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���P_ev�jZ[hlu

P_evx�gZklhys_c�jZ[hlu�y\ey_lky�dZq_kl\_gguc�ZgZeba�ijbjh^gh]h�beb�ijhfure_g-

gh]h�h[t_dlZ�b�hij_^_e_gb_� kh^_j`Zgby� h^gh]h�ba� we_f_glh\�� \oh^ysbo� \� khklZ\� ^Zggh]h

h[t_dlZ�
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���DZq_kl\_gguc�ZgZeba

�����Ij_^\Zjbl_evgu_�bkiulZgby�

H[jZa_p�ij_^klZ\ey_l� kh[hc� kljm`db� k_j_[jbklh]h�p\_lZ�� lh� _klv�� \_jhylgh�� y\ey_lky

kieZ\hf��H[jZa_p� qZklbqgh� jZkl\hjy_lky� \�szehqb� k� \u^_e_gb_f� ]ZaZ�� g_jZkl\hjb\rbcky

hkZ^hd�hdjZr_g�\�dhjbqg_\uc�p\_l��Ihwlhfm�fh`gh�ij_^iheh`blv��qlh�ZgZebabjm_fuc�h[t-

_dl�±�wlh�kieZ\��h^gbf�ba�hkgh\guo�dhfihg_glh\�dhlhjh]h�y\ey_lky�Zexfbgbc��HklZlhd�hl

jZkl\hj_gby�\�szehqb�iheghklvx�jZkl\hjy_lky�\� ��F�HNO3. >Zevg_crbc� ZgZeba�ijhba\h-

^beky�ih�f_lh^bd_��hibkZgghc�\�[1].

�����Kbkl_fZlbq_kdbc�oh^�ZgZebaZ�

:gZeba�ijh\h^beb�ih� ko_f_��ijb\_^zgghc� \ur_��H[jZa_p� bkke_^m_fh]h� h[t_dlZ� jZk-

l\hjbeb�\�����ghf�jZkl\hj_�NaOH; ihemq_ggZy�\uly`dZ�[ueZ�hl^_e_gZ�hl�hkZ^dZ��Wlhl�hkZ-

^hd��\�k\hx�hq_j_^v��jZkl\hjbeb�\���F�Zahlghc�dbkehl_��Szehqgmx��jZkl\hj����b�Zahlghdbk-

emx��jZkl\hj����\uly`db�ZgZebabjh\Zeb�hl^_evgh� J_amevlZlu�ZgZebaZ�ijb\_^_gu�\�lZ[ebp_�
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LZ[ebpZ��Kbkl_fZlbq_kdbc�oh^�dZq_kl\_ggh]h�ZgZebaZ�h[t_dlZ�

Ij_^iheZ]Z_fuc�khklZ\�nZa
�

:gZebabjm_fuc

h[t_dl
J_Z]_glu GZ[ex^_gby <u\h^u

JZkl\hj HkZ^hd

1. JZkl\hj�� Na2CO3

HkZ^hd�g_�\u-

iZ^Z_l
Hlkmlkl\m_l Ca

Al(III), Sn(II), Zn(II),

Cr(III)
—

2. JZkl\hj�� NH4Cl
<uiZ^Z_l�[_-

euc�hkZ^hd

<hafh`gh�ijbkmlkl-

\b_�$O�beb�Sn

JZkl\hj�3: Zn(II),

Cr(III)

HkZ^hd�2: Al(III),

Sn(II)

3. JZkl\hj 3
HCl,

(NH4)2Hg(SCN)4

HkZ^hd�g_�\u-

iZ^Z_l
Hlkmlkl\m_l�Zn Cr(III) —

4. JZkl\hj�3

NaOH, H2O2, ̂ bn_-

gbedZj[Zab^��bah-

Zfbeh\uc�kibjl

Hj]Zgbq_kdZy

nZaZ�hdjZr_gZ

\�a_ezguc�p\_l

Hlkmlkl\m_l�Cr — —

5. HkZ^hd�2 HCl, Hg(NO3)2

<uiZ^Z_l�[_-

euc�hkZ^hd
Ijbkmlkl\m_l�Sn Sn(II), Al(III) —

6. HkZ^hd�2

HCl, ZebaZjbgh\uc

djZkguc��NH3,

CH3COOH

H[jZam_lky

djZkguc�eZd
Ijbkmlkl\m_l�$O Sn(II), Al(III) —

7. JZkl\hj��

NH3 ^h�pH = 5,

KSCN, bahZfbeh-

\uc�kibjl

Hj]Zgbq_kdZy

nZaZ�hdjZr_gZ

\�djZkguc�p\_l

Ijbkmlkl\m_l�)H

Fe(III), Co(II), Ni(II),

Mn(II), Cu(II), Cd, Mg,

Hg(I), Ag, Pb(II)

—

8. JZkl\hj��

NaF, NH3�^h�pH = 5,

KSCN, bahZfbeh-

\uc�kibjl

Hj]Zgbq_kdZy

nZaZ�g_�hdjZ-

r_gZ

Hlkmlkl\m_l�&R

Fe(III), Ni(II), Mn(II),

Cu(II), Cd, Mg, Hg(I),

Ag, Pb(II)

—
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9. JZkl\hj�� NaBiO3

JZkl\hj�[_k-

p\_l_g
Hlkmlkl\m_l�Mn

Fe(III), Ni(II), Cu(II),

Cd, Mg, Hg(I), Ag,

Pb(II)

—

10. JZkl\hj��
NH3 ^h�pH = 6, ̂ b-

f_lbe]ebhdkbf

HkZ^hd�g_�\u-

iZ^Z_l
Hlkmlkl\m_l�1L

Fe(III), Cu(II), Cd, Mg,

Hg(I), Ag, Pb(II)
—

11. JZkl\hj�� HCl (1:4)
HkZ^hd�g_�\u-

iZ^Z_l

Hlkmlkl\mxl�Ag,

Pb(II), Hg(I)
Fe(III), Cu(II), Cd, Mg —

12. JZkl\hj��
NH3 ^h�pH = 5,

Na2S2O3

<uiZ^Z_l

[e_^gh�`zeluc

hkZ^hd

<_jhylgh�ijbkmlkl\m-

_l�Cu
JZkl\hj�5: Cd, Mg HkZ^hd�4: Cu, Fe

13. JZkl\hj�5
Na2HPO4, NH3 ^h

pH = 9

HkZ^hd�g_�\u-

iZ^Z_l
Hlkmlkl\m_l�Mg Cd —

14. JZkl\hj�5
HCl ^h�pH = 0.5,

Na2S

HkZ^hd�g_�\u-

iZ^Z_l
Hlkmlkl\m_l�Cd — —

15. HkZ^hd��
HNO3 (6 M),

K4Fe(CN)6

<uiZ^_l�[mjuc

hkZ^hd

<_jhylgh�ijbkmlkl\b_

Cu
KX —

16. HkZ^hd�� HNO3 (6 M), NH3

Ihy\ey_lky�kb-

g__�hdjZrb\Z-

gb_

Ijbkmlkl\m_l�KX Cu —

LZdbf�h[jZahf��bkke_^m_fuc�h[t_dl� y\ey_lky� kieZ\hf��hkgh\gu_�dhfihg_glu� ±� Zexfbgbc�b�f_^v��LZd`_�ijbkmlkl\mxl� heh\h�b�� \

hq_gv�g_[hevrbo�dhebq_kl\Zo��`_e_ah�   
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���H[ahj�ebl_jZlmju

�����F_lh^u�jZaeh`_gby�b�jZa^_e_gby

�������F_lh^u�jZkl\hj_gby�

JZaeh`_gb_�kieZ\h\�y\ey_lky�^hklZlhqgh�ijhklhc�aZ^Zq_c��ihkdhevdm�ex[hc�kieZ\�fh-

`_l�[ulv�jZkl\hjzg�\�kf_kb�dbkehl�beb�s_ehq_c��>ey�jZkl\hj_gby�kieZ\h\�gZ�hkgh\_�Zexfb-

gby�ih^oh^yl�dZd�dbkehlu��lZd�b�szehqb��H[uqgh�[_jml�^hklZlhqgh�dhgp_gljbjh\Zgguc�jZk-

l\hj�szehqb� �~ 30 %-guc���lZdhc�kihkh[�jZaeh`_gby�bkihevamxl�^ey�kieZ\h\�Zexfbgby�b

fZ]gby� [2]��L_f�g_�f_g__�� \� >�@�b� >�@�g_� mdZaZgZ� \hafh`ghklv� jZkl\hj_gby�^jm]bo� kieZ\h\

�gZijbf_j��Zexfbgby�k�f_^vx��\�szehqb��Ohly�\�>�@�^ey�hij_^_e_gby�f_^b�\�Zexfbgb_\hf

kieZ\_�bkihevam_lky�bf_ggh�wlhl�f_lh^�

<Z`ghc�hkh[_gghklvx�Zexfbgby�y\ey_lky�_]h�iZkkb\Zpby�jZkl\hjZfb�Zahlghc�dbkehlu�

dhlhju_�� ke_^h\Zl_evgh�� g_ijb]h^gu� ^ey� jZkl\hj_gby��H^gZdh� Zexfbgbc� jZkl\hjy_lky� \h

fgh]bo� ^jm]bo� dbkehlZo�� ihwlhfm� gZb[he__� ih^oh^ysbc� j_Z]_gl� ^ey� jZkl\hj_gby� kieZ\h\

Zexfbgby�±�kf_kv�Zahlghc��kheyghc�b��\hafh`gh��k_jghc�dbkehl��<�[2]�mdZaZg�ke_^mxsbc�kh-

klZ\� kf_kb� dbkehl� ^ey� jZkl\hj_gby� kieZ\h\� Zexfbgby� k�f_^vx�� ���fe�H2SO4 (1:1), ���fe

HNO3 (k�iehlghklvx�����]/kf
3
��b���fe�dhgp_gljbjh\Zgghc�HCl. GZ���]�kieZ\Z�[_jml����fe�lZ-

dhc�kf_kb��L_f�g_�f_g__��qZklh�h]jZgbqb\Zxlky�kf_kvx�Zahlghc�b�kheyghc�dbkehl�[3].

�������F_lh^u�jZa^_e_gby�

<�^Zgghf�iZjZ]jZn_�[m^ml�aZljhgmlu�ebrv�\hijhku�hl^_e_gby�Zexfbgby�hl�f_^b��ih-

kdhevdm�jZa^_e_gb_�lhevdh�wlbo�we_f_glh\�g_h[oh^bfh�^ey�^Zgghc�jZ[hlu��G_dhlhju_�f_lh-

^u�jZa^_e_gby�Zexfbgby�b�^jm]bo�f_lZeeh\�ijb\_^_gu�\�jZa^_eZo��ihk\yszgguo�dhgdj_l-

guf�kihkh[Zf�hij_^_e_gby�

GZb[he__� jZkijhkljZgzgguc�f_lh^� jZa^_e_gby� –� hkZ`^_gb_��HkZ`^Z_fufb�nhjfZfb

y\eyxlky�eb[h�]b^jhdkb^�Zexfbgby��eb[h�^jm]b_�fZeh�jZkl\hjbfu_�kh_^bg_gby�f_^b��HkZ-

`^_gb_�]b^jhdkb^Z�Zexfbgby�ih^jh[g__�hibkZgh�\��������Hkgh\gZy�ijh[e_fZ�aZdexqZ_lky�\

g_hij_^_ezgghklb�hilbfZevgh]h�agZq_gby�jG�hkZ`^_gby��ihkdhevdm�ijb�[he__�\ukhdbo�pH

\hafh`gh�kh\f_klgh_�hkZ`^_gb_�]b^jhdkb^Z�f_^b��Z�ijb�[he__�gbadbo�±�g_ihegh_�hkZ`^_gb_

Zexfbgby��LZd��>�@�mdZau\Z_l�gZ�g_ijb]h^ghklv�^Zggh]h�f_lh^Z�^ey�hl^_e_gby�Zexfbgby�hl

f_^b��;he__�m^h[gh�hkZ`^_gb_�]b^jhdkb^Z�f_^b��\�kbevghs_ehqghc�kj_^_�]b^jhdkb^�Zexfb-

gby�iheghklvx�jZkl\hjy_lky�k�h[jZah\Zgb_f�]b^jhdkhdhfie_dkh\��H^gZdh�a^_kv�lh`_�kms_-

kl\mxl�ijh[e_fu��\� kbevghs_ehqghc� kj_^_�f_^v�fh`_l�h[jZah\u\Zlv� ]b^jhdkhdhfie_dku�
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ohly�bo�dhebq_kl\h�g_\_ebdh��Ihwlhfm�mdZaZggu_�f_lh^u�fZeh�bkihevamxlky�gZ�ijZdlbd_�

ohly�[3] \kz�`_�j_dhf_g^m_l�i_j_hkZ`^_gb_�ijb�pH ~ 6,0.

;he__�p_e_khh[jZaguc�f_lh^�jZa^_e_gby�±�bkihevah\Zgb_�hkZ^bl_e_c��kh^_j`Zsbo�k_-

jm��LZd��\�[4]�ij_^eh`_gh�^h[Z\eylv�d�kbevghs_ehqghfm�jZkl\hjm�ijh[u�kmevnbl�gZljby�^ey

hkZ`^_gby�jZkl\hjzgghc�f_^b��<hafh`gh�lZd`_�ijbf_g_gb_�lbhkmevnZlZ�gZljby�\�keZ[hdb-

kehc�kj_^_�±�\�wlhf�kemqZ_�\uiZ^Z_l�hkZ^hd�Cu2S. ?sz�h^bg�m^h[guc�b�qj_a\uqZcgh�k_e_d-

lb\guc�f_lh^�hkZ`^_gby�f_^b�hibkZg�\�>�@��d�ZgZebabjm_fhfm�jZkl\hjm�^h[Z\eyxl�\bggmx

dbkehlm�� g_cljZebamxl� jZkl\hj� ih� bg^bdZlhjm�� ijbeb\Zxl� Zahlgmx� dbkehlm� hij_^_ezgghc

dhgp_gljZpbb��Z�aZl_f�±����guc�wlZghevguc�jZkl\hj� ��hdkbobghebgZ��<�wlbo�mkeh\byo�k_-

e_dlb\gh�\uiZ^Z_l�hkZ^hd� ��hdkbobghebgZlZ�f_^b��Z�[hevrbgkl\h�^jm]bo�dZlbhgu� �gZijb-

f_j��Al, Fe, Ti, Mn, Ni, Co, Cd, Zn) g_�h[jZamxl�hkZ^dh\�

<hafh`gh� lZd`_�hl^_e_gb_�f_^b� wdkljZdpb_c�dmin_jhgZlZ� �kf�� �������beb� we_dljheb-

ahf�gZ�jlmlghf�dZlh^_�ba�jZa[Z\e_ggh]h�k_jghdbkeh]h�jZkl\hjZ��\�wlhf�kemqZ_�\�jZkl\hj_�hk-

lZxlky�lhevdh�Al, Be, j_^dha_f_evgu_��s_ehqgu_�b�s_ehqgha_f_evgu_�f_lZeeu��Mn [7].

�����=jZ\bf_ljbq_kdb_�f_lh^u�hij_^_e_gby�Zexfbgby

�������G_hj]Zgbq_kdb_�hkZ^bl_eb�

HkZ`^_gb_�\�\b^_�]b^jhdkb^Z��gZb[he__�jZkijhkljZgzgguf�hkZ^bl_e_f��bkihevam_fuf

^ey�ihemq_gby�]b^jhdkb^Z�Zexfbgby��y\ey_lky�jZkl\hj�ZffbZdZ��>Zggu_�h[�hilbfZevghf�jG

hkZ`^_gby�ijhlb\hj_qZl�^jm]�^jm]m��\�[3]�mihfygmlu�bgl_j\Zeu�����±����������±������HkZ`^_-

gb_�ij_^eZ]Z_lky�ijh\h^blv�ba�fZeh]h�h[tzfZ�^ey�mf_gvr_gby�jZkl\hjbfhklb�Al2O3·xH2O;

ijhfu\Zgb_�\h^hc�g_^himklbfh��ke_^m_l�bkihevah\Zlv� ]hjyqbc� ���guc�jZkl\hj�NH4NO3 k

^h[Z\e_gb_f� ZffbZdZ��IjhdZeb\Zgb_� hkZ^dZ� ijh\h^yl� ijb� l_fi_jZlmjZo� g_� gb`_� ����
0
�K�

h^gZdh�ihke_�ijhdZeb\Zgby�ijb�lZdhc�l_fi_jZlmj_�hdkb^�Zexfbgby�hklZzlky� ]b]jhkdhibq-

guf��HilbfZevgZy�l_fi_jZlmjZ�ijhdZeb\Zgby�±�����
0
�K��ihkdhevdm�ihke_�ljzoqZkh\h]h�hl-

`b]Z�ijb�wlhc�l_fi_jZlmj_�hkZ^hd�klZgh\blky�iheghklvx�g_]b]jhkdhibqguf�[3].

HkZ`^_gb_� jZkl\hjhf� ZffbZdZ�g_k_e_dlb\gh�� \� wlbo� mkeh\byo� g_� hkZ`^Zxlky� lhevdh

s_ehqgu_�b�s_ehqgha_f_evgu_�f_lZeeu��Z�lZd`_�Mg. H^gZdh�fgh]b_�we_f_glu�fh]ml�[ulv

hl^_e_gu�i_j_hkZ`^_gb_f�ijb�hij_^_ezgguo�agZq_gbyo�jG��<�[5]�lZd`_�ij_^eh`_gh�]jZ\b-

f_ljbq_kdh_�hij_^_e_gb_�kmffu�Zexfbgby�b�^jm]bo�f_lZeeh\�� ]b^jhdkb^u�dhlhjuo�hkZ`-

^Zxlky�\�l_o�`_�mkeh\byo��hij_^_e_gb_�ijbf_k_c�bgufb�kihkh[Zfb�b�ihke_^mxs__�hij_^_-

e_gb_�Zexfbgby�ih�jZaghklb�

;he__�p_e_khh[jZagh�hkZ`^_gb_�keZ[ufb�hj]Zgbq_kdbfb�hkgh\Zgbyfb��lZdbfb��dZd�ib-

jb^bg��α-ibdhebg�beb�mjhljhibg��Ij_bfms_kl\Zfb�wlbo�hkZ^bl_e_c�y\eyxlky�[he__�ieZ\gh_

baf_g_gb_�jG��Z�lZd`_�h[jZah\Zgb_�dhfie_dkh\�kh�fgh]bfb�i_j_oh^gufb�f_lZeeZfb��\_^m-
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s__�d�bo�fZkdbjh\Zgbx��LZdbf�h[jZahf��agZqbl_evgh�ih\urZ_lky�k_e_dlb\ghklv�f_lh^Z�[3].

Ohly�b�a^_kv�_klv�k\hb�g_^hklZldb��gZijbf_j��ijb�bkihevah\Zgbb�wlbo�hkZ^bl_e_c�ihemqZxl-

ky�h[tzfgu_�hkZ^db��Z�hkZ`^_gb_�ZffbZdhf�ijb\h^bl�d�ihemq_gbx�[he__�dhfiZdlguo�hkZ^-

dh\��f_g__�ih^\_j`_gguo�aZ]jyag_gbx�[7].

?sz�h^bg�ijbzf�hkZ`^_gby�]b^jhdkb^Z�Zexfbgby�±�bkihevah\Zgb_�khe_c�keZ[uo�g_hj-

]Zgbq_kdbo�dbkehl��gZijbf_j�� lbhkmevnZlZ� gZljby�� gbljblZ� Zffhgby�� dZj[hgZlh\��Ijb� ^h-

[Z\e_gbb�jZkl\hjh\�wlbo�khe_c�d�ZgZebabjm_fhfm�jZkl\hjm�ih\urZ_lky�jG��\uau\Zy�hkZ`-

^_gb_�]b^jhdkb^Z�Zexfbgby��Ij_bfms_kl\h�wlbo�hkZ^bl_e_c�±�h[jZah\Zgb_�[he__�iehlguo

hkZ^dh\ [3].

HkZ`^_gb_�\�\b^_�djbheblZ [3]:�lbibqguf�hkZ^bl_e_f�\�wlhf�f_lh^_�y\ey_lky�nlhjb^

gZljby��Ijb�_]h�kms_kl\_gghf�ba[uld_�ba�jZkl\hjh\��kh^_j`Zsbo�Zexfbgbc��dhebq_kl\_ggh

hkZ`^Z_lky�dhfie_dk�khklZ\Z�Na3AlF6; ijb�f_gvrbo�ba[uldZo�dhfie_dk�bf__l�bghc�khklZ\�

F_lh^�\ukhdh�k_e_dlb\_g�b�iha\hey_l�hij_^_eylv�Zexfbgbc�\�ijbkmlkl\bb�fgh]bo�^jm]bo

f_lZeeh\�� h[jZamxsbo� [he__� jZkl\hjbfu_� nlhjb^gu_� dhfie_dku�� D� g_^hklZldZf� f_lh^Z

ke_^m_l�hlg_klb�ijh^he`bl_evghklv��\�qZklghklb��hq_gv�f_^e_ggh_�nbevljh\Zgb_�hkZ^dZ���Z

lZd`_�g_lhqghklv��h[mkeh\e_ggmx�g_kl_obhf_ljbqghklvx�\uiZ^Zxs_]h�hkZ^dZ��<�gZklhys__

\j_fy�djbheblguc�f_lh^�ihqlb�g_�bkihevam_lky�^ey�hij_^_e_gby�Zexfbgby��AZlh�hg�gZrze

ijbf_g_gb_�^ey�hl^_e_gby�Zexfbgby�hl�dZlbhgh\�^jm]bo�f_lZeeh\��hkZ^hd�djbheblZ�jZkl\h-

jyxl��Z�ihemq_gguc�jZkl\hj�ZgZebabjmxl�[he__�lhqguf�f_lh^hf�

HkZ`^_gb_�\�\b^_�nhknZlZ [5]: ^Zgguc�f_lh^�ij_^mkfZljb\Z_l�hkZ`^_gb_�Zexfbgby�\

\b^_�AlPO4; dhgljhev�jG�hkZ`^_gby� �����±������iha\hey_l�hl^_eblv�Zexfbgbc�hl�ba[uldh\

fgh]bo�f_lZeeh\��F_lh^�bkihevamxl�ijb�ZgZeba_�kieZ\h\��ihkdhevdm�bf_ggh�hg�iha\hey_l

hl^_eylv�Zexfbgbc�hl�f_lZeeh\��\oh^ysbo�\�khklZ\�klZe_c� �Fe, Cr, V, Sn, Mn, Zn, Ni). Hk-

gh\guf�g_^hklZldhf�y\ey_lky�gbadZy�lhqghklv��h[mkeh\e_ggZy�aZ]jyag_gb_f�hkZ^dZ�khhkZ`-

^zgguf�P2O5. Djhf_� wlh]h�� ]jZ\bf_ljbq_kdZy�nhjfZ� ±�AlPO4 – ]b]jhkdhibqgZ� b� qZklbqgh

jZaeZ]Z_lky�ijb�\ukhdbo�l_fi_jZlmjZo�

3.2.2. Hj]Zgbq_kdb_�hkZ^bl_eb

HkZ`^_gb_�\�\b^_� ��hdkbobghebgZlZ� ��hdkbobghebg�h[jZam_l�hkZ^db� kh�fgh]bfb�dZ-

lbhgZfb��ihwlhfm�_]h�k_e_dlb\ghklv�gbadZ��H^gZdh�ijb�bkihevah\Zgbb�ih^oh^ysbo�fZkdb-

jmxsbo�j_Z]_glh\�beb�hl^_e_gbb�f_rZxsbo�dZlbhgh\�f_lh^�^hklZlhqgh�[uklj�b�ijhkl�

HkZ`^_gb_� ijh\h^yl� ijb� jG� ���� ±� ���� [5]�� P_e_khh[jZagh� ijb[Z\eylv� jZkl\hj� ��

hdkbobghebgZ� d� keZ[h� dbkehfm� ZgZebabjm_fhfm� jZkl\hjm�� Z� aZl_f� f_^e_ggh� ^h[Z\eylv
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CH3COONH4. Ijb� lZdhf� ihjy^d_� ijb[Z\e_gby� j_Z]_glh\� h[jZamxlky� [he__� djmigu_� djb-

klZeeu�g_`_eb�\�h[jZlghf�kemqZ_��HkZ`^_gb_�ke_^m_l�ijh\h^blv�ba�oheh^gh]h�jZkl\hjZ��Z

aZl_f�gZ]j_\Zlv�kbkl_fm. Hdkbobghebg�fh`gh�ijbf_gylv�\�\b^_�jZkl\hjh\�\�mdkmkghc�beb

jZa[Z\e_gghc�kheyghc�dbkehlZo [3].

>ey�ijhfu\Zgby� hkZ^dZ�p_e_khh[jZagh�bkihevah\Zlv� �,�����guc� jZkl\hj� hdkbobgh-

ebgZ�beb�����guc�jZkl\hj�Zp_lZlZ�Zffhgby��Fh`gh�lZd`_�bkihevah\Zlv�\h^m��gh�lhevdh�oh-

eh^gmx�� >Zggu_� ih� l_fi_jZlmj_� ^hklb`_gby� ihklhyggh]h� \_kZ� hkZ^dhf� hdkbobghebgZlZ

Zexfbgby�lZd`_�jZagylky��hl�����^h����
0
�K�� [3]�j_dhf_g^m_l�\ukmrb\Zgb_�ijb��������

0
�K�

=jZ\bf_ljbq_kdZy�nhjfZ�±�hdkbobghebgZl�Zexfbgby�

DZd�m`_�hlf_qZehkv�\ur_��f_lh^�g_k_e_dlb\_g��hkZ`^_gbx�g_�f_rZxl�ebrv�Mg, Be,

s_ehqgu_�b�s_ehqgha_f_evgu_�f_lZeeu��<hafh`gh�hl^_e_gb_�f_^b�ih�f_lh^bd_��hibkZgghc

\ur_��kf���������beb�fZkdbjh\Zgb_�f_^b�pbZgb^�bhgZfb�b�W>L:�\�ZffbZqghf�jZkl\hj_�ijb

jG� �����±����[3].

LZd`_�kms_kl\m_l�jy^�f_lh^h\�]hfh]_ggh]h�hkZ`^_gby��\hafh`gh�f_^e_ggh_�h[jZah-

\Zgb_�hkZ^bl_ey��bkihevamxl���Zp_lhdkbobghebg���ihkl_i_ggh_�mklZgh\e_gb_�jG� �bkihevam-

xl�Zp_lZfb^��mjhljhibg��fhq_\bgm��beb�hkZ`^_gb_�ba�kf_kb�jZkl\hjbl_e_c� �wlhl�ijbzf�hk-

gh\Zg�gZ�aZf_^e_gbb�h[jZah\Zgby�g_dhlhjuo�hkZ^dh\�\�ijbkmlkl\bb�[hevrbo�dhebq_kl\�jZk-

l\hjbl_ey��kh�\j_f_g_f�jZkl\hjbl_ev�me_lmqb\Z_lky��b�gZqbgZ_lky�\uiZ^_gb_�hkZ^dZ� [3].

HkZ`^_gb_�\�\b^_�[_gahZlZ [7]��wlh�h^bg�ba�gZb[he__�lhqguo�]jZ\bf_ljbq_kdbo�f_lh-

^h\� hij_^_e_gby� Zexfbgby�� <� dZq_kl\_� hkZ^bl_ey� bkihevamxl� [_gahcgmx� dbkehlm�� hilb-

fZevgh_�agZq_gb_�jG�hkZ`^_gby�����±������F_lh^�fZeh�k_e_dlb\_g��gh�fgh]b_�f_rZxsb_�dZ-

lbhgu�fh]ml�[ulv�fZkdbjh\Zgu�lbh]ebdhe_\hc�dbkehlhc��<hafh`gh�lZd`_�]hfh]_ggh_�hkZ`-

^_gb_�k�bkihevah\Zgb_f�fhq_\bgu��=jZ\bf_ljbq_kdZy�nhjfZ�±�Al2O3.

HkZ`^_gb_�\�\b^_�kmdpbgZlZ [5]��\�wlhf�f_lh^_�Zexfbgbc�hkZ`^Zxl�ba�dbiysbo�jZk-

l\hjh\��kh^_j`Zsbo�yglZjgmx�dbkehlm�b�fhq_\bgm��F_lh^�g_kdhevdh�mklmiZ_l�ih�lhqghklb

[_gahZlghfm��h^gZdh�agZqbl_evgh�ij_\hkoh^bl�_]h�ih�k_e_dlb\ghklb�±�\hafh`gh�hkZ`^_gb_

Zexfbgby�ba�jZkl\hjh\��kh^_j`Zsbo�ba[ulhd�^\mo\Ze_glguo�f_lZeeh\� �lZdbo��dZd�Mn, Co,

Ni, Cu). =jZ\bf_ljbq_kdZy�nhjfZ�±�Al2O3.

HkZ`^_gb_�\�\b^_�^bn_gZlZ [3]��ZffhgbcgZy�khev�^bn_gh\hc�dbkehlu�h[jZam_l�k�Zex-

fbgb_f�ljm^ghjZkl\hjbfmx�hkgh\gmx�khev��=eZ\gh_�ij_bfms_kl\h�f_lh^Z� ±�hl^_e_gb_�hl

dZlbhgh\�^\mo\Ze_glguo�f_lZeeh\��h[jZamxsbo�k�^bn_gh\hc�dbkehlhc�ohjhrh�jZkl\hjbfu_
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kheb��L_f�g_�f_g__�� ljzo\Ze_glgu_�f_lZeeu�hkZ`^Zxlky�kh\f_klgh�k�Zexfbgb_f��ihwlhfm

lj_[m_lky�bo�ij_^\Zjbl_evgh_�hl^_e_gb_� =jZ\bf_ljbq_kdZy�nhjfZ�±�Al2O3.

HkZ`^_gb_�\�\b^_�kheb�dhjbqghc�dbkehlu� [3]��dhjbqgZy�dbkehlZ� lZd`_�h[jZam_l�jZk-

l\hjbfu_�kheb�k�^\mo\Ze_glgufb�f_lZeeZfb��?z�ij_bfms_kl\Zfb�dZd�hkZ^bl_ey�y\eyxlky�

\hafh`ghklv�hl^_e_gby�g_dhlhjuo�dhebq_kl\�lblZgZ�b�pbjdhgby�aZ�kqzl�hkZ`^_gby�ijb�[h-

e__�gbadbo�jG��kh\iZ^_gb_�hkZ`^Z_fhc�b� ]jZ\bf_ljbq_kdhc�nhjf� ±�Zexfbgb_\Zy�khev�dh-

jbqghc�dbkehlu�bf__l�ihklhygguc�khklZ\�b�ohjhrh�\ukmrb\Z_lky�ijb�\_kvfZ�gbadbo�l_f-

i_jZlmjZo��~ 110 0�K�� =jZ\bf_ljbq_kdZy�nhjfZ�±�Al(C9H7O2)3.

HkZ`^_gb_�\�\b^_�dmin_jhgZlZ: dmin_jhg�hkZ`^Z_l�fgh]b_�f_lZeeu��h^gZdh��\Zjvbjmy

jG��fh`gh�^h[blvky�^hklZlhqgh�\ukhdhc�k_e_dlb\ghklb�hkZ`^_gby�Zexfbgby�wlbf�j_Z]_g-

lhf��L_f�g_�f_g__�� hkZ^hd� dmin_jhgZlZ� h[uqgh� hdZau\Z_lky� aZ]jyagzg� ke_^Zfb� hdbke_gby

dmin_jhgZ��Djhf_�wlh]h��kZf�dmin_jhgZl�Zexfbgby�g_�bf__l�ihklhyggh]h�khklZ\Z��Ihwlhfm

[he__�rbjhdh_� ijbf_g_gb_� bf__l� k_e_dlb\gZy� wdkljZdpby� Zexfbgby� \� \b^_� dmin_jhgZlZ

Zp_lbeZp_lhghf� beb� oehjhnhjfhf� [5]��H^gZdh� kms_kl\mxl� b� ZgZeh]b� dmin_jhgZ�� ^Zxsb_

ih^oh^ysb_�hkZ`^Z_fu_�b�]jZ\bf_ljbq_kdb_�nhjfu��Wlh��gZijbf_j��ljbwlZghZfbggZy�khev

��klbev[_gbegbljhah]b^jhdkbeZfbgZ�� ba\_klgZy� dZd� ©kljbedmin_jhgª�� Hg� iha\hey_l� k� g_-

iehohc�k_e_dlb\ghklvx�hkZ^blv�Zexfbgbc��Z�aZl_f�\ukmrblv�ihemq_gguc�hkZ^hd�b�bkihev-

ah\Zlv�_]h�\�dZq_kl\_�]jZ\bf_ljbq_kdhc�nhjfu�[3].

JZg__� lZd`_�ijbf_gyebkv�f_lh^u�hkZ`^_gby�\�\b^_� Zp_lZlZ�beb�nhjfbZlZ��H^gZdh�\

wlbo� kemqZyo� h[jZamxlky� klm^g_h[jZagu_�� ljm^ghnbevljmxsb_ky� hkZ^db��Ba�aZ� wlh]h� lhq-

ghklv�lZdbo�f_lh^h\�g_\ukhdZ��b�gug_�hgb�ihqlb�g_�ijbf_gyxlky [3].

3.3. Lbljbf_ljbq_kdb_�f_lh^u�hij_^_e_gby�Zexfbgby

�������Ijyfh_�dhfie_dkhghf_ljbq_kdh_�lbljh\Zgb_�[3].

GZb[he__�jZkijhkljZgzgguf�kihkh[hf�y\ey_lky�lbljh\Zgb_�k�I:G�b�g_[hevrbfb�dh-

ebq_kl\Zfb�dhfie_dkhgZlZ�f_^b��:exfbgbc�lbljmxl�\�gZ]j_luo�^h�dbi_gby�jZkl\hjZo�k�jG

���Hg�\ul_kgy_l�f_^v�ba�dhfie_dkhgZlZ��\u^_eb\rZyky�f_^v�h[jZam_l�djZkgu_�dhfie_dku�k

I:G��Ihke_�k\yau\Zgby�\k_]h�Zexfbgby�k�W>L:�hg�gZqbgZ_l�\ul_kgylv�f_^v�ba�dhfie_dkZ�k

I:G�±�hdjZkdZ�jZkl\hjZ�ba�djZkghc�i_j_oh^bl�\�`zelmx��GZ�lhqghklv�lbljh\Zgby�\eby_l�ih-

jy^hd�ijb]hlh\e_gby�lbljm_fh]h�jZkl\hjZ�±�gZb[he__�lhqgu_�j_amevlZlu�fh]ml�[ulv�ihem-

q_gu�ijb�g_cljZebaZpbb�Zp_lZlhf�Zffhgby�dbkeuo�jZkl\hjh\�^h�jG� ��k�ihke_^mxsbf�^h-

[Z\e_gb_f� mdkmkghc�dbkehlu�^h�jG� ���Ijb�h[jZlghf�ihjy^d_� �g_cljZebaZpby�dbkeh]h�jZk-
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l\hjZ� ZffbZdhf�^h�jG� �� k�ihke_^mxsbf�^h[Z\e_gb_f� Zp_lZlgh]h�[mn_jZ��ijhbkoh^bl�eh-

dZevgh_�ih\ur_gb_�jG��\_^ms__�d�h[jZah\Zgbx�iheby^_jguo�dhfie_dkh\� Zexfbgby��f_^-

e_ggh�j_Z]bjmxsbo�k�EDTA. <h�\j_fy�lbljh\Zgby�ke_^m_l�ih^^_j`b\Zlv�jZkl\hj�ijb�l_f-

i_jZlmj_��[ebadhc�d�l_fi_jZlmj_�dbi_gby��^jm]bf�kihkh[hf�ijZ\bevgh]h�nbdkbjh\Zgby�lhq-

db�wd\b\Ze_glghklb�y\ey_lky�^h\_^_gb_�hllbljh\Zggh]h�jZkl\hjZ�^h�dbi_gby�b�_]h�^hlbljh-

\u\Zgb_�

F_lh^�fZeh�k_e_dlb\_g�±�hij_^_e_gbx�g_�f_rZxl�K, Na, Ca, Mg. @_e_ah�b�pbgd�lbl-

jmxlky�dhebq_kl\_ggh��ojhf qZklbqgh�hllbljh\u\Z_lky�ba�aZ�\ukhdhc�l_fi_jZlmju�jZkl\hjZ�

L_f�g_�f_g__��dhg_p�lbljh\Zgby�mklZgZ\eb\Z_lky�hq_gv�qzldh��qlh�ijb\h^bl�d�\ukhdhc�lhq-

ghklb�kZfh]h�f_lh^Z�

Kms_kl\mxl�b�bgu_�f_lh^u�ijyfh]h�dhfie_dkhghf_ljbq_kdh]h�lbljh\Zgby�Zexfbgby�

_keb�k\yaZlv�Zexfbgbc�\�dhfie_dk�k�fhehqghc�beb�]ebdhe_\hc�dbkehlZfb��lh�\hafh`gh�ijy-

fh_� lbljh\Zgb_� k�bg^bdZlhjhf� ]_fZlhdkbebghf��Fh`gh� lZd`_� hllbljh\Zlv� Zexfbgbc�ijb

pH���k�bg^bdZlhjhf�ojhf�qbklh�]hem[uf�\�ijbkmlkl\bb�g_[hevrbo�dhebq_kl\�f_^b��Kms_kl-

\m_l�f_lh^�ijyfh]h�lbljh\Zgby�k�bg^bdZlhjhf�ojhfZamjhehf�S, dhlhjuc��h^gZdh��g_lhq_g�

\\b^m�g_qzldh]h�i_j_oh^Z�hdjZkdb�

�������H[jZlgh_�dhfie_dkhghf_ljbq_kdh_�lbljh\Zgb_�

GZb[he__�lhqguf�f_lh^hf�y\ey_lky�h[jZlgh_�lbljh\Zgb_�k�dkbe_gheh\uf�hjZg`_\uf�

Ijyfh_�lbljh\Zgb_�k�wlbf�bg^bdZlhjhf�g_\hafh`gh�ba�aZ�[hevr_c�mklhcqb\hklb�dhfie_dkZ

Zexfbgby�k�dkbe_gheh\uf�hjZg`_\uf�ih�kjZ\g_gbx�k�dhfie_dkhgZlhf�Zexfbgby��Ihwlhfm

ba[ulhd� W>L:� hllbljh\u\Zxl� jZkl\hjZfb� khe_c� k\bgpZ�� lhjby� beb� pbgdZ�� GZ[ex^Z_lky

hq_gv�j_adbc�i_j_oh^�hdjZkdb�hl�`zelhc��q_j_a�hjZg`_\mx��\�djZkgmx��KZf�ih�k_[_�f_lh^

fZehk_e_dlb\_g��g_�f_rZxl�ebrv�s_ehqgu_�f_lZeeu��Zffhgbc��Mg, Ca, Sr b�Ba)��h^gZdh�k_-

e_dlb\ghklv�fh`_l�[ulv�ih\ur_gZ�k�ihfhsvx�ijbzfZ�RZch� [3]��Ba[ulhd�W>L: hllbljh-

\uZxl�jZkl\hjhf�Zp_lZlZ�pbgdZ��aZl_f�jZajmrZxl�dhfie_dkhgZl�Zexfbgby�nlhjb^�bhgZfb�

\gh\v�^h[Z\eyxl�ba[ulhd�W>L: b�hklZlhd�hllbljh\u\Zxl�jZkl\hjhf�Zp_lZlZ�pbgdZ��Dhebq_-

kl\h�Zexfbgby�jZkkqblu\Zxl�ih�j_amevlZlZf�\lhjh]h�lbljh\Zgby��Ih\ur_gb_�k_e_dlb\gh-

klb�k\yaZgh�k�l_f��qlh�nlhjb^�bhgu�ki_pbnbqgh�jZajmrZxl�dhfie_dkhgZl�Zexfbgby��h[jZ-

amy�djbhebl��<f_klh�dkbe_gheh\h]h�hjZg`_\h]h�fh`gh�\�dZq_kl\_�bg^bdZlhjZ�bkihevah\Zlv

f_lbelbfheh\uc�kbgbc��qlh�ijb\h^bl�d�g_dhlhjhfm�baf_g_gbx�agZq_gby�jG�lbljh\Zgby�[3].

Fh^bnbdZpby�baeh`_ggh]h�\ur_�f_lh^Z�±�lbljh\Zgb_�jZkl\hjhf�kheb�pbgdZ�\�\h^gh�

wlZghevghc� kj_^_� k� bg^bdZlhjhf� ^blbahghf��G_^hklZldhf�f_lh^Z� y\ey_lky� g_h[oh^bfhklv

bkihevah\Zgby�wlZgheZ�^ey�m^_j`Zgby�^blbahgZ�\�jZkl\hj_��H^gZdh�lhqghklv�hklZzlky�g_hk-

ihjbfuf�^hklhbgkl\hf��Lbljh\Zgb_�k�^blbahghf�klhev�`_�fZehk_e_dlb\gh��dZd�b�k�dkbe_gh-
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eh\uf�hjZg`_\uf��f_rZxl�\k_�f_lZeeu��h[jZamxsb_�dhfie_dkhgZlu�ijb�h[uqguo�mkeh\b-

yo���h^gZdh�\ebygb_�[hevrbgkl\Z�ba�gbo�mkljZgy_lky�ih�f_lh^m�RZch�[7]��?sz�h^gZ�fh^bnb-

dZpby�wlh]h�`_�f_lh^Z�±�lbljh\Zgb_�khevx�pbgdZ�\�ijbkmlkl\bb�[_gab^bgZ�b�hdbkebl_evgh�

\hkklZgh\bl_evghc� iZju� n_jjhpbZgb^±n_jjbpbZgb^�� Ihke_� ^hklb`_gby� dhg_qghc� lhqdb

lbljh\Zgby�bhgu�pbgdZ�k\yau\Zxl�n_jjhpbZgb^�\�fZehjZkl\hjbfh_�kh_^bg_gb_��\�j_amevlZ-

l_�ihl_gpbZe�hdbkebl_evgh�\hkklZgh\bl_evghc�kbkl_fu�ih\urZ_lky��b�[_gab^bg�hdbkey_lky�

hdjZrb\Zy�jZkl\hj��<f_klh�[_gab^bgZ�b�pbZgb^guo�dhfie_dkh\�fh`gh�bkihevah\Zlv�\ZjbZ-

fbgh\uc�kbgbc��jh^Zgb^�b�khev�^\mo\Ze_glghc�f_^b [3].

<hafh`gh�lZd`_�h[jZlgh_�lbljh\Zgb_�jZkl\hjhf�kheb�`_e_aZ�k�kZebpbeh\hc�beb�kmev-

nhkZebpbeh\hc�dbkehlZfb��Lbljh\Zgb_�ijh\h^yl�\�oheh^guo�jZkl\hjZo�ijb�jG� �����±�����\h

ba[_`Zgb_�\ul_kg_gby�Zexfbgby�ba�dhfie_dkhgZlZ��F_lh^�fZehk_e_dlb\_g��f_rZxl�\k_�f_-

lZeeu��h[jZamxsb_�dhfie_dkhgZlu�k�W>L:, Z�lZd`_�pbZgb^���nlhjb^���nhknZl�Zgbhgu��k\y-

au\Zxsb_�dZlbhgu�Zexfbgby�[3].

M^h[guf�f_lh^hf�h[jZlgh]h�lbljh\Zgby�Zexfbgby�y\ey_lky�lbljh\Zgb_�jZkl\hjhf�kh-

eb�f_^b�\�ijbkmlkl\bb�I:G��A^_kv��dZd�b�\�kemqZ_�ijyfh]h�lbljh\Zgby�\�ijbkmlkl\bb�dhf-

ie_dkhgZlZ�f_^b��kf����������dhg_qgZy�lhqdZ�lbljh\Zgby�hij_^_ey_lky�ih�baf_g_gbx�hdjZkdb

jZkl\hjZ�ba�`zelhc�\�djZkgmx�[1].

<k_�f_lh^u��ijb\_^zggu_�\ur_��iha\heyxl�ijhba\h^blv�h[jZlgh_�lbljh\Zgb_�Zexfb-

gby�\�dbkehc�kj_^_��H^gZdh�lZdh_�lbljh\Zgb_�\hafh`gh�b�\�s_ehqghc�kj_^_��^ey�wlh]h�bk-

ihevamxl� jZkl\hj� kheb�pbgdZ� k� bg^bdZlhjhf� wjbhojhfqzjguf�L��Lbljh\Zgb_� ijh\h^yl� gZ

oheh^m�^ey�ij_^hl\jZs_gby�h[jZah\Zgby�dhfie_dkZ�Zexfbgby�k�bg^bdZlhjhf��F_lh^�fZeh

k_e_dlb\_g�b�h[uqgh�g_�bkihevam_lky�[3].

3.3.3. Dhfie_dkhghf_ljbq_kdh_�lbljh\Zgb_�aZf_klbl_ey�

Lbljh\Zgb_� aZf_klbl_ey� ijb� hij_^_e_gbb� Zexfbgby� ihqlb� g_� bkihevam_lky��?^bgkl-

\_gguc�f_lh^��mdZaZgguc�\�[3], – lbljh\Zgb_�k�dhfie_dkhgZlhf�\ZgZ^by��<u^_eb\rbcky�\Z-

gZ^bc�lbljmxl�W>L: c lZdbfb�bg^bdZlhjZfb��dZd�^bn_gbedZj[Zahg��ibjhdZl_obgh\uc�nbh-

e_lh\uc��fhjbg��dZjfbgh\Zy�dbkehlZ��K_e_dlb\ghklv�f_lh^Z�gbadZ�b�k\yaZgZ�k�l_f��qlh�\ZgZ-

^bc�\ul_kgy_lky�ba�k\h_]h�dhfie_dkhgZlZ�fgh]bfb�f_lZeeZfb�

3.3.4. Dhfie_dkhghf_ljbq_kdh_�lbljh\Zgb_�k�jZaebqgufb�dhfie_dkhgZfb�

Kj_^b� hlebqguo� hl� W>L: dhfie_dkhgh\�� ij_^eh`_gguo� ^ey� lbljh\Zgby� Zexfbgby�

gZb[hevr__� agZq_gb_� bf__l� ����^bZfbghpbdeh]_dkZgl_ljZmdkmkgZy� dbkehlZ� �>PL:�. HgZ

hq_gv� [ukljh� j_Z]bjm_l� k� Zexfbgb_f� m`_� ijb� dhfgZlghc� l_fi_jZlmj_� b�� djhf_� wlh]h�� k

[hevrbgkl\hf�f_lZeeh\�h[jZam_l�g_kdhevdh�bgu_�dhfie_dku�g_`_eb�dhfie_dkhgZlu�W>L:.
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GZijbf_j��ijb�lbljh\Zgbb�>PL: \hafh`gh�fZkdbjh\Zgb_�f_^b�lbhfhq_\bghc��Z�lZd`_�hi-

j_^_e_gb_�Zexfbgby�\�ijbkmlkl\bb�ojhfZ�b�\�ijbkmlkl\bb�[hevrh]h�dhebq_kl\Z�ojhfZlZ��g_

hdbkeyxs_]h�dhfie_dkhg [3].

3.3.5��Hdbkebl_evgh�\hkklZgh\bl_evgh_�lbljh\Zgb_�

GZb[he__� jZkijhkljZgzgguc� f_lh^� hdbkebl_evgh�\hkklZgh\bl_evgh]h� lbljh\Zgby

Zexfbgby�k\yaZg�k�hkZ`^_gb_f���hdkbobghebgZlZ��AZl_f�hkZ^hd�jZkl\hjyxl�\�dbkehl_�b�hi-

j_^_eyxl���hdkbobghebg�k�ihfhsvx�[jhfZlhf_ljbb�beb�bh^hf_ljbb��Mkeh\by�k_e_dlb\gh]h

hkZ`^_gby� ��hdkbobghebgZlZ� Zexfbgby�hibkZgu�\� �������Ij_bfms_kl\hf�ijbf_g_gby� lbl-

jh\Zgby��Z�g_�]jZ\bf_ljbb�y\ey_lky�f_gvrZy�ijh^he`bl_evghklv�ZgZebaZ�ijb�lhc�`_�lhqgh-

klb�hij_^_e_gby [7].

<hafh`gh�hkZ`^_gb_�Zexfbgby�\�\b^_�Zjk_gZlZ��jZkl\hj_gb_�hkZ^dZ�\�dbkehl_��\hkklZ-

gh\e_gb_�^h�Zjk_gbl�bhgZ�b�lbljh\Zgb_�ihke_^g_]h�jZkl\hjhf�bh^Z��F_lh^�^hklZlhqgh� k_-

e_dlb\_g� b� lhq_g�� gh� fZehijb]h^_g� ^ey� ZgZebaZ� ba�aZ� \ukhdhc� lhdkbqghklb� kh_^bg_gbc

furvydZ [3].

3.3.6��Dbkehlgh�hkgh\gh_�lbljh\Zgb_ [3].

>Zgguc�f_lh^�k_cqZk�jZkijhkljZg_gu�^hklZlhqgh�fZeh�\\b^m�k\h_c�gbadhc�lhqghklb�

H^bg�ba�kihkh[h\�hij_^_e_gby�Zexfbgby�dbkehlgh�hkgh\guf�lbljh\Zgb_f�k\yaZg�k�i_j_\_-

^_gb_f� _]h�\� ]b^jhdkhdhfie_dk�b�^Zevg_crbf�^h[Z\e_gb_f�ba[uldZ�nlhjb^Z�gZljby��Ijb

wlhf�\u^_eyxlky�]b^jhdkb^�bhgu��dhlhju_�g_cljZebamxl�ba[uldhf�jZkl\hjZ�dbkehlu��HklZ-

lhd�dbkehlu�hllbljh\u\Zxl�klZg^Zjlguf�jZkl\hjhf�]b^jhdkb^Z�gZljby��<hafh`gu�b�^jm]b_

f_lh^u��gZijbf_j��hkZ`^_gb_�]b^jhdkb^Z�Zexfbgby��jZkl\hj_gb_�\�ba[uld_�dbkehlu�b�lbl-

jh\Zgb_�hklZldZ�dbkehlu��hkZ`^_gb_�hkgh\gh]h�dZj[hgZlZ�Zexfbgby��_]h�ihke_^mxs__�jZk-

l\hj_gb_�\�klZg^Zjlghf�jZkl\hj_�nhknhjghc�dbkehlu�b�lbljh\Zgb_�jZkl\hjZ��kh^_j`Zs_]h

Al(H2PO4)3, szehqvx��?klv�lZd`_�]jmiiZ�ZedZebf_ljbq_kdbo�f_lh^h\��hkgh\Zgguo�gZ�h[jZ-

ah\Zgbb�dhfie_dkh\�Zexfbgby�k�hj]Zgbq_kdbfb�hdkbdbkehlZfb�b�hllbljh\u\Zgbb�\u^_eb\-

rboky�ijhlhgh\�

�����<u\h^u

GZ�hkgh\_�ZgZebaZ�ebl_jZlmjguo�^Zgguo�[ueh�j_r_gh�bkihevah\Zlv�^\_�f_lh^bdb�jZk-

l\hj_gby�kieZ\Z�±�\�szehqb��ih�[4]) b�\�kf_kb�Zahlghc�b�kheyghc�dbkehl��ih [2]). >hklhbgkl-

\hf�i_j\h]h�f_lh^Z�y\ey_lky�\hafh`ghklv�ihqlb�ihegh]h�hl^_e_gby�f_^b�g_ihkj_^kl\_ggh

ijb�jZkl\hj_gbb��g_^hklZldhf�±�\hafh`ghklv�g_ihegh]h�i_j_oh^Z�Zexfbgby�\�jZkl\hj��Ij_-
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bfms_kl\h�\lhjh]h�f_lh^Z�±�ihegh_�jZkl\hj_gb_�h[jZapZ��F_lh^�jZa^_e_gby�±�hkZ`^_gb_

ZffbZdhf�k�ihke_^mxsbf�i_j_hkZ`^_gb_f.

>ey� dhebq_kl\_ggh]h� hij_^_e_gby� j_r_gh� [ueh� bkihevah\Zlv� ^\Z� kihkh[Z�� h[jZlgh_

dhfie_dkhghf_ljbq_kdh_� lbljh\Zgb_� jZkl\hjZ� h[jZapZ� \� szehqb� jZkl\hjhf� kheb� f_^b� k

I:G�b�]jZ\bf_ljbq_kdh_�hij_^_e_gb_�hkZ`^_gb_f�]b^jhdkb^Z�Zexfbgby�ZffbZdhf�ba�jZk-

l\hjZ�h[jZapZ�\�dbkehlZo�
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4. Wdki_jbf_glZevgZy�qZklv

�����=jZ\bf_ljbq_kdh_�hij_^_e_gb_�Zexfbgby

�������Ko_fZ�ZgZebaZ�

�������JZkqzl�b�\a\_rb\Zgb_�gZ\_kdb�h[jZapZ�

Ijb[ebabl_evgh_�kh^_j`Zgb_�Zexfbgby�\�kieZ\_�±������HkZ^hd�]b^jhdkb^Z�Zexfbgby

Zfhjnguc��ihwlhfm�hilbfZevgZy�fZkkZ� ]jZ\bf_ljbq_kdhc�nhjfu��m = 0,07 – ���� ]��=jZ\b-

f_ljbq_kdbc� nZdlhj� F = �������� <_ebqbgm� gZ\_kdb� jZkkqblu\Zxl� ih� nhjfme_�

0,1 0,5292
100 100 0,0962 ]�

55

mF
g

P

⋅= = ≈

<a\_rb\Zgb_�gZ\_kdb�

�
FZkkZ�[xdkZ�k

h[jZaphf��]

FZkkZ�imklh]h

[xdkZ��]

1 23,5148 23,3554

2 23,5151 23,3551

3 23,5149 23,3553

FZkkZ�[xdkZ�k�h[jZaphf����������]�

FZkkZ�imklh]h�[xdkZ�����������]�

FZkkZ�gZ\_kdb���������]�
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�������F_lh^bdZ�jZkl\hj_gby�

Lhqgh�\a\_r_ggmx�gZ\_kdm�kieZ\Z�i_j_ghkyl�\�obfbq_kdbc�klZdZg�gZ�����fe�b�^h[Z\-

eyxl�kf_kv����fe�dhgp_gljbjh\Zgghc�HCl b����fe���F�HNO3. Hklhjh`gh�gZ]j_\Zxl�ijb�ih-

klhygghf�i_j_f_rb\Zgbb�^h�ij_djZs_gby�\u^_e_gby� ]ZaZ�b�ihegh]h�jZkl\hj_gby�h[jZapZ�

AZl_f�hoeZ`^Zxl�b�jZa[Z\eyxl�\h^hc�^h�����fe�

�������F_lh^bdZ�b�oh^�hij_^_e_gby�

F_lh^bdZ�hij_^_e_gby��bkke_^m_fuc�jZkl\hj�gZ]j_\Zxl�ihqlb�^h�dbi_gby��\\h^yl�g_-

kdhevdh� dZi_ev�f_lbeh\h]h� djZkgh]h� b� ba� [xj_ldb� ^h[Z\eyxl�ih� dZieyf� jZkl\hj� ZffbZdZ

������^h�baf_g_gby�hdjZkdb�ba�djZkghc�\�`zelmx��<h�\j_fy�ijb[Z\e_gby�ZffbZdZ�jZkl\hj�g_-

ij_ju\gh�i_j_f_rb\Zxl��GZ]j_\Zxl�jZkl\hj� ����fbg��^Zxl�hlklhylvky�hkZ^dm�\� l_q_gb_� �

fbg�b�hlnbevljh\u\Zxl�gZ�nbevlj�©djZkgZy�e_glZª��Iheghklvx�i_j_ghkyl�hkZ^hd�gZ�nbevlj

b,�^h[Z\eyxl� ����F�HCl,�jZkl\hjyxl�hkZ^hd�gZ�nbevlj_��kh[bjZy�jZkl\hj�\�qbkluc�klZdZg�

Ih\lhjyxl�hi_jZpbx�hkZ`^_gby��jZkl\hj�\gh\v�hlnbevljh\u\Zxl�gZ�nbevlj�©kbgyy�e_glZª�

Ijhfu\Zxl����guf�jZkl\hjh\�NH4NO3, g_cljZebah\Zgguc�ZffbZdhf�ih�f_lbeh\hfm�djZk-

ghfm��^_dZglZpb_c���±���jZaZ��i_j_ghkyl�hkZ^hd�gZ�nbevlj�b�\gh\v�ijhfu\Zxl�l_f�`_�jZkl\h-

jhf� ^h� hljbpZl_evghc� j_Zdpbb� gZ� oehjb^�bhgu� �ih� jZkl\hjm�AgNO3, ih^dbke_gghfm� ��F

HNO3)�\�nbevljZl_. <hjhgdm�k�nbevljhf�ihf_sZxl�\�kmrbevguc�rdZn�b�ke_]dZ�ih^kmrb-

\Zxl� hkZ^hd�� AZl_f�nbevlj� k� hkZ^dhf� ihf_sZxl� \� ^h\_^zgguc� ^h� ihklhygghc�fZkku� ijb

l_fi_jZlmj_�hdheh�����
0
K�lb]_ev��hklhjh`gh�gZ�]hj_ed_�h[m]eb\Zxl�nbevlj��ihke_�q_]h�ih-

f_sZxl�lb]_ev�\�fmn_evgmx�i_qv�b�ijhdZeb\Zxl���q�ijb�l_fi_jZlmj_�hdheh�����
0
K��IjhdZ-

eb\Zgb_�hkZ^dZ�ih\lhjyxl�^h�^hklb`_gby�ihklhygghc�fZkku�

<a\_rb\Zgb_�lb]ey�

�
FZkkZ�imklh]h

lb]ey��]

FZkkZ�lb]ey��k

\_s_kl\hf��]

1 12,3704 12,5429

2 12,3700 12,5421

3 12,3699 12,5421

JZkqzl�kh^_j`Zgby:

2 3Al Al O

Al

0,5292 0,1723 0,0912 ]�

0,0912
100% 57,07%.

0,1598

m F m

ω

= ⋅ = ⋅ =

= ≈

FZkkZ�imklh]h�lb]ey������699�]�
FZkkZ�lb]ey�k�\_s_kl\hf��������2�]�
FZkkZ�Al2O3: 0,1723�]�
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4.2. Dhfie_dkhghf_ljbq_kdh_�hij_^_e_gb_�Zexfbgby

�������Ko_fZ�ZgZebaZ�

�������JZkqzl�b�\a\_rb\Zgb_�gZ\_kdb�

Ijb[ebabl_evgh�kh^_j`Zgb_�Zexfbgby�Zexfbgby�\�kieZ\_�±������JZkl\hj�m^h[gh�kh-

[jZlv�\�f_jgmx�dhe[m�gZ�����fe��dhgp_gljZpby�bhgh\�Zexfbgby��g_h[oh^bfZy�^ey�dhfie_d-

khghf_ljbq_kdh]h�lbljh\Zgby��k� ������F��Ihwlhfm�fZkkZ�gZ\_kdb�

Al 0,04 0,2 26,98154
100 100 0,3925 ]�

55

cVM
g

P

⋅ ⋅= = ≈

<a\_rb\Zgb_�gZ\_kdb�

�
FZkkZ�[xdkZ�k

h[jZaphf��]

FZkkZ�imklh]h

[xdkZ��]

1 23,8464 23,3569

2 23,8465 23,3568

3 23,8464 23,3569

4������F_lh^bdZ�jZkl\hj_gby�

Lhqgh�\a\_r_ggmx�gZ\_kdm�kieZ\Z�i_j_ghkyl�\�obfbq_kdbc�klZdZg�gZ�����fe�b�^h[Z\-

eyxl����fe�����ghc�szehqb. Hklhjh`gh�gZ]j_\Zxl�ijb�ihklhygghf�i_j_f_rb\Zgbb�^h�ij_-

djZs_gby�\u^_e_gby�]ZaZ��Ihemq_gguc�jZkl\hj�jZa[Z\eyxl�\h^hc�^h�����fe��hlnbevljh\u-

FZkkZ�[xdkZ�k�h[jZaphf����������]�

FZkkZ�imklh]h�[xdkZ����������]�

FZkkZ�gZ\_kdb���������]�
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\Zxl�gZ�nbevlj_�©[_eZy�e_glZª��NbevljZl�kh[bjZxl�\�f_jgmx�dhe[m�gZ�����fe�b�^h\h^yl�^h

f_ldb��ijbeb\Zy�HCl (1:1).

�������F_lh^bdZ�b�oh^�hij_^_e_gby�

F_lh^bdZ� Zebd\hlm�������fe�ihemq_ggh]h�jZkl\hjZ�i_j_ghkyl�\�dhgbq_kdmx�dhe[m�^ey

lbljh\Zgby�gZ�����fe��^h[Z\eyxl�������fe�klZg^Zjlgh]h�jZkl\hjZ�W>L:��k ~ 0,05 F���Zp_lZl-

guc�[mn_j�^h�pH ��b�gZ]j_\Zxl�\�l_q_gb_���fbg��g_�^h\h^y�^h�dbi_gby��D�]hjyq_fm�jZkl\hjm

^h[Z\eyxl�g_kdhevdh�dZi_ev����]h�wlZghevgh]h�jZkl\hjZ�I:G�b�lbljmxl�klZg^Zjlguf�jZk-

l\hjhf�CuSO4 ^h�i_j_oh^Z�hdjZkdb�ba�`zelhc�\�qbklh�nbhe_lh\mx�

J_amevlZlu�lbljh\Zgby�

� V (CuSO4), fe

1 12,87

2 12,98

3 12,92

4 12,90

JZkqzl�kh^_j`Zgby�

k�KuSO4) = �����F��k�W>L:�� ���������F��ihwlhfm�h[tzf�W>L:��hllbljh\Zgguc�jZk-

l\hjhf� CuSO4 khklZ\ey_l� 4 4
1

(CuSO ) (CuSO ) 0,02 12,91
5,23 fe�

(W>L:� �������

c V
V

c

⋅ ⋅= = ≈ � H[tzf� W>L:�

ihr_^rbc�gZ�lbljh\Zgb_�Al3+ khklZ\ey_l� 2 0 1 15,00 5,23 9,77 fe�V V V= − = − = �LZdbf�h[jZahf�

dhgp_gljZpby�Zexfbgby�\�jZkl\hj_�khklZ\beZ� 2
Al 3+

(W>L:� 9,77 0,04937
0,0483 M.

(Al ) 10,00

V c
c

V

⋅ ⋅= = ≈

����fe�ijb]hlh\e_ggh]h�jZkl\hjZ� kh^_j`Zeb� Al Al Al 0,0483 0,2 26,98154m c V M= ⋅ ⋅ = ⋅ ⋅ ≈

0,2608 ]�≈  Al

0,2608
100 53,27%.

0,4896
ω = ≈

Kj_^gbc�h[tzf�jZkl\hjZ�CuSO4, ihr_^rbc�gZ

lbljh\Zgb_��V = ������fe�
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���AZdexq_gb_

<�oh^_�jZ[hlu�ijh\_^zg�dZq_kl\_gguc�ZgZeba�h[jZapZ��Z�lZd`_�dhebq_kl\_ggh_�hij_^_-

e_gb_�kh^_j`Zgby�h^gh]h�ba�hkgh\guo�dhfihg_glh\��IhdZaZgh��qlh� ZgZebabjm_fuc�h[t_dl

y\ey_lky�kieZ\hf�Zexfbgby�b�f_^b�k�g_[hevrbfb�ijbf_kyfb�`_e_aZ�b�heh\Z��Kh^_j`Zgb_

Zexfbgby�\�kieZ\_�khklZ\ey_l�

– �������ih�j_amevlZlZf�]jZ\bf_ljbq_kdh]h�ZgZebaZ

– �������ih�j_amevlZlZf�lbljbf_ljbq_kdh]h�ZgZebaZ
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���Kibkhd�ebl_jZlmju

1. Hkgh\u�ZgZeblbq_kdhc�obfbb��IjZdlbq_kdh_�jmdh\h^kl\h�/Ih^�j_^��X��:��Ahehlh\Z�

F���<ukrZy�rdheZ������������k�

2. ;hd�J��F_lh^u�jZaeh`_gby�\�ZgZeblbq_kdhc�obfbb��F���Obfby������������k�

3. Lbohgh\�<��G��:gZeblbq_kdZy�obfby�Zexfbgby��F���GZmdZ������������k�

4. >ufh\�:��F��L_ogbq_kdbc�ZgZeba�jm^�b�f_lZeeh\��F���F_llZemj]ba^Zl������������k�

5. =bee_j[jZg^�<��N���E_g^_ev�=��W���;jZcl�=��:���=hnfZg�>��B��IjZdlbq_kdh_�jmdh\h-

^kl\h�ih�g_hj]Zgbq_kdhfm�ZgZebam��F���=hkobfba^Zl�������������k�

6. Pbg[_j]�K��E��AZ\h^kdZy�eZ[hjZlhjby��������L�����������K�������±������

7. RZjeh�=��F_lh^u� ZgZeblbq_kdhc� obfbb��Dhebq_kl\_gguc� ZgZeba�g_hj]Zgbq_kdbo

kh_^bg_gbc��Q�����F���Obfby�������������k�


