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F_lh^�ehdZevgh]h��g_�bkdZ`Zxs_]h�jblfbdm�WW=�m^Ze_gby�Zjl_nZdlh\�fhj]Zgbc

:�I��DmeZbq_\

;bheh]bq_kdbc�nZdmevl_l�F=M�bf_gb�F�<��Ehfhghkh\Z

:gghlZpby

<�klZlv_�jZkkfhlj_g�gh\uc�f_lh^�dhjj_dlgh]h�m^Ze_gby�Zjl_nZdlh\�fhj]Zgbc��fZdkbfZev-
gh� khojZgyxsbc�gZlmjZevgmx�jblfbdm�WW=��>hklh\_jgh�b�fgh]hklhjhgg_�^hdZaZgh�� qlh� \

wlhf� hlghr_gbb� hg� ij_\hkoh^bl� gZb[he__� ba\_klgu_� kh\j_f_ggu_� ZgZeh]b�� hkgh\Zggu_� gZ

\uqbke_gbb� ]eZ\guo� b� g_aZ\bkbfuo� dhfihg_gl� b� j_]j_kkbhgghc� dhjj_dpbb� ih� we_dljhhdmeh-
]jZff_��Djblbq_kdb�jZkkfhlj_gu�ij_^r_kl\mxsb_�ZgZeh]b�b�im[ebdZpbb�aZ�ihem\_dh\mx�bk-
lhjbx�bkke_^h\Zgbc�^Zggh]h�\hijhkZ�

Dexq_\u_�keh\Z��WW=��Zjl_nZdlu�fhj]Zgbc��f_lh^u�]eZ\guo�b�g_aZ\bkbfuo�dhfihg_gl��j_]-
j_kkbhggh_�m^Ze_gb_�WH=�

The method of local removal of blinking artifacts which does not distort the natural EEG
rhythmic

A. P. Kulaichev

Biology Department of Moscow State University

Abstract

The article describes a new method of correct removal of blinking artifacts, which thoroughly pre-
serves the native EEG rhythmic. It is reliably and multilaterally proved that in this respect it exceeds
the most known modern analogs based on principal and independent components analysis and re-
gression correction using electrooculogram. Previous analogues and publications during the half-
century history of this area are critically considered.
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Fhj]Zgby�^h\hevgh�qZklh�ijbkmlkl\mxl�\�aZibkb�WW=�ijb�hldjuluo�]eZaZo�b�ij_^klZ\ey-
xl�kh[hc�\ukhdhZfieblm^gu_�dhe_[Zgby�kb]gZeZ��^hoh^ysb_�^h����±�����fd<�\�eh[guo�hl\_^_-
gbyo��gZ�nhg_�h[uqghc�WW=�k�Zfieblm^hc�f_g__���±����fd<��Lbibqgh_�fhj]Zgb_��jbk����\dexqZ-
_l�i_j\uc�\ukhdhZfieblm^guc�ihablb\guc�ibd��i_j_oh^ysbc�\�g_]Zlb\ghklv��h[s_c�^ebl_evgh-
klvx����±����k�b�ihke_^mxs__�Zi_jbh^bq_kdh_�\ha\jZs_gb_�kb]gZeZ�ba�g_]Zlb\ghklb�d�bahebgbb

^ebl_evghklvx����±����k��:fieblm^Z�fhj]Zgbc�gZb[he__�\ukhdZ�\�i_j_^gbo�njhglZevguo�hl\_^_-
gbyo�Fp1, Fp���^Ze__�d�aZluedm�ih�f_jb^bZgZf�F���±K���±J���±H����hgZ�mf_gvrZ_lky��khklZ\eyy

ihjy^dZ���������������hl�fZdkbfmfZ��Ijb�wlhf�\�l_f_gguo�hl\_^_gbyo�J���J��hgZ�ebrv�\�����jZaZ

ij_\urZ_l�nhgh\uc�mjh\_gv�WW=�� Z� \� aZluehqguo�hl\_^_gbyo�H���H�� Zfieblm^Z� kb]gZeZ�gb`_

nhgh\h]h�mjh\gy��lh�_klv�\ebygb_�fhj]Zgbc�lZf�ijZdlbq_kdb�hlkmlkl\m_l�

Jbk�����AZibkv�WW=�k�ihke_^h\Zl_evgufb�wibah^Zfb�fhj]Zgbc

Ijh[e_f_� m^Ze_gby� Zjl_nZdlh\� fhj]Zgbc� ihk\ys_gh� ihbklbg_� g_h[hajbfh_� fgh`_kl\h

im[ebdZpbc�b�bkke_^h\Zgbc��HgZ�klZeZ�ijb\e_dZlv�ih\ur_ggh_�\gbfZgb_�\h�\lhjhc�iheh\bg_����

o�]h^h\�ijhreh]h�klhe_lby��ohly�hl^_evgu_�bkke_^h\Zl_eb�h[jZsZeb�gZ�g__�\gbfZgb_�_s_�\����o�b

���o�]h^Zo� >�����@�\�jZfdZo�bamq_gby�\hegu�h`b^Zgby (CNV���hldjulhc�agZf_gbluf�nbabheh]hf
=j__f�Mhel_jhf�\������]��H^gZdh�\k_�wlh�\j_fy�kha^Z\Zebkv�ebrv�ehdZevgu_�ijh]jZffgu_�j_Zeb-
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aZpbb�ij_^eZ]Z_fuo�Ze]hjblfh\�_^bgbqgh]h�Z\lhjkdh]h�bkihevah\Zgby��B�lhevdh�k�k_j_^bgu�gm-
e_\uo�]h^h\�gZb[he__�ihimeyjgu_�f_lh^u�gZqZeb�j_Zebah\u\Zlvky�\�^hklZlhqgh�jZkijhkljZg_g-
guo�b�^hklmiguo�^ey�klhjhggbo�ihevah\Zl_e_c�WW=�ZgZebaZlhjZo�

Qlh�`_�dZkZ_lky�h[hkgh\Zgbc�jZaebqguo�ij_^eZ]Z_fuo�f_lh^h\��lh�hgb�y\eyxl�\hbklbgm

ijbkdhj[gmx�dZjlbgm��H[jZsZ_l�gZ�k_[y�\gbfZgb_�^_deZjZlb\guc�b�hibkZl_evguc�oZjZdl_j�ih-
^Z\eyxs_]h�[hevrbgkl\Z�im[ebdZpbc��hlkmlkl\b_�djbl_jbZevguo�kjZ\g_gbc�ij_^eZ]Z_fuo�f_lh-
^h\�k�ZgZeh]Zfb�b�hp_ghd�^hklh\_jghklb�\u\h^h\�h[�bo�ij_bfms_kl\Zo��Kha^Z_lky�\i_qZle_gb_�

qlh�[hevrbgkl\h�Z\lhjh\�gbdh]^Z�g_�keurZeb�h�klZlbklbq_kdbo�djbl_jbyo��ijh\_jd_�gme_\uo�]b-
ihl_a�b�hp_gd_�bo�agZqbfhklb�

I_j\hgZqZevgh�h[km`^Zebkv�jZaebqgu_� kihkh[u�m^Ze_gby�ba�WW=� we_dljhhdmeh]jZnbq_-
kdbo� �WH=��gZ\h^hd��\�lhf�qbke_�b�ihkj_^kl\hf�ijhklh]h�\a\_r_ggh]h�\uqblZgby�WH=�beb�`_�k

bkihevah\Zgb_f�ebg_cghc�j_]j_kkbb��J�WH=���LZd�\�h^ghc�ba�jZggbo�im[ebdZpbc�>�@�ij_^eZ]Z_lky

bkihevah\Zlv�Z\lhj_]j_kkbhggh_�fh^_ebjh\Zgb_�k�h^gbf�dZgZehf�\_jlbdZevghc�WH=�b�^\mfy�dZ-
gZeZfb�]hjbahglZevghc�WH=��Z�lZd`_�nbevljZpbx��m^Zeyxsmx�rmfh\u_�khklZ\eyxsb_�k\ur_��

=p��Iha^g__�\�>��@�ij_^eh`_gh�ZgZeh]h\h_�\uqblZgb_�ba�WW=�����\_jlbdZevghc�WH=�b����]hjb-
ahglZevghc�WH=��AZl_f�ihke_^h\Zeb�fgh]hqbke_ggu_�fh^bnbdZpbb�^Zggh]h�f_lh^Z��<�jZ[hl_�>��@

jZkkfhlj_gu�^\_�ih^h[gu_�l_ogbdb�k�\u\h^hf�h�[ebahklb�ihemqZ_fuo�j_amevlZlh\��<�[he__�iha^-
g_c�im[ebdZpbb� >��@�khihklZ\eyxlky�m`_� ���jZaebqguo�ij_^eh`_gbc� aZ�i_jbh^� ����±����� ]]�� k

ijhkljZgguf�h[km`^_gb_f�bo�\hafh`guo�^hklhbgkl\�b�g_^hklZldh\��Gh\u_�ij_^eh`_gby�\�^Zg-
ghf�gZijZ\e_gbb�ijh^he`Zxl�ihklmiZlv�^h�g_^Z\g_]h�\j_f_gb�>��@�

GZjy^m�k�wlbf��\�dhgp_�ijhreh]h�\_dZ�gZqZeb�ihy\eylvky�ij_^eh`_gby�[he__�keh`guo�f_-
lh^h\�dhjj_dpbb�ba�h[eZklb�nZdlhjgh]h�ZgZebaZ��wlh�f_lh^u�]eZ\guo�b�g_aZ\bkbfuo�dhfihg_gl

(PCA – Principal Components Analysis�b� ICA – Independent Components Analysis���<�h^ghc�ba�i_j-
\uo�jZ[hl�>��@�f_lh^�ICA�ijhklh�beexkljbjm_lky�jbkmgdZfb�\uiheg_gguo�ij_h[jZah\Zgbc�WW=�k

ihablb\gufb� dhff_glZjbyfb��<� klZlv_� >��@�baeZ]Zxlky�h[Z�f_lh^Z��b�ih�beexkljZpbyf� \uihe-
g_gguo�ij_h[jZah\Zgbc�klhjhggbc�gZ[ex^Zl_ev�fh]�[u�hl^Zlv�ij_^ihql_gb_�f_lh^m�ICA��h^gZdh

\�h[km`^_gbb�b�Z\lhjkdbo�\u\h^Zo�wlh�hljZ`_gby�g_�gZoh^bl�

JZg__�\�iZl_gl_�>��@�[ue�aZy\e_g�dhf[bgbjh\Zgguc�f_lh^��\�dhlhjhf�\uqbke_gguc�i_j\uc

]eZ\guc�dhfihg_gl�nbevljm_lky�\�ihehk_��±��=p��ihke_�q_]h�ihemq_gguc�kb]gZe�bkihevam_lky�^ey

ihdZgZevgh]h� j_]j_kkbhggh]h� m^Ze_gby� fhj]Zgbc�� :\lhju� ijb\h^yl� ^hklZlhqgh� aZfukeh\Zlmx

ijhp_^mjm
1
�kjZ\g_gby�k\h_]h�f_lh^Z�k�h[uqghc�j_]j_kkb_c�ih�WH=��\�j_amevlZl_�q_]h�\uqbkeyxl

g_dbc� ijhkl_crbc� qbkeh\hc� ihdZaZl_ev�� b� lhevdh� ih� khihklZ\e_gbx� ^\mo� _]h� agZq_gbc� Z\lhju

ijboh^yl�d�\u\h^m�h�ij_bfms_kl\_�k\h_]h�f_lh^Z��Fu�ijh\_eb�^_lZevgmx�klZlbklbq_kdmx�ijh-
\_jdm�bo�f_lh^Z�gZ�^\mo�rbjhdh�ba\_klguo�bgkljmf_glZo��WW=�ZgZebaZlhj_�CONAN�>�@�b�mgb\_j-
kZevghf� klZlbklbq_kdhf�iZd_l_�STADIA��Ijh\_jdZ�ihdZaZeZ��qlh�ij_^eZ]Z_fuc� wlbfb� Z\lhjZfb

f_lh^�ijb\h^bl� d�bkdZ`_gbyf�WW=�� agZqbl_evgh� [hevrbf�� q_f�bkdZ`_gby�� \uy\e_ggu_�gb`_� \

jZa^_eZo�������Ijbf_qZl_evgh�lZd`_��qlh�h^bg�ba�Z\lhjh\��Dezhong Yao 2�ijhkeZ\beky�lZd`_�kha^Z-
gb_f�rbjhdh�jZaj_deZfbjh\Zggh]h�aZ�jm[_`hf�f_lh^Z�dhgkljmbjh\Zgby�\bjlmZevgh]h�g_cljZev-
gh]h�WW=�j_n_j_glZ� (REST)� >��@��dhlhjuc��dZd�m[_^bl_evgh�^hdZaZgh� \�jZ[hl_� >��@��ijb\h^bl�d
bkdZ`_gbx�lhih]jZnbb�_kl_kl\_ggh]h�jZkij_^_e_gby�WW=�ihl_gpbZeh\�gZ�kdZevi_��ihwlhfm�hlgh-
kblky�d�dZl_]hjbb�aZ[Z\guo�dmjv_ah\�

<� wlhf�ieZg_�bgl_j_k_g� lZd`_�b�[he__�iha^gbc�iZl_gl� >�@� k�ihke_^mxs_c� jZkrbj_gghc

im[ebdZpb_c�ij_^eZ]Z_fh]h�f_lh^Z�>�@��y\eyxs_]hky�fh^bnbdZpb_c�J�WH=�k�^h[Z\e_gb_f�g_dhc
hjlh]hgZebaZpbb�=jZffZ�Rfb^lZ��<k_�ydh[u�©^hdZaZl_evkl\Zª�k\h^ylky�d�^\mf�lj_f�jbkmgdZf

\uiheg_gguo�ij_h[jZah\Zgbc�k�ih^kq_lZf�ijhp_glh\�j_Zevgh�m^Ze_gguo�Zjl_nZdlh\�gZ�\u[hjd_

ba����bkiulm_fuo��ijbq_f�[_a�dZdh]h�eb[h�khihklZ\e_gby�k�ZgZeh]Zfb��D�lhfm�`_�ij_^klZ\e_ggu_

jbkmgdb�m[_^bl_evgh�^_fhgkljbjmxl�g_ij_^\aylhfm�qblZl_ex�gZebqb_�kms_kl\_gguo�bkdZ`_gbc�

\ghkbfuo�^Zgguf�f_lh^hf�\�bkoh^gmx�jblfbdm�WW=��IhdZaZl_evgh�lZd`_��qlh�wlb�bg`_g_ju�ba

kZjZlh\kdh]h�l_ogbq_kdh]h�mgb\_jkbl_lZ�ijhkeZ\bebkv�_s_�b�k\hbfb�fgh]hqbke_ggufb�mkbebyfb

                  
1�D�kh`Ze_gbx��\�bgl_jg_l_�^hklmi_g�ebrv�iehohc�Zg]ebckdbc�i_j_\h^�wlh]h�dblZckdh]h

iZl_glZ�[_a�khijh\h`^Zxsbo�jbkmgdh\�b�lZ[ebp�
2�^bj_dlhj�P_gljZ�f_^bgnhjfZlbdb�\�Mgb\_jkbl_l_�we_dljhgbdb�b�l_ogheh]bb�]��Q_g^m�

kh\f_sZxsbc�ih^h[gu_�^he`ghklb�_s_�\�^\mo�hj]ZgbaZpbyo�k�^_kyldZfb�ih^qbg_gguo

khljm^gbdh\�
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ih�\g_^j_gbx�\�h[eZklv�bkke_^h\Zgbc�WW=�f_lh^Z�\_c\e_l�ZgZebaZ�>�@��dhlhjuc��dZd�\k_klhjhgg_

^hdZaZgh�\�jZ[hl_�>�@��oZjZdl_jbam_lky�dZj^bgZevgufb�ih]j_rghklyfb�b�bkdZ`_gbyfb��ijb\ghkb-
fufb�\�ki_dljZevgu_�k\hckl\Z�kb]gZeh\��qlh�kh\_jr_ggh�g_�ijb_fe_fh�^ey�^Zgghc�gZmqghc�h[-
eZklb�

Ihke_^gb_� ^\Z� ijbf_jZ� hkh[h� yjdh� ^_fhgkljbjmxl� hlkmlkl\b_� lsZl_evghklb� \� jZ[hl_�

djblbqghklb� b� dhfi_l_glghklb�� ih�\b^bfhfm�� ijbkms__� [hevrbgkl\m� Z\lhjh\� bggh\Zpbhgguo

ij_^eh`_gbc� \� jZkkfZljb\Z_fhc� h[eZklb��<� wlhf� ieZg_��gZ�i_j\uc� \a]ey^�� \u]h^gh� hlebqZ_lky

aZy\dZ�>�@�gZ�kjZ\g_gb_�j_amevlZlh\�ijbf_g_gby�lj_o�\ur_mihfygmluo�gZb[he__�ihimeyjguo�f_-
lh^h\� m^Ze_gby�fhj]Zgbc� k� hp_gdhc� \ghkbfuo� bfb� hlghkbl_evguo� kbkl_fZlbq_kdbo� ih]j_rgh-
kl_c��GZ�ij_^klZ\e_gguo�jbkmgdZo�dhjj_dpbb�WW=�\b^gh��qlh�f_lh^�J�WH=�g_�iheghklvx�dhfi_g-
kbjm_l�fhj]Zgby�� ihwlhfm� Z\lhju� a^_kv� hl^Zxl� ij_^ihql_gb_�f_lh^Zf�nZdlhjgh]h� ZgZebaZ��Ih

jbkmgdZf�ki_dljh\�WW=�^ey�\k_o�lj_o�f_lh^h\�hlf_q_gh�g_dhlhjh_�mf_gvr_gb_�fhsghklb�WW=�

hkh[_ggh�\�l_lZ�^bZiZahg_�b�\�eh[guo�hl\_^_gbyo�^ey�f_lh^h\�PCA�b�ICA��Hp_gdZ�hlghkbl_evghc

kbkl_fZlbq_kdhc� ih]j_rghklb�∆� ijh\h^beZkv� ih� jZaghklb�fhsghkl_c� bkoh^ghc� b� kdhjj_dlbjh-
\Zgghc�WW=��^_e_gghc�gZ�fhsghklv�bkoh^ghc�WW=��bo�fZdkbfZevguf��fbgbfZevguf�b�kj_^gbf

agZq_gbyf� k�\uqbke_gb_f�^h\_jbl_evguo�bgl_j\Zeh\��Wlb�^Zggu_�ijb\_^_gu�\�^\mo�h[rbjguo

lZ[ebpZo�� gh� hgb� Z\lhjZfb� kh\_jr_ggh� g_� dhff_glbjmxlky�� \f_klh� q_]h� ke_^mxl� ijhkljZggu_

jZkkm`^_gby�h�ij_^ihql_gbb�lh]h�beb�bgh]h�f_lh^Z�\�jZaebqguo�kblmZpbyo��<�qZklghklb��^ey�dh-
jhldbo� aZibk_c� �ihjy^dZ� ��±���k��j_dhf_g^m_lky�bkihevah\Zlv�f_lh^�PCA��Z�^ey�ijh^he`bl_ev-
guo���±��fbgml��±�ICA.

Ijb\_^_gguc�h[ahj�ihdZau\Z_l��qlh�ijh[e_fZ�m^Ze_gby�fhj]Zgbc�^h�kbo�ihj�gZoh^blky�\

djZcg_�g_hij_^_e_gghf�khklhygbb��>ey�__�hdhgqZl_evgh]h�j_r_gby�a^_kv�fu�jZkkfZljb\Z_f�gh-
\uc��ijhklhc�b�dZ`msbcky�e_`Zsbf�ijyfh�ih^�gh]Zfb�f_lh^��fZdkbfZevgh�khojZgyxsbc�bkoh^-
gmx�WW=�jblfbdm�b�g_�lj_[mxsbc�hihju�gZ�WH=��Djhf_�lh]h��gb`_�ijb�hp_gd_�wnn_dlb\ghklb

wlh]h�f_lh^Z�\�kjZ\g_gbb�k�ZgZeh]Zfb�\i_j\u_�aZ� ���e_l�gZmqghc�im[ebpbklbdb�ih�^Zgghc�ijh-
[e_f_�^_fhgkljbjm_lky�f_lh^bdZ�fgh]hklhjhgg_]h�qbke_ggh]h�b�klZlbklbq_kdb�^hklh\_jgh]h�^h-
dZaZl_evkl\Z�_]h�ij_bfms_kl\�

HKGH<U�F?LH>:

>ey�dhjj_dpbb�fhj]Zgbc�g_h[oh^bfh��ij_`^_�\k_]h��bamqblv�bo�ki_dljZevgu_�oZjZdl_jb-
klbdb��qlh��d�kh`Ze_gbx��gZfb�g_�h[gZjm`_gh�\�fgh]hqbke_gghc�aZ�ihe\_dZ�ebl_jZlmj_��>ey�wlh]h

gm`gh�\k_]h�ebrv�ihemqblv�ki_pbZevgmx�aZibkv�WW=�k�ihke_^h\Zl_evgufb�wibah^Zfb�fhj]Zgbc�

g_ij_ju\gh�b^msbfb�^jm]�aZ�^jm]hf��jbk������b�\uqbkeblv�__�Zfieblm^guc�ki_dlj��jbk������Hlkx-
^Z�ke_^m_l��qlh�ki_dlj�fhj]Zgbc�h]jZgbq_g�qZklhlguf�^bZiZahghf����±��=p��LZd`_�hq_\b^gh��qlh

\�kZfbo�fhj]Zgbyo��jbk�����ijbkmlkl\mxl�gbadhZfieblm^gu_�b�[he__�\ukhdhqZklhlgu_�dhe_[Zgby

kb]gZeZ��dhlhju_��g_khfg_ggh��hlghkylky�d�bkoh^ghc�WW=��B�lZdb_�dhe_[Zgby�g_h[oh^bfh�khojZ-
gblv�\�j_amevlbjmxs_c�WW=�\�oh^_�m^Ze_gby�fhj]Zgbc�

Jbk����:fieblm^guc�ki_dlj�fhj]Zgbc�gZ�jbk����

Hkgh\gZy�b^_y�ij_^eh`_ggh]h�f_lh^Z�khklhbl�\�dhjj_dpbb�lhevdh�wibah^h\�fhj]Zgbc��g_

aZljZ]b\Zy�mqZkldb�ghjfZevghc�WW=��qlh�ij_^iheZ]Z_l�\uiheg_gb_�lj_o�ke_^mxsbo�wlZih\�

WlZi����H[gZjm`_gb_�wibah^h\�fhj]Zgbc��<u[bjZ_lky�h^gh�ba�eh[guo�hl\_^_gbc�k�gZb[h-
e__�\ujZ`_ggufb�Zjl_nZdlZfb�fhj]Zgbc��b�ijhba\h^blky�_]h�nbevljZpby�\�qZklhlghf�^bZiZahg_

fhj]Zgbc��±��=p�f_lh^hf�^\hcgh]h�ij_h[jZah\Zgby�Nmjv_� >�@��oZjZdl_jbamxs_]hky�hlkmlkl\b_f

ijb\ghkbfuo�nZah\uo�b�Zfieblm^guo�bkdZ`_gbc�\�hlebqb_�hl�deZkkbq_kdhc�nbevljZpbb��<�ihem-
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q_gghf�kb]gZe_�bsmlky�wibah^u�ij_\ur_gby�\� ��jZaZ�kj_^g_c�Zfieblm^u�WW=��dhlhju_�nbdkb-
jmxlky�dZd�fhj]Zgby�

 WlZi����Hij_^_e_gb_�\j_f_gguo�bgl_j\Zeh\�fhj]Zgbc��jbk������Hl�dZ`^h]h�fhf_glZ�h[gZ-
jm`_ggh]h� ij_\ur_gby� Zfieblm^u� \� dZq_kl\_� e_\hc� ]jZgbpu� fhj]Zgby� bs_lky� fhf_gl� kf_gu

agZdZ�i_j\hc�ijhba\h^ghc�hlnbevljh\Zggh]h� kb]gZeZ� �hl�iexkZ� d�fbgmkm��� Z� \� dZq_kl\_�ijZ\hc

]jZgbpu�fhj]Zgby�bs_lky�\lhjh_�i_j_k_q_gb_�gmey��GZc^_ggu_�bgl_j\Zevgu_�]jZgbpu�^ey�\k_o

h[gZjm`_gguo�wibah^h\�fhj]Zgbc�bkihevamxlky�^ey�ihke_^mxs_c�dhjj_dpbb�\k_o�hl\_^_gbc�bk-
oh^ghc�WW=�

WlZi����M^Ze_gb_�fhj]Zgbc��WW=�ih�dZ`^hfm�hl\_^_gbx�nbevljm_lky�\�qZklhlghc�ihehk_

�±��=p�
3
�b�gZ�dZ`^hf�h[gZjm`_gghf�gZ�wlZi_���bgl_j\Ze_�fhj]Zgby�ba�bkoh^ghc�WW=�\uqblZ_lky

j_amevlZl�nbevljZpbb��LZdbf�h[jZahf�ihemqZ_f�khojZg_gb_�\k_c�bkoh^ghc�jblfbdb�WW=�\g_�wib-
ah^h\�fhj]Zgbc��Z�lZd`_�\k_c�jblfbdm�WW=�gZ�qZklhlZo�hl���=p�b�\ur_�\�kZfbo�wibah^Zo�fhj]Z-
gbc�

Jbk�����Wibah^�fhj]Zgby��q_jguc�p\_l��k�gZeh`_gguf�j_amevlZlhf�nbevljZpbb�\�ihehk_��±��=p

�k_juc�p\_l���klj_edZfb�hlf_q_gu�]jZgbpu�fhj]Zgby

Jbk�������k_dmg^gZy�aZibkv�WW=�k�lj_fy�wibah^Zfb�fhj]Zgby��\\_jom��b�j_amevlZl�bo�dhjj_dpbb

�\gbam�

                  
3�Ohly��dZd�fu�\b^_eb�\ur_��hkgh\gZy�fhsghklv�fhj]Zgbc�khkj_^hlhq_gZ�\�ihehk_�����=p�

gh�ijb�[ukljuo�kf_gZo�^bgZfbdb� �\[ebab�\_jrbgu�Zjl_nZdlZ�b�ijb�i_j_oh^_�d�Zi_jbh-
^bq_kdhfm�mqZkldm��^ey�p_gljbjh\Zgghc�ZiijhdkbfZpbb�kb]gZeZ�g_h[oh^bfh�jZkrbj_gb_

ihehku�nbevljZpbb�^h���=p�
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KJ:<G?GB?�F?LH>H<

>ey�kjZ\g_gby�j_amevlZlh\�m^Ze_gby�Zjl_nZdlh\�fhj]Zgbc�i_j\hgZqZevgh�ij_^iheZ]Zehkv

hjb_glbjh\Zlvky� gZ� im[ebdZpbx� >�@�� ]^_� [ue� bkihevah\Zg�WW=�ZgZebaZlhj�WinEEG� �ijh^mdpby
nbjfu�FBP:J��K�I_l_j[mj]��Z\lhjkdbc�ijh_dl�<�:��IhghfZj_\Z�������]����ihkdhevdm�wlhl�ZgZeb-
aZlhj�j_Zebam_l� ljb�hkgh\guo� kh\j_f_gguo�f_lh^Z�dhjj_dpbb�fhj]Zgbc��J�WH=��PCA�b� ICA��<

dZq_kl\_�l_klh\uo�^Zgguo�bkihevah\ZgZ����dZgZevgZy�aZibkv�WW=�k�h^gbf�dZgZehf�WH=� �\_jlb-
dZevgh_�jZkiheh`_gb_�we_dljh^h\��^ebl_evghklvx����k��\uiheg_ggZy�gZ�;bheh]bq_kdhf�n�l_�F=M

gZ�WW=�j_]bkljZlhj_�NVX ���� �ijhba\h^kl\h�nbjfu�FDK�� ]�� A_e_gh]jZ^�� ih� kbkl_f_� ��±���� k

qZklhlhc� ^bkdj_lbaZpbb� ���� =p�� <� ^Zgghc� aZibkb� ijbkmlkl\mxl� ��� Zjl_nZdlh\� fhj]Zgbc�� >ey

kjZ\g_gbc�j_amevlZlh\�jZaebqguo�f_lh^h\�bkihevah\Zgh�eh[gh_�hl\_^_gb_�F���\�\ukhdhc�kl_i_gb
ih^\_j`_ggh_�\ebygbx�fhj]Zgbc�

GZ�jbk����ijb\_^_gu�j_amevlZlu�dhjj_dpbb�Zjl_nZdlh\�\�WinEEG�k�bkihevah\Zgb_f�f_lh-
^h\�PCA�b� ICA��DZd�ke_^m_l�ba�wlh]h�jbkmgdZ��f_lh^� ]eZ\guo�dhfihg_gl�\uihegy_l�^hklZlhqgh

ijZ\^hih^h[gmx�dhjj_dpbx� �dhehgdZ�Kdhjj_dlbjh\ZggZy�WW=���gh��dZd�ihdZau\Z_l�klhe[_p�Bk-
dexq_ggu_�Zjl_nZdlu��hg�m^Zey_l�ba�WW=�lZd`_�b�gbadhZfieblm^gmx�jblfbdm��g_�hlghkysmxky

kh[kl\_ggh�d�fhj]Zgbyf�

K� ^jm]hc� klhjhgu�� f_lh^� g_aZ\bkbfuo� dhfihg_gl� kh\_jr_ggh� g_� m^Zey_l� Zjl_nZdlu�� Z

\f_klh�wlh]h�ijb\ghkbl�\�j_amevlZl�g_ba\_klgh�hldm^Z�\ay\rbcky�\ukhdhZfieblm^guc�b�\ukhdh-
qZklhlguc�rmf��LZdbf�h[jZahf��j_ZebaZpby�^Zggh]h�f_lh^Z�y\ey_lky�kh\_jr_ggh�hrb[hqghc��qlh

klZ\bl�ih^�khfg_gb_�^hklh\_jghklv�j_amevlZlh\��baeh`_gguo�\�im[ebdZpbb�>�@��hklZ\bf�wlhl�iZ-
jZ^hdk�gZ�kh\_klb�Z\lhjZ�jZajZ[hlqbdZ��

Z��f_lh^�]eZ\guo�dhfihg_gl
[��f_lh^�g_aZ\bkbfuo�dhfihg_gl

Jbk�����Dhjj_dpby�Zjl_nZdlh\�\�WW=�ZgZebaZlhj_�WinEEG
���F_lh^�]eZ\guo�dhfihg_gl

<�k\yab�k�\ur_hlf_q_gghc�hrb[hqghklvx�j_ZebaZpbb�f_lh^Z�ICA�\�WinEEG�hp_gbf�lhev-
dh�j_amevlZl�dhjj_dpbb�fhj]Zgbc�f_lh^hf� 3&$��bkihevamy�\�dZq_kl\_�wlZehgZ�mqZklhd�l_klh\hc

aZibkb��g_�bkdZ`_gguo�fhj]Zgbyfb��lh�_klv�ij_^klZ\eyxsbc�bklbggmx�jblfbdm�WW=��DZd�ke_^m-
_l�ba�jbk����f_lh^�3&$�j_adh�bkdZ`Zxl�bkoh^gmx�jblfbdm�WW=�ijb�gbadhc�dhjj_eypbb�k�g_bkdZ-
`_gghc�aZibkvx�gZ�mjh\g_������b�k�^hklh\_jguf�mf_gvr_gb_f�kj_^g_]h�hl�Z[khexlguo�agZq_gbc

Zfieblm^u�WW=�k������±������^h������±������fd<��lh�_klv�[he__�q_f�\�����jZaZ��j<10-7) 4
���=em[hdb_

bkdZ`_gby�ijhy\eyxlky�b�\�Zfieblm^gh�qZklhlghc�oZjZdl_jbklbd_��jbk�����ijb�gbadhc�h[s_c�dhj-
j_eypb_c�k�bklbgguf�ki_dljhf� ������qlh�hkh[_ggh�aZf_lgh�\�klZlbklbd_�^bnn_j_gpbjh\Zggh�ih

qZklhlguf�^bZiZahgZf� �lZ[e�����b�\ujZ`Z_lky�\�ih^Z\e_gbb�kj_^g_c�Zfieblm^u�]Zjfhgbd�\����±

����jZaZ��djhf_�^_evlZ�^bZiZahgZ��]^_�kj_^gyy�Zfieblm^Z�\ur_�gZ�����

                  
4
�<h�\k_o�klZlbklbq_kdbo�kjZ\g_gbyo�bkihevah\Zg�h^gh\u[hjhqguc�l_kl�Klvx^_glZ��ih-
kdhevdm�jZkij_^_e_gb_�Zfieblm^�\�[hevrbgkl\_�aZibk_c�WW=�ih^qbgy_lky�ghjfZevghfm

aZdhgm�
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Jbk�����Bkoh^gZy�WW=�gZ�mqZkld_��g_�aZljhgmlhf�fhj]Zgbyfb��q_jguc�p\_l���b�j_amevlZl�m^Ze_gby

fhj]Zgbc�f_lh^hf�]eZ\guo�dhfihg_gl��k_juc�p\_l�k�d\Z^jZlgufb�f_ldZfb�

Jbk�����:fieblm^guc�ki_dlj�bkoh^ghc�WW=�gZ�mqZkldZo��g_�aZljhgmluo�fhj]Zgbyfb��q_jguc�p\_l�

k�gZeh`_gguf�ki_dljhf�ijb�m^Ze_gbb�fhj]Zgbc�f_lh^hf�]eZ\guo�dhfihg_gl��k_juc�p\_l�k�d\Z^-
jZlgufb�f_ldZfb�

LZ[ebpZ����BkdZ`_gby�Zfieblm^gh]h�ki_dljZ�WW=�ih�qZklhlguf�^bZiZahgZf�\�j_amevlZl_
m^Ze_gby�fhj]Zgbc�f_lh^hf�]eZ\guo�dhfihg_gl

QZklhlgu_�^bZiZahgu Bklbgguc�ki_dlj =eZ\gu_�dhfihg_glu Hlghr_gb_ AgZqbfhklv�j
Delta 12.5±7.9 13.2±7.6 0.95 0.34
Tetha 7.3±4.6 5.6±2.7 1.3 0.0004
Alpha 10.2±5.7 6.0±3.3 1.7 <10-7

Beta1 7.4±3.7 4.6±1.9 1.61 <10-7

Beta2 7.2±3.6 4.6±2.3 1.57 <10-9

���F_lh^�g_aZ\bkbfuo�dhfihg_gl

<�k\yab�k�\ur_hlf_q_gghc�hrb[hqghklvx�j_ZebaZpbb�WinEEG�l_klbjh\Zgb_�f_lh^Z� ICA
\uiheg_gh�kj_^kl\Zfb�ba\_klgh]h�ZgZebaZlhjZ�EEGLab�\_jkbb��B��B�B�b��kha^Zggh]h�\�DZebnhj-
gbckdhf�mgb\_jkbl_l_�KR:������±�����]]���f_lh^�]eZ\guo�dhfihg_gl�EEGLab�g_�j_Zebam_l��

DZd�ke_^m_l�ba�jbk����f_lh^�ICA�lZd`_�bkdZ`Zxl�bkoh^gmx�jblfbdm�WW=�ijb�[he__�\ukh-
dhc�dhjj_eypbb�k�g_bkdZ`_gghc�aZibkvx�gZ�mjh\g_� ������gh�lZd`_�k�^hklh\_jguf�mf_gvr_gb_f
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kj_^g_]h�hl�Z[khexlguo�agZq_gbc�Zfieblm^u�k�����±�����^h�����±�����fd<��l�_��\������jZaZ��j<10-

7
���?s_�[hevrb_�bkdZ`_gby�ijhy\eyxlky�\�qZklhlguo�oZjZdl_jbklbdZo��jbk�����k�gbadhc�dhjj_ey-
pb_c� ������ qlh� hkh[_ggh� aZf_lgh� \� klZlbklbd_� ^bnn_j_gpbjh\Zggh� ih� qZklhlguf� ^bZiZahgZf

�lZ[e�����b�\ujZ`Z_lky�\�ih^Z\e_gbb�kj_^g_c�Zfieblm^u�]Zjfhgbd�\����±����jZaZ�

Jbk�����Bkoh^gZy�WW=�gZ�mqZkld_��g_�aZljhgmlhf�fhj]Zgbyfb��q_jguc�p\_l���b�j_amevlZl�m^Ze_gby

fhj]Zgbc�f_lh^hf�g_aZ\bkbfuo�dhfihg_gl��k_juc�p\_l�k�d\Z^jZlgufb�f_ldZfb�

Jbk�����:fieblm^guc�ki_dlj�WW=�ijb�ehdZevghf�m^Ze_gbb�fhj]Zgbc��q_jguc�p\_l��b�f_lh^hf�g_-
aZ\bkbfuo�dhfihg_gl��k_juc�p\_l�k�d\Z^jZlgufb�f_ldZfb�

LZ[ebpZ����BkdZ`_gby�Zfieblm^gh]h�ki_dljZ�WW=�ih�qZklhlguf�^bZiZahgZf�\�j_amevlZl_
m^Ze_gby�fhj]Zgbc�f_lh^hf�g_aZ\bkbfuo�dhfihg_gl

QZklhlgu_�^bZiZahgu Bklbgguc�ki_dlj G_aZ\bkbfu_�dhfihg_glu Hlghr_gb_ AgZqbfhklv j
Delta 13.2±7.6 9.1±6.1 1.38 0.0004
Tetha 7.3±4.6 5.3±2.9 2.22 0.0008
Alpha 10.2±5.7 4.6±2.2 1.54 <10-9

Beta1 7.4±3.7 4.8±2.7 1.38 <10-6

Beta2 7.2±3.6 5.2±2.8 1.45 <10-7

AZdexq_gb_��IjbgpbibZevguc� bgkljmf_glZevguc� g_^hklZlhd� ^\mo� jZkkfhlj_gguo�f_lh-
^h\�nZdlhjgh]h�ZgZebaZ�khklhbl�\�lhf��qlh�iheh`_gb_�i_j\hc�nZdlhjghc�hkb��ohly�b�hij_^_ey_lky

\_dlhjhf�gZb[hevr_c�^bki_jkbb�ZgZebabjm_fuo�^Zgguo��\�^Zgghf�kemqZ_�±�wlh�^bki_jkby�\ukh-
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dhZfieblm^guo�fhj]Zgbc���gh�gZ�wlm�`_�hkv�qZklbqgh�ijh_pbjm_lky�b�^bki_jkby�[he__�gbadhZf-
ieblm^ghc�jblfbdb�WW=��Ihwlhfm�ijb�m^Ze_gbb�ba�aZibkb�WW=�i_j\h]h�dhfihg_glZ�qZklbqgh�bk-
dZ`Z_lky�b�gbadhZfieblm^gZy�jblfbdZ�

DZd�ke_^m_l�ba�kjZ\g_gby�bkdZ`_gbc��\ghkbfuo�\�WW=��lZ[e���������_^bgkl\_ggZy�Zevl_jgZ-
lb\Z�a^_kv�k\h^blky�d�\u[hjm�f_`^m�iehobf�f_lh^hf�b�_s_�[he__�iehobf�

���F_lh^�j_]j_kkbb�ih�WH=

F_lh^�J�WH=�k_cqZk�kjZ\gbl_evgh�j_`_�ijbf_gy_lky�gZ�ijZdlbd_��qlh�hij_^_e_gh�jy^hf

ijbqbg��<h�i_j\uo��wlh�lj_[m_l�hij_^_e_gguo�mkbebc�b�gZ\udh\�hl�wdki_jbf_glZlhjZ�\�k\yab�k

hkh[hc� l_ogbdhc� gZeh`_gby� fbgbZlxjguo� we_dljh^h\� \[ebab� ]eZagh]h� y[ehdZ�� <h�\lhjuo�� wlh

kl_kgy_l� _kl_kl\_ggh_� ih\_^_gb_� bkiulm_fh]h� hsms_gbyfb� we_dljh^h\� b� hl\h^ysbo� ijh\h^h\

hdheh�]eZa��<�lj_lvbo��kZfZ�aZibkv�WH=�f_`bg^b\b^mZevgh�b�bgkljmf_glZevgh�\ZjbZlb\gZ��b�^Z-
e_dh�g_�\k_]^Z�fhj]Zgby�gZ�WH=�ih�k\h_c�^bgZfbd_�ohjhrh�\hkijhba\h^yl�fhj]Zgby�gZ�WW=��qlh

g_�iha\hey_l�ihkljhblv�f_`^m�gbfb�ohjhrb_�j_]j_kkbhggu_�aZ\bkbfhklb�

:gZebaZlhj�EEGLab�g_�j_Zebam_l�^Zgguc�f_lh^�� Z�j_ZebaZpby�\�WinEEG�� lZd`_�dZd�b� \
kemqZ_� ICA� ij_^klZ\ey_lky� g_dhjj_dlghc��>_ckl\bl_evgh�� g_kdhevdh� \uiheg_gguo� gZfb� ijh[� k

dZq_kl\_ggufb�aZibkyfb�ihdZaZeb��qlh��m^h\e_l\hjbl_evgh�ih^Z\eyy�WH=�\�eh[guo�hl\_^_gbyo��\

p_gljZevguo��\bkhqguo�b�l_f_gguo�hl\_^_gbyo�gZ�f_kl_�ydh[u�m^Ze_gby�ihy\eyxlky�Zjl_nZdlu

bg\_jlbjh\Zgghc�nhjfu��Zfieblm^guc�i_j_iZ^�dhlhjuo�^hklb]Z_l�����hl�bkoh^gh]h��k\h_h[jZa-
guc�©a_jdZevguc�wnn_dlª�

5
��Ihwlhfm��\�^Zgghf�kemqZ_�[ue�bkihevah\Zg�dhfie_dkguc�ZgZebaZlhj

CONAN��]^_�f_lh^�j_]j_kkbhgghc�dhjj_dpbb�\ebygby�kb]gZeZ�bg^mdlhjZ�gZ�WW=�[ue�j_Zebah\Zg
_s_�\�^Ze_dhf������]�

Ijh\_jdZ�f_lh^Z� gZ� \ukhdhdZq_kl\_gguo� aZibkyo�� ]^_�fhj]Zgby� gZ�WH=� b�WW=� ohjhrh

kh\iZ^Zeb�ih�nhjf_��Z�\�ijhf_`mldZo�WH=�[ueZ�klZ[bevgZ�hlghkbl_evgh�gmey��jbk���Z���^ZeZ�oh-
jhrb_�j_amevlZlu��oZjZdl_jbamxsb_ky�\ukhdhc�dhjj_eypb_c�k�g_bkdZ`_gghc�aZibkvx�b�__�ki_d-
ljhf�gZ�mjh\g_� ����±������ Z� lZd`_�g_agZqbl_evgufb�baf_g_gbyfb�\�kj_^gbo� agZq_gbyo� k�^hklh-
\_jguf�ijbgylb_f�gme_\uo�]bihl_a�hlkmlkl\by�klZlbklbq_kdbo�jZaebqbc�

?keb�`_�nhjfZ�fhj]Zgbc�gZ�WH=�hlebqZ_lky�hl�gZ[ex^Z_fhc�gZ�WW=�� Z� \�ijhf_`mldZo

WH=�g_klZ[bevgZ�b�\dexqZ_l�jZaebqgu_�dhe_[Zgby�b�kdZqdb��jbk���[���lh�m^Ze_gby�Zjl_nZdlh\�gZ

WW=�g_�ijhbkoh^bl��Z�gZ[ex^Z_lky�lhevdh�g_[hevrh_�kgb`_gb_�Zfieblm^u�ibdh\��gZ���±������d

kqZklvx��lZd`_�[_a�hkh[h]h�\j_^Z�^ey�h[s_c�jblfbdb�[_aZjl_nZdlguo�mqZkldh\�WW=��F_`bg^b\b-
^mZevgZy� \ZjbZlb\ghklv�WH=��f_lh^bq_kdb_� hkh[_gghklb� ijh\_^_gby� wdki_jbf_glh\�� g_\ukhdZy

d\ZebnbdZpby�i_jkhgZeZ�b�dZq_kl\h�ZiiZjZlmju�ijb\h^yl�d�lhfm��qlh�[hevrbgkl\h�aZibk_c�WH=

hlghkblky�d�dZl_]hjbb�jbk����[��b�ijbf_g_gb_�f_lh^Z�J�WH=�g_�^Z_l�wnn_dlZ�

Z��WH=�klZ[bevgZ�b�nhjfZ�fhj]Zgbc�ZgZeh]bqgZ

WW=
[��WH=�g_klZ[bevgZ�b�nhjfZ�fhj]Zgbc�hleb-

qZ_lky�hl�WW=

Jbk�����Khhlghr_gby�aZibk_c�fhj]Zgbc�gZ�WW=��\\_jom��b�WH=��\gbam�

                  
5 IhjZabl_evgh��qlh�klhev�]jm[Zy�hrb[dZ�ijh]jZffbjh\Zgby�hlghkblky�d�\uqbke_gbx�dh-
wnnbpb_glh\�ebg_cghc�j_]j_kkbb�f_`^m�^\mfy�iZjgufb�i_j_f_ggufb�\b^Z�Y=aX+b��qlh
y\ey_lky�ijhkl_cr_c�ZgZeblbq_kdhc�aZ^Zq_c��^hklmighc�^ey�j_ZebaZpbb�^Z`_�rdhevgbdm�
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H;KM@>?GB?

JZkkfZljb\Zy� \� p_ehf� bf_xsb_ky� \uqbkebl_evgu_� kj_^kl\Z� ^ey� dhjj_dpbb� fhj]Zgbc�

ij_`^_� \k_]h�� hlf_lbf� \uy\e_ggu_� ]jm[u_� hrb[db�bo� j_ZebaZpbb� \� ZgZebaZlhj_�WinEEG��Ijb
wlhf�WinEEG�bf__l� k_jlbnbdZlu�dZq_kl\Z�b� khhl\_lkl\by�� \dexqZy�b� aZjm[_`gu_��hg� aZdmie_g
fgh]bfb�f_^bpbgkdbfb�mqj_`^_gbyfb�±�g_ljm^gh�ij_^klZ\blv��dZdh]h�dZq_kl\Z�^bZ]ghau�klZ\yl

ihevamxsb_ky�wlbfb�kj_^kl\Zfb�\jZqb��K_jv_agu_�ijh[_eu�\�hlghr_gbb�iheghlu�i_j\hhq_j_^-
guo� f_lh^h\� ZgZebaZ� WW=� bf__l� b� rbjhdh� ba\_klguc� b� ihimeyjguc� aZhd_Zgkdbc� ZgZebaZlhj

EEGLab��Khijh\h^bl_evgZy�^hdmf_glZpby�h[hbo�iZd_lh\�oZjZdl_jgZ�fgh]hqbke_ggufb�ijh[_eZ-
fb�b�gbadbf�mjh\g_f�^b^Zdlbqghklb��\uau\Zy�g_h[oh^bfhklv�ihklhyggh�h[jZsZlvky�aZ�dhgkmev-
lZpbyfb�d�jZajZ[hlqbdZf��Ih^h[gu_�`_�h]j_ob�hlf_q_gu�\ur_�\h�\\_^_gbb�ijbf_gbl_evgh�d�l\h-
j_gbyf�dblZckdbo��kZjZlh\kdbo�b�^jm]bo�bggh\Zlhjh\��Ih�\b^bfhfm��wlbfb�ijbf_jZfb�kblmZpby

^Ze_dh�g_�bkq_jiu\Z_lky��_keb�__�[he__�]em[hdh�bamqblv��<k_�wlh�y\ey_lky�ijyfuf�ke_^kl\b_f�lh-
lZevgh]h� hlkmlkl\by� kbkl_fu� g_aZ\bkbfh]h�f_ljheh]bq_kdh]h� dhgljhey. l_klbjh\Zgby� b� hp_gdb
kj_^kl\�\uqbkebl_evgh]h�b�dhfivxl_jgh]h�ZgZebaZ�WW=��q_fm�ihk\ys_gZ�ki_pbZevgZy�im[ebdZ-
pby�>�@��Z�lZd`_�p_euc�jy^�jZ[hl��\�g_c�mihfbgZxsboky�

Qlh�`_�dZkZ_lky�jZkkfZljb\Z_fhc�aZ^Zqb�\�p_ehf��lh�hgZ�bf__l�km]m[h�h]jZgbq_gguc�b�eh-
dZevguc�oZjZdl_j��>_ckl\bl_evgh��\h�i_j\uo��agZqbl_evgZy�qZklv�bkke_^h\Zgbc�ijh\h^blky�\�kh-
klhygbb�k� aZdjulufb� ]eZaZfb��dh]^Z� wnn_dlu�fhj]Zgbc�hlkmlkl\mxl��<h�\lhjuo��ijb�hldjuluo

]eZaZo�fZeh�dh]h�ba�bkke_^h\Zl_e_c�bgl_j_km_l�ZgZeba�^_evlZ�^bZiZahgZ��]^_�kh[kl\_ggh�b�khkj_-
^hlhq_gZ�hkgh\gZy�fhsghklv�fhj]Zgbc��ihkdhevdm�wlhl�^bZiZahg�ih^\_j`_g�\ebygbx�fgh`_kl\Z

ihklhjhggbo�nZdlhjh\��g_�bf_xsbo�hlghr_gby�d�ijbjh^_�WW=��<�hij_^_e_gghc�kl_i_gb�wlh�hl-
ghkblky�b�d�l_lZ�^bZiZahgm��LZd�\�bkke_^h\Zgbb�>�@�ihdZaZgh��qlh�wlhl�^bZiZahg�kjZ\gbl_evgh�fZ-
eh�bgnhjfZlb\_g�\�ieZg_�^bnn_j_gpbZpbb�jZaebqguo�nmgdpbhgZevguo�khklhygbc�^Z`_�ijb� aZ-
djuluo�]eZaZo��Ijb�hldjuluo�`_�]eZaZo�bkke_^h\Zl_e_c��\�hkgh\ghf��bgl_j_km_l�ZevnZ�^bZiZahg�

dZd�bg^bdZlhj�jZkkeZ[e_gby��kgb`_gby�mjh\gy�[h^jkl\h\Zgby�b�^_dhgp_gljZpbb�\gbfZgby��Z�lZd-
`_�[_lZ�^bZiZahgu��dZd�bg^bdZlhju� khkj_^hlhq_gby�b�mkbe_gby�fukebl_evghc�^_yl_evghklb��<�

lj_lvbo��_^bgkl\_ggh_�g_]Zlb\gh_�\ebygb_�fhj]Zgbc�ijhy\ey_lky�lhevdh�\�h[eZklb�bkke_^h\Zgbc

deZkkbq_kdbo�wg^h]_gguo�\ua\Zgguo�ihl_gpbZeh\��ERP��b�lhevdh�ijb�bkihevah\Zgbb�ajbl_evguo
�Z�g_�kemoh\uo�beb�khfZlhk_gkhjguo��klbfmeh\�� ]^_�hgb�fh]ml�bkdZablv�j_amevlZlu�mkj_^g_gby

hlghkbl_evgh�g_[hevrh]h� qbkeZ� ���±���� \uiheg_gguo�WW=�aZibk_c� \� hl\_l�gZ� klbfmeu��Djhf_

lh]h��fhj]Zgby�g_�\ebyxl�b�gZ�mkj_^g_gb_�j_ne_dlhjguo�<I��hlebqZxsboky�dhjhldhc�^ebl_evgh-
klvx� ���±����fk��b�fgh`_kl\_ggufb�aZibkyfb�j_Zdpbc�gZ�klbfmeu� ����±�������ijb�mkj_^g_gbb

dhlhjuo�wnn_dlb\gh�jZ[hlZ_l�Z\lhfZlbq_kdZy�hl[jZdh\dZ�aZibk_c�k�n_ghf_gZfb�ij_\ur_gby�aZ-
^Zggh]h� Zfieblm^gh]h� ihjh]Z�� �G_� kms_kl\_ggu�fhj]Zgby� b� ijb� gh\hc�f_lh^bd_� bkke_^h\Zgbb

dh]gblb\guo� <I� kbgojhgbaZpbb�^_kbgojhgbaZpbb� �(56�(5'��� ]^_� bkihevamxlky� ZevnZ� b� [_lZ�

^bZiZahgu��g_�ih^\_j`_ggu_�\ebygbx�fhj]Zgbc��b�i_j_^�mkj_^g_gb_f�bo�jblfbdZ�\uqe_gy_lky�ba

WW=�ij_^\Zjbl_evghc�nbevljZpb_c�

BlZd��\�^Zgghc�jZ[hl_�baeh`_g�gh\uc�f_lh^�dhjj_dlgh]h�m^Ze_gby�Zjl_nZdlh\�fhj]Zgbc�

fZdkbfZevgh�khojZgyxsbc�bkoh^gmx�jblfbdm�WW=��>hklh\_jgh�b�fgh]hklhjhgg_�^hdZaZgh��qlh�\

wlhf�hlghr_gbb�hg�ij_\hkoh^bl�gZb[he__�jZkijhkljZg_ggu_� kh\j_f_ggu_� ZgZeh]b�� hkgh\Zggu_

gZ�\uqbke_gbb�]eZ\guo�b�g_aZ\bkbfuo�dhfihg_gl�b�g_klZ[bevguc�f_lh^�j_]j_kkbb�ih� we_dljh-
hdmeh]jZff_�
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1. Dhjhgh\kdbc� :�:��� OjZfh\� :�?��� FhkdZe_gdh� H�B��� =jm[h\� <�<�� Kihkh[� m^Ze_gby� ]eZah�

^\b]Zl_evguo�Zjl_nZdlh\�gZ�we_dljhwgp_nZeh]jZff_��IZl_gl����������������������;xee��N_-
^_j��kem`��ih�bgl_ee��kh[kl���23.
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