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

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

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

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

Κεψ ωορδσ  ���� ℑ ⊂∏⊆⊃ ∈∏⊆ ℑ ⊂ ⊂∉∧  ℘ ∉∈  ∉ ⊂ ∉ ⊂ ⊂ ⊃ ∈∩∠  ∉℘ ⊕    ∪⊕ ⊆ℑ ⊂ ⊃ ⊆∏ ⊂ℑ  ⊃ ∉∈  ↑ ∩ � ≥⊃∠  ⊕ ℘ ⊃ ∠ ⊃  ℑ  ⊃ ∉∈ 

1  ΙΝΤΡ Ο∆ΥΧΤΙΟΝ 

���� ϒ⊂∏⊆⊃ ∈∏⊆ ℑ ⊂ ⊂∉∧ ⊃ ∏  ⊕⊗∅∉∉√⊕  ∪⊕ ℑ⊗ 

℘ ∉∈⊗∏ ℘  ⊃ √⊕ ⋅⊃  ⊕� ⋅∪ ⊃ ℘ ∪℘ ℑ∈ ℜ ⊕∅ℑℜ  ⊃ ℘ ℑ  ⊕⊗ℜ∧  ∪⊕ 

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

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

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

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

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

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

 ∉ ⊂ ⊂ ⊃ ∈∩� ⊗  ℑ⋅⊃ ∈∩� ≤ ♦ × ϒ ∈∉∉∈⊂∧ ⊕ ⊂ ⊃ ⊆⊃ ∈ℑ  ⊕  

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

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

⊄⊕ ∧ ∠  ∉℘ ⊕   ⊃ ∈∩ ∠ ℑ  ℑ⊆⊕  ⊕  ∉∅  ∪⊕ ≤ ″ °�℘ ∉∈  ∉ ⊂ 

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

℘ ∉∈⊗∏ ℘  ⊃ √⊕ ⋅⊃  ⊕� 

2  ΕΞΠΕΡΙΜΕΝΤΑΛ ΠΡ ΟΧΕ∆ΥΡ Ε 

� .�  Χηεµιχαλ χοµ ποσ ιτιονσ οφ ���� Αλ αλλοψ 

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

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

Ταβλε 1  ↑ℑ ⊃ ∈ ℘ ∪⊕⊆⊃ ℘ ℑ ⊂℘ ∉⊆∠∉ ⊃  ⊃ ∉∈ 

∉∅ ∠⊕ ℘ ⊃⊆⊕∈ 

∞⊂⊕⊆⊕ ∈  ↑ ℑ  ∅  ℑ ℘  ⊃ ∉∈� � 

↑ ∩ � � �� 

≥⊃ � � �� 

ƒ⊕ � � �� 

≤∏ � � ��� 

ϒ⊂ ″ ⊕⊆ � 

� .�  Σιµ υλατιον οφ ΧΡΠ 
×∪⊕≤ ″ ° ∉∅���� ℑ ⊂∏⊆⊃ ∈∏⊆ ℑ ⊂ ⊂∉∧ ⋅ℑ  ⊃⊆∏ 2 

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

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

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

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

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

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

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

≠ ″ ⊕ ℘ ⊕ ⊃ √⊕ ⊗♠∏ ⊂∧ � ����� �ℑ ℘ ℘ ⊕ ∠  ⊕ ⊗ → ∉√ ��� �����



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

°ℑ   
→ ∏⊆ℜ ⊕   

×⊕⊆∠ ⊕  ℑ  ∏  ⊕ 
� ε 

″ ⊕ ⊗ ∏ ℘  ⊃ ∉∈ 
� � 

≥  ℑ ⊃ ∈  ℑ  ⊕ 

� � � 
♦∉ ⊂⊗ ⊃ ∈∩ ⊃ ⊆⊕ 

� 

� ��� ��� ��� ��� 

� ��� ��� ��� ��� �� � � � � �� ��� 

� ��� ��� ��� ��� �� � � � � �� � 

� ��� ��� ��� ��� �� � � � � �� � 

� ��� ��� ��� ��� �� � � � � �� � 

� ��� ��� ��� ��� �� � � � � �� � 

� ��� ��� ��� ��� �� � � � � �� � 

� ��� ��� ��� ��� �� � � � � �� � 

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

    → ∉�� ) � ℑ  ⊕ ∪⊕∅ ⊃ ∈⊃  ∪ ⊃ ∈∩ ⊕⊆∠ ⊕  ℑ  ∏  ⊕∉ ∅��� ���� ���� ���� ε  ⊕  ∠ ⊕ ℘  ⊃ √⊕ ⊂∧ � 

 ∠ ⊕ ℘ ⊃ ⊆⊕∈ � 

� .�  Μεταλλογραπηψ εξαµινατιον ανδ ηαρδνεσσ 

µεασυρεµεντ 

×∪⊕ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ∉∅ ∪⊕ ⊗ ⊕ ∅∉⊆⊕⊗ ∠ ⊕ ℘ ⊃ 2 
⊆⊕∈⋅⊕  ⊕∉ℜ  ⊕  √⊕⊗ ⋅⊃  ∪ ℑ∈ →∞↓°♦ ↓ ×2�� ∉∠ 2 
 ⊃ ℘ ℑ ⊂ ⊆⊃ ℘  ∉ ℘ ∉∠∧ ℑ∈⊗ℑ∈ ♦2��� × ∞ ↑  ⊕  ∠ ⊕ ℘  ⊃ √⊕ 2 
⊂∧ � ∪⊕ ♦′ ∪ℑ  ⊗∈⊕   ⋅ℑ  ⊆⊕ ℑ  ∏  ⊕⊗ ℜ ∧ ∏  ⊃ ∈∩ ℑ 

�� � � ⊄∩⊂∉ℑ⊗⊃ ∈ ♦ • ��� � � � 

3  Ρ ΕΣΥΛΤΣ ΑΝ∆ ∆ΙΣΧΥΣΣΙΟΝ 

� . �  ∆εϖελοπ µεντ οφ µιχροσ τρυχτυρεσ ανδ 

χηανγεσ οφ ηαρδνεσσ δυρινγ ΧΡΠ 

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

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

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

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

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

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

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

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

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

�∏  ∏ ℑ ⊂ ⊂∧ ℑℜ ∉∏ ℑ∈ ∪∉∏  ≈� � � × ∞ ↑ � ⊕ ⊕ ƒ⊃ ∩��� 

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

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

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

∠ ℑ  ��ℜ � ) �  ∪ 
∠ ℑ  ��℘ � ) �  ∪ 

∠ ℑ  ��⊗ � ) �  ∪ 
∠ ℑ   

# � � � # ∂ ∉ ⊂1�  λ 1�       ≤∉∈  ∉ ⊂ ∉ ⊂ ⊂ ⊃ ∈∩∠  ∉℘ ⊕  ∉ ∅���� ℑ ⊂∏⊆⊃ ∈∏⊆ ℑ ⊂ ⊂∉∧



Φ ιγ .2  °⊃ ∈∈⊃ ∈∩∉∅⊗ ⊃  ⊂∉℘ ℑ  ⊃ ∉∈ ℜ∧ ∠ℑ   ⊃ ℘ ⊂⊕  

∠ ℑ   ⊃ ℘ ⊂⊕  ≈� � � � ×∪⊕ ∪ℑ  ⊗∈⊕   ℘ ∪ℑ∈∩ ⊕  ∉∅ ⊗ ⊕ 2 
∅∉⊆⊕⊗ ∠ ⊕ ℘ ⊃ ⊆⊕∈ℑ  ⊕ ∪∉⋅∈⊃ ∈ ƒ⊃ ∩� � � ♥ ⊃ ∅∉∏∈⊗ 

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

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

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

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

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

Φ ιγ .3  ♦ℑ  ⊗∈⊕  ℘ ∪ℑ∈∩⊕ ∉∅⊗ ⊕ ∅∉⊆⊕⊗ 

 ∠ ⊕ ℘ ⊃⊆⊕∈∏∈⊗ ⊕ → ∉� � 

� . �  ∆εϖελοπ µεντ οφ µιχροσ τρυχτυρεσ ανδ 

χηανγεσ οφ ηαρδνεσσ υνδερ διφφερεντ 

προχεσσεσ 

ƒ⊃ ∩� �  ∉ ƒ⊃ ∩� �  ∪∉⋅  ∪⊕ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ∉∅ 

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

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

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

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

 ∉ ∪⊕⊃ ∈∈⊕ ∉∅ ∪⊕∩  ℑ ⊃ ∈ ℑ ℑ∈ ⊕∈∪ℑ∈℘ ⊕⊗ ⊕⊆∠⊕  ℑ 2 

Φ ιγ .4  ↓∠  ⊃ ℘ ℑ ⊂ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ∉∅⊗ ⊕ ∅∉⊆⊕⊗ 

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

Φ ιγ .5  ↓∠  ⊃ ℘ ℑ ⊂ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ∉∅⊗ ⊕ ∅∉⊆⊕⊗ 

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

Φ ιγ .6  ↓∠  ⊃ ℘ ℑ ⊂ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ∉∅⊗ ⊕ ∅∉⊆⊕⊗ 

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

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



 ∏  ⊕∉∅��� ε � 
× ∞↑ ∉∅ ∪⊕⊗ ⊕ ∅∉⊆⊕⊗ ∠⊕ ℘ ⊃⊆⊕∈∪∉ ⊂⊗ ⊃ ∈∩∅∉ 

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

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

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

∩ ⊃ √⊕∈⊃ ∈ ƒ⊃ ∩� � � ×∪⊕∪ℑ  ⊗∈⊕  ⊗ ⊕ ℘  ⊕ ℑ  ⊕ ⋅⊃  ∪ ∪⊕ 

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

Φ ιγ .7  ×∞ ↑ ∉∅⊗ ⊕ ∅∉⊆⊕⊗ ∠ ⊕ ℘ ⊃⊆⊕∈ ∪∉ ⊂⊗ ⊃ ∈∩ 

∅∉��∏∈⊗ ⊕ → ∉� � 
�ℑ � ) ⊗ ⊃ ∅ ∅  ℑ ℘  ⊃ ∉∈ ∠ ℑ   ⊕  ∈ ∠ ∉ ⊃ ∈ ⊕ ⊗ℜ∧  ∪⊕ℑ   ∉⋅ � 

�ℜ � ) × ∞ ↑ 

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

 ∪⊕⊃ ∈℘  ⊕ ℑ  ⊃ ∈∩ ⊕¬ ⊕∈⊃ ⊂⊕  ℑ ∪ ⊃ ∩∪⊕ ∅ ⊃ ∈⊃  ∪ ⊃ ∈∩ 

 ⊕⊆∠⊕  ℑ  ∏  ⊕� 

ϒ⊃  ∪∉⋅∈ ℑℜ∉√⊕� ≤ ″ ° ℘ ℑ∈ ℜ ⊕ℑ∠∠ ⊂ ⊃ ⊕⊗ ∉ 

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

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

4  ΧΟΝΧΛΥΣΙΟΝΣ 

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

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

Φ ιγ .8  ♦ℑ  ⊗∈⊕  ℘ ∪ℑ∈∩⊕ ∉∅ ∪⊕∅ ⊃ ∈ℑ ⊂ ⊂∧ 

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

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

ℑ∈⊗   ℑℜ ⊂ ⊃ ∨⊕⊗ ⋅⊃  ∪  ∪⊕  ⊃  ⊃ ∈∩ ∉∅  ∪⊕ ∅ ⊃ ∈⊃  ∪ ⊃ ∈∩ 

 ⊕⊆∠ ⊕  ℑ  ∏  ⊕� 

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

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

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

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

∪ℑ√⊕ℜ ⊕ ⊕∈  ∏ℜ  ⊕∇∏ ⊕∈ ⊂∧ ∪⊕ ⊂⊗ℑ ��� ∗ ��� ε ∅∉ 
��� 

Ρ ΕΦΕΡ ΕΝΧΕΣ 

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

≥∧⊆∠ ∉ ⊃ ∏⊆ ℑ ϒ ∩ ⊕ ∈ ⊃ ∈ℑ����� ��� � 

�  ≤⊂ℑ ⊕ ƒ � ƒ∉ ⊂∉∈ ↑ � • ⊃  ⊕♠ ∉∏  ∈ℑ ⊂����� ����� ��� � 

�  ♠ ℑ⋅ ∉∈ ♠ ″ � • ⊃  ⊕♠♥∈ ����� ���� ���� � 

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

≥∧⊆∠ ∉ ⊃ ∏⊆ ℑ ϒ ∩ ⊕ ∈ ⊃ ∈ℑ����� ���� � 

�  ♠ ℑ∪∈ ↑ × �♠ ↑ℑ  ����� ����� ���� � 

�  ↔ ⊕ ∈⊇ ⊃ ↑ℑ   ∏ ⊗ ℑ�← ⊃ ∩∪ ↑⊕  ℑ ⊂����� ����� ���� � 

�  ↔ ⊕ ∈⊇ ⊃ ↑ℑ   ∏ ⊗ ℑ�← ⊃ ∩∪ ↑⊕  ℑ ⊂����� ����� ��� � 

�  ↑ℑ  ℑ∪ ⊃  ∉ ≠ℑ   ∏⊗ ℑ�← ⊃ ∩∪ ↑⊕  ℑ ⊂����� ����� ���� � 

�  ← ⊃⁄ ⊃ ∈∩∇ ⊃ ℑ∈∩� × ℑ∈→ ∉∈∅ ⊕   ∉∏  ↑⊕ ≥∉℘≤∪ ⊃ ∈ℑ� 

���� ����� ���� � 

��  ♣⊇ ⊕   ⊂ℑ∈⊗ ♦ �≥℘ ℑ∈ ♠ ↑⊕  ����� ���� � 

(Εδιτεδ βψ Ζηυ Ζηονγγυο) 

# � � � # ∂ ∉ ⊂1�  λ 1�       ≤∉∈  ∉ ⊂ ∉ ⊂ ⊂ ⊃ ∈∩∠  ∉℘ ⊕  ∉ ∅���� ℑ ⊂∏⊆⊃ ∈∏⊆ ℑ ⊂ ⊂∉∧


