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∆εσ ιγν ανδ δεϖελοπ µεντ οφ εξπερτ σψ στεµ 

φορ χοντρολ λ ινγ σ ιντερινγ προχεσσ 
≠ 

• ℑ∈∩ ♦ℑ ⊃ ⊗ ∉∈∩�王海东� � ±⊃ ∏ ♣∏ ℑ∈∨∪∉∏ �邱冠周� � ♦∏ ℑ∈∩ ≥∪⊕∈∩  ∪⊕∈∩�黄圣生� 

∆επαρτµεντ οφ Μινεραλ Ενγινεερινγ , 

Χεντραλ Σουτη Υνιϖερσιτψ οφ Τεχηνολογψ, Χηανγσηα 410083 , Π . Ρ . Χηινα 

Αβσ τραχτ : ×∪⊕∩ ⊕ ∈⊕  ℑ ⊂   ∏ ℘  ∏  ⊕∉ ∅⊕ ¬∠ ⊕   ∧  ⊕⊆ ∅ ∉℘ ∉∈  ∉ ⊂ ⊂ ⊃ ∈∩ ⊃ ∈ ⊕  ⊃ ∈∩∠  ∉℘ ⊕  ∪ℑ ℜ ⊕ ⊕ ∈ ∠  ∉∠ ∉ ⊕ ⊗�♥ ⊃ ∈2 
℘ ⊂∏⊗ ⊕ ⊄∈∉⋅⊂⊕ ⊗∩ ⊕ℜ ℑ  ⊕�⊃ ∈∅ ⊕  ⊕ ∈℘ ⊕⊕ ∈∩ ⊃ ∈⊕�⊗ ℑ  ℑℑ ℘ ∇∏ ⊃  ⊃  ⊃ ∉∈  ∧  ⊕⊆ �⊂⊕ ℑ  ∈⊃ ∈∩ ∧  ⊕⊆ �⊄∈∉⋅⊂⊕ ⊗∩ ⊕ℜ ℑ  ⊕ ⊆ℑ∈ℑ∩ ⊕ 2 
⊆⊕ ∈  ∧  ⊕⊆ �⊕ ¬∠ ⊂ℑ∈ℑ  ⊃ ∉∈  ∧  ⊕⊆ ℑ∈⊗ ∉ ∉∈ � ×∪ ⊕℘ ∉∈  ∉ ⊂ ∅∏ ∈℘  ⊃ ∉∈℘ ∉∈ ⊃  ∉ ∅ ⊃ ∈ ⊕  ⊃ ∈∩℘ ∪ ⊕⊆⊃ ℘ ℑ ⊂ ℘ ∉⊆∠ ∉ ⊃  ⊃ ∉∈ 

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

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

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

Κεψ ωορδσ� ⊃ ∈ ⊕  ⊃ ∈∩�⊕ ¬∠ ⊕   ∧  ⊕⊆ �∠  ∉℘ ⊕  ℘ ∉∈  ∉ ⊂    ∆οχυµεντ χοδε :Α 

�  ΙΝΤΡ Ο∆ΥΧΤΙΟΝ 

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

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

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

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

ℑ ℘ ∇∏ ⊃  ⊕⊗ℜ∧ ∉∈2⊂ ⊃ ∈⊕ ⊕  �∉ ∪⊕  ℑ  ⊕ ℑ℘ ∇∏ ⊃  ⊕⊗ ℜ∧ 

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

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

⊃ ∈⊕ √⊃  ℑℜ ⊂∧  ⊕  ∏ ⊂  ⊃ ∈  ∪⊕∅ ⊂∏ ℘  ∏ ℑ  ⊃ ∉∈ ∉∅ ∉∠ ⊕  ℑ  ⊃ ∉∈ 

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

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

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

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

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

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

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

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

∉∅ ⊃ ∈ ⊕  ⊃ ∈∩∠  ∉℘ ⊕  � 

∞¬∠ ⊕   ∧  ⊕⊆ ⊃ ∅ ⊃   ℑ∠∠ ⊂ ⊃ ⊕⊗⊃ ∈ ℑ ⊃ ∈ ⊕  ⊃ ∈∩ 

∠ ⊂ℑ∈∉∅ ♠ ℑ∠ ℑ∈ ℑ  ∪⊕ ℜ ⊕ ∩ ⊃ ∈∈⊃ ∈∩ ∉∅ ����. � ϒ 

∠  ⊕  ⊕∈�⊃  ⊃ ∏  ⊕⊗⊕¬ ⊕∈ ⊃ √⊕ ⊂∧ ℑℜ  ∉ℑ⊗�♥∈ ♠ ℑ∠ ℑ∈ � 

 ∪⊕ ≤∪ ⊃ ℜℑ ∠ ⊂ℑ∈∉∅ ↔ ℑ⋅ℑ  ℑ⊄ ⊃≥ ⊕ ⊕ ⊂ ≤∉ ∠ ⊗ ⊕√⊕ ⊂2 
∉∠⊕⊗ ∪⊕∉∠⊕  ℑ  ⊃ ∉∈ ∩∏ ⊃ ⊗ ⊕ ∧  ⊕⊆ �↓ ♣≥� ≈� ⋅∪ ⊃ ℘ ∪ 

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

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

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

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

⊃ ∈ ♠ ℑ∠ℑ∈ � ∪⊕ ↔ ℑ⋅ℑ  ℑ⊄ ⊃≥ ⊕ ⊕ ⊂ ≤∉ ∠ ⊗ ⊕√⊕ ⊂∉∠⊕⊗ ℑ 

⊗ ⊃ ℑ∩∈∉ ⊃  ⊕¬∠ ⊕   ∧  ⊕⊆ ⋅∪ ⊃ ℘ ∪ ℘ ∉∈ ℑ ⊃ ∈ ′× ° 

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

 ⊕⊗∏ ℘ ⊕⊗ ∪⊕∅ ⊂∏ ℘  ∏ ℑ  ⊃ ∉∈ ∉∅ ′× ° ℑ∈⊗  ℑℜ ⊃ ⊂ ⊃ ∨⊕⊗ ∪⊕ 

 ⊃ ∈ ⊕  ∇∏ ℑ∈ ⊃  ∧ � ↑ ∉ ⊕ ∉√⊕ �  ∪⊕ → ⊃ ∠∠∉∈ ≥ ⊕ ⊕ ⊂ 

≤∉ ∠⊃ ∈ ♠ ℑ∠ ℑ∈ ⊗ ⊕√⊕ ⊂∉∠ ⊕⊗ℑ ⊃ ∈ ⊕  ⊃ ∈∩ ⊕¬∠ ⊕   ∧ 2 
 ⊕⊆ �ℑ∈⊗ ∪⊕→ ⊕⋅℘ ℑ   ⊂⊕ℑ∈⊗°∉ ↔ ⊕⊆ℜ ⊂ℑ ⊃ ∈ ⊕  2 
⊃ ∈∩∠ ⊂ℑ∈⊃ ∈ ϒ∏    ℑ ⊂ ⊃ ℑ ℜ∏ ⊃ ⊂ ℑ∈ ⊕¬∠⊕   ∧  ⊕⊆ ∉∈ 

 ∪⊕ℜ ℑ  ⊃ ∉∅ ∪⊕⊗ ⊕√⊕ ⊂∉∠⊆⊕∈ ∉∉ ⊂≥♦∞″ °ϒ ℑ∈⊗ 

× ϒ′← ∞ϒ ∝÷ ≈� � 

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

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

″ ⊕ ℘ ⊕ ⊃ √⊕ ⊗ ϒ∠ � �� ����� �ℑ ℘ ℘ ⊕ ∠  ⊕ ⊗ ↑ ℑ∧ �� �����



2  ΓΕΝΕΡ ΑΛ ΣΤΡ ΥΧΤΥΡΕ ΟΦ ΣΨΣΤΕ ΜΣ 

↔ ∈∉⋅⊂⊕⊗ ∩ ⊕ ℜ ℑ  ⊕ ℑ∈⊗ ⊃ ∈∅ ⊕  ⊕∈℘ ⊕ ⊕∈∩ ⊃ ∈⊕ ℑ  ⊕ 

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

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

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

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

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

 ∪∉⋅∈ ℑ ƒ⊃ ∩�� � 

Φ ιγ .1  ♣⊕∈⊕  ℑ ⊂   ∏ ℘  ∏  ⊕∉∅ ∧  ⊕⊆ 
≥∉ ⊂ ⊃ ⊗⊂ ⊃ ∈⊕) ♥∈∅ ∉⊆ℑ  ⊃ ∉∈    ⊕ ℑ⊆ � 

⁄∉  ⊕ ⊗⊂ ⊃ ∈⊕) ≤∉∈  ∉ ⊂   ⊕ ℑ⊆ 

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

℘ ∉∈  ∉ ⊂  ∧  ⊕⊆ � ∝ ⊕  ℘ ℑ∈ ⊆ℑ∈ℑ∩ ⊕  ∪⊕ ∠  ∉℘ ⊕   

℘ ∉∈  ∉ ⊂  ∧  ⊕⊆ � ⊄∈∉⋅⊂⊕⊗ ∩ ⊕ ⊆ℑ∈ℑ∩ ⊕⊆⊕∈ ∧  ⊕⊆ 

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

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

⊆ℑ∈ℑ∩ ⊕ ⊕√⊕  ∧  ∏ℜ 2 ∧  ⊕⊆  ∪  ∉∏ ∩∪  ∪⊕ ℘ ∉∈  ∉ ⊂ 

∉ ∩ℑ∈⊃ ∨ℑ  ⊃ ∉∈ ℑ∈⊗ ⊕¬℘ ∪ℑ∈∩ ⊕ ⊃ ∈∅∉⊆ℑ  ⊃ ∉∈ ℑ⊆∉∈∩ 

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

∇∏ ⊃  ⊃  ⊃ ∉∈  ∧  ⊕⊆ ℑ ℘ ∇∏ ⊃  ⊕ ℑ∠∠  ∉∠  ⊃ ℑ  ⊕⊃ ∈∅∉⊆ℑ  ⊃ ∉∈ 

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

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

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

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

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

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

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

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

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

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

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

ϒ℘ ℘ ∉ ⊗ ⊃ ∈∩ ∉ ∪⊕∠  ∉⊗∏ ℘  ⊃ ∉∈ ⊗ ℑ  ℑℑ∈⊗⊄∈∉⋅⊂⊕⊗ ∩ ⊕ 

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

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

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

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

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

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

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

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

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

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

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

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

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

  ℑ  ⊕⊃ ∈ ∉ ⊗ ⊕  ∉ ℑ ⊃  ⊕ ∪⊕ ∧  ⊕⊆.   ℑ∈ ∠ℑ  ⊕∈℘ ⊕� 

×∪⊕ ⊄∈∉⋅⊂⊕⊗ ∩ ⊕ ⊆ℑ∈ℑ ∩ ⊕⊆⊕∈ ∧  ⊕⊆ ∩ ⊃ √⊕   ∪⊕ 

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

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

∠  ∉℘ ⊕  � 

3  ΧΟΝΤΡ ΟΛ ΦΥΝΧΤΙΟΝ ΟΦ ΣΨΣΤΕ ΜΣ 

3 . 1  Σιντερινγ χηεµιχαλ χο µ ποσ ιτιον χοντρολ 

χεντερεδ ον βασ ιχιτψ 

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

℘ ∉⊆∠∉ ⊃  ⊃ ∉∈ 

≥⊃ ∈ ⊕  ⊃ ∈∩ ∠  ∉℘ ⊕  ⊃ ℑ ⊗ ∧∈ℑ⊆⊃ ℘ℑ∈⊗℘ ∉⊆∠ ⊂ ⊃ 2 

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



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

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

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

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

 ⊃ ∈ ⊕  ⊃ ∈∩ ∠  ∉℘ ⊕  ⊃ ℘ ∉∈ ⊃ ⊗ ⊕  ⊕⊗ ℑ ℑ / ∩  ⊕ ∧ ℜ∉¬0 
 ∧  ⊕⊆� ↓∈  ∪⊕ ℜℑ  ⊃  ∉∅ ℑ ∈∏⊆ℜ ⊕  ∉∅  ⊃⊆⊕ 2 
℘ ∪ℑ∈∩ ⊕ ℑℜ ⊂⊕ ∠  ∉⊗∏ ℘  ⊃ ∉∈ ⊗ ℑ  ℑ ℑ ℘ ∇∏ ⊃  ⊕⊗� ∪⊕  ⊃⊆⊕ 

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

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

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

℘ ∉⊆∠∉ ⊃  ⊃ ∉∈ � × ƒ⊕� ≥⊃ ↓ � � ≤ℑ↓ � ↑ ∩↓ � ℑ∈⊗ 

ƒ⊕↓� ℑ∈⊗ ∪⊕ℜ ℑ  ⊃ ℘ ⊃  ∧ � Ρ� �∇∏ ℑ∈ ⊃  ℑ  ⊃ √⊕ ⊂∧ � 

� � � � �  ≤∉∈  ∉ ⊂   ℑ  ⊕∩∧ ℘ ⊕∈ ⊕  ⊕⊗∉∈ ℜℑ  ⊃ ℘ ⊃  ∧ 

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

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

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

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

 ∪⊕℘ ∪⊕⊆⊃ ℘ ℑ ⊂℘ ∉⊆∠ ∉ ⊃  ⊃ ∉∈� 

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

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

ℑ ℘ ⊃ ⊗∠ ⊕ ⊂ ⊂⊕ ∉℘ ∉ℑ   ⊕∉ ⊕� ×∪⊕∉∠  ⊃⊆ℑ ⊂ ℜℑ  ⊃ ℘ ⊃  ∧ ∉ 

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

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

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

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

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

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

ℜ ⊂ℑ  ∅∏  ∈ℑ ℘ ⊕  ⊂ℑ∩ ℜ ℑ  ⊃ ℘ ⊃  ∧ � ″ ⊕ ⊂ℑ  ⊃ √⊕ ⊂∧ �  ∪⊕ ƒ⊕ 

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

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

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

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

×∪⊕℘ ∉∈  ∉ ⊂    ℑ  ⊕∩∧ ℘ ⊕∈ ⊕  ⊕⊗∉∈ Ρ ⊃  ∪ℑ  

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

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

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

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

 ℑ⊄⊕∈ �ℑ∈⊗ ∪ℑ ⋅∪⊕∈  ⊃ ∈ ⊕  Ρ ⊃ ∈∉℘ ∉∈ ⊕∈ ⊕⊗� 

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

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

� � � � �  ≤∉∈  ∉ ⊂℘ ⊕∈ ⊕  ⊕⊗∉∈ ℜ ℑ  ⊃ ℘ ⊃  ∧ 

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

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

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

℘ ∉∈  ∉ ⊂ ⊂⊕⊗⊃ ∈ ℑ℘ ℘ ∉ ⊗ ℑ∈℘ ⊕ ⋅⊃  ∪  ∪⊕ Ρ  ⊕ ℑ ⊂   ℑ  ⊕ 

ℑ∈⊗⊃  ℘ ∪ℑ∈∩⊕ ⊕∈⊗ ⊕∈℘ ∧ ⋅∪ ⊃ ℘ ∪⊃ ⊗ ⊕ ℘ ⊃ ⊗ ⊕⊗ℜ∧  ∪⊕ 

∠ℑ  �∈∉⋅ ℑ∈⊗∅∏  ∏  ⊕√ℑ ⊂∏ ⊕∉∅ Ρ � 

3 .2  Σιντερινγ προχεσσσ τατε χοντρολ χεντερεδ ον 

περµεαβιλιτψ 

� � � � �  ≤∉∈  ∉ ⊂   ℑ  ⊕ ∩∧ ℘ ⊕∈ ⊕  ⊕⊗∉∈ ∠ ⊕ ⊆⊕ ℑℜ ⊃ ⊂ ⊃ 2 
 ∧ 

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

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

ℑ∈⊗∪ℑ ℑ ∪∉ ⊂⊗ ∉∈  ∪⊕ ⊃ ∈ ⊕ ∧⊃ ⊕ ⊂⊗ ℑ∈⊗ ∇∏ ℑ ⊂ ⊃  ∧ � 

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

ℑ ∅ ∅ ⊕ ℘   ∪⊕  ℑℜ ⊃ ⊂ ⊃  ∧ ∉∅ ′× ° �♥⋅⊃ ⊂ ⊂ ℜ ⊕ ℜ  ∉∏ ∩∪  

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

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

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

⊆⊕ ℑ∈∩ ⊃ √⊃ ∈∩∠  ⊃ ∉ ⊃  ∧  ∉ ∠ ⊕ ⊆⊕ ℑℜ ⊃ ⊂ ⊃  ∧ � • ∪⊕∈ ∪⊕ 

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

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

⊆ℑ⊄⊃ ∈∩ ′× °   ⊕ ℑ⊗ ∧ � 

� � � � �  ♠∏⊗ ∩⊕⊆⊕∈∉∅∠⊕ ⊆⊕ ℑℜ ⊃ ⊂ ⊃  ∧ 

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

∠ ⊕ ⊆⊕ ℑℜ ⊃ ⊂ ⊃  ∧� ∏ ℘ ∪ ℑ ℜ ⊂ℑ  √∉ ⊂∏⊆⊕ ∪ ∉∏ ∩∪  ⊃ ∈2 
 ⊕  ⊃ ∈∩ℜ ⊕⊗� Θ� �√⊕   ⊃ ℘ ℑ ⊂ ⊃ ∈ ⊕  ⊃ ∈∩ ∠⊕ ⊕⊗� ς Λ � � 
ℜ∏  ∈  ∪ ∉∏ ∩∪ ∠∉ ⊃ ∈�′× °� � ⋅ℑ   ⊕∩ ℑ  ⊕⊆∠ ⊕  ℑ 2 
 ∏  ⊕�τ� ℑ∈⊗ ⊆ℑ ⊃ ∈ ∈⊕∩ℑ  ⊃ √⊕ ∠  ⊕   ∏  ⊕ �∃ π� � Θ 

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

℘ ∪ℑ∈∩ ⊕�℘ ∉⊄⊕⊂⊕ √⊕ ⊂ℑ∈⊗ ∉∉∈ �ℑ∈⊗′×°⊃ ℑ ⊃ ⊆⊕ 2 
⊗ ⊕ ⊂ℑ∧ √ℑ  ⊃ ℑℜ ⊂⊕�≥∉ ∪⊕∠ ⊕ ⊆⊕ ℑℜ ⊃ ⊂ ⊃  ∧ ⊃ ⊇ ∏⊗ ∩ ⊕⊗ℑ℘ 2 
℘ ∉ ⊗ ⊃ ∈∩ ∉ ∪⊕⊕¬∠ ⊕  ⊃ ⊕∈℘ ⊕∉∅ ⊃ ∈ ⊕  ⊃ ∈∩ ∠  ∉⊗ ∏ ℘  ⊃ ∉∈ 

ℜ∧  ∪⊕ √ℑ  ⊃ ℑℜ ⊂⊕ ∉∅ ς Λ � ∃ π ℑ∈⊗ ∪⊕ ∠  ⊕⊗ ⊃ ℘  ⊃ √⊕ 

√ℑ ⊂∏ ⊕∉∅ ′× ° � 

� � � � �  ° ⊕⊗ ⊃ ℘  ⊃ ∉∈ ∉∅ℜ∏  ∈ ∪ ∉∏ ∩∪∠∉ ⊃ ∈ 

# � � � # ∂ ∉ ⊂1�  λ 1�        ∞¬∠⊕   ∧  ⊕⊆ ∅∉℘ ∉∈  ∉ ⊂ ⊂ ⊃ ∈∩ ⊃ ∈ ⊕  ⊃ ∈∩∠  ∉℘ ⊕  



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

∉∅ ⋅ℑ   ⊕∩ℑ  ⊕⊆∠ ⊕  ℑ  ∏  ⊕℘ ∏  √⊕ℑ∈⊗ ⊕ ℑ ⊂ ′× ° √ℑ ⊂2 
∏ ⊕�ƒ∉⊕¬ℑ⊆∠ ⊂⊕�⊃ ∈ → ∉� �  ⊃ ∈ ⊕  ⊃ ∈∩∠ ⊂ℑ∈∉∅ ϒ∈2 
 ∪ℑ∈ ♥ ∉∈ � ≥ ⊕ ⊕ ⊂ ≤∉��  ∪⊕ ∈∉⊆ℑ ⊂ ⊃ ∈∅ ⊂⊕¬ ⊃ ∉∈ 

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

 ⊕⊆∠ ⊕  ℑ  ∏  ⊕� τ �� � ⊃ ℑℜ ∉∏ ��� ε � ×∪⊕ ⊆ℑ   ⊃ ¬ 

∉∅ℑ∇∏ ℑ⊗  ℑ  ⊃ ℘∅∉⊆ ℜ ℑ  ⊕⊗∉∈ ′× ° ℑ∈⊗ τ ��  ∉∠  ⊕ 2 
⊗ ⊃ ℘ ′×° ⋅ℑ ℑ⊗ ∉∠  ⊕⊗�×ℑℜ ⊂⊕�� � 

Ταβλε 1  ↑ℑ   ⊃ ¬ ∉∅ℑ∇∏ ℑ⊗  ℑ  ⊃ ℘∅∉⊆ 

∅∉∠  ⊕⊗ ⊃ ℘  ⊃ ∈∩ ′× ° 

′× °. 
′× ° 

� � � � � � � � � 

� � � � � � � � � � � 

� � � � � � � � � � � 

τ �� � � � � � � � � � � 

� � � � � � � � � � � 

� � � � � � � � � � � 

4  ΑΠΠΛΙΧΑΤΙΟΝ ΟΦ ΣΨΣΤΕ Μ 

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

∉∅ → ∉� �  ⊃ ∈ ⊕  ⊃ ∈∩ ∠ ⊂ℑ∈∉∅ ϒ∈ ∪ℑ∈ ♥ ∉∈ � ≥ ⊕ ⊕ ⊂ 

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

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

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

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

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

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

5  ΧΟΝΧΛΥΣΙΟΝΣ 

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

℘ ∪⊕⊆⊃ ℘ ℑ ⊂℘ ∉⊆∠∉ ⊃  ⊃ ∉∈ ℘ ∉∈  ∉ ⊂℘ ⊕∈ ⊕  ⊕⊗∉∈ ℜℑ  ⊃ ℘ ⊃  ∧ 

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

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

ℜ∏  ∈  ∪ ∉∏ ∩∪ ∠∉ ⊃ ∈∉∅ ∅ ⊕  ∪⊕  ∉ ⊂∏  ⊃ ∉∈ ∉ ⊂∉∈∩ 

 ⊃⊆⊕⊗ ⊕ ⊂ℑ∧� 

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

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

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

 ⊃ ∈ ⊕  ⊃ ∈∩∠ ⊂ℑ∈ � 

Ρ ΕΦΕΡ ΕΝΧΕΣ 

�  ← ⊃    ⊕ ♠ ⁄� • ℑ  ⊕  ϒ ♣ ℑ∈⊗ → ⊃ ℘ ∉ ⊂ ≥ ↔�× ℑ∈ ℑ ℘  ⊃ ∉∈ 

♥≥♥♠����� � ������ � ���� ∗ ���� � 
�  °ℑ  ⊃   ∉∈ ƒ � ϒℜ ⊂ ⊃  ∨⊕ ⁄�⁄∏ ⊂℘ ∧ ≤ ετ αλ. ♥∈ �↔ ∏∪∈ ←♣ 

⊕ ⊗�° ∉℘ ⊕ ⊕ ⊗ ⊃ ∈∩ ∉∅ ∪ ⊕ � ∪ ° ∉℘ ⊕   ×⊕ ℘ ∪∈∉ ⊂∉∩ ∧ ≤∉∈2 
∅ ⊕  ⊕ ∈℘ ⊕� • ℑ  ∪ ⊃ ∈∩  ∉∈ �♥ ∉∈ ℑ∈⊗ ≥ ⊕ ⊕ ⊂ ≥∉℘ ⊃ ⊕  ∧ � ���� � 

��� ∗ ��� � 
�  ≥  ℑ⊄ℑ ♣ � ↑⊕  ℑ ⊂ ⊂∏  ∩ ⊃ ℘ ℑ ⊂ °⊂ℑ∈ℑ∈⊗ ×⊕ ℘ ∪∈∉ ⊂∉∩∧ ♥∈ ⊕  2 

∈ℑ  ⊃ ∉∈ℑ ⊂����� ���� � �� ∗ �� � 
�  ″ ∉ ⊕ ∞ ℑ∈⊗ ↔ ℑ∈⊇ ⊃ ⊂ℑ ⊂ ° ° �♥∈ � ≠∉ ∪ ⊃  ℑ∈⊃ ≠ ⊕ ⊗� ϒ∏ 2 

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

���� � ×∉⊄∧∉�°⊕  ∩ ℑ⊆∉∈ ° ⊕  ����� � ��� ∗ ��� � 
�  • ℑ  ℑ∈ℑℜ ⊕ ↑⊃ ∈∉ ∈ � ≥ℑ  ℑ⊄ ⊃≠∏  ℑ⊄ℑ�≥∏ ∩ ℑ⋅ℑ  ℑ ↑⊃ ∈∉ ∏ 

ετ αλ . ♥∈ �� ∪♥∈ ⊕  ∈ℑ  ⊃ ∉∈ℑ ⊂ ≥∧⊆∠∉ ⊃ ∏⊆ ∉∈ ϒ∩∩ ⊂∉⊆⊕  2 
ℑ  ⊃ ∉∈ � • ℑ  ∪ ⊃ ∈∩  ∉∈ �♥ ∉∈ ℑ∈⊗≥ ⊕ ⊕ ⊂ ≥∉℘ ⊃ ⊕  ∧ ����� � ��� 
∗ ��� � 

�  ⁄ℑ⋅ ∉∈ ° ″ �♥ ∉∈ ↑ ℑ⊄ ⊃ ∈∩ℑ∈⊗≥ ⊕ ⊕ ⊂ ↑ℑ⊄ ⊃ ∈∩����� � 

����� � ��� ∗ ��� � 
�  ƒℑ∈ ÷⊃ ℑ ∉∪∏ ⊃�♦∏ ℑ∈∩ ×⊃ ℑ∈∨∪ ⊕ ∈∩�≤∪⊕ ∈ ♠ ⊃ ∈ ετ αλ. ♠ ∉∏  2 

∈ℑ ⊂ ∉ ∅ ≤⊕ ∈  ℑ ⊂ ≥∉∏  ∪ ∝∈⊃ √⊕   ⊃  ∧ ∉ ∅ ×⊕ ℘ ∪∈∉ ⊂∉∩∧ � �⊃ ∈ 

≤∪ ⊃ ∈⊕  ⊕ � ����� � ����� ��� ∗ �� � 
�  ƒℑ∈ ÷⊃ ℑ ∉∪∏ ⊃� • ℑ∈∩ ♦ℑ ⊃ ⊗ ∉∈∩� ♦∏ ℑ∈∩ ×⊃ ℑ∈∨∪ ⊕ ∈∩ ετ 

αλ. ♠ ∉∏  ∈ℑ ⊂∉ ∅ ≤⊕ ∈  ℑ ⊂ ≥∉∏  ∪ ∝∈⊃ √⊕   ⊃  ∧ ∉ ∅ ×⊕ ℘ ∪∈∉ ⊂∉∩∧ 

�⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕ � ����� � ����� � ��� ∗ ��� � 

(Εδιτεδ βψ Ωυ ϑιαθυαν) 

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


