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=heh\gZ�mklZgh\Z�jhajh[gbd����1gklblml�fhe_dmeyjgh��[�heh]��

lZ�]_g_lbdb�G:G�MdjZ�gb

MklZgh\Z�ki�\\bdhgZ\_pv -  =heh\g_�[xjh�km^h\h�f_^bqgh�

_dki_jlbab�F�g�kl_jkl\Z�hohjhgb�a^hjh\
y�MdjZ�gb

:\lhjb�� >b[dh\�FboZceh�<Zkbevh\bq������������� 07 29 

L_e_]_}\�=_ggZ^�c�>fbljh\bq������������ 07 29 

>jmav�:eeZ�N_^hj�\gZ  446 50 93 

Ohf_ghd�L_lygZ�He_]�\gZ�  446 50 93 

J_p_ga_gl ��>jZggbd�=�F�

=heh\Z�_dki_jlgh��dhf�k�����KlZjh\hclh\Z�J�hj�lZ�He_dk��\gZ
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���<klmi� 

Ijb�ijh\_^_gg��km^h\h�f_^bqgh��_dki_jlbab�\Z`eb\h�^hklh\�jgh�\klZgh\blb��qb�gZe_`Zlv

aZebrdb� djh\�� qb� �grbo� [�heh]�qgbo� ldZgbg� dhgdj_lg�c� ex^bg��� >hg_^Z\gZ� _dki_jl

\bj�rm\Z\�p_�iblZggy�reyohf�^hke�^`_ggy�jy^m�[�ho�f�qgbo�fZjd_j�\ ��_jbljhpblZjgbo�

e_cdhpblZjgbo��kbjh\Zldh\bo�lhsh��:e_�gZ\�lv�aZ�fh`eb\hkl��ijh\_^_ggy�^hke�^`_ggy�a

\bdhjbklZggyf�\_ebdh��d�evdhkl�� lZdbo�fZjd_j�\�_dki_jl�g_�fh`_� ajh[blb�dZl_]hjbqgbc

\bkgh\hd� ijh� gZe_`g�klv� ^Zgh]h� ajZadZ� [�heh]�qgh]h� fZl_j�Zem� dhgdj_lg�c� hkh[��� lh[lh

ihablb\gZ� �^_glbn�dZp�y�g_fh`eb\Z��>ey� \bj�r_ggy�p�}��ijh[e_fb� a�ihqZldm� ���o� jhd�\

aZklhkh\mxlv� ZgZe�a� gh\bo� ]_g_lbqgbo� fZjd_j�\ �� ihe�fhjngbo� ^�eyghd� >GD��Hkh[eb\�

i_jki_dlb\b� \�^djbebkv� i�key� \by\e_ggy� lZd� a\Zgbo� ]�i_j\Zj�Z[_evgbo� ^�eyghd� ]_ghfm

(=>=���sh�oZjZdl_jbamxlvky�rbjhdbf�ihe�fhjn�afhf�m�ihimeyp����M 1985�jhp��>`_nj�khf

�� -HIIUH\V�� lZ� ki�\�� [meb� \by\e_g�� =>=��sh� ehdZe�amxlvky� \� d�evdho� ehdmkZo� ojhfhkhf�

mkiZ^dh\mxlvky� yd� f_g^_e�\kvd�� dh^hf�gZglg�� fZjd_jb� lZ� fZxlv� rbjhdm� f�geb\�klv� m

ihimeyp���� P�� ^�eygdb�� yd�� >`_nj�k� gZa\Z\� f�g�kZl_e�lZfb�� [meh� aZijhihgh\Zgh

\bdhjbklh\m\Zlb�^ey�ihablb\gh�� �^_glbn�dZp���hkh[bklhkl��\�km^h\h�f_^bqg�c� _dki_jlba�

>�����@��1grbfb�]jmiZfb�^hke�^gbd�\�[meh�\by\e_gh�d�evdZ��grbo�jh^bg�]�i_j\Zj�Z[_evgbo

^�eyghd� ]_ghfm�� Mk�� \hgb� fZxlv� i_\g�� ki�evg�� jbkb�� Hkgh\hx� kljmdlmjb� }� lZg^_fgh

jhaf�s_g��dhi���^h\`bghx������gmde_hlb^�\��sh�ih\lhjxxlvky�\�^� ��^h� ���jZa�\��Lhfm�m

h^ghfm� ��lhfm�`�ehdmk��m�j�agbo�ex^_c�fh`_�[mlb�j�agZ�d�evd�klv�dhi�c���p_� ��}�hkgh\hx

\Zj�Z[_evghkl���Dhf[�gZp�y�=>=�dh`gh��ex^bgb�}�\bkhdh�g^�\�^mZevghx�oZjZdl_jbklbdhx�

Z�lhfm�f_lh^��o�\by\e_ggy���ZgZe�am�[meh�gZa\Zgh�]_ghfghx�^Zdlbehkdhi�}x�

>Zgbf� f_lh^hf� fh`gZ� \b\qZlb� [m^v�ydbc� fZl_j�Ze�� sh� f�klblv� >GD�� djh\�� aZebrdb

ki_jfb�� ldZgbgb� hj]Zg�\� lhsh�� hkd�evdb� ehdZe�aZp�y� =>=� m� j�agbo� ldZgbgZo� h^gZdh\Z�

AZ�ijb[ebagbfb� hp�gdZfb� m�>GD� ex^bgb� gZjZoh\m}lvky� [ebavdh� �����=>=��H^gZd� ijb

ijh\_^_gg�� _dki_jlbab� a\bqZcgh� \by\eyxlv� h^gm� =>= �� ijb� aZklhkm\Zgg�

ehdmkki_pbn�qgbo�ahg^�\��Z[h�d�evdZ ��ijb�aZklhkm\Zgg��ihe�ehdmkgbo�ahg^�\�

>hke�^`_ggy� ihe�fhjn�afm� ijh\h^ylv� aZ� ^hihfh]hx� ZgZe�am� ihe�fhjn�afm� ^h\`bg

j_kljbdp�cgbo� njZ]f_gl�\� ��I>JN�ZgZe�a���>ey� pvh]h� lhlZevgm�>GD�� \b^�e_gm� a� djh\��

ki_jfb� qb� �grh�� ldZgbgb�� h[jh[eyxlv� j_kljbdp�cgbf� n_jf_glhf�� sh� g_� jhas_iex}

\gmlj�rg�� ^�eygdb� =>=�� H^_j`Zg�� njZ]f_glb� >GD� _e_dljhnhj_lbqgh� jha^�eyxlv� \

Z]Zjhaghfm�]_e����ijh\h^ylv�]�[jb^baZp�cgbc�ZgZe�a�a�\bdhjbklZggyf�ahg^�\��sh�\by\eyxlv

]�i_j\Zj�Z[_evg��^�eygdb� >�@��Yd�[meh� aZagZq_gh�\bs_��\bdhjbklh\mxlv�^\Z�lbib� ahg^�\ -

ehdmkki_pbn�qg���sh� \by\eyxlv� h^gm�=>=�� lZ� ihe�ehdmkg���sh� \by\eyxlv�i_\gm� jh^bgm

=>=��GZ�kvh]h^g��\bdhjbklh\m}lvky�[_ae�q�ahg^�\�h[ho�lbi�\��yd�\b^�e_gbo�a�>GD�j�agbo
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hj]Zg�af�\��lZd���kbgl_ah\Zgbo�o�f�qgbf�reyohf��GZc[�evr�\�^hfbfb�}�ahg^b�������������

ahg^�gZ�hkgh\��nZ]m�F�����K:K�5, (GATA)4 lZ��gr��

Ahg^b�f�lylvky�jZ^�hZdlb\gbf��ahlhihf�nhknhjm�J32 Z[h�g_jZ^�hZdlb\gbfb�f_lh^Zfb��>ey

ijh\_^_ggy�]�[jb^baZp���i�^[bjZxlv�mfh\b��aZ�ydbo�ahg^�ki_pbn�qgh�a\
yam}lvky�l�evdb�a

^Zghx� =>=� �^ey� ehdmkki_pbn�qgh]h� ahg^m�� Z[h� i_\ghx� jh^bghx� ©f�g�kZl_e�l�\��� Ijb

\klZgh\e_gg�� ehdZe�aZp��� ahg^m� �� aZ� ^hihfh]hx� jZ^�h]jZn��� ijb� \bdhjbklZgg�� J32)

h^_j`mxlv� fZjd_jgm� kfm]m��sh� \dZam}� gZ� ehdZe�aZp�x� j_kljbdp�cgh]h� njZ]f_glm��Ijb

\bdhjbklZgg�� ihe�ehdmkgh]h� ahg^m� ^hke�^gbd� h^_j`m}� gZ[�j� \_jlbdZevgbo� kfm]�� sh

\�^ih\�^Zxlv�d�evdhkl��ehdmk�\�^Zgh��jh^bgb�=>=�ijb�\bdhjbklZgg��i_\gh]h�n_jf_glm�lZ

ahg^m��Hkd�evdb�\Zj�Z[_evg�klv�aZ�^Zgbfb�ehdmkZfb�\_ebdZ��iheh`_ggy�kfm]�g_h^gZdh\_�m

j�agbo�ex^_c�� 1�hkd�evdb� �fh\�jg�klv�\biZ^dh\h]h�a[�]m�\k�o�fZjd_jgbo�kfm]�^m`_�fZeZ� �

lZd�^ey� ahg^�\� �����������py�\_ebqbgZ� kdeZ^Z}� �o��-11
�� lh[lh� ��gZ� ���f�e�Zj^�\��� lh�gZ[�j

fZjd_jgbo� kfm]� [meh� gZa\Zgh� ©]_ghfgbf� ^Zdlbeh\�^[bldhf� (DNA fingerprint).

<bdexq_ggyf� }� dZjlbgb�� sh� \by\eyxlvky� ijb� ZgZe�a�� h^ghycp_\bo� [ebagxd�\�� 2og�

]_ghfg��^Zdlbeh\�^[bldb��^_glbqg���hkd�evdb�[ebagxdb�ihoh^ylv�a�h^g�}��ycp_de�lbgb�

GZ�kvh]h^g�rg�c� ^_gv� f_lh^� ]_ghfgh�� ^Zdlbehkdhi��� }� \Z`eb\bf� f_lh^hf� ihablb\gh�

�^_glbn�dZp���hkh[bklhkl���\bj�r_ggy�kijZ\�ijh�ki�jg_�[Zlvd�\kl\h��\bdjZ^_ggy�lZ�i�^f�gm

^�l_c��iheh]�\�lZ�Z[hjl�\�i�key�a]\Zelm\Zggy�lhsh�

>ZgZ� jh[hlZ� ijhihgm}� Z\lhjkvdm� fh^bn�dZp�x� f_lh^bdb� ^hke�^`_ggy� djh\�� f_lh^hf

]_ghfgh�� ^Zdlbehkdhi����sh� [meZ� Zijh[h\ZgZ� gZ� _dki_jlghfm�fZl_j�Ze��=heh\gh]h� [xjh

km^h\h�f_^bqgh�� _dki_jlbab� FHA� MdjZ�gb�� <�jha^�e�� ��gZ\_^_gh� ijb[ebagbc� i_j_e�d

g_h[o�^gh]h�h[eZ^gZggy�lZ�j_Zdlb\�\��sh�g_h[o�^g��^ey�\ijh\Z^`_ggy�^Zgh]h�f_lh^m�

2.�H;E:>G:GGY��J?:=?GLB��J?:DLB<B�

2.1. H[eZ^gZggy� 

Ijb� \bdhjbklZgg�� jZ^�hZdlb\ghf�q_gbo� ahg^�\� eZ[hjZlhj�y� ih\bggZ� fZlb� ijbf�s_ggy� �

h[eZ^gZggy�^ey��ahlhigh]h�[ehdm�deZkm III.

GZkl�evgZ� p_gljbnm]Z� lbim� ?i_g^hjn� a� ijbkdhj_ggyf� ����������J�� [Z`Zgh� a

hoheh^`_ggyf�� p_gljbnm]Z� lbim� D-24�Z[h� ZgZeh]�qgZ� a� fZdkbfZevgbf� ijbkdhj_ggyf

������� �����J� lZ� hoheh^`_ggyf�� l_jfhklZlb� a� l_fi_jZlmjhx� \�^� ��hK�^h

80hK��oheh^bevgbd� a� l_fi_jZlmjZfb� �hK�lZ� ���hK��\Zdmmfgbc� gZkhk�� \ZdmmfgZ� rZnZ� a

gZ]j�\Zq_f�^h� ��hK��[ehdb�`b\e_ggy�ihkl�cgh]h�kljmfm� �� ���00�<� 200�f:� ���Z\lhfZlbqg�

i�i_ldb� a�� af�ggbf� h[
}fhf� gZ� ������ �������lZ� ���������fde� a� gZdhg_qgbdZfb� ^h� gbo�

ijh[�jdb� ?i_g^hjn� gZ� ����fe�� mevljZn�he_lh\Z� kbkl_fZ� a� ^h\`bghx� o\be�� ����gf� lZ
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aZobkgbf�_djZghf��f_f[jZgb�g_cehgh\���nhlhZiZjZl��ie�\dZ��F�djZl����"��n�evljm\Zevgbc

iZi�j�� \ZlfZg� AFF�� \bf�jx\Zq� jZ^bZdlb\ghkl��� aZobkg�� _djZgb�� fZkdZ�� jmdZ\bp��

j_g]_g�\kvdZ� ie�\dZ� JF�<�Z[h� JF���� dZk_lb� j_g]_g�\kvd�� f_^bqg�� a� ihkbexxqbfb

_djZgZfb��dZf_jZ�^ey�]hjbahglZevgh]h� ��\_jlbdZevgh]h�nhj_am� a�ieZgr_lZfb�^ey� ]_e�\� �

]j_[�gdZfb�� kdeyg�� ]hfh]_g�aZlhjb�gZ� ���� �fe��ijbeZ^� ^ey� a\Zjx\Zggy� ihe�_lbe_gm� lbim

�Fheg�y��

2.2. J_Z]_glb�lZ�j_Zdlb\b. 

>ey�ijb]hlm\Zggy�jhaqbg�\�g_h[o�^gh�\bdhjbklh\m\Zlb�^bklbevh\Zgm�\h^m�lZ�j_Zdlb\b�a

qbklhlhx�g_�gb`q_��Q>:��

�����E�amxqbc�kZoZjhagbc�[mn_j�������fF�kZoZjhab�����7ULWRQ�;���� �fF�0J&O2, 10�fF

lj�k�+&O�S+����������]�kZoZjhab�jhaqbgblb�\�����fe \h^b��^h^Zlb���fe�7ULWRQ�;���������fe

�F�0J&O2 ������lZ���fe���F lj�k�+&O���������^h\_klb�h[
}f�jhaqbgm�^h�����fe��A[_j�]Zlb

ijb -20hK��Ijb�ml\hj_gg��hkZ^m�jhaqbg�g_�\bdhjbklh\m\Zlb�

����E�amxqbc�jhaqbg������fF�lj�k�GKO�����fF�1D&O���fF�('7$�S+�������>h 80�fe�\h^b

^h^Zxlv��fe�jhaqbgm������jG�����������fe�jhaqbgm�����lZ�����fde�jhaqbgm������>h\_klb

h[
}f�^h�����fe��A[_j�]Zlb�ijb��hK� 

���������6'6���^h^_pbe�kmevnZl�gZlj�x������]�6'6�jhaqbgblb�ijb�gZ]j�\Zgg��^h���hK�\

180�fe�\h^b���H[_j_`gh��:e_j]_g�����^h\_klb�h[
}f�^h�����fe�

�����Jhaqbg�ijhl_�gZab�D ( 20�f]�fe������f]�kmoh��ijhl_�gZab�D�jhaqbgblb�\���fe�\h^b��

jhanZkm\Zlb�ih���������fde�\�ijh[�jdb�?i_g^hjn��A[_j�]Zlb�jhaqbg�ijb����hK� 

�����GZkbq_gbc�jhaqbg�1D&O�

Jhaqbgyxlv�1D&O�^h�ih\gh]h�gZkbq_ggy�jhaqbgm��k�ev�g_�jhaqbgy}lvky�gZ\�lv�ijb

gZ]j�\Zgg����GZ 200�fe�gZkbq_gh]h�jhaqbgm�g_h[o�^gh����]�khe��

�����L?�[mn_j������fF�lj�k�+&O����fF�?>L:�jG��,6).

>h 80�fe�\h^b�^h^Zxlv���fe�jhaqbgm�����lZ�����fde�jhaqbgm������H[
}f�^h\h^ylv�^h

100�fe��A[_j�]Zxlv�ijb��hK� 

�������F�lj�k�+&O�������]�lj�kZ�jhaqbgblb�\����fe�\h^b���^h\_klb�jG�kheyghx�dbkehlhx�^h

g_h[o�^gbo�agZq_gv������lZ������>h\_klb�h[
}fb�^h�����fe��A[_j�]Zlb�ijb�l_fi_jZlmj���hK� 

���������F�?>L:�jG�����������]�khe��?>L:o�G2H�jhaqbgblb�\����fe�\h^b��>h\_klb�jG�^h

8,0�^h^Z\Zggyf�1D2+��H[
}f�jhaqbgm�^h\_klb�^h�����fe��A[_j�]Zlb�ijb��hK� 

������F�0J&O2. 20,3�]�0J&O�o6H2H��k�ev�^m`_�]�]jhkdhi�qgZ��\bdhjbklh\m\Zlb�g_\_ebd�

nZkh\db���jhaqbgblb�\����fe�\h^b��>h\_klb�h[
}f�^h�����fe��A[_j�]Zlb�ijb��hK� 

��������oL;?�[mn_j������]�lj�kZ�jhaqbgblb�\�����fe�\h^b��^h^Zlb����]�[hjgh��dbkehlb�lZ

���]�?>L:��>h\_klb�h[
}f�^h���e���a[_j�]Zlb�ijb�d�fgZlg�c�l_fi_jZlmj��
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�������oL;?

100�fe�jhaqbgm������af�rZlb�a�����fe�\h^b�

�����������Z]Zjhagbc�]_ev�

Kmf�r�]hlmxlv�i_j_^�ijb]hlm\Zggyf�]_ex������]�Z]Zjhab�jha\_klb�\�����fe�jhaqbgm�������

^h\_klb�^h�dbi�ggy�gZ�\h^yg�c�[Zg��Z[h�\�dhjhldho\bevh\�c�i_q���Dbi
ylblb�^h�ih\gh]h

ieZ\e_ggy�Z]Zjhab��Hoheh^blb�^h���hK� 

������6o [mn_j�^ey�gZg_k_ggy�gZ�]_ev�

Ih 25�f]�[jhfn_gheh\h]h�kbgvh]h�lZ�dkbe_gpbZghem�jhaqbgyxlv�m�����]e�p_jbg��^h

h[
}fm����fe��A[_j�]Zxlv�ijb��hK� 

������Dhgp_gljh\Zgbc�jhaqbg�[jhfbklh]h�_lb^�x�����f]�fe�������f]�[jhf�klh]h�_lb^�x��

H[_j_`gh��dZgp_jh]_g���jhaqbgyxlv�\����fe�\h^b��A[_j�]Zlb�ijb��hK� 

������Jhaqbg�^ey�aZ[Zj\e_ggy�]_e�\������fde�jhaqbgm�����^h^Zlb�^h�����fe�\h^b�

A[_j�]Zlb�ijb��hK��Fh`gZ�\bdhjbklh\m\Zlb�g_h^ghjZah\h�

�������F�Zp_lZl�Zfhg�x�������]�khe��jhaqbgyxlv�\����fe�\h^b��H[
}f�^h\_klb�^h�����fe��

a[_j�]Zlb�ijb��hK� 

������������+&O������fe�dhgp_gljh\Zgh��kheygh��dbkehlb��U ������jhaqbgblb�\�����fe�\h^b�

������>_gZlmjmxqbc�jhaqbg�������F NaOH, 1,5M NaCl). 10�]�1D2+�jhaqbgblb�\�����fe

\h^b��^h^Zlb������]�1D&O��>h\_klb�h[
}f�^h�����fe�

������G_cljZe�amxqbc�jhaqbg�����]�1D+2PO4 o��+22�jhaqbgblb�\�����fe�\h^b�lZ�^h^Zlb

32�]�1D2HPO4 o�+22��H[
}f�jhaqbgm�^h\_klb�^h 1�e�

��������o66&�������]�1D&O�lZ����]�pbljZlm�gZlj�x�jhaqbgblb�\�����fe�\h^b��>h\_klb�jG�^h

7,0�^h^Z\Zggyf�d�evdho�djZi_ev�1D2+��H[
}f�jhaqbgm�^h\_klb�^h

1�e�ljZ�

��������F�Zp_lZl�gZlj�x�jG�����������]�khe��Zp_lZlm�gZlj�x�©oq�jhaqbgblb�m����fe�\h^b�

>h\_klb�jG�^h�����hplh\hx�dbkehlhx��H[
}f�jhaqbgm�^h\_klb�^h�����fe���ijhn�evljm\Zlb�

������<h^hgZkbq_gbc�n_ghe�

I_j_]gZgbc�ijb����hK�n_ghe�hoheh^`mxlv�^h���hK��^h^Zxlv���]�^jhdkbobghe�g�^h

d�gp_\h��dhgp_gljZp�����������jhanZkm\Z\rb�gZ�g_\_ebd��ihjp����a[_j�]Zxlv�ijb����hK��>ey

ijb]hlm\Zggy�jhaqbgm�n_ghem�^h�Ze�d\hlb�^h^Zlb�j�\gbc�h[
}f�����F�lj�k�G&O����fe

jhaqbgm�����af�rZlb�a���fe�\h^b���A[_j�]Zlb�d�evdZ�^g�\�ijb��hK�^h�af�gb�aZ[Zj\e_ggy�a

`h\lh]h�gZ�dhjbqg_\_�

�������Oehjhnhjf��

Af�rZlb�oehjhnhjf�a��ahZf�eh\bf�kibjlhf�m�ki�\\�^ghr_gg��������A[_j�]Zlb�i�^�rZjhf

\h^b�ijb�d�fgZlg�c�l_fi_jZlmj��
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������Jhaqbg�^ey�\�^fb\db�n�evlj�\���o66&�������6'6��

M 600�fe�\h^b�^h^Zxlv�����fe�jhaqbgm������lZ����fe�jhaqbgm�������^h\h^ylv�h[
}f�^h��e�

����������ZdjbeZf�^�����]�ZdjbeZf�^m���H[_j_`gh��Lhdkbqgh��IjhgbdZ}�q_j_a�rd�jm���lZ

1�]�1�1
�f_lbe_g[�kZdjbeZf�^m�jhaqbgyxlv�m�\h^��^h�h[
}fm�����fe�

����������i_jkmevnZl�Zffhg�x�����f]�i_jkmevnZlm�jhaqbgyxlv�\�����fde�\h^b�

������>_gZlmjmxqbc�[mn_j�^ey�gZg_k_ggy�gZ�]_ev�

< 10�fe�^_�hg�ah\Zgh]h�����nhjfZf�^m�jhaqbgyxlv�ih����f]�dkbe_gpbZghem�lZ

[jhfn_gheh\h]h�kbgvh]h��A[_j�]Zxlv�ijb����hK� 

������;mn_j�^ey�_exp��������fe�jhaqbgm������lZ�����fde�jhaqbgm�����jha\h^ylv�\h^hx

^h 50 

fe�

������Jhaqbg�^ey�]�[jb^baZp���

< 50�fe�\h^b�jhaqbgyxlv������]�1D2HPO4o+22��^h^Zxlv���fe�+3PO4 �d����]�6'6�����fde

jhaqbgm���������]�;K:���^h\h^ylv�h[
}f�^h�����fe�

3.�<B<Q?GGY�AJ:AD1<�DJH<1�F?LH>HF�=?GHFGH2�>:DLBEHKDHI12�

3.1.�L_og�dZ�h^_j`Zggy�]_ghfgbo�^Zdlbeh\�^[bld�\� 

������<b^�e_ggy�>GD�a�djh\�� 

>ZgZ� f_lh^bdZ� ^ha\hey}� hljbfZlb� hqbs_gm� >GD� a� gZlb\gh�� djh\�� [_a� aZklhkm\Zggy

rd�^eb\bo�hj]Zg�qgbo�kihemd���n_ghem�lZ�oehjhnhjfm���sh�\bdhjbklh\mxlvky�\�[�evrhkl�

f_lh^bd�� >ey� \b^�e_ggy� >GD� aZ� ^Zgbf� f_lh^hf� g_h[o�^gh� \bdhjbklh\m\Zlb� djh\�� sh

a[_j�]ZeZkv� g_� [�evr_� h^g�}�� ^h[b� ijb� ��hK��^b\�� f_lh^bdm��� Ijb� g_^hklZlg�c� hqbklp�

ajZad�\� �gh^��\k_�`�g_h[o�^gh�\bdhjbklh\m\Zlb� klZg^Zjlgbc�n_ghe�oehjhnhjfgbc�f_lh^

^ey�^h^Zldh\h]h�hqbs_ggy�>GD�

>ey�^hke�^`_ggy�[_jmlv���fe�djh\��m�]_iZjbg�ah\Zgm�ijh[�jdm�qb�^h^Zxlv�^h�djh\��jhaqbg

���m� ki�\\�^ghr_gg�� ������ ydsh� aZ� ydbohkv� ijbqbg� g_�fh`eb\_� \b^�e_ggy� djh\�� h^jZam

i�key� \�^[hjm�� ^himkdZ}lvky� a[_j�]Zggy� ijb� ��hK�ijhly]hf� h^g�}�� ^h[b��� Djh\

hoheh^`mxlv�gZ�evh^m���^h^Zxlv�j�\gbc�h[
}f�^bklbevh\Zgh��\h^b������4hK���=_fhe�amxlv

_jbljhpblb� gZ� evh^m� ��o\bebg��P_gljbnm]mxlv� de�lbgb� ijb� �����J� �� d�evd�klv� h[_jl�\

\bagZqZxlv� aZ� ^hdmf_glZp�}x� gZ� dhgdj_lgm� p_gljbnm]m� Z[h� jhajZoh\mxlv�� ���o\� ijb

4hK��Kmi_jgZlZgl� aeb\Zxlv�� Z� ^h� hkZ^�\� ^h^Zxlv� ���fe� hoheh^`_gh]h� gZ� evh^m

kZoZjhagh]h�[mn_jm��jhaqbg������ ��klZjZggh�]hfh]_g�amxlv�\�kdeyghfm�]hfh]_g�aZlhj����

3�o\��Kmki_ga�x��sh�f�klblv�y^jZ�lZ�aZebrdb�de�lbg��p_gljbnm]mxlv�ijb����� g 20�o\�ijb

4hK��>h�hkZ^m� ^h^Zxlv� ��fe� jhaqbgm� ���lZ� ih\lhjxxlv� ijhp_^mjb� ]hfh]_g�aZp��� lZ
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p_gljbnm]m\Zggy��>h�hkZ^m�^h^Zxlv���fe�e�amxqh]h�jhaqbgm�����lZ�����fde�����jhaqbgm

6'6��1����H[_j_`gh�af�rmxlv���ihf�lgh�i�^\bs_ggy�\
yadhkl��jhaqbgm��lZ�^h^Zxlv����fde

ijhl_�gZab� D��1� ��� ^h� d�gp_\h�� dhgp_gljZp��� ���fd]�fe�� 1gdm[mxlv� kmf�r� \� l_jfhklZl�

18�]h^� ijb� ��hK��aZ� fh`eb\hkl�� ijb� f
ydhfm� ih]hc^m\Zgg���� >h^Zxlv� ��fe� gZkbq_gh]h

1D&O� �� ���� j_l_evgh�� Ze_� h[_j_`gh� af�rmxlv� lZ� p_gljbnm]mxlv� ijb� ����J� ���o\� aZ

d�fgZlgh��l_fi_jZlmjb��H[_j_`gh�\�^[bjZxlv�kmi_jgZlZgl��sh�f�klblv�>GD���\Z`eb\h�g_

aZq_iblb�hkZ^��sh�f�klblv�[�edb�����^h^Zxlv�����h[
}fb���h _lbeh\h]h�kibjlm�lZ�gZfhlmxlv

>GD� gZ� kdeygm� iZebqdm� Z[h� p_gljbnm]mxlv� ijb� �����J� ���o\� a� hoheh^`_ggyf� �ydsh

fh`eb\h ��ijb� ���hK���>GD��sh�gZfhlZgZ�gZ�iZebqdm�qb�hkZ^`_gZ�\�ijh[�jp���h[_j_`gh�

Ze_� r\b^dh� ijhfb\Zxlv� ��h _lZghehf� lZ� i�^kmrmxlv� gZ� ih\�lj��� HljbfZgm� >GD

jhaqbgyxlv�\���������fde�L?����������a[_j�]Zxlv�ijb��hK� 

3.1.2.�<bagZq_ggy�dhgp_gljZp���>GD�

Dhgp_gljZp�x� >GD� a\bqZcgh� \bagZqZxlv� ki_dljhnhlhf_ljbqgh� �� mlhqgxxlv� aZ

^hihfh]hx� _e_dljhnhj_am� \� Z]Zjhaghfm� ]_e��� h^gZd� _lZi� ki_dljhnhlhf_lj��� g_� }

h[h\
yadh\bf�� >ey� ZgZe�am� jhaqbg�\� h[
}fhf� ����fde� dhjbklmxlvky� ki_p�Zevgbfb� ��ff

dx\_lZfb�^ey�ki_dljhnhlhf_lj����G_h[o�^gh�\klZgh\blb�ki�\\�^ghr_ggy�ih]ebgZggy�ijb

260�lZ�����gf��:260�:280����Dhgp_gljZp�y�jhajZoh\m}lvky�aZ�nhjfmehx�F ���o:260 >fd]�fe@

ijb� lh\sbg�� rZjm� O ��ff�� AZ�ki�\\�^ghr_ggyf� :260�:280 dhgljhexxlv� klmi�gv

aZ[jm^g_ggy� ajZad�\� [�edhf��>ey� hqbs_gbo� ij_iZjZl�\� p_c� ihdZagbd� kdeZ^Z}� ������ 2,00.

Ydsh� ki�\\�^ghr_ggy� f_gr_� ������ j_dhf_g^m}lvky� ijh\_klb� ^hhqbkldm� ajZadZ�� Ajmqgh

\bdhjbklh\m\Zlb� ki_dljhnhlhf_lj� a� Z\lhfZlbqgbf� \bagZq_ggyf� dhgp_gljZp��� ajZad�\�

H^_j`ZgZ� dhgp_gljZp�y� i�^ey]Z}� h[h\
yadh\hfm� mlhqg_ggx� f_lh^hf� _e_dljhnhj_am� \

Z]Zjhaghfm� ]_e���Yd�klZg^Zjl� a\bqZcgh� \bdhjbklh\mxlv�>GD�nZ]m� O� \� d�evdhkl�� ����� ����

0,6; 0,8; 1,0�fd]�>GD�gZ�emgdm�

>ey� ijh\_^_ggy� nhj_am� dZf_jm� aZih\gxxlv� �oL;?� [mn_jhf� �� �� ����� >_lZevgm

�gnhjfZp�x�ijh�[m^h\m�dZf_jb�lZ�mfh\b�ijh\_^_ggy�_e_dljhnhj_am�fh`gZ�agZclb�\� >�@�

Ijb� \bdhjbklZgg�� n�jfh\bo� gZ[hj�\� g_h[o�^gh� hagZchfblbkv� a� �gkljmdp�}x� ih

_dkiemZlZp���� ;_aihk_j_^gvh� i_j_^� ijh\_^_ggyf� _e_dljhnhj_am� ]hlmxlv� ����� Z]Zjhagbc

]_ev����������>ey�pvh]h�i�key�hoheh^`_ggy�jhaqbgm�^h���hK�]_ev�aZeb\Zxlv�m�ieZgr_l�^ey

]_e�\� �� fh`gZ� \bdhjbklh\m\Zlb� ihe�Zdjbeh\�� djbrdb� a� \bdhjbklZgbo� �fmgheh]�qgbo

ieZgr_l�\�h^ghjZah\h]h�\bdhjbklZggy���ihi_j_^gvh�\klZgh\b\rb�]j_[�gdm�iZjZe_evgh�^h

djZx�ieZgr_lZ��<�^klZgv�f�`�ih\_jog_x�ieZgr_lZ���]j_[�gdhx�ih\bggZ�[mlb������0,5�ff�

I�key�ih\gh��ihe�f_jbaZp���]_ey����� - 40�o\��h[_j_`gh�\bcfZxlv�]j_[�gdm

���ieZgr_l�\f�smxlv�\�dZf_jm�^ey�nhj_am��;mn_j�ih\bg_g�ihdjb\Zlb�]_ev�gZ��- 5ff��>ey
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gZg_k_ggy�ajZad�\�gZ�]_ev�\bdhjbklh\mxlv��o[mn_j������������gZ��fde�ijh[b���fde�[mn_jm�

?e_djhnhj_a� ijh\h^ylv� ijb� gZijma�� �����< 1-2�]h^�� >GD� ijhkm\Z}lvky� \�^� g_]Zlb\gh

aZjy^`_gh]h�_e_dljh^Z��-" ^h�ihablb\gh�aZjy^`_gh]h������Ijh[�]�>GD�\�^�klZjlm�ih\bg_g

[mlb� g_� f_gr� g�`� ��kf� �� dhgljhexxlv� ih� i_j_f�s_ggx� [Zj\gbd�\� a� [mn_jm� ^ey

gZg_k_ggy���>ey�\�amZe�aZp���>GD�]_ev�ijhnZj[h\mxlv�\�jhaqbg��[jhfbklh]h�_lb^�x� ���

������H[_j_`gh��DZgp_jh]_g���������o\���jha]ey^Zxlv�ijb�MN�hijhf�g_gg���a�h[h\
yadh\bf

\bdhjbklZggyf�aZobkgbo�aZkh[�\�hq_c�lZ�rd�jb�����Dhgp_gljZp�x�\bagZqZxlv��ihj�\gxxqb

^hke�^gbc�ajZahd��a�klZg^Zjlhf�

3.1.3.�J_kljbdp�y�>GD� 

>ey�j_kljbdp���\�^[bjZxlv����fd]�>GD�m�ijh[�jdm�lbim�"?i_g^hjn���^h^Zxlv��F�jhaqbg

1D$F� �1� ���� ^h� d�gp_\h�� dhgp_gljZp��� �����F (1/20�h[
}fm� \�^�[jZgh]h� jhaqbgm�>GD�� lZ

2,5�h[
}fb�_lZghem��<bljbfmxlv� ��]h^�ijb� ���hK���p_gljbnm]mxlv�ijb� ����� g 20�o\�ijb

4hK�gZ� p_gljbnma�� lbim� ?i_g^hjn�� HkZ^� >GD� r\b^dh� ijhfb\Zxlv� ��h _lZghehf

i�^kmrmxlv� gZ� ih\�lj�� lZ� jhaqbgyxlv� \� ���fde� [�^bklbevh\Zgh�� \h^b�� >h^Zxlv� ��fde

��o[mn_jm�^ey�n_jf_glm�%VX5,� ��kdeZ^�[mn_jZ�\bagZqZ}lvky�\bjh[gbdhf��������h^bgbpv

n_jf_glm� %VX5,� lZ� \h^m� ^h� ���fde�� J_l_evgh� af�rmxlv� lZ� �gdm[mxlv� ��]h^bgb� ijb

37hK��>ey� i_j_\�jdb� ih\ghlb� j_kljbdp��� gZ� Z]Zjhagbc� ]_ev� gZghkylv� ih� ��fde� ajZad�\�

af�rZ\rb�a� ��fde�[mn_jm��� ���lZ� ���fde�\h^b��Yd�fZjd_j�\bdhjbklh\mxlv�>GD�nZ]m���

jhas_ie_gm� n_jf_glhf� +LQG,,,�� Ijb� g_ih\g�c� j_kljbdp��� ^h^Zxlv� ���h^� n_jf_glm� �

ih^h\`mxlv� �gdm[Zp�x� gZ� ����]h^�� G_ih\gZ� j_kljbdp�y� fh`_� [mlb� h[mfh\e_gZ

g_^hklZlgvhx� hqbkldhx� >GD� �� �gh^�� g_h[o�^gZ� n_ghe�oehjhnhjfgZ� hqbkldZ� ajZad�\

�^b\��>hhqbs_ggy�ajZad�\�����gbavdhx�yd�klx�n_jf_glm�qb�[mn_jm�^h�gvh]h��aZ[jm^g_ggyf

ihkm^m� lhsh�� I�key� i_j_\�jdb� ih\ghlb� j_kljbdp��� ^h� ajZad�\� ^h^Zxlv� �����h[
}fm� �0

NH4$F�����������^h�dhgp_gljZp����F��lZ���h[
}fb�_lZghem��<bljbfmxlv�����]h^�ijb   

-20hK�lZ�p_gljbnm]mxlv�ijb� �����J� ���o\�ijb� �hK��HkZ^�r\b^dh�ijhfb\Zxlv� oheh^gbf

70h _lZghehf�� i�^kmrmxlv� gZ� ih\�lj�� lZ� jhaqbgyxlv� m� ���fde� \h^b�� AjZadb� gZghkylv� gZ

ij_iZjZlb\gbc�Z]Zjhagbc�]_ev�Z[h�a[_j�]Zxlv�ijb����hK� 

3.1.4.�>hhqbs_ggy�ajZad�\�

>h�>GD�� jhaqbg_gh�� \� L?�� ^h^Zxlv� h^bg� h[
}f� jhaqbgm� n_ghem�� 22  ��j_l_evgh�� Ze_

h[_j_`gh� _fmev]mxlv�� P_gljbnm]mxlv� ���o\� ����J� ijb� d�fgZlg�c� l_fi_jZlmj��

<�^[bjZxlv� \_jogx� nZam� \� �grm� ijh[�jdm� �� ^h^Zxlv� j�\gbc� h[
}f� �oehjhnhjfm��� ���

_fmev]mxlv� �� p_gljbnm]mxlv� ��o\� ijb� ����J�� <�^[bjZxlv� \_jogx� nZam� �� h[jh[dm
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©oehjhnhjfhf�ih\lhjxxlv� ��jZab�� >h�hqbs_gh]h� jhaqbgm� >GD� ^h^Zxlv� 1/20 h[
}fm

jhaqbgm������lZ� ����h[
}fb�_lZghem��GZfhlmxlv�>GD�gZ�kdeygm�iZebqdm� ��jhaqbgyxlv�m

200-500�fde�L?��Hqbs_gbc�ij_iZjZl�a[_j�]Zxlv�ijb��hK� 

3.1.5.�Ij_iZjZlb\gbc�_e_dljhnhj_a� 

=hlmxlv� �����Z]Zjhagbc�]_ev� ���� ���� �� aZeb\Zxlv�\_ebdbc�ieZgr_l�^h\`bghx� �����kf�

Lh\sbgZ�]_ex�fZ}�[mlb�����ff��<ghkylv�\�emgdb���lZ����fd]�jhas_ie_gh��>GD�dh`gh]h��a

ajZad�\��sh�\b\qZxlvky�� ����lZ� ���fde�jhaqbgm�j_kljbdl�\���jhas_ie_gm�>GD�\biZ^dh\h�

ex^bgb� yd� g_]Zlb\gbc� dhgljhev� lZ� fZjd_j� fhe_dmeyjgh�� \Z]b�� gZijbdeZ^� ��+LQG,,,�

?e_dljhnhj_a�ijh\h^ylv����]h^�ijb���- �<��=_ev�ijhnZj[h\mxlv�[jhfbklbf�_lb^�}f������

lZ�nhlh]jZnmxlv�gZ�ie�\dm��F�djZl������ijb�hjZg`_\hfm�k\�lehn�evlj��

3.1.6.�I_j_g_k_ggy�gZ�n�evlj�

Fh`eb\�� d�evdZ� \Zj�Zgl�\� i_j_g_k_ggy� >GD� gZ� n�evlj�� P_��[ehll�g]�� aZ� KZma_jghf�

_e_dljh[ehll�g]�� \Zdmmfg_� i_j_g_k_ggy� lZ� �g�� >ey� ^\ho� hklZgg�o� kihkh[�\� g_h[o�^g�

ki_p�Zevg�� ijbeZ^b��F_lh^bdb� i_j_g_k_ggy� >GD� a� �o� \bdhjbklZggyf� fh`gZ� a\bqZcgh

agZclb�\�^hdmf_glZp���^h�ijbeZ^�\�

I_j_g_k_ggy�aZ�KZma_jghf�

>ey� n�dkZp��� jha^�e_gbo� \� Z]Zjha�� >GD�njZ]f_gl�\� \bdhjbklh\mxlv� g�ljhp_exehag�� lZ

g_cehgh\�� �� dZijhgh\��� f_f[jZgb� a� ^�Zf_ljhf� ihj� ��� - 0,45�fdf�� G_cehgh\�� f_f[jZgb

ajmqg�r��m�\bdhjbklZgg����^ha\heyxlv�hljbfm\Zlb�yd�kg��dZjlbgb�

I�key�nhlh]jZnm\Zggy� ]_ev�h[jh[eyxlv�\� ���F�jhaqbg��+&O� ���� ���� ���o\��Ijhfb\Zxlv

]_ev� \h^hx� lZ� aZgmjxxlv� \� ^_gZlmjmxqbc� jhaqbg� �� �� ���� gZ� ���o\� ijb� f
ydhfm

ih]hc^m\Zgg���Ijhfb\rb�\h^hx��]_ev�h[jh[eyxlv�g_cljZe�amxqbf�jhaqbghf� �������^\Z

jZab�ih����o\��Ih�jhaf�jm�]_ey�\bj�aZxlv�g_cehgh\bc�n�evlj� ���<k��ijhp_^mjb�g_h[o�^gh

\bdhgm\Zlb�\�]mfh\bo�jmdZ\bqdZo�Z[h�`�ijh\h^blb�fZg�imeyp����hkh[eb\h�a�n�evljhf��aZ

^hihfh]hx� i�gp_l�\��� lZ� klhk� n�evljm\Zevgh]h� iZi_jm� lh\sbghx� ���� kf� �fh`gZ

\bdhjbklh\m\Zlb� [m^v�ydbc� ]�]jhkdhi�qgbc� iZi�j� qb� �gr�� fZl_j�Zeb�� dj�f� ihqZldh\h]h

rZjm� ��kf��� =hlmxlv� ��� -1000�fe� ��o66&� ���� �����GZ�kljh]h� ]hjbahglZevg�c� ih\_jog�

klZ\eylv� dx\_lm�� \k_j_^bg�� ydh�� jhaf�s_gh� klhebd� a� ]eZ^dhx� \_jogvhx� ih\_jog_x�� �

a[bjZxlv� ijbeZ^� ^ey� i_j_g_k_ggy� >GD� aZ� jbk���� Jhaqbg� ��o66&� g_� ih\bg_g� ky]Zlb

\_jogvh�� ih\_jog�� klhebdZ�� <Z`eb\h� \b^Zeblb� \k�� imobjp�� ih\�ljy� f�`� klhebdhf� �

\ZlfZghf� �FF�� \ZlfZghf� �� ]_e_f�� �� hkh[eb\h� f�`� ]_e_f� lZ� f_f[jZghx�� A\_jom

ijbdeZ^Zxlv� \ZglZ`� ��� -1�d]�� I_j_g_k_ggy� ljb\Z}� ������ ]h^�� I�key� pvh]h� i�^kmrmxlv
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n�evlj�gZ�ih\�lj��lZ�n�dkmxlv�>GD�gZ�f_f[jZg��ijh]j�\Zggyf�ijb���hK�ijhly]hf

2�]h^��[Z`Zgh�m�\Zdmmf��

3.1.7.�=�[jb^baZp�y�lZ�jZ^�hZ\lh]jZn�y�

Jhaqbgb�^ey�ij_]�[jb^baZp���lZ�]�[jb^baZp���i�^[bjZxlv�\�aZe_`ghkl��\�^�lbim�ahg^m��sh

\bdhjbklh\mxlv�^ey�\by\e_ggy�=>=�

=�[jb^baZp�y�a�ahg^hf�gZ�hkgh\��nZ]m�F���

Ahg^� h^_j`mxlv�reyohf� ^h[m^h\b� gZ� h^gheZgpx]h\�c� fZljbp��nZ]m�F���a� ih^Zevrhx

hqbkldhx� kbgl_ah\Zgh]h� ahg^m� \� ihe�ZdjbeZf�^ghfm� ]_e��� Yd�aZljZ\dm� \bdhjbklh\mxlv

ki_p�Zevgh�kbgl_ah\Zgbc����f_jgbc�he�]hgmde_hlb^gbc�ijZcf_j�

Mk��jh[hlb�a�jZ^�hZdlb\gbfb� �ahlhiZfb�ijh\h^ylvky�a]�^gh�a�<bfh]Zfb�ghjf�jZ^�Zp�cgh�

[_ai_db�GJ;-76/87�lZ�Hkgh\gbfb�kZg�lZjgbfb�ijZ\beZfb�HKI-72/87.

M�ijh[�jdm� a� \bkmr_gbf� >D�332
@�PLN� �����fdD��� ^h^Zxlv� ��fd]� h^gheZgpx]h\h�� nhjfb

nZ]m�F���� ��g]� ijZcf_jm�� ��fde� [mn_jm� ^ey� n_jf_glm� ©njZ]f_gl�De_gh\Z��� lZ� \h^m� ^h

10�fde��<bljbfmxlv� ���o\� ijb� ��hK��� ^h^Zxlv� ih� ��fde� ����fF� jhaqbg�\� ^:LN�� ^LLN�

^=LN�lZ�����h^��njZ]f_glm�De_gh\Z���>h\h^ylv�h[
}f�kmf�r��^h����fde����gdm[mxlv��o\�ijb

37hK��J_Zdp�x�amibgyxlv��^h^Z\rb���fde�jhaqbgm����

Hqbs_ggy� ahg^m� ijh\h^ylv� \� ��� ^_gZlmjmxqhfm� ihe�ZdjbeZf�^ghfm� ]_e�� �� ^_lZevg�r_

^b\�� >�@���>ey�ijb]hlm\Zggy�]_ex�[_jmlv� ����]�k_qh\bgb��^h^Zxlv� �����fe�jhaqbgm��� ���

0,5�fe��� ���� ��fe�����lZ�^h^Zxlv�\h^m�^h� ���fe��I�key�ijb]hlm\Zggy� kdeZ�^ey� aZeb\db

]_e�\� ^h� kmf�r�� ^h^Zxlv� ���fde�L?F?>�� i_j_f�rmxlv� ��r\b^dh� aZeb\Zxlv� ]_ev��I�key

ihe�f_jbaZp��� kdeh� a� ]_e_f� \f�smxlv� \� ZiZjZl� ^ey� \_jlbdZevgh]h� nhj_am� �� ijh\h^ylv

ij_nhj_a� ijb� ����< 30�o\�� Kmf�r� a� g_hqbs_gbf� ahg^hf� af�rmxlv� a� j�\gbf� h[
}fhf

jhaqbgm��� ����ijh]j�\Zxlv� ��o\�ijb� ��hK��� \ghkylv�\�emgdm� ]_ex��Nhj_a�ijh\h^ylv�ijb

20�<�kf� ��]h^��=_ev� _dkihgmxlv�\� l_fghl�� a�ie�\dhx�JF�<�d�evdZ�o\bebg�^ey� \by\e_ggy

ehdZe�aZp���ahg^m� ��njZ]f_glb���� -700 �i�g����<bj�aZxlv�kfm]m�]_ex��sh�f�klblv�ahg^��g_

aZq_ib\rb�>GD�nZ]m�F����sh�ebrbeZkv�gZ�klZjl���ih^j�[gxxlv�lZ�^h^Zxlv�j�\gbc�h[
}f

jhaqbgm�^ey�_exp���������1gdm[mxlv����]h^�ijb 37hK��P_gljbnm]mxlv�ijb������J����o\� �

\�^[bjZxlv� kmi_jgZlZgl��g_� aZq�iZxqb�hkZ^� ]_ex��>h^Zxlv�^h� aZebrd�\� ]_ex� ����h[
}fm

jhaqbgm�������af�rmxlv���ih\lhjgh�p_gljbnm]mxlv��<�^[bjZxlv�kmi_jgZlZgl��h[
}^gmxlv

a�i_jrhx�njZdp�}x��^h^Zxlv�����h[
}fb�_lZghem�lZ�\bljbfmxlv���]h^�ijb��20hK�

�P_gljbnm]mxlv� ijb� �����J� ���o\� ijb� �hK��Aeb\Zxlv� kmi_jgZlZgl� �� jhaqbgyxlv� hkZ^� \

100�fde�\h^b�

N�evlj�a�i_j_g_k_ghx�gZ�gvh]h�>GD�afhqmxlv�\�jhaqbg���������]_jf_lbqgh�aZiZxxlv�\
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ihe�_lbe_gh\bc�iZd_l��Aj�aZ\rb�dml�\�iZd_l���^h^Zxlv�jhaqbg������a�jhajZomgdm����fe�gZ

400�kf2 n�evljm��]_jf_lbqgh�aZ\Zjxxlv�lZ��gdm[mxlv����]h^�ijb���hK��>h^Zxlv�hqbs_gbc

ahg^�lZ��gdm[mxlv����]h^�ijb���hK� 

N�evlj�^�klZxlv� a�iZd_lm� lZ�\�^fb\Zxlv�\�^�gZ^ebrdm� ahg^m�\�jhaqbg�� ���� ���� ��jZab�\

h[
}f�� ����fe� ijb� d�fgZlg�c� l_fi_jZlmj��� N�evlj� i�^kmrmxlv� gZ� ih\�lj�� aZ� aZobkgbf

_djZghf���aZ]hjlZxlv�\�ie�\dm�lbim�6DUDQ��<�l_fghl��aZdeZ^Zxlv�n�evlj�ihf�`�^\ho�ebkl�\

j_gl]_g�\kvdh�� ie�\db� JF�<�m� f_^bqgm� j_gl]_g�\kvdm� dZk_lm� a� ihkbexxqbfb� _djZgZfb�

?dkihgmxlv�ie�\dm�\�aZe_`ghkl��\�^�Zdlb\ghkl��ahg^m������^�[��Ijhy\eyxlv�h^gm�ie�\dm���\

jZa�� g_h[o�^ghkl�� ih^h\`mxlv� _dkihabp�x� a� ^jm]hx� ie�\dhx�� <�j_amevlZl�� hljbfmxlv

jZ^�hZ\lh]jZn ��]_ghfgbc�^Zdlbeh\�^[blhd�

3.2.�:gZe�a�]_ghfgbo�^Zdlbeh\�^[bld�\�

3.2.1.�<klZgh\e_ggy�[Zlvd�\kl\Z� 

>ey�\bj�r_ggy�iblZggy�ijh� ki�jg_�[Zlvd�\kl\h�g_h[o�^gh�ijh\_klb�ihj�\gyevgbc� ZgZe�a

ajZad�\�djh\��hk�[��sh�ijhoh^ylv�ih�kijZ\���AjZadb�j_kljbp�ch\Zgh��>GD�^blbgb�gZghkylv

gZ� ]_ev� f�`� ajZadZfb� fZl_j�� lZ� \�^ih\�^ZqZ� ^ey� ihe_]r_ggy� ZgZe�am�� H[h\
yadh\bc

g_]Zlb\gbc�dhgljhev ��>GD�\biZ^dh\h��ex^bgb��jhas_ie_gh��ijb�lbo�`_�mfh\Zo��sh

��^hke�^g��ajZadb�

Hkd�evdb�fZjd_jg��kfm]b�gZke�^mxlvky�aZ�dh^hf�gZglgbf�ijbgpbihf��mk��fZjd_jg��kfm]b

^blbgb�ih\bgg��gZke�^m\Zlbkv�Z[h�\�^�fZl_j��Z[h�\�^�[ZlvdZ�ijb[ebagh�\�ijhihjp�� 1:1.

;Zlvd�\kl\h� \bdexqZxlv�� ydsh� m�^blbgb� \by\e_g��^\�� qb�[�evr_�fZjd_jg�� kfm]b��sh�g_

ijhke�^`mxlvky� Z�g�� m�fZl_j�� �� Z�g�� m� \�^ih\�^ZqZ��H^gZ� lZdZ� kfm]Z�fh`_�[mlb�ijhy\hf

fmlZp�cgbo�af�g�m�=>=�

Ihablb\g_� \klZgh\e_ggy� [Zlvd�\kl\Z� dhgklZlmxlv�� Ydsh� m� ^blbgb� g_� \by\e_gh� aZc\bo

kfm]��lh[lh�\k��fZjd_jg��kfm]b�^blbgb�ihoh^ylv�\�^�fZl_j��Z[h�\�^ih\�^ZqZ�ijb[ebagh�\

ijhihjp��� ����� 1fh\�jg�klv� \biZ^dh\h]h� a[�]m� ]_ghfgbo� ijhn�e�\� i�^jZoh\mxlv� aZ

nhjfmehx� J\bi � �
do������ ^_� �� �� qZklhlZ� ki�\iZ^Zggy� ^\ho� fZjd_jgbo� kfm]� m� ^Zg�c

ihimeyp����Z�G��d�evd�klv�fZjd_jgbo�kfm]�m�^blbgb��sh�fZxlv�[Zlvd�\kvd_�ihoh^`_ggy���g_

\by\eyxlvky� m� fZl_j��� <_ebqbgZ� X� aZe_`blv� \�^� ahg^m�� n_jf_glm� lZ� ihimeyp���� sh

\b\qZ}lvky��A\bqZcgh�\bdhjbklh\mxlv�iZjb�ahg^�n_jf_gl��aZ�ydbo�^ZgZ�\_ebqbgZ�e_`blv�\

f_`Zo������0�����Lh^��ijb�gZy\ghkl����kfm]��sh�ki�\iZ^Zxlv�m�\�^ih\�^ZqZ�lZ�^blbgb� ��g_

\by\eyxlvky� m� fZl_j��� �� � � �����fh\�jg�klv� \biZ^dh\h]h� a[�]m� kdeZ^Z}� ������� >ey

i�^\bs_ggy�^hklh\�jghkl��\bdhjbklh\mxlv�^\Z�Z[h�d�evdZ�ahg^�\��sh�\by\eyxlv�j�ag��=>=�

P_�fh`eb\h�ijb�ihq_j]h\�c�]�[jb^baZp���h^gh]h�n�evljZ�a�d�evdhfZ�ahg^Zfb��:gZeh]�qgh
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ijh\h^ylv�ZgZe�a�ajZad�\�ijb�jha]ey^��kijZ\�ijh�\bdjZ^_ggy��i�^f�gm�^�l_c��\klZgh\e_ggy

jh^bggbo�a\
yad�\��Z[hjl�\�i�key�a]\Zelm\Zgv�lhsh�

3.2.2.�1^_glbn�dZp�y�hkh[bklhkl�� 

Hkgh\gbf� e�f�lmxqbf� nZdlhjhf� \bdhjbklZggy� klZg^Zjlgh�� ijhp_^mjb� ]_ghfgh�

^Zdlbehkdhi��� }� d�evd�klv� �� yd�klv� [�heh]�qgh]h� fZl_j�Zem�� >ey� ijh\_^_ggy� ]_ghfgh�

^Zdlbehkdhi���g_h[o�^gh������fd]�gZlb\gh��>GD��Lhfm�[�evr�i_jki_dlb\gbf�}�IEJ�ZgZe�a

�ZgZe�a� aZ� ^hihfh]hx� ihe�f_jZagh�� eZgpx]h\h�� j_Zdp���� aZebrd�\� djh\�� lZ� ki_jfb��:e_�

ydsh� d�evd�klv� �� yd�klv� fZl_j�Zem� \�^ih\�^Z}� mfh\Zf�� sh� gZ\_^_g�� \bs_�� fh`eb\Z

�^_glbn�dZp�y�hkh[bklhkl���>ey�^hke�^`_ggy�ijh\h^ylv�\b^�e_ggy�>GD�a�djh\��m�h[
}dlZ�qb

h[
}dl�\��sh� \b\qZxlvky�� lZ� ihj�\gxxlv� a�>GD� \b^�e_ggh�� a� aZebrd�\� djh\�� Z[h� �grbo

[�heh]�qgbo� ldZgbg�� Ihablb\gZ� �^_glbn�dZp�y� dhgklZlm}lvky�� ydsh� \k�� fZjd_jg�� kfm]b

h[
}dlZ�Z[khexlgh��^_glbqg��kfm]Zf�^hke�^gh]h�ajZadZ�

<bkgh\hd�ijh�\bdexq_ggy�ihoh^`_ggy�ajZadZ�\�^�^Zgh]h�h[
}dlZ�jh[blvky��ydsh�\by\e_g�

g_� ki�\iZ^Zxq�� Z[h� ^h^Zldh\��fZjd_jg�� kfm]b�� 1fh\�jg�klv� \biZ^dh\h]h� a[�]m�fZjd_jgbo

kfm]�i�^jZoh\m}lvky�ZgZeh]�qgh�

3.2.3.�Ijb[ebagbc�l_dkl�\bkgh\dm�_dki_jlZ�ijb�^hke�^`_gg�

ajZad�\�djh\��f_lh^hf�]_ghfgh��^Zdlbehkdhi��.

Djh\�^hke�^`m\Zeb�f_lh^hf�]_ghfgh��^Zdlbehkdhi����>ey�\b^�e_ggy�>GD�^h�ajZad�\�djh\�

h[
}fhf� ��fe� ^h^Z\Zeb� h^bg� h[
}f� \h^b�� I�key� ]hfh]_g�aZp��� de�lbgb� \bkZ^`m\Zeb

p_gljbnm]m\Zggyf�� >h�hkZ^m� de�lbg� ^h^Z\Zeb� ���fe� [mn_jZ� : (320�fF� kZoZjhaZ�� �fF

MgCl2�� ��� 7ULWRQ� ;����� ��fF� lj�k�+&O� S+� ������ I�key� ]hfh]_g�aZp��� hkZ^`m\Zeb� y^jZ

p_gljbnm]m\Zggyf��HljbfZg��y^jZ� �gdm[m\Zeb�ijhly]hf�ghq��a�>&+��^h^_pbe�kmevnZlhf

gZlj�x�� �� ijhl_�gZahx�D�� ;�edb� \bkZ^`m\Zeb�� ^h^Zxqb� 1D&O� ^h� d�gp_\h�� dhgp_gljZp��

1,5�F�� >h�kmi_jgZlZglm� ^h^Z\Zeb� ����h[
}fb� _lbeh\h]h� kibjlm� lZ� gZfhlm\Zeb� >GD� gZ

iZebqdm�� i�^kmrm\Zeb� lZ� jhaqbgyeb� \�L?� [mn_j�� ����fF� ljbk�+&O���fF�?>L:� S+� �����

AjZadb�>GD�j_kljbp�x\Zeb�n_jf_glhf�%VS5��ijhly]hf���o�]h^bg�ijb� ��hK�lZ�i�^^Z\Zeb

_e_dljhnhj_am� \� ����� Z]Zjha�� ����]h^bg��� I�key� qh]h� ijh\h^beb� _e_dljhi_j_ghk� gZ

dZijhgh\�� f_f[jZgb�� >GD� gZ� f_f[jZgZo� n�dkm\ZeZky� ijh]j�\hf� m� \Zdmmf�� ijb

80hK��N�evljb� ]�[jb^bam\Zeb� a� jZ^�hZdlb\ghf�q_gbf� ahg^hf� gZ� hkgh\��>GD� nZ]m�F 13.

Ij_]�[jb^baZp�x�lZ�]�[jb^baZp�x�ijh\h^beb�ijhly]hf���������]h^bg�\�^ih\�^gh��\�j�g��^ey

]�[jb^baZp��� ���� '&+�� ������F NaH2PO4�� �fF� ?'7$�� ��� ;K:��� <�^fb\Zggy� n�evlj�\

ijhoh^beh� ijb� d�fgZlg�c� l_fi_jZlmj�� \� j�g�� �o66&� �� ����� >KG�� <bkmr_g�� n�evljb
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_dkihgm\Zebky�a�j_gl]_g�\kvdhx�ie�\dhx�����^g�\�ijb��20hK� 

J_amevlZlb�ZgZe�am�

a]�^gh�a�gZ\_^_ghx�f_lh^bdhx�[meb�ijhZgZe�ah\Zg��ajZadb�djh\���<��\�^ih\�^Zq�� 

F��fZlb��  >��^blbgZ���<�ijhZgZe�ah\Zghfm�j_]�hg��������l�i�g���\by\e_gh��m�fZl_j�

12�fZjd_jgbo�kfm]� m�^blbgb����fZjd_jgbo�kfm]� m�\�^ih\�^ZqZ����fZjd_jgbo�kfm]�

D�evd�klv�ki�\iZ^Zxqbo�fZjd_jgbo�kfm]�

m�fZl_j����^blbgb����g_�\by\eyxlvky�m�\�^ih\�^ZqZ����

m�\�^ih\�^ZqZ���^blbgb����g_�\by\eyxlvky�m�fZl_j����� (d).

M�^blbgb�g_�\by\e_gh�fZjd_jgbo�kfm]��sh�g_�ijhke�^`mxlvky�m�fZl_j��Z[h�\�^ih\�^ZqZ�

1fh\�jg�klv�[Zlvd�\kl\Z�\�^ih\�^ZqZ�jZajZoh\m\ZeZky�aZ�nhjfmehx�J ����d
�o����� ��� -

0,226
�o����� ������������k_j_^gy�qZklhlZ�\biZ^dh\h]h�ki�\iZ^Zggy���o�fZjd_jgbo�kfm]�

<�i�^kmfdZo�mdZam}lvky��sh�^hke�^`_ggyf�djh\��f_lh^hf�]_ghfgh��^Zdlbehkdhi��

\klZgh\e_gh�ki�\iZ^Zxqbo�kfm]���m�fZl_j����^blbgb����g_�\by\eyxlvky�m�\�^ih\�^ZqZ�����m

\�^ih\�^ZqZ���^blbgb����g_�\by\eyxlvky�m�fZl_j�������M�^blbgb�g_�\by\e_gh�fZjd_jgbo�kfm]�

sh�g_�ijhke�^`m}lvky�m�fZl_j��Z[h�\�^ih\�^ZqZ�

LZdbf�qbghf��j_amevlZlb�^hke�^`_ggy�^ha\heyxlv�kl\_j^`m\Zlb��sh�\�^ih\�^Zq�}

[�heh]�qgbf�[Zlvdhf�^blbgb�a��fh\�jg�klx��������

<bdhjbklZggy� f_lh^m� ^ha\hey}� ijh\h^blb� ihablb\gm� �^_glbn�dZp�x� hkh[bklhkl�� aZ

aZebrdZfb� djh\��� ki_jfb� qb� �grbo�[�heh]�qgbo� ldZgbg�ijb� \bj�r_gg�� kijZ\�ijh� ki�jg_

[Zlvd�\kl\h��\bdjZ^_ggy�lZ�i�^f�gm�^�l_c��iheh]�\�lZ�Z[hjl�\�i�key�a]\Zelm\Zggv�lhsh�
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