊕∉∅ℑ∈ ∉¬ ⊃ ⊗ ⊕ℑ∈⊗ℑ∈ ℑ ⊂∏⊆⊃ ∈⊃ ⊗ ⊕� 

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

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

⊗ ⊕⊗ ∏ ℘ ⊕⊗ ∪ℑ ← ℑ∉¬ ⊃ ⊗ ⊕ ℑ  ⊕← ℑ↓ � ℑ∈⊗← ℑ � ↓ � �ℑ∈⊗ 

← ℑℑ ⊂∏⊆⊃ ∈⊃ ⊗ ⊕ ℑ  ⊕← ℑ � ϒ⊂ � ℑ∈⊗← ℑϒ⊂ � � 

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

 ∪ℑ ∉¬ ⊃ ⊗ ⊕ ∉∅ ← ℑ∅∉⊆⊕⊗⊃ ∈⊂ ⊃ ∇∏ ⊃ ⊗ℑ∈⊗ℑ  ∪⊕∠ ⊕ 2 
 ⊃ ∉⊗∉∅ ∉ ⊂ ⊃ ⊗ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈ ∉∅ ∪⊕ℑ ⊂ ⊂∉∧ℑ∈⊗ℑ ⊂∏⊆⊃ ∈⊃ ⊗ ⊕  

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

⊗ ∉⋅∈ ⊗∏  ⊃ ∈∩∪⊕ ℑ   ⊕ ℑ  ⊆⊕∈�← ℑℑ  ∉⊆∉√⊕  ℑ  2 
∏  ℑ  ⊕⊗⊃ ∈ ∩  ℑ ⊃ ∈ ⊗ ⊃ ∅ ∅∏  ⊕⊗  ∉⋅ℑ  ⊗ ℜ∉∏∈⊗ ℑ  ⊃ ⊕  ∉ 

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

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



Φ ιγ .5  ∞∅ ∅ ⊕ ℘  ∉∅ ← ℑ∉∈ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ∉∅⊃ ∈∩∉ ℑ ∅  ⊕ ℜ ⊕ ⊃ ∈∩∪⊕ ℑ   ⊕ ℑ  ⊕⊗ℑ ℜ∉  ∉⊆ 
�ℑ � ) � � �� � ← ℑ� �ℜ� ) � � � � ← ℑ� �℘ � ) � � � � ← ℑ 

Φ ιγ .6  ϒ∠∠ ⊕ ℑ  ℑ∈℘ ⊕ ℑ∈⊗⊗ ⊃    ⊃ ℜ∏  ⊃ ∉∈∉∅∉¬ ⊃ ⊗ ⊕ ℑ∈⊗ℑ ⊂∏⊆⊃ ∈⊃ ⊗ ⊕  
�ℑ � ) ↓¬ ⊃ ⊗ ⊕ ⊃ ∈ ⊆ℑ   ⊃ ¬�� � � � ← ℑ��ℜ� ) ϒ⊂∏⊆⊃ ∈⊃ ⊗ ⊕⊃ ∈ ℑℜ∉∏∈⊗ ℑ  ∧ �� � � � ← ℑ� 

�℘ � ) ≤∉ 2⊕ ¬ ⊃   ⊕ ∈℘ ⊕∉ ∅∉¬ ⊃ ⊗ ⊕ℑ∈⊗ℑ ⊂∏⊆⊃ ∈⊃ ⊗ ⊕�� � � � ← ℑ 

Ταβλε 1  ″ ⊕  ∏ ⊂  ∉∅℘ ∉⊆∠∉ ⊃  ⊃ ∉∈ℑ∈ℑ ⊂∧ ⊃ ∉∅ 

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

≥ℑ⊆∠ ⊂⊕ ×⊃ ϒ⊂ ↓ ← ℑ °∪ℑ  ⊕ 

×⊃ 2��ϒ⊂ 2� � �← ℑ � ��� � � �� �� � �� �� � �� ↓¬ ⊃ ⊗ ⊕ 

×⊃ 2��ϒ⊂ 2� � �← ℑ � � �� �� � �� �� � �� ↓¬ ⊃ ⊗ ⊕ 

×⊃ 2��ϒ⊂ 2� � �← ℑ � � �� �� � �� �� � �� ↓¬ ⊃ ⊗ ⊕ 

×⊃ 2��ϒ⊂ 2� � �← ℑ �� ��� �� � �� ϒ⊂∏⊆⊃ ∈⊃ ⊗ ⊕ 

×⊃ 2��ϒ⊂ 2� � �← ℑ �� ��� �� � �� ϒ⊂∏⊆⊃ ∈⊃ ⊗ ⊕ 

×⊃ 2��ϒ⊂ 2� � �← ℑ �� ��� �� � �� ϒ⊂∏⊆⊃ ∈⊃ ⊗ ⊕ 

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

3 .3  Εφφεχτσ οφ Λα ον γραιν σ ιζε 

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

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

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

 ∪∉⋅∈⊃ ∈ ƒ⊃ ∩� � � 

♥℘ ℑ∈ ℜ ⊕ ⊕ ⊕∈ ∪ℑ   ∪⊕ℑ⊗⊗ ⊃  ⊃ ∉∈ ∉∅� � � � ← ℑ 

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

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

 ∉∠∠∉ ⊃  ⊃ ∉∈ ∉∅ ∪⊕⊃ ∈∩∉⋅ℑ ℑ ∅ ⊃ ∈⊕ℑ ��� Λ ⊆ � 

×∪⊕℘ ∉ ⊂∉∈∧  ⊃ ∨⊕ ⊃ ∈  ∪⊕⊃ ∈∩∉⋅⊃  ∪ � � �� � ← ℑ 

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

� � � � ← ℑ ℑ  ∪⊕ ℜ∉  ∉⊆ ℑ∈⊗ ⊆⊃ ⊗⊗ ⊂⊕� ∪∉⋅⊕ √⊕ � 

 ∪⊕ ℘ ∉ ⊂∉∈∧  ⊃ ∨⊕  ℑ ∉ ∪⊕ ∠∉ ⊃  ⊃ ∉∈ ⋅⊕  ⊕ ⊂ℑ  ∩ ⊕  

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

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

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



⋅∪⊕∈ ← ℑ ℑ⊗⊗ ⊃  ⊃ ∉∈ℑ  ⊕ ∉√⊕ � �� � � ×∪⊕ ⊕ ℑ  ∉∈ 

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

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

  ℑℜ ⊃ ⊂ ⊃ ∨⊕⊗ ℘ ∉ ⊂∏⊆∈ℑ ℘ ∉ ⊂∉∈⊃ ⊕  ⊗∏  ⊃ ∈∩ ∪⊕ ℑ   ⊕ ℑ  2 
⊆⊕∈ �ℑ∈⊗���  ∪⊕℘ ∉ ⊂∏⊆∈ℑ  ℑ  ⊕⊂ ⊃ ℑℜ ⊂⊕ ∉ ⊆⊕  ∩⊕ 

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

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

Φ ιγ .7  ∞∅ ∅ ⊕ ℘  ∉∅ ← ℑ∉∈ ∩  ℑ ⊃ ∈  ⊃ ∨⊕⊃ ∈ ⊗ ⊃ ∅ ∅ ⊕  ⊕∈ 

∠ ∉ ⊃  ⊃ ∉∈⊃ ∈⊃ ∈∩∉  

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

⋅⊃  ∪∉∏ ← ℑℑ∈⊗ ⋅⊃  ∪⊗ ⊃ ∅ ∅ ⊕  ⊕∈ℑ⊗ ⊗ ⊃  ⊃ ∉∈∉∅← ℑℑ  ⊕ 

���� Λ ⊆�∈∉ ← ℑ� ���� Λ ⊆ � � � �� � ← ℑ� ���� Λ ⊆ 

�� � � � ← ℑ� � ��� Λ ⊆ �� �� � ← ℑ� � ℑ∈⊗ ��� Λ ⊆ 

� � � � � ← ℑ� � ⊕  ∠⊕ ℘  ⊃ √⊕ ⊂∧ � 

4  ∆ΙΣΧΥΣΣΙΟΝ 

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

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

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

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

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

∉∅ ← ℑ ℑ  ∉⊆⊃ ∈  ∪⊕⊂ℑ   ⊃ ℘ ⊕ ∉∅  ∪⊕ ℑ ⊂ ⊂∉∧ � ↑ ⊕ ℑ∈2 
⋅∪ ⊃ ⊂⊕� ∪⊕∅ ℑ℘   ∪ℑ   ∪⊕ℑ ⊂∏⊆⊃ ∈⊃ ⊗ ⊕ ∉ ∅← ℑ⊕¬ ⊃   ⊕⊗ 

⊃ ∈ ℜ∉∏∈⊗ ℑ  ⊃ ⊕ ℑ∈⊗ ℘ ∉2⊕¬ ⊃   ⊕⊗ ⋅⊃  ∪ ∉¬ ⊃ ⊗ ⊕ ∉∅ ← ℑ 

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

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

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

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

Ρ ΕΦΕΡ ΕΝΧΕΣ 

�  ƒ ∉⊕  ƒ ♦ �♠ ∉∏  ∈ℑ ⊂ ∉ ∅ ↑ℑ  ⊕  ⊃ ℑ ⊂≥℘ ⊃ ⊕ ∈℘ ⊕����� � �� � 

���� � 

�  • ∪ ℑ∈∩ ≥ ♦ � ♦⊃ ∩∪ ×⊕⊆∠ ⊕  ℑ  ∏  ⊕ ϒ⊂∏⊆⊃ ∈⊃ ⊗ ⊕ ℑ∈⊗♥∈2 
 ⊕ ⊆⊕  ℑ ⊂ ⊂ ⊃ ℘ � ×∪ ⊕ ↑⊃ ∈⊕  ⊃ ℑ ⊂� ↑⊕  ℑ ⊂� ℑ∈⊗ ↑ℑ  ⊕  ⊃ ℑ ⊂  

≥∉℘ ⊃ ⊕  ∧ ����� � ��� � 

�  ↔ ⊃ ⊆ ≠2 • �♠↓ ↑ � ���� � �� ��� � 
�  ↔ ⊃ ⊆ ≠2 • � ϒ℘  ℑ ↑⊕  ℑ ⊂ ⊂∏  ∩ ⊃ ℘ ℑ ⊂ ↑ ℑ  ⊕  ⊃ ℑ ⊂� ���� � �� 

��� ����� � 

�  ≤∪ ℑ∈ ↔ ≥ � ϒ℘  ℑ ↑⊕  ℑ ⊂ ⊂∏  ∩ ⊃ ℘ ℑ ⊂ ↑ ℑ  ⊕  ⊃ ℑ ⊂� ���� � �� 

��� ���� � 

�  ⁄ℑ  ∉ ⊂ℑ ″ � ≥  ∏ ℘  ∏  ℑ ⊂ ♥∈ ⊕ ⊆⊕  ℑ ⊂ ⊂ ⊃ ℘ � ×∪⊕ ↑⊃ ∈⊕  ⊃ ℑ ⊂� 

↑⊕  ℑ ⊂�ℑ∈⊗ ↑ℑ  ⊕  ⊃ ℑ ⊂ ≥∉℘ ⊃ ⊕  ∧ ����� ���� � 

�  ↔ ⊃ ⊆ ≠ • � ↑ ℑ  ⊕ ≥℘ ⊃∞∈∩����� � ϒ������� ���� � 

�  ≡∪∉∏ ↔ ⊕ ℘ ∪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∈∩ • ♠� ↑ ℑ  ⊕  ⊃ ℑ ⊂  ≥℘ ⊃ ⊕ ∈℘ ⊕ ℑ∈⊗ ∞∈∩ ⊃ ∈⊕ ⊕  ⊃ ∈∩� 

���� � ϒ��� ��� � 

�� °⊕ ∈∩ ≤∪ ℑ ∉∇∏∈ ℑ∈⊗ ♦∏ ℑ∈∩ ′ℑ ⊃ ∧∏ ∈ � ×∪ ⊕ ≤∪ ⊃ ∈⊕  ⊕ 

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

� �≥∏ ∠ ⊂��� ��� � 

��  ↔ ⊃ ⊆ ≠2 • � • ℑ∩∈⊕  ″ ℑ∈⊗ ≠ℑ⊆ℑ∩∏ ℘ ∪ ⊃ ↑ � ♣ℑ⊆⊆ℑ 

×⊃  ℑ∈⊃ ∏⊆ ϒ⊂∏⊆⊃ ∈⊃ ⊗ ⊕ � • ℑ   ⊕ ∈⊗ ℑ ⊂⊕� × ↑ ≥ � ���� � 

��� � 

��  ♣∏∠  ∏ ≤ ↔ℑ∈⊗ ↔  ⊃  ∪∈ℑ∈ × ≥ �↑ℑ  ⊕  ⊃ ℑ ⊂ ≥℘ ⊃ ⊕ ∈℘ ⊕ ƒ∉2 
 ∏⊆ � × ℑ∈×⊕ ℘ ∪ °∏ ℜ ⊂ ⊃ ℘ ℑ  ⊃ ∉∈ � ���� ��� � 

��  ×∪ ⊕ ↑ℑ  ⊕  ⊃ ℑ ⊂  ♥∈∅ ∉⊆ℑ  ⊃ ∉∈ ≥∉℘ ⊃ ⊕  ∧ � ↑⊕  ℑ ⊂  ♦ℑ∈⊗ 2 
ℜ ∉∉⊄����� � � ���� � 

��  ′ℑ   ⊂⊕  ′ × � ♥∈ �° ∉℘ ↑ℑ ″ ⊕  ≥∉℘ ≥∧⊆∠� ���� � 

��� ����� � 

��  ≤∪ ⊕ ∈ ≥∪ ⊃ ∇ ⊃�ϒ℘  ℑ ↑⊕  ℑ ⊂ ⊂∏  ∩ ⊃ ℘ ℑ≥⊃ ∈⊃ ℘ ℑ��⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕ � � 

���� ��� ��� � ϒ�� � 

��  ƒ⊂⊕⊆⊃ ∈∩  ↑ ≤ � ≥∉ ⊂ ⊃ ⊗ ⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈ ° ∉℘ ⊕   ⊃ ∈∩� ↑℘♣ ℑ⋅2 
♦⊃ ⊂ ⊂�♥∈℘����� ���� � 

(Εδιτεδ βψ Ηε Ξυεφενγ) 

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


