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

Λεαχηινγ κινετιχσ οφ ραρε εαρτη φρο µ βλαχκ ωεατηερινγ µ υδ 

ωιτη ηψδροχηλοριχ αχιδ 
≠ 

≤ ♦♥ ″ ∏ 2ℑ∈�池汝安� � � ≡ ♦ ∝ ♣∏ ∉2℘ ℑ ⊃ �朱国才� � � ×♥ϒ →♠∏∈�田  君� � 

�� �♥∈  ⊃  ∏  ⊕∉∅ →∏ ℘ ⊂⊕ ℑ ∞∈⊕  ∩∧ ×⊕ ℘ ∪∈∉ ⊂∉∩∧ � × ⊃ ∈∩∪∏ ℑ ∝∈⊃ √⊕   ⊃  ∧ � ′⊕ ⊃ ⊇ ⊃ ∈∩ ������ � ° �″ �≤∪ ⊃ ∈ℑ� 

� �♥∈  ⊃  ∏  ⊕∉∅ ϒ∠∠ ⊂ ⊃ ⊕⊗ ≤∪⊕⊆⊃    ∧ �♠ ⊃ ℑ∈∩¬ ⊃ϒ℘ ℑ⊗ ⊕⊆∧ ∉∅ ≥℘ ⊃ ⊕∈℘ ⊕ � → ℑ∈℘ ∪ℑ∈∩ ������ � ° �″ �≤∪ ⊃ ∈ℑ� 

[ Αβσ τραχτ] × ∪⊕ℑ ∅ ∅ ⊕ ℘  ⊃ ∈∩ ∅ ℑ ℘  ∉ ∉ ∅⊂⊕ ℑ ℘ ∪ ⊃ ∈∩  ℑ  ⊕ ∏ ℘ ∪ ℑ  ⊕ ℑ ℘  ⊃ ∈∩  ⊕⊆∠ ⊕  ℑ  ∏  ⊕� ⊆∏ ⊗ ∠ ℑ   ⊃ ℘ ⊂⊕  ⊃ ∨⊕ ℑ∈⊗ ℘ ∉∈℘ ⊕ ∈  ℑ  ⊃ ∉∈ ∉ ∅ 

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

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

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

⊃ ∈  ∪ ⊕ ∠ ∉ ∉∏  ∉ ⊂ ⊃ ⊗⊂ℑ∧⊕ � × ∪ ⊕⊂⊕ ℑ ℘ ∪ ⊃ ∈∩ ⊄ ⊃ ∈⊕  ⊃ ℘ ⊃ ⊕   ℑℜ ⊂ ⊃  ∪ ⊕ ⊗ℑ �Κ � � � �� ≅ �� � � ≅ ⊕ ¬∠ � � � ���� Ρ Τ�� ρ � 
� � 

[ Κεψ ωορδσ] ⊄ ⊃ ∈⊕  ⊃ ℘ �ℜ ⊂ℑ ℘ ⊄ ⋅⊕ ℑ  ∪ ⊕  ⊃ ∈∩ ⊆∏⊗�⊂⊕ ℑ ℘ ∪ ⊃ ∈∩ ℑ  ⊕⊕ ℑ   ∪ 

[ ΧΛΧ νυµ βερ] × ƒ��� � �� � × ƒ��� � ��         [ ∆οχυµ εντ χοδε] Α 

1  ΙΝΤ Ρ Ο∆ ΥΧΤΙΟΝ 

°ℑ∈ ⊃ ℑ  ⊕ ⊕ ℑ   ∪ ⊗ ⊕ ∠∉ ⊃ ⊃ ∈ ⋅⊕   ⊕  ∈ ≥⊃ ℘ ∪∏ ℑ∈∩ ⊃  

 ∪⊕ ⊕ ℘ ∉∈⊗ ℑ  ∧ ⊂ℑ  ∩⊕   ℑ  ⊕ ⊕ ℑ   ∪ ⊗ ⊕∠∉ ⊃ ⊃ ∈ ≤∪ ⊃ ∈ℑ ≈� � 

♥⋅ℑ ⊗ ⊃  ℘ ∉√⊕  ⊕⊗ℑ∈⊗ℑ∠∠  ℑ ⊃  ⊕⊗⊃ ∈ ���� ℑ∈⊗⊕¬∠ ⊂∉ ⊃  ⊕⊗ 

 ℑ∠ ⊃ ⊗ ⊂∧ ⊃ ∈  ⊕ ℘ ⊕∈∧⊕ ℑ  ≈� �ƒ∉⊃   ⊕  ⊃ ∉∏  ⋅⊕ ℑ  ∪⊕  ⊕⊗�⊃  

⊗ ⊕  ⊃ √⊕ ℑℜ∉∏ �� � ℜ ⊂ℑ ℘ ⊄  ℑ  ⊕ ⊕ ℑ   ∪ ⊆∏⊗� × ∪⊕ ℜ ⊂ℑ℘ ⊄ 

 ℑ  ⊕⊕ ℑ   ∪ ⊆∏⊗⊃ ℑ  ⊕ ℘ ∉∈⊗ ℑ  ∧ ⊕∈ ⊃ ℘ ∪⊕⊗ ℜ∉⊗ ∧ ∉∅  ℑ  ⊕ 

⊕ ℑ   ∪� ⋅∪ ⊃ ℘ ∪ ℘ ∉∈ ℑ ⊃ ∈ ℑℜ∉∏ � � ∗ � � ″ ∞↓ � ♥  

⊆⊃ ⊗⊗ ⊂⊕� ∞∏ � ↓ � � ℑ∈⊗ ∪⊕ ℑ√∧  ℑ  ⊕ ⊕ ℑ   ∪� ≠ � ↓ � � ∠ ℑ   ⊃ 2 

 ⊃ ∉∈⊃ ∈∩⊃ ∪ ⊃ ∩∪⊕  ∪ℑ∈ ℜ ℑ   ∈ℑ  ⊃  ⊕ ≈� � × ∪⊕  ⊕ ∅∉ ⊕⊃ ⊃ ℑ 

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

∪⊕ ℑ√∧ ″ ∞ �ℑ∈⊗ ⋅∉  ∪  ∉  ⊕ ℘ ∉√⊕  ≈� � 

″ ℑ  ⊕⊕ ℑ   ∪ ⊕¬ ⊃   ⊃ ∈  ∪⊕ ℑ⊆∉ ∠∪∉∏  ↑ ∈2ƒ⊕ ∉¬ ⊃ ⊗ ⊕ 

∉∅  ∪⊕ ℜ ⊂ℑ℘ ⊄ ⋅⊕ ℑ  ∪⊕  ⊃ ∈∩ ⊆∏⊗ ⋅⊃  ∪ ℘ ∉ ⊂ ⊂∉ ⊃ ⊗  ⊕⊗ ⊃⊆⊕∈ 

∠∪ℑ  ⊕ ≈� � � �♥℘ ℑ∈ ℜ ⊕⊂⊕ ℑ℘ ∪⊕⊗ℜ∧ ∪∧⊗  ∉℘ ∪ ⊂∉ ⊃ ⊗ ⊕ℑ ℘ ⊃ ⊗ ≈� � 

♥∈ ∉ ⊗ ⊕   ∉ ⊆ℑ⊄⊕ ℘ ⊂⊕ ℑ   ∪⊕ ⊆⊕ ℘ ∪ℑ∈⊃ ⊆ ∉∅  ∪⊕ ″ ∞ 

⊂⊕ ℑ ℘ ∪ ⊃ ∈∩ ℑ∈⊗ ⊗ ⊕  ⊕ ⊆⊃ ∈⊕  ∪⊕  ∏ ⊃  ℑℜ ⊂⊕  ⊕ ℘ ∪∈⊃ ℘ ℑ ⊂ ∠ℑ  ∪ ∉∅ 

″ ∞  ⊕ ℘ ∉√⊕  ⊃ ∈∩�⊃ ⊃  ∈⊕ ℘ ⊕   ℑ  ∧  ∉   ∏⊗ ∧  ∪⊕ ⊂⊕ ℑ ℘ ∪ ⊃ ∈∩ 

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

2  Ε ΞΠΕ ΡΙ ΜΕ ΝΤ ΑΛ 

2 .1  Προπερτιεσ οφ βλαχκ ωεατηερινγ µ υδ 

× ∪⊕ ⊆ℑ ⊃ ∈ ℘ ∪⊕⊆⊃ ℘ ℑ ⊂ ℘ ∉⊆∠∉ ⊃  ⊃ ∉∈∉∅ ℜ ⊂ℑ℘ ⊄ ⋅⊕ ℑ  ∪ 2 

⊕  ⊃ ∈∩ ⊆∏⊗ℑ  ⊕⊂ ⊃   ⊕⊗⊃ ∈ ×ℑℜ ⊂⊕� � 

× ∪⊕ ⊕¬ ⊃   ⊃ ∈∩   ℑ  ⊕  ∉∅  ℑ  ⊕ ⊕ ℑ   ∪ ⊃ ∈  ∪⊕ ℜ ⊂ℑ℘ ⊄ 

⋅⊕ ℑ  ∪⊕  ⊃ ∈∩ ⊆∏⊗ℑ  ⊕⊂ ⊃   ⊕⊗⊃ ∈ ×ℑℜ ⊂⊕ � � 

× ∪⊕ ℜ ⊂ℑ ℘ ⊄ ⋅⊕ ℑ  ∪⊕  ⊃ ∈∩ ⊆∏⊗ ℘ ∉∈ ℑ ⊃ ∈� ��� � ″ ∞ 

∅  ∉⊆ ×ℑℜ ⊂⊕ � � ⋅∪ ⊃ ℘ ∪⊃ ∪ ⊃ ∩∪⊕  ∪ℑ∈ ⋅⊕ ℑ  ∪⊕  ⊃ ∈∩ ℘  ∏   

∉∅ ≥∉∏  ∪⊕  ∈ ≤∪ ⊃ ∈ℑ ≈� � × ∪⊕  ℑ  ⊕ ⊕ ℑ   ∪ ⊕¬ ⊃    ⊆ℑ ⊃ ∈⊂∧ 

⋅⊃  ∪ ℘ ∉ ⊂ ⊂∉ ⊃ ⊗  ⊕⊗ ⊃ ⊆⊕∈ ∠∪ℑ  ⊕� ⋅∪ ⊃ ℘ ∪ ℑ ℘ ℘ ∉∏∈ ∅∉ 

�� � � � ∅  ∉⊆ ×ℑℜ ⊂⊕� � 

2 .2  Εξπεριµ ενταλ πρινχιπλε 

Ταβλε 1  ≤∉⊆∠∉ ⊃  ⊃ ∉∈∉∅ ℜ ⊂ℑ ℘ ⊄ ⋅⊕ ℑ  ∪⊕  ⊃ ∈∩ ⊆∏ ⊗ � � � 

≤∉⊆∠ ∉ ⊃  ⊃ ∉∈ ≤∉∈ ⊕ ∈ ≤∉⊆∠ ∉ ⊃  ⊃ ∉∈ ≤∉∈ ⊕ ∈ 

″ ∞ � � �� ≥⊃ ↓ � �� � �� 

↑ ∈↓ � �� � �� °ℜ↓ � � �� 

ƒ⊕ � ↓ � �� � �� ′ℑ↓ � � �� 

ϒ⊂ � ↓ � � � �� ♦ � ↓ � � �� 

Ταβλε 2  ∞¬ ⊃   ⊃ ∈∩  ℑ  ⊕ ∉∅ ″ ∞ ⊃ ∈ 

ℜ ⊂ℑ ℘ ⊄ ⋅⊕ ℑ  ∪⊕  ⊃ ∈∩ ⊆∏⊗ 

°∪ ℑ  ⊕  ℑ  ⊕ °∪ℑ  ⊕ ⊗ ⊃    ⊃ ℜ∏  ⊃ ∉∈� � 

• ℑ  ⊕ ⊗ ⊃   ∉ ⊂√⊃ ∈∩ ∠∪ℑ  ⊕ � � �� ≅ �� � � 

♥∉∈ ∠∪ℑ  ⊕ � � �� ≅ �� � � 

≤∉ ⊂ ⊂∉ ⊃ ⊗ ⊕ ⊗ ⊃ ⊆⊕ ∈∠∪ ℑ  ⊕ �� � �� 

↑⊃ ∈⊕  ℑ ⊂ ∠∪ ℑ  ⊕ �� � ��

  × ∪⊕⊂⊕ ℑ ℘ ∪ ⊃ ∈∩  ⊕ ℑ℘  ⊃ ∉∈∉∅ ℜ ⊂ℑ℘ ⊄ ⋅⊕ ℑ  ∪⊕  ⊃ ∈∩ ⊆∏⊗ 

⋅⊃  ∪ ∪∧⊗  ∉℘ ∪ ⊂∉ ⊃ ⊗ ⊕ℑ℘ ⊃ ⊗ℑ  ⊕ℑ ∅∉ ⊂ ⊂∉⋅� 

″ ∞ � ↓ � � � ♦ � � � ″ ∞ � � � � ♦ � ↓ ��� 

″ ∞�↓ ♦� � � � ♦ � � ″ ∞ � � � � ♦ � ↓ ��� 

ƒ⊕ � ↓ � � � ♦ � � �ƒ⊕ � � � � ♦ � ↓ ��� 

ƒ⊕ � � � � ♦ � ↓ � ƒ⊕ �↓ ♦� � � � ♦ � ��� 

°ℜ↓ � � ♦ � � °ℜ � � � ♦ � ↓ ��� 

′ℑ↓ � � ♦ � � ′ℑ � � � ♦ � ↓ ��� 

↑ ∈↓ � � � ♦ � � ↑ ∈ � � � � ♦ � ↓ ��� 

↑ ∈↓ � � � ♦ ≤⊂� ↑ ∈≤⊂ � � ≤⊂ � � � ♦ � ↓ ��� 

ϒℜ∉√⊕ ⊕ ℑ ℘  ⊃ ∉∈ ∪∉⋅  ∪ℑ   ∪⊕⊂⊕ ℑ℘ ∪ ⊃ ∈∩ ∠  ∉℘ ⊕  ⊃  

ℑ  ∉ ⊂ ⊃ ⊗ 2⊂ ⊃ ∇∏ ⊃ ⊗ ⊆∏ ⊂  ⊃ ∠∪ℑ  ⊕ ⊕ ℑ ℘  ⊃ ∉∈ � ϒ  ∏⊆⊃ ∈∩  ∪ℑ  ∪⊕ 

⊆∏⊗∠ℑ   ⊃ ℘ ⊂⊕ ℑ  ⊕ ∩ ⊂∉ℜ∏ ⊂ℑ  ∪ℑ∠⊕ ∠ℑ   ⊃ ℘ ⊂⊕ � ∪⊕⊂⊕ ℑ ℘ ∪2 

⊃ ∈∩ ∠  ∉℘ ⊕  ℘ ℑ∈ ℜ ⊕ ⊗ ⊕  ℘  ⊃ ℜ ⊕⊗ ℜ∧ ≥∪  ⊃ ∈⊄ ⊃ ∈∩ ≤∉ ⊕ ↑ ∉⊗ 2 

⊕ ⊂ ≈� � 

× ∪⊕ ⊄ ⊃ ∈⊕  ⊃ ℘  ∧∠ ⊕ ℘ ℑ∈ ℜ ⊕ ⊗ ⊕  ⊕ ⊆⊃ ∈⊕⊗ ℜ∧   ⊕ ℑ  ⊃ ∈∩ 

⊕¬∠ ⊕  ⊃ ⊆⊕∈ ℑ ⊂ ⊗ ℑ  ℑ� ƒ∉ ∪⊕ ⊄ ⊃ ∈⊕  ⊃ ℘  ∧∠ ⊕∉∅⊃ ∈∈⊕ ⊗ ⊃ ∅ 2 

∅∏  ⊃ ∉∈ ℘ ∉∈  ∉ ⊂ ⊂ ⊃ ∈∩� ∪⊕ ∠ ⊂∉∉∅ � � ��� Α � �� � Α� ��� 

∂ ∉ ⊂���  λ ��         Τρανσ. Νονφερρουσ Μετ . Σοχ . Χηινα         ϒ∏ ∩����� 

≠ [ Φουνδατιον ιτεµ ] ° ∉ ⊇ ⊕ ℘  ���������� ℑ∈⊗����������  ∏ ∠∠∉  ⊕ ⊗ℜ ∧  ∪⊕ → ℑ  ⊃ ∉∈ℑ ⊂ → ℑ  ∏  ℑ ⊂ ≥℘ ⊃ ⊕ ∈℘ ⊕ ƒ∉∏ ∈⊗ ℑ  ⊃ ∉∈ ∉∅ ≤ ∪ ⊃ ∈ℑℑ∈⊗∠  ∉ ⊇ ⊕ ℘ ���������� 

 ∏∠∠ ∉  ⊕ ⊗ ℜ∧  ∪ ⊕ → ℑ  ⊃ ∉∈ℑ ⊂ ↓∏    ℑ ∈⊗ ⊃ ∈∩ ≠ ∉∏  ∪ ƒ∉∏ ∈⊗ ℑ  ⊃ ∉∈ ∉∅ ≤ ∪ ⊃ ∈ℑ    [ Ρεχε ιϖεδ δατε] ���� � �� � �� �[ Αχχεπτεδ δατε] ���� � �� � ��



√ ⊃⊆⊕⊃ ℑ   ℑ ⊃ ∩∪  ⊂ ⊃ ∈⊕ ⋅∪ ⊃ ℘ ∪ ∠ ℑ   ⊕ � ∠ ∉ ⊃ ∈ �∪⊕  ⊕� Α 

⊃  ∪⊕ ″ ∞ ⊂⊕ ℑ ℘ ∪ ⊃ ∈∩ ℑ  ⊃ ∉� � 

2 .3  Εξπεριµ ενταλ µ ετηοδσ 

× ∪⊕ ⊂⊕ ℑ ℘ ∪ ⊃ ∈∩ ⊄ ⊃ ∈⊕  ⊃ ℘  ⊕¬∠ ⊕  ⊃⊆⊕∈  ⋅⊕  ⊕ ℘ ℑ   ⊃ ⊕⊗ 

∉∏  ⊃ ∈ ℑ  ⊃ 2 ⊆∉∏  ∪∅ ⊂ℑ  ⊄ ≈�� � × ∪⊕ ℑ⊆∠ ⊂⊕ ⋅ℑ ℘ ∉ ⊂ ⊂⊕ ℘  ⊕⊗ 

ℜ ∧ ℑ ⊆⊕ ℑ  ∏  ⊃ ∈∩ ∠ ⊃ ∠ ⊕�ℑ∈⊗ ℑ∠ ⊃ ⊗ ⊂∧  ∏  ∈⊕⊗ ∉ ℑ ⊆⊕ ℑ  ∏  2 

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

ℑ∈ℑ ⊂∧∨⊕⊗ ∪⊕ ″ ∞ ℑ∈⊗ ↑ ∈ ℘ ∉∈℘ ⊕∈  ℑ  ⊃ ∉∈ ℜ∧  ∠ ⊕ ℘   ∉∠∪∉2 

 ∉⊆⊕   ⊃ ℘ℑ∈⊗ ⊃   ℑ  ⊃ ∉∈ ⊆⊕  ∪∉⊗ � 

3  Ρ ΕΣΥΛΤΣ ΑΝ∆ ∆ΙΣΧΥΣΣΙΟΝ 

3 .1  Εφφεχτ οφ λεαχηινγ τεµ περατυρε ον Ρ Ε λεαχηινγ 

× ∪⊕ ⊕  ∏ ⊂  ∉∅ ″ ∞ ⊂⊕ ℑ ℘ ∪ ⊃ ∈∩∅  ∉⊆ ℜ ⊂ℑ ℘ ⊄ ⊆∏⊗ ⋅⊃  ∪ 

∪∧⊗  ∉℘ ∪ ⊂∉ ⊃ ℘ℑ℘ ⊃ ⊗ ℑ ⊗ ⊃ ∅ ∅⊕  ⊕∈ ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ℑ∈⊗ ⊃ ⊆⊕  

ℑ  ⊕ ∪∉⋅∈ ⊃ ∈ ƒ⊃ ∩� � � 

Φ ιγ .1  ″ ∞ ⊂⊕ ℑ ℘ ∪ ⊃ ∈∩ ℑ  ⊃ ∉ � Α� ℑ  

⊗ ⊃ ∅ ∅ ⊕  ⊕∈ ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ℑ∈⊗ ⊃⊆⊕  

× ∪⊕  ⊕  ∏ ⊂  ⊃ ∈⊗ ⊃ ℘ ℑ  ⊕  ∪ℑ  ″ ∞ ⊂⊕ ℑ ℘ ∪ ⊃ ∈∩  ⊕ ℘ ∉√⊕  ∧ 

⊃ ∈℘  ⊕ ℑ  ⊕ ⋅⊃  ∪ ⊃ ∈℘  ⊕ ℑ  ⊃ ∈∩ ⊂⊕ ℑ℘ ∪ ⊃ ∈∩  ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ℑ∈⊗ 

 ⊃ ⊆⊕� 

3 .2  Λεαχηινγ κινετιχσ εθυατιον 

× ∪⊕ ⊄ ⊃ ∈⊕  ⊃ ℘ ⊕ ∇∏ ℑ  ⊃ ∉∈ ⊃ ∉ℜ  ℑ ⊃ ∈⊕⊗ℜ ∧   ⊃ ℑ ⊂ ∉⊕   ∉ 

⊆⊕  ∪∉⊗ ≈� � �� ∅  ∉⊆  ∪⊕ ⊕¬∠ ⊕  ⊃⊆⊕∈ ℑ ⊂ ⊗ ℑ  ℑ  ∪∉⋅∈ ⊃ ∈ 

ƒ⊃ ∩� � � ϒ  ⊕ ∉∅⊂ ⊃ ∈⊕℘ ℑ∈ ℜ ⊕ ∠ ⊂∉  ⊕⊗ ⋅⊃  ∪ ∠ ⊂∉  ⊃ ∈∩ � � 

��� Α � �� � Α� ��� √ τ ∅  ∉⊆  ∪⊕ ⊕¬∠⊕  ⊃⊆⊕∈ ℑ ⊂ ⊗ ℑ  ℑ 

 ∪∉⋅∈ ℑ  ƒ⊃ ∩� � � × ∪⊕  ⊕ ∅∉ ⊕ ∪⊕ ⊄ ⊃ ∈⊕  ⊃ ℘ ⊕∇∏ ℑ  ⊃ ∉∈ ℘ ℑ∈ 

ℜ ⊕⊕¬∠  ⊕   ⊕⊗ℑ  

� � ��� Α� �� � Α� ��� � Κτ ��� 

⋅∪⊕  ⊕ Κ ⊃ ℑ ℑ  ⊕℘ ∉∈  ℑ∈� 

3 .3  Λεαχηινγ αππαρεντ αχτιϖατιον ενεργψ 

ƒ ∉⊆  ∪⊕ Κ √ℑ ⊂∏ ⊕ ∉∅⊂⊕ ℑ ℘ ∪ ⊃ ∈∩ ∠  ∉℘ ⊕  ℑ ⊗ ⊃ ∅ ∅ ⊕  2 

⊕∈ ⊕⊆∠ ⊕  ℑ  ∏  ⊕ � ∪⊕ ϒ  ∪⊕∈⊃ ∏ ⊗ ⊃ ℑ∩  ℑ⊆ ℘ ℑ∈ ℜ ⊕ ℜ∏ ⊃ ⊂  

ℑ  ƒ⊃ ∩�� � ϒ℘ ℘ ∉ ⊗ ⊃ ∈∩  ∉ ϒ  ∪⊕∈⊃ ∏  ⊕ ∇∏ ℑ  ⊃ ∉∈ �⊂∈ Κ � 

⊂∈ Α � Ε/ Ρ Τ � ∪⊕ ℑ∠∠ ℑ  ⊕∈ℑ ℘  ⊃ √ℑ  ⊃ ∉∈ ⊕∈⊕  ∩∧ ∉∅  ∪⊕ 

⊂⊕ ℑ ℘ ∪ ⊃ ∈∩ ∠  ∉℘ ⊕   ℘ ℑ∈ ℜ ⊕ ℘ ℑ ⊂℘ ∏ ⊂ℑ  ⊕⊗ ∅  ∉⊆  ∪⊕  ⊂∉∠ ⊕ ∉∅ 

⊂ ⊃ ∈⊕⊃ ∈ ƒ⊃ ∩�� � ⋅∪ ⊃ ℘ ∪ ⊃ � ��� ⊄♠ � ⊆∉ ⊂�♥∠  ∉√⊕  ∪ℑ  

⊂⊕ ℑ ℘ ∪ ⊃ ∈∩ ∠  ∉℘ ⊕  ⊃ ℘ ∉∈  ∉ ⊂ ⊂⊕⊗ℜ∧ ⊃ ∈∈⊕ ⊗ ⊃ ∅ ∅∏  ⊃ ∉∈ ∅∉⊃   

ℑ ℘  ⊃ √ℑ  ⊃ ∉∈ ⊕∈⊕  ∩∧ ∅  ∉⊆ � ⊄♠ � ⊆∉ ⊂  ∉ �� ⊄♠ � ⊆∉ ⊂� 

Φ ιγ .2  °⊂∉∉∅ � � ��� Α� �� � Α� ��� √ τ 

Φ ιγ .3  ϒ  ∪⊕∈⊃ ∏ ⊗ ⊃ ℑ∩  ℑ⊆ ∉∅⊂⊕ ℑ ℘ ∪ ⊃ ∈∩ ∧  ⊕⊆ 

3 .4  Εφφεχτ οφ παρτιχλε σ ιζε οφ µ υδ ον Ρ Ε λεαχηινγ 

× ∪⊕⊕ ∅ ∅ ⊕ ℘ ∉∅ ∠ℑ   ⊃ ℘ ⊂⊕ ⊃ ∨⊕∉∅ ⊆∏⊗∉∈ ″ ∞ ⊂⊕ ℑ ℘ ∪ ⊃ ∈∩ 

⊃  ∪∉⋅∈ ⊃ ∈ ƒ⊃ ∩� � � 

Φ ιγ .4  ∞∅ ∅⊕ ℘ ∉∅ ∠ℑ   ⊃ ℘ ⊂⊕ ⊃ ∨⊕∉∅ ⊆∏⊗∉∈ ″ ∞ ⊂⊕ ℑ ℘ ∪ ⊃ ∈∩ 
� Χ � ) °ℑ   ⊃ ℘ ⊂⊕ ⊃ ∨⊕ � 

ƒ ∉⊆  ∪⊕⊂ ⊃ ∈⊕  ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠ ℜ ⊕  ⋅⊕ ⊕∈ Κ ℑ∈⊗ �� ρ � 
� 

⊃ ∈ ƒ⊃ ∩�� � ℑ ⊄⊃ ∈⊕  ⊃ ℘ ⊕ ∇∏ ⊃ ⊂ ⊃ ℜ  ⊃ ∏⊆ ⊕ ∇∏ ℑ  ⊃ ∉∈ ℘ ℑ∈ ℜ ⊕ ∉ℜ 2 

 ℑ ⊃ ∈⊕⊗ℑ  ≈�� 

Κ � � � �� ≅ �� � � ≅ ��� ρ � 
� �# 

⊕¬∠ ≈ � � ����� Ρ Τ� ���� 

× ∪⊕  ⊕  ∏ ⊂   ⊃ ∈⊗ ⊃ ℘ ℑ  ⊕  ∪ℑ  ∪⊕ ⊂⊕ ℑ ℘ ∪ ⊃ ∈∩  ℑ  ⊕ ⊃ ∈2 

℘  ⊕ ℑ  ⊕  ⋅⊃  ∪ ⊗ ⊕ ℘  ⊕ ℑ  ⊃ ∈∩ ∠ℑ   ⊃ ℘ ⊂⊕  ⊃ ∨⊕ ∉∅  ∪⊕ ⊆∏⊗� 

⋅∪ ⊃ ℘ ∪∅∏   ∪⊕ ∠  ∉√⊕  ∪ℑ  ∪⊕⊂⊕ ℑ ℘ ∪ ⊃ ∈∩ ∠  ∉℘ ⊕  ⊃ ℘ ∉∈2 

  ∉ ⊂ ⊂⊕⊗ ℜ∧ ⊃ ∈∈⊕ ⊗ ⊃ ∅ ∅∏  ⊃ ∉∈ � 

# � � � # × ℑ∈� → ∉∈∅ ⊕   ∉∏  ↑ ⊕  �≥∉℘� ≤∪ ⊃ ∈ℑ         ϒ∏ ∩�����



3 .5  Εφφεχτ οφ ηψδροχηλοριχ αχιδ χονχεντρατιον ον 

Ρ Ε λεαχηινγ 

× ∪⊕ ⊕ ∅ ∅ ⊕ ℘ ∉∅ ∪∧⊗  ∉℘ ∪ ⊂∉ ⊃ ℘ℑ ℘ ⊃ ⊗ ℘ ∉∈℘ ⊕∈  ℑ  ⊃ ∉∈ ∉∈ 

″ ∞ ⊂⊕ ℑ ℘ ∪ ⊃ ∈∩⊃  ∪∉⋅∈ ⊃ ∈ ƒ⊃ ∩� � � 

Φ ιγ .5  ∞∅ ∅⊕ ℘  ∉∅ ♦ ≤⊂ ℘ ∉∈℘ ⊕∈  ℑ  ⊃ ∉∈ ∉∈ ″ ∞ ⊂⊕ ℑ ℘ ∪ ⊃ ∈∩ 

ƒ⊃ ∩� �  ∪∉⋅ ∪ℑ  ∪⊕ ∠ ⊂∉∉∅ � � Α� �� � Α� ��� 

√ τ ⊃ ∈∉   ℑ ⊃ ∩∪  ⊂ ⊃ ∈⊕ℑ∈⊗ ∉ ⊗ ∉⊕ � � Α� �� � Α� ��� 

√ τ ℑ ♦ ≤⊂ ℘ ∉∈℘ ⊕∈  ℑ  ⊃ ∉∈ ℑℜ∉√⊕ � �� ⊆∉ ⊂�←� × ∪⊕  ⊕ 2 

∅∉ ⊕ ∪⊕⊂⊕ ℑ ℘ ∪ ⊃ ∈∩ ∠  ∉℘ ⊕  ⊃ ℘ ∉∈  ∉ ⊂ ⊂⊕⊗ ℜ∧ ⊆⊃ ¬ ∏  ⊕ ℑ  ⊕ 

⊆∉⊗ ⊕ ⊂� 

× ∪⊕ ⊕  ∏ ⊂  ℘ ℑ∈ ℜ ⊕ ⊕¬∠ ⊂ℑ ⊃ ∈⊕⊗ ℑ ∅∉ ⊂ ⊂∉⋅ ⋅⊃  ∪  ∪⊕ 

⊃ ∈℘  ⊕ ℑ  ⊕∉∅ ♦ ≤⊂ ℘ ∉∈℘ ⊕∈  ℑ  ⊃ ∉∈ � ∪⊕ ⊕ ℑ℘  ⊃ ∉∈ ∉∅ ↑ ∈2ƒ⊕ 

∉¬ ⊃ ⊗ ⊕⊂⊕ ℑ ℘ ∪⊕⊗⊃ ∈  ∪⊕ ⊆∏⊗ ⋅∉∏ ⊂⊗ ℜ ⊕ ∠ ⊕ ⊕⊗ ∏ ∠�ℑ∈⊗ ∪⊕ 

↑ ∈2ƒ⊕ ℑ⊆∉ ∠∪∉∏     ∏ ℘  ∏  ⊕ ∉∅ ⊆∏⊗ ⋅∉∏ ⊂⊗ ℜ ⊕ ⊗ ⊕ 2 

   ∉∧⊕⊗� ∪⊕ ⊆∏⊗ ℜ ⊕ ℘ ∉⊆⊕ ⊂∉∉ ⊕∉∠∉ ∉∏ � ∪⊕⊂⊕ ℑ ℘ ∪2 

⊃ ∈∩ ℑ∩ ⊕∈ℑ∈⊗ ∠  ∉⊗∏ ℘ ℜ ⊕ ℘ ∉⊆⊕ ⊆∉ ⊕ ⊕ ℑ  ⊃ ⊂∧ ⊗ ⊃ ∅ ∅∏  ⊃ ∈∩� 

 ∪⊕ ″ ∞ ⊂⊕ ℑ ℘ ∪ ⊃ ∈∩ ⊃  ∠ ⊕ ⊕⊗ ∏ ∠� × ∪⊕  ⊕ ∅∉ ⊕  ∪⊕⊂⊕ ℑ ℘ ∪ ⊃ ∈∩ 

∠  ∉℘ ⊕  ℘ ℑ∈ ℜ ⊕ ⊕ ∠  ⊕  ⊕∈ ⊕⊗ ℜ∧ ℑ ⊆⊃ ¬ ∏  ⊕  ℑ  ⊕ ℘ ∉∈  ∉ ⊂ 2 

⊂ ⊃ ∈∩ ⊆∉⊗ ⊕ ⊂� 

4  ΧΟΝΧΛΥΣΙΟΝΣ 

× ∪⊕ ⊂⊕ ℑ ℘ ∪ ⊃ ∈∩ ⊄⊃ ∈⊕  ⊃ ℘  ∉∅  ℑ  ⊕ ⊕ ℑ   ∪ ⊃ ∈ ℜ ⊂ℑ℘ ⊄ 

⋅⊕ ℑ  ∪⊕  ⊃ ∈∩ ⊆∏⊗ ⊃   ∏⊗ ⊃ ⊕⊗�  ∪⊕ ∅ ℑ ℘  ∉  ∉∅  ⊕⊆∠ ⊕  ℑ 2 

 ∏  ⊕� ∠ ℑ   ⊃ ℘ ⊂⊕  ⊃ ∨⊕ ∉∅  ∪⊕ ⊆∏⊗ ℑ∈⊗ ♦ ≤⊂ ℘ ∉∈℘ ⊕∈  ℑ  ⊃ ∉∈ 

ℑ  ⊕ ℘ ∉∈ ⊃ ⊗ ⊕  ⊕⊗� × ∪⊕  ⊕  ∏ ⊂    ∪∉⋅  ∪ℑ  ∪⊕ ⊂⊕ ℑ ℘ ∪ ⊃ ∈∩ 

∠  ∉℘ ⊕  ℘ ℑ∈ ℜ ⊕ ⊗ ⊕  ℘  ⊃ ℜ ⊕⊗ ℜ∧ ≥∪ ⊃ ∈⊄⊃ ∈∩ ≤∉ ⊕ ↑ ∉⊗ ⊕ ⊂� 

× ∪⊕⊂⊕ ℑ ℘ ∪ ⊃ ∈∩  ℑ  ⊕⊃ ℘ ∉∈  ∉ ⊂ ⊂⊕⊗ ℜ∧ ⊗ ⊃ ∅ ∅∏  ⊃ ∉∈ ∉∅ ∠∉ ∉∏  

 ∉ ⊂ ⊃ ⊗⊂ℑ∧⊕ �

  × ∪⊕ ℑ∠∠ ℑ  ⊕∈ℑ ℘  ⊃ √ℑ  ⊃ ∉∈ ⊕∈⊕  ∩∧ ⊃ � ��� ⊄♠ � ⊆∉ ⊂� 

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

⊕   ℑℜ ⊂ ⊃  ∪⊕⊗ℑ  

Κ � � � �� ≅ �� � � ≅ ��� ρ � 
� �#⊕¬∠� � � ���� Ρ Τ� 

• ⊃  ∪  ∪⊕ ⊃ ∈℘  ⊕ ℑ  ⊕ ∉∅ ♦ ≤⊂ ℘ ∉∈℘ ⊕∈  ℑ  ⊃ ∉∈ �  ∪⊕ 

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

× ∪⊕⊂⊕ ℑ ℘ ∪ ⊃ ∈∩  ℑ  ⊕ ⊃ ∈℘  ⊕ ℑ  ⊕  ∉ℜ√⊃ ∉∏  ⊂∧ ∅∉ ⊗ ⊕    ∉∧ ∉∅ 

↑ ∈2ƒ⊕ ∉¬ ⊃ ⊗ ⊕ ⊃ ∈ ⊆∏⊗� × ∪⊕ ⊂⊕ ℑ ℘ ∪ ⊃ ∈∩  ℑ  ⊕ ℘ ∉∈  ∉ ⊂ ⊂ ⊃ ∈∩ 

  ⊕ ∠ ℘ ∪ℑ∈∩ ⊕ ∅  ∉⊆ ⊃ ∈∈⊕ ⊗ ⊃ ∅ ∅∏  ⊃ ∉∈  ∉ ⊆⊃ ¬ ∏  ⊕ ℑ  ⊕℘ ∉∈2 

  ∉ ⊂ ⊂ ⊃ ∈∩ ⊆∉⊗ ⊕ ⊂� 

[ Ρ ΕΦΕ Ρ Ε ΝΧΕΣ] 

≈�  ≤ ♦♥ ″ ∏ 2ℑ∈ ℑ∈⊗ • ϒ →♣ ⁄ ⊃ ℑ∈2∨∏ ∉ � ′⊕ ∈⊕ ∅ ⊃ ℘ ⊃ ℑ  ⊃ ∉∈ ∉ ∅ ″ ℑ  ⊕ 

∞ℑ   ∪ ↓ ⊕ℑ∈⊗ ∞¬  ℑ ℘  ⊃ ∉∈ ×⊕ ℘ ∪∈∉ ⊂∉∩∧ ≈ ↑  �′⊕ ⊃ ⊇ ⊃ ∈∩�≥℘ ⊃ 2 

⊕ ∈℘ ⊕ ° ⊕  ��⊃ ∈ ≤ ∪ ⊃ ∈⊕  ⊕ � ����� ���� � ��� � 

≈�  ≥ ♦♥ ≡⊕ 2 ⊆⊃ ∈ � ∞¬ ⊃   ⊃ ∈∩   ℑ  ⊕ ℑ∈⊗ ∠ ℑ   ⊃  ⊃ ∉∈⊃ ∈∩ ℘ ∪ℑ  ℑ ℘  ⊕  ⊃  2 

 ⊃ ℘ ∉ ∅ ℑ  ⊕⊕ ℑ   ∪ ⊕ ⊂⊕⊆⊕ ∈ ⊃ ∈ ≤∪ℑ∈∩ℜ ⊕ ⊃ ℑ  ⊕⊕ ℑ   ∪ ⊗ ⊕ ∠∉ ⊃   

∉ ∅ ≥⊃ ℘ ∪∏ ℑ∈ ° ∉√⊃ ∈℘ ⊕≈♠  � ≤∪ ⊃ ∈⊕  ⊕ ″ ℑ  ⊕ ∞ℑ   ∪ ��⊃ ∈ ≤ ∪ ⊃ 2 

∈⊕  ⊕ � ����� ������ �� � � � 

≈�  ≤ ♦♥ ″ ∏ 2ℑ∈ � ≡ ♦ ∝ ♣∏ ∉ 2℘ ℑ ⊃� ≥ ♦♥ ≡⊃ 2 ⊆⊃ ∈ �⊕ ℑ ⊂� ″ ℑ  ⊕ 

⊕ ℑ   ∪ ∠ ℑ   ⊃  ⊃ ∉∈⊃ ∈∩ ℑ∈⊗ ⊕ ¬ ⊃   ⊃ ∈∩   ℑ  ⊕ ∉ ∅  ∉∏  ∪⋅⊕   ↑ → 

 ℑ  ⊕⊕ ℑ   ∪ ∉ ⊕  ≈♠ � → ∉∈∅ ⊕   ∉∏  ↑ ⊕  ℑ ⊂ � �⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕� � 

���� ������ ��� � �� � 

≈�  ≡ ♦ ∝ ♣∏ ∉ 2℘ ℑ ⊃ℑ∈⊗ ≤ ♦♥ ″ ∏ 2ℑ∈ � ∞¬  ℑ ℘  ⊃ ∉∈ ∉ ∅  ℑ  ⊕ ⊕ ℑ   ∪ 

∅  ∉⊆ ℜ ⊂ℑ ℘ ⊄ ⋅⊕ ℑ  ∪ ⊕  ⊃ ∈∩ ⊆∏ ⊗≈♠  � ″ ℑ  ⊕ ↑ ⊕  ℑ ⊂ ����� ��� 

��� ��� � �� � 

≈�  ≤ ♦♥ ″ ∏ 2ℑ∈ �≡ ♦ ∝ ♣∏ ∉ 2℘ ℑ ⊃�≡ ♦ ϒ →♣ °⊃ ∈∩�⊕ ℑ ⊂� ≤∪ ⊕⊆2 

⊃ ℘ ℑ ⊂ ℜ ⊕ ∪ℑ √⊃ ∉ ∉∅℘ ⊕  ⊃ ∏⊆ ⊕ ⊂⊕⊆⊕ ∈ ⊃ ∈  ∉℘ ⊄ ⋅⊕ ℑ  ∪⊕  ⊃ ∈∩ ∧  ⊕⊆ 

≈♠ � × ℑ∈ → ∉∈∅ ⊕   ∉∏  ↑ ⊕ ≥∉℘ ≤ ∪ ⊃ ∈ℑ� ���� � � ��� � 

��� � ��� � 

≈�  ⁄∞→♣ ″ ∏ 2¬ ⊃ ∈ ℑ∈⊗ ≤ ♦♥ ″ ∏ 2ℑ∈ � °∪∧ ⊃ ℘ ∉℘ ∪⊕⊆⊃ ℘ ℑ ⊂ ∠  ∉∠ ⊕  2 

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

≈♠  � ≤ ∪ ⊃ ∈⊕  ⊕ ″ ℑ  ⊕ ∞ℑ   ∪ ��⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕ � ����� ������ � 

�� � �� � 

≈�  ≤ ♦♥ ″ ∏ 2ℑ∈ ℑ∈⊗ • ϒ →♣ ⁄ ⊃ ℑ∈2∨∏ ∉� ″ ℑ  ⊕ ⊕ ℑ   ∪ ∠ ℑ   ⊃  ⊃ ∉∈2 

⊃ ∈∩ ℘ ∪ ℑ  ℑ ℘  ⊕  ⊃   ⊃ ℘ ⊃ ∈  ∪ ⊕⊃ ∉∈⊃ ℘ ∧∠ ⊕ ℑ  ⊕⊕ ℑ   ∪ ∉ ⊕ ℑ∈⊗⊃   

ℑ∠∠ ⊂ ⊃ ℘ ℑ  ⊃ ∉∈ ≈ ♠ � ≤ ∪ ⊃ ∈⊕  ⊕ ♠ ∉∏  ∈ℑ ⊂ ∉ ∅ ″ ℑ  ⊕ ↑ ⊕  ℑ ⊂� �⊃ ∈ 

≤ ∪ ⊃ ∈⊕  ⊕ � ����� ������ ��� � �� � 

≈�  ≤ ♦♥ ″ ∏ 2ℑ∈ �≡ ♦ ∝ ♣∏ ∉ 2℘ ℑ ⊃ℑ∈⊗≡ ♦ ϒ →♣ °⊃ ∈∩� ″ ℑ  ⊕⊕ ℑ   ∪ 

∠ ℑ   ⊃  ⊃ ∉∈⊃ ∈∩ ∉ ∅ ∩  ℑ∈⊃  ∉ ⊃ ⊗ ⋅⊕ ℑ  ∪⊕  ⊃ ∈∩ ℘  ∏  ⊃ ∈ ≥∉∏  ∪⊕  ∈ 

≤ ∪ ⊃ ∈ℑ ≈♠ � × ℑ∈ → ∉∈∅ ⊕   ∉∏  ↑ ⊕ ≥∉℘ ≤∪ ⊃ ∈ℑ� ���� � � 

��� ���� � ��� � 

≈�  ← ♥ ♦∉∈∩ 2∩∏ ⊃� ← ⊕ ℘  ∏  ⊕ ∈∉  ⊕  ∉ ∅ ⊂⊕ ℑ ℘ ∪ ⊃ ∈∩ ⊄ ⊃ ∈⊕  ⊃ ℘  ≈♠ � 

″ ℑ  ⊕ ⊆⊕  ℑ ⊂ ℑ∈⊗ ≤⊕⊆⊕ ∈ ⊕ ⊗ ≤ℑ  ℜ ⊃ ⊗ ⊕� �⊃ ∈ ≤ ∪ ⊃ ∈⊕  ⊕ � � ���� 

��� ��� � �� � 

≈��  ≤ ♦ ∞→ ♠ ⊃ ℑ 2∧∉∈∩� ≠ ϒ →♣ ≥∪∉∏ 2∨∪ ⊃� ↔∞ ♠ ⊃ ℑ 2⊇ ∏ ∈ � ⊕ ℑ ⊂� 

″ ⊕  ⊕ ℑ  ℘ ∪ ℑ∈⊗ ⁄⊕ √⊕ ⊂∉∠⊆⊕ ∈∉ ∅ ♦∧⊗  ∉⊆⊕  ℑ ⊂ ⊂∏  ∩∧ ≈ ↑  � 

′⊕ ⊃ ⊇ ⊃ ∈∩� ↑ ⊕  ℑ ⊂ ⊂∏  ∩ ⊃ ℘ ℑ ⊂ ♥∈⊗∏    ∧ ° ⊕  � ���� � ��� � 

��� � 

≈��  ≥∉∪∈ ♦ ≠ ℑ∈⊗ • ℑ⊗ ⋅∉  ∪ ⊇ ↑ ∞ � ″ ℑ  ⊕ ° ∉℘ ⊕  ∉ ∅ ∞¬2 

  ℑ ℘  ⊃ ∉∈ ↑ ⊕  ℑ ⊂ ⊂∏  ∩∧ ≈ ↑  � → ⊕⋅ ≠∉ ⊄ � °⊂⊕ ∈∏⊆ ° ⊕  � 

���� ��� � �� ���� � ��� � 

(Εδιτεδ βψ ΗΥΑΝΓ ϑιν2σονγ) 

# � � � # ∂ ∉ ⊂1��  λ 1�       ← ⊕ ℑ ℘ ∪ ⊃ ∈∩ ⊄ ⊃ ∈⊕  ⊃ ℘ ∉∅ ℑ  ⊕⊕ ℑ   ∪∅  ∉⊆ ℜ ⊂ℑ ℘ ⊄ ⋅⊕ ℑ  ∪⊕  ⊃ ∈∩ ⊆∏⊗


