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12�/ �0 ���* K
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���* �D ')2�;���* �0 �"��$0 �
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12�/ �$%R: �0 �I)� . A
�3: �
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XY3Z6(T6O18)(BO3)3�= �� �D ��" :X=Ca, Na, K, [□
vacancy]\Y= Li, Mg, Fe2+, Mn2+, Al, Cr3+, V3+, 

Fe3+, (Ti4+)\Z= Mg, Al, Fe3+, V3+, Cr3+\T= Si, Al, 
(B)\B= B, [□ vacancy] .��!	 ���� �� ���D +
" V,>5� .-

+,�- ;�2 �� �$F. �0 �G%��� ���)* '>
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�0 YM$Ha� +,����$: ��,�"�/ ;�2 �� �$%R�� + H2 7�$6 . �$*
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�*�R�" 7�$6�� 7.�G�� ;�2�g ?(* . �� ���L �0 ;.�D 
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��+,����$: -" ���2 1
 ?��* . '�$* +3:�"$>D +�>0 ��C>�'%	

�9E �: 1
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�R��H�B "�2- �"�
" ���)* ���D . ���)*�$%0 �%I� _�q

.
/k��2;�= �
�,H,* . �(
3,	 �>0 �>2 r�!>� A>,E� �$>B
 ��" �'!� .s�9� ��D.-�� ���t ��$� +
" �� ]�X +
" �0 �>D '�"
-" '):��R&:

iQ12�/ �
�H/�� ��< �),!��F -" �2);�,Lu: (���>* 1>
;
-" �>)JB� l>&�0 �>>D �>H/�� �$>>%R: �
�>���" ?>>X"�� ���>>��/
�,�"�/ < -" ;�2,�� �'* �$%R�� K�0 �'�$*�� �$F.')
= .+>
"

 � ��(* �� ���* T�(* . �2 �$F. �2�$%0 -�� �� �D ;3
� ;�2
�� A
�3: �'��"�'�$*]v��[.

oQ
"'F ����* ;-" �)J B�= ?>0�E �,J �"'0= ,-" ��'>* �>��
���*;�
�>H/�� �>%X�� �� �>�,�"�/ Q?,(!>: l>&�0 �0�>��/ 

12�/�� +,����$: ;�2�$*]ijQ��[.
wQ���* �),!��F ;-" �)J B�,�$)
- �� ;�2�)�<";]f[.
xQ��$: 1
 -" �$%R: ;-" �)J ��,�"�/ B]ix[.

�� �>��L . ?,(!>: � �$> t �>���0 �>���� +
" �b"�" -" T'2
12�/ � ��
"�5>6 '2"$>* -" ���G�>�" �>0 +,��>��$: ;�2
�>�

��)*�12�/ � ��24)4)>� . 12�/ �,*�X . 3D�� ;�� �-
�= ��03,� ;�2 �H,>* ;�>2 ��"� . �2'>,b$�,�"�/ �H,*$by ��2
+,����$: �$%0��" ������ . �� 2� �(2�/ ;�2 .

����%��(0 %���� 
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'%F ������H* ���<,
3���� ��9)� �� +,����$: ;�2 ].'� ;�,/ ?(* ��D.-��;��F.�0 _��

"� ��$/�/� S
�� -" K�0 +
�:M�04)� �)�< ;�2";
�$/�/� �'*0 #$�$� �,%,	 ��� ?,�!: �"'H2 ;�2 2�)�{ '

�$���� ��$/�/��!R)F��� 'X �� ����L���,* 3R� 
)�
�%{ �.-(��	�/ �"�E '�" �,%,	 . �,%�" ?��* ��!,0 .

�� '�$*]�f[.[������X +
�:;+,�- �� �{ ���)* +
" 
��"� U� �,X�� K
"',< ��"��$:;�2;',b$�,�"�/ . ��F.�0 
���- �� �����=��" ���,� �,�"�.y �,%,	 +
" �.�� �{ �2

���{ O$G� �0 �D �:�.�I� ��$/�/� . '�"��,* ��� ;�2 �"�
�%G��$2 �0 . �.�* . �2�,:�H ,��2�� [�L �$* O$G� ��" �� 

�= �2��"� U�'�" )]id���[�?(*�(.
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+,��>��$: �� ���L . �$� �P,{�: +,,a: ;"�0 �� �>(2�/ ;�>2

AB�>>)� �$>>HI� �� ��>>���0 ��$>>� ie1>>2�/ -" �>>�$H� ;�>>2
 . �-�� �9�� . �*"��0 ������ . �� 2� ;�2���.� +,����$:

�-��Q�= -" �%�,6 '* �,�: �2.
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� �!>�0 . �>(
��= ;�H2ZD" �� ������
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�%D �0 �'* .��$H� ��;12�/ ����� ���>��� ;�2

 �,*�X . ��,: ;3D�� K�0 ;"�"�;+*.� �,>*�X +>
" �D '�"
 �>�9)� 1>
 �E". �� +*.�;"�>,�"�/.3�$� +,>0 ���>��� ;�>2

 ���2 . ��03,�;1>2�/ �>��2 .�>I,�� �� 4>�� �>,,|: +>
"
]��R: 12�/ �,*�X . 3D�� +,0 ��$
 ;�2 �>0 +,��>��$: ;�>2-

�� �� . ��" �'�= �$F.,3>D�� ��!>,0 ;�"'>
�< �>0 �>I)� �I
 �,*�X �0 �R�� 12�/;��" �'* �= .���2;12�/ +*.� -
���D 'E�	 ������ ;�2;�2 . �>�" �>,:$,0 �%HF -" 1,	�� 

��	�>0 ]�(>*" �>0 �
.$(�>� . [,>���< ��C�'%	 �3:�"$D ?��*
 �,�"�/.3�$� �0 �0�!� �-"'>�" �>D 7.�G: +
" �0 ��" ��03,� ;�2

�= |: �2,,��" ���D �)?(*o7 . �.(�/k
. -" +>*.� ;�>2
12�/ 1
"� �� �D �� 2� ;�2 ;',�" ;�2)�>,%<= �>2 (�>%X��

 R: ���
�< �'* ?,(!: �H/�� �$% ��,: �'�" �,*�X �.'0 . ��$0 �:-
;< +*.� ,�= �$�"� ���2)?(*oN . S�" .(7.�>G: -" ;�>2

 12�/ ?(* �� � 
� ;�2�g T�(>* �$F. ��9)� .� +
" ;�2-
1>2�/ �� ��,�.��>,� �
 ')���$� ;�2 #'>& . ���>��� ;�>2

 12�/ �� � ��(* ��$/�2 ��" �� 2� ;�2 .T�(* �$F. ;�2
�12�/ �� ')��� $�>0 ;"�0 �H�� '2�* ������ ��9)� ;�2

���>>* ���>>�	" #"��>>2;-" �>>)J B�$>>%R: �
�>>���" ?>>X"�� �� 
���H/�� .
���2;12�/ �>�" ��C>�'%	 . 3:�"$D �+,����$: ?��* �2 .

1>2�/ �� +,��>��$: ��>�9)� .� �2 ��  �H>� �>2,�;�>6�L 
��"'� .12�/ 3D�� �� ��C�'%	 . 3:�"$D � ;�2 ��!>,0 ���>��

�'2�!>>� ?>>0�E'>>�" .1>>2�/ 3>>D�� �� +,��>>��$: ��>> 2� ;�>>2 
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�R��H�B "�2- �"�
" ���)* ���D . ���)*�$%0 �%I� _��

+,��>>��$: �� ��� ���>>��� �>>(2�/ ;�>>2)>>*.� ;'>>)0���
+,����$:�� �'
� �2�$*.
��� �$>%R: ]$>B �� ���>* P,D�: �,,|: � ��,0 YM$Ha� ;')0

 �>>>>�" +,��>>>>��$: .�
.��>>>>: �� +>>>>*.� AB�>>>>)�BSE 
)?(*o� . �(�>� ��!� "� +2= -" ;�:M�0 3D�H: �0 AB�)�-

����"$: �D ')2� +
'>0 '>))D ���>L "� ;��!>,0 �.�>�(�" '>�"
��>>,: AB�>>)� P>>,:�:+,
�>>< 3>>D�H: �>>: . ��>>*"� +>>2= -" ;�>>:

����"$���.��(�" '�" '))D �!�)� "� ;��!,0 ;�2]d[.

%(�� ���� 
� �
�>>����" �>>2)].'>>>Fi(�>>� ��!>>� �"3>>>,� �>>D '>>>2� 

i/�jQo/n} =SiO2�ivQ�/in =Al2O3�x/iQw/j=MgO�
o/iQx/jFe2O3 =�n/wQv/oCaO = �)�/wQw/o= (K2O�
)o/xQv/o(=Na2O�>>�" .�>>),�$�=�< rL�>>* wi/iQoi/i

ASI =;M�>0 �
��>�� �0 �"�H2 +
3,)�.�	 �6�)& +,
�< �"3,� �
LILE))&M�>0 ��$>
 ��a* �0 �6� (N�>,HD �>6�)& .)n/i}}Q
ijo(Ba �)ooeQo/}e(Sr �)n/ii�Qvn(Rb ��>03,� 4)� �� 

12�/�'
� �� 2� . ������ ;�2 ��'�$*.


��7�"� +,����$: ;�2 'X". �
"�56 �
.��: .N . S�":12�/ 7 . � ��> 2� ;',>�" ;�2 1
"� �� +,����$: ;�2 :1>2�/ ;�>2 �� +,��>��$: 
� ������ ;�2 �,�"�/.3�$� : �
$�: BSE12�/ ;�2� �� 2� �"� +,����$: :�
$�:BSE 12�/ ;�2+,����$:������ �"�.
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'%F ������H* ���<,
3���� ��9)� �� +,����$: ;�2 ].'� ;�,/ ?(* ��D.-��;��F.�0 _��

����812�/ -" �D�L ���� . N�,HD ��%6" �6�)& ;�23,���=�= ��03,� 4)� . �2������ . �� 2� ��9)� .� �� �2.
].'��� 2� ].'������� �,�"�/.3�$������� 1
"�',�";�� 2� 

SiO2 w/�j  �/ej  i/�j  o/n}  
Al2O3 x/in  }/oe  �/in  iv 
Fe2O3 w/e �/ij  o/i x/j
CaO �/j o/j v/o n/w
MgO o/i �/i x/i w/j
Na2O w/i n/i v/o o/x
K2O }/j o/j �/w w/o
MnO jx/j in/j jnx/j q�/q
LOI v/o i/w i e/i
La n/oe  o/oj  ow ew 
Ce w/nv  o/ni  n/xn  ijo 
Pr e/n x/x e/e o/ii  
Nd x/ow  x/i}  x/i}  }/xj  
Sm i/n o/x e/w x/�
Eu o/j x/j e/j }/j
Gd e/e }/w w o/�
Tb i v/j e/j i/i
Dy }/x }/w e/o }/n
Ho }/j n/j e/j e/i
Er n/i w/i o/i v/x
Tm o/j i/j o/j �/j
Yb }/j v/j o/i e/x
Lu o/j i/j o/j �/j
Ba o/we  x/e n/i}}  ijo 
Sr x/oe  o/oi  o/}e  ooe 
Rb v/o�  ix n/ii�  vn 
Ni ij e v/� v
Co o/ij  w/o i/n e/j
Cr iej iwj e/ixe  �/}j  
Nd x/ow  }/i x/i}  }/xj  
Ta x/i i/o w/o �/w
W i i i/} x/x
Zn nx iix �/i}  }/we  
Zr xj x x/�j  ovj 
U o/i w/j x/o i
Hf e/i x/j w/o v/i

Eu/Eu* i/j w/j e/j x/j
(La/Yb)N o/i}  �/i�  e/iw  }/�
∑ REE o/ixe  w/ioi  n/ij�  �/oxo  

�= ��03,� 4)� �0 12�/ �%6" �6�)& ��
��� ?(>* �� �>2w
� S�"
� �'��$* .'>)��� +
3>,)�.�	 �>6�)& �
���� ��$0 �:M�0

Fe, Mg  H!>t K2�>D . ��9)� .� �2 �� ,�� �Na, Ca, K 
� �0 �R�� 0$L �0 �"3,� 4)�?(* �� w�'>* r�!� S�"-
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�R��H�B "�2- �"�
" ���)* ���D . ���)*�$%0 �%I� _�_

'�" .��)& ��$0 �:M�0 K12�/ �� 4)>� �0 �R�� �� 2� ;�2
 12�/ �0 ��
��� �� �$L ��03,� 4)� �0 �R�� ������ ;�2

 �0 ��* ��03,� �,*�X ��$R� ?,��;< �� +*.� ,12�/ �$�"�-
�
�>,%E ��C>�'%	 ���D ?,(!: #'& �I,�� �� . ��9)� +
" ;�2

��12�/ �,*�X ���2 .
1>2�/ ��>03,� ;�2',b$�,�"�/ �'>* "'>F ;$> �" �>2 -" ;"

 �6�)&REE �>� ��!>� '>)2�)?(>*wN.(�� �/'>* �>)J
LREE�0 �-" �G)� ;��I)2Eu �)�/oxoQn/ij�(∑REE = �

)e/iwQ}/�((La/Yb)N =�)e/jQx/j(Eu/Eu* =  ;$> �" .
�9��HREE 4)� N.O �0 ��M� � H2 �)�< ;�2";'>��"� 

]��[.
-" �
M�>0 �
���� ;"�"� +,����$: 12�/ ���2)�/ijQw/e(

Fe2O3 =�)�/iQo/i(MgO =�>>>>D ���>>>>X �� �>>>>�" �
)�/jQo/j(CaO =�)n/iQw/i(Na2O =�)}/jQo/j(=K2O

. +,
�<)wQv/o(LOI =�>�M�0 �= )?(>*wS>�" .(�
��>��
 ;M�0LOI �>&$HI� ���>��/� ')
=�	 �0 ;�>2 ���>D -�>	 �>
 .
���*;�>�" �>,F$: ?>0�E +,��>��$: ?,(!: ;"�0 ����	" #"'0 .

�
��>>>��)weQx/e(Ba �)oeQoi(Sr�)o�Qix(Rb �� +,
�>>>< 
12�/ '>)��03,� ;�2',b$�,�"�/ -" 7.�G�� �2 .�>0 ;��>I)2Eu 

�0 ��" �0"�0 . �G)� Y"'
'*)w/jQi/jEu/Eu*=(.�>0 ;��>I)2
 H!t �G)�,�Eu 12�/ �� ��>��� ;�2 ��> 2� . �)?(>*

eN([>D '>6�� ?>,�� �>0 ��03,� ;�2',b$�,�"�/ �0 ��
��� ��
12�/ �� �
�,%E ��C�'%	 K2�>D �I,�� �� . �2Rb, Ba, Sr .

�>>>
��� ��Eu�$>>>0 '>>>2"$L .+,
�>>>< �
��>>>��ΣREE �� 
K2�>D ?>,�� �>0 �>2 1>2�/ �>0 �R�� ��03,� ;�2',b$�,�"�/

���D �
���������= �� 1,	�� ;�2 .
,D�: 12�/ �
�,H,* P. ���>��� AB�>)� +,����$: ;�2

 �� �� 2�]����q[��" �'�= .�"�$>H� ��Fe/Fe+Mg �R�>� 
�0X�+Na  X�/��9)� .� �2 �� +,����$: P,D�: ;��$>� 

�'* ��"� ��!� ����0 ��" )?(*x.(+,����$: �>�9)� ;�2;
�,��$* P,D�: �0 �� 2�)?(>*x(1>2�/ .���>��� ;�>2

 ��� ;"�"� �>,�	 �,*�X �0 +2= -" �)J ���2 -" ���!� ;')0 
��$0 [
3,)� -")?(*eS�"(��9)� �� .;�.'>0 Y�R
��: �� 2� 

r�!� ;')0 ���)?(*eN(')��2.


��9S�"Q�%6" �6�)& �
�,H,* P,D�: 12�/;�2N ���= ��03,� 4)� �0 �'* ;��& +,����$: Q�"�$H� �>6�)& ���>� �{�>L �>{ �R�>� �>0 
�
�'){]��[]���� '�" �'*.
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'%F ������H* ���<,
3���� ��9)� �� +,����$: ;�2 ].'� ;�,/ ?(* ��D.-��;��F.�0 _�d


��:��$� ;�2 +,����$: P,D�: ���0�:�� �� 2� ;�2 +,����$:����/;����� ;�2 +,����$: . �,��$* �������/;�,��$* –�
."��
 '��,/ �� �"�E)-" �2 ��"�]����q[��" �'* 8�R�E" .(


��;S�"Q;$ �" K
�H���9)��6�)& ;')0 Fe, Mg 12�/ �� +,����$: �$%0 1: �� �,*�X �0 �,*�X -"������ +,����$: ;�2 .NQ�$R� 
����� ;')0 12�/�� 2� +,����$: ;�2) .-" �2 ��"�]��[��" �'* 8�R�E" .(

�',�& �0;]�����[+,����$: ;'>)0 ��� �>0 �0�>��/ ;�>2
 �),!��F �r�!� . �����/ ;�2Mg . �,*�X �� M�0 Fe M�>0 

�� �� ��!� "� 3D��')2� .��9)� ��;������ )?(>*o�(
���2 ;')0 ��� �$F.;�,>*�X . +2= -" �)J ;M�>0 [
3>,)� 

���* P,D�: �,,|: -" �D�X �� �>�" +,����$: �$%R: ]$B �� �2
 +,����$: �D ���X �>0 �
�>H/�� ;�>2Fe/Fe+Mg V
"�>* M�>0 

� ��!� �$%R: ]$B �� "� ����(
 �
�,H,*$(
3,	')2� �]�_[.
�>,�." ?>X"�� ��;��
�>>H/�� ]$>%5� 1>
 -" +,��>��$: �$>%R: 

���D P,D�: �� +2= YM�H�X" �D�>* �>,:$,0 . �>,�) � ;�>2
 +,����$: �$%0 3D�� �� +2= +�	� M�0 l&�0 +
"�0�)0 ��D '2"$��

���$* .�>�%J �+,��>��$: �$>%R: �
�>���" ?X"�� �� +,)�H2

 �� +,
�< ���* �� +2=
=�,>*�X �� �= K2�>D �>0 �I)� . ';
'* '2"$L +,����$:)?(*o� . �(]�d[.

��$0 �:M�0MgO .Fe2O31>2�/ ���2 �� ��> 2� ;�>2
 12�/ �0 �R�� ��,: ?,�� ������ ;�2 �>0 . �����= ��$0 �:

 ���D ��$R� �0 �F$: 1>
"� �� �>,:$,0 '>)��� 1,	�� ;�2 ;�>2
 ���� ����"$: 12�/ ���03,� ;',�" "� +
3,)�.�	 �6�)& -" ;�


 '2� ;�F �$L ��)]�(*"o. N . S�" wS�".(
�',�& �0;]��[����2 ;< +*.� ,�>0 1>2�/ �$�"� �"$>)&

 �= ��>03,� �>,�"�/ . 1>2�/ 3D�� +,0 �6�)& ��!��" -�� 1

�� N$�5��$* . H!t K2�D,�Na, K, Ca K
"3	" .Fe, 

Mg��" -�� +
" �$�X +,R� �2 12�/ �� ��" ��! .
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�R��H�B "�2- �"�
" ���)* ���D . ���)*�$%0 �%I� _��

<=� 
12�/ Y�>R
��: ?(>* �>0 +,��>��$: �*�R�" ?��* +,����$: ;�2

 ��,�"�/ ;�2 4)� �� ;.�D�G:
A
��	� ')��2 .�>*�R�" +>
"
0���/��%X�� -" ��2;��,�"�/ ;�H/�� �$%R: �
����" ]�f[�>
 .
�2���0;� �
�H/�� 
"� [��,� -" �"�	 �-�F" �D ��" ��	�/ �!
��*"� '�"]d��q���Q�_[.
�0 ���0�� �
��� .� �%D �$B;?(* ��D.-�� 1>2�/ ;�,/-

'��"� �$F. +,����$: ;�2 .iQ�>
 �
�H/�� ��< �),!��F ;�$m: 
�$%R: -" �<]v�}�ov[oQ�
�H/�� ;�$m: Q�0���/ ]�q[.

�����/� �),!��F �0 ]." ��D.-��;���* �2;?X"�� �$0 -" �)J 
�" ��R:�" �� �H/�� �
����" �,%<= �
 . �,:�H < 7�$6 �0 �D �

�>>� �2�>>g�>>	�0 ���>>
�0 �.� +>>
" �� �$>>* -" ?>>6�X ;�>>2
�$* �'
� 4)� �� �),!��F �
 �����/�]�[.

]�[12�/ �	�0 ��
� �R* �0 "� �,�"�/ ;�2 �>,�"�/ ;�2
 �� �R�� ��03,�')2� .�,�"�/ YZ�� ��>03,� �>�"� �>*�� ;�>2

 12�/ ?,(!: l&�0 ��30 ;�2 �� �:'�$* .T�(* ')��� $� ;�2
 ��"� -�� �� ���* ��!��" . 7�F��� l&�0 �2�2;�� . �$0 -" �)J 

�,�"�/ �0���/ �����/� �
��� �>� ��03,� ;�2 �$>* .��D.-�>�
 12�/ ;.�D ?(*�0 �2 �= �%,�. >�. ��,� r�!� YZ��D �2�

���2 �0T�(* ;����" �� ;3D�� �
"-���D ',Du: �2'�"]�[.
]�[���2 ?,(!:;�>
- K)>D". 8��" �0 "� +,����$: -" �)J 

�� �,�$:'2�:
K-feldspar + boron+ iron + water = tourmaline + 

quartz + potassium + acid 
�'* ��". �0 -�,� M�0 K)D". 8��" �0 +,����$: 12�/ ?,(!:

 -" ;�
����B, Al, Fe��"� �,%,� �.�L ..
�& �0,�';]�[� ���L ���* -" �$0 ��2;�$>%R: �
�>���" ?X"�� 

l>>&�0 M�>>0 K)>>D". �� �>>E". ',>>�" . [,>>���< . ��>>��H/��
 �,:$,0 -" +2= ;$!��*�� ��03,� 4)� ;�2 �
��� �� . �$*

 ���2 ?,(!:;T"�>B" �� +
3>,)�.�	 �>6�)& �.�L �0 "� +*.� 
��(�" 12�/ �� �
�<�-�� .�),!>��F �>0 3,� M�0 �.� +
"�0�)0

�/�����;��"� ',Du: ��03,� �,�"�/ �$,�"3,),����$: �
 .
�,��	 �)a
 #.� �.�;�
�H/�� Q#"'>0 . K
"'>F �>0 �0�>��/

 ���* ����	"�2;D�: ?0�E �,J �$0 -" �)J ,��,�"�/ ;�H/�� �0 P
��" ���0".]f��q[.

]f[1>>2�/ �>>���0 �� ;�>>2 �>>,�"�/$D$� �� +,��>>��$: ;�>>2
 �D �"� ��!� �,��H,2 +�$,� 12�/ +
" ��>���/� �>�" �>0 �>2;

���* K
"'F . KL�t -" ?6�X�2;�� �$F. �0 �$0 -" �)J -

')
= .�& �0 +,)�H2,�= �' ���>* +
" �2 ;�,Lu>: �� �>��L �>2
 -�J= -" �(%0 '��"'�
� ��03,� ;�H/�� -" �
��	�/ �! �>0 �>
 . '>�"

 �
�H/�� ���0 7��R& ?(>* ;�2�$%0 �$�X "� �= '2"$* . '�" �"�
�,�"�/ �� +,����$:�� ��03,� ;�2')�"�.

]�q[12�/ 3D�H: ')��� ;'2"$* M�>0 S�� �� �2�
�>
 .
�,*�X ��;�= ��"."�	 K2�D ���$: ?(>* �A>H& K
"3>	" �0 �2
 �= ;.�D �>
 ?(>* �>0 ���>0". ;���L�>� ]�(>*" �"'>�	 . �>2

 �>� �$>L �,��	 7�R�" ;"�0 "� 12�/ �/')D"�< '>��.= .�=�>2 
�',�& 12�/ �.�� ��	�0 ]�(*" �D '��"� ?>,�� �>0 YM�>H�X" �2

�-"'/ K)D".;���* . �$%0 ;.�X ;-" �)J �"'0= F, B, Fe �D 
����	" #"� �0 ��HI�" ]�X �� ;�H/�� �� �>� ?,(!>: �'�" '�$>* .

�0 ���* . �-"'/ -�J= �� �D ;�$B;]��a: �� ��" +(H� �"'0= 
�� ��"�" �'* ��� �D ��� )2 ��" ')*�0 [2 �0
]��a: #'& �'0�

 �� U�'2� .K)D". l&�0 ]��a: #'& +
" �>6�)& ]��>R: -" �
�2
 �� +,����$: . ��C�'%	 +,0 12�/ �,*�X ���$* .�	�>�" �$>0

 �� 12�/ 3D�� �0 -" +>2= . �'* +,����$: ?,(!: l&�0 . �.�
�,�"�/ �� ���* ��03,� �$>* .�< �� >
 1>2�/ �� �� �>D �
�>2

 �>��2 ��>,/ 7�$>6 ��"�= �0 . �����/ �),!��F;�� +>*.� 
<,�� ��I
" 12�/ �$�"� �$>*.�= +,>)�H2 �>2 '>��"� �'>,�& 

12�/ ���* 1
 -" �2;D�: ?0�E �,J �$0 -" �)J ,;�>H/�� �0 P
�� �$F. �0 �$%R: ]�X �� ��,�"�/ �>��� ;.�>X �D ')
= �>
 �>2

12�/ �>0 �t��>E �>D�X +H>� �� . �>�" +,����$: -" �
�2
 M�>0 �H>� �>0 T"�>B" ;�>H/�� �>0 �R�>� ��HD ��� t ?,��

')D �� �D�X .
]��[���>* �� �$>0 �*�R�" �D �"� ��!�;�>H/�� �
�>���" 

%0�E +�	� M�0 l&�0,'>* '>2"$L ���* ��H2 �� N= �,�ZX �.
�0 ���3H2 ���* +
" -" N= K
"'F
"'F��0$>%9� V
"�* ��$0 
�*�R�" �
 �2 ���� ?,(!: ;"�0 "��2;T�(* �� +,����$: ;�>2

��D '2"$L [2"�	 ')���$� .
12�/ ;.�D ?(* ��$� �� �& �0 ��2 >,�';]�_[]$>B �� 

HD �0 ?
�H: �59� ;y��" �"'�� �$%0 '*�,��"� �'* �) ."�>
-
 
�>�HD �� [��>,� �"-= ;y�>�" �R,/ �$��E 8��" �0 �"3>,� +

�0 '��� '2"$L �E�0 �$L ��(,��)
�$��: ]��a: ;"�0 ?,�� +,H2
 �59>� ;y�>�" �0 s$9� �0 �R�� M�0 �59� ;y��" �0 s$9�

 �� '*� ��HD +,
�< '>))D .���>HI�" '>)
=�	 ]$>B �� +
"�0�>)0
 �'))D �.'5� �$�D�	 1
 �59� K!D;�>� N$�5� '*� -
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'%F ������H* ���<,
3���� ��9)� �� +,����$: ;�2 ].'� ;�,/ ?(* ��D.-��;��F.�0 _�f

�$* .12�/ �$F. �� ��!� +,����$: ;�22�;.�>D ?(* �D '
��"� "� �59� ;y��" . �R,/ �"-= ;y��" �"'�� +
��HD .

+,�- '2"$* �>,�$)
- �$F. ')��� �H,*$by . ���)* ;�>2
%<,���$�X ���9)� .� �2 �� �
-$�"'�= �$F. �����0 ��$� ;

�>>,:�H ,� ��>>F.�0 T"�>>B" �� �>>2]�d[�� #.'>>��D �$>>F. .
�,�$)
- �����= ;�2 ]�q[-"'/ ?,(!: �;N.O �%,>�. �0 �,�." 

�� ',
u: "� ;��$L�0 V,5� 1
 �� ���$< '))D]�����[.
�R>>* �!>>�0 N.O%<���>>,���aH2O��D.-�>>� �+,
�>>< 

1>2�/ ��03,� ;�2',b$�,�"�/ ?,(!: ���H�X" +,��>��$: ;�>2
�>>�" ��>> 2� . ���>>��� .V,>>5� 1>>
 �� �2'>>,b$�,�"�/ +>>
"

 �� ?,(!: AH& [D 1,�$:$%< ;�$B �0 '�$* 1>2�/ �D ;�>2
 1
"� �.�� �� �� 2� +,����$: ;',>�" ;�>2)�>,%<= �>2 (�"�>E

 �'* A
�3: �H/�� �$%R: ���
�< ?X"�� �� �D '��"� 1>2�/ . '�"-
�>,�"�/.3�$� �� ���>��� �>�9)� +>*.� �,>*�X �0 ;�2 �>2

 �'* ?,(!: T�(>* �$>F. �D '�" ��,�.��>,� �>
 '>)���$� ;�>2
+
" ��03,� ��$0 AH& [D -" �D�X12�/ ��$0 �2'�" .

�',�& �0;]����������[�)�< �R* N.O ]$B �� �>0 �2
 �"'�� ��-"'/ -" �HD �"'�� �.�L B �'��H,E�0 ;�H/�� �� N= .

�� M�0 N.O -" ?6�X -" �/'>* �>)J +>
" �/" �D �.�BN= .
��"�"
���* . K
"'F '0�;�>� �>�"�" �$0 -" �)J �$>%R: . '>0�


 U� +,����$:��'2� .
"'F
�
�� 1
 ?,(!: l&�0 �
�H/�� K]�$ 0= [?>0�E �,J

D�:,�-"'/ . �,%,� -" P;���>* 1
 . ��$: S�� �� �"'0= ;
-" �>>)JNa, B .Fe�>>� �� �� . �$>>*,;"�>>0 ;��D.-�>>� �>>I

N�RX K
"'F 1>2�/ ?,(!>: . z$>	 �6�)& -" �)J ;�2 ;�>2
 '* '2"$L +,����$:]��[.-�>,� ��$>� [,),�$�= ?,(!>: ;"�>0

 �>��2 -�>� �� �= ]�>���" . �2��C>�'%	 ���>��/� -" +,����$:;
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