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1.�Hij_^_e_gb_�hj]Zghe_ilbq_kdbo�k\hckl\�ih^a_fguo�\h^ 

Hj]Zghe_ilbq_kdb_� k\hckl\Z�ghjfbjmxlky�ih�bgl_gkb\ghklb�bo� \hkijb�
ylby�q_eh\_dhf��Wlh�aZiZo��ijb\dmk��p\_lghklv��ijhajZqghklv��fmlghklv��l_fi_�
jZlmjZ��ijbf_kb��ie_gdZ��\h^gu_�hj]Zgbafu�� 

L_fi_jZlmjZ 
Hij_^_ey_lky� kjZam�ihke_� hl[hjZ�ijh[u�beb�g_ihkj_^kl\_ggh�\�\h^h_f_�

l_jfhf_ljhf�k�p_ghc�^_e_gby 0,1°K��L_jfhf_lj�^_j`Zl�\�\h^_�g_�f_g__ 5�fbg� 

IjhajZqghklv 
Kl_i_gv�ijhajZqghklb� \ujZ`Z_lky� \ukhlhc� klhe[Z�`b^dhklb� \� kf��q_j_a�

dhlhjuc�hlq_leb\h�\b^_g�ki_pbZevguc�rjbnl��IjhajZqghklvx�g_�f_g__ 30�kf�
^he`gu�h[eZ^Zlv�\h^u��ih^Z\Z_fu_�^ey�iblv_\h]h�\h^hkgZ[`_gby�[_a�hk\_le_�
gby�� J_qgu_� \h^u�� djhf_� ]hjguo� \h^�� fh]ml� bf_lv� ijhajZqghklv 2-5� kf��
Mf_gvr_gb_�ijhajZqghklb�ijbjh^guo�\h^�k\b^_l_evkl\m_l�h[�bo�aZ]jyag_gbb� 

H�[�h�j�m�^�h�\�Z�g�b�_���j�_�Z�d�l�b�\�u���f�Z�l�_�j�b�Z�eu� 
1)�pbebg^j�k�iehkdbf�^ghf� 2)�rjbnl��\ukhlZ�[md\�dhlhjh]h�khklZ\ey_l 2 

ff��Z�lhesbgZ�ebgbc�[md\ - 0,5�ff� 3)�ebg_cdZ��FZl_jbZeu��\h^Z�\h^haZ[hjZ� 

Oh^�jZ[hlu 
Bkke_^m_fmx�\h^m�gZeb\Zxl�\�pbebg^j��ih^deZ^u\Zxl�gZ�jZkklhygbb 4�kf�

hl�^gZ�rjbnl��Keb\Zxl�\h^m�^h�l_o�ihj��ihdZ�k\_jom�q_j_a�kehc�fh`gh�[m^_l�
hlq_leb\h�ijhq_klv�wlhl�rjbnl��<ukhlm�klhe[Z�hklZ\r_cky�\h^u�baf_jyxl�eb�
g_cdhc��Hij_^_e_gb_�ijhba\h^yl�ijb�ohjhr_f�^g_\ghf�jZkk_ygghf�hk\_s_gbb�
gZ�jZkklhygbb���f�hl�k\_lhg_kms_c�kl_gu� 

HkZ^hd 
<a[helZggmx�\�[mlued_�\h^m�gZeb\Zxl�\�pbebg^j�keh_f�ijbf_jgh 30�kf�b�

hklZ\eyxl�\�ihdh_ 1�q���_keb�\h^Z�hlh[jZgZ�ba�hldjulh]h�\h^h_fZ��beb�gZ�kmldb��
_keb� \h^Z� \aylZ�ba�ih^a_fguo�bklhqgbdh\��HkZ^hd� hp_gb\Zxl� dhebq_kl\_ggh�
�g_l�� g_agZqbl_evguc�� aZf_lguc�� [hevrhc�� b� dZq_kl\_ggh� �i_kqZguc�� ]ebgb�
kluc��bebkluc��djbklZeebq_kdbc��oehiv_\b^guc���Hlf_qZxl�lZd`_�p\_l�hkZ^dZ��
;hevrhc�hkZ^hd�k\b^_l_evkl\m_l�h�aZ]jyag_gbb�\h^u� 

P\_lghklv 
Wlh� ijbjh^gh_� k\hckl\h� \h^u�� h[mkeh\e_ggh_� gZebqb_f� ]mfbgh\uo� \_�

s_kl\��dhlhju_�ijb^Zxl�_c�hdjZkdm�hl�`_elh\Zlh]h�^h�dhjbqg_\h]h�p\_lZ��=m�
fbgh\u_� \_s_kl\Z� h[jZamxlky� ijb� jZajmr_gbb� hj]Zgbq_kdbo� kh_^bg_gbc� \�
ihq\_��\ufu\Zxlky�ba�g__�b�ihklmiZxl�\�hldjuluc�\h^h_f�b�ih^a_fgu_�\h^u��
Ihwlhfm�p\_lghklv�k\hckl\_ggZ�\h^_�hldjuluo�\h^h_fh\�b�j_adh�m\_ebqb\Z_l�
ky� \� iZ\h^dh\uc� i_jbh^�� P\_lghklv� \h^u� hij_^_ey_lky� \� ]jZ^mkZo�� <h^Z��
bf_xsZy�p\_lghklv����K��kqblZ_lky�[_kp\_lghc��<h^Z��g_�ih^\_j]ZxsZyky�i_�
j_^�ih^Zq_c�ihlj_[bl_ex�h[_kp\_qb\Zgbx��^he`gZ�bf_lv�p\_lghklv�g_�\ur_�
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���K� 

H�[�h�j�m�^�h�\�Z�g�b�_���j�_�Z�d�l�b�\�u���f�Z�l�_�j�b�Z�e�u��nexhjhkdhi��\h^Z�
\h^haZ[hjZ� 

Oh^�jZ[hlu 
P\_lghklv�fh`gh�hij_^_eylv�\bamZevgh��>ey� wlh]h�\�dhehjbf_ljbq_kdb_�

pbebg^ju� gZeb\Zxl� gZ 100�fe� ijhnbevljh\Zgghc� bkke_^m_fhc� \h^u�b��ijh�
kfZljb\Zy�hdjZkdm�jZkl\hjh\�k\_jom�\gba��gZoh^yl�pbebg^j��hdjZkdZ�`b^dhklb�
\�dhlhjhf�kh\iZ^Z_l�k�hdjZkdhc�\h^u�\�pbebg^j_�k�bkke_^m_fhc�\h^hc��P\_l�
ghklv�fh`gh� [he__� lhqgh� hij_^_eylv� gZ�nhlhdhehjbf_lj_��>ey� wlh]h� kljhyl�
]jZ^mbjh\Zgguc�]jZnbd�ih�ojhfh\h-dh[Zevlh\hc�rdZe_�p\_lghklb��JZkl\hju�k�
jZaebqghc�p\_lghklvx�nhlhf_ljbjmxl�\�dx\_l_�gZ 5�kf�\�kbg_c�qZklb�ki_dljZ�
hlghkbl_evgh�ijhnbevljh\Zgghc�\h^u��Ijb�p\_lghklb�\ur_����K�h]jZgbqb\Z�
xl�\h^hihlj_[e_gb_� 

AZiZo 
AZiZo�hp_gb\Z_lky�\�[ZeeZo��<h^hc��g_�bf_xs_c�aZiZoZ��kqblZ_lky�lZdZy��

aZiZo�dhlhjhc�g_�ij_\urZ_l 2�[ZeeZ� 

H�[�h�j�m�^�h�\�Z�g�b�_���j�_�Z�d�l�b�\�u���f�Z�l�_�j�b�Z�e�u� 
��dhe[Z� k� ijbl_jlhc� ijh[dhc�� ��dhgbq_kdZy� dhe[Z� gZ 200� fe�� ��qZkh\h_�

kl_deh����we_dljbq_kdZy�iebldZ��l_jfhf_lj� 
FZl_jbZe��ih^a_fgZy�\h^Z� 

Oh^�jZ[hlu 
Dhe[m�k�ijbl_jlhc�ijh[dhc�gZihegyxl�^h 2/3�h[t_fZ�bkke_^m_fhc�\h^hc��

kbevgh�\kljyob\Zxl��hldju\Zxl�ijh[dm�b�\^uoZxl�__�aZiZo��>ey�mkbe_gby�bg�
l_gkb\ghklb�aZiZoh\�\h^m�ih^h]j_\Zxl��Dhgbq_kdmx�dhe[m�gZ 200�fe�gZihegy�
xl�^h�1/2�__�h[t_fZ�bkke_^m_fhc�\h^hc��aZdju\Zxl�qZkh\uf�kl_dehf�b�gZ]j_�
\Zxl�^h����K��AZl_f�dhe[hqdm�\jZsZl_evguf�^\b`_gb_f�\a[Zelu\Zxl�b��k^\b�
gm\�kl_deh��[ukljh�hij_^_eyxl�aZiZo��Bgl_gkb\ghklv�aZiZoZ�hij_^_eyxl�ih��-
[Zeevghc�rdZe_���-g_�hsmsZ_lky� 1-h[gZjm`b\Z_lky�lhevdh�hiulguf�bkke_^h�
\Zl_e_f�� �-keZ[uc�� h[gZjm`b\Z_lky� ihlj_[bl_e_f� lhevdh� \� lhf� kemqZ_�� _keb�
mdZaZlv�gZ�g_]h� 3-aZf_lguc��h[gZjm`b\Z_lky�ihlj_[bl_e_f�b�\uau\Z_l�_]h�g_�
h^h[j_gb_� 4-hlq_leb\uc��h[gZjm`b\Zxsbc�gZ�k_[_�\gbfZgb_�b�^_eZxsbc�\h�
^m�g_ijb]h^ghc�^ey�iblvy���-hq_gv�kbevguc��^_eZxsbc�\h^m�g_ijb]h^ghc�^ey�
iblvy��?kl_kl\_ggu_�aZiZob�hibku\Zxl��ijb^_j`b\Zykv�ke_^mxs_c�l_jfbgheh�
]bb� 

Qbklu_�ijbjh^gu_�\h^u�aZiZoh\�g_�bf_xl� 
Kbf\he OZjZdl_j�aZiZoZ 

: 
; 
= 
> 

:jhfZlguc 
;hehlguc 

=gbehklguc 
>j_\_kguc 
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A 
I 
J 
K 
L 
G 

A_febkluc 
Ie_kg_\uc 
Ju[guc 

K_jh\h^hjh^guc 
LjZ\ygbkluc 

G_hij_^_e_gguc 

<dmku�b�ijb\dmku 
Hij_^_eyxlky�hgb�\�[ZeeZo��;_a�ijb\dmkh\�gZau\Z_lky�lZdZy�\h^Z��ijb\dm�

ku�dhlhjhc�g_�ij_\urZxl 2�[Zeeh\��Hij_^_e_gb_�\_^_lky�\�aZ\_^hfh�[_ahiZk�
ghc�\h^_�ijb� ���K��<h^m�gZ[bjZxl�\�jhl�fZeufb�ihjpbyfb��g_�ijh]eZlu\Zy��
Hlf_qZxl� gZebqb_� \dmkZ� �khe_guc�� ]hjvdbc�� dbkeuc�� keZ^dbc�� beb� ijb\dmkZ�
�s_ehqghc��`_e_abkluc��f_lZeebq_kdbc��\y`msbc�b�l�^���b�bo�bgl_gkb\ghklv�\�
[ZeeZo�ih�rdZe_�ZgZeh]bqgh�hij_^_e_gbx�bgl_gkb\ghklb� aZiZoZ��Ijb�bgl_g�
kb\ghklb�aZiZoh\�b�ijb\dmkh\�\ur_ 2�[Zeeh\�h]jZgbqb\Z_lky�\h^hihlj_[e_gb_��
bkdmkkl\_ggu_�aZiZob�b�ijb\dmku�fh]ml�[ulv�ihdZaZl_eyfb�aZ]jyag_gby�\h^u�
aZ]jyag_ggufb�klhqgufb�\h^Zfb��_kl_kl\_ggu_�aZiZob�b�ijb\dmku�bgl_gkb\�
ghklb�\ur_ 2�[Zeeh\�]h\hjyl�h�gZebqbb�[bheh]bq_kdb�Zdlb\guo�\_s_kl\��\u�
^_ey_fuo�kbg_-a_e_gufb�\h^hjhkeyfb� 

IhdZaZl_eb��oZjZdl_jbamxsb_�[_a\j_^ghklv�

obfbq_kdh]h�khklZ\Z�\h^u 

LZdb_�ihdZaZl_eb��dZd�kmohc�hklZlhd��h[sZy�`_kldhklv��Zdlb\gZy�j_Zdpby�
�jG���s_ehqghklv��kh^_j`Zgb_�dZlbhgh\�b�Zgbhgh\��KZ +� , Na+ ,�GKH −

�
��Kl, SO −�

�
, 

Mg +� �oZjZdl_jbamxl�ijbjh^guc�khklZ\�\h^u��Kh^_j`Zgb_�\�\h^_ Al, Be, Mn, 
KX��ihebnhknZlh\ Pb, Zn, Ag, V,�jZ^by-�����kljhgpby-90, As�b�^j��hlghkblky�d�
ihdZaZl_eyf�� h[mkeh\eb\Zxsbf� ijbkmlkl\b_� obfbq_kdbo� \_s_kl\�� ihklmiZx�
sbo�\�\h^hbklhqgbd�kh�klhqgufb�\h^Zfb��@_e_ah�kh^_j`blky�\�qbkluo�ijb�
jh^guo�\h^Zo��ihklmiZ_l�hgh�lZd`_�\�\h^h_fu�kh�klhqgufb�\h^Zfb� 

2.�Hij_^_e_gb_�Zdlb\ghc�j_Zdpbb��jG� 

<h^hjh^guc�ihdZaZl_ev�\ujZ`Zxl�\_ebqbghc�jG��ij_^klZ\eyxs_c�kh[hc�
^_kylbqguc�eh]Zjbnf�dhgp_gljZpbb�bhgh\�\h^hjh^Z��\ayluc�k�h[jZlguf�agZ�
dhf� jG�hij_^_eyxl�\�bgl_j\Ze_�hl 1�^h 14.�<�[hevrbgkl\_�ijbjh^guo�\h^�jG�
gZoh^blky� \� ij_^_eZo� hl 6,5� ^h 8,5� b� aZ\bkbl� hl� khhlghr_gby� dhgp_gljZpbc�
k\h[h^gh]h�^bhdkb^Z�m]e_jh^Z�b�[bdZj[hgZl�bhgZ��;he__�gbadb_� agZq_gby�jG�
fh]ml�gZ[ex^Zlvky�\�dbkeuo�[hehlguo�\h^Zo��E_lhf�ijb�bgl_gkb\ghf�nhlh�
kbgl_a_�jG�fh`_l ih\urZlvky�^h 9,0.�GZ�\_ebqbgm�jG�\eby_l�kh^_j`Zgb_�dZj�
[hgZlh\��]b^jhhdbk_c��khe_c��ih^\_j`_gguo�]b^jhebam��]mfbgh\uo�\_s_kl\�b�
l�i��>Zgguc�ihdZaZl_ev�y\ey_lky�bg^bdZlhjhf�aZ]jyag_gby�hldjuluo�\h^h_fh\�
ijb�\uimkd_�\�gbo�dbkeuo�beb�s_ehqguo�klhqguo�\h^��<�j_amevlZl_�ijhbkoh�
^ysbo�\�\h^_�obfbq_kdbo�b�[bheh]bq_kdbo�ijhp_kkh\�b�ihl_jv�m]e_dbkehlu�jG�
\h^u�fh`_l�[ukljh�baf_gylvky��b�wlhl�ihdZaZl_ev�ke_^m_l�hij_^_eylv�kjZam�`_�
ihke_�hl[hjZ�ijh[u��`_eZl_evgh�gZ�f_kl_�hl[hjZ� 

>ey�hij_^_e_gby�jG�\h^u�ijbf_gyxlky�ki_pbZevgu_�j_Zdlb\u -�bg^bdZ�
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lhju��Z�lZd`_�ijb[hju -�jG-f_lju�kh�kl_deyggufb�we_dljh^Zfb��K�ihfhsvx�
bg^bdZlhjghc�mgb\_jkZevghc�[mfZ]b�fh`gh�hij_^_eblv�jG�k�lhqghklvx 0,2-0,3 
_^bgbp�jG��Baf_j_gb_�p\_lguo�jZkl\hjh\�b�kmki_gabc�bg^bdZlhjguf�hij_^_�
e_gb_f�g_\hafh`gh� 

We_dljhf_ljbq_kdbc� �ihl_gpbhf_ljbq_kdbc��f_lh^�hij_^_e_gby�jG�\h^u�
hlebqZ_lky� [hevrhc� lhqghklvx� �^h 0,02),� iha\hey_l� ijh\h^blv� bkke_^h\Zgb_�
ijZdlbq_kdb�\�ex[hc�\h^_�g_aZ\bkbfh�hl�__�hdjZkdb��fmlghklb��khe_\h]h�khklZ�
\Z��F_lh^�hkgh\Zg�gZ�baf_j_gbb�jZaghklb�ihl_gpbZeh\��\hagbdZxsbo�gZ�]jZ�
gbpZo�f_`^m�\g_rg_c�ih\_joghklvx�kl_deygghc�f_f[jZgu�we_dljh^Z�b�bkke_�
^m_fuf�jZkl\hjhf��k�h^ghc�klhjhgu��b�\gmlj_gg_c�ih\_joghklvx�f_f[jZgu�b�
klZg^Zjlguf�jZkl\hjhf -�k�^jm]hc��<gmlj_ggbc�klZg^Zjlguc�jZkl\hj�kl_deyg�
gh]h�we_dljh^Z�bf__l�ihklhyggmx�Zdlb\ghklv�bhgh\�\h^hjh^Z��ihwlhfm�ihl_g�
pbZe�gZ�\gmlj_gg_c�ih\_joghklb�f_f[jZgu�g_�f_gy_lky��Baf_jy_fZy�jZaghklv�
ihl_gpbZeh\�hij_^_ey_lky�ihl_gpbZehf��\hagbdZxsbf�gZ�]jZgbp_�\g_rg_c�ih�
\_joghklb�we_dljh^Z�b�bkke_^m_fh]h�jZkl\hjZ��Baf_g_gb_�agZq_gby�jG�gZ�_^b�
gbpm�\uau\Z_l�baf_g_gb_�ihl_gpbZeZ�we_dljh^Z�gZ 58,1�f<�ijb 20°�K��Ij_^_eu�
ebg_cghc� aZ\bkbfhklb� ihl_gpbZeZ� we_dljh^Z� hl� jG� h[mkeh\e_gu� k\hckl\Zfb�
kl_deyggh]h� we_dljh^Z��J_amevlZl� hij_^_e_gby�g_� aZ\bkbl�hl�hdjZkdb��fmlgh�
klb��\a\_kb��ijbkmlkl\by�k\h[h^gh]h�oehjZ��hdbkebl_e_c�beb�\hkklZgh\bl_e_c��
ih\ur_ggh]h�kh^_j`Zgby�khe_c��<ebygb_�l_fi_jZlmju�dhfi_gkbjm_lky�ki_pb�
Zevguf� mkljhckl\hf�� \fhglbjh\Zgguf� \� ijb[hj�� >ey� baf_j_gby� jG� fh`gh�
ihevah\Zlvky� ihl_gpbhf_ljZfb� �jG-f_ljZfb�� jZaebqguo� fZjhd�� Kl_deyggu_�
we_dljh^u�wlbo�ijb[hjh\�dZeb[jmxlky�ih�[mn_jguf�jZkl\hjZf� 

H�[�h�j�m�^�h�\�Z�g�b�_���j�_�Z�d�l�b�\�u���f�Z�l�_�j�b�Z�e�u� 
1) jG-f_lj� 2)�wlZehggu_�jZkl\hju� 3)�^bklbeebjh\ZggZy�\h^Z� 4)�klZdZg�

qbdb�gZ 200�fe - 4�rl�����nbevljh\ZevgZy�[mfZ]Z� 
FZl_jbZeu��\h^u�]jmglh\u_��ih\_joghklgu_�b�klhqgu_� 

Oh^�jZ[hlu 
I_j_^� gZqZehf� jZ[hlu� hagZdhfblvky� k� bgkljmdpb_c� gZ� ijb[hj��Hij_^_�

eblv�jG�\h^u�\�khhl\_lkl\bb�k�bgkljmdpb_c� 

���Hij_^_e_gb_�oehjb^h\ 

<ukhdZy�jZkl\hjbfhklv�oehjb^h\�h[tykgy_l�rbjhdh_�jZkijhkljZg_gb_�bo�
\h�\k_o�ijbjh^guo�\h^Zo��<�ijhlhqguo�\h^h_fZo�kh^_j`Zgb_�oehjb^h\�h[uqgh�
g_\_ebdh� ���-���f]�e���G_aZ]jyag_ggu_�]jmglh\u_�\h^u�\�f_klZo�k�g_khehgqZ�
dh\hc�ihq\hc�h[uqgh�kh^_j`Zl�^h 30 - 50�f]�e�oehj-bhgZ��<�\h^Zo��nbevljmx�
sboky�q_j_a�khehgqZdh\mx�ihq\m��\ 1�e�fh]ml�kh^_j`Zlvky�khlgb�b�^Z`_�lukyqb�
fbeeb]jZffh\�oehjb^h\��<h^Z��kh^_j`ZsZy�oehjb^u�\�dhgp_gljZpbb�[he__ 350 
f]�e��bf__l�khehgh\Zluc�ijb\dmk��Z�ijb�dhgp_gljZpbb�oehjb^h\ 500 - 1000�f]�e�
g_[eZ]hijbylgh�\eby_l�gZ�`_em^hqgmx�k_dj_pbx��Kh^_j`Zgb_�oehjb^h\�y\ey�
_lky�ihdZaZl_e_f� aZ]jyag_gby�ih^a_fguo�b�ih\_joghklguo�\h^hbklhqgbdh\�b�
klhqguo�\h^��Hij_^_e_gb_�oehjb^h\�\_^_lky�ih�f_lh^m�FhjZ��Ijbgpbi�f_lh^Z�
FhjZ�hkgh\Zg�gZ�hkZ`^_gbb�oehjb^h\�Zahlghdbkeuf�k_j_[jhf�\�ijbkmlkl\bb�
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ojhfZlZ�dZeby�D
�
K]H

�
��Ijb�gZebqbb�\�jZkl\hj_�oehjb^h\ AgNO

�
�k\yau\Z_lky�

k�gbfb��Z�aZl_f�h[jZam_l�ojhfZl�k_j_[jZ�hjZg`_\h-djZkgh]h�p\_lZ� 
NaCI + AgNO

�
 :�$J&O; + NaNO

�
 

2AgNO
�
 + K

�
CrO

�
 :�:J

�
CrO

�
 + 2KNO

�
 

H�[�h�j�m�^�h�\�Z�g�b�_���j�_�Z�d�l�b�\�u���f�Z�l�_�j�b�Z�e�u� 
1) 0,01�g�jZkl\hj AgNO

�
:�jZkl\hjyxl 1,6987�] AgNO

�
�\ 1�e�^bklbeebjh�

\Zgghc�\h^u� 2) 0,01�g�jZkl\hj NaCl�]hlh\blky�ba�nbdkZgZeh\� 3) 5 %�jZkl\hj�
K

�
KU2

�
. 

FZl_jbZe��\h^u�ih\_joghklgu_��ih^a_fgu_�b�klhqgu_� 

Oh^�jZ[hlu 
<gZqZe_�mklZgZ\eb\Zxl�lblj AgNO

�
.�>ey�wlh]h�\�dhgbq_kdmx�dhe[m�gZ 200 

fe�\ghkyl 10�fe�jZkl\hjZ NaCl�b 90�fe�^bklbeebjh\Zgghc�\h^u��ijb[Z\eyxl 5 
dZi_ev� .

�
CrO

�
��Kh^_j`bfh_� dhe[u� lbljmxl� jZkl\hjhf AgNO

�
� ^h� i_j_oh^Z�

ebfhggh-`_elhc� hdjZkdb�fmlgh]h� jZkl\hjZ� \� hjZg`_\h-djZkgmx��g_�bkq_aZx�
smx�\�l_q_gb_�15-20�k_d��IhijZ\hqguc�dhwnnbpb_gl�d�lbljm AgNO

�
�jZkkqb�

lu\Zxl�ih�j_amevlZlZf�lj_o�lbljh\Zgbc� 

D 
���

��

III ++
, 

]^_�I
�
,�I

�
��I

�
 -�dhebq_kl\h�fbeebebljh\ AgNO

�
,�ihr_^rbo�gZ�lbljh\Z�

gb_�ba�lj_o�lbljh\Zgbb� 
Ijb�hij_^_e_gbb�oehjb^h\�f_g__ 250�f]�e�[_jml 100�fe�nbevljh\Zgghc�

bkiulm_fhc�\h^u��Ijb�[hevr_f�kh^_j`Zgbb�oehjb^h\�[_jml 10 - 50�fe��Bkiu�
lm_fmx�\h^m�[_jml�\�^\_�dhgbq_kdb_�dhe[u��^h\h^yl�^h 100�fe�^bklbeebjh\Zg�
ghc�\h^hc��ijb[Z\eyxl 5�dZi_ev�jZkl\hjZ�K

�
KU2

�
��JZkl\hj�\�h^ghc�dhe[_�lbl�

jmxl�AgNO
�
,�Z�\lhjZy�dhe[Z�bkihevam_lky�^ey�dhgljhey��p\_lghc�k\b^_l_ev�� 

JZkq_l�dhgp_gljZpbb 
 Kh^_j`Zgb_�oehj-bhgZ�\�\h^_�jZkkqblu\Zxl�ih�nhj�
fme_� 

X=
9

DI ��������� ••• , 

]^_��O�-�kh^_j`Zgb_�oehj-bhgZ�\�f]�e� 
I -�dhebq_kl\h�fe�jZkl\hjZ AgNO

�
,�ihr_^r__�gZ�lbljh\Zgb_� 

D -�ihijZ\hqguc�dhwnnbpb_gl�d�lbljm� 
0,355 -� wd\b\Ze_glgh_� dhebq_kl\h� oehjZ�� khhl\_lkl\mxs__ 0,01� g� jZkl\hjm 
AgNO

�
. 

4.�Hij_^_e_gb_�`_e_aZ��h[s_]h��nhlhdhehjbf_ljbq_kdbf�kihkh[hf 

<�ih\_joghklguo�\h^Zo�`_e_ah (II) �kh^_j`blky�\�\b^_�^hklZlhqgh�mklhcqb�
\h]h�]mfbgh\hdbkeh]h�`_e_aZ��\�ih^a_fguo�\h^Zo�\klj_qZ_lky�]eZ\guf�h[jZahf�
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\�\b^_�[bdZj[hgZlZ�F_�GKH
�
)
�
��Ijb�dhglZdl_�ih^a_fghc�\h^u�k�\ha^mohf�[b�

dZj[hgZl�`_e_aZ�hdbkey_lky�k�h[jZah\Zgb_f�[mjuo�oehiv_\�)_�HG�
�
��ijb^Zx�

s_]h�\h^_�fmlghklv�b�hdjZkdm� �_keb�kh^_j`Zgb_�`_e_aZ�ij_\urZ_l 0,3�f]�e���
Ijb� dhgp_gljZpbb�`_e_aZ� \ur_ 1� f]�e� \h^Z� ijbh[j_lZ_l� \y`msbc� ijb\dmk��
<ukhdh_�kh^_j`Zgb_�`_e_aZ�mom^rZ_l�hj]Zghe_ilbq_kdb_�k\hckl\Z�\h^u��^_eZ�
_l�\h^m�g_ijb]h^ghc�\�fZkehkujh^_evghf�b�l_dklbevghf�ijhba\h^kl\_��\_^_l�d�
mkbe_gbx� jZafgh`_gby�`_e_ahmk\Zb\Zxsbo�fbdjhhj]Zgbafh\� \� \h^hijh\h^�
guo� ljm[Zo��qlh�\_^_l�d� aZjZklZgbx� ljm[��<�\h^hijh\h^ghc�\h^_�kh^_j`Zgb_�
`_e_aZ�g_�^he`gh�ij_\urZlv 0,3�f]�e� 

<�g_dhlhjuo� klhqguo� \h^Zo�`_e_ah� \klj_qZ_lky� \�[hevrbo�dhebq_kl\Zo��
gZijbf_j�� \� klhqguo� \h^Zo� ljZ\bevguo�p_oh\�� \� klhqguo�\h^Zo�hl�djZr_gby�
ldZg_c�b�^j��Ijh[u�^ey�hij_^_e_gby�`_e_aZ�g_� lj_[mxl�dhgk_j\Zpbb��F_lh^�
hij_^_e_gby�hkgh\Zg�gZ�lhf��qlh�kmevnhkZebpbeh\Zy�dbkehlZ�\�s_ehqghc�kj_^_�
�jG =8 - 11,5) h[jZam_l�k�kheyfb Fe (II�b III) �hdjZr_ggu_�\�`_eluc�p\_l�dhf�
ie_dkgu_�kh_^bg_gby�ke_^mxs_]h�khklZ\Z��������������������������������������������HG 

[Fe(YCO
�
· C

�
H

�
/             )] �−  

                      \KHHG
�
 

Bgl_gkb\ghklv�hdjZkdb�h[jZamxsboky�dhfie_dkh\�ijhihjpbhgZevgZ�dhg�
p_gljZpbb�`_e_aZ�\�jZkl\hj_��?_�baf_jyxl�gZ�nhlhdhehjbf_lj_�b�ih�\_ebqbg_�
hilbq_kdhc�iehlghklb�hij_^_eyxl�dhgp_gljZpbx�`_e_aZ��Hij_^_e_gbx�f_rZ�
_l�hdjZkdZ�b�\ukhdh_�kh^_j`Zgb_�hj]Zgbq_kdbo�\_s_kl\� 

H�[�h�j�m�^�h�\�Z�g�b�_���j�_�Z�d�l�b�\�u���f�Z�l�_�j�b�Z�e�u� 
1.�KmevnhkZebpbeh\Zy�dbkehlZ� 10%�jZkl\hj� 
2.�:ffbZd� 10%�\h^guc�jZkl\hj (2 :�����kf_rb\Zxl 200�fe 25%�jZkl\hjZ�

NH
�
OH�k 300�fe�^bklbeebjh\Zgghc�\h^u� 

3.�K_jgZy�dbkehlZ��q�^�Z��ie� 1,84�]�fe� 
4.�:ahlgZy�dbkehlZ��o�q� 
5.� KlZg^Zjlguc� jZkl\hj� `_e_aZ� �`_e_ahZffhgbcgu_� d\Zkpu 

(NH
�
)
�
SO

�
· F_

�
(SO

�
)
�
Â ��G

�
O). 0,8634�]�d\Zkph\�jZkl\hjyxl�\�̂ bklbeebjh\Zg�

ghc�\h^_��ijb[Z\eyxl�d�jZkl\hjm 10�fe�G
�
SO

�
�dhgp��B�jZa[Z\eyxl�\�f_jghc�

dhe[_�^h 1�e��hl[bjZxl 100�fe�ihemq_ggh]h�jZkl\hjZ��jZa[Z\eyxl�\h^hc�^h 1�e�\�
f_jghc�dhe[_��<�1�fe�jZ[hq_]h�klZg^Zjlgh]h�jZkl\hjZ�kh^_j`blky 0,01�f]�)_� 

FZl_jbZe��ih^a_fgZy�\h^Z� 

Oh^�jZ[hlu 
:gZebabjm_fZy� ijh[Z� wg_j]bqgh� \a[Zelu\Z_lky�� hi_jZpby� nbevljh\Zgby�

bkdexqZ_lky��?keb�ijh[Z�hdjZr_gZ�beb�kh^_j`bl�agZqbl_evgh_�dhebq_kl\h�hj�
]Zgbq_kdbo�\_s_kl\��bo�f_rZxs__�\ebygb_�mkljZgyxl�\�j_amevlZl_�fbg_jZeb�
aZpbb��>ey�wlh]h�\�l_jfhklhcdbc�klZdZg�gZ 200�fe�ihf_sZxl�h[t_f�\h^u��kh�
^_j`Zsbc� hl�0,01�^h 0,1�f] Fe,�^h[Z\eyxl 2�fe�dhgp� H

�
SO

�
�b�\uiZjb\Zxl�

`b^dhklv�gZ�we_dljbq_kdhc�iebld_�k�aZdjuluf�ih^h]j_\hf�^h�\u^_e_gby�]mk�
luo�[_euo�iZjh\ SO

�
.�G_�ij_djZsZy�gZ]j_\Z��\\h^yl�\�klZdZg 2-3�dZieb�dhgp� 

HNO
�
,�ihke_�q_]h�hdjZr_ggZy�`b^dhklv�klZgh\blky�[_kp\_lghc�b�ijhajZqghc��
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H[jZ[hlZggmx�ijh[m�dhebq_kl\_ggh�i_j_ghkyl�\�f_jgmx�dhe[m�gZ 100�fe��<\h�
^yl�\�dhe[m 5�fe 10%-gh]h�jZkl\hjZ�kmevnhkZebpbeh\hc�dbkehlu�b�aZl_f�g_c�
ljZebamxl 5�fe 10%-gh]h�jZkl\hjZ�ZffbZdZ��ijb[Z\eyy�_]h�\�ba[uld_��GZ�ba[u�
lhd NH

�
OH�mdZau\Z_l�ih`_el_gb_�jZkl\hjZ�b�ZffbZqguc�aZiZo��Ihke_�hoeZ`�

^_gby�kh^_j`bfh_�dhe[u�^h\h^yl�^h�f_ldb��lsZl_evgh�i_j_f_rb\Zxl�b�q_j_a 
10�fbg��ihke_�ijb[Z\e_gby�ZffbZdZ�baf_jyxl�hilbq_kdmx�iehlghklv��Kh^_j�
`Zgb_�`_e_aZ�gZoh^yl�ih�dZeb[jh\hqghfm�]jZnbdm� 

Ijb�hlkmlkl\bb�hdjZkdb�b�hj]Zgbq_kdbo�\_s_kl\ 10�fe�ijh[u�\ghkyl�\�dh�
ehjbf_ljbq_kdmx�ijh[bjdm�gZ 25-30�fe��Ijb[Z\eyxl 5�fe�jZkl\hjZ�kmevnZkZ�
ebpbeh\hc�dbkehlu�b 5�fe�jZkl\hjZ NH

�
OH.�I_j_f_rb\Zxl�b�q_j_a 10�fbg��

baf_jyxl�hilbq_kdmx�iehlghklv�gZ�nhlhdhehjbf_lj_�ijb�^ebg_�\hegu 420�gf�
ih�hlghr_gbx�d�ohehklhfm�jZkl\hjm� 

>ey�ihkljh_gby�dZeb[jh\hqgh]h�]jZnbdZ�gZeb\Zxl�\�ijh[bjdb 0,1; 0,3; 0,5; 
0,6; 0,8; 1�fe�jZ[hq_]h�klZg^Zjlgh]h�jZkl\hjZ��jZa[Z\eyxl�^h 10�fe�^bklbeeb�
jh\Zgghc�\h^hc�b�ijh^he`Zxl��dZd�ijb�ZgZeba_�ijh[u� 

Dhgp_gljZpby�`_e_aZ�K�f]�e�hij_^_ey_lky�ih�nhjfme_��K =�K
[
· 100, 

]^_�K
[
 -�dhgp_gljZpby�`_e_aZ��gZc^_ggZy�ih�dZeb[jh\hqghfm�]jZnbdm� 

Hij_^_e_gb_�ihdZaZl_e_c��oZjZdl_jbamxsbo�wib^_fbq_kdmx�[_ahiZkghklv�

\h^u 

Wib^_fbq_kdmx�[_ahiZkghklv�\h^u�hij_^_eyxl�ih�kZgblZjgh-obfbq_kdbf�
ihdZaZl_eyf��KZgblZjgh-obfbq_kdb_�ihdZaZl_eb�hlghkylky�d�dhk\_gguf�ihdZ�
aZl_eyf�wib^_fbq_kdhc�[_ahiZkghklb�\h^u��Wlb�ihdZaZl_eb�oZjZdl_jbamxl�gZ�
ebqb_�hj]Zgbq_kdbo�\_s_kl\�beb�ijh^mdlh\�bo�jZkiZ^Z��hdbkey_fhklb�i_jfZg�
]ZgZlghc��[bojhfZlghc��obfbq_kdh_�ihlj_[e_gb_�dbkehjh^Z�OID���]jmiim�Zah�
lZ��Zahl�Zffhgbcguc��gbljblguc��gbljZlguc���[bhobfbq_kdh_�ihlj_[e_gb_�db�
kehjh^Z�;ID�b�jZkl\hj_gguc�dbkehjh^� 

I_jfZg]ZgZlgZy�b�[bojhfZlgZy�hdbkey_fhklv�ihdZau\Zxl�dhebq_kl\h�db�
kehjh^Z�\�hdbkebl_eyo��dbkeuo�jZkl\hjZo�i_jfZg]ZgZlZ�beb�[bojhfZlZ�dZeby���
aZljZq_ggh_�gZ�hdbke_gb_�jZkl\hj_ggh]h�hj]Zgbq_kdh]h�\_s_kl\Z� 

;bhobfbq_kdh_�ihlj_[e_gb_�dbkehjh^Z��;ID� -�dhebq_kl\h�jZkl\hj_ggh]h�
dbkehjh^Z��ihlj_[ey_fh]h�gZ�hdbke_gb_�jZkl\hj_ggh]h�hj]Zgbq_kdh]h�\_s_kl\Z�
ih^�^_ckl\b_f�fbdjhhj]Zgbafh\�aZ�hij_^_e_gguc�ijhf_`mlhd�\j_f_gb� 

<�ijbjh^guo�\h^Zo�kmrb�kh_^bg_gby�ZahlZ�\klj_qZxlky�dZd�\�fbg_jZev�
guo�� lZd� b� \� hj]Zgbq_kdbo�nhjfZo��D�fbg_jZevguf�nhjfZf� hlghkylky� bhgu�
Zffhgby�NH +

�
,�gbljblu NO−

�
,�gbljZlu NO−

�
.�Hj]Zgbq_kdb_�nhjfu�ij_^klZ\e_�

gu�gbadhfhe_dmeyjgufb� �Zfbghdbkehlu��Zfbgu��fhq_\bgZ�b�^j���kh_^bg_gby��
Dhgp_gljZpby�ZahlZ�\�ih\_joghklguo�b�ih^a_fguo�\h^Zo�dhe_[e_lky�hl�khl_g�
fbdjh]jZff�^h�khl_g�fbeeb]jZff�\�eblj_� 

Kheb�Zffhgby��Zahlbklhc�b�Zahlghc�dbkehlu��oehjb^u�fh]ml�gZoh^blvky�\�
\h^_�\h^h_fh\�dZd�ijh^mdlu�jZaeh`_gby�hj]Zgbq_kdbo�hklZldh\��n_dZebc�b�fh�
qb�q_eh\_dZ��K�gbfb�fh]ml�ihklmiZlv�\�\h^h_f�\ha[m^bl_eb�bgn_dpbhgguo�aZ�
[he_\Zgbc��ihwlhfm� wlb� \_s_kl\Z� y\eyxlky� dhk\_ggufb�ihdZaZl_eyfb� wib^_�
fbq_kdhc�[_ahiZkghklb�\h^u��Ih�dhebq_kl\m�Zahlkh^_j`Zsbo�kh_^bg_gbc�b�ih�
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bo�khhlghr_gbx�km^yl�h�gZebqbb� aZ]jyag_gby��_]h�^Z\ghklb�beb�ihklhygkl\_�
ihklmie_gby�aZ]jyag_gbc�\�\h^h_f��LZd��gZebqb_�\�\h^_�lhevdh�khe_c�Zffhgby�
fh`gh�ljZdlh\Zlv�ijb�khhl\_lkl\mxsbo�[Zdl_jbheh]bq_kdbo�^Zgguo�dZd�ihdZ�
aZl_ev�k\_`_]h�hj]Zgbq_kdh]h�aZ]jyag_gby�\h^hbklhqgbdZ��ijbkmlkl\b_�\�\h^_�
khe_c�Zahlbklhc�b�Zahlghc�dbkehlu�ijb�hlkmlkl\bb�beb�ke_^Zo�khe_c�Zffhgby - 
dZd� ihdZaZl_ev� aZdZgqb\Zxs_]hky� kZfhhqbs_gby� \h^u�� gZebqb_� \� \h^_� \k_c�
ljbZ^u�Zahlkh^_j`Zsbo�\_s_kl\ -�dZd�ihdZaZl_ev�ihklhyggh]h�aZ]jyag_gby�hj�
]Zgbq_kdbfb�\_s_kl\Zfb��Gh�g_h[oh^bfh�mqblu\Zlv�\hafh`ghklv�ijbjh^gh]h�
kh^_j`Zgby�bo�\�\h^_�beb�ihiZ^Zgby�k�jZklbl_evgufb�hklZldZfb��<�wlhf�kem�
qZ_�[hevrh_� agZq_gb_�bf_xl�^bgZfbq_kdb_�gZ[ex^_gby� aZ�khklZ\hf�\h^u��H�
kl_i_gb�hj]Zgbq_kdh]h�aZ]jyag_gby�\h^u�fh`gh�km^blv�ih�\_ebqbg_�hdbkey_�
fhklb�\h^u��<ukhdZy�hdbkey_fhklv�beb�j_adb_�dhe_[Zgby�__�fh]ml�mdZau\Zlv�
gZ�ihklhyggh_�ihklmie_gb_�hj]Zgbq_kdbo�aZ]jyag_gbc�\�\h^hbklhqgbd� 

5.�Hij_^_e_gb_�h[s_c�`_kldhklb 

<�dhe[m�_fdhklvx 250�fe�^ey�lbljh\Zgby�\ghkyl�hlf_j_ggu_�ibi_ldhc 50 
fe�bkke_^m_fhc�\h^u�b�ijb[Z\eyxl� 

Z� 50�fe�^bklbeebjh\Zgghc�\h^u��hlf_jblv�f_gamjdhc�� 
[� 5�fe�ZffbZqgh]h�[mn_jZ��]jZ^mbjh\Zgghc�ijh[bjdhc��pbebg^jhf�� 
\��kmohc�bg^bdZlhj -�ojhfhlh]_g�q_jguc�^h�ihemq_gby�aZf_lghc�\brg_\h-

djZkghc�hdjZkdb�jZkl\hjZ� 
]��lbljmxl�jZkl\hj�ljbehgZ�;�^h�ihy\e_gby�]hem[hc�hdjZkdb (V

�
). 

LZ[ebpZ�jZkq_lZ� 
 H[t_f�ljbehgZ�;��fe H[sZy�`_kldhklv��f]-wd\�e 
1. 
2. 
3. 

 G 
�

�
����

9

9Kw ⋅⋅
 

G -�`_kldhklv�\h^u�\ 
V

�
 -�h[t_f�\h^u��\aylhc�^ey�bkke_^h\Zgby��kf � ; 

V
�
 -�h[t_f�ljbehgZ�;��ihr_^r_]h�gZ�lbljh\Zgb_��kf � ; 

C w  -�ghjfZevghklv�jZkl\hjZ�ljbehgZ�;� 

6.�Hij_^_e_gb_�bhgh\�Zffhgby (NH +
�
) 

Bhgu�Zffhgby�hij_^_eyxl�nhlhf_ljbq_kdb�ih�j_Zdpbb�k�j_Zdlb\hf�G_kk�
e_jZ��Ijbgpbi�f_lh^Z�hkgh\Zg�gZ�lhf��qlh�Zffhgbc�k�j_Zdlb\hf�G_kke_jZ�h[�
jZamxl� ch^b^� f_jdmjZffhgby�� dhlhjuc� hdjZrb\Z_l� jZkl\hj� \� `_elh-
dhjbqg_\uc�p\_l��Bgl_gkb\ghklv�hdjZkdb�ijhihjpbhgZevgZ�kh^_j`Zgbx�Zffh�
gby�\�\h^_� 

NH +
�
+2K

�
HgJ

�
+2KOH:1+

�
Hg

�
J

�
;��.-��+

�
O+K +  

LZd�dZd�kheb�dZevpby�b�fZ]gby��h[uqgh�kh^_j`Zsb_ky�\�ijbjh^guo�\h^Zo��
ijb�\aZbfh^_ckl\bb�k�j_Zdlb\hf�G_kke_jZ�fh]ml�\uiZklv�\�hkZ^hd��bo�k\yau�
\Zxl�jZkl\hjhf�\bgghdbkeh]h�gZljby-dZeby��k_]g_lh\Z�khev���>bZiZahg�hij_^_�
ey_fuo�dhgp_gljZpbc�Zffhgby - 0,05-4�f]�e� 

DZd� ijZ\beh�� \� qbkluo� ijbjh^guo� \h^Zo� kh^_j`blky 0,01-0.1�f]�e� ZahlZ�
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Zffhgbcguo�khe_c��Ij_^_evgh�^himklbfu_�dhgp_gljZpbb�ZffbZdZ�\�\h^_�\h�
^h_fh\�2�f]�e��ih�Zahlm�� 

H[hjm^h\Zgb_��j_Zdlb\u��fZl_jbZeu� 
1.�Nhlhdhehjbf_lj� 
2.�JZkl\hj�k_]g_lh\hc�kheb KNaC

�
H

�
O

�
· 4H

�
O -�jZkl\hjyxl 50�]�kheb�ijb�

gZ]j_\Zgbb�\�^bklbeebjh\Zgghc�\h^_��^h\h^yl�jZkl\hj�^h 100�fe��i_j_f_rb\Z�
xl��nbevljmxl��^h[Z\eyxl 5�fe� ���-gh]h�jZkl\hjZ NaOH�b�dbiylyl 30�fbg��
�^ey�m^Ze_gby�ke_^h\ NH

�
).�H[t_f�jZkl\hjZ�\gh\v�^h\h^yl�^h 100�fe� 

3.� J_Zdlb\� G_kke_jZ� �s_ehqghc� jZkl\hj� l_ljZbh^f_jdmjZlhjZ� dZeby 
K

�
HgJ

�
, lhj]h\uc�ij_iZjZl�� 

4.�;_aZffbZqgZy�\h^Z -�^bklbeebjh\Zggmx�\h^m�k�^h[Z\dhc�s_ehqb (25�fe�
5%-gh]h�jZkl\hjZ NaOH�gZ 1�e�\h^u��dbiylyl 1�qZk� 

5.�KlZg^Zjlguc�jZkl\hj NH
�
Cl. Hkgh\ghc�jZkl\hj��JZkl\hjyxl�\�[_aZf�

fbZqghc�\h^_ 296,5�f]�[_a\h^gh]h NH
�
Cl,�\ukmr_ggh]h�ijb�����K��b�jZa[Z\�

eyxl�lZdhc�`_�\h^hc�^h 100�fe� 1,00�fe�ihemq_ggh]h�jZkl\hjZ�kh^_j`bl 100 
fd] NH +

�
. JZ[hqbc�jZkl\hj��JZa[Z\eyxl�[_aZffbZqghc�^bklbeebjh\Zgghc�\h�

^hc 5�fe�hkgh\gh]h�klZg^Zjlgh]h�jZkl\hjZ�^h 100�fe� 1�fe�ihemq_ggh]h�jZkl\h�
jZ�kh^_j`bl 5�fd]�1+ +

�
. 

FZl_jbZe��ih^a_fgZy�\h^Z� 

Oh^�jZ[hlu� 
D 100�fe�ijh[u�^h[Z\eyxl 0,2�fe�jZkl\hjZ�k_]g_lh\hc�kheb� 0,2�fe�j_Zd�

lb\Z� G_kke_jZ�� kf_kv� i_j_f_rb\Zxl� b� q_j_a 10� fbg�� baf_jyxl� hilbq_kdmx�
iehlghklv�jZkl\hjZ�ijb 425�gf�\�dx\_l_�lhesbghc 1�kf�gZ�nhg_�^bklbeebjh�
\Zgghc�\h^u��Ba�ihemq_ggh]h�agZq_gby�hilbq_kdhc�iehlghklb�\uqblZxl�hilb�
q_kdmx�iehlghklv�ohehklhc�ijh[u��Dhgp_gljZpbx�bhgh\�Zffhgby�\�ijh[_�hi�
j_^_eyxl�ih�dZeb[jh\hqghfm�]jZnbdm� 

Ihkljh_gb_�dZeb[jh\hqgh]h�]jZnbdZ� 
<�f_jgmx�dhe[m�gZ 50�fe�^h[Z\eyxl��� 1, 2, 3, 4,�[�b 10�fe�klZg^Zjlgh]h�

jZkl\hjZ NH
�
Cl�dhgp_gljZpbb 5�fd] NH +

�
�\ 1�fe��JZa[Z\eyxl�^h�f_ldb�[_aZf�

fbZqghc�\h^hc��i_j_f_rb\Zxl��hl[bjZxl�ba�dZ`^hc�dhe[u�ih 10�fe�b�i_j_gh�
kyl� \�ijh[bjdb��Dhgp_gljZpby�bhgh\� Zffhgby� \� jZkl\hjZo� khklZ\ey_l 0; 0,1; 
0,3; 0,4; 0,6�b�1�f]�e��Hij_^_e_gb_�bhgh\�Zffhgby�\_^ml�ih�f_lh^bd_��hibkZg�
ghc�\ur_��Ba�ihemq_gguo�agZq_gbc�hilbq_kdbo�iehlghkl_c�\uqblZxl�hilbq_�
kdmx�iehlghklv�ohehklh]h�hiulZ� 

7.�Hij_^_e_gb_�gbljblgh]h�ZahlZ (NO2
-) 

F_lh^�hkgh\Zg�gZ�kihkh[ghklb�gbljblguo�bhgh\�^Z\Zlv�bgl_gkb\gh�hdjZ�
r_ggu_�^bZahkh_^bg_gby�k�i_j\bqgufb�ZjhfZlbq_kdbfb�ZfbgZfb��Ijb�hij_�
^_e_gbb� bkihevam_lky� j_Zdpby� k� kmevnZgbeh\hc� dbkehlhc�b� .-gbnlbeZfbghf�
�j_Zdlb\�=jbkkZ�� 

C
��

HNH
�
+NH

�
C

�
SO

�
H+HNO

�
:1+

�
C

��
H

�
N 

Qm\kl\bl_evghklv�f_lh^Z - 0,5�fd]�\ 1�e��Ijb�[hevrhf�kh^_j`Zgbb�gbljb�
lh\�bkke_^m_fmx�\h^m�g_h[oh^bfh�jZa[Z\eylv��Hij_^_e_gbx�f_rZxl�\a\_r_g�
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gu_�\_s_kl\Z��fmlghklv��hdjZkdZ�\h^u��Z�lZd`_�kbevgu_�hdbkebl_eb�b�\hkklZ�
gh\bl_eb��Fmlghklv�b�p\_lghklv�m^Zeyxl�nbevljh\Zgb_f�b�dhZ]mebjh\Zgb_f��D 
300�fe�ijh[u�ijb[Z\eyxl 0.5�]�Zdlb\bjh\Zggh]h�m]ey�beb�]b^jhdkb^Z�Zffhgby��
<ebygb_�hdbkebl_e_c�b�\hkklZgh\bl_e_c�\�kbevgh�aZ]jyag_gguo�ijh[Zo�mkljZ�
gyxl�khhl\_lkl\mxsbf�jZa[Z\e_gb_f�ijh[u�^bklbeebjh\Zgghc�\h^hc� 

H[hjm^h\Zgb_��j_Zdlb\u��fZl_jbZeu� 
1.�Nhlhdhehjbf_lj� 
2.�J_Zdlb\�=jbkkZ� 10%�jZkl\hj��?keb�g_l�]hlh\h]h�kmoh]h�ij_iZjZlZ��lh�_]h�

]hlh\yl� 0,1�]�.-gbnlbeZfbgZ�jZkl\hjyxl�\ 100�fe�^bklbeebjh\Zgghc�\h^u�ijb�
dbiyq_gbb�\�l_q_gb_ 15�fbg��JZkl\hj�hoeZ`^Zxl��^h[Z\eyxl 5�fe�e_^yghc�md�
kmkghc�dbkehlu�b 100�fe 1%�jZkl\hjZ�kmevnZgbeh\hc�dbkehlu��Kf_kv�ojZgyl�\�
kdeygd_�ba�l_fgh]h�kl_deZ� 

3.�MdkmkgZy�dbkehlZ� 12%�jZkl\hj� 25�fe�e_^yghc�mdkmkghc�dbkehlu�jZa�
[Z\eyxl�^bklbeebjh\Zgghc�\h^hc�^h 200�fe� 

4.�=b^jhdkb^�Zffhgby��kmki_gaby�^ey�dhZ]meypbb� 
5.�KlZg^Zjlgu_�jZkl\hju�gbljblZ�gZljby NaNO

�
. Hkgh\ghc�klZg^Zjlguc�

jZkl\hj� 4,927�]�\ukmr_ggh]h�ijb 1���K NaNO
�
�jZkl\hjyxl�\�f_jghc�dhe[_�gZ 

1�e�\�[b^bklbeebjh\Zgghc�\h^_��^h\h^yl�^h�f_ldb� 1�fe�jZkl\hjZ�kh^_j`bl 1000 
fd]� ZahlZ� gbljblgh]h�� JZ[hqbc� klZg^Zjlguc� jZkl\hj�� JZa[Z\eyxl� hkgh\ghc�
klZg^Zjlguc�jZkl\hj�[b^bklbeebjh\Zgghc�\h^hc�\�f_jghc�dhe[_�kgZqZeZ�\ 50 
jZa��Z�aZl_f�ihemq_gguc�jZkl\hj�_s_�\ 10�jZa� 1�fe�jZ[hq_]h�klZg^Zjlgh]h�jZk�
l\hjZ�kh^_j`bl�2�fd]�ZahlZ�gbljblgh]h��JZkl\hj�dhgk_j\bjmxl�ijb[Z\e_gb_f 1 
fe�oehjhnhjfZ��OjZgyl�\�kdeygd_�ba�l_fgh]h�kl_deZ� 

FZl_jbZe��\h^Z�bklhqgbdZ� 

Oh^�jZ[hlu� 
100�fe�bkke_^m_fhc�hk\_le_gghc�beb�ij_^\Zjbl_evgh�jZa[Z\e_gghc�\h^u�

lZd��qlh[u�\�g_c�kh^_j`Zehkv�^h 0,004�f]�ZahlZ��ihf_sZxl�\�dhe[m�beb�klZdZg�
qbd��ijbeb\Zxl 5�fe�j_Zdlb\Z�=jbkkZ�b�i_j_f_rb\Zxl��HdjZkdZ�ihy\ey_lky�q_�
j_a�40�fbg��b�khojZgy_lky�g_baf_gghc�\�l_q_gb_ 3�qZkh\��Q_j_a 40�fbg��jZkl\h�
ju�nhlhf_ljbjmxl�\�dx\_lZo�lhesbghc 5�kf�k�a_e_guf�nbevljhf���=530�gf��
ih�hlghr_gbx�d�^bklbeebjh\Zgghc�\h^_�k�^h[Z\e_gb_f�j_Zdlb\Z�=jbkkZ��Kh�
^_j`Zgb_�gbljblh\�gZoh^yl�ih�dZeb[jh\hqghfm�]jZnbdm�beb�\bamZevguf�kjZ\�
g_gb_f� bgl_gkb\ghklb� hdjZkdb� ijh[u� b�rdZeu� klZg^Zjlguo� jZkl\hjh\��Ijb�
hq_gv�fZehf�kh^_j`Zgbb�gbljblh\��dh]^Z�hdjZkdZ�\�bkke_^m_fhc�ijh[_�g_�ijh�
y\ey_lky�\�l_q_gb_ 30�fbg���ijh[m�\h^u�b�klZg^Zjlu�ke_^m_l�ih^h]j_\Zlv�\�l_�
q_gb_ 10�fbg��^h����K��\�h^bgZdh\uo�mkeh\byo���hoeZ^blv�b�nhlhf_ljbjh\Zlv�k�
wlbfb�klZg^ZjlZfb� 

Ihkljh_gb_�dZeb[jh\hqgh]h�]jZnbdZ 
<�jy^�f_jguo�dhe[�\ghkyl�jZ[hqbc�klZg^Zjlguc�jZkl\hj�\�dhebq_kl\_ 0,1; 

0,2; 0,4; 0,8; 1,0; 1,2; 1,5; 1,6; 2,0�fe��qlh�khhl\_lkl\m_l�kh^_j`Zgbx 0,2; 0,4; 0,8; 
1,0; 1,2; 1,5; 1,6; 2,0; 3,0�fd]�ZahlZ�gbljblh\��<�dhe[m�^heb\Zxl�^bklbeebjh\Zg�
gmx�\h^m�^h�f_ldb�b�ijb[Z\ey_l 5�fe 10%�jZkl\hjZ�j_Zdlb\Z�=jbkkZ��i_j_f_�
rb\Zxl�b�q_j_a 40�fbg��nhlhf_ljbjmxl��DZeb[jh\hqguc�]jZnbd�kljhyl�\�dhhj�
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^bgZlZo�hilbq_kdZy�iehlghklv-kh^_j`Zgb_�ZahlZ�gbljblh\��fd]���P_e_khh[jZa�
gh�kljhblv�^\Z�dZeb[jh\hqguo�]jZnbdZ�^ey�kh^_j`Zgby�ZahlZ�gbljblh\�hl 0�^h 
4�fd]�b�hl���^h 1,6�fd]� 

Kh^_j`Zgb_�ZahlZ�gbljblh\��f]�e��jZkkqblu\Zxl�ih�nhjfme_� 

X=
9

$
��]^_� 

: -� dhebq_kl\h� ZahlZ� gbljblh\�� gZc^_ggh_� ih� dZeb[jh\hqghfm� ]jZnbdm�
�fd]�� 

V -�h[t_f�ijh[u��\aylhc�^ey�ZgZebaZ��fe�� 

8.�Hij_^_e_gb_�gbljZlgh]h�ZahlZ (NO3
-) 

J_dhf_g^m_lky�hij_^_e_gb_�gbljZlh\�\�\h^_�dhehjbf_ljbq_kdbf�f_lh^hf�
k�kZebpbeh\hdbkeuf�gZljb_f� 

Kmsghklv�f_lh^Z 
F_lh^�hkgh\Zg�gZ�j_Zdpbb�gbljZlh\�k�kZebpbeh\hdbkeuf�gZljb_f�\�ijb�

kmlkl\bb�k_jghc�dbkehlu�k�h[jZah\Zgb_f�kheb�gbljhkZebpbeh\hc�dbkehlu��hd�
jZr_gghc�\�`_eluc�p\_l� 

Qm\kl\bl_evghklv�f_lh^Z 0,1�f]�e�gbljZlgh]h�ZahlZ� 

H�[�h�j�m�^�h�\�Z�g�b�_���j�_�Z�d�l�b�\�u���f�Z�l�_�j�b�Z�e�u 
1.�Nhlhwe_dljhdhehjbf_lj� 
2.�;Zgy�\h^ygZy� 
3.�Dhe[u�f_jgu_�gZ 50�b 100�fe��ijh[bjdb�k�hlf_ldhc 10�fe�k�ijbl_jlhc�

ijh[dhc��qZrdb�nZjnhjh\u_�\uiZjbl_evgu_� 
4.�DbkehlZ�k_jgZy� 
5.�GZljby�]b^jZl�hdbkb��gZlj�_^dbc�� 
6.�Dh[Zevl�oehjbkluc� 
7.�DZebc�Zahlghdbkeuc� 
8.�GZljbc�kZebpbeh\hdbkeuc� 
FZl_jbZe��ih^a_fgZy�\h^Z� 

Ih^]hlh\dZ�d�ZgZebam 
1.�Ijb]hlh\e_gb_� hkgh\gh]h� klZg^Zjlgh]h� jZkl\hjZ� Zahlghdbkeh]h� dZeby�

KNO
�
. 0,7218�] KNO

�
,�\ukmr_ggh]h�ijb�����K��jZkl\hjyxl�\�^bklbeebjh\Zg�

ghc�\h^_�b�^h\h^yl�h[t_f�^h 1�e�\�f_jghc�dhe[_��>ey�dhgk_j\Zpbb�ijb[Z\eyxl 
1�fe�oehjhnhjfZ��< 1�fe�jZkl\hjZ�kh^_j`blky 0,1�f]�gbljZlgh]h�ZahlZ� 

2.� Ijb]hlh\e_gb_� jZ[hq_]h� klZg^Zjlgh]h� jZkl\hjZ� Zahlghdbkeh]h� dZeby�
KNO

�
. 10�fe�hkgh\gh]h�jZkl\hjZ�jZa[Z\eyxl�\�f_jghc�dhe[_�^bklbeebjh\Zg�

ghc�\h^hc�^h 100�fe� 1�fe�wlh]h�jZkl\hjZ�kh^_j`bl 0,01�f]�gbljZlgh]h�ZahlZ� 
3.�Ijb]hlh\e_gb_�jZkl\hjZ�\bgghdbkeh]h�dZeby-gZljby� 30�]�dZeby-gZljby�

\bgghdbkeh]h�jZkl\hjyxl�\ 70�fe�^bklbeebjh\Zgghc�\h^u� 
4.�Ijb]hlh\e_gb_ 0,5%-gh]h�jZkl\hjZ�kZebpbeh\hdbkeh]h�gZljby� 0,5�]�kZ�

eb�pbeh\hdbkeh]h�gZljby�jZkl\hjyxl�\ 100�fe�^bklbeebjh\Zgghc�\h^u� 
5.�Ijb]hlh\e_gb_����g�jZkl\hjZ�_^dh]h�gZljZ� 400�]�_^dh]h�gZljZ�jZkl\h�

jyxl�\�^bklbeebjh\Zgghc�\h^_�b�ihke_�hoeZ`^_gby�^h\h^yl�h[t_f�^h 1�e� 
6.�Ijb]hlh\e_gb_�jZkl\hjZ�k_jghdbkeh]h�k_j_[jZ��Wlhl�jZkl\hj�bkihevam�
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_lky�ijb�[hevrhf�dhebq_kl\_�oehjb^h\�\�bkiulm_fhc�\h^_��J_dhf_g^m_lky�f_�
lh^�jZa[Z\e_gby�bkke_^m_fhc�\h^u�^bklbeebjh\Zgghc�\h^hc�\�Q�jZa� 

Oh^�jZ[hlu 
Hij_^_e_gbx�f_rZxl�p\_lghklv�\h^u��\ebygb_�dhlhjhc�mkljZgyxl�^h[Z\�

e_gb_f�jZkl\hjZ�k_jghdbkeh]h�k_j_[jZ�\ 100�fe�bkke_^m_fhc�\h^u�\�dhebq_kl�
\_��wd\b\Ze_glghf�kh^_j`Zgbx�oehj-bhgZ��HkZ^hd�oehjb^Z�k_j_[jZ�hlnbevljh�
\u\Zxl�beb�hl^_eyxl�p_gljbnm]bjh\Zgb_f��gbljblu�\�dhgp_gljZpbb 1-2�f]�e�b�
`_e_ah�\�dhgp_gljZpbb�[he__ 0,5�f]�e��<ebygb_�`_e_aZ�fh`_l�[ulv�mkljZg_gh�
^h[Z\e_gb_f�8-10�dZi_ev�jZkl\hjZ�dZeby-gZljby�\bgghdbkeh]h�i_j_^�\uiZjb\Z�
gb_f�\h^u�\�nZjnhjh\hc�qZrd_� 

10�fe�bkke_^m_fhc�\h^u�ihf_sZxl�\�nZjnhjh\mx�qZrdm��Ijb[Z\eyxl 1 
fe�jZkl\hjZ�kZebpbeh\hdbkeh]h�gZljby�b�\uiZjb\Zxl�gZ�\h^yghc�[Zg_�^hkmoZ��
Ihke_�hoeZ`^_gby�kmohc�hklZlhd�m\eZ`gyxl 1�fe�dhgp_gljbjh\Zgghc�k_jghc�
dbkehlu�� lsZl_evgh� jZklbjZxl� _]h� kl_deygghc� iZehqdhc� b� hklZ\eyxl� gZ 10 
fbg��AZl_f�^h[Z\eyxl 5-10�fe�^bklbeebjh\Zgghc�\h^u�b�dhebq_kl\_ggh�i_j_�
ghkyl�\�f_jgmx�dhe[m�\f_klbfhklvx 50�fe��Ijb[Z\eyxl 7�fe 10�g��jZkl\hjZ�
_^dh]h�gZljZ��^h\h^yl�h[t_f�^bklbeebjh\Zgghc�\h^hc�^h�f_ldb�b�i_j_f_rb\Z�
xl��<�l_q_gb_ 10�fbg�ihke_�ijb[Z\e_gby�_^dh]h�gZljZ�hdjZkdZ�g_�baf_gy_lky� 
KjZ\g_gb_�bgl_gkb\ghklb�hdjZkdb�bkke_^m_fhc�ijh[u�ijhba\h^yl�nhlhf_ljb�
q_kdbf�f_lh^hf��baf_jyy�hilbq_kdmx�iehlghklv�jZkl\hjZ�k�nbhe_lh\uf�k\_lh�
nbevljhf�\�dx\_lZo�k�lhesbghc�jZ[hq_]h�kehy 1-5�kf��Ba�gZc^_gguo�\_ebqbg�
hilbq_kdhc� iehlghklb� \uqblZxl� hilbq_kdmx� iehlghklv� gme_\hc� ijh[u� b� ih�
dZeb[jh\hqghfm�]jZnbdm�gZoh^yl�kh^_j`Zgb_�gbljZlh\� 

Ihkljh_gb_�dZeb[jh\hqgh]h�]jZnbdZ 
>ey�ijb]hlh\e_gby�klZg^Zjlguo�jZkl\hjh\�\�dhehjbf_ljbq_kdb_�ijh[bjdb�

k�hlf_ldhc�gZ 10�fe�hl[bjZxl 0,2; 0,5; 1,0; 2,0; 3,0; 4,0; 6,0�b 10�fe�jZ[hq_]h�
klZg^Zjlgh]h�jZkl\hjZ�Zahlghdbkeh]h�dZeby (1�fe - 0,01�f] N)�b�^h\h^yl�^bk�
lbeebjh\Zgghc� \h^hc� ^h� hlf_ldb��Kh^_j`Zgb_� gbljZlgh]h� ZahlZ� \� jZkl\hjZo�
khhl\_lkl\_ggh�[m^_l�jZ\gh 0.5; 1,0; 2,0; 3,0; 4,0; 6,0; 10,0�f]�e��AZl_f�jZkl\hju�
i_j_ghkyl�\�nZjnhjh\u_�qZrdb��ijb[Z\eyxl�ih 1�fe�jZkl\hjZ�kZebpbeh\hdbk�
eh]h�gZljby�b�\uiZjb\Zxl�gZ�\h^yghc�[Zg_�^hkmoZ��Kmohc�hklZlhd�h[jZ[Zlu\Z�
xl� lZd� `_�� dZd� hibkZgh� ijb� ZgZeba_� ijh[u� bkke_^m_fhc� \h^u��Hilbq_kdmx�
iehlghklv�hdjZr_gguo�jZkl\hjh\�baf_jyxl�ijb�ihfhsb�we_dljhnhlhdhehjb�
f_ljZ��bkihevamy�nbhe_lh\uc�k\_lhnbevlj�b�dx\_lu�k�lhesbghc�jZ[hq_]h�kehy 
1-5�kf��Ba�ihemq_gguo�\_ebqbg�\uqblZxl�hilbq_kdmx�iehlghklv�gme_\hc�ijh�
[u�b�j_amevlZlu�gZghkyl�gZ�]jZnbd� 

Kh^_j`Zgb_� gbljZlh\ (X)� \�f]�e� \uqbkeyxl� ih�nhjfme_� \� i_j_kq_l_� gZ�
gbljZlguc�Zahl� 

O 4,46· K��]^_ 
K -�kh^_j`Zgb_�ZahlZ��gZc^_ggh_�ih�dZeb[jh\hqghfm�]jZnbdm�f]�e� 

9.�Hij_^_e_gb_�jZkl\hj_ggh]h�dbkehjh^Z�ih�<bgde_jm 

Dhebq_kl\h�dbkehjh^Z��jZkl\hj_ggh]h�\�\h^_��bf__l�[hevrh_�agZq_gb_�^ey�
hp_gdb�khklhygby�\h^h_fZ��?]h�kgb`_gb_�mdZau\Z_l�gZ�j_adh_�baf_g_gb_�[bh�
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eh]bq_kdbo�ijhp_kkh\�\�\h^h_fZo��Z�lZd`_�gZ�aZ]jyag_gb_�\h^h_fh\�\_s_kl\Z�
fb�� [bhobfbq_kdb� bgl_gkb\gh� hdbkeyxsboky�� Dhgp_gljZpby� jZkl\hj_ggh]h�
dbkehjh^Z�\�\h^_�aZ\bkbl��djhf_�lh]h��hl�ijbjh^guo�nZdlhjh\ -�Zlfhkn_jgh]h�
^Z\e_gby�� l_fi_jZlmju�\h^u��kh^_j`Zgby�jZkl\hj_gguo�khe_c��Dhgp_gljZpby�
jZkl\hj_ggh]h� dbkehjh^Z� \� \h^_� \h^h_fh\� iblv_\h]h� b� dmevlmjgh-[ulh\h]h�
ihevah\Zgby�\�ijh[_��hlh[jZgghc�^h 12�qZkh\�^gy��^he`gZ�[ulv�g_�f_g__ 4�f]�e�
\�ex[hc�i_jbh^�]h^Z��Ijbgpbi�f_lh^Z�hkgh\Zg�gZ�bkihevah\Zgbb�jZkl\hj_ggh�
]h�dbkehjh^Z��kh^_j`Zs_]hky�\�hij_^_e_gghf�h[t_f_�\h^u��^ey�hdbke_gby�]b^�
jhdkb^Z�fZj]ZgpZ��I��\�]b^jhdkb^�fZj]ZgpZ (III): 

MnSO
�
 + 2NaOH = Mn(OH)

�
 + Na

�
SO

�
 

4Mn(OH)
�
 +�H

�
 + H

�
O =��FQ�HG�

�
 

=b^jhdkb^�fZj]ZgpZ��R��hdbkey_l�\�dbkehc�kj_^_ RJ�k�h[jZah\Zgb_f�k\h�
[h^gh]h�ch^Z�\�dhebq_kl\_��wd\b\Ze_glghf�dbkehjh^m� 

�FQ�HG�
�
 +3H

�
SO

�
 + 2KJ = 2MnSO

�
 +�D

�
SO

�
 + J

�
 +��G

�
O 

J
�
 + 2Na

�
S

�
O

�
 = 2NaJ + Na

�
S

�
O

�
 

Ij_^_e�h[gZjm`_gby�jZkl\hj_ggh]h�dbkehjh^Z�ih�wlhfm�f_lh^m�khklZ\ey_l�
0,05�f]�e� 

H�[�h�j�m�^�h�\�Z�g�b�_���j�_�Z�d�l�b�\�u���f�Z�l�_�j�b�Z�e�u� 
1.� KmevnZl� beb� oehjb^� fZj]ZgpZ (II) � jZkl\hj�� JZkl\hjyxl 200� ] 

MnSO
�
· 2H

�
O �beb 240�] MnSO

�
· �G

�
2��beb 182�] MnSO

�
· H

�
O,�beb 212,5�]�

FQ&O
�
Â �G

�
2��\�^bklbeebjh\Zgghc�\h^_�b�^h\h^yl�h[t_f�^h 1/2�e��Nbevljmxl�

q_j_a�[mfZ`guc�nbevlj��JZa[Z\e_gguc�jZkl\hj�\�dbkehc�kj_^_�ijb�^h[Z\e_gbb 
KJ�g_�^he`_g�\u^_eylv�k\h[h^gh]h�ch^Z� 

2.�S_ehqghc�jZkl\hj KJ: 
Z��jZkl\hjyxl 75�] KJ�\ 50�fe�^bklbeebjh\Zgghc�\h^u��Ijb�ih^dbke_gbb�

jZa[Z\e_gguc�jZkl\hj�g_�^he`_g�\u^_eylv�ch^� 
[��jZkl\hjyxl 250�] NaOH�beb 350�]�KHG�\ 250�fe�^bklbeebjh\Zgghc�ijh�

dbiyq_gghc�\h^u��^ey�m^Ze_gby�K2
�
). 

H[Z�jZkl\hjZ�kf_rb\Zxl�b�^h\h^yl�h[t_f�^h 1/2�e� 
3.�K_jgZy�dbkehlZ�ie� 1,84�]�fe��jZa[Z\e_gguc�jZkl\hj 1:1. 
4.�LbhkmevnZl�gZljby Na

�
S

�
O

�
· 5H

�
O, 0,01�g� 

5.�DjZofZe� 1% jZkl\hj� 
FZl_jbZe��ih^a_fgZy�\h^Z. 

Oh^�jZ[hlu 
Ijh[u�\h^u�hl[bjZxl�\�ijhdZeb[jh\Zggu_�kl_deyggu_�_fdhklb�k�ijbl_j�

lhc�ijh[dhc�\f_klbfhklvx 120�fe��Kdeygdb�himkdZxl�gZ�]em[bgm 0,5�f��\ugb�
fZxl�b�kjZam�aZdju\Zxl�ijh[dhc��qlh[u�ih^�ijh[dhc�g_�h[jZah\Zebkv�imaujv�
db�\ha^moZ��Ihke_�wlh]h�kjZam�`_�gZ�f_kl_�hl[hjZ�nbdkbjmxl�dbkehjh^��^ey�q_�
]h�\�kdeygdm�ijb�ihfhsb�ibi_ldb�gZ 1�fe��ih]jm`Zy�__�^h�^gZ��\ghkyl 1�fe�jZk�
l\hjZ MnSO

�
 beb�FQKO

�
��>jm]hc� lZdhc� ibi_ldhc� \� \_jogxx� qZklv� kdeygdb�

\ghkyl� �fe�s_ehqgh]h� jZkl\hjZ KJ.�Kdeygdm� hklhjh`gh� aZdju\Zxl� ijh[dhc�
lZd��qlh[u�ih^�ijh[dhc�g_�hklZehkv�imaujvdh\�\ha^moZ��Ijb�wlhf�ba�kdeygdb�
\ueb\Z_lky 2�fe�bkke_^m_fhc�\h^u��l�_��klhevdh��kdhevdh�gZebeb�j_Zdlb\h\��AZ�
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l_f�`b^dhklv�i_j_f_rb\Zxl�i_j_\_jlu\Zgb_f��<�lZdhf�khklhygbb�hklZ\eyxl�
ijh[m� ^ey� ljZgkihjlbjh\db�� I_j_^� lbljh\Zgb_f� �hkZ^hd� ^he`_g� ohjhrh�
hk_klv)�ijbeb\Zxl 2�fe�G

�
SO

�
 (1:1),�qZklv�`b^dhklb�i_j_eb\Z_lky�q_j_a�djZc��

Ijb�wlhf�jZkl\hj H
�
SO

�
�\ghkyl�ibi_ldhc�\�gb`gxx�qZklv�kdeygdb��AZdju\Z�

xl�kdeygdm�ijh[dhc�ih�l_f�`_�ijZ\beZf�b�i_j_f_rb\Zxl�^h�jZkl\hj_gby�hkZ^�
dZ�FQ�HG�

�
. 

Ihke_� wlh]h� \kx�ijh[m�i_j_eb\Zxl� \� dhgbq_kdmx� dhe[m�^ey� lbljh\Zgby�
\f_klbfhklvx 250 - 300�fe�b�[ukljh�lbljmxl 0,01�g�jZkl\hjhf�lbhkmevnZlZ�gZ�
ljby�ijb�g_ij_ju\ghf�ihf_rb\Zgbb�^h�keZ[h-`_elh]h�p\_lZ��ihke_�q_]h�ijb�
[Z\eyxl�1�fe�djZofZeZ�b�ijh^he`Zxl�lbljh\Zlv�^h�bkq_agh\_gby�kbg_c�hdjZ�
kdb��JZkq_l�kh^_j`Zgby�jZkl\hj_ggh]h�dbkehjh^Z�\�\h^_�O��f]�e��ijhba\h^blky�
ih�nhjfme_� 

X=
��

�����

99

+$

−
⋅⋅⋅

��]^_ 

A -�h[t_f�lbhkmevnZlZ�gZljby��ihr_^r_]h�gZ�lbljh\Zgb_��fe� 
H -�ghjfZevghklv Na

�
S

�
O

�
�k�mq_lhf�ihijZ\db� 

V
�
 -�h[t_f�ijh[u�\�kdeygd_��fe (120�fe�� 

V
�
 - h[t_f�j_Zdlb\h\��^h[Z\e_gguc�^h�h[jZah\Zgby�FQ�HG�

�
, (2�fe�� 

1000 -�i_j_kq_l�gZ 1�e� 
8 -� wd\b\Ze_glgZy�fZkkZ� dbkehjh^Z�� khhl\_lkl\mxsZy 1�fe 1� g� jZkl\hjZ�

Na
�
S

�
O

�
. 

X=
����

��������

−
⋅⋅⋅ .$ , 

]^_�D -�ihijZ\hqguc�dhwnnbpb_gl� 

10.�Ihkljh_gb_�]b^jh]_hwdheh]bq_kdbo�dZjl 

1.�Ihkljhblv�dZjlm�wdheh]bq_kdhc�hp_gdb�ih^a_fguo�\h^ \h^haZ[hjZ�����

ih�gb`_ijb\_^_gguf�^Zgguf� 
Z��ihkljhblv�dZjlm�jZkijhkljZg_gby�fZj]ZgpZ��FQ +� ��\�\h^Zo�jZchgZ�\h^haZ[h�
jZ� 
[�� \u^_eblv� ]b^jh]_heh]bq_kdb_� ahgu� k� mq_lhf�� nhgh\hc� �K n ��� ij_^_evgh-

^himklbfhc��K > ���ZghfZevghc��K Z ��dhgp_gljZpbyfb�FQ +� ; 

\��ijh\_klb�wdheh]bq_kdmx�hp_gdm�dZq_kl\Z�\h^�\h^haZ[hjZ� 
 

 
AZ^Zgb_ 1. 

��

ii� 
��kd\Z`bgu Dhgp_gljZpby�

FQ2+ �f]�^f3 
Nhgh\Zy�dhgp_g�
ljZpby�FQ2+, 

f]�^f3 

:ghfZevgZy�dhg�
p_gljZpby�Mn2+, 
f]�^f3 

 

1. 
2. 
3. 

204 
��Z 
��Z 

 
0,47 
0,7 
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4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

��Z 
19 
57 
56 
54 
53 
14 
51 
50 
12 
13 
29 
21 
8 
44 
43 
6 
11 
25 
20 
22 
221 

 

0,53 
0,35 
1,47 
0,48 
0,5 
1,13 
0,48 
1,04 
0,40 
0,05 
0,20 
0,15 
0,04 
0,32 
0,07 
1,26 
1,03 
0,24 
0,55 
0,42 
0,72 
0,121 

   

\h^hojZgbebs_    

 M�kd\���� 
M�kd\���� 

0,82 
0,43 

   

AZ^Zgb_ 2. 
� 
ii� 

��kd\Z`bgu Dhgp_gljZpby�
FQ2+��f]�^f3 

Nhgh\Zy�dhgp_g�
ljZpby Mn2+, 
f]�^f3 

:ghfZevgZy�
dhgp_gljZpby 
FQ2+��f]�^f3 

 

1 
2 
3 
4 

204 
��Z 
��Z 
��Z 

0,12 
0,3 
0,67 
0,62 

   

5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

19 
57 
56 
54 
53 
14 
51 
50 
12 
13 
29 
21 
8 
44 

0,40 
0,92 
0,84 
0,95 
1,28 
0,35 
0,62 
0,38 
0,50 
0,18 
0,48 
0,03 
0,58 
0,67 
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19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 

43 
�Z 
11 
25 
20 
22 
6 

221 

0,19 
0,04 
0,20 
0,52 
0,05 
0,22 
0,30 
0,04 

   

\h^hojZgbebs_  
m�kd\� 11 
m�kd\�55 

0,80 
0,40 

   

AZ^Zgb_��� 
� 
ii� 

��kd\Z`bgu Dhgp_gljZpby 
Mn,�f]�^f3 

Nhgh\Zy�dhgp_g�
ljZpby Mn, f]�^f 

:ghfZevgZy�dhg�
p_gljZpby�Fi��
f]�^f3 

 
 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17 
18. 

204 
��Z 
��Z 
��Z 
19 
57 
51 
54 
53 
14 
51 
50 
12 
13 
29 
21 
8 
44 

0,01 
0,15 
0,62 
0,48 
0,37 
1,47 
0,79 
0,97 

- 
0,3 
- 

0,67 
0 

0.15 
0,85 
0,03 

- 
0,73 

   

19. 
20. 
21. 
22. 
23. 
24. 

43 
6 
11 
25 
20 
22 

- 
0,24 

- 
- 
- 
- 

   

\h^hojZgbebs_  
m�kd\� 11 
m�kd\� 55 

- 
- 

   

2.�Ihkljhblv�dZjlm�wdheh]bq_kdhc�hp_gdb�ih^a_fguo�\h^ \h^haZ[hjZ���� 
ih�gb`_ijb\_^_gguf�^Zgguf� 
Z��ihkljhblv�dZjlm�jZkijhkljZg_gby�fZj]ZgpZ��FQ +� ��\�\h^Zo�jZchgZ�\h^haZ[h�
jZ� 
[�� \u^_eblv� ]b^jh]_heh]bq_kdb_� ahgu� k� mq_lhf�� nhgh\hc� �K n ��� ij_^_evgh-
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^himklbfhc��K > ���ZghfZevghc��K Z ��dhgp_gljZpbyfb�FQ +� ; 

\��ijh\_klb�wdheh]bq_kdmx�hp_gdm�dZq_kl\Z�\h^�\h^haZ[hjZ� 
AZ^Zgb_ 1. 

��ii� ��kd\Z`bgu Dhgp_gljZpby�FQ�

f]�^f3 
Nhgh\Zy�
dhgp_gljZpby Mn 
f]�^f3 

:ghfZevgZy�
dhgp_gljZpby 
FQ��f]�^f3 

 
 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 

1 
2 
4 
la 
48 
52 
53 
38 
55 
12 
30 
57 
29 
16 
23 
24 
25 
26 
39 

0,21 
0,79 
0,41 
0,65 
0,09 
0,043 
0,23 
0,6 
1,05 
0,48 
0,51 
1,0 
0,76 
0,25 
0,6 
0,16 
0,75 
0,4 

0,027 

   

 
AZ^Zgb_��� 

��ii� ��kd\Z`bgu Dhgp_gljZpby 
FQ��f]�^f3 

Nhgh\Zy�
dhgp_gljZpby Mn, 
f]�^f3 

:ghfZevgZy�
dhgp_gljZpby 
FQ��f]�^f3 

 

1. 
2. 
3. 
4. 
5. 

1 
2 
4 
la 
48 

0,62 
0,24 
0,62 
0,07 
0,04 

   

6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 

52 
53 
38 
55 
12 
30 
57 
29 
16 
23 
24 
25 
26 
39 

0,17 
0,04 
0,28 
0,01 
0,28 
0,027 
0,20 
0,48 
0,01 
0,57 
0,01 
0,38 
0,05 
0,48 
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AZ^Zgb_��� 
� 
ii� 

��kd\Z`bgu Dhgp_gljZpby 
FQ2+�f]�^f3 

Nhgh\Zy�dhgp_g�
ljZpby Mn2+ 

f]�^f�3 

:ghfZevgZy�
dhgp_gljZpby 
FQ2+��f]�^f3 

 
 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 

1 
2 
4 
la 
48 
52 
53 
38 
55 
12 
30 
57 
29 
16 
23 
24 
25 
26 
39 

-0,38 
0,2 

-0,18 
0,06 
-0,5 
-0,16 
-0,36 
0,01 
0,46 
-0,15 
-0,08 
0,41 
0,17 
-0,34 
0,01 
-0,43 
0,16 
-0,19 
-0,1 

   

 

Ebl_jZlmjZ 

1.�=HKL��<h^Z�iblv_\Zy� -�F���=hkklZg^Zjl������-K� 54-60. 
2.�Dbjxobg�<�:��b�^j��=b^jh]_hobfby�-F�:�G_^jZ� 1993, 383�k� 
3.�Emjv_�X�<��Mgbnbpbjh\Zggu_�f_lh^u�ZgZebaZ�\h^u�-F�� 1971, 470�k� 
4.�N_^hjh\Z�:�B���GbdhevkdZy�:�B��IjZdlbdmf�ih�wdheh]bb�b�hojZg_�hdjm`Zx�
s_c�kj_^u�-<hjhg_`��Ba^-\h�<hjhg_`��mg-lZ�� 1997, 304�k� 
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