
Αρτιχλε Ι∆ : ���� � ������������ � ���� � �� 

Μανυφαχτυρε οφ Ρανεψ Νι χαταλψστ ωιτη 

µετασταβλε Νι � Αλ � βψ ηιγη2ενεργψ µιλλ ινγ 
≠ 

×⊕∈∩ ″ ∉∈∩∪∉∏ �滕荣厚� � �≥∏∈ ≥∪ ⊃ ⊇ ⊃ ⊕ �孙世杰� � �← ⊃ ∏≥⊃ ⊂ ⊃ ∈�刘思林� � � 

← ⊃ ∏ ÷∏ ⊕ ∇∏ ℑ∈�柳学全� � � ↑ ℑ ″ ∏ ∨∪ℑ∈∩�马如璋� � �← ⊃ ∏ ×ℑ∉�刘  涛� � 

1 . Φυνχτιοναλ Ματεριαλ σ Ινστιτυτε , 

Χεντραλ Ιρον � Στεελ Ρεσεαρχη Ινστιτυτε , Βειϕ ινγ 100081 , Π . Ρ . Χηινα ; 

2 . ∆επαρτµεντ οφ Ματεριαλσ Πηψ σιχσ , Υνιϖερσιτψ οφ Σχιενχε ανδ 

Τεχηνολογψ Βειϕ ινγ , Βειϕ ινγ 100083 , Π . Ρ . Χηινα ; 

3 . Βειϕ ινγ Σψνχηροτρον Ραδιατιον Φαχιλ ιτψ, Ηιγη Ενεργψ Πηψ σιχσ Ινστιτυτε , 

τηε Χηινεσε Αχαδε µ ψ οφ Σχιενχεσ , Βειϕ ινγ 100039 , Π . Ρ . Χηινα 

Αβσ τραχτ : ×∪⊕ → ⊃ 2ϒ⊂ ℑ ⊂ ⊂∉∧ ℘ ∉∈ ℑ ⊃ ∈⊃ ∈∩ ≤� ƒ⊕ℑ⊗⊗ ⊃  ⊃ √⊕  ⋅⊕  ⊕ ∠  ⊕ ∠ ℑ  ⊕ ⊗ℑ  ″ ℑ∈⊕ ∧ → ⊃℘ ℑ  ℑ ⊂∧ ℜ∧ ∪ ⊃ ∩∪ ⊕ ∈⊕  ∩∧ 

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

⊕ ⊂⊕ ℘   ∉∈ ⊆⊃ ℘  ∉ ℘ ∉∠∧ � ∪ ⊕   ∏ ℘  ∏  ⊕ ⋅ℑ ℑ∈ℑ ⊂∧∨⊕ ⊗ℜ∧ ÷ ″ ⁄ℑ∈⊗ ↑⊇   ℜ ℑ∏ ⊕ ⊆⊕  ∪∉⊗ � ×∪⊕ ⊕  ∏ ⊂   ∪∉⋅⊕ ⊗ ∪ℑ ℑ ∅ 2 
 ⊕ ℑ∪ ⊃ ∩∪ 2⊕ ∈⊕  ∩∧ ⊆⊃ ⊂ ⊂ ⊃ ∈∩�♦∞↑ � � ∪⊕ → ⊃ 2ϒ⊂ℑ ⊂ ⊂∉∧   ℑ∈ ∅∉⊆ ∉ℑ ∈ℑ∈∉ 2 ℘ ℑ ⊂⊕ → ⊃ ϒ⊂   ∏ ℘  ∏  ⊕ ⋅⊃  ∪ ⊃ ℘ ∪ ϒ⊂�′∧ 

ℑ∈∈⊕ ℑ ⊂ ⊃ ∈∩ ∪ ⊕ℑ ⊂ ⊂∉∧ �ℑ ⊆⊕  ℑ   ℑℜ ⊂⊕ → ⊃ � ϒ⊂ � ∠∪ ℑ  ⊕℘ ℑ∈ ℜ ⊕∉ℜ  ℑ ⊃ ∈⊕ ⊗� 

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

1  ΙΝΤΡ Ο∆ΥΧΤΙΟΝ 

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

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

 ∏ ℘ ∪ℑ ≤�≤∏�≤∉� ↑ ∈ �ƒ⊕�⊕  ℘�×∪⊕ ⊄⊕ ⊂⊕  ∉∈ 

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

�� �  ∉⊗ ⊃ ∏⊆ ∪∧⊗  ∉¬ ⊃ ⊗ ⊕ ℜ ⊕ ∅∉ ⊕⊃ ⊃ ∏  ⊕⊗� ×∪ ⊃  

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

∪ ⊃ ∩∪  ∠ ⊕ ℘ ⊃ ∅ ⊃ ℘ ∏  ∅ℑ ℘ ⊕ ⊃  ∠  ∉√⊃ ⊗ ⊕⊗ ⋅⊃  ∪ ⊕¬  ⊕⊆⊕ 

℘ ℑ  ℑ ⊂∧ ℑ ℘  ⊃ √⊃  ∧ � 

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

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

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

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

⊂⊕ ℑ ℘ ∪ ⊃ ∈∩∉∏ ϒ⊂ ⊕ ⊂⊕⊆⊕∈∅  ∉⊆ → ⊃ ϒ⊂ � 
≈� � ′⊕ ℘ ℑ∏  ⊕ 

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

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

≈� �℘  ∧  ℑ ⊂ ⊂ ⊃ ∈⊕ ≈� �∉√⊕   ℑ  ∏  ℑ  ⊕⊗ ∉ ⊂ ⊃ ⊗ ∉ ⊂∏ 2 
 ⊃ ∉∈ ≈� ℑ∈⊗ ∈ℑ∈∉ 2℘  ∧  ℑ ⊂ ⊂ ⊃ ∈⊕ ≈� � � ⊆ℑ  ⊕  ⊃ ℑ ⊂ ⊕  ℘�♥∈ 

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

→ ⊃℘ ℑ  ℑ ⊂∧ ℜ ∧ ♦∞↑ ⊃ ⊃ ∈√⊕   ⊃ ∩ ℑ  ⊕⊗� 

2  ΕΞΠΕΡΙΜΕΝΤΑΛ 

×∪⊕ → ⊃ 2ϒ⊂ℑ ⊂ ⊂∉∧  ∪ℑ ℘ ∉∈ ⊃   ∉∅ ∪ ⊃ ∩∪ ∠∏  ⊃  ∧ 

→ ⊃ ��� � � � ��� �� � �ϒ⊂��� �� � � �� ��� � ℑ∈⊗ 

⊆⊃ ℘  ∉⊕ ⊂⊕⊆⊕∈ ≤ ��� � � � � � � � � � ƒ⊕��� � � 

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

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

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

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

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

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

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

″ ♥♣ϒ↔∝ ↑ ϒ ÷�″ ′ ÷2 ℑ∧ ⊗ ⊃ ∅ ∅  ℑ ℘  ∉⊆⊕  ⊕  

�≤∏↔ Α �Κ� � � ����� ∈⊆�� �×∪⊕ℑ∈ℑ ⊂∧ ⊃ ∉∅ ∠ ℑ  2 

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

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



 ⊃ ℘ ⊂⊕ ⊃ ∨⊕ ⋅ℑ ∠ ⊕  ∅∉⊆⊕⊗ℜ ∧ ≥ϒ2≤°� ∠ ℑ   ⊃ ℘ ⊂⊕ℑ∈ℑ 2 
⊂∧∨⊕ � ×∪⊕♠≥ ↑ ���� ≥∞↑ ℑ∈ℑ ⊂∧∨⊕ ⋅ℑ ∏  ⊕⊗ ∉ 

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

∉∅ ∠ℑ   ⊃ ℘ ⊂⊕� ×∪⊕ ↑⊇  ℜℑ∏ ⊕  ⋅ℑ  ⊆⊕ ℑ  ∏  ⊕⊗ ℑ  

 ∉∉⊆  ⊕⊆∠ ⊕  ℑ  ∏  ⊕� 

3  Ρ ΕΣΥΛΤΣ ΑΝ∆ ∆ΙΣΧΥΣΣΙΟΝ 

3 .1  Παρτιχλε σ ιζε ανδ συρφαχε µ ορπηολογψ οφ 

ΝιΑλ δυρινγ ΗΕ Μ 

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

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

∠ ℑ   ⊃ ℘ ⊂⊕  ⊃ ∨⊕⊃ ∈℘  ⊕ ℑ  ⊕ ℑ∈⊗ ∪⊕∈  ⊕ ℑ ℘ ∪⊕ ℑ ∠ ⊕ ℑ⊄ 

ℑ ∅  ⊕ ℑℜ∉∏ �� ∪� • ∪⊕∈ ℘ ∉∈ ⊃ ∈∏ ⊃ ∈∩ ⊆⊃ ⊂ ⊂ ⊃ ∈∩� ∪⊕ 

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

⊃  ∪∉⋅∈⊃ ∈ ƒ⊃ ∩� � � 

Φ ιγ .1  ∂ ℑ  ⊃ ℑ  ⊃ ∉∈ ∉∅ ⊆⊕⊗ ⊃ ℑ∈  ⊃ ∨⊕ ⋅⊃  ∪ 

⊆⊃ ⊂ ⊂ ⊃ ∈∩ ⊃ ⊆⊕ 

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

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

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

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

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

∠ ℑ   ⊃ ℘ ⊂⊕  ∪ℑ∈ ⊃ ∈  ∪⊕ ⊆ℑ ⊂ ⊂ ∠ ℑ   ⊃ ℘ ⊂⊕  ≈� � ⁄∏  ⊃ ∈∩ 

∪ ⊃ ∩∪ ⊕∈⊕  ∩∧ ⊆⊃ ⊂ ⊂ ⊃ ∈∩ ∉∅ → ⊃ 2ϒ⊂ ℑ ⊂ ⊂∉∧ � ⋅∪⊕∈  ∪⊕ 

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

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

∉∅∪ ⊃ ∩∪⊕∈⊕  ∩∧ ⊆⊃ ⊂ ⊂ ⊃ ∈∩� 

3 . 2  Στρυχτυρε χηαραχτεριστιχ οφ ΝιΑλ αφτερ 

ΗΕ Μ 

×∪⊕ ÷2 ℑ∧ ⊗ ⊃ ∅ ∅  ℑ ℘  ⊃ ∉∈ ∠ ℑ   ⊕  ∈∉∅ ∪⊕ ℑ ⊂ ⊂∉∧ 

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

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

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

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

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

⊆ℑ ⊂ ⊂ ⊃ ∈  ∪⊕ → ⊃ � ϒ⊂ � ℑ∈⊗ → ⊃ ϒ⊂ � ∠∪ℑ  ⊕ � ℑ ⊂ℑ  ∩ ⊕ 

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

• ∪⊕∈  ∪⊕  ⊃ ⊆⊕ ∉∅ ∪ ⊃ ∩∪ ⊕∈⊕  ∩∧ ⊆⊃ ⊂ ⊂ ⊃ ∈∩ ⊃ ⊃ ∈2 
℘  ⊕ ℑ  ⊕⊗�  ∪⊕ ⊗ ⊕ ∅ ⊕ ℘ ⊗ ⊕∈ ⊃  ∧ ⊃ ∈  ∪⊕ → ⊃ � ϒ⊂ � ℑ∈⊗ 

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

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

→ ⊃ ϒ⊂ � ∠∪ℑ  ⊕  ⊕ ℑ  ⊃ ⊂∧   ℑ∈ ∅∉⊆ ⊃ ∈ ∉ → ⊃ ϒ⊂ ∠∪ℑ  ⊕ 

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

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

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

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

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

℘  ⊃  ⊃ ℘ ℑ ⊂√ℑ ⊂∏ ⊕ �  ∪⊕∩  ℑ ⊃ ∈ ⊃ ℜ  ∉⊄⊕∈ � ×∪ ⊃ ∠  ∉℘ ⊕   

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

⊃ ∈ ∉ √⊕  ∧ ∅ ⊃ ∈⊕ ⊃ ⊂ ⊂ ∈ℑ∈∉ 2℘  ∧  ℑ ⊂ ⊂ ⊃ ∈⊕� ϒ℘ ℘ ∉ ⊗ ⊃ ∈∩ ∉ 

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

ℑ ∅  ⊕ �� ∪ ∪ ⊃ ∩∪ 2⊕∈⊕  ∩∧ ⊆⊃ ⊂ ⊂ ⊃ ∈∩� ×∪⊕ ⋅⊃ ⊗ ⊕∈⊃ ∈∩ ∉∅ 

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

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

∩  ℑ ⊃ ∈2 ⊃ ∨⊕℘ ∉⊆∠∏  ⊕⊗∉∏ ℜ∧ ≥℘ ∪⊕   ⊕ ∅∉⊆∏ ⊂ℑ⊃ ∈2 
℘ ⊂∏⊗ ⊕  ∪⊕   ℑ ⊃ ∈ ⊕∈⊕  ∩∧ �×∪ ⊃ ∩  ℑ ⊃ ∈2 ⊃ ∨⊕⊃ ℘ ℑ ⊂ ⊂⊕⊗ 
/ ∪⊕⊕ ∅ ∅ ⊕ ℘  ⊃ √⊕∩  ℑ ⊃ ∈2 ⊃ ∨⊕ 0 �×∪⊕⊕ ∅ ∅ ⊕ ℘  ⊃ √⊕∩  ℑ ⊃ ∈2 ⊃ ∨⊕ 
⊃  ℜ ⊃ ∩∩ ⊕   ∪ℑ∈  ∪⊕   ∏ ⊕ ∩  ℑ ⊃ ∈2 ⊃ ∨⊕� • ∪⊕∈  ∪⊕ 

⊆⊕  ℑ   ℑℜ ⊂⊕ → ⊃ ϒ⊂ ∠∪ℑ  ⊕ ⊃  ∪⊕ ℑ  ⊕⊗� ∪⊕ ⊆ℑ  ⊕  ⊃ ℑ ⊂ 

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

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

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

′∏  ∪ ⊃  ∠  ∉℘ ⊕  ⊃  √⊕  ∧  ⊂∉⋅ � ×∪⊕ ⊆⊕  ℑ   ℑℜ ⊂⊕ 

→ ⊃ � ϒ⊂ � ⋅⊃  ∪  ⊃ ℘ ∪ ϒ⊂ ℘ ℑ∈ ∠  ⊕ ∅ ⊕  ⊕∈ ⊃ ℑ ⊂ ⊂∧ ∠  ∉⊗∏ ℘ ⊕ 

⋅∪⊕∈ → ⊃ ϒ⊂ ⋅⊃  ∪  ⊃ ℘ ∪ ϒ⊂ ⊃  ∪⊕ ℑ  ⊕⊗ � ⊕ ⊕ ÷2 ℑ∧ 
⊗ ⊃ ∅ ∅  ℑ ℘  ⊃ ∉∈ ∠ ℑ   ⊕  ∈ ∞⊃ ∈ ƒ⊃ ∩� �� � 

3 .3  Μ⊇σσβαυερ σπεχτρα οφ ηιγη2ενεργψ µιλλινγ 
Νι2Αλ αλλοψσ 

′⊕ ℘ ℑ∏  ⊕ ÷2 ℑ∧ ⊗ ⊃ ∅ ∅ ⊃  ℑ ℘  ⊃ ∉∈ ∠ℑ   ⊕  ∈ ∉∅ 

→ ⊃ � ϒ⊂ � ℑ∈⊗ → ⊃ ϒ⊂ ℑ ⊂ ⊂∉∧ ℑ  ⊕ ∉√⊕  ⊂ℑ∠∠ ⊕⊗� ÷2 ℑ∧ 

# � � � # ∂ ∉ ⊂1�  λ 1�        ↑ℑ∈∏ ∅ ℑ ℘  ∏  ⊕∉∅ ″ ℑ∈⊕ ∧ → ⊃℘ ℑ  ℑ ⊂∧ ℜ∧ ♦∞ ↑



Φ ιγ .2  °∉⋅⊗ ⊕  ⊃ ∨⊕⊗ ⊃    ⊃ ℜ∏  ⊃ ∉∈ ℑ ∅  ⊕ ⊗ ⊃ ∅ ∅ ⊕  ⊕∈⊆⊃ ⊂ ⊂ ⊃ ∈∩ ⊃⊆⊕ 
�ℑ � ) �� ∪��ℜ� ) �� ∪��℘ � ) �� ∪��⊗ � ) �� ∪ 

Φ ιγ .3  ÷2 ℑ∧ ⊗ ⊃ ∅ ∅  ℑ ℘  ⊃ ∉∈ ∠ℑ   ⊕  ∈ 

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

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

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

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

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

↑⊇  ℜ ℑ∏ ⊕  ∠⊕ ℘   ℑ ∉∅ → ⊃ 2ϒ⊂ ℑ ⊂ ⊂∉∧ � ϒ �′ �≤ �⁄ ⊃ ∈ 

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

  ℑ ℘ ⊕⊕ ⊂⊕⊆⊕∈ƒ⊕⊃ ∈ ∪⊕ → ⊃ 2ϒ⊂ℑ ⊂ ⊂∉∧ ∉∅℘ ℑ   ⊕⊗ℑ∈⊗ 

∇∏ ⊕∈℘ ∪⊕⊗  ℑ  ⊕  ≈� � ∪⊕ ⊕  ∏ ⊂   ∪∉⋅⊕⊗ ∪ℑ ƒ⊕⊃  

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

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

∇∏ ⊕∈℘ ∪⊕⊗  ℑ  ⊕� ∉  ∪⊕ ↑ ⊇  ℜℑ∏ ⊕  ∠ ⊕ ℘   ℑ ∉∅ ϒ 

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

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

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

 ∪⊕ ↑ ⊇  ℜ ℑ∏ ⊕  ∠⊕ ℘   ℑ ℘ ∪ℑ∈∩⊕ ∉ℜ√⊃ ∉∏  ⊂∧ � ϒ∅  ⊕  

�� ∪ ∪ ⊃ ∩∪ 2⊕∈⊕  ∩∧ ⊆⊃ ⊂ ⊂ ⊃ ∈∩�  ∪⊕ ℘ ∪ℑ∈∩⊕ ∉∅ 

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

≈� �♥⊃  

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

→ ⊃ ϒ⊂ ℑ ⊂ ⊂∉∧℘ ∉∈ ℑ ⊃ ∈⊃ ∈∩ ⊕¬℘ ⊕   ⊃ √⊕ ϒ⊂ ℑ ∅  ⊕  → ⊃ ϒ⊂ � 

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



ℑ∈⊗ → ⊃ � ϒ⊂ � ⋅ℑ   ℑ∈ ∅∉⊆⊕⊗⊃ ∈ ∉ → ⊃ ϒ⊂� • ∪⊕∈ 

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

↑ ⊇  ℜ ℑ∏ ⊕  ∠ ⊕ ℘   ℑ ⊃  ℘ ℑ∏  ⊕⊗ ℜ ∧  ∪⊕ ⊃ ∈℘  ⊕ ℑ  ⊕⊗ 

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

⊕¬ ⊃   ℑ  ∉∏∈⊗⊗ ⊕ ∅ ⊕ ℘  � 

Φ ιγ .4  ↑ ⊇  ℜ ℑ∏ ⊕  ∠ ⊕ ℘   ℑ∉∅ 

⊗ ⊃ ∅ ∅ ⊕  ⊕∈   ℑ  ⊕  ∠ ⊕ ℘ ⊃⊆⊕∈ 
ϒ ) ϒ 2℘ ℑ   �′ ) ϒ 2∇∏ ⊕ ∈℘ ∪� 

≤ ) ϒ∅  ⊕ ∪ ⊃ ∩∪⊕ ∈⊕  ∩∧ ⊆⊃ ⊂ ⊂ ⊃ ∈∩∅ ∉��∪� 

⁄ ) ϒ∅  ⊕ ∪ ⊃ ∩∪⊕ ∈⊕  ∩ ∧ ⊆⊃ ⊂ ⊂ ⊃ ∈∩∅ ∉��� ∪ 

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

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

ℑ∈⊗ℑ   ∪⊕ ℑ⊆⊕ ⊃⊆⊕ℑ∅ ⊕⋅ → ⊃ ϒ⊂∠∪ℑ  ⊕ ⋅∪ ⊃ ℘ ∪∪ℑ  

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

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

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

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

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

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

⋅⊃  ∪ → ⊃ � ϒ⊂ � ℘ ∉∈   ∏ ℘  ⊃ ∉∈ � 

Ρ ΕΦΕΡ ΕΝΧΕΣ 

�  ↔ ∪ ℑ ⊃ ⊗ ℑ  ↑ �ϒ⊂ ⊂ ⊃ ℜ  ⊕ ≤ �⁄ ⊃ ∉ ⊂⊕♠ ετ αλ. ↑ ℑ ″ ⊕ ′∏ ⊂ ⊂� 

���� � ����� � ��� ∗ ��� � 
�  ↔ ∉℘ ∪ ≤ ≤ �≤ℑ √⊃ ∈ ↓ ′ ℑ∈⊗ ↑∉⊄ℑ⊆⊕ ∧ ≤ ♣ � ϒ∠∠ ⊂ °∪∧� 

���� ��� ���� � ���� ∗ ���� � 
�  ∞℘ ⊄⊕  ♠�≥℘ ∪∏ ⊂  ∨ ← ℑ∈⊗ ∝ ℜ ℑ∈ ↔�♠ ← ⊕   2≤∉⊆⊆∉∈ 

↑⊕  ℑ ⊂� ���� � ������ � ��� ∗ ��� � 
�  ↓⊕ ∪  ⊃ ∈∩ ↑ �↔ ⊂ℑ   ⊕ ∈ × ℑ∈⊗′∉⊆ℑ∈∈ ″ �♠ ↑ℑ  ⊕ ″ ⊕ � 

���� � ����� � ���� ∗ ���� � 
�  ƒ⊕ ℘ ∪ ♦ ♠�♦⊕ ⊂ ⊂   ⊕  ∈ ∞ ετ αλ. ↑ ⊕  ℑ ⊂ ⊂∏  ∩ ⊃ ℘ ℑ ⊂ × ℑ∈ ℑ ℘ 2 

 ⊃ ∉∈� ���� � ��ϒ��� � ���� ∗ ���� � 
�  ♥√ℑ∈∉√ ∞ �♣ ⊃ ∩ ∉ ⊃ ⊕ √ℑ × �♣∉ ⊂∏ ℜ⊄∉√ℑ ♣ ετ αλ. ↑ ℑ  ⊕  

← ⊕   � ���� � ��� � �� � �� ∗ �� � 
�  ′⊕ ∈⊇ ℑ⊆⊃ ∈ ♠ ′ � ↑ℑ  ⊕ ≥℘ ⊃ƒ∉ ∏⊆ ����� � �� ∗ �� � � ∗ 

�� � 

�  ♣ ∉♠�♦ℑ⊆ℑ  2×∪ ⊃ ℜ ℑ∏ ⊂ ≥ ℑ∈⊗♠ ∉∏ ⊗♠ ≤ � ♠ ↑ℑ  ⊕ ≥℘ ⊃� 

���� � �� � ���� ∗ ���� � 
�  ≥∏ ∈ ≥∪ ⊃ ⊇ ⊃ ⊕� ×⊕ ∈∩ ″ ∉∈∩∪∉∏� ↑ ℑ ″ ∏ ∨∪ ℑ∈∩ ετ αλ. → ∉∈2 

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

(Εδιτεδ βψ Ψυαν Σαιθιαν) 

# � � � # ∂ ∉ ⊂1�  λ 1�        ↑ℑ∈∏ ∅ ℑ ℘  ∏  ⊕∉∅ ″ ℑ∈⊕ ∧ → ⊃℘ ℑ  ℑ ⊂∧ ℜ∧ ♦∞ ↑


