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���N ��#K	N ��#�!O)�. ��#9�$N��� SiO2,��1�&'���-NTiO2,
Al2O3, Fe2O3, MnO, MgO, CaF2.NaCl 3��!2.
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 P.3?�%3+ �a(�( �)( .�� %3�� �  �!+ G�1-R !�8R$
 ��!� G�1.�2�/ �� �!?!��)��2 �� %�O�/ -R !&#	( �9 �#K	N 

�(�D3��(�)L6+]�	(.(��(3
 -( �1-R !�8R$ �#9�!�N 
An1.35 �9 An10.65 ��)( �#}O .�
<*� ���2 �� G(
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%3+ �K)�;� G��Og�) P!���,� .�#$ G(�2 B+ ���$ �2 �1
 P.3? �� �!#9�  ���c . �l#� ( T9(7�)( %3+ �a(�( .�?!9 �2

�O)� �2 �(��6F1 . !9!F��!� G3*2]0m[,� .�#$ ���!� G�1
�)��2 T#�4  -( �*@ )�2,#&��#�[0/X��-. 3H�� (-( �#
� .
T�3))-( �OF ]7/X��-. 3H�� (3*O�1 .,� .�#$ S# �9 �1

� ���#�!O)�. ��4�� �(�!F��#9�O��( �J!� -( �#4#).�� 
3#�$!���)()L6+]>.(�(�!F� ��Ti-Na-AlIV �O'#2 �

��!F� �	!� 3H�� �{� ��!� ,� .�#$!*#4  G�1CaTs�B#2 
-(ZX�*@ . 3��(� 3H�� T#�4  -( %3+)CaTs ( 3*O�1)L6+
]�] (0[.[�(�!F� �2 �?!9 �2Q-J]0m[�,� .�#$!*#4  G�1

,� .�#$!*#4  J!� -( �)��2 ��!� G�1Ca-Mg-Fe)Quad (
3*O�1)L6+]M.(����
� �2 �?!9 �2Ti �Cr .Na)�2

�QH S#9�9�XX/X�97Z/X�X .X�/X�9]7/X(��F+ �(�!F� ��
 T9(Altot �2 �K��T9( J!FW� G�1Ti+Cr+Na ��Og�) �� 

,� .�#$ ����  �� %3+ �)��2 G�1%�O�/# �9 �K
,� .�#$!*#4  VD(. ���F/�� G�13*O�1)L6+]�] (0p.[
T�U#*� �35 Mg#=Mg/(Fe+Mg).-( �OF  [i�� 3H�� 

,� .�#$!*#4  �1��'� �)�F/�� -( �!42 B�(3? %3*1�]7X�
7�[T�U#*� �35 ���!F� �)��2 ��!� G�1),#&��#� �2[�(%

��!F� ,�( ��!2 ���F/���� 3#��9 (� �13* .

1 - Ca-tschermaks molecule 
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�.( ?0�<
� ��UW9 ���O�%� �
<*� G�1.�2�/ �� �1-R !�8R$ G(�!#9�  �K)�;� . ��) ���$ �2 �1��l#� ( .
��!F� 1-8 1-9 2-7 2-8 2-9 2-10 4-6 4-7 4-8 6-5 

SiO2(wt.%) im/m� i[/m� ]Z/m0 70/m� 7i/im 0�/m0 pm/m� i�/mX Xm/mX ]7/m7
Al2O3 ii/0X Z[/�p X�/0� 7]/0� X[/0Z mp/0X i0/0X �m/00 mm/0� [Z/0X
FeO XX/X XZ/X XX/X XX/X Xi/X XX/X �7/X Xm/X �]/X XX/X
CaO �Z/X ]0/X p0/X []/X 7[/X p]/X �[/X 0]/� 0]/� 7�/X
Na2O Z0/m ]m/i []/i pX/i i7/Z m�/[ ]7/m i]/i 0]/m 07/i
K2O X[/X Xi/X X]/X X0/X Zp/0 �X/X Xp/X mp/X 0]/X Xp/X
!FW�J Xm/�XX 0i/p[ 0m/�X� ]0/�XX �X/�X� mZ/�X0 ]7/�XX Z0/�X� mX/�XX p0/�XX

Si(apfu) [i/0 p0/0 [i/0 []/0 ii/0 [�/0 [m/0 m[/0 m[/0 p�/0
Al �X/� Xi/� ��/� �7/� 70/� X[/� Xp/� �i/� �Z/� �X/�
Fe XX/X XX/X XX/X XX/X XX/X XX/X X�/X X�/X X�/X XX/X
Ca X�/X X7/X Xm/X Xm/X X7/X Xm/X X�/X �X/X �X/X X0/X
Na 0X/� XZ/� X[/� �X/� [p/X 7i/� �[/� XZ/� �Z/� pp/X
K X�/X X�/X X�/X XX/X ]�/X X0/X X0/X �0/X X]/X X�/X
Or X0/� pZ/X i�/X 7�/X [X/7X XZ/� 0]/� [X/p pi/0 ]X/�
Ab X7/p[ p7/pZ �0/p7 p[/p7 p7/ii [p/p7 Zi/pm ]m/[0 ]�/[p �p/pi
An pZ/X �0/7 0[/i m�/Z 0m/0 Xi/Z 0�/� m0/m i7/m ]�/0

;7�@�	( (�(�!F�Ab-Or-An .�N �2 �)��2 ��!� �
<*� G�1.�2�/ �� �!?!� G�1-R !�8R$ �#YD!� .>(�#9�O�C�( ���C9 �C) �(�!F�)En(�
�#�!O)�.)Wo ( �#4#).�� .)Fs] (0m[,� .�#$!*#4  �)��2 ��!� �
<*� G�1.�2�/ �� �!?!� G�1 .�(�C) �(�!CF� ���C9Ti-Na-AlIV]0[[

#$!*#4 ,� .� �C)��2 ��!C� �C
<*� G�C1.�2�/ �� �!C?!� G�C1)NaT=NaTi0.5R0.5Si2O6�NATAL=NaTiSiAlO6�TAL=CaTiAl2O6�
Ac=NaFeSi2O6�JD=NaAlSi2O6�UR=NaCrSi2O6�CATS=CaAlSi6 & CaFeAlSiO6(M(%�� �(�!F� ,�C .�#$!*#4  G3*2 �C1]0m[

�(�!F�Q=Ca+Mg+Fe2+�2 �K�� J=2Na� �(�(�!F�Ti+Na+Cr �2 �K�� Al]0p.[
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?�.(5�<
� ��UW9 ���O�,� .�#$!*#4  G(%� �
<*� G�1.�2�/ �� �1��).
��!F�(wt.%) SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O J!FW�

1-1 0X/ZZ �Z/X mp/X p0/] �[/X ��/�Z iX/00 7p/X XX/X 77/pp
1-2 Z[/ZZ X0/X mZ/X �m/] �[/X ii/�Z ]m/07 0m/X XX/X �X/�XX
1-3 �m/Zi X]/X �m/X [7/] �m/X �]/�Z ]0/0] 0m/X XX/X 0�/�X�
1-4 p]/ZZ X�/X ]0/X Z]/] 0Z/X 0Z/�Z mZ/07 0p/X XX/X ]Z/�XX
1-5 ]]/ZZ �]/X pm/X Zi/] 00/X ]m/�Z ]X/07 7Z/X XX/X Zi/�XX
1-6 pi/Z] �0/X pX/X Z]/] �m/X 07/�Z Zm/07 7]/X XX/X [0/pp
2-1 i�/Z] �Z/X 0p/� i7/] �Z/X mm/�Z mZ/00 7i/X XX/X m�/pp
2-2 XZ/Zi X0/X Z0/X �[/] 0X/X 77/�Z �m/0] 77/X XX/X mp/�XX
2-4 7]/ZZ �]/X �p/� Z]/] �]/X 7X/�Z i0/07 7X/X XX/X Zm/�XX
3-5 �p/ZZ 0X/X [i/X X7/Z 0�/X �Z/�Z 0�/07 7m/X XX/X 07/�XX
3-6 �p/ZZ �m/X p7/X ]Z/] �m/X 7i/�Z ]7/07 7m/X XX/X Xi/�XX
3-7 i]/ZZ 0X/X pm/X Zi/] �i/X 00/�Z ii/07 7i/X XX/X mm/�XX
4-1 7i/ZZ �[/X 07/� [i/] 0]/X �Z/�Z ii/07 7p/X XX/X Xm/�X�
4-2 7Z/ZZ �]/X X7/� [7/] �i/X �X/�Z pZ/07 7i/X XX/X p�/�XX
4-3 ZX/ZZ �]/X mp/X ]p/] 0�/X ][/�Z [0/07 7i/X X0/X [�/�XX
4-4 7Z/ZZ �0/X m7/X ]Z/] �i/X Zi/�Z ]X/07 0[/X XX/X XZ/�XX
4-5 pm/Z] �7/X 0X/� im/] �m/X 00/�Z ZX/07 7�/X X0/X �[/�XX
5-1 ]p/ZZ �X/X pZ/X mm/] �m/X 7X/�Z m7/07 0i/X X�/X mm/�XX
5-2 X[/ZZ �]/X X�/� Z[/] �[/X 07/�Z Z7/07 7m/X X0/X ��/�XX
5-5 ]X/ZZ �i/X �[/� ZZ/] �[/X ]7/�Z pZ/07 7X/X X0/X �i/�X�
5-6 0�/ZZ �Z/X Xm/� ]i/] �X/X ZZ/�Z �7/0] 0p/X XX/X pm/�XX
6-1 im/ZZ �p/X pp/X m7/] 0X/X X�/�Z im/07 7�/X XX/X m[/�XX
6-2 70/Z] �p/X 0�/� ]p/] �m/X ZZ/�] mp/07 7Z/X XX/X X[/pp
6-3 XX/ZZ �Z/X 0i/� []/] �[/X [�/�] X0/0] 7i/X XX/X i�/�XX
6-4 [[/Z] 0�/X 7m/� [i/] 00/X [0/�] �Z/0] ]X/X X�/X p�/�XX

?�.(6�!#9�  �K)�;� =�)( �2 �1u�l#� ( .
��!F�(apfu) Si Al Ti Mg Fe Ca Na K Al (IV) Al(VI) mg# En Fs Wo 

1-1 X7/0 �0/X XX/X [7/X ��/X [p/X X7/X XX/X X]/X X[/X Z0/[[ �Z/]] 7m/[ ][/]m
1-2 X0/0 ��/X XX/X [Z/X �X/X p�/X X0/X X�/X X]/X Xm/X im/[p mp/]] p[/i 0]/][
1-3 X7/0 �X/X XX/X [0/X �]/X pZ/X X0/X XX/X XZ/X XZ/X X7/[Z iZ/]0 pX/m ]]/]p
1-4 X7/0 �0/X XX/X [7/X �0/X p0/X X0/X XX/X XZ/X Xm/X Xp/[m Zm/]7 im/m mi/][
1-5 X�/0 �X/X XX/X []/X ��/X p�/X X0/X X�/X X7/X Xm/X ii/[[ 07/]] ip/m Xp/][
1-6 X�/0 Xp/X XX/X [7/X ��/X p0/X X0/X XX/X X7/X Xm/X pi/[m mZ/]7 iX/m iZ/][
2-1 XX/0 X[/X XX/X [i/X X[/X [p/X X7/X X�/X X�/X Xm/X �[/p� 7�/]Z m�/m p[/]i
2-2 X7/0 ��/X XX/X [7/X �0/X p]/X X0/X X�/X X]/X Xm/X pm/[i iX/]7 pp/i ]X/]p
2-4 XX/0 �X/X XX/X [0/X ��/X p0/X X0/X XX/X X7/X X[/X i]/[[ []/]7 Z0/m iZ/][
3-5 X�/0 �X/X X�/X [0/X �0/X p�/X X7/X XX/X X7/X Xm/X ]p/[m Zm/]7 ]i/[ pm/]m
3-6 X�/0 �X/X XX/X [7/X ��/X p�/X X7/X XX/X X7/X Xm/X Zp/[[ �Z/]] ]Z/m ]X/][
3-7 X�/0 ��/X X�/X [0/X �0/X p0/X X7/X XX/X X]/X X[/X i0/[m iZ/]7 iX/m mZ/][
4-1 XX/0 Xp/X XX/X [0/X �0/X p0/X X7/X XX/X X0/X Xm/X X[/[m 0i/]7 �[/[ Zi/][
4-2 X�/0 Xp/X XX/X [0/X �7/X p7/X X7/X XX/X X0/X Xm/X 7]/[i XX/]7 pm/m X0/]p
4-3 X�/0 Xp/X XX/X [7/X ��/X p0/X X7/X XX/X X7/X Xi/X 07/[[ p7/]7 ]p/m Zp/][
4-4 X0/0 �X/X XX/X [Z/X �X/X p�/X X0/X X�/X X7/X Xm/X �m/[p Z�/]] 7p/m Xp/][
4-5 XX/0 Xp/X XX/X [7/X ��/X p0/X X0/X XX/X X0/X Xm/X 0X/[[ mX/]7 [X/m ZX/][
5-1 X�/0 �X/X XX/X [0/X ��/X p0/X X0/X XX/X X7/X Xm/X [m/[m Zi/]7 [p/m Zi/][
5-2 X�/0 Xp/X XX/X [7/X �0/X p0/X X7/X X�/X X7/X Xm/X i]/[m mZ/]7 ii/m Zp/][
5-5 XX/0 X[/X XX/X [7/X ��/X p7/X X0/X XX/X X0/X Xm/X Xm/[[ m�/]7 Z0/m mm/][
5-6 pZ/� Xm/X XX/X [0/X XX/X p�/X X0/X Xp/X X�/X Xi/X XX/X [i/]7 07/m p�/][
6-1 X�/0 �0/X X�/X [�/X �0/X p0/X X0/X XX/X X]/X X[/X pX/[i �]/]7 pi/m pX/][
6-2 XX/0 �X/X X�/X [X/X �]/X p]/X X0/X X�/X X0/X X[/X 70/[Z ]m/]0 i7/m pX/]p
6-3 XX/0 Xp/X XX/X [X/X �7/X p7/X X7/X XX/X X0/X Xm/X im/[Z ]Z/]0 Xm/[ ][/]p
6-4 pp/� Xm/X X�/X [X/X �]/X p]/X X7/X X�/X X�/X Xm/X ��/[Z 7X/]0 �]/[ Zi/]p

?���A�2:���  �&�� -( P!K#Q�NI*) �� �!?!� G�1 ��!� G�1
�)��2�)( .�2 ���N G��Og�) P!��� �K)�;� ���O�=�)( 

P!K#Q�N ��(3��O)( P!���AB2C5
IVT8O22(OH)2]70[�2

���$07. �l#� ( �7�� �!#9�  %�&��? �'1 . ��?.��c 
P.3? �� ��?.]%��.N�)( %3+ .�(3
� �2 �?!9 �2BCa 

)%�&��? �� �!?!� T#�4 B^[i/��9p�/�(�(3
� .BNa 
)%�&��? �� �!?!� T�3)B^X[/X�9�7/X(P!K#Q�N ��1��!� G

�)��2 �F#�4  J!� -( 3*O�1)L6+Z�	(("�� �(�!F� �� .-
P!K#Q�N G�(x/ �1]7X[�9 �#	!*#O ( %�O�/ �� �

�(�D 3*4K��!1!�U#*�3��(�)L6+Z>.(=�)(�2F��(�! `#6Q9 
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%3** P!K#Q�N ��!/�/� -( ���F/�� G�1]77[�P!K#Q�N G�1
 ��!� G�1.�2�/ �� �!?!� �#	.(�)��2 3*O�1 ���F/�� J!� -( 

)L6+Z�.(�(��6F1 . `#	]70[3
� �  3�3
OY�(�Si ��

P!K#Q�N -( �OF  ���F/�� G�17/m��)( 3H�� �6#9�!H �� 
P!K#Q�N G��2 n#4#) �2 ���17/m3H�� :g ��- G�13*�(�� -(

%3�N �!?. �2 ��FW�( 3�(]7]�7Z.[

?�.(B�<
� ��UW9 ���O� P!K#Q�N G(�!#9�  �K)�;� . �)��2 ��!� G�1.�2�/ �� �1 =�)( �2 �1���l#� ( .
��!F� 3-1 3-2 3-3 3-4 5-7 5-8 

SiO2 (wt.%) Zp/Z] Z]/]i m0/]m Zm/][ m7/]i mp/]m
TiO2 0X/X ]p/� [7/� ]p/� [p/� m7/�
Al2O3 �0/] ii/�X ]Z/p Zm/[ 0]/�X ]p/p
FeO ]7/i X0/p ]7/[ ]p/[ pm/[ m�/[
MnO ��/X �m/X �X/X �0/X �0/X 0X/X
MgO 0p/�[ 7m/�] 0i/�Z im/�Z [�/�] 7i/�Z
CaO Zm/�0 pi/�� �X/�0 07/�0 7m/�0 7p/�0
Na2O Z0/X ]�/� 7�/� 7X/� Z0/� ]Z/�
K2O 0Z/X Xi/� XX/� m[/X X�/� pX/X
J!FW� �X/pm i[/pi �p/pm 0]/pm iZ/pm X]/p[

Si(apfu) ip/m mm/i [[/i pp/i mi/i [i/i
Ti XX/X XX/X XX/X XX/X XX/X XX/X
Al i[/X [7/� i�/� ]Z/� mZ/� iX/�

Al(IV) 7�/X 07/� �0/� X�/� 0]/� �]/�
Al(VI) 7m/X iX/X ]p/X ]]/X ZX/X ]i/X

Fe mi/X �X/� X0/� X0/� X[/� X]/�
Mn Xp/X X[/X Xm/X Xm/X X7/X X7/X
Mg �m/0 pZ/� 70/0 pZ/0 XZ/7 00/7
Ca pX/� [i/� [m/� [[/� p0/� pX/�
Na �]/X ]X/X 7m/X 7i/X ]0/X ]X/X
K XZ/X 0X/X �[/X �]/X �p/X �m/X

B: Ca pX/� [i/� [m/� [[/� p0/� pX/�
B: Na �X/X �]/X �7/X �0/X X[/X �X/X
mg# []/X m]/X mi/X mm/X mZ/X mi/X
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;7CC�DP!CCK#Q�N ���#F#CC+ SCC# �9�CC	( �� �CC)��2 ��!CC� G�CC1 (�(�!CCF� ��BNa+BCa �CC2 �K�CC� BNa]70[> �(�(�!CCF�Si �CC2 �K�CC� 
Mg/(Mg+Fe2+)]70[� .(P!K#Q�N ���)�*+ �(�!F� ,��bN -( ��!/�/� G�1]77.[
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 �#
!��+ � *��3�+ �$.�E!"$�+.��
�$
� '2 
/�� G�13*�(�� �2 �l#� ( �/3�U��/ J!� . �!4K9 �	(!9 ����F

��� #�2 �y( %3+ �!4KO� G�1��. ��(� G�(3
� �N:#;� J!� �2 
,#�-�)( �O�2(. �F/�� �Og�) .�(�!F� ��AlVI+2Ti+Cr 

�2 �K�� AlIV+Na]7i[�(�D �,O+(���!F� ��!� G�1�)��2 
:g ,#��$Fe+3=0 �&��#2���  �!4K9 ��!� ,� .�#$ G�1

�)��2�/3�U��/ �� �)( �l#� ( ,#��$ ./(�(�!F� ,�( �� �
��!F�3*+�2 �O+(� �(�D :g G��2 �1���'� �&G��2 �/3�U��/ 

�)( �l#� (.VD(. �� ���!F� �4H�� �c �1 ��-(!� :g -( �1
Fe+3=0 ��!2 �OF  �� �O'#2 S#9�9 �2 3+�2 �OF  �� �O'#2 

(� ,� .�#$!*#4  ���  �!4K9 :#;� �� �l#� ( �/3�U��/
��� ��' 31�)L6+i�	(.(

V�-!9AlIV %�&��? ��G�1�'1 �� ��?.��c . ��?.
,##Y9��(� ��2��  ��'� . �F/�� >N �(3
� .B�(U�(�(3
�AlIV 

,� .�#$ �!4K9 :#;� �� >N �(3
� B1�  %3*1� ��'� �)�1
]7m.[�(�!F� =�)( �2AlIV �2 �K�� AlVI,� .�#$ �G�1

 �� �)��2 ��!�%�O�/�'� �kbarZ>N �(3
� .�X3H�� 
%3+ L#6'93�()L6+i>.(

�FG
� ���� H�4� � �!
�$
� %"� ���I� 
S# �9 �2 %3�-�) G�F/�� %�&O)�g . ���#F#+ S# �9

,� .�#$!*#4  ���#F#+ ��(� �y( �1]7[.[%��QO)( �2 �W#O� ��
�� ,� .�#$ ���  ���#F#+ S# �9 -( . ���F/�� G�) �2 �(!9

%�&��?,#�- ��2 �$ ��2U#� G�F/�� �Og�)]7p�]X.[�2
�4H( �H�*5 G�13#� ( �(�!F� -( %��QO)(Al2O3�2 �K�� 

SiO2���  %3�-�) G�F/�� ��!2 ���#4D �F#� ��)��2 ��!� G�1
�� h�'� �!+)L6+m�	(.(�(�!F� ��TiO2�2 �K��

Al2O3�,� .�#$!*#4  �61N %�O�/ �� �)��2 ��!� G�1
�#4D 3*O�1 VD(. ��)L6+m>.(��!F� �� �!?!� P!K#Q�N G�1

 G�1�(�!F� �� U#� �1.�2�/3*4K��!1TiO2�2 �K�� Al2O3.
MgO 3��(� �(�D ���#4D �F#� %�O�/ �� )L6+G�1mM . �.(

,#�- :#;� �)��2 G(�2%�!9 �Og�) =�)( �2 ��.�2�/ G�1
 G�1�(�!F� ����N �� �!?!� ,� .�#$!*#4  ���  �j(�_ G��#�2

�)( %3+ .�(��6F1 . ���O	]7p[�!#9�  =�)( �2 G�(�!F�
 �H�*5Ti+Cr �2 �K�� Ca,� .�#$!*#4  �  3��!F� �a(�( -

��#� �O'$ :#;� G�1 -( (� �O#o	!9 . �)!��#D(
,� .�#$!*#4 �� `#6Q9 ���'Q'9N ��F  :#;� G�13*  .�2

,� .�#$!*#4  =�)( ,�(� �� �)��2 ��!� G�1 ��F  :#;
%3+ L#6'9 ���'Q'9N 3�()L6+��	(.(�(�!F� �� ,#*|F1

F1-F2]]�[. �4H( �H�*5 G�13#� ( �F1 S# �9 ���$ �2 � 
,#�- :#;� `#6Q9 G(�2 ,� .�#$!*#4  �5���	(-�2 �Og�) -

�)( %3+ �j(�_ �1 :
F1 = -0.012 × SiO2 - 0.0807 × TiO2 + 0.0026 ×
A12O3- 0.0012 × FeO* - 0.0026 × MnO + 0.0087 × 
MgO-0.0128 ×CaO -0.0419 × Na2O 
F2 = -0.0469 ×SiO2 -0.0818 × TiO2 -0.0212 × 
A12O3-0.0041 ×FeO*-0.1435 × MnO-0.0029 × 
MgO+0.0085 × CaO+0.0160 × Na2O
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;7�J�	( (�(�!F�AlVI+2Ti+Cr �2 �K�� AlIV+Na�� ,� .�#$!*#4  �)��2 ��!� G�1 ]7Z[.>(V�-!9Al%�&��? �� . ��?.��c G�1
�'1,� .�#$!*#4  S# �9 �� ��?.���2 �(3
� ���$�2 �)��2 ��!� G�1 >N ]7i.[
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;7�K���  S# �9 %� �
<*� G�1.�2�/3*4K��!1 �� �!?!� ,� .�#$!*#4  G�1> . �	( �� ��) (�(�!F�Al2O3�C2 �K�C� SiO2.TiO2]]�[
S# �9P!K#Q�N%� �
<*� G�1.�2�/3*4K��!1 �� �!?!� G�1M . � �� ��) (G�1�(�!F�TiO2�C2 �K�C� MgO.Al2O3]�p[���C)�*+ G(�C2

�1.�2�/3*4K��!1 ,�( G�F/�� �+�).
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;7�L�	( (�(�!F�Ca �2 �K�� Ti+Cr]7p[,� .�#$!*#4  G(�2%� �
<*� G�1.�2�/3*4K��!1 �� �!?!� G�1)> � �� (,� .�#$!*#4  %�&��? -
�(�!F� �� �)��2 ��!� G�1F1-F2]]�) .[VAB :�	(-�2 ����'Q'9N ��F  G�1OFB :�	(-�2 ��)!��#D( �O�2 G�1WPT :�	(-�2 ��#� �O#o	!9 G�1

�;QH . G(WPT :�	(-�2��#� ���#4D G�1�;QHG(.(�(�(�!F�TiO2�2 �K�� Alz]]0[,� .�#$!*#4  G(�21G�1.�2�/3*4K��!1 �� �!?!� G�
%� �
<*�M � ��) (%��P!K#Q�N ���F/�� �Og�) ,#�- G3*2%� �
<*� G�1.�2�/3*4K��!1 �� �!?!� G�1 ��)]]7.[
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