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Abstract 
       The Jajarm bauxite deposit is so far the biggest known bauxite deposit in Iran. This deposit is located in structural zone of 
Alburz. In this area two bauxite horizons, called A and B, with two stratigraphic gaps can be found. The A horizon is 
underlained by carbonate rocks of Mobarak Formation and covered by Nesen Formation. The B horizon that constitutes the 
Jajarm bauxite deposit overlies the dolomite of Elika Formation of the Upper Triassic age and covered by the Shemshak 
Formation. Sharp contact between bauxite deposit and overlaying as well as underlying units indicate an independent source 
for bauxite deposit. One of the most important characteristics of Jajarm bauxite deposit is its asymmetrical morphology along 
the tectonic structure of the area. The geologic setting is striking16 kilometers in E-W direction. In addition to major tectonic 
elements parallel to the strike, there are a number of minor north-south faults in the area that have tectonically divided the 
mine area into four regions. Based on these studies the tectonic activities have important role in mineralogy and improving the 
quality of bauxite deposit. Most of the karsts and sinkholes are along the fault planes and show a positive relationship with 
thickness and bauxite quality. Hard bauxite and diaspore formation instead of bohemite and gibbsite as well as the repetition 
of different bauxite layers are the result of these tectonic activities. Therefore, the hard diasporic bauxite has played very 
important role in the process of alumina production.  Constant profiles of: Kaolinite clay-Hard bauxite- Clayey soft bauxite 
and  Kaolinitic clay, from top to bottom can be seen in different karst and drill holes, respectively. But the nature of upper top 
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kaolinite is different from the bottom one. Mineralogy and variation in chemical composition (Al2O3=30% to 60% and SiO2 
between  5% to 39%) are other special characteristics of Jajarm bauxite deposit. 
Based on the exploration activities 22 million tones of diasporic bauxite, up to 250 meters of depth along the layer of ore 
deposit and Al2O3 content range between 47% to 48% with about 10% of SiO2 , have been proved. 
 
Key words: Bauxite, Jajarm, Jajarm bauxite, Exploration characteristic, Geological characteristic, Diaspore. 
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�ƭƺſ�ƶƬůźƯ���ƾƷŚĮƄƿŚƯŻō�šŚƘƫŚƐƯ��

�ŢǀƀƧƺŝ�ƾţŚƤǀƤŰţ�żƧźƯ�ŹŚƸģ�Źŵ�ƾƷŚĮƄƿŚƯŻō�ƽŚƷŹŚƧƵŶƃ�ƭŚŬƳřŢſř���
æ�ƹźţƺƫō�šŚƤǀƤŰţ�żƧźƯ���ƥ�Ɲř��ŚŬƯ�Ƶŵřŵ�Żř�ƶƫŚƤƯ�Ʋƿř�Źŵ�ƶƧ�ƱŚŤſŹ��ƽŚƷ

Ţſř� ƵŶƄƳ� ƵŵŚƠŤſř� żƧźƯ� Ʊō��ç�ƭźūŚū� ƾƷŚĮƄƿŚƯŻō� żƧźƯ���è��żƧźƯ�
ƱŵŚƘƯ�ƹ�ƖƿŚƴƇ�šŹřŻƹ�ƶŝ�ƶŤƀŝřƹ�ũźƧ�šŚƤǀƤŰţ��é��ƽŚƴǀƯƺƫō�šŚƤǀƤŰţżƧźƯ�

�ŶƴƷ� ŹƺĜĭŚƳ� Źŵ� ƹźƸƳ�ƪƘƫ� źƷřƺūƽřźŝ�ƶǀƸţ� ƹ� ƾſŚƴƃ�ƾƳŚƧ�ƽŚƷŻŚƟ� ƶƘƫŚƐƯ�
ŵŹřŶƳŚŤſř����

��
ƾƿŚǀƟřźƜū�ŢǀƘƣƺƯ�ŢǀƀƧƺŝ�ŹŚƀƳŚƧ���

�Źŵ��ƭźūŚū�ŢǀƀƧƺŝ�ŹŚƀƳŚƧæê�ƩŚưƃ�ƽźŤƯƺƬǀƧ�ƽŹƹŚųſźƸƃ�ºº�ƭźūŚū�ƱŚŤ
��ƩŚưƃƽźŤųŚŝƱŚſřźų�� ��Źŵ�ƹæìê�śƺƴū�ƽźŤƯƺƬǀƧ�ƽźŤųŚŝŵŹƺƴŬŝ��Źřźƣ�

�Źŵ�ƶƧ�ŵŹřŵëååƽźŤƯƺƬǀƧ���ƩŚưƃƽŹƹŚųƱřźƸţ�ƹ��ƶƬƇŚƟ�Źŵ�éååƽźŤƯƺƬǀƧ��
� ƩŚưƃƽźŤųŚŝŶƸƄƯ��ŹřźƣŵŹřŵ���ŵ� ƭźūŚū�ŢǀƀƧƺŝ� ŹŚƀƳŚƧ�Źŵ� ƹ� ƹŻ� ƵƺƧ�Ź

Ţſř�ƵŶƿŵźĭ�Ɩƣřƹ�ŻźŞƫř�ƩŚŞū�ƶƬƀƬſ�ƶƴƯřŵ� ��ŵŚƿŻ�Ŝǀƃ� Śŝ� �ƹŻ�ƵƺƧƹ�ƕŚƠţŹř�
íåå�Śţ�îåå�ƹ��ƭźūŚū�Ţƃŵ�Żř�źŤƯ�æíåå�ŵŹřŵ�Źřźƣ�ŚƿŹŵ�ŮƐſ�ƶŝ�ŢŞƀƳ�źŤƯ���

�ŵƹŶů�Źŵ�ƮƧ�ƾĭŶƳŹŚŝ� Śŝ�ƽźƿƺƧƹ�ƦƄų�ƽřƺƷ�ƹ�śō�ƽřŹřŵ�ƶƤƐƴƯæêå�
ƾƬǀƯ��ŶƿŶƃ�ƾưſƺƯ�ƽŚƷŵŚŝ�ƹ�ƩŚſ�Źŵ�źŤƯŢſř��ǀƘưū�ƦƿŵżƳ�ƂŴŝ�Ʋƿř�Ţ
�ƶŝæçźƠƳ� ŹřżƷ��Ţſř�� ƹŚŝƵŵŚū���ƹ� ŵƹźƷŚƃ� �ŵŹƺƴŬŝ�ƽŚƷźƸƃ� Śŝ�ƶŤƫŚƠſō�ƽŚƷ

�ƵŵŚū�Ʀƿ�ƢƿźƏ�Żř� ƹ� ŹřƹżŞſōŝ� ƶŤƫŚƠſ� ƶ�ƩƺƏèå�ŭźƏ�Ǝſƺţ� ƶƧ�źŤƯƺƬǀƧ�
� ŚƴǀƯƺƫō�Ŷǀƫƺţ�� ƹ�ƽŻŚſŻŚŝō� ƵŶƃ�ŢƫŚƠſ� �Ţſř� ƶŝ� ƵŚĮŤƀƿř��ƭźūŚū�ƲƷō� ƵřŹ
�ŵŹřŵ�ƍŚŞţŹř���

��
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ţ�ƾţŚƘƫŚƐƯ�ƶĤŴƿŹŚ��
ŚŤųŚſ�ƱƹŻ�ƽŹ�ƹ�Ʊřźƿř��ƩŚưƃ�Źŵ�ŻźŞƫř�ƵĦƿƺŝƦƄưƃ�ŶƳŻŚſ���ŢǀưƷř�ƪǀƫŵ�ƶŝ
� ƽŵŚƈŤƣř� Ʊōƹ� Ƶŵƺŝ� ƶūƺţ� ŵŹƺƯ� ƶƄǀưƷ�ƞƬŤŴƯ� ŵřźƟř� Ǝſƺţ��ƝřŶƷř� Śŝ�

�ƶŤƟźĭ�Źřźƣ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƱƺĭŚƳƺĭ�Ţſř�ƭŚƳ�ƶƧźŤƄǀŝ��ƽřźŤƧŵ�ƶƫŚſŹ�Źŵ�ŚƸƳō�
śźů�ŹŚƄƟř�æîìî��Ţſř� ƵŶƃ�ƵŵŹƹō� ��Żř�ƁŹřżĭ�ƲǀƫƹřƶƤƐƴƯ�ƶƫřƹ�Ǝſƺţ� �

ŝ� ŚŝƾſŹźƀƨƗ�ƽŚƸřƺƷ�ƾƿ��ƹ� ƵŚǀſ� ƶƐƤƳ�Ʀƿ�ƱřƺƴƗ� ƶŝƶŗřŹř�ƱŚưƷ�Źŵ�ƹ�Ŷƃ�
ǀưƇ� �Ǝſƺţ� � ƩŚſưŹƺě�ƥǈƯ� ƹ�ƲǀưƳ�ƾ�æåå�Żř� ƵŶƃ�ƽŹƹō� Ɩưū� ƶƳƺưƳ�

řźŰƇ�� ŵŹƺƯ�ƶƿżŬţŚǀưǀƃ�ƿŹřźƣ� � ƾŢƟźĭ�� �ŵřŵ� ƱŚƄƳ� ƪƇŚů� ŪƿŚŤƳ�ƶƧ���
Al2O3���Ʋǀŝèå�éæ���Śţ�ç�ëî��ŶƇŹŵ�ƹSiO2 ��Ʋǀŝ�é�Śţ�è�æî�źǀǀƜţ�Źŵ�ŶƇŹŵ�
Ţſř��� Ǝſƺţ� ƽŶƘŝ� šŚƘƫŚƐƯBalky et al.(1972)��ƶƴƯřŵ� ƶƧ� ŵřŵ� ƱŚƄƳ

ŝ�ƭźūŚū�ŢǀƀƧƺŝ�šřźǀǀƜţ�ƶ�ŜţřźƯźŤƄǀŝ�Żř�Ţſř�ƭŚƣŹř�Ʋƿř� ��ƹ�ƾſŚƴƃ�ƶƴǀģ
ŢųŚſ�ƲǀƯŻ�ƶƤƐƴƯ��Ǝſƺţśźů�ŹŚƄƟř�æîìî��ƶƴǀģ�ƱƺŤſ�ƹ�ƶƘƫŚƐƯƾŤųŚƴƃ��

�ƱōƮſŹ�Ŷƿŵźĭ��Źƺě�ŶǀƄưū��æîíì���ƶƘƫŚƐƯ�ŻźŞƫř�řŹŚŝ�ƷŚĮƳ�ƾ�ŶƳŻŚſ�ƶŝ��ƵĦƿƹ
ř� Ƶŵřŵ� ƭŚŬƳř�ƦƄưƃŢſ���ƽźǀų�æîíí� � ��ƶƫŚſŹ�ŹŵŶƃŹř�ƾſŚƴƃŹŚƧ�ŵƺų�

Źřźƣ� ƶƘƫŚƐƯ� ŵŹƺƯ� řŹ�ŢǀƀƧƺŝ�ƾſŚƴƃ�ƾƳŚƧ�ƹ� ŵřŵ�� ƩŚſ� Żřæîíè�šŚƘƫŚƐƯ�
�ƩŚů� Źŵ� ƹ� ƵŶƃ� ŻŚƛō�šřżƬƟ� ƹ�ƱŵŚƘƯ�šŹřŻƹ�Ǝſƺţ�ƾƟŚƄŤƧř�ƦǀţŚưŤƀǀſ

� řŹ� ŵƺų� ƾƟŚƄŤƧř� ƾƳŚƿŚě� ƪůřźƯ� źƋŚůƽřźŝţ�Ő�ƶƳŚųŹŚƧ�Ʀƿ�ƥřŹƺų� ƲǀƯ
çíå�ŹřżƷ�ƾƯ�ƾƏ�ƱŶƘƯ�šŹƹŚŬƯ�Źŵ�Ɩƣřƹ� ŚƴǀƯƺƫō�Ŷǀƫƺţ�ƾƴţ�ŶƴƧ� �ƹ�ƾŗǈƯ�

ƱřŹŚƨưƷ��æîîè��ƶƫŚƤƯ�ŶƳŵřŵ� ƶŗřŹř� ƭźūŚū�ŢǀƀƧƺŝ� ƾưǀƃƺŗĥ� ŵŹƺƯŹŵ�ƽř��
�ƾŗǈƯ�æèìè� �ƶƫŚƤƯ�� ƹ�ƾƟŚƄŤƧř�šŚƘƫŚƐƯ� ŵŹƺƯ� Źŵ�ƽřƽŹƹŚƴƟ�Źŵ�ŢǀƀƧƺŝ�

ŹŚƨƳŶƘƯ�ƭƺƿŻƺĜưſ�ƲǀƯŹŚƸģƽƵŵřŵ�ƶŗřŹř�Ʊřźƿř��ŶƳř���ƾŗǈƯ�æîîé��ƶƫŚƤƯ�ƽř��Śŝ
řŹō�ƶƳŚƧ�ƹ�ƾſŚƴƃ�ƲǀƯŻ�ƱřƺƴƗƿřŹō�ƶƳŚƧ�ƭŶƗ�ŢƬƗ�Ʊō�Źŵ�ƹ�ƵŵƺưƳ�ƶŗřŹř�ƾƿ�ƾ
Ţſř�ƵŶƃ�Ƶŵřŵ�ŮǀƋƺţ�ƭźūŚū��ƾưǀƷřźŝř�īŹżŝ�æîîé��ƶƫŚſŹ�Źŵ��ƾſŚƴƃŹŚƧ

ŶƃŹř� ƭźūŚū�ŢǀƀƧƺŝ� ũřźŴŤſř� ƽŚƸƃƹŹ� ŵƺų�ŵřŵ� Źřźƣ� ƶƘƫŚƐƯ� ŵŹƺƯ� řŹ��
� ƱŚƿżǀƃźţ� ƹ� ƾŗǈƯ�çååç� �řŹƹĥ� ŢǀưƷř� ƶŝ� ƶƳŚĭřŶū� ƶƫŚƤƯ� ƹŵ� Źŵ�ƹ�Ʀǀſ

ƿƹ� ƵŚĮƳ� Śŝ�ƦǀſřŹƹĥ�Źŵ�ƦƄưƃ�ŶƳŻŚſ�ƽŵŚƈŤƣř�ŢǀưƷřĦƩŚƛŻ�ƱŵŚƘƯ� ƶŝ� Ƶ�
ƶŤųřŵźě� ŢǀƀƧƺŝ� ƹ� Ĭƴſ�ŶƳř� �ƵŵřŻ� źƠƘū�æèìî� �ƽźƇŚƳ� ƹ�æèíç� �Źŵ�

ƶƫŚſŹ��ƽŚƷŶƃŹř�ƾſŚƴƃŹŚƧ�ƶƘƫŚƐƯ� ŵŹƺƯ� řŹ�ŢǀƀƧƺŝ� żƳĥ� ƹ�ƾưǀƃƺŗĥ� ŵƺų�
ŵřŵ�ŹřźƣƵŤųřŵźě�ƭźūŚū�ŢǀƀƧƺŝ�Źŵ�śŚǀưƧ�źƇŚƴƗ�ƶŝ�ŹŚŝ�Ʋǀƫƹř�ƽřźŝ�ƹ�ƶ�řŶƳ��

� ŵŚƤŤƗř� ƶŝƱŚƄƿř�ƯƄƴ� ŐƭźūŚū� ŢǀƀƧƺŝ��ŶƳŻŚſ� źƿŻ� ƾƳŚƄƠƄţō� ƽŚƸĮƴſ�
�ƦƄưƃŢſř���ƾƳřźƈƣ�æèìè� �ƶƫŚſŹ� Źŵ� ŶƃŹř�ƾſŚƴƃŹŚƧ��ƾţŚƘƫŚƐƯ� ŵƺų

ŹŵƵŹŚŝƾŝ� ƶƧ�ŵŚŝōźƠƘū�ƩŚƧ�ŢǀƀƧƺŝ�ƝŚƄŤƧř���ƭźūŚū�ŢǀƀƧƺŝ� Śŝ�ƍŚŞţŹř
ŵřŵ� ƭŚŬƳř� ŢƀǀƳ� �� ƹ� ƽŵƹřŵƱřŹŚƨưƷ�çååç� ��ƶƫŚƤƯŹŵ�� ƽřƽŚƸǀĭĦƿƹ� ƶŝ��

ƺŝř�įżĩźƯ�šǈƟ�ƹ�ŻźŞƫř�ŢǀƀƧƿřźƟ�įřźŝ�Ʊřźƿƶƫƺƫ�ƩǈŰƳř�Ŷƴ��įř�ƶŤųřŵźěŝ�ƹ�ƶ
ƀĩƺŝ� ƶƳƺưƳ� ƱřƺƴƗǀİƣǇƺŞƷŚƃ� � ƢƏŚƴƯ� Ţ� �ƹ� ƱƹŶƳŚƯ�� ŵŚŝōŹŶƇ� řŹ�İſŹźŝ

ƵŵźƧ�ŶƳř� �řƿŝ� ƲƺƀĩǀŚƀƳŚĩ� ŶƴƳŚƯ�İſŚƴƃ�İƳŚĩ� źƔƳ� Żř� ŚƸŤŹ� ƹ� ƭźūŚū�ŷųǀ�Ƶź
ŵƹŶů�ŚƸƳōľř�íêê�éƯ�ǀƬǀƁŹřżĭ�Ʋţ�ƱƺƵŵźƧ��ŶƳř��ř�ŹŵƿƯ�ƲƤƫŚƶ�ųŷ�ǀººººººººººº�Ƶź��

��
ƀĩƺŝǀř�Ţƿŝ�Ʊřźǀ�Ʋíå�Śţ�æååƯ�ǀƬǀŵ�Ţſř�ƵŶƃ�ŵŹƹōźŝ�Ʋţ�ƱƺŹİţŹƺƇ���ƶĩ

ŷųǀźŤĭŹżŝ�Ƶźƿƀĩƺŝ�ŹŚƀƳŚĩ�Ʋǀř�Ţƿ�ƱřźççƯ�ǀƬǀƲţ�ƱƺŢſř��� 

��
ƲǀƯŻ�ƶƤƐƴƯ�ƾſŚƴƃ 

ƺƧ� Źŵ� ƭźūŚū� ƾŤǀƀƧƺŝ� ŹŚƀƳŚƧ� Ƶ� Żř� ƾƄŴŝ� ƶƧ� ƹŻ� ƽŹŚŤųŚſ� ƱƹŻ�ŻźŞƫř
ƽŹƹŚųŢſř�Ʊřźƿř�ƩŚưƃ�Źŵ���ŵŹřŵ�ƱƺưƴųŹ���ęŚģ�Źŵ�ƩƹřƤƳ�ŢųŚſ�ƲǀƯŻ�ƶƄ
� ŚěƹŹř�ÎÖÓÏ��ſƺŗĥƺŗř� �Ʀƿ�ƪƨƃ� ƶŝ�ŻźŞƫř�ƴ� Żř�ƩŚƴǀƬƨģ�ƾĜƫō�ƾĭŵŹƺų�Ʋǀ

ŗżū�ƶƧ�ƵŶƃ� Ƶŵřŵ�ƱŚƄƳ�ƾŝ�Ěƫō�ƾĭŵŹƺų�Ʋǀģ�ŶƴŝźưƧ�Żř� ƶƹ� ƵŶƯō�ŹŚưƃ�
ƹ�ƦģƺƧ�ŻŚƤƠƣ�ƶƯřŵř�Ţſř�ƽŹƹŚų�ƩŚưƃ�ƶǀƧźţ��įƺŞƳ���æèêê��ŵřĦƳŹŚŴŤƟř��

æèêî��ŵŹƹƿřŻ�ƂŵƵ�æèìå� �Ʋƀů�ƹ� ƵƹŚƧ�ŵřŶů�ƵŵřżǀƬƗ��ÎÐÓÕ� ���ŽŚſř�źŝ
ƄƟř�šŚƘƫŚƐƯºººººººººº�śźů�ŹŚ�ÎÖÔÖ��ƹ�ƴǀƯƺƫō�Ŷǀƫƺţ�ŭźƏ�ƝŚƄŤƧř�Ŷůřƹºº�Ś

�ƾƟŚƄŤƧř� ƁŹřżĭ�ÎÐÓÖ��ÎÐÔÎ� �ƾưƿŶƣ�Ʊƹźǀŝ� šŚŝƺſŹ� Ʋƿźţ�ŹŚŤųŚſ� ƵŵŻ�
�ŚƷŵŚě�ŶƳŻŚſ�ƶŝ�ƢƬƘŤƯ�ƶƤƐƴƯƲſ�Śŝ�ƲƿźƿŻ�ƲǀƳƹŵ��ƶƧ�Ţſř�ŶƳŻŚſ�Ʋƿř�ƽƹŹ�źŝ

ŝ� ƶơǈǀƿ�Ɓƺų�ƽŚƷŶƳŻŚſ�Ŝǀţźţ��ŝ� ƹ� ƾƳŚǀƯ� ƲǀƳƹŵƾƿǇŚ� �� ƹ�ŶƳŻŚſ�žĜſ
�ƥŹŚŞƯ�źƠǀƴŝźƧ� �� ŹřźƣŵŹřŵ� �ŶƳŻŚſ� �Ʋƿř�ƽƹŹ�źŝ���ƭŚƳ� ƶŝ�ƾŤǀƀƧƺŝ�ƢƟř�Ʀƿ

ƢƟř�ŢǀƀƧƺŝAŵŹřŵ�Źřźƣ� ��śźůŹŚƄƟř�źƔƳ�ƶŝ��ÎÖÔÖ���ƵŵřŻ�źƠƘū��ÎÐÔÖ���
� ƽźƇŚƳ�ÎÐÕÏ�ƺŝ� ƾƟŚƄŤƧř� Ŷůřƹ� ƹ�ƧƭźūŚū� Ţǀƀ�ÎÐÓÖ�ÎÐÔÎ��Ĭƴſ�

ŶƳŻŚſ�řŹ�ŢǀƀƧƺŝ�Ʋƿř�Ɓƺě��ƪǀƃ�űźſ�ƲƿźƿŻ�ŽŚƿźţ��ƄţƾƯ�ƪǀƨ�ŶƷŵ�ƾƫƹ�
�ƾƴǀŗŚƳ�ƽƺƬƗ�ƱŚƿŚƣō�Ǝſƺţ�ƵŶƃ�ƭŚŬƳř� �šŚƘƫŚƐƯ� �Źŵ�ÎÐÔÏ���ƵŵřŻ�ƂƿƹŹŵ��

�ÎÐÔÍ��Źŷōƺţźě���ÎÐÔÑ�ƾŗŚƿŹō�ƹ�ƾưŗŚƣ�űźƟ�Śŝ�ƾƷŚƠƃ�šřźƧřŸƯ�����Ĭƴſ
ƾƯ�ƪǀƨƄţ�ƲƀƳ�ŶƳŻŚſ� řŹ�ƾŤǀƀƧƺŝ�ƢƟř�Ʋƿř�Ɓƺě�ŶƷŵ� ��ŶƳŻŚſ�šŚŝƺſŹ�ŻźƯ

�ŽŚƿźţ�šŚŝƺſŹ�Śŝ�ƲƀƳ�Śƨǀƫř�ŶƳŻŚſ��Ţſř�ƾŬƿŹŶţ���ŶƳŻŚſ�ƹ�ŶƳŻŚſ�Ʋƿř�Ʋǀŝ
�ƩŚģŚƃŚųƹ�ƪƯō�Ɓźŝ�Źŵ�Śƨǀƫř��ŵŹřŵ�ŵƺūƹ�ŢǀƀƧƺŝ�ƹ�ŢƿźţǇ�Żř�ƾƧŻŚƳźƄƣ�

Śǀưǀƃ�ƶƿżŬţ�ƶƧƿƾŤƿźţǇ�źƇŚƴƗ�ƾ��ÐÖ�ŶƇŹŵ�� �ƭƺǀƴǀƯƺƫō�ŶǀƀƧřÑÏŶƇŹŵ��
ƹ� ƮǀƀǀƬǀſ� ŶǀƀƧřÐŶƇŹŵ�Ţſř� ƵŶƃ� ƁŹřżĭ� řŹ� ƲƷō� ŶǀƀƧř�� ��ƶƿǇ� Ʋƿř

� ƂƿŚſźƟ� ŮƐſ� źĮƳŚƄƳ� ƾŤƿźţǇŢſř� �ǀŝ� ƾĭĦƿƹ� Ʋƿř�ƶƧ� Ţſř� Ʋƿř� źĮƳŚ
ƶƿǇ��řŹ� ƲƀƳ� ŶƳŻŚſ� ŜǀƄưƷ� ƾĮŤſƺǀěŚƳ� Śŝ� Śƨǀƫř� ŶƳŻŚſ� ƦƷō�Ĭƴſ� ƽŚƷ
ƾƯ�ŶƳŚƃƺě�Źŷō�ƺţźě�ÎÐÔÑ����ŶƳŻŚſ��Śƨǀƫř��ƾŤǀƯƺƫƹŵ��ƲƿźƿŻ�ŽŚƿźţ��ƾƳŚǀƯ���

Ư� ƵŵŚƯ� źŤƀŝ�ĬƴſŚū� ŢǀƀƧƺŝ� ƾƳŶƘū� ƭź� ƾŤǀƀƧƺŝ� ƢƟř� Śƿ B�ƪǀƨƄţ� řŹ
ƾƯ��ŶƷŵ��ƪƨƃæ�� ���źŤƀŝ�ĬƴſŹŵ��źŤƄǀŝŝ�ŽŚưţ�Źŵ�ƍŚƤƳƾƳŶƘƯ�ƵŵŚƯ� Ś� ��Źŵ

ŮƐſ�ŝ�ƶ� Śƿ�ƾţŹƺƇ�ĬƳŹűźſ�ƲƃƹŹ�� ƵŶƯōŹŵŢſř���ƶŬǀŤƳ�ĬƳŹ�źǀǀƜţ�Ʋƿř
ŻŹŵ�ƱƹŹŵ�ƶŝ�ƾƳŶƘƯ�ƵŵŚƯ�Żř�Źřŵ�ƲƷō��ƽŚƸƫƺƬŰƯ�ƾŬƿŹŶţ�ŷƺƠƳƹ���įŚƸƟŚĪƃ

ŤǀƯƺƫƹŵ�Źŵ�ŵƺūƺƯŢſř�źŤƀŝ�Ĭƴſ�ƽŚƸ���ƦƄưƃ�ŶƳŻŚſ�ƦǀſřŹƹĥ���Ĭƴſ
ƫŚŝ� źưƧ� Śƿ� ƁƺěǀƾƯ� ƪǀƨƄţ� řŹ� ŹŚƀƳŚƧ� Ś�� ŶƷŵ�� ƩƹŶūÎ� ��ƪƨƃ�Ï�ƖƐƤƯ�

ƾƯ� ƱŚƄƳ� řŹ�ƦƄưƃ� ŶƳŻŚſ�ƦǀţŚưƃ�ŶƷŵ� �� ƵŹƹŵŹŵ�ƦǀſřŹƹĥ��ƶƤƐƴƯ� Ʋƿř
�ƦƄưƃ�ƮƸƯ�ŶƳŻŚſ�ƶſ�ƵŶƳźǀĭźŝŹŵ�ƲƿźƿŻ�ƦǀſřŹƹĥ��ǀƫŵĤ�ƽŚ��ƦǀſřŹƹĥ
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ƾƳŚǀƯ� �ŹǇ� ŶƳŻŚſ� ƹ�ƾƿǇŚŝ�ƦǀſřŹƹĥ� �Ţſř� ��ƝřźƏř� ƽŚƸŤƃŵŚŝ�šŚŝƺſŹ�
� źųřƹř� Ʊřƺū� ƱřŹƹŵ� ƭƺſŢſř� ƵŶƃ� ƵŶǀƃƺě�� Żř� ŢǀƀƧƺŝ� ƪǀƨƄţ� řŸƫ��źƔƳ

ǀƯŻƲ�řƺƷ�śō�ƹ�ƾſŚƴƃƿƾ��Źŵ�ƶƧ�Ţſř�ƾƐƿřźƃ�ƶŝ�ƍƺŝźƯ�ƵŵƹŶŰƯ�Ʋǀŝ�ƾƳŚƯŻ
� ƕƹźƃ� ƹ� Śƨǀƫř� ŶƳŻŚſ� Źŵ� ƽŹřŸĮŝƺſŹ�ƞƣƺţ� ƽŹřŸĮŝƺſŹ�ƦƄưƃ� ŶƳŻŚſ

ř�ƶŤƟźĭ�ŹřźƣŢſ��ŶƳŻŚſ�Żř�ƾƄŴŝ�ƩŚƤŤƳř�ƹ�ƂƿŚſźƟ�źŧř�źŝ�ƾŤǀƀƧƺŝ�ƢƟř�Ʋƿř�
ƶƤƐƴƯ� Żř�ƦƄưƃ��ƵŶƃ� ŹřŶƿŶě�Ţſř��ƶƳƺưƳ�ƾƌƘŝ� Źŵ�ŶƴģźƷ��ƾŤſŵ�ƽŚƷ��

� ŹŚŧō� ƵŶƷŚƄƯ� ƦƄưƃ� ŶƳŻŚſ� ƽŚƸĮƴſ� Śŝ� ƾŬƿŹŶţ� ƽźŞưƷƾƯ�ŵŵźĭƾƫƹ��
� ƲǀƿŚě� źưƧ� Śŝ� ŮƋřƹ� ƽźŞưƷ� Ʀƿ� ƽřŹřŵ� ƶƄǀưƷ� ŢǀƀƧƺŝ�ŢǀƯƺƫƹŵ� ��ƹ

�ǇŚŝ�źưƧ�ƲǀƴĤưƷ�ƦƄưƃ��ŶƃŚŝ�ƾƯ�ƲǀƯŻ�ƽƹŹ�Źŵ���ƪǀƫŵ�ƆŴƄƯ�ŻźƯ��Ʋƿř
�ƪŞƣ�ƽŹřŸĮŝƺſŹ�ƞƣƺţ�źŝƹ�ŶƘŝ��ŢǀƀƧƺŝ�ƪǀƨƄţ�ŻřŢſř�řźƿŻ�Ʋƿř�źǀƛ�Źŵ�

šŹƺƇ�ŶƿŚŝ�ƍŚŞţŹř��ŝ� ƾƳŶƘƯ� ƵŵŚƯŚźŤƀŝ�Ĭƴſ�ƹ��ƿŚ�ě� Ƃƃƺŝ� ƶ�šŹƺƇ
�ƾŬƿŹŶţŶƃŚŝ�����

ŤųŚſ�ƾſŚƴƃ�ƲǀƯŻ�źƔƳ�Żř��ƽŹŚ��ƶƘƫŚƐƯ�ŵŹƺƯ�ƶƤƐƴƯ�ƹ�žƿŶƣŚţ�ƽŵřŶƘţ�ƪƯŚƃ
žƿŵƹŚƳ��ŝ� ƾŞƿźƤţ� ŵřŶŤƯř� ŚƽŹƹŚųƃ� Śţ�ººº� ƩŚưŹƹŚų�� śƺƴū�źŤųŚŝ�Ţſř�

�śƺų�ħŚų��æèìç����ƶƤƐƴƯ��ţ�ŢŰţŐ�źǀŧ�ƽŚƷŵřŶųŹƾŤųŚſ�ƲǀƯŻŶƿŶƃ�ƽ�
ƹ� ƶŤƟźĭŹřźƣ� źƯř� Ʋƿř�ƪǀƨƄţ�ŜūƺƯƹ�ƦƄưƃ� ŶƳŻŚſ� Źŵ�ƾĭŵŹƺų�Ʋǀģ��

ŚƸƬƀĭƿ� ƾţŚƴŝźƧ� ƽŚƸĮƴſ� ŹŵƾŢſř� ƵŶƃ�� � �� ŚƸƬƀĭ�ľŚŞƿźƤţ� ŢƸū� ƹŵ� Źŵ
ƽŹƹŚų��ƽźŤųŚŝ�ƾƫŚưƃ�ƹ����ƾŝƺƴūƵŵřŵ�űŹ�ŶƳř���ƪƨƃè� ���ŜūƺƯ�źƯř�Ʋƿř
�ƵŶƃ�Śţ�ƱřƺŤŝ�ƭźūŚū�ŢǀƀƧƺŝ�ƱŶƘƯřŹšŚǀƇƺƈų�ƲŤƟźĭźƔƳ�Źŵ�Śŝ���ŢŴƿŹ
ƾſŚƴƃƹ�ŤųŚſ�� ŹŚŤųŚſ� ƲǀƯŻƾ� Żř�źŤųŚŝ� ƶŝ� ŹƹŚų� ƶŝ���ƾƬƇř� ƂŴŝ� ŹŚƸģ
ƮǀƀƤţ��ƽŶƴŝŵźƧ� 

Î� ŚƸŤƳř�ƂŴŝ�Źŵ�Ɓřźţ�Ĭƴſƿ�ƾƽŹƹŚų�ƱŶƘƯ���
Ï� ƺĭŚţƾƿ�ƂŴŝ�Źŵ�ƽźŤųŚŝ�ƁřźŤĮƴſ�Żř�ŶƘŝ���
Ð� �ƱŶƘƯ�ƽżƧźƯ�ƂŴŝ�Źŵ�ƹŻ��ƥƺƬŝ 

Ñ� ŚƸŤƳř�ƂŴŝƿ��ƾƽźŤųŚŝ�ƾƴǀŞƬĭ��ƥƺƬŝ�ƶŝ�ƭƺſƺƯ��� 

�ƾƳŶƘƯ�ƵŵŚƯ�ƞǀƇƺţ��
ƾſŚƴƃ�ŢŴƿŹ�ƽŚƷ� ƵŶƿŶě� ƪǀƫŵ� ƶŝ� ƶƤƐƴƯ�ǀƯŻ�ƾŤųŚſ�Ʋ�ŹŚǀƀŝ� ƾĮƴƷŚưƷŚƳ�

ŝ�Ţſř�ƵŵźƧ�řŶǀě�ƽŵŚƿŻ�ƶ�ƽŚƸŤƳř�Źŵ�ƶƧ�ƽŹƺƏƽźŤųŚŝ�Ŝǀƃ�Ʀƿ�Żř�ŹŚƀƳŚƧ�
�ŵƹŶů�ƮƿǈƯÐÍ�ƝźƏ�ƶŝ�ƹ�ƕƹźƃ�ƶūŹŵ��ŹƹŚų�Ŝǀƃ�żǀƳ�ƹ�ƚǀŤſ�ƹ�ƕŚƠţŹř�źŝ�
ŝ� ƵŶƃ�ƶƟŚƋř�ƶƽŹƺƏ��ŵƹŶů�Śţ�ƶƧÕÍƾƯ�ƾƫŚưƃ�ƶūŹŵ��ŶſŹ��ƶƤƐƴƯ�Ʋƿř�Źŵ�

�ƶŝ� ƭźūŚū�Ţƃŵ�Żř�ƹŻ�ƵƺƧ�ƚǀŤſ�ƕŚƠţŹřÕÍÍ� Śţ� �ÖÍÍƾƯ�źŤƯ��ŶſŹ� ��Ʋƿř�Źŵ
ƶƤƐƴƯ�ŝ�ƾŤǀƀƧƺŝ�ƢƟř�ƹŵ��ƶƯŚƳ�ƽŚƸA��ƹ�B��ƶŝ�ƍƺŝźƯ��ƲǀƯŻ�ƞƬŤŴƯ�ƵŹƹŵ�ƹŵ

�ŶƳŹřŵ�ƱƺưƴųŹ�ƾſŚƴƃ�ƹ�ƢƟř�ƹŵ�źƷŚŝ�ŶƳƹŹ�ƽŹƹŚų�º�ƽźŤųŚŝŝ��ƶ�ƩƺƏ��ƾŞƿźƤţ
ÎÓźŤƯƺƬǀƧ���ƶŤƟźĭ�Źřźƣ�ƹŻ�ƵƺƧ�ƾƫŚưƃ�ƩŚƿ�ƽƹŹ�źŝ�ŶƳř��Ʀƿ�ƪƨƃ�ƶŝ�ƹŻ�ƵƺƧ
Śţƣƹŵ�Śŝ�žƿŶě��ŪƳǈŚųƽŹƹ�º�ƽźŤųŚŝ�Ʀƿ�Ǝſƺţ�ƾĭŶƳřŹ�ŵřŶŤƯř�Ʋƿř�Źŵ�ŝ�ƶ

� šŹƺƇŜǀƃ�Ʀţ� Ʋǀģ� ŹřŶƿŶě�ƵŶƃ�Ʊō� ƾŝƺƴū� ƩŚƿ� ƹ� ƚǀŤſ� ƾůřƺƳ� ƶƧ�
Ţſř�ƶŤƟŚƿ�ƂƿŚſźƟ����

ƾŤǀƀƧƺŝ� ƢƟřA� ƹ� ƥŹŚŞƯ� ŶƳŻŚſ� Ʋǀŝ� ŻźƯ� Źŵ� �ƲƀƳ�� ŚƯř� ƢƟřB��ƽƹŹ� źŝ
� ŵŹřŵ� Źřźƣ� Śƨǀƫř� ŶƳŻŚſ� ƽŚƸŤǀƯƺƫƹŵ� ƹ�ŶƳŻŚſ� ƽŚƸĮƴſ� ƶſŚƯ� ƹ� ƪǀƃ� Ǝſƺţ

� ƵŶǀƃƺě�ƦƄưƃŢſř�ƵŶƃ� ��ƂŴŝŹŵ�ƢƟř�ƲƿřƽźŤųŚŝ�Ʀƿ�ƶŬǀŤƳ�Źŵ�ƱŶƘƯ�
ƵŶƳřŹƹŹ�ƪƀĭ�ŹŵŚƨǀƫř�ŢǀƯƺƫƹŵ��Źřźƨţ��ƵŶƃŢſř���ƾŤǀƀƧƺŝ�ƢƟř�ŹŵA��ƹŵ

Śŝ� ƾƳŶƘƯ� ƵŵŚƯ� ƕƺƳ�ƜţǀƾƯ� ƵŶƿŵ� ŵŚƿŻ� šřźǀ�ŵƺƃ� ���ƲƫƺŗŚƧ� ƪƯŚƃ� Ʃƹř� ƕƺƳ
ŝ�ƾŤǀƫƹżǀě�ƽŚƸƄŴŝ�ƹ�ŢǀţŚưƷ� ƶ�ƽŚƸĮƳŹűźſ� ƹ�ƾƳřƺƛŹř�űźſ�ƕƺƳ� ƹ� Ƶźǀţ�

ŢǀƀƧƺŝ�ƽřŹřŵ�ƭƹŵų�ǀŝ�ƽŹƺĜſŚƿŵ�ƹ�ŢŴſ�ƾƬ�ƶ�ĬƳŹűźſ�ƹ�Ƶźǀţ�űźſ�
ƵƺƸƣ�ƶŝ�ƪƿŚƯ�ŝ�ƽř�ƶƽŚƸŤƧŚě�šŹƺƇ�ƵŶƴƧřźě��ŚŝƾƿřźŞŤſƾƯ�źǀƜŤƯ��ŶƃŚŝ���ƶƿżŬţ

� � ŶƇŹŵ� ƶƧ� ŵřŵ� ƱŚƄƳ� ƶƳƺưƳ� ƲƿŶƴģAl2O3�� Żř� źŤưƧ�éå� ƹ� ŶƇŹŵ�SiO2�
� Żř� źŤƄǀŝçå� ŶƇŹŵ��Ţſř�ƶƳŚųŹŚƧ�ƽřźŝ� ƩƺŞƣ� ŵŹƺƯ�ƩƹŶƯ� ƶƧ�ƾţŹƺƇ�Źŵ�
� ƪƣřŶůéƾƯ��� ŶƃŚŝ�Ŷū� Ʃƹç�ƶƿżŬţ�ƱŚƄƳ� řŹ� ŢǀƀƧƺŝ� Ʋƿř� Żř� ƶƳƺưƳ� Ŷƴģ�

ƾƯ�ŶƷŵ� ��� ŚŝřźŰƇ�šŚƘƫŚƐƯ� ƶŝ� ƶūƺţƿŻř� ƪƇŚů� ƶǀƫƹř� ŪƿŚŤƳ� ƹ� ƾ�Ƶŵřŵ��ƽŚƷ
ƹ�ƾƷŚĮƄƿŚƯŻō�ƹ�ƝŚƄŤƧř�źŝ�ƮƧŚů�ƽŚƷźŤƯřŹŚě�ũřźŴŤſř���ƶƧ�Ŷƃ�ƆŴƄƯ
�ƾŤǀƀƧƺŝ�ƢƟřA�ǀƠǀƧ�ŻřƾŤ�ƶŝ�ƹ�ŢƀǀƳ�ŹřŵŹƺųźŝ�ŚƴǀƯƺƫō�Ŷǀƫƺţ�ƽřźŝ�ƩƺŞƣ�ƪŝŚƣ�

ō� ƶŝ�ƪǀƫŵ�ƲǀưƷƛ�ŢǀƀƧƺŝ�Ʊǀ�ƾŤƘƴƇ� źƶŤƠĭƾƯ��ŵƺƃ��ƽŵŚƿŻ�šŚƘƫŚƐƯ� řŸƫ�
ŢƟźĮƳ�šŹƺƇ�Ʊō�ƽƹŹ�� ��ƩƹŶūæ�ƶƿżŬţ�řŹ�ŢǀƀƧƺŝ�Ʋƿř� Żř� ƶƳƺưƳ� Ŷƴģ�

ƾƯ�ƱŚƄƳ�ŶƷŵ���ƾţŹƺƇ�Źŵ��ƢƟř�ŢǀƀƧƺŝ�ŢǀƠǀƧ�ƶƧB��ƢƟř�Żř�źŤƸŝ�ŜţřźƯ�ƶŝ
A� �Ţſř��źƏŚų�ƲǀưƷ�ƶŝ�ƹƹ�ƾƟŚƄŤƧř�ƽŚƷŹŚƧ�ƲƿźŤƄǀŝ��ƽƹŹ�źŝ�ƾūřźŴŤſř

�ƲƿřƢƟř��� ƵĦƿƺŝŹŵƹŻ� ƹ�ƾƴǀŞƬĭ� ƵŵƹŶŰƯ���ƾƯ� ƭŚŬƳř�� ŵƺƃ� ľŚƗƺưŬƯ�ƶƧçê�í�
�Żř�źŤƯƺƬǀƧæëźŝ�Źŵ�řŹ�źŤƯƺƬǀƧ��ƾƯ�ŵźǀĭ���ƶŝ�ƲǀƯŻ�ŮƐſ�Źŵ�ŢǀƀƧƺŝ�ƁźŤƀĭ
ƶƿǇ�šŹƺƇ�ƾƯ�źƔƳ�ƶŝ�ƽř�ƾţŹƺƇ�Źŵ�ŶſŹ��ũřźŴŤſř�ƹ�ƾƴǀƯŻźƿŻ�šŚƘƫŚƐƯ�ƶƧ

�ƥƺƬŝç� ƾƌƘŝ� Źŵ�ŢǀƀƧƺŝ� ƶƧ� Ƶŵřŵ� ƱŚƄƳ�ƍŚƤƳ� ŻřƶƿǇ� ƪƨƃ� ƶŝ���źǀƛ� ƽř
ƶŤſƺǀě� �ŶƗľŚţŶưƗ�ƹ�ƾſŝ��ƶ�ƽŚƸŤſŹŚƧ�šŹƺƇƝŹĥ�Śŝ�Śţ�ƽřźŞŤſ�éå�źŝ�źŤƯ�

źŤƀŝ�Ĭƴſ�ƽƹŹ�ƲǀƿŚě�źưƧ�Śƨǀƫř�ƽŚƸŤǀƯƺƫƹŵ� �ŵŹřŵ�Źřźƣ� �ƪƨƃ�é� ��źƿƹŚƈţ
ƽŚƸƳƺưƴųŹ�� řŹ�ŢǀƀƧƺŝŚƄƳƾƯ� Ʊ�ŶƷŵ��ƀĩƺŝǀƫŵ� ƶŝ�Ţǀ�ŶƳŻŚſ� ƾĭŵŻřƺƷ� ƪ
�ƦƄưƃ�ǇŚŝ� źưƧ� �ŵřƺƯ�ƩŚƤŤƳř� ƹ�ƎǀŰƯ� Żř��ưƴųŹºººººŢſř� ƵŵźƧ� řŶǀě�Ʊƺ��

Ʋƿř�ŚſŤųººººŤųŚſ�ƶŝ�ƶǀŞƃ�ľŚŞƿźƤţ�ŹŚººººººººƯ�ƹ�ƹŻƺƧ�Śƴĭƹŵ�ŢǀƀƧƺŝ�ŹŚƺ�ŽŚţŹ
�Dougna Kuzu & Mortas��ƾƯ� ƶǀƧźţ��źǀƛ� Ʊō� źŤƀŝ�Ĭƴſ� ƶƧ� ŶƃŚŝ

�ƪƨƃ�ƾūƺƯ�ƹ�ŮƐƀưƷ��ƹ�Ƶŵƺŝ�Śŝ�ŢǀƀƧƺŝƽřźŞŤſ�Ʋǀŝ�æ�Śţ�éåƵźƟ�źŤƯ���ƽŚƷ
ƵŵźƧ�źě�řŹ�ƾŤſŹŚƧ�ƽŚƸƫřŵƺĭ�ƹ�īŹżŝ��ŶƳř�Hoseyin Öztork et al., 2002 ������

��
ƾƳŚƧ����ƾƳŶƘƯ�ƵŵŚƯ�ƾſŚƴƃ��

�ƾƨƿ��ŵŹřŵ�ŵƺūƹ�šƹŚƠŤƯ�ŢǀƠǀƧ�ƹŵ�Śŝ�ŢǀƀƧƺŝ�ƕƺƳ�ƹŵ�ƭźūŚū�ŹŚƀƳŚƧ�Źŵ
� ƶƧ� ƾƬǀƃƹ� ƭźƳ�ŢǀƀƧƺŝƾƷŚĭƾƯ� ƵŶƿŵ� ŚƸƳō� Źŵ� ƽŶƴŝ� ƶƿǇ� źŧř��ŵƺƃ� ��Ʋƿř

ŝ�Ƶŵƺŝ�ƲƫƺŗŚƧ� �ƶǀŞƃ�ƭźƳ�ƹ�ƾƳƺŝŚƇ�žưƫ�ƽřŹřŵ�ŢǀƀƧƺŝ�ƶ�ƾţŶƯ�ƶƧ�ƽŹƺƏ
Żō�ƽřƺƷ�ƉźƘƯ�Źŵ�ƶƧ�ũřźŴŤſř�Żř�ŶƘŝƾƯ�Źřźƣ�ŵř�źǀĭ�ŵ�ƵŶǀƃŚě�ƮƷ�Żř�ƵŶƃ�ƹ�

ƾƯ�ƪƿŶŞţ� Źŵƺě� ƶŝ�Ţſŵ� Źŵ�ŵƺƃ��� ŚŞƫŚƛ� ŚƸŤǀƀƧƺŝ�Ʋƿř�ĬƳŹűźſ�Śţ�ƲƃƹŹ�



 ��
�������������������������������������������������������������������ƲǀƯŻ�ƽŚƸǀĭĦƿƹ��ƭźūŚū�ŢǀƀƧƺŝ�ƾƟŚƄŤƧř�ƹ�ƾſŚƴƃ�ƾƫŚưƃ�ƱŚſřźų�ƽźŤųŚŝ�śƺƴū��ƩŚưƃ������
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îå����������������������������������������������������������������������ƱŚŤƀƯŻíé�ƵŹŚưƃ��ƮƷŵżƳŚě�ƩŚſ��êí��������������������������������������������������

 

űźſŢſř�ƽźĮū���ţŶưƗ�ƾſŚƴƃ�ƾƳŚƧ�źƔƳ�ŻřŚ�Śŝ�ƵřźưƷ�ŢǀţŚưƷƹ�ƲƫƺŗŚƧ�Żř�
ƵŶƃ�ƪǀƨƄţ� ƮǀƳŚŤǀţ� ƹ� ŹƺĜſŚƿŵ� żǀģŚƳ� ŹřŶƤƯ�ŶƳř��ƱřƺƴƗ� ƶŝ�ŢǀƀƧƺŝ�ƕƺƳ�Ʋƿř�

ƾƬǀƃ�ŢǀƀƧƺŝ��ƛ� ƹ� ƶƬƏŚŝƾƯ�ƞǀƇƺţ�ƾŤƘƴƇźǀ�ŵƺƃ� �ŢǀƀƧƺŝ� źĮƿŵ� ƕƺƳ��
Ţſř�ƽŹƺĜſŚƿŵ�ŢŴſ�ŢǀƀƧƺŝ���Ʋǀŝ�ƾŤŴſ�ƹ�źŝŻ�žưƫ�ƽřŹřŵ�ŢǀƀƧƺŝ�Ʋƿř

ê�� Śţë�ƶƧŵŹřŵ�ƵŚĭ�ƶŝ�ìƾƯ�żǀƳ���ƽŹřŸĮƯŚƳ�ƾŤƘƴƇ�ŢǀƀƧƺŝ�ƱřƺƴƗ�ƶŝƹ�ŶſŹ
Ţſř� ƵŶƃ� �� ŚƸǀƳŚƧ�ĬƳŹƵƹǈƗƪǀƨƄţ�Ǝƿřźƃ� źŝ���ƾƳŚƧ�ŜǀƧźţ� ƶŝ� ľŚţŶưƗ�

ǀƴǀƯƺƫō�ƽŚƸǀƳŚƧ�ŶƴƳŚƯ�ƾſŚƴƃƮ��ƹ�žǀƬǀſ�ƹ�ƲƷō�ƵĦƿƺŝ�Źŵ�ŵƺūƺƯ�ƲƷō�ŹřŶƤƯ�
ƾĮŤƀŝ�ƱōŵŹřŵ�����ƦưƧ�ƶŝ�ƭźūŚū�ŢǀƀƧƺŝ�ƱŶƘƯ�Źŵ�ŢǀƫŚƘƟ�ƩŚſ�ŹŚƸģ�ƾƏ

ƝŚƄŤƧř�Ŷůřƹ��źŝ�ƱƹżƟřšƹŚƠŤƯ�ƽŚƸŤǀƠǀƧ�Śŝ�ŢǀƀƧƺŝ�ĬƳŹ�ƵŵŻřƹŵ�ƮƷ�Żř��
� ƦǀƨƠţƵŶƃŢſř�� �ŝƶƳƺĭ� ƶ�ƽř�ƶŝ� ƪƿŚƯ� ŶǀƠſ� Żř� Ţǀƀĩƺŝ� ĬƳŹ� ƶƧ�
ƽźŤƀƧŚų�Ƶźǀţ�Śţ�ƲƃƹŹ�ƽźŤƀƧŚų���ƵƺƸƣ��ƵƺƸƣ��ƹ�ƲƃƹŹ�ƽř��Źŵ�ƽźĮū�ƽř

� źǀǀƜţŢſř�ƶƴǀƯŻ��� ƽŚƸĮƳŹ� ƞƬŤŴƯ� ƽŚƷ� �űźſƀƧř� ƪǀƫŵ� ƶŝƂƿŚ�Ʊĥźěƺſ�
�Ĭƴſ�Źŵ�ŵƺūƺƯ�ŢǀţŚưƷŢſř���ƾſŚƴƃ�ƾƳŚƧ�šŚƘƫŚƐƯ�ŽŚſř�źŝƵŶƃ�ƭŚŬƳř�

ŢǀƀƧƺŝ�ƾţŚƤǀƤŰţ�ƞƬŤŴƯ�żƧźƯ�ŹŚƸģ�Źŵ��ŢǀƀƧƺŝ�Ʀƿ�ƭźūŚū�ŢǀƀƧƺŝ�
� ŢƿŻƺƯŚƃ� ƵřźưƷ� ƽŹƺĜſŚƿŵŢſřƷō� ƽŚƸǀƳŚƧ� ƶƧ�Ʋ��ƶŝ� ƮǀƀǀƬǀſ� ƹ� ƮǀƳŚŤǀţ�

ƾƬƇř�ƽŚƸǀƳŚƧ�ƱřƺƴƗ�ƾƯ�ƾƷřźưƷ�řŹ�Ʊō��ŶƴƴƧ���
ƮƸƯ���������������Żř�ŶºƴţŹŚŞƗ�ŢǀƀºƧƺŝ�ƪǀƨƄºţ�ŶƴƿřźƟ�ƵŶƴƴƧ�ƩźŤƴƧ�ƪƯřƺƗ�Ʋƿźţ����Ǝƿřźºƃ

řƺƷƹ�śōƿ��ƾƷŚǀĭ�Ƃƃƺě��ƾƾſŚƴƃ�ŢŴƿŹ����ƎǀºŰƯ�ƾƄºƨƷŻ��PH ƹ��Eh���
ººŝ�ƶ�������ƽŚººƸǀƳŚƧ�ƾƿŚǀưǀººƃ�ƹ�ƾººƨƿżǀƟ�ƪººƯŚƧ�ƾĭŵŻřƺººƷ�Żř�žººě�ƾººƬƧ�ŹƺººƏ

ƯƺƫōƴǀǀƬǀſƺţŚƨƾ������ţŚƴŝźƧ�ƽŚƸĮƴſ�ƩǈŰƳř�Śƿƹ�ƲƿŹŷō�ƽŚƸĮƴſ�ƾ���ƽŚƸţŚƨǀƬǀºſ��
�ƺƬƧ�ƦǀƀººǀƬǀſ�Ŷǀººſř�ƹ�ƵŶººƿŵźĭ�żǀƫƹŹŶººǀƷ�ƮǀƴǀƯƺººƫōƿ�ŶǀƀººƧƹŹŶǀƷ�ƹ�ƽŶººǀ

��ƾƯ�ƪǀƨƄţ�ƮǀŤǀƯƺƫō�ŵƺƃ���������Źŵ�ƩƺºƬŰƯ�šŹƺºƇ�ƶŝ�ƾţŚƨǀƬǀſ�ƽŚƸǀƳŚƧ�Żř�ƾƌƘŝ
ƾƯ�������ŹƺƬŝ�źƷ�ŮƐſ�Źŵ�ƹ�Ŷƴƿō����ƽŚƸŤǀƟźƓ��ƵŶƄƳ�źǀſ��ƽř����ƾƯ�ƶƧ�ŵŹřŵ�ŵƺūƹ����ŶºƳřƺţ

�ƺƴƗ�ƶŝ�����Ư�Śºŝ�ƂƴƧřƹ�ƱƺƳŚƧ�Ʊřƺ������ŶºƴƧ�ƪºưƗ�śō�ƽŚºƸƫƺƨƫ���������ƪºưƗ�Ʋºƿř�ƾºƏ�Źŵ
�żǀƫƹŹŶǀƷƹ�ƱƺǀſřŹŶǀƷ���Żř�ƮƿżǀƴƯ�ƹ�ƮǀƀƬƧ��ƮƿŶſ��ƮǀſŚŤě�ŶƴƳŚƯ�ƽƺƣ�ƽŚƷŻŚŝ

����������ƶƨŞƃ�Źŵ�ŵƺūƺƯ�ƱĦǀƀƧř�ƽŚƸƳƺǀƳō�Żř�ƾƄŴŝ�ƹ�ƵŶƃ�ũŹŚų�ƎǀŰƯ����ŹƺºƬŝ�ƽŚºƷ��
ǇŚưŤůř�����ƾºƯ�ƲƿżĮƿŚºū�ŶǀƀºƧƹŹŶǀƷ�ƽŚºƸƳƺƿ�ƶƬǀſƹ�ƶŝ���ŶƳƺºƃ�����ƽřźºŝ�ƮǀƴǀƯƺºƫō

Ƅţ�ƪǀƨƾƿřŹŚưƷŵƺų�ƾŰǀūźţ�Ƃƃ���Ʊƺƿ�Ƃƃ� OH��ŶºƷřƺų�ŵƺų�Źƹŵ�ƶŝ�řŹ
ŶƳŚƄƧ������Śŝ�ƮǀƀǀƬǀſ�ƶƧ�ƾƫŚů�Źŵ��ƾƿřŹŚºưƷ����ŶºƳŚƯ�ŶºƷřƺų�ƾƣŚºŝ�ŹŚºƸģ�����ƽŚºƸƳƺƿ

żƬƟƽŚƷ�ŚǀƬƣ�ƿ�ŚŞŧŚŝ�ƾš��������ŚºƸƳō�ƩŚŞƳŵ�ƶŝ�ƹ�Ƶŵƺŝ�ŚƸƳƺƿ�Ʋƿźţ��ƽŚºƸƳƺƿ���ŚºǀƬƣ�ƿ���ƾƧŚºų�ƾ
�ƾƯ�Źřźƣ������ƾƯ�ƪưů�ƩƺƬŰƯ�šŹƺƇ�ƶŝ�źƇŚƴƗ�Ʋƿř�ƵŶưƗ�ƂŴŝ�ƹ�ŶƳźǀĭ�ŶƳƺƃ��Żř�
ƽƺſ��źºĮƿŵ�����ƮǀƴǀƯƺºƫō��Śºţ��ƲºƷō�ƹ�ƮǀƀºǀƬǀſ���ƺºưƘƯ�Ǉ����šŹƺºƇ�ƶºŝ�ŵƹŻ�ƾºƬǀų�

�ƾºƯ�śƺſŹ�ľřŵŶŬƯ�ƩƺƬŰƯŚƳ��ŶºƴƴƧ� pH �����ƹ�ƮǀƴǀƯƺºƫō�ŶǀƀºƧř�ƩŚºƤŤƳř�Źŵ�ƎǀºŰƯ
�ƽŹřŸĮŝƺſŹ�Źŵ�ƲǀƴĤưƷƹ�ƩƺƬŰƯ�šŹƺƇ�ƶŝ�ƮƀǀƬǀſ�ŶǀƀƧřƵŹŚŝƹŵ�ƂƤƳ�ŚƸƳō�

ŵŹřŵ�ƾſŚſř���
CaCO 3 +H2O                                   Ca +2+HCO3- +OH- 

CaAl2Si2O8+6H2O                  2Al2Si2O5(OH)4+2Ca+2+4OH- 

 

ƾƯ�űŹ�ƾƳŚƯŻ�ƽŶǀſř�Ǝƿřźƃ�ŵƺūƹ�ƾƳŶƘƯ�ƽŚƷŶǀſř�Śŝ�ƾƫō�ƽŚƷŶǀſř�ƶƧ�ŶƷŵ��
ƹ� ŶƴƃŚŝ� ƶŤƃřŵ��ƶŬǀŤƳ� Źŵ�ŝ�ƲƷō�ƱŶƃ� ƶţřŹŶǀƷ�ƹ�ƮǀƴǀƯƺƫō� ƱŶƃ� żǀƫƹŹŶǀƷ��ƶ

� ƽŶǀƀƧř�ƂƴƧřƹ� ƶƬǀſƹƾƯ� űŹ�� ŚƸƳō� ƽřźŝ� ƹ� ŶƷŵŚƷŶƴƿřźƟ�ŵŚƸƴƄǀě� źƿŻ� ƽ
ƾƯ�ŵƺƃ��Dominique et al.,1984����

4FeS2+15O2 +10H2O                          4Fe O(OH)+ 8H2SO4  
  (PH =2-3) 
 
Fe3+ H2O                                                Fe(0H )2+H+ 
�Al+3+H2O                                             Al(OH)2+H+ 

� ŹŚƔŤƳř�ƦǀƯŚƴƿŵƺƯźţ� ƵŚĭŶƿŵ� ŻřƾƯ�ƶƧ� ŵƹŹŹŚĜſŶƬƟ� ƶǀƫƹř�ƾĭŵŻřƺƷ� źŧř� źŝ���
ŵƺƃ�Ŷǀƫƺţ�ŢǀƀŞǀĭ�ƾƳŚƧ�White,1999����

��KAlSi3O8+7H2O+H+ �������
���     K++3H4SiO4(aq)+Al(OH)3(Sol)� �

����                                                      ����������������������������  
PH�ŹƺƇ�ƶŝ�ƮǀƀǀƬǀſ�ŶǀƀƧř�ƹ�ƮǀƴǀƯƺƫō�ŶǀƀƧř�ƩŚƤŤƳř�Źŵ�ƲǀƴĤưƷ�ƹ�ƩƺƬŰƯ�š

� ƵŹŚŝƹŵ� ƽŹřŸĭ�śƺſŹ� ŹŵŵŹřŵ� ƾſŚſř� ƾƄƤƳ� ŚƸƳō��� ŹŵPH�� Żř� źŤưƧ�é��
�ƾƳŚſō�ƶŝ�ƮǀƴǀƯƺƫō�ŶǀƀƧřƪů�ƪŝŚƣ�žǀƬǀſ�ŚƯř��Ƶŵƺŝ�ƽźƿŸě�ƩǈŰƳř�ƽźŤưƧ�

ŵŹřŵ� �� Żř� ƵźŤƀĭ�Ʋƿř� ŹŵpH�ƾƯ�ũŹŚų� ƩƺƬŰƯ� Żř� ƮǀƴǀƯƺƫō�ŶǀƀƧř��� ŵƺƃ�ŚƯř
ƾƯ�ƾƣŚŝ�ŹŵŚƯ�ŵřƺƯ�Śŝ�žǀƬǀſ�ŶƳŚƯ�����ƩŚůźƷ�ƶŝpH��šŹŶƳ�ƶŝ�ƽŵŚƗ�ƽŚƸƐǀŰƯ

ƾƯ� Ŷů�Ʋƿř� ƶŝ�ŶſŹ� �� ŻřpH�ê� Śţ�î�ŶǀƀƧř� ŚƯř� ƶŤƟŚƿ�ƂƿřżƟř�ƾƧŶƳř�žǀƬǀſ�
ƴǀƯƺƫōǀ� Ʋƿř� Źŵ� ƮpHǈưƗ�źƿŸěŚƳ� ƩǈŰƳř�Ţſř��Mason,1966���źƷ� Źŵ

šŹƺƇ�ŜſŚƴƯ� ƾĭŵŻřƺƷ� šŶƃ� Śŝ� ƎǀŰƯ� ƦƿŹŵ���ŶƴƳŚƯ� ƶǀƫƹř� ƽŚƸǀƳŚƧ�
ř� �ƲƀƧƹźǀěƹŶƴƬŞƳŹƺƷ� ƹ� Ʋƿƺǀƫ��ŹřŶŝō� ƽŚƷŶǀƀƧř� ƶŝ� ƪƿŶŞţ� Ʃƹř� ƶƬůźƯŹŵ�

ƾŝ�ƾƯ�ƪƨƃ�ǀţ�ŶƴƳŚƯ�ƵŶƃ�ŵřŻō�źƇŚƴƗ�Żř�ƦƿźƷ�ŶƘŝ�ƶƬůźƯ�Źŵ�ƹ�ŶƳƺƃŤ��ƮǀƳŚ
�ƮǀƴǀƯƺƫō�ƮƀǀƬǀſ� ƹ� ƲƷō�� řŹ� ŵƺų� ƶƿƺƳŚŧ� ƽŚƸǀƳŚƧ� Ŝǀţźţ� ƶŝ�ŻŚţŚƳō� ŶƴƳŚƯ�

ŢǀưƷƺŝ��ŢƀŞǀĭ�ŢǀŤŗƺĭ�ŢǀƳƺƬƿŹƺưŤƳƺƯ�ƹ�ŢǀţŚưƷ��ƾƯ�ƪǀƨƄţ�ŵŶƴƷ�����
��

�ƾƟŚƄŤƧř�šŚƘƫŚƐƯ��
� ƭŚŬƳř� ƾƤưƗ� ƹ�ƾŰƐſ�ƂŴŝ� ƹŵ� Źŵ�ƾƟŚƄŤƧř�šŚƘƫŚƐƯ�ŶƃŢſř� Ƶ� ��ƂŴŝ

ƶƄƤƳ� ƶǀƸţ� ƪƯŚƃ� ƾŰƐſ�ţ� ƽŚƷƺƾƟřźĭƺě� �ƶƄƤƳ�ƲǀƯŻ� ƽŚƷ�� ƹ� ƾſŚƴƃ�ƲǀƯŻ
ƾŤųŚſŹŵ��ƽŚƸſŚǀƤƯ� �çåååå� ���æ�� �êååå�æ� �� ƹ�æååå�æ�ƱŵŻ� Śŝ� ƵřźưƷ� �
ƶƄƳřźţ��ƞƬŤŴƯ� ƽŚƷŹŵƟ�ƺ� ƪƇřæååźŤƯ�ƽ� źĮƿŶƨƿ� Żř�ſř�Ţ�ƾƌƘŝ� Źŵ� ƶƧ
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�ƭźūŚū�ŢǀƀƧƺŝŶƴŤƀƷ��ƶƴƿźƿŵ�ƽŚǀƟřźƜū�ƹ�ƾſŚƴƃ�ƶƴǀģ�šŚƘƫŚƐƯ�ŽŚſř�źŝ��
Śū�ŹŚƀƳŚƧ�ƪǀƨƄţ�ƎǀŰƯūƃ�ƭźƵŹŚƣ� ƶŞ�ŝ� ƹ� Ƶŵƺŝ�ƽř� ƶ�ŚƿŹŵ�ƽƹźƄǀě� Śŝ�ŪƿŹŶţ

�ƶƋƺůƝŹĥ�Ţſř�ƶŤƟźĭ�šŹƺƇ�ƱōŹŵ�ƭŻǇ�šřźǀǀƜţ�ƹ�ƵŶƃ�źţ���ƶƨƴƿř�ƲưƋ
� ƽŚƸŤƟŚŝ� ƾěƺƨſƹźƨǀƯ� šŚƘƫŚƐƯǀƿƺŗřƽŶ� �ƹżǀěƿ�ƽŹřƹō� ƽŚƸŤƟŚŝ� ƹ� ƽŶǀ

ƦǀŤſǈƧƹźƨǀƯ�ƾŤƿŚƳŹō��ƨƃ� ŵƺūƹ� ƲǀƴĤưƷ� ƹ� ƾƿřźƯƺƬĮƴƧ�ººººººº�ƽŚƸƟŚ
ƹżǀě�Źŵ�Ʃĥ�ƮƧřźţ�Żř�ƾƃŚƳƿƷŶǀ�ƪǀƨƄţ�ƽřźŝ�ŚūźŝŚƳ�ƹ�Śūźŝ�Ǝƿřźƃ�Ŝǀţźţ�ƶŝ�Ś

ƄƳ� řŹ�ŢǀƀƧƺŝºººººƾƯ� ƱŚ��ŶƷŵ�ƵŵřŻ�źƠƘū�æèìî� ���ƾƴƘƯ�ƲƿŶŝ� ƶƧ�ŢǀƀƧƺŝ
ŝ� ƾŤƿźţǇ� ƶŶƃ� ƪǀƨƄţ� ŢƫřŻŚŝ� ƽŚƸĮƴſ� ƾĭŵŻřƺƷ� źŧř� źŝ� Śūźŝ� šŹƺƇƵ�ƹ�

ŝ�ƂƿŚſźƟ�źŧř�Źŵ�žĜſ�ƶ�źŤƀŝ�Ĭƴſ�ƹ�ƾŝƺſŹ�ƶƋƺů�ŵŹřƹ�ƾŞƿźŴţ�šŹƺƇ
ĭ�ŚƸŤſŹŚƧ�Śŝ�ƵřźưƷ�ƾŤǀƯƺƫƹŵŢſř�ƵŶƿŵź���ƶưǀƳ�Śţ�ƕŚŞƃř�Ǝƿřźƃ�Ʀƿ�Źŵ�žĜſ
� ƽŚƷŹŚƄƟ� Śŝ� ƵřźưƷ� ƕŚŞƃř�ƾƿŚŤƀƿř� Ĭƴſ�źƇŚƴƗ� ũƹźų� ƶƴǀƯŻ� Ŝǀţźţ� ƶŝ�

ƵŻŹŵ� Żř� ƹ� Ţſř� ƵŶƃ� ƮƷřźƟ� ƥźŰţ� ƮƧ� Śţ� ƥźŰţźě��ƹ� ƾěƺƨſŚĮƯ� ƽŚƷ
ţŚƴŝźƧ� ƽŚƸĮƴſ� Źŵ� ŵƺūƺƯ� ƾěƺƨſƹźƨǀƯƾƵŶƃ� ũŹŚų� ƎǀŰƯ� Żř��ŶƳř� ��Źŵ

ƶŬǀŤƳ�ƴƳŚƯ�ƥźŰţ�ƾŝ� źƇŚƴƗ� ƖưŬţ� ƶƴǀƯŻ��ƮƧ� źƇŚƴƗ� ƹ� ƮǀƳŚŤǀţƹ� ƮǀƴǀƯƺƫō� Ŷ
�ƮƷřźƟ�ƲƷō�ƹ�ƮǀƀǀƬǀſ�ŶƴƳŚƯ�ƥźŰţƃŢſř�ƵŶ��ŢƿŚƸƳ�Źŵ��Ǝƿřźƃ�Źŵ�źƇŚƴƗ�
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�ƶŤƃřŵ�ƾƿřżƀŝ�ŢſřƾƯ�ƪǀƨƄţ�ƾƿŚƷŹŚŤųŚſ�Źŵ�ŹƺĜſŚƿŵ� řźƿŻ��ŢŰţ�ƶƧ�ŵƺƃ
� źǀŧŐţŢųŚſ�ƲǀƯŻ� ŶƴƃŚŝ� ƶŤƟźĭ� Źřźƣ� ŶƿŶƃ� Śţ�ƎſƺŤƯ�(Bardossy,1984)�

� ƕƺƳ� Żř� ƶƧ� ƶǀſƹŹ� ƱŚưǀţ� ŢǀƀƧƺŝ� ŶƴƳŚƯ� ŹƺĜſŚƿŵ� Ţſř�Leonid,1999���
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�ƽŚƷŹŚƄƟ�źǀŧŐţ�ƶŝ�ƶūƺţ�Śŝ�ŢǀƀŞǀĭ�ƾƴƘƿ�ŢǀƀƧƺŝƾƿŚŤƀƿř�Ĭƴſ�ŵřƺƯ�Żř�ƾƃŚƳ�
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Ǝƿřźƃ� Źŵ� ƹ�śō� ƩƺƨƫƺƯ�Ʀƿ�ƾƳƺĭźĭŵ�ŶǀƀƧř� ƾƴƘƿ� ƭƹŶƳźƧ� ƶŝ� ŶƿŶƃ�
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�ŹƺĜſŚƿŵ�ƶŝ�řŹ�ŢǀƀŞǀĭ�ƾŤů�ŚƿèìêƾŤƳŚſ�ƶūŹŵ���ƱŚǀŝ�ŵřźĭźƧŢſř�Ƶŵ��ŝ�ƶ�ŹƺƏ
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ƾƯ� ƭźūŚū� ƾƬƇř� ƽŚƸǀƳŚƧ� Żř� ƶƧ�ŢƿŻƺƯŚƃ� ƹ� ŹƺĜſŚƿŵ�ŶƴƃŚŝ��ƽŻŚŝ� ƎǀŰƯ�
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� ƭźūŚū� Źřŵ� ƲƷōŢſřƶƳƺưƳ� ƶǀƬƧ� Źŵ� ƹ���ƎǀŰƯ� Źŵ� Ţſř� ƵŶƃ� ƁŹřżĭ� ŚƷ

ŶǀƀƧřƽƾƯ� ƪǀƨƄţ��ŵƺƃ� �Śſř� źŝ� řŸƫƺưƳ� ŽŹřŵ�ƱƺŤƫřƹ� Ǝſƺţ� ƵŶƃ� ƶŗřŹř�
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ŝ� ŹƺĜſŚƿŵ�ƪǀƨƄţ�ƽřźŝ� ƶƵŵŹƹō� ŵƺūƹ�ŶƳř� ��ƱƺŤƫřƹ� ŵŚƤŤƗř� ƶŝ�æîëê� ��ŹƺĜſŚƿŵ
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ŝŚū�ŶƇŹŵ�Ŷƴģ� Śţ�Ţſř�ƲƨưƯ�ƹ�ŶƴŤƀƷ�ƶ�ŹƺĜſŚƿŵ�ƶƨŞƃ�Źŵ�ƾƫƺƨƫƺƯ�ƾƿŚū
��ŵƹŶůæå�Śţ�çåŶƇŹŵ����ŢǀŤŗƺĭ�ƶƨŞƃ�Źŵ�Śƿ��ŵƹŶůéåŶƇŹŵ���ŶƷŵ�űŹ��

ƀŞǀĭ� ƹ� ŢǀưƷƺŝ�ƱƹŻ� ƪųřŵ� ƶŝ� ƾƴǀƯŻźƿŻ� ƽŚƸŝō� ŶƿŶƃ� ŷƺƠƳ� ƶŬǀŤƳ� Źŵ� Ţǀ
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�ƶƐŝřŹ�ƶƘƫŚƐƯƽřźŞŤſ����ŶºƇŹŵ�ƲǀºƴĤưƷ�ƹ�ƩƹŶºƯ�ƶŝ�ŢŞƀƳ�ŢǀƀƧƺŝ�Al2O3 �ƹ�
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ř�ŢƧźƃƺŤƿ�ƥ�ÎÐÔÑ��Ʊō�ƽŚƷ�Ƶĥƹźě�ƹ�ŭźƏ�Śŝ�ƾƿŚƴƃō���šřżƬƟ�ƹ�ƱŵŚƘƯ�šŹřŻƹ�ŢǀƀƧƺŝ�Żř�ŚƴǀƯƺƫō�Ŷǀƫƺţ�ƶƳŚųŹŚƧ�ťřŶůř�ƹ�ƱŶƘƯ�żǀƸŬţ�ŭźƏ���
ƽŹŚƿźƸƃ��ƭ���æèëê��ƾŤſŹŚƧ�ŢǀƀƧƺŝ�źƿŚųŷ����ƶţŚƴŝźƧ�źŤƀŝ�Śŝ���ƱřźƸţ�ƵŚĮƄƳřŵ�ƾƷŚĮƄƳřŵ�ŵŚƸū���

���ƝŚƄŤƧř�Ƶƹźĭ�ÎÐÔÑ���ƾƟŚƄŤƧř�ƁŹřżĭ������šřżƬƟ�ƹ�ƱŵŚƘƯ�šŹřŻƹ�÷��������������ƭźūŚºū�ƾƟŚƄŤƧř�Ƶƹźĭ�ŢǀƀƧƺŝ�Żř�ŚƴǀƯƺƫō�Ŷǀƫƺţ�ƶƳŚųŹŚƧ�ťřŶůř�ƹ�ƱŶƘƯ�żǀƸŬţ�ŭźƏÎÐÔÍ���
�ƾţŚǀƬưƗ�ƁŹřżĭÎÐÔÍ��

ƭ��ƾƴǀŗŚƳ�ƽƺƬƗ��ÎÐÔÏ��Ʊřźƿř�ƦǀŗƹŻƺŘƫŚě��Ʊřźƿř�ƾſŚƴƃ�ƲǀƯŻ���ŹƺƄƧ�ƾſŚƴƃ�ƲǀƯŻ�ƱŚƯŻŚſ��śŚŤƧ�ƲƿƹŶţ�ŭźƏ����
ũ��ƾƳřźƈƣ�Ź����ÎÐÔÑ���ŵŚŝō�ƱŚƸū�ŢǀƀƧƺŝ�ƾţŚƯŶƤƯ�šŚƟŚƄŤƧř���ŵŚŝō�źƠƘū�ƩŚƧ���źǀŞƧźǀƯř�ƾŤƘƴƇ�ƵŚĮƄƳřŵ�žƳŚƀǀƫ�ơƺƟ�ƶƯŚƳ�ƱŚƿŚě�� �

�Ɲ��źƯ��ƕ��ƾƟźƃ��ř����ÎÐÔÒ�Śƿźŝ�ƶŤƃƺƳ�ƾưǀƃƺŗĥ�ƩƺƇř�ƶưūźţ�źƯ�ƱƺŤƫŹŚƧ�ƹ�ƱƺƀǀƯ�Ʊ��Żřźǀƃ�ƵŚĮƄƳřŵ�šřŹŚƄŤƳř�ƭƹŵ�ęŚū��
ŭ��ƾƿǈƯ����æèìè���ŚƴǀƯƺƫō�Ŷǀƫƺţ�ŢƸū�ƭźūŚū�ŢǀƀƧƺŝ��ƾƨƿĥƺƫƺƴƨţ�ƹ�ƾƟŚƄŤƧř�ƶƘƫŚƐƯ����Ʊřźƿř�ƽŹŚƧ�ƱŶƘƯ��ƭƺƿŻƺĜưſ�ƲǀƯŹŚƸģ��ŵżƿ�ƵŚĮƄƳřŵ����
ŭ� �ƾƿǈƯ��ƕ� �ƾƿŚƿŹō��ř��ƭ� �� ƱŚǀſŚŞƗ����æèìæ�ƍŚŞţŹř� ƹ� ƹŻ�žƿŶƣŚţ�ƽŚƸǀĭĦƿƹ�� ƭźūŚū� ƶǀůŚƳ� Źŵ�ŢǀƀƧƺŝ� żƳĥ� ƹ�ƾưǀƃ�ƺŗĥ� Śŝ� Ʊō��ƱŚſřźų�ƱŚŤſř� �� ��Ʋǀƫƹř

Ʊřźƿř�ơźƃ�ƾſŚƴƃ�ƲǀƯŻ��ƭƺƿŻƺĜưſ���ŶƸƄƯ�ƾſƹŵźƟ�ƵŚĮƄƳřŵ� ��
ƽźƇŚƳ�ƭ�����æèíç����ƭźūŚū�ŢǀƀƧƺŝ�ƾưǀƃƺŗĥ�ƹ�ƾſŚƴƃ�ƾƳŚƧ�ó�ƾſŚƴƃ�ƲǀƯŻ�ŶƃŹř�ƾſŚƴƃŹŚƧ�ƶƯŚƳ�ƱŚƿŚě����ƽŵŚƈŤƣř�ƾſŚƴƃ�ƲǀƯŻ�Ƃƿřźĭ��óƹŵźƟ�ƵŚĮƄƳřŵ��ƾſ���
 �ŶƸƄƯ���
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