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<klmi�

Ojhg�qgbc�f�}ehe_cdha� �OFE��\�^Zgbc�qZk�}�h^gbf�a�g_[Z]Zlvho

aZo\hjx\Zgv�kbkl_fb�djh\���ijb�ydhfm�q�ldh�\klZgh\e_gh�fZjd_j�imoeb�

ggbo� de�lbg�� Pbf� fZjd_jhf� }� n�eZ^_evn�ckvdZ� ojhfhkhfZ� �� 3K¶�

ojhfhkhfZ��� Kljmdlmjg�� af�gb� ��� ojhfhkhfb� [meh� hibkZgh� m� ����j�

1RZHOO�lZ�+XQJHUIRUG�>�@��M������jhp��[meh�gZ^jmdh\Zgh�ih\�^hfe_ggy��\

ydhfm� [meb� gZ\_^_g�� ^Zg�� ijh� l_�� sh� 3K¶�ojhfhkhfZ� }� gZke�^dhf

j_pbijhdgh��ljZgkehdZp������lZ���ojhfhkhfb��P_�\�^djblly�fZeh�\_ebd�

gZmdh\�� ��ijZdlbqg��gZke�^db��A�pvh]h�qZkm�\by\e_ggy�m�de�lbgZo�d�kldh�

\h]h�fhadm�lZ�i_jbn_j�cgh��djh\��3K¶�ojhfhkhfb�}�g_aZi_j_qghx�hagZ�

dhx�gZ�dhjbklv�ojhg�qgh]h�f�}ehe_cdham��P_c�fZjd_j�de�lbg�\bagZqZ}�

lvky�m�o\hjbo�gZ�OFE�ijhly]hf�\kvh]h�aZo\hjx\Zggy��yd�m�i_j�h^�aZ]hk�

lj_ggy��lZd���\�i_j�h^�]_fZlheh]�qgh��dhfi_gkZp����=h\hjblb�ijh�\be�dh�

\m\Zggy�OFE�fh`gZ�l�evdb�\�lhfm�jZa���dheb�[m^_�^hky]gmlh�ih\gh��_jZ�

^bdZp���de�lbg��a�^_n_dlghx�ojhfhkhfhx��a�d�kldh\h]h�fhadm�o\hjh]h�

Qbke_ggbfb�pblh]_g_lbqgbfb�^hke�^`_ggyfb�\by\e_gh�^\��]jmib

^Zgh��o\hjh[b��3K¶�ihablb\gm��ydZ�kdeZ^Z}��������\k�o�\biZ^d�\���m�\�^�

ih\�^ghkl��^h�pvh]h�������3K¶�g_]Zlb\g��nhjfb�OFE��De�g�qgbfb�kihk�

l_j_`_ggyfb� ^h\_^_gh�� sh� 3K¶�g_]Zlb\g�� nhjfb� OFE� ih]Zgh� i�^�

^Zxlvky� pblhklZlbqg�c� l_jZi���� Ijb� p�c�nhjf�� OFE� jZg�r_� gZklmiZ}

ljZgknhjfZp�y�ojhg�qgh��nZab�m�]hkljm���[eZklgZ�djbaZ���3K¶�g_]Zlb\gZ

nhjfZ�}�ih]Zghx�ijh]ghklbqghx�hagZdhx�

<bdhjbklZggy�ljZ^bp�cgbo�pblh]_g_lbqgbo�f_lh^�\�g_�aZ\`^b�^Z}

fh`eb\�klv�\by\eylb�_e_f_glb�iZlheh]�qgh]h�dehgm�k_j_^�de�lbg�djh\�

i�^�qZk�e�dm\Zggy��P_�h[mfh\e_gh�yd�agZqgbf�af_gr_ggyf�d�evdhkl��de��

lbg��lZd���qbklh�l_og�qgbfb�ijbqbgZfb�

<� ^Zg�c� jh[hl�� Z\lhjZfb� ij_^klZ\e_gh� Zijh[h\Zg�� \� de�g�qgbo

mfh\Zo�f_lh^b� \bagZq_ggy�n�eZ^_evn�ckvdh�� ojhfhkhfb� m� o\hjbo� gZ
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ojhg�qgm�f�}eh�^gm�e_cd_f�x��sh�[Zamxlvky�gZ��\bdhjbklZgg��]_ghfgbo

ahg^�\�lZ�ihe�f_jZagh��eZgpx]h\h��j_Zdp����IEJ��

���H;E:>G:GGY��J?:=?GLB��J?:DLB<B�

2.1. H[eZ^gZggy�

�������H[eZ^gZggy�g_h[o�^g_�^ey�ijh\_^_ggy

��^hke�^`_gv�a�\bdhjbklZggyf�]_ghfgbo�ahg^�\�

����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�,,,�

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

[Z`Zgh�a�hoheh^`_ggyf��p_gljbnm]Z�lbim�D����Z[h�ZgZeh]�qgZ�a�fZdkb�

fZevgbf�ijbkdhj_ggyf������������J��lZ��hoheh^`_ggyf���l_jfhklZlb

a�l_fi_jZlmjhx�\�^���hK�^h���hK�� �oheh^bevgbd�a�l_fi_jZlmjZfb��hK

lZ����hK��\Zdmmfgbc�gZkhk���\ZdmmfgZ�rZnZ�a�gZ]j�\Zq_f�^h���hK��[eh�

db�`b\e_ggy�ihkl�cgh]h�kljmfm���������<������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�aZobkgbf�_djZghf��f_f[jZgb�g_cehgh\���nhlhZ�

iZjZl��ie�\dZ��F�djZl�������n�evljm\Zevgbc�iZi�j��\ZlfZg�AFF��\bf�jx�

\Zq�jZ^�hZdlb\ghkl���aZobkg��_djZgb��fZkdZ��jmdZ\bp���j_gl]_g�\kvdZ�ie��

\dZ�JF�<�Z[h�JF����dZk_lb�j_gl]_g�\kvd��f_^bqg��a�ihkbexxqbfb�_djZ�

gZfb��dZf_jZ�^ey�]hjbahglZevgh]h���\_jlbdZevgh]h�nhj_am�a�ieZgr_lZ�

fb�^ey� ]_e�\� �� ]j_[�gdZfb��kdeyg�� ]hfh]_g�aZlhjb�gZ� ������fe��ijbeZ^

^ey�a\Zjx\Zggy�ihe�_lbe_gm�lbim���Fheg�y��

�������H[eZ^gZggy�g_h[o�^g_�^ey�ijh\_^_ggy�^hke�^`_gv�a

\bdhjbklZggyf�IEJ�
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P_gljbnm]Z� lbim�D���� Z[h� ZgZeh]�qgZ� a�fZdkbfZevgbf� ijbkdhj_ggyf

�����������J�lZ�hoheh^`_ggyf�a�p_gljbnm`gbfb�ijh[�jdZfb��l_jfhk�

lZl�a�l_fi_jZlmjhx���hK���oheh^bevgbd�a�l_fi_jZlmjZfb��hK�lZ�����hK�

[ehdb�`b\e_ggy�ihkl�cgh]h�kljmfm����������<������f:�����Z\lhfZlbqg��i��

i_ldb�a��af�ggbf�h[
}fhf�gZ��������������lZ����������fde�a�gZdhg_qgb�

dZfb�^h�gbo��ijh[�jdb�?i_g^hjn�gZ�����fe��lZ�����fe���l�evdb�ijb^Zlg�

^ey�IEJ�����mevljZn�he_lh\Z�kbkl_fZ�a�^h\`bghx�o\be������gf�lZ�aZob�

kgbf�_djZghf��nhlhZiZjZl��ie�\dZ��F�djZl�������dZf_jb�^ey�]hjbahglZ�

evgh]h�_e_dljhnhj_am�a��ieZgr_lZfb�^ey�]_e�\���]j_[�gdZfb��kdeyg��]h�

fh]_g�aZlhjb��gZ������fe��gZkl�evgZ�p_gljbnm]Z�lbim�?i_g^hjn��l_jfh�

pbde_j��ki_dljhnhlhf_lj�

    �����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�����fF�lj�k�+&O�S+������

����E�amxqbc�jhaqbg�����fF�lj�k�GKO�����fF�1D&O���fF�('7$�S+�����

���������6'6���^h^_pbe�kmevnZl�gZlj�x��

�����Jhaqbg�ijhl_�gZab�D������f]�fe���A[_j�]Zlb�jhaqbg�ijb����hK�

�����GZkbq_gbc�jhaqbg�1D&O�

�����L?�[mn_j������fF�lj�k�+&O����fF�?>L:�jG�������A[_j�]Zxlv�ijb

4hK�

�������F�lj�k�+&O��A[_j�]Zlb�ijb�l_fi_jZlmj���hK�

���������F�?>L:�jG������A[_j�]Zlb�ijb��hK�

������F�0J&O2����A[_j�]Zlb�ijb��
hK�

��������L;?�[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��

�������L;?������fe�jhaqbgm������af�rZlb�a�����fe�\h^b�
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�����������Z]Zjhagbc�]_ev���Kmf�r�]hlmxlv�i_j_^�ijb]hlm\Zggyf�]_ex�

����]�Z]Zjhab�jha\_klb�\������fe�jhaqbgm��������^h\_klb�^h�dbi�g�

gy�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�

�������[mn_j�^ey�gZg_k_ggy�gZ�]_ev���Ih����f]�[jhfn_gheh\h]h�kb�

gvh]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�����H[_j_�

`gh��dZgp_jh]_g����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^gh�

jZah\h�

�������F�Zp_lZl�Zfhg�x��A[_j�]Zlb�ijb��hK�

����������1�+&O�

������>_gZlmjmxqbc�jhaqbg��������F�1D2+�����0�1D&O��

������G_cljZe�amxqbc�jhaqbg������]�1D+2PO4o��+22�jhaqbgblb�\����

fe�\h^b�lZ�^h^Zlb����]�1Z2HPO4o�+22��H[
}f�jhaqbgm�^h\_klb

^h���e�

��������66&��������]�1D&O�lZ����]�pbljZlm�gZlj�x�jhaqbgblb�\�����fe

\h^b��>h\_klb��jG�^h�����^h^Z\Zggyf�d�evdho�djZi_ev�1D2+�

H[
}f�jhaqbgm�^h\_klb�^h����e�ljZ�

��������F�Zp_lZl�gZlj�x�jG�����

������<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_gl�

jZp�����������jhanZkm\Z\rb�gZ�g_\_ebd���ihjp����a[_j�]Zxlv�ijb

-20hK��>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_\_��Lhdkbqgh�
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�������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_f�

i_jZlmj��

������Jhaqbg�^ey�\�^fb\db�n�evlj�\����66&�������6'6��

����������ZdjbeZf�^������]�ZdjbeZf�^m���H[_j_`gh��Lhdkbqgh��Ijhgb�

dZ}�q_j_a�rd�jm���lZ���]��1�1
�f_lbe_g[�kZdjbeZf�^m�jhaqbgyxlv

m�\h^��^h�h[
}fm�����fe�

����������i_jkmevnZl�Zfhg�x�

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

������Jhaqbg�^ey�]�[jb^baZp�����<����fe�\h^b�jhaqbgyxlv������]

1Z2HPO4o�+22��^h^Zxlv���fe�+3PO4 �d�����]�6'6�����fde�jhaqbgm

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

��������h�_lZghe�

��������h�_lZghe�

������E_]d_�f�g_jZevg_�fZkeh�^ey�IEJ�

������GZ[�j�^ey�ijh\_^_ggy�IEJ�

������KlZ[�e�aZlhj����p�ljZl�gZlj�x��]_iZj�g��]ex]�pbj��

���������^_dkljZg�

������E�amxqbc�jhaqbg�>�^ey�\b^�e_ggy�JGD����F�]mZg�^bg�ahl�hpbZgZl�

��fF�pbljZl�gZlj�x�������kZjdhabe�����F���f_jdZilh_lZghe��

A[_j�]Zlb�\�l_fghfm�f�kp��^h���f�kypy��Lhdkbqgh��

������<h^hgZkbq_gbc�dbkebc�n_ghe�^ey�\b^�e_ggy�JGD���I_j_]gZgbc

ijb����hK�n_ghe�hoheh^`mxlv�^h���hK��^h^Zxlv���]�^jhdkb-

obghe�g�^h�d�gp_\h��dhgp_gljZp�����������jhanZkm\Z\rb�gZ�g_\_�

ebd��ihjp����a[_j�]Zxlv�ijb��������hK��>ey�ijb]hlm\Zggy�jhaqbgm
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n_ghem�^h��Ze�d\hlb�^h^Zlb�j�\gbc�h[
}f�\h^b��A[_j�]Zlb�d�evdZ

^g�\�ijb��hK�^h�af�gb�aZ[Zj\e_ggy�a�`h\lh]h�gZ�dhjbqg_\_��Lhd�

kbqgh�

�����������1D&O�

�����������1D&O�

�������F�Zp_lZl�gZlj�y�S+����

������1ahijhiZghe���a�qbklhlhx�³q^Z´���\bs_��

������A\hjhlgy�ljZgkdjbilZaZ�a�[mn_jhf�^h�g_��

������GZ[�j�^ey�f�q_ggy�a�jhak�yghx�aZljZ\dhx�

���FZl_j�Zeb���f_lh^b�

�����>�Z]ghklbdZ�OFE��a�aZklhkm\Zggyf�]_ghfgbo�ahg^�\�

������<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�oehjh�

nhjfm���sh� \bdhjbklh\mxlvky� \�[�evrhkl��f_lh^bd��>ey�^hke�^`_ggy

[_jmlv���fe�djh\��m� ]_iZjbg�ah\Zgm�ijh[�jdm�qb�^h^Zxlv�^h�djh\��jha�

qbg����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�hoheh^`_gh��^bklbevh\Zgh��\h^b������hK���=_fhe�amxlv�_jbljhpb�

lb�gZ�evh^m���o\bebg��P_gljbnm]mxlv�de�lbgb�ijb�������J�lZ��hK����o\�

Kmi_jgZlZgl�aeb\Zxlv��Z�^h� �hkZ^�\�^h^Zxlv� ���fe�hoheh^`_gh]h�gZ

evh^m�kZoZjhagh]h�[mn_jm� ������ ��klZjZggh�]hfh]_g�amxlv�\�kdeyghfm

]hfh]_g�aZlhj�� ���� o\��Kmki_ga�x��sh�f�klblv� y^jZ� lZ� aZebrdb� de�lbg�

p_gljbnm]mxlv�ijb������J�lZ��hK����o\��>h�hkZ^m�^h^Zxlv���fe�jhaqb�

gm����lZ�ih\lhjxxlv�ijhp_^mjb�]hfh]_g�aZp���lZ�p_gljbnm]m\Zggy��>h

hkZ^m�^h^Zxlv����fe�e�amxqh]h�jhaqbgm����lZ�����fde�����6'6�������

H[_j_`gh� � af�rmxlv� �� ihf�lgh� i�^\bs_ggy� \
yadhkl�� jhaqbgm�� lZ� ^h�

^Zxlv����fde�ijhl_�gZab�D�������^h�d�gp_\h��dhgp_gljZp�������fd]�fe��1g�
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dm[mxlv�kmf�r�\��l_jfhklZl�����]h^�ijb���hK���aZ�fh`eb\hkl��ijb�f
ydh�

fm�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��

20hK���>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�

�������<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_dl�

jhnhlhf_lj���� G_h[o�^gh� \klZgh\blb� ki�\\�^ghr_ggy� ih]ebgZggy� ijb

����lZ�����gf� ��:260�:280���Dhgp_gljZp�y�jhajZoh\m}lvky�aZ�nhjfmehx

F ���: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}������������Ajmqgh�\bdhjbklh\m�

\Zlb��ki_dljhnhlhf_lj�a�Z\lhfZlbqgbf�\bagZq_ggyf�dhgp_gljZp���ajZ�

ad�\��H^_j`ZgZ�dhgp_gljZp�y�fh`_�[mlb�mlhqg_gZ�aZ�^hihfh]hx�_e_dl�

jhnhj_am� \� Z]Zjhaghfm� ]_e��� Yd� klZg^Zjl� a\bqZcgh� \bdhjbklh\mxlv

>GD�nZ]m�λ�d�evdhkl��������������������������fd]�>GD�gZ�emgdm���Dhgp_gljZ�

p�x�\bagZqZxlv��ihj�\gxxqb�^hke�^gbc�ajZahd��a�klZg^Zjlhf�

�������J_kljbdp�y�>GD�

>ey� j_kljbdp��� \�^[bjZxlv� ���fd]�>GD� m� ijh[�jdm� � lbim� � �?i_g�

^hjn��� � ^h^Zxlv� �F� jhaqbg� 1D$F� ���� ���� ^h� d�gp_\h�� dhgp_gljZp��
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����F� �� �����h[
}fm�\�^�[jZgh]h�jhaqbgm�>GD��lZ� ����h[
}fb�_lZghem� �

������<bljbfmxlv� �� ]h^�ijb� ����hK�� ��p_gljbnm]mxlv�ijb� ������ J� lZ

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

\Zxlv���0 _lZghehf� �������i�^kmrmxlv�gZ�ih\�lj��lZ�jhaqbgyxlv�\���

fde�^bklbevh\Zgh��\h^b��>h^Zxlv���fde���[mn_jm�^ey�n_jf_glm�%JO�,,

�� kdeZ^� [mn_jZ� \bagZqZ}lvky� \bjh[gbdhf��� ������ h^bgbpv�n_jf_glm

%JO�,,�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�λ��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�hqbkl�

dhx�>GD��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�1+4$F����������^h�dhgp_gljZp����F��lZ���h[
}fb�_lZghem�

<bljbfmxlv� ���� ]h^� ijb� ���hK� lZ� p_gljbnm]mxlv� ijb� �����J� lZ� �hK

��o\��HkZ^�r\b^dh�ijhfb\Zxlv�oheh^gbf���h�_lZghehf���������i�^km�

rmxlv� 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�

�������Ij_iZjZlb\gbc�_e_dljhnhj_a�

����=hlmxlv������Z]Zjhagbc�]_ev����������aZeb\Zxlv�ieZgr_l��^h\�

`bghx�������kf��Lh\sbgZ�]_ex�fZ}�[mlb�����ff��>ey�ijh\_^_ggy�nh�

j_am�dZf_jm�aZih\gxxlv��*L;?�[mn_jhf� �������� �>_lZevgm� � �gnhjfZ�

p�x� ijh� [m^h\m� dZf_jb� lZ� mfh\b� ijh\_^_ggy� _e_dljhnhj_am� fh`gZ

agZclb�\� >�@��<ghkylv�\�emgdb�jhas_ie_gm�>GD�dh`gh]h� �a�ajZad�\�� �sh

\b\qZxlvky��Z�lZdh`�jhas_ie_gm� �ijb�lbo�`_�mfh\Zo�>GD�\biZ^dh\h�

ex^bgb��yd�g_]Zlb\gbc��dhgljhev��lZ��fZjd_j���fhe_dmeyjgh��\Z]b��gZi�

jbdeZ^�λ�+LQG,,,��?e_dljhnhj_a�ijh\h^ylv����]h^�ijb������<��=_ev�ijh�
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nZj[h\mxlv�[jhfbklbf�_lb^�}f��������lZ�nhlh]jZnmxlv�gZ�ie�\dm��F��

djZl������ijb�hjZg`_\hfm�k\�lehn�evlj��

�������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^b�

db��i_j_g_k_ggy�>GD�a��o�\bdhjbklZggyf�fh`gZ�a\bqZcgh�agZclb�\�^h�

dmf_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�����������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� ���fe� ���F� jhaqbgm

+&O����������o\��Ijhfb\Zxlv�]_ev�\h^hx�lZ�aZgmjxxlv�\�����fe�^_gZ�

lmjmxqh]h�jhaqbgm�����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� ���� fe� jhaqbgm��� Ih� jhaf�jm� ]_ex� \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�g�

p_l�\���lZ�klhk�n�evljm\Zevgh]h�iZi_jm�lh\sbghx������kf� ��fh`gZ�\b�

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

ihqZldh\h]h�rZjm���kf����=hlmxlv����������fe���66&���������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��^_lZevgbc�hibk�^b\�\�>�@���Jhaqbg���66&��g_�ih\bg_g�ky]Z�

lb�\_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`��������d]���I_j_g_k_g�
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gy�ljb\Z}�������]h^��I�key�pvh]h�i�^kmrmxlv�n�evlj�gZ��ih\�lj��lZ�n�d�

kmxlv�>GD�gZ�f_f[jZg��ijh]j�\Zggyf�ijb���hK��ijhly]hf����]h^��[Z`Z�

gh�m�\Zdmmf��

�������F�q_ggy�]_ghfgbo�ahg^�\�

Jh[hqZ�kmf�r�kdeZ^ZeZkv�a���fde�����������fd]��]_ghfgh]h�ahg^m���

fde���djZlgh]h�[mn_jm�^ey�ihe�f_jZab�De_gh\Z�����fde�G2H������fd]

jhak�ygh�� aZljZ\db� �� G173(6)� �� ih� �� fde� ���� fF� ^:LN�� ^=LN�� ^LLN�

Kmf�r� ijh]j�\Zxlv� � ���� o\� \� dbieyq�c� \h^�� lZ� i_j_ghkylv� gZ� e�^� �

>h^Zxlv� ������� µCi 32J� ^PLN� �� �fde� ����� h^� �� ihe�f_jZab� De_gh\Z�

�gdm[mxlv� ��� o\� ijb� ��hK�� >h^Zxlv� ���� h[´}fm� �F� Zffhg�c� Zp_lZlm

������lZ���h[´}fb�_lZghem� ��������Bgdm[mxlv� � � � ����o\�ijb�d�fgZlg�c

l_fi_jZlmj����p_gljbnm]m\Zeb����o\�ijb������J���HkZ^�jhaqbgyxlv�\���

fde�G2H�

�������Ijh\_^_ggy�]b[jb^baZp���

N�evlj�a��i_j_g_k_ghx��gZ��gvh]h��>GD�afhqmxlv�\�jhaqbg��������

]_jf_lbqgh�aZiZxxlv�\�ihe�_lbe_gh\bc�iZd_l�� �Aj�aZ\rb�dml�\�iZd_l��

^h^Zxlv��jhaqbg������a�jhajZomgdm����fe�gZ�����kf2�n�evljm���]_jf_�

lbqgh�aZ\Zjxxlv�lZ� �gdm[mxlv����]h^�ijb���hK���>h^Zxlv�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\gh�

kl��ahg^m������^�[���Ijhy\eyxlv�h^gm�ie�\dm���\�jZa��g_h[o�^ghkl���ih^h\�

`mxlv�_dkihabp�x�a�^jm]hx�ie�\dhx�

�����>�Z]ghklbdZ�OFE��a�aZklhkm\Zggyf�IEJ�

�������<b^�e_ggy�e_cdhpbl�\�
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>h����fe�]_iZjbg�ah\Zgh��djh\��h[_j_`gh�^h^Zxlv�����fe����^_d�

kljZgm��������Jhaf�smxlv�ijh[�jdm�i�^�dmlhf���h�lZ�\bljbfmxlv������

o\�m�l_jfhklZl��ijb���hK��>h���fe��\�^�[jZgh��\_jogvh��nZab���e_cdhpb�

lZjgh��kmki_ga����^h^Zxlv���gZ�evh^m����fe�hoheh^`_gh��^bklbevh\Zgh�

\h^b�lZ�q_j_a����k_d�����fe�����1D&O���������P_gljbnm]mxlv����o\�ijb

�����J��HkZ^�j_kmki_g^mxlv�\�����1D&O� ��������lZ�ih\lhjgh�p_gljb�

nm]mxlv�ijhly]hf����o\��ijb������J�

��������<b^�e_ggy�JGD�

=hfh]_g�amxlv�e_cdhpblZjgbc�hkZ^� ����8�de�lbg��m�p_gljbnm`gbo

ijh[�jdZo�a���fe�e�amxqh]h�jhaqbgm�>��������ijb�d�fgZlg�c�l_fi_jZlmj��

I_j_ghkylv�kmf�r�gZ�e�^�lZ�^h^Zxlv���h[_j_`gh�i_j_f�rmxqb�kmf�r�i��

key�^h^Z\Zggy�dh`gh]h�a�dhfihg_gl�\������fe��F�1D$F�����������fe�\h�

^hgZkbq_gh]h�dbkeh]h n_ghem��������lZ�����fe�³�oehjhnhjfm´��������

Kmf�r�h[_j_`gh�kljmrmxlv�^h�hljbfZggy�h^ghj�^gh��kmki_ga�����\bljb�

fmxlv����o\�gZ�evh^m��P_gljbnm]mxlv�gZ������J����o\��hK��<�^[bjZxlv

\_jogx�nZam��sh�f�klblv�JGD��\��grm�ijh[�jdm�lZ�^h^Zxlv���fe��ahijh�

iZehem���������<bljbfmxlv���]h^�ijb����hK��P_gljbnm]mxlv�gZ������J

ijhly]hf� ��� o\� ijb� �hK��>h� hkZ^m� JGD� ^h^Zxlv� ����fe� jhaqbgm� >� �

�����lZ�����fe� �ahijhiZehem� ��������<bljbfmxlv���]h^�ijb� ���hK� �lZ

p_gljbnm]mxlv�ijb������J�lZ��hK�ijhly]hf����o\��HkZ^�r\b^dh�ijhfb�

\Zxlv���h�_lZghehf���������aZ�g_h[o�^ghkl��p_gljbnm]mxlv�ijb������J

lZ��hK�ijhly]hf���o\�� � ��\bkmrmxlv�m�\Zdmmfg�c�kmrp���HljbfZgm�JGD

jhaqbgyxlv�\� ����fde�kl_jbevgh��\h^b� ��jhaeb\rb�gZ�Ze�d\hlb� a[_j��

]Zxlv� ijb� ���hK��<� jZa��^h\]hkljhdh\h]h� � a[_j�]Zggy� ^h� jhaqbgm�JGD

^h^Zxlv� 1D$F� ������ ^h� d�gp_\h�� dhgp_gljZp��� ���F� lZ� �� h[´}fb

_lZghem����������a[_j�]Zxlv�ijb�����hK�

������IjZcf_jb�^ey�^�Z]ghklbdb�OFE�

<�jh[hl��[meb�\bdhjbklZg��he�]hgmde_hlb^g��ijZcf_jb�>���@�

  A1 �
���L=:�LL:�L:=�PPL�::=�:PP�P==�:����




14

A2 �
���==L�P:L�LLL�P:P�L==�=LP�P:=�P����


A3 �
���LP:�=:P�PPL�=:=�=PL�P::�:=L�P����


sh�dhfie_f_glZjg��ihke�^h\ghklyf����]h�_dahgZ�ABL�]_gZ���g_h[�

o�^g��^ey�hljbfZggy�d>GD�lZ�kem`Zlv��
�ijZcf_jZfb�\�ihe�f_jZag�c�eZ�

gpx]h\�c�j_Zdp���

  B1 �
���=::�=L=�LLL�P:=�::=�PLL�PLP�P����


B2 �
���==:�=PL�=P:�=:L�=PL�=:P�P::�P����
�

sh�]hfheh]�qg���ihke�^h\ghkl��^jm]h]h�_dahgZ���E2) M-bcr ehdmkm�]_�

gZ��%&5���\bdhjbklh\mxlvky�yd��
�ijZcf_jb�\�IEJ�

��,,��
���=PL�=::�===�PLL�PLL�PLL�L:L�L=:�L=����


��,,��
���=PL�=::�===�PLL�LL=�::P�LPL�=PL�L:����


sh�\bdhjbklh\mxlvky�^ey��\by\e_ggy��aeblbo��^�eyghd����]h��_dah�

gZ���E2)  M-bcr�]_gZ�����]h�_dahgZ���E3) M-bcr�]_gZ�a�,,�_dahghf�$%/�]_gZ�

�������Kbgl_a�d>GD�lZ�ijh\_^_ggy�IEJ�

d>GD� hljbfmxlv� aZ�^hihfh]hx� a\hjhlgvh�� ljZgkdjbilZab� � $09�

Kbkl_fZ�^ey�ijh\_^_ggy�j_Zdp���kdeZ^Z}lvky�a� ����fd]�JGD�� � �����h^

JGZa�gm����fF�dh`gh]h�a�G173�����S0�ijZcf_jZ�:1��[mn_jZ�^ey�a\hjhl�

gvh��ljZgkdbilZab�lZ����������h^�n_jf_glm��AZ]Zevgbc�h[
}f�kmf�r��kdeZ�

^Z\����fde��J_Zdp�x�ijh\h^ylv����o\�ijb���hK��:e�d\hlb�j_Zdp�cgh��km�

f�r�����������fde��\bdhjbklh\mxlv�^ey�ijh\_^_ggy�Zfie�n�dZp���

J_Zdp�x� �Zfie�n�dZp���ijh\h^ylv�\�klZg^Zjlg�c�j_Zdp�cg�c�kmf�r��

j_dhf_g^h\Zghx� \bjh[gbdhf� n_jf_glm�ihe�f_jZab� a� \bdhjbklZggyf

ijZcf_j�\�:1�lZ�<1 ���ih���fde�dh`gh]h�a�ijZcf_j�\�:260 ����>ey�\bdex�

q_ggy�\biZjh\m\Zggy�ajZad�\�gZ�j_Zdp�cgm�kmf�r�gZrZjh\mxlv�f�g_jZ�

evg_� fZkeh� �� ������ GZ� i_jrhfm� _lZi�� ijh\h^beb� ��� pbde�\

Zfie�n�dZp���aZ�lZdbo�mfh\����hK����k_d����hK����k_d����hK���o\��>Ze��a

hljbfZgh��kmf�r��\�^[bjZxlv�����fde�lZ�ijh\h^ylv�^jm]bc�_lZi�IEJ���a

\bdhjbklZggyf�ijZcf_j�\�<2 lZ�:3) aZ�lZdbo�mfh\����
hK������k_d����hK��
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���k_d�����hK������o\��Ijh^mdlb�Zfie�n�dZp���ZgZe�am\Zeb�\������Z]Zjha�

ghfm�]_e��

����Fhe_dmeyjgh�]_g_lbqgZ�^�Z]ghklbdZ�OFE�

����<bdhjbklZggy�]_ghfgbo�ahg^�\�^ey�^_l_dp��

������3K
�ojhfhkhfb�

Yd� \`_� a]Z^m\Zehkv� \bs_�� i_jrbf� pblh]_g_lbqgbf� fZjd_jhf

imoebggh]h��jhklm��[meZ��fZe_gvdZ�*�ihnZj[h\ZgZ�ojhfhkhfZ��sh��[m�

eZ� �gZa\ZgZ�3K¶��n�eZ^_evn�ckvdhx��ojhfhkhfhx� >�@��Ml\hj_ggy�^Zgh�

ojhfhkhfb�amfh\e_gh�j_pbijhdghx�ljZgkehdZp�}x�f�`���lZ����ojhfh�

khfZfb�W��������T���T�����GZ�fhe_dmeyjghfm�j�\g��aZo\hjx\Zggy�amfh\�

e_gh�ml\hj_ggyf�aeblh]h�%&5�$%/�]_gZ����
�^�eygdZ�]_gZ�%&5�ih}^gm}�

lvky�a��
�^�eygdhx�]_gZ�$%/���Ijb�OFE�ijh^mdlhf�ljZgkeyp���}�%&5�$%/

[�ehd�a�FF� ���d>Z� ��j������sh�gZjZoh\m}� ����qb� ����Zf�ghdbkehlgbo

aZebrd�\�]_gZ�%&5�lZ������Z�a��]_gZ�$%/�>�@��Obf_jg��[�edb�oZjZdl_jb�

amxlvky�af�g_ghx�lbjhabgd�gZaghx�Zdlb\g�klx�>�@��sh���\bagZqZ}�jha\b�

lhd�i_jrh]h�_lZim�OFE�� �Ijb�ml\hj_gg��n�eZ^_evn�ckvdh��ojhfhkhfb

\�^[m\Z}lvky�jhajb\�m�^\ho�^�eygdZo�]_gZ�%&5��0�bcr ( major breakpoint

FOXVWHU� UHJLRQ�� jhaf�jhf� ���� l�i�g�� lZ� P�EFU� �� PLQRU� EUHDNSRLQW� � FOXVWHU

UHJLRQ�� �� ^�eygdZ� i_jrh]h� �gljhgZ� ]_gZ� %&5� �� ijb[ebagh� ��� l�i�g��

>�����@��Jhajb\b�m�^�eygp��0�EFU�\by\eyxlvky�m�\k�o�\biZ^dZo�\bgbdg_g�

gy�OFE��Z�lZdh`�ijb[ebagh�����\biZ^d�\�=EE��<�lhc�`_�qZk�jhajb\b�m

^�eygp��P�EFU�ijba\h^ylv�i_j_\Z`gh�^h�jha\bldm�=EE��Ijbqbgb�ih^�[�

gbo�jha[�`ghkl_c�gZ�kvh]h^g��g_�\�^hf���Jhajb\b�]_gZ�$EO�\�^[m\Zxlvky

gZ�^�eygp��^h\`bghx�[ebavdh�����l�i�g�� � ��f�`� ,�lZ� ,,�_dahgZfb���GZy\�

g�klv�jhajb\�\�\�^�eygp��0�EFU�jh[blv�fh`eb\bf��ijb�\bdhjbklZgg��\�^�

ih\�^gbo�ahg^�\��^_l_dlm\Zlb�af�gb�\�kljmdlmj��^Zgh]h�j_]�hgm��Fb�\bdh�

jbklh\m\Zeb�^\Z�]_ghfgbo�ahg^b���
�%&5�ahg^��sh�y\ey}�kh[hx�dehgh�

\Zgbc� %JO,,�� +LQG,,,�njZ]f_gl�0�EFU��jhaf�jhf� �� l�i�g��� lZ� �
�%&5� ahg^

�%JO,,�+LQG,,,�njZ]f_gl���jhaf�jhf������l�i�g����sh�[m\�dehgh\Zgbc�\�S69�
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��� Ahg^b� [meb� ex[
yagh� gZ^Zg�

D�;ZjljZfhf��8OP�NJG����GZ�jb�

kmgdm� ij_^klZ\e_gh� j_amevlZlb

]�[jb^baZp��� j_kljbdh\Zgh�� %JO,,

]_ghfgh��>GD�a��
�%&5�ahg^hf�

GZy\g�klv�ghjfZevgh�����o�

jhfhkhfb� amfh\ex}� ihy\m

h^gh]h�njZ]f_glZ�jhaf�jhf�����l�i�g����^hj�`dZ������\�lhc�qZk gZy\g�klv

n�eZ^_evn�ckvdh��ojhfhkhfb���jhajb\�\�^�eygp� M-bcr) amfh\ex}�ihy\m

^h^Zldh\h]h�njZ]f_glm��\�^Zghfm�\biZ^dm��,6�l�g����^hj�`dZ���. Ajh[b\-

rb��^h^Zldh\m�j_kljbdp�x�>GD�n_jf_glhf�%DP+,�lZ�ijh\�\rb ]�[jb^b-

aZp�x�a�5'EFU�ahg^hf�fh`gZ�ehdZe�am\Zlb�^�eygdm��jhajb\m��\  M-bFU��Ib�

lZggy� ijh� l_,� gZkd�evdb� ijh]ghklbqgh� \Z`eb\bf� ^ey� i_j_[�]m � a�

Zo\hjx\Zggy�fZ}�lhqdZ�jhajb\m�\�^�eygF-bFU�gZ kvh]h^g��aZebrZ}lvky

\�^djblbf�>��7].

4.2.IEJ�^�Z]ghklbdZ�n�eZ^_evn�ckvdh��ojhfhkhfb.

Yd�a]Z^m\Zehkv�\bs_��jhajb\b�\ %&5��lZ�AB/�]_gZo�fh`mlv�\�^[m-

\Zlbky�gZ�agZqgbo�aZ�jhaf�jhf�^�eygdZo���sh jh[blv �ijh[e_fZlbqgbf

aZklhkm\Zggy�>GD�IEJ� l_ogheh]����<� lhc�`_�qZk�� a�\jZom\Zggyf� lh]h,

sh�%&5�$%/�fJGD�fZxlv�jhaf�j�����lZ���l�i�g�>�,8@�lZ�\dexqZxlv�aebl�

_dahgb�,�]_gZ�%&5�lZ�,,�]_gZ�$%/������i�g��ijb�=EE��lZ���, 1��_dahgb�]_gZ

%&5�lZ�,,�_dahghf�$%L�]_gZ�ijb�=EE�lZ�OFE���fh`gZ�\bdhjbklh\m\Zlb

IEJ�^ey�\klZgh\e_ggy�pbo�af�g��>ey�hljbfZggy�d>GD��aZklhkh\m\Zeb -

ijZcf_jb� :1,� :2�� Yd� [meh� aZagZq_gh \� jha^�e�� ��� i_jrbc� _lZi

Zfie�n�dZp�� ( 30 �pbde�\)��sh�ijh\h^blvky��\bdhjbklZggyf�ijZcf_j�\�:1

lZ�<1, a\bqZcgh�g_�^Z}�lZdh� d�evdhkl��ijh^mdlm, ydZ�g_h[o�^gZ�^ey�\�am-

Zevgh]h�\by\e_ggy \�Z]Zjhaghfm�]_e���>Zgbc�Zfie�n�dZl�fh`gZ�\by\blb

aZ�^hihfh]hx� ]�[jb^baZp���a�f�q_gbfb� 32Jγ�:LN �ahg^Zfb 2-II, 3-I,��sh

\by\eyxlv�^�eygdb�aeblly %&5�lZ A%/�_dahg�\��Ijh\_^_ggy ^jm]h]h�_l�

��l �i �g �����������������

�����

�����
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Zim�IEJ��a�\bdhjbklZggyf�ijZcf_j�\�:2 qb�:3�lZ�<2��^ha\hey}�\by\blb

Zfie�n�dZlb�[_a�ijh\_^_ggy�]�[jb^baZp���lZ�ehdZe�am\Zlb�lhqdm�jhajb\m

]_gZ�%&5��GZ�jbkmgdm�ij_^klZ\e_gh�j_amevlZlb lZdh��Zfie�n�dZp���

GZ ^hj�`dm���gZg_k_�

gh� fZjd_j� �� >GD� S8&19,

jhas_ieZ� n_jf_glhf

0VS,�� <� ^Zghfm� \biZ^dm

[meh� \by\e_gh� njZ]f_gl

jhaf�jhf� � 200� i�g�

�^hj�`dZ 2),  lhfm�a�\jZom�

\Zggyf� jhaf�s_ggy

ijZcf_j�\� fh`gZ� kl\_j^�

`m\Zlb�� � sh� \� ^Zghfm

\biZ^dm� jhajb\� \� ]_g�

M-bcr fZ}�f�kp_�f�`�3�lZ��

_dahgZfb, lh[lh fZ}�f�kp_

b3/a2�ljZgkehdZp�y�

H[b^\Z��f_lh^b���\bdhjbklZggy�]_ghfgbo�ahg^�\�lZ�IEJ)�^hih�

\gxxlv�h^bg�h^gh]h��H^gZd�ke�^�\�^agZqblb��o�j�agm�ihl_gp�cgm�qmleb-

\�klv��LZd�\bdhjbklZggy�f�q_gbo��ahlhiZfb�]_ghfgbo�ahg^�\�^Z}�afh]m

^_l_dlm\Zlb��de�lbgb�a�3K¶�ojhfhkhfhx���dheb��o�d�evd�klv�ky]Z}�2-5%

\�^ aZ]Zevgh��d�evdhkl��f�}eh�^gbo�de�lbg�m�i_j_n_j�cg�c�djh\���< lhc�qZk

ihe�f_jZagZ�eZx]h\Z�j_Zdp�y�^Z}�fh`eb\�klv�\bagZqZlb�agZqgh�f_grm

d�evd�klv��ijb[ebagh���-4-10-5)  de�lbg�a�3K¶�ojhfhkhfhx.

LZdbf�qbghf��aZijhihgh\Zg��f_lh^b�^_l_dp���de�lbg��a�3K¶�

ojhfhkhfhx�^ha\heyxlv�

���<bagZqblb�ijbkmlg�klv�f�g�fZevgh��d�evdhkl�����-4-10-5��iZlheh]�qgbo

de�lbg�a�3K¶�ojhfhkhfhx�m�i_j_n_j�cg�c�djh\��o\hjbo�gZ�OFE�

���>�Z]ghklm\Zlb�pblh]_g_lbqgm�j_f�k�x�m�o\hjbo�gZ�OFE�

�i�g� ���������������������

�����
�����

�����

�����

�����

�����



18

���Ijh]gham\Zlb�ih^Zevrbc�i_j_[�]�OFE��hp�gxxqb�d�evd�klv

aZebrdh\bo�iZlheh]�qgbo�de�lbg�m�i_j_n_j�cg�c�djh\��o\hjbo�

���Hp�gx\Zlb�_nn_dlb\g�klv�e�dm\Zggy�OFE�aZ�l_fiZfb�af_gvr_ggy�m

i_jbn_j�cgbc�djh\��o\hjbo�de�lbg��a�3K¶�ojhfhkhfhx�

DJBL?J12�?N?DLB<GHKL1

<bdhjbklZggy�m�de�g�qg�c�ijZdlbp��]_ghfgbo�ahg^�\�f�q_gbo

�ahlhiZfb�lZ�ihe�f_jZagh��eZgpx]h\h��j_Zdp���[m^_�kijbylb�hilbf�aZp��

^�Z]ghklbqgh�e�dm\Zevgh]h�ijhp_kkm��agb`_ggx�qZklhlb�jhaoh^`_gv

^�Z]gham��af_gr_ggx�qZklhlb�aZ]hklj_gv�iZlheh]�qgh]h�ijhp_km�

Z^_d\Zlghfm�\bagZq_ggx�ijh]gham�j�agbo�klZ^�c�ojhg�qgh]h

f�}ehe_cdham�



19

E�l_jZlmjZ�

���FZgbZlbk�L���Njbq�W���K_f[jmd�>��Fhe_dmeyjgh_�dehgbjh\Zgb_���

Fhkd\Z���Fbj�������������k�

2. E.S.Kawasaki, S.S.Clark, M.Y.Coyne et al Diagnosis of chronic  myeloid

and acute lymphocytic leukemias by detection of  leukemia-specific mRNA

sequences amplified in vitro. //Proc. Natl.  Acad. Sci. USA, 1988, V.85,

N15, P.5698-5702.

 3. Maurer J., Janssen J., Thiel E., et al. Deletion of chimeric  BCR-ABL

genes in acute lymphoblastic leukemia by the polymerase  chain reaction //

The Lancet.-1991.-337, N 8749.-P.1055-1058.

4. Nowell P.C., Hungerford D.A. A minute chromosome in human  chronic

granulocytic leukemia // Science.-1960.-132, P.1497-1499.

5. Daley G.Q., Ben-Neriah Y. Implicating the bcr/abl gene in the

pathogenesis of the Philadelphia chromosome positive human  leukemia //

Adv. Cancer Res.-1991.-57, P.151-184.

���Fbek�D�B��=_g�%&5�$%/�ijb�ojhgbq_kdhf�fb_ehe_cdha_����=_fZlh-

eh]by�b�ljZgknmabheh]by������������&�����

����LmjdbgZ�:�=���>hfgbgkdbc�>�:���Ihdjh\kdZy�?�K���b�^j��Hp_gdZ

ijh]ghklbq_kdhc�agZqbfhklb�kljmdlmju�ojhfhkhfghc�ljZgkehdZpbb

W�������ijb�ojhgbq_kdhf�fb_ehe_cdha_����=_fZlheh]by��������1�����K���

11.

���=�>�L_e_]_}\��F�<�>b[dh\��F�<�;h`dh��G�F�Lj_lyd��K�K�FZexlZ

<bdhjbklZggy�fhe_dmeyjgh�[�heh]�qgbo�f_lh^�\�^ey�\by\e_ggy

n�eZ^_evn�ckvdh��ojhfhkhfb�m�o\hjbo�gZ�e_cdhab����;bhihebf_ju�b

de_ldZ��������L���������K�������


