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JhkkbckdZy�ZdZ^_fby�gZmd⋅MjZevkdh_�hl^_e_gb_
MjZevkdbc�fbg_jZeh]bq_kdbc�k[hjgbd��������������

<��=��Dhjbg_\kdbc��?��B��Qmjbg

IJBJH>:�G?H>GHJH>GHKL?C�KHKL:<:�@?>JBLH<
BA�DJBKL:EEHKE:GP?<�B�:FNB;HEBLH<

BEVF?GKDBO�=HJ�G:�MJ:E?

V. G. Korinevsky, E. I. Churin

BY NATURE OF GEDRITES COMPOSITION HETEROGENEITIES
FROM CRYSTALLINE SHISTS AND AMPHIBOLITES OF ILMEN

MOUNTAINS ON URALS

By microprobe analysis at first for Urals considerable fluctuations of
composition in variable points of optic homogeneous gedrite crystalls from
cummingtonitic crystalline shists and amphibolites of kyshtim stratum of
Ilmenian metamorphic complex are discovered. As a rule marginal zones of
crystalls are composed by antophyllite lamellae. Sometimes it may be
presence at middle of grains. Their thickness is 10—100 mkm. Gedrites from
crystalline shists conform to composition of typical varieties of gedrite.
Gedrites from growthes with antophyllite in cummingtonitic amphibolites
conform to solid solution of antophyllite-gedrite. Clean gedrite is one from
garnet-biotite crystalline shists.

@_^jblu�\�f_lZfhjnblZo�Bevf_gkdbo�]hj�hibkZgu�kh\k_f

g_^Z\gh�>�]��Hgb�\uy\e_gu�\�khklZ\_�[bhlblh\uo�b�dmffbg]lhgb-
lh\uo� djbklZeehkeZgp_\�� Z� lZd`_� \� dmffbg]lhgblh\uo� Zfnb[h-
eblZo�� keZ]Zxsbo� ebgah\b^gu_� [ehdb� \� durlufkdhc� d\Zjpblh�

keZgp_\hc� lhes_� gZ� \hklhqghf� [_j_]m� ha�� ;he�� FbZkkh\h

�aZe�� Aujygh\dZ���<� h[jZapZo� b�rebnZo� k\_leh�dhjbqg_\u_� djb-
klZeeu� g_� h[gZjm`b\Zxl� p\_lh\hc� ahgZevghklb� b� \u]ey^yl� dZd

g_^_ebfu_�bg^b\b^u�[_a�^\hcgbdh\h]h�kljh_gby��J_gl]_gh\kdb_

oZjZdl_jbklbdb��hilbq_kdb_�^Zggu_��fbdjhl\_j^hklv��bgnjZdjZk-
gu_�ki_dlju�m�`_^jblh\�ba�i_j_qbke_gguo�jZagh\b^ghkl_c�ihjh^

hdZaZebkv�koh^gufb�k�ZgZeh]bqgufb�iZjZf_ljZfb�lbih\uo�`_^-
jblh\� >�@��F_kk[Zmwjh\kdZy� ki_dljhkdhiby�ih^l\_j^beZ�hlkmlkl-
\b_�\�bevf_gkdbo�`_^jblZo�bhgh\�)H3+��<f_kl_�k�l_f��m`_�\�i_j-
\hc�im[ebdZpbb� >�@�h[jZsZehkv�\gbfZgb_�gZ� kms_kl\_ggu_�jZa-
ebqby�\�obfbq_kdhf�khklZ\_�`_^jblh\�ba�djbklZeehkeZgp_\�b�Zf-
nb[heblh\��Ijb�bamq_gbb�khklZ\Z�`_^jblh\�gZ�fbdjhZgZebaZlhj_

-;$����� \� hl^_evguo� a_jgZo� \klj_qZebkv� hij_^_e_gby� $O2O3� k

[hevrbf�jZafZohf�kh^_j`Zgbc���hl��²��^h���²������D�kh`Ze_-
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gbx��^he`gh]h� \gbfZgby� wlbf� ZghfZebyf� khklZ\Z�`_^jblh\�fu

lh]^Z�g_�ijb^Zeb�>�@�

Ijhykgblv� kblmZpbx� m^Zehkv� ijb� [he__� lsZl_evghf� bam-
q_gbb�khklZ\Z�ahg�djbklZeeh\�`_^jblZ�\�bo�ihi_j_qghf�k_q_gbb�

Ba�hkgh\guo�jZagh\b^ghkl_c�`_^jblkh^_j`Zsbo�ihjh^�durluf-
kdhc� lhesb�bevf_gh]hjkdh]h� dhfie_dkZ��h[gZ`Zxsboky�gZ� \hk-
lhqghf�[_j_]m�ha��;he��FbZkkh\h�\�aZe��Aujygh\dZ�^ey�bkke_^h\Z-
gby�gZ�fbdjhahg^_�[ueh�hlh[jZgh�ih���a_jgZ��<�lZ[e���²��ijb\_-
^_gu� ^Zggu_� ih� gZb[he__� oZjZdl_jguf� a_jgZf� ba� bf_xsboky

\u[hjhd��Ij_^\Zjbl_evgh_�hilbq_kdh_�b�j_gl]_gh\kdh_�bamq_gb_

wlbo�fbg_jZeh\�>�@�iha\heyeh�]h\hjblv�h[�hlg_k_gbb�bo�d�jhf[b-
q_kdbf�`_e_ah�fZ]gb_\uf�Zfnb[heZf��gZb[he__�[ebadbf�d�`_^-
jblZf��Ihemq_ggu_�gh\u_�^Zggu_� k\b^_l_evkl\mxl�h�gZebqbb�\

bo�khklZ\_�i_j_f_`Zxsboky�mqZkldh\�ZglhnbeeblZ�b�kh[kl\_ggh

`_^jblZ��J_qv�b^_l�h�djbklZeeZo�²�kmi_jbg^b\b^Zo�\�ihgbfZgbb

<��:��Ihih\Z�b�<��B��Ihih\hc�>�@��KijZ\_^eb\hklv�lZdh]h�aZdex-
q_gby� ih^l\_j`^Z_lky� djbklZeehobfbq_kdbfb� nhjfmeZfb� kj_^-
gbo�khklZ\h\�wlbo�fbg_jZeh\�ba�kjhkldh\� �lZ[e������GZb[he__�km-
s_kl\_ggufb�bo�jZaebqbyfb�y\eyxlky�kh^_j`Zgby�$O2O3�b�1D2O.
<�`_^jblZo�dhebq_kl\Z�$O2O3�g_�^he`gu�himkdZlvky�gb`_������Z

Na2H� ^he`gh� [ulv� [he__� ���� ��� >�@�� WlZ� hkh[_gghklv� [ueZ� bk-
ihevah\ZgZ� ^ey� hij_^_e_gby� fhjnheh]bb� \u^_e_gbc� `_^jblZ� b

ZglhnbeeblZ� iml_f� khklZ\e_gby� j_gl]_gh\kdbo� dhglmjguo� dZjl

>�@��GZ�fbdjhahg^_�-;$�����[ueh��ijh\_^_gh��bk-

Jbk�����JZkij_^_e_gb_�Zglhnbeeblh\hc�nZau�\�djbklZeeZo�`_^jb-
lZ��ijh[Z�BD������������ba�]jZgZl�[bhlblh\h]h�djbklZeehkeZgpZ�

1 ²�`_^jblh\Zy�nZaZ��� — Zglhnbeeblh\Zy�nZaZ��� — dhglmju�djbklZeeZ
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LZ[ebpZ��

Obfbq_kdbc�khklZ\��fZk�����mqZkldh\�\�ihi_j_qghf�k_q_gbb
djbklZeeZ�`_^jblZ���ijh[Z�BD������������ba�]jZgZl�[bhlblh\h]h

djbklZeehkeZgpZ��\�durlufkdhc�lhes_
�dhiv�����Bevf_gkdh]h�aZih\_^gbdZ�

Dhfih-
g_gl

1 2 3 4 5 6 7 8 9 10

SiO2 43.74 43.52 43.61 44.56 45.53 45.13 43.96 43.73 42.92 44.50
TiO2 0.25 0.26 0.26 0.28 0.25 0.23 0.20 0.26 0.28 0.21
Al2O3 17.72 16.73 16.93 15.02 15.29 15.83 16.55 16.82 17.15 16.63
FeO 18.61 18.17 17.97 18.07 18.41 18.22 18.04 18.06 18.00 18.25
MnO 0.30 0.31 0.26 0.29 0.27 0.31 0.26 0.29 0.26 0.25
MgO 16.00 16.04 15.85 16.50 16.68 16.51 16.26 16.17 15.92 16.00
CaO 0.50 0.49 0.80 0.51 0.45 0.49 0.52 0.55 0.54 0.52
Na2O 1.68 1.61 1.53 1.31 1.32 1.34 1.43 1.49 1.51 1.47
KmffZ 98.80 97.13 97.21 96.54 98.20 98.06 97.22 97.37 96.58 97.83

Ijbf_qZgb_�� ZgZebau� \uiheg_gu� gZ� fbdjhahg^_� -;$����� \

BFbg�MjH�J:G�ijb�gZijy`_gbb����d<��kbe_�lhdZ����g:��^bZf_lj_�imqdZ

��fdf��:gZeblbd�?��B� Qmjbg���²���²�ihke_^h\Zl_evgu_�lhqdb�\�ihi_-
j_qghf� k_q_gbb� djbklZeeZ��Kh^_j`Zgby� &U2O3, K22�� )�� &O� gZoh^ylky� \

ij_^_eZo��²������

LZ[ebpZ��

Obfbq_kdbc�khklZ\��fZk���mqZkldh\�\�ihi_j_qghf�k_q_gbb
djbklZeeZ�`_^jblZ��ijh[Z�BD������������ba�]jZgZl�

dmffbg]lhgblh\h]h�djbklZeehkeZgpZ�\�durlufkdhc�lhes_
�dhiv�����Bevf_gkdh]h�aZih\_^gbdZ�

Dhfih-
g_gl

1 2 3 4 5 6 7 8 9

SiO2 50.78 46.77 42.89 44.49 46.04 43.92 44.58 48.82 51.04
TiO2 0.15 0.31 0.18 0.30 0.20 0.26 0.24 0.18 0.11
Al2O3 7.30 14.14 15.26 17.63 14.65 17.67 16.90 7.83 6.74
FeO 19.92 19.16 20.31 19.21 19.34 18.96 19.13 19.97 20.38
MnO 0.15 0.17 0.15 0.18 0.16 0.12 0.11 0.18 0.16
MgO 19.01 16.50 16.62 15.70 16.77 16.00 16.16 18.96 19.75
CaO 0.44 0.76 0.44 0.61 0.51 0.59 0.61 0.49 0.49
Na2O 0.55 1.11 0.87 1.42 1.20 1.47 1.27 0.55 0.48
KmffZ 98.30 98.92 96.72 99.54 98.87 98.99 99.00 96.91 99.15

Ijbf_qZgb_��kf���lZ[e����

ke_^h\Zgb_�jZkij_^_e_gby�kh^_j`Zgbc�$O2O3�ih�iehsZ^b�ijhZgZ-
ebabjh\Zgguo� jZg__� a_j_g�`_^jblZ� �jbk�� �²����MqZkldb�� kh^_j-
`Zsb_� [he__� �� �� $O2O3�� [ueb� hlg_k_gu� d�`_^jblZf�� Z� k� [he__

gbadbfb�dhebq_kl\Zfb�$O2O3 ²�d�ZglhnbeeblZf�

GZb[he__� h^ghjh^gufb� ih� khklZ\m� hdZaZebkv� djbklZeeu

`_^jblZ��ba��]jZgZl�[bhlblh\uo�djbklZeehkeZgp_\��lZ[e������D�Zg�
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Jbk�����KbglZdkbq_kdb_�kjhkldb�Zglhnbeeblh\hc�b�`_^jblh\hc�nZa

\�djbklZeeZo�ba�]jZgZl�dmffbg]lhgblh\h]h�djbklZeehkeZgpZ��:�²�ijh[Z

BD������������;��<�²�ijh[Z�BD�����������
Mkeh\gu_�h[hagZq_gby�kf��gZ�jbk���

lhnbeeblh\hc�nZa_� a^_kv�fh`gh� hlg_klb� ebrv� hq_gv�fZehfhs-
gu_��f_g__����fdf��ij_ju\bklu_�mqZkldb�ih�i_jbn_jbb�djbklZe-
eh\��j_`_�²�\�bo�k_j^p_\bg_�

Bf_ggh�\�wlbo�ihjh^Zo�`_^jblh\u_�djbklZeeu�bf_xl�bg-
^mdpbhggu_� ih\_joghklb� kbgojhggh]h� jhklZ� k� hdjm`Zxsbfb

a_jgZfb�[bhlblZ�b� eZ[jZ^hjZ��<�^jm]hc�jZagh\b^ghklb� djbklZe-
ehkeZgp_\� �]jZgZl�dmffbg]lhgblh\uo�� hilbq_kdb� h^ghjh^gu_

djbklZeeu��ijbgbfZ\rb_ky�aZ�`_^jbl��hdZaZebkv�kjhkldZfb�f_e-
dbo� ���²����fdf��\u^_e_gbc�ZglhnbeeblZ�b�kh[kl\_ggh�`_^jb-
lZ��<�jZaguo�a_jgZo�ba�h^gh]h�h[jZapZ�hlghkbl_evgZy�jhev�b�jZk-
ij_^_e_gb_�ih�iehsZ^b�wlbo�jZagh\b^ghkl_c�jhf[bq_kdbo�Zfnb-
[heh\�fh]ml�hq_gv�hlebqZlvky��QZs_�\k_]h�Zglhnbeeblh\ufb�ih

khklZ\m�y\eyxlky�[hdh\u_�]jZgb�ijbaf� �lZ[e�� ���jbk�� ����@_^jbl

fh`_l�khklZ\eylv�hkgh\ghc�h[t_f�a_jgZ��jbk���:���aZgbfZlv�djmi-
gu_�mqZkldb�\�_]h�k_j^p_\bg_��jbk���;���eb[h�keZ]Zlv�f_edb_�ieZ-
klbgqZlu_�\jhkldb�\�Zglhnbeebl_��jZa[jhkZggu_�ih�\k_c�iehsZ^b

a_jgZ��jbk���<).
�Obfbq_kdbc�khklZ\�`_^jblh\�ba�h[hbo�\b^h\�djbklZeehk-

eZgp_\� [ebahd� �lZ[e�� ���� Hg� gZb[he__� khhl\_lkl\m_l� lbih\hfm

`_^jblm� >�@�� <� dmffbg]lhgblh\uo� djbklZeehkeZgpZo� `_^jblu

h[jZamxl�^ebggu_�madb_�djbklZeeu�\�djZ_\uo�dZcfZo�[m^bgbjh-
\Zgguo� l_e��DZcfu� i_j_k_dZxl� f_lZfhjnbq_kdmx� ihehkqZlhklv

ihjh^u��qlh�]h\hjbl�h�[he__�iha^g_f�h[jZah\Zgbb�`_^jblZ�
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Obfbq_kdbc�khklZ\���fZk����mqZkldh\�\�ihi_j_qghf�k_q_gbb�djbklZeeZ
`_^jblZ��ijh[Z�BD����������\��ba�dmffbg]lhgblh\h]h�Zfnb[heblZ�\

durlufkdhc�lhes_��dhiv�����Bevf_gkdh]h�aZih\_^gbdZ�

Dhf-
ih-
g_gl

1 2 3 4 5 6 7 8 9

SiO2 53.16 52.93 48.69 49.34 54.17 49.56 50.18 53.34 54.49
TiO2 0.11 0.12 0.18 0.18 0.10 0.23 0.23 0.09 0.03
Al2O3 5.16 4.53 9.88 9.45 3.14 9.75 9.12 4.27 2.93
FeO 17.69 18.46 18.33 17.97 18.43 18.16 18.41 18.57 18.51
MnO 0.26 0.26 0.32 0.28 0.25 0.26 0.30 0.30 0.27
MgO 20.91 21.44 19.41 19.48 22.00 19.46 19.74 21.68 22.04
CaO 0.57 0.60 0.76 0.80 0.56 0.78 0.77 0.60 0.56
Na2O 0.33 0.35 0.91 0.91 0.13 0.83 0.80 0.32 0.21
Kmf-
fZ

98.19 98.69 98.48 98.41 98.78 99.03 99.55 99.17 99.04

Ijbf_qZgb_��kf��lZ[e����

Klhev�`_�g_h^ghjh^gu�b�djbklZeeu�`_^jblZ�ba�dmffbg]-
lhgblh\uo�Zfnb[heblh\��keZ]Zxsbo�[m^bgbjh\Zggu_�ijhkehb�\

]jZgZl�[bhlblh\uo�djbklZeehkeZgpZo��lZ[e�����jbk�����

Ke_^m_l� ih^q_jdgmlv�� qlh� wlb�`_^jblu�� dZd� b� ahgZevgu_

djbklZeeu�ba� dmffbg]lhgblh\uo� djbklZeehkeZgp_\�� lZd`_� y\ey-
xlky�[he__�iha^gbfb�h[jZah\Zgbyfb�>�@��:glhnbeeblh\Zy�nZaZ�\

hl^_evguo� a_jgZo� aZf_lgh�ij_h[eZ^Z_l�gZ^�`_^jblh\hc� �jbk�� ���

Ihke_^gyy�keZ]Z_l�djmigu_�mqZkldb�\�djZ_\uo� �jbk�� �;��b�\�kj_-
^bgguo� ahgZo� djbklZeeh\� �jbk�� �<��� eb[h� f_edb_� ieZklbgqZlu_

bahebjh\Zggu_�\jhkldb�lZf�`_��jbk���:).
Ijbf_qZl_evgu� kms_kl\_ggu_� hlebqby� \� obfbq_kdhf� kh-

klZ\_�`_^jblh\�ba�Zfnb[heblh\�b�djbklZeehkeZgp_\��lZ[e�����

@_^jblu�ba�Zfnb[heblh\�\u^_eyxlky�j_adh�ihgb`_ggufb

kh^_j`Zgbyfb�$O2O3��[he__�\ukhdhc�fZ]g_abZevghklvx�b�dj_fg_-
a_fbklhklvx�� ihgb`_gghc� s_ehqghklvx�� Ih� wlbf� iZjZf_ljZf

`_^jblu�ba�mdZaZgguo�Zfnb[heblh\�khhl\_lkl\mxl�ijhf_`mlhq-
guf� qe_gZf� jy^Z� Zglhnbeebl�`_^jbl�� ^ey� dhlhjuo� ij_^iheZ]Z-
xlky�\ukhdb_�l_fi_jZlmju�h[jZah\Zgby�>���klj�����@��Wlh�\iheg_

kh]eZkm_lky� k� ^Zggufb� ih� ]jZgZl�Zfnb[heh\hfm� ]_hl_jfhf_ljm

(750 °K�� ^ey� dmffbg]lhgblh\uo� Zfnb[heblh\� Bevf_gkdbo� ]hj
>�@��qlh�hl\_qZ_l�mkeh\byf�\_jogbo�klmi_g_c�Zfnb[heblh\hc�nZ-
pbb�f_lZfhjnbafZ��:glhnbeeblu�ba�kjhkldh\�k�`_^jblhf�\�kjZ\-
gb\Z_fuo� Zfnb[heblZo� b� djbklZeehkeZgpZo� Bevf_g� �lZ[e�� ��

lZd`_��jZaebqZxlky��ih��kh^_j`Zgbyf��6L22,  Al 2O3�b�0J2��Gh�hkh�
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LZ[ebpZ��

Kj_^gbc�obfbq_kdbc�khklZ\��fZk����fbg_jZevguo�\b^h\�ba
kbglZdkbq_kdbo�kjhkldh\�\�djbklZeeZo�`_^jblZ�ba�f_lZfhjnbq_-
kdbo�ihjh^�durlufkdhc�lhesb�bevf_gh]hjkdh]h�dhfie_dkZ

Fbg_-
jZeu

@_^jbl :glhnbeebl

Ihjh^u� 1 2 3 4 5
SiO2 44.19 44.35 49.00 53.68 51.86
TiO2 0.24 0.25 0.19 0.09 0.11
Al2O3 16.40 15.17 9.42 3.55 5.45
FeO 18.26 18.75 17.87 18.29 19.82
MnO 0.28 0.18 0.33 0.27 0.16
MgO 16.17 16.51 19.20 21.24 19.88
CaO 0.52 0.53 0.72 0.54 0.41
Na2O 1.47 1.25 0.83 0.28 0.45
KmffZ 97.53 96.99 97.56 97.94 98.14
Qbkeh

hij_^_-
e_gbc

19 39 15 19 28

Nhjfmevgu_�_^bgbpu��jZkq_l�gZ����dZlbhgh\�

Si 6.38 6.44 7.00 7.62 7.40
Ti 0.02 0.03 0.02 0.01 0.01
Al1V 1.60 1.53 0.98 0.37 0.59
AlV1 1.19 1.06 0.61 0.22 0.33
Fe2+ 2.20 2.27 2.14 2.17 2.36
Mn 0.03 0.03 0.04 0.03 0.02
Mg 3.48 3.56 4.09 4.49 4.23
Ca 0.08 0.09 0.11 0.08 0.06
Na 0.41 0.35 0.24 0.07 0.12

Ijbf_qZgb_��kh^_j`Zgby�&U2O3, K22��)��&O�gZoh^ylky�\�ij_^_eZo

0—0.02 %. 1 — ]jZgZl�[bhlblh\u_� djbklZeehkeZgpu;� ��� �� ²� ]jZgZl�

dmffbg]lhgblh\u_� djbklZeehkeZgpu;� ��� ��²� dmffbg]lhgblh\u_� Zfnb-
[heblu��<k_�ihjh^u�ba�jZchgZ�dhib�����Bevf_gkdh]h�aZih\_^gbdZ��X`-
guc�MjZe��gZ�\hklhqghf�[_j_]m�ha��;he��FbZkkh\h��aZe��Aujygh\dZ��

[_ggh�\_ebdh�hlebqb_�ZglhnbeeblZ�ba�keZgp_\�b�Zfnb[heblh\�hl

ih^h[gh]h�fbg_jZeZ�ba�f_lZ]bi_j[Zablh\��Ih�^Zgguf�>�@�ihke_^-
gbc� oZjZdl_jbam_lky� gbadbfb� kh^_j`Zgbyfb� )H2� ��²��� ��� b

Al2O3� ����²���� ���� \ukhdbfb� dhebq_kl\Zfb� 0J2� ���²��� ��� b

SiO2 (56—58 %).
KbglZdkbq_kdb_�fZdjhkjhkldb�fhghdebgguo�Zfnb[heh\��\

qZklghklb��jh]h\hc�h[fZgdb�b�dmffbg]lhgblZ��gZ�MjZe_�m`_�hl-
f_q_gu��>�@���Km[fbdjhkdhibq_kdb_��`_��kjZklZgby�ZglhnbeeblZ�b
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Jbk�� ��� KbglZdkbq_kdb_� kjhkldb� Zglhnbeeblh\hc� b� `_^jblh\hc

nZa� \� djbklZeeZo� ba� dmffbg]lhgblh\h]h� Zfnb[heblZ� �:�²� ijh[Z�BD�

���������\��;�²�ijh[Z�BD����������Z��<�²�ijh[Z�BD����������[��
Mkeh\gu_�h[hagZq_gby�kf��gZ�jbk���

`_^jblZ�\�hilbq_kdb�h^ghjh^guo�djbklZeeZo�gZfb�aZnbdkbjh\Z-
gu� a^_kv� \i_j\u_��G_jZ\ghf_jguc�� iylgbkluc� oZjZdl_j� jZkij_-
^_e_gby� kjhkldh\�� bo� ieZklbgqZlZy� nhjfZ�� kh\iZ^_gb_� hilbq_-
kdhc�hjb_glbjh\db�²� \k_� wlh� k\b^_l_evkl\m_l� \�ihevam�bo� kbg-
lZdkbq_kdhc�ijbjh^u�>�@��IhdZaZl_evgh��qlh�\k_�^jm]b_�f_lh^bdb

bkke_^h\Zgbc� fbg_jZeh\� �hilbq_kdb_�� j_g]_gh\kdZy� b� BD�

ki_dljhkdhiby�� lZdb_� g_h^ghjh^ghklb� g_� \uy\beb� >�@��Wlh� m^Z-
ehkv� k^_eZlv� ebrv� iml_f� hij_^_e_gby� gZ�fbdjhZgZebaZlhj_� ob-
fbq_kdh]h�khklZ\Z�\�jy^_�ihke_^h\Zl_evguo�lhq_d�\�ihi_j_qghf

kj_a_� djbklZeeh\� b� lhih]jZnbq_kdh]h� dZjlbjh\Zgby� dhgp_gljZ-
pbc�lbihfhjngh]h�hdbkeZ�Zexfbgby��LZdZy�\hafh`ghklv�ihy\b-
eZkv�hlghkbl_evgh�g_^Z\gh��fh`gh�ij_^iheZ]Zlv��qlh� __�\g_^j_-
gb_�\�rbjhdmx�ijZdlbdm�iha\hebl�\uy\blv�gh\u_�kemqZb�kbglZd-
kbq_kdbo�kjZklZgbc�g_�lhevdh�Zfnb[heh\��gh�b�^jm]bo�fbg_jZeh\�

Kdhj__� \k_]h��`_^jblu�ba�f_lZfhjnblh\� Ze_dkZg^jh\kdh]h� dhf-
ie_dkZ� ahgu� MjZelZm� >�@�� kh^_j`Zsb_� i_j_f_ggu_� dhebq_kl\Z

Al2O3 �hl���^h��������lZd`_�ij_^klZ\eyxl�kh[hx�kjhkldb�`_^jblZ

b�ZglhnbeeblZ��IeZklbgqZlu_�kljmdlmju�jZkiZ^Z�ZglhnbeeblZ�b

`_^jblZ� hibkZgu� >�@� \� f_lZfhjnbq_kdbo� ihjh^Zo� L_e_fZjdZ

�Ghj\_]by�� b�<hjhgv_c� lmg^ju� �Dhevkdbc� ihemhkljh\���KbglZd-
kbq_kdb_�`_�bo�kjhkldb�\uy\e_gu�ihdZ�ebrv�gZ�MjZe_�
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