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Gh�hgb�aeu��ihkdhevdm�ijhdeyluª

[;e��:\]mklbg1]

:gZeba�we_dljhdZj^bh]jZffu��WD=��ljZ^bpbhggh�\dexqZ_l��dZd�ijZ\b-
eh��kljmdlmjgu_�b�klZlbklbq_kdb_�f_lh^u��hkgh\Zggu_�gZ�ij_^\Zjbl_evghf
\u^_e_gbb�oZjZdl_jguo�am[ph\�b�\j_f_gguo�bgl_j\Zeh\��b�jZaghh[jZagu_
nhjfu�]jZnbq_kdh]h�ij_^klZ\e_gby�j_amevlZlh\��<�dZq_kl\_�hlghkbl_evgh
kZfhklhyl_evguo�jZa^_eh\�fh`gh�\u^_eblv�^\Z�gZijZ\e_gby�dZj^bh]jZnb-
q_kdbo�bkke_^h\Zgbc�
���ljZ^bpbhggu_�debgbq_kdb_�bkke_^h\Zgby�

• kbg^jhfZevgZy�^bZ]ghklbdZ�
• ohel_jh\kdbc�fhgblhjbg]�

���ZgZeba�\ZjbZ[_evghklb�k_j^_qgh]h�jblfZ�
• bgl_j\Zeh]jZnby�
• \ZjbZpbhggZy�imevkhf_ljby�
• ki_dljZevguc�ZgZeba�
• dhjj_eypbhgZy�jblfh]jZnby�

>ey� kbg^jhfZevghc� ^bZ]ghklbdb� bkihevamxlky� jZaebqgu_� kbkl_fu
fgh]bo� hl\_^_gbc� k� p_evx� \uy\e_gby� iZlheh]bq_kdbo� baf_g_gbc� nmgd-
pbhgZevgh]h� b� fhjnheh]bq_kdh]h� oZjZdl_jZ�� Ij_\Zebjmxsbf� f_lh^hf
ZgZebaZ� a^_kv�y\ey_lky�\bamZevgh_�bamq_gb_� aZibk_c��^hihegy_fh_�\uqbk-
e_gb_f�Zfieblm^guo�b�bgl_j\Zevguo�ihdZaZl_e_c��kj_^gbo�agZq_gbc�b�hi-
j_^_e_gb_f�hldehg_gbc�hl�]jZgbp�ghjfu��<lhjh_�gZijZ\e_gb_�bkihevam_l
h^ghdZgZevgmx�j_]bkljZpbx�WD=�beb�`_�khdjZs_ggu_�kbkl_fu�hl\_^_gbc
k� jZaghklhjhggbf� \uqbkebl_evguf� ZgZebahf� i_jbh^bq_kdbo� ijhp_kkh\� \
^bgZfbd_�k_j^_qgh]h�jblfZ�^ey�\uy\e_gby�jZaebqgh]h�jh^Z�baf_g_gbc��hl-
dehg_gbc�b�gZjmr_gbc��QZklbqgh�lZdb_�f_lh^u�ZgZebaZ�bkihevamxlky�b�\
ohel_jh\kdhf�fhgblhjbg]_�� k\yaZgghf� k� ^ebl_evgufb� �kmlhqgufb�� aZib-
kyfb�WD=�

>hihegbl_evgZy�ebl_jZlmjZ��[1, 2, 10, 11, 16, 27].

                                                          
1�Wlhl�`_kldbc�Znhjbaf�lj_[m_l�g_[hevrh]h�ihykg_gby��Hg�ihy\beky�\�V�\_d_�\

oh^_�`Zjdhc� l_heh]bq_kdhc�^bkdmkkbb�h� lhf��h[eZ^Z_l�eb�q_eh\_d� k\h[h^hc� \heb
�ih^jh[g__� kf��� ;_jljZg� JZkk_e�� Bklhjby� aZiZ^ghc� nbehkhnbb�� KI;�� :a[mdZ�
�������H^gZdh��g_kfhljy�gZ�fg_gb_�Z\lhjZ��ba�g_]h�ke_^m_l�b�lZdhc�g_h`b^Zgguc
\u\h^��qlh[u�g_�[ulv�aeuf��gZ^h�i_j_klZlv�qm\kl\h\Zlv�k_[y�ijhdeyluf�
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�����Nbabheh]by�k_j^_qghc
^_yl_evghklb

K_j^_qgh−khkm^bklZy� kbkl_fZ� y\ey_lky� [Zabkhf� \� h[_ki_q_gbb�`bag_-
^_yl_evghklb� b� wg_j]hiblZgbb� hj]ZgbafZ��Ihkdhevdm� j_`bfgu_� lj_[h\Z-
gby�a^_kv�kms_kl\_ggh�\Zjvbjmxl��lh�b�^_yl_evghklv�k_j^pZ�^he`gZ�baf_-
gylvky�\�rbjhdbo�ij_^_eZo��LZd��ijhoh^ysbc�q_j_a�g_]h�fbgmlguc�h[t_f
djh\b�khklZ\ey_l�hl���e�\�ihdh_�b�^h����e�ijb�ly`_ehc�nbabq_kdhc�gZ]jma-
d_��HilbfZevgZy�jZ[hlZ�k_j^pZ�\�lZdhf�rbjhdhf�^bZiZahg_�\hafh`gZ�ebrv
\� lhf� kemqZ_�� dh]^Z� \k_� _]h�nmgdpbb� �jZkijhkljZg_gb_� \ha[m`^_gby�� kh-
djZs_gb_��jZ[hlZ�deZiZgh\��dhjhgZjgh_�djh\hh[jZs_gb_�b�l��^���baf_gyxl-
ky� \� kljh]hf� khhl\_lkl\bb� ^jm]� k� ^jm]hf��FZe_crb_� hldehg_gby� fh]ml
ijb\_klb�d�k_jv_aguf�gZjmr_gbyf��dZd�k_j^_qghc�^_yl_evghklb��lZd�b�hj-
]ZgbafZ�\�p_ehf�

Jbk�������:gZlhfbq_kdh_�kljh_gb_
k_j^pZ Jbk�������;hevrhc�b�fZeuc�djm]b

djh\hh[jZs_gby
µâÕçãáÝô� K_j^p_�fh`gh�jZkkfZljb\Zlv�dZd�^\Z�iheuo�hj]ZgZ��e_\h_�b

ijZ\h_�k_j^p_��jbk��������dZ`^h_�ba�dhlhjuo�khklhbl�ba�ij_^k_j^by�b�`_em-
^hqdZ�� jZa^_e_gguo� deZiZgZfb�� >\b`_gb_� djh\b� ih� khkm^Zf� hl� ijZ\h]h
k_j^pZ�q_j_a�e_]db_�d�e_\hfm�k_j^pm�gZau\Z_lky�fZeuf�beb�e_]hqguf�djm-
]hf�� djh\hkgZ[`_gb_�`_� \k_o� hklZevguo� hj]Zgh\�b� hllhd� djh\b� hl�gbo� d
k_j^pm�ghkbl�gZa\Zgb_�[hevrh]h�beb�kbkl_fgh]h�djm]Z��jbk�������

FurpZ�k_j^pZ��fbhdZj^���ih^h[gh�g_j\ghc�ldZg�b�kd_e_lguf�furpZf�
ijbgZ^e_`bl�d� \ha[m^bfuf� ldZgyf�� l�� _�� __� \hehdgZ� kihkh[gu�ijh\h^blv
ihl_gpbZeu� ^_ckl\by� �hl\_lu� gZ� gZ^ihjh]h\u_� klbfmeu�� [_a� aZlmoZgby�
WlZ� ldZgv� \_^_l� k_[y� dZd�nmgdpbhgZevguc� kbgpblbc�� \hagbdr__� \� h^ghc
lhqd_�\ha[m`^_gb_�ho\Zlu\Z_l�\k_�\hehdgZ��Wlbf�hgZ�hlebqZ_lky�hl�g_j\h\
b�kd_e_lguo�furp��]^_�dZ`^Zy�de_ldZ�\ha[m`^Z_lky�bahebjh\Zggh�
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KhdjZs_gby� k_j^pZ� \hagbdZxl� ih^� ^_ckl\b_f� bfimevkh\�� aZjh`^Zx-
sboky�\�g_f�kZfhf�²�\�kbghZgljbZevghf�mae_��K:��jbk��������jZkiheh`_g-
ghf�\�kl_gd_�ijZ\h]h�ij_^k_j^by��m�\iZ^_gby�\_jog_c�ihehc�\_gu��Hlkx^Z
\ha[m`^_gb_�b^_l�^h�Zljbh\_gljbdmeyjgh]h� �:<��maeZ�ih�jZ[hq_fm�fbh-
dZj^m�ij_^k_j^bc��>Ze__�hgh�[he__�[ukljh� �^h� ��f/k��jZkijhkljZgy_lky�d
`_em^hqdZf�ih�g_j\ghc�kbkl_f_�imqdZ�=bkZ�b�_]h�dhg_qguf�jZa\_l\e_gbyf
— \hehdgZf�Imjdbgv_.

ÉÕÜð� æÚåÙÚìâãØã� ëÝßàÕ�� <
k_j^_qghf�pbde_�\u^_eyxl�kbklh-
eu� �khdjZs_gb_��b�^bZklheu� �jZk-
keZ[e_gb_��ij_^k_j^bc�b�`_em^hq-
dh\�� dhlhju_�� kf_gyy� ^jm]� ^jm]Z�
h[jZamxl� kbklhem� b� ^bZklhem
k_j^pZ�

>bZklheZ� ij_^k_j^bc� gZqbgZ-
_lky�nZahc�bo�gZiheg_gby��qlh�kh-
hl\_lkl\m_l� fhf_glm� aZdjulby
:<−deZiZgh\� \� gZqZe_� kbklheu
`_em^hqdh\� b� hldjulb_f� mklv_\
fZ]bkljZevguo� \_g�� Hldjulb_
:<−deZiZgh\� hij_^_ey_lky ^\mfy
nZdlhjZfb�� ]jZ^b_glhf� ^Z\e_gby

f_`^m� ihehklyfb� ij_^k_j^bc� b�`_em^hqdh\� b� khdjZs_gb_f� bo�furp��K
wlh]h� gZqbgZ_lky�nZaZ� [ukljh]h� gZiheg_gby�`_em^hqdh\�²� b^_l� g_ij_-
ju\guc�lhd�djh\b�ba�\_g�\�ij_^k_j^by��ba�ij_^k_j^bc�\�`_em^hqdb�

KbklheZ� k_j^pZ� khklhbl� ba� ^\mo� i_jbh^h\�� i_jbh^Z� ih\ur_gby� \gml-
jb`_em^hqdh\h]h� ^Z\e_gby� �<@>�� b� i_jbh^Z� ba]gZgby�� HgZ� gZqbgZ_lky
kbklhehc�ij_^k_j^bc�k�jZkijhkljZg_gby�ih�gbf�\ha[m`^_gby�hl�K:−maeZ�
GZqZeh� khdjZs_gby� furp�`_em^hqdh\� k\b^_l_evkl\m_l� h� \hagbdgh\_gbb
ke_^mxs_c�nZau�²�bah\hexfbq_kdh]h�ih\ur_gby�<@>.�NZaZ�ba]gZgby�gZ-
qbgZ_lky�k�hldjulby�deZiZgh\ Zhjlu b�e_]hqghc�Zjl_jbb��:<−deZiZgu�[u-
kljh� aZoehiu\Zxlky� \ke_^kl\b_� ]jZ^b_glZ� ^Z\e_gby�� ;ukljuc� ijbjhkl
<@>� \uau\Z_l� ijZdlbq_kdb�f]gh\_ggh_� \hagbdgh\_gb_� ]jZ^b_glZ� ^Z\e_-
gby�m�mklv_\�fZ]bkljZevguo� khkm^h\�b� khhl\_lkl\_ggh�²�f]gh\_ggh_�hl-
djulb_�ihememgguo�deZiZgh\�Zhjlu b�e_]hqghc�Zjl_jbb�²�m^Zjguc�h[t_f
ihemqZ_l�hkgh\gmx�qZklv�dbg_lbq_kdhc�wg_j]bb��AZ�wlbf�q_j_a�����±�����k
ke_^m_l�khdjZs_gb_�furp�`_em^hqdh\��qlh�hagZqZ_l�\lhjmx�nZam�fZdkb-
fZevgh]h�ba]gZgby��>Ze__�q_j_a�����±�����k�^h�aZdjulby�deZiZgh\�Zhjlu�b
e_]hqghc�Zjl_jbb�b^_l�nZaZ�j_^mpbjh\Zggh]h�ba]gZgby.

ÅÚØèàôëÝô�Ý�åÝçáÝßÕ��K_j^p_�h[eZ^Z_l�\Z`guf�k\hckl\hf�Z\lhfZlbb�
ihkdhevdm�\h^bl_ev�jblfZ�_]h�khdjZs_gbc� �K:−ma_e��gZoh^blky�\�g_f�kZ-
fhf��>Z`_� [m^mqb� hlj_aZgguf� �objmj]bq_kdb�� hl� \k_o� \g_rgbo� g_j\guo
k\ya_c��k_j^p_�[m^_l�khdjZsZlvky�kh�kljh]h�nbdkbjh\Zgguf�i_jbh^hf�

Jbk�������Ko_fZ�bgg_j\Zpbb�k_j^pZ
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H^gZdh� aZ� kq_l� keh`g_crbo�h[jZlguo� k\ya_c�ih� kbfiZlbq_kdbf� �K��b
iZjZkbfiZlbq_kdbf��IK��hl^_eZf�\_]_lZlb\ghc�g_j\ghc�kbkl_fu��<GK���Z
lZd`_� \ke_^kl\b_� ]mfhjZevgh−f_lZ[hebq_kdbo� \ebygbc� k_j^_q-
gh−khkm^bklZy�kbkl_fZ�kihkh[gZ�j_Z]bjh\Zlv�gZ�fZe_crb_�baf_g_gby�\�ih-
lj_[ghklyo� fgh]hqbke_gguo� hj]Zgh\� �^_yl_evghklv� dZ`^h]h� ba� dhlhjuo
ih^qbgy_lky�kh[kl\_gguf�\j_f_gguf�jblfZf���DZd�ba\_klgh��K<GK�Zdlb-
\bjm_l�j_a_j\u�hj]ZgbafZ�ijb�ih\ur_gbb�gZ]jmahd��Z�IK<GK��gZijhlb\�
klZ[bebabjm_l�^_yl_evghklv�hj]Zgh\��g_�iha\heyy�_c�\uoh^blv�aZ�^himklb-
fu_�ij_^_eu1.

K�mq_lhf�lh]h��qlh�jZaebqgu_�hj]Zgu�nmgdpbhgbjmxl�k�kh[kl\_ggufb
jblfZfb��mdZaZggZy�]b[dZy�kihkh[ghklv�j_Z]bjh\Zgby��ijb�ijhlb\hgZijZ\-
e_gguo�\ebygbyo�^\mo�hl^_eh\�<GK��\�j_amevlZl_�fgh`_kl\Z�\ebygbc�ijh-
y\ey_lky� \� \b^_� kemqZcguo� dhe_[Zgbc� \� ^ebl_evghklb� dZj^bhbgl_j\Zeh\
�DB�� ²� gbadhZfieblm^gh]h� b� \ukhdhqZklhlgh]h� ©rmfZª� \� ^bgZfbd_� bo
\j_f_gghc�\ZjbZ[_evghklb��Ijb�\ha^_ckl\bb�nZdlhjh\�klj_kkZ�gZ�hj]Zgbaf
ijhbkoh^bl� ^_ijb\Zpby� \ebygbc� kh� klhjhgu�<GK�� k_j^p_� i_j_dexqZ_lky
gZ�kh[kl\_gguc�i_ckf_bd_j��qlh�ijhy\ey_lky�\�kbgojhgbaZpbb�^ebl_evgh-
kl_c�DB�b�mf_gvr_gbb�rmfh\hc�khklZ\eyxs_c��Ijb�^ebl_evghf�\ha^_ckl-
\bb�klj_kkZ�wlh�fh`_l�ijb\_klb�d�k_jv_aguf�b�g_h[jZlbfuf�aZ[he_\Zgbyf�

Ih^h[gu_�lhgqZcrb_�\aZbfhk\yab�[ueb�hldjulu�_s_�\�>j_\g_f�DblZ_�
]^_� [ueZ� jZajZ[hlZgZ� mgbdZevgZy� ^_kylbiZevp_\Zy� kbkl_fZ� jblfh^bZ]gh-
klbdb� \k_o� hj]Zgh\�� h\eZ^_gb_� dhlhjhc� lj_[h\Zeh� fgh]he_lg_c� mihjghc
ijZdlbdb�ih^�jmdh\h^kl\hf�Z\lhjbl_lgh]h�mqbl_ey��<�ihke_^gb_�^_kylbe_-
lby� ih^h[gufb� \hijhkZfb� aZgbfZ_lky� kZfhklhyl_evgh_� b� [ukljh� jZa\b-
\Zxs__ky� gZmqgh_� gZijZ\e_gb_� ²� ZgZeba� \ZjbZ[_evghklb� k_j^_qgh]h
jblfZ��kf��jZa^�������

                                                          
1�IhdZaZl_evguf�ijbf_jhf�k_j^_qghc�j_]meypbb�y\ey_lky�agZf_gblZy�]hjgZy�[h-

e_agv��]bihdkby���Ijb�[ukljhf�ih^t_f_�gZ�\ukhlm�\ur_������f�hj]Zgbaf�ihiZ^Z_l
\� mkeh\by� dbkehjh^gh]h� ]heh^Zgby� �gZihfgbf��qlh�gZ� \ukhl_� �����f� kh^_j`Zgb_
dbkehjh^Z�khklZ\ey_l�\k_]h�ebrv�����hl�ghjfu���jZa\b\Z_lky�khklhygb_�]em[hdh]h
klj_kkZ��\�dhlhjhf�k_j^p_�b�khkm^u�i_j_kljZb\Zxl�k\hx�jZ[hlm�gZ�iblZgb_�gZb[h-
e__�\Z`gh]h�`bag_ggh]h�hj]ZgZ�²�]heh\gh]h�fha]Z��hklZevgu_�hj]Zgu�i_j_\h^ylky
gZ� ]heh^guc� iZ_d��@_em^hd� lhrgbl�� dhg_qghklb�f_jagml��furpu� ^_j_\_g_xl� hl
ba[uldZ�eZdlZlZ� �khev�fhehqghc� dbkehlu���^\b`_gby�^Zxlky� k�h]jhfguf� ljm^hf�
\bkdb� k^Z\eb\Z_l� hl�ih\ur_ggh]h� djh\ygh]h� ^Z\e_gby�� jZa\b\Z_lky� ]heh\hdjm`_-
gb_�b�khgeb\hklv��;u\Z_l��qlh�q_eh\_d�iZ^Z_l��g_�\�kbeZo�k^\bgmlvky�b�aZkuiZ_l��Gh
^Z`_�\� kZfhf�om^r_f� kemqZ_�gZb[he__�iblZ_fuc�dbkehjh^hf�fha]�mfj_l�ihke_^-
gbf��GZ� \ukhqZcr_c� ]hj_� ?\jhiu� ²�Wev[jmk_� �AZiZ^gZy� \_jrbgZ� ����� f�� _klv
agZf_gblZy�DhkZy�²�gZdehggZy�ljhiZ�ijhly`_gghklvx�hdheh���df��\_^msZy�hl�\u-
khlu� �����d� k_^eh\bg_� ��������dhlhjmx�f_klgu_� [ZedZjpu� k� hij_^_e_gghc� ^he_c
xfhjZ�gZau\Zxl�©ljmihkt_fgbdª�b�]^_�g_ih^]hlh\e_ggu_�\hkoh^bl_eb�aZkuiZxl�b
gZqbgZxl�kdhevablv�\gba�ih�djmlhfm�kdehgm�d�ih^`b^Zxsbf�bo�[_a^hgguf�e_^gb-
dh\uf�lj_sbgZf��Ihwlhfm�^ey�Z^ZilZpbb�hj]ZgbafZ�d�dbkehjh^ghfm�klj_kkm�`ba-
g_ggh� g_h[oh^bf� ij_^\Zjbl_evguc� ZddebfZlbaZpbhgguc� \uoh^� gZ� ����� �kdZeu
IZklmoh\Z��kh�kimkdhf�gZ�������Ijbxl������BgZq_�rZgku�^hklb]gmlv�\_jrbgu�^Z`_
m�kZfh]h�kbevgh]h�kihjlkf_gZ�[ebadb�d�gmex�
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¹ðêÕçÚàñâÕô� ÕåÝçáÝô� �¹µ�� J_]meylhjgu_� \ebygby� <GK� gZb[he__
yjdh�ijhy\eyxlky�kh�klhjhgu�^uoZl_evgh]h�jblfZ��y\eyxsbfky�\_^msbf�\
dZj^bh^bgZfbd_�� \^ho� \uau\Z_l�m]g_l_gb_�[em`^Zxs_]h�g_j\Z�b�mkdhj_-
gb_�jblfZ��Z�\u^ho�²�jZa^jZ`_gb_�[em`^Zxs_]h�g_j\Z�b�aZf_^e_gb_�k_j-
^_qghc�^_yl_evghklb��Hkgh\gmx�jhev� a^_kv�b]jZ_l�jZkiheh`_gguc�\�ijh-
^he]h\Zlhf�fha]m�©j_kibjZlhjguc�]_g_jZlhjª��jblfbq_kdZy�Zdlb\ghklv�dh-
lhjh]h�g_�bkq_aZ_l�^Z`_�ihke_�iheghc�^_Znn_j_glZpbb�\�hlghr_gbb�[Zjh-
j_p_ilhjguo�kbkl_f��e_]hqguo�b�o_fhj_p_ilhjh\��NZabq_kdb_�lhjfhagu_�b
Zdlb\bjmxsb_� \ebygby� wlh]h� ]_g_jZlhjZ�h[gZjm`b\Zxlky�gZ�mjh\g_�p_g-
ljZevguo�iZjZkbfiZlbq_kdbo�b�kbfiZlbq_kdbo�wnn_j_glguo�g_cjhgh\��h^-
gZdh�j_Zebamxlky�gZ�mjh\g_�k_j^_qghc�furpu�lhevdh�ihkj_^kl\hf�iZjZ-
kbfiZlbq_kdbo�l_jfbgZe_c��Wlh�k\yaZgh�kh�agZqbl_evgh�[hevr_c�©bg_jpb-
hgghklvxª�kbfiZlbq_kdbo�kbgZikh\�\�k_j^_qghc�furp_��eZl_glghklv�kjZ-
[Zlu\Zgby�dhlhjuo�gZ�ijboh^ysbc�kb]gZe�khklZ\ey_l����±��k��Z�ihke_^_c-
kl\b_�²�^h����k�ih�kjZ\g_gbx�k�ZgZeh]bqgufb�oZjZdl_jbklbdZfb�iZjZkbf-
iZlbq_kdbo� kbgZikh\�� Ijbhjbl_lgZy� jhev� iZjZkbfiZlbq_kdbo� \hehdhg� \
nhjfbjh\Zgbb�>:�ih^l\_j`^Z_lky�b�ohjhrh�ba\_klgufb�nZdlZfb�m]g_l_-
gby�>:�k�ihfhsvx�[ehdZlhjh\�bf_ggh�Zp_lbeohebgh\uo��fmkdZjbgh\uo��
Z�g_�ghjZ^j_gZebgh\uo��[_lZ���j_p_ilhjh\�

·ãàÚ×ãÚ�èäåÕ×àÚâÝÚ�åÝçáãá�æÚåÙëÕ��DZd�ba\_klgh��q_eh\_d�\�hi-
j_^_e_gguo� ij_^_eZo�fh`_l� khagZl_evgh� dhgljhebjh\Zlv� k_j^_qgmx� ^_y-
l_evghklv��>ey�wlh]h�h[uqgh�bkihevamxlky�wfhpbhgZevgu_�fuke_ggu_�h[-
jZau��j_]meypby�^uoZgby�beb�fur_qgu_�gZijy`_gby��LZd��^Z`_�fuke_ggh_
ij_^klZ\e_gb_�h�gZijy`_gbb�\�furp_��[ehdbjh\Zgghc�nZjfZdheh]bq_kdbf
kihkh[hf�� \uau\Z_l� ih\ur_gb_� QKK�� H^gZdh� i_jbh^bq_kdb� ihy\eyxlky
khh[s_gby� h� kihkh[ghklb� d� iheghc� hklZgh\d_� k_j^pZ�� qlh� ijhlb\hj_qbl
ij_^klZ\e_gbx�h�k_j^_qghc�Z\lhfZlbb��<������]��<_g]_j�him[ebdh\Ze�^Zg-
gu_�bkke_^h\Zgby�q_luj_o�bg^bckdbo�ch]h\��ml\_j`^Z\rbo��qlh�fh]ml�j_-
]mebjh\Zlv� k\hx� k_j^_qgh−khkm^bklmx� kbkl_fm�� Z� ^\h_� ba� gbo� aZy\eyeb�
qlh�kihkh[gu�^Z`_�hklZgZ\eb\Zlv�k_j^p_��K�ihfhsvx�hkh[uo�^uoZl_evguo
mijZ`g_gbc��k\yaZgguo�k�hq_gv�kbevguf�gZijy`_gb_f�furp�`b\hlZ��hgb
^hklb]eb�jZaguo�kl_i_g_c�lZdh]h�dhgljhey��ohly�gbdlh�g_�^h[beky�^_ckl\b-
l_evghc��iheghc�hklZgh\db�k_j^pZ��Bgl_j_kgh��qlh�g_dhlhju_�ba�lZdbo�mi-
jZ`g_gbc�ijb\h^beb�d�ihkl_i_gghfm�ij_djZs_gbx�imevkZ�\�emq_\hc�Zjl_-
jbb��B�_keb�[u�\�wlhl�fhf_gl�ihsmiZlv�m�ch]Z�imevk��lh�\iheg_�fh`gh�aZ-
dexqbl��qlh�k_j^p_�hklZgh\behkv��H^gZdh�j_]bkljZpby�WD=�k\b^_l_evkl\h-
\ZeZ�h�khojZg_gbb�k_j^_qguo�khdjZs_gbc�

>jm]hc�bg^bckdbc�fbklbd��K\Zfb�JZfZ�� \� wdki_jbf_glZo�=jbgZ� �����
]��� ^_fhgkljbjh\Ze� kihkh[ghklv� k� ihfhsvx� ^uoZl_evguo� mijZ`g_gbc� aZ
h^gh�[b_gb_�k_j^pZ�ih\urZlv�QKK�k����^h�����m^Zjh\�\�fbgmlm��Ihke_���
k_dmg^� lZdh]h� wdklj_fZevgh]h� j_`bfZ� wdki_jbf_glZlhju� ihijhkbeb� ij_-
djZlblv�^_fhgkljZpbx��hiZkZykv�aZ�_]h�`bagv��:gZeba�WD=�ihdZaZe��qlh�ch]
\uau\Ze�f_jpZgb_�ij_^k_j^bc�²�khklhygb_��dh]^Z�ij_^k_j^by�khdjZsZxl-
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ky�qZs_��q_f�`_em^hqdb��Z�k_j^p_�ihqlb�g_�\u[jZku\Z_l�djh\b��<�wlbo�mk-
eh\byo�fh]�bkq_aZlv�b�imevk�

ÆÝæçÚáÕ�åÚØèàôëÝÝ�æÚåÙÚìâãØã�åÝçáÕ� �jbk�� ����� \dexqZ_l�q_luj_
dhglmjZ� mijZ\e_gby�� Znn_j_glgmx��iZjZkbfiZlbq_kdmx�b� kbfiZlbq_kdmx
bgg_j\Zpbb�b�p_gljZevgmx�j_]meypbx�

Jbk�������H[sZy�ko_fZ�bgg_j\Zpbb�k_j^pZ

<_]_lZlb\gZy�bgg_j\Zpby�g_h^ghjh^gZ�b�g_kbff_ljbqgZ��>_yl_evghklv
`_em^hqdh\�gZoh^blky�ihqlb�ih^�bkdexqbl_evguf�dhgljhe_f�kbfiZlbq_-
kdh]h�hl^_eZ�<GK��ij_^k_j^by�`_�b��hkh[_ggh��kbgmkh\uc�ma_e�gZoh^ylky
ih^�\ha^_ckl\b_f�h[hbo�hl^_eh\�<GK��JZaebqZxlky�\ebygby�gZ�k_j^p_�e_-
\h]h�b�ijZ\h]h�[em`^Zxsbo�g_j\h\�� Z� lZd`_�e_\uo�b�ijZ\uo� kbfiZlbq_-
kdbo�kljmdlmj�

µééÚåÚâçâÕô�ÝââÚå×ÕëÝô�hkms_kl\ey_lky�\�hkgh\ghf�fb_ebgbabjh-
\Zggufb�\hehdgZfb��b^msbfb�\�khklZ\_�[em`^Zxs_]h�g_j\Z��Hgb�gZqbgZ-
xlky� \� ij_^k_j^byo� b� `_em^hqdZo� k� qm\kl\bl_evgufb� hdhgqZgbyfb�
bf_xsbfb�^\Z�lbiZ�f_oZghj_p_ilhjh\�
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1) α−j_p_ilhju�j_Z]bjmxl�gZ�Zdlb\gh_�gZijy`_gb_�
2) β−j_p_ilhju�j_Z]bjmxl�gZ�iZkkb\gh_�gZijy`_gb_�
α−j_p_ilhju�\ha[m`^Zxlky�ijb�khdjZs_gbb�ij_^k_j^bc��Z�β−j_p_ilh-

ju�²� \�dhgp_� kbklheu�`_em^hqdh\��<ha[m`^_gb_�β−j_p_ilhjh\�ij_^k_j-
^bc�ijb\h^bl�d�lhjfh`_gbx�kbfiZlbq_kdh]h�b�Zdlb\Zpbb�iZjZkbfiZlbq_-
kdh]h� hl^_eh\� pbjdmeylhjguo� p_gljh\� ijh^he]h\Zlh]h� fha]Z�� H^gZdh� \
gZb[hevr_c� kl_i_gb� gZ� \ha[m`^_gb_� β−j_p_ilhjh\� j_Z]bjmxl� km`_gb_f
khkm^u� ihq_d�� J_p_ilhju� ij_^k_j^bc� �Z� lZd`_� b� djmiguo� \_g�� qm\kl\b�
l_evgu�d�fZe_crbf�dhe_[Zgbyf�\gmljbkhkm^bklh]h�h[t_fZ�djh\b�b�ijb�_]h
baf_g_gbb�ihkueZxl�bfimevku�d�hkfhj_]meylhjguf�p_gljZf�]bihlZeZfm-
kZ��hl\_qZxsbf��\�qZklghklb��aZ�dhgljhev�kbgl_aZ�]hjfhgZ�\Zahij_kkbgZ�

Kb]gZeu�hl�α−j_p_ilhjh\��\�ijhlb\hiheh`ghklv�β−j_p_ilhjZf��\_^ml�d
ih\ur_gbx�kbfiZlbq_kdh]h�lhgmkZ��<�`_em^hqdZo�lZd`_�bf__lky�g_dhlh-
jh_� dhebq_kl\h� j_p_ilhjh\� jZkly`_gby�� iheZ]Zxl�� qlh� hgb� mqZkl\mxl� \
ih^^_j`Zgbb�hljbpZl_evgh]h�ojhghljhigh]h�\ebygby�[em`^Zxsbo�g_j\h\
gZ� jblf� k_j^pZ�� Z�ijb� hq_gv� kbevghf� jZkly`_gbb�fh]ml� \ua\Zlv� j_ne_d-
lhjgmx�[jZ^bdZj^bx�b�\Zah^beZlZpbx�

;Zjhj_p_ilhju�gZoh^ylky�\�kl_gdZo�djmiguo�\gmljb]jm^guo�b�r_cguo
Zjl_jbc� �h[eZklv�^m]b�Zhjlu�b�dZjhlb^gh]h�kbgmkZ��b�h[_ki_qb\Zxl�[Zjh-
j_ne_dlhjgu_�j_Zdpbb�� Z�o_fhj_p_ilhju�²� \� ZhjlZevguo� �^m]Z� Zhjlu��b
kbghdZjhlb^guo� �jZa\_l\e_gb_� h[s_c� khgghc� Zjl_jbb�� l_evpZo� b� h[_ki_-
qb\Zxl� j_ne_dlhjgu_� j_Zdpbb�� \� dhlhjuo� ijbgbfZxl� mqZklb_� g_� lhevdh
©pbjdmeylhjgu_ª��gh�b�©^uoZl_evgu_ª�p_glju�ijh^he]h\Zlh]h�fha]Z��Ih-
\ur_gb_� Zjl_jbZevgh]h� ^Z\e_gby� \ha[m`^Z_l� \Z]mkguc� p_glj�� aZf_^eyx-
sbc�^_yl_evghklv�k_j^pZ��b�m]g_lZ_l�kbfiZlbq_kdbc�b�khkm^hkm`b\Zxsbc
p_glju��<� j_amevlZl_�ijhbkoh^bl� jZkrbj_gb_� khkm^h\� b� mj_`_gb_� jblfZ
k_j^pZ��Kgb`_gb_�Zjl_jbZevgh]h�^Z\e_gby��jZa^jZ`Zy�[Zjhj_p_ilhju��ijb-
\h^bl� d� \ujZ[hld_� bfimevkh\�� m]g_lZxsbo� \Z]mkguc� p_glj� b� \ha[m`^Z�
xsbo�kbfiZlbq_kdbc�b�khkm^hkm`b\Zxsbc�p_glju��<�j_amevlZl_�jZa\b\Z-
xlky�lZobdZj^by�b�km`_gb_�khkm^h\�

JZa^jZ`_gb_�[Zjhj_p_ilhjh\� \�ijZ\hf�ij_^k_j^bb��iheuo�b�e_]hqguo
\_gZo�ijb�ih\ur_gbb�\�gbo�^Z\e_gby�ijb\h^bl�d�\ha[m`^_gbx�kbfiZlbq_-
kdh]h�p_gljZ�b�lZobdZj^bb��Ih\ur_gb_�\gmljb`_em^hqdh\h]h�^Z\e_gby�b
ih\ur_gguc�lhgmk�fbhdZj^Z�jZa^jZ`Zxl�km[wg^hdZj^bZevgu_�j_p_ilhju
b� \ha[m`^Z_l�p_glj� aZf_^e_gby� k_j^_qghc�^_yl_evghklb��qlh�ijhy\ey_lky
\Z]mkguf�wnn_dlhf�²�[jZ^bdZj^b_c�

Ih\ur_gb_� iZjpbZevgh]h� ^Z\e_gby� m]e_dbkeh]h� ]ZaZ�� ihgb`_gb_� iZj-
pbZevgh]h� ^Z\e_gby� dbkehjh^Z� b� Zpb^ha� \uau\Zxl� \ha[m`^_gb_� k_j^_q-
gh−khkm^bklh]h�p_gljZ�b�Zdlb\Zpbx�]_fhj_p_ilhjh\�\�^m]_�Zhjlu�b�dZjh-
lb^ghf�kbgmk_��Hl\_lhf�gZ� wlb�jZa^jZ`_gby�y\ey_lky�kbfiZlbq_kdh_�\ha-
^_ckl\b_�gZ�jblf�b�ijh\h^bfhklv�\�\b^_�lZobdZj^bc��GZh[hjhl��ihgb`_gb_
iZjpbZevgh]h�^Z\e_gby�m]e_dbkeh]h� ]ZaZ�b�ih\ur_gb_�iZjpbZevgh]h�^Z\-
e_gby� dbkehjh^Z�� Z� lZd`_� ZedZeha� \ha[m`^Zxl� aZf_^eyxsbc� k_j^_qgmx
^_yl_evghklv�p_glj�b�Zdlb\bjmxl�]_fhj_p_ilhju�^m]b�Zhjlu�b�dZjhlb^gh-
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]h�kbgmkZ��\uau\Zy�\Z]mkguc�wnn_dl�\ha^_ckl\by�gZ�jblf�b�ijh\h^bfhklv�\
\b^_�ihy\e_gby�[jZ^bdZj^bb�

ÆÝáäÕçÝìÚæßÕô� ÝââÚå×ÕëÝô� KbfiZlbq_kdb_� g_j\u� ijZdlbq_kdb
jZ\ghf_jgh� jZkij_^_e_gu� ih� \k_f� hl^_eZf� k_j^pZ�� Ij_]Zg]ebhgZjgu_
kbfiZlbq_kdb_�\hehdgZ�[_jml�gZqZeh� \�[hdh\uo�jh]Zo� \_jogbo� k_]f_glh\
]jm^gh]h� hl^_eZ� kibggh]h� fha]Z�� I_j_dexq_gb_� gZ� ihkl]Zg]ebhgZjgu_
g_cjhgu�ijhbkoh^bl�\�r_cguo�b�\_jogbo�]jm^guo�]Zg]ebyo�kbfiZlbq_kdh-
]h�kl\heZ��\�qZklghklb��\�a\_a^qZlhf�]Zg]ebb��

Ihkl]Zg]ebhgZjgu_� \hehdgZ� h[jZamxl� kbfiZlbq_kdb_� g_j\u�� dhlhju_
ih^oh^yl�d�k_j^pm�h[uqgh�\�khklZ\_�lj_o�g_j\h\�kijZ\Z�b�q_luj_o�ke_\Z�
>Zggu_�g_j\u��kh_^bgyykv�k�iZjZkbfiZlbq_kdbfb�\hehdgZfb��nhjfbjmxl
\_gljZevgh_� b� ^hjkZevgh_� dZj^bhimevfhgZevgu_� kie_l_gby�� hl� dhlhjuo
hloh^yl�ijZ\u_�b�e_\u_�dhjhgZjgu_�k_j^_qgu_�g_j\u��e_\u_�[hdh\u_�dZj-
^bZevgu_�g_j\u�b�g_dhlhjh_� dhebq_kl\h�fZeuo� \_l\_c��<� kbfiZlbq_kdhc
bgg_j\Zpbb�k_j^pZ�gZ[ex^Z_lky�Zkbff_ljby��kbfiZlbq_kdb_�g_j\u�ijZ\hc
klhjhgu� h[uqgh� bgg_j\bjmxl� i_j_^gxx� ih\_joghklv� `_em^hqdh\� b� \
[hevr_c�kl_i_gb�kbgmkh\uc�ma_e��Z�e_\hc�klhjhgu�²�aZ^gxx�ih\_joghklv
b�\�[hevr_c�kl_i_gb�:<−ma_e�

KbfiZlhZ^j_gZeh\Zy� kbkl_fZ� lZd`_� hdZau\Z_l� \ebygb_� gZ� k_j^p_� ih-
kj_^kl\hf� dZl_oheZfbgh\� �Z^j_gZebgZ�� ghjZ^j_gZebgZ��� \u^_eyxsboky� \
djh\v� ba�fha]h\h]h� kehy� gZ^ihq_qgbdh\��Ijb� \ha^_ckl\bb� gZ� kbfiZlbq_-
kdb_�g_j\u�k_j^pZ�eZl_glguc�i_jbh^�jZa\blby�j_Zdpbb�khklZ\ey_l��±��k��gh
^ey� hdhgqZl_evgh]h� klZ[bebaZpbb� QKK� ^he`gh� ijhclb� ��±��� k�� LZd� `_
f_^e_ggh�ijhbkoh^bl�b�\ha\jZl�d�ij_`g_c�QKK�

F_^bZlhjhf�kbfiZlbq_kdh]h�g_j\Z�y\ey_lky�ghjZ^j_gZebg��dhlhjuc�\u-
k\h[h`^Z_lky�\�j_amevlZl_�wnn_j_glguo�bfimevkh\��G_cjhf_^bZlhj�\aZbfh-
^_ckl\m_l� k� de_ldZfb−fbr_gyfb�²� dZj^bhpblZfb��Ijhbkoh^bl� Zdlb\Zpby
β−Z^j_ghj_p_ilhjh\��qlh�\uau\Z_l�ijhp_kk�nhknhjbebjh\Zgby�[_edh\�f_f-
[jZgu� b� ih\ur_gb_� \gmljbde_lhqghc� dhgp_gljZpbb� bhgh\� dZevpby��<� j_-
amevlZl_�f_^e_ggZy�^bZklhebq_kdZy�^_iheyjbaZpby�mkdhjy_lky��f_f[jZgguc
ihl_gpbZe� jZgvr_� ^hklb]Z_l� ihjh]h\h]h� mjh\gy�� ih\urZ_lky� Z\lhfZlbaf
\k_o�hl^_eh\�ijh\h^ys_c�kbkl_fu�k_j^pZ��\hajZklZ_l�QKK�

<� p_ehf� kbfiZlbq_kdb_� \ebygby� gZ� k_j^p_� j_Zebamxlky� hlghkbl_evgh
f_^e_ggh��gh�hgb�hlghkbl_evgh�klhcdb�b�]_g_jZebah\Zgu�

ÄÕåÕæÝáäÕçÝìÚæßÕô� ÝââÚå×ÕëÝô� h[_ki_qb\Z_lky� \hehdgZfb� [em`-
^Zxs_]h�g_j\Z��\ha^_ckl\mxs_]h�gZ�kl_gdb�ij_^k_j^bc�b�g_ihkj_^kl\_ggh
gZ�kbghZljbZevguc�ma_e�

Y^jZ�[em`^Zxs_]h�g_j\Z�jZkiheh`_gu�\�ijh^he]h\Zlhf�fha]m��D�k_j^-
pm� hloh^yl� \_lhqdb� hl�r_cgh]h� b� ]jm^gh]h� hl^_eh\� [em`^Zxs_]h� g_j\Z�
Ij_]Zg]ebhgZjgu_�\hehdgZ�bf_xl� kbgZiku�\h�\gmljbkl_ghqguo� ]Zg]ebyo
k_j^pZ��Ihkl]Zg]ebhgZjgu_�\hehdgZ�b^ml�d�kbgmkh\hfm�b�:<−maeZf��imqdm
=bkZ�b�\_g_qguf�Zjl_jbyf�

<hehdgZ�hl�ijZ\h]h�[em`^Zxs_]h�g_j\Z�bgg_j\bjmxl��\�hkgh\ghf��ijZ-
\h_�ij_^k_j^b_�b�hkh[_ggh�h[bevgh�²�kbgmkh\uc�ma_e��D�Zljbh\_gljbdm-
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eyjghfm�maem�ih^oh^yl��]eZ\guf�h[jZahf��\hehdgZ�hl�e_\h]h�[em`^Zxs_]h
g_j\Z��<�j_amevlZl_�ijZ\uc�[em`^Zxsbc�g_j\�\eby_l�ij_bfms_kl\_ggh�gZ
QKK��Z�e_\uc�²�gZ�:<−ijh\_^_gb_��Ijb�jZa^jZ`_gbb�[em`^Zxs_]h�g_j\Z
[he__�\ujZ`_g�hljbpZl_evguc�ojhghljhiguc�wnn_dl� �kgb`_gb_�QKK�� ]_-
g_jbjm_fhc�kbgmkh\uf�maehf���Z�ijb�jZa^jZ`_gbb�e_\h]h�²�ij_bfms_kl-
\_ggh� hljbpZl_evguc� ^jhfhljhiguc� wnn_dl� �aZf_^e_gb_� ijh\_^_gby
g_j\gh]h� \ha[m`^_gby� \� :<−mae_�� \iehlv� ^h� ij_oh^ys_c� :<−[ehdZ^u��
IZjZkbfiZlbq_kdZy� bgg_j\Zpby�`_em^hqdh\� ij_^klZ\e_gZ� keZ[h�� b�nmgd-
pbhgZevgh_�agZq_gb_�__�kihjgh�

<� hdhgqZgbyo� [em`^Zxs_]h� g_j\Z� k_dj_lbjm_lky� Zp_lbeohebg� �:O��
Wlhl�f_^bZlhj�Zdlb\bjm_l�F2−ohebghj_p_ilhju�f_f[jZgu�de_lhd�\h^bl_-
ey�jblfZ��qlh�ijb\h^bl�d�hldju\Zgbx�dZeb_\uo�dZgZeh\��<�blh]_�ijhbkoh-
^bl�aZf_^e_gb_�^bZklhebq_kdhc�^_iheyjbaZpbb�b��dZd�ke_^kl\b_��m\_ebqb-
\Z_lky�bgl_j\Ze�f_`^m�khdjZs_gbyfb�k_j^_qghc�furpu�

EZl_glguc�i_jbh^�jZa^jZ`_gby�[em`^Zxs_]h�g_j\Z�agZqbl_evgh�dhjh-
q_�kbfiZlbq_kdh]h�²�����fk��Z�ihklhygguc�mjh\_gv�QKK�^hklb]Z_lky�[u-
kljh� ²� q_j_a� g_kdhevdh� k_j^_qguo� pbdeh\�� <hkklZgh\e_gb_� QKK� ihke_
ij_djZs_gby� klbfmeypbb�ijhbkoh^bl� \� l_q_gb_� ��±��� k��qlh�h[tykgy_lky
[ukljhc� ]b^jhebaZpb_c�:O� \ke_^kl\b_� \ukhdhc� dhgp_gljZpbb� Zp_lbeoh-
ebgwkl_jZau�\�kbgmkh\hf�mae_�

<ebygb_�[em`^Zxs_]h�g_j\Z�gZ�de_ldb�kbgmkh\h]h�maeZ�aZ\bkbl�hl�kb-
eu�jZa^jZ`_gby��ijb�kbevghf�²�\hagbdZ_l�lhjfhaghc�wnn_dl��Z�ijb�keZ-
[hf�²� ©iZjZ^hdkZevguc� wnn_dlª� �m\_ebq_gb_�QKK��� JZa^jZ`_gb_� [em`-
^Zxs_]h�g_j\Z�klbfmebjmxl�ohebghj_p_ilhju�kbgmkh\h]h�maeZ��Ijb�^_c-
kl\bb� iZjZkbfiZlbq_kdh]h� g_cjhf_^bZlhjZ� :O� gZ� F−ohebghj_p_ilhju
de_lhd� \h^bl_ey� jblfZ� b� ijh\h^ys_c� kbkl_fu� hldju\Zxlky�f_f[jZggu_
dZgZeu�^ey�bhgh\�dZeby��Wlh�\uau\Z_l�aZf_^e_gb_�^bZklhebq_kdhc�^_ihey-
jbaZpbb��b�f_f[jZgguc�ihl_gpbZe�iha`_�^hklb]Z_l�ihjh]h\h]h�agZq_gby��<
j_amevlZl_� ijhbkoh^bl� kgb`_gb_� Z\lhfZlbafZ� b� mf_gvr_gb_� QKK�� Ijb
hq_gv�kbevguo�jZa^jZ`_gbyo�^bZklhebq_kdZy�^_iheyjbaZpby�bkq_aZ_l�b�gZ-
klmiZ_l�]bi_jiheyjbaZpby�de_lhd�\h^bl_ey�jblfZ�

Ihkl]Zg]ebhgZjgu_� g_j\gu_� \hehdgZ� kbfiZlbq_kdhc� kbkl_fu� ijZdlb-
q_kdb�jZ\ghf_jgh�bgg_j\bjmxl�\k_�hl^_eu�k_j^pZ��F_^bZlhjhf�kbfiZlb-
q_kdhc� bgg_j\Zpbb� k_j^pZ� y\ey_lky� ghjZ^j_gZebg�� dhlhjuc� \aZbfh^_ckl-
\m_l�k�β−Z^j_ghj_p_ilhjZfb�dZj^bhpblh\��:dlb\Zpby�j_p_ilhjh\�ghjZ^j_-
gZebgZ�b�ke_^mxs__�aZ�wlbf�gZijZ\e_ggh_�nhknhjbebjh\gb_�f_f[jZgguo
[_edh\�ijb\h^yl�\�dhg_qghf�blh]_�d�ih\ur_gbx�\gmljbde_lhqghc�dhgp_g-
ljZpbb�dZevpby��<�j_amevlZl_�baf_g_gby�bhggh]h�[ZeZgkZ�ih�h[_�klhjhgu
f_f[jZgu� dZj^bhpblh\� f_^e_ggZy� ^bZklhebq_kdZy� ^_iheyjbaZpby� wlbo
de_lhd� mkdhjy_lky�� f_f[jZgguc� ihl_gpbZe� jZgvr_� ^hklb]Z_l� ihjh]h\h]h
mjh\gy�b�\�j_amevlZl_�f_`kbklhebq_kdbc�bgl_j\Ze�khdjZsZ_lky�

<�p_ehf��iZjZkbfiZlbq_kdb_�\ebygby�oZjZdl_jbamxlky�hlghkbl_evgh�[u-
kljuf�wnn_dlhf�b�hlghkbl_evgh�kdhjuf�\ha\jZs_gb_f�baf_g_gguo�ihdZaZ-
l_e_c�d�bkoh^ghfm�mjh\gx��Z�lZd`_�[hevr_c�ba[bjZl_evghklvx�^_ckl\by�
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·ÜÕÝáãÙÚÞæç×ÝÚ� ãçÙÚàã×�·ÂÆ� <� ex[hf�nmgdpbhgZevghf� khklhy-
gbb�hj]ZgbafZ�h[_�\_l\b�<GK�\�lhc�beb�bghc�f_j_�aZ^_ckl\h\Zgu�\�hkms_-
kl\e_gbb� nbabheh]bq_kdhc� j_]meypbb1�� ijhbkoh^ys_c� gZ� \k_o� mjh\gyo
k_]f_glZjgh]h� hl^_eZ� <GK�� H^gZdh� ijb� hij_^_e_gguo� mkeh\byo� fh`_l
ij_\Zebjh\Zlv� Zdlb\ghklv� h^gh]h� beb� ^jm]h]h� hl^_eZ�<GK�� qlh� \� agZqb-
l_evghc�f_j_�hij_^_ey_l�oZjZdl_j�jblfbdb�k_j^pZ�

Wnn_j_glgu_�kbfiZlbq_kdb_�b�\Z]mkgu_�\ebygby�gZ�K:−ma_e�^hklZlhq-
gh� kbgojhggu� k�dZ`^uf�dZj^bhpbdehf�� l_f�g_�f_g__��hgb�gZoh^ylky�ih^
agZqbl_evguf�dhgljhe_f�kh�klhjhgu�p_gljZevguo��\Zahfhlhjgu_�b�j_kib-
jZlhjgu_�dhe_[Zl_evgu_�dhglmju��b�i_jbn_jbq_kdbo��Zjl_jbZevgh_�^Z\e_-
gb_�b�^uoZl_evgu_�^\b`_gby��pbdebq_kdbo�f_oZgbafh\��Wlb�wdkljZdZj^b-
Zevgu_�pbdebq_kdb_� \ha^_ckl\by�fh^mebjmxl� kljmdlmjm�nZabq_kdhc� jbl-
fbdb�\�Zdlb\ghklb�kbfiZlbq_kdbo�b�iZjZkbfiZlbq_kdbo�wnn_j_glguo�\h-
ehdhg��qlh�\�dhg_qghf�blh]_�hljZ`Z_lky�\�ihebjblfbqghc�\ZjbZlb\ghklb
dZj^bhbgl_j\Zeh\�

<�wlhf�\aZbfh^_ckl\bb�jZ[hlZ_l�lZd`_�ijbgpbi�©Zdp_glbjh\Zggh]h�Zg-
lh]hgbafZª�� ijb� jZaebqghc� kl_i_gb� Zdlb\ghklb� h^gh]h� ba� hl^_eh\� <GK
wnn_dl�^jm]h]h�hl^_eZ� lZd`_�[m^_l�jZaebq_g��Lh� _klv� klbfmeu�[em`^Zx-
s_]h�g_j\Z�l_f�[hevr_�kgbayl QKK��q_f�[hevr_�QKK�[ueh�ij_^\Zjbl_evgh
ih\ur_gh� aZ� kbfiZlbq_kdhc� Zdlb\ghklb�� Gh�� \f_kl_� k� l_f�� q_f� kbevg__
klbfmeu�[em`^Zxs_]h�g_j\Z��l_f�f_gvrbf�[m^_l�\hajZklZgb_�\�j_amevlZl_
h^bgZdh\hc�kbfiZlbq_kdhc�klbfmeypbb�

QZklh�ijb�^hklb`_gbb�ihe_agh]h�ijbkihkh[bl_evgh]h�j_amevlZlZ h^gh-
\j_f_ggh�gZ[ex^Z_lky�kgb`_gb_�Zdlb\ghklb�\�h^ghf�hl^_e_�<GK�b�\hajZk-
lZgb_� \� ^jm]hf��GZijbf_j�� \ha[m`^_gb_� [Zjhj_p_ilhjh\� ijb� ih\ur_gbb
Zjl_jbZevgh]h�^Z\e_gby�ijb\h^bl�d�kgb`_gbx�qZklhlu�b�kbiu�k_j^_qguo
khdjZs_gbc��Wlhl� wnn_dl�h[mkeh\e_g�h^gh\j_f_gguf� m\_ebq_gb_f�iZjZ-
kbfiZlbq_kdhc�b�kgb`_gb_f�kbfiZlbq_kdhc�Zdlb\ghklb��©nmgdpbhgZevgZy
kbg_j]byª��

Bg\hexpby�ohebg−�b�Z^j_g_j]bq_kdbo�g_j\guo�kie_l_gbc�k_j^pZ�q_eh-
\_dZ�\�ihklgZlZevghf�hglh]_g_a_�aZdexqZ_lky�\�lhf��qlh�\�\hajZkl_�klZjr_
��±��� e_l� ihdZaZl_ev� iehlghklb� Z^j_g_j]bq_kdbo� kie_l_gbc� fbhdZj^Z
kgb`Z_lky�� Z� ihdZaZl_ev� iehlghklb� ohebg_j]bq_kdbo� kie_l_gbc� y\ey_lky
\_ebqbghc� ihklhygghc�� Kgb`_gb_� iehlghklb� Z^j_g_j]bq_kdbo� dhfihg_g-
lh\� ijb\h^bl� d� kgb`_gbx� Z^ZilZpbhgguo� \ha^_ckl\bc� kbfiZlbq_kdbo
kie_l_gbc��<ebygb_�`_�[em`^Zxs_]h�g_j\Z�k�\hajZklhf�gZqbgZ_l�ij_h[eZ-
^Zlv��M�fheh^uo�a^hjh\uo�ex^_c�bf__lky�\ukhdbc�iZjZkbfiZlbq_kdbc�lh-
gmk��IZpb_glu� k�gZjmr_gbyfb�nmgdpbb�e_\h]h�`_em^hqdZ� �k_j^_qgZy�g_-
^hklZlhqghklv�� g_^Z\gbc� bgnZjdl� fbhdZj^Z�� bf_xl� \ukhdbc� kbfiZlbq_-
kdbc�lhgmk�

                                                          
1�Kf���Pagani M., Mazzuero G., Ferrari A., Malliani A. Sympathovagal interaction

during mental stress//Circulation. 1991. V.83.
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ËÚâçåÕàñâÕô�åÚØèàôëÝô� P_gljZevgZy�g_j\gZy�kbkl_fZ��Z�lZd`_�dhjZ
]heh\gh]h�fha]Z�fh]ml� hdZau\Zlv� gZ� k_j^_qgmx� ^_yl_evghklv� aZf_lgh_� b
^Z`_�kbevgh_�\ebygb_��DhjZ�k\yaZgZ�k�k_j^_qgh−khkm^bklhc�kbkl_fhc�fgh-
]hqbke_ggufb� imlyfb�� ijhoh^ysbfb� q_j_a� ]bihlZeZfmk�� kj_^gbc� fha]� d
kl\heh\uf�pbjdmeylhjguf�p_gljZf�b�^jm]bf�h[jZah\Zgbyf�j_lbdmeyjghc
nhjfZpbb�� Zdlb\bjmxsbf� kbfiZlbq_kdbc� hl^_e� <GK�� :dlb\Zpby� iZe_h-
dhjl_dkZ� fh`_l� khijh\h`^Zlvky� dZd� ij_kkhjgufb�� lZd� b� ^_ij_kkhjgufb
j_Zdpbyfb��Eh[gZy�dhjZ�y\ey_lky�\ukrbf�j_]meylhjguf�p_gljhf�bgl_]jZ-
lb\ghc�^_yl_evghklb��Zdlb\bjmy�dZd�fhlhjgu_��lZd�b�\_]_lZlb\gu_�p_glju�
<�j_]meypbb�jblfZ�k_j^pZ�ijZ\Zy�]_fbkn_jZ�b]jZ_l�\_^msmx�jhev��ihwlhfm
__� ihjZ`_gby� khijh\h`^Zxlky� [he__� ]em[hdbfb� gZjmr_gbyfb� k_j^_qghc
^_yl_evghklb��E_\Zy�`_� ]_fbkn_jZ�bf__l�ij_bfms_kl\_ggh� Zjblfh]_ggh_
\ebygb_�

=bihlZeZfmk��\f_kl_�k�^jm]bfb�kljmdlmjZfb�ebf[bq_kdhc�kbkl_fu��hl-
\_lkl\_g_g�aZ�dhhj^bgZpbx�\_]_lZlb\guo��wfhpbhgZevguo��ih\_^_gq_kdbo
Zdpbc�b�\_]_lZlb\gh]h�h[_ki_q_gby�`bag_^_yl_evghklb��:dlb\Zpby� ©wj]h-
ljhighc� ahguª� �dZm^Zevguk� hl^_eu� ]bihlZeZfmkZ�� \uau\Z_l� kbfiZlbq_-
kdmx� Zdlb\Zpbx�� khijh\h`^Zxsmxky� ih\ur_gb_f�:>��QKK�� k_j^_qgh]h
\u[jhkZ��:dlb\Zpby�©ljhnhljhighc�ahguª��jhkljZevgu_�hl^_eu�]bihlZeZ-
fmkZ�� hdZau\Z_l� lhjfhagh_� ^_ckl\b_� gZ� k_j^_qgh−khkm^bklmx� kbkl_fm� b
\uau\Z_l�j_Zdpbb��gZijZ\e_ggu_�gZ�\hkklZgh\e_gb_�wg_j]_lbq_kdbo j_a_j-
\h\�hj]ZgbafZ�

<�j_lbdmeyjghc�nhjfZpbb�kl\heZ�fha]Z�b�[mev[Zjguo�hl^_eZo�bf__lky
jy^� h[jZah\Zgbc�� h[t_^bgy_fuo� \�f_^meeyjgu_�b� jhf[wgp_nZevgu_�pbj-
dmeylhjgu_�p_glju��Bo�\ebygby��\�hkgh\ghf��j_Zebamxlky�q_j_a�baf_g_gb_
lhgmkZ�kbfiZlbq_kdbo�khkm^hkm`b\Zxsbo�g_j\h\��dhlhjuc�ihklhyggh�ba-
f_gy_lky� ih^� ^_ckl\b_f� Znn_j_glguo� \ebygbc� hl� j_p_ilhjh\� khkm^h\� b
k_j^pZ�

ÄãàÝáãåéÝÜá� åÝçáÝßÝ� æÚåÙÚìâãÞ� ÙÚôçÚàñâãæçÝ� H� jZaebqghc
ijbjh^_�\ukhdhqZklhlgh]h��<DB��b�gbadhqZklhlgh]h��GDB��dhfihg_glh\�\
ki_dlj_�jblfZ� k_j^pZ� k\b^_l_evkl\mxl�fgh]hqbke_ggu_� wdki_jbf_glu��<
wdki_jbf_glZo�k�\Z]mkghc�klbfmeypb_c��[ehdZ^hc�fmkdZjbgh\uo�j_p_ilh-
jh\� b� \Z]hlhfb_c� ihdZaZgh�� qlh� \ukhdhqZklhlguc� dhfihg_gl� fh^meypbb
jblfZ�k_j^pZ�h[mkeh\e_g�ij_bfms_kl\_ggh�Zdlb\Zpb_c�\hehdhg�[em`^Zx-
s_]h� g_j\Z�� <gmljb\_ggh_� \\_^_gb_� ZljhibgZ�� [ehdZlhjZ� fmkdZjbgh\uo
ohebg_j]bq_kdbo� j_p_ilhjh\�� ijb\h^bl� d� bkq_agh\_gbx� \ukhdhqZklhlghc
fh^meypbb�jblfZ�k_j^pZ��\ur_������=p���hklZ\eyy�ijZdlbq_kdb�[_a�baf_g_-
gbc�_]h�gbadhqZklhlgmx�ihehkm��<�lh�`_�\j_fy�bgt_dpby�ijhijZgheZ��[eh-
dZlhjZ� [_lZ−Z^j_g_j]bq_kdbo� j_p_ilhjh\�� kms_kl\_ggh� ^_finbjm_l� dhe_-
[Zgby�DB�\�gbadhqZklhlghc�h[eZklb��gb`_������=p���L_f�kZfuf�h[yaZl_ev-
guf�mkeh\b_f�ihy\e_gby�GDB�\�ki_dlj_�jblfZ�k_j^pZ�y\ey_lky�Zdlb\Zpby
ij_bfms_kl\_ggh�kbfiZlbq_kdbo�wnn_j_glh\�

M\_ebq_gb_� GDB� gZ[ex^Z_lky� \� hjlhklZlbq_kdhc� ijh[_�� ijb� g_j\-
gh−ikbobq_kdhf�gZijy`_gbb�b�mf_j_gghc�nbabq_kdhc�gZ]jmad_��GZh[hjhl�
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m\_ebq_gb_� \ukhdhqZklhlgh]h� dhfihg_glZ� \� ki_dlj_� jblfZ� k_j^pZ� \k_]^Z
gZ[ex^Z_lky�\�iheh`_gbb�ihdhy�\�hlkmlkl\b_�klj_kkh\uo�gZ]jmahd��Z�lZd`_
ijb�mijZ\ey_fhf�^uoZgbb��L_f�kZfuf�baf_g_gb_�fhsghklb�GDB�b�<DB
fh`gh� ljZdlh\Zlv�dZd�bgl_]jZevgu_�fZjd_ju�ih\ur_gby� lhgmkZ� khhl\_l-
kl\_ggh�iZjZkbfiZlbq_kdhc�beb�kbfiZlbq_kdhc�kbkl_fu�

�����Hkgh\u�WD=�f_lh^Z
Ãç×ÚÙÚâÝô��<� debgbq_kdhc�ijZdlbd_�gZb[he__� jZkijhkljZg_gZ� lZd�gZ-

au\Z_fZy�ljZ^bpbhggZy�kbkl_fZ�hl\_^_gbc�^ey�j_]bkljZpbb�WD=��jbk�������
HgZ� \dexqZ_l� ��� hl\_^_gbc�� �

klZg^Zjlguo� hl\_^_gby� hl� dhg_qgh-
kl_c� �,�� ,,�� ,,,��� ljb� mkbe_gguo� h^gh-
ihexkguo�hl\_^_gby��D95��D9/��D9)�
b� �� ]jm^guo� h^ghihexkguo� hl\_^_-
gbc��9�±9���

WlZ�kbkl_fZ�fh`_l�[ulv�j_Zebah-
\ZgZ� �−dZgZevghc� [biheyjghc� j_]b-
kljZpb_c�k�gZeh`_gb_f� ��we_dljh^h\
gZ� dhg_qghklb� b� �� ]jm^guo� we_dljh-
^h\�
5�²�ijZ\Zy�jmdZ�
/�²�e_\Zy�jmdZ�
)�²�e_\Zy�gh]Z��g_cljZev��
*� ²� ijZ\Zy� gh]Z� �h[sZy� a_fey� ^ey

j_]bkljbjmxs_c�ZiiZjZlmju��
Gi�²�]jm^gu_�we_dljh^u�i=1−6.

k� ih^dexq_gb_f� d� [bhmkbebl_ex
\� ke_^mxs_c�ihke_^h\Zl_evghklb� �\� kdh[dZo�mdZaZgZ�iheyjghklv� khhl\_l-
kl\mxs_]h�we_dljh^Z��
• hl\_^_gb_�,� �/�����5�−) ;
• hl\_^_gb_�,,,� �L(−), F(+);
• hl\_^_gby�&)i = Ci(+), F(−); i=1−6

b� k� ihke_^mxsbf� ij_h[jZah\Zgb_f� d� ��� hl\_^_gbyf� ih� ke_^mxsbf
nhjfmeZf�>��@��\h�fgh]bo�Z\lhghfguo�WD=−j_]bkljZlhjZo�lZdh_�ij_h[jZ-
ah\Zgb_�hkms_kl\ey_lky�g_�fZl_fZlbq_kdb��Z�we_dljbq_kdhc�dhffmlZpb_c�
dh]^Z�hl\_^_gby�hl�dhg_qghkl_c�ihiZjgh�h[t_^bgyxlky��

II = I + III;
aVR = I – 0.5*III;
aVL = 0.5*I – 0.5*III;
aVF = 0.5*I + III;
Vi = CFi + 1/3*I + 2/3*III; i=1−6.
<� j_amevlZl_�ihemqZ_lky� ��−dZgZevgZy� aZibkv�WD=��njZ]f_gl� dhlhjhc

ijb\_^_g�gZ�jbk������

Jbk�������GZeh`_gb_�we_dljh^h\�ih
ljZ^bpbhgghc�kbkl_f_�hl\_^_gbc
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Jbk�������NjZ]f_gl�aZibkb�WD=�ih�ljZ^bpbhgghc�kbkl_f_����hl\_^_gbc��h[hagZ-
q_gby�hl\_^_gbc�kijZ\Z�

ÁãåéãàãØÝô�Ò¿¸� WD=−aZibkv�khklhbl�ba�am[ph\��h[hagZqZ_fuo�eZ-
lbgkdbfb�[md\Zfb�P, Q, R, S, T, U���k_]f_glh\�b�bgl_j\Zeh\��jbk��������:f-
ieblm^Z� am[ph\� baf_jy_lky� hl� gme_\hc� ebgbb� �bahebgbb� \� i_jbh^� ©we_d-
ljbq_kdhc� ^bZklheuª� gZ� k_]f_gl_� L–J�� dh]^Z�W>K� k_j^pZ� jZ\gZ� gmex�� \
fbeeb\hevlZo��Z�^ebl_evghklb�\ujZ`Zxlky�\�k_dmg^Zo�

Jbk�������Ko_fZ�b�kljmdlmjgu_�dhfihg_glu�WD=−pbdeZ
GZqZeh�\ha[m`^_gby�ij_^k_j^bc�khhl\_lkl\m_l�am[pm�J�gZ�WD=��GZ�k_]-

f_gl_�PQ \k_�ij_^k_j^by�ho\Zq_gu�\ha[m`^_gb_f�b�gZqbgZ_lky�ijhp_kk�bo
j_iheyjbaZpbb�^h� am[pZ�L. QRS−dhfie_dk�hljZ`Z_l�jZkijhkljZg_gb_�\ha-
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[m`^_gby� ih� `_em^hqdZf�� K_]f_gl� ST� khhl\_lkl\m_l� \ha[m`^_gghfm� kh-
klhygbx�\k_o�hl^_eh\�`_em^hqdh\��Z�ihke_�am[pZ�L�gZqbgZ_lky�bo�j_ihey-
jbaZpby�

¼èÖÚë� 3. <hkoh^ys__� dhe_gh� am[pZ� P� hljZ`Z_l� \ha[m`^_gb_� ijZ\h]h
ij_^k_j^by� �\� i_j\u_� ����±������� \� ke_^mxsb_� ����±����� k� \ha[m`^Z_lky
f_`ij_^k_j^gZy�i_j_]hjh^dZ�b�e_\h_�ij_^k_j^b_� �\_jrbgZ� am[pZ�P��� \�ih-
ke_^gb_� ����±�����k�²�lhevdh�e_\h_�ij_^k_j^b_� �gbkoh^ys__�dhe_gh� am[pZ
P���H[sZy�ijh^he`bl_evghklv�am[pZ�P�khklZ\ey_l�����±�����k��Am[_p�P�fh`_l
[ulv�iheh`bl_evguf��hljbpZl_evguf��^\monZaguf��bahwe_dljbqguf�

½âçÚå×Õà� 34�baf_jy_lky�hl�gZqZeZ� am[pZ�J�^h�gZqZeZ�i_j\h]h� am[pZ
`_em^hqdh\h]h� dhfie_dkZ��GhjfZevgZy�ijh^he`bl_evghklv�bgl_j\ZeZ�PQ
\Zjvbjm_l�hl������^h������k�b�aZ\bkbl�hl�qZklhlu�k_j^_qguo�khdjZs_gbc�

Bg^_dk�FZdjmaZ�²� wlh�hlghr_gb_�ijh^he`bl_evghklb� am[pZ�J�d�^eb-
l_evghklb�k_]f_glZ�PQ��<�ghjf_�bg^_dk�FZdjmaZ�khklZ\ey_l����±�����Wlhl
bg^_dk�bgh]^Z�ihfh]Z_l�\�^bZ]ghklbd_�]bi_jljhnbb�ij_^k_j^bc�

456−ßãáäàÚßæ� Bgl_j\Ze�QRS�baf_jy_lky�hl�gZqZeZ�am[pZ�Q�^h�dhgpZ
am[pZ�S��ijh^he`bl_evghklv�_]h�dhe_[e_lky�hl������^h������k��Am[pu�Q�b�R
²� g_ihklhyggu_�� ihwlhfm� dhfie_dk�QRS�fh`_l� [ulv� ij_^klZ\e_g� lj_fy
^\mfy�beb�h^gbf�am[phf�

ÆÚØáÚâç�6Ç�²�hlj_ahd�hl�dhgpZ�dhfie_dkZ�QRS�^h�gZqZeZ�am[pZ�L��\
hl\_^_gbyo� hl� dhg_qghkl_c� h[uqgh� jZkiheh`_g� gZ� bahwe_dljbq_kdhc� eb-
gbb��>himklbfh�kf_s_gb_�6L�\gba�^h���fd<�b�\\_jo�^h����fd<�

¼èÖÚë� Ç�fh`_l� [ulv� iheh`bl_evguf�� hljbpZl_evguf� b� ^\monZaguf�
Ih�nhjf_� am[_p�L�gZihfbgZ_l� lj_m]hevgbd� k�iheh]bf�ih^t_fhf�� aZdjm]-
e_gghc�\_jrbghc�b�djmluf�kimkdhf�

8−ÜèÖÚë� Bgh]^Z� aZ� am[phf� L� q_j_a� ����±����� k� ihke_� _]h� hdhgqZgby
ke_^m_l� am[_p�U��hg�g_ihklhyg_g��fZe��ij_^iheZ]Zxl��qlh�hg�y\ey_lky�hl-
jZ`_gb_f� ke_^h\h]h� ihl_gpbZeZ� \� nZam� ih\ur_gghc� \ha[m^bfhklb� fbh-
dZj^Z�ihke_�kbklheu��Ihke_�am[pZ�L�beb�U�^h�am[pZ�J�ke_^mxs_]h�k_j^_q-
gh]h�pbdeZ�b^_l� ]hjbahglZevgZy�ebgby��gZau\Z_fZy�k_]f_glhf�LJ�b�khhl-
\_lkl\mxsZy�^bZklhe_�k_j^pZ�

·ÚßçãåâÕô� ØÚãáÚçåÝô� Ò¿¸� NhjfZ� we_dljhdZj^bh]jZffu� \� ex[hf
hl\_^_gbb�aZ\bkbl�hl�ijh_dpbb�\_dlhjZ�we_dljh^\b`ms_c�kbeu��W>K��\ha-
[m`^_gby� k_j^pZ�gZ�hkb�hl\_^_gbc��jZaebqgh�jZkiheh`_gguo� \� klZg^Zjl-
guo��mkbe_gguo�hl\_^_gbyo�hl�dhg_qghkl_c�b�]jm^guo�hl\_^_gbyo��Hkv�hl-
\_^_gby�²�]bihl_lbq_kdZy�ebgby��kh_^bgyxsZy�we_dljh^u��k�ihfhsvx�dh-
lhjuo�j_]bkljbjm_lky�WD=� \� wlhf�hl\_^_gbb��Hkv�dZ`^h]h�hl\_^_gby�^_-
eblky�ebgb_c��ijh\h^bfhc�d�g_c�i_ji_g^bdmeyjgh��ebgby�gme_\h]h�ihl_g-
pbZeZ���gZ�iheh`bl_evgmx�b�hljbpZl_evgmx�iheh\bgu�khhl\_lkl\_ggh�ih-
eyjghklb�dhg_qghklb��Ijb�ijh_pbjh\Zgbb�\_dlhjZ�gZ�iheh`bl_evgmx�klh-
jhgm�hkb�am[_p�WD=�[m^_l�gZijZ\e_g�\\_jo��ijb�ijh_pbjh\Zgbb�gZ�hljbpZ-
l_evgmx� klhjhgm�²�\gba��Qlh[u� kijh_pbjh\Zlv�\_dlhj��gZ^h�ba�gZqZeZ�b
dhgpZ�\_dlhjZ�himklblv�i_ji_g^bdmeyj�gZ�hkv�hl\_^_gby��Hl\_^_gby�hl�dh-
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g_qghkl_c� ���klZg^Zjlguo�b���h^ghihexkguo�mkbe_gguo�hl\_^_gbc�hl�dh-
g_qghkl_c��ijbgylh�bah[jZ`Zlv�\�\b^_��−hk_\hc�kbkl_fu��jbk��������\�dhlh-
jhc� hkb� hl\_^_gbc� i_j_k_dZxlky� \� lhqd_�� h[hagZqZxs_c� ]bihl_lbq_kdbc
gme_\hc� p_glj� k_j^pZ� �lhqdZ�� ]^_� [bhihl_gpbZeu� k_j^pZ� jZ\gu� gmex���<
wlhc�ko_f_�m]he�f_`^m�^\mfy�khk_^gbfb�hkyfb�hl\_^_gbc�khklZ\ey_l���°.

Jbk�������<ZjbZglu�dhfie_dkZ�QRS�\�aZ\bkbfhklb�hl�gZijZ\e_gby�we_dljbq_kdhc
hkb�k_j^pZ��Z�²�hldehg_gb_�\ijZ\h��[�²�\_jlbdZevgh_�gZijZ\e_gb_��\�²�ghjfZev-

gh_�gZijZ\e_gb_��]�²�]hjbahglZevgh_�gZijZ\e_gb_��^�²�hldehg_gb_�\e_\h

ÒàÚßçåÝìÚæßÕô�ãæñ�æÚåÙëÕ��ÒÃÆ��²�wlh�ijh_dpby�kmffZjgh]h�\_d-
lhjZ�W>K�^_iheyjbaZpbb�`_em^hqdh\�gZ�njhglZevgmx�iehkdhklv��WHK�oZ-
jZdl_jbam_l� gZijZ\e_gb_� \hegu� \ha[m`^_gby� aZ� \_kv� i_jbh^� __� jZkijh-
kljZg_gby�ih�fbhdZj^m�`_em^hqdh\��WHK�ih�\_ebqbg_�b�hjb_glZpbb�[ebadZ
d�hkgh\ghfm�\_dlhjm��gh�iheghklvx�g_�b^_glbqgZ�_fm�b�\uqbkey_lky�k�mq_-
lhf� gZqZevgh]h� �k_ilZevgh]h�� b� dhg_qgh]h� �[ZaZevgh]h�� \_dlhjh\� k_j^pZ�
GZijZ\e_gb_�WHK�\ujZ`Z_lky�\_ebqbghc�m]eZ�α��h[jZah\Zggh]h� ]hjbahg-
lZevghc�ebgb_c��iZjZee_evghc�hkb�,�klZg^Zjlgh]h�hl\_^_gby��b�we_dljbq_-
kdhc� hkvx��E_\uc� dhg_p� ]hjbahglZevghc� ebgbb� �ih� hlghr_gbx� d� bkke_-
^m_fhfm��h[hagZqZxl��°��ijZ\uc�±180°��M]eu��h[jZam_fu_�dgbam�hl�wlhc�eb-
gbb��mkeh\gh�h[hagZqZxlky�dZd�iheh`bl_evgu_��Z�d\_jom�hl�g__�²�dZd�hljb-
pZl_evgu_��?keb�\_ebqbgZ�α�dhe_[e_lky�hl���°�^h���°��lh�gZijZ\e_gb_�we_d-
ljbq_kdhc�hkb�h[hagZqZ_lky�dZd�ghjfZevgh_� �jbk�� ���Z���GZijZ\e_gb_�WHK
kqblZ_lky�]hjbahglZevguf��dh]^Z�α�dhe_[e_lky�hl���°�^h��°��jbk�����[���we_d-
ljbq_kdZy�hkv�k_j^pZ�hldehg_gZ�\e_\h�ijb�α�hl��°�^h���°��jbk�����\���GZijZ\-
e_gb_�WHK�gZau\Z_lky�\_jlbdZevguf��_keb�α�dhe_[e_lky�hl���°�^h���°��jbk�
6.8]���hkv�hldehg_gZ�\ijZ\h�ijb�\_ebqbg_�α=90–180°��jbk�����^).

GZijZ\e_gb_�WHK� m� a^hjh\uo� ex^_c� aZ\bkbl� hl� iheh`_gby� k_j^pZ� \
]jm^ghc�de_ld_��<�ghjf_�we_dljbq_kdZy�b�ZgZlhfbq_kdZy�hkb�k_j^pZ�bf_xl
ihqlb� h^bgZdh\h_� iheh`_gb_�� <_jlbdZevgh_� gZijZ\e_gb_� WHK� qZs_� gZ-
[ex^Z_lky�\�fheh^hf� \hajZkl_�ijb� Zkl_gbq_kdhf� l_ehkeh`_gbb�� ]hjbahg-
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lZevgh_�²�m�ebp�ih`beh]h�\hajZklZ��ijb�]bi_jkl_gbq_kdhc�dhgklblmpbb��M
a^hjh\uo�ebp�\�aZ\bkbfhklb�hl�dhgklblmpbb�α�jZkiheZ]Z_lky�\�k_dlhj_�hl��
^h���°��<ujZ`_ggh_�hldehg_gb_�WHK�\e_\h��α�f_gvr_�−30°��beb�\ijZ\h��α
[hevr_� ���°�� y\ey_lky� ijbagZdhf� iZlheh]bb��Ijbqbghc� hldehg_gby�WHK
fh]ml�[ulv�g_�lhevdh�baf_g_gby�iheh`_gby�k_j^pZ�\�]jm^ghc�de_ld_��gh�b
iZlheh]bq_kdb_�ijhp_kku�\�fbhdZj^_��ijb\h^ysb_�d�we_dljbq_kdhfm�ij_-
h[eZ^Zgbx�h^gh]h�ba�`_em^hqdh\�

?keb�j_amevlbjmxsbc�\_dlhj�gZijZ\e_g�ihqlb�iZjZee_evgh�hkb�hl\_^_-
gby��lh�\hevlZ`� am[ph\�\�wlhf�hl\_^_gbb�[m^_l�gZb[hevrbf��_keb�\_dlhj
gZijZ\e_g� i_ji_g^bdmeyjgh�� lh� am[pu� \� wlhf� hl\_^_gbb� hdZ`mlky�fbgb-
fZevgufb�

ÉèâßëÝãâÕàñâðÚ� äåãÖð� >ey� \uy\e_gby� j_Zdpbc� k_j^_qghc� ^_y-
l_evghklb�gZ�jZaebqgh]h�\b^Z�gZ]jmadb�ijbf_gyxl�nmgdpbhgZevgu_�ijh-
[u��k�nbabq_kdhc�gZ]jmadhc��^uoZl_evgu_��]em[hdh_�^uoZgb_��]bi_j\_glb-
eypby��aZ^_j`dZ�^uoZgby��b�nZjfZdheh]bq_kdb_��Zljhibgh\Zy��Z^j_gZebgh-
\Zy�� bgkmebgh\Zy� b� ^j����J_]bkljZpby�WD=� h[uqgh� ijhba\h^blky� \� h^ghf
hl\_^_gbb�I��jmdZ−jmdZ���DZ`^Zy�ijh[Z�ij_^\Zjy_lky�dhgljhevghc�nhgh\hc
aZibkvx�WD=�\�khklhygbb�j_eZdkZpbb�\�l_q_gb_��±��fbg��Ijb�ZgZeba_�ij_-
bfms_kl\_ggh�ijbf_gyxlky�f_lh^u�\ZjbZ[_evghklb�k_j^_qgh]h�jblfZ�

ÉÝÜÝìÚæßÕô�âÕØåèÜßÕ� Ih^�ijh[Zfb�k�nbabq_kdhc�gZ]jmadhc�h[uqgh
ih^jZamf_\Zxl��hjlhklZlbq_kdmx�ijh[m��ijh[m�©\klZlv−k_klvª��ijh[m�FZk-
l_jZ�b�\_ehwj]hf_ljbq_kdmx�ijh[m��Ijb�hjlhklZlbq_kdhc�ijh[_�iZpb_gl�ba
]hjbahglZevgh]h�iheh`_gby�j_eZdkZpbb�\klZ_l�ih�klhcd_�©kfbjghª��gh�[_a
gZijy`_gby�b�klhbl�\�l_q_gb_� ��fbg��<�ghjf_� aZ�kq_l�i_j_jZkij_^_e_gby
h[t_fZ�djh\b�kgb`Z_lky�__�ijblhd�\�ijZ\u_�hl^_eu�k_j^pZ�b�mf_gvrZ_lky
k_j^_qguc� \u[jhk�� \� wlhf� ijhp_kk_� \u^_eyxlky� ^h� q_luj_o� ihke_^h\Z-
l_evguo�nZa�jZaghc�ijh^he`bl_evghklb��hl����k�^h���fbg��k�q_j_^h\Zgb_f
kgb`_gby−ih\ur_gby� QKK�� Ijb� ijh[_� ©\klZlv−k_klvª� b� ijh[_�FZkl_jZ
iZpb_gl�\�l_q_gb_�����fbg�ijbk_^Z_l�beb�ih^gbfZ_lky−kimkdZ_lky�ih�^\mo-
klmi_gqZlhc� e_klgbp_�FZkl_jZ�� qbkeh� mijZ`g_gbc� hij_^_ey_lky� ih� ki_-
pbZevghc�lZ[ebp_�k�mq_lhf�iheZ��fZkku�l_eZ�b�\hajZklZ�[hevgh]h��WD=�j_-
]bkljbjm_lky�kjZam�ihke_�gZ]jmadb�b�q_j_a���b����fbg�ihke_�g__�

·ÚàãòåØãáÚçåÝô�� Ijh[Z� ijh\h^blky� gZ� \_ehwj]hf_lj_� k� ihke_^h\Z-
l_evgh�\hajZklZxs_c�gZ]jmadhc�ih�ijhlhdhem�;jxkZ��klmi_gyfb�ih����<l
����� d=−f�fbg��� ijh^he`bl_evghklv� dZ`^hc� klmi_gb� �� fbg�� Ijh[Z� ijh-
^he`Z_lky� ^h� fhf_glZ� ^hklb`_gby� fZdkbfZevghc� ^ey� ^Zggh]h� \hajZklZ
QKK��Ihklmi_gqZlZy� j_]bkljZpby�WD=� �ijb�gZ]jmad_�b� \� \hkklZgh\bl_ev-
ghf�i_jbh^_�����k�������������fbg���h[uqgh�^hihegy_lky�jy^hf�ihdZaZl_e_c
^uoZl_evgh]h�]Zahh[f_gZ��AgZq_gby�wlbo�ihdZaZl_e_c�kjZ\gb\Zxl�k�ghjfZ-
lb\gufb�\�aZ\bkbfhklb�hl�jhklZ��\hajZklZ�b�iheZ�iZpb_glZ��gZ�hkgh\Zgbb
q_]h�nhjfbjm_lky�f_^bpbgkdh_�aZdexq_gb_�

¼ÕÙÚåÛßÕ�ÙðêÕâÝô gZ� \ukhl_� \^hoZ�ijbf_gy_lky�ijb�iZjhdkbafZev-
guo�kmijZ\_gljbdmeyjguo�lZobdZj^byo�k�p_evx�^bZ]ghklbdb�b�ihemq_gby
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e_q_[gh]h�wnn_dlZ��Ijb�gZebqbb�iZjhdkbafZevghc�lZobdZj^bb�ijh\_^_gb_
wlbo�ijh[�g_�baf_gy_l�qZklhlu�jblfZ��qlh�ih^l\_j`^Z_l�iZjhdkbafZevguc
]_g_a�Zjblfbb��lZobdZj^by�bkq_aZ_l�ijb�wnn_dlb\ghf�e_q_gbb��Ijb�\ujZ-
`_gghc�kbgmkh\hc�lZobdZj^bb�\Z]mkgu_�ijh[u�\uau\Zxl�mj_`_gb_�jblfZ
k_j^pZ�b�g_�y\eyxlky�e_q_[gufb�

¸àèÖãßãÚ�ÙðêÕâÝÚ��Ijbf_gy_lky�^ey�hp_gdb�j_Zdlb\ghklb�iZjZkbfiZ-
lbq_kdh]h�hl^_eZ�<GK��IZpb_gl�]em[hdh�^urbl�\�l_q_gb_���fbgmlu�k�jbl-
fhf���k�\^ho�b���k�\u^ho��AZ�kq_l�klbfmeypbb�[em`^Zxs_]h�g_j\Z�\�ghjf_
ijhbkoh^bl�ih\ur_gb_�\ZjbZlb\ghklb�DB�\�^bZiZahg_�����±�����=p�

¸ÝäÚå×ÚâçÝàôëÝô��Ijb�ijh\_^_gbb�ijh[u�k�]bi_j\_glbeypb_c�jZa\b-
\Zxlky�]bihdZigby�b�j_kibjZlhjguc�ZedZeha��qlh�ijb\h^bl�d�m\_ebq_gbx
dhjhgZjgh]h� khijhlb\e_gby� aZ� kq_l� dZevpb_aZ\bkbfh]h� khdjZs_gby� ]eZ^-
dhfur_qguo�de_lhd�dhjhgZjguo�khkm^h\��djhf_�lh]h��baf_gy_lky�\gmljb-
de_lhqgZy� dhgp_gljZpby� bhgh\� dZevpby��IZpb_gl� ^_eZ_l� ��±��� nhjkbjh-
\Zgguo�]em[hdbo�\^hoh\�b�\u^hoh\�k�qZklhlhc���k�[_a�i_j_ju\Z��kjZam�ih-
ke_�q_]h�ijhba\h^blky�j_]bkljZpby�WD=�

µçåãäÝâã×Õô�äåãÖÕ� :ljhibgh\Zy� ijh[Z� khijh\h`^Z_lky� ijh^he`b-
l_evghc�j_]bkljZpb_c�WD=��\�l_q_gb_��±��fbg��ihke_�ih^dh`ghc�bgt_dpbb
���fe� ����−gh]h�jZkl\hjZ�ZljhibgZ�q_j_a�dZ`^u_� ���fbg�\�l_q_gb_� ��qZ-
kh\���M\_ebq_gb_�QKK� \^\h_�ih� kjZ\g_gbx� k�bkoh^guf�gZ[ex^Z_lky�ijb
g_iheghc�kbghZmjbdmeyjghc�[ehdZ^_��Mf_gvr_gb_�bgl_j\ZeZ�kp_ie_gby�gZ
nhg_�mqZs_gby�jblfZ�\h�\j_fy�ijh\_^_gby�ijh[u�k�Zljhibghf�h[mkeh\e_-
gh�wdkljZkbklhebq_kdbf�oZjZdl_jhf�Zjblfbb�b�mdZau\Z_l�gZ�hj]Zgbq_kdh_
ihjZ`_gb_�fbhdZj^Z��Z�bkq_agh\_gb_�wdkljZkbklhebb�k\b^_l_evkl\m_l�h[�__
nmgdpbhgZevghf�oZjZdl_j_��M\_ebq_gb_�gZb[hevr_]h�bgl_j\ZeZ�kp_ie_gby
ijb�mqZs_gbb�jblfZ�h[mkeh\e_gh�iZjZkbklheb_c�

�����KbfilhfZlbdZ
<� kbfilhfZlbd_� k_j^_qguo� aZ[he_\Zgbc��^bZ]ghklbjm_fuo�ih� dZj^bh-

]jZff_��\u^_eyxl�g_kdhevdh�hl^_evguo�deZkkh\�
• jZaebqgu_�Zjblfbb�
• gZjmr_gby�\gmljb`_em^hqdh\hc�ijh\h^bfhklb��kbkl_fu�=bkZ±

Imjdbgv_��
• ]bi_jljhnbb�hl^_eh\�k_j^pZ�
• dhjhgZjgu_�iZlheh]bb��bgnZjdlu���b�^jm]b_

<�^Zgghf�jZa^_e_�fu�ij_bfms_kl\_ggh�h]jZgbqbfky�i_j_qg_f�b�djZl-
dbfb�ihykg_gbyfb�hkgh\guo�aZ[he_\Zgbc��ihkdhevdm�bo�ijhy\e_gby�djZc-
g_� \ZjbZ[_evgu� �ij_bfms_kl\_ggh� wlh� hlghkblky� d�fhjnheh]bq_kdbf�iZ-
lheh]byf���aZ\bkyl�hl�fgh`_kl\Z�nZdlhjh\�b�fh]ml�[ulv�^bZ]ghklbjh\Zgu
lhevdh�d\Zebnbpbjh\Zgguf�dZj^bheh]hf�k�[hevrbf�ijZdlbq_kdbf�hiulhf
jZ[hlu��Ih�wlbf�\hijhkZf�gZ�dgb`guo�ijbeZ\dZo�k_cqZk�bf__lky�[hevrhc
\u[hj�jZaghh[jZaghc�ebl_jZlmju��h[bevgh�beexkljbjh\Zgghc�ijbf_jZfb
oZjZdl_jguo�aZibk_c�
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µåÝçáÝÝ� L_jfbg� jblf� ke_^m_l� ijbf_gylv� ijb� j_]bkljZpbb� lj_o� b
[he__�ih^jy^�b^msbo�khdjZs_gbc�k�h^bgZdh\hc�fhjnheh]b_c�dhfie_dkh\�

:jblfbb�k_j^pZ�²�jZaebqgu_�baf_g_gby�hkgh\guo�we_dljhnbabheh]b-
q_kdbo� oZjZdl_jbklbd� fbhdZj^Z� �Z\lhfZlbaf�� \ha[m^bfhklv� b� ijh\h^b-
fhklv���\_^msb_�d�gZjmr_gbx�ghjfZevghc�dhhj^bgZpbb�khdjZs_gbc�f_`-
^m�jZaebqgufb�mqZkldZfb�fbhdZj^Z�beb�hl^_eZfb�k_j^pZ��j_adhfm�mqZs_-
gbx�beb�mj_`_gbx�k_j^_qguo�khdjZs_gbc��GZjmr_gby�jblfZ�k_j^pZ�fh-
]ml�\hagbdZlv�ijb�ihjZ`_gbb�k_j^pZ��ijb�_]h�nmgdpbhgZevguo�baf_g_gbyo
b�ijb�wdkljZdZj^bZevguo�\ebygbyo�

>ey�\uy\e_gby�[hevrbgkl\Z�Zjblfbc�^hklZlhqgh�h^ghdZgZevghc�aZibkb
WD=�� DjZcg_� ihe_aghc� nhjfhc� \bamZebaZpbb� a^_kv� y\ey_lky� bgl_j\Zeh-
]jZffZ� ²� ]jZnbd� baf_g_gby� ^ebl_evghklb� ihke_^h\Zl_evguo� dZj^bhbg-
l_j\Zeh\��DB���ihkdhevdm�jy^�Zjblfbc�^hklZlhqgh�ljm^gh�hij_^_eblv�\bam-
Zevgh��ihevamykv�gZlb\ghc�aZibkvx�WD=�

H[uqgh�jZaebqZxl�ke_^mxsb_�lbiu�Zjblfbc�
:� �:jblfbb��h[mkeh\e_ggu_�gZjmr_gb_f�nmgdpbb�Z\lhfZlbafZ�kbgmkh\h-

]h�maeZ��kbgmkh\Zy�lZobdZj^by��kbgmkh\Zy�[jZ^bdZj^by��kbgmkh\Zy�Zjbl-
fby��hklZgh\dZ�kbgmkh\h]h�maeZ��Zkbklheby�ij_^k_j^bc��kbg^jhf�keZ[h-
klb�kbgmkh\h]h�maeZ�

;�� Wdlhibq_kdb_�dhfie_dku�beb�jblfu�
���IZkkb\gu_�dhfie_dku�beb�jblfu��ij_^k_j^gu_��ba�:<−maeZ��fb]jZ-
pby�kmijZ\_gljbdmeyjgh]h�\h^bl_ey�jblfZ��ba�`_em^hqdh\��\ukdZdb-
\Zxsb_�khdjZs_gby�

���:dlb\gu_�dhfie_dku�beb�jblfu�
• wdkljZkbklheby��ij_^k_j^gZy��ba�Zljbh\_gljbdmeyjgh]h�kh_^bg_-

gby��`_em^hqdh\Zy�
• iZjZkbklhebb�
• iZjhdkbafZevgZy�b�g_iZjhdkbafZevgZy�lZobdZj^by��ij_^k_j^gZy��ba

Zljbh\_gljbdmeyjgh]h�kh_^bg_gby��`_em^hqdh\Zy�
<��F_jpZgb_�b�lj_i_lZgb_�ij_^k_j^bc�b�`_em^hqdh\�
=��GZjmr_gb_�nmgdpbb�ijh\h^bfhklb��kbghZmjbdmeyjgZy�[ehdZ^Z��\gmljb-

ij_^k_j^gZy�[ehdZ^Z��Zljbh\_gljbdmeyjgZy�[ehdZ^Z�
ÂãåáÕ� <�ghjf_�jblf� y\ey_lky� kbgmkh\uf��qZklhlZ� k_j^_qguo� khdjZ-

s_gbc� khhl\_lkl\m_l� \hajZklm� q_eh\_dZ��FZdkbfZevgh_� qbkeh� k_j^_qguo
khdjZs_gbc� \� fbgmlm� ������ [u\Z_l� m� gh\hjh`^_gguo�� k� \hajZklhf� jblf
k_j^pZ� mj_`Z_lky� ���±����� Z� ihke_� ��−e_lg_]h� \hajZklZ� \gh\v� hlf_qZ_lky
nbabheh]bq_kdh_�mqZs_gb_�kbgmkh\h]h�jblfZ��Kbgmkh\uc�jblf�hij_^_ey-
_lky�ih�fhjnheh]bb�b�Zfieblm^_�am[pZ�J�\�hl\_^_gbyo�WD=�

GZ� jbk�� ���� ijb\_^_g�njZ]f_gl� aZibkb� ghjfZevghc�WD=� k� kbgmkh\uf
jblfhf��GZ� bgl_j\Zeh]jZff_� h[jZsZ_l� gZ� k_[y� \gbfZgb_� ohjhrZy� ©kem-
qZcgZyª�\ZjbZ[_evghklv�DB.
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Z�
[�

Jbk�������GhjfZevguc�kbgmkh\uc�jblf�\�khklhygbb�j_eZdkZpbb�
Z — aZibkv�WD=��[�²�bgl_j\Zeh]jZffZ

GZ�jbk�� �����ijb\_^_g�njZ]f_gl� aZibkb�ghjfZevghc�WD=�gh\hjh`^_g-
gh]h��GZ�bgl_j\Zeh]jZff_� h[jZsZ_l�gZ� k_[y� \gbfZgb_�iehoZy� \ZjbZ[_ev-
ghklv�DB�� \ujZ`ZxsZyky� \� [hevrhf� qbke_�bgl_j\Zeh\� h^bgZdh\hc� �^bk-
dj_lghc�� ^ebl_evghklb� k� \ukhdbf�QKK�� jZ\guf� ���� m^ZjZf� \�fbgmlm��K
\hajZklhf�\_]_lZlb\gZy�j_]meypby�k_j^_qghc�^_yl_evghklb�memqrZ_lky��\Z-
jbZ[_evghklv�ih\urZ_lky��Z�QKK�kgb`Z_lky�

Z� [�

Jbk��������GhjfZevgZy�WD=�gh\hjh`^_ggh]h�
Z — aZibkv�WD=��[�²�bgl_j\Zeh]jZffZ

GZ�jbk�������ijb\_^_gZ�bgl_j\Z-
eh]jZffZ�� beexkljbjmxsZy� \_^m-
smx� jhev� ^uoZl_evgh]h� jblfZ� \
j_]mebjh\Zgbb� k_j^_qghc� ^_yl_ev-
ghklb��Bkiulm_fuc�\uihegy_l�nb-
abheh]bq_kdmx� ijh[m� ]em[hdh]h
^uoZgby�� kemqZcgZy� gbadhZfieb-
lm^gZy� \ZjbZ[_evghklv� \bamZevgh
aZf_lgZ�lhevdh�\�wibah^Zo�ihegh]h
\u^hoZ��fZdkbfmfu�DB��

ÆÝâèæã×Õô� çÕêÝßÕåÙÝô
hagZqZ_l� mqZs_gb_� QKK� hl� ���

Jbk��������Bgl_j\Zeh]jZffZ�]em[hdh-
]h�^uoZgby
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^h�����k�mf_gvr_gb_f�PQ�^h�����–�����k��m\_ebq_gb_f�Zfieblm^u�b�α�am[-
pZ�J��kf_s_gb_f�k_]f_glZ�6L�gb`_�bahwe_dljbq_kdhc�ebgbb��GZ[ex^Z_lky
ijb�ih\ur_gbb�lhgmkZ�kbfiZlbq_kdh]h�g_j\Z��ihgb`_gbb�lhgmkZ�[em`^Zx-
s_]h�g_j\Z��ih\ur_gghc� \ujZ[hld_� \� hj]Zgbaf_� dZl_oheZfbgh\�� aZ[he_\Z-
gbyo�k_j^_qgh−khkm^bklhc�kbkl_fu��\ha^_ckl\bb�ZljhibgZ�b�kbfiZlbdhfb-
f_lbq_kdbo�\_s_kl\��ebohjZ^hqguo�khklhygbyo�b�nbabq_kdhc�gZ]jmad_�

ÆÝâèæã×Õô�ÖåÕÙÝßÕåÙÝô hagZqZ_l�mj_`_gb_�QKK�^h���–����bgh]^Z�^h
����k�m\_ebq_gb_f�PQ�^h�����–�����k��k�g_[hevrbf�ihgb`_gb_f�Zfieblm^u
am[pZ�J�b�g_[hevrbf�ih^t_fhf� k_]f_glZ�6L�gZ^�bahebgb_c��<klj_qZ_lky
ijb�ih\ur_gbb�lhgmkZ�[em`^Zxs_]h�g_j\Z��ihgb`_gbb�lhgmkZ�kbfiZlbq_-
kdhx�g_j\Z��wdkljZdZj^bZevguo�\Z]mkguo�\ebygbyo��aZ[he_\Zgbyo�fbhdZj-
^Z�� lhdkbq_kdhf� e_dZjkl\_gghf� \ebygbb�� \�ghjf_�g_j_^dh�gZ[ex^Z_lky� m
kihjlkf_gh\�

ÆÝâèæã×Õô�ÕåÝçáÝô — g_j_]meyjguc�kbgmkh\uc�jblf�\ke_^kl\b_�g_-
j_]meyjghc�^_yl_evghklb� kbgmkh\h]h�maeZ��GZ�WD=�j_]bkljbjmxl� jZaebq-
gu_� ih� ijh^he`bl_evghklb� DB� �jbk�� ������� Ijb� ^uoZl_evghc� kbgmkh\hc
Zjblfbb�k�aZ^_j`dhc�^uoZgby�gZ�\ukhl_�\^hoZ�Zjblfby�bkq_aZ_l��Kbgmkh-
\Zy�Zjblfby�hlf_qZ_lky�qZs_�\�^_lkdhf�b�fheh^hf�\hajZkl_��wlh�lZd�gZau-
\Z_fZy�xghr_kdZy�^uoZl_evgZy�Zjblfby��Kbgmkh\Zy�Zjblfby��g_�k\yaZggZy
k�Zdlhf�^uoZgby��gZ[ex^Z_lky�ijb�f_gyxs_fky�lhgmk_�p_gljh\�[em`^Zx-
s_]h�b�kbfiZlbq_kdh]h�g_j\h\��ijb�ihjZ`_gbb�kbgmkh\h]h�maeZ�b�k_j^_q-
gh−khkm^bklhc�kbkl_fu�

Jbk��������Kbgmkh\Zy�Zjblfby

Jbk��������Ljb�ihke_^h\Zl_evguo�hklZgh\db�kbgmkh\h]h�maeZ����−���k��ijb�ijh[_�gZ
aZ^_j`dm�^uoZgby

ÃæçÕâã×ßÕ� æÝâèæã×ãØã� èÜàÕ — i_jbh^bq_kdZy� ihl_jy� kihkh[ghklb
kbgmkh\h]h� maeZ� \ujZ[Zlu\Zlv� bfimevku� ^ey� \ha[m`^_gby� ij_^k_j^bc� b
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`_em^hqdh\��GZ�WD=�gZ[ex^Z_lky�^ebl_evgZy�iZmaZ��\h�\j_fy�dhlhjhc�g_
j_]bkljbjmxlky� am[pu�P, Q, R, S, L�b� aZibku\Z_lky�bahebgby� �jbk�� ������
Ijh^he`bl_evghklv� iZmau� ij_\urZ_l� ijh^he`bl_evghklv� ^\mo� h[uqguo
DB��HklZgh\dZ�kbgmkh\h]h�maeZ�hlf_qZ_lky�m�[hevguo�bgnZjdlhf�fbhdZj-
^Z�� Zl_jhkde_jhlbq_kdbf� dZj^bhkde_jhahf�� fbhdZj^blZfb�� ijb� i_j_^hab-
jh\d_�k_j^_qguo�]ebdhab^h\��obgb^bgZ��j_a_jibgZ�b�l��^�

µæÝæçãàÝô� äåÚÙæÚåÙÝÞ ²� hlkmlkl\b_� \ha[m`^_gbc� ij_^k_j^bc�� dh-
lhjh_�gZ[ex^Z_lky�\�l_q_gb_�h^gh]h�beb�qZs_�[hevr_]h�qbkeZ�k_j^_qguo
pbdeh\��GZ�WD=�²�^ebggu_�iZmau��\h�\j_fy�dhlhjuo�g_�j_]bkljbjmxlky
am[pu� J�� :kbklheby� ij_^k_j^bc� gZ[ex^Z_lky� ijb� br_fbq_kdhc� [he_agb
k_j^pZ�� hkljhf� bgnZjdl_� fbhdZj^Z�� \� Z]hgZevghf� i_jbh^_�� ijb� ihjhdZo
k_j^pZ��g_^hklZlhqghklb�djh\hh[jZs_gby�ex[h]h�ijhbkoh`^_gby��Z�lZd`_
ijb� ]bi_jdZeb_fbb�� i_j_^habjh\d_� ij_iZjZlh\� gZi_jklygdb�� baj_^dZ� ijb
\ujZ`_gghc�\Z]hlhgbb�b�l��^�

ÆÝâÙåãá�æàÕÖãæçÝ�æÝâèæã×ãØã�èÜàÕ� H[mkeh\e_g�gZebqb_f�h^gh]h
beb�g_kdhevdbo�ijbagZdh\��lZdbo�dZd��\ujZ`_ggZy�klhcdZy�kbgmkh\Zy�[jZ-
^bdZj^by�� \g_aZigh_� bkq_agh\_gb_� kbgmkh\h]h� jblfZ� b� aZf_gZ� _]h� gZ� dh-
jhldh_� \j_fy� wdlhibq_kdbfb� jblfZfb�� i_jbh^bq_kdh_� ihy\e_gb_� kbghZm-
jbdmeyjghc� [ehdZ^u�� q_j_^h\Zgb_� i_jbh^h\� lZobdZj^bb� b� [jZ^bdZj^bb�
Kbg^jhf� gZ[ex^Z_lky� ijb� Zl_jhkde_jhlbq_kdhf� dZj^bhkde_jha_��fbhdZj-
^blZo�� bglhdkbdZpbb� ij_iZjZlZfb� gZi_jklygdb�� obgb^bghf�� h[ab^Zghf�
gh\hdZbgZfb^hf�b�^j���ijb�bgnZjdl_�fbhdZj^Z�beb�g_^hklZlhqghklb�djh-
\hh[jZs_gby�ex[h]h�ijhbkoh`^_gby�

ÒßçãäÝìÚæßÝÚ�äåÚÙæÚåÙâðÚ�åÝçáð� Wlh� jblfu� wdlhibq_kdbo� hqZ-
]h\�\�ij_^k_j^byo��>bZ]ghklbjmxlky�ih�baf_g_gbx�fhjnheh]bb�b�iheyj-
ghklb� am[pZ� J�� JZaebqZxl� \_jog_i_j_^gbc�� kj_^gbc�� gb`g_i_j_^gbc� b
gb`g_aZ^gbc�\�ijZ\hij_^k_j^g_f�b�e_\hij_^k_j^g_f�wdlhibq_kdbo�jblfZo
b�jblf�dhjhgZjgh]h�kbgmkZ�

ÁÝØåÕëÝô�æèäåÕ×ÚâçåÝßèàôåâãØã�×ãÙÝçÚàô�åÝçáÕ�\ua\ZgZ�ihkl_-
i_gguf�kf_s_gb_f�bklhqgbdZ�h[jZah\Zgby�bfimevkZ�hl�kbgmkh\h]h�maeZ�d
:<−kh_^bg_gbx��GZ[ex^Z_lky�ijb�l_o�`_�khklhygbyo��qlh�b�wdlhibq_kdb_
ij_^k_j^gu_�jblfu�

µçåÝã×ÚâçåÝßèàôåâðÞ�åÝçá� Wlh�jblf�ijb�h[jZah\Zgbb�bfimevkh\�\
:<−kh_^bg_gbb�k�QKK ��±����IjbqbgZ�\hagbdgh\_gby�:<�jblfZ�²�ihjZ-
`_gb_� kbgmkh\h]h� maeZ� ijb� \hkiZebl_evguo�� ^bkljhnbq_kdbo�� hqZ]h\uo
ijhp_kkZo�\�fbhdZj^_��^b]blZebkghc�bglhdkbdZpbb��ijb�ih\ur_gbb�lhgmkZ
[em`^Zxs_]h�g_j\Z�

·ðæßÕßÝ×ÕóîÝÚ�æãßåÕîÚâÝô� Wlh� khdjZs_gby��\hagbdZxsb_�\�i_-
jbh^� ijh^he`bl_evguo� iZma� �Zkbklhebc��� GZ[ex^Zxlky� ijb� kbgmkh\hc
Zjblfbb��kbghZmjbdmeyjghc�[ehdZ^_��ij_^k_j^ghc�wdkljZkbklhebb��f_jpZ-
gbb�ij_^k_j^bc��ijb�g_iheghc�:<−[ehdZ^_��l��_��khijh\h`^Zxl�\k_�l_�`_
khklhygby��dhlhju_�\uau\Zxl�wlb�Zjblfbb�
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ÒßæçåÕæÝæçãàÝô� GZebqb_� ij_`^_\j_f_ggh]h� bfimevkZ� k\b^_l_evkl-
\m_l�h[uqgh�h�nbdkbjh\Zgghc�b�� \hafh`gh��ijbqbgghc� k\yab� k�ij_^u^m-
s_c�Zdlb\Zpb_c�h^ghc�b�lhc�`_�dZf_ju�k_j^pZ�

JZaebqZxl� ij_^k_j^gmx�� Zljbh-
\_gljbdmeyjgmx� b� `_em^hqdh\mx
wdkljZkbklhebb��jbk���������dhlhju_
hlebqZxlky�ih�nhjf_�b�iheh`_gbx
\�k_j^_qghf�pbde_�WD=��JZkklhygb_
hl� wdkljZkbklheu� ^h� ij_^r_kl-
\mxs_]h�dhfie_dkZ�gZau\Z_lky�bg-
l_j\Zehf�kp_ie_gby��Dhe_[Zgby�bg-
l_j\Zeh\� kp_ie_gby� ijb� wdkljZkbk-
lhebb�m�h^gh]h�b�lh]h�`_�[hevgh]h
g_�ij_\urZxl� �����k��qZs_�khklZ\-

eyxl� ����±����� k��GZebqb_�j_^dbo� wdkljZkbklhe� _s_�g_� y\ey_lky�ih\h^hf
^ey�hkh[h]h�\heg_gby��LZd��gZijbf_j��wdkljZkbklheby�qZklh�gZ[ex^Z_lky�m
kihjlkf_gh\�\�i_jbh^�kgb`_gby�nbabq_kdbo�gZ]jmahd�

ÄÕåãßæÝÜáÕàñâÕô� çÕêÝßÕåÙÝô� Wlh�ijbklmi� qZklhc�b� kjZ\gbl_evgh
jblfbqghc� k_j^_qghc� ^_yl_evghklb�� KmijZ\_gljbdmeyjgZy� iZjhdkbafZev-
gZy�lZobdZj^by��\dexqZxsZy�\�k_[y�ij_^k_j^gmx�b�Zljbh\_gljbdmeyjgmx�
^_eblky�gZ�ljb�hkgh\gu_�nhjfu��deZkkbq_kdmx��aZeih\mx� �\ha\jZlgmx��b
j_pbijhdgmx��DeZkkbq_kdZy�b�aZeih\Zy�ij_^k_j^gu_�iZjhdkbafZevgu_�lZ-
obdZj^bb�gZ[ex^Zxlky�ijb�g_\jhaZo��kbg^jhf_�:3:��fbhdZj^blZo��br_-
fbq_kdhc� [he_agb� k_j^pZ�� J_pbijhdgZy� ij_^k_j^gZy� iZjhdkbafZevgZy� lZ-
obdZj^by� hlf_qZ_lky� ijb� kbg^jhf_� :3:�� ihjZ`_gbyo� fbhdZj^Z�� Ij_^-
k_j^gZy�iZjhdkbafZevgZy�lZobdZj^by�k�Zgl_jh]jZ^ghc�:<�[ehdZ^hc�b�fgh-
]hnhdmkgZy�ij_^k_j^gZy�lZobdZj^by�gZ[ex^Zxlky�ijb�ly`_euo�ihjZ`_gb-
yo�fbhdZj^Z��e_]hqghf�k_j^p_��bglhdkbdZpbb�]ebdhab^Zfb�

ÉÝÖåÝààôëÝô� �áÚåëÕâÝÚ�� äåÚÙæÚåÙÝÞ� Wlh� g_dhhj^bgbjh\Zggh_
\ha[m`^_gb_�hl^_evguo�\hehdhg�fbhdZj^Z�ij_^k_j^bc�

Jbk��������Nb[jbeeypby�ij_^k_j^bc
ÇåÚäÚçÕâÝÚ�äåÚÙæÚåÙÝÞ� Wlh�ijZ\bevguc��dhhj^bgbjh\Zgguc�wdlh-

ibq_kdbc�ij_^k_j^guc�jblf� k�qZklhlhc��ij_\urZxs_c�h[uqguc�mjh\_gv
kmijZ\_gljbdmeyjghc� iZjhdkbafZevghc� lZobdZj^bb�� Lj_i_lZgb_� ij_^k_j-
^bc�fh`_l�i_j_oh^blv�\�f_jpZgb_�b�gZh[hjhl��Hgh�gZ[ex^Z_lky�ijb�fbl-

Jbk��������@_em^hqdh\Zy�wdkljZkbk-
lheZ�\h�\j_fy�ijh[u�gZ�aZ^_j`dm

^uoZgby
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jZevghf�ihjhd_�k_j^pZ��dZj^bhkde_jha_��ijb�bgnZjdl_�fbhdZj^Z��ljhf[h-
wf[hebb�e_]hqghc�Zjl_jbb��himoheyo�ij_^k_j^bc�

ÁÚåëÕâÝÚ� ÛÚàèÙãìßã×� Wlh� g_dhhj^bgbjh\Zggu_� khdjZs_gby� hl-
^_evguo�qZkl_c�furpu�`_em^hqdh\�k�QKK ���±����

GZ� jbk�� ����� ijb\_^_gZ
WD=−aZibkv� nb[jbeeypbb
ij_^k_j^bc��J_adh_�gZjmr_-
gby� jblfZ� \bamZevgh� ijh-
ke_`b\Z_lky� m`_� gZ� gZlb\-
ghc� aZibkb�� gh� [he__� y\gh
wlh� \b^gh� gZ� bgl_j\Zeh-
]jZff_� �jbk�� ������� ]^_�bf_-
_l� f_klh� q_j_^h\Zgb_� ^\mo
^ebl_evghkl_c� DB�� kf_-
gyxs__ky� k_jb_c� DB� h^b-
gZdh\hc�^ebl_evghklb�

Jbk��������Ij_^nb[jbeeypbhggh_�khklhygb_

������Bgl_j\Zeh]jZffZ�ij_^nb[-
jbeeypbhggh]h�khklhygby

Jbk��������Bgl_j\Zeh]jZffZ�iZpb_g-
lZ�k�ghjfZevguf�kZfhqm\kl\b_f��gh

k�y\gufb�gZjmr_gbyfb�\�<KJ

H^gZdh��\h�fgh]bo� kemqZyo�ij_^ihkuedb�d�nb[jbeeypbb� ljm^gh� \bam-
Zevgh�hp_gblv�ih�gZlb\ghc�WD=��LZd��gZ�jbk��������ijb\_^_gZ�WD=−aZibkv
jZdh\hc�[hevghc�aZ�^\Z�^gy�^h�e_lZevgh]h�bkoh^Z��<bamZevgh�gZ�wlhc�aZib-
kb�ljm^gh�\uy\blv�gZebqb_�k_jv_aguo�gZjmr_gbc�\�k_j^_qghf�jblf_��H^-
gZdh�gZ�bgl_j\Zeh]jZff_� �jbk��������q_ldh�\b^gh�^hfbgbjh\Zgb_�DB�nbd-

Jbk��������Bgl_j\Zeh]jZffZ�nb[jbeeypbb
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kbjh\Zgghc� ^ebl_evghklb�� k\b^_l_evkl\mxsbo� h� ij_^nb[jbeypbhghf� kh-
klhygbb�

Bgl_j\Zeh]jZffZ�iha\hey_l�\uy\blv�gZjmr_gby�\�\ZjbZ[_evghklb�k_j-
^_qgh]h�jblfZ�gZ� kZfuo�jZggbo� klZ^byo��LZd��gZ�jbk�� �����ijb\_^_gZ�bg-
l_j\Zeh]jZffZ�iZpb_glZ�\�khklhygbb�j_eZdkZpbb�k�\iheg_�ghjfZevguf�kZ-
fhqm\kl\b_f��GZ� g_c� ijhke_`b\Z_lky� \ukhdhZfieblm^gh_� \ebygb_� ^uoZ-
l_evgh]h�jblfZ��gh�gZ�_]h�nhg_�^hfbgbjmxl�DB�^bkdj_lghc�^ebl_evghklb�
Wlh�y\ey_lky�ijbagZdhf�\ebygby�\gmlj_gg_]h�beb�\g_rg_]h�klj_kkZ��dh]^Z
\gmljbk_j^_qguc� \h^bl_ev� jblfZ�� \hkijbgbfZy� kblmZpbx� dZd� djblbq_-
kdmx��i_j_klZ_l�j_Z]bjh\Zlv�gZ�h[jZlgu_�k\yab�ih�<GK�b�[_j_l�mijZ\e_gb_
gZ�k_[y��<h�fgh]bo�kemqZyo�b�\�khklhygbb�j_eZdkZpbb�g_�gZ[ex^Z_lky�ih-
^h[guo� hldehg_gbc�� h^gZdh� hgb� y\gh� ijhy\eyxlky� ijb�nbabheh]bq_kdbo
ijh[Zo��nbagZ]jmadZ��aZ^_j`dZ�^uoZgby��]bi_j\_glbeypby��

ÂÕåèíÚâÝô�×âèçåÝÛÚàèÙãìßã×ãÞ�äåã×ãÙÝáãæçÝ

ÆÝâãÕèåÝßèàôåâÕô�ÖàãßÕÙÕ� Wlh�khklhygb_��ijb�dhlhjhf�bfimevku
Z\lhfZlbq_kdbo� de_lhd� f_^e_gg__�� q_f� \� ghjf_�� ij_h^he_\Zxl
K:−kh_^bg_gb_�eb[h�\hh[s_�g_kihkh[gu�\uclb�ba� kbgmkh\h]h�maeZ��JZa-
ebqZxl�ljb�kl_i_gb�K:−[ehdZ^u��We_dljhdZj^bh]jZnbq_kdZy�^bZ]ghklbdZ
K:−[ehdZ^u�,�b�,,,�kl_i_gb�g_\hafh`gZ�

ÁÚÛäåÚÙæÚåÙâÕô�ÖàãßÕÙÕ� Wlh�gZjmr_gb_�ijh\h^bfhklb�bfimevkh\
\ha[m`^_gby�ih�f_`ij_^k_j^ghfm�imlb�²�imqdm�;ZofZggZ��JZaebqZxl�ljb
kl_i_gb� f_`ij_^k_j^ghc� [ehdZ^u�� G_ihegZy� f_`ij_^k_j^gZy� [ehdZ^Z� ,
kl_i_gb�²� aZf_^e_gb_� ijh\h^bfhklb� ih�f_`ij_^k_j^ghfm� imlb��IhegZy
f_`ij_^k_j^gZy�[ehdZ^Z��beb�ij_^k_j^gZy�^bkkhpbZpby�²�bahebjh\Zggh_
\ha[m`^_gb_�ijZ\h]h�b�e_\h]h�ij_^k_j^bc��GZ[ex^Z_lky��dZd�ijZ\beh��ijb
fbhdZj^blZo��dhjhgZjghc�iZlheh]bb�b�dZj^bhkde_jha_�

µçåÝã×ÚâçåÝßèàôåâÕô� ÖàãßÕÙÕ� Wlh� gZjmr_gb_� ijh\h^bfhklb� bf-
imevkh\�\ha[m`^_gby�ba�ij_^k_j^bc�\�`_em^hqdb��JZaebqZxl�ljb�kl_i_gb
Zljbh\_gljbdmeyjghc�[ehdZ^u��GZ[ex^Zxlky�ijb�fbhdZj^blZo��dZj^bhkd-
e_jha_��hkljhf�bgnZjdl_�fbhdZj^Z��ihjhdZo�k_j^pZ��]ebdhab^ghc�bglhdkb-
dZpbb�

µçåÝã×ÚâçåÝßèàôåâÕô�ÙÝææãëÝÕëÝô� Wlh�g_aZ\bkbfZy�^_yl_evghklv�
ij_^k_j^bc�b�`_em^hqdh\��jZ[hlZxsbo�ih^�dhgljhe_f�^\mo�jZaebqguo�\h-
^bl_e_c�jblfZ�

ÄÕåÕæÝæçãàÝô� Wlh� h^gh\j_f_ggZy� b� g_aZ\bkbfZy� ^_yl_evghklv� \
fbhdZj^_� ^\mo� beb� [he__� \h^bl_e_c� jblfZ� \� mkeh\byo� \aZbfghc� aZsblu�
JZaebqZxl�ij_^k_j^gmx�� Zljbh\_gljbdmeyjgmx�b�`_em^hqdh\mx�iZjZkbk-
lhebx��GZ[ex^Z_lky� ijb� fbhdZj^blZo�� ihklfbhdZj^blbq_kdhf� dZj^bhkd-
e_jha_��ojhgbq_kdhc�br_fbq_kdhc�[he_agb�k_j^pZ��ihjhdZo�k_j^pZ��e_]hq-
ghf�k_j^p_��dZj^bhfbhiZlbyo��ojhgbq_kdhf�]ehf_jmehg_njbl_��iZgdj_Zlb-
l_��Zg_fbyo�b�l��^�
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ÆÝâÙåãá�:3:� Kbg^jhf�<hevnZ±IZjdbgkhgZ±MZclZ��:3:��gZihfb-
gZ_l�iZjZkbklhebx��²�kbg^jhf�ij_`^_\j_f_ggh]h�\ha[m`^_gby�`_em^hq-
dh\� \ke_^kl\b_� ZghfZevgh]h�ijh\_^_gby�bfimevkZ�hl�ij_^k_j^bc�d�`_em-
^hqdZf��Ijb�kbg^jhf_�:3:�\hafh`gu�ijbklmiu�iZjhdkbafZevghc�lZobZ-
jblfbb� �iZjhdkbafu� kmijZ\_gljbdmeyjghc�� `_em^hqdh\hc� lZobdZj^bb�
f_jpZgby�b�lj_i_lZgby�ij_^k_j^bc���wdkljZkbklhebb��Zljbh\_gljbdmeyjghc
^bkkhpbZpbb��Wlhl�kbg^jhf�\klj_qZ_lky�dZd�ijb�hlkmlkl\bb�hj]Zgbq_kdh]h
ihjZ`_gby� k_j^pZ� �gZijbf_j�� g_cjhpbjdmeylhjgZy� ^bklhgby��� ijb� j_\fZ-
lbaf_�� ihjhdZo� k_j^pZ�� dZj^bhkde_jha_�� lbj_hlhdkbdha_�� ]ebdhab^ghc� bg-
lhdkbdZpbb�

ÆÝâÙåãá� &/&� Kbg^jhf� De_jdZ±E_\b±Djbkl_kdh� �K/K�� ²� kbg^jhf
ij_`^_\j_f_ggh]h�\ha[m`^_gby�`_em^hqdh\�\ke_^kl\b_�mkdhj_ggh]h�ijh-
\_^_gby�bfimevkZ�ih�:<−kbkl_f_�beb�ih�ZghfZevghfm�:<−imlb��GZ[ex-
^Z_lky�ijb�ih\ur_gbb�lhgmkZ�kbfiZlbq_kdh]h�g_j\Z��ihjZ`_gbb�ghjfZev-
gh]h�:<−imlb�\�j_amevlZl_�fbhdZj^blZ�beb�hqZ]h\h]h�ihjZ`_gby�fbhdZj-
^Z��ijb�ojhgbq_kdhc�br_fbq_kdhc�[he_agb�k_j^pZ�

½âéÕåßçð

Debgbq_kdbc�^bZ]gha�hkljh]h�bgnZjdlZ�fbhdZj^Z�khijh\h`^Z_lky�deZk-
kbq_kdbfb�baf_g_gbyfb�WD=��dhlhju_�\�debgbq_kdhc�we_dljhdZj^bh]jZnbb
jZkkfZljb\Zxlky�dZd�hqZ]h\h_�ihjZ`_gb_�fbhdZj^Z��>hklh\_jguf�djbl_jb-
_f�hqZ]h\h]h�ihjZ`_gby�fbhdZj^Z�y\ey_lky�iZlheh]bq_kdbc�am[_p�Q.

Ih�^Zgguf�WD=�fh`gh�hij_^_eblv�
�
� gZebqb_�hqZ]h\h]h�ijhp_kkZ�\�fbhdZj^_�
�
� ehdZebaZpbx�_]h��l��_��ihjZ`_gb_�hij_^_e_gguo�h[eZkl_c�k_j^pZ�²�i_-

j_^g_c��aZ^g_c�b�l��^��
�
� ahgZevguc�oZjZdl_j�\�hqZ]_�ihjZ`_gby��ljb�i_j_oh^ysb_�^jm]�\�^jm]Z

ahgu�²�g_djhaZ��ih\j_`^_gby�b�br_fbb��jbk��������
�
� ]em[bgm�ihjZ`_gby��\h\e_q_gb_�\�iZlheh]bq_kdbc�ijhp_kk�jZaguo�keh_\

fbhdZj^Z��
�
� klZ^bx�jZa\blby�ih�^bgZfbd_�we_f_glh\�fhghnZaghc�djb\hc�

Lhibq_kdZy�^bZ]ghklbdZ�hkljh]h�bgnZjdlZ�fbhdZj^Z�hkgh\ZgZ�gZ�ij_^-
klZ\e_gbb�h�lhf��qlh�we_dljbq_kdb�bg_jlgZy��g_djhlbq_kdZy�beb�jm[ph\Zy�
ldZgv�hldehgy_l�\_dlhj�^_iheyjbaZpbb�`_em^hqdh\�\�ijhlb\hiheh`gmx�hl
hqZ]Z�ihjZ`_gby�klhjhgm��ijb�bgnZjdl_�i_j_^g_c�kl_gdb�\_dlhj�gZijZ\e_g
gZaZ^��ijb�bgnZjdl_� aZ^g_c�²�\i_j_^��ijb�bgnZjdl_�^bZnjZ]fZevghc�h[-
eZklb�²�\\_jo��ijb�[hdh\hf�bgnZjdl_�²�\ijZ\h�

ÀãßÕàÝÜÕëÝô��Ih�ehdZebaZpbb�hqZ]Z�ihjZ`_gby�jZaebqZxl�
�
� bgnZjdlu�i_j_^g_c�kl_gdb�e_\h]h�`_em^hqdZ�²�jZkijhkljZg_gguc�i_-

j_^gbc��i_j_^g_i_j_]hjh^hqguc��i_j_^g_[hdh\hc��\ukhdbc�i_j_^gbc�
�
� bgnZjdlu�aZ^g_c�kl_gdb�²�aZ^g_^bZnjZ]fZevguc��gb`gbc���aZ^g_[Z-

aZevguc��aZ^g_[hdh\hc�
�
� bgnZjdl�[hdh\hc�kl_gdb��\ukhdbc�[hdh\hc�bgnZjdl�
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�
� ]em[hdbc�bgnZjdl�f_``_em^hqdh\hc�i_j_]hjh^db�
�
� pbjdmeyjguc�bgnZjdl�\_jomrdb�k_j^pZ�
�
� bgnZjdl�ijZ\h]h�`_em^hqdZ�
�
� bgnZjdl�ij_^k_j^bc�

Z� [�

Jbk��������WD=�ijb�bgnZjdlZo�
Z�²�ahgu�ldZgb�fbhdZj^Z��1 −�g_djhaZ��2 −�ih\j_`^_gby��3 −�br_fbb��[�²�fhjnh-
eh]by�WD=��kf_s_gb_�ST�k�ih]ehs_gb_f�L� 1�²�\\_jo��2�²�\gba��Z�²�^_nhjfbjh-

\Zgguc�QRS; [�²�©lhd�ih\j_`^_gbyª��\�²�jm^bf_glu�am[pZ�L

Ih�]em[bg_�ihjZ`_gby�\u^_eyxl�djmighhqZ]h\u_�b�f_edhhqZ]h\u_�bg-
nZjdlu� fbhdZj^Z�� D� djmighhqZ]h\uf� hlghkylky� ljZgkfmjZevguc� �kd\ha-
ghc�� ijhgbdZxsbc�� bgnZjdl��F_edhhqZ]h\u_� bgnZjdlu�²� bgljZfmjZev-
guc� �hqZ]� ihjZ`_gby� \h� \gmlj_ggbo� kehyo� fbhdZj^Z�� g_� jZkijhkljZgyx-
sbcky�gb�d�wib−��gb�d�wg^hdZj^m��b�km[wg^hdZj^bZevguc��g_djha�kehy�fbh-
dZj^Z��ijbe_`Zs_]h�d�wg^hdZj^m��

IjbagZdb�hkljh]h�bgnZjdlZ�fbhdZj^Z�e_\h]h�`_em^hqdZ�jZaebqghc�eh-
dZebaZpbb� oZjZdl_jbamxlky� \hagbdgh\_gb_f� lZd� gZau\Z_fhc� fhghnZaghc
djb\hc��\�dhlhjhc�g_jZaebqbfu�ih�\j_f_gb�b�fhjnheh]bb�ijhp_kku�^_−�b
j_iheyjbaZpbb�fbhdZj^Z�

�����:gZeba�\ZjbZ[_evghklb�k_j^_qgh]h
jblfZ

:gZeba�\ZjbZ[_evghklb�k_j^_qgh]h�jblfZ��<KJ��y\ey_lky�[ukljh�jZa\b-
\Zxsbfky�jZa^_ehf�dZj^bheh]bb��\�dhlhjhf�gZb[he__�ihegh�j_Zebamxlky
\hafh`ghklb� \uqbkebl_evguo�f_lh^h\��Wlh�gZijZ\e_gb_� \h�fgh]hf� bgb-
pbbjh\Zgh�ibhg_jkdbfb�jZ[hlZfb�ba\_klgh]h�hl_q_kl\_ggh]h�bkke_^h\Zl_-
ey�J�F��;Z_\kdh]h� [2] \�h[eZklb�dhkfbq_kdhc�f_^bpbgu��dhlhjuc�\i_j\u_
\\_e� \� ijZdlbdm� jy^� dhfie_dkguo� ihdZaZl_e_c�� oZjZdl_jbamxsbo� nmgd-
pbhgbjh\Zgb_� jZaebqguo� j_]meylhjguo� kbkl_f� hj]ZgbafZ�� <� gZklhys__
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\j_fy�klZg^ZjlbaZpby�\�h[eZklb�<KJ�hkms_kl\ey_lky�jZ[hq_c�]jmiihc�?\-
jhi_ckdh]h�dZj^bheh]bq_kdh]h�h[s_kl\Z�b�K_\_jh−Zf_jbdZgkdh]h�h[s_kl-
\Z�klbfmeypbb�b�we_dljhnbabheh]bb�

<h� \\_^_gbb� d� ]eZ\_�fu� m`_� hlf_qZeb�� qlh� k_j^p_� \�b^_Ze_� kihkh[gh
j_Z]bjh\Zlv�gZ�fZe_crb_�baf_g_gby� \�ihlj_[ghklyo�fgh]hqbke_gguo�hj-
]Zgh\�b�kbkl_f��<ZjbZpbhgguc�ZgZeba�jblfZ�k_j^pZ�^Z_l�\hafh`ghklv�dh-
ebq_kl\_gghc�b�^bnn_j_gpbjh\Zgghc�hp_gdb�kl_i_gb�gZijy`_gghklb�beb
lhgmkZ�kbfiZlbq_kdh]h�b�iZjZkbfiZlbq_kdh]h�hl^_eh\�<GK��bo�\aZbfh^_c-
kl\by�\�jZaebqguo�nmgdpbhgZevguo�khklhygbyo��Z�lZd`_�^_yl_evghklb�ih^-
kbkl_f�� mijZ\eyxsbo� jZ[hlhc� jZaebqguo� hj]Zgh\�� Ihwlhfm� ijh]jZf-
fZ−fZdkbfmf� wlh]h� gZijZ\e_gby� khklhbl� \� jZajZ[hldb� \uqbkebl_ev-
gh−ZgZeblbq_kdbo�f_lh^h\� dhfie_dkghc�^bZ]ghklbdb� hj]ZgbafZ�ih� ^bgZ-
fbd_�k_j^_qgh]h�jblfZ�

F_lh^u�<KJ�g_�ij_^gZagZq_gu�^ey�^bZ]ghklbdb� debgbq_kdbo�iZlheh-
]bc�� ]^_�� dZd�fu� \b^_eb� \ur_�� ohjhrh� jZ[hlZxl� ljZ^bpbhggu_� kj_^kl\Z
\bamZevgh]h�b�baf_jbl_evgh]h�ZgZebaZ��Ij_bfms_kl\h�^Zggh]h�jZa^_eZ�kh-
klhbl�\�\hafh`ghklb�h[gZjm`blv�lhgqZcrb_�hldehg_gby�\�k_j^_qghc�^_y-
l_evghklb�� ihwlhfm� _]h�f_lh^u� hkh[_ggh� wnn_dlb\gu� ^ey� hp_gdb� h[sbo
nmgdpbhgZevguo�\hafh`ghkl_c�hj]ZgbafZ�\�ghjf_��Z�lZd`_�jZggbo�hldeh-
g_gbc�� dhlhju_� \� hlkmlkl\b_� g_h[oh^bfuo� ijhnbeZdlbq_kdbo� ijhp_^mj
ihkl_i_ggh�fh]ml�jZa\blvky�\�k_jv_agu_� aZ[he_\Zgby��F_lh^bdZ�<KJ�rb-
jhdh�bkihevam_lky�b�\h�fgh]bo�kZfhklhyl_evguo�ijZdlbq_kdbo�ijbeh`_gb-
yo��\�qZklghklb��\�ohel_jh\kdhf�fhgblhjbg]_�b�ijb�hp_gd_�lj_gbjh\Zggh-
klb�kihjlkf_gh\��Z�lZd`_�\�^jm]bo�ijhn_kkbyo��k\yaZgguo�k�ih\ur_ggufb
nbabq_kdbfb�b�ikboheh]bq_kdbfb�gZ]jmadZfb��kf��\�dhgp_�jZa^_eZ��

Bkoh^gufb�fZl_jbZehf�^ey�ZgZebaZ�<KJ�y\eyxlky�g_ijh^he`bl_evgu_
h^ghdZgZevgu_� aZibkb�WD=� �hl�^\mo�^h�g_kdhevdbo� ^_kyldh\�fbgml��� \u-
ihegy_fu_�\�kihdhcghf��jZkkeZ[e_gghf�khklhygbb�beb�ijb�nmgdpbhgZev-
guo�ijh[Zo��GZ�i_j\hf�wlZi_�ih�lZdhc�aZibkb�\uqbkeyxlky�ihke_^h\Zl_ev-
gu_�dZj^bhbgl_j\Zeu� �DB���\�dZq_kl\_�j_i_jguo� �]jZgbqguo��lhq_d�dhlh-
juo�bkihevamxlky�R−am[pu��dZd�gZb[he__�\ujZ`_ggu_�b�klZ[bevgu_�dhf-
ihg_glu�WD=�

F_lh^u� ZgZebaZ�<KJ� h[uqgh� ]jmiibjmxlky� \� ke_^mxsb_� q_luj_� hk-
gh\gu_�jZa^_eZ�

• bgl_j\Zeh]jZnby�
• \ZjbZpbhggZy�imevkhf_ljby�
• ki_dljZevguc�ZgZeba�
• dhjj_eypbhgZy�jblfh]jZnby�

¹åèØÝÚ�áÚçãÙð��>ey�ZgZebaZ�<KJ�bkihevam_lky�b�jy^�f_g__�mihlj_[b-
l_evguo� f_lh^h\�� k\yaZgguo� k� ihkljh_gb_f� lj_of_jguo� kdZll_j]jZff�
^bnn_j_gpbZevguo� ]bklh]jZff�� \uqbke_gb_f� Z\lhdhjj_eypbhgguo�nmgd-
pbc�� ljbZg]meypbhgghc� bgl_jiheypbb�� \uqbke_gb_f� bg^_dkZ�K\ylh]h�=_-
hj]Z� [1]��<�hp_ghqghf�b�^bZ]ghklbq_kdhf�ieZgZo� wlb�f_lh^u�fh`gh�hoZ-
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jZdl_jbah\Zlv� dZd� gZmqgh−ihbkdh\u_�� b� hgb� ijZdlbq_kdb� g_� ijb\ghkyl
ijbgpbibZevgh�gh\hc�bgnhjfZpbb�

ÊãàçÚåã×æßÝÞ� áãâÝçãåÝØ� >ebl_evgh_� fhgblhjbjh\Zgb_� WD=� ih
Ohel_jm� ij_^iheZ]Z_l�fgh]hqZkh\mx� beb�fgh]hkmlhqgmx� h^ghdZgZevgmx
g_ij_ju\gmx� aZibkv�WD=�iZpb_glZ��gZoh^ys_]hky�\� k\hbo�h[uqguo�`ba-
g_gguo�mkeh\byo��AZibkv�hkms_kl\ey_lky�ihjlZlb\guf�ghkbfuf�j_]bkljZ-
lhjhf� gZ�fZ]gblguc� ghkbl_ev��<� k\yab� k� [hevrhc� \j_f_gghc� ijh^he`b-
l_evghklvx� ihke_^mxs__� bkke_^h\Zgb_� WD=−aZibkb� hkms_kl\ey_lky� \u-
qbkebl_evgufb� f_lh^Zfb�� Ijb� wlhf� h[uqgh� kljhblky� bgl_j\Zeh]jZffZ�
hij_^_eyxlky�mqZkldb�j_adh]h�baf_g_gby�jblfbdb��bsmlky�wdkljZkbklheb-
q_kdb_�khdjZs_gby�b�Zkbklhebq_kdb_�iZmau�k�ih^kq_lhf�bo�h[s_]h�dhebq_-
kl\Z�b�deZkkbnbdZpb_c�wdkljZkbklhe�ih�nhjf_�b�ehdZebaZpbb�

½âçÚå×ÕàãØåÕéÝô

<�wlhf�jZa^_e_�ij_bfms_kl\_ggh
bkihevamxlky� f_lh^u� \bamZevgh]h
ZgZebaZ� ]jZnbdh\� baf_g_gby� ihke_-
^h\Zl_evguo� DB� �bgl_j\Zeh]jZffZ
beb� jblfh]jZffZ��� Wlh� iha\hey_l
hp_gblv� \ujZ`_gghklv� jZaebqguo
jblfh\� �\�i_j\mx�hq_j_^v�²�^uoZ-
l_evgh]h� jblfZ�� kf�� jbk�� ������ \u-
y\blv� gZjmr_gby� \ZjbZ[_evghklb
DB� �kf�� jbk�� ������ ������ ������� Zkb-
klhebb� b� wdkljZkbklhebb�� LZd� gZ
jbk�� ����� ijb\_^_gZ� bgl_j\Zeh]jZf-
fZ� k� lj_fy� ijhimkdZfb� k_j^_qguo
khdjZs_gbc� �ljb� m^ebg_gguo�DB� \
ijZ\hc�qZklb��� kf_gyxsbfbky� wdkl-
jZkbklhehc� �mdhjhq_gguc� DB��� aZ

dhlhjhc�kjZam�ke_^m_l�q_l\_jluc�ijhimkd�k_j^_qgh]h�khdjZs_gby�
Bgl_j\Zeh]jZffZ� iha\hey_l� \uy\blv� \Z`gu_� bg^b\b^mZevgu_� hkh[_g-

ghklb�^_ckl\by�j_]meylhjguo�f_oZgbafh\�\�j_Zdpbyo�gZ�nbabheh]bq_kdb_
ijh[u��<�dZq_kl\_�ihdZaZl_evgh]h�ijbf_jZ�jZkkfhljbf�ijhlb\hiheh`gu_
lbiu�j_Zdpbc�gZ�ijh[m� aZ^_j`db�^uoZgby��Jbk�� �����^_fhgkljbjm_l�j_Zd-
pbb� mkdhj_gby�QKK� ijb� aZ^_j`d_� ^uoZgby��H^gZdh� m� bkiulm_fh]h� �jbk�
6.22Z��ihke_�gZqZevgh]h�j_adh]h�kiZ^Z�gZklmiZ_l�klZ[bebaZpby�k�l_g^_gpb-
_c�d�g_dhlhjhfm�m^ebg_gbx�DB��\�lh�\j_fy�dZd�m�bkiulm_fh]h��jbk������[�
gZqZevguc�j_adbc�kiZ^�ijh^he`Z_lky�[he__�f_^e_gguf�mdhjhq_gb_f�DB�
ijb�wlhf�ijhy\eyxlky�gZjmr_gby�\ZjbZ[_evghklb�DB�k�^bkdj_lguf�oZjZd-
l_jhf�bo�q_j_^h\Zgby��qlh�^ey�^Zggh]h�bkiulm_fh]h�g_�ijhy\eyehkv�\�kh-
klhygbb�j_eZdkZpbb���Jbkmghd������ij_^klZ\ey_l�j_Zdpbb�ijhlb\hiheh`gh-
]h�oZjZdl_jZ�k�m^ebg_gb_f�DB��H^gZdh��_keb�^ey�bkiulm_fh]h��jbk������Z�

Jbk��������Bgl_j\Zeh]jZffZ�k�wibah-
^Zfb�ijhimkdZ�khdjZs_gbc
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bf__l�f_klh�[ebadZy�d�ebg_cghc�\hajZklZxsZy�l_g^_gpby��lh�^ey�bkiulm_-
fh]h��jbk����[��\�wlhc�l_g^_gpby�ijhy\ey_lky�\ukhdhZfieblm^gZy�f_^e_g-
gh\hegh\Zy�Zdlb\ghklv�

Z� [�

Jbk��������Bgl_j\Zeh]jZffu�^ey�ijh[�aZ^_j`db�^uoZgby�k�mdhjhq_gb_f�DB

Z� [�

Jbk��������Bgl_j\Zeh]jZffu�^ey�ijh[�aZ^_j`db�^uoZgby�k�m^ebg_gb_f�DB

·ÕåÝÕëÝãââÕô�äèàñæãáÚçåÝô

<�wlhf�jZa^_e_�ij_bfms_kl\_ggh�bkihevamxlky�kj_^kl\Z�hibkZl_evghc
klZlbklbdb� ^ey� hp_gdb� jZkij_^_e_gby�DB� k� ihkljh_gb_f� ]bklh]jZffu�� Z
lZd`_�jy^�ijhba\h^guo�ihdZaZl_e_c��oZjZdl_jbamxsbo�nmgdpbhgbjh\Zgb_
jZaebqguo� j_]meylhjguo� kbkl_f� hj]ZgbafZ�� b� ki_pbZevguo� f_`^mgZjh^-
guo�bg^_dkh\��>ey�fgh]bo�ba�wlbo�bg^_dkh\�gZ�[hevrhf�wdki_jbf_glZev-
ghf�fZl_jbZe_�hij_^_e_gu�debgbq_kdb_�]jZgbpu�ghjfu�\�aZ\bkbfhklb�hl
iheZ�b�\hajZklZ��Z�lZd`_�jy^�ihke_^mxsbo�qbkeh\uo�bgl_j\Zeh\��hl\_qZx-
sbo�^bknmgdpbyf�lhc�beb�bghc�kl_i_gb�

¸ÝæçãØåÕááÕ��GZihfgbf��qlh�]bklh]jZffZ�ij_^klZ\ey_l�kh[hc�]jZnbd
iehlghklb�\_jhylghklb�\u[hjhqgh]h�jZkij_^_e_gby��<�^Zgghf�kemqZ_�\u-
khlZ� dhgdj_lgh]h� klhe[bdZ� \ujZ`Z_l� ijhp_gl� ijbkmlkl\mxsbo� \� aZibkb
WD=�dZj^bhbgl_j\Zeh\�aZ^Zggh]h�^bZiZahgZ�^ebl_evghklb��=hjbahglZevgZy
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rdZeZ� ^ebl_evghkl_c�DB� ^ey� wlh]h� jZa[b\Z_lky�gZ�ihke_^h\Zl_evgu_�bg-
l_j\Zeu�jZ\ghc�\_ebqbgu� �[bgu���>ey� kjZ\gbfhklb� ]bklh]jZff�f_`^mgZ-
jh^guc�klZg^Zjl�mklZgZ\eb\Z_l�jZaf_j�[bgZ jZ\guf����fk�

GhjfZevgZy� k_j^_qgZy� ^_yl_evghklv� oZjZdl_jbam_lky� kbff_ljbqghc�
dmihehh[jZaghc�b�p_evghc�]bklh]jZffhc��jbk���������Ijb�j_eZdkZpbb�k�g_-
]em[hdbf� ^uoZgb_f� ]bklh]jZffZ� km`Z_lky�� ijb� m]em[e_gbb� ^uoZgby� ²
mrbjy_lky��Ijb�gZebqbb�ijhimkdh\�khdjZs_gbc�beb�wdkljZkbklhe�gZ�]bk-
lh]jZff_�ihy\eyxlky�hl^_evgh�klhysb_�njZ]f_glu��khhl\_lkl\_ggh��kijZ-
\Z�beb�ke_\Z�hl�hkgh\gh]h�ibdZ��jbk���������G_kbff_ljbqgZy�nhjfZ�]bklh-
]jZffu�k\b^_l_evkl\m_l�h[�Zjblfbqghf�oZjZdl_j_�WD=��Ijbf_j�lZdhc�]bk-
lh]jZffu�ijb\_^_g�gZ�jbk������Z��>ey�\uykg_gby�ijbqbg�lZdhc�Zkbff_ljbb
[u\Z_l�ihe_agh�h[jZlblvky�d�bgl_j\Zeh]jZff_��jbk������[���dhlhjZy�\�^Zg-
ghf�kemqZ_�ihdZau\Z_l��qlh�Zkbff_ljby�hij_^_e_gZ�kdhj__�g_�iZlheh]bq_-
kdhc� Zjblfb_c�� Z� gZebqb_f� g_kdhevdbo� wibah^h\� kf_gu� ghjfZevghc� jbl-
fbdb�� dhlhju_�fh]ml� [ulv� \ua\Zgu� wfhpbhgZevgufb� ijbqbgZfb� beb�`_
kf_gZfb�]em[bgu�b�qZklhlu�^uoZgby�

Jbk��������Kbff_ljbqgZy�]bklh]jZffZ
Jbk��������=bklh]jZffZ�k�ijhimkdZfb�kh-

djZs_gbc

Z� [�

Jbk��������WD=�k�wibah^Zfb�kf_gu�jblfbdb��Z�²�]bklh]jZffZ��[�²�bgl_j\Zeh]jZffZ
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ÄãßÕÜÕçÚàÝ��Djhf_�]bklh]jZnbq_kdh]h�ij_^klZ\e_gby�\�\ZjbZpbhgghc
imevkhf_ljbb� \uqbkey_lky� b� p_euc� jy^� qbkeh\uo� hp_ghd�� hibkZl_evgZy
klZlbklbdZ��ihdZaZl_eb�;Z_\kdh]h��bg^_dku�DZieZgZ�b�jy^�^jm]bo�

ÄãßÕÜÕçÚàÝ�ãäÝæÕçÚàñâãÞ�æçÕçÝæçÝßÝ�^hihegbl_evgh�oZjZdl_jbam-
xl�jZkij_^_e_gb_�DB�
• jZaf_j�\u[hjdb�N;
• \ZjbZpbhgguc�jZafZo�dRR�²�jZaghklv�f_^m�fZdkbfZevguf�b�fbgb-

fZevguf�DB�
• kj_^g__�agZq_gb_�RRNN��ghjfZ�\�i_j_jZkq_l_�gZ�QKK�khklZ\ey_l��������

^ey�\hajZklh\���±���e_l�b��������^ey�\hajZklh\���±���e_l��
• klZg^Zjlgh_�hldehg_gb_�SDNN��ghjfZ���±29);
• dhwnnbpb_gl�\ZjbZpbb�CV=SDNN/RRNN*100%;
• dhwnnbpb_glu�Zkbff_ljbb�b�wdkp_kkZ��oZjZdl_jbamxsb_�kbff_ljbq-

ghklv�]bklh]jZffu�b�\ujZ`_gghklv�__�p_gljZevgh]h�ibdZ�
• fh^Z�Mo�beb�agZq_gb_�DB��^_eys__�\kx�\u[hjdm�ihiheZf��ijb�kbff_l-

jbqghf�jZkij_^_e_gbb�fh^Z�[ebadZ�d�kj_^g_fm�agZq_gbx�
• Zfieblm^Z�fh^u�AMo�²�ijhp_gl�DB��ihiZ^Zxsbo�\�fh^Zevguc�[bg�
• RMSSD�²�dhj_gv�d\Z^jZlguc�ba�kj_^g_c�kmffu�d\Z^jZlh\�jZaghkl_c

khk_^gbo�DB��ijZdlbq_kdb�kh\iZ^Z_l�kh�klZg^Zjlguf�hldehg_gb_f
SDSD, ghjfZ���±�����bf__l�mklhcqb\u_�klZlbklbq_kdb_�k\hckl\Z��qlh
hkh[_ggh�ZdlmZevgh�^ey�dhjhldbo�aZibk_c�

• pNN50�²�ijhp_gl�khk_^gbo�dZj^bhbgl_j\Zeh\��hlebqZxsboky�^jm]�hl
^jm]Z�[he__�q_f�gZ����fk��ghjfZ��±�����lZd`_�fZeh�baf_gylky�\�aZ\b-
kbfhklb�hl�^ebgu�aZibkb�
IhdZaZl_eb�dRR, RRNN, SDNN, Mo�\ujZ`Zxlky�\�fk��GZb[he__� agZqb-

fuf�kqblZ_lky�AFR��hlebqZxsZyky�mklhcqb\hklvx�d�Zjl_nZdlZf�b�qm\kl-
\bl_evghklvx�d�baf_g_gbx�nmgdpbhgZevgh]h�khklhygby��<�ghjf_�m�ex^_c
^h����e_l�AFR�g_�ij_\urZ_l������k�\hajZklhf�m\_ebqb\Z_lky�gZ����dZ`-
^u_���e_l��ij_\ur_gb_�����jZkp_gb\Z_lky�dZd�iZlheh]by�

ÄãßÕÜÕçÚàÝ�Å�Á��¶ÕÚ×æßãØã�

• bg^_dk�\_]_lZlb\gh]h�jZ\gh\_kby B<J $0R�G55�mdZau\Z_l�gZ�khhlgh-
r_gb_�f_`^m�Zdlb\ghklvx�kbfiZlbq_kdh]h�b�iZjZkbfiZlbq_kdh]h�hl^_-
eh\�<GK�

• \_]_lZlb\guc�ihdZaZl_ev�jblfZ <IJ ���0RG55��iha\hey_l�km^blv�h
\_]_lZlb\ghf�[ZeZgk_�hj]ZgbafZ�

• ihdZaZl_ev�Z^_d\Zlghklb�ijhp_kkh\�j_]meypbb I:IJ $0R�0R�hljZ-
`Z_l�khhl\_lkl\b_�f_`^m�Zdlb\ghklvx�kbfiZlbq_kdh]h�hl^_eZ�<GK�b
\_^msbf�mjh\g_f�kbgmkh\h]h�maeZ�

• bg^_dk�gZijy`_gby�j_]meylhjguo�kbkl_f�BG $0R���G550R� hljZ-
`Z_l�kl_i_gv�p_gljZebaZpbb�mijZ\e_gby�k_j^_qguf�jblfhf�
GZb[he__� agZqbfuf� \� ijZdlbd_� y\ey_lky� bg^_dk�BG�� Z^_d\Zlgh� hljZ-

`Zxsbc�kmffZjguc�wnn_dl�k_j^_qghc�j_]meypbb��=jZgbpu�ghjfu�khklZ\-
eyxl������±�����^ey�\hajZklh\���±���e_l��IhdZaZl_ev�qm\kl\bl_e_g�d�mkbe_-
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gbx� lhgmkZ� kbfiZlbq_kdhc� <GK�� g_[hevrZy� gZ]jmadZ� �nbabq_kdZy� beb
wfhpbhgZevgZy��m\_ebqb\Z_l�_]h�\����±��jZaZ��ijb�agZqbl_evguo�gZ]jmadZo
jhkl�khklZ\ey_l��±���jZa�

½âÙÚßæð�µ�Ô��¿ÕäàÕâÕ��JZajZ[hldZ�wlbo�bg^_dkh\�ij_ke_^h\ZeZ�aZ^Z-
qm� hp_gdb�f_^e_ggh� b� [ukljh\hegh\uo� dhfihg_glh\� \ZjbZ[_evghklb�DB
[_a�ijb\e_q_gby�keh`guo�f_lh^h\�ki_dljZevgh]h�ZgZebaZ1:
• bg^_dk�^uoZl_evghc�fh^meypbb��B>F��hp_gb\Z_l�kl_i_gv�\ebygby�^u-

oZl_evgh]h�jblfZ�gZ�\ZjbZ[_evghklv�DB�
B>F �0.5∗ RMSSD/RRNN)∗100%;

• bg^_dk�kbfiZlh−Z^j_gZeh\h]h�lhgmkZ��K:L :Fh/B>F∗100%;
• bg^_dk�f_^e_ggh\hegh\hc�Zjblfbb��BF: ��−0.5∗B>F/CV)*100%−30
• bg^_dk�i_j_gZijy`_gby�j_]meylhjguo�kbkl_f�BIK�ij_^klZ\ey_l�kh[hc

ijhba\_^_gb_�K:L�gZ�hlghr_gb_�baf_j_ggh]h�\j_f_gb�jZkijhkljZg_gby
imevkh\hc�\hegu�d�\j_f_gb�jZkijhkljZg_gby�\�khklhygbb�ihdhy��\u-
qbke_gb_�kf��\�jZa^��������^bZiZahg�agZq_gbc�
��±����²�jZ[hq__�g_j\gh±ikbobq_kdh_�gZijy`_gb_�
���±����²�ijb�agZqbl_evguo�gZ]jmadZo�
���±�����²�i_j_gZijy`_gb_��g_h[oh^bfhklv�hl^uoZ�
����±������²�i_j_gZijy`_gb_��hiZkgh_�^ey�a^hjh\vy�
k\ur_�������²�g_h[oh^bfhklv�kjhqgh]h�\uoh^Z�ba�l_dms_]h�khklhygby
k�h[jZs_gb_f�d�\jZqm±dZj^bheh]m�

Bg^_dk�K:L�\�hlebqb_�hl�BG�mqblu\Z_l�lhevdh�[ukljuc�dhfihg_gl�\Z-
jbZlb\ghklb�DB��lZd�dZd�kh^_j`bl�\�agZf_gZl_e_�g_�kmffZjguc�jZafZo�DB�
Z�ghjfbjh\Zggmx�hp_gdm�baf_gqb\hklb�f_`^m ihke_^h\Zl_evgufb�DB�²
B>F��LZdbf�h[jZahf��q_f�f_gvr_�\deZ^�\ukhdhqZklhlgh]h��^uoZl_evgh]h�
dhfihg_glZ�jblfZ� k_j^pZ� \� kmffZjgmx� \ZjbZlb\ghklv�DB�� l_f� \ur_�bg-
^_dk�K:L��Hg�hq_gv�wnn_dlb\_g�^ey�h[s_c�ij_^\Zjbl_evghc�hp_gdb�k_j-
^_qghc�^_yl_evghklb�\�aZ\bkbfhklb�hl�\hajZklZ��]jZgbpu�ghjfu�khklZ\ey-
xl����±���^h����e_l����±����hl����^h����e_l�����±����hl����^h����e_l��b����±
����^ey�klZjrbo�\hajZklh\��<uqbke_gb_�K:L�ijhba\h^yl�gZ��±��fbgmlguo
bgl_j\ZeZo�\�kihdhcghf�khklhygbb��\uoh^�aZ�\_jogxx�\hajZklgmx�]jZgbpm
ghjfu�y\ey_lky�ijbagZdhf�gZjmr_gbc�\�k_j^_qghc�^_yl_evghklb��Z�\uoh^
aZ�gb`gxx�]jZgbpm�²�[eZ]hijbylguf�ijbagZdhf�

?kl_kl\_gguf� ^hiheg_gb_f�K:L� y\ey_lky�BF:�� dhlhjuc� ijyfh� ijh-
ihjpbhgZe_g� ^bki_jkbb�DB�� gh� g_� kmffZjghc�� Z� hklZ\r_cky� aZ� \uq_lhf
[ukljh]h�dhfihg_glZ�\ZjbZlb\ghklb�DB��=jZgbpu�ghjfu�BF:�khklZ\ey-
xl������������^ey�\hajZklh\���±���e_l�

½âÙÚßæð�ãëÚâßÝ�ãçßàãâÚâÝÞ�×�×ÕåÝÕÖÚàñâãæçÝ��;hevrbgkl\h�jZk-
kfhlj_gguo�ihdZaZl_e_c�y\eyxlky�bgl_]jZevgufb��ihkdhevdm�\uqbkeyxlky
gZ� ^hklZlhqgh� ijhly`_gguo� ihke_^h\Zl_evghklyo�DB�� ijb� wlhf� hjb_glb-

                                                          
1�Wlb� bg^_dku� jZajZ[hlZgu� \� jZfdZo�f_`^mgZjh^gh]h� klZg^ZjlZ� b� ml\_j`^_gu

Fbga^jZ\hf�JN��Kf��lZd`_��:�Y��DZieZg.�<ZjbZ[_evghklv�jblfZ�k_j^pZ�b�oZjZdl_-
jbklbdb� h[jZlghc k\yab� ih� j_amevlZlZf� hi_jZlhjkdhc� ^_yl_evghklb� m� q_eh\_-
dZ//@mjgZe�<G>�����������
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jh\Zgu�bf_ggh�gZ�hp_gdm�kj_^g_c�\ZjbZ[_evghklb�DB�b�qm\kl\bl_evgu�d
jZaebqbyf� \� lZdbo� kj_^gbo� agZq_gbyo��Wlb�bgl_]jZevgu_� hp_gdb� k]eZ`b-
\Zxl�ehdZevgu_�\ZjbZlb\ghklb�b�ohjhrh�jZ[hlZxl�\�mkeh\byo�klZpbhgZj-
ghklb� nmgdpbhgZevgh]h� khklhygby�� gZijbf_j�� ijb� j_eZdkZpbb�� <� lh� `_
\j_fy�bgl_j_kgh�[ueh�[u�bf_lv�b�^jm]b_�hp_gdb��dhlhju_�[u��Z��ohjhrh
jZ[hlZeb�b�\�mkeh\byo�nmgdpbhgZevguo�ijh[��l��_��dh]^Z�k_j^_qguc�jblf
g_�klZpbhgZj_g��Z�bf__l� aZf_lgmx�^bgZfbdm��gZijbf_j��\�\b^_�lj_g^Z��[�
[ueb�qm\kl\bl_evgu_�bf_ggh�d�djZcgbf�hldehg_gbyf��k\yaZgguf�k�fZehc
beb� ih\ur_gghc� \ZjbZ[_evghklvx� DB�� >_ckl\bl_evgh�� fgh]b_� g_agZqb-
l_evgu_�� jZggb_� hldehg_gby� \� k_j^_qghc� ^_yl_evghklb� g_� ijhy\eyxlky� \
ihdh_��gh�fh]ml�[ulv�\uy\e_gu�\�oh^_�nmgdpbhgZevguo�ijh[��k\yaZgguo�k
ih\ur_gghc�nbabheh]bq_kdhc�beb�ikbobq_kdhc�gZ]jmadhc�

<� wlhf� ieZg_� bf__l� kfuke� ij_^eh`blv� h^bg� ba� \hafh`guo� Zevl_jgZ-
lb\guo�ih^oh^h\��iha\heyxsbc�dhgkljmbjh\Zlv�ihdZaZl_eb�<KJ��dhlhju_�
\�hlebqb_�hl�ljZ^bpbhgguo��fh`gh�[ueh�[u�gZa\Zlv�^bnn_j_gpbZevgufb
beb� bgl_j\Zevgufb�� LZdb_� ihdZaZl_eb� \uqbkeyxlky� \� dhjhldhf� kdhevay-
s_f� hdg_� k� ihke_^mxsbf� mkj_^g_gb_f� ih� \k_c� ihke_^h\Zl_evghklb�DB�
Rbjbgm�kdhevays_]h�hdgZ�fh`gh�\u[jZlv�ihjy^dZ����k_j^_qguo�khdjZs_-
gbc�� bkoh^y� ba� ke_^mxsbo� lj_o� khh[jZ`_gbc�� ��� wlh� khhl\_lkl\m_l
lj_f−q_luj_f�^uoZgbyf��qlh�\�hij_^_e_gghc�kl_i_gb�iha\hey_l�gb\_ebjh-
\Zlv� \_^ms__� \ebygb_�^uoZl_evgh]h�jblfZ�� ���gZ� lZdhf� kjZ\gbl_evgh�dh-
jhldhf�hlj_ad_�k_j^_qguc�jblf�fh`gh�kqblZlv�mkeh\gh�klZpbhgZjguf�^Z-
`_�\�mkeh\byo�gZ]jmahqguo�nmgdpbhgZevguo�ijh[�����lZdhc�jZaf_j�\u[hj-
db�h[_ki_qb\Z_l�m^h\e_l\hjbl_evgmx�klZlbklbq_kdmx�mklhcqb\hklv�qbkeh-
\uo�hp_ghd�b�ijbf_gbfhklv�iZjZf_ljbq_kdbo�djbl_jb_\�

<�jZfdZo�ij_^eh`_ggh]h�ih^oh^Z�gZfb�[ueb�kdhgkljmbjh\Zgu�^\Z�hp_-
ghqguo�bg^_dkZ��ihdZaZl_ev�k_j^_qgh]h�klj_kkZ�IKK�b�ihdZaZl_ev�k_j^_q-
ghc� Zjblfbb�IK: [46]��DZd�ihdZaZeh�^hihegbl_evgh_�bkke_^h\Zgb_��mf_-
j_ggh_� m\_ebq_gb_�rbjbgu� kdhevays_]h� hdgZ� g_fgh]h� kgb`Z_l� qm\kl\b-
l_evghklv�wlbo�bg^_dkh\�b�jZkrbjy_l�]jZgbpu�ghjfu��gh�wlb�baf_g_gby�g_
ghkyl�ijbgpbibZevgh]h�oZjZdl_jZ�

Bg^_dk�IKK�ij_^gZagZq_g�^ey�hp_gdb�©iehohcª�\ZjbZ[_evghklb�DB��\u-
jZ`Zxs_cky�\�ijbkmlkl\bb�DB�h^bgZdh\hc�beb�hq_gv�[ebadhc�^ebl_evghklb
k� jZaebqb_f� ^h� ��fk� (ijbf_ju� lZdbo� hldehg_gbc� ijb\_^_gu� gZ� jbk�� �����
6.18, 6.19). LZdhc�mjh\_gv�©g_qm\kl\bl_evghklbª�\u[jZg�ba�^\mo�khh[jZ`_-
gbc��Z��hg�^hklZlhqgh�fZe��khklZ\eyy�����hl�klZg^Zjlgh]h����fk�[bgZ��[��hg
^hklZlhqgh�\_ebd��qlh[u�h[_ki_qblv�klZ[bevghklv�b�kjZ\gbfhklv�hp_ghd�^ey
aZibk_c�WD=��\uiheg_gguo�k�jZaebqguf�\j_f_gguf�jZaj_r_gb_f��Kj_^g__
agZq_gb_�\�ghjf_�jZ\gh��������klZg^Zjlgh_�hldehg_gb_�²�������

Bg^_dk�IK:� ij_^gZagZq_g� ^ey� hp_gdb� wdkljZ\ZjbZ[_evghklb� DB� beb
mjh\gy�Zjblfbb��Hg�\uqbkey_lky�dZd�ijhp_gl�DB��hlebqZxsboky�hl�kj_^-
g_]h� agZq_gby� [he__� q_f� gZ� �� klZg^Zjlguo� hldehg_gby��Ijb� ghjfZevghf
aZdhg_�jZkij_^_e_gby�lZdbo�agZq_gbc�[m^_l�f_g__�������Kj_^g__�agZq_gb_
IK:�\�ghjf_�jZ\gh��������klZg^Zjlgh_�hldehg_gb_�²�������
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JZkkfhlj_ggu_� bg^_dku� ihdZaZeb� k\hx� \ukhdmx� wnn_dlb\ghklv� ijb
^bZ]ghklbq_kdbo� h[ke_^h\Zgbyo� [48@�� iha\heb\� \uy\blv� fgh]hqbke_ggu_
gZqZevgu_�hldehg_gby�\�dZj^bhjblfbd_��dhlhju_�[_a�khhl\_lkl\mxs_c�l_-
jZi_\lbq_kdhc�ijhnbeZdlbdb�fh]ml�ih\e_qv�k_jv_agu_�aZ[he_\Zgby�

·ðìÝæàÚâÝÚ� ØåÕâÝë� âãåáð�� QZklh� ijb� \uqbke_gbb� ]jZgbp� ghjfu
bkihevam_lky� ^hklZlhqgh� ijhba\hevgZy� ijhp_^mjZ�� <u[bjZxlky� mkeh\gh
©a^hjh\u_ª�iZpb_glu��m�dhlhjuo�ijb�ihebdebgbq_kdhf�gZ[ex^_gbb�g_�h[-
gZjm`_gh� aZ[he_\Zgbc�� Ih� bo� dZj^bh]jZffZf� \uqbkeyxlky� ihdZaZl_eb
<KJ��b�ih�wlhc�\u[hjd_�hij_^_eyxlky�kj_^gb_�agZq_gby�b�klZg^Zjlgu_�hl-
dehg_gby��LZdmx�f_lh^bdm�g_evay�ijbagZlv�klZlbklbq_kdb�dhjj_dlghc�

���DZd�mdZaZgh�\ur_��\kx�\u[hjdm�gZ^h�kgZqZeZ�hqbklblv�hl�\u[jhkh\�
=jZgbpZ�hldehg_gbc�b�qbkeh�\u[jhkh\�m�hl^_evgh]h�iZpb_glZ�hij_^_ey_lky
\_jhylghklvx�lZdbo�\u[jhkh\��dhlhjZy�aZ\bkbl�hl�qbkeZ�ihdZaZl_e_c�b�qbk-
eZ�baf_j_gbc�

���H^gZdh�^Ze__�g_h[oh^bfh�ijhba\_klb�qbkldm�ih�dZ`^hfm�ihdZaZl_ex�hl-
^_evgh�� ihkdhevdm� ijb� h[s_c� ghjfZlb\ghklb� ^Zgguo� hl^_evgu_� ihdZaZl_eb
g_dhlhjuo�iZpb_glh\�fh]ml�j_adh�hlebqZlvky�hl�]jmiih\uo�agZq_gbc��Djbl_-
jbc�klZg^Zjlgh]h�hldehg_gby�a^_kv�g_�ih^oh^bl��ihkdhevdm�kZfb�klZg^Zjlgu_
hldehg_gby� hdZau\Zxlky� kf_s_ggufb�� LZdmx� ^bnn_j_gpbjh\Zggmx� qbkldm
fh`gh�ijhba\_klb�ijb�\bamZevghf�bamq_gbb�]jZnbdZ�mihjy^hq_gguo�ih�\ha-
jZklZgbx� agZq_gbc�ihdZaZl_ey� �]jZnbd�D_le_���Ke_^m_l�bkdexqblv� agZq_gby�
ijbgZ^e_`Zsb_�d�dhgp_\uf��aZ]b[Zxsbfky��jZaj_`_gguf�mqZkldZf�]jZnbdZ�
hklZ\b\�p_gljZevgmx��iehlgmx�b�ebg_cgmx�_]h�qZklv�

ÆäÚßçåÕàñâðÞ�ÕâÕàÝÜ

Wlhl�f_lh^�hkgh\Zg�gZ�jZkq_l_�Zfieblm^gh]h�ki_dljZ� �ih^jh[g__�kf��\
jZa^�������jy^Z�dZj^bhbgl_j\Zeh\�

ÄåÚÙ×ÕåÝçÚàñâÕô� ×åÚáÚââÕô� äÚåÚâãåáÝåã×ßÕ�� H^gZdh� ki_d-
ljZevguc�ZgZeba�g_�fh`_l�[ulv�hkms_kl\e_g�g_ihkj_^kl\_ggh�gZ^�bgl_j-
\Zeh]jZffhc��ihkdhevdm�\�kljh]hf�kfuke_�hgZ�g_�y\ey_lky�\j_f_gguf�jy-
^hf��__�ik_\^hZfieblm^u��DBi��\h�\j_f_gb�jZa^_e_gu�kZfbfb�`_�DBi��l��_�
__�\j_f_gghc�rZ]�g_jZ\ghf_j_g��Ihwlhfm�i_j_^�\uqbke_gb_f�ki_dljZ�lj_-
[m_lky�\j_f_ggZy�i_j_ghjfbjh\dZ�bgl_j\Zeh]jZffu��dhlhjZy�ijhba\h^bl-
ky�ke_^mxsbf�h[jZahf��<u[_j_f�\�dZq_kl\_�ihklhyggh]h�\j_f_ggh]h�rZ]Z
agZq_gb_�fbgbfZevgh]h�DB� �beb�_]h�iheh\bgm���dhlhjh_�h[hagZqbf�fDB.
Ijh\_^_f�l_i_jv�^\_�\j_f_ggu_�hkb�^jm]�ih^�^jm]hf��\_jogxx�jZaf_lbf
kh]eZkgh�ihke_^h\Zl_evguf�DB��Z�gb`gxx�jZaf_lbf�k�ihklhygguf�rZ]hf
fDB��GZ�gb`g_c�rdZe_�[m^_f�kljhblv�Zfieblm^u�ZDB�\ZjbZ[_evghklb�DB
ke_^mxsbf�h[jZahf��JZkkfhljbf�hq_j_^ghc�rZ]�fDBi�gZ�gb`g_c�rdZe_�
a^_kv�fh`_l�[ulv�^\Z�\ZjbZglZ�����fDBi iheghklvx�mdeZ^u\Z_lky�\�hq_j_^-
ghc�DBj�gZ�\_jog_c�rdZe_��lh]^Z�ijbgbfZ_f�ZDBi=DBj; 2) fDBi�gZdeZ^u\Z-
_lky� gZ� ^\Z� khk_^gbo� DBj b� DBj+1 \� ijhp_glghf� khhlghr_gbb� a�� b� b%
(a+b �������lh]^Z�\_ebqbgm�ZDBi�\uqbkey_f�ba�khhl\_lkl\mxs_c�ijhihj-
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pbb ij_^klZ\bfhklb� ZDBi=(DBj/D��DBj+1/b%)*100��� Ihemq_gguc� \j_-
f_gghc�jy^�ZDBi�b�ih^\_j]Z_lky�ki_dljZevghfm�ZgZebam�

ÌÕæçãçâðÚ�ÙÝÕäÕÜãâð��Hl^_evgu_�h[eZklb�ihemq_ggh]h�Zfieblm^gh-
]h� ki_dljZ� �Zfieblm^u� baf_jyxlky� \� fbebk_dmg^Zo�� ij_^klZ\eyxl� fhs-
ghklv�\ZjbZlb\ghklb�DB��h[mkeh\e_ggmx�\ebygb_f�jZaebqguo�j_]meylhj-
guo� kbkl_f� hj]ZgbafZ��Ijb� ki_dljZevghf� ZgZeba_� \u^_eyxl� q_luj_� qZk-
lhlguo�^bZiZahgZ�
• ���±�����=p�(i_jbh^�dhe_[Zgbc����±����k) — \ukhdhqZklhlguc��HF —

high frequency��beb�^uoZl_evguc�^bZiZahg�hljZ`Z_l�Zdlb\ghklv�iZjZ-
kbfiZlbq_kdh]h�dZj^bhbg]b[blhjgh]h�p_gljZ�ijh^he]h\Zlh]h�fha]Z�
j_Zebam_lky�q_j_a�[em`^Zxsbc�g_j\�

• ����±�����=p�(i_jbh^�dhe_[Zgbc����±���k) — gbadhqZklhlguc��LF — low
frequency��beb�\_]_lZlb\guc�^bZiZahg��f_^e_ggu_�\hegu�i_j\h]h�ih-
jy^dZ�LjZm[_−=_jbg]Z��hljZ`Z_l�Zdlb\ghklv�kbfiZlbq_kdbo�p_gljh\
ijh^he]h\Zlh]h�fha]Z��j_Zebam_lky�q_j_a�\ebygby�K<GK�b�IK<GK��gh
ij_bfms_kl\_ggh�²�bgg_j\Zpb_c�hl�\_jog_]h�]jm^gh]h��a\_a^qZlh]h�
kbfiZlbq_kdh]h�]Zg]eby�

• ����±�������=p�(i_jbh^�dhe_[Zgbc�hl����k�^h���fbg) — k\_jogbadhqZk-
lhlguc��VLF — very low frequency) khkm^bklh−^\b]Zl_evguc�beb�\Zkdm-
eyjguc�^bZiZahg��f_^e_ggu_�\hegu�\lhjh]h�ihjy^dZ�FZc_jZ��hljZ`Z_l
^_ckl\b_�p_gljZevguo�wj]hljhiguo�b�]mfhjZevgh−f_lZ[hebq_kdbo�f_-
oZgbafh\�j_]meypbb��j_Zebam_lky�q_j_a�baf_g_gb_�\�djh\b�]hjfhgh\
�j_lbg��Zg]bhl_gabg��Zev^hkl_jhg�b�^j���

• �������=p�b�f_^e_gg__ — mevljZgbadhqZklhlguc��ULF) ^bZiZahg�hljZ-
`Z_l�Zdlb\ghklv�\ukrbo�p_gljh\�j_]meypbb�k_j^_qgh]h�jblfZ��lhqgh_
ijhbkoh`^_gb_�j_]meypbb�g_ba\_klgh��^bZiZahg�j_^dh�bkke_^m_lky�\
k\yab�k�g_h[oh^bfhklv�\uiheg_gby�^ebl_evguo�aZibk_c�

Z� [�

Jbk��������Ki_dljh]jZffu��Z —�j_eZdkZpby; [�²�]em[hdh_�^uoZgb_
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GZ�jbk�������ijb\_^_gu�ki_dljh]jZffu�^ey�^\mo�nbabheh]bq_kdbo�ijh[�
<�khklhygbb�j_eZdkZpbb� �jbk������Z��k�ih\_joghklguf�^uoZgb_f�Zfieblm^-
guc�ki_dlj�^hklZlhqgh�fhghlhggh�kiZ^Z_l�\�gZijZ\e_gbb�hl�gbadbo�qZklhl�d
\ukhdbf��qlh� ]h\hjbl�h� k[ZeZgkbjh\Zgghc�ij_^klZ\bfhklb�jZaebqguo�jbl-
fh\��Ijb� ]em[hdhf�^uoZgbb� �jbk�� ����[��j_adh� \u^_ey_lky�h^bg�^uoZl_ev-
guc�ibd�gZ�qZklhl_������=p��k�i_jbh^hf�^uoZgby���k���_]h�Zfieblm^Z��\ZjbZ-
[_evghklv��\����jZa�ij_\urZ_l�kj_^gbc�mjh\_gv�gZ�^jm]bo�qZklhlZo�

ÄãßÕÜÕçÚàÝ��>ey� oZjZdl_jbklbdb� ki_dljZevguo� ^bZiZahgh\� \uqbkey-
_lky�jy^�ihdZaZl_e_c�
• qZklhlZ�fi b�i_jbh^�Li kj_^g_\a\_r_ggh]h�ibdZ i−]h�^bZiZahgZ��iheh`_-

gb_�lZdh]h�ibdZ�hij_^_ey_lky�p_gljhf�ly`_klb��hlghkbl_evgh�hkb�qZk-
lhl��mqZkldZ�]jZnbdZ�ki_dljZ \�^bZiZahg_�

• fhsghklv�ki_dljZ�\�^bZiZahgZo�\�ijhp_glghf�hlghr_gbb�d�fhsghklb
\k_]h�ki_dljZ�VLF%, LF%, HF%��fhsghklv�\uqbkey_lky�dZd�kmffZ�Zf-
ieblm^�ki_dljZevguo�]Zjfhgbd�\�^bZiZahg_���]jZgbpu�ghjfu�khklZ\ey-
xl��khhl\_lkl\_ggh���������������������������������������

• kj_^g__�agZq_gb_�Zfieblm^u�ki_dljZ�\�^bZiZahg_�:kj�beb�kj_^gyy�\Z-
jbZlb\ghklv�DB��]jZgbpu�ghjfu�khklZ\eyxl��khhl\_lkl\_ggh�
23,1±10.03, 14.2±4.96, 6.97±2.23;

• Zfieblm^Z�fZdkbfZevghc�]Zjfhgbdb�\�^bZiZahg_�:max�b�__�i_jbh^�Tmax

�^ey�ih\ur_gby�mklhcqb\hklb�wlbo�hp_ghd�g_h[oh^bfh�ij_^\Zjbl_ev-
gh_�k]eZ`b\Zgb_�ki_dljZ��

• ghjfbjh\Zggu_�fhsghklb��LFnorm=LF/(LF+HF)*100%;
HFnorm=HF/(LF+HF)*100%; dhwnnbpb_gl�\ZahkbfiZlbq_kdh]h�[ZeZgkZ
LF/HF��]jZgbpu�ghjfu�khklZ\eyxl��khhl\_lkl\_ggh���������������������
0.7±1.5.
ÄãØåÚíâãæçÝ� æäÚßçåÕ� ¿½�� HklZgh\bfky� gZ� g_dhlhjuo� bgkljmf_g-

lZevguo� ih]j_rghklyo� ki_dljZevgh]h� ZgZebaZ� �kf�� \� jZa^�� ����� ijbf_gb-
l_evgh�d�bgl_j\Zeh]jZff_��<h�i_j\uo��fhsghklb�\�qZklhlguo�^bZiZahgZo
kms_kl\_ggh� aZ\bkyl� hl� ©j_Zevgh]hª� jZaj_r_gby� ih� qZklhl_�� dhlhjh_� \
k\hx�hq_j_^v�aZ\bkbl��ih�djZcg_c�f_j_��hl�lj_o�nZdlhjh\��hl�^ebgu�aZibkb
WD=��hl�\_ebqbg�DB�b�hl�\u[jZggh]h�rZ]Z�\j_f_gghc�i_j_ghjfbjh\db�bg-
l_j\Zeh]jZffu��Wlh�m`_�kZfh�ih�k_[_�gZdeZ^u\Z_l�h]jZgbq_gby�gZ�kjZ\gb-
fhklv�jZaebqguo�ki_dljh\��D�lhfm�`_�ml_qdZ�fhsghklb�hl�\ukhdhZfieb-
lm^guo�ibdh\�b�[hdh\u_�ibdb�\ke_^kl\b_�Zfieblm^ghc�fh^meypbb�jblfb-
db�fh`_l�ijhklbjZlvky�^Ze_dh�\�khk_^gb_�^bZiZahgu��\ghky�agZqbl_evgu_�b
g_dhgljhebjm_fu_�bkdZ`_gby�

<h�\lhjuo��ijb�aZibkb�WD=�g_�ghjfbjm_lky�]eZ\guc�^_ckl\mxsbc�nZd-
lhj�²�^uoZl_evguc�jblf��dhlhjuc�fh`_l�bf_lv�jZagmx�qZklhlm�b�]em[bgm
�qZklhlZ�^uoZgby�j_]eZf_glbjm_lky�lhevdh�\�ijh[Zo�]em[hdh]h�^uoZgby�b
]bi_j\_glbeypbb���:�h�kjZ\gbfhklb�ki_dljh\�\�^bZiZahgZo�HF�b�LF�fh`gh
[ueh�[u�\_klb�j_qv�lhevdh�lh]^Z��dh]^Z�ijh[u�\uihegyxlky�k�nbdkbjh\Zg-
guf�i_jbh^hf�b�Zfieblm^hc�^uoZgby��>ey�mq_lZ�b�dhgljhey�^uoZl_evgh]h
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jblfZ� ke_^h\Zeh� [u� aZibkv� WD=� ^hihegylv� j_]bkljZpb_c� ]jm^gh]h� b
[jxrgh]h�^uoZgby�

B�� gZdhg_p�� kZfh� jZa[b_gb_� ki_dljZ�DB� gZ� kms_kl\mxsb_� ^bZiZahgu
^hklZlhqgh� mkeh\gh� b� klZlbklbq_kdb� gbdZd� g_� h[hkgh\Zgh�� >ey� lZdh]h
h[hkgh\Zgby�ke_^h\Zeh�[u�gZ�[hevrhf�wdki_jbf_glZevghf�fZl_jbZe_�hi-
jh[h\Zlv�jZaebqgu_�jZa[b_gby�b�\u[jZlv�gZb[he__�agZqbfh_�b�mklhcqb\h_
\�ieZg_�nZdlhjghc�bgl_jij_lZpbb�

<uau\Z_l� lZd`_� hij_^_e_ggh_� g_^hmf_gb_� ih\k_f_klgh_� bkihevah\Zgb_
bf_ggh�hp_ghd�fhsghklb�K:��LZdb_�ihdZaZl_eb�iehoh�kh]eZkmxlky�^jm]�k�^jm-
]hf��ihkdhevdm�ijyfh� aZ\bkyl�hl�jZaf_jh\�qZklhlguo�^bZiZahgh\��dhlhju_�\
k\hx�hq_j_^v�jZaebqZxlky�\��±��jZa��<�wlhf�hlghr_gbb�ij_^ihqlbl_evg__�bk-
ihevah\Zgb_�kj_^gbo�Zfieblm^�ki_dljZ��dhlhju_�\�k\hx�hq_j_^v�g_�iehoh�dhj-
j_ebjmxl�k�jy^hf�ihdZaZl_e_c�<I�\�^bZiZahg_�agZq_gbc�hl��.��^h��.7.

¿ãååÚàôëÝãâÕô�åÝçáãØåÕéÝô

Wlhl�jZa^_e�\dexqZ_l�ij_bfms_kl\_ggh�ihkljh_gb_�b�\bamZevgh_�bam-
q_gby� ^\mf_jguo� kdZll_j]jZff� beb� ^bZ]jZff� jZkk_ygby�� ij_^klZ\eyx-
sbo�aZ\bkbfhklv�ij_^r_kl\mxsbo�DB�hl�ihke_^mxsbo��DZ`^Zy�lhqdZ�gZ
wlhf� ]jZnbd_� �jbk�� ������ h[hagZqZ_l� khhlghr_gb_�f_`^m� ^ebl_evghklyfb
ij_^u^ms_]h�DBi �ih�hkb�Y��b�ke_^mxs_]h�DBi+1��ih�hkb�X).

Z� [�

Jbk��������KdZll_j]jZffu��Z —�j_eZdkZpby; [�²�nbagZ]jmadZ

Lhqdb�gZ�]jZnbd_�]jmiibjmxlky�\^hev�[bkk_dljbku�dhhj^bgZlguo�hk_c
\�\b^_�g_dh]h�h[eZdZ�beb�weebikZ�jZkk_ygby��[he__�\ulygmlh]h�ih�^bZ]hgZ-
eb��JZaf_j�h[eZdZ�\^hev�^bZ]hgZeb��[hevrZy�hkv�weebikZ�jZkk_ygby��jZ\_g
\ZjbZpbhgghfm� jZafZom�� jZaf_j� \�i_ji_g^bdmeyjghf�gZijZ\e_gbb� �fZeZy
hkv��hij_^_e_g�kemqZcgufb�dhfihg_glZfb�\�<KJ��Q_f�[he__�ij_^klZ\e_g�\
<KJ�\_^msbc�^uoZl_evguc�jblf��l_f�[he_�\ulygmlh�h[eZdh�\^hev�^bZ]h-
gZeb�b�km`_gh�\�i_ji_g^bdmeyjghf�gZijZ\e_gbb��LZd��\�khklhygbb�j_eZd-
kZpbb� k� g_]em[hdbf� ^uoZgb_f� h[eZdh� fh`_l� ijb[eb`Zlvky� d� djm]h\hc
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nhjf_��jbk������Z���Ijb�nbabq_kdhc�gZ]jmad_�k�\ukhdhc�qZklhlhc�b�]em[b-
ghc�^uoZgby�h[eZdh�\uly]b\Z_lky�b�k`bfZ_lky�kh�kf_s_gb_f�d�h[eZklv�dh-
jhldbo�DB��jbk������[).

ÄãßÕÜÕçÚàÝ��>ey� oZjZdl_jbklbdb� h[eZdZ� jZkk_ygby� \uqbkeyxl� iheh-
`_gb_�_]h�p_gljZ��l��_��kj_^g__�agZq_gb_�DB��F���Z�lZd`_�jZaf_ju�ijh^hev-
ghc�L b�ihi_j_qghc�w hk_c�b�bo�hlghr_gb_�w/L��?keb�\�dZq_kl\_�DB�\aylv
qbklmx�kbgmkhb^m��b^_Zevguc�kemqZc�\ebygby�lhevdh�h^gh]h�jblfZ���lh�w
[m^_l�khklZ\eylv� �����hl�L��<�dZq_kl\_�hp_ghd�w è L�h[uqgh�bkihevamxl
klZg^Zjlgu_�hldehg_gby a�b b�ih�wlbf�hkyf.

Z� [�

Jbk��������KdZll_j]jZffu��Z —�\ujZ`_ggZy�Zjblfby; [�²�wdkljZkbklheby�b
Zkbklheby

>ey� emqr_c� \bamZevghc� kjZ\gbfhklb� gZ� kdZll_j]jZff_� kljhyl� weebik
�jbk�� ������k�jZaf_jhf�hk_c� �L, 2w �ijb�g_[hevrhf�h[t_f_�\u[hjdb��beb
3L, 3w �ijb�[hevrhf�h[t_f_�\u[hjdb���KlZlbklbq_kdZy�\_jhylghklv�\uoh^Z
aZ�^\Z�b�ljb�klZg^Zjlgu_�hldehg_gby�khklZ\ey_l������b�������ijb�ghjfZev-
ghf�aZdhg_�jZkij_^_e_gby�DB�

G_dhlhju_�Z\lhju�ih�h[eZdm�jZkk_ygby�DB�\uqbkeyxl�ebg_cgmx�j_]-
j_kkbx�b�ZgZebabjmxl�__�dhwnnbpb_gl�Kr b�k\h[h^guc�qe_g�Br.

ÂãåáÕ�Ý�ãçßàãâÚâÝô� Ijb�gZebqbb�j_adbo�gZjmr_gbc�<KJ�^bZ]jZffZ
jZkk_ygby�ijbh[j_lZ_l�kemqZcguc�oZjZdl_j��jbk������Z��beb�`_�jZkiZ^Z_lky
gZ�hl^_evgu_�njZ]f_glu��jbk������[���lZd�\�kemqZ_�wdkljZkbklhebb�ihy\ey-
xlky� kbff_ljbqgu_� hlghkbl_evgh� ^bZ]hgZeb� ]jmiiu� lhq_d�� k^\bgmlu_� \
h[eZklv�dhjhldbo�DB�hl�hkgh\gh]h�h[eZdZ�jZkk_ygby��Z�\�kemqZ_�Zkbklhebb
ihy\eyxlky� kbff_ljbqgu_� ]jmiiu� lhq_d� \� h[eZklb� dhjhldbo�DB��<� wlbo
kemqZyo�kdZll_j]jZffZ�g_�^Z_l�gbdZdhc�gh\hc�bgnhjfZpbb�ih�kjZ\g_gbx�k
bgl_j\Zeh]jZffhc�b�]bklh]jZffhc�

Ihwlhfm� kdZll_j]jZffu�ihe_agu�ij_bfms_kl\_ggh� \� mkeh\byo�ghjfu
^ey� \aZbfguo� kjZ\g_gbc� jZaebqguo� bkiulm_fuo� \� jZaebqguo� nmgdpbh-
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gZevguo�ijh[Zo��Hl^_evghc�h[eZklvx� lZdh]h�ijbf_g_gby� y\ey_lky� l_klb-
jh\Zgb_� lj_gbjh\Zgghklb� b�nmgdpbhgZevghc� ]hlh\ghklb� d�nbabq_kdbf� b
ikboheh]bq_kdbf�gZ]jmadZf��kf��^Ze__��

ÆããçâãíÚâÝÚ�äãßÕÜÕçÚàÚÞ��>ey�hp_gdb� agZqbfhklb�b�khhlghr_gby
jZaebqguo�ihdZaZl_e_c�<KJ� \� ����� ]��gZfb� [ueh�ijh\_^_gh� ki_pbZevgh_
klZlbklbq_kdh_� bkke_^h\Zgb_ [51]��Bkoh^gufb� ^Zggufb� y\eyebkv� ���� aZ-
ibk_c�WD=��\uiheg_gguo�\�khklhygbb�j_eZdkZpbb�m�kihjlkf_gh\�\ukr_c
d\ZebnbdZpbb��nml[he��[Zkd_l[he��ohdd_c��rhjl−lj_d��^ax^h�1��J_amevlZlu
dhjj_eypbhggh]h�b�nZdlhjgh]h�ZgZebaZ�iha\hebeb�k^_eZlv�ke_^mxsb_�\u-
\h^u�
���GZ[hj�gZb[he__�mihlj_[bl_evguo�\�ijZdlbd_�ihdZaZl_e_c�<KJ�ba[ulh-
q_g��[he__�����\�g_f�����ba�����khklZ\eyxl�nmgdpbhgZevgh�k\yaZggu_�b
\ukhdhdhjj_ebjh\Zggu_�ihdZaZl_eb�
• nmgdpbhgZevgh�aZ\bkbfufb�y\eyxlky�ke_^mxsb_�iZju�ihdZaZl_e_c�

QKK–RRNN, Fh–RRNN, LF/HF–HFnorm, LFnorm–HFnorm, fVLF–TVLF, fLF–
TLF, fHF–THF, w/L–BF:, Kr–BF:, Kr–w/L;

• \ukhdh�dhjj_ebjh\Zggufb�y\eyxlky�ke_^mxsb_�ihdZaZl_eb��\�dZq_-
kl\_�fgh`bl_e_c�mdZaZgu�dhwnnbpb_glu�dhjj_eypbb���Fh–
0.96*QKK, :Fh–0.93*B<J–0.93*I:IJ, B<J–0.96*BG, <IJ–
0.95*BG, I:IJ–0.95*BG–0.91*<IJ, dO–0.92*SDNN, RMSSD–
0.91*j1150,  B>F–0.91*HF%,  B>F–0.91*:kj+), w=0.91*j11��,
Br=0.91*w/L, Br=0.91*Kr, LF/HF=0.9*VL%.

<�qZklghklb��\k_�ihdZaZl_eb�dhjj_eypbhgghc�jblfh]jZnbb�\�mdZaZgghf
kfuke_�^m[ebjmxlky�ihdZaZl_eyfb�\ZjbZpbhgghc�imevkhf_ljbb��l_f
kZfuf�wlhl�jZa^_e�y\ey_l�ebrv�m^h[gmx�nhjfm�\bamZevgh]h�ij_^klZ\-
e_gby�bgnhjfZpbb��kdZll_j]jZffm��

2. IhdZaZl_eb�\ZjbZpbhgghc�imevkhf_ljbb�b�ki_dljZevgh]h�ZgZebaZ�hljZ-
`Zxl�jZaebqgu_�b�hjlh]hgZevgu_�nZdlhjgu_�kljmdlmju�

���Kj_^b�ihdZaZl_e_c�\ZjbZpbhgghc�imevkhf_ljbb�gZb[hevrmx�nZdlhjgmx
agZqbfhklv�bf_xl�^\_�]jmiiu�ihdZaZl_e_c� Z��K:L��IKK��BG, SDNN,
pNN50, B>F��oZjZdl_jbamxsb_�jZaebqgu_�Zki_dlu�gZijy`_gghklb�k_j-
^_qghc�^_yl_evghklb��[��BF:��IK:��oZjZdl_jbamxsb_�khhlghr_gb_
jblfbqghklb−Zjblfbqghklb�k_j^_qghc�^_yl_evghklb�

���AgZqbfhklv�^bZiZahgh\�LF b�VLF�^ey�nmgdpbhgZevghc�^bZ]ghklbdb�kh-
fgbl_evgZ��ihkdhevdm�nZdlhjgh_�khhl\_lkl\b_�bo�ihdZaZl_e_c�g_h^gh-
agZqgh��Z�kZfb�ki_dlju�ih^\_j`_gu�\ebygbx�fgh]hqbke_gguo�b�g_dhg-
ljhebjm_fuo�bkdZ`_gbc�

���<f_klh�g_mklhcqb\uo�b�g_h^ghagZqguo�ki_dljZevguo�ihdZaZl_e_c�\ha-
fh`gh�bkihevah\Zgb_�B>F�b�BF:��hljZ`Zxsbo�^uoZl_evgu_�b�f_^-
e_ggh\hegh\u_�dhfihg_glu�k_j^_qghc�\ZjbZlb\ghklb��<f_klh�hp_ghd

                                                          
1�WlZ�[ZaZ�aZibk_c�[ueZ�kha^ZgZ�\�����²�����]]��Ba\_klguf�kihjlb\guf�f_lh^b-

klhf��ijhn_kkhjhf�J=MND�<�D��AZcp_\uf�
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fhsghklb�\�^bZiZahgZo�ij_^ihqlbl_evg__�bkihevah\Zgb_�kj_^gbo�Zf-
ieblm^�ki_dljZ�

ÃëÚâßÕ�çåÚâÝåã×ÕââãæçÝ�

H^gbf� ba� wnn_dlb\guo�f_lh^h\� hp_gdb� lj_gbjh\Zgghklb� b�nmgdpbh-
gZevghc� ]hlh\ghklb� �kihjlkf_gh\�b�^jm]bo�ijhn_kkbhgZeh\��jZ[hlZ�dhlh-
juo�khijy`_gZ�k�ih\ur_ggufb�nbabq_kdbfb�b�ikboheh]bq_kdbfb�gZ]jma-
dZfb�� y\ey_lky� ZgZeba� ^bgZfbdb� baf_g_gby� QKK� \� ijhp_kk_� nbabq_kdhc
gZ]jmadb�[hevr_c�bgl_gkb\ghklb�b�\�i_jbh^�ihklgZ]jmahqgh]h�\hkklZgh\-
e_gby��WlZ�^bgZfbdZ�gZijyfmx�hljZ`Z_l�kdhjhklgu_�b�^_ckl\_ggu_�oZjZd-
l_jbklbdb�[bhobfbq_kdbo�h[f_gguo�ijhp_kkh\��ijhl_dZxsbo�\�`b^dhkl-
ghc�kj_^_�hj]ZgbafZ��<�klZpbhgZjguo�mkeh\byo�nbabq_kdZy�gZ]jmadZ�h[uq-
gh�^Z_lky�\�nhjf_�\_ehwj]hghfhf_ljbq_kdbo�bkiulZgbc��\�mkeh\byo�`_�j_-
Zevguo�khj_\gh\Zgbc�\hafh`gh�ij_bfms_kl\_ggh�bkke_^h\Zgb_�\hkklZgh-
\bl_evguo�ijhp_kkh\�

¶ÝãêÝáÝô� áðíÚìâãØã� òâÚåØããÖÚæäÚìÚâÝô�� Wg_j]by�� ihemqZ_fZy
hj]Zgbafhf�hl�jZks_ie_gby�ijh^mdlh\�iblZgby��ojZgblky�b�ljZgkihjlbjm-
_lky�d�de_ldZf�\�\b^_�\ukhdhwg_j]_lbq_kdh]h�kh_^bg_gby�:LN��Z^j_ghabg-
ljbnhknhjgZy�dbkehlZ���W\hexpby�knhjfbjh\ZeZ�ljb�wg_j]hh[_ki_qb\Zx-
sb_�nmgdpbhgZevgu_�kbkl_fu�
1. :gZwjh[gh−ZeZdlZlgZy� kbkl_fZ� �:LN� ²� DN� beb� dj_ZlbgnhknZl�� bk-

ihevam_l�:LN�furp�gZ�gZqZevghc�nZa_�jZ[hlu�k�ihke_^mxsbf�\hkklZ-
gh\e_gb_f�aZiZkh\�:LN�\�furpZo�iml_f�jZks_ie_gby�DN����fhev�DN
 ���fhev�:LN���AZiZku�:LN�b�DN�h[_ki_qb\Zxl�lhevdh�djZldb_�wg_j-
]_lbq_kdb_�ihlj_[ghklb���±���k��

2. :gZwjh[gh−eZdlZlgZy� �]ebdheblbq_kdZy��kbkl_fZ�hkms_kl\ey_l�wg_j]h-
h[_ki_q_gb_�iml_f�jZks_ie_gby�]exdhau�beb�]ebdh]_gZ��khijh\h`^Z_-
fh_�h[jZah\Zgb_f�ibjh\bgh]jZ^ghc�dbkehlu�k�ihke_^mxsbf�__�ij_h[-
jZah\Zgb_f�\�fhehqgmx�dbkehlm��dhlhjZy��[ukljh�jZaeZ]Zykv��h[jZam_l
dZeb_\u_�b�gZljb_\u_�kheb��bf_xsb_�h[s__�gZa\Zgb_�eZdlZlZ��=exdhaZ
b�]ebdh]_g��h[jZam_lky�\�i_q_gb�ba�]exdhau��ljZgknhjfbjmxlky�\�]ex-
dhah−6−nhknZl�� Z� aZl_f�²� \�:LN� ���fhev� ]exdhau�  � ��fhey�:LN�� �
fhev�]ebdh]_gZ� ���fhey�:LN��

3. :wjh[gh−hdbkebl_evgZy� kbkl_fZ� bkihevam_l� dbkehjh^� ^ey� hdbke_gby
m]e_\h^h\� b� `bjh\� ^ey� h[_ki_q_gby� ^ebl_evghc� fur_qghc� jZ[hlu� k
h[jZah\Zgb_f�:LN�\�fblhohg^jbyo�
<�khklhygbb�ihdhy�wg_j]by�h[jZam_lky�jZks_ie_gb_f�ijZdlbq_kdb�h^b-

gZdh\h]h� dhebq_kl\Z� `bjh\� b� m]e_\h^h\� k� h[jZah\Zgb_f� ]exdhau�� Ijb
djZldh\j_f_gghc�bgl_gkb\ghc�gZ]jmad_�:LN�ihqlb�bkdexqbl_evgh�h[jZ-
am_lky� aZ� kq_l� jZks_ie_gby� m]e_\h^h\� �kZfZy� ©[ukljZyª� wg_j]by���Kh^_j-
`Zgb_�m]e_\h^h\�\�i_q_gb�b�kd_e_lguo�furpZo�h[_ki_qb\Z_l�h[jZah\Zgb_
                                                          

1�>_lZevg__�kf���AZcp_\�<�D���Nbebii_gdh�:�G��Lj_gbjh\dZ�nmgdpbhgZevguo�kbk-
l_f�ohdd_bklZ��F���J=:ND�������
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g_� [he__� ����� ddZe� wg_j]bb�� iha\heyxs_c� ijh[_`Zlv� hdheh� ��� df��Ohly
`bjh\�\�hj]Zgbaf_�agZqbl_evgh�[hevr_��q_f�m]e_\h^h\��gh�`bjh\hc�h[f_g
�]exdhg_h]_g_a��k�h[jZah\Zgb_f�`bjguo�dbkehl��Z�aZl_f�b�:LN�g_baf_jb-
fh�[he__�wg_j]_lbq_kdb�f_^e_gguc�

Lbi� fur_qguo� \hehdhg� hij_^_ey_l� bo� hdbkebl_evgmx� kihkh[ghklv�
LZd�furpu��khklhysb_�ba�;K−\hehdhg��[he__�ki_pbnbqgu�d�\uiheg_gbx
nbabq_kdhc�gZ]jmadb�\ukhdhc�bgl_gkb\ghklb�aZ�kq_l�bkihevah\Zgby�wg_j-
]bb� ]ebdheblbq_kdhc� kbkl_fu� hj]ZgbafZ�� Furpu� `_�� khklhysb_� ba
FK−\hehdhg��kh^_j`Zl�[hevr__�dhebq_kl\h�fblhohg^jbc�b�hdbkebl_evguo
n_jf_glh\��qlh�h[_ki_qb\Z_l�\uiheg_gb_�[hevr_]h�h[t_fZ�nbabq_kdhc�gZ-
]jmadb�k�bkihevah\Zgb_f�Zwjh[gh]h�h[f_gZ��Nbabq_kdZy�gZ]jmadZ��gZijZ\-
e_ggZy�gZ�jZa\blb_�\ughkeb\hklb��kihkh[kl\m_l�m\_ebq_gbx�fblhohg^jbc
b� hdbkebl_evguo� n_jf_glh\� \� FK−\hehdgZo�� gh� hkh[_ggh� ²� \
;K−\hehdgZo��Ijb�wlhf�m\_ebqb\Z_lky�gZ]jmadZ�gZ�kbkl_fm�ljZgkihjlZ�db-
kehjh^Z�d�jZ[hlZxsbf�furpZf�

GZdZieb\Zxsbcky�\�`b^dhc�kj_^_�hj]ZgbafZ�eZdlZl�©ih^dbkey_lª�fu-
r_qgu_� \hehdgZ�b� lhjfhabl�^Zevg_cr__�jZks_ie_gb_� ]ebdh]_gZ�� Z� lZd`_
kgb`Z_l� kihkh[ghklv� furp� k\yau\Zlv� dZevpbc�� qlh� ij_iylkl\m_l� bo� kh-
djZs_gbx��<�bgl_gkb\guo�\b^Zo�kihjlZ�Zddmfmebjh\Zgb_�eZdlZlZ�^hklb]Z-
_l� ��±���ffhev/d]�ijb�ghjf_� \� ���±��ffhev/d]��Ij_^_evgufb�dhgp_gljZ-
pbyfb�eZdlZlZ�hkh[_ggh�hlebqZxlky�lZdb_�\b^u�kihjlZ��dZd�[hdk�b�ohdd_c�
Z�gZ[ex^_gb_�bo�\�debgbq_kdhc�ijZdlbd_�oZjZdl_jgh�^ey�ij_^bgnZjdluo
khklhygbc�

FZdkbfmf� \u[jhkZ� eZdlZlZ� \� djh\v�ijhbkoh^bl�gZ� ��hc�fbgml_�ihke_
bgl_gkb\ghc�gZ]jmadb��Khhl\_lkl\_ggh�wlhfm�^hklb]Z_l�fZdkbfmfZ�b�QKK�
>Ze__�dhgp_gljZpby�eZdlZlZ�\�djh\b�b�QKK�iZ^Z_l�kbgojhggh��Ihwlhfm�ih
^bgZfbd_�QKK�fh`gh�km^blv�h�nmgdpbhgZevguo�kihkh[ghklyo�hj]ZgbafZ
ih�mf_gvr_gbx�dhgp_gljZpbb�eZdlZlZ��Z�ke_^h\Zl_evgh�²�b�h�wnn_dlb\-
ghklb�wg_j]h\hkklZgZ\eb\Zxs_]h�f_lZ[hebafZ�

Jbk��������Kh\f_s_ggu_�kdZll_j]jZffu�ihklgZ]jmahqguo��−k_dmg^guo
bgl_j\Zeh\�\hkklZgh\e_gby�b�khklhygby�j_eZdkZpbb
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ÆåÚÙæç×Õ�ÕâÕàÝÜÕ��<�gZ]jmahqguc�b�\hkklZgh\bl_evguc�i_jbh^�ijh-
\h^yl�jy^�ihfbgmlguo� i ���������aZibk_c�WD=� Ih�j_amevlZlZf�kljhyl�kdZl-
l_j]jZffu��dhlhju_�kh\f_sZxl�gZ�h^ghf�]jZnbd_��jbk���������ih�dhlhjhfm
\bamZevgh�hp_gb\Zxl�^bgZfbdm�baf_g_gby�ihdZaZl_e_c�DB��>ey�dZ`^hc�i�c
kdZll_j]jZffu�\uqbkeyxl�qbkeh\u_�ihdZaZl_eb�F� a, b, b/a. >ey�hp_gdb�b
kjZ\g_gby�lj_gbjh\Zgghklb�\�^bgZfbd_�baf_g_gby�dZ`^h]h�lZdh]h�ihdZaZ-
l_ey�Ji�\uqbkeyxl�ihbgl_j\Zevgu_�hp_gdb�\b^Z��(Ji−Pmax)/(Po−Pmax), ]^_�Po

—�agZq_gb_�ihdZaZl_ey�\�khklhygbb�j_eZdkZpbb��Pmax—�agZq_gb_�ihdZaZl_-
ey�\�fZdkbfmf_�nbabq_kdhc�gZ]jmadb�

�����Kj_^kl\Z�ZgZebaZ
ÇåÚÖã×ÕâÝô�ß�ÜÕäÝæÝ��Qbkeh�dZj^bhbgl_j\Zeh\��DB��\�ZgZebabjm_fhc

aZibkb� ^he`gh� [ulv�g_�f_g__� lj_o�� AZibkv�WD=�`_eZl_evgh�ijh\h^blv� \
kihdhcghf��jZkkeZ[e_gghf�khklhygbb��\�kb^yq_f�beb�e_`Zq_f�iheh`_gbb�
N<Q�[bhmkbebl_ey�mklZgZ\eb\Z_lky�jZ\guf�����beb���=p��Ijb�aZibkb�WD=
\�^\b`_gbb�g_h[oh^bfh�hkh[h�gZ^_`gh�nbdkbjh\Zlv�we_dljh^u�gZ�l_e_�iZ-
pb_glZ��qlh[u�g_�^himklblv�bo�i_j_f_s_gbc�

ÃæãÖÚââãæçÝ�ÕàØãåÝçáÕ� :e]hjblf�jZaf_ldb�dZj^bhbgl_j\Zeh\� �bk-
ihevam_fuc�\h�\k_o�j_`bfZo� ZgZebaZ��gZ^_`gh�jZ[hlZ_l�\� aZibkyo�� ]^_�R
am[pu�hlebqZxlky�ih�kh\hdmighklb�^\mo�iZjZf_ljh\��i_j_iZ^�Zfieblm^u�b
djmlbagZ� i_j_^g_]h� b� aZ^g_]h� njhglh\�� hl� ^jm]bo� ibdh\�� LZdb_� mkeh\by
^he`gu�\uihegylvky��ih�djZcg_c�f_j_��gZ�l_dms_f�dZgZe_�

Jbk��������<b^�aZibkb�WD=�\�fhgblhj_�&21$1
>ey�ih\ur_gby�gZ^_`ghklb�ij_^\Zjbl_evgh�ijhba\h^blky�nbevljZpby

aZibkb�ki_pbZevguf�kdhevaysbf�hdghf��iha\heyxsbf�m\_ebqblv�R�am[pu
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b�gb\_ebjh\Zlv�\k_�hklZevgu_�ibdb1��<�kemqZ_�g_lbibqgh]h�\b^Z�WD=��gZ-
ijbf_j��m�jZaebqguo�`b\hlguo��bf__lky�\hafh`ghklv�gZkljhcdb�iZjZf_l-
jh\�wlh]h�hdgZ��kf��\�dhgp_�jZa^���

I_j_^�ZgZebahf�Z\lhfZlbq_kdb�ijhba\h^blky�dhjj_dpby�^j_cnZ�gmey�gZ
dZ`^hf�DB� ih� iheh`_gbyf�PQ� iehsZ^hd�� LbibqgZy�fgh]hdZgZevgZy� aZ-
ibkv�WD=�\�fhgblhj_�bah[jZ`_gZ�gZ�jbk�������

ÅÚÙÕßçÝåã×ÕâÝÚ� ÜÕäÝæÝ�
I_j_^�ZgZebahf�ihe_agh�m[_^blvky
\� klZ[bevghklb� jZ[hlu� Ze]hjblfZ
jZkihagZ\Zgby� R� am[ph\� gZ� l_dm-
s_c� aZibkb�� ihkljhb\� bgl_j\Zeh-
]jZffm�� <� kemqZ_� dhjj_dlghc� jZ-
[hlu� Ze]hjblfh\� wlhl� ]jZnbd� g_
[m^_l� bf_lv� j_adbo� \ukhdhZfieb-
lm^guo� \u[jhkh\�� Ijb� gZebqbb
\u[jhkh\��\ua\Zgguo�Zjl_nZdlZfb
�aZrdZeu� \ke_^kl\b_� ^\b`_gbc
iZpb_glZ�� ijhiZ^Zgb_� R� am[ph\�
iehoh_� gZeh`_gby� we_dljh^h\��
lZdb_�DB� gZ^h� m^Zebkv� ba� aZibkb
ih�R�am[pZf��<�jy^_�kemqZ_\�fh`-
gh� bkihevah\Zlv� b� [he__� lhgdb_

f_lh^u� jmqghc� dhjj_dpbb�� m\_ebq_gb_� Zfieblm^u� g_dhlhjuo� R� am[ph\
�[ehd� ij_h[jZah\Zgbc�� jZa^�� �������� mrbj_gb_�R� am[ph\� �hi_jZpb_c�Kijy-
fblv�ba�f_gx��\uau\Z_fhfm�deZ\br_c�{%FM���jbk�������

ÁÚâó�ÕâÕàÝÜÕ��>ey�ZgZebaZ�dZj^bh]jZffu�ke_^m_l�\uihegblv�imgdlu
:gZeba−WD=�\_jog_c�dhfZg^ghc�kljhdb�beb�`_�gZ`Zlv�deZ\brm�{����<�j_-
amevlZl_�ihy\blky�f_gx�ZgZebaZ�WD=��jbk��������k�^\mfy�jZa^_eZfb��F_lh-
^u� �dm^Z \dexq_gu� ijhp_^mju� dhfie_dkgh]h� ZgZebaZ� WD=�� b� >bgZfbdZ
�^ey�bkke_^h\Zgby�\j_f_gghc�^bgZfbdb�hl^_evguo�ihdZaZl_e_c��

<� kemqZ_� \uiheg_gghc� aZibkb�WD=�ih� kbkl_f_� ^\mo� hl\_^_gbc� �I, III )
beb�`_�ih� kbkl_f_� �±��hl\_^_gbc� �I, III �b�CFi, i=�±���gZ`Zlb_�gZ�dghidm
Ij_h[jZah\Zlv�\uau\Z_l�i_j_oh^�d�ljZ^bpbhgghc�kbkl_f_����hl\_^_gbc��I,
II, III, aVR, aVL, aVF�� beb� ��� hl\_^_gbc� �^hiheg_ggZy� ]jm^gufb� hl\_^_-
gbyfb�Vi, i=1–6).

¹ÝâÕáÝßÕ� <�j_amevlZl_�ZgZebaZ�\j_f_gghc�^bgZfbdb�hl^_evguo�ihdZ-
aZl_e_c� \u^Z_lky� ]jZnbd� �jbk�� ������ baf_g_gby� \u[jZggh]h
WD=−ihdZaZl_ey� �RR−, PQ−, QRS−, QT−bgl_j\Zeu� beb� Zfieblm^u
ST−k_]f_glZ�b�P−, Q−, R−, S−, T−am[ph\��\�aZ\bkbfhklb�hl�ihjy^dh\h]h�gh-
f_jZ�DB��hkv�O��^ey�aZibkb�l_dms_]h�dZgZeZ��Ihwlhfm�i_j_^�bkiheg_gb_f
                                                          

1�Kf���<heohgkdZy�L��:���<Zkbe_]Z�:�=���FZl__\�K�F���J_\_gkdbc�:�B��:e]hjblf
\u^_e_gby�ihke_^h\Zl_evghklb�R−R, R−T�b�L−L�bgl_j\Zeh\�b�fZl_fZlbq_kdh_�h[_k-
i_q_gb_�bo�ZgZebaZ���F_^bpbgkdZy�db[_jg_lbdZ��BD�:G�MKKJ��Db_\������

Jbk��������F_gx�ZgZebaZ�WD=
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imgdlh\�ba�jZa^_eZ�>bgZfbdZ�mdZaZl_ev�dZgZeZ�ke_^m_l�mklZgh\blv�gZ�lj_-
[m_fuc�dZgZe�aZibkb�WD=−hl\_^_gby��Ih^�]jZnbdhf�mdZaZgu�kj_^g__�agZ-
q_gb_��klZg^Zjlgh_�hldehg_gb_�b�l_dms__� agZq_gb_� ZgZebabjm_fh]h�ihdZ-
aZl_ey��=jZnbd�baf_g_gby�^ebl_evghklb�dZj^bhbgl_j\Zeh\��DB��gZau\Z_lky
bgl_j\Zeh]jZffhc.

Jbk��������=jZnbd�^bgZfbdb�baf_g_gby�Zfieblm^u�ST�k_]f_glZ

JZ[hlZ�k�\babjhf��Ih�]jZnbdm�^bgZfbdb�fh`gh�^\b]Zlv�\_jlbdZevgmx�kb-
gxx�ebgbx−\babj�²�mdZaZl_ev�l_dms_]h�iheh`_gby� �deZ\brZfb�i_j_f_s_-
gby�dmjkhjZ�beb�furvx��^ey�baf_j_gby�oZjZdl_jguo�agZq_gbc��Ijb�^\hcghf
s_eqd_�furvx�ih�]jZnbdm�aZibkv�WD=�gZ�fhgblhj_�k^\b]Z_lky�d�khhl\_lkl-
\mxs_fm�DB��Wlh�m^h[gh�^ey�ijhkfhljZ�gZ�aZibkb�WD=�mqZkldh\��^ey�dhlhjuo
gZ�]jZnbd_�^bgZfbdb�gZ[ex^Zxlky�jZaebqgh]h�jh^Z�hldehg_gby�

¹ÝÕØâãÜ� >ZggZy�ijhp_^mjZ�fh`_l�[ulv�bkihevah\ZgZ� \�debgbq_kdbo
bkke_^h\Zgbyo�b�\dexqZ_l�h[h[s_gguc�ZgZeba�k�\u^Zq_c�keh\_kghc�^bZ]-
ghklbdb�hldehg_gbc�hl�ghjfu��?_�ijbf_g_gb_�jZkkqblZgh�gZ� aZibkb�� \u-
iheg_ggu_�\�fgh]hdZgZevghc�kbkl_f_��H^gZdh�wlhl�`_�j_`bf�fh`_l�[ulv
ijbf_g_g�b�d�ex[hc�h^ghdZgZevghc�aZibkb�WD=��lh]^Z�\�^bZ]gha_�hljZ`Z-
_lky�lhevdh�bgnhjfZpby�^ey�l_dms_]h�dZgZeZ�

J_amevlZlu�\u^Zxlky�\�klZg^Zjlgh_�hdgh�^bZ]ghaZ��jbk��������b�bo�fh`-
gh�kdhjj_dlbjh\Zlv�b�^hihegblv�kj_^kl\Zfb�jmqgh]h�j_^Zdlbjh\Zgby�b�\u-
^Zlv�gZ�i_qZlv��kf��jZa^��������<�wlhf�hdg_�ihke_�aZ]heh\hqghc�bgnhjfZpbb
ke_^m_l� lZ[ebpZ�� \� dhlhjhc� ijb\_^_gu� kj_^gb_�� fZdkbfZevgu_� b� fbgb-
fZevgu_�agZq_gby�bgl_j\Zevguo�iZjZf_ljh\�>fk@��kj_^g__�QKK��iheh`_gb_
we_dljbq_kdhc� hkb� k_j^pZ� b� kj_^gb_� Zfieblm^gu_� agZq_gby� ibdh\� >fd<@
^ey�l_o�dZgZeh\�aZibkb��dhlhju_�bf_xl�h[hagZq_gby�klZg^Zjlguo�hl\_^_-
gbc� I, II, III, aVR, aVL, aVF, Vi, i=�±���Kj_^gb_� agZq_gby�ihdZaZl_e_c�\u-
qbkeyxlky�g_�klZlbklbq_kdb��Z�dZd�kj_^g__�f_`^m�fZdkbfZevguf�b�fbgb-
fZevguf� agZq_gbyfb��ihwlhfm�j_amevlZlu�fh]ml�g_kdhevdh�hlebqZlvky�hl
j_amevlZlh\�ZgZebaZ�hl^_evguo�ihdZaZl_e_c�\�kemqZ_�hlebqby�jZkij_^_e_-



290 =eZ\Z����DZj^bh]jZnby

gby� hl� kbff_ljbqgh]h��<� kemqZ_� h^ghdZgZevghc� aZibkb�WD=� beb� g_klZg-
^Zjlguo�h[hagZq_gbc�hl\_^_gbc�j_amevlZlu�ZgZebaZ�\u^Zxlky�lhevdh�^ey
l_dms_]h�dZgZeZ��WHK�g_�\uqbkey_lky�

Jbk��������J_amevlZlu�WD=−^bZ]ghaZ
Ke_^mxsbf�\�hdg_�^bZ]ghaZ�b^_l�keh\_kgh_�aZdexq_gb_�h[�hldehg_gb-

yo�ba[jZgguo�WD=−oZjZdl_jbklbd�hl�ghjfu��lbi�jblfZ��Zjblfby��lZobdZj-
^by��[jZ^bdZj^by���iheh`_gb_� we_dljbq_kdhc� hkb� k_j^pZ� �WHK��� \hevlZ`�
]bi_jlhgby��ST, T, QRS, PR, PQ, P, R, S, RR�hldehg_gby��DZ`^Zy�^bZ]ghklb-
dZ� khijh\h`^Z_lky� ihykg_gb_f� k� mdZaZgb_f� khhl\_lkl\mxsbo� ihjh]h\uo
agZq_gbc�iZjZf_ljh\�

Hkgh\gZy�p_ev�keh\_kgh]h�aZdexq_gby�²�g_�aZf_gblv�\jZqZ��Z�hk\h[h-
^blv� _]h� hl� jmlbggh]h� ij_^\Zjbl_evgh]h� ZgZebaZ� aZibkb� b� h[jZlblv� _]h
\gbfZgb_�gZ�l_�hldehg_gby��dhlhju_�lj_[mxl�[he__�^_lZevgh]h�wdki_jlgh-
]h�bkke_^h\Zgby�

Jbk��������=bklh]jZffZ�jZkij_^_e_gby�DB

ÆçÕçÝæçÝßÕ��WlZ�ijhp_^mjZ�j_Zebam_l�f_lh^�\ZjbZpbhgghc�imevkhf_l-
jbb��\dexqZy�ihkljh_gb_�]bklh]jZffu��jbk��������k�\uqbke_gb_f�klZlbklb-
q_kdbo� b� ki_pbZevguo� ihdZaZl_e_c�� \u^Z\Z_fuo� \� hdgh� ^bZ]ghaZ� �jbk�
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�������=bklh]jZffZ�\u^Z_lky�\� klZg^Zjlghf�^bZiZahg_� ���±���� k�jZaf_jhf
[bgZ����fk�

Jbk��������IhdZaZl_eb�jZkij_^_e_gby�DB

G_j_^dh� \hagbdZ_l� g_h[oh^bfhklv� \uqbke_gby� klZlbklbdb� ^ey� \k_o
nZceh\�l_dms_]h�Zjob\Z��>ey�Z\lhfZlbaZpbb�lZdhc�jZ[hlu�ihe_agh� knhj-
fbjh\Zlv� ki_pbZevgmx� fZdjhdhfZg^m�� Z� ijb� __� bkiheg_gbb� \� f_gx� �kf�
jbk�� ������ \dexqblv�nhgZjbd <k_�nZceu��>ey� i_j_ghkZ� gZdhie_gguo� j_-
amevlZlh\�^ey�ki_pbZevgh]h�ZgZebaZ�\h�\g_rgb_�iZd_lu�fh`gh�ij_h[jZah-
\Zlv�\u^Zqm�\�lZ[ebqgmx�nhjfm��\ua\Z\�dhgl_dklgh_�f_gx�hdgZ�j_amevlZ-
lh\��kf��jZa^�������b�\uihegb\�ba�g_]h�hi_jZpbx <�lZ[ebpm.

ÆßÕççÚåØåÕááÕ� GZ�^bZ]jZff_�jZkk_ygby�DB �jbk��������dZ`^hc�lhq-
dhc�ij_^klZ\e_gh�khhlghr_gb_�^ebgu�ij_^u^ms_]h�b�ihke_^mxs_]h�dZj-
^bhbgl_j\ZeZ�� O−dhhj^bgZlZ� ²� ij_^u^msbc� bgl_j\Ze�� Y−dhhj^bgZlZ� ²
ihke_^mxsbc�bgl_j\Ze��GZ�]jZnbd_�bah[jZ`Z_lky�lZd`_�weebik�jZkk_ygby
k�hkyfb�jZaf_jhf�\�^\Z�klZg^Zjlguo�hldehg_gby�\�gZijZ\e_gbb�^bZ]hgZeb
b� i_ji_g^bdmeyjZ� d� g_c�� <\_jom� ]jZnbdZ� \u^Zxlky� agZq_gby� wlbo� klZg-
^Zjlguo�hldehg_gbc�a, b�b�bo�hlghr_gb_�a/b��KdZll_j]jZffZ�fh`_l�[ulv
\u^ZgZ�\�klZg^Zjlghf�^bZiZahg_����±����k��^ey�m^h[kl\Z�kjZ\g_gby�jZaguo
kdZll_j]jZff��beb�`_�\�k\h_f�kh[kl\_gghf�^bZiZahg_�gZ[ex^Z_fhc�\ZjbZ-
[_evghklb�DB��^ey�[he__�ih^jh[gh]h�ij_^klZ\e_gby��

Jbk��������KdZll_j]jZffZ



292 =eZ\Z����DZj^bh]jZnby

ÆäÚßçåãØåÕááÕ�� Ihke_� \uiheg_gby� imgdlZ� Ki_dlj� \u^Z_lky� [eZgd
mklZgh\db� ZgZebabjm_fuo� qZklhlguo�^bZiZahgh\��H[uqgh�ijb� ki_dljZev-
ghf� ZgZeba_� bkihevamxlky� ljb� qZklhlguo� ^bZiZahgZ� k� ]jZgbpZfb� �±�����
����±�����b�����±����=p�

Jbk��������Ki_dljh]jZffZ

<�j_amevlZl_�\u\h^blky�]jZnbd�ki_dljZ�DB��jbk���������]^_�ih�\_jlbdZev-
ghc� hkb� jZkiheh`_gZ� Zfieblm^u� ]Zjfhgbq_kdbo� khklZ\eyxsbo� [fk]�� Z� ih
]hjbahglZevghc�hkb�²�bo�qZklhlu��MklZgh\dZ�ihey K]eZ^blv�iha\hey_l�aZ-
^Zggh_�qbkeh�jZa�k]eZ^blv�ki_dlj�kdhevaysbf�hdghf�rbjbghc�\�ljb�lhqdb�

Ih^�]jZnbdhf�\�hdg_�^bZ]ghaZ��jbk��������ijb\h^ylky�ke_^mxsb_�ihdZ-
aZl_eb�^ey�ihke_^h\Zl_evguo�qZklhlguo�^bZiZahgh\��Zfieblm^Z�Amax b�i_-
jbh^�Tmax fZdkbfZevgh]h�ibdZ��kj_^gyy�Zfieblm^Z Acp��kj_^g_\a\_r_gguc
i_jbh^ Tcp��fhsghklv� ki_dljZ� �\� ijhp_glZo�� ih� hlghr_gbx� d� kmffZjghc
fhsghklb�^bZiZahgh\��fhsghklb�LF− b�HF−^bZiZahgh\�ih�hlghr_gbb�d�bo
kmffZjghc�fhsghklb��hlghr_gb_�fhsghkl_c�LF− b�HF−^bZiZahgh\�

Jbk��������Ki_dljZevgu_�ihdZaZl_eb
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G_j_^dh� \hagbdZ_l� g_h[oh^bfhklv� \uqbke_gby� klZlbklbdb� ^ey� \k_o
nZceh\�l_dms_]h�Zjob\Z��>ey�Z\lhfZlbaZpbb�lZdhc�jZ[hlu�ihe_agh� knhj-
fbjh\Zlv� ki_pbZevgmx�fZdjhdhfZg^m�� Z�ijb� __�bkiheg_gbb� \�f_gx� �jbk�
������\dexqblv�nhgZjbd <k_�nZceu��>ey�i_j_ghkZ�gZdhie_gguo�j_amevlZ-
lh\� ^ey� ki_pbZevgh]h� ZgZebaZ� \h� \g_rgb_� iZd_lu� fh`gh� ij_h[jZah\Zlv
\u^Zqm� \� lZ[ebqgmx� nhjfm�� \ua\Z\� dhgl_dklgh_� f_gx� hdgZ� j_amevlZlh\
�kf��jZa^�������b�\uihegb\�ba�g_]h�hi_jZpbx <�lZ[ebpm.

µâÕàÝÜ�×âÚíâÝê�¿½��G_j_^dh�bkke_^h\Zl_ev�m`_�bf__l�jy^�dZj^bhbg-
l_j\Zeh\��baf_j_gguo�g_dhlhjuf� \g_rgbf� kihkh[hf� �gZijbf_j�� \�ohel_-
jh\kdhf� fhgblhjbg]_�� b� ojZgbfuo� \� ^bkdh\hf� nZce_�� LZdb_� DB� lZd`_
fh`gh�h[jZ[hlZlv�\ur_jZkkfhlj_ggufb�kj_^kl\Zfb��^ey�q_]h�gm`gh�ih^-
]hlh\blv�l_dklh\uc�nZce��kf��lj_[h\Zgby�\�jZa^��������\�dhlhjhf�bkoh^gu_
DB�ke_^m_l�\ujZablv�p_eufb�qbkeZfb�k�jZaf_jghklvx���fk��aZl_f�\klZ\blv
\�gZqZe_�wlh]h�jy^Z�ke_^mxsb_�iylv�agZq_gbc�� ���h[hagZq_gb_�hl\_^_gby�
��� dZeb[jh\hqgh_� agZq_gb_�� ij_\urZxs__� fZdkbfZevguc� DB�� ��±��� ljb
h^bgZdh\uo�agZq_gby��ij_\urZxsb_�dZeb[jh\hqgh_��AZl_f�\�&21$1�ke_-
^m_l�kqblZlv�ihemq_gguc�nZce��mklZgh\blv�qZklhlm�^bkdj_lbaZpbb������=p
�\�f_gx�ieZgbjh\Zgby�bkke_^h\Zgby��jbk�������dhlhjh_�aZl_f�hlf_gblv���ih-
ke_�q_]h�fh`gh�\uihegylv�ex[hc�ba�f_lh^h\�ZgZebaZ�<KJ�

LZdbf�`_�h[jZahf�fh`gh�ijhZgZebabjh\Zlv�b�hq_gv�^ebl_evgmx�j_]bkl-
jZpbx�WD=��khklhysmx�ba�fgh]bo�ihke_^h\Zl_evgh�\uiheg_gguo� aZibk_c�
>ey� wlh]h� ih� dZ`^hc� aZibkb� gZ^h� ihkljhblv� bgl_j\Zeh]jZffm�� k� dZ`^h]h
]jZnbdZ�\uihegblv�wdkihjl�agZq_gbc�\�l_dklh\uc�nZce� �dhgl_dklgh_�f_gx
\uau\Z_lky�ijZ\hc�dghidhc�furb���AZl_f�\�ex[hf�\g_rg_f�j_^Zdlhj_�h[t-
_^bgblv� ihemq_ggu_�nZceu�� ih^j_^Zdlbjh\Zlv� j_amevlZl� \� khhl\_lkl\bb� k
\ur_ijb\_^_ggufb�lj_[h\Zgbyfb�b�\uihegblv�ZgZeba�\g_rgbo�DB�

ÂÕæçåãÞßÕ�ÕàØãåÝçáÕ��:e]hjblf�\u^_e_gby�R−am[ph\�gZ^_`gh�jZ[h-
lZ_l�^ey�[hevrbgkl\Z� aZibk_c�WD=� q_eh\_dZ��H^gZdh�WD=�`b\hlguo�b� \
g_dhlhjuo�iZlheh]bq_kdbo�khklhygbyo�q_eh\_dZ�aZibkb�fh]ml�kms_kl\_ggh
jZaebqZlvky�ih�nhjf_�b�qZklhl_�am[ph\��jbk��������

Z� [�

Jbk��������WD=�`b\hlguo��Z�²�furb��[�²�il_gpZ�i_j_i_edb
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>ey�lh]h�qlh[u�i_j_kljhblv�Ze]hjblf�\�lZdbo�kemqZyo��\�f_gx ZgZebaZ
WD= (kf��jbk������)�_klv�dghidZ�GZkljhcdZ��dhlhjZy�\uau\Z_l�[eZgd�mklZ-
gh\hd��jbk���������<�wlhf�[eZgd_�bf__lky�q_luj_�gZkljZb\Z_fuo�iZjZf_ljZ�

dR — kj_^gyy�ihemrbjbgZ�R−am[pZ�\�fk
�^ebgZ�RS−bgl_j\ZeZ��

maxKK — fZdkbfZevgZy�QKK�\�fbg�
aR — dhwnnbpb_gl�\ZjbZ[_evghklb�Zfieb-

lm^u�R−am[ph\�
tRS — dhwnnbpb_gl�\ZjbZ[_evghklb�^eb-
l_evghklb�RS−bgl_j\ZeZ
>ey�q_eh\_dZ�ohjhrh�jZ[hlZxl�ke_^mx-

sb_� mklZgh\db�� dR=20, maxKK=200, aR=2,
tRS ���>ey� ijh\_jdb� wnn_dlb\ghklb� \gh\v
mklZgh\e_gguo�agZq_gbc�fh`gh�ijhdhgljh-
ebjh\Zlv� j_amevlZl� nbevljZpbb� R� am[ph\�

gZ`Z\� gZ� gb`gxx� dghidm� [eZgdZ�� AZl_f� ke_^m_l� ih\lhjblv� dhgljhev� ih
bgl_j\Zeh]jZff_��G_j_^dh� gZkljhcdZ� iZjZf_ljh\� fh`_l� ihlj_[h\Zlv� g_-
kdhevdh�lZdbo�ijh[�b�i_j_mklZgh\hd�

�����Lbih\u_�bkke_^h\Zgby�b�ijZdlbdmf
<�gZklhys_f�jZa^_e_�ijb\_^_gu�ijhp_^mju� lbih\uo� debgbq_kdbo�bk-

ke_^h\Zgbc��\dexqZy�ihke_^h\Zl_evghklb�^bZeh]h\uo�hi_jZpbc�b�f_lh^b-
q_kdb_� j_dhf_g^Zpbb�� Ijh\_^_gb_� WD=−bkke_^h\Zgby� ij_^iheZ]Z_l� agZ-
dhfkl\h�k�hkgh\gufb�f_lh^bq_kdbfb�iheh`_gbyfb�ba�jZa^������������kj_^-
kl\Zfb� dZj^bh]jZnbq_kdh]h� ZgZebaZ� ba� jZa^�� ����� Z� lZd`_� k� h[sbfb� \ha-
fh`ghklyfb�\uiheg_gby�bkke_^h\Zgby�b�ijhkfhljZ�aZibk_c�\�]e��������Lb-
ih\u_�WD=−aZibkb�\uihegyxlky�ijb�ke_^mxsbo�mklZgh\dZo��qZklhlZ�j_]b-
kljZpbb� ����±����=p��dhwnnbpb_gl�mkbe_gby�²�����±�������NGQ ��±��
=p��N<Q ���±��=p�

ÃÙâãßÕâÕàñâÕô�Ò¿¸

H^ghdZgZevgZy� dZj^bhj_]bkljZpby� ijbf_gy_lky� ij_bfms_kl\_ggh� ^ey
bkke_^h\Zgby�\ZjbZ[_evghklb�k_j^_qgh]h�jblfZ�

¼ÕäÝæñ�ßÕåÙÝãØåÕááð

���GZeh`bl_�ljb�WD=−we_dljh^Z�gZ�jmdb��^\Z�gZ�e_\mx��a_fey�b�fbgmk�
b�h^bg�gZ�ijZ\mx��iexk��b�ih^dexqbl_�bo�d�[bhmkbebl_ex�kh]eZkgh�ko_f_
hl\_^_gby� ,��>Zcl_�iZpb_glm�mklZgh\dm�jZkkeZ[blvky�\�m^h[ghc�iha_�b�aZ-
djulv�]eZaZ�

���<uah\bl_�kbkl_fm�&21$1��\uihegbl_�imgdl�Bkke_^h\Zgb_�ba�\_jo-
g_c�dhfZg^ghc�kljhdb�b�\�f_gx�ieZgbjh\Zgby�kqblZcl_�nZce�ieZgZ�(&*��
dhlhjuc�ij_^gZagZq_g�^ey�\uiheg_gby��−dZgZevghc�aZibkb�k�qZklhlhc����
=p�gZ�bgl_j\Ze_���fbg�

Jbk��������;eZgd�gZkljhcdb
Ze]hjblfZ�\u^_e_gby

R−am[ph\
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���<\_^bl_�gZbf_gh\Zgb_�nZceZ�aZibkb��Z�lZd`_�iZkihjlgu_�^Zggu_�iZ-
pb_glZ�b�\uihegbl_�klZjl�bkke_^h\Zgby�

���GZ� wdjZg_�\u�\b^bl_�fhgblhjbjh\Zgb_�WD=��Ijb�g_ijZ\bevghc�ih-
eyjghklb��R−am[_p�gZijZ\e_g�\gba��ihf_gycl_�dhffmlZpbx�khhl\_lkl\mx-
s_]h�hl\_^_gby��iexk�k�fbgmkhf���<�kemqZ_�bkdZ`_gghc�beb�aZrmfe_gghc
aZibkb�ijh\_jvl_�ijZ\bevghklv�gZeh`_gby�we_dljh^h\��aZa_fe_gb_�dhfiv-
xl_jZ�b�_]h�m^Ze_gb_�hl�iZpb_glZ�g_�f_g__�����f�

Dh]^Z�fhgblhjbjm_fu_�kb]gZeu�^hklZlhqgh�klZ[bebabjmxlky��gZ`fbl_
deZ\brm�{'���^ey�\dexq_gby�aZibkb�b�`^bl_�baf_g_gby�kq_lqbdZ�aZibk_c
k���gZ����ihke_�q_]h�kgh\Z�gZ`fbl_�deZ\brm�{'���^ey�\udexq_gby�aZibkb�

Ihevamykv�deZ\br_c�{'����\u�fh`_l_�k^_eZlv�b�g_kdhevdh�ihke_^h\Z-
l_evguo�aZibk_c�beb�`_�aZibk_c��jZa^_e_gguo�\j_f_ggufb�ijhf_`mldZfb
ih�\Zr_fm�\u[hjm��Z�lZd`_�jy^�aZibk_c�^h�b�ihke_�\uiheg_gby�g_h[oh^b-
fuo�nbabheh]bq_kdbo�ijh[�

?keb�dhwnnbpb_glu�mkbe_gby�beb�j_`bfu�j_]bkljZpbb�ij_^klZ\eyxlky
g_Z^_d\Zlgufb��lh�ij_j\bl_�fhgblhjbjh\Zgb_�deZ\br_c�{&TD���kdhjj_d-
lbjmcl_�lj_[m_fu_�iZjZf_lju�\�f_gx�ieZgbjh\Zgby�bkke_^h\Zgby��khojZ-
gbl_�ijhba\_^_ggu_�mklZgh\db�\�bf_xs_fky�beb�gh\hf�ieZg_��_keb�g_h[-
oh^bfh��b�ih\lhjbl_�^_ckl\by�k�i����

µâÕàÝÜ�ßÕåÙÝãÜÕäÝæÚÞ
���<hc^bl_�\�[ehd�ZgZebaZ�b�kqblZcl_�nZce�ijhba\_^_gghc�aZibkb��Ijh-

kfhljbl_� aZibkv�� m[_^bl_kv� \� hlkmlkl\bb� Zjl_nZdlh\��Ijb� gZebqbb� Zjl_-
nZdlh\�m^Zebl_�^_n_dlgu_�mqZkldb�aZibkb�

>ey�lh]h�qlh[u�h[haj_lv�kjZam�[hevrbc�mqZklhd�aZibkb��gm`gh�mf_gv-
rblv�\j_f_gghc�fZkrlZ[��deZ\brZ�{����b�m`_�ihke_�wlh]h�^\b]Zlv�aZibkv
ih� wdjZgm��H^gZdh� ijb� fZehf� \j_f_gghf� fZkrlZ[_� \babj� i_j_f_sZ_lky
hq_gv�f_^e_ggh�^Z`_�deZ\brZfb�mkdhj_ggh]h�^\b`_gby��<�wlhf�kemqZ_�[h-
e__� wnn_dlb\gh� bkihevah\Zlv� deZ\brb� i_j_f_s_gby� ih� wihoZf�� {��� b
{����I_j_f_klb\�\babj�gZ�\u^_e_gguc�dZj^bhbgl_j\Ze��fh`gh�kgh\Z�m\_-
ebqblv�\j_f_gghc�fZkrlZ[� �deZ\brZ�{�����qlh[u�[he__�^_lZevgh�_]h�jZk-
kfhlj_lv�

���Ijhkfhljbl_�ihemq_ggmx�aZibkv�b�\uihegbl_�dZq_kl\_ggmx�hp_gdm
oZjZdl_jZ�k_j^_qghc�^_yl_evghklb�

���<uah\bl_�f_gx�WD=−ZgZebaZ�b�\uihegbl_�imgdl�ZgZebaZ�^bgZfbdb
DB�b�ijhkfhljbl_�]jZnbd�bgl_j\Zeh]jZffu��M[_^bl_kv��qlh�gZ�g_f�hlkml-
kl\mxl�j_adb_�\u[jhku��qlh�hagZqZ_l�gZ^_`ghklv�\u^_e_gby�R−am[ph\�

?keb�\u[jhku�ijbkmlkl\mxl��lh�ih^\_^bl_�\babj�d�hq_j_^ghfm�\u[jhkm
gZ� ]jZnbd_�� gZ`fbl_� deZ\brm� {*OT�� beb� ^\Z`^u�s_edgbl_�furvx�²
aZibkv�gZ�fhgblhj_�b�_]h�\babj�kf_klylky�d�\u[jZgghfm�DB��?keb�gZ�aZib-
kb� ^Zgguc� \u[jhk� khhl\_lkl\m_l� ^_ckl\bl_evgh� mdhjhq_ggh-
fm�m^ebg_gghfm�DB��lh�ijh^he`bl_�ZgZeba�\u[jhkh\��bgZq_�m^Zebl_�^Zg-
guc�DB�ih�\_jrbgZf�khk_^gbo�R−am[ph\��<�jy^_�kemqZ_\�fh`gh�bkihevah-
\Zlv�b�[he__�lhgdb_�f_lh^u�jmqghc�dhjj_dpbb��m\_ebq_gb_�Zfieblm^u�g_-
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dhlhjuo�R−am[ph\� �[ehd�ij_h[jZah\Zgbc��jZa^����������mrbj_gb_�R−am[ph\
�hi_jZpb_c Kijyfblv�ba�f_gx��\uau\Z_fhfm�deZ\br_c�{%FM���jbk�������

��� >Ze__� fh`gh� \uihegblv� ^jm]b_� f_lh^u� ZgZebaZ� <KJ�� klZlbklbdZ�
kdZll_j]jZffZ��ki_dlj�

���>ey�^hdmf_glZpbb�bkke_^h\Zgby�[u\Z_l�lZd`_�ihe_agh�\u^Zlv�gZ�i_-
qZlv�ba[jZggu_�njZ]f_glu�aZibkb�b�]jZnbdb�j_amevlZlh\��deZ\brZ�{'��)
\�klZg^Zjlghf�fZkrlZ[_��kf��jZa^�������beb�`_�aZibkZlv�lZdb_�wdjZgu�\�\b-
^_�]jZnbq_kdbo�nZceh\��deZ\brZ�{'��).

�−ßÕâÕàñâÕô�Ò¿¸
>\modZgZevgZy� dZj^bh]j_]bkljZpby� ijbf_gy_lky� ^ey� debgbq_kdbo� bk-

ke_^h\Zgbc� WD=� hl� dhg_qghkl_c� k� Z\lhfZlbq_kdbf� ij_h[jZah\Zgb_f
2−dZgZevghc� aZibkb� \� �−dZgZevgmx� ljZ^bpbhgguo� mkbe_gguo� hl\_^_gbc
ijb�ZgZeba_�WD=�

¼ÕäÝæñ�ßÕåÙÝãØåÕááð

���GZeh`bl_�q_luj_�WD=−we_dljh^Z�gZ�dhg_qghklb�b�ih^dexqbl_�hl\_-
^_gby�,�b�,,,�d�[bhmkbebl_ex�kh]eZkgh�ko_f_�ljZ^bpbhgguo�hl\_^_gbc�

���<uah\bl_�kbkl_fm�&21$1��\uihegbl_�imgdl�Bkke_^h\Zgb_�ba�\_jo-
g_c�dhfZg^ghc�kljhdb�b�\�f_gx�ieZgbjh\Zgby�kqblZcl_�nZce�ieZgZ�(&*��
dhlhjuc�ij_^gZagZq_g�^ey�\uiheg_gby��−dZgZevghc�aZibkb�k�qZklhlhc����
=p�gZ�bgl_j\Ze_���fbg�

Ihke_^mxsb_�hi_jZpbb�ZgZeh]bqgu�ijhp_^mj_�h^ghdZgZevghc�j_]bkl-
jZpbb�

µâÕàÝÜ�ßÕåÙÝãÜÕäÝæÚÞ
:gZeh]bq_g�ijhp_^mj_�^\modZgZevghc�j_]bkljZpbb�k�jZkrbj_ggufb�j_-

amevlZlZfb�^bZ]ghaZ��Ijb�\bamZevghf�ZgZeba_�mklZgh\dZ�klZg^Zjlgh]h�]h-
jbahglZevgh]h�fZkrlZ[Z�>k_d�kf@�aZ\bkbl�hl�jZaf_jZ�wdjZgZ�bkihevam_fh]h
fhgblhjZ� b� ^hklb]Z_lky� baf_g_gb_f� ]hjbahglZevgh]h� jZaf_jZ� ]heh\gh]h
hdgZ�kh\f_klgh�k�\j_f_gguf�fZkrlZ[hf�fhgblhjZ�aZibk_c��>ey�mklZgh\db
gZ�wdjZg_�jZaf_ldb�rdZeu�Zfieblm^guo�mjh\g_c�WD=�mklZgh\bl_�\u\h^�gZ
fhgblhj�g_�[he__�q_luj_o�dZgZeh\�h^gh\j_f_ggh�b�j_`bf�iheghc�\_jlb-
dZevghc�jZaf_ldb�

���<uah\bl_�f_gx�WD=−ZgZebaZ�b�\uihegbl_�imgdl�>bZ]gha��j_amevlZlu
dhlhjh]h�fh`gh�\u^Zlv�gZ�i_qZlv�deZ\br_c�{'���beb� aZibkZlv�\�l_dklh-
\uc�nZce� deZ\br_c� {'��� ^ey� ihke_^mxs_]h� \dexq_gby� \�f_^bpbgkdh_
aZdexq_gb_�kj_^kl\Zfb�\g_rg_]h�l_dklh\h]h�j_^ZdlhjZ��<uihegbl_�imgdl
\u^Zqb�^bZ]ghaZ�b�jmqguf�j_^Zdlbjh\Zgb_f�^hibrbl_�g_h[oh^bfu_�k\_-
^_gby��ihke_�q_]h�\u\_^bl_�_]h�gZ�i_qZlv�beb�\�l_dklh\uc�nZce�

��� AZl_f� fh`gh� i_j_clb� d� ^_lZevghfm� \uqbkebl_evghfm� ZgZebam� hl-
^_evguo�ihdZaZl_e_c� �RR, PQ, QRS, QT, ST, T, P, Q, R, S��ih�\u[jZgghfm
dZgZem��Ijb� wlhf�gZ�\u[jZgghf�dZgZe_�^he`gu�ijbkmlkl\h\Zlv��ih�djZc-
g_c�f_j_��Q−, R−�b�S−am[pu��LZdhc�`_�ZgZeba�fh`gh�ijhba\h^blv�\�kemqZ_
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hl^_evguo� WD=−hl\_^_gbc�� aZibkZgguo� ijb� iheb]jZnbq_kdhc� j_]bkljZ-
pbb��Z�lZd`_�\�^jm]bo�kbkl_fZo�hl\_^_gbc�

���GZdhg_p��fh`gh�i_j_clb�d�jmqghfm�ZgZebam�ihkj_^kl\hf�kqblu\Zgby
\babjhf� jZaebqguo� bgl_j\Zevguo� b� Zfieblm^guo� ihdZaZl_e_c� k� aZibkb�
gZdhie_gby�wlbo�ihdZaZl_e_c�\�[ehdghl_�b�h[jZ[hldb�gZdhie_gguo�hlkq_-
lh\�kj_^kl\Zfb�[ehdghlZ��kf��jZa^���������

�−ßÕâÕàñâÕô�Ò¿¸
<hkvfbdZgZevgZy�dZj^bh]jZnby�ijbf_gy_lky�^ey�bkke_^h\Zgby�WD=�ih

ljZ^bpbhgghc�kbkl_f_����hl\_^_gbc�
¼ÕäÝæñ�ßÕåÙÝãØåÕááð
���GZeh`bl_�q_luj_�we_dljh^Z�gZ�dhg_qghklb�b���]jm^guo�we_dljh^h\�b

ih^dexqbl_�bo�d�[bhmkbebl_ex�kh]eZkgh�ko_f_�ljZ^bpbhgguo�hl\_^_gbc�
���<uah\bl_�kbkl_fm�&21$1��\uihegbl_�imgdl�Bkke_^h\Zgb_�ba�\_jo-

g_c�dhfZg^ghc�kljhdb�b�\�f_gx�ieZgbjh\Zgby�kqblZcl_�nZce�ieZgZ�(&*��
dhlhjuc�ij_^gZagZq_g�^ey�\uiheg_gby��−dZgZevghc�aZibkb�k�qZklhlhc����
=p�gZ�bgl_j\Ze_���fbg�

Ihke_^mxsb_�hi_jZpbb� ZgZeh]bqgu�ijhp_^mj_�^\modZgZevghc�j_]bkl-
jZpbb�

µâÕàÝÜ�ßÕåÙÝãÜÕäÝæÚÞ�ZgZeh]bq_g�ijhp_^mj_�^\modZgZevghc�j_]bkl-
jZpbb�k�jZkrbj_ggufb�j_amevlZlZfb�^bZ]ghaZ�

IjZdlbdmf

Mq_[gu_�nZceu� \u[bjZxlky ba� iZidb�BASE\EKG��<� Zjob\Zo� ke_^m_l
hjb_glbjh\Zlvky�ih�dhff_glZjbyf�nZceh\�\�gb`g_c�kljhd_�[eZgdZ�ql_gby
nZceh\��Z�lZd`_�bkihevah\Zlv�j_`bf�dZjlhl_db�
��� KqblZcl_� nZce� DU−��� \uah\bl_� f_gx� ZgZebaZ� WD=� �dhfZg^Z� :gZ-

eba−WD=�beb�deZ\brZ�{����b�\uihegbl_�ijhp_^mjm�>bZ]gha��HoZjZdl_-
jbamcl_�jZaebqby�\�Zfieblm^_�ibdh\�b�bgl_j\Zeh\�^ey�klZg^Zjlghc�kbk-
l_fu�hl\_^_gbc�

��� KqblZcl_�nZce�BOB�q_luj_o�nmgdpbhgZevguo�ijh[� �ih�q_luj_f�dZgZ-
eZf��� j_eZdkZpby�� aZ^_j`dZ� �� k�� \hkklZgh\e_gb_�� ]em[hdh_� ^uoZgb_�
Ihkljhcl_�bgl_j\Zeh]jZffu� �dghidZ�RR� \�jZa^_e_�>bgZfbdZ�beb�deZ-
\brZ� {���� ^ey� dZ`^hc� ijh[u�� Ihke_� ihkljh_gby� lj_lv_c� bgl_j\Zeh-
]jZffu�h[jZlbl_� \gbfZgb_�gZ� wdklj_fZevguc�DB�b�^\Z`^u�s_edg_l_
ih�g_fm�furvx�²�fhgblhj�aZibk_c�i_j_f_klblky�d�khhl\_lkl\mxs_fm
mqZkldm��]^_�ke_^m_l�h[jZlblv�\gbfZgb_�gZ�n_ghf_g�ijhimkdZ�k_j^_qgh-
]h�khdjZs_gby��Ih�dZ`^hc�bgl_j\Zeh]jZff_�nbabheh]bq_kdb�h[tykgbl_
^bgZfbdm�baf_g_gby�DB��H[jZlbl_� \gbfZgb_� gZ� \ukhdmx� k\yav� ^bgZ-
fbdb�DB�k�^uoZgb_f��kjZ\gbl_�]jZnbdb�1�b�4).

��� KqblZcl_�nZce�AK � b� ihkljhcl_� bgl_j\Zeh]jZffm� ^ey� aZ^_j`db� ^uoZ-
gby��^\Z`^u�s_edg_l_�ih�i_j\hfm�^ebgghfm�DB>1.5 k��gZ�aZibkb�WD=
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h[jZlbl_�\gbfZgb_�gZ�n_ghf_g�lj_o�m^ebg_gguo�DB��aZ�dhlhjufb�b^ml
^\Z�ghjfZevguo�b�DB�k�`_em^hqdh\hc�wdkljZkbklhehc�

��� KqblZcl_�nZce�PAVLIH �b�ihkljhcl_�bgl_j\Zeh]jZffm��h[jZlbl_�\gbfZ-
gb_�gZ�g_ghjfZevguc�jblf�k_j^pZ��k\yaZgguc�k�ijbkmlkl\b_f�DB�ij_-
bfms_kl\_ggh�nbdkbjh\Zgghc�^ebl_evghklb��KqblZcl_�nZce�IPAT�b�ih-
kljhcl_� bgl_j\Zeh]jZffm�� h[jZlbl_� \gbfZgb_� gZ� \ukhdhZfieblm^gmx
Zjblfbx�\�k_j^_qghc�^_yl_evghklb�

��� Ihkfhljbl_��dZd�\k_�jZkkfhlj_ggu_�n_ghf_gu�ijhy\eyxlky�\�jZaebqb-
yo�]bklh]jZff��kdZll_j]jZff��ki_dljh]jZff�b�agZq_gbc�ihdZaZl_e_c�\Z-
jbZpbhgghc�imevkhf_ljbb�

6.  KqblZcl_�nZce�GROUP2D ba�iZidb�BASE\ECG\STUDENT\2003��ij_^-
klZ\eyxsbc� aZibkv� j_eZdkZpbb� q_luj_o� klm^_glh\�� >ey� dZ`^h]h� klm-
^_glZ� \uihegbl_� ZgZeba� \ZjbZpbhgghc�imevkhf_ljbb� �dghidZ�KlZlb-
klbdZ�beb�deZ\brZ�{$����H[jZlbl_�\gbfZgb_�gZ�jZaebqby�\�nhjf_�]bk-
lh]jZff��KjZ\gbl_�agZq_gby�qbkeh\uo�ihdZaZl_e_c�k�]jZgbpZfb�ghjfu�
AZdjhcl_�]jZnbdb�b�ihkljhcl_�ki_dljh]jZffm��dghidZ�Ki_dlj�beb�deZ-
\brZ�{%�����]h�klm^_glZ��I_j_c^bl_�dh�\lhjhc�aZibkb�nZceZ�²�ijh[Z
]em[hdh]h�^uoZgby��Ihkljhcl_�ki_dljh]jZffu�^ey���]h�klm^_glZ��KjZ\-
gbl_�ki_dljh]jZffu�b�h[jZlbl_�\gbfZgb_�gZ�j_adh_�m\_ebq_gb_�fhsgh-
klb�\ZjbZ[_evghklb�ÊÈ�\�^uoZl_evghf�^bZiZahg_�����±�����=p�

ÒßæäÚåÝáÚâç�äã�éÝÜÝãàãØÝìÚæßÝá�äåãÖÕá

<� dZq_kl\_� WD=−j_]bkljZlhjZ� bkihevam_lky� mgb\_jkZevguc
4−dZgZevguc�[bhmkbebl_ev��Klm^_glu�jZa[b\Zxlky�gZ�]jmiiu�ih���q_eh\_-
dZ��DZ`^Zy�]jmiiZ�ihi_j_f_ggh�\uklmiZ_l�\�dZq_kl\_�bkiulm_fuo�b�\�dZ-
q_kl\_�bkke_^h\Zl_e_c�

Hk\Zb\Zxlky�ijb_fu�ih^]hlh\db� wdki_jbf_glZ��ijb]hlh\e_gb_�nbabh-
eh]bq_kdh]h�jZkl\hjZ��gZeh`_gb_�we_dljh^h\�gZ�jmdb��jZkiheh`_gb_�bkiu-
lm_fuo�b�ih^dexq_gb_�bo�d�[bhmkbebl_ex��q_luj_�q_eh\_dZ�\�ihjy^d_�dZ-
gZeh\��<\h^ylky�iZkihjlgu_� ^Zggu_�bkiulm_fuo� \� k\h[h^gu_�ihey� aZ]h-
eh\dZ�ieZgZ�bkke_^h\Zgby��<�ijh[ghf�imkd_�ijh\_jy_lky�gZebqb_�WD=�hl
\k_o� q_luj_o� bkiulm_fuo� b� ih^[bjZxlky� dhwnnbpb_glu� mkbe_gby� lZd�
qlh[u� Zfieblm^guc� ^bZiZahg�WD=�ihdju\Ze�g_�f_g__� ���� Zfieblm^ghc
rdZeu�b�g_�[ueh�[u�©aZrdZeh\ª��N<Q� �����=p��NGQ� ����=p��qZklhlZ�j_-
]bkljZpbb�����=p�

ÄåãÖð��<uihegyxlky�ke_^mxsb_�nmgdpbhgZevgu_�ijh[u�k�aZibkvx�\
^\Z�nZceZ�ECG1<�]jmiiu>, ECG2<�]jmiiu>:
��� J_eZdkZpby��kihdhcgh_�^uoZgb_���fbg��aZibkv���nZceZ�����MklZgh\dZ�

\k_�l_eh�jZkkeZ[e_gh��jmdb�b�gh]b�gZebebkv�ly`_klvx��]eZaZ�aZdjulu�
^uoZgb_�ih\_joghklgh_��_kl_kl\_ggh_��g_aZf_lgh_��fukeb�hlkmlkl\mxl�

��� =em[hdh_�^uoZgb_���fbg�k�jblfhf���k�\^ho����k�\u^ho��aZibkv���nZceZ
����kq_l��±��hkms_kl\ey_l�wdki_jbf_glZlhj�
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��� AZ^_j`dZ�^uoZgby����k��aZibkv���nZceZ����ebpZ�k�h[fhjhdZfb�b�ikboaZ-
[he_\Zgbyfb�g_�^himkdZxlky��k�\hkklZgh\e_gb_f����k��aZibkv���nZceZ
2).

��� Nbabq_kdZy�gZ]jmadZ�����ijbk_^Zgbc�k�aZibkvx�lj_o���−k_dmg^guo�hl-
j_adh\�ihklgZ]jmahqgh]h�\hkklZgh\e_gby��aZibkb��±��nZceZ�����Ihke_
gZ]jmadb�mklZgh\dZ��fhf_glZevgh�b�fZdkbfZevgh�jZkkeZ[blvky��dZd�\
ijh[_���

��� =bi_j\_glbeypby����j_adbo�ij_^_evguo�\^hoh\�k�m^Zjguf�\u^hohf
�ebpZ�k�h[fhjhdZfb�b�g_mklhcqb\hklvx�PGK�g_�^himkdZxlky���aZibkv
���k�]bi_j\_glbeypbb�b����k�\hkklZgh\e_gby��aZibkb������nZceZ�����Ih-
ke_�\_glbeypbb�ij_^mklZgh\dZ��fhf_glZevgh�b�fZdkbfZevgh�jZkkeZ-
[blvky��dZd�\�ijh[_���
ÃÖåÕÖãçßÕ� åÚÜèàñçÕçã×�� Kljhylky� k[hjgu_� ]jZnbdb� q_luj_o� ^bZ-

]jZff��bgl_j\Zeh]jZffu��]bklh]jZffu��kdZll_j]Zjffu��ki_dljh]Zjffu�ih
h^ghc�lZ[ebp_�^bZ]jZff�gZ�[hevrhf�ebkl_��Ih�\_jlbdZeb�ebklZ�jZkiheZ-
]Zxlky�^bZ]jZffu�^ey�q_luj_o�bkiulm_fuo��bo�nZfbebb�i_j_qbkeyxlky�\
aZ]heh\d_�d�lZ[ebp_��Ih�]hjbahglZeb�ebklZ�jZkiheZ]Zxlky�^bZ]jZffu�^ey
\hk_fb�aZibk_c�\�ihjy^d_�nmgdpbhgZevguo�ijh[��>ey�wlh]h�\�Word_�jZaf_-
qZ_lky�lZ[ebpZ����k�fbgbfZevgufb�iheyfb�b�k�gme_\uf�bgl_j\Zehf�f_`-
^m�klhe[pZfb��>bZ]jZffu�i_j_ghkylky�\��Word�ba�CONAN�q_j_a�[mn_j�h[-
f_gZ��JZaf_j�^bZ]jZff�baf_gy_lky�lZd��qlh[u�hgb�aZgyeb�\k_�ijhkljZgkl\h
ebklZ��GZ� h^ghf� ebkl_� jZkiheZ]Zxlky� ^bZ]jZffu� ^ey� �� i_j\uo� ijh[�� gZ
\lhjhf�²� ^ey� hklZ\rboky� �� ijh[�� aZl_f� ebklu� kde_b\Zxlky� [_a� ihe_c� b
qbklZy�qZklv�h[j_aZ_lky��H^bg�klm^_gl�hnhjfey_l�b�ij_^klZ\ey_l�ij_ih^Z-
\Zl_ex�h^bg�ba�q_luj_o�k[hjguo�]jZnbdh\��G_h[oh^bfh�hoZjZdl_jbah\Zlv
jZaebqby�]jZnbdh\�ih�bkiulm_fuf�

Ih�j_amevlZlZf�^bZ]jZff�jZkk_ygby�^ey�dZ`^h]h�bkiulm_fh]h�kljhylky
��]jZnbdZ��ih�\_jlbdZeb�²�agZq_gby�a, b, a/b, RRkj��ih�]hjbahglZeb�²���hl-
f_ldb�^ey����k�����k�����k�\hkklZgh\e_gby�b���y�²�^ey�j_eZdkZpbb��DZ`^uc
klm^_gl�hnhjfey_l�b�ij_^klZ\ey_l�ij_ih^Z\Zl_ex� k\hb� ]jZnbdb��G_h[oh-
^bfh�hoZjZdl_jbah\Zlv�^bgZfbdm�\hkklZgh\e_gby�hlghkbl_evgh�j_eZdkZpbb
b�\uy\blv�jZaebqby�k�^jm]bfb�bkiulm_fufb�

LZ[ebpZ� qbkeh\uo� ihdZaZl_e_c�� RRkj�jZeZdk�� B<J�� BG�� K:L�� N:�

Sj_eZdk/Sjblf, RRkj.1−2/RRkj.1−4, RRkj.3−4/RRkj.1−4, (RRfZo�]bi_j\_gl�− RRfbg�]bi_j\_gl) /
(RRfZo�j_eZdk�− RRfbg�j_eZdk)��]^_�Sj_eZdk�²�klZg^Zjlgh_�hldehg_gb_�j_eZdkZpbb
(jblf�²�jblfbq_kdh]h�^uoZgby���RRkj.1−��²�jZaghklv�kj_^gbo� agZq_gbc
RR�i_j\uo����k�ihke_�gZ]jmadb�b�j_eZdkZpbb� ���²�lj_lvbo����k�ihke_�gZ-
]jmadb���RRfZo�]bi_j\_gl�²�fZdkbfZevguc�RR�]bi_j\_glbeypbb��fbg�²�fbgb-
fZevguc�RR���DZ`^uc�klm^_gl�ih^]hlZ\eb\Z_l�k\hb�^Zggu_��ihke_�q_]h�hgb
h[t_^bgyxlky�\�k\h^gmx�lZ[ebpm��>Z_lky�oZjZdl_jbklbdZ�f_`ebqghklguo
jZaebqbc�

Ijhba\_klb� kjZ\g_gb_� ebqguo� ihdZaZl_e_c� \ZjbZpbhgghc� klZlbklbdb
ijb�j_eZdkZpbb�k�]jZgbpZfb�ghjfu��Ke_^m_l�mdZaZlv�agZq_gby�ihdZaZl_e_c
b�bo�hlebqby�hl�]jZgbp�ghjfu�\�klZg^Zjlguo�hldehg_gbyo�


