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

Χρψσταλ λινεστρυχτυρε ανδ µ ορπηολογψ οφ 

Ξ πηασειν Χυ2Αλ 2Νι2Μν2Τι αλ λοψ 
≠ 

• ϒ→♣ ↑⊃ ∈∩ 2∠∏ �汪明朴� � ≠ ϒ→♣ ♠ ⊃ ⊕ �杨  杰� �← ♥ ≡∪∉∏ �李  周� � 

• ϒ→♣ ≠ℑ∈2∪∏ ⊃ �王艳辉� � • ϒ→♣ ≡∪ ⊃ 2⋅⊕ ⊃ �王志伟� 

�⁄⊕ ∠ ℑ   ⊆⊕∈∉∅ ↑ ℑ  ⊕  ⊃ ℑ ⊂≥℘ ⊃ ⊕∈℘ ⊕ℑ∈⊗ ∞∈∩ ⊃ ∈⊕ ⊕  ⊃ ∈∩� ≤⊕∈  ℑ ⊂ ≥∉∏  ∪ ∝∈⊃ √⊕   ⊃  ∧ � 

≤∪ℑ∈∩  ∪ℑ������ �° �″ �≤∪ ⊃ ∈ℑ� 

[ Αβστραχτ] ×∪⊕℘ ∉⊆∠ ∉ ⊃  ⊃ ∉∈ � ⊆∉ ∠∪ ∉ ⊂∉∩ ∧ �℘  ∧  ℑ ⊂ ⊂ ⊃ ∈⊕   ∏ ℘  ∏  ⊕ℑ∈⊗∅∉⊆ℑ  ⊃ ∉∈ ℑ∈⊗⊕ √∉ ⊂∏  ⊃ ∉∈ ∉ ∅ Ξ ∠∪ℑ  ⊕⊃ ∈ ℑ ≤∏ 2�� � �ϒ⊂ 2 
�→ ⊃ 2� ↑ ∈2�×⊃ℑ ⊂ ⊂∉∧ ⋅⊕  ⊕  ∏ ⊗ ⊃ ⊕ ⊗� ×∪⊕ ⊕  ∏ ⊂   ∪∉⋅  ∪ ℑ  ∪⊕ Ξ ∠∪ℑ  ⊕⊃ ℑ ×⊃ 2 ⊃ ℘ ∪ ∠∪ℑ  ⊕ ⋅⊃  ∪ ℑ  ∉⊆⊃ ℘ ℑ  ⊃ ∉ ∉ ∅ �≤∏� → ⊃ �Β 
×⊃ Βϒ⊂� �Β�Β� ℑ∈⊗ ⁄↓ � ∉← � �    ∏ ℘  ∏  ⊕�⊃  ⊃ ⊗ ⊃  ⊕ ℘  ⊂∧∅∉ ⊆⊕ ⊗⊃ ∈ ∪ ⊕⊂ ⊃ ∇∏ ⊃ ⊗∠∪ ℑ  ⊕ℜ∧ ℘  ∧  ℑ ⊂ ⊂ ⊃ ∨ℑ  ⊃ ∉∈⊃ ∈ ∪ ⊕∠  ∉℘ ⊕  ∉ ∅ ∉ ⊂ ⊃ ⊗ ⊃ 2 
∅ ⊃ ℘ ℑ  ⊃ ∉∈ ∉ ∅ ∪ ⊕ℑ ⊂ ⊂∉∧ � ∪⊕  ⊕∅ ∉⊆∅  ⊕ ⊕∠ ℑ   ⊃ ℘ ⊂⊕ Ξ ∠∪ ℑ  ⊕ ∪  ∉∏ ∩∪ ∪⊕∠  ∉∩  ⊕   ⊃ √⊕⊗ ⊃   ∉ ⊂∏  ⊃ ∉∈ ℑ∈⊗ℜ  ⊕ ℑ⊄⊗ ∉⋅∈ ∉ ∅ ∪ ⊕⊃ ∈ ⊕  2⊗ ⊕ ∈2 
⊗  ⊃  ⊃ ℘ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕⊃ ∈  ∪ ⊕∅ ∉ ⊂ ⊂∉⋅⊃ ∈∩ ∪∉⊆∉∩ ⊕ ∈⊃ ∨ℑ  ⊃ ∉∈ ∠  ∉℘ ⊕  � ×∪ ⊕ Ξ ∠∪ℑ  ⊕∪ℑ  ∪  ⊕ ⊕⊗ ⊃ ∅ ∅ ⊕  ⊕ ∈⊆∉ ∠∪∉ ⊂∉∩ ⊃ ⊕ �⊃� ⊕� Ξ ← � 

Ξ ← ≥ ℑ∈⊗ Ξ ≥ � ⋅∪∉ ⊕℘ ∉∈ ⊕ ∈ ⊃ ∈  ∪⊕ ⊆ℑ   ⊃ ¬ ⊕ ⊂∧ ∉∈  ∪ ⊕∪⊕ ℑ  2  ⊕ ℑ  ⊆⊕ ∈℘ ∉∈⊗ ⊃  ⊃ ∉∈� 

[ Κεψ ωορδσ] ≤∏ 2ϒ⊂ 2→ ⊃ 2 ↑ ∈2×⊃ℑ ⊂ ⊂∉∧ � Ξ ∠∪ ℑ  ⊕�℘  ∧  ℑ ⊂ ⊂ ⊃ ∈⊕   ∏ ℘  ∏  ⊕� ⊆∉ ∠∪∉ ⊂∉∩∧ 

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

1  ΙΝΤΡ Ο∆ΥΧΤΙΟΝ 

≤∉∠∠⊕ ℜℑ  ⊕ ∪ℑ∠⊕ ⊆⊕⊆∉ ∧ ℑ ⊂ ⊂∉∧∪ℑ√⊕⊂∉⋅ ℘ ∉   

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

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

 ∪⊕ ⊆ℑ   ⊕∈ ⊃  ⊃ ℘   ℑ∈ ∅∉⊆ℑ  ⊃ ∉∈ ≈� � � � ⊆ℑ   ⊕∈ ⊃  ⊃ ℘ 

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

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

ℑ∈⊗ ×⊃⊃ ∈ ∉  ∪⊕ ≤∏ 2ϒ⊂ 2→ ⊃ℑ ⊂ ⊂∉∧ 
≈�� ∗ �� � ∪ℑ√⊕ ℜ ⊕ ⊕∈ 

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

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

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

↑ ∏ ℘ ∪ ⋅∉ ⊄ ∪ℑ ℜ ⊕ ⊕∈ ⊗ ∉∈⊕∉∈ ∪⊕ Ξ ∠∪ℑ  ⊕⊃ ∈ ∪⊕ ≤∏ 2 
ϒ⊂ 2→ ⊃ 2×⊃ℑ ⊂ ⊂∉∧� ϒ⊗ ℑ ℘ ∪ ⊃⊕ ℑ ⊂ ≈�� ℜ ⊕ ⊂ ⊃ ⊕ √⊕⊗ ∪ℑ  ∪⊕ Ξ ← 

⊃ ∠  ⊕ ℘ ⊃ ∠ ⊃  ℑ  ⊕⊗∅  ∉⊆  ∪⊕ Β � ∠∪ℑ  ⊕� Ξ ≥ ⊃ ∠  ⊕ ℘ ⊃ ∠ ⊃  ℑ  ⊕⊗ 

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

∠∪ℑ  ⊕⊃ ℑ ∉∅ ∠∪ℑ  ⊕�≤∪ℑ∈∩⊕ ℑ ⊂ 
≈�� ℜ ⊕ ⊂ ⊃ ⊕ √⊕⊗ ∪ℑ   ∪⊕ 

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

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

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

∈∏ ℘ ⊂⊕ ℑ  ⊃ ∉∈ ℑ∈⊗∩  ∉⋅ ∪ ⋅ℑ∧ �′∏ ≡∪∏⊕ ℑ ⊂ 
≈�� ℜ ⊕ ⊂ ⊃ ⊕ √⊕⊗ 

 ∪ℑ   ∪⊕ Ξ ← ⊃ ∠  ∉⊗∏ ℘ ⊕⊗ ∪ ∉∏ ∩∪ ∪⊕∅∉ ⊂ ⊂∉⋅⊃ ∈∩∠ ⊕  ⊃  ⊕ ℘ 2 
 ⊃ ℘ ⊕ ℑ ℘  ⊃ ∉∈ � Λ � Β � ψ Ξ ← �′∧ ℑ⊄ ⊃ ∈∩ ≤∏ 2�� � �ϒ⊂ 2�→ ⊃ 2 
� ↑ ∈2�×⊃ℑ ⊂ ⊂∉∧ ℑ ℑ∈ ⊕¬ℑ⊆∠ ⊂⊕� ∪⊕℘ ∉⊆∠∉ ⊃  ⊃ ∉∈ � ⊆∉ 2 
∠∪∉ ⊂∉∩∧� ℘  ∧  ℑ ⊂ ⊂ ⊃ ∈⊕    ∏ ℘  ∏  ⊕� ℑ∈⊗ ∅∉⊆ℑ  ⊃ ∉∈ ℑ∈⊗ 

⊕ √∉ ⊂∏  ⊃ ∉∈ ∉∅ ∪⊕ Ξ ∠∪ℑ  ⊕ ⋅⊕  ⊕  ∏⊗ ⊃ ⊕⊗⊃ ∈ ∪ ⊃ ∠ ℑ∠ ⊕ � 

2  ΑΛΛΟΨ ΠΡ ΕΠΑΡ ΑΤΙΟΝ ΑΝ∆ ΕΞΠΕΡΙΜΕΝ2 
ΤΑΛ ΜΕΤΗΟ∆Σ 

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

≤∏ 2�� ��ϒ⊂ 2�→ ⊃ 2� ↑ ∈2�×⊃ ⊃ ∈ ⊆ℑ   ∅  ℑ ℘  ⊃ ∉∈ � ϒ∅  ⊕  

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

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

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

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

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

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

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

 ℑ⊄⊕∈ ∉∏ ∅  ∉⊆  ∪⊕∅∏  ∈ℑ ℘ ⊕� ↑⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ∉ℜ  ⊕  √ℑ 2 
 ⊃ ∉∈ ℑ∈⊗ ⊆⊃ ℘  ∉∪ℑ  ⊗∈⊕   ⊆⊕ ℑ  ∏  ⊕⊆⊕∈  ⋅⊕  ⊕ ⊆ℑ⊗ ⊕ 

ℑ∈⊗℘ ∉⊆∠ ∉ ⊃  ⊃ ∉∈ ℑ∈ℑ ⊂∧ ⊃  ⋅⊕  ⊕ ⊕ ℑ ⊂ ⊃ ∨⊕⊗ℜ ∧ ÷2 ℑ∧ ⊕ ⊂⊕ ℘ 2 
  ∉∈ ∠  ∉ℜ ⊕ ⊆⊃ ℘  ∉ℑ∈ℑ ⊂∧ ⊃  ⊃ ∈ ℑ∈ ÷2��� ≥∞ ↑ � ×∪⊕ 
× ∞↑ ∉ℜ  ⊕  √ℑ  ⊃ ∉∈ℑ∈⊗∠∪ℑ  ⊕ℑ∈ℑ ⊂∧ ⊕ ⋅⊕  ⊕ ⊆ℑ⊗ ⊕ ⋅⊃  ∪ 

ℑ∈ ♦��� × ∞ ↑ � 

3  Ρ ΕΣΥΛΤΣ ΑΝ∆ ∆ΙΣΧΥΣΣΙΟΝ 

3 . 1  Μορπηολογψ , χο µ ποσ ιτιον ανδ χρψσ ταλλινε 

στρυχτυρε 

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

 ∪⊕ ⊕   ⊕⊗ ≤∏ 2ϒ⊂ 2→ ⊃ 2 ↑ ∈2×⊃ℑ ⊂ ⊂∉∧ �♥℘ ℑ∈ ℜ ⊕ ⊕ ⊕∈  ∪ℑ  

 ∪⊕ ℑ ⊂ ⊂∉∧ ⊆ℑ   ⊃ ¬ ⊃  ⊆ℑ   ⊕∈ ⊃  ⊕ ℑ∈⊗  ∪⊕ Ξ ∠∪ℑ  ⊕ ⊃  

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

Ξ ←∠  ⊕  ⊕∈  ∠∪⊕  ⊃ ℘ ∪ℑ∠ ⊕ ⋅⊃  ∪ ℑ ⊃ ∨⊕ ∉∅ ⊕ √⊕  ℑ ⊂ ⊆⊃ 2 
℘  ∉∈� ∪⊕ Ξ ← ≥ ∠  ⊕  ⊕∈ ∠ ⊂∏⊆ ℜ ⊂∉  ∉⊆ ⊂ ⊃ ⊄⊕ ∪ℑ∠⊕ ⋅⊃  ∪ 

ℑ ⊃ ∨⊕ ∉∅ ��� ∗ ��� ∈⊆�ƒ⊃ ∩� ��ℑ�� � ℑ∈⊗ ∪⊕ Ξ ≥ ∠  ⊕ 2 
 ⊕∈ ℘ ∏ ℜ ⊃ ℘∉ ∠∪⊕  ⊃ ℘ ∪ℑ∠ ⊕ ⋅⊃  ∪ℑ ⊃ ∨⊕∉∅�� ∗ �� ∈⊆ 

∂ ∉ ⊂���  λ ��         Τρανσ. Νονφερρουσ Μετ . Σοχ . Χηινα         ⁄⊕ ℘����� 

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

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



Φ ιγ .1  × ∞↑ ⊃⊆ℑ∩⊕ ∉∅ ≤∏ 2ϒ⊂ 2→ ⊃ 2×⊃ℑ ⊂ ⊂∉∧ 

�ƒ⊃ ∩� ��ℜ�� � 

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

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

⋅∪ ⊃ ⊂⊕ ∪⊕ Ξ ∠∪ℑ  ⊕⊃ ℑ ×⊃ 2 ⊃ ℘ ∪∠∪ℑ  ⊕ ⋅⊃  ∪ ∪⊕℘ ∉⊆∠∉2 
 ⊃  ⊃ ∉∈ ∉∅ �� ��≤∏ 2�� ��ϒ⊂ 2��×⊃ 2��→ ⊃⊃ ∈ ⊆∉ ⊂⊕∅  ℑ ℘  ⊃ ∉∈ 

⋅∪ ⊃ ℘ ∪⊃ ℘ ⊂∉ ⊕ ∉ �≤∏� → ⊃ �Β ×⊃ Βϒ⊂� �Β�Β� �⊃� ⊕� ∪⊕ 

Ξ ∠∪ℑ  ⊕ ℑ  ⊃  ∅ ⊃ ⊕  ∪⊕℘ ∪⊕⊆⊃ ℘ ℑ ⊂ ∅∉⊆∏ ⊂ℑ ∉∅ �≤∏� → ⊃ � � 
×⊃ ϒ⊂� 

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

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

 ∪⊕����� 3 ℑ∈⊗����� 3 ℘  ∧  ℑ ⊂ ℜ ℑ∈⊗ ∉∅ ∪⊕℘ ⊕∈ ⊕  ⊕⊗ 

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

 ∉ ℜ ⊕� � �� ! ∉� � �� !  ⊕  ∠ ⊕ ℘  ⊃ √⊕ ⊂∧ ℜ ∧ ∏  ⊃ ∈∩ ∪⊕ ⋅∉ 

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

� � ��� !  ⊕∠∉  ⊕⊗⊃ ∈ ″ ⊕ ∅� ≈�� � ⋅∪ ⊃ ℘ ∪ ⊆ℑ∧ ℜ ⊕℘ ℑ∏  ⊕⊗ 

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

Φ ιγ .2  ∞⊂⊕ ℘   ∉∈ ⊗ ⊃ ∅ ∅  ℑ ℘  ⊃ ∉∈ ∠ℑ   ⊕  ∈∉∅ Ξ ← 

�ℑ � ) ����� 3 ��ℜ� ) ����� 3 

 ∪ ⊃  ⋅∉ ⊄ ℑ∈⊗ ″ ⊕ ∅� ≈�� � 

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

∠ ℑ   ⊕  ∈ ∪ℑ  ∪⊕ Ξ ←∠∉  ⊕   ⊕ ⁄↓ � ∉← � � ℘  ∧  ℑ ⊂ ⊂ ⊃ ∈⊕ 

   ∏ ℘  ∏  ⊕� ×∪⊕℘  ∧  ℑ ⊂ ⊂ ⊃ ∈⊕   ∏ ℘  ∏  ⊕∅ℑ ℘  ∉∉∅ ∪⊕ Ξ ← 

℘ ℑ∈ ℜ ⊕⊕¬∠  ⊕   ⊕⊗ℜ∧ 
Φ ΗΚΛ �⇔ φℑ � φℜ ⊕¬∠ ≈Π ⊃ � Η � Κ � Λ��� � 

φℑ ⊕¬∠≈Π ⊃ � Η � Κ � Λ� � 

φ℘ ⊕¬∠≈�Π ⊃ � Η � Κ � Λ���⇑# 

⇔ � � ⊕¬∠≈Π ⊃ � Η � Κ� � 
⊕¬∠≈Π ⊃ � Η � Λ� � ⊕¬∠≈Π ⊃ � Κ � Λ�⇑ 

��� 

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

Φ� 

��� φℑ � φℜ � φ℘ � Η � Κ � Λ � � ν 

��� φℑ � φℜ � φ℘ � Η � Κ � Λ � � ν � � 

�� φℑ � φ℘ �    Η � Κ � Λ � ∉⊗⊗  

��� 

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

℘ ∉  ⊕ ℘  � 

3 .2  Φορµ ατιον ανδ εϖολυτιον οφ Ξ πηασε 

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

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

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

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

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

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

ℜ ⊕ ℘ ∉⊆⊕    ∉∈∩⊕  ⋅⊃  ∪ ⊃ ∈℘  ⊕ ℑ  ⊃ ∈∩ ∪∉⊆∉∩⊕∈⊃ ∨ℑ  ⊃ ∉∈ 

 ⊃ ⊆⊕�′∧ ⊆⊕ ℑ∈∉∅⊕ ⊂⊕ ℘   ∉∈ ∠  ∉ℜ ⊕ ⊆⊃ ℘  ∉ℑ∈ℑ ⊂∧ ⊃ �⊃ ⊃  

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



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

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

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

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

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

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

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

×∪⊕⊗ ⊕ ⊕∠ 2℘ ∉ ⊂∉ ⊕⊗∠ℑ   ⊃ ℘ ⊂⊕ ℑ  ⊕ ∪⊕ Ξ ∠∪ℑ  ⊕� ∪⊕∧ ℑ  ⊕ 

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

  ⊕ ℑ  ⊆⊕∈ℑ ��� ε ∅∉� ⊆⊃ ∈ � ∪⊕⊗ ⊃    ⊃ ℜ∏  ⊃ ∉∈ ∉∅ ∪⊕ 

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

Ξ ← ⊃ ⊂ℑ  ∩ ⊕  ∪ℑ∈  ∪ℑ ∉∅  ∪⊕ Ξ ← ≥ � ′∏ ℑ ∅  ⊕  ∪⊕ ℑ  

  ⊕ ℑ  ⊆⊕∈ℑ ��� ε ∅∉�∪� ∪⊕∠  ⊕√⊃ ∉∏ ⊃   ⊕ ∩∏ ⊂ℑ  Ξ ← 

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

⋅∪ ⊃ ⊂⊕ ∪⊕℘ ∉∈ ⊕∈∉∅ ∪⊕ Ξ ← ≥ ⊃ ∈℘  ⊕ ℑ  ⊕ � ϒ∅  ⊕ ��� ε � 
� ∪� ��� ε ��∪  ⊕ ℑ  ⊆⊕∈ � ∪⊕ Ξ ← ℜ ⊕ ℘ ∉⊆⊕ ⊃   ⊕ ∩∏ ⊂ℑ  

⊃ ∈  ∪ℑ∠⊕ℑ∩ℑ ⊃ ∈ ℑ∈⊗⊃ ∈℘  ⊕ ℑ  ⊕ ⊃ ∈ ℘ ∉∈ ⊕∈ �ℜ∏  ∪⊕℘ ∉∈2 
 ⊕∈∉∅ ∪⊕ Ξ ← ≥  ⊕⊗∏ ℘ ⊕ � ×∪⊕ ℑℜ∉√⊕ ⊕  ∏ ⊂  ⊃ ∈⊗ ⊃ ℘ ℑ  ⊕ 

 ∪ℑ  ∪⊕⊃ ∈ ⊕  2⊗ ⊕∈  ⊃  ⊃ ℘ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕⊃ ∈  ∪⊕ ℑ  2℘ ℑ   

ℑ ⊂ ⊂∉∧⊃  ∪⊕ ⊕ ℑ ⊂  ⊕  ∉∏  ℘ ⊕∉∅ ∪⊕ Ξ ∠∪ℑ  ⊕� ×∪ℑ ⊃  ∉ 

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

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

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

⊆ℑ ⊂ ⊂�⊃  ⊃ ⊕ ℑ  ∧ ∉∅∉⊆ ℘ ∉⊆∠∉∏∈⊗ ⋅⊃  ∪ ∪⊕∉ ∪⊕ ⊕ ⊂ 2 
⊕⊆⊕∈ ℑ∈⊗⊃ ℘ ∉∈ ⊃ ⊗ ⊕  ⊕⊗ /⊃ ⊆∠∏  ⊃  ∧0 ℑ∈⊗ ⊗ ⊃  ℘ ∪ℑ  ∩ ⊕⊗ 
 ∉ ∪⊕ ∉ ⊂ ⊃ ⊗ 2⊂ ⊃ ∇∏ ⊃ ⊗⊃ ∈ ⊕  ∅ℑ ℘ ⊕∅  ∉∈�∅ ⊃ ∈ℑ ⊂ ⊂∧  ∪⊕ ×⊃ 2 ⊃ ℘ ∪ 

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

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

∉∅ ∪⊕⊗ ⊃   ∉ ⊂∏  ⊃ ∉∈ ∉∅ ∪⊕⊗ ⊕∈⊗  ⊃  ⊕ � ∪⊕⊃ ∈ ⊕  2⊗ ⊕∈⊗  ⊃  ⊃ ℘ 

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

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

×∪⊕  ⊕ℑ  ⊕ ⊕ √⊕  ℑ ⊂ ⊄ ⊃ ∈⊗ ∉∅ ⊆∉ ∠∪∉ ⊂∉∩∧ ∉∅ ∪⊕ Ξ 

∠∪ℑ  ⊕�ℑ∈⊗ ∪⊕ ⊆ℑ ⊃ ∈ ⊆∉ ∠∪∉ ⊂∉∩ ⊃ ⊕ ℑ  ⊕ Ξ ← ℑ∈⊗ Ξ ← ≥ � 

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

⊆⊃ ℘  ∉ ℘ ∉∠∧ � ×∪⊕℘ ∉∈ ⊕∈ ∉∅ ∪⊕ Ξ ← ℑ∈⊗ Ξ ← ≥ ⊗ ⊕ ∠ ⊕∈⊗ 

∪⊕ ℑ√⊃ ⊂∧ ∉∈  ∪⊕ ∪⊕ ℑ   ⊕ ℑ  ⊆⊕∈℘ ∉∈⊗ ⊃  ⊃ ∉∈� ×∪⊕ Ξ 

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

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

 ∪⊕∪ ⊃ ∩∪ ⊕⊆∠ ⊕  ℑ  ∏  ⊕∠∪ℑ  ⊕∨∉∈⊕� ϒ ∪⊕ ℑ⊆⊕ ⊃⊆⊕� 

 ∪⊕ Ξ ← ≥ ℑ ⊂ ∉ ℜ ⊕ ∩ ⊃ ∈ ∉ ∠  ⊕ ℘ ⊃ ∠ ⊃  ℑ  ⊕ ℜ ∧  ∪⊕ ∈∏ ℘ ⊂⊕ ℑ  ⊃ ∉∈ 

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

 ∪⊕  ⊕ ⊆ℑ∧ℜ ⊕∈∉⊕∈∉∏ ∩∪ ⊃ ⊆⊕∅∉ ∪⊕ Ξ ← ≥  ∉ ∩  ∉⋅ ∏ ∠� 

 ∪∏  ∪⊕  ⊕∉℘ ℘ ∏  ℑ⊂ℑ  ∩ ⊕ℑ⊆∉∏∈∉∅ Ξ ← ≥ �♥∅ ∪⊕℘ ∉∉ ⊂ 2 
⊃ ∈∩ ℑ  ⊕⊃  ⊂∉⋅ � ∪⊕  ⊕⊃  ∉⊆⊕ ⊃⊆⊕∅∉ ∪⊕ Ξ ← ≥  ∉ 

∩  ∉⋅ ∏∠� ∪⊕∈ ∪⊕  ⊕∅∉⊆ ∪⊕ Ξ ← �′∏ ⋅∪⊕∈ ⊗ ⊃  ⊕ ℘  ⊂∧ 

  ⊕ ℑ  ⊕⊗ℑ ⊂∉⋅⊕  ⊕⊆∠ ⊕  ℑ  ∏  ⊕  ∪⊕  ⊕ ∉∈⊂∧  ℑ⊄⊕ ∠ ⊂ℑ ℘ ⊕ 

 ∪⊕∩  ∉⋅ ∪ ∉∅ ∪⊕ Ξ ← ≥ ℑ∈⊗∅∉⊆ ∪⊕ Ξ ← � ∪∏  ∪⊕  ⊕ 

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

Ξ ← ≥ � 

3 .3  Ηαρδνεσσ µεασυρεµεντ οφ Ξ Λ 
×∪⊕∪ℑ  ⊗∈⊕   ⊕ ∉∅ ∪⊕ Ξ ← ℑ∈⊗ ∪⊕ ⊆ℑ   ⊃ ¬ ⋅⊕  ⊕ 2 

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

×∪⊕ Ξ ← ⊃ ∪ℑ  ⊗ ⊕ ℘ ∉⊆∠ ℑ  ⊕⊗ ⋅⊃  ∪ ∪⊕ ⊆ℑ   ⊃ ¬� ⋅∪ ⊃ ℘ ∪⊃  

Φ ιγ .3  ∞√∉ ⊂∏  ⊃ ∉∈ ∉∅ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕∉∅⊃ ∈∩∉⊗∏  ⊃ ∈∩∪∉⊆∉∩ ⊕∈⊃ ∨ℑ  ⊃ ∉∈  ⊕ ℑ  ⊆⊕∈ 
�ℑ � ℑ∈⊗�ℜ� ) ϒ 2℘ ℑ   ��℘ � ) ��� ε �� � � ∪��⊗ � ) ��� ε �� ∪ 

# � � � # ∂ ∉ ⊂1��  λ 1�    ≤ ∧  ℑ ⊂ ⊂ ⊃ ∈⊕   ∏ ℘  ∏  ⊕ℑ∈⊗ ⊆∉ ∠∪∉ ⊂∉∩∧ ∉∅ Ξ ∠∪ℑ  ⊕⊃ ∈ ≤∏ 2ϒ⊂ 2→ ⊃ 2 ↑ ∈2×⊃ℑ ⊂ ⊂∉∧



Φ ιγ .4  ∞√∉ ⊂∏  ⊃ ∉∈ ∉∅ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕∉∅∪∉ 2 ∉ ⊂ ⊂⊕⊗ ∠ ⊕ ℘ ⊃ ⊆⊕∈⊗∏  ⊃ ∈∩∪⊕ ℑ   ⊕ ℑ  ⊆⊕∈ 

�ℑ � ) ϒ 2 ∉ ⊂ ⊂⊕ ⊗��ℜ� ) ��� ε �� ⊆⊃ ∈ ��℘ � ) ��� ε � � ∪��⊗ � ) ��� ε �� ∪ψ ��� ε � � ∪ 

⊗ ⊃ ∅ ∅ ⊕  ⊕∈∅  ∉⊆  ∪⊕ ⊕  ∏ ⊂  ⊕∠∉  ⊕⊗⊃ ∈ ″ ⊕ ∅� ≈�� � 

[ Ρ ΕΦΕΡ ΕΝΧΕΣ] 

≈�  ≥∪ ⊃ ⊆⊃ ∨∏ ↔ℑ∈⊗ ↓  ∏⊄ℑ ↔� ↓∠  ⊃ ℘ ℑ ⊂ ℑ∈⊗ ⊕ ⊂⊕ ℘   ∉∈ ⊆⊃ ℘  ∉2 
 ℘ ∉∠ ⊕ ∉ℜ  ⊕  √ℑ  ⊃ ∉∈ ∉ ∅   ℑ∈ ∅ ∉⊆ℑ  ⊃ ∉∈ ℑ∈⊗ ⊗ ⊕ ∅ ∉⊆ℑ  ⊃ ∉∈ 

℘ ∪ℑ  ℑ ℘  ⊕  ⊃   ⊃ ℘ ⊃ ∈ ≤∏ 2ϒ⊂ 2→ ⊃⊆ℑ ⊆ℑ∈ ℑ ⊂ ⊂∉∧≈ ϒ � °⊕  ⊄ ⊃ ∈ 

♠� ≥∪ℑ∠ ⊕ ↑ ⊕⊆∉ ∧ ∞∅ ∅ ⊕ ℘ ⊃ ∈ ϒ⊂ ⊂∉∧ ≈ ≤  � → ⊕⋅ ≠∉ ⊄� 

°⊂⊕ ∈∏⊆ ° ⊕  ����� ��� � �� � 

≈�  • ϒ→♣ ↑⊃ ∈∩ 2∠∏� ÷♥∞ ÷⊃ ℑ∈2⊇ ⊃ ℑ ∉� ≠ ϒ →♣ ♠ ⊃ ⊕�⊕ ℑ ⊂� 

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

≥∉℘≤∪ ⊃ ∈ℑ����� ����� ���� � ��� � 

≈�  ≥∏ ℜ∏  ⊃× ℑ∈⊗ • ℑ∧⊆ℑ∈ ≤ ↑ � ×∪ ⊕ ∪ℑ∠ ⊕ ⊆⊕⊆∉ ∧ ⊆⊕ ℘ ∪ℑ 2 
∈⊃ ⊆ ⊃ ∈ ��″ ⊆ℑ   ⊕ ∈ ⊃  ⊃ ℘ℑ ⊂ ⊂∉∧� ϒ℘  ℑ ↑⊕  ℑ ⊂ ⊂����� ��� � 

�� � �� � 

≈�  ϒ⊗ ℑ ℘ ∪ ⊃ ↔� °⊕  ⊄ ⊃ ∈ ♠ ℑ∈⊗ • ℑ∧⊆ℑ∈ ≤ ↑ � ×∧∠ ⊕  
 ⋅⊃ ∈⊃ ∈  ⊕ ⊂ ∅ 2ℑ ℘ ℘ ∉⊆⊆∉⊗ ℑ  ⊃ ∉∈ ⊆ℑ   ⊕ ∈ ⊃  ⊕ ∠ ⊂ℑ  ⊕ √ℑ  ⊃ ℑ∈ ⊃ ∈ 

ℑ ≤∏ 2≡∈2ϒ⊂ ∪ℑ∠ ⊕ ⊆⊕⊆∉ ∧ ℑ ⊂ ⊂∉∧ � ϒ℘  ℑ ↑⊕  ℑ ⊂ ⊂����� ��� 

���� ����� � ���� � 

≈�  • ϒ →♣ ↑⊃ ∈∩ 2∠∏�♠ ♥→≡∪ ℑ∈2∠ ⊕ ∈∩� ≠♥→≡∪ ⊃ 2⊆⊃ ∈ �⊕ ℑ ⊂� 
↓ ⊗ ⊕   ℑ  ⊕ℑ∈⊗  ℑℜ ⊃ ⊂ ⊃  ∧ ∉ ∅ ⊆ℑ   ⊕ ∈ ⊃  ⊕⊃ ∈ ℑ∈ ℑ ⊃  2∇∏ ⊕ ∈℘ ∪ ⊕ ⊗ 
≤∏ 2≡∈2ϒ⊂ ℑ ⊂ ⊂∉∧ � × ℑ∈ → ∉∈∅ ⊕   ∉∏  ↑ ⊕  ≥∉℘ ≤∪ ⊃ ∈ℑ� 

���� ����� ���� � ��� � 

≈�  ×ℑ⊗ ℑ⊄ × � ϒ∩ ⊃ ∈∩ℜ ⊕ ∪ ℑ√⊃ ∉∏ ∉ ∅ ∉⊆⊕ ∪ ℑ∠ ⊕ ⊆⊕⊆∉ ∧ ℑ ⊂ ⊂∉∧ 

ℑ∈⊗⊃  ∉  ⊃ ∩ ⊃ ∈ ≈ ϒ � ≤ ♦ ∝ ≠ ≠ � ≥ ↑ ↑ . �� � ° ∉℘∉ ∅ ∪ ⊕ 

♥∈≥∧⊆ ∉∈ ≥ ↑ ↑ ≈≤ � ′⊕ ⊃ ⊇ ⊃ ∈∩�♥∈ ⊕  ∈ℑ  ⊃ ∉∈ℑ ⊂ ϒ℘ ℑ⊗ ⊕⊆⊃ ℘ 

°∏ℜ ⊂ ⊃  ∪ ⊕  ����� ��� � �� � 

≈�  • ϒ →♣ ↑⊃ ∈∩ 2∠∏�♠ ♥→ ≡∪ℑ∈∩ 2∠ ⊕ ∈∩� ≠♥→ ≡∪ ⊃ 2⊆⊃ ∈ �⊕  

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

⊂ℑ   ⊃ ℘⊆ℑ   ⊕ ∈ ⊃  ⊕  ℑ∈ ∅ ∉⊆ℑ  ⊃ ∉∈ ∉∅ ≤∏ 2ϒ⊂ 2→ ⊃ 2 ↑ ∈2×⊃ℑ ⊂ ⊂∉∧ 
≈♠ � ×∪ ⊕ ≤∪ ⊃ ∈⊕  ⊕ ♠ ∉∏  ∈ℑ ⊂ ∉ ∅ → ∉∈∅ ⊕   ∉∏  ↑⊕  ℑ ⊂ � �⊃ ∈ 

≤∪ ⊃ ∈⊕  ⊕ � ����� ����� ��� � �� � 

≈�  ≤ ♦∞→♣ ≠ℑ∈ ℑ∈⊗ • ϒ →♣ ↑⊃ ∈∩ 2∠∏� ≥ ℑ ℜ ⊃ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ ∉ ∅ 

⊆ℑ   ℑ∈ ⊃  ⊕⊃ ∈ ≤∏ 2≡∈2ϒ⊂ 2ϒ⊂ ⊂∉∧ ℑ∈⊗⊃   ⊕ √⊕   ⊕ ∪ℑ∠ ⊕ ⊆⊕⊆2 
∉ ∧ ⊕ ∅ ∅ ⊕ ℘  � × ℑ∈ → ∉∈∅ ⊕   ∉∏  ↑⊕ ≥∉℘ ≤∪ ⊃ ∈ℑ� ���� � � 

��� ���� � ��� � 

≈�  • ϒ→♣ ↑⊃ ∈∩ 2∠∏� ÷ ∝ ♣⊕ ∈2∧⊃ ∈ ℑ∈⊗ ≠♥→ ≡∪ ⊃ 2⊆⊃ ∈ � 
⁄⊕ ∅ ∉⊆ℑ  ⊃ ∉∈ ℜ ⊕ ∪ℑ √⊃ ∉∏ ∉ ∅ ≤∏ 2≡∈2ϒ⊂ ℑ ⊂ ⊂∉∧ℑ∈⊗⊃  ⊕ ∅ ∅ ⊕ ℘  

∉∈   ℑ∈ ∅∉ ⊆ℑ  ⊃ ∉∈ ∪∧  ⊕  ⊕  ⊃ � × ℑ∈ → ∉∈∅ ⊕   ∉∏  ↑⊕ ≥∉℘ 

≤∪ ⊃ ∈ℑ����� ����� ���� � ��� � 

≈��  ϒ⊗ ℑ ℘ ∪ ⊃↔� ♦ℑ⊆ℑ⊗ ℑ� ×ℑ∩ ℑ⋅ℑ ≠ � ♣∧  ℑ ⊂   ∏ ℘  ∏  ⊕∉ ∅ Ξ2 
∠∪ ℑ  ⊕⊃ ∈ ∩  ℑ ⊃ ∈2 ⊕ ∅ ⊃ ∈⊕ ⊗ ≤∏ 2ϒ⊂ 2→ ⊃ 2×⊃ ∪ ℑ∠ ⊕ ⊆⊕⊆∉  ∧ ℑ ⊂2 
⊂∉∧�≥℘  ⊃ ∠  ℑ ↑⊕  ℑ ⊂ ⊂����� ������ ���� � ��� � 

≈��  ≥∏  ⊕ ♣ →ℑ∈⊗′ ∉⋅∈ ←≤ � ×∪⊕ ⊆⊕ ℘ ∪ℑ∈⊃ ℘ ℑ ⊂ ∠  ∉∠ ⊕   ⊃ ⊕ ∉ ∅ 

∩  ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈⊕ ⊗ Β 2≤∏ϒ⊂→ ⊃   ℑ ⊃ ∈2⊆⊕⊆∉ ∧ ℑ ⊂ ⊂∉∧� ↑⊕  ℑ ⊂ ⊂ 

× ℑ∈����� ���ϒ ����� � ���� � 

≈��  ″ ℑ  ℘ ∪ ⊕ √ ° �√ℑ∈ ♦∏⊆ℜ ⊕ ⊕ ℘ ⊄♠ℑ∈⊗⁄⊕ ⊂ℑ ⊕ ∧ ←�↓∈ ∪⊕∅ ∉ 2 
⊆ℑ  ⊃ ∉∈ ∉ ∅ � Η   ℑ ℘ ⊄ ⊃ ∈∩  ⊕ ∇∏ ⊕ ∈℘ ⊕ ⊃ ∈ �� Ρ ⊆ℑ   ⊕ ∈ ⊃  ⊕ 

∠ ⊂ℑ  ⊕ ⊃ ∈ ℑ∠  ⊕ ℘ ⊃ ∠ ⊃  ℑ  ⊕℘ ∉∈ ℑ ⊃ ∈⊃ ∈∩ ≤∏ 2ϒ⊂ 2→ ⊃ 2×⊃ 2 ↑ ∈ ℑ ⊂ ⊂∉∧ � 
ϒ℘  ℑ ↑⊕  ℑ ⊂ ⊂ ↑ℑ  ⊕ ����� ������ ����� � ���� � 

≈��  ≤ ♦ ϒ→♣ ƒ⊕ ∈∩ 2⊂ ⊃ ℑ∈ � ≥ ∏ ⊗ ∧ ∉∈  ∪ ⊕∅ ∉⊆ℑ  ⊃ ∉∈ ∉ ∅ ∪ ⊕ ⊕ ℘ 2 
∉∈⊗ ℑ  ∧ ∠∪ ℑ  ⊕⊃ ∈ ≤∏ 2≡∈2ϒ⊂ 2 ↑ ∈2→ ⊃ 2×⊃ℑ ⊂ ⊂∉∧ � ϒ℘  ℑ ↑⊕  ℑ ⊂ ⊂ 

≥⊃ ∈⊃ ℘ ℑ��⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕ � ����� ������ ��� � �� � 

≈��  ≡ ♦ ∝ • ⊕ ∈2∪∏ ⊃� • ϒ →♣ ″ ⊕ ∈2∪∏ ⊃� ♣∝♥ ♠ ⊃ ℑ 2∈⊃ ℑ∈ �⊕ ℑ ⊂� 
ƒ⊃ ∈⊕    ∏ ℘  ∏  ⊕ ∉ℜ  ⊕  √ℑ  ⊃ ∉∈ ∉ ∅ ℑ ≤∏ 2ϒ⊂ 2→ ⊃ 2 ↑ ∈2×⊃ ∪ ℑ∠ ⊕ 

⊆⊕⊆∉ ∧ ℑ ⊂ ⊂∉∧ ≈ ϒ � ≤ ♦ ∝ ≠ ≠ � ≥ ↑ ↑ . �� � ° ∉℘∉ ∅ ∪ ⊕ 

♥∈≥∧⊆ ∉∈ ≥ ↑ ↑ ≈≤ �′⊕ ⊃ ⊇ ⊃ ∈∩�♥∈ ⊕  ∈ℑ  ⊃ ∉∈ℑ ⊂ ϒ℘ ℑ⊗ ⊕⊆⊃ ℘ 

°∏ ℜ ⊂ ⊃  ∪ ⊕  ����� ���� � ��� � 

(Εδιτεδ βψ ΠΕΝΓ Χηαο2θυν) 

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


