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Αβσ τραχτ : ×∪⊕ℑ   ⊕ ∈⊃ ℘ℑ∈⊗ℑ∈ ⊃ ⊆∉∈∧ ⊗ ∏  ℑ  ⊃  ⊕ ∈ ∅  ∉⊆  ∪⊕√∉ ⊂ℑ  ⊃ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ ∉ ∅ ℑ∈∉⊗ ⊕ ⊂ ⊃ ⊆⊕⊃ ∈  ∪ ⊕⊕ ⊂⊕ ℘   ∉ ⊂∧ ⊃ ∉ ∅℘ ∉∠∠ ⊕ ℑ∈⊗ 

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

∠  ∉⊗ ∏ ℘ ⊕ ∪ ⊕ ⊆⊃ ¬ ∏  ⊕∉ ∅ ϒ � ↓ � ℑ∈⊗ ≥ℜ � ↓ � �ℑ∈⊗ ∪ ⊕ ∈ → ℑ � ≥↓ � ⋅ℑ ℑ⊗ ⊗ ⊕ ⊗ ∉ ∠  ∉⊗ ∏ ℘ ⊕℘ ⊂ℑ  ⊃ ∅ ⊃ ℘ ℑ∈∅ ∉∩ ⊂ℑ  � ×∪⊕∉∠  ⊃ ⊆⊃ ∨⊃ ∈∩ 

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

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

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

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

1  ΙΝΤΡ Ο∆ΥΧΤΙΟΝ 

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

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

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

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

ℑ∈ ⊃ ⊆∉∈∧ ⊗∏  ⊃ ∈ ∉ ϒ � ↓ � ℑ∈⊗ ≥ℜ � ↓ � ∉ℑ   ⊕∈ℑ  ⊕ℑ∈⊗ 

ℑ∈ ⊃ ⊆∉∈ℑ  ⊕�  ∏ ℘ ∪ ℑ  ≤∏ � � ϒ↓ � � � � → ℑ � ϒ↓ � ℑ∈⊗ 

→ ℑ≥ℜ �↓ ♦� � ⊕  ℘� ×∪⊕  ⊕ ℑ  ⊕ ⋅∉ ⊆⊕  ∪∉⊗ �⊂∉⋅  ⊕⊆2 

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

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

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

∠ℑ∠⊕  ⊗ ⊃  ⊕ ℘  √∉ ⊂ℑ  ⊃ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ ℑ∈⊗  ⊕⊗∏ ℘  ⊃ ∉∈2∉¬ ⊃ ⊗ ℑ  ⊃ ∉∈ 

√∉ ⊂ℑ  ⊃ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ ⋅⊕  ⊕ ⊕⊆∠ ⊂∉∧⊕⊗  ∉ ∠  ∉⊗∏ ℘ ⊕ ⊆⊃ ¬ ∏  ⊕ ∉∅ 

ϒ � ↓ � ℑ∈⊗≥ℜ � ↓ � � ∪⊕∈ → ℑ � ≥↓ � ⋅ℑ ℑ⊗⊗ ⊕⊗ ∉ ∠  ∉⊗∏ ℘ ⊕ 

℘ ⊂ℑ  ⊃ ∅ ⊃ ℘ ℑ∈∅∉∩ ⊂ℑ  � 

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

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

� � 

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

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

∅∉⊆ ∉∅ ϒ � ↓ � ℑ∈⊗≥ℜ � ↓ � � 

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

∅∉∩ ⊂ℑ  ∏  ⊕⊗⊃ ∈ ∩ ⊂ℑ  ⊃ ∈⊗∏    ∧ ⊃ ⊂ ⊃   ⊕⊗⊃ ∈ ×ℑℜ ⊂⊕� � 

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

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

Ταβλε 1  ≤∪⊕⊆⊃ ℘ ℑ ⊂℘ ∉⊆∠ ∉ ⊃  ⊃ ∉∈ ∉∅ ϒ 2≥ℜ⊗∏   � � � 

∞⊂⊕⊆⊕ ∈ ϒ ≥ℜ ƒ⊕ ≤∏ ′⊃ 

≤∉∈ ⊕ ∈ �� � �� �� � �� � � �� � � �� � � �� 

∞⊂⊕⊆⊕ ∈ ≤ °ℜ ↑ ∈ ≥∈ 

≤∉∈ ⊕ ∈ � � ��� � � �� � � ��� � � ��� 

Ταβλε 2  ≤∪⊕⊆⊃ ℘ ℑ ⊂℘ ∉⊆∠ ∉ ⊃  ⊃ ∉∈ ∉∅ 

℘ ⊂ℑ  ⊃ ∅ ⊃ ℘ ℑ∈∅∉∩ ⊂ℑ   � � � 

×∧∠ ⊕ ϒ � ↓ � � ≥ℜ � ↓ � → ℑ � ↓ ≥↓ � 

≥×← 2� ∴�� ∴�� [ �� 

≥× ← 2� ∴�� ∴�� [ �� 

ƒ �� � � ? � �� � � ? � �� ? � 

×∧∠ ⊕ ƒ⊕↓ ≤∏ ≤ ♦ � ↓ 

≥× ← 2� [ � � �� [ � � ��� [ � 

≥× ← 2� [ � � �� [ � � ��� [ � 

ƒ [ � � �� [ � � ��� 

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

� � �� � � 

2  ΕΞΠΕΡΙΜΕΝΤΑΛ ΠΡΙΝΧΙΠΛΕ ΑΝ∆ ΜΕΤΗΟ∆ 

ΦΟΡ ΠΡ ΕΠΑΡ ΑΤΙΟΝ 

2 .1  ∆ιρεχτ ϖολατιλ ιζατιον µετηοδ 

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

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

 ∪⊕∅∉ ⊂ ⊂∉⋅⊃ ∈∩⊕ ∇∏ ℑ  ⊃ ∉∈ ≈� � 

ƒ∉≥ℜ � ↓ � � 

⊂∩π � �� ���� � �� ���� Τ   �℘ ∏ℜ ⊃ ℘ ∧  ⊕⊆ � 

��� ∗ ��� ε � ��� 

⊂∩π � �� ���� � ���� Τ   � ∪∉⊆ℜ ⊃ ℘ ∧  ⊕⊆ � 

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

≠ Ρεχε ιϖεδ δατε : ϒ∠ � � ����� �αχχεπτεδ δατε : ↓℘  � �� �����



��� ∗ ��� ε � ��� 

⊂∩π � � � ��� � ����� Τ   �⊂ ⊃ ∇∏ ⊃ ⊗ � ��� 

ƒ∉ϒ � ↓ � � 

⊂∩π � �� � �� � ����� Τ ��� 

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

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

Ταβλε 3  ∂ ℑ∠∉∠  ⊕   ∏  ⊕∉∅ ≥ℜ � ↓ � ℑ∈⊗ ϒ � ↓ � ℑ  

⊗ ⊃ ∅ ∅ ⊕  ⊕∈ ⊕⊆∠ ⊕  ℑ  ∏  ⊕ 

×⊕⊆∠ ⊕  ℑ  ∏  ⊕ � ε ��� ��� ��� 

∂ℑ∠∉∠  ⊕   ∏  ⊕ 
∉ ∅ ≥ℜ � ↓ � �°ℑ 

� � �� ��� � � 

∂ℑ∠∉∠  ⊕   ∏  ⊕ 
∉ ∅ ϒ � ↓ � �°ℑ 

�� � � � ��� �� ��� 

×⊕⊆∠ ⊕  ℑ  ∏  ⊕ � ε ��� ��� ��� 

∂ℑ∠∉∠  ⊕   ∏  ⊕ 
∉ ∅ ≥ℜ � ↓ � �°ℑ 

� ��� � � �� ��� � � ������ � � 

∂ℑ∠∉∠  ⊕   ∏  ⊕ 
∉ ∅ ϒ � ↓ � �°ℑ 

������ ��� ��� 

Ταβλε 4  ↑⊕ ⊂  ⊃ ∈∩∠ ∉ ⊃ ∈ ℑ∈⊗ℜ ∉ ⊃ ⊂ ⊃ ∈∩∠∉ ⊃ ∈  
∉∅ ϒ�≥ℜ�ƒ⊕ℑ∈⊗ ≤∏ 

ϒ ≥ℜ ƒ⊕ ≤∏ 

↑⊕ ⊂  ⊃ ∈∩∠ ∉ ⊃ ∈ � ε ��� � ��� � ��� 

′∉ ⊃ ⊂ ⊃ ∈∩∠∉ ⊃ ∈ � ε ��� � ��� � ��� � ���

  ϒ ∪∉⋅∈ ⊃ ∈ ×ℑℜ ⊂⊕ � ℑ∈⊗ ×ℑℜ ⊂⊕ � � ∪⊕ √ℑ∠∉ 

∠  ⊕   ∏  ⊕ ∉∅ ϒ � ↓ � ℑ∈⊗ ≥ℜ � ↓ � ⊃ ∈  ∪⊕ ϒ 2≥ℜ ⊗∏  ⊃  

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

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

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

ƒ⊕ℑ∈⊗ ≤∏ℜ∧  ∪⊕⊗ ⊃  ⊕ ℘ √∉ ⊂ℑ  ⊃ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ ⊆⊕  ∪∉⊗� 

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

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

ƒ⊃ ∩� � � 

Φ ιγ .1  ƒ⊂∉⋅ ∪⊕ ⊕ ∅∉∠  ⊕ ∠ ℑ  ℑ  ⊃ ∉∈ ∉∅ 

∩ ⊂ℑ  ℘ ⊂ℑ  ⊃ ∅ ⊃ ℘ ℑ∈ 

2 .2  Ρεδυχτιον2οξιδατιον ϖολατιλιζατιον µετηοδ 
♥∈  ⊕ ⊆∉∅ ∪⊕℘ ∪ℑ  ℑ℘  ⊕  ⊃   ⊃ ℘ ∪ℑ  ∪⊕ ⊕⊗∏ ℘  ⊃ ∉∈ 

ℑ∈⊗∉¬ ⊃ ⊗ ℑ  ⊃ ∉∈  ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ∉∅ ϒℑ∈⊗ ≥ℜ ℑ  ⊕ ⊂∉⋅⊕  

 ∪ℑ∈  ∪∉ ⊕∉∅ ≤∏ℑ∈⊗ƒ⊕�ϒ � ↓ � ℑ∈⊗≥ℜ � ↓ � ⊃ ∈ ⊗∏  ℑ  ⊕ 

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

�≥ℜ � ↓ � � �≤ � �≥ℜ� �≤ ↓ � ��� 

�ϒ � ↓ � � �≤ � �ϒ� �≤ ↓ � ��� 

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

�ϒ� �↓ � � �ϒ � ↓ � ��� 

�≥ℜ� �↓ � � �≥ℜ � ↓ � ��� 

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

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

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

3  Ρ ΕΣΥΛΤΣ ΑΝ∆ ∆ΙΣΧΥΣΣΙΟΝ 

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

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

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

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

∉∅√∉ ⊂ℑ  ⊃ ⊂⊕ ∏ℜ   ℑ∈℘ ⊕⊃ ⊂ ⊃   ⊕⊗⊃ ∈ ×ℑℜ ⊂⊕� � 

ƒ⊃ ∩� � ℑ∈⊗ ƒ⊃ ∩��  ∪∉⋅  ∪ℑ  ∪⊕ √∉ ⊂ℑ  ⊃ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ ∉∅ 

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

Φ ιγ .2  ″ ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠ ℜ ⊕  ⋅⊕ ⊕∈ √∉ ⊂ℑ  ⊃ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ 

ℑ∈⊗ ⊕ ℑ ℘  ⊃ ∉∈ ⊕⊆∠ ⊕  ℑ  ∏  ⊕ 

Φ ιγ .3  ″ ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠ ℜ ⊕  ⋅⊕ ⊕∈ √∉ ⊂ℑ  ⊃ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ 

ℑ∈⊗ ⊕ ℑ ℘  ⊃ ∉∈ ⊃⊆⊕ 

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



Ταβλε 5  ″ ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠ ℜ ⊕  ⋅⊕ ⊕∈ ℘ ∪⊕⊆⊃ ℘ ℑ ⊂ 

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

 ⊕ ℑ℘  ⊃ ∉∈ ⊕⊆∠⊕  ℑ  ∏  ⊕ 

×⊕⊆∠ ⊕  ℑ  ∏  ⊕ 

� ε 

≤∉⊆∠ ∉ ⊃  ⊃ ∉∈� � 

ϒ ≥ℜ ƒ⊕ ≤∏ 

↓√⊕  ℑ ⊂ ⊂ 

√∉ ⊂ℑ  ⊃ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ 

� � 

��� �� � �� �� � �� � � ��� � � ��� �� 

��� �� � �� �� � �� � � ��� � � ��� �� 

��� �� � �� �� � �� � � ��� � � ��� �� 

��� �� � �� �� � �� � � ��� � � ��� �� 

��� �� � �� �� � �� � � ��� � � ��� �� 

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

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

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

⊆⊃ ∈ � → ℑ � ≥↓ � ⊃ ℑ⊗ ⊗ ⊕⊗⊃ ∈ ∠  ∉∠ ∉  ⊃ ∉∈ ℑ ⊂ ⊃   ⊕⊗⊃ ∈ ×ℑℜ ⊂⊕ 

� ⊃ ∈ ∉ ϒ � ↓ � ℑ∈⊗≥ℜ � ↓ � ⊆⊃ ¬ ∏  ⊕℘ ∉ ⊂ ⊂⊕ ℘  ⊕⊗⊃ ∈ ∪⊕ℑℜ∉√⊕ 

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

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

×ℑℜ ⊂⊕� � 

Ταβλε 6  ≤∪⊕⊆⊃ ℘ ℑ ⊂℘ ∉⊆∠ ∉ ⊃  ⊃ ∉∈ ∉∅℘ ⊂ℑ  ⊃ ∅ ⊃ ℘ ℑ∈∅∉ 

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

×∧∠ ⊕ ϒ ≥ℜ → ℑ � ↓ ƒ⊕↓ ≤∏ 

×⊕   2� �� � �� �� � �� �� � � ��� � � � �� 

×⊕   2� �� � �� �� � �� �� � � ��� � � � ���

  ♥∈  ∪⊕ ∠  ∉℘ ⊕  ∉∅ ⊕⊗ ∏ ℘  ⊃ ∉∈2∉¬ ⊃ ⊗ ℑ  ⊃ ∉∈ √∉ ⊂ℑ  ⊃ ⊂ ⊃ ∨ℑ 2 
 ⊃ ∉∈ ≈� �ℑ  ∅ ⊃    �� � ∗ � � ∉∅ ⊕⊗∏ ℘  ℑ∈�℘ ℑ  ℜ∉∈ ∠ ∉⋅2 
⊗ ⊕ �⊃ ℑ⊗⊗ ⊕⊗⊃ ∈ ∉ ϒ 2≥ℜ ⊗∏  � ≥ℜ � ↓ � ℑ∈⊗ ϒ � ↓ � ℑ  ⊕ 
 ⊕⊗∏ ℘ ⊕⊗⊃ ∈ ∉ ⊕ ⊂⊕⊆⊕∈ϒℑ∈⊗≥ℜ�ℑ∈⊗ ∪⊕∈ ϒℑ∈⊗≥ℜ 

ℑ  ⊕ ∏  ∈⊕⊗⊃ ∈ ∉ ϒ � ↓ � ℑ∈⊗ ≥ℜ � ↓ � ℑ ∩ℑ ⊃ ∈ � ← ℑ  ⊕ � ∪⊕ 

⊆⊃ ¬ ∏  ⊕∉∅ ϒ � ↓ � ℑ∈⊗ ≥ℜ � ↓ � ∉ℜ  ℑ ⊃ ∈⊕⊗⊃  ⊆⊃ ¬⊕⊗ ⋅⊃  ∪ 

→ ℑ � ≥↓ � ⊃ ∈ ∠  ∉∠∉  ⊃ ∉∈ ℑ ⊂ ⊃   ⊕⊗⊃ ∈ ×ℑℜ ⊂⊕� �×∪∏ ∇∏ ℑ ⊂ ⊃ 2 
∅ ⊃ ⊕⊗℘ ⊂ℑ  ⊃ ∅ ⊃ ℘ ℑ∈∅∉∩ ⊂ℑ  ⊃ ∠  ⊕ ∠ℑ  ⊕⊗� 

4  ΧΟΝΧΛΥΣΙΟΝ 

♥∈  ∪ ⊃ ⊕¬∠ ⊕  ⊃⊆⊕∈ � ϒ 2≥ℜ ⊗∏  ⊃ ∏  ⊕⊗ ℑ  ℑ⋅ 

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

√∉ ⊂ℑ  ⊃ ⊂ ⊃ ∨⊃ ∈∩� °∏  ⊕ ϒ � ↓ � ℑ∈⊗ ≥ℜ � ↓ � ℑ  ⊕ ∠  ⊕∠ℑ  ⊕⊗ ℜ∧ 

√∉ ⊂ℑ  ⊃ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ ⊆⊕  ∪∉⊗� ∪⊕∈ → ℑ � ≥↓ � ⊃ ℑ⊗⊗ ⊕⊗⊃ ∈ ∠  ∉2 
∠ ∉  ⊃ ∉∈ ⊃ ∈ ∉  ∪⊕ ⊃  ⊆⊃ ¬ ∏  ⊕�  ∪∏  ∪⊕ ℘ ⊂ℑ  ⊃ ∅ ⊃ ℘ ℑ∈∅∉ 

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

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

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

Ρ ΕΦΕΡ ΕΝΧΕΣ 

≈�  ≡ ♦ ↓ ∝ ♠∏ ∈ � ″ ⊕ ℘ ∉√⊕  ∧ ∉ ∅ ℑ   ⊕ ∈⊃ ℘∅  ∉⊆ ℘ ∉∠∠ ⊕ ∠  ∉⊗ ∏ ℘  ⊃ ∉∈ 

≈♠  � ♠ ≥℘ ⊃ ⊕ ∈℘ ⊕ ℑ∈⊗ ×⊕ ℘ ∪∈∉ ⊂∉∩∧ ∉ ∅ ≥∪∏ ⊃⊄∉∏ ≥∪ℑ∈ � �⊃ ∈ 

≤∪ ⊃ ∈⊕  ⊕ � ����� ������ ��� ∗ �� � 
≈�  ⁄∝ϒ→÷∏ ⊕ 2℘ ∪⊕ ∈ � ″ ⊕ ℘ ∉√⊕  ∧ ∉∅ℑ   ⊕ ∈⊃ ℘ℑ∈⊗ℑ∈ ⊃ ⊆∉∈∧∅  ∉⊆ 

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

≈♠  �♠ ≤⊕ ∈ 2≥∉∏  ∪♥∈ ↑⊃ ∈ ↑⊕  ℑ ⊂��⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕ � ����� � 

����� ���� ∗ ��� � 
≈�  ← ♥ °⊕ ∈∩� × ϒ→♣ ↑ ∉ 2 ℑ∈∩ℑ∈⊗←∝ ♠ ∏ ∈2⊂⊕�⁄ ⊃  ⊕ ℘ ∠  ∉⊗∏ ℘ 2 

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

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

���� ����� ��� ∗ �� � 
≈�  °∝ ♣∏ ∉ 2∨∪∉∈∩� ϒ  ⊕ ∈⊃ ℘ℑ⊗ ⊗ ⊃  ⊃ √⊕⊃ ∈  ⊕ ℑ⊗∉ ∅ℑ   ⊕ ∈⊃ ℘  ⊃ ∉¬2 

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

≥⊆⊕ ⊂  ⊕ ��⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕ � ����� ������ ��� ∗ �� � 
≈�  ← ♥∝ ♣∏ ∉ 2⊗ ⊃ ∈∩� ° ℑ ℘  ⊃ ℘ ⊕ ⊗ ⊕ ℑ ⊂ ⊃ ∈∩ ⋅⊃  ∪ ℘ ∉∠∠ ⊕ ∠  ∉⊗ ∏ ℘  ⊃ ∉∈ 

⊗∏   ⊃ ∈ ≡∪∏ ∨∪∉∏⊆⊕ ⊂  ⊕ ≈♠  �♠ ♦⊕ ℑ√∧ → ∉∈2∅ ⊕   ∉∏  ↑⊕  ℑ ⊂ 

↑⊕  ℑ ⊂ ⊂∏  ∩∧ ��⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕ � �������� �� ∗ �� � 
≈�  ≡ ♦ ϒ→♣ ← ⊃� ×∪⊕∏  ⊕∉ ∅ ϒ 2 ⊃ ℘ ∪⊗ ∏   ⊃ ∈ ∪ ⊕∩ ⊂ℑ  ⊃ ∈⊗ ∏    ∧ 

≈♠  �♠ ≥℘ ⊃ ⊕ ∈℘ ⊕ℑ∈⊗ ×⊕ ℘ ∪∈∉ ⊂∉∩ ∧ ∉∅ ≡∪∏ ∨∪∉∏ ≥⊆⊕ ⊂  ⊕ ��⊃ ∈ 

≤∪ ⊃ ∈⊕  ⊕ � ����� �→ ∉� ��� ∗ �� � 
≈�  ≤ ♦∞→ ÷⊃ ∈2⊆⊃ ∈ � °∪∧ ⊃ ℘ ℑ ⊂ ≤∪ ⊕⊆⊃    ∧ ∉ ∅ °∧ ∉⊆⊕  ℑ ⊂ ⊂∏  ∩∧ 

° ∉℘ ⊕  � �⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕� ≈ ↑  � ′⊕ ⊃ ⊇ ⊃ ∈∩� ↑⊕  ℑ ⊂ ⊂∏  ∩ ⊃ ℘ ℑ ⊂ ♥∈2 
⊗ ∏    ∧ ° ⊕  ����� ���� ∗ ��� � 

≈�  ⁄ϒ♥ ≠∏∈2∈⊃ ℑ∈ � ∂ ℑ ℘ ∏ ∏⊆ ↑⊕  ℑ ⊂ ⊂∏  ∩∧ ∉∅ → ∉∈∅ ⊕   ∉∏  ↑ ⊕  2 
ℑ ⊂ ��⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕� ≈ ↑  � ′⊕ ⊃ ⊇ ⊃ ∈∩� ↑⊕  ℑ ⊂ ⊂∏  ∩ ⊃ ℘ ℑ ⊂ ♥∈⊗ ∏    ∧ 

° ⊕  ����� ���� ∗ ��� � 

(Εδιτεδ βψ ΩΥ ϑια2θυαν) 

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


