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Jha]eygmlh� ijh[e_fb�� yd�� \bgbdZxlv� m jZa�� [�h�g^bdZp��� aZ[jm^g_gbol_jblhj�c� aZ� ^hihfh]hx� fbrhih^�[gbo� ]jbamg�\�� GZ\_^_gh� ^Zg�� \eZkgbo^hke�^`_gv� lZ� ^Zg�� a e�l_jZlmjgbo� ^`_j_e� ijh� pblh]_g_lbqg�� iZjZf_ljb� m ljvho\b^�\�ghjbpv �&OHWKULRQRP\V� JODUHROXV��0LFURWXV RHFRQRPXV��0�� DUYDOLV���sh�`b\mlvgZ� aZ[jm^g_gbo� l_jblhj�yo� lZ� \ mfh\Zo� dhgljhex�� <�^ih\�^v� gZ� ]_ghlhdkbqg�klvk_j_^h\bsZ� \�^[m\Z}lvky� q_j_a� qmleb\�klv� hj]Zg�aZp��� dZj�hlbim� \b^m� aZ]Zehf� �q_j_a� mqZklv� hdj_fbo� ojhfhkhf� m aZ]Zevg�c� \�^ih\�^�� gZ� ]_ghlhdkbqg�� \ieb\b�Fhjnheh]�y� hdj_fbo� ojhfhkhf�� gZy\g�klv� ojhfhkhfgbo� jZk� m \b^m� �dhgklblmlb\gbo� ojhfhkhfgbo� ZghfZe�c� m ihimeyp��� fh`mlv� \�^�]jZ\Zlb� kmll}\mjhev�i�^�qZk��gl_jij_lZp���j_amevlZl�\�
Dexqh\�� keh\Z� gbavdh^hah\_� �hg�amxq_� hijhf�g_ggy�� ojhfhkhfg�� Z[_jZp���f�djhy^jZ��pblh]_g_lbqgZ�f�geb\�klv��ghjbp���$UYLFROLGDH�
<b\q_ggy� gZke�^d�\� ojhg�qgh]h� \ieb\m� aZ[jm^gx\Zq�\� gZ� [�hlm� \ mfh\Zoj_Zevgbo� _dhkbkl_f� ihlj_[m}� gZy\ghkl�� [�h�g^bdZlhjgbo� \b^�\� � iZjZf_lj�\�� aZydbfb� fh`gZ� hp�gblb� p�� gZke�^db� d�evd�kgh� � yd�kgh�� Fhg�lhjbg]� l_jblhj�c� aZ^hihfh]hx�^bdbo�\b^�\�fbrhih^�[gbo�]jbamg�\�fZ}�i_j_\Z]b��ih\¶yaZg��a lbf��shl\Zjbgb� \�^l\hjxxlvky� \ j_Zevgbo� _dhkbkl_fZo�� m [_aihk_j_^gvhfm� dhglZdl�� a\h^hx�� \_jog�fb� rZjZfb� �jmglm�� ^_� gZdhibqmxlvky� o�f�qg�� ihexlZglb�jZ^�hgmde�^b� lhsh�� ;�evr�klv� \b^�\� fbrhih^�[gbo� fZxlv� \bkhdbc� klmi�gvijb\¶yaZghkl��^h�i_\gh�� l_jblhj��� � oZjqmxlvky� i_j_\Z`gh�nhgh\hx� jhkebgg�klx�sh� \Z`dh� afh^_ex\Zlb� \ eZ[hjZlhj���� <j_rl��� fbrhih^�[g�� fZxlv� dhjhldbcj_ijh^mdlb\gbc�i_j�h^� �^\�±ljb� ]_g_jZp���gZ�j�d��� lhfm�fh`gZ�\by\eylb�^bgZf�dmf�geb\hkl��pblh]_g_lbqgbo�iZjZf_lj�\�m qZk���Yd�� \�eZ[hjZlhjgbo�\b^�\�]jbamg�\��m^bdbo� \b^�\� iZjZf_ljb� khfZlbqgh]h�fmlZ]_g_am� hp�gxxlv� gZ� de�lbgZo� d�kldh\h]hfhadm��P_�g_�ihlj_[m}�^h^Zldh\bo�\bljZl�gZ�dmevlb\m\Zggy� � ^Z}� afh]m� mgbdgmlbf_lh^bqgbo� ihfbehd�� ih\
yaZgbo� a mfh\Zfb� dmevlb\m\Zggy�� `b\bevgbfk_j_^h\bs_f��j�agbfb�l_fiZfb�de�lbggh]h�ih^�em� lZ� �grbo�� Z lZdh`�ihj�\gx\Zlb^Zg���hljbfZg��gZ�h^g�c�� l�c�`_�ldZgbg��j�agbo�\b^�\��m j�agbo�eZ[hjZlhj�yo�

mailto:glazko@biotech.kiev.ua


K��Dhkl_gdh��L��=eZadh��
Kmll}\bfb�g_^he�dZfb�\bdhjbklZggy�khfZlbqgh]h�fmlZ]_g_am�m ^bdbo�\b^�\]jbamg�\�a f_lhx�[�hbg^bdZp���l_jblhj�c�} l_��sh�\b[�jdb�^bdbo�l\Zjbg��gZ�\�^f�gm\�^� eZ[hjZlhjgbo�� fZxlv� \bkhdbc� j�\_gv� ]_g_lbqgh�� f�geb\hkl��� m lhfm� qbke�� aZkl�cd�klx�^h�]_ghlhdkbqgbo�\ieb\�\��g_�aZ\`^b�kdeZ^Zxlvky�a l\Zjbg�h^gh]h�\�dm��klZl���I�^� qZk� ^hke�^`_gv� g_� \jZoh\mxlv� fh`eb\�� f�`\b^h\�� � \gmlj�rgvh\b^h\�jhaoh^`_ggy�\ qmleb\hkl��^h�]_ghlhdkbqgbo�Z]_gl�\��sh�mkdeZ^gx}� �gl_jij_lZp�xj_amevlZl�\��M �g^bdZlhjgbo�\b^�\�g_�aZ\`^b�\�^hf��dZj�hlbih\��hkh[eb\hkl��mqZkl�i_\gbo�ojhfhkhf�m pblh]_g_lbqgbo�ZghfZe�yo�A f_lhx� hilbf�aZp��� \bdhjbklZggy� \b^�\� fbrhih^�[gbo� ]jbamg�\� ^ey[�h�g^bdZp��� aZ[jm^g_gbo� l_jblhj�c� fb� jha]eygmeb� jhafZo� pblh]_g_lbqgboiZjZf_lj�\� hljbfZgbo� m gZr�c� eZ[hjZlhj���� lZ� gZ\_^_gbo� m e�l_jZlmj�� ^Zgbo�ahk_j_^b\rb�m\Z]m�gZ�\bagZq_gg��dhgljhevgh]h�j�\gy��\�^�agZq_ggy�ydh]h�aZe_`blv�gl_jij_lZp�y� j_amevlZl�\�� >ey� hp�gdb� khfZlbqgh]h� fmlZ]_g_am� ljZ^bp�cgh\bdhjbklZgh� lZd�� pblh]_g_lbqg�� ihdZagbdb�� qZkldZ� f_lZnZagbo� ieZklbghd� �aojhfhkhfgbfb�Z[_jZp�yfb��O:���a Zg_mieh�^�}x��:���a Zkbgojhggbf�jhas_ie_ggyfp_gljhf_jgbo� jZchg�\� ojhfhkhf� �:JPJO��� qZkldZ� de�lbg� d�kldh\h]h� fhadm� af�djhy^jZfb� �FY��� qZkldZ� ihe�ojhfZlhn�evgbo� _jbljhpbl�\� a f�djhy^jZfb� mi_jbn_j�cg�c�djh\��QZkldZ� f_lZnZagbo� ieZklbghd� �a� ojhfhkhfgbfb� Z[_jZp�yfb�<bdhjbklZggy�pvh]h�iZjZf_ljZ�^ey�[�h�g^bdZp��� aZ[jm^g_gbo� l_jblhj�c� mljm^g_g_\bkhdbf� j�\g_f� �g^b\�^mZevgh��f�geb\hkl� >�@�� Z lZdh`� \�^kmlg�klx� mg�n�dh\Zgh]hi�^oh^m� ^h� \bagZq_ggy� dhgljhevgh]h� Z[h� kihglZggh]h� j�\gy� de�lbg� �a� O:�� Me�l_jZlmj���ijbk\yq_g�c�p�c�ijh[e_f���\bdeZ^_gh�ljb�]he\g��i�^oh^b���� M jZa�� hp�gx\Zggy� l_jblhj�c�� aZ[jm^g_gbo� o�f�qgbfb� ihexlZglZfb�dhgljhevgbf� j�\g_f� \\Z`Zxlv �±��� de�lbg� �a� O:�� Ijh� p_� k\�^qZlv� qbke_gg�pblh]_g_lbqg�� ^hke�^`_ggy� fbrhih^�[gbo� ]jbamg�\�� \bdhgZg�� gZ� ^bdbo� �eZ[hjZlhjgbo� l\ZjbgZo� >�� �� �� �� ��±���� ��@�� GZijbdeZ^�� m jm^bo� ghjbpv� �aKZfZjkvdh�� h[eZkl�� \by\e_gh ������ de�lbg� �a� O:�� m 0XV� PXVFXOXV �a� Gb`gvh�<he]b ±�������m 0LFURP\V�PLQXWXV ±���>����@��m 0XV�PXVFXOXV �a�=�kkZjkvdh]h�jZchgm�±�����>��@���� >_yd�� ^hke�^gbdb� i�^� qZk� \b\q_ggy� l\Zjbg�� sh� `b\mlv� gZ� l_jblhj�yo�aZ[jm^g_gbo� jZ^�hgmde�^Zfb�� aZ� dhgljhevgbc� j�\_gv� [jZeb� pblh]_g_lbqg�ihdZagbdb� a\�j�\��\beh\e_gbo� m aZih\�^gbdZo��Yd� a\bqZcgh�� j�\_gv� de�lbg� �a�O:� \ih^�[gbo�^hke�^`_ggyo�±�[ebavdh�����>ey�&OHWKULRQRP\V UXWLOXV a��ko�^ghmjZevkdh]hjZ^�hZdlb\gh]h�ke�^m� �<MJKZ��gZ\h^ylv�pbnjm� ����r������f_lZnZa� �a�O:� >�@��^ey0LFURWXV�RHFRQRPXV ±�����r������^ey�0��RHFRQRPXV ±������ >�@��^ey�0��DUYDOLV ±�����>�@��P��pbnjb�} \��gl_j\Ze���±�� � g_�i_j_\bsmxlv�������Pblh]_g_lbqg��^hke�^`_ggy�om^h[b��ydZ�lZdh`��yd�� ]jbamgb��fZ}�dhglZdl�anhgh\hx� jhkebgg�klx� � \h^hx�� a �g^mklj�Zevgbo� � k�evkvdh]hkih^Zjkvdbo� jZchg�\\by\beb�klZlbklbqgh�^hklh\�jg��\�^f�gghkl�� aZ�qZklhlhx�e�fnhpbl�\�i_jbn_j�cgh�djh\��a O:��M dhj�\�a �g^mklj�Zevgbo�j_]�hg�\�j�\_gv�de�lbg� �a�O:�klZgh\b\�������lh^��yd�m l\Zjbg��a�k�evkvdh]hkih^Zjkvdbo�jZchg�\ ²�������>��@�



<BDHJBKL:GGY�PBLH=?G?LBQGBO�I:J:F?LJ1<��� ��
M l\Zjbg�� sh� `b\mlv� gZ� l_jblhj�yo�� aZ[jm^g_gbo� jZ^�hgmde�^Zfb�� j�\_gvf_lZnZa� a O:� g_� i_j_\bsm}� j�\gy�� oZjZdl_jgh]h� ^ey� f_rdZgp�\� �g^mklj�ZevghaZ[jm^g_gbo�j_]�hg�\��J�\_gv�O:�\ ahgZo�o�f�qgh]h� aZ[jm^g_ggy�\�^ih\�^Z}�j�\gx�lbih\hfm� ^ey� �g^mklj�Zevgh� aZ[jm^g_gbo� ahg� � i_j_\bsm}� ch]h�� GZijbdeZ^�� aZ^Zgbfb�J� E_dy\�qxkZ�� m jm^h��ghjbp�� a ^_ydbo� jZchg�\�Ebl\b� \ jZa�� aZ[jm^g_ggy>>L�kihkl_j�]Zeb������ � ������de�lbg� �a�O:� >��@��Hl`_��pblh]_g_lbqgbc�iZjZf_ljO:�e�ir_�\bdhjbklh\m\Zlb�^ey�[�h�g^bdZp���l_jblhj�c��yd��aZagZeb�o�f�qgh]h��Z g_jZ^�hgmde�^gh]h�aZ[jm^g_ggy�QZkldZ�f_lZnZagbo�ieZklbghd�a Zg_mieh�^�}x��Dhgljhevgbc�j�\_gv�qZkldbf_lZnZa��a�\�^obe_ggyfb�aZ�d�evd�klx�ojhfhkhf�� ��ojhfhkhfZ�dheb\Z}lvky�\�^����^h� ����� LZd�� kmll}\�� \�^f�gghkl�� ^hke�^gbdb� ih\
yamxlv� a \ljZlZfb� ojhfhkhf� mijhp_k�� ]hlm\Zggy� pblh]_g_lbqgbo� ij_iZjZl�\�� J_amevlZlb� \bdhjbklZggy� pvh]hiZjZf_ljZ� i�^� qZk� [�h�g^bdZp��� aZ[jm^g_gbo� l_jblhj�c� k\�^qZlv� ijh� ch]h� \b^h\mki_pbn�qg�klv��GZijbdeZ^�m ghjbp��a\bqZcgh��a j_]�hg�\��a�j�\g_f�aZ[jm^g_ggy����±�����Db�df� fb� \by\beb� ������f_lZnZa� a Zg_mieh�^�}x��sh� \ �� jZab� i_j_\bsbehdhgljhevgbc� j�\_gv� ^ey� pvh]h� \b^m� ��������M ghjbp�� kb[�jkvdh�� \by\e_gh� ������dhgljhev�±��������Z m�ghjbp��jm^h��±��������dhgljhev�±�������>��@��I�^�qZk�ZgZe�ammqZkl��\ Zg_mieh�^����g^b\�^mZevgbo�ojhfhkhf�m ghjbp��kb[�jkvdh��\by\e_g��qZkl�r�\ljZlb� ojhfhkhf� ��� � ���� yd�� j�agylvky� aZ� fhjnheh]�}x� \�^� [�evrhkl�� f_lZ�� �km[f_lZp_gljbd�\�dZj�hlbim�pbo�\b^�\�>��@�QZkldZ� f_lZnZagbo� ieZklbghd� a Zkbgojhggbf� jhas_ie_ggyfp_gljhf�jgbo�jZchg�\�ojhfhkhf��P_c�ihdZagbd�\by\b\ky�\bkhdh�gnhjfZlb\gbf�mjZa��\b\q_ggy�]_ghlhdkbqghkl��k_j_^h\bsZ�\ mfh\Zo���df�ahgb�\�^qm`_ggy�Q:?K�GZijbdeZ^�� m jm^bo� ghjbpv� qZklhlZ� mqZkl�� \ Zkbgojhgghfm� jhas_ie_gg�p_gljhf_jgbo� jZchg�\� f_lZp_gljbqgbo� ojhfhkhf� [meZ� ������� m dhgljhe�� ±� ���Hl`_�� }^bgZ� iZjZ�f_lZp_gljbqgbo� ojhfhkhf� m jm^bo� ghjbpv� ±� \bkhdhqmleb\bc� �ajmqgbc� ^ey� aZklhkm\Zggy� m [�h�g^bdZp��� iZjZf_lj�� M ghjbp�� kb[�jkvdh�� �j�\_gvaZ[jm^g_ggy�f�kpy�\beh\m����±����Db�df���[meh�\by\e_gh�i�^\bs_gm�qZklhlm�mqZkl�\ Zkbgojhgghfm�jhas_ie_gg��p_gljhf_jgbo�jZchg�\�ojhfZlb^�m ojhfhkhfZo � ��lZ ��� AZagZqbfh��sh� aZklhkm\Zggy� pvh]h� ihdZagbdZ� [_a� mjZom\Zggy� hkh[eb\hkl_cfhjnheh]��� ojhfhkhf� dZj�hlbim� [�h�g^bdZlhjgh]h� \b^m� fh`_� [mlbfZeh�gnhjfZlb\gbf� >��@��GZijbdeZ^��m ghjbp��jm^h�� aZ]Zevgbc� ZgZe�a�f_lZnZagboieZklbghd�\by\b\������f_lZnZa�a Zkbgojhggbf�jhas_ie_ggyf�ojhfhkhf��dhgljhev±� ������� M ghjbp�� a\bqZcgh�� i_j_\Z`Zeb� f_lZnZab�� m ydbo� \ :JPJO� aZemq_gh[�evr_� h^g�}�� ojhfhkhfb�� :JPJO� \by\e_g�� m \k�o� ]jmiZo� ojhfhkhf�� � jhaih^�emqZkl�� ojhfhkhf� m p�c� ZghfZe��� g_� \�^j�agy\ky� \�^� �ogvh]h� \�^khldh\h]h� \g_kdm� \dZj�hlbi��Hkd�evdb� ^ey� \b^m� hibkZgh� ihe�fhjn�af� aZ� d�evd�klx� ie_q_c� ojhfhkhf>�@�� fh`gZ� ijbimklblb�� sh� \ ]_ghf�� 0�� DUYDOLV p_gljhf_jg�� jZchgb� } gZcf_grklZ[�evgbfb�^�eygdZfb�ojhfhkhf��yd��hq_\b^gh��� \�khfZlbqgbo�de�lbgZo�QZklhlZ� de�lbg� d�kldh\h]h�fhadm� a f�djhy^jZfb� AZ]Zehf� f�djhy^_jgbcl_kl� } ih\g�rhx� oZjZdl_jbklbdhx� ^_klZ[�e�aZp��� ojhfhkhfgh]h� ZiZjZlm�� g�`
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ojhfhkhfg��Z[_jZp����hkd�evdb�f�djhy^jZ�\bgbdZxlv�g_�l�evdb�\gZke�^hd�ml\hj_ggyojhfhkhfgbo�� ojhfZlb^gbo�njZ]f_gl�\��Z c�mgZke�^hd�\�^klZ\Zggy�p�ebo�ojhfhkhf�Zg_mieh�^�y���Ijhl_�c m�pvhfm�\biZ^dm�qZklbgZ�mrdh^`_gv�fh`_�[mlb� amfh\e_gZg_� ijyfhx� ^�}x� ]_ghlhdkbgm� gZ� y^jh�� Z af�ghx� kbkl_f� aZ]Zevgh]h\gmlj�rgvhde�lbggh]h�f_lZ[he�afm��sh�dhgljhexxlv��gZijbdeZ^��nmgdp���\_j_l_gZih^�em�� Kijhs_ggy� i�^jZomgdm� de�lbg� �a� f�djhy^jZfb� ±� s_� h^gZ� i_j_\Z]Zf�djhy^_jgh]h�ZgZe�am�Dhgljhevgbc� j�\_gv� qZklhlb� de�lbg� d�kldh\h]h� fhadm� a FY� ^eyfbrhih^�[gbo� ]jbamg�\� \�^ih\�^Z} ���±���Å� >��@�� I�^� qZk� \bdhjbklZggyf�djhy^_jgh]h� l_klm� [meh� \by\e_gh� \b^h\�� hkh[eb\hkl�� m \�^ih\�^�� gZ]_ghlhdkbqgbc� \ieb\�� M ghjbp�� kb[�jkvdh�� �a� [�evr� aZ[jm^g_gbo� gmde�^Zfbl_jblhj�c� j�\_gv� de�lbg� d�kldh\h]h� fhadm� a FY� \�jh]�^gh� i_j_\bsm\Z\� dhgljhevl�evdb�\ i_jrbc�j�d�i�key�Z\Zj��� ��������m ghjbp��a\bqZcgh��±� � \������� � \�������� \����±�����jhdb�>���������@�M a\bqZcgbo�ghjbpv�d�evd�klv�de�lbg� �a�FY�\by\beZky�l�kg�r_�ih\
yaZghx� aj�\g_f� jZ^�hgmde�^gh]h� aZ[jm^g_ggy� j_]�hgm� \beh\m�� g�`� O:�� \by\e_gh� l�kgbca\
yahd�f�`�qZklhlhx�Zg_mieh�^gbo�de�lbg�� FY��Dh_n�p�}gl�dhj_eyp���f�`�qZklhlhxde�lbg�a Zg_mieh�^�}x�� FY�klZgh\b\ ±�������3��������Fh`eb\h��\bjZ`_gbc�\g_khd�mFY�\ljZl� ojhfhkhf�ih\
yaZgbc� �a�ihjmr_ggyfb�p_gljhf_jgbo�jZchg�\�ojhfhkhf�hkd�evdb�^hke�^`_ggyfb�dZj�h]jZf�ghjbp��a\bqZcgh��\by\e_gh�ojhfZlb^g��jhajb\bm ^�eygp��p_gljhf_jb��Z lZdh`�af�gb�fhjnheh]���p_gljhf_jgbo�jZchg�\��i_j_oj_klbojhfZlb^� m ^�eygp�� p_gljhf_jgbo� jZchg�\�� ^_nhjfZp��� pbo� ^�eyghd��� < h^g�}�� al\Zjbg�\by\e_gh�����f_lZnZa��a�lZdbfb�ihjmr_ggyfb�A^_[�evrh]h�lZd��^_n_dlb�kihkl_j�]Zeb�\ \_ebdbo�f_lZ��� km[f_lZp_gljbqgboojhfhkhfZo�>��@��<�^hfh��sh�0LFURWXV�DUYDOLV ijblZfZggZ�dZj�hlbigZ�g_klZ[�evg�klv\ Zj_Ze�� >�@�� Ihj�\gyevgbc� dZj�hlbigbc� ZgZe�a� � fhe_dmeyjgh�]_g_lbqg�^hke�^`_ggy� f�lhohg^j�Zevgh�� >GD� ghjbpv� �0LFURWXV�� k\�^qZlv��sh� _\hexp�cghdZj�hlbi�0��DUYDOLV knhjfm\Z\ky�agZqgh�i�ag�r_��g�`�m ghjbp��kb[�jkvdh��lZ�ghjbp�jm^h�� >��@�� Ihjmr_ggy� p_gljhf_jgbo� jZchg�\� ojhfhkhf� � a\
yahd� FY� aZg_mieh�^�}x�^Zxlv�afh]m�ijbimklblb��sh�i�^\bs_gZ�g_klZ[�evg�klv�p_gljhf_jgbojZchg�\�ojhfhkhf�} \b^h\hx�hkh[eb\�klx�0��DUYDOLV >��@�QZklhlZ� ihe�ojhfZlhn�evgbo� _jbljhpbl�\� �a� f�djhy^jZfb� \i_jbn_j�cg�c� djh\���F�djhy^_jgbc� l_kl� \ _jbljhpblZo�rbjhdh� \bdhjbklh\mxlv^ey� hp�gdb� ]_ghlhdkbqgh�� ^��� j�agbo� qbggbd�\�� Ijbjh^Z� ihy\b� f�djhy^_j� \_jbljhpblZo� fh`_� [mlb� lZdhx�� yd� m e�fnhpblZo�� Dj�f� lh]h�� ihy\m� f�djhy^_j� \_jbljhpblZo�fh`mlv� amfh\blb� ^_n_dlb� y^_jgh�� h[hehgdb� \ _jbljh[eZkl��� aZ\^ydbydbf�njZ]f_glb�y^jZ��gh^��aZljbfmxlvky�\ pblhieZaf��i�^�qZk�\brlh\om\Zggy�y^jZ\ ijhp_k�� ^haj�\Zggy� _jbljh[eZkl�\�� Ob[gbf� m pvhfm� f_lh^�� fh`_� [mlb� l_�� shgZy\g�klv�f�djhy^_j� [m\Z}� [�evr_� amfh\e_gZ� [ZeZgkhf�f�`� ihe�ojhfZlhn�evgbfb�xgbfb�� � aj�ebfb� �ghjfhojhfgbfb�� nhjfZfb� _jbljhpbl�\�� g�`� kZfbf]_ghlhdkbqgbf�_n_dlhf�



<BDHJBKL:GGY�PBLH=?G?LBQGBO�I:J:F?LJ1<��� ��
M d�kldh\hfm� fhadm� fbr�� _jbljh[eZklb� ijhoh^ylv� r�klv±k�f� ih^�e�\� aljb\Ze�klx�h^gh]h�de�lbggh]h�pbdem�[ebavdh����]h^��Ijb[ebagh�q_j_a����]h^�i�keyhklZggvh]h� f�lham� aZ\_jrm}lvky� \brlh\om\Zggy� hkgh\gh]h� y^jZ�� Z ihe��ojhfZlhn�evg�� _jbljhpblb� aZebrZxlvky� \ d�kldh\hfm�fhadm�s_� ijhly]hf� ��� ]h^�1g^mdh\Zg��fmlZ]_ghf�f�djhy^jZ�a
y\eyxlvky�\ ihe�ojhfZlhn�evgbo�_jbljhpblZo�g_i�ag�r_�� g�`� q_j_a� ��� ]h^��M jZa�� ^��� ^_ydbo� o�f�qgbo� j_qh\bg�f�djhy^jZ�fh`mlva
y\eylbky�agZqgh�i�ag�r_�pvh]h�l_jf�gm��lh[lh�\bo�^�y^jZ�fh`_�aZljbfm\Zlbky�>��@�Af�gZ�l_fi�\�de�lbggh]h�ih^�em��aZ]b[_ev�aj�ebo� � xgbo�nhjf��ijbkdhj_gbc\bo�^� aj�ebo�nhjf�m djh\hiebg�lZdh`�kmll}\h�\ieb\Zxlv�gZ�j_amevlZl�� af�gxxqbki�\\�^ghr_ggy� f�`� d�evd�klx�xgbo� � aj�ebo� nhjf�� GZy\g�klv� f�djhy^_j� m ihe��ojhfZlhn�evgbo� _jbljhpblZo� fh`_� \�^h[jZ`Zlb� i�^\bs_gm� d�evd�klv� fZeh�^bn_j_gp�ch\Zgbo� de�lbg� [�evr_�� g�`� gZy\g�klv� kijZ\`g�o� ojhfhkhfgbo�fmlZp�c�Hl`_�� aZ�^hihfh]hx�pvh]h�f_lh^m� \by\eyxlv� pblhlhdkbqgbc� _n_dl� �af�gZ� l_fi�\de�lbggh]h� ih^�em�� r\b^d�klv� aZ]b[_e�� aj�ebo� nhjf�� r\b^d�klv� ^haj�\Zggy� \�^ihe�ojhfZlhn�evgbo�^h�ghjfhojhfgbo�_jbljhpbl�\���Z g_�]_ghlhdkbqgbc�>ey� [�h�g^bdZp��� l_jblhj�c�� aZ[jm^g_gbo� jZ^�hgmde�^Zfb�� d�evd�klvihe�ojhfZlhn�evgbo� _jbljhpbl�\� �a� f�djhy^jZfb� } f_gr� qmleb\hxoZjZdl_jbklbdhx� ihj�\gyggh� a d�evd�klx� de�lbg� d�kldh\h]h�fhadm� a f�djhy^jZfb�Ijh�p_�k\�^qZlv�^Zg��1��KfhebqZ��I�^�qZk�^hke�^`_ggy�_n_dl�\�ojhg�qgh]h�� ]hkljh]hhijhf�g_ggy�m ghjbp��jm^h���sh�`b\_� m jZchgZo�� aZ[jm^g_gbo�\gZke�^hd� Z\Zj���gZQ:?K�� \by\e_gh� a\
yahd� f�`� d�evd�klx� de�lbg� d�kldh\h]h� fhadm� a FY� lZ� j�\g_faZ[jm^g_ggy� ^�eygdb� \beh\m�� F�`� d�evd�klx� ihe�ojhfZlhn�evgbo� _jbljhpbl�\� �af�djhy^jZfb� � j�\g_f� jZ^�hgmde�^gh]h� aZ[jm^g_ggy� a\¶yadm� g_� \by\e_gh�� J�\_gvghjfhojhfZlhn�evgbo�_jbljhpbl�\��a�f�djhy^jZfb�klZgh\b\����±����Å�>��@�Hl`_�� ^ey� _n_dlb\gh]h� \bdhjbklZggy� fbrhih^�[gbo� ]jbamg�\� a f_lhx[�h�g^bdZp��� ]_ghlhdkbqghkl�� gZ\dhebrgvh]h� k_j_^h\bsZ� g_h[o�^gh� \jZoh\m\Zlb�sh� \�^ih\�^v� gZ� ]_ghlhdkbqg�klv� \�^[m\Z}lvky� q_j_a� \b^h\m� ki_pbn�dm�� P_� ±qmleb\�klv� hj]Zg�aZp��� dZj�hlbim� \b^m� \ p�ehfm� � aZemq_g�klv� m \�^ih\�^v� gZ]_ghlhdkbqg��qbggbdb�hdj_fbo�ojhfhkhf��Kmll}\m�jhev�\ �gl_jij_lZp���j_amevlZl�\\�^�]jZxlv�� fhjnheh]�y� hdj_fbo� ojhfhkhf� sh^h� fhjnheh]��� dZj�hlbim� aZ]Zehf�gZy\g�klv�ojhfhkhfgbo�jZk�� dhgklblmlb\gbo�ojhfhkhfgbo�ZghfZe�c�m ihimeyp���

BBBBBBBBBBBBBBBBBBBB
�� ;Zreudh\Z�E��:� QZklhlZ�fbdjhy^_j�\ de_ldZo�dhklgh]h�fha]Z�fur_\b^guo�]juam�gh\�\ mkeh\byo�jZ^bhZdlb\gh]h�aZ]jyag_gby����Wdhe��ihke_^kl\by�jZ^bhZdlb\guo�aZ�]jyag_gbc�kj_^u��Kudlu\dZj��������K����±����� ;hjh^dbg�I��:���Kmkebdh\�<��B���;Zreudh\Z�E��:� Pblh]_g_lbq_kdh_�bkke_^h\Zgb_fbdjhihimeypbb� ihe_\db�wdhghfdb� �0LFURWXV� RHFRQRPXV� 3DOO���� h[blZxsbo� \ jZa�ebqguo�jZ^bhwdheh]bq_kdbo�mkeh\byo����JZ^bh[bheh]by��������� ��������K�����±������ =be_\Z�W��:���;hevrZdh\Z�<��G���DhkZj_\Z�G��E���=Z[blh\Z�:��L� QZklhlZ�ojhfhkhfguogZjmr_gbc�m kbgZgljhiguo�fur_c�^hfh\uo�fur_c�dZd�ihdZaZl_ev�]_ghlhdkbq_kdh]hwnn_dlZ�aZ]jyag_gbc�kj_^u����>hde��J:G��������L�������� ���K������±�����



K��Dhkl_gdh��L��=eZadh��
�� =be_\Z�W��:���DhkZj_\Z�G��E���Ex[Zr_\kdbc�G��E���;Zolbyjh\Z�F��N� Baf_gqb\hklvqZklhlu�ojhfhkhfguo�gZjmr_gbc��bg^mpbjh\Zgguo�Zgljhih]_ggufb�iheexlZglZ�fb��m ^hfh\uo�fur_c�ba�=bkkZjkdhc�^hebgu����Wdheh]by��������� ���K����±����� =be_\Z�W��:���Ex[Zr_\kdbc�G��F���KlZjbq_gdh�<��B���Qb[bjyd�F��<��b ^j��GZke_^m_�fZy� ojhfhkhfgZy� g_klZ[bevghklv� m h[udgh\_gghc� ihe_\db� �0LFURWXV� DUYDOLV� bajZchgZ�Durlufkdhc�y^_jghc�Z\Zjbb�±�nZdl�beb�]bihl_aZ"����=_g_lbdZ��������L������ ���K�����±������ >fbljb_\� K�� =� Hp_gdZ� pblh]_g_lbq_kdh]h� ]hf_hklZaZ� \ ijbjh^guo� ihimeypbyof_edbo�fur_\b^guo�]juamgh\�\ jZchg_�gb`g_c��]��:kljZoZgv��b kj_^g_c��]��QZiZ�_\kd��<he]b����=_g_lbdZ��������L������� ����K������±������� >fbljb_\�K��=� Pblh]_g_lbq_kdZy�g_klZ[bevghklv�m lj_o�\b^h\�]juamgh\�\ jZchg_obfbq_kdh]h�ij_^ijbylby�gZ�k_\_j_�Jhkkbb����Wdheh]by��������� ���K�����±������ >m[bgbg�G��I���R_\q_gdh�<��:���:e_dk_ghd�:��Y���b ^j� H ]_g_lbq_kdbo�ijhp_kkZo�\ihimeypbyo��ih^\_j]Zxsboky�ojhgbq_kdhfm�\ha^_ckl\bx�bhgbabjmxs_c�jZ^bZpbb���Mki_ob�kh\j��]_g_lbdb��F���GZmdZ� ������K�����±������ AZ]hjh^gxd�B��<� DZjbhlbibq_kdZy� baf_gqb\hklv� ���ojhfhkhfguo�nhjf� ihe_\hd]jmiiu� 0LFURWXV DUYDOLV �5RGHQWLD��� lZdkhghfbq_kdZy� hp_gdZ� ��� <_klg�� ahheh]bb�������L������� ���K����±������ AZcgmeebg�<��=���JZdbg�:��H���LZkdZ_\�:��B� >bgZfbdZ�qZklhlu�pblh]_g_lbq_kdbo�gZ�jmr_gbc�\ fbdjhihimeypbyo�fur_\b^guo�]juamgh\��h[blZxsbo�\ jZchg_�Z\ZjbbgZ� Q_jgh[uevkdhc� :WK� ��� JZ^bZpbhggZy� [bheh]by�� JZ^bhwdheh]by�� ������ L�� ���<ui� ���K�����±������� Dhkl_gdh�K��:���=eZadh�L��L���;mglh\Z�?��=� <b^hki_pbnbqghklv�^_klZ[bebaZpbb�dZ�jbhlbiZ�\ mkeh\byo�jZ^bhgmdeb^gh]h� aZ]jyag_gby� �Q:WK��m ihe_\hd�0LFURWXV RH�FRQRPXV�� 0LFURWXV DUYDOLV�� &OHWKULRQRP\V JODUHROXV ���Pblheh]�y� lZ� ]_g_lbdZ�� �����L� ����� ���K����±������ Dhkl_gdh�K��H���=eZadh�L��L��;mglh\Z�H��=� Pblh]_g_lbqg��ZghfZe���m ljvho�\b^�\ghjbpv �$UYLFROLGDH��\ mfh\Zo�ahgb�\�^qm`_ggy�Qhjgh[bevkvdh��:?K����<�kg��Em]Zg�^_j`��i_^��mg�lm��f��LZjZkZ�R_\q_gdZ��������� ���k�q_gv���K����±������ DjukZgh\�?��X���>fbljb_\�K��=� Pblh]_g_lbq_kdbc�ih^oh^����;bhl_kl��bgl_]jZevgZyhp_gdZ� a^hjh\vy� wdhkbkl_f� b hl^_evguo� \b^h\� ��Ih^� j_^��<��F�� AZoZjh\Z��>��F�DeZjdZ��F������������k���� DjukZgh\�?��X���>fbljb_\�K��=���GZ^`Znh\Z�J��K��Pblh]_g_lbq_kdbc�]hf_hklZa���Ihke_^kl\by�Q_jgh[uevkdhc�dZlZkljhnu��A^hjh\v_�kj_^u���Ih^�j_^��<��F��AZoZjh�\Z��?��X��DjukZgh\Z��F���GZmdZ��������K����±������ Djxdh\�<��B���Lheklhc�<��:���>he]hiheh\Z�=��<��<ebygb_�obfbq_kdh]h�aZ]jyag_gbywdhkbkl_f� ^hebgu� j_db�<Zor� gZ� qZklhlm� ojhfhkhfguo� gZjmr_gbc� m ]juamgh\� ��Wdheh]by��������� ���K����±������ Djxdh\�<��B���Lheklhc�<��:���>he]hiheh\Z�=��<���DZg_\kdZy�J��L��<ebygb_�obfbq_�kdh]h� aZ]jyag_gby� wdhkbkl_f� ^hebgu� j_db�KmjoZg^Zjvb� gZ� qZklhlm� ojhfhkhfguogZjmr_gbc�m ]juamgh\����Wdheh]by��������� ���K�����±������� E_dy\bqmk�J��D��Obfbq_kdbc�fmlZ]_g_a� b aZ]jyag_gb_� hdjm`Zxs_c� kj_^u��<bev�gxk��FhdeZk������������k���� Kfhebq� B�� B� FmlZ]_ggu_� wnn_dlu� ojhgbq_kdh]h� b hkljh]h� h[emq_gby� m&OHWKULRQRP\V�JODUHROXV �6FKUHEHU�� :\lhj_n��^bk��«�dZg^��[bhe��gZmd��Fbgkd����������k���� &HD� *�)��� (WFKHEHUU\� .�� )��� 'XORXW� )�� 1� ,QGXFWLRQ� RI� PLFURQXFOHL� LQ� PRXVH� ERQH�PDUURZ�FHOOV�E\� WKH� IODYRQRLG����
��
�WULK\GUR[\���������WHWUDPHWKR[\�IODYRQH� �7+70)����0XWDW��5HV��������9RO�������� ���3�����±����



<BDHJBKL:GGY�PBLH=?G?LBQGBO�I:J:F?LJ1<��� ��
��� -HQVVHQ�'��%HLMH�%��5DPHO�&� 0XWDJHQLFLW\�WHVWLQJ�RQ�FKLQHVH�KDPVWHU�9���FHOOV� WUHDWHGLQ� WKH� LQ� YLWUR� OLYHU� SHUIXVLRQ� V\VWHP�� &RPSDUDWLYH� LQYHVWLJDWLRQ� RI� GLIIHUHQW� LQ� YLWURPHWDEROLVLQJ�V\VWHPV�ZLWK�GLPHWK\OQLWURVDPLQH�DQG�EHQ]R>D@S\UHQH����&KHP��%LRO��,QWHU�DFW��������9RO������� ���3����±������ 0D]XURN�1��$���5XEWVRYD�1��9���,VDHQNR�$��$���HW�DO� &RPSDUDWLYH�FKURPRVRPH�DQG�PLWR�FKRQGULDO�'1$�DQDO\VHV�DQG�SK\ORJHQHWLF�UHODWLRQVKLSV�ZLWKLQ�FRPPRQ�YROHV��0LFURWXV�$UYLFROLGDH�����&KURPRVRPH�5HV��������9RO������ ���3�����±������� 0F%HH�.���%LFNKDP�-��0���%URZQ�.��:���'RQHOO\�.��&� &KURPRVRPDO�DEHUUDWLRQV� LQ�QD�WLYH�VPDOO�PDPPDOV��3HURP\VXV�OHXFRSXV DQG�6LJPRGRQ�KLVSLGXV��DW�SHWURFKHPLFDO�ZDVWHGLVSRVDO�VLWH��,��6WDQGDUG�NDU\RORJ\����$UFK��(QYLURQ��&RQWDP��7R[LFRO��������9RO� ����3����±������� 3DUDGD�5���-DV]F]DN�.� $�F\WRJHQHWLF�VWXG\�RI�FRZV�IURP�D�KLJKO\�LQGXVWULDO�RU�DQ�DJUL�FXOWXUDO�UHJLRQ����0XWDW��5HV��������9RO�������� �����3�����±����
86(�2)�&<72*(1(7,&�3$5$0(7(56�2)�620(�60$//�52'(176)25�%,2,1',&$7,21�2)�32//87,21�$5($6
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