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�����JZ[hlZ�\�kj_^_�:LQGRZV

Ihy\e_gb_�\�KKKJ�\ gZqZe_��0-o ]h^h\�b�^Zevg_cr__�jZa\blb_�hi_jZpb-
hgghc� kj_^u� Windows,� gZjy^m� kh� fgh]bfb� ijb\g_k_ggufb� wj]hghfbq_-
kdbfb�g_^hklZldZfb�b�k_jv_agufb�ijh[e_fZfb�(kf��lZd`_�\�jZa^����������),
iha\hebeh� klZg^Zjlbabjh\Zlv� ]jZnbq_kdbc�b�hi_jZpbhgguc�bgl_jn_ck� \h
\k_o�ijbeh`_gbyo��qlh�kms_kl\_ggh�mijhklbeh�jZ[hlm�ihevah\Zl_ey�b�h[-
e_]qbeh�hk\h_gb_�bf�jZaghgZijZ\e_gguo�ijh]jZffguo�kj_^kl\�

LZdbfb�klZg^Zjlgufb�dhfihg_glZfb�\k_o�Windows−ijbeh`_gbc�y\ey-
xlky��]heh\gh_��jZ[hq__��]jZnbq_kdb_�b�l_dklh\u_�hdgZ��dhfZg^gZy�b�dgh-
ihqgZy� kljhdb��\uiZ^Zxsb_�b�dhgl_dklgu_�f_gx�� wdjZggu_�[eZgdb� k�ih-
eyfb� \\h^Z�� kibkdZfb� b� nhgZjbdZfb�� [mn_j� f_`ijh]jZffgh]h� h[f_gZ
(clipboard��� dhgl_dklguc� ]bi_jl_dklh\uc� kijZ\hqgbd� wdjZgghc� ihfhsb�
[uklju_�deZ\bZlmjgu_�hi_jZpbb�b�fgh]h_�^jm]h_�

<�aZ\bkbfhklb�hl�ij_^f_lghc�h[eZklb�wlb�dhfihg_glu�dhf[bgbjmxlky
b�fh^bnbpbjmxlky� khhl\_lkl\mxsbf�h[jZahf��Lhqgh� lZd�`_�b�\�h[eZklb
dhfivxl_jghc� we_dljhnbabheh]bb� aZ� ihke_^g__� ^_kylbe_lb_� ijhbahreZ
klZg^ZjlbaZpby� ijh]jZffgh]h� bgl_jn_ckZ�� we_f_glu� dhlhjhc� b� jZkkfhl-
jbf�gb`_�

<uah\�ex[h]h�ijbeh`_gby�Windows�h[uqgh�hkms_kl\ey_lky� aZimkdhf
gZ�bkiheg_gb_�khhl\_lkl\mxs_]h�(;(−nZceZ�beb�`_�ki_pbZevgh]h�yjeudZ
k�_]h�ibdlh]jZffhc�gZ�jZ[hq_f�klhe_�beb�\�g_dhlhjhc�iZid_.

¸ãàã×âãÚ�ãßâã��Ihke_� aZimkdZ�we_dljhnbabheh]bq_kdh]h�ZgZebaZlhjZ
gZ�wdjZg_�ihy\ey_lky�lbibqgh_�]heh\gh_�hdgh�beb�nhjfZ� �jbk���������\�dh-
lhjhf�[hevrmx�qZklv�ijhkljZgkl\Z�aZgbfZ_l�hkgh\gh_�jZ[hq__�hdgh��gZau-
\Z_fh_�fhgblhjhf�aZibk_c� �ih^jh[g__�kf��\�jZa^��������]^_�\�ihjy^d_�dZ-
gZeh\� �hl\_^_gbc��jZkiheZ]Zxlky�]jZnbdb�baf_g_gby�\h�\j_f_gb�we_dljh-
nbabheh]bq_kdbo�ihdZaZl_e_c�
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Jbk��������=heh\gh_�hdgh�we_dljhnbabheh]bq_kdh]h�ZgZebaZlhjZ

ÆçåãßÝ�èäåÕ×àÚâÝô��<\_jom�]heh\gh]h�hdgZ�ihklhyggh�ijbkmlkl\mxl
ljb�ljZ^bpbhgguo�^ey�:LQGRZV±ijbeh`_gbc�kljhdb�

���<_jogyy�kljhdZ�aZ]heh\dZ

kh^_j`bl�gZbf_gh\Zgb_�kbkl_fu�b�dghidb�k\_jlu\Zgby��jZkrbj_gby�b�aZ-
djulby�]heh\gh]h�hdgZ�

���<lhjZy dhfZg^gZy�kljhdZ

ij_^gZagZq_gZ� ^ey� \uah\Z� \udb^guo�f_gx� hkgh\guo� hi_jZpbc�� qZklv� ba
dhlhjuo�^m[ebjmxlky�[ukljufb�deZ\brZfb�b�bgkljmf_glZevgufb�dghi-
dZfb.

���Lj_lvy�kljhdZ�bgkljmf_glZevguo�dghihd�k�ibdlh]jZffZfb

^m[ebjm_l�gZb[he__�qZklh�\uihegy_fu_�hi_jZpbb��Z�bf_ggh� dghidb�ql_-
gby�b�khojZg_gby�aZibk_c��ZgZeh]bqgu�hi_jZpbyf�ba�imgdlZ�NZceu���dghi-
db�hi_jZpbc�k�[mn_jhf�h[f_gZ� �\uj_aZgb_��dhibjh\Zgb_�b�\klZ\dZ�Zdlb\-
gh]h�hdgZ���dghidZ�i_qZlb�b�jy^�dghihd�jZ[hlu�k�fhgblhjhf�aZibk_c (kf�
jZa^�����).

¿ãáÕâÙâÕô�æçåãßÕ��Fgh]b_�ba�jZkkfZljb\Z_fuo�^Ze__�imgdlh\�dh-
fZg^ghc�kljhdb�^m[ebjmxlky�]hjyqbfb�beb�[ukljufb�deZ\brZfb�\uah\Z
�mdZaZgu�gb`_�^ey�dZ`^hc�dhfZg^u���dhlhju_�ih^kdZau\Zxlky�\�khhl\_l-
kl\mxsbo�imgdlZo�b�[ukljh�aZihfbgZxlky��Z�bo�bkihevah\Zgb_�agZqbl_ev-
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gh�mkdhjy_l�jZ[hlm�ih�kjZ\g_gbx�k�f_^e_gguf�]meygb_f�furvx�ih�kbkl_-
f_�b_jZjobq_kdbo�f_gx�

ÉÕÞàð� Imgdl�NZceu�\dexqZ_l�ke_^mxsb_�hi_jZpbb�

QblZlv {'���beb�\\_klb�\�hdgh�fhgblhjZ�aZibkv
[bhkb]gZeh\�ba�^bkdh\h]h�Zjob\Z��kf��jZa^�������

KhojZgblv {'���l_dmsmx�aZibkv�[bhkb]gZeh\�\�Zj-
ob\_��kf��jZa^�������

I_qZlv {'���²�\u\_klb�gZ�ijbgl_j�bah[jZ`_gby�Zd-
lb\gh]h�hdgZ��kf��jZa^�������

Ijbgl_j�²�i_j_mklZgh\dZ�lbiZ�ijbgl_jZ��ih^dex-
q_ggh]h�d�dhfivxl_jm��kf��jZa^�������

<uoh^ {'����beb�{"MU�+{'���k�aZ\_jr_gb_f�jZ[hlu�ijbeh`_gby�

µâÕàÝÜ� Imgdl� :gZeba� kh^_j`bl� hi_jZpbb� \uqbkebl_evgh]h� ZgZebaZ
hkgh\guo�we_dljhnbabheh]bq_kdbo�ihdZaZl_e_c�
AZibkb {���²�\hkklZgh\e_gb_�iheghwdjZggh]h�fhgblhjZ�aZibk_c�k�hlf_-

ghc�\kihfh]Zl_evguo�hdhg�
WW= {���²�\uah\�f_gx�ZgZebaZ�WW=��kf��jZa^�������
WD= {���²�\uah\�f_gx�ZgZebaZ�WD=��kf��jZa^�������
WF= {���²�\uah\�f_gx�ZgZebaZ�WF=��kf��jZa^�������

J= {���²�\uah\�f_gx�ZgZebaZ�j_h]jZffu��kf��jZa^�
7.4);

>uoZgb_ {���²�\uiheg_gb_�ZgZebaZ�^uoZl_evgh]h
jblfZ��kf��jZa^�������

Iheb]jZn {���²�\uah\�f_gx�^hihegbl_evguo
kj_^kl\�ZgZebaZ��kf��jZa^���������

<I {���²�\uah\�f_gx�mkj_^g_gby�b ZgZebaZ�\ua\Zg-
guo�ihl_gpbZeh\��kf��jZa^�������

>bZ]gha {���²�\uah\�hdgZ�l_dklh\h]h�j_^ZdlhjZ�^ey
ijhkfhljZ�b�nhjfbjh\Zgby�^bZ]ghklbq_kdh]h�aZ-
dexq_gby��kf��jZa^�������
¼ÕäÝæÝ� Imgdl�AZibkb�\dexqZ_l�hkgh\gu_�hi_jZ-

pbb�gZ^�aZibkyfb�

Ke_^mxsZy {>��²�i_j_oh^�d�ke_^mxs_c�aZibkb
\�l_dms_f�nZce_��_keb�lZdh\Zy�bf__lky��

Ij_^u^msZy {<��²�i_j_oh^�d�ij_^u^ms_c�aZ-
ibkb�\�l_dms_f�nZce_��_keb�lZdh\Zy�bf__lky��

AZ^Zggh]h�ghf_jZ�{3��²�i_j_oh^�aZibkb�mdZ-
aZggh]h�ghf_jZ�

Keblv {6��²�kh_^bgblv��kde_blv��\k_�aZibkb
l_dms_]h�nZceZ�\�h^gm��ijb�wlhf�fZdkbfZev-

guc�h[t_f�h[t_^bg_gghc�aZibkb�h]jZgbq_g��������agZq_gbyfb�
<hkklZgh\blv {*��bkoh^gh_�khklhygb_�l_dms_c�aZibkb��baf_g_ggh_�\�j_-
amevlZl_�j_^Zdlbjh\Zgby��
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·ðìÝæàÚâÝô� Imgdl�<uqbke_gby�\dexqZ_l�^hihegbl_evgu_�\uqbkeb-
l_evgu_� kj_^kl\Z� ij_h[jZah\Zgby� b� ZgZebaZ�� ijbf_gy_fu_� g_� klhevdh� \
h[uqghc�debgbq_kdhc�ijZdlbd_��kdhevdh�\�ki_pbZevguo�b�gZmqguo�bkke_-
^h\Zgbyo�

DZevdmeylhj {,��²�khhl\_lkl\m_l�h[uqghfm
ihgbfZgbx�wlh]h�keh\Z��kf��\�dhgp_�^Zggh]h
jZa^_eZ��

;ehdghl {#��²�\uah\�we_dljhgghc�lZ[ebpu
gZdhie_gguo�baf_j_gbc��kf��jZa^���������

AZg_klb�\�[ehdghl {'���²�aZg_klb�l_dms__
baf_j_gb_�\�[ehdghl��khhl\_lkl\_ggh�l_dm-
s_fm�iheh`_gbx�\babjZ��fZjd_jZ�b�mdZaZl_-
ey�dZgZeZ�\�fhgblhj_�aZibk_c��kf��jZa^�������

Ij_h[jZah\Zgby {1��²�\uah\�f_gx�^hihegbl_evguo�Ze]_[jZbq_kdbo�
kljmdlmjguo�b�\uqbkebl_evguo�ij_h[jZah\Zgbc��kf��jZa^���������

:jl_nZdlu�²�kj_^kl\Z�ihemZ\lhfZlbq_kdh]h�m^Ze_gby�b�dhjj_dpbb�Zjl_-
nZdlh\��kf��jZa^�������

F_ldb�²�^Zgguc�khklZ\ghc�imgdl�kh^_j`bl�jy^�hi_jZpbc�kh�ki_pbZevgu-
fb�ihf_ldZfb�bkke_^h\Zl_ey�\�aZibkb��dhlhju_�hlh[jZ`Zxlky�\ukhdh-
Zfeblm^gufb�\_jlbdZevgufb�ibdZfb��kem`Zsbfb�^ey�fZjdbjh\db�hl-
^_evguo�mqZkldh\�aZibkb�k�p_evx�\bamZevgh]h�jZaebq_gby��[ukljh]h�ih-
bkdZ�b�\uiheg_gby�ki_pbZevguo�hi_jZpbc��gZijbf_j��^ey�mkj_^g_gby�
kf��jZa^��������������

• <klZ\blv {'���f_ldm�gZ�l_dms_f�dZ-
gZe_�\�f_kl_�l_dms_]h�iheh`_gby�\bab-
jZ��kf��jZa^�������

• M[jZlv�f_ldm�gZ�l_dms_f�dZgZe_�\�f_k-
l_�l_dms_]h�iheh`_gby�\babjZ�

• M[jZlv�\k_�f_ldb�gZ�l_dms_f�dZgZe_�
• Ij_^u^msZy {$USM�+{���²�i_j_oh^�d�ij_^u^ms_c�f_ld_�k�i_j_-

f_s_gb_f�lm^Z�\babjZ�

• Ke_^mxsZy {$USM�+{���²�i_j_oh^�d�ke_^mxs_c�f_ld_�k�i_j_f_-
s_gb_f�lm^Z�\babjZ�

DZgZe�²�^Zgguc�imgdl�\dexqZ_l�^\_�hi_jZpbb�gZ^�dZgZeZfb�

<klZ\blv {$USM�+{*OT��^hihegbl_evguc�dZ-
gZe�gZ�f_kl_�l_dms_]h�dZgZeZ�k�^m[ebjh\Zgb_f
_]h�aZibkb�

M^Zeblv {$USM�+{%FM�²�m^Zeblv�l_dmsbc�dZgZe�ba�aZibkb�
Wlb�hi_jZpbb�[u\Zxl�ihe_agu�\h�fgh]bo�kblmZpbyo��gZijbf_j��^ey�\bam-

Zevgh]h�kjZ\g_gby�j_amevlZlh\�j_^Zdlbjh\Zgby�b�ij_h[jZah\Zgby�kb]gZeh\�
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Ijbf_qZgb_��Ihke_�\uiheg_gby�hi_jZpbc�m^Ze_gby�b�\klZ\e_gby�dZgZ-
eh\�ihke_^mxsb_�aZibkb�jZ[hq_]h�nZceZ�klZgh\ylky�g_^hklmigufb�^ey�\u-
ah\Z�^h�ih\lhjgh]h�ql_gby�nZceZ�

ÈæçÕâã×ßÝ� Imgdl�MklZgh\db�\dexqZ_l�kj_^kl\Z�baf_g_gby�khijh\h-
^bl_evghc� �d� l_dms_fm�nZcem� aZibk_c�� bgnhjfZpbb� b� kh^_j`bl� ke_^mx-
sb_�ih^imgdlu�

QblZlv�²�\\_klb�jZg__�aZihfg_ggu_�mklZgh\-
db�ba�Zjob\gh]h�nZceZ�mklZgh\hd��kf��lZd`_
jZa^�������

KhojZgblv�l_dmsb_�mklZgh\db�\�Zjob\ghf�nZc-
e_�mklZgh\hd��kf��lZd`_�jZa^��������wlZ�hi_jZ-
pby�ihe_agZ�\�kemqZ_�g_h[oh^bfhklb�\uihe-
g_gby�h^bgZdh\uo�mklZgh\hd�^ey�g_kdhevdbo
nZceh\�aZibk_c��ih�hi_jZpbb QblZlv);

• \�l_dms_f�nZce_�²�khojZgblv�ijhba\_^_g-
gu_�mklZgh\db�\�l_dms_f�nZce_�aZibk_c�

AZ]heh\hd�²�baf_g_gb_�aZ]heh\dZ�l_dms_c�aZ-
ibkb��kf��jZa^�������

Hl\_^_gby�²�baf_g_gb_�gZbf_gh\Zgby�b�ko_fu�jZkiheh`_gby�hl\_^_gbc�
ko_fu�bo�iZjguo�k\ya_c�b�baf_g_gby�ihjy^dZ�ke_^h\Zgby�dZgZeh\�\�aZ-
ibkb��kf��hl�i��FhglZ`�b�iZju \�jZa^�������

Dhjj_dpby�gmey�b�DZeb[jh\dZ��kf��jZa^�������
Rjbnl�i_qZlb�²�i_j_mklZgh\dZ�rjbnlZ�i_qZlb�ijhba\h^blky�\uah\hf
klZg^Zjlgh]h�[eZgdZ�Windows \u[hjZ�rjbnlZ�[24].
ÁÕßåãßãáÕâÙð��Imgdl�FZdjhdhfZg^u� \dexqZ_l�hi_jZpbb�jZ[hlu� k

fZdjhdhfZg^Zfb��dhlhju_�ihe_agh�bkihevah\Zlv�^ey�mkdhj_gby�b�mijhs_-
gby�\uiheg_gby�^ebgguo�p_ihq_d�jmlbgguo�hi_jZpbc�ih�ZgZebam�aZibk_c
�ih^jh[g__�kf��gb`_��

Hij_^_eblv�fZdjhdhfZg^m�{"MU�+{'��;
<uihegblv�fZdjhdhfZg^m�{"MU�+{'��;
<udexqblv/\dexqblv�f_oZgbaf�fZdjhdhfZg^�

½ææàÚÙã×ÕâÝÚ� Imgdl�Bkke_^h\Zgb_ {'��
\uau\Z_l�f_gx�ieZgbjh\Zgby�b�\uiheg_gby�bk-

ke_^h\Zgby��kf��\�]e�����
¿ãâæçåèßçãå� Imgdl�Dhgkljmdlhj�\dexqZ_l�ke_^mxsb_�hi_jZpbb�

Klbfmeylhj�²�^ey�i_j_oh^Z�\�j_`bf�dhgkljmbjh\Zgby�klbfmelhjh\��kf�
jZa^��������

Fhgblhj�²�^ey�jZ[hlu�klbfmeylhjh\�\�^\mofhgblhjguo�dhfie_dkZo�kh
ke_^mxsbfb�\ZjbZglZfb�

• h^bg�fhgblhj�
• ^\Z�fhgblhjZ��hkgh\ghc�b�^hihegbl_evguc��ke_\Z�beb�kijZ\Z�hl�hk-
gh\gh]h�
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• Kha^Zlv�hdgh — {'���iha\hey_l�kha-
^Z\Zlv�gZ�wdjZg_�^hihegbl_evgu_�hdgZ
^ey�i_j_ghkZ�\�gbo�]jZnbq_kdhc�bg-
nhjfZpbb��q_j_a�[mn_j�h[f_gZ��kf�
gb`_���\�qZklghklb�²�k�fhgblhjZ�aZib-
k_c��^ey�\bamZevgh]h�kjZ\g_gby�jZa-
ebqguo�aZibk_c��ki_dljh\��lhih]jZnb-

q_kdbo�dZjl�b�l��i�
Äãáãîñ� Imgdl�Ihfhsv�\dexqZ_l�ke_^mxsb_�hi_jZpbb�

• \u^ZqZ�H]eZ\e_gby�wdjZggh]h�kijZ\hqgbdZ�
• Ihbkd�aZ^Z\Z_fh]h�dhgl_dklZ�\�kijZ\hqgbd_�
• H�ihfhsb�²�agZdhfbl�kh�kijZ\hqgbdhf�
• H�iZd_l_�&21$1�²�\u^Z_l�djZldb_�k\_^_gby�h

iZd_l_�
ÆÝæçÚáÕ�ÙÝÕàãØÕ� \�Windows [Zabjm_lky� gZ� lj_o� hkgh\guo� dhfih-

g_glZo�
• ^bZeh]h\u_�f_gx�b�[eZgdb�
• wdjZggu_�hdgZ�^ey�hlh[jZ`_gby�aZibk_c�b�j_amevlZlh\�
• bkihegbl_evgu_�kj_^kl\Z�²�furv�b�deZ\bZlmjZ�
¹ÝÕàãØã×ðÚ�áÚâó��ihy\eyxsb_ky�gZ�wdjZg_�ijb�\uiheg_gbb�jZaebq-

guo�hi_jZpbc��fh]ml�\dexqZlv�ke_^mxsb_�lbibqgu_�^ey�:LQGRZV±ijbeh-
`_gbc� we_f_glu�� bkihegbl_evgu_� dghidb�� ihey� \\h^Z�� \udb^gu_� kibkdb�
nhgZjbdb��L_jfbg�wdjZgguc�[eZgd�fu�bkihevam_f�dZd�kbghgbf�f_gx��gZ-
kus_ggh]h�iheyfb�\\h^Z�b�^jm]bfb�g_dghihqgufb�we_f_glZfb�

Hlf_gZ� �k[jhk��f_gx�^m[ebjm_lky�[ukljhc�deZ\br_c�{&TD���Z�bkihe-
g_gb_�—� deZ\br_c�{&OUFS���Wlb� deZ\brb� ZgZeh]bqgu� dghidZf Ml\_j-
^blv�b�Hlf_gblv� �beb�dghid_� aZdjulby�hdgZ���ijbkmlkl\mxsbf�\h�fgh-
]bo�wdjZgguo�f_gx�

Dghidb� GZ`Zlb_�gZ� bkihegbl_evgmx� dghidm� ^bZeh]h\h]h�f_gx�ijb\h-
^bl� d� \uiheg_gbx� khhl\_lkl\mxs_c� ijhp_^mju��Ijb� wlhf� dZ`^Zy� lZdZy
wdjZggZy� dghidZ� khijh\h`^Z_lky� �\� hlebqb_� hl� [hevrbgkl\Z� :LQGRZV–
ijbeh`_gbc�� hl^_evghc� [ukljhc� bkihegbl_evghc� deZ\br_c� k
ihke_^h\Zl_evguf�pbnjh\uf�b� [md\_gguf� h[hagZq_gb_f��Bkihevah\Zgb_
lZdbo� deZ\br� ijb� jmlbgguo� hi_jZpbyo� agZqbl_evgh� mkdhjy_l� jZ[hlm� ih
kjZ\g_gbx� k� f_^e_gguf� ]meygb_f� furvx� ih� kbkl_f_� b_jZjobq_kdbo
f_gx��Z�lZd`_�iha\hey_l�dhgkljmbjh\Zlv�fZdjhdhfZg^u��kf��gb`_��

Ihey�\\h^Z�\�f_gx�ij_^gZagZq_gu�^ey�\\h^Z�k�deZ\bZlmju�jZaebqguo
qbkeh\uo�agZq_gbc�beb�kbf\hevguo�\ujZ`_gbc��H^gZ`^u�\\_^_ggu_�\�lZ-
db_�ihey�agZq_gby�khojZgyxlky�hl�\uah\Z�d�\uah\m�b�hl�k_ZgkZ�d�k_Zgkm��\
hlebqb_� hl� [hevrbgkl\Z�:LQGRZV–ijbeh`_gbc��� qlh� mkljZgy_l� jmlbggmx
g_h[oh^bfhklv�ih\lhjgh]h�\\h^Z�h^gbo�b�l_o�`_�agZq_gbc�
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<gbfZgb_��Ih�g_aZ\bkysbf�hl�gZk�ijbqbgZf�\�iheyo�\\h^Z�g_�^_ckl\m_l
deZ\brZ�{%FM���m[bjZxsZy�ke_^mxsbc�kbf\he��\f_klh�g__�ke_^m_l�ihev-
ah\Zlvky�deZ\br_c�{#BDL4QBDF���m[bjZxs_c�ij_^u^ms_c�kbf\he�

<udb^ghc� kibkhd —� wlh� ki_pbZevgh_� ihe_� \\h^Z�� kgZ[`_ggh_� kijZ\Z
dghidhc�\udb^gh]h�kibkdZ�^himklbfuo�^ey�^Zggh]h�ihey�agZq_gbc��\u[hj
h^gh]h�ba�dhlhjuo�ijhba\h^blky�e_\hc�dghidhc�furb��Fgh]b_�lZdb_�kib-
kdb�kZfhaZihfbgZxsb_��\�hlebqb_�hl�[hevrbgkl\Z�:LQGRZV–ijbeh`_gbc��
ijb�\uah\_�ex[h]h�we_f_glZ�kibkdZ�_]h�fh`gh�hlj_^Zdlbjh\Zlv��baf_gblv�
\�ihe_�\\h^Z��b�j_amevlZl�[m^_l�aZihfg_g�\�dhgdj_lghf�we_f_gl_�kibkdZ�

NhgZjbd� bf__l� ^\Z� khklhygby�� i_j_dexqZ_fuo� furvx�� b� kem`bl� ^ey
\dexq_gby�\udexq_gby�jZaebqguo�j_`bfh\�

ÆäÚëÝÕàñâðÚ� ãßâÕ� Bf__lky� ljb� ^hihegbl_evguo� wdjZgguo� hdgZ�
dhgl_dklgh�ihy\eyxsboky�^ey�hlh[jZ`_gby�ki_pbZevghc�bgnhjfZpbb��hd-
gh�dZjlbjh\Zgby��kf��jZa^��������hdgh�]jZnbdh\�b�hdgh�^bZ]ghaZ�beb�l_d-
klh\h]h�j_^ZdlhjZ�qbkeh\uo�j_amevlZlh\ �kf��jZa^������.

Jbk��������WdjZg�dhgl_dklghc�ihfhsb

¿ãâçÚßæçâðÚ�áÚâó��Ih�gZ`Zlbx�gZ�ijZ\mx�dghidm�furb�\�Zdlb\ghf
hdg_� �\dexqZy� b� fhgblhj� aZibk_c�� ihy\ey_lky� \udb^gh_� f_gx� ^hihegb-
l_evguo�^ey�^Zggh]h�hdgZ�hi_jZpbc��AZdjulb_�f_gx�ijhba\h^blky�deZ\b-
r_c�{&TD���>hihegbl_evgu_�kj_^kl\Z�jZ[hlu�k�dhgl_dklgufb�f_gx�jZk-
kfhlj_gu�\�jZa^������

·ðêãÙ� Qlh[u�aZdhgqblv�k_Zgk�jZ[hlu�\�kbkl_f_��ke_^m_l�gZ`Zlv�dghi-
dm� aZdjulby� ]heh\gh]h� hdgZ�� beb� `_� deZ\brm� {'���, beb� deZ\brb
{"MU�+{'���� beb� \uihegblv� imgdlu�NZceu−<uoh^� \_jog_c� dhfZg^ghc
kljhdb�
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ÒßåÕââÕô� äãáãîñ��� )�� Qlh[u� \kihfgblv� gZagZq_gb_� deZ\br� b
ihe_c�ex[h]h�l_dms_]h�wdjZggh]h�f_gx��i_j_\_^bl_�gZ�gbo�mdZaZl_ev�fu-
rb�b�ijhqlbl_�kljhdm�ih^kdZadb��ihy\eyxsmxky�kimkly�dhjhldh_�\j_fy�

Qlh[u�ihemqblv�dhgl_dklgmx� wdjZggmx� kijZ\dm�ih�\uihegy_fhc�hi_-
jZpbb��wdjZgghfm�f_gx�beb�hdgm�gm`gh�gZ`Zlv�deZ\brm�{'����\�j_amevlZ-
l_�q_]h�ihy\blky�h[uqgh_�hdgh�ihfhsb�:LQGRZV�k�g_h[oh^bfhc�kijZ\dhc
�jbk��������

ÇÝäð�Ý�æçåèßçèåÕ�éÕÞàã×

<�ijhp_kk_�jZ[hlu�k�ijbeh`_gb_f�fh]ml�kha^Z\Zlvky��ojZgblvky�gZ�^bk-
d_�b�bkihevah\Zlvky�ke_^mxsb_�lbiu�nZceh\�
— nZceu�ieZgh\�bkke_^h\Zgbc�lbiZ� �&$3�kh^_j`Zl�^Zggu_�h[�mklZgh\dZo�b
ihjy^d_�ijh\_^_gby�bkke_^h\Zgbc�

— nZceu aZibkb�[bhkb]gZeh\�lbiZ��&$'�kh^_j`Zl�aZibkb�[bhkb]gZeh\�\h
\gmlj_gg_f�nhjfZl_�kh�\k_c�g_h[oh^bfhc�khimlkl\mxs_c�bgnhjfZpb_c�
wlb�nZceu�fh]ml�khijh\h`^Zlvky�h^ghbf_ggufb�nZceZfb�^bZ]ghaZ�lbiZ
�&$&��kf��jZa^��������ihwlhfm�_keb�\u�dhibjm_l_�nZce�^Zgguo�\g_�kbkl_-
fu�&21$1��g_�aZ[u\Zcl_�h^gh\j_f_ggh�kdhibjh\Zlv�b�nZce�^bZ]ghaZ�

— nZceu�aZibk_c�[bhkb]gZeh\�lbiZ�nhjfZl_�EDF (European Data Format)
ih^^_j`b\Z_lky�[hevrbgkl\hf�iZd_lh\�ZgZebaZ�[bhkb]gZeh\�

— nZceu�wdkihjlZ�aZibk_c�kb]gZeh\�b�j_amevlZlh\�ZgZebaZ�lbiZ��7;7�\�l_dklh-
\hf�nhjfZl_��$6&,,−nhjfZl��^hklmigu�^ey�ex[h]h�\g_rg_]h�l_dklh\h]h
j_^ZdlhjZ�b�h[_ki_qb\Zxl�kh\f_klbfhklv�k�^jm]bfb�kbkl_fZfb�ZgZebaZ
^Zgguo�

— nZceu�[ehdghlZ�lbiZ��&$%�\�l_dklh\hf�nhjfZl_�
— nZceu�WW=−dZjl�lbiZ��&$0�\�l_dklh\hf�nhjfZl_�
— nZceu�nhjfme�lbiZ��&$)�\�l_dklh\hf�nhjfZl_�
— nZceu�mkj_^g_gbc�<I�lbiZ��&$V�\�l_dklh\hf�nhjfZl_�
— nZceu�ihjy^dZ�dZgZeh\�lbiZ��&+1�\�l_dklh\hf�nhjfZl_�
— ]jZnbq_kdb_�nZceu�\�<FJ−nhjfZl_�
— nZceu�]jZnbq_kdh]h�wdkihjlZ�lbiZ��7;7�\�l_dklh\hf�nhjfZl_�
— nZceu�ibdh\�<I�lbiZ��&$9�\�l_dklh\hf�nhjfZl_�
— nZceu�]jZgbp�ghjfu�lbiZ��150�\�l_dklh\hf�nhjfZl_�
— nZceu�hibkZgbc�dhgkljmdlh\ (\bjlmZevguo�ijb[hjh\�b�klbfmeylhjh\) lb-
iZ��CAS;

— nZceu�mklZgh\hd�lbiZ��CAI;
— nZceu�fZdjhdhfZg^�lbiZ��MC;
— nZceu�ijhlhdheh\�lbiZ��PRT;
— nZceu�khjlbjh\hd�lbiZ��CAR;
— nZceu�fZdjhdhfZg^�lbiZ��CMC;
— nZceu�ki_dljZevguo�iZjZf_ljh\�lbiZ��TXT�\�l_dklh\hf�nhjfZl_�

NZceu�lbiZ�CAP, CAS, NRM, CAI, MC�jZkiheZ]Zxlky�\�iZid_�CONAN,
nZceu�^jm]bo�lbih\�fh]ml�[ulv�khojZg_gu�\�ex[hc�iZid_�ihevah\Zl_ey�
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Nhjfbjm_fu_�\�ijhp_kk_�bkke_^h\Zgby�nZceu�aZibk_c�[bhkb]gZeh\�fh-
]ml�kh^_j`Zlv�h^gm�beb�g_kdhevdh�aZibk_c��DZ`^Zy�aZibkv�\�ihjy^d_�dZgZ-
eh\�kh^_j`bl� aZj_]bkljbjh\Zggmx�ihke_^h\Zl_evghklv�Zfieblm^�ZgZeh]h-
\uo�kb]gZeh\�k� aZ^Zgghc�qZklhlhc�^bkdj_lbaZpbb�\� aZ^Zgghf�g_ij_ju\�
ghf�bgl_j\Ze_�gZ[ex^_gby. Bgl_j\Ze�beb�wihoZ�gZ[ex^_gby�fh`_l�\dex-
qZlv�^h��������hlkq_lh\�Zfieblm^u�

Ih�gZdhie_gbx�\�j_`bf_�j_Zevgh]h�\j_f_gb�mdZaZggh]h�ihevah\Zl_e_f
bgl_j\ZeZ�gZ[ex^_gby�aZibkv�©k[jZku\Z_lkyª��aZibku\Z_lky��gZ�^bkd��ijb
wlhf�ijhbkoh^bl�g_[hevrhc�i_j_ju\�\�j_]bkljZpbb��Hp_gdZ�lZdh]h�i_j_-
ju\Z�aZ\bkbl�hl�fgh]bo�nZdlhjh\��[ukljh^_ckl\by�ijhp_kkhjZ�b�`_kldh]h
^bkdZ��kljmdlmju�k\h[h^gh]h�ijhkljZgkl\Z�gZ�^bkd_�b�l��i��b�fh`_l�khklZ\-
eylv�hl����^h�����fk�

Ihke_�wlh]h�i_j_ju\Z�fh`_l�gZdZieb\Zlvky�ke_^mxsZy�aZibkv��Ijb�`_-
eZgbb� ihkj_^kl\hf� ijhlhdheZ� �kf�� jZa^�� ������ beb� jmqguf� mijZ\e_gb_f
�kf�� jZa^�� ����� ����� fh`gh� ^h[blvky� b� [hevrbo� \j_f_gguo� ijhf_`mldh\
f_`^m�aZibkyfb�

ÁÕßåãßãáÕâÙð

:iiZjZl�fZdjhdhfZg^� ij_^klZ\ey_l� kh[hc� m^h[gh_� kj_^kl\h� khdjZs_-
gby� jZ[hlu�� k\yaZgghc� k� \uiheg_gb_f� ^ebgguo� ihke_^h\Zl_evghkl_c� jm-
lbgguo�hi_jZpbc�

>_ckl\bl_evgh��ijb�h[jZ[hld_�aZibk_c�[bhkb]gZeh\�qZklh�\hagbdZ_l�g_-
h[oh^bfhklv�fgh]hdjZlgh�\uihegblv�g_dhlhjmx�ihke_^h\Zl_evghklv�hi_-
jZpbc�� k\yaZggmx� k� hij_^_e_gguf� f_lh^hf� ZgZebaZ��F_oZgbaf� fZdjhdh-
fZg^�iha\hey_l�mijhklblv�lZdmx�jmlbggmx�jZ[hlm�b�ihjmqblv�__�\kihfh]Z-
l_evghfm�i_jkhgZem�

DZ`^Zy� fZdjhdhfZg^Z� y\ey_lky� h[hagZq_gb_f� g_dhlhjhc� ihke_^h\Z-
l_evghklb� deZ\brguo� hi_jZpbc�� Nhjfbjh\Zgb_� b� bkiheg_gb_� fZdjhdh-
fZg^u� fh`_l� ijhba\h^blvky� ba� imgdlZ� MklZgh\db� \_jog_c� dhfZg^ghc
kljhdb beb�`_�ihkj_^kl\hf�ki_pbZevguo�[ukljuo�deZ\br�

Ij_^\Zjbl_evgh�\�imgdl_�MklZgh\db−FZdjhdhfZg^u�ke_^m_l�\dexqblv
f_oZgbaf�fZdjhdhfZg^��>_eh�\�lhf��qlh�ihke_�_]h�\dexq_gby�g_�j_dhf_g-
^m_lky� i_j_oh^blv� \� ^jm]b_� ijbeh`_gby�� ihkdhevdm� lZf�fh]ml� \hagbdZlv
hrb[db�ijb�deZ\bZlmjguo�gZ`Zlbyo�

ÉãåáÝåã×ÕâÝÚ� áÕßåãßãáÕâÙð�� >ey� Z\lhfZlbaZpbb� \uiheg_gby
jZaebqgh]h� lbiZ� bkke_^h\Zgbc� fh`gh� kha^Zlv� fgh`_kl\h� gZ[hjh\� ba
^_kylb�fZdjhdhfZg^��Ijhp_kk�nhjfbjh\Zgby�gh\hc�fZdjhdhfZg^u�beb�ba-
f_g_gby�m`_�bf_xs_cky�fZdjhdhfZg^u�\dexqZ_l�ke_^mxsb_�ljb�wlZiZ�
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1.�<�gZqZe_�©jmlbggh]hª�mqZkl-
dZ� ^bZeh]Z� ke_^m_l� \uihegblv
imgdlu� MklZgh\-
db−FZdjhdhfZg^u−Hij_^_eblv
ba�\_jog_c�dhfZg^ghc� kljhdb�beb
gZ`Zlv� h^gh\j_f_ggh� deZ\brb
{"MU�� b� {'���� b� gZ� wdjZg_� ihy-
\blky� [eZgd� hij_^_e_gby� ^ey� ��
fZdjhdhfZg^��jbk���������<u[_jbl_
lm�fZdjhdhfZg^m��dhlhjmx�\u�oh-
lbl_� hij_^_eblv� beb� i_j_hij_^_-
eblv�� \\_^bl_� __�gh\h_�gZa\Zgb_� \
khhl\_lkl\mxs__� ihe_� b� gZ`fbl_
{&OUFS�� �hlf_gblv� nhjfbjh\Z-
gb_�fZdjhdhfZg^u�fh`gh�gZ`Zlb-
_f�{&TD�).

2.�Ihke_�wlh]h�mklZgZ\eb\Z_lky
j_`bf� nhjfbjh\Zgby� fZdjhdh-
fZg^u� �ihy\ey_lky� djZkguc

ljZgkiZjZgl� �kijZ\Z�\�lj_lv_c�wdjZgghc�kljhd_���ijb�dhlhjhf�\k_
gZ`Zlby� deZ\br� \� ijhp_kk_� ihke_^mxs_]h� ^bZeh]Z� [m^ml� aZihfbgZlvky�
>Ze__�g_h[oh^bfh��bkihevamy�lhevdh�deZ\bZlmjm��\uihegblv�\kx�jmlbggmx
ihke_^h\Zl_evghklv�hi_jZpbc��Ijb� wlhf�i_j_oh^u�f_`^m�imgdlZfb�b�ih-
eyfb� ^bZeh]h\uo� f_gx� hkms_kl\eyxlky� deZ\br_c� {5BC��� Z� bkiheg_gb_
imgdlh\�²�khihklZ\e_ggufb�bf�[ukljufb�deZ\brZfb�

ÃçßåðçðÚ�ãäÚåÕëÝÝ� H^gZdh�qZklh�\hagbdZ_l�g_h[oh^bfhklv�g_�nbd-
kbjh\Zlv�g_dhlhju_�hi_jZpbb��Z�hklZ\blv�bo� ©hldjulufbª�^ey�ihke_^mx-
s_]h�mlhqg_gby�\�oh^_�bkiheg_gby�fZdjhdhfZg^u��I_j_^�lZdbf�mqZkldhf
gZ`fbl_� {"MU�� b� {'��� ²� ljZgkiZjZgl� MACRO� baf_gbl� p\_l�� b� ^Ze__
fh`gh� \uihegblv� g_h[oh^bfmx� �g_aZihfbgZ_fmx�� ihke_^h\Zl_evghklv
hi_jZpbc�ihke_�lZdhc�©hklZgh\dbª��AZl_f�gZ`fbl_�_s_�jZa�{"MU��b�{'��
²�ljZgkiZjZgl�MACRO�hiylv�klZg_l�djZkguf�b�\hkklZgh\blky�j_`bf� aZ-
ihfbgZgby� fZdjhdhfZg^u�� LZdmx� ihke_^h\Zl_evghklv� ijbhklZgh\e_-
gby�ijh^he`_gby�j_`bfZ�MACRO�fh`gh�\uihegylv�g_h^ghdjZlgh�

3.�Qlh[u�ÜÕßãâìÝçñ�nhjfbjh\Zgb_�fZdjhdhfZg^u�ke_^m_l�gZ`Zlv�deZ-
\brb� {"MU�� b� {'��� beb� \uihegblv� imgdlu� MklZgh\-
db−FZdjhdhfZg^u−AZ\_jrblv�ba�\_jog_c�dhfZg^ghc�kljhdb�

½æäãàâÚâÝÚ�áÕßåãßãáÕâÙð�

Jbk��������;eZgd�nhjfbjh\Zgby�fZd-
jhdhfZg^
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>hc^bl_�^h� lh]h�f_klZ� \�^bZeh]_�� k
dhlhjh]h� [ueh� gZqZlh� nhjfbjh\Zgb_
fZdjhdhfZg^u�� ihke_� q_]h� \uihegbl_
imgdlu� MklZgh\db–FZdjhdhfZg^u–
<uihegblv� ba� \_jog_c� dhfZg^ghc
kljhdb� beb� `_� ijhklh� gZ`fbl_
h^gh\j_f_ggh�deZ\brb�{"MU��b�{'��
²� b� gZ� wdjZg_� ihy\blky� f_gx
bkiheg_gby� fZdjhdhfZg^� �jbk�� ������
GZ`fbl_� gZ� dghidm� \u[jZgghc
fZdjhdhfZg^u�²�b� \ky� aZihfg_ggZy� \
fZdjhdhfZg^_� ihke_^h\Zl_evghklv
hi_jZpbc� [m^_l� \uiheg_gZ
Z\lhfZlbq_kdb�Mkdhj_gguf� kihkh[hf
h^ghdjZlgh]h�bkiheg_gby�fZdjhdhfZg-
^u� y\ey_lky� h^gh\j_f_ggh_� gZ`Zlb_
deZ\brb�{"MU��b�pbnjh\hc�deZ\brb±
ghf_jZ�fZdjhdhfZg^u�Ijb� g_h[oh^bfhklb� fZdjhdhfZg^Z
fh`_l�[ulv�ih\lhj_gZ�lj_[m_fh_�qbkeh
jZa��>ey�wlh]h��ihke_�h^ghdjZlgh]h�bk-

iheg_gby�fZdjhdhfZg^u�ke_^m_l�ih\lhjgh�\ua\Zlv�f_gx�\uiheg_gby�fZd-
jhdhfZg^�� mklZgh\blv� \�g_f� lj_[m_fh_� qbkeh�ih\lhj_gbc� lhevdh� qlh� \u-
iheg_gghc�fZdjhdhfZg^u�b�gZ`Zlv�dghidm Ih\lhjblv.

G_j_^dh�\hagbdZ_l�g_h[oh^bfhklv�\uihegblv�dhgdj_lgmx�fZdjhdhfZg-
^m�kh�\k_fb�nZceZfb�ba�l_dms_]h�Zjob\Z��>ey�wlh]h�gm`gh�\�f_gx�\dex-
qblv�nhgZjbd <k_�nZceu.

ÃçßåðçðÚ�ãäÚåÕëÝÝ� Ijb�gZebqbb�\�fZdjhdhfZg^_�hldjuluo�hi_jZ-
pbc�²�©hklZgh\hdª�g_h[oh^bfh�\jmqgmx�\uihegblv�lj_[m_fu_�kblmZpb_c
hi_jZpbb��ihke_�q_]h�gZ`Zlv�{"MU��b�{'���^ey�ijh^he`_gby�Z\lhfZlbq_-
kdh]h�bkiheg_gby�fZdjhdhfZg^u�

µåêÝ×ð�áÕßåãßãáÕâÙ��L_dmsbc�gZ[hj�ba����fZdjhdhfZg^�fh`gh�kh-
ojZgblv� \� Zjob\_�� gZ`Z\� \� f_gx� fZdjhdhfZg^� dghidm� k� ibdlh]jZffhc
ql_gby��K�ihfhsvx�`_�dghidb�k�ibdlh]jZffhc�ql_gby�fh`gh�\\_klb�ba�Zj-
ob\Z�ex[hc�aZihfg_gguc�gZ[hj�fZdjhdhfZg^�

¶èéÚå�ãÖáÚâÕ

;mn_j� f_`ijh]jZffgh]h� h[f_gZ� �Clipboard)� y\ey_lky� qj_a\uqZcgh
m^h[guf� gh\h\\_^_gb_f� :LQGRZV� ^ey� i_j_^Zqb� bgnhjfZpbb� f_`^m� jZa-
ebqgufb�ijbeh`_gbyfb��Wlhl�[mn_j�fh`_l�khojZgylv�dZd�l_dklh\mx��lZd�b
]jZnbq_kdmx� bgnhjfZpbx�� aZ[jZggmx� ba� ex[uo� hdhg� beb� ijbeh`_gbc�
Bf_xsmxky�\�[mn_j_�bgnhjfZpbx�fh`gh�\klZ\blv�\�ex[h_�Zdlb\gh_�hdgh
beb�ihe_�\\h^Z�^jm]h]h�ijbeh`_gby�

Jbk��������F_gx�bkiheg_gby�fZd-
jhdhfZg^
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Ke_^m_l��h^gZdh��ihfgblv��qlh�ijb�hq_j_^ghf�aZ[hj_�\�[mn_j�gh\hc�bg-
nhjfZpbb��ij_^u^ms__�kh^_j`bfh_�[mn_jZ�l_jy_lky�

ÃäÚåÕëÝÝ� Qlh[u�kdhibjh\Zlv�\u^_e_ggmx�bgnhjfZpbx�ba�l_dms_]h
f_gx�beb�hdgZ�\�[mn_j�h[f_gZ�gm`gh�gZ`Zlv�h^gh\j_f_ggh�^\_�deZ\brb
{$USM��b�{$�.

Qlh[u�m^Zeblv�\u^_e_ggmx�bgnhjfZpbx�ba�l_dms_]h�f_gx�beb�hdgZ�b
i_j_g_klb�__�\�[mn_j�h[f_gZ�gm`gh�gZ`Zlv�^\_�deZ\brb�{$USM��b�{9�.

Qlh[u�\klZ\blv�bgnhjfZpbx�ba�[mn_jZ�h[f_gZ�\�Zdlb\gh_�hdgh�beb
f_gx�gm`gh�gZ`Zlv�^\_�deZ\brb�{$USM��b�{7�.

Kihkh[u� \u^_e_gby�bgnhjfZpbb� aZ\bkyl�hl� lbiZ�hdgZ�beb�f_gx��DZd
ijZ\beh��wlh�ijhba\h^blky�^\b`_gb_f�furb�k�gZ`Zlhc�e_\hc�dghidhc�beb
`_�^\b`_gb_f�dmjkhjZ�k�gZ`Zlhc�deZ\br_c�{4IJGU�.

<ur_ijb\_^_ggu_� khq_lZgby� deZ\br� f_`[mn_jgh]h� h[f_gZ� ^m[ebjm-
xlky�ihklhyggufb�bgkljmf_glZevgufb�dghidZfb�\�lj_lv_c�kljhd_�wdjZgZ
b�imgdlZfb�\udb^gh]h�f_gx�fhgblhjZ�aZibk_c��kf��jZa^�������

<gbfZgb_��Bgh]^Z� deZ\brgu_� hi_jZpbb� k� [mn_jhf� h[f_gZ� i_j_klZxl
jZ[hlZlv��Wlh�agZqbl��qlh�\u�kemqZcgh�i_j_dexqbebkv�\�jmkkdbc�j_]bklj�
ihwlhfm��d�ijbf_jm��\f_klh�{$USM�+{9��]_g_jbjm_lky�{$USM�+{Q�.

¿Õàñßèàôçãå

DZevdmeylhj� h[_ki_qb\Z_l� \uiheg_gb_� jZaebqguo� \kihfh]Zl_evguo
\uqbke_gbc�ih�\\h^bfuf�\ujZ`_gbyf�b�\uau\Z_lky�deZ\br_c�{$��beb�ih
\uiheg_gbx� jZa^_eZ�<uqbke_gby−DZevdmeylhjª� ba� \_jog_c� wdjZgghc� dh-
fZg^ghc�kljhdb�

<� wdjZgghf� [eZgd_� dZevdmeylhjZ� �jbk�� ������ bf_xlky� ke_^mxsb_� we_-
f_glu�

• \_jog__�ihe_�j_amevlZlZ�\u-
qbke_gby�

• ihe_�nhjfmeu�\uqbke_gbc�k
\udb^guf�kibkdhf�jZg__�\\_-
^_gguo�nhjfme�

• ijZ\uc�kibkhd�^himklbfuo�Ze-
]_[jZbq_kdbo�b�ljb]hghf_ljb-
q_kdbo�nmgdpbc�k�dghidhc�bo
i_j_ghkZ�\�ihe_�nhjfmeu�

• iZg_ev��\hkijhba\h^ysZy�pbn-
jh\mx�deZ\bZlmjm��^ey�gZ[hjZ
qbk_e�b�hi_jZpbc�

• dghidb�\uiheg_gby�\uqbke_-
gbc��{&OUFS���b�hlf_gu�dZev-

dmeylhjZ��{&TD�).
GZ[hj� nhjfmeu� �ihke_� Zdlb\baZpbb� __� ihey� s_eqdhf� furb�� fh`gh

ijhba\h^blv�b�iheghklvx�k�deZ\bZlmju��qlh�agZqbl_evgh�[uklj__�

Jbk��������DZevdmeylhj
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>ey�i_j_g_k_gby�\�ihe_�\\h^Z�m`_�]hlh\uo�nhjfme�ba�jZaebqguo�f_gx
b�hdhg�p_e_khh[jZagh�ihevah\Zlvky�[mn_jhf�h[f_gZ�

<�\udb^ghf�kibkd_�nhjfme�\uqbke_gbc�fh`gh�aZ]hlh\blv�^h����qZklh
bkihevam_fuo�nhjfme��>ey� lh]h� qlh[u� \\_klb� gh\mx�nhjfmem� \� kibkhd�
gZ^h�s_edgmlv�furvx�ih�khhl\_lkl\mxs_c�ihabpbb�\�kibkd_��ihke_�q_]h�\
ihe_�\\h^Z�nhjfmeu�\\_klb�gh\mx�nhjfmem��Ihke_�wlh]h�hgZ�[m^_l�khojZ-
g_gZ�\�wlhc�ihabpbb�kibkdZ�nhjfme�

Ijbf_j��>ey�\uqbke_gby� VLQ � � � FRV � � �� �� � � �+ �gZ[_jbl_�\�dZevdmeylh-

j_����SQRT(SIN(0.5)^2+COS(0.5)^2) .
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IJH<?>?GB?�BKKE?>H<:GBC
�©Qlh[u�ijZ\bevgh�aZ^Zlv�\hijhk

gm`gh�agZlv�[hevrmx�qZklv�hl\_lZª
>J��R_deb��Hl\_lqbd@

<�^Zgghc�]eZ\_�l_jfbgu�wdki_jbf_gl�b�bkke_^h\Zgb_�bkihevamxlky�dZd
kbghgbfu�b�h[hagZqZxl�ijhp_kk�j_]bkljZpbb�we_dljhnbabheh]bq_kdbo�ih-
dZaZl_e_c�\�l_q_gb_�g_dhlhjh]h�\j_f_gb��qZklh�^hihegy_fuc�jZaebqgufb
nbabheh]bq_kdbfb� ijh[Zfb� b� klbfmeypb_c�� <� gZmqguo� bkke_^h\Zgbyo
h[uqgh�]h\hjyl�h�ijh\_^_gbb�wdki_jbf_glh\�k�bkiulm_fuf��Z�\�f_^bpbg_
²�h�nmgdpbhgZevghf�bkke_^h\Zgbb�iZpb_glh\��G_ihkj_^kl\_gguc�ijhp_kk
j_]bkljZpbb�[bhkb]gZeh\�hl�iZpb_glZ� \� l_ogbq_kdhc� l_jfbgheh]bb�gZau-
\Z_lky�j_`bfhf�j_Zevgh]h�\j_f_gb�beb�`_�j_Zevguf�j_`bfhf.

�����Lbih\u_�bkke_^h\Zgby
Q_f�hlebqZ_lky�h^gh�bkke_^h\Zgb_�hl�^jm]h]h"�DZdb_�ihdZaZl_eb�b�iZ-

jZf_lju�hij_^_eyxl�b�bkq_jiu\Zxs_�oZjZdl_jbamxl�dhgdj_lgh_�bkke_^h-
\Zgb_"�DZdb_�agZq_gby�g_h[oh^bfh�b�^hklZlhqgh�aZ^Zlv�gZ�wlZi_�ieZgbjh-
\Zgby� wdki_jbf_glZ"�Hl\_lu�gZ� wlb� \hijhku�hlghkylky� d� wlZim� ��fh^_eb
^_yl_evghklb�we_dljhnbabheh]Z� �jbk�� ������<�g_h[oh^bfuc�b�^hklZlhqguc
dhfie_dl�^ey�lbih\h]h�bkke_^h\Zgby�\oh^yl�ke_^mxsb_�hij_^_e_gby�
aZ]heh\hd�²�iZkihjlgu_�^Zggu_�wdki_jbf_glZ�b�bkiulm_fh]h�
qbkeh�h^gh\j_f_ggh�j_]bkljbjm_fuo�\oh^guo�ZgZeh]h\uo�dZgZeh\��nb-
abheh]bq_kdbo�ihdZaZl_e_c��hl\_^_gbc��

bo�h[hagZq_gb_��lbi�b�jZkiheh`_gb_��fhglZ`�^ey�WW=��
ihdZgZevgu_�dhwnnbpb_glu�mkbe_gby�b�nbevlju�\_jogbo�b�gb`gbo�qZk-
lhl�

qZklhlZ�hpbnjh\db��^bkdj_lbaZpbb��[bhkb]gZeh\�
\j_f_gghc�bgl_j\Ze�g_ij_ju\gh]h�gZ[ex^_gby�
^hihegbl_evgh�fh`_l�[ulv�ijhba\_^_gZ�j_]bkljZpbb�^bkdj_lguo�kb]gZeh\�
j_`bf�fhgblhjbjh\Zgby��\bamZebaZpbb��[bhkb]gZeh\��h^gh\j_f_ggh�k�j_-

]bkljZpb_c��hleh`_gguc�ihke_�gZdhie_gby�hq_j_^gh]h�bgl_j\ZeZ�gZ-
[ex^_gby�beb�hlkmlkl\b_�fhgblhjbjh\Zgby��gZijbf_j��ijb�g_h[oh^bfh-
klb�bkihevah\Zgbb�wdjZgZ�^ey�^jm]bo�p_e_c��

qbkeh�fhgblhjbjm_fuo�dZgZeh\�
kl_i_gv�k`Zlby�\j_f_gghc�jZa\_jldb��^ey�f_^e_ggh�baf_gyxsboky�[bh-
kb]gZeh\��

bfy�nZceZ�aZibkb�[bhkb]gZeh\�
Ijhba\_^_ggu_� mklZgh\db� ke_^m_l� hijh[h\Zlv� \� jy^_� ijh[guo� imkdZo

wdki_jbf_glZ�b�khojZgblv�\�Zjob\_�^ey�ih\lhjguo�bkihevah\Zgbc�
<�jy^_�ki_pbZevguo�bkke_^h\Zgbc�lj_[m_lky�lZd`_�
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Z� aZ^Zgb_� Z\lhfZlbq_kdh]h� \uiheg_gby� wdki_jbf_glZ� �ijhlhdhe�� kf�
jZa^��������

[� \uiheg_gb_�wdkij_kk−ZgZebaZ�[bhkb]gZeh\�\�j_Zevghf�\j_f_gb�k�fhgb-
lhjbjh\Zgb_f�_]h�j_amevlZlh\��kf��\�jZa^��������

\� dhgkljmbjh\Zgb_� ki_pbZevguo� klbfmeylhjh\� b� kj_^kl\� ij_^ty\e_gby
bgnhjfZpbb��kf��jZa^��������
H[uqgh�lbih\u_�bkke_^h\Zgby�ijh\h^ylky�ih�klZg^Zjlguf�f_lh^bdZf�

^ey�dhlhjuo�bf_xlky�]hlh\u_�ieZgu��dhlhju_�jZkkfhlj_gu�\�jZa^_eZo�Lb-
ih\u_� bkke_^h\Zgby� khhl\_lkl\mxsbo� ]eZ\�� <� wlhf� kemqZ_� g_h[oh^bfh
ijhklh�\u[jZlv�ba�Zjob\Z�khhl\_lkl\mxsbc�nZce�ieZgZ�bkke_^h\Zgby�b�aZ-
imklblv�j_`bf�j_Zevgh]h�\j_f_gb��kf��jZa^��2.3).

ÁÚâó�äàÕâÝåã×ÕâÝô�ÝææàÚÙã×ÕâÝô�
<oh^� \� j_`bf� bkke_^h\Z-

gby�ijhba\h^blky�bkiheg_gb-
_f� imgdlZ� Bkke_^h\Zgb_� ba
\_jog_c� dhfZg^ghc� kljhdb
beb� deZ\br_c� {'���� \� j_-
amevlZl_� q_]h� ihy\ey_lky� f_-
gx� ieZgbjh\Zgby� bkke_^h\Z-
gby��jbk�������

>ey�ql_gby�]hlh\h]h�ieZgZ
lbih\h]h�bkke_^h\Zgby�\�wlhf
f_gx� ^hklZlhqgh� gZ`Zlv
dghidm� Ql_gb_� beb� wd\b\Z-
e_glgmx� _c� deZ\brm� {'��� b
gZ� wdjZg_� ihy\blky� h]eZ\e_-

gb_� l_dms_]h� ^bkdh\h]h� Zjob\Z� kh� kibkdhf�nZceh\� lbiZ� �&$3� �kf�� jZa^�
������Ba�wlh]h�Zjob\Z�\u[_jbl_�gm`guc�nZce�b�gZ`fbl_�{&OUFS��²�ieZg
bkke_^h\Zgby�\\_^_g�

>ey�dhjj_dlbjh\db� lbih\h]h�ieZgZ�beb�^ey� khklZ\e_gby�gh\h]h�ieZgZ
ki_pbZevgh]h� bkke_^h\Zgby� ke_^m_l� \hkihevah\Zlvky� ^jm]bfb� \hafh`gh-
klyfb�f_gx��jZkkfhlj_ggufb�\�jZa^������

ÄãåôÙãß�ÜÕäèæßÕ� Ihke_�ql_gby�ieZgZ�bkke_^h\Zgby�ke_^m_l�\�lhf�`_
f_gx�mdZaZlv�gZbf_gh\Zgb_�nZceZ��\�dhlhjuc�[m^ml�aZibku\Zlvky�[bhkb]-
gZeu��>ey�mkdhj_gby�^Zgghc�hi_jZpbb�kijZ\Z�hl�ihey�\\h^Z�nZceZ�bf__lky
dghidZ�\udb^gh]h�kibkdZ��dhlhjuc�ojZgbl�gZbf_gh\Zgby����nZceh\�aZib-
k_c��>ey�baf_g_gby�ojZgbfh]h�bf_gb�\�wlhf�kibkd_�ke_^m_l�\u[jZlv�gm`-
gmx�ihabpbx�b�\�ihe_�\\h^Z�gZ[jZlv�gh\h_�gZbf_gh\Zgb_��ihke_�wlh]h�\\_-
^_ggh_� bfy� nZceZ� [m^_l� aZihfg_gh� \� khhl\_lkl\mxs_c� ihabpbb� kibkdZ�
Djhf_�lh]h��^\hcghc�s_eqhd�furvx�ih�ihex�\\h^Z�bf_gb�nZceZ�\uau\Z_l
klZg^Zjlguc�[eZgd�ql_gby−aZibkb� �kf��jZa^�� ������ba�h]eZ\e_gby�dhlhjh]h
fh`gh�\u[jZlv�bfy�ih^oh^ys_]h�nZceZ�beb�`_�i_j_dexqblvky�gZ�^jm]hc
Zjob\��iZidm��

Jbk�������F_gx�ieZgbjh\Zgby�bkke_^h\Zgby
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Ijbf_qZgb_��^ey�lh]h��qlh[u�\�[eZgd_�ql_gby−aZibkb�nZceu� k� lZdbfb
bf_gZfb� [ueb� mihjy^hq_gu� ih� \j_f_gb� kha^Zgby�� ke_^m_l� \� jZa^_e_
International� mklZgh\hd� :LQGRZV� baf_gblv� nhjfZl� ^Zlu� \� ihjy^d_�
=h^−f_kyp−qbkeh.

>Ze__� ke_^m_l�\uihegblv�imgdl�AZ]heh\hd�b�\\_klb� �beb� kdhjj_dlbjh-
\Zlv��iZkihjlgu_�^Zggu_�iZpb_glZ�b�bkke_^h\Zgby��dhlhju_�[m^ml�\�Zjob\_
khijh\h`^Zlv� \uiheg_ggu_� \Zfb� aZibkb� �kf�� jZa^�� 2.2). >ey� mkdhj_gby
wlhc�hi_jZpbb�^ey�m`_�bf_xs_]hky�\�Zjob\_�iZpb_glZ�ke_^m_l�gZ`Zlv�gZ
[eZgd_�dghidm�k�ibdlh]jZffhc�ql_gby�b�\�ihy\b\r_fky�[eZgd_�ql_gby�\u-
[jZlv�khhl\_lkl\mxsbc�nZce��\hafh`gh�\hkihevah\Z\rbkv�b�k_j\bkhf�[Z-
au�^Zgguo��kf��jZa^�������

Ihke_�wlh]h�fh`gh�aZimklblv�\uiheg_gb_�bkke_^h\Zgby��beb�j_`bf�j_-
Zevgh]h�\j_f_gb���gZ`Z\�dghidm�KlZjl��GZ�wdjZg_�wdki_jbf_glZlhj�\b^bl
fhgblhjbjh\Zgb_� [bhkb]gZeh\� khhl\_lkl\_ggh� mklZgh\e_gghfm� \� ieZg_
qbkem� hl\_^_gbc� �dZgZeh\��� qZklhl_� ^bkdj_lbaZpbb� b� ^jm]bf� iZjZf_ljZf
ieZgZ�

Ijh[guc�aZimkd� ?keb�bfy�nZceZ�aZibkb�\�f_gx�ieZgbjh\Zgby�g_�mdZ-
au\Zlv��lh�b�nbabq_kdhc�aZibkb�[bhkb]gZeh\�gZ�^bkd�g_�[m^_l��Wlhl�j_`bf
iha\hey_l� m[_^blvky� \� ijZ\bevghklb� \u[jZgguo� mklZgh\hd� b� mkbe_gby�
<ha\jZlb\rbkv� \� ]heh\gh_�f_gx��fh`gh�ijhba\_klb�i_j_mklZgh\dm�iZjZ-
f_ljh\�� AZimkd� [_a� aZibkb� [bhkb]gZeh\� fh`_l� bf_lv� b� kZfhklhyl_evgh_
agZq_gb_��_keb�bkke_^h\Zgb_�ij_^iheZ]Z_l�lhevdh�\bamZevgh_�ke_`_gb_�aZ
fhgblhjhf�[bhkb]gZeh\�

ÈäåÕ×àÚâÝÚ� ÜÕäÝæñó� H[uqgh� debgbq_kdb_� bkke_^h\Zgby� ih� lbih-
\uf�ieZgZf�ijh\h^ylky�[_a�baebrgbo�obljhkl_c�lbiZ�gZebqby�ijhlhdheZ
beb� wdkij_kk–ZgZebaZ��<� wlhf� kemqZ_�\dexq_gb_�\udexq_gb_� aZibkb�[bh-
kb]gZeh\�\�^bkdh\uc�nZce�hkms_kl\ey_lky�deZ\br_c�{'����ih^jh[g__�kf�
jZa^��2.3).

·ðêãÙ�ÝÜ�åÚÕàñâãØã�åÚÛÝáÕ� >ey�ij_ju\Zgby�\uiheg_gby�bkke_^h-
\Zgby�b�\ha\jZlZ�\�f_gx�ieZgbjh\Zgby�gZ`fbl_�deZ\brm�{&TD���Hlf_gZ
�k[jhk��f_gx�ieZgbjh\Zgby�ijhba\h^blky�lZd`_�deZ\br_c�{&TD�.

�����IeZgbjh\Zgb_�gh\h]h
bkke_^h\Zgby

Wlhl�wlZi�ijbkmlkl\m_l�lhevdh�\�kemqZ_�j_ZebaZpbb�gh\hc�f_lh^bdb�b
k\yaZg�k�gZkljhcdZfb�j_`bfh\�j_]bkljZpbb�b�ihjy^dZ�ijh\_^_gby�bkke_^h-
\Zgby��A^_kv�g_h[oh^bfh�hij_^_eblv�lZdb_�iZjZf_lju��dZd��qbkeh��gZbf_-
gh\Zgb_�b�jZkiheh`_gb_�hl\_^_gbc��qZklhlm�^bkdj_lbaZpbb�[bhkb]gZeh\�b
\j_f_gghc� bgl_j\Ze� bo� g_ij_ju\ghc� j_]bkljZpbb�� ijhlhdhe� j_Zevgh]h
\j_f_gb�b�wdkij_kk±ZgZeba��iZkihjlgu_�^Zggu_�iZpb_glZ��gZkljhcdb�[bh-
mkbebl_ey�b�ij�

ÁÚâó� äàÕâÝåã×ÕâÝô��H[uqgh� mklZgh\db� lZdbo� iZjZf_ljh\� ]jmiib-
jmxlky�\�ki_pbZevghf�f_gx��ijbf_j�dhlhjh]h�ijb\_^_g�gZ�jbk�������Gb`_
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jZkkfhlj_gu�hkgh\gu_�dhfihg_glu�ieZgZ�bkke_^h\Zgby��ij_^klZ\e_ggu_�\
f_gx�bkihegbl_evgufb�dghidZfb�b�iheyfb�\\h^Z�

¼ÕØãàã×ãß�ÝææàÚÙã×ÕâÝô� AZ]heh\hd�ieZgZ�bkke_^h\Zgby�nhjfbjm_l-
ky�aZiheg_gb_f�ki_pbZevgh]h�[eZgdZ��jbk�������b�aZ]heh\hqgZy�bgnhjfZpby
aZghkblky�lZd`_�\�dZ`^uc�nZce�j_]bkljbjm_fuo�[bhkb]gZeh\�b�\dexqZ_l
ke_^mxsb_�ihabpbb�

Mqj_`^ —�gZbf_gh\Zgb_�mq-
j_`^_gby��ijh\h^ys_]h�bk-
ke_^h\Zgb_��\�wlh�ihe_�^hk-
lZlhqgh�h^bg�jZa�\\_klb
gZbf_gh\Zgb_��

Hl^_e —�gZbf_gh\Zgb_�hl^_-
eZ�mqj_`^_gby��ijh\h^ys_-
]h�bkke_^h\Zgb_��^hklZlhq-
gh�h^ghdjZlgh]h�\\h^Z�gZ-
bf_gh\Zgby�hl^_eZ��

NBH —�nZfbeby��bfy��hlq_-
kl\h�iZpb_glZ�

Dh^ —�dh^h\h_�h[hagZq_gb_
iZpb_glZ�

Jh`^ —�^ZlZ�jh`^_gby�beb
\hajZkl�iZpb_glZ�

Ihe — F�@�
=jmiiZ —�ijbgZ^e_`ghklv�iZpb_glZ�d�hij_^_e_gghc�dZl_]hjbb�
Ijh[Z —�oZjZdl_jbam_l�ijh\h^bfh_�bkke_^h\Zgb_��gZbf_gh\Zgb_��hl\_^_-
gby��mkeh\by�b�ij���

>bZ]g —�djZldh_�ij_^\Zjbl_evgh_�aZdexq_gb_�ih�khklhygbx�iZpb_glZ�
FZdkbfZevgZy�^ebgZ�ihabpbc�\�aZ]heh\d_�khklZ\ey_l����kbf\heh\�
DZd�fh`gh� aZf_lblv�� kljmdlmjZ� aZ]heh\dZ� hjb_glbjh\ZgZ� gZ� debgbq_-

kdmx�ijZdlbdm��\�gZmqguo�`_�bkke_^h\Zgbyo�wlb�ihabpbb�fh]ml�bkihevah-
\Zlvky�ih�mkfhlj_gbx�bkke_^h\Zl_ey�

H^gZdh�\�ex[hf�kemqZ_�ihe_agh�kjZam�`_�\ujZ[hlZlv�hij_^_e_ggmx�^bk-
pbiebgm�aZiheg_gby�ihabpbc�aZ]heh\dZ��qlh�iha\hebl�wnn_dlb\gh�bkihevah-
\Zlv�fhsgu_�f_oZgbafu�ZkkhpbZlb\gh]h�ihbkdZ�bgnhjfZpbb��kf��jZa^��3.2),
[_a�dhlhjuo�ljm^gh�hjb_glbjh\Zlvky�\�[hevrbo�Zjob\Zo��:�lZdb_�Zjob\u�jZ-
gh�beb�iha^gh�gZdhiylky�m�ex[h]h�^_ckl\bl_evgh]h�bkke_^h\Zl_ey�

AZ]heh\hd�fh`_l�nhjfbjh\Zlvky�ba�f_gx�ieZgbjh\Zgby�i_j_^�aZimkdhf
bkke_^h\Zgby�b�baf_gylvky�^ey�nZceZ�ba�Zjob\Z�ba�imgdlZ�MklZgh\db�\_jo-
g_c�dhfZg^ghc�kljhdb��<�ex[hf�kemqZ_�gZ�wdjZg_�ihy\ey_lky�[eZgd�k�ihey-
fb�^ey�\\h^Z�\ur_i_j_qbke_gguo�ihabpbc�

>ey�ihe_c�\\h^Z�NBH��Ijh[Z, =jmiiZ�b�>bZ]gha�bf_xlky�dghidb�\uiZ-
^Zxsbo�kibkdh\��kh^_j`Zsb_�^h����lbih\uo�l_dklh\��khojZgy_fuo�hl�k_-
ZgkZ�d�k_Zgkm��<u[hj�ba�kibkdZ�hkms_kl\ey_lky�s_eqdhf�furvx��>ey�mk-
lZgh\db� \� kibkhd� gh\h]h� lbih\h]h� l_dklZ� ke_^m_l� \u[jZlv� khhl\_lkl\mx-
smx�ihabpbx�\�kibkd_�b�gZ[jZlv�\�ihe_�\\h^Z�gh\uc�l_dkl�

Jbk�������;eZgd�\\h^Z�aZ]heh\dZ�bkke_^h\Z-
gby
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Bf__lky�lZd`_�m^h[gZy�\hafh`ghklv�kjZam�`_�\\_klb�\k_�ihabpbb�aZ]h-
eh\dZ�ba�jZg__�ijhba\_^_gghc�aZibkb��>ey�wlh]h�ke_^m_l�gZ`Zlv�gZ�[eZgd_
dghidm�k�ibdlh]jZffhc�ql_gby�b�\�ihy\b\r_fky�[eZgd_�ql_gby�\u[jZlv�kh-
hl\_lkl\mxsbc� nZce� iZpb_glZ�� \hafh`gh� \hkihevah\Z\rbkv� b� k_j\bkhf
[Zau�^Zgguo��kf��jZa^�������

ÌÝæàã� ãç×ÚÙÚâÝÞ�� beb� qbkeh� ZgZeh]h\uo� dZgZeh\� j_]bkljZpbb�� beb
qbkeh�[bhwe_dljbq_kdbo�hl\_^_gbc�hl�iZpb_glZ�fh`_l�khklZ\eylv�hl� ��^h
��� �gh�g_� [he__� qbkeZ� dZgZeh\� [bhmkbebl_ey��b� mklZgZ\eb\Z_lky�gZ[hjhf
agZq_gby�k�deZ\bZlmju�\�ihe_�\\h^Z�

ÌÕæçãçÕ�åÚØÝæçåÕëÝÝ� hij_^_ey_l� ^bkdj_lbaZpbx� kbkl_fgh]h� \j_f_-
gb�� K� wlhc� qZklhlhc� ijhba\h^blky� \\h^� ZgZeh]h\uo� kb]gZeh\� k�:PI� ih
\k_f�mklZgh\e_gguf�dZgZeZf��\\h^�^bkdj_lguo�kb]gZeh\�b�hljZ[hldZ�ijh-
lhdheZ�mijZ\e_gby��QZklhlZ�j_]bkljZpbb�fh`_l�khklZ\eylv�hl����=p�^h���
d=p�b�mklZgZ\eb\Z_lky�gZ[hjhf�agZq_gby�k�deZ\bZlmju�\�ihe_�\\h^Z�

>ey� h[uqguo� debgbq_kdbo� bkke_^h\Zgbc� �WW=��WD=��J=�� j_]bkljZpby
kb]gZeh\�ijhba\h^blky�k�qZklhlhc�hl� ����^h� ����=p��^ey�klbfmeypbhgghc
fbh]jZnbb�²�hl�����=p�^h���d=p��ijb�bkke_^h\Zgbb�dhjhldheZl_glguo�<I
fh]ml�ihlj_[h\Zlvky�b�[he__�\ukhdb_�qZklhlu�hl���^h����d=p�

<� h[s_f� kemqZ_� \u[hj� qZklhlu� ^bkdj_lbaZpbb� hij_^_ey_lky� \_jog_c
qZklhlhc�ijhp_kkh\��dhlhju_�g_h[oh^bfh�aZj_]bkljbjh\Zlv�beb�ZgZebabjh-
\Zlv��Kh]eZkgh�l_hjbb�jZ^bhl_ogbdb��l_hj_fZ�Dhl_evgbdh\Z�b�ke_^kl\by�ba
g__��^ey�\u^_e_gby�]Zjfhgbq_kdhc�khklZ\eyxs_c�\�ki_dlj_�k�\_jog_c�qZk-
lhlhc�f�g_h[oh^bfZ�qZklhlZ�^bkdj_lbaZpbb�\oh^gh]h�kb]gZeZ�g_�f_g__��f �Z
^ey� gZ^_`ghklb�� �f–5f). H^gZdh� _keb� g_h[oh^bfh� ohjhrh� \hkijhba\_klb
nhjfm�\ukhdhqZklhlguo�khklZ\eyxsbo�kb]gZeZ��lh�ke_^m_l�bf_lv�g_�f_g__
�±���baf_j_gbc�Zfieblm^u�gZ�i_jbh^�dhe_[Zgbc��ihwlhfm�b�qZklhlZ�^bk-
dj_lbaZpbb�\�wlhf�kemqZ_�^he`gZ�[ulv�g_�f_g__��f –10f.

½âçÚå×Õà� âÕÖàóÙÚâÝô� mklZgZ\eb\Z_lky� \u[hjhf� ba� \uiZ^Zxs_]h
f_gx�b�ij_^klZ\ey_l�kh[hc�\j_f_gghc�ijhf_`mlhd��\�l_q_gb_�dhlhjh]h�j_-
]bkljbjm_fu_� [bhkb]gZeu� [m^ml�gZdZieb\Zlvky� \� hi_jZlb\ghc�iZfylb� ^h
aZibkb�bo�gZ�fZ]gblguc�^bkd��<�kljmdlmj_�nZceZ�^Zgguo�bgl_j\Ze�gZ[ex-
^_gby�hij_^_ey_l�^ebgm�h^ghc�aZibkb��kf��gb`_��

Ihkdhevdm� hi_jZpby� aZibkb�gZ� ^bkd� aZgbfZ_l�g_dhlhjuc� hlj_ahd� \j_-
f_gb�� lh�ijhp_kk� j_]bkljZpbb� [m^_l�bf_lv�g_[hevrb_�i_j_ju\u��Hp_gdZ
lZdh]h�i_j_ju\Z�aZ\bkbl�hl�fgh]bo�nZdlhjh\��[ukljh^_ckl\by�ijhp_kkhjZ�
`_kldh]h�^bkdZ�b�^j���b�h[uqgh�khklZ\ey_l�hl����^h����fk��Ihke_�lZdh]h�g_-
[hevrh]h�i_j_ju\Z�fh`_l�[ulv�aZibkZg�ke_^mxsbc�bgl_j\Ze�b�lZd�^Ze__�
ihdZ�o\Zlbl�^bkdh\h]h�ijhkljZgkl\Z��Ihwlhfm�\u[hj�bgl_j\ZeZ�hij_^_ey-
_lky�ihlj_[ghklyfb�dhgdj_lgh]h�bkke_^h\Zgby��beb�ijhba\h^blv�^ebggu_
aZibkb�beb�`_�aZibku\Zlv�k_jbx�dhjhldbo�gZ[ex^_gbc��Kj_^kl\Z�ZgZebaZ
iha\heyxl�h[jZ[Zlu\Zlv�b�l_��b�^jm]b_�aZibkb��<�debgbq_kdbo�bkke_^h\Z-
gbyo�WW=��WD=��J=�h[uqgh�bkihevamxl�bgl_j\Zeu�hl����k�^h��–��fbgml�

Ijbf_qZgb_�� mklZgh\e_gguc� bgl_j\Ze� gZ[ex^_gby� b]ghjbjm_lky�� _keb
bkke_^h\Zgb_� \uihegy_lky� ih� ijhlhdhem�� \� wlhf� kemqZ_� ij_^iheZ]Z_lky�
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qlh� j_]mebjh\Zgb_� ^ebl_evghklb� aZibkb� hkms_kl\ey_lky� q_j_a� ijhlhdhe
�kf��jZa^��10.1).

ÈæçÕâã×ßÕ�ãç×ÚÙÚâÝÞ�ijhba\h^blky�h^ghbf_gghc�dghidhc�f_gx�ieZ-
gbjh\Zgby� bkke_^h\Zgby�� \uau\Zxs_c� wdjZgguc� [eZgd� �jbk�� ����� kh� ke_-
^mxsbfb�we_f_glZfb�   
—�lZ[ebpZ��]^_�\�ihjy^d_�dZgZeh\�mklZgZ\eb\Zxlky�lbi�b�h[hagZq_gb_�hl-
\_^_gbc��dhwnnbpb_glu�mkbe_gby�b�nbevlju�\ukhdbo�b�gbadbo�qZklhl�

—�dghidZ�^ey�mklZgh\db�jZkiheh`_gby�hl\_^_gbc��iZjguo�k\ya_c�b�i_j_-
klZgh\db�dZgZeh\�

—�dghidZ�baf_j_gby�bfi_^ZgkZ�beb�f_`we_dljh^gh]h�khijhlb\e_gby��ij_-
bfms_kl\_ggh�^ey�WW=��

Jbk�������;eZgd�mklZgh\db�hl\_^_gbc
Jbk�������;eZgdb�\u[hjZ�lbiZ

hl\_^_gby�b�iZjZf_ljh\�mkbebl_ey

GZbf_gh\Zgb_� hl\_^_gby� �^h� lj_o� kbf\heh\�� \\h^blky� gZ[hjhf� k� deZ-
\bZlmju��MklZgh\dZ�lbiZ�hl\_^_gby��dhwnnbpb_glZ�mkbe_gby��N<Q�b�NGQ
gZqbgZ_lky�s_eqdhf�furb�ih�khhl\_lkl\mxs_c�ihabpbb��q_f�\uau\Z_lky
^hihegbl_evguc� kibkhd� agZq_gbc� �jbk�� ������ \u[hj� ba� dhlhjh]h� ijhba\h-
^blky�^\hcguf�s_eqdhf�furb���Ijb�\bamZebaZpbb�aZibk_c�WW=�hl\_^_gbc
hgb�hlh[jZ`Zxlky�g_]Zlb\ghklyfb�\\_jo�

 ÁãâçÕÛ� Ý� äÕåð��Ijb� gZ`Zlbb� gZ� h^ghbf_ggmx� dghidm� ihy\ey_lky
[eZgd�mklZgh\db�ko_fu�hl\_^_gbc��jbk���������Wlhl�`_�[eZgd�\uau\Z_lky�ba
imgdlZ� \udb^gh]h�f_gx�MklZgh\db� \_jog_c�dhfZg^ghc� kljhdb� �kf��jZa^�
�����^ey�dhjj_dlbjh\db�ZgZebabjm_fhc�aZibkb��<�wlhf�[eZgd_�fh`gh�baf_-
gblv�lbi�b�gZbf_gh\Zgby�hl\_^_gbc��Djhf_�wlh]h�\�g_f�ijbkmlkl\mxl�ke_-
^mxsb_�we_f_glu�
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ijZ\h_�ihe_�kh�ko_fhc�jZkiheh`_-
gby� hl\_^_gbc� �fhglZ`�� ijb-
f_gy_lky� lhevdh� ^ey�WW=�� k� mk-
eh\ghc�ko_fhc�]heh\gh]h�fha]Z�
\dexqZxs_c� mkeh\gh_� h[hagZ-
q_gb_�hkgh\guo�[hjha^��

\udb^ghc� kibkhd� J_n_j_gl� ^ey
\u[hjZ� h[hagZq_gby� j_n_j_gl-
gh]h�hl\_^_gby��^ey�WW=��

dghidZ� IZju�� mklZgZ\eb\ZxsZy
j_`bf� nhjfbjh\Zgby� ko_fu
iZjguo� k\ya_c� f_`^m� hl\_^_-
gbyfb��^ey�WW=��

bg^bdZlhj� mkeh\guo� dhhj^bgZl
jZkiheh`_gby� hl\_^_gby� �^ey
WW=��

dghidZ Ml\_j^blv��ml\_j`^Zx-
sZy�ijhba\_^_ggu_�mklZgh\db�b�hlf_gyxsZy�[eZgd�
:dlb\baZpby�hl\_^_gby�ijhba\h^blky�s_eqdhf�furb�ih�_]h�h[hagZq_-

gbx�beb�s_eqdhf�dghidb�gZ�ko_f_�fhglZ`Z��Ih�kibkdm�hl\_^_gbc�fh`gh
^\b]Zlvky�b�deZ\brZfb�{1BHF6Q�, {1BHF%PXO�.

>ey� \k_o� hl\_^_gbc� ke_^m_l� knhjfbjh\Zlv� bo� h[hagZq_gby� � �^h� lj_o
kbf\heh\�� \� lj_lv_c�ihabpbb� lZ[ebpu��>ey� wlh]h�gZ^h� ^\Z`^u� k�g_[hev-
rbf�bgl_j\Zehf�s_edgmlv�furvx�ih�h[hagZq_gbx�hl\_^_gby�b�gZ[jZlv�k
deZ\bZlmju�_]h�gh\h_�h[hagZq_gb_�

Ijb� [ukljhf� ^\hcghf�s_eqd_� e_\hc� dghidhc�furb�fh`gh� baf_gblv
lbi�hl\_^_gby�\u[hjhf�ba����\ZjbZglh\��Ijb�mklZgh\d_�WW=�lbiZ�gZ�ko_f_
fha]Z�ihy\ey_lky�dghidZ�k�h[hagZq_gb_f�hl\_^_gby�

ÅÕæäãàãÛÚâÝÚ�ãç×ÚÙÚâÝÞ��Dghidm�Zdlb\gh]h�hl\_^_gby��hgZ�\u^_ey_l-
ky�dmjkb\hf��fh`gh�i_j_f_klblv�furvx�\�gm`gmx�ihabpbx�gZ�ko_f_�ijb�gZ-
`Zlhc�e_\hc�dghid_�furb��;he__�lhqgh_�i_j_f_s_gb_�WW=−hl\_^_gbc�^hklb-
]Z_lky�ijb�bkihevah\Zgbb�deZ\br�mijZ\e_gby�dmjkhjhf�{↑�, {↓�, {←�, {→�
F�^hihegbl_evguf�dhgljhe_f�ih�dhhj^bgZlZf�jZkiheh`_gby�hl\_^_gby�\�gb`-
g_c�kljhd_�[eZgdZ��baf_gyxlky�hl�−���^h������

J_n_j_gl��Ih�gZ`Zlbx�dghidb�\udb^gh]h�kibkdZ�J_n_j_gl�ihy\eyxl-
ky�k_fv�imgdlh\�\u[hjZ��G_l�²�j_n_j_gl�hlkmlkl\m_l��::�²�h[t_^bg_g-
gu_�mrb��:1�²�e_\h_�moh��:��²�ijZ\h_�moh��:9�²�h[sbc��FF�²�fZklhb-
^u��;I�²�[biheyjgu_��hij_^_ey_fu_�ko_fhc�iZjguo�k\ya_c��<u[hj�j_n_-
j_glZ�y\ey_lky�qbklh�bgnhjfZpbhgghc�hi_jZpb_c��ihke_�dhlhjhc�j_n_j_gl
[m^_l�hlh[jZ`Zlvky�\�fhgblhj_�aZibk_c�ihke_�gZbf_gh\Zgby�hl\_^_gby�

IjZ\Zy� dghidZ�furb�gZ^� kibkdhf� hl\_^_gbc
\uau\Z_l� f_gx� k� lj_fy� hi_jZpbyfb�� Baf_gblv
lbi� hl\_^_gby� �jZkkfhlj_gZ� \ur_��� Ko_fZ

Jbk�������;eZgd�mklZgh\db�ko_fu�jZkiheh-
`_gby��fhglZ`Z��hl\_^_gbc
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10−20%�iha\hey_l� knhjfbjh\Zlv� klZg^Zjlgmx� ko_fm�WW=−hl\_^_gbc�beb
__�khdjZs_gguc�\ZjbZgl�b Baf_gblv�ihjy^hd.

ÄãåôÙãß� ßÕâÕàã×��Ijb� \uiheg_gbb�imgdlZ Baf_gblv� ihjy^hd�ihy\-
ey_lky�[eZgd��jbk��������\�ijZ\hc�qZklb�dhlhjh]h�jZkiheZ]Z_lky�lZ[ebpZ��e_-
\uc�klhe[_p� kh^_j`bl�h[hagZq_gby�hl\_^_gbc��Z�ijZ\uc�²�bo�gh\u_�ih-
jy^dh\u_�ghf_jZ�

Gh\u_�ihjy^dh\u_�ghf_jZ�ke_^h\Zgby�hl-
\_^_gbc� ih� dZgZeZf� fh`gh� knhjfbjh\Zlv
h[uqguf� deZ\bZlmjguf� j_^Zdlbjh\Zgb_f�
Fh`gh� lZd`_� m^Zeblv� g_dhlhju_� dZgZeu�
ijhklZ\b\�gme_\uo�ihjy^dh\u_�ghf_jZ��?keb
g_dhlhju_�i_j_klZgh\db�hl\_^_gbc�qZklh�ih-
\lhjyxlky�� lh� ^ey� khdjZs_gby� jmlbgghc� jZ-
[hlu�ke_^m_l�bo�khojZgblv�\�hl^_evghf�nZc-
e_��Z�aZl_f�ijhklh�kqblu\Zlv�ba�Zjob\Z��dghi-
db KhojZgblv� b�QblZlv��� Qlh[u� \hkklZgh-
\blv�\�lZ[ebp_�h[uqgmx�gmf_jZpbx�dZgZeh\�
ke_^m_l�gZ`Zlv�dghidm H[gh\blv.

DghidZ I_j_klZ\blv�baf_gy_l�ihjy^hd�dZgZeh\��Z��_keb�[eZgd�\ua\Zg�ba
imgdlZ�MklZgh\db�\_jog_c�dhfZg^ghc�kljhdb��lh�i_j_klZ\eyxlky�dZgZeu�\
kZfhf�jZ[hq_f�nZce_�aZibk_c��[��_keb�`_�[eZgd�hl\_^_gbc�\ua\Zg�ba�f_gx
ieZgbjh\Zgby�bkke_^h\Zgby�� lh�baf_gy_lky�ihjy^hd� dZgZeh\�ijb� j_]bkljZ-
pbb�kb]gZeh\�\�j_Zevghf�\j_f_gb��ijb�wlhf�_keb�g_dhlhju_�dZgZeu�m^Zey-
xlky��lh�\�f_gx�ieZgbjh\Zgby�ke_^m_l�mf_gvrblv�qbkeh�dZgZeh\�j_]bkljZ-
pbb��>ey�hlf_gu�[eZgdZ�ihjy^dZ�dZgZeh\�gm`gh�gZ`Zlv�dghidm AZdjulv.

¶àÕâß�äÕåâðê�æ×ôÜÚÞ�
Ih� gZ`Zlbx� dghidb� IZju� gZ

[eZgd_� hl\_^_gbc� \� ijZ\hc� qZklb
wdjZgZ� ihy\ey_lky� ko_fZ� iZjguo
k\ya_c� f_`^m� hl\_^_gbyfb� �jbk�
������ ]^_�k\yab�hlf_q_gu� a_e_gufb
ebgbyfb��Z�Zdlb\gZy�k\yav�²�djZk-
ghc� ebgb_c��<� e_\hc� qZklb� wdjZgZ
ihy\ey_lky�lZ[ebpZ�iZjguo�hl\_^_-
gbc�� ]^_� \lhjhc� b� lj_lbc� klhe[_p
kh^_j`Zl� h[hagZq_gby� iZjguo� hl-
\_^_gbc�

>ey� Zdlb\baZpbb� k\yab� gZ^h
s_edgmlv� furvx� ih� khhl\_lkl-
\mxs_c�ihabpbb�\�lZ[ebp_�beb�`_
\hkihevah\Zlvky� deZ\brZfb
{1BHF6Q�, {1BHF%PXO�.

Jbk�������;eZgd�baf_g_gby
ihjy^dZ�dZgZeh\

Jbk�������;eZgd�nhjfbjh\Zgby�iZjguo�k\y-
a_c�f_`^m�hl\_^_gbyfb
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M^Zeblv�l_dmsmx�iZjm�ba�lZ[ebpu�fh`gh�deZ\br_c�{%FM���Z�\klZ\blv
gh\mx�iZjm�deZ\br_c�{*OT�� �ZgZeh]bqgu_�hi_jZpbx�^hklmigu�b�ba�dhg-
l_dklgh]h�f_gx��\uau\Z_fh]h�ijZ\hc�dghidhc�furb��

Baf_gblv�k\yav�gZ�ko_f_�hl\_^_gbc�fh`gh�ijhklh��i_j_lZsb\�__�dhg_p
�gZ� dghid_� hl\_^_gby�� hl� h^gh]h� hl\_^_gby� d� ^jm]hfm� �k� gZ`Zlhc� e_\hc
dghidhc�furb��

Ko_fm�iZjguo�k\ya_c�fh`gh�khojZgblv�\�Zjob\_�beb�kqblZlv�ba�Zjob\Z
dghidZfb�ql_gby�b�aZibkb��Ko_fm�fh`gh�lZd`_�ih^]hlh\blv�\�klZg^Zjlghf
l_dklh\hf� j_^Zdlhj_� 127(3$'� b� khojZgblv� \� iZid_� &21$1� \� nZce_� k
jZkrbj_gb_f��lbihf���FVJ���<�dZ`^hc�kljhd_�nZceZ�mdZau\Zxlky�gZbf_gh-
\Zgby�^\mo�hl\_^_gbc�hq_j_^ghc�iZju��jZa^_e_ggu_�ijh[_ehf�

J_`bf� iZjguo� k\ya_c� hlf_gy_lky� dghidhc� IZju��� <uoh^� ba� [eZgdZ
ijhba\h^blky�dghidZfb�aZdjulby�[eZgdZ�beb Ml\_j^blv.

Äåãçãßãà� Ijhlhdhe�ij_^klZ\ey_l�kh[hc�kj_^kl\h�Z\lhfZlbaZpbb�\uihe-
g_gby� ki_pbZevguo�bkke_^h\Zgbc� k�ihke_^h\Zl_evghklvx� keh`gh�\aZbfhk\y-
aZgguo�kh[ulbc�b�klbfmeypbb��_]h�\hafh`ghklb�jZkkfhlj_gu�\�jZa^�������

ÁãâÝçãå� Hj]Zgu�mijZ\e_gby�fhgblhjbjh\Zgb_f�[bhkb]gZeh\�jZkih-
eh`_gu� \� \_jog_c� ijZ\hc� qZklb� f_gx� ieZgbjh\Zgby� bkke_^h\Zgby�� >ey
[hevrbgkl\Z� [bhkb]gZeh\� \iheg_� ijb_fe_fh� bkihevah\Zgb_� j_`bfZ�Fh-
gblhj ©?KLVª� ijb� hlkmlkl\bb� k`Zlby� jZa\_jldb� �K`Zlv ���� ?keb� `_
gm`gh� gZ[ex^Zlv� gZ� wdjZg_� [he__� ^ebl_evgmx� ij_^uklhjbx� baf_g_gby
kb]gZeh\�aZ�kq_l�g_dhlhjhc�ihl_jb�^_lZevghklb�\bamZebaZpbb�[ukljhl_dm-
sbo�baf_g_gbc��lh�fh`gh�mklZgh\blv K`Zlv �������khhl\_lkl\mxs__� aZ-
f_^e_gbx�]hjbahglZevghc�jZa\_jldb�\������b���jZa�

<� g_dhlhjuo� kemqZyo� fh`gh� mklZgh\blv� j_`bf� Fhgb-
lhj ©HLE>h`_gguc@ª��dh]^Z�\bamZebaZpby�kb]gZeZ�hkms_kl\ey_lky�ihke_
gZdhie_gby� hq_j_^gh]h�bgl_j\ZeZ�gZ[ex^_gby��beb�`_� kh\k_f� hldZaZlvky
hl�fhgblhjbjh\Zgby�Fhgblhj ©G?Lª�

ÄåãìÝÚ�×ãÜáãÛâãæçÝ� >jm]b_� \hafh`ghklb�f_gx�ieZgbjh\Zgby�bk-
ihevamxlky�lhevdh�\�ki_pbZevguo�debgbq_kdbo�bkke_^h\Zgbyo�lbiZ�klbfm-
eypbhgghc� fbh]jZnbb�� j_]bkljZpbb� \ua\Zgguo� ihl_gpbZeh\�� j_ZebaZpbb
ELRIHHGEDFN�b�^j���Z�lZd`_�\�hl^_evguo�gZmqguo�b�wdki_jbf_glZevguo�bk-
ke_^h\Zgbyo�
— khklZ\e_gb_�ijhlhdheZ�bkke_^h\Zgby�^ey�aZ^Zgby�ihke_^h\Zl_evghklb
Z\lhfZlbq_kdb�\uihegy_fuo�^_ckl\bc��kf��jZa^��������

— aZ^Zgb_�wdkij_kk±ZgZebaZ�k�\u^Zq_c�_]h�j_amevlZlh\�gZ�wdjZg�\�]jZnbq_-
kdhf�\b^_�\�oh^_�kZfh]h�bkke_^h\Zgby��kf��jZa^�������

— dhgkljmdlhj�—�ijb�gZ`Zlbb�gZ�wlm�dghidm�ihy\ey_lky�h]eZ\e_gb_�^bk-
dh\h]h�Zjob\Z��kf��jZa^��������ba�dhlhjh]h�ke_^m_l�\u[jZlv�nZce�hibkZgby
ajbl_evgh]h�beb�Zm^bh�klbfmeylhjZ��kf��jZa^��������
ÆãêåÕâÝçñ�äàÕâ� Ihke_� aZ\_jr_gby� khklZ\e_gby� ieZgZ� �Z� lZd`_� ijb

dZdhf-eb[h� _]h� baf_g_gbb�� ihe_agh� ijh\_jblv� _]h� iZjZf_lju� \� ijh[ghf
aZimkd_�bkke_^h\Zgby��ihke_�q_]h�aZihfgblv�ieZg�\�Zjob\_��gZ`Z\�dghidm
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KhojZgblv�beb�wd\b\Ze_glgmx�_c�deZ\brm�{'���b�\�ihy\b\r_fky�[eZgd_
aZibkb� �kf��jZa^�� �����mdZaZlv�bfy� khojZg_gby�ieZgZ��Wlh�iha\hebl� \� ke_-
^mxsbc� jZa� g_� \\h^blv� kgh\Z� \k_� iZjZf_lju�� Z� ijhklh� \ua\Zlv� gm`guc
ieZg�ba�Zjob\Z�

�����J_`bf�j_Zevgh]h�\j_f_gb
J_`bf�j_Zevgh]h�\j_f_gb�beb�j_Zevguc�j_`bf�²�wlh�h[s_ijbgyluc

l_jfbg� ^ey� jZ[hlu�pbnjh\uo� \uqbkebl_evguo� mkljhckl\� ih� mijZ\e_gbx
j_Zevgufb�nbabq_kdbfb�ijhp_kkZfb��dhlhju_�g_evay�ij_j\Zlv��hklZgh\blv
beb�hleh`blv�\h�\j_f_gb��<�[bheh]bq_kdbo�b�f_^bpbgkdbo�bkke_^h\Zgbyo
_]h�kbghgbfhf�y\ey_lky�©fhgblhjbg]�b�j_]bkljZpby�we_dljhnbabheh]bq_-
kdbo�ihdZaZl_e_cª�

<hafh`gu�^\Z�kihkh[Z�mijZ\e_gby�wdki_jbf_glhf�
Z��jmqgh_�mijZ\e_gb_�
[��Z\lhfZlbq_kdh_�bkiheg_gb_�ih�ijhlhdhem.
DZd�ihdZaZeZ�ijZdlbdZ��\uiheg_gb_� wdki_jbf_glZ�\�j_`bf_�j_Zevgh]h

\j_f_gb� �wlZi� ��fh^_eb�^_yl_evghklb� we_dljhnbabheh]Z��jbk�� �����\�[hev-
rbgkl\_� kemqZ_\� lj_[m_l� jmqgh]h� mijZ\e_gby� jZaebqgufb� kh[ulbyfb�� Z
bf_ggh�
²�\dexq_gb_/\udexq_gb_�aZibkb�[bhkb]gZeh\�\�^bkdh\uc�nZce�
²�\dexq_gb_/\udexq_gb_�^bkdj_lguo�\uoh^guo�kb]gZeh\��mijZ\eyxsbo
^hihegbl_evghc�\g_rg_c�ZiiZjZlmjhc�

²�\dexq_gb_/\udexq_gb_�fhgblhjbjh\Zgby�[bhkb]gZeh\��^ey�bkihevah-
\Zgby�wdjZgZ�^ey�^jm]bo�p_e_c��

²�baf_g_gb_�kdhjhklb�fhgblhjbjh\Zgby�[bhkb]gZeh\�
²�baf_g_gb_�qbkeZ�hlh[jZ`Z_fuo�gZ�wdjZg_�dZgZeh\;
²�baf_g_gb_�bf_gb�nZceZ�aZibkb�[bhkb]gZeh\�
²�ihdZgZevgh_�baf_g_gb_�dhwnnbpb_glh\�mkbe_gby�b�nbevljh\�
²�\uoh^�ba�j_`bfZ�j_Zevgh]h�\j_f_gb�

>ey� j_ZebaZpbb� wlbo� ^_ckl\bc� jZajZ[hlZgZ� ^\momjh\g_\Zy� kbkl_fZ
mijZ\e_gby�
Z��wdjZggZy�kljhdZ�bkihegbl_evguo�dghihd��gZ`Zlby�gZ�dhlhju_�bkihegy-
xlky�furvx�²�wlhl�f_lh^�ijb\uq_g�^ey�ihevah\Zl_ey�Windows��gh�^hk-
lZlhqgh�f_^e_g_g�ih�bkiheg_gbx�

[��khihklZ\e_ggu_�wlbf�^_ckl\byf�[uklju_�deZ\brb��qlh�agZqbl_evgh�gZ-
^_`g__�b�[uklj__�\�bkiheg_gbb�
ÒßæäåÚææ−ÕâÕàÝÜ��Djhf_�lh]h��\�jy^_�bkke_^h\Zgbc�iZjZee_evgh�k�j_-

]bkljZpb_c�[bhkb]gZeh\�g_h[oh^bfh�ijhba\h^blv�bo�wdkij_kk−ZgZeba�k�\b-
amZebaZpb_c� _]h� j_amevlZlh\�� \� [Zah\uc� gZ[hj� f_lh^h\� dhlhjh]h� \oh^yl
ke_^mxsb_��kf��jZa^�������
²�ki_dljZevguc�ZgZeba�WW=�k�ihkljh_gb_f�ihdZgZevguo�klhe[bdh\uo
^bZ]jZff�Zfieblm^�jblfZ�\�mklZgh\e_gguo�bkke_^h\Zl_e_f�qZklhlguo
^bZiZahgZo�
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²�ki_dljZevguc�ZgZeba�WW=�k�lhih]jZnbq_kdbf�dZjlbjh\Zgb_f�Zfieblm-
^u�ki_dljZ�\�ba[jZgghf�qZklhlghf�^bZiZahg_�

²�mkj_^g_gb_�<I�k�aZ^Zgguf�mkbe_gb_f�j_amevlZlZ�b�Zfieblm^guf�mjh\-
g_f�Z\lhfZlbq_kdhc�j_`_dpbb�Zjl_nZdlh\�b�k�ihdZgZevguf�hlh[jZ`_gb-
_f�gZ�wdjZg_�j_amevlZlZ�mkj_^g_gby�hq_j_^gh]h�bgl_j\ZeZ�gZ[ex^_gby
WW=�\�hl\_l�gZ�aZ^Zgguc�klbfme�

²�\uqbke_gb_�fbgbfmfZ�b�fZdkbfmfZ�QKK�gZ�l_dms_f�bgl_j\Ze_�gZ[ex-
^_gby�k�fhgblhjbjh\Zgb_f�bo�\j_f_gghc�^bgZfbdb�

²�\uqbke_gb_�Zfieblm^�b�i_jbh^h\�jblfZ�^ey�\heghh[jZaguo�ihdZaZl_e_c
�lbiZ�J=��^uoZgby�b�l��i���

²�ki_pbZevgu_�\b^u�wdkij_kk−ZgZebaZ��j_Zebam_fu_�\g_rgbfb�ijh]jZf-
fZfb.
¼Õäèæß�çÝäã×ãØã�ÝææàÚÙã×ÕâÝô��>ey�[ukljh]h�aZimkdZ�lbih\h]h�bk-

ke_^h\Zgby�g_h[oh^bfh�\uihegblv�ke_^mxsb_�^_ckl\by�
���<ua\Z\�f_gx�ieZgbjh\Zgby��kqblZlv�ba�Zjob\Z�]hlh\uc�ieZg�bkke_^h-

\Zgby�
���>\Z`^u�s_edgmlv�ih�ihex�bf_gb�nZceZ�aZibkb�^ey�\uah\Z�h]eZ\e_gby

l_dms_]h�Zjob\Z��]^_�fh`gh�\u[jZlv�nZce�^ey�aZibkb�[bhkb]gZeh\�
���GZ`Zlv� dghidm� AZ]heh\hd� b� \� ihy\b\r_fky� [eZgd_� dghidhc� k� ibdlh-

]jZffhc�ql_gby�\ua\Zlv�[eZgd�ql_gby��\�dhlhjhf�\u[jZlv�nZce�ZgZeh-
]bqgh]h�iZpb_glZ�beb�bkke_^h\Zgby��ihke_�q_]h�\jmqgmx�ih^j_^Zdlb-
jh\Zlv�g_dhlhju_�ihey�aZ]heh\dZ�

���GZ`Zlv� dghidm�KlZjl� aZimkdZ� bkke_^h\Zgby� b� ^Ze__� mijZ\eylv� \u-
dexq_gb_f�b�\udexq_gb_f� aZibkb�deZ\br_c�{'���� ke_^y�ih� wdjZgm
fhgblhjZ�aZ�^bgZfbdhc�baf_g_gby�we_dljhnbabheh]bq_kdbo�ihdZaZl_-
e_c�b�^_eZy�iZmau�gZ�ijh\_^_gb_�lj_[m_fuo�nbabheh]bq_kdbo�ijh[�

ÒßåÕâ�j_`bfZ�j_Zevgh]h�\j_f_gb�fZeh�q_f�hlebqZ_lky�hl�klZg^Zjlgh]h
�jbk���������<�g_f�[hevrmx�qZklv�ijhkljZgkl\Z�aZgbfZ_l�hdgh�fhgblhjZ��gZ
dhlhjhf�bkke_^h\Zl_ev�\b^bl�baf_g_gb_�[bhkb]gZeh\�\�j_Zevghf�\j_f_gb�

AZ]heh\hd�� <� \_jog_c� bgnhjfZpbhgghc� kljhd_� fhgblhjZ� [bhkb]gZeh\
kh^_j`blky�ke_^mxsZy�aZ]heh\hqgZy�bgnhjfZpby�

• bfy�nZceZ�aZibkb�[bhkb]gZeh\��\�^Zgghf�kemqZ_�WHVW��
• ^ZlZ�kha^Zgby�nZceZ�>^_gv�f_kyp�]h^@��\�^Zgghf�kemqZ_���������
• \j_fy�l_dms_c�aZibkb�>qZk�fbg�k_d@��\�^Zgghf�kemqZ_���������JF��

• ^ebgZ�aZibkb�>k_d@��\�^Zgghf�kemqZ_���V��
• qZklhlZ�^bkdj_lbaZpbb�>=p@��\�^Zgghf�kemqZ_����=p��
• qbkeh�\uiheg_gguo�aZibk_c�AZi;
• ijbagZd�\dexq_gghc�aZibkb�[bhihdZaZl_e_c�AZi<de.
ÈäåÕ×àÚâÝÚ�\�j_`bf_�j_Zevgh]h�\j_f_gb�fh`_l�hkms_kl\eylvky�fu-

rvx� beb� `_� [ukljufb� deZ\brZfb�� JZ[hlZ� furvx� [he__� ijb\uqgZ� ^ey
h[uqgh]h�ihevah\Zl_ey�Windows, h^gZdh� \� wlhf� hkh[h� hl\_lkl\_gghf� j_-
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`bf_�ij_^ihqlbl_evg__�ihevah\Zlvky�[he__�[ukljuf�b�gZ^_`guf�kj_^kl-
\hf�²�deZ\bZlmjhc��JZ[hlZ�furvx�hkms_kl\ey_lky�q_j_a�wdjZggmx�kljhdm
bgkljmf_glZevguo�dghihd�

;uklju_� deZ\brb� ^m[ebjmxl� gZb[he__� hl\_lkl\_ggu_� b� qZklh� \uihe-
gy_fu_�hi_jZpbb�ba�wlhc�bgkljmf_glZevghc�kljhdb��
{'���— WdjZg��jZaj_r_gb_�aZij_l�\u\h^Z�bgnhjfZpbb�gZ�wdjZg��fhgblhj

kb]gZeh\��wdkij_kk±ZgZeba�b�ljZkkbjh\dZ�ijhlhdheZ��

{'�� — AZibkv��dghidZ� ���\dexq_gb_�\udexq_gb_�aZibkb�ihke_-
^mxs_]h�bgl_j\ZeZ�j_]bkljZpbb�[bhkb]gZeh\�gZ�^bkd�

{1H%X�, {1H6Q��²�mf_gvr_gb_�b�m\_ebq_gb_�qbkeZ�hlh[jZ`Z_fuo�dZ-

gZeh\��dghidb� );
{)PNF�, {&OE��²�kf_gZ�hlh[jZ`Z_fuo�dZgZeh\��ij_^u^msZy�beb�ke_-

^mxsZy�]jmiiZ�dZgZeh\��
{��,�{���²�aZf_^e_gb_�beb�mkdhj_gb_�fhgblhjbjh\Zgby�kb]gZeh\�

l��_��k`Zlb_�\j_f_gghc�jZa\_jldb�[bhkb]gZeh\��dghidb� );
{↑�,�{↓��²�deZ\brb�\_jlbdZevgh]h�^\b`_gby�dmjkhjZ�h[_ki_qb\Zxl�ba-

f_g_gb_�ghf_jZ�l_dms_]h�dZgZeZ�^ey�ihke_^mxs_]h�baf_g_gby

_]h�dhwnnbpb_glZ�mkbe_gby��\udb^ghc�kibkhd� );
{��,� {��� ²� m\_ebq_gb_�mf_gvr_gb_� mkbe_gby� ih� l_dms_fm� dZgZem

�dghidb� );
{��—{���²�\dexq_gb_�\udexq_gb_�\uoh^guo�mijZ\eyxsbo�kb]gZeh\�

gZijbf_j��^ey�klbfmeypbb�b�l��i���kf��jZa^���������dghidb

);
{&TD��²�ij_ju\Zgb_�j_Zevgh]h�j_`bfZ�b�\uah\�f_gx�ieZgbjh\Zgby�bk-

ke_^h\Zgby��dghidZ� ).
>hihegbl_evgh�bgkljmf_glZevgZy�kljhdZ�iha\hey_l�baf_gylv�bfy�nZceZ

aZibkb�[bhkb]gZeh\� �dghidZ� ��b�mklZgZ\eb\Zlv�^ey�l_dms_]h�dZgZeZ
nbevlju� \_jogbo� b� gb`gbo� qZklhl� �\udb^gu_� kibkdb

).
ÈäåÕ×àÚâÝÚ�ÜÕäÝæñó� Ke_^m_l�ihfgblv��qlh�aZibkv�g_�\dexqZ_lky�Z\-

lhfZlbq_kdb� ihke_� gZqZeZ� fhgblhjbjh\Zgby� kb]gZeh\�� Z� __� \dexq_-
gb_�\udexq_gb_� hkms_kl\ey_lky� \jmqgmx� deZ\br_c� {'��� �ijb� hlkmlkl-
\bb�ijhlhdheZ���qlh�iha\hey_l�aZibku\Zlv�lhevdh�ij_^klZ\eyxsb_�bgl_j_k
^ey�ihke_^mxs_]h�ZgZebaZ�njZ]f_glu�gZ[ex^_gbc�

Ihwlhfm� ihke_� imkdZ� bkke_^h\Zgby� k� aZibkvx� \�nZce� g_h[oh^bfh� gZ-
`Zlv�{'���^ey�\dexq_gby�aZibkb�²�\�\_jog_c�kljhd_�fhgblhjZ�ihy\blky
gZ^ibkv�AZi<de��Nbabq_kdb� aZibkv�gZ�^bkd�[m^_l�ijhba\h^blvky�g_�\�fh-
f_gl�wlh]h�gZ`Zlby��Z�ih�bkl_q_gbb�mklZgh\e_ggh]h�bgl_j\ZeZ�gZ[ex^_gby
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²�h[�wlhf�[m^_l�k\b^_l_evkl\h\Zlv�baf_g_gb_�ihdZaZgby�kq_lqbdZ�aZibk_c
\�\_jog_c�kljhd_�fhgblhjZ��Ihwlhfm��_keb�ih�fhgblhjm�\u�aZf_lbeb�kms_-
kl\_ggu_�bkdZ`_gby�kb]gZeh\��lh�gZ`fbl_�ih\lhjgh�{'���b�aZibkv�gZ�^bkd
l_dms_]h� bgl_j\ZeZ� gZ[ex^_gby� [m^_l� hlf_g_gZ� �gZ^ibkv� AZi<de� bkq_a-
g_l��� LZdbf� h[jZahf�� ih\lhjgh� gZ`bfZy� {'����fh`gh� \u[bjZlv� gm`gu_
^ey�aZibkb�bgl_j\Zeu�\j_f_gb��\uihegyy�\�ijhf_`mldZo�nmgdpbhgZevgu_
ijh[u�b�l��i�

<gbfZgb_� ?keb� \� ieZg_� wdki_jbf_glZ� hij_^_e_g� ijhlhdhe� �kf�� jZa^�
�������lh�\dexq_gb_�b�\udexq_gb_�aZibkb�iheghklvx�\haeZ]Z_lky�gZ�ijhlh-
dhe�b�kj_^kl\Z�jmqgh]h�mijZ\e_gby�aZibkvx�g_�^_ckl\mxl�

·ðêãÙ�� <uiheg_gb_� wdki_jbf_glZ� fh`gh� \� ex[hc� fhf_gl� ij_j\Zlv
deZ\br_c�{&TD��k�\ha\jZlhf�\�f_gx�ieZgbjh\Zgby��Hlf_gZ��k[jhk��f_gx
ieZgbjh\Zgby�ijhba\h^blky�lZd`_�deZ\br_c�{&TD�.
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IJHKFHLJ�B�BAMQ?GB?�A:IBK?C
�©Dh]^Z�km[t_dl�g_�kijZ\ey_lky�k�ijblhdhf�gh\uo�^Zgguo

_kl_kl\_gguf�iml_f�dhgp_ilb\gh]h�ZgZeh]babjh\Zgby�

hg�klZgh\blky�`_jl\hc�i_jp_ilb\gh]h�ZgZeh]babjh\Zgby�

Wlhl�ijhp_kk�ba\_kl_g�lZd`_�ih^�gZa\Zgb_f

©f_lZnhjbq_kdZy�^_nhjfZpbyª��L_i_jv�\Zf�ihgylgh"ª
>Hlbk�;eZg^_jk�De_gl@

<� ^Zgghc� ]eZ\_� jZkkfZljb\Zxlky� kj_^kl\Z� ojZg_gby�� \bamZevgh]h� bam-
q_gby�� j_^Zdlbjh\Zgby� b� ^hdmf_glbjh\Zgby� aZibk_c� [bhkb]gZeh\� �wlZi� �
fh^_eb�^_yl_evghklb� we_dljhnbabheh]Z��jbk�� ������bkihevah\Zgb_�dhlhjuo
h[uqgh� ij_^\Zjy_l� kh[kl\_ggh� \uqbkebl_evguc� ZgZeba�� dhlhjhfm� ihk\y-
s_gu�ihke_^mxsb_�]eZ\u�khhl\_lkl\_ggh�ij_^f_lguf�h[eZklyf�

�����Fhgblhj�aZibk_c
DZd�ke_^m_l�ba�ij_^u^ms_c�]eZ\u��j_amevlZlhf�bkke_^h\Zgby�\�j_Zev-

ghf�\j_f_gb�y\ey_lky�^bkdh\uc�nZce��dhlhjuc�fh`_l�\dexqZlv�h^gm� aZ-
ibkv�beb�`_�g_kdhevdh�aZibk_c�[bhkb]gZeh\�nbdkbjh\Zggh]h�beb�i_j_f_g-
gh]h�jZaf_jZ��\uiheg_gguo�ih�aZ^Zgghfm�qbkem�dZgZeh\�k�fbgbfZevgufb
beb�`_�^ebl_evgufb�\j_f_ggufb�bgl_j\ZeZfb�f_`^m�kh[hc�

Bamq_gb_� aZibkb� fh`_l� gZqbgZlvky� kjZam� ihke_� hdhgqZgby� j_Zevgh]h
j_`bfZ�beb�`_�\�ex[hc�m^h[guc�fhf_gl�\j_f_gb��Ijhba\_^_ggZy� aZibkv
kqblu\Z_lky�ba�Zjob\Z�b�ijhkfZljb\Z_lky�gZ�wdjZg_�fhgblhjZ�^ey�m^Ze_gby
Zjl_nZdlh\��\uy\e_gby�mqZkldh\��ij_^klZ\eyxsbo�bgl_j_k�^ey�ihke_^mx-
s_]h�ZgZebaZ��b�^ey�nhjfmebjh\db�ij_^\Zjbl_evgh]h�aZdexq_gby�

Fhgblhj�aZibk_c�y\ey_lky�hkgh\guf�bgkljmf_glhf�\bamZevgh]h�bamq_-
gby�aZibk_c��jmqgh]h�baf_j_gby�b�j_^Zdlbjh\Zgby��Hdgh�fhgblhjZ�aZgbfZ-
_l�[hevrmx�qZklv�wdjZggh]h�ijhkljZgkl\Z� �kf��jbk��������b�kh^_j`bl�djb-
\u_� baf_g_gby� we_dljhnbabheh]bq_kdbo� ihdZaZl_e_c� \� ihjy^d_� dZgZeh\
�hl\_^_gbc��k\_jom�\gba�

<�dZq_kl\_�g_h[oh^bfh]h�gZ[hjZ�klZg^Zjlguo�kj_^kl\�^ey�\bamZevgh]h
ZgZebaZ�aZibk_c�lj_[mxlky�j_ZebaZpby�ke_^mxsbo�hi_jZpbc�
^\b`_gb_�aZibk_c�ih�fhgblhjm�²�[ukljh_�b�f_^e_ggh_�
baf_g_gb_�fZkrlZ[h\�ih�hkyf�Zfieblm^u�b�\j_f_gb�
baf_g_gby�jZaf_ldb�]hjbahglZevghc�b�\_jlbdZevghc�rdZe�
baf_g_gb_�qbkeZ�\bamZebabjm_fuo�dZgZeh\�
[ukljh_�^\b`_gb_�ih�wihoZf��gZ�dhlhju_�jZa[blZ�aZibkv�
^\b`_gb_�ih�aZibkyf��gZoh^ysbfky�\�l_dms_f�nZce_�
bkihevah\Zgb_�i_j_f_sZ_fuo�]hjbahglZevguo�b�\_jlbdZevguo�mdZaZl_e_c�
\uiheg_gb_�jmqguo�baf_j_gbc�
²�lhq_qguo��Zfieblm^Z��\j_fy��
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²�bgl_j\Zevguo��jZaghklv�Zfieblm^��\j_f_gghc�bgl_j\Ze��
²�bgl_]jZevguo��kj_^g__��ijhba\h^gZy��iehsZ^b��
²�^bkdj_lguo�kb]gZeh\�

hlh[jZ`_gb_�baf_j_gbc�\�bgnhjfZpbhgghf�LZ[eh;
gZdhie_gb_�baf_j_gbc�\�we_dljhgghc�lZ[ebp_�^ey�ihke_^mxs_]h�ZgZebaZ�

¼ÕØãàã×ãß� <�\_jog_c�kljhd_�fhgblhjZ�ijb\h^blky�ke_^mxsZy�aZ]heh-
\hqgZy�bgnhjfZpby�

• bfy�l_dms_]h�nZceZ��\�^Zgghf�kemqZ_�²�pal);
• ^ZlZ�kha^Zgby�nZceZ >^_gv�f_kyp�]h^@ (12.10.01);
• \j_fy�kha^Zgby�l_dms_c�aZibkb�>qZk�fbg�k_d@ (0:24:30);
• ^ebgZ�l_dms_c�aZibkb�>k_d@ (64s);
• qZklhlZ�^bkdj_lbaZpbb�aZibkb�>=p@ (120=p);
• AZi��²�ghf_j�l_dms_c�aZibkb���qbkeh�aZibk_c�\�nZce_��1/1);
• Wih��²�ghf_j�l_dms_c�wihob���qbkeh�wiho�\�l_dms_c�aZibkb� �jZa-

f_j�wihob�ZgZebaZ�>k@ (1/32=3s);
ÈßÕÜÕçÚàñ�ßÕâÕàÕ��<�ijZ\hc�qZklb�fhgblhjZ�mdZaZgu�kbf\hevgu_�h[h-

agZq_gby�dZgZeh\��ih�dhlhjuf�i_j_f_sZ_lky�mdZaZl_ev�l_dms_]h�dZgZeZ,
mijZ\ey_fuc�furvx�beb�deZ\brZfb�\_jlbdZevgh]h�i_j_f_s_gby�dmjkhjZ�

·ÝÜÝå�� Ih� fhgblhjm� ]hjbahglZevgh� i_j_f_sZ_lky� \babj� \� \b^_
\_jlbdZevghc� ebgbb� djZkgh]h� p\_lZ�� hij_^_eyxsbc� l_dmsbc� hlkq_l
\j_f_gb��<babj� mijZ\ey_lky�furvx� beb�`_� deZ\brZfb� ]hjbahglZevgh]h
i_j_f_s_gby� dmjkhjZ�� Ij_bfms_kl\h� furb� khklhbl� \� \hafh`ghklb
fhf_glZevgh]h� i_j_f_s_gby� \babjZ� \� gm`gmx� lhqdm�� Z� ij_bfms_kl\h
deZ\br�Ò� \� \hafh`ghklb� lhqgh]h� ihrZ]h\h]h� i_j_f_s_gby� \babjZ� �^ey
mkdhj_ggh]h� i_j_f_s_gby� \babjZ� gm`gh� h^gh\j_f_ggh� ^_j`Zlv� gZ`Zlhc
deZ\brm�{$USM��beb�{4IJGU�).

ÁÕåßÚå��<�^hiheg_gb_�d�\babjm�\�ex[hf�f_kl_� wdjZgZ�fh`gh�ihklZ-
\blv� fZjd_j� ²� g_ih^\b`gmx� hlf_ldm� \� \b^_� imgdlbjghc� \_jlbdZevghc
ebgbb��dhlhjZy�kem`bl�^ey�\uiheg_gby�hlghkbl_evguo�baf_j_gbc��hlghkb-
l_evgh�\babjZ���hlh[jZ`Z_fuo�\�lZ[eh��kf��^Ze__���FZjd_j�klZ\blky�b�m[b-
jZ_lky�^\hcguf�s_eqdhf�furb�beb�deZ\br_c�{*OT�.

¹×ÝÛÚâÝÚ�ÜÕäÝæÝ��Ijh^he`bl_evgu_�ih�\j_f_gb�aZibkb�fh]ml�g_�md-
eZ^u\Zlvky�\�h^bg� wdjZg�fhgblhjZ��Lh]^Z�^ey�bo�ihke_^h\Zl_evgh]h�ijh-
kfhljZ�fh`gh�\hkihevah\Zlvky�gb`g_c�]hjbahglZevghc�ebg_cdhc�ijhdjml-
db��S_eqhd�furb�ih�djZcgbf�dghidZf�ebg_cdb�\e_q_l�ieZ\gh_�f_^e_ggh_
^\b`_gb_�aZibkb�ih�wdjZgm��S_eqhd�furb�\�ijhf_`mldZo�f_`^m�djZcgb-
fb�dghidZfb�b�ih^\b`guf�iheamgdhf�\e_q_l�[ukljh_�kdZqdhh[jZagh_�i_-
j_f_s_gb_�aZibkb��Fh`gh�lZd`_�lygmlv�iheamghd�furvx�k�gZ`Zlhc�e_\hc
dghidhc�^ey�i_j_f_s_gby�_]h�\�gm`gh_�iheh`_gb_�
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DeZ\bZlmjgh_�ieZ\gh_�i_j_f_s_gb_�aZibkb�hkms_kl\ey_lky�deZ\brZfb
{)PNF��b�{1BHF6Q���Z�[ukljh_�i_j_f_s_gb_�²�l_fb�`_�deZ\brZfb��gh�k
h^gh\j_f_gguf�gZ`Zlb_f�gZ�deZ\brm�{$USM��beb�{4IJGU�.

¿âãäßÝ� JZkkfhljbf�^jm]b_�qZklh�bkihevam_fu_�hi_jZpbb�fhgblhjZ�
dhlhju_�ij_^klZ\e_gu�jy^hf�dghihd�\�lj_lv_c�wdjZgghc�kljhd_��\�ihjy^d_
ke_\Z�gZijZ\h��b�^m[ebjmxlky�[ukljufb�deZ\brZfb��mdZaZgu�\�l_dkl_��

• ^\_�dghidb�mf_gvr_gby�{���b�m\_ebq_gby�{���\_jlbdZev-
gh]h�fZkrlZ[Z�Zfieblm^u�aZibk_c�

• ^\_� dghidb� mf_gvr_gby� {��� b� m\_ebq_gby� {��� ]hjbahg-
lZevgh]h�fZkrlZ[Z�\j_f_gb��beb�qZklhlu�^ey�ki_dljh\�WW=

b�WF=��
• ^\_� dghidb� mf_gvr_gby�b� m\_ebq_gby� qbkeZ� dZgZeh\�� hlh-

[jZ`Z_fuo�gZ�wdjZg_�
Z��ijb�mf_gvr_gbb�qbkeZ�dZgZeh\�Z\lhfZlbq_kdb�m\_ebqb\Z-

_lky�bo�Zfieblm^gh_�jZaj_r_gb_��h^gZdh�gZ�wdjZg_�ihf_sZxlky�m`_
g_�\k_�dZgZeu��ihwlhfm�\�ijZ\hc�qZklb�fhgblhjZ�ihy\ey_lky�\_jlb-
dZevgZy�ebg_cdZ�ijhdjmldb��k�ihfhsvx�dhlhjhc�fh`gh�ihemqblv�hlh-
[jZ`_gb_�gm`ghc�]jmiiu�dZgZeh\�

• ^\_� dghidb� i_j_oh^Z� d� ij_^u^ms_c� {��� beb� ke_^mxs_c
{���wiho_�\�aZibkb��h�jZa[b_gbb�aZibkb�gZ�wihob�kf��jZa^�
������bkihevah\Zgb_�wlbo�dghihd�iha\hey_l�mkdhj_ggh�ijh-

kfZljb\Zlv�aZibkv�
• ^\_�dghidb�mklZgh\db�\_jlbdZevguo�b�]hjbahglZevguo�hk_c

�ijhba\_^_ggu_� mklZgh\db� khojZgyxlky� \� ke_^mxsbo� k_Zg-
kZo��

Z� �ijb�ihke_^h\Zl_evguo�gZ`Zlbyo�gZ�i_j\mx�dghidm�ihy\eyxlky��hk-
gh\gu_�b�\kihfh]Zl_evgu_�\_jlbdZevgu_�\j_f_ggu_�^_e_gby��\�\b^_
kbgbo�kiehrguo�b�imgdlbjguo�ebgbc��beb�`_�hlf_gyxlky�\k_�^_e_-
gby�

[��ijb�ihke_^h\Zl_evguo�gZ`Zlbyo�gZ�\lhjmx�dghidm�ihy\eyxlky��gme_-
\Zy�hkv�b�hkb±jZa^_ebl_eb�f_`^m�dZgZeZfb�beb�`_�hlf_gyxlky�wlb
hkb��_keb�`_�\�fhgblhj_�aZibk_c�mklZgh\e_gZ�\bamZebaZpby�g_�[he__
q_luj_o�dZgZeh\��lh�ijb�gZebqbb�h[_bo�hk_c�ijhba\h^blky�lZd`_�b
jZaf_ldZ�rdZeu�Zfieblm^�]hjbahglZevgufb�ebgbyfb�

• ^\_� dghidb� i_j_oh^Z� d� ij_^u^ms_c� {<�� beb� ke_^mxs_c
{>��aZibkb�\�l_dms_f�nZce_�

• dghidZ�\dexq_gby�\udexq_gby�lZ[eh��kf��jbk�������l_dmsbo
qbkeh\uo� baf_j_gbc� \� aZibkb�� hkms_kl\ey_fuo� ih� iheh`_-

gbx�fZjd_jZ�� \babjZ�b�mdZaZl_ey�dZgZeZ� �l_dmsb_�baf_j_gby�ba� lZ[eh
fh`gh� aZg_klb� \� [ehdghl� ^ey� ^Zevg_cr_c� h[jZ[hldb� deZ\br_c�{'��,
kf��jZa^���������

DZgZeu

Wihob

Hkb

AZibkb
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ÈÙÕàÝçñ� M^Zeblv� mqZklhd� aZibkb�� hlf_q_gguc� fZjd_jhf� b� \babjhf�
fh`gh�ih�gZ`Zlbx�gZ�deZ\brm�{%FM���ihke_�q_]h�ihy\ey_lky�f_gx�\u[h-
jZ�kihkh[Z�m^Ze_gby��jbk��������<u[hjhf�ba�wlh]h�f_gx�fh`gh�

• m^Zeblv�njZ]f_gl�aZibkb�\gmljb�\u^_e_ggh]h
bgl_j\ZeZ�

• hklZ\blv�lhevdh�\u^_e_gguc�bgl_j\Ze��M^Z-
eblv�\h\g_��^ey�ihke_^mxs_]h�_]h�ZgZebaZ�

• h[gmeblv�\u^_e_gguc�bgl_j\Ze�²�aZibkZlv�\
g_f�gme_\u_�agZq_gby�kb]gZeZ�

• kijyfblv�bgl_j\Ze�gZdehgghc�ebgb_c�ih�agZq_-
gbyf�_]h�]jZgbqguo�lhq_d�

• ijhba\_klb�hi_jZpbx�lhevdh�gZ^�l_dmsbf�dZ-
gZehf�beb�\k_fb�dZgZeZfb��nhgZjbd�<k_�dZgZ-
eu);

• hlf_gblv�hi_jZpbx.
?keb�fZjd_j� g_� mklZgh\e_g�� lh� m^Zey_lky� \ky

aZibkv�
>hihegbl_evgu_� kj_^kl\Z� Z\lhfZlbq_kdh]h� m^Ze_gby� Zjl_nZdlh\� bf_-

xlky�\�h^ghbf_gghf�ih^imgdl_�ba�imgdlZ�<uqbke_gby�\_jog_c�dhfZg^ghc
kljhdb��kf��jZa^��1.5).

¿ÕâÕàð� Bgh]^Z� \� m`_�ijhba\_^_gghc� aZibkb� lj_[m_lky�baf_gblv�gZ-
bf_gh\Zgby�hl\_^_gbc��bo�jZkiheh`_gby�beb�ihjy^hd�ke_^h\Zgby�ih�dZgZ-
eZf��>ey�wlh]h�ke_^m_l�\uihegblv�imgdlu�MklZgh\db±Hl\_^_gby�\_jog_c
dhfZg^ghc�kljhdb�b�ijhba\_klb�lj_[m_fu_�baf_g_gby�\�ki_pbZevghf�[eZg-
d_�hl\_^_gbc��jZ[hlZ�k�dhlhjuf�jZkkfhlj_gZ�k�i��F_gx�b�iZju�\�jZa^������
¿ãâçÚßæçâãÚ�áÚâó�

Ijb� gZ`Zlbb� gZ� ijZ\mx� dghidm� furb� \
ex[hf�f_kl_�fhgblhjZ�ihy\ey_lky� dhgl_dkl-
gh_�f_gx� k�gZb[he__�qZklh� \klj_qZxsbfbky
hi_jZpbyfb�jZ[hlu�\�fhgblhj_��dhlhju_�^m[-
ebjmxl� h^ghbf_ggu_� imgdlu� \_jog_c� dh-
fZg^ghc� kljhdb�b�bgkljmf_glZevgu_�dghidb
�kf��jZa^��������Z�bf_ggh�
hi_jZpbb�k�nZceZfb�aZibk_c��ql_gb_�b�khojZ-
g_gb_�nZceZ��kf��jZa^�������\dexqZy�b�wdk-
ihjl�wdjZgZ�\�]jZnbq_kdhf�\b^_��

i_qZlv�wdjZgZ�²�\u\h^�gZ�i_qZlv�hdgZ�fhgb-
lhjZ��kf��jZa^�������hi_jZpbb�k�[mn_jhf

h[f_gZ��\uj_aZgb_��dhibjh\Zgb_�b�\klZ\dZ�hdgZ�fhgblhjZ�
m^Zeblv�mqZklhd�aZibkb�khhl\_lkl\_ggh�iheh`_gbx�fZjd_jZ�b�\babjZ

({%FM���kf��jbk�������
fZjd_j�²�ihklZ\blv�m^Zeblv�fZjd_j�gZ�f_kl_�l_dms_]h�jZkiheh`_gby�\b-
abjZ��{*OT�);

Jbk�������F_gx�m^Ze_gby
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hi_jZpbb�k�dZgZeZfb�b�f_ldZfb��kf��jZa^������������
\uah\�f_gx�ij_h[jZah\Zgbc��kf��jZa^���������

ÇÕÖàã� LZ[eh� �kf��jbk�� �����ij_^klZ\ey_l� kh[hc� wdjZggmx�iZg_ev�^ey
\bamZebaZpbb�qbkeh\uo� agZq_gbc�jZaebqguo�baf_j_gbc��dhlhjZy�jZkiheZ-
]Z_lky� h[uqgh� \� ijZ\hf� \_jog_f� m]em� wdjZgZ� b� \dexqZ_lky�\udexqZ_lky
h^ghbf_gghc�dghidhc�ba�lj_lv_c�kljhdb�]heh\gh]h�wdjZgZ��kf��jbk��������

LZ[eh� kh^_j`bl� ke_^mxsb_
k_fv�bgnhjfZpbhgguo�ihabpbc�
Y� �agZq_gb_�Zfieblm^u�kb]gZeZ�\

fbdjh\hevlZo��beb�dZeb[jh-
\hqguo�agZq_gbyo��kh]eZkgh

iheh`_gbx�mdZaZl_ey�dZgZeZ�b�\babjZ�
t� �l_dms__�\j_fy�\babjZ�\�k_dmg^Zo��beb�qZklhlZ�\�]_jpZo�^ey�ki_dljh\

WW=�b�WF=��
dY� �jZaghklv�Zfieblm^�f_`^m�fZjd_jhf�b�\babjhf��ijb�_^bgbqghf�k^\b]_

wlh�[m^_l�l_dms__�agZq_gb_�ijhba\h^ghc��
dt� �\j_f_gghc��qZklhlguc�²�^ey�WW=�b�WF=�ki_dljh\��bgl_j\Ze�f_`^m

fZjd_jhf�b�\babjhf�
S� �bgl_]jZevguc�ihdZaZl_ev�gZ�bgl_j\Ze_�f_`^m�fZjd_jhf�b�\babjhf��kf�

^Ze__��
<o��<uo� �r_klgZ^pZl_jbqgu_�agZq_gby�khklhygby�j_]bkljh\�\oh^guo�b

\uoh^guo�^bkdj_lguo�kb]gZeh\��kf��jZa^���������bkihevamy�f_gx�Ih-
eb]jZn��fh`gh�aZ^Zlv�b�keh\_kgmx�bgl_jij_lZpbx�wlbo�agZq_gbc��kf�
jZa^���������

Ijbf_qZgb_��Ijb�Zdlb\ghf�hdg_�dZjlbjh\Zgby�ki_dljZ�WW=�ih�^bZiZ-
ahgZf�b�wihoZf��kf��jZa^�������\�ihabpbx�Y�aZghkblky�l_dms__�Zfieblm^gh_
agZq_gb_�ki_dljZevgh]h�ihdZaZl_ey��\�ihabpbx� t�²�\j_fy�gZqZeZ�l_dms_c
wihob��Z�\�ihabpbx�dt�²�]jZgbpu�mklZgh\e_ggh]h�qZklhlgh]h�^bZiZahgZ�

Lbi� bgl_]jZevgh]h� ihdZaZl_ey� fh`gh� i_j_-
mklZgh\blv�s_eqdhf�ih�\_jog_c�ijZ\hc�dghid_�
\�j_amevlZl_�q_]h�ihy\ey_lky�\uiZ^Zxsbc�kib-
khd� \� lZ[eh�� kh^_j`Zsbc� \u[hj� ba� ke_^mxsbo
\hafh`ghkl_c�

Sa� �Z[khexlgZy�iehsZ^v�ih^�djb\hc��hlgh-
kbl_evgh�gmey��gZ�mqZkld_�f_`^m�fZjd_jhf
b�\babjhf�

6a� �iehsZ^v�k�mq_lhf�agZdZ�
S+� �iehsZ^v�iheh`bl_evgZy�
S±� �iehsZ^v�hljbpZl_evgZy�
:� �kj_^gyy�Zfieblm^Z�
Hex� �^ey�kbkl_fgh]h�Z^fbgbkljZlhjZ�
Qlh[u�aZdjulv�\uiZ^Zxsbc�kibkhd��gZ^h�^\Z`^u�s_edgmlv�furvx�ih

gm`ghfm�ihdZaZl_ex�

Jbk�������LZ[eh�jmqguo�baf_j_gbc
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L_dmsb_�baf_j_gby�ba� lZ[eh�fh`gh� aZg_klb� \�[ehdghl� �kf��jZa^�� ������
^ey�^Zevg_cr_c�h[jZ[hldb�deZ\br_c�{'���beb�h^ghbf_gghc�dghidhc�lZ[eh�

�����JZ[hlZ�k�Zjob\Zfb�b�[ZaZfb
aZibk_c

<�jZkkfZljb\Z_fhc�h[eZklb�ZgZebaZ�^Zgguo��\�hlebqb_�hl�fgh]bo�^jm-
]bo��d�\hafh`ghklyf�nZceh\hc�ih^kbkl_fu�ij_^ty\eyxlky�ki_pbZevgu_�b
ih\ur_ggu_�lj_[h\Zgby�
1) [hevrh_�jZaghh[jZab_�lbih\�nZceh\��[bgZjgu_�aZibkb�[bhkb]gZeh\�

l_dklh\u_�qbkeh\uo�j_amevlZlh\�b�aZdexq_gbc��ieZgh\�bkke_^h\Zgby�
j_`bfh\�ZgZebaZ��nhjfme�\uqbke_gbc��ghjfZlb\guo�]jZgbp��lhih]jZ-
nbq_kdbo�dZjl�b�l��i���kf��\�jZa^�������

2) [hevrhc�h[t_f�Zjob\h\�²�\�jZ[hl_�j_Zevgh]h�bkke_^h\Zl_ey�qbkeh
ojZgbfuo�aZibk_c�\�^bkdh\hf�Zjob\_�fh`_l�[ukljh�^hklb]gmlv�fgh]bo
khl_g�b�lukyq��qlh�ihjh`^Z_l�k_jv_agmx�ijh[e_fm�[ukljhc�hjb_glZpbb
b�ihbkdZ�gm`ghc�bgnhjfZpbb�\�gbo�

3) g_h[oh^bfhklv�]jmiibjh\Zlv�nZceu�aZibk_c�ih�jZaebqguf�ijbagZdZf�
ghjfZ±hldehg_gby±iZlheh]bb��nmgdpbhgZevgu_�ijh[u��mkeh\by�bkke_-
^h\Zgby��ebqghklgu_�^Zggu_�b�l��i�
>ey�h[_ki_q_gby�lZdh]h�lbiZ�aZ^Zq�[ueb�ij_^eh`_gu�ke_^mxsb_�gh\u_

f_lh^bdh−wj]hghfbq_kdb_�j_r_gby�
kh^_j`Zl_evgZy�lbibaZpby�nZceh\�k�Z\lhfZlbq_kdhc�k_e_dpb_c�bo�\�Zjob-
\Zo�\�aZ\bkbfhklb�hl�dhgl_dklZ�h[jZs_gby�

khijh\h`^_gb_�dZ`^h]h�Zjob\gh]h�nZceZ�\g_�aZ\bkbfhklb�hl�_]h�lbiZ�kh-
^_j`Zl_evghc�bgnhjfZpb_c�²�dhff_glZjb_f�bkke_^h\Zl_ey�

^ey�nZceh\�aZibk_c�[bhkb]gZeh\�hij_^_e_gZ�kljmdlmjZ�dhff_glZjby�
\dexqZxsZy�agZqbfmx�^ey�bkke_^h\Zgby�aZ]heh\hqgmx�bgnhjfZpbx�k
mklZgh\hqgufb�iheyfb��gZbf_gh\Zgb_�ijh[u��l_klZ��aZ^Zqb���]jmiiZ
ijbgZ^e_`ghklb�bkiulm_fh]h��NBH��ebqguc�dh^��^ZlZ�jh`^_gby��ihe�
^bZ]gha��aZdexq_gb_��

kha^Zgb_�mgb\_jkZevgh]h�bgl_]jbjh\Zggh]h�^bZeh]h\h]h�[eZgdZ�ql_-
gby−aZibkb�^ey�jZ[hlu�k�Zjob\Zfb��mqblu\Zxs_]h�hkh[_gghklb�ij_^-
f_lghc�h[eZklb�k�mkljZg_gb_f�fgh]bo�g_^hklZldh\�lbih\uo�[eZgdh\
Windows;

jZajZ[hldZ�ki_pbZevguo�j_`bfh\�ZkkhpbZlb\gh]h�ihbkdZ�b�k_e_dpbb�nZc-
eh\�aZibk_c�\�Zjob\Zo��Ihbkd��<u[hjdZ��DZjlhl_dZ.
>bkdh\u_� Zjob\u�ij_^iheZ]Zxl�\hafh`ghklv�ojZg_gby�g_� lhevdh� aZib-

k_c� [bhkb]gZeh\�� gh� b� jZaebqgh]h� jh^Z� ^jm]hc� ihe_aghc� bgnhjfZpbb� �kf�
jZa^��������>ey�mgb\_jkZebaZpbb�b�mijhs_gby�jZ[hlu�k�Zjob\Zfb�g_h[oh^bf
_^bguc�^bZeh]h\uc�f_oZgbaf��ij_^klZ\e_gguc� klZg^Zjlguf�[eZgdhf�ql_-
gby±aZibkb��khq_lZxsbf�\�k_[_�fgh`_kl\h�jZaghh[jZaguo�\hafh`ghkl_c�
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ÄåÕ×ÝàÕ��GZjy^m�k�wlbf��^ey�mihjy^hq_ggh]h�ojZg_gby�fgh]hqbke_g-
guo� aZibk_c� b� [ukljh]h� ihbkdZ� ihe_agh� kljh]h� ijb^_j`b\Zlvky� ke_^mx-
sbo�hkgh\guo�ijZ\be�
ljZ^bpbhggufb�kj_^kl\Zfb�hj]ZgbaZpbb�nZceh\hc�kbkl_fu�kha^Zcl_�kbk-
l_fm�^bkdh\uo�iZihd�^ey�ojZg_gby�aZibk_c��hlghkysboky�d�jZaguf�bk-
ke_^h\Zl_eyf��]jmiiZf�iZpb_glh\��lbiZf�bkke_^h\Zgbc��debgbq_kdbf
kbg^jhfZf�b�l��i��

bf_gmcl_�wlb�iZidb�g_�Z[kljZdlgufb�bf_gZfb��Z�\�khhl\_lkl\bb�k�bo�gZ-
agZq_gb_f�

g_�ojZgbl_�\�h^ghc�iZid_�fgh]h�khl_g�aZibk_c��Z�kha^Z\Zcl_�^hihegbl_ev-
gu_�iZidb�b�i_j_ghkbl_�lm^Z�qZklv�nZceh\�\�khhl\_lkl\bb�k�bo�ij_^f_l-
guf�kfukehf�

bf_gmcl_�dZ`^uc�aZibku\Z_fuc�nZce�g_�Z[kljZdlguf�bf_g_f��Z�\�khhl-
\_lkl\bb�k�lbihf�bkke_^h\Zgby��iZpb_glhf�b�l��i��

khijh\h`^Zcl_�dZ`^uc�nZce�bkq_jiu\Zxsbf�aZ]heh\dhf��kf��jZa^�������
ÌçÚâÝÚ� <hafh`ghklv� ql_gby� ba� Zjob\Z� hij_^_ey_lky� gZebqb_f� \� Zd-

lb\ghf�^bZeh]h\hf�f_gx�beb�Zdlb\ghf�hdg_�dghidb�QblZlv�k�oZjZdl_j-
ghc�ibdlh]jZffhc��wlm�dghidm�h[uqgh�^m[ebjm_l�[ukljZy�deZ\brZ�{'��).

¼ÕäÝæñ� <hafh`ghklv�aZibkb�\�Zjob\�hij_^_ey_lky�gZebqb_f�\�Zdlb\-
ghf�f_gx�beb�hdg_�dghidb�KhojZgblv� k�oZjZdl_jghc�ibdlh]jZffhc� �wlm
dghidm�h[uqgh�^m[ebjm_l�[ukljZy�deZ\brZ�{'��).

Ql_gb_� �beb� aZibkv�� kh[kl\_ggh� aZibk_c� [bhkb]gZeh\� \uihegy_lky� ba
\udb^gh]h�f_gx�imgdlZ�NZceu�\_jog_c�dhfZg^ghc�kljhdb��beb�deZ\brZfb
{'��/{'���ijb�Zdlb\ghf�hdg_�fhgblhjZ��beb�dghidZfb�ba�lj_lv_c�wdjZg-
ghc�kljhdb��

Ihkdhevdm�ijb�\uiheg_gbb�ex[hc�ba�mdZaZgguo�hi_jZpbc�\uau\Z_lky
klZg^Zjlguc�[eZgd�ql_gby±aZibkb��lh�^Ze__�kgZqZeZ�jZkkfhljbf�_]h�h[sb_
\hafh`ghklb�b�ki_pbZevgu_�kj_^kl\Z��k\yaZggu_�k�ihbkdhf�bgnhjfZpbb�\
[ZaZo�^Zgguo�� Z� aZl_f�i_j_c^_f� kh[kl\_ggh�d�\uiheg_gbx�hi_jZpbc�ql_-
gby–aZibkb�

¶àÕâß�ìçÚâÝô−ÜÕäÝæÝ
GZqZevguc�\b^�klZg^Zjlgh]h�[eZgdZ�ql_gby±aZibkb�ij_^klZ\e_g�gZ�jbk�

����������<_jogyy�kljhdZ�[eZgdZ�kh^_j`bl�_]h�gZbf_gh\Zgb_��ql_gb_�nZceZ
beb�aZibkv�nZceZ�

GZ�iZg_eb�ih^�kljhdhc�aZ]heh\dZ�jZkiheZ]Zxlky�ke_^mxsb_�we_f_glu�
ihe_�lbiZ�nZceh\�\�h]eZ\e_gbb�Zjob\Z�k�dghidhc�\udb^gh]h�kibkdZ�^himk-
lbfuo�lbih\�nZceh\�

ihe_�^Zlu�kha^Zgby�l_dms_]h�nZceZ��^ey�[eZgdZ�ql_gby��beb�ihe_�\\h^Z
bf_gb�aZibku\Z_fh]h�nZceZ��^ey�[eZgdZ�aZibkb��

dghidZ�\uah\Z�hlf_gu�\uiZ^Zxs_]h�f_gx�[Zau�^Zgguo��kf��gb`_���wlh�`_
f_gx�\uau\Z_lky�hlf_gy_lky�b�gZ`Zlb_f�gZ�ijZ\mx�dghidm�furb�

dghidZ�m^Ze_gby�l_dms_]h�nZceZ�ba�Zjob\Z��beb�deZ\brZ�{%FM�).



80 =eZ\Z����Ijhkfhlj�b�bamq_gb_�aZibk_c

dghidZ�:job\�\dexqZ_l�\�ijZ\hc�qZklb�[eZgdZ�ihe_�^_j_\Z�iZihd��h^gh\j_-
f_ggh�ih^�gbf�ihy\ey_lky�ebg_cdZ�i_j_dexqZl_e_c�^bkdh\h^h\�b�ih-
\_joghkl_c�`_kldh]h�^bkdZ��jbk��������bkihevamy�wlb�kj_^kl\Z��fh`gh
kf_gblv�Zjob\�jZaf_s_gby�^Zgguo��^ey�hlf_gu�ihey�^_j_\Z�iZihd�ke_-
^m_l�ih\lhjgh�gZ`Zlv�dghidm�:job\.

Jbk�������;eZgd�ql_gby Jbk�������;eZgd�aZibkb�k�ihemhdghf
iZihd�b�ebg_cdhc�^bkdh\h^h\

;hevrZy�qZklv�hklZ\r_]hky�ijhkljZgkl\Z�[eZgdZ�hl\_^_gZ�ih^�h]eZ\e_-
gb_�nZceh\�l_dms_]h�Zjob\Z�

>ey�i_j_f_s_gby�ih�[hevrbf�Zjob\Zf��h]eZ\e_gby�dhlhjuo�g_�mf_sZ-
xlky�gZ� wdjZg_��kem`bl�\_jlbdZevgZy�ebg_cdZ�i_j_f_s_gby��Z� lZd`_�deZ-
\brb�{1BHF%X�, {1BHF6Q���I_j_clb� d�gm`ghfm�njZ]f_glm� h]eZ\e_gby
fh`gh�b� gZ`Zlb_f� deZ\brb� i_j\hc� [md\u�nZceZ�� dh]^Z� ihe_� h]eZ\e_gby
y\ey_lky�Zdlb\guf�

¿ãááÚâçÕåÝÝ� Ih^�h]eZ\e_gb_f�h[uqgh�gZoh^blky�kljhdZ�dhff_glZ-
jby�d� l_dms_fm�nZcem��KljhdZ�dhff_glZjby�iha\hey_l�emqr_�hjb_glbjh-
\Zlvky� \� [hevrbo� Zjob\Zo�� ij_^f_lguc� kfuke�fgh]bo�nZceh\� \� dhlhjuo
m`_�ihaZ[ueky��Ihwlhfm�djZcg_�ihe_agh�h[gh\eylv�wlm�kljhdm�i_j_^�dZ`-
^hc�aZibkvx�gh\h]h�nZceZ��qlh[u�_]h�khijh\h`^Ze�hjb]bgZevguc�dhff_g-
lZjbc��jbk��������>ey�nZceh\�aZibk_c�[bhkb]gZeh\�lZdh_�h[gh\e_gb_�ijhba-
\h^blky� \� ih^imgdl_� AZ]heh\hd� imgdlZ� MklZgh\db� \_jog_c� dhfZg^ghc
kljhdb� �kf�� jZa^�� ������ >ey� ^jm]bo� lbih\� nZceh\� dhff_glZjbc� \\h^blky
ijyfh�k�deZ\bZlmju�\�gb`g__�ihe_�\\h^Z�[eZgdZ�aZibkb��Djhf_�lh]h��gZeb-
qb_�dhff_glZjb_\�iha\hey_l�bkihevah\Zlv�fhsgu_�f_oZgbafu�dhgl_dklgh-
]h�ihbkdZ�gm`guo�nZceh\�\�j_`bf_�;Zau�^Zgguo.
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¶ÕÜÕ�ÙÕââðê

J_`bf�[Zau�^Zgguo�y\ey_lky�wnn_dlb\guf�kj_^kl\hf�[ukljh]h�b�Zkkh-
pbZlb\gh]h�ihbkdZ�lj_[m_fhc�bgnhjfZpbb�\�[hevrbo�Zjob\Zo��Wlhl�j_`bf
j_Zebam_lky�\uiZ^Zxsbf�f_gx��jbk��������\uau\Z_fuf�hlf_gy_fuf�dghi-
dhc�F_gx��b�\dexqZ_l�ljb�ihabpbb��Ihbkd��<u[hjdZ��DZjlhl_dZ.

·ðÖãåßÕ� We_f_gl� <u[hjdZ

ij_^gZagZq_g�^ey�baf_g_gby�nhjfZlZ
[eZgdZ� ql_gby−aZibkb�� dh]^Z� \� g_f
hklZ_lky� lhevdh� h^gh� e_\h_� ihe_� h]-
eZ\e_gby�nZceh\��Z�kijZ\Z�hl�g_]h�ih-
y\ey_lky� ihe_� dhff_glZjb-
_\−aZ]heh\dh\� dZ`^h]h� nZceZ� �jbk�
3.7).

KijZ\Z�hl�ihey�<u[hjdZ�jZkiheh-
`_gZ�dghidZ�\uiZ^Zxs_]h�kibkdZ�lb-

iZ�aZ]heh\hqghc�bgnhjfZpbb��jbk�������
G_l�²�dhff_glZjbb�g_�wdkihgbjmxlky�
Ijh[Z�²�ba�aZ]heh\dZ�wdkihgbjm_lky�ihabpby�Ijh[Z;
=jmiiZ�²�ba�aZ]heh\dZ�wdkihgbjm_lky�ihabpby�=jmiiZ;
NBH�²�ba�aZ]heh\dZ�wdkihgbjm_lky�ihabpby�NBH;
Dh^�²�ba�aZ]heh\dZ�wdkihgbjm_lky�ihabpby�Dh^;
Jh`^�²�ba�aZ]heh\dZ�wdkihgbjm_lky�ihabpby�>ZlZ�jh`^�;
>bZ]g�²�ba�aZ]heh\dZ�wdkihgbjm_lky�ihabpby�>bZ]gha.

<u[hj�imgdlZ��hlebqgh]h�hl�G_l��b]-
jZ_l� jhev� lhevdh� ^ey�nZceh\� aZibk_c
[bhkb]gZeh\��^ey�^jm]h]h�lbiZ�nZceh\
\u[hj�ex[h]h�imgdlZ�ijb\h^bl�d�wdk-
ihgbjh\Zgbx� bo� dhff_glZjb_\�� GZ-
ihfgbf��qlh�^ey�nZceh\� aZibk_c�[bh-
kb]gZeh\� dhff_glZjbc−aZ]heh\hd
�nhjfbjm_fuc� i_j_^� bkke_^h\Zgb_f�
kf��jZa^�������g_�y\ey_lky�fhgheblguf
�dZd� ^ey� ^jm]bo� lbih\�nZceh\��� Z� kh-
klhbl� ba� \ur_i_j_qbke_gguo� dhfih-
g_glh\�� b� bo� baf_g_gb_� fh`_l� [ulv
ijhba\_^_gh� ihkj_^kl\hf� ih^imgdlZ
AZ]heh\hd� imgdlZ� MklZgh\db� \_jog_c
dhfZg^ghc�kljhdb�

ÄãÝæß� DghidZ� Ihbkd� ij_^gZagZ-
q_gZ� ^ey� \uiheg_gby� ZkkhpbZlb\gh]h

ihbkdZ�\�Zjob\_�ih�\\_^_gghfm�rZ[ehgm��ij_^klZ\eyxs_fm�kh[hc�g_dhlh-
juc�njZ]f_gl� l_dklZ��<\h^�rZ[ehgZ�fh`_l� [ulv�ijhba\_^_g�g_ihkj_^kl-

Jbk������
F_gx�[Zau
^Zgguo

Jbk������<u-
db^ghc�kibkhd
j_`bfZ�<u[hjdZ

Jbk�������<b^�[eZgdZ�aZibkb�\�j_`bf_
\u[hjdb�dhff_glZjby�Ijh[Z
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\_ggh�\�gb`_jZkiheh`_ggh_�ihe_�beb�`_�hg�fh`_l�[ulv�\u[jZg�ba�\uiZ-
^Zxs_]h� kibkdZ�� kh^_j`Zs_]h� ^h� ��� lbih\uo�rZ[ehgh\�� khojZgy_fuo� hl
k_ZgkZ� d� k_Zgkm��<u[hj� ba� kibkdZ� hkms_kl\ey_lky�s_eqdhf�furvx��>ey
mklZgh\db�\�kibkhd�gh\h]h�rZ[ehgZ�ke_^m_l�\u[jZlv�khhl\_lkl\mxsmx�ih-
abpbx�\�kibkd_�b�gZ[jZlv�\�ihe_�\\h^Z�gh\uc�rZ[ehg��aZl_f�hg�[m^_l�Z\lh-
fZlbq_kdb�aZihfg_g�\�\u[jZgghc�kljhd_�kibkdZ��LZdbf�h[jZahf�fh`gh�aZ-
]hlh\blv�gZb[he__�qZklh�\klj_qZxsb_ky�rZ[ehgu�ihbkdZ�b�l_f�kZfuf�agZ-
qbl_evgh�h[e_]qblv�^ey�k_[y�ih\lhjgu_�\uiheg_gby�hi_jZpbb�ihbkdZ�

Ihke_�\uiheg_gby�ihbkdZ�\�h]eZ\e_gbb�Zjob\Z�[m^ml�hklZ\e_gu�lhevdh
nZceu�� aZ]heh\db� �dhff_glZjbb�� dhlhjuo� kh^_j`Zl� aZ^Zgguc� rZ[ehg� \
ex[hc�k\h_c�ihabpbb�

H^gZ`^u�mklZgh\e_ggu_�j_`bfu�<u[hjdZ�b�Ihbkd�aZihfbgZxlky�b�\hk-
ijhba\h^ylky�ijb�ihke_^h\Zl_evguo�h[jZs_gby�b�k_ZgkZo�^h�k\h_c�hlf_gu�

¿ÕåçãçÚßÕ� GZ`Zlb_� dghidb� DZjlhl_dZ� \dexqZ_l�\udexqZ_l� ki_pb-
Zevguc�j_`bf��ij_^gZagZq_gguc�^ey�gm`^�debgbq_kdhc�ijZdlbdb��<�wlhf
j_`bf_�\k_�aZibkb�l_dms_]h�Zjob\Z�kljmdlmjbjmxlky�gZ�^\mo�mjh\gyo��jbk�
������ GZ� i_j\hf�� \_jog_f� mjh\g_� dZjlhl_db� jZkiheZ]Zxlky� iZpb_glu� kh
\k_fb�k\hbfb�aZ]heh\hqgufb�k\_^_gbyfb��NBH��dh^��]jmiiZ��]�jh`^��ihe�
GZ� \lhjhf�mjh\g_�^ey�dZ`^h]h�iZpb_glZ�jZkiheZ]Zxlky�ijh\_^_ggu_�^ey
g_]h�bkke_^h\Zgby�k�hlghkys_cky�d�gbf�bgnhjfZpb_c��ijh[Z��^bZ]gha��^ZlZ
ijh\_^_gby��bfy�nZceZ�

Ijb�\dexq_gghf�j_`bf_�dZjlhl_db�[eZgd�ql_gby−aZibkb�ij_h[jZam_lky
\�ljb�\_jlbdZevguo�ihey��GZ�i_j\hf�mjh\g_�dZjlhl_db��jbk�����Z��e_\h_�ih-
e_� kh^_j`bl� kibkhd� iZpb_glh\�� ih� dhlhjhfm� b� ijhba\h^blky� \u[hj�� <
kj_^g_f�ihe_�mdZau\Z_lky�qbkeh�bkke_^h\Zgbc��ijh\_^_gguo�^ey�dZ`^h]h
iZpb_glZ�b�_]h�^ZlZ�jh`^_gby��Z�\�e_\hf�ihe_�²�]jmiiZ�iZpb_glZ�

Z� [�

Jbk�������;eZgd�ql_gby−aZibkb�\�j_`bf_�dZjlhl_db�
Z�²�mjh\_gv����[�²�mjh\_gv���
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?keb� ^ey� iZpb_glZ� ijh\_^_gh� lhevdh� h^gh� bkke_^h\Zgb_�� lh� ^\hcghc
s_eqhd�ih� _]h�nZfbebb� \� kibkd_� \e_q_l�ql_gb_� khhl\_lkl\mxs_]h�nZceZ
aZibkb��\�ijhlb\ghf�kemqZ_�dZjlhl_dZ�i_j_oh^bl�gZ�k\hc�\lhjhc�mjh\_gv�

GZ�\lhjhf�mjh\g_�dZjlhl_db� �jbk�����[��ijb\h^ylky�k\_^_gby�ih�bkke_-
^h\Zgbyf�^ey�iZpb_glZ��\u[jZggh]h�gZ�i_j\hf�mjh\g_��e_\h_�ihe_� kh^_j-
`bl�kibkhd�ijh\_^_gguo�ijh[��kj_^g__�ihe_�²�khhl\_lkl\mxsb_�bf�^bZ]-
ghau�� Z� ijZ\h_� ihe_� ²� ^Zlm� ijh\_^_gby� bkke_^h\Zgby� b� bfy� ^bkdh\h]h
nZceZ��>\hcghc�s_eqhd�ih�ijh[_�\�kibkd_�\e_q_l�ql_gb_�khhl\_lkl\mxs_]h
nZceZ�

>ey�\ha\jZlZ�gZ�i_j\uc�mjh\_gv�dZjlhl_db�ke_^m_l�\uihegblv�^\hcghc
s_eqhd�ih�\_jog_c�ihabpbb�kibkdZ��h[hagZq_gghc�^\mfy�lhqdZfb��>ey�hl-
f_gu� j_`bfZ� dZjlhl_db� k� \ha\jZlhf� \� h[uqguc� j_`bf� [eZgdZ� ql_-
gby−aZibkb�g_h[oh^bfh�ih\lhjgh�gZ`Zlv�dghidm�DZjlhl_dZ.

ÌçÚâÝÚ�éÕÞàã×

>ey�ql_gby�nZceZ�s_edgbl_�^\Z`^u�ih�bf_gb�nZceZ�\�h]eZ\e_gbb�l_-
dms_]h� Zjob\Z��?keb�`_�\u�i_j_^mfZeb�� lh�gZ`fbl_�deZ\brm�{&TD��^ey
aZdjulby�[eZgdZ�

ÆáÚâÕ� ÕåêÝ×Õ� ?keb� \Zrb� nZceu� jZkiheh`_gu� \� ^jm]hf� Zjob\_�� lh
s_edgbl_�ih� dghid_�:job\� kijZ\Z−\\_jom�[eZgdZ�ql_gby�b� \�ijZ\hc� qZklb
[eZgdZ�ihy\blky�^_j_\h�iZihd�l_dms_c�ih\_joghklb�`_kldh]h�^bkdZ��kf��jbk�
������\�dhlhjhf�b�\u[_jbl_�lj_[m_fmx�iZidm��Ihke_^gbc�mklZgh\e_gguc�Zj-
ob\�[m^_l�aZihfg_g�b�\hkijhba\_^_g�ijb�ke_^mxs_f�ql_gbb�b�k_Zgk_�

>ey� kf_gu� l_dms_c� ih\_joghklb� s_edgbl_� ih� khhl\_lkl\mxs_c� aZ-
deZ^d_�kljhdb�ih\_joghkl_c��^bkdh\h^h\��\�gb`g_c�kljhd_�[eZgdZ�

ÈÙÕàÚâÝÚ�éÕÞàÕ� Qlh[u�m^Zeblv�nZce�ba�l_dms_]h�Zjob\Z��\u^_ebl_
_]h�gZbf_gh\Zgb_�\�h]eZ\e_gbb�Zjob\Z�b�gZ`fbl_�dghidm�M^Zeblv�\\_jom
[eZgdZ��ihke_�q_]h�ih^l\_j^bl_�g_h[oh^bfhklv�m^Ze_gby�nZceZ�

½áäãåç� ÜÕäÝæÚÞ� Ql_gb_� nZceh\� aZibk_c� [bhkb]gZeh\� \hafh`gh� g_
lhevdh�\h�\gmlj_gg_f�nhjfZl_��gh�\�l_dklh\hf�nhjfZl_�b�\�klZg^Zjlghf�_\-
jhi_ckdhf�nhjfZl_�^Zgguo� �EDF���qlh�h[_ki_qb\Z_l� kh\f_klbfhklv� k�^jm-
]bfb�ijh]jZffZfb�ZgZebaZ�^Zgguo�b�we_dljhnbabheh]bq_kdbfb�kbkl_fZfb�

>ey�bfihjlZ�baf_gbl_� lbi�hlh[jZ`Z_fuo�nZceh\��s_edgm\�ih�dghid_
\udb^gh]h�kibkdZ�lbiZ�nZceh\�ke_\Z�\\_jom�[eZgdZ��b�\u[_jbl_�l_dklh\uc
`_�EDF lbi��AZl_f�kqblZcl_�ba�h[gh\e_ggh]h�h]eZ\e_gby�gm`guc�nZce�

Lj_[h\Zgby�� nZceu� aZibk_c� \� l_dklh\hf� nhjfZl_� ^he`gu� m^h\e_l\h-
jylv�ke_^mxsbf�mkeh\byf�
i_j\Zy�kljhdZ�nZceZ�kh^_j`bl�ihke_^h\Zl_evghklv�kbf\hevguo�h[hagZq_-
gbc�hl\_^_gbc�dZgZeh\�

\lhjZy�kljhdZ�kh^_j`bl�ihke_^h\Zl_evghklv�fZdkbfZevguo�agZq_gbc�Zf-
ieblm^�kb]gZeZ��hlghkbl_evgh�gmey�ih�Z[khexlghc�\_ebqbg_��\�ihjy^d_
dZgZeh\��`_eZl_evgh�k��±����guf�aZiZkhf��
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dZ`^Zy�ke_^mxsZy�kljhdZ�kh^_j`bl�ihke_^h\Zl_evghklv�Zfieblm^�kb]gZeZ
\�ihjy^d_�dZgZeh\��Z�ihke_^h\Zl_evgu_�kljhdb�hl\_qZxl�ihke_^h\Zl_ev-
guf�^bkdj_lZf�\j_f_gb�

\�dZq_kl\_�jZa^_ebl_e_c�f_`^m�we_f_glZfb�kljhd�fh`_l�bkihevah\Zlvky
ex[h_�qbkeh�ijh[_eh\��Z�lZd`_�aZiylu_�beb�kbf\heu�lZ[meypbb�

_keb�g_h[oh^bfh�bfihjlbjh\Zlv�^bkdj_lgu_�kb]gZeu��lh�baf_g_gby�bo�kh-
klhygby�ijb\h^ylky�\�ihke_^g_c�dhehgd_�k�h[hagZq_gb_f�In−Out�\�\b^_
^\mo�^\moagZqguo���-jbqguo�qbk_e��jZa^_e_gguo�^_nbkhf�
Qlh[u�aZdj_iblv�wlb�lj_[h\Zgby�\�ajbl_evghc�iZfylb��^hklZlhqgh�wdk-

ihjlbjh\Zlv�dZdmx-gb[m^v�aZibkv�\�l_dklh\hf�nhjfZl_�b�ijhkfhlj_lv�j_-
amevlZlu�\�ex[hf�l_dklh\hf�j_^Zdlhj_�

?keb�\Zrb�l_dklh\u_�nZceu�g_�hl\_qZxl�i_j_qbke_gguf�lj_[h\Zgbyf�
bo�ke_^m_l�ij_^\Zjbl_evgh�fh^bnbpbjh\Zlv�kj_^kl\Zfb�ex[h]h�l_dklh\h]h
j_^ZdlhjZ�

Ihke_� ql_gby� l_dklh\h]h� nZceZ� ke_^m_l� mklZgh\blv� hl\_qZxsmx� _fm
qZklhlm�^bkdj_lbaZpbb�\�f_gx�ieZgbjh\Zgby�bkke_^h\Zgby� �kf��jZa^�������
@_eZl_evgh�lZd`_�kjZam�khojZgblv�\\_^_ggmx�aZibkv�\h�\gmlj_gg_f�nhj-
fZl_���&$'��^ey�mkdhj_gby�ihke_^mxsbo�ql_gbc�

¼ÕäÝæñ�éÕÞàã×

>ey� aZibkb�nZceZ�gZ[_jbl_�_]h�gZbf_gh\Zgb_�\�kj_^g_f�\_jog_f�ihe_
\\h^Z�b�gZ`fbl_�dghidm�AZibkv�kijZ\Z�\�\_jog_c�kljhd_�[eZgdZ� �kf��jbk�
�����beb�deZ\brm�{&OUFS�.

>ey� aZibkb� \�m`_� kms_kl\mxsbc�nZce�ij_^\Zjbl_evgh�^\Z`^u�s_ed-
gbl_�ih�bf_gb�nZceZ�\�h]eZ\e_gbb�Zjob\Z��<�wlhf�kemqZ_�\u^Z_lky�aZijhk
�jbk�� ����� gZ� mlhqg_gb_� hi_jZpbb�� ke_^m_l� eb� iheghklvx� aZf_gblv� nZce�
^h[Z\blv� l_dmsmx� aZibkv� \� _]h� ijh^he`_gb_� �ijb� wlhf� qbkeh� dZgZeh\
^he`gh� khhl\_lkl\h\Zlv� bf_xs_cky� aZibkb�� beb� ^h[Z\blv� \k_� ihke_^mx-
sb_�aZibkb�l_dms_]h�nZceZ�

I_j_^� aZibkvx�gh\h]h�nZceZ�hq_gv
ihe_agh� knhjfbjh\Zlv� beb� h[gh\blv
_]h� dhff_glZjbc� \� gb`g_c� kljhd_
[eZgdZ��^ey�aZibk_c�[bhkb]gZeh\�baf_-
g_gby� dhff_glZjby� ij_^\Zjbl_evgh
hkms_kl\ey_lky� \uiheg_gb_f� imgdlh\
MklZgh\db–AZ]heh\hd�\_jog_c�dhfZg^-
ghc�kljhdb��kf��jZa^��������GZebqb_�ih-
^h[guo� dhff_glZjb_\� hq_gv� h[e_]qbl
\Zf� hjb_glbjh\dm� \� g_h[hajbfuo� Zj-
ob\Zo�^Zgguo��dhlhju_�jZgh�beb�iha^-
gh�\hagbdgml� �kf��\ur_�;ZaZ�^Zgguo).

Ijb�gZebqbb�dhff_glZjby�d�nZcem�_]h�fh`gh�[m^_l�ijhqblZlv�\�gb`g_c
kljhd_�[eZgdZ�ql_gby�

Jbk�������F_gx�\ZjbZglh\�aZibkb
\�m`_�kms_kl\mxsbc�nZce
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?keb�\u�i_j_^mfZeb�\uihegylv� aZibkv��lh�gZ`fbl_�deZ\brm�{&TD��b
hi_jZpby�[m^_l�hlf_g_gZ�b�[eZgd�aZibkb�bkq_ag_l�

Òßæäãåç� ÜÕäÝæÚÞ� <hafh`ghklv� aZibkb� [bhkb]gZeh\� g_� lhevdh� \h
\gmlj_gg_f� nhjfZl_�� gh� \� l_dklh\hf� nhjfZl_� b� \� _\jhi_ckdhf� nhjfZl_
^Zgguo��EDF��h[_ki_qb\Z_l�kh\f_klbfhklv�kbkl_fu�k�^jm]bfb�ijh]jZffZ-
fb�ZgZebaZ�^Zgguo�>��@�b�we_dljhnbabheh]bq_kdbfb�ZgZebaZlhjZfb�

>ey�wdkihjlZ�baf_gbl_�lbi�hlh[jZ`Z_fuo�nZceh\��s_edgm\�ih�dghid_
\udb^gh]h�kibkdZ�lbiZ�nZceh\�ke_\Z�\\_jom�[eZgdZ��b�\u[_jbl_�l_dklh\uc
beb�EDF�nhjfZl��AZl_f�hkms_kl\bl_�hi_jZpbx�aZibkb��KljmdlmjZ�l_dklh-
\h]h� nZceZ� hl\_qZ_l� \ur_ijb\_^_gguf� lj_[h\Zgbyf� d� bfihjlbjm_fuf
nZceZf��<�\udb^ghf�kibkd_�lbiZ�nZceh\�bf__lky�lZd`_�nhjfZl�ehdZebaZ-
pbb�bklhqgbdh\�WW=−Zdlb\ghklb��kf��jZa^�������

Wdkihjl�hkms_kl\ey_lky�^ey�dZgZeh\��hlh[jZ`_gguo�gZ�wdjZg_��qlh�ih-
a\hey_l�wdkihjlbjh\Zlv�lhevdh�ba[jZggh_�qbkeh�dZgZeh\���Z�lZd`_�\h�\j_-
f_gghf�^bZiZahg_�hl�fZjd_jZ�^h�\babjZ� �ijb�hlkmlkl\bb�fZjd_jZ�wdkihj-
lbjm_lky�\ky� aZibkv���<�kemqZ_�ijbkmlkl\by�\�nZce_�^bkdj_lguo�kb]gZeh\
baf_g_gb_� bo� khklhygby� hlh[jZ`Z_lky� \� ihke_^g_c� dhehgd_� l_dklh\h]h
nZceZ�k�gZbf_gh\Zgb_f�In−Out�b�\���-jbqghc�kbkl_f_�kqbke_gby�

Òßæäãåç�ØåÕéÝßÝ��WdjZg�fhgblhjZ�aZibk_c�fh`_l�[ulv�khojZg_g�lZd-
`_�\�]jZnbq_kdhf�\b^_�\�nZce_�%03−nhjfZlZ��>ey�wlh]h�ke_^m_l�ij_^\Z-
jbl_evgh�\�[eZgd_�ql_gby−aZibkb�ih�\udb^ghfm�kibkdm�lbih\�nZceh\�mk-
lZgh\blv�]jZnbq_kdbc�%03−nhjfZl�

Wdkihjl�fh`_l�[ulv�hkms_kl\e_g�b�\�gh\h_�hdgh��kha^Zggh_�\uiheg_-
gb_f�imgdlh\�Dhgkljmdlhj−Kha^Zlv�hdgh�ba�\_jog_c�dhfZg^ghc�kljhdb�
I_j_^�wlbf�ke_^m_l�aZ[jZlv�wdjZg�fhgblhjZ�\�[mn_j�h[f_gZ��Z�aZl_f�\�gh-
\hf� hdg_� \ua\Zlv� dhgl_dklgh_�f_gx�ijZ\hc� dghidhc�furb�b� \uihegblv
hi_jZpbx�\klZ\db�ba�[mn_jZ��LZdhc�ijb_f�iha\hey_l�\bamZevgh�kjZ\gb\Zlv
njZ]f_glu�aZibk_c�ba�jZaguo�mqZkldh\�h^gh]h�beb�g_kdhevdbo�nZceh\�

�����J_^Zdlbjh\Zgb_�aZibk_c
AZ^Zqb�j_^Zdlbjh\Zgby�aZibk_c�[bhkb]gZeh\��ij_^\Zjyxs_]h�bo�\uqbk-

ebl_evguc�ZgZeba��lj_[mxl�gZebqby�dhfie_dkZ�klZg^Zjlguo�kj_^kl\�
• m^Ze_gb_�mqZkldh\��bkihjq_gguo�Zjl_nZdlZfb�
• \u^_e_gb_�njZ]f_glh\��ij_^klZ\eyxsbo�bgl_j_k�^ey�ZgZebaZ�
• bkihevah\Zgb_�j_^Zdlhjkdbo�f_lhd�k�hi_jZpbyfb��kf��jZa^��������\klZ-

\blv��m^Zeblv��i_j_clb�d�ke_^mxs_c�beb�ij_^u^ms_c��Z�lZd`_�bkihev-
ah\Zgb_�f_lhd�\�Zj]mf_glZo�nhjfme��kf��jZa^���������������������

• h[gZjm`_gb_�b�m^Ze_gby�Zjl_nZdlh\��jmqgh_�beb�Z\lhfZlbq_kdh_��
• dhjj_dpby�\ebygby�kb]gZeZ−bg^mdlhjZ�
• dhjj_dpbb�gmey��jmqgZy�beb�Z\lhfZlbq_kdZy��
• i_j_dZeb[jh\dZ�Zfieblm^ghc�rdZeu�
• m^Ze_gb_−\klZ\e_gb_�dZgZeh\��kf��jZa^�������
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• ql_gb_�dZgZeh\�ba�^jm]bo�nZceh\��kf��jZa^���������

µåçÚéÕßçð� ij_^klZ\eyxl� kh[hc� g_� oZjZdl_jgu_� ^ey� j_]bkljbjm_fh]h
ijhp_kkZ�baf_g_gby��gZ\_^_ggu_�\g_rgbfb�ijbqbgZfb��we_dljbq_kdb_�b�fZ]-
gblgu_�ihey��^\b`_gby�iZpb_glZ�b�l��i���kf��jZa^�������������JmqgZy�dhjj_dpby
Zjl_nZdlh\�k�bkihevah\Zgb_f�deZ\brb�{%FM��jZkkfhlj_gZ�\�jZa^������

IhemZ\lhfZlbq_kdh_� m^Ze_gb_� Zjl_nZdlh\� ijhba\h^blky� ih� \uiheg_-
gbx� imgdlh\� <uqbke_gby−:jl_nZdlu� \_jog_c� dhfZg^ghc� kljhdb�� ihke_
q_]h�ihy\ey_lky�[eZgd�Zjl_nZdlh\��jbk��������

<�wlhf�[eZgd_�Zjl_nZdl�aZ^Z_lky�^\mfy�iZ-
jZf_ljZfb�� fbgbfZevgZy� ^ebl_evghklv� ij_-
\ur_gby�aZ^Zgghc�Zfieblm^u��ih�Z[khexlghc
\_ebqbg_���Ijb�gZ`Zlbb�dghidb�M^Zeblv�dZ`-
^uc�hq_j_^ghc�gZc^_gguc�Zjl_nZdl�hlh[jZ`Z-
_lky� gZ� fhgblhj_� k� \babjhf� gZ� gZqZe_� Zjl_-
nZdlZ�b�ihy\ey_lky�f_gx�m^Ze_gby�Zjl_nZdlh\
�jbk��������

<�wlhf�f_gx�fh`gh�\u[jZlv�M^Zeblv�^Zg-
guc� Zjl_nZdl�� hklZ\blv� [_a� baf_g_gby� �Ijh-
imklblv���ijh^he`blv�hi_jZpbx�m^Ze_gby�>h
dhgpZ� aZibkb� Z\lhfZlbq_kdb� beb� `_� ij_djZ-
lblv� �Hlf_gblv�� ^Zevg_cr__� \uiheg_gb_
hi_jZpbb�

¿ãååÚßëÝô� ÕåçÚéÕßçã×� �\� f_gx� jbk�
������ khklhbl� \� bkdexq_gbb� \ebygbb� g_dhlhjh]h� kb]gZeZ−bg^mdlhjZ� gZ
kb]gZe�l_dms_]h�dZgZeZ��kb]gZeZ−ijb_fgbdZ��gZijbf_j��WH=�gZ�WW=��

>ey�wlh]h�\�[eZgd_�ke_^m_l�mdZaZlv�ghf_j�dZ-
gZeZ� bg^mdlhjZ�� Dhjj_dlbjh\dZ� \u[jZggh]h� dZ-
gZeZ�ijhba\h^blky�f_lh^hf�ebg_cghc�j_]j_kkbb�
kljhblky� j_]j_kkbhggZy�fh^_ev�f_`^m� iZjgufb
Zfieblm^Zfb�bg^mdlhjZ�b�ijb_fgbdZ��ihke_�q_]h
ba� Zfieblm^� ijb_fgbdZ� \uqblZxlky� khhl\_lkl-
\mxsb_�j_]j_kkbhggu_�^h[Z\db��LZdb_�hi_jZpbb
fh`gh� ih\lhjblv� ^ey� \k_o� dZgZeh\�� lj_[mxsbo
dhjj_dlbjh\db�

QZklh�\�kb]gZe_−bg^mdlhj_�ijbkmlkl\mxl�\u-
khdhqZklhlgu_� gbadhZfieblm^gu_� dhe_[Zgby� beb� rmfu�� dhlhju_� `_eZ-
l_evgh� g_� mqblu\Zlv� ijb� dhjj_dlbjh\d_��<� lZdbo� kemqZyo� j_dhf_g^m_lky
ij_^\Zjbl_evgh� ijhba\h^blv� k]eZ`b\Zgb_� beb� nbevljZpbx� dZgZ-
eZ−bg^mdlhjZ��kf��jZa^���������

ÁãåØÕâÝô��WlZ�dghidZ�iha\hey_l�m^Zeblv�ba�aZibkb�WW=�Zjl_nZdlu�hl
fhj]Zgbbc� ]eZa�� gZb[he__� ijhy\eyxsb_ky� \� i_j_^g_�eh[guo� hl\_^_gbyo�
>ey�wlh]h�bkihevam_lky�ke_^mxsbc�w\jbklbq_kdbc�Ze]hjblf��Ijhba\h^blky
Nmjv_�nbevljZpby�\�^bZiZahg_��−��=p�ih�hl\_^_gbx�)S����beb�)�����Fhj-

Jbk��������;eZgd�Zjl_nZd-
lh\

Jbk��������F_gx�m^Ze_gby
Zjl_nZdlh\
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]Zgby�^_l_dlbjmxlky�ih���djZlghfm�ij_\ur_gbx�kj_^g_c�Z[khexlghc�Zf-
ieblm^u� kb]gZeZ�� AZl_f� hlj_ahd� Zjl_nZdlZ� hij_^_ey_lky� hl� i_j\hc� ke_\Z
kf_gu� agZdZ� ijhba\h^ghc� kb]gZeZ� b� ^h� \lhjh]h� i_j_k_q_gby� gmey� kijZ\Z
�jbk���������>Ze__�ih^h[gZy�nbevljZpby�ijhba\h^blky�ih�dZ`^hfm�dZgZem��b
__�j_amevlZl�\uqblZ_lky�ba�bkoh^gh]h�kb]gZeZ�gZ�\k_o�gZc^_gguo�hlj_adZo
fhj]Zgbc��LZdhc�f_lh^�^Z_l�[he__�dZq_kl\_ggmx�dhjj_dpbx��q_f�h[uqgh
bkihevam_fuc�f_lh^� ]eZ\guo� b� g_aZ\bkbfuo� dhfihg_gl� beb� j_]j_kkbhg-
guc�ZgZeba��dhlhju_�gZjy^m�k�fhj]Zgbyfb�m^Zeyxl�b�fgh]h�^jm]hc��g_�hl-
ghkys_cky�d�fhj]Zgbyf�jblfbdb�

Jbk��������Dhjj_dpby�fhj]Zgbc��k\_jom�\gba���bkoh^guc�WW=�kb]gZe��nbevljZpby���
���=p��j_amevlZl�dhjj_dpbb�gZ�mqZkldZo��hlf_q_gguo�aZeb\dhc�q_jguf�p\_lhf�

¿ãååÚßëÝô�âèàô� Dhjj_dpby�gmey�khklhbl�\�baf_g_gbb�iheh`_gby�gm-
e_\hc�ebgbb�\�aZibkb��hl�dhlhjhc�hlkqblu\Zxlky�agZq_gby�Zfieblm^�kb]-
gZeh\��>ey�dhjj_dpbb�gmey�ke_^m_l�ij_^\Zjbl_evgh�\u[jZlv�lZdhc�mqZklhd
\� aZibkb�� ]^_�� ih�fg_gbx� bkke_^h\Zl_ey�� j_]bkljbjm_fu_� kb]gZeu� ^hklZ-
lhqgh� klZ[bevgu�hlghkbl_evgh� k\hbo�gme_\uo� agZq_gbc��b� \u^_eblv� wlhl
mqZklhd�k�^\mo�klhjhg�fZjd_jhf�b�\babjhf��Ihke_�wlh]h�ke_^m_l�\uihegblv
imgdl�MklZgh\db−Dhjj_dpby�gmey�b�\u[jZlv�h^bg�ba�^\mo�^hklmiguo�\Zjb-
Zglh\��dhjj_dlbjh\Zlv�lhevdh�l_dmsbc�dZgZe�beb�`_�\k_�dZgZeu�\�aZibkb�
>jm]hc�kihkh[�dhjj_dpbb�gmey�^hklmi_g�h^gh\j_f_ggh�k�dZeb[jh\dhc�

¿ÕàÝÖåã×ßÕ� Ihlj_[ghklv�\�i_j_dZeb[jh\d_� aZibkb�fh`_l�\hagbdZlv�
dh]^Z�gm`gh�i_j_clb� d�^jm]bf� _^bgbpZf�baf_j_gby�^ey� l_dms_c� aZibkb�
beb�dh]^Z�aZibkv�[ueZ�ijhba\_^_gZ�[_a�mq_lZ�ihdZgZevguo�dhwnnbpb_glh\
mkbe_gby��beb�wlb�dhwnnbpb_glu�bf_xl�kemqZcgmx�f_`dZgZevgmx�\ZjbZ-
[_evghklv��G_h[oh^bfZy� \� lZdbo� kemqZyo� ijhp_^mjZ� jZkkfhlj_gZ� \� jZa^�
�����Ijb�wlhf��_keb�ba\_klgh�j_Zevgh_�agZq_gb_�Zfieblm^u�kb]gZeZ�\�aZib-
kb��lh�fh`gh�h[hclbkv�[_a�aZibkb�dZeb[jh\hqgh]h�kb]gZeZ�
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Wdkihjl�b�i_qZlv�aZibk_c�[bhkb]gZeh\�b�j_amevlZlh\�ZgZebaZ�\hafh`gu

^ey�ex[h]h�hdgZ��fhgblhjZ��dZjlbjh\Zgby��]jZnbdh\ b�j_amevlZlh\��Wlb
hi_jZpbb�^hklmigu�q_j_a�[uklju_�deZ\brb��jZ[hlZxsb_�_^bghh[jZagh�\
jZaebqguo�hdgZo�beb�`_�q_j_a�dhgl_dklgh_�f_gx��ihy\eyxs__ky�\�Zdlb\-
ghf�hdg_�ijb�gZ`Zlbb�gZ�ijZ\mx�dghidm�furb�beb�deZ\brb�{&TD���Lb-
ibqguc�\b^�lZdh]h�dhgl_dklgh]h�f_gx�ijb\_^_g�gZ�jbk�������b�\�g_f�ijb-
kmlkl\mxl�hi_jZpbb�ql_gby��aZibkb��i_qZlb�b�hqbkldb�hdgZ��Z�lZd`_�hi_jZ-
pbb�k�[mn_jhf�h[f_gZ��\uj_aZlv��dhibjh\Zlv��\klZ\blv��kf��jZa^�������b�aZ-
djulb_�hdgZ�

ÌçÚâÝÚ�ãßâÕ��Ih�hi_jZpbb�ql_gby�beb�ih�gZ-
`Zlbx� deZ\brb� {'��� \� hdgh� ba� \u[jZggh]h� Zj-
ob\gh]h�nZceZ� �kf�� jZa^�� ����� \\h^blky� l_dkl�beb
bah[jZ`_gb_��lbi�nZceZ�aZ\bkbl�hl�lbiZ�hdgZ��

¼ÕäÝæñ� ãßâÕ��Kh^_j`bfh_� hdgZ� fh`gh� khojZ-
gblv�\�\b^_�Zjob\gh]h�nZceZ� �lbi�dhlhjh]h�hij_^_-
ey_lky�lbihf�hdgZ��deZ\br_c�{'����kf��jZa^�������

ÄÚìÕçñ�ãßâÕ� <u\h^�gZ�i_qZlv�hdgZ�fhgblhjZ�
dh]^Z� hgh� Zdlb\gh�� ijhba\h^blky� ih� bkiheg_gbx
imgdlh\�NZceu−I_qZlv�\_jog_c�dhfZg^ghc�kljh-
db�� ih� gZ`Zlbx� bgkljmf_glZevghc� dghidb� ba
lj_lv_c�kljhdb�beb�ih�gZ`Zlbx�deZ\brb�{'��.

I_qZlv�^jm]bo�hdhg��dh]^Z�hgb�Zdlb\gu��ijhba\h^blky�ba�dhgl_dklgh]h
f_gx��\uau\Z_fh]h�ijZ\hc�dghidhc�furb��beb�deZ\br_c�{'��.

<�]jZnbq_kdbo�hdgZo�ihy\ey_lky�[eZgd�mk-
lZgh\db�iZjZf_ljh\�i_qZlb� �jbk���������\dex-
qZxsbc� ihey� hlklmih\� \u^Z\Z_fh]h� bah[jZ-
`_gby� ke_\Z� b� k\_jom� hl� djZy� ebklZ� i_qZlb�
jZaf_ju�bah[jZ`_gby�ih�rbjbg_�b�\ukhl_��Z
lZd`_� ^\Z� nhgZjbdZ��Ih� ^ebg_� ebklZ� ��� kf
�ih\_jgmlh_� jZkiheh`_gb_� beb� `_� h[uqgh_
jZkiheh`_gb_�� b�FZdkbfZevguc� jZaf_j� �dh-
]^Z� jZaf_j� fZdkbfZe_g� ^ey� \u[jZggh]h� jZk-
iheh`_gby�� Z� ^jm]b_� mklZgh\db� b]ghjbjmxl-
ky���?keb�`_�aZibkv�ij_^klZ\ey_l�WD=�\�klZg-
^Zjlghc� kbkl_f_� hl\_^_gbc� �iheghc� beb� kh-
djZs_gghc��� lh� ij_^\Zjbl_evgh� aZ^Z_lky� \h-
ijhk� h� `_eZl_evghklb� \uihegblv� i_qZlv� \
klZg^Zjlghf�debgbq_kdhf�fZkrlZ[_����kf�f<
b���kf�k��

MklZgh\dZ�ijbgl_jZ� DZd�ijZ\beh��lbi�ijbgl_jZ��ih^dexq_ggh]h�d�dhf-
ivxl_jm�� mklZgZ\eb\Z_lky� \�iZg_eb� mijZ\e_gby�:LQGRZV� b� ^_ckl\m_l� ^ey

Jbk��������Dhgl_dklgh_
f_gx�wdjZgguo�hdhg

Jbk��������;eZgd�mklZgh\hd�i_-
qZlb
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\k_o� ijbeh`_gbc�� Ihwlhfm� imgdl� NZceu−Ijbgl_j� \_jog_c� dhfZg^ghc
kljhdb�� \uau\Zxsbc� lbih\hc� [eZgd� :LQGRZV� mklZgh\db� lbiZ� ijbgl_jZ
�jbk���������h[uqgh�[u\Z_l�ihe_a_g�^ey�i_j_oh^Z�hl�\u^Zqb�bah[jZ`_gby�ih
rbjbg_� ebklZ� �3RUWUDLO�� d� \u^Zq_� [he__� djmigh]h� bah[jZ`_gby� ih� \ukhl_
ebklZ� �/DQGVFDSH���Ijb�lZdhf�i_j_dexq_gbb�ke_^m_l�g_� aZ[ulv�khhl\_lkl-
\_ggh�kdhjj_dlbjh\Zlv�b�rbjbgm�ebklZ�\�f_gx�i_qZlb��kf��jbk��������

Jbk��������;eZgd�mklZgh\db�ijbgl_jZ

Kh\f_klbfhklv� Djhf_�lh]h��qZklh�[u\Z_l�ihe_aguf�i_j_ghk�bah[jZ`_-
gby�\�^jm]b_�]jZnbq_kdb_�ijh]jZffu�q_j_a�[mn_j�h[f_gZ��qlh[u�m`_�lZf
ijhba\_klb�gZ^�gbfb�keh`gu_�ij_h[jZah\Zgby�b�\dexq_gb_�\�l_dklu�klZ-
l_c� b� hlq_lh\��>ey� wlh]h�� djhf_� ljZ^bpbhgguo� kj_^kl\�� [u\Zxl� ihe_agu
deZ\brgu_� hi_jZpbb� aZ[hjZ� \� [mn_j� \k_]h� wdjZgZ� �deZ\brZ
{1SJOU4DSFFO��� b� aZ[hj� \� [mn_j� Zdlb\gh]h� hdgZ� �deZ\brb
{"MU�+{1SJOU4DSFFO�).

Òßæäãåç�ÜÕäÝæÚÞ� Hi_jZpby�wdkihjlZ�aZibk_c� �kf��jZa^�������b�j_amev-
lZlh\� ZgZebaZ�WW=� �kf�� jZa^�� ����� \� l_dklh\hf�nhjfZl_� \�nhjf_� fZljbpu
h[_ki_qb\Z_l�kh\f_klbfhklv�k�^jm]bfb�kbkl_fZfb�ZgZebaZ�^Zgguo�b��ij_`^_
\k_]h��k�mgb\_jkZevghc�klZlbklbq_kdhc�^bZeh]h\hc�kbkl_fhc�67$',$�>��@�

Òßæäãåç� ØåÕéÝßã×� Ijb� jZ[hl_� k� hdghf� ]jZnbdh\� bf__lky� ihe_agZy
\hafh`ghklv�wdkihjlZ�]jZnbdh\�ihkj_^kl\hf�khojZg_gby�\�l_dklh\hf�nZc-
e_�\�nhjf_�fZljbpu�dhhj^bgZl�O, M�_]h�lhq_d��WlZ�hi_jZpby�^hihegbl_ev-
gh� ijbkmlkl\m_l� \� dhgl_dklghf� f_gx� hdgZ� ]jZnbdh\�� Kh^_j`bfh_� hdgZ
]jZnbdh\�fh`gh� lZd`_� khojZgblv� b� \� \b^_� ]jZnbq_kdh]h�nZceZ� \� Zjob\_
deZ\br_c�{'��.

ÃìÝæçßÕ�ãßâÕ��Ih�hi_jZpbb�hqbkldb�ba�hdgZ�m[bjZ_lky�kh^_j`Zsbcky
l_dkl�beb�bah[jZ`_gb_�

¼ÕßåðçÝÚ�ãßâÕ��AZdjulb_�hdgZ�ijhba\h^blky�deZ\br_c�{'�����dh]^Z
hdgh�Zdlb\gh��beb�dghidhc�aZdjulby�hdgZ�

�����>bZ]gha�b�qbkeh\u_�j_amevlZlu
ÂÕÜâÕìÚâÝÚ� >bZ]gha� ij_^klZ\ey_l� kh[hc� keh\_kgh_� aZdexq_gb_� ih

oZjZdl_jm� aZibkb� [bhkb]gZeh\� beb� qbkeh\u_� j_amevlZlu� ZgZebaZ��Hg� kh-
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ijh\h`^Z_l�nZce�aZibkb�b�jZkiheZ]Z_lky�\�h^ghbf_gghf�nZce_�k�jZkrbj_-
gb_f��&$&�

Ãßâã�ÙÝÕØâãÜÕ� >ey�wlbo�p_e_c�ij_^mkfhlj_gh�hdgh�ijhklh]h�l_dklh-
\h]h�j_^ZdlhjZ��jbk���������dhlhjh_�ihy\ey_lky�ijb�\uiheg_gbb�ke_^mxsbo
hi_jZpbc�

• imgdl�>bZ]gha�f_gx�ZgZebaZ�WW=�
• imgdl�>bZ]gha�f_gx�ZgZebaZ�WD=�
• imgdl�KlZlbklbdZ�f_gx�ZgZebaZ�J=�
• imgdlu�:gZeba−>bZ]gha�\_jog_c�dhfZg^ghc�kljhdb�
Z� lZd`_� \� kemqZyo� h[t_fguo� qbkeh\uo� \u^Zq� j_amevlZlh\� jZaebqguo

ijhp_^mj�ZgZebaZ�
<�i_j\uo�lj_o�kemqZyo� �kf��jZa^_eu�Kj_^kl\Z�ZgZebaZ�\�]eZ\Zo��–���\

hdgh�j_^ZdlhjZ�\u\h^ylky�j_amevlZlu�ZgZebaZ�k�^bZ]ghklbdhc�hldehg_gbc
hl�ghjfu�� Z�\�gZqZe_�\u^Zqb�ijb\h^blky� aZ]heh\hqgZy�bgnhjfZpby� l_dm-
s_]h�nZceZ� aZibk_c��Ijb� \uiheg_gbb�imgdlh\�:gZeba−>bZ]gha� �beb� deZ-
\br_c�{����\�hdgh�kqblu\Z_lky�^bZ]gha��khijh\h`^Zxsbc�jZ[hqbc�nZce
aZibk_c��_keb�nZce�^bZ]ghaZ�[ue�jZg__�knhjfbjh\Zg��

¼ÕßåðçÝÚ� ãßâÕ�� AZdjulb_� hdgZ� ^bZ]ghaZ� hkms_kl\ey_lky� deZ\br_c
{'���. Ijb�wlhf�\u^Z_lky�aZijhk�ih^l\_j`^_gby�g_h[oh^bfhklb�khojZg_-
gby�ihemq_ggh]h�^bZ]ghaZ� \� ki_pbZevghf�nZce_� ^bZ]ghaZ� k� jZkrbj_gb_f
.CAC.

Jbk��������Hdgh�j_^ZdlhjZ�^bZ]ghaZ

ÃäÚåÕëÝÝ� Hdgh� ^bZ]ghaZ� ih^^_j`b\Z_l� [hevrbgkl\h� lbibqguo� ^ey
ih^h[guo�j_^Zdlhjh\�hi_jZpbc��i_j_^\b`_gb_�dmjkhjZ� l_dms_c�ihabpbb�
gZ[hj�l_dklZ��\u^_e_gb_�njZ]f_glh\�l_dklZ��m^Ze_gb_�kbf\heh\�b�njZ]f_g-
lh\��aZ[hj�njZ]f_glh\�\�[mn_j�h[f_gZ�b�\klZ\e_gb_�njZ]f_glh\�ba�[mn_jZ�
H^gZdh�\�j_^Zdlhj_�g_�^_ckl\m_l�deZ\brZ�{%FM���m[bjZxsZy�ke_^mxsbc
kbf\he�� \f_klh� g__� ke_^m_l� ihevah\Zlvky� deZ\br_c� {#BDL4QBDF��� m[b-
jZxs_c�ij_^u^msbc�kbf\he��J_^Zdlhj�ih^^_j`b\Z_l�lZd`_�h[sb_�hi_jZ-
pbb��ql_gb_�b�aZibkv�\�hlghr_gbb�l_dklh\uo�nZceh\�b�\u^Zqm�j_amevlZlh\
gZ�i_qZlv��Wlb�hi_jZpbb�^hklmigu�q_j_a�dhgl_dklgh_�f_gx� �kf��jbk�������
beb�`_�q_j_a�klZg^Zjlgu_�[uklju_�deZ\brb�
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AZibkv� Hi_jZpby� aZibkb� iha\hey_l� khojZgylv� \u^Zqm� j_amevlZlh\� \
^bkdh\hf�nZce_�lbiZ��7;7�beb��&$&��kf��jZa^��3.2).

Ql_gb_� Hi_jZpby�ql_gby�ihe_agZ�^ey�dhfihgh\db�h[s_]h�hlq_lZ�h�ih-
emq_gguo� \� jZagh_� \j_fy� j_amevlZlZo�� ihkdhevdm� kh^_j`bfh_� qblZ_fh]h
nZceZ�^h[Z\ey_lky�d�bf_xs_cky�\u^Zq_�j_amevlZlh\�b�fh`gh�e_]dh�ijhba-
\_klb� dhfihgh\dm� hdhgqZl_evgh]h� hlq_lZ� ba� g_kdhevdbo� jZaebqguo� l_d-
klh\��Ih�wlhc�hi_jZpbb�fh`gh�ihemqblv�^hklmi�d�ex[uf�l_dklh\uf�nZc-
eZf� �k�jZkrbj_gb_f�7;7���Z�lZd`_�d�l_dklh\uf�nZceZf�^bZ]ghah\� �k�jZk-
rbj_gb_f�&$&���khijh\h`^Zxsbf�nZceu�aZibk_c�[bhkb]gZeh\�

RZ[ehgu�debgbq_kdbo�[eZgdh\� Hgb�hdZau\Zxlky�hq_gv�ihe_agufb�b�^ey
khdjZs_gby�jmqghc�jZ[hlu�ih�gZibkZgbx�debgbq_kdbo� aZdexq_gbc��LZdb_
lbih\u_�[eZgdb��Z�lZd`_�b�rZ[ehggu_�njZau�^bZ]ghah\��ihe_agh�aZ]hlh\blv
aZjZg__�\�dZ`^hc�iZid_�aZibk_c�b�\\h^blv�bo�\�hdgh�^bZ]ghaZ��Z�aZl_f�h[uq-
gufb� kj_^kl\Zfb� wdjZggh]h�j_^Zdlbjh\Zgby�fh`gh�[ukljh� khklZ\blv� deb-
gbq_kdh_�aZdexq_gb_�ijhkluf�i_j_f_s_gb_f�klZg^Zjlguo�njZa�

I_qZlv� � Hi_jZpby� i_qZlb� {'��� \u\h^bl� kh^_j`bfh_� hdgZ� ^bZ]ghaZ
�j_amevlZlh\� ZgZebaZ�� gZ� ijbgl_j�� I_qZlv� ijhba\h^blky� fhghrbjbgguf
rjbnlhf� &RXULHU� 1HZ�� Ijb� hlkmlkl\bb� lZdh]h� rjbnlZ� \� mklZgh\dZo
:LQGRZV�_]h�g_h[oh^bfh�\jmqgmx�mklZgh\blv�ih�nZcem�&RXULHU�WWI�ba�iZid_
&21$1��>ey�i_qZlb�j_amevlZlh\�k�^jm]bfb�rjbnlZfb�ke_^m_l�i_j_ghkblv
kh^_j`bfh_�hdgZ�\�ex[hc�\g_rgbc�j_^Zdlhj��gZijbf_j��\�:RUG��

<� lZ[ebpm��>ZggZy�hi_jZpby� �[ukljZy�deZ\brZ�{'����iha\hey_l�i_j_-
dhfihgh\Zlv�k_jbx�h^ghjh^guo�qbkeh\uo�\u^Zq��kh^_j`Zsbo�fgh]b_�ih-
dZaZl_eb��\�lZ[ebpm��]^_�klhe[pu�hl\_qZxl�ihdZaZl_eyf��Z�kljhdb�²�ihke_-
^h\Zl_evgh� \uiheg_gguf� \u^ZqZf� j_amevlZlh\�� Ijbf_jhf� lZdbo
j_amevlZlh\� fh`_l� kem`blv� \u^ZqZ� klZlbklbdb� b� ki_dljZevgh]h� ZgZebaZ
dZj^bh]jZffu��kf��jZa^��������LZdh_�ij_h[jZah\Zgb_�[u\Z_l�ihe_aguf�ijb
g_h[oh^bfhklb�i_j_ghkZ�j_amevlZlh\�\h�\g_rgbc�iZd_l��gZijbf_j��\�we_d-
ljhggmx�lZ[ebpm��^ey�bo�kh\f_klgh]h�ZgZebaZ�
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<�gZklhys_f�jZa^_e_�jZkkfhlj_gu�dhfivxl_jgu_�kj_^kl\Z�ZgZebaZ�WW=

\� khhl\_lkl\bb� k� \uqbkebl_evgufb�f_lh^Zfb��h[km`^Z_fufb� \�ij_^u^m-
s_f� jZa^_e_�� :gZeba� h[uqgh� ij_^\Zjy_l� \bamZevgu_� ijhkfhlj� aZibkb� \
fhgblhj_��jbk��������b�__�j_^Zdlbjh\Zgb_��k\yaZggh_�k�m^Ze_gb_f�Zjl_nZd-
lh\�b�jZa[b_gb_�__�gZ�wihob�

Jbk����������−dZgZevgZy�aZibkv�WW=
>ey�\bamZevgh]h�kjZ\g_gby�]jZnbq_kdbo�j_amevlZlh\�ZgZebaZ��ki_dljh\�

^bZ]jZff�� dZjl�� ihe_agh� kha^Z\Zlv� ^hihegbl_evgu_� hdgZ� �Dhgkljmd-
lhj−Kha^ZlvBhdgh� ba� \_jog_c� dhfZg^ghc� kljhdb� beb� deZ\brZ� {'���� b
i_j_ghkblv�\�gbo�bah[jZ`_gby�q_j_a�[mn_j�h[f_gZ��kf��\�jZa^�������

ÁÚâó�ÕâÕàÝÜÕ�WW=��jbk��������\uau\Z_lky�\uiheg_gb_f�imgdlh\�:gZ-
eba−WW=�ba�\_jog_c�dhfZg^ghc�kljhdb��beb�deZ\br_c�{��)

�����F_lh^u�\uqbkebl_evgh]h
ZgZebaZ�WW=
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<�wlhf�f_gx�ijbkmlkl\mxl�^\Z
jZa^_eZ�
F_lh^u�\dexqZ_l�gZb[he__�jZk-
ijhkljZg_ggu_�\�ijZdlbd_�kj_^-
kl\Z�ij_h[jZah\Zgby�b�ZgZebaZ
WW=��ih^jh[gh�jZkkfhlj_gu
gb`_��

MklZgh\db�kh^_j`bl�kj_^kl\Z�ba-
f_g_gby�iZjZf_ljh\�b�j_`bfh\
ZgZebaZ�WW=�ba�jZa^_eZ�F_lh^u

b�ki_pbZevgu_�ij_h[jZah\Zgby.
F_lh^u� I_jbh^�ZgZeba�

NbevljZpby�� :kbff_ljby�� Kbg-
ojhgghklv�\uihegyxlky�^ey�mklZ-
gh\e_ggh]h� qZklhlgh]h� ^bZiZahgZ
�\udb^ghc� kibkhd� >bZi ���F_lh^

>bZ]gha� �hkms_kl\ey_l�\u^Zqm�ghjfhiZlheh]bq_kdh]h�aZdexq_gby�ih�?�:�
@bjfmgkdhc��F_lh^�EhdZebaZpby�hkms_kl\ey_l�jZkq_l���f_jghc�ehdZebaZ-
pbb�^bihevguo�bklhqgbdh\�WW=�ijb�gZebqbb�iZd_lZ�BrainLoc.�NbevljZpby
hkms_kl\ey_lky�f_lh^hf�Nmjv_�� ^jm]b_�nbevlju� b� qZklhlgu_� ^bZiZahgu
ij_^klZ\e_gu�\�[ehd_�ij_h[jZah\Zgbc��jZa^���������

ÌÕæçãçâðÚ�êÕåÕßçÚåÝæçÝßÝ D�qbkem�i_j\bqguo�oZjZdl_jbklbd��mklZ-
gh\dZ� ih� \udb^ghfm� kibkdm� OZjZdl_jbklbdZ��� \uqbkey_fuo� \� f_lh^Zo
Ki_dlj��>bZiZahgu��Wihob��hlghkylky��Zfieblm^Z�b�fhsghklv�ki_dljZ��Zf-
ieblm^Z� b� nZaZ� djhkk−ki_dljZ�� dh]_j_glghklv� b� Zfieblm^Z� dh]_j_glghc
fhsghklb�� dhjj_eypbhggZy� nmgdpby�� h]b[ZxsZy�� dhjj_eypbhggZy� kbg-
ojhgghklv��;he__�ih^jh[gh�wlb�oZjZdl_jbklbdf�jZkkfhlj_gu�gb`_�

<gbfZgb_��>ey� \uqbke_gby� djhkk�ki_dljZevguo� oZjZdl_jbklbd� b� kbg-
ojhgghklb� g_h[oh^bfh� aZ^Zgb_� iZjguo� k\ya_c� f_`^m� hl\_^_gbyfb� �kf�
jZa^��������>ey�\uqbke_gby�dh]_j_glghklb�b�Zfieblm^u�dh]_j_glghc�fhs-
ghklb�g_h[oh^bfh�aZ^Zgb_�qbkeZ�mkj_^gy_fuo�wiho��ihe_ Mkj_^gblv���dh-
lhjuo�^he`gh�[ulv�g_�f_g__���o��`_eZl_evgh�ihjy^dZ�����Dhjj_eypbhggZy
�bgl_j\ZevgZy��nmgdpby� \uqbkey_lky� lhevdh� \�f_lh^_�Ki_dlj�� ij_^\Zjb-
l_evgh�gZ^h�\u^_eblv�gZ�aZibkb�fZjd_jhf�b�\babjhf�dhjj_eypbhgguc�h[-
jZa_p��>ey�ex[hagZl_evguo�bkke_^h\Zl_e_c�bf__lky�fZehagZqbfZy�^ey�WW=
\hafh`ghklv� dhjj_dpbb� wnn_dlZ� \ul_dZgby� fhsghklb� ijb� \uqbke_gbb
ki_dljh\��\udb^ghc�kibkhd�<j_f�hdgh���hdgh�OZggZ��O_ffbg]Z�beb�h^gh�ba
k_f_ckl\Z�hdhg�;e_dfZgZ�beb�DZca_jZ�

ÅÕÜÖÝÚâÝÚ�âÕ�òäãêÝ� >ey�bkke_^h\Zgby�^bgZfbdb�baf_g_gby�oZjZdl_-
jbklbd�\h�\j_f_gb��g_h[oh^bfh�jZa[blv�\kx�aZibkv�gZ�[he__�dhjhldb_�wih-
ob��\udb^ghc�kibkhd�Wihob���dZ`^Zy�ba�dhlhjuo�[m^_l�ZgZebabjh\Zlvky�hl-
^_evgh��>ey� [he__�ieZ\gh]h�ij_^klZ\e_gby� ^bgZfbdb� wihob�fh]ml� ke_^h-
\Zlv� k�i_j_djulb_f�^jm]�^jm]Z� �ihe_�K^\b]���Qbkeh� wiho�bg^bpbjm_lky� \
f_gx�N=��Ihke_�jZa[b_gby�gZ�wihob�fh`gh�ih�kZfhc�aZibkb�b�j_amevlZlZf

Jbk��������F_gx�ZgZebaZ�WW=
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ZgZebaZ� �f_lh^u�Ki_dlj�b�>bZiZahgu��i_j_oh^blv�hl� wihob�d� wiho_�deZ-
\brZfb�{���b�{��.

Ijb�aZ^Zgbb�qbkeZ�mkj_^gy_fuo�wiho��ihe_ Mkj_^gblv)�^ey�dZ`^hc�ba
ihke_^h\Zl_evguo� wiho� \uqbkey_lky� f]gh\_gguc� ki_dlj�� ihke_� q_]h� j_-
amevlbjmxsbc� ki_dlj�ihemqZ_lky�mkj_^g_gb_f�f]gh\_gguo� ki_dljh\��J_-
Zevgh_� qbkeh� wiho� \�f_lh^Zo�Ki_dlj, >bZiZahgu��Wihob� mf_gvrZ_lky�gZ
qbkeh�mkj_^gy_fuo�

ÌÕæçãçâðÚ�ÙÝÕäÕÜãâð�
I_j_mklZgh\dZ� qZklhlguo� ^bZiZahgh\� hkm-

s_kl\ey_lky� dghidhc� >bZiZahgu�� \uau\Zx-
smx� wdjZgguc� [eZgd� �jbk�� ������� ]^_� fh`gh
mklZgh\blv� gZa\Zgby� b� qZklhlgu_� ]jZgbpu� ^h
��� jZaebqguo� ^bZiZahgh\�� ihke_� q_]h� gZ`Zlv
{&OUFS��beb�dghidm Ml\_j^blv.

J_dhf_g^m_lky�kgZqZeZ�jZkiheh`blv�^bZiZ-
ahgu�\�ihjy^d_�\hajZklZgby�bo�gb`gbo�]jZgbp�
Z� aZl_f� m`_�ih^^bZiZahgu�beb� h[t_^bg_ggu_
^bZiZahgu��^ey�dhlhjuo�g_\hafh`gh�kh[exklb
wlh�mkeh\b_��MklZgh\e_ggu_�^bZiZahgu�fh`gh
khojZgblv�\�ki_pbZevghf�nZce_��Z�ihlhf�kqb-
lZlv� ex[u_� ba� jZg__� khojZg_gguo� �dghidb
ql_gby�b�aZibkb�gZ�[eZgd_��

ÈæçÕâã×ßÕ�ãç×ÚÙÚâÝÞ� Kj_^kl\Z�dhjj_dlbjh\db�gZbf_gh\Zgby��lbiZ�b
jZkiheh`_gby�hl\_^_gbc�jZkkfhlj_gZ�\�i��FhglZ`�b�iZju�jZa^�����

¶ÝäãàôåâðÚ�ãç×ÚÙÚâÝô� Imgdl�;biheyjgu_� ij_^gZagZq_g� ^ey� i_j_-
kq_lZ� bkoh^guo� aZibk_c�� j_]bkljbjm_fuo� \�fhghiheyjguo� hl\_^_gbyo�� d
[biheyjguf�hl\_^_gbyf��;biheyjguc�fhglZ`�aZ^Z_lky�ko_fhc�iZjguo�k\y-
a_c�f_`^m�hl\_^_gbyfb�ijb�ieZgbjh\Zgbb�wdki_jbf_glZ�beb�`_�\�imgdl_
Hl\_^_gby��Hi_jZpby� hkms_kl\ey_lky� \uqblZgb_f� kb]gZeZ� \lhjh]h� hl\_-
^_gby�\�dZ`^hc�iZj_�ba�i_j\h]h�hl\_^_gby�\�dZ`^hc�iZj_��WlZ�hi_jZpby�g_
baf_gy_l�jZkiheh`_gb_�hl\_^_gbc��Z�lhevdh�bo�gZbf_gh\Zgb_��ihwlhfm�ijb
g_h[oh^bfhklb�^Zevg_cr_]h�dZjlbjh\Zgby�ke_^m_l�\jmqgmx�kdhjj_dlbjh-
\Zlv�ko_fm�jZkiheh`_gby�hl\_^_gbc�

ÃÖîÝÞ� åÚéÚåÚâç � ij_h[jZam_l� aZibkb�WW=� d� h[s_fm� j_n_j_glm�� Z
bf_ggh��gZ�dZ`^hf�\j_f_gghf�hlkq_l_�\uqbkey_lky�kj_^g__�agZq_gb_�WW=
ih�\k_f�dZgZeZf��b�ba�Zfieblm^u�dZ`^h]h�dZgZeZ�\uqblZ_lky�wlh�kj_^g__�

µáäàÝçèÙâãÚ�âãåáÝåã×ÕâÝÚ��ih�dZ`^hfm�dZgZem�\uqbkey_lky�kj_^-
gyy�Zfieblm^Z�kb]gZeZ�hlghkbl_evgh�gmey�� aZl_f�\uqbkey_lky�fZdkbfZev-
gZy�kj_^b�wlbo�Zfieblm^�Ykj�fZo ��:fieblm^u�Y ih�\k_f�dZgZeZf�baf_gyxlky
gZ�Y‘  ih�nhjfme_�Y‘= Y/Ykj�fZo*Y25%��]^_�Y25%�²�����hl�fZdkbfmfZ�Zfieb-
lm^ghc�rdZeu��Ij_h[jZah\Zgb_�h[_ki_qb\Z_l�\ujZ\gb\Zgb_� ]jmiiu� aZib-
k_c� k� kbevgh�jZaebqZxsbfky� Zfieblm^gufb�mjh\gyfb��\�j_amevlZl_�q_]h
[he__�hlq_leb\h�ijhy\eyxlky�Zfieblm^gu_�jZaebqby�f_`^m�hl\_^_gbyfb�

Jbk��������;eZgd�mklZgh\-
db�qZklhlguo�^bZiZahgh\
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qlh�ihe_agh�^ey�\uy\e_gby�lhih]jZnbq_kdbo�jZaebqbc�f_`^m�]jmiiZfb�aZ-
ibk_c�

ÆäÚßçåÕàñâðÞ�ÕâÕàÝÜ�Ý�ßÕåçÝåã×ÕâÝÚ

Kj_^kl\Z� ki_dljZevgh]h� ZgZebaZ� b� dZjlbjh\Zgby� h[t_^bg_gu� h[s_c
^bZeh]h\h−ijhp_^mjghc�Zjobl_dlmjhc��qlh�\ujZ`Z_lky�
\�bgl_]jbjh\Zgbb�hl^_evguo�[ebadbo�f_lh^h\�\�h[sb_�jZa^_eu�k�dhf-
ie_dkghc�\bamZebaZpb_c�j_amevlZlh\�\�ki_pbZevghf�hdg_�dZjlbjh\Zgby�

\�h[t_^bg_gbb�i_j_dexqZl_e_c�qZklhlguo�oZjZdl_jbklbd��ki_dljZevguo
ihdZaZl_e_c�b�j_`bfh\�\�f_gx�ZgZebaZ�WW=�b�\�dhgl_dklghf�f_gx�dZj-
lbjh\Zgby��kf��jbk��������

\�mgbnbdZpbb�deZ\bZlmjguo�kj_^kl\�jZ[hlu�k�j_amevlZlZfb�ZgZebaZ�
I_j\hgZqZevguc�^hklmi�d�f_lh^Zf�ki_dljZevgh]h�ZgZebaZ�WW=�b�dZjlb-

jh\Zgby� hkms_kl\ey_lky� q_j_a� jZa^_e�F_lh^u�f_gx� ZgZebaZ�WW=�� \dex-
qZxsbc�imgdlu�:fieblm^gh_�dZjlbjh\Zgb_��Ki_dlju��>bZiZahgu��Wihob�
:kbff_ljby�� Ihke_^mxsb_� i_j_dexq_gby� j_`bfh\� b� mklZgh\hd� m^h[gh
ijhba\h^blv� q_j_a� f_gx� dZjlbjh\Zgby�� \uau\Z_fh]h� ba� Zdlb\gh]h� hdgZ
dZjlbjh\Zgby�ijZ\hc�dghidhc�furb�beb�deZ\br_c�{&TD���Ijb�wlhf�\�hd-
g_�dZjlbjh\Zgby�kjZam�`_�hlh[jZ`Zxlky�gh\u_�j_amevlZlu�ZgZebaZ�

Ijb�jZ[hl_�\�hdg_�dZjlbjh\Zgby�^_ckl\mxl�lZd`_�h[s_hdhggu_�hi_jZ-
pbb�� jZkkfhlj_ggu_� \� jZa^�� ����� Z� lZd`_� bgkljmf_glZevgu_� dghidb� ba
lj_lv_c�kljhdb�wdjZgZ��kf��jZa^��������mijZ\eyxsb_�fZkrlZ[hf�Zfieblm^u
b� kf_ghc� wihob� ZgZebaZ� �Z� lZd`_� [ukljufb� deZ\brZfb� {��, {��, {��,
{��).

µáäàÝçèÙâãÚ� ßÕåçÝåã×ÕâÝÚ�WW=� �\dexqZ_fh_�\udexqZ_fh_�� dghi-
dhc�:fieDZjlu�jZa^_eZ�F_lh^u��beb�`_�[ukljufb�deZ\brZfb�{��, {��)
ihe_agh� ^ey� \uy\e_gby� ^hfbgZglguo� hqZ]h\� Zdlb\ghklb��<� ijZ\hc� qZklb
wdjZgZ�\u^Z_lky�hdgh�Zfieblm^ghc�dZjlu��khhl\_lkl\mxs_c�l_dms_fm�ih-
eh`_gbx� \babjZ� �jbk�� �������Ih^� dZjlhc� ijb\h^blky� p\_lgZy�fZkrlZ[gZy
rdZeZ��I_j_f_s_gb_�\babjZ�ih�fhgblhjm�aZibk_c�\e_q_l�baf_g_gb_�dZjlu
k�wnn_dlhf�__�©h`b\e_gbyª�

<� kemqZ_� ijhklZ\e_ggh]h� fZjd_jZ� dZjlbjm_lky� Z[khexlgZy� \_ebqbgZ
jZaghklb�Zfieblm^�f_`^m�fZjd_jhf�b�\babjhf�

Ijb�dZjlbjh\Zgbb�ex[h]h�ihdZaZl_ey�fh`_l�dZjlbjh\Zlvky�lZd`_�b�_]h
Zkbff_ljby�f_`^m�e_\uf�b�ijZ\uf�ihemrZjb_f�� l�� _�� jZaghklv� agZq_gbc
f_`^m� kbff_ljbqgufb� hl\_^_gbyfb��Wlhl� j_`bf� mklZgZ\eb\Z_lky�neZ`-
dhf�\�dhgl_dklghf�f_gx�dZjlbjh\Zgby��kf��jbk��������

ÆäÚßçå� Ijhp_^mjZ�Ki_dlj� �[ukljuc�__�aZimkd�hkms_kl\ey_lky�gZ`Z-
lb_f�deZ\br�{��, {����\uqbkey_l�ihdZgZevgu_�qZklhlgu_�oZjZdl_jbklbdb
^ey� l_dms_c� wihob k� \u^Zq_c�gZ� wdjZg�fhgblhjZ�bo� ]jZnbdh\� k� ]hjbahg-
lZevghc�hkvx�qZklhl��jbk��������
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Jbk��������:fieblm^gh_�dZjlbjh\Zgb_�WW=

Jbk��������WdjZg�Zfieblm^gh−qZklhlguo�oZjZdl_jbklbd�WW=�k�dZjlhc
JZ[hlZ�k�qZklhlgufb�]jZnbdZfb�iheghklvx�ZgZeh]bqgZ�jZ[hl_�\�fhgb-

lhj_�k�gZlb\gufb�aZibkyfb�WW=� �kf��jZa^�������k�fZkrlZ[bjh\Zgb_f��dZj-
lbjh\Zgb_f� b� baf_j_gbyfb� b� \uqbke_gbyfb� \� [ehdghl_� �kf�� jZa^�� 9.4.1).
Ijb�gZ`Zlb_�gZ�dghidb�kf_gu�wihob��beb�[uklju_�deZ\brb�{��, {����\u-
^Zxlky�j_amevlZlu�^ey�ke_^mxs_c�wihob�k�wnn_dlhf�©h`b\e_gbyª�]jZnb-
dh\�b�dZjl�

>ey� dZjlbjh\Zgby� \uqbke_gghc� ki_dljZevghc� oZjZdl_jbklbdb� ke_^m_l
ij_^\Zjbl_evgh�\uihegblv�imgdl�:fie�dZjlZ�jZa^_eZ�F_lh^u�f_gx�ZgZ-
ebaZ�WW=��beb�`_�[ukljufb�deZ\brZfb�{��, {�����Z�aZl_f�m`_�\uqbkeblv
ki_dlj��Ih^�dZjlhc�ijb\h^blky�p\_lh\Zy�fZkrlZ[gZy�rdZeZ�

Ijb�mklZgh\e_gghf�fZjd_j_�hkms_kl\ey_lky�dZjlbjh\Zgb_�Z[khexlghc
\_ebqbgu�jZaghklb�Zfieblm^�f_`^m�fZjd_jhf�b�\babjhf�
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¿åãææ�æäÚßçåð�� DZjlZ� djhkk−ki_dljZevguo� oZjZdl_jbklbd� kh^_j`bl
bah[jZ`_gb_�k\ya_c�f_`^m�hl\_^_gbyfb�\�p\_lh\hc�rdZe_�khhl\_lkl\_ggh
l_dmsbf�agZq_gbyf�dZjlbjm_fh]h�ihdZaZl_ey��jbk��������

Jbk��������DZjlbjh\Zgb_�Zfieblm^u�djhkk�ki_dljZ�^ey�aZ^Zgghc�ko_fu�iZjguo�k\y-
a_c�f_`^m�hl\_^_gbyfb

>ey� \uqbke_gby� djhkk�ki_dljZevguo� oZjZdl_jbklbd� g_h[oh^bfh� aZ^Z-
gb_�iZjguo� k\ya_c�f_`^m� hl\_^_gbyfb� �jZa^�� ������>ey� \uqbke_gby� dh]_-
j_glghklb�b�Zfieblm^u�dh]_j_glghc�fhsghklb�g_h[oh^bfh�aZ^Zgb_�qbkeZ
mkj_^gy_fuo�wiho��ihe_ Mkj_^gblv���`_eZl_evgh�g_�f_g__����

¿ãååÚàôëÝãââÕô�éèâßëÝô��Dhjj_eypbhgguc�h[jZa_p�^ey�\uqbke_gby
bgl_j\Zevghc�dhjj_eypbhgghc�nmgdpbb�aZ^Z_lky�fZjd_jhf�b�\babjhf��>ey
dZ`^hc�iZju�hl\_^_gbc� �aZ^Zgb_�iZj�kf��i��F_gx�b�iZju \�jZa^�� �����\u-
qbkey_lky� dhjj_ebpbhggZy�nmgdpby�^ey� \lhjh]h�iZjgh]h�hl\_^_gby�hlgh-
kbl_evgh�h[jZapZ�i_j\h]h�hl\_^_gby��GZ�wdjZg�fhgblhjZ�\u^Zxlky�\j_f_g-
gu_�]jZnbdb�dhjj_eypbhgguo�nmgdpbc�\�ihjy^d_�mklZgh\e_gguo�iZj�hl\_-
^_gbc�b�djblbq_kdh_�agZq_gb_�dhjj_eypbb��?keb�\�iZj_�mklZgh\e_gh�h^gh�b
lh�`_�hl\_^_gb_��\uqbkey_lky�Z\lhdhjj_eypbhggZy�nmgdpby�

¹ÝÕäÕÜãâð� Ijhp_^mjZ�>bZiZahgu�ih�ki_dljm�l_dms_c�wihob�\uqbk-
ey_l�agZq_gby�mklZgh\e_ggh]h�h[h[s_ggh]h�ki_dljZevgh]h�ihdZaZl_ey��:kj,
:max, Fkj, Fmax���<� j_amevlZl_� \� ijZ\hf� hdg_� dZjlbjh\Zgby� kljhylky� ihdZ-
gZevgu_�klhe[bdh\u_�^bZ]jZffu�ki_dljZevgh]h�ihdZaZl_ey�ih�qZklhlguf
^bZiZahgZf�k�dZjlhc�jZkij_^_e_gby�agZq_gbc�ihdZaZl_ey�^ey�l_dms_]h�qZk-
lhlgh]h�^bZiZahgZ��jbk���������Ih^�dZjlhc�ijb\_^_gZ�p\_lh\Zy�fZkrlZ[gZy
rdZeZ�k�mdZaZgb_f�fZdkbfZevgh]h�b�fbgbfZevgh]h�agZq_gbc�

Ih�^bZ]jZffZf�i_j_f_sZxlky�mdZaZl_eb�dZgZeZ�b�^bZiZahgZ��mijZ\ey_-
fu_�deZ\bZlmjhc�b�furvx��KqblZggh_�ih�mdZaZl_eyf�agZq_gb_�ki_dljZev-
gh]h�ihdZaZl_ey�\u\h^blky�\�lZ[eh��kf��jZa^�������b�fh`_l�[ulv�aZg_k_gh�b
h[jZ[hlZgh�\�[ehdghl_��kf��jZa^����������<�aZ]heh\d_�hdgZ�mdZaZgh�gZa\Zgb_
ki_dljZevgh]h�ihdZaZl_ey�b�ghf_j�l_dms_c�wihob�
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Jbk��������WdjZg�dZjlbjh\Zgby�WW=�ih�^bZiZahgZf�qZklhl

IZd_lgZy� h[jZ[hldZ� aZibk_c. <uqbke_gby� fh`gh� ijh\_klb� ^ey� \k_o
aZibk_c� l_dms_]h� Zjob\Z�� >ey� wlh]h� ke_^m_l� \ua\Zlv� f_gx� \uiheg_gby
fZdjhdhfZg^�� \dexqblv� \�g_f� ]Zehqdm <k_�nZceu�b� \uihegblv�fZdjhdh-
fZg^m� k� bf_g_f� :kj� �ij_^\Zjbl_evgh� ihe_agh� mklZgh\blv�fZdkbfZevgmx
^ebgm� wihob��� J_amevlZlu� [m^ml� aZibkZgu� \� l_dklh\uc� nZce� k� bf_g_f
DiapFiles�\�ihjy^d_�gZbf_gh\Zgbc�nZceh\��^ey�dZ`^h]h�nZceZ�ijb\h^ylky
agZq_gby�h[h[s_ggh]h�ki_dljZevgh]h�ihdZaZl_ey�ih�i_j\uf�q_luj_f�qZk-
lhlguf�^bZiZahgZf��klhe[pu��b�\�ihjy^d_�hl\_^_gbc��kljhdb��

µâÕàÝÜ� òäãê� Ijhp_^mjZ� Wihob� \uqbkey_l� agZq_gby� mklZgh\e_ggh]h
h[h[s_ggh]h� ki_dljZevgh]h� ihdZaZl_ey� ^ey� \k_o� wiho� l_dms_c� aZibkb��<
j_amevlZl_�\�ijZ\hf�hdg_�dZjlbjh\Zgby�kljhylky�ihdZgZevgu_�klhe[bdh\u_
^bZ]jZffu� ki_dljZevgh]h� ihdZaZl_ey� ih� wihoZf� ^ey� mklZgh\e_ggh]h� qZk-
lhlguf�^bZiZahgZ� k�dZjlhc�jZkij_^_e_gby� agZq_gbc�ihdZaZl_ey�^ey� l_dm-
s_c�wihob��jbk���������Ih^�dZjlhc�ijb\_^_gZ�p\_lh\Zy�fZkrlZ[gZy�rdZeZ�k
mdZaZgb_f�fZdkbfZevgh]h�b�fbgbfZevgh]h�agZq_gbc�

Ih�^bZ]jZffZf�i_j_f_sZxlky�mdZaZl_eb�dZgZeZ�b�wihob��mijZ\ey_fu_
deZ\bZlmjhc�b�furvx��KqblZggh_�ih�mdZaZl_eyf� agZq_gb_� ki_dljZevgh]h
ihdZaZl_ey�lZd`_�\u\h^blky�\�lZ[eh�b�fh`_l�[ulv�aZg_k_gh�\�[ehdghl��<
aZ]heh\d_� hdgZ� mdZaZgh� gZa\Zgb_� ki_dljZevgh]h� ihdZaZl_ey�� qZklhlgh]h
^bZiZahgZ�b�\j_fy�l_dms_c�wihob��<�hdg_�dZjlbjh\Zgby�^_ckl\mxl�deZ\b-
rb�b�dghidb�fZkrlZ[bjh\Zgby�^bZ]jZff�b�dZjlu�

Ihke_^g_c�ihabpb_c� \� klhe[bdh\uo�^bZ]jZffZo� y\ey_lky� kj_^g__� agZ-
q_gb_�ki_dljZevgh]h�ihdZaZl_ey�aZ�\k_�wihob��l_f�kZfuf�ihke_^g_c�dZjlhc
y\ey_lky�mkj_^g_ggZy�dZjlZ�ih�\k_c�aZibkb�WW=�
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Jbk��������WdjZg�dZjlbjh\Zgby�WW=�ih�wihoZf

µâÕàÝÜ� ÕæÝááÚçåÝÝ��Ijb� \uiheg_gbb� imgdlZ :kbff_ljby� � \uqbk-
eyxlky� jZaghklb� kj_^gbo� Zfieblm^� WW=� f_`^m� kbff_ljbqgufb� hl\_^_-
gbyfb�\�mklZgh\e_gghf�qZklhlghf�^bZiZahg_�

Ijb�wlhf�\�aZ\bkbfh-
klb� hl� hl\_lZ� gZ� ihke_-
^mxsbc� \hijhk� kj_^gb_
Zfieblm^u� \uqbkeyxlky
ih� ki_dljm� beb� ih� h]b-
[Zxs_c�� <� j_amevlZl_
\u^Z_lky� klhe[bdh\Zy
^bZ]jZffZ�Zkbff_ljbb�\
ihjy^d_�iZj�hl\_^_gbc�b
dZjlZ� Zkbff_ljbb� �jbk�
4.48). GZ`Zlb_f� ijZ\hc
dghidb� furb� gZ^� ^bZ-
]jZffhc� Zkbff_ljbb� __
agZq_gby� fh]ml� [ulv
wdkihjlbjh\Zgu� \� l_d-
klh\uc� nZce� ^ey� ^Zev-
g_cr_]h�ZgZebaZ�

µâÕàÝÜ� æÝâêåãââãæçÝ�� Imgdl Kbgojhgghklv� iha\hey_l� \uqbkeblv
hp_gdb�kbgojhgghklb�\�mklZgh\e_gghf�qZklhlghf�^bZiZahg_�f_`^m�iZjZfb
hl\_^_gbc� k� bkihevah\Zgb_f� g_kdhevdbo� ihdZaZl_e_c�� \u[hj� ba� dhlhjuo
ijhba\h^blky�ih�ke_^mxs_fm�f_gx��jbk��������

Jbk��������Klhe[bdh\Zy�^bZ]jZffZ�b�dZjlZ
Zkbff_ljbb�kj_^gbo�Zfieblm^�WW=�\�mklZgh\-

e_gghf�qZklhlghf�^bZiZahg_
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<� dZq_kl\_� hp_ghqguo� ihdZaZl_e_c�fh]ml�nb-
]mjbjh\Zlv� dhwnnbpb_glu� dhjj_eypbb� IbjkhgZ
f_`^m�h]b[Zxsbfb�WW=��f_`^m�gZlb\gufb�WW=�
f_`^m� Zfieblm^gufb� beb� nZah\ufb� ki_dljZfb
beb�`_� kj_^g__� agZq_gb_� dh]_j_glghklb��Hp_gdb
kbgojhgghklb� \uqbkeyxlky� f_`^m� hl\_^_gbyfb�
aZ^Zggufb� k_ldhc� iZjguo� k\ya_c�� LZdb_� k_ldb
ih^]hlZ\eb\Zxlky� \� klZg^Zjlghf� l_dklh\hf� j_-
^Zdlhj_� 127(3$'� b� khojZgyxlky� \� nZceZo� k
jZkrbj_gb_f� �lbihf�� �FVJ�\�iZid_�&21$1��<�dZ-
`^hc� kljhd_� nZceZ� mdZau\Zxlky� gZbf_gh\Zgby
^\mo� hl\_^_gbc� hq_j_^ghc� iZju�� jZa^_e_ggu_
ijh[_ehf��AZf_gZ�mklZgh\e_gghc� k_ldb�gZ�gh\mx
ijhba\h^blky�gZ`Zlb_f�dghidb�Gh\Zy� k_ldZ��ih-
ke_�q_]h� \u^Z_lky�[eZgd�ql_gby�nZceh\� k�jZkrb-
j_gb_f� �FVJ� ��MklZgh\dZ�ihey�IhdZa� kbgoj�iha\h-

ey_l� hlh[jZ`Zlv� lhevdh� agZq_gby��[hevrb_� mklZgh\e_ggh]h�ihjh]Z��gh�g_
[he__� ����� >ey� \uqbke_gby� dh]_j_glghklb� ^ebgZ� aZibkb� ^he`gZ� [ulv� g_
f_g__���k��lh]^Z�wihoZ�mkj_^g_gby�[m^_l�jZ\gZ���k��_keb�qbkeh�lZdbo�wiho�\
aZibkb�[hevr_�����mklZgZ\eb\Z_lky�wihoZ���k�

Jbk��������Klhe[bdh\Zy�^bZ]jZffZ�b�dZjlZ�hp_ghd�kbgojhgghklb

<� j_amevlZl_� \u^Z_lky� �jbk�� ������ klhe[bdh\Zy� ^bZ]jZffZ� hp_ghd� kbg-
ojhgghklb�\�ihjy^d_�mdZaZgguo�iZj�hl\_^_gbc�b�khhl\_lkl\mxsZy�bf�dZj-
lZ��GZ`Zlb_f� ijZ\hc� dghidb�furb� gZ^� klhe[bdh\hc� ^bZ]jZffhc� hp_gdb
kbgojhgghklb� �mfgh`_ggu_�gZ������fh]ml�[ulv�wdkihjlbjh\Zgu�\�l_dklh-
\uc�nZce�^ey�^Zevg_cr_]h�ZgZebaZ�

>ZggZy�ijhp_^mjZ�iha\hey_l�\uqbkeylv�kj_^gxx�kbgojhgghklv�ih�\k_c
aZibkb��<�hlebqb_�hl�wlh]h��f_lh^u�>bZiZahgu�b�Wihob�iha\heyxl�\uqbk-
eylv�kbgojhgghklv�ih�hl^_evguf�mklZgh\e_gguf�wihoZf�

Jbk��������F_gx�\u[hjZ
ihdZaZl_ey�kbgojhgghklb

WW=



�����Kj_^kl\Z�ZgZebaZ 173

IZd_lgZy� h[jZ[hldZ� aZibk_c. <uqbke_gby� kbgojhgghklb�fh`gh� ijh-
\_klb�^ey�\k_o�aZibk_c�l_dms_]h�Zjob\Z��>ey�wlh]h�ke_^m_l�\ua\Zlv�f_gx
\uiheg_gby�fZdjhdhfZg^��\dexqblv�\�g_f�]Zehqdm <k_�nZceu�b�\uihegblv
fZdjhdhfZg^m� k� bf_g_f�FD:�� J_amevlZlu� [m^ml� aZibkZgu� \� ijhp_glghf
\ujZ`_gbb� kbgojhgghklb� \� l_dklh\uc� nZce� k� bf_g_f� AKS�³qZklhlguc
^bZiZahg´�\�ihjy^d_�gZbf_gh\Zgbc�nZceh\��klhe[pu��b�\�ihjy^d_�iZj�hl\_-
^_gbc��kljhdb��

ÅÚÛÝáð�ßÕåçÝåã×ÕâÝô� <�dZ`^hf�f_lh^_�WW=−ZgZebaZ�^hklmigh�ljb
j_`bfZ�dZjlbjh\Zgby��i_j_dexqZ_fuo�ih�\udb^ghfm�f_gx�dZjlbjh\Zgby
�kf��^Ze__���h^gZ�dZjlZ��fmevlbiebdZpby�b�k_jby�dZjl�

<�j_`bf_�DZjlZ��bkoh^guc�j_`bf��gZ�wdjZg_�wdkihgbjm_lky�h^gZ�dZj-
lZ��mijZ\ey_fZy�ih^\b`gufb�mdZaZl_eyfb�

<�j_`bf_�FmevlbiebdZpby�ijhbkoh^bl�fmevlbiebdZpbhggh_�baf_g_gb_
dZjlu�\�^himklbfhf�^bZiZahg_�iheh`_gby�]hjbahglZevgh]h�mdZaZl_ey��\b-
abjZ� fhgblhjZ� ijb� Zfieblm^ghf� dZjlbjh\Zgbb� beb� mdZaZl_ey� wihob� ijb
ZgZeba_� wiho��<� ZgZeba_� ^bZiZahgh\� qZklhl� ^Zgguc� j_`bf� g_� ^_ckl\m_l�
FmevlbiebdZpbx�fh`gh� ih\lhjblv� gZ`Zlb_f� dghidb�Start� ba� \udb^gh]h
f_gx�dZjlbjh\Zgby�

Jbk��������WdjZg�k_jbcgh]h�dZjlbjh\Zgby�WW=

J_`bf�K_jby�dZjl�y\ey_lky�^hiheg_gb_f�d�^\mf�\ur_jZkkfhlj_gguf
j_`bfZf��GZ�wdjZg�\u^Z_lky�ihke_^h\Zl_evghklv�dZjl�\�^himklbfhf�^bZiZ-
ahg_� iheh`_gby� ]hjbahglZevgh]h� mdZaZl_ey�� \babjZ�fhgblhjZ� ijb� Zfieb-
lm^ghf� dZjlbjh\Zgbb� beb� mdZaZl_ey� wihob� ijb� ZgZeba_� wiho� �jbk�� ������
Ih^�dZ`^hc�dZjlhc�mdZaZgh�gZqZevgh_�\j_fy�khhl\_lkl\mxs_c�wihob��?keb
hdgh�dZjlbjh\Zgby�g_�\f_sZ_l�\k_o�dZjl��lh�fh`gh�\u^Zlv�jy^�ke_^mxsb_
beb�ij_^r_kl\mxsb_�dZjlu�deZ\brZfb�{���b�{��.

Ijb�dZjlbjh\Zgbb�Zfieblm^�WW=�b�ki_dljh\�fh`gh�m\_ebqblv�\j_f_g-
ghc�beb�qZklhlguc�rZ]�k_jbcgh]h�dZjlbjh\Zgby��ij_^\Zjbl_evgh�baf_gb\
]hjbahglZevguc�fZkrlZ[�\�hdg_�fhgblhjZ�aZibk_c�

ÁÚâó� ßÕåçÝåã×ÕâÝô� \uau\Z_lky� ba� Zdlb\gh]h� hdgZ� dZjlbjh\Zgby
ijZ\hc�dghidhc�furb�beb�`_�deZ\br_c�{&TD��b�kh^_j`bl�i_j_dexqZl_eb
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j_`bfh\�b�mklZgh\hd�ki_dljZevgh]h�ZgZebaZ��jbk��������Wlh�hq_gv�m^h[gh�
ihkdhevdm�ijhba\_^_ggu_�baf_g_gby�kjZam�`_�aZimkdZxl�khhl\_lkl\mxsb_
\uqbkebl_evgu_�ijhp_^mju�b�bo�j_amevlZlu�g_f_^e_ggh�hljZ`Zxlky�\�hd-
g_�dZjlbjh\Zgby��F_gx�dZjlbjh\Zgby�kh^_j`bl�ke_^mxsb_�dhfihg_glu�

• \udb^ghc� kibkhd� j_`bfh\� dZjlbjh\Zgby�� dZjlZ�
fmevlbiebdZpby��k_jby�

• neZ`hd�\dexq_gby�\udexq_gby�dZjlbjh\Zgby�Zkbf-
f_ljbb;

• dghidZ�Start�aZimkdZ��ih\lhjgh]h��fmevlbiebdZpbb
dZd�ba�kZfh]h�j_`bfZ�fmevlbiebdZpbb��lZd�b�ba�j_-
`bfZ�h^ghc�dZjlu�

• dghidZ AZdjulv�^ey�hlf_gu�hdgZ�dZjlbjh\Zgby�b
\hkklZgh\e_gby�fhgblhjZ�aZibk_c�

• ljb�dghidb�i_j_dexq_gby�f_lh^h\�WW=−ZgZebaZ�
Ki_dlj��>bZiZahgu��Wihob;

• \udb^ghc�kibkhd�mklZgh\db�qZklhlgh]h�^bZiZahgZ
�^_ckl\m_l�\�j_`bfZo�ZgZebaZ�^bZiZahgh\�b�wiho��

• \udb^ghc�kibkhd�mklZgh\db�h[h[s_ggh]h�ki_d-
ljZevgh]h�ihdZaZl_ey��:kj, :max, Fkj, Fmax;

• neZ`hd�p\_lgh]h�beb�q_jgh�[_eh]h�bah[jZ`_gby
dZjlu�

• dghidZ�\uah\Z�dZjlhl_db��kf��gb`_��
• dghidZ�wdkihjlZ�j_amevlZlh\�\�l_dklh\uc�nZce�^ey

^hihegbl_evgh]h�ZgZebaZ�
• dghidZ�bfihjlZ�j_amevlZlh\�ZgZebaZ�
• dghidZ�\uqbke_gby�klZlbklbq_kdbo�jZaebqbc�ki_dljZ��kf��gb`_��

F_gx�dZjlbjh\Zgb_�hlf_gy_lky�deZ\br_c�{&TD��beb�dghidhc� aZdju-
lby�hdgZ�

Òßæäãåç� åÚÜèàñçÕçã×� hkms_kl\ey_lky� aZibkvx� \� l_dklh\uc� nZce
�^hklmiguc�ex[hfm�l_dklh\hfm�j_^Zdlhjm��b� aZ\bkbl�hl�j_`bfZ�dZjlbjh-
\Zgby�
ijb�dZjlbjh\Zgbb�Zfieblm^�kb]gZeZ�beb�Zfieblm^�ki_dljZ�\�nZce�aZibku-
\Zxlky�ihdZgZevgu_��\�kljhd_��Zfieblm^u�kb]gZeh\�beb�ki_dljZ�^ey�ih-
ke_^h\Zl_evguo�hlkq_lh\�]hjbahglZevghc�rdZeu��ih�kljhdZf��\�^bZiZah-
g_��hij_^_e_gghf�iheh`_gb_f�fZjd_jZ�b�\babjZ��ijb�hlkmlkl\bb�fZjd_-
jZ�²�\h�\k_f�^bZiZahg_��

ijb�dZjlbjh\Zgbb�^bZiZahgh\�\�nZce�aZibku\Zxlky�ihdZgZevgu_�agZq_gby
�\�kljhd_��ki_dljZevgh]h�ihdZaZl_ey�^ey�\k_o�^bZiZahgh\��ih�kljhdZf��

ijb�dZjlbjh\Zgbb�wiho�\�nZce�aZibku\Zxlky�ihdZgZevgu_�agZq_gby��\
kljhd_��ki_dljZevgh]h�ihdZaZl_ey�^ey�\k_o�wiho��ih�kljhdZf��b�agZq_gby
^ey�mkj_^g_gghc�dZjlu��ihke_^gyy�kljhdZ��
½áäãåç�åÚÜèàñçÕçã×�hkms_kl\ey_lky�ba�l_dklh\h]h�nZceZ��kljmdlmjb-

jh\Zggh]h�ZgZeh]bqgh�nZcem�wdkihjlZ�j_amevlZlh\�

Jbk��������F_gx
dZjlbjh\Zgby
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¿ÕåçãçÚßÕ

DZjlhl_dZ�iha\hey_l�kha^Z\Zlv�Zjob\�ba�hl^_evguo�WW=−dZjl��Zfieb-
lm^guo�b�ki_dljZevguo�dZjl�b�dZjl�ih�^bZiZahgZf�qZklhl��\�\b^_�nZceh\
lbiZ�&$0��<�wlhf�Zjob\_�fh`gh�lZd`_�ijhba\h^blv�mkj_^g_gby�dZjl�beb
kjZ\gb\Zlv�ex[mx�l_dmsmx�dZjlm�k�bg^b\b^mZevghc�beb�mkj_^g_gghc�dZj-
lhc�ba�Zjob\Z�k�\u^Zq_c�dZjlu�=−hp_ghd�b�jy^Z�klZlbklbd�iZjgh]h�kjZ\g_-
gby�hl\_^_gbc�

·ðÜã×�ßÕåçãçÚßÝ� J_`bf�dZjlhl_db�\uau\Z_lky�h^ghbf_gghc�dghidhc
f_gx�dZjlbjh\Zgby�WW=� �kf��jbk���������\�j_amevlZl_�q_]h�gZ�wdjZg_�ihy\-
ey_lky�f_gx�ba���imgdlh\��jbk�������.

ÌçÚâÝÚ�—�ihy\ey_lky�h]eZ\e_gb_�Zjob\Z� �kf��jZa^��������\�dhlhjhf�g_-
h[oh^bfh�\u[jZlv�Zjob\guc�nZce�dZjlu�^ey�\u\h^Z�gZ�wdjZg�

Jbk��������F_gx�dZj-
lhl_db

Jbk��������WdjZg�mkj_^g_gghc�dZjlu�ZgZeb-
aZ�wiho��kqblZgghc�ba�dZjlhl_db

Ihke_�\u[hjZ�nZceZ�gZ�wdjZg� �jbk�� ������\u^Z_lky�ihke_^h\Zl_evghklv
dZjl�kj_^gbo�agZq_gbc�?��klZg^Zjlguo�hldehg_gbc�S�b�dhwnnbpb_glh\�\Z-
jbZpbb�V� �hlghr_gb_� klZg^Zjlgh]h� hldehg_gby� d� kj_^g_fm� agZq_gbx���<
j_`bfZo�ZgZebaZ�ih�^bZiZahgZf�qZklhl�\u^Z_lky����dZjl�ih�i_j\uf����mk-
lZgh\e_gguf� qZklhlguf� ^bZiZahgZf�� <� j_`bfZo� Zfieblm^ghc� dZjlu� b
ZgZebaZ�ki_dljZ�gZ�wdjZg_�ij_^klZ\e_gZ�h^gZ�dZjlZ�

ÆãêåÕâÝçñ —�l_dmsZy� �\uqbke_ggZy�i_j_^�\uah\hf�dZjlhl_db��dZjlZ�
dZjlu�^bZiZahgh\�beb�mkj_^g_ggZy�dZjlZ�ih�wihoZf�aZibku\Z_lky�\�Zjob\
ih^�mdZaZgguf�gZbf_gh\Zgb_f��kf��jZa^��������Ihfgbl_��qlh�\�[eZgd_�aZib-
kb�`_eZl_evgh�kgZ[^blv�khojZgy_fmx�dZjlm�bg^b\b^mZevguf�dhff_glZjb-
_f��^ey�ihke_^mxs_]h�[ukljh]h�ihbkdZ�\�Zjob\_���\�dhlhjhf�j_dhf_g^m_l-
ky�hljZablv�k\_^_gby�h�ko_f_�jZkiheh`_gby�hl\_^_gbc��qZklhlguo�^bZiZah-
gZo�b�ijhqmx�ihe_agmx�bgnhjfZpbx�
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ÈæåÚÙâÝçñ —�l_dmsZy�dZjlZ�mkj_^gy_lky�k�nZcehf�dZjlu��\u[jZgguf
ba�h]eZ\e_gby�Zjob\Z��k�i_j_\uqbke_gb_f�kj_^gbo�agZq_gbc�b�klZg^Zjlguo
hldehg_gbc�

ÈæåÚÙâÝçñ�éÕÞàð —�ijhba\h^blky�mkj_^g_gb_�dZjl�ba�^\mo�nZceh\�
KgZqZeZ� gm`gh� kqblZlv� i_j\uc�nZce�� aZl_f� \uihegblv� hi_jZpbx Mkj_^-
gblv�nZceu�� b� ba� h]eZ\e_gby� Zjob\Z� \u[jZlv� \lhjhc� nZce� mkj_^g_gghc
dZjlu��J_amevlZl�mkj_^g_gby�fh`gh�aZl_f�khojZgblv�\�gh\hf�nZce_�

ÆåÕ×âÝçñ —�ijhba\h^blky�kjZ\g_gb_�wdjZgghc��l_klh\hc��dZjlu�k�dZj-
lhc�ba�nZceZ��\u[bjZ_fh]h�ba�Zjob\Z��GZ�wdjZg��jbk��������\u^Z_lky�k_jby
l_klh\uo�dZjl�L��k_jby�wlZehgguo�dZjl�ba�Zjob\Z�?�b�k_jby�dZjl�Z−hp_ghd�
FZkrlZ[�p\_lh\hc�rdZeu�^\mo�jy^h\�dZjl�b�dZjl�Z−hp_ghd�mdZaZg�\gbam�gZ
p\_lghc�ebg_cd_�

<� j_`bfZo� ZgZebaZ� ih� ^bZiZ-
ahgZf� qZklhl� k_jby� dZjl� ij_^-
klZ\ey_l�dZjlu�ih�i_j\uf����qZk-
lhlguf� ^bZiZahgZf�� <� j_`bfZo
Zfieblm^ghc� dZjlu� b� ZgZebaZ
ki_dljZ� gZ� wdjZg_� ij_^klZ\e_gZ
h^gZ� dhehgdZ� dZjl�� <� dZq_kl\_
kjZ\gb\Z_fuo� \u[hjhd� \uklmiZ-
xl� agZq_gby� ZgZebabjm_fh]h� ih-
dZaZl_ey� ih� hl\_^_gbyf� ^ey� l_k-
lh\hc�b�wlZehgghc�dZjl� <�j_`bf_
k_jbcgh]h�dZjlbjh\Zgby�l_klh\hc
y\ey_lky�dZjlZ�l_dms_c�wihob�

Ih^� dZjlZfb� ijb\h^ylky� agZ-
q_gby� lj_o� g_iZjZf_ljbq_kdbo
djbl_jb_\�� iZjgh]h� djbl_jby
<bedhdkhgZ�W� jZaebqby� kj_^gbo�
djbl_jby� bgl_]jZevguo� jZaebqbc
Dhefh]hjh\Z−Kfbjgh\Z�D�� dhwn-

nbpb_glZ�dhjj_eypbb�KibjfZgZ�S��>ey�dZ`^h]h�djbl_jby�mdZau\Z_lky�mjh-
\_gv�agZqbfhklb�sgn��H[uqgh�ijb�sgn>�����ijbgbfZ_lky�gme_\Zy�]bihl_aZ
h[�hlkmlkl\bb�jZaebqbc�f_`^m�kjZ\gb\Z_fufb�dZjlZfb��<�ijhlb\ghf�kem-
qZ_� �ijb� gZebqbb� jZaebqbc�� ihke_� mjh\gy� agZqbfhklb� klZ\blky� ^hihegb-
l_evgZy�ihf_ldZ�©#».

ÆåÕ×âÝçñ� éÕÞàð —� ijhba\h^blky� kjZ\g_gb_� dZjl� ba� ^\mo� nZceh\�
KgZqZeZ� gm`gh� kqblZlv� i_j\uc� nZce�� aZl_f� \uihegblv� hi_jZpbx KjZ\-
gblv�nZceu�� b� ba� h]eZ\e_gby� Zjob\Z� \u[jZlv� \lhjhc� nZce� mkj_^g_gghc
dZjlu�

ÄÚìÕçñ�—�\u^ZqZ�gZ�i_qZlv�hdgZ�dZjlbjh\Zgby�
·ðÞçÝ —�aZdjulb_�hdgZ�dZjlbjh\Zgby�

Jbk��������WdjZg�klZlbklbq_kdh]h�kjZ\-
g_gby�dZjl
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<gbfZgb_� Hi_jZpbb�mkj_^g_gby�b�kjZ\g_gby�ij_ju\Zxlky�\�kemqZ_�g_-
kh\iZ^_gby�\�h[_bo�dZjlZo�qbkeZ�b�gZbf_gh\Zgby�hl\_^_gbc��qbkeZ�qZklhl-
guo�^bZiZahgh\��j_`bfZ�ZgZebaZ�b�ZgZebabjm_fh]h�ki_dljZevgh]h�ihdZaZ-
l_ey� �kh\iZ^_gb_�fhglZ`Z� b� ]jZgbp� qZklhlguo� ^bZiZahgh\� ijh]jZffZ� g_
dhgljhebjm_l).

Ijb�jZ[hl_�k�dZjlhl_dhc�^_ckl\mxl�lZd`_�h[s_hdhggu_�hi_jZpbb��jZk-
kfhlj_ggu_�\�jZa^������

ÄÚåÝãÙãáÚçåÝìÚæßÝÞ�ÕâÕàÝÜ

I_jbh^hf_ljbq_kdbc� ZgZeba� WW=� \� \u[jZgghf� qZklhlghf� ^bZiZahg_
ijhba\h^blky�ih�gZ`Zlbb�h^ghbf_gghc�dghidb�f_gx�ZgZebaZ�WW=�beb�`_
ih�ihke_^h\Zl_evghfm�gZ`Zlbx�deZ\br�{��, {���\�fhgblhj_� aZibk_c��<
aZ\bkbfhklb�hl�hl\_lZ�gZ�ihke_^mxsbc�\hijhk�ZgZeba�ijh\h^blky�ih�\k_f
hl\_^_gbyfb�beb�`_�ih�l_dms_fm�hl\_^_gbx�

Ijb�ZgZeba_�ih�\k_f�hl\_^_gbyf�\�hdgh�^bZ]ghaZ� �jbk��������\�ihjy^d_
hl\_^_gbc�\u^Zxlky�ke_^mxsb_�ihdZaZl_eb�

Jbk��������J_amevlZlu�i_jbh^hf_ljbq_kdh]h�ZgZebaZ�ih�\k_f�hl\_^_gbyf

• QDP�²�gZbf_gh\Zgb_�hl\_^_gby�
• :��6$��²�kj_^gyy�Zfieblm^Z�b�kl�hldehg_gb_�
• I���6I���6I��²�kj_^gyy�qZklhlZ�b�bgl_j\Ze�\�h^gh�kl�hldehg_gb_�
• �jblfZ��²�ijhp_gl�kh^_j`Zgby�jblfZ�
• W8S�W'Z���� �²�Zkbff_ljby�\heg��kj_^gyy�jZaghklv�f_`^m�^ebl_ev-

ghklvx�\hkoh^ysbo�b�gbkoh^ysbo�mqZkldh\�b� __�ijhp_glgh_�hlgh-
r_gb_�d�kj_^g_fm�i_jbh^m�

• GGW���²�kj_^gyy�g_klZ[bevghklv�i_jbh^h\�khk_^gbo�\heg�b�__�ijh-
p_glgh_�hlghr_gb_�d�kj_^g_fm�i_jbh^m�

�Ijb�ZgZeba_�ih�l_dms_fm�hl\_^_gbx�\u^Zxlky�^\Z�]jZnbdZ��jbk��������
GZ� \_jog_f� ]jZnbd_� bah[jZ`_gZ� ]bklh]jZffZ� jZkij_^_e_gby� Zfieblm^
jblfZ��ih�\_jlbdZevghc�hkb�²�qZklhlZ�\klj_qZ_fhklb�\�ijhp_glZo��ih�]h-
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jbahglZevghc�hkb�²�agZq_gby�Zfieblm^u�kb]gZeZ�\�fZdkbfmfZo�\u^_ey_-
fh]h�jblfZ�

Gb`gbc� ]jZnbd� ij_^klZ\ey_l� ]bklh]jZffm� jZkij_^_e_gby� i_jbh^h\
jblfZ��ih�\_jlbdZevghc�hkb�²�qZklhlZ�\klj_qZ_fhklb�\�ijhp_glZo��ih�]h-
jbahglZevghc�hkb�²�qZklhlu�khhl\_lkl\_ggh�gZ[ex^Z_fuf�i_jbh^Zf�jbl-
fZ�

Ih^�]jZnbdZfb�ijb\h^ylky�iylv�qbkeh\uo�ihdZaZl_e_c�
• ijhp_gl�kh^_j`Zgby�ZgZebabjm_fh]h�jblfZ�\�aZibkb�
• ijhp_gl�fh^mebjh\Zggh]h�jblfZ�kj_^b�\u^_e_ggh]h�jblfZ�
• kj_^gyy�g_klZ[bevghklv�f_`^m�khk_^gbfb�i_jbh^Zfb�\�]_jpZo�
• kj_^g__�agZq_gb_�b�kj_^g_d\Z^jZlbqgh_�hldehg_gb_�Zfieblm^u�b

qZklhlu�jblfZ�
=bklh]jZffu�k�]jZnbdh\�fh]ml�[ulv�wdkihjlbjh\Zgu�\�nZce�beb�[mn_j

h[f_gZ�

Jbk��������=bklh]jZffu�jZkij_^_e_gby�Zfieblm^�b�i_jbh^h\�jblfZ

ÂãåáãäÕçãàãØÝìÚæßÝÞ�ÙÝÕØâãÜ

GhjfhiZlheh]bq_kdZy� deZkkbnbdZpby�WW=� ih�?�:��@bjfmgkdhc� ij_^-
klZ\ey_l� kh[hc� Z\lhfZlbq_kdb� nhjfbjm_fh_� keh\_kgh_� aZdexq_gb_� gZ
klZg^Zjlgmx�ijh[m� ©aZdjulu_� ]eZaZª��:gZeba�ijhba\h^blky� \�i_j\uo�q_-
luj_o�ba� mklZgh\e_gguo� ^bZiZahgh\� qZklhl�� bgl_jij_lbjm_fuo� dZd� ^_ev-
lZ−��l_lZ−��ZevnZ−�b�[_lZ−��^bZiZahgu��>ey�ihemq_gby�aZdexq_gby�\uihe-
gbl_�imgdl�>bZ]gha�\�f_gx�ZgZebaZ�WW=�beb�`_�ihke_^h\Zl_evgh�gZ`fbl_
deZ\brb�{��, {���\�fhgblhj_�aZibk_c.
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ÅÚÜèàñçÕçð��<�^bZ]gha_�^Zxlky�keh\_kgu_�hp_gdb� ]eZ\ghc�qZklhlghc
dhfihg_glu�WW=��^bnn_j_gpbZevguo�oZjZdl_jbklbd�ZevnZ−��[_lZ−��l_lZ−�b
^_evlZ−Zdlb\ghkl_c�� ahgZevguo� jZaebqbc� b� Zkbff_ljbb�� hqZ]h\uo� baf_�
g_gbc��Z�lZd`_�ghjfhiZlheh]bq_kdhc�deZkkbnbdZpbb�WW=�

AZdexq_gb_�\u^Z_lky�\�hdgh�l_dklh\h]h�j_^ZdlhjZ��jbk���������kj_^kl\Z-
fb�dhlhjh]h�fh`gh�kdhjj_dlbjh\Zlv�b�jZkrbjblv�bf_xs__ky�aZdexq_gb_
�kf��jZa^�������

Jbk��������WW=−aZdexq_gb_

ÇåÚêáÚåâÕô�àãßÕàÝÜÕëÝô�ÒÒ¸−ÝæçãìâÝßã×

ÂÕÜâÕìÚâÝÚ� IZd_l� lj_of_jghc� ehdZebaZpbb� bklhqgbdh\� we_dljbq_-
kdhc�Zdlb\ghklb� ]heh\gh]h�fha]Z�BrainLoc�kha^Zg�b�jZa\b\Z_lky�k� ����� ]�
X�F��Dhil_eh\uf�b�:�B��Hdjm]hf�k�bkihevah\Zgb_f�f_lh^Z�<�<��=g_a^bp-
dh]h�[5]��IZd_l�j_rZ_l�ke_^mxsb_�hkgh\gu_�aZ^Zqb�
ehdZebaZpby�bklhqgbdh\�iZlheh]bq_kdhc�WW=−Zdlb\ghklb�ijb�wibe_ikbb�
ljZ\fZo��bgkmevlZo��himoheyo�

ehdZebaZpby�bklhqgbdh\�\ua\Zgguo�ihl_gpbZeh\��\hegh\uo�iZll_jgh\��]_-
g_jZlhjh\�jblfbq_kdhc�Zdlb\ghklb�
<uah\� ijh]jZffu� BrainLoc� hkms_kl\ey_lky� dghidhc� EhdZebaZpby� ba

f_gx�ZgZebaZ�WW=� �kf��jbk��������beb�[ukljhc�deZ\brb�{$���I_j_^�wlbf
ke_^m_l�hlf_lblv�\�Zdlb\ghc�aZibkb�bgl_j_kmxsbc�mqZklhd�k�^\mo�klhjhg
fZjd_jhf� b� \babjhf�� lh]^Z� ihke_� \uah\Z� BrainLoc� Z\lhfZlbq_kdb� [m^_l
\\_^_g�^ey�ZgZebaZ�\u^_e_gguc�mqZklhd��jbk���������>jm]hc�\hafh`ghklvx
y\ey_lky�ij_^\Zjbl_evgZy�aZibkv�\k_]h�nZceZ�\�Zjob\�\�nhjfZl_�%UDLQ/RF
�kf��jZa^��������lh]^Z�ihke_�\uah\Z�BrainLoc�g_h[oh^bfh�[m^_l�kqblZlv�aZ-
ibkZgguc�nZce�ba�Zjob\Z�

Ijh]jZffZ�BrainLoc��\�kemqZ_�__�\dexq_gby�\�ihklZ\dm�&21$1��^he`-
gZ�[ulv�mklZgh\e_gZ�\�iZid_�?&21$1?%/�



 

 
 

 

 

�����Mkj_^g_gb_�b�ZgZeba�<I
I_j_^� mkj_^g_gb_f�<I� ke_^m_l� ijhkfhlj_lv� gZlb\gu_� aZibkb� WW=� b

m^Zeblv�Zjl_nZdlgu_��h[uqgh�khklhysb_�\�j_adhf�aZrdZeb\Zgbb�Zfieblm^
kb]gZeZ�

ÈæåÚÙâÚâÝÚ�·Ä

ÄãæçÕâã×ßÕ�ÜÕÙÕìÝ��<�bkke_^h\Zgbyo�\ua\Zgguo�ihl_gpbZeh\�kms_-
kl\m_l�h]jhfgh_�jZaghh[jZab_�f_lh^h\�\u^_e_gby�<I��hkgh\Zgguo�gZ�mk-
j_^g_gbb�ba[jZgguo�mqZkldh\�WW=�

LZd� m`_� kZfb� gZlb\gu_� aZibkb�<I� fh]ml� \dexqZlv� mqZkldb� ij_^klb-
fmevgh]h� b� ihklj_Zdlb\gh]h�nhgZ�� bkihevam_fu_� ^ey� dhjj_dpbb� gme_\hc
ebgbb��Z�klbfmeu�fh]ml�[ulv�h^bghqgufb��k_jbcgufb�beb�jblfbq_kdbfb�
ij_^ty\ey_fufb�\�kemqZcghc�beb�^_l_jfbgbjh\Zgghc�ihke_^h\Zl_evghklb�
Z� lZd`_� bf_lv� jZaebqgmx�fh^Zevghklv�� ij_^mij_^bl_evguc�� kb]gZevguc�
bkihegbl_evguc��ih^l\_j`^Zxsbc��hlf_gyxsbc�b�^j�

KZf�`_�ijhp_kk�mkj_^g_gby�fh`_l�ijhba\h^blvky�[_amkeh\gh�beb�`_�k
Z\lhfZlbq_kdhc�beb�jmqghc�j_`_dpb_c�mqZkldh\��bkihjq_gguo�Zjl_nZdlZ-
fb��kh�kemqZcguf�hl[hjhf�aZibk_c�beb�\�aZ\bkbfhklb�hl�fh^Zevghklb�klb-
fmeZ��_]h�gZijZ\e_gghklb��e_\uc−ijZ\uc��\_jogbc−gb`gbc�b�ij����nhjf_�
p\_lm��lhgm��gZebqbx��ijZ\bevghklb�b�eZl_glghklb�j_Zdpbb��<I�h`b^Zgby�
hjb_glbjh\hqgu_�beb�fhlhjgu_�b�fgh]b_�^jm]b_�

ÅÚíÚâÝÚ��Hq_\b^gh�� qlh� lZdh_� jZaghh[jZab_� lj_[h\Zeh� kljmdlmjbjh-
\Zgby�� h[h[s_gby� b� kha^Zgby� g_dhlhjh]h� mgb\_jkZevgh]h� f_oZgbafZ� mk-
j_^g_gby��LZdhc�f_oZgbaf��j_Zebah\Zgguc�\� �����]���[Zabjm_lky�gZ�p_ehf
dhfie_dk_�gh\uo�ihgylbc�b�mklZgh\hd��hihjgZy�lhqdZ��wihoZ�b�mkeh\b_�mk-
j_^g_gby�k�hij_^_e_gb_f�fgh`_kl\Z�bo�g_h[oh^bfuo� agZq_gbc�b�h[hagZ-
q_gbc�� k� bkihevah\Zgb_f� nhjfmevgh]h� \\h^Z�� ij_^\Zjbl_evghc� nbevljZ-
pbb��mkbe_gby�j_amevlZlZ��j_`_dpbb�Zjl_nZdlh\�b�^j�
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¶àÕâß�èæåÚÙâÚâÝô�Ý�ÕâÕàÝÜÕ�·Ä��jbk��������\uau\Z_lky�ba�imgdlh\
:gZeba−<I�\_jog_c�dhfZg^ghc�kljhdb�beb�ba�fhgblhjZ�gZ`Zlb_f�[ukljhc
deZ\brb�{����Hg�kh^_j`bl�^\Z�jZa^_eZ��Mkj_^g_gb_�b�Ibdb��JZa^_e�mkj_^-
g_gby�kh^_j`bl�g_kdhevdh�ihabpbc�\\h^Z�hij_^_eyxsbo�iZjZf_ljh\��hihj-
gZy�lhqdZ��wihoZ��nbevljZpby��mkbe_gb_��mkeh\b_�hl[hjZ�aZibk_c�b�^jm]bo�

ÃäãåâÕô�çãìßÕ�ij_^klZ\ey_l�kh[hc�g_dhlhjh_�kh[ulb_��hl�dhlhjh]h�[Z-
abjm_lky� mkj_^g_gb_�� HgZ� fh`_l� [ulv� aZ^ZgZ� \u[hjhf� ba� \uiZ^Zxs_]h
kibkdZ��k�jmqghc�aZf_ghc�iZjZf_ljZ� i�gZ�_]h�gm`gh_�agZq_gb_��ba�ke_^mx-
s_]h�gZ[hjZ�\hafh`ghkl_c�

Ti�²�\j_fy�hl�gZqZeZ�aZibkb�\�k_dmg^Zo�i��gZijbf_j��7���� �����fbeebk_-
dmg^�

Si�²�gZebqb_�\oh^gh]h�^bkdj_lgh]h�kb]gZeZ�ih�dZgZem�i=�±���beb�ih^ZqZ
\uoh^gh]h�^bkdj_lgh]h�kb]gZeZ�ih�dZgZem�i=�±����kf��jZa^����������gZ-
ijbf_j��S5�²�ihy\e_gb_�kb]gZeZ�ih�iylhfm�\oh^ghfm�dZgZem� S12 —
ihy\e_gb_�kb]gZeZ�ih�q_l\_jlhfm�\uoh^ghfm�dZgZem�

Ii �²�gZebqb_�aZ^Zggh]h�r_klgZ^pZl_jbqgh]h�dh^Z�i= 1–FF gZ�\oh^guo
^bkdj_lguo�dZgZeZo�

Oi�²�gZebqb_�aZ^Zggh]h�r_klgZ^pZl_jbqgh]h�dh^Z�i= 1–FF gZ�\uõh^guo
^bkdj_lguo�dZgZeZo�

Mi�²�gZebqb_�f_ldb�bkke_^h\Zl_ey�ih�ZgZeh]h\hfm�dZgZem�i=�±����f_l-
db�klZ\ylky�ba�imgdlZ�<uqbke_gby�\_jog_c�dhfZg^ghc�kljhdb�beb�deZ-
\br_c�{'��);

Ei�²�\u^_e_gguc�wdklj_fmf�ih�ZgZeh]h\hfm�dZgZem�ghf_j�i=�±����\u-
^_e_gb_�wdklj_fmfh\�hkms_kl\ey_lky�\�f_gx�iheb]jZnZ��kf��jZa^�
9.4.3);

Ci�²�dhjj_eyl�ih�ZgZeh]h\hfm�dZgZem�i=�±����dhjj_eyl�hagZqZ_l�mqZklhd
aZibkb��ZgZeh]bqguc�bkoh^gh�aZ^Zgghfm�h[jZapm��ihf_q_gghfm�k�^\mo
klhjhg�fZjd_jhf�b�\babjhf�

Jbk��������;eZgd�iZjZf_ljh\�ZgZebaZ�<I
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ÒäãêÕ�èæåÚÙâÚâÝô�beb�mqZklhd�mkj_^gy_fhc�aZibkb�[Zabjm_lky�hlgh-
kbl_evgh�hihjghc�lhqdb�b�aZ^Z_lky�\�^\mo�iheyo��gZqZeh�b�dhg_p�wihob�\
k_dmg^Zo��?keb�dZdZy�eb[h�]jZgbpZ�wihob�e_`bl�\e_\h�hl�hihjghc�lhqdb��lh
hgZ� aZ^Z_lky� k� hljbpZl_evguf� agZdhf��>ebgZ� wihob�g_� ^he`gZ�ij_\hkoh-
^blv� ^ebgu� aZibk_c� kqblZggh]h� nZceZ��S_eqhd� furvx� ih� ihex� dhgpZ
wihob� ijb\h^bl� d� mklZgh\d_� wihob�� gZqbgZxs_cky� k� gmey� b� aZdZgqb\Zx-
s_cky�gZ����jZg__�dhgpZ�l_dms_c�aZibkb�

¿ãòééÝëÝÚâç�èæÝàÚâÝô�fh`_l�ijbgbfZlv� agZq_gby� hl� ��^h� ���� qlh
qZklh�[u\Z_l�g_h[oh^bfh�^ey�ih^^_j`Zgby�lj_[m_fh]h�mjh\gy�jZaj_r_gby
j_amevlZlZ�ih�Zfieblm^_��ihkdhevdm�ijb�fgh]hdjZlghf�mkj_^g_gbb�Zfieb-
lm^Z�j_amevlZlZ�fh`_l�agZqbl_evgh�ihgbablvky�

ÉÝàñçåÕëÝô� <�kemqZ_�[hevrhc�aZrmfe_gghklb�aZibk_c�[u\Z_l�ihe_a-
gh�^h�dZ`^h]h�mkj_^g_gby�ijhba\h^blv�Nmjv_−nbevljZpbx�gZlb\ghc�aZib-
kb�^ey�m^Ze_gby�rmfh\�\�aZ^Zgghf�^bZiZahg_�qZklhl��]jZgbpu�dhlhjh]h�aZ-
^Zxlky� \� ]_jpZo� \� ^\mo� iheyo� \\h^Z�� Wlh� g_j_^dh� iha\hey_l� ^hklb]gmlv
m^h\e_l\hjbl_evgh]h�j_amevlZlZ�ijb�agZqbl_evgh�f_gvr_f�qbke_�mkj_^g_-
gbc�b�kgbablv�mjh\_gv�rmfh\�\�mkj_^g_gghf�<I�

ÅÚÛÚßëÝô�ÕåçÚéÕßçã×� >ey�Z\lhfZlbq_kdh]h�bkdexq_gby�ba�ijhp_kkZ
mkj_^g_gby�aZibk_c��kh^_j`Zsbo�Zjl_nZdlu��ke_^m_l�mklZgh\blv�agZq_gby
^\mo�hij_^_eyxsbo�iZjZf_ljh\�

• fbgbfZevguc�mjh\_gv�Zfieblm^u�Zjl_nZdlZ�
• fbgbfZevguc�\j_f_gghc�bgl_j\Ze�Zjl_nZdlZ�

:jl_nZdlgZy�aZibkv�g_�[m^_l�bkihevah\ZgZ�^ey�mkj_^g_gby��_keb�\�g_c
ijbkmlkl\m_l� \kie_kd�� m� dhlhjh]h� gZ� aZ^Zgghf� bgl_j\Ze_� Zfieblm^guc
mjh\_gv�ij_\hkoh^bl�aZ^Zggh_�agZq_gb_�

:jl_nZdlgu_� aZibkb�fh`gh� m^Zeblv� b� \jmqgmx�� ij_^\Zjbl_evgh� ijh-
kfhlj_lv�bo�\k_�\�jZ[hq_f�nZce_�WW=��bkihevamy�deZ\brb�{>��b�{<��^ey
i_j_oh^Z�d�ke_^mxs_c�beb�ij_^u^ms_c�aZibkb��b�m^Zeblv�l_�aZibkb��deZ-
\br_c�{%FM����\�dhlhjuo�gZ[ex^Zxlky�Zjl_nZdlu�

Èæàã×ÝÚ�ãçÖãåÕ�ÜÕäÝæÚÞ�^ey�mkj_^g_gby�aZ^Z_lky�\�\b^_�eh]bq_kdhc
nmgdpbb��hij_^_eyxs_c��dZdb_� aZibkb�g_h[oh^bfh�mkj_^gylv�� Z�dZdb_�g_
\dexqZlv� \� mkj_^g_gb_�� Mkeh\b_� fh`gh� \\_klb� g_ihkj_^kl\_ggh� \� ihe_
\\h^Z�k�deZ\bZlmju�beb�`_�knhjfbjh\Zlv�kj_^kl\Zfb�ki_pbZevgh]h�j_^Zd-
lhjZ�nhjfme� �kf��jZa^�� �������ijb�gZ`Zlbb�gZ�dghidm�J_^Zdlhj�\�[eZgd_
mkj_^g_gby��<�mkeh\bb�fh`gh�bkihevah\Zlv�ke_^mxsb_�i_j_f_ggu_��hi_-
jZpbb�b�nmgdpbb��]^_�iZjZf_lj�k�²�ex[h_�Ze]_[jZbq_kdh_�\ujZ`_gb_��hi-
j_^_eyxs__�ghf_j�dZgZeZ��
±���
���A�����²�Ze]_[jZbq_kdb_�hi_jZpbb�b�kdh[db�
ABS,INT,SQR,SGN,EXP,LN,LOG�²�Ze]_[jZbq_kdb_�nmgdpbb�
&, |�²�eh]bq_kdb_�B��BEB�
���!��� ��! �� ���!�²�hi_jZpbb�hlghr_gby�
a MOD b�²�fh^mev�qbkeZ�Z�ih�hkgh\Zgbx�b��l��_��hklZlhd�p_ehqbke_ggh]h

^_e_gby�a�gZ�b;
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$%6�Z��²�Z[khexlgh_�agZq_gb_�qbkeZ�Z;
i — h[hagZq_gb_�l_dms_]h�dZgZeZ�
irec�²�ihjy^dh\uc�ghf_j�aZibkb�
a(k,t)�²�agZq_gb_�Zfieblm^u�kb]gZeZ�>fd<@�gZ�dZgZe_�ghf_j�k�\�fhf_gl
\j_f_gb�t [c];

te(k)�²�\j_fy�>F@�\u^_e_ggh]h�wdklj_fmfZ�gZ�dZgZe_�ghf_j�k;
tm(k)�²�\j_fy�>F@�f_ldb��ijhklZ\e_gghc�gZ�dZgZe_�ghf_j�k;
ts(k)�²�\j_fy�>F@�^bkdj_lgh]h�kb]gZeZ�k�ghf_jhf�k �\oh^gu_�kb]gZeu�gm-
f_jmxlky�hl���^h����Z�\uoh^gu_�kb]gZeu�hl���^h�����

tin(k) —�\j_fy�ihy\e_gby�gZ�^bkdj_lghf�\oh^_�dh^Z�k��]^_ k�fh`_l�[ulv
aZ^Zgh�^_kylbqguf�qbkehf�beb�`_�dh^hf�\b^Z�$<16-jbqguc�dh^>;

tout(k) —�\j_fy�ihy\e_gby�gZ�^bkdj_lghf�\uoh^_�dh^Z�k��ZgZeh]bqgh��
amax(k,t1,t2)�²�agZq_gb_�fZdkbfZevghc�Zfieblm^u�kb]gZeZ�>fd<@�gZ�dZ-
gZe_�ghf_j�k�\�bgl_j\Ze_�\j_f_gb�t1–t2 [c];

amax(k,t1,t2)�²�agZq_gb_�fbgbfZevghc�Zfieblm^u�kb]gZeZ�>fd<@�gZ�dZ-
gZe_�ghf_j�k�\�bgl_j\Ze_�\j_f_gb�t1–t2 [c];

Ijbf_ju�
��� Qlh[u�\u[jZlv�^ey�mkj_^g_gby�dZ`^mx�^_kylmx�aZibkv��mkeh\b_�nhj-

fmebjm_lky�ke_^mxsbf�h[jZahf��irec MOD 10=0,�l��_��hklZlhd�hl�^_e_-
gby�ghf_jZ�aZibkb�gZ�^_kylv�[m^_l�jZ\_g�gmex��wlh�\uihegy_lky�^ey�aZ-
ibk_c�k�ghf_jZfb������������������

��� ts(4)—ts(1)<0.5 & ts(2)=0 ²�mkj_^gblv�aZibkb��\�dhlhjuo�bgl_j\Ze�f_-
`^m�klbfmehf��a^_kv�kb]gZe����b�ijZ\bevghc�j_Zdpb_c��kb]gZe����f_gv-
r_�����k�b�g_l�hrb[hqghc�j_Zdpbb��kb]gZe����

��� amax(4,tm(2),te(3))>25�²�fZdkbfZevgZy�Zfieblm^Z�aZibkb�ih�dZgZem���\
bgl_j\Ze_�hl�f_ldb�ih�dZgZem���^h�wdklj_fmfZ�ih�dZgZem���[hevr_���
fbdjh\hevl�
¹åèØÝÚ� òàÚáÚâçð� <� [eZgd_� mkj_^g_gby� �jbk�� ������ ijbkmlkl\mxl

lZd`_�ke_^mxsb_�we_f_glu�
• nhgZjbd Ih�rZ]Zf��ijb�_]h�\dexq_gghf�khklhygbb�mkj_^g_gb_�[m-

^_l�ijhba\h^blvky�ihrZ]h\h�k�\bamZevguf�ij_^klZ\e_gb_f�dZ`^h]h
j_amevlZlZ�mkj_^g_gby�b�aZijhkhf�ijh^he`_gby��\�ijhlb\ghf�kemqZ_
ijhp_kk�mkj_^g_gby�[m^_l�\uiheg_g�^h�dhgpZ�k�\u^Zq_c�hdhgqZ-
l_evguo�]jZnbdh\�j_amevlZlZ�

• dghidZ�J_^Zdlhj�^ey�\\h^Z�mkeh\by�mkj_^g_gby��kf��jZa^���������
• dghidZ�Ql_gb_�^ey�\\h^Z�ba�Zjob\Z�jZg__�khojZg_gguo�agZq_gbc�iZ-

jZf_ljh\�mkj_^g_gby��kf��jZa^�������
• dghidZ�AZibkv�^ey�khojZg_gby�\�Zjob\_�l_dmsbo�agZq_gbc�iZjZf_l-

jh\�mkj_^g_gby�²�lZdbf�h[jZahf�\�Zjob\_�fh`gh�h[jZah\Zlv�p_euc
gZ[hj�jZaebqguo�mklZgh\hd�mkj_^g_gby��bkdexqb\�l_f�kZfuf�g_h[-
oh^bfhklv�bo�dZ`^hjZah\h]h�jmlbggh]h�jmqgh]h�\\h^Z��h^gZdh��qlh-
[u�m\_j_ggh�hjb_glbjh\Zlvky�\�lZdhf�Zjob\_��i_j_^�dZ`^hc�aZibkvx
mklZgh\hd�ihe_agh�kgZ[^blv�bo�bg^b\b^mZevguf�dhff_glZjb_f�\
[eZgd_�aZibkb��kf��jZa^�������
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• dghidZ Ml\_j^blv�^ey�aZimkdZ�mkj_^g_gby�
• dghidZ Hlf_gblv�^ey�hlf_gu�mkj_^g_gby�
• \udb^ghc�kibkhd�\u[hjZ�lbiZ�<I��ERP/ERD/ERS.

(53�(5'�(56�� Djhf_� jZkkfhlj_gguo� \ur_� deZkkbq_kdbo� dh]gblb\-
guo�<I (ERP — event related potential) \�ihke_^gb_����e_l�klZeb�bamqZlvky
<I�kbgojhgbaZpbb�(ERS) b�^_kbgojhgbaZpbb (ERD)1. IZjZ^b]fZ�a^_kv�ke_-
^mxsZy��Ihkdhevdm� kqblZ_lky�� qlh�WW=� y\ey_lky� kmffhc� ihklkbgZilbq_-
kdbo�ihl_gpbZeh\��IKI���lh�Zfieblm^Z�dhe_[Zgbc�WW=�m\_ebqb\Z_lky�ijb
[hevr_c�kbgojhgghklb�baf_g_gby�IKI��qlh�fh`gh�hp_gblv�\uqbke_gb_f
mkj_^g_ggh]h�ih� aZibkyf� agZq_gby� Zfieblm^u�WW=� �MkA:��gZ�g_dhlhjhf
bgl_j\Ze_��Ijb�ij_^ty\e_gbb� agZqbfh]h� klbfmeZ�MkA:�fh`_l�\hajZklZlv
(ERS) beb�mf_gvrZlvky� (ERD) hlghkbl_evgh�nhgZ��ijbq_f�wlb�baf_g_gby
fh]ml�jZaebqZlvky�\�aZ\bkbfhklb�hl�qZklhlgh]h�^bZiZahgZ��>ey�\u^_e_gby
(56�(5'� mkj_^gyxlky� Z[khexlgu_� agZq_gby� hlnbevljh\Zgghc� \
\u[jZgghf�qZklhlghf�^bZiZahg_�WW=��:fieblm^u�j_amevlZlZ�mkj_^g_gby
yi ghjfbjmxlky�hlghkbl_evgh�bo�kj_^g_]h�agZq_gby Myn��\uqbke_ggh]h�gZ
bgl_j\Ze_�� aZ^Zgghf� \� dZq_kl\_� nhgZ� yi%=(yi–Myn,)/Myn*100%.
Iheh`bl_evgu_�agZq_gby�yi% ij_^klZ\eyxl�(56��hljbpZl_evgu_�±�(5'�

?keb�\�[eZgd_�mkj_^g_gby�<I� �jbk�� ������\u[jZgh�(5'�(56��lh�\�ke_-
^mxs_f� [eZgd_� fh`gh� \u[jZlv� beb� baf_gblv� qZklhlgu_� ]jZgbpu
nbevljZpbb� WW=�� Z� lZd`_� aZ^Zlv� \j_f_gghc� bgl_j\Ze� nhgh\hc� WW=� ^ey
\uqbke_gby�Myn.

·ðäãàâÚâÝÚ�èæåÚÙâÚâÝô��?keb�mklZgh\e_g�j_`bf�ihrZ]h\h]h�mk-
j_^g_gby�� lh�ihke_� mkj_^g_gby� hq_j_^ghc� aZibkb�gZ� wdjZg� \u^Z_lky�ijh-
f_`mlhqguc�j_amevlZl�mkj_^g_gby�b�aZijhk�gZ�ijh^he`_gb_�mkj_^g_gby�k
mdZaZgb_f�qbkeZ�ijhkfhlj_gguo�b�mkj_^g_gguo�aZibk_c��jbk��������

Ihke_�mkj_^g_gby�qbkeh�aZibk_c�\�nZce_�mklZgZ\eb\Z_lky�jZ\guf�qbkem
ijhba\_^_gguo� mkj_^g_gbc� kh� agZdhf� fbgmk��Ihwlhfm�� _keb� ijb� ql_gbb
nZceZ�^Zgguo�\u�\b^bl_�hljbpZl_evgh_�qbkeh�aZibk_c�²�wlh�y\ey_lky�ijb-
agZdhf�ijhba\_^_gguo�mkj_^g_gbc�

Hl^_evgu_� nZceu� mkj_^g_gguo
<I�fh`gh�^Ze__�lZd`_�mkj_^gylv�f_-
`^m�kh[hc�khhl\_lkl\mxs_c�hi_jZpb-
_c�ba�f_gx�Ij_h[jZah\Zgbc��kf��jZa^�
9.4.2).

>ey� \bamZevgh]h� kjZ\g_gby� jZa-
ebqguo�<I�ihe_agh� kha^Z\Zlv�^hihe-
gbl_evgu_� hdgZ� �dhfZg^u� Dhgkljmd-

                                                          
1 G. Pfurtschellera, F.H. Lopes da Silva. Event-related EEG/MEG synchronization

and desynchronization: basic principles. Clinical Neurophysiology. (1999). 110:1842–1857.
Debora Brignani et al. Event-related power modulations of brain activity preceding

visually guided saccades. Brain research. (2007) 1136:122–131.

Jbk��������F_gx�ijh^he`_gby�mk-
j_^g_gby
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lhj−Kha^ZlvBhdgh��b�i_j_ghkblv�lm^Z�j_amevlZlu�mkj_^g_gby�ba�fhgblhjZ
q_j_a�[mn_j�h[f_gZ�

Z� [�

Jbk��������Dh]gblb\gu_�<I�lbiZ�&19�gZ�k\_lh\u_�klbfmeu���Z�²�aZibkv�WH=�b���
dZgZeh\�WW=��gZ�dZgZe_���ijhklZ\e_gZ�f_ldZ�\�gZqZe_�^\b`_gby�]eZa��\gbam�\_jlb-

dZevgufb�rljboZfb�hlf_q_gu�fhf_glu�ih^Zqb�ij_^mij_^bl_evgh]h��kb]gZevgh]h�b
bkihegbl_evguo��qZklu_��klbfmeh\��[�²�j_amevlZl�mkj_^g_gby����aZibk_c�hlghkb-
l_evgh�^\b`_gby�]eZa��\b^gu�oZjZdl_jgu_�f_^e_ggu_�b�[uklju_�©\hegu�h`b^Zgbyª

ÄåÚÙæçÝáèàñâðÞ�éãâ� QZklh� \� dZ`^hc� aZibkb�<I�ijbkmlkl\m_l�gZ-
qZevguc�mqZklhd�ij_^klbfmevgh]h�nhgZ��ij_^gZagZq_gguc�^ey�dhjj_dpbb
gmey�aZibkb�<I��Ijb�g_h[oh^bfhklb�dhjj_dpbb�gmey�j_amevlZlZ�mkj_^g_-
gby�mklZgh\bl_�\�[eZgd_�mkj_^g_gby�jZkrbj_ggmx�wihom��\dexqZxsmx�b
mqZklhd�aZibkb�ij_^klbfmevgh]h�nhgZ��Z�ihke_�aZ\_jr_gby�mkj_^g_gby�\u-
^_ebl_�mqZklhd�nhgZ�k�^\mo�klhjhg�fZjd_jhf�b�\babjhf�b�\uihegbl_�hi_-
jZpbx�dhjj_dpbb�gmey�ba�imgdlZ�MklZgh\db�\_jog_c�dhfZg^ghc�kljhdb�

Ijbf_j����Imklv�^ey�dh]gblb\guo�<I��jbk��������mkj_^g_gb_�g_h[oh^bfh
[Zabjh\Zlv�hlghkbl_evgh�gZqZeZ�^\b`_gby�]eZa��WH=�aZibkZgZ�ih�dZgZem����
Z�wihoZ�mkj_^g_gby�ijhklbjZ_lky�gZ�����k�^h�b�gZ���k_dmg^m�ihke_�wlhc�hihj-
ghc� lhqdb��Lh]^Z� ij_^\Zjbl_evgh� gZ^h� \jmqgmx� hlf_lblv� gZqZeh� dZ`^h]h
^\b`_gby�]eZa�j_^Zdlhjkdhc�f_ldhc��Ihke_�wlh]h�\�[eZgd_�mkj_^g_gby�ke_-
^m_l�mklZgh\blv��hihjgZy�lhqdZ� �0���wihoZ� �±��������mkbe_gb_� ���

<�j_amevlZl_�hi_jZpbb�mkj_^g_gby�\�i_j\hc�aZibkb�nZceZ�^Zgguo�[m^_l
h[jZah\ZgZ� mkj_^g_ggZy� aZibkv�<I� �jbk�� ����[��� Z� qbkeh� aZibk_c� \�nZce_
baf_gblky�gZ� hljbpZl_evgh_� agZq_gb_�� jZ\gh_� qbkem� \uiheg_gguo� mkj_^-
g_gbc�

Ijbf_j� ��� >ey� kemoh\uo� dhjhldheZl_glguo� <I� �jbk�� ���Z�� a\mdh\hc
s_eqhd�\uihegy_lky� \�gZqZe_� aZibkb��Mqblu\Zy�^ebl_evghklv�dZ`^hc� aZ-
ibkb����fk��\�[eZgd_�mkj_^g_gby�ke_^m_l�mklZgh\blv��hihjgZy�lhqdZ� �T0,
wihoZ� �0. ������mkbe_gb_� ���
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µâÕàÝÜ�·Ä

Ihke_^mxsbc�ZgZeba�mkj_^g_gguo�<I�qZklh�khklhbl�\�jmqghf�baf_j_-
gbb� eZl_glghkl_c�b� Zfieblm^� oZjZdl_jguo�ibdh\� �kf�� jZa^�� ������g_j_^dh
^hihegy_fhf�bo�WW=−dZjlbjh\Zgb_f��kf��jZa^�������b�lj_of_jghc�ehdZeb-
aZpb_c�bklhqgbdh\�<I��kf��jZa^��4.5).

>ey�<I��^hklZlhqgh�klZ[bevguo�ih�eZl_glghklb��baf_j_gby�fh]ml�[ulv
\uiheg_gu�Z\lhfZlbq_kdb��<�gb`g_c�qZklb�f_gx�ZgZebaZ�<I��kf��jbk�������
jZkiheZ]Z_lky�lZ[ebpZ�mklZgh\hd�ibdh\�<I��\dexqZxsZy�q_luj_�ihabpbb�

• h[hagZq_gb_�ibdZ�
• ijbagZd�iheh`bl_evgh]h�ibdZ��hlf_qZ_lky�kbf\hehf�©iexkª��
• e_\Zy�b�ijZ\Zy�\j_f_ggu_�]jZgbpu�jZkiheh`_gby�ibdZ�
<\h^� agZq_gbc�\�[eZgd�hkms_kl\ey_lky�\jmqgmx��dZd�\�h[uqgmx�we_d-

ljhggmx�lZ[ebpm�
µåêÝ×��<\_^_ggu_�\�[eZgd�iZjZf_lju�khojZgyxlky�hl�\uah\Z�d�\uah\m

b�hl�k_ZgkZ�d�k_Zgkm��Kh^_j`bfh_�[eZgdZ�fh`_l�[ulv�aZihfg_gh�\�^bkdh-
\hf�Zjob\_�ih�gZ`Zlbx�dghidb�k�ibdlh]jZffhc�aZibkb��ihke_�q_]h�ihy\ey-
_lky�klZg^Zjlguc�[eZgd�ql_gby−aZibkb� �kf��jZa^��������LZdbf�h[jZahf�fh-
`_l�[ulv� knhjfbjh\Zg�p_euc� Zjob\�jZaebqguo�mklZgh\hd�^ey� \u^_e_gby
ibdh\� jZaguo� lbih\�<I��<uah\� mklZgh\hd� ba� Zjob\Z� \� [eZgd� iZjZf_ljh\
hkms_kl\ey_lky�gZ`Zlb_f�dghidb�k�ibdlh]jZffhc�ql_gby��ihke_�q_]h�ihy\-
ey_lky�klZg^Zjlguc�[eZgd�ql_gby−aZibkb��kf��jZa^�������

ÅÚÜèàñçÕçð� Ijb�gZ`Zlbb�gZ�dghidm <uihegblv�ijhba\h^blky�ihbkd�b
\u^_e_gb_�ibdh\�kh]eZkgh�mklZgh\e_gguf�iZjZf_ljZf��b�\�hdgh�j_^ZdlhjZ
j_amevlZlh\��kf��jZa^�������\u^Zxlky�Zfieblm^u�b�eZl_glghklb�ibdh\�\�ih-
jy^d_�hl\_^_gbc��jbk��������

Jbk��������Hdgh�\u^Zqb�iZjZf_ljh\�ibdh\�<I



 

 

�����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_-
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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
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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�

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

R−am[ph\
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�����F_lh^u�b�kj_^kl\Z�ZgZebaZ
<�^Zgghf� jZa^_e_� jZkkfhlj_gu� kj_^kl\Z� ZgZebaZ� h^ghdZgZevghc� �JD=�

J==��J<=��JW=��LJ=���^\modZgZevghc��JW=��J<=��\�kbff_ljbqguo�hl\_^_gb-
yo�hl�]heh\u�beb�dhg_qghkl_c�b�fgh]hdZgZevghc�j_h]jZffu��JW=��LJ=���<
ex[hf� kemqZ_�j_haZibkv�^he`gZ� khijh\h`^Zlvky�h^gh\j_f_gghc� aZibkvx
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WD=��\�ex[hf�hl\_^_gbb�hl�dhg_qghkl_c��ih�lj_lv_fm�dZgZem�^ey�gZ^_`gh-
]h�\u^_e_gby�j_h\heg�

Jbk��������Ijbf_j�aZibkb�J=�hl�\bkhqghc�h[eZklb�b�ij_^ie_qvy�kh\f_klgh�k�WD=
�\gbam�

Kj_^kl\Z� ZgZebaZ� iha\heyxl� \uqbkeblv� agZq_gby� gZb[he__� mihlj_[b-
l_evguo�ihdZaZl_e_c� k�mdZaZgb_f� \ZjbZpbc�bo� agZq_gbc�b�hldehg_gbc� hl
ghjfu��k�\uqbke_gb_f�Zkbff_ljbb�f_`^m�ijZ\uf�b�e_\uf�hl\_^_gbyfb�b
ihkljh_gb_f�]jZnbdh\�baf_g_gby�bo�agZq_gbc�\h�\j_f_gb��Lbibqgh_�bah-
[jZ`_gb_�j_h]jZffu�\�fhgblhj_�aZibk_c�ijb\_^_gh�gZ�jbk�������

ÁÚâó�ÕâÕàÝÜÕ� :gZeba�j_h]jZffu�ijhba\h^blky�\uiheg_gb_f�imgd-
lh\� :gZeba−J=� ba� \_jog_c� dhfZg^ghc� kljhdb� �beb� deZ\br_c� {����� \� j_-
amevlZl_�q_]h�ihy\ey_lky�f_gx�ZgZebaZ��jbk��������k�^\mfy�jZa^_eZfb��F_-
lh^u�b�>bgZfbdZ.

<� jZa^_e� F_lh^u� \dexq_gu
ijhp_^mju� dhfie_dkgh]h� ZgZebaZ
J=−\heg��klZlbklbdZ��mkj_^g_gb_
b�]_fh^bgZfbdZ��I_j_^�bo�bkihev-
ah\Zgb_f� \� gb`_� jZkiheh`_gguo
iheyo�\\h^Z�ke_^m_l�mdZaZlv�qbkeh
J=−hl\_^_gbc� �h^gh�� ^\Z� beb� q_-
luj_�� b� \hajZkl� iZpb_glZ� ^ey� hi-
j_^_e_gby�hldehg_gbc�hl�ghjfu�

I_j_^� \uiheg_gb_f� ex[h]h
f_lh^Z� ihe_agh� ij_^\Zjbl_evgh
\bamZevgh� ijhkfhlj_lv� j_haZibkv
b� \� kemqZ_�g_h[oh^bfhklb� kj_^kl-

\Zfb�jmqgh]h�j_^Zdlbjh\Zgby�hklZ\blv�\�g_c�^ey�ZgZebaZ�njZ]f_gl��\dex-
qZxsbc�g_�f_g__��±���j_h\heg��kh�klZ[bevgufb��g_bkdZ`_ggufb�j_h\he-
gZfb�[_a�Zjl_nZdlh\��Ihe_agh�lZd`_�m[_^blvky�\�klZ[bevghklb�jZ[hlu�Ze-
]hjblfh\�ZgZebaZ�gZ�l_dms_c�aZibkb��ihkljhb\�]jZnbd�baf_g_gby�dZj^bh-
bgl_j\Zeh\�ih� lj_lv_fm�dZgZem� �kf��>bgZfbdZ� \�jZa^�� ������<� kemqZ_�dhj-
j_dlghc�jZ[hlu�Ze]hjblfh\�wlhl�]jZnbd�g_�[m^_l�bf_lv�j_adbo�\ukhdhZf-

Jbk��������F_gx�ZgZebaZ�j_h]jZffu
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ieblm^guo�\u[jhkh\��<�ijhlb\ghf�kemqZ_�ke_^m_l�k]eZ^blv�WD=�beb�m^Z-
eblv�Zjl_nZdlgu_�bgl_j\Zeu�

>hihegbl_evgu_� kj_^kl\Z� jZ[hlu� k� hdgZfb� j_amevlZlh\� ZgZebaZ� jZk-
kfhlj_gu�\�jZa^�����������

ÆçÕçÝæçÝìÚæßÝÞ�ÕâÕàÝÜ� <�j_amevlZl_�klZlbklbq_kdh]h�ZgZebaZ�ih
bg^b\b^mZevguf� J=−\hegZf� \� hdgh� ^bZ]ghaZ� \u^Z_lky� lZ[ebpZ� agZq_gbc
hkgh\guo� j_h]jZnbq_kdbo� ihdZaZl_e_c� �jbk�� ������� \� dhlhjhc� ijb\_^_gu
kj_^gb_�agZq_gby�ke_^mxsbo�ihdZaZl_e_c�

• fh^mev�mijm]hklb�
• ^bdjhlbq_kdbc�bg^_dk�
• ^bZklhebq_kdbc�bg^_dk�
• j_h]jZnbq_kdbc�bg^_dk�
• ^ebl_evghklv�j_h\hegu�
• \j_fy�jZkijhkljZg_gby�j_h\hegu�
• \j_fy�fZ]bkljZevgh]h�kbklhebq_kdh]h�gZiheg_gby�
• bg^_dk�aZf_^e_gby�djh\_gZiheg_gby��hlghr_gb_�\j_f_gb�[ukljh]h

djh\_gZiheg_gby�d�\j_f_gb�f_^e_ggh]h�djh\_�gZiheg_gby�
• \j_fy�[ukljh]h�djh\_gZiheg_gby�
• \j_fy�f_^e_ggh]h�djh\_gZiheg_gby�
• \j_fy�^bZklhebq_kdh]h�fZdkbfmfZ�
• bg^_dk�i_j_gZijy`_gby�j_]meylhjguo�kbkl_f�BIK��^ey�_]h�\uqbk-

e_gby�gm`gh�\\_klb�\j_fy�jZkijhkljZg_gby�j_h\hegu�\�khklhygbb
ihdhy��j_]bkljZpbx�ijh\h^yl�k�bkihevah\Zgb_f�^ZlqbdZ�nhlhie_-
lbafh]jZffu��gZeh`_ggh]h�gZ�iZe_p�jmdb�

• qbkeh�j_h\heg�\�aZibkb�

Jbk��������LZ[ebpZ�agZq_gbc�J=−ihdZaZl_e_c
>ey�dZ`^h]h�ihdZaZl_ey�bf__lky�ljb�dhehgdb��J��²�kj_^g__�agZq_gb_�

KlH�²� klZg^Zjlgh_� hldehg_gb_�� ghjfZ�²�ijbagZd� hldehg_gby� kj_^g_]h
agZq_gby�hl�ghjfu��[G�²�[hevr_�ghjfu��fG�²�f_gvr_�ghjfu��

<�kemqZ_�^\modZgZevghc�j_haZibkb�ijb\h^ylky�lZd`_�ljb�ZgZeh]bqguo
dhehgdb�^ey�\lhjh]h�hl\_^_gby� �J2��KlH��ghjfZ��Z�lZd`_� agZq_gb_�dhwn-
nbpb_glZ�Zkbff_ljbb�:kbff��\uqbkey_fh]h�ih�nhjfme_���J1±J2���J1�J2),
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b�ijbagZd�hldehg_gby�_]h�hl�ghjfu��[G�beb�fG�\�aZ\bkbfhklb�hl�\uoh^Z�aZ
\_jogxx�beb�gb`gxx�]jZgbpu�ghjfu��

?keb�lj_[m_lky�ijhZgZebabjh\Zlv�hl^_evguc�mqZklhd�aZibkb��lh�_]h�g_-
h[oh^bfh�ij_^\Zjbl_evgh�\u^_eblv�k�^\mo�klhjhg�fZjd_jhf�b�\babjhf�b
m^Zeblv�\k_�\g_�wlh]h�mqZkldZ�

Ijbf_qZgb_�� G_dhlhju_� j_amevlZlu� ZgZebaZ� gZ� i_j\uc� \a]ey^� fh]ml
ihdZaZlvky�kljZggufb��gZijbf_j��bg^_dk�aZf_^e_gby�h[uqgh�hlebqZ_lky�hl
hlghr_gby� \j_f_gb� [ukljh]h� gZiheg_gby� dh� \j_f_gb� [ukljh]h� gZiheg_-
gby��H^gZdh� wlh�y\ey_lky�ke_^kl\b_f�mkj_^g_gguo�\uqbke_gbc��dh]^Z�j_-
amevlZl�^_e_gby� kj_^gbo�^\mo� jy^h\� klZlbklbq_kdb�g_� kh\iZ^Z_l� kh� kj_^-
gbf�hlghr_gbc�we_f_glh\�wlbo�`_�^\mo�jy^h\�

µâÕàÝÜ� èæåÚÙâÚââãÞ� ×ãàâð��<� ^Zgghf� j_`bf_� ih� bg^b\b^mZev-
guf� J=−\hegZf�� kms_kl\mxsbf� \� aZibkb�� \uqbkey_lky� mkj_^g_ggZy
J=−\hegZ�b�\�ki_pbZevgh_�hdgh�\u^Z_lky�__�]jZnbd��djZkguc��kh\f_klgh�k
]jZnbdZfb�i_j\hc��a_e_guc��b�\lhjhc��]hem[hc��ijhba\h^guo��jbk��������

Jbk��������=jZnbd�mkj_^g_gghc�J=−\hegu�k�i_j\hc�b�\lhjhc�ijhba\h^gufb
Ih^� ]jZnbdZfb� \� hdg_� j_^ZdlhjZ� ^bZ]ghaZ� �kf�� jZa^�� ����� ijb\h^blky

lZ[ebpZ�qbkeh\uo�j_amevlZlh\��\dexqZxsZy��jbk��������
• iheh`_gb_�oZjZdl_jguo�lhq_d�i_j\hc�ijhba\h^ghc�gZ�\j_f_gghc

hkb�hl�gZqZeZ�J=−\hegu��i_j\h]h�b�\lhjh]h�fZdkbfmfZ��Max1, Max2)
b�i_j\h]h�fbgbfmfZ��Min1);

• iheh`_gb_�oZjZdl_jguo�lhq_d�\lhjhc�ijhba\h^ghc��i_j\h-
]h−lj_lv_]h�fZdkbfmfZ��Max1−Max����i_j\h]h�b�\lhjh]h�fbgbfmfZ
(Min1, Min2);

• kj_^gb_�agZq_gby�hkgh\guo�ihdZaZl_e_c��ZgZeh]bqgh�klZlbklbq_-
kdhfm�ZgZebam��

• agZq_gb_�bg^_dkZ�nmgdpbhgZevgh]h�j_a_j\Z��\uqbkey_fh]h�dZd�jZa-
ghklv�f_`^m�Zfieblm^hc�i_j\h]h�hljbpZl_evgh]h�ibdZ�\lhjhc�ijh-
ba\h^ghc�b�lj_lvbf�b�q_l\_jluf�ibdZfb��^_e_ggZy�gZ�Zfieblm^m
i_j\h]h�ibdZ�
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Jbk��������IhdZaZl_eb�mkj_^g_gghc�J=−\hegu

ÃæãÖÚââãæçÝ� ÕàØãåÝçáÕ��Ijb� mkj_^g_gbb� dZ`^Zy� j_h\hegZ� ijb\h-
^blky� ihkj_^kl\hf� ijhihjpbhgZevgh]h� jZkly`_gby� beb� k`Zlby� d� ^ebg_
kj_^g_c�j_h\hegu�k�dhjj_dpb_c�^j_cnZ�gme_\hc�ebgbb�

GZqZeh� hq_j_^ghc� J=−\hegu� hij_^_ey_lky� dZd� iheh`_gb_� ehdZevgh]h
fbgbfmfZ��ihke_� dhlhjh]h� kb]gZe�fhghlhggh�gZjZklZ_l� ^h�fZdkbfmfZ��<
dZq_kl\_� bgpbamju� ijbgbfZ_lky� iheh`_gb_� ehdZevgh]h� fbgbfmfZ� ihke_
]eZ\gh]h� fZdkbfmfZ� beb� gZqZeh� \uiheZ`b\Zgby� kb]gZeZ� ijb� hlkmlkl\bb
fbgbfmfZ��<� dZq_kl\_� ^bdjhlbq_kdh]h� am[pZ� [_j_lky� iheh`_gb_� ke_^mx-
s_]h�aZ�bgpbamjhc�fZdkbfmfZ��Z�ijb�hlkmlkl\bb�lZdh\h]h�²�gZqZeh�kiZ^Z
kb]gZeZ�ihke_�\uiheZ`b\Zgby�

¸ÚáãÙÝâÕáÝßÕ�

Jbk��������;eZgd�iZpb_glZ Jbk��������IhdZaZl_eb�]_fh^bgZfbdb

Bkke_^h\Zgb_� ]_fh^bgZfbdb� ijhba\h^blky� ijb� l_ljZiheyjghc� j_]bkl-
jZpbb� j_h]jZffu� hl� l_eZ� iZpb_glZ� ijb� bgl_]jZevghc� j_hdZj^bh]jZnbq_-
kdhc�j_]bkljZpbb�ih�f_lh^m�Dm[bqbdZ�beb�f_lh^m�Lbs_gdh�\�aZ\bkbfhklb
hl� \u[hjZ� \�f_gx� ZgZebaZ� j_h]jZffu� �kf�� jbk� ������ b� ko_fu� gZeh`_gby
we_dljh^h\��Ijb�wlhf�ihy\ey_lky�wdjZgguc�[eZgd��jbk���������\�dhlhjhf�g_-
h[oh^bfh�mdZaZlv�^hihegbl_evgu_�k\_^_gby�h�iZpb_gl_��dhebq_kl\h�wjbljh-
pblh\�\�djh\b��kj_^g_^bgZfbq_kdh_�^Z\e_gb_��jZkklhygb_�f_`^m�we_dljh^Z-
fb�>kf@��\_k�>d]@��jhkl�>kf@��ho\Zl�]jm^b�>kf@�b�ihe�b�gZ`Zlv�dghidm Ml\_j-
^blv.�Ih^�i_j\uf�ihe_f�\\h^Z�\�[eZgd_�iZpb_glZ�gZoh^blky�nhgZjbd�]_fZ-
lhdjblZ��Ijb�_]h�\dexq_gghf�khklhygbb�\�ihe_�\\h^Z�\\h^blky�agZq_gb_�]_-
fZlhdjblZ��\�ijhlb\ghf�kemqZ_�—�dhebq_kl\h�wjbljhpblh\�
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Ihke_�wlh]h�\�hdgh�j_^ZdlhjZ�^bZ]ghaZ�\u^Z_lky�lZ[ebpZ�agZq_gbc�hk-
gh\guo� ihdZaZl_e_c� �jbk�� ������� m^Zjguc��fbgmlguc� b� ^he`guc� h[t_fu�
k_j^_qguc�bg^_dk�b�ijhp_glgh_�hlghr_gb_�fbgmlgh]h�h[t_fZ�d�^he`ghfm�
h[s__� b� m^_evgh_� i_jbn_jbq_kdh_� khijhlb\e_gb_��fhsghklv� khdjZs_gby
k_j^_qghc�furpu�

Jbk��������=jZnbd�baf_g_gby�^bdjhlbq_kdh]h�bg^_dkZ

¹ÝâÕáÝßÕ� Ijb� ZgZeba_� ^bgZfbdb� hl^_evguo� ihdZaZl_e_c� \� ki_pb-
Zevgh_�hdgh�\u^Z_lky�]jZnbd�baf_g_gby�\u[jZggh]h�ihdZaZl_ey�\h�\j_f_-
gb� �jbk�� ������ ^ey� aZibkb� l_dms_]h� dZgZeZ� �ihwlhfm� i_j_^� bkiheg_gb_f
imgdlh\�ba�jZa^_eZ�>bgZfbdZ�mdZaZl_ev�dZgZeZ�ke_^m_l�mklZgh\blv�gZ�lj_-
[m_fuc� dZgZe� aZibkb� j_h]jZffu� ²� hl\_^_gb_���Ih^� ]jZnbdhf� mdZaZgu�
kj_^g__� agZq_gb_�� klZg^Zjlgh_� hldehg_gb_� b� l_dms__� agZq_gb_� ZgZebab-
jm_fh]h�ihdZaZl_ey�

Ih�]jZnbdm�fh`gh�^\b]Zlv�\_jlbdZevgmx�kbgxx�ebgbx−\babj�²�mdZ-
aZl_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�gZ`Zlbb�deZ\brb�{*OT�� �beb
`_�bkiheg_gby�imgdlZ�Fhgblhj�\udb^gh]h�f_gx��gZlb\gZy�j_haZibkv�gZ
fhgblhj_�k^\b]Z_lky�d�khhl\_lkl\mxs_c�J=−\heg_��ihwlhfm��m[jZ\�]jZnbd
\�klhjhgm��fh`gh�\bamZevgh�bamqblv�wdklj_fZevgu_�j_h\hegu�

ÇåÚÖã×ÕâÝô�ß�ÜÕäÝæÝ� J_h]jZffZ�^he`gZ�[ulv�aZibkZgZ�\�ijZ\bevghc
iheyjghklb��dh]^Z�kbklhebq_kdbc�am[_p�bf__l�iheh`bl_evgmx�Zfieblm^m�

>ey� aZibk_c��\�dhlhjuo�nhjfZ�j_h\heg�g_j_]meyjgZ�beb�bkdZ`_gZ�\u-
khdhqZklhlgufb�dhe_[Zgbyfb��[u\Z_l�ihe_agh�ij_^\Zjbl_evgh_�k]eZ`b\Z-
gb_�beb�nbevljZpby�kb]gZeZ�

½ÜáÚâÚâÝÚ� ØåÕâÝë�âãåáð��GhjfZlb\u�J=−ihdZaZl_e_c�gZoh^ylky�\
l_dklh\hf�nZce_�5(2�150��^hklmighf�^ey�baf_g_gby�kj_^kl\Zfb�ex[h]h
l_dklh\h]h�j_^ZdlhjZ��Wlhl�nZce� \dexqZ_l�ihke_^h\Zl_evghklv� kljhd�� hl-
\_qZxsbo�dhgdj_lguf�ihdZaZl_eyf� �jbk��������lhqdhc�k�aZiylhc�hl^_e_gu
dhff_glZjbb��
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<� i_j\hc� kljhd_� i_j_qbke_gu
ijZ\u_� \hajZklgu_� ]jZgbpu� ]jmii�
<� dZ`^hc� ke_^mxs_c� kljhd_� ijb-
\_^_gu�iZjZfb�e_\Zy�b�ijZ\Zy� ]jZ-
gbpu� ghjfu� ihdZaZl_ey� \� ihjy^d_
i_j_qbke_gguo� \hajZklguo� ]jmii�
?keb�]jZgbpu�g_�hij_^_e_gu��lh�bf
ijbibkZgu� gme_\u_� agZq_gby�� Ih-
wlhfm�dZ`^hfm�bkke_^h\Zl_ex�e_]-
dh� hlj_^Zdlbjh\Zlv� ^Zgguc� nZce�
ijbkihkh[b\�_]h�d�k\hbf�aZ^ZqZf��Z
bf_ggh�� baf_gblv� dhgdj_lgu_� ]jZ-
gbpu� dZ`^h]h� ihdZaZl_ey� beb� \\_-
klb� ^hihegbl_evgu_� \hajZklgu_
]jmiiu� �aZ� bkdexq_gb_f� ^h[Z\e_-
gby�b�i_j_klZgh\db�kljhd��

>jm]b_� j_h]jZnbq_kdb_� ghjfZlb\u�� ^bnn_j_gpbjh\Zggu_� ih� lbim� bk-
ke_^h\Zgby�b�iZpb_glZf��fh`gh�gZclb�\�>��@�

 

 

�����������\hajZkl
���������������������������Fh^�mijm]
�����������������������>bjdhl�B
�����������������������>bZkl�B
�������������:kbkl
�������������L\hegu
�����������������������������LjZkijhklj
�������������LfZo
0 0 0 0 0 0��BaZf_^e
�������������L[ukl
�������������Lf_^e
���������������������������������Lkbklhe
�������������L^bZkl
�������������Bnmgdj_a
���������������������:kbf

Jbk��������NZce�REO.NRM�ghjfZlb\h\
J=
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�����Kj_^kl\Z�j_]bkljZpbb
J_]bkljZpby�WF=�ijh\h^blky�gZ�qZklhlZo�hijhkZ�hl�����^h��������=p�gZ

bgl_j\ZeZo� ��±���� fk�� Dhwnnbpb_glu� mkbe_gby� ijb� j_]bkljZpbb�F−� b
G−hl\_lh\�mklZgZ\eb\Zxlky�gZ�mjh\g_� ���±�����Z�ijb�j_]bkljZpbb�I>�²
gZ�mjh\g_�������±�������

MijZ\e_gb_� klbfmeylhjhf� fh`_l� ijhba\h^blvky� ih� ijhlhdhem� �kf�
jZa^��������beb�\jmqgmx��Gb`_�jZkkfhlj_gu�^\_�lbih\u_�f_lh^bdb�bkke_-
^h\Zgby�F−hl\_lh\�gZ�j_^dmx�b�qZklmx�jblfbq_kdmx�klbfmeypbx�

ÅÚÙßÕô� æçÝáèàôëÝô� >ZggZy� f_lh^bdZ� iha\hey_l� j_]bkljbjh\Zlv
F−hl\_lu�k�\ukhdbf�jZaj_r_gb_f�gZ�klbfmeu��ke_^mxsb_�k�bgl_j\Zehf��
k��<�l_q_gb_�lZdh]h�m^ebg_ggh]h�bgl_j\ZeZ�bkke_^h\Zl_ev�fh`_l�\jmqgmx
]jZ^mZevgh�m\_ebqb\Zlv�mjh\_gv�jZa^jZ`bl_ey�beb�^ebl_evghklv�klbfmeZ�
hij_^_eyy�iheh`_gb_�fbgbfZevgh]h�b�fZdkbfZevgh]h�ihjh]h\��>hkjhqguc
hklZgh\� bkke_^h\Zgby� ijhba\h^blky� deZ\br_c� {&TD��� Hl^_evgu_
F−hl\_lu�jZkiheZ]Zxlky�\�ihke_^h\Zl_evguo�aZibkyo��ihwlhfm�^ey�bo�kh-
\f_klghc�\bamZebaZpbb�b�kjZ\gbfhklb�\�[ehd_�j_^ZdlhjZ�ihe_agh�bo�ij_^-
\Zjbl_evgh�keblv�\�h^gm�aZibkv��<gbam�ijb\h^ylky�mklZgh\hqgu_�iZjZf_l-
ju�b�ijhlhdhe�ieZgZ�bkke_^h\Zgby��kh^_j`Zsb_ky�\�nZce_�(0*−S.

IZjZf_lju�

• qbkeh�hl\_^_gbc�²���

• qZklhlZ�hpbnjh\db�kb]gZeZ�²���d=p�
• bgl_j\Ze�gZ[ex^_gby�²����fk�
• qZklhlZ�klbfmeypbb�²���=p�
• ^ebl_evghklv�klbfmeZ�²����fk�
• qbkeh�j_ZebaZpbc�²������

• mijZ\eyxsbc�\uoh^�:PI��we_dljhklbfmeylhj��²���
Ijhlhdhe�
����>_ckl\b_����H[t_dl���Mkeh\b_�������@^_f

� Pbde ����

� <dexqblv AZibkv >Z

� <dexqblv MijKb] � >Z

� <ude� MijKb] � <j_fy �� >Z

� <ude� AZibkv <j_fy ��� >Z

� Pbde �

� IZmaZ <j_fy ���� >Z

� Ih\lhjblv

� Ih\lhjblv
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ÅÝçáÝìÚæßÕô� æçÝáèàôëÝô� >ZggZy� f_lh^bdZ� iha\hey_l� kh� kj_^gbf
jZaj_r_gb_f�j_]bkljbjh\Zlv�F−hl\_lu�gZ�klbfmeu��ke_^mxsb_�k�qZklhlhc
���=p�����fk��k_jbyfb�^ebl_evghklvx���k�b�k�bgl_j\ZeZfb�f_`^m�k_jbyfb
���k��>hkjhqguc�hklZgh\�bkke_^h\Zgby�ijhba\h^blky�ih�deZ\br_c�{&TD�.
F−hl\_lu� h^ghc� k_jbb� jZkiheZ]Zxlky� \� h^ghc� aZibkb� nZceZ� ^Zgguo�� Z
F−hl\_lu�ihke_^h\Zl_evguo�k_jbc�²�\�ihke_^h\Zl_evguo�aZibkyo��MklZ-
gh\hqgu_�iZjZf_lju�b�ijhlhdhe�ieZgZ�bkke_^h\Zgby� kh^_j`Zlky� \�nZce_
EMG−R.

IZjZf_lju�

• qbkeh�hl\_^_gbc�²���

• qZklhlZ�hpbnjh\db�kb]gZeZ�²���d=p�
• bgl_j\Ze�gZ[ex^_gby�²����fk�
• qZklhlZ��klbfmeh\�\�k_jbb�²����=p�
• ^ebl_evghklv�klbfmeZ�²����fk�
• bgl_j\Ze�f_`^m�k_jbyfb�²����k�
• qbkeh�k_jbc�²�����

• mijZ\eyxsbc�\uoh^�:PI��we_dljhklbfmeylhj��²���
Ijhlhdhe�
����>_ckl\b_��H[t_dl�����Mkeh\b_�����@^_f

� Pbde ���

� <dexqblv AZibkv >Z

� Pbde ��

� <dexqblv MijKb] � >Z

� <ude� MijKb] � <j_fy �� >Z

� IZmaZ<j_fy �� >Z

� Ih\lhjblv

� <ude� AZibkv >Z

� Pbde ��

�� IZmaZ <j_fy ���� >Z

�� Ih\lhjblv

�� Ih\lhjblv

·ðÜ×ÕââðÚ� ßãÛâã−æÝáäÕçÝìÚæßÝÚ�äãçÚâëÝÕàð� �<DKI�� y\eyxlky
kbghgbfhf�dh`gh−]Zev\Zgbq_kdhc�j_Zdpbb� �kf��jZa^�������b�hij_^_eyxlky
baf_g_gb_f� dh`gh]h� khijhlb\e_gby� \� hl\_l� gZ� we_dljbq_kdmx�� [he_\mx�
a\mdh\mx�b�^j��klbfmeypbx��J_]bkljZpby�<DKI�\hafh`gZ�ijb�gZeh`_gbb
we_dljh^h\�gZ�ex[hc�mqZklhd�dh`b��]^_�bf_xlky�ihlh\u_�`_e_au��JZkklhy-
gb_�f_`^m�we_dljh^Zfb�khklZ\ey_l�ihjy^dZ���±���kf�

IZjZf_lju�

• qbkeh�hl\_^_gbc�²��±��

• qZklhlZ�hpbnjh\db�kb]gZeZ�²�����=p�
• wihoZ�ZgZebaZ�²���k�
• we_dljbq_kdZy�klbfmeypby�hkms_kl\ey_lky�\jmqgmx�deZ\br_c�{��;
• ^ebl_evghklv�klbfmeZ�²������k�
• qbkeh�j_ZebaZpbc�²���
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• mijZ\eyxsbc�\uoh^�:PI�²���
IeZg�wdki_jbf_glZ�gZoh^blky�\�nZce_�(663�
Ijhlhdhe�
����>_ckl\b_��H[t_dl�����Mkeh\b_�����@^_f

� Pbde �

� <dexqblv AZibkv DeZ\brZ � >Z

� <dexqblv MijKb] � <j_fy � >Z

� <ude� MijKb] � <j_fy � >Z

� <ude� AZibkv <j_fy ��� >Z

� Ih\lhjblv

ÂÚæçÝáèàôëÝãââÕô�áÝãØåÕéÝô��AZibkv�ih\_joghklghc�WF=�h[uqgh
ijhba\h^blky�gZ�qZklhl_�hl�����^h�����=p�\�khklhygbb�j_eZdkZpbb�beb�nbab-
q_kdhc� gZ]jmadb��Hkgh\gufb� ZgZebabjm_fufb� b� kjZ\gb\Z_fufb� ihdZaZl_-
eyfb�y\ey_lky�kj_^gyy�Zfieblm^Z�b�fhsghklv�WF=−kb]gZeZ��\uqbkey_fu_
ih�gZlb\ghc� aZibkb�beb�ih� Zfieblm^ghfm� ki_dljm�gZ� hl^_evguo� mqZkldZo
aZibkb��\h�\j_f_gghc�w\hexpbb�b�\�hl^_evguo�qZklhlguo�^bZiZahgZo�

AZibkv�\gmljbfus_qghc�WF=�ijhba\h^blky�gZ�qZklhlZo�hl���^h���d=p�
:gZeba� khklhbl� \� \bamZevghf� bamq_gbb� aZibkb�� jmqguo� baf_j_gbyo� ^eb-
l_evghkl_c�b�Zfieblm^�I>?��k�gZdhie_gb_f�bo�\�[ehdghl_�b�k�ihke_^mx-
sbf� klZlbklbq_kdbf� ZgZebahf� k� ihkljh_gb_f� ]bklh]jZff� jZkij_^_e_gby
wlbo�ihdZaZl_e_c�

�����Kj_^kl\Z�ZgZebaZ�b�ijZdlbdmf
Kj_^kl\Z� ZgZebaZ� WF=� khkj_^hlhq_gu� \� f_gx

:gZeba�WF=��\uau\Z_fhf�ba�imgdlZ�:gZeba�\_jog_c
dhfZg^ghc� kljhdb� beb� deZ\br_c� {���� Wlh� f_gx
bf__l� jZa^_eu� klbfmeypbhgghc� b� iZkkb\ghc�WF=
�jbk��������LZ�b�^jm]Zy�WF=�h[uqgh�j_]bkljbjm_lky
k�qZklhlhc�^bkdj_lbaZpbb�hl�����=p�^h���d=p�

µâÕàÝÜ�Á−ãç×Úçã×��>Zgguc�imgdl�ij_^gZagZ-
q_g�^ey�ZgZebaZ�F−hl\_lh\��dZd�we_dljbq_kdbo��lZd
b� f_oZgbq_kdbo� —� j_]bkljbjm_fuo� l_gah^ZlqbdZ-
fb��gZ� we_dljbq_kdbc�jZa^jZ`bl_ev��Ijb�ieZgbjh-
\Zgbb� bkke_^h\Zgby� g_h[oh^bfh� \dexqblv� j_`bf
j_]bkljZpbb� ^bkdj_lguo� kb]gZeh\�� <� lhf� kemqZ_�
_keb� ih^ZqZ� we_dljhklbfmeZ� hkms_kl\ey_lky� g_
ijh]jZffgh� hl� mijZ\eyxs_]h�ihjlZ�:PI�� Z� \jmq-
gmx�beb�Z\lhghfgh��ke_^m_l�bg`_g_jgh�ij_^mkfhl-
j_lv�� qlh[u� \dexq_gb_� klbfmeZ� hlf_qZehkv� kb]gZ-

ehf� \� g_dhlhjhf� [bl_� \oh^gh]h� ^bkdj_lgh]h� ihjlZ�� Z� kgylb_� wlh]h� [blZ
ijhba\h^behkv�q_j_a���–���fk��g_aZ\bkbfh�hl�^ebl_evghklb�klbfmeZ��<�lZ-
dhf�kemqZ_�ba�\udb^gh]h�kibkdZ�Klbfme�\�f_gx�ZgZebaZ�WF=�ke_^m_l�mk-
lZgh\blv� ghf_j� \oh^gh]h� ^bkdj_lgh]h� kb]gZeZ� \dexq_gby� klbfmeZ� ��–8)

Jbk�������F_gx�ZgZ-
ebaZ�WF=
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beb�`_�ghf_j� \uoh^gh]h�mijZ\eyxs_]h� kb]gZeZ� ��–�����LbibqgZy� aZibkv
F−hl\_lh\�ijb\_^_gZ�gZ�jbk������

Jbk�������AZibkv�iylb�F−hl\_lh\��dZgZe����gZ�we_dljbq_kdbc�jZa^jZ`bl_ev��dZ-
gZe����k�hlf_ldZfb�^bkdj_lguo�mijZ\eyxsbo�kb]gZeh\��\gbam�

Ijb�\uiheg_gbb�hi_jZpbb�F−hl\_lu�^ey�\k_o�bf_xsboky�\�l_dms_c
aZibkb�F−hl\_lh\� \uqbkeyxlky�b� aZghkylky� \�[ehdghl� �jbk�� ����� ke_^mx-
sb_�iZjZf_lju��O�²�eZl_glghklv�F−hl\_lZ�hlghkbl_evgh�klbfmeZ�[c] �gZ-
qZeh�F−hl\_lZ�hij_^_ey_lky�ih�fZdkbfmfm�\lhjhc�ijhba\h^ghc���Y ²�fZd-
kbfZevgZy�Zfieblm^Z�F−hl\_lZ�[fd<]�hlghkbl_evgh�_]h�gZqZeZ��dX�²�^eb-
l_evghklv�F−hl\_lZ� [c]� �dhg_p�F−hl\_lZ�hij_^_ey_lky�ih�gZqZem�m\_ebq_-
gby�Zfieblm^u���dY ²�ihjy^dh\uc�ghf_j�F−hl\_lZ��ihe_a_g�^ey�ihkljh_-
gby�\j_f_gghc�^bZ]jZffu�\�[ehdghl_���S�²�iehsZ^v�F−hl\_lZ��\uqbkey_-
fZy�dZd�kmffZ�Zfieblm^� [fd<]��ijb\_^_ggZy�d�\j_f_gghfm�bgl_j\Zem� ��k
�ihkj_^kl\hf�mfgh`_gby�gZ�rZ]�^bkdj_lbaZpbb�²� wlh�iha\hey_l� kjZ\gb-
\Zlv�j_amevlZlu��aZibkZggu_�k�jZaghc�qZklhlhc�^bkdj_lbaZpbb��

Jbk�������;ehdghl�k�iZjZf_ljZfb�F−hl\_lh\
<� [ehdghl_� ihke_^h\Zl_evgh� gZdZieb\Zxlky� j_amevlZlu� ijhba\_^_ggh]h

ZgZebaZ�dZ`^hc�ijhZgZebabjh\Zgghc�aZibkb��Wlh�iha\hey_l�ieZgbjh\Zlv�wdk-
i_jbf_gl��khklhysbf�ba�fgh]bo�aZibk_c��Z�aZl_f�\�ex[hf�ihjy^d_�gZdZieb\Zlv
j_amevlZlu�bo�ZgZebaZ�\�[ehdghl_��ihke_�q_]h�ihevah\Zlvky�\k_fb�lZf�bf_x-
sbfbky�ZgZeblbq_kdbfb�\hafh`ghklyfb��kf��jZa^����������Ihwlhfm�i_j_^�gZqZ-
ehf�gZdhie_gby�gh\h]h�iZd_lZ�WF=−^Zgguo�[ehdghl�ke_^m_l�h[gmeblv�

Ijhp_^mju�ZgZebaZ�iZkkb\ghc�WF=�jZ[hlZxl�k�aZibkyfb�fbhZdlb\gh-
klb�\�khklhygbb�j_eZdkZpbb�beb�`_�ijb�jZaebqguo�nbabq_kdbo�gZijy`_gb-
yo��jbk�������
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Jbk�������AZibkv�WF=�kj_^g_y]h^bqguo�furp�^\mo�gh]�ijb�nbabq_kdhc�gZ]jma-
d_�jZa\_^_gby�[_^_j

ÆäÚßçå��>Zgguc�imgdl�ij_^gZagZq_g�^ey�\uqbke_gby�ki_dljZ�l_dms_c
wihob� ih� \k_f� dZgZeZf� �ZgZeh]bqgh� ki_dljm�WW=�� kf�� jZa^�� ������H^gZdh
a^_kv�wihoZ�ZgZebaZ�^he`gZ�[ulv�hlf_q_gZ�k�^\mo�klhjhg�fZjd_jhf�b�\bab-
jhf�� bgZq_� hgZ� ijbgbfZ_lky� jZ\ghc� ����� hlkq_lZf�� Z� _keb�f_gvr_�—� lh
jZ\ghc�^ebg_�aZibkb��<�wlhf�j_`bf_�^_ckl\mxl�hi_jZpbb�kf_gu�wihob��qlh
\e_q_l�i_j_\uqbke_gby� ki_dljh\�b�iha\hey_l� \bamZevgh� kjZ\gb\Zlv� ki_d-
lju�ihke_^h\Zl_evguo�wiho��gZ[ex^Zlv�bo�\j_f_ggmx�^bgZfbdm�

>ey�\bamZevgh]h�kjZ\g_gby�jZaebqguo�ki_dljh\�ihe_agh�kha^Z\Zlv�^h-
ihegbl_evgu_� hdgZ� �Dhgkljmdlhj−Kha^ZlvBhdgh� ba� \_jog_c� dhfZg^ghc
kljhdb��b�i_j_ghkblv� \�gbo� ]jZnbdb� ki_dljh\� q_j_a� [mn_j� h[f_gZ� �kf�� \
jZa^�������

Jbk��������<j_f_ggZy�^bZ]jZffZ�baf_g_gby�kj_^g_]h�agZq_gby�WF=�ih�wihoZf

ÒäãêÝ��>Zgguc�imgdl�iha\hey_l�ijhke_^blv�\j_f_ggmx�^bgZfbdm�ba-
f_g_gby�Zfieblm^� �b�qZklhl��WF=�^ey�l_dms_]h�dZgZeZ��>ey�\uiheg_gby
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wlh]h�j_`bfZ�g_h[oh^bfh�mklZgh\blv�^\Z�iZjZf_ljZ�����ihdZaZl_ev��:kj —
kj_^gyy�Zfieblm^Z�WF=�beb�`_�Amax —�fZdkbfZevgZy�Zfieblm^Z�ki_dljZ�\
5−]_jph\uo�qZklhlguo�^bZiZahgZo�����^ebgZ�wihob�ZgZebaZ�

<�kemqZ_�:kj�\uqbkey_lky�kj_^gyy�ih�Z[khexlghc�\_ebqbg_�Zfieblm^Z
dhe_[Zgbc�WF=�gZ�dZ`^hc�wiho_�b�kljhblky�\j_f_gghc�]jZnbd�ih�wihoZf
�jbk��������k�mdZaZgb_f�kj_^g_]h�agZq_gby�b�klZg^Zjlgh]h�hldehg_gby�

<�kemqZ_�Amax�^ey�dZ`^hc�wihob�\uqbkey_lky�ki_dlj��dhlhjuc�jZa[b\Z-
_lky�gZ��−]_jph\u_�qZklhlgu_�^bZiZahgu��<�dZ`^hf�^bZiZahg_�\uqbkey_l-
ky�mkj_^g_ggZy�Zfieblm^Z�ki_dljZ�b�\u[bjZ_lky�^bZiZahg�k�gZb[he__�\u-
khdhc�mkj_^g_gghc� Zfieblm^hc�Amax�� \� dhlhjhf� \uqbkey_lky�qZklhlZ�Fmax

gZb[he__�\ukhdhZfieblm^ghc�]Zjfhgbdb��>ey�\uqbke_gguo�lZdbf�h[jZahf
Amax�b�Fmax�kljhylky�^\Z�\j_f_gguo�]jZnbdZ�ih�wihoZf��jbk��������k�mdZaZ-
gb_f�bo�kj_^gbo�agZq_gbc�b�klZg^Zjlguo�hldehg_gbc�

Jbk��������<j_f_ggu_�^bZ]jZffu�Amax�b�Fmax�ih�wihoZf

¹ÝÕäÕÜãâð� >ZggZy�ijhp_^mjZ�ijhba\h^bl� \uqbke_gb_� ki_dljZ� l_dm-
s_]h�dZgZeZ�b�l_dms_c�wihob�mklZgh\e_gghc�^ey�Amax�\�ihe_�WihoZ �^eb-
l_evghklb� �ijb�mklZgh\e_gghf�:kj�[_j_lky�wihoZ�fbgbfZevghc�^ebl_evgh-
klb�����hlkq_lh\���<uqbke_gguc�ki_dlj�jZa[b\Z_lky�gZ��−]_jph\u_�bgl_j-
\Zeu� b� \� dZ`^hf� bgl_j\Ze_� \uqbkey_lky� kj_^gyy� Zfieblm^Z� ki_dljZ�� J_-
amevlZlhf�\u^Z_lky�]jZnbd�kj_^gbo�Zfieblm^�ki_dljZ�ih�qZklhlguf�^bZiZ-
ahgZf� k� mdZaZgb_f� kj_^g_]h� agZq_gby� b� klZg^Zjlgh]h� hldehg_gby� �jbk�
�������<� wlhf�j_`bf_�^_ckl\mxl�hi_jZpbb�kf_gu� wihob��qlh�\e_q_l�i_j_-
\uqbke_gb_�ki_dljZ�b�iha\hey_l�\bamZevgh�kjZ\gb\Zlv�ki_dlju�^bZiZahgh\
ihke_^h\Zl_evguo�wiho��gZ[ex^Zlv�bo�\j_f_ggmx�^bgZfbdm�
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Jbk�� ������ Mkj_^g_g-
gu_� Zfieblm^u
WF=−ki_dljZ� ih
5−]_jph\uf� qZklhl-
guf� ^bZiZahgZf� ^ey
l_dms_c�wihob
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�����F_lh^u�b�kj_^kl\Z�ZgZebaZ
Hkgh\guf� j_amevlZlhf� h[h[s_gby� ki_pbZevguo� f_lh^bd�� bkihevam_-

fuo�ijb�ZgZeba_�iheb]jZnbq_kdbo� aZibk_c��y\behkv�jZkrbj_gb_�dhfivx-
l_jgh]h� ZgZebaZlhjZ� ^h� mjh\gy� mgb\_jkZevgh]h� kb]gZevgh]h� dhgljhee_-
jZ−\uqbkebl_ey�ihkj_^kl\hf� kha^Zgby�p_eh]h�dhfie_dkZ�gh\uo�^bZeh]h-
\h−ijhp_^mjguo�dhfihg_glh\��gZih^h[b_�mgb\_jkZevguo�gZ[hjh\�ki_pbZ-
ebabjh\Zgguo�baf_jbl_evgh−\uqbkebl_evguo� bgkljmf_glh\��Wlb� bgkljm-
f_glu�fh`gh�ijbf_gylv�dZd�\u[hjhqgh��lZd�b�dhgkljmbjh\Zlv�ba�gbo�kj_^-
kl\Zfb�ZiiZjZlZ�fZdjhdhfZg^�jZaebqgu_�p_ihqdb�^ey�\uiheg_gby�ki_pb-
Zevguo�\uqbkebl_evguo�f_lh^bd�
• [ehdghl��ij_^hklZ\ey_l�kj_^kl\Z�ZgZebaZ�kqblZgguo�\babjhf�k�aZibk_c

ihdZaZl_e_c�
• [ehd�Ij_h[jZah\Zgby��kh^_j`bl�gZ[hj�fZl_fZlbq_kdbo�b�dhf[bgZlhj-

guo�hi_jZpbc�gZ^�aZibkyfb�
• [ehd�Iheb]jZn��\dexqZ_l�ki_pbZevgu_�ihbkdh\h−\uqbkebl_evgu_�hi_-

jZpbb�
• nhjfmevguc�\\h^�b�\uqbke_gby�
• bkihevah\Zgb_�^bkdj_lguo�kb]gZeh\�
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�������We_dljhggZy�lZ[ebpZ�baf_j_gbc�−�[ehdghl

Jbk��������LZ[ebqguc�ijhp_kkhj�[ehdghlZ

ÂÕÜâÕìÚâÝÚ��H^gbf�ba�jZkijhkljZg_gguo�ijb_fh\�ZgZebaZ�[bhkb]gZ-
eh\� y\eyxlky� jmqgu_�baf_j_gby�gZ� aZibkb� jZaebqguo� Zfieblm^guo�� \j_-
f_gguo�b�bgl_j\Zevguo�iZjZf_ljh\�k�ihke_^mxsbf�bo�gZdhie_gb_f�b�h[-
jZ[hldhc� \g_rgbfb� jmqgufb� kj_^kl\Zfb�� [ehdghl�� jmqdZ�� dZevdmeylhj�
fbeebf_ljh\Zy�[mfZ]Z�b�^j��>ey�Z\lhfZlbaZpbb�lZdh]h�jh^Z�^_yl_evghklb
kha^Zg�ke_^mxsbc�dhfie_dk�kj_^kl\�
• \hafh`ghklb�lbibqgh]h�ih^\b`gh]h�wdjZggh]h�baf_jbl_ey−\babjZ�km-

s_kl\_ggh�jZkrbj_gu�aZ�kq_l�^h[Z\e_gby�p_eh]h�jy^Z�bgl_]jZevguo�b
^bnn_j_gpbZevguo�ihdZaZl_e_c��agZq_gby�dhlhjuo�hlh[jZ`Zxlky�\
ki_pbZevghf�bgnhjfZpbhgghf�ihe_�²�lZ[eh;

• agZq_gby�wlbo�ihdZaZl_e_c�fh]ml�ihkljhqgh�aZghkblvky�b�gZdZieb\Zlvky
\�ki_pbZevghc�we_dljhgghc�lZ[ebp_��gZa\Zgghc�[ehdghlhf;

• gZ^�gZdhie_ggufb�agZq_gbyfb�i_j_f_gguo�\�[ehdghl_�ih�aZ^Z\Z_fuf
bkke_^h\Zl_e_f�Ze]_[jZbq_kdbf�nhjfmeZf�fh]ml�ijhba\h^blvky�jZa-
ebqgu_�\uqbke_gby��ij_h[jZah\Zgby��klZlbklbq_kdbc�ZgZeba��ihkljh_-
gby�]jZnbdh\�aZ\bkbfhkl_c��kh^_j`bfh_�[ehdghlZ�fh`_l�[ulv�khojZg_-
gh�\�Zjob\_�^ey�ihke_^mxs_]h�bkihevah\Zgby��ZgZebaZ�b�^hdmf_glbjh-
\Zgby��\dexqZy�b�wdkihjl�\�^jm]b_�iZd_lu�ZgZebaZ�^Zgguo�
;ehdghl� �jbk�� ������iha\hey_l�gZdZieb\Zlv��ojZgblv�b�h[jZ[Zlu\Zlv�^h

���� agZq_gbc� �kljhdb�� �� i_j_f_gguo� �klhe[pu��� hij_^_e_gguo� \� lZ[eh
jmqguo�baf_j_gbc��kf��jZa^�������b�h[hagZqZ_fuo�X, Y, dX, dY, S.

¼ÕâÚæçÝ�×�Öàãßâãç� <�[ehdghl�aZghkylky�l_dmsb_�baf_j_gby�ba�lZ[eh
�kf��jZa^�������deZ\br_c�{'���beb�h^ghbf_gghc�deZ\br_c�lZ[eh��Z�bf_ggh�
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X�²�l_dms__�\j_fy�ih�\babjm�\�k_dmg^Zo�
Y�²�agZq_gb_�Zfieblm^u�kb]gZeZ�\�fbdjh\hevlZo�ih�\babjm�
dX�²�\j_f_gghc�bgl_j\Ze�f_`^m�fZjd_jhf�b�\babjhf�
dY�²�jZaghklv�Zfieblm^�f_`^m�fZjd_jhf�b�\babjhf�
S�²�bgl_]jZevguc�ihdZaZl_ev�gZ�bgl_j\Ze_�f_`^m�fZjd_jhf�b�\babjhf�
Ijb�jZ[hl_�\�fhgblhj_�aZibk_c�\�i_j\u_�^\_�i_j_f_ggu_�[ehdghlZ�aZ�

ghkylky� Zfieblm^Z� kb]gZeZ� b� \j_fy�� khhl\_lkl\mxsb_� l_dms_fm� iheh�
`_gbx� \babjZ�� ?keb� ijb� wlhf� ihklZ\e_g� fZjd_j� �deZ\brZ� {*OT���� lh� \
lj_lvx−q_l\_jlmx�i_j_f_ggmx�[ehdghlZ� kqblu\Zxlky�hlghkbl_evgu_�dh�
hj^bgZlu�ih�Zfieblm^_�b�\j_f_gb�f_`^m�\babjhf�b�fZjd_jhf��Z�\�iylmx
i_j_f_ggmx� ²� agZq_gb_� bgl_]jZevgh]h� ihdZaZl_ey�� <� j_`bf_� ZgZebaZ
ki_dljZ�\�i_j\u_�^\_�i_j_f_ggu_�[ehdghlZ�kqblu\Zxlky�Zfieblm^Z�b�qZk-
lhlZ�k�l_dms_c�qZklhlghc�oZjZdl_jbklbdb��<�j_`bfZo�ZgZebaZ�WW=�ih�^bZ-
iZahgZf� b� wihoZf� \� i_j\mx� i_j_f_ggmx� [ehdghlZ� kqblu\Zxlky� l_dmsb_
agZq_gby�h[h[s_ggh]h�ki_dljZevgh]h�ihdZaZl_ey�

·êãÙ�×�Öàãßâãç�^ey�jZ[hlu�k�gZdhie_ggufb�baf_j_gbyfb�ijhba\h^bl-
ky�ih�gZ`Zlbx�deZ\brb�{#��beb�ba�imgdlZ�<uqbke_gby�\_jog_c�dhfZg^ghc
kljhdb�

ÃäÚåÕëÝÝ�� JZ[hlZ� k� [ehdghlhf� gZ� deZ\bZlmj-
ghf�mjh\g_�ZgZeh]bqgZ�jZ[hl_�k�ex[hc�we_dljhgghc
lZ[ebp_c�

• \\h^�agZq_gbc�\�l_dmsmx�ihabpbx�lZ[ebpu�
• {*OT�, {%FM��²�m^Ze_gb_�\klZ\e_gb_

kljhd�
• {←�, {↑�, {→�, {↓��²�baf_g_gb_�l_dm-

s_c�ihabpbb�\�[ehdghl_�
• {1H6Q�, {1H%O��²�kf_gZ�kljZgbp�[ehdgh-

lZ�
• {&OUFS��²�baf_g_gb_�l_dms_c�ihabpbb�\

[ehdghl_�ihkj_^kl\hf�\\h^Z�gh\h]h�agZq_gby
k�gZ`Zlb_f�{&OUFS�.

·ðêãÙ� Ýê� ÖàãßâãçÕ� ijhba\h^blky� deZ\br_c
{'�����beb�q_j_a�_]h�f_gx��beb�dghidhc�aZdjulby
hdgZ�[ehdghlZ�

ÁÚâó�ãäÚåÕëÝÞ�ÖàãßâãçÕ��IjZ\hc�dghidhc
furb� beb� deZ\br_c� {&TD�� \uau\Z_lky� f_gx
[ehdghlZ� �jbk�� ������ ^ey� \uiheg_gby� dZd� ijhkluo

hi_jZpbc�
• mihjy^hqb\Zgb_�kljhd�[ehdghlZ�{���ih�\hajZklZgbx�agZq_gbc�l_dms_c

i_j_f_gghc��klhe[pZ��
• hqbkldZ�[ehdghlZ�{���hl�kh^_j`Zsboky�^Zgguo�
• aZdjulb_��Hlf_gblv��f_gx�[ehdghlZ�{&TD��
• \uoh^�ba�[ehdghlZ�{'���,

Jbk��������F_gx�hi_-
jZpbc�[ehdghlZ
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lZd�b�jy^Z�dhfie_dkguo��jZkkfZljb\Z_fuo�^Ze__�hi_jZpbc�
>ey�mkdhj_gby�\uiheg_gby�dZ`^Zy�hi_jZpby�\�f_gx�[ehdghlZ�kgZ[`_gZ

mdZaZgb_f�deZ\brb−dexqZ�\uah\Z�
ÌÝçÕçñ��<uihegy_lky� ql_gb_� \� [ehdghl� kh^_j`bfh]h� jZg__� khojZg_g-

gh]h�kh^_j`bfh]h�[ehdghlZ��\u[bjZ_fh]h�h[uqguf�h[jZahf�ba�Zjob\Z��kf�
jZa^�������

ÆãêåÕâÝçñ�� KhojZgy_lky� {'��� kh^_j`bfh_� [ehdghlZ� \� l_dklh\hf
nZce_� mdZaZggh]h� gZbf_gh\Zgby� �lbiZ� &$%��� qlh� iha\hey_l� h[jZ[hlZlv
bf_xsb_ky�\�[ehdghl_�^Zggu_�ex[uf�\g_rgbf�iZd_lhf� ZgZebaZ�^Zgguo
beb� l_dklh\uf� j_^Zdlhjhf�� LZdbf� h[jZahf� fh`gh� kha^Zlv� p_euc� Zjob\
jZaebqguo� [ehdghlh\�� h^gZdh�� qlh[u� m\_j_ggh� hjb_glbjh\Zlvky� \� lZdhf
Zjob\_��i_j_^�dZ`^hc�aZibkvx�ihe_agh�kgZ[^blv�[ehdghl�bg^b\b^mZevguf
dhff_glZjb_f�\�[eZgd_�aZibkb��jZa^�������

¸åÕéÝß��Ih�gZ`Zlbx�{��� kljhblky� ]jZnbd� aZ\bkbfhklb�y=f(x)� l_dm-
s_c�i_j_f_gghc� �b]jZxs_c� jhev� y)� hl�i_j_f_gghc� x��ihjy^dh\uc� ghf_j
dhlhjhc�mdZau\Z_lky�\�ihe_�\\h^Z�kijZ\Z�hl�deZ\brb�]jZnbdZ�

ÆçÕçÝæçÝßÕ��Ih�gZ`Zlbx�{���\u^Z_lky�hibkZl_evgZy�klZlbklbdZ� ^ey
agZq_gbc�l_dms_c�i_j_f_gghc��Z�lZd`_�kljhblky�]bklh]jZffZ�jZkij_^_e_-
gby�__�agZq_gbc�

·ðìÝæàÝçñ��Ih�gZ`Zlbx�{���\uqbkey_lky�agZq_gb_�ih�aZ^Zgghfm�\u-
jZ`_gbx��\\_^_gghfm�\�klZg^Zjlguc�[eZgd�nhjfme��kf��jZa^����������<�wlhf
\ujZ`_gbb�fh]ml�[ulv�bkihevah\Zgu�h[hagZq_gby�b(l,k)��]^_�\�dZq_kl\_�iZ-
jZf_ljh\�l�b�k�fh`gh�mdZaZlv�ex[h_�Ze]_[jZbq_kdh_�\ujZ`_gb_��ijb�wlhf�l
hij_^_ey_l�ghf_j�klhe[pZ�[ehdghlZ��Z�k�²�ghf_j�kljhdb�\�[ehdghl_��\�wlhf
dZq_kl\_�fh`gh�lZd`_�bkihevah\Zlv�ki_pbZevgu_�h[hagZq_gby��i�²�^ey�l_-
dms_]h� klhe[pZ� b� j� ²� ^ey� l_dms_c� kljhdb� [ehdghlZ��� lZdbf� h[jZahf�
b(i,j+1)�hagZqZ_l�agZq_gb_�\�l_dms_f�klhe[p_�[ehdghlZ�b�\�ke_^mxs_c�ih-
abpbb�aZ�l_dms_c�

Ijbf_j��Ij_^iheh`bf��qlh�\�[ehdghl�kqblZgu�ih�\babjm�ljb�Zfieblm-
^u�^ey�jy^Z�ihke_^h\Zl_evguo�j_h]jZnbq_kdbo�\heg��\_jrbgZ�\hegu��bg-
pbamjZ�b�^bdjhlbq_kdZy�\hegZ��Lh]^Z�\�\uqbkebl_e_�fh`gh�aZ^Zlv�^\Z�\u-
jZ`_gby�

x(i+1)/x(i)*100; x(i+2)/x(i)*100.
Ihke_� wlh]h�fh`gh�i_j_^\b]Zlv�dmjkhj� \�[ehdghl_�gZ� Zfieblm^m�hq_-

j_^ghc�\hegu�b�ih�i_j\hfm�\ujZ`_gbx�\uqbkeylv�^bdjhlbq_kdbc�bg^_dk�
Z�ih�\lhjhfm�²�^bZklhebq_kdbc�bg^_dk��kf��jZa^�������

ÄåÚãÖåÕÜã×Õçñ��Ih�gZ`Zlbx�{���\uihegy_lky� aZf_gZ� �ij_h[jZah\Z-
gb_�� agZq_gbc�l_dms_]h�klhe[pZ�kh]eZkgh�aZ^Zgghfm�\ujZ`_gbx��\\_^_g-
ghfm�\�klZg^Zjlguc�[eZgd�nhjfme��kf��jZa^����������<�wlhf�\ujZ`_gbb�fh-
]ml�[ulv�bkihevah\Zgu�h[hagZq_gby�bk(k)��]^_�\�dZq_kl\_�iZjZf_ljZ�k�fh`-
gh�mdZaZlv�ex[h_� Ze]_[jZbq_kdh_�\ujZ`_gb_��hij_^_eyxs__�nZdlbq_kdbc
ghf_j�klhe[pZ�[ehdghlZ�b�fh`gh�bkihevah\Zlv�ki_pbZevgh_�h[hagZq_gb_� i
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\�dZq_kl\_�ghf_jZ�l_dms_]h�klhe[pZ�[ehdghlZ��LZdbf�h[jZahf��bk(i+2)�ha-
gZqZ_l�\lhjmx�kijZ\Z�hl�l_dms_c�dhehgdm�[ehdghlZ�

�������Ij_h[jZah\Zgby�kb]gZeh\
>ey�ijb\_^_gby�aZibk_c�d�\b^m��m^h[ghfm�beb�ijb_fe_fhfm�^ey�^Zev-

g_cr_]h� \bamZevgh]h�beb� \uqbkebl_evgh]h�bkke_^h\Zgby�qZklh� lj_[m_lky
\uiheg_gb_�ij_^\Zjbl_evguo� ki_pbZevguo�ihdZgZevguo�ij_h[jZah\Zgbc�
Z�lZd`_�jZaebqgu_�ijb_fu�i_j_dhfihgh\db�b�h[t_^bg_gby�aZibk_c�

<�j_amevlZl_�gZdhie_gby��hl[hjZ�b�h[h[s_gby�ih^h[gh]h�jh^Z�ijb_fh\
[ue�knhjfbjh\Zg�ihdju\Zxsbc�bo�fgh]hh[jZab_�dhfie_dk�\uqbkebl_ev-
guo�b�kljmdlmjguo�hi_jZpbc��\dexqZxsbc�ke_^mxsb_�ljb�jZa^_eZ�

1. IhdZgZevgu_�ij_h[jZah\Zgby�gZ^�aZibkvx�l_dms_]h�dZgZeZ�iha\hey-
xl��baf_gblv�Zfieblm^m�kb]gZeZ� m^Zeblv�beb�\uj_aZlv�ihf_q_gguc�mqZ-
klhd�aZibkb�l_dms_]h�dZgZeZ� mkj_^gylv�hl^_evgu_�mqZkldb�l_dms_c�aZib-
kb��dehgbjh\Zlv�beb�m^Zeylv� l_dmsbc�dZgZe�ba� aZibkb� �imgdlu�<uqbke_-
gby−DZgZe�ba�\_jog_c�dhfZg^ghc�kljhdb���ihdZgZevgh�kh[bjZlv�\f_kl_�aZ-
ibkb�ba�jZaebqguo�nZceh\� kjZ\gb\Zlv�mqZkldb�aZibk_c�ih�klZlbklbq_kdb
djbl_jbyf.

2. Nmgdpbb�beb�\uqbkebl_evgu_�hi_jZpbb�gZ^�l_dms_f�dZgZehf�beb�gZ^
\k_fb�dZgZeZfb�h[_ki_qb\Zxl��nbevljZpbx�\� aZ^Zgghf�^bZiZahg_�qZklhl
jZaebqgufb�nbevljZfb��k]eZ`b\Zgb_��\uqbke_gb_�ijhba\h^ghc�b�h]b[Zx-
s_c��\uiheg_gb_�ex[uo�Ze]_[jZbq_kdbo�ij_h[jZah\Zgbc�ih�\\h^bfuf�bk-
ke_^h\Zl_e_f� nhjfmeZf�� bkiheg_gb_� \g_rgbo� ijh]jZff� �kf�� jZa^�� �����;
wlb�hi_jZpbb�fh]ml�\uihegylvky�gZ^�l_dmsbf�beb�`_�\k_fb�dZgZeZfb�

3. Hi_jZpbb�k�nZceZfb�aZibk_c�iha\heyxl��dhfihgh\Zlv�k[hjgu_�aZib-
kb�ba�jZaebqguo�nZceh\�^ey�bo�kh\f_klgh]h�ZgZebaZ�b�kjZ\g_gby��jZaebq-
guf� h[jZahf� ih�njZ]f_glgh� j_hj]Zgbah\Zlv� aZibkb� ^ey� ihke_^mxs_]h
ZgZebaZ�� mkj_^gylv�njZ]f_glu� aZibk_c�� Z� lZd`_�nZceu�� m`_� y\eyxsb_ky
j_amevlZlhf�mkj_^g_gby�

ÁÚâó�äåÚãÖåÕÜã×ÕâÝÞ �jbk�� ������\uau\Z_lky�ba�imgdlZ�<uqbke_-
gby�\_jog_c�dhfZg^ghc�kljhdb�beb�deZ\br_c�{1���>ey�mkdhj_gby�\uihe-
g_gby�dZ`^Zy�hi_jZpby�kgZ[`_gZ�deZ\br_c−dexqhf�\uah\Z�
ÄãßÕâÕàñâðÚ�äåÚãÖåÕÜã×ÕâÝô

µáäàÝçèÙÕ� Baf_gblv� Zfieblm^m� kb]gZeZ�gZ�f_kl_�jZkiheh`_gby� \b-
abjZ�gZ�agZq_gb_��mdZaZggh_�\�ihe_�\\h^Z�kijZ\Z�hl�^Zgghc�dghidb�

ÈæåÚÙâÝçñ� <�hlebqb_�hl�mkj_^g_gby�<I� �kf��jZa^�� ����� wlZ�hi_jZpby
iha\hey_l� mkj_^gylv� g_� hl^_evgu_� aZibkb�� Z� hl^_evgu_� mqZkldb� l_dms_c
aZibkb��<�dZq_kl\_�hihjguo�lhq_d�mqZkldh\�fh]ml�[ulv�bkihevah\Zgu�^bk-
dj_lgu_� kb]gZeu��f_ldb�beb� wdklj_fmfu�ih� ex[hfm�ba� dZgZeh\�� Z� lZd`_
jZ\ghf_jgu_�\j_f_ggu_�bgl_j\Zeu��GZqZeh�mkj_^g_gbc� aZ^Z_lky�iheh`_-
gb_f�\babjZ��JZkklhygb_�f_`^m�\babjhf�b�fZjd_jhf�dt�lZd`_�b]jZ_l�hij_-
^_e_ggmx� jhev��ihbkd� ke_^mxs_c� hihjghc� lhqdb� gZqbgZ_lky� g_� kjZam� hl
ij_^u^ms_c�hihjghc�lhqdb��Z�kh�k^\b]hf�dt��ijb�hlkmlkl\bb�fZjd_jZ dt=1).
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<�kemqZ_�_keb�hihjgZy�lhqdZ�\j_f_ggh]h�lbiZ��Ti���lh�mkj_^g_gby�ijhba\h-
^ylky�ijhklh�k�\j_f_gguf�rZ]hf�dt.�Ijh\_jdZ�mkeh\by�mkj_^g_gby�ijhba-
\h^blky�k�l_dms_c�hihjghc�lhqdb�hq_j_^gh]h�mqZkldZ�

¿ãäÝåã×Õçñ (dg²!dg1)
aZibkv�l_dms_]h�dZgZeZ�gZ�dZ-
gZe��ghf_j�dhlhjh]h�N�mdZaZg�\
ihe_� \\h^Z� kijZ\Z� hl� ^Zgghc
dghidb� �dZgZe−ijb_fgbd��� J_-
amevlZl� hi_jZpbb� aZ\bkbl� hl
lh]h�� ijhklZ\e_g� fZjd_j� \� aZ-
ibkb�beb�g_l��?keb�fZjd_j�g_
ihklZ\e_g�� lh� dhibjm_lky� \ky
aZibkv�� ?keb� `_� fZjd_j� mklZ-
gh\e_g�� lh� mqZklhd� aZibkb� l_-
dms_]h� dZgZeZ� f_`^m� fZjd_-
jhf� b� \babjhf� i_j_ghkblky� \
gZqZeh� aZibkb� dZgZ-
eZ−ijb_fgbdZ�� bkoh^gZy� aZ-
ibkv�dhlhjh]h�ij_^\Zjbl_evgh
kf_sZ_lky� \ijZ\h� gZ� ^ebgm
dhibjm_fh]h�mqZkldZ�� Z�\�dhg-

p_�i_j_g_k_ggh]h�mqZkldZ�klZ\blky�jZa^_ebl_ev�²�f_ldZ�

Jbk��������Hdgh�]jZnbdZ�kjZ\g_gb_�^\mo�hl\_^_gbc�WW=
ÆåÕ×âÚâÝÚ� GZ� mqZkld_� aZibkb�f_`^m�fZjd_jhf� b� \babjhf� ijhba\h-

^blky�kjZ\g_gb_�aZibkb�l_dms_]h�dZgZeZ�b�aZibkb�dZgZeZ��ghf_j�dhlhjh]h
N�mdZaZg�\�ihe_�\\h^Z�kijZ\Z�hl�^Zgghc�dghidb��<�j_amevlZl_�kjZ\g_gby�gZ
wdjZg�\u^Z_lky�kh\f_klguc�]jZnbd� �jbk��������^\mo�aZibk_c��ih^�dhlhjuf

Jbk��������F_gx�ij_h[jZah\Zgbc
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ijb\h^ylky�agZq_gby�iZjZf_ljbq_kdh]h�iZjgh]h�djbl_jby�Klvx^_glZ�L��g_-
iZjZf_ljbq_kdh]h�iZjgh]h�djbl_jby�<bedhdkhgZ�W��^ey�dZ`^h]h�djbl_jby
mdZau\Z_lky� mjh\_gv� agZqbfhklb� sgn��� Z� lZd`_� dhwnnbpb_gl� dhjj_eypbb
IbjkhgZ�k�ijh\_jdhc�]bihl_au�h�jZ\_gkl\_�_]h�gmex� �kf��\� >��@���H[uqgh
ijb�sgn������gme_\Zy� ]bihl_aZ�h[�hlkmlkl\bb�jZaebqbc�f_`^m� kjZ\gb\Z_-
fufb� mqZkldZfb� aZibk_c� fh`_l� [ulv� ijbgylZ�� Ijb� hlkmlkl\bb� fZjd_jZ
kjZ\g_gb_�ijhba\h^blky�gZ�gZqZevghf�mqZkld_��jZaf_jhf�g_�[he__�����lh-
q_d��<hafh`ghklb�jZ[hlu�k�hdghf�]jZnbdh\�jZkkfhlj_gu�\�����

¸ÚâÚåÕçãå�iha\hey_l�gZ� l_dms_f� dZgZe_� ]_-
g_jbjh\Zlv� kb]gZe� aZ^Zgghc� nhjfu� �jbk�������
Zfieblm^u��\�ijhp_glZo�hl�fZdkbfZevghc��b�qZk-
lhlu� �djhf_� rmfh\��� ;_euc� rmf� bf__l� jZ\gh-
f_jgh_� jZkij_^_e_gb_� \� mklZgh\e_gghf� Zfieb-
lm^ghf� ^bZiZahg_�� =Zmkkh\uc� rmf� bf__l� ghj-
fZevgh_� jZkij_^_e_gb_� k� gme_\uf� kj_^gbf� b
klZg^Zjlguf�hldehg_gb_f��khhl\_lkl\mxsbf�mk-
lZgh\e_gghfm�Zfieblm^ghfm�mjh\gx�

ÄåÚãÖåÕÜã×ÕâÝô���éèâßëÝÝ
<gbfZgb_��Ijb� mklZgh\e_gghf� nhgZjbd_ <k_

dZgZeu� ij_h[jZah\Zgby�nmgdpbb� \uihegyxlky
gZ^� \k_fb� dZgZeZfb�� \� ijhlb\ghf� kemqZ_� [m^_l
ij_h[jZah\Zg�lhevdh�l_dmsbc�dZgZe�

ÉÝàñçåÕëÝô� khklhbl� \� m^Ze_gbb� ba� kb]gZeZ
]Zjfhgbq_kdbo� khklZ\eyxsbo� \� aZ^Zgghf� ^bZiZahg_� qZklhl� �jbk�� ������ b
qZklh� ijbf_gy_lky� i_j_^� ZgZebahf� kb]gZeh\�� _keb� gm`gh� m^Zeblv�rmfu
beb� kdhgp_gljbjh\Zlvky�gZ� ZgZeba_� hij_^_e_ggh]h� qZklhlgh]h� ^bZiZahgZ�
NbevljZpby�ba�f_gx�ij_h[jZah\Zgbc�fh`_l�ijhba\h^blvky� h^gbf�bo� q_-
luj_o�\b^h\�nbevljh\��;Zll_j\hjlZ��Q_[ur_\Z−���Q_[ur_\Z−��b�Nmjv_��\
aZ\bkbfhklb�ba�mklZgh\db�ih�\udb^ghfm�kibkdm��

I_j_^�bkiheg_gb_f�nbevljZpbb�\�ihey�\\h^Z�f_gx�ij_h[jZah\Zgbc�g_-
h[oh^bfh�mklZgh\blv�agZq_gby�ke_^mxsbo�iZjZf_ljh\�
• qZklhlZ�kj_aZ�gZ�gb`gbo�qZklhlZo�
• qZklhlZ�kj_aZ�gZ�\_jogbo�qZklhlZo�
• ihjy^hd�nbevljZ��hij_^_eyxsbc�djmlbagm�kj_aZ�b�\u[bjZ_fuc�\�^bZiZ-

ahg_��±����^ey�nbevljZ�Nmjv_�wlh�agZq_gb_�g_kms_kl\_ggh��
• mjh\_gv�g_ebg_cguo�nemdlmZpbc�Eps��\�ihehk_�ijhimkdZgby�^ey�nbevl-

jh\�Q_[ur_\Z−��beb�\�ihehk_�aZ^_j`Zgby�^ey�nbevljh\�Q_[ur_\Z−2,
^ey�nbevljh\�;Zll_j\hjlZ�b�Nmjv_�wlh�agZq_gb_�g_kms_kl\_ggh���bk-
qbkey_lky�\�ijhp_glZo�hl�mjh\gy�ijhimkdZgby�
>ey�nbevljZpbb� aZ^Z_lky�\hijhk��gm`gh�eb�m^Zeblv�qZklhlu�\�mdZaZg-

ghf�^bZiZahg_��j_`_dlhjguc�nbevlj��beb�`_�m^Zeblv�qZklhlu�\g_�mdZaZg-
gh]h� ^bZiZahgZ� �ihehkh\hc�nbevlj���?keb� mklZgh\e_ggZy� \_jogyy� qZklhlZ
kj_aZ� ij_\urZ_l� iheh\bgm� qZklhlu� ^bkdj_lbaZpbb�� j_`_dlhjguc� nbevlj

Jbk��������F_gx�]_g_-
jZlhjZ�kb]gZeh\
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klZgh\blky� nbevljhf� gb`gbo� qZklhl�� Z� ihehkh\hc� nbevlj� —� nbevljhf
\_jogbo�qZklhl�

Jbk��������NbevljZpby�gZlb\ghc�aZibkb�WW=��dZgZe����f_lh^hf�Nmjv_�k�\u^_e_-
gb_f�ZevnZ�jblfZ��dZgZe����b�nbevljZpby�^jm]hc�aZibkb�WW=��dZgZe����k�m^Ze_gb_f
\ukhdhqZklhlguo�khklZ\eyxsbo�\�ihehk_���±����=p��dZgZe�����]jZnbdb�ihemq_gu

kj_^kl\Zfb�[ehdZ�ij_h[jZah\Zgbc�b�\klZ\e_gby�dZgZeh\

<� ihe_� mklZgh\hd�nbevljh\� bf__lky� lZd`_� ki_pbZevgZy� dghidZ� =jZn,
gZ`Zlb_� gZ� dhlhjmx� iha\hey_l� ihemqblv� ]jZnbd� Zfieblm^gh−qZklhlghc
oZjZdl_jbklbdb�\u[jZggh]h�nbevljZ��jbk���������qlh�kem`bl�mq_[guf�b�be-
exkljZlb\guf�p_eyf��iha\heyy�\bamZevgh�ijhqm\kl\h\Zlv�gZagZq_gb_�jZa-
ebqguo�iZjZf_ljh\�nbevljZpbb�

Jbk��������:fieblm^gh−qZklhlgZy�oZjZdl_jbklbdZ�ihehkh\h]h�nbevljZ�Q_[ur_-
\Z−����]h�ihjy^dZ�k�nemdlmZpbyfb����
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ÆØàÕÛÝ×ÕâÝÚ�aZibkb�l_dms_]h�dZgZeZ�beb�\k_o�dZgZeh\�ijhba\h^blky
f_lh^hf� kdhevays_]h� kj_^g_]h�ih� lj_f� lhqdZf��>ey�ihemq_gby�ohjhr_]h
wnn_dlZ�g_j_^dh�ke_^m_l�\uihegblv�g_kdhevdh�ih\lhjguo�k]eZ`b\Zgbc�

ÄåãÝÜ×ãÙâÕô��jbk��������_klv�kdhjhklv�baf_g_gby�kb]gZeZ��b�\uqbkey-
_lky�dZd�jZaghklv�khk_^gbo�Zfieblm^�kb]gZeZ��__� agZq_gby�j_dhf_g^m_lky
k]eZ`b\Zlv�

Jbk��������<uqbke_gb_���c�b���c�ijhba\h^guo��dZgZeu�������^ey�j_h]jZffu��dZ-
gZe�����aZibkv�ihemq_gZ�kj_^kl\Zfb�[ehdZ�ij_h[jZah\Zgbc�b�\klZ\e_gby�dZgZeh\

Jbk��������H]b[ZxsZy��dZgZe����^ey�WW=−hl\_^_gby��dZgZe����b�j_amevlZl�\aylby
fh^mey�WW=−kb]gZeZ�k�lj_fy�k]eZ`b\Zgbyfb��dZgZe�����aZibkv�ihemq_gZ�kj_^kl\Zfb

[ehdZ�ij_h[jZah\Zgbc�b�\klZ\e_gby�dZgZeh\
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ÃØÝÖÕóîÕô�y\ey_lky�iheh`bl_evghc�nmgdpb_c��dhlhjZy�©h]b[Z_lª�iheh-
`bl_evgu_�b�bg\_jlbjh\Zggu_�hljbpZl_evgu_�dhe_[Zgby�kb]gZeZ� �jbk�� ������
H]b[ZxsZy� fh`_l� [ulv� ihe_agZ� ijb� ZgZeba_� [ukljhf_gyxsboky� kb]gZeh\
�WW=��fbh]jZffu�b�l��i����hljZ`Zy�Zfieblm^gmx�fh^meypbx�kb]gZeZ�

ÄåÚãÖåÕÜã×ÕâÝÚ�äã�éãåáèàÚ� \\h^bfhc�\�klZg^Zjlguc�[eZgd�nhj-
fme��kf��jZa^��9.4.4).

<�nhjfme_�fh`gh� bkihevah\Zlv� ke_^mxsb_� hi_jZpbb� b�nmgdpbb� �]^_
iZjZf_lj�k�²�ex[h_�Ze]_[jZbq_kdh_�\ujZ`_gb_��hij_^_eyxs__�ghf_j�dZ-
gZeZ��beb�ki_pbZevgh_�
²���
���A�����²�Ze]_[jZbq_kdb_�hi_jZpbb�b�kdh[db�
ABS, INT, SQR, SGN, EXP, LN, LOG�²�Ze]_[jZbq_kdb_�nmgdpbb�
x(�) ²�aZibkv�ih�dZgZem�mdZaZggh]h�ghf_jZ �h[hagZq_gb_�i�bkihevam_lky
^ey�ghf_jZ�l_dms_]h�dZgZeZ�.

Ijbf_ju�nhjfme���x(i+ 1)+x(i))/2  SQR(x(1)̂ 2+x(2)/2)
Hij_^_eyy�nhjfmem�ij_h[jZah\Zgby��ke_^m_l�ihaZ[hlblvky�h�ijZ\bevghc

ghjfZebaZpbb� j_amevlZlZ�� qlh[u� wdklj_fZevgu_� agZq_gby� g_� \uoh^beb� aZ
ij_^_evgu_�]jZgbpu��\�wlhf�kemqZ_�qZklv�j_amevlZlh\�[m^ml�©aZj_aZguª��

ÄåÚãÖåÕÜã×ÕâÝô���éÕÞàð

ÌçÚâÝÚ� Ih� hi_jZpbb�Ql_gb_� gZ� l_dmsbc� dZgZe� kqblu\Z_lky� aZibkv� k
mdZaZggh]h�\�ihe_�\\h^Z�dZgZeZ�N�ba�\u[jZggh]h�ih�h]eZ\e_gbx�Zjob\Z�nZc-
eZ� �kf��jZa^�� ������>ebgZ� kqblZgghc� aZibkb�ijbjZ\gb\Z_lky�d�^ebg_� aZibkb
jZ[hq_]h�nZceZ��WlZ�hi_jZpby�\uklmiZ_l�kj_^kl\hf�dhfihgh\db�k[hjghc�aZ-
ibkb�ba�nZceh\��ihemq_gguo�\�jZagh_�\j_fy�b�ijb�jZaguo�mkeh\byo�

ÅÚãåØÕâÝÜã×Õçñ��>ZggZy�hi_jZpby�iha\hey_l�\u^_eblv�njZ]f_glu�l_-
dms_]h�nZceZ��ij_^klZ\eyxsb_�bgl_j_k�^ey�ihke_^mxs_]h� ZgZebaZ��b� aZ-
ibkZlv�wlb�njZ]f_glu�\�\b^_�ihke_^h\Zl_evguo�aZibk_c�\h�\gh\v�kha^Z\Z_-
fuc�nZce��Wlh�fh`_l�[ulv�ihe_aguf�^ey�ijh\_jdb�mklZgh\hd�\u^_e_gby
<I�b�^ey�\u[hjhqgh]h�ki_dljZevgh]h�ZgZebaZ�WW=�

Ijb�\uiheg_gbb�^Zggh]h�imgdlZ�ihy\ey_lky�[eZgd�mklZgh\db�iZjZf_l-
jh\�j_hj]ZgbaZpbb�k�iheyfb��hihjgZy�lhqdZ��gZqZeh�b�dhg_p�wihob�b�mkeh-
\b_�hl[hjZ� aZibk_c�� dhlhju_� ZgZeh]bqgu�h^ghbf_gguf�iheyf�[eZgdZ� mk-
j_^g_gby�<I��kf��jZa^�������

Ihke_� ml\_j`^_gby� \\_^_gguo� mklZgh\hd� g_h[oh^bfh� \� klZg^Zjlghf
[eZgd_�ql_gby±aZibkb��kf��jZa^�������mdZaZlv�bfy�nZceZ�aZibkb�j_amevlZlh\
j_hj]ZgbaZpbb�� >Ze__� ijhba\h^blky� ihbkd� kj_^b� \k_o� aZibk_c� l_dms_]h
nZceZ�mdZaZgguo�hihjguo�lhq_d�b�aZibkv�\�\uoh^ghc�nZce�mdZaZgguo�wiho
hlghkbl_evgh�hihjguo�lhq_d��<�lhf�kemqZ_��_keb�^hihegbl_evgh�hij_^_e_-
gh�mkeh\b_�hl[hjZ�aZibk_c��ba�j_amevlZlZ�bkdexqZxlky�aZibkb��g_�m^h\e_-
l\hjyxsb_�wlhfm�mkeh\bx��>Ze__��_keb�[ue�mklZgh\e_g�fZjd_j��lh�ijh\h-
^blky�ihbkd�\k_o�hihjguo�lhq_d�\�dZ`^hc�aZibkb�k�rZ]hf��khhl\_lkl\mx-
sbf�jZkklhygbx�f_`^m�fZjd_jhf�b�\babjhf��<�ijhlb\ghf�kemqZ_�\�dZ`^hc
aZibkb�©kjZ[Zlu\Z_lª�lhevdh�i_j\Zy�gZc^_ggZy�hihjgZy�lhqdZ�
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ÈæåÚÙâÚâÝÚ�dZkZ_lky�nZceh\��aZibkb�dhlhjuo�m`_�y\eyxlky�j_amevlZ-
lhf�mkj_^g_gby��AZibkb�jZ[hq_]h�nZceZ�ihdZgZevgh�mkj_^gyxlky�k�aZibky-
fb�nZceZ��\u[jZggh]h�ih�h]eZ\e_gbx�Zjob\Z��Ij_^iheZ]Z_lky��qlh�aZibkb
h[hbo�nZceh\�bf_xl�h^bgZdh\mx�^ebgm��\�ijhlb\ghf�kemqZ_�j_amevlZl�mk-
j_^g_gby�g_dhjj_dl_g�gZ�o\hkl_�j_amevlbjmxs_c�aZibkb��Mkj_^g_gb_�dZ`-
^hc�Zfieblm^u�ijhba\h^blky�ih�nhjfme_�

Y=(n*Ya+m*Yb)/(n+m),
]^_�Ya�²�Zfieblm^Z�jZ[hq_]h�nZceZ��Yb�²�Zfieblm^Z�Zjob\gh]h�nZceZ��n

²�qbkeh�mkj_^g_gbc�jZ[hq_]h�nZceZ��m�²�qbkeh�mkj_^g_gbc�Zjob\-
gh]h�nZceZ�

<gbfZgb_� Ihke_�\uiheg_gby�hi_jZpbc�m^Ze_gby�b�\klZ\e_gby�dZgZeh\
ke_^mxsb_�aZibkb�jZ[hq_]h�nZceZ��_keb�hgb�_klv��klZgh\ylky�g_^hklmigu-
fb�^ey�\uah\Z�^h�ih\lhjgh]h�ql_gby�wlh]h�nZceZ�ba�Zjob\Z�

ÄåãåÚÙÝçñ�—� hi_jZpby� m^Ze_gby� \j_f_gguo� hlkq_lh\� k�rZ]hf�� jZ\-
guf��rZ]�����b�k�khhl\_lkl\mxsbf�baf_g_gb_f�qZklhlu�^bkdj_lbaZpbb�

�������Ihbkd�b�ZgZeba�kh[ulbc
Bkke_^h\Zgby�dZd�i_j\hhq_j_^guo�� lZd�b� \kihfh]Zl_evguo�[bhihdZaZ-

l_e_c� �WD=��WF=��D=J��^uoZgb_��WH=��qZklh�k\h^ylky�d�ihbkdm�bo�oZjZd-
l_jguo�baf_g_gbc�dZd�kihglZggh]h�oZjZdl_jZ��lZd�b�k\yaZggh]h�k�\g_rgb-
fb� kh[ulbyfb�� khijh\h`^Z_fuo�baf_j_gbyfb� Zfieblm^guo�b�bgl_j\Zev-
guo�ihdZaZl_e_c�b�ihke_^mxsbf�bo�klZlbklbq_kdbf�ZgZebahf��>ey�ih^h[-
guo�aZ^Zq�kha^Zg�ki_pbZevguc�dhfie_dk�kj_^kl\��\dexqZxsbc�^\Z�jZa^_-
eZ��\u^_e_gb_�wdklj_fmfh\�b�ihbkd�b�ZgZeba�kh[ulbc�

ÁÚâó� ki_pbZevguo
hi_jZpbc� Iheb]jZn� �jbk�
������ \uau\Z_lky� ba� imgd-
lh\� :gZeba−Iheb]jZn
\_jog_c� dhfZg^ghc� kljhdb
beb� deZ\br_c� {��� b� kh-
^_j`bl� jy^� ki_pbZevguo
hi_jZpbc� ^ey� h[jZ[hldb
iheb]jZnbq_kdbo� aZibk_c�
A^_kv� fh`gh� ihemqblv
jZkrbnjh\dm� ^bkdj_lguo
\oh^guo� b� \uoh^guo� kb]-
gZeh\�� ijhba\_klb� ihbkd
aZ^Zgguo� kh[ulbc� b� ih^-

kqblZlv�bo�qbkeh��\u^_eblv�wdklj_fmfu�b�^j��>ey�mkdhj_gby�\uiheg_gby
dZ`^Zy� hi_jZpby� \� f_gx� kgZ[`_gZ� mdZaZgb_f� deZ\brb−dexqZ� [ukljh]h
\uah\Z�

¹ÝæßåÚçâðÚ�æÝØâÕàð� J_]bkljZpby�^bkdj_lguo�kb]gZeh\�aZdZau\Z_l-
ky�\�ieZg_�bkke_^h\Zgby�b�hkms_kl\ey_lky�\�oh^_�\uiheg_gby�bkke_^h\Z-

Jbk��������F_gx�^hihegbl_evguo�hi_jZpbc
ZgZebaZ�iheb]jZnbb
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gby�q_j_a�\oh^ghc�ihjl�dhgljhee_jZ�:PI��ih^jh[g__�kf��jZa^����������Dh^u
khklhygby� j_]bkljh\� \oh^guo� b� \uoh^guo� ^bkdj_lguo� kb]gZeh\� \
16−jbqghf�\b^_�hlh[jZ`Zxlky�\�lZ[eh�fhgblhjZ� �kf��jZa^�� �����ijb�ijh-
kfhlj_� ihemq_gghc� aZibkb��H^gZdh� \hkijbylb_� lZdh]h� jh^Z� bgnhjfZpbb
fh`_l� hdZaZlvky� aZljm^gbl_evguf�� ihwlhfm� ij_^mkfhlj_gZ� \hafh`ghklv
khijh\h^blv�dZ`^uc�^bkdj_lguc�kb]gZe�keh\_kghc�jZkrbnjh\dhc��gZijb-
f_j�� ©gZ`Zlb_� gZ� dghidmª�� ©\hijhk� wdki_jbf_glZlhjZª�� ©g_ijhba\hevgh_
^\b`_gb_�bkiulm_fh]hª��©hl\_l�bkiulm_fh]h�gZ�aZ^Zgguc�\hijhkª�b�l��i�

>ey�wlh]h�kj_^kl\Zfb�ex[h]h�l_dklh\h-
]h�j_^ZdlhjZ�\�iZid_�&21$1�ke_^m_l�ih^-
]hlh\blv�nZce� ',2�,1,�� ]^_� \� ihjy^d_� gh-
f_jh\� kb]gZeh\� ihkljhqgh� ijb\_^_gu� bo
jZkrbnjh\db��DZ`^Zy� lZdZy� kljhdZ� \dex-
qZ_l� ghf_j� kb]gZeZ� �\oh^gu_� kb]gZeu
bf_xl�ghf_jZ�hl���^h����Z�\uoh^gu_�kb]gZ-
eu�²�hl���^h������aZ�dhlhjuf�q_j_a�ijh[_e
ke_^m_l� dhjhldbc� ���±��� agZdh\�
l_dkl−bgl_jij_lZpby�

Ijb� gZebqbb� lZdh]h�nZceZ� gZ`Zlb_� gZ
dghidm�>bkdj_lg�kb]g�f_gx�iheb]jZnZ�\uau\Z_l�ihy\e_gby�iZg_eb�k�jZk-
rbnjh\dhc�^bkdj_lguo�kb]gZeh\�\�f_kl_�jZkiheh`_gby�\babjZ��jbk��������

ÄãÝæß�æãÖðçÝÞ� A^_kv�ih^�kh[ulbyfb�ihgbfZxlky�g_dhlhju_�mqZkldb
aZibkb��h[eZ^Zxsb_�hij_^_e_ggufb�k\hckl\Zfb��aZ^Z\Z_fufb�eh]bq_kdbf
mkeh\b_f�� Ijb� gZ`Zlbb� gZ� khhl\_lkl\mxsb_� dghidb� f_gx� ihy\ey_lky
klZg^Zjlguc�[eZgd�nhjfme��kf��jZa^����������\�dhlhjhf�gm`gh�\u[jZlv�h^gh
ba� aZjZg__� \\_^_gguo� eh]bq_kdbo� mkeh\bc� beb� \\_klb� gh\h_� mkeh\b_�� <
wlhf� mkeh\bb�� djhf_� Ze]_[jZbq_kdbo� b� eh]bq_kdbo� hi_jZpbc� fh`gh� bk-
ihevah\Zlv�ke_^mxsb_�nmgdpbb��]^_�iZjZf_lj�k�hagZqZ_l�ex[h_�Ze]_[jZb-
q_kdh_� \ujZ`_gb_�� hij_^_eyxs__� ghf_j� dZgZeZ�� \� wlhf� dZq_kl\_� fh`gh
lZd`_�bkihevah\Zlv�ki_pbZevgu_�h[hagZq_gb_�i�^ey�l_dms_]h�dZgZeZ��
x(k)�²�Zfieblm^Z�kb]gZeZ�gZ�dZgZe_�ghf_j�k�>fd<@�
m(k)�²�f_ldZ�gZ�dZgZe_�ghf_j�k��^ZggZy�nmgdpby�\u^Z_l�agZq_gb_�_^bgbpZ
ijb�gZebqbb�f_ldb�beb�ghev�ijb�__�hlkmlkl\bb�

e(k)�²�wdklj_fmf�gZ�dZgZe_�ghf_j�k��^ZggZy�nmgdpby�\u^Z_l�agZq_gb_�Zf-
ieblm^u�wdklj_fmfZ�beb�ghev��_keb�wdklj_fmf�g_�gZc^_g�

c(k)�²�dhjj_eyl�gZ�dZgZe_�ghf_j�k��dhjj_eyl�hagZqZ_l�mqZklhd�aZibkb��ZgZeh-
]bqguc�bkoh^gh�aZ^Zgghfm�h[jZapm��ij_^\Zjbl_evgh�ihf_q_gghfm�k�^\mo
klhjhg�fZjd_jhf�b�\babjhf��^ZggZy�nmgdpby�\u^Z_l�agZq_gb_�dhwnnbpb_g-
lZ�dhjj_eypbb�f_`^m�h[jZaphf�b�hq_j_^guf�mqZkldhf�aZibkb�

in�²�dh^�gZ�\oh^guo�^bkdj_lguo�dZgZeZo��_]h�agZq_gby�aZ^Zxlky�^\magZq-
ghc�r_klgZ^pZl_jbqghc�dhgklZglhc�k�ij_nbdkhf����gZijbf_j���)$����&�
ijh\_jdZ�gZebqby�aZ^Zggh]h�dh^Z�$AC fh`_l�[ulv�aZ^ZgZ�nhjfmehc
in=$AC, Z�gZebqb_�kb]gZeZ�gZ�iylhf�\oh^ghf�dZgZe_�²�nhjfmehc
in&$10=$10;

Jbk��������IZg_ev�jZkrbnjh\-
db�^bkdj_lguo�kb]gZeh\
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out�²�dh^�gZ�\uoh^guo�^bkdj_lguo�dZgZeZo��ZgZeh]bqgh��
!��! ������ �� ���!�²�hi_jZpbb�kjZ\g_gby�
&, | �²�eh]bq_kdb_�hi_jZpbb��B��BEB;
²���
���A�����²�Ze]_[jZbq_kdb_�hi_jZpbb�b�kdh[db�
ABS, INT, SQR, SGN, EXP, LN, LOG�²�Ze]_[jZbq_kdb_�nmgdpbb�

Ihbkd�gZqbgZ_lky�k�l_dms_]h�iheh`_gby�\babjZ�b�^h�dhgpZ�aZibkb��beb
`_�ih�\k_f� aZibkyf��gZqbgZy� k� l_dms_c�� _keb�\�f_gx�Iheb]jZn�\dexq_g
nhgZjbd <k_�aZibkb���<�kemqZ_�mki_oZ� �hq_j_^gh_�kh[ulb_��m^h\e_l\hjyx-
s__� mkeh\bx�� gZc^_gh�� \babj� i_j_f_sZ_lky� gZ� gZqZeh� wlh]h� kh[ulby�� Z
fZjd_j�²�gZ�bkoh^gh_�jZkklhygb_�hl�\babjZ��<�dZ`^hf�hq_j_^ghf�ihbkd_
kgZqZeZ�ijh\_jy_lky�g_\uiheg_gb_�aZ^Zggh]h�mkeh\by��b�lhevdh�ihke_�lh]h�
dZd�mkeh\b_�^Zeh�hljbpZl_evguc�j_amevlZl�� dhgljhebjm_lky� _]h� \uiheg_-
gb_��;eZ]h^Zjy�lZdhc�ijhp_^mj_��d�ijbf_jm��mkeh\b_�ij_\ur_gby�aZ^Zggh-
]h�Zfieblm^gh]h�mjh\gy�kjZ[Zlu\Z_l�g_�^ey�dZ`^hc�hq_j_^ghc�lhqdb�\ukh-
dhZfieblm^gh]h�ibdZ��Z�lhevdh�\�gZqZe_�ke_^mxs_]h�ibdZ�

Ihke_� gZoh`^_gby� hq_j_^gh]h� mqZkldZ� _]h� Zljb[mlu�fh`gh� aZg_klb� \
[ehdghl�^ey�ihke_^mxs_]h�ZgZebaZ�deZ\br_c�{'��.

Ijbf_j� Imklv�lj_[m_lky�gZclb�\k_�mqZkldb�aZibkb��\�dhlhjuo�Zfieblm-
^Z�i_j\h]h�dZgZeZ�ij_\urZ_l�����fd<��Zfieblm^Z�l_dms_]h�dZgZeZ�f_gvr_
���fd<�� Z� \oh^ghc� kb]gZe� kh^_j`bl� _^bgbpm� \� iylhf� jZajy^_��>ey� wlh]h
ijbf_gbfh�mkeh\b_�ihbkdZ�\b^Z�

x(1)>100 & x(i)< 10 & ((in & $10)<> 0).
ÌÝæàã� æãÖðçÝÞ�

Ijb� \uiheg_gbb� hi_jZ-
pbb� ih^kq_lZ� qbkeZ� kh-
[ulbc� ijhba\h^blky� ih-
ke_^h\Zl_evguc� \ur_-
hibkZgguc� ihbkd� b� j_-
amevlZlhf� \u^Z_lky� h[-
s__� qbkeh� gZc^_gguo� \
aZibkb�kh[ulbc�

·åÚáÚââÕô� ÙÝâÕ�

áÝßÕ�� Ijb� gZ`Zlbb� gZ
dghidb� >bgZfbdZ� bg-
l_j\Zeh\� b� >bgZfbdZ

Zfieblm^� kljhylky� \j_-
f_ggu_� ^bZ]jZffu� bg-
l_j\Zeh\� f_`^m� gZc^_g-
gufb� kh[ulbyfb� �jbk�
������ b� Zfieblm^u� [bh-

kb]gZeZ� l_dms_]h� dZgZeZ� aZibkb�� khhl\_lkl\mxsb_� fhf_glZf� kh[ulbc�
<gbam� dZ`^h]h� ]jZnbdZ� ijb\h^ylky� kj_^gb_� agZq_gby� b� klZg^Zjlgu_� hl-
dehg_gby�

Jbk��������=jZnbd�\j_f_gghc�^bgZfbdb�bgl_j-
\Zeh\�f_`^m�kh[ulbyfb
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¸ÝæçãØåÕááð� bg-
l_j\Zeh\� b� Zfieblm^

ij_^klZ\eyxl� jZkij_^_-
e_gby� bgl_j\Zeh\� beb
Zfieblm^� kh[ulbc� �jbk�
������� >ey� ]bklh]jZff� \
f_gx� �kf�� jbk�� �����
fh`gh� aZ^Zlv�iheh`_gb_
e_\hc� b� ijZ\hc� ]jZgbp
(Min= b� Max=�� b� qbkeh
[bgh\�� qlh� ihe_agh� ^ey
h[_ki_q_gby�ohjhr_c�\b-
amZevghc� kjZ\gbfhklb
jZaguo� ]bklh]jZff�� Z
lZd`_� aZ^Zlv� jZkq_l� ]bk-

lh]jZffu� bgl_j\Zeh\� \� ]_jpZo�� Wlbfb� ijhp_^mjZfb� fh`gh� h[jZ[hlZlv
lZd`_�kjZam�\k_�aZibkb�l_dms_]h�nZceZ��_keb�\dexqblv�h^ghbf_gguc�nh-
gZjbd��Ihkljh_gb_�]bklh]jZff�khijh\h`^Z_lky�\u^Zq_c�hibkZl_evghc�klZ-
lbklbdb��jbk���������qbkeh�agZq_gbc��kj_^g__�agZq_gb_��^bZiZahg��klZg^Zjl-
gh_�hldehg_gb_��dhwnnbpb_gl�\ZjbZpbb��jZaf_j�[bgZ��fh^Z��Zfieblm^Z�fh-
^u��Zkbff_ljby�b�wdkp_kk�

Qbkeh�ZgZebabjm_fuo�kh[ulbc�Z\lhfZlbq_kdb�h]jZgbqb\Z_lky�^bZiZah-
ghf�hl�lj_o�^h�����

Jbk��������<u^ZqZ�hibkZl_evghc�klZlbklbdb�ih�]bklh]jZff_�bgl_j\Zeh\�kh[ulbc

ÒßæçåÚáèáð� Hl^_evguc� jZa^_e� \hafh`ghkl_c� \� f_gx� iheb]jZnZ
ij_^gZagZq_g�^ey�h[jZ[hldb�wdklj_fmfh\��fZdkbfmfh\�b�fbgbfmfh\�\�ba-
f_g_gbb�kb]gZeZ�gZ�l_dms_f�dZgZe_�aZibkb��I_j_^�bo�\u^_e_gb_f�g_h[oh-
^bfh�\uihegblv�ke_^mxsb_�^_ckl\by�
• mklZgh\blv�\babj�b�fZjd_j�gZ�khk_^gb_�fZdkbfmf�b�fbgbfmf�baf_g_-

gby�kb]gZeZ��qlh�kem`bl�ij_^\Zjbl_evghc�bgnhjfZpb_c�h[�mjh\g_�Zf-
ieblm^gh]h�i_j_iZ^Z�b�\j_f_gghf�bgl_j\Ze_�

• aZ^Zlv�\�ihe_�\\h^Z�f_gx�ijhp_glgu_�]jZgbpu�dhe_[Zgby�wlbo�^\mo
djbl_jbZevguo�ihdZaZl_e_c��ijb�\uoh^_�aZ�wlb�]jZgbpu�wdklj_fmf�g_
^_l_dlbjm_lky��

• aZ^Zlv�\�ke_^mxs_f�ihe_�\\h^Z�f_gx��kf��jbk��������fbgbfZevguc�\j_-
f_gghc�bgl_j\Ze�f_`^m�wdklj_fmfZfb��k\h_h[jZagmx�ahgm�g_qm\kl\b-
l_evghklb�^ey�\u^_e_gby�hq_j_^gh]h�ke_^mxs_]h�wdklj_fmfZ��

Jbk��������=bklh]jZffZ�bgl_j\Zeh\�kh[ulbc
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• mklZgh\blv�kgylv�nhgZjbd�j_`bfZ�\u^_e_gby��\�h[uqghf�j_`bf_��nh-
gZjbd�\dexq_g��\ky�aZibkv�h[gmey_lky��djhf_�Zfieblm^�wdklj_fmfh\
�fZdkbfmfh\��fbgbfmfh\���ijb�kgylhf�`_�nhgZjbd_�aZibkv�g_�h[gmey-
_lky��lhevdh�gZ�f_kl_�wdklj_fmfh\�klZ\ylky�f_ldb�

Jbk��������<u^_e_gb_�R−am[ph\��dZgZe����aZibkb�WD=�ih�dZgZem��
Ihke_� aZ\_jr_gby� ^Zgghc� hi_jZpbb� gZ� wdjZg_� ij_^klZ\e_g� j_amevlZl

\u^_e_gby�wdklj_fmfh\��jbk���������Bgh]^Z�fh`_l�ihlj_[h\Zlvky�g_kdhevdh
ih\lhj_gbc�^Zgghc�hi_jZpbb�k�ih^[hjhf�ijZ\bevguo�agZq_gbc�iZjZf_ljh\
\u^_e_gby��Ihwlhfm� ihke_� \u^_e_gby� ijhkfhljbl_� aZibkv�� ?keb� \� ihem-
q_gghc� aZibkb�ijbkmlkl\mxl�iZjZablgu_�ibdb�� lh� \hkklZgh\bl_�bkoh^gh_
khklhygb_�aZibkb��ba�imgdlZ�AZibkb�\_jog_c�dhfZg^ghc�kljhdb��b�ih\lhjb-
l_�\u^_e_gb_�k�^jm]bfb�iZjZf_ljZfb�

>ey�memqr_gby�j_amevlZlZ�\u^_e_gby�wdklj_fmfh\�\�g_dhlhjuo�kemqZyo
fh`_l�[ulv�ihe_aguf�ij_^\Zjbl_evgh_�k]eZ`b\Zgb_� aZibkb�beb�nbevljZ-
pby��>ey�p_e_c�\bamZevgh]h�kjZ\g_gby�b�^Zevg_cr_]h�ZgZebaZ�[u\Z_l�lZd-
`_� ihe_agh� ij_^\Zjbl_evgh� jZafgh`blv� aZibkv� h[jZ[Zlu\Z_fh]h� dZgZeZ�
hi_jZpb_c� DZgZe−<klZ\blv� ba� imgdlZ� <uqbke_gby� \_jog_c� dhfZg^ghc
kljhdb�

Ihke_�\u^_e_gby�wdklj_fmfh\��fZdkbfmfh\��fbgbfmfh\��fh`gh�ijhba\_-
klb�bo�ZgZeba�gZ`Zlb_f�g_h[oh^bfhc�dghidb�ba�jZa^_eZ�Kh[ulby�f_gx�iheb-
]jZnZ�k�mdZaZgb_f�ih^oh^ys_]h�mkeh\by�ihbkdZ�kh[ulby��GZijbf_j��_keb�wdk-
lj_fmfu�\u^_eyebkv�\�j_`bf_�h[gme_gby�b�mdZaZl_ev�dZgZeZ�mklZgh\e_g�gZ
dZgZe�\u^_e_gguo�wdklj_fmfh\��lh�mkeh\b_�fh`_l�bf_lv�\b^�x(i)>0.

�������Bkihevah\Zgb_�nhjfme
Ijb� gZebqbb� \k_o� \ur_jZkkfhlj_gguo� \hafh`ghkl_c� \iheg_� fh]ml

\klj_lblvky�b�\uqbke_gby��\uoh^ysb_�aZ�bo�jZfdb��>ey�dZj^bgZevgh]h�j_-
r_gby�ih^h[guo�ijh[e_f�kha^ZgZ�bgl_]jZevgZy�kbkl_fZ�aZ^Zgby�ki_pbZev-
guo�\uqbke_gbc�ihkj_^kl\hf�nhjfmevgh]h�hij_^_e_gby�Ze]_[jZbq_kdbo�b
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eh]bq_kdbo�\ujZ`_gbc�\h�\k_o�^himkdZxsbo�wlh�dhgl_dklZo��dZevdmeylhj�
[ehdghl�� ij_h[jZah\Zgby�� mkj_^g_gb_�<I�� iheb]jZn�� \bjlmZevgu_� ijb[h-
ju���<�^hiheg_gb_�d�wlhfm�jZajZ[hlZgZ�kbkl_fZ�wdjZggh]h�b�Zjob\gh]h�kh-
ojZg_gby�b�[ukljh]h�bkihevah\Zgby�jZg__�\\_^_gguo�nhjfme��Z�lZd`_�ki_-
pbZevguc�nhjfmevguc�j_^Zdlhj��iha\heyxsbc� khklZ\eylv�nhjfmeu�dhf-
ihgh\dhc�ba�kibkdh\�Zjbnf_lbq_kdbo�b�eh]bq_kdbo�hi_jZpbc��Ze]_[jZbq_-
kdbo�nmgdpbc�b�\kljh_gguo�fZdjhhi_jZpbc�gZ^�[bhkb]gZeh\�b�j_amevlZlZ-
fb�bo�ZgZebaZ�

¶àÕâßÝ�éãåáèàñâãØã�××ãÙÕ��>ey� \\h^Z�nhjfme�bf_xlky� ki_pbZev-
gu_�lbih\u_�[eZgdb�nhjfmevgh]h�\\h^Z��Z�lZd`_�[eZgdb�khklZ\e_gby�b�j_-
^Zdlbjh\Zgby�nhjfme��B�ohly�wlb�[eZgdb�\�^_lZeyo�fh]ml�jZaebqZlvky�\�aZ-
\bkbfhklb�hl�dhgl_dklZ��gh�hkgh\gu_�ijbgpbiu�jZ[hlu�k�gbfb�_^bgu�

JZkkfhljbf� lbih\hc� [eZgd� nhjfmevgh]h� \\h^Z�� ijb\_^_gguc� gZ� jbk�
������\\_jom�dhlhjh]h�mdZaZgh�gZa\Zgb_�\�aZ\bkbfhklb�hl�dhgl_dklZ��<�lZ-
dhf�[eZgd_�bf_xlky�\hk_fv�g_aZ\bkbfuo�ihe_c�^ey�\\h^Z�\hkvfb�jZaebq-
guo�nhjfme��Ihkdhevdm�ihey�\\h^Z�aZihfbgZxsb_��lh�bo�kh^_j`bfh_�kh-
ojZgy_lky�hl�\uah\Z�d�\uah\m�b�hl�k_ZgkZ�d�k_Zgkm�b�ih\lhjguc�\\h^�m`_
bf_xs_cky�nhjfmeu�g_�lj_[m_lky�

Jbk��������;eZgd�nhjfmevgh]h�\\h^Z

>Ze__�\�[eZgd_�bf__lky�^\_�dghidb�k�ibdlh]jZffZfb�ql_gby�b�aZibkb�
Wlb�dghidb�iha\heyxl�khojZgylv�kh^_j`bfh_�[eZgdZ�\�Zjob\_�\�ki_pbZev-
guo�nZceZo�b�kqblu\Zlv�\�[eZgd�ba�Zjob\Z�nhjfmeu�ba�jZaebqguo�nZceh\�
Ql_gb_�b� aZibkv�nZceh\�hkms_kl\ey_lky�ih�klZg^Zjlghfm�^bZeh]m�nZceh-
\hc�kbkl_fu��kf��jZa^��������LZdbf�h[jZahf��fh`gh�bkihevah\Zlv�g_�lhevdh
iZfylv� \hkvfb�nhjfme� wdjZggh]h� [eZgdZ�� gh� b� ijhba\hevgh_� dhebq_kl\h
lZdbo�gZ[hjh\��bf_xsboky�\�^bkdh\hf�Zjob\_�

Bkiheg_gb_�\u[jZgghc�nhjfmeu�ijhbkoh^bl�ih�ex[hfm�ba�ke_^mxsbo
^_ckl\bc�

• gZ`Zlb_�deZ\brb�k�ihjy^dh\uf�ghf_jhf�nhjfmeu�
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• ^\hcghc�s_eqhd�furvx�ih�nhjfme_�
• aZ`b]Zgb_�nhgZjbdZ�ke_\Z�hl�nhjfmeu�b�gZ`Zlb_�dghidb Ml\_j^blv.
ÅÚÙÕßçãå�éãåáèà� <\_klb�gh\mx�nhjfmem�fh`gh�g_ihkj_^kl\_ggh�\

jZkkfhlj_gguc� [eZgd� nhjfme�� h^gZdh� qZklh� m^h[gh� ihevah\Zlvky� ki_pb-
Zevguf�nhjfmevguf�j_^Zdlhjhf��\uau\Z_fuf�dghidhc�J_^Zdlhj��ihke_
q_]h�ihy\ey_lky�[eZgd��bah[jZ`_gguc�gZ�jbk��������\b^�wlh]h�[eZgdZ�fh`_l
g_agZqbl_evgh�\Zjvbjh\Zlvky�\�aZ\bkbfhklb�hl�dhgl_dklZ��

<�wlhf�[eZgd_�bf_xlky�ke_^mxsb_�dhfihg_glu�
• \_jog__�ihe_�\\h^bfhc�nhjfmeu�
• e_\uc�kibkhd�i_j_f_gguo��^himklbfuo�\�^Zgghf�dhgl_dkl_�
• ijZ\uc�kibkhd�^himklbfuo�Ze]_[jZbq_kdbo�nmgdpbc�
• dghidb�i_j_ghkZ�we_f_glh\�ba�wlbo�kibkdh\�\�ihe_�nhjfmeu�
• p_gljZevgZy�pbnjh\Zy�b�hi_jZpbhggZy�deZ\bZlmjZ��keh`_gb_��\uqb-

lZgb_��mfgh`_gb_��^_e_gb_��\ha\_^_gb_�\�kl_i_gv��eh]bq_kdb_�hi_jZ-
pbb��

• dghidb�ml\_j`^_gby�khklZ\e_gghc�nhjfmeu�beb�`_�__�hlf_gu�k�aZ-
djulb_f�j_^ZdlhjZ�nhjfme�

I_j_ghk�we_f_glZ�ba�kibkdZ�\�ihe_�nhjfmeu�ijhba\h^blky�ih�^\hcghfm
s_eqdm�furvx�beb�`_�ihke_�_]h�\u^_e_gby�\�kibkd_�b�gZ`Zlby�gZ�dghidm
i_j_ghkZ��Ml\_j`^_ggZy� nhjfmeZ� [m^_l� aZg_k_gZ� \� l_dms__� ihe_� [eZgdZ
nhjfme��m�dhlhjh]h�]hjbl�nhgZjbd��

Jbk��������;eZgd�j_^ZdlhjZ�nhjfme

�������>bkdj_lgu_�kb]gZeu
�Bf_ggh�bkihevah\Zgb_�^bkdj_lguo� kb]gZeh\�^ey� mijZ\e_gby� \� wdki_-

jbf_glZevghc�kj_^_�b�^ey�hlf_lhd�h�keh`guo�kh[ulbyo�y\ey_lky�h^gbf�ba
mkeh\bc�mgb\_jkZebaZpbb�baf_jbl_evgh−\uqbkebl_evgh]h�dhfie_dkZ�
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ÄãæçÕâã×ßÕ� ÜÕÙÕìÝ�� <h� fgh]bo� bkke_^h\Zgbyo� bamq_gb_� ^bgZfbdb
baf_g_gby� we_dljhnbabheh]bq_kdbo�ihdZaZl_e_c�g_h[oh^bfh�ijhba\h^blv
k�ijb\yadhc�d�jZaebqguf�kh[ulbyf��ijhbkoh^ysbf�\� wdki_jbf_gl_��fgh-
]b_� ba� dhlhjuo� g_� ih^^Zxlky� Z\lhfZlbq_kdhc� j_]bkljZpbb�� Z�fh]ml� [ulv
hkms_kl\e_gu�lhevdh�kZfbf�bkke_^h\Zl_e_f�k�\ughkgh]h�imevlZ�beb�k�deZ-
\bZlmju�IW<F��d�fhf_glm�ih^Zqb�j_q_\uo�klbfmeh\�jZaghc�fh^Zevghklb�
d�nbabheh]bq_kdbf�j_Zdpbyf�hj]ZgbafZ��d�keh`guf�^\b]Zl_evguf�^\b`_-
gbyf�b�^jm]bf�ih\_^_gq_kdbf�beb�dh]gblb\guf�^_ckl\byf��d�baf_g_gbyf
hdjm`Zxs_c�kj_^u��d�bgnhjfZpbhgguf�\ha^_ckl\byf�b�l��i��<uiheg_gbx
dZ`^h]h�ih^h[gh]h�bkke_^h\Zgby�jZg__�h[uqgh�ij_^r_kl\h\Ze�^ebl_evguc
ijhp_kk� kha^Zgby� mgbdZevgh]h� wdki_jbf_glZevgh]h� h[hjm^h\Zgby� b� ijh-
]jZffgh]h�h[_ki_q_gby�

ÅÚíÚâÝÚ�[ueh�gZc^_gh�\�mgb\_jkZebaZpbb�bkihevah\Zgby�\oh^gh]h�b
\uoh^gh]h�ihjlh\�dhgljhee_jh\�:PI�k�p_euf�dhfie_dkhf�khimlkl\mxsbo
kj_^kl\�b�f_lh^bq_kdbo�ijb_fh\��\dexqZy�
• l_ogbq_kdh_�ih^dexq_gb_�b�bkihevah\Zgb_�\�wdki_jbf_gl_��\ughkghc

imevl��aZfudZl_eb��\udexqZl_eb��ih^ZqZ�k�deZ\bZlmju�b�ba�ijhlhdheZ
wdki_jbf_glZ��

• j_]bkljZpby�k�khojZg_gb_f�\�nZce_�aZibkb�
• g_kdhevdh�nhjf�\bamZebaZpbb��djZkgu_�rljbob�\gbam�fhgblhjZ��hlf_-

qZxl�baf_g_gby�khklhygby�^bkdj_lguo�kb]gZeh\���qbkeh\u_�agZq_gby�\
lZ[eh��kfukeh\Zy�jZkrbnjh\dZ�

• aZ^Zgb_�j_Zdpbc�gZ�^bkdj_lgu_�kb]gZeu�\�wdki_jbf_gl_��ijhlhdhe��
• bkihevah\Zgb_�\�Zj]mf_glZo�nhjfme�ihbkdZ�b�ZgZebaZ�

L_ogbq_kdb� \\h^�\u\h^� ^bkdj_lguo� kb]gZeh\� hkms_kl\ey_lky� q_j_a
\oh^ghc�\uoh^ghc� ihjlu� �j_]bklju�� dhgljhee_jZ� :PI� �kf�� jbk�� ������
<oh^gu_�^bkdj_lgu_� kb]gZeu�h[uqgh� kem`Zl�hlf_ldZfb�h�jZaebqguo� kh-
[ulbyo�\�oh^_�bkke_^h\Zgby�lbiZ�_klv�g_l. <uoh^gu_�^bkdj_lgu_�kb]gZeu
ij_^klZ\eyxl� kh[hc� dhfZg^u� gZ� \dexq_gb_�\udexq_gb_� \g_rgbo� mkl-
jhckl\�

AZibkv�\oh^guo�^bkdj_lguo�kb]gZeh\�m^h[gh�bkihevah\Zlv�^ey�[Zabjh-
\Zgby� hlghkbl_evgh� bo� jZaebqguo� baf_j_gbc�� GZebqb_� lZdh]h� kb]gZeZ
h[uqgh� hij_^_ey_lky� gme_\uf� ihl_gpbZehf� gZ� khhl\_lkl\mxs_c� gh`d_
\oh^gh]h� ihjlZ�� lh]^Z� dZd� bkoh^gh� lZf� ijbkmlkl\m_l� ihl_gpbZe
TTL−mjh\gy���±����<���L_f�kZfuf�ih^ZqZ�kb]gZeZ�l_ogbq_kdb�fh`_l�[ulv
j_Zebah\ZgZ�ijhkluf�aZfudZgb_f�\u[jZgghc�gh`db�gZ�a_fex��q_j_a�rmg-
lbjmxs__� khijhlb\e_gb_� ihjy^dZ� ����Hf��� qlh� iha\hey_l� e_]dh� ih^dex-
qZlv� \�dZq_kl\_�bklhqgbdh\� \oh^guo� kb]gZeh\� \ughkgu_� dghidb��imevlu�
jZaebqgu_�dhgp_\u_�\udexqZl_eb�b�ij�

GZebqb_�\uoh^gh]h�kb]gZeZ�hij_^_ey_lky�ihl_gpbZehf�77/−mjh\gy�gZ
khhl\_lkl\mxs_c�gh`d_�\uoh^gh]h�ihjlZ��lh]^Z�dZd�bkoh^gh�lZf�ijbkmlkl-
\m_l�gme_\hc�ihl_gpbZe��Wlh�lZd`_�^hklZlhqgh�ijhklh�bg`_g_jgh�bkihev-
ah\Zlv�^ey�mijZ\e_gby�jZaebqghc�\g_rg_c�ZiiZjZlmjhc�



412 =eZ\Z����Iheb]jZnby

ÈäåÕ×àÚâÝÚ�ÕääÕåÕçèåãÞ� Bf__lky�^\Z�\ZjbZglZ�ih^dexq_gby�b�jZ-
[hlu�\g_rgbo�mkljhckl\�
���dZ`^h_�ba�g_kdhevdbo�mkljhckl\�mijZ\ey_lky�q_j_a�hl^_evguc�dhglZdl
\uoh^gh]h�ihjlZ��\dexqZ_lky�ijb�gZebqbb�gZ�wlhf�dhglZdl_�kb]gZeZ��ih-
eh`bl_evguc�77/−mjh\_gv��b�\udexqZ_lky�ijb�hlkmlkl\bb�kb]gZeZ��gm-
e_\hc�77/−mjh\_gv��

���mkljhckl\Z�mijZ\eyxlky�ih�iZjZee_evghfm��−[blh\hfm�dh^m�gZ�\uoh^-
ghf�ihjlm�:PI��qlh�iha\hey_l�i_j_dexqZlv�j_`bfu�jZ[hlu�h^gh]h�mkl-
jhckl\Z��ijhba\h^blv�ik_\^hg_ij_ju\gu_�\ha^_ckl\by�beb�mijZ\eylv
fgh]bfb�\g_rgbfb�mkljhckl\Zfb��^h�����\ZjbZglh\��
<�dZq_kl\_�mijZ\ey_fuo�\g_rgbo�mkljhckl\�qZklh�bkihevamxlky�klbfm-

eylhju� �gZijbf_j�� \�WF=−bkke_^h\Zgbyo� beb� ^ey� j_]bkljZpbb�<I���:f-
ieblm^gu_�iZjZf_lju�klbfmeypbb�h[uqgh�j_]mebjmxlky�gZ�kZfhf�mkljhc-
kl\_��Z�\j_fy�\dexq_gby�b�\udexq_gby�klbfmeZ� �l��_��qZklhlZ�ih\lhj_gbc
klbfmeh\��bo�^ebl_evghklv�b�ihjy^hd��hij_^_ey_lky�ijhlhdhehf��kf��jZa^�
�������<� kemqZ_�g_kdhevdbo� \g_rgbo� klbfmeylhjh\�g_h[oh^bfh�bkihevah-
\Zlv�g_kdhevdh�mijZ\eyxsbo�\uoh^h\�dhgljhee_jZ�:PI�

Ijb� \dexq_gghc� j_]bkljZpbb� ^bkdj_lguo� kb]gZeh\� khklhygb_� j_]bkl-
jh\�^bkdj_lguo�\oh^h\�b�mijZ\eyxsbo�\uoh^h\�\�ijhp_kk_�bkke_^h\Zgby
[m^_l�nbdkbjh\Zlvky�\�nZce_�aZibk_c�ih�hl^_evghfm�dZgZem�\�\b^_�r_kl-
gZ^pZlb[blh\h]h� qbkeZ�� Khklhygb_� wlh]h� dZgZeZ� hlh[jZ`Z_lky� gZ� wdjZg_
fhgblhjZ�ijb�ijhkfhlj_�aZibkb�\�\b^_�\_jlbdZevguo�rljboh\�\gbam�wdjZ-
gZ� b� qbkeh\ufb�r_klgZ^pZl_jbqgufb� agZq_gbyfb� \�lZ[eh�� Djhf_� lh]h�
fh`gh�ihemqblv�gZ�wdjZg_�keh\_kgmx�bgl_jij_lZpbx�^bkdj_lguo�kb]gZeh\
kj_^kl\Zfb�f_gx�Iheb]jZn��kf��jZa^��9.4.3).

?keb�g_dhlhju_�\uoh^u�dhgljhee_jZ�:PI�g_�ijbf_gyxlky�^ey�mijZ\-
e_gby�ZiiZjZlmjhc��lh�bo�fh`gh�bkihevah\Zlv�\�dZq_kl\_�^hihegbl_evguo
bgnhjfZpbhgguo�[blh\�^ey�aZibkb�\�nZce�j_]bkljZpbb�ki_pbZevguo�hlf_-
lhd�� nhjfbjm_fuo� \� oh^_� \uiheg_gby� bkke_^h\Zgby� jmqguf� gZ`Zlb_f
deZ\br�{��–{��.

ÆãäåôÛÚâÝÚ�æ�×âÚíâÚÞ�ÕääÕåÕçèåãÞ� >ey�mijZ\e_gby�dhgdj_lgu-
fb� \g_rgbfb� mkljhckl\Zfb� h[uqgh� ^hklZlhqgh� ijhklh� kh_^bgblv� ijh\h-
^Zfb� ^bkdj_lgu_� \uoh^u� dhgljhee_jZ�:PI� k� khhl\_lkl\mxsbfb� mijZ\-
eyxsbfb� \oh^Zfb� \g_rg_]h� mkljhckl\Z�� LZd�� ^ey� ih^dexq_gby� jZkijh-
kljZg_gguo�klbfmeylhjh\�ijhba\h^kl\Z�\_g]_jkdhc�nbjfu�0(',&25�g_-
h[oh^bfh�jZkiZylv�mijZ\eyxsbc�\uoh^�:PI�b�a_feygmx�de_ffm�gZ�gh`-
db� 1� b� 3� klZg^Zjlgh]h� �−rlujvdh\h]h� f_^bdhjh\kdh]h� jZat_fZ��>Ze__� \
kemqZ_�nhlhklbfmeylhjZ�)76���g_h[oh^bfh�\klZ\blv�wlhl�jZat_f�\�]g_a^h
(;7�gZ�aZ^g_c�iZg_eb��Z�gZ�i_j_^g_c�iZg_eb�gZ`Zlv�dghidb�(;7�b�67$57�
<�kemqZ_�nhghklbfmeylhjZ�)16���g_h[oh^bfh�\klZ\blv�mihfygmluc�jZat-
_f�\� ]g_a^h� 67$57�gZ� aZ^g_c�iZg_eb��Z�gZ�i_j_^g_c�iZg_eb�g_�gZ`bfZlv
dghidb�(;7�b�67$57��<�kemqZ_�we_dljhklbfmeylhjZ�g_h[oh^bfh�bkihev-
ah\Zlv�\oh^ghc�jZat_f�75*�b�ijhba\_klb�g_[hevrmx�^hjZ[hldm�dhgljhe-
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e_jZ�:PI��qlh[u� \dexq_gb_� klbfmeylhjZ�ijhba\h^behkv�q_j_a�ijhf_`m-
lhqgh_�j_e_��ihkdhevdm�\�jZat_f_�75*�bkihevam_lky�gZijy`_gb_����<��

ÄãÙßàóìÚâÝÚ� íçÕçâãÞ� ÕääÕåÕçèåð�� We_dljhklbfmeylhj� ^\modZ-
gZevguc�ih^dexqZ_lky�^bnn_j_gpbjh\Zggh�ih����b���fm�mijZ\eyxsbf�dZ-
gZeZf�� GZ� mijZ\eyxs_c� iZg_eb� klbfmeylhjZ� jZkiheh`_gu�� jmqdb� ihdZ-
gZevghc� j_]mebjh\db� ^ebl_evghklb� �����±���� fk�� b� \_ebqbgu� lhdZ� ��±��
f:��� jmqdb�ihdZgZevghc� j_]mebjh\db�fhsghklb� a\mdZ� \� Zm^bhgZmrgbdZo
��±����^;��

K\_lh^bh^gZy�\kiurdZ�k�jmqdhc�j_]mebjh\db�yjdhklb�beb�^bkie_c�h[-
jZsZ_fh]h�rZofZlgh]h�iZll_jgZ�ih^dexqZ_lky�ih�lj_lv_fm�mijZ\eyxs_fm
dZgZem�

A\mdh\hc�klbfmeylhj�ih^dexqZ_lky�^bnn_j_gpbjh\Zggh�ih�q_l\_jlhfm
�ijZ\h_�moh��b�iylhfm� �e_\h_�moh��mijZ\eyxsbf�dZgZeZf��MklZgh\dZ�lbiZ
klbfmeZ�beb�\ukhlu�lhgZ�ijhba\h^blky�qbkeh\uf�^\hbqguf�dh^hf�ih��±�
dZgZeZf��Z�bf_ggh��\�kdh[dZo�ijb\_^_gu�khhl\_lkl\mxsb_����jbqgu_�dh^u
^ey���jZajy^gh]h�\uoh^gh]h�j_]bkljZ�:PI����������� �����=p���������� ��
d=p�� �������� � ��d=p�� �������� � ��d=p�� �������� � ��d=p�� ����$��� � ��d=p�
����&��� �s_eqhd�^\b`_gb_f�f_f[jZgu�hl�moZ�� ����(��� �s_eqhd�^\b`_-
gb_f�f_f[jZgu�d�mom�
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©Qlh[u�\u`blv�ijb�\klj_q_�k�G_agZ_fuf�

lu�^he`_g�[ulv�djbklZevgh�qbkluf
b�kf_jl_evgh�m\_j_gguf�\�k_[_ª

>@mZg�FZlmk@

<� gZklhys_c� ]eZ\_� kdhgp_gljbjh\Zgu� l_� f_lh^bq_kdb_� \hafh`ghklb�
dhlhju_� y\eyxlky� ^hihegbl_evgufb� d� \ur_jZkkfhlj_gguf�b�ij_^gZagZ-
q_gu� ^ey� we_dljhnbabheh]bq_kdbo� bkke_^h\Zgbc� ki_pbZevghc� b� gZmqghc
gZijZ\e_gghklb�

������:\lhfZlbaZpby�bkke_^h\Zgbc�²
ijhlhdhe

J_r_gb_�aZ^Zqb�Z\lhfZlbaZpbb�wdki_jbf_glZevguo�bkke_^h\Zgbc�y\ey-
_lky�yjdbf�b�ihdZaZl_evguf�ijbf_jhf��gZ�dhlhjhf�m^h[gh�ijh^_fhgkljb-
jh\Zlv�hkgh\gu_�dhfihg_glu�kbkl_fgh]h�ZgZebaZ�b�f_lh^heh]bq_kdhc�jZa-
jZ[hldb��kf��jbk�������

½ÜèìÚâÝÚ�ÙÚôçÚàñâãæçÝ��äãæçÕâã×ßÕ�ÜÕÙÕìÝ��DZd�[ueh�hlf_q_gh�\
jZa^�������agZqbl_evgu_�mkbeby�bkke_^h\Zl_ey�jZg__�[ueb�k\yaZgu�k�wlZiZ-
fb�ihklZgh\db�b�ijh\_^_gby�wdki_jbf_glh\��M�dZ`^h]h�wdki_jbf_glZlhjZ
_klv�g_dhlhjuc�gZ[hj�dhgp_ipbc�b�aZ^Zq��Z�lZd`_�kh[kl\_ggZy�wdki_jbf_g-
lZevgZy�kj_^Z�k�ZiiZjZlmjhc��dhlhjmx�g_h[oh^bfh�\dexqZlv�\udexqZlv�\
hij_^_e_gghc�ihke_^h\Zl_evghklb�b�ijb�hij_^_e_gguo�mkeh\byo� �gZklmi-
e_gb_�aZ^Zggh]h�fhf_glZ�\j_f_gb��ihy\e_gb_�\g_rg_]h�kb]gZeZ��^hklb`_-
gb_�g_dhlhjuf�j_]bkljbjm_fuf�iZjZf_ljhf�djblbq_kdh]h�agZq_gby��ihy\-
e_gb_� aZ^Zggh]h�jblfZ��j_Zdpbb�bkiulm_fh]h�b�l��^����Ih^dexqblv�lZdmx
ZiiZjZlmjm�d�dhfivxl_jm�g_�ij_^klZ\ey_l�ijh[e_fu��Ijh[e_fZ�\�^jm]hf�
^Zlv�bkke_^h\Zl_ex�ijhklu_�b�ihgylgu_�kj_^kl\Z�hibkZgby�\k_]h�fgh]hh[-
jZaby��ihke_^h\Zl_evghklb�b�\aZbfhk\yab�jZaebqguo�kh[ulbc��g_�lj_[my�hl
g_]h�ijbh[j_l_gby�^ey�wlh]h�\ukhdhc�d\ZebnbdZpbb�kbkl_fgh]h�ZgZeblbdZ
b�ijh]jZffbklZ�

ÄåÚÙäãæðàßÝ� <� kh[kl\_ggh�gZmqguo� wdki_jbf_glZevguo�bkke_^h\Z-
gbyo�lj_[m_lky�ijbf_g_gb_�rbjhdh]h�gZ[hjZ�\g_rgbo�mkljhckl\�klbfmey-
pbhggh]h� \ha^_ckl\by� gZ� bkiulm_fh]h�� kljh]h� kbgojhgbah\Zgguo� f_`^m
kh[hc�beb�k�hij_^_e_ggufb�kh[ulbyfb�\�hj]Zgbaf_� �ibd−\hegu�WW=��iZ-
d_lu�ZevnZ−\heg��nZau�^uoZl_evgh]h�jblfZ��^\b`_gby�]eZa�b�^j����Z�lZd`_
k�kZfhc�^_yl_evghklvx�bkiulm_fh]h��k�gZ`Zlbyfb�gZ�bkihegbl_evgu_�deZ-
\brb��hl\_lZfb�gZ�\hijhku�b�l��i����Hkh[uc�bgl_j_k�ij_^klZ\ey_l�b�j_]bkl-
jZpby�[bhkb]gZeh\�\�mkeh\byo�Zmlhj_]meypbb�nbabheh]bq_kdbo�nmgdpbc�ih



416 =eZ\Z�����JZkrbj_ggu_�\hafh`ghklb

ijbgpbim� [bheh]bq_kdhc� h[jZlghc� k\yab� beb� \� ijhp_kk_� keh`ghc� dh]gb-
lb\ghc�^_yl_evghklb��kf��jZa^���������

Ijb�ljZ^bpbhgghf�ih^oh^_�dZ`^Zy�ihklZgh\dZ�gh\hc�f_lh^bdb�lj_[h-
\ZeZ�jZajZ[hldb�ki_pbZevgh]h�l_ogbq_kdh]h�b�ijh]jZffgh]h�h[_ki_q_gby�k
ijb\e_q_gb_f� \ukhdhd\Zebnbpbjh\Zgguo� kbkl_fguo� ijh]jZffbklh\� b
bg`_g_jh\��<ke_^kl\b_�ihbkdh\h]h�oZjZdl_jZ�jZ[hlu�b�\aZbfgh]h�g_kh\iZ-
^_gby�ihgylbc�^Zgguc�wlZi�\ueb\Zeky�\h�fgh]b_�f_kypu�kh\f_klguo�mkb-
ebc�� ihwlhfm� wdki_jbf_glZlhj� \� l_q_gb_� `bag_ggh]h� i_jbh^Z� Zdlb\ghc
l\hjq_kdhc�^_yl_evghklb�mki_\Ze�ihklZ\blv�b�Zijh[bjh\Zlv�ebrv�kqblZg-
gu_�_^bgbpu�hjb]bgZevguo�f_lh^bd�bkke_^h\Zgby�

½ÙÚô��<�k\yab�k�wlbf�\hagbdeZ�b^_y1�ij_^hklZ\blv�\hafh`ghklv�kZfhfm
bkke_^h\Zl_ex� hibkZlv� �b� l_f� kZfuf� ²� hihkj_^h\Zgh� ©aZijh]jZffbjh-
\Zlvª�� ihke_^h\Zl_evghklv� b� \aZbfhk\yav� wdki_jbf_glZevguo� kh[ulbc� \
nhjf_� kibkdZ� �ihke_^h\Zl_evghklb�� ij_^eh`_gbc� gZ� ki_pbZevghf� yaud_�
ijb[eb`_gghf�d�_kl_kl\_gghfm�yaudm�b�ihemqb\r_f�\ihke_^kl\bb�gZa\Z-
gb_� ijhlhdhe�� >_ckl\bl_evgh�� lhevdh� wdki_jbf_glZlhj� hlq_leb\h� ij_^-
klZ\ey_l��qlh�b�\�dZdhc�ihke_^h\Zl_evghklb�m�g_]h�^he`gh�ijhbkoh^blv�\
wdki_jbf_gl_��b�hg��ih�k\h_fm�klZlmkm��h[yaZg�b�kihkh[_g�ihke_^h\Zl_evgh
b�^_lZevgh�baeh`blv�wlh�gZ�_kl_kl\_gghf�yaud_��LZdhc�yaud�^he`_g�[ulv
ij_^_evgh�ijhkl��ihgyl_g�b�g_ba[ulhq_g��ihkdhevdm�\�nbabheh]bb�g_�klhev
ijbhjbl_lZ�b�agZqbfZ�kZfhp_gghklv�bahsj_gguo�fZl_fZlbq_kdbo�ihkljh_-
gbc��<� klm^_gq_kdbo� e_dpbyo� wlh� beexkljbjm_lky� ke_^mxs_c� ZgZeh]b_c�
_keb�klm^_gl−ijh]jZffbkl�g_�ihgbfZ_l�yaud�Kb��lh�hg�beb�kebrdhf�]emi�
beb�g_�lm^Z�ihiZe��_keb�nbabheh]�g_�ihgbfZ_l�yaud�Kb��lh�wlhl�yaud�beb
kebrdhf�]emi��beb�g_�lm^Z�ihiZe�

ÆÝæçÚáâðÞ�ÕâÕàÝÜ��?keb�jZkkfZljb\Zlv�wdki_jbf_gl�dZd�ihke_^h\Z-
l_evghklv� kh[ulbc�� lh�� qlh�`_� lZdh_� kh[ulb_"�<� j_amevlZl_� hkfuke_gby
wlh]h�\hijhkZ�klZeh�hq_\b^gh��qlh�\�h[s_f�kemqZ_�²�wlh�g_dhlhjh_�^_ckl-
\b_��ijhba\h^bfh_�gZ^�g_dbf�h[t_dlhf�b�dhlhjh_�\ua\Zgh�hij_^_e_gghc
ijbqbghc�� LZdh_� ihgbfZgb_� kh[ulby� \k_p_eh� mdeZ^u\Z_lky� \� kbglZdkbk
ij_^eh`_gby� _kl_kl\_ggh]h� yaudZ�� Z� bf_ggh�� kdZam_fh_� �gZbf_gh\Zgb_
^_ckl\by� beb� dhfZg^Z��� ijyfh_� ^hiheg_gb_� �h[t_dl� ^_ckl\by�� b� h[klhy-
l_evkl\h� �eh]bq_kdh_� mkeh\b_�� hij_^_eyxs__� gZebqb_� ijbqbgu�� \uau-
\Zxs_c� kh[ulb_�� beb�`_�fhf_gl� j_ZebaZpbb� ^_ckl\by���HklZ_lky� lhevdh
mlhqgblv�h^bg�ba�^\mo�\hafh`guo�\ZjbZglh\�[m^ms_]h�jZa\blby�kh[ulbc
�gZa\Zgguc�ijbagZdhf�h`b^Zgby�ijbqbgu���beb�`_�ke_^mxsbf�\�wdki_jb-
f_gl_�fh`_l� ijhbahclb� lhevdh� h^gh� dhgdj_lgh_� kh[ulb_�� dhlhjh_�`^_l

ihy\e_gby�bgbpbbjmxs_c�_]h�ijbqbgu��beb�`_�fh`_l�ijhbahclb�ex[h_�ba
g_dhlhjh]h�fgh`_kl\Z�kh[ulbc��^ey�dhlhjh]h�i_j\hc�ihy\blky�_]h�ijbqbgZ.

Ijb�ihke_^mxs_c�^_lZevghc�ijhjZ[hld_� wlhc�b^_b�\uykgbehkv��qlh�b
kh[kl\_ggh� jZaebqguo�nhjf� ^ey� dZ`^h]h� dhfihg_glZ� kh[ulby� lj_[m_lky

                                                          
1�?_�bklhdb�\hkoh^yl�d�kbkl_f_�Z\lhfZlbaZpbb�dh]gblb\guo�bkke_^h\Zgbc�WDK-

IH��j_Zebah\Zgghc�gZ�;WKF−��\�gZqZe_���−o�]]��>��@�
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kh\k_f�g_fgh]h�^ey�j_ZebaZpbb�hq_gv�rbjhdh]h�deZkkZ�wdki_jbf_glZevguo
f_lh^bd��Z�bf_ggh�

Z��^_ckl\by�b�h[t_dlu�
• \dexqblv��ZdlmZebah\Zlv��mklZgh\blv��beb \udexqblv��^_ZdlmZebah-

\Zlv��mdZaZgguc�h[t_dl��Z�bf_ggh��aZibkv�[bhkb]gZeh\�gZ�^bkd��mijZ\-
eyxs__�^_ckl\b_��aZ^Zggmx�\g_rgxx�ijh]jZffm��\u[jZggmx�nhjfm
wdkij_kk−ZgZebaZ��fhgblhjbjh\Zgb_�[bhkb]gZeh\�gZ�wdjZg_��ki_pijb-
agZdb�b�^j��

• \u^_j`Zlv�iZmam��mkeh\gmx�beb�\j_f_ggmx��
• i_j_clb�d�\uiheg_gbx�mdZaZgghc�kljhdb�ijhlhdheZ��[_amkeh\gh�beb�ih

\uiheg_gbx�mkeh\by���lZdb_�i_j_oh^u�bkihevamxlky�^ey�baf_g_gby�eb-
g_cgh]h�ihjy^dZ�bkiheg_gby�ijhlhdheZ�

• \u^_eblv�g_dhlhjmx�ihke_^h\Zl_evghklv�kljhd�ijhlhdheZ��dhlhjmx�gZ-
^h�ih\lhjblv�pbdebq_kdb�aZ^Zggh_�qbkeh�jZa�
[��mkeh\by�

• gZklmie_gb_�aZ^Zggh]h�beb�kemqZcgh�\u[jZggh]h�\�aZ^Zgghf�bgl_j\Ze_
fhf_glZ�\j_f_gb;

• ihy\e_gb_�\g_rgbo�beb�mijZ\eyxsbo�kb]gZeh\�beb�gZebqb_�ki_pijb-
agZdh\;

• gZ`Zlb_�gZ�aZ^Zggmx�deZ\brm;
• \_jhylghklgh_�mkeh\b_��dhlhjh_�fh`_l�ijhbahclb�kemqZcgh�khhl\_lkl-

\_ggh�aZ^Zgghc�\_jhylghklb�
• mkeh\b_�hij_^_ey_lky�aZ^Z\Z_fhc�wdki_jbf_glZlhjhf�eh]b-

dh−Ze]_[jZbq_kdhc�nhjfmehc�hl�[bhihdZaZl_e_c�b�\kljh_gguo�nmgd-
pbc�

• \uiheg_gb_�mkeh\by�hij_^_ey_lky�\g_rg_c�ijh]jZffhc.
DZd� ihdZaZeZ� fgh]he_lgyy� ijZdlbdZ�� kj_^kl\Zfb� ijhlhdheZ� fh`gh� \

kqblZggu_�fbgmlu�b�kh[kl\_ggufb�kbeZfb�hibkZlv�b�bkihegblv�dhgdj_l-
gmx�f_lh^bdm�ijh\_^_gby�wdki_jbf_glZ�\iehlv�^h�bkke_^h\Zgbc�kh�keh`-
ghc�b�g_h^ghagZqghc�ihke_^h\Zl_evghklvx�\aZbfhk\yaZgguo�^_ckl\bc��j_-
Zdpb_c� gZ� jZaghh[jZagu_� kh[ulby�� [bheh]bq_kdhc� h[jZlghc� k\yavx� b
mijZ\e_gb_f�\g_rgbfb�bkihegbl_evgufb�mkljhckl\Zfb�b�ijhp_kkZfb�

ÂÕèìÚâÝÚ�ÙÚôçÚàñâãæçÝ��Ihkdhevdm�lZdhc�yaud�ijhlhdheZ�ih�k\h_fm
aZfukem�b�j_ZebaZpbb� Z^_d\Zl_g�^_yl_evghklb�� lh�f_lh^heh]bq_kdbc� wlZi
gZmq_gby��kf��jbk�������wlhc�gh\hc�nhjf_�^_yl_evghklb��khklZ\e_gb_�ijhlh-
dheh\��h[uqgh�k\h^blky�d�kZfhh[mq_gbx�nbabheh]Z�gZ�hkgh\_�jZa[hjZ�lb-
ih\uo�ijbf_jh\��kf��ih�ij_^f_lghfm�mdZaZl_ex��ijhlhdhe−ijbf_ju���Ijb
wlhf�_keb�bkke_^h\Zl_ev�\�ijhp_kk_�wdki_jbf_glh\�h[gZjm`b\Z_l�batygu�\
k\h_c�ihklZgh\d_� aZ^Zqb�� lh�hg�fh`_l�\g_klb�g_h[oh^bfu_�dhjj_dlb\u�\
ijhlhdhe� \� kqblZggu_� k_dmg^u�� ;he__� lh]h�� yaud� ijhlhdheZ� klZgh\blky
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kj_^kl\hf�kbkl_fZlbaZpbb��nhjfZebaZpbb�b�l\hjq_kdh]h�jZkrbj_gby�kZfh-
]h�gZmqgh]h�fure_gby�wdki_jbf_glZlhjZ1.

H^bg�ba�ijZdlbq_kdbo�j_amevlZlh\�wlhc�f_lh^heh]bb�khklhbl�\�lhf��qlh
_keb� ��±��� e_l� lhfm� gZaZ^� gZ� j_ZebaZpbx� dZ`^h]h� gh\h]h� wdki_jbf_glZ
moh^beb�f_kypu�b�]h^u�jZ[hlu�p_eh]h�dhee_dlb\Z�\ukhdhijhn_kkbhgZev-
guo�ki_pbZebklh\��lh�l_i_jv�^Z`_�klm^_glu−nbabheh]b�lj_lv_]h�dmjkZ�wlh
`_�^_eZxl�^ey�kh\_jr_ggh�jZaebqguo�wdki_jbf_glh\�aZ���±���fbgml��G_-
ljm^gh� ih^kqblZlv�� qlh� j_amevlbjmxsZy� \j_f_ggZy� bgl_gkbnbdZpby� ^Zg-
gh]h�wlZiZ�^_yl_evghklb�nbabheh]Z�^hklb]Z_l�g_kdhevdbo�lukyq�jZa�

<�ieZg_�`_�l_hj_lbq_kdhc�agZqbfhklb�ijhlhdheZ�dZd�Ze]hjblfbq_kdh]h
yaudZ�hlf_lbf��qlh�gZoh`^_gb_�ijhklh]h�b�ihgylgh]h�j_r_gby�ijh[e_fu
g_j_^dh�y\ey_lky�g_�f_g__�agZqbfuf�gZmqguf�^hklb`_gb_f��q_f�kha^Zgb_
keh`ghhj]Zgbah\Zggh]h�� nhjfZebah\Zggh]h� b� jZa\_l\e_ggh]h� yaudZ�� ^hk-
lmigh]h�ihgbfZgbx�lhevdh�^ey�madh]h�djm]Z�ba[jZgguo�ki_pbZebklh\�

ÆãæçÕ×àÚâÝÚ�äåãçãßãàÕ� Nhjfbjh\Zgb_�ijhlhdheZ�gZqbgZ_lky�k�\u-
iheg_gby� h^ghbf_ggh]h� imgdlZ� f_gx� ieZgbjh\Zgby� bkke_^h\Zgby� �jbk�
2.1)��Wlh�^_ckl\b_�\uau\Z_l�lZ[ebpm��jbk���������\�dhlhjhc�fh`gh�ihke_^h-
\Zl_evgh� hij_^_eblv� \k_� kh[ulby�� ijhbkoh^ysb_� \� ijhp_kk_� \uiheg_gby
bkke_^h\Zgby�

Jbk��������WdjZg�ijhlhdheZ�bkke_^h\Zgby

DZ`^Zy�kljhdZ�ijhlhdheZ�— ij_^eh`_gb_��hibku\Z_l�g_dhlhjh_�kh[u-
lb_�b�fh`_l�\dexqZlv�^h�q_luj_o�dhfihg_glh\�

                                                          
1� >_ckl\bl_evgh�� bkihevamy� bklhjbq_kdb_� iZjZee_eb�� ZgZeh]bqgu_� kh[ulby� \

^j_\g_cr_c� bklhjbb� khhl\_lkl\mxl� \hagbdgh\_gbx� ibkvf_gghklb�� iha\heyxs_c
nbdkbjh\Zlv�b�kbkl_fZlbabjh\Zlv�fukeb�b�b^_b�
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�
� hi_jZpby�beb�\uihegy_fh_�kh[ulbcgh_�^_ckl\b_;
�
� h[t_dl�\uihegy_fh]h�^_ckl\by�
�
� mkeh\b_�\uiheg_gb_�^_ckl\by�
�
� h`b^Zgb_�²�ki_pbZevguc�ijbagZd�j_Zevgh]h�\j_f_gb��kf��^Ze__��

Wlb� dhfihg_glu�ij_^klZ\e_gu� \�ihke_^h\Zl_evguo� klhe[pZo� lZ[ebpu
ijhlhdheZ�

·ðäãàâÚâÝÚ� äåãçãßãàÕ� \� j_`bf_� j_Zevgh]h� \j_f_gb� gZqbgZ_lky� k
i_j\hc�_]h�kljhdb�b�ijh^he`Z_lky�^h�^hklb`_gby�ihke_^g_c�kljhdb�ijhlh-
dheZ��QZklhlZ�ihy\e_gby�kh[ulbc�beb�fbgbfZevguc�g_gme_\hc�\j_f_gghc
bgl_j\Ze�f_`^m�^\mfy�kh[ulbyfb� �bgl_j\Ze�kbkl_fgh]h�\j_f_gb��hij_^_-
ey_lky�mklZgh\e_gghc�\�ieZg_�bkke_^h\Zgby�qZklhlhc�^bkdj_lbaZpbb�

GZ�hq_j_^ghf�hlkq_l_�kbkl_fgh]h�\j_f_gb��\�khhl\_lkl\bb�k�aZ^Zgghc�\
ieZg_� qZklhlhc� ^bkdj_lbaZpbb�� ijh\_jy_lky� mkeh\b_� \uiheg_gby� kh[ulby
l_dms_c�kljhdb�ijhlhdheZ�
• _keb�wlh�mkeh\b_�m^h\e_l\hjy_lky��klZgh\blky�©bklbggufª���lh�^Zggh_

kh[ulb_�j_Zebam_lky��l��_��\uihegy_lky�ij_^mkfhlj_ggh_�kh[ulb_f
^_ckl\b_�gZ^�mdZaZgguf�h[t_dlhf���b�lh]^Z�gZ�lhf�`_�lZdl_�kbkl_fgh]h
\j_f_gb�ijhba\h^blky�i_j_oh^�d�ke_^mxs_c�kljhd_�ijhlhdheZ��ijh\_j-
dZ�mkeh\bc�j_ZebaZpbb�ke_^mxs_]h�ijhlhdhevgh]h�kh[ulby��b�lZd�^Z-
e__�

• _keb�`_�mkeh\b_�\uiheg_gby�l_dms_]h�kh[ulby�g_�m^h\e_l\hjy_lky��lh
^Zevg_crZy�jZ[hlZ�ijhlhdheZ�aZ\bkbl�hl�ijbagZdZ�H`b^Zgb_�l_dms_]h
kh[ulby�
Z�_keb�ijbagZd�H`b^Zgb_�g_�mklZgh\e_g��@^_f G_l���lh�gZ�wlhf�`_
lZdl_�kbkl_fgh]h�\j_f_gb�ijhbkoh^bl�i_j_oh^�d�ijh\_jd_�mkeh\by
ke_^mxs_]h�ijhlhdhevgh]h�kh[ulby�b�lZd�^Ze__��dZd�hibkZgh�\u-
r_��

[� �_keb�ijbagZd�H`b^Zgb_�mklZgh\e_g��@^_f >Z���lh�bkiheg_gb_
ijhlhdheZ��i_j_oh^u�d�j_ZebaZpbb�ke_^mxsbo�kh[ulbc��ijbhklZ-
gZ\eb\Z_lky�^h�\uiheg_gby�mkeh\by�l_dms_]h�kh[ulby�

L_f�kZfuf�ijhkl_crZy�dhgp_ipby�^bohlhfbq_kdh]h�ijbagZdZ�H`b^Z-
gb_�hdZau\Z_lky�^hklZlhqghc�^ey�hibkZgby� \k_]h�jZaghh[jZaby�ijhp_kkh\
j_Zevgh]h�\j_f_gb��D�ijbf_jm��hlkmlkl\b_�ijbagZdZ�H`b^Zgb_�\h�\aZbfh-
^_ckl\bb�k�pbdehf�beb�i_j_oh^hf�iha\hey_l�hj]Zgbah\u\Zlv�©eh\mrdbª�gZ
ex[h_� ba� g_kdhevdbo� jZaebqguo� kh[ulbc−mkeh\bc� �h^gZdh� a^_kv� ke_^m_l
[ulv�\gbfZl_evguf��qlh[u�g_� ©aZ\bkgmlvª�\�pbde_��mkeh\by�dhlhjh]h�gb-
dh]^Z�g_�\uihegyxlky��

ÆåÚÙæç×Õ�éãåáÝåã×ÕâÝô� äåãçãßãàÕ� ijhklu� b� \dexqZxl� ke_^mx-
sb_�^_ckl\by�

:dlb\babjh\Zlv� g_dhlhjmx� ihabpbx� lZ[ebpu� ijhlhdheZ� �kf�� jbk�
������fh`gh�s_eqdhf�furb�beb�i_j_f_s_gb_f�ih�g_c�deZ\brZfb�mijZ\-
e_gby�dmjkhjhf�
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Qlh[u� baf_gblv� g_dhlhjmx� ihabpbx� ijhlhdheZ�� ke_^m_l� ^\Z`^u
s_edgmlv�ih�g_c�furvx� �beb�gZ`Zlv�{&OUFS��gZ�Zdlb\ghc�ihabpbb��²
ihy\blky� \udb^gh_�f_gx� \u[hjZ�� \� dhlhjhf� gZ^h� ^\Z`^u�s_edgmlv�fu-
rvx�ih�gm`ghc�ihabpbb��beb�gZ`Zlv�{&OUFS��gZ�Zdlb\ghc�ihabpbb��

Qlh[u�\klZ\blv�gh\mx�kljhdm��gZ^h�Zdlb\babjh\Zlv�__�b�gZ`Zlv�deZ-
\brm�{*OT�.

Qlh[u� m^Zeblv� kljhdm�� gZ^h� Zdlb\babjh\Zlv� __� b� gZ`Zlv� deZ\brm
{%FM�.

¿ãâçÚßæçâãÚ�áÚâó� Djhf_�lh]h��wlb�\hafh`ghklb�^m[ebjmxlky�b�ih^-
kdZau\Zxlky� \� \udb^ghf� f_gx�� \uau\Z_fhf� ijZ\hc� dghidhc� furb� b
\dexqZxs_f�ke_^mxsb_�imgdlu�

• baf_gblv�ihabpbx�&OUFS�;
• \klZ\blv�kljhdm�{*OT�;
• m^Zeblv�kljhdm�{%FM�;
• hqbklblv�lZ[ebpm�{$USM�+{%FM�;
• wdkihjlbjh\Zlv�ijhlhdhe�
• bfihjlbjh\Zlv�ijhlhdhe�
• \uclb�ba�f_gx�{&TD�;
• \uclb�ba�ijhlhdheZ�{'���.
Hi_jZpbb� wdkihjlZ/bfihjlZ� ijhlhdheh\� \

l_dklh\hc�nhjf_��nZceu�*.prt��ihe_agu�^ey�khklZ\e_gby�keh`guo�ijhlhdh-
eh\�� ]^_� ih\lhjyxlky� h^bgZdh\u_� k� g_[hevrbfb� \ZjbZpbyfb� ihke_^h\Z-
l_evghklb�kh[ulbc��Z�lZd`_�^ey�dhfihgh\db�gh\h]h�ijhlhdheZ�ba�g_kdhev-
dbo�\ZjbZglh\��LZdb_�hi_jZpbb�gZfgh]h�ijhs_�ijhklh�k^m[ebjh\Zlv��gh�g_
baf_gylv��� \h� \g_rg_f� j_^Zdlhj_�� q_f� ihkljhqgh� \\h^blv� \� ijhlhdhe_�
Djhf_�lh]h��^ebggu_�ijhlhdheu�ijhs_�qblZlv�\�l_dklh\hf�\b^_��q_f�\�lZ[-
ebp_�ijhlhdheZ��<�nZceZo�wdkihjlZ�dZ`^Zy�l_dklh\Zy�kljhdZ�ijhlhdheZ�kh-
ijh\h`^Z_lky�kijZ\Z�dh^h\hc�bgnhjfZpb_c�h�__�ihabpbyo��b�wlh�dh^u�lZd-
`_�gZ^h�khojZgylv�ijb�i_j_ghk_�kljhd��Baf_g_gguc�\�l_dklh\hf�\b^_�ijh-
lhdhe�gZ^h�khojZgblv��Z�aZl_f�bfihjlbjh\Zlv��ihke_�q_]h�fh`gh�ijhba\h-
^blv�j_^Zdlhjkdb_�baf_g_gby�kljhd�

>ey�bkdexq_gby�ijhlhdheZ�ba�ieZgZ�bkke_^h\Zgby�ke_^m_l�ijhklh�hqb-
klblv�lZ[ebpm�ijhlhdheZ��>ey�hdhgqZgby�nhjfbjh\Zgby�ijhlhdheZ�ke_^m_l
aZdjulv�hdgh�lZ[ebpu�beb�gZ`Zlv�deZ\brm�{'���.

ÃäÚåÕëÝÝ�� <� jZfdZo� ijhlhdheZ� hij_^_e_gu� ke_-
^mxsb_�r_klv�lbih\�^_ckl\bc�gZ^�h[t_dlZfb��jbk��������
��� <dexqblv��ZdlmZebah\Zlv��mdZaZgguc�h[t_dl��Z�bf_g-

gh��aZibkv�^Zgguo�gZ�^bkd��mijZ\eyxsbc�kb]gZe��aZ-
^Zggmx�\g_rgxx�ijh]jZffm��ZgZeba�^Zgguo��wdjZg�
kbkl_fguc�ijbagZd�b�^j���kf��^Ze__��

��� <udexqblv��^_ZdlmZebah\Zlv��mdZaZgguc�h[t_dl�
��� I_j_clb�d�\uiheg_gbx�mdZaZgghc�kljhdb�ijhlhdheZ

�[_amkeh\gh�beb�ih�\uiheg_gbx�mkeh\by). I_j_oh^u
Jbk��������F_gx
\u[hjZ�hi_jZpbc
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bkihevamxlky�^ey�baf_g_gby�ebg_cgh]h�ihjy^dZ�bkiheg_gby�ijhlhdheZ�
��� GZqZlv�pbde�gZ�aZ^Zggh_�qbkeh�ih\lhj_gbc�ihke_^mxsbo�kljhd�ijhlh-

dheZ�
��� Ih\lhjblv�pbde�kh]eZkgh�\ur_jZkiheh`_gghfm�\�ijhlhdhe_�iZjghfm

gZqZem�pbdeZ��i_j_clb�gZ�gZqZeh�pbdeZ��_keb�g_�bkq_jiZgh�aZ^Zggh_�^ey
g_]h�qbkeh�ih\lhj_gbc���L_f�kZfuf�hi_jZpbb�gZqZeZ�b�ih\lhj_gby�pbd-
eZ�y\eyxlky�k\h_h[jZagufb�kdh[dZfb��h]jZgbqb\Zxsbfb�k�^\mo�klhjhg
ihke_^h\Zl_evghklv�kh[ulbc��dhlhjmx�g_h[oh^bfh�ih\lhjblv�aZ^Zggh_
qbkeh�jZa�

���<u^_j`Zlv�iZmam��mkeh\gmx�beb�\j_f_ggmx��
DZd�g_ljm^gh�aZf_lblv��h[t_dlu�nb]mjbjmxl�lhevdh�\�hi_jZpbyo�\dex-

qblv−\udexqblv. Mkeh\by�^himklbfu�^ey�\k_o�hi_jZpbc��djhf_�pbde�b�ih-
\lhjblv.

ÃÖïÚßçð� H[t_dlZfb� hi_jZpbc� \dexq_gby�\udexq_gby�fh]ml� [ulv�
aZibkv� gZ� ^bkd�� wdjZg�� mijZ\eyxsbc� kb]gZe�� ijbagZd�� ijh]jZffZ�� ZgZeba
^Zgguo��hleZ^qbd�b�^j���jbk��������

¼ÕäÝæñ� ÙÕââðê� <dexq_gb_�\udexq_gb_� aZibkb� [bh-
kb]gZeh\�gZ�^bkd�iha\hey_l�mijZ\eylv�ijhp_kkhf�j_]bkljZ-
pbb�b�jZaf_jhf�bgl_j\ZeZ�gZ[ex^_gby�

• kh[ulb_�\dexqblv�aZibkv�h[gmey_l�[mn_j�j_]bkljZpbb�
ihke_�q_]h�[mn_j�gZqbgZ_l�aZihegylvky�Zfieblm^Zfb
kb]gZeh\�khjZaf_jgh�mklZgh\e_gghc�qZklhl_�j_]bkljZ-
pbb��Z�jZa\_jldZ�fhgblhjZ�b^_l�k�gZqZeZ�wdjZgZ�

• ih�kh[ulbx�\udexqblv�aZibkv�bgl_j\Ze�gZ[ex^zgguo
kb]gZeh\�ba�[mn_jZ�j_]bkljZpbb�i_j_ibku\Z_lky�gZ�fZ]-
gblguc�^bkd��_keb�aZdZaZg�nZce�aZibkb�kb]gZeh\��
ÒßåÕâ� <dexq_gb_�\udexq_gb_� wdjZgZ� fh`gh� bkihev-

ah\Zlv�\�dZq_kl\_�\kihfh]Zl_evgh]h�kj_^kl\Z�j_]mebjh\Zgby
ijhp_kkZ� fhgblhjbjh\Zgby� kb]gZeh\� gZ� wdjZg_� j_Zevgh]h
\j_f_gb�^ey�^hklb`_gby�[hevr_c�gZ]ey^ghklb��<dexq_gb_

wdjZgZ�fh`gh�ijhba\h^blv�i_j_^�\dexq_gb_f�aZibkb��Z�\udexq_gb_�²�ih-
ke_�\udexq_gby�aZibkb��Lh]^Z�gZ�fhgblhj_�[m^_l�lhevdh�jZa\_jldZ�hq_j_^-
gh]h�bgl_j\ZeZ�gZ[ex^_gby�b�g_�[m^_l�jZa\_jldb�kb]gZeh\�\�l_q_gb_�jZa-
ebqguo�l_ogheh]bq_kdbo�iZma��Djhf_�lh]h��\dexq_gb_�wdjZgZ�h[_ki_qb\Z_l
\bamZebaZpbx�gZdhie_ggh]h�bgl_j\ZeZ�gZ[ex^_gby�\�j_`bf_�hleh`_ggh]h
fhgblhjbjh\Zgby��kf��jZa^�������

<udexq_gb_�wdjZgZ�g_h[oh^bfh�\�kemqZ_�_]h�bkihevah\Zgby�^ey�^jm]bo
wdki_jbf_glZevguo� p_e_c�—� ^ey� ajbl_evghc� klbfmeypbb�� \� dZq_kl\_� bg-
nhjfZpbhggh]h�ihey�bkiulm_fh]h�b�l��i�

ÈäåÕ×àôóîÝÚ�æÝØâÕàð�ih^Zxlky�gZ�\hkvfbjZajy^guc�\uoh^ghc�ihjl
dhgljhee_jZ� :PI�� dhlhjuc� fh`_l� bkihevah\Zlvky� ^ey� \dexq_-
gby�\udexq_gby�\g_rgbo�mkljhckl\��gZijbf_j�—�klbfmeylhjh\��kf��jZa^�

Jbk��������F_-
gx�\u[hjZ
h[t_dlh\
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��������<� ijhlhdhe_� bf_xlky� ljb�nhjfu� aZ^Zgby� mijZ\eyxsbo� kb]gZeh\�
khhl\_lkl\_ggh�jZaebqguf�\ZjbZglZf�mijZ\e_gby�\g_rgbfb�mkljhckl\Zfb�
MijKb]�²�aZ^Z_lky�ghf_j�mijZ\eyxs_]h�kb]gZeZ��hl���^h�����dhlhjuc�mk-
lZgZ\eb\Z_l��hi_jZpby�<dexqblv��beb�h[gmey_l��hi_jZpby�<udexqblv)
khhl\_lkl\mxsbc�jZajy^�\uoh^gh]h�mijZ\eyxs_]h�ihjlZ�:PI�

MijDh^�²�aZ^Z_lky�r_klgZ^pZl_jbqguc�dh^��gZijbf_j���$��)���((���mklZ-
gZ\eb\Z_fuc�\�\uoh^ghc�ihjl��\h�\k_�_]h�jZajy^u��

MijIja�²�\�\uoh^ghc�ihjl�mklZgZ\eb\Z_lky��ih�hi_jZpbb�<dexqblv��agZ-
q_gb_�kbkl_fgh]h�ijbagZdZ,�lZdhc�\ZjbZgl�[u\Z_l�ihe_a_g��dh]^Z�mijZ\-
eyxsbc�dh^�beb�kb]gZe�ij_^\Zjbl_evgh�nhjfbjm_lky�\�\b^_�agZq_gby
kbkl_fgh]h�ijbagZdZ�
ÄåÝÜâÕßÝ� Kbkl_fguc�ijbagZd�ij_^klZ\ey_l�kh[hc�^hklmigmx�ihevah-

\Zl_ex� \gmlj_ggxx� �−[blh\mx� i_j_f_ggmx�� agZq_gby� dhlhjhc� fh`gh
nhjfbjh\Zlv�b�bkihevah\Zlv�ijb�ijh\_jd_�mkeh\bc�b�j_ZebaZpbb�mijZ\e_-
gbc��<�ijhlhdhe_�bf_xlky�^\_�nhjfu�aZ^Zgby�agZq_gbc�ijbagZdh\�
IjbagZd�²�aZ^Z_lky�ghf_j�[blZ�ijbagZdZ��hl���^h�����dhlhjuc�mklZgZ\eb\Z-
_lky�\����hi_jZpby�<dexqblv��beb�h[gmey_lky��hi_jZpby�<udexqblv);

IjaDh^�²�aZ^Z_lky�r_klgZ^pZl_jbqguc�dh^��gZijbf_j���$��)���((���mklZ-
gZ\eb\Z_fuc�\�ijbagZd��\h�\k_�_]h�jZajy^u��ih�hi_jZpbb�<dexqblv).
ÆÝØâÕà��H[t_dl�Kb]gZe i, i=1–8��iha\hey_l�aZ^Z\Zlv�nbdlb\gh_�agZq_-

gb_� \oh^gh]h� kb]gZeZ��Wlh� [u\Z_l� ihe_agh� ^ey� \uiheg_gby� ki_pbZevguo
hlf_lhd�\�aZibkb�h�jZaebqgh]h�jh^Z�kh[ulbyo��LZdZy�hlf_ldZ�kms_kl\m_l�b
hljZ`Z_lky�\�aZibkb�lhevdh�\�l_q_gb_�h^gh]h�^bkdj_lZ�\j_f_gb��ihkdhevdm
\�ke_^mxsbc�^bkdj_l�hgZ�[m^_l�aZf_g_gZ�gZ�j_Zevgh_�agZq_gb_��kqblZggh_
k�\oh^gh]h�j_]bkljZ�:PI�

ÆçÝáèàð� ij_^gZagZq_gu� ^ey� mijZ\e_gby� \kljh_gguf� klbfmeylhjhf
�kf��jZa^�� ������klbfmeylhj�^he`_g�[ulv� aZ^_ckl\h\Zg�\�ieZg_�bkke_^h\Z-
gby�ql_gb_f�nZceZ�klbfmeylhjZ�\�imgdl_�Dhgkljmdlhj�f_gx�ieZgbjh\Z-
gby� bkke_^h\Zgby��� H[t_dl� Klbfme i, i=1–15�� i_j_^Z_l� �ih� hi_jZpbb
<dexqblv) ghf_j�klbfmeZ�i�gZ�klbfmeylhj��H[t_dl�KlbfIja��mklZgZ\eb\Z-
_l�klbfme��jZ\guc� agZq_gbx�kbkl_fgh]h�ijbagZdZ��LZdhc�\ZjbZgl�[u\Z_l
ihe_a_g��dh]^Z�ghf_j�klbfmeZ�ij_^\Zjbl_evgh�nhjfbjm_lky�\�\b^_� agZq_-
gby�kbkl_fgh]h�ijbagZdZ.

µâÕàÝÜ� Hi_jZpby� \dexq_gb_�ZgZebaZ� khklhbl� \� \uiheg_gbb�mklZgh\-
e_ggh]h� wdkij_kk−ZgZebaZ� �kf�� jZa^�� ������ gZ^� gZdhie_gguf� bgl_j\Zehf
gZ[ex^_gby�� Hi_jZpby� \udexq_gb_� ZgZebaZ� khklhbl� \� \bamZebaZpbb� j_-
amevlZlh\�ijh\_^_ggh]h� wdkij_kk−ZgZebaZ��ihwlhfm�hgZ�^he`gZ� ke_^h\Zlv
aZ�\dexq_gb_f�ZgZebaZ��H^gZdh�\udexq_gb_�ZgZebaZ�fh`_l�hlkmlkl\h\Zlv�
_keb�^Zevg_crZy�h[jZ[hldZ�b�beb�\bamZebaZpby�j_amevlZlh\�ijh\h^ylky�^Z-
e__�\dexqZ_fhc�ki_pbZevgh�ih^]hlh\e_gghc�ijh]jZffhc�ihevah\Zl_ey�

ÃçàÕÙìÝß� Ijb�\dexq_gbb�hleZ^qbdZ�\�aZ]heh\d_�fhgblhjZ�ihy\ey_l-
ky�^hihegbl_evgZy�gZ^ibkv�� \�dhlhjhc�mdZau\Z_lky� l_dmsZy� \uihegy_fZy
kljhdZ�ijhlhdheZ��Z�lZd`_�khklhygb_�j_]bkljh\�\oh^guo�b�\uoh^guo�kb]-
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gZeh\��>ey�gZ^_`gh]h�\bamZevgh]h�hleZ^hqgh]h�dhgljhey�\uiheg_gby�ijh-
lhdheZ�gZ�\j_fy�hleZ^db�j_dhf_g^m_lky�mf_gvrblv�qZklhlm�^bkdj_lbaZpbb
\� ieZg_� bkke_^h\Zgby��<� j_`bf_� hleZ^db� \� \_jog_c� aZ]heh\hqghc� kljhd_
fhgblhjZ�\u^Zxlky�ke_^mxsb_�ihdZaZl_eb�
• bg^bdZlhj�khklhygby�\oh^guo�^bkdj_lguo�dZgZeh\�
• bg^bdZlhj�\dexq_gby�\udexq_gby�mijZ\eyxsbo�\uoh^guo�dZgZeh\�
• bg^bdZlhj�l_dms_c�\uihegy_fhc�kljhdb�ijhlhdheZ�

Ijbf_qZgb_� Hi_jZpbb�aZibkb�gZ�^bkd��\uiheg_gby�ZgZebaZ�beb�\g_r-
g_c�ijh]jZffu�fh]ml� aZgbfZlv�p_euc� jy^� lZdlh\� kbkl_fgh]h� \j_f_gb� �\
aZ\bkbfhklb�hl�mklZgh\e_gghc�qZklhlu�^bkdj_lbaZpbb��b� \� l_q_gb_� wlh]h
ijhf_`mldZ�j_]bkljZpby�\g_rgbo�kb]gZeh\�g_�\_^_lky��H^gZdh�ih�hdhgqZ-
gbb� hi_jZpbb� kq_lqbd� kbkl_fgh]h� \j_f_gb� Z\lhfZlbq_kdb� k^\b]Z_lky� gZ
ijhbkl_dr__� qbkeh� lZdlh\� kbkl_fgh]h� \j_f_gb��Wlh� ke_^m_l� mqblu\Zlv� \
lhf�kemqZ_��_keb�ihke_^mxsb_�kh[ulby�g_h[oh^bfh�hkms_kl\eylv�k�lhqghc
ijb\yadhc�d�Zkljhghfbq_kdhfm�\j_f_gb�

LZd��gZijbf_j��\�k_jbb�bkke_^h\Zgbc��ijh\h^bfuo�\�Imsbgkdhf�bgklb-
lml_�[bhnbabdb�de_ldb��g_h[oh^bfh�[ueh�klbfmebjh\Zlv�wdki_jbf_glZev-
gh_�`b\hlgh_�k�qZklhlhc�l_lZ−jblfZ� ���=p��b�k�aZibkvx�WW=−hl\_lh\�^ey
dZ`^h]h� klbfmeZ� gZ� ^bkd�� LZdh_� bkke_^h\Zgb_�fh]eh� [u� ijh\h^blvky� ih
ijhlhdhem�� koh^ghfm� k� 6(3����ba�jZa^�� ����� ]^_� \u[jZggZy�iZmaZ� \�dhgp_
dZ`^h]h�ij_^ty\e_gby�h[_ki_qb\ZeZ�[u�gZqZeh�ke_^mxs_]h�ij_^ty\e_gb_
q_j_a�\j_fy��djZlgh_�����=p� �����k��H^gZdh�\_ebqbgZ�lZdhc�iZmau�^he`gZ
[ulv�g_�f_g__�aZ^_j`db��\ua\Zgghc�aZibkvx�hq_j_^gh]h�bgl_j\ZeZ�gZ[ex-
^_gby�gZ�^bkd��dhlhjZy�\�k\hx�hq_j_^v�aZ\bkbl�hl�fgh`_kl\Z�nZdlhjh\��\_-
ebqbgu�wlh]h�bgl_j\ZeZ��qbkeZ�dZgZeh\�j_]bkljZpbb��[ukljh^_ckl\by�ijh-
p_kkhjZ�b�`_kldh]h�^bkdZ�b�l��i��Hp_gblv�\_ebqbgm�wlhc�aZ^_j`db�fh`gh
lhevdh�wdki_jbf_glZevgh��>ey�wlh]h�ke_^m_l�\uihegblv�\�pbde_�^hklZlhq-
gh�fgh]h��ihjy^dZ������b�[he__��ih^h[guo�aZibk_c�b�aZk_qv�ih�k_dmg^hf_-
jm��beb�dZdbf�eb[h�^jm]bf�kihkh[hf��aZljZq_ggh_�gZ�wlh�\j_fy�

Èæàã×Ýô��Ihabpby�Mkeh\b_�hij_^_ey_l��dh]^Z�beb�ijb�gZebqbb�dZdbo
mkeh\bc�^he`gZ�[ulv�\uiheg_gZ�khhl\_lkl\mxsZy�hi_jZpby� �j_Zebah\Zgh
dhgdj_lgh_�kh[ulb_���Mkeh\by�[u\Zxl�ke_^mxsbo�lbih\��jbk��������
• Hlkmlkl\b_�mkeh\by��G_l��hagZqZ_l�[_amkeh\gh_�\uiheg_gb_�^_ckl\by�
• GZklmie_gb_�aZ^Zggh]h��<j_fy��beb�kemqZcgh�\u[jZggh]h�\�aZ^Zgghf

bgl_j\Ze_��Kemq<j) fhf_glZ�\j_f_gb�k�hlkq_lhf�\j_f_gb�hl�ij_^r_kl-
\mxs_]h�kh[ulby��\j_fy�baf_jy_lky�\�lZdlZo�khhl\_lkl\_ggh�mklZgh\-
e_gghc�qZklhl_�^bkdj_lbaZpb��

• Ihy\e_gb_�\g_rgbo�kb]gZeh\�gZ��−jZajy^ghf�\oh^ghf�ihjlm�dhgljhe-
e_jZ�:PI��Kb]gZe� Kb]gDh^�b�Kb]Ija).

• GZ`Zlb_�gZ�aZ^Zggmx�deZ\brm�deZ\bZlmju�dhfivxl_jZ��_keb�deZ\brZ
g_�mdZaZgZ��lh�mkeh\b_�\uihegy_lky�ijb�ex[hc�gZ`Zlhc�deZ\br_.
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• GZebqb_�aZ^Zggh]h�khklhygby�kbkl_fgh]h�ijbagZdZ
(IjbagZd�b�IjaDh^).

• <_jhylghklgh_�mkeh\b_�²�kh[ulb_�ijhbkoh^bl�k�mdZ-
aZgghc�\_jhylghklvx��\_jhylghklv�mdZau\Z_lky�\�ijh-
p_glZo���bkihevah\Zgb_�wlh]h�lbiZ�kh[ulby�ihe_agh�^ey
bkdexq_gby�g_`_eZl_evguo�wnn_dlh\�ijb\udZgby�b
ijh]ghabjh\Zgby��k\hckl\_ggh]h�`b\uf�kms_kl\Zf�

• Mkeh\b_�\uiheg_gby�aZ^Zggh]h�eh]bq_kdhc�nhjfmehc
hlghr_gby�f_`^m�kbkl_fgufb�i_j_f_ggufb�

• Ijhba\_^_ggZy�^h�wlh]h�ih^ZqZ�kb]gZeZ�aZ^Zggh]h�gh-
f_jZ�gZ�\kljh_gguc�klbfmeylhj��kf��jZa^��������
Ijbf_qZgb_��<h�fgh]bo�bkke_^h\Zgbyo��dhlhju_�ih�l_f

beb� bguf� ijbqbgZf� ljm^gh�fgh]hdjZlgh� ih\lhjylv�� lj_-
[m_lky��qlh[u�aZ^Zggu_�^\_�Zevl_jgZlb\gu_�\_l\b�kh[ulbc

\�l_q_gb_� wdki_jbf_glZ�j_Zebah\u\Zebkv�khhl\_lkl\_ggh� aZ^Zgghfm� khhl-
ghr_gbx� \_jhylghkl_c��<� lh�`_� \j_fy�� _keb�ijhklh�bkihevah\Zlv� ^Zlqbd
kemqZcguo�qbk_e�� lh�\�bo�dhg_qguo�ihke_^h\Zl_evghklyo�qZklh� �ih�qbklh
kemqZcguf� ijbqbgZf�� [m^ml� bf_lv� f_klh� kms_kl\_ggu_� hldehg_gby� hl
jZ\ghf_jgh]h�aZdhgZ�jZkij_^_e_gby�\_jhylghkl_c��Ihwlhfm�^ey�\_jhylgh-
klgh]h� mkeh\by�� gh� ijbf_gbl_evgh� lhevdh� d� h^ghfm� ^_ckl\bx� I_j_clb
\\_^_gZ� ki_pbZevgZy� dhjj_dlbjh\dZ� kemqZcghc�ihke_^h\Zl_evghklb� \u[h-
jZ��qlh[u�aZ^ZggZy�\_jhylghklv�\k_]^Z�\uihegyeZkv�\�l_q_gb_�wdki_jbf_g-
lZ�k�hldehg_gb_f�g_�[he__�����hl�k\h_]h�aZ^Zggh]h�agZq_gby�

·åÚáô� <j_f_ggh_� mkeh\b_� lj_[m_l� aZ^Zgby�^ebl_evghklb�b�bf__l�^\_
fh^bnbdZpbb�
• <j_fy�²�nbdkbjh\Zgguc�\j_f_gghc�bgl_j\Ze�hl�ij_^u^ms_]h�kh[u-

lby��aZ^Z\Z_fuc�_]h�^ebl_evghklvx�\�lZdlZo�kbkl_fgh]h�\j_f_gb�
• Kemq<j�²�ieZ\Zxsbc�\j_f_gghc�bgl_j\Ze�hl�ij_^u^ms_]h�kh[ulby�

\u[bjZ_fuc�ih�kemqZcghfm�jZ\ghf_jghfm�aZdhgm�jZkij_^_e_gby�hl�gm-
ey�^h�aZ^Zgghc�^ebl_evghklb�
Ijbf_qZgb_��AZ^Zgb_�\j_f_gguo�mkeh\bc�\�Z[kljZdlguo�_^bgbpZo��lZd-

lZo�kbkl_fgh]h�\j_f_gb��hij_^_e_gguo�mklZgh\e_gghc�qZklhlhc�^bkdj_lb-
aZpbb��fh`_l�\ua\Zlv�hij_^_e_ggu_�g_m^h[kl\Z��gZijbf_j���g_h[oh^bfhklv
jmqghc�dhjj_dpbb�ijhlhdheZ�\�kemqZ_�baf_g_gby�qZklhlu�hijhkZ�dZgZeh\�
H^gZdh� ij_bfms_kl\hf� lZdh]h� ih^oh^Z� y\ey_lky� \hafh`ghklv� hleZ^db
ijhlhdheZ�gZ�f_^e_gghc�kdhjhklb�[_a�baf_g_gby�\j_f_gguo�iZjZf_ljh\��Z
lZd`_� hlkmlkl\b_� ihl_jb� lhqghklb� ijb� \gmljbkbkl_fghf� ij_h[jZah\Zgbb
ijhlhdheZ��dhfibeypbb��^ey�bkiheg_gby�

ÆÝØâÕà� <oh^gu_� kb]gZeu� ihklmiZxl� gZ� \hkvfbjZajy^guc� \oh^ghc
ihjl�dhgljhee_jZ�:PI� �ih^jh[g__� kf��jZa^�� ��������<�ijhlhdhe_�bf_xlky
ljb�nhjfu�dhgljhey�ihklmie_gby�\oh^guo�kb]gZeh\�
• Kb]gZe�²�dhgljhebjm_lky�gZebqb_�_^bgbpu�\�[bl_�\oh^gh]h�ihjlZ��aZ-

^Zggh]h�_]h�ihjy^dh\uf�ghf_jhf�\�mkeh\bb��hl���^h����

Jbk��������F_gx
\u[hjZ�mkeh\bc
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• Kb]Dh^�²�dhgljhebjm_lky�gZebqb_�\hkvfbjZajy^gh]h�dh^Z�gZ�\oh^ghf
ihjlm��aZ^Zggh]h�r_klgZ^pZl_jbqghc�dhgklZglhc�\�mkeh\bb��gZijbf_j�
0A, F1, EE);

• Kb]Ija�²�dhgljhebjm_lky�gZebqb_�\hkvfbjZajy^gh]h�dh^Z�gZ�\oh^ghf
ihjlm��khhl\_lkl\mxs_]h�l_dms_fm�agZq_gbx�kbkl_fgh]h�ijbagZdZ.
ÄåÝÜâÕßÝ� Kbkl_fguc�ijbagZd�ij_^klZ\ey_l�kh[hc�^hklmigmx�ihevah-

\Zl_ex� \� dZq_kl\_� _]h� jZ[hq_c� iZfylb� \gmlj_ggxx� �−[blh\mx� i_j_f_g-
gmx��<�ijhlhdhe_�bf_xlky�^\_�nhjfu�dhgljhey�agZq_gbc�ijbagZdh\�
• IjbagZd�²�dhgljhebjm_lky�gZebqb_�_^bgbpu�\�[bl_�ijbagZdZ��aZ^Zggh-

]h�_]h�ihjy^dh\uf�ghf_jhf�\�mkeh\bb��hl���^h����
• IjaDh^�²�dhgljhebjm_lky�gZebqb_�\hkvfbjZajy^gh]h�dh^Z�m�ijbagZdZ�

aZ^Zggh]h�r_klgZ^pZl_jbqghc�dhgklZglhc�\�mkeh\bb��gZijbf_j���$��)��
EE).
ÃçâãíÚâÝô� Mkeh\by� \uiheg_gby� aZ^Zggh]h� nhjfmehc� hlghr_gby

f_`^m�kbkl_fgufb�i_j_f_ggufb�y\eyxlky�qj_a\uqZcgh�fhsguf�kj_^kl-
\hf�hj]ZgbaZpbb� wdki_jbf_glh\�k�jZaebqgufb�lbiZfb�[bheh]bq_kdhc�h[-
jZlghc�k\yab�

Ijb� \u[hj_� mkeh\by� lbiZ� hlghr_gb_� ihy\ey_lky� klZg^Zjlguc� [eZgd
nhjfme��kf��jZa^����������\�dhlhjhf�gm`gh�\u[jZlv�h^gh�ba�aZjZg__�\\_^_g-
guo�eh]bq_kdbo�mkeh\bc��beb�\\_klb�gh\h_�mkeh\b_���<�wlhf�mkeh\bb��djh-
f_�Ze]_[jZbq_kdbo�b�eh]bq_kdbo�hi_jZpbc�fh`gh�bkihevah\Zlv�ke_^mxsb_
i_j_f_ggu_�b�nmgdpbb��]^_�iZjZf_lj�k�hagZqZ_l�ex[h_�Ze]_[jZbq_kdh_�\u-
jZ`_gb_��hij_^_eyxs__�ghf_j�dZgZeZ��

x(k)�²�l_dmsZy�Zfieblm^Z�kb]gZeZ�>fd<@�gZ�dZgZe_�ghf_j�k;
amax(k,t1,t2)�²�agZq_gb_�fZdkbfZevghc�Zfieblm^u�kb]gZeZ�>fd<@�gZ�dZ-
gZe_�ghf_j�k�\�bgl_j\Ze_�\j_f_gb�t1–t2 [c];

amin(k,t1,t2)�²�agZq_gb_�fbgbfZevghc�Zfieblm^u�kb]gZeZ�>fd<@�gZ�dZ-
gZe_�ghf_j�k�\�bgl_j\Ze_�\j_f_gb�t1–t2 [c];

tmax�²�l_dmsZy�^ebgZ�bgl_j\ZeZ�gZ[ex^_gby�>F@�
ts(k)�²�\j_fy�^bkdj_lgh]h�kb]gZeZ�k�ghf_jhf�k �\oh^gu_�kb]gZeu�gmf_-
jmxlky�hl���^h����Z�\uoh^gu_�kb]gZeu�²�hl���^h�����

in�²�l_dms__�khklhygb_�j_]bkljZ�\oh^guo�^bkdj_lguo�kb]gZeh\��agZq_-
gby�\oh^gh]h�\uoh^gh]h�kb]gZeh\�fh`gh�aZ^Z\Zlv�^_kylbqguf�qbkehf
�hl���^h������beb�`_�^\magZqghc�r_klgZ^pZl_jbqghc�dhgklZglhc�k
ij_nbdkhf����gZijbf_j���)$����&�

out�²�l_dms__�khklhygb_�j_]bkljZ�mijZ\eyxsbo�\uoh^guo�^bkdj_lguo
kb]gZeh\��ZgZeh]bqgh��

anal(k,i)�²�j_amevlZl�\uiheg_ggh]h�wdkij_kk−ZgZebaZ�ih�dZgZem�ghf_j�k,
]^_�iZjZf_lj�i�aZ\bkbl�hl�\b^Z�wdkij_kk−ZgZebaZ�

• ^ey�ki_dljZ��i� �qZklhlZ�ki_dljZevghc�]Zjfhgbdb��Z�ijhp_^mjZ�\u-
^Z_l�Zfieblm^m�ki_dljZevghc�]Zjfhgbdb�

• ^ey�dZjlbjh\Zgby�� i� �ihjy^dh\uc�ghf_j�qZklhlgh]h�^bZiZahgZ��Z
ijhp_^mjZ�\u^Z_l�kj_^gxx�Zfieblm^m�ki_dljZ�\�^bZiZahg_�
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• ^ey�WD=−ZgZebaZ��i� �ihjy^dh\uc�ghf_j�WD=−ihdZaZl_ey��Z�ijh-
p_^mjZ�\u^Z_l�kj_^g__�agZq_gb_�wlh]h�ihdZaZl_ey�

!��! ������ �� ���!�²�hi_jZpbb�kjZ\g_gby�
&, _�²�eh]bq_kdb_�hi_jZpbb�B��BEB�
±���
���A�����²�Ze]_[jZbq_kdb_�hi_jZpbb�b�kdh[db�
ABS, INT, SQR, SGN, EXP, LN, LOG�²�Ze]_[jZbq_kdb_�nmgdpbb�
ÃÛÝÙÕâÝÚ�

Ihabpby�@^_f >Z�G_l� hij_^_ey_l�� ijhbkoh^bl
beb�g_l�ijbhklZgh\dZ�bkiheg_gby�ijhlhdheZ�gZ�^Zg-
ghf�kh[ulbb�k�h`b^Zgb_f�fhf_glZ��dh]^Z�wlh�mkeh-
\b_�\uihegy_lky��klZgh\blky�©bklbggufª��

IjbagZd�G_l�ihe_agh�bkihevah\Zlv�^ey�h`b^Zgby�bkiheg_gby�ex[h]h
ba�g_dhlhjh]h�fgh`_kl\Z�kh[ulbc��gZijbf_j�

���I_j_clb ������������DeZ\brZ s�G_l
���I_j_clb ������������Kb]gZe ���G_l
���I_j_clb ������������<j_fy ����>Z

A^_kv�\�pbde_�h`b^Z_lky�gZklmie_gb_�ex[h]h�ba�^\mo�kh[ulbc��gZ`Zlb_
gZ� deZ\brm� s�beb�`_�ijboh^� ^bkdj_lgh]h� \oh^gh]h� kb]gZeZ�ih� dZgZem� ��
Ke_^m_l� h[jZlblv� \gbfZgb_�� qlh� \hah[gh\e_gb_� pbdeZ� h`b^Zgby� �kljhdZ
�����ijhba\h^blky�kimkly�h^bg�\j_f_gghc�lZdl��ihkdhevdm�^ey�\hagbdgh\_-
gby�gh\uo�kh[ulbc�lj_[m_lky�\j_fy��Ijb�hlkmlkl\bb�\j_f_ggh]h�mkeh\by�\
kljhd_����ijh]jZffZ�j_Zevgh]h�\j_f_gb�©aZ\bkeZª�[u�\�wlhf�pbde_�

ÃçàÕÙßÕ��Ki_pbZevgZy�hleZ^dZ�lj_[m_lky�lhevdh�^ey�hq_gv�^ebgguo�b
keh`ghhj]Zgbah\Zgguo�ijhlhdheh\��G_bkijZ\ghklb�`_�\�ijhkluo�ijhlhdh-
eZo�hq_\b^gu�b�g_\hhjm`_gghfm�]eZam�

>ey� hleZ^db� \� gZqZeh� ijhlhdheZ� ke_^m_l� ^h[Z\blv� kljhdm� \dexq_gby
hleZ^hqgh]h�j_`bfZ��Lh]^Z�\�aZ]heh\d_�fhgblhjZ�[m^_l�hlh[jZ`Zlvky�bg-
nhjfZpby�h�\uihegy_fuo�kljhdZo�b�khklhygb_�\oh^gh]h�b�\uoh^gh]h�ihj-
lh\�

HleZ^dm�j_dhf_g^m_lky�ijh\h^blv�gZ�[he__�f_^e_gghc�kdhjhklb��iha\h-
eyxs_c� \bamZevgh� ke_^blv� aZ� \k_fb� wlZiZfb� _]h� \uiheg_gby��>ey� wlh]h
ke_^m_l� \u[jZlv� ih^oh^ysmx� lZdlh\mx� qZklhlm� k� ihfhsvx� f_gx� ieZ�
gbjh\Zgby�wdki_jbf_glZ�

?keb�ijhlhdhe�^he`_g�j_Z]bjh\Zlv�gZ�\oh^gu_�kb]gZeu��lh�`_eZl_evgh
ba]hlh\blv�bo�bfblZlhj� \� \b^_�dghihqgh]h�imevlZ�� k�dhlhjh]h� khhl\_lkl-
\mxsb_� dhglZdlu� \oh^gh]h� ihjlZ�:PI�fh`gh� aZfudZlv� gZ� a_fex� q_j_a
khijhlb\e_gb_�ihjy^dZ�����Hf�

ÄåÝáÚåð�� Fgh]hqbke_ggu_� ijbf_ju� ijhkluo� ijhlhdheh\� kf�� ih
ij_^f_lghfm� mdZaZl_ex� ijhlhdhe−ijbf_ju�� A^_kv� `_� fu� jZkkfhljbf
ijbf_j� ^hklZlhqgh� keh`gh]h� ijhlhdheZ� hj]ZgbaZpbb� bkke_^h\Zgby� \u-
a\Zgguo� ihl_gpbZeh\� lbiZ� dhglbg]_gl−g_]Zlb\guo� hldehg_gbc� gZ� dhf-



������:\lhfZlbaZpby�bkke_^h\Zgbc���Ijhlhdhe 427

ie_dkgu_�ajbl_evgu_�klbfmeu1��JZa[hj�wlh]h�ijbf_jZ�iha\hebl�qblZl_eyf
ijhykgblv�^ey�k_[y�fgh]b_�lhgdhklb�Z\lhfZlbaZpbb�keh`guo�bkke_^h\Zgbc
kj_^kl\Zfb�ijhlhdheZ�

Wdki_jbf_glZevgZy� mklZgh\dZ� \dexqZ_l� bk-
ihegbl_evgmx� dghidm� bkiulm_fh]h�� ih^dexq_g-
gh]h�dh�\oh^m���:PI��Z�lZd`_�ki_pbZevgmx�ihem-
kn_jm�ajbl_evghc�klbfmeypbb��jbk��������k�\fhg-
lbjh\Zggufb�\�g__�g_hgh\ufb�eZfihqdZfb��h^gZ
p_gljZevgZy��aZ`b]Z_lky�ih�gZebqbx�dh^Z�$�:�gZ
\uoh^ghf�ihjlm�:PI��b�ih�^\_� ]hjbahglZevguo
ke_\Z�b�kijZ\Z� �mijZ\ey_fu_�dh^Zfb�$K��$4, $16,
$���b�^\_�\_jlbdZevgu_��mijZ\eyxsb_�dh^u�$���b
$�:���jZkiheh`_gguo�khhl\_lkl\_ggh�gZ���°�b���°
ajbl_evgh]h�ihey�hlghkbl_evgh�p_gljZevghc��Hl-
kmlkl\b_� aZ``_gguo� eZfihq_d�gZ�ihemkn_j_� hi-

j_^_ey_lky�\uoh^guf�dh^hf�$����J_]bkljZpby�WW=�ijhba\h^blky�k�qZklh-
lhc�����=p��ihwlhfm�h^bg�lZdl�kbkl_fgh]h�\j_f_gb�khhl\_lkl\m_l�^ebl_ev-
ghklb���fk�

Ijb\_^_f� ij_^\Zjbl_evgh� h[sbc� \b^� ijhlhdheZ� wlh]h� bkke_^h\Zgby�
qlh[u�ijb�ihke_^mxsbo�ihykg_gbyo�iZjZee_evgh�kkueZlvky�gZ�_]h�kljhdb�

����>_ckl\b_��H[t_dl�������Mkeh\b_�����@^_f

� Pbde ��

� <dexqblv AZibkv Kb]gZe � >Z

� <ude� Ijbag � >Z

� <ude� Ijbag � >Z

� <dexqblv MijDh^ �� >Z

� I_j_clb KljhdZ � <_jhylg �� G_l

� <dexqblv MijDh^ �$ >Z

� <dexqblv Ijbag � >Z

� IZmaZ <j_fy �� >Z

�� <dexqblv MijDh^ �$ <j_fy ��� >Z

�� IZmaZ Kemq<j �� >Z

�� <dexqblv MijDh^ �� <j_fy �� >Z

�� I_j_clb KljhdZ �� <_jhylg � G_l

�� <dexqblv MijDh^ � >Z

�� I_j_oh^ KljhdZ �� <_jhylg �� G_l

�� <dexqblv Ijbag � >Z

�� <dexqblv MijDh^ �� >Z

�� IZmaZ <j_fy ��� >Z

�� IZmaZ Kemq<j �� >Z

�� <dexqblv IjaDh^ & >Z

�� I_j_clb KljhdZ �� IjbagZd � G_l

�� <dexqblv IjaDh^ � <_jhylg �� G_l

�� I_j_clb KljhdZ �� >Z

                                                          
1�Ijh\h^bfuo�ih^�jmdh\h^kl\hf�^�[�g��F�<��KeZ\mpdhc�gZ�dZn_^j_�<G>�;bhnZdZ

F=M�

Jbk��������Ihemkn_jZ
ajbl_evghc�klbfmey-

pbb
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�� I_j_clb KljhdZ �� IjbagZd � G_l

�� <dexqblv IjaDh^ � <_jhylg �� G_l

�� I_j_clb KljhdZ �� >Z

�� <dexqblv IjaDh^ � <_jhylg �� G_l

�� <dexqblv MijIja >Z

�� IZmaZ <j_fy ��� >Z

�� IZmaZ Kemq<j �� >Z

�� I_j_clb KljhdZ �� Kb]Dh^ � G_l

�� <dexqblv MijDh^ �� <j_fy � >Z

�� <dexqblv MijIja <j_fy � >Z

�� I_j_clb KljhdZ �� >Z

�� <ude� AZibkv >Z

�� <dexqblv MijDh^ �� >Z

�� Ih\lhjblv

Ko_fZ�wdki_jbf_glZ�\�q_jgh\hf�\ZjbZgl_�\dexqZ_l����ih\lhj_gbc�ke_-
^mxs_c�ihke_^h\Zl_evghklb�kh[ulbc�
��� <uihegyxlky����ij_^ty\e_gbc�ihke_^h\Zl_evghklb�kh[ulbc��kljhdb

��������
��� Ih�gZ`Zlbx�dghidb�bkiulm_fuf�\dexqZ_lky�aZibkv�kb]gZeh\�gZ�^bkd

������a^_kv�`_�h[gmeyxlky�^\Z�jZ[hqbo�ijbagZdZ��bkihevam_fu_�\�ih-
ke_^mxs_f����������DghidZ�^he`gZ�hklZ\Zlvky�gZ`Zlhc�^h�i����

��� K�\_jhylghklvx�����aZ]hjZ_lky�h^gZ�ba�ij_^mij_^bl_evguo�\_jlbdZev-
guo�eZfihq_d�gZ�\j_fy�����k����±���

��� AZ]hjZ_lky�p_gljZevgZy�eZfihqdZ�gZ�\j_fy�����k�������iexk�kemqZcgh
\u[bjZ_fZy�^h[Z\dZ�\�bgl_j\Ze_�����k�������^ey�kgylby�wnn_dlZ�ijb\u-
dZgby��b�gZ�g_c�bkiulm_fhfm�ke_^m_l�kdhgp_gljbjh\Zlv�\a]ey^�

��� Ij_^mij_^bl_evgZy�eZfihqdZ�]Zkg_l�gZ�����k��������Z�aZl_f�k�\_jhylgh-
klvx�����aZ]hjZ_lky�h^gZ�ba�hjb_glbjmxsbo�eZfihq_d�\���°�ih�]hjb-
ahglZeb�hl�p_gljZevghc�����������gZ�\j_fy�����k�������iexk�kemqZcgh
\u[bjZ_fZy�^h[Z\dZ�\�bgl_j\Ze_�����k��������Wlb�eZfihqdb�^he`gu
ij_^mij_`^Zlv�h�gZijZ\e_gbb�ihke_^mxs_]h�aZ]hjZgby�bkihegbl_ev-
ghc�eZfihqdb�

��� GZ�\j_fy�����k�������iexk�kemqZcgh�\u[bjZ_fZy�^h[Z\dZ�\�bgl_j\Ze_
����k�������aZ]hjZ_lky�h^gZ�ba�bkihegbl_evguo�eZfihq_d�\���°�ih�]hjb-
ahglZeb�hl�p_gljZevghc��������GZ�wlhl�klbfme�bkiulm_fuc�^he`_g�i_-
j_\_klb�b�aZnbdkbjh\Zlv�\a]ey^�[_a�ih\hjhlZ�]heh\u�

��� AZ``_ggZy�eZfihqdZ�©ijb]ZkZ_lª�gZiheh\bg�����±����^h�l_o�ihj��ihdZ
bkiulm_fuc�g_�hlj_Z]bjm_l�gZ�wlh�hlimkdZgb_f�dghidb��������qlh�y\-
ey_lky�kb]gZehf�d�aZ\_jr_gbx�hq_j_^gh]h�ij_^ty\e_gby��khijh\h`-
^Z_fh]h�\udexq_gb_f�aZibkb�b�eZfihq_d�����������
DZd� e_]dh� aZf_lblv�� ^ZggZy� ko_fZ� agZqbl_evgh� keh`g__� deZkkbq_kdhc

ko_fu� j_]bkljZpbb� &19� �jbk�� ������� \�g_c�bkihevam_lky�ij_^mij_^bl_ev-
guc�klbfme��nbdkZpbhgguc�klZjlh\uc�klbfme��hjb_glbjh\hqguc�klbfme�b
^\Z�ihke_^h\Zl_evguo�bkihegbl_evguo�klbfmeZ�^ey�^\b`_gby�]eZa�b�hl`Z-
lby�dghidb��>Ze__�wlZ�ij_^\Zjbl_evgZy�ko_fZ�^_lZebabjm_lky�\�ke_^mxsbo
k\hbo�imgdlZo�
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3. AZ]hjZgb_�ij_^mij_^bl_evghc�eZfihqdb���°�hlf_qZ_lky�^ey�^Zevg_c-
rbo�ijh\_jhd�\dexq_gb_f�kbkl_fgh]h�ijbagZdZ��������

5. �<����kemqZ_\�hjb_glbjmxsZy�eZfihqdZ�g_�aZ]hjZ_lky��������AZ]hjZgb_
hjb_glbjmxs_c�eZfihqdb���°�hlf_qZ_lky�^ey�^Zevg_crbo�ijh\_jhd
\dexq_gb_f�kbkl_fgh]h�ijbagZdZ����¹16).

6. �Ijb�hlkmlkl\bb�ijbagZdZ���h^gZ�ba�bkihegbl_evguo�eZfihq_d��dh^�$K
beb�$���\dexqZ_lky�kemqZcguf�h[jZahf�k�\_jhylghklvx���������±����
l��_��[_a�\kydhc�dhjj_eypbb�k�hjb_glbjmxs_c�eZfihqdhc��L_f�kZfuf�
ij_^u^ms__�aZ]hjZgb_�ij_^mij_^bl_evghc�eZfihqdb�\���°�ih�\_jlbdZeb
�i������������kb]gZebabjm_l�bkiulm_fhfm�h�g_agZqbfhklb�hjb_glbjmx-
s_]h�klbfmeZ��K�^jm]hc�klhjhgu��ijb�mklZgh\e_gghf�ijbagZd_����_keb
\gZqZe_�[ueZ�\dexq_gZ�eZfihqdZ�\���°�ih�\_jlbdZeb��bkihegbl_evgZy
eZfihqdZ�aZ]hjZ_lky�k�\_jhylghklvx�����\�lhf�`_�kZfhf�gZijZ\e_gbb
�hlf_q_gghf�khklhygb_f�ijbagZdZ�����\�dZdhf�jZg__�[ueZ�aZ``_gZ�hjb-
_glbjmxsZy�eZfihqdZ�����±�����l��_��k�\ukhdhc��gh�g_������ghc��dhj-
j_eypb_c�k�hjb_glbjmxsbf�klbfmehf�
Ijbf_qZgby�

��� >ey�aZihfbgZgby�dh^Z�\u[jZgghc�bkihegbl_evghc�eZfihqdb�bkihevam-
_lky�mklZgh\dZ�dh^Z�kbkl_fgh]h�ijbagZdZ�������������������k�ihke_^mx-
s_c�i_j_^Zq_c�_]h�gZ�\uoh^ghc�ihjl�:PI�����������

��� Ijb]ZkZgb_�bkihegbl_evghc�eZfihqdb�\�i����j_Zebam_lky�qZkluf�__
\dexq_gb_f�\udexq_gb_f�k�bgl_j\Zehf������k�\�pbde_�^h�hlimkdZgby
dghidb�bkiulm_fuf��¹31).

������Wdkij_kk−ZgZeba
ÂÕÜâÕìÚâÝÚ�� Ijb� ijh\_^_gbb� j_Zevgh]h� bk-

ke_^h\Zgby�ihe_agZ�\bamZebaZpby�g_�lhevdh�kZfbo
[bhkb]gZeh\�� gh� b� j_amevlZlh\� bo� wdk-
ij_kk−ZgZebaZ��LZdZy� \hafh`ghklv� iha\hey_l� wdk-
i_jbf_glZlhjm� ke_^blv� aZ� ^bgZfbdhc� baf_g_gby
bgl_]jZevguo�oZjZdl_jbklbd�bkke_^m_fuo�ijhp_k-
kh\��K� ^jm]hc� klhjhgu�� hgZ�gZoh^bl� wnn_dlb\gh_
ijbf_g_gb_� \h� fgh]bo� l_jZi_\lbq_kdbo� f_lh^b-
dZo�� jZ[hlZxsbo�ih�ijbgpbim� [bheh]bq_kdhc� h[-
jZlghc� k\yab�� dh]^Z� iZpb_gl�� gZ[ex^Zy� gZ� wdjZg_
j_amevlZlu� nbabheh]bq_kdhc� ^_yl_evghklb� k\h_]h
hj]ZgbafZ��gZmqZ_lky�dhjj_dlbjh\Zlv�bo�\�gm`ghf
gZijZ\e_gbb�

Éãåáð�òßæäåÚææ−ÕâÕàÝÜÕ�
RlZlgh� ij_^mkfhlj_gh� iylv� nhjf� wdk-

ij_kk−ZgZebaZ� kb]gZeh\�� Zfieblm^guc� ki_dlj,
dZjlZ, mkj_^g_gb_�<I, ZgZeba�WD=��ZgZeba� \hegh-
\uo�ihdZaZl_e_c�b�ZgZeba�ihevah\Zl_ey.

Jbk��������F_gx�wdk-
ij_kk−ZgZebaZ



430 =eZ\Z�����JZkrbj_ggu_�\hafh`ghklb

<u[hj� nhjfu� wdkij_kk−ZgZebaZ� ijhba\h^blky� ih� \lhjbqghfm� f_gx
�jbk���������<�ex[hf�\u[jZgghf�j_`bf_�gZ�wdjZg_�hlh[jZ`Z_lky�^\Z�hdgZ�
e_\h_�hdgh�ij_^klZ\ey_l�fhgblhj�kb]gZeh\��Z�\�ijZ\hf�hdg_�bah[jZ`Zxlky
j_amevlZlu�wdkij_kk−ZgZebaZ�

<�kemqZ_�gZebqby�ijhlhdheZ�wdkij_kk−ZgZeba�ijhba\h^blky�gZ�bgl_j\Z-
e_�hl�\dexq_gby�aZibkb�^h�kh[ulby�<dexqblv�ZgZeba.

ÒÒ¸−æäÚßçå��<�ijZ\hf�wdjZgghf�hdg_�^ey�l_dms_]h�bgl_j\ZeZ�gZ[ex-
^_gby� kljhylky�ihdZgZevgu_� klhe[bdh\u_� ^bZ]jZffu� kj_^g_c� Zfieblm^u
ki_dljZ� \� mklZgh\e_gguo� qZklhlguo� ^bZiZahgZo� �jbk�� ������� <uqbke_gb_
ki_dljZ�ijhba\h^blky�gZ�dZ`^hf�bgl_j\Ze_�gZ[ex^_gby�k�\_jogbf�h]jZgb-
q_gb_f�^h������hlkq_lh\�

¿ÕåçÕ� �kf�� jbk�� ������ hlh[jZ`Z_l� jZkij_^_e_gby� kj_^g_c� Zfieblm^u
ki_dljZevghc� ]Zjfhgbdb� \� mklZgh\e_gghf� \� f_gx� �jbk�� ������ qZklhlghf
^bZiZahg_��=jZgbpu�^bZiZahgu�fh]ml�[ulv�i_j_mklZgh\e_gu��kf��jZa^�������

Jbk��������Wdkij_kk−ZgZeba�k�dZjlbjh\Zgb_f�WW=
ih�qZklhlghfm�^bZiZahgm

ÈæåÚÙâÚâÝÚ�·Ä� <�j_`bf_�mkj_^g_gby�\ua\Zgguo�ihl_gpbZeh\�\�ijZ-
\hf�wdjZgghf�hdg_�ij_^klZ\ey_lky�j_amevlZl�hq_j_^gh]h�mkj_^g_gby��Z�gZ
^bkd� aZibku\Zxlky� g_� hl^_evgu_� gZlb\gu_� WW=�� Z� lhevdh� dhg_qguc� j_-
amevlZl�mkj_^g_gby�<I�

<�iheyo�\\h^Z�ih^�dghidhc�^Zggh]h�j_`bfZ�fh`gh�mklZgh\blv�agZq_gby
^\mo�iZjZf_ljh\�
• dhwnnbpb_gl�mkbe_gby�j_amevlZlZ�mkj_^g_gby��dhlhjuc�fh`_l�ijbgb-

fZlv�agZq_gby�������������ijbq_f�dZ`^Zy�hq_j_^gZy�]jZ^Zpby�hl\_qZ_l
m\_ebq_gbx�mkbe_gby�\���jZaZ�

• Zfieblm^guc�mjh\_gv�hlk_b\Zgby�Zjl_nZdlh\��_keb�g_dhlhjZy�Zfieblm-
^Z�WW=�ih�h^ghfm�ba�dZgZeh\�\uoh^bl�ih�Z[khexlghfm�agZq_gbx�aZ�mk-
lZgh\e_gguc�ihjh]��lh�l_dmsbc�bgl_j\Ze�gZ[ex^_gby�bkdexqZ_lky�ba
ijhp_kkZ�mkj_^g_gby�
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AZibkv�j_amevlZlZ�gZ�^bkd�ijhba\h^blky�\�fhf_gl�\uoh^Z�ba�j_`bfZ�j_-
Zevgh]h�\j_f_gb��ihwlhfm�fh`gh�ij_j\Zlv�klbfmeypbx��dZd�lhevdh�mkj_^-
g_ggu_�<I�gZ�wdjZg_�\bamZevgh�[m^ml�m^h\e_l\hjbl_evgufb�

H]jZgbq_gby��>ey�ghjfZevghc� \bamZebaZpbb� j_dhf_g^m_lky�ijh\h^blv
mkj_^g_gby� gZ� bgl_j\ZeZo� gZ[ex^_gby�� g_� ij_\urZxsbo� ���� hlkq_lh\�
\f_kl_�k�l_f��ijh]jZffZ�dhjj_dlgh�jZ[hlZ_l�^h�bgl_j\ZeZ�\������hlkq_lh\�

µâÕàÝÜ�Ò¿¸� I_j_^�\u[hjhf�j_`bfZ�ZgZebaZ�WD=�\�f_gx� �jbk�� �����
g_h[oh^bfh�ijhba\_klb�ke_^mxs__�
• \u[jZlv�ZgZebabjm_fuc�dZgZe�WD=��beb�\k_�dZgZeu��
• \\_klb�]jZgbpu�^himklbfh]h�baf_g_gby�\u[jZggh]h�ihdZaZl_ey��fbgb-

fZevgh_�b�fZdkbfZevgh_�agZq_gby�QKK�
<� ijZ\hf� wdjZgghf� hdg_� ihbgl_j\Zevgh� kljhylky� ]jZnbdb� baf_g_gby

\u[jZggh]h� WD=−ihdZaZl_ey� k� mklZgh\e_ggufb� ]jZgbpZfb� ^himklbfh]h
baf_g_gby��GZ�]jZnbd_�hq_j_^ghc�\_jlbdZevghc�ebgb_c�bah[jZ`Z_lky�^bZ-
iZahg� baf_g_gby�QKK� gZ� l_dms_f� bgl_j\Ze_� gZ[ex^_gby�� ijb� wlhf�fZk-
rlZ[bjh\Zgb_�ijhba\h^blky�\�khhl\_lkl\bb�k�aZ^Zggufb�]jZgbpZfb��KijZ-
\Z� hl� ]jZnbdh\� \� qbkeh\hf� \b^_� mdZau\Zxlky� kj_^gb_� agZq_gby
WD=−ihdZaZl_ey�gZ�l_dms_f�bgl_j\Ze_�gZ[ex^_gby�

µâÕàÝÜ�ÕáäàÝçèÙð�Ý�äÚåÝãÙÕ�×ãàâ� I_j_^�\u[hjhf�wlh]h�j_`bfZ�\
f_gx� �jbk�� ������ lZd`_�� dZd� b� ^ey� ZgZebaZ� WD=�� g_h[oh^bfh� ijhba\_klb
ke_^mxs__�
• \u[jZlv�ZgZebabjm_fuc�dZgZe�\hegh\h]h�ihdZaZl_ey�
• \\_klb�]jZgbpu�^himklbfh]h�baf_g_gby�\u[jZggh]h�ihdZaZl_ey��fbgb-

fZevgh_�b�fZdkbfZevgh_�agZq_gby�Zfieblm^u�[fd<]�beb�i_jbh^Z�>fk]
\heg�
<�ijZ\hf�wdjZgghf�hdg_�^ey�\u[jZggh]h�dZgZeZ�kljhblky�]jZnbd�baf_-

g_gby�Zfieblm^u�beb�i_jbh^Z�\heg�

������Dhfie_dkguc�klbfmeylhj
Dhfie_dkguc�klbfmeylhj� �DK��ij_^gZagZq_g�^ey�kha^Zgby�b�ij_^ty\-

e_gby� bkiulm_fhfm� klbfmeh\� \� bkke_^h\Zgbyo� ajbl_evguo�� a\mdh\uo� b
dh]gblb\guo�<I�

<bamZevgZy� klbfmeypby� \hafh`gZ� \� h^ghfhgblhjguo� b� ^\mofhgblhj-
guo�dhfivxl_jguo�dhgnb]mjZpbyo��\�ihke_^g_f�kemqZ_�g_h[oh^bf�ki_pb-
Zevguc�\b^_hZ^Zil_j��d�dhlhjhfm�ih^dexqZ_lky�^\Z�fhgblhjZ���Ijb�jZ[hl_
k�h^gbf�fhgblhjhf�wdjZg�bkihevam_lky�^ey�ij_^ty\e_gby�klbfmeh\��Z�j_-
]bkljZpby�b^_l�iZjZee_evgh�[_a�\bamZebaZpbb�[bhkb]gZeh\�gZ�wdjZg_��Ijb
jZ[hl_� k� ^\mfy�fhgblhjZfb� h^bg� ba� gbo� �^hihegbl_evguc�� bkihevam_lky
^ey�ij_^ty\e_gby�klbfmeh\��Z�hkgh\ghc�fhgblhj�²�^ey�fhgblhjbjh\Zgby
[bhkb]gZeh\��<u[hj�dhgnb]mjZpbb�hkms_kl\ey_lky�\uiheg_gb_f�imgdlh\
Dhgkljmdlhj–Fhgblhj�ba�\_jog_c�dhfZg^ghc�kljhdb�

Ij_^ty\ey_fu_� bah[jZ`_gby� b� a\mdb� hibku\Z_lky� fhglZ`hf� DK�� <
h^ghf�fhglZ`_�\hafh`gh�aZ^Zgb_�^h����jZaebqguo�klbfmeh\� �ijhgmf_jh-
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\Zgguo� bah[jZ`_gbc� b�beb� a\mdh\���Ghf_j� klbfmeZ� hij_^_ey_lky� dh^hf�
i_j_^Z\Z_fuf� \� ijhlhdhe_� wdki_jbf_glZ� h[t_dlhf� Klbfme �dh^!� �ih
hi_jZpbb�<dexqblv��beb�KlbfIja� �i_j_^ZqZ� \�DK� dh^Z� kbkl_fguo�ijb-
agZdh\���ih�dhlhjhfm�wlhl�klbfme�ij_^ty\ey_lky�DK��<�kemqZ_�\bamZevgh]h
klbfmeZ�ih\lhjgZy�ihkuedZ�lh]h�`_�kZfh]h�dh^Z�m[bjZ_l�k�wdjZgZ�\u\_^_g-
gh_�bah[jZ`_gb_�

Ijhp_kk�kha^Zgby�klbfmeylhjZ�gZqbgZ_lky�k�\uiheg_gby�imgdlh\�Dhg-
kljmdlhj–Klbfmeylhj�ba�\_jog_c�dhfZg^ghc�kljhdb��Ihke_�wlh]h�k�wdjZ-
gZ�m^Zey_lky�hdgh�fhgblhjZ�b�hklZ_lky� k\h[h^gh_�ijhkljZgkl\h��gZ�dhlh-
jhf�fh`gh�kha^Z\Zlv�b�jZaf_sZlv�jZaebqgu_�\bamZevgu_�we_f_glu��<\_jom
wdjZgZ�klbfmeylhjZ�jZkiheZ]Z_lky�dhfZg^gZy�kljhdZ�dhgkljmdlhjZ�

Ba�wlhc�kljhdb�\uihegyxlky�ke_^mxsb_�hi_jZpbb�
• FhglZ`�k�hi_jZpbyfb�Gh\uc��QblZlv��KhojZgblv��IhdZaZlv;
• Nhg�²�aZ^Zlv�nhg�klbfmeylhjZ�\�g_kdhevdbo�\ZjbZglZo�

• aZeb\dZ�wdjZgZ�\u[jZgguf�p\_lhf�
• q_jgh−[_euc�rZofZlguc�iZll_jg�k�qbkehf�de_lhd�����������������ijb

wlhf�\�kibkd_�\u[hjZ�qbkeZ�de_lhd�mdZau\Z_lky�b�j_dhf_g^m_fh_
jZkklhygb_�m^Ze_gby�bkiulm_fh]h�hl�wdjZgZ�^ey�j_]bkljZpbb�ajb-
l_evguo�<I�[kf]);

• <uclb�ba�dhgkljmdlhjZ.
ÁÚâó��G_h[oh^bfu_�^ey�kha^Zgby�klbfmeh\�hi_jZpbb�khkj_^hlhq_gu�\

dhgl_dklghf�f_gx�dhgkljmdlhjZ��jbk���������\uau\Z_fhf�ijZ\hc�dghidhc
furb�b�kh^_j`Zs_f�ke_^mxsb_�hi_jZpbb�

• Kha^Zlv�dhgkljmdlb\guc�we_f_gl�\�l_dm-
s_c��\u^_e_gghc�furvx��ihabpbb�fhglZ`Z
�jbk���������Z�bf_ggh��djm]��d\Z^jZl��jbkmghd�
a\md�

• M^Zeblv�l_dmsbc�dhgkljmdlb\guc�we_f_gl�
• Hqbklblv�fhglZ`�
• IhdZaZlv�l_dmsbc�we_f_gl��\bamZevgh�beb

a\mqZgb_f���ihdZa�hkms_kl\ey_lky�lZd`_
^\hcguf�s_eqdhf�furb�ih�we_f_glm�\
fhglZ`_�

• QblZlv�fhglZ`�jZg__�kha^Zggh]h�klbfmeylhjZ�ba�Zjob\Z��kf��jZa^�������
• KhojZgblv�kha^Zgguc�klbfmeylhj�\�Zjob\_��kf��jZa^�������
• AZdjulv�dhgl_dklgh_�f_gx�{&TD�.

ÁãâçÕÛ��LZ[ebpZ�fhglZ`Z�bf__l�\b^��ijb\_^_gguc�gZ�jbk��������<u^_-
e_gb_� we_f_glZ�\�fhglZ`_�hkms_kl\ey_lky�s_eqdhf�furvx��Ijb�^\hcghf
s_eqd_�we_f_gl�ihdZau\Z_lky�gZ�wdjZg_��\bamZebabjm_lky��beb�`_�m[bjZ_lky
k�wdjZgZ��<�kljhdZo�fhglZ`Z�fh`gh�hij_^_eylv�ke_^mxsb_�lbiu�klbfmeh\�

Jbk��������Dhgl_dklgh_�f_-
gx�dhgkljmdlhjZ
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• ijyfhm]hevgbd��d\Z^jZl��aZ^Zggh]h�p\_lZ�
• weebik��djm]��aZ^Zggh]h�p\_lZ�
• ij_^\Zjbl_evgh�kha^Zgguc�b�aZibkZgguc�\�iZidm

CONAN�]jZnbq_kdbc�nZce��jbkmghd��bah[jZ`_-
gb_��\�%03−nhjfZl_�

• ij_^\Zjbl_evgh�kha^Zgguc�b�aZibkZgguc�\�iZidm
CONAN�a\mdh\hc�nZce�\�:$9−nhjfZl_�
Klbfme−bah[jZ`_gb_�fh`gh� i_j_f_sZlv� ih� wd-

jZgm� \� lj_[m_fmx� ihabpbx� k� gZ`Zlhc� e_\hc� dghi-
dhc�furb�b�lZdbf�`_�h[jZahf�baf_gylv�_]h�jZaf_ju
ih� ijZ\hfm� b� gb`g_fm� djZyf� beb� `_� ih� ijZ\hfm
gb`g_fm� m]em� �ijhihjpbhgZevgh��� Dmjkhj� furb
ijb�ih^\h^_�d�wlbf�]jZgbpZf�khhl\_lkl\mxsbf�h[-

jZahf�f_gy_l� k\hx�nhjfm��<k_�baf_g_gby�iheh`_gby�b�jZaf_jh\�bah[jZ-
`_gby�Z\lhfZlbq_kdb�hljZ`Zxlky�\�fhglZ`_�DK�

Ijb�s_eqd_�ijZ\hc�dghidhc�furb�ih�klbfmem�ihy\ey_lky�dhgl_dklgh_
f_gx��\�dhlhjhf�_klv�ljb�dhfZg^u��jZa\_jgmlv�bah[jZ`_gb_�\h�\_kv�wdjZg�
k\_jgmlv�bah[jZ`_gb_�^h�bkoh^guo�jZaf_jh\�b�m[jZlv�bah[jZ`_gb_�k�wdjZ-
gZ��^\hcghc�s_eqhd�furvx�ih�bah[jZ`_gbx��

ÅÕÖãçÕ�×�òßæäÚåÝáÚâçÚ��>ey�aZimkdZ�klbfmeylhjZ�\�j_Zevghf�\j_f_-
gb�ke_^m_l�\�f_gx�ieZgbjh\Zgby�\uihegblv�imgdl�Dhgcljmdlhj��ihke_�q_-
]h�\�ihy\eyxs_fky�h]eZ\e_gbb�^bkdh\h]h� Zjob\Z� \u[jZlv�jZg__� aZibkZg-
guc�nZce�mklZgh\hd�klbfmeylhjZ��<�wlhf�kemqZ_�ijh^he`Zxl�^_ckl\h\Zlv
b� \k_� hklZevgu_� \hafh`ghklb� ieZgbjh\Zgby� bkke_^h\Zgby�� \dexqZy� kh-
klZ\e_gb_�ijhlhdheZ��hljZ[hldm�mijZ\eyxsbo�^_ckl\bc�b� l��i��<_kv�dhf-
ie_dk� ijhba\_^_gguo� mklZgh\hd�� \dexqZy� aZdZaZgguc� klbfmeylhj�� j_dh-
f_g^m_lky�khojZgblv�\�\b^_�hl^_evgh]h�Zjob\gh]h�nZceZ�ieZgZ�bkke_^h\Z-
gby��<�wlhf�kemqZ_�\�ke_^mxsbc�jZa�gZ^h�[m^_l�qblZlv�lhevdh�wlhl�ieZg�

ÆÝâêåãâÝÜÕëÝô� æçÝáèàã×��<� kemqZ_� ajbl_evguo� klbfmeh\�DK� kbg-
ojhgbam_l� \u\h^� bah[jZ`_gbc� k� wdjZgghc� jZa\_jldhc� �kb]gZe� Vertical
retrace�²���c�[bl�ihjlZ��':K�\b^_hZ^Zil_jZ���dhlhjZy�^ey�jZaebqgh]h�lbiZ
fhgblhjh\�hkms_kl\ey_lky�k�qZklhlhc�hl����^h�����=p� <�kemqZ_�a\mdh\uo
klbfmeh\�DK�kbgojhgbam_l�gZqZeh�a\mqZgby�k�fhf_glhf�hdhgqZgby�ql_gby
a\mdh\h]h�nZceZ�k�^bkdZ�

Ihjy^hd� jZ[hlu� klbfmeylhjZ� �ij_^ty\e_gb_� klbfmeh\�� hibku\Z_lky
ijhlhdhehf�wdki_jbf_glZ��Hj]ZgbaZpbx�ijhlhdheZ�ihykgbf�gZ�^\mo�ijb-
f_jZo�

ÄåÝáÚå����Lj_[m_lky�ijhba\_klb�j_]bkljZpbx� ����ajbl_evguo�<I�gZ
h[jZsZ_fuc�rZofZlguc�iZll_jg� �RI��k�qZklhlhc�^bkdj_lbaZpbb������=p
gZ�bgl_j\Ze_�����fk��>ey�bkdexq_gby�ijb\udZgby�f_`^m�ij_^ty\e_gbyfb
ke_^m_l�\u^_j`b\Zlv� kemqZcgmx�iZmam�\�bgl_j\Ze_� �±����fk��Ijb�dhgkl-
jmbjh\Zgbb�DK�bkihevam_f�^ey�g_]h�imklhc�fhglZ`�b�\u[_j_f�nhg�\�\b^_

Jbk��������FhglZ`
klbfmeylhjZ



434 =eZ\Z�����JZkrbj_ggu_�\hafh`ghklb

RI�k�hij_^_e_gguf�qbkehf�de_lhd��LZdhc�wdki_jbf_gl�fh`_l�[ulv�hib-
kZg�ijhlhdhehf�ke_^mxs_]h�\b^Z�

��>_ckl\b_�H[t_dl�����Mkeh\b_�������@^_f

��Pbde ���

��<dexqblv AZibkv <j_fy � >Z

��<dexqblv Klbfme � <j_fy � >Z

��<ude� AZibkv <j_fy ��� >Z

��IZmaZ Kemq<j ��� >Z

��Ih\lhjblv

Ijb�dZ`^hf�ij_^ty\e_gbb�\dexqZ_lky�klbfme� ��� �kljhdZ�����dhlhjuc
\dexqZ_l�RI��Ijb�dZ`^hc�ih\lhjghc�ih^Zq_�klbfmeZ�ijhbkoh^bl�j_\_jk
RI�

ÄåÝáÚå� ���<� wdki_jbf_gl_� \� kemqZcghc� ihke_^h\Zl_evghklb� ���� jZa
ij_^ty\ey_lky� h^bg� ba� q_luj_o� klbfmeh\�� djZkguc� beb� `_eluc� ijyfh-
m]hevgbdb�\�e_\hc�qZklb�wdjZgZ�b�djZkguc�beb�`_eluc�ijyfhm]hevgbdb�\
ijZ\hc�qZklb�wdjZgZ��G_aZ\bkbfh�hl�f_klZ�ij_^ty\e_gby�klbfmeZ�bkiulm_-
fuc� ^he`_g� fZdkbfZevgh� [ukljh� hlj_Z]bjh\Zlv� gZ� ihy\e_gb_� djZkgh]h
ijyfhm]hevgbdZ� gZ`Zlb_f� deZ\brb� {T��� Z� gZ� ihy\e_gb_�`_elh]h� ijyfh-
m]hevgbdZ�gZ`Zlb_f�deZ\brb�{L�.�AZ^Zq_c�bkke_^h\Zgby�y\ey_lky�ZgZeba
baf_g_gby�\j_f_gb�j_Zdpbb��\ebygby�h[mq_gby��mklZehklb�b�l��i�

<�i_j\uo�q_luj_o� kljhdZo�fhglZ`Z�DK�ihke_^h\Zl_evgh� kha^Z^bf�q_-
luj_�ijyfhm]hevgbdZ��djZkguc�b�`_eluc�e_\uc�b�djZkguc�b�`_eluc�ijZ-
\uc��L_f� kZfuf� hgb� [m^ml� ij_^ty\eylvky� gZ� klbfmeu� �±��� J_]bkljZpbx
[m^_f�ijhba\h^blv�k�qZklhlhc�����=p��:gZeh]h\u_�kb]gZeu�^ey�gZk�agZq_-
gby�g_�b]jZxl��ihwlhfm�qbklh�mkeh\gh�hklZ\bf�h^bg�ZgZeh]h\uc�dZgZe��Z
kdhjhklv�j_Zdpbb�[m^_f�hp_gb\Zlv�k�bkihevah\Zgb_f�\oh^guo�^bkdj_lguo
kb]gZeh\��ijb�ieZgbjh\Zgbb�\dexqbf�ijbagZd�bo�j_]bkljZpbb���>ey�jZ[h-
lu�klbfmeylhjZ�\�wdki_jbf_gl_�khklZ\bf�ijhlhdhe�\b^Z�

���>_ckl\b_����H[t_dl�������Mkeh\b_�������@^_f

� Pbde ��

� IZmaZKemq<j ��� >Z

� <dexqblv AZibkv >Z

� <dexqblv Kb]gZe � >Z

� I_j_clb � DeZ\brZ G_l

� <dexqblv IjaDh^ �� >Z

� <dexqblv IjaDh^ �� <_jhylg �� G_l

� I_j_clb �� IjaDh^ �� G_l

� <dexqblv IjaDh^ �� <_jhylg �� G_l

�� I_j_clb �� IjaDh^ �� G_l

�� <dexqblv IjaDh^ �� <_jhylg �� G_l

�� I_j_clb �� IjaDh^ �� G_l

�� <dexqblv IjaDh^ �� <_jhylg �� G_l

�� I_j_clb � IjaDh^ �� G_l

�� <dexqblv KlbfIja >Z

�� I_j_clb �� DeZ\brZ G_l

�� I_j_clb �� Hlghr_gb_�� G_l
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�� I_j_clb �� DeZ\brZ V G_l

�� I_j_clb �� >Z

�� I_j_clb �� DeZ\brZ N G_l

�� <dexqblv Kb]gZe � DeZ\brZ G_l

�� I_j_clb �� <j_fy � >Z

�� <dexqblv Kb]gZe � >Z

�� <dexqblv KlbfIja >Z

�� <ude� AZibkv <j_fy � >Z

���Ih\lhjblv

<�gZqZe_� dZ`^h]h�ij_^ty\e_gby� \u^_j`b\Z_f� kemqZcgmx� iZmam� �−�� k
�kljhdZ�����^ey�bkdexq_gby�wnn_dlZ�ijb\udZgby�b�kjZam�\dexqZ_f�aZibkv
b� \oh^ghc� kb]gZe� ��� qlh[u�[ueZ� hlf_ldZ� h�ihy\e_gbb�gZ� wdjZg_� klbfmeZ
�hlf_lbf��qlh�ihkdhevdm�\oh^ghc�kb]gZe�nbdlb\guc��lh�gZ�ke_^mxs_f�lZd-
l_� hg� [m^_l� h[gme_g� j_Zevguf� agZq_gb_f�� kqblZgguf� k� \oh^gh]h� ihjlZ
:PI���>Ze__�\�kljhd_���fu�h[gmey_f�deZ\bZlmjguc�[mn_j�ID��i_j_oh^y�gZ
lm�`_�kljhdm�ijb�ex[hc�gZ`Zlhc�deZ\br_��gh�[_a�h`b^Zgby��Ihwlhfm�i_j_-
oh^u� aZdhgqZlky��dh]^Z�deZ\bZlmjguc�[mn_j�[m^_l�imkl��Wlh� k^_eZgh�^ey
lh]h�� qlh[u� ^Ze__� g_� [ueh� j_Zdpbc� gZ� gZ`Zlby� deZ\br�� dhlhju_� fh]eb
[ulv�\uiheg_gu�bkiulm_fuf�ih�\j_fy�ij_^u^ms_c�kemqZcghc�iZmau�

>ey� jZaebq_gby� gZrbo� q_luj_o� Zevl_jgZlb\� fu� [m^_f� bkihevah\Zlv
kbkl_fgu_� ijbagZdb�� ihwlhfm� kgZqZeZ� bo� h[gmey_f� ������ AZl_f� q_luj_
jZaZ�k�\_jhylghklvx� ����iulZ_fky�mklZgh\blv� agZq_gby�ijbagZdh\� ��−04
�����������������gh�[_a�h`b^Zgby�\uiZ^_gby�lZdhc�\_jhylghklb��?keb�dZdZy�
gb[m^v�ba�\_jhylghkl_c�kjZ[hlZeZ�������������������lh�i_j_oh^bf�gZ�kljhdm
����gh�lh`_�[_a�h`b^Zgby���H^gZdh�fh`_l�kemqblvky�lZd��qlh�fu���jZaZ�\u-
[jhkbeb�\_jhylghklv������gh�hgZ�gb�jZam�g_�kjZ[hlZeZ��\�lZdhf�kemqZ_�fu
\ha\jZsZ_fky�d�ke_^mxs_c�ihiuld_�[jhkZgby�������

?keb�dZdhc�lh�ba�dh^h\�ijbagZdh\�mklZgh\e_g��lh�fu�_]h�ihkueZ_f�dZd
ghf_j�klbfmeZ�²�\dexqZ_f�khhl\_lkl\mxsbc�klbfme� �������Ihke_�wlh]h
gZ�\kydbc�kemqZc�_s_�jZa�h[gmey_f�deZ\bZlmjguc�[mn_j�������

L_i_jv� hj]Zgbam_f� jZa\_l\e_gb_� ^ey� jZaebq_gby� ^\mo� Zevl_jgZlb\�
djZkguc�b�`_eluc�d\Z^jZlu��>ey�wlh]h�hj]Zgbam_f�i_j_oh^�������gZ�kljh-
dm����ih�mkeh\bx�Hlghr_gb_����[_a�h`b^Zgby�_]h�\uiheg_gby���<�[eZgd_
`_�nhjfme��ihy\ey_lky�ijb�khklZ\e_gbb�ijhlhdheZ�gZ�mkeh\b_�lbiZ�©hlgh-
r_gb_ª��\�i_j\hc�ihabpbb�aZibku\Z_f�eh]bq_kdh_�\ujZ`_gb_�VLJ �_sig=4,
dhlhjh_�ijbf_l�agZq_gb_����bklbgZ���dh]^Z�kbkl_fguc�ijbagZd�[m^_l�bf_lv
agZq_gb_���beb�agZq_gb_����Z�wlh�hl\_qZ_l�ghf_jm�\�fhglZ`_�DK�^ey�`_elh-
]h�d\Z^jZlZ��ke_\Z�beb�kijZ\Z�gZ�wdjZg_��

<�kljhd_�����_keb�hlghr_gb_���g_�\uihegbehkv� �l��_��d\Z^jZl�djZkgh]h
p\_lZ���lh�i_j_oh^bf�gZ�kljhdm�����ijZ\bevgZy�j_Zdpby��\�kemqZ_�gZ`Zlby
deZ\brb�{T� ([_a�h`b^Zgby�gZ`Zlby)��BgZq_�i_j_oh^bf�gZ�kljhdm�����]^_
\dexqZ_f�nbdlb\guc�kb]gZe� ���_keb�gZ`ZlZ�ex[Zy�^jm]Zy�deZ\brZ� �hrb-
[hqgh_�^_ckl\b_��\uiheg_gby�wlh]h�mkeh\by�g_�`^_f���b�\ha\jZsZ_fky�gZ
kljhdm����^ey�gh\hc�ijh\_jdb�ijZ\bevgh]h�gZ`Zlby��Ijb�wlhf�fu�k^\b]Z-
_fky�gZ�h^bg�lZdl�\j_f_gb��qlh[u�[_a\j_f_ggh�g_�aZpbdeblvky�\�lZdbo�ijh-



436 =eZ\Z�����JZkrbj_ggu_�\hafh`ghklb

\_jdZo��^ey�\uiheg_gby�bkiulm_fuf�ke_^mxs_]h�gZ`Zlby�gZ^h�k^\bgmlv-
ky�ohly�[u�gZ�fbgbfZevguc�^bkdj_l���<�kljhd_����ijhba\h^blky�ZgZeh]bq-
gZy�kljhd_����ijh\_jdZ�ijZ\bevgh]h�gZ`Zlby�^ey�kemqZ_\�djZkgh]h�d\Z^jZ-
lZ� �deZ\brZ� {L���� Ijb� g_gZ`Zlbb� deZ\brb� {L�� \uihegyxlky� m`_� jZk-
kfhlj_ggu_�kljhdb��������

<�kemqZyo�gZ`Zlby�ijZ\bevghc�deZ\brb�����−����\dexqZ_lky�nbdlb\-
guc� \oh^ghc� kb]gZe� ��� dZd� hlf_ldZ� h� ijZ\bevghc� j_Zdpbb�� \� klbfmeylhj
ih\lhjgh� ihkueZ_lky� agZq_gb_� kbkl_fguo� ijbagZdh\�� \� j_amevlZl_� q_]h
ij_^ty\e_gguc�klbfme�m[bjZ_lky�k�wdjZgZ��aZl_f�kh�k^\b]hf�\���lZdlZ�\u-
dexqZ_lky�aZibkv��qlh[u�\�ijhba\_^_gghc�aZibkb�\�nZce_�[ueh�aZnbdkbjh-
\Zgh�\dexq_gb_�\oh^gh]h�kb]gZeZ�����Ihke_�wlh]h�ih\lhjy_lky�h[sbc�pbde
ij_^ty\e_gbc�

L_f�kZfuf�\�dZ`^hc�aZibkb�nZceZ�^\mfy�\oh^gufb�kb]gZeZfb���[m^_l
hlf_q_g�bgl_j\Ze�hl�ij_^ty\e_gby�klbfmeZ�^h�ijZ\bevghc�j_Zdpbb��ihwlh-
fm�fh`gh�kljhblv�\j_f_ggu_�^bZ]jZffu�eZl_glghkl_c�j_Zdpbc�kj_^kl\Zfb
ZgZebaZ�kh[ulbc� �kf��jZa^�� ��������G_ijZ\bevgu_�j_Zdpbb�[m^ml�hlf_q_gu
\oh^guf�kb]gZehf���


