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ϒ  ⊃ ℘ ⊂⊕♥⁄ ���� � ������������ � ���� � �� 

Νυµεριχαλσ ιµ υλατιον οφ τηερµ αλστρεσσφιελδ φορ 

διε χαστινγ διεσ οφ αλυµινυµ αλ λοψ 
≠ 
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�≥℘ ∪∉∉ ⊂∉∅ ↑ ℑ  ⊕  ⊃ ℑ ⊂≥℘ ⊃ ⊕∈℘ ⊕ℑ∈⊗∞∈∩ ⊃ ∈⊕ ⊕  ⊃ ∈∩� ♦ℑ  ℜ ⊃ ∈ ♥∈  ⊃  ∏  ⊕∉∅ ×⊕ ℘ ∪∈∉ ⊂∉∩∧ � 

♦ℑ  ℜ ⊃ ∈ ������ �° �″ �≤∪ ⊃ ∈ℑ� 

[ Αβσ τραχτ] ×∪⊕ ∪⊕ ⊆ℑ ⊂⊕ ⊂ℑ   ⊃ ℘ 2∠ ⊂ℑ   ⊃ ℘℘ ∉∈  ⊃  ∏  ⊃ √⊕⊕ ∇∏ ℑ  ⊃ ∉∈ ∏ ⊃  ℑℜ ⊂⊕∅ ∉℘ ∉⊆∠∏  ℑ  ⊃ ∉∈ ∉ ∅ ∪⊕ ⊆ℑ ⊂   ⊕  ∉ ∅⊗ ⊃ ⊕℘ ℑ   ⊃ ∈∩⊗ ⊃ ⊕  

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

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

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

[ Κεψ ωορδσ]  ∪⊕ ⊆ℑ ⊂⊕ ⊂ℑ   ⊃ ℘ 2∠ ⊂ℑ   ⊃ ℘℘ ∉∈  ⊃  ∏  ⊃ √⊕⊕ ∇∏ ℑ  ⊃ ∉∈ �⊗ ⊃ ⊕℘ ℑ   ⊃ ∈∩⊗ ⊃ ⊕ � ∪ ⊕ ⊆ℑ ⊂   ⊕   

[ ΧΛΧ νυµ βερ] × ♣���                 [ ∆οχυµεντ χοδε] Α 

1  ΙΝΤΡ Ο∆ΥΧΤΙΟΝ 

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

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

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

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

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

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

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

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

≈� ∗ � � ×∪⊕ ⊕ ⊂ℑ  ⊃ ∉∈ ∪ ⊃ ∠ ℜ ⊕  ⋅⊕ ⊕∈ ⊗ ⊃ ⊕⊂ ⊃ ∅ ⊕ ℑ∈⊗ 

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

ℑ∈⊗ ∏  ∅ℑ ℘ ⊕  ⊕ ℑ  ⊆⊕∈ �′∏  ∪⊕  ⊕ ⋅⊕  ⊕∅ ⊕⋅  ⊕  ⊕ ℑ  ℘ ∪⊕  

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

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

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

2  ΝΥΜΕΡΙΧΑΛ ΣΙΜΥΛΑΤΙΟΝ ΟΦ ΤΕ ΜΠΕΡ Α2 
ΤΥΡ Ε ΦΙΕΛ∆ 

2 .1  Πρε2προχεσσ ινγ 
′⊕ ℘ ℑ∏  ⊕ ∉ ⊂ ⊃ ⊗ ⊆∉⊗ ⊕ ⊂ ⊃ ∈∩ ℑ∈⊗ ⊕∈⊆⊕  ∪ ⊃ ∈∩ ∉∅ ℘ ∉⊆2 

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

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

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

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

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

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

ℑ∈⊗⊗ ⊃ ⊕ � 

2 .2  Νυµεριχαλ µ οδελ οφ τεµ περατυρε φιελδ 

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

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

⊕¬∠  ⊕   ⊕⊗ℑ ⊗ ⊃ ∅ ∅ ⊕  ⊕∈℘ ⊕⊕ ∇∏ ℑ  ⊃ ∉∈ ∪ℑ ℘ ∉∏ ⊂⊗ℜ ⊕ ∉ ⊂√⊕⊗ 

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

℘ ℑ∈ ℜ ⊕⊗ ⊕  ⊃ √⊕⊗ℑ  

Τ  τ � ∃τ 
ι � Τ  τ

ι � 

∃τ # [ 6 
ν 

ϕ= � 

Ξ(ι , ϕ )( Τ
 τ
ϕ − Τ

 τ
ι ) + Θ] 

( Θ Χς) ι 
��� 

⋅∪⊕  ⊕ 

Ξ(ι , ϕ ) = 
Σ (ι , ϕ ) 

Ρ(ι , ϕ ) + 
Λ (ι , ϕ ) 
Κ ι 

+ 
Λ (ι , ϕ ) 
Κ ϕ 

��� 

Ρ(ι , ϕ ) � 
�    ƒ∉ ∪⊕ ℑ⊆⊕ ⊆ℑ  ⊕  ⊃ ℑ ⊂ 

�� η �ι , ϕ � ƒ∉⊗ ⊃ ∅ ∅ ⊕  ⊕∈⊆ℑ  ⊕  ⊃ ℑ ⊂ 

Θ � ∃τ# 6 
ν 

ϕ= � 

(Ε# Σ) ι µ [ ( Τ
 τ
ϕ ) 

� − ( Τ  τ
ι ) 

� ] ��� 

Θ ⊃ ⊆ℑ  ⊗ ⊕∈ ⊃  ∧ �∩�⊆⊆ 
� � Χ⊃  ∠ ⊕ ℘ ⊃ ∅ ⊃ ℘∪⊕ ℑ ℘ ℑ 2 

∠ ℑ ℘ ⊃  ∧ �♠ ��∩#↔ � � ς⊃ √∉ ⊂∏⊆⊕� ⊆⊆ � � Κ⊃ ∪⊕ ℑ ℘ ∉∈2 
⊗ ∏ ℘  ⊃ √⊃  ∧ �♠ ��⊆⊆#↔ � � ∃τ⊃  ⊃ ⊆⊕  ⊕∠�� Τ ⊃ ⊕ ⊂⊕ 2 
⊆⊕∈ ⊕⊆∠ ⊕  ℑ  ∏  ⊕� ↔� Σ ⊃ ℘ ∉∈ ℑ ℘  ⊃ ∈∩ ℑ  ⊕ ℑ ℜ ⊕  ⋅⊕ ⊕∈ 

 ⋅∉⊕ ⊂⊕⊆⊕∈ � ⊆⊆ � � Λ (ι , ϕ ) , Λ (ϕ, ι) ℑ  ⊕⊃ ∈ ⊕  ∅ ℑ℘ ⊕⊗ ⊃  2 
 ℑ∈℘ ⊕ ∅  ∉⊆ ⊕ ⊂⊕⊆⊕∈ ι (ϕ)  ∉ ⊕ ⊂⊕⊆⊕∈ϕ( ι) , ⊆ ⊆ � 

η (ι , ϕ ) ⊃ ℘ ∉∈√⊕ ℘  ⊃ ∉∈ ∪⊕ ℑ  ⊕  ⊃   ℑ∈℘ ⊕ℜ ⊕  ⋅⊕ ⊕∈ ⊕ ⊂⊕⊆⊕∈ι 

ℑ∈⊗⊕ ⊂⊕⊆⊕∈ϕ�♠ �↔�Ε⊃  ∪⊕ ℑ⊗ ⊃ ℑ  ⊃ ∉∈ ℘ ∉⊕ ∅ ∅ ⊃ ℘ ⊃ ⊕∈� # 
⊃ ≥ ⊕ ∠∠∪⊕∈2′∉ ⊂∨⊆ℑ∈ ℘ ∉∈  ℑ∈ � ν ⊃  ∪⊕∈∏⊆ℜ ⊕ ∉∅⊕ ⊂ 2 
⊕⊆⊕∈ ℑ⊗ ⊇ ℑ ℘ ⊕∈ ∉ ∪⊕⊕ ⊂⊕⊆⊕∈ι � 

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

∂ ∉ ⊂���  λ ��         Τρανσ. Νονφερρουσ Μετ . Σοχ . Χηινα         ↓℘  ����� 

≠ [ Ρεχε ιϖεδ δατε] ���� � �� � �� �[ Αχχεπτεδ δατε] ���� � �� � ��



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

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

2 .3  Σταβιλιτψ χονδιτιον 
ϒ⊂ ⊂⊕ ⊂⊕⊆⊕∈ ∉∅ ∪⊕℘ ℑ   ⊃ ∈∩ℑ∈⊗ ⊆∉ ⊂⊗ ⊆∏   ℑ  ⊃  ∅∧ 

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

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

  ⊕ ∠℘ ℑ∈ ℜ ⊕ ⋅ ⊃   ⊕∈ ℑ  

∃τ(ι) [ Θ (ι) Χ(ι) ς(ι) 
α ι 

��� 

⋅∪⊕  ⊕ 

α ι � 6 
ν 

ι− � 

Ξ(ι , ϕ ) � 

6 
Μ 

µ = � 

(Ε# Σ) µ # 
( Τ  τ 

ι ) 
� 

Τ  τ
ι − ��� .�� 

��� 

3  ΝΥΜΕΡΙΧΑΛ ΣΙΜΥΛΑΤΙΝΓ ΟΦ ΤΗΕΡ ΜΑΛ 

ΣΤΡ ΕΣΣ ΦΙΕΛ∆ 

3 .1  Νονλινεαρ χηαραχτερισ τιχσ 

ƒ∉⊗ ⊃ ⊕ ⊆ℑ  ⊕  ⊃ ℑ ⊂�⋅∪⊕∈ ∪⊕ ∪⊕ ⊆ℑ ⊂   ⊕  ⊃ ∈ ⊗ ⊃ ⊕ 

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

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

×∪⊕ ⊕ ⊂ℑ  ⊃ ∉∈ ℜ ⊕  ⋅⊕ ⊕∈    ⊕  ℑ∈⊗    ℑ ⊃ ∈ ⊃  ∈∉⊂ ⊃ ∈⊕ ℑ  

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

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

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

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

⊆⊕  ∪∉⊗� 

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

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

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

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

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

3 .2  Τηερµ αλ ελασ τιχ2πλαστιχ χονστιτυτιϖε εθυατιονσ 
ƒ∉ ∪⊕ ⊆ℑ ⊂ ⊕ ⊂ℑ   ⊃ ℘ 2∠ ⊂ℑ   ⊃ ℘ ∪⊕ ∉ ∧ � ∪⊕   ℑ ⊃ ∈ ⊃ ∈2 

℘  ⊕⊆⊕∈℘ ℑ∈ ℜ ⊕ ⋅ ⊃   ⊕∈ ℑ  ≈� 

⊗Ε κλ = ⊗Ε 
∞ 
κλ + ⊗Ε 

° 
κλ + ⊗Ε 

× 
κλ ��� 

⋅∪⊕  ⊕ ⊗Ε κλ ⊃  ∉ ℑ ⊂    ℑ ⊃ ∈ ⊃ ∈℘  ⊕⊆⊕∈ � ⊗Ε ∞ κλ ⊃ ⊕ ⊂ℑ   ⊃ ℘ 

   ℑ ⊃ ∈ ⊃ ∈℘  ⊕⊆⊕∈ � ⊗Ε ° κλ ⊃  ∠ ⊂ℑ   ⊃ ℘    ℑ ⊃ ∈ ⊃ ∈℘  ⊕⊆⊕∈ � 

⊗Ε × κλ ⊃  ⊕⊆∠⊕  ℑ  ∏  ⊕   ℑ ⊃ ∈⊃ ∈℘  ⊕⊆⊕∈ � 

♥∅  ∪⊕ ⊕ ∅ ∅ ⊕ ℘ ∉∅  ⊕⊆∠⊕  ℑ  ∏  ⊕ ∉∈ ⊆ℑ  ⊕  ⊃ ℑ ⊂ ℘ ∉∈2 
  ℑ∈ � Ε ℑ∈⊗ Χ�⊃  ℑ⊄⊕∈⊃ ∈ ∉ ℑ ℘ ℘ ∉∏∈ �⊕ ⊂ℑ   ⊃ ℘   ℑ ⊃ ∈ 

⊃ ∈℘  ⊕⊆⊕∈ ⊃ ⋅ ⊃   ⊕∈ ℑ  

⊗Ε ∞ κλ = Χ ∞ ιϕ κλ ⊗Ρ ιϕ + 
5
5 Τ ( Χ 

∞ 
κλ ιϕ )⊗ΤΡ ιϕ 

= ⊗Ε ∞χκλ + ⊗Ε 
×χ 
κλ ��� 

⋅∪⊕  ⊕ Χ ∞ ιϕ κλ ⊃ ⊕ ⊂ℑ   ⊃ ℘∅ ⊂⊕¬ ⊃ ℜ ⊂⊕ ⊕∈ ∉�⊗Τ⊃  ⊕⊆∠ ⊕  ℑ 2 
 ∏  ⊕⊃ ∈℘  ⊕⊆⊕∈� ⊗Ε ∞χκλ � ⊗Ε 

×χ
κλ ℑ  ⊕ ⊕ ⊂ℑ   ⊃ ℘   ℑ ⊃ ∈ ⊃ ∈℘  ⊕ 2 

⊆⊕∈ ℘ ℑ∏  ⊕⊗ℜ ∧ ℘ ∪ℑ∈∩ ⊕ ∉∅⊗Ρ ιϕ ℑ∈⊗ Χ 
∞ 
ιϕ κλ � ⊕  ∠ ⊕ ℘  ⊃ √⊕ 2 

⊂∧ �ℑ∈⊗ 

⊗Ρ ιϕ � ∆ 
∞° 
ιϕ κλ �⊗Ε κλ � ⊗Ε 

× 
κλ � ⊗Ε 

×χ
κλ � � ⊗Ρ 

� 
κλ ��� 

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

⋅ ⊃   ⊕∈ ℑ  

⊗Ρ � ιϕ � 
∆ ∞ ιϕ κλ � Σ κλ � Α ιϕ ��5 Ρ  �5 Τ�⊗Τ 

≈� Ρ  �Ε 
° � Μ� Τ����� Γ � Ε ∠ � 

��� 

⋅∪⊕  ⊕ ⊗Ρ ιϕ ⊃  ∪⊕ ⊆ℑ ⊂    ⊕  � ⊗Ρ � κλ ⊃ ⊃ ∈⊃  ⊃ ℑ ⊂    ⊕  � 

∆ ∞ ιϕ κλ ⊃ ⊕ ⊂ℑ   ⊃ ℘ ⊆ℑ   ⊃ ¬ ℑ∈⊗ ∆ ∞° ιϕ κλ ⊃ ⊕ ⊂ℑ   ⊃ ℘ 2∠ ⊂ℑ   ⊃ ℘ ⊆ℑ 2 

  ⊃ ¬ �⊗Ε × κλ ℑ∈⊗⊗Ε ×χκλ ℑ  ⊕ ⊕∩ℑ  ⊗ ⊕⊗ℑ ⊃ ∈⊃  ⊃ ℑ ⊂    ℑ ⊃ ∈ℑ∈⊗ 

�5 Ρ  �5 Τ�⊗Τ ℘ ℑ∏  ⊕⊗ ℜ∧  ⊕⊆∠ ⊕  ℑ  ∏  ⊕⊃  ⊕∩ℑ  ⊗ ⊕⊗ ℑ  

⊃ ∈⊃  ⊃ ℑ ⊂   ⊕  � 

♥∈ ∪ ⊃   ∏⊗ ∧ � ∪⊕ ƒ⁄↑ ⊃ ∏  ⊕⊗ ∉  ⊃⊆∏ ⊂ℑ  ⊕ ∪⊕ 

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

⊆∏  ℜ ⊕⊄∈∉⋅∈ �×∪⊕ ⊕⊆∠ ⊕  ℑ  ∏  ⊕∉∈ ∈∉⊗ ⊕ ι⊃  ⊕ ⊂ℑ  ⊕⊗ 

 ∉⊃  ⊕∈√⊃  ∉∈⊆⊕∈ ℑ ⊂⊕ ⊂⊕⊆⊕∈  .  ⊕⊆∠ ⊕  ℑ  ∏  ⊕�ℑ∈⊗ ∪⊕ ⊃  

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

℘ ℑ∈ ℜ ⊕∉ℜ  ℑ ⊃ ∈⊕⊗ ∪ ∉∏ ∩∪℘ ℑ ⊂℘ ∏ ⊂ℑ  ⊃ ∉∈ � 

4  ΑΠΠΛΙΧΑΤΙΟΝ ΟΦ ΤΗΕΡ ΜΑΛ ΣΤΡ ΕΣΣ ΦΙΕΛ∆ 

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

 ⊃ ⊆∏ ⊂ℑ  ⊕⊗ℜ ∧ ≤ ↓≥ ↑ ↓≥ � ×⊕⊆∠ ⊕  ℑ  ∏  ⊕ ∉∈ ∈∉⊗ ⊕ ℘ ℑ∈ 

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

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

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

Φ ιγ .1  ×∪⊕ ⊆ℑ ⊂   ⊕  ⊗ ⊃    ⊃ ℜ∏  ⊃ ∉∈ ∉∅ 

⊆∉√⊃ ∈∩⊗ ⊃ ⊕⊃ ∈ ⊕   
�τ � � � ��♥∈⊃  ⊃ ℑ ⊂ ⊗ ⊃ ⊕ ⊕⊆∠ ⊕  ℑ  ∏  ⊕� ��� ↔ �

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

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

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

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



Φ ιγ .2  ≥⊕ ℘  ⊃ ∉∈ ∉∅ ∪⊕ ⊆ℑ ⊂   ⊕  ⊗ ⊃    ⊃ ℜ∏  ⊃ ∉∈ 

�τ � ��♥∈⊃  ⊃ ℑ ⊂ ⊗ ⊃ ⊕ ⊕⊆∠ ⊕  ℑ  ∏  ⊕� ��� ↔ � 

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

∩ ⊕ ∉⊆⊕   ⊃ ℘⊕ ∅ ∅ ⊕ ℘  � 

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

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

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

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

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

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

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

℘ ∉∈ ℑ℘ ℜ ⊕  ⋅⊕ ⊕∈ ∪⊕⊂ ⊃ ∇∏ ⊃ ⊗ ⊆⊕  ℑ ⊂ℑ∈⊗⊗ ⊃ ⊕℘ ℑ√⊃  ∧ ℘ ℑ∈ ℜ ⊕ 

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

×∪⊕ ∪⊕ ⊆ℑ ⊂    ⊕   ⊕ ℑ ℑ∈⊗ ∈⊕ ℑ ⊗ ⊃ ⊕ ∏  ∅ℑ ℘ ⊕ ⊕¬℘ ⊕ ⊕⊗ 

Φ ιγ .3  ×∪⊕ ⊆ℑ ⊂   ⊕  ⊗ ⊃    ⊃ ℜ∏  ⊃ ∉∈ℑ ⊗ ⊃ ⊕ ∏  ∅ℑ ℘ ⊕ 

∏∈⊗ ⊕ ⊗ ⊃ ∅ ∅ ⊕  ⊕∈℘ ∉∈⊗ ⊃  ⊃ ∉∈ 
τ ) ♥∈⊃  ⊃ ℑ ⊂ ⊕⊆∠ ⊕  ℑ  ∏  ⊕��� ↔⋅⊃  ∪ ∪ ⊕ ⊆ℑ ⊂ ⊕  ⊃   ℑ∈℘ ⊕� 
υ ) ♥∈⊃  ⊃ ℑ ⊂ ⊕⊆∠ ⊕  ℑ  ∏  ⊕��� ↔⋅⊃  ∪ ∪ ⊕ ⊆ℑ ⊂ ⊕  ⊃   ℑ∈℘ ⊕� 
ο ) ♥∈⊃  ⊃ ℑ ⊂ ⊕⊆∠ ⊕  ℑ  ∏  ⊕��� ↔⋅⊃  ∪∉∏  ∪ ⊕ ⊆ℑ ⊂ ⊕  ⊃   ℑ∈℘ ⊕ 

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

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

⊕ �ℜ∏  ∪⊕∪ ⊃ ∩∪⊕     ⊕  ⊃ ∩  ⊕ ℑ  ⊂∧ ⊗ ⊕ ℘  ⊕ ℑ  ⊕⊗� 

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

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

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

 ∪⊕ ⊆ℑ ⊂   ⊕  � 

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

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

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

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

≥ ℑ   ⊃ ∈∩ ∅  ∉⊆ ℑ ∏∈⊃ ∅∉⊆  ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ∉∅ �� ε �  ∪⊕ 

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

 ∉ ��� ε ⊃ ∈ ��×∪⊕ ℑ⊗ ⊃ ℑ ⊂ ⊕  ⊃ ⊗ ∏ ℑ ⊂   ⊕  ℑ   ∪⊕∠∉ ⊃ ∈ 

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

⋅ℑ ⊆⊕ ℑ  ∏  ⊕⊗ℜ∧ ⊆⊕ ℑ∈∉∅ ÷����2÷2″ ϒ ≠    ⊕  ℑ∈ℑ ⊂ 2 
∧ ⊃ � ×∪⊕ ⊕¬∠⊕  ⊃⊆⊕∈ ℑ ⊂ ⊆⊕ ℑ  ∏  ⊕⊆⊕∈ℑ∈⊗  ⊃⊆∏ ⊂ℑ  ⊕⊗ 

√ℑ ⊂∏ ⊕∉∅  ⊕  ⊃ ⊗∏ ℑ ⊂    ⊕   ⊕ ℑ  ⊕ ��� �� ↑ °ℑ ℑ∈⊗ �� �� 

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

[ Ρ ΕΦΕΡ ΕΝΧΕΣ] 

≈�  ′ ⊕ ⊃  ⊂⊕ ″ � ↑ℑ∧⊕  ∪ ∉∅ ⊕ ♠ℑ∈⊗ ♣⊆ℜ∪ ′ ∞ � ϒ⊗ √ℑ∈℘ ⊕ ⊗ ∪∉  

⋅∉ ⊄  ⊕ ⊕ ⊂ ∅ ∉⊗ ⊃ ⊕℘ ℑ   ⊃ ∈∩ ⊗ ⊃ ⊕ ≈ ϒ � ⁄ ⊃ ⊕ ° ∉℘ ⊕ ⊕ ⊗ ⊃ ∈∩ ∉ ∅ 

 ∪⊕ƒ⊃   ≤∪ ⊃ ∈ℑ♥∈ ⊕  ∈ℑ  ⊃ ∉∈ℑ ⊂ ⁄ ⊃ ⊕ ≤ℑ   ⊃ ∈∩ ≤∉∈∩  ⊕  ≈≤ � 

���� ���� � ��� � 

≈�  ← ⊃ ⊕ ∏  ℑ ⊗ ⊕ ♦ ° � ⁄ ⊃ ℑ  ϒ � ♣⊃ ∏   ⊃♠�⊕ ℑ ⊂� ∞¬∠ ⊕  ⊃ ⊆⊕ ∈ ℑ ⊂ 

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

∠  ∉∠ ℑ∩ ℑ  ⊃ ∉∈ ⊗ ∏ ⊕ ∉ ∪⊕ ⊆ℑ ⊂ ℘ ∧℘ ⊂ ⊃ ∈∩ ≈♠ � ♦⊃ ∩∪ ×⊕⊆∠ ⊕  ℑ 2 
 ∏  ⊕ ×⊕ ℘ ∪∈∉ ⊂∉∩∧ ����� ����� ���� � ��� � 

≈�  ≥♦∞→′ℑ∉ 2⊂∏ ∉�≥♦∞→ ÷∏ ⊕ 2∅ ⊕ ∈∩ℑ∈⊗≡ ♦∞→♣ ↑⊃ ∈∩ 2¬ ⊃ ∈ � 
∞∅ ∅ ⊕ ℘   ∉ ∅    ⊕ ∈∩  ∪ ∉∈  ∪ ⊕ ⊆ℑ ⊂ ∅ ℑ  ⊃ ∩∏ ⊕ ∠  ∉∠ ⊕   ⊃ ⊕  ∉ ∅ 

�≤ � • � ∂   ⊕ ⊕ ⊂ ≈♠ � °∪∧ ⊃ ℘ ℑ ⊂ ↑⊕ ℑ  ∏  ⊕⊆⊕ ∈ � �⊃ ∈ ≤∪ ⊃ 2 
∈⊕  ⊕ � ����� � � ��� � �� � 

≈�  ♠ ℑ⊆⊕  ↑ �°∉ℑ ℘ ⊄ ⊂ ⊃ ∈ �ƒ⊃ ∩∪  ⊃ ∈∩ ⋅⊕ ℑ ℑ∈⊗ ∪ ⊕ ⊆ℑ ⊂∅ ℑ  ⊃ ∩∏ ⊕⊃ ∈ 

⊗ ⊃ ⊕℘ ℑ   ⊃ ∈∩⊗ ⊃ ⊕ ≈♠  � ⁄ ⊃ ⊕ ≤ℑ   ⊃ ∈∩ ∞∈∩ ⊃ ∈⊕ ⊕  ⊃ ∈∩����� ��� 

� �� � 

≈�  ≥⊄⊕ ⊂  ∉∈ ″ ° �♥∈  ∉⊗ ∏ ℘  ⊃ ∉∈ ∉ ∪⊕ ℑ   ∪ ∉℘ ⊄ ≈♠  � ♦⊃ ∩∪ ×⊕⊆2 
∠ ⊕  ℑ  ∏  ⊕ ×⊕ ℘ ∪∈∉ ⊂∉∩∧ ����� ����� ��� � �� � 

≈�  ♦ℑ    ⊕ ⊂ ♠ ° � ϒ∈⊗ ⊕   ∉∈ ≥ ℑ∈⊗ ♦⊕ ∈ ∉∈ ° � ↑ ∉⊗ ⊕ ⊂ ⊃ ∈∩ ∉ ∅ 

 ∪⊕ ⊆ℑ ⊂⊃ ∈⊗ ∏ ℘ ⊕ ⊗   ⊕   ⊕ ⊃ ∈ ⊗ ⊃ ⊕℘ ℑ   ⊃ ∈∩⊗ ⊃ ⊕ ≈ ϒ � × ℑ∈ ℑ ℘ 2 
 ⊃ ∉∈ ∉ ∅�� ∪♥∈ ⊕  ∈ℑ  ⊃ ∉∈ℑ ⊂ ⁄ ⊃ ⊕≤ℑ   ⊃ ∈∩ ≤∉∈∩  ⊕  ℑ∈⊗∞¬∠ ∉2 
 ⊃  ⊃ ∉∈ ≈≤ ����� �� � � � 

≈�  ← ♥∝ ↔ ⊕�♥⊆∠  ∉√⊕⊆⊕ ∈∉ ∅ ∪ ⊕ ℑ   ⊕ ℑ  ⊆⊕ ∈∠  ∉℘ ⊕  ∉ ∅ ⊗ ⊃ ⊕ 

℘ ℑ   ⊃ ∈∩⊗ ⊃ ⊕ ≈♠ � ↑⊕  ℑ ⊂ ♦⊕ ℑ × ⊕ ℑ  ⊆⊕ ∈ ��⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕ � � 

���� � �� ��� � �� � 

≈�  ♠ ∉∪∈ • ≥ � ϒ∈ ∏∠⊗ ℑ  ⊕∉ ∅⊗ ⊕ √⊕ ⊂∉∠⊆⊕ ∈∅ ∉⊗ ⊃ ⊕℘ ℑ   ⊃ ∈∩ ⊗ ⊃ ⊕ 

⊆ℑ  ⊕  ⊃ ℑ ⊂ ≈ ϒ  � × ℑ∈ ℑ ℘  ⊃ ∉∈ ∉∅ �� ∪ ♥∈ ⊕  ∈ℑ  ⊃ ∉∈ℑ ⊂ ⁄ ⊃ ⊕ 

≤ℑ   ⊃ ∈∩ ≤∉∈∩  ⊕  ℑ∈⊗ ∞¬∠ ∉ ⊃  ⊃ ∉∈ ≈≤ ����� �� � � � 

≈�  • ϒ →♣ ↑ ℑ ∉ 2℘ ∪⊕ ∈∩ ℑ∈⊗ ≥♦ ϒ ↓ ↑⊃ ∈ � ×∪ ⊕ ƒ∏ ∈⊗ ℑ⊆⊕ ∈ ℑ ⊂ 

° ⊃ ∈℘ ⊃ ∠ ⊂⊕  ℑ∈⊗ → ∏⊆ℜ ⊕  ⊕ ⊗ ↑⊕  ∪∉⊗  ∅ ∉ ƒ⊃ ∈⊃  ⊕ ∞⊂⊕⊆⊕ ∈ 

↑⊕  ∪∉⊗ ≈ ↑  � ′⊕ ⊃ ⊇ ⊃ ∈∩� × ⊃ ∈∩∪∏ ℑ ∝∈⊃ √⊕   ⊃  ∧ ° ⊕  � 

���� ���� � 

≈��  ≤ ♦∞→ ≠ℑ ∉�⊕ ℑ ⊂� ≥ ∏ ⊗ ∧ ∉∈ ⊃ ∈ ⊕ ∩  ℑ  ⊕ ⊗ ⊕ ℘ ∪∈∉ ⊂∉∩∧ ∉ ∅ 

∈∏⊆⊕  ⊃ ℘ ℑ ⊂ ⊃ ⊆∏ ⊂ℑ  ⊃ ∉∈ ∅ ∉   ⊕  ℑ∈ℑ ⊂∧ ⊃ ⊗ ∏  ⊃ ∈∩ ∪ ⊕ ∉ ⊂ ⊃ ⊗ 2 
⊃ ∅ ⊃ ℘ ℑ  ⊃ ∉∈ ∉ ∅℘ ℑ   ⊃ ∈∩≈♠  � ≤ℑ   ��⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕ � ����� �� � 

� � � � 

(Εδιτεδ βψ ΨΑΝΓ Βινγ) 

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


