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I_j\u_�^\Z�jZa^_eZ�gZklhys_c�]eZ\u�ihk\ys_gu�dhgki_dlb\ghfm�h[ah-
jm�h[sbo�l_hj_lbq_kdbo�b�f_lh^bq_kdbo�\hijhkh\��<�ihke_^mxsbo�jZa^_-
eZo�jZkkfhlj_gu�kj_^kl\Z�j_]bkljZpbb�b�ZgZebaZ�<I�

>hihegbl_evgZy�ebl_jZlmjZ��[5, 26, 30].
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<ua\Zggufb�ihl_gpbZeZfb��<I��gZau\Zxl�nhgh\u_�hl\_lu�jZaebqguo

g_j\guo�p_gljh\�b�mqZkldh\�]heh\gh]h�fha]Z�gZ�jZaebqgh]h�jh^Z�\g_rgb_
klbfmeu�� Nhgh\hklv� wlbo� hl\_lh\� hij_^_ey_lky� bo� ijhy\e_gb_f� \� \b^_
kjZ\gbl_evgh�fZehZfieblm^guo�� gh� ^_l_jfbgbjh\Zgguo� baf_g_gbc� kj_^-
g_]h�mjh\gy�WW=�

<�i_j\hc�jZ[hl_�ih�\u^_e_gbx�<I (Dawson, 1947�]�) [ue�bkihevah\Zg
hkljhmfguc�ijb_f�²�nhlh]jZnbjh\Zgb_�hl^_evguo�WW=−hl\_lh\�k�wdjZgZ
hkpbeeh]jZnZ�k�ihke_^mxsbf�gZeh`_gb_f�nhlhie_ghd��<�ihmq_gghc�dZj-
lbg_�h[eZklv�gZb[he_�iehlgh]h�gZeh`_gby�WW=�ij_^klZ\eyeZ�mkj_^g_gguc
hl\_l�

DZd�b�\�hlghr_gbb�WW=� �Lykken�������]����\�hlghr_gbb�<I�fh`gh�gZ-
[ex^Zlv� hij_^_e_ggh_� \ebygb_� ]_g_lbq_kdbo�nZdlhjh\� (Rust, 1975� ]�)��M
h^ghycp_\uo� [ebag_ph\� Zfieblm^Z� dhgdj_lguo� <I−ibdh\� [he__� [ebadZ�
q_f� m� jZaghycp_\uo�� ohly� \� hlghr_gbb� eZl_glghkl_c� ibdh\� ih^h[gh]h
koh^kl\Z�b�jZaebqby�g_�gZ[ex^Z_lky�

EhdZevgu_�oZjZdl_jbklbdb�<I�aZ\bkyl�hl�fh^Zevghklb�klbfmeZ��_]h�nb-
abq_kdbo� k\hckl\�� agZqbfhklb�� dhgl_dklZ� ij_^ty\e_gby�� hl\_^_gby� hl
kdZeviZ� we_dljh^Z��f_klZ�ijh\_^_gby� wdki_jbf_glZ�b� hl� bg^b\b^mZevguo
hkh[_gghkl_c�q_eh\_dZ��GZijbf_j��m�kemoh\uo�<I�ibd�J���eZl_glghklv����
fk��bf__l�gZb[hevrmx�Zfieblm^m�\�hl\_^_gbb�Cz �\_jl_dk���Gh�_keb�wlhl
hl\_l�j_]bkljbjh\Zlv�\�l_f_gghc�ahg_��\�h[eZklb�p_gljZevghc�[hjha^u�beb
\�aZ^g_�eh[guc�hl\_^_gbyo��lh�Zfieblm^Z�\hegu�J��[m^ml�\^\h_�f_gvr_��<
^jm]bo�mqZkldZo�wlhl�ibd�[m^_l�bf_lv�_s_�f_gvrmx�Zfieblm^m��K�^jm]hc
klhjhgu��dhfihg_gl�J��^ey�hl\_lZ�gZ�ajbl_evguc�klbfme��eZl_glghklv����
fk��[m^_l�gZb[hevrbf�\�aZluehqghc�dhj_�

HlqZklb�wlh�ijhlb\hj_qbl�ij_^klZ\e_gbx�h�ehdZebaZpbb�nmgdpbc�\�dh-
j_��ihkdhevdm�fZdkbfmf�kemoh\h]h�hl\_lZ�ke_^h\Zeh�[u�h`b^Zlv�\�\bkhq-
ghc�dhj_��H^gZdh�bamq_gb_�^jm]bo�ibdh\�ihdZau\Z_l��qlh�d�fhf_glm�ihy\-
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e_gby� J�� klbfme� m`_� ^Z\gh� h[gZjm`_g� kemoh\hc� dhjhc� b� m`_� ©i_j_^Zgª
^jm]bf�dhjdh\uf�hl^_eZf�^ey�ihke_^mxs_]h�ZgZebaZ�

ÁÚçãÙ� èæåÚÙâÚâÝô��<_ebqbgZ�<I−hl\_lh\� h[uqgh� \� �±��� jZa� gb`_
Zfieblm^u�dhe_[Zgbc�WW=��jbk�����Z���h^gZdh�ibdb�<I�\�hlebqb_�hl�dhe_-
[Zgbc�WW=�q_ldh�ihabpbhgbjh\Zgu�\h�\j_f_gb�hlghkbl_evgh�klbfmeZ��L_f
kZfuf�WW=�ih�hlghr_gbx�d�<I�b]jZ_l�jhev�\ukhdhZfieblm^gh]h�kemqZc-
gh]h�rmfZ�

DZd�ba\_klgh��\�l_ogbq_kdbo�baf_j_gbyo�^ey�\u^_e_gby�kb]gZeZ�ba�rm-
fZ�bkihevam_lky�f_lh^�dh]_j_glgh]h�mkj_^g_gby�kb]gZeZ��ijb�wlhf�Zfieb-
lm^Z�rmfZ�mf_gvrZ_lky�dZd�dhj_gv�d\Z^jZlguc�ba�N��]^_�N�²�qbkeh�mkj_^-
g_gbc��L_f�kZfuf��qlh[u�kjZ\gylv�ih�\_ebqbg_�kb]gZe�b�rmf��jZaebqZx-
sb_ky�\����jZa��gZ^h�\uihegblv�g_�f_g__�����mkj_^g_gbc��Ihwlhfm�^ey�bk-
ke_^h\Zgby� <I� g_h[oh^bfh� ijhba\_klb� ^hklZlhqgh� [hevrmx� ihke_^h\Z-
l_evghklv�aZibk_c�g_j\ghc�Zdlb\ghklb�\�hl\_l�gZ�ij_^ty\e_gb_�klbfmeZ��Z
aZl_f� mkj_^gblv� wlb� aZibkb� hlghkbl_evgh� fhf_glZ� ih^Zqb� klbfmeZ� �jbk�
5.1Z��beb�dZdh]h�eb[h�^jm]h]h�agZdh\h]h��kb]gZevgh]h��kh[ulby�

Z� [�

Jbk�������Mkj_^g_gb_�kemoh\uo�<I�kl\heZ�fha]Z�
Z�²�k\_jom�\gba��h^bghqgZy�aZibkv�<I�gZ�nhg_�WW=�b�j_amevlZlu�mkj_^g_-
gby��������������aZibk_c��[�²�\\_jom�\gba��j_amevlZl�mkj_^g_gby������aZ-
ibk_c��mkbe_gguc�\����jZa��lh�`_�ihke_���k]eZ`b\Zgbc��lh�`_�ijb�nbevljZ-
pbb�\�^bZiZahg_��±���d=p��jbfkdbfb�pbnjZfb�h[hagZq_gu�ibdb�dhjhldh-

eZl_glguo�kemoh\uo�<I�

ÃëÚâßÕ�èåã×âô�ãæçÕçãìâãØã�íèáÕ�fh`_l�ijhba\h^blvky�^\mfy�kih-
kh[Zfb��Z��mkj_^g_gb_f�aZibk_c��\uiheg_gguo�ijb�hlkmlkl\bb�klbfmeypbb�
[��mkj_^g_gb_f�ih�hl^_evghklb�i_j\hc�b�\lhjhc�iheh\bgu� aZibk_c�b�\u-
qbke_gb_f�jZaghklb�^\mo�ihemq_gguo�j_amevlZlh\�

ÉÝàñçåÕëÝô�Ý�æØàÕÛÝ×ÕâÝÚ��?keb� aZjZg__�ba\_klgZ�qZklhlZ�dhe_[Z-
gbc�\u^_ey_fuo�<I��lh]^Z�i_j_^�mkj_^g_gb_f�fh`gh�ijbf_gblv�nbevljZ-
pbx�bkoh^gh]h�WW=−kb]gZeZ�\�[he__�\ukhdhf�beb�gbadhqZklhlghf�^bZiZ-
ahg_�� mf_gvrZxs_c� Zfieblm^guc� mjh\_gv�rmfZ�� Lh]^Z� fh`gh� ^h[blvky
gZ^_`gh]h� \u^_e_gby� <I� ijb� f_gvr_f� qbke_� mkj_^g_gbc� �jbk�� ���[�� b
mf_gvrblv�rmfh\u_�khklZ\eyxsb_�\�mkj_^g_gghf�<I��H^gZdh�wlbf�ke_-



192 =eZ\Z����<ua\Zggu_�ihl_gpbZeu

^m_l� ihevah\Zlvky� k� hklhjh`ghklvx�� ihkdhevdm� [hevrbgkl\h� ljZ^bpbhg-
guo�f_lh^h\�nbevljZpbb� �dZd�ihdZaZgh�\�jZa^�������ijb\ghkbl�\�j_amevlZl
\j_f_gghc�k^\b]�b�^jm]b_�bkdZ`_gby��dhlhju_� aZ\bkyl�hl�lbiZ�b�ihjy^dZ
nbevljZ��:� wlh�fh`_l� ijb\_klb� d� kms_kl\_gguf� k^\b]Zf� \� eZl_glghklyo
<I−ibdh\��>ey�gb\_ebjh\Zgby�hklZlhqguo�rmfh\�\�j_amevlZl_�mkj_^g_gby
qZklh� bkihevamxl� _]h� fgh]hdjZlgh_� k]eZ`b\Zgb_� kdhevaysbf� kj_^gbf
�jbk�����[).

·ðÙÚàÚâÝÚ�ãÙÝâãìâðê�·Ä� JZkkfhlj_gguc�f_lh^�ih\lhjguo�ij_^ty\-
e_gbc�klbfmeZ�g_�\k_]^Z�j_Zebam_f��LZd��fgh]b_�klbfmeu�ih�kZfhc�k\h_c�ijb-
jh^_�g_�fh]ml�[ulv�ij_^ty\e_gu�fgh]hdjZlgh��gZijbf_j��[he_\u_��h[hgyl_ev-
gu_��\dmkh\u_��klj_kkh\u_��<h�fgh]bo�kemqZyo�g_�m^Z_lky�ba[Z\blvky�hl�\k_]^Z
bf_xs_]h�f_klh�wnn_dlZ�ijb\udZgby��<�lZdbo�kblmZpbyo�bkihevamxl�f_lh^
ijhkljZgkl\_ggh]h�mkj_^g_gby�h^bghqgh]h�hl\_lZ�hl�fgh]bo�hl\_^_gbc��Ij_^-
ihkuedZfb�d�lZdhfm�mkj_^g_gbx�y\eyxlky��Z��<I−hl\_l�\�lhc�beb�bghc�kl_i_-
gb�ijhy\ey_lky�\h�\k_o�hl\_^_gbyo��[��WW=�\�lhc�beb�bghc�kl_i_gb�g_kbgojhg-
gZ�\�jZaebqguo�hl\_^_gbyo��H^gZdh��ihkdhevdm�wlb�ij_^ihkuedb�g_�\k_]^Z�\
^he`ghc�kl_i_gb�\uihegyxlky��f_lh^�ijhkljZgkl\_ggh]h�mkj_^g_gby�g_�\k_-
]^Z�^Z_l�m^h\e_l\hjbl_evguc�j_amevlZl�

ÇÝäð�·Ä� <�aZ\bkbfhklb�hl�lbiZ�klbfmeZ�b�p_e_\hc�mklZgh\db�h[uqgh
\u^_eyxl�ke_^mxsb_�dZl_]hjbb�<I�
• wdah]_ggu_�<I�

— ajbl_evgu_��A<I��\�hl\_l�gZ�k\_lh\mx�klbfmeypbx�
— kemoh\u_��K<I��\�hl\_l�gZ�a\mdh\mx�klbfmeypbx�
— khfZlhk_gkhjgu_��KK<I��\�hl\_l�gZ�we_dljbq_kdmx�klbfmeypbx�

• wg^h]_ggu_�<I�beb�dh]gblb\gu_��k\yaZggu_�k�kh^_j`Zl_evguf�ZgZeb-
ahf�fha]hf�klbfmeh\�jZaebqghc�ijbjh^u�
>jm]b_�lbiu�jZa^jZ`bl_e_c��lZdlbevgu_��h[hgyl_evgu_��\dmkh\u_��\_k-

lb[meyjgu_�� dbg_kl_lbq_kdb_� bkihevamxlky� kjZ\gbl_evgh� j_^dh��Ke_^m_l
lZd`_�hlf_lblv��qlh�g_kfhljy�gZ�lh��qlh�q_j_a�ajbl_evguc�dZgZe�ihklmiZ_l
^h�����bgnhjfZpbb��gh�b�kemoh\hc�dZgZe�g_�f_g__�\Z`_g��LZd�ijb�_]h�hl-
dexq_gbb��\�qZklghklb��ijZdlbq_kdb�^h�gmey�iZ^Z_l�wnn_dlb\ghklv�j_deZ-
fu��Ijbf_qZl_evgh�lZd`_��qlh�\h�fgh]bo�aZiZ^guo�kljZgZo�aZdhgh^Zl_evgh
aZij_s_gh�bkihevah\Zgb_�\�j_deZf_�[Zkh\uo�a\mdh\�b�]hehkh\��ihkdhevdm
hgb�hdZau\Zxl�gZ�q_eh\_dZ�g_�lhevdh�bgnhjfZpbhggh_��gh�b�ijyfh_�khfZ-
lbq_kdh_�\ha^_ckl\b_�

ÃÖãÜâÕìÚâÝô� >ey�bkke_^h\Zgby�dZ`^h]h�lbiZ�<I�bkihevam_lky�k\hy
kbkl_fZ�hl\_^_gbc��<�mkj_^g_gghc�aZibkb�<I�\u^_eyxl�g_kdhevdh�oZjZd-
l_jguo�ibdh\��dhlhju_�h[hagZqZxlky�eZlbgkdbfb�[md\Zfb�� 3�²�ihablb\-
ghklv�� 1�²�g_]Zlb\ghklv�� k�bg^_dkZfb�� h[hagZqZxsbfb�beb�ihjy^dh\uc
ghf_j�ibdZ�beb�`_�_]h�eZl_glghklv��\�fk��



�������Ajbl_evgu_�<I
ÄæÝêãéÝÜÝßÕ�ÜåÚâÝô��=eZaZ�\b^yl��\hkijbgbfZxl�k\_l��=eZ\gu_�oZ-

jZdl_jbklbdb�k\_lZ�²�_]h�qZklhlZ�b�bgl_gkb\ghklv�dZd�we_dljhfZ]gblgh]h
dhe_[Zgby�� QZklhlZ�²� ]eZ\guc� nZdlhj�� hij_^_eyxsbc� hdjZkdm� k\_lZ�
Bgl_gkb\ghklv�²�]eZ\guc�nZdlhj��hij_^_eyxsbc�yjdhklv��<b^bfuc�k\_l
²� qZklv� we_dljhfZ]gblgh]h� ki_dljZ�� e_`ZsZy� \� ^bZiZahg_� ^ebg� \heg� hl
���� �\hkijbgbfZ_lky� dZd�nbhe_lh\uc�� ^h� ���� �\hkijbgbfZ_lky� dZd� djZk-
guc��gZghf_ljh\�

>bZiZahg� bgl_gkb\ghkl_c� k\_lZ�� dhlhju_� \hkijbgbfZ_l� ]eZa�� h]jhf_g
�ihjy^dZ���10���GZb[he__�bgl_gkb\guc�k\_l��_s_�g_�\uau\Zxsbc�[he_\uo
hsms_gbc�� ijbf_jgh� \� fbeebhg� fbeebZj^h\� jZa� [he__� bgl_gkb\_g�� q_f
kZfuc�keZ[uc�\b^bfuc�k\_l�

ÆçåãÚâÝÚ� ØàÕÜÕ��Hj]Zghf�� \hkijbgbfZxsbf� k\_l� b� \kx� ajbl_evgmx
bgnhjfZpbx��y\ey_lky�]eZa��jbk��������Emqb�k\_lZ��dhlhju_�b^ml�hl�\b^bfh]h
h[t_dlZ��ijhoh^yl�kd\hav�jh]h\bpm��aZsbsZxsmx�]eZa�ki_j_^b��aZl_f�b^ml
q_j_a� ajZqhd��h[jZah\Zgguc�jZ^m`ghc�h[hehqdhc��q_j_a�ojmklZebd�b��gZdh-
g_p��i_j_^�l_f�dZd�^hklbqv�j_p_ilhjguo�de_lhd�k_lqZldb��hgb�ijhoh^yl�q_-
j_a�kjZ\gbl_evgh�iehlgmx�kj_^m�²�lZd�gZau\Z_fh_�kl_deh\b^gh_�l_eh.

Ijhoh^y� q_j_a� jZaebqgu_� ij_ehf-
eyxsb_� kj_^u� ]eZaZ�� bah[jZ`_gb_� i_-
j_\hjZqb\Z_lky�� _]h� e_\Zy� qZklv� ijh-
_pbjm_lky�gZ�ijZ\mx�klhjhgm�k_lqZldb�
Z� \_jogyy� gZ� gb`gxx��OjmklZebd�� gZ-
oh^ykv� kjZam� aZ� jZ^m`ghc� h[hehqdhc�
m^_j`b\Z_lky�\�h^ghf�iheh`_gbb�j_k-
gbqguf�ihykdhf� �]RQXOD� FLOLDULV���dhlh-
juc� khklhbl� ba� j_kgbqguo� \hehdhg�
AjZqhd� hij_^_ey_l� dhebq_kl\h� k\_lZ�
ijhimkdZ_fh]h�\�]eZa��_]h�^bZf_lj�fh-
`_l�baf_gylvky�hl�^\mo�^h�\hkvfb�ff�
Gh�wlh�baf_g_gb_�ijhbkoh^bl�^h\hevgh
f_^e_ggh��AjZqhd�g_�j_]mebjm_l�bgl_g-
kb\ghklv� k\_lZ�� _]h� hkgh\gZy� nmgdpby
khklhbl� \� lhf��qlh[u�ijhimklblv�ebrv

lhl�k\_l��dhlhjuc�iZ^Z_l�gZ�p_gljZevgmx�qZklv�ojmklZebdZ��]^_�nhdmkbjh\dZ
gZb[he__�lhqgZy��Km`_gb_�ajZqdZ�ihfh]Z_l�khojZgblv�[hevrmx�]em[bgm�j_a-
dhklb�²�\k_]^Z�gZb[hevrmx�ijb�^Zgguo�mkeh\byo�hk\_s_gby��Djhf_�lh]h�
jZaf_ju�ajZqdZ�hljZ`Zxl�khklhygb_�g_j\ghc�kbkl_fu��ijb�baf_g_gbb�wfh-
pbhgZevgh]h�khklhygby��ijb�mfkl\_gghf�gZijy`_gbb�b�j_r_gbb�aZ^Zq�^bZ-
f_lj�ajZqdZ�f_gy_lky�

?keb�ij_^f_l�kbevgh�ijb[ebablv�d�]eZaZf��lh�\u�ykgh�hsmlbl_�gZijy`_-
gb_� ]eZaguo�furp��Ih�f_j_� ijb[eb`_gby� ijhbkoh^yl� ^\Z� ijhp_kkZ�� h^gZ
]jmiiZ�]eZaguo�furp�h[_ki_qb\Z_l�k\_^_gb_�h[_bo�ajbl_evguo�hk_c�gZ�h[t-

Jbk�������Kljh_gb_�]eZaZ
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_dl��dhg\_j]_gpby���Z�^jm]Zy�²�g_ij_ju\gh�m\_ebqb\Z_l�djb\bagm�ojmklZeb-
dh\�h[hbo�]eZa��ba�aZ�q_]h�emqb�k\_lZ�ij_ehfeyxlky�\�dZ`^hf�]eZam�\k_�kbev-
g__��b�bah[jZ`_gb_�gZ�k_lqZld_�hklZ_lky�q_ldbf�ijb�_]h�ijb[eb`_gbb�

ÆçåãÚâÝÚ�æÚçìÕçßÝ��Dh]^Z�k\_l�ihiZ^Z_l�gZ�k_lqZldm��lZf�ijhbkoh^bl
ij_\jZs_gb_�k\_lh\uo�\heg�\�g_j\gu_�dh^u��K_lqZldZ�²�wlh�g_�kiehrghc
kehc�k\_lhqm\kl\bl_evgh]h�fZl_jbZeZ��HgZ�khklhbl�ba�lj_o�keh_\�g_j\guo
de_lhd��jbk��������jZa^_e_gguo�^\mfy�kehyfb�kbgZikh\��h[jZah\Zgguo�Zdkh-
gZfb�b�^_g^jblZfb�wlbo�de_lhd��M�q_eh\_dZ�kms_kl\mxl�k\_lhqm\kl\bl_ev-
gu_�we_f_glu�^\mo�lbih\�²�iZehqdb�b�dhe[hqdb��b�hgb�gZoh^ylky�\�kZfhf
]em[bgghf�keh_�k_lqZldb��l��_��k_lqZldZ�dZd�[u�i_j_\_jgmlZ�\gmljv��<�k\yab
k�wlbf�\klZ_l�aZdhgguc�\hijhk��Z�qlh�`_�j_Zevgh]h�fh`gh�m\b^_lv�\�hdjm-
`Zxs_f� fbj_� aZ� q_lujvfy� iehlgufb� kehyfb� ijhf_`mlhqguo� de_lhd� b
g_j\guo�\hehdhg"�Fh`_l�[ulv��g_Z^_d\Zlgh_�\hkijbylb_�J_Zevghklb��gZ-
au\Z_fh_�\�debgbd_�rbahnj_gb_c��aZeh`_gh�m�q_eh\_dZ�m`_�gZ�ZgZlhfbq_-
kdhf�mjh\g_"�Gh�ihc^_f�^Zevr_�

Ihfbfh�fhjnheh]bq_kdbo�hl-
ebqbc�� dhlhju_� h[mkeh\beb� i_j-
\hgZqZevgh_� ^_e_gb_� nhlhj_p_i-
lhjh\�gZ�^\Z�lbiZ��iZehqdb�b�dhe-
[hqdb� hlebqZxlky� nmgdpbhgZev-
gh��<� kmsghklb�� \� ]eZam� bf__lky
^\_� kZfhklhyl_evgu_� ajbl_evgu_
kbkl_fu�� Ajbl_evguc� imjimj� ²
jh^hikbg� �hg� h[_ki_qb\Z_l� gZ-
qZevgmx� j_Zdpbx� ]eZaZ� gZ� ajb-
l_evguc� kb]gZe�� ²� kh^_j`blky
lhevdh� \� iZehqdZo�� :� dhe[hqdb
kh^_j`Zl� g_kdhevdh� \_s_kl\�� g_-
h[oh^bfuo� ^ey� p\_lgh]h� aj_gby�
IZehqdZ� ihqlb� \� ���� jZa� [he__
qm\kl\bl_evgZ� d� k\_lm�� q_f� dhe-
[hqdZ��gh�aZlh�hgZ�g_�kihkh[gZ�ih�

jZaghfm�j_Z]bjh\Zlv�gZ�k\_l�jZaghc�hdjZkdb��G_j\gu_�imlb��ih�dhlhjuf�bg-
nhjfZpby�hl�iZehq_d�b�dhe[hq_d�i_j_^Z_lky�\�fha]��lZd`_�jZaebqgu�

M�q_eh\_dZ�\�]eZam�kh^_j`blky�ijbf_jgh� ��fbeebhgh\�dhe[hq_d�b� ���
fbeebhgh\�iZehq_d��?keb�\kihfgblv��qlh�bah[jZ`_gb_�gZ�h[uqghf�l_e_\b-
abhgghf� wdjZg_� keZ]Z_lky� \k_]h�ba� ���� lukyq�g_aZ\bkbfuo� we_f_glh\�� lh
klZg_l�ykgh��qlh�wlh�hq_gv�[hevrZy�iehlghklv��<�kZfhf�p_glj_��]^_�kihkh[-
ghklv�gZr_]h�aj_gby�jZaebqZlv�lhgdb_�^_lZeb�fZdkbfZevgZ��bf_xlky�lhev-
dh�dhe[hqdb��Wlm�ebr_ggmx�iZehq_d�ahgm�^bZf_ljhf�hdheh�ihefbeebf_l-
jZ� gZau\Zxl� p_gljZevghc� yfdhc� �jbk�� ������ h^gZdh� dhe[hqdb� bf_xlky� ih
\k_c�k_lqZld_��DZd�wdki_jbf_glZevgh�^hdZaZeb�<Z\beh\�b�Q_j_gdh\��qZkZfb
kb^y�\� l_fghf�ih^a_fghf�[mgd_j_�� lZdZy�hj]ZgbaZpby� k_lqZldb�iha\hey_l
q_eh\_dm�\b^_lv�^Z`_�hl^_evgu_�d\Zglu�k\_lZ�

Jbk�������Kljh_gb_�k_lqZldb
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<� ihke_^mxsbo� kehyo� k_lqZldb� ijhbkoh^bl� ij_^\Zjbl_evgZy� i_j_jZ-
[hldZ�ajbl_evghc�bgnhjfZpbb��<uoh^guo�]Zg]ebhaguo�de_lhd�\k_]h�ebrv
hdheh�fbeebhgZ��DZdbf�`_�h[jZahf�khojZgy_lky�^_lZevgZy�ajbl_evgZy�bg-
nhjfZpby"1

Jbk�������Ajbl_evgu_�imlb

¼åÝçÚàñâðÞ�çåÕßç��<�i_j_^Zq_�kb]gZeZ�hl�j_p_ilhjZ�d�fha]m�mqZkl\m-
xl� jZaebqgu_� lbiu� de_lhd��Hl� k_lqZldb� d�fha]m� b^_l� ajbl_evguc� ljZdl�
lhesbgZ�dhlhjh]h�ijbf_jgh�jZ\gZ�lhesbg_�dZjZg^ZrZ��jbk��������QZklv�\h-
ehdhg�ajbl_evgh]h�ljZdlZ��b^msbo�hl�dZ`^h]h�]eZaZ��i_j_dj_sb\Zxlky��f_-
klh� i_j_dj_klZ� gZau\Zxl� obZafhc� �ih� koh^kl\m� k� gZq_jlZgb_f� ]j_q_kdhc
[md\u�χ���<k_�\hehdgZ�hl�e_\uo�iheh\bg�k_lqZlhd�h[hbo�]eZa�gZijZ\eyxlky
\�e_\h_�ihemrZjb_�fha]Z��Z�\k_�\hehdgZ�hl�ijZ\uo�iheh\bg�²�\�ijZ\h_�ih-
emrZjb_� �\_jlbdZevgZy� ]jZgbpZ� f_`^m� h[_bfb� iheh\bgZfb� ihey� aj_gby
ijhoh^bl�q_j_a�lhqdm�nbdkZpbb��h[�Zkbff_ljbb�fha]Z�fu�[he__�ih^jh[gh
]h\hjbeb�\�jZa^��������Ke_^m_l�lZd`_�ihfgblv��qlh�ojmklZebd�i_j_\hjZqb\Z-
_l�bah[jZ`_gb_��e_\h_� klZgh\blky�ijZ\uf�� Z� \_jo�²�gbahf2��Ke_^mxs_c
                                                          

1�Ih�wlbf�b�fgh]bf�^jm]bf�bgljb]mxsbf�\hijhkhf�fh`gh�ihj_dhf_g^h\Zlv��>�
Ovx[_e��=eZa��fha]��aj_gb_��F���Fbj�������

2�LZd�b�\b^bl�fbj�gh\hjh`^_gguc�j_[_ghd��H^gZdh�fha]�hq_gv�[ukljh�gZmqZ_lky
i_j_\_jlu\Zlv�bah[jZ`_gb_��Gh�fh`gh�i_j_mqblv�fha]��_keb�ihghkblv�ki_pbZevgu_
hqdb�a_jdZevgh]h�ij_h[jZah\Zgby��Lh]^Z�ijb�hl\_l_�m�^hkdb�fh`gh�e_]dh�qblZlv�k
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klZgpb_c�i_j_dexq_gby�\�ajbl_evghc�kbkl_f_�ihke_�k_lqZldb�kem`bl�eZl_-
jZevgh_�dhe_gqZlh_�l_eh�

¼åÝçÚàñâÕô� ßãåÕ�� Ajbl_evgu_� kb]gZeu�ihklmiZxl� \�i_j\bqgmx� ajb-
l_evgmx� ahgm�dhju� \� aZluehqghc�^he_� �kf��jbk�� �����b�jZkij_^_eyxlky�� \
hkgh\ghf�� kj_^b� g_cjhgh\�� jZkiheh`_gguo� \� q_l\_jlhf� keh_�� ]^_�fh`gh
\u^_eblv�ih�f_gvr_�f_j_�^\Z�lbiZ�g_j\guo�de_lhd��dhjZ�[hevrbo�ihemrZ-
jbc�^_eblky�gZ�ihey�ih�lbim�g_j\guo�de_lhd�b�ih�kljmdlmj_�bo�hj]ZgbaZ-
pbb���LZd�gZau\Z_fu_�ijhklu_�de_ldb�j_Z]bjmxl�gZ�ij_^ty\e_gb_�k\_leuo
ebgbc�gZ�l_fghf�ihe_��Z�lZd`_�gZ�ijyfu_�ebg_cgu_�]jZgbpu�f_`^m�k\_l-
eufb�b�l_fgufb�h[eZklyfb��Ke_^h\Zl_evgh��wlb�de_ldb�j_Z]bjmxl�gZ�eb-
gbb� b� djZy�� De_ldb� \lhjhc� dZl_]hjbb�� gZa\Zggu_� keh`gufb� g_cjhgZfb�
lZd`_�hl\_qZxl�gZ�ij_^ty\e_gb_�ebgbb�beb�djZy��h^gZdh�hgb�ijh^he`Zxl
^Z\Zlv� jZajy^u� ih� f_j_� lh]h�� dZd� jZa^jZ`bl_ev� ^\b`_lky� ih� ^h\hevgh
[hevrhc�h[eZklb�k_lqZldb�

ÆÕßßÕÙð��=eZaZ�\k_�\j_fy�gZoh^ylky�\�^\b`_gbb��ihke_^h\Zl_evgh�i_-
j_oh^y�k�h^gh]h�mqZkldZ�ihey�aj_gby�gZ�^jm]hc��>\b`_gby�]eZa�keZ]Zxlky
ba�jy^Z�kdZqdh\��beb�kZddZ^��dhlhju_�h[uqgh�ijhbkoh^yl��±��jZa�\�k_dmg^m�
KZddZ^bq_kdh_�^\b`_gb_�ijhbkoh^bl�aZ�kq_l�Zdlb\ghklb�gZjm`guo�furp
]eZaZ� �bo� r_klv��� dhlhju_� h[_ki_qb\Zxl� [uklju_� baf_g_gby� iheh`_gby
]eZagh]h�y[ehdZ�

=eZagu_�furpu�g_�fh]ml�m^_j`Zlv�]eZagh_�y[ehdh�\�iheghf�ihdh_��;h-
e__� lh]h�� ^ey� ghjfZevgh]h� \hkijbylby� hgb� h[_ki_qb\Zxl� g_ij_ju\gu_
fbdjh^\b`_gby��lj_fhj��beb�nbabheh]bq_kdbc�gbklZ]f���ijb�dhlhjhf�]eZa
ih^jZ]b\Z_l�k�qZklhlhc�hdheh�����=p��LZdbf�h[jZahf��bah[jZ`_gb_�\�]eZam
g_ij_ju\gh�^\b`_lky�

¼åÝçÚàñâðÚ�òééÚßçð�
?keb�ijbklZevgh�kfhlj_lv�gZ�q_jgmx�lhqdm�\�p_glj_��jbk��������klZjZykv

kh\_jr_ggh�g_�hl\h^blv�hl�g__�]eZaZ��lh�kimkly�ijbf_jgh�ihefbgmlu�q_j-
gu_�b�[_eu_�qZklb�bah[jZ`_gby�gZqgml�dhe_[Zlvky��?keb�i_j_\_klb�ihke_
wlh]h�\a]ey^�gZ�[_emx�lhqdm��lh�fh`gh�m\b^_lv�gZ[hj�[_euo�d\Z^jZlh\�gZ
q_jghf�nhg_� �l��_��h[jZa�ihke_^_ckl\by���gZeh`_gguc�gZ�gZklhysbc�jbkm-
ghd��Wlhl�ihke_^h\Zl_evguc�h[jZa�[m^_l�\k_�\j_fy�kf_sZlvky�ih�jbkmgdm�
dZd�[u�\u�gb�klZjZebkv�m^_j`Zlv�_]h�gZ�f_kl_��Wlh�b�_klv�wnn_dl�nbabheh-
]bq_kdh]h�gbklZ]fZ�

                                                                 
jZkdjulh]h�mq_[gbdZ�gZ�i_j\hc�iZjl_��Fha]�\hh[s_�ijbmqZ_lky�\hkijbgbfZlv�hd-
jm`Zxs__�klZg^Zjlgh��>Z\Zcl_�k^_eZ_f�g_h[uqgmx�hdhggmx�jZfm�\�\b^_�]hjbahg-
lZevgh�jZkiheh`_gghc�ljZi_pbb�b�ijb^Z^bf�_c�djm]h\h_�\jZs_gb_��Fha]�g_�m\b^bl
wlh]h� \jZs_gby�— hg� m\b^bl� lhevdh� g_[hevrh_� ihdZqb\Zgb_� jZfu� ba� klhjhgu� \
klhjhgm�— \_^v�fha]m� ^Z\gh�ba\_klgh�� qlh� \k_� hdhggu_� jZfu�ijyfhm]hevgu_��^Z
_s_�_klv�wnn_dl�i_jki_dlb\u��Ihijh[m_f�h[fZgmlv�fha]�b�ijbdj_ibf�^ey�hij_^_-
e_gghklb�d�h^ghfm�djZx�jZfu�[Zglbd�beb�ijh^_g_f�\�jZfm�iZedm��Gh�b�wlh�g_�ih-
fh`_l�—�jZfZ�g_�y\bl�\jZs_gby��aZlh�[Zglbd�gZqg_l�iju]Zlv�k�djZy�gZ�djZc��Z�\jZ-
sZxsZyky�iZedZ�[m^_l�k\h[h^gh�ijhoh^blv�kd\hav�ihi_j_qbgu�
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Jbk�������Wnn_dl�ihke_^_ckl\by
]eZaZ

 
Jbk�������<ebygb_�j_adbo�baf_g_-

gbc�bgl_gkb\ghklb

K� ihfhsvx� hij_^_e_gguo� l_ogbq_kdbo� mobsj_gbc�fh`gh� klZ[bebab-
jh\Zlv�h[jZa�gZ�k_lqZld_��gh�klZ[bebabjh\Zgguc�h[jZa�bkq_aZ_l�m`_�q_j_a
g_kdhevdh� k_dmg^��B� bkq_aZ_l� \_kvfZ� oZjZdl_jgh�� ih� qZklyf�� hl^_evgufb
njZ]f_glZfb�� bf_xsbfb� kh[kl\_ggh_� agZq_gb_�� H[jZa� khojZgy_lky� l_f
^hevr_��q_f�[hevr_�kfukeZ�\�g_f� aZeh`_gh��LZ�qZklv�h[jZaZ��gZ�dhlhjhc
gZ[ex^Zl_ev�khagZl_evgh�dhgp_gljbjm_l�\gbfZgb_��bkq_aZ_l�ihke_^g_c�

OZjZdl_j�^\b`_gby�]eZa�hljZ`Z_l�kbkl_fZlbq_kdbc�hl[hj�\g_rg_c�bg-
nhjfZpbb��hkgh\Zgguc�gZ�hkfuke_gghc�bgl_jij_lZpbb�ihklmiZxsbo�k_g-
khjguo�^Zgguo��GbklZ]f�gZ[ex^Z_lky�b�\h�\j_fy� kgZ��m`_�fgh]h�e_l� wlb
^\b`_gby�kqblZxl�]eZ\guf�ihdZaZl_e_f�gZebqby�kgh\b^_gbc�

·ãæäåÝôçÝÚ�ÛÝ×ãäÝæÝ��?keb� kfhlj_lv�gZ�jbkmghd� k�jZkieu\qZlufb
djZyfb��jbk��������lh�q_j_a�dZdh_�lh�\j_fy�nb]mjZ�bkq_aZ_l�b�g_�ihkl_i_ggh�
Z�kjZam�[hevrbfb�dmkdZfb��Gh�_keb�qmlv�kf_klblv�\a]ey^��lh�\k_�ihy\blky
\gh\v��<hkijbylb_�h[jZaZ�hij_^_ey_lky� Zdlb\ghklvx�hq_gv� keh`guo�g_c-
jhgguo�^_l_dlhjh\�ijbagZdh\�²�g_j\guo�p_i_c��h[gZjm`b\Zxsbo�ebgbb�
djZy��m]eu�b��\hafh`gh��hdjm`ghklb��>h�l_o�ihj�ihdZ�hl�j_p_ilhjh\�k_l-
qZldb�ihklmiZ_l�^hklZlhqgh_�dhebq_kl\h�bgnhjfZpbb��wlb�^_l_dlhju�ijh-
^he`Zxl�nmgdpbhgbjh\Zlv��b�\u�\b^bl_�h[jZa�\�p_ehf��Dh]^Z�bah[jZ`_gb_
klZgh\blky�g_ih^\b`guf�hlghkbl_evgh�k_lqZldb��j_p_ilhju�i_j_klZxl�ih-
kueZlv� kb]gZeu� \�p_glj��Hgb�i_j_klZxl�nmgdpbhgbjh\Zlv��b� ajbl_evguc
h[jZa�bkq_aZ_l��Dh]^Z�\u�kfhljbl_�gZ�jbkmghd��\Zrb�]eZaZ�g_ijhba\hevgh
^\b`mlky��gh�wlb�g_agZqbl_evgu_�ih�Zfieblm^_�^\b`_gby�ijb\h^yl�ebrv�d
\b[jZpbb�jZkieu\qZluo�djZ_\�ih�j_p_ilhjZf�k_lqZldb��I_j_oh^�hl�h^gh]h
p\_lZ�d�^jm]hfm�ijhbkoh^bl�lZd�ieZ\gh��qlh�^\b`_gb_�jZkieu\qZlh]h�djZy
g_� kihkh[gh� \ua\Zlv� ^hklZlhqgh� j_adh]h� baf_g_gby� klbfmeypbb�� dhlhjh_
[ueh�[u�hlf_q_gh�j_p_ilhjZfb�

L_�jZafulu_�djZy��dhlhju_�\k_]^Z�ijbkmlkl\mxl��gZijbf_j��\�i_caZ`-
ghc� `b\hibkb� DblZy�� ^Zxl� \hafh`ghklv� ajbl_ex� gZ[ex^Zlv� dZjlbgm� ih
qZklyf��i_j_oh^y�hl�h^gh]h�h[jZaZ�d�^jm]hfm��A^_kv�dZd�[u�kfh^_ebjh\ZgZ
kljmdlmjZ� gZr_]h� \hkijbylby��Bgl_j_kgh�� aZq_f"�H[eZqgu_� p_amju�� jZa-
fulu_�djZy�j_d��^_j_\v_\��i_j_ju\�\� ]hjbahglZevghf� k\bld_� \� \b^_�e_kZ�
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^_j_\v_\�� dmklZjgbdZ�� j_db����IhemqZ_lky�� qlh� dZjlbgm� g_\hafh`gh� ho\Z-
lblv�h^gbf�\a]ey^hf��dZd�b�ijb�kha_jpZgbb�j_Zevgh]h�h[t_dlZ��\u�^he`gu
ih\hjZqb\Zlv�]heh\m��\kfZljb\Zlvky�\�jZaebqgu_�^_lZeb��b�ihkl_i_ggh�dZj-
lbgZ�klZgh\blky�^ey�jZkkfZljb\Zxs_]h�__�g_�lhevdh�h[t_fghc��gh�b�j_Zev-
ghc�²�\�g__�fh`gh�mclb��\�g_c�fh`gh�`blv�1

ÁÚÙÝçÕëÝô�âÕ�ÝÜãÖåÕÛÚâÝÝ�
Ijhlb\hiheh`guc� kihkh[� ihkljh_-

gby�bah[jZ`_gbc�^ey� kha_jpZgby�b� kh-
kj_^hlhq_gby�[ue�bah[j_l_g�\�>j_\g_c
Bg^bb��Wlh�²�yglju�beb�dhgkljmdlu�
ihkljh_ggu_�ba�ijhkl_crbo� ]_hf_ljb-
q_kdbo� nb]mj� �ebgbb�� lj_m]hevgbdb�
d\Z^jZlu�� djm]b� b� l�� i��� k� q_ldh� hq_j-
q_ggufb�djZyfb��jbk��������LZdh_�khq_-
lZgb_� we_f_glh\� aZ^_ckl\m_l� kjZam
[hevrh_�qbkeh�g_cjhgguo�^_l_dlhjh\�\
ajbl_evghc�dhj_��Wlhl�wnn_dl�mkbeb\Z-
_l� baf_g_gb_� jZaf_jh\� we_f_glh\� hl
p_gljZ� d� i_jbn_jbb� b� q_j_^h\Zgb_� bo
jZkdjZkdb� \� [Zah\u_� p\_lZ�� djZkguc�
kbgbc��`_eluc�� a_e_guc��<� j_amevlZl_
i_j_gZkus_gby�\hkijbylby�ajbl_evghc

bgnhjfZpb_c� ijhbkoh^bl� k^\b]� khagZgby� \� Zevl_jgZlb\gh_� khklhygb_� k
^hfbgbjh\Zgb_f� ijZ\hihemrZjgh]h�� g_\_j[Zevgh]h�� \g_eh]bq_kdh]h�� g_-
ihkj_^kl\_ggh]h�\hkijbylby�j_Zevghklb��<�qZklghklb��dZd�ihdZaZeb�wdki_-
jbf_glu2��hkh[h_� khq_lZgb_� ]_hf_ljbq_kdbo�b�p\_lh\uo� we_f_glh\�<_eb-
dhc��Rjb��yglju��jbk�������iha\hey_l�hl[bjZlv�bg^b\b^mmfh\�k�hkh[hc�hj-
]ZgbaZpb_c� g_j\ghc� kbkl_fu�� gZb[he__� kihkh[kl\mxs_c� ijh^\b`_gbx� \
^moh\ghc� \hklhqghc� ijZdlbd_�� K� ^jm]hc� klhjhgu��Rjb−ygljZ� k\yaZgZ� k
]em[hdbfb�^j_\gbfb�dhkfh]hgbq_kdbfb�b�ikbohwg_j]_lbq_kdbfb�dhgp_i-
pbyfb��fgh]b_�ba�dhlhjuo�bf_xl�ijyfu_�iZjZee_eb�\�kh\j_f_gghf�gZmq-
ghf�agZgbb��B��gZdhg_p��wlZ�mgbdZevgZy�dhfihabpby�h[eZ^Z_l keh`g_cr_c

                                                          
1 Kf_jlv� \� dZjlbg_�� Wlh� beexkljbjm_l� ihjZabl_evguc� jZkkdZa� h� kf_jlb� M

>Zh−pau��kZfh]h�agZf_gblh]h�dblZckdh]h�om^h`gbdZ��Dh]^Z�Mqbl_ev�ihgye��qlh�_]h
\j_fy�ijbreh��hg� kh[jZe� k\hbo�mq_gbdh\��^jma_c�b�jh^kl\_ggbdh\�b�h[ty\be�bf�
qlh�moh^bl�^ey�`bagb�\�^jm]hf�fbj_��KdZaZ\�wlh��om^h`gbd�gZjbkh\Ze�gZ�kl_g_�i_c-
aZ`�b��ihijhsZ\rbkv�k�jh^gufb�b�[ebadbfb��hlijZ\beky�\�gZjbkh\Zggmx�kljZgm�
<k_�kh[jZ\rb_ky�fh]eb�gZ[ex^Zlv��dZd�hg�i_j_r_e�j_qdm�ih�fhklbdm�b�ihr_e�ih
ljhibgd_�\�]hju��Hg�^he]h�ih^gbfZeky�d�gZjbkh\Zgghc�i_s_j_��Z�dh]^Z�^hr_e�^h
g__��_s_�jZa�ijb\_lkl\h\Ze�\k_o�kh[jZ\rboky��ihke_�q_]h�\hr_e�\�i_s_jm��LZf��\
i_s_j_�hg�b�bkq_a�gZkh\k_f��Z�k�gbf�bkq_aeZ�b�dZjlbgZ��gZibkZggZy�gZ�kl_g_�^hfZ�

2 Kulaichev A.P., Ramendic D.M. Sri Yantra — the ancient instrument to control over
psychophysiological state of man. Indian Journal of History of Science. 1989, (24)3:137-
149.

Jbk�������Rjb−ygljZ�²�^j_\g_-
bg^bckdZy�ko_fZ�dhkfh]_g_aZ�b

ikbohwg_j]_lbdb�q_eh\_dZ
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]_hf_ljb_c��k\hckl\Z�dhlhjhc�g_�fh]ml�[ulv�jZkkqblZgu�^Z`_�gZ�fhsg_c-
rbo�kmi_jdhfivxl_jZo�\�djZcg_�hl^Ze_gghc�\j_f_gghc�i_jki_dlb\_1.

Kimklbfky�l_i_jv�k�f_lZnbabq_kdbo�\ukhl�d�[he__�kh\j_f_gguf��ij_^-
f_lguf�b�ijhaZbq_kdbf�\hijhkZf��hklZ\b\�^_lZevgh_�bamq_gb_�ihljykZx-
sbo�^j_\gbo�n_ghf_gh\�ihke_^mxsbf�bkke_^h\Zl_eyf�

ÇÝäð�ÜåÝçÚàñâðê�·Ä��Ajbl_evgu_�<I�h[uqgh�jZaebqZxl�ih�lbim�bk-
ihevam_fhc�klbfmeypbb�

• ajbl_evgu_�<I�gZ�\kiurdm�k\_lZ��A<I<��
• ajbl_evgu_�<I�gZ�j_\_jkguc�rZofZlguc�iZll_jg��A<IRI��b�^jm-

]b_�dhgkljmdpbb�ba�jblfbq_kdb�ih\lhjyxsboky�we_f_glh\�
Mkeh\by� mkj_^g_gby�� wihoZ� ZgZebaZ� ²� ���� fk�� qbkeh� mkj_^g_gbc� ²

100–200.
ÒàÚßçåãåÚçÝâãØåÕááÕ� Hl\_lu� gZ� ajbl_evgmx� klbfmeypbx� j_]bkl-

jbjmxl�g_�lhevdh�\�aZluehqguo�hl\_^_gbyo��gh�b�gZ�mjh\g_�k_lqZldb��LZdZy
aZibkv�gZau\Z_lky�we_dljhj_lbgh]jZffhc��WJ=��b�\uihegy_lky�ihke_�ij_^-
\Zjbl_evghc�l_fgh\hc�Z^ZilZpbb�ijb�klbfmeypbb�\kiurdhc�k\_lZ�kj_^g_c
b�[hevrhc�yjdhklb�b�^ebl_evghklvx�ihjy^dZ����fk��J_n_j_glguc�we_dljh^
jZkiheZ]Zxl�eb[h�gZ�)]��eb[h�gZ�bikbeZl_jZevghf��jZkiheh`_gghf�gZ�lhc
`_�klhjhg_��fZklhb^_��Zdlb\guc�we_dljh^�dj_iyl�gZ�]eZaghf�y[ehd_�\[ebab
jZ^m`db� k�ihfhsvx� ki_pbZevghc�dhglZdlghc�ebgau�beb�`_�gZ�dh`_��dZd
fh`gh�[eb`_� d� k_lqZld_��<�i_j\hf� kemqZ_�WJ=−hl\_lu�fh`gh� hlq_leb\h
jZaebqblv�m`_�gZ� _^bgbqguo� aZibkyo�beb�ijb�g_[hevrhf�qbke_�mkj_^g_-
gbc��^h������ijb�gZdh`ghf�`_�hl\_^_gbb�lj_[m_lky�ihjy^dZ�khlgb�mkj_^g_-
gbc�� GZb[he__� hlq_leb\h� gZ� WJ=� ijbkmlkl\mxl� ^\Z� hl\_lZ�� ihablb\gZy
α−\hegZ�k�Zfieblm^hc�^h�����fd<�b�eZl_glghklvx�hdheh����fk��hljZ`Zx-
sZy�hl\_lu�dhe[hq_d�b�iZehq_d��b�g_]Zlb\gZy�β−\hegZ�k�Zfieblm^hc�^h����
fd<�b�eZl_glghklvx���±���fk��]_g_jbjm_fZy�\h�\gmlj_gg_f�y^_jghf�keh_
k_lqZldb��<�debgbq_kdhc�ijZdlbd_�WJ=�h[_ki_qb\Z_l�h[t_dlb\gmx�b�^hklZ-
lhqgh�qm\kl\bl_evgmx�hp_gdm�nmgdpbb�k_lqZldb�

ÁãåØÕâÝô� Fhj]Zgby�]eZa�ijhy\eyxlky�gZ�aZibkyo�<I�\�\b^_�\ukhdhZf-
ieblm^guo� ^\monZaguo� dhe_[Zgbc� �\� �–��� jZa� \ur_� kj_^g_c� Zfieblm^u
WW=��jbk�� �������mf_gvrZxsboky�hl�eh[guo�hl\_^_gbc�d� aZluehqguf��Wlh
fh`_l�kms_kl\_ggh�bkdZablv�j_amevlZlu�mkj_^g_gby�ajbl_evguo�<I��M^Ze_-
gb_�wlbo�Zjl_nZdlh\�ijhba\h^blky�\�f_gx�jbk�������

Æ×Úçã×ðÚ�×æäðíßÝ�

A<I<�ih^Zxlky�hl�klbfmeylhjZ�lbiZ�eZfiu−\kiurdb�gZ�aZdjulu_�]eZ-
aZ�bkke_^m_fh]h�k�jZkklhygby����kf��G_^hklZldZfb�]ZahjZajy^ghc�bfimevk-
ghc�eZfiu�y\eyxlky�gZebqb_�a\mdh\h]h�s_eqdZ��^_eZxs_]h�klbfmeypbx�g_
qbklh�k\_lh\hc��b�ljm^ghklv�ij_^ty\e_gby�\kiurdb�fhghdmeyjgh��Ihwlhfm

                                                          
1 Kulaichev A.P. Sri Yantra and its mathematical properties. Indian Journal of History

of Science. 1984, (19)3:279-292.
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\� kh\j_f_gghc� ijZdlbd_� qZs_� bkihevamxlky� ki_pbZevgu_� hqdb� kh� \klZ\-
e_ggufb�fZljbpZfb�k\_lh^bh^h\�

We_dljh^u� jZa-
f_sZxl� gZ� kbff_l-
jbqguo� lhqdZo� aZlu-
ehqghc� h[eZklb� �jbk�
������dhlhju_�g_j_^dh
^hihegyxl� �^ey
hp_gdb� khklhygby�g_-
ki_pbnbq_kdhc� Zn-
n_j_glZpbb�� l_f_g-
gufb� b� p_gljZev-
gh−aZluehqguf� hl-
\_^_gbyfb�� >ey
mf_gvr_gby� \ebygby
hklZlhqgh]h� Zev-
nZ−jblfZ� gZ� nhjfm
A<I<� ijbf_gy_lky

g_jblfbq_kdZy�klbfmeypby�kh�kemqZcgufb�ijhf_`mgdZf� �–��k��<�gZmqguo
wdki_jbf_glZo�bkihevamxl�jZaebqgu_�\ZjbZglu�jZa^_evghc�klbfmeypbb�e_-
\h]h�b�ijZ\h]h�]eZaZ��hl^_evguo�ihe_c�aj_gby�b�p\_lh\mx�klbfmeypbx�

A<I<� \� aZluehqghf� hl\_^_gbb� kms_kl\_ggh� kbff_ljbqgu� ih� k\h_c
nhjf_��ohly�Zfieblm^u�ibdh\�\�e_\hf�b�ijZ\hf�ihemrZjbb�fh]ml�g_fgh]h
jZaebqZlvky��H^gZdh�\ukhdZy�Zfieblm^gZy�Zkbff_ljby��ij_\urZxsZy�^\Z
klZg^Zjlguo�hldehg_gby��fh`_l�jZkkfZljb\Zlvky�dZd�y\gZy�iZlheh]by�

¿ãáäãâÚâçð�¼·Ä·� A<I<�\dexqZ_l�jy^�ihke_^h\Zl_evguo�dhe_[Zgbc
ihl_gpbZeZ��\hajZklZxsbo�ih�Zfieblm^_�k�m\_ebq_gb_f�bo�eZl_glghklb�

H[sZy�nhjfZ�<I��dZd�b�dhebq_kl\h�ibdh\��fh`_l�\Zjvbjh\Zlvky�\�g_dh-
lhjuo� ij_^_eZo�� \f_kl_� k� l_f� h[uqgh�fh`gh� \u^_eblv� \hk_fv� hkgh\guo
ihablb\guo�b�g_]Zlb\guo�ibdh\��3���1���3���1���3���1���3���1�� �jbk������
�������aZ�dhlhjufb�ke_^mxl�jy^�^hklZlhqgh�fhghlhgguo�dhe_[Zgbc�\�nhj-
f_�\_j_l_gZ��ij_^klZ\eyxs_]h�ihke_jZajy^�

:fieblm^u� b� eZl_glgghklb� ibdh\� A<I<�fh]ml� kms_kl\_ggh� \Zjvbjh-
\Zlvky� \� aZ\bkbfhklb� hl� oZjZdl_jZ� klbfmeypbb�� f_lh^bdb� bkke_^h\Zgby�
\hajZklZ�iZpb_glZ�b�hl�kihkh[Z�ZgZebaZ��qlh�\e_q_l�g_h[oh^bfhklv�i_jbh-
^bq_kdh]h�ih\lhjgh]h�gZdhie_gby�ghjfZlb\ghc�klZlbklbdb�^Z`_�\�jZfdZo
dhgdj_lghc� bkke_^h\Zl_evkdhc� eZ[hjZlhjbb�� <� dZq_kl\_� ijbf_jZ� gZ� jbk�
5.9 ijb\_^_gu�A<I<�bkiulm_fuo�lj_o�jZaebqguo�\hajZklh\��>ey�^_lkdh]h
\hajZklZ�oZjZdl_jgZ�[hevrZy�Zfieblm^Z�iha^gbo�dhfihg_glh\� �P3–N4���K
\hajZklhf�wlb�Zfieblm^u�mf_gvrZxlky��Z�eZl_glghklb�ibdh\�kms_kl\_ggh
\Zjvbjmxlky��<�ij_dehgghf� \hajZkl_�fh`_l�gZ[ex^Zlvky� m\_ebq_gb_� Zf-
ieblm^u�jZggbo�dhfihg_glh\��P2, N2).

Jbk�������Ko_fZ�j_]bkljZpbb�ajbl_evguo�<I��rZo-
fZlguc�iZll_jg�
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Dhfihg_glu� 3��b�1��bf_xl�hlghkbl_evgh
g_[hevrmx�Zfieblm^m�b�ijb�fZehf�qbke_�mk-
j_^g_gbc��Z�lZd`_�ijb�[hevrhf�Zfieblm^ghf
mjh\g_�nhgh\hc�WW=��fh]ml�[ulv�keZ[h�\ujZ-
`_ggu�\�khklZ\_�A<I<��gh�\�hgb�ghjf_�^hklZ-
lhqgh� klZ[bevgu� b� mklhcqb\h� gZ[ex^Z_fu�
Wlb� dhfihg_glu� ij_^klZ\eyxl� kh[hc� hl\_lu
dhju� gZ� ihlhd� Znn_j_glghc� bgg_j\Zpbb� ih
[ukljhijh\h^ysbf� \hehdgZf� ajbl_evgh]h
ljZdlZ�� i_j_dexqZxsboky� \� lZeZfbq_kdbo
ajbl_evguo�y^jZo��Wlb�\hehdgZ�ijh_pbjmxlky
ij_bfms_kl\_ggh�\�h[eZklv�aZluehqghc�dhju�
gh� jZkijhkljZgyxlky� lZd`_�b� ^Ze__�� aZo\Zlu-
\Zy� \bkhqgu_�� l_f_ggu_�� p_gljZevgu_� b� eh[-
gu_�h[eZklb�

Dhfihg_glu� 3�� b� 1�� j_]bkljbjmxlky� \
A<I<�^hklZlhqgh�j_]meyjgh�b� klZ[bevgh��ih-
wlhfm�kqblZxlky�hihjgufb�\�^bZ]ghklbq_kdhf
hlghr_gbb��Hgb�lZd`_�hlghkylky�d�^hklZlhqgh
[ukljhijh\h^ysbf� Znn_j_glguf� kbkl_fZf�
gh� ijhoh^yl� [hevr__� qbkeh� i_j_dexq_gbc
ij_`^_��q_f�^hklb]gml�dhju��Wlb�dhfihg_glu
qZklbqgh� h[mkeh\e_gu� Znn_j_glgufb� g_c-
jhggufb� ihlhdZfb�� ijhoh^ysbfb� q_j_a� ki_-

pbnbq_kdb_�b�ZkkhpbZlb\gu_�y^jZ�lZeZfmkZ�b�kljbZjgh]h�dhfie_dkZ�
Dhfihg_gl�3��y\ey_lky�\_kvfZ�g_klZ[bevguf�b�fh`_l�bf_lv�\b^�ohjh-

rh�\ujZ`_gghc�\ukhdhZfieblm^ghc�\hegu��gh�bgh]^Z�hg�kms_kl\_ggh�j_-
^mpbjh\Zg�b�\u]ey^bl�dZd�g_agZqbl_evgh_�^hihegbl_evgh_�dhe_[Zgb_�ih-
l_gpbZeZ�gZ�i_j_^g_f�njhgl_�ibdZ�3���<�khhl\_lkl\bb�k�wlbf�baf_gy_lky�b
\hegZ� 1��� y\eyxsZyky� jZa^_ebl_evghc� f_`^m� 3�� b� 3��� AZdexqbl_evgu_
dhfihg_glu� 3�� b� 1�� ij_^klZ\eyxl� kh[h� ibdb�� gZb[he__� \ujZ`_ggu_� ih
Zfieblm^_�b�ihklhyggu_�

Dhfihg_glu�hl� 3��^h�1��h[mkeh\e_gu�hl\_lhf�dhju�gZ� Znn_j_glgmx
bgg_j\Zpbx�� b^msmx� hl� g_ki_pbnbq_kdbo� y^_j� ebf[bdh−j_lbdmeyjgh]h
dhfie_dkZ� b� hljZ`Zxl� fmevlbkbgZilbq_kdmx� hj]ZgbaZpbx� g_ki_pbnbq_-
kdbo�kbkl_f�

·ÕåÝÕçÝ×âãæçñ�·Ä��Bf__lky�fgh]h�nZdlhjh\��\ebyxsbo�gZ�iZjZf_l-
ju�A<IRI��\hajZkl��ihe��jZaf_j�yq_cdb��dZq_kl\h�gZeh`_gb_�we_dljh^h\�
nbdkZpby�\a]ey^Z��yjdhklv��dhgljZkl�b�^jm]b_�

<�lZ[e�������ijb\_^_gu�^Zggu_�h^ghc�bkke_^h\Zl_evkdhc�]jmiiu�h�ihdZ-
aZl_eyo�ibdh\�A<I<��kj_^g__�b�klZg^Zjlgh_�hldehg_gb_���GZihfgbf��qlh�\
^bZiZahg�h^gh]h�klZg^Zjlgh]h�hldehg_gby�mdeZ^u\Z_lky�lhevdh�hdheh����
bkiulm_fuo��Ihwlhfm�\�j_Zevghc�ijZdlbd_�wlb�ihdZaZl_eb�fh]ml�_s_�[he__
\Zjvbjh\Zlv��Z�dZd�\b^gh�ba�lZ[e�������fgh]b_�ibdb�b�ih�h^ghfm�klZg^Zjl-

Jbk�������<ZjbZlb\ghklv
A<I<�\�aZ\bkbfhklb�hl
\hajZklZ��Z — 5 e_l��[ —

���]h^��\�²����e_l
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ghfm�hldehg_gbx�i_j_k_dZxlky�\h�\j_f_gghc�h[eZklb��<k_�wlh�aZljm^gy_l
b^_glbnbdZpbx� dhfihg_glh\��NZdlbq_kdb� dZ`^uc� bkke_^h\Zl_ev� \� khhl-
\_lkl\bb� k� dhgdj_lbdhc� k\hbo� wdki_jbf_glZevguo� mkeh\bc� ^he`_g� kh[b-
jZlv�kh[kl\_ggmx�klZlbklbdm�b�hij_^_eylv�kh[kl\_ggu_�]jZgbpu�ghjfu�

LZ[ebpZ������KlZlbklbq_kdb_�hp_gdb�ibdh\�A<I<

Ib
db

EZl_glghklv�
fk

:fieblm^Z
fd<

P1 43±7 −
N1 61±11 5.5±2.6
P2 73±16 6.6±5.1
N2 103±15 10.1±5.5
P3 128±22 9.2±5.8
N3 162±36 7.8±3.8

<�dZq_kl\_�beexkljZpbb�ijb\_^_f�ijbf_j�lj_o�bkiulm_fuo��m�dhlhjuo
j_]bkljbjh\Zebkv�A<I<�\�h^bg�^_gv��ijb�jZ\guo�mkeh\byo�b�k�fbgbfZev-
guf� \j_f_gguf�bgl_j\Zehf� �jbk�� �������DZd�g_ljm^gh� aZf_lblv��bf_xlky
kms_kl\_ggu_�jZaebqby��dZd�\�Zfieblm^Zo��lZd�b�\�eZl_glghklyo�\u^_ey_-
fuo�ibdh\�

Jbk��������AZibkb�A<I<�lj_o�bkiulm_fuo

¿àÝâÝìÚæßãÚ� äåÝáÚâÚâÝÚ� Ba�aZ� [hevrhc� f_`bg^b\b^mZevghc� \Z-
jbZ[_evghklb� A<I<� gZb[he__� gZ^_`gufb� djbl_jbyfb� debgbq_kdhc� ^bZ]-
ghklbdb� y\eyxlky� hlkmlkl\b_� hl\_lZ�� agZqbl_evgh_� kgb`_gb_� Zfieblm^u�
m^ebg_gb_�eZl_glghkl_c�b�agZqbl_evgu_�jZaebqby�ijb�klbfmeypbb�e_\h]h�b
ijZ\h]h�]eZaZ�

Hkgh\guf� ij_bfms_kl\hf� ijbf_g_gby� A<I<� y\ey_lky� \hafh`ghklv
h[ke_^h\Zgby�[hevguo�k�gbadhc�hkljhlhc� aj_gby�b�k�ihgb`_gghc�kihkh[-
ghklvx� d�nbdkZpbb� \ahjZ��Hkgh\gufb� h[eZklyfb� debgbq_kdh]h� ijbf_g_-
gby�y\eyxlky�
• hp_gdZ�khklhygby�ajbl_evgh]h�g_j\Z�ijb�ljZ\fZlbq_kdhf�ih\j_`^_gbb�
• gZke_^kl\_ggu_�Zljhnbb�ajbl_evgh]h�g_j\Z�
• lhdkbq_kdZy�g_\jhiZlby�
• hp_gdZ�aj_gby�ijb�ajbl_evguo�Z]ghabyo�b�ih\j_`^_gbyo�ajbl_evghc�dhju�
• hp_gdZ�ajbl_evguo�nmgdpbc�m�[hevguo�k�gZjmr_gb_f�khagZgby�
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EZl_glghklv�hkgh\gh]h�dhfihg_glZ�J��fh`_l�bkihevah\Zlvky�dZd�bg^b-
dZlhj� khaj_\Zgby� ajbl_evguo� nmgdpbc� b� g_\jheh]bq_kdbo� gZjmr_gbc� \
i_j\u_�]h^u�`bagb�j_[_gdZ�

ÍÕêáÕçâðÚ� äÕççÚåâð�� <� bkke_^h\Zgbyo� bkihevamxl� rZofZlgu_
iZll_jgu�k�jZaf_jhf�yq__d���±���m]eh\uo�fbgml��k�\ukhdbf�dhgljZklhf��^h
������k�jZkiheh`_gb_f�wdjZgZ�gZ�jZkklhygbb����±��f�hl�iZpb_glZ��\�aZl_f-
g_gghf�ihf_s_gbb�k�nbdkZpb_c�\a]ey^Z�gZ�p_glj_�wdjZgZ��jbk��������F_edb_
yq_cdb�ba[bjZl_evgh�klbfmebjmxl�p_gljZevgh_�aj_gb_��ihwlhfm�ihemqZ_fu_
hl\_lu�hkh[_ggh�qm\kl\bl_evgu�d�jZknhdmkbjh\d_�b�kgb`_gbx�hkljhlu�aj_-
gby��Bkihevah\Zgb_�djmiguo�yq__d�kgb`Z_l�qm\kl\bl_evghklv�d�wlbf�ihdZaZ-
l_eyf��ihkdhevdm�\uau\Z_l�[hevrmx�klbfmeypbx�i_jbn_jbq_kdh]h�aj_gby�
QZklhlZ�h[jZs_gby�iZll_jgZ�khklZ\ey_l� �±��=p��:dlb\guc�we_dljh^�jZkih-
eZ]Zxl�\�aZluehqghc�h[eZklb��H���H���k�j_n_j_glhf�)]�

<�gZmqguo�p_eyo�bkihevamxl�jZaebqgu_�\ZjbZglu�jZa^_evghc�klbfmey-
pbb� e_\h]h�b�ijZ\h]h� ]eZaZ�� hl^_evguo�ihe_c� aj_gby��p\_lh\mx� klbfmey-
pbx��Z�lZd`_�jZaebqgh]h�jh^Z�fhaZbdb�\f_klh�ljZ^bpbhggh]h�rZofZlgh]h
iZll_jgZ�

A<IRI−hl\_lu�\�]hjZa^h�[hevr_c�kl_i_gb��q_f�A<I<�k\yaZgu�kh�ki_-
pbnbq_kdbfb� ajbl_evgufb� nmgdpbyfb�� ihkdhevdm� hgb� agZqbl_evgh� klZ-
[bevg__�\� k\h_c�dhgnb]mjZpbb�b�[he__� ]em[hdh�hljZ`Zxl� lZdb_�nmgdpbb
ajbl_evghc� kbkl_fu�� dZd� hkljhlZ� aj_gby�� j_njZdl_jghklv� b� ^j��>_ckl\b-
l_evgh�� ijb� ^bnnmaghc� aZk\_ld_� ajbl_evgh]h� ihey� k� ihfhsvx� eZfiu�
\kiurdb� \�j_Zdpbb�mqZkl\mxl�� ]eZ\guf�h[jZahf�� l_�j_p_ilhju� k_lqZldb�
dhlhju_�j_Z]bjmxl�gZ�i_j_iZ^u�hk\_s_gghklb��>bnnmaguc�ihlhd�bfimev-
kZpbb��^hklb]Zxsbc�dhjdh\uo�g_cjhgh\��lZd`_�ijb\h^bl�d�bo�^bnnmaghc
Zdlb\Zpbb��ijb�wlhf�\�j_Zdpbb�mqZkl\mxl�kh\f_klgh�dZd�lhjfhagu_��lZd�b
\ha[m^bl_evgu_�g_cjhgu��qlh�ijb\h^bl�d�bkq_agh\_gbx�keh`guo�\j_f_g-
guo�iZll_jgh\�A<I��<�hl\_lZo�gZ�h[jZs_gb_�rZofZlgh]h�iZll_jgZ�ijbgb-
fZxl�mqZklb_�ij_bfms_kl\_ggh�lhevdh�dhe[hqdb��l��_��j_p_ilhju�fZdmeyj-
ghc�h[eZklb��j_Z]bjmxsb_�g_�klhevdh�gZ�i_j_iZ^u�yjdhklb��kdhevdh�gZ�]jZ-
gbpu�dhglmjh\��dhgljZkl��ijhkljZgkl\_ggu_�jZaf_ju�b�^jm]b_�hkh[_gghklb
ajbl_evgh]h�klbfmeZ��<k_�wlh�h[_ki_qb\Z_l�A<IRI�jhev�p_ggh]h�ihdZaZl_-
ey� khklhygby� ajbl_evghc� nmgdpbb��Ihkdhevdm� `_� fZdmeyjguc� imqhd� ajb-
l_evgh]h�g_j\Z�b�ljZdlZ��Z�lZd`_�]jmiiZ�lZeZfh�dhjlbdZevguo�\hehdhg��kh-
hl\_lkl\mxsZy� _fm�� hlghkylky� d� [ukljhijh\h^ysbf� fb_ebgbabjh\Zgguf
ZdkhgZf�� lh� A<IRI�fh`_l� kem`blv� bg^bdZlhjhf� ihjZ`_gby� ajbl_evgh]h
g_j\Z�b�ljZdlZ�b�ihdZaZl_e_f�ijhp_kkh\�^_fb_ebgbaZpbb�

<�k\yab�k�l_f��qlh�A<IRI�hljZ`Z_l�\�k\hbo�oZjZdl_jbklbdZo�iZjZf_l-
ju�klbfmeZ��lh��dZd�b�^ey�A<I<��g_evay�hij_^_eblv�dZdb_�lh�_]h�h^ghagZq-
gu_�b�mgb\_jkZevgu_�iZjZf_lju��<�g_\jheh]bq_kdbo�bkke_^h\Zgbyo�h[uq-
gh�ijbf_gyxl�lZdb_�gZc^_ggu_�wfibjbq_kdb�iZjZf_lju�klbfmeypbb��ijb
dhlhjuo� A<IRI� \� ghjf_� hilbfZevgh� \ujZ`_g�� Ijb� wlhf� mkeh\bb
A<IRI��ohly�b�g_kdhevdh�\Zjvbjm_l�\� k\hbo�dhebq_kl\_gguo�oZjZdl_jb-
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klbdZo��gh��\f_kl_�k�wlbf��lZdb_�\ZjbZpbb�h]jZgbq_gu�^hklZlhqgh�madbfb
ij_^_eZfb�b�iha\heyxl�\u^_eblv�^hklZlhqgh�lbibqgmx�nhjfm�<I�hl\_lZ�

¿ãáäãâÚâçð�·Ä� <� gZb[he__� iheghf� \ZjbZgl_� \� A<IRI� \u^_eyxl
�jbk��������gZqZevguc�ihablb\guc�ibd�3����eZl_glghklv����fk���ihke_^mx-
smx� g_]Zlb\ghklv� 1���� hkgh\ghc� ihablb\guc� ibd� 3����� ke_^mxsmx� aZ
gbf�g_]Zlb\ghklv�1����b�iha^gxx�ihablb\ghklv�3����

GZb[he__�jZggbc�ihab-
lb\guc�dhfihg_gl�3���j_-
]bkljbjm_lky� \� ��±���
kemqZ_\�� Z� [he__� ihklhyg-
ghc� y\ey_lky� \hegZ� 1��
�1����� gZ[ex^Z_fZy� m� ��±
����bkke_^m_fuo��HgZ�y\-
ey_lky�ihl_gpbZehf�[eb`-
g_]h�ihey�����_�ihe_��b�]_-
g_jbjm_lky� dhg\_dkblZev-

ghc�h[eZklvx��\uoh^ys_c�gZ�ih\_joghklv�dhju�
GZb[he__� \ujZ`_gguf� b� ihklhygguf� y\ey_lky� ibd� 3����� dhlhjuc

\klj_qZ_lky�ijZdlbq_kdb�m�\k_o�ex^_c�k�eZl_glghklvx�\�ghjf_�hl����^h����
fk�� h^gZdh� \� [hevrbgkl\_� kemqZ_\� mdeZ^u\Zxsbcky� \� ^hklZlhqgh� madhf
^bZiZahg_� \� h[eZklb� ���� fk��Hg� y\ey_lky� j_amevlZlhf� ]_g_jZpbb� \� dhj_
kljbZlmfZ������b����_�ihey��

<hagbdgh\_gb_� ibdZ� 3���� l_kgh� k\yaZgh� k� f_oZgbafhf� fZdmeyjgh]h
aj_gby�� ba�aZ� q_]h� kf_s_gb_� bah[jZ`_gby� ba� p_gljZ� gZ� i_jbn_jbx� ajb-
l_evgh]h�ihey�\_^_l�d�j_adhfm�mf_gvr_gbx�_]h�Zfieblm^u�\iehlv�^h�ihe-
gh]h�bkq_agh\_gby�ijb�gZjmr_gbb�fZdmeyjgh]h�aj_gby��ijb�dhlhjhf�A<I<
fh`_l�hklZ\Zlvky�\�ij_^_eZo�ghjfu�

Dhjdh\uc�bklhqgbd�3����lZd`_�[he__�h]jZgbq_g��q_f�bklhqgbdb�A<I<��b
\� ]hjZa^h�[hevr_c�kl_i_gb�hg�khhl\_lkl\m_l�ij_^klZ\e_gbyf�h�lhibq_kdhc
ijh_dpbb� fZdmeyjgh]h� aj_gby�� Bkke_^h\Zgby� k� ijbf_g_gb_f� [biheyjguo
hl\_^_gbc�ihdZaZeb��qlh�fZdkbfmf�ihablb\ghklb�wlh]h�dhfihg_glZ�gZoh^bl-
ky�\�h[eZklb�ihexkZ� aZluehqguo�^he_c��Z�\�i_j_^gbo�hl^_eZo�hg�baf_gy_l
k\hx�iheyjghklv�gZ�g_]Zlb\gmx�khhl\_lkl\_ggh�ij_^klZ\e_gbx�h�ijZ\bev-
ghf�^bihe_�

@_gsbgu� bf_xl� [he__� mdhjhq_ggu_� eZl_glghklb� J����� Mf_gvr_gb_
dhgljZklghklb�b�yjdhklb�ijb\h^bl�d�m\_ebq_gbx�eZl_glghklb�b�mf_gvr_-
gbx� Zfieblm^u� 1��� b� J�����<ebygb_�fh`_l� hdZau\Zlv� b� jZaf_j� yq_cdb
iZll_jgZ�

Dhfihg_gl�N145 bf__l�[he__�rbjhdmx�lhih]jZnbx�ih�kj_^g_c�ebgbb
g_aZ\bkbfh�hl�klbfmeypbb�e_\h]h�beb�ijZ\h]h�ihey�aj_gby��Wlh�ih^^_j`b-
\Z_l�]bihl_am�h�]_g_jZpbb�\hegu�N145�ZkkhpbZlb\ghc�h[eZklvx�ajbl_evgh-
]h� ZgZebaZlhjZ� �ihey� ��� b� �����Ijhbkoh`^_gb_� dhfihg_glZ�J���� b� [he__
iha^gbo� ^hklZlhqgh� ^bkdmkkbhggh�� Hgb� ehdZebamxlky� \� eh[-
gh−p_gljZevghc� h[eZklb� b� ]_g_jbjmxlky� ij_bfms_kl\_ggh� g_ki_pbnbq_-

Jbk��������A<IRI�ijZ\hc��\\_jom��b�e_\hc��\gbam�
aZluehqghc�h[eZklb
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kdbfb� kbkl_fZfb� lZeZfmkZ�b� kl\heh\uo� kljmdlmj�fha]Z��Wlb� dhfihg_glu
bf_xl�f_gvr__�agZq_gb_�\�hp_gd_�ajbl_evguo�gZjmr_gbc��gh�qm\kl\bl_ev-
gu�d�khklhygbx�khagZgby�b�mjh\gx�dhfu�

·ÕåÝÕçÝ×âãæçñ�·Ä��Hl\_lu�A<IRI�[he__�ijhklu�ih�nhjf_�b�emqr_
\hkijhba\h^bfu�\�kjZ\g_gbb�k�hl\_lZfb�gZ�\kiurdm��M�ihke_^gbo�[he__
\ujZ`_gu�iha^gb_�khklZ\eyxsb_��b�hgb�bf_xl�[he__�jZ\ghf_jgmx�lhih-
]jZnbx�gZ� kdZevi_� k�fZdkbfmfhf�\�p_gljZevghc�h[eZklb��\� lh�\j_fy�dZd
A<IRI�^hklZlhqgh�ehdZebah\Zgu�b�gZb[he__�\ujZ`_gu�\�aZluehqghc�h[-
eZklb��Ijb� jZ\guo� mkeh\byo� eZl_glghklb� bf_xl� [hevrmx� klZ[bevghklv�
q_f�Zfieblm^gu_�ihdZaZl_eb�

LZ[ebpZ������KlZlbklbq_kdb_�hp_gdb�ibdh\�A<IRI

Ibdb EZl_glghklv��fk :fieblm^Z��fd<
GZqZeh�hl\_lZ 59.6±5.7 −

N75 75.0±2.6 1.38±0.75
P100 100.3±3.2 9.8±3.13
N145 150.6±6.6 8.4±4.22
P200 188.3±28.6 5.45±3.59

<�lZ[e�������ijb\_^_gu�^Zggu_�h^ghc�bkke_^h\Zl_evkdhc�]jmiiu�h�ihdZ-
aZl_eyo�ibdh\�A<IRI��kj_^g__�b�klZg^Zjlgh_�hldehg_gb_���DZd�fh`gh�aZ-
f_lblv��ih�kjZ\g_gbx�k�lZ[e������A<IRI�h[eZ^Zxl�kjZ\gbl_evgh�[hevr_c
klZ[bevghklvx��h^gZdh�ih�bo�\ZjbZlb\ghklb�fh`gh�^h[Z\blv�\k_�\ur_�kdZ-
aZggh_�hlghkbl_evgh�A<I<�

<�dZq_kl\_�beexkljZpbb�ijb\_^_f�ijbf_j�h^gh]h�bkiulm_fh]h��m�dhlh-
jh]h� ^\Z`^u� j_]bkljbjh\Zebkv� A<IRI� \� h^bgZdh\uo� mkeh\byo�� \� h^bg
^_gv�b�k�bgl_j\Zehf���qZkZ��jbk���������G_ljm^gh�aZf_lblv�[hevrb_�jZaeb-
qby�\�Zfieblm^Zo�ibdh\�N75 b�N145.

Jbk��������>\_�aZibkb�A<IRI�m�h^gh]h�bkiulm_fh]h��k\_jom−\gba��e_\Zy�b�ijZ-
\Zy�aZluehqgu_�h[eZklb�

>Ze__��gZ�jbk�������ijb\_^_gu�aZibkb�A<IRI�m�lj_o�^jm]bo�bkiulm_-
fuo��\uiheg_ggu_�gZ�lhc�`_�ZiiZjZlmj_��gh�\�^jm]hf�ihf_s_gbb��k�^jm]hc
kl_i_gvx� aZl_fg_gby��E_]dh� aZf_lblv� kms_kl\_ggu_�jZaebqby��dZd�f_`^m
kZfbfb�bkiulm_fufb��lZd�b�k�bkiulm_fuf�jbk��������M�bkiulm_fh]h��jbk�
5.13Z��\u^_ey_lky�\k_]h�ebrv�h^bg�ibd�N145��wlhl�`_�ibd�^hfbgbjm_l�b�m
bkiulm_fh]h�jbk�� ����[��\�lh�\j_fy�dZd�gZ�jbk�� ����\�\k_�ibdb�kbevgh� aZ-
rmfe_gu�b�k�ljm^hf�ih^^Zxlky�b^_glbnbdZpbb�
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Z� [� \�

Jbk��������Ljb�aZibkb�A<IRI�m�lj_o�bkiulm_fuo��\uiheg_ggu_�gZ�lhc�`_�Zi-
iZjZlmj_��gh�\�^jm]hf�ihf_s_gbb

¿àÝâÝìÚæßãÚ� äåÝáÚâÚâÝÚ� =eZ\guf� ihdZaZl_e_f� ^ey� debgbq_kdbo
aZdexq_gbc�ih�A<IRI�y\ey_lky�ibd� 3����\�hlghr_gbb�eZl_glghklb��f_-
`hdmeyjghc�jZaghklb�eZl_glghkl_c��gbadhc�Zfieblm^u�\iehlv�^h�ihegh]h
hlkmlkl\by��f_`hdmeyjghc�jZaghklb�Zfieblm^��Hkgh\gufb�gZijZ\e_gbyfb
debgbq_kdh]h�ijbf_g_gby�A<IRI�y\eyxlky�
• hp_gdZ�khklhygby�ijb�iZlheh]bb�ajbl_evgh]h�g_j\Z�
• h[t_dlb\gZy�hp_gdZ�b�^bnn_j_gpbZpby�ajbl_evguo�gZjmr_gbc�dZd

nmgdpbhgZevgh]h��lZd�b�hj]Zgbq_kdh]h�oZjZdl_jZ�
• h[t_dlb\gZy�hp_gdZ�ajbl_evguo�nmgdpbc�m�fZe_gvdbo�^_l_c�
• i_jbf_ljby�b�gZjmr_gb_�ihe_c�aj_gby�
• ^bnn_j_gpbZevgZy�^bZ]ghklbdZ�ihjZ`_gbc�gZ�ij_−�b�ihklobZafZevghf

mjh\g_�

�������Kemoh\u_�<I
ÄæÝêãéÝÜÝßÕ�æàèêÕ��Moh�q_eh\_dZ�bf__l�ihjZabl_evgh�keh`gh_�mkl-

jhckl\h� �jbk�� �������GZjm`gu_� qZklb� moZ� ²� mrgZy� jZdh\bgZ�� gZjm`guc
kemoh\hc� ijhoh^�� [ZjZ[ZggZy� i_j_ihgdZ� ²� bf_xl� gZbf_gvr__� agZq_gb_
^ey�_]h�mki_rgh]h�nmgdpbhgbjh\Zgby��Dhe_[Zgby�[ZjZ[Zgghc�i_j_ihgdb�\
hl\_l�gZ�baf_g_gby�^Z\e_gby�\ha^moZ�²�\k_]h�ebrv�gZqZeh�^ebgghc�p_ib
^_ckl\bc��dhlhju_��\�dhg_qghf�kq_l_��ijb\h^yl�d�\hkijbylbx�a\mdZ�

A\md�²�wlh�baf_g_gb_�^Z\e_gby��dhlhjh_�jZkijhkljZgy_lky�q_j_a�hdjm-
`Zxsmx�kj_^m��>ey�baf_j_gby�a\mdZ�\Z`gu�ke_^mxsb_�_]h�oZjZdl_jbklb-
db�� k�dZdhc� kdhjhklvx�baf_gy_lky� a\mdh\Zy�\hegZ� �qZklhlZ���dZdhc� kbeu
^Z\e_gb_� hgZ� \uau\Z_l� �Zfieblm^Z�� b� dh]^Z� hgZ� gZqbgZ_lky� �nZaZ���Q_f
[hevr_� Zfieblm^Z�� l_f� ]jhfq_� a\md�� q_f� \ur_� qZklhlZ�� l_f� \ur_� a\md
�kj_^gbc�q_eh\_d�keurbl�a\mdb�\�qZklhlghf�^bZiZahg_���±�������=p��

·âèçåÚââÚÚ�èêã��Ihke_�[ZjZ[Zgghc�i_j_ihgdb��dhlhjhc�aZdZgqb\Z_lky
kemoh\hc� dZgZe�� a\mdh\u_� dhe_[Zgby� i_j_^Zxlky� ihkj_^kl\hf� kemoh\uo
dhklhq_d�kj_^g_]h�moZ��bo�ljb�²�klj_f_qdh��fhehlhq_d��gZdh\Ze_gdZ��jbk�
������gZ�kljmdlmju�\gmlj_gg_]h�moZ��<gmlj_gg__�moh�khklhbl�ba�mebldb�b
ihemdjm`guo�dZgZeh\��MebldZ�ij_^klZ\ey_l�kh[hc�dZgZe��h[jZamxsbc� ���
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\bldZ��aZiheg_gguc�khe_\uf�jZkl\hjhf��JZaf_ju�mebldb�����kf�\�^ebgm�b��
kf�\�rbjbgm�

Jbk��������Kljh_gb_�\gmlj_gg_]h
moZ

Jbk��������JZkij_^_e_gb_�^Z\e_gby�\
mebld_

<�dhklghc�dZikme_�mebldb�_klv�^\Z�hl\_jklby��H^gh�ba�gbo�gZau\Z_lky
h\Zevguf�hdghf�b�ijbdjulh�f_f[jZghc��dhlhjZy�kh_^bgy_lky�k�ihke_^g_c
ba�kemoh\uo�dhklhq_d��Q_j_a�wlm�f_f[jZgm�dhe_[Zgby�i_j_^Zxlky�hl�[ZjZ-
[Zgghc�i_j_ihgdb�b�dhklhq_d�kj_^g_]h�moZ�\�mebldm��>ey�kgb`_gby�^Z\e_-
gby�� \hagbdZxs_]h� \� h[eZklb� h\Zevgh]h� hdgZ�� kem`bl�fZe_gvdh_� djm]eh_
hdgh�\�aZ^g_c�qZklb�mebldb�

>\_� f_f[jZgu� b^ml� ih� \k_c
^ebg_�mebldb��^_eyl�__�gZ�ljb�ma-
dbo� oh^Z�� dZ`^uc� ba� dhlhjuo� aZ-
iheg_g� `b^dhklvx�� Hkgh\gZy
f_f[jZgZ�lyg_lky�hl�gZqZeZ�mebl-
db� �hkgh\Zgby��� ]^_� dhklhqdb� \u-
au\Zxl� dhe_[Zgby� h\Zevgh]h� hd-
gZ�� ihqlb� ^h� kZfh]h� __� dhgpZ
�\_jrbgu��� Hkgh\gZy� f_f[jZgZ
ihdjulZ� \hehkdh\ufb� de_ldZfb�
khklZ\eyxsbfb� qZklv� keh`ghc
kljmdlmju�� dhlhjZy� gZau\Z_lky
dhjlb_\� hj]Zg�� M� q_eh\_dZ� ijb-
[ebabl_evgh� ��� ���� lZdbo� \hehk-
dh\uo�de_lhd�

LZd�dZd�\hehkdh\u_�de_ldb�aZ-
`Zlu� f_`^m� ^\mfy� f_f[jZgZfb
dhjlb_\Z�hj]ZgZ��ex[h_�^\b`_gb_
hkgh\ghc�f_f[jZgu�aZklZ\ey_l�bo

\hehkdb�ba]b[Zlvky��:�lZd�dZd�hkgh\gZy�f_f[jZgZ�aZdj_ie_gZ��gZ�gZjm`gu_
\hehkdh\u_�de_ldb�[m^_l�hdZaZgh�[he__�kbevgh_�\ha^_ckl\b_��q_f�gZ�\gml-
j_ggb_��>Z\e_gb_�b�gZijy`_gb_��i_j_^Z\Z_fu_�gZ�\hehkdh\b^gu_�de_ldb�
\uau\Zxl�Zdlb\ghklv�\�kh_^bgyxsboky�k�gbfb�g_j\guo�\hehdgZo��]_g_jb-

Jbk��������Ijh\h^ysb_�imlb�kemoh\h]h
ZgZebaZlhjZ
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jmy� we_dljbq_kdb_� bfimevku�� dhlhju_� jZkijhkljZgyxlky� ih� kemoh\hfm
g_j\m�

ÂÚå×âðÚ�äèçÝ��J_p_ilhjgu_�de_ldb�mebldb�i_j_^Zxl�kb]gZeu�\�^hj-
kZevgh_�b�\_gljZevgh_�dhoe_Zjgu_�y^jZ��jbk���������Ba�wlbo�y^_j�gZqbgZxl-
ky�^\Z�ijh_dpbhgguo�dZgZeZ��\hehdgZ�dhlhjuo�b^ml�q_j_a�ljZi_pb_\b^gh_
l_eh��gZoh^ys__ky�\�dZm^Zevghc�qZklb�ihdjurdb�fhklZ��b�ke_^mxl�^Ze__�\
\hkoh^ys_f�gZijZ\e_gbb�\�khklZ\_�[hdh\hc�b�eZl_jZevghc�i_leb��<hehdgZ
h^gh]h�ba�wlbo�dZgZeh\�b^ml�\�\_jogxx�heb\m�b�j_lbdmeyjgmx�nhjfZpbx.
<hehdgZ�gZqbgZxlky�hl�de_lhd�\_jog_c�heb\u�� aZdZgqb\Zxlky�\�f_^bZev-
ghf�dhe_gqZlhf�l_e_��dhlhjh_�\�k\hx�hq_j_^v�i_j_^Z_l�bfimevku�\�kemoh-
\mx�dhjm�ihi_j_qghc�\bkhqghc�ba\bebgu� �kf��jbk�� ������Hl�wlhc�\hkoh^y-
s_c�kbkl_fu�\hehdhg�hloh^yl�dheeZl_jZeb�d�y^jm�eZl_jZevghc�i_leb��dh-
lhjh_�h[jZam_l�kbkl_fm�j_pbijhdguo�k\ya_c�k�ZgZeh]bqguf�y^jhf�ijhlb-
\hiheh`ghc�klhjhgu��<hkoh^ysb_�\hehdgZ�eZl_jZevghc�i_leb�fh]ml�\�g_-
[hevrhf�qbke_�hdZgqb\Zlvky�lZd`_�\�\_jogbo�[m]hjdZo.

¿ãáäãâÚâçð�æàèêã×ðê�·Ä� <�bkke_^h\Zgbyo�kemoh\uo�<I�fh]ml�[ulv
\u^_e_gu� hl\_lu�� hlghkysb_ky� d� jZaguf� mjh\gyf� kemoh\h]h� ZgZebaZlhjZ
�jbk������Z):

• dhjhldheZl_glgu_�<I��hlklhysb_�hl�klbfmeZ�g_�[he__����fk�
• kj_^g_eZl_glgu_�<I��ihdju\Zxsb_�^bZiZahg�hl����^h����fk�
• ^ebggheZl_glgu_�<I�k�eZl_glghklvx�[he__����fk�
G_\jheh]bq_kdbc�kfuke�hkgh\guo�dhfihg_glh\�K<I�[ue�\uykg_g�^hk-

lZlhqgh�^Z\gh�(Picton�������]�).

Jbk��������Kemoh\u_�<I���Z�²�hkgh\gu_�dhfihg_glu��[�²�ZgZlhfbq_kdZy�ehdZebaZ-
pby�bklhqgbdh\�dhjhldheZlglguo�<I�\�kemoh\hc�kbkl_f_
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ÅÕââÝÚ�Æ·Ä��KZfmx�jZggxx�qZklv�K<I� �i_j\u_����fk��ij_^klZ\eyxl
kemoh\u_�<I�fha]h\h]h� kl\heZ� �K<IFK��� dhlhju_� \u^_eyxlky� ijb� [hev-
rhf�qbke_��hl������b�[he__��mkj_^g_gbc��hgb�h[hagZqZxlky�jbfkdbfb�pbn-
jZfb�hl�,�^h�9,,�khhl\_lkl\_ggh�ihjy^dm�ke_^h\Zgby�ihablb\guo�ibdh\��jbk�
5.17Z���Hgb�y\eyxlky�ihl_gpbZeZfb�^Zevg_]h�ihey��j_]bkljbjmxlky�aZ�kq_l
h[t_fgh]h�ijh\_^_gby�b�hljZ`Zxl�Zdlb\Zpbx�kemoh\h]h�b�dhoe_Zjgh]h�y^_j
kl\heZ��GZ�jbk������ijb\_^_gu�j_amevlZlu�mkj_^g_gby�jZaebqgh]h�qbkeZ�aZ-
ibk_c�K<IFK��\�dhlhjuo�ihkl_i_ggh�ijhy\e_gu�ibdb�,±9�^Zevg_]h�ihey�

Ijb�j_]bkljZpbb�bkihevam_lky�ij_bfms_kl\_ggh�fhgZmjZevgZy�klbfm-
eypby� \� \b^_�s_eqdh\� ijyfhm]hevghc�nhjfu� b� g_[hevrhc� ^ebl_evghklb
����±�� fk�� k� qZklhlhc� hl� �� ^h� ���� =p�� Bgl_gkb\ghklv� klbfmeh\� h[uqgh
\Zjvbjm_l�\�^bZiZahg_� �±���^;�gZ^�ihjh]hf�qm\kl\bl_evghklb��:dlb\guc
we_dljh^�h[uqgh�mklZgZ\eb\Zxl�gZ�\_jl_dk_� &]��\�dZq_kl\_�j_n_j_glgh]h
bkihevamxl�mrghc�beb�fZklhb^guc�we_dljh^u��Z�aZa_fe_gb_�klZ\yl�gZ�eh[
)S]��H^gZdh��ihkdhevdm�wlb�<I�y\eyxlky�ihl_gpbZeZfb�hl^Ze_ggh]h�ihey�
lh�hgb�fh]ml�mki_rgh�j_]bkljbjh\Zlvky�hl�\k_o�lhq_d�kdZeviZ�ih�kbkl_f_
hl\_^_gbc�©��±���ª�

Ijb�h^ghklhjhgg_c�klbfmeypbb�gZ�iZkkb\gh_�moh�j_dhf_g^m_lky�ih^Z-
\Zlv�[_euc�rmf�bgl_gkb\ghklvx����^;��qlh[u�mkljZgblv�gZ\_^_ggu_�\�g_f
j_Zdpbb� aZ� kq_l� dhklgh]h� ijh\_^_gby��LZd`_� ^ey� emqr_c� b^_glbnbdZpbb
dhfihg_glh\�\�wlhf�kemqZ_�ihe_agh�ijhba\h^blv�aZibkv�ih�^\mf�dZgZeZf�
bkihevamy�\�dZ`^hf�hl^_evguc�j_n_j_gl−fZklhb^�

Ihkdhevdm� K<IFK� ij_^klZ\eyxl� kh[hc� hq_gv� [ukljh� ijhl_dZxsb_
ijhp_kku��lh�gZ�eZl_glgu_�i_jbh^u�bo�dhfihg_gl�hdZau\Zxl�\ebygb_�nZd-
lhju��g_�kdZau\Zxsb_ky�aZf_lgh�gZ�[he__�iha^gbo�kemoh\uo�<I��D�lZdh]h
jh^Z�nZdlhjZf� \�ghjf_� hlghkblky� jZkklhygb_� hl�bklhqgbdZ� a\mdZ� ^h� moZ�
LZd��m^Ze_gb_�bklhqgbdZ�\k_]h�gZ���f�\e_q_l�m\_ebq_gb_�eZl_glgh]h�i_jbh-
^Z�gZ���fk��qlh�ij_\urZ_l�agZq_gby�eZl_glguo�i_jbh^h\�,�b�,,�ibdh\�hl\_lZ�
GZ� \_ebqbgm� eZl_glghkl_c� \ebyxl� lZd`_� b� bg^b\b^mZevgu_� hkh[_gghklb
kljh_gby�kemoh\h]h�j_p_ilhjgh]h�ZiiZjZlZ��\dexqZy�b�_]h�dbg_fZlbq_kdmx
qZklv��ijhly`_gghklv�kemoh\h]h�g_j\Z�b�^j��<�k\yab�k�wlbf�\�debgbq_kdhc
^bZ]ghklbd_�\�dZq_kl\_�hkgh\guo�djbl_jb_\�bkihevamxl�f_`ibdh\u_�bgl_j-
\Zeu�dhfihg_glh\��dhlhju_�\�ghjf_�agZqbl_evgh�klZ[bevg__��q_f�Z[khexl-
gu_�eZl_glgu_�i_jbh^u�

GZb[he__� klZ[bevguf� dhfihg_glhf� K<IFK� y\ey_lky� 9� �jbk�� ����Z);
^hklZlhqgh�j_]meyjgh�gZ[ex^Zxlky� lZd`_� ,�� ,,,�b� 9,,� dhfihg_glu��>jm]b_
dhfihg_glu�j_]bkljbjmxlky�kjZ\gbl_evgh�j_`_��GZb[he__�\ukhdhc�Zfieb-
lm^hc�h[eZ^Z_l�dhfihg_gl�9��g_kdhevdh�gb`_�Zfieblm^Z�m�dhfihg_glh\�,,,�b
,9��lZdb_�`_�beb�g_fgh]h�f_gvr_�Zfieblm^u�m�dhfihg_glh\�,�b�9,�

LZ[ebpZ������KlZlbklbq_kdb_�hp_gdb�eZl_glghkl_c�ibdh\�K<IFK

Ibdb I II III IV V VI
EZl_glgh-
klb��fk

1.7±
0.15

2.8±
0.17

3.9±
0.19

5.1±
0.24

5.7±
0.25

7.3±
0.29
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Kemoh\u_�<I�h[eZ^Zxl� agZqbl_evgh�[hevr_c� klZ[bevghklvx�ih� kjZ\-
g_gbx�kh�ajbl_evgufb�<I��Wlh�ijhy\ey_lky�dZd�\�eZl_glghklyo��lZ[e������
b�Zfieblm^Zo�ibdh\��lZd�b�\�khhlghr_gbyo�f_`^m�gbfb�b�\h�\ebygbb�\ha-
jZklZ�b�^jm]bo�ebqghklguo�ihdZaZl_e_c�

ÆåÚÙâÚàÕçÚâçâðÚ�Æ·Ä��<�bgl_j\Ze_���±���fk�hl�klbfmeZ�j_]bkljbjm-
_lky� j_Zdpby� kemoh\hc� dhju�²�ijhklh_� ©ijhkemrb\Zgb_ª�fha]hf�^Zggh]h
jZa^jZ`bl_ey��<�wlh�\j_fy�^hklZlhqgh�qZklh�ihy\eyxlky�Zjl_nZdlu�hl�furp
]heh\u�\�hl\_l�gZ� a\mdh\hc�lheqhd��Wlb�dhfihg_glu�K<I�hklZxlky�^hklZ-
lhqgh� klZ[bevgufb� \g_� aZ\bkbfhklb� hl� khklhygby� khagZgby� bkiulm_fh]h
beb�`_�hl�kl_i_gb�\gbfZgby�d�jZa^jZ`bl_ex��Qbkeh�mkj_^g_gbc����±�����
gZb[he__�\ujZ`_g�ih�Zfieblm^_�dhfie_dk�Na–Pa k�eZl_glghklyfb�\�^bZiZ-
ahg_���±���fk��[hevrh]h�agZq_gby�\�debgbq_kdhc�ijZdlbd_�KK<I�g_�bf_xl�

¹àÝââãàÕçÚâçâðÚ�Æ·Ä�[ueb�\i_j\u_�hibkZgu�\������]���Devis��b�bo
gZau\Zxl�f_^e_ggufb� \_jl_dkgufb� ihl_gpbZeZfb�� ihkdhevdm� Zfieblm^Z
>K<I�^hklb]Z_l�fZdkbfmfZ�\�\_jl_dkghc�h[eZklb�

Dhfihg_glu� >K<I� qm\kl\bl_evgu� d� khklhygbx� \gbfZgby� b� mjh\gx
[h^jkl\h\Zgby��GZb[he__�ohjhrh�j_]bkljbjm_lky�9−h[jZagZy�\hegZ�k�^\m-
fy�ihablb\gufb�b�h^gbf�g_]Zlb\guf�ibdhf�k�eZl_glghklyfb�hl����^h����
fk� �jbk�� ����Z���Wlb� dhfihg_glu� \� hij_^_e_gghc� kl_i_gb� khhl\_lkl\mxl
[Zah\uf�dhfihg_glZf�A<I�beb�KK<I��LZd�dhfihg_gl�3��b^_glbq_g�ibdm
9,,�K<IFK�b�bgl_jij_lbjm_lky�dZd�ijhy\e_gb_�Zdlb\ghklb�lZeZfhdhjlb-
dZevguo�iml_c�beb�dZd�kZfZy�jZggyy�klZ^by�dhjdh\h]h�hl\_lZ��Ijb�j_]bkl-
jZpbb� bkihevamxlky�s_eqdb� b� lhgu� ^ebl_evghklvx� ^h� ���fk��Bgl_gkb\-
ghklv�klbfmeh\�b�jZkiheh`_gb_�we_dljh^h\�ZgZeh]bqgh�K<IFK�

Wlb�[he__�iha^gb_�dhfihg_glu�K<I�\�[hevr_c�kl_i_gb�hljZ`Zxl�ikb-
oheh]bq_kdb_�fhf_glu��b�hgb�gZb[he__�\ujZ`_gu�\�eh[ghc�dhj_��LZd��_keb
ij_^ty\eyxlky�ghjfZevgu_�lhgu�b�j_^db_�lhgu�ihgb`_gghc�]jhfdhklb�b
i_j_^�bkiulm_fuf�ihklZ\e_gZ�aZ^ZqZ�ih^kq_lZ�keZ[uo�lhgh\��lh�dhfihg_g-
lu�N1 ����fk��b�P2������fk��\�hl\_lZo�gZ�lZdb_�klbfmeu�[m^ml�mkbe_gu��B
wlh�ijhbkoh^bl�g_\abjZy�gZ�lh��qlh�jZggb_�dhfihg_glu�^ey�jZaguo�lhgh\
[ueb�h^bgZdh\u��Hlkx^Z�ke_^m_l��qlh�\�iha^gbo�dhfihg_glZo�gZoh^yl�hl-
jZ`_gb_�kihkh[ghklb�fha]Z�h[jZsZlv�\gbfZgb_�gZ�jZa^jZ`bl_ev�

Kj_^g_�b�^ebggheZl_glgu_�<I�\u^_eyxlky�ijb� ���±����mkj_^g_gbyo�
?s_�[he__�iha^gb_�dhfihg_glu�fh]ml�hljZ`Zlv�[he__�keh`gmx�i_j_jZ[hl-
dm�bgnhjfZpbb��Hgb�jZkkfhlj_gu�gb`_�ijb�h[km`^_gbb�dh]gblb\guo�<I�

¿àÝâÝìÚæßãÚ� äåÝáÚâÚâÝÚ�� Bkke_^h\Zgb_� ^ebggheZl_glguo� K<I
ij_^mkfZljb\Z_l�j_r_gb_�^\mo�hkgh\guo�aZ^Zq�
Z��^bnn_j_gpbjh\dZ�hj]Zgbq_kdhc�b�nmgdpbhgZevghc�ijbjh^u�baf_g_gbc
m�ih`beuo�ex^_c�b�^_l_c�

[��h[t_dlb\gZy�Zm^bf_ljby�k�hp_gdhc�kemoh\h]h�ihjh]Z�\�rbjhdhf�^bZiZ-
ahg_�qZklhl�
• ijb�h[ke_^h\Zgbb�[hevguo�k�^_ahjb_glZpb_c�khagZgby�beb�ijb�g_-

gZ^_`ghklb�j_amevlZlh\�km[t_dlb\ghc�Zm^bf_ljbb�



�������Kemoh\u_�<I 211

• \�km^_[ghc�f_^bpbg_�ijb�g_h[oh^bfhklb�ihemqblv�ih^l\_j`^_gb_
h[�bg^b\b^mZevguo�ihjh]h\uo�mjh\gyo�

• ijb�ijh\_jd_�kbfmeypbb��bkl_jbq_kdhc�beb�g_hj]Zgbq_kdhc�ihl_jyo
kemoZ�

DhjhldheZl_glgu_� K<I� gZb[he__� qZklh� ijbf_gyxlky� ih� ke_^mxsbf
gZijZ\e_gbyf�
• hp_gdZ�g_cjhk_gkhjghc�lm]hmohklb�
• ehdZebaZpby�iZlheh]bb�kl\heZ�fha]Z�ijb�himoheyo��bgnZjdlZo�b�^j��
• ^bZ]ghklbdZ�^_fb_ebgbabjmxsbo�aZ[he_\Zgbc�lbiZ�jZkk_yggh]h�kde_-

jhaZ�
• ^bZ]ghklbdZ�g_\jbghfu�kemoh\h]h�g_j\Z�
• ^bZ]ghklbdZ�^bkehdZpbb�kl\heZ�fha]Z�ijb�bgkmevlZo��q_j_i-

gh−fha]h\uo�ljZ\fZo�b�^j��
• hp_gdZ�kemoZ�m�gh\hjh`^_gguo�

Ijb�wlhf�gZb[he__�qZklh�h[gZjm`b\Z_fufb�baf_g_gbyfb�K<I�y\eyxlky�
• hlkmlkl\b_�\k_o�\heg�²�gme_\hc�hl\_l�
• j_]bkljZpby�lhevdh�i_j\hc�\hegu�beb�m\_ebq_gb_�,±,,,�f_`ibdh\uo�bg-

l_j\Zeh\�
• gZebqb_�lhevdh�ibdh\�,±,,,�beb�m\_ebq_gb_�,,,±9�f_`ibdh\uo�bgl_j\Z-

eh\�
<Zjvbjh\Zgb_�bgl_gkb\ghklb�a\mdh\uo�klZfmeh\�iha\hey_l�hij_^_eblv

ihjh]b� kemoZ�b�ihkljhblv� djb\u_� aZ\bkbfhkl_c� Zfieblm^� hl\_lh\� hl� bg-
l_gkb\ghklb�klbfmeh\�\�^_pb[_eZo�hl��Ijbf_g_gb_� lhgh\�jZaghc�qZklhlu
iha\hey_l� \uy\blv�� \� dZdbo� h[eZklyo� bf_xlky� kms_kl\_ggu_� gZjmr_gby
kemoh\hc�nmgdpbb��Ijb�wlhf�khhlghr_gby�Zfieblm^�hl\_lh\�k�km[t_dlb\-
gufb� hp_ghdZfb� ]jhfdhklb� klbfmehu� qj_a\uqZcgh�rbjhdh�f_`bgl_jbg-
^b\b^mZevgh� jZaebqZxlky�� ihwlhfm� lZdhc� f_lh^� g_� iha\hey_l� iheghklvx
bkdexqblv� km[t_dlb\gmx� Zm^bhf_ljbx��<f_kl_� k� l_f�� hg� h[eZ^Z_l� g_kh-
fg_gguf�ij_bfms_kl\hf�[eZ]h^Zjy�h[t_dlb\ghklb�ihemqZ_fuo�j_amevlZ-
lh\�

<�debgbq_kdhc�g_\jheh]bb�bkke_^h\Zgby�K<I�rbjhdh�ijbf_gyxlky�b
^ey�hp_gdb�p_ehklghklb�g_\jZevguo� kljmdlmj��hl\_lkl\_gguo� aZ�ijh\_^_-
gb_�b�\hkijbylb_�kemoh\hc�bgnhjfZpbb��Z�lZd`_�^ey�mlhqg_gby�\hafh`gh-
]h�mjh\gy�bo�ihjZ`_gby��AZ^Zqb�lhgdhc�hp_gdb�oZjZdl_jZ�gZjmr_gby�kemoZ
k�ihfhsvx�K<I�\�debgbq_kdhc�g_\jheh]bb�bf_xl�f_gvr__�agZq_gb_�

�������KhfZlhk_gkhjgu_�<I
KhfZlhk_gkhjgu_�<I��KK<I��²�wlh�we_dljbq_kdb_�hl\_lu�kl\heh\uo�g_j-

\h\�b�p_gljh\�gZ�klbfmeypbx�j_p_ilhjh\�khfZlbq_kdhc�qm\kl\bl_evghklb�beb
k\yaygguo�k�gbfb�g_j\guo�\hehdhg��Bf_ggh�^ey�\u^_e_gby�KK<I�[ueZ�\i_j-
\u_�ijbf_g_gZ�l_ogbdZ�dh]_j_glgh]h�mkj_^g_gby��Dawson, 1954�]���

µâÕçãáÝô�æãáÕçãæÚâæãåâãØã�ÕâÕàÝÜÕçãåÕ��Qm\kl\bl_evgu_�kb]gZ-
eu�hl�\_jogbo�dhg_qghkl_c��jbk��������ijhoh^yl�ij_bfms_kl\_ggh�ih�kj_-
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^bgghfm�g_j\m�q_j_a�ie_q_\h_�kie_l_gb_�b�\oh^yl�\�aZ^gb_�jh]Z�kibggh]h
fha]Z�\�r_cghf�hl^_e_�K�±K���]^_�b�ijhbkoh^bl�i_j\h_�i_j_dexq_gb_�

Ihke_� \lhjh]h� i_j_-
dexq_gby� gZ� mjh\g_� ijh-
^he]h\Zlh]h� fha]Z� \� y^jZo
debgh\b^gh]h�imqdZ� qm\kl-
\bl_evgZy� Znn_j_glZpby
q_j_a� kibgh−lZeZfbq_kdbc
ljZdl�ijhoh^bl�\�\_gljheZ-
l_jZevgu_� y^jZ� lZeZfmkZ�
hldm^Z�ihke_�i_j_dexq_gby
gZijZ\ey_lky� \� khfZlhk_g-
khjgmx� dhjm� �ihe_� �±�� ih
;jh^fZgm��

Qm\kl\bl_evgu_� kb]gZ-
eu�hl�gb`gbo� dhg_qghkl_c
b^ml� ih� [hevr_[_jph\hfm
g_j\m� \� aZ^gb_� jh]Z� kibg-
gh]h� fha]Z� \� ihykgbqghf
hl^_e_�� aZl_f�ih^gbfZxlky
^h� ijh^he]h\Zlh]h� fha]Z�
]^_�i_j_dexqZxlky�\�y^jZo
g_`gh]h�imqdZ��>Ze__�imlv
ijhoh^bl� q_j_a� kj_^gbc
fha]�� lZeZfmk�� d� ahg_� i_j-
\bqghc� ijh_dpbb� gh]b
[eb`_� d� f_^bZevghc� ih-
\_joghklb�dhju�

ÄæÝêãéÝÜÝßÕ� Ù×ÝØÕ�

çÚàñâãÞ� æÝæçÚáð��DZ`^uc� \b^� qm\kl\bl_evghklb� bf__l� k\h_� ij_^klZ\b-
l_evkl\h�\�dhj_� ]heh\gh]h�fha]Z� �kf��jbk�� ������<k_�kb]gZeu�hl�j_p_ilhjh\
ijboh^yl�\�i_j\bqgmx�ijh_dpbhggmx�ahgm�k_gkhjgh]h�ZgZebaZlhjZ��<hdjm]
g__�jZkiheh`_gZ�\lhjbqgZy�ahgZ�ZgZebaZlhjZ��]^_�kb]gZe�ih^\_j]Z_lky�ij_^-
\Zjbl_evghc�h[jZ[hld_��B��gZdhg_p��_s_�^Zevr_�jZkiheh`_gZ�ahgZ��dhlhjmx
h[uqgh�gZau\Zxl�ZkkhpbZlb\ghc�ahghc�ZgZebaZlhjZ�b�dhlhjZy�dhglZdlbjm_l
k�lZdbfb�`_�ahgZfb�^jm]bo�ZgZebaZlhjh\�

HkyaZgb_��l��_��dh`gh_�hsms_gb_��f_oZghj_p_ipby���\�^_ckl\bl_evghklb
kdeZ^u\Z_lky�ba�lj_o�dhfihg_glh\�
�
� hkyaZgb_��lZdlbevgh_�qm\kl\h���dhlhjh_�\�kbem�[ukljhc�Z^ZilZpbb�j_Z-

]bjm_l�lhevdh�gZ�i_j\u_�fhf_glu�khijbdhkgh\_gby�
�
� qm\kl\h�^Z\e_gby�
�
� qm\kl\h�i_j_f_s_gby�

Hkh[h_�f_klh� kj_^b�\k_o�ijh_dpbhgguo� kbkl_f�fha]Z� aZgbfZ_l�^\b]Z-
l_evguc� ZgZebaZlhj�� dhlhjuc� klhbl� dZd� [u� gZ� \uoh^_� bgl_]jbjmxs_c� b

Jbk��������:gZlhfby�khfZlhk_gkhjgh]h
ZgZebaZlhjZ
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dhhj^bgbjmxs_c�^_yl_evghklb�dhju��I_j\bqgu_�fhlhjgu_�ahgu�aZgbfZxl
ijhkljZgkl\h� jhkljZevg__� �\i_j_^b�� JheZg^h\hc� [hjha^u� ²� i_j_^gxx
p_gljZevgmx�ba\bebgm��q_l\_jlh_�ihe_���_s_�[he__�jhkljZevgh�jZkiheh`_-
gZ�ij_fhlhjgZy�h[eZklv��ihey�������

Z�
[�

Jbk��������Hlghkbl_evgu_�jZaf_ju�dhju��khhl\_lkl\mxsb_�jZaguf�qZklyf�l_eZ�
Z —�qm\kl\bl_evghc��k_gkhjghc��dhju��[�²�^\b]Zl_evghc��fhlhjghc��dhju

¹×ÝØÕçÚàñâÕô� ßãåÕ�� K� ^\b]Zl_evgufb� h[eZklyfb� dhju� \� l_kghf
nmgdpbhgZevghf� _^bgkl\_� gZoh^ylky� jZkiheh`_ggu_� \� l_f_gghc� h[eZklb
dZm^Zevg__��gZaZ^��hl�JheZg^h\hc�[hjha^u�dhjdh\u_�\hkijbgbfZxsb_�h[-
eZklb�h[s_c�qm\kl\bl_evghklb�²�dh`gh−dbg_kl_lbq_kdbc�ZgZebaZlhj��jbk�
5.19Z).

Furpu� jZaguo� qZkl_c� l_eZ� m� q_eh\_dZ�ij_^klZ\e_gu� \� hij_^_e_gghc
ihke_^h\Zl_evghklb� \i_j_^b� p_gljZevghc� [hjha^u�� Ij_^klZ\bl_evkl\h
]hjlZgb��jlZ�b�ebpZ�gZoh^ylky�gZb[he__�eZl_jZevgh��k[hdm���AZl_f�ke_^mxl
ijh_dpbb�jmdb�� lmeh\bsZ�b�gh]b��Furpu� kZfuo�gb`gbo� k_]f_glh\� l_eZ
Zdlb\bjmxlky� ba� h[eZklb� dhju�� jZkiheh`_gghc� gZ�f_^bZevghc� �kj_^g_c�
ih\_joghklb�ihemrZjby��Dhebq_kl\h�dhju��hlghkys_cky�d�jZaebqguf�qZk-
lyf� l_eZ��g_� khhl\_lkl\m_l�bo�jZaf_jZf��H[eZklb�� dhlhju_� dhgljhebjmxl
^bklZevgu_� �m^Ze_ggu_�� qZklb� dhg_qghkl_c�� \uihegyxsbo� lhgdb_� ^bk-
dj_lgu_�^\b`_gby��aZgbfZxl�iehsZ^v��\h�fgh]h�jZa�ij_\hkoh^ysmx�ij_^-
klZ\bl_evkl\h�ijhdkbfZevguo�qZkl_c�dhg_qghkl_c�b�lmeh\bsZ�

<� ]jZgbpZo�^\b]Zl_evghc�h[eZklb�dhju�bf__lky�g_ij_ju\gh_�ij_^klZ-
\bl_evkl\h�\k_o� kd_e_lguo�furp��Ihegh_�b�^_lZevgh_�ij_^klZ\bl_evkl\h
khfZlbq_kdhc�fmkdmeZlmju��aZgbfZxs__�ij_p_gljZevgmx�h[eZklv��ihe_����
b�_klv�^\b]Zl_evgZy�dhjZ�\�__�deZkkbq_kdhf�hibkZgbb��Fhjnheh]bq_kdbfb
b�we_dljhnbabheh]bq_kdbfb�bkke_^h\Zgbyfb�mklZgh\e_gh��qlh�wlZ�h[eZklv
bf__l�k_gkhjgu_�\oh^u��g_aZ\bkbfu_�hl�\oh^h\�\�khfZlhk_gkhjgmx�dhjm�
Ihwlhfm� ij_p_gljZevgh_� ^\b]Zl_evgh_� ihe_� gZa\Zgh�fhlhk_gkhjguf��LZd
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h[eZklb�dhju��dhlhju_�b]jZxl�gZb[he__�\Z`gmx�jhev�\�\hkijbylbb�khfZ-
lhk_gkhjghc� qm\kl\bl_evghklb�� y\eyxlky� h^gh\j_f_ggh� b� ^\b]Zl_evgufb
iheyfb�

LZdbf�h[jZahf��\�dhj_� _klv�q_luj_�jZagu_�^\b]Zl_evgu_�h[eZklb��<k_
hgb� gZijZ\eyxl� \hehdgZ� \� ibjZfb^guc�ljZdl� b� d� p_gljZf� wdkljZibjZ-
fb^ghc� kbkl_fu��Djhf_� lh]h�� jy^� dhjdh\uo� h[eZkl_c�bf__l� ki_pbZevgh_
hlghr_gb_�d�dhgljhex�furp��k\yaZgguo�k�g_dhlhjufb�\b^Zfb�k_gkhjghc
qm\kl\bl_evghklb��Klbfmeypby�hij_^_e_gghc�h[eZklb�\�eh[ghc�dhj_�ijb-
fZlh\� \uau\Z_l� ^\b`_gby� ]eZa�� \_d� b� baf_g_gb_� jZaf_jZ� ajZqdh\��<� g_c
jZaebqZxl�iylv�qZkl_c��ba�dhlhjuo�ihemq_gu�jZaebqgu_�^\b]Zl_evgu_�wn-
n_dlu��hldju\Zgb_��aZdju\Zgb_�b�ih\hjZqb\Zgb_�]eZa��jZkrbj_gb_�ajZqdh\�
gbklZ]f�b�^j��<�aZluehqghc�h[eZklb�gZoh^blky�_s_�h^gh�^\b]Zl_evgh_�ih-
e_��bf_xs__�hlghr_gb_�d�kh^jm`_kl\_gguf�^\b`_gbyf�]eZa��d�dhgljeZl_-
jZevghc� klhjhg_�� G_[hevrZy� h[eZklv�� ijbfudZxsZy� d� kemoh\hfm� ihex�
k\yaZgZ�k�^\b`_gbyfb�mrghc�jZdh\bgu�

¿ãâçåãàñ�Ù×ÝÛÚâÝÞ��<�dhgljhe_�^\b`_gbc�ijbgbfZ_l�mqZklb_�[hev-
rh_� qbkeh�nZdlhjh\��ihwlhfm� \� ^\b]Zl_evgu_�p_glju�g_ij_ju\gh�ihklm-
iZxl�fgh]hqbke_ggu_�kb]gZeu�ba�\g_rg_c�kj_^u�b�ba�qZkl_c�l_eZ��\uihe-
gyxsbo�^\b`_gb_��WlZ�k_gkhjgZy�h[jZlgZy�k\yav�\_kvfZ�\Z`gZ�^ey�dhgljh-
ey�^\b`_gbc�

<� dhgljhe_� ijhba\hevguo� ^\b`_gbc� \_^msZy� jhev� ijbgZ^e_`bl� ijh-
ijbhj_p_ipbb� �hsms_gbx��� <ujZ[hlZggu_� ijh]jZffu� ^\b`_gby� l_kgh
k\yaZgu�b�j_Zebamxlky� \h� \aZbfh^_ckl\bb� k�ijhijbhp_ilb\ghc� Znn_j_g-
lZpb_c� �g_j\gu_�ihlhdb�hl�j_p_ilhjh\�\�fha]���Z�hl^_evgu_�j_p_ilhjgu_
\oh^u� hkh[_ggh� \Z`gu� ^ey� hij_^_e_gguo� oZjZdl_jbklbd� ^\b`_gbc�� LZd�
gZijbf_j��kmklZ\gZy�j_p_ipby�b]jZ_l�\_^msmx�jhev�\�hkms_kl\e_gbb�ijh-
ba\hevguo�^\b`_gbc�[hevrhc� lhqghklb��?_�bkdexq_gb_�g_h[jZlbfh� kgb-
`Z_l�\hafh`ghklv�\uiheg_gby�lZdh]h�jh^Z�^\b`_gbc��Fur_qgZy�j_p_ipby
hkh[_ggh�\Z`gZ�^ey�hkms_kl\e_gby�^\b]Zl_evgh]h�h[mq_gby�b�\hkijhba\_-
^_gby�\ujZ[hlZgguo�ijh]jZff��l��_��^ey�dhhj^bgZpbhgguo�i_j_kljh_d��Wlh
k\b^_l_evkl\m_l�h�\ukhdhc�kl_i_gb�ki_pbZebaZpbb�j_p_ilhjguo�dZgZeh\�\
kbkl_f_�dhgljhey�^\b`_gbc��DZ`^uc�ba�gbo�\uihegy_l� k\hx� ki_pbnbq_-
kdmx�jhev�

Hkms_kl\e_gb_� [hevrbgkl\Z� \b^h\� ^\b`_gbc� aZ\bkbl� hl� k_gkhjgh]h
\oh^Z�� H^gZdh� g_dhlhju_� ^\b`_gby� klhev� [uklju�� qlh� h[jZlgZy� k\yav�
\dexqZxsZy�k_gkhjgu_�a\_gvy��g_�mki_\Z_l�hdZaZlv�\ebygby�gZ�bo�\uihe-
g_gb_��Ijbf_jhf� fh]ml� kem`blv� [uklju_� ^\b`_gby� iZevp_\� ijhn_kkbh-
gZevguo�ibZgbklh\�beb�fZrbgbklhd��gZrb�^\b`_gby�ijb�ibkvf_�b��dhg_q-
gh�`_��fhegb_ghkgu_�m^Zju�dbklb�dZeeb]jZnZ��\uibku\Zxs_]h�b_jh]ebn�

I_j_c^_f�l_i_jv�d�[he__�ij_^f_lguf�b�ijhaZbq_kdbf�\hijhkZf�
ÆçÝáèàôëÝô� <�ijZdlbq_kdhc�debgbq_kdhc�^bZ]ghklbd_�h[uqgh�ijhba-

\h^yl�we_dljbq_kdmx�klbfmeypbx�i_jbn_jbq_kdbo�g_j\guo�\hehdhg�k�ih-
fhsvx�gZdh`guo�we_dljh^h\��gZdeZ^u\Z_fuo�gZ^�h[eZklvx�ijhoh`^_gby
g_j\Z��>ey�wlh]h�ijbf_gyxl�[biheyjgu_�klbfmebjmxsb_�we_dljh^u�\�\b^_
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f_lZeebq_kdbo�^bkdh\�jZaf_jhf�\����±����kf��dhlhju_�mdj_iylky�gZ�ieZkl-
fZkkh\hc�ieZklbg_�k�jZkklhygb_f�f_`^m�bo�p_gljZfb�\��±��kf��We_dljh^u
jZkiheZ]Zxl�\^hev�g_j\gh]h�imqdZ��ijb�wlhf�dZlh^�gZoh^blky�ijhdkbfZev-
gh��b�dj_iyl�d�dhg_qghklyf�k�bkihevah\Zgb_f�j_abgh\uo�ihehk�beb�ebidhc
e_glu��Ijb�wlhf�hq_gv�\Z`gh�ijZ\bevgh�mklZgh\blv�we_dljh^u��ihkdhevdm
baf_g_gb_�]em[bgu�bo�\^Z\e_gby�\�fur_qgu_�ldZgb��g_[hevrb_�[hdh\u_
kf_s_gby� [md\Zevgh� gZ� g_kdhevdh� fbeebf_ljh\�� \ukuoZgb_� we_dljheblZ
ih^�we_dljh^hf�\�dhglZdl_�k�dh`_c�ijb\h^yl�d�baf_g_gbx�kbeu�lhdZ��ijh-
l_dZxs_]h� q_j_a� g_j\guc� imqhd�� Z� ke_^h\Zl_evgh� b� d� baf_g_gbx� kbeu
klbfmeZ�b�Zfieblm^u�<I�hl\_lZ�

Dhgljhev� bgl_gkb\ghklb� klbfmeh\� hkms_kl\ey_lky� ihkj_^kl\hf� \bam-
Zevghc�hp_gdb�ijyfh]h�^\b]Zl_evgh]h�hl\_lZ�l_o�furp��dhlhju_�bgg_j\b-
jmxlky�^\b]Zl_evgufb�\hehdgZfb�klbfmebjm_fh]h�g_j\Z�

Bgl_gkb\ghklv�klbfmeypbb�mklZgZ\eb\Zxl�g_fgh]h�\ur_�ihjh]Z�^\b]Z-
l_evgh]h�hl\_lZ� �h[uqgh� ��<�beb� ����f:���H^gZdh��g_�kfhljy�gZ�klZ[bev-
ghklv�kbeu�lhdZ�\hafh`gh�baf_g_gb_�kbeu�jZa^jZ`_gby�g_j\Z�\ke_^kl\b_�
gZijbf_j��kf_s_gby�klbfmebjmxsbo�we_dljh^h\��<Z`guf�kj_^kl\hf�dhg-
ljhey�kbeu�klbfmeypbb�y\ey_lky�kZfhhlq_l�iZpb_glZ��Dh]^Z�gm`gh�bkke_-
^h\Zlv�ijh\h^bfhklv�hl^_evguo�mqZkldh\�g_j\Z��bkihevamxl� klbfmeypbx
j_p_ilhjh\� b� dhgp_\uo� g_j\guo� jZa\_l\e_gyo� b� klbfmeypbx� hl^_evguo
iZevp_\�k�gZeh`_gb_f�gZ�gbo�dhevp_\uo�we_dljh^h\�

Z� [�

Jbk��������<ZjbZglu�jZkiheh`_gby�klbfmebjmxsbo�b�j_]bkljbjmxsbo�we_d-
ljh^h\�ijb�bkke_^h\Zgbb�KK<I�hl�\_jogbo��Z��b�gb`gbo��[��dhg_qghkl_c
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ÇÝäð�æãáÕçãæÚâæãåâðê�·Ä� <� aZ\bkbfhklb� hl�f_klZ� klbfmeypbb� b
jZkiheh`_gby�hl\_^_gbc�h[uqgh�jZaebqZxl�ke_^mxsb_�lbiu�KK<I�
Z��KK<I�hl�kibggh]h�fha]Z�
[��KK<I�hl�bglZdlguo�ihdjh\h\�]heh\u�

• ^Zevg_]h�ihey��dhjhldheZl_glgu_�<I��
• [eb`g_]h�ihey��^ebggheZl_glgu_�<I��

Wlb� lbiu�KK<I� jZaebqZxlky� lZd`_� \� aZ\bkbfhklb� hl�f_klZ� klbfmey-
pbb��\_jogbo�beb�gb`gbo�dhg_qghkl_c��jbk��������

Jbk��������Kh\f_s_ggZy�\j_f_ggZy�ko_fZ�KK<I

KK<I�hljZ`Zxl�ijh\_^_gb_�Znn_j_glghc�\hegu�\ha[m`^_gby�ih�imlyf
h[s_c� qm\kl\bl_evghklb�� ijhoh^ysbo� ij_bfms_kl\_ggh� \� aZ^gbo� qZklyo
kibggh]h�fha]Z��q_j_a�kl\heh\u_�hl^_eu�b�kibgh−lZeZfbq_kdbc�ljZdl�\�dh-
jm�]heh\gh]h�fha]Z��Ihwlhfm�bo�j_]bkljZpby�y\ey_lky�Z^_d\Zlguf�f_lh^hf
bkke_^h\Zgby�ijb�^bZ]ghklbd_�ihjZ`_gbc�kibggh]h�b�]heh\gh]h�fha]Z�

GZ�kh\f_s_gghc�ko_f_��jbk��������ijb\_^_gu�KK<I�jZaebqgh]h�ijhbk-
oh`^_gby��j_]bkljbjm_fu_�\�lhqd_�Wj[b��N10���gZ�aZlued_��N12, N13��b�gZ
kdZevi_� �iha^gb_�\hegu���>hihegbl_evgu_�ibdb�fh]ml�j_]bkljbjh\Zlvky�\
^jm]bo�lhqdZo�

ÆÆ·Ä�æäÝââãØã�áãÜØÕ� Bkke_^h\Zgb_�KK<I�kibggh]h�fha]Z�ijh\h-
^blky�k�bkihevah\Zgb_f�gZdh`ghuo�hl\_^_gbc��qlh�\e_q_l�^hihegbl_evgu_
f_lh^bq_kdb_� lj_[h\Zgby��<ke_^kl\b_� hlghkbl_evgh�fZehc�fhsghklb� kh-
fZlhk_gkhjguo�ihl_gpbZeh\��h[_ki_qb\Z_fuo�ijh\h^ysbfb�imlyfb�b� y^-
jZfb�kibggh]h�fha]Z��]em[hdh]h�bo�aZe_]Zgby�b�[hevrbf�qbkehf�bklhqgb-
dh\�jZaghh[jZaguo� Zjl_nZdlh\��bkke_^h\Zgb_�<I� kibggh]h�fha]Z� lj_[m_l
\uiheg_gby�[hevrh]h�qbkeZ�mkj_^g_gbc� �h[uqgh�����±�������qlh�kms_kl-
\_ggh�m\_ebqb\Z_l�h[smx�^ebl_evghklv�bkke_^h\Zgby�
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Jbk��������Ijbf_ju�KK<I��j_]bkljbjm_fuo�\�jZaebqguo�hl\_^_gbyo�
Z�²�hl�\_jogbo�dhg_qghkl_c��[�²�hl�gb`gbo�dhg_qghkl_c

J_n_j_glguc�we_dljh^�j_dhf_g^m_lky�ihf_sZlv�gZ�dhe_gh�g_klbfmeb-
jm_fhc�gh]b��ihkdhevdm�a^_kv�fbgbfZevgh�\ebygb_�ihl_gpbZeh\�hl�klbfm-
ebjm_fh]h�g_j\Z��H^gZdh�gZ�wlh�hl\_^_gb_�hdZau\Zxl�\ebygb_�WD=�b�we_d-
ljhfbh]jZnbq_kdb_�Zjl_nZdlu�

GbadZy�Zfieblm^Z�<I�kibggh]h�fha]Z�\uau\Z_l�g_h[oh^bfhklv�klbfm-
eypbb�gZb[he__�fZkkb\guo�g_j\guo�imqdh\��ihwlhfm�h[uqgh�klbfmebjmxl
g_j\u�dhg_qghkl_c��kj_^bgguc��ehdl_\hc��emq_\hc�gZ�jmd_�b�[hevr_[_jph-
\uc� b� fZeh[_jph\uc� gZ� gh]_�� Hl\h^ysb_� we_dljh^u� mklZgZ\eb\Zxl� gZ
kibg_�ih�kj_^g_c�ebgbb�gZ�mjh\g_�ihykgbqgh]h�beb�r_cgh]h�iha\hgdh\�

GZebqb_� fgh]bo� bklhqgbdh\� Zjl_nZdlh\�� dhlhju_� fh]ml� \� ^_kyldb� b
khlgb� jZa� ij_\hkoh^blv� ih� Zfieblm^_� kibgZevgu_� <I�� \ugm`^Z_l� ijb
ij_^\Zjbl_evghf�lsZl_evghf�ijhkfhlj_� aZibk_c�m^Zeylv�Zjl_nZjdlu�beb
`_� aZ^Z\Zlv�Zfieblm^guc�mjh\_gv�Z\lhfZlbq_kdh]h�bkdexq_gby�lZdbo� aZ-
ibk_c�ba�ijhp_kkZ�mkj_^g_gby��Ba�aZ�g_h[oh^bfhklb�j_]bkljZpbb�[hevrh]h
qbkeZ� [hevrh]h� qbkeZ� hl\_lh\�gZ� klbfmeu� bkihevam_lky� \ukhdZy� qZklhlZ
qZklhlZ�klbfmeypbb��ihjy^dZ��±��=p�

¿ãáäãâÚâçð�·Ä� <�kibgZevghf�KK<I�gZ�we_dljbq_kdmx�klbfmeypbx
kj_^bggh]h� g_j\Z� \u^_eyxl� ljb� hkgh\guo� g_]Zlb\guo� dhfihg_glZ� �jbk�
������� 1��� 1���� 1��� �pbnju� khhl\_lkl\mxl� eZl_glguf� i_jbh^Zf� \� fk��
Dhfihg_gl�1��k\yaZg�ij_bfms_kl\_ggh�k�Zdlb\ghklvx�\hehdhg�\�khklZ\_
ie_q_\h]h� kie_l_gby�� Dhfihg_gl� 1��� h[mkeh\e_g� ijhoh`^_gb_f� Znn_-
j_glgh]h�ihlhdZ�ih�aZ^gbf�hl^_eZf�kibggh]h�fha]Z�gZ�mjh\g_�r_b�b�\�g_-
dhlhjhc�kl_i_gb�Zdlb\ghklvx�\�f_kl_�\oh`^_gby�aZ^g_]h�dhj_rdZ�\�kibg-
ghc�fha]�\�r_cgh_�kie_l_gb_��Ijbjh^Z�dhfihg_glZ�1���qZklbqgh�h[mkeh\-
e_gZ�Zdlb\ghklvx�ihklkbgZilbq_kdbo�g_cjhgh\�\�khhl\_lkl\mxs_f�kibgh-

Z� [�
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fha]h\hf�k_]f_gl_�b�\hkoh^ysbo�imqdh\�kibggh]h�fha]Z��Z�lZd`_�iZkkb\gh
ijh\h^ys_cky�we_dljhZdlb\ghklvx�\hehdhg�f_^bZevghc�i_leb�\�ahg_�gb`-
g_]h�kl\heZ�

Ijb� j_]bkljZpbb� hl
we_dljh^h\�� jZkiheh-
`_gghuo� \� h[eZklb
\_jog_ihykgbqguo� b
gb`g_]jm^guo� iha\hg-
dh\��\�hl\_l�gZ�klbfmey-
pbx� [hevr_[_jph\h]h
g_j\Z� gZ� eh^u`d_� j_]b-
kljbjmxlky� <I�� bf_x-
sb_� fZdkbfmfZevgmx
Zfieblm^m� f_`^m� hklb-
klufb� hljhkldZfb� ih-
a\hgdh\� L��±/��� Wlhl
ihl_gpbZe� \dexqZ_l� hk-
gh\gmx� g_]Zlb\gmx� \u-

khdhZfieblm^gmx�nZam�k�eZl_glghklvx�ihjy^dZ����fk��\_jhylgh�k\yaZgghc
k� kbgZilbq_kdhc� b� ihklkbgZilbq_kdhc� k_]f_glZjghc� Zdlb\ghklvx��Wlhfm
dhfihg_glm�g_ihkj_^kl\_ggh�ij_^r_kl\m_l�fZehZfieblm^guc�ihablb\guc
ibd��h[mkeh\e_gguc�Zdlb\ghklvx�g_cjhgh\�dhgkdh]h�o\hklZ�

ÆÆ·Ä�ÙÕàñâÚØã�äãàô� ?keb� Zdlb\guc� we_dljh^�jZkheZ]Z_lky�g_ih-
kj_^kl\_ggh�gZ�]heh\_�iZpb_glZ��lh�ihfbfh�we_dljbq_kdbo�hl\_lh\��k\yaZg-
guo�k�Zdlb\ghklvx�[eb`Zcrbo�dhjdh\uo�h[eZkl_c��j_]bkljbjm_lky�Zdlb\-
ghklv� b� hl� m^Ze_gguo� bklhqgbdh\�� \� qZklghklb� hl� wdkljZp_nZebq_kdbo
g_j\guo� h[jZah\Zgbc�� Hgb� gZau\Zxlky� ihl_gpbZeZfb� ^Zevg_]h� ihey�� b
kj_^b�gbo�\�gZb[hevr_c�kl_i_gb�bkke_^h\Zgu�hl\_lu�k�eZl_glghklyfb�^h
���fk�ijb�klbfmeypbb�jmdb�b�k�eZl_glghklyfb�^h����fk�ijb�klbfmeypbb�gh-
]b��OZjZdl_jbklbdb� wlbo� dhfihg_gl� �bo� dhebq_kl\h�� Zfieblm^Z� b� iheyj-
ghklv�� hij_^_eyxlky� iZjZf_ljZfb� j_]bkljZpbb� b� jZkiheh`_gb_f� j_n_-
j_glgh]h�we_dljh^Z�

ÒàÚßçåãÙð�� L_ogbdZ� klbfmeypbb� b� j_]bkljZpbb� KK<I>I� lZdZy� `_�
dZd�b�ijb�j_]bkljZpbb�kibgZevguo�KK<I��:dlb\guc�we_dljh^�jZkiheZ]Zxl
h[uqgh�\�ahg_�ijh_dpbb�klbfmebjm_fhc�dhg_qghklb��Wlh�iha\hey_l�bkke_-
^h\Zlv�dZd�kh[kl\_ggh�p_j_[jZevgu_�KK<I��lZd�b�KK<I>I��>ey�ihemq_-
gby�KK<I>I�\�gZb[he__�iheghc�^_lZebaZpbb�j_n_j_glguc�we_dljh^�jZk-
iheZ]Zxl�wdkljZp_nZevgh��h[uqgh�gZ�g_klbfmebjm_fhc�dhg_qghklb�gZ^�dh-
klguf� \uklmihf� �ehiZldZ�� ehdhlv�� dhe_gh���J_]bkljZpby�KK<I>I� khijy-
`_gZ� k� l_fb� `_� ljm^ghklyfb�� qlh� b� f_lh^bdZ� bkke_^h\Zgby� kibgZevguo
KK<I�

Ijb�klbfmeypbb�kj_^bggh]h��emq_\h]h�b�ehdl_\h]h�g_j\Z�gZ�aZiyklv_�k
bkihevah\Zgb_f�wdkljZp_nZebq_kdh]h�j_n_j_glZ�\�KK<I�hl�kdZeviZ�\u^_-

Jbk��������Ijbf_j�KK<I�kibggh]h�fha]Z�ihke_
�����mkj_^g_gbc��Z�²�\�r_cghf�hl\_^_gbb��[ —

\�lhqd_�Wj[Z��\gbam�
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eyxl� �±��ihablb\guo�dhfihg_glZ�^Zevg_]h�ihey�k�ihke_^mxsbf�\ukhdh-
Zfieblm^guf�g_]Zlb\guf�ibdhf�k�eZl_glghklvx�hdheh����fk�

¿ãáäãâÚâçð�·Ä��<� mkj_^g_gghf�KK<I�fh`gh� \u^_eblv� ljb� ^hklZ-
lhqgh�j_]meyjguo�dhfihg_glZ��jbk��������

Dhfihg_gl� J��� \Zjvb-
jm_lky� ih� k\h_c� � kj_^g_c
eZl_glghklb�hl���^h� ���fk
b� j_]bkljbjm_lky� m� ��±
����� iZpb_glh\�� ?]h
ijbjh^Z� hij_^_e_gZ
ijh\_^_gb_f
Znn_j_glgh]h� ihlhdZ� \
h[eZklb�ie_q_\h]h� kie_l_-
gby�� qlh� ih^l\_j`^Z_lky
kh\iZ^_gb_f� _]h� eZl_gl-
ghklb� k� eZl_glghklvx� g_-
]Zlb\gh]h� ibdZ�� j_]bkljb-
jm_fh]h� \� hl\_^_gbb� hllhqdb�Wj[Z�

Dhfihg_gl�J��j_]bkljbjm_lky�^hklZlhqgh�g_j_]meyjgh��ijbf_jgh�\���±
����kemqZ_\��b�\Zjvbjm_lky�ih�k\h_c�eZl_glghklb�\�bgl_j\Ze_�hl����^h���
fk��<� ]_g_jZpbb� wlh]h� ibdZ� mqZkl\mxl�� \_jhylgh�� g_kdhevdh� bklhqgbdh\�
QZklv�_]h�k\yaZgZ�k�Znn_j_glgf�ijh\_^_gb_f�\�r_cguo�hl^_eZo�kibggh]h
fha]Z��G_fZeh\Z`gh_�mqZklb_�\�]_g_jZpbb�wlh]h�ibdZ�ijbgbfZxl�dZm^Zev-
gu_�y^jZ�khfZlbq_kdhc�qm\kl\bl_evghklb�\�ijh^he]h\Zlhf�fha]_�

Dhfihg_gl�J��oZjZdl_jbamlky� kj_^gbfb�eZl_glghklyfb�hl� ���^h� ���fk�
H[t_^bg_gb_� _]h� \� _^bguc� dhfie_dk� k� J�� p_e_khh[jZagh� k� ijZdlbq_kdhc
lhqdb� aj_gby��ihkdhevdm� \u^_e_gb_�bo�ih� hl^_evghklb� ^hklZlhqgh�g_j_]m-
eyjgh��b�^Z`_�lh]^Z��dh]^Z�m^Z_lky�bo�aZj_]bkljbjh\Zlv�ih�hl^_evghklb��h^bg
ba�gbo�\u]ey^bl�dZd�g_�kZfhklhyl_evgZy��q_ldh�hq_jq_ggZy�\hegZ��Z�dZd�g_-
[hevrh_� ^hihegbl_evgh_� dhe_[Zgb_�gZ� \hkoh^ys_c�beb�gbkoh^ys_c� qZklb
^jm]h]h��Ibd�J��j_]bkljbjm_lky�\���±�����kemqZ_\��b�_]h�h[uqgh�k\yau\Z-
xl�k�Zdlb\baZpb_c�Znn_j_glguo�e_fgbkdh\uo�iml_c�\�kl\he_�fha]Z��Z�_]h
[he__�iha^gbc�ih^dhfihg_gl�²�k�Zdlb\ghklvx�lZeZfmkZ�

Ijb� bkihevah\Zgbb� j_n_j_glguo� we_dljh^h\� gZ�fhqd_� moZ��fZklhb^_��
ih^[hjh^d_�ibdb�J��b�J��g_�^_l_dlbjmxlky�\�k\yab�k�l_f��qlh�bo�nZaZ�b�Zf-
ieblm^Z�gZ�\k_c�ih\_joghklb�kdZeviZ�ijbf_jgh�h^bgZdh\u��b�hgb�\aZbfh-
dhfi_gkbjmxlky�� _keb� Zdlb\guc� b� j_n_j_glguc� we_dljh^u� jZkiheh`_gu
gZ� ih\_joghklb� ]heh\u��<� lZdhf� kemqZ_� j_]meyjgh� j_]bkljbjm_fufb�<I
hklZxlky�J��b�1����jbk������Z���ijbq_f�ihke_^gbc�jZkkfZljb\Z_lky�dZd�ih-
]jZgbqguc�f_`^m�<I�^Zevg_]h�ihey�b�kh[kl\_ggh�dhjdh\ufb�KK<I�

KK<I>I�j_]bkljbjmxlky�dZd�j_Zdpbb�gZ�klbfmeypbx�g_j\h\�gh]b��Ijb
klbfmeypbb�[hevr_[_jph\h]h�g_j\Z�gZ�eh^u`d_�\�iZjZkZ]bllZevguo�hl\_-
^_gbyo�gZ�kdZevi_�j_]bkljbjmxlky�hkgh\gu_�[beZl_jZevgh−kbff_ljbqgu_
dhfihg_glu�J����J���b�J����KhihklZ\e_gb_�k�KK<I��j_]bkljbjm_fufb�h^-

Jbk��������Ijbf_j�KK<I�^Zevg_]h�ihey�ihke_
����mkj_^g_gbc��Z�²�hl�h[eZklb�ijh_dpbb

dbklb��[�²�\�lhqd_�Wj[Z
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gh\j_f_ggh�hl�we_dljh^h\��ehdZebah\Zgguo�gZ�iha\hghqgbd_�b�\�y]h^bqghc
h[eZklb�gZ^�k_^Zebsguf�g_j\hf��iha\hey_l�k\yaZlv�dhfihg_gl�J���k�Znn_-
j_glglZpb_c�\�^bklZevghc�ahg_�dj_klph\h]h�kie_l_gby��J���²�k�Zdlb\baZ-
pb_c�\�dhgmk_�kibggh]h�fha]Z��Z�J���²�\�kl\he_�fha]Z��M�g_dhlhjuo�iZpb-
_glh\�h[gZjm`b\Zxlky�b�f_g__�\ujZ`_ggu_�ihablb\gu_�dhfihg_glu�J���
J���b�J����dhlhju_�k\yau\Zxl��khhl\_lkl\_ggh��k�Zdlb\baZpb_c�[hevr_[_j-
ph\h]h�g_j\Z�\�ih^dhe_gghc�yfd_��k_^Zebsgh]h�g_j\Z�\�y]h^bqghc�h[eZklb
b�kibggh]h�fha]Z�

·ÕåÝÕÖÚàñâãæçñ� KhfZlhk_gkhjgu_� <I� h[eZ^Zxl� ^hklZlhqghc� klZ-
[bevghklvx�\�k\hbo�eZl_glghklyo� �lZ[e�� �����b�bf_xl�mklhcqb\u_�aZ\bkb-
fhklb�hl�\hajZklZ�b�jhklZ�

LZ[ebpZ������KlZlbklbq_kdb_�oZjZdl_jbklbdb�KK<I

<_jogb_�dhg_qghklb Gb`gb_�dhg_qghklb
LhqdZ Erbi CVII Cz LIII CVII Cz Cz
Ibdb N9 N13 N20 N22 N30 P38 N46
EZl_gl-
ghklv

9.6
±0.7

13.2
±0.8

18.9
±1.0

22.1
±2.2

29.8
±2.8

38.3
±3.3

46.4
±3.2

¿àÝâÝìÚæßãÚ�äåÝáÚâÚâÝÚ� Bkke_^h\Zgby�KK<I�^Zevg_]h�ihey�gZoh-
^yl�ke_^mxsb_�debgbq_kdb_�ijbf_g_gby�
• jZkk_ygguc�kde_jha��ijb�dhlhjhf�eZl_glghklb�m^ebgyxlky��b�Zfieblm^Z

iZ^Z_l�gZ�����b�[he__�
• ihjZ`_gby�ie_q_\h]h�g_j\gh]h�maeZ�beb�r_cguo�hl^_eh\�kibggh]h�fha-

]Z��ijb�klbfmeypbb�\_jogbo�dhg_qghkl_c��
• ljZ\fZlbq_kdb_�ihjZ`_gby�kibggh]h�fha]Z��ijb�klbfmeypbb�gb`gbc

dhg_qghkl_c��
• hp_gdZ�gZjmr_gbc�k_gkhjghc�qm\kl\bl_evghklb�m�bkl_jbq_kdbo�[hevguo�
• fhgblhjbg]�khklhygby�fha]Z�b�k_gkhjghc�dhju�
• ^bZ]ghklbdZ�dhfu�b�kf_jlb�fha]Z�

Hkgh\gufb�^bZ]ghklbq_kdbfb�ijbagZdZfb�y\eyxlky��hlkmlkl\b_�ibdh\�
mklhcqb\h�j_]bkljbjm_fuo�m� a^hjh\uo�bkiulm_fuo��b�m^ebg_gb_�f_`ib-
dh\uo�eZl_glghkl_c�gZ�[he__�q_f����±��klZg^Zjlguo�hldehg_gby�ih�kjZ\g_-
gbx�k�ghjfZevgufb�\_ebqbgZfb�

ÆÆ·Ä�ÖàÝÛâÚØã�äãàô� Ijb� we_dljbq_kdhc� klbfmeypbb� kj_^bggh]h
g_j\Z�gZ�aZiyklv_�\�dhjdh\hc�ijh_dpbb�dbklb�gZ[ex^Z_lky�ihke_^h\Zl_ev-
ghklv�dhe_[Zgbc��kZfh_�jZgg__�ba�dhlhjuo�bf__l�eZl_glghklv����fk��Ohly
wlb�dhe_[Zgby�b�hij_^_e_gu�p_j_[jZevgufb�ijhp_kkZfb��h^gZdh�bo�k\yab�k
ba\_klgufb� nmgdpbhgZevgufb� kbkl_fZfb� fha]Z� g_� \iheg_� hq_\b^gu�� <
agZqbl_evghc� kl_i_gb� wlh� hij_^_e_gh� l_f�� qlh� ihl_gpbZeu�� j_]bkljbjm_-
fu_� hl� bglZdlguo� ihdjh\h\� ]heh\u� b� \u^_ey_fu_� ihkj_^kl\hf� mkj_^g_-
gby��hljZ`Zxl�dZd�Zdlb\ghklv�g_cjhgh\��jZkiheh`_gguo�g_ihkj_^kl\_ggh
ih^�we_dljh^hf��lZd�b�^_yl_evghklv�]em[bgguo�bklhqgbdh\��D�lhfm�`_��]_-
g_jZpby�g_dhlhjuo� dhfihg_glh\� \� dhj_�fh`_l� [ulv� k\yaZgZ� k� Znn_j_gl-
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gufb�\ebygbyfb�hl�g_kdhevdbo�ih^dhjdh\uo�bklhqgbdh\��ihwlhfm�jZagh-
ieZgh\hklv�k\_^_gbc�h�dhgdj_lguo�h[jZah\Zgbyo��Zdlb\ghklv�dhlhjuo�gZ-
oh^bl�hljZ`_gb_�\�dhgdj_lghf�dhfihg_gl_��hij_^_ey_lky�^_ckl\bl_evguf
fgh]hh[jZab_f� bklhqgbdh\� Znn_j_glghc� Zdlb\ghklb�� gZoh^ysbo� hljZ`_-
gb_�\�ZgZebabjm_fhf�dhfihg_gl_�

¿ãáäãâÚâçð� ·Ä� <� lbibqghf� khklZ\_� KK<I� fh]ml� [ulv� \u^_e_gZ
ke_^mxsZy� ihke_^h\Zl_evghklv� dhfihg_glh\� 1��� 3��� 1��� 3��� 1��� 3��� 1��
3���1�� �jbk�� �������DhjhldheZl_glgu_�dhfihg_glu�\�[hevrbgkl\_�kemqZ_\
ij_^klZ\eyxl� kh[hc� kjZ\gbl_evgh� dhjhldb_� ibdb� qZklh� bf_xsb_� aZhkl-
j_ggmx�nhjfm�� Z� [he__�iha^gb_� dhfihg_glu� y\eyxlky�ijhly`_ggufb� \h
\j_f_gb��ij_^klZ\eyy�kh[hc�\ukhdh�Zfieblm^gu_�f_^e_ggu_�dhe_[Zgby�

Jbk��������Ijbf_j�KK<I�[eb`g_]h�ihey

Wlb�iha^gb_�dhfihg_glu�qZklh� \dexqZxl�^hihegbl_evgu_� dhe_[Zgby�
gZdeZ^u\Zxsb_ky�gZ�hkgh\gmx�\hegm�b�g_j_^dh� klhev� Zfieblm^gh� \ujZ-
`_ggu_��qlh�wlh�ijb\h^bl�d�kms_kl\_gghfm�mkeh`g_gbx�nhjfu�b�fmevlb-
iebdZpbb� dhfihg_glh\� <I�� Ijb� hlghkbl_evghc� klZ[bevghklb� eZl_glguo
i_jbh^h\�jZggbo�dhfihg_glh\�[he__�iha^gb_�dhfihg_glu�oZjZdl_jbamxlky
agZqbl_evguf� \gmljbjbg^b\b^mZevguc� jZa[jhkhf� \_ebqbg� k\hbo� eZl_gl-
guo�i_jbh^h\�

�������Dh]gblb\gu_�<I
KqblZ_lky�� qlh� \ua\Zggu_� ihl_gpbZeu� y\eyxlky� bg^bdZlhjZfb� we_d-

ljbq_kdbo�ijhp_kkh\�jZ[hlu�fha]Z��k\yaZgguo�k�f_oZgbafZfb�\hkijbylby
bgnhjfZpbb�b�__�h[jZ[hldb�i_j\bqgh]h�b�j_ne_dlhjgh]h�oZjZdl_jZ��F_g__
hij_^_e_gguf�y\ey_lky�lh��\�dZdbo�oZjZdl_jbklbdZo�WW=�b�dZd�hljZ`Zxlky
\ukrb_�dhjdh\u_�nmgdpbb�dh]gblb\gh]h�oZjZdl_jZ��lZdb_�dZd�jZkihagZ\Z-
gb_�klbfmeh\��aZihfbgZgb_��Z�lZd`_�fukebl_evgu_�ijhp_kku��k\yaZggu_�k
ijbgylb_f�j_r_gby�

<�ihke_^gb_�^_kylbe_lby�\_^mlky�jZ[hlu�ih�jZa\blbx�bgkljmf_glZev-
guo� g_cjhnbabheh]bq_kdbo� f_lh^h\�� \� lhf� qbke_� b� <I�� \� hp_gd_� wlbo
keh`guo�ijhp_kkh\��>\mfy�gZb[he__�ba\_klgufb�gZoh^dZfb� lZdh]h�jh^Z�
agZqbl_evgh� ijh^\bgm\rbo� ZgZeba� b� ihgbfZgb_� dh]gblb\guo� ijhp_kkh\�
y\eyxlky�f_lh^bdb� &19� b�JA����Kmsghklv� wlbo�f_lh^h\� ZgZebaZ� dh]gb-
lb\guo�ijhp_kkh\�fha]Z�aZdexqZ_lky�\�lhf��qlh�\u^_eyxlky�g_�ijhklh�j_-
Zdpbb�gZ�lhl�beb�bghc�klbfme��k\yaZggu_�k�ijboh^hf�Znn_j_glZpbb��Z�ZgZ-
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ebabjmxlky�wg^h]_ggu_�kh[ulby��ijhbkoh^ysb_�\�fha]m��k\yaZggu_�k�h`b-
^Zgb_f��jZkihagZ\Zgb_f�b�aZihfbgZgb_f�klbfmeZ�

<k_�dh]gblb\gu_�<I�\�hlebqb_�hl�[he__�dhjhldheZl_glguo�beb�]em[bg-
gh� g_cjh]_gguo�<I� hlq_leb\h� ijhy\eyxlky� gZ�nhg_� gZlb\ghc�WW=�� hgb
\b^gu�^Z`_�gZ�h^bghqguo�j_ZebaZpbyo�b�\u^_eyxlky�ijb�g_[hevrhf�qbk-
e_����±����mkj_^g_gbc�

ÁÚçãÙÝßÕ� &19�� N_ghf_g� g_]Zlb\ghc� \hegu� h`b^Zgby� �FRQWLQJHQW
QHJDWLYH�YDULDWLRQ�beb� H[SHFWHQF\�ZDYH�²�?−\hegZ��[ue�hldjul�ba\_klguf
g_cjhnbabheh]hf�=j__f�Mhel_jhf�\������]��Ihy\e_gb_�wlhc�\hegu�k\yaZgh
k�hl\_lghc�j_Zdpb_c�gZ� kemqZcgh�ihy\eyxsbcky��gh� agZqbfuc�b�h`b^Z_-
fuc� klbfme��Bkke_^h\Zgb_� \hegu� h`b^Zgby�²� h^gZ� ba� i_j\uo� ihiulhd
bamqblv�bgkljmf_glZevgufb�f_lh^Zfb� keh`gu_�ikbobq_kdb_�ijhp_kku��\
qZklghklb��ijhl_dZxsb_�\�eh[guo�^heyo�

<�deZkkbq_kdhf�\ZjbZgl_�wlZ�j_Zdpby
\u^_ey_lky�ke_^mxsbf�h[jZahf��ih^Z_l-
ky�ij_^mij_`^Zxsbc�klbfme�²�s_eqhd
�beb�k\_lh\Zy�\kiurdZ��� aZl_f�q_j_a�g_-
hij_^_e_ggh_�� kemqZcgh_� \j_fy� ��±�� k�
ke_^m_l� ^jm]hc� klbfme�� imkdh\hc� ²
\kiurdZ� k\_lZ� �beb� a\mdh\hc� klbfme��
dhlhjuc�bkiulm_fuc�ij_ju\Z_l�gZ`Zlb-
_f�dghidb� �beb�dZdbf�eb[h�^jm]bf�^_c-
kl\b_f���GZ�s_eqhd�\hagbdZ_l�hl\_l��b�gZ
\kiurdm�k\_lZ�\hagbdZ_l�hl\_l��gh�\�kb-
lmZpbb� ij_^mij_`^Zxs_]h� b� g_hij_^_-
e_ggh]h�imkdh\h]h�kb]gZeZ�b�_]h�nbabq_-
kdh]h� �b� ^Z`_� fuke_ggh]h�� ij_ju\Zgby
f_`^m�wlbfb�^\mfy�kh[ulbyfb�\hagbdZ-
_l� ^hihegbl_evgZy� �hdheh� ��� fd<�� f_^-
e_ggZy�g_]Zlb\gZy�\hegZ��jbk���������L_f
kZfuf� ?−\hegZ� lZd`_�� dZd� jZkkfhlj_g-
gu_� gb`_�fhlhjgu_�<I�� y\ey_lky� qZkl-
guf�kemqZ_f�©ihl_gpbZeh\�]hlh\ghklbª�

?−\hegZ� bgl_gkb\gh� bkke_^h\ZeZkv� \
jZaebqguo� fh^bnbdZpbyo� �kf��� gZijb-
f_j�� jbk�� ����[��� ;ueh� mklZgh\e_gh�� qlh

Zfieblm^Z�?−\hegu�\hajZklZ_l��dh]^Z�bkiulm_fuc�gZoh^blky�\�kihdhcghf�
khkj_^hlhq_gghf� khklhygbb�� JZaebqgu_� wfhpbhgZevgu_� b� hl\e_dZxsb_
nZdlhju� �kfms_gb_�� lj_\h]Z�� g_ijbylgu_� gh\hklb�� kgb`Zxl� Zfieblm^m
?−\hegu��Ih\j_`^_gb_�h^gh]h�ba�ihemrZjbc�qZklh�\_^_l�d�kgb`_gbx�Zf-
ieblm^u� ?−\hegu�� hkh[_ggh� gZ� ihjZ`_gghc� klhjhg_�� <hkklZgh\e_gb_
nmgdpbc�ihke_�lZdbo�ih\j_`^_gbc�dhjj_ebjm_l�k�\hkklZgh\e_gb_f�Zfieb-
lm^u�?−\hegu��JZaebqgu_�baf_g_gby�\�?−\hegZo�gZ[ex^Zxlky�b�ijb�g_dh-
lhjuo�ikbobq_kdbo�aZ[he_\Zgbyo��ikbohiZlby��gZ\yaqb\u_�b^_b��

Jbk��������G_]Zlb\gZy�\hegZ
h`b^Zgby��Z�²�\hk_fv�h^bghq-
guo�hl\_lh\�gZ�klbfme��[�²�j_-

amevlZl�mkj_^g_gby
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ÁÚçãÙÝßÕ�Å¼����JLkWhQ��:LHVVHQERUQ�������]���hkgh\u\Z_lky�gZ�ih^Zq_
\� kemqZcghc� ihke_^h\Zl_evghklb� ^\mo� klbfmeh\�� h^bg� ba� dhlhjuo� g_agZ-
qbf��Z�^jm]hc�y\ey_lky�agZqbfuf�b�gZ�g_]h�bkiulm_fuc�beb�iZpb_gl�^he-
`_g� j_Z]bjh\Zlv��Ijb� h[uqghf� \u^_e_gbb� hl\_lh\� gZ� wlb� hlebqZxsb_ky
�qZs_� \k_]h� kemoh\u_�� klbfmeu� [_a� mkeh\by� bo� hihagZgby�� \u^_eyxlky
^ebggheZl_glgu_�kemoh\u_�<I� �9−\hegZ���dhlhju_�g_kdhevdh�hlebqZxlky
^jm]�hl�^jm]Z�ba�aZ�nbabq_kdh]h�jZaebqby�klbfmeh\��jbk������Z��[).

H^gZdh� kblmZpby� f_gy_lky�� _keb� [m^_l� ^ZgZ� bgkljmdpby�� qlh� h^bg� ba
klbfmeh\�y\ey_lky�agZqbfuf��b�gZ�g_]h�gm`gh�h[jZsZlv�\gbfZgb_��gh�hg
[m^_l�j_^dh�ih^Z\Zlvky� \�jy^m�^jm]bo� klbfmeh\��b� _]h�gm`gh�hihagZlv�b
ih^kqblZlv��Ijb� \u^_e_gbb� b� mkj_^g_gbb� hl\_lh\� gZ� g_agZqbfu_� qZklu_
klbfmeu�ihemqZ_lky� 9−\hegZ�� koh^gZy� k� \u^_e_gghc� \� h[uqghc�g_jZaeb-
qZxs_cky�ihke_^h\Zl_evghklb� �jbk�� ����\���Ijb�\u^_e_gbb�`_�hl\_lh\�gZ
agZqbfu_� j_^db_� klbfmeu� oZjZdl_j� hl\_lZ� [m^_l� j_adh� hlebqZlvky� hl
h[uqghc� k_jbb�ihy\e_gb_f�[hevrhc�ihablb\ghc�\hegu�\�h[eZklb� ����fk
�jbk������]���Nbabq_kdb_�k\hckl\Z�ij_^ty\ey_fuo�klbfmeh\�g_�baf_gbebkv�
gh�d�j_ne_dlhjghfm�f_oZgbafm�^h[Z\bebkv�ijhp_kku�jZkihagZ\Zgby��aZih-
fbgZgby�b�ih^kq_lZ�agZqbfuo�klbfmeh\��ke_^kl\b_f�q_]h�b�y\behkv�ihy\-
e_gb_�wg^h]_gghc�ibd−\hegu�\�h[eZklb�����fk�

Jbk��������J_amevlZlu�\u^_e_gby�<I�ih�f_lh^bd_�J�����Z��[�²�jZa^_ev-
gh_�ij_^ty\e_gb_�a\mdh\uo�s_eqdh\�k�lhgZfb������=p��Z��b������=p��[); \��]
²�kh\f_klgh_�ij_^ty\e_gb_�klbfmeh\��hl\_lu�gZ�g_agZqbfuc�klbfme��\��b

gZ�kemqZcguc��\_jhylghklv�ihy\e_gby������agZqbfuc�klbfme��])

¿àÝâÝìÚæßãÚ�äåÝáÚâÚâÝÚ� Debgbq_kdb� agZqbfufb�hldehg_gbyfb� \
f_lh^bd_�J����y\eyxlky��hlkmlkl\b_�beb�g_klZ[bevghklv�ibdZ�J�����m^eb-
g_gb_� eZl_glghklb� J���� beb� kgb`_gb_� _]h� Zfieblm^u� [he__� q_f� gZ� ljb
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klZg^Zjlguo�hldehg_gby�ih�kjZ\g_gbx�k�ghjfhc� >�@��Hkgh\gufb�h[eZkly-
fb� debgbq_kdh]h� ijbf_g_gby� ^Zgghc� f_lh^bdb� y\eyxlky�� ijhnhl[hj�
hp_gdZ�ih[hqgh]h� ^_ckl\by� e_q_[guo�ij_iZjZlh\�� hp_gdZ�gZqZevguo� dh]-
gblb\guo� jZkkljhckl\� \� ^hdebgbq_kdhc� klZ^bb�� hp_gdZ� ^bgZfbdb� dh]gb-
lb\guo�gZjmr_gbc�\�ijhp_kk_�e_q_gby��hp_gdZ�\ujZ`_gghklb�dh]gblb\guo
gZjmr_gbc�m�^_l_c�k�hldehg_gbyfb�\�ih\_^_gbb�

¹åèØÝÚ� áÚçãÙÝßÝ� Fhlhjgu_� <I� k\yaZgu� k� bgbpbZpb_c� ^\b`_gby�
gZijbf_j��gZ`Zlb_f�gZ�dghidm��Ijb�mkj_^g_gbb�gZaZ^�\h�\j_f_gb�hl�fh-
f_glZ�gZ`Zlby� aZ� ���±����fk�ihy\ey_lky�g_]Zlb\gZy�\hegZ��dhlhjZy�j_adh
h[ju\Z_lky�\�fhf_gl�gZ`Zlby��Wlh�k\h_h[jZagh_�hljZ`_gb_�©fukebª�fha]Z
h� \uiheg_gbb�^_ckl\by��FZdkbfmf� hl\_lh\�gZ[ex^Z_lky� \� khhl\_lkl\mx-
s_f�ihemrZjbb�b�h[eZklb�fha]Z��fhlhjgZy�dhjZ�ijb�^\b]Zl_evguo�j_Zdpb-
yo��h[eZklv�;jhdZ�ijb�ijhbag_k_gbb�keh\��

<I�gZ�ijhims_gguc�klbfme�\hagbdZ_l��dh]^Z�ih^Z_lky�k_jby�klbfmeh\
�gZijbf_j�� a\mdh\uo� lhgh\��� ke_^mxsbo� k� h^bgZdh\ufb� bgl_j\ZeZfb�
Bgh]^Z� \� wlhf� jy^m�g_dhlhju_� klbfmeu� [m^ml�ijhimkdZlvky��Mkj_^g_gb_
hl\_lh\�gZ�lZdb_�kh[ulby�ihdZau\Z_l��qlh�©m^b\e_gb_ª�fha]Z�ijhy\ey_lky�\
m\_ebq_gbb� Zfieblm^u� ihablb\gh]h� ibdZ� k� eZl_glghklvx� ����fk� �Picton,
Hillard, 1974�]���

<�f_lh^bd_�\u^_e_gby�bgnhjfZpbb�ba�rmfZ�beb�©n_ghf_g_�\_q_jbgdbª
bkiulm_fuc� ^he`_g� ih^kqblu\Zlv� a\mdb�� hlebqZxsb_ky� hl� hklZevguo� \
e_\hf�beb�ijZ\hf�mo_��Hl^_evgh�mkj_^gyxlky�hl\_lu�� ���gZ�ijZ\hklhjhg-
gxx�b�e_\hklhjhggxx�^_l_dpbx�����gZ�h[uqgu_�b�g_h[uqgu_�lhgu��Ijb
dhgp_gljZpbb�\gbfZgby�gZ�hij_^_e_ggmx�klhjhgm�^_l_dpbb�Zfieblm^Z�ib-
dZ�N1�����fk��klZgh\blky�\ur_�^ey�hl\_lh\�gZ�\k_�klbfmeu�bf_ggh�k�wlhc
klhjhgu��L_f�kZfuf�wlhl�ibd�k\b^_l_evkl\m_l�h�i_j\hc�klmi_gb�hkms_kl\-
ey_fuc�fha]hf�^_l_dpbb�k�\uykg_gb_f��dZdb_�klbfmeu�klhyl�lh]h��qlh[u
gZ� gbo� h[jZsZlv� \gbfZgb_��;he__� eZl_glguc� dhfihg_gl� J�� �P����� [m^_l
jZaebqguf�\�khhl\_lkl\bb�kh�kl_i_gvx�agZqbfhklb�klbfmeZ�\�dhgdj_lghf
mo_��LZdbf�h[jZahf�wlhl�ibd�k\b^_l_evkl\m_l�h�[he__�\ukhdhc�klZ^bb�i_j-
p_ilb\gh]h�ZgZebaZ��]^_�ijbgbfZ_lky�j_r_gb_�h�lhf��y\ey_lky�eb�^Zgguc
klbfme�h[uqguf�beb�`_�hg�hlebqZ_lky�hl�ghjfu�

Hlghkbl_evgh�ih^h[guo�\u\h^h\�fh`gh�[ueh�[u�\hajZablv��qlh�a\mdb�
gZ�dhlhjuf�gm`gh�h[jZsZlv�beb�g_�h[jZsZlv�\gbfZgb_��hlebqZxlky�^jm]
hl�^jm]Z�b�ih�k\hbf�nbabq_kdbf�k\hckl\Zf��gZijf_j��ih�^ebl_evghklb�beb
ih� \ukhl_� lhgZ��Gh� \kdhj_� [ueh� ihdZaZgh�� qlh� dZ`msb_ky� b^_glbqgufb
jZa^jZ`bl_eb�fh]ml�\ua\Zlv�jZagu_�<I�\�aZ\bkbfhklb�hl�hdjm`Zxs_]h�bo
dhgl_dklZ�� ^ey� q_]h� [ueb� kdhgkljmxjh\Zgu� ke_^mxsb_� ^\_� dhf[bgZpbb
klbfmeh\��Johnson, Chesney, 1974�]���

���b���
DZd�g_ljm^gh�aZf_lblv��^\mkfuke_gguc�kbf\he�\�p_glj_�k�\ukhdhc�^hk-

lh\_jghklvx�[m^_l�\hkijbgbfZlvky�dZd�©��ª�\�dhgl_dkl_�hdjm`Zxsbo�_]h
qbk_e� beb�`_� dZd� [md\Z� ©<ª� \� dhgl_dkl_� hdjm`Zxsbo� [md\�� J_amevlZlu
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dhgl_dklgh]h�mkj_^g_gby�ihdZaZeb��qlh�iha^gb_�<I��ihke_�����fk��\�aZlu-
ehqghc�h[eZklb�[ueb�b^_glbqgufb�\�h[hbo�kemqZyo��Z�eh[gu_�<I�aZ\bk_eb
hl�dhgl_dklZ��\�dhlhjhf�ij_^ty\eyeZkv�p_gljZevgZy�nb]mjZ��l��_��ih�jZagh-
fm�j_Z]bjh\Zeb�gZ�©kfukeª�jZa^jZ`bl_ey�

(56�(5'� <� ihke_^gb_� ��� e_l�� djhf_� jZkkfhlj_gguo� deZkkbq_kdbo
dh]gblb\guo�<I�klZeb�bkke_^h\Zlv�<I�kbgojhgbaZpbb (ERS)�b�^_kbgojhgb-
aZpbb� �(5'�� k� bkihevah\Zgb_f� hkh[h]h� f_lh^Z� mkj_^g_gby� aZibk_c� WW=
�ih^jh[g__�kf��\�jZa^�������

�����>bZ]ghklbq_kdb_�\hafh`ghklb
<� kjZ\g_gbb� k� we_dljhwgp_nZeh]jZnb_c�� ]^_�bkihevamxlky�^hklZlhqgh

klZg^Zjlbah\Zggu_�f_lh^bdb�bkke_^h\Zgby��ijbf_gy_fu_� \� agZqbl_evghc
kl_i_gb�\g_�aZ\bkbfhklb�hl�lbiZ�b�oZjZdl_jZ�aZ[he_\Zgby��ih^h[gu_�klZg-
^Zjlgu_� f_lh^bdb� \� bkke_^h\Zgbyo� <I� qZklh� hlkmlkl\mxl��H[mkeh\e_gh
wlh�dZd�kjZ\gbl_evghc�gh\baghc�f_lh^Z��lZd�b�_]h�mgbdZevgufb�hkh[_ggh-
klyfb��>_ckl\bl_evgh��<I�g_�y\ey_lky�g_ij_ju\guf�\h�\j_f_gb�n_ghf_-
ghf�� bffZg_glgh� ijbkmsbf� fha]m�� dZd� wlh� g_khfg_ggh� ih� hlghr_gbx
we_dljhwgp_nZeh]jZffu�� Z� hg� kljh]h� ijb\yaZg� d� hij_^_e_gguf�f_oZgba-
fZf�k_gkhjghc�h[jZ[hldb�bgnhjfZpbb�b�h^ghagZqgh�hij_^_ey_lky�f_klhf
ijbeh`_gby�b�oZjZdl_jhf�klbfmeZ��_]h�nbabq_kdbfb�k\hckl\Zfb�b�dh]gb-
lb\ghc�agZqbfhklvx��Ihwlhfm�\u[hj�f_lh^bdb�bkke_^h\Zgby�<I�^_l_jfb-
gbjh\Zg�dhgdj_lghc�^bZ]ghklbq_kdhc�aZ^Zq_c�

Ihkdhevdm� <I� hljZ`Z_l�� ]eZ\guf� h[jZahf�� nmgdpbhgZevgmx� jZ[hlm
g_j\ghc�ldZgb��lh�_]h�baf_g_gby�hij_^_eyxlky�\�agZqbl_evghc�f_j_�^bgZ-
fbq_kdbfb�nmgdpbhgZevgufb�i_j_kljhcdZfb� \� kljmdlmjZo�fha]Z�� hlkx^Z
^bknmgdpby�g_j\ghc� ldZgb� \�hij_^_e_gghc�qZklb�fha]Z� \e_q_l�g_� lhevdh
baf_g_gby�\�gZijyfmx�k\yaZgguo�k�^bkljmdpb_c�h[eZklyo��gh�b�\�m^Ze_g-
guo� qZklyo� g_j\ghc� kbkl_fu�� ;he__� lh]h�� baf_g_gb_� nmgdpbhgbjh\Zgby
g_j\ghc� ldZgb�\ke_^kl\b_�g_cjhf_^bZlhjgufb�� ]mfhjZevgufb�b�^jm]bfb
nbabheh]bq_kdbfb�\ebygbyfb�fh]ml�^hihegbl_evgh�\ebylv�gZ�<I��qlh�fh-
`_l� dZd� mkeh`gblv� ^bZ]ghklbdm� g_j\guo� aZ[he_\Zgbc� k� bkihevah\Zgb_f
<I��gh�lZd`_�b�hldjulv�^hihegbl_evgu_�\hafh`ghklb�ijbf_g_gby�f_lh^Z
bkke_^h\Zgby�ijb�gZqZevguo�iZlheh]bq_kdbo�baf_g_gbyo��dh]^Z�_s_�hlkml-
kl\mxl�k_jv_agu_�^_kljmdlb\gu_�gZjmr_gby�\�g_j\ghc�kbkl_f_�

Ke_^m_l� lZd`_�ih^q_jdgmlv��qlh�ijb�bkihevah\Zgbb�ex[uo�fh^Zevgh-
kl_c�b�lbih\�<I�^ey�wnn_dlb\ghklb�^bZ]ghklbq_kdbo�ijhp_^mj�g_h[oh^b-
fh�gZ[jZlv�kh[kl\_ggmx�ghjfZlb\gmx�[Zam�aZibk_c�<I��ihkdhevdm�\k_]^Z
\hafh`gh�\ebygb_�g_dhlhjuo�kdjuluo�nZdlhjh\�b�bg^b\b^mZevghc�eZ[h-
jZlhjghc�ki_pbnbdb��hij_^_e_gghc�ZiiZjZlmjgufb�hkh[_gghklyfb�b�^jm-
]bfb�ih^h[gufb�fhf_glZfb�

ÂÕåèíÚâÝô�æÚâæãåâãÞ�éèâßëÝÝ��Bkke_^h\Zgb_� gZjmr_gbc� k_gkhj-
ghc�nmgdpbb� y\ey_lky� h^ghc�ba�ijbhjbl_lguo� aZ^Zq�� dhlhju_�fh`gh� j_-
rZlv�f_lh^Zfb�bkke_^h\Zgby�<I��Hkh[h_�agZq_gb_�f_lh^�<I�ijbh[j_lZ_l
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ijb� h[ke_^h\Zgbyo�fZe_gvdbo� ^_l_c��ihkdhevdm� \� kZfhf� jZgg_f� \hajZkl_
iha\hey_l�h[gZjm`blv�k_gkhjgu_�^_n_dlu��dh]^Z�l_klbjh\Zgb_��lj_[mxs_-
]h�keh\_kgh]h�hlq_lZ�hl�j_[_gdZ��g_\hafh`gh��<lhjh_�gZijZ\e_gb_�k\yaZgh
k� \uy\e_gb_f� hldehg_gbc� \� nmgdpbhgbjh\Zgbb� kbkl_f� dhffmgbdZpbb� m
g_\jheh]bq_kdbo� [hevguo�� kljZ^Zxsbo� gZjmr_gbyfb� khagZgby�� ZnZab_c�
fmlbafhf��Lj_lv_c�h[eZklvx�^bZ]ghklbdb� k�bkihevah\Zgb_f�<I� y\ey_lky
bkke_^h\Zgb_� iZpb_glh\�� kljZ^Zxsbo� nmgdpbhgZevgufb� jZkkljhckl\Zfb
qm\kl\bl_evghklb�� lZdbo� dZd� bkl_jbq_kdb_� Zg_kl_abb� b� nmgdpbhgZevgZy
ke_ihlZ��B��gZdhg_p��\Z`gh_�agZq_gb_�ijbh[j_lZ_l�ijbf_g_gb_�<I�^ey�g_-
aZ\bkbfhc�h[t_dlb\baZpbb�debgbq_kdbo�^Zgguo�b� aZdexq_gbc�b�\�\hijh-
kZo�wdki_jlbau�

=eZ\guf�ijbagZdhf�hj]Zgbq_kdh]h�ihjZ`_gby� k_gkhjghc�nmgdpbb� kqb-
lZ_lky� hlkmlkl\b_�<I� hl\_lZ�g_h[oh^bfhc�fh^Zevghklb�beb�`_� _]h� j_adh_
hldehg_gb_�hl�ghjfu��Ihkdhevdm�<I�ihy\eyxlky�k�i_j\uo�^g_c�`bagb�gh-
\hjh`^_ggh]h�� bo� j_]bkljZpby� iha\hey_l� gZ� kZfhc� jZgg_c� klZ^bb� \uy\blv
khhl\_lkl\mxs___� ihjZ`_gb_� k_gkhjghc�nmgdpbb� b�� ij_^eh`b\� g_h[oh^b-
fmx� l_jZi_\lbq_kdmx� l_jZibx�� k\_klb� \hafh`guc�ihke_^mxsbc�^_n_dl� d
fbgbfmfm�

Bkke_^h\Zgb_�a\mdh\uo�<I�m�fZe_gvdbo�^_l_c�k�iZlheh]byfb�k_gkhjghc
nmgdpbb�ba�aZ�hj]Zgbq_kdbo�ihjZ`_gbc�g_j\guo�iml_c�iha\hey_l�ke_^blv
aZ� oh^hf� ijhp_kkZ� bo� \hkklZgh\e_gby�� Baf_g_gby� <I�� \ujZ`Zxsb_ky� \
m\_ebq_gbb�qbkeZ�j_]bkljbjm_fuo�dhfihg_glh\��ih\ur_gbb�bo� Zfieblm-
^u�b�mf_gvr_gbb�eZl_glguo�i_jbh^h\� y\ey_lky� y\guf�bg^bdZlhjhf� \hk-
klZgh\bl_evgh]h�ijhp_kkZ�

Bkke_^h\Zgb_�<I�ijb�gZjmr_gbyo�ajbl_evghc�b�kemoh\hc�nmgdpbc�y\-
ey_lky�ij_^f_lhf�hl^_evgh]h�bamq_gby�\�lZdbo�ki_pbZevguo�h[eZklyo�f_-
^bpbgu��dZd�hnlZevfheh]by�b�hlheZjbg]heh]by��Ihwlhfm� a^_kv� aZljZ]b\Z-
xlky� lhevdh� l_� Zki_dlu�� dhlhju_� bf_xl� g_ihkj_^kl\_ggh_� hlghr_gb_� d
g_\jheh]bq_kdhc�^bZ]ghklbd_�

¼åÝçÚàñâÕô�éèâßëÝô�� >ey� ^bnn_j_gpbZpbb� hj]Zgbq_kdhc� b� nmgdpbh-
gZevghc�ke_ihlu�\Z`gh_�agZq_gb_�bf__l�lh��qlh�ijb�iheghc�ke_ihl_�A<I�hl-
kmlkl\mxl��Ijb�kbg^jhf_�bkl_jbq_kdhc�ke_ihlu�A<I�ijZdlbq_kdb�g_�hleb-
qZxlky� hl� ghjfu�� h^gZdh� ijb� bkihevah\Zgbb� ki_pbZevguo� gZ[hjh\� bah-
[jZ`_gbc�\�dZq_kl\_�klbfmeh\�fh`gh�\uy\blv�jZaebqgu_�nhjfu�A<I��k\y-
aZggu_� k� hij_^_e_ggufb� bah[jZ`_gbyfb�� qlh� mdZau\Z_l� gZ� khojZgghklv
nmgdpbb�^bnn_j_gpbZpbb�ajbl_evghc�bgnhjfZpbb��ihemqZ_fhc�fha]hf�

Ijb� hj]Zgbq_kdhf� ihjZ`_gbb� aj_gby� k� khojZgg_gb_f� k\_lhqm\kl\b-
l_evghklb�A<I�fh]ml�ijbkmlkl\h\Zlv��gh�hgb�gbadhZfieblm^gu��g_�bf_xl
jZggbo� dhfihg_glh\� b� oZjZdl_jbamxlky� mijhs_gghc� nhjfhc� f_^e_gghc
\hegu�k�^\mfy�beb�lj_fy�nZaZfb��LZdb_�`_�oZjZdl_jbklbdb�h[uqgh�bf_xl
A<I�ijb�khojZgghklb�aj_gby�gZ�mjh\g_������M�lZdbo�iZpb_glh\��dZd�ijZ-
\beh��g_l�jZaebqbc�<I�gZ�ij_^ty\e_gb_�klbfmeh\�iml_f� aZk\_ldb�bah[jZ-
`_gbc�� Ijb� bkihevah\Zgbb� klbfmeylhjh\�� h[_ki_qb\Zxsbo� ij_^ty\e_gb_
bah[jZ`_gbc�[_a�baf_g_gby�yjdhklb�k\_lZ��\�qZklghklb��\�\b^_�j_\_jkbjm_-
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fh]h�rZofZlgh]h� iZll_jgZ�� A<I� g_� j_]bkljbjmxlky��;he__� lhgdhc� hp_gdb
hkljhlu�aj_gby�fh`gh�^hklb]gmlv�ijb�ij_^ty\e_gbb�rZofZlgh]h�iZll_jgZ�k
jZagufb�m]eh\ufb�jZaf_jZfb�_]h�de_lhd��ijb�wlhf�bamqZy�baf_g_gb_�Zfieb-
lm^u�b�eZl_glghkl_c�kljmdlmjguo�dhfihg_glh\�A<IRI��H[gZjm`_ggu_�hl-
dehg_gby�hl�ghjfu�[m^_l�]h\hjblv�h�gZjmr_gbb�gZ�khhl\_lkl\mxs_f�mjh\g_
hkljhlu�aj_gby��<f_kl_�k�l_f��^h�gZklhys_]h�\j_f_gb�g_�\ujZ[hlZgh�q_ldbo
klZg^Zjlbah\Zgguo� djbl_jb_\� ^bZ]ghklbdb� hkljhlu� aj_gby� ih� j_amevlZlZf
j_]bkljZpbb�A<I�

Bkke_^h\Zgb_�k�ihfhsvx�A<I�bf__l�kms_kl\_ggh_�^bZ]ghklbq_kdh_�agZ-
q_gb_�ijb�ihjZ`_gby�fha]Z��Hgh�ij_^klZ\ey_l�hkh[uc�bgl_j_k�lh]^Z��dh]^Z
hijhkgu_�f_lh^u�g_�iha\hey_l�lhqgh�hp_gblv�kl_i_gv�ihjZ`_gby�ihey�aj_-
gby�\ke_^kl\b_�g_^hklZlhqghc�dhffmgbdZ[_evghklb�[hevgh]h��>ey�wlh]h�[u-
eb� kha^Zgu� kj_^kl\Z� dhfivxl_jbabjh\Zgghc� dZfibf_ljbb�� Dhfivxl_jgh
mijZ\ey_fZy� klbfmeypbhggZy�mklZgh\dZ� \dexqZ_l� \� aZ^Zgghf�ihjy^d_� kbk-
l_fm�nhlh^bh^guo�lhq_qguo�klbfmeh\�\�jZaguo�qZklyo�ihey�aj_gby��hkms_-
kl\eyy�l_f�kZfuf�klbfmeypbx�k_lqZldb��Z�mkj_^g_gb_�A<I�ijhba\h^blky�\
khhl\_lkl\bb� k� wlhc� ijh]jZffhc� klbfmeypbb� bg^b\b^mZevgh� ^ey� dZ`^hc
lhqdb�ihey�aj_gby�

>ey� h[t_dlb\ghc� dZfibf_ljbb� hkgh\gufb� lj_[h\Zgbyfb� \uklmiZxl
ijhklhlZ�f_lh^bdb�b�bgl_jij_lZpbb�^Zgguo��jZamfgZy�^ebbl_evghklv�ijh-
p_^mju� b� gZ^_`ghklv� j_amevlbjmxsbo� ^Zgguo�� Hlghkbl_evgh� ^ebl_evgZy
ijhp_^mjZ�ihemq_gby�h^gh]h�mkj_^g_ggh]h�A<I��g_�f_g__����±��fbg��\ugm-
`^Z_l�khdjZsZlv�dhebq_kl\h�h[ke_^m_fuo�lhq_d�ihe_c�aj_gby��Z�wlh��[_amk-
eh\gh��g_�iha\hey_l�^h[blvky�^_lZebahjh\Zgghc� dZfibf_ljbq_kdhc�bgnhj-
fZpbb��H^gZdh�h[t_dlb\ghklv�ihemqZ_fuo�^Zgguo��Z�ijb�hlkmlkl\bb�^hklZ-
lhqghc�dhglZdlghklb�kh�klhjhgu�[hevgh]h�b�g_\hafh`ghklv�^jm]bf�f_lh^hf
ihemqblv�dZfibf_ljbq_kdmx�dZjlbgm�^_eZxl�wlhl�Zevl_jgZlb\guc�\ZjbZgl
\Z`guf�\kihfh]Zl_evguf�kj_^kl\hf�^bZ]ghklbdb�

ÆãáÕçÝìÚæßÕô�ìè×æç×ÝçÚàñâãæçñ� Bkke_^h\Zgby�KK<I�bf_xl� \Z`-
gh_�agZq_gb_�^ey�jZa^_e_gby�hj]Zgbq_kdbo�b�nmgdpbhgZevguo�jZkkljhckl\
qm\kl\bl_evghklb��=bi_kl_abb� b� Zg_kl_abb� jZagh]h� lbiZ� y\eyxlky� \_kvfZ
oZjZdl_jgufu� kbfilhfZffb� bkl_jbb�� <h� fgh]bo� kemqZyo� \hagbdZ_l� ih-
lj_[ghklv�\�h[t_dlb\ghf�bkke_^h\Zgbb�^ey�bkdexq_gby�jZkkljhckl\�hj]Z-
gbq_kdh]h�oZjZdl_jZ��<�wlhf�hlghr_gbb�bkke_^h\Zgby�KK<I�^Zxl�^hklZ-
lhqgh�\_kdmx�^bZ]ghklbq_kdmx�bgnhjfZpbx��<�kemqZ_�jZkkljhckl\�qm\kl-
\bl_evghklb�h[gZjm`_gb_�ghjfZevguo�KK<I�fh`_l�y\eylvky�^hdZaZl_ev-
kl\hf�khojZgghklb�k_gkhjghc�nmgdpbb��Ijb�ih^haj_gbb�gZ�nmgdpbhgZev-
guc�oZjZdl_j�jZkkljhckl\�^ey�iheghc�m[_`^_gghklb�ke_^m_l�ijh\_klb�\u-
ykg_gb_� aZ\bkbfhklb�baf_g_gby� Zfieblm^u�KK<I�hl�bgl_gkb\ghklb� klb-
fmeZ��K\b^_l_evkl\hf�ghjfZevgh]h�nmgdpbhgbjh\Zgby�k_gkhjghc�kbkl_fu
[m^_l�h[gZjm`_gb_�__�ghjfZevguo�oZjZdl_jbklbd�

Ke_^m_l�ih^q_jdgmlv��qlh�klZ[bevghklv�<I�b�_]h�ghjfZevgh_�baf_g_gb-
__�\�hl\_l�gZ�baf_g_gb_�iZjZf_ljh\�klbfmeypbb�fh`_l�k\b^_l_evkl\Zlv�h
khojZgghklb�nbabheh]bq_kdhc�nmgdpbb� \hkijbylby� ijb� ^bnn_j_gpbZpbb
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klbfmeZ�b�lhevdh��Wlh�gbdhbf�h[jZahf�g_�ke_^m_l�kqblZlv�^hdZaZl_evkl\hf
lh]h�� qlh� iZpb_gl� km[t_dlb\gh� \hkijbgbfZ_l� b� hkhagZ_l� klbfme� b� [ulv
fh`_l�^Z`_�Z�g_dhlhjhc�kl_i_gb�kbfmebjm_l�jZkkljhckl\Z�qm\kl\bl_evgh-
klb��H^gZdh� \iheg_� ijZ\hf_jguf� [m^_l� ijbagZgb_�nmgdpbhgZevghc� h[m-
keh\e_gghklb�jZkkljhckl\Z�gZ�hkgh\_�lZdbo�^Zgguo�

L_f�kZfuf��p_ggmx�bgnhjfZpbx�hlghkbl_evgh�mjh\gy�ihjZ`_gby�b�_]h
ehdZebaZpbb�fh]ml�^Zlv�bkke_^h\Zgb_�KK<I�hl�jZaguo�hl^_eh\�i_jbn_jbb
b�bamq_gb_�baf_g_gbc�\�hl^_evguo�dhfihg_glZo�KK<I�

Æàèêã×Õô�éèâßëÝô��GZb[he__� jZa\blhc� hh[eZklvx� debgbq_kdhc� g_c-
jhnbabheh]bb�\�gZklhys__�\j_fy�y\ey_lky�^bZ]ghklbdZ�gZjmr_gbc�kemoZ�k
ihfhsvx�K<I��qlh�ghkbl�gZa\Zgb_�h[t_dlb\ghc�Zm^bhf_ljbb��Bkke_^h\Z-
gb_�K<I� g_� lj_[m_l� agZqbl_evghc� dhffmgbdZ[_evghklb� iZpb_glZ�� djhf_
kihkh[ghklb�khojZgylv�ijh^he`bl_evgh_�\j_fy�hlghkbl_evgmx�g_ih^\b`-
ghklv�\�e_`Zq_f�beb�kb^yq_f�iheh`_gbb��<�kemqZyo�\ukhdhc�^\b]Zl_evghc
Zdlb\ghklb�fh`gh�ijh\h^blv�j_]bkljZpbx�<I�k�bkihevah\Zgb_f�k_^Zlb\-
guo�kj_^kl\��ljZgd\bebaZlhjh\��beb�`_�ih^�gZjdhahf��m�fZe_gvdbo�^_l_c��
<�[hevrbgkl\_�kemqZ_\�^Zggu_��^hklZlhqgu_�^ey�g_\jheh]bq_kdh]h�aZdex-
q_gby��fh`gh� ihemqblv�� bkihevamy�rbjhdhihehkh\u_�s_eqdb� jZaghc� bg-
l_gkb\ghklb� ^ey� j_]bkljZpbb� K<I��Ihkdhevdm� ^Zggu_� km[t_dlb\ghc� Zm-
^bhf_ljbb�g_�kbevgh�hlebqZxlky�hl�^Zgguo�h[t_dlb\ghc��lh�bkke_^h\Zgby
K<I�iha\heyxl�ihemqblv�hp_gdb�\�^_pb[_eZo�kgb`_gby�mjh\gy�kemoh\hc
nmgdpbb�gZ^�mjh\g_f�ghjfZevgh]h�kemoh\h]h�ihjh]Z��Bkihevah\Zgb_�a\m-
dh\� jZaebqghc� qZklhlu�iha\hey_l� [he__� ^_lZevgh�bamqlv� kemoh\mx�nmgd-
pbx�\�aZ\bkbfhklb�hl�\ukhlu�\hkijbgbfZ_fuo�lhgh\�

H[t_dlb\gZy� Zm^bhf_ljby�fh`_l� ijh\h^blvky� k� bkihevah\Zgb_f�K<I
[eb`g_]h�ihey��lZeZfhdhjlbdZevguo���beb�`_�k�j_]bkljZpb_c�<I�^Zevg_]h
ihey��K<IFK���<�ihke_^g_f�kemqZ_�fh`gh�\uy\blv�g_�lhevdh�gZebqb_�beb
hlkmlkl\b_�^_n_dlZ�kemoh\hc�nmgdpbb��gh�b�kl_i_gv�ihjZ`_gby�PGK�

ÅÕææÚôââðÞ�æßàÚåãÜ�²�gZb[he__�jZkijhkljZg_ggh_�aZ[he_\Zgb_��k\y-
aZggh_�k�i_j\bqguf�gZjmr_gb_f�fb_ebgh\hc�h[hehqdb�g_j\Z�b�mom^r_gb-
_f�jZaebqguo�qm\kl\bl_evguo�b�^\b]Zl_evguo�nmgdpbc��Ajbl_evgu_��kem-
oh\u_�b�khfZlhk_gkhjgu_�<I�ihdZau\Zxl�iZlheh]bq_kdb_�ijbagZdb��khhl-
\_lkl\mxsb_� [hevr_fm� ihjZ`_gbx� lhc� beb� bghc� kbkl_fu�� ihwlhfm� hgb
y\eyxlky�ihe_aguf�bgkljmf_glhf�^ey�hp_gdb�jZkk_yggh]h�kde_jhaZ�\�ke_-
^mxsbo�kemqZyo�

• ijb�gZqZevghc�ihklZgh\d_�^bZ]ghaZ�aZ[he_\Zgby�
• ijb�hp_gd_�jZkijhkljZg_gby�aZ[he_\Zgby�gZ�^jm]b_�kbkl_fu�
• ijb�jZkijhkljZg_gbb�iZlheh]bq_kdh]h�ijhp_kkZ�
• ijb�fhgblhjbjh\Zgbb�^bgZfbdb�aZ[he_\Zgby�
GZb[he__� qm\kl\bl_evguf� y\eyxlky�KK<I�� hkh[_ggh�ijb� klbfmeypbb

[hevr_[_jph\h]h�g_j\Z��aZl_f�b^ml�A<I�b�K<IKF��iZlheh]bb�\�dhlhjuo
hlf_qZxlky�m�����[hevguo��LZd�gZb[he__�qZkluf�ijhy\e_gb_f�baf_g_gbc
K<IKF�y\ey_lky�hlkmlkl\b_�beb�mf_gvr_gb_�,9−9�ibdh\�beb�m\_ebq_gb_
f_`ibdh\hc�eZl_glghklb��qlh�ijhbkoh^bl�aZ�kq_l�ihjZ`_gby�[_eh]h�\_s_-
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kl\Z�kl\heZ�fha]Z��ijhbkoh^ys__�b�ijb�^jm]bo�aZ[he_\Zgbyo�bgn_dpbhgghc
b�lhdkbq_kdhc�ijbjh^u�

½âæèàñçð�� AZ[he_\Zgby� khkm^h\� ]heh\gh]h� fha]Z� y\eyxlky� h^gbf� ba
kZfuo�jZkijhkljZg_gguo�g_^m]h\��ijb\h^ysbo�d�bg\Zeb^baZpbb�[hevguo�
GZb[he__� qZkluf� hkeh`g_gb_f� y\ey_lky� bgkmevl�� k\yaZgguc� k� gZqZehf
g_\jheh]bq_kdbo� ^bknmgdpbc�� hkh[_ggh� br_fbq_kdbc� bgkmevl�� ijb\h^y-
sbc�d�bgnZjdlZf�fha]Z��<�aZ\bkbfhklb�hl�ihjZ`_ggh]h�khkm^Z�fh]ml�[ulv
jZaebqgu_�gZjmr_gby�\�dhj_��ih^dhjdh\uo�kljmdlmjZo��[_ehf�\_s_kl\_�b
kl\heh\uo�kljmdlmjZo�

>ey� hp_gdb� khklhygby� dhju� ijb� ij_oh^ysbo� gZjmr_gbyo� fha]h\h]h
djh\hh[jZs_gby�qZklh�bkihevamxlky�KK<I�ijb�klbfmeypbb�kj_^bggh]h�b
[hevr_[_jph\h]h� g_j\h\�� Z� \� kemqZ_� gZebqby� dh]gblb\guo� jZkkljhckl\�
mom^r_gby� iZfylb� b� ^jm]bo� kbfilhfh\� gZjmr_gby� \ukrbo� fha]h\uo
nmgdpbc� ihdZaZgh� bkke_^h\Zgb_� dh]gblb\guo� <J� lbiZ� J����� :gZeba
KK<I�� iZjZee_evgh� k� bkke_^h\Zgb_f� \ujZ`_gghklb� hqZ]h\uo� baf_g_gbc
gZ�WW=�\�\b^_�^bgZfbdb�^_evlZ−Zdlb\ghklb��fh`_l�^Zlv�ihe_agmx�bgnhj-
fZpbx�h�kl_i_gb�gZjmr_gbc��h[rbjghklb�hqZ]Z�b�g_h[jZlbfhklb�baf_g_-
gbc� khfZlhk_gkhjghc� dhju�� Z� K<IKF� ij_^klZ\eyxl� hij_^_e_ggmx� p_g-
ghklv�^ey�hp_gdb�b�ijh]ghaZ�khklhygby�kl\heh\uo�kljmdlmj�ihke_�djh\hba-
ebygbc�\�fha`_qhd�b�kl\heh\u_�hl^_eu�fha]Z�

ÆáÚåçñ�áãÜØÕ� hij_^_ey_lky� dZd� g_h[jZlbfZy� ihl_jy�nmgdpbc�fha]Z�
dZd�p_eh]h��l��_��ihemrZjbc��kl\heZ�b�fha`_qdZ��<�wlhf�ieZg_�<I��ij_bfm-
s_kl\_ggh� kl\heh\u_�� y\eyxlky� h^gbf� ba� ^hihegbl_evguo� h[t_dlb\guo
f_lh^h\�^ey�mlhqg_gby�g_h[jZlbfhklb�baf_g_gby�khhl\_lkl\mxsbo�fha]h-
\uo�kljmdlmj��;eZ]h^Zjy�ijhp_kkm�mkj_^g_gby�b�[he__�^_lZevghfm�agZgbx
h�ijbjh^_�dhfihg_glh\��hp_gdb�<I�f_g__�km[t_dlb\gu��q_f�WW=�

J_amevlZlu�bkke_^h\Zgbc�A<I�gZ�\kiurdm�khhl\_lkl\mxl�^Zgguf�WW=
b�qZklh�j_]bkljbjmxlky�\�dhf_��gh�ijb�ihy\e_gbb�bahebgbb�gZ�WW=�lZd`_
bkq_aZxl��K<IKF�ijb�kf_jlb�fha]Z�bkq_aZxl�iheghklvx�beb�hklZxlky�,�b
,,�dhfihg_glu��dZd�ihdZaZl_eb�khojZgghklb�lhevdh�^bklZevghc�b�iZjpbZev-
ghc� qZkl_c� kemoh\h]h� g_j\Z�� KK<I� ijb� kf_jlb� fha]Z� oZjZdl_jbamxlky
�����ghc�khojZgghklvx�i_jbn_jbq_kdbo�g_j\h\�b�\�����kemqZ_\�²�Zdlb\-
ghklvx�\�kibgghf�fha]_��<�lh�`_�\j_fy��Zdlb\ghklv��gZqbgZy�k�dhfihg_glZ
J����khhl\_lkl\mxs_]h�e_fgbkdh\uf�kljmdlmjZf���b�\k_�dhjhldheZl_glgu_
dhfihg_glu�1��±3����1���iheghklvx�bkq_aZxl�

¹åèØÝÚ� äåÝàãÛÚâÝô� Bkke_^h\Zgby� <I� gZoh^yl� ijbf_g_gb_� b� \h
fgh]bo�^jm]bo�h[eZklyo�debgbq_kdhc�ijZdlbdb�
• ehdZevgu_� ^_kljmdlb\gu_� ihjZ`_gby� g_j\ghc� kbkl_fu�� i_jbn_jbq_-

kdhc�g_j\ghc�kbkl_fu��kibggh]h�fha]Z��kl\heZ�fha]Z��ihemrZjbc�fha]Z�
lZeZfmkZ��kmijZlZeZfbq_kdb_�ihjZ`_gby�

• g_j\gu_� [he_agb�� wibe_ikby�� himoheb� PGK�� p_[_jZevgh−khkm^bklu_
gZjmr_gby�� q_j_igh−fha]h\Zy� ljZ\fZ�� ^_fbgpbb�� f_lZ[hebq_kdb_� gZ-
jmr_gby��dhfZ�b�\_]_lZlb\gu_�khklhygby��j_ZgbfZpbhgguc�fhgblhjbg]�
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�����F_lh^u�b�kj_^kl\Z�j_]bkljZpbb
JZkkfhljbf�ihke_^h\Zl_evgh�bgkljmf_glZevgu_�f_lh^u�b�kj_^kl\Z�j_-

]bkljZpbb�<I�\�hl\_l�gZ�klbfmeu�jZaebqghc�ijbjh^u�
¿ãáäãâÚâçð� ÜÕäÝæÝ�·Ä� <� h[s_f� kemqZ_� aZibkv�<I� \dexqZ_l� ljb

dhfihg_glZ�
�
� ij_^klbfmevguc�nhg�
�
� kh[kl\_ggh�aZibkv�<I��gZqbgZxsZyky�k�fhf_glZ�ij_^ty\e_gby�klbfmeZ�

ijbq_f�^ebl_evghklv� aZibkb�fh`_l�[ulv� hij_^_e_gZ� aZ^Zgguf�bgl_j-
\Zehf�\j_f_gb�beb�`_�h]jZgbq_gZ�kijZ\Z�fhf_glhf�gZqZeZ�j_Zdpbb�

�
� ihklklbfmevguc�nhg�
<� dhgdj_lghf� bkke_^h\Zgbb� mdZaZggu_� dhfihg_glu� fh]ml� dhf[bgbjh�

\Zlvky�\�jZaebqguo�khq_lZgbyo��lZd�aZibkb�nhgZ�fh]ml�hlkmlkl\h\Zlv��Z�j_-
Zdpbb�g_�j_]bkljbjh\Zlvky��Lh�_klv�\�fbgbfZevghf�\ZjbZgl_�ijbkmlkl\m_l
lhevdh�kh[kl\_ggh�aZibkv�<I��h]jZgbq_ggZy�aZ^Zgguf�bgl_j\Zehf�\j_f_gb�

<u[hj�j_Zdpbb�lZd`_�aZ\bkbl�hl�dhgdj_lghc�aZ^Zqb�b�\�wlhf�dZq_kl\_�
gZijbf_j��fh]ml�nb]mjbjh\Zlv� hkfuke_ggu_� ^\b]Zl_evgu_� ^_ckl\by� �gZ-
`Zlb_�gZ�deZ\brm���\Zahfhlhjgu_�j_Zdpbb� �^\b`_gb_�]eZa��fur_qgu_�kh-
djZs_gby��b�l��i�

ÅÚØÝæçåÕëÝô�·Ä�\�j_Zevghf�\j_f_gb�ijhba\h^blky�k�bkihevah\Zgb_f
ijhlhdheZ��kf��jZa^��������

Ijb� gZebqbb� ki_pbZevghc� \g_rg_c� ZiiZjZlmju� klbfmeypbb� g_h[oh�
^bfh� ih^dexqblv� __� d� mijZ\eyxsbf� \uoh^Zf� ieZlu� dhgljhee_jZ� :PI
�\uoh^ghc�ihjl�k�77/−\uoh^Zfb��b�\dexqZlv�\udexqZlv�wlb�\uoh^u�ih�
kj_^kl\hf�ijhlhdheZ�

Ijb� hlkmlkl\bb� lZdhc� ZiiZjZlmju�� fh`gh� bkihevah\Zlv� \hafh`ghklb
kZfh]h� dhfivxl_jZ� ^ey� ajbl_evghc� beb� a\mdh\hc� klbfmeypbb� �kf�� jZa^�
�������DeZ\bZlmjm�wlh]h�`_�dhfivxl_jZ�fh`gh�bkihevah\Zlv�^ey�j_]bkljZ-
pbb�^\b]Zl_evguo�j_Zdpbc�\�nhjf_�gZ`Zlby�gZ�deZ\brb�

ÇÝäð�·Ä��<�hlghr_gbb�mklZgh\hqguo�j_`bfh\�j_]bkljZpbb�<I�p_e_-
khh[jZagh�ih^jZa^_eblv�gZ�ke_^mxsb_�ljb�dZl_]hjbb�
1. DhjhldheZl_glgu_�kl\heh\u_�<I�gZ�a\mdh\u_�s_eqdb�b�khfZlhk_g-
khjgu_�<I�gZ�bfimevku�lhdZ��J_]bkljZpby�ijhba\h^blky�k�qZklhlhc��±��
d=p�gZ�bgl_j\Ze_�gZ[ex^_gby���±����fk��j_`_dpby�Zjl_nZdlh\�²�gZ
mjh\g_����fd<��qbkeh�ih\lhj_gbc����±�����

2. Kj_^g_�b�^ebggheZl_glgu_�<I:
Z��ajbl_evgu_�gZ�k\_lh\u_�\kiurdb�b�rZofZlgu_�iZll_jgu�
[��kemoh\u_�gZ�a\mdh\u_�s_eqdb�beb�lhgu�

J_]bkljZpby�ijhba\h^blky�k�qZklhlhc����±����=p�gZ�bgl_j\Ze_�gZ[ex^_-
gby����±����fk��j_`_dpby�Zjl_nZdlh\�²�gZ�mjh\g_�����fd<��qbkeh�ih-
\lhj_gbc���±����
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3. F_^e_ggu_�<I��6ORZ�3RWHQWLDOV���J_]bkljZpby�ijhba\h^blky�k�qZklhlhc
��±����=p�gZ�bgl_j\Ze_�gZ[ex^_gby��±��k��j_`_dpby�Zjl_nZdlh\�g_�ijh-
ba\h^blky��qbkeh�ih\lhj_gbc���±���
ÄàÕâÝåã×ÕâÝÚ�ÝææàÚÙã×ÕâÝô� <�f_gx� ieZgbjh\Zgby� wdki_jbf_glZ

�jbk�������g_h[oh^bfh�mklZgh\blv�lhevdh�qbkeh�dZgZeh\��hl\_^_gbc��b�qZk-
lhlm�j_]bkljZpbb�\�khhl\_lkl\bb�k�lbihf�<I��Bgl_j\Ze�gZ[ex^_gby�b�qbk-
eh�ih\lhj_gbc�aZ^Zxlky�\�ijhlhdhe_��kf��ijbf_ju�gb`_��

Ihkdhevdm�ijhp_kk�<I�gZ�nhg_� lbibqghc�WW=� y\ey_lky� kjZ\gbl_evgh
gbadhZfieblm^guf�� lh� ^ey� ih\ur_gby� lhqghklb� mkj_^g_gby� `_eZl_evgh
fZdkbfZevgh� m\_ebqblv� qm\kl\bl_evghklv� ihkj_^kl\hf� ih^[hjZ� khhl\_l�
kl\mxs_]h�dhwnnbpb_glZ�mkbe_gby�

Ijb� aZibkb�<I� bf_xlky� ^\Z� \ZjbZglZ�� aZibku\Zlv� \k_� gZlb\gu_�WW=
beb�`_�aZibku\Zlv�hdhgqZl_evguc�j_amevlZl�mkj_^g_gby��<�i_j\hf�kemqZ_
mkj_^g_gb_�<I�ijhba\h^blky�ih�hdhgqZgbb�j_]bkljZpbb��<h�\lhjhf�kemqZ_
g_h[oh^bfh�mklZgh\blv�j_`bf�wdkij_kk−ZgZebaZ�Mkj_^g_gb_�<I�b�mjh\_gv
Z\lhfZlbq_kdhc�j_`_dpbb�Zjl_nZdlh\�ih�aZ^Zgghfm�dZgZem��kf��jZa^��������

Ijhba\_^_ggu_� mklZgh\db� `_eZl_evgh� aZihfgblv� \� hl^_evghf� nZce_�
qlh[u�bo�dZ`^uc�jZa�g_�ih\lhjylv�

Ihke_�wlh]h�fh`gh�aZimkdZlv�j_]bkljZpbx��Ijb�\u[hj_�j_`bfZ�fhgb-
lhjbjh\Zgby��kf��jbk�������g_h[oh^bfh�mq_klv��qlh�g_ij_ju\gh_�fhgblhjb-
jh\Zgb_�WW=�\hafh`gh�ebrv�^h�qZklhlu� �±��d=p��Ijb�[hevrbo�qZklhlZo
ke_^m_l� bkihevah\Zlv� j_`bf� hleh`_ggh]h� fhgblhjbjh\Zgby�� dh]^Z� jZa-
\_jldZ�kb]gZeh\�gZ�wdjZg_�hkms_kl\ey_lky�ih�hdhgqZgbb�hq_j_^gh]h�bgl_j-
\ZeZ�bo�gZdhie_gby�

>Ze__��\�kemqZ_�qbklh\h]h�wdki_jbf_glZ�g_h[oh^bfh�mdZaZlv�bfy�nZceZ
aZibkb��ihke_�q_]h�wdki_jbf_gl�[m^_l�\uihegylvky�Z\lhfZlbq_kdb�kh]eZkgh
khklZ\e_gghfm�ijhlhdhem�

ÇÝäã×ðÚ�áÚçãÙÝßÝ

JZkkfZljb\Z_fu_� gb`_� f_lh^bdb� beexkljbjmxl� ebrv� g_[hevrmx
qZklv� \hafh`ghkl_c� ijhlhdheZ� b� ij_^gZagZq_gu� ^ey� ieZgbjh\Zgby� b� \u-
iheg_gby�bkke_^h\Zgbc�ih�j_]bkljZpbb�ke_^mxsbo�k_fb�lbih\�<I�

• khfZlhk_gkhjgu_�jZggb_�<I�gZ�lhdh\u_�bfimevku��KK<^i��
• khfZlhk_gkhjgu_�iha^gb_�<I�gZ�lhdh\u_�bfimevku��KK<[i��
• kemoh\u_�<I�kl\heZ�fha]Z��K<Ikf��
• ajbl_evgu_�<I�gZ�rZofZlguc�iZll_jg��A<Iri��
• ajbl_evgu_�<I�gZ�k\_lh\u_�\kiurdb��A<I\��
• dhglb]_gl−g_]Zlb\gu_�hldehg_gby��DGH��
Klbfmeypby�ijhba\h^blky�ihkj_^kl\hf�\g_rgbo�klbfmeylhjh\��mijZ\-

ey_fufb�khhl\_lkl\mxsbfb�\uoh^Zfb�dhgljhee_jZ�:PI�
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���ÆãáÕçãæÚâæãåâðÚ�åÕââÝÚ�·Ä�âÕ�çãßã×ðÚ�Ýáäèàñæð

IZjZf_lju�

• qbkeh�hl\_^_gbc� ���
• �lZdlh\Zy��qZklhlZ�hpbnjh\db�kb]gZeZ� ���d=p�
• wihoZ�ZgZebaZ� �����fk�
• qZklhlZ�klbfmeypbb� ���klbfmeZ�k�
• qbkeh�j_ZebaZpbc��ij_^ty\e_gbc�� �����
• mijZ\eyxsbc�\uoh^�:PI� ���

Qbkeh�hl\_^_gbc��dZgZeh\��b�qZklhlZ�hpbnjh\db�kb]gZeZ�mklZgZ\eb\Z_l-
ky� \� f_gx� ieZgbjh\Zgby� wdki_jbf_glZ�� ^jm]b_� iZjZf_lju� hij_^_eyxlky
gb`_ijb\_^_gguf�ijhlhdhehf��MklZgh\e_g�hleh`_gguc�j_`bf�fhgblhjb-
jh\Zgby�� ihkdhevdm� ijb� aZ^Zgghc� lZdlh\hc� qZklhl_� ijh[e_fZlbq_g� h^gh-
\j_f_gguc�kt_f�kb]gZeh\�b�bo�\bamZebaZpby��Wlh�^hihegbl_evgh�k^\b]Z_l
ke_^mxsmx�klbfmeypbx�gZ���±���fk��IeZg�wdki_jbf_glZ�gZoh^blky�\�nZc-
e_�6(3����

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

�� IZmaZ <j_fy ��� >Z

�� Ih\lhjblv

Dhff_glZjbb�

��� <��ijhlhdhe_�\uihegy_lky�pbde�gZ�����ih\lhj_gbc��kh[ulby����b�����
��� <�gZqZe_�dZ`^h]h�ij_^ty\e_gby�fhf_glZevgh�\dexqZ_lky�aZibkv�kb]-

gZeh\�gZ�^bkd������b�klbfmeylhj��mijZ\ey_fuc�ih�\uoh^m��������
��� Q_j_a����lZdlh\��qlh�ijb�mklZgh\e_gghc�lZdlh\hc�qZklhl_���d=p�khhl-

\_lkl\m_l�bgl_j\Zem�\����fk��klbfmeylhj�\udexqZ_lky������
��� AZibkv�\udexqZ_lky�q_j_a�����lZdlh\�hl�ij_^u^ms_]h�kh[ulby��qlh�hlgh-

kbl_evgh�fhf_glZ�\dexq_gby�aZibkb�khklZ\ey_l�����lZdlh\�beb�����fk�
��� <u^_j`b\Z_lky�iZmaZ�\�����lZdlh\�������qlh[u�bgl_j\Ze�f_`^m�klbfm-

eZfb�khklZ\eye�����lZdlh\�beb�����fk����klbfmeZ�\�k_dmg^m��
<hafh`gu_�baf_g_gby�

��� >ey�baf_g_gby�qbkeZ�j_ZebaZpbc�g_h[oh^bfh�baf_gblv�qbkeh�pbdeh\�\
kh[ulbb����

��� >ey�baf_g_gby�wihob�ZgZebaZ�g_h[oh^bfh�kdhjj_dlbjh\Zlv�\j_fy�\�kh-
[ulbb����

��� >ey�baf_g_gby�qZklhlu�klbfmeypbb�g_h[oh^bfh�kdhjj_dlbjh\Zlv�\j_fy
\�kh[ulbb����

��� >ey�aZf_gu�klbfmeylhjZ�g_h[oh^bfh�baf_gblv�ghf_j�mijZ\eyxs_]h
\uoh^Z�\�kh[ulbyo����b����
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��� Ijb�baf_g_gbb�lZdlh\hc�qZklhlu�g_h[oh^bfh�kdhjj_dlbjh\Zlv�\j_f_g-
gu_�mkeh\by�kh[ulbc���±��

��� Baf_g_gb_�qbkeZ�dZgZeh\�j_]bkljZpbb�g_�\eby_l�gZ�^jm]b_�iZjZf_lju�
��� Ijb�g_h[oh^bfhklb�aZibkb�gZ�fZ]gblguc�^bkd�g_�gZlb\guo�WW=��Z

lhevdh�j_amevlZlZ�mkj_^g_gby�ke_^m_l�mklZgh\blv�j_`bf�wdk-
ij_kk−ZgZebaZ�Mkj_^g_gb_�<I�b�\\_klb�Zfieblm^guc�ihjh]�Z\lhfZlbq_-
kdhc�j_`_dpbb�Zjl_nZdlh\�ih�aZ^Zgghfm�dZgZem�

��� Ijb�baf_g_gbb�ex[uo�ba�i_j_qbke_gguo�iZjZf_ljh\�`_eZl_evgh�kdhj-
j_dlbjh\Zlv�aZ]heh\hd�wdki_jbf_glZ�b�khojZgblv�gh\u_�mklZgh\db�\�hl-
^_evghf�ieZg_�wdki_jbf_glZ�

���ÆãáÕçãæÚâæãåâðÚ�äãÜÙâÝÚ�·Ä�âÕ�çãßã×ðÚ�Ýáäèàñæð

IZjZf_lju�

• qbkeh�hl\_^_gbc�²���

• qZklhlZ�hpbnjh\db�kb]gZeZ�²�����=p�
• wihoZ�ZgZebaZ�²�����fk�
• qZklhlZ�klbfmeypbb�²����±��klbfme�k��kemqZcgh��
• qbkeh�j_ZebaZpbc�²����
mijZ\eyxsbc�\uoh^�:PI�²���

IeZg�wdki_jbf_glZ�gZoh^blky�\�nZce_�6(3����
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

� IZmaZ <j_fy ��� >Z

� IZmaZ Kemq<j ��� >Z

� Ih\lhjblv

Dhff_glZjbb�
��� <klZ\e_gZ�^hihegbl_evgZy�kemqZcgZy�iZmaZ������\�����lZdlh\����k�ijb

mklZgh\e_gghc�lZdlh\hc�qZklhl_�����=p���qlh[u�h[_ki_qblv�ieZ\Zxsbc
\j_f_gghc�bgl_j\Ze�f_`^m�klbfmeZfb�\�^bZiZahg_��±��k�

��� >hihegbl_evgZy�bgnhjfZpby�\h�fgh]hf�ZgZeh]bqgZ�f_lh^bd_���

���Æàèêã×ðÚ�·Ä�æç×ãàÕ�áãÜØÕ

IZjZf_lju�

• qbkeh�hl\_^_gbc�²���

• qZklhlZ�hpbnjh\db�kb]gZeZ�²���d=p�
• wihoZ�ZgZebaZ�²����fk�
• qZklhlZ�klbfmeypbb�²����klbfmeh\�k�
• qbkeh�j_ZebaZpbc�²������
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mijZ\eyxsbc�\uoh^�:PI�²���
IeZg�wdki_jbf_glZ�gZoh^blky�\�nZce_�%$(3�
Ijhlhdhe�
����>_ckl\b_������H[t_dl�����Mkeh\b_�����@^_f

� Pbde ����

� <dexqblv AZibkv >Z

� <dexqblv MijKb] � >Z

� <ude� MijKb] � <j_fy �� >Z

� <ude� AZibkv >Z

� IZmaZ <j_fy ��� >Z

� Ih\lhjblv

>hihegbl_evgZy�bgnhjfZpby�\h�fgh]hf�ZgZeh]bqgZ�f_lh^bdZf���b���k
ihijZ\dhc�gZ�mklZgh\e_ggmx�lZdlh\mx�qZklhlm���d=p�

���¼åÝçÚàñâðÚ�·Ä�âÕ�íÕêáÕçâðÞ�äÕççÚåâ

IZjZf_lju�

• qbkeh�hl\_^_gbc�²����

• qZklhlZ�hpbnjh\db�kb]gZeZ�²�����=p�
• wihoZ�ZgZebaZ�²�����fk�
• qZklhlZ�klbfmeypbb�²����±��klbfme�k��kemqZcgh��
• qbkeh�j_ZebaZpbc�²����
mijZ\eyxsbc�\uoh^�:PI�²���

IeZg�wdki_jbf_glZ�gZoh^blky�\�nZce_�9(3FKE�
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

� IZmaZ <j_fy ��� >Z

� IZmaZ Kemq<j ��� >Z

� Ih\lhjblv

>hihegbl_evgZy� bgnhjfZpby� \h�fgh]hf� ZgZeh]bqgZ�f_lh^bd_� �� k� ih-
ijZ\dhc�gZ�mklZgh\e_ggmx�lZdlh\mx�qZklhlm�����=p�

���¼åÝçÚàñâðÚ�·Ä�âÕ�æ×Úçã×ðÚ�×æäðíßÝ

IZjZf_lju�

• qbkeh�hl\_^_gbc�²����

• qZklhlZ�hpbnjh\db�kb]gZeZ�²�����=p�
• wihoZ�ZgZebaZ�²�����fk�
• qZklhlZ�klbfmeypbb�²����±��klbfme�k��kemqZcgh��
• qbkeh�j_ZebaZpbc�²����

• mijZ\eyxsbc�\uoh^�:PI�²���
IeZg�wdki_jbf_glZ�gZoh^blky�\�nZce_�9(3I�
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Ijhlhdhe�mijZ\e_gby�wdki_jbf_glhf�ZgZeh]bq_g�ij_^u^ms_c�f_lh^bd_
aZ�bkdexq_gb_f�bkihevah\Zgby�mijZ\eyxs_]h�\uoh^Z���\f_klh�\uoh^Z���

���¿ãâçÝâØÚâç−âÚØÕçÝ×âðÚ�ãçßàãâÚâÝô
IZjZf_lju�

• qbkeh�hl\_^_gbc����²�WW=����²�<DKI����²�WF=�WH=�
• qZklhlZ�hpbnjh\db�kb]gZeZ�²�����=p�
• wihoZ�ZgZebaZ�²���k�
• qbkeh�j_ZebaZpbc�²����

• a\mdh\Zy�klbfmeypby�hkms_kl\ey_lky�\jmqgmx�b�\dexqZ_l�^\Z�klb-
fmeZ�

• ij_^mij_^bl_evguc�q_j_a���k�ihke_�gZqZeZ�aZibkb�^ebl_evghklvx
����k�k�qZklhlhc������=p�

• bfi_jZlb\guc�q_j_a���k�ihke_�ij_^mij_^bl_evgh]h�k�qZklhlhc�����
=p�b�^ebl_evghklvx�^h�gZ`Zlby�dghidb�bkiulm_fuf��kimkly���k
ihke_�wlh]h�aZibkv�\udexqZ_lky�

• mijZ\eyxsbc�\uoh^�:PI� ����dghidZ�bkiulm_fh]h�ih^dexq_gZ�d
\oh^m���:PI�

Jbk��������<j_f_ggZy�^bZ]jZffZ�kh[ulbc�h^ghc�ba�f_lh^bd�bkke_^h\Zgby�dh]-
gblb\guo�<I

IeZg�wdki_jbf_glZ�gZoh^blky�\�nZce_�&19�
Ijhlhdhe�
����>_ckl\b_����H[t_dl�����Mkeh\b_�������@^_f

� Pbde ��

� <dexqblv AZibkv DeZ\brZ >Z

� <dexqblv MijKb] � >Z

� <ude� MijKb] � <j_fy �� >Z

� <dexqblv MijKb] � <j_fy ��� >Z

� <ude� MijKb] � Kb]gZe � >Z

� <ude� AZibkv <j_fy ��� >Z

� Ih\lhjblv
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<�aZdexq_gbb�jZkkfhljbf�j_ZebaZpbx�[he__�keh`ghc�f_lh^bdb�bkke_-
^h\Zgby�dh]gblb\guo�<I��\j_f_ggZy�^bZ]jZffZ�kh[ulbc�dhlhjhc�ijb\_^_-
gZ�gZ�jbk�������

LZdZy� ihke_^h\Zl_evghklv� kh[ulbc� k� ^bkdj_lbaZpb_c� ���� =p� fh`_l
[ulv�hibkZgZ�ke_^mxsbf�ijhlhdhehf�j_Zevgh]h�\j_f_gb�

Ijhlhdhe�
����>_ckl\b_����H[t_dl�������Mkeh\b_���������@^_f

� Pbde ��

� <dexqblv AZibkv� >Z

� IZmaZ <j_fy ���� >Z

� <dexqblv MijKb] �� >Z

� <ude� MijKb] � <j_fy ���� >Z

� IZmaZ <j_fy ��� >Z

� I_j_clb KljhdZ �� <_jhylg� �� G_l

� <dexqblv MijKb] �� >Z

� <ude� MijKb] � Kb]gZe �� >Z

�� <ude� AZibkv <j_fy ���� >Z

�� IZmaZ Kemq�<j ��� >Z

�� Ih\lhjblv

I_j\uf�kh[ulb_f�\�^Zgghf�ijhlhdhe_�y\ey_lky�\uiheg_gb_����pbdeh\
j_ZebaZpbb�ihke_^h\Zl_evghklb�kh[ulbc��aZdZgqb\Zxs_cky�kh[ulb_f Ih-
\lhjblv��kh[ulb_�������K�gme_\uf�bgl_j\Zehf�hl�gZqZeZ�pbdeZ�gZqbgZ_l-
ky�aZibkv�WW=�gZ�^bkd������b�\u^_j`b\Z_lky�iZmaZ�\�l_q_gb_���k �����^ey
aZibkb�nhgh\hc�WW=� �k�p_evx�ihke_^mxs_]h�kjZ\g_gby�__�k�j_Zdpb_c�gZ
klbfme���AZl_f�\dexqZ_lky�MijZ\eyxsbcKb]gZe−1 ������dhlhjuc�aZ`b]Z_l
ij_^mij_`^Zxsbc� klbfme� �dhffmlZpby� kb]gZeh\�b� klbfmeh\�j_Zebam_lky
iZyevgbdhf�gZ�jZat_f_�^bkdj_lguo�\uoh^h\�dhgljhee_jZ�:PI���Kimkly����
k�MijZ\eyxsbcKb]gZe−1 \udexqZ_lky�b�ij_^mij_`^Zxsbc�klbfme�]Zkg_l
������>Ze__�\u^_j`b\Z_lky�iZmaZ�^ebl_evghklvx���k_dmg^u�^h�\dexq_gby
bkihegbl_evgh]h�klbfmeZ�ih^Zq_c�MijZ\eyxs_]hKb]gZeZ−2� ������H^gZdh
^ey� bkdexq_gby� wnn_dlZ� j_ne_dlhjgh]h� ijb\udZgby� k� \_jhylghklvx� ���
bkihegbl_evguc� klbfme� g_� \dexqZ_lky�� Z� ijhba\h^blky� i_j_oh^� ����� d
kljhd_�����gZ�\udexq_gb_�aZibkb��<�hl\_l�gZ�ihy\e_gb_�bkihegbl_evgh]h
klbfmeZ�iZpb_gl�^he`_g�gZ`Zlv�gZ�dghidm��ih^dexq_ggmx�d�^bkdj_lghfm
\oh^m� ��dhgljhee_jZ�:PI� �Kb]gZe−1���Ijb� wlhf�bkihegbl_evguc� klbfme
\udexqZ_lky� ������ Z� kimkly� �� k� \udexqZ_lky� ������ b� aZibkv� l_dms_]h
njZ]f_glZ�WW=��l��_��\�l_q_gb_���k�aZibku\Z_lky�ihklj_Zdlb\guc�nhg���I_-
j_^�aZ\_jr_gb_f�hq_j_^gh]h�pbdeZ�^ey�bkdexq_gby�j_ne_dlhjgh]h�ijb\u-
dZgby� d�nbdkbjh\Zgghfm�bgl_j\Zem�ih\lhj_gby� ^Zgghc�p_ihqdb� kh[ulbc
\u^_j`b\Z_lky� \j_f_ggZy� iZmaZ� ^ebl_evghklvx�� kemqZcgh� \u[bjZ_fhc� \
^bZiZahg_�hl���^h���k�������

>jm]b_�ijbf_ju� j_]bkljZpbb�<I� kf��ih� ij_^f_lghfm� mdZaZl_ex� ijh-
lhdhe−ijbf_ju.
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���ÄãåôÙãß�íçÕçâãØã�ÜÕäèæßÕ�ÝææàÚÙã×ÕâÝô

��� <uah\bl_�kbkl_fm�&21$1��\uah\bl_�f_gx�bkke_^h\Zgby�b�kqblZcl_
lj_[m_fuc�ieZg�

��� <�aZ]heh\d_�ieZgZ�\\_^bl_�iZkihjlgu_�^Zggu_�iZpb_glZ�
��� MdZ`bl_�bfy�nZceZ�aZibkb�b�aZimklbl_�j_]bkljZpbx��dhlhjZy�[m^_l�\u-

ihegylvky�Z\lhfZlbq_kdb�kh]eZkgh�khklZ\e_gghfm�ijhlhdhem��>hkjhqgh
ij_j\Zlv�bkke_^h\Zgb_�fh`gh�deZ\br_c�{&TD�.

��� I_j_c^bl_�\�[ehd�ZgZebaZ�b�kqblZcl_�nZce�\uiheg_gghc�aZibkb��?keb
aZibkZgu�gZlb\gu_�WW=��lh�ijhkfhljbl_�aZibkb��m^Zebl_�Zjl_nZdlu�b
ijhba\_^bl_�mkj_^g_gb_�

��� >Zevg_crbc�ZgZeba�mkj_^g_gguo�<I�fh`gh�ijhba\h^blv�kj_^kl\Zfb
ki_dljZevgh]h�ZgZebaZ��dZjlbjh\Zgby�b�ehdZebaZpbb�bklhqgbdh\�<I�

�����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^�������



�����Mkj_^g_gb_�b�ZgZeba�<I 241

• 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
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Mq_[gu_�nZceu�\u[bjZxlky ba�iZidb�BASE\EP.

��� KqblZcl_�nZce�KE<I�j_]bkljZpbb�<I�gZ�a\mdh\u_�s_eqdb��Ihkj_^kl-
\hf�f_gx�ZgZebaZ�<I��dhfZg^u�:gZeba−<I�beb�deZ\brZ�{����ijhba\_-
^bl_�g_kdhevdh�mkj_^g_gbc��hihjgZy�lhqdZ��L���wihoZ�hl���^h�^ebgu�aZ-
ibkb���\Zjvbjmy�dhwnnbpb_gl�mkbe_gby��GZ�gZqZevghf�wlZi_�ijhba\h^b-
l_�mkj_^g_gb_�ih�rZ]Zf��ke_^y�aZ�^bgZfbdhc�ih^Z\e_gby�rmfh\�b�ijh-
y\e_gb_f�ibdh\�<I��Baf_jvl_�Zfieblm^u�ibdh\�b�eZl_glghklb�

��� KqblZcl_�nZce�ØIÂÏ��j_]bkljZpbb�<I�gZ�rZofZlguc�iZll_jg��Ijhba-
\_^bl_�h[uqgh_�mkj_^g_gb_��hihjgZy�lhqdZ��L���wihoZ�hl���^h�^ebgu�aZ-
ibkb��b�mkj_^g_gb_�k�nbevljZpb_c�\�ZevnZ−^bZiZahg_� ��±���=p���KjZ\-
gbl_�j_amevlZlu��Baf_jvl_�Zfieblm^u�ibdh\�b�eZl_glghklb��:gZeh]bq-
guc�ZgZeba�ijh\_^bl_�k�nZceZfb�RI<I���RI<I���KjZ\gbl_�j_amevlZ-
lu�� >ey� \bamZevgh]h� kjZ\g_gby� jZaebqguo� <I� ihe_agh� kha^Z\Zlv� ^h-
ihegbl_evgu_� hdgZ� �dhfZg^u�Dhgkljmdlhj−Kha^ZlvBhdgh�� b� i_j_gh-
kblv� lm^Z� j_amevlZlu� mkj_^g_gby� ba� fhgblhjZ� q_j_a� [mn_j� h[f_gZ�
KjZ\gblv� ^\Z� <I�� aZibkZgguo� m� h^gh]h� bkiulm_fh]h� �nZceu
RI<I1−���RI<I�−���\�jZagh_�\j_fy��K^_eZcl_�\u\h^u�h[�bg^b\b^m-
Zevghc�\ZjbZ[_evghklb�<I�

��� :gZeh]bqguc� ZgZeba� ijh\_^bl_� ^ey� ajbl_evguo� <I� gZ� k\_lh\mx
\kiurdm� �nZceu�<K<I���<K<I���<K<I�−���<K<I�−����Hp_gbl_�jZa-
ebqby�f_`^m�<I�gZ�\kiurdm�b�<I�gZ�RI�m�bkiulm_fuo����������

��� KqblZcl_�nZce�DG<=�j_]bkljZpbb�dh]gblb\guo�<I�gZ�k\_lh\u_�klbfm-
eu��Ijhba\_^bl_�mkj_^g_gb_�hlghkbl_evgh�ih^Zqb�ij_^mij_^bl_evgh]h
klbfmeZ��\uo ����hihjgZy�lhqdZ��H����wihoZ�hl���^h���k���bkihegbl_ev-
gh]h�klbfmeZ��\uo ����hihjgZy�lhqdZ��H����wihoZ�hl�−��k�^h���k���Z�lZd-
`_�hlghkbl_evgh�fhf_glZ� kZddZ^bq_kdbo�^\b`_gbc� ]eZa� �j_^ZdlhjkdZy
f_ldZ�ih�dZgZem����j_]bkljZpbb�WH=��hihjgZy�lhqdZ�F���wihoZ�hl�−��k
^h���k���Hp_gbl_��\�dZdhf�kemqZ_�gZb[he__�hlq_leb\h�ijhy\eyxlky�<I�

ÒßæäÚåÝáÚâç�äã�åÚØÝæçåÕëÝÝ�ÜåÝçÚàñâðê�·Ä�

<� dZq_kl\_� WW=−j_]bkljZlhjZ� bkihevam_lky� mgb\_jkZevguc
4−dZgZevguc� [bhmkbebl_ev�� wdjZg� dhfivxl_jZ� bkihevam_lky� \� dZq_kl\_
klbfmeylhjZ�� Klm^_glu� jZa[b\Zxlky� gZ� ]jmiiu� ih� �� q_eh\_dZ�� DZ`^Zy
]jmiiZ�ihi_j_f_ggh�\uklmiZ_l�\�dZq_kl\_�bkiulm_fuo�b�\�dZq_kl\_�wdki_-
jbf_glZlhjh\�²�bkke_^h\Zl_e_c�

ËÚàñ� åÕÖãçð��Hk\Zb\Zxlky� ijb_fu� ih^]hlh\db� wdki_jbf_glZ�� gZeh-
`_gb_� we_dljh^h\�\�h[eZklb� ajbl_evghc�dhju� �aZluehqgu_�hl\_^_gby�H1,
H����jZaf_s_gb_�bkiulm_fuo� �gZ�jZkklhygbb� ����f�hl�wdjZgZ�\� aZl_fg_g-
ghf�ihf_s_gbb��b�ih^dexq_gb_�bo�d�[bhmkbebl_ex��<\h^ylky�NBH�bkiu-
lm_fuo�\�aZ]heh\hd�bkke_^h\Zgby�
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ÄÕåÕáÚçåð�ieZgZ�bkke_^h\Zgbc��N<Q� �����=p��NGQ� ����=p��bgl_j\Ze
f_`^m� klbfmeZfb� �� k��qZklhlZ� ����=p��j_]bkljZpby�gZ�bgl_j\Ze_� ���� k�hl
klbfmeZ�k� aZibkvx�ij_^klbfmevgh]h�nhgZ� ����k��qbkeh�ij_^ty\e_gbc� ����
mkbe_gb_� ��±��� lukyq��<� ijh[ghf� imkd_� �[_a� ijhlhdheZ� b�nZceZ� aZibkb�
ijh\_jy_lky� gZebqb_�WW=� hl� bkiulm_fuo� b� ih^[bjZxlky� dhwnnbpb_glu
mkbe_gby�lZd��qlh[u�Zfieblm^guc�^bZiZahg�WW=�ihdju\Ze�g_�f_g__� ���
Zfieblm^ghc�rdZeu�b�g_�[ueh�[u�©aZrdZeh\ª�

¼ÕÙÕìÕ� ���Klbfmeypby� j_\_jkb\guf�rZofZlguf�iZll_jghf� k� qbkehf
de_lhd����b�k�ijhlhdhehf�\b^Z��nZce�ieZgZ�RI−�ID��

����>_ckl\b_��H[t_dl�����Mkeh\b_�����@^_f

� Pbde ���

� <dexqblv AZibkv >Z

� IZmaZ <j_fy ��� >Z

� <dexqblv Klbfme � >Z

� <ude� AZibkv <j_fy ��� >Z

� Ih\lhjblv

¼ÕÙÕìÕ����Klbfmeypby�\kiurdhc��[_euc�d\Z^jZl�\������wdjZgZ�gZ�q_j-
ghf�nhg_��k�ijhlhdhehf�\b^Z��nZce�ieZgZ�<KI−�ID��

   ����>_ckl\b_��H[t_dl�����Mkeh\b_�����@^_f
� Pbde ���

� <dexqblv AZibkv >Z

� IZmaZ <j_fy ��� >Z

� <dexqblv Klbfme � >Z

� <dexqblv Klbfme � <j_fy �� >Z

� <ude� AZibkv <j_fy ��� >Z

� Ih\lhjblv

ÃÖåÕÖãçßÕ�åÚÜèàñçÕçã×��Ijhba\h^blky�mkj_^g_gb_�<I�gZ�RI�gZ�bg-
l_j\Ze_� �±�� k� dhwnnbpb_glhf� mkbe_gby� ���Ijhba\h^blky� dhjj_dpby� gmey
j_amevlZlZ�mkj_^g_gby�ih�hlj_adm��±����k��Hij_^_eyxlky�Zfieblm^u�b�eZ-
l_glghklb� hkgh\guo�<I−hl\_lh\� �hlghkbl_evgh� \j_f_gb� ih^Zqb� klbfmeZ
����k���N75, P100, N145, P�����Ijhba\h^blky�kjZ\g_gb_�k�]jZgbpZfb�ghjfu�

Ijhba\h^blky�mkj_^g_gb_�<I�gZ�\kiurdm�gZ�bgl_j\Ze_��±��k�dhwnnb-
pb_glhf�mkbe_gby����Ijhba\h^blky�dhjj_dpby�gmey�j_amevlZlZ�mkj_^g_gby
ih� hlj_adm� �±���� k�� Hij_^_eyxlky� Zfieblm^u� b� eZl_glghklb� hkgh\guo
<I−hl\_lh\��hlghkbl_evgh�\j_f_gb�ih^Zqb�klbfmeZ�����k���P80, N75, P100,
N125, P�����Ijhba\h^blky�kjZ\g_gb_�k�]jZgbpZfb�ghjfu�

ÃéãåáàÚâÝÚ�ãçìÚçÕ��Hlq_l�ih�dZ`^hc� aZ^Zq_�^he`_g�\dexqZlv�jZa-
^_eu��ihklZgh\dZ�aZ^Zqb��ko_fZ�wdki_jbf_glZ��lZ[ebpZ�j_amevlZlh\��Zfieb-
lm^u�b�eZl_glghklb�ibdh\���hldehg_gby�hl�ghjfu��Khhl\_lkl\mxsb_�jZa^_-
eu�g_h[oh^bfh�beexkljbjh\Zlv�]jZnbdZfb�b�dhibyfb�wdjZgZ�


