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GZijyfb�k_e_dp�cgh-]_g_lbqgbo��ggh\Zp�c�m�dhghieyjkl\� 
G_� a\Z`Zxqb� gZ� \_kv� k\�c�fZkrlZ[gbc� ihl_gp�Ze�� kmqZkgbc�

mdjZ�gkvdbc�Z]jhijhfbkeh\bc� dhfie_dk� afh`_�_n_dlb\gh�jha\b-
\Zlbky� ebr_� aZ� mfh\� Zdlb\gh]h� �ggh\Zp�cgh]h� jha\bldm� i�^-
ijb}fkl\��sh�ch]h�nhjfmxlv��>ey�_n_dlb\gh]h��ggh\Zp�cgh-�g\_k-
lbp�cgh]h� �kgm\Zggy�Z]jhijhfbkeh\h]h� k_dlhjm�MdjZ�gb� g_�h[o�^-
gbf� }� \ijh\Z^`_ggy� lZdh�� fh^_e�� �ggh\Zp�cgh]h� jha\bldm�� ydZ� [�
aZ[_ai_qm\ZeZ� [ZeZgk� f�`� fh^_jg�aZp�x� \bjh[gbpl\Z� �� \ijh-
\Z^`_ggyf� j_amevlZl�\� gZmdh\bo� jhajh[hd�� gh\bo� ijh^mdl�\� ��
l_ogheh]�c�\bjh[gbpl\Z��>ey�i�^\bs_ggy�j�\gy��ggh\Zp�cgh��^�yev-
ghkl��lZ��g\_klbp�cgh��ijb\Z[eb\hkl��\�lqbagygbo�Z]jhijhfbkeh\bo�
i�^ijb}fkl\� aZijhihgh\Zgh fh^_ev�fh^_jg�aZp��� i�^ijb}fkl\� gZ�
aZkZ^Zo��ggh\Zp�cgh]h�ijh\Zc^bg]m�>�@� 

Kn_j�� Z]jZjgh�� gZmdb� m� fh^_e�� �ggh\Zp�cgh]h� ijh\Zc^bg]m�
gZe_`blv�\Z`eb\_�f�kp_��Z^`_�\hgZ�}�]_g_jZlhjhf�gZmdh\bo��^_c�
lZ� �ggh\Zp�cgbo�jhajh[hd��JZahf�a�lbf��m�kn_j��i�^ijb}fgbpvdh]h 
k_j_^h\bsZ� Z]jhijhfbkeh\h]h� dhfie_dkm�� a]�^gh� a� aZijhihgh-
\Zghx�fh^_eex���kgm}�ljb�gZijyfb�\ijh\Z^`_ggy��ggh\Zp�c� 

¾ k_e_dp�cgh-]_g_lbqg�� 
¾ _dheh]�qg��lZ�\bjh[gbqh-l_ogheh]�qg�� 
¾ hj]Zg�aZp�cgh-mijZ\e�gkvd��>�@� 
Hkgh\gbfb� gZijyfZfb� k_e_dp�cgh-]_g_lbqgbo� �ggh\Zp�c� aZ�

kmqZkgbo�mfh\�m�Z]jZjghfm�k_dlhj��}�gZklmig�� 
¾ gh\��khjlb�dmevlmj�a�\bkhdhx�ihl_gp�cghx�ijh^mdlb\g�klx� 
¾ \�^gh\ex\ZgZ�lZ�_dheh]�qgh�[_ai_qgZ�[�hijh^mdp�y� 
¾ gh\�� khjlb� �� ]�[jb^b� dmevlmj� a� ihdjZs_gbfb� yd�kgbfb�
iZjZf_ljZfb� 

¾ Z^ZilZp�cg�� dmevlmjb� �kl\hj_ggy khjl�\��sh� [�evr� ijbklh-
kh\Zg��^h�g_kijbyleb\bo�ih]h^gbo�mfh\��lhsh�>�@� 
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AZagZq_g�� gZijyfb� �ggh\Zp�c� oZjZdl_jg�� c� ^ey� k_e_dp��� ijh-
fbkeh\bo�dhghi_ev� �Cannabis sativa L����Ijhp_k�kl\hj_ggy�gh\bo�
khjl�\�a�\bkhdhx�ihl_gp�cghx�ijh^mdlb\g�klx��djZsbfb�yd�kgbfb�
ihdZagbdZfb� ijh^mdp���� kl�cd�klx� ^h� Z[�h- lZ� [�hlbqgbo� qbggbd�\�
ghkblv� i_jfZg_glgbc� oZjZdl_j�� hkd�evdb� \k�f� khjlZf� \eZklb\Z�
]_g_lbqgh� h[mfh\e_gZ� a^Zlg�klv� ^h� \bjh^`_ggy� �gZijbdeZ^�� q_-
j_a�gZdhibq_ggy�m�]_ghnhg^��ihimeyp���g_]Zlb\gbo�fmlZp�c��de�fZ-
lbqg��nemdlmZp���lhsh���Ihlj_[Z�m�gh\bo�khjlZo�dhghi_ev�ihk�\gbo�
\bdebdZgZ� �� af�ggbfb� ihlj_[Zfb�\bjh[gbpl\Z� lZ�jbgdm� dhghie_-
ijh^mdp���� LjZ^bp�cgh� dhghie�� ± p_� \hehdgbklZ� dmevlmjZ� mg�\_j-
kZevgh]h�\bdhjbklZggy��^ey�hljbfZggy�kl_[_e��\hehdgZ�qb�gZk�g-
gy��� Ze_� hklZgg�f� qZkhf� \hgZ� klZ}� aZlj_[m\Zghx� yd� oZjqh\Z� c�
he�cgZ��[�h_g_j]_lbqgZ�c�e�dZjkvdZ�jhkebgZ��Kihkl_j�]Z}lvky�ki_-
p�Ze�aZp�y� m� kl\hj_gg�� �� \ijh\Z^`_gg�� khjl�\� aZ� gZijyfZfb� ]hk-
ih^Zjkvdh]h� \bdhjbklZggy�� sh� kijby}� kl\hj_ggx� kbjh\bggh�� 
[Zab� ^ey� _n_dlb\gh�� hj]Zg�aZp��� j�agh\_dlhjgbo� \bjh[gbpl\��
ahdj_fZ�� [�h_g_j]_lbqgbo� �� l_dklbevgbo� \bjh[�\�� ijh^mdl�\�
a[ZeZgkh\Zgh]h� oZjqm\Zggy�� ]�]�}g�qgbo� lZ� dhkf_lbqgbo� aZkh[�\��
e�d�\� lhsh�� <h^ghqZk� \bgbdZ}� g_h[o�^g�klv� jhajh[db� gh\h��
f_lh^heh]��� k_e_dp��� dhghi_ev�� ydZ� [� ijbkdhjx\ZeZ� ijhp_k�
nhjfhl\hj_ggy�gh\bo�]_ghlbi�\�� 

M�j_amevlZl��\bjhsm\Zggy�^Zgh��dmevlmjb��ohqZ�[�yd�g�r_\h���
hljbfmxlv�\�^gh\ex\Zevgm�_dheh]�qgh-[_ai_qgm�[�hijh^mdp�x��s_�
h^bg� gZijyf� k_e_dp�cgh-]_g_lbqgbo� �ggh\Zp�c��� KZf_� \� mfh\Zo�
jZp�hgZevgh]h�ijbjh^hdhjbklm\Zggy� dmevlb\m\Zggy� ijhfbkeh\bo�
dhghi_ev� ihl_gp�cgh� kijbylbf_� jha\bldm� k�evkvdbo� l_jblhj�c� gZ�
aZkZ^Zo�_dheh]�qghkl���_g_j]hg_aZe_`ghkl��c�_g_j]h_n_dlb\ghkl���
:dlmZevg�klv�� khp�ZevgZ� lZ� _dhghf�qgZ� agZqbf�klv� kl\hj_ggy� ��
\ijh\Z^`_ggy� m� k�evkvdh]hkih^Zjkvd_� \bjh[gbpl\h� dhgdmj_glh-
a^Zlgbo� khjl�\� dhghi_ev� lZdh`� \bagZqZ}lvky� aZ^_deZjh\Zgbfb�
p�eyfb�klZeh]h�jha\bldm�MdjZ�gb�>�@��ahdj_fZ�\�qZklbg��^hky]g_ggy�
ijh^h\hevqh�� [_ai_db�� ihe�ir_ggy� oZjqm\Zggy� �� kijbyggy� jha-
\bldm�k�evkvdh]h� ]hkih^Zjkl\Z� lZ� �ggh\Zp�c�� aZ[_ai_q_ggy� a^hjh-
\h]h� kihkh[m� `blly�� ^hklmim� ^h� g_^hjh]bo�� gZ^�cgbo�� kl�cdbo� ��
kmqZkgbo�^`_j_e�_g_j]����aZ[_ai_q_ggy�_dheh]�qgh��kl�cdhkl��gZk_-
e_gbo�imgdl�\�� aZ[_ai_q_ggy�i_j_oh^m�^h�jZp�hgZevgbo�fh^_e_c�
kih`b\Zggy� �� \bjh[gbpl\Z�� \`blly� g_\�^deZ^gbo� aZoh^�\� sh^h�
[hjhlv[b� a�� af�ghx� de�fZlm� lZ� ��� gZke�^dZfb�� aZobklm� lZ� \�^gh\-
e_ggy�_dhkbkl_f� ��kijbyggy��o�jZp�hgZevghfm�\bdhjbklZggx��ijb-
ibg_ggy���ih\_jg_ggy�gZaZ^�ijhp_km�^_]jZ^Zp���a_f_ev�[2] lhsh� 

M� a\¶yadm� a� ]eh[Zevghx� _g_j]_lbqghx� djbahx�� ihlj_[hx� m�
a[_j_`_gg�� qZkldb� e�k�\� m� kljmdlmj�� _dheh]�qgh� klZ[�evgbo� l_jb-
lhj�c� ��hilbf�aZp���\�^ghr_ggy�_dheh]�qgh�g_klZ[�evgbo�a_f_ev�^h�
iehs�klZ[�evgbo�k�evkvdh]hkih^Zjkvdbo�m]�^v�i_jki_dlb\gbf�klZ\�
gZijyf�\bdhjbklZggy�[�hfZkb�dhghi_ev�yd�_g_j]_lbqgh��kbjh\bgb��
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hkd�evdb�aZ�l_iehl\hjghx�a^Zlg�klx�kl_[eZ�dhghi_ev��������^_sh�
ihklmiZ}lvky� dZf¶yghfm� \m]�eex� �������� Ze_� i_j_\bsmxlv�
ZgZeh]�qgbc�ihdZagbd�^ey�f¶ydbo�ihj�^�^_j_\����������lhjnm�������
ddZe�d]�� >�@��<bdhjbklZggy� kl_[_e� dhghi_ev� gZ� _g_j]_lbqg�� p�e�� }�
i_jki_dlb\gbf� gZijyfhf�s_� c� lhfm��sh� �kgm}�fh`eb\�klv� \bdh-
jbklh\m\Zlb� gZ� iZeb\h� yd� mk_� kl_[eh� �Ze_� p_� }� f_gr� j_glZ-
[_evgbf���lZd���ch]h�hdj_f��kdeZ^h\��>�@��gZijbdeZ^��dhkljbpx��ydZ�
ml\hjx}lvky�\�ijhp_k��i_j_jh[db��qb�jhkebgg��j_rldb��sh� aZeb-
rZxlvky�i�key�a[bjZggy�gZk�gg}\bo�ihk�\�\��p_�}�[�evr�_dhghf�qgh�
\b]�^gh���HklZgg�f�qZkhf�m�k\�l��^bkdmlm}lvky�iblZggy�ijh�aZf�gm�
p_exehab�� h^_j`Zgh�� a� ^_j_\bgb� e�kh\bo� ihj�^�� gZ� dhghieygm��
Z^`_���]Z�e�km�\�MdjZ�g��^Z}�j�qgbc�ijbj�kl�^_j_\bgb�\�aZe_`ghkl��
\�^� ihjh^b� lZ� ih]h^gbo� mfh\� ���±2,4 l�� lh^�� yd� hdj_f�� khjlb�
dhghi_ev�fZxlv�mjh`Zcg�klv�kmobo�kl_[_e�\bs_��� l�>�@� 

Dhghie�� a^Zlg�� gZdhibqm\Zlb� aZ]Zevgm� [�hfZkm� ^h� �� l� ��
[�evr_�� ydZ�fh`_� [mlb� \bdhjbklZghx�^ey� \bjh[gbpl\Z� _g_j]��� m�
lZdbo�gZijyfZo� 

¾ kiZex\Zggy� ^ey� h[�]j�\Zggy� ijbf�s_gv� qb� \bjh[e_ggy�
_e_dljbqgh��_g_j]��� 

¾ \bjh[gbpl\h� a� [�hfZkb� kbgl_lbqgh]h� ]Zam�� sh� fZ}� \f�kl�
_g_j]��� [�ey� ���� \�^� ^ba_evgh]h� iZevgh]h� �� fh`_� [mlb�
\bdhjbklZgbf� ^ey� \bjh[e_ggy� l_ieZ� Z[h� _e_dljbqgh��
_g_j]��� 

¾ hljbfZggy�a�he���dhghi_ev�^ba_evgh]h�iZevgh]h� 
¾ \bjh[gbpl\h� ]�^jhe�agh]h� �n_jf_glgh]h�� kibjlm� a� p_ex-
ehab� 

¾ hljbfZggy�[�h]Zam��i�^�qZk�ZgZ_jh[gbo�ijhp_k�\�\b^�ey}lv-
ky� f_lZg�� ydbc� \bdhjbklh\mxlv� ^ey� \bjh[e_ggy� l_ieZ� ��
_e_dljh_g_j]���� lZ� a[Z]Zq_gh]h� G�ljh]_ghf� hj]Zg�qgh]h�
^h[jb\Z�>�@� 

Dhghie�� }� dhgdmj_glha^Zlgbfb�� ihj�\gygh� a� �grbfb� [�h_g_j-
]_lbqgbfb� dmevlmjZfb�� gZijbdeZ^� dmdmjm^ahx� �� pmdjh\bfb� [mjy-
dZfb�kZf_�ijb�\bjh[gbpl\��[�h]Zam���[Z]Zlhj�qgbfb�jhkebgZfb�ijb�
\bjh[gbpl\�� l\_j^h]h� [�hiZeb\Z�� hkd�evdb� ^Zxlv� \bkhd�� mjh`Z��
[�hfZkb���^h[jbc�iblhfbc�\bo�^�f_lZgm�a�ihl_gp�Zehf�a[�evr_ggy�
aZ�mfh\b�ihi_j_^gvh��h[jh[db�kbjh\bgb� >�±�@��GZc[�evr_�f_lZgm�
a� ]_dlZjZ� ihk�\m�fh`gZ�hljbfZlb� ijb� a[bjZgg�� dhghi_ev� \hk_gb��
dheb�gZc[�evrbc�mjh`Zc�[�hfZkb��<bjh[gbpl\h�[�h]Zam�a�dhghi_ev�
[�evr� \bljZlg_�� Ze_� \� j_amevlZl�� fh`gZ� hljbfZlb� [�evr� yd�kg_�
iZeb\h� >�@��<bo�^�_g_j]���a�h^bgbp��iehs��dhghi_ev�ijb�\bdh�jbk-
lZgg��gZ�l\_j^_�[�hiZeb\h�lZdh`�gZc[�evrbc�\hk_gb��Ze_�[�hfZkZ�
^Zgh�� dmevlmjb� ^_fhgkljm}� \�^f�gghkl�� m� \eZklb\hklyo� iZeb\Z�
�l_iehl\hjgZ� a^Zlg�klv�� l_iehlZ� a]hjZggy�� ahevg�klv� lhsh�� aZ-
e_`gh�\�^�k_ahgm��e�irbfb�\hgb�}�ijb�a[bjZgg��\abfdm� ��\_kghx��
GZijbdeZ^�� l_iehlZ� a]hjZggy� [�hfZkb� dhghi_ev�� a�[jZgh�� m� 
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ihj�\gygh�\bkhdbo�^ha�^h[jb\��\�^ih\�^gh�gZ�k�jbo�e�kh\bo���l_fgh-
k�jbo� hi�^ahe_gbo� �jmglZo� \ghkylv� 1��±��� 3��±�� .��±���� gZ� qhjgh-
a_fZo� ±� 1��±��� 3��±��� .��±����� Ze_� �o� i�key^�y� ^h[j_� ihf�lgZ� gZ�
gZklmigbc�j�d� 

IjZdlbqg��aZoh^b�sh^h�aZobklm��jmgl�\�\�^�_jha���ihey]Zxlv�m�
af_gr_gg�� Z[h�`� ih\ghfm� ijbibg_gg�� ih\_jog_\h]h� klhdm� a[�ev-
r_ggyf� \h^hijhgbdghkl�� �jmgl�\�� kl\hj_ggyf� rlmqgh]h� f�djh-
j_ev}nm��ihe�ir_ggyf�kljmdlmjgh]h�klZgm��[_ai_qgbf�\�^\_^_ggyf�
kl�dZxqbo�\h^��af_gr_ggyf�dhgp_gljZp���\h^gbo�ihlhd�\�lZ� �ogvh��
r\b^dhkl���aZobklhf�ih\_jog���jmgl�\�\�^�jmcg�\gh��_g_j]���djZi_ev�
^hsm�>��@��Dhghie��fZxlv��jmglhaZobkgm�a^Zlg�klv�������� ������aZ�
djmlbagb�kobem�����������\�^ih\�^gh��ydZ�agZoh^blvky�ijb[ebagh�gZ�
h^ghfm�j�\g��a��kl_jg_x�habfbo�dmevlmj��yqf_g_f��ijhkhf���\�\khf��
ihklmiZxqbkv�ebr_�[Z]Zlhj�qgbf�ljZ\Zf� ��habfbf�a_jgh\bf� >��@��
lh[lh� \dexq_ggy� dhghi_ev� m� k�\haf�gb� ^hkblv� ihablb\gh� kijby}�
hohjhg���jmgl�\���\�^�\h^gh��_jha��� 

<�^gh\e_ggy� l_ogh]_ggh� aZ[jm^g_gbo� \Z`dbfb� f_lZeZfb�
�jmgl�\� aZ� \bdhjbklZggy� [�heh]�qgbo� f_lh^�\� �[�hj_f_^�Zp���� }�
i_jki_dlb\gbf� gZijyfhf� \� gZmp�� lZ� \bjh[gbpl\���sh� ^bgZf�qgh�
jha\b\Z}lvky�>��@��:dlb\gh�^hke�^`mxlvky�n�lhf_e�hjZlb\g��\eZk-
lb\hkl�� jhkebg� dhghi_ev� ± �o� a^Zlg�klv� ^h� gZdhibq_ggy� \Z`dbo�
f_lZe�\� >���� ��@��Ijb� jhajh[p�� aZoh^�\� \�^gh\e_ggy� aZ[jm^g_gbo�
jZ^�hgmde�^Zfb� ��Z[h� \Z`dbfb� f_lZeZfb� �jmgl�\� ZdlmZevghx�
ihklZ}� ijh[e_fZ� \b[hjm� k_j_^� \_ebdh]h� [�hj�aghfZg�lly� \b^m�
^bdhjhkebo� qb� dmevlmjgbo�jhkebg��yd��fh`gZ� aZijhihgm\Zlb�^ey�
\bjhsm\Zggy�gZ� lZdbo�iehsZo� �gZkZfi_j_^�\hgb�ih\bgg��\�ijh-
p_k�� jhklm� �� jha\bldm� fZlb� gbavdbc� j�\_gv� gZdhibq_ggy� jZ^�h-
gmde�^�\���KZf_� dhghie�� }� h^gbf� a� g_[Z]Zlvho� \b^�\� jhkebg��sh�
a^Zlg�� j_dmevlb\m\Zlb� aZ[jm^g_g�� lZ� \b\_^_g�� a� h[hjhlm� a_fe�� ��
lZdbf� qbghf� ihe�irm\Zlb� _dheh]�qgbc� klZg� ^h\d�eey�� ahdj_fZ�
mklZgh\e_gh��sh� kZf_� dhghie��^hkblv� lhe_jZglg��^h� lhdkbqghkl��
&G� �� ijb^Zlg�� ^ey� \bjhsm\Zggy� gZ� &G-aZ[jm^g_ghfm� �jmgl�� >17], 
�grbo� \Z`dbo� f_lZe�\� �$V�� 3E�� 1L�� +J�� >��@�� \gZke�^hd� qh]h� 
fh`mlv� [mlb� \bdhjbklZg�� yd� ihl_gp�cgZ� dmevlmjZ� ^ey� hqbs_ggy� 
\�^�gbo��jmglm�>��@� 

LZdh`� h[�jmglh\Zgh� ^hp�evg�klv� \bjhsm\Zggy� dhghi_ev� gZ�
jZ^�hZdlb\gh�aZ[jm^g_gbo��jmglZo�yd�h^bg�a�f_lh^�\�\�^gh\e_ggy�
pbo� l_jblhj�c� �� a� lhqdb� ahjm�fh`eb\hkl_c� �o�jZp�hgZevgh]h�k�ev-
kvdh]hkih^Zjkvdh]h� \bdhjbklZggy� >���� ��@�� MklZgh\e_gh�� sh�
dh_n�p�}gl� gZdhibq_ggy� 137&V� \� jhkebgZo� af_grm}lvky� a�� a[�ev-
r_ggyf� \f�klm� jZ^�hgmde�^�\� m� �jmgl��� ijbqhfm� ijhly]hf� \kvh]h�
\_]_lZp�cgh]h� i_j�h^m�� <bg_k_ggy� jZ^�hZdlb\gh]h� aZ[jm^g_ggy�
ijb� \bjhsm\Zgg�� ^Zgh�� dmevlmjb� g_agZqg_� ± dh_n�p�}gl� \bghkm� 
D� klZgh\b\� ������±���������<�^ghkgbc� jhaih^�e� 137&V� �\f�kl� \�^�
aZ]Zevgh]h��m�jhkebgZo�dhghi_ev�gZklmigbc��m�ebkldZo� ��kmp\�ll��± 
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32,7±54,2, dhj_gyo� ± 16,2±������ kl_[eZo�� yd��� \eZkg_�� �� fZxlv�
l_og�qg_� agZq_ggy�� ± 26,3±������ �m� k_j_^gvhfm� [ebavdh� ������
I�key� i_j_jh[db� kl_[_e� aZ[jm^g_ggy� ijb[ebagh� ihj�\gm� jhaih-
^�ey}lvky f�`�\hehdghf� �� dhkljbp_x��G_agZqg��j�\g�� aZ[jm^g_ggy�
jhkebg� dhghi_ev� h[mfh\exxlv� g_\_ebd�� j�\g�� jZ^�h� Zdlb\gh]h�
aZ[jm^g_ggy� m�ih\�lj�� lZ�gZ�ih\_jog��fZrbg�\�ijhp_k�� a[bjZggy�
mjh`Zx�>��@��sh�}�^m`_�\Z`eb\bf� 

Ihj�\gygh� a� gZk�ggyf� �� a_e_ghx� fZkhx� kh�� c� ZfZjZglm��
\by\e_gh� gZcgb`q�� ihdZagbdb� iblhfh�� Zdlb\ghkl�� 137&V� kZf_� m�
\hehdg��dhghi_ev�± ����;d�d]�khjlm�XKH��������� ;d�d]�khjlm�XKH�
���� p_� k\�^qblv� ijh� fh`eb\�klv� \bjhsm\Zggy� p�}�� dmevlmjb� gZ�
jZ^�hZdlb\gh� aZ[jm^g_gbo� l_jblhj�yo� ��\bdhjbklZggy�\� l_og�qgbo�
p�eyo��J_amevlZlb�ijh\_^_gbo�^hke�^`_gv�k\�^qZlv��sh�\gZke�^hd�
\g_k_ggy� g_hj]Zg�qgbo� ^h[jb\� i�^\bsm}lvky� mjh`Zcg�klv� dhgh-
i_ev��Z�iblhfZ�Zdlb\g�klv�137&V�af_grm}lvky�>��@� 

Dh_n�p�}gl� gZdhibq_ggy� jZ^�hgmde�^�\� m� jhkebgZo� h[_jg_gh�
ijhihjp�cgbc� \_ebqbg�� ih\gh�� [�hfZkb� jhkebg�� lh[lh� gZ� jZ^�h-
Zdlb\gh�aZ[jm^g_gbo�l_jblhj�yo�a�f_lhx� �o�j_Z[�e�lZp���^hp�evgh�
\bjhsm\Zlb� dmevlmjb� �a� fZebf� ki�\\�^ghr_ggyf� [�hfZkb� dhj_-
g_\h�� kbkl_fb�^h� ih\gh��[�hfZkb�jhkebg� >��@��>h� lZdbo�jhkebg� ��
gZe_`Zlv� dhghie���m�ydbo�fZkZ� dhj_g_\h��kbkl_fb�\�^ghkgh�fZkb�
gZ^a_fgh�� qZklbgb� m� i_j�h^� klb]ehkl�� `�ghqbo� jhkebg� kdeZ^Z}� 
^ey� i�\g�qgh]h� _dheh]h-]_h]jZn�qgh]h� lbim� ����� k_j_^gvh� }\jh-
i_ckvdh]h�± ������i�\^_ggh]h�± 11,5±13,2% [22]. 

1grZ�k_e_dp�cgh-]_g_lbqgZ��ggh\Zp�y�± p_�jhajh[dZ�l_ogheh]���
\bjhsm\Zggy� k�evkvdh]hkih^Zjkvdbo� dmevlmj� \� mfh\Zo� \� mfh\Zo�
hj]Zg�qgh]h�a_fe_jh[kl\Z��>ey�dhghi_ev�^Zgbc�gZijyf�}�\�^ghkgh�
gh\bf�� Ze_� \`_� ihjy^� a� l_ogheh]�yfb� dmevlb\m\Zggy� >��@� jha-
jh[eyxlvky� ijbchfb� k_e_dp���� kijyfh\Zg�� gZ� kl\hj_ggy� khjl�\��
[�evrhx�f�jhx�ijb^Zlgbo�^h�hj]Zg�qgh]h�a_fe_jh[kl\Z�>��@� 

G_\ibggh�i�^\bsm}lvky� �gl_j_k�^h�i_j_hj�}glZp���ijhfbkeh-
\bo� dhghi_ev� yd� dmevlmjb� f_^bqgh]h� gZijyfm� \bdhjbklZggy��
hkd�evdb� g_ikbohljhig�� dZgZ[�gh�^b� fZxlv� gbadm� e�dm\Zevgbo�
\eZklb\hkl_c� ijhlb� ly`dbo� o\hjh[� qb� ih^heZggy� �o� kbfilhf�\��
Khjlb� lZdh]h� lbim� ih\bgg�� fZlb� \bkhdbc� mf�kl� dZgZ[�^�hem��
dZgZ[�]_jhem�� dZgZ[�ojhf_gm� qb� �grbo� g_ikbohljhigbo� dZgZ[�-
gh�^�\�� ��h^ghqZkgh�g_�f�klblb� �qb�f�klblb�g_�\bs_��������l_ljZ-
]�^jhdZgZ[�ghem��<�^ih\�^gh�a�pbf�m�\�lqbagyg�c�gZmp��mlhqgxxlvky�
f_lh^b�k_e_dp���>��±27].  

LZdbf� qbghf�� m� kmqZkg�c� k_e_dp��� ijhfbkeh\bo� dhghi_ev�
fh`gZ�\b^�eblb�gZklmig��gZijyfb� 

¾ \hehdgbklbc� 
¾ _g_j]_lbqgbc� 
¾ gZk�gg}\bc� 
¾ f_^bqgbc� 
¾ mg�\_jkZevgbc� 
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Gh\�lgy�f_lh^heh]�y� k_e_dp��� ijhfbkeh\bo� h^gh^hfgbo�
dhghi_ev 

M�k\�lh\�c�k_e_dp�cg�c�ijZdlbp��knhjfm\Zebkv�gZklmig��f_lZ�c�
hkgh\g�� aZ\^Zggy� kmqZkgh�� k_e_dp��� dhghi_ev�� i�^\bs_ggy� mjh-
`Zcghkl�� \hehdgZ� �� ch]h� ydhkl��� kl_[_e� gZk�ggy�� dhgljhev� aZ�
hagZdZfb� h^gh^hfghkl�� �� \f�klhf� dZgZ[�gh�^gbo� kihemd�� klZ-
[�e�aZp�y�ljb\Zehkl��\_]_lZp�cgh]h�i_j�h^m� ��kl\hj_ggy�kl�cdh]h�^h�
rd�^gbd�\� �� o\hjh[� \bo�^gh]h� fZl_j�Zem�� Hkgh\gbfb� deZkbqgbfb�
f_lh^Zfb� k_e_dp��� ^Zgh�� dmevlmjb� }� fZkh\bc� lZ� �g^b\�^mZevgbc�
^h[�j�� djhk[jb^bg]�� �g[jb^bg]� �� ]�[jb^baZp�y��rlmqgh� �g^mdh\Zgbc�
fmlZ]_g_a�� >h^Zldh\h� jhajh[eyxlvky� [�hl_ogheh]�qg�� f_lh^b�
k_e_dp��� ��fhe_dmeyjg�� l_ogheh]���� ahdj_fZ�\bdhjbklZggy� ]_g_lbq-
gbo�fZjd_j�\�^ey�fZjdm\Zggy� k_e_dp�cgbo�hagZd� ��^h[hjm�� h^gZd�
jhajh[dZ�hklZgg�o�s_�jha\b\Z}lvky� �� agZoh^blvky�gZ�ihqZldh\bo�
_lZiZo� \ijh\Z^`_ggy�� A\Z`Zxqb� gZ� hdj_ke_g�� gZijyfb�
k_e_dp�cgh-]_g_lbqgbo� �ggh\Zp�c� lZ� \b^�e_g�� gZijyfb� k_e_dp����
i_j_^� \q_gbfb� ihklZ}� \Z`eb\_� aZ\^Zggy� jharbj_ggy� khjlh\h��
j�aghfZg�lghkl�� dmevlmjb� dhghi_ev�� hilbf�amxqb� lZ� ijbkdhjxxqb�
ijb� pvhfm� k_e_dp�cgbc� ijhp_k�� AZ� hklZgg}� ^_kylbj�qqy� jha-
jh[e_gh� f_lh^heh]�x� \bdhjbklZggy� kZfhaZibe_gbo� e�g�c� lZ�
]�[jb^baZp���\�k_e_dp���h^gh^hfgbo�dhghi_ev�>��@� 

H[�jmglh\ZgZ� gZklmigZ� l_hj_lbqgZ� fh^_ev� kZfhaZibe_gh��
e�g���yd�dhfihg_glZ�koj_sm\Zgv� 

¾ ih\gZ�\�^kmlg�klv�dZgZ[�gh�^gbo�kihemd�m�jh^h\h^��k�f¶���sh�
klZ[�evgh�ijhy\ey}lvky�ijhly]hf�^_d�evdho��g[j_^gbo�ihdh-
e�gv��lh[lh�\�^kmlg�klv�fmlZp�cgh]h�lbkdm�aZ�p�}x�hagZdhx� 

¾ \�^kmlg�klv� m� klZl_\�c� kljmdlmj�� iehkdhg�� h^gh^hfgbo�
dhghi_ev��i_j_aZibe_ggy�a�ydbf�\_^_�^h�^\h^hfghkl�� 

¾ klZl_\Z� kljmdlmjZ�� ydZ� fZc`_� gZ� ����� kdeZ^Z}lvky� a�
h^gh^hfgh�� n_f�g�ah\Zgh�� fZl�jdb� ± hkgh\gh]h� klZl_\h]h�
lbim� kmqZkgbo� dhghi_ev�� qZkldZ� qheh\�qbo� d\�lhd� m� kmp\�ll��
ydh]h�g_�i_j_\bsm}����� 

¾ \bkhdZ�ijh^mdlb\g�klv�aZ�h^g�}x�qb�dhfie_dkhf�hagZd� 
¾ gbavdbc�klmi�gv�ijhy\m��g[j_^gh��^_ij_k��� 
¾ ^h[jZ�dhf[�gZp�cgZ�a^Zlg�klv�[28]. 
M�j_amevlZl��[Z]Zlhj�qgbo�^hke�^`_gv�^h\_^_gh�_n_dlb\g�klv�

kl\hj_ggy� khjlhe�g�cgbo�� e�g�cghkhjlh\bo� �� f�`e�g�cgbo� ]�[jb^�\�
dhghi_ev�� dhfihg_glZfb� ydbo� [meb� kZfhaZibe_g�� e�g��� khjl�\�
=emo�\kvd������=e_k�y� ��Ahehlhg�kvd������a�gZy\g�klx� ]_l_jhabkgh]h�
_n_dlm� ijb� h^ghqZkg�c� \�^kmlghkl�� dZgZ[�gh�^�\� �� klZ[�evg�c� 
h^gh^hfghkl�� ^ey� mj�aghfZg�lg_ggy� \bo�^gh]h� fZl_j�Zem�� jha-
rbj_ggy� ch]h� ]_g_lbqgh�� hkgh\b� lZ� ijbkdhj_ggy� k_e_dp�cgh]h�
ijhp_km�>��±33]. 

=�ihl_lbqgbc� lZ� �klbggbc� ]_l_jhabk�m�^hke�^`m\Zgbo�e�g�cgh-
khjlh\bo�� khjlhe�g�cgbo� �� f�`e�g�cgbo� ]�[jb^�\� aZ� hagZdZfb�
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aZ]Zevgh�� ^h\`bgb� \�^ih\�^gh� klZgh\b\� ^h ����� �� ������ l_og�qgh��
^h\`bgb ± �������������^�Zf_ljm�kl_[eZ�± �������������fZkb�kl_[eZ�± 
���������������fZkb�\hehdgZ�± ���������������\f�klm�\hehdgZ�± �������
������ fZkb� gZk�ggy� ± ������ �� ������� fZkb 1000 gZk�gbg� ± ����� ��
�������Hkgh\g��k_e_dp�cg��hagZdb�m�i_j_\Z`g�c�[�evrhkl��]�[jb^�\�
mkiZ^dh\m\Zebkv�aZ�lbihf�gZ^^hf�gm\Zggy��lZ[e�����[28]. 

LZ[ebpy��  
Dh_n�p�}glb�^hf�gm\Zggy��KS��k_e_dp�cgbo�hagZd�m�

khjlhe�g�cgbo��e�g�cghkhjlh\bo���f�`e�g�cgbo�]�[jb^�\�)1, 

�k_j_^g}������±2015 jj���>��@ 

=�[jb^b 

HagZdb 

aZ
]Z
e
v
g
Z
�^
h
\
`
b
g
Z
��
k
f

 

l_
o
g
�q
g
Z
�^
h
\
`
b
g
Z
��
k
f

 

^
�Z
f
_
lj
�k
l_
[
e
Z
��
f
f

 

f
Z
k
Z
�k
l_
[
e
Z
��
] 

f
Z
k
Z
�\
h
e
h
dg
Z
��
] 

\
f
�k
l�
\
h
e
h
dg
Z
��
�

 

f
Z
k
Z
�g
Z
k
�g
g
y
��
] 

f
Z
k
Z
��
�
�
�
�g
Z
k
�g
b
g
��
] 

=e_k�y���15±16 =emo�\���� ±3,51  0,38 ±3,95 ±1,36 ±0,30  2,90 ±0,64 ±6,00 
15±16 =emo�\�������=e_k�y  2,36  0,12 32,03  5,75  5,94 ±2,63 ±0,64  0,94 
=emo�\�������13±14 =e_k�y  0,60  1,53 ±0,55 ±0,36 ±0,28  1,20 ±0,73 ±0,67 
13±14 =e_k�y���=emo�\����  1,61 10,50  0,54  1,64  0,82  1,42 ±0,38 ±2,18 
13±16 =emo�\�� ��� �� 13±14 
=e_k�y 

 2,57  9,74  7,77  2,45  7,71  1,18 ±0,35  2,22 

13±14 =e_k�y� �� 13±16 =emo�\��
58 

 9,67  4,76  7,51  3,42  9,22  1,56  2,14  4,39 

=e_k�y���15±16 Ahehl����  1,98  1,60  0,30  0,50  0,71  3,16  0,12 ±1,26 
15±16 Ahehl�������=e_k�y  0,26  1,22  1,37  0,70  4,18  4,34 ±1,06  3,25 
Ahehl�������13±14 =e_k�y 12,52  3,30  4,12  2,00  2,55  2,50  3,60  4,54 
13±14 =e_k�y���Ahehl���� 17,90  2,94  2,98  9,98  4,47  0,34  4,36 ±1,75 
13±16 Ahehl�� ��� �� 13±14 
=e_k�y 

 3,11  0,32  3,03  2,09  2,77 16,85  2,69 ±0,11 

13±14 =e_k�y� �� 13±16 Ahehl��
15 

 0,44  0,39  1,41  2,33  5,15 ±2,04  2,50  1,43 

Ijbf�ldZ� =emo�\��± =emo�\kvd���Ahehl��± Ahehlhg�kvd�� 

J_amevlZlb\g�klv�k_e_dp�cgbo�^h[hj�\�m�]�[jb^gbo�ihdhe�ggyo�
aZe_`ZeZ� \�^� klmi_gy� �g^b\�^mZevgh�� f�geb\hkl�� d�evd�kgbo� hagZd�
dhgdj_lgh�� k�f¶�� ]�[jb^m�� gZijbdeZ^� \klZgh\e_gh��sh�f�`e�g�cgbc�
]�[jb^�13 =e_k�y / 13±15 Ahehlhg�kvd� ���f_gr�ijh^mdlb\gbc��Ze_�e�i-
r_� i�^^Z\Z\ky� �g^b\�^mZevghfm� ^h[hjm�� Z� ]�[jb^� 13±15 Ahehlh-
g�kvd� ��� �� 13 =e_k�y [�evr� ijh^mdlb\gbc�� Ze_� f_grhx� f�jhx�
i�^^Z\Z\ky� ^h[hjm�� g_agZqgbf� qbghf� agb`m\Z\� ihdZagbdb� hagZd�
\hehdgbklhkl����oZjZdl_jbam\Z\ky�\�^¶}fgbf�_dkp_khf��sh�k\�^qblv�
ijh�jhas_ie_ggy�d�evd�kgbo�hagZd�m�ihlhfkl\���AZ]Zehf�kl\hj_ggy�
p�ggh]h�\bo�^gh]h�k_e_dp�cgh]h�fZl_j�Zem�aZ�h^g�}x�qb�dhfie_dkhf�
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hagZd� �� j�agbo� gZijyf�\� \bdhjbklZggy� �\hehdgbklh]h�� [�h_g_j]_-
lbqgh]h�� gZk�gg}\h]h� lhsh�� fh`eb\_� a� \bdhjbklZggyf� \� f_`Zo�
h^gh]h�_dheh]h-]_h]jZn�qgh]h�lbim�Z[h�j�agbo�ljvho�lbi�\�ijhklbo�
]�[jb^�\�� khjlhe�g�cgbo�� e�g�cghkhjlh\bo� �� f�`e�g�cgbo�� K_j_^�
koj_sm\Zgv� \� f_`Zo� k_j_^gvh}\jhi_ckvdh]h� _dheh]h-]_h]jZn�q-
gh]h� lbim�gZc[�evrm�p�gg�klv�fZeb�f�`e�g�cg�� ]�[jb^b��Z�\�f_`Zo�
k_j_^gvh}\jhi_ckvdh]h���i�\^_ggh]h�± khjlhe�g�cg����e�g�cghkhjlh\���
A\Z`Zxqb�gZ�\klZgh\e_g��hkh[eb\hkl��mkiZ^dm\Zggy�\f�klm�dZgZ-
[�gh�^�\� lZ� klZl��� ijb� ]�[jb^baZp��� \�^^Ze_gbo� ]_ghlbi�\� ^hp�evgh�
\bdhjbklh\m\Zlb� khjl� k_j_^gvh}\jhi_ckvd]h� _dheh]h-]_h]jZn�q-
gh]h�lbim��Z�kZfhaZibe_gm e�g�x ± i�\^_ggh]h�lbim�[28]. 

Ijb�pvhfm�y\bsZ�]_l_jhabkm�aZ�\f�klhf�dZgZ[�gh�^�\�m�^hke�^-
`m\Zgbo� ]�[jb^�\� g_� \klZgh\e_gh�� D�evd�klv� jhkebg� m� ihlhfkl\��
kl\hj_gbo� khjlhe�g�cgbo�� e�g�cghkhjlh\bo� lZ�f�`e�g�cgbo� ]�[jb^�\�
F1 a�\�^kmlg�klx�dZgZ[�^�hem�klZgh\beh m�k_j_^gvhfm�aZ�ljb�jhdb�
93,3±������� a� \�^kmlg�klx� l_ljZ]�^jhdZgZ[�ghem� ± 98,8±������ �� a�
\�^kmlg�klx�dZgZ[�ghem� ± 95,0±��������sh�\dZam}�gZ�^m`_�\bkhdm�
h^ghj�^g�klv� hljbfZgh]h� ]�[jb^gh]h� fZl_j�Zem�� HagZdb� klZl�� m�
^hke�^`m\Zgbo� ]�[jb^�\� af�sm\Zebky� m� [�d� `�ghqh��� K_e_dp�cgZ�
p�gg�klv� j�agbo� lbi�\� ]�[jb^�\� dhghi_ev� a� lhqdb� ahjm� a[�evr_ggy�
qZkldb� h^gh^hfgh�� n_f�g�ah\Zgh�� fZl�jdb� m� ki�\\�^ghr_gg��
klZl_\bo� lbi�\� ajhklZeZ� m� ihke�^h\ghkl��� khjlhe�g�cg��� e�g�cgh-
khjlh\��� f�`e�g�cg�� KlZl_\Z� kljmdlmjZ� [meZ� djZshx� m� ]�[jb^�\��
kl\hj_gbo�reyohf�hilbfZevgh]h�^h[hjm�nhjf�^ey�koj_sm\Zggy�
\�^^Ze_gbo� k_j_^gvh}\jhi_ckvdh]h� �� i�\^_ggh]h� _dheh]h-]_h]jZ-
n�qgbo� lbi�\� [28]�� Ijh\_^_ggy� k_e_dp�cgh]h� ^h[hjm� a� f_lhx�
aZdj�ie_ggy���klZ[�e�aZp���[Z`Zgh]h�j�\gy�ijhy\m�hagZd�m�ihlhfkl\��
]�[jb^�\� �^h� F3�� }� h[h\¶yadh\bf� aZoh^hf��sh� i_j_^m}� d�gp_\hfm�
j_amevlZlm�± kl\hj_ggx�khjlm� 

Ijb� ^h[hj�� [Zlvd�\kvdbo� iZj� ^ey� hljbfZggy� ijh^mdlb\gbo�
]�[jb^�\� g_h[o�^gh� g_� ebr_� i_j_^[Zqblb� fh`eb\�klv� ijhy\m�
]_l_jhabkm�� Ze_� �� aZ[_ai_qblb� [Z`Zg_� mkiZ^dm\Zggy� ]�[jb^hf�
\Z`eb\bo� ]hkih^Zjkvdbo� hagZd� �� \eZklb\hkl_c�� =heh\gZ� \bfh]Z�
^ey�[Zlvd�\kvdbo�nhjf�± p_��o�\bkhdZ�dhf[�gZp�cgZ�a^Zlg�klv�>��@��
Dhf[�gZp�cgZ� p�gg�klv� [m^v-ydh�� [Zlvd�\kvdh�� nhjfb� fh`_� [mlb�
\bjZ`_gZ�^\hfZ�kihkh[Zfb��k_j_^gvhx�\_ebqbghx�]_l_jhabkm�aZ�
\k�fZ� ]�[jb^gbfb� dhf[�gZp�yfb� �� agZq_ggyf�p�}��\_ebqbgb�m� lhfm�
qb� �grhfm� dhgdj_lghfm� koj_sm\Zgg��� I_jrZ� oZjZdl_jbam}�
aZ]Zevgm�dhf[�gZp�cgm�a^Zlg�klv��ADA��^Zgh��[Zlvd�\kvdh��nhjfb��Z�
^jm]Z� ± ki_pbn�qgm� dhf[�gZp�cgm� a^Zlg�klv� �KDA�� >��@�� Dhf[�gZ-
p�cgZ�k_e_dp�y�m�ijhp_k��kl\hj_ggy�\�lqbagygbo�khjl�\�dhghi_ev�g_�
ijh\h^beZky�� hkd�evdb� \hgZ� \dexqZ}� ljm^hf�kldbc� ijhp_k� ]�[jb-
^baZp��� \_ebdh�� d�evdhkl�� jhkebg�� ijh\_^_ggy� kdeZ^gh�� klZlbk-
lbqgh�� h[jh[db� ^Zgbo� lhsh��GZfb� \i_jr_� [meh� ^h\_^_gh� fh`-
eb\�klv� �� _n_dlb\g�klv dhf[�gZp�cgh�� k_e_dp��� \bdexqgh� m�
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h^gh^hfgbo� nhjf� dhghi_ev� k_j_^gvh}\jhi_ckvdh]h� _dheh]h-
]_h]jZn�qgh]h� lbim� >���� ��@��JZg�r_� dhf[�gZp�cgZ� a^Zlg�klv� [meZ�
\klZgh\e_gZ� �� ihdeZ^_gZ� \� hkgh\m� kl\hj_ggy� khjl�\� i�\^_ggh]h�
lbim�reyohf�]�[jb^baZp���^\h^hfgbo�dhghi_ev��fZl_jbgkvdZ�nhj-
fZ��a�h^gh^hfgbfb� �[Zlvd�\kvdZ�nhjfZ�� >��@��sh�agZqgh�kijhsm}�
h^_j`Zggy�\_ebdh��d�evdhkl��]�[jb^gbo�\Zj�Zgl�\� 

>hke�^`_ggy� j�agbo� kZfhaZibe_gbo� e�g�c� �� k�f_c� khjl�\�
dhghi_ev�=emo�\kvd������=e_k�y�lZ�Ahehlhg�kvd�����aZ�iZjZf_ljZfb�
dhf[�gZp�cgh�� a^Zlghkl�� m� kbkl_f�� ih\gbo� lhidjhk�\� �l_kl_jb� ± 
khjlb�=eygZ�lZ�=emo�\kvd� ����ihdZaZeh�agZqgm��o�^bn_j_gp�Zp�x�aZ�
_n_dlZfb�ADA� �� \Zj�ZgkZfb�KDA��:^blb\g�� _n_dlb� ]_g�\� i_j_\Z-
`Zeb�aZ�hagZdZfb�l_og�qgh��^h\`bgb��fZkb�kl_[eZ���\f�klm�\hehdgZ�
�p_�k\�^qblv�ijh�^hp�evg�klv�ijh\_^_ggy�^h[hj�\�aZ�n_ghlbihf���Z�
g_Z^blb\g��± aZ�fZkhx�gZk�ggy�a�jhkebgb���lbkyq��gZk�gbg��p_�k\�^-
qblv�ijh�g_h[o�^g�klv�^h[hj�\� aZ� ]_ghlbihf���G_Z^blb\g��_n_dlb�
]_g�\� a^_[�evrh]h� \by\e_g�� m� f�`khjlh\bo� koj_sm\Zggyo� lZ� m�
\Zj�ZglZo��a aZemq_ggyf�khjlm�=e_k�y�lZ�ch]h�kZfhaZibe_gbo�e�g�c��
m� k\hx� q_j]m� Z^blb\g�� _n_dlb� m� agZqg�c�f�j�� \eZklb\�� ]�[jb^gbf�
dhf[�gZp�yf�a�mqZklx�kZfhaZibe_gbo�e�g�c�16=emo�\kvd�����c�16 Aheh-
lhg�kvd� ����>ey� dhf[�gZp�cgh�� k_e_dp���gZ�i�^\bs_ggy�ijh^mdlb\-
ghkl��^hp�evgh�\bdhjbklh\m\Zlb�kZf_�e�g�cghkhjlh\��koj_sm\Zggy�
k_j_^gvh}\jhi_ckvdh]h���i�\^_ggh]h�lbi�\��lZ[e�����>������@� 

LZ[ebpy��  
I_j_\Z`Zggy�Z^blb\gbo�Z[h�g_Z^blb\gbo�_n_dl�\�]_g�\��

\klZgh\e_g_�reyohf�ihj�\gyggy�\Zj�Zgk�ADA��Ji��a�\Zj�ZgkZfb�KDA�
�1Vi

2) �k_j_^g}������±2016 jj���>������@ 

Khjl��e�g�y 

HagZdb 

aZ
]Z
e
v
g
Z
�

^
h
\
`
b
g
Z
 

l_
o
g
�q
g
Z
�

^
h
\
`
b
g
Z
 

^
�Z
f
_
lj
�

k
l_
[
e
Z
 

f
Z
k
Z
�k
l_
[
e
Z
 

f
Z
k
Z
�

\
h
e
h
dg
Z
 

\
f
�k
l�

\
h
e
h
dg
Z
 

f
Z
k
Z
�

g
Z
k
�g
g
y
 

f
Z
k
Z
��
�
�
�
�

g
Z
k
�g
b
g
 

16 =emo�\kvd�����E� Z Z Z Z Z Z Z Z 
16 =emo�\kvd�����E� Z Z Z Z Z Z Z Z 
14 =e_k�y�E� Z Z g Z Z Z Z g 
14 =e_k�y�E� g Z g Z Z Z g Z 

16 Ahehlhg�kvd�����E� Z Z Z Z Z Z Z Z 
16 Ahehlhg�kvd�����E� Z Z Z Z Z Z Z g 
=emo�\kvd�����E� Z Z Z Z Z Z g Z 
=emo�\kvd�����E� g Z Z Z Z Z g g 
=e_k�y�E� Z Z g Z g Z g g 
=e_k�y�E� Z Z g Z g g Z Z 

Ahehlhg�kvd�����E� Z Z Z Z Z Z Z g 
Ahehlhg�kvd�����E� g Z Z Z g Z g Z 

Ijbf�ldZ� ADA�± aZ]ZevgZ�dhf[�gZp�cgZ�a^Zlg�klv��KDA�± ki_pbn�qgZ�
dhf[�gZp�cgZ�a^Zlg�klv��E�± e�g����Z�± Z^blb\g��_n_dlb�]_g�\��g�± g_Z^blb\g��
_n_dlb�]_g�\� 
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Mq_gbfb�\bkmgmlZ�]�ihl_aZ�ijh�l_��sh�nhjfhl\hjq��ijhp_kb�\�
k_e_dp���ihqbgZxlvky�a�djhk[jb^bg]m��ijhklh]h�Z[h�kdeZ^gh]h���yd�
^`_j_eZ� \bkhdh�� ]_l_jhab]hlghkl��� a� i_j_oh^hf� gZ� �g[jb^bg]�
�`hjkldbc�� ihf�jgbc� Z[h� f¶ydbc��� yd� aZkh[m� i�^\bs_ggy� ]hf_h-
klZlbqghkl�� \bo�^gh]h� fZl_j�Zem�� �� aZ\_jrm}lvky� lj_l�f� \b^hf�
nhjfhl\hj_ggy�± dhg\_j]_gp�}x��\_jlbdZevghx��]hjbahglZevghx���
af�rZghx��� [h� ijh\h^ylv� kdeZ^g�� koj_sm\Zggy� j�agh]h� klmi_gy�
kihj�^g_ghkl�� >��@�� Fb� \\Z`Z}fh�� sh� \� k_e_dp��� jhkebg� i�key�
djhk[jb^bg]m� nZdlbqgh� \�^[m\Zxlvky� ^\Z� y\bsZ� ± ^b\_j]_gp�y�
(©jhaoh^`_ggyª hagZd�ijb��g[jb^bg]m��\gZke�^hd�qh]h�ml\hjx}lvky�
[Z]Zlh� ^hkblv� \�^f�ggh]h� k_e_dp�cgh]h� fZl_j�Zem� \�^� \bo�^gbo�
nhjf�� �� dhg\_j]_gp�y� �©koh^`_ggyª hagZd� \gZke�^hd� ]�[jb^baZp���
j�agh]h�klmi_gy�kihj�^g_ghkl���>��@��Dhg\_j]_gp�y�j�agbo�gZijyf�\�}�
^`_j_ehf�ihablb\gbo� ��g_]Zlb\gbo�ljZgk]j_k�c�aZ�gZc\Z`eb\�rb-
fb� hagZdZfb�� yd�� p�dZ\eylv� k_e_dp�hg_jZ�� �� jmr�cgbf� nZdlhjhf�
_dki_jbf_glZevgh��_\hexp���hj]Zg�af�\��dmevlmjgbo�jhkebg��>��@� 

<_jlbdZevgZ�dhg\_j]_gp�y� 
1) koh^`_ggy� j�agbo� ihdhe�gv� [_djhk�\� �ihf�jgbc� �g[jb^bg]�� ijb�
\gmlj�rgvhk�f_cghfm� koj_sm\Zgg��� ^_� aZ� [Zlvd�\kvdm� [_jmlv�
nhjfb� a� jZgg�o�� [�evr� ]_l_jhab]hlgbo� ihdhe�gv�� Z� aZ� fZl_-
jbgkvdm�± nhjfb�a�[�evr�i�ag�o�]hfhab]hlgbo�ihdhe�gv� 

2) koh^`_ggy� j�agbo� �g[j_^gbo� ihdhe�gv� a� h^g�}�� k�f¶�� �f¶ydbc�
�g[jb^bg]�:�ihf�jgbc� �g[jb^bg]���^h[�j� ��i_j_k�\b�\�ihdhe�ggyo�
lZ�h[¶}^gZggy�djZsbo�^h[hj�\�\�}^bgm�km[ihimeyp�x�>��@� 
=hjbahglZevgZ�dhg\_j]_gp�y� 

1) koh^`_ggy� ijhklbo� ]�[jb^�\� h^gh]h� ihdhe�ggy�� kihj�^g_gbo� aZ�
h^g�}x�a�[Zlvd�\kvdbo�nhjf��± gZi�\kb[k�\� 

2) koh^`_ggy� [_djhk�\� h^gh]h� ihdhe�ggy� \�^� j�agbo� [Zlvd�\kvdbo�
iZj��kihj�^g_gbo�aZ�j_dmj_glgbf�khjlhf�>��@� 
?dki_jbf_glZevgh� \klZgh\e_gh�� sh� \� k_e_dp��� dhghi_ev�

^hp�evgbf�}�\bdhjbklZggy�koj_sm\Zgv�m�gZijyfZo�\_jlbdZevgh�� ��
]hjbahglZevgh�� dhg\_j]_gp���� hkh[eb\h� ^ey� hljbfZggy� \bo�^gh]h�
fZl_j�Zem�a�\bkhdbfb�ihdZagbdZfb�[�hfZkb�jhkebg��\hehdgbklhkl��
��gZk�gg}\h��ijh^mdlb\ghkl���ahdj_fZ� 

¾ i_jrh]h� ��lj_lvh]h�ihdhe�gv�ijhklbo�e�g�cghkhjlh\bo�]�[jb-
^�\�j�agbo�_dheh]h-]_h]jZn�qgbo�lbi�\��kihj�^g_gbo�a�h^g�}x�
a�[Zlvd�\kvdbo�nhjf��)1 // F3); 

¾ koj_sm\Zggy� ijhklbo� f�`e�g�cgbo� ]�[jb^�\� j�agbo� _dheh]h-
]_h]jZn�qgbo� lbi�\� a� �g[j_^ghx� e�g�}x� k_j_^gvh� }\jh-
i_ckvdh]h�lbim�[�evr�i�agvh]h�ihdhe�ggy�\�^�kZfhaZibe_ggy�
�f�`e�g�cgbc�]�[jb^����kZfhaZibe_gZ�e�g�y�� 

¾ j_pbijhdg��koj_sm\Zggy�ijhklbo�f�`e�g�cgbo�]�[jb^�\�j�agbo�
_dheh]h-]_h]jZn�qgbo� lbi�\� a� \bo�^gbf� khjlhf� kZfhaZib-
e_gh��e�g���k_j_^gvh}\jhi_ckvdh]h�lbim� �f�`e�g�cgbc�]�[jb^�
���khjl���khjl����f�`e�g�cgbc�]�[jb^�� 
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¾ koj_sm\Zggy�ijhklbo�e�g�cghkhjlh\bo� ��f�`khjlh\bo� ]�[jb-
^�\� i_jrh]h� ihdhe�ggy�� kihj�^g_gbo� aZ� h^g�}x� a� [Zlv-
d�\kvdbo�nhjf [28, 38, 39]. 

Ih^ZgZ�f_lh^heh]�y�k_e_dp���ijhfbkeh\bo�dhghi_ev�h^gh^hf-
gh�� nhjfb� gZ� hkgh\�� kZfhaZibe_gbo� e�g�c� ijh]ghah\Zgh� aZ[_a-
i_qm}�kl\hj_ggy�klZ[�evgh]h�fZl_j�Zem��khjlm��aZ�[�evr�dhjhldbc�
ijhf�`hd� qZkm�� ihj�\gygh� a� \bdhjbklZggyf� f�`khjlh\bo� koj_-
sm\Zgv� aZ� lbihf� ^\h^hfg�� dhghie�� �� h^gh^hfg�� c� h^gh^hfg��
dhghie�� �� h^gh^hfg��� kljhdZl�klv� ihlhfkl\Z� ydbo� aZ� i_j_\Z`ghx�
[�evr�klx� p�ggbo� ]hkih^Zjkvdbo� �� [�heh]�qgbo� hagZd� \bfZ]Z}�
ijh\_^_ggy�[Z]ZlhjZah\bo�ihe�irmxqbo�qb�klZ[�e�amxqbo�^h[hj�\� 

Hdj_f�� f_lh^bqg�� ijbchfb� �� kihkh[b� �gl_gkbn�dZp��� k_-
e_dp�cgh]h�ijhp_km�ijhfbkeh\bo�dhghi_ev 

LZdh`� jhajh[e_gh� gbadm� ^hihf�`gbo�f_lh^bqgbo� ijbchf�\� ��
kihkh[�\�� yd�� kijbyxlv� �gl_gkbn�dZp��� k_e_dp�cgh]h� ijhp_km�� ^h-
ih\gxxqb�hibkZgm�\bs_�f_lh^heh]�x� 

Ih-i_jr_��ijb�ijh\_^_gg��]�[jb^baZp���ajZad�\��ij_^klZ\e_gbo�
h^gh^hfghx�n_f�g�ah\Zghx�fZl�jdhx�a�fZehx�qZkldhx�qheh\�qbo�
d\�lhd� m� kmp\�ll� �� k_j_^gvh}\jhi_ckvdbf� _dheh]h-]_h]jZn�qgbf�
lbihf�� dj�f� jmqgh�� dZkljZp��� qheh\�qbo� d\�lhd�� aZijhihgh\Zgh�
\bdhjbklZggy� \� jhe�� ]Zf_lhpb^m� ^b[mlbenlZeZlm� m� dhgp_gljZp���
����Z[h������aZ�mfh\b�^\hojZah\h��h[jh[db�m�nZam���iZj�ebkld�\���
ihqZldm�p\�l�ggy��\b^Ze_ggy�qheh\�qhn_jlbevgbo�jhkebg�ijhly]hf�
mkvh]h� i_j�h^m�p\�l�ggy� }�h[h\¶yadh\bf� aZoh^hf�� >��@��GZ� \�^f�gm�
\�^� ihi_j_^g�o� ^hke�^`_gv� �� j_dhf_g^Zp�c� >��@� ^h\_^_gh�� sh�
fZc`_� ^ey� ������� o�f�qgh�� dZkljZp��� qheh\�qbo� d\�lhd� ^hklZlgvh�
\bdhjbklh\m\Zlb� h^ghjZah\m� h[jh[dm� dhghi_ev� ���±����� jha-
qbghf� _l_nhgm� �_lj_em��� lh[lh� a�� agb`_ghx� dhgp_gljZp�}x�
2-oehj_lbenhknhgh\h�� dbkehlb� �����±2880 f]�e� �� ^hahx� �� fe�
jh[hqh]h�jhaqbgm�gZ�� f2���m�nZab�\�^�i¶ylb�iZj�ebkld�\�^h�ihqZldm�
[mlhg�aZp���� lh[lh� ^h� ^bn_j_gp�Zp��� ldZgbg� klZl_\bo� hj]Zg�\� m�
f_jbkl_fZlbqgbo� ahgZo� �ijb�pvhfm� dhghie��nhjfmxlv�^hklZlgx�
d�evd�klv� ]�[jb^gh]h� gZk�ggy� gZ� h^g�c� jhkebg�� ^ey� ih^Zevrh]h�
\b\q_ggy���jhafgh`_ggy��>��@� 

Ih-^jm]_� a� f_lhx� kl\hj_ggy� \bkhdh]_l_jhab]hlgh]h� ijh^md-
lb\gh]h�\bo�^gh]h�fZl_j�Zem��ijbkdhj_ggy�k_e_dp�cgh]h�ijhp_km� ��
mgbdg_ggy�ljm^hf�kldh��dZkljZp���qheh\�qbo�d\�lhd�[m\�jhajh[e_gbc�
©Kihk�[� kl\hj_ggy� kbgl_lbqgbo� ihimeyp�c� dhghi_evª >��@�� a]�^gh�
ydh]h� ^ey� koj_sm\Zggy� jhkebg� kZfhaZibe_gbo� e�g�c� \� mfh\Zo�
rlmqgh�� �aheyp��� m� \_]_lZp�cghfm� [m^bgdm� \�^[bjZxlv� �� j�\gbo�
d�evdhkl_c� gZk�ggy��sh� hljbfZg�� \�^� jhkebg� �-lb� kZfhaZibe_gbo�
e�g�c� 14±16��dh`gZ�a�ydbo�\�^ih\�^Z}�gZklmigbf�\bfh]Zf��gZe_`blv�
^h� gZk�gg}\h]h�� mg�\_jkZevgh]h� lZ� \hehdgbklh]h� gZijyfm� ]hkih-
^Zjkvdh]h� \bdhjbklZggy�� oZjZdl_jbam}lvky� \�^kmlg�klx� dZgZ[�-
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gh�^gbo�kihemd� aZ�j_amevlZlZfb� lhgdhrZjh\h�� ojhfZlh]jZn��� �aZ�
mfh\b�_dkljZ]m\Zggy�oehjhnhjfhf��ojhfZlh]jZnm\Zggy�m�kbkl_f��
jhaqbggbd�\� ©pbdeh]_dkZg� ± oehjhnhjfª ���� �� ���� ��aZklhkm\Zggy�
[Zj\gbdZ�ljb\dh]h�kbgvh]h�;���oZjZdl_jbam}lvky�[Z`Zgbf�j�\g_f�
ijhy\m�k_e_dp�cgbo� ��[�heh]�qgbo�hagZd� lZ�f_grhx�f�jhx� a^ZlgZ�
^h� kZfhaZibe_ggy� �lh[lh� jhkebgb� ydh�� \� j_amevlZl�� kZfhaZib-
e_ggy� ml\hjxxlv� gZcf_grm� d�evd�klv� gZk�ggy�� Z� aZ� ^Zgbfb� jha-
kZ^gbdZ�hp�gdb�aZ�mfh\b�\�^kmlghkl��ijhklhjh\h���aheyp�����\�evgh]h�
aZibe_ggy�ibedhf�j�agh]h�ihoh^`_ggy�oZjZdl_jbamxlvky�\bkhdhx�
gZk�gg}\hx� ijh^mdlb\g�klx��� Ihl�f� ijh\h^ylv� k�\[m� \�^�[jZgh]h�
gZk�ggy� i�^� ]jmih\bc� ldZgbggh-ie�\dh\bc� �aheylhj�� aZ� j_amevlZ-
lZfb�hp�gdb�hljbfZgh]h� syn-��^h[bjZxlv�ihlhfkl\h� �±�� djZsbo�
e�g�c�� af�rmxlv� �o� gZk�ggy� m� j�\g�c� d�evdhkl�� �� jhafgh`mxlv� ^h� 
syn-��� ijh\h^yqb�^\hjZah\m�h[jh[dm�jhkebg� m�nZam� [mlhg�aZp��� ��
p\�l�ggy�\h^gbf�jhaqbghf�Zkdhj[�gh\h��dbkehlb�yd�Zglbklj_kh\bf�
Z]_glhf�m�^ha������f]�f2. 

Ih-lj_l}�� jhajh[e_gh� ©Kihk�[� k_e_dp��� khjl�\� h^gh^hfgbo�
dhghi_ev� gZ� kdhjhklb]e�klvª [43±��@�� ydbc� ihey]Z}� m� ^hljbfZgg��
\bagZq_gh�� iehs�� `b\e_ggy� jhkebg� m� k_e_dp�cghfm� jhakZ^gbdm��
sh� af_grm}�\ieb\� ah\g�rg�o�nZdlhj�\�gZ�j_Ze�aZp�x� m�n_ghlbi��
hagZdb� ljb\Zehkl�� \_]_lZp�cgh]h� i_j�h^m�� ^h[hj�� kdhjhklb]ebo�
_e�lgbo�jhkebg��a�k�f_c��yd��fZeb�gZcf_grbc�\_]_lZp�cgbc�i_j�h^�\�
mfh\Zo� jhakZ^gbdZ� hp�gdb�� �� ^h[hj�� gZk�ggy� �a� gZc[�evr�
jZggvhklb]eh��qZklbgb�kmp\�lly� 

Ih-q_l\_jl_��ijh\_^_gh�f_lh^bqg��jhajh[db�sh^h� agb`_ggy�
j�\gy� ikbohljhigh]h� l_ljZ]�^jhdZgZ[�ghem� �� i�^\bs_ggy� \f�klm�
g_ikbohljhigbo� dZgZ[�gh�^�\�� yd�� oZjZdl_jbamxlvky� e�dm\Zevgbfb�
\eZklb\hklyfb�� L_hj_lbqgh� h[�jmglh\ZgZ� �� ^h\_^_gZ� ijZdlbdhx�
agZqgZ� _n_dlb\g�klv� agb`_ggy� �� klZ[�e�aZp��� hagZdb� \f�klm�
dZgZ[�gh�^gbo� kihemd� m� ihke�^h\ghkl�� ©hdj_fZ� jhkebgZ� :� k_-
e_dp�cgZ�k�f¶y�:�ihimeyp�y�khjlmª �Z�g_�m a\hjhlghfm�gZijyf��yd�
ijb�klZ[�e�aZp���hagZdb�h^gh^hfghkl���>��@��^hke�^`_gh�hkh[eb\hkl��
^bgZf�db�gZdhibq_ggy�dZgZ[�gh�^gbo�kihemd�m�ijhfbkeh\bo�khjl�\�
dhghi_ev� >��@� lZ� k�f_c� a� i�^\bs_gbf� mf�klhf� dZgZ[�^�hem� >��@�� m�
j_amevlZl�� qh]h� \klZgh\e_gh�� sh� hilbfZevgbf� i_j�h^hf� ^ey�
a[bjZggy� [�hfZkb� dhghi_ev� f_^bqgh]h� gZijyfm� \bdhjbklZggy� a�
ih^Zevrbf� \b^�e_ggyf� a� g_�� dZgZ[�^�hem� lZ� \�^[hjm� ajZad�\� ^ey�
ZgZe�am�\f�klm�dZgZ[�gh�^gbo�kihemd�}�i_j�h^�\�^�ih\gh]h�p\�l�ggy�
^h�nZab�[�heh]�qgh��klb]ehkl�� 

Ijb� pvhfm� \bagZq_gh� sh� yd�kgm�� gZi�\d�evd�kgm� �� d�evd�kgm�
hp�gdm� dZgZ[�gh�^�\� aZ� ^�Zf_ljZevgh� ijhlbe_`gbo� gZijyf�\� k_-
e_dp��� ± i_jrh]h�gZ�agb`_ggy�^h�ih\gh��_e�f�gZp���pbo�j_qh\bg� ��
^jm]h]h� gZ� i�^\bs_ggy� \f�klm� g_ikbohljhigbo� dZgZ[�gh�^�\� ijb�
h^ghqZkghfm� agb`_gg�� l_ljZ]�^jhdZgZ[�ghem� ± ^hp�evgh� \bdhjbk-
lh\m\Zlb�gZ�j�agbo�_lZiZo�k_e_dp�cgh]h�ijhp_km��jbk�����>��@�� 
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[mlhg�aZp����^h�p\�l�ggy��a^�ckgblb�ZgZe�a�\_ebdh��d�evdhkl���^_kyldb�
lbkyq�� jhkebg� �� \b^Zeblb� g_lbih\�� hkh[bgb� a� gZy\g�klx� dZgZ-
[�gh�^�\��sh�kijby}�yd�i�^\bs_ggx�klmi_gy�g_ikbohljhighkl���lZd���
klZ[�e�aZp��� hagZdb� \�^kmlghkl�� dZgZ[�gh�^gbo� j_qh\bg� gZ� [�evr�
\bkhdhfm� j�\g��� D�evd�kgZ� hp�gdZ� f_lh^hf� ]Zahj�^bggh�� ojhfZlh-
]jZn���ihlj�[gZ�gZ�aZ\_jrZevgbo�_lZiZo�k_e_dp���ebr_�^ey�dhgl-
jhex� aZ� \f�klhf� l_ljZ]�^jhdZgZ[�ghem��sh[� \�g� g_� i_j_\bsm\Z\�
^ha\he_gh�� aZdhgh^Z\kl\hf� ghjfb�� ydZ� gZ� ^Zgbc� qZk� klZgh\blv�
0,08% [28]. 

M�ijhp_k��kl\hj_ggy�khjl�\�f_^bqgh]h�gZijyfm�\bdhjbklZggy�
a�i�^\bs_gbf�\f�klhf�g_ikbohljhigbo�dZgZ[�gh�^�\�_dkij_k-f_lh^�
\bdhjbklh\mxlv� \bdexqgh� gZ� ihqZldh\bo� _lZiZo� k_e_dp�cgh]h�
ijhp_km� a� f_lhx� \by\e_ggy� jhkebg� a� ihablb\ghx� j_Zdp�}x� gZ�
dZgZ[�gh�^b�� M� ih^Zevrhfm� k_j_^� \�^�[jZgbo� aZ� j_amevlZlZfb�
_dkij_k-f_lh^m�jhkebg�aZebrZxlv�ebr_�l���yd��aZ�^Zgbfb�lhgdh-
rZjh\h��ojhfZlh]jZn���f�klylv�ihlj�[g��g_ikbohljhig��dZgZ[�gh�^b�
aZ�ijbgpbihf�©[�evr_ª ��l_ljZ]�^jhdZgZ[�ghe�aZ�ijbgpbihf�©f_g-
r_ª Z`�^h�ih\gh��\�^kmlghkl���LZdbf�kihkh[hf�ijh\h^ylv��±��^h-
[hjb�� Z� m� ih^Zevrhfm� \bdhjbklh\mxlv� d�evd�kgm� hp�gdm�f_lh^hf�
]Zahj�^bggh�� ojhfZlh]jZn���� G_� a\Z`Zxqb� gZ� \bljZlg�klv� ��� ijh-
\_^_ggy� ��fh`eb\hkl��ZgZe�am�ihj�\gygh�h[f_`_gh��d�evdhkl��ajZa-
d�\��gZ�kvh]h^g��p_�}^bgbc�f_lh^��ydbc�}�gZc[�evr�_n_dlb\gbf�^ey�
^h[hjm� ]_ghlbi�\� a� i�^\bs_gbf� \f�klhf� g_ikbohljhigbo� dZgZ[�-
gh�^�\���agb`_gbf�\f�klhf�l_ljZ]�^jhdZgZ[�ghem�>��@� 

M� a\¶yadm� a� jha\bldhf� gh\h]h� gZijyfm� k_e_dp��� dhghi_ev� ± 
f_^bqgh]h� ± m^hkdhgZe_gh� ©Kihk�[� hp�gdb� jhkebg� dhghi_ev� gZ�
gZy\g�klv� dZgZ[�gh�^gbo� kihemdª >��@�� <�g� \dexqZ}� ijh\_^_ggy�
yd�kgh��j_Zdp���a��kibjlh\bf�jhaqbghf�[Zj\gbdZ�ljb\dh]h�kbgvh]h�;�
�� hp�gdm� jhkebg� dhghi_ev� gZ� gZy\g�klv� dZgZ[�gh�^�\� aZ� af�ghx�
�gl_gkb\ghkl�� aZ[Zj\e_ggy� \� ahg�� ^bnma��� _dkljZdlm�� ijb� pvhfm�
\bdhjbklh\mxlv���fe�������jhaqbgm�[Zj\gbdZ�ljb\dh]h�kbgvh]h�;�
\�_lZghe�� �q�ldh�\bagZq_gh��dhgp_gljZp�����^ey�ijb]hlm\Zggy�ydh]h�
gZ\Z`db� aZa^Ze_]�^v� ]hlmxlv� \� eZ[hjZlhj��� a� \bdhjbklZggy� ZgZ-
e�lbqgbo�\Z]�� ��ihj�\gyggy�a�ihi_j_^gvh�gZg_k_gbfb�_dkljZdlZfb�
_lZghem-k\�^dZ� �a� aZ^Zgbf� \f�klhf� dZgZ[�gh�^gbo� kihemd� gZ�
ieZklbgb� a� n�evljm\Zevgh]h� iZi_jm� [_a� ijhkhqm\Zggy� gZlj�c�
dZj[hgZlhf� 

Ijhfbkeh\��dhghie��\�dmevlmj��in vitro 
Jha\blhd� [�hl_ogheh]�c� }� \Z`eb\bf� nZdlhjhf� _dheh]h-_dh-

ghf�qgh]h� jha\bldm� kmki�evkl\Z�� ydbc� h[mfh\e_gbc� \bj�r_ggyf�
agZqgh�� d�evdhkl�� _dhghf�qgbo� ijh[e_f�� aZ[_ai_q_ggyf� klZeh]h�
jha\bldm�ijbjh^b� �� ]ZjZglm\Zggyf�ijh^h\hevqh�� lZ�_g_j]_lbqgh��
[_ai_db�� ;�hl_ogheh]�y� m� k�evkvdhfm� ]hkih^Zjkl\�� ^hih\gx}� ljZ-
^bp�cg��f_lh^b�k_e_dp���jhkebg� lZ�jhajh[ey}�gh\�� l_ogheh]����sh�
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^ha\heyxlv� i�^\bsblb� _n_dlb\g�klv� \bjh[gbpl\Z� aZ]Zehf�� Ijb�
pvhfm�de�lbggZ� ��ldZgbggZ�[�hl_ogheh]�y�[Zam}lvky�gZ�fh`eb\hkl��
de�lbg� �kgm\Zlb� �� jhafgh`m\Zlbkv� gZ� `b\bevghfm� k_j_^h\bs�� \�
mfh\Zo�in vitro��a^Zlghkl��^h�lhlbihl_glghkl����j_]_g_jZp����hj]Zgh-
]_g_am���kiZ^dh\bo�af�gZo��yd��fh`gZ�\bdhjbklZlb�\�k_e_dp��� 

Fh`eb\��gZijyfb�\bdhjbklZggy�dmevlmjb��ahevh\Zgbo�de�lbg���
ldZgbg�dhghi_ev�\�k_e_dp��� 

¾ \�^gh\e_ggy� dhe_dp�cgbo� ajZad�\� a� gZk�ggy� a� gbavdhx�
koh`�klx� �� `bll}a^Zlg�klx�� f�djhdehgZevg_� jhafgh`_ggy�
jhkebg� �p�ggbo� ]_ghlbi�\�� reyohf� \bdhjbklZggy� dmevlmjb�
�ahevh\Zgbo�ldZgbg� 

¾ ha^hjh\e_ggy� ihkZ^dh\h]h� fZl_j�Zem� �^h[�j� kl�cdbo� ]_gh-
lbi�\�^h�o\hjh[�� 

¾ \bdhjbklZggy� �ahevh\Zgbo�de�lbg��sh�^Z}�fh`eb\�klv�hljb-
fm\Zlb�jhkebgb�a��kl�cd�klx�^h�klj_kh\bo�qbggbd�\�k_j_^h-
\bsZ� �ihkmob�� aZkhe_ggy�� gbavdbo� �� \bkhdbo� l_fi_jZlmj��
\Z`dbo�f_lZe�\ lhsh���kl\hj_ggy�gh\bo�]_ghlbi�\�gZ�hkgh\��
khfZdehgZevgh�� f�geb\hkl��� reyohf� aeblly� �ahevh\Zgbo�
ijhlhieZkl�\�lZ�hljbfZggy�g_klZl_\bo� �khfZlbqgbo�� ]�[jb-
^�\�� dmevlb\m\Zggy� �ahevh\Zgbo� ibeyd�\� lZ� hljbfZggy� ]Zi-
eh�^�\��\bjhsm\Zggy�g_aj�ebo�aZjh^d�\�gZk�gbg lhsh� 

¾ hljbfZggy� \lhjbggbo� f_lZ[he�l�\� a� dZexkgh�� ldZgbgb��
\bjhs_gh��gZ�l\_j^hfm� �Z]Zjbah\Zghfm��Z[h�j�^dhfm� �kmk-
i_ga�cgZ�dmevlmjZ��`b\bevghfm�k_j_^h\bs�� 

¾ \bdhjbklZggyf� dmevlmj� jhkebggbo� de�lbg� lZ� ldZgbg� ^ey�
kl\hj_ggy�gh\bo�nhjf�f_lh^Zfb�]_g_lbqgh���g`_g_j��� 

HklZgg�f� qZkhf� jhajh[e_gh� hdj_f�� kihkh[b� �� ijbchfb�
dmevlb\m\Zggy�ijhfbkeh\bo�g_ikbohljhigbo� dhghi_ev� k_j_^gvh-
}\jhi_ckvdh]h� _dheh]h-]_h]jZn�qgh]h� lbim� \� dmevlmj�� in vitro, 
ahdj_fZ� 

¾ kihk�[�jhafgh`_ggy�jhkebg�a�gZk�ggy�a�gbavdhx�koh`�klx�lZ�
`bll}a^Zlg�klx� �^ey kl_jbe�aZp��� gZk�ggy� aZklhkh\mxlv�
jhaqbg�]�ihoehjblm�gZlj�x�m�agb`_g�c�dhgp_gljZp���^h������
a� _dkihabp�}x� ����� o\�� gZk�ggy� \bkZ^`mxlv� gZ� `b\bevg_�
k_j_^h\bs_�FmjZk�]_� ��Kdm]Z�a�fZdjh- ��f�djh_e_f_glZfb�m�
ih\g�c� ^ha��� ^h� kdeZ^m� ydh]h� \oh^blv� ���� f]�e l�Zf�gm��
1,0 f]�e�i�jb^hdkbgm������f]�e�Zkdhj[�gh\h��dbkehlb����� f]�e�
]�[_j_eh\h��dbkehlb������f]�e�[mjrlbgh\h��dbkehlb�������]�e�
kZoZjhab� ��yd_�g_�f�klblv�g�dhlbgh\h��dbkehlb��dmevlb\mxlv�
aZ� aZf�ggh�� l_fi_jZlmjb� 3±�� ^h[b� ijb� l_fi_jZlmj�� ��±
���K���gZ^Ze��ijb�l_fi_jZlmj� 24±���K) [48, 49]; 

¾ kihk�[� �g^mdp��� dZexkh]_g_am� �k_]f_glb� ]�ihdhlbey� ^h\`b-
ghx� �±8 ff� a�� kl_jbevgbo� iZ]hg�\� \�dhf� �±��� ^�[� dmevlb-
\mxlv� gZ� k_j_^h\bs�� FmjZk�]_� �� Kdm]Z� a� fZdjh- �� f�djh-
_e_f_glZfb�m�ih\g�c�^ha���^h�kdeZ^m�ydh]h�\oh^ylv ����f]�e�
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l�Zf�gm������f]�e�i�jb^hdkbgm������f]�e�Zkdhj[�gh\h��dbkehlb��
���� f]�e� ]e�pbgm�� ������ f]�e� f_ah�ghablm�� ���� f]�e� ���-
^boehjhn_ghdkbhplh\h��dbkehlb������f]�e�d�g_lbgm������f]�e�
]�[_j_eh\h�� dbkehlb�� ����� ]�e� kZoZjhab� �� yd_� g_� f�klblv�
g�dhlbgh\h��dbkehlb) [50, 51]; 

¾ ^h^Z\Zggy� ^h� k_j_^h\bsZ� Zkdhj[�gh\h�� dbkehlb� yd� Zglb-
hdkb^ZglZ�� sh� ihe�irm}� \b`b\Zggy� lZ� j�kl� _dkieZgl�\� 
[52, 53]; 

¾ fh^bn�dh\Zg_� `b\bevg_� k_j_^h\bs_� ^ey� dmevlb\m-
\Zggy [53, 54]. 

Yd� aZk\�^qbeZ� ijZdlbdZ�� ih^Zevrbo� ^hke�^`_gv� ihlj_[m}�
iblZggy�f�djhdehgZevgh]h�jhafgh`_ggy�dhghi_ev� in vitro�� �g^mdp���
dZexkh]_g_am�� hj]Zgh]_g_am� �� khfZdehgZevgh�� f�geb\hkl�� kZf_�
\hehdgbklh]h� �a� \�^kmlg�klx� ikbohljhigbo� \eZklb\hkl_c�� lbim��
hkd�evdb� i�^� qZk ch]h� a^�ckg_ggy� \bgbdZxlv� i_\g�� kdeZ^ghs��� M�
k_e_dp�cgh-]_g_lbqg�c� jh[hl�� \k_� [�evr� aZlj_[m\Zgbf� klZ}�
aZklhkm\Zggy� [�hl_ogheh]�qgbo� f_lh^�\� ^ey� hljbfZggy� ijbgpb-
ih\h�gh\h]h�k_e_dp�cgh]h�fZl_j�Zem��h^gZd�jhkebgb�pvh]h�lbim�}�
g_^hklZlgvh� qmleb\bfb� ^h� dmevlb\m\Zggy� in vitro aZ]Zehf� lZ�
dmevlmjb� �ahevh\Zgbo� de�lbg� �� ldZgbg� ahdj_fZ�� <hgb� keZ[dh�
i�^^Zxlvky�\ieb\m�nhlhi_j�h^m� ��a^Zlg��^h�p\�l�ggy�ijb�agZqghfm�
jhafZom� \Zj�Zp��� ljb\Zehkl�� k\�leh\h]h� ^gy� �n_gheh]�qg�� nZab�
ebr_� g_agZqgbf� qbghf� ih^h\`mxlvky� qb� kdhjhqmxlvky��� Z� lhfm�
r\b^dh�aZd�gqmxlv�k\�c�jha\blhd� ��\�^fbjZxlv��sh�mg_fh`eb\ex}�
�o� ih^Zevr_� \bdhjbklZggy� in vitro�� oZjZdl_jbamxlvky� kbevgbf�
Zi�dZevgbf� ^hf�gm\Zggyf�� A\Z`Zxqb� gZ� \bs_\bdeZ^_g�� Zj]m-
f_glb��ZdlmZevghx�}�jhajh[dZ�lZdh]h�`b\bevgh]h�k_j_^h\bsZ�^ey�
dmevlb\m\Zggy� h^gh^hfgbo� g_ikbohljhigbo� dhghi_ev� k_j_^gvh-
}\jhi_ckvdh]h�_dheh]h-]_h]jZn�qgh]h�lbim�\�mfh\Zo� in vitro��yd_�[�
ihdjZsm\Zeh� p_c� ijhp_k� �� j_amevlZl� aZ� jZomghd� �gl_gkbn�dZp���
jhklm�iZ]hg�\���ihe�ir_ggy��o�`bll}a^Zlghkl���kijbyeh�ih^h\`_ggx�
ljb\Zehkl�� \_]_lZlb\gh�� klZ^��� jha\bldm� �� hglh]_g_am� aZ]Zehf��
]Zevfm\Zeh� gZklZggy� ]_g_jZlb\gh�� klZ^���� \bklmiZeh� �g]�[�lhjhf�
gZdhibq_ggy�n_ghevgbo�kihemd� 

?dki_jbf_glZevgh� [meh� \klZgh\e_gh� hilbfZevgbc� \Zj�Zgl�
fh^bn�dZp��� k_j_^h\bsZ� FmjZk�]_� �� Kdm]Z�� ^h� ydh]h� \g_k_gh�
gZklmig�� af�gb� kdeZ^h\bo�� ���� f]�e� ��� fF�� NH4NO3, 1768 f]�e�
(17,5 fF�� KNO3, 136 f]�e� �� fF�� KH2PO4, 34,72 f]�e� ���� fdF��
FeSO4 � �G2H�� dhfie_dkh\Zgh]h� �o_eZlh\Zgh]h�� EDTA-Na2, 
12,36 f]�e� ���� fdF�� G3<H3�� dhfie_dkh\Zgh]h� �o_eZlh\Zgh]h��
K3G5�HG�3, 0,05 f]�e� ���� fdF�� CuSO4 � �G2H�� ���� f]�e� ���� fdF��
CoCl2 � �G2H�� � f]�e� Zkdhj[�gh\h�� dbkehlb� �\�lZf�g� K��� � ]�e�
Zdlb\h\Zgh]h� \m]�eey�� ��±30 ]�e� ]exdhab�� � ]�e� Z]Zjm �� \bemq_gh�
g�dhlbgh\m�dbkehlm��\�lZf�g�JJ���lZ[e�����>������@� 
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LZ[ebpy�� 
Dhgp_gljZp�y�dhfihg_gl�\�`b\bevgh]h�k_j_^h\bsZ�^ey�
dmevlb\m\Zggy�h^gh^hfgbo�g_ikbohljhigbo�dhghi_ev�

k_j_^gvh}\jhi_ckvdh]h�_dheh]h-]_h]jZn�qgh]h� 
lbim�\�mfh\Zo�LQ�YLWUR�>54] 
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FZdjh_e_f_glb 
NH4NO3 *

 2400 ���fF 48000 

50 
KNO3 * 1768 �����fF 35360 
CaCl2 ���G2H 440 ��fF 8800 
MgSO4 ���+2O 370 1,��fF 7400 

KH2PO4 * 136 ��fF 2720 
FeSO4 � �G2H * 
EDTA-Na2 * 

34,75 
46,62 

������fF 
������fF 

6950 
9320 

5 

F�djh_e_f_glb 
G3<H3 * 
K3G5�HG�3 * 

12,36 
36,8 

����fdF 
����fdF 

12360 
36800 

1 

MnSO4 ���+2O 22,3 100 fdF 22300 

1 

ZnSO4 ���+2O 8,6 ���fdF 8600 

KJ 0,83 ��fdF 830 
Na2FhH4 ���H2O 0,25 ��fdF 250 
CuSO4 ���+2O * 0,05 ����fdF 50 
CoCl2 ���+2O * 0,05 ����fdF 50 

Hj]Zg�qg��kdeZ^h\� 
=e�pbg 2  2000 1 
F_ah-�gha�l 100  20000 5 

G�dhlbgh\Z 
dbkehlZ�
 

   
 

I�jb^hdkbg 0,5  500 1 
L�Zf�g 0,1  100 1 
:kdhj[�gh\Z 
dbkehlZ�
 

5  5000 
1 

:dlb\h\Zg_ 
\m]�eey�
 

1000   
 

=exdhaZ�
 10000±
30000 

  
 

:]Zj�
 8000    
Ijbf�ldZ� * ± kdeZ^h\���dhgp_gljZp�x�ydbo�[meh�af�g_gh��Z[h�^h^Zgh���

j_rlZ ± aZ�ijhibkhf�FmjZk�]_� ��Kdm]Z��n�lh]hjfhgb�^h^Zxlv�aZe_`gh�\�^�
ihlj_[b��^ey�f�djhdehgZevgh]h�jhafgh`_ggy�fZkh\Z�dhgp_gljZp�y�]exdhab�
klZgh\blv�������f]�e��^ey��g^mdp���dZexkh]_g_am�± 30000 f]�e� 
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G�ljh]_g�}�h^gbf� �a�gZ^a\bqZcgh�\Z`eb\bo�[�h]_ggbo�fZdjh-
_e_f_gl�\� ^ey� jhkebg�� hkd�evdb� \�g� \oh^blv� ^h� kdeZ^m� fhe_dme�
Zf�ghdbkehl� �� \�^ih\�^gh� [�ed�\��n�lh]hjfhg�\�� >GD�� JGD�� oehjh-
n�em� lhsh� >��@��KmqZkg�� khjlb� ijhfbkeh\bo� dhghi_ev� k_j_^gvh-
}\jhi_ckvdh]h�_dheh]h-]_h]jZn�qgh]h�lbim�}�^hkblv�\bfh]eb\bfb�
^h� aZ[_ai_q_ghkl�� ^hklmigbfb� ^ey� `b\e_ggy� kihemdZfb� ^Zgh]h�
_e_f_glm�� GZy\g�klv� G�ljh]_gm� m� kdeZ^�� k_j_^h\bsZ� ]heh\gbf�
qbghf� aZ[_ai_qm}lvky� ijbkmlg�klx� chg�\� NH4

+ lZ� NO3
±�� KZf_�

i�^\bs_gZ�� m� ihj�\gygg�� �a� `b\bevgbf� k_j_^h\bs_f� FmjZk�]_� ��
Kdm]Z��dhgp_gljZp�y�NH4NO3 (2400 f]�e���gl_gkbn�dm}�j�kl�_dkieZg-
l�\�lZ�dZexk�\�dhghi_ev�^hke�^`m\Zgh]h�lbim��kijby}�djZshfm�jha-
\bldm�\_]_lZlb\gbo�hj]Zg�\��\h^ghqZk�]Zevfm}�jha\blhd�]_g_jZlb\-
gbo�hj]Zg�\��ih^h\`mxqb�ljb\Ze�klv��o�hglh]_g_am�in vitro aZ]Zehf� 

N�a�heh]�qgZ�jhev�DZe�x�\bagZqZ}lvky�lbf��sh�\�g�g_�}�dhgklb-
lmp�cgbf� _e_f_glhf� �� \� jhkebgZo� a^_[�evrh]h� aZebrZ}lvky� \�
chgg�c�nhjf���ydZ�i�^ljbfm}�gZ�hilbfZevghfm�j�\g��n�abdh-o�f�qg��
\eZklb\hkl�� ijhlhieZklZ�� Zdlb\m}� jh[hlm� qbke_ggbo� n_jf_gl�\��
kijby}� kbgl_am� :LN�� i�^ljbfp�� \h^gh]h� [ZeZgkm� jhkebg� gZ�
hilbfZevghfm�j�\g��reyohf� i�^\bs_ggy�hkfhlbqgh]h� ihl_gp�Zem�
de�lbg� �� a^Zlghkl�� [�ed�\� ^h� ]�^jZlZp���� m� i�^kmfdm� i�^\bsmxqb�
gZ^oh^`_ggy�\h^b�\�de�lbgb� ��a[�evrmxqb�ihkmohkl�cd�klv�jhkebg��
kijbyleb\h� ^�}� gZ� [�edh\bc�� e�i�^gbc� �� \m]e_\h^gbc� h[f�g�� Zdlb-
\�am}�nhlhkbgl_lbqg_�c�hdbkg_�nhknhjbex\Zggy�lhsh� >��@��Ihl-
j_[Z� dhghi_ev� m� DZe�x� ^_sh� f_grZ�� ihj�\gygh� a� �grbfb�
dmevlmjZfb�� Agb`_gZ�� m� ihj�\gygg�� �a� `b\bevgbf� k_j_^h\bs_f�
FmjZk�]_� �� Kdm]Z�� dhgp_gljZp�y� chg�\� D+�� ^`_j_ehf� ydbo� }� khe��
KNO3 (1768 f]�e�� ��KH2PO4 (136 f]�e���]Zjfhg�am}� �gl_gkb\gbc�j�kl�
jhkebg�� sh� kihkl_j�]Z}lvky� \gZke�^hd� i�^\bs_gh�� dhgp_gljZp���
G�ljh]_gm�� ihi_j_^`m}� gZ^f�jg_� \bly]m\Zggy� kl_[eZ� ��f�`\mae�\��
\bdebdZ}�nhjfm\Zggy�^h^Zldh\bo�\mae�\��sh�\Z`eb\h�^ey�a[�ev-
r_ggy�dh_n�p�}glZ�jhafgh`_ggy�f�djhdehg�\��JZahf�a�lbf��q_j_a�
^hklZlgx�d�evd�klv�\m]e_\h^m�]exdhab��ydZ�aZ�gZrbfb�^Zgbfb�^Z}�
djZs�� j_amevlZlb�� ihj�\gygh� a� kZoZjhahx��� ihjmr_ggy� \h^gh]h�
[ZeZgkm��hkfhlbqgh]h�lbkdm��g�\_ex}lvky� 

Nhknhj�± p_�dhgklblmp�cgbc�_e_f_gl�jhkebg��sh�\oh^blv�^h�
kdeZ^m�fhe_dme�[Z]Zlvho�hj]Zg�qgbo� kihemd�� ahdj_fZ� \m]e_\h^�\��
JGD� ��>GD�� [�ed�\��n_jf_gl�\� �G:>N���:>N� ��:LN�� lhfm� \�^�]jZ}�
\Z`eb\m� jhev� \� _g_j]_lbqghfm� h[f�g�� kijby}� ijbkdhj_ggx� [�h-
o�f�qgbo� ijhp_k�\�� aZ\^ydb� [mn_jgbf� \eZklb\hklyf� nhknhjh-
\f�kgbo� khe_c� i�^ljbfm}lvky� gZ� hilbfZevghfm� j�\g�� jG� ijhlh-
ieZklZ�� ijbkdhjx}lvky� jha\blhd� jhkebg� �� �o� i_j_o�^� m� ]_g_jZ-
lb\gbc� klZg�� g_h[o�^gbc� ^ey� ^h[jh]h� aZk\h}ggy�G�ljh]_gm� lhsh�
>��@��Agb`_gZ��m�ihj�\gygg�� �a�`b\bevgbf�k_j_^h\bs_f�FmjZk�]_� ��
Kdm]Z��^h���� f]�e�dhgp_gljZp�y�Nhknhjm�m�\b]ey^��chg�\�hjlhnhk-
nhjgh�� dbkehlb� JH4

3± (136 f]�e� KH2PO4�� m� i_\g�c� f�j�� ]Zevfm}�
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jha\blhd� jhkebg� �Ze_� g_� j�kl��� �o� i_j_o�^� m� ]_g_jZlb\gbc� klZg� ��
\�^fbjZggy�� Z� lZdh`� ihi_j_^`Z}� ihy\m� g_djhlbqgbo� ieyf� gZ�
ebkldZo�aZ��gl_gkb\gh]h�hk\�le_ggy� 

N_jmf�\oh^blv�^h�kdeZ^m�hdbkgh-\�^gh\gbo�n_jf_gl�\��aZ[_a-
i_qmxqb�i_j_g_k_ggy�_e_dljhg�\�Z[h�=�^jh]_gm�yd�\�^gh\gbdZ� lZ�
kbgl_a� oehjhn�em� >��@�� >ey� dhghi_ev� \eZklb\bc� ihkl�cgbc� j�kl�
fheh^bo�iZ]hg�\� �a�\mae�\�yd�ijb�rlmqghfm�\b^Ze_gg��Zi�dZevgbo�
f_jbkl_f�� lZd� �� [_a� gbo�� I�^\bs_gZ�� m� ihj�\gygg�� �a� `b\bevgbf�
k_j_^h\bs_f� FmjZk�]_� �� Kdm]Z�� ^h� ����� f]�e� dhgp_gljZp�y�
FeSO4 � �G2H�� dhfie_dkh\Zgh]h� �o_eZlh\Zgh]h�� EDTA-Na2, g_-
h[o�^gZ� ^ey� ihi_j_^`_ggy� jha\bldm oehjha�\� m� fheh^bo� ebkld�\�
dhghi_ev��yd���gl_gkb\gh�jhklmlv�in vitro. 

;hj� ± \Z`eb\bc�f�djh_e_f_gl�^ey� jhklm� �� jha\bldm� jhkebg��
\�g� g_� \oh^blv� ^h� kdeZ^m� n_jf_gl�\�� Ze_� \ieb\Z}� gZ� agZqgm�
d�evd�klv�n�a�heh]h-[�ho�f�qgbo� ijhp_k�\�� ahdj_fZ� gZ� \m]e_\h^gbc�
h[f�g� ��ljZgkihjl�\m]e_\h^�\��\�^�gvh]h�aZe_`blv�Zdlb\g�klv�hdkb-
j_^mdlZa�� reyob� hdbkg_ggy� \m]e_\h^�\� �ijb� ch]h� g_klZq�� \hgb�
hdbkexxlvky�l�evdb�^h�n_ghem��ydbc�^ey�de�lbg�}�hljmcgbf���ijb�
^_n�pbl��;hjm�\�i_jrm�q_j]m�kljZ`^Zxlv�f_jbkl_fZlbqg��ldZgbgb�
>��@��AgZq_ggy�Dmijmfm�gZkZfi_j_^� \bagZqZ}lvky�ch]h� mqZklx� \�
ih[m^h\��fhe_dme�hdj_fbo�hdbkgh-\�^gh\gbo�n_jf_gl�\��\�g�ihab-
lb\gh�\ieb\Z}�gZ�nhlhkbgl_a��kbgl_a�[�edZ�>��@��N�a�heh]�qgZ�jhev�
Dh[Zevlm� j�agh[�qgZ�� \�g� Zdlb\�am}� jh[hlm� [Z]Zlvho� n_jf_gl�\��
ahdj_fZ� g�ljZlj_^mdlZab�� i�^\bsm}� ihkmohkl�cd�klv� jhkebg�
lhsh>��@��?dki_jbf_glZevgh�[meh�\klZgh\e_gh��sh�dmevlb\m\Zggy�
dhghi_ev�^hke�^`m\Zgh]h�lbim�\�mfh\Zo� in vitro ^Z}�djZs��j_amev-
lZlb� ijb� a[�evr_g�c� fZkh\�c� qZklp�� m� k_j_^h\bs�� lZdbo� f�djh-
_e_f_gl�\��yd�;hj��Dmijmf���Dh[Zevl��lhfm��o�dhgp_gljZp�x�ih^\h}-
gh��Z�G3<H3��dhfie_dkh\Zgh��o_eZlh\Zgh��]e�p_jhehf�± K3G5�HG�3, 
sh�kijby}�djZshfm�aZk\h}ggx�;hjm� 

<dexq_ggy�^h�k_j_^h\bsZ�� f]�e�Zkdhj[�gh\h��dbkehlb��ydZ�}�
Zglbhdkb^Zglhf��c�� ]�e�Zdlb\h\Zgh]h�\m]�eey�lZdh`�ihi_j_^`mxlv�
ml\hj_ggy�n_ghevgbo�kihemd��yd��kijbqbgyxlv�ijb]g�q_ggy�jhklm���
jha\bldm�Z[h�`�\_^mlv�^h�aZ]b[_e��_dkieZgl�\��G�dhlbgh\m�dbkehlm�
\bdexq_gh�a��kdeZ^m�k_j_^h\bsZ��hkd�evdb�\hgZ�m�dhghi_ev�^Zgh]h�
lbim�g_]Zlb\gh�\ieb\ZeZ�gZ�j�kl� ��jha\blhd�iZ]hg�\��khfZlbqgbc� ��
]_g_jZlb\gbc�dZexkh]_g_a���hj]Zgh]_g_a� 

<bjhs_g��gZ� ijhihgh\Zghfm� k_j_^h\bs��^ey� dmevlb\m\Zggy�
dhghi_ev� in vitro iZ]hgb� oZjZdl_jbam\Zebkv� [�evr� �gl_gkb\gbf�
jhklhf�� Z� \�^lZd� ± \bsbfb� ihdZagbdZfb� hagZd� \bkhlb�� d�evdhkl��
f�`\mae�\��fZkb� dZexkm�� ml\hj_gh]h� gZ� ]�ihdhlbevgbo� k_]f_glZo��
a^Zlghkl�� ^h� hj]Zgh]_g_am�� ihj�\gygh� ljb\Zebf� \_]_lZp�cgbf�
i_j�h^hf�lhsh�>��@� 

;Z]Zlh�ijh[e_fgbo�iblZgv�\\_^_ggy�ijhfbkeh\bo�dhghi_ev�\�
dmevlmjm� in vitro aZebrZxlvky� s_� g_� \bj�r_gbfb� �� ihlj_[mxlv�
jharbj_ggy�[�hl_ogheh]�qgbo�^hke�^`_gv� 
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7,5±����l�]Z��\hehdgZ�± 2,0±����l�]Z� �ahdj_fZ�^h\]h]h����±����l�]Z���
\bo�^� \hehdgZ� ± 29,3±������ �ahdj_fZ�^h\]h]h� ����±��������Khjl�
=e_k�y� ± q_fi�hg� k_j_^� h^gh^hfgbo� ijhfbkeh\bo� dhghi_ev� aZ�
gZk�gg}\hx�ijh^mdlb\g�klx��Ijb�\bjhsm\Zgg��a�f_lhx�hljbfZggy�
\hehdgZ� �� gZk�ggy� �gZ� ^\h[�qg_� \bdhjbklZggy�� mjh`Zc� gZk�ggy�
klZgh\blv����±����l�]Z��sh gZ�������\bs_�aZ�khjl-klZg^Zjl�=eygZ��
mjh`Zc� kl_[_e� ± 6,5±���� l�]Z�� \hehdgZ� ± 2,2±3,1 l�]Z� �ahdj_fZ�
^h\]h]h����±3,0 l�]Z���\bo�^�\hehdgZ�± 31,0±�������ahdj_fZ�^h\]h]h�
29,0±�������� KlZl_\Z� kljmdlmjZ� ihimeyp��� khjlm� =e_k�y� kdeZ-
^Z}lvky� a� ����±������jhkebg�h^gh^hfgh��n_f�g�ah\Zgh��fZl�jdb��
ydZ� fZ}� dhfiZdlg_� kmp\�lly� �a^_[�evrh]h� jhf[hih^�[g_�� �� i_j_-
\Z`gm� [�evr�klv� `�ghqbo� d\�lhd�� Jhkebgb� iehkdhg�� h^gh^hfgbo�
dhghi_ev� �^_klZ[�e�aZlhjZ� h^gh^hfghkl��� \�^kmlg��� FZ}� k_j_^gx�
kl�cd�klv�^h�ihrdh^`_ggy�rd�^gbdZfb� ��mjZ`_ggy�o\hjh[Zfb� >��@��
A������j��aZg_k_gbc�^h�>_j`Z\gh]h�j_}kljm�khjl�\��ijb^Zlgbo�^ey�
ihrbj_ggy�\�MdjZ�g�� 

Khjl�FbdheZcqbd��Z\lhjb�± EZcdh�1��F���<bjh\_pv�<��=���Dbjb-
q_gdh =��1���F�s_gdh�K��<���Df_pv�1��E���hljbfZgh�f_lh^hf�kdeZ^gh��
]�[jb^baZp��� �XKH� ��� ��� =e_jZ� �� )DVDPR� ���� =emo�\kvd�� ���� a�
gZklmigbf�k�f_cgh-]jmih\bf�^h[hjhf�m�gZijyfZo�kdhjhklb]ehkl���
i�^\bs_ggy� gZk�gg}\h�� ijh^mdlb\ghkl��� klZ[�e�aZp��� h^gh^hfghkl��
lZ�agb`_ggy�\f�klm�dZgZ[�gh�^gbo�kihemd��Khjl�FbdheZcqbd�± khjl�
gh\h]h� ihdhe�ggy� gZk�gg}\h]h� gZijyfm� \bdhjbklZggy�� oZjZdl_-
jbam}lvky�\bkhdhx�mjh`Zcg�klx�gZk�ggy��i�^\bs_gbf�\f�klhf�he����
ihe�ir_gbf� ��� `bjghdbkehlgbf� kdeZ^hf�reyohf� a[ZeZgkm\Zggy�
hilbfZevgh]h�ki�\\�^ghr_ggy�+-�� ��+-���gb`qhx�\bkhlhx�jhkebg�
gZ� ��±15 kf�� ihj�\gygh� a� �grbfb� khjlZfb�� ihrbj_gbfb� m�
\bjh[gbpl\��� sh� ihe_]rm}� ijhp_k� a[bjZggy� gZk�gg}\bo� ihk�\�\�
dhghi_ev� a_jgha[bjZevgbf� dhf[Zcghf��Qm^h\h� j_Z]m}� gZ� a[�ev-
r_ggy� iehs�� `b\e_ggy� jhkebg� nhjfm\Zggyf� jhf[hih^�[gbo�
n_f�g�ah\Zgbo� kmp\�lv�� yd�� [�evr� ijh^mdlb\g�� aZ� fZkhx� gZk�ggy��
GZe_`blv� ^h� k_j_^gvhklb]eh�� ]jmib�� Ljb\Ze�klv� \_]_lZp�cgh]h�
i_j�h^m�^h�l_og�qgh��klb]ehkl��m�k_j_^gvhfm�klZgh\blv�����^h�[�h-
eh]�qgh�� klb]ehkl�� ± ���� ^h[b�� AZ� ^Zgbfb� dhgdmjkgh]h� khjlh-
\bijh[m\Zggy� a� f_lhx� hljbfZggy� \hehdgZ� mjh`Zc� kl_[_e� m�
k_j_^gvhfm�klZgh\blv�����l�]Z��\hehdgZ�± ����l�]Z��\f�kl�\hehdgZ�± 
������� a� f_lhx� hljbfZggy� \hehdgZ� �� gZk�ggy� mjh`Zc� gZk�ggy� m�
k_j_^gvhfm� klZgh\blv� ����� l�]Z�� sh� �klhlgh� i_j_\bsm}� khjl-
klZg^Zjl�=eygZ� �aZ� �gl_gkb\gh�� l_ogheh]���\bjhsm\Zggy� ��kijbyl-
eb\bo�Z]jhde�fZlbqgbo� mfh\�ihl_gp�cg��fh`eb\hkl��khjlm� m�nhj-
fm\Zgg��gZk�gg}\h��ijh^mdlb\ghkl��s_�\bs����\f�kl�he���\�gZk�gg��± 
������� KlZl_\Z� kljmdlmjZ� ihimeyp��� khjlm� FbdheZcqbd� kdeZ-
^Z}lvky� [�evr� g�`� a� ������ jhkebg� h^gh^hfgh�� n_f�g�ah\Zgh��
fZl�jdb��ydZ�fZ}�dhfiZdlg_�kmp\�lly��a^_[�evrh]h�jhf[hih^�[g_����
i_j_\Z`gm�[�evr�klv�`�ghqbo�d\�lhd��[ebavdh�������Jhkebgb�iehk-
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dhg�� h^gh^hfgbo� dhghi_ev�� ydZ� }� ^_klZ[�e�aZlhjhf� hagZdb� h^gh-
^hfghkl��� \�^kmlg��� FZ}� k_j_^gx� kl�cd�klv� ^h� ihrdh^`_ggy� 
rd�^gbdZfb� �� mjZ`_ggy� o\hjh[Zfb� >��@�� A� ����� j�� aZg_k_gbc� 
^h� >_j`Z\gh]h� j_}kljm� khjl�\� jhkebg�� ijb^Zlgbo� ^ey� 
ihrbj_ggy�\�MdjZ�g�� 

Khjl� :jl_f�^Z� �Z\lhjb� ± EZcdh� 1��F���F�s_gdh K�� <��� <bjh-
\_pv <� =���Dbjbq_gdh�=�� 1���fZxqb�ijhf�`g_�mkiZ^dm\Zggy�hagZdb�
ljb\Zehkl��\_]_lZp�cgh]h�i_j�h^m�[Zlvd�\kvdbo�nhjf��sh�gZe_`Zlv�
^h� j�agbo� _dheh]h-]_h]jZn�qgbo� lbi�\� ± k_j_^gvh}\jhi_ckvdh]h� ��
i�\^_ggh]h� ���� ^h[b� ^h� l_ogheh]�qgh�� klb]ehkl�� �� ���� ^�[� ^h�
gZklZggy�[�heh]�qgh��klb]ehkl����\^Zeh�ih}^gZ\�j�\_gv�\bjZ`_ggy�
p�ggbo� ]hkih^Zjkvdbo� hagZd� [�evr� jZggvhklb]eh]h� khjlm� �� [�evr�
i�agvhklb]eh]h��ijb�\bjhsm\Zgg��gZ� a_e_g_pv�^Z}� �klhlgh�\bsbc�
mjh`Zc�\hehdgZ�± �����l�]Z��\bo�^�\kvh]h�\hehdgZ�± �������ahdj_fZ�
^h\]h]h�\hehdgZ�± �������Ijb�\bjhsm\Zgg��gZ�\hehdgh� ��gZk�ggy��
�klhlgh� ihklmiZxqbkv� aZ� \bkhlhx� jhkebg�� sh� ihablb\gh� ^ey�
a[bjZggy� gZk�ggy� a_jgha[bjZevgbf� dhf[Zcghf�� fZ}� �klhlgh�
\bsbc� mjh`Zc� gZk�ggy� ������ l�]Z��� \f�kl� he��� �������� lZ� mjh`Zc�
\hehdgZ� ������l�]Z��aZ�khjl-klZg^Zjl��Ijbf�lghx�hagZdhx�khjlm�}�
a^Zlg�klv� ^Z\Zlb� ^jm`g�� koh^b� lZ� �gl_gkb\gbc� j�kl� gZ� ihqZldm�
\_]_lZp���� sh� kijby}� af_gr_ggx� aZ[mj¶yg_ghkl�� ihk�\m� >��@�� A�
2020 j�� aZg_k_gbc� ^h� >_j`Z\gh]h� j_}kljm� khjl�\� jhkebg��
ijb^Zlgbo�^ey�ihrbj_ggy�\�MdjZ�g�� 

Khjl� =Zjfhg�y� �Z\lhjb� ± F�s_gdh K� <��� EZcdh 1� F��� <bjh-
\_pv <� =���Dbjbq_gdh�=��1���EZcdh�=��F���kl\hj_gbc�aZ��ggh\Zp�cghx�
f_lh^bdhx�gZ�hkgh\��kZfhaZibe_gbo�e�g�c� ��]_l_jhabkgh��k_e_dp����
Ijb� \bjhsm\Zgg�� ^ey� hljbfZggy� \hehdgZ� kmll}\h� i_j_\bsm}�
khjl-klZg^Zjl� aZ� \boh^hf� \hehdgZ� ��������� ahdj_fZ� �� ^h\]h]h�
\hehdgZ� ��������� \�^� ydh]h� [_aihk_j_^gvh� aZe_`blv� ch]h� \bkhdZ�
yd�klv��Ijb�\bjhsm\Zgg��^ey�hljbfZggy�\hehdgZ���gZk�ggy�kmll}\h�
i_j_\bsm}� aZ� mjh`Z}f� gZk�ggy� ����� l�]Z��� \f�klhf� he��� \� 
gZk�gg�� ������� �� \boh^hf� \kvh]h� \hehdgZ� ����� l�]Z��� sh� lZdh`�
jh[blv�ch]h�mg�\_jkZevgh]h�gZijyfm�\bdhjbklZggy� >��@��A����� j��
aZg_k_gbc� ^h� >_j`Z\gh]h� j_}kljm� khjl�\� jhkebg�� ijb^Zlgbo� 
^ey�ihrbj_ggy�\�MdjZ�g�� 

Khjl�<�d�������Z\lhjb�± EZcdh 1� F���F�s_gdh K� <���Dbjbq_gdh�
=�� 1��� <bjh\_pv <� =��� ± i_jrbc� gZ� l_j_gZo� MdjZ�gb� khjl� a�
i�^\bs_gbf�\f�klhf�dZgZ[�]_jhem��[ebavdh������ydbc�g_�gZe_`blv�
^h� ikbohljhigbo� kihemd� �� oZjZdl_jbam}lvky� gbadhx� e�dm\Zevgbo�
\eZklb\hkl_c�� OZjZdl_jbam}lvky� mjh`Zcg�klx� aZ� hkgh\gbfb�
]hkih^Zjkvdbfb� ihdZagbdZfb� g_� gb`q_� khjlm-klZg^Zjlm� =eygZ�
>��@��A� ���� j�� aZg_k_gbc� ^h�>_j`Z\gh]h� j_}kljm� khjl�\� jhkebg��
ijb^Zlgbo�^ey�ihrbj_ggy \�MdjZ�g�� 

Khjl� =emo�\kvd�� ��� �Z\lhjb� ± EZcdh� 1. F��� <bjh\_pv <� =���
Dbjbq_gdh =� 1��� F�s_gdh� K� <��� hljbfZgh� f_lh^hf� ]�[jb^baZp���
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^\h^hfgbo� �� h^gh^hfgbo� dhghi_ev� �XK� �� ��XKH� ��� ���XK� ��� ��
XKH� ���� a� gZklmigbf� k�f_cgh-]jmih\bf� ^h[hjhf� m� gZijyfZo�
i�^\bs_ggy \f�klm� \hehdgZ� \� kl_[eZo� lZ� nhjfm\Zggy� [�hfZkb��
klZ[�e�aZp��� h^gh^hfghkl�� lZ� ih\gh�� \�^kmlghkl�� dZgZ[�gh�^gbo�
kihemd��Khjl� }� mg�dZevgbf� �� g_i_j_\_jr_gbf� m� k\�lh\�c� k_e_dp���
dhghi_ev�aZ�\f�klhf�\hehdgZ�ijb�^h[j�c�ch]h�ydhkl���GZe_`blv�^h�
k_j_^gvhklb]eh�� ]jmib�� Ljb\Ze�klv� \_]_lZp�cgh]h� i_j�h^m� ^h�
l_og�qgh�� klb]ehkl�� klZgh\blv� ��±����� ^h� [�heh]�qgh�� klb]ehkl�� ± 
120±���� ^�[�� AZ� ^Zgbfb� dhgdmjkgh]h� k_e_dp�cgh]h� khjlh\bijh-
[m\Zggy�ijb�\bjhsm\Zgg��gZ� a_e_g_pv�mjh`Zc�kl_[_e�klZgh\blv�
9,5±10,5 l�]Z� �aZ� �gl_gkb\gh�� l_ogheh]���\bjhsm\Zggy�khjl� a^Zl_g�
nhjfm\Zlb� s_� \bsbc� mjh`Zc� kl_[_e��� \hehdgZ� ± 3,3±���� l�]Z�
�ahdj_fZ� ^h\]h]h� ���±3,1 l�]Z��� \f�kl� \hehdgZ� ± ^h� ������� \bo�^�
^h\]h]h�\hehdgZ�± ^h��������sh�kmll}\h�i_j_\bsm}�khjl-klZg^Zjl�
=eygZ��Yd�kg��ihdZagbdb�\hehdgZ�gZklmig���k_j_^g�c�ghf_j�^h\]h]h�
\hehdgZ� ± �����jhajb\g_�gZ\ZglZ`_ggy� ± �����^ZG��e�g�cgZ�s�ev-
g�klv� ± ���l_dk��Ijb�\bjhsm\Zgg��gZ�^\h[�qg_�\bdhjbklZggy�mjh-
`Zc� gZk�ggy� klZgh\blv� ��� ±1,0 l�]Z��KlZl_\Z� kljmdlmjZ� ihimeyp���
khjlm� =emo�\kvd�� ��� kdeZ^Z}lvky� a� ���� ± 95,0 �� jhkebg� h^gh-
^hfgh�� n_f�g�ah\Zgh�� fZl�jdb�� ydZ� fZ}� dhfiZdlg_� kmp\�lly� ��
i_j_\Z`gm�[�evr�klv�`�ghqbo�d\�lhd��Jhkebgb�iehkdhg��h^gh^hfgbo�
dhghi_ev� �^_klZ[�e�aZlhjZ� h^gh^hfghkl��� \�^kmlg��� FZ}� k_j_^gx�
kl�cd�klv�^h�ihrdh^`_ggy�rd�^gbdZfb���mjZ`_ggy�o\hjh[Zfb��Kl�c-
dbc�^h�hkbiZggy�gZk�ggy� >��@��A������jhdm�aZg_k_gbc�^h�>_j`Z\-
gh]h�j_}kljm�khjl�\�jhkebg��ijb^Zlgbo�^ey�ihrbj_ggy�\�MdjZ�g�� 

Khjl =emo�\kvd�� ��� �Z\lhjb� EZcdh� 1� F��� <bjh\_pv� <� =���
Dbjbq_gdh =� 1���F�s_gdh�K��<���S_j[Zgv�1��1���Df_pv�1��E�� ± ykdjZ\h�
\bjZ`_gbc� khjl� [�h_g_j]_lbqgh]h� �� \hehdgbklh]h� gZijyf�\�
]hkih^Zjkvdh]h�\bdhjbklZggy��Ihj�\gygh�a�khjlhf-klZg^Zjlhf�\�g�
fZ\� [�evr� ljb\Zebc� i_j�h^� \_]_lZp���� Z� kZf_� ± ���� ^h[b� ^h�
l_og�qgh��klb]ehkl������^�[�^h�gZklZggy�nZab�[�heh]�qgh��klb]ehkl���
Khjl� fZ}� gb`qm� gZk�gg}\m� ijh^mdlb\g�klv� �� \f�kl� he���� Ze_� aZ�
hagZdZfb� \hehdgbklhkl�� �klhlgh� i_j_\bsm}� khjl� =eygZ� lZ�
i_j_\Z`gm� [�evr�klv� ihrbj_gbo� m� \bjh[gbpl\�� khjl�\� dhghi_ev��
ahdj_fZ� \bkhlZ� jhkebg� kdeZ^Z}� aZ� k_j_^g�fb� [Z]Zlhj�qgbfb�
^Zgbfb� ����� kf�� mjh`Zcg�klv� kl_[_e� ± ����� l�]Z� �aZ �gl_gkb\gh��
l_ogheh]��� \bjhsm\Zggy� ± 10,5±12,5 l�]Z��� mjh`Zcg�klv� \kvh]h�
\hehdgZ� ± ����� l�]Z�� ahdj_fZ� ^h\]h]h� \hehdgZ� ± 2,67 l�]Z�� \bo�^�
\kvh]h� \hehdgZ� ± ������� ahdj_fZ� ^h\]h]h� \hehdgZ� ± ������ ijb�
\bjhsm\Zgg��gZ�a_e_g_pv��\bkhlZ�kl_[_e�± ������kf��mjh`Zcg�klv�
\kvh]h� \hehdgZ� ± ����� l�]Z�� ahdj_fZ�^h\]h]h� \hehdgZ� ± 2,50 l�]Z��
\bo�^�\kvh]h�\hehdgZ� ± ������� ahdj_fZ�^h\]h]h�\hehdgZ� ± 27,9% 
ijb� \bjhsm\Zgg�� gZ� ^\h[�qg_� \bdhjbklZggy�� <�^f�gghx� jbkhx�
khjlm� }� ^hky]g_ggy� _e�lgbfb� jhkebgZfb gZ� k_e_dp�cghfm� jha-
kZ^gbdm� \bkhlb� �±��f� >��@�� A� ����� j�� aZg_k_gbc� ^h�>_j`Z\gh]h�
j_}kljm�khjl�\�jhkebg��ijb^Zlgbo�^ey�ihrbj_ggy�\�MdjZ�g�� 
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KmqZkg��khjlb�dhghi_ev�oZjZdl_jbamxlvky�f�g�fZevgbf�\f�k-
lhf� dZgZ[�^�hem� �\�^� ������� ^h� ����������f�ghjgbfb� d�evdhklyfb�
l_ljZ]�^jhdZgZ[�ghem��yd��f_`mxlv�a�ih\ghx�\�^kmlg�klx� �\�^���^h�
0,0073 ��� lh[lh� \� ^_kyldb� jZa�\� f_gr_� ^ha\he_gh�� qbggbf�
aZdhgh^Z\kl\hf� ghjfb��� lZ� \�^kmlg�klx� dZgZ[�]_jhem� �lZ[e�� ����
LZdbc� \f�kl� l_ljZ]�^jhdZgZ[�ghem� aZ[_ai_qm}� \�^kmlg�klv� ikboh-
ljhighkl��m�gbap��ihke�^h\gbo�]_g_jZp�c�\�ijhp_k��j_ijh^mdm\Zggy�
�kbkl_f��gZk�ggbpl\Z�� 

Ki_p�Ze�aZp�y� hdj_fbo� khjl�\� ijhfbkeh\bo� dhghi_ev� aZ�
hkgh\gbfb� ]hkih^Zjkvdbfb�ihdZagbdZfb�a�h^gh]h�[hdm�lZ�mg�\_j-
kZevg�klv�\bdhjbklZggy�a�^jm]h]h�[hdm�p�edhf�a^Zlg��aZ^h\hevgylb�
\bfh]b�\bjh[gbpl\Z��yd��klZ\eylvky�^h�gbo� 

AZf�klv�i�keyfh\b 
K_e_dp�y� \�^�]jZ}� \bagZqZevgm�jhev� m� aZ[_ai_q_gg��ex^kl\Z�

ijh^mdlZfb� oZjqm\Zggy� �� ijhfbkeh\hkl�� k�evkvdh]hkih^Zjkvdhx�
kbjh\bghx�� Ki_pbn�qghx� nmgdp�}x� k_e_dp��� }� kl\hj_ggy� gh\bo�
khjl�\� �� ]�[jb^�\� k�evkvdh]hkih^Zjkvdbo� dmevlmj� ^ey� a[�evr_ggy�
h[ky]�\� \bjh[gbpl\Z� lZ� ihe�ir_ggy� ydhkl�� ijh^mdp���� <ieb\Zxqb�
[_aihk_j_^gvh� gZ� i�^\bs_ggy� j�\gy� ijh^mdlb\ghkl�� lZ� j_glZ-
[_evghkl�� k�evkvdh]h� ]hkih^Zjkl\Z�� k_e_dp�y� i_j_l\hjx}lvky \�
_n_dlb\gbc�aZk�[�\bjh[gbpl\Z >��@��M�kmqZkgbo�mfh\Zo�k_e_dp�cg��
^hke�^`_ggy� kijyfh\Zg�� gZ� ih]eb[e_ggy� ]_g_lbqgbo� agZgv� ijh�
mkiZ^dm\Zggy�d�evd�kgbo���yd�kgbo�hagZd��ijh�kl�cd�klv�^h�klj_kh\bo�
nZdlhj�\� ^h\d�eey� �� \bdhjbklZggy� pbo� agZgv� ^ey� kl\hj_ggy�
\bo�^gh]h� fZl_j�Zem�� ^ey� k_e_dp��� \bkhdhijh^mdlb\gbo� khjl�\�
jhkebg��Z^Zilh\Zgbo�^h�ahgZevgbo�mfh\�\bjhsm\Zggy��<k_�[�ev-
rh]h� agZq_ggy� gZ[m\Z}� \ijh\Z^`_ggy� ^hky]g_gv� [�hl_ogheh]��� \�
]_g_lbdh-k_e_dp�cgbc� ijhp_k��sh� kijby}� ihrmdm� gh\bo� i_jki_d-
lb\gbo�gZijyf�\�>��@� 

LZ[ebpy�� 
<f�kl�hkgh\gbo�dZgZ[�gh�^gbo�kihemd�m�jhkebg�kmqZkgbo�

khjl�\�dhghi_ev��k_j_^g}������±�����jj�� 

Khjl 
<f�kl�dZgZ[�gh�^gh��kihemdb��� 

dZgZ[�^�he l_ljZ]�^jhdZgZ[�ghe dZgZ[�]_jhe 
=eygZ��
klZg^Zjl 

0,0559 0,0022 0 

=e_k�y 0,0291 0,0059 0 
FbdheZcqbd 0,1470 0 0 
:jl_f�^Z 0,0098 0,0005 0 
=Zjfhg�y 0,0258 0,0021 0 
=emo�\kvd���� 0,0145 0,0092 0 

=emo�\kvd���� 0,0116 0,0073 0 
Ijbf�ldZ� Jhkebgb�\�^�[jZg��a�ijh[gbo�kghi�\�dhgdmjkgh]h�k_e_dp�cgh]h�

khjlh\bijh[m\Zggy�� ZgZe�a� dZgZ[�gh�^�\� ijh\_^_gh� f_lh^hf� ]Zah\h��
ojhfZlh]jZn���� �� ± kihemdm� g_� �^_glbn�dh\Zgh� \� f_`Zo� qmleb\hkl��
ojhfZlh]jZnZ� 
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K_e_dp�y� ± p_� \h^ghqZk� gZmdZ�� fbkl_pl\h�� h[f_`_gbc� \ 
ijhklhjh\h-qZkh\bo�\bf�jZo�_\hexp�cgbc�ijhp_k�kl\hj_ggy�gh\bo�
]_ghlbi�\�� ]Zemav� k�evkvdh]hkih^Zjkvdh]h� \bjh[gbpl\Z�� K_e_dp�y�
aZ� \_ebdbf� jZomgdhf� g_� fZ}� dhj^hg�\� ± Zg�� ]_h]jZn�qgbo�� Zg��
[�heh]�qgbo��lhfm�sh�\hgZ�fZ}�f�kp_�m�[m^v-yd�c�djZ�g�� ��\�^ghkgh�
dh`gh]h� \b^m� jhkebg�� hdmevlmj_gh]h� ex^bghx�� K_e_dp�y� ^bgZ-
f�qgh� jha\b\Z}lvky�� kl\hjxxlvky� gh\�� khjlb� lZ� jhajh[eyxlvky�
gh\��f_lh^heh]����P_� ih\¶yaZgh� a� lbf��sh� khjl�g_�fh`_� �kgm\Zlb�
\�qgh��\�g�\bjh^`m}lvky� q_j_a�ihy\m�fmlZp�c��\ljZqZ}�Z^ZilZp�x�
^h� mfh\� ^h\d�eey q_j_a� de�fZlbqg�� af�gb�� ihrbj_ggy� gh\bo�
rd�^gbd�\� lZ� ihy\�� gh\bo� rlZf�\� a[m^gbd�\� o\hjh[�� klZ}� g_aZ-
lj_[m\Zgbf� q_j_a� af�gm� \bfh]� \bjh[gbpl\Z� ^h� k�evkvdh]hk-
ih^Zjkvdh�� dmevlmjb�� p_� ih\¶yaZgh� a� lbf�� sh� jh[eylvky� gh\��
\�^djblly�\�[�heh]���aZ]Zehf�lZ�]_g_lbp� ahdj_fZ� 

K_e_dp�y� ijhfbkeh\bo� dhghi_ev� lZdh`� ^bgZf�qgh� jha\b-
\Z}lvky��ihe�irmxlvky�qb�a¶y\eyxlvky�gh\��]_ghlbib��khjlb��m^hk-
dhgZexxlvky� lZ�jhajh[eyxlvky�f_lh^b�p�}��gZmdb��GZjZa��^hky]-
g_ggy� \� k_e_dp��� dhghi_ev�^hkblv� \Z]hf��� Ze_� \`_� q_j_a�^_ydbc�
qZk� fh`mlv� \bgbdgmlb� ah\k�f� �gr�� ijh[e_fg�� fhf_glb� �� aZ^Zq���
ihklZlb� gh\�� \bfh]b� \bjh[gbpl\Z�� yd�� gZijbdeZ^�� klZehky� a�
gZijyfhf�k_e_dp���gZ�agb`_ggy�\f�klm�dZgZ[�gh�^�\��KihqZldm�^Zgm�
hagZdm�\aZ]Ze��g_�\jZoh\m\Zeb��ihqbgZxqb�a� ��-o�jj�� �� kl��[meh�
^hdeZ^_gh� gZ^a\bqZcgh� [Z]Zlh� amkbev� gZ� agb`_ggy� mk�o� dhfih-
g_gl�\� dZgZ[�gh�^�\�� Z� aZjZa� }� g_h[o�^g�klv� i�^\bs_ggy� \f�klm�
g_ikbohljhigbo� kihemd� �� h^ghqZkg_� agb`_ggy� \f�klm� l_ljZ]�^jh-
dZgZ[�ghem��sh�ih\¶yaZgh� a�jha\bldhf�gh\h]h�gZijyfm�\�k_e_dp���
ijhfbkeh\bo� dhghi_ev� ± f_^bqgh]h�� A]h^hf� \bgbdgmlv� �gr��
k_e_dp�cgh-]_g_lbqg���ggh\Zp���m�dhghieyjkl\�« 
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