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L. Ya. Kabanova, V. E. Eremiashev, S. A. Sadykov

THE WATER BEHAVIOUR IN PERLITE OF KIZIL SUITE
(MAGNITOGORSK ZONE, SOUTH URAL)

 The sample of  the glass from the flow of the perlitic trachyrhyolite of
Kizil suite (C1v2–v3) Magnitogorsk Zone, South Ural had been studied by
optical  method and microprobe analysis as well IR-spectroscopy methods. It
is established, that this flow was the product of the viscous aquiferous melt of
the rhyolitic composition. The cooling resulted to the formation of glass,
which it contain about 0.3 % H2O in the form of hydroxide of groups. The
following  interaction of the glass with the water resulted to the saturation of
the water in the molecule form, that was accompanied by the formation of
chalcedony and zeolites. The district fluidal texture had been conditioned the
irregular distribution of oxide of iron in different parts of the flow.

F_lh^Zfb� hilbq_kdh]h�� j_gl]_gh\kdh]h�� fbdjhahg^h\h]h�

l_jfbq_kdh]h�ZgZebaZ�b�bgnjZdjZkghc�ki_dljhkdhibb�bkke_^h\Zg

h[jZa_p� kl_deZ� ba� ihlhdZ� i_jeblh\h]h� ljZobjbheblZ� dbabevkdhc

k\blu� �K1 v2–v3)�FZ]gblh]hjkdhc� ahgu�X`gh]h�MjZeZ��MklZgh\-
e_gh��qlh�^Zgguc�ihlhd�ij_^klZ\ey_l�kh[hc�\g_^jb\rbcky�\yadbc

fZeh\h^guc� jZkieZ\� jbheblh\h]h� khklZ\Z�� hklu\Zgb_� dhlhjh]h

ijb\_eh�d�h[jZah\Zgbx�kl_deZ��kh^_j`Zs_]h�f_g__�������\h^u�\

nhjf_� ]b^jhdkbevguo� ]jmii� b� qZklbqgh� jZkdjbklZeebah\Zggh]h

ihe_\uf�riZlhf�b�d\Zjp_f��Ihke_^mxs__�\aZbfh^_ckl\b_�h[jZ-
ah\Z\r_]hky� kl_deZ� k� \h^hc� ijb\_eh� d� _]h� gZkus_gbx� \h^hc� \

hkgh\ghf�\�fhe_dmeyjghc�nhjf_��dhlhjh_�khijh\h`^Zehkv�h[jZ-
ah\Zgb_f� oZep_^hgZ� b� p_heblh\�� Hlq_leb\h� \ujZ`_ggZy� nexb-
^Zevghklv� h[mkeh\e_gZ� g_jZ\ghf_jguf� jZkij_^_e_gb_f� hdbkeZ

`_e_aZ� \� jZaguo� qZklyo� ihlhdZ�� k\yaZgguf� k� ^_ckl\b_f� \h^u� \

ijhp_kk_�\lhjbqghc�]b^jZlZpbb�kl_deZ�
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<\_^_gb_

GZ�\hklhqghf�[_j_]m�aZ\h^kdh]h�ijm^Z�\�]��FZ]gblh]hjkd_

d�x]h�aZiZ^m�hl�\ukhlu�������f�gZ[ex^Zxlky�\uoh^u�jbheblh\�

ljZobjbheblh\�b�ljZob^Zpblh\�dbabevkdhc�k\blu��K1v2–v3)��ij_^-
klZ\e_ggu_� q_j_^h\Zgb_f� fZehfhsguo� eZ\h\uo� ihlhdh\�� eZ\h-
\uo�[j_dqbc�b�lmnh\��Dbkeu_�\medZgblu�jZgg_]h�dZj[hgZ�\�ij_-
^_eZo�FZ]gblh]hjkdh]h� jm^gh]h� ihey� [ueb� bamq_gu� b� hibkZgu

>��G��KZeboh\uf�b�^j��[5].
Kj_^b�wlbo�ihjh^�gZfb�[ue�h[gZjm`_g�\uoh^�ljZobjbheb-

lh\� fhsghklvx� �²��� kf�� keh`_gguc� jhah\Zlh�dhjbqg_\ufb

i_jeblZfb� k� hlq_leb\h� ijhy\e_gghc�nexb^Zevghklvx�� ih^q_jd-
gmlhc�g_h^bgZdh\hc�hdjZkdhc�jZaguo�mqZkldh\�ihlhdZ�

K�p_evx�bamq_gby�ijbqbg��ijb\_^rbo�d�ihy\e_gbx�yjdh-
\ujZ`_gguo�jZaghhdjZr_gguo�ahg�b�jheb�\h^u�\�wlhf�ijhp_kk_

[ueh�ijh\_^_gh�bkke_^h\Zgb_�kljmdlmju�b�khklZ\Z�ihjh^u��keZ-
]Zxs_c�ihlhd��ih\_^_gby�\h^u�b�`_e_aZ�

F_lh^u�bkke_^h\Zgby

H[jZapu� ljZobhjbheblZ� [ueb� bkke_^h\Zgu� f_lh^Zfb� hi-
lbq_kdh]h�� j_gl]_gh\kdh]h�� ljZ^bpbhggh]h� obfbq_kdh]h�� fbdjh-
ahg^h\h]h�ZgZebaZ�b�bgnjZdjZkghc�ki_dljhkdhibb��J_gl]_gh\kdb_

ihjhrdh]jZffu� ihemq_gu� gZ� j_gl]_gh\kdhf� ^bnjZdlhf_lj_

>JHG����BgnjZdjZkgu_� ki_dlju� kl_dhe� [ueb� aZj_]bkljbjh\Zgu

gZ� ki_dljhf_ljZo� 6SHFRUG� ��,5� \� h[eZklb� ���²����� kf-1� b

6SHFRUG���1,5�\�h[eZklb� ����²�����kf-1��H[jZapu�kl_dhe�[ueb

ijb]hlh\e_gu�ih�klZg^Zjlguf�f_lh^bdZf��\�\b^_�kibjlh\hc�kmk-
i_gabb�^ey�kj_^g_c�h[eZklb�BD�ki_dljZ�b�\�\b^_�hlrebnh\Zgguo

b�hlihebjh\Zgguo�k�^\mo�klhjhg�ieZklbghd�²�^ey�[eb`g_c�BD

h[eZklb��L_jfh]jZ\bf_ljbq_kdb_� baf_j_gby� [ueb� ijh\_^_gu� gZ

^_jb\Zlh]jZn_�4��5����Fbdjhahg^h\u_�bkke_^h\Zgby�\uiheg_gu
gZ�j_gl]_gh\kdhf�fbdjhZgZebaZlhj_�JCXA-733.

J_amevlZlu�bkke_^h\Zgby�b�bo�h[km`^_gb_

<�j_amevlZl_�bkke_^h\Zgby�mklZgh\e_gh��qlh�khklZ\�kl_deZ

khhl\_lkl\m_l� ljZobhjbheblh\hfm��gh�f_gy_lky� \� jZaguo� lhqdZo

hl�qbklh]h�SiO2 ^h�khklZ\Z�s_ehqgh]h�ZexfhkbebdZlZ��qlh�khhl-
\_lkl\m_l�^bnn_j_gpbZpbb� \_s_kl\Z�ijb�qZklbqghc� jZkdjbklZe-
ebaZpbb��lZ[ebpZ��
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LZ[ebpZ

Fbdjhahg^h\uc�b�obfbq_kdbc ZgZeba \_s_kl\Z�ba�jZaebqguo
mqZkldh\�ihlhdZ

Kh^_j`Zgb_�dhfihg_glh\��\_k���Dhf-
ihg_gl

1* 2* 3* 4* 5** 6**
SiO2 99.82 97.55 98.90 82.27 79.82 95.80
Al2O3 0.17 1.05 0.13 12.02 10.28 1.08
TiO2 0.03 - 0.02 0.08 0.16 <0.05
MgO - 0.01 - 0.02 0.15 0.16
CaO 0.08 0.18 0.06 0.47 0.60 0.51

Fe2O3 g/h g/h g/h g/h 0.52 0.33
FeO 0.03 0.47 0.06 0.22 0.70 0.38
Na2O 0.08 0.13 0.07 2.63 4.35 0.34
K2O 0.04 0.09 0.04 2.16 2.50 0.17
MnO - 0.01 - 0.02 <0.05 <0.05
H2O

+ g/h g/h g/h g/h 0.83 0.91
H2O

- g/h g/h g/h g/h 0.17 0.10
i��i��i� g/h g/h g/h g/h 1.00 1.01
P2O5 g/h g/h g/h g/h 0.07 0.05
KmffZ 100.5 99.04 99.48 99.89 100.00 100.26

Ijbf_qZgb_:�
�²�fbdjhahg^h\uc�ZgZeba

** — «fhdjZy»�obfby

Bamq_gb_� ihi_j_qgh]h� jZaj_aZ� ihlhdZ� iha\hebeh� mklZgh-
\blv��qlh�\_jogyy�qZklv�ihlhdZ�ij_^klZ\ey_l�kh[hc�eZ\h\mx�dhjdm

fhsghklvx����²�����j_`_�����kf��dhlhjZy�bf__l�jhah\Zlh�[_emx

hdjZkdm�b�khklhbl�ba�miehs_gguo�rZjbdh\�jZaf_jhf�hl��²��ff

^h���kf�\�^bZf_lj_�k�hlq_leb\h�ijhy\e_gghc�i_jeblh\hc�hl^_ev-
ghklvx��<�ij_^_eZo�wlhc�qZklb�gZ[ex^Zxlky�k_jh�jhah\u_�iehl-
gu_�kn_jheblu�rZjhh[jZaghc�nhjfu�jZaf_jhf�hl�^he_c�ff�^h��

kf�� k� [_eh\Zlhc� gZjm`ghc� dhjhqdhc� b� nexb^Zevghklvx�� kh\iZ-
^Zxs_c�k�nexb^Zevghklvx�ihjh^u�b�ijhoh^ys_c�q_j_a�gbo�[_a

baf_g_gby� gZijZ\e_gby�� Kn_jheblu� h[jZamxl� h[h-
kh[e_ggu_�l_eZ�jZagh]h�jZaf_jZ��k�hlq_leb\h�ijhy\e_gguf�jZ^b-
Zevgh�emqbkluf�kljh_gb_f��Z�\�[he__�djmiguo�bg^b\b^Zo�²�ah-
gZevgh�dhgp_gljbq_kdbf� �jbk�� ���� Keh`_gu� bgl_gkb\gh� i_eb-
lbabjh\Zggufb� dZeb_\h�gZljb_\ufb� ihe_\ufb�riZlZfb�� gbadh-
l_fi_jZlmjguf� djbklh[Zeblhf� b� d\Zjp_f� b� ihdjulu� [mjh\Zlhc

dhjhqdhc��ij_^klZ\e_gghc�hojbklufb�fbdjhkdhie_gbyfb�

Kn_jheblu�b�f_`kn_jheblh\h_�ijhkljZgkl\h�dZd�ijZ\beh

g_kml�ke_^u�bgl_gkb\gh]h�baf_g_gby��k\yaZggh]h�k�ij_\jZs_gb-
_f �i_j\bqgh]h �kl_deZ� \ �fbdjh]jZgh[eZklh\uc� Z]j_]Zl� d\ZjpZ�
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Jbk�� ��� Djmiguc

kn_jhebl� k� we_f_glZfb

dhgp_gljbq_kdb�ahgZevgh]h

keh`_gby�� F_`kn_jh�

eblh\h_� ijhkljZgkl\h� jZk-
djbklZeebah\Zgh� k� h[jZah-
\Zgb_f� d\Zjp�k_jbpbl�

Zev[blh\h]h�Z]j_]ZlZ�
Z� ²� h[sbc� \b^�

[�²�njZ]f_gl� kljh_gby� \u^_-
e_gghc� ahgu� \� iZjZee_evguo

gbdheyo

Jbk�� ���Kn_jh�

eblu�� qZklbqgh� aZf_�

s_ggu_� d\Zjp�oZep_�

^hgh\uf� Z]j_]Zlhf�

nexb^Zevghklv� g_

gZjmr_gZ� kn_jheblZ-
fb�

Z� ²� \� iZjZe-
e_evguo� gbdheyo�� [� ²

ijb� kdj_s_gguo� gbdh-
eyo�
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Jbk�� 3. Baf_g_g-
gu_� kn_jheblu�� aZf_�

s_ggu_� d\Zjp�oZep_^hg�

Zev[blh\uf� Z]j_]Zlhf�� � <

hkgh\ghc�fZkk_�imklhldb�b

`bedb�\uiheg_gu�d\Zjp_f�

oZep_^hghf� b� p_heblhf

�gZljheblhf��
Z�²�\�iZjZee_evguo�gb-

dheyo�� [� ²� ijb� kdj_s_gguo

gbdheyo

_______________________

ihe_\h]h�riZlZ��fbdjhq_rm_d� k_jbpblZ�b�`_e_abkluo�hojbkluo

qZklbq_d (jbk��2)��<�g_dhlhjuo�kemqZyo�kn_jheblu�b�dhgp_gljb-
q_kdb�ahgZevgu_� h[hkh[e_gby� keh`_gu� oZep_^hghf� b� gbadhl_f-
i_jZlmjguf�d\Zjp_f��jbk�����

F_`^m�\_jog_c�b�p_gljZevghc�qZklyfb�ihlhdZ�gZ[ex^Z_l-
ky�hlq_leb\Zy�ijhkehcdZ�lhgdhnexb^Zevgh]h�ljZobjbheblZ��keh-
`_ggh]h� q_j_^mxsbfbky� ihehkdZfb� fhsghklvx� ���²�� ff� b

hdjZr_ggufb� \� k\_leh� b� l_fgh�dhjbqg_\uc� p\_l�� Fu

ij_^iheZ]Z_f�� qlh� i_j\bqgh� wlZ� ]jZgbpZ� ij_^klZ\eyeZ� kh[hc

i_gbkluc� kehc�� dhlhjuc� [ue� aZf_s_g� d\Zjp_f�� oZep_^hghf� b

p_heblhf� �gZljheblhf��Np-Ng = 0.010—0.012, 2v = 58—60°���Ih-
^h[gh_� aZf_s_gb_� gZ[ex^Z_lky� \� imklhldZo� ebgahh[jZaghc� b

`behih^h[ghc�nhjfu��jbk����

P_gljZevgZy�qZklv�ihlhdZ�ij_^klZ\ey_l�kh[hc�lhgdhihehk-
qZlmx�eZ\m��keh`_ggmx�hl^_evgufb�ebgaZfb�jbheblh\h]h��khklZ-
\Z� k� q_j_^mxsbfbky� jZaghhdjZr_ggufb� kehyfb�� hjb_glbjh�

\Zggufb�kh]eZkgh�nexb^Zevghklb��jbk�����

<�BD�ki_dljZo�\_s_kl\Z�ba�k\_leuo�mqZkldh\�p_gljZevghc

qZklb� ihlhdZ� hkgh\gZy� ihehkZ� dhe_[Zgbc� k�fZdkbfmfhf� ����²

1080 �kf-1   b �ie_qhf� hdheh� 1400 �kf-1  jZaj_r_gZ� gZ �hl^_evgu_
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Jbk�� 4. Lhgdh�

nexb^Zevguc� jbhebl�

<� p_glj_� ²� `bedZ�

\uiheg_ggZy� d\Zjp�

oZep_^hgh\uf� Z]j_]Z�

lhf�k�p_heblhf�
Z�²�\�iZjZee_evguo

gbdheyo�� [� ²� ijb� kdj_-
s_gguo�gbdheyo

__________________

ihehku������������b������kf-1, qlh�k\yaZgh�k�ijbkmlkl\b_f�gbadh-
l_fi_jZlmjgh]h�d\ZjpZ�b�oZep_^hgZ�[4]��jbk������Kh]eZkgh�[3]�ih-
]ehs_gb_� \� wlhc� h[eZklb� ki_dljZ� h[mkeh\e_gh� Zglbkbf�

f_ljbqgufb� \Ze_glgufb� dhe_[Zgbyfb� k\ya_c� 6L±2±6L�$O��� Ih-
]ehs_gb_� \� h[eZklb� ���²���� kf-1� h[mkeh\e_gh� kbff_ljbqgufb

\Ze_glgufb�dhe_[Zgbyfb�k\ya_c�6L±2±6L�\�d\Zjp_�

J_gl]_gh\kdh_�bamq_gb_�wlh]h�`_�\_s_kl\Z� �jbk�� ���iha\h-
ebeh�mklZgh\blv��qlh�k\_leu_�mqZkldb�ihlhdZ�iheghklvx�jZkdjb-
klZeebah\Zgu� b� ij_^klZ\e_gu� d\Zjp_f� b� ihe_\ufb�riZlZfb��<

j_amevlZl_� hilbq_kdh]h� bamq_gby� mklZgh\e_gh�� qlh� djhf_� lh]h

ijbkmlkl\mxl�i_eblbabjh\Zgguc�ihe_\hc�riZl� �������ff��b� k_-
jbpbl�

<�BD� ki_dljZo� \_s_kl\Z� ba� l_fguo� ahg� p_gljZevghc� qZklb

ihlhdZ�hkgh\gZy�ihehkZ�ij_^klZ\e_gZ�h^gbf�rbjhdbf�ibdhf��k�g_-
[hevrbf�ie_qhf������kf-1��qlh�oZjZdl_jgh�^ey�kl_deZ (cf��jbk�����
Hlkmlkl\b_� \� ki_dljZo� \_s_kl\Z� ba� l_fguo� ahg� ihehk� \� h[eZklb

���²���� kf-1�� ]^_� \� kbebdZlguo� kl_deZo� gZ[ex^Zxlky dhe_[Zgby
g_fhklbdh\uo� k\ya_c��6L–O-  �k\b^_l_evkl\m_l���h��lhf���qlh�kljmdlmjZ



220

Jbk�� 5. Ihi_j_qguc� jZaj_a� p_gljZevghc
qZklb�ihlhdZ�

____________________________________

keZ]Zxs_]h� _]h� kl_deZ� ij_^klZ\ey_l� kh[hc

\ukhdhihebf_jbah\Zggmx� kbebdZlgmx� k_l-
dm� Ih�^Zgguf�j_gl]_gh\kdh]h�bkke_^h\Zgby
l_fgu_� mqZkldb� ihlhdZ� ij_^klZ\e_gu� kl_d-
ehf�� kh^_j`Zsbf� g_[hevrmx� ^hex� djbk�

lZeeblh\� d\ZjpZ� b� ihe_\h]h� riZlZ� �jbk�� ���

dhlhju_�� dZd� ihdZaZeh� hilbq_kdh_� bamq_gb_

ij_^klZ\e_gu� fbdjhihjnbjh\ufb� \u^_e_-
gbyfb� ieZ]bhdeZaZ� e_cklh\b^ghc� nhjfu

jZaf_jhf� ��� ×������ ff� k� ijhklufb� beb� ihebkbgl_lbq_kdbfb
^\hcgbdZfb� �jbk�� 8���<� g_dhlhjuo�fbdjhn_ghdjbklZeeZo� ieZ]b-
hdeZaZ� gZ[ex^Zxlky� dZie_\b^gu_� b� Zf_[h\b^gu_� \dexq_gby

jbheblh\h]h�kl_deZ�

:gZeba�fbdjhkdhibq_kdbo�\dexq_gbc�jm^gh]h�fbg_jZeZ�\

[mjuo�ihehkdZo�p_gljZevghc�ahgu�ihlhdZ�ihdZaZe��qlh�hgb�ij_^-
klZ\e_gu�hdbkeZfb�`_e_aZ��Ih�^Zgguf�obfbq_kdh]h�ZgZebaZ�kh-
^_j`Zgb_�`_e_aZ�djZcg_�gbadh_��Ijhnbevgh_�fbdjhahg^h\h_�bk-
ke_^h\Zgb_�ihdZaZeh��qlh�hgh�jZkij_^_e_gh�g_jZ\ghf_jgh�b�jZa-
f_j�fbdjh\dexq_gbc�`_e_aZ�g_�ij_\urZ_l����fdf��qlh�b�hij_^_-
ey_l� fbdjhihehkqZlmx� jZaghhdjZr_ggmx� kljmdlmjm� ihlhdZ�

:gZeba� dhgp_gljZ�

pbhgguo� djb\uo�

ihemq_gguo�gZ� mqZk�

ld_�ihi_j_qgh]h�jZa-
j_aZ      ihlhdZ������ih�

__________________

Jbk��6. BD�ki_dlj
\_s_kl\Z� ljZobjbheb�

lh\h]h�ihlhdZ:
Z�²�ba�k\_lehc�ahgu;
[�²�ba�l_fghc�ahgu



221

_____________________

Jbk�� 7. J_gl]_gh-
]jZffZ� \_s_kl\Z� ljZob-
jbheblh\h]h�ihlhdZ:

Z�²�ba�k\_lehc�ahgu;
[�²�ba�l_fghc�ahgu

____________________

Jbk�� 8. Fbdjhebl

ieZ]bhdeZaZ�\� kn_jheblh-
\hf�i_jeblh\hf�jbhebl_:

Z� ²� \� iZjZee_evguo

gbdheyo�� [ ²� ijb� kdj_s_g-
guo�gbdheyo
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Jbk�� 9. L_jfh-
]jZffZ� \_s_kl\Z� ljZ-
objbheblh\h]h�ihlhdZ:

Z�²�ba�k\_lehc�ahgu;
[�²�ba�l_fghc�ahgu

_____________________

a\hebe� mklZgh\blv�

qlh� \� k\_leuo� ah-
gZo�� jZkdjbklZeebah\Z-
gguo� gbadhl_fi_jZ-
lmjguf� d\Zjp_f�� oZe-
p_^hghf� b� ihe_\uf

riZlhf� `_e_ah� hlkml-
kl\m_l�� GZ� dhglZdl_

wlbo� ahg� kh� kl_dehf�

kh^_j`Zsbf� g_[hev-
rmx�^hex�djbklZeeb-
lh\�d\ZjpZ�b�ihe_\h]h

riZlZ� nbdkbjm_lky

ih\ur_ggh_� kh^_j-
`Zgb_� `_e_aZ�� LZdh_

ih\_^_gb_�`_e_aZ�k\y-
aZgh� k� _]h� fb]jZpb_c

ijb�h[jZah\Zgbb�ahgu�baf_g_ggh]h�kl_deZ� [1]��H^gZdh�fu�g_�bk-
dexqZ_f�^jm]hc�ijbqbgu�i_j_jZkij_^_e_gby�`_e_aZ��k\yaZgghc�k

^_ckl\b_f�\h^u��dhlhjZy��ijhgbdZy�\�kl_deh�ih�dZgZeZf�b�lj_sb-
gZf�kihkh[kl\m_l�\ughkm�dj_fgby��qlh�ijb\h^bl�d�ihy\e_gbx�ahg

b�iZjZee_evguo�p_ihq_d��khklhysbo�ba�kn_jheblh\�g_�gZjmr_g-
guo�nexb^Zevghklvx�b�keh`_gguo�oZep_^hghf�b�d\Zjp_f�

<� ih^hr\_� ihlhdZ�reZdhih^h[gu_� ihjh^u� kh^_j`Zl� ]eh-
[meu� ljZobjbheblh\�� h[jZah\Zgb_� dhlhjuo�� ih�gZr_fm�fg_gbx�

k\yaZgh� k� \ha^_ckl\b_f� \ukhdhc� l_fi_jZlmju� ihlhdZ� gZ� gb`_

aZe_]Zxsb_�ihjh^u�\h�\j_fy�baeb\Zgby�

Hlq_leb\Zy� nexb^Zevghklv� \k_]h� ihlhdZ� ihdZau\Z_l�� qlh

hg� knhjfbjh\Zeky� ba� i_j\hgZqZevgh]h� ieZklbqgh]h�� l_dms_]h

fZl_jbZeZ�� dhlhjuc� h[eZ^Ze� \ukhdhc� \yadhklvx�� qlh� \ua\Zeh

]hnjbjh\Zgb_�keh_\��GZ�\ukhdmx�\yadhklv�i_j\hgZqZevgh]h�jZk-
ieZ\Z�mdZau\Z_l�lhl�nZdl��qlh�\�f_klZo�\debgb\Zgby�ihlhdh\�gZ-
[ex^Zxlky�nexb^Zevgu_�l_dklmju�lmj[me_glgh]h�l_q_gby�
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Jbk�� �0. BD� ki_dlj� \� [eb-
`g_c� h[eZklb� \_s_kl\Z� ba� l_f-
ghc� ahgu� ljZobjbheblh\h]h� ih-
lhdZ�

________________________

Ih\_^_gb_� \h^u� \� ih-
lhd_� oZjZdl_jbam_lky� jy^hf

hkh[_gghkl_c�� LZd� kh^_j`Z-
gb_� \h^u�� hij_^_e_ggh_� f_-
lh^hf�I_gnbev^Z�f_gy_lky� \

ij_^_eZo�hl�����^h��������Ijb

wlhf� k\_leu_� mqZkldb� kh^_j-
`Zl� f_gvr__� dhebq_kl\h� \h-
^u�� q_f� l_fgu_�� GZ� djb\hc

>L:� l_jfh]jZffu� aZj_]bkl-
jbjh\Zgu� ibdb�� khhl\_lkl-

\mxsb_� wg^hwnn_dlZf�� k\yaZgguf� k�\u^_e_gb_f�ih\_joghklghc

(60 °K��b�dhgklblmpbhgghc�fhe_dmeyjghc������°K��\h^u��Z�lZd`_
ihebfhjngh]h�ij_\jZs_gby�d\ZjpZ��jbk��9���Ibdb�\u^_e_gby�\h-
^u�gZ� djb\uo�>L:�b�>L=�jZafulu_�b�g_yjdh� \ujZ`_ggu_��qlh

k\yaZgh�k�gbadbf�__�kh^_j`Zgb_f�b�g_q_ldhc�kljmdlmjghc�ihab-
pb_c�\�kl_de_��Ihl_jy�\_kZ�khhl\_lkl\m_l�kh^_j`Zgbx�\h^u��hi-
j_^_e_gguf�f_lh^hf�I_gnbev^Z (lZ[e���dhehgdb�������

Bamq_gb_� ih\_^_gby� \h^u� f_lh^hf� BD� ki_dljhkdhibb� \

[eb`g_c�h[eZklb�iha\hebeh�mklZgh\blv��qlh�\h^Z�\�ihjh^_�gZoh^blky

\�^\mo�nhjfZo:�\�fhe_dmeyjghf�\b^_�b�\�\b^_�]b^jhdkbevguo�]jmii
(Al–OH beb Si–OH)��lZd�dZd�\�ki_dlj_�ijbkmlkl\mxl�ihehku������b
����� kf-1�� hlg_k_ggu_� d� dhe_[Zgbyf� khklZ\ghc� qZklhlu

�jbk���0) [7]��Hlghr_gb_�dhgp_gljZpbc�\h^u�\�h[hbo�nhjfZo��hij_-
^_e_ggh_�ih�bgl_gkb\ghklb�ihehk������b������kf-1�k�bkihevah\Zgb_f

dhwnnbpb_glh\�fheyjgh]h�ih]ehs_gby�^ey�kl_dhe�jbheblh\h]h�kh-
klZ\Z�[6]�jZ\gh����qlh�khhl\_lkl\m_l�kh^_j`Zgbx�\�kl_de_�ba�l_fghc
ahgu������\_k����\h^u�\�fhe_dmeyjghc�nhjf_�b������\_k����\h^u�\

nhjf_�]b^jhdkbevguo�]jmii��K�bkihevah\Zgb_f�f_lh^bdb�hij_^_e_-
gby�^heb�i_j\bqghc�b�\lhjbqghc�\h^u�\�kl_deZo�jbheblh\h]h�khklZ-
\Z� [2]� mklZgh\e_gh�� qlh� \� ^Zgghf� kl_de_� \ky� \h^Z� \�fhe_dmeyjghc
nhjf_�y\ey_lky�\lhjbqghc��H^gZdh��mqblu\Zy�ijbkmlkl\b_�\�ihlhd_

\lhjbqgh]h� oZep_^hgZ�� g_� bkdexq_gh�� qlh� b� qZklv� \h^u� \� ]b^jh-
dkbevghc�nhjf_� k\yaZgZ� k� gbf� b� lh`_� y\ey_lky� \lhjbqghc��LZdbf
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h[jZahf�i_j\bqgh_�kl_deh�kh^_j`Zeh�f_g__�����\_k. % \h^u�\�nhjf_
]b^jhdkbevguo�]jmii�

<u\h^u

:gZeba� j_amevlZlh\� bkke_^h\Zgby� iha\hey_l� gZf� k^_eZlv

\u\h^�h�lhf��qlh�^Zgguc�ihlhd�ij_^klZ\ey_l�kh[hc�\g_^jb\rbcky

\yadbc�fZeh\h^guc�jZkieZ\�jbheblh\h]h� khklZ\Z��hklu\Zgb_�dh-
lhjh]h� ijb\_eh� d� h[jZah\Zgbx� kl_deZ�� kh^_j`Zs_]h� f_g__

������ \h^u� \�nhjf_� ]b^jhdkbevguo� ]jmii� b� qZklbqgh� jZkdjbk-
lZeebah\Zggh]h�ihe_\uf�riZlhf�b�d\Zjp_f��Ihke_^mxs__�\aZb-
fh^_ckl\b_�h[jZah\Z\r_]hky�kl_deZ�k�\h^hc�ijb\_eh�d�_]h�gZku-
s_gbx�\h^hc�\�hkgh\ghf�\�fhe_dmeyjghc�nhjf_��dhlhjh_�khijh-
\h`^Zehkv�h[jZah\Zgb_f�oZep_^hgZ�b�p_heblh\��Hlq_leb\h�\ujZ-
`_ggZy� nexb^Zevghklv� k\yaZgZ� k� g_jZ\ghf_jguf� jZkij_-
^_e_gb_f� hdbkeZ� `_e_aZ� \� jZaguo� qZklyo� ihlhdZ�� k\yaZgguf� k

^_ckl\b_f�\h^u�\�ijhp_kk_�\lhjbqghc�]b^jZlZpbb�kl_deZ�
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