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�����¬tjsqo�kjéqjins�tvxzq
xnéln·tvmv�éqzuj
Him[ebdh\Zgh� \� DmeZbq_\� :�I�� Dhfivxl_jgZy� we_dljhnbabheh]by� b

nmgdpbhgZevgZy�^bZ]ghklbdZ��mq_[gh_�ihkh[b_���−_�ba^���i_j_jZ[��b�^hi�
²�F���NHJMF��BGNJ:−F��������²�����k���be�

: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\Z-
l_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

nmgdpbhgbjh\Zgb_� jZaebqguo� j_]meylhjguo� kbkl_f� hj]ZgbafZ�� <� gZ-
klhys__� \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]Z-
gh\�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-
^_ckl\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�\bam-
Zevgh]h�b�baf_jbl_evgh]h�ZgZebaZ��Ij_bfms_kl\h�^Zggh]h�jZa^_eZ�khklh-
bl� \� \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� hl-
dehg_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

rbjhdh�bkihevam_lky�b�\h�fgh]bo�kZfhklhyl_evguo�ijZdlbq_kdbo�ijbeh-
`_gbyo��\�qZklghklb��\�ohel_jh\kdhf�fhgblhjbg]_�b�ijb�hp_gd_�lj_gbjh-
\Zgghklb�kihjlkf_gh\��Z�lZd`_�\�^jm]bo�ijhn_kkbyo��k\yaZgguo�k�ih\u-
r_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-
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ihegy_fu_� \� kihdhcghf�� jZkkeZ[e_gghf� khklhygbb� beb� ijb� nmgdpbh-
gZevguo�ijh[Zo��GZ�i_j\hf�wlZi_�ih�lZdhc�aZibkb�\uqbkeyxlky�ihke_^h-
\Zl_evgu_�dZj^bhbgl_j\Zeu��DB���\�dZq_kl\_�j_i_jguo��]jZgbqguo��lhq_d

dhlhjuo�bkihevamxlky�R−am[pu��dZd�gZb[he__�\ujZ`_ggu_�b�klZ[bevgu_
dhfihg_glu�WD=�

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

• bgl_j\Zeh]jZnby�

• \ZjbZpbhggZy�imevkhf_ljby�

• ki_dljZevguc�ZgZeba�

• dhjj_eypbhgZy�jblfh]jZnby�

béymqn�unzvl���>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

nmgdpbc��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
hoZjZdl_jbah\Zlv�dZd�gZmqgh−ihbkdh\u_��b�hgb�ijZdlbq_kdb�g_�ijb\ghkyl
ijbgpbibZevgh�gh\hc�bgnhjfZpbb�

®vsznévkxrqp� uvtqzvéqm�� >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_]bkl-
jZlhjhf�gZ�fZ]gblguc�ghkbl_ev��<� k\yab� k�[hevrhc� \j_f_gghc�ijh^he-
`bl_evghklvx� ihke_^mxs__� bkke_^h\Zgb_� WD=−aZibkb� hkms_kl\ey_lky

\uqbkebl_evgufb�f_lh^Zfb��Ijb� wlhf�h[uqgh� kljhblky�bgl_j\Zeh]jZf-
fZ��hij_^_eyxlky�mqZkldb�j_adh]h�baf_g_gby�jblfbdb��bsmlky�wdkljZkbk-
lhebq_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�
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Êtznékjsvméj{q¹

<� wlhf� jZa^_e_� ij_bfms_kl\_ggh

bkihevamxlky� f_lh^u� \bamZevgh]h

ZgZebaZ� ]jZnbdh\� baf_g_gby� ih-
ke_^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� ^uoZl_evgh]h� jblfZ�� kf�

jbk�� ������ \uy\blv� gZjmr_gby� \Z-
jbZ[_evghklb� DB� �kf�� jbk�� �����

������ ������� Zkbklhebb�b� wdkljZkbk-
lhebb��LZd� gZ� jbk�� ����� ijb\_^_gZ

bgl_j\Zeh]jZffZ� k� lj_fy� ijhimk-
dZfb� k_j^_qguo� khdjZs_gbc� �ljb

m^ebg_gguo� DB� \� ijZ\hc� qZklb��

kf_gyxsbfbky�wdkljZkbklhehc� �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[_ggh-
klb� ^_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^_g-
pb_c� d�g_dhlhjhfm� m^ebg_gbx�DB�� \� lh� \j_fy� dZd� m�bkiulm_fh]h� �jbk�

6.22[��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_l-
guf�oZjZdl_jhf�bo�q_j_^h\Zgby��qlh�^ey�^Zggh]h�bkiulm_fh]h�g_�ijhy\-
eyehkv�\�khklhygbb�j_eZdkZpbb���Jbkmghd������ij_^klZ\ey_l�j_Zdpbb�ijh-
lb\hiheh`gh]h� oZjZdl_jZ� k� m^ebg_gb_f�DB��H^gZdh�� _keb�^ey�bkiulm_-
fh]h� �jbk������Z��bf__l�f_klh�[ebadZy�d�ebg_cghc�\hajZklZxsZy�l_g^_g-
pby��lh�^ey�bkiulm_fh]h��jbk����[��\�wlhc�l_g^_gpby�ijhy\ey_lky�\ukhdh-
Zfieblm^gZy�f_^e_ggh\hegh\Zy�Zdlb\ghklv�

������Bgl_j\Zeh]jZffZ�k�wibah^Zfb
ijhimkdZ�khdjZs_gbc
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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

Æjéqj|qvttj¹�wys�xvunzéq¹

<� 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\Z-
gb_�jZaebqguo�j_]meylhjguo�kbkl_f�hj]ZgbafZ��b�ki_pbZevguo�f_`^mgZ-
jh^guo�bg^_dkh\��>ey�fgh]bo�ba�wlbo�bg^_dkh\�gZ�[hevrhf�wdki_jbf_g-
lZevghf�fZl_jbZe_�hij_^_e_gu�debgbq_kdb_�]jZgbpu�ghjfu�\�aZ\bkbfh-
klb�hl�iheZ�b�\hajZklZ��Z�lZd`_�jy^�ihke_^mxsbo�qbkeh\uo�bgl_j\Zeh\�

hl\_qZxsbo�^bknmgdpbyf�lhc�beb�bghc�kl_i_gb�

­qxzvméjuuj��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��=hjbahglZev-
gZy�rdZeZ�^ebl_evghkl_c�DB�^ey�wlh]h�jZa[b\Z_lky�gZ�ihke_^h\Zl_evgu_
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bgl_j\Zeu�jZ\ghc�\_ebqbgu��[bgu���>ey�kjZ\gbfhklb�]bklh]jZff�f_`^m-
gZjh^guc�klZg^Zjl�mklZgZ\eb\Z_l�jZaf_j�[bgZ jZ\guf����fk�

GhjfZevgZy� k_j^_qgZy� ^_yl_evghklv� oZjZdl_jbam_lky� kbff_ljbqghc�� dm-
ihehh[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�lZ-
dhc� ]bklh]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�\�^Zgghf�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� jblfbdb�� 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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Ívrjojznsq��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�

Ívrjojznsq� vwqxjzns�tvp� xzjzqxzqrq� ^hihegbl_evgh� oZjZdl_jb-
amxl�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\���²���e_l�b��������^ey�\hajZklh\���²���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� kbf-
f_ljbqghf�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__�agZqbfuf
kqblZ_lky� AFR�� hlebqZxsZyky� mklhcqb\hklvx� d� Zjl_nZdlZf� b� qm\kl\b-
l_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�

Ívrjojznsq�è�Î��Èjnkxrvmv�
• bg^_dk� \_]_lZlb\gh]h� jZ\gh\_kby B<J $0R�G55� mdZau\Z_l� gZ� khhl-

ghr_gb_� f_`^m� Zdlb\ghklvx� kbfiZlbq_kdh]h� b� iZjZkbfiZlbq_kdh]h

hl^_eh\�<GK�

• \_]_lZlb\guc�ihdZaZl_ev�jblfZ <IJ ���0R
G55��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���
G55
0R� hljZ-
`Z_l�kl_i_gv�p_gljZebaZpbb�mijZ\e_gby�k_j^_qguf�jblfhf�
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GZb[he__�agZqbfuf�\�ijZdlbd_�y\ey_lky�bg^_dk�BG��Z^_d\Zlgh�hljZ`Zx-
sbc�kmffZjguc�wnn_dl�k_j^_qghc�j_]meypbb��=jZgbpu�ghjfu�khklZ\ey-
xl�� ����±�����^ey�\hajZklh\� ��²���e_l��IhdZaZl_ev�qm\kl\bl_e_g�d�mkb-
e_gbx�lhgmkZ�kbfiZlbq_kdhc�<GK��g_[hevrZy�gZ]jmadZ� �nbabq_kdZy�beb

wfhpbhgZevgZy��m\_ebqb\Z_l�_]h�\����²��jZaZ��ijb�agZqbl_evguo�gZ]jma-
dZo�jhkl�khklZ\ey_l��²���jZa�

Êtlnrx��¬����Çjwsjtj��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: �1−0,5∗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� jZkijh-
kljZg_gby� imevkh\hc� \hegu� d� \j_f_gb� jZkijhkljZg_gby� \� khklhygbb

ihdhy��\uqbke_gb_�kf��\�jZa^��������^bZiZahg�agZq_gbc�
��²����²�jZ[hq__�g_j\gh±ikbobq_kdh_�gZijy`_gb_�
���²����²�ijb�agZqbl_evguo�gZ]jmadZo�
���²�����²�i_j_gZijy`_gb_��g_h[oh^bfhklv�hl^uoZ�
����²������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�khklhy-

gby�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��^uoZ-
l_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�ghj-
fu�khklZ\eyxl����²���^h����e_l����²����hl����^h����e_l�����²����hl���

^h����e_l��b����²����^ey�klZjrbo�\hajZklh\��<uqbke_gb_�K:L�ijhba\h-
^yl�gZ��²��fbgmlguo�bgl_j\ZeZo�\�kihdhcghf�khklhygbb��\uoh^�aZ�\_jo-
gxx� \hajZklgmx� ]jZgbpm� ghjfu� y\ey_lky� ijbagZdhf� gZjmr_gbc� \� k_j-

�����������������������������������������

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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^_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�ijhihj-
pbhgZe_g�^bki_jkbb�DB��gh�g_�kmffZjghc��Z�hklZ\r_cky�aZ�\uq_lhf�[u-
kljh]h�dhfihg_glZ�\ZjbZlb\ghklb�DB��=jZgbpu�ghjfu�BF:�khklZ\eyxl�

����������^ey�\hajZklh\���²���e_l�

Êtlnrx�� v|ntrq� vzrsvtntqp� k� kjéqjins�tvxzq�� ;hevrbgkl\h

jZkkfhlj_gguo�ihdZaZl_e_c� y\eyxlky�bgl_]jZevgufb��ihkdhevdm� \uqbk-
eyxlky� gZ� ^hklZlhqgh� ijhly`_gguo� ihke_^h\Zl_evghklyo�DB�� ijb� wlhf

hjb_glbjh\Zgu�bf_ggh�gZ�hp_gdm�kj_^g_c�\ZjbZ[_evghklb�DB�b�qm\kl\b-
l_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

klZpbhgZjghklb�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^_q-
guc�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\yaZg-
guf�k�fZehc�beb�ih\ur_gghc�\ZjbZ[_evghklvx�DB��>_ckl\bl_evgh��fgh-
]b_�g_agZqbl_evgu_��jZggb_�hldehg_gby�\�k_j^_qghc�^_yl_evghklb�g_�ijh-
y\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_jgZlb\-
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�khdjZ-
s_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\_eb-
jh\Zlv� \_^ms__� \ebygb_� ^uoZl_evgh]h� jblfZ�� ��� gZ� lZdhf� kjZ\gbl_evgh

dhjhldhf�hlj_ad_�k_j^_qguc�jblf�fh`gh�kqblZlv�mkeh\gh�klZpbhgZjguf

^Z`_�\�mkeh\byo�gZ]jmahqguo�nmgdpbhgZevguo�ijh[�����lZdhc�jZaf_j�\u-
[hjdb� 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-
^_qghc� 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-
\bl_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_ev-
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ghklb�k�jZaebqb_f�^h���fk�(ijbf_ju�lZdbo�hldehg_gbc�ijb\_^_gu�gZ�jbk�
6.16, 6.18, 6.19). LZdhc�mjh\_gv�©g_qm\kl\bl_evghklbª�\u[jZg�ba�^\mo�kh-
h[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\gb-
fhklv� 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_�hldeh-
g_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�������

JZkkfhlj_ggu_�bg^_dku�ihdZaZeb�k\hx�\ukhdmx�wnn_dlb\ghklv�ijb�^b-
Z]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�

Æ�·qxsntqn� méjtq|� tvéu��� 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_

hldehg_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�qbkeZ�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_�ihdZ-
aZl_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�]jZ-
nbdZ� mihjy^hq_gguo� ih� \hajZklZgbx� agZq_gbc� ihdZaZl_ey� �]jZnbd�D_l-
e_���Ke_^m_l�bkdexqblv�agZq_gby��ijbgZ^e_`Zsb_�d�dhgp_\uf��aZ]b[Zx-
sbfky��jZaj_`_gguf�mqZkldZf�]jZnbdZ��hklZ\b\�p_gljZevgmx��iehlgmx�b

ebg_cgmx�_]h�qZklv�

fwnrzéjs�t�p�jtjsqo

Wlhl�f_lh^� hkgh\Zg� gZ� jZkq_l_� Zfieblm^gh]h� ki_dljZ� �ih^jh[g__� kf�� \

jZa^�������jy^Z�dZj^bhbgl_j\Zeh\�
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Íénlkjéqzns�tj¹� kénunttj¹� wnéntvéuqévkrj�� 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^blky�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[hagZ-
qbf�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�ihklh-
ygguf�rZ]hf�fDB��GZ�gb`g_c�rdZe_�[m^_f�kljhblv�Zfieblm^u�ZDB�\Z-
jbZ[_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�md-
eZ^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_gl-
ghf�khhlghr_gbb�a��b�b% (a+b �������lh]^Z�\_ebqbgm�ZDBi�\uqbkey_f

ba� khhl\_lkl\mxs_c� ijhihjpbb 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�

ïjxzvzt�n�lqjwjovt���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�

• ���²�����=p� (i_jbh^�dhe_[Zgbc� ���²���� k) — \ukhdhqZklhlguc� �HF
— high frequency��beb�^uoZl_evguc�^bZiZahg�hljZ`Z_l�Zdlb\ghklv�iZ-
jZkbfiZlbq_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\� 
• ����²�����=p�(i_jbh^�dhe_[Zgbc����²���k) — gbadhqZklhlguc��LF —

low frequency��beb�\_]_lZlb\guc�^bZiZahg� �f_^e_ggu_�\hegu�i_j\h]h
ihjy^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� 
• ����²�������=p� (i_jbh^�dhe_[Zgbc�hl� ���k�^h� ��fbg) — k\_jogbadh-

qZklhlguc� �VLF — very low frequency) khkm^bklh−^\b]Zl_evguc� beb
\Zkdmeyjguc�^bZiZahg��f_^e_ggu_�\hegu�\lhjh]h�ihjy^dZ�FZc_jZ��hl-
jZ`Z_l� ^_ckl\b_� p_gljZevguo� wj]hljhiguo� b� ]mfhjZev-
gh−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��� 
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• �������=p�b�f_^e_gg__ — mevljZgbadhqZklhlguc� �ULF) ^bZiZahg�hl-
jZ`Z_l�Zdlb\ghklv�\ukrbo�p_gljh\�j_]meypbb�k_j^_qgh]h�jblfZ��lhq-
gh_�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_

GZ�jbk�������ijb\_^_gu�ki_dljh]jZffu�^ey�^\mo�nbabheh]bq_kdbo�ijh[�

<�khklhygbb�j_eZdkZpbb� �jbk�� ����Z��k�ih\_joghklguf�^uoZgb_f�Zfieb-
lm^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�jZa-
ebqguo� jblfh\�� Ijb� ]em[hdhf� ^uoZgbb� �jbk�� ����[�� j_adh� \u^_ey_lky

h^bg�^uoZl_evguc�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�

Ívrjojznsq��>ey�oZjZdl_jbklbdb�ki_dljZevguo�^bZiZahgh\�\uqbkey_l-
ky�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

Zfieblm^� ki_dljZevguo� ]Zjfhgbd� \� ^bZiZahg_��� ]jZgbpu� ghjfu� kh-
klZ\eyxl��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;
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• 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�� ���������

49,4±9.4; 0,7±1,5.

Ívmén¡tvxzq� xwnrzéj� ÇÊ�� 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�aZib-
kb�WD=��hl�\_ebqbg�DB�b�hl�\u[jZggh]h�rZ]Z�\j_f_gghc�i_j_ghjfbjh\db

bgl_j\Zeh]jZffu�� Wlh� m`_� kZfh� ih� k_[_� gZdeZ^u\Z_l� h]jZgbq_gby� gZ

kjZ\gbfhklv�jZaebqguo�ki_dljh\��D�lhfm�`_�ml_qdZ�fhsghklb�hl�\ukhdh-
Zfieblm^guo�ibdh\�b�[hdh\u_�ibdb�\ke_^kl\b_�Zfieblm^ghc�fh^meypbb

jblfbdb�fh`_l�ijhklbjZlvky�^Ze_dh�\�khk_^gb_�^bZiZahgu��\ghky�agZqb-
l_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[b-
gm� �qZklhlZ�^uoZgby�j_]eZf_glbjm_lky�lhevdh�\�ijh[Zo� ]em[hdh]h�^uoZ-
gby�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\Zgguf�i_jbh^hf�b�Zfieblm^hc�^uoZgby��>ey�mq_lZ�b�dhgljhey

^uoZl_evgh]h� 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�^hk-
lZlhqgh�mkeh\gh�b�klZlbklbq_kdb�gbdZd�g_�h[hkgh\Zgh��>ey�lZdh]h�h[hk-
gh\Zgby�ke_^h\Zeh�[u�gZ�[hevrhf�wdki_jbf_glZevghf�fZl_jbZe_�hijh[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\��dh-
lhju_�\� k\hx�hq_j_^v�jZaebqZxlky�\� �²��jZa��<� wlhf�hlghr_gbb�ij_^-
ihqlbl_evg__�bkihevah\Zgb_� kj_^gbo� Zfieblm^� ki_dljZ��dhlhju_�\� k\hx

hq_j_^v�g_�iehoh�dhjj_ebjmxl�k�jy^hf�ihdZaZl_e_c�<I�\�^bZiZahg_�agZ-
q_gbc�hl�����^h�����

Çvééns¹|qvtj¹�éqzuvméj{q¹

Wlhl�jZa^_e�\dexqZ_l�ij_bfms_kl\_ggh�ihkljh_gb_�b�\bamZevgh_�bamq_-
gby�^\mf_jguo�kdZll_j]jZff�beb�^bZ]jZff�jZkk_ygby��ij_^klZ\eyxsbo
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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-
]hgZeb�b�km`_gh�\�i_ji_g^bdmeyjghf�gZijZ\e_gbb��LZd��\�khklhygbb�j_-
eZdkZpbb�k�g_]em[hdbf�^uoZgb_f�h[eZdh�fh`_l�ijb[eb`Zlvky�d�djm]h\hc

nhjf_� �jbk�� ����Z���Ijb�nbabq_kdhc�gZ]jmad_�k�\ukhdhc�qZklhlhc�b� ]em-
[bghc�^uoZgby�h[eZdh�\uly]b\Z_lky�b�k`bfZ_lky�kh�kf_s_gb_f�d�h[eZklv

dhjhldbo�DB��jbk������[).

Ívrjojznsq��>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.

>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�\u-
oh^Z� aZ�^\Z�b� ljb� klZg^Zjlgu_� hldehg_gby� khklZ\ey_l� �����b� ������ijb

ghjfZevghf�aZdhg_�jZkij_^_e_gby�DB�
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G_dhlhju_�Z\lhju�ih�h[eZdm�jZkk_ygby�DB�\uqbkeyxl�ebg_cgmx�j_]j_k-
kbx�b�ZgZebabjmxl�__�dhwnnbpb_gl�Kr b�k\h[h^guc�qe_g�Br.

Ëvéuj�q�vzrsvtntq¹� Ijb�gZebqbb�j_adbo�gZjmr_gbc�<KJ�^bZ]jZffZ

jZkk_ygby�ijbh[j_lZ_l�kemqZcguc�oZjZdl_j��jbk������Z��beb�`_�jZkiZ^Z_l-
ky�gZ�hl^_evgu_�njZ]f_glu��jbk������[���lZd�\�kemqZ_�wdkljZkbklhebb�ih-
y\eyxlky� kbff_ljbqgu_�hlghkbl_evgh�^bZ]hgZeb� ]jmiiu� lhq_d�� k^\bgm-
lu_�\�h[eZklv�dhjhldbo�DB�hl�hkgh\gh]h�h[eZdZ�jZkk_ygby��Z�\�kemqZ_�Zkb-
klhebb�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�

Z� [�

Jbk��������KdZll_j]jZffu�

Z —�\ujZ`_ggZy�Zjblfby; [�²�wdkljZkbklheby�b�Zkbklheby

Ihwlhfm�kdZll_j]jZffu�ihe_agu�ij_bfms_kl\_ggh�\�mkeh\byo�ghjfu�^ey

\aZbfguo� kjZ\g_gbc�jZaebqguo�bkiulm_fuo� \�jZaebqguo�nmgdpbhgZev-
guo�ijh[Zo��Hl^_evghc�h[eZklvx�lZdh]h�ijbf_g_gby�y\ey_lky�l_klbjh\Z-
gb_�lj_gbjh\Zgghklb�b�nmgdpbhgZevghc�]hlh\ghklb�d�nbabq_kdbf�b�ikb-
oheh]bq_kdbf�gZ]jmadZf��kf��^Ze__��

fvvztv¡ntqn�wvrjojznsnp��>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_amevlZ-
lu�dhjj_eypbhggh]h�b�nZdlhjgh]h�ZgZebaZ�iha\hebeb�k^_eZlv�ke_^mxsb_

\u\h^u�

�����������������������������������������

1�WlZ�[ZaZ�aZibk_c�[ueZ�kha^ZgZ�\�����²�����]]��Ba\_klguf�kihjlb\guf�f_lh-
^bklhf��ijhn_kkhjhf�J=MND�<�D��AZcp_\uf�
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���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� �\�dZ-
q_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� \� mdZaZg-
ghf� 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� hl-
jZ`Zxl�jZaebqgu_�b�hjlh]hgZevgu_�nZdlhjgu_�kljmdlmju�

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

��� AgZqbfhklv� ^bZiZahgh\� LF b� VLF� ^ey� nmgdpbhgZevghc� ^bZ]ghklbdb
khfgbl_evgZ��ihkdhevdm�nZdlhjgh_�khhl\_lkl\b_�bo�ihdZaZl_e_c�g_h^-
ghagZqgh��Z�kZfb�ki_dlju�ih^\_j`_gu�\ebygbx�fgh]hqbke_gguo�b�g_-
dhgljhebjm_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

fhsghklb�\�^bZiZahgZo�ij_^ihqlbl_evg__�bkihevah\Zgb_�kj_^gbo�Zf-
ieblm^�ki_dljZ�

Ì|ntrj�zéntqévkjttvxzq�

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-
]jmadZfb��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�\hk-
klZgh\e_gby��WlZ� ^bgZfbdZ� gZijyfmx� hljZ`Z_l� kdhjhklgu_� b� ^_ckl\_g-

�����������������������������������������

1� >_lZevg__� kf��� AZcp_\� <�D��� Nbebii_gdh� :�G�� Lj_gbjh\dZ� nmgdpbhgZevguo
kbkl_f�ohdd_bklZ��F���J=:ND�������
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gu_�oZjZdl_jbklbdb�[bhobfbq_kdbo�h[f_gguo�ijhp_kkh\��ijhl_dZxsbo�\

`b^dhklghc� kj_^_� hj]ZgbafZ��<� klZpbhgZjguo� mkeh\byo�nbabq_kdZy� gZ-
]jmadZ� h[uqgh� ^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\�

Èqv}quq¹�u�¡n·tvmv� ëtnémvvinxwn·ntq¹��Wg_j]by�� ihemqZ_fZy
hj]Zgbafhf�hl�jZks_ie_gby�ijh^mdlh\�iblZgby��ojZgblky�b�ljZgkihjlb-
jm_lky�d�de_ldZf�\�\b^_�\ukhdhwg_j]_lbq_kdh]h�kh_^bg_gby�:LN��Z^j_gh-
abgljbnhknhjgZy�dbkehlZ���W\hexpby�knhjfbjh\ZeZ�ljb�wg_j]hh[_ki_qb-
\Zxsb_�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�\hk-
klZgh\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���²���k��

2. :gZwjh[gh−eZdlZlgZy� �]ebdheblbq_kdZy�� kbkl_fZ� hkms_kl\ey_l� wg_j-
]hh[_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��ljZgknhjfbjm-
xlky�\�]exdhah−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^bgZ-
dh\h]h�dhebq_kl\Z�`bjh\�b�m]e_\h^h\�k�h[jZah\Zgb_f�]exdhau��Ijb�djZl-
dh\j_f_gghc�bgl_gkb\ghc�gZ]jmad_�:LN�ihqlb�bkdexqbl_evgh�h[jZam_l-
ky�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_� g_

[he__������ddZe�wg_j]bb��iha\heyxs_c�ijh[_`Zlv�hdheh����df��Ohly�`b-
jh\�\�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_-
jbfh�[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�nb-
abq_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_ev-
guo�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�
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gZijZ\e_ggZy�gZ�jZa\blb_�\ughkeb\hklb��kihkh[kl\m_l�m\_ebq_gbx�fblh-
ohg^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
dbkehjh^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���²���ffhev/d]�ijb�ghjf_�\����²��ffhev/d]��Ij_^_evgufb�dhgp_g-
ljZpbyfb� 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_^bg-
nZjdluo�khklhygbc�

FZdkbfmf�\u[jhkZ�eZdlZlZ�\�djh\v�ijhbkoh^bl�gZ��−hc�fbgml_�ihke_�bg-
l_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]Z-
gbafZ�ih�mf_gvr_gbx�dhgp_gljZpbb�eZdlZlZ��Z�ke_^h\Zl_evgh�²�b�h�wn-
n_dlb\ghklb�wg_j]h\hkklZgZ\eb\Zs__]h�f_lZ[hebafZ�

fénlxzkj�jtjsqoj��<�gZ]jmahqguc�b�\hkklZgh\bl_evguc�i_jbh^�ijh-
\h^yl� jy^� ihfbgmlguo� i ��������� aZibk_c� WD=� Ih� j_amevlZlZf� kljhyl
kdZll_j]jZffu��dhlhju_�kh\f_sZxl�gZ�h^ghf�]jZnbd_��jbk���������ih�dh-
lhjhfm� \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� ihdZaZl_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�

Jbk��������Kh\f_s_ggu_�kdZll_j]jZffu�ihklgZ]jmahqguo��−k_dmg^guo�bgl_j\Z-
eh\�\hkklZgh\e_gby�b�khklhygby�j_eZdkZpbb


