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MklZgh\Z�jhajh[gbd : 1gklblml�fhe_dmeyjgh��[�heh]���lZ�

]_g_lbdb�G:G�MdjZ�gb

MklZgh\b�ki�\jhajh[gbdb: =heh\g_�[xjh�km^h\h�f_^bqgh��_dki_jlbab

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

;xjh�km^h\h�f_^bqgh��_dki_jlbab�mijZ\e�ggy

hohjhgb�a^hjh\
y�IhelZ\kvdh�

h[e^_j`Z^f�g�kljZp���

MdjZ�gkvdZ�f_^bqgZ�klhfZlheh]�qgZ�ZdZ^_f�y�

:\lhjb� � FZexlZ�KlZg�keZ\�KlZg�keZ\h\bq� 266 07 29
L_e_]_}\�=_ggZ^�c�>fbljh\bq� 266 07 29
>b[dh\�FboZceh�<Zkbevh\bq� 266 07 29
>jmav�:eeZ�N_^hj�\gZ� 446 50 93
Ohf_ghd�L_lygZ�He_]�\gZ� 446 50 93
Ihq_jgy}\�Dhgklyglbg�N_^hjh\bq�   (05322)

72946
;ZeZpvdbc�<�dlhj�FbdheZch\bq�   (05322) 72946
<Z`gbqZ�He_gZ�FbljhnZg�\gZ�����������������������

J_p_ga_glb :   =�F��>jZggbd��^hdlhj�f_^��gZmd��ijhn_khj�

aZ\��eZ[hjZlhj�}x��fmgheh]���MG>1MG�

L�1��;m`b}\kvdZ��^hdlhj�f_^��gZmd��ijhn_khj��aZ\�

dZn_^jhx�f_^bqgh��]_g_lbdb�Db�\kvdh��f_^bqgh�

ZdZ^_f���i�key^biehfgh��hk\�lb
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H^gbf� a�gZc\Z`eb\�rbo�jha^�e�\� km^h\h��f_^bpbgb� � }� � _dki_jlbaZ�j�^dh�

djh\���ydZ�ijh\h^blvky�\�kijZ\Zo�ijh�ki�jg_� �[Zlvd�\kl\h��fZl_jbgkl\h��aZf�gm

^�l_c��Z�lZdh`�a�f_lhx�\klZgh\e_ggy�hkh[bklhkl��

F_lh^bqg�� j_dhf_g^Zp��� ijh� \bdhjbklZggy� Zfie�n�dZp��� \bkhdhih�

e�fhjngbo� ehdmk�\� >GD� ^ey� \bj�r_ggy� iblZgv� _dki_jlbab� j�^dh�� djh\�� \

MdjZ�g��jhajh[e_g��\i_jr_�

<� ihj�\gygg�� a� f_lh^Zfb�� yd�� a\bqZcgh� \bdhjbklh\mxlvky� \ lZdbo

_dki_jlbaZo� �f_lh^b� \bagZq_ggy� � fZjd_j�\� � �ahk_jheh]�qgbo� kbkl_f� djh\���

f_lh^�Zfie�n�dZp���\bkhdhihe�fhjngbo��<I��ehdmk�\�>GD�^ha\hey}�\klZgh\blb

]_ghlbi� ^hke�^`m\Zgbo� hk�[�� [_a� \klZgh\e_ggy� ydh]h� \bj�rblb� iblZggy� ijh

ki�jg_�ihoh^`_ggy�^�l_c�\�[�evrhkl��\biZ^d�\�g_fh`eb\h�

F_lh^�Zfie�n�dZp���<I�ehdmk�\�>GD��Z[h��ihe�f_jZagZ��eZgpx]h\Z�j_Zdp�y

�IEJ� -�p_�f_lh^�Zfie�n�dZp����jhafgh`_ggy�dhi�c��>GD���aZ�^hihfh]hx�ydh]h
ijhly]hf�d�evdho�]h^bg�fh`gZ�\b^�eblb�lZ�jhafgh`blb�m� ��

8-1012
�jZa�\�i_\gm

ihke�^h\g�klv�>GD���Ih^Zevr_��jha^�e_ggy�hljbfZgbo�njZ]f_gl�\�>GD�reyohf

_e_dljhnhj_am� m� Z]Zjhaghfm� qb� ihe�ZdjbeZf�^ghfm� ]_e�� ^ha\hey}

�^_glbn�dm\Zlb� � ki_pbn�qg�� � ^�eygdb� >GD� [_a� \bdhjbklZggy� jZ^�hZdlb\gbo

ahg^�\�� gZ� \�^f�gm� \�^� f_lh^m� ZgZe�am� ihe�fhjn�afm� ^h\`bg� j_kljbdp�cgbo

njZ]f_gl�\�>GD�� Z[h� � f_lh^m� ]_ghfgh�� ^Zdlbehkdhi���� ydbc� lZdh`� � ^ha\hey}

�g^_glbn�dm\Zlb�hkh[m� aZ�^hihfh]hx�>GD��P_c�f_lh^�f_gr�ljm^hf�kldbc� � aZ

deZkbqgbc�n�g]_jijbgl��Z�lZdh`�^ha\hey}�a^�ckgx\Zlb�ZgZe�a�ke�^h\bo�d�evdhk�

l_c�>GD�� m� lhfm� qbke�� qZkldh\h� ^_]jZ^h\Zgh��>GD��H^gZd� \bkhdZ� qmleb\�klv

f_lh^m� i�^\bsm}� g_[_ai_dm� ihfbehd� \gZke�^hd� gZy\ghkl�� � gZ\�lv� f�a_jgbo

^hf�rhd�klhjhggvh��>GD�

>hk\�^�ijh\�^gbo�eZ[hjZlhj�c�MdjZ�gb�lZ��grbo��djZ�g��^ha\heb\�\�^�[jZlb

^ey�IEJ�ZgZe�am�jy^�kbkl_f�^ey�\b\qZggy��\bkhdh�ihe�fhjngbo�^�eyghd�]_ghfm

ex^bgb�� \bdhjbklZggy� ydbo� ^Z}� � gZcdjZs�� � j_amevlZlb�� H^ghqZkg_

\bdhjbklZggy� \� ZgZe�a� 3-4� kbkl_f� ^ha\hey}� ijh\h^blb� ihj�\gyggy� j�agbo
ajZad�\� >GD� ��� aZ� ch]h� j_amevlZlZfb�� jh[blb� \bkgh\db� ijh� �o� ihoh^`_ggy� \

[�evrhkl�� \biZ^d�\� a� � \�jh]�^g�klx� ^h 99� �� lZ� \bs_�� LZdm� lhqg�klv

i�^l\_j^`_ggy� [Zlvd�\kl\Z� jmlbggbfb� f_lh^Zfb� hljbfZlb� ijZdlbqgh

g_fh`eb\h�

F_lh^bqg��j_dhf_g^Zp���ijbagZq_g��^ey��\ijh\Z^`_ggy��\��jh[hlm�\�^^�e_gv

km^h\h�f_^bqgh�� �fmgheh]��� lZ� km^h\h�f_^bqgh�� pblheh]��� [xjh� km^h\h�

f_^bqgh��_dki_jlbab�

���H;E:>G:GGY��J?:=?GLB��J?:DLB<B
�����H[eZ^gZggy

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

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

l_fi_jZlmjhx� ��
h
K� �� oheh^bevgbd� a� l_fi_jZlmjZfb� �

h
K� lZ� ���

h
K�� [ehdb

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



4

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

ijh[�jdb�?i_g^hjn�gZ�����fe�lZ�����fe� ��ijb^Zlg��^ey�IEJ����mevljZn�he_lh\Z

kbkl_fZ� a� ^h\`bghx� o\be�� ���� gf� lZ� aZobkgbf� _djZghf�� nhlhZiZjZl�� ie�\dZ

³F�djZl� ���´�� dZf_jb� ^ey� ]hjbahglZevgh]h� �� \_jlbdZevgh]h� _e_dljhnhj_am� a

ieZgr_lZfb�^ey�]_e�\� ��]j_[�gdZfb��kdeyg��]hfh]_g�aZlhjb�gZ����fe��gZkl�evgZ

p_gljbnm]Z�lbim�?i_g^hjn��l_jfhpbde_j��ki_dljhnhlhf_lj�

�����J_Z]_glb�lZ�j_Zdlb\b
1����;mn_j�^ey�e�abkm�de�lbg�������fF�kZoZjhab�����7ULWRQ�;����

�����fF�0J&O2�����fF�lj�k�+&O�S+�����

1����;mn_j�^ey�e�abkm�y^_j������fF�1D&O�����P0�?>L:��S+����

1��������6'6���^h^_pbe�kmevnZl�gZlj�x�

1����Jhaqbg�ijhl_�gZab�D������f]�fe�

1������F�Zp_lZl�dZe�x��S+����

N 6. 96h�_lZghe
N 7. 70o

�_lZghe

N 8. 50 mM MgCl2
1����Kmf�r�G173�ih�����fF�dh`gh]h

1�������[mn_j�^ey�ijh\_^_ggy�IEJ�������fF�lj�k�+&O��S+�����

��fF� ;K:� �[bqZqh]h� kbjh\Zldh\h]h� Zev[mf�gm��� ���� fF� kmevnZlm

Zfhg�x�����fF���f_jdZilh_lZghem

1�����Ijyfbc�lZ�a\hjhlg�c�ijZcf_jb�^ey�ijh\_^_ggy�IEJ�^ey�dh`gh]h�a

�������^hke�^`m}fbo�ehdmk�\

1�����E_]d_�f�g_jZevg_�fZkeh�^ey�IEJ

1�����:]ZjhaZ�^ey�_e_dljhnhj_am

1���������ZdjbeZf�^�����]�ZdjbeZf�^m���H[_j_`gh��Lhdkbqgh��IjhgbdZ}

q_j_a�rd�jm���lZ���]�1�1
�f_lbe_g[�kZdjbeZf�^m�jhaqbgyxlv�m�\h^��^h

h[
}fm�����fe

1�����I_jkmevnZl�Zffhg�x

1�����L?F?>

1������Lj�k�[hjZlgbc�[mn_j���7%(��^ey�_e_dljhnhj_am��������F�lj�k�

������������F�[hjgh��dbkehlb��������F�?>L:��S+����

1�����;mn_j�^ey�gZg_k_ggy�gZ�]_ev����djZlgbc��

������������[jhfn_gheh\h]h�kbgvh]h��������dkbe_gpbZghem������]e�p_jbgm

1�����Jhaqbg�[jhfbklh]h�_l�^�x�����f]�fe�

1�����FZjd_j�jhaf�j�\�>GD���>GD�nZ]m�λ�jhas_ie_gZ�n_jf_glhf�3VW�,

1�����7DJ�qb�7WK�ihe�f_jZaZ

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

���<B<Q?GGY�AJ:AD1<�DJH<1�F?LH>HF�IEJ�>:DLBEHKDHI12
�������AZ[�j�fZl_j�Zem
Djh\� ^ey� ]_ghlbihkdhi��� [_jmlv� \� eZ[hjZlhj��� ;xjh� km^f_^_dki_jlbab� aZ

lbfb�`�ijZ\beZfb��sh�c�^ey� �fmgheh]�qgbo�j_Zdp�c��H[h\
yadh\bf�}�g_�l�evdb

km\hj_� ^hljbfZggy� ijhp_kmZevgbo� ghjf�� Ze_� �� kl_jbevg�klv� ihkm^m�
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�gkljmf_gl�\�

Djh\�m�d�evdhkl�������fe�h^_j`mxlv�reyohf�\_ghimgdp����klZ[�e�amxlv���

jhaqbghf�pbljZlm�gZlj�x���m�ki�\\�^ghr_gg��������Z[h�]_iZjbghf������djZie���qb

]ex]�pbjhf� ������ �� ^h� \b^�e_ggy� >GD� a[_j�]Zxlv� m� aZdjblbo� kl_jbevgbo

ijh[�jdZo� ijb� ��
h
K� ^ey� ihi_j_^`_ggy� [Zdl_j�Zevgh]h� aZ[jm^g_ggy�� M

\bcgyldh\bo�\biZ^dZo�fh`gZ�\aylb�djh\�a�iZevpy�\�d�evdhkl��^h���fe�

������<b^�e_ggy�>GD�a�djh\�
�� fe� djh\�� af�rmxlv� a� ��� fe� oheh^gh]h� [mn_jm� 1� ��� ]hfh]_g�amxlv� \

kdeyghfm� ]hfh]_g�aZlhj�� ���� o\� �� \bljbfmxlv� ijb� �
h
K� ijhly]hf� ��� o\bebg�

A\�evg_g��\�j_amevlZl��e�abkm�de�lbg�y^jZ�\bkZ^`mxlv�p_gljbnm]m\Zggyf�����J

���o\��H[_j_`gh�aeb\Zxlv�gZ^hkZ^h\m�j�^bgm���j_kmki_g^mxlv�hkZ^�y^_j�m���fe

[mn_jm�1����>h^Zxlv�ijb�f
ydhfm�i_j_f�rm\Zgg������fe�����jhaqbgm�6'6��1���

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

]h^�ijb���
h
K�

>h^Zxlv�����fe���F�jhaqbgm�.$F��1�����i_j_f�rmxlv���\bljbfmxlv�ijb��
h
K

��� o\�� P_gljbnm]mxlv� ijb� ����� J� ��� o\�� H[_j_`gh��sh[� g_� aZq_iblb� hkZ^�

i_j_ghkylv�gZ^hkZ^h\m�j�^bgm�\�kdeygbc�klZdZg��>h^Zxlv����fe�hoheh^`_gh]h

^h����
h
K�_lZghem��1������gZfhlmxlv�gbldb�>GD�gZ�kdeygm�iZebqdm�Z[h�aZiZygbc

d�g_pv� iZkl_j�\kvdh�� i�i_ldb�� A]mklhd� h[_j_`gh� ijhfb\Zxlv� m� jhaqbg�� ��
h

_lZghem� �1� ��� �� \bkmrmxlv� gZ� ih\�lj���Kdeygm� iZebqdm� \f�smxlv� \� ijh[�jdm

lbim� ³?i_g^hjn´�� jhaqbgyxlv� >GD� m� ���� fde� [�^bklbevh\Zgh�� \h^b� �

\bljbfmxlv� ������ ]h^� ijb� �
h
K�� I�key� jhaqbg_ggy� >GD�� iZebqdm� \bcfZxlv�

ijh[�jdm�aZdjb\Zxlv���a[_j�]Zxlv�ijb����
h
K�

������Hp�gdZ�ydhkl��lZ�dhgp_gljZp���\b^�e_gh��>GD
<bf�jxxlv� hilbqg_� ih]ebgZggy� �:�� h^_j`Zgbo� jhaqbg�\� >GD� ijb

^h\`bgZo�o\bev� ����lZ� ����gf��Ki�\\�^ghr_ggy�:260 �:280  ���������\�^ih\�^Z}

qbkl�c� >GD�� Dhgp_gljZp�x� \bagZqZxlv� \boh^yqb� a� lh]h�� sh� :260 �� ijb

dhgp_gljZp���>GD����fd]�fe���lh\sbg��rZjm��kf�

�������:fi�n�dZp�y�>GD��ihe�f_jZagZ�eZgpx]h\Z�j_Zdp�y�
Ijbgpbi� j_Zdp��� ihey]Z}� m� [Z]Zlhpbdeh\hfm� gZijZ\e_ghfm� kbgl_a�

njZ]f_glm� >GD� a� ^_ahdkbjb[hgmde_hab^ljbnhknZl�\� �G173�� aZ� ^hihfh]hx

l_jfhklZ[�evgh��>GD�ihe�f_jZab��Ki_pbn�qg�klv� kbgl_am�� lh[lh� kbgl_a� l�evdb

\b[jZgh��^�eygdb�]_ghfm��\bagZqZ}lvky�kbgl_lbqgbfb�aZljZ\dZfb��ijZcf_jZfb��

sh�h[f_`mxlv�^Zgm�^�eygdm���kijyfh\mxlv�kbgl_a��jhafgh`_ggy��g_h[o�^gh]h

njZ]f_glm���jbk����

Ijh\_^_ggy�j_Zdp���Zfie�n�dZp���

:\lhfZlbqghx� i�i_ldhx� �a� af�ggbfb� h[
}fhf� \ghkylv� ke�^mxq�

dhfihg_glb����fde�j_Zdp�cgh]h�[mn_jm�1�������fde�kmf�r��G173�1����ih���fde

ijyfh]h� lZ� a\hjhlgvh]h� ijZcf_j�\� �� dhgp_gljZp�y�:260 � ���� hil�� h^���� jhaqbg

MgCl2 �hilbfZevgZ� d�evd�klv� i�^[bjZ}lvky� _dki_jbf_glZevgh��� �fd]�>GD�� ���

h^��l_jfhklZ[�evgh��>GD�ihe�f_jZab��1�����^_�hg�ah\ZgZ�\h^Z�^h����fde�
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Ijyfbc�ijZcf_j

>GD

A\hjhlg�c�ijZcf_j

��c�jZmg^�IEJ

Q�jZmg^�\�IEJ

~ 2n njZ]f_gl�\�>GD

Jbk����Ko_fZ�ihe�f_jZagh��eZgpx]h\h��j_Zdp����IEJ�

GZrZjh\mxlv� gZ� kmf�r� ��� fde� f�g_jZevgh]h� fZkeZ� �1� ���� ^ey

ihi_j_^`_ggy �\biZjh\m\Zggy �ajZadZ�

Ijh\h^ylv� ������ pbde�\� Zfie�n�dZp��� aZ� mfh\�� i�^�[jZgbo� ^ey� dh`gh�

dhgdj_lgh��iZjb�ijZcf_j�\��I�key�ijh\_^_ggy�IEJ�Zfie�n�dZlb�a[_j�]Zxlv

�ijb����
h
K�

�������?e_dljhnhj_lbqgbc�ZgZe�a�ijh^mdl�\�Zfie�n�dZp��
>ey�\bagZq_ggy�d�evdhkl��lZ�jhaf�j�\�Ze_e�\�m�h^_j`Zg�c�j_Zdp�cg�c�kmf�r�

\bdhjbklh\mxlv�_e_dljhnhj_a�\�Z]Zjhaghfm�Z[h�ihe�ZdjbeZf�^ghfm �]_e��

��������Ijb]hlm\Zggy����Z]Zjhagh]h�]_ex�lZ�ijh\_^_ggy
]hjbahglZevgh]h�_e_dljhnhj_am
>h^Zxlv���]�Z]Zjhab�^ey�_e_dljhnhj_am�^h����fe���djZlgh]h�[mn_jm�L;?� �

^h\h^ylv�h[
}f�kmf�r��^h�����fe��GZ]j�\Zxlv�kmf�r�gZ�dbieyq�c�\h^yg�c�[Zg��^h

ih\gh]h�ieZ\e_ggy�Z]Zjhab�

M� djbrdm� ���emgdh\h]h� �fmgheh]�qgh]h� ieZgr_lm� \klZ\eyxlv� ]j_[�gdm� a

h[
}fhf� emgdb� ���fde��Hoheh^`mxlv� jhaieZ\� Z]Zjhab� ^h� ��
h
K� �� aZeb\Zxlv� \

djbrdm� ^h� ml\hj_ggy� f_g�kdm�� I�key� aZl\_j^�ggy� ]_ex� ������� o\�� ]j_[�gdm

h[_j_`gh� \bcfZxlv�� AZeb\Zxlv� ijbeZ^� ^ey� ]hjbahglZevgh]h� _e_dljhnhj_am

�L;?�[mn_jhf��sh[�]_ev�[m\�\djblbc�rZjhf�����ff��:\lhfZlbqghx�i�i_ldhx

\�^[bjZxlv� ��� fde� j_Zdp�cgh�� kmf�r�� �� af�rmxlv� a� �� fde� [mn_jm� 1� ���

H^_j`Zgm�kmf�r�\ghkylv�m�emgdb�]_ex��<�h^gm�a�emghd�\ghkylv�fZjd_j�jhaf�j�\



7

>GD�1����

>GD� jmoZ}lvky� \�^� Zgh^m� ���� ^h� dZlh^m� �����Ijh\h^ylv� _e_dljhnhj_a� ijb

gZijma������<�����<�kf��h^gm�^\��]h^bgb��AZ�ijhkm\Zggyf�ajZad�\�kihkl_j�]Zxlv

ih�[Zj\gbdZo�a�[mn_jZ�^ey�gZg_k_ggy�

I�key�aZ\_jr_ggy�nhj_am�]_ev�h[_j_`gh�\bcfZxlv�a�djbrdb�lZ�nZj[mxlv�m

jhaqbg�� [jhf�klh]h� _lb^�x� 1� ��� ����� o\�� =_ev� ijhfb\Zxlv� \h^hx� ������ o\� �

jhaf�smxlv� gZ� _djZg�� ljZgk�exf�gZlhjZ�� <� mevljZn�he_lh\bo� ijhf_gyo

ijhnZj[h\Zg�� njZ]f_glb� >GD� \bijhf�gxxlv� hjZg`_\_� k\�leh�� =_ev

nhlh]jZnmxlv�gZ�ie�\dm�³F�djZl����´�dj�av�hjZg`_\bc�k\�lehn�evlj�

���������Ijb]hlm\Zggy����ihe�Zdj�eZf�^gh]h�]_ex�lZ
ijh\_^_ggy�\_jlbdZevgh]h�_e_dljhnhj_am�\�gvhfm
Af�rmxlv���fe�����jhaqbgm�ZdjbeZf�^m��1��������fe��L;?����fe�\h^b����

f]�i_jkmevnZlm�Zffhg�x�����fde�L?F?>��AZeb\Zxlv�kmf�r�m�jZfdm�^ey�]_ex�

yd�\dZaZgh�\��gkljmdp���\bjh[gbdZ��\klZ\eyxlv�]j_[�gdm�a�h[
}fhf�emgdb����fde�

I�key�ihe�f_jbaZp��� ����� ]h^� ijb� d�fgZlg�c� l_fi_jZlmj��� \bcfZxlv� ]j_[�g_pv�

jZfdm�\klZ\eyxlv�\�ijbeZ^�^ey�\_jlbdZevgh]h�_e_dljhnhj_am�� aZeb\Zxlv�L;?

[mn_j��sh[�\�g�\djb\Z\�]_ev�rZjhf�����kf��Ijh\h^ylv�ij_nhj_a����o\�ijb����<�

<ghkylv� m� emgdb� ���fde� Zfie�n�dZlm�� af�rZgh]h� a� ��fde� [mn_jm� 1� ����>GD

jmoZ}lvky� a\_jom� \gba�� \�^� Zgh^m� ����^h� dZlh^m� �����Nhj_a�ijh\h^ylv�ijb� kbe�

kljmfm� ��� f:� [ebavdh� ��o� ]h^bg�� ;jhfn_gheh\bc� kbg�c� jmoZ}lvky� m� ��

ihe�ZdjbeZf�^ghfm� ]_e�� jZahf� a� njZ]f_glZfb� >GD� jhaf�jhf� ��� i�g�

NZj[m\Zggy�lZ�nhlh]jZnm\Zggy�]_ex�ijh\h^ylv�ZgZeh]�qgh�i���������

�������:gZe�a�_e_dljhnhj_]jZf
?e_dljhnhj_]jZfZ�dh`gh]h�a�Zfie�n�dZl�\�>GD�ih\bggZ�fZlb�\b]ey^�h^g�}�

qb� ^\ho� kfm]� \� aZe_`ghkl�� \�^� ab]hlghkl��� JhalZrm\Zggy� kfm]� ih\bggh

\�^ih\�^Zlb�jhaf�jZf�Ze_e�\�^Zgh]h�ehdmkm��Jhaf�j�Zfie�n�dh\Zgh]h�njZ]f_glm

\bagZqZxlv� aZ� ^hihfh]hx� >GD� fZjd_j�\�� <� ydhkl�� fZjd_jm� fh`gZ

\bdhjbklh\m\Zlb�>GD�nZ]m�λ��h[jh[e_gm�n_jf_glhf� 3VW,� �1�����qb�[m^v�ydbc
�grbc�fZjd_j�g_h[o�^gbo�jhaf�j�\�

Ijbkmlg�klv� gZ� _e_dljhnhj_]jZf�� �grbo� njZ]f_gl�\� k\�^qblv� ijh

g_ki_pbn�qgm� Zfie�n�dZp�x�� Ijbqbghx� pvh]h� fh`_� [mlb� g_klZg^Zjlg�klv

gZ[hj�\�j_Zdlb\�\�^ey�IEJ��<�lZdhfm�\biZ^dm�g_h[o�^gh�ijh\_klb�i�^[�j�mfh\

j_Zdp���aZ�iZjZf_ljZfb��af_grblb�dhgp_gljZp�x� �hg�\�0J��af_grblb�d�evd�klv

ihe�f_jZab�� af_grblb� d�evd�klv� >GD�� a[�evrblb� l_fi_jZlmjm� \�^iZex\Zggy

ijZcf_j�\�

�������H[qbke_ggy�\�jh]�^ghkl��i�^l\_j^`_ggy�[Zlvd�\kl\Z
��hnhjfe_ggy�j_amevlZl�\�_dki_jlbab
Hkd�evdb� ehdmkb�� sh� ^hke�^`mxlvky� ijb� ijh\_^_gg�� _dki_jlbab�

mkiZ^dh\mxlvky� aZ� dh^hf�gZglgbf� ijbgpbihf�� lh� fZjd_jg�� kfm]b� ^blbgb

ih\bgg�� mkiZ^dh\m\Zlbkv� \�^�fZl_j�� lZ� [ZlvdZ� �� ih� h^g�c� kfma�� \�^� dh`gh]h� a

[Zlvd�\��ih�dh`ghfm�a�^hke�^`_gbo�ehdmk�\���^b\�jbk�����
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����F������>�����I; ��F�������> �I;

����Z��������������������������������������[��

Jbk�� ��� Ko_fZlbqg_� ah[jZ`_ggy� _e_dljhnhj_]jZfb� Zfie�n�dZl�\� >GD

h^gh]h� ehdmkm�� Z�� dZjlbgZ� ijb� i�^l\_j^`_gg�� [Zlvd�\kl\Z�� [�� dZjlbgZ� ijb

\bdexq_gg�� [Zlvd�\kl\Z� �klj�edhx� \dZaZgZ�fZjd_jgZ� kfm]Z��sh� g_�fh]eZ� [mlb

mkiZ^dh\ZgZ�Z�g��\�^�fZl_j���Z�g��\�^�^hke�^`_gh]h�qheh\�dZ��]Z^Zgh]h�[ZlvdZ���F

��fZlb��>���^blbgZ��=;���]Z^Zgbc�[Zlvdh�

<bkgh\hd�ijh�\bdexq_ggy�[Zlvd�\kl\Z�jh[blvky���ydsh��m��^blbgb�[meh

\by\e_gh�fZjd_jg��kfm]b (�f�g�fmf�ih�^\ho�kbkl_fZo ),�sh�g_�fh]eb�[mlb

mkiZ^dh\Zg���\�^��fZl_j���lZ��qheh\�dZ���\dZaZgh]h��yd�[Zlvdh��Z[h�ydsh�m�^blbgb

g_�ijhke�^`m}lvky�fZjd_jgbo�kfm]��oZjZdl_jgbo�qheh\�dh\���\dZaZghfm�yd

[Zlvdh�

M�\biZ^dm��dheb�ih�^hke�^`m\Zgbf�ehdmkZf�m�^blbgb�\by\e_g��ebr_�l�

Ze_e���yd��oZjZdl_jg���fZl_j���lZ��i_j_^[Zqm\Zghfm��[Zlvdh\���lh[lh�\bdexq_ggy

[Zlvd�\kl\Z�g_�kihkl_j�]Z}lvky���lh��ijh\h^blvky�jhajZomghd�i�^l\_j^`_ggy

[Zlvd�\kl\Z��>ey�pvh]h��\bjZoh\mxlv���fh\�jg�klv�\biZ^dh\h]h�mkiZ^dm\Zggy

dh`gh]h�a�Ze_e�\ (���fh\�jg�klv��a�ydhx�^blbgZ�fh]eZ�[�mkiZ^dm\Zlb�^Zgbc�Ze_ev
\�^��grh]h��qheh\�dZ��`�gdb��a�^Zgh��ihimeyp����

JhajZomghd��fh\�jghkl��\biZ^dh\h]h�mkiZ^dm\Zggy��Ze_ey��ijh\h^ylv�aZ

nhjfmehx��J =��j-j2
��^_�J -��fh\�jg�klv�\biZ^dh\h]h��mkiZ^dm\Zggy�Ze_ey��j -

qZklhlZ�Ze_ey�\�ihimeyp�� (�a�h[h\
yadh\bf�aZagZq_ggyf�^`_j_eZ��gnhjfZp����
Ydsh�[meh�^hke�^`_gh�^_d�evdZ�ehdmk�\��\bjZoh\mxlv�dmfmeylb\gm

�fh\�jg�klv��\biZ^dh\h]h�kiZ^dm\Zggy�Ze_e�\�

Dmfmeylb\gZ��fh\�jg�klv�\biZ^dh\h]h�kiZ^dm\Zggy�Ze_e�\��Jdmf��^hj�\gx}

^h[mldm��fh\�jghkl_c�\biZ^dh\h]h��kiZ^dm\Zggy��Ze_e�\��ih�hdj_fbf�ehdmkZf�

JhajZomghd��fh\�jghkl��i�^l\_j^`_ggy�[�heh]�qgh]h��[Zlvd�\kl\Z�ijh\h^ylv

aZ�nhjfmehx ; n = (1�Jdmf��o 100% ( n -��fh\�jg�klv�i�^l\_j^`_ggy�[�heh]�qgh]h
[Zlvd�\kl\Z��

Ijb�hnhjfe_gg��j_amevlZl�\�_dki_jlbab�\�jha^�e���>hke�^gZ�qZklbgZ�

\bkgh\dm�_dki_jlZ�gZ\h^ylv�^`_j_eh��gnhjfZp�� (��^Zg���f_lh^bqg�
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j_dhf_g^Zp�����\dZamxlv�fZjdm�Zfie�n�dZlhjZ�lZ��n�jfm�\bjh[gbdZ�n_jf_glm�qb

gZ[hjm�^ey�IEJ��M�jZa��fh^bn�dZp���aZijhihgh\Zgh��f_lh^bdb�j_l_evgh

ih^Zxlvky�\k���\g_k_g���af�gb���GZ\h^ylvky��nhlh��ydsh�\hgb�}�

_e_dljhnhj_]jZf�Zfie�n�dZl�\�ih�dh`g�c�a��aZklhkh\Zgbo�kbkl_f�Z[h

jharbnjh\dZ�_e_dljhnhj_]jZf�a��gZ\_^_ggyf�jhaf�j�\�\by\e_gbo�Ze_e�\�

G_]Zlb\b�a[_j�]Zxlvky�\�eZ[hjZlhj�����J_amevlZlb�^hke�^`_gv�fh`gZ�ijb\_klb�m

\b]ey^��lZ[ebp���ijb�g_h[o�^ghkl���^Z}lvky�jhajZomghd��fh\�jghkl�

i�^l\_j^`_ggy�[Zlvd�\kl\Z�

<ijh\Z^`_ggy��pbo�j_dhf_g^Zp�c�m�km^h\h�f_^bqgm�ijZdlbdm��^ha\heblv

kmll}\h�i�^\bsblb�lhqg�klv�lZ�yd�klv�_dki_jlba�ih��\klZgh\e_ggx�hkh[bklhkl��

E�l_jZlmjZ

���:gZeba�]_ghfZ��F_lh^u��I_j��k�Zg]e����Ih^��j_^��D��>_c\bkZ����F���Fbj�������

������k�

���FZgbZlbk�L���Njbq�W���KZf[jmd�>`��F_lh^u�]_g_lbq_kdhc�bg`_g_jbb�

Fhe_dmeyjgh_�dehgbjh\Zgb_��I_j��k�Zg]e��F���Fbj������������k�

���Khdheh\�;�I���>`_f_ebgkdbc�<�<���DZebgbg�<�G��<u^_e_gb_

\ukhdhfhe_dmeyjghc�wmdZjbhlbq_kdhc�>GD�k�bkihevah\Zgb_f�Zp_lZlZ�dZeby���

Fhe_dme�]_g_l���fbdjh[bhe��b�\bjmkhe������������1����&�������

���Qbklydh\�>�:���=Z\jbeh\�>�D��b�^j��:gZeba�jZkij_^_e_gby�Zee_e_c�q_luj_o

]bi_j\ZjbZ[_evguo�lZg^_fguo�ih\lhjh\�kj_^b�g_jh^k�l\_gguo�ij_^klZ\bl_e_c

jmkkdhc�gZpbb��ijh`b\Zxsbo�\�Fhkd\_��k�ihfhsvx�ihebf_jZaghc�p_ighc

j_Zdpbb����Fhe_dmeyjgZy�[bheh]by����������L�������<������K�����������

���>b[dh\�F�<���L_e_]_}\�=�>���>jmav�:�N���Ohf_ghd�L�H�<b\q_ggy�ajZad�\�djh\�

f_lh^hf�]_ghfgh��^Zdlbehkdhi����F_lh^bqg��j_dhf_g^Zp�������J_kim[e�dZgkvdbc

p_glj�gZmdh\h��f_^bqgh���gnhjfZp���FHA�MdjZ�gb���Db�\��������
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