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Hkgh\gufb�ijhfure_ggufb�lbiZfb�jm^��ba�dhlh�

juo�^h[u\Zxl�]Zeebc��y\eyxlky�f_^ghdheq_^Zggu_�b�

dheq_^Zggh-ihebf_lZeebq_kdb_�f_klhjh`^_gby�� 

=Zeebc��kh\f_klgh�k�3��$V��6E�bkihevam_lky�\�ihem�

ijh\h^gbdZo��\�k\_lh^bh^Zo��\�kl_deZo��ijhimkdZxsbo�

bgnjZdjZkgu_� emqb�� ijbf_gy_lky� ^ey� ihdjulby� a_j�

dZe��<oh^bl�*D�dZd�l_ogheh]bq_kdbc�dhfihg_gl�\�aZ�

jy^�iemlhgb_\uo�Zlhfguo�[hf[� 

Ih�klhbfhklb�]Zeebc�^hjh`_�ahehlZ��Ba-aZ�\ukhdhc�

p_gu�b�[hevrhc�ihlj_[ghklb�\�ijhfure_gghklb�]Ze�

ebc�ihemqZxl�ba� Zexfbgb_\uo�jm^�ijb�i_j_jZ[hld_ 

[hdkblh\��Ih�obfbq_kdbf�k\hckl\Zf�hg�[ebahd�d�Zex�

fbgbx��;bheh]bq_kdb�[_ahiZk_g� 

 

L_jfh^bgZfbq_kdZy bgnhjfZpby 
b�f_lh^�fh^_ebjh\Zgby 

Nbabdh-obfbq_kdh_�fh^_ebjh\Zgb_�gZfb�ijh\h^b�

ehkv�^ey����K�b���Zlf�� 

Fbg_jZevguc�khklZ\��bkihevah\Zgguo�ijb�fh^_eb�

jh\Zgbb�nbeeblh\b^guo�keZgp_\� ij_^klZ\e_g��\_k� %): 

fmkdh\blhf���������oehjblhf�������d\Zjp_f��������[bhlb�

lhf (6); dZhebgblhf� ���� ]_fZlblhf� �������fZ]g_lblhf�

�������dZevpblhf������ibjblhf������Zev[blhf �����Zg]b^jb�

lhf���� bevf_gblhf������nexhjblhf��������ZiZlblZfb ± 

iylv�jZagh\b^ghkl_c�>�@�ih������� <k_]h�� ������   

Ihlj_[gZy� ^ey� jZkq_lh\� bkoh^gZy� l_jfh^bgZfbq_�

kdZy�bgnhjfZpby�kh[jZgZ�b�kh]eZkh\ZgZ Z\lhjhf�ih�jZa�

guf� bklhqgbdZf�� JZkkfZljb\Z_fZy� bkoh^gZy� kbkl_fZ�

mqblu\ZeZ��� g_aZ\bkbfuo�dhfihg_glh\��Ga, Fe, Al, Ti, 

6L��0J��.��1D��&D��3��)��&O��6��1��&��+��2�b�we_dljhg ����

>ey�]Zeeby�gZfb�mqblu\Zehkv�\hafh`gh_�ijbkmlkl\b_�\�

jZkl\hj_����bhgh\�b�dhfie_dkh\� b�ljzo�_]h�\hafh`guo�

djbklZeebq_kdbo�nZa�± Ga2O3, Ga2S3 b Ga(OH)3.  

<�kijZ\hqgbd_�©L_jfbq_kdb_�dhgklZglu�\_s_kl\ª 

�LD<� ijb\_^_gh�fgh]h�bgnhjfZpbb�ih�l_jfh^bgZfb�

q_kdbf� k\hckl\Zf� kh_^bg_gbc� ]Zeeby�� \� lhf� qbke_� b�

agZq_gb_�k\h[h^ghc�wg_j]bb =b[[kZ� Ga3+
�j-j�, 298.15 K 

= -��������������>`��fhe��Wlh�agZq_gb_�ijbgylh�aZ�hk�

gh\m�^ey�^Zevg_crbo�\uqbke_gbc�    

>ey� kjZ\g_gby� wlhc� \_ebqbgu� k\h[h^ghc� wg_j]bb�

bhgZ Ga3+
�j-j�, k ^jm]bfb�ebl_jZlmjgufb�bklhqgbdZfb�

ih�j_Zdpbb 

Ga3+ ���_�  Ga     (1) 

hij_^_ebf \_ebqbgm klZg^Zjlgh]h� we_dljh^gh]h� ih�

l_gpbZeZ� ]Zeeby� \� \h^guo� jZkl\hjZo �ijb� ���  C, 0.1 

FIZ��ih�mjZ\g_gbx        

?h = -¨fGo
R / nF     (2) 

]^_� k\h[h^gZy� wg_j]by j_Zdpbb� ¨fGo(R, 298.15 K) = 

�������>`�fhev� n Å� qbkeh� mqZkl\mxsbo� \� j_Zdpbb�

we_dljhgh\� ± 3, F Å� qbkeh� NZjZ^_y�� jZ\gh_� ������

>`��\hevlîwd\��   ?h = -��������������� <hevl�� 

Ih� ^Zgguf� jZaguo� Z\lhjh\� agZq_gb_� hdbkeb�

l_evghí\hkklZgh\bl_evgh]h�ihl_gpbZeZ�]Zeeby�\�\h^�

guo�jZkl\hjZo�ijZdlbq_kdb�kh\iZ^Z_l��(o = -�����<hevl�

[4], \�kijZ\hqgbdZo� >�@ -0.56, [6] -0.56, [1] -0.56, [7] -

0.549, [8] Eo = -0.560 <hevl�  

Emjv_� >�@�j_dhf_g^m_l�dhgklZglu�klmi_gqZlhc�Zk�

khpbZpbb�jZaguo�eb]Zg^h\�]Zeeby��DjZcgh\�b�^j�� >�@��

^Ze__�DJR��j_dhf_g^mxl�dhgklZglu�klmi_gqZlhc�^bk�

khpbZpbb�l_o�`_�eb]Zg^h\��kmevnZlh\��hkgh\Zgbc��dZj�

[hgZlh\�� ]b^jhdZj[hgZlh\�b�^jm]bo��^ey�bhgZ� ]Zeeby 

(Ga3+��\ \h^ghf�jZkl\hj_��lZ[e������ 

>ey ^bkkhpbZpbb bhgZ�GaOH2+  >��@�j_dhf_g^mxl�

\_ebqbgm���5
4 = 11.4. >ey�nlhjb^h\�]Zeeby�dhgklZglu�

klmi_gqZlhc�^bkkhpbZpbb��ijbgylu_�\�DIR��\aylu�ba�

kijZ\hqgbdZ�>��@ 

 >bkkhpbZpby� ]b^jhdZj[hgZlZ� ]Zeeby ih� i_j\hc�

klmi_gb�ijhl_dZ_l�ih�j_Zdpbb� 

Ga(HCO3)2+
�j-j� = Ga3+

�j-j��+ HCO3
-
�j-j�        (3) 

��5
4 = 2.18. ¨fGoHCO3

- = -�������>`� �fhe �LD<�� Hl�

kx^Z� ihemqZ_f� agZq_gb_� k\h[h^ghc� wg_j]bb bhgZ�

Ga(HCO3)2+
�j-j� = -761231 >`�fhev�  

>bkkhpbZpby�]b^jhdZj[hgZlZ�]Zeeby ih \lhjhc�klm�

i_gb� 

Ga(HCO3)2
+
�j-j� = Ga(HCO3)2+

�j-j�  + HCO3
-
�j-j�   (4)  

��6
4 = 1.68. AgZq_gb_� k\h[h^ghc� wg_j]bb bhgZ 

Ga(HCO3)2
+
�j-j� = -1357689 >`�fhev�  

:gZeh]bqgh�ihemq_gh�agZq_gb_�k\h[h^ghc�wg_j]bb 

bhgZ Ga(HCO3)3
0
�j-j� = -1949981 >`�fhev� ���7

4 = 0.95) 

�lZ[e����b����  

 

J_amevlZlu�fh^_ebjh\Zgby 
Ijhp_kk�\u\_ljb\Zgby�\ha^_ckl\m_l�gZ�ex[u_�]hj�

gu_� ihjh^u� b�fbg_jZeu��Wlh� eZl_jblguc� ijhp_kk� \�

mkeh\byo�`Zjdh]h�\eZ`gh]h�debfZlZ�>��@� 

Kf_gZ�hdbkebl_evguo�mkeh\bc�gZ�\hkklZgh\bl_ev�

gu_�gZfb�ijh\h^beZkv lbljh\Zgb_f� dbkehjh^Z� Zlfh�

kn_ju�hj]Zgbq_kdbf�\_s_kl\hf�ihjh^u aZ�kq_l�baf_�

g_gby khhlghr_gbb�\h^Z��water����ihjh^Z (rock��Å�>W/R] 

= 1000 : 1 (p[W/R] = 3) �jbk����� 

Wlh�k^_eZgh�ki_pbZevgh�^ey�kjZ\g_gby�ih\_^_gby�

^jm]bo�obfbq_kdbo�we_f_glh\�\�ijhp_kk_�\u\_ljb\Z�

gby�ijb�h^bgZdh\uo�mkeh\byo��<�ljhibq_kdhc�ahg_�\�

rmjn_�]em[bghc�^h���f��q_j_a�g_kdhevdh�^g_c�g_h[oh�

^bfh�^_eZlv�ijh\_ljb\Zgb_�^ey�m^Ze_gby�gZdhib\r_�

]hky�m]e_dbkeh]h�]ZaZ� 

Fh^_ebjh\Zehkv \aZbfh^_ckl\b_� ��d]�\h^u� �������

fhev�G2H��k�jZaebqguf�dhebq_kl\hf�nbeeblh\b^guo�

keZgp_\� �^Ze__� ihjh^u��� Ijb� \aZbfh^_ckl\bb fbgb�

fZevgh]h� dhebq_kl\Z�ihjh^u� ���-7 fhev�� k� �� d]� \h^u�

\_jogyy�qZklv�ijhnbey�\u\_ljb\Zgby�>�4@��\k_�jZkl\h�

jbfu_�ijh^mdlu�i_j_oh^yl�\�jZkl\hj�b�\ufu\Zxlky��

GZ�f_kl_�hklZxlky�lhevdh�g_jZkl\hjbfu_��]zlbl�b�]b[�

[kbl���Wlh� ahgZ� djZkghp\_lgh]h�[hdkblZ�� kms_kl\mx�

sZy�\gba�ih�jZaj_am�^h�khhlghr_gby W/R = 4.55. 

Gb`_�ih�jZaj_am�h[jZam_lky�dZhebgbl��kh^_j`Zgb_ 

SiO2 ih�hlghr_gbx�d dhebq_kl\m Al2O3 \hajZklZ_l�b�\u�

oh^bl�aZ�ij_^_eu�[hdkblh\h]h�fh^mey��A^_kv�]b[[kblZ�

m`_�g_l��b�̂ h�]jZgbpu�kf_gu�hdbkebl_evguo�mkeh\bc�gZ�

\hkklZgh\bl_evgu_�gZ[ex^Z_lky�iZjZ]_g_abk�]zlbl��dZ�

hebgbl��Z�k�W/R  �����^h[Z\ey_lky�dZj[hgZl-ZiZlbl��dh�

lhjuc�ijhke_`b\Z_lky�dZd�\�hdbkebl_evghc��lZd�b�\�\hk�

klZgh\bl_evghc�ahg_���DZhebgbl�ihy\ey_lky�k�W/R = 5.3 

b�^Ze__�\gba�ih�ijhnbex�ijbkmlkl\m_l�ihklhyggh� 





<��:��Dhi_cdbg 

106                                                        Proceedings of Voronezh State University. Series: Geology. 2021, no. 2, 103±108 

Fbg_jZeh\�]Zeeby�g_�h[jZam_lky��\_kv�]Zeebc�ijb�

kmlkl\m_l� \� \b^_� ]b^jhdkhdhfie_dkh\ Ga�HH)3
0, 

Ga�HH)4
- �ij_h[eZ^Z_l��b�Ga�HH)5

2-.  

<bamZevgh� hdbkebl_evgZy� ahgZ� ij_^klZ\e_gZ� kf_�

ghc�djZkgh-ju`_c�hdjZkdb�ihjh^u�ljzo\Ze_glguf�`_�

e_ahf�� ihkdhevdm� \� \hkklZgh\bl_evguo� mkeh\byo�`_�

e_ah ^\mo\Ze_glgh�b� \oh^bl� \� khklZ\�gh\hh[jZah\Zg�

guo�]ebg��ZexfhkbebdZlh\�� 

Ijb� bajZkoh^h\Zgbb� gZ� ijhp_kku� hdbke_gby� jZk�

l\hjzggh]h�\�Zlfhkn_jguo�hkZ^dZo Zlfhkn_jgh]h dbk�

ehjh^Z�\�ijhnbe_�\u\_ljb\Zgby�kha^Zzlky�\hkklZgh\b�

l_evgZy� kj_^Z�� A^_kv� ijhoh^bl� ]jZgbpZ� ]_hobfbq_�

kdh]h�[Zjv_jZ�kf_gu�Eh b�jG� 

DjZkgh-ju`Zy� hdjZkdZ� hdbkebl_evghc ahgu h[m�

keh\e_gZ� gZebqb_f� ]_lblZ�� <� \hkklZgh\bl_evguo�

mkeh\byo� wlZ� djZkgh-ju`Zy� hdjZkdZ� ihjh^u� kf_gy�

_lky�gZ�k_jmx��a_e_gh\Zlh-[mjmx��ihkdhevdm�\�\hkklZ�

gh\bl_evguo�mkeh\byo�`_e_ah ^\mo\Ze_glgh�b�\oh^bl�

\� khklZ\� gh\hh[jZah\Zgguo ]ebg �ZexfhkbebdZlh\��

beeblh\��� A^_kv� djZkysbo� hdkb^h\� ljzo\Ze_glgh]h�

`_e_aZ�m`_�g_l� 

<�\hkklZgh\bl_evguo�mkeh\byo�ijhnbey�fbg_jZev�

guc� iZjZ]_g_abk� ij_^klZ\e_g� kmevnb^hf� ]Zeeby�

(Ga2S3���ibjblhf��kb^_jblhf��^hehfblhf��d\Zjp_f� dZ�

hebgblhf�� nbeeblZfb� H[s__� kh^_j`Zgb_ ]Zeeby \�

jZkl\hj_�f_gvr_ 10-6 fhe�e��jbk�����  

LblZg� ij_^klZ\e_g� ijZdlbq_kdb� ih� \k_fm� jZaj_am�

hdkb^Zfb �jmlbe�k�e_cdhdk_ghf��� 

<�[hdkblZo�kh^_j`Zgb_�]Zeeby�m\_ebqb\Z_lky�^h����

]�l��ijZdlbq_kdb�\�^\Z�jZaZ�>�5], ih�^Zgguf�>�6@�dheb�

q_kl\h�]Zeeby�± hl����^h��� ]�l� 

<�ijhp_kkZo�\u\_ljb\Zgby�]Zeebc�gZdZieb\Z_lky�b�

fZehih^\b`_g� ?]h�jZkij_^_e_gb_�ih�ijhnbex�\u\_l�

jb\Zgby�dhgljhebjm_lky�fbg_jZeZfb�Zexfbgby�>�7]. 

=Zeebc�^he`_g�\oh^blv�aZ�kq_l�bah\Ze_glgh]h�bah�

fhjnbafZ� \� djbklZeebq_kdmx� j_r_ldm� ]b[[kblZ� beb�

[zfblZ��wlbo�]eZ\guo�fbg_jZeh\�Zexfbgby��Bo�h[jZ�

ah\Zgb_� aZ\bkbl� hl� ]_hobfbq_kdbo� b� debfZlbq_kdbo�

mkeh\bc�>��@� 

LZdhc�̀ _�bahfhjnbaf�̂ he`_g�gZ[ex^Zlvky�̂ ey�]Ze�

eby�b�k�ljzo\Ze_glguf�`_e_ahf�\�]_lbl_��=Zeebc�\�ijh�

p_kkZo�\u\_ljb\Zgby�ih^\b`_g�b�gZdZieb\Z_lky�\�ijh�

^mdlZo�\u\_ljb\Zgby�>�7]. 

 

<u\h^u 
Ih�obfbq_kdbf�k\hckl\Zf�]Zeebc�ihoh^bl�gZ�Zex�

fbgbc�� gh� kdhjhklv� j_Zdpbb� hdbke_gby� f_lZeebq_�

kdh]h�]Zeeby�gZfgh]h�f_gvr_�\ke_^kl\b_ _]h�f_gvr_c�

obfbq_kdhc�Zdlb\ghklb�Hdkb^gZy�iezgdZ��h[jZamxsZ�

yky�gZ� ih\_joghklb� ]Zeeby� gZ� \ha^mo_��ij_^hojZgy_l�

_]h�hl�^Zevg_cr_]h�hdbke_gby� 

X^h\bq�� D_ljbk� >�8@� mdZau\Zxl� gZ� \hafh`gh_�

gZdhie_gb_�]Zeeby�\�[mjuo�b�dZf_gguo�m]eyo�aZ�kq_l�

jZafu\Z�ijh^mdlh\�dhj�\u\_ljb\Zgby��<�\hkklZgh\b�

l_evghc�h[klZgh\d_�]Zeebc�fh`_l�\oh^blv�dZd�\�kh�

klZ\�ZexfhkbebdZlh\��beeblu��aZ�kq_l�bahfhjnbafZ� 

lZd�b�ijbkmlkl\h\Zlv�\�\b^_�kZfhklhyl_evgh]h�kmev�

nb^Z��Ga2S3.  

Bkoh^y�ba�i_j\bqgh]h�kh^_j`Zgby�]Zeeby�\�nbeeb�

lh\b^guo� keZgpZo� ���-3 \_k������ dhebq_kl\h� ]Zeeby� \�

ijh^mdlZo� \u\_ljb\Zgby�f_gvr_� kh^_j`Zgby� ^jm]bo�

obfbq_kdbo�we_f_glh\�gZ�^\Z�ihjy^dZ� 

Dhgnebdl� bgl_j_kh\� :\lhj� ^_deZjbjm_l� hlkml�

kl\b_�y\guo�b�ihl_gpbZevguo�dhgnebdlh\�bgl_j_kh\��

k\yaZgguo�k�im[ebdZpb_c�gZklhys_c�klZlvb� 
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