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F?LJHEH=BQ?KDH?�BKKE?>H<:GB?�KI?DLJ:EVGUO�HP?GHD�:FIEBLM>U�WW=

:�I��DmeZbq_\�
;bheh]bq_kdbc�nZdmevl_l�Fhkdh\kdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ�bf��F�<��Ehfhghkh\Z

:gghlZpby

<�jZ[hl_�ijh\_^_gh�f_ljheh]bq_kdh_�kjZ\g_gb_�iylb�ihdZaZl_e_c��hp_gb\Zxsbo

kj_^gbc� mjh\_gv�WW=±ihl_gpbZeh\��ih�Zfieblm^ghfm� ki_dljm� �:k���ih� ki_dljm�fhsgh-
klb� �Jk���i_jbh^hf_ljbq_kdb� �:i���ih�fh^mex�WW=� �:f��b�ih�h]b[Zxs_c� �:h���Ihemq_gu

iylv�hkgh\guo�j_amevlZlh\�����gZlmjZevgu_�ihdZaZl_eb�:i��:f��:h�^Zxl�ijZdlbq_kdb

wd\b\Ze_glgu_�hp_gdb��dhlhju_�\ukhdh^hklh\_jgh�hlebqZxlky�hl�hp_ghd�:k��Jk�����gZ-
lmjZevguf�ihdZaZl_eyf�k\hckl\_ggZ�]eZ^dZy�^bgZfbdZ�baf_g_gby�bo�agZq_gbc�gZ�ihke_-
^h\Zl_evguo� wihoZo��lh]^Z� dZd� dhk\_ggu_� ki_dljZevgu_� hp_gdb� ih^\_j`_gu� j_adbf� b

kemqZcguf�dhe_[Zgbyf�����dhk\_ggu_�hp_gdb�:k��Jk�\�hlebqb_�hl�gZlmjZevguo�g_�h[eZ^Z-
xl�k\hckl\hf�Z^^blb\ghklb��ijbkmrbf�klZlbklbq_kdhc�hi_jZpbb�mkj_^g_gby��ihemqZ_-
fu_�agZq_gby�\�aZ\bkbfhklb�hl�qbkeZ�b�^ebgu�mkj_^gy_fuo�wiho�fh]ml�jZaebqZlvky�\���b

[he__�jZa�����ihdZaZl_eb�:k��Jk�gZ�fh^_evguo�kb]gZeZo�k�ba\_klguf�khhlghr_gb_f�Zf-
ieblm^�^Zxl� hp_gdb� \� ���±����� jZaZ� hlebqZxsboky� hl� bklbggh]h� agZq_gby��lh]^Z� dZd

gZlmjZevgu_� ihdZaZl_eb� ^_fhgkljbjmxl� ijZ\bevgu_� khhlghr_gby� kj_^gbo� Zfieblm^�

���ihdZaZl_eb�:k��Jk�\�aZ\bkbfhklb�hl�nhjfu�ki_dljZevgh]h�jZkij_^_e_gby�fh]ml�jZa-
ebqZlvky�ih�k\h_fm�khhlghr_gbx�^ey�jZaguo�bkiulm_fuo�[he__�q_f�\���jZa��\�lh�\j_fy

dZd�gZlmjZevgu_�ihdZaZl_eb�^_fhgkljbjmxl�h^bgZdh\u_�khhlghr_gby�agZq_gbc��hleb-
qZxsb_ky�hl�dhk\_gguo�hp_ghd�\����±����jZa��GZbom^rb_�j_amevlZlu�\h�\k_o�kjZ\g_gbyo

hlghkylky�d�bkihevah\Zgbx�ki_dljZ�fhsghklb��Wlb�\u\h^u�g_�iha\heyxl�f_ljheh]bq_-
kdb� d\Zebnbpbjh\Zlv� ki_dljZevgu_� hp_gdb� kj_^g_c� Zfieblm^u� b� fhsghklb� WW=� dZd

ZgZeblbq_kdbc�bgkljmf_gl��Z^_d\Zlguc�ijbjh^_�b�ki_pbnbd_�WW=±ihl_gpbZeh\��Bo�bk-
ihevah\Zgb_� fh`_l� ijb\h^blv� d� g_kh\f_klbfhklb� j_amevlZlh\�� ihemq_gguo� jZagufb

bkke_^h\Zl_eyfb�

Dexq_\u_�keh\Z��Zfieblm^Z�WW=��Zfieblm^guc�ki_dlj��ki_dlj�fhsghklb��i_jbh^hf_l-
jby��h]b[ZxsZy��nbevljZpby��f_ljheh]by�
Keywords: EEG amplitude, amplitude spectrum, power spectrum, periodometric, envelope, fil-
tration, metrology.

<<?>?GB?
<�gZklhys_c�jZ[hl_�fu�jZkkfhljbf�\Z`guc�haZ]eZ\e_gguc�\hijhk�ba�h[eZklb�f_l-

jheh]bb� 1
��djbl_jbb��hp_gdb�b� klZg^Zjlu�dhlhjhc�\�h[eZklb�\uqbkebl_evghc� �dhebq_kl-

\_gghc��WW=��quantitative EEG – QEEG��ih�jy^m�ijbqbg�]eh[Zevgh�g_�knhjfbjh\Zebkv�2.
DZd� k\b^_l_evkl\m_l� kh^_j`Zgb_� ki_pbZevghc� h[ahjghc� fhgh]jZnbb� >��@� b� fgh`_kl\Z
`mjgZevguo�im[ebdZpbc�ih�QEEG��f_ljheh]bq_kdb_�\hijhku�ihqlb�g_�ijb\e_dZxl�\gb-
fZgb_�bkke_^h\Zl_e_c�WW=��Gh\u_�ij_^eZ]Z_fu_�fZl_fZlbq_kdb_�f_lh^u�g_�kjZ\gb\Zxl-
ky�k�ZgZeh]Zfb��bo�wnn_dlb\ghklv�ijb�j_r_gbb�lbih\uo�nbabheh]bq_kdbo�aZ^Zq�g_�hp_-
gb\Z_lky��g_�khihklZ\ey_lky��klZlbklbq_kdb�g_�\_jbnbpbjm_lky��LjZ^bpbhggu_�\�ijZdlbd_
f_lh^u�djblbq_kdb�g_�bkke_^mxlky�b�g_�i_j_hkfukeb\Zxlky��G_�kms_kl\m_l�\k_fbjghc
ghjfZlb\ghc�[Zau� aZibk_c�WW=��Z�lZd`_�ojZgbebs� aZibk_c�him[ebdh\Zgguo�bkke_^h\Z-
gbc��dhlhju_�iha\heyeb�[u�g_aZ\bkbfh�\_jbnbpbjh\Zlv�ihemq_ggu_�k�bo�bkihevah\Zgb_f
j_amevlZlu��>_ckl\bl_evgh��_keb�bkoh^gu_�fZl_jbZeu�\�obfbb��nbabd_�b�fgh]bo�^jm]bo

                                                          
1 ©F_ljheh]by�²�gZmdZ�h[�baf_j_gbyo��f_lh^Zo�b�kj_^kl\Zo�h[_ki_q_gby�bo�_^bgkl\Z�b�kihkh[Zo

^hklb`_gby�lj_[m_fhc�lhqghklb��Ij_^f_lhf�f_ljheh]bb�y\ey_lky�ba\e_q_gb_�dhebq_kl\_gghc�bgnhjfZpbb
h�k\hckl\Zo�h[t_dlh\�k�aZ^Zgghc�lhqghklvx�b�^hklh\_jghklvx��ghjfZlb\gZy�[ZaZ�^ey�wlh]h�²�f_ljheh]bq_-
kdb_�klZg^Zjluª�>;WK@�

2�G_dhlhju_�ba�ijbqbg�hlf_q_gu�\�bklhjbq_kdhf�h[ahj_�jZa\blby�f_lh^h\�b�kj_^kl\�\uqbkebl_ev-
gh]h�ZgZebaZ�WW=�ba�fhgh]jZnbb�>DmeZbq_\������@�
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gZmdZo��dZd�ijZ\beh��fh]ml�[ulv�^hklmigu�\� k\hbo� ZgZeh]Zo�^jm]bf�bkke_^h\Zl_eyf�� lh
aZibkb�WW=�qZklh�km[t_dlb\gh�b�f_lh^bq_kdb�mgbdZevgu�b�g_\hkijhba\h^bfu�

Ebrv� j_^db_� jZ[hlu� >��� ����� ��@� aZljZ]b\Zxl� qZklgu_� Zki_dlu� f_ljheh]bq_kdhc
ijh[e_fZlbdb��Hl^_evgmx�\_l\v�khklZ\ey_l�^ebl_evgZy�^bkdmkkby�h[�hilbfZevghf�WW=±
j_n_j_gl_��dhlhjZy�aZ����e_l�k\h_]h�jZa\blby�lZd�b�g_�\ujZ[hlZeZ�dhebq_kl\_gguo�hp_ghq-
guo�djbl_jb_\�b�klZg^Zjlh\� �kf��h[ahju� >������@���Hlkmlkl\b_�f_ljheh]bq_kdh]h�h[_ki_-
q_gby�b�klZg^Zjlh\�ijb\h^bl�d�g_kh\f_klbfhklb�b�ijhlb\hj_qb\hklb�j_amevlZlh\�b�\u\h-
^h\��ihemq_gguo�jZagufb�bkke_^h\Zl_eyfb��kf��h[ahju�ebl_jZlmju�\�>����@��

;he__� [eZ]hijbylgZy� kblmZpby� keh`beZkv� \� h[eZklb� ljZ^bpbhgghc� debgbq_kdhc
^bZ]ghklbdb� ih� WW=�� \k_p_eh� hjb_glbjh\Zgghc� gZ� \bamZevgh_� bamq_gb_� aZibk_c�� ]^_
knhjfbjh\Zgu�q_ldb_�djbl_jbb�b�klZg^Zjlu�dZd�kh[kl\_ggh�kbg^jhfZlbdb��lZd�b�gZibkZ-
gby� debgbq_kdbo� aZdexq_gbc� >��� ��� ��@��>jm]bf�ijbf_jhf� y\ey_lky� kblmZpby� \� h[eZklb
ZgZebaZ� \ZjbZ[_evghklb� k_j^_qgh]h� jblfZ�� ]^_� ihklhyggh� ^_ckl\mxsZy� f_`^mgZjh^gZy
jZ[hqZy�]jmiiZ��kha^ZggZy�g_kdhevdh�^_kylbe_lbc�gZaZ^�?\jhi_ckdbf�dZj^bheh]bq_kdbf
h[s_kl\hf�b�K_\_jhZf_jbdZgkdbf�h[s_kl\hf�klbfmeypbb�b�we_dljhnbabheh]bb��hkms_-
kl\ey_l�f_ljheh]bq_kdmx�klZg^ZjlbaZpbx�b�j_]eZf_glbjh\Zgb_�\uqbkebl_evguo�f_lh^h\
b�hp_ghqguo�ihdZaZl_e_c�>��@�

LZd�beb�bgZq_��gh�gZmqgu_�bkke_^h\Zgby�WW=�fgh]h�^_kylbe_lbc�ij_bfms_kl\_g-
gh�ke_^h\Zeb�\�nZj\Zl_j_�nbabq_kdbo�b�l_ogbq_kdbo�ijbeh`_gbc�fZl_fZlbq_kdbo�f_lh-
^h\�ZgZebaZ�kb]gZeh\��dhlhju_�aZqZklmx�gZijyfmx�b�g_djblbq_kdb�i_j_ghkbebkv�ijb\e_-
q_ggufb� bg`_g_jgufb� ki_pbZebklZfb� [_a� ^he`gh]h� mq_lZ�nmg^Zf_glZevghc� g_klZpbh-
gZjghklb� [bhkb]gZeh\� b� g_]Zjfhgbq_kdhc� ijbjh^u� bo� bklhqgbdh\� � >�@��>_ckl\bl_evgh�
g_l�gb�h^gh]h�ba\_klgh]h�qbklh]h�beb�ijbdeZ^gh]h�fZl_fZlbdZ��\g_kr_]h�\deZ^�\�jZajZ-
[hldm�ki_pbZevguo�f_lh^h\�ZgZebaZ�WW=�

<f_kl_�k�wlbf��\jy^�eb�gZc^mlky�\hajZ`_gby�ijhlb\�lh]h��qlh�\�ex[hc�gZmd_�ke_^m-
_l� klj_fblvky� d� ih\ur_gbx� lhqghklb� b� Z^_d\Zlghklb� baf_jbl_evguo� b� ZgZeblbq_kdbo
kj_^kl\��?keb�m�bkke_^h\Zl_ey�_klv�^\Z�ZgZeblbq_kdbo�bgkljmf_glZ��jZaebqZxsboky�ih-
]j_rghklvx� baf_j_gby�� lh� \^mfqb\uc� ki_pbZebkl�� [_amkeh\gh�� \u[_j_l� bgkljmf_gl
[hevr_c�baf_jbl_evghc�lhqghklb�b�gZ^_`ghklb��bgZq_�hl\_lkl\_ggh_�gZmqgh_�khh[s_kl\h
fh`_l�ijbagZlv�_]h�j_amevlZlu�b�\u\h^u�g_^hklZlhqgh�m[_^bl_evgufb��Djhf_�lh]h��nmg-
^Zf_glZevgu_�\hijhku�lhqghklb�b�Z^_d\Zlghklb�baf_jbl_evguo�b�ZgZeblbq_kdbo�kj_^kl\�
g_khfg_ggh��y\eyxlky�f_lh^bq_kdb� agZqbfufb�� ZdlmZevgufb�b�i_j\hhq_j_^gufb�\�ex-
[hc�gZmqghc�h[eZklb��\dexqZy�b�bkke_^h\Zgby�WW=�

GZ� hkgh\Zgbb� \ur_baeh`_ggh]h� ^ZggZy� jZ[hlZ� ihk\ys_gZ� f_ljheh]bq_kdhfm
kjZ\g_gbx�ijyfuo�baf_j_gbc�kj_^g_c�Zfieblm^u�WW=�\�qZklhlguo�^bZiZahgZo�k�dhk\_g-
gufb�hp_gdZfb��ihemq_ggufb�k�bkihevah\Zgb_f�ki_dljh\�fhsghklb�b�Zfieblm^u��>_c-
kl\bl_evgh��dZd�ohjhrh�ba\_klgh��\�bkke_^h\Zgbyo�WW=�kms_kl\m_l�djmigh_�gZmqgh_�gZ-
ijZ\e_gb_�� k\yaZggh_� k� \uy\e_gb_f�ih�WW=�f_`]jmiih\uo� jZaebqbc� �nmgdpbhgZevguo�
iheh\uo� \hajZklguo�� debgbq_kdbo�� khpbZevguo�� ijhn_kkbhgZevguo�� ]_h]jZnbq_kdbo� b
l�i����]^_�jZagu_�hp_gdb�kj_^g_c�Zfieblm^u�WW=�\�qZklhlguo�^bZiZahgZo��\�qZklghklb��ih
ki_dljm�fhsghklb���Z�lZd`_�jZagu_�hp_gdb�kbgojhgghklb�WW=�>����@�y\eyxlky�h^gbfb�ba
hkgh\guo�i_j\bqguo�ihdZaZl_e_c��B� wlhfm�gZijZ\e_gbx�ihk\ys_gh�g_bkqbkebfh_�fgh-
`_kl\h�im[ebdZpbc�

HP?GDB�KJ?>G?C�:FIEBLM>U�WW=
<�wihom�W<F��hkh[_ggh�[eZ]h^Zjy�ihy\e_gbx�\������]��Ze]hjblfZ�;IN��FFT��Zf-

ieblm^Z�WW=�klZeZ�hp_gb\Zlvky�ih�Zfieblm^ghfm�ki_dljm�\�\u[jZgghf�qZklhlghf�^bZiZ-
ahg_��Z�lZd`_�ih�iehlghklb�ki_dljZevghc�fhsghklb��power spectral density, \�ijhklhj_qbb
��ih�©ki_dljm�fhsghklbª�beb�©fhsghklb�WW=ª���dhlhjZy��dZd��ba\_klgh��>������@��y\ey_lky
d\Z^jZlhf�Zfieblm^gh]h�ki_dljZ. DZd�lZd`_�ohjhrh�ba\_klgh��j_amevlZlhf�;IN�y\ey_lky
dhfie_dkghagZqguc�ki_dlj��fh^mev�dhlhjh]h�b�gZau\Z_lky�Zfieblm^guf�ki_dljhf�

H^gZdh�ijb�hlkmlkl\bb�jZa\blhc�ijhn_kkbhgZevghc�fZl_fZlbq_kdhc�bglmbpbb�g_-
ebg_cgu_� khhlghr_gby� f_`^m� hp_gdZfb� ki_dljZ� fhsghklb� ljm^gu� ^ey� \hkijbylby� \
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kjZ\g_gbb�k�ebg_cgufb�khhlghr_gbyfb�Zfieblm^gh]h�ki_dljZ��G_�lZd�ijhklh�hkhagZlv�b
nbabheh]bq_kdbc�kfuke�hp_ghd��\ujZ`_gguo�\�fbdjh\hevlZo�\�d\Z^jZl_��dh]^Z�bkoh^gh
baf_jyxlky�bf_ggh�[bhihl_gpbZeu��Z�g_�bo�d\Z^jZlu��dm[u�beb�eh]Zjbnfu.

DZd�ke_^kl\b_�g_ebg_cghklb�\�ki_dlj_�fhsghklb�^hfbgbjmxl�\ukhdhZfieblm^gu_
ibdb�b�gb\_ebjmxlky�^h�bkq_agh\_gby�kj_^gb_�b�gbadhZfieblm^gu_�^_lZeb��Wlh�ijhy\ey-
_lky�dZd�\�khhlghr_gbyo�ih�qZklhlguf�^bZiZahgZf�\�dhgdj_lghf�hl\_^_gbb��lZd�b�\�khhl-
ghr_gbyo�ih�hl\_^_gbyf�\�dhgdj_lghf�^bZiZahg_��gh�hkh[_ggh�ajbfh±]bi_jljhnbjh\Zgh
±�gZ� lhih]jZnbq_kdbo� dZjlZo� k� hlh[jZ`_gb_f�gZ� kdZevi_� \k_]h� ^\mo� h[eZkl_c� kbg_]h� b
djZkgh]h�p\_lZ�

B� gZdhg_p�� ^Z\Zcl_� aZ^mfZ_fky�� qlh� fZl_fZlbq_kdb� hagZqZ_l� kj_^g__� agZq_gb_
ki_dljZ�fhsghklb�WW=�\�qZklhlghf�^bZiZahg_��Wlh�_klv�^bki_jkby�Zfieblm^gh]h�ki_dljZ
WW=�hlghkbl_evgh�gmey�\�jheb�kj_^g_]h�agZq_gby�>��@��Hlkx^Z�kjZam�`_�ke_^m_l�aZdhgh-
f_jguc�\hijhk��dZdhc�nbabheh]bq_kdbc�kfuke�fh`gh�ijbibkZlv�lZdhfm�ihdZaZl_ex"�DZd
ba\_klgh�� ^bki_jkby� y\ey_lky� h^ghc� ba� ^\mo� oZjZdl_jbklbd�� bkq_jiu\Zxs_� hij_^_eyx-
sbo�nhjfm�ghjfZevgh]h�jZkij_^_e_gby�\_jhylghkl_c��LZdhc�oZjZdl_jbklbd_�nhjfu�ghj-
fZevgh]h�jZkij_^_e_gby��hq_\b^gh��g_evay�ijbibkZlv�ijyfhc�b� ykguc�nbabheh]bq_kdbc
kfuke��\�hlebqb_�hl�ijyfh]h�b�ykgh]h�nbabheh]bq_kdh]h�kfukeZ�Zfieblm^u�WW=�>�@���Lh�
qlh�wlZ�^bki_jkby�g_�hq_gv�ihgylguf�h[jZahf�baf_gy_lky�ijb�baf_g_gbb�nmgdpbhgZevgh-
]h�khklhygby�y\ey_lky�g_�__�nbabheh]bq_kdbf�kfukehf��Z�k\hckl\hf��b�lZdbf�`_�k\hckl-
\hf�h[eZ^Z_l�eh]Zjbnf�Zfieblm^u��dhj_gv�ex[hc�kl_i_gb�b�^j�

<f_kl_�k�wlbf��kZfb�j_amevlZlu�ki_dljZevgh]h�ZgZebaZ�oZjZdl_jbamxlky�jy^hf�ih-
]j_rghkl_c��gZb[he__�ba\_klguf�ba�dhlhjuo�y\ey_lky�lZd�gZau\Z_fh_�©\ul_dZgby�fhsgh-
klbª�ba�hkgh\guo�ibdh\��dhlhjh_�h^gZdh�km`Z_lky�k�m\_ebq_gb_f�jZaj_r_gby�ih�qZklhl_�
D�lhfm�`_�lZdhc�wnn_dl�hkfuke_g�^ey�kb]gZeh\�k�fhsgufb�fhgh]Zjfhgbq_kdbfb�bklhq-
gbdZfb��qlh�g_�khhl\_lkl\m_l�ijbjh^_�WW=��g_�bf_xs_c�lZdh]h�jh^Z�]_g_jZlhjh\��:�_keb
y\e_gby�g_�kms_kl\m_l��lh�g_�bf_xl�kfukeZ�b�kj_^kl\Z�[hjv[u�k�gbf�>��@��F_g__�ba\_klgh
\ebygb_� Zfieblm^ghc�fh^meypbb��ijbkms_c�bf_ggh�WW=±kb]gZeZf��\�j_amevlZl_�q_]h�\
ki_dlj_� ihy\eyxlky� [hdh\u_� ibdb�� dhlhju_�fh]ml� [ulv� m^Ze_gu� hl� hkgh\gh]h� ibdZ� gZ
agZqbl_evgh_�jZkklhygb_��>�@�

LZd�beb�bgZq_��ijb�qZklhlghf�jZaj_r_gbb�hl������=p�b�emqr_�jZkij_^_e_gb_�]Zj-
fhgbd�ih�qZklhl_�^ey�WW=�ij_^klZ\ey_lky�oZhlbqguf�q_j_^h\Zgb_f� \ukhdh�b�gbadhZf-
ieblm^guo�khklZ\eyxsbo��dhlhju_�d�lhfm�`_�kbevgh�\Zjvbjmxl�ih�Zfieblm^_�b�qZklhl_
hl�wihob�d�wiho_� � �jbk�����Ihwlhfm�h^bghqgu_�]Zjfhgbdb�g_�ij_^klZ\eyxl�bgl_j_kZ�^ey
ZgZebaZ��^Z�b�g_�bf_xl�nbabheh]bq_kdh]h�kfukeZ��Hlkx^Z�h[uqgh�bkihevamxlky�mkj_^-
g_ggu_�ki_dljZevgu_�hp_gdb�\�jZfdZo�\u[jZggh]h�qZklhlgh]h�^bZiZahgZ��dhlhju_�y\ey-
xlky�[he__�klZlbklbq_kdb�mklhcqb\uf�ihdZaZl_e_f��Wlb�ihdZaZl_eb�[m^_f�gZau\Zlv�dhk-
\_ggufb�hp_gdZfb�kj_^g_]h�Zfieblm^gh]h�mjh\gy�WW=�\�qZklhlguo�^bZiZahgZo�ih�Zfieb-
lm^ghfm�ki_dljm�WW=��:k��b�ih�ki_dljm�fhsghklb�WW=��Jk��

Jbk����:fieblm^gu_�ki_dlju�gZ�q_luj_o�ihke_^h\Zl_evguo���k_dmg^guo�wihoZo�\�hl\_^_-
gbb�H��ijh[u�©aZdjulu_�]eZaZª
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L_i_jv�aZ^mfZ_fky��qlh�`_�kh^_j`Zl_evgh�hagZqZ_l�©kj_^gyy�Zfieblm^Z�kb]gZeZª�
>ey�fhgh]Zjfhgbq_kdbo�kb]gZeh\�hl\_l�hq_\b^_g�±�wlh�iheh\bgZ�jZaghklb�f_`^m�fZdkb-
fmfhf�b�fbgbfmfhf�dhe_[Zgbc��<� kemqZ_�iheb]Zjfhgbq_kdh]h�oZjZdl_jZ� kb]gZeZ�hl\_l
g_�klhev�hq_\b^_g��<�^hdhfivxl_jgmx�wihom�wlhl�\hijhk�j_rZeky�f_lh^hf�i_jbh^hf_l-
jbq_kdh]h� ZgZebaZ�WW=�� dh]^Z� ijh\h^bebkv� jmqgu_� baf_j_gby� ih� [mfZ`ghc� aZibkb� Zf-
ieblm^�b�i_jbh^h\�ihke_^h\Zl_evguo�dhe_[Zgbc�kb]gZeZ��ih�dhlhjuf�\uqbkeyeZkv�kj_^-
gyy�Zfieblm^Z��dhlhjmx�[m^_f�h[hagZqZlv�:i���b�^jm]Zy�hibkZl_evgZy�klZlbklbdZ��<�wihom
W<F�wlhl�f_lh^�j_Zebah\Zeky�k�ij_^\Zjbl_evghc�pbnjh\hc�nbevljZpb_c�kb]gZeZ�\�aZ^Zg-
ghf�qZklhlghf�^bZiZahg_�b�ihke_^mxsbfb�Z\lhfZlbq_kdbfb�baf_j_gbyfb�\hkoh^ysbo�b
gbkoh^ysbo�i_j_iZ^h\�Zfieblm^u��jbk��;).

A^_kv�� h^gZdh�� bf_xlky� jy^� lhgdhkl_c��<� k\yab� k� Zfieblm^ghc�fh^meypb_c�WW=
\hkoh^ysb_� b� gbkoh^ysb_� i_j_iZ^u� Zfieblm^u� �Z[khexlgu_� jZaghklb� f_`^m� [eb`Zc-
rbfb�fZdkbfmfZfb�b�fbgbfmfZfb��\Zjvbjmxl�ih�\_ebqbg_��Ihwlhfm�ih�\he_\hfm�j_r_-
gbx�fh`gh�mkj_^gylv�lhevdh�\hkoh^ysb_�i_j_iZ^u��lhevdh�gbkoh^ysb_�beb�`_�l_�b�^jm-
]b_��Djhf_� lh]h��\j_f_ggZy�^ebl_evghklv� wlbo�i_j_iZ^h\� lZd`_�\Zjvbjm_l��b� wlh�fh`gh
mqblu\Zlv�beb�g_�mqblu\Zlv�ijb�mkj_^g_gbb��Bgufb�keh\Zfb��\j_f_ggZy�rdZeZ�baf_j_-
gbc�Zfieblm^u�g_jZ\ghf_jgZy��lh�_klv�lZdb_�baf_j_gby�g_�y\eyxlky�\j_f_gguf�jy^hf�
>Ze__��^ebl_evghklv�g_dhlhjuo�i_jbh^h\�fh`_l�\uoh^blv�aZ�jZfdb�ZgZebabjm_fh]h�qZk-
lhlgh]h�^bZiZahgZ��lZdb_�i_jbh^u�h[uqgh�hlghkylky�d�gbadhZfieblm^guf�dhe_[Zgbyf���b
bo� \dexq_gb_�g_\dexq_gb_� \� mkj_^g_gb_� lZd`_� hlghkblky� d� \he_\hfm� \u[hjm��<h� \k_o
wlbo�\ZjbZglZo�j_amevlZlu�[m^ml�g_fgh]h�jZaebqZlvky��klZlbklbq_kdb�gZkdhevdh�±�gbdlh
g_�bamqZe�

:

;

<

=

Jbk����NjZ]f_gl�WW=��:���j_amevlZl�nbevljZpbb�\�ZevnZ�^bZiZahg_��;���fh^mev�hl-
nbevljh\Zggh]h�kb]gZeZ��<���h]b[ZxsZy�WW=��=)

>jm]hc��[he__�ijhklhc�\�j_ZebaZpbb�f_lh^�khklhbl�\�\uqbke_gbb�kj_^g_]h�agZq_-
gby�hl�Z[khexlghc�\_ebqbgu�beb�fh^mey�WW=��jbk���<��wlhl�ihdZaZl_ev�[m^_f�h[hagZqZlv
:f���>_ckl\bl_evgh�� ihkdhevdm� lZdbf� baf_j_gbyf� ij_^r_kl\m_l�nbevljZpby�WW=� \� aZ-
^Zgghf� qZklhlghf� ^bZiZahg_�� lh� ihemq_ggZy� aZibkv� p_gljbjh\ZgZ� hlghkbl_evgh� gmey� b
iheh`bl_evgu_�b�hljbpZl_evgu_�dhe_[Zgby�WW=�\iheg_�kbff_ljbqgu��Z�^bgZfbdZ�baf_-
g_gby�bo�wdklj_fmfh\�^hklZlhqgh�]eZ^dZy��Ihwlhfm�ijhklh_�mkj_^g_gb_�Zfieblm^�lZdh]h
kb]gZeZ�ih�\k_f�\j_f_gguf�hlkq_lZf�^Z_l�_s_�h^gm�hp_gdm�kj_^g_c�Zfieblm^u�WW=�ih-
^h[gh� kj_^g_fm� agZq_gbx� \j_f_ggh]h� jy^Z� beb� ij_^klZ\ey_fhc� bf� fZl_fZlbq_kdhc
nmgdpbb��Ijb�wlhf��hq_\b^gh��bkdexqZ_lky�b�\ebygb_�\j_f_gghc�\ZjbZ[_evghklb�i_jbh-
^h\�b�Zfieblm^��hlf_q_ggh_�\ur_�\�hlghr_gbb�i_jbh^hf_ljbq_kdh]h�ZgZebaZ�
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Lj_lv_c� Zevl_jgZlb\ghc� hp_gdhc� fh`_l� \uklmiZlv� kj_^g__� agZq_gb_� h]b[Zxs_c
WW=�>��@��jbk���=���dhlhjZy�hljZ`Z_l�baf_g_gb_�Zfieblm^ghc�fh^meypbb�kb]gZeZ��\�k\yab
k�q_f�hgZ�ZgZeh]bqgZ�i_jbh^hf_ljbq_kdhc�hp_gd_� �[ebadZ�d� ����hl�:i���gh�ba[Z\e_gZ�hl
^bkdj_lghklb�jZkij_^_e_gby�wdklj_fmfh\�WW=�\h�\j_f_gb�b�hl�\ZjbZ[_evghklb�bo�i_jbh-
^h\��wlhl�ihdZaZl_ev�[m^_f�h[hagZqZlv�:h��

I_j_qbke_ggu_� ljb� ihdZaZl_ey� [m^_f� gZau\Zlv� gZlmjZevgufb� hp_gdZfb� kj_^g_c
Zfieblm^u�WW=�b�^Ze__�jZkkfhljbf��\�dZdhf�khhlghr_gbb�hgb�gZoh^ylky�k�dhk\_ggufb
ki_dljZevgufb�hp_gdZfb�

F?LH>BDB�B�J?AMEVL:LU
���Bgl_]jZevgu_�jZaebqby

Hp_gbf� jZaebqby�ihdZaZl_e_c�Jk��:k� :i� :f� :h�gZ�ijbf_j_� aZibkb�WW=�ijh[u
©aZdjulu_�]eZaZª��\uiheg_gghc�ih�kbkl_f_���±����k�qZklhlhc�^bkdj_lbaZpbb�����=p�gZ
bgl_j\Ze_� ������k� ��GZ�wlhf�bgl_j\Ze_�\uqbkebf� agZq_gby�iylb�ihdZaZl_e_c�^ey�ZevnZ±
^bZiZahg_�\����g_p_gljZevguo�hl\_^_gbyo��Ihkdhevdm�agZq_gby�ihdZaZl_e_c�jZaebqZxlky
\� ���±��jZaZ�ih�k\h_c�\_ebqbg_�b�^bZiZahgm�baf_g_gby��lh�^ey�kjZ\gbfhklb�j_amevlZlh\
ijhba\_^_f�Z±ghjfZebaZpbx�agZq_gbc�dZ`^h]h�ihdZaZl_ey�ih�\k_f�hl\_^_gbyf�

GZ�jbk����ijb\_^_gu�hp_gdb�Jk��:k��:h�ih�hl\_^_gbyf�\�ihjy^d_�bo�f_jb^bZggh]h
ke_^h\Zgby��hp_gdb�:i�b�:f�ih�ijbqbg_�bo�[ebahklb�d�:h�g_�bah[jZ`_gu���DZd�e_]dh�aZ-
f_lblv��bkihevam_fZy�aZibkv�^_fhgkljbjm_l�deZkkbq_kdh_�ihke_^h\Zl_evgh_�mf_gvr_gb_
Zfieblm^u�ZevnZ±jblfZ�hl�aZluehqguo�hl\_^_gbc�d�eh[guf�k�aZf_lghc�b�jZaghagZdh\hc
Zkbff_ljb_c�\�l_f_gguo�b�aZluehqguo�hl\_^_gbyo��GZ[ex^Z_lky�lZd`_�jy^�jZaebqbc�f_-
`^m�lj_fy�ihdZaZl_eyfb��baf_gyxsboky�ih�agZdm�\�hl^_evguo�hl\_^_gbyo�

Jbk����Z�ghjfZebah\Zggu_�ki_dljZevgu_�hp_gdb�kj_^g_c�Zfieblm^u�WW=��d\Z^jZlu��
kj_^g_c�fhsghklb��lj_m]hevgbdb��b�hp_gdb�ih�h]b[Zxs_c�WW=��djm]b�

<uqbkebf�hibkZl_evgmx�klZlbklbdm� �^bZiZahg�baf_g_gby��kj_^g__�±�klZg^Zjlgh_
hldehg_gb_��^ey� Z[khexlguo�\_ebqbg�jZaghkl_c�ih�hl\_^_gbyf�ihdZaZl_e_c�:k� :i� :f�
hlghkbl_evgh�:h�

|:k�:h_��������÷0.21,    0.101±0.058;
|:f�:h_��������÷0.012, 0.0036±0.003;
|:i�:h_���������÷0.07,  0.003±0.002.

GZb[hevrZy�\_ebqbgZ�jZaghklb�bf__l�f_klh�^ey�:k�b�^hklb]Z_l�����hl�Z±hldehg_gby��Z
kj_^gyy�jZaghklv�ij_\urZ_l������Qlh�`_�dZkZ_lky�ihdZaZl_e_c�:i� :f��lh�bo�jZaebqby�k
:h�fbgbfZevgu�±�kj_^gyy�jZaghklv�g_�ij_\urZ_l�������hl�Z±hldehg_gby��JZaebqby�f_`-
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^m�kj_^gbfb�agZq_gbyfb� _:k�:h_�b� _:f�:h_�� _:k�:h_�b� _:i�:h_�\uy\eyxlky�ih� t±djbl_jbx�k
\ukhdhc�^hklh\_jghklvx�p ����������K�^jm]hc�klhjhgu��jZaebqby�f_`^m�_:f�:h_�b�_:i�:h_
hlkmlkl\mxl�gZ�mjh\g_�agZqbfhklb�p ������l_f�kZfuf�ihdZaZl_eb�:i�b :f�fh]ml�jZkkfZl-
jb\Zlvky�dZd�wd\b\Ze_glgu_�

<uqbkebf� ZgZeh]bqgmx� klZlbklbdm� ^ey� jZaghkl_c� lj_o� gZlmjZevguo� ihdZaZl_e_c
hlghkbl_evgh�:k�

|:h�:k_�������÷0.21, 0.101±0.058;
|:f�:k_�������÷0.26, 0.12±0.066;
|:i�:k_�������÷0.21,  0.102±0.033.

Gme_\u_� ]bihl_au�hlkmlkl\by�ihiZjguo�jZaebqbc�f_`^m� _:h�:k_�� _:f�:k_�� _:i�:k_�ijbgb-
fZxlky�k�\ukhdhc�^hklh\_jghklvx�p ������������������l_f�kZfuf�wlb�ljb�gZlmjZevguo�ih-
dZaZl_ey�fh]ml�jZkkfZljb\Zlvky�dZd�wd\b\Ze_glgu_�

Ijh\_^_f�\uqbke_gby�^ey�Jk�hlghkbl_evgh�:h�b�:k�
|Jk�:h_�������÷0.54, 0.115±0.126;
|Jk�:k_������÷0.67,   0.169±0.157.

LZdbf� h[jZahf�� ki_dlj�fhsghklb� ^Z_l� hp_gdb�� _s_� [hevrb_� hlghkbl_evgh� \ur_ijb\_-
^_gguo�ih�^bZiZahgm�baf_g_gby�b�kj_^gbf�agZq_gbyf�dZd�ih�kjZ\g_gbx�k�Zfieblm^guf
ki_dljhf��lZd�b�ih�kjZ\g_gbx�k�h]b[Zxs_c�

<u\h^��Ljb�gZlmjZevgu_�ihdZaZl_ey�^ey�kj_^g_c�Zfieblm^u�WW=�ijZdlbq_kdb�g_
jZaebqZxlky� f_`^m� kh[hc� b� fh]ml� jZkkfZljb\Zlvky� dZd� wd\b\Ze_glgu_�� gh� hgb� \ukhdh
agZqbfh�hlebqZxlky�hl�dhk\_gguo�hp_ghd�ih�Zfieblm^ghfm�ki_dljm��?s_�[hevrb_�\_eb-
qbgu�jZaebqbc�k�^jm]bfb�q_lujvfy�ihdZaZl_eyfb�bf_xl�f_klh�^ey�ki_dljZ�fhsghklb�

���>bnn_j_gpbZevgu_�jZaebqby

>ey�[he__�^_lZevgh]h�qbke_ggh]h�bkke_^h\Zgby� kl_i_gb� Z^_d\Zlghklb�jZkkfZljb-
\Z_fuo� ihdZaZl_e_c� fh]ml� [ulv� bkihevah\Zgu� g_kdhevdh� f_lh^bq_kdbo� ih^oh^h\�� Ih-
kdhevdm�\ur_�[ueZ�ihdZaZgZ�wd\b\Ze_glghklv�gZlmjZevguo�hp_ghd��lh�kj_^b�gbo�\�^Zev-
g_crbo�kjZ\g_gbyo�ij_bfms_kl\_ggh�[m^_f�bkihevah\Zlv�hp_gdm�ih�h]b[Zxs_c�

B^_y�h^gh]h�ba�ih^oh^h\�khklhbl�\�ke_^mxs_f��?keb�jZa[blv�aZibkv�WW=�gZ�i_j_-
dju\Zxsb_ky�wihob�k�g_[hevrbf�\j_f_gguf�k^\b]hf�f_`^m�kh[hc��lh�^bgZfbdZ�baf_g_-
gby�Z^_d\Zlguo�hp_ghd�ih�wihoZf�^he`gZ�[ulv�^hklZlhqgh�]eZ^dhc�

JZkkfhljbf�aZluehqgh_�hl\_^_gb_�H���\�dhlhjhf�gZb[he__�\ujZ`_g�ZevnZ±jblf��b
eh[gh_�hl\_^_gb_�F��k�fZeuf�ij_^klZ\bl_evkl\hf�ZevnZ±jblfZ��JZah[v_f�h[sbc�\j_f_g-
ghc�bgl_j\Ze�������k�gZ�����wihob��^ebl_evghklvx�������k�kh�k^\b]hf�����k�f_`^m�kh[hc�
GZ�dZ`^hc� i±hc�wiho_�\uqbkebf�^\_�hp_gdb�kj_^g_c�Zfieblm^u�WW=�ki_dljZevgmx�:ki�b
ih�h]b[Zxs_c�:hi., i �±�����Z�^ey�bo�kjZ\gbfhklb�ijh\_^_f�Z±ghjfZebaZpbx�dZ`^hc�ba
^\mo�hp_ghd�ih�\k_f����±f�wihoZf��Ihkdhevdm�\j_f_gghc�k^\b]�f_`^m�wihoZfb�khklZ\ey-
_l�����hl�bo�^ebl_evghklb��lh�\j_f_ggZy�^bgZfbdZ�baf_g_gby�hp_ghd��Z^_d\Zlguo�ijbjh-
^_�WW=��ih�wihoZf�^he`gZ�[ulv�^hklZlhqgh�]eZ^dhc�[_a�j_adbo�b�jZaghagZdh\uo�dhe_[Z-
gbc�

GZ�jbk���ijb\_^_gZ�^bgZfbdZ�baf_j_gby�:ki�b�:hi ��\uy\eyxsZy�agZqbl_evgu_�jZa-
ebqby�f_`^m�^\mfy�ihdZaZl_eyfb�ijb�[he__�]eZ^dhc�^bgZfbd_�^ey�:h�b�fgh]bfb�wibah-
^Zfb� kemqZcguo�\ukhdhZfieblm^guo�nexdlmZpbc�^ey�:k���Djhf_� lh]h��ijb� khihklZ\e_-
gbb�]jZnbdh\�ih�hl\_^_gbyf�H��b�F��\uy\ey_lky�p_euc�jy^�wibah^h\�ijhlb\hiheh`guo
l_g^_gpbc�ih�^\mf�jZkkfZljb\Z_fuf�hp_gdZf�� lh� _klv�bf_xl�f_klh�b�jZaebqby�\� lhih-
]jZnbq_kdbo�khhlghr_gbyo��hp_gdb�:ki�b�:hi�\�H��kms_kl\_ggh�jZaebqgu��Z�\�F��hgb�h^b-
gZdh\u� beb�`_� bo� khhlghr_gb_�f_gy_lky� gZ� ijhlb\hiheh`gh_��LZdb_� lhih]jZnbq_kdb_
jZaebqby�djZcg_�lj_\h`gu��ihkdhevdm�hgb�fh]ml�ijb\h^blv�d�jZaebqbyf�\�j_amevlZlZo�b
\u\h^Zo�ih�f_`]jmiih\uf�kjZ\g_gbyf��hp_gb\Zxsbf�\ebygb_�jZaebqguo�nZdlhjh\��\ha-
jZklZ��iheZ��ijhn_kkbb��iZlheh]bb��nmgdpbhgZevgh]h� khklhygby��fhlb\Zpbb�� khpbZevghc
beb�ijhn_kkbhgZevghc�]jmiiu�b�l�i���
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Jbk����>bgZfbdZ�baf_g_gby�hp_ghd�kj_^g_c�Zfieblm^u�WW=�\�ZevnZ�^bZiZahg_�gZ�����o���
k_dmg^guo�wihoZo��kh�k^\b]hf�����k�^jm]�hlghkbl_evgh�^jm]Z�\�hl\_^_gbyo�F��b�O���k_jh_�±�hp_gdb
ih�Zfieblm^ghfm�ki_dljm��q_jgh_�±�hp_gdb�ih�h]b[Zxs_c��klj_edZfb�hlf_q_gu�oZjZdl_jgu_�wib-

ah^u�lhih]jZnbq_kdbo�jZaebqbc

Qbke_ggmx�hp_gdm�kl_i_gb�©]eZ^dhklbª�Zfieblm^guo�baf_g_gbc�fh`gh�ijhba\_-
klb� ih� ijhba\h^ghc� beb� ih� fh^mex� kj_^gbo� jZaghkl_c� ∆:i� f_`^m� khk_^gbfb� wihoZfb
∆:i _:i+1±:i.|. J_amevlZlu�dhebq_kl\_ggh]h�kjZ\g_gby�ijb\_^_gu�\�lZ[e����]^_�mdZaZgu�hl-
\_^_gb_��qZklhlguc�^bZiZahg��ihdZaZl_ev�:k�beb�:h��kj_^gyy�Z[khexlgZy�jZaghklv� _:ki –
:hi_� f_`^m� ihdZaZl_eyfb� dZ`^hc� wihob� ±� __� klZg^Zjlgh_� hldehg_gb_�� kj_^g__� ±
klZg^Zjlgh_�hldehg_gb_�∆:ki��b�∆:hi��mjh\_gv�agZqbfhklb�gme_\hc�]bihl_au�h[�hlkmlkl\bb
jZaebqby�kj_^gbo�∆:k��b�∆:h.

LZ[ebpZ����J_amevlZlu�ZgZebaZ�^bnn_j_gpbZevguo�jZaebqbc�hp_ghd�kj_^g_c�Zf-
ieblm^u�WW=�ih�Zfieblm^ghfm�ki_dljm�b�ih�h]b[Zxs_c

Hl\_^_gb_ >bZiZahg WihoZ IhdZaZl_ev ABS�jZaghklv :[k�ijhba\h^gZy AgZqbfhklv
ki_dlj 0.31 ± 0.30F3 ZevnZ ��k

h]b[ZxsZy
0.53 ± 0.11

0.21 ± 0.16
J ������

ki_dlj 0.30 ± 0.26O2 ZevnZ ��k
h]b[ZxsZy

1.0 ± 0.54
0.16 ± 0.13

j ��������

ki_dlj 0.46 ± 0.43F3 beta1 ��k
h]b[ZxsZy

0.45 ± 0.36
0.24 ± 0.21

j ��������

ki_dlj 0.23 ± 0.21O2 ZevnZ ��k
h]b[ZxsZy

0.31 ± 0.24
0.12 ± 0.08

j ��������

ki_dlj 0.20 ± 0.20O2 ZevnZ ��k
h]b[ZxsZy

0.39 ± 0.27
0.08 ± 0.05

j ��������

DZd�\b^gh�ba�lZ[e����Z[khexlgZy�kj_^gyy�jZaghklv�f_`^m�ki_dljZevgufb�hp_gdZfb
b�hp_gdZfb�ih�h]b[Zxs_c�^hklb]Z_l�\_ebqbg���÷�����hl�Z±hldehg_gby��qlh�agZqbl_evgh
[hevr_� jZaghkl_c�� mkj_^g_gguo� ih� \k_f� hl\_^_gbyf� gZ� [hevrhc� wiho_� \� ij_^u^ms_f
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jZa^_e_��LZdZy� kblmZpby�^hklZlhqgh� lj_\h`gZ��ihkdhevdm�bkke_^h\Zl_ev�\ke_^kl\b_� kem-
qZcguo�nZdlhjh\�fh`_l�ijh\_klb�j_]bkljZpbx�WW=�\�g_[eZ]hijbylghc�ih�\_ebqbg_�ih-
]j_rghkl_c�ki_dljZevgh]h�ZgZebaZ�\j_f_gghc�i_jbh^�

Kj_^gb_�agZq_gby�b�klZg^Zjlgu_�hldehg_gby�\����±��jZaZ�gb`_�^ey�∆:h�ih�kjZ\g_-
gbx�k�∆:k��b�wlb�jZaebqby�\ukhdh�^hklh\_jgu�ijb�gbadbo�mjh\gyo�agZqbfhklb�gme_\uo
]bihl_a��:gZeh]bqgh_�khhlghr_gb_�bf__l�f_klh�b�\�[he__�\ukhdhqZklhlghf�[_lZ�±^bZiZ-
ahg_��Z�lZd`_�gZ�[he__�ijhly`_gguo�wihoZo�ZgZebaZ�\���b���k��k^\b]Z_fuo�lZd`_�gZ�����k�
LZdbf�h[jZahf��\uy\e_ggu_�aZdhghf_jghklb�klZ[bevgu�b�\hkijhba\h^bfu�g_�aZ\bkbfh�hl
hl\_^_gby��qZklhlgh]h�^bZiZahgZ�b�^ebl_evghklb�wihob�ZgZebaZ�

JZkkfhljbf�hp_gdb�ih�ki_dljm�fhsghklb�Jk�^ey�ZevnZ±^bZiZahgZ�\�hl\_^_gbb�H�
^ey�wihob���k��kj_^gyy�Z[khexlgZy�jZaghklv�dhlhjuo�k�:h�^hklb]Z_l�����±������Z�k�:k�kh-
klZ\ey_l�����±������KlZlbklbdZ�ih�ijhba\h^ghc�∆Jk ����±�����^hklh\_jgh�hlebqZ_lky�hl
∆:h�j ��������Z�ih�klZlbklbq_kdhc�l_g^_gpbb�hlebqZ_lky�b�hl�∆:k�j=0.02.

<u\h^��GZlmjZevgu_�hp_gdb�kj_^g_c�Zfieblm^u�WW=�h[_ki_qb\Zxl�[he__�]eZ^dmx
^bgZfbdm�baf_g_gby�gZ�khk_^gbo�wihoZo��lh]^Z�dZd�ki_dljZevgu_�Zfieblm^gu_�b�fhsgh-
klgu_�hp_gdb�ih^\_j`_gu�j_adbf�b�kemqZcguf�dhe_[Zgbyf��djhf_�lh]h��hgb�g_�kh\iZ^Zxl
f_`^m�kh[hc�ih�klZlbklbq_kdhc�l_g^_gpbb�

���K\hckl\h�Z^^blb\ghklb�j_amevlZlh\�mkj_^g_gby

KlZlbklbq_kdZy�hi_jZpby�mkj_^g_gby�h[eZ^Z_l�k\hckl\hf�Z^^blb\ghklb��Z�bf_ggh�
kj_^g__�agZq_gb_�\u[hjdb�jZ\gh�j_amevlZlm�mkj_^g_gby�kj_^gbo�agZq_gbc�__�ihke_^h\Z-
l_evguo� g_i_j_k_dZxsboky� ih^\u[hjhd� jZ\gh]h� jZaf_jZ��GZlmjZevgu_� hp_gdb� kj_^g_c
Zfieblm^u�WW=�ih�kZfhfm�k\h_fm�hij_^_e_gbx�wlbf�k\hckl\hf�h[eZ^Zxl��<uykgbf�gZ-
ebqb_�wlh]h�k\hckl\Z�m�ki_dljZevguo�hp_ghd�

<havf_f� l_�`_� kZfu_� hl\_^_gby�F�� b�O�� b� qZklhlgu_� ^bZiZahgu� ZevnZ� b� [_lZ1.
<uqbkebf�:k�b�Jk�ih�\k_fm�bgl_j\Zem�gZ[ex^_gby��Z�aZl_f�wlhl�bgl_j\Ze�[m^_f�jZa[b-
\Zlv�gZ���������wiho��\uqbkebf�ih�gbf�:ki, Jki�b�mkj_^gbf�ihemq_ggu_�hp_gdb��J_amevlZlu
ijb\_^_gu�\�lZ[e�����hldm^Z�ke_^m_l�ihke_^h\Zl_evgh_�\hajZklZgb_�hp_ghd�:k�b�Jk�\�aZ\b-
kbfhklb�hl�qbkeZ�b�jZaf_jZ�mkj_^gy_fuo�wiho�

LZ[ebpZ����Baf_g_gb_�ki_dljZevguo�hp_ghd�kj_^g_c�Zfieblm^u�b�fhsghklb�WW=�\
aZ\bkbfhklb�hl�qbkeZ�b�jZaf_jZ�mkj_^gy_fuo�wiho

Hl\_^_gb_ >bZiZahg IhdZaZl_ev WihoZ����k ��wihob����k ��wihob���k ��wiho���k

O2 :evnZ Zfieblm^Z 3.5 4.96 6.9 10.11
F3 :evnZ Zfieblm^Z 2.43 3.4 4.76 6.9
O2 beta1 Zfieblm^Z 1.46 2.04 2.82 4.16
F3 beta1 Zfieblm^Z 1.07 1.56 2.24 3.21
O2 ZevnZ fhsghklv 26.46 48.09 81.05 169.8

LZdh_�iheh`_gb_�lZd`_�y\ey_lky�^hklZlhqgh�lj_\h`guf��ihkdhevdm�jZagu_�bkke_-
^h\Zl_eb� ZgZebabjmxl� aZibkb�WW=� jZaebqghc�ijhly`_gghklb��ihwlhfm�bo� j_amevlZlu�b
\u\h^u�fh]ml�[ulv�g_khihklZ\bfu�b�ijhlb\hj_qb\u��Ijb�wlhf�^Zggh_�k\hckl\h�ijbkms_
g_� dhgdj_lghc� qZklhlghc� oZjZdl_jbklbd_� �Zfieblm^ghfm� ki_dljm�� ki_dljm� fhsghklb� b
^j����Z�kh[kl\_ggh�f_lh^Zf�>IN�b�;IN�ijbf_gbl_evgh�d�WW=±kb]gZeZf��Ijb�m\_ebq_gbb
wihob�ZgZebaZ�b�qZklhlgh]h�jZaj_r_gby�\�ki_dljZo�WW=�ihy\ey_lky�\k_�[hevr_�]Zjfhgbd�k
gbadhc� Zfieblm^hc�� qlh� kZfh� ih� k_[_� g_� g_k_l�nbabheh]bq_kdh]h� kfukeZ��<� j_amevlZl_
kbkl_fZlbq_kdb�mf_gvrZxlky�kj_^gb_�hp_gdb�ih�aZdhgm��[ebadhfm�d�ebg_cghfm��lZ[e�����

<u\h^��Dhk\_ggu_�ki_dljZevgu_�hp_gdb�kj_^g_c�Zfieblm^u�b�fhsghklb�WW=�g_
h[eZ^Zxl� k\hckl\hf� Z^^blb\ghklb��ijbkmrbf� klZlbklbq_kdhc�hi_jZpbb�mkj_^g_gby��ih-
emqZ_fu_�hp_gdb�\�aZ\bkbfhklb�hl�qbkeZ�b�^ebgu�mkj_^gy_fuo�wiho�fh]ml�jZaebqZlvky�\
��b�[he__�jZa�

���KjZ\g_gb_�gZ�fh^_evguo�kb]gZeZo

Ijh\_^_f�kjZ\g_gb_�gZlmjZevguo�b�dhk\_gguo�hp_ghd�kj_^g_c�Zfieblm^u�WW=�gZ
^\mo�fh^_evguo�kb]gZeZo��jbk�����
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Jbk�����>\Z�fh^_evguo�kb]gZeZ�gZ�wiho_����k�����kmffZ���o�]Zjfhgbd�Zfieblm^hc�����fd<�b�qZklh-
lhc�����������=p�����kmffZ���o�]Zjfhgbd�Zfieblm^hc�����fd<�b�qZklhlhc���������������=p

DZd�fu�\b^bf��hlghr_gb_�Zfieblm^�bkoh^guo�kmffbjm_fuo�]Zjfhgbd�^\mo�kb]gZ-
eh\�khklZ\ey_l�������� �������Ih^h[gh_�khhlghr_gb_�bf__l�f_klh�b�^ey�kj_^gbo�hl�^bZ-
iZahgZ� baf_g_gby� kmffZjguo� kb]gZeh\�� �������������� ������ fd<�� ������������� �����
fd<��hlghr_gb_��������Hq_\b^gh��qlh�Z^_d\ZlgZy�hp_gdZ�kj_^g_c�Zfieblm^u�WW=�^he`gZ
^Z\Zlv�lZdh_�`_�khhlghr_gb_�agZq_gbc�

:k�������b�����fd<��hlghr_gb_������
Jk��������b�������fd<2

��hlghr_gb_������
:i��������b�������fd<��hlghr_gb_������
:f�������b������fd<��hlghr_gb_�����
:h��������b�������fd<��hlghr_gb_�����

<u\h^��Dhk\_ggu_�ki_dljZevgu_�hp_gdb�kj_^g_c�Zfieblm^u�b�fhsghklb�WW=�gZ
fh^_evguo�kb]gZeZo�k�ba\_klguf�khhlghr_gb_f�Zfieblm^�^Zxl�hp_gdb�\����������� ����b
���������� �����jZaZ�hlebqZxsboky�hl�dhjj_dlgh]h�agZq_gby��\�lh�\j_fy�dZd�gZlmjZevgu_
ihdZaZl_eb�^_fhgkljbjmxl�ijZ\bevgu_�khhlghr_gby�kj_^gbo�Zfieblm^�

���<ebygb_�nhjfu�ki_dljZevgh]h�jZkij_^_e_gby

DZd�lhevdh�qlh�ihdZaZgh��gZlmjZevgu_�ihdZaZl_eb�^Zxl�dhjj_dlgu_�hp_gdb�Zfieb-
lm^u�fh^_evguo�kb]gZeh\��Ihwlhfm��[Zabjmykv�gZ�gbo��dZd�gZ�lhqd_�hlkq_lZ��ijh^he`bf
kjZ\g_gb_� gZ� j_Zevguo� bkiulm_fuo�� jZaebqZxsboky� nhjfhc� jZkij_^_e_gby� Zfieblm^
ki_dljZevguo�]Zjfhgbd��jbk�����

DZd�fu� \b^bf�� ^\Z� bkiulm_fuo� kbevgh� jZaebqZxlky�nhjfhc� ki_dljZevgh]h� jZk-
ij_^_e_gby��?keb�m�h^gh]h�ba�gbo�qZklhlguc�^bZiZahg�ij_\Zebjmxsbo�Zfieblm^�ZevnZ±
jblfZ�^hklZlhqgh�mahd����±���=p��lh�m�^jm]h]h�bkiulm_fh]h�hg�[he__�rbjhd��±���=p��J_-
amevlbjmxsb_�hp_gdb�\�klZg^Zjlghf�ZevnZ�^bZiZahg_��±���=p�

:h�������b�����fd<��hlghr_gb_������
:f�����b������fd<��hlghr_gb_�������
:i�������b�������fd<��hlghr_gb_�������
:k������b�������fd<��hlghr_gb_������
Jk�±����b�������fd<2

��hlghr_gb_������
Hlf_lbf��qlh�ihke_^gbc�j_amevlZl�y\ey_lky��]eZ\guf�h[jZahf��ke_^kl\b_f�j_adh]h��d\Z^-
jZlbqgh]h��ih^Z\e_gby�]Zjfhgbd�gZ�[hdh\uo�qZklhlZo�m�i_j\h]h�bkiulm_fh]h�
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Jbk�����>\Z�bkiulm_fuo�k�jZaguf�jZkij_^_e_gb_f�ki_dljh\�\�ZevnZ�^bZiZahg_��k\_jom�
\gba��WW=�\�hl\_^_gbb�H���Zfieblm^gu_�ki_dlju��ki_dlju�fhsghklb

LZdbf�h[jZahf��gZlmjZevgu_�hp_gdb�ijZdlbq_kdb�h^bgZdh\u�ih�k\h_fm�khhlghr_-
gbx� �jZaghklv� khklZ\ey_l� �����±���� ������ beb� ���������� ������� \� lh� \j_fy� dZd� ki_d-
ljZevgu_� hp_gdb� hlebqZxlky� hl� gbo� ih� k\h_fm� khhlghr_gbx� \� ��������� ����� b
��������� ���� jZa��Djhf_� lh]h�� kZfb� ki_dljZevgu_� hp_gdb� ^_fhgkljbjmxl� f_`^m� kh[hc
_s_�[hevr__�jZaebqb_�ih�khhlghr_gbx�agZq_gbc�\���������� ����jZaZ�

BlZd��ih�kjZ\g_gbx�k�dhjj_dlgufb�gZlmjZevgufb�hp_gdZfb�hp_gdb�ih�Zfieblm^-
ghfm�ki_dljm�k[eb`Zxlky�^ey�^\mo�bkiulm_fuo��lh]^Z�dZd�hp_gdb�ih�ki_dljm�fhsghklb
kbevgh�jZkoh^ylky��LZdb_�ijbagZdb�^hklZlhqgh�lj_\h`gu��ihkdhevdm�ijb�]jmiih\uo�kjZ\-
g_gbyo�hgb�fh]ml�ijb\h^blv�d�kf_s_gb_f�kj_^gbo�agZq_gbc�b�klZg^Zjlguo�hldehg_gbc�
ij_iylkl\my�klZlbklbq_kdb�^hklh\_jghfm�\uy\e_gbx�j_Zevguo�jZaebqbc�beb�`_�kihkh[-
kl\my�\uy\e_gbx�ik_\^hjZaebqbc�

<u\h^��Ki_dljZevgu_�hp_gdb�kj_^g_c�Zfieblm^u�b�fhsghklb�WW=�\�aZ\bkbfhklb
hl�nhjfu� jZkij_^_e_gby� Zfieblm^� ki_dljZ�fh]ml� jZaebqZlvky� ih� k\h_fm� khhlghr_gbx
^ey�jZaguo�bkiulm_fuo�[he__�q_f�\���jZa��\�lh�\j_fy�dZd�gZlmjZevgu_�ihdZaZl_eb�^_fhg-
kljbjmxl�h^bgZdh\h_�khhlghr_gb_�agZq_gbc��hlebqZxs__ky�hl�:k�b�Jk�\�����±����jZa�

H;KM@>?GB?
KblmZpby�k�\ur_ijb\_^_gghc�^hdZaZl_evghc�[Zahc�^hklZlhqgh�ki_pbnbqgZ��b�wlZ

ki_pbnbdZ�ij_^klZ\ey_lky�hq_\b^ghc��H^gZdh��hq_\b^gu_�\_sb�hq_gv�ljm^gh�h[tykgblv
l_f��dhfm�hgb�g_�hq_\b^gu��gZijbf_j��ijhklh_�ml\_j`^_gb_�©Khegp_�\klZ_l�mljhf�gZ�\hk-
lhd_ª��Wlh�fh`gh�k^_eZlv�lhevdh�gZ�gZ]ey^ghf�[ulh\hf�ijbf_j_��LZd��fh`gh�ijb\h^blv
^_kyldb�^hdZaZl_evkl\�[eZ]hq_klby�q_eh\_dZ��\�gZr_f�kemqZ_�j_qv�b^_l�h�dhjj_dlghklb�b
^himklbfhklb�bkihevah\Zgby�ki_dljZevguo�hp_ghd�Zfieblm^u�WW=���gh�^ey�dh]h�lh� wlh
\k_� jZ\gh� g_� [m^_l� m[_^bl_evguf� b� ^hklZlhqguf��Gh� klhbl� ^hdZaZlv� \k_]h� ebrv� h^bg
djbfbgZevguc�wibah^�\�hlghr_gbb�dZ`ms_]hky�[eZ]hq_klb\uf�ebpZ��b�_fm�g_�ba[_`Zlv
lxj_fgh]h�kjhdZ��A^_kv�`_�fu�^hdZaZeb�p_emx�k_jbx�jZaebqguo�djbfbgZevguo�wibah^h\�
Z�wlh�ih�kh\hdmighklb�m`_�fh`_l�ih^iZ^Zlv�ih^�ih`bag_ggmx�klZlvx�

A:DEXQ?GB?
DZd�ke_^m_l�ba�\u\h^h\�ih�j_amevlZlZf��±���ki_dljZevgu_�hp_gdb�kj_^g_c�Zfieb-

lm^u�b�fhsghklb�WW=�\�qZklhlguo�^bZiZahgZo�h[eZ^Zxl�jy^hf�kms_kl\_gguo�b�ijbgpb-
ibZevguo�ih]j_rghkl_c��Djhf_�lh]h��kZfb�wlb�^\Z�ihdZaZl_ey�jZaebqZxlky�\�k\hbo�hp_g-
dZo��Ihemq_ggu_� j_amevlZlu� b� \u\h^u� g_� iha\heyxl�f_ljheh]bq_kdb� d\Zebnbpbjh\Zlv
ki_dljZevgu_� hp_gdb� kj_^g_c� Zfieblm^u� b� fhsghklb�WW=� dZd� ZgZeblbq_kdbc� bgkljm-
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f_gl��Z^_d\Zlguc�ijbjh^_�b�ki_pbnbd_�WW=±ihl_gpbZeh\��Bo�bkihevah\Zgb_�fh`_l�ijb-
\h^blv�d�g_kh\f_klbfhklb�j_amevlZlh\��ihemq_gguo�jZagufb�bkke_^h\Zl_eyfb��Ihwlhfm
ij_^klZ\ey_lky�ij_^ihqlbl_evguf�b�[he__�gZ^_`guf�bkihevah\Zgb_�gZlmjZevguo�hp_ghd
kj_^g_c�Zfieblm^u�WW=�
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