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djwyxr� xqxznu�� q� rvtn|� xnjtxj� Qlh[u� gZqZlv� k_Zgk� jZ[hlu�
gm`gh� ba� ^bj_dlhjbb� 67$',$� aZimklblv� h^ghbf_ggh_� ijbeh`_gb_��GZ
wdjZg_�fhgblhjZ� ihy\ey_lky� lbibqguc� ^ey� ijbeh`_gbc� :LQGRZV� wdjZg
kbkl_fu��bah[jZ`_gguc�gZ�jbk������

Qlh[u� aZdhgqblv� k_Zgk� jZ[hlu�� ke_^m_l� gZ`Zlv� dghidm� aZdjulby� ]h-
eh\gh]h�hdgZ��beb�deZ\brm�{'�����beb�\uihegblv�ih^imgdl�©<uoh^ª�ba
imgdlZ�©NZceuª�\�\_jog_c�dhfZg^ghc�kljhd_�
Ívuv���q�wvlxrjorq��Qlh[u�\kihfgblv�gZagZq_gb_�deZ\br�b�ih-

e_c�wdjZggh]h�f_gx��i_j_\_^bl_�gZ�gbo�mdZaZl_ev�furb�b�ijhqlbl_�ih^-
kdZadm�\�gb`g_c�kljhd_�wdjZgZ�

>ey�ihemq_gby�[he__�ih^jh[ghc�wdjZgghc�ihfhsb�ih�l_dms_fm�dhg-
l_dklm� ke_^m_l� \ua\Zlv� wdjZgguc� kijZ\hqgbd� gZ`Zlb_f� deZ\brb� {'��
beb�ba�imgdlZ�©Ihfhsvª�\_jog_c�dhfZg^ghc�kljhdb�

fvxzjkt�n�rvuwvtntz�
Hkgh\gu_�Zjobl_dlmjgu_�dhfihg_glu�klZlbklbq_kdhc�kbkl_fu�\uau-

\Zxlky� ba� \_jog_c� dhfZg^ghc� kljhdb� beb� gZ`Zlb_f� [ukljuo� deZ\br
{'��—{'�����qlh�[he__�[ukljh�b�gZ^_`gh��

��� êsnrzévttj¹� zjisq|j� y\ey_lky� p_gljZevguf� dhfihg_glhf� b
ij_^gZagZq_gZ�^ey�\\h^Z��ojZg_gby��ijhkfhljZ�b�j_^Zdlbjh\Zgby�bkoh^guo

Jbk�������WdjZg�klZlbklbq_kdhc�kbkl_fu�k�we_dljhgghc�lZ[ebp_c
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^Zgguo��<�wlhc�lZ[ebp_�^Zggu_�ij_^klZ\eyxlky�\�\b^_�fZljbpu�beb�\_dlh-
jZ��]^_�klhe[pu�khhl\_lkl\mxl�i_j_f_gguf�beb�\u[hjdZf��Z�kljhdb�²�agZ-
q_gbyf�i_j_f_gguo��baf_j_gbyf�beb�h[t_dlZf��We_f_glu�lZ[ebpu�fh]ml
kh^_j`Zlv�dZd�qbkeh\u_��lZd�b�kbf\hevgu_��ghfbgZevgu_��agZq_gby�

<hafh`ghklb� jZ[hlu� k� we_dljhgghc� lZ[ebp_c� klZgh\ylky� ^hklmigu
ijb�Zdlb\baZpbb�kljZgbpu�{Dat���>hklmiguc�h[t_f�we_dljhgghc�lZ[eb-
pu�hij_^_e_g�dhgdj_lghc�fh^bnbdZpb_c�klZliZd_lZ��kf��\ur_��
���Ðjpsvkj¹�wvlxqxznuj�h[_ki_qb\Z_l�\\h^�jZaebqgh]h�lbiZ�bg-

nhjfZpbb�ba�^bkdh\uo�nZceh\�b� aZibkv�^Zgguo�gZ�^bkd��\uau\Z_lky�ih
gZ`Zlbx� deZ\br�{'��, {'���beb�ba� \udb^gh]h�f_gx�imgdlZ� ©NZceu»
\_jog_c�dhfZg^ghc�kljhdb��Z�lZd`_�ih�gZ`Zlbx�e_\uo�dghihd�\�bgkljm-
f_glZevghc� kljhd_� wdjZgZ�� Ih� kjZ\g_gbx� k� lbibqguf� ^ey� :LQGRZV
«Open–Closeª±^bZeh]hf�a^_kv�ijhba\_^_g�jy^�kms_kl\_gguo�mkh\_jr_g-
kl\h\Zgbc��kf��jZa^�������
��� Èsvr� wénviéjovkjtqp� ij_^gZagZq_g� ^ey� \uiheg_gby� jZaebq-

guo� ij_h[jZah\Zgbc� gZ^� bkoh^gufb� ^Zggufb� �Ze]_[jZbq_kdb_�� eh]bq_-
kdb_��fZljbqgu_�� dhf[bgZlhjgu_�b� ^jm]b_�ij_h[jZah\Zgby��b� \uah\� _]h
ijhba\h^blky�ih�gZ`Zlbx�deZ\brb�{'���beb�`_�ih�\uiheg_gbx�imgdlZ
«Ij_h[jZah\Zgbyª�ba�\_jog_c�dhfZg^ghc�kljhdb�
��� Çjs�rys¹zvé� h[_ki_qb\Z_l� hi_jZlb\gh_� \uiheg_gb_� jZaebqguo

\kihfh]Zl_evguo�\uqbke_gbc�ih�\\h^bfuf�\ujZ`_gbyf�b�\uau\Z_lky�ih
gZ`Zlbx�deZ\brb�{'���beb�`_�ih�\uiheg_gbx�imgdlZ�©<uqbke_gbyª�ba
\_jog_c�dhfZg^ghc�kljhdb�
���éj{vwvxzévqzns��h[_ki_qb\Z_l�ihkljh_gb_�jZaebqguo�]jZnb-

dh\�bkoh^guo�^Zgguo�ih�gZ`Zlbx�deZ\brb�{'���beb�`_�ih�\uiheg_gbx
imgdlZ�©=jZnbdª�ba�\_jog_c�dhfZg^ghc�kljhdb�
���éj{q·nxrqp�énljrzvé�iha\hey_l�j_^Zdlbjh\Zlv�]jZnbdb�^Zg-

guo�b�]jZnbdb�j_amevlZlh\�ZgZebaZ��khojZgylv�bo�\�^bkdh\uo�nZceZo�beb
\u\h^blv�gZ�i_qZlv��<hafh`ghklb�j_^Zdlbjh\Zgby�]jZnbdh\�\�\b^_�bgkl-
jmf_glZevghc� ebg_cdb� dghihd� klZgh\ylky� ^hklmigufb� ijb� Zdlb\baZpbb
ex[hc�ba�kljZgbp�]jZnbdh\�Gri, i = 1–15.
��� Èsvr� xzjzqxzqrq� kh^_j`bl� gZ[hj� ijhp_^mj�� j_Zebamxsbo� \u-

qbke_gby�ih�gZb[he__�mihlj_[bl_evguf�klZlbklbq_kdbf�f_lh^Zf�b�\uah\
_]h�f_gx�ijhba\h^blky�ih�gZ`Zlbx�deZ\brb�{'���beb�`_�ih�\uiheg_-
gbx�imgdlZ�©KlZlbklbdZª�ba�\_jog_c�dhfZg^ghc�kljhdb�
��� Ònrxzvk�p� énljrzvé� j_amevlZlh\� iha\hey_l� ijhkfZljb\Zlv� b

j_^Zdlbjh\Zlv�\u^Zqm�qbkeh\uo�j_amevlZlh\�ZgZebaZ��khojZgylv�__�\�^bk-
dh\hf�nZce_��\u^Z\Zlv�gZ�i_qZlv��i_j_ghkblv�\h�\g_rgb_�iZd_lu��L_dklh-
\uc�j_^Zdlhj�klZgh\blky�^hklmiguf�ijb�Zdlb\baZpbb�kljZgbpu�j_amevlZ-
lh\�ZgZebaZ�Rez.
���êréjtt�p�xwéjkv·tqr�khklhbl�ba�k_jbb�jZa^_eh\�k�k_lvx�i_j_-

dj_klguo�we_dljhgguo�kkuehd�b�kh^_j`bl�hibkZgb_�\k_o�hi_jZpbc�b�fZ-
l_fZlbq_kdbo� f_lh^h\�� Z� _]h� \uah\� ijhba\h^blky� ih� gZ`Zlbx� deZ\brb
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<� wlhc� kljhd_�jZkiheZ]Zxlky� lZd`_� dghidb� aZdjulby�� k\_jlu\Zgby�b
jZkrbj_gby�]heh\gh]h�hdgZ�
���Çvujtltj¹�xzévrj� <lhjZy�dhfZg^gZy�kljhdZ�kh^_j`bl�dhfZg-

^u�b�\udb^gu_�kibkdb�dhfZg^�gZ�\uiheg_gb_�hkgh\guo�hi_jZpbc��qZklv
ba� dhlhjuo� ^m[ebjmxlky� bgkljmf_glZevgufb� dghidZfb� b� ©]hjyqbfbª
deZ\brZfb�[ukljh]h�\uah\Z�

���fzévrj�rtvwvr� Lj_lvy�kljhdZ�bgkljmf_glZevguo�dghihd�k�ibd-
lh]jZffZfb�^m[ebjm_l�gZb[he__�qZklh�\uihegy_fu_�hi_jZpbb�

<� wlhc� kljhd_� jZkiheZ]Z_lky� hdgh� j_^Zdlbjh\Zgby� l_dms_c� yq_cdb
we_dljhgghc� lZ[ebpu�� mdZau\Z_lky� qbkeh� hij_^_e_gguo� i_j_f_gguo� b
jZaf_j� l_dms_c� i_j_f_gghc�� Z� lZd`_� ijbkmlkl\mxl� ihklhyggu_� dghidb
jy^Z�hi_jZpbc��h^bgZdh\h�jZ[hlZxsb_�^ey�ex[hc�Zdlb\ghc�kljZgbpu��Z
bf_ggh�

• ql_gb_�b�aZibkv�kh^_j`bfh]h�Zdlb\ghc�kljZgbpu��kf��jZa^�
3.2);

• hi_jZpbb�k�[mn_jhf�h[f_gZ��\uj_aZgb_��dhibjh\Zgb_
b�\klZ\dZ��kf��jZa^�������

• \u^ZqZ�gZ�i_qZlv�kh^_j`bfh]h�Zdlb\ghc�kljZgbpu�

• baf_g_gb_�rjbnlZ�Zdlb\ghc�kljZgbpu��kf��gb`_�©GZkljhcdbª��

Ijb�Zdlb\baZpbb�kljZgbpu�we_dljhgghc�lZ[ebpu�\�wlhc�kljhd_
ihy\ey_lky� lZd`_� b� ihe_� j_^Zdlbjh\Zgby� kh^_j`bfh]h� l_dms_c� yq_cdb
lZ[ebpu��Z�lZd`_�mdZaZgb_�qbkeZ�i_j_f_gguo�\�lZ[ebp_�<k_oO �b�qbkeZ
agZq_gbc�l_dms_c�i_j_f_gghc�OL .

���èjiv·nn�vrtv�
Hkgh\gZy�qZklv�wdjZgZ�khklZ\ey_l�jZ[hq__�ijhkljZgkl\h�ihevah\Zl_ey�

\�dhlhjhf�hg�b�ijh\h^bl�[hevrmx�qZklv�\j_f_gb��\\h^bl�^Zggu_��h[^m-
fu\Z_l� j_amevlZlu� ZgZebaZ� b� ijhkfZljb\Z_l� ]jZnbdb� b� l�� i�� Wlh� ijh-
kljZgkl\h�hj]Zgbah\Zgh�\�nhjf_�kljZgbqghc�dZjlhl_db��kf��gb`_��

���fzévrj�wvlxrjorq�q�ojrsjlvr� Ihke_^gyy�kljhdZ�wdkihgbjm_l
hi_jZlb\gu_�ih^kdZadb�d�imgdlZf�b�iheyf�\\h^Z�jZaebqguo�f_gx�

Ih^kdZadZ�ihy\ey_lky��_keb�iZjm�k_dmg^�hklZgh\blv�furv�gZ�g_dhlh-
jhf�wdjZgghf�we_f_gl_�

IjZ\Zy�qZklv�wlhc�kljhdb�hl\_^_gZ�^ey�yjeudh\±aZdeZ^hd�kljZgbp�dZj-
lhl_db��kf��gb`_��
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Çvujtltj¹�xzévrj
Kbkl_fZ� \udb^guo� f_gx� \_jog_c� dhfZg^ghc� kljhdb� \dexqZ_l� ljb

jZa\hjZqb\Zxsboky�imgdlZ��nZceu��hdgZ�b�ihfhsv��>jm]b_�imgdlu�\_jo-
g_c� dhfZg^ghc� kljhdb� g_\udb^gu_� b� bo� bkiheg_gb_� kjZam� ijb\h^bl� d
\uah\m�khhl\_lkl\mxsbo�fZdjhdhfihg_glh\�b�j_Zebamxsbo�bo�^bZeh]h\�

Ðjps��� <udb^gh_� f_gx� imgdlZ� ©NZceu»
\dexqZ_l�hi_jZpbb�ql_gby�� aZibkb��hqbkldb��i_-
qZlb�l_dms_c�kljZgbpu��gZkljhcdb�ijbgl_jZ��ih
klZg^Zjlghfm� :LQGRZV�^bZeh]m� >��@�� b� \uoh^Z
ba� 67$',$�� JZ[hlZ� wlbo� imgdlh\� ^m[ebjm_lky
[ukljufb� nmgdpbhgZevgufb� deZ\brZfb
{'��—{'��, {'��

Ìrtj� <udb^gh_�f_gx�imgdlZ�©HdgZª�\dexqZ_l�ke_^mxsb_�hi_jZpbb�
• «DZkdZ^ª�beb�gZ[hj�\ZjbZglh\�kh\f_-

klghc�\bamZebaZpbb�kljZgbp��jbk�����
b�ihykg_gby�d�g_fm��

• hi_jZpbb�k�[mn_jhf�h[f_gZ��kf��jZa^�
������\uj_aZlv��dhibjh\Zlv��\klZ\blv�
m^Zeblv��^_ckl\mxsb_�h^bgZdh\h�^ey
ex[hc�Zdlb\ghc�kljZgbpu��

• \uiheg_gb_�jZaebqguo�gZkljh_d��kf�
gb`_��b�bo�aZihfbgZgb_�^ey�ke_^mx-
sbo�k_Zgkh\�jZ[hlu�

• kibkhd±i_j_dexqZl_ev�^hklmiguo
wdjZgguo�kljZgbp�

Ívuv���� <udb^gh_� f_gx� imgdlZ� ©Ihfhsvª� \dexqZ_l� ke_^mxsb_
hi_jZpbb�

• i_j_oh^�\�h]eZ\e_gb_�wdjZggh]h�kijZ\hqgbdZ�
• ihbkd�aZ^Z\Z_fh]h�dhgl_dklZ�\�kijZ\hqgbd_�
• «<u[hj�f_lh^Zª�²�iha\hey_l�ih^h[jZlv�^ey

bf_xsboky�^Zgguo�ih^oh^ysbc�f_lh^�ZgZ-
ebaZ�

• «H�ihfhsbª�²�agZdhfbl�kh�kijZ\hqgbdhf�
• «H�67$',$ª�²�\u^Z_l�djZldb_�k\_^_gby�h�iZd_l_�b�mkeh\byo�ihklZ\db�

Ïtqknéxjs�t�n�vwnéj|qq� Hi_jZpbb�ql_gby��aZibkb��hqbkldb��i_-
qZlb�ba�imgdlZ�©NZceuª��hi_jZpbb�k�[mn_jhf�h[f_gZ�b�gZkljhcdb�rjbnlZ
ba�imgdlZ�©HdgZª�^_ckl\mxl�h^bgZdh\h�\�jZaebqguo�dhgl_dklZo��we_dljhg-
gZy�lZ[ebpZ��j_amevlZlu�ZgZebaZ��]jZnbdb�
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fzéjtq·tj¹�rjézvznrj
KljZgbqgZy� dZjlhl_dZ� y\ey_lky� wnn_dlb\ghc� Zevl_jgZlb\hc� hdhg-

ghfm� aZoeZfe_gbx� jZ[hq_]h� wdjZggh]h� ijhkljZgkl\Z�� ;eZ]h^Zjy� lZdhfm
j_r_gbx��dZ`^uc�dhfihg_gl�bkihevam_l�fZdkbfmf�k\h[h^gh]h�ijhkljZg-
kl\Z��Z�ihevah\Zl_ev�\�agZqbl_evghc�kl_i_gb�ba[Z\ey_lky�hl�g_Z^_d\Zlguo
r\_cpZjkdbo� h[yaZgghkl_c� �i_j_f_klblv�� k\_jgmlv±jZa\_jgmlv�� aZdjulv±
hldjulv�hdgh��

KljZgbpZfb�dZjlhl_db�y\eyxlky��we_dljhggZy�lZ[ebpZ��j_^Zdlhj�j_-
amevlZlh\� ZgZebaZ�b� hl� h^gh]h� ^h� ��� ]jZnbdh\��I_j_dexq_gb_� kljZgbp
ijhba\h^blky�gZ`Zlb_f�_]h�yjeudZ±aZdeZ^db��Wlb�aZdeZ^db�jZkiheZ]Zxl-
ky�\�ijZ\hc�qZklb�gb`g_c�kljhdb�wdjZgZ�

b�bf_xl�ke_^mxsb_�h[hagZq_gby�
Dat�²�kljZgbpZ�we_dljhgghc�lZ[ebpu�
Rez�²�kljZgbpZ�j_^ZdlhjZ�j_amevlZlh\�ZgZebaZ�
Gri�²�kljZgbpu�]jZnbdh\�i = 1–15.

KljZgbpu� we_dljhgghc� lZ[ebpu�b�j_^ZdlhjZ� j_amevlZlh\� ZgZebaZ� y\-
eyxlky�ihklhyggufb�b�bf_xl�ijb\uqgu_�ijZ\mx±\_jlbdZevgmx�b�gb`-
gxx±]hjbahglZevgmx� ebg_cdb�i_j_f_s_gby��H^gZdh� ^ey� [ukljh]h� ^\b-
`_gby� ih� kljZgbp_� m^h[gh� lZd`_� ihevah\Zlvky� [ukljufb� deZ\brZfb
{1BHF6Q�, {1BHF%PXO�, {)PNF�, {&OE�.

éj{q·nxrqn� xzéjtq|�� =jZnbq_kdb_� kljZgbpu� \hagbdZxl� ijb
\u\h^_�]jZnbdZ�b�fh]ml�[ulv�m^Ze_gu�gZ`Zlb_f�gZ�e_\mx�\_jogxx�dghi-
dm�aZdjulby�kljZgbpu�beb�gZ�deZ\brm�{'��.

Ihke_�\u\h^Z�gZ����x�]jZnbq_kdmx�kljZgbpm�ke_^mxsbc�\u\h^�ijh-
ba\h^blky� gZ� i_j\mx� ]jZnbq_kdmx� kljZgbpm�� aZf_sZy� lZf� bf_xsbcky
]jZnbd��Qlh[u�g_�l_jylv�\�j_amevlZl_�wlh]h�gm`gmx�bgnhjfZpbx��ke_^m_l
k\h_\j_f_ggh�m^Zeylv�g_gm`gu_�]jZnbq_kdb_�kljZgbpu�
Ínénun�ntqn�� =jZnbq_kdb_� kljZgbpu� fh`gh� i_j_f_sZlv�� >ey

wlh]h�ih^\_^bl_�mdZaZl_ev�furb�d�yjeudm�g_dhlhjhc�kljZgbpu��gZ`fbl_
ijZ\mx� dghidm� furb� b�� g_� hlimkdZy� __�� \_^bl_� mdZaZl_ev� �hg� baf_gbl
k\hx�ijb\uqgmx�nhjfm�gZ�klj_edm�k�iZqdhc�ebkldh\��^h�yjeudZ�kljZgb-
pu�gZagZq_gby��A^_kv�hlimklbl_�dghidm�furb�

Çjxrjl� vrvt� Bf__lky� \hafh`ghklv� h^gh\j_f_gghc� \bamZebaZpbb
g_kdhevdbo� kljZgbp� �jbk�� ������ q_fm� kem`bl� imgdl� ©DZkdZ^ª� ba� jZa^_eZ
«HdgZª�\_jog_c�dhfZg^ghc�kljhdb�

A^_kv�ij_^hklZ\e_g�\u[hj�ba�ke_^mxsbo�Zevl_jgZlb\�
• h^gZ�kljZgbpZ�gZ�wdjZg_�
• ^\_�kljZgbpu�gZ�wdjZg_�
• ljb�kljZgbpu�gZ�wdjZg_�
• q_luj_�kljZgbpu�²�ih�^\_�\�jy^�
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• r_klv�kljZgbp�²�ih�ljb�\�jy^�

Jbk�������DZkdZ^�ba�r_klb�kljZgbp�\�jZ[hq_f�hdg_

Hkh[_ggh�ihe_agZ�lZdZy�hi_jZpby�^ey�h^gh\j_f_ggh]h�ij_^klZ\e_gby
gZ�wdjZg_�g_kdhevdbo�]jZnbdh\�^ey�bo�\bamZevgh]h�kjZ\g_gby�

bqjsvmvk�n�wjtnsq
>bZeh]� [Zabjm_lky�gZ� ^\mo� lbiZo� wdjZgguo� iZg_e_c��f_gx� \u[hjZ� b

[eZgdb�\\h^Z.
Întí�k�ivéj� \dexqZxl� k_jbx�imgdlh\±dghihd�� gZ`Zlb_� gZ� h^gm

ba�dhlhjuo�ijb\h^bl�d�\uiheg_gbx�khhl\_lkl\mxs_c�Zevl_jgZlb\u��Ijb
wlhf�dZ`^Zy�lZdZy�wdjZggZy�dghidZ�ljZ^bpbhggh�khijh\h`^Z_lky�hl^_ev-
ghc�[ukljhc�deZ\br_c�\uah\Z��\�dZq_kl\_�dhlhjuo�bkihevamxlky�ihjy^-
dh\u_� pbnjh\u_� b� ZenZ\blgu_� deZ\brb�� LZdZy� kd\hagZy� ©gmf_jZpbyª
iha\hey_l�ihevah\Zl_ex�[ukljh�\ujZ[Zlu\Zlv�Z\lhfZlbafu�gZ�\uiheg_-
gb_�jmlbgguo�p_ihq_d�hi_jZpbc�
Èsjtrq�kkvlj� kh^_j`Zl�ihey��\�dhlhju_� ke_^m_l�\\h^blv� agZq_gby

beb� \ujZ`_gby�� <� hlebqb_� hl� [hevrbgkl\Z� :LQGRZV±ijbeh`_gbc�� \\_-
^_ggu_�\�lZdb_�ihey�agZq_gby�khojZgyxlky�hl�\uah\Z�d�\uah\m�b�hl�k_ZgkZ
d�k_Zgkm��qlh�mkljZgy_l�gm^gmx�g_h[oh^bfhklv�ih\lhjgh]h�\\h^Z�h^gbo�b
l_o�`_�agZq_gbc�

G_dhlhju_� ^bZeh]h\u_� iZg_eb� khq_lZxl� k\hckl\Z� f_gx� b� [eZgdZ�� \
gbo� dghidb� khijh\h`^Zxlky� iheyfb� \\h^Z� agZq_gbc� ^ey� mlhqg_gby� \u-
iheg_gby�\u[jZgghc�ijhp_^mju�
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Hlf_gZ��k[jhk��f_gx�[eZgdZ�^m[ebjm_lky�[ukljhc�deZ\br_c�{&TD���Z
bkiheg_gb_� ²� deZ\br_c� {&OUFS��� Wlb� deZ\brb� ZgZeh]bqgu� dghidZf
«Ml\_j^blv», «Hlf_gblvª� �beb� e_\hc� \_jog_c� dghid_� aZdjulby� hdgZ��
ijbkmlkl\mxsbf�\�g_dhlhjuo�wdjZgguo�f_gx�

Hkgh\gu_�p\_lZ�f_gx�fh]ml�[ulv�baf_g_gu��kf��gb`_�\�©GZkljhcdbª��
Ìméjtq·ntqn��Ih�l_ogbq_kdbf�ijbqbgZf�\�[eZgdZo�\\h^Z�g_�^_ckl\m-

_l� deZ\brZ� {%FM��� m[bjZxsZy� ke_^mxsbc� kbf\he�� \f_klh� g__� ke_^m_l
ihevah\Zlvky�deZ\br_c�{#BDL4QBDF���m[bjZxs_c�ij_^u^ms_c�kbf\he�
Èsjtrq�k�ivéj�wnénuntt�}��Hq_gv�qZklh�ba�we_dljhgghc�lZ[eb-

pu� gm`gh� \u[jZlv� lhevdh� qZklv� i_j_f_gguo� ^ey� ZgZebaZ�� \uiheg_gby
jZaebqguo�ij_h[jZah\Zgbc��ihkljh_gby�]jZnbdh\�b�l��i�

LZdhc�\u[hj�hkms_kl\ey_lky�\�ki_pb-
Zevguo� [eZgdZo� �jbk�� ������ B� ohly� \b^
lZdbo�[Zgdh\�fh`_l�g_fgh]h�f_gylvky� \
aZ\bkbfhklb�hl�dhgl_dklZ��gh�h[sZy�dhf-
ihabpby�b�ijbgpbiu�jZ[hlu�k�gbfb�h^b-
gZdh\u�
• ke_\Z� bf__lky� ihe_� kibkdZ� i_j_f_g-

guo�ba�we_dljhgghc�lZ[ebpu�
• kijZ\Z�jZkiheh`_gu�ihey�kibkdh\

\u[jZgguo�i_j_f_gguo�
F_`^m� iheyfb� gZoh^ylky� dghidb� i_-

j_ghkZ�\u^_e_gguo�i_j_f_gguo�ba�h^gh-
]h� ihey� \� ^jm]h_� b� dghidZ� \u[hjZ� \k_o
i_j_f_gguo� ©<k_ª��Hl^_evgu_� i_j_f_g-
gu_�fh`gh�lZd`_�i_j_ghkblv�ih�^\hcgh-
fm�s_eqdm�furb�gZ�bf_gb�i_j_f_gghc�\
e_\hf�kibkd_��qlh�agZqbl_evgh�[uklj__��

Ijb�ih\lhjguo�\uah\Zo�[eZgdZ��fh`-
gh�g_�\u[bjZlv�kgh\Z�l_�`_�i_j_f_ggu_�
Z�ih\lhjblv�bo�ij_^u^msbc�\u[hj�gZ`Z-
lb_f�gZ�wdjZggmx�dghidm�©Ih\lhj».

A^_kv�`_� bf__lky� dghidZ� k� ibdlh]jZffhc� ql_gby�� dhlhjZy� iha\hey_l
\uy\eylv�jZaebqby�b�\uqbkeylv�dhjj_eypbb��jZa^���������������������f_`^m
\u[jZggufb�iZjZfb�i_j_f_gguo��>ey�wlh]h�g_h[oh^bfh�ij_^\Zjbl_evgh
ih^]hlh\blv� b� aZibkZlv� \� l_dmsbc� Zjob\� l_dklh\uc�nZce� �lbi� �7;7��� \
dhlhjhf�ihkljhqgh�i_j_qbkeblv�ghf_jZ�iZj�ZgZebabjm_fuo�i_j_f_gguo�
jZa^_e_gguo�ijh[_ehf�

Ihke_� aZ\_jr_gby�nhjfbjh\Zgby� kibkdZ� ZgZebabjm_fuo�i_j_f_gguo
ke_^m_l�gZ`Zlv�dghidm�©Ml\_j^blvª��^m[ebjm_lky�deZ\br_c�{&OUFS�).
DghidZ�©Hlf_gblvª��^m[ebjm_lky�deZ\br_c�{&TD���hlf_gy_l�[eZgd�\u-
[hjZ�i_j_f_gguo�

Jbk�������;eZgd�\u[hjZ�i_j_f_g-
guo
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Ëjxzévprq
H[s_kbkl_fgu_�gZkljhcdb�dZkZxlky�ijbgl_jZ��rjbnlh\��jZaf_jZ� ]h-

eh\gh]h�hdgZ��jy^Z�\uqbkebl_evguo�iZjZf_ljh\��\bamZebaZpbb�we_dljhg-
ghc�lZ[ebpu�b�p\_lh\�f_gx�
Íéqtzné� MklZgh\dZ�ijbgl_jZ�ijhba\h^blky�\uiheg_gb_f�ih^imgdlZ

«Ijbgl_jª� ba� \uiZ^Zxs_]h�f_gx� imgdlZ� ©NZceuª� \_jog_c� dhfZg^ghc
kljhdb�wdjZgZ��Ijb�wlhf�ihy\ey_lky�klZg^Zjlguc�:LQGRZV±[eZgd�mklZgh-
\hd� k� \uiZ^Zxsbf� kibkdhf� ijbgl_jh\� >��@�� ba� dhlhjh]h� gZ^h� \u[jZlv
ih^dexq_gguc�d�\Zr_fm�dhfivxl_jm�ijbgl_j�b�gZ`Zlv�{&OUFS���HldZ-
aZlvky�hl�i_j_mklZgh\db�ijbgl_jZ�fh`gh�gZ`Zlb_f�{&TD�.
�éq{z�� MklZgh\dZ� rjbnlZ� ijhba\h^blky� g_aZ\bkbfh� ^ey� lj_o

kljZgbqguo�dhfihg_glh\�� we_dljhggZy�lZ[ebpZ��j_^Zdlhj�j_amevlZlh\
b�]jZnbq_kdbc�j_^Zdlhj��>ey�i_j_mklZgh\db�rjbnlZ�g_h[oh^bfh�i_j_clb
d� wdjZgghc� kljZgbp_� khhl\_lkl\mxs_]h� dhfihg_glZ� b� \uihegblv� ih^-
imgdl� ©Rjbnlª� ba� \uiZ^Zxs_]h� f_gx� imgdlZ� ©HdgZª� �fh`gh� lZd`_
gZ`Zlv�k_^vfmx�ke_\Z�dghidm�ba�lj_lv_c�wdjZgghc�kljhdb���Ijb�wlhf�ih-
y\ey_lky� klZg^Zjlguc� :LQGRZV±[eZgd� kh� kibkdhf� ^hklmiguo�rjbnlh\�
jZaf_jh\�b�klbe_c�b�p\_lZ�[md\��MklZgh\bl_�\�wlhf�[eZgd_�gm`gu_�agZq_-
gby� b� gZ`fbl_� {&OUFS���HldZaZlvky� hl� i_j_mklZgh\db�rjbnlZ� fh`gh
gZ`Zlb_f�{&TD�.

Bkoh^gh� ^ey� wlbo� dhfihg_glh\� mklZgh\e_gu� gZb[he__� ih^oh^ysb_
rjbnlu��H^gZdh�\�dhgnb]mjZpbb�:LQGRZV�gZ�\Zr_f�dhfivxl_j_�fh`_l
g_� [ulv� dhgdj_lgh]h�rjbnlZ� beb�`_� hg�fh`_l� g_� kh^_j`Zlv� kbf\heh\
dbjbeebpu��K�^jm]hc�klhjhgu��^Z`_�_keb�lZdhc�rjbnl�b�bf__lky��lh�\Zr
ijbgl_j�fh`_l�kh^_j`Zlv�_]h�\ZjbZgl�[_a�jmkkdbo�[md\��lh]^Z�gZ�i_qZlv
l_dkl�[m^_l�\u^Z\Zlvky�]j_q_kdbfb�[md\Zfb��<k_�wlh�— g_�gZrb�ijh[e_-
fu��Z�ijh[e_fu�0LFURVRIW��gh�j_rZlv�bo�ijb^_lky�\Zf�ihkj_^kl\hf�ih^[h-
jZ�b�i_j_mklZgh\db�rjbnlZ�^ey�khhl\_lkl\mxs_c�wdjZgghc�kljZgbpu�
Æ�·qxsqzns�t�n� wjéjunzé�� MklZgh\dZ� \uqbkebl_evguo� iZjZ-

f_ljh\�dZkZ_lky�
Z��qbkeZ�agZqZsbo�pbnj�\�wdjZgghc�\u^Zq_�j_amevlZlh\�ZgZebaZ��bkoh^gh_
qbkeh�jZ\gh����

[��djblbq_kdh]h�mjh\gy�agZqbfhklb�gme_\hc�]bihl_au�α��kf��jZa^�������^ey
\u^Zqb� keh\_kghc� bgl_jij_lZpbb� j_amevlZlh\� ZgZebaZ� b� ^h\_jbl_ev-
guo�bgl_j\Zeh\��bkoh^gh_�agZq_gb_�jZ\gh�������
Baf_g_gb_� wlbo� agZq_gbc� ijhba\h^blky� ba� ih^imgdlZ� ©MklZgh\db»

\uiZ^Zxs_]h� f_gx� imgdlZ� ©HdgZª�� \ke_^� aZ� gbf� ihy\ey_lky� wdjZgguc
[eZgd� �jbk�������k�iheyfb�\\h^Z�agZq_gbc�wlbo�^\mo�iZjZf_ljh\��<\_^bl_
gh\u_�agZq_gby�b�gZ`fbl_�dghidm�©Ml\_j^blvª�beb�deZ\brm�{&OUFS�
beb�`_�hldZ`bl_kv�hl�\\h^Z��gZ`Z\�deZ\brm�{&TD�.
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êsnrzévttj¹� zjisq|j�� MklZgh\db�
hlghkysb_ky�d�we_dljhgghc�lZ[ebp_��kf�
jbk��������dZkZxlky�wdjZgguo�jZaf_jh\�__
yq__d� �baf_jyxlky� \�ibdk_eyo��b�ijhba-
\h^ylky�\�lhf�`_�\udb^ghf�f_gx��qlh�b
mklZgh\db� \uqbkebl_evguo� iZjZf_ljh\�
I_j_mklZgh\dZ� wlbo� jZaf_jh\� [u\Z_l
g_h[oh^bfZ� \� kemqZ_� i_j_oh^Z� d� [he__
djmighfm�rjbnlm�
gknzj� untí��Baf_g_gb_� p\_lZ� wd-

jZgguo� f_gx� ijhba\h^blky� ba
ih^imgdlZ� ©P\_lZª�\uiZ^Zxs_]h�f_gx
imgdlZ� ©HdgZª��\ke_^� aZ�q_f�ihy\ey_lky
ki_pbZevguc�[eZgd�mklZgh\db�p\_lh\��<

dZq_kl\_�hkgh\guo�dhfihg_glh\�f_gx�\uklmiZxl�ke_^mxsb_�
• nhgh\Zy�iZg_ev�bkoh^gh�kbg_]h�p\_lZ�
• njhglZevgu_�iZg_eb�bkoh^gh�a_e_gh]h�p\_lZ�
• aZ]heh\hqgu_�gZ^ibkb�bkoh^gh�djZkgh]h�p\_lZ�
• gZ^ibkb±ihykg_gby�bkoh^gh�kbg_]h�p\_lZ�
>ey� i_j_mklZgh\db� p\_lZ� ex[h]h� dhfihg_glZ� ke_^m_l�s_edgmlv� fu-

rvx�ih�khihklZ\e_gghc�_fm�dghid_��ihke_�q_]h�ihy\ey_lky�klZg^Zjlguc
:LQGRZV�[eZgd�p\_lh\hc�iZeblju� >��@��\�dhlhjhf�gZ^h�\u[jZlv�gm`guc
p\_l�b�gZ`Zlv�dghidm�©Ml\_j^blvª�beb�deZ\brm�{&OUFS���<gbam�[eZgdZ
gZoh^ylky�^\_�^hihegbl_evgu_�dghidb�mklZgh\db�klZg^Zjlghc�p\_lghc�b
q_jgh–[_ehc�iZeblju��>ey�k[jhkZ�[eZgdZ�gZ`fbl_�deZ\brm�{&TD�� beb
`_�e_\mx�\_jogxx�dghidm�aZdjulby�f_gx�
fv}éjtqz��tjxzévprq� <k_�ijhba\_^_ggu_�gZkljhcdb�ihe_agh� kh-

ojZgblv�^ey�ke_^mxsbo�k_Zgkh\��\uihegb\�imgdl�©AZihfgblvª�\udb^gh-
]h�f_gx�©HdgZª�\_jog_c�dhfZg^ghc�kljhdb�

�����Êxwvs�ovkjtqn�{véuys
Kbkl_fZlbq_kdh_�bkihevah\Zgb_�\uqbke_gbc�� aZ^Z\Z_fuo�ihevah\Zl_-

e_f�ih�\\h^bfhc�nhjfme_��\_a^_��]^_�wlh�\hafh`gh�b�hkfuke_ggh���kms_-
kl\_ggh�jZkrbjy_l�ZgZeblbq_kdb_�b�dhf[bgZlhjgu_�\hafh`ghklb�iZd_lZ�
>ey� wlh]h� bf_xlky� ki_pbZevgu_� lbih\u_� [eZgdb�nhjfmevgh]h� \\h^Z�� Z
lZd`_�[eZgdb�khklZ\e_gby�b�j_^Zdlbjh\Zgby�nhjfme��B�ohly�wlb�[eZgdb�\
^_lZeyo� fh]ml� jZaebqZlvky� \� aZ\bkbfhklb� hl� dhgl_dklZ�� gh� hkgh\gu_
ijbgpbiu�jZ[hlu�k�gbfb�_^bgu�

JZkkfhljbf� lbih\hc�[eZgd�nhjfmevgh]h�\\h^Z��ijb\_^_gguc�gZ�jbk�
�����\\_jom�dhlhjh]h�mdZaZgh�gZa\Zgb_�\�aZ\bkbfhklb�hl�dhgl_dklZ�

<�lZdhf�[eZgd_�bf__lky�\hk_fv�g_aZ\bkbfuo�ihe_c�^ey�\\h^Z�\hkvfb
jZaebqguo�nhjfme��Ihkdhevdm� ihey� \\h^Z� aZihfbgZxsb_�� lh� bo� kh^_j-

Jbk�������;eZgd�mklZgh\db�\uqbk-
ebl_evguo�iZjZf_ljh\�b�yq__d

we_dljhgghc�lZ[ebpu
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`bfh_�khojZgy_lky�hl�\uah\Z�d�\uah\m�b�hl�k_ZgkZ�d�k_Zgkm�b�ih\lhjguc
\\h^�m`_�bf_xs_cky�nhjfmeu�g_�lj_[m_lky�

Jbk�������;eZgd�nhjfmevgh]h�\\h^Z

<�[eZgd_�bf_xlky�^\_�dghidb�k�ibdlh]jZffZfb�ql_gby�b�aZibkb��Wlb
dghidb�iha\heyxl�khojZgylv�kh^_j`bfh_�[eZgdZ�\�Zjob\_�\�ki_pbZevguo
nZceZo�b�kqblu\Zlv�\�[eZgd�nhjfmeu�ba�Zjob\Z��Ql_gb_�b�aZibkv�nZceh\
hkms_kl\ey_lky� ih� klZg^Zjlghfm� ^bZeh]m� nZceh\hc� kbkl_fu� �kf�� jZa^�
������LZdbf�h[jZahf��fh`gh�bkihevah\Zlv�g_�lhevdh�iZfylv�\hkvfb�nhj-
fme� wdjZggh]h� [eZgdZ�� gh� b� ijhba\hevgh_� dhebq_kl\h� lZdbo� gZ[hjh\�
bf_xsboky� \� ^bkdh\hf� Zjob\_�� Bkiheg_gb_� \u[jZgghc� nhjfmeu
ijhbkoh^bl�ih�ke_^mxsbf�^_ckl\byf�
• gZ`Zlb_�deZ\brb�²�ihjy^dh\h]h�ghf_jZ�nhjfmeu�
• ^\hcghc�s_eqhd�furvx�ih�nhjfme_�
• aZ`b]Zgb_�nhgZjbdZ�ke_\Z�hl�nhjfmeu�b�gZ`Zlb_�dghidb�©Ml\_j-

^blvª�beb�deZ\brb�{&OUFS�.

Hrb[db�\�nhjfme_�lbiZ�g_khhl\_lkl\by�kdh[hd��g_ijZ\bevgh]h�h[ha�
gZq_gby�nmgdpbc�b�i_j_f_gguo�b�l��i��\uy\eyxlky�lhevdh�gZ�wlZi_�\uqbk�
e_gbc�k�\u^Zq_c�khhl\_lkl\mxsbo�^bZ]ghklbd��kf��jZa^�������

ènljrzvé�{véuys��<\_klb�gh\mx�nhjfmem�fh`gh�g_ihkj_^kl\_ggh
\�jZkkfhlj_gguc�[eZgd�nhjfme��h^gZdh�qZklh�m^h[gh�ihevah\Zlvky�ki_pb-
Zevguf�nhjfmevguf�j_^Zdlhjhf��\uau\Z_fuf�ih�gZ`Zlbx�dghidb�©J_-
^Zdlhjª�� ihke_� q_]h� ihy\ey_lky� [eZgd�� bah[jZ`_gguc� gZ� jbk�� ���� �\b^
wlh]h�[eZgdZ�fh`_l�g_agZqbl_evgh�\Zjvbjh\Zlvky�\� aZ\bkbfhklb�hl�dhg-
l_dklZ���<�wlhf�[eZgd_�bf_xlky�ke_^mxsb_�dhfihg_glu�
• \_jog__�ihe_�\\h^bfhc�nhjfmeu�
• e_\uc�kibkhd�i_j_f_gguo�ba�we_dljhgghc�lZ[ebpu�beb�nhjfZevguo

i_j_f_gguo��^himklbfuo�\�^Zgghf�dhgl_dkl_��kf��jZa^�������������
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• ijZ\uc�kibkhd
^himklbfuo�Ze-
]_[jZbq_kdbo
nmgdpbc��Z[kh-
exlgh_�agZq_gb_
�$%6���dhj_gv
d\Z^jZlguc
�6457���gZlm-
jZevguc�b�^_ky-
lbqguc�eh]Zjbn-
fu��/1��/2*��
wdkihg_glZ��(;3��
p_eZy�b�^jh[gZy
qZklb�Zj]mf_glZ
�,17��)5$&���agZd

Zj]mf_glZ��6,*1 ^−��������`���nZdlhjbZe�hl�Zj]mf_glZ��)$&7���kem-
qZcgh_�qbkeh�ih�jZ\ghf_jghfm�aZdhgm�jZkij_^_e_gby�\�bgl_j\Ze_�hl��
^h�agZq_gby�Zj]mf_glZ��5$1'���ijyfu_�b�h[jZlgu_�ljb]hghf_ljbq_-
kdb_�nmgdpbb��6,1��&26��7$1�²�Zj]mf_gl�\�jZ^bZgZo��$6,1��$&26�
$7$1�²�j_amevlZl�\�jZ^bZgZo��

• dghidb�i_j_ghkZ�we_f_glh\�ba�kibkdh\�\�ihe_�nhjfmeu�
• p_gljZevgZy�pbnjh\Zy�b�hi_jZpbhggZy�deZ\bZlmjZ��\dexqZ_l�Zjbnf_-

lbq_kdb_�hi_jZpbb�keh`_gby��\uqblZgby��mfgh`_gby��^_e_gby��\ha\_-
^_gby�\�kl_i_gv�����−�������A���fh^mev��a%b�²�©\aylv�a�ih�fh^mex�b»);

• dghidb�ml\_j`^_gby�khklZ\e_gghc�nhjfmeu�beb�__�hlf_gu�k�aZdjulb-
_f�j_^ZdlhjZ�nhjfme�
I_j_ghk�we_f_glZ�ba�kibkdZ�\�ihe_�nhjfmeu�ijhba\h^blky�ih�^\hcgh-

fm�s_eqdm�furvx�beb�`_�ihke_� _]h� \u^_e_gby� \� kibkd_� b� gZ`Zlby� gZ
dghidm�i_j_ghkZ��>ey�baf_g_gby�ihjy^dZ�\uiheg_gby�hi_jZpbc�\�nhjfm-
e_� kem`Zl� djm]eu_� kdh[db��Ml\_j`^_ggZy�nhjfmeZ� [m^_l� aZg_k_gZ� \� l_-
dms__�ihe_�[eZgdZ�nhjfme��m�dhlhjh]h�]hjbl�nhgZjbd��

�����êréjttj¹�wvuv���q�xvknz
êsnrzévtt�p�xwéjkv·tqr��Dhgl_dklgZy�kijZ\dZ�\uau\Z_lky��jbk�

�����ih�gZ`Zlbx� deZ\brb�{'��b� ^Z_l�ihykg_gby�ih� jZ[hl_� k� Zdlb\guf
f_gx��hdghf�beb�\uihegy_fuf�f_lh^hf�ZgZebaZ��ij_h[jZah\Zgb_f�b�l��i�

<hc^y� \� kijZ\hqgbd�� fh`gh� ^Ze__� iml_r_kl\h\Zlv� ih� we_dljhgguf
kkuedZf�beb�`_�i_j_clb�\�h]eZ\e_gb_�b�\ua\Zlv�gm`gmx�jm[jbdm��Z�lZd`_
ijhba\_klb�ihbkd�gm`gh]h�l_jfbgZ�ih�bg^_dkghfm�mdZaZl_ex�

Jbk�������;eZgd�j_^ZdlhjZ�nhjfme
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Jbk�������We_dljhgguc�kijZ\hqgbd�\�j_`bf_�wdki_jlghc�kbkl_fu

êrxwnéztj¹�xqxznuj� Hkh[uf�dhfihg_glhf�kijZ\hqgbdZ�y\ey_lky
wdki_jlgZy�kbkl_fZ��jbk��������dhlhjZy�iha\hebl�ihevah\Zl_ex�ih^h[jZlv
f_lh^�ZgZebaZ�^ey�bf_xsboky�^Zgguo��>ey�\oh^Z�\�wdki_jlgmx�kbkl_fm
gm`gh� \uihegblv� dhfZg^m� ©Ihfhsvª� ba� \_jog_c� dhfZg^ghc� kljhdb� b
\uihegblv�imgdl�©<u[hj�f_lh^Zª�beb�i_j_clb�\�h]eZ\e_gb_�kijZ\hqgbdZ
b�\ua\Zlv�imgdl�©<u[hj�f_lh^Z».

>Ze__� \�ihke_^h\Zl_evguo� wdjZgZo�g_h[oh^bfh� mlhqgblv� lbi� ^Zgguo�
ij_^gZagZq_gguo�^ey�ZgZebaZ��Ihke_�jy^Z�lZdbo�mlhqg_gbc�[m^_l�ij_^eh�
`_gh�g_kdhevdh�\ZjbZglh\�klZlbklbq_kdh]h�ZgZebaZ�\Zrbo�^Zgguo��K^_eZc�
l_�ihke_^gbc�\u[hj��b�gZ�wdjZg_�ihy\blky�hibkZgb_�lj_[m_fh]h�f_lh^Z.   

�����Èy{né�viuntj
;mn_j�f_`ijh]jZffgh]h�h[f_gZ�beb�Clipboard�y\ey_lky�m^h[guf�bah-

[j_l_gb_f�:LQGRZV��Wlhl� [mn_j�fh`_l� khojZgylv� dZd� l_dklh\mx�� lZd� b
]jZnbq_kdmx�bgnhjfZpbx�� aZ[jZggmx�ba�ex[uo�kljZgbp�b�[eZgdh\�beb
\g_rgbo� ijbeh`_gbc��Bf_xsmxky� \� [mn_j_� bgnhjfZpbx�fh`gh� \klZ-
\blv�\�ex[h_�Zdlb\gh_�hdgh�beb�f_gx�ijZdlbq_kdb�ex[h]h�ijbeh`_gby�

Ke_^m_l�� h^gZdh�� ihfgblv�� qlh� ijb� hq_j_^ghf� aZ[hj_� \� [mn_j� gh\hc
bgnhjfZpbb�ij_^u^ms__�kh^_j`bfh_�[mn_jZ�l_jy_lky�

{$USM�+{$��beb�{$USM�+{*OT�� �rvwqévkjz��\u^_e_ggmx�bg-
nhjfZpbx�ba�l_dms_]h�f_gx�beb�hdgZ�\�[mn_j�h[f_gZ�

{$USM�+{9�� beb�{4IJGU�+{%FM�� � m^Zeblv� \u^_e_ggmx� bgnhj-
fZpbx�ba�l_dms_]h�f_gx�beb�hdgZ�b�i_j_g_klb�__�\�[mn_j�h[f_gZ�
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{$USM�+{7��beb�{4IJGU�+{*OT� �kxzjkqz��bgnhjfZpbx�ba�[m-
n_jZ�h[f_gZ�\�Zdlb\gh_�hdgh��we_dljhggmx�lZ[ebpm�beb�f_gx�

Kihkh[u�\u^_e_gby�bgnhjfZpbb�aZ\bkyl�hl�lbiZ�hdgZ�beb�f_gx��DZd
ijZ\beh�� \u^_e_gb_� ijhba\h^blky� ^\b`_gb_f� furb� k� gZ`Zlhc� e_\hc
dghidhc�

<ur_ijb\_^_ggu_� khq_lZgby� deZ\br� f_`[mn_jgh]h� h[f_gZ� ^m[eb-
jmxlky�ihklhyggufb�bgkljmf_glZevgufb�dghidZfb�\�lj_lv_c�kljhd_�wd-
jZgZ��Z�lZd`_�khhl\_lkl\mxsbfb�imgdlZfb�\udb^gh]h�f_gx�imgdlZ�©Hd-
gZª�ba�\_jog_c�dhfZg^ghc�kljhdb�

Ætqujtqn��Bgh]^Z�deZ\brgu_�hi_jZpbb�k�[mn_jhf�h[f_gZ�i_j_klZxl
jZ[hlZlv��Wlh�agZqbl��qlh�\u�kemqZcgh�i_j_dexqbebkv�\�jmkkdbc�j_]bklj
b�\f_klh�{$USM�+{Y��]_g_jbjm_lky�{$USM�+{q�.

�����bqjmtvxzqrj�v¡qivr
;hevrbgkl\h� hrb[hd� ihevah\Zl_ey� �g_ijZ\bevguc� hl\_l�� gZjmr_gb_

lj_[h\Zgbc�klZlbklbq_kdh]h�f_lh^Z��g_\_jgu_�^Zggu_�b�l��i���h[gZjm`b\Z�
_lky�gZ�gZqZevghf�wlZi_�\uiheg_gby�hi_jZpbb�b�khijh\h`^Z_lky�khhl\_l�
kl\mxsbfb�^bZ]ghklbdZfb�gZ�ihy\eyxs_cky�bgnhjfZpbhgghc�iZg_eb�

H^gZdh� \� hl^_evguo� kemqZyo�g_dhlhjZy� hrb[dZ�� dhlhjmx�g_� m^Zehkv
kjZam� h[gZjm`blv�� fh`_l� ih\e_qv� ij_ju\Zgb_� \uiheg_gby� hq_j_^ghc
hi_jZpbb�k�\u^Zq_c�kbkl_fgh]h�ij_^mij_`^_gby��Lh]^Z�g_h[oh^bfh�ijh�
\_jblv��ijZ\bevgh�eb�ih^]hlh\e_gu�bkoh^gu_�^Zggu_�^ey�\u[jZggh]h�f_�
lh^Z�b�dhjj_dlgu�eb�^_ckl\by��ij_^r_kl\mxsb_�hrb[d_��Gb`_�ijb\_^_g
kibkhd�ij_^mij_`^_gbc�h[�hrb[dZo�\�ZenZ\blghf�ihjy^d_�
�>:GGU?�G?�>EY�><MO�J?=J?KKBC��²��^Zggu_�\�we_dljhgghc�lZ[-
ebp_�g_�khhl\_lkl\mxl�f_lh^m�kjZ\g_gby�^\mo�j_]j_kkbc�

�>:GGU?�G?�>EY�L:;MEYPBB��²��\\_^_ggu_�\�we_dljhggmx�lZ[ebpm
^Zggu_�g_�ih^oh^yl�^ey�dZl_]hjbZevgh]h�ZgZebaZ�

�>BKI?JKBY ��>EY�G?DHLHJHC�I?J?F?GGHC��²��g_dhlhjZy�i_�
j_f_ggZy�h[eZ^Z_l�gme_\hc�^bki_jkb_c�

�>EBG:�I?J?F?GGHC�;HEVR?�>HIMKLBFHC��²��qbkeh�agZq_gbc
g_dhlhjhc�i_j_f_gghc�[hevr_�fZdkbfZevgh�^himklbfh]h�h[t_fZ��hi-
j_^_ey_lky�ihklZ\ey_fhc�fh^bnbdZpb_c�67$',$��

AZf_g_gh�g_^himklbfuo�Zj]mf_glh\� �Q�²�ijb�\uiheg_gbb�ij_h[jZah\Z-
gby�qZklv�g_^himklbfuo�Zj]mf_glh\�aZf_g_gh�gmeyfb�

�BAF?J?GBC������²��^ey�nZdlhjgh]h�ZgZebaZ�m�\u[jZgguo�i_j_f_gguo
kebrdhf�fZeh�baf_j_gbc�

�BAF?J?GBC�F?GVR?�Q?F�I?J?F?GGUO��²�fZljbpZ�^Zgguo�kh-
^_j`bl�baf_j_gbc�f_gvr_��q_f�i_j_f_gguo��qlh�g_�^himkdZ_lky�\u-
[jZgguf�f_lh^hf�

�F:EH�AG:Q?GBC�I?J?F?GGUO��²�m�\u[jZgguo�i_j_f_gguo
kebrdhf�fZeh�baf_j_gbc�
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�F?LH>�G?IJBF?GBF�IJB�L:DBO�I:J:F?LJ:O��²�bkoh^gu_
^Zggu_�beb�mklZgh\e_ggu_�iZjZf_lju�g_�m^h\e_l\hjyxl�lj_[h\Zgbyf
bkihevam_fh]h�f_lh^Z�

�FGH=H�I?J?F?GGUO��²�\�^bkdjbfbgZglghf�ZgZeba_�\u[jZgh
kebrdhf�fgh]h�i_j_f_gguo��hij_^_ey_lky�ihklZ\ey_fhc�fh^bnbdZpb-
_c�67$',$��

�FGH=H�I?J?F?GGUO�BEB�BAF?J?GBC��²�\�deZkl_jghf�ZgZeba_
\u[jZgh�kebrdhf�fgh]h�i_j_f_gguo�beb�baf_j_gbc�

GZjmr_g�nZceh\uc�khklZ\�67$',$�²�gZ�`_kldhf�^bkd_�g_^hklZ_l�g_dh-
lhjuo�kbkl_fguo�nZceh\�²�g_h[oh^bfh�\hkklZgh\blv�dhgnb]mjZpbx�k
^bkd_lu�dhibb�

�G?<?JG:Y�GMF?J:PBY�DE:KKH<�BEB�DE:KKH<����²�ghf_jZ
deZkkh\�\�^Zgguo�^ey�^bkdjbfbgZglgh]h�ZgZebaZ�g_�y\eyxlky�p_eufb
qbkeZfb�\�bgl_j\Ze_�hl���^h�N�[_a�ijhimkdh\�

�G?>HKL:LHQGH�>:GGUO�>EY�=J:NBD:��²�^ey�\u[jZggh]h�lbiZ
]jZnbdZ�g_^hklZlhqgh�mdZaZgguo�i_j_f_gguo�

�G?D<:>J:LG:Y�F:LJBP:��²�bkihevam_fuc�f_lh^�lj_[m_l�d\Z^jZl-
ghc�fZljbpu�^Zgguo�

�G?J:<G:Y�>EBG:�I?J?F?GGUO�²�F?LH>�G?IJBF?GBF��²
\u[jZgguc�f_lh^�ZgZebaZ�lj_[m_l�mdZaZgby�i_j_f_gguo��bf_xsbo
jZ\gh_�dhebq_kl\h�agZq_gbc�

�G?KHHL<?LKL<B?�FH>?EB��²�\�j_]j_kkbhgghc�fh^_eb�qbkeh�dh-
wnnbpb_glh\�f_gvr_�^\mo�beb�[hevr_�qbkeZ�baf_j_gbc��beb�i_j_f_g-
guo�f_gvr_�^\mo�

�G?L�F?KL:�G:�>BKD?��²�^bkd�g_�kh^_j`bl�^hklZlhqgh�k\h[h^gh]h
f_klZ�^ey�aZibkb�nZceZ�^Zgguo�

�G?�MD:A:G�N:CE��²�g_�mdZaZg�nZce�ql_gby�beb�aZibkb�
�HRB;D:�QBKE:�=J:>:PBC�N:DLHJ:����²�qbkeh�mjh\g_c�i_j\h]h
nZdlhjZ��mdZaZggh_�\�^bZeh]_�^\monZdlhjgh]h�ZgZebaZ�k�ih\lhjgufb
baf_j_gbyfb�g_�djZlgh�qbkem�i_j_f_gguo�\�fZljbp_�^Zgguo�

���!�I?J?F?GGUO�!�Q��²�^ey�bkihegy_fh]h�f_lh^Z�\u[jZgh�kebrdhf
fZeh�beb�fgh]h�i_j_f_gguo�

�I?J?F?GGUO������²�\�^bkdjbfbgZglghf�ZgZeba_�mdZaZgh�fZeh_�qbkeh
i_j_f_gguo�

�I?J?F?GGUO�!�Q��^ey�bkihegy_fh]h�f_lh^Z�\u[jZgh�kebrdhf�fgh]h
i_j_f_gguo���hij_^_ey_lky�ihklZ\ey_fhc�fh^bnbdZpb_c�67$',$��

I_j_iheg_gZ�iZfylv��n�²�ihiuldZ�\\_klb�\�we_dljhggmx�lZ[ebpm�^Zgguo�
[hevr_�__�jZaf_jZ�n��hij_^_ey_lky�ihklZ\ey_fhc�fh^bnbdZpb_c
STADIA).

�IJ?<UR?G�EBFBL�BL?J:PBC��²�\�j_]j_kkbhgghc�ijhp_^mj_�m^h\-
e_l\hjbl_evgh_�j_r_gb_�g_�gZc^_gh�\�^himklbfhf�qbke_�bl_jZpbc�

�KBG=MEYJG:Y�F:LJBP:��J?R?GB?�G?<HAFH@GH��²��^Zggu_�
bkihevah\Zggu_�^ey�\u[jZggh]h�f_lh^Z��bf_xl�hkh[_ggh_�jZkij_^_e_�
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gb_��g_�iha\heyxs__�h^ghagZqgh�jZkkqblZlv�fh^_ev��gZijbf_j��\k_�wd�
ki_jbf_glZevgu_�lhqdb�jZkiheh`_gu�gZ�P±��f_jghc�iehkdhklb��

�QBKEH�;BGH<�=BKLH=J:FFU������²��mdZaZgh�fZeh_�qbkeh�bgl_j-
\Zeh\�^ey�jZkq_lZ�]bklh]jZffu�

MagZcl_�m�ihklZ\sbdZ�iZjhev�ih�dh^m���FRGH!�²�ijhbahreb�baf_g_gby�\
dhgnb]mjZpbb�dhfivxl_jZ��ke_^m_l�k\yaZlvky�k�ihklZ\sbdhf�67$',$
b�magZlv�m�g_]h�iZjhev�ih�\u^Z\Z_fhfm�dh^m�

Gb`_ke_^mxsb_�^bZ]ghklbdb�hlghkylky�d�\\h^bfuf�nhjfmeZf�jZaebq-
gh]h� lbiZ��;hevrbgkl\h�^bZ]ghklbd� khijh\h`^Z_lky�mdZaZgb_f�dhgl_dklZ
h[gZjm`_gby�hrb[db�beb�ihjy^dh\uf�ghf_jhf�kbf\heZ�\�nhjfme_�

�I?J?F?GGUO�<�NHJFME?�!����
�L?DKLH<:Y�DHGKL:GL:�G?>HIMKLBF:�
�G?L�DHGP:�L?DKL:�
�HRB;D:�DHGKL:GLU�
G_l�lZdh]h�jZa^_ebl_ey�
G_l�lZdhc�nmgdpbb�
G_l�lZdhc�i_j_f_gghc�
G_l�aZdju\Zxs_c�kdh[db
Hrb[dZ�hi_jZpbb�



sjkj���

è¬ÈÌÒ¬�f�b¬ËËÔÎÊ
©B[h�fgh]h�a\Zguo�

Z�fZeh�ba[jZgguoª

>hl�FZln���������@

GZklhysZy�]eZ\Z�kh^_j`bl�\k_�k\_^_gby��g_h[oh^bfu_�^ey�hi_jbjh\Z-
gby� k� bgnhjfZpb_c�� ij_^gZagZq_gghc� ^ey� ihke_^mxs_]h� ZgZebaZ�� \\h^
^Zgguo�k�deZ\bZlmju�beb�ba�^bkdh\h]h�Zjob\Z��bfihjl�wdkihjl�^Zgguo�\
jZaebqguo�nhjfZlZo�b�ij_^\Zjbl_evgu_�ij_h[jZah\Zgby�^Zgguo�

�����êsnrzévttj¹�zjisq|j
We_dljhggZy�lZ[ebpZ��jbk�������ij_^klZ\ey_l�kh[hc�fZljbpm�^ey�\\h-

^Z�� khojZg_gby�� j_^Zdlbjh\Zgby� b� ij_h[jZah\Zgby� ^Zgguo�� \� dhlhjhc
klhe[pu�hl\_qZxl�i_j_f_gguf�� Z� kljhdb�²�baf_j_gbyf�beb�h[t_dlZf�
We_f_glu�lZ[ebpu�fh]ml�kh^_j`Zlv�dZd�qbkeh\u_��lZd�b�kbf\hevgu_��gh-
fbgZevgu_�� agZq_gby�� h^gZdh� ihke_^gb_� bkihevamxlky�� \� hkgh\ghf�� g_
^ey�\uqbke_gbc��Z�\�bgnhjfZpbhgguo�p_eyo��<_jogb_�k_ju_�yq_cdb�lZ[-
ebpu�ij_^gZagZq_gu�^ey�gZbf_gh\Zgbc�i_j_f_gguo��Z�e_\u_�k_ju_�yq_c-
db�²�^ey�gZbf_gh\Zgbc�baf_j_gbc�beb�h[t_dlh\�

Jbk�������We_dljhggZy�lZ[ebpZ�k�fZljbp_c�^Zgguo��\dexqZxs_c�bf_gZ�i_j_f_g-
guo�b�bf_gZ�h[t_dlh\
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Ækvl�x�rsjkqjzyé�� Qlh[u�\\_klb�beb�baf_gblv�dhgdj_lgh_�agZq_-
gb_� \� we_dljhgghc� lZ[ebp_� ijhklh� k^_eZcl_� _]h� ihabpbx� Zdlb\ghc —
l_fgh]h�p\_lZ��s_edgm\�ih�g_c�mdZaZl_e_f�furb�beb�bkihevamy�deZ\brb
^\b`_gby� dmjkhjZ�� b� gZ[_jbl_� gh\h_� agZq_gb_� �gZ`Zlb_� ihke_� wlh]h
{&OUFS��\e_q_l�i_j_oh^�d�ke_^mxs_c�ihabpbb��
Êoviéj ntqn�·qxns� >ey�ij_^klZ\e_gby�agZq_gbc�\�lZ[ebp_�hl\_-

^_gh�\hk_fv�ihabpbc��ihwlhfm��_keb�agZq_gb_�ij_\urZ_l�wlhl�jZaf_j��lh
\hkihevamcl_kv�jZkrbj_gguf�ihe_f�j_^Zdlbjh\Zgby�\�lj_lv_c� wdjZgghc
kljhd_��kh^_j`Zs_c�bgkljmf_glZevgu_�dghidb�

QbkeZ�h[uqgh�aZibku\Zxlky�\�gZmqghc�ghlZpbb��dh]^Z�hq_gv�[hevrb_
b�hq_gv�fZeu_�agZq_gby�ij_^klZ\e_gu�k�^_kylbqguf�fgh`bl_e_f��ihdZaZ-
l_ev�dhlhjh]h�ke_^m_l�aZ�kbf\hehf�©?ª��gZijbf_j�����?−��khhl\_lkl\m_l
0.0028.
Ìi�qn�vwnéj|qq� <�jZfdZo�we_dljhgghc�lZ[ebpu�jZ[hlZxl�h[sb_

hi_jZpbb� ql_gby�� aZibkb� b� hqbkldb� kh^_j`bfh]h� �kf�� jZa^�� ������ i_qZlb
�kf��jZa^�������b�[mn_jZ�h[f_gZ��kf��jZa^�������
èjouné�¹·nnr��Bkoh^gu_�wdjZggu_�jZaf_ju�yq__d�we_dljhgghc�lZ[-

ebpu�fh]ml�[ulv�i_j_mklZgh\e_gu��kf��©GZkljhcdbª�jZa^�������
fqukvs�t�n�wnénuntt�n� <�dZq_kl\_� agZq_gbc�i_j_f_gguo�fh-

]ml� [ulv� bkihevah\Zgu� g_� lhevdh� qbkeh\u_�� gh� b� kbf\hevgu_� agZq_gby.
Qbkeh\u_� agZq_gby�fh]ml� [ulv� ij_h[jZah\Zgu� \� kbf\hevgu_� b� h[jZlgh
ihkj_^kl\hf�hi_jZpbb�dh^bjh\Zgby��kf��jZa^�������
Ëjquntvkjtq¹�wnénuntt�}� >ey�baf_g_gby�gZbf_gh\Zgby�i_j_-

f_gghc� \u^_ebl_� __� klhe[_p�s_eqdhf�furb�ih� \_jog_c� k_jhc� yq_cd_�b
ijhba\_^bl_� baf_g_gb_� bf_gb� \� jZkrbj_gghf� ihe_� j_^Zdlbjh\Zgby� \
lj_lv_c�kljhd_�bgkljmf_glZevguo�dghihd�
Ëjquntvkjtq¹� vi~nrzvk� >ey� baf_g_gby� gZbf_gh\Zgby� h[t_dlZ

\u^_ebl_�_]h�kljhdm�s_eqdhf�furb�ih�e_\hc�k_jhc�yq_cd_�b�ijhba\_^bl_
baf_g_gb_�bf_gb� \� jZkrbj_gghf�ihe_� j_^Zdlbjh\Zgby� \� lj_lv_c� kljhd_
bgkljmf_glZevguo�dghihd�
Ínén}vl�� I_j_oh^�d�ke_^mxsbf�ihabpbyf�lZ[ebpu�hkms_kl\ey_lky

deZ\brZfb�^\b`_gby�dmjkhjZ��Z�kf_gZ�kljZgbp�²�deZ\brZfb�{1BHF6Q�,
{1BHF%PXO���>ey�[ukljh]h�i_j_f_s_gby�ih�lZ[ebp_�bkihevamcl_�ebg_c-
db�ijhdjmldb�\gbam�b�kijZ\Z�wdjZgZ��mijZ\ey_fu_�furvx�
Ïljsntq¹� M^Ze_gb_�qbkeZ�\� l_dms_c�ihabpbb�ijhba\h^blky�deZ\b-

r_c�{%FM���>ey�m^Ze_gby�\k_c�i_j_f_gghc�\u^_ebl_�\_kv� __� klhe[_p�b
gZ`fbl_�deZ\brm�{%FM�.
Ìwnéj|qq� x�{éjmuntzjuq� <� lZ[ebp_�fh`gh� lZd`_� \u^_eylv� b

hl^_evgu_� njZ]f_glu� ^Zgguo�� >ey� wlh]h� ih^\_^bl_� furv� d� \_jog_fm
e_\hfm� njZ]f_glm� ^Zgguo�� gZ`fbl_� e_\mx� deZ\brm� b�� g_� hlimkdZy� __�
\_^bl_� furv� d� ijZ\hfm� gb`g_fm� djZx� njZ]f_glZ�� >Ze__� \u^_e_gguc
njZ]f_gl�fh`gh�m^Zeblv� �deZ\br_c�{%FM���� kdhibjh\Zlv�beb� aZ[jZlv�\
[mn_j�f_`ijh]jZffgh]h�h[f_gZ��beb�\klZ\blv�ba�g_]h��kf��jZa^�������
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Ínénun�ntqn�wnénuntt�}� Fh`gh� lZd`_�i_j_f_klblv�hl^_ev-
gu_�i_j_f_ggu_�\�lZ[ebp_��>ey�wlh]h�ih^\_^bl_�mdZaZl_ev�furb�d�bf_gb
i_j_f_gghc��gZ`fbl_�ijZ\mx�dghidm�furb�b��g_�hlimkdZy�__��\_^bl_�mdZ-
aZl_ev� �hg� baf_gbl� k\hx� ijb\uqgmx� nhjfm� gZ� klj_edm� k� ebkldhf�� ^h
bf_gb�i_j_f_gghc�gZagZq_gby��A^_kv�hlimklbl_�dghidm�furb��b�i_j_f_g-
gZy�[m^_l�\klZ\e_gZ�\�mdZaZggh_�f_klh��Ijb�g_h[oh^bfhklb�fh`gh�aZl_f
m^Zeblv�bkoh^gmx�i_j_f_ggmx�

;he__�keh`gu_�hi_jZpbb�k�hi_jZpbb�k�^Zggufb�\�we_dljhgghc�lZ[ebp_
ijhba\h^ylky�kj_^kl\Zfb�[ehdZ�ij_h[jZah\Zgbc��kf��jZa^�������

Çvtznrxztvn� untí�� Dhgl_dklgh_
f_gx�\uau\Z_lky�gZ`Zlb_f�ijZ\hc�dghi-
db�furb�b�^m[ebjm_l�jy^�hi_jZpbc�k�[m-
n_jhf� h[f_gZ� b� m^Ze_gby� kljhd� b� i_j_-
f_gguo�
Íénlxzjksntqn� ljtt�}�� NhjfZ

ij_^klZ\e_gby�bkoh^guo�^Zgguo��h^gZ�beb�^\_�i_j_f_ggu_��fZljbpZ�beb
ik_\^hfZljbpZ�^Zgguo��^he`gZ�hl\_qZlv�lj_[h\Zgbyf�dhgdj_lgh]h�klZlb�
klbq_kdh]h�f_lh^Z��K�wlbfb�lj_[h\Zgbyfb�fh`gh�ihagZdhfblvky�\�hibkZ�
gbb�klZlbklbq_kdbo�f_lh^h\�
Ìméjtq·ntq¹�� H[t_f� we_dljhgghc� lZ[ebpu� hij_^_ey_lky� ihklZ\-

e_gghc�fh^bnbdZpb_c�iZd_lZ�b�fh`_l�^hoh^blv�^h���������Z�qbkeh�i_j_�
f_gguo��klhe[ph\��²�^h�����

�����ïzntqn��ojwqx��q�yljsntqn
�������{jpsvk

<\h^� ^Zgguo� \� we_dljhggmx� lZ[ebpm� b� aZibkv� kh^_j`Zsboky� \� g_c
^Zgguo�\�^bkdh\uc�Zjob\�\hafh`gu��dh]^Z�kljZgbpZ�Dat �k�we_dljhgghc
lZ[ebp_c� y\ey_lky� Zdlb\ghc��Hi_jZpbb� ql_gby�� aZibkb�b� hqbkldb� ^_ckl-
\mxl� ZgZeh]bqguf� h[jZahf� ^ey� kljZgbpu� j_amevlZlh\� �jZa^�� ����� b� ^ey
kljZgbp�]jZnbdh\��jZa^�������

{'�� �−�·zntqn� Hi_jZpby�ql_gby�^Zgguo�\uihegy_lky�ba�\udb^gh-
]h�f_gx�imgdlZ�©NZceuª��Z�lZd`_�ih�gZ`Zlbx�gZ�[ukljmx�nmgdpbhgZev-
gmx�deZ\brm�{'���beb�`_�gZ�dghidm�wdjZgghc�kljhdb�bgkljmf_glh\�

fsq¹tqn�{jpsvk��?keb�\�jZ[hq_f�ijhkljZgkl\_�m`_�bf_xlky�^Zggu_�
lh�i_j_^�ql_gb_f�nZceh\�\u^Z_lky� aZijhk�� ©Hqbklblv�h[eZklv�hl�^Zg-
guo��>Z�G_l�"ª�<�kemqZ_�hljbpZl_evgh]h�hl\_lZ�\\h^bfu_�^Zggu_�[m^ml
^h[Z\e_gu� d�bf_xsbfky�� qlh�iha\hey_l� keb\Zlv�g_kdhevdh�nZceh\� ^Zg-
guo�\�we_dljhgghc�lZ[ebp_�

{'�� �−�ojwqx�� Hi_jZpby�aZibkb�kh^_j`bfh]h�Zdlb\ghc�kljZgbpu
\uihegy_lky�ba�\udb^gh]h�f_gx�imgdlZ�©NZceuª��Z�lZd`_�ih�gZ`Zlbx�gZ
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[ukljmx�nmgdpbhgZevgmx�deZ\brm�{'���beb�`_�gZ�\lhjmx�ke_\Z�dghidm
ba�lj_lv_c�wdjZgghc�kljhdb�

{'�� �Û�v·qxzqz�. Qlh[u�hqbklblv�kh^_j`bfh_�Zdlb\ghc�kljZgbpu
gZ`fbl_�deZ\brm�{'���beb�`_�\uihegbl_�khhl\_lkl\mxsbc�ih^imgdl�ba
imgdlZ�©NZceuª�\_jog_c�dhfZg^ghc�kljhdb�
Ðvéujz�� ljtt�}� Qbkeh\u_� ^Zggu_� gZ� ^bkd_� fh]ml� ojZgblvky� \

qbkeh\hf��l_dklh\hf�b�DBF±�nhjfZlZo��Qbkeh\hc�nhjfZl�[he__�dhfiZd�
l_g�b�[he__�[uklj�ijb�ql_gbb�b�aZibkb��AZibkZggu_�\�wlhf�nhjfZl_�nZc�
eu�bf_xl�lbi�.STD.

DBF±nhjfZl�h[_ki_qb\Z_l�kh\f_klbfhklv�k�kbkl_fZfb�mijZ\e_gby�[Z�
aZfb� ^Zgguo�DBase–II, III, IV� b� k� [hevrbf� qbkehf� ^jm]bo� iZd_lh\�� ^h�
imkdZxsbo�wdkihjl�bfihjl�nZceh\�\�wlhf�nhjfZl_�

NZceu��aZibkZggu_�\�l_dklh\hf�nhjfZl_ (ASCII±nZceu���fh]ml�[ulv
h[jZ[hlZgu�ex[uf�\g_rgbf�l_dklh\uf�j_^Zdlhjhf��<�l_dklh\hf�nZce_
^Zgguo�i_j\Zy�kljhdZ�fh`_l�kh^_j`Zlv��beb�`_�g_�kh^_j`Zlv��bf_gZ�i_�
j_f_gguo��ihke_^mxsb_�kljhdb�kh^_j`Zl�agZq_gby�i_j_f_gguo��<�dZq_�
kl\_�jZa^_ebl_e_c�^ey�qbk_e�b�bf_g�i_j_f_gguo�\�kljhd_�fh]ml�bkihevah�
\Zlvky� ijh[_eu�� agZdb� lZ[meypbb� beb� aZiylu_��NjZ]f_glu� kljhd�� gZqb-
gZxsb_ky�k�kbf\heZ�©lhqdZ�k�aZiylhcª��kqblZxlky�dhff_glZjbyfb�b�ijb
\\h^_�b]ghjbjmxlky�
Èsjtr�·zntq¹�ojwqxq� Ql_gb_�aZibkv�nZceh\�^Zgguo�ijhba\h^bl-

ky�kj_^kl\Zfb�klZg^Zjlgh]h�wdjZggh]h�[eZgdZ��jbk�����−3.4).

Z [

>ey�emqr_c�hjb_glbjh\db�hlghkbl_evgh�ij_^f_lgh]h�kfukeZ�nZceh\�\
gb`g_c�kljhd_�[eZgdZ�\u\h^blky�dhff_glZjbc�d�l_dms_fm�nZcem��jbk������
Z���Dhff_glZjbc�fh`_l�[ulv�baf_g_g�i_j_^�aZibkvx�nZceZ��kf��gb`_��

Jbk�������;eZgd�ql_gby�nZceh\��Z Û�h[uqguc�\b^��[ Û�k�hdghf�iZihd
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>ey� i_j_f_s_gby� ih� [hevrbf� Zjob\Zf�� h]eZ\e_gby� dhlhjuo� g_� mf_-
sZxlky� gZ� wdjZg_�� kem`Zl� ebg_cdb� i_j_f_s_gby� b� deZ\brb
{1BHF%PXO�, {1BHF6Q���Djhf_�lh]h��^ey�[ukljh]h�i_j_oh^Z�d�gm`ghfm
nZcem�fh`gh�gZ`Zlv�deZ\brm�i_j\h]h�kbf\heZ�ba�_]h�bf_gb�²�b�h]eZ\-
e_gb_�k^\bg_lky�d�bf_gb�i_j\h]h�ba�lZdbo�nZceh\�
funtj�jé}qkj��?keb�gm`gu_�nZceu�jZkiheh`_gu�\�^jm]hf�Zjob\_

�iZid_���lh�gZ`fbl_�dghidm�©>_j_\h�iZihdª�b�\�ijZ\hc�qZklb�[eZgdZ�ihy-
\blky�^_j_\h�iZihd�l_dms_]h�^bkdZ��Z�\gbam�Û�kibkhd�eh]bq_kdbo�^bkdh\
�jbk������ [���<u[_jbl_�gm`guc�^bkd�b�iZidm�\�g_f�b�\�[eZgd_�[m^_l�\u^Z-
gh� h]eZ\e_gb_� mklZgh\e_ggh]h� Zjob\Z� �qlh[u� jZa\_jgmlv� iZidm�� fh`_l
ihlj_[h\Zlvky�s_eqhd�furvx�ih�g_c���>ey�hlf_gu�hdgZ�iZihd� _s_�jZa
gZ`fbl_�dghidm�©>_j_\h�iZihdª�

ïzntqn�{jpsj� Ijb�ql_gbb�nZceZ�s_edgbl_�^\Z`^u�ih�bf_gb�nZc-
eZ�\�h]eZ\e_gbb�l_dms_]h�Zjob\Z�beb�`_�\u[_jbl_�nZce�ba�h]eZ\e_gby�b
gZ`fbl_�{&OUFS���?keb�`_�\u�i_j_^mfZeb��lh�gZ`fbl_�deZ\brm�{&TD�
^ey�hlf_gu�[eZgdZ�beb�bkihevamcl_�dghidm�aZdjulby�hdgZ�

Ìi~nlqtntqn� {jpsvk� ?keb� \� we_dljhgghc� lZ[ebp_� m`_� bf_xlky
^Zggu_��lh�ijb�ql_gbb�nZceh\�\u^Z_lky�aZijhk��©Hqbklblv�we_dljhggmx
lZ[ebpm� �>Z�G_l�"ª� <� kemqZ_� hljbpZl_evgh]h� hl\_lZ� \\h^bfu_� ^Zggu_
[m^ml� ^h[Z\e_gu� d� bf_xsbfky�� qlh� iha\hey_l� h[t_^bgylv� g_kdhevdh
nZceh\�^Zgguo�^ey�kh\f_klgh]h�ZgZebaZ�b�i_j_dhfihgh\db�
Ívqxr�k�rvuuntzjéq¹}� >ey�emqr_c�hjb_glZpbb�\�[hevrbo�Zjob-

\Zo� \�[eZgd_�ql_gby�ij_^mkfhlj_gh� \udb^gh_�f_gx� �ihdZaZgh� \�ijZ\hf
e_\hf�m]em�jbk��������\uau\Z_fh_�ih�gZ`Zlbx�dghidb�©F_gxª�

<� wlhf� f_gx� _klv� dghidZ
ihbkdZ� nZceh\� b� dghidZ� dhf-
f_glZjb_\��Ijb� gZ`Zlbb� dghi-
db� dhff_glZjb_\� \� ijZ\hf� ih-
emhdg_� [eZgdZ� ihy\eyxlky
dhff_glZjbb� d� kibkdm� nZceh\
�jbk�� ������ >ey� hlf_gu� hdgZ
dhff_glZjb_\� ih\lhjgh� gZ-
`fbl_�dghidm�©Dhff_glZjbbª.

DghidZ� ©Ihbkdª� iha\hey_l
\u\h^blv� \� kibkhd� lhevdh� l_
nZceu��\�dhff_glZjbyo�dhlhjuo
\klj_qZ_lky� aZ^Zgguc� dhgl_dkl�
Dhgl_dkl� beb� h[jZa_p� ihbkdZ
aZ^Z_lky� \� gb`_jZkiheh`_gghf
ihe_� \\h^Z�� GZijbf_j�� ijb� aZ-
^Zgbb� \� ihe_� \\h^Z� dhgl_dklZ
«f_jª��\�kibkhd�[m^ml�hlh[jZgu
lhevdh� nZceu�� kh^_j`Zsb_� \

Jbk�������;eZgd�ql_gby�k�\udb^guf�f_gx�b
hdghf�dhff_glZjb_\�nZceh\
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k\hbo�dhff_glZjbyo�©baf_j_gbyª��©jZaf_jª��©f_juª�b�l��i�
Ihe_� \\h^Z� kgZ[`_gh� dghidhc� \udb^gh]h� kibkdZ� jZg__� \\_^_gguo

dhgl_dklh\�� ba� dhlhjh]h� fh`gh� ijhklh� \u[jZlv� gm`guc� dhgl_dkl�� >ey
lh]h�qlh[u�baf_gblv�bf_xsbcky�dhgl_dkl�\�kibkd_��gZ^h�kgZqZeZ�_]h�\u-
[jZlv�ba�kibkdZ��Z�aZl_f�hlj_^Zdlbjh\Zlv�\�ihe_�\\h^Z�

Ijb� bkiheg_gbb� ihbkdZ� k� imkluf� dhgl_dklhf� \u^Z_lky� \_kv� kibkhd
nZceh\�
Êuwvéz�ljtt�}� >ey�bfihjlZ�^Zgguo�� aZibkZgguo�\�^jm]hf�nhj-

fZl_� �gZijbf_j�� \� l_dklh\hf�nhjfZl_� beb�DBF-III �nhjfZlZo��� \u[_jbl_
khhl\_lkl\mxsbc�imgdl�ba�\uiZ^Zxs_]h�kibkdZ�lbiZ�nZceh\��ihke_�q_]h
h]eZ\e_gb_� h[gh\blky� k� \u^Zq_c� kibkdZ� TXT±� beb� DBF±nZceh\�� Ihke_
wlh]h�\uihegbl_�\ur_hibkZgguc�\u[hj�ih�h]eZ\e_gbx�

>Zggu_�^ey�ql_gby�\�l_dklh\hf�nhjfZl_�^he`gu�m^h\e_l\hjylv�ke_-
^mxsbf�mkeh\byf�
• dZ`^Zy�l_dklh\Zy�kljhdZ�kh^_j`bl�ihke_^h\Zl_evghklv�agZq_gbc�i_j_-

f_gguo�^ey�h^ghc�kljhdb�fZljbpu�^Zgguo�
• \�dZq_kl\_�jZa^_ebl_e_c�f_`^m�qbkeZfb�fh`_l�bkihevah\Zlvky�ex[h_

qbkeh�ijh[_eh\��Z�lZd`_�aZiylu_�beb�kbf\heu�lZ[meypbb�
• i_j\Zy�l_dklh\Zy�kljhdZ�fh`_l�\dexqZlv�kibkhd�bf_g�i_j_f_gguo�

_keb�`_�i_j\h_�agZq_gb_�i_j\hc�kljhdb�y\ey_lky�qbkehf��lh�\ky�hgZ
bgl_jij_lbjm_lky�dZd�i_j\Zy�kljhdZ�^Zgguo�

• ijb�g_h[oh^bfhklb�bfihjlbjh\Zlv�bf_gZ�h[t_dlh\�g_h[oh^bfh�bo
i_j_qbkeblv�\�i_j\hf�klhe[p_�l_dklh\h]h�nZceZ��Z�i_j\uf�\�kljhd_
bf_g�i_j_f_gguo�ihklZ\blv�keh\h�©h[t_dluª�
Íéqun·jtqn��?klv� g_dhlhjZy� lhgdhklv� ijb� bfihjl_� l_dklh\uo�nZc-

eh\��klhe[pu�dhlhjuo�bf_xl�jZagmx�^ebgm��<�wlhf�kemqZ_�\�dZq_kl\_�jZa-
^_ebl_e_c� we_f_glh\� \� kljhdZo�ij_^ihqlbl_evgh�bf_lv� agZdb� lZ[meypbb
beb� aZiylu_�� Z� g_^hklZxsb_� ^h� d\Z^jZlghc�fZljbpu� we_f_glu� ^he`gu
[ulv� ij_^klZ\e_gu� imklufb�f_klZfb��<� ijhlb\ghf� kemqZ_� ihke_� \\h^Z
g_dhlhju_�we_f_glu�fh]ml�[ulv�kf_s_gu�\�e_\u_�klhe[pu�

djwqx��{jpsj� >ey�aZibkb�nZceZ�g_h[oh^bfh�\�[eZgd_�aZibkb��jbk�
�����\\_klb�bfy�nZceZ�\�ihe_�\\h^Z�b�gZ`Zlv�dghidm�©AZibkZlv�nZceª�beb
deZ\brm�{&OUFS���>ey�aZibkb�^Zgguo�\�m`_�bf_xsbcky�nZce�^hklZlhq-
gh�^\Z`^u�s_edgmlv�ih�bf_gb�nZceZ�\�h]eZ\e_gbb��Ijb�h^bgZjghf�s_eq-
d_�ih�bf_gb�nZceZ�hgh�i_j_ghkblky�\�ihe_�\\h^Z�bf_gb�nZceZ�aZibkb�

?keb� `_� \u� i_j_^mfZeb�� lh� gZ`fbl_� deZ\brm� {&TD�� ^ey� hlf_gu
[eZgdZ�aZibkb�beb�bkihevamcl_�dghidm�aZdjulby�hdgZ�
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Çvuuntzjéqp� I_j_^� aZ-
ibkvx� nZceZ� hq_gv� ihe_agh
knhjfbjh\Zlv� beb� h[gh\blv
_]h�dhff_glZjbc�\�ihe_�\\h^Z
gb`g_c� kljhdb� [eZgdZ�� >ey
wlh]h�i_j_\_^bl_�lm^Z�dmjkhj�b
\\_^bl_� dhff_glZjbc� beb� hl-
j_^Zdlbjmcl_� bf_xsbcky�� GZ-
ebqb_�ih^h[guo�dhff_glZjb_f
hq_gv�h[e_]qbl�hjb_glbjh\dm�\
g_h[hajbfuo� Zjob\Zo� ^Zgguo�
dhlhju_� jZgh� beb� iha^gh� \ha-
gbdgml��H� bkihevah\Zgbb� dhf-
f_glZjb_\� kf�� \ur_� \� ql_gbb
nZceh\.
êrxwvéz� ljtt�}� >ey

wdkihjlZ� ^Zgguo� \� ^jm]hf
nhjfZl_� �gZijbf_j�� \� l_dklh-

\hf� ASCII±� beb�DBF±� nhjfZlZo��� \u[_jbl_� khhl\_lkl\mxsbc� imgdl� ba
\uiZ^Zxs_]h�f_gx�lbiZ�nZceh\��ihke_�q_]h�h]eZ\e_gb_�h[gh\blky�k�\u-
^Zq_c� kibkdZ�TXT–, TAB±�beb�DBF±nZceh\��Ihke_� wlh]h� \uihegbl_� \u-
r_hibkZggu_�hi_jZpbb�aZibkb�

>Zggu_� ^ey� aZibkb� \�l_dklh\hf�nhjfZl_� [m^ml� jZa^_eylvky�ijh[_-
eZfb�beb�`_�agZdZfb�lZ[meypbb�\�aZ\bkbfhklb�hl�\u[jZggh]h�lbiZ� �TXT
beb� TAB���I_j\Zy� kljhdZ� bfihjlbjm_fh]h� nZceZ� kh^_j`bl� bf_gZ� i_j_-
f_gguo��?keb�e_\uc��h[t_dlguc��k_jh]h�p\_lZ��klhe[_p�we_dljhgghc�lZ[-
ebpu�kh^_j`bl�hjb]bgZevgu_�bf_gZ�h[t_dlh\��lh�i_j\uf�klhe[phf�l_d-
klh\h]h�nZceZ� [m^_l� kibkhd� bf_g� h[t_dlh\��Ijb� wlhf� i_j\uf� \� kljhd_
bf_g�i_j_f_gguo�[m^_l�keh\h�©H[t_dluª�

Ïljsntqn�{jpsj� Qlh[u�m^Zeblv��kl_j_lv��nZce�ba�l_dms_]h�Zjob-
\Z��\u^_ebl_�_]h�gZbf_gh\Zgb_�\�h]eZ\e_gbb�b�gZ`fbl_�gZ�[eZgd_�dghidm
©M^Zeblvª��ih^l\_j^b\�aZl_f�g_h[oh^bfhklv�m^Ze_gby�wlh]h�nZceZ�

Ínéntvx�ljtt�}��I_j_ghk�^Zgguo�ba�h^gh]h�iZd_lZ�\�^jm]hc�h[uq-
gh�ijhba\h^blky�q_j_a�[mn_j�h[f_gZ��Ijb�i_j_ghk_�^Zgguo�ba�67$',$�\
^jm]b_�iZd_lu�h[uqgh�ijh[e_f�g_�\hagbdZ_l��H[jZlguc�`_�i_j_ghk�bgh-
]^Z�gZlZedb\Z_lky�gZ�ijh[e_fu��g_�ih^^Zxsb_ky� jZpbhgZevghfm� h[tyk-
g_gbx��Bgh]^Z� ijh[e_fu� \hagbdZxl� b� ijb� wdkihjl_�bfihjl_� ^Zgguo� \
l_dklh\hf�nhjfZl_��$6&,,�nZceh\�

<� lZdbo� kemqZyo� \� dZq_kl\_� ijhf_`mlhqgh]h� a\_gZ� m^h[gh� bkihevah-
\Zlv�j_^Zdlhj�06�:RUG��;he__�lh]h��lZf�bf_xlky�m^h[gu_�kj_^kl\Z�jZ[h-
lu�k�lZ[ebpZfb��iha\heyxsb_�i_j_\h^blv�fgh]hdhehghqguc�l_dkl�\�lZ[-
ebpm�b�h[jZlgh��m^Zeylv�b�\klZ\eylv�\�lZ[ebp_�kljhdb�b�klhe[pu��i_j_f_-
sZlv�bo�kh^_j`bfh_�b�l��i��?keb�dhehgdb�jZa^_e_gu�fgh]bfb�ijh[_eZfb�

Jbk�������;eZgd�aZibkb�nZceh\
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lh�bo�fh`gh�khdjZlblv�^h�h^gh]h�ijh[_eZ�ih\lhjguf�\uiheg_gb_f�hi_-
jZpbb�aZf_gu�

>ey�i_j_ghkZ�^Zgguo�\�67$',$�ihe_agh�ij_^\Zjbl_evgh�bkihevah\Zlv
bo�wdkihjl�ba�iZd_lZ�bklhqgbdZ�\�nhjfZl_�'%$6(�,,,��<�wlhf�kemqZ_�qZk-
lh�m^Z_lky�i_j_ghkblv�b�gZbf_gh\Zgby�i_j_f_gguo�

Íéquné��Ijb�i_j_ghk_�^Zgguo�\�g_dhlhjuo�kemqZyo�fh`_l�ihlj_[h-
\Zlvky� hij_^_e_ggZy� kl_i_gv� bah[j_lZl_evghklb�� Imklv�� gZijbf_j�� \u
bf__l_�lZ[ebpm��������\�:RUG_��B�\Zf�gm`gh�i_j_g_klb�i_j\uc��\lhjhc�b
ihke_^gbc� qbkeh\hc� klhe[pu� \� we_dljhggmx� lZ[ebpm�� qlh[u� \uihegblv
deZkl_jguc�ZgZeba�b�ihemqblv�^_g^jh]jZffm�jbk����������GZijyfmx�q_j_a
[mn_j� h[f_gZ� wlh� k^_eZlv�g_� m^Zklky��ihkdhevdm� agZq_gby� \� dZ`^hc� dh-
ehgd_� lZ[ebpu� kh^_j`Zlky� \� h^ghc� __� yq_cd_�� Z� g_� \� ���lb� hl^_evguo
yq_cdZo��<�^Zgghf�kemqZ_�bah[j_klb�fh`gh�ke_^mxs__�����kha^Zlv�gh\uc
^hdmf_gl�:RUG�����\u^_eblv�dhehgdm�\�^hdmf_gl_���b�i_j_g_klb�__�\�^h-
dmf_gl�������\u^_eblv�ihemq_gguc�l_dkl�b�ij_h[jZah\Zlv�__�\�lZ[ebpm����
i_j_g_klb�ihemq_ggmx�lZ[ebpm��ba�h^gh]h�klhe[pZ�b����kljhd��\�i_j_f_g-
gmx�we_dljhggmx�lZ[ebpu�����lZd�ihklmiblv�k�dZ`^hc�dhehgdhc�bkoh^ghc
lZ[ebpu�

�����Çjs�rys¹zvé
{'���Û�rjs�rys¹zvé�
DZevdmeylhj��jbk�������h[_ki_qb\Z_l�\uiheg_gb_�jZaebqguo�\kihfh]Z-

l_evguo�\uqbke_gbc�ih�\\h^bfuf�\ujZ`_gbyf�b�\uau\Z_lky�ih�gZ`Zlbx
deZ\brb� {'��� beb� ih� \uiheg_gbx� jZa^_eZ� ©DZevdmeylhjª� ba� \_jog_c
wdjZgghc�dhfZg^ghc�kljhdb�

<�wdjZgghf�[eZgd_�dZevdmeylhjZ�bf_xlky�ke_^mxsb_�we_f_glu�
• \_jog__�ihe_�j_amevlZlZ�\uqbke_gby�
• ihe_�nhjfmeu�\uqbke_gbc�k�\udb^guf�kibkdhf�jZg__�\\_^_gguo

nhjfme�
• e_\uc�kibkhd�^himklbfuo�iZjZf_ljh\�k�dghidhc�bo�i_j_ghkZ�\�ihe_

nhjfmeu��Z�bf_ggh�
• i, j�²�l_dmsZy�i_j_f_ggZy�b�l_dms__�baf_j_gb_�\�we_dljhgghc�lZ[-

ebp_��\u^_e_ggZy�s_eqdhf�furb��
• x(?,?)�²�kh^_j`bfh_�yq_cdb�we_dljhgghc�lZ[ebpu��hij_^_e_gghc

^\mfy�iZjZf_ljZfb��jZa^_e_ggufb�aZiylhc��ghf_jhf�klhe[pZ�b�gh-
f_jhf�kljhdb�

• a, b, c, d�²�h[hagZq_gby�yq__d�lZ[ebpu�khijy`_gghklb�jZaf_jZ��×2
^ey�\uqbke_gbc�ih�nhjfme_��kf��jZa^�������
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• ijZ\uc�kibkhd�^himklbfuo�Ze-
]_[jZbq_kdbo�b�ljb]hghf_ljbq_-
kdbo�nmgdpbc��kf��jZa^�������k
dghidhc�bo�i_j_ghkZ�\�ihe_�nhj-
fmeu�

• iZg_ev��\hkijhba\h^ysZy�pbnjh-
\mx�deZ\bZlmjm��^ey�gZ[hjZ�qb-
k_e�b�Zjbnf_lbq_kdbo�hi_jZpbc
�kf��jZa^�������

• dghidb�\uiheg_gby�\uqbke_gbc
�^m[ebjm_lky�deZ\br_c
{&OUFS���b�hlf_gu�dZevdmeylh-
jZ��^m[ebjm_lky�deZ\br_c
{&TD�).
GZ[hj�nhjfmeu� �ihke_�Zdlb\baZ-

pbb�__�ihey�i_j_f_s_gb_f�mdZaZl_ey�furb�kh�s_eqdhf�ih�e_\hc�dghid_�
fh`gh�ijhba\h^blv�b�iheghklvx�k�deZ\bZlmju��qlh�agZqbl_evgh�[uklj__�

>ey�i_j_g_k_gby�\�ihe_�\\h^Z�m`_�]hlh\uo�nhjfme�ba�jZaebqguo�f_-
gx�b�hdhg�p_e_khh[jZagh�ihevah\Zlvky�[mn_jhf�h[f_gZ��kf��jZa^�������

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

Í�é�q�u�n�é����>ey�\uqbke_gby� VLQ � � � FRV � � �� �� � � �+ �gZ[_jbl_�

SQRT(SIN(0.5)^2+COS(0.5)^2) .
>ey�kmffbjh\Zgby�l_dms_c�yq_cdb�we_dljhgghc�lZ[ebpu�k�l_f�`_�ba-

f_j_gb_f�ke_^mxs_]h�klhe[pZ�gZ[_jbl_��x(i,j)+x(i+ 1,j) .

�����Íénviéjovkjtq¹
;ehd� ij_h[jZah\Zgby� ^Zgguo� kh^_j`bl� h[rbjguc� gZ[hj� Ze]_[jZbq_�

kdbo��ljb]hghf_ljbq_kdbo��fZljbqguo�b�^jm]bo�hi_jZpbc��g_h[oh^bfuo
^ey�ij_h[jZah\Zgby�bkoh^guo�^Zgguo�\�we_dljhgghc�lZ[ebp_�d�gm`ghfm
\b^m�

{'���Û�isvr�wénviéjovkjtqp�
>ey�\uah\Z�f_gx�\u[hjZ�ij_h[jZah\Zgby��jbk�������gm`gh�gZ`Zlv�deZ-

\brm�{'���beb�\uihegblv�imgdl�©Ij_h[jZah\Zgbyª�\�\_jog_c�wdjZgghc
kljhd_�dhfZg^�

Jbk�������DZevdmeylhj
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éyww�� wénviéjovkjtqp� Hi_jZpbb
ij_h[jZah\Zgby� jZa[blu� gZ� ljb� ]jmiiu� \
aZ\bkbfhklb� hl� lh]h�� baf_gyxlky� eb� ijb
wlhf� agZq_gby� h^ghc� i_j_f_gghc�� g_kdhev-
dbo� i_j_f_gguo� beb� `_� \k_o� i_j_f_gguo
�fZljbqgu_�hi_jZpbb��

��� Ìwnéj|qq� tjl� vltvp� wnénunttvp�

Wlb�hi_jZpbb�ijhba\h^ylky�gZ^�\u^_e_gghc
i_j_f_gghc�we_dljhgghc�lZ[ebpu��J_amevlZl
ij_h[jZah\Zgby�aZibku\Z_lky�\�lm�`_�kZfmx
i_j_f_ggmx�� >ey� \u^_e_gby� i_j_f_gghc
s_edgbl_�ih�__�bf_gb�furvx�

<�^Zggmx�]jmiim�\oh^yl�ljb�lbiZ�hi_jZ-
pbc�
• klZg^Zjlgu_�Ze]_[jZbq_kdb_�nmgdpbb�
• nmgdpbb��aZ^Z\Z_fu_�ih�\\h^bfhc�nhj-

fme_�
• ]_g_jZlhj�qbk_e�

<uiheg_gb_� klZg^Zjlguo� b� aZ^Z\Z_fuo
nmgdpbc�fh`_l� ijh\h^blvky� lZd`_� gZ^� \u-
^_e_gguf�njZ]f_glhf�we_dljhgghc�lZ[ebpu�

ijb�wlhf�\�lZdhc�njZ]f_gl�fh]ml�\oh^blv�g_kdhevdh�i_j_f_gguo�beb�\k_
i_j_f_ggu_�

���Ìwnéj|qq�tjl�tnxrvs�rquq�wnénuntt�uq� Wlb�hi_jZpbb�khklh-
yl�\�baf_g_gbb�agZq_gbc�\u[jZgguo�i_j_f_gguo�\�we_dljhgghc�lZ[ebp_�
• dh^bjh\Zgb_�agZq_gbc��aZf_gZ�dh^hf��ih�aZ^Zgghfm�mkeh\bx�
• ghjfbjh\dZ�agZq_gbc�
• jZg`bjh\Zgb_�agZq_gbc�
• khjlbjh\dZ��i_j_mihjy^hq_gb_��agZq_gbc�ih�\hajZklZgbx�m[u\Zgbx�
• hl[hj�agZq_gbc�ih�aZ^Zgghfm�mkeh\bx�
• \u[hjdZ�kemqZcgh]h�ih^fgh`_kl\Z�agZq_gbc�

���Îjzéq·t�n�vwnéj|qq� Wlb�hi_jZpbb�ijh\h^ylky�gZ^�\k_f�kh^_j-
`bfuf�we_dljhgghc�lZ[ebpu�

• ljZgkihgbjh\Zgb_�fZljbpu�^Zgguo�
• ZgZeba�b�aZf_gZ�ijhims_gguo�agZq_gbc�

fzjtljézt�n�{ytr|qq� <uiheg_gb_�imgdlZ�©KlZg^ZjlgZy�nmgd-
pbyª� ijb\h^bl� d� ihy\e_gbx�f_gx� \u[hjZ� klZg^Zjlguo� hi_jZpbc� �jbk�
������bf_xs_]h�lZd`_�ihey�\\h^Z�agZq_gbc�^\mo�iZjZf_ljh\�a�b�b��dhlh-
ju_�lj_[mxlky�^ey�g_dhlhjuo�hi_jZpbc�

Jbk�������F_gx�\u[hjZ�ij_-
h[jZah\Zgby
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<� qbkeh� klZg^Zjlguo

nmgdpbc�\oh^yl�ke_^mxsb_�
• eh]Zjbnfu�^_kylbqguc

(LOG��b�gZlmjZevguc��LN),
hij_^_e_gu�lhevdh�^ey�ih-
eh`bl_evguo�qbk_e�

• wdkihg_glZ (EXP);
• Z[khexlgh_�agZq_gb_��ABS);
• d\Z^jZlguc�dhj_gv��SQRT),

hij_^_e_g�lhevdh�^ey�iheh-
`bl_evguo�qbk_e�

• fh^mev (MOD��ih�hkgh\Z-
gbx�Z;

• hdjm]e_gb_��ROUND);
• \u^_e_gb_�p_ehc��INT��beb�^jh[ghc��FRAC��qZklb�
• ^_e_gb_���O��g_�hij_^_e_gh�^ey�O �);
• \ha\_^_gb_�O�\�kl_i_gv�Z��X^a��ijb�wlhf�^jh[gZy�kl_i_gv�hljbpZl_ev-

guo�qbk_e�g_�hij_^_e_gZ��
• ljb]hghf_ljbq_kdb_�nmgdpbb�hl�Zj]mf_glZ��agZq_gby�dhlhjh]h�\ujZ-

`_gu�\�jZ^bZgZo��kbgmk��SIN���dhkbgmk��COS���lZg]_gk��TAN);
• h[jZlgu_�ljb]hghf_ljbq_kdb_�nmgdpbb��agZq_gby�dhlhjuo�\ujZ`_gu

\�jZ^bZgZo��Zjdkbgmk��ASIN���Zjddhkbgmk��ACOS���ZjdlZg]_gk��ATAN);
• ebg_cgh_�ij_h[jZah\Zgb_�\b^Z�Y=a+b*X�hl�h^ghc�i_j_f_gghc��ijb�Z� 

��agZq_gby�O�mfgh`Zxlky�gZ�dhgklZglm��ijb�b = ��\k_�agZq_gby�jZ\gu
dhgklZgl_�Z.
Íéqun·jtqn��g_hij_^_e_ggu_�agZq_gby�nmgdpbc�aZf_gyxlky�gmeyfb

k�\u^Zq_c�qbkeZ�aZf_g_gguo�agZq_gbc�
djljkjnuj¹�{ytr|q¹� <uiheg_gb_�imgdlZ�©AZ^Z\Z_fZy�nmgdpby»

ijb\h^bl�d�ihy\e_gbx�lbih\h]h�[eZgdZ�nhjfme� �kf��jbk��������\�dhlhjuc
gZ^h� \\_klb� gh\mx� nhjfmem� ij_h[jZah\Zgbc� beb� `_� \u[jZlv� h^gm� ba
bf_xsboky� \� [eZgd_�nhjfme� b� gZ`Zlv� {&OUFS�� beb� wdjZggmx� dghidm
«Ml\_j^blv».

>ey� dZ`^h]h� agZq_gby� l_dms_c�i_j_f_gghc�beb� \� \u^_e_gghf�njZ]-
f_gl_� we_dljhgghc� lZ[ebpu� \uqbkey_lky� gh\h_� agZq_gb_� gZ� hkgh\Zgbb
\\_^_gghc�nhjfmeu��?keb�\� wlhc�nhjfme_�nb]mjbjmxl�^jm]b_�i_j_f_g-
gu_�ba�we_dljhgghc�lZ[ebpu��lh�hgb��_kl_kl\_ggh��^he`gu�bf_lv�h^bgZ-
dh\mx�k�l_dms_c�i_j_f_gghc�jZaf_jghklv�

<�dZq_kl\_�i_j_f_gguo�\�nhjfmeZo�fh]ml�bkihevah\Zlvky�bf_gZ�i_j_-
f_gguo�ba�we_dljhgghc�lZ[ebpu��Z�lZd`_�nhjfZevgu_�h[hagZq_gby�x(?),
]^_� ihabpby� "?"�fh`_l� [ulv�� Z�� p_euf� qbkehf� ��� ��� ������� mdZau\Zxsbf
ihjy^dh\uc�ghf_j�i_j_f_gghc�\�we_dljhgghc�lZ[ebp_��[��beb�`_�Zjbnf_-
lbq_kdbf�\ujZ`_gb_f�k�bg^_dkhf� i��h[hagZqZxsbf�ghf_j�l_dms_c�i_j_-

Jbk�������F_gx�klZg^Zjlguo�nmgdpbc
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f_gghc��Ihke_^gbc�\ZjbZgl�\h�fgh]bo�kemqZyo�[he__�mgb\_jkZe_g��>_ckl-
\bl_evgh��_keb�\�nhjfme_�bkihevamxlky�y\gu_�bf_gZ�i_j_f_gguo��lh�hgZ
hi_jbjm_l� lhevdh� k� lZd� `_� h[hagZq_ggufb� i_j_f_ggufb�� <� kemqZ_� `_
h[hagZq_gbc x(?)�nhjfmeZ�ijbf_gbfZ�dh�\k_f�^Zgguf��bf_xsbf�h^bgZ-
dh\h_�dhebq_kl\h�h^bgZdh\h�jZkiheh`_gguo�i_j_f_gguo��g_aZ\bkbfh�hl
bo� dhgdj_lguo�gZbf_gh\Zgbc��Nhjfmeu�`_� k�bg^_dkhf� i�fh`gh�ijbf_-
gylv�b�^ey�ij_h[jZah\Zgby�jZaebqguo�njZ]f_glh\�we_dljhgghc�lZ[ebpu�

Ætqujtqn�� <� imklmx� i_j_f_ggmx� g_evay� aZg_klb� \uqbke_ggu_� ih
nhjfme_�agZq_gby��ihkdhevdm�dhebq_kl\h�\uqbkey_fuo�agZq_gbc�hij_^_-
ey_lky�jZaf_jghklvx�l_dms_c�i_j_f_gghc��<�lZdbo�kemqZyo�gZ^h�ij_^\Z-
jbl_evgh�k^m[ebjh\Zlv�\�imklmx�i_j_f_ggmx�agZq_gby�dZdhc�eb[h�i_j_-
f_gghc�ba�we_dljhgghc�lZ[ebpu�

Íéquné��� ���nhjfmeZ� (x(i)+x(i+1))/2�\uqbkey_l�ihemkmffm� agZq_gbc
l_dms_c�b�ke_^mxs_c�i_j_f_gghc�b� aZghkbl�j_amevlZl�\�l_dmsmx�i_j_-
f_ggmx�����qlh[u�agZq_gby�l_dms_c�i_j_f_gghc��hagZqZxs_c�\j_fy��aZ-
ibkZggh_�\�\b^_��fbgmlu!��k_dmg^u!��i_j_\_klb�\�k_dmg^u�ke_^m_l�bk-
ihevah\Zlv�nhjfmem�INT(x(i))*60+FRAC(x(i))*100.
ntnéjzvé�·qxns� <uiheg_gb_�imgdlZ�©=_g_jZlhj�qbk_eª�ijb\h^bl

d�ihy\e_gbx�f_gx�\u[hjZ�lbiZ�]_g_jZlhjZ��jbk�������
<�wlhf�f_gx�ij_^hklZ\ey_lky�\u[hj�ba�ke_^mxsbo�\hafh`ghkl_c�

• ]_g_jZpby�qbk_e�ih�aZdhgm�Zjbnf_lbq_-
kdhc�ijh]j_kkbb��\hajZklZxs_c�beb�m[u-
\Zxs_c��a+b*i, i = 0, n−1;

• ]_g_jZpby�qbk_e�ih�aZ^Z\Z_fhc�nhjfme_
hl�Zj]mf_glZ�O��]^_�O�baf_gy_l�k\hb�agZ-
q_gby�ih�Zjbnf_lbq_kdhc�ijh]j_kkbb
a+b*i , i = 0, n–1;

• ]_g_jZlhju�kemqZcguo�qbk_e��jZkij_^_-
e_gguo�ih�ke_^mxsbf�aZdhgZf�
Z��ih�jZ\ghf_jghfm�aZdhgm�\�^bZiZahg_�hl�a
^h�b;

[��ih�ghjfZevghfm�aZdhgm�kh�kj_^gbf�agZ-
q_gb_f�Z�b�klZg^Zjlguf�hldehg_gb_f�b;

\��ih�^jm]bf�aZdhgZf�jZkij_^_e_gby��kf�
jZa^��������

<�\_jog_f�ihe_�\\h^Z�[eZgdZ�g_h[oh^bfh
ij_^\Zjbl_evgh�mdZaZlv�dhebq_kl\h�n�]_g_jb-
jm_fuo�qbk_e��Z�\�^\mo�gb`gbo�iheyo�\\_klb

agZq_gby�iZjZf_ljh\�a, b��_keb�hgb�gm`gu�^ey�\u[bjZ_fh]h�]_g_jZlhjZ�
Hlf_gZ�f_gx�]_g_jZlhjZ�ijhbkoh^bl�ih�gZ`Zlbx�deZ\brb�{&TD�.
<u[hj�]_g_jZlhjZ�ih�nhjfme_�ijb\h^bl�d�ihy\e_gbx�lbih\h]h�[eZgdZ

nhjfme� �kf��jbk��������\�dhlhjuc�gZ^h�\\_klb�gh\mx�nhjfmem�]_g_jZlhjZ
beb�`_�\u[jZlv�h^gm�ba�bf_xsboky�\�[eZgd_�nhjfme�b�gZ`Zlv�{&OUFS�

Jbk�������F_gx�]_g_jZlhjZ
qbk_e
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beb� wdjZggmx� dghidm� ©Ml\_j^blvª�� <� nhjfme_� ]_g_jZlhjZ� ^himklbfh
bkihevah\Zlv�nhjfZevgmx�i_j_f_ggmx�x��ijbgbfZxsmx�jy^�ihke_^h\Z-
l_evguo�agZq_gbc�hl�agZq_gby�a��\hajZklZxsbo�k�rZ]hf�b.

GZijbf_j��qlh[u�ihemqblv�i_j_f_ggmx�\�\b^_�kmffu�lj_o�kbgmkhb^�k
mf_gvrZxsbfky�jy^hf�i_jbh^h\�b�Zfieblm^���������������gm`gh�k]_g_jb-
jh\Zlv�ljb�i_j_f_ggu_�ih�nhjfmeZf��SIN(x/100), SIN(x/50)/2, SIN(x/25)/4,
Z�aZl_f�keh`blv�bo�agZq_gby�ih�nhjfme_��x(i)+x(i+1)+x(i+2).
Çvlqévkjtqn� Hi_jZpby�dh^bjh\Zgby�hagZqZ_l�aZf_gm�agZq_gbc�\u-

[jZgguo�i_j_f_gguo�g_dhlhjuf�dh^hf��dhlhjuf�fh`_l�[ulv�dZd�qbkeh�
lZd�b�kbf\hevgh_�h[hagZq_gb_� �keh\h��l_dkl���LZdZy�aZf_gZ�ijhba\h^blky
lhevdh�^ey�l_o�agZq_gbc�i_j_f_gguo��dhlhju_�m^h\e_l\hjyxl�\\h^bfhfm
eh]bq_kdhfm�mkeh\bx��kf��gb`_��

I_j_^�\uiheg_gb_f�wlhc�hi_jZpbb�\�f_gx�ij_h[jZah\Zgbc�g_h[oh^b-
fh� \� jZkiheh`_ggh_� kijZ\Z� �hl� dghidb� dh^bjh\Zgby��ihe_� \\h^Z� \\_klb
qbkeh\hc�beb�kbf\hevguc�dh^��Z�ihke_�gZ`Zlby�gZ�dghidm�©Dh^bjh\Zgb_»
²� mdZaZlv�ih^e_`Zsb_� \u[hjd_�i_j_f_ggu_��Wlh�ijhba\h^blky� \�ihy\-
eyxs_fky�lbih\hf�[eZgd_�\u[hjZ�i_j_f_gguo��kf��jbk�������

Ihke_� wlh]h�ihy\ey_lky� lbih\hc�[eZgd�nhjfme� �kf��jbk�� ������\�dhlh-
juc�gZ^h�\\_klb�eh]bq_kdh_�mkeh\b_�beb�`_�\u[jZlv�h^gh�ba�bf_xsboky
\�[eZgd_�mkeh\bc�b�gZ`Zlv�{&OUFS��beb�wdjZggmx�dghidm�©Ml\_j^blv».

<� mkeh\byo�� \� ^hiheg_gb_� d� kj_^kl\Zf� jZa^_eZ� �����fh`gh�bkihevah-
\Zlv�lZd`_�hlghr_gby��jZ\gh��g_�jZ\gh��[hevr_��f_gvr_��[hevr_�beb�jZ\-
gh��f_gvr_�beb�jZ\gh (=, <>, >, <, >=, <= ��b�eh]bq_kdb_�hi_jZpbb
B��BEB��G?L (&, |,~ ���<�hlghr_gbyo�jZ\gh�b�g_�jZ\gh�\�dZq_kl\_�hi_-
jZg^h\�fh`gh�mihlj_[eylv�lZd`_�b� kbf\hevgu_�dhgklZglu� �ebl_jZeu�,
aZdexq_ggu_�\�Zihkljhnu�beb�dZ\uqdb��<�wlhf�kemqZ_�[m^_l�ijh\_jylvky
ihegh_� l_dklmZevgh_� kh\iZ^_gb_� �g_kh\iZ^_gb_�� hi_jZg^h\�� gZijbf_j�
eh]bq_kdh_� mkeh\b_� x(1)=’TRUE’� [m^_l� \uihegylvky� ^ey� \k_o� agZq_gbc
i_j\hc� i_j_f_gghc�� dhlhju_� y\eyxlky� ebl_jZevghc� dhgklZglhc� �ghfb-
gZevguf�agZq_gb_f��TRUE.

<� dZq_kl\_� i_j_f_gguo� \�nhjfmeZo� mkeh\bc�fh`gh� bkihevah\Zlv� g_
lhevdh� h[hagZq_gby�� ZgZeh]bqgu_� \ur_jZkkfhlj_gguf� \� imgdl_� ©AZ^Z-
\Z_fZy�nmgdpbyª��gh�b�nhjfZevgu_�h[hagZq_gby�©x»�^ey�ex[h]h�agZq_gby
\u[jZgguo� ^ey� dh^bjh\Zgby� i_j_f_gguo�� Z� lZd`_� h[hagZq_gb_� ©j»� ^ey
ghf_jZ� kljhdb�� Ijbf_ju�� Z�� eh]bq_kdh_� mkeh\b_
(x>=0&x<=1)|(x>=10&x<=11) �� \uihegy_lky� ^ey� \k_o� agZq_gbc� \u[jZg-
guo�^ey�dh^bjh\Zgby�i_j_f_gguo��gZoh^ysboky�\�^bZiZahg_� �������beb�\
^bZiZahg_�����������[��eh]bq_kdh_�mkeh\b_�j%3=0�\uihegy_lky�^ey�dZ`^hc
lj_lv_c� kljhdb� ���—� hi_jZpby� ©\aylv�fh^mevª��� \�� eh]bq_kdh_� mkeh\b_
(j<11)|(j>19)&(j<21) �\uihegy_lky�^ey�i_j\h]h�b�lj_lv_]h�^_kyldZ�kljhd�

Íéqun·jtqn�� AZf_gZ� agZq_gbc� dh^hf� ijhba\h^blky� hi_jZlb\gh� \
we_dljhgghc� lZ[ebp_�� ihwlhfm�� _keb� \� kibkhd� dh^bjm_fuo� i_j_f_gguo
\dexq_gu� b� i_j_f_ggu_�� nb]mjbjmxsb_� \� eh]bq_kdbo� mkeh\byo�� lh� gZ
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g_dhlhjhf�rZ]_��ihke_�bo�dh^bjh\Zgby��wlh�fh`_l�ijb\_klb�d�bkdZ`_gbx
j_amevlZlh\�^Zevg_cr_]h�dh^bjh\Zgby�
Ëvéuqévkrj� agZq_gbc� \u[jZgguo� i_j_f_gguo� \� we_dljhgghc� lZ[-

ebp_�fh`_l�ijhba\h^blvky�^\mfy�kihkh[Zfb�
• ih�^bZiZahgm�agZq_gbc��dh]^Z�ba�dZ`^h]h�agZq_gby�i_j_f_gghc�\uqb-

lZ_lky�fbgbfZevgh_�agZq_gb_�b�j_amevlZl�^_eblky�gZ�^bZiZahg�agZq_-
gbc��l��_��gZ�jZaghklv�f_`^m�fZdkbfZevguf�b�fbgbfZevguf�agZq_gby-
fb��^Zgghc�i_j_f_gghc��ijb�wlhf�\k_�agZq_gby�klZgh\ylky�iheh`b-
l_evgufb�b�g_�ij_\urZxsbfb�_^bgbpm�

• ih�klZg^Zjlghfm�hldehg_gbx��lZd�gZau\Z_fZy�ghjfZebaZpby�beb
klZg^ZjlbaZpby���dh]^Z�ba�dZ`^h]h�agZq_gby�i_j_f_gghc�\uqblZ_lky
kj_^g__�agZq_gb_��b�wlh�^_eblky�gZ�klZg^Zjlgh_�hldehg_gb_�^Zgghc
i_j_f_gghc��ihemq_ggu_�agZq_gby�p_gljbjh\Zgu�gme_f��
Ihke_�\u[hjZ�hi_jZpbb�ghjfbjh\db�\�f_gx�ij_h[jZah\Zgbc�g_h[oh-

^bfh� mdZaZlv�ih^e_`Zsb_�ghjfbjh\d_�i_j_f_ggu_��Wlh�ijhba\h^blky� \
ihy\eyxs_fky�lbih\hf�[eZgd_�\u[hjZ�i_j_f_gguo��kf��jbk�������
èjt qévkjtqn� Hi_jZpby� jZg`bjh\Zgby� hkms_kl\ey_l� aZf_gm� qb-

keh\uo�agZq_gbc�\u[jZgguo�i_j_f_gguo�gZ�bo�jZg]b��l��_��gZ�p_eu_�qbk-
eZ�� y\eyxsb_ky�ihjy^dh\ufb�ghf_jZfb� wlbo� agZq_gbc� \�jy^m��mihjy^h-
q_gghfm� ih� \hajZklZgbx� agZq_gbc�� Kh\iZ^Zxsb_� agZq_gby� aZf_gyxlky
kj_^gbfb�jZg]Zfb��dhlhju_�fh]ml�ijbgbfZlv�^jh[gu_�agZq_gby��<�kbkl_f_
67$',$�ijZdlbq_kdb�\k_�jZg]h\u_�klZlbklbq_kdb_�f_lh^u�kZfb�ijhba\h-
^yl� ij_^\Zjbl_evgh_� jZg`bjh\Zgb_� i_j_f_gguo��H^gZdh� ij_h[jZah\Zgb_
jZg`bjh\Zgby�fh`_l�[ulv�ihe_aguf�\�gZ]ey^guo�b�\uqbkebl_evguo�p_eyo�

Ihke_�\u[hjZ�wlhc�hi_jZpbb�\�f_gx�ij_h[jZah\Zgbc�ke_^m_l�mdZaZlv
ih^e_`Zsb_� jZg`bjh\Zgbx� i_j_f_ggu_�� qlh� ijhba\h^blky� \� ihy\eyx-
s_fky�lbih\hf�[eZgd_�\u[hjZ�i_j_f_gguo��kf��jbk�������
fvézqévkrj� >ZggZy� hi_jZpby� iha\hey_l� i_j_mihjy^hqblv� baf_j_-

gby�ba[jZgguo�i_j_f_gguo�ba�we_dljhgghc�lZ[ebpu��khjlbjm_fu_�i_j_-
f_ggu_��ih�\hajZklZgbx�agZq_gbc�khjlbjmxsbo�i_j_f_gguo�

Ijb� \uiheg_gbb� wlhc� hi_jZpbb� ihy\ey_lky� ki_pbZevguc� wdjZgguc
[eZgd��jbk��������dhlhjuc�\dexqZ_l�ke_^mxsb_�we_f_glu�
• ljb�\_jlbdZevguo�kibkdZ�

• kibkhd�i_j_f_gguo�we_dljhgghc�lZ[ebpu�
• kibkhd�khjlbjmxsbo�i_j_f_gguo�
• kibkhd�khjlbjm_fuo�i_j_f_gguo�

• dghidb�i_j_ghkZ�i_j_f_gguo�ba�h^gh]h�kibkdZ�\�^jm]hc�b�h[jZlgh�
• dghidm�\u[hjZ�\k_o�i_j_f_gguo�\�dZq_kl\_�khjlbjm_fuo�
• nhgZjbdb�j_`bfZ�khjlbjh\db��ih�\hajZklZgbx�agZq_gbc�khjlbjmxsbo

i_j_f_gguo�beb�ih�m[u\Zgbx�wlbo�agZq_gbc�
• dghidb�ml\_j`^_gby�b�hlf_gu�\u[hjZ�
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G_h[oh^bfh� \u[jZlv� hl� h^ghc� ^h
lj_o� khjlbjmxsbo� i_j_f_gguo� b� g_
f_g__�h^ghc�khjlbjm_fhc�i_j_f_gghc.

Ijb� gZebqbb� g_kdhevdh� khjlbjmx-
sbo� i_j_f_gguo� khjlbjh\dZ� bf__l
fgh]hklmi_gqZluc�oZjZdl_j�
• kgZqZeZ�hgZ�ijhba\h^blky�ih�agZq_-

gbyf�i_j\hc�khjlbjmxs_c�i_j_f_g-
ghc�

• aZl_f�\�kemqZ_�h^bgZdh\uo�agZq_gbc
i_j\hc�khjlbjm_fhc�i_j_f_gghc�^ey
wlbo�agZq_gbc�ijhba\h^blky�khjlb-
jh\dZ�ih�agZq_gbyf�\lhjhc�khjlb-
jmxs_c�i_j_f_gghc�b�l��^�
>ey� ml\_j`^_gby� b� aZ\_jr_gby� \u-

[hjZ� �b� gZqZeZ� khjlbjh\db�� gZ`fbl_
deZ\brm�{&OUFS��beb�dghidm�©Ml\_j-
^blvª�gZ�[eZgd_�

>ey� hlf_gu� \u[hjZ� b� khjlbjh\db
gZ`fbl_� deZ\brm� {&TD�� beb� dghidm
«Hlf_gblvª�gZ�[eZgd_�
Ìzivé��WlZ�hi_jZpby�iha\hey_l�hk-

lZ\eylv�\�we_dljhgghc�lZ[ebp_�lhevdh�l_�baf_j_gby�mdZaZgguo�i_j_f_g-
guo��dhlhju_�m^h\e_l\hjyxl�\\h^bfhfm�\�[eZgd�nhjfme�eh]bq_kdhfm�mk-
eh\bx��ihkljh_gghfm�ZgZeh]bqgh�hi_jZpbb�dh^bjh\Zgby�
Æ�ivérj� Ijb�\uiheg_gbb�klZlbklbq_kdh]h�ZgZebaZ�qZklh�\hagbdZ_l

ke_^mxsZy�aZ^ZqZ��bf__lky�^hklZlhqgh�h[t_fgZy�\u[hjdZ��l��_��baf_j_g-
gu_� agZq_gby� g_dhlhjhc� i_j_f_gghc�� H^gZdh� bkke_^h\Zl_ev� g_� m\_j_g�
qlh� wlb� agZq_gby� ihemq_gu� ^hklZlhqgh� kemqZcguf� h[jZahf� \� oh^_� dhj-
j_dlgh�hj]Zgbah\Zgguo�baf_j_gbc��<�lZdbo�kemqZyo�^ey�ih\ur_gby�klZ-
lbklbq_kdhc�j_ij_a_glZlb\ghklb�ihe_agh�^ey� ZgZebaZ�ba� lZdhc�\u[hjdb
hlh[jZlv�kemqZcguf�h[jZahf�g_dhlhjh_�ih^fgh`_kl\h�agZq_gbc��ihemqblv
ih^\u[hjdm).

I_j_^�\uiheg_gb_f�wlhc�hi_jZpbb�\�f_gx�ij_h[jZah\Zgbc�g_h[oh^b-
fh� \� jZkiheh`_ggh_� kijZ\Z� ihe_� \\_klb� qbkeh� hl[bjZ_fuo� kemqZcguf
h[jZahf� baf_j_gbc� �jZaf_j� ih^\u[hjdb��� Z� ihke_� gZ`Zlby� gZ� dghidm
«<u[hjdZª�²�mdZaZlv�ih^e_`Zsb_�\u[hjd_�i_j_f_ggu_��qlh�ijhba\h^bl-
ky�\�ihy\eyxs_fky�lbih\hf�[eZgd_�\u[hjZ�i_j_f_gguo��kf��jbk�������
Òéjtxwvtqévkjtqn� <�j_amevlZl_�ljZgkihgbjh\Zgby�fZljbpu�^Zg-

guo� \� we_dljhgghc� lZ[ebp_� kljhdb� klZgh\ylky� klhe[pZfb�� Z� klhe[pu� ²
kljhdZfb�

Jbk�������;eZgd�khjlbjh\db�agZq_-
gbc�i_j_f_gguo
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Í�é�q�u�n�é
d�j�l�j�·�j��<�Zgljhihf_ljbq_kdhf�bkke_^h\Zgbb�klZ�q_eh\_d�nbd-

kbjh\Zebkv�bo�ihe��jhkl��\_k��\hajZkl�b�^jm]b_�ihdZaZl_eb��nZce�3(23/(��
H^gZdh�ih�ijbagZdm�iheZ�^Zggu_�[ueb�kh[jZgu�\i_j_f_rdm��Ijb�klZlb-
klbq_kdhf�`_�ZgZeba_�\klZeZ�aZ^ZqZ�hp_gdb�jZaebqbc�f_`^m�fm`qbgZfb�b
`_gsbgZfb��kf��ijbf_j�jZa^��������Ihwlhfm�gm`gh�jZkkhjlbjh\Zlv�\�we_d-
ljhgghc�lZ[ebp_�^Zggu_�ih�ijbagZdm�iheZ�

Íénviéjovkjtq¹��>h[blvky� gm`gh]h� j_amevlZlZ�fh`gh� hi_jZpb_c
khjlbjh\db�� gh� hgZ� ijbf_gbfZ� d� dhebq_kl\_gguf� i_j_f_gguf�� Z� a^_kv
ijbagZd�iheZ�ij_^klZ\e_g�ghfbgZevgufb�agZq_gbyfb��©fª, ©`ª��Ihwlh-
fm�kgZqZeZ�gm`gh�^\Z`^u�\uihegblv�hi_jZpbx�dh^bjh\db�gZ^�i_j_f_g-
ghc�©iheª�k�dh^Zfb���b���b�mkeh\byfb�ihbkdZ��[ ¶f¶�b�[ ¶`¶��AZl_f�fh`-
gh�\uihegblv�hi_jZpbx�khjlbjh\db�gZ^�\k_fb�i_j_f_ggufb�ih�\hajZklZ-
gbx�agZq_gbc�khjlbjmxs_c�i_j_f_gghc�©iheª��<�j_amevlZl_�kgZqZeZ��ih
kljhdZf��[m^ml�b^lb�baf_j_gby��hlghkysb_ky�d�fm`qbgZf��Z�aZl_f�d�`_g-
sbgZf��<� aZdexq_gb_� ke_^m_l� \u^_eblv�njZ]f_gl�� hlghkysbcky� d�`_g-
sbgZf��m^Zeblv�_]h�\�[mn_j�h[f_gZ��Z�aZl_f�\klZ\blv�kh^_j`bfh_�[mn_jZ
\�k\h[h^gu_�i_j_f_ggu_�we_dljhgghc�lZ[ebpu�

�����Íévwyxrq�q�k�iévx�
Íévwyxrq��>Z`_�\�ij_djZkgh�hj]Zgbah\Zgguo�b�ijh\_^_gguo�wdki_�

jbf_glZo� �baf_j_gbyo�� k[hjZo� ^Zgguo�� g_dhlhju_� gZ[ex^_gby� fh]ml
[ulv�aZj_]bkljbjh\Zgu�g_\_jgh�beb�g_�aZj_]bkljbjh\Zgu�kh\k_f��GZijb�
f_j�� wdki_jbf_glZevgh_�`b\hlgh_�fh`_l�ih]b[gmlv��iZpb_gl�²�g_�ijb�
^lb� gZ� gZagZq_gguc� ijb_f�� hq_j_^ghc� ij_iZjZl�²� hdZaZlvky� bkihjq_g-
guf��Z�j_]bkljbjmxsbc�ijb[hj�²�hldZaZlv�

<\h^�ih^h[guo�ijhims_gguo�agZq_gbc�\�we_dljhggmx�lZ[ebpm�ijhba\h�
^blky� ihkj_^kl\hf� gZ[hjZ� ex[h]h� g_qbkeh\h]h� agZq_gby�� gZijbf_j�� [md\u
beb�©"ª�

Ijb�jZ[hl_�klZlbklbq_kdbo�ijhp_^mj�\k_�ijhims_ggu_�agZq_gby�Z\lh�
fZlbq_kdb�b]ghjbjmxlky��l��_��g_�mqblu\Zxlky�\�\uqbke_gbyo��Ijb�wlhf
^ey� f_lh^h\�� bkihevamxsbo� \kx� fZljbpm� ^Zgguo� beb� iZjgu_� ^Zggu_�
b]ghjbjmxlky� \k_� gZ[ex^_gby� �kljhdb��� \� dhlhjuo� \klj_qZ_lky� ohly� [u
h^bg� ijhimkd�� Dhebq_kl\h� ijhims_gguo� b� b]ghjbjh\Zgguo� �eh]bq_kdb
m^Ze_gguo��agZq_gbc�mdZau\Z_lky�\�aZ]heh\d_�\u^Zqb�j_amevlZlh\�klZlb�
klbq_kdh]h�ZgZebaZ��H^gZdh�lZdh_�b]ghjbjh\Zgb_�fh`_l�ijb\_klb�d�ihl_-
jyf�p_gghc�^ey�ZgZebaZ�bgnhjfZpbb��ihwlhfm�qZklh�\hagbdZ_l�g_h[oh^b-
fhklv� dZdbf�lh� h[jZahf� aZf_gblv� ijhims_ggu_� agZq_gby�� khojZgb\� \Z-
eb^gu_�iZjgu_�beb�fgh]hf_jgu_�baf_j_gby�
Æ�iévx���Djhf_�wlh]h��\�ZgZebabjm_fuo�^Zgguo�g_j_^dh�ijbkmlkl-

\mxl�agZq_gby�k�[hevrbfb�hldehg_gbyfb�hl�kj_^g_]h�— lZd�gZau\Z_fu_
\u[jhku��Hgb�fh]ml�[ulv�ke_^kl\b_f�g_dhjj_dlghc�j_]bkljZpbb�^Zgguo
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b� kms_kl\_ggh�bkdZ`Zlv� j_amevlZlu� klZlbklbq_kdh]h� ZgZebaZ�� Z�g_j_^dh
fh]ml� ijb\h^blv� b� d� kh\_jr_ggh� g_\_jguf� \u\h^Zf� �kf�� \� ijbf_jZo� d
wlhfm� jZa^_em��� Ihwlhfm� lZdb_� ^Zggu_� g_h[oh^bfh� h[gZjm`blv� i_j_^
ijbf_g_gb_f� klZlbklbq_kdh]h� f_lh^Z�� qm\kl\bl_evgh]h� d� \u[jhkZf�� b
iheghklvx�bo�m^Zeblv�beb�`_�g_dhlhjuf�h[jZahf�aZf_gblv�gZ�agZq_gby�
g_�gZjmrZxsb_�klZlbklbq_kdb_�aZdhghf_jghklb�
Ívqxr�ijhims_gguo�agZq_gbc�b�\u[jhkh\�hkms_kl\ey_lky�ih�hi_jZ-

pbb�©Ijhimkdb�b�\u[jhkuª�;ehdZ�ij_h[jZah\Zgbc��kf��jbk��������Ijb�wlhf
ihy\ey_lky�wdjZggh_�f_gx��jbk��������

Ijb� \uiheg_gbb� hi_jZpbb� ihbkdZ� \
wdjZggmx� kljZgbpm� j_amevlZlh\� Rez� \u-
^Z_lky� lZ[ebpZ� ijhims_gguo� agZq_gbc� b
\u[jhkh\�� Ih� wlhc� lZ[ebp_� fh`gh� \bam-
Zevgh� hp_gblv� oZjZdl_j� jZkij_^_e_gby
ijhims_gguo� we_f_glh\� \� fZljbp_� ^Zg-
guo��GZ^�klhe[pZfb�lZ[ebpu�mdZaZgu�gh-
f_jZ� i_j_f_gguo�� Z� \� kljhdZo� ²� ghf_jZ
baf_j_gbc��Ijhims_ggu_� agZq_gby� hlf_-
q_gu�−?−� �� Z� \u[jhku�²� bo� \_ebqbghc� \
klZg^Zjlguo�hldehg_gbyo�hl�kj_^g_]h�agZ-

q_gby��kf��Ijbf_j��).
<�f_gx� �jbk��������fh`gh�aZ^Zlv�ihbkd�lhevdh�\u[jhkh\��lhevdh�ijh-

imkdh\�beb� lh]h�b� ^jm]h]h��LZf�`_�fh`gh� aZ^Zlv�gb`gxx� ]jZgbpm� ^ey
ihbkdZ� \u[jhkh\� agZq_gb_f� klZg^Zjlgh]h� hldehg_gby� hl� kj_^g_]h�� ij_-
\ur_gb_�dhlhjh]h�[m^_l�bgl_jij_lbjh\Zlvky�dZd�\u[jhk�
djuntj ijhims_gguo�agZq_gbc�b�\u[jhkh\�hkms_kl\ey_lky�gZ`Zlb-

_f�dghidb�©AZf_gZª�\�f_gx�jbk�������b�fh`_l�[ulv�ijhba\_^_gZ�h^gbf�ba
^\mo�f_lh^h\��mklZgZ\eb\Z_lky�nhgZjbdhf�j_`bfZ�\�f_gx���aZf_ghc�dZ`�
^h]h�ijhims_ggh]h�agZq_gby�kj_^gbf�agZq_gb_f��\uqbke_gguf�^ey�khhl�
\_lkl\mxs_c�i_j_f_gghc��beb�aZf_ghc�j_]j_kkbhggufb�agZq_gbyfb.

<lhjhc�f_lh^� ijbf_gbf� d� iZjguf� i_j_f_gguf� beb� d�fgh]hf_jguf
^Zgguf�b�h[_ki_qb\Z_l�[he__�dhjj_dlgmx�b�^bnn_j_gpbjh\Zggmx� aZf_�
gm��bkihevamy�bgnhjfZpbx�h�i_j_f_gguo��agZq_gby�dhlhjuo�baf_gyxlky
kbgojhggh�k�ZgZebabjm_fhc�i_j_f_gghc��<�khhl\_lkl\bb�k�wlbf�f_lh^hf
^ey�dZ`^hc�ZgZebabjm_fhc�i_j_f_gghc��kh^_j`Zs_c�ijhims_ggu_�agZq_�
gby��\u[bjZ_lky�iZjgZy�i_j_f_ggZy�ih�mkeh\bx�fZdkbfmfZ�dhwnnbpb_glZ
dhjj_eypbb��AZl_f�ih�iZjghc�i_j_f_gghc�\uqbkey_lky�ebg_cgZy�j_]j_k-
kby�k�ZgZebabjm_fhc�i_j_f_gghc��<k_�ijhims_ggu_�agZq_gby�ZgZebabjm�
_fhc�i_j_f_gghc�aZf_gyxlky�j_]j_kkbhggufb�agZq_gbyfb��\uqbke_ggu�
fb� ^ey� khhl\_lkl\mxsbo� agZq_gbc� iZjghc� i_j_f_gghc� \� dZq_kl\_� Zj]m�
f_glZ�ihemq_gghc� j_]j_kkbhgghc�fh^_eb��H^gZdh� _keb�iZjgZy�i_j_f_g�
gZy� \� khhl\_lkl\mxs_f�baf_j_gbb� lZd`_� kh^_j`bl�ijhims_ggh_� agZq_�
gb_��lh�aZf_gZ�ijhba\h^blky�ih�f_lh^m�kj_^gbo�

Jbk��������F_gx�ihbkdZ�b�aZf_-
gu�ijhimkdh\�b�\u[jhkh\
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MklZgh\dhc�khhl\_lkl\mxsbo�nhgZjbdh\�\�f_gx�fh`gh�aZ^Zlv�aZf_gm
lhevdh�\u[jhkh\��lhevdh�ijhimkdh\�beb�lh]h�b�^jm]h]h��Z�lZd`_�ijhba\_-
klb�g_�bo�aZf_gm��Z�m^Ze_gb_��<�ihke_^g_f�kemqZ_��_keb�\k_�i_j_f_ggu_
bf_xl�h^bgZdh\mx�^ebgm��lh�hgb�fh]ml�y\eylvky�iZjgufb�i_j_f_ggufb
beb�fgh]hf_jgufb�^Zggufb��\�lZdhf�kemqZ_�ijb�iheh`bl_evghf�hl\_l_
gZ�\hijhk�[m^ml�m^Zeylvky�p_ebdhf�kljhdb�k�ijhimkdZfb�\u[jhkZfb�

Ijb�\uiheg_gbb�aZf_gu�\u^ZqZ�j_amevlZlh\�ihbkdZ�\�wdjZggmx�kljZ-
gbpm�j_amevlZlh\�Rez�g_�ijhba\h^blky�

Ke_^m_l�lZd`_�h[jZlblv�\gbfZgb_�gZ�lh��qlh�ijb�gZebqbb�hq_gv�[hev-
rbo�ih�\_ebqbg_�\u[jhkh\�kj_^gb_�b�j_]j_kkbhggu_�agZq_gby�fh]ml�[ulv
kbevgh� kf_s_gu�� ihwlhfm� h^ghdjZlgZy� aZf_gZ� fh`_l� [ulv� g_� klhijh-
p_glgh�wnn_dlb\ghc��<�lZdhf�kemqZ_�ke_^m_l�ih\lhjgh�ijhZgZebabjh\Zlv
^Zggu_�gZ�gZebqb_�\u[jhkh\�b�\�kemqZ_�g_h[oh^bfhklb�ih\lhjgh�\uihe-
gblv�bo�aZf_gm�

Í�é�q�u�n�é����
d�j�l�j�·�j��<�wdki_jbf_gl_�[ueb�baf_j_gu�agZq_gby�q_luj_o�ihdZ-

aZl_e_c�m�\hkvfb�`b\hlguo��ijb�wlhf�g_dhlhju_�agZq_gby�g_�[ueb�aZnbd-
kbjh\Zgu��lZ[e�������nZce�0,6��

Òjisq|j������Êounéntq¹�·nz�én}�wvrjojznsnp�y��� qkvzt�}�x�wévwyxrjuq

H[t_dl x1 x2 x3 x4

1 1.1 44.3 –2 0.3

2 ? 48.1 ? 0.97

3 2.8 51 0.1 0.78

4 8.399 ? 44 –0.56

5 ? 35 ? 2

6 5.5 33 2 ?

7 5 32.3 1.7 –3.4

8 8.899 –1.1 0 1.1

Ijhba\_^_f�ZgZeba�ijhims_gguo�agZq_gbc�b�\u[jhkh\�

è�n�o�y�s���z�j�z�
Ijhimsg �����<u[jhkh\ �

     1    2     3      4
2|  –?–        –?–
4|       –?–    2
5|  –?–        –?–
6|                    –?–
7|                   –2.1
8|      –2.1

Æ���k�v�l����<uy\e_gh�gZebqb_�\u[jhkh\��\��±f�agZq_gbb�i_j_f_g�
ghc�o���\��±f�agZq_gbb�i_j_f_gghc�o��b�\��±f�agZq_gbb�i_j_f_gghc�o��k
Zfieblm^hc�±�������b�±����klZg^Zjlguo�hldehg_gbc�

Ijhba\_^_f� aZf_gm� ijhims_gguo� agZq_gbc� ih�f_lh^m� kj_^gbo� b� ih
f_lh^m�j_]j_kkbb��kh\f_klb\�bo�^ey�gZ]ey^ghklb� � �j_amevlZlu�\u^_e_gu
`bjguf�rjbnlhf��
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è�n�o�y�s���z�j�z�

F_lh^�kj_^gbo�������������������F_lh^�j_]j_kkbb
    x1     x2     x3     x4           x1      x2      x3      x4
1  1.1    44.3   –2     0.3          1.1     44.3    –2      0.3
2  5.28    48.1  7.63     0.97         2.46     48.1   7.633     0.97
3   2.8    51    0.1    0.78          2.8    51      0.1     0.78
4  8.39  34.65    44    –0.56         8.399   8.504     44    –0.56
5  5.28     35   7.63      2          4.238     35     7.633      2
6   5.5    33     2     0.17           5.5    33       2      0.289
7    5     32.3   1.7  –3.4           5     32.3     1.7    –3.4
8  8.89  –1.1     0     1.1         8.899  –1.1       0      1.1

Í�é�q�u�n�é����

d�j�l�j�·�j��GZ�dZn_^j_�<G>�F=M�bkke_^h\Zeky�mkeh\guc�j_ne_dk
gZ� [he_\hc� klbfme� m� dhrdb� k� baf_j_gb_f� _]h� eZl_glgh]h� i_jbh^Z� ^h� b
ihke_� \\_^_gby� [ehdZlhjZ� D1�j_p_ilhjh\� 6&+� ������ �lZ[e�� ����� nZce
LATPER)1:

Òjisq|j������Éjzntztvxz��énjr|qq�rv¡rq�tj�xzquys�lv�q�wvxsn�kknlntq¹

isvrjzvéj�ivsq

>h 575 650 450 475 550 500 500 500 500 650 525 550 550 500
625 2525 600 475 500 450 550 1850 500 475 575

Ihke_ 550 625 650 750 575 700 600 775 775 750 625 1050 600 900
700 525 625 1125 700 725 825

Ihijh[m_f�\uy\blv�jZaebqby�f_`^m�kj_^gbfb�agZq_gbyfb�eZl_glguo
i_jbh^h\�ih�iZjZf_ljbq_kdhfm�djbl_jbx�Klvx^_glZ��kf��jZa^�������b�g_-
iZjZf_ljbq_kdhfm�djbl_jbx�<bedhdkhgZ��kf��jZa^�������

è�n�o�y�s���z�j�z���

DJBL?JBC�NBR?J:�B�KLVX>?GL:���NZce�ODWSHU�I_j_f_ggu_��^h��ihke_
KlZlbklbdZ�Klvx^_glZ �������AgZqbfhklv ��������kl_i�k\h[� ���
���=bihl_aZ�����G_l�jZaebqbc�f_`^m�\u[jhqgufb�kj_^gbfb!

DJBL?JBB�K><B=:��IHEH@?GBY���NZce�ODWSHU�I_j_f_ggu_��^h��ihke_
<bedhdkhg �����= �������AgZqbfhklv �����(����kl_i�k\h[� ������
���=bihl_aZ�����?klv�jZaebqby�f_`^m�f_^bZgZfb�\u[hjhd!
<Zg�^_j�<Zj^_g �������= �������AgZqbfhklv ���������kl_i�k\h[ �����
���=bihl_aZ�����?klv�jZaebqby�f_`^m�f_^bZgZfb�\u[hjhd!

Æ���k�v�l����:gZeba�^Z_l�gZf�iZjZ^hdkZevgu_�j_amevlZlu��Djbl_jbc
Klvx^_glZ�g_�h[gZjm`b\Z_l�jZaebqbc�k�\ukhdhc�kl_i_gvx�^hklh\_jghklb
(P ���������Z�^\Z�g_iZjZf_ljbq_kdbo�djbl_jby�\uy\eyxl�jZaebqby�k�\u-
khdbf�mjh\g_f�agZqbfhklb��[ebadbf�d�gmex��<�q_f�a^_kv�^_eh"

?keb�`_� fu� ih\gbfZl_evg__� ijbkfhljbfky� d� bkoh^guf� ^Zgguf�� lh
h[gZjm`bf� \� gbo� g_kdhevdh� agZq_gbc�� aZf_lgh� hlebqZxsboky� hl� [hev-
rbgkl\Z� ^jm]bo� ih� \_ebqbg_��>ey� [he__� lhqgh]h� bkke_^h\Zgby� wlbo� hl-
dehg_gbc�\uihegbf�ijhp_^mjm�ihbkdZ�ijhimkdh\�b�\u[jhkh\�

                                                          
1�>Zggu_�ij_^hklZ\e_gu�<�B��FZchjh\uf�
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è�n�o�y�s���z�j�z���

Ijhimsg �����<u[jhkh\ �
�����L��������^h����ihke_
    12|               2.1
    16|      3.9
    18|               2.6
    22|      2.5

Æ���k�v�l����<�bkoh^guo�^Zgguo�ijbkmlkl\mxl���\u[jhkZ��\_ebqb-
ghc�[he__�^\mo�klZg^Zjlguo�hldehg_gbc��qlh�ijb\_eh�d�kbevghfm�k^\b]m
kj_^gbo� agZq_gbc� ^\mo� \u[hjhd�� ihwlhfm� qm\kl\bl_evguc� d� \u[jhkZf
djbl_jbc�Klvx^_glZ�g_�h[gZjm`be�bo�jZaebqbc��Ke_^h\Zl_evgh��g_h[oh-
^bfh�m^Zeblv�wlb�wdklj_fZevgu_�agZq_gby�ba�bkoh^guo�^Zgguo�b�ih\lh-
jblv�ZgZeba�

è�n�o�y�s���z�j�z���

DJBL?JBC�NBR?J:�B�KLVX>?GL:���NZce��ODWSHU
I_j_f_ggu_��^h��ihke_
KlZlbklbdZ�Klvx^_glZ �������AgZqbfhklv �����(����kl_i�k\h[� ���
���=bihl_aZ�����?klv�jZaebqby�f_`^m�\u[hjhqgufb�kj_^gbfb!

Æ���k�v�l����Ihke_�m^Ze_gby�\u[jhkh\�djbl_jbc�Klvx^_glZ�g_�ih^-
l\_j`^Z_l� gme_\mx� ]bihl_am� h[� hlkmlkl\bb� jZaebqbc� kj_^gbo�� lZd� dZd
jZg__� wlh� ihdZaZeb� g_qm\kl\bl_evgu_� d� \u[jhkZf� g_iZjZf_ljbq_kdb_
djbl_jbb�



sjkj���

è¬ÐÊïcfÇÊc�fècbfÒÆ¬
©Dh]^Z�km[t_dl�g_�kijZ\ey_lky�k�ijblhdhf�gh\uo�^Zgguo�_k-

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

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

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

�f_lZnhjbq_kdZy�^_nhjfZpby��

L_i_jv�\Zf�ykgh"ª

[Hlbk�;eZg^_jk�De_gl]

=jZnbq_kdh_� ij_^klZ\e_gb_� ^Zgguo� b� j_amevlZlh\� y\ey_lky� \Z`g_c-
rbf� kj_^kl\hf� \bamZevgh]h� ZgZebaZ� ^Zgguo�� ihkdhevdm� q_eh\_q_kdbc
]eZa�\h�\aZbfh^_ckl\bb�k�]heh\guf�fha]hf�y\ey_lky�lhqg_crbf�b�fhs-
g_crbf�ZgZeblbq_kdbf�bgkljmf_glhf��kihkh[guf�m\b^_lv�b�hp_gblv�lh�
qlh�g_�^hklmigh�gbdZdhfm�fZl_fZlbq_kdhfm�Ze]hjblfm��<�wlhf�ieZg_�iZ-
d_l�67$',$�bf__l�bkq_jiu\Zxsb_�kh\j_f_ggu_�\hafh`ghklb��ijhklh�b
^hklmigh�hj]Zgbah\Zggu_�

>ZggZy� ]eZ\Z� kh^_j`bl� h[sbc� h[ahj� kj_^kl\� ]jZnbq_kdh]h� \u\h^Z�
^hklmiguo�ba�jZaebqguo�ijhp_^mj�b�hj]Zgbah\Zgguo�ih�_^bguf�ijbgpb-
iZf�k�\hafh`ghklvx�bo�]b[dh]h�dhf[bgbjh\Zgby�b�\aZbfh^_ckl\by��H^-
gZdh� wlb� kj_^kl\Z�g_�ij_l_g^mxl� gZ� mjh\_gv� ij_a_glZpbhgghc� ]jZnbdb�
^ey�q_]h�ij_^gZagZq_gu�ki_pbZevgu_�]jZnbq_kdb_�j_^Zdlhju�lbiZ�Corel
Draw, PhotoShop, HarwardGraphics�b�^jm]b_�

�����éj{q·nxrqp�lqjsvm
Bkihevah\Zgb_�kj_^kl\�]jZnbq_kdh]h�ij_^klZ\e_gby�\hafh`gh�^ey�

Z���bkoh^guo�^Zgguo;
[���j_amevlZlh\�ZgZebaZ�

Ihkljh_gb_� ]jZnbdh\� ^Zgguo� ijhba\h^blky� ih� gZ`Zlbx� deZ\brb
{'��� �beb�bkiheg_gb_f�imgdlZ�©=jZnbdbª�ba� \_jog_c�dhfZg^ghc� kljh-
db���Z�ihkljh_gb_�]jZnbdZ�j_amevlZlh\�ZgZebaZ�²�ijb�\uiheg_gbb�dhg-
dj_lgh]h�klZlbklbq_kdh]h�f_lh^Z��<�h[hbo�kemqZyo�]jZnbd�\u^Z_lky�\�hl-
^_evgmx�wdjZggmx�kljZgbpm��Gri, , i = 1−15.
éj{q·nxrqn�xzéjtq|�� >himkdZ_lky�kha^Zgb_�^h����]jZnbq_kdbo

kljZgbp��Ihke_�\u\h^Z�gZ����x�kljZgbpm�ke_^mxsbc�\u\h^�ijhba\h^bl-
ky� gZ� i_j\mx� ]jZnbq_kdmx� kljZgbpm�� aZf_sZy� bf_xsbcky� lZf� ]jZnbd�
Qlh[u�g_�l_jylv�\�j_amevlZl_�wlh]h�gm`gmx�bgnhjfZpbx��ke_^m_l�k\h_-
\j_f_ggh� m^Zeylv� g_gm`gu_� ]jZnbq_kdb_� kljZgbpu�� Wlh]h� fh`gh� k^_-
eZlv�gZ`Zlb_f�gZ�dghidm�aZdjulby�hdgZ��gh�ijhs_�gZ`Zlv�[ukljmx�deZ-
\brm�{'����dh]^Z�kljZgbpZ�Zdlb\gZ�
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=jZnbq_kdb_� kljZgbpu�fh`gh�i_j_f_sZlv� �gZijbf_j��^ey� khihklZ\-
e_gby�]jZnbdh\���>ey�wlh]h�ih^\_^bl_�mdZaZl_ev�furb�d�yjeudm�g_dhlh-
jhc� kljZgbpu��gZ`fbl_�ijZ\mx� dghidm�furb�b��g_� hlimkdZy� __�� \_^bl_
mdZaZl_ev��hg�baf_gbl�k\hx�ijb\uqgmx�nhjfm�gZ�klj_edm�k�iZqdhc�ebkl-
dh\��^h�yjeudZ�kljZgbpu�gZagZq_gby��A^_kv�hlimklbl_�dghidm�furb�

>ey� \bamZevgh]h� khihklZ\e_gby� ]jZnbdh\� ihe_agZ� bo� h^gh\j_f_ggZy
\bamZebaZpby�ihkj_^kl\hf�dhfZg^u�©DZkdZ^ª�ba�imgdlZ�©HdgZª�\_jog_c
dhfZg^ghc�kljhdb��kf��jbk�������

bvwvstqzns�t�n�qtxzéyuntz�� Ijb�Zdlb\baZpbb�wdjZgghc�kljZ-
gbpu� k� ]jZnbdhf�\� lj_lv_c�bgkljmf_glZevghc� kljhd_� wdjZgZ�ihy\ey_lky
jy^�^hihegbl_evguo�dghihd�h[s_]h� ]jZnbq_kdh]h�gZagZq_gby��ihkj_^kl-
\hf�dhlhjuo�fh`gh�fh^bnbpbjh\Zlv�m`_�ihkljh_gguc�]jZnbd�

Z�bf_ggh��ke_\Z�gZijZ\h��
• dghidZ�©Khoj=jZnª�khojZg_gby�^Zgguo�k�]jZnbdZ�\�we_dljhgghc�lZ[-

ebp_�
• dghidZ�baf_g_gby�lhesbgu�ebgbc�gZ�]jZnbd_��^_ckl\m_l�g_�gZ�\k_

lbiu�]jZnbdh\��
• dghidZ�i_j_dexq_gby��p\_lgh_�q_jgh±[_eh_�bah[jZ`_gb_��ihe_agh

bkihevah\Zlv�i_j_^�\u\h^hf�]jZnbdZ�gZ�ijbgl_j�beb�^ey�\klZ\db�jb-
kmgdZ�\�klZlvx��

• dghidZ�^h[Z\e_gby�ih^jbkmghqguo�gZ^ibk_c�b�e_]_g^���gZbf_gh\Zgbc
h[t_dlh\�

• dghidZ�^h[Z\e_gby�kgylby�dhhj^bgZlghc�k_ldb�
GZjy^m� k� wlbf�� hl^_evgh� ^ey� dZl_]hjbc� gZmqghc� ]jZnbdb� b� ^_eh\hc

]jZnbdb� dhgl_dklgh� ihy\eyxlky� _s_� b� ^hihegbl_evgu_� bgkljmf_glZev-
gu_�dghidb��kf��gb`_��

Çtvwrj�©fv}ééj{ª� DghidZ�khojZg_gby� ]jZnbdZ�y\ey_lky
qj_a\uqZcgh� m^h[guf� kj_^kl\hf� ^ey� i_j_g_k_gby� ]jZnbq_kdbo
^Zgguo� \� we_dljhggmx�lZ[ebpm� ^ey� ^hihegbl_evgh]h� ZgZebaZ� b

\bamZebaZpbb��ihkdhevdm� \� wlhf� kemqZ_� ^ey� khojZg_gguo� ^Zgguo� klZgh-
\ylky�^hklmigu�\k_�^jm]b_�\hafh`ghklb�iZd_lZ��Ijb�wlhf�\�we_dljhggmx
lZ[ebpm��\�i_j\u_�__�k\h[h^gu_�i_j_f_ggu_��aZghkylky�dhhj^bgZlu�X, Y
\k_o�lhq_d�k�]jZnbdZ��Hkh[_ggh�wlh�ihe_agh�^ey�khojZg_gby�j_amevlZlh\
m`_�ijh\_^_ggh]h�ZgZebaZ�beb�]jZnbdh\�^Zgguo��ihemq_gguo�\�j_amevlZ-
l_�^hihegbl_evguo�\uqbke_gbc��kieZcgu��k]eZ`b\Zgb_�b�l��i���

Çtvwrj�tjlwqxnp��DghidZ�\uiheg_gby�ih^jbkmghqguo�gZ^-
ibk_c�\uau\Z_l�wdjZgguc�[eZgd��\�dhlhjuc�fh`gh�\\_klb�g_h[oh-

^bfu_�gZ^ibkb�ih�hkyf�b�ih^�jbkmgdhf��Z�lZd`_�aZdZaZlv�\u\h^�e_]_g^�b
gZbf_gh\Zgbc� h[t_dlh\�� E_]_g^u� ij_^klZ\eyxl� kh[hc� kibkhd� fZjd_jh\
djb\uo�k�bo�gZbf_gh\Zgbyfb��jZkiheZ]Z_fuc�kijZ\Z�hl�]jZnbdZ��kf��gb`_��



82 =eZ\Z�4��=jZnbq_kdb_ kj_^kl\Z

Çvtznrxztvn� untí�� Ijb� gZ-
`Zlbb� gZ� ijZ\mx� dghidm� furb� \
Zdlb\ghf� ]jZnbd_� ihy\ey_lky� dhg-
l_dklgh_� f_gx�� dhfZg^u� dhlhjh]h
^m[ebjmxl� jy^� hi_jZpbc�� khojZg_-
gb_�]jZnbdZ�\�]jZnbq_kdhf�nhjfZ-
l_�� i_j_ghk� k� ]jZnbdZ� dhhj^bgZl� \
we_dljhggmx� lZ[ebpm�� \u\h^� ]jZ-
nbdZ�gZ�i_qZlv��kha^Zgb_�gZ^ibk_c�

^h[Z\e_gb_�bf_g�h[t_dlh\��e_]_g^��dhhj^bgZlghc�k_ldb��baf_g_gb_�p\_lZ�

Ëjlwqxq�tj�éqxytrn
;eZgd�\\h^Z�gZ^ibk_c� �jbk�������^ey�m`_�ihkljh_ggh]h�]jZnbdZ�\uau-

\Z_lky� gZ`Zlb_f� dghidb� ©GZ^ibkb». Wlhl� [eZgd� kh^_j`bl� ke_^mxsb_
we_f_glu�

• q_luj_�]hjbahglZevguo�ihey
\\h^Z�gZ^ibk_c�ih�hkyf�X, Y,
Z�b�ih^jbkmghqghc�gZ^ibkb�

• nhgZjbd�jZaj_r_gby�\u\h^Z
e_]_g^�gZ�jbkmghd�

• \udb^ghc�kibkhd�^ey�\u[hjZ
i_j_f_gghc��kh^_j`Zs_c�gZ-
bf_gh\Zgby�h[t_dlh\�

• dghidZ�ql_gby�gZ^ibk_c�ba
^bkdh\h]h�Zjob\Z�

• dghidZ�aZibkb�l_dmsbo�gZ^-
ibk_c�\�^bkdh\uc�Zjob\�

• dghidZ�hqbkldb�ihe_c�[eZgdZ�
• dghidZ�©Ml\_j^blvª�^ey�\u\h^Z�ijhba\_^_gguo�mklZgh\hd�gZ�jbkm-

ghd��^m[ebjm_lky�deZ\br_c�{&OUFS�);
• dghidZ�hlf_gu�[eZgdZ�[_a�ml\_j`^_gby�mklZgh\hd���^m[ebjm_lky�deZ-

\br_c�{&TD�).
<\_^_ggu_�\�[eZgd�gZ^ibkb�khojZgyxlky�\�iheyo�\\h^Z�^Zggh]h�[eZg-

dZ�hl�\uah\Z�d�\uah\m�b�hl�k_ZgkZ�d�k_Zgkm�
¬é}qk� tjlwqxnp� Qlh[u� g_� \\h^blv� dZ`^uc� jZa� lbih\u_� gZ^ibkb�

bf__lky�\hafh`ghklv�ojZgblv�gZ^ibkb�\�^bkdh\hf�Zjob\_��>ey�wlh]h�ij_^-
gZagZq_gu�^\_�dghidb�k�ibdlh]jZffZfb�ql_gby�b�aZibkb��I_j\Zy�hi_jZpby
iha\hey_l� kqblu\Zlv� \� wdjZgguc� [eZgd� gZ^ibkb� ba� Zjob\guo�nZceh\�� Z
\lhjZy�²� aZibku\Zlv� l_dmsb_�gZ^ibkb� \� Zjob\guc�nZce�mdZaZggh]h�gZ-
bf_gh\Zgby�� Ihjy^hd� \uiheg_gby� wlbo� hi_jZpbc� b^_glbq_g� hi_jZpbyf
ql_gby�b�aZibkb�nZceh\�^Zgguo��kf��jZa^��������aZ�bkdexq_gb_f�lh]h��qlh�\
h]eZ\e_gb_�Zjob\Z�\u^Z_lky�lhevdh�kibkhd�nZceh\�gZ^ibk_c��lbi�676��

Jbk�������;eZgd�\\h^Z�ih^jbkmghqguo�gZ^-
ibk_c
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Énmntl�� E_]_g^u�ij_^klZ\eyxl�kh[hc�ihykg_gby�d�jZaebqguf�dhf-
ihg_glZf� ]jZnbdZ�� jZkiheZ]Z_fu_� kijZ\Z� hl�g_]h��>ey� gZmqghc� ]jZnbdb
e_]_g^u�fZjdbjmxl� jZaebqgu_� djb\u_� k� mdZaZgb_f� bf_g� khhl\_lkl\mx-
sbo� bf� Y±i_j_f_gguo�� >ey� ^bZ]jZffu� jZkk_ygby� e_]_g^u� fZjdbjmxl
hl^_evgu_�lhqdb� �h[t_dlu���>ey�^_eh\hc�]jZnbdb�e_]_g^u� �bf_gZ�h[t_d-
lh\�beb�i_j_f_gguo��aZ\bkyl�hl�jZkiheh`_gby�hk_c��Ijb�wlhf�^ey�djm]h-
\hc�^bZ]jZffu�e_]_g^u�ijbkmlkl\mxl�\�\b^_�gZbf_gh\Zgbc�k_dlhjh\�
Êuntj�vi~nrzvk� QZklh�gZ�]jZnbd_�g_h[oh^bfh�hlh[jZablv�h[hagZ-

q_gby�beb�ghf_jZ�h[t_dlh\�ba� we_dljhgghc� lZ[ebpu� �gZijbf_j��gZ�^bZ-
]jZff_� jZkk_ygby��� LZdb_� bf_gZ� fh]ml� ojZgblvky� \� e_\hf� h[t_dlghf
klhe[p_�beb�\�ex[hc�i_j_f_gghc�\�we_dljhgghc�lZ[ebp_��Lh]^Z�wlm�i_j_-
f_ggmx� ihe_agh� mdZaZlv� \� ihe_� ©H[t_dluª� [eZgdZ��Ijb� \u[hj_� lZdbo
h[hagZq_gbc� ke_^m_l� klj_fblvky� d� bo� dhfiZdlghklb�� bgZq_� h[hagZq_gby
[m^ml�gZ�]jZnbd_�gZdeZ^u\Zlvky�^jm]�gZ�^jm]Z��Ijb�hlkmlkl\bb�mdZaZgby
i_j_f_gghc�k�bf_gZfb�h[t_dlh\�\�jy^_�kemqZ_\��ih�mfheqZgbx��bkihev-
amxlky�ihjy^dh\u_�ghf_jZ�h[t_dlh\�

fénlxzkj�énljrzqévkjtq¹
<�jZfdZo�Zdlb\ghc�]jZnbq_kdhc�kljZgbpu�fh`gh�\uihegylv�jy^�hi_-

jZpbc�j_^Zdlbjh\Zgby�bah[jZ`_gby��k\yaZgguo�k�baf_g_gb_f�_]h�jZaf_-
jh\��i_j_f_s_gb_f�beb�m^Ze_gb_f�hl^_evguo�dhfihg_glh\��gZ[hjhf�^h-
ihegbl_evguo�gZ^ibk_c�b�^j�
Êountqz��éjouné�� Qlh[u�baf_gblv�jZaf_j�]jZnbdZ��g_h[oh^bfh�

���i_j_f_klblv�mdZaZl_ev�furb�d�h^ghc�ba�h]jZgbqb\Zxsbo�]jZnbd�dh-
hj^bgZlguo�hk_c��^ey�djm]h\hc�^bZ]jZffu�mkeh\gu_�hkb�gZoh^ylky�aZ
__�ij_^_eZfb���ijb�wlhf�nhjfZ�mdZaZl_ey�baf_gblky�gZ�^\mgZijZ\e_g-
gmx�klj_edm�

���gZ`Zlv�e_\mx�dghidm�furb�b�\_klb�]jZgbpm�\�__�gh\h_�f_klh��ihke_
q_]h�hlimklblv�dghidm�furb�
Qlh[u�i_j_f_klblv�kZf�]jZnbd�\�^jm]h_�f_klh� �^hklZlhqgh�j_^dh�\u-

ihegy_fZy�hi_jZpby���gm`gh�ihke_^h\Zl_evgh�i_j_f_klblv�_]h�]jZgbpu�
Ìwnéj|qq�x�{éjmuntzjuq�éqxytrj� Qlh[u�\u^_eblv�g_dhlhjuc

njZ]f_gl��mqZklhd��gZ�jZ[hq_c�]jZnbq_kdhc�kljZgbp_�^ey�ihke_^mxs_]h
i_j_f_s_gby� beb� m^Ze_gby�� g_h[oh^bfh� ih^\_klb� mdZaZl_ev� furb� \
ij_^iheZ]Z_fmx�e_\mx�\_jogxx�lhqdm�njZ]f_glZ��gZ`Zlv�e_\mx�dghidm
furb�b��g_�hlimkdZy�dghidm��lygmlv�ihy\b\rbcky�imgdlbjguc�q_luj_o-
m]hevgbd�d�ij_^iheZ]Z_fhc�ijZ\hc�gb`g_c�lhqd_�njZ]f_glZ�
èjivzj� x� iy{névu� viuntj� <u^_e_gguc�njZ]f_gl� fh`gh� m^Z-

eblv�beb�kdhibjh\Zlv�\�[mn_j�h[f_gZ��Z�aZl_f�_]h�fh`gh�\klZ\blv�\�ex-
[hf�f_kl_�]jZnbdZ��LZdbfb�kj_^kl\Zfb�q_j_a�[mn_j�h[f_gZ�fh`gh�i_j_-
f_sZlv�gZ�]jZnbd_�jZaebqgu_�_]h�we_f_glu��kf��lZd`_�jZa^�������

Qlh[u� hlf_gblv� \u^_e_gb_�njZ]f_glZ� imgdlbjguf� q_luj_om]hevgb-
dhf��ke_^m_l�gZ`Zlv�e_\mx�dghidm�furb�\�ex[hf�^jm]hf�f_kl_�kljZgbpu�
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Ëjlwqxq�x� rsjkqjzyé���Qlh[u� k^_eZlv� ^hihegbl_evgmx�gZ^ibkv
gZ�kZfhf�jbkmgd_��gm`gh�ijhba\_klb�\u^_e_gb_�\�lj_[m_fhf�f_kl_� �l��_�
^\b`_gb_f�furb�k�gZ`Zlhc�e_\hc�deZ\br_c�ihkljhblv�imgdlbjguc�ijy-
fhm]hevgbd�gm`gh]h�jZaf_jZ���gZ`Zlv�gZ�deZ\brm� ³ijh[_e´�b�\�ihy\b\-
r_fky�[eZgd_�\\_klb�l_dkl�gZ^ibkb�mklZgh\e_gguf�rjbnlhf��Wlh�ke_^m-
_l� ^_eZlv� \� aZ\_jr_gb_� hnhjfe_gby� ]jZnbdZ� �i_j_^� \u\h^hf� gZ� i_qZlv
beb�khojZg_gb_f�\�]jZnbq_kdhf�nZce_���ihkdhevdm�gZ^ibkb�gZ�jbkmgd_�g_
khojZgyxlky�ijb�_]h�i_j_kljh_gbyo�

Ìi�qn�vwnéj|qq
<�jZfdZo�Zdlb\ghc�]jZnbq_kdhc�kljZgbpu�^_ckl\m_l�jy^�h[sbo�hi_-

jZpbc��^hklmiguo�ba�\_jog_c�wdjZgghc�kljhdb�dhfZg^��^m[ebjm_fuo�]h-
jyqbfb�nmgdpbhgZevgufb�deZ\brZfb��Z�lZd`_�ihklhyggufb�bgkljmf_g-
lZevgufb�dghidZfb�\�lj_lv_c�wdjZgghc�kljhd_�
• ql_gb_�]jZnbq_kdh]h�nZceZ�ba�^bkdh\h]h�Zjob\Z�\�Zdlb\gmx�]jZnbq_-

kdmx�kljZgbpm�
• aZibkv�]jZnbq_kdhc�kljZgbpu�\�\b^_�]jZnbq_kdh]h�nZceZ�\�^bkdh\uc

Zjob\�
• hi_jZpbb�k�[mn_jhf�h[f_gZ��\uj_adZ��dhibjh\Zgb_��\klZ\dZ��m^Ze_gb_

\u^_e_ggh]h�mqZkldZ�bah[jZ`_gby�
• i_qZlv�Zdlb\ghc�]jZnbq_kdhc�kljZgbpu�gZ�ijbgl_j_�
• i_j_mklZgh\dZ�l_dms_]h�]jZnbq_kdh]h�rjbnlZ.

Ql_gb_� b� aZibkv� ]jZnbq_kdbo� nZceh\� ijhba\h^blky� \� nhjfZl_� BMP
�^bZeh]�ql_gby�aZibkb�ZgZeh]bq_g�jZa^�������

Ín·jz��� Ijb� \uiheg_gbb� hi_jZpbb� i_-
qZlb� ]jZnbdZ� ihy\ey_lky� wdjZgguc� [eZgd
�jbk��������\�dhlhjhf�gZ^h�\\_klb�\�kZglbf_l-
jZo�jZaf_ju�b�iheh`_gb_�jbkmgdZ� �hlklmiu
hl� e_\h]h� b� \_jog_]h� djZy� ebklZ��rbjbgm� b
\ukhlm�� gh� g_� [he__� nhjfZlZ� :���� Z� lZd`_
mdZaZlv�rbjbgm�ebklZ�[mfZ]b�\�kZglbf_ljZo�

JZkiheh`_gb_�ebklZ�i_qZlb��dgb`gh_�beb
eZg^rZnlgh_�� baf_gy_lky� \� mklZgh\dZo
ijbgl_jZ��dhfZg^Z�©Ijbgl_jª�imgdlZ�©NZc-
euª�\_jog_c�dhfZg^ghc�kljhdb��

Ætqujtqn�� ih� l_ogbq_kdbf� ijbqbgZf
^ey�ijZ\bevgh]h�\u\h^Z�gZ�i_qZlv�]jZnbdh\
^ey�ijbgl_jZ�^he`gh�[ulv�mklZgh\e_gh�]jZ-
nbq_kdh_�jZaj_r_gb_�����GSL�
Êountntqn� ¡éq{zj� Ijb� \u^Zq_� gZ

jbkmghd� gZ^ibk_c� fh]ml� \hagbdgmlv� jZaebqgu_� rjbnlh\u_� ijh[e_fu�
dhlhju_� ke_^m_l�j_rZlv�ihkj_^kl\hf�i_j_mklZgh\db�rjbnlZ�^ey� ]jZnb-
q_kdbo�kljZgbp��kf��jZa^�������

Jbk�������;eZgd�\\h^Z�jZaf_-
jh\�jbkmgdZ�gZ�i_qZlb
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éj{qrq�ljtt�}
Qlh[u�ihkljhblv� ]jZnbd� ^Zgguo��gm`gh�gZ`Zlv� deZ\brm�{'��� �beb

`_�\uihegblv�imgdl�©=jZnbdª�\�\_jog_c�dhfZg^ghc�kjhd_���qlh�ijb\h^bl
d�\uah\m�f_gx�\u[hjZ�lbiZ�]jZnbdZ�^Zgguo��jbk�������

<� wlhf� f_gx� ke_^m_l� \u[jZlv� gm`guc
lbi� ]jZnbdZ� ihkj_^kl\hf� gZ`Zlby� gZ� khhl-
\_lkl\mxsmx� wdjZggmx� dghidm� beb� `_� gZ
khihklZ\e_ggmx�_c�deZ\brm�[ukljh]h�\uah-
\Z��>hklmigu_� \� 67$',$� ]jZnbq_kdb_�nhj-
fu�jZa[blu�gZ�q_luj_�]jmiiu��gZmqgZy�]jZ-
nbdZ��^_eh\Zy�]jZnbdZ��fgh]hf_jgZy�]jZnbdZ
b� kieZcgu� �y\eyxlky� ki_pbZevguf� lbihf
gZmqghc�]jZnbdb��

FZkrlZ[bjh\Zgb_� ]jZnbdZ� b� jZaf_ldZ
hk_c� ijhba\h^ylky� Z\lhfZlbq_kdb�� <� dhgp_
dhhj^bgZlguo� hk_c� fh]ml� [ulv� mdZaZgu
fZkrlZ[gu_� ^_kylbqgu_� fgh`bl_eb� \b^Z�
*Ei ��]^_�i —�ihdZaZl_ev�^_kylbqghc�kl_i_gb�

>Ze__� \� ihy\b\r_fky� [eZgd_� \u[hjZ� i_-
j_f_gguo� �jbk�� ����� ke_^m_l� hlh[jZlv� i_j_-
f_ggu_� ba� we_dljhgghc� lZ[ebpu�� hlh[jZ-
`Z_fu_� gZ� ]jZnbd_� �\u[hj� lZdbo� i_j_f_g-
guo� aZ\bkbl�hl� lbiZ� ]jZnbdZ�� kf�� lZd`_�ih-

Jbk�������F_gx�\u[hjZ�]jZnbdZ�^Zgguo

Jbk�������;eZgd�\u[hjZ�i_j_f_gguo
^ey�]jZnbdZ
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ykg_gby�d�jbk�������

�����Ëjy·tj¹�méj{qrj�q�xwsjpt�
GZmqgZy� ]jZnbdZ� \dexqZ_l� gZb[he__� mihlj_[bl_evgu_� \� gZmqguo� b

bg`_g_jguo�bkke_^h\Zgbyo�nhjfu�^\mof_jguo�]jZnbdh\�
�
� nmgdpbhgZevguc�]jZnbd��bah[jZ`Zxsbc�h^gm�beb�g_kdhevdh�wdki_jb-

f_glZevguo�beb�l_hj_lbq_kdbo�aZ\bkbfhkl_c�\b^Z�Y=f(X)��ij_^klZ\-
e_gguo�fgh`_kl\hf�iZj�agZq_gbc�i_j_f_gguo�X, Y;

�
� ]jZnbd�k�hldehg_gbyfb��ZgZeh]bq_g�nmgdpbhgZevghfm��gh�\�g_f�dZ`-
^h_�agZq_gb_�Y�bgl_jij_lbjm_lky�dZd�g_dhlhjh_�kj_^g__�agZq_gb_��b
^ey�g_]h�_s_�mdZau\Z_lky�lj_lvy�i_j_f_ggZy�dY��ij_^klZ\eyxsZy�bg-
l_j\Ze�hrb[db�beb�klZg^Zjlgh_�hldehg_gb_�agZq_gbc�

�
� <�jy^u�ZgZeh]bqgu�nmgdpbhgZevguf�]jZnbdZf��gh�g_�\�aZ\bkbfhklb
hl�g_dhc�^jm]hc�i_j_f_gghc��Z�\�ihjy^d_�k\hbo�agZq_gbc��\�wlhc�`_
nhjf_�m^h[gh�ij_^klZ\eylv�b�\j_f_ggu_�jy^u;

�
� ̂ bZ]jZffZ�jZkk_ygby��kdZll_j]jZffZ���]^_�^Zggu_�bgl_jij_lbjmxlky
g_�dZd�aZ\bkbfhklv�Y=f(X)��Z�dZd�fgh`_kl\h�iZj�agZq_gbc�X,Y��dZ`^Zy
ba�dhlhjuo�ij_^klZ\ey_l�dhhj^bgZlu�g_dhlhjhc�lhqdb�\�^\mof_jghf
ijhkljZgkl\_�

�
� ]jZnbd�jZkij_^_e_gby�\u[hjhqguo�agZq_gbc�ij_^klZ\ey_l�bah[jZ`_-
gb_�h^ghc�beb�g_kdhevdbo�\u[hjhd��i_j_f_gguo��\�ihjy^d_�\hajZklZ-
gby�bo�agZq_gbc�

�
� ysbdb�k�mkZfb�y\eyxlky�fh^bnbdZpb_c�ihemqb\r_]h�jZkijhkljZg_gb_
kihkh[Z�dhfiZdlgh]h�kh\f_klgh]h�bah[jZ`_gby�fgh]bo�\u[hjhd�k�mdZ-
aZgb_f�bo�kj_^gbo�agZq_gbc�b�klZg^Zjlguo�hldehg_gbc�

�
� kieZcgu fh`gh�hlg_klb�d�ki_pbZevghfm�jZa^_em�gZmqghc�nmgdpbh-
gZevghc�]jZnbdb��]^_�ijhf_`mldb�f_`^m�wdki_jbf_glZevgufb�lhqdZ-
fb�k]eZ`b\Zxlky�bgl_jihebjmxlky�ihkj_^kl\hf�ki_pbZevguo�dm[bq_-
kdbo�iZjZ[he�²�kieZcgh\�
Z�� kieZcg±bgl_jiheypby�h[_ki_qb\Z_l�ijhoh`^_gb_�kieZcgh\�g_ih-
kj_^kl\_ggh�q_j_a�aZ^Zggu_�lhqdb�

[� kieZcg±k]eZ`b\Zgb_�h[_ki_qb\Z_l�ijhoh`^_gb_�kieZcgh\�gZ�g_dhlh-
jhf�m^Ze_gbb�hl�aZ^Zgguo�lhq_d�k�f_gvrbfb�dhe_[Zgbyfb�

Ijb�Zdlb\baZpbb�wdjZgghc�kljZgbpu�k�gZmqguf�]jZnbdhf�\�lj_lv_c�wd-
jZgghc�kljhd_�ihy\ey_lky�^\_�^hihegbl_evgu_�bgkljmf_glZevgu_�dghidb:

1) dghidZ�baf_g_gby�nhjfu�l_dms_]h�]jZnbdZ�bf__l�q_luj_
khklhygby��pbdebq_kdb�baf_gy_fu_�ijb�dZ`^hf�gZ`Zlbb�

• ]jZnbd�\�\b^_�ebgbc�
• ]jZnbd�\�\b^_�ebgbc�k�fZjd_jZfb�lhq_d�
• ]jZnbd�\�\b^_�fZjdbjh\Zgguo�lhq_d��^bZ]jZffZ�jZkk_ygby);
• ]jZnbd�\�\b^_�klhe[bdh\��klhe[bdh\Zy�^bZ]jZffZ);
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2)dghidZ�ghf_jZ�aZ\bkbfhklb�Y=f(X)�mklZgZ\eb\Z_l�h^gm�ba�g_kdhevdbo
wdkihgbjm_fuo�gZ�]jZnbd_�aZ\bkbfhkl_c�\�dZq_kl\_�l_dms_c��nhjfZ
dhlhjhc�baf_gy_lky�i_j\hc�dghidhc��
Wlbfb� dghidZfb�fh`gh�baf_gblv�nhjfm�ij_^klZ\e_gby� ex[hc� aZ\b-

kbfhklb�gZ�nmgdpbhgZevghf�b�g_dhlhjuo�^jm]bo�lbiZo�]jZnbdh\�

Ðytr|qvtjs�t�p�méj{qr� <�wdjZgghf�[eZgd_�\u[hjZ�i_j_f_gguo
g_h[oh^bfh�mdZaZlv�h^gm�beb�g_kdhevdh�iZj�i_j_f_gguo�X, Y��ij_^klZ\-
eyxsbo�wdki_jbf_glZevgu_�aZ\bkbfhklb�Y=f(X) �jbk�������

<�[eZgd_� \u[hjZ�fh`gh�mdZaZlv�b�h^gm�i_j_f_ggmx�Y�� lh]^Z�ih�hkb
Z[kpbkk�[m^ml�jZkiheh`_gu�ihjy^dh\u_�qbkeZ�agZq_gbc�Y.

<�é¹l�� < [eZgd_� \u[hjZ� i_j_f_gguo� g_h[oh^bfh� mdZaZlv� h^gm� beb
g_kdhevdh�i_j_f_gguo�Y��<b^� ]jZnbdZ� ZgZeh]bq_g�nmgdpbhgZevghfm��h^-
gZdh�hkv�O�ij_^klZ\ey_l�ihjy^dh\u_�ghf_jZ�agZq_gbc�Y.�NhjfZ�]jZnbdh\
fh`_l� [ulv� lZd`_� baf_g_gZ� \ur_mihfygmlufb�nmgdpbhgZevgufb� dghi-
dZfb�

éj{qr�x�vzrsvtntq¹uq��<�[eZgd_�\u[hjZ�i_j_f_gguo�g_h[oh^b-
fh�mdZaZlv�h^gm�beb�g_kdhevdh�ljbZ^�i_j_f_gguo��X, Y�b�hldehg_gby�dY
�jbk�������

Jbk�������Ljb�nmgdpbhgZevguo�]jZnbdZ�\�lj_o�nhjfZo�bah[jZ`_gbb��ebgbyfb�
lhqdZfb��^bZ]jZffZ�jZkk_ygby��b�klhe[bdZfb��klhe[bdh\Zy�^bZ]jZffZ�
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bqjméjuuj�éjxxn¹tq¹��<�[eZgd_�i_j_f_gguo�g_h[oh^bfh�mdZaZlv
h^gm�beb�g_kdhevdh�iZj�i_j_f_gguo��khhl\_lkl\mxsbo�dhhj^bgZlZf�X�b
Y�wdkihgbjm_fuo�gZ�]jZnbd_�lhq_d�

Ihke_�\u\h^Z�]jZnbdZ�^ey�dZ`^hc�lhqdb�fh`gh�^h[Z\blv�gZbf_gh\Z-
gby�h[t_dlh\��>ey�wlh]h�ke_^m_l�\ua\Zlv�[eZgd�ih^jbkmghqguo�gZ^ibk_c
�kf��jbk�������gZ`Zlb_f�gZ�khhl\_lkl\mxsmx�bgkljmf_glZevgmx�]jZnbq_-
kdmx�dghidm�b�\�wlhf�[eZgd_�mklZgh\blv�ijbagZd�©E_]_g^uª��Fh`gh�lZd-
`_�\f_klh�ghf_jh\�ijhklZ\blv�kbf\hevgu_�h[hagZq_gby�lhq_d��mklZgh\b\
\�[eZgd_�gZ^ibk_c�i_j_f_ggmx±fZjd_j.
éj{qr� éjxwénlnsntq¹� �Çnzsn�� <� [eZgd_� i_j_f_gguo� g_h[oh-

^bfh�mdZaZlv�h^gm�beb�g_kdhevdh�i_j_f_gguo��ij_^klZ\eyxsbo�wdkihgb-
jh\Zggu_�gZ�]jZnbd_�\u[hjdb�

AgZq_gby� i_j_f_gguo� [m^ml� mihjy^hq_gu� ih� \hajZklZgbx� b� bah[jZ-
`_gu�dZd�nmgdpby�bo�ihjy^dh\h]h�ghf_jZ��jbk�������

Jbk�������NmgdpbhgZevguc�]jZnbd�k�hldehg_gbyfb

Jbk�������=jZnbd�jZkij_^_e_gby�agZq_gbc�^\mo�\u[hjhd��]jZnbd�D_le_�
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��qr�x�yxjuq� <�[eZgd_�\u[hjZ�i_j_f_gguo�g_h[oh^bfh�mdZaZlv�g_
f_g__� ^\mo� i_j_f_gguo�� ij_^klZ\eyxsbo� wdkihgbjh\Zggu_� gZ� ]jZnbd_
\u[hjdb�

AgZq_gby�dZ`^hc�\u[jZgghc�i_j_f_gghc�ij_^klZ\eyxlky�\�\b^_�k_jbb
lhq_d�\�hl^_evghc�\_jlbdZevghc�dhehgd_��jbk��������>ey�dZ`^hc�lZdhc�dh-
ehgdb�jbkm_lky�ijyfhm]hevgbd��khhl\_lkl\mxsbc�klZg^Zjlghfm�hldeh-
g_gbx� ^ey� wlhc� i_j_f_gghc� �\� iheh`bl_evgmx� b� hljbpZl_evgmx� klhjh-
gu���\gmljb�dhlhjh]h�]hjbahglZevgufb�ebgbyfb�mdZau\Zxlky�iheh`_gby
kj_^g_]h�agZq_gby��[he__�^ebggZy�ebgby��b�f_^bZgu�i_j_f_gghc�
fwsjpt�� Dm[bq_kdb_� kieZcgu� \b^Z�� s = a0+a1*x+a2*x

2+a3*x
3  bk-

ihevamxlky�^ey�^hklb`_gby�ieZ\gh]h�i_j_oh^Z�f_`^m�aZ^Zggufb�lhqdZ-
fb�wdki_jbf_glZevghc�nmgdpbb�k�g_ij_ju\ghklvx�i_j\hc�b�\lhjhc�ijh-
ba\h^guo�\h�\k_c�h[eZklb��jbk��������Bf__lky�^\Z�\b^Z�lZdbo�]jZnbdh\�
• ]jZnbd�kieZcg±bgl_jiheypbb�aZ\bkbfhklb�Y�hl�X��kieZcg�ijhoh^bl

lhqgh�q_j_a�aZ^Zggu_�lhqdb�
• ]jZnbd�kieZcg±k]eZ`b\Zgby�aZ\bkbfhklb�Y�hl�X��kieZcg�keZ`b\Z_l

wdki_jbf_glZevgmx�aZ\bkbfhklv��ijhoh^y�f_`^m�__�lhqdZfb�

Jbk�������KieZcgu�bgl_jiheypbb�b�k]eZ`b\Zgby��djm]b�²�wdki_jb-
f_glZevgu_�lhqdb�

Jbk�������©Ysbdb�k�mkZfbª�^ey����\u[hjhd
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I_j_^�gZ`Zlb_f�gZ�dghidm�kieZcg±]jZnbdZ�\�gb`_jZkiheh`_gghf�ih-
e_�\\h^Z� �kf��jbk�������g_h[oh^bfh�mdZaZlv�qbkeh�lhq_d��\�dhlhjuo�[m^ml
\uqbke_gu�agZq_gby�kieZcgZ��\�bgl_j\Ze_�f_`^m�dZ`^ufb�^\mfy�wdki_-
jbf_glZevgufb�lhqdZfb�

>ey�]jZnbdZ�kieZcg±k]eZ`b\Zgby�\�khk_^g_f�ihe_�\\h^Z�^hihegbl_ev-
gh� g_h[oh^bfh� mdZaZlv� agZq_gb_� dhwnnbpb_glZ� k]eZ`b\Zgby��Wlhl� dh-
wnnbpb_gl� mdZau\Z_l� kj_^g__� jZkklhygb_�� gZ� dhlhjh_� k]eZ`b\Zxsbc
kieZcg�[m^_l�hlklhylv�hl�aZ^Zgguo�lhq_d��Q_f�[eb`_�wlhl�dhwnnbpb_gl�d
gmex��l_f�[eb`_�d�wdki_jbf_glZevguf�lhqdZf�[m^_l�ijhoh^blv�kieZcg�
AgZq_gb_� dhwnnbpb_glZ�� jZ\gh_� ��� khhl\_lkl\m_l� h^ghfm� kj_^g_d\Z^jZ-
lbqghfm�hldehg_gbx�^ey� wdki_jbf_glZevguo� agZq_gbc�Y��KieZcg±k]eZ-
`b\Zgb_��\�qZklghklb��hdZau\Z_lky�hq_gv�wnn_dlb\guf�^ey�k]eZ`b\Zgby
kbevgh� aZrmfe_gguo� \j_f_gguo� jy^h\� b� wdki_jbf_glZevguo� aZ\bkbfh-
kl_c��kf��\�ijbf_j_�d�jZa^�������

Ihke_� \u[hjZ� kieZcg±]jZnbdZ� \� ihke_^mxs_f� [eZgd_� \u[hjZ� i_j_-
f_gguo�g_h[oh^bfh�\u[jZlv�^\_�i_j_f_ggu_�ba� we_dljhgghc� lZ[ebpu� \
dZq_kl\_�X�b�Y��fh`gh�mdZaZlv�b�h^gm�i_j_f_ggmx�Y��lh]^Z�ih�hkb�Z[kpbkk
[m^ml�ihjy^dh\u_�ghf_jZ�agZq_gbc��

�����bnsvkj¹�méj{qrj
JZa^_e�^_eh\hc�]jZnbdb�h[t_^bgy_l�gZb[he__�mihlj_[bl_evgu_�nhjfu

bah[jZ`_gby� ^Zgguo� ]mfZgblZjgh]h� b� wdhghfbq_kdh]h� oZjZdl_jZ�� ij_^-
klZ\e_gguo� \� \b^_� fZljbpu� kh� agZq_gbyfb� g_kdhevdbo� i_j_f_gguo
�klhe[pu���baf_j_gguo�m�jy^Z�h[t_dlh\� �kljhdb���Ijb�wlhf�ij_bfms_kl-
\_ggh�ij_^klZ\ey_l�bgl_j_k�\bamZevgh_�kjZ\g_gb_�jZaebqguo�h[t_dlh\�ih
agZq_gbx�h^ghc�beb�g_kdhevdbo�i_j_f_gguo�

Ba�f_gx�]jZnbdh\�^Zgguo�fh`gh�\u[jZlv�ke_^mxsb_�lbiu�^bZ]jZff�

Z [ \
Jbk��������Klhe[bdh\u_�^bZ]jZffu��Z�²�[_a�lj_of_jgh]h�wnn_dlZ��[�²�k�lj_of_j-

guf�wnn_dlhf��\�²�lj_of_jgZy�klhe[bdh\Zy�^bZ]jZffZ
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• klhe[bdh\Zy�^bZ]jZffZ��jbk��������h[_ki_qb\Z_l�ihke_^h\Zl_evgh�eb-
g_cgh_�jZkiheh`_gb_�agZq_gbc�h[t_dlh\�^ey�dZ`^hc�ihke_^mxs_c
i_j_f_gghc�

• ^bZ]jZffZ±[Zrgy��jbk���������\�hlebqb_�hl�klhe[bdh\hc��bah[jZ`Z_l
agZq_gby�h[t_dlh\�^ey�dZ`^hc�ihke_^mxs_c�i_j_f_gghc�

• 100%–gZy�[Zrgy��jbk��������ij_^klZ\ey_l�\ZjbZgl�^bZ]jZffu±[Zrgb��m
dhlhjhc�dZ`^Zy�\_jlbdZevgZy�dhehgdZ��h[t_dl��ghjfbjh\ZgZ�gZ������

• djm]h\Zy�^bZ]jZffZ��jbk��������bah[jZ`Z_l�khhlghr_gb_�agZq_gbc�g_-
dhlhjhc�i_j_f_gghc�^ey�jy^Z�h[t_dlh\�\�\b^_�k_dlhjh\�djm]Z�

• dZjlZ��jbk��������bah[jZ`Z_l�khhlghr_gb_�agZq_gbc�i_j_f_gguo��ih
]hjbahglZeb��^ey�jy^Z�h[t_dlh\��ih�\_jlbdZeb��\�nhjf_�fZljbpu��]^_
agZq_gby��de_ldb�fZljbpu��dh^bjmxlky�\�p\_lghc�beb�q_jgh�[_ehc
rdZe_�

Z [
Jbk��������Djm]h\Zy�^bZ]jZffZ��T

Z�²�[_a�lj_of_jgh]h�wnn_dlZ��[�²�k�lj_of_jguf�wnn_dlhf

Z [ \
Jbk��������;Zr_ggu_�^bZ]jZffu�

Z�²�[_a�lj_of_jgh]h�wnn_dlZ��[�²�k�lj_of_jguf�wnn_dlhf��\�²�����±gZy



92 =eZ\Z�4��=jZnbq_kdb_ kj_^kl\Z

Djhf_� wlh]h�� fh`gh� mlhq-
gblv� bkoh^gmx� nhjfm� ij_^-
klZ\e_gby� dZ`^hc� ba� ^bZ]jZff
ihkj_^kl\hf�^\mo� ki_pbZevguo
i_j_dexqZl_e_c�� gZoh^ysboky
\gbam� iZg_eb� ^_eh\hc� ]jZnbdb
�kf��jbk������
• i_j_dexqZl_ev�©klhe[bdb»

hij_^_ey_l��[m^_l�eb�\u-
[jZggZy�^bZ]jZffZ�bah[jZ-
`Zlvky�klhe[bdZfb�beb�`_

ebgbyfb��e_glZfb��
• i_j_dexqZl_ev�©�'±wnn_dlª�hij_^_ey_l��[m^ml�eb�dhhj^bgZlgZy�jZf-

dZ�b�kZfb�^bZ]jZffu�bf_lv�lj_of_jguc�wnn_dl�
Ihke_�\u[hjZ�lbiZ�]jZnbdZ�\�ihy\eyxs_fky�wdjZgghf�[eZgd_�i_j_f_-

g_gguo�g_h[oh^bfh�mdZaZlv�i_j_f_ggu_��wdkihgbjm_fu_�gZ�]jZnbd_�

éj{q·nxrqn�wéqotjrq�q�qtxzéyuntz��

<�jZa^_e_�^_eh\hc�]jZnbdb�^hklmigh�k\ur_����jZaebqguo�nhjf�^bZ-
]jZff�� dhlhju_� deZkkbnbpbjmxlky� ih� q_luj_f� ijbagZdZf�� gZdhie_g-
ghklv��nhjfZ��lj_of_jghklv�b�hkb�

Wlb� ijbagZdb� mijZ\eyxlky� ^hihegbl_evgu-
fb� bgkljmf_glZevgufb� dghidZfb� k� ibdlh]jZf-
fZfb�� dhgl_dklgh� ihy\eyxsbfbky� \� lj_lv_c

wdjZgghc� kljhd_� ijb� Zdlb\baZpbb� kljZgbpu� k� ^_eh\uf� ]jZnbdhf�� >ey
djm]h\hc� ^bZ]jZffu� ihy\ey_lky� _s_� iylZy� ^hihegbl_evgZy� bgkljmf_g-
lZevgZy�dghidZ�²�ghf_j�h[t_dlZ�

LZdbf�h[jZahf��g_aZ\bkbfh�hl�bkoh^ghc�nhjfu� ]jZnbdZ��\� wdjZgghc
kljZgbp_�fh`gh� _]h�baf_gblv��ihevamykv� q_lujvfy±iylvx� ^hihegbl_ev-
gufb�bgkljmf_glZfb��dhlhju_�jZkkfhljbf�ih^jh[g__�

Ëjrvwsnttvxz���Wlhl� ijbagZd±bgkljmf_gl� bf__l� ljb
]jZ^Zpbb��pbdebq_kdb�baf_gy_fuo�ijb�dZ`^hf�gZ`Zlbb�

• klhe[bdh\Zy�^bZ]jZffZ��jbk��������
• ^bZ]jZffZ±[Zrgy��jbk��������
• 100%–gZy�[Zrgy�iha\hey_l�khihklZ\blv�ijhp_glgu_�ij_^klZ\bfhklb

dZ`^hc�i_j_f_gghc�m�jZaguo�h[t_dlh\�
Ðvéuj� wénlxzjksntq¹�� Wlhl� ijbagZd±bgkljmf_gl

lZd`_�bf__l�ljb�]jZ^Zpbb��pbdebq_kdb�baf_gy_fu_�ijb�dZ`-
^hf�gZ`Zlbb:

• klhe[bdh\Zy�nhjfZ��jbk��������������
• ebg_cgZy�nhjfZ��jbk��������������bah[jZ`Z_l�baf_g_gb_�agZq_gbc�dZ`-

^hc�i_j_f_gghc�m�ihke_^h\Zl_evguo�h[t_dlh\�\�\b^_�h[uqgh]h�]jZnb-
dZ��khklhys_]h�ba�ebgbc��beb�e_glhq_d�ijb�lj_of_jghklb��

Jbk�������DZjlZ
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• nhjfZ�djm]h\hc�^bZ]jZffu��jbk��������

Jbk��������E_glhqgu_�gZdhie_ggu_�^bZ]jZffu�
Z�±�[_a�lj_of_jgh]h�wnn_dlZ��[�±�k�lj_of_jguf�wnn_dlhf��\�±�����±gZy

Òén}unétvxz���Wlhl�ijbagZd±bgkljmf_gl�kh�agZq_gbyfb
>Z�G_l� hij_^_ey_l� gZebqb_� m� dhhj^bgZlghc� jZfdb� b� kZfbo
^bZ]jZff�lj_of_jgh]h�wnn_dlZ�

>ey� klhe[bdh\hc� ^bZ]jZffu� kh� klhe[bdh\hc� beb� ebg_cghc� nhjfhc
ij_^klZ\e_gby� wlhl� ijbagZd� bf__l� _s_� h^gm� ^hihegbl_evgmx� ]jZ^Zpbx
²�bah[jZ`_gb_�^bZ]jZffu�\�\b^_�j_Zevgh�lj_of_jgh]h�]jZnbdZ��kf��jbk�
4.10).
Ìxq��Wlhl�ijbagZd±bgkljmf_gl�bf__l�^\Z�agZq_gby�

• gZ�^bZ]jZff_�ih�]hjbahglZeb�jZkiheZ]Zxlky�h[t_dlu�
• gZ�^bZ]jZff_�ih�]hjbahglZevghc�hkb�jZkiheZ]Zxlky�i_j_-

f_ggu_�

Z [
Jbk��������E_glhqgu_�^bZ]jZffu�

Z�²�[_a�lj_of_jgh]h�wnn_dlZ��[�²�k�lj_of_jguf�wnn_dlhf

Z [ \
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Bkoh^gh_�agZq_gb_�ijbagZdZ�©Hkbª�h[_ki_qb\Z_l�jZkiheh`_gb_�klhe-
[bdh\uo� b� [Zr_gguo� ^bZ]jZff� \� ihjy^d_� i_j_f_gguo� b� bah[jZ`_gb_
djm]h\hc� ^bZ]jZffu� kh� agZq_gbyfb� i_j\hc� \u[jZgghc� i_j_f_gghc� ^ey
\k_o�h[t_dlh\�

<� wlhf� kemqZ_�ih^� ]hjbahglZevghc�hkvx�jZkiheZ]Zxlky�gZbf_gh\Zgby
i_j_f_gguo��Z�kijZ\Z�hl�]jZnbdZ�\�dZq_kl\_�e_]_g^ —�gZbf_gh\Zgby�h[t_d-
lh\� �_keb� e_]_g^u� b� gZbf_gh\Zgby� h[t_dlh\� aZ^Zgu� \� [eZgd_� gZ^ibk_c��
>ey�djm]h\hc�^bZ]jZffu�m�k_dlhjh\�mdZaZgu�gZbf_gh\Zgby�h[t_dlh\�k�bo
ijhp_glgufb�khhlghr_gbyfb��Z�gZ^�^bZ]jZffhc�²�gZbf_gh\Zgb_�l_dms_c
i_j_f_gghc��ijhp_glgh_�kh^_j`Zgb_�k_dlhjh\�f_g__����g_�mdZau\Z_lky�.

Ijb�kf_g_�hk_c�ihabpbb�gZbf_gh\Zgbc�i_j_f_gguo�b�h[t_dlh\�\aZbf-
gh�f_gyxlky��<� kemqZ_� djm]h\hc�^bZ]jZffu�ijb�ih\lhjghf�gZ`Zlbb�gZ
dghidm�©Hkbª�^bZ]jZffZ�bah[jZ`Z_l�beb�agZq_gby�h[t_dlh\�^ey�ba[jZg-
ghc�i_j_f_gghc�beb�`_�agZq_gby�i_j_f_gguo�^ey�ba[jZggh]h�h[t_dlZ�
Ìi~nrz� Wlhl�ijbagZd±bgkljmf_gl� k�pbnjhc±ghf_jhf�ijbgZ^e_`bl

lhevdh�djm]h\hc�^bZ]jZff_�b�\�aZ\bkbfhklb�hl�agZq_gby�ijbagZdZ�©Hkb»
hij_^_ey_l�
• ihjy^dh\uc�ghf_j�h[t_dlZ��agZq_gby�i_j_f_gguo�dhlhjh]h�ij_^klZ\-

e_gu�gZ�^bZ]jZff_�
• ihjy^dh\uc�ghf_j�i_j_f_gghc��agZq_gby�dhlhjhc�\�ihjy^d_�h[t_dlh\

ij_^klZ\e_gu�gZ�^bZ]jZff_�
Ijb�gme_\hf�agZq_gbb�wlh]h�ijbagZdZ�\u\h^blky�kmffZjgZy�djm]h\Zy

^bZ]jZffZ��]^_�dZ`^uc�k_dlhj�ihemq_g�kmffbjh\Zgb_f�agZq_gbc�ih�khhl-
\_lkl\mxs_fm�baf_j_gbx�

Dhf[bgbjmy� agZq_gby� jZkkfhlj_gguo� ijbagZdh\�� fh`gh� m`_� ihke_
ihkljh_gby�]jZnbdZ�ih^h[jZlv�^ey�g_]h�gZb[he__�ijb_fe_fmx�nhjfm�ba
[he__����^hklmiguo�\ZjbZglh\�

�����Òén}unétj¹�méj{qrj
Lj_of_jgZy� ]jZnbdZ� h[t_^bgy_l�nhjfu� ij_^klZ\e_gby�fgh]hf_jguo

^Zgguo��]eZ\guf�h[jZahf��ba�gZmqguo�b�l_ogbq_kdbo�ijbeh`_gbc�
• ^bZ]jZffZ�jZkk_ygby�fgh`_kl\Z�ljbZ^�agZq_gbc�X, Y, Z��ij_^klZ\-

eyxsbo�dhhj^bgZlu�lhq_d�\�lj_of_jghf�ijhkljZgkl\_�
• ih\_joghklv�ij_^klZ\ey_l�bah[jZ`_gb_�ih\_joghklb�\�lj_of_jghf

ijhkljZgkl\_��aZ^Zgghc�Ze]_[jZbq_kdhc�nhjfmehc�
• ih\_joghklv�k]eZ`b\Zgby�ij_^klZ\ey_l�bah[jZ`_gb_�ih\_joghklb�\

lj_of_jghf�ijhkljZgkl\_��k]eZ`b\Zxsmx�fgh`_kl\h�lhq_d��aZ^Zgguo
dhhj^bgZlZfb�X, Y, Z;

• dZjlbjh\Zgb_�ZgZeh]bqgh�k]eZ`b\Zgbx��gh�j_amevlZl�ij_^klZ\ey_lky
\�\b^_�^\mf_jghc�dZjlu��gZ�dhlhjhc�\ukhlu�k]eZ`b\Zxs_c�ih\_jogh-
klb�ij_^klZ\e_gu�\�p\_lghc�beb�q_jgh±[_ehc�lhgZevghc�rdZe_�
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• kmi_j^bZ]jZffZ�ij_^gZagZq_gZ�^ey�\bamZebaZpbb�wdkljZfgh]hf_jguo
^Zgguo��[he__�lj_o�baf_j_gbc��
GZ�ihke_^gb_�ljb�lbiZ�]jZnbdh\�^_ckl\mxl�bgkljmf_glZevgu_�dghidb

baf_g_gby�p\_lZ�b�gZ^ibk_c��gh�g_�^_ckl\mxl�dghidb�lhesbgu�ebgbc�b
k_ldb��Z�mklZgh\dZ�e_]_g^�g_�bf__l�wnn_dlZ��I_j_jbkh\dZ�wlbo�]jZnbdh\�\
hl^_evguo�kemqZyo�fh`_l�aZgbfZlv�g_kdhevdh�k_dmg^�

bqjméjuuj�éjxxn¹tq¹� �xrjzznéméjuuj�� Lj_of_jgZy�^bZ]jZf-
fZ�jZkk_ygby� �jbk��������bah[jZ`Z_l�fgh`_kl\h�ljbZ^�agZq_gbc�X, Y, Z�\
\b^_�lhq_d�\�lj_of_jghf�ijhkljZgkl\_�

>ey�__�ihkljh_gby�\�wdjZgghf�[eZgd_�\u[hjZ�i_j_f_g_gguo��kf��jbk�
�����g_h[oh^bfh�mdZaZlv�h^gm�beb�g_kdhevdh�ljh_d�i_j_f_gguo��khhl\_l-
kl\mxsbo�dhhj^bgZlZf�X, Y, Z.

Ihke_� wlh]h�\� lj_lv_c�bgkljmf_glZevghc� kljhd_�ihy\eyxlky� _s_�^\_
^hihegbl_evgu_�dghidb:

<lhjZy� ke_\Z� dghidZ� ©Ijh_dpbyª�� kf_gyxsZy� ijb� gZ`Zlbb
k\h_� h[hagZq_gb_� gZ� ©X», «Y», «Z», «*», «+», «0ª�� baf_gy_l

ijh_dpbx�ke_^h\�lhq_d�b�bo�k\yab��khhl\_lkl\_ggh��ijh_dpbb�gZ�h^gm�ba
lj_o�dhhj^bgZlguo�iehkdhkl_c� �jbk������� Z� [���k\yau\Zy�lhqdb�k�]_hf_l-
jbq_kdbf�p_gljhf��k\yau\Zy�lhqdb�k�gZqZehf�dhhj^bgZl��k\yau\Zy�lhqdb
f_`^m�kh[hc�k�[eb`Zcrbf�khk_^hf�

Z [

Jbk��������Lj_of_jgZy�^bZ]jZffZ�jZkk_ygby�k�ijh_dpb_c�ke_^h\�lhq_d�
Z�²�gZ�iehkdhklv�;−Y; [�²�gZ�iehkdhklv�<−Z
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Æéj�ntqn� méj{qrj�� I_j\Zy� ba� wlbo� dghihd� ©<jZs_gb_ª� \dexqZ-
_l�\udexqZ_l�j_`bf�\jZs_gby�]jZnbdZ��<�j_`bf_�\jZs_gby�]jZnbd�ijbh[-
j_lZ_l� \b^��bah[jZ`_gguc�gZ�jbk�� ������A^_kv�bkoh^gZy� \jZsZ_fZy� kbkl_fZ
dhhj^bgZl� h[hagZq_gZ� a_e_guf� p\_lhf�� Z� ijh_dpbb� lhq_d� mdZaZgu� \� gh\hc
g_ih^\b`ghc�gZ�jbkmgd_�kbkl_f_�dhhj^bgZl��bah[jZ`_gghc�q_jguf�p\_lhf�

<�j_`bf_�\jZs_gby�gZ�]jZnbd_�ihy\eyxlky�r_klv�mijZ\eyxsbo�dgh-
ihd��hgb�mijZ\eyxl�\jZs_gb_f� ]jZnbdZ� \ijZ\h�beb� \e_\h�hlghkbl_evgh
lj_o�dhhj^bgZlguo�hk_c�

K_^vfZy� dghidZ� ©Khoj<jZsª� khojZgy_l� j_amevlZl� \jZs_gby
ijb�\ha\jZl_�d�^bZ]jZff_�jZkk_ygby�

Ihwlhfm��qlh[u�khojZgblv�j_amevlZl�\jZs_gby�\�we_dljhgghc�lZ[ebp_�
ke_^m_l�����gZ`Zlv�dghidm�©Khoj<jZsª�����kgylv�j_`bf�\jZs_gby�����gZ-
`Zlv� dghidm� ©Khoj=jZnª�� LZdhc� ijb_f� fh`gh� ijbf_gblv� b� i_j_^� ih-
kljh_gb_f�ih\_joghklb�k]eZ`b\Zgby�b�^ey�fgh]bo�^jm]bo�p_e_c�

Gb`_jZkiheh`_ggh_� ihe_� \\h^Z� iha\hey_l� f_gylv� m]eh\hc� rZ]� ijb
gZ`Zlbb�gZ�r_klv�dghihd�\jZs_gby�

Ívkné}tvxz��xmsj qkjtq¹� >Zgguc�lbi�]jZnbdZ�ij_^klZ\ey_l�kh-
[hc�j_amevlZl�bgl_jihebjmxs_]h� k]eZ`b\Zgby�fgh`_kl\Z� lhq_d� \� lj_o-
f_jghf� ijhkljZgkl\_�� aZ^Zgguo� dhhj^bgZlZfb� X, Y, Z� i_j_f_ggu_� ^ey
dhlhjuo�g_h[oh^bfh�\u[jZlv�\�lbih\hf�[eZgd_��kf��jbk��������K]eZ`b\Z-
gb_�\uihegy_lky�ih�ihe_\hfm�f_lh^m� �kf��gb`_��kmi_j^bZ]jZffZ���K]eZ-
`b\ZxsZy�ih\_joghklv�jZkiheZ]Z_lky�\�Zdkhghf_ljbq_kdhc�ijh_dpbb�

GZ� jbk�� ����� ijb\_^_gZ� ih\_joghklv�� k]eZ`b\ZxsZy� ke_^mxs__� jZk-
ij_^_e_gb_�lhq_d�

X:   1,   1,   2,   2,  2,   3,  3,  4;
Y:   1,   3,   1,   2,  4,   3,  4,  2;
Z:  20, 100, 100, 200, 20, 150, 50, 20.

Jbk��������Lj_of_jgZy�^bZ]jZffZ�jZkk_ygby�\�j_`bf_�\jZs_gby
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>ey�h[ahjZ�ih\_joghklb�k�^jm]hc�klhjhgu�gm`gh�ijhba\_klb�\jZs_gb_
bkoh^gh]h�fgh`_kl\Z�lhq_d��bkihevamy�kj_^kl\Z�^bZ]jZffu�jZkk_ygby�

fmsj qkjí�j¹� rjézj�� DZjlZ� �jbk�� ������ ij_^klZ\ey_l� kh[hc
^\mof_jgh_�bah[jZ`_gb_�k]eZ`b\Zxs_c�ih\_joghklb��gZ�dhlhjhc�\ukhlu
dh^bjmxlky�\�p\_lh\hc�beb�q_jgh±[_ehc�lhgZevghc�rdZe_��ijb\_^_gghc
kijZ\Z�hl�dZjlu�

Jbk��������DZjlZ�k]eZ`b\Zgby

Jbk��������K]eZ`b\ZxsZy�ih\_joghklv
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Ijb�gZ`Zlbb�gZ�bgkljmf_glZevgmx�dghidm�©K_ldZª�gZ�dZjl_�ihy\ey-
xlky�]_h^_abq_kdb_�ebgbb��jbk��������

Ijb� gZ`Zlbb� gZ� bgkljmf_glZevgmx� dghidm� ©Khoj=jZnª� dhhj^bgZlu
X, Y, Z�dZjlu�k�aZ^Zgguf�rZ]hf�ih�hkyf�X, Y�khojZgyxlky�\�we_dljhgghc
lZ[ebp_�
Òén}unétj¹�wvkné}tvxz�� =jZnbd�lj_of_jghc�ih\_joghklb�kljh-

blky� ih� \\h^bfhc� nhjfme_�� ij_^klZ\eyxs_c� aZ\bkbfhklv� Z=f(X,Y)�� GZ
jbk�� ����� ijb\_^_gZ� ih\_joghklv�� ihkljh_ggZy� ^ey� bgl_j\ZeZ� agZq_gbc
X=�±��b�bgl_j\ZeZ�agZq_gbc�Y=0–7 ih�nhjfme_�

6*x*x*y*y–36*x*x*y–24*x*y*y+143*x*y+15*x/(y+2)–2*y/(x+5)+5.

Jbk��������DZjlZ�k]eZ`b\Zgby�k�]_h^_abq_kdbfb�mjh\gyfb

Jbk��������Lj_of_jgZy�ih\_joghklv
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WdjZgguc� [eZgd� ^ey� \\h^Z�nhj-
fmeu�b�iZjZf_ljh\� lj_of_jghc�ih-
\_joghklb� �jbk�� ������kh^_j`bl�ke_-
^mxsb_�we_f_glu�
• ^\Z�ihey�^ey�e_\hc�b�ijZ\hc�]jZ-

gbpu�ih�dhhj^bgZl_�X;
• ^\Z�ihey�^ey�e_\hc�b�ijZ\hc�]jZ-

gbpu�ih�dhhj^bgZl_�Y;
• ihe_�qbkeZ�]jZ^Zpbc�\�mklZgh\-

e_gguo�^bZiZahgZo�agZq_gbc�X�b
Y;

• ihe_�\\h^bfhc�nhjfmeu�ih\_jo-
ghklb�

• ihe_�hk_c�dhhj^bgZl�X, Y�k�dghi-
dhc�bo�i_j_ghkZ�\�ihe_�nhjfmeu�

• kibkhd�^himklbfuo�Ze]_[jZbq_kdbo�b�ljb]hghf_ljbq_kdbo�nmgdpbc�k
dghidhc�bo�i_j_ghkZ�\�ihe_�nhjfmeu��kf��jZa^�������

• iZg_ev�pbnjh\hc�deZ\bZlmju��^ey�gZ[hjZ�qbk_e�b�Zjbnf_lbq_kdbo
hi_jZpbc���kf��jZa^�������

• dghidb�h[jZs_gby�d�Zjob\m�nhjfme��ql_gb_�aZibkv��
• dghidZ�ml\_j`^_gby�\\_^_gghc�nhjfmeu�\uqbke_gbc��hgZ�^m[ebjm_l-

ky�deZ\br_c�{&OUFS�);
• dghidZ�©Hlf_gblvª�^ey�hlf_gu�nhjfmeu�b�\uoh^Z�ba�j_^ZdlhjZ��hgZ

^m[ebjm_lky�deZ\br_c�{&TD�).
Kh^_j`bfh_�ihe_c�[eZgdZ�khojZgy_lky�hl�\uah\Z�d�\uah\m�b�hl�k_ZgkZ

d�k_Zgkm��ihwlhfm�g_�gm`gh�dZ`^uc�jZa�aZgh\h�\\h^blv�h^gb�b�l_�`_�nhj-
fmeu�

Djhf_�lh]h��bf__lky�m^h[gZy�\hafh`ghklv�ojZgblv�jZaebqgu_�nhjfm-
eu�\�^bkdh\hf�Zjob\_��kf��jZa^��������>ey�wlh]h�ij_^gZagZq_gu�^\_�dghidb
k�ibdlh]jZffZfb�ql_gby�b�aZibkb��I_j\Zy�hi_jZpby�iha\hey_l�kqblu\Zlv
\� wdjZgguc�[eZgd�nhjfmem�ba� Zjob\gh]h�nZceZ�� Z� \lhjZy�²� aZibku\Zlv
nhjfmem�ba�[eZgdZ�\�Zjob\guc�nZce�

<\h^�nhjfmeu�fh`gh�hkms_kl\eylv��ihevamykv�bkihegbl_evgufb�bg-
kljmf_glZfb�[eZgdZ��h^gZdh�wlh�fh`gh�ijhba\h^blv�b�iheghklvx�k�deZ-
\bZlmju��ihke_�Zdlb\baZpbb�__�ihey�ihkj_^kl\hf�i_j_f_s_gby�mdZaZl_ey
furb�k�gZ`Zlb_f�e_\hc�dghidb���qlh�agZqbl_evgh�[uklj__�

>ey�i_j_g_k_gby�\�ihe_�\\h^Z�m`_�]hlh\uo�nhjfme�ba�jZaebqguo�f_-
gx�b�hdhg�wnn_dlb\gh�ihevah\Zlvky�[mn_jhf�h[f_gZ��kf��jZa^�������

fywnélqjméjuuj� <bamZebaZpby�fgh]hf_jguo�^Zgguo�gZklhyl_ev-
gh�g_h[oh^bfZ�g_�lhevdh�\h�fgh]bo�_kl_kl\_gguo�gZmdZo��nbabdZ��obfby�
[bheh]by�� ]_heh]by��hd_Zgheh]by�� dhkfheh]by��ikboheh]by�� khpbheh]by�b
^jm]bo���gh�b�\�[hevrbgkl\_�bo�ijZdlbq_kdbo�b�l_ogbq_kdbo�ijbeh`_gbc�
dhgp_gljZpby�obfbq_kdh]h�we_f_glZ�\�ijh[Zo��\ayluo�gZ�jZaebqguo�]em-

Jbk��������;Zgd�\\h^Z�nhjfmeu�ih-
\_joghklb
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[bgZo�b�\�jZaebqguo�lhqdZo�a_fghc�dhju��hd_ZgZ��Zlfhkn_ju���iehlghklv
qZklbp� �\�g_dhlhjhf�h[t_f_�f_`]ZeZdlbq_kdh]h�ijhkljZgkl\Z��baf_g_gb_
oZjZdl_jbklbd�d\Zglh\uo�\aZbfh^_ckl\bc�\�ijhkljZgkl\_�fgh`_kl\Z�hi-
j_^_eyxsbo�bo�nbabq_kdbo�iZjZf_ljh\��lhiheh]by�jZaebqguo�fZl_fZlb-
q_kdbo�ijhkljZgkl\�b�l��i�

Ihwlhfm� dhgp_ipby� kmi_j^bZ]jZffu� [ueZ� knhjfmebjh\ZgZ� _s_� \
�����]��ijb�ijh_dlbjh\Zgbb�dhfie_dkghc�we_dljhnbabheh]bq_kdhc�eZ[h-
jZlhjbb� &21$1� >��@�^ey� \bamZebaZpbb�fgh]hf_jguo� ^Zgguo�WW=±ZgZ-
ebaZ��<�iZd_l_�67$',$�wlZ�dhgp_ipby�ihemqbeZ�k\h_�^Zevg_cr__�jZa\b-
lb_�
Ìwénlnsntqn� Kmi_j^bZ]jZffhc� �K>�� gZau\Z_lky� ^bgZfbqguc� q_-

luj_of_jguc� ]jZnbd� �]bi_jdm[�� jbk�� ������� ij_^klZ\eyxsbc� \u[jZgguc
kj_a�fgh]hf_jgh]h�ijhkljZgkl\Z��:jobl_dlmjgh� ]bi_jdm[�\dexqZ_l�ih^-
\b`gmx�iehkdhklv�\�ijhkljZgkl\_�lj_o�i_j_f_gguo��lj_of_jguc�dm[���gZ
dhlhjhc� \� \b^_� p\_lghc� dZjlu� bah[jZ`_gh� k]eZ`_ggh_� jZkij_^_e_gb_
agZq_gbc��Zfieblm^��q_l\_jlhc�i_j_f_gghc�²�ba[jZggh]h�ihdZaZl_ey.

Ònéuqtvsvmq¹�� Imklv� bf__lky� fgh`_kl\h� lhq_d� \� n±f_jghf� ijh-
kljZgkl\_��lZdh_�fgh`_kl\h�qbke_ggh�ij_^klZ\ey_lky�\�\b^_�h[uqghc�fZl-
jbpu� ^Zgguo�� klhe[pu�²� i_j_f_ggu_� beb� dhhj^bgZlgu_� hkb�� kljhdb�²
baf_j_gby��h[t_dlu�beb�agZq_gby�dhhj^bgZl���Ij_^klZ\e_ggu_�\�K>�baf_-
j_gby�lZdh]h�n±f_jgh]h�ijhkljZgkl\Z��i_j_f_ggu_��ih^jZa^_eyxlky�gZ�ljb
]jmiiu�
1) \u^_e_ggZy�:±i_j_f_ggZy��i_j_f_ggZy±ihdZaZl_ev��ij_^gZagZq_gZ�^ey

dZjlbjh\Zgby�__�agZq_gbc��Zfieblm^��gZ�ih^\b`ghc�iehkdhklb�]bi_jdm[Z�

Jbk��������Kmi_j^bZ]jZffZ



�����Lj_of_jgZy�]jZnbdZ 101

���ljb�^jm]b_�i_j_f_ggu_��o���o���o���\u[bjZxlky�\�dZq_kl\_�hk_c�\bamZ-
ebabjm_fh]h�]bi_jdm[Z�

���hklZevgu_�L±_�i_j_f_ggu_��\�dhebq_kl\_�n−4��hij_^_eyxl�dhgdj_lgh_
4–f_jgh_�k_q_gb_��hlh[jZ`Z_fh_�]bi_jdm[hf�\�n±f_jghf�ijhkljZgkl\_�
KijZ\Z�hl�]bi_jdm[Z�jZkiheZ]Zxlky�ih^\b`gu_�iheamgdb�^ey�baf_g_-

gby� agZq_gbc� o�� b� i–o� i_j_f_gguo� k� mdZaZgb_f� h[hagZq_gby� khhl\_lkl-
\mxs_c�i_j_f_gghc�k�ihe_f�__�l_dms_]h�agZq_gby�
bqjsvm��<�[eZgd_�\u[hjZ�i_j_f_gguo�gm`gh�mdZaZlv�x1, x2, x3, W�b�L±_

i_j_f_ggu_�ba�fZljbpu�^Zgguo��Ih^\b`gh_�k_q_gb_�mijZ\ey_lky�deZ\brZfb
]hjbahglZevgh]h�i_j_f_s_gby�beb�\_jogbf�ba�iheamgdh\��I_j_oh^�d�gh\hfm
4–f_jghfm�k_q_gbx�ijhba\h^blky�ijhkluf�i_j_f_s_gb_f�iheamgdh\�

BagZqZevgh�\�dZq_kl\_�x1, x2, x3 dhhj^bgZl�ijbgbfZxlky�i_j\u_�ljb
ba� \u[jZgguo� i_j_f_gguo�� Z� \� dZq_kl\_�W�²� ihke_^gyy� ba� \u[jZgguo
i_j_f_gguo��Kf_gZ�x1, x2, x3 dhhj^bgZl�ijhba\h^blky�^\hcguf�s_eqdhf
ih�ihex� agZq_gby� khhl\_lkl\mxs_c�x3�i_j_f_gghc��AZf_gZ�x3�i_j_f_g-
ghc�gZ� i±x�i_j_f_ggmx�ijhba\h^blky�^\hcguf�s_eqdhf�ih�ihex�agZq_-
gby�khhl\_lkl\mxs_c�i±c�i_j_f_gghc�

<uqbke_ggZy�gZ�ih^\b`ghc�iehkdhklb�dZjlZ�fh`_l�[ulv�aZihfg_gZ�\
we_dljhgghc� lZ[ebp_�ih�gZ`Zlbx� dghidb� ©Khoj=jZnª��>Ze__� khojZg_g-
gu_�^Zggu_�fh]ml�[ulv�bkihevah\Zgu�^ey�ihkljh_gby�ih\_joghklb�beb�__
\jZs_gby�
fnéq¹�lqjméjuu��Ijb�gZ`Zlbb�gZ�dghidm�©K_ldZª�\�lj_lv_c�bgkl-

jmf_glZevghc�kljhd_�ijhbkoh^bl�i_j_dexq_gb_�kmi_j^bZ]jZffu�\�j_`bf

k_jbcgh]h�dZjlbjh\Zgby�]bi_jdm[Z��ih�kj_aZf�x3��jbk��������b�h[jZlgh�

Jbk��������K_jbcgh_�dZjlbjh\Zgb_�kmi_j^bZ]jZffu
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¬smvéqzu��>ey�jZkq_lZ�dZjlu�ij_^eh`_gZ�ijhklZy�b�kZfhhq_\b^gZy
ihe_\Zy�fh^_ev��lhqdb�jZkkfZljb\Zxlky�dZd�bklhqgbdb�aZjy^h\��\_ebqbgZ
dhlhjuo�hij_^_ey_lky� agZq_gb_f�W±i_j_f_gghc��Hlkx^Z� kmffZjgZy�gZ-
ijy`_gghklv� ihey� \� dhgdj_lghc� lhqd_� jZkkqblu\Z_lky� ih� h[uqghfm� \
nbabd_� aZdhgm� h[jZlguo� d\Z^jZlh\� �dZd� \� aZdhgZo�GvxlhgZ� b� DmehgZ��
LZdhc� ihe_\hc�f_lh^� ^Z_l� j_amevlZlu�� [ebadb_� d� bgl_jiheypbb� dm[bq_-
kdbfb�kieZcgZfb��gh�lj_[m_l�kms_kl\_ggh�f_gvr_�\uqbke_gbc��K�^jm]hc
klhjhgu��hg�gZfgh]h�[he__�ijhkl�b�gZ]ey^_g��q_f�fgh]hklmi_gqZlu_�©w\-
jbklbq_kdb_ª� Ze]hjblfu� ^\mof_jgh]h� k]eZ`b\Zgby�� bkihevah\Zggu_� \
ba\_klguo�b�fhsguo�aZiZ^guo�iZd_lZo�Serfer/Grapher��gZmqgZy�]jZnbdZ��
IMSL��[b[ebhl_dZ�klZlbklbq_kdbo�ijhp_^mj�gZ�nhjljZg_��b�^jm]bo�



sjkj���

fÒ¬ÒÊfÒÊïcfÇÊc�fècbfÒÆ¬
©Qlh[u�ijZ\bevgh�aZ^Zlv�\hijhk�

gm`gh�agZlv�[hevrmx�qZklv�hl\_lZª

[J�R_deb��Hl\_lqbd]

;ehd�klZlbklbq_kdh]h�ZgZebaZ�kh^_j`bl�gZ[hj�ijhp_^mj��j_Zebamxsbo
rbjhdh�mihlj_[bl_evgu_�b�mklhy\rb_ky�f_lh^u�ZgZebaZ�^Zgguo�b�ij_^�
klZ\e_gby�j_amevlZlh\�

<�wlhc�]eZ\_�fu�k^_eZ_f�ke_^mxsbc�rZ]�ihimeyjgh]h�\\_^_gby�\�klZ-
lbklbq_kdbc�ZgZeba��gZqZluc�\�jZa^�������;he__�kljh]h_�baeh`_gb_�gZagZq_-
gby�b�ijbf_gbfhklb�klZlbklbq_kdbo�f_lh^h\�kh^_j`blky�\�]eZ\Zo��²���k
ba[jZggufb�ijbf_jZfb��B�gZdhg_p��^ey�m]em[e_ggh]h�bamq_gby�fZl_fZlb-
q_kdhc�klZlbklbdb�ke_^m_l�h[jZlblvky�d�j_dhf_g^h\Zgghc�ebl_jZlmj_�

?kl_kl\_ggh��qlh�fu�g_�fh]eb�^ey�dZ`^h]h�f_lh^Z�ijb\_klb�ijbf_ju
gZ� \k_� fukebfu_� h[eZklb� _]h� ijbf_g_gby�� H^gZdh� ex[hc� dhgdj_lguc
ijbf_j�ke_^m_l�jZkkfZljb\Zlv�dZd�mgb\_jkZevguc�b�h[h[s_gguc�²�ijh-
klh� aZf_gbl_�gZa\Zgb_�bkoh^guo�^Zgguo�gZ�^Zggu_�ba�\Zr_c�h[eZklb�� Z
ihklZgh\dm�aZ^Zqb�²�gZ�\Zrm�ihklZgh\dm�aZ^Zqb��b�ijbf_j�ij_\jZlblky�\
\Zr�ijbf_j�

<_a^_� ^Ze__� ih^� wdki_jbf_glhf� fu� [m^_f� ihgbfZlv� ijhp_kk� k[hjZ
bgnhjfZpbb�h[�h[t_dl_�bkke_^h\Zgby��beb�y\e_gbb���k\yaZgguc�k�baf_j_-
gb_f�beb�j_]bkljZpb_c�agZq_gbc��oZjZdl_jbamxsbo�h[t_dl�i_j_f_gguo�

�����fzjzqxzq·nxrqp�lqjsvm
Qlh[u�ijh\_klb�klZlbklbq_kdbc�ZgZeba��g_h[oh^bfh�\uihegblv�jy^

ihke_^h\Zl_evguo�rZ]h\�
���Ækvl�ljtt�}��Ij_`^_�\k_]h��gm`gh�\\_klb�^Zggu_�\� we_dljhg-

gmx�lZ[ebpm��ijbgbfZy�\h�\gbfZgb_��qlh�h[jZ[Zlu\Z_fu_�^Zggu_�^he`-
gu�khhl\_lkl\h\Zlv�\u[jZgghfm�f_lh^m�ZgZebaZ�
���Æ�ivé�unzvlj��Ihke_� wlh]h� ke_^m_l� \ua\Zlv�f_gx� klZlbklbq_-

kdbo�f_lh^h\1��jbk�������gZ`Zlb_f�deZ\brb�{'���beb�\uiheg_gb_f�imgd-
lZ� ©KlZlbklbdZª� \� \_jog_c� dhfZg^ghc� kljhd_��<� wlhf� f_gx� gZ`fbl_
dghidm�gm`gh]h�f_lh^Z�beb�`_�gZ�deZ\bZlmj_�²�khihklZ\e_ggmx�_c�deZ-
\brm�[ukljh]h�\uah\Z�

                                                          
1�<�hlebqb_�hl� aZiZ^guo�klZliZd_lh\�f_gx�f_lh^h\�iha\hey_l�h[haj_lv�h^gh-

fhf_glgh� \k_� ij_^hklZ\ey_fu_� \hafh`ghklb� \� khhl\_lkl\bb� k� deZkkbq_kdbfb
ih^jZa^_eZfb�fZl_fZlbq_kdhc� klZlbklbdb��Z�g_�[m^mqb� kdjuluf�\�fgh]hmjh\g_-
\uo�\uiZ^Zxsbo�kibkdZo�ih^�g_Z^_d\Zlgufb�gZbf_gh\Zgbyfb�
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Jbk������F_gx�klZlbklbq_kdbo�f_lh^h\

���Æ�ivé�wnénuntt�}��>ey�[hevrbgkl\Z�f_lh^h\�^Ze__�ihy\ey_l-
ky� [eZgd� \u[hjZ� i_j_f_gguo� �kf�� jbk�� ������ \� dhlhjhf� fh`gh� hlh[jZlv
ih^e_`Zsb_� ZgZebam�i_j_f_ggu_�ba� we_dljhgghc� lZ[ebpu��ijbgbfZy� \h
\gbfZgb_��qlh�

Z��klZlbklbq_kdb_�l_klu��hi_jbjmxsb_�k�h^ghc�\u[hjdhc��\uihegyxlky
gZ^�dZ`^hc�ba�\u[jZgguo�i_j_f_gguo�

[��l_klu�^ey�^\mo�\u[hjhd�fh]ml�[ulv�\uiheg_gu�^ey�\k_o�iZj�ba�ba-
[jZggh]h�fgh`_kl\Z�i_j_f_gguo�

\��fgh]hf_jgu_�f_lh^u�lj_[mxl�g_�f_g__�^\mo�i_j_f_gguo�
Jy^�klZlbklbq_kdbo�f_lh^h\� �djhkklZ[meypby��^bki_jkbhgguc�ZgZeba�

rdZebjh\Zgb_��lj_[m_l�m`_�hij_^_e_gguf�h[jZahf�ih^]hlh\e_gguo�^Zg-
guo�\�we_dljhgghc�lZ[ebp_�[_a�\u[hjZ�i_j_f_gguo�
���bqjsvm��>Ze__�ijhl_dZ_l�^bZeh]��oZjZdl_jguc�^ey�\uihegy_fh]h

f_lh^Z� k� \u^Zq_c� qbkeh\uo� j_amevlZlh\� ZgZebaZ� b� bo� bgl_jij_lZpbb� \
wdjZggmx�kljZgbpm�Rez�l_dklh\h]h�j_^ZdlhjZ��kf��jZa^��������Z�]jZnbdh\
j_amevlZlh\�²�\�]jZnbq_kdb_�kljZgbpu��jZa^��������<�iZd_l_�67$',$�j_Z-
ebah\Zg� ijyfhlhqguc� klZlbklbq_kdbc� ^bZeh]� \� khhl\_lkl\bb� k� _kl_kl-
\_gghc�ihke_^h\Zl_evghklvx�bkiheg_gby�f_lh^h\��\�dhlhjhf�\hijhku�b
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f_gx�ihy\eyxlky�ih�oh^m�bkiheg_gby�ijhp_^mju��mijhsZy�l_f�kZfuf�gZ
dZ`^hf�rZ]_�ijh[e_fu�\u[hjZ1.
��� éj{qrq�énoys�zjzvk��;hevrbgkl\h� klZlbklbq_kdbo� ijhp_^mj

iha\heyxl�ij_^klZ\eylv�j_amevlZlu�ZgZebaZ�\�\b^_�]jZnbdh\�k�\u^Zq_c�bo
\�hq_j_^gmx�wdjZggmx�kljZgbpm�Gri,, i = 1−15��<�wlhf�kemqZ_�bf_xlky
ke_^mxsb_�\ZjbZglu�
• g_dhlhju_�h[yaZl_evgu_�]jZnbdb�\u^Zxlky�\�]jZnbq_kdmx�kljZgbpm

[_amkeh\gh�
• i_j_^�\u^Zq_c�\lhjhkl_i_gguo�]jZnbdZo�ihy\ey_lky�aZijhk�lbiZ�©<u-

^Zlv�]jZnbd���>Z�G_l�ª�b�ijb�iheh`bl_evghf�hl\_l_�\u^Z_lky�khhl-
\_lkl\mxsbc�]jZnbd�
jy^�]jZnbdh\�bf__l�bgnhjfZpbhgguc�oZjZdl_j�b�bo�ihe_agh�ijhkfhl-
j_lv�^ey�mlhqg_gby�oh^Z�^Zevg_cr_]h�ZgZebaZ��\�wlhf�kemqZ_�ihke_�\u-
^Zqb�]jZnbdZ�\�\_jog_c�qZklb�wdjZgZ�ihy\ey_lky�`^ms__�f_gx��jbk�
������qlh[u�hklZ\blv�beb�m^Zeblv�]jZnbd�

Ih� hdhgqZgbb� \uiheg_gby� klZlbklbq_-
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>ey� i_j_ghkZ� qbkeh\uo� j_amevlZlh\� g_h[oh^bfh� bo� aZ[jZlv� \� [mn_j
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hi_jZpbc�\�oh^_�klZlbklbq_kdh]h�^bZeh]Z�hq_gv�ihe_a_g�f_oZgbaf�fZdjh-
dhfZg^��kf��jZa^�������

                                                          
1�Wlh�dhj_gguf�h[jZahf�hlebqZ_lky�hl�j_Zebah\Zgghc�\�aZiZ^guo�klZliZd_lZo

b_jZjobq_kdhc� kbkl_fu� \uau\Z_fuo� kZfbf�ihevah\Zl_e_f�f_gx�� dZ`^Zy� k� mfh-
ihfjZqbl_evguf�dhebq_kl\hf�gZkljZb\Z_fuo�j_`bfh\�

Jbk�������@^ms__�f_gx�ijh-
kfhljZ�]jZnbdZ
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ibqguo�^ey�\k_o�ih^h[guo�j_^Zdlhjh\�hi_jZpbc��i_j_^\b`_gb_�mdZaZl_ey
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KgZqZeZ� \uqbkeyxlky� hkgh\gu_� \u[hjhqgu_� oZjZdl_jbklbdb�� jZaf_j
\u[hjdb��^bZiZahg�agZq_gbc��\u[hjhqgh_�kj_^g__��M���hrb[dZ�\uqbke_gby
kj_^g_]h��eM���\u[hjhqgu_�^bki_jkby�b�klZg^Zjlgh_�hldehg_gb_��S2, S).

>Ze__��ih�ih^l\_j`^_gbx��fh`_l�[ulv�\u^ZgZ�^hihegbl_evgZy�klZlb-
klbdZ��kf��Ijbf_j):
1)f_^bZgZ�b�d\Zjlbeb��jZafZo������−α���^h\_jbl_evgh]h�bgl_j\ZeZ��ih-
embgl_j\Ze��kj_^g_]h��dM���]jZgbpu�^h\_jbl_evgh]h�bgl_j\ZeZ�^bki_j-
kbb��S1, S2���hrb[dZ�klZg^Zjlgh]h�hldehg_gby��eS);

���dhwnnbpb_glu�Zkbff_ljbb��Sw��b�wdkp_kkZ��Ku��k�mjh\gyfb�agZqbfh-
klb�P�gme_\hc�]bihl_au�h[�hlkmlkl\bb�jZaebqbc�\u[hjhqgh]h�jZkij_-
^_e_gby�hl�ghjfZevgh]h�jZkij_^_e_gby�ih�dZ`^hfm�ba�dhwnnbpb_glh\
�ijh\_jdZ�ijhba\h^blky�ih�ghjfZevgh�jZkij_^_e_gguf�klZlbklbdZf�Zs,
Zk���?keb�P!������gme_\Zy�]bihl_aZ�fh`_l�[ulv�ijbgylZ��LZdhc�kihkh[
ijh\_jdb�ghjfZevghklb�jZkij_^_e_gby�ohjhrh�jZ[hlZ_l�^ey�fZeuo�\u-
[hjhd��_keb�`_�h[t_f�\u[hjdb�ij_\hkoh^bl���±���agZq_gbc��lh�ij_^-
ihqlbl_evg__�ihevah\Zlvky�ki_pbZevgufb�djbl_jbyfb��kf��jZa^�������
AZl_f��ih�ih^l\_j`^_gbx��\uqbke_ggu_�kj_^gb_�agZq_gby�b�klZg^Zjl-

gu_�hldehg_gby�fh]ml�[ulv�khojZg_gu�\�we_dljhgghc�lZ[ebp_�^ey�^Zev-
g_cr_]h�ZgZebaZ�

Ìméjtq·ntqn��JZaf_j� \u[hjdb�^he`_g�[ulv�[hevr_� ��b�f_gvr_� l,
]^_� l  �������� ������ ������ ����ijb�h[t_f_�fZljbpu�^Zgguo�\� �������� ��
����������b�����qbk_e�
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Í�é�q�u�n�é
d�j�l�j�·�j��<�Zgljhihf_ljbq_kdhf�bkke_^h\Zgbb�[ueh�kemqZcguf

h[jZahf�hlh[jZgh����fm`qbg�b����`_gsbg�\�\hajZkl_�hl����^h����e_l��m
dhlhjuo� [ueb� aZj_]bkljbjh\Zgu� ke_^mxsb_� ihdZaZl_eb�� jhkl�� \_k�� \ha-
jZkl��p\_l�]eZa�b�p\_l�\hehk��nZce�3(23/(���OZjZdl_j�jZkij_^_e_gby�ih-
dZaZl_e_c�jhklZ��\_kZ�b�\hajZklZ�\�\u[hjd_�beexkljbjm_l�jbk�������Z�khhl-
ghr_gby� \_k−jhkl� b� \_k−\hajZkl� ihdZaZgu� gZ� ^bZ]jZffZo� jZkk_ygby
�jbk�������

Jbk�������=jZnbd�D_le_�^ey�jZkij_^_e_gby�agZq_gbc�Zgljhihf_ljbq_kdbo�ihdZaZ-
l_e_c��d\Z^jZlu�²�jhkl−100��djm]b�²�\_k��lj_m]hevgbdb�²�\hajZkl��ih�]hjbahg-
lZevghc�hkb�²�ghf_j�baf_j_gby�\�mihjy^hq_gghf�ih�\hajZklZgbx�agZq_gbc�jy^m
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Z��\_k��Y��²�jhkl��X) [��\_k��Y��²�\hajZkl��X)

Jbk�������>bZ]jZffu�jZkk_ygby�Zgljhihf_ljbq_kdbo�ihdZaZl_e_c��jZaf_ldZ�hk_c
ijhba\_^_gZ�\�^_kyldZo�_^bgbp�baf_j_gby�  

GZ�ij_^\Zjbl_evghf�wlZi_�bkke_^h\Zgby�g_h[oh^bfh�\uqbkeblv�hp_g-
db�hibkZl_evghc�klZlbklbdb�^ey�wlbo�ihdZaZl_e_c�

è�n�o�y�s���z�j�z���

HIBK:L?EVG:Y�KL:LBKLBD:��������������NZce��SHRSOH�VWG
I_j_f_g��JZaf_j���>bZiZahg�!�Kj_^g__�Hrb[dZ�>bki_jk�Kl�hlde�KmffZ
jhkl������������������������������������������������������������(�
\_k�������������������������������������������������������������(�
\hajZkl���������������������������������������������������������(�
I_j_f_ggZy��F_^bZgZ���D\Zjlbeb�!�>h\BglKj���>h\Bgl>bki�!�Hr�KlHlde
jhkl�����������������������������������������������������������
\_k�������������������������������������������������������������
\hajZkl���������������������������������������������������������
I_j_f_ggZy�:kbff_lj��AgZqbf��Wdkp_kk���AgZqbf
jhkl����������������������������������������
\_k������������������������������������������
\hajZkl���������������������������������������

Æ���k�v�l����<�^Zgghc� \u[hjd_�gZ[ex^Zxlky� ke_^mxsb_� kj_^gb_
ihdZaZl_eb�^ey�fm`qbg�b�`_gsbg��\_k� ������d]��jhkl� �����kf��\hajZkl� 
����� ]h^Z��ijb� klZg^Zjlguo�hldehg_gbyo�\� �����d]�� ����� kf�� �����e_l��Ih
hp_gdZf� Zkbff_ljbb�b� wdkp_kkZ�ghjfZevghfm�jZkij_^_e_gbx� khhl\_lkl-
\m_l�ihdZaZl_eb�jhklZ�b�\_kZ��h[Z�mjh\gy�agZqbfhklb�kms_kl\_ggh�[hevr_
�������gh�ih�hp_gd_�Zkbff_ljbb�ijhoh^bl�b�ihdZaZl_ev�\hajZklZ��Fh`gh
lZd`_�hlf_lblv�aZf_lgmx�Zkbff_ljbx�jhklZ��qlh�\b^bfh�hij_^_e_gh�kbk-
l_fZlbq_kdb�f_gvrbf�jhklhf�m�`_gsbg��l��_��ih�wlhfm�ihdZaZl_ex�\�\u-
[hjd_�ijbkmlkl\mxl�^\_�jZaebqZxsb_ky�ihimeypbb���K�^jm]hc� klhjhgu�
\_k�g_�bf__l�aZf_lghc�Zkbff_ljbb��qlh�fh`gh�h[tykgblv�[hevrbf�kj_^-
gbf�\_khf�m�`_gsbg��g_kfhljy�gZ�bo�f_gvrbc�jhkl�

Ijh^he`_gb_�ZgZebaZ�^Zggh]h�ijbf_jZ�kf��\�ke_^mxs_f�jZa^_e_�
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�����qxzvméjuuj�q�wévknérj
éjxwénlnsntq¹�tj�tvéujs�tvxz�

Ëjotj·ntqn� =bklh]jZffZ� y\ey_lky� h[s_mihlj_[bl_evghc�nhjfhc
ij_^klZ\e_gby�\u[hjhqgh]h�jZkij_^_e_gby��>ey�__�\uqbke_gby�^bZiZahg
baf_g_gby� \u[hjhqguo� agZq_gbc�jZa[b\Zxl�gZ�g_dhlhjh_� qbkeh� jZ\guo
bgl_j\Zeh\� �[bgh\��b�ih^kqblu\Zxl�qbkeh�agZq_gbc��ihiZ^Zxsbo�\�dZ`-
^uc�[bg��Ijb�]jZnbq_kdhf�ij_^klZ\e_gbb�]bklh]jZffu�gZ�dZ`^hf�bgl_j-
\Ze_�kljhblky�ijyfhm]hevgbd��klhe[bd���\ukhlZ�dhlhjh]h�ijhihjpbhgZev-
gZ�qbkem�\u[hjhqguo�agZq_gbc�\�[bg_��jbk�������
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bnpxzkq¹��>ey�ZgZebaZ�gm`gh�\u[jZlv�ba�we_dljhgghc�lZ[ebpu�h^gm
i_j_f_ggmx��ij_^klZ\eyxsmx�ZgZebabjm_fmx�\u[hjdm��jbk�������

Jbk�������;eZgd�\u[hjZ�i_j_f_gghc�^ey�jZk-
q_lZ�]bklh]jZffu

Jbk�������;eZgd�mklZgh\db�iZ-
jZf_ljh\�]bklh]jZffu

AZl_f�fh`gh�mlhqgblv�qbkeh�bgl_j\Zeh\�b�h[eZklv�hij_^_e_gby�]bklh-
]jZffu��jbk��������<�dZq_kl\_�rlZlgh]h�qbkeZ�bgl_j\Zeh\�ih^kdZau\Z_lky
agZq_gb_��\uqbke_ggh_�ih�w\jbklbq_kdhc�nhjfme_��int(1.5+3.3·log10(N))��Z
h[eZklv� hij_^_e_gby� ijbgylZ� jZ\ghc� ^bZiZahgm� \u[hjhqguo� agZq_gbc�
Fh`gh�m\_ebqblv�qbkeh�bgl_j\Zeh\��qlh[u�]bklh]jZffZ�[ueZ�[he__�ih^-
jh[ghc��MklZgh\dZ�^jm]h]h�jZaf_jZ�h[eZklb�hij_^_e_gby�ihe_agZ��gZijb-
f_j�� dh]^Z� gm`gh� \bamZevgh� kjZ\gblv� g_kdhevdh� ]bklh]jZff�� k� bo� ih-
kljh_gb_f�\�h^bgZdh\hf�bgl_j\Ze_�ih�hkb�O.

ènoys�zjz��� >ey� dZ`^h]h� bgl_j\ZeZ� ]bklh]jZffu� \u\h^ylky� ke_-
^mxsb_� agZq_gby� �kf��Ijbf_j� ���� e_\Zy� ]jZgbpZ� bgl_j\ZeZ� \� bkoh^guo
_^bgbpZo�b�\�_^bgbpZo�klZg^Zjlgh]h�hldehg_gby��qbkeh�\u[hjhqguo�agZ-
q_gbc��ihiZ\rbo�\�bgl_j\Ze��gZdhie_ggh_�qbkeh�\u[hjhqguo�agZq_gbc�^h
l_dms_]h�bgl_j\ZeZ�\dexqbl_evgh���ihke_^gb_�^\Z�iZjZf_ljZ�ijb\h^ylky
\�gZlmjZevghf�b�\�ijhp_glghf�\ujZ`_gbb��

AZl_f�ijh\h^blky�ijh\_jdZ�gme_\hc�]bihl_au�h[�hlkmlkl\bb�jZaebqbc
f_`^m� \u[hjhqguf�b�ghjfZevguf� jZkij_^_e_gbyfb�b� \u^ZqZ� lj_o� jZa-
ebqguo�klZlbklbd�

• Dhefh]hjh\Z D�k�mjh\g_f�agZqbfhklb�P;
• hf_]Z±d\Z^jZl ω2�k�mjh\g_f�agZqbfhklb�P;
• ob±d\Z^jZl χ2�k�mjh\g_f�agZqbfhklb�P.

Ijb�P!�����gme_\Zy�]bihl_aZ�fh`_l�[ulv�ijbgylZ�
=jZnbq_kdZy� \u^ZqZ� kh^_j`bl�bah[jZ`_gb_� ]bklh]jZffu� k�gZeh`_g-

ghc�djb\hc�ghjfZevgh]h�jZkij_^_e_gby��jbk�������
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Ih� ih^l\_j`^_gbx� \uqbke_ggu_� qZklhlu� ]bklh]jZffu� aZghkylky� \
i_j\mx�k\h[h^gmx�i_j_f_ggmx�fZljbpu�^Zgguo��qlh�ihe_agh�^ey�ihke_-
^mxs_]h� ZgZebaZ�� bkihevamxs_]h� jZkij_^_e_gby� \� dZq_kl\_� bkoh^guo
^Zgguo��kf��jZa^�������

Ìméjtq·ntq¹�
1. JZaf_j�\u[hjdb�^he`_g�[ulv�[hevr_���b�f_gvr_�l��]^_�l = 16000, 5000,

����������ijb�h[t_f_�fZljbpu�^Zgguo�\��������������������b�����qbk_e�
���Bkihevam_fu_�ZiijhdkbfZpbb�djbl_jb_\�^ey�\uqbke_gby�mjh\gy�agZ-
qbfhklb�ihemq_gu�\�ij_^iheh`_gbb�©n�klj_fblky�d�[_kdhg_qghklbª�b
^hklZlhqgh�lhqgu�^ey�^hklZlhqgh�[hevrbo�\u[hjhd��n!��±����b�\�h[-
eZklb�agZq_gbc�P=0.15–0.01.
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Í�é�q�u�n�é���
d�j�l�j�·�j��<�Zgljhihf_ljbq_kdhf�bkke_^h\Zgbb�klZ�q_eh\_d�nbd-

kbjh\Zebkv�� \�qZklghklb��bo� \_k�b� \hajZkl� �nZce� 3(23/(���<�ijbf_j_� d
jZa^������[ueh�ihdZaZgh��qlh�ih�hp_gdZf�Zkbff_ljbb�b�wdkp_kkZ�ghjfZev-
ghfm�jZkij_^_e_gbx�khhl\_lkl\mxl�ihdZaZl_eb�jhklZ�b�\_kZ��<hajZkl�`_
g_� khhl\_lkl\m_l� ghjfZevghfm� jZkij_^_e_gbx� ih� ihdZaZl_ex� wdkp_kkZ
>ey�[he__�gZ]ey^gh]h�ij_^klZ\e_gby�h�oZjZdl_j_�jZkij_^_e_gbc�wlbo�ih-
dZaZl_e_c�ihe_agh�ihkljhblv�]bklh]jZffu�b�ijh\_klb�[he__�lsZl_evgmx
ijh\_jdm�khhl\_lkl\by�bo�ghjfZevghfm�jZkij_^_e_gbx��K^_eZ_f�wlh�^ey
ihdZaZl_e_c�\_kZ�b�\hajZklZ�

è�n�o�y�s���z�j�z���

=BKLH=J:FF:�B�L?KL�GHJF:EVGHKLB���NZce��SHRSOH�VWG
I_j_f_ggZy��\_k

O�e_\��O�klZg^��QZklhlZ������������GZdhie���������
   24    -2.59        2        2        2        2
 33.2    -2.05        5        5        7        7
 42.4    -1.51        8        8       15       15
 51.7    -0.97       18       18       33       33
 60.9   -0.432       21       21       54       54
 70.1    0.107       18       18       72       72
 79.3    0.646       15       15       87       87
 88.6     1.18       10       10       97       97
 97.8     1.72        3        3      100      100
  107     2.26
Dhefh]hjh\ ��������AgZqbfhklv �������kl_i�k\h[� ����
���=bihl_aZ�����JZkij_^_e_gb_�g_�hlebqZ_lky�hl�ghjfZevgh]h!
Hf_]Z�d\Z^jZl ��������AgZqbfhklv ������kl_i�k\h[� ����
���=bihl_aZ�����JZkij_^_e_gb_�g_�hlebqZ_lky�hl�ghjfZevgh]h!



�����=bklh]jZffZ�b�ghjfZevghklv 133

Ob�d\Z^jZl ������AgZqbfhklv �������kl_i�k\h[� ��
���=bihl_aZ�����JZkij_^_e_gb_�g_�hlebqZ_lky�hl�ghjfZevgh]h!

=BKLH=J:FF:�B�L?KL�GHJF:EVGHKLB���NZce��SHRSOH�VWG
I_j_f_ggZy��\hajZkl

����O�e_\��O�klZg^��QZklhlZ������������GZdhie���������
       15    -1.62       16       16       16       16
       21    -1.25        8        8       24       24
       27    -0.89       11       11       35       35
       33   -0.525       12       12       47       47
       39   -0.161        8        8       55       55
       45    0.203       12       12       67       67
       51    0.567       13       13       80       80
       57    0.931        7        7       87       87
       63     1.29       13       13      100      100
       69     1.66
Dhefh]hjh\ ��������AgZqbfhklv �������kl_i�k\h[� ����
���=bihl_aZ�����JZkij_^_e_gb_�g_�hlebqZ_lky�hl�ghjfZevgh]h!
Hf_]Z�d\Z^jZl �������AgZqbfhklv ��������kl_i�k\h[� ����
���=bihl_aZ�����JZkij_^_e_gb_�hlebqZ_lky�hl�ghjfZevgh]h!
Ob�d\Z^jZl ������AgZqbfhklv ����(����kl_i�k\h[� ��

���=bihl_aZ�����JZkij_^_e_gb_�hlebqZ_lky�hl�ghjfZevgh]h!

Æ���k�v�l����Kh]eZkgh�j_amevlbjmxsbf�mjh\gyf� agZqbfhklb�\k_o
lj_o�djbl_jb_\��P!!������fh`gh�ijbgylv�]bihl_am�h�ghjfZevghf�jZkij_-
^_e_gbb�\_kZ�ex^_c��jbk������ Z).

Z [

Qlh�`_� dZkZ_lky� \hajZklZ�� lh� ih� ^\mf� djbl_jbyf� �qm\kl\bl_evguf� d
jZaebqbyf�©gZ�dhgpZoª��_]h�jZkij_^_e_gb_�g_�khhl\_lkl\m_l�ghjfZevghfm
aZdhgm��gZ�]eZa�wlh�ohjhrh�\b^gh�ih�jbk������ [���Wlh�khhl\_lkl\m_l�kh^_j-
`Zl_evguf�khh[jZ`_gbyf�h�lhf��qlh�\�kemqZcghc�\u[hjd_�\hajZkl�ex^_c
^he`_g� [ulv� jZkij_^_e_g� ^hklZlhqgh� jZ\ghf_jgh�� Wlh� ij_^iheh`_gb_
[m^_l�ijh\_j_gh�ijb�jZkkfhlj_gbb�ijbf_jZ���jZa^������

Ijh^he`_gb_�ZgZebaZ�^Zggh]h�ijbf_jZ�kf��\�ke_^mxs_f�jZa^_e_�

Jbk�������=bklh]jZffu�\u[hjhqguo�jZkij_^_e_gbc
k�]jZnbdZfb�iehlghklb�\_jhylghklb�ghjfZevgh]h�jZkij_^_e_gby�
Z�²�\_k�\�\u[hjd_�ba�����q_eh\_d��[�²�\hajZkl�\�lhc�`_�\u[hjd_
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Í�é�q�u�n�é���
d�j�l�j�·�j��Hq_gv�ihe_aghc�ijZdlbdhc�^ey�\ujZ[hldb�\gmlj_gg_]h

©hsms_gby� kemqZcghklbª� kemqZcguo�ijhp_kkh\�� Z� lZd`_�^ey�ihgbfZgby
kjZ\gbl_evghc�qm\kl\bl_evghklb�\ur_jZkkfhlj_gguo�djbl_jb_\�y\ey_lky
ke_^mxs__�ijhklh_�mijZ`g_gb_��K]_g_jbjmcl_�g_kdhevdh�kemqZcguo�\u-
[hjhd�kh]eZkgh�ghjfZevghfm�aZdhgm�jZkij_^_e_gby�^hklZlhqgh�[hevrh]h
jZaf_jZ� �hi_jZpby� ©=_g_jZlhj� qbk_eª� ba� ;ehdZ� ij_h[jZah\Zgbc�� jZa^�
������ijh\_jvl_�bo�jZkij_^_e_gb_�gZ�ghjfZevghklv�b�\bamZevgh�kjZ\gbl_
bo�]bklh]jZffu�

Gb`_�ijb\_^_gu�j_amevlZlu�ijh\_jdb�ih�djbl_jbx�Dhefh]hjh\Z�q_-
luj_o�ih^h[guo�\u[hjhd��\dexqZxsbo�ih�����we_f_glh\�

è�n�o�y�s���z�j�z���

Dhefh]hjh\ �������AgZqbfhklv �������kl_i�k\h[� ����
Dhefh]hjh\ �������AgZqbfhklv �������kl_i�k\h[� ����
Dhefh]hjh\ �������AgZqbfhklv �������kl_i�k\h[� ����
Dhefh]hjh\ �������AgZqbfhklv �������kl_i�k\h[� ����

Æ��� k� v� l����DZd� \b^gh� ba� ihemq_gguo� j_amevlZlh\�� \k_� \u[hjdb
ih^qbgyxlky�ghjfZevghfm�aZdhgm�jZkij_^_e_gby��gh�mjh\gb�agZqbfhklb
gme_\hc�]bihl_au�dhe_[exlky�\�^h\hevgh�rbjhdbo�ij_^_eZo��bgh]^Z�ijb-
[eb`Zykv�\iehlgmx�d�djblbq_kdhc�]jZgbp_�

<�dZq_kl\_�kZfhklhyl_evgh]h�mijZ`g_gby�fh`gh�kjZ\gblv�j_amevlZlu
ih�^jm]bf�djbl_jbyf��Z�lZd`_�bo�aZ\bkbfhklv�hl�jZaf_jh\�\u[hjhd�

�����Éqtnptj¹�rvééns¹|q¹
Ëjotj·ntqn� IZjZf_ljbq_kdbc�dhwnnbpb_gl�dhjj_eypbb�IbjkhgZ�U

y\ey_lky�bg^bdZlhjhf�ebg_cghc� k\yab�f_`^m�iZjgufb�i_j_f_ggufb� �h
iZjguo�i_j_f_gguo�kf��jZa^��������ih^qbgyxsbfbky�ghjfZevghfm�aZdhgm
jZkij_^_e_gby�
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bnpxzkq¹�q�énoys�zjz���>ey�ZgZebaZ�gm`gh�\u[jZlv�ba�we_dljhg-
ghc�lZ[ebpu�^\_�beb�g_kdhevdh�i_j_f_gguo��kf��jbk�������

<uqbkey_lky� dhwnnbpb_gl� dhjj_eypbb� r IbjkhgZ� kh� klZlbklbdhc
Klvx^_glZ�b�mjh\g_f�agZqbfhklb�P�gme_\hc�]bihl_au�©r �ª��?keb�P>0.05,
dhwnnbpb_gl�dhjj_eypbb�fh`_l�[ulv�ijbagZg�g_agZqbfuf�

<� kemqZ_� g_kdhevdbo� \u[jZgguo� i_j_f_gguo� \u^Z_lky� ^bZ]hgZevgZy
fZljbpZ�dhwnnbpb_glh\�dhjj_eypbb� k�mdZaZgb_f�djblbq_kdh]h� agZq_gby
r0�b�qbkeZ�agZqbfuo�dhwnnbpb_glh\�dhjj_eypbb� �r>r 0���WlZ�fZljbpZ� �ih
ih^l\_j`^_gbx��fh`_l�[ulv�khojZg_gZ�\�we_dljhgghc�lZ[ebp_�^ey�ihke_-
^mxs_]h�bkihevah\Zgby��gZijbf_j��\�jZa^_eZo�fgh]hf_jghc�klZlbklbdb��

<�lhf�kemqZ_��_keb�^ey�ZgZebaZ�\u[jZgh�ljb�i_j_f_ggu_��lh�\uqbkey-
_lky�lZd`_�^bZ]hgZevgZy�fZljbpZ�qZkluo�dhwnnbpb_glh\�dhjj_eypbb�rxy-z
f_`^m�iZjZfb�i_j_f_gguo� k� \u^Zq_c� djblbq_kdh]h� agZq_gby� r0�b� qbkeZ
agZqbfuo�dhwnnbpb_glh\�

?keb�ZgZeba�ijhba\h^blky�f_`^m�aZ^Zggufb�iZjZfb�i_j_f_gguo� �kf�
jbk�������dghidZ�k�ibdlh]jZffhc�ql_gby���lh�\�l_dklh\uc�nZce�E�DHJ�txt
aZibku\Zxlky�\uqbke_ggu_�dhwnnbpb_glu�k�mjh\gyfb�agZqbfhklb�

Hméjtq·ntqn��H[t_fu�\u[hjhd�^he`gu�[ulv�jZ\gu�b�kh^_j`Zlv�g_
f_g__�q_luj_o�agZq_gbc�b�g_�[he__� l��]^_� l  ������������������������ijb
h[t_f_�fZljbpu�^Zgguo�\����������������������b�����qbk_e�
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Í�é�q�u�n�é���
d�j�l�j�·�j��P_evx�bkke_^h\Zgby�[ueh�\uy\e_gb_�aZ\bkbfhklb�f_`-

^m�ijh^mdlb\ghklvx�ir_gbpu�b�dZjlhn_ey�gZ�khk_^gbo�iheyo��>ey�wlh]h
[ueb� bkihevah\Zgu� ^Zggu_� ih� mjh`Zcghklb� >p�]Z@� aZ� ��� ihke_^h\Zl_ev-
guo�e_l��lZ[e���������i_j_f_ggu_�/&���/&��\�nZce_�767�

Òjisq|j��������Ïév jptvxz��w¡ntq|��q�rjézv{ns¹�oj����snz�>|�mj@

Ir_g 20,1 23,6 26,3 19,9 16,7 23,2 31,4 33,5 28,2 35,3 29,3 30,5

DZjl 7,2 7,1 7,4 6,1 6 7,4 9,4 9,2 8,8 10,4 8 9,7

>ey�\uy\e_gby�k\yab�wlbo�^\mo�ihdZaZl_e_c�^Zggu_�[ueb�ih^\_j]gmlu
dhjj_eypbhgghfm�ZgZebam�

è�n�o�y�s���z�j�z���

I:J:F?LJBQ?KD:Y�DHJJ?EYPBY��NZce��WVW�VWG�I_j_f_ggu_��OF���OF�
Dhwnn�dhjj_eypbb �������7 �������AgZqbfhklv ��������kl_i�k\h[� ���

����=bihl_aZ�����Dhwnnbpb_gl�dhjj_eypbb�hlebq_g�hl�gmey!

Æ���k�v�l����Ijh\_jdZ�gme_\hc�]bihl_au��mjh\_gv�agZqbfhklb�jZ\_g
�������� qlh� kms_kl\_ggh� f_gvr_� ������ \uy\ey_l� agZqbfmx� dhjj_eypbx
f_`^m�mjh`Zcghklvx�ir_gbpu�b�dZjlhn_ey�

Í�é�q�u�n�é���
d�j�l�j�·�j��P_evx�bkke_^h\Zgby�[ueh�\uy\e_gb_�k\ya_c�f_`^m�Zg-

ljhihf_ljbq_kdbfb�b�mfkl\_ggufb�ihdZaZl_eyfb�^_l_c��<�wdki_jbf_glZo
m����^_l_c��lZ[e���������nZce�&25���baf_jyebkv��\j_fy�j_r_gby�fZl_fZlb-
q_kdbo�aZ^Zq��\hajZkl�b�jZaf_j�klhiu�

Òjisq|j��������ènoys�zjz��qxxsnlvkjtq¹�lnznp

Mq_gbd <j_fy�j_r_gby�aZ^Z-
qb��fbg

<hajZkl�
e_l

JZaf_j�klhiu�
kf

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

4,6
2,8
5,4

4
2,6
4,4
4,6
4,4
5,2
2,8
5,2
3,6
3,8

6
4,2
4,4

4
4,4
4,2
3,6
3,4

2

10,1
10,6
10,3
10,1
10,9
10,2
9,9

10,1
9,3

10,8
9,4

10,2
9,8
9,1

10,1
10,2
10,2
10,1

10
10,3
10,5
11,1

17,2
18
17

16,7
17,8
17,4
16,5
16,5
15,1
17,8
15,5
16,9
16,9

15
16,7

17
16,5
17,2
16,1
16,7
17,2

20

>ey�\uy\e_gby�k\yab�wlbo�ijbagZdh\�^Zggu_�[ueb�ih^\_j]gmlu�dhj-
j_eypbhgghfm�ZgZebam�
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è�n�o�y�s���z�j�z���

I:J:F?LJBQ?KKD:Y�DHJJ?EYPBY���NZce��FRU��VWG
������������Dhjj_eypbhggZy�fZljbpZ
�������������\j_fy��\hajZkl
��\hajZkl���������
����klhiZ������������������
�DjblbqHkdh_�agZq_gb_ �����
�Qbkeh�agZqbfuo�dhwnnbpb_glh\ ��������

������������QZklgu_�dhjj_eypbb
�������������\j_fy��\hajZkl
��\hajZkl���������
����klhiZ������������������
�DjblbqHkdh_�agZq_gb_ �����

�������Qbkeh�agZqbfuo�dhwnnbpb_glh\ �������

Æ���k�v�l����JZkq_l�dhwnnbpb_glh\�iZjghc�dhjj_eypbb�\uy\be�m^b-
\bl_evguc�nZdl�²�gZebqb_�\ukhdhc�h[jZlghc�k\yab�f_`^m�mfkl\_ggufb
kihkh[ghklyfb�b�jZaf_jhf� klhiu�j_[_gdZ� �dhjj_eypby�−�������ih� Z[kh-
exlghc�\_ebqbg_� agZqbl_evgh�ij_\urZ_l�djblbq_kdh_� agZq_gb_� ��������
H^gZdh�jZkq_l�qZklguo�dhjj_eypbc�ihdZaZe��qlh�wlb�ijbagZdb�g_�k\yaZgu
^jm]�k�^jm]hf��qZklgZy�dhjj_eypby�−�������ih�Z[khexlghc�\_ebqbg_�fgh-
]h�gb`_�djblbq_kdh]h�mjh\gy���������ihkdhevdm�h[Z�hgb�kbevgh�aZ\bkyl�hl
\hajZklZ�

Í�é�q�u�n�é���
d�j�l�j�·�j��Ijh^he`bf�ZgZeba�Zgljhihf_ljbq_kdbo�^Zgguo�ba�ijb-

f_jh\�d�jZa^�� ����� ���� �nZce� 3(23/(��k�p_evx�bkke_^h\Zgby�dhjj_eypbc
f_`^m�ihdZaZl_eyfb�\_kZ��jhklZ�b�\hajZklZ�ex^_c��M`_�\bamZevguc�ZgZ-
eba�^bZ]jZff�jZkk_ygby� �kf��jbk�� �����\uy\ey_l�ohjhrmx�dhjj_ebjh\Zg-
ghklv� \_kZ�b� jhklZ�b�f_gvrmx��gh� \k_�`_� aZf_lgmx� dhjj_eypbx�f_`^m
\_khf�b�\hajZklhf�

è�n�o�y�s���z�j�z����khdjZs_ggh��
I:J:F?LJBQ?KKD:Y�DHJJ?EYPBY���NZce��FRU��VWG
������������Dhjj_eypbhggZy�fZljbpZ
��������������jhkl������\_k
������\_k���������
��\hajZkl������������������
�DjblbqHkdh_�agZq_gb_ �����
�Qbkeh�agZqbfuo�dhwnnbpb_glh\ �������

Æ���k�v�l����AgZqbfu_�dhjj_eypbb�h[gZjm`_gu�f_`^m�\_khf�b�jhk-
lhf��Z�lZd`_�f_`^m�\_khf�b�\hajZklhf��ohly�ihke_^gyy�k\yav�hdZaZeZkv�\��
jZaZ�keZ[__�i_j\hc��dZd�fu�b�ij_^iheZ]Zeb�\ur_���K\yav�f_`^m�\hajZklhf
b�jhklhf�fZeZ�b�g_agZqbfZ��HgZ��\b^bfh��y\ey_lky�ke_^kl\b_f�ijh^he`_-
gby� jhklZ� q_eh\_dZ� hl� ��� ^h� ��� e_l�� qlh� dhfi_gkbjm_lky� g_[hevrbf
mf_gvr_gb_f�jhklZ�\�ij_dehgghf�\hajZkl_��:gZeba�qZklguo�dhwnnbpb_g-
lh\�dhjj_eypbb�a^_kv�g_�ijh\h^blky��ihkdhevdm�g_l�ijbqbg�kqblZlv�gZeb-
qb_� kbevgh]h� \ebygby� k\ya_c� k� lj_lvbf� ihdZaZl_e_f� gZ� \aZbfgmx� k\yav
^\mo�^jm]bo�
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Ijh^he`_gb_�ZgZebaZ�^Zggh]h�ijbf_jZ�kf��\�ke_^mxs_f�jZa^_e_�

�����Çéqznéqq�fz�ílntzj�q�Ðq¡néj
Ëjotj·ntqn�� Djbl_jbc� Klvx^_glZ� ^ey� ^\mo� \u[hjhd�� ih^qbgyx-

sboky�ghjfZevghfm� aZdhgm� jZkij_^_e_gby��ijh\_jy_l�gme_\mx� ]bihl_am
h[�hlkmlkl\bb�jZaebqbc��h�jZ\_gkl\_��bo�\u[hjhqguo�kj_^gbo��Z�djbl_jbc
Nbr_jZ�²� ]bihl_am� h� jZ\_gkl\_� ^bki_jkbc� ^\mo� \u[hjhd��>ey� iZjguo
i_j_f_gguo� kms_kl\m_l� hl^_evgZy� nhjfmebjh\dZ� djbl_jby� Klvx^_glZ�
[he__�qm\kl\bl_evgZy�d�bo�jZaebqbyf�

bnpxzkq¹�q�énoys�zjz���>ey�ZgZebaZ�gm`gh�\u[jZlv�ba�we_dljhg-
ghc�lZ[ebpu�^\_�beb�g_kdhevdh�i_j_f_gguo��kf��jbk�������

<u^ZqZ�\dexqZ_l�agZq_gby�ke_^mxsbo�klZlbklbd�
• klZlbklbdZ�Nbr_jZ F��hgZ�jZ\gZ�hlghr_gbx�^bki_jkbc�\u[hjhd��
• klZlbklbdZ�Klvx^_glZ T��\�aZ\bkbfhklb�hl�j_amevlZlh\�kjZ\g_gby�^bk-

i_jkbc�ijbf_gyxlky�jZaebqgu_�nhjfmeu�\uqbke_gby�T±klZlbklbdb��
• jZaghklv�kj_^gbo�b�iheh\bgZ�__�^h\_jbl_evgh]h�bgl_j\ZeZ�dM;
• \� kemqZ_� jZ\_gkl\Z� jZaf_jh\� \u[hjhd� \u^Z_lky� lZd`_� klZlbklbdZ

Klvx^_glZ��ijbf_gbfZy� ^ey� iZjguo� i_j_f_gguo� �h�iZjguo�i_j_f_g-
guo�kf��jZa^�������\�aZiZ^guo�klZliZd_lZo�bkihevamxlky�gZbf_gh\Zgby
h^gh\u[hjhqguc�b�^\mo\u[hjhqguc�djbl_jbb�Klvx^_glZ��
>ey�dZ`^hc�klZlbklbdb�\uqbkey_lky�mjh\_gv�agZqbfhklb�P�khhl\_lkl-

\mxs_c� gme_\hc� ]bihl_au� hlkmlkl\by� jZaebqbc�� ?keb� P!������ gme_\Zy
]bihl_aZ�fh`_l�[ulv�ijbgylZ�

<�kemqZ_�g_kdhevdbo�\u[jZgguo�i_j_f_gguo�beb�aZ^Zgby�dhgdj_lguo
iZj�i_j_f_gguo�\�l_dklh\hf�nZce_� �kf��jbk�������dghidZ�k�ibdlh]jZffhc
ql_gby��mdZaZggu_�\uqbke_gby�ijhba\h^ylky�^ey�\k_o�iZj�i_j_f_gguo�b
^hihegbl_evgh� \u^Z_lky� djblbq_kdh_� agZq_gb_�Klvx^_glZ� k� mq_lhf� ih-
ijZ\db�;hgn_jjhgb��AgZqbfhklb�gme_\uo�]bihl_a�ih�Klvx^_glm�^ey�ih-
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ke_^mxs_]h� bkihevah\Zgby� aZibku\Zxlky� \� l_dklh\u_� nZceu� G_-
iZjK�LOL��IZjK�LOL��g_iZjgu_�b�iZjgu_�\u[hjdb��

Í�é�q�u�n�é���
d�j�l�j�·�j��P_evx�bkke_^h\Zgby�[ueh� kjZ\g_gb_�\ebygby�gZ�mjh-

`Zcghklv�ir_gbpu�^\mo�Z]jhl_ogbq_kdbo�f_lh^h\��ijbf_gy_fuo�gZ�^\mo
khk_^gbo�iheyo�\� l_q_gb_� ���e_l� �lZ[e�� �������i_j_f_ggu_� f1, f2�\�nZce_
TST).
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Òjisq|j��������Ïév jptvxz��w¡ntq|��oj����snz�>|�mj@�tj�xvxnltq}�wvs¹}

wéq�lky}�jmévzn}tq·nxrq}�unzvlj}

f_lh^� 20 17,9 20,6 22 21,4 23,8 21,4 19,8 18,4 22,5

f_lh^� 22,1 18,5 19,4 22,1 21,7 24,9 21,6 20,3 18,7 23,1

è�n�o�y�s���z�j�z���

DJBL?JBB�NBR?J:�B�KLVX>?GL:�� NZce��WVW�VWG��I_j_f_ggu_��I���I�
KlZlbklbdZ�Nbr_jZ ������AgZqbfhklv �������kl_i�k\h[� ����
���=bihl_aZ�����G_l�jZaebqbc�f_`^m�\u[hjhqgufb�^bki_jkbyfb!
KlZlbklbdZ�Klvx^_glZ �������AgZqbfhklv �������kl_i�k\h[� ���
JZaghklv�kj_^gbo ������^h\_jbl�bgl_j\Ze �����
���=bihl_aZ�����G_l�jZaebqbc�f_`^m�\u[jhqgufb�kj_^gbfb!
Klvx^_gl�^ey�iZjguo�^Zgguo ������AgZqbfhklv ������kl_i�k\h[� ��
���=bihl_aZ�����G_l�jZaebqbc�f_`^m�\u[jhqgufb�kj_^gbfb!

Æ���k�v�l����DZd�fh`gh�\b^_lv�ba�ihemq_gguo�j_amevlZlh\�ZgZebaZ�
gb�djbl_jbc�Klvx^_glZ��gb�djbl_jbc�Nbr_jZ�g_�\uy\eyxl�aZf_lguo�jZa-
ebqbc� f_`^m� jZkkfZljb\Z_fufb� f_lh^Zfb� k[hjZ� mjh`Zy� �ihemq_ggu_
mjh\gb�agZqbfhklb�������b��������kms_kl\_ggh�[hevr_�������

Hlf_lbf� lZd`_�� qlh� \� ^Zgghf� kemqZ_� \u[hjdb�fh`gh� jZkkfZljb\Zlv
dZd�iZjgu_�i_j_f_ggu_��ihkdhevdm�ihey�y\eyxlky�khk_^gbfb�b�g_�hleb-
qZxlky�gb�ih�ihq\_��gb�ih�debfZlm��gb�ih�^jm]bf�mkeh\byf��Z�baf_j_gby
ijh\h^bebkv�kbgojhggh�ih� ]h^Zf��H^gZdh�^Z`_�[he__�qm\kl\bl_evguc�d
jZaebqbyf�iZjguc�djbl_jbc�Klvx^_glZ�g_�\uy\ey_l�lZdh\uo�

Dhebq_kl\_ggmx�hp_gdm�^bZiZahgZ�agZq_gbc�^ey�]_g_jZevghc�jZaghklb
kj_^gbo�hlghkbl_evgh�\u[hjhqghc�jZaghklb������^Z_l�^h\_jbl_evguc�bg-
l_j\Ze� ������� dhlhjuc� \dexqZ_l� b� gme_\h_� agZq_gb_� k� i_j_djulb_f� \
0.522−���� �������l��_��k�©aZiZkhfª�gZ�����������⋅100 = 13,5%.

Í�é�q�u�n�é���
d�j�l�j�·�j��Ijh^he`bf�bkke_^h\Zgb_�Zgljhihf_ljbq_kdbo�^Zgguo

ba�ijbf_jh\�d�jZa^�����−�����nZce�3(23/(��k�p_evx�bkke_^h\Zgby�jZaeb-
qbc�f_`^m�ihdZaZl_eyfb�\_kZ��jhklZ�b�\hajZklZ�fm`qbg�b�`_gsbg��I_j_^
wlbf�g_h[oh^bfh�ijhba\_klb�jy^�ij_h[jZah\Zgbc��qlh[u�jZa^_eblv�^Zg-
gu_�ih�fm`qbgZf�b�`_gsbgZf��kf��ijbf_j�d�jZa^������

è�n�o�y�s���z�j�z����khdjZs_ggh��
DJBL?JBC�NBR?J:�B�KLVX>?GL:���NZce��SHRSOH�VWG
����������������������������I_j_f_ggu_��jhkl�f��jhkl�`
KlZlbklbdZ�Klvx^_glZ ������AgZqbfhklv ����������kl_i�k\h[� ���
���=bihl_aZ�����?klv�jZaebqby�f_`^m�\u[hjhqgufb�kj_^gbfb!
JZaghklv�kj_^gbo ������^h\_jbl�bgl_j\Ze ��������
K�ihijZ\dhc�;hgn_jjhgb��agZqbfhklv ����������kl_i�k\h[ ����

djbl�agZqbfhklv �������
���=bihl_aZ�����?klv�jZaebqby�f_`^m�\u[hjhqgufb�kj_^gbfb!

����������������������������I_j_f_ggu_��\_k�f��\_k�`
KlZlbklbdZ�Klvx^_glZ ������AgZqbfhklv ����������kl_i�k\h[� ���
���=bihl_aZ�����?klv�jZaebqby�f_`^m�\u[hjhqgufb�kj_^gbfb!
JZaghklv�kj_^gbo ������^h\_jbl�bgl_j\Ze ��������
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K�ihijZ\dhc�;hgn_jjhgb��agZqbfhklv ����������kl_i�k\h[ ����
djbl�agZqbfhklv �������

���=bihl_aZ�����?klv�jZaebqby�f_`^m�\u[hjhqgufb�kj_^gbfb!

����������������������������I_j_f_ggu_��\hajZkl�f��\hajZkl�`
KlZlbklbdZ�Klvx^_glZ �������AgZqbfhklv �������kl_i�k\h[� ���
���=bihl_aZ�����G_l�jZaebqbc�f_`^m�\u[jhqgufb�kj_^gbfb!
JZaghklv�kj_^gbo �������^h\_jbl�bgl_j\Ze ����

Æ���k�v�l����J_amevlZlu�ihdZau\Zxl�gZebqb_�jZaebqbc�\�\_k_�b�jhk-
l_�ih�ijbagZdm�iheZ� �mjh\gb� agZqbfhklb�gZfgh]h�f_gvr_� djblbq_kdh]h
mjh\gy��^Z�b�^h\_jbl_evgu_�bgl_j\Zeu�khklZ\eyxl�g_agZqbl_evguc�ijh-
p_gl�hl�jZaghkl_c�kj_^gbo���gh�g_�\�\hajZkl_��mjh\_gv�agZqbfhklb�gme_\hc
]bihl_au�hq_gv�\ukhd��Z�^h\_jbl_evgu_�bgl_j\Zeu�\�r_klv�jZa�ij_\urZ-
xl�jZaghklv�kj_^gbo���<�^Zgghf�kemqZ_�ihijZ\dm�;hgn_jjhgb�mqblu\Zlv
g_�ke_^m_l��ihkdhevdm�a^_kv�bf__l�f_klh�g_�kjZ\g_gb_�jZaebqbc�g_kdhev-
dbo�]jmii�ih�h^ghfm�ihdZaZl_ex��Z�jZaebqb_�^\mo�]jmii�ih�lj_f�jZaguf
ihdZaZl_eyf�

Ijh^he`_gb_�ZgZebaZ�^Zggh]h�ijbf_jZ�kf��jZa^������



sjkj���

ËcÍ¬è¬ÎcÒèÊïcfÇÊc�ÇèÊÒcèÊÊ
©Bsbl_�`_�ij_`^_�PZjkl\by�;h`by

b�ijZ\^u�?]hª
>hl�FZln������@

Ëjotj·ntqn�� ;hevrbgkl\h� klZlbklbq_kdbo� ijhp_^mj� hibjZxlky� gZ
^hims_gb_� h� ghjfZevghf� jZkij_^_e_gbb� bkoh^guo� ^Zgguo�� >ey� g_ghj-
fZevgh� jZkij_^_e_gguo� ^Zgguo�� jZg]h\uo� \u[hjhd� b� \u[hjhd� fZeh]h
h[t_fZ�[he__�wnn_dlb\gh�ijbf_gylv�lZd�gZau\Z_fu_�g_iZjZf_ljbq_kdb_
f_lh^u�� g_� [Zabjmxsb_ky� gZ� dZdhf�eb[h� ij_^iheh`_gbb� h� aZdhg_� jZk-
ij_^_e_gby�^Zgguo��Z�bkihevamxsb_��dZd�ijZ\beh��lhevdh�ij_^iheh`_gby
h�kemqZcghf�oZjZdl_j_�bkoh^guo�^Zgguo�b�h�g_ij_ju\ghklb�]_g_jZevghc
kh\hdmighklb��ba�dhlhjhc�hgb�ba\e_q_gu�
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����� Çéqznéqp�}q�rkjléjz
Ëjotj·ntqn��Djbl_jbc� ob±d\Z^jZl� hp_gb\Z_l� jZaebqb_� ^\mo� \u[h-

jhd�ih�nhjf_�jZkij_^_e_gby�bo�agZq_gbc��ij_^klZ\e_gguo�\�\b^_�]bklh-
]jZff��<�hlebqb_�hl�^jm]bo�g_iZjZf_ljbq_kdbo�f_lh^h\�hg�ijbf_gbf�d
^hklZlhqgh� ij_^klZ\bl_evguf� \u[hjdZf�� \dexqZxsbf� g_� f_g__� ��±��
we_f_glh\�b�ij_^klZ\e_gguo�\�nhjf_�]bklh]jZffu� �kf��jZa^��������Qbkeh
bgl_j\Zeh\� \� ]bklh]jZff_� ^he`gh� [ulv� g_�f_g__� ��� Z� dZ`^uc� bgl_j\Ze
^he`_g�\dexqZlv�g_�f_g__� �±��\u[hjhqguo�agZq_gbc� �\�ijhlb\ghf�kem-
qZ_�j_dhf_g^m_lky�kh_^bgblv�khk_^gb_�bgl_j\Zeu�]bklh]jZffu��
èjotvkqltvxzq�réqznéq¹��>Zgguc�jZa^_e�\dexqZ_l�^\Z�\ZjbZglZ

djbl_jby�ob±d\Z^jZl�
1.Djbl_jbc�h^ghjh^ghklb�^\mo�g_aZ\bkbfuo�\u[hjhd��ijh\_jy_l�]bih-
l_am�hlkmlkl\by�jZaebqbc�f_`^m�^\mfy�\u[hjhqgufb�jZkij_^_e_gbyfb�

2.Djbl_jbc�kh]eZkby�\u[hjhqgh]h�jZkij_^_e_gby�b�ij_^iheZ]Z_fh]h
l_hj_lbq_kdh]h�jZkij_^_e_gby�
Êx}vlt�n� ljtt�n��Bkoh^gu_� ^Zggu_� ij_^klZ\eyxl� kh[hc� ]bklh-

]jZffu� ^\mo� jZkij_^_e_gbc� �^\mo� wfibjbq_kdbo� beb� wfibjbq_kdh]h� b
l_hj_lbq_kdh]h��

Ij_^\Zjbl_evgh_� ij_h[jZah\Zgb_� bkoh^ghc� \u[hjdb� \� nhjfm� ]bklh-
]jZffu�fh`_l�[ulv�ijhba\_^_gh�\�ijhp_^mj_� ©=bklh]jZffZ�b�ghjfZev-
ghklvª��kf��jZa^�������

bnpxzkq¹�q�énoys�zjz���>ey�ZgZebaZ�gm`gh�\u[jZlv�ba�we_dljhg-
ghc�lZ[ebpu�^\_�i_j_f_ggu_���kf��jbk��������ij_^klZ\eyxsb_�kh[hc�]bklh-
]jZffu�kjZ\gb\Z_fuo�jZkij_^_e_gbc�

>Ze__� gm`gh� mlhqgblv� \ZjbZgl
djbl_jby�ob±d\Z^jZl��jbk�������

Ihke_� wlh]h�\uqbkey_lky� agZq_gb_
klZlbklbdb�ob±d\Z^jZl�b�mjh\_gv�agZ-
qbfhklb� P� khhl\_lkl\mxs_c� gme_\hc
]bihl_au��Ijb�P!�����gme_\Zy�]bihl_-

aZ�fh`_l�[ulv�ijbgylZ�
Bgl_j\Zeu�]bklh]jZffu��\dexqZxsb_�f_g__�lj_o�\u[hjhqguo�agZq_-

gbc��\�ijhp_kk_�\uqbke_gbc�Z\lhfZlbq_kdb�keb\Zxlky�k�khk_^gbfb�
Ìméjtq·ntq¹��Qbkeh�agZq_gbc�h[hbo�i_j_f_gguo��bgl_j\Zeh\�m�]bk-

lh]jZff��^he`gh�[ulv�h^bgZdh\uf�b�g_�f_g__�q_luj_o�

Jbk�������F_gx�\u[hjZ�djbl_jby�ob�
d\Z^jZl
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Í�é�q�u�n�é����
d�j�l�j�·�j��G_h[oh^bfh�kjZ\gblv�qZklhlu�kh[ulbc��baf_j_ggu_�\

wdki_jbf_gl_��k�l_hj_lbq_kdbfb�qZklhlZfb��lZ[e���������i_j_f_ggu_�&KL�
b�&KL��\�nZce_�137��

Òjisq|j��������êrxwnéquntzjs�t�n�q�znvénzq·nxrqn�·jxzvz��xvi�zqp

Wdki_jbf_gl 7 11 13 19 16 7 7
L_hjby 19 16 7 11 13 7 7

è�n�o�y�s���z�j�z���

DJBL?JBC�OB±D<:>J:L���NZce��QSW�W[W
��������������������I_j_f_ggu_��FKL���FKL�
Ob±d\Z^jZl �������AgZqbfhklv ��������kl_i�k\h[� ��
���=bihl_aZ�����G_l�jZaebqbc�f_`^m�^\mfy�jZkij_^_e_gbyfb!

Æ���k�v�l����<uqbke_ggu_�mjh\gb�agZqbfhklb�djbl_jby�ob±d\Z^jZl
kh]eZkby�iha\heyxl�ijbgylv�]bihl_am�h�khhl\_lkl\bb�wdki_jbf_glZevguo
^Zgguo� ij_^iheZ]Z_fhfm� l_hj_lbq_kdhfm� jZkij_^_e_gbx� �P=0.0978
[hevr_�������

Í�é�q�u�n�é����
d�j�l�j�·�j��GZ�ij_^ijbylbb�bf_xlky�^Zggu_�h�qbke_�jZ[hlgbdh\�k

aZjZ[hlghc�ieZlhc� \� aZ^Zgguo�ij_^_eZo� ^ey� ^\mo� \hajZklguo� dZl_]hjbc
�lZ[e���������i_j_f_ggu_�&+���&+��ba�nZceZ�137���G_h[oh^bfh�ijh\_jblv
]bihl_am�h[�hlkmlkl\bb�jZaebqbc�\�hieZl_�ljm^Z�f_`^m�^\mfy�\hajZklgu-
fb�dZl_]hjbyfb�jZ[hlgbdh\�

Òjisq|j��������êrxwnéquntzjs�t�n�q�znvénzq·nxrqn�·jxzvz��xvi�zqp

AZjieZlZ 100–120 120–140 140–160 160–180 180–200 200–220

DZl_]hjby� 71 430 1072 1609 1178 158

DZl_]hjby� 54 324 894 1202 903 112

Ihkdhevdm�^Zggu_�ij_^klZ\eyxl�kh[hc�]bklh]jZffu��lh�^ey�kjZ\g_gby
bkihevam_f� djbl_jbc� h^ghjh^ghklb� wlbo� ^\mo� wdki_jbf_glZevguo� jZk-
ij_^_e_gbc��dZd�ijbgZ^e_`Zsbo�h^ghc�]_g_jZevghc�kh\hdmighklb�

è�n�o�y�s���z�j�z���

DJBL?JBC�OB±D<:>J:L���NZce��QSW�W[W���I_j_f_ggu_��FKL���FKLW
Ob±d\Z^jZl �������AgZqbfhklv �������kl_i�k\h[� ��
���=bihl_aZ�����G_l�jZaebqbc�f_`^m�^\mfy�jZkij_^_e_gbyfb!
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Æ���k�v�l����Ihemq_gguc�mjh\_gv�agZqbfhklb�ob±d\Z^jZl�djbl_jby
h^ghjh^ghklb� �P ������kms_kl\_ggh�[hevr_�������iha\hey_l�ijbgylv�gm-
e_\mx�]bihl_am�h[�hlkmlkl\bb�jZaebqbc�\�hieZl_�ljm^Z�

Í�é�q�u�n�é����
d�j�l�j�·�j��Ijh^he`bf�ZgZeba�Zgljhihf_ljbq_kdbo�baf_j_gbc�ba

jZa^_eZ������<�jZa^������[ueh�ihdZaZgh��qlh�ihdZaZl_ev�\hajZklZ�\�ZgZebab-
jm_fhc� \u[hjd_�bf__l� jZkij_^_e_gb_�� hlebqZxs__ky� hl�ghjfZevgh]h��b
[ueh� \ukdZaZgh� ij_^iheh`_gb_� h� jZ\ghf_jghf� _]h� jZkij_^_e_gbb� \
ij_^klZ\e_gghf�^bZiZahg_���−���e_l��Ijh\_jbf�wlh�ij_^iheh`_gb_��>ey
wlh]h� g_h[oh^bfh� ijb� ihkljh_gbb� ]bklh]jZffu� ih^l\_j^blv� g_h[oh^b-
fhklv�khojZg_gby�__�\�fZljbp_�^Zgguo��Djhf_�lh]h��ijbgbfZy�\h�\gbfZ-
gb_�� qlh� h[t_f� gZr_c� \u[hjdb� khklZ\ey_l� ���� q_eh\_d�� mklZgh\bf� ijb
ihkljh_gbb� ]bklh]jZffu� qbkeh� [bgh\� jZ\guf� ���� Lh]^Z� ijhs_� [m^_l
knhjfbjh\Zlv� \lhjmx� i_j_f_ggmx�� g_h[oh^bfmx� ^ey� ^Zggh]h� f_lh^Z�
kh^_j`Zsmx�]bklh]jZffm�l_hj_lbq_kdh]h�jZkij_^_e_gby�k����[bgZfb��ih
���we_f_glh\�\�dZ`^hf�

è�n�o�y�s���z�j�z���

DJBL?JBC�OB�D<:>J:L���NZce��SHRSOH�VWG
Ob�d\Z^jZl �����AgZqbfhklv �������kl_i�k\h[� ��
���=bihl_aZ�����G_l�jZaebqbc�f_`^m�^\mfy�jZkij_^_e_gbyfb!

Æ���k�v�l����Ihemq_gguc�mjh\_gv�agZqbfhklb�ob±d\Z^jZl�djbl_jby
kh]eZkby� iha\hey_l� ijbgylv� gme_\mx� ]bihl_am� h[� hlkmlkl\bb� jZaebqbc
f_`^m�jZkij_^_e_gb_f�\u[hjhqguo�agZq_gbc�ihdZaZl_ey�\hajZklZ�b�jZ\-
ghf_jguf�jZkij_^_e_gb_f�

�����Çéqznéqq�éjosq·q¹�xlkqmj
��������wvsv ntq¹�

Ëjotj·ntqn�� Djbl_jbb� jZaebqby� k^\b]Z� gZijZ\e_gu� gZ� ijh\_jdm
ke_^mxsbo�]bihl_a�
Z� hlkmlkl\b_�jZaebqbc�\h�\aZbfghf�iheh`_gbb��f_^bZgZo��^\mo�g_aZ\b-
kbfuo�kh\hdmighkl_c��gZijbf_j�gZ[ex^_gbc�h^gbo�h[t_dlh\�[_a�©h[-
jZ[hldbª�b�^jm]bo�h[t_dlh\�ihke_�h[jZ[hldb�k�ZgZebahf�kbkl_fZlbq_-
kdh]h�k^\b]Z�agZq_gbc�\lhjhc�\u[hjdb�dZd�j_amevlZlZ�h[jZ[hldb�

[� k^\b]�\u[hjhd�^jm]�hlghkbl_evgh�^jm]Z�jZ\_g�agZq_gbx�d;
\� f_^bZgZ�h^ghc�ZgZebabjm_fhc�\u[hjdb�jZ\gZ�agZq_gbx�d.

<�kemqZ_�[��g_h[oh^bfh�ij_^\Zjbl_evgh�\k_�agZq_gby�\lhjhc�\u[hjdb
Y�mf_gvrblv�gZ�\_ebqbgm�d: yi=yi–d��qlh�fh`gh�k^_eZlv�ihkj_^kl\hf�hi_-
jZpbb�ebg_cgh]h�ij_h[jZah\Zgby�ax+b�\�;ehd_�ij_h[jZah\Zgbc�k�iZjZf_l-
jZfb�a=–d, b ���kf��jZa^�������

<�kemqZ_�\��g_h[oh^bfh�ih^]hlh\blv�\kihfh]Zl_evgmx�iZjgmx�\u[hj-
dm��\k_�we_f_glu�dhlhjhc�jZ\gu�d.
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bnpxzkq¹�q�énoys�zjz���>ey�ZgZebaZ�gm`gh�\u[jZlv�ba�we_dljhg-
ghc�lZ[ebpu�^\_�beb�g_kdhevdh�i_j_f_gguo��kf��jbk�������

<�j_amevlZlZo�\uqbkeyxlky�
• agZq_gb_� klZlbklbdb� W� <bedhdkhgZ� �Wilcoxon�� ²� kmffZ� jZg]h\� Rxi

we_f_glh\�h^ghc�ba�\u[hjhd�\�h[t_^bg_gghc�jZg`bjh\Zgghc�\u[hjd_�
• agZq_gb_�klZlbklbdb�V�<Zg�^_j�<Zj^_gZ��van der Varden���hkgh\Zggmx

gZ�bkihevah\Zgbb�f_lh^Z�©ijhba\hevguo�f_lhdª�
Dh]^Z�h[t_fu�^\mo�\u[hjhd�kh\iZ^Zxl��^hihegbl_evgh�\uqbkeyxlky

ke_^mxsb_�^\_�klZlbklbdb��hl\_qZxsb_�[he__�fhsguf�djbl_jbyf��ijb-
f_gbfuf�\�kemqZ_�iZjguo�^Zgguo� �h�iZjguo�^Zgguo�kf��jZa^�� �����\� aZ-
iZ^guo�klZliZd_lZo�bkihevamxlky�gZbf_gh\Zgby�h^gh\u[hjhqguc�b�^\mo-
\u[hjhqguc�djbl_jbb):
• agZq_gb_�klZlbklbdb�W1�<bedhdkhgZ�²�kmffZ�jZg]h\�Z[khexlguo

agZq_gbc�jZaghkl_c�iZjguo�we_f_glh\�^\mo�\u[hjhd��\uqbke_ggZy�^ey
iheh`bl_evguo�jZaghkl_c�

• agZq_gb_�klZlbklbdb�agZdh\�S��hij_^_e_ggh_�dZd�qbkeh�iheh`bl_evguo
jZaghkl_c�iZjguo�we_f_glh\�^\mo�\u[hjhd�
>ey� dZ`^hc� klZlbklbdb� \uqbkey_lky� ghjfZevgZy� ZiijhdkbfZpby� �Z–

klZlbklbdZ�� b� mjh\_gv� agZqbfhklb� P� gme_\hc� ]bihl_au� h[� hlkmlkl\bb
jZaebqbc�\�k^\b]_�^\mo�\u[hjhd�ih�hlghr_gbx�^jm]�d�^jm]m��?keb�P>0.05,
gme_\Zy�]bihl_aZ�fh`_l�[ulv�ijbgylZ�

<�kemqZ_�g_kdhevdbo�\u[jZgguo�i_j_f_gguo�beb�aZ^Zgby�dhgdj_lguo
iZj�i_j_f_gguo�\�l_dklh\hf�nZce_� �kf��jbk�������dghidZ�k�ibdlh]jZffhc
ql_gby�� mdZaZggu_� \uqbke_gby� ijhba\h^ylky� ^ey� \k_o� iZj� i_j_f_gguo�
AgZqbfhklb�gme_\uo�]bihl_a�ih�<bedhdkhgm�^ey�ihke_^mxs_]h�bkihevah-
\Zgby�aZibku\Zxlky�\�l_dklh\u_�nZceu�G_iZj�LOL��IZj�LOL��g_iZjgu_�b
iZjgu_�\u[hjdb��
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Í�é�q�u�n�é����
d�j�l�j�·�j��<�wdki_jbf_gl_�baf_j_gu�mjh\gb�jZ^bhZdlb\ghklb�^ey

^\mo� ]jmii� ij_iZjZlh\� �lZ[e�� ������� i_j_f_ggu_� :7��� :7�� ba� nZceZ
NPT).

Òjisq|j��������Ïévktq�éjlqvjrzqktvxzq�lky}�wénwjéjzvk�>quw�x@

Ij_iZjZl�� 340 343 322 349 332 320 313 304 329

Ij_iZjZl�� 318 321 318 301 312

G_h[oh^bfh� hp_gblv� ^hklh\_jghklv� jZaebqbc�f_`^m� wlbfb� ij_iZjZ-
lZfb�\�kj_^gbo�agZq_gbyo�

è�n�o�y�s���z�j�z���

DJBL?JBB�K><B=:��IHEH@?GBY���NZce��QSW�W[W�I_j_f_ggu_��ZW���ZW�
<bedhdkhg ����= ±�������AgZqbfhklv ��������kl_i�k\h[� ����
���=bihl_aZ�����?klv�jZaebqby�f_`^m�f_^bZgZfb�\u[hjhd!
<Zg�^_j�<Zj^_g �������= �������AgZqbfhklv ��������kl_i�k\h[� ����
���=bihl_aZ�����?klv�jZaebqby�f_`^m�f_^bZgZfb�\u[hjhd!

Æ���k�v�l����Ijbf_g_gb_�djbl_jb_\�jZaebqby�k^\b]Z�<bedhdkhgZ�b
<Zg� ^_j� <Zj^_gZ�� dZd� fh`gh� \b^_lv� �ihemq_ggu_� mjh\gb� agZqbfhklb
������� b� ������� f_gvr_� ������� iha\heyxl� ijbgylv� ]bihl_am� h� jZaebqbb
f_`^m�ij_iZjZlZfb�

Í�é�q�u�n�é����
d�j�l�j�·�j��<�wdki_jbf_gl_�hp_gb\ZeZkv�k\_lhqm\kl\bl_evghklv�dm-

jbguo� wf[jbhgh\�\�l_fghl_�b�gZ�k\_lm� �ih�qbkem�de_\dh\�ih� kdhjemi_��
Baf_j_gby�ijh\h^bebkv�ihi_j_f_ggh�m� ��� wf[jbhgh\� �lZ[e�� �������i_j_-
f_ggu_�6,*���6,*��\�nZce_�137��

H`b^Z_lky��qlh�j_Zdpbb�gZ�k\_lh\hc�klbfme�[m^_l�khhl\_lkl\h\Zlv�ih-
eh`bl_evguc�k^\b]��G_h[oh^bfh�ijh\_jblv�wlh�ij_^iheh`_gb_�

Òjisq|j��������fknzv·ykxzkqzns�tvxz�����ryéqt�}�ëuiéqvtvk�k�znutvzn�q�tj

xknzy�>·qxsy�rsnkrvk�k�uqtyzy�wv�xrvésywn@

K\_l 6 14 26 7 8 23 11 9 19 26 18 18 18 14
L_fghlZ 5 21 73 25 3 77 59 13 36 46 9 25 59 38

K\_l 55 15 30 21 27 8 24 21 18 23 31
L_fghlZ 70 36 55 46 25 30 39 46 71 31 33

è�n�o�y�s���z�j�z���

DJBL?JBB�K><B=:��IHEH@?GBY���NZce��QSW�W[W�I_j_f_ggu_��VLJ���VLJ�
<bedhdkhg �����= ������AgZqbfhklv ����������kl_i�k\h[� ������
���=bihl_aZ�����?klv�jZaebqby�f_`^m�f_^bZgZfb�\u[hjhd!
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<Zg�^_j�<Zj^_g �������= �������AgZqbfhklv ��������kl_i�k\h[ �����
���=bihl_aZ�����?klv�jZaebqby�f_`^m�f_^bZgZfb�\u[hjhd!

>ey�iZjguo�^Zgguo�
<bedhdkhg ������= ������AgZqbfhklv ���(����kl_i�k\h[� �����
���=bihl_aZ�����?klv�jZaebqby�f_`^m�f_^bZgZfb�\u[hjhd!
AgZdh\ ���= ������AgZqbfhklv ��������kl_i�k\h[� �����
���=bihl_aZ�����?klv�jZaebqby�f_`^m�f_^bZgZfb�\u[hjhd!

Æ���k�v�l����:gZebabjm_fu_�^Zggu_�ij_^klZ\eyxl�iZjgu_�i_j_f_g-
gu_��ihkdhevdm�baf_j_gby�ijh\h^bebkv�m�h^gbo�b�l_o�`_�wf[jbhgh\��J_-
amevlZlu� ijbf_g_gby� djbl_jb_\� k^\b]Z� ^ey� iZjguo� \u[hjhd� \uy\eyxl
jZaebqb_� f_`^m� ^\mfy� \u[hjdZfb� �\uqbke_ggu_� mjh\gb� agZqbfhklb
4.8E−��b��������kms_kl\_ggh�f_gvr_�agZq_gby��������qlh�]h\hjbl�h�gZeb-
qbb�j_Zdpbb�gZ�k\_l�m�wf[jbhgh\�

Í�é�q�u�n�é����
d�j�l�j�·�j��Ijbf_gbf�^Zgguc�f_lh^�^ey�ijh\_jdb�]bihl_au�h�lhf�

qlh�f_^bZgZ� kh\hdmighklb��ij_^klZ\e_gghc�\u[hjdhc� 6,*�� �ba�Ijbf_jZ
2��bf__l�agZq_gb_�����>ey�wlh]h�\\_^_f�\�i_j_f_ggmx�06,*����dhgklZglm
kh�agZq_gb_f����

è�n�o�y�s���z�j�z���

DJBL?JBB�K><B=:��IHEH@?GBY���NZce��QSW�W[W�I_j_f_ggu_��VLJ���PVLJ
<bedhdkhg �����= ��������AgZqbfhklv ��������kl_i�k\h[� ������
���=bihl_aZ�����G_l�jZaebqbc�f_`^m�f_^bZgZfb�\u[hjhd!
<Zg�^_j<Zj^_g ±�������= ±��������AgZqbfhklv �������kl_i�k\h[ �����
���=bihl_aZ�����G_l�jZaebqbc�f_`^m�f_^bZgZfb�\u[hjhd!
>ey�iZjguo�^Zgguo�
<bedhdkhg �������= ±��������AgZqbfhklv ��������kl_i�k\h[� �����
���=bihl_aZ�����G_l�jZaebqbc�f_`^m�f_^bZgZfb�\u[hjhd!
AgZdh\ ����= ±�����AgZqbfhklv ��������kl_i�k\h[� �����
���=bihl_aZ�����G_l�jZaebqbc�f_`^m�f_^bZgZfb�\u[hjhd!

Æ���k�v�l����J_amevlZlu�ZgZebaZ�iha\heyxl�ijbgylv�gme_\mx�]bih-
l_am�h�jZ\_gkl\_�f_^bZgu�agZq_gbx����

�����Çéqznéqq�éjosq·q¹�ujx¡zjij
��������éjxxn¹tq¹�

Ëjotj·ntqn��Ij_^klZ\e_ggu_�a^_kv�f_lh^u�hkgh\Zgu�gZ�ij_^iheh-
`_gbb�h�jZ\_gkl\_�f_^bZg�kjZ\gb\Z_fuo�\u[hjhd�b�gZijZ\e_gu�
• gZ�ijh\_jdm�]bihl_au�h[�hlkmlkl\bb�jZaebqbc�\�fZkrlZ[Zo��\�jZa[jh-

k_�beb�jZkk_ygbb�agZq_gbc��^\mo�\u[hjhd�ba�g_aZ\bkbfuo�kh\hdmigh-
kl_c��gZijbf_j��gZ[ex^_gbc�h^gbo�h[t_dlh\�[_a�©h[jZ[hldbª�b�^jm]bo
h[t_dlh\�ihke_�h[jZ[hldb�k�ZgZebahf�baf_g_gby�jZkk_ygby�agZq_gbc
\lhjhc�\u[hjdb�dZd�j_amevlZlZ�h[jZ[hldb�

• gZ�ijh\_jdm�]bihl_au�h�lhf��qlh�hlghr_gb_�fZkrlZ[h\�\u[hjhd�jZ\gh
aZ^Zgghc�\_ebqbg_�g.
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Íénlkjéqzns�t�n�wénviéjovkjtq¹��<�ihke_^g_f� kemqZ_� g_h[-
oh^bfh� ij_^\Zjbl_evgh� baf_gblv� agZq_gby� \lhjhc� \u[hjdb� Y: yi=(yi–
m0)/g��]^_�m0�²�h[sZy�f_^bZgZ�^\mo�\u[hjhd��>ey�wlh]h�ke_^m_l�\�;ehd_
ij_h[jZah\Zgbc�^\Z`^u�\uihegblv�hi_jZpbx�ebg_cgh]h�ij_h[jZah\Zgby�
i_j\uc�jZa�²�k�iZjZf_ljZfb�a=–m0, b ��b�\lhjhc�jZa�²�k�iZjZf_ljZfb
a=0, b=1/g��kf��jZa^�������

?keb�f_^bZgu�]_g_jZevguo�kh\hdmighkl_c��ba�dhlhjuo�ba\e_q_gu�\u-
[hjdb��g_�jZ\gu�ih�\_ebqbg_��gh�bo�agZq_gby�ba\_klgu��m1, m0��lh�gZklhy-
sbc� f_lh^� fh`gh� ijbf_gblv�� ij_^\Zjbl_evgh� fh^bnbpbjh\Z\� h^gm� ba
\u[hjhd��gZijbf_j� \u[hjdm�Y�ih�nhjfme_�yi=yi–m2+m1��Wlh�fh`gh� k^_-
eZlv�ihkj_^kl\hf�hi_jZpbb�ebg_cgh]h�ij_h[jZah\Zgby�\�;ehd_�ij_h[jZah-
\Zgbc�k�iZjZf_ljZfb�a=m1–m0, b=1.

?keb�`_�f_^bZgu�g_�jZ\gu�b�g_ba\_klgu��lh�ke_^m_l�ih^l\_j^blv�]b-
ihl_am�h[�hlkmlkl\bb�jZaebqbc�k^\b]Z��kf��jZa^��������beb�`_�bkihevah\Zlv
f_lh^�^ey�h[gZjm`_gby�ijhba\hevguo�Zevl_jgZlb\��kf��jZa^�������

bnpxzkq¹�q�énoys�zjz���>ey�ZgZebaZ�gm`gh�\u[jZlv�ba�we_dljhg-
ghc�lZ[ebpu�^\_�beb�g_kdhevdh�i_j_f_gguo��kf��jbk�������

<uqbkeyxlky�agZq_gby�klZlbklbd�W�:gkZjb±;j_^eb��Ansari–Bradly��b
K�DehlpZ� �Klotz��� dhlhju_� y\eyxlky� dhgp_ilmZevgufb� ZgZeh]Zfb� klZlb-
klbd�<bedhdkhgZ�b�<Zg�^_j�<Zj^_gZ��kf��jZa^�������

>ey�dZ`^hc�bkoh^ghc� klZlbklbdb�\uqbkey_lky�ghjfZevgZy� Ziijhdkb-
fZpby��Z±klZlbklbdZ��b�mjh\_gv�agZqbfhklb�P�gme_\hc�]bihl_au�h�hlkml-
kl\bb�jZaebqbc�\�jZa[jhk_�agZq_gbc�^\mo�\u[hjhd��?keb�P!������gme_\Zy
]bihl_aZ�fh`_l�[ulv�ijbgylZ�

<� kemqZ_� g_kdhevdbo� \u[jZgguo� i_j_f_gguo� ih^h[gu_� \uqbke_gby
ijhba\h^ylky�^ey�\k_o�iZj�i_j_f_gguo�
fk¹oq�� Ijhp_^mjZ� mqblu\Z_l� gZebqb_� k\ya_c� f_`^m� \u[hjhqgufb

agZq_gbyfb��h^bgZdh\u_�jZg]b�aZf_gyxlky�kj_^gbfb�jZg]Zfb�
Ìméjtq·ntq¹�� jZaf_j� \u[hjdb� ^he`_g� [ulv� g_� [hevr_� l�� ]^_� l =

�����������������������ijb�h[t_f_�fZljbpu�^Zgguo�\��������������������b
����qbk_e�
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Í�é�q�u�n�é
d�j�l�j�·�j��;ue�ijhba\_^_g�ihemfbdjhZgZeba�gZ�`_e_ah����ij_iZjZ-

lh\�`_e_abklhc�ku\hjhldb� �ijbf_gy_lky�hl�fZehdjh\by��k�bkihevah\Zgb-
_f�ljZ^bpbhggh]h�b�gh\h]h�f_lh^h\��lZ[e���������i_j_f_ggu_�$%���$%��\
nZce_�137��

<g_^j_gb_�gh\h]h�f_lh^Z� \hafh`gh� \� kemqZ_��dh]^Z�hg�g_�ijb\h^bl�d
kms_kl\_gghfm�mom^r_gbx�lhqghklb�baf_j_gbc��\ujZ`_gghfm�\�\hajZklZ-
gbb�jZa[jhkZ�j_amevlZlh\�baf_j_gbc��G_h[oh^bfh�ijh\_jblv�wlm�]bihl_am�

Òjisq|j��������ènoys�zjz��wvsyuqrévjtjsqoj�tj� nsnov����wénwjéjzvk

 nsnoqxzvp�x�kvévzrq

F_lh^� 111 107 100 99 102 106 109 108 104 99

F_lh^� 107 108 106 98 105 103 110 105 104 100

F_lh^� 101 96 97 102 107 113 116 113 110 98

F_lh^� 96 108 103 104 114 114 113 108 106 99

è�n�o�y�s���z�j�z���

DJBL?JBB�K><B=:��IHEH@?GBY���NZce��QSW�VWG�I_j_f_ggu_��DE���DE�
>ey�iZjguo�^Zgguo�
<bedhdkhg ����= ��������AgZqbfhklv �������kl_i�k\h[� �����
���=bihl_aZ�����G_l�jZaebqbc�f_`^m�f_^bZgZfb�\u[hjhd!
AgZdh\ ���= ��������AgZqbfhklv �������kl_i�k\h[� �����
���=bihl_aZ�����G_l�jZaebqbc�f_`^m�f_^bZgZfb�\u[hjhd!

DJBL?JBB�F:KRL:;:��J:KK?YGBY���NZce��QSW�VWG�I_j_f_ggu_��DE���DE�
:gkDjb±;j_^eb �������= ±�������AgZqbfhklv ��������kl_i�k\h[ �����
���=bihl_aZ�����G_l�jZaebqbc�f_`^m�\u[hjdZfb�\�fZkrlZ[Zo!
Dehlp ������= ��������AgZqbfhklv ��������kl_i�k\h[� ������
���=bihl_aZ�����G_l�jZaebqbc�f_`^m�\u[hjdZfb�\�fZkrlZ[Zo!

Æ��� k� v� l� ���Ijbf_g_gb_� djbl_jb_\� k^\b]Z� �j_amevlZlu� a^_kv� g_
ijb\h^ylky��iha\hey_l�ijbgylv�gme_\mx�]bihl_am�hlkmlkl\by�jZaebqbc�gZ
mjh\g_�agZqbfhklb�������Ihwlhfm�ijbf_g_gb_�djbl_jb_\�fZkrlZ[Z�:gkZ-
jb±;j_^eb�b�DehlpZ�d�wlbf�^Zgguf�^himklbfh��Bo�j_amevlZlu�ihdZau\Z-
xl�hlkmlkl\b_�^hklh\_jguo�jZaebqbc�\�jZa[jhk_�agZq_gbc�kjZ\gb\Z_fuo
\u[hjhd� �ihemq_ggu_�mjh\gb�agZqbfhklb��������b�������[hevr_��������l�
_��lhqghklv�baf_j_gbc�g_�mf_gvrZ_lky�
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�����Çéqznéqq�qtznméjs�t�}
�������éjosq·qp

Ëjotj·ntqn� Djbl_jbb�wlh]h�deZkkZ�ij_^gZagZq_gu�^ey�h[gZjm`_gby
\k_o�\hafh`guo�hldehg_gbc�hl�]bihl_au�h[�b^_glbqghklb�^\mo�kh\hdmigh-
kl_c�

bnpxzkq¹�q�énoys�zjz���>ey�ZgZebaZ�gm`gh�\u[jZlv�ba�we_dljhg-
ghc�lZ[ebpu�^\_�beb�g_kdhevdh�i_j_f_gguo��kf��jbk�������

<uqbkeyxlky� agZq_gb_� klZlbklbdb�D�Kfbjgh\Z� �qZklh� hrb[hqgh�gZ-
au\Z_fhc� klZlbklbdhc�Dhefh]hjh\Z±Kfbjgh\Z��b� mjh\_gv� agZqbfhklb�P
gme_\hc�]bihl_au�h[�hlkmlkl\bb�bgl_]jZevguo�jZaebqbc�f_`^m�\u[hjdZ-
fb��?keb�P!������gme_\Zy�]bihl_aZ�fh`_l�[ulv�ijbgylZ�

<� kemqZ_� g_kdhevdbo� \u[jZgguo� i_j_f_gguo� ih^h[gu_� \uqbke_gby
ijhba\h^ylky�^ey�\k_o�iZj�i_j_f_gguo

Ìméjtq·ntq¹��jZaf_j�\u[hjdb�^he`_g�[ulv�g_�[hevr_�������������
����������ijb�h[t_f_�fZljbpu�^Zgguo�\��������������������b�����qbk_e�

Í�é�q�u�n�é
d�j�l�j�·�j��;ue�baf_j_g�ijb\_k�k\bg_c�ijb�^\mo�jZaebqguo�jZpbh-

gZo�iblZgby��lZ[e���������i_j_f_ggu_�.67���.67��\�nZce_�137��

Òjisq|j��������Íéqknx�xkqtnp�wéq�lky}�éj|qvtj}�wqzjtq¹

JZpbhg� 11.5, 26, 29.1, 19.7, 2.3, 22.6, 30.9, 10.8, 23.2, 38.8, 21.5

JZpbhg� 18.4, 15.5, 25.2, 16.9, 24, 13.3, 17.9, 13.2

Lj_[m_lky�hp_gblv�^hklh\_jghklv�jZaebqbc�wlbo�^\mo�jZpbhgh\�

è�n�o�y�s���z�j�z���

DJBL?JBC�DHEFH=HJH<:±KFBJGH<:��NZce�QSW�W[W�I_j_f_ggu_��NVW���NVW�
Kfbjgh\ ��������AgZqbfhklv ��������kl_i�k\h[� �����
���=bihl_aZ�����G_l�bgl_]jZevguo�jZaebqbc�f_`^m�\u[hjdZfb!
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Æ���k�v�l����Ijbf_g_gb_�djbl_jby�Kfbjgh\Z�iha\hey_l�ijbgylv�]b-
ihl_am� h[� hlkmlkl\bb� jZaebqbc� f_`^m� wlbfb� ^\mfy� jZpbhgZfb� �\uqbk-
e_gguc�mjh\_gv�agZqbfhklb��������kms_kl\_ggh�[hevr_�������

�����èjtmvkj¹�rvééns¹|q¹
Ëjotj·ntqn� K\h[h^gu_�hl�jZkij_^_e_gby�f_lh^u�hp_gdb�dhjj_ey-

pbb��ihgylb_�dhjj_eypbhgghc�k\yab�i_j_f_gguo�jZkkfhlj_gh�\�jZa^������
ij_^gZagZq_gu� ^ey� ijh\_jdb� ]bihl_au� h� g_dhjj_ebjm_fhklb� �g_aZ\bkb-
fhklv��hlkmlkl\b_�khhl\_lkl\by�beb�ZkkhpbZlb\ghklb��^\mo�iZjguo�i_j_-
f_gguo��ba\e_q_gguo�ba�g_ij_ju\ghc�^\mf_jghc�kh\hdmighklb��Wlb�f_-
lh^u� bkihevamxl� dhwnnbpb_gl� jZg]h\hc� dhjj_eypbb�Kibjf_gZ� b� dhwn-
nbpb_gl� dhgdhj^Zpbb� D_g^_eeZ�� lZd`_� hgb� ijbf_gbfu� b� d� jZg]h\uf
^Zgguf��K\yav�ghfbgZevguo�i_j_f_gguo�hp_gb\Z_lky�ih�f_lh^m�djhkklZ-
[meypbb��jZa^�������

bnpxzkq¹�q�énoys�zjz���>ey�ZgZebaZ�gm`gh�\u[jZlv�ba�we_dljhg-
ghc�lZ[ebpu�^\_�beb�g_kdhevdh�i_j_f_gguo��kf��jbk��������<�j_amevlZlZo
\uqbkeyxlky�
• dhwnnbpb_gl�dhgdhj^Zpbb t�D_g^_eeZ��Kendall���\uqbkey_fuc�dZd

qbkeh�\k_o�iZj� agZq_gbc�h^ghc�\u[hjdb��^ey�dhlhjuo� khhl\_lkl\mx-
sb_� iZju� agZq_gbc� ^jm]hc� \u[hjdb� bf_xl� h^bgZdh\mx� l_g^_gpbx
�\hajZklZgb_�beb�mf_gvr_gb_�agZq_gbc���fbgmk�qbkeh�iZj�k�ijhlb\h-
iheh`ghc�l_g^_gpb_c��^_e_ggh_�gZ�h[s__�qbkeh�iZj�

• dhwnnbpb_gl� jZg]h\hc� dhjj_eypbb� r�Kibjf_gZ� �Spearman��� dhlhjuc
y\ey_lky�g_iZjZf_ljbq_kdbf�wd\b\Ze_glhf�dhwnnbpb_glZ�dhjj_eypbb
IbjkhgZ�ijbf_gbl_evgh�d�ij_^\Zjbl_evgh�jZg`bjh\Zgguf�\u[hjdZf
�ijb�mkeh\bb�hlkmlkl\by�kh\iZ^Zxsbo�jZg]h\���hg�h[eZ^Z_l�[hevr_c
qm\kl\bl_evghklvx�\�kemqZyo��Z��Zkbff_ljbqguo�\u[hjhd��[��\u[hjhd�
k\yaZgguo�fhghlhgghc��gh�g_ebg_cghc�aZ\bkbfhklvx�
>ey� dZ`^h]h� dhwnnbpb_glZ� \uqbkey_lky� ghjfZevgZy� ZiijhdkbfZpby

(Z±klZlbklbdZ��b�mjh\_gv� agZqbfhklb�P� ]bihl_au�h�jZ\_gkl\_�gmex�dhwn-
nbpb_glZ�dhjj_eypbb��?keb�P!������gme_\Zy�]bihl_aZ�fh`_l�[ulv�ijbgylZ�
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<� kemqZ_� g_kdhevdbo� \u[jZgguo� i_j_f_gguo� ih^h[gu_� \uqbke_gby
ijhba\h^ylky�^ey�\k_o�iZj�i_j_f_gguo�k�^hihegbl_evghc�\u^Zq_c�^bZ]h-
gZevghc�fZljbpu� dhwnnbpb_glh\� dhjj_eypbb��WlZ�fZljbpZ� ih� ih^l\_j-
`^_gbx�fh`_l�[ulv�khojZg_gZ�\�we_dljhgghc�lZ[ebp_�^ey�ihke_^mxs_]h
bkihevah\Zgby��gZijbf_j��\�jZa^_eZo�fgh]hf_jghc�klZlbklbdb��
Îtv nxzkntt�n� xéjktntq¹�� G_j_^dh� ijhba\h^blky� \uqbke_gb_

jZg]h\uo� dhjj_eypbc�f_`^m� g_dhlhjuf� gZ[hjhf� \u[hjhd�� \� j_amevlZl_
q_]h�^_eZxlky�h[sb_�\u\h^u��<�wlhf�kemqZ_�g_h[oh^bfZ�dhjj_dpby�djb-
lbq_kdh]h�mjh\gy�agZqbfhklb��kf��\�jZa^�������

Ìméjtq·ntq¹�� jZaf_j� \u[hjdb� ^he`_g� [ulv� g_� [hevr_� l�� ]^_� l =
�����������������������ijb�h[t_f_�fZljbpu�^Zgguo�\��������������������b
����qbk_e�
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]^_��m, l�²�qbkeh�ihke_^h\Zl_evghkl_c�kh\iZ^Zxsbo�jZg]h\�\�\u[hj-
dZo�X,Y; mxj, myj�²�^ebgu�wlbo�ihke_^h\Zl_evghkl_c�

Í�é�q�u�n�é
d�j�l�j�·�j��;ueZ�baf_j_gZ�kl_i_gv�mk\hy_fhklb��L−OZgl_jZ��^ey��

iZjlbc� dhgk_j\bjh\Zggh]h� lmgpZ� �i_j_f_ggZy� 1&25�� \� nZce_� 137�� b
iZjZee_evgh� [ueb� ihemq_gu� j_amevlZlu� hijhkZ� ih� �±[Zeevghc� rdZe_�
mkj_^g_ggu_�ih����ihlj_[bl_eyf��i_j_f_ggZy�1&25���

Òjisq|j��������Ì|ntrq�yxkv¹nuvxzq�ls¹����wjézqp�rvtxnékqévkjttvmv�zyt|j

/�OZgl_jZ 44.4 45.9 41.9 53.3 44.7 44.1 50.7 45.2 60.1

Hijhk 2.6 3.1 2.5 5 3.6 4 5.2 2.8 3.8

Bkoh^gh�ij_^iheZ]Z_lky��qlh�f_jZ�OZgl_jZ�iheh`bl_evgh�k\yaZgZ�k�[ZeeZ-
fb�hijhkZ��G_h[oh^bfh�ih^l\_j^blv�beb�hijh\_j]gmlv�wlh�ij_^iheh`_gb_�

è�n�o�y�s���z�j�z���

G?I:J:F?LJBQ?KD:Y�DHJJ?EYPBY���NZce��QSW�W[W
 ��������������������I_j_f_ggu_��QFRU���QFRU�
D_g^_ee ��������= �������AgZqbfhklv ��������kl_i�k\h[� ��
����=bihl_aZ�����?klv�dhjj_eypby�f_`^m�\u[hjdZfb!
KibjfHg �����= �������AgZqbfhklv ��������kl_i�k\h[� ��
����=bihl_aZ�����?klv�dhjj_eypby�f_`^m�\u[hjdZfb!

Æ���k�v�l����Bkoh^gh_�ij_^iheh`_gb_�ih^l\_j`^Z_lky�j_amevlZlZfb
ZgZebaZ��kh]eZkgh�dhlhjuf�gme_\Zy� ]bihl_aZ�h[�hlkmlkl\bb� k\yab�f_`^m
^\mfy�ijbagZdZfb�fh`_l�[ulv�hl\_j]gmlZ�gZ�mjh\gyo�agZqbfhklb��jZ\ghc
0.0476, 0.0453.

Íéqun·jtqn� Lhqgu_� lZ[ebpu� jZkij_^_e_gby� D_g^_eeZ� ^Zxl� ^ey
wlh]h�ijbf_jZ�mjh\_gv�agZqbfhklb�������\f_klh�Zkbfilhlbq_kdh]h��������

�����¬tjsqo�zjisq|�xvwé¹ nttvxzq
Ëjotj·ntqn� >Zgguc�f_lh^�ij_^gZagZq_g�^ey�ZgZebaZ�^\mf_jguo�lZ[-

ebp� khijy`_gghklb� beb� djhkklZ[meypbb� ^\mo� jZg]h\uo� beb� ghfbgZevguo
i_j_f_gguo��ijbagZdh\��F�ijh\_jdhc�]bihl_au�h�g_aZ\bkbfhklb�i_j_f_gguo�

Ijbf_jhf�^\mo�ghfbgZevguo�i_j_f_gguo�fh]ml� kem`blv��ihe� k� ]jZ-
^Zpbyfb�fm`kdhc�b�`_gkdbc��p\_l�\hehk�k�]jZ^Zpbyfb�k\_leuc��l_fguc�
ju`bc�^ey�g_dhlhjhc�bkke_^m_fhc�]jmiiu�ex^_c�

:gZeba� lZ[ebp� khijy`_gghklb�jZaf_jZ� �×��fh`_l�[ulv�hkms_kl\e_g
lZd`_�f_lh^hf�kjZ\g_gby�qZklhl�kh[ulbc��jZa^���������dh]^Z�ihiZjgh�ijh-
\_jyxlky�jZaebqby�qZklhl�\klj_qZ_fhklb�kh[ulbc�\�de_ldZo�lZ[ebpu�kh-
ijy`_gghklb��\�hlghr_gbyo�d�h[s_fm�qbkem�kh[ulbc��

Êx}vlt�n�ljtt�n�fh]ml�[ulv�ij_^klZ\e_gu�^\mfy�kihkh[Zfb�
���\�\b^_�]hlh\hc�lZ[ebpu�djhkklZ[meypbb�jZaf_jhf�m⋅n��\�dhlhjhc

klhe[pu�hl\_qZxl�jZaebqguf�agZq_gbyf�i_j\hc�i_j_f_gghc��i=1−n),
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kljhdb�²�jZaebqguf�agZq_gbyf�\lhjhc�i_j_f_gghc��j=1−m���Z�dZ`^uc
we_f_gl�lZ[ebpu�mdZau\Z_l�dhebq_kl\h�h[t_dlh\�ba�bkke_^m_fhc�ihim-
eypbb��bf_xsbo�khhl\_lkl\mxs__�khq_lZgb_�agZq_gbc�i_j_f_gguo�

���\�\b^_�agZq_gbc�^\mo�iZjguo��p_ehqbke_gguo�beb�ghfbgZevguo��i_j_-
f_gguo�^ey�N�h[t_dlh\��\�wlhf�kemqZ_�ijhp_^mjZ�ij_^\Zjbl_evgh�kha-
^Z_l�lZ[ebpm�djhkklZ[meypbb��agZq_gby�i_j_f_gguo�\�fZljbp_�^Zgguo
^he`gu�[ulv�ij_^klZ\e_gu�\�\b^_�p_euo�qbk_e��ghfbgZevguo�dh^h\�
beb�`_�kbf\hevguo�ghfbgZevguo�h[hagZq_gbc��h[t_^bg_gb_�wlbo�^\mo
nhjf�ij_^klZ\e_gby�^Zgguo�g_^himklbfh�
Ijhp_^mjZ�jZkihagZ_l�\lhjhc�lbi�^Zgguo�ih�gZebqbx�lhevdh�^\mo�i_-

j_f_gguo�k�qbkehf�agZq_gbc��[hevrbf����Ihwlhfm��\h�ba[_`Zgb_�dheeb-
abb�� lZ[ebpu� djhkklZ[meypbb� �×�� b� [hevr_� ke_^m_l� ij_^klZ\eylv� [hev-
r_c�jZaf_jghklvx�ih�]hjbahglZeb�

ènoys�zjz��ij_^klZ\eyxlky�\�\b^_�r_klb�lZ[ebp�
1) gZ[ex^_ggu_�qZklhlu�ijbagZdh\�xij��lZ[ebpZ�djhkklZ[meypbb��
2)ijhp_glgu_�qZklhlu�ijbagZdh\�^ey�jy^h\�
3)ijhp_glgu_�qZklhlu�ijbagZdh\�^ey�klhe[ph\�
4)ijhp_glgu_�qZklhlu�ijbagZdh\�^ey�\k_c�lZ[ebpu�
5)h`b^Z_fu_�qZklhlu�Eij�ijbagZdh\�\�ij_^iheh`_gbb�bo�g_aZ\bkbfhklb�
6)hklZlhqgu_�qZklhlu�xij–Eij.
Wlb�lZ[ebpu�ljZ^bpbhggu�^ey�^Zggh]h�f_lh^Z��gh�bf�j_^dh�m^_ey_lky

ijbklZevgh_� \gbfZgb_�� I_j_^� lZ[ebpZfb� ijb\h^ylky� ghfbgZevgu_
h[hagZq_gby�^ey�klhe[ph\�b�kljhd�

>Ze__� \uqbkey_lky� jy^� klZlbklbd�� bkihevam_fuo� ^ey� hp_gdb
jZaebqguo� Zki_dlh\� k\yab� f_`^m� ^\mfy� ghfbgZevgufb� i_j_f_ggufb
(ijbagZdZfb��kf��nhjfmeu��
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     40.9     15.9|     56.8%
     13.6     29.5|     43.2%
     -------------|
     54.5%     45.5%
�������H`b^Z_fu_�qZklhlu�ijbagZdh\�
     13.6     11.4
     10.4     8.64
�������HklZlhqgu_�qZklhlu�ijbagZdh\��gZ[e�h`b^��
     4.36    -4.36
    -4.36     4.36

Ob�d\Z^jZl� ������AgZqbfhklv ���������kl_i�k\h[� ��
���=bihl_aZ�����?klv�k\yav�f_`^m�ijbagZdZfb!
9�dhwnn�DjZff_jZ� �����
EZf[^Z�=m^fZgZ�b�DjmkdZeZ��kbff_lj��jy^��klhe[� ������������������

LZm�E�D_g^_eeZ� ��������LZm�k�D_g^_eeZ� �����
=ZffZ�=m^fZgZ�b�D_g^_eeZ� �������G�[�\�Khff_jZ ����������

Æ���k�v�l����<uqbke_gguc�mjh\_gv�agZqbfhklb�djbl_jby�ob±d\Z^jZl
iha\hey_l� ijbgylv� ]bihl_am� h� aZ\bkbfhklb� ljhf[haZ� hl� ijb_fZ� beb� g_-
ijb_fZ� ZkibjbgZ� �P=������ f_gvr_� ������� AgZq_gby� ihke_^mxsbo� dhwn-
nbpb_glh\�jZkdju\Zxl�jZaebqgu_�Zki_dlu�\uy\e_gghc�\aZbfhk\yab�wlbo
ijbagZdh\��kh]eZkgh�bo�\ur_jZkkfhlj_gguf�k\hckl\Zf��>bZ]jZffZ� �jbk�
����� ihdZau\Z_l� agZqbl_evgmx� kbff_ljbqgmx� k\yav� f_`^m� ijbagZdZfb�
[hevrbf�kemqZyf�ljhf[haZ�ijb�dhgljhe_�khhl\_lkl\mxl�f_gvr_�kemqZ_\
ijb�ijb_f_�ZkibjbgZ��Wlm�kbff_ljbx�hljZ`Zxl�b�[hevrb_�agZq_gby�jy^Z
dhwnnbpb_glh\��eyf[^Z��lZm�k��]ZffZ�b�d(x,y)).

>Zgguc�ijbf_j�fh`_l�[ulv�lZd`_�ijhZgZebabjh\Zg�f_lh^hf�ihiZjgh-
]h�kjZ\g_gby�qZklhl�kh[ulbc��jZa^��������\�de_ldZo�lZ[ebpu��^ey�q_]h�gZ^h
ij_^\Zjbl_evgh� jZa^_eblv� qbkeh� kh[ulbc� gZ� qbkeh� bkiulm_fuo� dZ`^hc
dZl_]hjbb�

Í�é�q�u�n�é���
d�j�l�j�·�j��Ijh^he`bf�ZgZeba�Zgljhihf_ljbq_kdbo�^Zgguo�ba�ijb-

f_jh\�d�jZa^_eZf����−�����nZce�3(23/(��k�p_evx�bkke_^h\Zgby�k\yab�f_-

Jbk�������Klhe[bdh\Zy�^bZ]jZffZ�djhkklZ[meypbb��ljhf[ha�−�Zkibjbg



162 =eZ\Z�7��G_iZjZf_ljbq_kdb_�djbl_jbb

`^m�p\_lhf�]eZa�b�p\_lhf�\hehk��ij_^\Zjbl_evgh�ba�fZljbpu�^Zgguo�ke_-
^m_l�m^Zeblv�\k_�i_j_f_ggu_��djhf_�^\mo�ZgZebabjm_fuo���A^_kv�fu�bf_-
_f� \� dZq_kl\_� bkoh^guo� ^Zgguo� g_� ]hlh\mx� lZ[ebpm� djhkklZ[meypbb�� Z
^\_�gZlb\gu_�i_j_f_ggu_��]eZaZ��\hehku���ijbq_f�bo�agZq_gby�\ujZ`_gu
g_�\�qbkeh\hc��Z�\�ghfbgZevghc�rdZe_��kbgbc��a_e_guc��dhjbqg_\uc��q_j-
guc��k\_leuc��dZrlZgh\uc��

è�n�o�y�s���z�j�z����khdjZs_ggh��
DJHKKL:;MEYPBY���NZce��SHRSOH�VWG
Klhe[pu��k\_leuc�jmkuc�q_jguc�dhjbqg
Kljhdb��kbgbc�k_juc�dhjbqg
��������GZ[ex^_ggu_�qZklhlu�ijbagZdh\
       26       10        3        2|       41
       14       18       11        4|       47
        2        6        3        1|       12
------------------------------------|
       42       34       17        7|      100

Ob�d\Z^jZl� ������AgZqbfhklv ��������kl_i�k\h[� ��
���=bihl_aZ�����?klv�k\yav�f_`^m�ijbagZdZfb!
Dhwnn��Nb� ��������Dhwnn�khijy`��IbjkhgZ� �����
9�dhwnn��=jZff_jZ� ����
EZf[^Z�=m^fZgZ�b�DjmkdZeZ��kbff_lj�jy^�klhe[� �������������������
LZm�E�D_g^_eeZ� ��������LZm�k�D_g^_eeZ� �����
=ZffZ�=m^fZgZ�b�D_g^_eeZ� �������G�[�\�Khff_jZ ������������

Æ���k�v�l����J_amevlZlu�ZgZebaZ�k\b^_l_evkl\mxl��qlh�bf__l�f_klh
g_khfg_ggZy� k\yav�f_`^m�p\_lhf� ]eZa�b�p\_lhf� \hehk� �P=������f_gvr_
������� >bZ]jZffZ� �jbk�� ����� ihdZau\Z_l� agZqbl_evgmx� Zkbff_ljbqghklv
k\yab� f_`^m� ijbagZdZfb�� [hevrb_�f_gvrb_� \klj_qZ_fhklb� p\_lZ� ]eZa
\hkijhba\h^ylky�^ey�[hevrbgkl\Z�p\_lZ� \hehk��Wlh�hljZ`Zxl�b� kjZ\gb-
l_evgh�f_gvrb_�agZq_gby�dhwnnbpb_glh\�kbff_ljbb�eyf[^Z.

Jbk�������Klhe[bdh\Zy�^bZ]jZffZ�djhkklZ[meypbb��p\_l�]eZa�−�p\_l�\hehk
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����� Ìltv{jrzvét�p
�������lqxwnéxqvtt�p�jtjsqo

������� Íjéjunzéq·nxrqn�unzvl�
Ëjotj·ntqn��K�ihfhsvx�^Zggh]h�f_lh^Z�\�aZ\bkbfhklb�hl�lbiZ�fh�

^_eb�ih�bkke_^m_fhfm�nZdlhjm��k�nbdkbjh\Zggufb�beb�`_�kh�kemqZcgu�



�����H^ghnZdlhjguc�^bki_jkbhgguc�ZgZeba 171

fb�wnn_dlZfb��gZ�hkgh\_�iZjZf_ljbq_kdh]h�djbl_jby�Nbr_jZ�ijh\_jy_l�
ky�h^gZ�ba�^\mo�gme_\uo�]bihl_a�
• kj_^gb_�agZq_gby�^ey�]jmii�hldebdh\��baf_j_gguo�ijb�jZaebqguo�agZ�

q_gbyo�nZdlhjZ��g_�bf_xl�kms_kl\_gguo�jZaebqbc�f_`^m�kh[hc��fh�
^_ev��);

• ^bki_jkby�kj_^gbo�agZq_gbc�^ey�]jmii�hldebdh\��baf_j_gguo�ijb�jZa�
ebqguo�agZq_gbyo�nZdlhjZ��g_�hlebqgZ�hl�gmey��fh^_ev��).
<� kemqZ_�gZebqby�nZdlhjgh]h� wnn_dlZ�g_j_^dh�ij_^klZ\ey_l�bgl_j_k

[he__�^_lZevguc�ZgZeba�gZ�gZebqb_�jZaebqbc�f_`^m�dhgdj_lgufb�mjh\-
gyfb�nZdlhjZ� beb� ]jmiiZfb� mjh\g_c��Wlm� aZ^Zqm� j_rZ_l�f_lh^� iZjguo
kjZ\g_gbc�R_nn_� �Scheffe��� ijbf_gbfhklv� dhlhjh]h� ij_^iheZ]Z_l� mkeh-
\b_�]hfh]_gghklb� �h^ghjh^ghklb��^bki_jkbc� �gme_\mx�]bihl_am�hlkmlkl-
\by�jZaebqby�^bki_jkbc�fh`gh�ijh\_jblv�kj_^kl\Zfb�jZa^�������

Êx}vlt�n� ljtt�n� ij_^klZ\eyxlky� \� \b^_� ik_\^hfZljbpu� �l�� _�
klhe[pu�g_�h[yaZgu�[ulv�h^bgZdh\hc�^ebgu���\�dhlhjhc�i_j_f_ggu_�hl�
\_qZxl�jZaebqguf�mjh\gyf�bkke_^m_fh]h�nZdlhjZ�b� dZ`^Zy�i_j_f_ggZy
kh^_j`bl�hldebdb��baf_j_ggu_�ijb�khhl\_lkl\mxs_f�agZq_gbb�nZdlhjZ�

bnpxzkq¹� q� énoys�zjz��� KgZqZeZ
gm`gh�\u[jZlv�ba�we_dljhgghc�lZ[ebpu�i_j_-
f_ggu_�� khhl\_lkl\mxsb_� jZaebqguf� mjh\-
gyf�nZdlhjZ� �kf��[eZgd�jbk�� ������Z� aZl_f�\u-
[jZlv� iZjZf_ljbq_kdbc� f_lh^� ZgZebaZ� �f_gx
²�jbk�������
Æ�lj·j� énoys�zjzvk� \dexqZ_l� klZg-

^Zjlgmx�^bki_jkbhggmx� lZ[ebpm� kh� klhe[pZ�
fb��kmffZ�d\Z^jZlh\��qbkeh�kl_i_g_c�k\h[h^u�

kj_^gyy�kmffZ�d\Z^jZlh\��kbeZ�\ebygby�nZdlhjZ��ih�Kg_^_dhjm���Z�kljhdb
kh^_j`Zl�f_`]jmiih\u_��\gmljb]jmiih\u_�b�h[sb_�agZq_gby��kf��nhjfm-
eu�b�ijbf_ju��

>Ze__�\uqbkey_lky�klZlbklbdZ�Nbr_jZ�F�k�mjh\g_f�agZqbfhklb�P��?k�
eb�P!������gme_\Zy�]bihl_aZ�h[�hlkmlkl\bb�\ebygby�nZdlhjZ�fh`_l�[ulv
ijbgylZ�

AZl_f� \u^Zxlky� agZq_gby� iZjZf_ljh\� h^ghnZdlhjghc� fh^_eb� mx, ai

�nZdlhjgu_�wnn_dlu��kf��jZa^�������k�^h\_jbl_evgufb�bgl_j\ZeZfb�d(mx),
d(ai)�� <� kemqZ_� gZebqby� nZdlhjgh]h� wnn_dlZ� \u^Z_lky� lZ[ebpZ� iZjguo
kjZ\g_gbc�R_nn_�

I_j_f_ggu_��JZaghklv��Bgl_j\Ze�AgZqbf��=bihl_aZ�+�
�������������������������������������������>Z
    1-3       0.325   0.5252   0.4326
    1-4     0.09167   0.4794   0.9898

�����

Jbk�������F_gx�\u[hjZ�f_-
lh^Z�h^ghnZdlhjgh]h�ZgZ-

ebaZ
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<�wlhc�lZ[ebp_�^ey�\k_o�iZj�mjh\g_c�bk-
ke_^m_fh]h� nZdlhjZ� ijb\_^_gu� ke_^mxsb_
iZjZf_lju� �ih� klhe[pZf��� jZaghklv� kj_^gbo
agZq_gbc�� jZafZo� ^h\_jbl_evgh]h� bgl_j\ZeZ
jZaghklb��mjh\_gv�agZqbfhklb�gme_\hc�]bih-
l_au�h[�hlkmlkl\bb�jZaebqbc�f_`^m�kj_^gb-
fb�agZq_gbyfb�b�j_dhf_g^Zpbb�ih�ijbgylbx
Zevl_jgZlb\ghc�]bihl_au�

>Ze__�fh`gh�ijh^he`blv� ZgZeba�R_nn_
m`_� ih� ]jmiih\hfm� kjZ\g_gbx� nZdlhjgh]h
wnn_dlZ� ^ey� ^\mo� \u[jZgguo� ]jmii� hldeb-
dh\��>ey� wlh]h� \� ihke_^mxs_f� [eZgd_� �jbk�
����� g_h[oh^bfh� knhjfbjh\Zlv� ^\_� ]jmiiu
i_j_f_gguo�ba� we_dljhgghc� lZ[ebpu��LZdhc
[eZgd�[m^_l�ih\lhjylvky�^h�_]h�hlf_gu.

 

   

 

Jbk�������;eZgd�\u[hjZ�]jmii
hldebdh\�^ey�kjZ\g_gbc

R_nn_
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k� N−k� kl_i_gyfb� k\h[h^u� ^ey� mjh\gy� agZqbfhklb� α� k� hp_gdhc� ih� L�
djbl_jbx�Klvx^_glZ�

>h\_jbl_evguc�bgl_j\Ze�kjZ\g_gby�R_nn_�f_`^m�^\mfy�]jmiiZfb

hldebdh\�k�qbkehf�baf_j_gbc�ni, nj = N ) 6(

1 N Q Q

N 1 N

L M

�

� �

−

−
+











� � .

Í�é�q�u�n�é���
d�j�l�j�·�j��<�bkke_^h\Zgbb�hp_gb\ZeZkv�mjh`Zcghklv�q_luj_o�jZa-

ebqguo� khjlh\� ir_gbpu�� \ujZsb\Z_fuo� gZ� g_kdhevdbo� �jZaebqguo� ih
qbkem��mqZkldZo�ijbf_jgh�h^gh]h�ihq\_ggh]h�lbiZ��lZ[e���������nZce�$���
G_h[oh^bfh�\uykgblv��hlebqZxlky�eb�wlb�khjlZ�ih�mjh`Zcghklb�

Òjisq|j��������Ïév jptvxz��·nz�én}�xvézvk�w¡ntq|��>|�mj@

Khjl�� Khjl�� Khjl�� Khjl��

MqZkldb 17
17.2
16.1

17
16.8

15.8
17

16.4

17.4
16.6
16.2
15.6
15.5
17.2

15.7
16.8
15.1
15.2

è�n�o�y�s���z�j�z���

�±N:DLHJGUC�>BKI?JKBHGGUC�:G:EBA���NZce��D��VWG�iZjZf_ljbq_kdbc

Bklhqgbd���Kmf�d\Z^j��Kl�k\h[�Kj�d\Z^j��KbeZ�\ebygby
��NZdl������������������������������������±������
��HklZl�������������������������������
��H[sZy�������������������������������

)�nZdlhj�� �������AgZqbfhklv ��������kl_i�k\h[� �����
���=bihl_aZ�����G_l�\ebygby�nZdlhjZ�gZ�hldebd!

Æ���k�v�l����>bki_jkbhgguc�ZgZeba�ihdZau\Z_l�hlkmlkl\b_�aZf_lgh�
]h�\ebygby�gZ�mjh`Zcghklv�nZdlhjZ�khjlZ�ir_gbpu�ijb�J=0.152.

Í�é�q�u�n�é���
d�j�l�j�·�j��Bkke_^h\Zebkv�ihdZaZl_eb�ijhqghklb�r_klb�kieZ\h\��\

bkiulZgbyo�g_kdhevdbo�h[jZaph\���ba�dhlhjuo�q_l\_jluc�kieZ\�y\ey_lky
klZg^Zjlguf� �lZ[e���������nZce�6+())(���Ke_^m_l�\_jbnbpbjh\Zlv�gZeb-
qb_�h[sbo�jZaebqbc�f_`^m�\k_fb�kieZ\Zfb��ihke_�q_]h�hp_gblv�ihiZjgu_
jZaebqby�

Òjisq|j��������Ívrjojznsq��wév·tvxzq�¡nxzq�snmqévkjtt�}�xwsjkvk

KieZ\� KieZ\� KieZ\� KlZg^Zjl KieZ\� KieZ\�

H[-
jZa-
pu

15,1
15

15,4
15

15,3
15,5
15,7
15,8
15,3

15,1
15,6
15,4
15,7

15,3
14,9

15
14,9
15,2
14,9

15,2
14,8
15,4

15
15

15,2
15,1
15,3
15,1
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è�n�o�y�s���z�j�z���

�±N:DLHJGUC�>BKI?JKBHGGUC�:G:EBA���NZce��VKHIIH�VWG
����������iZjZf_ljbq_kdbc

Bklhqgbd���Kmf�d\Z^j��Kl�k\h[�Kj�d\Z^j�KbeZ�\ebygby
��NZdl�������������������������������������������
��HklZl�������������������������������
��H[sZy�������������������������������

)�nZdlhj�� �������AgZqbfhklv �������kl_i�k\h[� �����
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!

�������������IZjgu_�kjZ\g_gby�R_nn_
I_j_f_ggu_��JZaghklv��Bgl_j\Ze����AgZqbf��=bihl_aZ�+�
    1–2       0.395    0.4981      0.1836
    1–3       0.325    0.525       0.4326
    1–4     0.09167    0.4793      0.9898
    1–5       0.045    0.4981      0.999
    1–6        0.05    0.525       0.9989
    2–3        0.07    0.4981      0.9966
�����±�����������������������������������������>Z
    2–5        0.44    0.4696      0.0763
    2–6       0.345    0.4981      0.3104
    3–4      0.4167    0.4793      0.1172
    3–5        0.37    0.4981      0.241
    3–6       0.275    0.525       0.6117
    4–5     0.04667    0.4496      0.9986
    4–6      0.1417    0.4793      0.9432
    5–6       0.095    0.4981      0.9899
[��[�±[��[��[����������������������������������>Z

Æ���k�v�l����H^ghnZdlhjguc�^bki_jkbhgguc�ZgZeba�ihdZau\Z_l��qlh
kieZ\u� \� p_ehf� jZaebqgu� ih�nZdlhjm� ijhqghklb� gZ� mjh\g_� agZqbfhklb
�������Ihke_^mxsbc� ZgZeba� iZjguo� kjZ\g_gbc�R_nn_� \uy\ey_l� agZqb-
fu_�hlebqby�kieZ\Z���hl�klZg^ZjlZ��AZf_lgu_�hlebqby�hl�klZg^ZjlZ�fh`gh
gZ[ex^Zlv�b�m�kieZ\Z����L_f�kZfuf�wlb�^\Z�kieZ\Z��\b^bfh��bf_xl�kljmd-
lmjm�� hlebqgmx� hl� ]jmiiu� kieZ\h\� ��� ��� ��� >hihegbl_evgh_� kjZ\g_gb_
^\mo�]jmii�kieZ\h\�\uy\ey_l�agZqbfu_�jZaebqby�f_`^m�gbfb�

������� Ënwjéjunzéq·nxrqn�unzvl��Çéyxrjsj�
����������Ïvssqxj�q�b vtr}éqnéj

Ëjotj·ntqn� G_iZjZf_ljbq_kdb_� �jZg]h\u_��f_lh^u�h^ghnZdlhjgh-
]h� ZgZebaZ� ^ey� g_kdhevdbo� g_aZ\bkbfuo� \u[hjhd�� ihemq_gguo� ijb� jZa-
ebqguo�mjh\gyo�bkke_^m_fh]h�nZdlhjZ��hp_gb\Zxl�nZdlhjguc� wnn_dl� k
ihfhsvx�^\mo�jZaebqguo�ih^oh^h\�
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j_amevlZl
Êx}vlt�n�ljtt�n�ij_^klZ\eyxlky�\�\b^_�ik_\^hfZljbpu�xij ��dhlh�

jZy�\�dZ`^hf�k\h_f�klhe[p_�kh^_j`bl�baf_j_gby��ijhba\_^_ggu_�ijb�kh�
hl\_lkl\mxs_f�mjh\g_�bkke_^m_fh]h�nZdlhjZ��Qbkeh�baf_j_gbc�\�dZ`^hf
klhe[p_�fh`_l�[ulv�jZaebqguf�

<�kemqZ_�bkihevah\Zgby�djbl_jby�>`hgdob_jZ�\u[hjdb�^he`gu�[ulv
jZkiheh`_gu�ih�ij_^iheZ]Z_fhfm�\hajZklZgbx�nZdlhjgh]h�wnn_dlZ�

?keb�bkoh^gu_�^Zggu_�g_�ijb\_^_gu�\�jZg]h\mx�nhjfm��lh�ijhp_^mjZ
\uihegy_l�bo�h[s__��kd\hagh_��jZg`bjh\Zgb_�

bnpxzkq¹�q�énoys�zjz���H[jZs_gb_�d�ZgZebam�DjmkdZeZ±MheebkZ
ijhba\h^blky�ba�imgdlZ�h^ghnZdlhjgh]h�^bki_jkbhggh]h�ZgZebaZ�k�mlhq-
g_gb_f�f_lh^Z�\�ihke_^mxs_f�f_gx��jbk�������

<uqbkey_lky�G±klZlbklbdZ�DjmkdZeZ±MheebkZ� k� mjh\g_f� agZqbfhklb
P��Z�\�kemqZ_�ml\_j^bl_evgh]h�hl\_lZ�gZ�\hijhk�h[�mihjy^hq_gghklb�nZd-
lhjguo�wnn_dlh\�ih�klhe[pZf�fZljbpu�^Zgguo��ih�\hajZklZgbx��²�lZd-
`_�b�J±klZlbklbdZ�>`hgdob_jZ�

?keb�P!������khhl\_lkl\mxsZy�gme_\Zy�]bihl_aZ�fh`_l�[ulv�ijbgylZ�
LZdhc�\u\h^�dhjj_dl_g��dh]^Z�qbkeh�h[t_dlh\�b�agZq_gbc�nZdlhjZ�^hklZ�
lhqgh� \_ebdh�� \�ijhlb\ghf� kemqZ_�`_eZl_evgh� kjZ\gblv� agZq_gb_� klZlb-
klbdb�k�djblbq_kdbf�\�lZ[ebp_�khhl\_lkl\mxs_]h�jZkij_^_e_gby�ba�klZ�
lbklbq_kdh]h�kijZ\hqgbdZ�

fk¹oq��Ijhp_^mjZ�mqblu\Z_l�gZebqb_�k\ya_c�\�\b^_�h^bgZdh\uo�jZg-
]h\��ijhba\h^y�dhjj_dpbx�H±klZlbklbdb�

Ìméjtq·ntqn��Qbkeh�baf_j_gbc�g_�^he`gh�ij_\urZlv�������������
����������ijb�h[t_f_�fZljbpu�^Zgguo�\��������������������b�����qbk_e�
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Í�é�q�u�n�é
d�j�l�j� ·� j��<� wdki_jbf_gl_�baf_jyehkv� \j_fy� \uiheg_gby�fhgh-

lhgguo� ijhba\h^kl\_gguo� hi_jZpbc� \� aZ\bkbfhklb� hl� fhlb\Zpbhggh]h
nZdlhjZ��;ueh�knhjfbjh\Zgh�ljb�]jmiiu�jZ[hqbo��]jmiiZ���²�dhgljhev-
gZy��jZ[hqb_�]jmiiu���ihemqZeb�lhevdh�h[sb_�k\_^_gby�h�lj_[m_fhc�ijh-
ba\h^bl_evghklb�� Z� jZ[hqb_� ]jmiiu� �� ihemqbeb� ihegmx� bgnhjfZpbx�
\dexqZy�dZjlu�ihhi_jZpbhgghc�jZa[b\db�jZ[hlu��lZ[e���������nZce�-21��
Lj_[m_lky�hp_gblv��\eby_l�eb�ihemq_ggZy�bgnhjfZpby�h�ijhba\h^bl_ev-
ghklb�hi_jZpbc�gZ�kZfm�ijhba\h^bl_evghklv�ljm^Z�

Òjisq|j��������Æénu¹�k�wvstntq¹�uvtvzvtt�}�vwnéj|qp�>x@�k�ojkqxquvxzq

vz�wvstvz��wénlkjéqzns�tv�wvsy·jnuvp�qt{véuj|qq

Dhgljhev H[sZy�bgnhjfZpby IhegZy�bgnhjfZpby

JZ[hqb_
�jZagu_�

40
35
38
43
44
41

38
40
47
44
40
42

48
40
45
43
46
44

è�n�o�y�s���z�j�z���

�±N:DLHJGUC�>BKI?JKBHGGUC�:G:EBA���NZce��MRQ�VWG

DjZkdZe±Mheebk �������AgZqbfhklv ��������kl_i�k\h[� ��
���=bihl_aZ�����G_l�\ebygby�nZdlhjZ�gZ�hldebd!
>`hgdob_j ����AgZqbfhklv ��������kl_i�k\h[� �����
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!

Æ���k�v�l����Ohly�djbl_jbc�DjmkdZeZ±MheebkZ�g_�\uy\ey_l�\ebygby
hkgh\gh]h�nZdlhjZ��gh�[he__�dhgdj_lbabjh\Zgguc�ZgZeba�k�bkihevah\Zgb-
_f� djbl_jby� >`hgdob_jZ� \uy\ey_l� agZqbfh_� \ebygb_f� mjh\gy� qbklhc
fhlb\Zpbb�gZ�ijhba\h^bl_evghklv�ljm^Z�

Íéqun·jtqn� Lhqgu_� lZ[ebpu� jZkij_^_e_gby� DjmkdZeZ±MheebkZ
^Zxl�^ey� wlh]h�ijbf_jZ� mjh\_gv� agZqbfhklb� ������ \f_klh� Zkbfilhlbq_-
kdh]h�������

������� Ënwjéjunzéq·nxrqn�unzvl��Ðéqlujtj
����������q�Ínpl j

Ëjotj·ntqn��JZkkfhlj_ggu_�a^_kv�f_lh^u�qZklh�hlghkyl�d�^\monZd-
lhjghc�fh^_eb�^bki_jkbhggh]h�ZgZebaZ��GZ�kZfhf�`_�^_e_�hgb�j_Zebamxl
g_iZjZf_ljbq_kdb_� ZgZeh]b� h^ghnZdlhjgh]h� ZgZebaZ� ]jmiih\uo� baf_j_-
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gbc��kf��jZa^��������dh]^Z�^_ckl\bx�jZaebqguo�mjh\g_c�nZdlhjZ�ihke_^h-
\Zl_evgh�ih^\_j]Z_lky�dZ`^uc�ba�aZ^Zggh]h�gZ[hjZ�h[t_dlh\�

Êx}vlt�n�ljtt�n�ij_^klZ\eyxlky�\�\b^_�fZljbpu��\�dhlhjhc�klhe�
[pu��j = 1,...,m��khhl\_lkl\mxl�jZaebqguf�agZq_gbyf�hkgh\gh]h�nZdlhjZ�
Z�kljhdb��i = 1,...,n��²�jZaebqguf�agZq_gbyf�\lhjh]h�nZdlhjZ��Z�jZg`bjh�
\Zgb_�^he`gh�[ulv�hl^_evguf�^ey�dZ`^hc�kljhdb�

<�kemqZ_�bkihevah\Zgby�djbl_jby�I_c^`Z�h[jZ[hldb��klhe[pu��^he`-
gu�[ulv�mihjy^hq_gu�ih�ij_^iheZ]Z_fhfm�\hajZklZgbx�nZdlhjgh]h� wn-
n_dlZ�

?keb�bkoh^gu_�^Zggu_�g_�ijb\_^_gu�\�jZg]h\mx�nhjfm��lh�ijhp_^mjZ
\uihegy_l�bo�jZg`bjh\Zgb_�hl^_evgh�ih�baf_j_gbyf�

bnpxzkq¹�q�énoys�zjz���H[jZs_gb_�d�^Zgghc�ijhp_^mj_�ijhba\h-
^blky� ba� imgdlZ� h^ghnZdlhjgh]h� ^bki_jkbhggh]h� ZgZebaZ� k� mlhqg_gb_f
f_lh^Z�\�f_gx��jbk�������

<uqbkey_lky�klZlbklbdZ�S�Njb^fZgZ�k�mjh\g_f�agZqbfhklb�P��Z�\�kem-
qZ_� ml\_j^bl_evgh]h� hl\_lZ� gZ� \hijhk� h[� mihjy^hq_gghklb� nZdlhjguo
wnn_dlh\�ih�klhe[pZf�fZljbpu�^Zgguo��ih�\hajZklZgbx��²�lZd`_�b�klZ-
lbklbdZ�L−I_c^`Z�

?keb�P !�������khhl\_lkl\mxsZy�gme_\Zy�]bihl_aZ�fh`_l�[ulv�ijbgylZ�
LZdhc�\u\h^�dhjj_dl_g��dh]^Z�qbkeh�agZq_gbc�h[hbo�nZdlhjh\�^hklZlhqgh
\_ebdh��\�ijhlb\ghf�kemqZ_�`_eZl_evgh�kjZ\gblv�\uqbke_ggmx�klZlbklb-
dm�k�djblbq_kdbf�agZq_gb_f�\�lZ[ebp_�jZkij_^_e_gby�Njb^fZgZ�beb�I_c-
^`Z�ba�klZlbklbq_kdh]h�kijZ\hqgbdZ�
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Í�é�q�u�n�é���
d�j�l�j�·�j��<�wdki_jbf_gl_�baf_jyehkv�kj_^g__�\j_fy�\ulhqdb�^_lZ�

eb�gZ�klZgd_��JZ[hlm�\uihegyeb����jZ[hqbo�ihi_j_f_ggh�k�bkihevah\Zgb-
_f� lj_o�jZaebqguo�f_lh^h\�h[jZ[hldb� �lZ[e�� �������\�nZce_� )5($�ij_^-
klZ\e_gu� ljb�i_j_f_ggu_�F_lh^���F_lh^���F_lh^�� k� ��� baf_j_gbyfb
dZ`^Zy���Lj_[m_lky�hp_gblv��jZaebqZxlky�eb�wlb�ljb�f_lh^Z�\�ieZg_�\eby-
gb_�gZ�ijhba\h^bl_evghklv�jZ[hlu�

Òjisq|j��������Æénu¹�k�zv·rq�lnzjsq�>uqt@
wéq�qxwvs�ovkjtqq�zén}�unzvlvk�éjivz�

JZ[hqbc 1 2 3 4 5 6 7 8 9 10 11
F_lh^� 5,4 5,85 5,2 5,55 5,9 5,45 5,4 5,45 5,25 5,85 5,25
F_lh^� 5,5 5,7 5,6 5,5 5,85 5,55 5,4 5,5 5,15 5,8 5,2
F_lh^� 5,55 5,75 5,5 5,4 5,7 5,6 5,35 5,35 5 5,7 5,1

JZ[hqbc 12 13 14 15 16 17 18 19 20 21 22
F_lh^� 5,65 5,6 5,05 5,5 5,45 5,55 5,45 5,5 5,65 5,7 6,3
F_lh^� 5,55 5,35 5 5,5 5,55 5,55 5,5 5,45 5,6 5,65 6,3
F_lh^� 5,45 5,45 5,95 5,4 5,5 5,35 5,55 5,25 5,4 5,55 6,26

è�n�o�y�s���z�j�z���

�±N:DLHJGUC�>BKI?JKBHGGUC�:G:EBA���NZce��IUHD�VWG

Njb^fZg �������AgZqbfhklv ��������kl_i�k\h[� ��
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!

Æ���k�v�l����J_amevlZl�ZgZebaZ�iha\hey_l�ijbgylv�]bihl_am�h�jZaeb�
qbb�lj_o�f_lh^h\�h[jZ[hldb�ih�\ebygbx�gZ�ijhba\h^bl_evghklv�ljm^Z�gZ
mjh\g_�agZqbfhklb��������

Í�é�q�u�n�é���
d�j�l�j�·�j��<�wdki_jbf_gl_�baf_jyeZkv�ijhqghklv�oehidZ�\�aZ\bkb-

fhklb� hl� dhebq_kl\Z� dZebcgh]h� m^h[j_gby�� \g_k_ggh]h� \� ihq\m� ijb� _]h
\ujZsb\Zgbb��Bkke_^h\Zgb_� ijh\h^behkv� gZ� lj_o� jZaebqguo� iheyo�� gZ
dZ`^hf�ba� dhlhjuo� \u^_e_gh�iylv� ^_eyghd� ^ey�bkiulZgbc�iylb� \hajZk-
lZxsbo�^ha�\g_k_gby�dZebcgh]h�m^h[j_gby��lZ[e���������nZce�3$*(��

Òjisq|j��������Íév·tvxz��}svwrj�k�ojkqxquvxzq

vz�lvo��ktnxntq¹�k�wv·ky�rjsqptvmv�ylviéntq¹

>haZ�� >haZ�� >haZ�� >haZ�� >haZ��

Ihe_�� 7,46 7,17 7,76 8,14 7,62

Ihe_�� 7,68 7,57 7,73 8,15 8

Ihe_�� 7,21 7,80 7,74 7,87 7,93
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è�n�o�y�s���z�j�z���

�±N:DLHJGUC�>BKI?JKBHGGUC�:G:EBA���NZce��SDJH�VWG

Njb^fZg �����AgZqbfhklv ��������kl_i�k\h[� ��
���=bihl_aZ�����G_l�\ebygby�nZdlhjZ�gZ�hldebd!
I_c^` �����AgZqbfhklv ��������kl_i�k\h[� ����
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!

Æ���k�v�l����Ohly�djbl_jbc�Njb^fZgZ�g_�\uy\ey_l�\ebygby�hkgh\-
gh]h� nZdlhjZ�� gh� [he__� dhgdj_lbabjh\Zgguc� ZgZeba� k� bkihevah\Zgb_f
djbl_jby�I_c^`Z�\uy\ey_l�agZqbfh_�m\_ebq_gb_�ijhqghklb�oehidZ�\�aZ-
\bkbfhklb� hl� dhebq_kl\Z� \ghkbfh]h� \� ihq\m� dZebcgh]h� m^h[j_gby� gZ
mjh\g_�agZqbfhklb�������

Íéqun·jtqn�� Lhqgu_� lZ[ebpu� jZkij_^_e_gby�Njb^fZgZ� ^Zxl� ^ey
wlh]h� ijbf_jZ� mjh\_gv� agZqbfhklb� ������� \f_klh� Zkbfilhlbq_kdh]h
0.0662.

����� bky}{jrzvét�p
�������lqxwnéxqvtt�p�jtjsqo

Ëjotj·ntqn�� Ihkj_^kl\hf� ^Zggh]h� f_lh^Z� \� aZ\bkbfhklb� hl� lbiZ
fh^_eb�ih�dZ`^hfm�nZdlhjm� �k�nbdkbjh\Zggufb�beb�`_�kh�kemqZcgufb
wnn_dlZfb��k�ihfhsvx�iZjZf_ljbq_kdh]h�djbl_jby�Nbr_jZ�ijh\_jy_lky
h^gZ�ba�^\mo�gme_\uo�]bihl_a�
• kj_^gb_�agZq_gby�^ey�]jmii�hldebdh\��baf_j_gguo�ijb�jZaebqguo�agZ�

q_gbyo�nZdlhjZ��g_�bf_xl�kms_kl\_gguo�jZaebqbc�f_`^m�kh[hc��fh�
^_ev��);

• ^bki_jkby�kj_^gbo�agZq_gbc�^ey�]jmii�hldebdh\��baf_j_gguo�ijb�jZa�
ebqguo�agZq_gbyo�nZdlhjZ��g_�hlebqgZ�hl�gmey��fh^_ev��).

èjotvkqltvxzq�unzvlj��Bf__lky�^\_
jZagh\b^ghklb�f_lh^Z�\�aZ\bkbfhklb�hl�lh]h�
ijhba\h^bebkv�eb�ih\lhjgu_�baf_j_gby�ijb
dZ`^hf� khq_lZgbb� agZq_gbc� ^\mo� bkke_^m_�
fuo� nZdlhjh\� beb� g_l�� mlhqg_gb_� f_lh^Z
ijhba\h^blky�ba�f_gx�\u[hjZ��jbk�������
��� Ënz� wvkzvét�}� qounéntqp�� Ijb

wdki_jbf_gl_� [_a� ih\lhjguo� baf_j_gbc� bk�
oh^gu_� ^Zggu_� ^he`gu� ij_^klZ\eylv� kh[hc
fZljbpm� jZaf_jhf� n⋅m�� \� dhlhjhc� klhe[pu
hl\_qZxl�jZaebqguf�mjh\gyf�i_j\h]h�nZdlh�
jZ�j = 1,...,m��Z�kljhdb�²�jZaebqguf�mjh\gyf
\lhjh]h�nZdlhjZ� i = 1,...,n�� Z� dZ`^Zy� yq_cdZ

kh^_j`bl� h^bg� hldebd�� baf_j_gguc� ijb� khhl\_lkl\mxs_f� khq_lZgbb
mjh\g_c�bkke_^m_fuo�nZdlhjh\�

Jbk�������F_gx�f_lh^h\
^\monZdlhjgh]h�^bki_jkbhg-

gh]h�ZgZebaZ
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Æ�lj·j�énoys�zjzvk�\dexqZ_l�^bki_jkbhggmx�lZ[ebpm�kh�klhe[pZ�
fb��kmffZ�d\Z^jZlh\��qbkeh�kl_i_g_c�k\h[h^u��kj_^gyy�kmffZ�d\Z^jZlh\�
kbeZ� \ebygby�nZdlhjZ� �ih�Kg_^_dhjm��� Z� kljhdb� kh^_j`Zl� agZq_gby� ^ey
i_j\h]h�b�\lhjh]h�nZdlhjh\��Z�lZd`_�hklZlhqgu_�b�h[sb_�iZjZf_lju��kf�
nhjfmeu�b�ijbf_ju��

>Ze__�^ey�dZ`^h]h�nZdlhjZ�\uqbkey_lky�klZlbklbdZ�Nbr_jZ�F�k�mjh\�
g_f�agZqbfhklb�P��?keb�P!������gme_\Zy�]bihl_aZ�h[�hlkmlkl\bb�\ebygby
khhl\_lkl\mxs_]h�nZdlhjZ�fh`_l�[ulv�ijbgylZ�
���cxz��wvkzvét�n�qounéntq¹��Ijb�wdki_jbf_gl_�k�ih\lhjgufb

baf_j_gbyfb�bkoh^gu_�^Zggu_�^he`gu�ij_^klZ\eylv�kh[hc�ik_\^hfZljb�
pm� �g_�h[yaZl_evgh�h^bgZdh\hc�^ebgu� klhe[ph\���\�dhlhjhc�i_j_f_ggu_
�klhe[pu i = 1,...,n·m��jZkiheZ]Zxlky�\�ihjy^d_�baf_g_gby�mjh\g_c�kgZqZ�
eZ�i_j\h]h�nZdlhjZ�A��Z�aZl_f�\lhjh]h�nZdlhjZ�B��Z�bf_ggh��A1B1, A2B1, ...,
A1B2, A2B2, ...

Ihkdhevdm�lZdh_�ij_^klZ\e_gb_�^Zgguo�fh`_l�hl\_qZlv�jZaebqguf�kh�
q_lZgbyf�qbkeZ�]jZ^Zpbc�nZdlhjh\��lh�\�ihe_�\\h^Z�f_gx�\u[hjZ�f_lh^Z
�jbk�������g_h[oh^bfh�mdZaZlv�qbkeh�mjh\g_c�i_j\h]h�nZdlhjZ��ihke_�q_]h
gZ`Zlv�dghidm�bkihevam_fhc�fh^_eb�

�� �k�nbdkbjh\Zggufb�wnn_dlZfb�
�� �kh�kemqZcgufb�wnn_dlZfb�
�� �k�jZg^hfbabjh\Zggufb�[ehdZfb�
�� �k�]jmiibjh\dhc�

Æ�lj·j�énoys�zjzvk�\dexqZ_l�^bki_jkbhggmx�lZ[ebpm�kh�klhe[pZ�
fb��kmffZ�d\Z^jZlh\��qbkeh�kl_i_g_c�k\h[h^u��kj_^gyy�kmffZ�d\Z^jZlh\�
kbeZ� \ebygby�nZdlhjZ� �ih�Kg_^_dhjm��� Z� kljhdb� kh^_j`Zl� agZq_gby� ^ey
i_j\h]h�b�^ey�\lhjh]h�nZdlhjh\��^ey�wnn_dlZ�f_`nZdlhjgh]h�\aZbfh^_c�
kl\by��Z�lZd`_�hklZlhqgu_�b�h[sb_�iZjZf_lju��kf��nhjfmeu�b�ijbf_ju��

>Ze__� ^ey� dZ`^h]h�nZdlhjgh]h� wnn_dlZ� \uqbkey_lky� klZlbklbdZ�Nb�
r_jZ�F�k�mjh\g_f�agZqbfhklb�P��?keb�P!������gme_\Zy�]bihl_aZ�h[�hlkml�
kl\bb�khhl\_lkl\mxs_]h�nZdlhjgh]h�wnn_dlZ�fh`_l�[ulv�ijbgylZ��?keb
wnn_dl� \aZbfh^_ckl\by� g_� h[gZjm`_g�� lh� ijh\h^blky� ^hihegbl_evguc
ZgZeba�ih�nZdlhjZf�:�b�B��gh�[_a�mq_lZ�bo�\aZbfh^_ckl\by��LZdhc�^hihe�
gbl_evguc� ZgZeba�� dZd� ijZ\beh�� ^Z_l� [he__� gbadbc� mjh\_gv� agZqbfhklb
gme_\uo�]bihl_a��Ihemq_ggufb�j_amevlZlZfb�j_dhf_g^m_lky�ihevah\Zlv�
ky��_keb�mjh\_gv�agZqbfhklb�]bihl_au�hlkmlkl\by�\aZbfh^_ckl\by�nZdlh�
jh\�^hklZlhqgh�\ukhd��P>0.1).

AZl_f�\u^Zxlky�agZq_gby�iZjZf_ljh\�h^ghnZdlhjghc�fh^_eb�mx, ai, bi

�nZdlhjgu_�wnn_dlu��kf��jZa^�������k�^h\_jbl_evgufb�bgl_j\ZeZfb�d(mx),
d(ai), d(bi).
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Í�é�q�u�n�é����
d�j�l�j�·�j��<�wdki_jbf_gl_�nbdkbjh\ZeZkv�mjh`Zcghklv�iylb�khj�

lh\�dZjlhn_ey��\ujZs_gguo�gZ�iylb�mqZkldZo�h^bgZdh\h]h�jZaf_jZ�b�ih�
q\_ggh]h� khklZ\Z��ijb� wlhf�dZ`^uc�ba� wlbo�mqZkldh\�h[jZ[Zlu\Zeky�h^�
gbf�ba�r_klb�khjlh\�m^h[j_gbc��lZ[e���������nZce�$���

Òjisq|j��������Ïév jptvxz��w¹zq�xvézvk�rjézv{ns¹�>p�]Z@�\�aZ\bkbfhklb
hl�\b^Z�\ghkbfh]h�\�ihq\m�m^h[j_gby

DZjl�� DZjl�� DZjl�� DZjl�� DZjl��
M^h[j�� 6 9 6 2 6
M^h[j�� 4 7 8 3 5
M^h[j�� 9 3 10 7 4
M^h[j�� 8 4 14 4 10
M^h[j�� 15 11 13 9 14
M^h[j�� 12 14 15 11 9
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G_h[oh^bfh� \uykgblv�� jZaebqgZ� eb� \� kj_^g_f� mjh`Zcghklv� jZaguo
khjlh\�dZjlhn_ey�g_aZ\bkbfh�hl�ijbf_gy_fh]h�m^h[j_gby�b�jZaebqgZ�eb
wnn_dlb\ghklv�bkihevam_fuo�m^h[j_gbc�g_aZ\bkbfh�hl�khjlZ�

è�n�o�y�s���z�j�z���

�±N:DLHJGUC�>BKI?JKBHGGUC�:G:EBA���NZce��D��VWG
����������NZdlhjguc�ieZg��g_ih\lhjy_fuc

Bklhqgbd���Kmf�d\Z^j��Kl�k\h[�Kj�d\Z^j��KbeZ�\ebygby
��NZdl�����������������������������������±������
��NZdl������������������������������������������
��HklZl�����������������������������
��H[sZy�����������������������������

)�nZdlhj�� �������AgZqbfhklv ��������kl_i�k\h[� �����
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!
)�nZdlhj�� �������AgZqbfhklv ��������kl_i�k\h[� �����
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!

Æ���k�v�l����>bki_jkbhgguc�ZgZeba�\uy\ey_l�kms_kl\_ggh_�\ebygb_
khjlZ� dZjlhn_ey� b� \b^Z� m^h[j_gby� gZ� mjh`Zcghklv� �mjh\gb� agZqbfhklb
�������b��������f_gvr_�������

Í�é�q�u�n�é����
d�j�l�j� ·� j��<� wdki_jbf_gl_�baf_jyehkv� dhebq_kl\h� \u^uoZ_fh]h

ZahlZ�^ey�q_luj_o�j_`bfh\�iblZgby�b�^ey�^\mo�\hajZklguo�dZl_]hjbc�iZ�
pb_glh\��<�bkke_^h\Zgbb�mqZkl\h\Zeh�ih�ljb�jZaguo�iZpb_glZ�\�dZ`^hc�ba
\hkvfb�]jmii� ©\hajZkl±^b_lZª� �lZ[e�� �������\�nZce_�$�*�bf__lky�\hk_fv
klhe[ph\�k�lj_fy�baf_j_gbyfb��^ey�^b_l��±��\hajZklZ���b�^b_l��±��\hajZk-
lZ�����G_h[oh^bfh�hij_^_eblv�\ebygb_�^b_l��\hajZklguo�]jmii�b�bo�\aZb-
fh^_ckl\by�gZ�dhebq_kl\h�\u^uoZ_fh]h�ZahlZ�

Òjisq|j��������Ìi~nu�k�l�}jnuvmv�jovzj��k�sqzéj}��wéq�·nz�én}�lqnzj}

wqzjtq¹�q�ls¹�lky}�kvoéjxzt�}�méyww�wj|qntzvk

>b_lZ�� >b_lZ� >b_lZ� >b_lZ�

<hajZkl��
4,097
4,859
3,54

4,368
5,668
3,752

4,169
5,709
4,416

4,928
5,608
4,94

<hajZkl��
2,87

4,648
3,848

3,579
5,393
4,374

4,403
4,496
4,688

4,905
5,208
4,806

K�beexkljZlb\gufb�p_eyfb�gb`_�ijhba\h^ylky�^\Z�jZkq_lZ�^ey�fh^_eb
k�nbdkbjh\Zggufb�wnn_dlZfb�b�^ey�fh^_eb�kh�kemqZcgufb�wnn_dlZfb�

ènoys�zjz��wéq�{qrxqévkjtt�}�ë{{nrzj}�

��N:DLHJGUC�>BKI?JKBHGGUC�:G:EBA���NZce��D�J�VWG
NZdlhjguc�ieZg��ih\lhjy_fuc�k�nbdkbjh\Zggufb�wnn_dlZfb

Bklhqgbd���Kmf�d\Z^j��Kl�k\h[�Kj�d\Z^j�KbeZ�\ebygby
��NZdl�����������������������������������������
��NZdl�����������������������������������������
��F_`nZd���������������������������������������
��HklZl�������������������������������
��H[sZy�������������������������������
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)�nZdlhj�� ������AgZqbfhklv ��������kl_i�k\h[� �����
���=bihl_aZ�����G_l�\ebygby�nZdlhjZ�gZ�hldebd!
)�nZdlhj�� �������AgZqbfhklv ������kl_i�k\h[� ���
���=bihl_aZ�����G_l�\ebygby�nZdlhjZ�gZ�hldebd!
)�f_`nZdl� ��������AgZqbfhklv �������kl_i�k\h[� �����
���=bihl_aZ�����G_l�\ebygby�nZdlhjZ�gZ�hldebd!
��Ihke_�h[t_^bg_gby�f_`nZdlhjghc�b�hklZlhqghc�KD�
)�nZdlhj�� ������AgZqbfhklv ������kl_i�k\h[� �����
���=bihl_aZ�����G_l�\ebygby�nZdlhjZ�gZ�hldebd!
)�nZdlhj�� �������AgZqbfhklv �������kl_i�k\h[� ���
���=bihl_aZ�����G_l�\ebygby�nZdlhjZ�gZ�hldebd!

����������IZjZf_lju�fh^_eb�
Kj_^g__� �������^h\_jbl�bgl� ���
Wnn_dl���� ��������^h\_jbl�bgl� ����
Wnn_dl���� ��������^h\_jbl�bgl� ����
Wnn_dl���� ��������^h\_jbl�bgl� ����
Wnn_dl���� ��������^h\_jbl�bgl� ����
Wnn_dl���� ��������^h\_jbl�bgl� ����
Wnn_dl���� ��������^h\_jbl�bgl� ����

ènoys�zjz��wéq�xsy·jpt�}�ë{{nrzj}�

��N:DLHJGUC�>BKI?JKBHGGUC�:G:EBA���NZce��D�J�VWG
NZdlhjguc�ieZg��ih\lhjy_fuc��kh�kemqZcgufb�wnn_dlZfb

Bklhqgbd���Kmf�d\Z^j��Kl�k\h[�Kj�d\Z^j�KbeZ�\ebygby
��NZdl�����������������������������������������
��NZdl�����������������������������������������
��F_`nZd���������������������������������������
��HklZl�������������������������������
��H[sZy�������������������������������
)�nZdlhj�� ������AgZqbfhklv ��������kl_i�k\h[� ����
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!
)�nZdlhj�� ������AgZqbfhklv ��������kl_i�k\h[� ��
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!
)�f_`nZdl� ��������AgZqbfhklv �������kl_i�k\h[� �����
���=bihl_aZ�����G_l�\ebygby�nZdlhjZ�gZ�hldebd!
��Ihke_�h[t_^bg_gby�f_`nZdlhjghc�b�hklZlhqghc�KD�
)�nZdlhj�� ������AgZqbfhklv ������kl_i�k\h[� �����
���=bihl_aZ�����G_l�\ebygby�nZdlhjZ�gZ�hldebd!
)�nZdlhj�� �������AgZqbfhklv �������kl_i�k\h[� ���
���=bihl_aZ�����G_l�\ebygby�nZdlhjZ�gZ�hldebd!

Æ���k�v�l����>ey�fh^_eb�k�nbdkbjh\Zggufb�wnn_dlZfb�g_�h[gZjm-
`_gh� agZqbfuo� wnn_dlh\�nZdlhjh\�beb�bo� \aZbfh^_ckl\by��>ey�fh^_eb
kh�kemqZcgufb�wnn_dlZfb�h[Z�nZdlhjZ�hdZaZebkv�agZqbfufb��Ihkdhevdm
`_� bo� \aZbfh^_ckl\b_� g_agZqbfh�� lh� bkke_^h\Zl_ex� fh`_l� ihdZaZlvky
p_e_khh[jZaguf�ijhba\_klb�h[t_^bg_gb_��lZd�dZd�qbkeh�kl_i_g_c�k\h[h-
^u� hklZlhqghc� ^bki_jkbb� �agZf_gZl_ey� )�djbl_jby�� kebrdhf� fZeh� ^ey
hp_gdb� wnn_dlh\��H^gZdh� \� j_amevlZl_� h[t_^bg_gby� h[Z�nZdlhjZ� klZgh-
\ylky� g_agZqbfufb�� Wlb� baf_g_gby� \� hp_gd_� agZqbfhklb� ihdZau\Zxl�
gZkdhevdh�jZaebqgufb�fh]ml�hdZaZlvky�j_amevlZlu�\� aZ\bkbfhklb�hl�hl-
ghr_gby�bkke_^h\Zl_ey�d�lbim�fh^_eb�b�h[t_^bg_gbx�^bki_jkbc�
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����� bqxwnéxqvtt�p�jtjsqo
�������méywwvk�}�qounéntqp

Ëjotj·ntqn��<�jy^_�h[eZkl_c�bkke_^h\Zgby��\�ikboheh]bb��f_^bpb-
g_��[bheh]bb��Z]jhghfbb�b�g_dhlhjuo�^jm]bo��^hklZlhqgh�qZklh�\klj_qZ-
xlky� kblmZpbb�� dh]^Z�bf__lky�nbdkbjh\ZggZy� ]jmiiZ� h[t_dlh\�bkke_^h-
\Zgby��VXEMHFWV���dhlhjZy�ihke_^h\Zl_evgh�ih^\_j]Z_lky�^_ckl\bx�jZaebq-
guo�mjh\g_c�h^gh]h��^\mo�beb�[he__�nZdlhjh\��\�j_amevlZl_�q_]h�m�dZ`^h-
]h� h[t_dlZ�baf_jy_lky�ih� h^ghfm� hldebdm� ^ey� dZ`^h]h� mjh\gy�nZdlhjZ�
LZdZy�ko_fZ�wdki_jbf_glZ��hq_\b^gh��kms_kl\_ggh�hlebqZ_lky�hl�deZkkb-
q_kdhc� ko_fu� nZdlhjgh]h� bkke_^h\Zgby�� dh]^Z� baf_j_gby� hldebdZ� ijb
jZaebqguo�khq_lZgbyo�agZq_gbc�nZdlhjh\�ijhba\h^ylky�m�jZaebqguo�h[t-
_dlh\��<Z`guf�a^_kv�y\ey_lky�lh��qlh�hldebdb�baf_jyxlky�m�h^gbo�b�l_o
`_� h[t_dlh\� ijb� jZaebqguo� mjh\gyo�nZdlhjh\� b� g_kml� \� k_[_� ke_^u� bo
km[t_dlb\ghc� \ZjbZ[_evghklb�� L_f� kZfuf� hdZau\Z_lky� \hafh`guf� \u-
qbkeblv� wlm� km[t_dlb\gmx� \ZjbZ[_evghklv� b� m^Zeblv� __� ba� hklZlhqghc
�kemqZcghc�� ^bki_jkbb�� l_f� kZfuf� ih\ukb\� ^hklh\_jghklv� \u\h^h\� h
\ebygbb�]eZ\guo�nZdlhjh\�
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kh[kl\_gguo�^_eyghd�kh\_jr_ggh�g_aZ\bkbfh�hl�\u[hjZ�^_eyghd�^ey�\u-
k_\Zgby�^jm]bo�khjlh\�

èjotvkqltvxzq�unzvlj��<u[hj�dhgdj_lgh]h�f_lh^Z�ijhba\h^blky
ih�f_gx�jbk������

Ihykgbf� f_lh^u� ^bki_jkbhggh]h� ZgZebaZ� ]jmiih\uo� baf_j_gbc1� gZ
ijbf_j_� mkeh\gh]h� wdki_jbf_glZ�� \� dhlhjhf� ijh\_jy_lky� ^_ckl\b_� gZ
]jmiim� iZpb_glh\� g_dhlhjh]h� ihklhyggh� ijbgbfZ_fh]h� f_^bpbgkdh]h
ij_iZjZlZ�k�l_q_gb_f�\j_f_gb� �nZdlhj� ����hp_gb\Z_fh]h�baf_j_gb_f�g_-
dhlhjh]h�nbabheh]bq_kdh]h� ihdZaZl_ey� �hldebd� beb� aZ\bkbfZy� i_j_f_g-
gZy�� ��jZa�\�g_^_ex��?keb�d�wlhc�ko_f_�fu�g_�^_eZ_f�gbdZdbo�^hihegb-
l_evguo� ^h[Z\e_gbc�� lh� hgZ� khhl\_lkl\m_l� h^ghnZdlhjghfm� ]jmiih\hfm
wdki_jbf_glm�

Imklv�l_i_jv�fu�jZa^_ebeb�iZpb_glh\
gZ�^\_��beb�[he__��]jmiiu��ijbgbfZxsbo
ljZ^bpbhgguc�ij_iZjZl�b�ijbgbfZxsbo
gh\uc�ij_iZjZl��<�wlhf�kemqZ_�fu�bf__f
ko_fm� h^gh]h� \gmljb]jmiih\h]h

(within−VXEMHFWV��nZdlhjZ��g_^_ey��b�h^gh-
]h� f_`]jmiih\h]h (between−subjects)
nZdlhjZ��ij_iZjZl���?keb�`_�h^gZ�b�lZ�`_
]jmiiZ� iZpb_glh\� ijbgbfZ_l� kgZqZeZ
ljZ^bpbhgguc� ij_iZjZl�� Z� aZl_f� gh\uc�
lh�ihemqZ_lky�ko_fZ�k�^\mfy�\gmljb]jmi-
ih\ufb�nZdlhjZfb�

Imklv�l_i_jv�fu�jZa^_ebeb�iZpb_glh\
ih� ihem� �fm`qbgu� b� `_gsbgu��� Lh]^Z

fu�bf__f� ko_fm�lj_onZdlhjgh]h�bkke_^h\Zgby�� \� dhlhjhc�^\Z�nZdlhjZ
�ihe�b�ij_iZjZl��y\eyxlky�f_`]jmiih\ufb�b�h^bg�nZdlhj��g_^_ey��y\ey-
_lky�\gmljb]jmiih\uf.

Ij_^iheh`bf�l_i_jv��qlh�\k_�iZpb_glu�ijbgbfZxl�kgZqZeZ�i_j\uc��Z
aZl_f� \lhjhc� ij_iZjZl�� Lh]^Z� m� gZk� ihemqZ_lky� ko_fZ�lj_onZdlhjgh]h
bkke_^h\Zgby�k�^\mfy�\gmljb]jmiih\ufb�nZdlhjZfb��ij_iZjZl�b�\j_fy��b
h^gbf�f_`]jmiih\uf�nZdlhjhf��ihe��

Imklv�l_i_jv�\�ihke_^g_c�ko_f_�bkke_^h\Zgby�fu�g_�jZaebqZ_f�iZpb-
_glh\�ih�ihem��gh�aZlh�dZ`^h]h�iZpb_glZ�ijb�ijb_f_�dZ`^h]h�ij_iZjZlZ�\
l_q_gb_� g_dhlhjh]h� nbdkbjh\Zggh]h� qbkeZ� g_^_ev� ih^\_j]Z_f� kgZqZeZ
h^ghfm��Z�aZl_f�^jm]hfm�f_lh^m�nbabhl_jZibb��<�lZdhf�kemqZ_�fu�bf__f
ko_fm�wdki_jbf_glZ�k�lj_fy�\gmljb]jmiih\ufb�nZdlhjZfb�

                                                          
1� J_Zebah\Zggu_� \� ^Zgghf� jZa^_e_� f_lh^u� ke_^mxl� fhgh]jZnbb�� 'DYLG� &�

Howell. Statistical Methods for Psychology − fourth edition. Duxbury Press, Belmont,
1997.

Jbk�������F_gx�\u[hjZ�f_lh^Z
]jmiih\h]h�^bki_jkbhggh]h�ZgZ-

ebaZ
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Íéqun·jtqn��J_ZevgZy�ijZdlbdZ�^bki_jkbhggh]h�ZgZebaZ�h[uqgh�h]-
jZgbqb\Z_lky�lj_onZdlhjgufb�ko_fZfb�\�k\yab�dZd�k�ijZdlbq_kdbfb�h]-
jZgbq_gbyfb� \hafh`ghklb� ihklZgh\db� wdki_jbf_glh\� [hevr_c� nZdlhj-
ghklb��lZd�b�k�h]jZgbq_gbyfb�hkfuke_gby�bo�j_amevlZlh\�b�Zj]mf_glZpbb
\�h[km`^_gbyo�k�dhee_]Zfb�b�hiihg_glZfb�

Êx}vlt�n�ljtt�n�ij_^klZ\eyxlky�\�\b^_�fZljbpu�beb�ik_\^hfZl-
jbpu��\b^�dhlhjhc�aZ\bkbl�hl�lbiZ�nZdlhjgh]h�wdki_jbf_glZ�
Ìltv{jrzvét�p�ërxwnéquntz��Ijb�wlhc�ko_f_�bkoh^gu_�^Zggu_

^he`gu�ij_^klZ\eylv�kh[hc�fZljbpm�jZaf_jhf�m⋅n��\�dhlhjhc�klhe[pu�hl�
\_qZxl�jZaebqguf�mjh\gyf�i_j\h]h�nZdlhjZ�j = 1,...,m��ih�kljhdZf�jZkih-
eh`_gu�h[t_dlu� i = 1,...,n��Z�dZ`^Zy�yq_cdZ�kh^_j`bl�h^bg�hldebd��baf_�
j_gguc�m�^Zggh]h�h[t_dlZ�ijb�khhl\_lkl\mxs_f�mjh\g_�nZdlhjZ�
f}nuj� x� lkyu¹� {jrzvéjuq�� Ijb� wlhc� ko_f_� bkoh^gu_� ^Zggu_

^he`gu�ij_^klZ\eylv�kh[hc�fZljbpm�jZaf_jhf�M⋅n��\�dhlhjhc�ih�kljhdZf
jZkiheh`_gu�h[t_dlu�i = 1,...,n,�Z�ih�klhe[pZf�²�kgZqZeZ�baf_j_gby�^ey
i_j\h]h� mjh\gy� i_j\h]h� nZdlhjZ� �\gmljb]jmiih\h]h� ^ey� ko_fu� kh� kf_-
rZggufb�nZdlhjZfb�beb�i_j\h]h�f_`]jmiih\h]h�^ey�ko_fu�k�^\mfy�f_`-
]jmiih\ufb� nZdlhjZfb�� ^ey� \k_o� ihke_^h\Zl_evguo� mjh\g_c� \lhjh]h
nZdlhjZ�� aZl_f�\lhjh]h�mjh\gy�i_j\h]h�nZdlhjZ�^ey�\k_o�ihke_^h\Zl_ev-
guo�mjh\gyo� \lhjh]h�nZdlhjZ�b� l��^��L_f� kZfuf�M=ms,� ]^_�m�²�qbkeh
mjh\g_c�i_j\h]h�nZdlhjZ��Z�s�²�qbkeh�mjh\g_c�\lhjh]h�nZdlhjZ��Ijb�wlbo
ko_fZo�\�f_gx�\u[hjZ�f_lh^Z�ZgZebaZ��jbk�������g_h[oh^bfh�\\_klb�qbkeh
mjh\g_c�i_j\h]h�nZdlhjZ�
f}nuj� x� zénu¹� {jrzvéjuq�� Ijb� wlhc� ko_f_� bkoh^gu_� ^Zggu_

^he`gu�ij_^klZ\eylv�kh[hc�fZljbpm�jZaf_jhf�Mn��\�dhlhjhc�ih�klhe[pZf
jZkiheh`_gu�h[t_dlu�i = 1,...,n��Z�ih�kljhdZf�²�baf_j_gby�kgZqZeZ�^ey���
]h�mjh\gy�i_j\h]h�nZdlhjZ�b���]h�mjh\gy�\lhjh]h�nZdlhjZ�ijb�\k_o�ihke_-
^h\Zl_evguo�agZq_gbyo�mjh\gy�lj_lv_]h�nZdlhjZ��aZl_f�baf_j_gby�^ey���
]h�mjh\gy�i_j\h]h�nZdlhjZ�b���]h�mjh\gy�\lhjh]h�nZdlhjZ�ijb�\k_o�ihke_-
^h\Zl_evguo�agZq_gbyo�mjh\gy�lj_lv_]h�nZdlhjZ�b�l��^���Z�\�dhgp_��ih�lZ-
dhc�`_� ko_f_��²� ^ey� ihke_^g_]h� mjh\gy� i_j\h]h�nZdlhjZ� b� ihke_^g_]h
mjh\gy� \lhjh]h� nZdlhjZ� ijb� \k_o� ihke_^h\Zl_evguo� agZq_gbyo� mjh\gy
lj_lv_]h� nZdlhjZ�� L_f� kZfuf�M=mst,� ]^_�m� ²� qbkeh� mjh\g_c� i_j\h]h
nZdlhjZ��s�²�qbkeh�mjh\g_c�\lhjh]h�nZdlhjZ��t ²�qbkeh�mjh\g_c�lj_lv_]h
nZdlhjZ��Ijb�wlbo�ko_fZo�\�f_gx�\u[hjZ�f_lh^Z�ZgZebaZ��jbk�������g_h[-
oh^bfh�\\_klb�qbkeh�mjh\g_c�i_j\h]h�b�\lhjh]h�nZdlhjh\�
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ènoys�zjz�� ZgZebaZ� ]jmiih\uo� baf_j_gbc� \dexqZxl� ^bki_jkbhg�
gmx� lZ[ebpm� kh� klhe[pZfb�� kmffZ� d\Z^jZlh\�� qbkeh� kl_i_g_c� k\h[h^u�
kj_^gyy�kmffZ�d\Z^jZlh\��Z�kljhdb�kh^_j`Zl�agZq_gby�^ey�i_j\h]h��\lhjh�
]h�b�l��^��nZdlhjh\��Z�lZd`_�hklZlhqgu_�b�h[sb_�iZjZf_lju��kf��nhjfmeu
b�ijbf_ju��

>Ze__�^ey�dZ`^h]h�nZdlhjZ�\uqbkey_lky�klZlbklbdZ�Nbr_jZ�F�b�mjh-
\_gv�agZqbfhklb�P��?keb�P!������gme_\Zy�]bihl_aZ�h[�hlkmlkl\bb�\ebygby
khhl\_lkl\mxs_]h�nZdlhjZ�fh`_l�[ulv�ijbgylZ�

AZl_f�^ey�\bamZevghc�ijh\_jdb�khklZ\ghc�kbff_ljbb�\u^Z_lky�fZljb-
pZ�dh\ZjbZpbc�b�ihijZ\hqgu_�dhwnnbpb_glu�ε�b�εµ��?keb�wlb�dhwnnbpb-
_glu�g_�kebrdhf�\_ebdb�ih�k\hbf�agZq_gbyf��ε������beb�ε!�����b�εµ<0.98,
lh� ijh\h^blky� i_j_ijh\_jdZ� gme_\uo� ]bihl_a� ijb� kdhjj_dlbjh\Zgguo
kl_i_gyo�k\h[h^u�
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Í�é�q�u�n�é����
d�j�l�j�·�j��JZkkfhljbf�h^ghnZdlhjguc�wdki_jbf_gl��\�dhlhjhf�^_-

\ylv� iZpb_glh\� bkihevamxl� j_eZdkZpbhggmx� f_lh^bdm� ^ey� hkeZ[e_gby
fb]jbjmxs_c� ]heh\ghc� [heb� �nbdkbjm_lky� qbkeh� ijbklmih\� \� g_^_ex��
Bkke_^h\Zgb_�ijh\h^behkv� \� l_q_gb_�iylb�g_^_ev��ijbq_f� j_eZdkZpbhg-
gZy� l_ogbdZ�bkihevah\ZeZkv� lhevdh� \�ihke_^gb_� ^\_�g_^_eb��L_f� kZfuf
klhbl� aZ^ZqZ�\uy\blv�\ebygb_�nZdlhjZ�j_eZdkZpbb�gZ�nhg_�i_j\uo�^\mo
dhgljhevguo�g_^_ev��Ihemq_ggu_�^Zggu_�ijb\_^_gu�\�lZ[e�� ������ �nZce
$129$B%6��]^_�i_j_f_ggu_��klhe[pu��khhl\_lkl\mxl�g_^_eyf��Z�kljhdb
²�iZpb_glZf��

Òjisq|j��������ïjxzvzj�mvsvkt�}�ivsnp�wéq�énsjrxj|qvttvp�znéjwqq

G_^_eb

IZpb_glu 1 2 3 4 5
1 21 22 8 6 6
2 20 19 10 4 4
3 17 15 5 4 5
4 25 30 13 12 17
5 30 27 13 8 6
6 19 27 8 7 4
7 26 16 5 2 5
8 17 18 8 1 5
9 26 24 14 8 9

<�f_gx�jbk������\u[bjZ_f�©��nZdlhjgucª�]jmiih\hc�ZgZeba�

è�n�o�y�s���z�j�z���

=JMIIH<HC��−N:DLHJGUC�:G:EBA���NZce��DQRYDBEV�VWG
Bklhqgbd��Kmf�d\Z^j��Kl�k\h[�Kj�d\Z^j
=jmiih\Zy������������������
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NZdl��������������������������������
HklZlhqg����������������������������
H[sZy����������������������
)�nZdlhj�� �������AgZqbfhklv ���kl_i�k\h[� �����
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!
FZljbpZ�dh\ZjbZpbc
       21     11.75      9.25     7.833     7.333
    11.75      28.5     13.75     16.38     13.38
     9.25     13.75      11.5     8.583     8.208
    7.833     16.38     8.583     11.69     10.82
    7.333     13.38     8.208     10.82     16.94

IhijZ\hqgu_�dhwnnbpb_glu��H ��������H¶=1
K�mq_lhf�ihijZ\hqgb]h�dhwnnbpb_glZ ������
)�nZdlhj�� �������AgZqbfhklv ���kl_i�k\h[� �����������

���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!

Æ���k�v�l����J_amevlZlu�ijh\_^_ggh]h� ZgZebaZ� \uy\eyxl� \ebygb_
nZdlhjZ� j_eZdkZpbhgghc� lj_gbjh\db� �mjh\_gv� agZqbfhklb� [ebahd� d� gm-
ex���Hlf_lbf��qlh�_keb�[u�fu�bkihevah\Zeb�a^_kv�h[uqgmx�l_ogbdm�h^-
ghnZdlhjgh]h� ZgZebaZ� �ijbf_gbfmx� b� \� kemqZ_� iylb� jZaebqguo� ]jmii
iZpb_glh\� \� dZ`^hc�ba�iylb�g_^_ev�b�ihwlhfm�ijb\h^ysmx�^ey�gZr_]h
kemqZy� d� aZ\ur_gbx� hklZlhqghc� ^bki_jkbb��� lh� ihemqbeb� [u� agZq_gb_
djbl_jby�Nbr_jZ��jZ\gh_� ������k� ���kl_i_gyfb�k\h[h^u��dhlhjh_�ohly�b
lh`_�agZqbfh��gh�\���k�ebrgbf�jZaZ�f_gvr_�\ur_ijb\_^_ggh]h�

Í�é�q�u�n�é����
d�j�l�j�·�j��JZkkfhljbf�^\monZdlhjguc�wdki_jbf_gl�k�h^gbf�f_`-

]jmiih\uf� nZdlhjhf�� \� dhlhjhf� bkke_^m_lky� ^\b]Zl_evgZy� Zdlb\ghklv
djuk�\�hl\_l�gZ�bgt_dpbb�fb^haZeZfZ��.LQJ���������<�i_j\h_�\j_fy�ihke_
bgt_dpbb�h[uqgh�gZ[ex^Z_lky�kgb`_gb_�fhlhjbdb��h^gZdh��dZd�b�\�kem-
qZ_�fhjnbgZ��a^_kv�[ukljh�jZa\b\Z_lky�ijb\udZgb_��Dbg]�ihiulZeky�\u-
ykgblv��fh`gh�eb�h[tykgblv�kl_i_gv�wlh]h�ijb\udZgby�lhevdh�\g_rgbfb
mkeh\byfb�� <� ij_^wdki_jbf_glZevghc� nZa_� ^\mf� l_klh\uo� ]jmiiZf� �ba
\hkvfb�`b\hlguo� dZ`^Zy�� \\h^bebkv� bgt_dpbb� ij_iZjZlZ� \� l_q_gb_� g_-
kdhevdbo�^g_c��Z�dhgljhevghc�]jmii_�ba�\hkvfb�`b\hlguo�\\h^beky�g_c-
ljZevguc�nbabheh]bq_kdbc� jZkl\hj��<� aZdexqbl_evguc� �l_klh\uc�� ^_gv
\k_f�lj_f�]jmiiZf�[ueb�k^_eZgu�bgt_dpbb�fb^haZeZfZ��ijbq_f�h^gZ�ba
l_klh\uo�]jmii�gZoh^beZkv�\�k\h_f�h[uqghf�ihf_s_gbb��kj_^_���Z�^jm]Zy
l_klh\Zy� ]jmiiZ�[ueZ�i_j_g_k_gZ�\�gh\mx�hdjm`Zxsmx�kj_^m��?keb�Zi-
jbhjgZy� ]bihl_aZ�Dbg]Z� \_jgZ�� lh�j_Zdpbb�dhgljhevghc� ]jmiiu�^he`gu
[ulv�[ebadb�d�j_Zdpbyf�]jmiiu��kf_gb\r_c�kj_^m�h[blZgby��ihkdhevdm�\
h[hbo� wlbo� ]jmiiZo� bkdexqZeky�nZdlhj� mkeh\gh]h� ijb\udZgby�� hij_^_-
e_gguc�g_baf_gghklvx�kj_^u�h[blZgby��Ihkdhevdm�ijhp_kk�f_lZ[hebafZ
e_dZjkl\Z� khklZ\ey_l�hdheh�h^gh]h�qZkZ��baf_j_gby�^\b]Zl_evghc� Zdlb\-
ghklb�ijh\h^bebkv�\�r_klb�ihke_^h\Zl_evguo���fbgmlguo�bgl_j\ZeZo��b
kh[jZggu_�^Zggu_�ijb\_^_gu�\�lZ[e�� ������ �nZce�$129$B%��� ]^_�i_j_-
f_ggu_��klhe[pu��khhl\_lkl\mxl�\j_f_gguf�bgl_j\ZeZf�^ey�lj_o�ihke_-
^h\Zl_evguo�]jmii��Z�kljhdb�²�`b\hlguf��
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Hq_\b^gh��qlh�f_`]jmiih\hc�wnn_dl�kmffbjm_lky�ba�jZaebqby�f_`^m
]jmiiZfb�b�jZaebqby�f_`^m�h[t_dlZfb�\�dZ`^hc�]jmii_��\�lh�\j_fy�dZd
\gmljb]jmiih\hc� �\j_f_gghc�� wnn_dl� bf__l� ljb� dhfihg_glZ�� ]eZ\guc
wnn_dl�ih\lhjgh�\j_f_gguo�baf_j_gbc�b�_]h�^\Z�\aZbfh^_ckl\by�k�]jmi-
ih\ufb�jZaebqbyfb�b�k�jZaebqbyfb�h[t_dlh\�

Òjisq|j��������bkqmjzns�tj¹�jrzqktvxz��ré�x�k�vzknz�tj�qt~nr|qí�uqlvoj�

sjuj�ls¹�¡nxzq�kénuntt�}�qtznékjsvk�q�zén}�ërxwnéquntzjs�t�}�méyww

<j_f_ggu_�bgl_j\Zeu
=jmiiu 1 2 3 4 5 6

���Dhgljhev 150 44 71 59 132 74
335 270 156 160 118 230
149 52 91 115 43 154
159 31 127 212 71 224
159 0 35 75 71 34
292 125 184 246 225 170
297 187 66 96 209 74
170 37 42 66 114 81

���LZ�`_�kj_^Z 346 175 177 192 239 140
426 329 236 76 102 232
359 238 183 123 183 30
272 60 82 85 101 98
200 271 263 216 241 227
366 291 263 144 220 180
371 364 270 308 219 267
497 402 294 216 284 255

���Gh\Zy�kj_^Z 282 186 225 134 189 169
317 31 85 120 131 205
362 104 144 114 115 127
338 132 91 77 108 169
263 94 141 142 120 195
138 38 16 95 39 55
329 62 62 6 93 67
292 139 104 184 193 122

<�f_gx� �jbk�� �����\u[bjZ_f����f_`��b� ��\gmljb]jmiih\hc�ZgZeba��mk-
lZgZ\eb\Zy�\�wlhf�f_gx�r_klv�]jZ^Zpbc�i_j\h]h�nZdlhjZ�

è�n�o�y�s���z�j�z���

=JMIIH<HC����−N:DLHJGUC�>BKI?JKBHGGUC�:G:EBA�
NZce��DQRYDBE��VWG

Bklhqgbd��Kmf�d\Z^j��Kl�k\h[�Kj�d\Z^j
=jmiih\Zy�������(����������
NZdl������������(�����������������(�
F_`nZdl���������(�������������������
HklZl�����������(�������������������
NZdl������������(�����������������(�
HklZl�����������(�����������������(�
H[sZy�����������(����������

)�nZdlhj�� �������AgZqbfhklv ���kl_i�k\h[� �����
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!
)�nZdlhj�� �������AgZqbfhklv ��������kl_i�k\h[� �����
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!
)�f_`nZlhj�� �������AgZqbfhklv ��������kl_i�k\h[� ������
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!
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FZljbpZ�dh\ZjbZpbc
     6388      4696      2240     681.6      2018      1924
     4696      7864      4181      2462      2892      3532
     2240      4181      3912      2697      2162      3298
    681.6      2462      2697      4601      2249      3085
     2018      2892      2162      2249      3717     989.3
     1924      3532      3298      3085     989.3      5228

IhijZ\hqgu_�dhwnnbpb_glu��H ��������H¶=0.8674

��K�mq_lhf�ihijZ\hqgb]h�dhwnnbpb_glZ ������
)�nZdlhj�� �������AgZqbfhklv ���kl_i�k\h[� ������������
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!
)�nZdlhj�� �������AgZqbfhklv ��������kl_i�k\h[� �����
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!
)�f_`nZlhj�� �������AgZqbfhklv ��������kl_i�k\h[ �����������

�=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!

Æ���k�v�l����J_amevlZlu�ijh\_^_ggh]h�ZgZebaZ�\uy\eyxl�kms_kl\_g�
gh_�\ebygb_�dZd�\gmljb]jmiih\h]h��\j_f_ggh]h��nZdlhjZ��lZd�b�f_`]jmi-
ih\u_�jZaebqby�hl�\g_rgbo�mkeh\bc��Z�lZd`_�b�bo�\aZbfh^_ckl\b_��mjh\�
gb� agZqbfhklb� ��� ������� b� �������f_gvr_� �������GZ� ]jZnbd_�nZdlhjguo
wnn_dlh\��jbk�������\b^gh��qlh�Zdlb\ghklv�`b\hlguo�kms_kl\_ggh�iZ^Z_l
\�i_j\hf� ��fbgmlghf�bgl_j\Ze_��ijbq_f�__�mjh\_gv�\�g_baf_gghc�kj_^_
ij_\urZ_l� Zdlb\ghklv� ^jm]bo� ^\mo� ]jmii�� gh� iZ^_gb_� Zdlb\ghklb� ijh-
^he`Z_lky�\�ke_^mxsbo�bgl_j\ZeZo��lh]^Z�dZd�\�^jm]bo� ]jmiiZo�hgZ�g_-
fgh]h�ih\urZ_lky�

Ihke_^mxsbc�ZgZeba�fh`_l�b^lb�ih�imlb�bkke_^h\Zgby�ijhkluo�wn-
n_dlh\�ihkj_^kl\hf� k\_^_gby�^\monZdlhjghc� ko_fu�d�jZaebqguf�\Zjb-
ZglZf�h^ghnZdlhjghc��gZijbf_j��^ey�bkke_^h\Zgby�jZaebqbc�f_`^m�]jmi-
iZfb�\�i_j\hf�b�ihke_^g_f�\j_f_gghf�bgl_j\Ze_��deZkkbq_kdbc�h^ghnZd-
lhjguc�ZgZeba�k�ih\lhjgufb�baf_j_gbyfb���beb�^ey�bkke_^h\Zgby�\eby-
gby�nZdlhjZ�\j_f_gb�\�dZ`^hc�ba� lj_o� ]jmii�ih�hl^_evghklb� �h^ghnZd-
lhjguc�]jmiih\hc�ZgZeba��

Jbk�������=jZnbd�nZdlhjguo�wnn_dlh\��Ih�]hjbahglZevghc�hkb�²�mjh\gb�i_j\h]h
nZdlhjZ��ihjy^hd�]jZnbdh\��k\_jom�\gba���lZ�`_�kj_^Z��dhgljhev��gh\Zy�kj_^Z
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d�j�l�j�·�j��Fh^bnbpbjm_f�l_i_jv�mkeh\gh�ko_fm�^Zggh]h�wdki_jb-
f_glZ��kqblZy�qlh�\h�\k_o�]jmiiZo�[ueb�h^gb�b�l_�`_�djuku��l��_��dZd�[u
bf_y�ieZg�k�^\mfy�\gmljb]jmiih\ufb�nZdlhjZfb��

è�n�o�y�s���z�j�z���

=JMIIH<HC��−N:DLHJGUC�:G:EBA���NZce��DQRYDBE��VWG
Bklhqgbd��Kmf�d\Z^j��Kl�k\h[�Kj�d\Z^j
=jmiih\Zy�������(����������
NZdl������������(������������������(�
HklZl�����������(������������������(�
NZdl������������(������������������(�
HklZl�����������(������������������(�
F_`nZdl���������(�������������������
HklZl�����������(��������������������
H[sZy�����������(����������
)�nZdlhj�� �������AgZqbfhklv ���kl_i�k\h[� �����
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!
)�nZdlhj�� �������AgZqbfhklv ��������kl_i�k\h[� �����
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!
)�f_`nZlhj���� ��������AgZqbfhklv ��������kl_i�k\h[� ������
���=bihl_aZ�����G_l�\ebygby�nZdlhjZ�gZ�hldebd!
FZljbpZ�dh\ZjbZpbc
     6388      4696      2240     681.6      2018      1924
     4696      7864      4181      2462      2892      3532
     2240      4181      3912      2697      2162      3298
    681.6      2462      2697      4601      2249      3085
     2018      2892      2162      2249      3717     989.3
     1924      3532      3298      3085     989.3      5228
IhijZ\hqgu_�dhwnnbpb_glu��H ��������H� ������
��K�mq_lhf�ihijZ\hqgb]h�dhwnnbpb_glZ ������
)�nZdlhj�� �������AgZqbfhklv ���kl_i�k\h[� ������������
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!
)�nZdlhj�� �������AgZqbfhklv ��������kl_i�k\h[� �����
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!
)�f_`nZlhj�� ��������AgZqbfhklv �������kl_i�k\h[ �����������
���=bihl_aZ�����G_l�\ebygby�nZdlhjZ�gZ�hldebd!

Æ���k�v�l����Hlebqb_�ihemq_gguo�j_amevlZlh\�hl�\ur_jZkkfhlj_g-
ghc�ko_fu�k�h^gbf�\gmljb]jmiih\uf�b�h^gbf�f_`]jmiih\uf�nZdlhjZfb
khklhbl�\�j_adhf�mkbe_gbb�g_agZqbfhklb�f_`nZdlhjgh]h�\aZbfh^_ckl\by
b�\�^\mdjZlghf�m\_ebq_gbb�mjh\gy�agZqbfhklb�gme_\hc�]bihl_au�^ey�\lh-
jh]h�nZdlhjZ�

Í�é�q�u�n�é����
d�j�l�j�·�j��JZkkfhljbf�lj_onZdlhjguc�wdki_jbf_gl��ko_fZ�k�h^gbf

\gmljb]jmiih\uf�nZdlhjhf��ih�bkihevah\Zgbx�bg^b\b^mZevguo�ijhnb-
eZdlbq_kdbo�ijb_fh\� ^ey� ij_^hl\jZs_gby� m]jhau� aZ[he_\Zgby� ijb� dhg-
lZdlZo� k� ihl_gpbZevgh� aZ]jyag_gghc� kj_^hc� �lZ[e�� ������� nZce
$129$B%���]^_�kljhdb�hl\_qZxl�bkiulm_fuf��Z�klhe[pu�²�ihke_^h\Z-
l_evguf�mjh\gyf�nZdlhjh\�\�ihke_^h\Zl_evghklb��\j_fy��f_lh^bdZ��ihe��
Bkihevah\Zebkv�^\Z�\b^Z�h[mq_gby��dhlhju_�ijhoh^beb�^\_�]jmiiu�bkiu-
lm_fuo��e_dpbhgguc�dmjk�b�bg^b\b^mZevgZy�lj_gbjh\dZ�\uiheg_gby�g_-
h[oh^bfhc�ijhnbeZdlbdb��DZ`^Zy�]jmiiZ�\dexqZeZ����fm`qbg�b����`_g-
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sbg��m�dhlhjuo�ih�^Zgguf�hijhkZ�\uykgyeZkv�qZklhlZ�\uiheg_gby�ijh-
nbeZdlbdb�^h�b�ihke_�h[mq_gby��Z�lZd`_�kimkly���f_kyp_\�b���]h^�

Òjisq|j��������Íév{qsjrzqrj�vz�ojivsnkjtq¹

Lj_gbjh\dZ >_fhgkljZpby

>h Ihke_ ��f_k ��]h^ >h Ihke_ ��f_k ��]h^

Fm`qbgu 7 22 13 14 0 0 0 0
25 10 17 24 69 56 14 36
50 36 49 23 5 0 0 5
16 38 34 24 4 24 0 0
33 25 24 25 35 8 0 0
10 7 23 26 7 0 9 37
13 33 27 24 51 53 8 26
22 20 21 11 25 0 0 15
4 0 12 0 59 45 11 16

17 16 20 10 40 2 33 16
@_gsbgu 0 6 22 26 15 28 26 15

0 16 12 15 0 0 0 0
0 8 0 0 6 0 23 0

15 14 22 8 0 0 0 0
27 18 24 37 25 28 0 16
0 0 0 0 36 22 14 48
4 27 21 3 19 22 29 2

26 9 9 12 0 0 5 14
0 0 14 1 0 0 0 0
0 0 12 0 0 0 0 0

LZdbf�h[jZahf��^ZggZy�ko_fZ�hl\_qZ_l�lj_onZdlhjghfm�ieZgm�k�h^gbf
\gmljb]jmiih\uf�nZdlhjhf� �\j_fy��b�^\mfy�f_`]jmiih\ufb�nZdlhjZfb
�f_lh^bdZ�h[mq_gby�b�ihe���<�jbk������\u[bjZ_f��©��\gmljb]jmiih\hcª�b
©��f_`]jmiih\hcª� ZgZeba�� mklZgZ\eb\Zy� \� wlhf� f_gx� q_luj_� ]jZ^Zpbb
i_j\h]h�nZdlhjZ�b�^\_�]jZ^Zpbb�\lhjh]h�nZdlhjZ

è�n�o�y�s���z�j�z���

=JMIIH<HC����−N:DLHJGUC�:G:EBA���NZce��DQRYDBE��VWG
Bklhqgbd��Kmf�d\Z^j��Kl�k\h[�Kj�d\Z^j
=jmiih\Zy�������(����������
NZdl��������������������������������
F_`nZdl�����������������������������
F_`nZdl�����������������������������
F_`nZd������������������������������
HklZl�����������(�������������������
NZdl��������������������������������
F_`nZdl�����������������������������
NZdl��������������������������������
HklZl�����������(�������������������
H[sZy�����������(����������
)�nZdlhj�� ��������AgZqbfhklv ��������kl_i�k\h[� ������
���=bihl_aZ�����G_l�\ebygby�nZdlhjZ�gZ�hldebd!
)�nZdlhj�� �������AgZqbfhklv ��������kl_i�k\h[� ���
���=bihl_aZ�����G_l�\ebygby�nZdlhjZ�gZ�hldebd!
)�nZdlhj�� �������AgZqbfhklv ���kl_i�k\h[� ���
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!
)�f_`nZlhj���� �������AgZqbfhklv ��������kl_i�k\h[� ������
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!
)�f_`nZlhj���� �������AgZqbfhklv ��������kl_i�k\h[� ������
���=bihl_aZ�����G_l�\ebygby�nZdlhjZ�gZ�hldebd!
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)�f_`nZlhj���� ��������AgZqbfhklv ��������kl_i�k\h[� ���
���=bihl_aZ�����G_l�\ebygby�nZdlhjZ�gZ�hldebd!
)�f_`nZlhj����� �������AgZqbfhklv ��������kl_i�k\h[� �����
���=bihl_aZ�����G_l�\ebygby�nZdlhjZ�gZ�hldebd!
��FZljbpZ�dh\ZjbZpbc
    335.7       206     74.55     131.6
      206       251     75.25       100
    74.55     75.25       146     64.17
    131.6       100     64.17     168.1

IhijZ\hqgu_�dhwnnbpb_glu��H ��������H� �

Æ���k�v�l����DZd�ihdZau\Zxl�ihemq_ggu_�j_amevlZlu��agZqbfuf�y\-
ey_lky�lhevdh�nZdlhj�iheZ� �mjh\_gv�agZqbfhklb�[ebahd�d�gmex���Z�lZd`_
\aZbfh^_ckl\b_�nZdlhjh\�\j_fy−f_lh^bdZ� �mjh\_gv� agZqbfhklb� ��������
Bamq_gb_� ]jZnbdZ�nZdlhjguo�wnn_dlh\� �jbk�� ������ihdZau\Z_l��qlh�`_g-
sbgu� ihevamxlky� ijhnbeZdlbq_kdbfb� ijb_fZfb� j_`_�� q_f� fm`qbgu�
h^gZdh� wlh� fh`_l� k\b^_l_evkl\h\Zlv� b� h� lhf�� qlh� i_j\u_� ijhklh� j_`_
dhglZdlbjmxl�k�ihl_gpbZevgh�aZ]jyag_gghc�kj_^hc��Wlhl�`_�]jZnbd�mlhq-
gy_l�l_g^_gpbx�h[gZjm`_ggh]h�f_`nZdlhjgh]h�\aZbfh^_ckl\by��h[_�lj_-
gbjm_fu_� ]jmiiu� mkbeb\Zxl� ijhnbeZdlbq_kdb_� ^_ckl\by� k� l_q_gb_f
\j_f_gb��lh]^Z�dZd�³e_dpbhggu_´�]jmiiu�g_�baf_gyxl�beb�^Z`_�kgb`Zxl
k\hc�i_j\hgZqZevguc�mjh\_gv��Ihkdhevdm�ihijZ\hqgu_�dhwnnbpb_glu�ε
b�εµ�\_ebdb�ih�k\hbf�agZq_gbyf��ih\lhjgZy�ijh\_jdZ�]bihl_a�kh�kdhjj_d-
lbjh\Zggufb�kl_i_gyfb�k\h[h^u�g_�ijh\h^blky�

>Zevg_crbc�ZgZeba�fh`_l�b^lb�ih�imlb�^_lZevgh]h�bkke_^h\Zgby�ijh-
kluo�wnn_dlh\�iml_f�k\_^_gby�lj_onZdlhjghc�ko_fu�d�jZaebqguf�dhf-
[bgZpbyf� ^\monZdlhjghc�� ihe� b� \j_fy� \� lj_gbjm_fuo� �³e_dpbhgguo´�
]jmiiZo�� ihe� b�f_lh^bdZ� ijb� jZaebqguo� \j_f_gguo� kj_aZo��f_lh^bdZ� b
\j_fy�^ey�dZ`^h]h�iheZ�b�l��i�

Z [
Jbk��������=jZnbd�nZdlhjguo�wnn_dlh\��ih�]hjbahglZevghc�hkb�²�mjh\gb�i_j\h]h

nZdlhjZ���^ey�lj_gbjh\Zgghc�]jmiiu��Z���^ey�e_dpbhgghc�]jmiiu��[);
��²�fm`qbgu����²�`_gsbgu
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Í�é�q�u�n�é����
d�j�l�j�·�j��JZkkfhljbf�lj_onZdlhjguc�wdki_jbf_gl��ko_fZ�k�^\mfy

\gmljb]jmiih\ufb�nZdlhjZfb��ih�\ujZ[hld_�m�djuk�mkeh\gh]h�j_ne_dkZ
gZ�[he_\hc�jZa^jZ`bl_ev��lZ[e���������nZce�$129$B%���]^_�kljhdb�hl\_-
qZxl�djukZf��Z�klhe[pu�²�ihke_^h\Zl_evguf�mjh\gyf�nZdlhjh\�\�ihke_-
^h\Zl_evghklb��nZaZ��pbde��]jmiiZ���GhjfZevgh�djuku�gZmq_gu�gZ`bfZlv
gZ�i_^Zevdb�\�k\h_f�\hev_j_�^ey�ihemq_gby�ibsb��q_f�hgb�b�aZgbfZxlky
agZqbl_evgmx�qZklv�\j_f_gb��>Ze__�h^ghc�]jmii_�ba���djuk� �:��\�nZa_� ,
i_jbh^bq_kdb�ih^Zxl� a\mdh\hc�kb]gZe� �ij_^mij_^bl_evguc�klbfme���ih-
ke_� q_]h� gZ� i_^Zevdb� ihklmiZ_l� keZ[hfhsguc� we_dljbq_kdbc� aZjy^� ^ey
[he_\h]h�\ha^_ckl\by��qlh�\e_q_l�kgb`_gby�Zdlb\ghklb�djuk�ih�gZ`Zlbx
gZ�i_^Zevdm�\�j_amevlZl_�gZmq_gby�

Òjisq|j��������Æ�éjivzrj�yxsvktvmv�én{snrxj�y�ré�x

tj�wénlywénlqzns�t�p�xzquys�ivsnkvmv�éjoléj qzns¹

P�b�d�e�u
   1   2    3    4

���NZaZ ���NZaZ ���NZaZ ���NZaZ
=jmiiZ I II I II I II I II

A 1 28 22 48 22 50 14 48
21 21 16 40 15 39 11 56
15 17 13 35 22 45 1 43
30 34 55 54 37 57 57 68
11 23 12 33 10 50 8 53
16 11 18 34 11 40 5 40
7 26 29 40 25 50 14 56
0 22 23 45 18 38 15 50

B 1 6 16 8 9 14 11 33
37 59 28 36 34 32 26 37
18 43 38 50 39 15 29 18
1 2 9 8 6 5 5 15

44 25 28 42 47 46 33 35
15 14 22 32 16 23 32 26
0 3 7 17 6 9 10 15

26 15 31 32 28 22 16 15
C 33 43 40 52 39 52 38 48

4 35 9 42 4 46 23 51
32 39 38 47 24 44 16 40
17 34 21 41 27 50 13 40
44 52 37 48 33 53 33 43
12 16 9 39 9 59 13 45
18 42 3 62 45 49 60 57
13 29 14 44 9 50 15 48

<�nZa_�,,�wlm�]jmiim�djuk�i_j_\h^yl�\�^jm]hc�\hev_j��baf_g_gb_�hdjm-
`Zxs_c� kj_^u��� ]^_� a\mdh\hc� kb]gZe� g_� ih^dj_iey_lky� ihke_^mxsbf
we_dljbq_kdbf�rhdhf��B�lZd�ijh\h^ylky�q_luj_�ihke_^h\Zl_evguo�pbdeZ
ba� wlbo� ^\mo�nZa��<� wlhc� ]jmii_� \� j_amevlZl_� \ujZ[hlZggh]h� mkeh\gh]h
j_ne_dkZ�qZklhlZ�gZ`Zlbc�gZ�i_^Zevdm�\�nZa_�,,�lZd`_�^he`gZ�[ulv�gb`_
ih� kjZ\g_gbx� k� hlkmlkl\b_f� a\mdh\h]h� klbfmeZ�� h^gZdh� hgZ�^he`gZ�ih-
\urZlvky�hl�pbdeZ�d�pbdem�\�k\yab�k�\ebygb_f�nZdlhjZ�³[_ahiZkghc�kj_-
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^u´�\�nZa_�,,��M�\lhjhc�]jmiiu�djuk��<��ZgZeh]bqguc�j_ne_dk�\ujZ[Zlu-
\Z_lky� \�nZa_� ,�g_�gZ� a\mdh\hc�� Z�gZ� k\_lh\hc� klbfme��ihwlhfm� \�gh\hf
\hev_j_�nZau� ,,�hgb�\�hl\_l�gZ� a\mdh\hc�klbfme�^he`gu�f_g__�j_Z]bjh-
\Zlv�gZ�a\md��hkh[_ggh�\�i_j\uo�^\mo�pbdeZo��Lj_lvy�]jmiiZ�djuk��K��hl-
ebqZeZkv�hl�i_j\hc�lhevdh�l_f��qlh�h[_�nZau�\uihegyebkv�\�lhf�`_�kZfhf
\hev_j_�� l�� _�� g_� ijbkmlkl\h\Ze�nZdlhj� ³[_ahiZkghc� kj_^u´��<� wdki_jb-
f_gl_�nbdkbjh\Zehkv�qbkeh�gZ`Zlbc�gZ�i_^Zevdb�ihke_�ih^Zqb�ij_^mij_-
^bl_evgh]h�klbfmeZ�

LZdbf�h[jZahf��^ZggZy�ko_fZ�hl\_qZ_l�lj_onZdlhjghfm�ieZgm�k�^\mfy
\gmljb]jmiih\ufb�nZdlhjZfb��nZaZ�b�pbde��b�h^gbf�f_`]jmiih\uf�nZd-
lhjhf��ljb�jZaebqgu_�mkeh\gh�j_ne_dlhjgu_�f_lh^bdb���<�f_gx�jbk�����
\u[bjZ_f�� ©��\gmljb]jmiih\hcª�b� ©��f_`]jmiih\hc�ZgZebaª��mklZgZ\eb-
\Zy�^\_�]jZ^Zpbb�i_j\h]h�nZdlhjZ�b�q_luj_�]jZ^Zpbb�\lhjh]h�nZdlhjZ�

è�n�o�y�s���z�j�z���

=JMIIH<HC����−N:DLHJGUC�:G:EBA���NZce��DQRYDBE��VWG
Bklhqgbd��Kmf�d\Z^j��Kl�k\h[�Kj�d\Z^j
=jmiih\Zy�������(����������
NZdl������������(�����������������(�
F_`nZdl�����������������������������
HklZl�������������������������������
F_`nZdl�����������������������������
F_`nZd������������������������������
HklZl��−3     3859       63    61.26
NZdl��������������������������������
F_`nZdl�����������������������������
HklZl�������������������������������
NZdl��������������������������������
HklZl�����������(�������������������
H[sZy�����������(����������

)�nZdlhj�� �������AgZqbfhklv ���kl_i�k\h[� ���
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!
)�nZdlhj�� �������AgZqbfhklv ���kl_i�k\h[� �����
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!
)�nZdlhj�� �������AgZqbfhklv ��������kl_i�k\h[� �����
���=bihl_aZ�����G_l�\ebygby�nZdlhjZ�gZ�hldebd!
)�f_`nZlhj���� �������AgZqbfhklv ��������kl_i�k\h[� �����
���=bihl_aZ�����G_l�\ebygby�nZdlhjZ�gZ�hldebd!
)�f_`nZlhj���� �������AgZqbfhklv ���kl_i�k\h[� �����
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!
)�f_`nZlhj���� �������AgZqbfhklv �������kl_i�k\h[� �����
���=bihl_aZ�����G_l�\ebygby�nZdlhjZ�gZ�hldebd!
)�f_`nZlhj����� �������AgZqbfhklv ��������kl_i�k\h[� �����
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!

Æ���k�v�l����DZd�ihdZau\Zxl�ihemq_ggu_�j_amevlZlu�� agZqbfufb
y\eyxlky�i_j\u_�^\Z�nZdlhjZ��bo�mjh\gb�agZqbfhklb�[ebadb�d�gmex���l��_�
bf__lky� kbevgh_� \ebygb_� dZd�nZau� �ih^dj_iey_fuc�b�g_ih^dj_iey_fuc
ij_^mij_^bl_evguc� klbfme��� lZd� b� pbdeZ� �l�� _�� \j_f_ggh]h� ^hh[mq_gby
lhfm��qlh�nZaZ�,,�[_ahiZkgZ���K�^jm]hc�klhjhgu��g_h`b^Zggh�hdZau\Z_lky
fZehagZqbfuf� lj_lbc�nZdlhj� ]jmiiu� �mjh\_gv� agZqbfhklb� �������\ur_
mjh\gy��������l��_��nZdlhj�^hihegbl_evghc�kf_gu�\g_rgbo�mkeh\bc�f_`^m
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nZaZfb� beb� kf_gu�fh^Zevghklb� ij_^mij_^bl_evgh]h� klbfmeZ��<f_kl_� k
l_f�hdZau\Zxlky�agZqbfufb�\k_�ljb�iZjguo�f_`nZdlhjguo�\aZbfh^_ckl-
\by� ��������� ��� �������� lZd� `_� dZd� b� lj_onZdlhjgh_� \aZbfh^_ckl\b_
(0.0053).

Djhf_�lh]h��jbkmghd�nZdlhjguo�wnn_dlh\� �jbk��������ihdZau\Z_l��qlh
i_j\Zy� ]jmiiZ� ^_fhgkljbjm_l� agZqbl_evgh� f_gvr__� h[mq_gb_
³[_ahiZkghfm�ij_^mij_`^Zxs_fm�klbfmem´�\�nZa_�,,��l��_��kf_gZ�\g_rgbo
mkeh\bc�hdZau\Z_l�^hihegbl_evgh_�ijhehg]bjmxs__�rhdh\h_�h`b^Zgb_�
Ihwlhfm��_keb�bkdexqblv�ba�ZgZebaZ�h^gm�ba�]jmii�<�beb�K��lh�b�wnn_dl
lj_lv_]h�nZdlhjZ� hdZ`_lky� agZqbfuf��:gZeh]bqguf� h[jZahf�� bkdexqZy
lm�beb�bgmx�nZam�beb�\u[bjZy�hl^_evgu_�pbdeu��l��_��k\h^y�lj_onZdlhj-
gmx�ko_fm�d�^\monZdlhjghc���fh`gh�bamqZlv�[he__�lhgdb_�\aZbfh^_ckl-
\by�f_`^m�bkke_^m_fufb�nZdlhjZfb�b�]jmiiZfb�

Í�é�q�u�n�é����
d�j�l�j�·�j��JZkkfhljbf�ko_fm�lj_onZdlhjgh�\gmljb]jmiih\h]h�wdk-

i_jbf_glZ��lZ[e���������nZce�$129$B%���]^_�kljhdb�hl\_qZxl�\h^bl_eyf�
Z�klhe[pu�²�ihke_^h\Zl_evguf�mjh\gyf�nZdlhjh\�\�ihke_^h\Zl_evghklb�
fh^_ev��\j_fy�kmlhd��^hjh]Z���bf_xlky�ljb�Z\lhfh[bey�jZaebqguo�fh^_-
e_c��^_r_\Zy��kj_^gyy��^hjh]Zy� �F��K��>���ljb�lbiZ�^hjh`gh]h�ihdjulby
�]jmglh\Zy��s_[_gdZ�b�rhkk_��b�^\Z�\j_f_gb�kmlhd��^_gv�b�ghqv���Ljb�\h-
^bl_ey�mijZ\eyxl�dZ`^uf�ba�lj_o�Z\lhfh[be_c�\h�\k_o�dhf[bgZpbyo�mk-
eh\bc�b�m�gbo�nbdkbjm_lky�qbkeh�hrb[hd�\h`^_gby�

Òjisq|j��������ïqxsv�v¡qivr�kv lntq¹�y�zén}�kvlqznsnp�k�ojkqxquvxzq�vz

uvlnsq�jkzvuviqs¹��kénuntq�xyzvr�q�lvév tvmv�wvré�zq¹

Ghqv >_gv

Z [ \ ]
Jbk��������=jZnbd�nZdlhjguo�wnn_dlh\�k�i_j\h]h�ih�q_l\_jluc�pbdeu��Z��[��\��] );
ih�]hjbahglZevghc�hkb�²�mjh\gb�i_j\h]h�nZdlhjZ��gZ�]jZnbdZo�ih�\_jlbdZeb

mdZaZgu�h[hagZq_gby�]jmii�:��<��K
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>hjh]Z� F K > F K >

=jmglh\Zy 10 8 6 5 4 3

9 8 5 4 3 3

8 7 4 4 1 2

S_[_gdZ 9 7 5 4 3 3

10 6 4 4 2 2

7 4 3 3 3 2

Rhkk_ 7 6 3 2 2 1

4 5 2 2 3 2

3 4 2 1 0 1

<�f_gx�jbk�� ����\u[bjZ_f�� ©��\gmljb]jmiih\hcª�ZgZeba��mklZgZ\eb\Zy�\
wlhf�f_gx�ljb�]jZ^Zpbb�i_j\h]h�nZdlhjZ�b�^\_�]jZ^Zpbb�\lhjh]h�nZdlhjZ�

è�n�o�y�s���z�j�z���

=JMIIH<HC��−N:DLHJGUC�:G:EBA���NZce��DQRYDBE��VWG
Bklhqgbd��Kmf�d\Z^j��Kl�k\h[�Kj�d\Z^j
=jmiih\Zy������������������
NZdl��������������������������������
HklZl�������������������������������
NZdl��������������������������������
HklZl�������������������������������
NZdl��������������������������������
HklZl�������������������������������
F_`nZdl�����������������������������
HklZl�������������������������������
F_`nZdl�����������������������������
HklZl�������������������������������
F_`nZdl�����������������������������
HklZl�������������������������������
F_`nZd������������������������������
HklZl�������������������������������
H[sZy����������������������

)�nZdlhj�� ������AgZqbfhklv ���kl_i�k\h[� ����
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!
)�nZdlhj�� �������AgZqbfhklv ��������kl_i�k\h[� ��
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!
)�nZdlhj�� ������AgZqbfhklv ��������kl_i�k\h[� ����
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!
)�f_`nZlhj���� �������AgZqbfhklv ��������kl_i�k\h[� ����
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!
)�f_`nZlhj���� �������AgZqbfhklv ��������kl_i�k\h[� ����
���=bihl_aZ�����G_l�\ebygby�nZdlhjZ�gZ�hldebd!
)�f_`nZlhj���� �������AgZqbfhklv ��������kl_i�k\h[� ����
���=bihl_aZ�����G_l�\ebygby�nZdlhjZ�gZ�hldebd!
)�f_`nZlhj����� �������AgZqbfhklv ��������kl_i�k\h[� ����
���=bihl_aZ�����G_l�\ebygby�nZdlhjZ�gZ�hldebd!

Æ� �� k� v� l� ��� DZd� ihdZau\Zxl� ihemq_ggu_� j_amevlZlu�� gZ� qbkeh
hrb[hd� \h`^_gby� hdZau\Zxl� \ebygb_� \k_� ljb�bkke_^m_fuo�nZdlhjZ� �bo
mjh\gb�agZqbfhklb�[ebadb�d�gmex���Z�lZd`_�gZ[ex^Z_lky�agZqbfh_�\aZb-
fh^_ckl\b_�nZdlhjh\�fh^_eb�Z\lhfh[bey�b�\j_f_gb�kmlhd� �mjh\_gv� agZ-
qbfhklb��������kms_kl\_ggh�gb`_�mjh\gy�������
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DZd�ihdZau\Z_l�]jZnbd�nZdlhjguo�wnn_dlh\��jbk���������qbkeh�hrb[hd
\h`^_gby�kms_kl\_ggh�iZ^Z_l�ijb�memqr_gbb�^hjh`gh]h�ihdjulby��ijb
i_j_oh^_�d�[he__�^hjh]hfm�Z\lhfh[bex�b�\�^g_\gh_�\j_fy�kmlhd�ih�kjZ\-
g_gbx�k�ghqguf�

����� Îtvmv{jrzvét�p
�������lqxwnéxqvtt�p�jtjsqo

Ëjotj·ntqn��<�wlhf�jZa^_e_�ij_^klZ\e_gZ�mgb\_jkZevgZy�ijhp_^mjZ
^bki_jkbhggh]h�ZgZebaZ��[ZabjmxsZyky�gZ�f_lh^_�fgh`_kl\_gghc�ebg_c-
ghc�j_]j_kkbb��LZdhc�ih^oh^�m^h[_g�^ey�ZgZebaZ�^Zgguo��hlg_k_gb_�dhlh-
juo� d� lhc� beb� bghc� fh^_eb� aZljm^gbl_evgh��Djhf_� lh]h�� hg� iha\hey_l
h[jZ[Zlu\Zlv�^Zggu_�b�fgh]hnZdlhjguo� �m!���wdki_jbf_glh\��Ijhp_^m-
jZ� g_� \u^_ey_l� wnn_dlh\� f_`nZdlhjgh]h� \aZbfh^_ckl\by�� H^gZdh� hgZ
iha\hey_l�\uy\eylv�nZdlhjgu_�wnn_dlu�^Z`_�\�lhf�kemqZ_��dh]^Z�ijhba-
\_^_gu�baf_j_gby�g_�ijb�\k_o�khq_lZgbyo�agZq_gbc�nZdlhjh\��l��_��\�kem-
qZ_�g_ihegh]h�nZdlhjgh]h�ieZgbjh\Zgby�

Z [
Jbk��������=jZnbd�nZdlhjguo�wnn_dlh\��ih�]hjbahglZevghc�hkb�²�mjh\gb�i_j\h]h

nZdlhjZ��^ey�ghqb�b�^ey�^gy��Z� [�����²����²�kj_^gb_����²�^hjh]b_
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^hf ^\monZdlhjgh]h
Êx}vlt�n�ljtt�n�ij_^klZ\eyxl�kh[hc�fZljbpm�jZaf_jhf��m+1)n, n

²�qbkeh�baf_j_gbc��\�dhlhjhc�\�dZq_kl\_�i_j\uo�m�i_j_f_gguo� kh^_j-
`Zlky�agZq_gby�]jZ^Zpbc�m�nZdlhjh\��Z�m��±y�i_j_f_ggZy�kh^_j`bl�agZ-
q_gby� hldebdZ��baf_j_ggh]h�ijb� mdZaZgguo� ]jZ^Zpbyo�nZdlhjZ��DZ`^uc
nZdlhj�^he`_g�bf_lv�g_�f_g__�^\mo�]jZ^Zpbc��agZq_gby�dhlhjuo�gmf_jm-
xlky�p_eufb�qbkeZfb��gZqbgZy� k� ���>ey� dZ`^h]h�nZdlhjZ�^he`gu�[ulv
ijhba\_^_gu�baf_j_gby�ih�djZcg_c�f_j_�ijb�^\mo�_]h�mjh\gyo��ijb�wlhf
^himkdZxlky�ih\lhjgu_�baf_j_gby�ijb�dZ`^hf�khq_lZgbb�agZq_gbc�nZd-
lhjh\��H[s__�qbkeh�baf_j_gbc�^he`gh�[ulv�[hevr_�qbkeZ�nZdlhjh\�

ènoys�zjz���GZ�wdjZg�\u^Z_lky�klZg^ZjlgZy�lZ[ebpZ�^bki_jkbhggh-
]h�ZgZebaZ�b�j_amevlZlu�ijh\_jdb�dZ`^hc�]bihl_au��kf��\�jZa^������������

Í�é�q�u�n�é
d�j�l�j�·�j��Bkke_^h\Zehkv�\ebygb_�lj_o�Z]jhl_ogbq_kdbo�l_ogheh-

]bc�\ujZsb\Zgby�dZjlhn_ey�b�^\mo�f_lh^h\�ij_^ihk_\ghc�h[jZ[hldb�k_-
fyg�gZ�mjh`Zcghklv��>ey�dZ`^h]h�khq_lZgby�agZq_gbc�wlbo�^\mo�nZdlhjh\
[ueh�\u^_e_gh�jZagh_�qbkeh�mqZkldh\��Ihemq_ggu_�^Zggu_�h[�mjh`Zcgh-
klb�dZjlhn_ey�ij_^klZ\e_gu�\�lZ[e��������
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Òjisq|j��������Ïév jptvxz��rjézv{ns¹�>|�mj@�k�ojkqxquvxzq�vz�wénlwvxnk�

tvp�viéjivzrq�q�jmévzn}tq·nxrq}�unzvlvk�k�éj�qkjtq¹

NZdlhj�)1 −�Z]jhl_ogbq_kdbc�f_lh^
NZdlhj�)2

−�ij_^ihk_\gZy
h[jZ[hldZ

1 2 3

      1
17.5

16
13.2 12.8

10.4
9.9

      2
10.1
8.6

11.3

5.4
3.7

10.3

LZdh]h�lbiZ�^Zggu_�\�we_d-
ljhgghc� lZ[ebp_� ^ey� ZgZebaZ
ij_^klZ\eyxlky� \� \b^_� fZljb-
pu�� kh^_j`Zs_c� ljb� i_j_f_g-
gu_��agZq_gby�i_j\h]h�b�\lhjh-
]h� nZdlhjh\� b� agZq_gb_� baf_-
j_ggh]h�hldebdZ��nZce�0$9��

F1      F 2         Y
1        1       17.5
1        1       16.2
2        1       13.2
3        1       12.8
3        1       10.4
3        1        9.9
1        2       10.1
1        2        8.6
1        2       11.3
2        2        5.4
2        2        3.7
3        2       10.3

è�n�o�y�s���z�j�z���

FGH=HN:DLHJGUC�>BKI?JKBHGGUC�:G:EBA���NZce��PDY�VWG

Bklhqgbd�Kmf�d\Z^j�Kl�k\h[�Kj�d\Z^j�KbeZ�\ebygby
NZdlhj����������������������������������������
)�nZdlhj��� �������AgZqbfhklv ��������kl_i�k\h[� ����
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!
NZdlhj���������������������������������������
)�nZdlhj��� �������AgZqbfhklv ���kl_i�k\h[� ��
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!
��HklZl�����������������������������������

Æ���k�v�l����J_amevlZlu�ZgZebaZ�ihdZau\Zxl�agZqbfh_�\ebygb_�gZ
mjh`Zcghklv� dZd�ij_^ihk_\ghc�h[jZ[hldb� k_fyg�� lZd�b� Z]jhl_ogbq_kdhc
l_ogheh]bb�

d�j�l�j�·�j�����Wlb�`_�^Zggu_�ij_^klZ\ey_lky�\hafh`guf�h[jZ[h-
lZlv� f_lh^hf� ^\monZdlhjgh]h� ZgZebaZ� k� ih\lhjgufb� baf_j_gbyfb� �kf�
jZa^�� �����\�khhl\_lkl\bb�k�lj_[h\Zgbyfb�f_lh^Z�^Zggu_�ij_^klZ\e_gu�\
nZce_�0$9���b�kjZ\gblv�j_amevlZlu�

è�n�o�y�s���z�j�z���

��N:DLHJGUC�>BKI?JKBHGGUC�:G:EBA���NZce��PDY��VWG
����������NZdlhjguc�ieZg��ih\lhjy_fuc��k�nbdkbjh\Zggufb�wnn_dlZfb

Bklhqgbd�Kmf�d\Z^j�Kl�k\h[�Kj�d\Z^j����)��AgZqbfhklv�KbeZ�\ebygby
��NZdl������������������������������������������������������
��NZdl������������������������������������������(�����������
��F_`nZd����������������������������������������������������
��HklZl��������������������������
��H[sZy��������������������������
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)�nZdlhj�� ������AgZqbfhklv ��������kl_i�k\h[� ����
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!
)�nZdlhj�� ������AgZqbfhklv ����(����kl_i�k\h[� ��
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!
)�f_`nZdl� ���AgZqbfhklv ��������kl_i�k\h[� ����
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!

Æ���k�v�l����Ijb�kjZ\g_gbb�wlbo�j_amevlZlh\�k�ij_^u^msbfb�fh`gh
aZf_lblv�g_dhlhju_�jZkoh`^_gby�\�kmffZo�d\Z^jZlh\�b�kl_i_gyo�k\h[h^u�
ihkdhevdm�fgh]hnZdlhjguc�f_lh^� g_� mqblu\Z_l�f_`nZdlhjguo� \aZbfh-
^_ckl\bc�� L_f� g_� f_g__� j_amevlbjmxsb_� agZqbfhklb� gme_\uo� ]bihl_a
gZoh^ylky�\�hq_gv�ohjhr_f�kh]eZkbb�

����� Çvkjéqj|qvtt�p�jtjsqo
Ëjotj·ntqn� Hkgh\ghc� aZ^Zq_c� dh\ZjbZpbhggh]h� ZgZebaZ� �lZd� `_

dZd�b� h[uqgh]h� h^ghnZdlhjgh]h� ^bki_jkbhggh]h� ZgZebaZ�� y\ey_lky�ijh-
\_jdZ�\ebygby�dZq_kl\_ggh]h�beb�dhebq_kl\_ggh]h�nZdlhjZ�gZ�hldebd��kf�
jZa^��������H^gZdh�a^_kv�ijb�dZ`^hf�baf_j_gbb�\f_kl_�k�agZq_gb_f�hldeb-
dZ�j_]bkljbjmxlky�agZq_gby�h^ghc�beb�g_kdhevdbo�khimlkl\mxsbo�i_j_-
f_gguo� �dhebq_kl\_gguo� kh±nZdlhjh\��� dhlhju_� lZd`_�fh]ml� hdZau\Zlv
\ebygb_�gZ�hldebd��gh� wlh�\ebygb_�`_eZl_evgh�bkdexqblv�ijb�ijh\_jd_
hkgh\gh]h� nZdlhjgh]h� wnn_dlZ�� l�� _�� lj_[m_lky� jZnbgbjh\Zlv� hkgh\ghc
wnn_dl�hl�\ebygby�khimlkl\mxsbo�i_j_f_gguo�

Êx}vlt�n�ljtt�n�ij_^klZ\eyxl� kh[hc�fZljbpm�ba�m�i_j_f_gguo
ih�n�baf_j_gbc��i_j\u_�m±��i_j_f_gguo�y\eyxlky�khimlkl\mxsbfb�i_-
j_f_ggufb��m–�±y�i_j_f_ggZy�y\ey_lky�hldebdhf�\�kfuke_�^bki_jkbhg-
gh]h� ZgZebaZ�� DZ`^h_� agZq_gb_� m±c� i_j_f_gghc� ij_^klZ\ey_l� ghf_j
mjh\gy�nZdlhjZ��p_eh_�qbkeh���ijb�dhlhjhf�[ueh�ijhba\_^_gh�^Zggh_�ba-
f_j_gb_��FZljbpZ�^he`gZ�[ulv�mihjy^hq_gZ�ih�\hajZklZgbx�agZq_gbc�m–
c� i_j_f_gghc��Qlh[u� ijb\_klb�fZljbpm� d� mihjy^hq_gghfm� \b^m�fh`gh
\hkihevah\Zlvky�ij_h[jZah\Zgb_f�khjlbjh\db��kf��jZa^�������

ènoys�zjz��� KgZqZeZ� ijhba\h^blky� ijh\_jdZ� ]bihl_a� h� jZ\_gkl\_
kj_^gbo�agZq_gbc�khimlkl\mxsbo�i_j_f_gguo�b�hldebdZ� �]hfh]_gghklv�
^ey�]jmii��khhl\_lkl\mxsbo�jZaebqguf�mjh\gyf�nZdlhjZ��Gme_\Zy�]bih-
l_aZ�]hfh]_gghklb�khimlkl\mxsbo�i_j_f_gguo�]h\hjbl�h�k[ZeZgkbjh\Zg-
ghklb� ijh\_^_ggh]h� wdki_jbf_glZ�� dh]^Z� bo� agZq_gby� ^ey� jZaebqguo
]jmii� ijbf_jgh� h^bgZdh\h� jZkij_^_e_gu�� Ijbgylb_� gme_\hc� ]bihl_au
]hfh]_gghklb� i_j_f_gghc� hldebdZ� fh`_l� [ulv� ke_^kl\b_f� hlkmlkl\by
nZdlhjgh]h�wnn_dlZ�

>Ze__�ijhba\h^blky�fgh`_kl\_gguc�ebg_cguc�j_]j_kkbhgguc�ZgZeba
i_j\uo�m±��i_j_f_gguo�\�khhl\_lkl\bb�k�hibkZgb_f�jZa^������

<� aZ\_jr_gb_� ijhp_^mju� ijhba\h^blky� h^ghnZdlhjguc� ^bki_jkbhg-
guc�ZgZeba�m±hc�i_j_f_gghc��agZq_gby�dhlhjhc�kdhjj_dlbjh\Zgu�\uqb-
lZgb_f�\uqbke_gguo�j_]j_kkbhgguo�agZq_gbc��\u^ZqZ�j_amevlZlh\�ZgZeh-
]bqgZ�jZa^�������
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Í�é�q�u�n�é
d�j�l�j�·�j��<�wdki_jbf_gl_�bamqZehkv�\ebygb_�lj_gbjh\db�gZ�kih-

kh[ghklv�q_eh\_dZ�[ebadh�ih^hclb�d�mkljZrZxs_fm�h[t_dlm��`b\hc�af__��
ij_`^_� q_f� hg� ihqm\kl\m_l� ^bkdhfnhjl� beb� [_kihdhckl\h�� GZ[jZeb� �
]jmiiu�ih����^h[jh\hevp_\��\k_]h����bkiulm_fuo���k�dhlhjufb�ijh\_eb�b
jZaebqgu_�ih�bkihevam_fhfm�fZg_d_gm�af_b�ij_^\Zjbl_evgu_�lj_gbjh\db�
Wlb�q_luj_�]jmiiu�khhl\_lkl\h\Zeb�q_luj_f�mjh\gyf�nZdlhjZ�lj_gbjh\-
db�)��\ebygb_�dhlhjh]h�ke_^h\Zeh�\uykgblv�\�j_amevlZl_�ZgZebaZ�

>Ze__�ijh\_eb�j_Zevgu_�bkiulZgby��nbdkbjmy�fbgbfZevgh_�jZkklhy-
gb_� ijb[eb`_gby� d�`b\hc� af__� �i_j_f_ggZy�Y���H^gZdh� wlh� jZkklhygb_
fh`_l�aZ\bk_lv�hl�fgh`_kl\Z�^jm]bo�khimlkl\mxsbo�nZdlhjh\��kf_ehklv�
\hajZkl��hkljhlZ� aj_gby�b�ij����ihwlhfm�ijb�g_m^Zqghf�jZa[b_gbb�bkiu-
lm_fuo�gZ�]jmiiu�klZlbklbq_kdbc�j_amevlZl�fh`_l�[ulv�kbevgh�bkdZ`_g�
<�^Zgghf�kemqZ_�j_rbeb�mqblu\Zlv�h^bg�khimlkl\mxsbc�nZdlhj�²�ijb-
jh^gmx�kf_ehklv��hp_gb\Z_fmx�ZgZeh]bqghc�ijh[hc�^h�gZqZeZ�lj_gbjh\-
db��i_j_f_ggZy�O���>Zggu_�bkke_^h\Zgby�ij_^klZ\e_gu�\�lZ[e���������Z�^ey
ZgZebaZ� wlb� ^Zggu_�ij_^klZ\e_gu� �nZce� &29�� agZq_gbyfb� lj_o�iZjguo
i_j_f_gguo��X�²�\k_� agZq_gby�^h� lj_gbjh\db��Y�²�\k_� agZq_gby�ihke_
lj_gbjh\db��F ²�khhl\_lkl\mxsb_�agZq_gby�nZdlhjZ�

Òjisq|j��������èjxxzv¹tqn�wéqisq ntq¹�r� qkvp�ounn��k�lípuj}�

)�lbi�fZg_d_gZ 1 2 3 4 1 2 3 4

Bkiulm_fu_ ;�^h�lj_gbjh\db <�ihke_�lj_gbjh\db
1
2
3
4
5
6
7
8
9

10

25
13
10
25
10
17
9

18
27
17

17
9

19
25
6

23
7
5

30
19

32
30
12
30
10
8
5

11
5

25

10
29
7

17
8

30
5

29
5

13

25
25
12
30
37
25
31
26
28
29

11
9

16
17
1

12
4
3

26
20

24
18
2

24
2
0
0
1
1

10

8
17
8

12
7

26
8

29
29
9
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è�n�o�y�s���z�j�z���

DH<:JB:PBHGGUC�:G:EBA���NZce��FRY�VWG

=hfh]_gghklv�O���) ���������AgZqbfhklv ��������kl_i�k\h[� �����
���=bihl_aZ�����G_l�\ebygby�nZdlhjZ�gZ�hldebd!
=hfh]_gghklv�O���) ������AgZqbfhklv ��������kl_i�k\h[� �����
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!

��Dhwnn���������D�����������D�
AgZq_gb_�������(±�����������
Kl�hrb[����������������������
�AgZqbf���������������������

Bklhqgbd��Kmf�d\Z^j��Kl_i�k\�Kj_^g�d\Z^j�
J_]j_kk������������������������������
HklZlhqg������������������������������
�����<ky�����������������

Fgh`_kl\�5�����5A����5A�ijb\��Kl�hrb[�����)���AgZqbf
    0.7056   0.4979   0.4847   5.895   37.68      0
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!

Bklhqgbd���Kmf�d\Z^j��Kl�k\h[��Kj�d\Z^j��KbeZ�\ebygby
��NZdl��������������������������������������������
��HklZl�������������������������������
��H[sZy�������������������������������
)�nZdlhj�� �������AgZqbfhklv ���kl_i�k\h[� �����
���=bihl_aZ�����?klv�\ebygb_�nZdlhjZ�gZ�hldebd!

Æ���k�v�l����Ij_^\Zjbl_evgu_�j_amevlZlu�ihdZau\Zxl��qlh�agZq_gby
khimlkl\mxs_c� i_j_f_gghc� ^hklZlhqgh� h^ghjh^gh� jZkij_^_e_gu� ih
mjh\gyf�nZdlhjZ��Z� agZq_gby�i_j_f_gghc±hldebdZ�kms_kl\_ggh�jZaebqZ-
xlky�\�wlbo�`_�]jmiiZo��J_]j_kkbhggZy�fh^_ev�lZd`_�^hklZlhqgh�ohjhrh
\hkijhba\h^bl� aZ\bkbfhklv� hldebdZ� hl� khimlkl\mxs_c� i_j_f_gghc�� AZ-
dexqbl_evguc� ^bki_jkbhgguc� ZgZeba� iha\hey_l� hldehgblv� ]bihl_am� h[
hlkmlkl\bb� \ebygby� nZdlhjZ� gZ� mjh\g_� agZqbfhklb�� [ebadhf� d� gmex�� b
ijbgylv�]bihl_am�h�ijbkmlkl\bb�nZdlhjZ�lj_gbjh\db�



sjkj���

¬Ë¬ÉÊd��ÆècÎcËËÔ®��è�bÌÆ
©<ke_^�aZ�^h`^_f�ihr_e�kg_]�

Z�aZ�gbf�²�^\Z�^mjZdZª

>J�R_deb��H[f_g�jZamfh\]

Æénunttvp�é¹l�²�wlh�kh\hdmighklv�ihke_^h\Zl_evguo�baf_j_gbc
g_dhlhjhc�i_j_f_gghc� �ijhp_kkZ���ijhba\_^_gguo�q_j_a�h^bgZdh\u_�bg�
l_j\Zeu�agZq_gbc�g_dhlhjh]h�iZjZf_ljZ��qZs_�\k_]h�²�\j_f_gb�beb�ijh�
kljZgkl\_gghc�dhhj^bgZlu��
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����� ¬tjsqo�q�wévmtvoqévkjtqn
�������zéntlj

Ëjotj·ntqn��:gZeba�lj_g^Z�ij_^gZagZq_g�^ey�bkke_^h\Zgby�aZdhgZ
baf_g_gby�beb�^j_cnZ�ehdZevgh]h� kj_^g_]h� agZq_gby�\j_f_ggh]h�jy^Z� k
ihkljh_gb_f� fZl_fZlbq_kdhc� fh^_eb� lj_g^Z� b� k� ijh]ghabjh\Zgb_f� gZ
wlhc�hkgh\_�[m^ms_]h�ih\_^_gby�\j_f_ggh]h�jy^Z��:gZeba�lj_g^Z�ijhba�
\h^blky�f_lh^Zfb�ijhklhc�beb�h[s_c�j_]j_kkbb��kf��jZa^���������������Ijb
bo�bkiheg_gbb�g_h[oh^bfh�\u[jZlv�ba�we_dljhgghc�lZ[ebpu�h^gm�i_j_-
f_ggmx��ij_^klZ\eyxsmx� ZgZebabjm_fuc� \j_f_gghc� jy^� beb� ^\_� i_j_-
f_ggu_��\lhjZy�ba�dhlhjuo�ij_^klZ\ey_l�agZq_gby�\j_f_ggh]h�iZjZf_ljZ�

ènoys�zjz�� Ijb�ZgZebaZ�lj_g^Z�fh`gh�ihemqblv�ke_^mxsb_�j_amev�
lZlu�
• hijh[h\Zlv�g_kdhevdh�fZl_fZlbq_kdbo�fh^_e_c�lj_g^Z�b�\u[jZlv�lm�

dhlhjZy�k�[hevr_c�lhqghklvx�hibku\Z_l�^bgZfbdm�baf_g_gby�\j_f_g�
gh]h�jy^Z�

• ihkljhblv�ijh]gha�[m^ms_]h�ih\_^_gby�\j_f_ggh]h�jy^Z�gZ�hkgh\Zgbb
\u[jZgghc�fh^_eb�lj_g^Z�k������−α���guf�^h\_jbl_evguf�bgl_j\Z�
ehf�

• m^Zeblv�lj_g^�ba�\j_f_ggh]h�jy^Z�k�p_evx�h[_ki_q_gby�_]h�klZpbhgZ�
jghklb��g_h[oh^bfhc�^ey�dhjj_eypbhggh]h�b�ki_dljZevgh]h�ZgZebaZ
�^ey�wlh]h�ihke_�jZkq_lZ�j_]j_kkbhgghc�fh^_eb�ke_^m_l�\uihegblv
ZgZeba�hklZldh\�b�khojZgblv�hklZldb�\�fZljbp_�^Zgguo��
Ijbf_j� ijh]ghabjh\Zgby� lj_g^Z� ^ey� \j_f_ggh]h� jy^Z� baf_g_gby

kj_^g_klZlbklbq_kdhc�mjh`Zcghklb�a_jgh\uo�ijb\_^_g�jZa^�������
Nmjv_�fh^_eb��jZa^�������iha\heyxl�mqblu\Zlv�lj_g^�ijb�ijh]ghabjh-

\Zgbb�\j_f_ggh]h�jy^Z�

����� Çvééns¹|qvtt�p�jtjsqo
Ëjotj·ntqn� Dhjj_eypbhgguc� ZgZeba� y\ey_lky� kj_^kl\hf� \uy\e_�

gby�^hfbgbjmxsbo�dhjj_eypbc�b�bo�eZ]h\��aZ^_j`_d��b�i_jbh^bqghkl_c�\
h^ghf� ijhp_kk_�X (Z\lhdhjj_eypby�� beb�f_`^m� ^\mfy� ijhp_kkZfb�X, Y
(djhkkdhjj_eypby���<ukhdb_�dhjj_eypbb�fh]ml�kem`blv�bg^bdZlhjhf�ijb�
qbggh±ke_^kl\_gguo�k\ya_c�beb�\aZbfh^_ckl\bc�\gmljb�h^gh]h�ijhp_kkZ
beb�f_`^m�^\mfy�ijhp_kkZfb��Z�\_ebqbgZ�eZ]Z�mdZau\Z_l�\j_f_ggmx� aZ�
^_j`dm�\�i_j_^Zq_�\aZbfh^_ckl\by�
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;
bnpxzkq¹� q� énoys�zjz��� Ihke_� aZimkdZ� ijhp_^mju� ke_^m_l� \u-

[jZlv��[eZgd�jbk�������kf��lZd`_�ihykg_gby�d�jbk�������h^gm�beb�^\_�i_j_-
f_ggu_�^ey�Z\lhdhjj_eypbhggh]h�beb�djhkkdhjj_eypbhggh]h�ZgZebaZ�

<�wlhf�`_�[eZgd_�g_h[oh^bfh�aZ^Zlv�agZq_gby�ke_^mxsbo�lj_o�iZjZ-
f_ljh\�
• jZaf_jghklv�\j_f_ggh]h�rZ]Z�ZgZebabjm_fh]h�jy^Z�^ey�ijb\yadb�j_-

amevlZlh\�d�j_Zevghc�\j_f_gghc�rdZe_�
• ^ebgZ�m�k^\b]Z_fh]h�njZ]f_glZ�i_j\h]h�jy^Z��\ujZ`_ggZy�\�qbke_

\dexqZ_fuo�\�g_]h�baf_j_gbc��_keb�m�����beb�m >n��lh�ijbgbfZ_lky�m
=n����]^_�n�²�^ebgZ�jy^Z��
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• k^\b]�wlh]h�njZ]f_glZ�i0��l��_��_]h�iheh`_gb_�hlghkbl_evgh�gZqZeZ�jy-
^Z�

• ijbagZd�\uqbke_gby�ghfbgZevghc�dhjj_eypbb cxy
N jZ[hlZ_l�\�j_`bf_

bgl_j\Zevghc�dhjj_eypbb�
?keb� i0 �� b� m ��� lh� \uqbkey_lky

deZkkbq_kdZy� dhjj_eypbhggZy� nmgdpby
cxy�� \� ijhlb\ghf� kemqZ_� \uqbkey_lky
bgl_j\ZevgZy� beb� ghfbgZevgZy� dhjj_-
eypbhggZy�nmgdpby�

?keb�^ey�ZgZebaZ�\u[jZgZ�h^gZ�i_j_�
f_ggZy��lh�\uqbkeyxlky�agZq_gby�Z\lh�
dhjj_eypbhgghc� nmgdpbb�� dhlhjZy� ih-
a\hey_l� hij_^_eblv�� \� dZdhc� kl_i_gb
^bgZfbdZ� baf_g_gby� aZ^Zggh]h� njZ]-
f_glZ� \hkijhba\h^blky� \� k^\bgmluo� \h
\j_f_gb�_]h�`_�hlj_adZo��?keb�\u[jZgu
^\_�i_j_f_ggu_��lh�\uqbkeyxlky�agZq_�
gby� djhkkdhjj_eypbhgghc� nmgdpbb�� dh-
lhjZy� iha\hey_l� hij_^_eblv�� \� dZdhc
kl_i_gb�^bgZfbdZ�baf_g_gby� aZ^Zggh]h
njZ]f_glZ�i_j\h]h�jy^Z�\hkijhba\h^bl-
ky� \� k^\bgmluo� \h� \j_f_gb�njZ]f_glZo
\lhjh]h� jy^Z�� ?keb� \j_f_ggu_� jy^u

bf_xl� jZagmx� ^ebgm�� lh� \u^Z_lky� ij_^mij_^bl_evgZy� ^bZ]ghklbdZ� b� \
dZq_kl\_�n�ijbgbfZ_lky�^ebgZ�[he__�dhjhldh]h�jy^Z�

<u^ZqZ� j_amevlZlh\� \dexqZ_l� lZd`_� djblbq_kdh_� agZq_gb_� ^ey�gme_�
\hc� ]bihl_au� ©f_gvrb_� agZq_gby� dhjj_eypbc� g_� hlebqgu� hl� gmeyª� gZ
mjh\g_� agZqbfhklb� α� ZgZeh]bqgh� dhwnnbpb_glm� dhjj_eypbb� IbjkhgZ
�jZa^�������

<�aZ\_jr_gb_�ijhp_^mju�\u^Z_lky�]jZnbd�Z\lh±�beb�djhkkdhjj_eypb�
hgghc�nmgdpbb�

Ihemq_ggu_� j_amevlZlu�fh`gh� i_j_g_klb� k� ]jZnbdZ� \� we_dljhg-
gmx�lZ[ebpm�^ey�ihke_^mxs_]h�ZgZebaZ�b�bkihevah\Zgby�gZ`Zlb-
_f�bgkljmf_glZevghc�dghidb�©Khoj=jZn».

Ìméjtq·ntqn��JZaf_j�\j_f_ggh]h�jy^Z�^he`_g�[ulv�g_�f_gvr_���b
g_�[hevr_�l��]^_�l  ������������������������ijb�h[t_f_�fZljbpu�^Zgguo�\
�������������������b�����qbk_e�

Í�é�q�u�n�é��
d�j�l�j�·�j��G_dZy�dhff_jq_kdZy�nbjfZ�m^_eyeZ�\Z`gh_�\gbfZgb_

jZ[hl_�gZ�jugd_�nvxq_jkguo�dhgljZdlh\��Ihwlhfm�^ey�\ujZ[hldb�h[hk-

Jbk�������WdjZgguc�[eZgd�\u[hjZ
i_j_f_gguo�b�mklZgh\db�iZjZf_l-
jh\�dhjj_eypbhggh]h�ZgZebaZ
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gh\Zgghc�kljZl_]bb�`_eZl_evgh�ihgbfZgb_�^bgZfbdb�nvxq_jkgh]h�dmjkZ
b�_]h�g_khfg_gghc�k\yab�k�l_dmsbf�dmjkhf�^heeZjZ�

>ey� wlh]h� bkihevamxlky� �lZ[e�� ������� j_amevlZlu� ^heeZjh\uo� lhj]h\� gZ
FF<;�\�i_jbh^�k���������ih�����������i_j_f_ggZy�GRO�ba�nZceZ�63(&��b�j_-
amevlZlu�nvxq_jkguo�^heeZjh\uo�lhj]h\�k�ihklZ\dhc�����������lhj]b�ijhba-
\h^ylky�dZ`^uc�^_gv��bkdexqZy�km[[hlm�b�\hkdj_k_gv_��i_j_f_ggZy�IXW��

Òjisq|j��������ènoys�zjz��lvssjévk�}�q�{�í·néxt�}�zvémvk�tj�ÎÎÆÈ

k�wnéqvl�x���������wv���������

^heeZj 2643, 2668, 2808, 2833, 3081, 3926, 2994, 2988, 2996, 2996

nvxq_jk 3104, 3228, 3386, 3524, 3684, 3524, 3524, 3585, 3582, 3590

^heeZj 3005, 3015, 3030, 3036, 3046, 3055, 3075, 3085, 3093, 3099

nvxq_jk 3626, 3550, 3485, 3484, 3487, 3476, 3478, 3485, 3482, 3458

^heeZj 3102, 3102, 3102, 3118, 3131, 3143, 3157, 3175, 3187, 3198

nvxq_jk 3368, 3303, 3281, 3315, 3358, 3403, 3379, 3379, 3370, 3370

^heeZj 3201, 3228, 3232, 3234, 3249, 3275, 3275, 3292, 3306, 3338

nvxq_jk 3380, 3376, 3377, 3355, 3350, 3362, 3355, 3350, 3359, 3380

^heeZj 3368, 3383

nvxq_jk 3380, 3380

Æqoyjs�t�p� jtjsqo�� <� dmjk_� ^heeZjZ� �jbk�� ����� \u^_ey_lky� ibd
agZf_gblh]h� ©q_jgh]h� \lhjgbdZª� ����������� b� ebg_cgZy� l_g^_gpby� k� g_-
[hevrbfb� dhe_[Zgbyfb�� hljZ`ZxsZy� f_lh^bdm� ©pbjdmey� b� ebg_cdbª�
jZkijhkljZg_ggmx� lh]^Z� \� \ukrbo�ieZgbjmxsbo� hj]ZgZo��<h�nvxq_jk-
ghf�dmjk_�bf__lky�\iheg_�ihgylgZy�l_g^_gpby�ijb[eb`_gby�d�j_Zevghfm
dmjkm� �ijb�ijb[eb`_gbb�^gy�ihklZ\db�����������k�g_j_]meyjgufb�b�^hk-
lZlhqgh� \ukhdhZfieblm^gufb� dhe_[Zgbyfb�� Bgl_j_kgh�� qlh� dmjk� nvx-
q_jkguo� dhgljZdlh\� jhk� ijb� gZqZevghf� ih\ur_gbb� dmjkZ� ^heeZjZ�� gh
aZf_lgh�g_�hlj_Z]bjh\Ze�kh[kl\_ggh�gZ�q_jguc�\lhjgbd��L_f�kZfuf��m`_

Jbk�������Dhlbjh\dZ�^heeZjZ�gZ�FF<;��dj_klu��b�nvxq_jkguo�ihklZ\hd��d\Z^jZ-
lu��k������ih������������]�
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ijhklh_�bamq_gb_�]jZnbdh\�\j_f_gguo�jy^h\�^Z_l�gZf�^hklZlhqgh�fgh]h
ij_^\Zjbl_evghc�bgnhjfZpbb�

Ívxzjtvkrj� ojlj·q��Hq_\b^gh�� qlh� mihfygmlu_� ijhp_kku� jZa\b-
\Zxlky� \� g_dhlhjhc� bgnhjfZpbhgghc� kj_^_�� h[eZ^Zxs_c� kh[kl\_gghc
bg_jpbhgghklvx�b�mijm]hklvx��qlh�hij_^_e_gh�kms_kl\mxsbfb�hj]Zgb-
aZpbhgghc� b� bgnjZkljmdlmjhc�� f_glZebl_lhf� mqZklgbdh\� b� aZbgl_j_kh-
\Zgguo�ebp�b�dmq_c�^jm]bo�nZdlhjh\��g_�ih^^Zxsboky�g_ihkj_^kl\_ggh-
fm�mq_lm��Wlb�^bgZfbq_kdb_�k\hckl\Z�gZeZ]Zxl�hij_^_e_ggu_�h]jZgbq_-
gby�gZ�i_j_^Zqm�\aZbfh^_ckl\by�hl�h^gh]h�ijhp_kkZ�d�^jm]hfm��gZ�i_jbh-
^bqghklv�dhe_[Zgbc�b�djmlbagm�njhglh\�jhklZ�b�kiZ^Z�

Æjéqjtz�� jtjsqoj��Ijyfh_� ijh]ghabjh\Zgb_� dmjkZ� ^heeZjZ�fZeh
qlh� fh`_l� ^Zlv�� k\_jo� fh^_ebjh\Zgby� h[s_c� \hajZklZxs_c� l_g^_gpbb�
Ij_^kdZaZgb_� j_adbo� baf_g_gbc� lbiZ� q_jgh]h� \lhjgbdZ� �kf�� jZa^�� �����
\hafh`gh�lhevdh�\�g_ihkj_^kl\_gghc�[ebahklb�hl�lZdh]h�jh^Z�kh[ulbc�b
ijb�gZebqbb�kbevgh�jZa\blhc�bglmbpbb�

?keb�`_�ihijh[h\Zlv�ijh]ghabjh\Zlv�nvxq_jkgu_�dhlbjh\db��lh�^Z`_
ijbf_g_gb_� lZdbo� bahsj_gguo� f_lh^h\� dZd� fh^_eb� ;hdkZ±>`_gdbgkZ�
\iehlv�^h���±]h�Z\lhj_]j_kkbhggh]h�ihjy^dZ��^Z_l�gZf�ebrv�h[s__�ij_^-
klZ\e_gb_�h�^bgZfbd_� kj_^g_c� l_g^_gpbb�gZ� hq_gv� dhjhldh_�[m^ms__�� Z
jZaebqgu_� dhgdj_lgu_� ]_g_jZpbb� ijh]ghah\� kms_kl\_ggh� hlebqZxlky
^jm]�hl�^jm]Z��<hafh`gh��qlh�[he__�gZ^_`gu_�j_amevlZlu�^Zeh�[u�fh^_-
ebjh\Zgb_�b�ijh]ghabjh\Zgb_�baf_g_gbc�dmjkZ��i_j\Zy�ijhba\h^gZy��beb
kdhjhklb�wlbo�baf_g_gbc��\lhjZy�ijhba\h^gZy��oZjZdl_jbamxsZy�bg_jpb-
hgghklv�ijhp_kkh\��

KgZqZeZ� ihijh[m_f� ihkljhblv� bgl_j\Zevgmx� Z\lhdhjj_eypbhggmx
nmgdpbx�\j_f_ggh]h�jy^Z� fut��\u[jZ\�\�dZq_kl\_�k^\b]Z_fh]h�njZ]f_glZ
���i_j\uo�baf_j_gbc��kh^_j`Zsbo�j_adbc�\u[jhk��Ihwlhfm�Z\lhdhjj_ey-
pbhggmx� nmgdpbx� lZdh]h� jy^Z� fh`gh� jZkkfZljb\Zlv� dZd� i_j_oh^gmx
oZjZdl_jbklbdm�j_Zdpbb�kbkl_fu�gZ�gZqZevgh_�\hafms_gb_�

è�n�o�y�s���z�j�z���

DHJJ?EYPBHGGUC�:G:EBA���NZce��VSHF�VWG
�I_j_f_ggu_��IXW�IXW��Djblbq�agZq_gb_ �����

Ìixy lntqn��DZd�ke_^m_l�ba�jbk�� ����Z\lhdhjj_eypbhggZy�nmgdpby
gZ�i_j\uo����eZ]Zo�^hklZlhqgh�fhghlhggh�mf_gvrZ_lky�\�h[eZklv�hljbpZ-
l_evguo� agZq_gbc�� l��_��^bgZfbdZ�\j_f_ggh]h�jy^Z� klZgh\blky�\k_�[he__
h[jZlghc�ih�kjZ\g_gbx�k�gZqZevguf�mqZkldhf�

H^gZdh�gZ���²���eZ]_�gZklmiZ_l�j_adbc��gh�dhjhldbc�i_j_oh^�d�ijZd-
lbq_kdb� ����±ghc� dhjj_ebjh\Zgghklb� k�gZqZevguf� mqZkldhf��LZdZy� aZ-
^_j`dZ�b�oZjZdl_j�hleh`_gghc�j_Zdpbb�fh`_l�kem`blv�\Z`guf�ihdZaZl_-
e_f�k\hckl\�bkke_^m_fhc�kj_^u�



220 =eZ\Z����:gZeba�\j_f_gguo�jy^h\

Íévlvs ntqn�jtjsqoj��Ihkljhbf�l_i_jv�bgl_j\Zevgmx�djhkkdhj-
j_eypbhggmx� nmgdpbx�� hljZ`Zxsmx� \ebygb_� ijhp_kkZ� fut� gZ� ijhp_kk
dol.

Ìixy lntqn��Ihemq_ggZy� djhkkdhjj_eypbhggZy�nmgdpby� �jbk�� ����
^hklZlhqgh� fhghlhggZ�� djhf_� gZqZevgh]h� hljbpZl_evgh]h� \u[jhkZ�� qlh
ih^l\_j`^Z_l�\iheg_�hq_\b^gh_�aZdexq_gb_��nvxq_jkgu_�dhlbjh\db�^he-
eZjZ�fZeh�\ebyxl�gZ�kZf�dmjk�^heeZjZ�

Íévlvs ntqn�jtjsqoj��Ihkljhbf� l_i_jv�bgl_j\Zevgmx� djhkkdhj-
j_eypbhggmx�nmgdpbx��hljZ`Zxsmx�\ebygb_�ijhp_kkZ�dol�gZ�ijhp_kk�fut.
>ey�kjZ\g_gby�\uqbkebf�lZd`_�b�deZkkbq_kdmx�dhjj_eypbhggmx�nmgdpbx�
Z�^ey�[hevr_c�gZ]ey^ghklb�kh\f_klbf�bo�qbkeh\u_�\u^Zqb�b�]jZnbdb�

è�n�o�y�s���z�j�z���

DHJJ?EYPBHGGUC�:G:EBA���NZce��VSHF�VWG��I_j_f_ggu_��GRO��IXW
��K^\b]��Bgl_j\�dhjj��DeZkk�dhjj��Djbl�agZq_gb_
Djblbq�agZq_gb_ �����
        0      0.483    –0.0036        0.304

Jbk�������:\lhdhjj_eypbhggZy�nmgdpby�nvxq_jkguo�dhlbjh\hd�^heeZjZ��Ih�]hjb�
ahglZevghc�hkb�²�\_ebqbgZ�eZ]Z

Jbk�������Djhkkdhjj_eypbhggZy�nmgdpby�nvxq_jkguo�dhlbjh\hd�^heeZjZ�gZ�dmjk
^heeZjZ
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        1       0.29    –0.185         0.308
        2      0.296    –0.237         0.312
        3     0.0362    –0.305         0.316
        4    0.00264    –0.289         0.321
        5      0.489    –0.159         0.325
        6    –0.0451    –0.226         0.33
        7     –0.547    –0.3           0.335
        8     –0.572    –0.269         0.34
        9     –0.527    –0.216         0.345
       10     –0.487    –0.144         0.351
       11     –0.212    –0.0355        0.357
       12   0.000573     0.0329        0.363
       13   –0.00285     0.0442        0.369
       14     –0.079     0.0304        0.376
       15      –0.39    –0.0492        0.383

. . . . . . . .

Ìixy lntqn�� Bgl_j\ZevgZy� dhjj_eypbhggZy� nmgdpby� �jbk�� ���1)
^hklh\_jgh� \hkijhba\h^bl� hleh`_ggmx� gZ� ��±��� eZ]h\� j_admx� iheh`b-
l_evgmx� j_Zdpbx� nvxq_jkguo� dhlbjh\hd� gZ� gZqZevguc� kdZqhd� dmjkZ
^heeZjZ��hlf_q_ggmx�_s_�\�Z\lhdhjj_eypbhgghc�nmgdpbb��Qlh�`_�dZkZ_l-
ky�deZkkbq_kdhc�dhjj_eypbhgghc�nmgdpbb��lh�ih�__� ]jZnbdm�g_evay�k^_-
eZlv� gbdZdbo� kms_kl\_gguo� \u\h^h\�� ihkdhevdm� \k_� __� agZq_gby� g_� hl-
ebqgu�hl�gmey��Z�dhe_[Zgby�g_agZqbl_evgu�

Ihemq_ggu_� klZlbklbq_kdb_�j_amevlZlu�^Zxl�gZf�g_kjZ\g_ggh�[he__
agZqbfu_�fZl_jbZeu�^ey�\ujZ[hldb�nbgZgkh\hc�kljZl_]bb��q_f�fh^_eb-
jh\Zgb_�b�ijh]ghabjh\Zgb_��ij_^mij_`^Zy� h� lhf�� qlh� ke_^m_l� h[jZsZlv

                                                          
1�<�dZq_kl\_�l_ogbq_kdhc�^_lZeb�hlf_lbf��qlh�kh\f_klguc�]jZnbd�dhjj_eypbc

ihemq_g�ke_^mxsbf�h[jZahf��\uqbke_gu�^\_�dhjj_eypbhggu_�nmgdpbb�k�bo�bg-
^b\b^mZevgufb�]jZnbdZfb��^Zggu_�k�dZ`^h]h�]jZnbdZ�i_j_g_k_gu�\�we_dljhggmx
lZ[ebpm� gZ`Zlb_f� bgkljmf_glZevghc� dghidb� ©Khoj=jZnª� �\� j_amevlZl_� \� we_d-
ljhgghc� lZ[ebp_� ihy\bebkv� ^\_� iZju� gh\uo� i_j_f_gguo��� ihke_� q_]h� ihkljh_g
nmgdpbhgZevguc�]jZnbd�wlbo�i_j_f_gguo�

Jbk�������Djhkkdhjj_eypbhggZy�nmgdpby�dmjkZ�^heeZjZ�gZ�_]h�nvxq_jkgu_�dhlb-
jh\db��d\Z^jZlu�²�deZkkbq_kdZy�dhjj_eypby��djm]b�²�bgl_j\ZevgZy�dhjj_eypby�
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hkh[h_�\gbfZgb_�gZ�^bgZfbdm�ijhp_kkh\�kimkly���±���^g_c�ihke_�hq_j_^-
gh]h� \hafms_gby��Wlb�`_�fZl_jbZeu� ^Zxl�ibsm� ki_pbZebklZf� ^ey� jZa-
fure_gbc� h�nbabq_kdbo� k\hckl\Zo� kj_^u�� i_j_^Zxs_c� \aZbfh^_ckl\b_
ijhp_kkh\�k�lZdbfb�[hevrbfb�aZ^_j`dZfb�

ïzv�ljs�¡n"�A^_kv�fu�jZkkfhlj_eb�wdklj_fZevguc�kemqZc�j_Zdpbb
kbkl_fu�gZ�j_adh_�gZqZevgh_�\hafms_gb_��>Zevg_crbc�ZgZeba�fh`_l�jZa-
\b\Zlvky�\�gZijZ\e_gbb�bkke_^h\Zgby�\aZbfh^_ckl\by�ijhp_kkh\�\�h[uq-
guo�mkeh\byo��g_�kh^_j`Zsbo�j_adbo�dhe_[Zgbc��HklZ\ey_f�wlm�aZ^Zqm�\
dZq_kl\_�mq_[ghc�qblZl_eyf�

����� fwnrzéjs�t�p�jtjsqo
Ëjotj·ntqn� H^gbf�ba�h[s_ijbgyluo�kihkh[h\�ZgZebaZ�kljmdlmju

klZpbhgZjguo�\j_f_gguo�jy^h\�y\ey_lky�bkihevah\Zgb_�^bkdj_lgh]h�ij_�
h[jZah\Zgby�Nmjv_�^ey�hp_gdb�ki_dljZevghc�iehlghklb�beb�ki_dljZ�jy^Z�

Wlhl�f_lh^�fh`_l�ijbf_gylvky�
• ^ey� ihemq_gby� hibkZl_evguo� klZlbklbd� h^gh]h� \j_f_ggh]h� jy^Z� beb

`_�klZlbklbd�aZ\bkbfhkl_c�f_`^m�^\mfy�\j_f_ggufb�jy^Zfb�
• ^ey�\uy\e_gby�i_jbh^bq_kdbo�b�d\Zabi_jbh^bq_kdbo�k\hckl\�\j_f_g-

guo�jy^h\�
• ^ey�ijh\_jdb�Z^_d\Zlghklb�fh^_e_c��ihkljh_gguo�^jm]bfb�f_lh^Zfb�
• ^ey�k`Zlh]h�ij_^klZ\e_gby�^Zgguo�
• ^ey�bgl_jiheypbb�^bgZfbdb�\j_f_gguo�jy^h\�

bnpxzkq¹�� KgZqZeZ� ba� we_dljhgghc� lZ[ebpu� g_h[oh^bfh� \u[jZlv
�[eZgd�jbk�� �����kf��lZd`_�jbk�� �����h^gm�beb�^\_�i_j_f_ggu_�^ey�ki_dl�
jZevgh]h�beb�djhkkki_dljZevgh]h�ZgZebaZ��<�wlhf�`_�[eZgd_�g_h[oh^bfh
aZ^Zlv�agZq_gby�ke_^mxsbo�iZjZf_ljh\�

• jZaf_jghklv�\j_f_ggh]h�rZ]Z�ZgZebabjm_fh]h�jy^Z�^ey�ijb\yadb�j_-
amevlZlh\�d�j_Zevghc�\j_f_gghc�b�qZklhlghc�rdZeZf�

• ^ebgZ�k�ZgZebabjm_fh]h�hlj_adZ�\j_f_ggh]h�jy^Z��\ujZ`_ggZy�\�qbke_
\dexqZ_fuo�\�g_]h�baf_j_gbc��ijb�^ebg_ ��ZgZebabjm_lky�\_kv�\j_-
f_gghc�jy^�

• k^\b]�hq_j_^gh]h�hlj_adZ�∆t hlghkbl_evgh�ij_^u^ms_]h��ijb�∆t=0
k^\b]�jZ\_g�^ebg_�hlj_adZ;

• lbi�\j_f_ggh]h�hdgZ�k]eZ`b\Zgby�^ey�ih^Z\e_gby�\�ki_dlj_�wnn_dlZ
\ul_dZgb_�fhsghklb;

• lbi�mkj_^g_gby�qZklhlguo�oZjZdl_jbklbd��\uqbke_gguo�gZ�ihke_^h\Z-
l_evguo�hlj_adZo�\j_f_ggh]h�jy^Z�
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Jbk�������WdjZgguc�[eZgd�\u[hjZ
i_j_f_gguo�b�iZjZf_ljh\�ki_d-

ljZevgh]h�ZgZebaZ

Jbk�������WdjZggh_�f_gx�\u[hjZ
ki_dljZevgh]h�]jZnbdZ

ènoys�zjz��� <uqbkeyxlky� agZq_gby� Zfieblm^gh±qZklhlghc� oZ-
jZdl_jbklbdb :(i��b� agZq_gby�nZah±qZklhlghc�oZjZdl_jbklbdb ϕ(i���<
kemqZ_�djhkkki_dljZ�\uqbkeyxlky�lZd`_�agZq_gby�i_j_^Zlhqguo�nmgdpbc
H1(i), H2(i), dh]_j_glghklb γ(i��� ^_ckl\bl_evghc� b� fgbfhc� qZkl_c�:QO�
Wlb� j_amevlZlu�fh]ml� [ulv� ij_^klZ\e_gu� \� \b^_� ]jZnbdh\� \u[hjhf� ba
ihke_^mxs_]h�f_gx��jbk��������ih�]hjbahglZevghc�hkb�²�qZklhlZ��AZijh-
ku�]jZnbdh\�ih\lhjyxlky�^h�gZ`Zlby�dghidb�©Hlf_gblv».

Ihemq_ggu_�j_amevlZlu�k�]jZnbdZ�fh`gh�i_j_g_klb�\�we_dljhggmx
lZ[ebpm� ^ey� ihke_^mxs_]h� ZgZebaZ� gZ`Zlb_f� bgkljmf_glZevghc
dghidb�©Khoj=jZn».

Ki_dljZevguc� ZgZeba�fh`_l�[ulv�ijh\_^_g�ih\lhjgh� k�ij_h[jZah\Z�
gb_f�bkoh^gh]h�\j_f_ggh]h�jy^Z��LZd��_keb�\�ijhp_kk_�\uy\e_gu�kbevgu_
k_ahggu_�dhe_[Zgby�b�lj_[m_lky�ijh\_klb�[he__�^_lZevgh_�bkke_^h\Zgb_
g_k_ahgguo� aZdhghf_jghkl_c��lh�i_j_^�ih\lhjguf�ZgZebahf�ke_^m_l�ih�
^Z\blv� k_ahggu_� baf_g_gby� ljZgknhjfZpb_c� \j_f_ggh]h� jy^Z� ihkj_^kl�
\hf�nbevljZpbb��k_ahggh]h�p_gljbjh\Zgby��ghjfbjh\Zgby�beb�^bnn_j_g�
pbjh\Zgby��kf��jZa^������������

Ki_dljZevguc� ZgZeba�ijh\h^blky� k�bkihevah\Zgb_f� ljb]hghf_ljbq_-
kdbo�\uqbke_gbc��ihwlhfm�^ey�g_]h�g_�^_ckl\mxl�h]jZgbq_gby�[ukljh]h
ij_h[jZah\Zgby�Nmjv_�ih�fh^mex�^\Z�
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Ìméjtq·ntqn��JZaf_j�\j_f_ggh]h�jy^Z�g_�fh`_l�ij_\hkoh^blv�l��]^_
l  � ������� ������ ������ ���� ijb� h[t_f_�fZljbpu� ^Zgguo� \� ������� ������
�����b�����qbk_e�
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Í�é�q�u�n�é���
d� j� l� j� ·� j��G_h[oh^bfh� ijhZgZebabjh\Zlv� \j_f_ggmx� ^bgZfbdm

Z\bZi_j_\hahd��JZkkfhljbf�_`_f_kyqgu_�^Zggu_�h�jZkklhygbyo��ijhc^_g�
guo� kZfhe_lZfb�<_ebdh[jblZgbb� aZ�r_klv� ihke_^h\Zl_evguo� e_l� �i_j_�
f_ggZy�)/,*+7�nZce�63(&��\�lukyqZo�fbev��

KgZqZeZ�ijh\_^_f�\bamZevguc�ZgZeba�wlh]h�\j_f_ggh]h�jy^Z��jbk������
DZd�fh`gh�aZf_lblv��wlb�^Zggu_�oZjZdl_jbamxlky��Z��ebg_cguf�lj_g^hf�k
h[s_c�g_klZpbhgZjghc�l_g^_gpb_c�d�\hajZklZgbx�agZq_gbc��[��k_ahggu�
fb�dhe_[Zgbyfb�k�i_jbh^hf����f_k��>ey�lh]h�qlh[u�gZf�bkke_^h\Zlv�jZa�
ebqgu_�lbiu�i_jbh^bqghklb�\�jZkkfZljb\Z_fhf�ijhp_kk_�f_lh^hf�ki_dl�
jZevgh]h� ZgZebaZ�� g_h[oh^bfh� ij_^\Zjbl_evgh� ijh\_klb� ghjfbjh\Zgb_
^Zgguo�\�;ehd_�ij_h[jZah\Zgbc� �jZa^�� �����b�h[_ki_qblv�klZpbhgZjghklv
ijhp_kkZ�m^Ze_gb_f�ebg_cgh]h�lj_g^Z�ihkj_^kl\hf�\uiheg_gby�ijhp_^m�
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ju�ijhklhc�j_]j_kkbb�k�aZibkvx�hklZldh\�\�fZljbpm�^Zgguo��Wlb�hklZldb
b�bkihevamxlky�\�^Zevg_cr_f�ZgZeba_�

<�j_amevlZl_�wlbo�hi_jZpbc�fu�ihemqZ_f�bkoh^gu_�^Zggu_�^ey�ki_dl�
jZevgh]h�ZgZebaZ��bah[jZ`_ggu_�gZ�]jZnbd_�jbk������

Ijh\_^_f�l_i_jv�ki_dljZevguc�ZgZeba�wlh]h�ijhp_kkZ�

è�n�o�y�s���z�j�z���

KI?DLJ:EVGUC�:G:EBA���NZce��VSHF��VWG��I_j_f_ggu_��IOLJKW�IOLJKW

Ìixy lntqn��<�ihemq_gghf� ki_dlj_� �jbk�� ������ \b^_g�^hfbgbjmx�
sbc�ibd�gZ�qZklhl_�k�i_jbh^hf���]h^��qlh�fh`gh�[ueh�[u�gZ[ex^Zlv�b�gZ
]jZnbd_�dhjj_eypbhgghc�nmgdpbb���H^gZdh�\f_kl_�k�wlbf�gZ[ex^Z_lky�b
\lhjhc��f_gvrbc�ibd�^ey�i_jbh^Z�����������f_kypZ���Hg�^hklZlhqgh�m^Z-
e_g�hl�hkgh\gh]h�ibdZ��ihwlhfm�fZeh\_jhylgh�_]h�ihy\e_gb_�\ke_^kl\b_
wnn_dlZ�\ul_dZgby�fhsghklb�

Jbk�������=jZnbd�ijhp_kkZ�Flight�²�_`_f_kyqgu_�^Zggu_
h�jZkklhygbyo��ijhoh^bfuo�kZfhe_lZfb�<_ebdh[jblZgbb

Jbk�������=jZnbd�ijhp_kkZ�Flight�ihke_�m^Ze_gby�ebg_cgh]h�lj_g^Z�b�ghjfZebaZpbb
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>ey�kjZ\g_gby�ijb\_^_f�i_jbh^h]jZffm� �jbk� �������dhlhjZy� aZf_gy_l
:QO� \� [hevrbgkl\_� aZiZ^guo� klZlbklbq_kdbo� iZd_lZo� �StatGraphics,
SPSS, Statistica���DZd�fh`gh�e_]dh�aZf_lblv��wlhl�]jZnbd�g_�^Z_l�gbdZdhc
bgnhjfZpbb�h�ex[uo�ki_dljZevguo�khklZ\eyxsbo��djhf_�ih^Z\eyxs_]h
hkgh\gh]h�ibdZ�

Íévlvs ntqn�jtjsqoj��?keb�fu� ohlbf�ijh\_klb� [he__� lsZl_ev�
gh_�bkke_^h\Zgb_�ijhp_kkZ��g_� k\yaZggh_� k� k_ahgghklvx�� lh�g_h[oh^bfh
ih\lhjblv� ZgZeba� k�ij_^\Zjbl_evguf� m^Ze_gb_f� qZklhlu� ����� k_ahgguf
nbevljhf� �±B12� b� qZklhlu� ����� h^gbf� ba� nbevljh\� ���B+B2���� beb� �±
�B+B2�k�bkihevah\Zgb_f�kj_^kl\�jZa^������

Jbk��������:fieblm^gh±qZklhlgZy�oZjZdl_jbklbdZ�ijhp_kkZ�Flight

Jbk��������I_jbh^h]jZffZ�ijhp_kkZ�Flight
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<� j_amevlZl_� wlbo� hi_jZpbc� ]jZnbd� bkoh^guo� ^Zgguo� ijbh[j_lZ_l
\b^��ijb\_^_gguc�gZ�jbk�������:�ihke_�\uiheg_gby�ki_dljZevgh]h�ZgZebaZ
fu�ihemqbf�]jZnbd�ki_dljZ��bah[jZ`_gguc�gZ�jbk�������

Ìixy lntqn� DZd�fh`gh� aZf_lblv�ih� ]jZnbdm� ki_dljZ�� \�bkke_^m_�
fhf�ijhp_kk_�ihke_�ijh\_^_gguo�nbevljZpbc�hklZeZkv��\�hkgh\ghf��lhevdh
kemqZcgZy�dhfihg_glZ�b�__�ki_dlj�khkj_^hlhq_g�ij_bfms_kl\_ggh�gZ�gba�
dbo�qZklhlZo��>Zevg_crbc�bgl_j_k�fh`_l�ij_^klZ\eylv�kjZ\g_gb_�Z\lhdhj�
j_eypbhgguo�nmgdpbc��khhl\_lkl\mxsbo�\ur_jZkkfhlj_gguf�ki_dljZf�

Djhf_�lh]h��^ey�jZaebqguo�f_kyp_\�kj_^g__�agZq_gb_�b�^bki_jkby�fh�
]ml�kms_kl\_ggh�jZaebqZlvky��Ihwlhfm�fh`gh�ijh\_jblv��qlh�ihemqblky�
_keb� hkms_kl\blv� ij_^\Zjbl_evgmx� k_ahggmx� klZg^ZjlbaZpbx� ih� f_ky�
pZf��Ijh^he`_gb_�ZgZebaZ�ijbf_jZ�kf��\�ke_^mxs_f�jZa^_e_�

Í�é�q�u�n�é����

d�j�l�j�·�j��G_h[oh^bfh�bkke_^h\Zlv�\j_f_ggu_�\aZbfhk\yab�f_`^m
qbkehf�hleh`_gguo�ybp�b�qbkehf�\ajhkeuo�gZk_dhfuo��baf_j_gguo�k�i_�

Jbk��������=jZnbd�ijhp_kkZ�Flight�ihke_�nbevljZpbb

Jbk��������:fieblm^guc�ki_dlj�hlnbevljh\Zggh]h�ijhp_kkZ�Flight
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jbh^bqghklvx���^gy� �i_j_f_ggu_�Eggs�b� Insects�\�nZce_�63(&���H[t_^b�
g_gguc�]jZnbd�wlbo�^\mo�\j_f_gguo�jy^h\�ijb\_^_g�gZ�jbk�������

DZd�fh`gh� aZf_lblv�� \j_f_ggu_� jy^u� g_� bf_xl� aZf_lgh]h� lj_g^Z� b
ihwlhfm�i_j_^� ki_dljZevguf� ZgZebahf�fh`gh�ijh\_klb� lhevdh� klZg^Zj�
lbaZpbx�dZ`^h]h�jy^Z�

è�n�o�y�s���z�j�z���

KI?DLJ:EVGUC�:G:EBA���NZce��VSHF��VWG�I_j_f_ggu_��HJJV��LQVHFWV

Ìixy lntqn��DZd� \b^gh� ba� jbk�� ������fhsghklv� djhkk±ki_dljZ� kh�
kj_^hlhq_gZ�ij_bfms_kl\_ggh�gZ�gbadbo�qZklhlZo� �ijb�^hihegbl_evghf
ZgZeba_�k�mkj_^g_gb_f�e_]dh�m[_^blvky��qlh�gZ�wlbo�qZklhlZo�b�agZq_gby
dh]_j_glghklb� y\eyxlky� mklhcqb\h� \ukhdbfb�� qlh� iha\hey_l� ijbgylv� k
^h\_jb_f�hp_gdb�nZau�b�i_j_^Zlhqghc�nmgdpbb��

<u^_ey_lky�ibd�k�i_jbh^hf����^g_c��qlh�fh`gh�bgl_jij_lbjh\Zlv�dZd
kj_^g__�\j_fy�jZa\blby�b�`bagb�gZk_dhfh]h�

Jbk��������=jZnbd�\j_f_gguo�jy^h\�Eggs��djm]b��b�Insects��d\Z^jZlu�

Jbk��������Djhkk�ki_dlj�\j_f_gguo�jy^h\�Eggs�b�Insects
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NZaZ� �jbk�� ������bf__l�y\guc�ebg_cguc�lj_g^�gZ�gbadbo�qZklhlZo��qlh
beexkljbjm_l� kbkl_fZlbq_kdh_� kf_s_gb_� jy^h\� ^jm]� hlghkbl_evgh� ^jm]Z
�hl�fhf_glZ�kg_k_gby�ycpZ�^h�ij_\jZs_gby�\h�\ajhkeh_�gZk_dhfh_���<�lh�`_
\j_fy�i_j_^ZlhqgZy�nmgdpby�y\ey_lky�hlghkbl_evgh�ihklhygghc�\�wlhc�h[�
eZklb��Ihkdhevdm�jZkkfZljb\Z_fu_�ijhp_kku�k\yaZgu�h[jZlghc�k\yavx��bg�
l_jij_lZpby�i_j_^Zlhqghc�nmgdpbb�^he`gZ�\uihegylvky�k�hklhjh`ghklvx�

Wlb� j_amevlZlu� iha\heyxl� \u^\bgmlv� ]bihl_am� h� lhf�� qlh� gZ� qbkeh
\ajhkeuo�gZk_dhfuo�\�dZ`^hf�ke_^mxs_f�ihdhe_gbb�\eby_l�lhevdh�qbk�
eh�ybp�\�ij_^u^ms_f�ihdhe_gbb��Z�g_�bo�jZkij_^_e_gb_�\h�\j_f_gb�

>ey� [he__� hlq_leb\h]h� \u^_e_gby� bgnhjfZpbb� h� \aZbfguo� k\yayo
^\mo�ijhp_kkh\�fh`gh�ijh\_klb�ih\lhjguc�ZgZeba�k�jZaebqgufb�kl_i_gy�
fb�k]eZ`b\Zgby�bkoh^guo�ijhp_kkh\�b�j_amevlZlh\��Ihe_aghc�ijb�ZgZeb�
a_�fh`_l�[ulv�b�djhkk±dhjj_eypbhggZy�nmgdpby��ihkdhevdm�gZdehg�nZau
\�ba\_klghc�kl_i_gb�khhl\_lkl\m_l�eZ]m��\�^Zgghf�kemqZ_�jZ\gh_�±���fZd�

Jbk��������=jZnbd�nZau�djhkk�ki_dljZ�^ey�jy^h\�Eggs�b�Insects

Jbk��������=jZnbd�i_j_^Zlhqghc�nmgdpbb�^ey�jy^h\�Eggs�b�Insects
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kbfmfZ�dhjj_eypbhgghc�nmgdpbb��Ihwlhfm�fh`gh�\uqbkeblv�ki_dlj�_s_
jZa��\uihegyy�\ujZ\gb\Zgb_�k�iZjZf_ljhf��[ebadbf�d�±��

����� fmsj qkjtqn�q�{qs�zéj|q¹
Ëjotj·ntqn� F_lh^u� k]eZ`b\Zgby� b� nbevljZpbb� ij_^gZagZq_gu

^ey� ij_h[jZah\Zgby� \j_f_ggh]h� jy^Z� yt� k� m^Ze_gb_f� ba� g_]h� \ukhdhqZ�
klhlguo�� gbadhqZklhlguo� beb� k_ahgguo� dhe_[Zgbc��<� gZklhysbc� jZa^_e
\dexq_gu� gZb[he__� jZkijhkljZg_ggu_� \� ijZdlbd_� ij_h[jZah\Zgby�� <h
fgh]hf�ZgZeh]bqgu_�p_eb�fh]ml�[ulv�^hklb]gmlu�k�bkihevah\Zgb_f�nm-
jv_±fh^_e_c��kf��jZa^�������

bnpxzkq¹�� KgZqZeZ� ba� we_dljhgghc� lZ[ebpu� g_h[oh^bfh� \u[jZlv
�kf�� [eZgd� jbk�� ����� i_j_f_ggmx�� ij_^klZ\eyxsmx� ZgZebabjm_fuc� \j_�
f_gghc�jy^��ihke_�q_]h�\u[jZlv�f_lh^�k]eZ`b\Zgby�beb�nbevljZpbb��f_-
gx�jbk��������

<� kemqZ_�jh[Zklgh]h� k]eZ`b\Zgby�g_h[-
oh^bfh� \u[jZlv� �f_gx� jbk�� ������ lbi� hdgZ�
mklZgh\b\�ij_`^_�agZq_gby�^\mo�iZjZf_ljh\�
• rbjbgZ�hdgZ�\�\b^_�qbkeZ�ihiZ^Zxsbo�\

g_]h�baf_j_gbc�
• agZq_gb_�fZkrlZ[ghc�dhgklZglu�Om[_jZ�

F_lh^� jh[Zklgh]h� k]eZ`b\Zgby� ijbf_-
gbf� lZd`_� b� d� wdki_jbf_glZevguf� aZ\bkb-
fhklyf��kf��jZa^���������ihkdhevdm�hg�^himk-

Jbk��������F_gx�\u[hjZ�f_lh^Z�k]eZ`b\Zgby�nbevljZpbb

Jbk��������F_gx�\u[hjZ�f_-
lh^Z�jh[Zklgh]h�k]eZ`b\Zgby
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dZ_l��qlh�rZ]�ih�O�fh`_l�[ulv�g_�lhevdh�ihklhygguf��dZd�\�kemqZ_�\j_-
f_ggh]h�jy^Z��gh�b�ieZ\Zxsbf�

Ijb�f_lh^_�Nmjv_�ijhba\h^blky�\uqbke_gb_�ki_dljZ��ba�dhlhjh]h�\u-
j_aZ_lky�qZklhlgZy�ihehkZ�GQ�<Q��ihke_�q_]h�ih\lhjguf�ij_h[jZah\Zgb-
_f� Nmjv_� ihemqZ_lky� hlnbevljh\Zgguc� kb]gZe�� >ey� ijb\yad_� d� rdZe_
qZklhl�\�ihe_�dt g_h[oh^bfh�aZ^Zlv�jZaf_jghklv�\j_f_ggh]h�rZ]Z�ZgZeb-
abjm_fh]h� \j_f_ggh]h� jy^Z� Ijb� GW �� g_h[oh^bfh� mklZgh\blv� GQ i/n,
<Q j/n��]^_�n�±�^ebgZ�\j_f_ggh]h�jy^Z��i, j�±�ihjy^dh\u_�ghf_jZ�]Zjfhgbd
Zfieblm^gh]h�ki_dljZ��kf��jZa^�������^ey�\u^_ey_fhc�ihehku�qZklhl�

ènoys�zjz���Kljhblky�]jZnbd�k]eZ`b\Zxs_c�djb\hc�k�gZeh`_gghc
lhqghc�^bZ]jZffhc�agZq_gbc�\j_f_ggh]h�jy^Z�

K]eZ`_ggu_� agZq_gby� fh`gh� i_j_g_klb� k� ]jZnbdZ� \� we_d-
ljhggmx� lZ[ebpm� ^ey� ihke_^mxs_]h� ZgZebaZ� gZ`Zlb_f� bgkljm-
f_glZevghc�dghidb�©Khoj=jZn».

fwsjpt���>ey�k]eZ`b\Zgby�kbevgh�aZrmfe_gguo�jy^h\�qj_a\uqZcgh
wnn_dlb\guf� y\ey_lky� lZd`_� bkihevah\Zgb_� k]eZ`b\Zxsbo� kieZcgh\
�kf��jZa^�������Z�lZd`_�gb`_�\�ijbf_j_����k�fZeuf�qbkehf�rZ]h\�b�fZeuf
agZq_gb_f�dhwnnbpb_glZ�k]eZ`b\Zgby�

Ìméjtq·ntq¹��JZaf_j�\j_f_ggh]h�jy^Z�g_�fh`_l�ij_\hkoh^blv�l��]^_
l  � ������� ������ ������ ���� ijb� h[t_f_�fZljbpu� ^Zgguo� \� ������� ������
�����b�����qbk_e��<�f_lh^Zo�nbevljZpbb��lj_[mxsbo�^hihegbl_evgh�\\_-
^_gby�iZjZf_ljZ�a��jZaf_j�\j_f_ggh]h�jy^Z�^he`_g�[ulv�n>a.
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Í�é�q�u�n�é�����
d�j�l�j�·�j��<�jZajmrZxs_f�l_ogbq_kdhf�wdki_jbf_gl_�j_]bkljbjh-

\Zehkv�mkdhj_gb_�]heh\u�fZg_d_gZ�\h^bl_ey�fhlhpbdeZ�ihke_�klhedgh\_-
gby�_]h�k�g_ih^\b`guf�`_kldbf�ij_iylkl\b_f��nZce�0272���G_h[oh^b-
fh�bkke_^h\Zlv�wlm�aZ\bkbfhklv�
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Ìixy lntqn��H[jZlbfky�kgZqZeZ�d�\bamZevghfm�ZgZebam��jbk��������
Ij_`^_�\k_]h�[jhkZ_lky�\�]eZaZ�[hevrZy�aZrmfe_gghklv�wdki_jbf_glZev-
guo�^Zgguo��\ua\ZggZy�ih]j_rghklyfb�baf_j_gbc�mkdhj_gby��Lj_[m_lky
g_dhlhjuf�h[jZahf�Ziijhdkbfbjh\Zlv�wlm�aZ\bkbfhklv��qlh[u�\uk\_lblv
__�kdjulmx�rmfhf�ijbjh^m�b�ihemqblv�[he__�lhqgu_�hp_gdb�aZdhgZ�ba-
f_g_gby�mkdhj_gby�

>ey�klhev� aZrmfe_gguo�jy^h\�[he__�dZq_kl\_ggh_�k]eZ`b\Zgb_�^Zxl
g_�f_lh^u�kdhevays_]h�kj_^g_]h��Z�f_lh^u�jh[Zklgh]h�k]eZ`b\Zgby��f_-
g__�qm\kl\bl_evgh]h�\�j_adbf�dhe_[Zgbyf�ijhp_kkZ�

>_ckl\bl_evgh��dZd�e_]dh�\b^_lv�ih�kjZ\g_gbx�]jZnbdh\�j_amevlZlh\
�jbk�� ������ ������ f_lh^� jh[Zklgh]h� k]eZ`b\Zgby�Om[_jZ� �W ������rbjb-

Jbk��������Mkdhj_gb_�>J@�]heh\u�\h^bl_ey�fhlhpbdeZ�\�aZ\bkbfhklb�hl�\j_f_gb
ihke_�klhedgh\_gby�k�ij_iylkl\b_f�>PV@

Jbk��������K]eZ`b\Zgb_�kdhevaysbf�kj_^gbf�ih�iylb�lhqdZf
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gZ ���dhgklZglZ ����lj_m]hevgh_�hdgh��^Z_l�gZfgh]h�[he__�q_f�k]eZ`b\Z-
gb_� kdhevaysbf� kj_^gbf�ih�iylb� lhqdZf��?s_�[he__�\i_qZleyxsbc� wn-
n_dl�^Z_l�ijbf_g_gb_�k]eZ`b\Zxs_]h�kieZcgZ�k�qbkehf�rZ]h\���b�dhwn-
nbpb_glhf������kf��jZa^�������

Jbk��������Jh[Zklgh_�k]eZ`b\Zgb_��d\Z^jZlu���b�k]eZ`b\Zgb_�kieZcghf
�kiehrgZy�ebgby�

Í�é�q�u�n�é����
d�j�l�j�·�j��GZ�ijbf_j_�\j_f_gghc�^bgZfbdb�Z\bZi_j_\hahd��jbk�������\b-

amZevgh�hp_gbf�j_amevlZlu�jZaebqguo�f_lh^h\�k]eZ`b\Zgby�b�nbevljZpbb�

Jbk��������K]eZ`b\Zgb_�jy^Z�Flight��djm]b��kdhevaysbf�kj_^gbf�ih�lj_f
lhqdZf��k_jh_��b�wdkihg_gpbZevgh_�k]eZ`b\Zgb_�k�dhwnnbpb_glhf�w=0,1,

kihkh[kl\mxsbf�\u^_e_gbx�lj_g^Z��q_jgh_�



�����:\lhj_]j_kkbhggu_�fh^_eb 241

Ijh^he`_gb_�ZgZebaZ�^Zggh]h�ijbf_jZ�kf��\�ke_^mxs_f�jZa^_e_�

������ ¬kzvénménxxqvtt�n�uvlnsq
Ëjotj·ntqn�� Ihkljh_gb_� fh^_e_c� Z\lhj_]j_kkbb� b� ijhbgl_]jbjh�

\Zggh]h� kdhevays_]h� kj_^g_]h� �$5,0$�� kqblZ_lky� ihe_aguf� ^ey� hib�
kZgby�b�ijh]ghabjh\Zgby�ih\_^_gby�dZd�klZpbhgZjguo�\j_f_gguo�jy^h\�
lZd� b� g_klZpbhgZjguo� ijhp_kkh\�� ijhy\eyxsbo� h^ghjh^gu_� dhe_[Zgby
\hdjm]�baf_gyxs_]hky�kj_^g_]h�agZq_gby�

K�^jm]hc�klhjhgu��ihkljh_gb_�ih^h[guo�fh^_e_c�djZcg_�keh`gh�^ey
ihgbfZgby� b� j_ZebaZpbb1�� <� dZq_kl\_� Zevl_jgZlb\u� gZfb� ij_^eh`_gu
[he__�ijhklu_�b�gZ]ey^gu_�nmjv_±fh^_eb� �jZa^�� ������dhlhju_�qZklh�ih-
a\heyxl�ihemqZlv�b�[he__�lhqgu_�ijh]ghau��ijb�wlhf�mqblu\Zxsb_�gZ-
ebqb_�\�ijhp_kk_�lj_g^Z�b�kdZqdh\�

bnpxzkq¹�� KgZqZeZ� ba� we_dljhgghc� lZ[ebpu� gm`gh� \u[jZlv� �kf�
[eZgd�jbk�������i_j_f_ggmx��ij_^klZ\eyxsmx�ZgZebabjm_fuc�\j_f_gghc
jy^�

AZl_f�ih�ih^l\_j`^_gbx�fh`gh�ihemqblv�]jZnbd�qZklghc�Z\lhdhjj_�
eypbhgghc�nmgdpbb�b� ]jZnbd� hrb[db�ijh]ghaZ� \� aZ\bkbfhklb� hl� qbkeZ
qe_gh\� Z\lhj_]j_kkbhgghc� fh^_eb�� dhlhjuc� iha\hey_l� ij_^\Zjbl_evgh
hp_gblv�g_h[oh^bfh_�qbkeh�iZjZf_ljh\�fh^_eb�$5�ih�iheh`_gbx�fbgb-
fmfZ�hrb[db�ijh]ghaZ�

                                                          
1�H[t_f�ijh]jZffgh]h�dh^Z�$5,0$±ijhp_^mju�khihklZ\bf�k�kh\hdmiguf�dh-

^hf�lZdbo�keh`g_crbo�ijhp_^mj�fgh]hf_jghc�klZlbklbdb��dZd�deZkl_jguc��^bk-
djbfbgZglguc��nZdlhjguc�ZgZeba�b�fgh]hf_jgh_�rdZebjh\Zgb_�\f_kl_�\aylu_�

Jbk��������NbevljZpby�jy^Z�Flight��djm]b��^bnn_j_gpbjh\Zgb_f��k_jh_��b�^bnn_�
j_gpbjh\Zgb_f±bgl_]jbjh\Zgb_f��q_jgh_�
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Ïxzjtvkrj� wjéjunzévk�uvlnsq��GZqZevgu_� agZq_gby� hkgh\guo
iZjZf_ljh\�fh^_eb�mklZgZ\eb\Zxlky�\�wdjZgghf�[eZgd_�jbk���������

p0�²�qbkeh�Z\lhj_]j_kkbhgguo
iZjZf_ljh\�

q0�²�qbkeh�iZjZf_ljh\�fh^_eb
kdhevays_]h�kj_^g_]h�

d0�²�dhebq_kl\h�^bnn_j_gpbjh-
\Zgbc�\j_f_ggh]h�jy^Z�

f�²�qbkeh�rZ]h\�ijh]ghabjh\Zgby
[m^msbo�agZq_gbc�\j_f_ggh]h
jy^Z�

t0�²�gZqZevgh_�agZq_gb_�\j_f_g-
gh]h�iZjZf_ljZ�

dt�²�rZ]�\j_f_ggh]h�iZjZf_ljZ�
Ihke_� aZiheg_gby� \k_o� ihab-

pbc� gZ`fbl_� {&OUFS�� beb� wd-
jZggmx�dghidm�©Ml\_j^blv».

>Ze__� gZqbgZ_lky� ijhp_kk� \uqbke_gbc�� dhlhjuc� \dexqZ_l� ij_^\Z�
jbl_evgh_�b�hdhgqZl_evgh_�hp_gb\Zgb_�iZjZf_ljh\�fh^_eb�
Íénlkjéqzns�tvn�v|ntqkjtqn khklhbl�\�ih^[hj_�qbkeZ�iZjZf_l-

jh\�fh^_eb�b�\�ijb[eb`_gghc�hp_gd_�bo�agZq_gbc��GZ�dZ`^hf�rZ]_�ij_^\Z�
jbl_evgh]h� hp_gb\Zgby� \u^Z_lky� bgnhjfZpbhggZy� gZ^ibkv�� kh^_j`ZsZy
iZjZf_lju�l_dms_c�fh^_eb��pi, qi, di��Z�lZd`_�agZq_gb_�klZlbklbdb�ob±d\Z^-
jZl�� mjh\_gv� agZqbfhklb�gme_\hc� ]bihl_au� h[� Z^_d\Zlghklb�fh^_eb� \j_-
f_gghfm�jy^m�b�ih^kdZadZ�h�ijbgylbb�beb�g_ijbgylbb�gme_\hc�]bihl_au�

GZ� dZ`^hf� ihke_^mxs_f�rZ]_� m\_ebqb\Z_lky� gZ� _^bgbpm� qbkeh� Z\�
lhj_]j_kkbhgguo�qe_gh\�pi��qbkeh�iZjZf_ljh\�fh^_eb�kdhevays_]h�kj_^�
g_]h�qi�beb�qbkeh�^bnn_j_gpbjh\Zgbc�\j_f_ggh]h�jy^Z�di��Ijb�wlhf�^ey
ij_^r_kl\mxsbo�iZjZf_ljh\�mklZgZ\eb\Zxlky�bo�bkoh^gu_�agZq_gby��p0,
q0�beb�d0���qlh�h[_ki_qb\Z_l�i_j_[hj�\k_o�dhf[bgZpbc�qbkeZ�iZjZf_ljh\�\
^bZiZahgZo�pi = <p0, p0+2>; qi = <q0, q0+2>; di=<d0, d0+2>.

Ijhp_kk�ij_^\Zjbl_evgh]h�hp_gb\Zgby�ij_djZsZ_lky�ih�ijbgylbx�gm-
e_\hc�]bihl_au�beb�ih�bkq_jiZgbx�^himklbfh]h�qbkeZ�iZjZf_ljh\�

Bl_jZpbhgguc�ijhp_kk�\uqbke_gby�hdhgqZl_evguo�hp_ghd�iZjZf_ljh\
fh^_eb�ijh^he`Z_lky�^h�^hklb`_gby�lj_[m_fhc�lhqghklb�hp_gdb�beb�ih
hdhgqZgbb� ���bl_jZpbhgguo�rZ]h\��GZ�dZ`^hf�rZ]_�\u^Z_lky�bgnhjfZ�
pbhggZy�gZ^ibkv��kh^_j`ZsZy�ghf_j�rZ]Z�b�l_dms__�mkeh\b_�hdhgqZgby
bl_jZpbc�

ènoys�zjz���Ih�hdhgqZgbb�bl_jZpbhggh]h�ijhp_kkZ�\u^Zxlky�hp_-
g_ggu_�agZq_gby�iZjZf_ljh\�Z\lhj_]j_kkbhgghc�fh^_eb�b�fh^_eb�kdhev-
ays_]h�kj_^g_]h�

AZl_f�\u\h^blky�lZ[ebpZ��\�dhlhjhc�^ey�dZ`^h]h�rZ]Z�ijh]ghabjh\Z�
gby� mdZau\Zxlky� ghf_j� rZ]Z�� kj_^g__� agZq_gb_� ijh]ghaZ�� klZg^ZjlgZy

Jbk��������;eZgd�\\h^Z�iZjZf_ljh\
$5,0$±fh^_eb
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hrb[dZ�ijh]ghaZ��^h\_jbl_evguc�bgl_j\Ze�ijh]ghaZ�^ey�mklZgh\e_ggh]h
djblbq_kdh]h�mjh\gy�agZqbfhklb�α��Z�lZd`_�ljb�\ZjbZglZ�ijh]ghaZ�

Ihke_� wlh]h� ih� ih^l\_j`^_gbx�fh]ml� [ulv� \u^Zgu� ke_^mxsb_� ]jZ�
nbdb�
• ]jZnbd�\j_f_ggh]h�jy^Z�kh�kj_^gbf�agZq_gb_f�b�bgl_j\Zehf�klZg^Zjl�

ghc�hrb[db�ijh]ghaZ�
• ]jZnbdb�\j_f_ggh]h�jy^Z�k�lj_fy�\ZjbZglZfb�ijh]ghaZ�

>Ze__�ijhba\h^blky� ZgZeba� hklZldh\� k� \u^Zq_c� klZlbklbdb�>mj[bgZ±
<ZlkhgZ�b� mjh\gy� agZqbfhklb� gme_\hc� ]bihl_au� hlkmlkl\by� dhjj_ebjh�
\Zgghklb�hklZldh\��A^_kv�`_�ih�ih^l\_j`^_gbx�fh`_l�[ulv�\u^Zg�]jZnbd
hklZldh\�

Ihemq_ggu_�j_amevlZlu�fh`gh�i_j_g_klb�\�we_dljhggmx�lZ[eb-
pm�^ey�ihke_^mxs_]h�ZgZebaZ�b�ihkljh_gby�dhfie_dkguo�]jZnb-
dh\�k�qbkeh\hc�\u^Zqb�j_amevlZlh\�ihkj_^kl\hf�[mn_jZ�h[f_gZ

�kf�� jZa^�� ����� beb� gZijyfmx� k� ]jZnbdh\� ^Zgguo� gZ`Zlb_f� bgkljmf_g-
lZevghc�dghidb�©Khoj=jZn».

Ìméjtq·ntqn��JZaf_j�\j_f_ggh]h�jy^Z�g_�fh`_l�ij_\hkoh^blv�l��]^_
l  ����������������������ijb�h[t_f_�fZljbpu�^Zgguo�\�������������������
b�����qbk_e�
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Í�é�q�u�n�é
d�j�l�j�·�j��Ihkljhbf�$5,0$�fh^_eü ^ey�\j_f_ggh]h�jy^Z�Z\bZi_-

j_\hahd� �kf�� jbk�� ����� ihke_� _]h� ghjfbjh\Zgby� b� m^Ze_gby� ebg_cgh]h
lj_g^Z��kf��jbk�������

Ìixy lntqn� JZkkfhljbf�i_j\uc�j_amevlZl�ZgZebaZ�²�]jZnbd�hrb[db
ijh]ghaZ�gZ�jbk��������DZd�fh`gh�aZf_lblv��fbgbfmf�hrb[db�ijh]ghaZ�bf__l
f_klh�ijb� �±��iZjZf_ljZo�\�fh^_eb�Z\lhj_]j_kkbb��Ihwlhfm�\�dZq_kl\_�gZ�
qZevguo�mkeh\bc�fh`gh�mdZaZlv�q_luj_�iZjZf_ljZ�Z\lhj_]j_kkbhgghc�fh^_-
eb�b���iZjZf_ljh\�\�fh^_eb�kdhevays_]h�kj_^g_]h��ihkdhevdm�\�ZgZebabjm_�
fhf� jy^_� rmfh\Zy� khklZ\eyxsZy� hq_\b^gh� g_\_ebdZ� ih� kjZ\g_gbx� k� aZ�
dhghf_jghc�i_jbh^bq_kdhc� khklZ\eyxs_c�b�� ke_^h\Zl_evgh�� \�i_j\hf�ijb-
[eb`_gbb�fh`gh�h]jZgbqblvky�ijhkl_cr_c�fh^_evx�[_eh]h�rmfZ�

è�n�o�y�s���z�j�z���

:<LHJ?=J?KKBY�;HDK:±>@?GDBGK:���NZce��VSHF��VWG�I_j_f_ggZy�IOLJKW
Fh^_ev��$5 ���0$ ���^bnn ���ob� ������kl�k\h[ ��agZqbf �����

Jbk��������=jZnbd�hrb[db�ijh]ghaZ�$5±fh^_eb�hl�qbkeZ�iZjZf_ljh\
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���=bihl_aZ�����Fh^_ev�Z^_d\ZlgZ�\j_f_gghfm�jy^m!
�������������������Dhwnnbpb_glu�Z\lhj_]j_kkbhgghc�fh^_eb
�����Z��������D��������D��������D��������D��������D��������D�
  –1.6E–5   0.662  –0.196    0.527    –0.74
������������Dhwnnbpb_glu�fh^_eb�kdhevays_]h�kj_^g_]h
Rmf���E��������E��������E��������E��������E��������E�
     0.21
<j_fy��Kj�ijh]g��Kl�hrb[��>h\_j�bgl��Ijh]g���Ijh]g���Ijh]g�
1986    –1.305   0.5239     1.026   –1.887   1.033  –1.919
1986   –0.9899   0.6284     1.231   –1.239   0.8491 –0.9013
1986   0.03444   0.6411     1.255  – 0.4842  0.256  –0.528
1986   –0.3534   0.7046     1.38    –1.765  –0.09418–0.6128
1986     0.203   0.7055     1.382  – 0.1943  0.5309  2.414
1986     0.954   0.7557     1.48     0.9131  0.5516  2.497
1986    0.3801   0.7639     1.496    0.3331  0.3516  1.029
1987    0.4332   0.8058     1.578    0.9709  0.4742  2.571
1987     0.565   0.8479     1.66   – 0.07651 0.164   0.9153
1987   –0.2161   0.8481     1.661  – 0.9155  0.6421 –0.8492
1987   –0.3066   0.8481     1.661  – 0.4995  0.6371  0.215
1987   –0.1833   0.8499     1.664  – 0.8315  0.7391 –0.9581

. . . . . . . .
Dhjj_eypby�hklZldh\�>mj[bgZ±<ZlkhgZ ������agZqbfhklv �����
���=bihl_aZ�����Fh^_ev�Z^_d\ZlgZ�\j_f_gghfm�jy^m!

Ìixy lntqn��Ijb\_^_ggZy�\u^ZqZ�j_amevlZlh\�ihdZau\Z_l��qlh�ijh�
ba\_^_gguc�\u[hj�iZjZf_ljh\�iha\hebe�ihemqblv�^hklZlhqgh�Z^_d\Zlgh_
hibkZgb_�\j_f_ggh]h�jy^Z���o�iZjZf_ljbq_kdhc�fh^_evx��k�ihfhsvx�dh-
lhjhc�ijhba\_^_g�ijh]gha�baf_g_gby�bgl_gkb\ghklb�Z\bZi_j_\hahd�gZ���
f_kyp_\�\i_j_^��>Ze__�\u^Zxlky�]jZnbdb�ijh]ghaZ�b�hklZldh\�

Jbk��������=jZnbd�\j_f_ggh]h�jy^Z�kh�kj_^gbf�ijh]ghahf
b����±guf�^h\_jbl_evguf�bgl_j\Zehf�$5,0$±ijh]ghaZ

DZd� fh`gh� aZf_lblv� ba� jbk�� ������ Zfieblm^Z� k_ahggh]h� baf_g_gby
kj_^g_]h�ijh]ghaZ�kms_kl\_ggh�mf_gvrZ_lky�k�l_q_gb_f�\j_f_gb��\�khhl-
g_k_gbb�k�[he__�klZ[bevghc�k_ahgghc�\ZjbZ[_evghklvx�bkoh^gh]h�jy^Z���Z
ahgZ�^h\_jbl_evgh]h�bgl_j\ZeZ��l��_��hrb[db�ijh]ghaZ��^hklZlhqgh�rbjh-
dZ��qlh�]h\hjbl�h�g_^hklZlhqghc�lhqghklb�b�mklhcqb\hklb�fh^_eb�
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Jbk��������<j_f_gghc�jy^�k�lj_fy�]_g_jZpbyfb�$5,0$±ijh]ghaZ

AgZqbl_evgh_� \ebygb_�rmfh\hc� khklZ\eyxs_c� \uy\ey_lky� b� gZ� jbk
������]^_�ljb�]_g_jZpbb�ijh]ghah\�kms_kl\_ggh�jZaebqZxlky�f_`^m�kh[hc
\iehlv� ^h� ijyfh� ijhlb\hiheh`guo� ij_^kdZaZgbc� \� g_dhlhjuo� lhqdZo�
<_ebqbgZ�hklZldh\��jbk��������lZd`_�aZf_lgh�\hajZklZ_l�hl�gZqZeZ�d�dhgpm
jy^Z��<k_�\uy\e_ggu_�g_^hklZldb�\�[hevrhc�kl_i_gb�hlghkylky�kh[kl\_g-
gh�d�jZkkfZljb\Z_fhfm�f_lh^m�

<�dZq_kl\_�\ZjbZglZ�^Zevg_cr_]h�ZgZebaZ�fh`gh�ij_^eh`blv�ij_^\Z�
jbl_evgmx�ljZgknhjfZpbx�\j_f_ggh]h�jy^Z�f_lh^hf�eh]Zjbnfbjh\Zgby�
qlh�iha\hey_l� kf_klblv�bgl_j_k�bkke_^h\Zgby� k� Z[khexlgh]h�baf_g_gby
qbkeZ�iZkkZ`bjh\�gZ�_]h�hlghkbl_evgh_�baf_g_gb_�

>ey� ^hklb`_gby� klZpbhgZjghklb� fh`gh� lZd`_� ihijh[h\Zlv� ijbf_�
g_gb_�^bnn_j_gpbZevgh]h�nbevljZ�^ey�m^Ze_gby�ebg_cghc� l_g^_gpbb�b
k_ahggh]h���±f_kyqgh]h�nbevljZ�^ey�mkljZg_gby�k_ahgguo�baf_g_gbc�

Jbk��������=jZnbd�jZkij_^_e_gby�$5,0$±hklZldh\
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>Ze__�fh`gh� ihkljhblv�fh^_eb� ^ey� jZaebqguo� hlj_adh\� \j_f_ggh]h
jy^Z� k� p_evx� \uykg_gby� h^ghjh^ghklb� ^Zgguo� \� kfuke_� ijbf_gbfhklb
h^ghc�b�lhc�`_�fh^_eb�d�i_j\hc�b�\lhjhc�bo�iheh\bg_�

Ijh^he`_gb_�ZgZebaZ�^Zggh]h�ijbf_jZ�kf��\�ke_^mxs_f�jZa^_e_�

������ Ðyé�n�uvlnsq
Ëjotj·ntqn� >Zgguc�f_lh^�jZajZ[hlZg�gZfb�\������]��dZd�kj_^kl\h

fh^_ebjh\Zgby� g_klZpbhgZjguo� \j_f_gguo� jy^h\�� bf_xsbo� \ujZ`_g-
gu_�]Zjfhgbq_kdb_�khklZ\eyxsb_��Nmjv_±fh^_eb��\�hlebqb_�hl�[hevrbg-
kl\Z�^jm]bo��y\eyxlky�fgh]hp_e_\uf�bgkljmf_glhf�b�fh]ml�ijbf_gylvky
dZd�^ey�ijh]ghabjh\Zgby��lZd�b�^ey�bgl_jiheypbb��nbevljZpbb�b�k]eZ`b-
\Zgby�\j_f_gguo�jy^h\�
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bnpxzkq¹�q�énoys�zjz���?keb�\�we_dljhgghc�lZ[ebp_�kh^_j`blky
g_kdhevdh� i_j_f_gguo�� lh� gm`gh� \u[jZlv� ij_^klZ\eyxsmx� ZgZebab�
jm_fuc�\j_f_gghc�jy^��kf��[eZgd�jbk��������Ihke_^mxsb_�^_ckl\by�b�j_-
amevlZlu�\dexqZxl�ke_^mxsb_�rZ]b�
���Íénlkjéqzns�tj¹�rvéénr|q¹�wév|nxxj��<u^_e_gbx�]Zjfh-

gbq_kdbo�khklZ\eyxsbo�b�\u[hjm�iZjZf_ljh\�ki_dljZevghc�fh^_eb�qZklh
f_rZ_l�gZebqb_�\�ijhp_kk_�lj_g^Z�b�\ukhdhZfieblm^guo��g_i_jbh^bq_-
kdbo� kdZqdh\� �\� ebl_jZlmj_� bkihevam_lky� lZd`_� l_jfbg� ©bgl_j\_gpbbª��
M^Ze_gb_�wlbo�dhfihg_glh\�ijhba\h^blky�mklZgh\dZfb�f_gx� �jbk��������
Ijhba\_^_ggu_�dhjj_dpbb�[m^ml�Z\lhfZlbq_kdb�\hkklZgh\e_gu�ijb�ijh-
]ghabjh\Zgbb�\j_f_ggh]h�jy^Z�
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>ey�gb\_ebjh\Zgby�lj_g^Z�ij_^eZ]Zxl-
ky�^\_�fh^_eb��ebg_cgZy�b�iZjZ[hebq_kdZy�
Ijbf_gbfhklv�lhc�beb�bghc�fh^_eb�fh`_l
[ulv� ij_^\Zjbl_evgh� hp_g_gZ� f_lh^hf
ijhklhc� j_]j_kkbb� �jZa^�� ������ k� ^hklmi-
guf� lZf� `_� ijh]ghabjh\Zgb_f�� Ke_^m_l
ih^q_jdgmlv�� qlh� ebg_cgZy� fh^_ev� qZklh
y\ey_lky�[he__�ij_^ihqlbl_evghc��g_kfhl-
jy�gZ�hldehg_gby�ijhp_kkZ�hl�ebg_cghklb�
ihkdhevdm�wlb�hldehg_gby�[m^ml�Z\lhfZlb-
q_kdb�mql_gu�ki_dljZevghc�fh^_evx�

KdZqdb� oZjZdl_jbamxlky� wdkljZhj^bgZjguf� agZq_gb_f� ijhba\h^ghc
�kdhjhklb�baf_g_gby�ijhp_kkZ���>ey�bo�m^Ze_gby�\�ihe_�\\h^Z�[eZgdZ�jbk�
����� ke_^m_l� aZ^Zlv� mjh\_gv� ©ghjfZevguoª� agZq_gbc� ijhba\h^ghc��Hp_-
gblv� wlhl�mjh\_gv�fh`gh�� \uqbkeb\�ij_^\Zjbl_evgh�ijhba\h^gmx�b�ih-
kfhlj_\�gZ�__�]jZnbd��f_lh^hf�^bnn_j_gpbjh\Zgby�ba�jZa^��������>ey�[h-
e__� lhqghc� hp_gdb� ihe_agh� khojZgblv� ^Zggu_� k� ]jZnbdZ� \� we_dljhgghc
lZ[ebp_� �dghidZ� ©Khoj=jZnª�� b� lZf� bamqblv� agZq_gby� ijhba\h^ghc� \
pbnjh\hf� \b^_�� Ijb� gme_\hf� agZq_gbb� mjh\gy� ijhba\h^ghc� kdZqdb� g_
m^Zeyxlky�

>ey�ijhp_kkh\�fhghlhggh]h�oZjZdl_jZ�ihe_agh�^hihegbl_evgh�mklZgh-
\blv�j_`bf� ©khijy`_gby�dhgph\ª��dhlhjuc� khklhbl� \�ih\lhjghf�m^Ze_-
gbb� ©ik_\^hlj_g^Zª� lZd��qlh[u�gZqZevgu_�b� dhg_qgu_� Zfieblm^u� kdhj-
j_dlbjh\Zggh]h� ijhp_kkZ� kh\iZ^Zeb�� bgZq_� ijb� ijh]ghabjh\Zgbb�fh`_l
gZ[ex^Zlvky� kdZqhd� \� gZqZe_� ijh]ghaZ� �\ke_^kl\b_� fZl_fZlbq_kdbo
k\hckl\�Nmjv_�ij_h[jZah\Zgby���>ey�ijhp_kkh\� k�\ukhdhqZklhlgufb�dh-
e_[Zgbyfb�khijy`_gb_�dhgph\�g_�h[yaZl_evgh��Z�bgh]^Z�b�g_`_eZl_evgh�

=jZnbd�kdhjj_dlbjh\Zggh]h�\j_f_ggh]h�jy^Z�\u^Z_lky�^ey�\bamZevghc
hp_gdb� b� bamq_gby�� Ijb� g_m^h\e_l\hjbl_evghf� j_amevlZl_� dhjj_dpbx
fh`gh�ih\lhjblv�
���Ì|ntv·t�p�méj{qr�¬ï®��Hp_gdm�]Zjfhgbq_kdbo�khklZ\eyxsbo

ijhp_kkZ�^ey�ijbgylby�j_r_gby�h�jZa^_e_gbb�^_l_jfbgbjh\Zgguo�b�rm-
fh\uo�khklZ\eyxsbo�e_]dh�ijhba\_klb�ih�]jZnbdm�Zfieblm^gh±qZklhl-
ghc� oZjZdl_jbklbdb� beb� Zfieblm^gh]h� ki_dljZ� �kf�� jZa^�� ������RdZeZ
Zfieblm^� gZ� ]jZnbd_� ^ey� m^h[kl\Z� ij_^klZ\e_gZ� \� ijhp_glZo� hl�fZdkb-
fZevghc�Zfieblm^u�
���Íjéjunzé��uvlnsq��Ihke_�wlh]h�m`_�fh`gh�hkfuke_ggh�hij_-

^_eblv�g_h[oh^bfu_�iZjZf_lju�nmjv_�fh^_eb��[eZgd�jbk��������
• qbkeh�rZ]h\�ijh]ghaZ�jZa\blby�ijhp_kkZ��ijb�gme_\hf�agZq_gbb�wlh]h

iZjZf_ljZ�ijh]gha�g_�kljhblky��

Jbk��������;eZgd�dhjj_dpbb
ijhp_kkZ
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• qbkeh�^_e_gbc�\j_f_ggh]h�jy^Z
^ey�wdkihg_gpbZevgh]h�mkj_^g_gby
ki_dljZ��agZq_gb_���khhl\_lkl\m_l
mkj_^g_gbx�ki_dljZ�kh�ki_dljhf
hlj_adZ�\�����^ebgu�\j_f_ggh]h
jy^Z�hl�_]h�dhgpZ��agZq_gb_���²�k
hlj_adZfb�����b�����^ebgu�\j_-
f_ggh]h�jy^Z�b�l��^���ijb�agZq_gbb
��mkj_^g_gb_�g_�ijhba\h^blky��gZ
^ebg_�hlj_adZ�f_g__���hlkq_lh\
mkj_^g_gb_�Z\lhfZlbq_kdb�aZ\_j-
rZ_lky��ihwlhfm�kljh]h�dhgljheb-
jh\Zlv�\_jogbc�ij_^_e�wlh]h�agZ-

q_gby�g_�lj_[m_lky��
• \_jogyy�b�gb`gyy�]jZgbpu�^bZiZahgZ�qZklhl�m^Zey_fuo�ki_dljZevguo

khklZ\eyxsbo��nbevljZpby���ijb�gme_\uo�agZq_gbyo�nbevljZpby�g_
ijhba\h^blky�

• Zfieblm^guc�ihjh]��gb`_�dhlhjh]h�m^Zeyxlky�\k_�ki_dljZevgu_�kh-
klZ\eyxsb_��ijb�gme_\hf�agZq_gbb�m^Ze_gb_�g_�ijhba\h^blky��

• ijbagZd�g_h[oh^bfhklb�Z^ZilZpbb�mk_q_gghc�fh^_eb�d�\j_f_gghfm
jy^m��ijb�hlkmlkl\bb�ijbagZdZ�Z^ZilZpbhgguc�f_oZgbaf�g_�aZimkdZ_l-
ky��^ey�iheghc�ki_dljZevghc�fh^_eb�Z^ZilZpby�wnn_dlZ�g_�bf__l��

• gZqZevgh_�\j_fy�ijhp_kkZ�b�_]h�\j_f_gghc�rZ]�g_h[oh^bfu�lhevdh
^ey�\j_f_gghc�rdZeu�j_amevlZlh\�ijh]ghabjh\Zgby��\h�\k_o�^jm]bo
j_amevlZlZo�\j_fy�[_a�ms_j[Z�^ey�h[sghklb�ij_^klZ\ey_lky�ihke_^h-
\Zl_evghklvx�gZlmjZevguo�qbk_e�
GZ`Zlb_� gZ� dghidm� ©Ml\_j^blvª� ijh^he`Z_l� ^Zevg_crbc� ZgZeba� \

khhl\_lkl\bb�k�mklZgh\e_ggufb�iZjZf_ljZfb��Z�gZ`Zlb_�gZ�dghidm�©Hl-
f_gblvª�ijb\h^bl�d�aZ\_jr_gbx�jZ[hlu�ijhp_^mju�

Gme_\u_� agZq_gby� iZjZf_ljh\� khhl\_lkl\mxl� qbklhc� nmjv_�fh^_eb�
lhqgh�\hkijhba\h^ys_c�\j_f_gghc�jy^�

Ijh^he`_gb_�ZgZebaZ� aZ\bkbl�hl�gZebqby�beb�hlkmlkl\by� aZdZaZ�ijh-
]ghabjh\Zgby�
���ènoys�zjz��ino�wévmtvoj��<�kemqZ_�hlkmlkl\by�ijh]ghabjh\Z-

gby�\�dZq_kl\_�qbkeh\uo�j_amevlZlh\�\u^Z_lky�ihke_^h\Zl_evghklv�agZq_-
gbc�\j_f_gghc�fh^_eb�ZgZebabjm_fh]h�jy^Z�b�kj_^g_d\Z^jZlbqgh]h�rm-
fZ��oZjZdl_jbam_l�hlebqb_�fh^_eb�hl�bkoh^gh]h�\j_f_ggh]h�jy^Z���Z�lZd-
`_�kh\f_klguc�]jZnbd�kdhjj_dlbjh\Zggh]h�\j_f_ggh]h�jy^Z�b�_]h�nmjv_�
fh^_eb��l��_��[_a�\hkklZgh\e_gby�lj_g^Z�b�kdZqdh\���>ey�\bamZebaZpbb�fh-
^_eb� bkoh^gh]h� \j_f_ggh]h� jy^Z� ke_^m_l� nbdlb\gh� aZdZaZlv� h^bg� rZ]
ijh]ghaZ�

Jbk��������;eZgd�iZjZf_ljh\�nmjv_±
fh^_eb
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>Ze__�ih�ih^l\_j`^_gbx�fh`gh�\ha\jZlblvky�d�gh\uf�mklZgh\dZf�iZ-
jZf_ljh\�fh^_eb��LZdhc�pbde�iha\hey_l�ihke_^h\Zl_evgh�m^Zeylv�ba�fh-
^_eb�hl^_evgu_�ki_dljZevgu_�khklZ\eyxsb_�
���¬tjsqo�vxzjzrvk� <�kemqZ_�gZebqby�ijh]ghaZ�ih�ih^l\_j`^_gbx

fh`_l�[ulv�ijhba\_^_g�ZgZeba�hklZldh\��l��_��jZaghkl_c�f_`^m�fh^_evx
b�\j_f_gguf�jy^hf��<�dZq_kl\_�qbkeh\uo�j_amevlZlh\�\u^Z_lky�lZ[ebpZ
agZq_gbc�ke_^mxsbo�ihdZaZl_e_c��ZgZeh]bqgh�f_lh^m�ijhklhc�j_]j_kkbb�
kf��jZa^��������

;��<wdki��<fh^e��hklZlhd��Kl�hklZl��Kl�hrb[��>h\_j�bgl

AZl_f� \u^Z_lky� ]jZnbd� j_]j_kkbhgguo� hklZldh\� ^ey� ihke_^h\Zl_ev-
guo�lhq_d�\j_f_ggh]h�jy^Z�

��� Íévmtvo�� <u^Z_lky� lZ[ebpZ� iZjZf_ljh\� nmjv_�fh^_eb�� \dex-
qZxsZy�ke_^mxsb_�agZq_gby�

:fieblm^Z����I_jbh^�����NZaZ

AZl_f� \u^Z_lky� lZ[ebpZ� ijh]ghaZ�� \dexqZxsZy� agZq_gby� ke_^mxsbo
ihdZaZl_e_c��ZgZeh]bqgh�f_lh^m�ijhklhc�j_]j_kkbb��kf��jZa^��������

;ijh]g����<ijh]g����Kl�hrb[����>h\_j�bgl

<�aZ\_jr_gb_�\u^Z_lky�]jZnbd�\j_f_ggh]h�jy^Z��kh\f_s_gguc�k�]jZ-
nbdhf� \j_f_gghc� fh^_eb� k� ahghc� ijh]ghaZ�� <� ahg_� ijh]ghaZ� mdZaZgu
\_jogyy� b� gb`gyy� ]jZgbpu� ^h\_jbl_evgh]h� bgl_j\ZeZ� ijh]ghabjm_fuo
agZq_gbc�

Ihemq_ggu_�j_amevlZlu�fh`gh�i_j_g_klb�\�we_dljhggmx�lZ[ebpm
^ey�ihke_^mxs_]h�ZgZebaZ�b�ihkljh_gby�dhfie_dkguo�]jZnbdh\�k
qbkeh\hc� \u^Zqb� j_amevlZlh\� ihkj_^kl\hf� [mn_jZ� h[f_gZ

(Clipboard��beb�gZijyfmx�k�]jZnbdh\�gZ`Zlb_f�bgkljmf_glZevghc�dghi-
db�©Khoj=jZn».

Ìméjtq·ntqn��JZaf_j�\j_f_ggh]h�jy^Z�g_�fh`_l�f_gvr_���beb�ij_�
\hkoh^blv�l−d��]^_�d�²�qbkeh�rZ]h\�ijh]ghaZ��l  ���������������������ijb
h[t_f_�fZljbpu�^Zgguo�\��� 000, 20 ����������b�����qbk_e�

Í�é�q�u�n�é���
d� j� l� j� ·� j��>Zgguc� ijbf_j� ij_^gZagZq_g� ^ey� kjZ\g_gby� nmjv_�

fh^_e_c�k�^jm]bfb�f_lh^Zfb�ZgZebaZ�\j_f_gguo�jy^h\��Ihwlhfm�\�dZq_-
kl\_�bkoh^guo�^Zgguo�bkihevam_f�ohjhrh�agZdhfuc�\�^Zgghc�]eZ\_�\j_-
f_gghc�jy^�baf_g_gby�Z\bZi_j_\hahd��kf��jbk��������<gbfZl_evgh_�bamq_-
gb_�bkoh^gh]h�\j_f_ggh]h�jy^Z�ihdZau\Z_l��qlh�\�g_f�k�l_q_gb_f�\j_f_gb
gZjZklZxl� Zfieblm^u� \ukhdhqZklhlguo� g_j_]meyjguo� khklZ\eyxsbo�
kms_kl\_ggh�bkdZ`Zxsb_�]eZ\guc�]h^bqguc�jblf��g_klZpbhgZjghklv��

��j�m����Ihkdhevdm�\j_f_gghc�jy^�m`_�ghjfbjh\Zg�b�p_gljbjh\Zg
ij_^\Zjbl_evgZy�dhjj_dpby�fh^_eb��lj_g^��kdZqdb��g_�gm`gZ��:fieblm^-
guc�ki_dlj�ijhp_kkZ�ijb\_^_g�gZ�jbk��������>ey�gZqZeZ�ijhba\_^_f�lhevdh
nbevljZpbx� \ukhdhqZklhlguo� khklZ\eyxsbo� ki_dljZ� \� ^bZiZahg_� hl� ��
^h� ����>ey� wlh]h� \� [eZgd_�iZjZf_ljh\�nmjv_�fh^_eb� �jbk�� ������ ke_^m_l
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aZihegblv�ihabpbb�\_jog_]h�b�gb`g_]h�nbevljh\��hklZevgu_�ihabpbb�hk-
lZ\bf�gme_\ufb�

è�n�o�y�s���z�j�z���

NMJV?�FH>?EB�NZce��VSHF��VWG������������I_j_f_ggZy�IOLJKW
Kl�hlde�rmfZ �����

Ìixy lntqn�� <� j_amevlZl_� nbevljZpbb� ki_dlj� ijhp_kkZ� ijbh[j_e
\b^�jbk��������DZd�fh`gh�\b^_lv�ih�]jZnbdm�j_amevlZlZ�nbevljZpbb��jbk�
�������m^Ze_gb_�\ukhdhqZklhlguo�khklZ\eyxsbo�ba�ki_dljZ�^_ckl\bl_evgh
ijb\_eh�d�`_eZ_fhfm�k]eZ`b\Zgbx�[ukljuo�dhe_[Zgbc�\j_f_ggh]h�jy^Z�
Ihemq_gguc�j_amevlZl�[ebahd�d�j_amevlZlm�nbevljZpbb�jy^Z�kdhevaysbf
kj_^gbf��kf��jbk���������M^Ze_ggu_�dhfihg_glu�khhl\_lkl\mxl�rmfm��oZ-
jZdl_jbam_l�jZaebqb_�f_`^m�fh^_evx�b�\j_f_gguf�jy^hf�� kh� klZg^Zjl-
guf�hldehg_gb_f�������

��j�m����M^Zebf�l_i_jv�ba�ki_dljZ�hkgh\gmx�ki_dljZevgmx�]Zjfh-
gbdm��k_ahgguc�dhfihg_gl��\�^bZiZahg_�qZklhl��±��

Jbk��������=jZnbd�ki_dljZevghc�fh^_eb�ihke_�m^Ze_gby�\ukhdbo�qZklhl

Jbk��������=jZnbd�nbevljZpbb�\j_f_ggh]h�jy^Z�Z\bZi_j_\hahd
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Ìixy lntqn��KjZ\gbf�ihemq_gguc�j_amevlZl���jbk�������k�j_amevlZ-
lhf�k_ahgghc�nbevljZpbb�ba�jZa^�������kf��jbk���������DZd�fh`gh�aZf_lblv�
nmjv_±nbevljZpby� h[_ki_qb\Z_l� m^Ze_gb_� k_ahgghc� khklZ\eyxs_c� [_a
j_adbo�\u[jhkh\��oZjZdl_jguo�^ey�jbk�� ������djhf_�lh]h�j_amevlZl�ho\Z-
lu\Z_l�\kx�^ebgm�\j_f_ggh]h�jy^Z��[_a�ijbkms_]h�k_ahgghfm�^bnn_j_g-
pbjh\Zgbx�©h[j_aZgbyª�dhgpZ�jy^Z�

�� j� m� ���Bkihevam_f� l_i_jv� g_nbevljh\Zggmx� �©qbklmxª�� nmjv_±
fh^_ev�^ey�ijh]ghabjh\Zgby�Z\bZi_j_\hahd�gZ����rZ]h\��l��_��gZ�^\Z�k�iheh-
\bghc�]h^Z��>ey�wlh]h�\�[eZgd_�jbk�������aZihegbf�lhevdh�ihe_�ijh]ghaZ�

Ìixy lntqn��DZd�\b^gh�ba�ihemq_ggh]h�j_amevlZlZ� �jbk��������qbk-
lZy�nmjv_±fh^_ev�iheghklvx�ih\lhjy_l�\j_f_gghc�jy^�b�__�ijh]gha�y\-
ey_lky�ih\lhj_gb_f�gZqZevgh]h�mqZkldZ�ijhp_kkZ�

��j�m����Baf_gbf�fh^_ev��m^Zeb\�ba�ki_dljZ�gbadhZfieblm^gu_�kh-
klZ\eyxsb_��g_�ij_\urZxsb_�����hl�fZdkbfmfZ�

Jbk��������=jZnbd�ki_dljZevghc�fh^_eb�ihke_�k_ahgghc�nbevljZpbb

Jbk��������<j_f_gghc�jy^�Z\bZi_j_\hahd�k�ijh]ghahf�gZ����rZ]h\
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è�n�o�y�s���z�j�z����khdjZs_ggh��
NZce��VSHF��VWG�������I_j_f_ggZy�IOLJKW

IZjZf_lju�Nmjv_±fh^_eb
:fieblm^Z���I_jbh^�����NZaZ
  0.00571        0      180
    0.217       73    -9.34
    0.894     12.2      161
    0.145     9.13    -38.8
    0.145     6.08     -105
    0.172     4.06      -15
    0.313     3.04     71.3
    0.258     2.92     -152

Kl�hldehg_gb_�hklZldh\��jZaebqb_�fh^_eb�b�ijhp_kkZ� ������
�����;���<wdki����<fh^e���hklZlhd��Kl�hklZl��Kl�hrb[��>h\_j�bgl

        0   -0.256   -0.457    0.202    0.706    0.296    0.582
        1   -0.537   -0.212   -0.325    -1.12    0.295    0.581
        2   -0.081   -0.166   0.0851    0.301    0.295     0.58
        3    0.432    0.279    0.153    0.538    0.295     0.58
        4    0.737    0.658   0.0789    0.279    0.294    0.579
        5     1.01    0.659    0.347     1.21    0.294    0.579
        6     1.06    0.963    0.097    0.342    0.294    0.578
        7     1.02     1.25   -0.234   -0.807    0.294    0.578
        8    0.635    0.786   -0.151   -0.519    0.293    0.577
        9 -0.00816  -0.0947   0.0865    0.306    0.293    0.577
       10   -0.822   -0.511   -0.311    -1.08    0.293    0.576

    .  .  .
�����;ijh]g��<ijh]g���Kl�hrb[��>h\_j�bgl

       72   -0.457    0.296    0.582
       73   -0.212    0.296    0.583
       74   -0.166    0.297    0.584
       75    0.279    0.297    0.584
       76    0.658    0.297    0.585
       77    0.659    0.298    0.586
       78    0.963    0.298    0.587
       79     1.25    0.298    0.587
       80    0.786    0.299    0.588

    .  .  .

Jbk��������=jZnbd�fh^_eb�ihke_�m^Ze_gby�gbadhZfieblm^guo�khklZ\eyxsbo
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Ìixy lntqn��A^_kv�k�beexkljZlb\gufb�p_eyfb�ijb\_^_gZ�lZd`_�b
qbkeh\Zy�\u^ZqZ�j_amevlZlh\�k�iZjZf_ljZfb�fh^_eb��ZgZebahf�hklZldh\�b
ijh]ghahf��:fieblm^guc�ki_dlj�fh^_eb�ijb\_^_g�gZ�jbk�������

DZd�\b^gh�ba�j_amevlZlZ�fh^_ebjh\Zgby�b�ijh]ghaZ��jbk��������fh^_ev
m`_�g_�ih\lhjy_l�\j_f_gghc�jy^��Ih�kjZ\g_gbx�k�jbk�������ihy\bebkv�\u-
khdhqZklhlgu_�dhe_[Zgby�gZ�gZqZevghf�mqZkld_�ijhp_kkZ��gh�kgbabeZkv�bo
Zfieblm^Z� gZ� dhg_qghf� mqZkld_��H^gZdh� ijh]gha� hklZ_lky� ih\lhj_gb_f
gZqZevgh]h�mqZkldZ�kfh^_ebjh\Zggh]h�jy^Z�

��j�m����>h[Z\bf�d�^Zgghc�fh^_eb�_s_�b�Z^ZilZpbx�

Ìixy lntqn��DZd�\b^gh�ba�jbk������aZ�kq_l�Z^ZilZpbb�kZfh�fh^_eb-
jh\Zgb_�ijhp_kkZ�ih�kjZ\g_gbx�k�jbk�������[he__�[ebadh�d�qbklhc�nmjv_�
fh^_eb��kf��jbk��������b�d�bkoh^ghfm�\j_f_gghfm�jy^m��d�lhfm�`_�ijh]gha
m`_�g_�ih\lhjy_l�gZqZeh�\j_f_ggh]h�jy^Z�

Jbk��������<j_f_gghc�jy^�Z\bZi_j_\hahd�k�nmjv_±fh^_evx�b�k�ijh]ghahf�gZ���
rZ]h\

Jbk��������Nmjv_±fh^_ev�k�Z^ZilZpb_c
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��j�m����>h[Z\bf�l_i_jv�\�fh^_ev�_s_�b�^\Z�mkj_^g_gby�

Ìixy lntqn��DZd�\b^gh�ba�jbk� ����� aZ�kq_l�mkj_^g_gby�ih�kjZ\g_-
gbx�k�jbk�� �����\� ahg_�ijh]ghabjh\Zgby�[he__�ij_^klZ\e_gu�\ukhdhqZk-
lhlgu_�dhe_[Zgby��oZjZdl_jgu_�^ey�ihke_^g_]h�mqZkldZ�\j_f_ggh]h�jy^Z�
Ihwlhfm�\�hlghr_gbb�ijh]ghaZ�wlm�fh^_ev�ke_^m_l�ijbagZlv�[he__�Z^_d-
\Zlghc�� ohly� ijb�fh^_ebjh\Zgbb� gZqZevgh]h� mqZkldZ� Z\bZi_j_\hahd� lZf
ihy\bebkv�g_�oZjZdl_jgu_�^ey�g_]h�\ukhdhqZklhlgu_�dhe_[Zgby�

f�é�j�k�t�n�t�q�n���u�n�z�v�l�v�k
d�j�l�j�t�q�n� Ijh\_^_f�kjZ\g_gb_�ij_^eh`_ggh]h�nmjv_±f_lh^Z�k

Z\lhj_]j_kkbhgguf�ih^oh^hf��jZa^��������>ey�wlh]h�bkdexqbf�ba�jZkkfZl-
jb\Z_fh]h� \j_f_ggh]h� jy^Z� _]h� ihke_^gxx� lj_lv� b� kjZ\gbf� lhqghklv
ijh]ghabjh\Zgby�gZ�wlhf�mqZkld_��^hklb]Z_fmx�k�bkihevah\Zgb_f�dZ`^h-
]h�f_lh^Z� �jbk�� �������>ey�nmjv_±fh^_eb�bkihevam_f�m`_�hijh[h\Zggmx
ko_fm�^\mdjZlgh]h�mkj_^g_gby�k�Z^ZilZpb_c�b�hqbkldhc�ki_dljZ�

è�n�o�y�s���z�j�z���

;�������<�������<nmjv_���<DULPD
50  -0.1187    -0.861    -0.151
51  -1.482      0.281    -0.0169
52   0.2741     0.383    -0.0822
53    1.321    -0.0206    0.824
54    0.7636    0.453     0.769
55    0.7658    1.33      0.199
56    1.405     1.16      0.373
57  -4.042E-2   0.176     0.047
58   -0.8149   -0.457    -0.62
59   -0.1097   -0.869    -0.505
60   -0.7781   -1.63     -0.464

;�������<�������<nmjv_���<DULPD
61   -1.003    -1.89     -0.661
62   0.4955    -0.778    -0.27
63   0.3761     0.543     0.0779
64   0.2025     0.623     0.0485
65   1.06       0.141     0.272
66   0.6503     0.375     0.403
67   0.5779     0.817     0.139
68   1.603      0.484     0.0277
69  -0.2873    -0.0613   -0.0376
70  -0.7006    -0.0925   -0.311
71  -0.1595    -0.361    -0.385

Jbk��������Nmjv_±fh^_ev�k�Z^ZilZpb_c�b�^\mfy�mkj_^g_gbyfb
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Ìixy lntqn� <�qbkeh\uo�j_amevlZlZo�\ur_�ijb\_^_gu�bklbggu_�agZ-
q_gby�ijh]ghabjm_fh]h�\j_f_ggh]h�jy^Z�Y�b�ijh]ghklbq_kdb_�agZq_gby�nm-
jv_±� b� $5,0$±fh^_e_c�� <nmjv_�� <DULPD�� >ey� dhebq_kl\_ggh]h� kjZ\g_gby
h[hbo�f_lh^h\� \uqbkebf� kj_^g__� klZg^Zjlgh_� hldehg_gb_�S� ^ey� jZaghkl_c
f_`^m�ijh]ghklbq_kdbfb�b�bklbggufb�agZq_gbyfb� �Y–<nmjv_��<–Yarima��b
ihemqbf��S ������^ey�nmjv_±fh^_eb�b�S ������^ey�$5,0$±fh^_eb�

LZdbf�h[jZahf�nmjv_±fh^_ev�^Z_l�ijh]gha�\�kj_^g_f�gZ����� ������±
����������������lhqg__��q_f�rbjhdh�ihimeyjgZy��gh�Ze]hjblfbq_kdb�g_-
baf_jbfh�[he__�keh`gZy�b�ljm^gZy�^ey�ihgbfZgby�$5,0$±fh^_ev�

djrsí·ntqn��GZ� hkgh\Zgbb� \u\h^h\� ih� jZkkfhlj_gguf� ijbf_jZf
fh`gh�k^_eZlv�ke_^mxsbc�\u\h^��ij_^eh`_ggu_�nmjv_±fh^_eb�y\eyxlky
fgh]hp_e_\uf�bgkljmf_glhf�bkke_^h\Zgby�b�\�dZ`^hc�ba�k\hbo�h[eZkl_c
ijbf_g_gby� ^Zxl� j_amevlZlu� g_� om`_�� Z� aZqZklmx� ±� b� emqr_�� q_f� ih�
imeyjgu_�b�^Z\gh�ba\_klgu_�ZgZeh]b�

Í�é�q�u�n�é���
d�j�l�j�·�j��Ihijh[m_f�kfh^_ebjh\Zlv�b�kijh]ghabjh\Zlv�gZlmjZev-

guc� �g_ij_h[jZah\Zgguc��\j_f_gghc�jy^�baf_g_gby�mjh`Zcghklb�a_jgh-
\uo�\�KKKJ�ba�ijbf_jZ���d�jZa^��������Ihkdhevdm��dZd�lZf�ihdZaZgh��^ey
wlh]h�jy^Z�[he__�ih^oh^bl�iZjZ[hebq_kdZy�fh^_ev�lj_g^Z�ih�kjZ\g_gbx�k
ebg_cghc�� lh� ^ey� kjZ\g_gby� bkihevam_f� h[_� wlb� fh^_eb�� Djhf_� lh]h� \
wlhf�ijhp_kk_�g_�gZ[ex^Z_lky�y\guo�kdZqdh\��qlh�ke_^m_l�ba�kZfhc�ijb-
jh^u�ijhp_kkZ��ijbf_ju�k�m^Ze_gb_f�kdZqdh\�jZkkfhlj_gu�jZa^��������

è�n�o�y�s���z�j�z����khdjZs_ggh�b�[_a�qbkeh\hc�\u^Zqb��

Jbk��������KjZ\g_gb_�nmjv_±ijh]ghaZ��lj_m]hevgbdb��b�$5,0$±ijh]ghaZ��d\Z^jZ-
lu��k�\j_f_gguf�jy^hf�Z\bZi_j_\hahd��imgdlbjgZy�ebgby�
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Z [

Ìixy lntqn��DZd�\b^gh�ba�]jZnbdh\�iheguo�ki_dljZevguo�fh^_e_c
�jbk�� ������ fZehagZqbfu_� dhfihg_glu� fh`gh� hlk_qv� gZ� mjh\g_� ���� hl
Zfieblm^u�fZdkbfZevghc� ]Zjfhgbdb��<� k\yab� k�g_[hevrhc� ^ebghc� \j_-
f_ggh]h� jy^Z� \uihegbf� lhevdh� ^\Z� mkj_^g_gby� k� Z^ZilZpb_c�� ^hihegb-
l_evghc�nbevljZpbb�^_eZlv�g_�[m^_f��\uihegbf�ijh]gha�baf_g_gby�mjh-
`Zcghklb�a_jgh\uo�gZ����e_l�\i_j_^��l��_��^h������]�

è�n�o�y�s���z�j�z����khdjZs_ggh�b�[_a�qbkeh\hc�\u^Zqb��

Z [

Ìixy lntqn��DZd�\b^gh�ba�]jZnbdh\�fh^_e_c�b�ijh]ghah\��iZjZ[h-
ebq_kdZy�fh^_ev��jbk��������ij_^kdZau\Z_l�\�kj_^g_f�ijZdlbq_kdb�ihegmx
klZ]gZpbx�mjh`Zcghklb�gZ����e_l��Ebg_cgZy�`_�fh^_ev��jbk������� Z��ij_^-
kdZau\Z_l� \� kj_^g_f� jhkl� ijb[ebabl_evgh� ebg_cgh]h� oZjZdl_jZ�� gZ� dhlh-
jhf��h^gZdh��\gbfZl_evguf�\a]ey^hf�fh`gh�aZf_lblv�ijh^he`_gb_�aZf_^-
e_gby�jhklZ��oZjZdl_jgh_�^ey�ihke_^g_c�lj_lb�ijhp_kkZ��L_f�kZfuf�ebg_c-
gmx� fh^_ev� lj_g^Z� \� ^Zgghf� kemqZ_� ke_^m_l� ijbagZlv� [he__� Z^_d\Zlghc
kj_^gbf� l_g^_gpbyf� \j_f_ggh]h� jy^Z��Ihq_fm� wlh�ijhbkoh^bl��g_kfhljy
gZ� emqr__� khhl\_lkl\b_� \j_f_ggh]h� jy^Z� iZjZ[hebq_kdhc� fh^_eb�� \uy\-

�Jbk��������Ki_dlju�baf_g_gby�mjh`Zcghklb�a_jgh\uo�ihke_�m^Ze_gby�lj_g^Z�
Z�²�ebg_cguc�lj_g^��[�²�ihebghfbZevguc�lj_g^

�Jbk��������Fh^_ev�b�ijh]gha�mjh`Zcghklb�a_jgh\uo�\�KKKJ�
Z�²�ebg_cguc�lj_g^��[�²�ihebghfbZevguc�lj_g^
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e_ggh_�\�ijbf_j_���jZa^��������DZd�fh`gh�aZf_lblv�ba�kjZ\g_gby�ki_dljh\
jbk�������\�ebg_cghc�fh^_eb�gZfgh]h�[he__�\ujZ`_gZ�kZfZy�gbadhqZklhl-
gZy�]ZjfhgbdZ��B�bf_ggh�hgZ�dhfi_gkbjm_l�kjZ\gbl_evgh�f_gvrmx�Z^_d-
\Zlghklv� fh^_eb� ebg_cgh]h� lj_g^Z�� ^h[Z\eyy� d� g_fm� ^ebggh� i_jbh^bq_-
kdmx�kbgmkhb^m��Wlh�[ueh�m`_�hlf_q_gh�\�hkgh\ghc�qZklb�^Zggh]h�jZa^_eZ�

?s_�ke_^m_l�hlf_lblv��qlh�h[_�fh^_eb�ijhy\eyxl�kms_kl\_ggu_�\ukhdh-
qZklhlgu_� dhe_[Zgby� mjh`Zcghklb�� oZjZdl_jgu_� ^ey� ihke_^g_c� iheh\bgu
\j_f_ggh]h�jy^Z��hij_^_e_ggmx�^\mfy�aZdZaZggufb�\�fh^_eb�mkj_^g_gbyfb�

Í�é�q�u�n�é���
d�j�l�j�·�j��JZkkfhljbf�_`_f_kyqgmx�^bgZfbdm�p_g�gZ�g_nlv�;j_gl�k

�����ih������]]�1��jbk��������nZce�2,/���Wlhl�ijhp_kk�\bamZevgh�lZd`_�bf_-
_l� y\gmx� g_ebg_cghklv�� gh� \� hlebqb_� hl� ij_^u^ms_]h� ijbf_jZ� g_� aZlm-
oZxsmx�� Z�\hajZklZxsmx��Ihwlhfm� a^_kv� lZd`_�ihijh[m_f� kjZ\gblv�^\_
fh^_eb�ebg_cgmx�b�iZjZ[hebq_kdmx��Djhf_�lh]h��\�wlhf�ijhp_kk_�g_�gZ-
[ex^Z_lky�y\guo�kdZqdh\��ijbf_ju�k�m^Ze_gb_f�kdZqdh\�jZkkfhlj_gu�jZa^�
14.4).

Ìixy lntqn��DZd�\b^gh�ba�]jZnbdh\�iheguo�ki_dljZevguo�fh^_e_c
�jbk�� ������ fZehagZqbfu_� dhfihg_glu� fh`gh� ihijh[h\Zlv� hlk_qv� gZ
mjh\g_� ����� Ijb� ebg_cghf� lj_g^_� ij_\Zebjmxsmx� Zfieblm^m� bf__l
gbadhqZklhlgZy� khklZ\eyxsZy� \ke_^kl\b_� \ukhdhZfieblm^guo�b� ^ebggh
i_jbh^bq_kdbo� dhe_[Zgby� hklZldh\� hlghkbl_evgh� lj_g^Z��IhebghfbZev-
gZy�fh^_ev�gZfgh]h�[he__�Z^_d\ZlgZ�ijhp_kkm�b�\�g_c�\�jZ\ghc�kl_i_gb
ij_^klZ\e_gu�gbadh��b�\ukhdhqZklhlgu_�khklZ\eyxsb_��HklZevgu_�iZjZ-
f_lju�ki_dljZevghc�fh^_eb�hklZ\bf�ZgZeh]bqgufb�ijbf_jm� ��b�\uihe-
gbf�ijh]gha�gZ�^\Z�ihke_^mxsbo�]h^Z�

                                                          
1�>Zggu_� ij_^hklZ\e_gu� gZmqguf� khljm^gbdhf�<GBB� \g_rg_wdhghfbq_kdbo

k\ya_c�<�:��Yjguo

Jbk��������?`_f_kyqgZy�^bgZfbdZ�p_g�gZ�g_nlv�;j_gl�k������ih������]]�
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Z
[

Z [

Ìixy lntqn��DZd�\b^gh�ba�]jZnbdh\�fh^_e_c�b�ijh]ghah\��ebg_cgZy
fh^_ev� �jbk�� ����� Z�� aZ� kq_l� kbevghc� gbadhqZklhlghc� khklZ\eyxs_c� \
ki_dlj_� �jbk�� ����� Z�� ij_^kdZau\Z_l� \� kgb`_gb_� p_g� gZ� g_nlv� \� ihke_-
^mxsb_� ^\Z� ]h^Z�� <� ijhlb\hiheh`ghklv� wlhfm� iZjZ[hebq_kdZy� fh^_ev
�jbk������� [��ij_^kdZau\Z_l�ijh^he`_gb_�l_g^_gpbb�ijbf_jgh�ebg_cgh]h
jhklZ� p_g� gZ� g_nlv�� H^gZdh� ba� kh^_j`Zl_evguo� khh[jZ`_gbc� \� gZqZe_
�����]�� �l��_��g_�bf_y�Zihkl_hjghc�bgnhjfZpbb��fh`gh�[ueh�[u�kdZaZlv�
qlh� h[Z� wlbo� ijh]ghaZ� g_^hklZlhqgh� j_Zebklbqgu�� b� bklbgZ� ^he`gZ� e_-
`Zlv�]^_�lh�ihkj_^bg_��<hafh`gh��\�dZq_kl\_�fh^_eb�lj_g^Z�^Zggh]h�ijh-
p_kkZ�[he__�ih^hreZ�[u�iZjZ[heZ�lj_lv_c�beb�[he__�\ukhdhc�kl_i_gb�

�Jbk��������Ki_dlju�p_g�gZ�g_nlv�;j_gl�ihke_�m^Ze_gby�lj_g^Z�
Z�²�ebg_cguc�lj_g^��[�²�ihebghfbZevguc�lj_g^

�Jbk��������Fh^_eb�b�ijh]ghau�p_g�gZ�g_nlv�;j_gl�
Z�²�ebg_cguc�lj_g^��[�²�ihebghfbZevguc�lj_g^



sjkj��� �

ècècffÊÌËËÔe��¬Ë¬ÉÊd
©?klv�\�BkdZ`_gghf�Fbj_�aZdhghf_jghklv�

gh�_klv�b�hlkmlkl\b_�aZdhghf_jghklb�

Gb�qlh�\�g_f�g_�h[yaZl_evgh��gb�qlh�g_�g_h[oh^bfhª

 [A_�DjZ]]Zr��H�g_mfhebfhklb�ijZ\^hih^h[gh]h]

Ëjotj·ntqn�� <h� fgh]bo� ijZdlbq_kdbo� aZ^ZqZo�� bkke_^mxsbo� jZa�
ebqgh]h�jh^Z�aZ\bkbfhklb��g_h[oh^bfh�gZ�hkgh\Zgbb�wdki_jbf_glZevguo
^Zgguo�\ujZablv�aZ\bkbfmx�i_j_f_ggmx�\�\b^_�g_dhlhjhc�fZl_fZlbq_k�
dhc�nmgdpbb�hl�g_aZ\bkbfuo�i_j_f_gguo��l��_��ihkljhblv�j_]j_kkbhggmx
fh^_ev��F_lh^u�j_]j_kkbhggh]h�ZgZebaZ�iha\heyxl�
�
� ijhba\h^blv�jZkq_l�jZaebqgh]h�\b^Z�j_]j_kkbhgguo�fh^_e_c�k�hij_^_�

e_gb_f�agZq_gbc�iZjZf_ljh\�fh^_eb��dhwnnbpb_glh\�ijb�g_aZ\bkb�
fuo�i_j_f_gguo��

�
� ijh\_jblv�]bihl_am�Z^_d\Zlghklb�fh^_eb�bf_xsbfky�gZ[ex^_gbyf�
�
� bkihevah\Zlv�fh^_ev�^ey�ij_^kdZaZgby�beb�ijh]ghabjh\Zgby�agZq_gbc

aZ\bkbfhc�i_j_f_gghc�ijb�gh\uo�beb�g_gZ[ex^_gguo�agZq_gbyo�g_aZ�
\bkbfuo�i_j_f_gguo�
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KlZg^ZjlgZy�ihke_^h\Zl_evghklv�j_amevlZlh\�j_]j_kkbhggh]h� ZgZebaZ
\dexqZ_l�ke_^mxsb_�dhfihg_glu��kf��\�ijbf_jZo�jZa^_eZ�������



������KjZ\g_gb_�^\mo�ebgbc�j_]j_kkbb 265

���MjZ\g_gb_�j_]j_kkbb�beb�fh^_ev��aZibkZggmx�\�h[s_f�\b^_�
���LZ[ebpZ�agZq_gbc�dhwnnbpb_glh\�fh^_eb�kh�klZg^Zjlgufb�hrb[dZ�

fb�\uqbke_gby�dZ`^h]h�dhwnnbpb_glZ�
���LZ[ebpZ�^bki_jkbhggh]h�ZgZebaZ��kf��gb`_�nhjfmeu��kh�klhe[pZfb�

Bklhqgbd��KmffZ�d\Z^jZlh\��Kl_i�k\h[h^u��Kj_^g�kmffZ�d\Z^j

F�lj_fy�kljhdZfb�^ey�iZjZf_ljh\��j_]j_kkbhggu_��hklZlhqgu_�b�h[sb_�
���LZ[ebpZ�ijh\_jdb�gme_\hc�]bihl_au�kh�ke_^mxsbfb�klZlbklbq_kdb�

fb�oZjZdl_jbklbdZfb�
• fgh`_kl\_gguc�dhwnnbpb_gl�dhjj_eypbb�R�f_`^m�aZ\bkbfhc�i_j_-

f_gghc�b�g_aZ\bkbfufb�i_j_f_ggufb�
• R2��d\Z^jZl�R�beb�dhwnnbpb_gl�^_l_jfbgZpbb);
• ijb\_^_ggZy�beb�g_kf_s_ggZy�hp_gdZ�R2;
• klZg^ZjlgZy�hrb[dZ�\uqbke_gbc�
• agZq_gb_�klZlbklbdb�Nbr_jZ�F�b�mjh\_gv�agZqbfhklb�P�gme_\hc�]b�

ihl_au�h�jZ\_gkl\_�gmex�dhwnnbpb_glZ�fgh`_kl\_gghc�dhjj_eypbb�
Ëysnkj¹� mqwvznoj��Ijbgylb_� ihke_^g_c� gme_\hc� ]bihl_au� hagZqZ_l

hlkmlkl\b_� khhl\_lkl\by� f_`^m� bkoh^gufb� ^Zggufb� b� fZl_fZlbq_kdhc
fh^_evx��bgufb�keh\Zfb�²�fh^_ev�g_Z^_d\Zlgh�hibku\Z_l�wdki_jbf_g�
lZevgu_�^Zggu_��?keb�P !�������gme_\Zy�]bihl_aZ�fh`_l�[ulv�ijbgylZ��Z
fh^_ev�hl\_j]Z_lky�dZd�g_Z^_d\ZlgZy�wdki_jbf_glZevguf�^Zgguf�

5. Êtznéwvs¹|q¹��>Ze__�ih�ihem�
q_gghfm� mjZ\g_gbx� j_]j_kkbb� fh`gh
jZkkqblZlv�ijh]ghklbq_kdb_� �[m^msb_�
beb� `_� bgl_jiheypbhggu_� �ijhf_`m-
lhqgu_�� agZq_gby� aZ\bkbfhc� i_j_f_g-
ghc� Y� ^ey� aZ^Zgguo� agZq_gbc� g_aZ\b-
kbfhc�fuo�� i_j_f_gghc�guo�� O�� AZ^Z-
gb_� agZq_gbc�O�ijhba\h^blky�\�[eZgd_
jbk�������

Jbk��������;eZgd�\\h^Z�;�^ey�bgl_j-
iheypbb�<

Jbk��������Dhfihg_glu�j_]j_kkbhgguo�]jZnbdh\
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6. ènménxxqvtt�p�méj{qr��AZl_f�kljhblky�j_]j_kkbhgguc�]jZnbd
�jbk�� ������� gZ� dhlhjhf� ij_^klZ\e_gZ� ^bZ]jZffZ� jZkk_ygby� wdki_jbf_g-
lZevguo� lhq_d� k� j_]j_kkbhgghc� djb\hc� b� ahghc� __� ���� ^h\_jbl_evgh]h
bgl_j\ZeZ�

��� >Zevg_crbc� ZgZeba� fh`_l� \dexqZlv� �jbk�� ������ ke_^mxsb_� \ha-
fh`ghklb�

• ZgZeba�j_]j_kkbhgguo�hklZldh\�
• ijh]ghabjh\Zgb_�j_]j_kkbhgguo

agZq_gbc�\�[m^ms_f�
• i_j_oh^�d�\u[hjm�b�ZgZebam�gh\hc

j_]j_kkbhgghc�fh^_eb�
• aZ\_jr_gb_�ZgZebaZ�
¬tjsqo�vxzjzrvk��<�oh^_�ZgZebaZ

j_]j_kkbhgguo� hklZldh\� \u^Z_lky� lZ[�
ebpZ� �kf�� ijbf_ju� jZa^�� ������� ]^_� ^ey
dZ`^h]h� wdki_jbf_glZevgh]h� agZq_gby
iZjZf_ljZ� Xwdki� ijb\_^_gu� ke_^mxsb_
agZq_gby��jbk���������wdki_jbf_glZevgh_

agZq_gb_�Ywdki�� j_]j_kkbhggh_� agZq_gb_�Yj_]j� �\uqbke_ggh_� ^ey�Xwdki� ih
mjZ\g_gbx�j_]j_kkbb)��j_]j_kkbhgguc�hklZlhd�Ywdki–Yj_]j��hklZlhd�\�_^b�
gbpZo� klZg^Zjlgh]h� hldehg_gby�� klZg^ZjlgZy� hrb[dZ� dYj_]j� j_]j_kkbhg-
gh]h�agZq_gby�Yj_]j��Z�lZd`_����±guc�^h\_jbl_evguc�bgl_j\Ze�iYj_]j�j_]-
j_kkbhggh]h�agZq_gby�Yj_]j.

>Ze__�ih�ih^l\_j`^_gbx�fh]ml�[ulv�\u^Zgu�^\Z�jbkmgdZ�
1)aZ\bkbfhklv�j_]j_kkbhgguo�hklZldh\��Ywdki–Yj_]j�ih�hkb�Y��hl�wd�

ki_jbf_glZevguo�agZq_gbc�Ywdki��ih�hkb�O);
2)aZ\bkbfhklv�j_]j_kkbhgguo�hklZldh\��hkv�Y��hl�wdki_jbf_glZevguo

agZq_gbc�Owdki.
Wlb� ]jZnbdb�iha\heyxl�ijh\_jblv�ij_^iheh`_gby�h�ebg_cghklb��h^�

ghjh^ghklb� �]hfh]_gghklb��b�g_aZ\bkbfhklb�hrb[hd�b�ehdZebah\Zlv�\u�
[jhku��?keb�mdZaZggu_�^hims_gby�\uihegyxlky��lh�gZ�]jZnbd_�g_�[m^_l
gZ[ex^Zlvky�aZf_lghc�aZ\bkbfhklb�f_`^m�hklZlhqgufb�b�j_]j_kkbhggu�
fb�beb�iZjZf_ljbq_kdbfb�agZq_gbyfb��l��_��h[Z�]jZnbdZ�[m^ml�ij_^klZ\�
eylv�kh[hc�kbff_ljbqgh_��kemqZcgh_�b�jZ\ghf_jgh_�jZkij_^_e_gb_�lhq_d�
Ihy\e_gb_� aZf_lghc� aZdhghf_jghklb� \�jZkij_^_e_gbb�hklZldh\� y\ey_lky
bg^bdZlhjhf� hij_^_e_gghc� g_Z^_d\Zlghklb� fh^_eb� wdki_jbf_glZevguf
^Zgguf�

fv}éjtntqn�vxzjzrvk��HklZldb�fh`gh�i_j_g_klb�k�]jZnbdZ�\
we_dljhggmx�lZ[ebpm�^ey�ihke_^mxs_]h�ZgZebaZ�hklZldh\�gZ`Z-
lb_f�bgkljmf_glZevghc�dghidb�©Khoj=jZn».

>Zevg_crbc�ZgZeba�hklZldh\�fh`_l�khklhylv�\�ihkljh_gbb�]bklh]jZf�
fu� bo� jZkij_^_e_gby� b� ijh\_jdb� wlh]h� jZkij_^_e_gby� gZ� ghjfZevghklv

Jbk��������F_gx�\u[hjZ�^Zevg_c-
r_]h�ZgZebaZ
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kj_^kl\Zfb�ijhp_^mju�jZa^�������ijh\_jdb�dhjj_ebjh\Zgghklb�hklZldh\�k
aZ\bkbfhc�beb�g_aZ\bkbfhc�i_j_f_gghc�\�jZa^������b�l��^����QZs_�\k_]h�wlZ
\hafh`ghklv� bkihevam_lky� ^ey� m^Ze_gby� lj_g^Z� m� \j_f_ggh]h� jy^Z� �kf�
jZa^�������
Íévmtvo� Ijb� \u[hj_� ijh]ghaZ� \� ijZ\h_� ihe_� f_gx� ^Zevg_cr_]h

ZgZebaZ� �jbk�� ������gm`gh�\\_klb�qbkeh�lhq_d�ijh]ghaZ�b�\_ebqbgm�rZ]Z
ijh]ghaZ�b�gZ`Zlv� dghidm�ijh]ghaZ�� AZ� wlbf� \u^Z_lky� lZ[ebpZ�� dhlhjZy
^ey�dZ`^h]h�ijh]ghabjm_fh]h�X�kh^_j`bl�ke_^mxsb_�iZjZf_lju��agZq_-
gb_� g_aZ\bkbfhc� i_j_f_gghc�Xi�� j_]j_kkbhgguc� hldebd�Yj_]j�� klZg^Zjl-
gmx�hrb[dm�ijh]ghaZ�bg^b\b^mZevgh]h� agZq_gby�hldebdZ dYj_]j�b� ���±
guc�^h\_jbl_evguc�bgl_j\Ze�ijh]ghaZ� iYj_]j��Kljhblky� ]jZnbd� wdki_jb-
f_glZevguo�lhq_d��j_]j_kkbhgghc�djb\hc��ijh^he`_gghc�\�ahgm�ijh]ghaZ
k�]jZgbpZfb����±gh]h�^h\_jbl_evgh]h�bgl_j\ZeZ�ijh]ghaZ��jbk�������

QZklgu_�hlebqby�j_amevlZlh\�fgh]hiZjZf_ljbq_kdh]h�j_]j_kkbhggh]h
ZgZebaZ�jZkkfhlj_gu�\�jZa^�������
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������ féjktntqn�lky}�sqtqp
énménxxqq

Ëjotj·ntqn�� >ey� ^\mo� wdki_jbf_glZevguo� aZ\bkbfhkl_c� ijhba\h�
^blky�kjZ\g_gb_�bo�ebgbc�j_]j_kkbb�k�ijh\_jdhc�gme_\hc�]bihl_au�h[�hl�
kmlkl\bb�jZaebqbc�f_`^m�gbfb�

Êx}vlt�n�ljtt�n�ij_^klZ\eyxlky�\�\b^_�ik_\^hfZljbpu��kh^_j`Z�
s_c�^\_�iZju�i_j_f_gguo�X1, Y1�b�X2, Y2�F�qbkehf�agZq_gbc�n�b�m.

ènoys�zjz�� \dexqZxl� agZq_gby� T±klZlbklbdb� �Klvx^_glZ�� k� mjh\�
g_f�agZqbfhklb�P�^ey�^\mo�]bihl_a��h�jZ\_gkl\_�m]eh\uo�dhwnnbpb_glh\
j_]j_kkbc�b� h[� hlkmlkl\bb� k^\b]Z�f_`^m�gbfb��?keb�P!������ khhl\_lkl-
\mxsZy�gme_\Zy�]bihl_aZ�fh`_l�[ulv�ijbgylZ�
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Í�é�q�u�n�é
d�j�l�j�·�j��Ijb�j_\fZlhb^ghf�Zjljbl_�ba�aZ�[he_ag_gghklb�kmklZ-

\h\�ijhbkoh^bl�qZklbqgZy�Zljhnby�furp��qlh�kdZau\Z_lky�gZ�nbabq_kdhc
kbe_�� Qlh[u� ijh\_jblv� klZlbklbq_kdmx� agZqbfhklv� wlbo� baf_g_gbc�� \
]jmii_�[hevguo�b�\�]jmii_�a^hjh\uo�ex^_c�baf_jyebkv�aZ\bkbfhklb�kbeu
k`Zlby�dbklb�hl�ihi_j_qgh]h�k_q_gby�ij_^ie_qvy��nZce�/5����J_amevlZlu
bkke_^h\Zgby�bah[jZ`_gu�gZ�jbk�������

è�n�o�y�s���z�j�z���

KJ:<G?GB?�><MO�J?=J?KKBC���NZce��OU��VWG
7�iZjZe_evghklv� ������AgZqbfhklv ����(����kl_i�k\h[� ���
���=bihl_aZ�����?klv�jZaebqby�f_`^m�dhwnnbpb_glZfb�gZdehgZ!
7�jZ\_gkl\h�kj_^gbo� ������AgZqbfhklv ����(�����kl_i�k\h[� ���
����=bihl_aZ�����?klv�jZaebqby�\�iheh`_gbb�j_]j_kkbhgguo�ijyfuo!

Æ���k�v�l����Kh]eZkgh�j_amevlZlZf�ZgZebaZ�\uy\e_gu�jZaebqby�dZd
m]eh\� gZdehgZ�� lZd� b� \� k^\b]_� j_]j_kkbhgguo� aZ\bkbfhkl_c� �h[Z� mjh\gy
agZqbfhklb�[ebadb�d�gmex��

������ Íévxzj¹�énménxxq¹
Ëjotj·ntqn��Ijhp_^mjZ� ijhklhc� j_]j_kkbb� ij_^hklZ\ey_l� \hafh`�

ghklv� kljhblv�gZb[he__�mihlj_[bl_evgu_�j_]j_kkbhggu_�fh^_eb�^ey� wd�
ki_jbf_glZevguo� aZ\bkbfhkl_c� hl� h^ghc� i_j_f_gghc�� Z� lZd`_� ^ey� \j_�
f_gguo�jy^h\�

Jbk��������KbeZ�k`Zlby�dbklb��d]��hkv�Y��\�aZ\bkbfhklb�hl�ihi_j_qgh]h�k_q_gby
ij_^ie_qvy��kf2��hkv�O��^ey�a^hjh\uo�ex^_c��d\Z^jZlu��b�[hevguo�Zjljblhf��djm]b�
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?keb�\�ij_^eZ]Z_fhf�kibkd_�fh^_e_c�g_l�ih^oh^ys_c��lh�ke_^m_l�h[-
jZlblvky�d�jZa^�� ������ ]^_�ih�nhjfme_�fh`gh� aZ^Zlv�ex[mx� Ze]_[jZbq_-
kdmx�fh^_ev�

<�oh^_�ZgZebaZ�fh`gh�ihemqblv�ke_^mxsb_�j_amevlZlu�
• \u[jZlv�ba�g_kdhevdbo�fZl_fZlbq_kdbo�fh^_e_c�lm��dhlhjZy�k�[hevr_c

lhqghklvx�hibku\Z_l�wdki_jbf_glZevgmx�aZ\bkbfhklv;
• \uqbkeylv�bgl_jiheypbhggu_�agZq_gby�
• ihkljhblv�ijh]gha�gZ�[m^ms__�gZ�hkgh\_�\u[jZgghc�fh^_eb�k

100(1−α���guf�^h\_jbl_evguf�bgl_j\Zehf�
• ijh\_klb�ZgZeba�j_]j_kkbhgguo�hklZldh\�

Êx}vlt�n�ljtt�n ij_^klZ\eyxl�kh[hc�^\_�iZjgu_�X�b�Y�i_j_f_g-
gu_�ba�we_dljhgghc�lZ[ebpu��beb�h^gm�i_j_f_ggmx�Y��ij_^klZ\eyxsmx
\j_f_gghc�jy^�^ey�ZgZebaZ�_]h�lj_g^Z��kf��jZa^�������

Jbk��������;eZgd�\u[hjZ�i_j_-
f_gguo�^ey�j_]j_kkbhggh]h

ZgZebaZ

Jbk��������F_gx�\u[hjZ�j_]j_kkbhgghc�fh^_eb

bnpxzkq¹�q�énoys�zjz��
���KgZqZeZ� gm`gh� \u[jZlv� ba� we_dljhgghc� lZ[ebpu� ^ey� ZgZebaZ� ^\_

iZjgu_�X�b�Y�i_j_f_ggu_�beb�`_�h^gm�i_j_f_ggmx�Y��ij_^klZ\eyxsmx
\j_f_gghc�jy^��kf��jbk��������jbk��������;eZgd�\u[hjZ�i_j_f_gguo�hlebqZ-
_lky�gZebqb_f�^\mo�ihe_c��\u[jZgghc�Y±i_j_f_gghc�b�X±i_j_f_gguo� �\
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Í�é�q�u�n�é���
d�j�l�j�·�j��JZkkfhljbf�^Zggu_�=hkdhfklZlZ�KKKJ�ih�kj_^g_c�mjh-

`Zcghklb� a_jgh\uo� dmevlmj� �p_glg_ju� k� ]_dlZjZ�� k� ����� ih� ����� ]h^u
�nZce� &251���Ihijh[m_f� ijhZgZebabjh\Zlv� aZdhghf_jghklb� baf_g_gby
wlh]h�dZj^bgZevgh�\Z`gh]h�^ey�\k_c�wdhghfbdb�b�[eZ]hkhklhygby�kljZgu
ihdZaZl_ey��qlh[u�bf_lv�\hafh`ghklv�kljhblv�^hklh\_jgu_�ijh]ghau�gZ
[m^ms__�

>ey�wlh]h�gZf��ij_`^_�\k_]h��ihe_agh�\bamZevgh�bamqblv�]jZnbd�^Zg-
gh]h�\j_f_ggh]h�jy^Z��jbk���������

DZd�e_]dh�aZf_lblv��\�^bgZfbd_�mjh`Zcghklb�ij_h[eZ^Z_l�ebg_cgh�\hajZk-
lZxsZy�l_g^_gpby�k�_`_]h^gufb�g_j_]meyjgufb�dhe_[Zgbyfb��ihwlhfm�_kl_-
kl\_gguf�ij_^klZ\ey_lky�hibkZgb_�wlbo�^Zgguo�ebg_cghc�j_]j_kkbhgghc�fh-

Jbk���������Baf_g_gb_�mjh`Zcghklb�a_jgh\uo�\�KKKJ�k������ih������]]�
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^_evx��Fh`gh� lZd`_� hlf_lblv�� ^\Z� i_jbh^Z� m\_ebq_gby� g_klZ[bevghklb� \
1962−�����]]��b�\�����−�����]]���^\Z�i_jbh^Z�klZ]gZpbb�\�����−�����]]���wihoZ
iha^g_]h�Ojms_\Z��b�\�����−�����]]���wihoZ�iha^g_]h�;j_`g_\Z���Z�lZd`_�mkdh-
j_gb_�\hajZklZgby�mjh`Zcghklb�\�����−�����]]���wihoZ�jZgg_]h�;j_`g_\Z��b�\
1983−�����]]���ihke_[j_`g_\kdZy�wihoZ�b�wihoZ�jZgg_]h�=hj[Zq_\Z���<hl�kdhev-
dh�fgh]h�ihe_aguo�b�ZkkhpbZlb\guo�bklhjbq_kdbo�\u\h^h\�fh`gh�k^_eZlv�ba
ijhklh]h�ijhkfhljZ�bkoh^guo�^Zgguo�

I_j_c^_f�kh[kl\_ggh�d�j_]j_kkbhgghfm�ZgZebam��ijbf_gb\�ebg_cgmx
fh^_ev�b�\uqbkeb\�ih�g_c�ijh]ghklbq_kdh_�agZq_gb_�gZ������]h^�

è�n�o�y�s���z�j�z���

IJHKL:Y�J?=J?KKBY���NZce��FRUQ�VWG��I_j_f_ggu_��GDWD��]HUQR

Fh^_ev��ebg_cgZy��<� �D��D�[
��Dhwnn��������D��������D�
AgZq_gb_������������������
Kl�hrb[�������������������
�AgZqbf�������������������

Bklhqgbd��Kmf�d\Z^j��Kl_i�k\�Kj_^g�d\Z^j�
J_]j_kk����������������������������
HklZlhqg���������������������������
�����<ky������������������

Fgh`_kl\�5�����5A���5A�ijb\��Kl�hrb[��������)���AgZqbf
  0.91521   0.8376  0.83383   1.6094      222        0
=bihl_aZ���J_]j_kkbhggZy�fh^_ev�Z^_d\ZlgZ�wdki_jbf_glZevg�^Zgguf!

data=2000, zerno=21.274

����;wdFi����<wdki����<j_]j��hklZlhd�Kl�hklZl��Kl�hrb[�>h\_j�bgl
   1.95E3      5.6     6.14   -0.543   -0.341     1.68     3.34
   1.95E3      4.6     6.42    -1.82    -1.14     1.67     3.33
   1.95E3      7.3     6.69    0.607    0.381     1.67     3.32
   1.95E3      6.7     6.97   -0.268   -0.169     1.66     3.31
   1.95E3      6.9     7.24   -0.344   -0.216     1.66     3.31
   1.95E3      7.9     7.52    0.381     0.24     1.66      3.3
                   .  .  .  .  .

Jbk���������Ebg_cgZy�j_]j_kkbhggZy�fh^_ev�k�ahghc�^h\_jbl_evgh]h�bgl_j\ZeZ
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Ìixy lntqn� énoys�zjzvk�� DZd� ke_^m_l� ba� qbkeh\uo� j_amevlZlh\�
ebg_cgZy� fh^_ev� Z^_d\ZlgZ� wdki_jbf_glZevguf� ^Zgguf� �agZqbfhklv
gme_\hc�]bihl_au�[ebadZ�d�gmex���GZ�j_]j_kkbhgghf�]jZnbd_��jbk��������
ebrv� g_agZqbl_evgh_� qbkeh� wdki_jbf_glZevguo� lhq_d� \uoh^bl� aZ
^h\_jbl_evguc� bgl_j\Ze�� Z� jZkij_^_e_gb_� hklZldh\� �jbk�� ������
^hklZlhqgh�h^ghjh^gh�

?keb� khojZgblv� hklZldb� \� we_dljhgghc� lZ[ebp_�� lh� ijb� ^Zevg_cr_f
ZgZeba_�dhjj_eypbc�b�jZkij_^_e_gbc�e_]dh�\uykgblv��qlh�bo�jZkij_^_e_-
gb_�g_�dhjj_ebjh\Zgh�dZd�ih�X��lZd�b�ih�Y�b�ghjfZevgh�jZkij_^_e_gh��b
wlh�^hihegbl_evgh�ih^l\_j`^Z_l�Z^_d\Zlghklv�fh^_eb��Fu�ihemqbeb�ih
ihkljh_gghc�fh^_eb�^ey������]��ijh]gha�mjh`Zcghklb�[he__����p_glg_jZ�k
]Z��h^gZdh�fh`gh�ihiulZlvky�ihkljhblv�b�^_lZevguc�ih]h^h\hc�ijh]gha
�jbk���������

Z [
Jbk���������J_]j_kkbhggu_�hklZldb��ih�hkb�Y):

Z�²�ih�]h^Zf��[�²�hlghkbl_evgh�j_]j_kkbhgguo�agZq_gbc

Jbk���������Ijh]ghabjh\Zgb_�mjh`Zcghklb�ir_gbpu�k������ih������]]��k�ahghc
^h\_jbl_evgh]h�bgl_j\ZeZ�ijh]ghaZ�bg^b\b^mZevguo�agZq_gbc
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Æ�lj·j�wévmtvoj�
;ijh]g������<ijh]g���Kl�hrb[��>h\_j�bgl
   1.99E3     18.5     1.68     3.35
   1.99E3     18.8     1.69     3.36
   1.99E3     19.1     1.69     3.37
   1.99E3     19.3      1.7     3.38
   1.99E3     19.6      1.7     3.39
      2E3     19.9     1.71      3.4
      2E3     20.2     1.71     3.41
      2E3     20.4     1.72     3.42
      2E3     20.7     1.73     3.43

Ìixy lntqn�� ?keb� kjZ\gblv� kj_^gxx� mjh`Zcghklv� a_jgh\uo� \
����²����� ]]�� k� gZrbf� ijh]ghahf�� lh� \uy\e_ggZy� ebg_cgZy� l_g^_gpby
ijh^he`Z_l�khojZgylvky��Z�_`_]h^gu_�dhe_[Zgby�\iheg_�mdeZ^u\Zxlky�\
^h\_jbl_evguc�bgl_j\Ze�ijh]ghaZ��Ihemq_ggu_�j_amevlZlu�fh]ml�gZ\_klb
gZ�djZcg_�bgl_j_kgu_�]_hiheblbq_kdb_�\u\h^u�
���kj_^gyy�l_g^_gpby�m\_ebq_gby�mjh`Zcghklb�^Z_l�g_dhlhjmx�gZ^_`^m
gZ�hlly]b\Zgb_�]eh[Zevgh]h�]heh^Z�b�\ufbjZgby�q_eh\_q_kl\Z�

���hlqZyggu_�ihiuldb�©^h]gZlv�b�i_j_]gZlv�:f_jbdmª�b�\g_^j_gb_�dmdm-
jmau�\����o�]h^Zo��Z�lZd`_�djbfbgZevguc�jZa\Ze�gZjh^gh]h�ohayckl\Z�\
���o�]h^Zo�g_�kfh]eb��d�kqZklvx��j_adh�i_j_ehfblv�h[smx�mjh`Zcgmx
l_g^_gpbx�

���wdkihg_gpbZevgh_�m\_ebq_gb_�gZmqguo�agZgbc�b�l_ogheh]bc�lZd`_�g_
iha\hey_l�baf_gblv�klZ[bevghklv�dhwnnbpb_glZ�gZdehgZ��\b^bfh��dhf-
i_gkbjmykv�khjZaf_jgh�ijh]j_kkbjmxs_c�^_]jZ^Zpb_c�a_f_ev�

Íévlvs ntqn�jtjsqoj��Gh�g_�[m^_f�lhjhiblvky��Z�_s_�jZa�ih\gb-
fZl_evg__�ijbkfhljbfky�d�^bgZfbd_�jhklZ�mjh`Zcghklb� �kf��jbk���������
B�aZ^Z^bfky�\hijhkhf��lZd�eb�hgZ�m`�kljh]h�ebg_cgZ��g_�\b^blky�eb�\�g_c
ijbagZdh\�aZf_^e_gby�jhklZ��hkh[_ggh�gZ�ihke_^g_f�hlj_ad_"

>ey�hl\_lZ�gZ�wlhl�\hijhk�fh`gh�k^_eZlv�ke_^mxs__��jZa[blv�bgl_j-
\Ze�gZ[ex^_gby�gZ�q_luj_�ihke_^h\Zl_evguo�hlj_adZ��ih^kqblZlv�gZ�dZ`-
^hf�kj_^g__�agZq_gb_�b�\uqbkeblv�jZaghklv�kj_^gbo�

>ey�ihke_^h\Zl_evguo� ���e_lgbo� i_jbh^h\� kj_^kl\Zfb� hibkZl_evghc
klZlbklbdb�fu�ihemqbf�ke_^mxsb_�kj_^gb_�agZq_gby����������������������
�������Z�bo�jZaghklb�����������������ihdZau\Zxl�hq_\b^gh_�aZf_^e_gb_�jhk-
lZ��Ihwlhfm�ijh^he`bf�ZgZeba�k�ih^[hjhf�[he__�Z^_d\Zlghc�fh^_eb��Ih-
ke_� i_j_[hjZ� \hafh`guo� \ZjbZglh\� gZb[he__� ijb_fe_fhc� ke_^m_l� ijb-
agZlv�iZjZ[hebq_kdmx�fh^_ev�

è�n�o�y�s���z�j�z���

IJHKL:Y�J?=J?KKBY���NZce��FRUQ�VWG��I_j_f_ggu_��GDWD��]HUQR
Fh^_ev��iZjZ[heZ��<� �D��D�[�D�[A�
��Dhwnn��������D��������D��������D�
AgZq_gb_�����������������������������
Kl�hrb[������������������������������
�AgZqbf�����������������������������
Bklhqgbd��Kmf�d\Z^j��Kl_i�k\�Kj_^g�d\Z^j�
J_]j_kk����������������������������
HklZlhqg���������������������������
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�����<ky������������������
Fgh`_kl\�5�����5A���5A�ijb\��Kl�hrb[��������)���AgZqbf
  0.92055  0.84741  0.84014   1.5785    116.6        0
=bihl_aZ�����J_]j_kkbhggZy�fh^_ev�Z^_d\ZlgZ�wdki_jbf_gl�^Zgguf!
     data=2000, zerno=18.915

Ìixy lntqn�énoys�zjzvk��DZd�e_]dh�aZf_lblv�ih�blh]h\hc�klZlb-
klbd_� �[he__� \ukhdZy� fgh`_kl\_ggZy� dhjj_eypby�� f_gvr_� klZg^ZjlgZy
hrb[dZ���iZjZ[hebq_kdZy�fh^_ev�y\ey_lky�[he__�Z^_d\Zlghc�^ey�^Zggh]h
\j_f_ggh]h�jy^Z��B� wlZ�fh^_ev� \�ijh]gha_�^Z_l� aZf_lgh�f_gvrmx� kj_^-
gxx�mjh`Zcghklv�a_jgh\uo�d������]h^m�����\f_klh����p�]Z��

Í�é�q�u�n�é���

Jbk���������IZjZ[hebq_kdZy�j_]j_kkbhggZy�fh^_ev�k�ahghc�^h\_jbl_evgh]h�bgl_j\ZeZ

Jbk���������LZ[ebpZ�mq_lZ�k_f_kljh\hc�mki_\Z_fhklb�klm^_glh\�h^ghc�]jmiiu
obfnZdZ�F=M
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d�j�l�j�·�j��GZ�obfbq_kdhf�nZdmevl_l_�F=M�mq_[gZy�qZklv�\_^_l�^_-
lZevguc� ZgZeba� mki_\Z_fhklb� klm^_glh\� \� l_q_gb_� dZ`^h]h� k_f_kljZ� ih
ke_^mxsbf�q_luj_f�jZa^_eZf1��ijZdlbdmfu��dheehd\bmfu��kbgl_au��dhg-
ljhevgu_�jZ[hlu���jbk����������<�dZ`^hf�jZa^_e_�\�l_q_gb_�k_f_kljZ�ijh-
\h^ylky�ih��−��aZgylbc�b�ih�dZ`^hfm�aZgylbx�^ey�dZ`^h]h�klm^_glZ�\u-
klZ\ey_lky� [ZevgZy� hp_gdZ�� AZl_f� hp_gdb�ih� dZ`^hfm� jZa^_em� kmffbjm-
xlky��\uqbkey_lky�h[sZy�kmffZ�[Zeeh\��ijh\h^blky�wdaZf_g��ih�dhlhjhfm
\uklZ\ey_lky�����[ZeevgZy�hp_gdZ�

Hij_^_eyxsbfb� ^ey� mki_\Z_fhklb� klm^_glZ� ih� k_f_kljm� y\eyxlky�
kmffZ� [Zeeh\� aZ� dhgljhevgu_� jZ[hlu� �fZdkbfmf� ���� [Zeeh\�� b� h[sZy
kmffZ�[Zeeh\��fZdkbfmf�����[Zeeh\��

Ij_ih^Z\Zl_evkdbc�hiul�]h\hjbl��qlh�kms_kl\m_l�^hklZlhqgh�kljh]Zy
k\yav�f_`^m�wnn_dlb\ghklvx�jZ[hlu�klm^_glh\�\�k_f_klj_�b�bo�hp_gdZfb
gZ�wdaZf_g_��dhlhjuc�k�mq_lhf�wlhc�k\yab�y\ey_lky�^hklZlhqghc�nhjfZev-
ghklvx�� Ihwlhfm� mq_[gZy� qZklv� j_rbeZ� jZajZ[hlZlv� f_lh^� Zijbhjgh]h
\uklZ\e_gby�wdaZf_gZpbhgguo�hp_ghd�klm^_glZf�ih�j_amevlZlZf�bo�k_f_-
kljh\hc�jZ[hlu��?keb�`_�klm^_gl�g_�kh]eZk_g�k�Zijbhjghc�hp_gdhc��lh�hg
fh`_l�ihiulZlvky�__�memqrblv��ihc^y�gZ�wdaZf_g��Wlh�iha\hebeh�[u����
jZa]jmablv�ij_ih^Z\Zl_e_c�hl�baebrg_c�wdaZf_gZpbhgghc�jZ[hlu�� ���ba-
[Z\blv�klm^_glh\�hl�^hihegbl_evgh]h�klj_kkZ��k\yaZggh]h�k�ih^]hlh\dhc�b
k^Zq_c�wdaZf_gh\�

Æqoyjs�t�p� jtjsqo�� KgZqZeZ� gZ^h� \uykgblv�� ^_ckl\bl_evgh� eb
kms_kl\m_l�ij_^iheZ]Z_fZy�aZ\bkbfhklv��Emqr_�\k_]h�wlh�[m^_l�\b^gh�gZ
^bZ]jZff_�jZkk_ygby��<havf_f�^ey�ijbf_jZ�aZ\bkbfhklv�h[s_]h�[ZeeZ�b
wdaZf_gZpbhggh]h�[ZeeZ�ih� ���� klm^_glZf� �i_j_f_ggu_�Wda�b�KmffZ�ba
nZceZ�&+0675��

Æ���k�v�l����K�g_dhlhjuf�mijhs_gb_f�ih^oh^y�d�^Zgghc�aZ^Zq_�[m-
^_f� jZkkm`^Zlv� ke_^mxsbf� h[jZahf�� DZd� ke_^m_l� ba� ^bZ]jZffu� �jbk�
�������� \� h[eZklb� g_gme_\uo� wdaZf_gZpbhgguo� hp_ghd� �ih� hkb� hj^bgZl�
gZ[ex^Z_lky� [ebadZy� d� ebg_cghc� aZ\bkbfhklv� f_`^m� ZgZebabjm_fufb
ihdZaZl_eyfb��H^gZdh�\�bkoh^guo�^Zgguo�y\gh�ijbkmlkl\m_l�bghjh^gZy�b
^h\hevgh�[hevrZy�]jmiiZ�klm^_glh\��bf_xsbo�gme_\u_�wdaZf_gZpbhggu_
hp_gdb�

<uykgblv�bklbggmx�ijbqbgm�lZdh]h�iheh`_gby�fh`gh�lhevdh�ijb�[h-
e__�]em[hdhf�bamq_gbb�j_Zevghc�kblmZpbb��Lh�_klv� a^_kv�g_h[oh^bf�i_-
j_oh^�hl�nhjfZevgh]h�ZgZebaZ�d�ij_^f_lghfm�ZgZebam��<�j_amevlZl_�\u-
ykgy_lky��qlh�\�wlm�bghjh^gmx�]jmiim�\oh^yl�q_luj_�dZl_]hjbb�klm^_glh\�
Z�� g_� k^Z\rb_� wdaZf_g� ih� ijbqbg_� iehobo� agZgbc� �ijhimklb\rb_� fgh]h
k_f_kljh\uo� aZgylbc� �hl� ��^h� ����[Zeeh\�ih�hkb� Z[kpbkk���[��g_� k^Z\rb_
wdaZf_g�ih�ijbqbg_�wdaZf_gZpbhggh]h�\heg_gby� �hl�����^h�����[Zeeh\�ih

                                                          
1�>Zggu_�ij_^hklZ\e_gu�ijhn_kkhjhf�F=M�<�I��AehfZgh\uf
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hkb� Z[kpbkk��� \�� g_� ijbr_^rb_� gZ� wdaZf_g�� ]�� ihemqb\rb_� ©Z\lhfZlª� aZ
hlebqgmx�jZ[hlm�\�k_f_klj_��hl�����^h�����[Zeeh\�ih�hkb�Z[kpbkk��

Íénviéjovkjtqn�ljtt�}��Ijbkmlkl\b_� lZdbo�bghjh^guo�^Zgguo
fh`_l�kbevgh�bkdZablv�j_amevlZlu�ZgZebaZ��ihwlhfm�g_h[oh^bfh�bo�m^Z-
eblv��Ijhs_�\k_]h�wlh�k^_eZlv��\uihegb\�hi_jZpbx�khjlbjh\db�ba�;ehdZ
ij_h[jZah\Zgbc� �jZa^�������^ey�i_j_f_gguo�Wda�b�KmffZ�ih�\hajZklZgbx
agZq_gbc� i_j_f_gghc� Wda�� ihke_� q_]h� m^Zeblv� ba� fZljbpu� ^Zgguo� \k_
kljhdb��kh^_j`Zsb_�fZeu_�agZq_gby�i_j_f_gghc�Wda��<�j_amevlZl_�hklZ-
gmlky� ^Zggu_� ih� ���� klm^_glZf� �i_j_f_ggu_� Wda�� b� KmffZ�� ba� nZceZ
CHMSTR).

¬�t�j�s�q�o��JZkkqblZ_f�^ey�jZnbgbjh\Zgguo�lZdbf�h[jZahf�^Zgguo
j_]j_kkbhggmx� fh^_ev�� ih� dhlhjhc� \uqbkebf� wdaZf_gZpbhggu_� hp_gdb
^ey�agZq_gbc�����b�����kmffu�wdaZf_gZpbhgguo�[Zeeh\�

IJHKL:Y�J?=J?KKBY���NZce��FKPVWU�VWG�I_j_f_ggu_��kmffZ���wda�

Fh^_ev��ebg_cgZy��<� �D��D�[
��Dhwnn��������D��������D�
AgZq_gb_������������������
Kl�hrb[�������������������
�AgZqbf�������(�������(���
Bklhqgbd��Kmf�d\Z^j��Kl_i�k\�Kj_^g�d\Z^j�
J_]j_kk��������(�����������������(�
HklZlhqg�������(�������������������
�����<ky�������(����������
Fgh`_kl\�5�����5A���5A�ijb\��Kl�hrb[��������)���AgZqbf
  0.75189  0.56534  0.56252   14.885    200.3 2.45E-16
=bihl_aZ� ��� �J_]j_kkbhggZy� fh^_ev� Z^_d\ZlgZ� wdki_jbf_g-

lZev�^Zgguf!
���kmffZ� �����< �����
���kmffZ� �����< �����

Jbk���������>bZ]jZffZ�jZkk_ygby�wdaZf_gZpbhgguc�[Zee = f(kmffZ�[Zeeh\�aZ�k_f_klj)
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Æ���k�v�l���
��� Ebg_cgZy�j_]j_kkbhggZy�fh^_ev�Z^_d\ZlgZ�wdki_jbf_glZevguf�^Zgguf

gZ�ij_g_[j_`bl_evgh�fZehf�mjh\g_�agZqbfhklb�gme_\hc�]bihl_au�
��� Fh^_ev�iha\hey_l�jZkkqblZlv�Zijbhjgu_�wdaZf_gZpbhggu_�hp_gdb�^ey

klm^_glh\� ih� kmff_� bo� k_f_kljh\uo� ^Zgguo�� LZd� ijb� kmff_� [Zeeh\
���� klm^_glm� fh`_l� [ulv� ij_^eh`_gZ� wdaZf_gZpbhggZy� hp_gdZ� \� ��
[ZeeZ��qlh�\�i_j_kq_l_�gZ���[Zevgmx�kbkl_fm�hl�fZdkbfmfZ�\�����[Ze-
eh\�khklZ\ey_l�������⋅5=3,364.

¬tjsqo�vxzjzrvk��H^gZdh�lZdh_�ij_^eh`_gb_� �\u\h^� ���[m^_l� klZ-
lbklbq_kdb�g_iheghp_gguf��ihkdhevdm�djhf_�j_]j_kkbhgghc�ijyfhc�gZ^h
mqblu\Zlv� _s_�b� klZlbklbq_kdbc�jZa[jhk�hp_ghd��Ihwlhfm�gZ^h�ijh^he-
`blv�j_]j_kkbhgguc�ZgZeba�����\uihegblv�ZgZeba�j_]j_kkbhgguo�hklZldh\
k�ihkljh_gb_f�bo�]jZnbdZ� �jbk�������������khojZgblv�hklZldb�k�]jZnbdZ�\
we_dljhgghc� lZ[ebp_� gZ`Zlb_f� gZ� bgkljmf_glZevgmx� dghidm� ©Kh-
oj=jZnª�� ��� \uqbkeblv� hibkZl_evgmx� klZlbklbdm� ^ey� hklZldh\�� ��� ijb
\uqbke_gbb�Zijbhjghc�wdaZf_gZpbhgghc�hp_gdb�dhjj_dlbjh\Zlv�__�k�mq_-
lhf�\uqbke_ggh]h�klZg^Zjlgh]h�hldehg_gby�j_]j_kkbhgguo�hklZldh\�

è�n�o�y�s���z�j�z���

HIBK:L?EVG:Y�KL:LBKLBD:���NZce��FKPVWU�VWG

I_j_f_g��JZaf_j�Å>bZiZahg�!�Kj_^g__�Hrb[dZ�>bki_jk�Kl�hlde��KmffZ
      x8    156  -36.7 50.2  -1.3E-8 1.18   220.1   14.84   -2E-6

Jbk���������Ebg_cgZy�j_]j_kkby�wdaZf_gZpbhgguc�[Zee = f(kmffZ�[Zeeh\�aZ�k_-
f_klj��k�^h\_jbl_evguf�bgl_j\Zehf
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Æ���k�v�l����KlZg^Zjlgh_�hldehg_gb_�j_]j_kkbhgguo�hklZldh\�\�i_-
j_kq_l_� gZ� ��[Zeevgmx� kbkl_fm� khklZ\ey_l� ���������⋅� ��������Ihwlhfm
ijb�kmffZjghf�[Zee_��jZ\ghf������wdaZf_gZpbhggZy�hp_gdZ�fh`_l�\Zjvb-
jh\Zlvky� hl� �����−������� ^h� ������������� �k� mq_lhf� lh]h�� qlh� ^bZiZahg
h^gh]h�klZg^Zjlgh]h�hldehg_gby�\dexqZ_l�����ihimeypbb���Ijb�\u[hj_
ba�wlh]h�^bZiZahgZ�ke_^m_l�mqblu\Zlv�^_ckl\b_�kemqZcguo�nZdlhjh\��\_-
^msbo�d�kgb`_gbx�hp_gdb�gZ�wdaZf_g_��\ebygb_�klj_kkZ��g_m^Zqgh]h�\h-
ijhkZ�\�[be_l_��mklZehklv�ij_ih^Z\Zl_ey�b�l��i��Ihwlhfm�ij_^klZ\ey_lky
jZamfguf�ij_^eZ]Zlv�klm^_glZf�hp_gdb�ba�\_jog_c�qZklb�mdZaZggh]h�^bZ-
iZahgZ�

Ìiéjztj¹� ojlj·j�� Djhf_� \ur_jZkkfhlj_gghc� ^ey� ij_ih^Z\Zl_ey
ZdlmZevgZ� b� h[jZlgZy� aZ^ZqZ�� bf_lv� lZ[ebpm�� \� dhlhjhc� ^ey� ijhoh^guo
wdaZf_gZpbhgguo�[Zeeh\�[ueb�[u�^Zgu�khhl\_lkl\mxsb_�bf�^bZiZahgu
kmffZjguo�[Zeeh\��>ey�wlh]h�gm`gh�ih�\ur_jZkkfhlj_gghc�ko_f_�ijhba-
\_klb�h[jZlguc�j_]j_kkbhgguc�ZgZeba�^ey�aZ\bkbfhklb�kmffu�[Zeeh\�hl
wdaZf_gZpbhgghc�hp_gdb��Ijb�wlhf�\uqbkebf�kmffu�[Zeeh\�^ey�hp_ghd��
�����[Zeeh\���������[Zeeh\���������[Zeeh\���������[ZeeZ��b�hp_gdb����[ZeeZ
^ey�kjZ\g_gby�k�jZg__�ihemq_ggufb�j_amevlZlZfb�

è�n�o�y�s���z�j�z���

IJHKL:Y�J?=J?KKBY���NZce��FKPVWU�VWG�I_j_f_ggu_��wda���kmffZ�

Fh^_ev��ebg_cgZy��<� �D��D�[
��Dhwnn��������D��������D�
AgZq_gb_������������������
Kl�hrb[�������������������

Jbk���������>bZ]jZffZ�jZkk_ygby�j_]j_kkbhgguo�hklZldh\��ih�agZq_gbyf�g_aZ\b-
kbfhc�i_j_f_gghc�Kmf
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�AgZqbf������(��������(���

Bklhqgbd��Kmf�d\Z^j��Kl_i�k\�Kj_^g�d\Z^j�
J_]j_kk��������(�����������������(�
HklZlhqg�������(�������������������
�����<ky�������(����������

Fgh`_kl\�5�����5A���5A�ijb\��Kl�hrb[��������)���AgZqbf
  0.75189  0.56534  0.56252   18.032    200.3 2.45E-16
=bihl_aZ�����J_]j_kkbhggZy�fh^_ev�Z^_d\ZlgZ�wdki_jbf_gl�^Zgguf!

�����wda� �����kmffZ� �����
�����wda� ����kmffZ� �����
�����wda� ����kmffZ� �����
�����wda� ����kmffZ� �����
�����wda� ����kmffZ� �����

Æ���k�v�l���
��� Ebg_cgZy�j_]j_kkbhggZy�fh^_ev�Z^_d\ZlgZ�bf_xsbfky�^Zgguf�
��� Hij_^_e_gu�kj_^gb_�agZq_gby�kmffu�[Zeeh\�^ey�hkgh\guo�wdaZf_gZ-

pbhgguo�hp_ghd��������������������������
��� Ihemq_ggh_�agZq_gb_�������kmffu�[Zeeh\�^ey�wdaZf_gZpbhgghc�hp_g-

db����g_fgh]h�g_�kh\iZ^Z_l�kh�agZq_gb_f������bkihevah\Zgguf�\ur_�\
ijyfhc�j_]j_kkbb��jZkoh`^_gb_�khklZ\ey_l�f_g__��������Wlh�y\ey_lky
ke_^kl\b_f�g_kh\iZ^_gby�ijyfhc�b�h[jZlghc�j_]j_kkbb��h[km`^Z_fh]h
\h�\\_^_gbb�d�^Zgghc�]eZ\_�

��� ?keb�ijh^he`blv�ZgZeba�j_]j_kkbhgguo�hklZldh\�ih�\ur_jZkkfhlj_g-
ghc� ko_f_�� lh�fh`gh� hij_^_eblv� klZg^Zjlgh_� hldehg_gb_� j_]j_kkbb�
jZ\gh_�������

Ëjwéjksntq¹� ljs�tnp¡nmv� jtjsqoj��Bf_xsb_ky� ^Zggu_� ij_-
^hklZ\eyxl�[h]Zl_crbc�fZl_jbZe�^ey�jZaghh[jZaguo�^Zevg_crbo�bkke_-
^h\Zgbc��Knhjfmebjm_f�lhevdh�h^gm�ba�bgl_j_kguo�\�wlhf�ieZg_�aZ^Zq�

JZaebqgu_�]jmiiu�klm^_glh\�\_^ml�jZagu_�ij_ih^Z\Zl_eb��M�dZ`^h]h
ba� gbo� bf_xlky� k\hb� ijZ\beZ� ij_ih^Z\Zgby� b� \uklZ\e_gby� hp_ghd�� qlh
kdZau\Z_lky�dZd�gZ�agZgbyo�klm^_glh\��lZd�b�gZ�ihemq_gguo�bfb�[ZeeZo�
K^_eZ\� ^hims_gb_�� qlh� ]jmiiu� klm^_glh\� ijbf_jgh� jZ\gu� ih� kj_^gbf
kihkh[ghklyf��fh`gh�^ey�dZ`^h]h�ij_ih^Z\Zl_ey�\uqbkeblv�kj_^gbc�[Ze
\uklZ\ey_fuo�bfb�hp_ghd��Z�lZd`_�\uy\blv�bo�ihiZjgu_�klZlbklbq_kdb_
jZaebqby�b�]jmiibjh\db��AgZy�wlh��fh`gh�hp_gblv�dZq_kl\h�ij_ih^Z\Zgby
ij_^f_lZ�jZaebqgufb�ij_ih^Z\Zl_eyfb�� kjZ\gb\Zy�[Zeeu��\uklZ\e_ggu_
bo�klm^_glZf�^jm]bfb�ij_ih^Z\Zl_eyfb��<k_�wlh�fh`_l�[ulv�ieh^hl\hj-
guf�fZl_jbZehf�^ey�hj]ZgbaZpbhgguo�b�f_lh^bq_kdbo�\u\h^h\�ih�dhj-
j_dpbb� mq_[gh]h� ijhp_kkZ� k� p_evx� ih\ur_gby� mjh\gy� ij_ih^Z\Zgby�� Z
lZd`_�ebd\b^Zpbb�kbkl_fZlbq_kdh]h�aZ\ur_gby�beb�aZgb`_gby�hp_ghd�
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������ Îtv nxzknttj¹�sqtnptj¹
���������énménxxq¹

Êx}vlt�n�ljtt�n�ij_^klZ\eyxlky�\�\b^_�fZljbpu��kh^_j`Zs_c�h^-
gm�beb�g_kdhevdh�g_aZ\bkbfuo�i_j_f_gguo�X�b�aZ\bkbfmx�i_j_f_ggmx�Y.

bnpxzkq¹�q�énoys�zjz���KgZqZeZ�ba�we_dljhgghc�lZ[ebpu�gZ^h�\u-
[jZlv� g_aZ\bkbfmx� b� aZ\bkbfu_� i_j_f_ggu_� ^ey� ZgZebaZ� �kf�� [eZgd� jbk�
�������Ihke_^h\Zl_evghklv�j_amevlZlh\�hlebqZ_lky�hl�h^ghiZjZf_ljbq_kdh-
]h�kemqZy��kf��jZa^��������ke_^mxsbf�
���>ey�bgl_jiheypbb��ijh]ghabjh\Zgby��gh\uo�agZq_gbc�Y�ih�fh^_eb�g_h[�
oh^bfh�\\_klb�g_�h^gh�agZq_gb_�X��Z�ihke_^h\Zl_evgh�dhhj^bgZlu�\k_o
g_aZ\bkbfuo�i_j_f_gguo��kf��[eZgd�jbk��������

���Bgl_j\Zevgh_�ijh]ghabjh\Zgb_��ih^h[gh�ijhklhc�j_]j_kkbb��g_�ijhba-
\h^blky��_]h�aZf_gy_l�bgl_jiheypby�i���

���Fgh]hf_jgZy�]bi_jiehkdhklv�g_�^himkdZ_l�ijyfh]h�gZ]ey^gh]h�]jZnbq_-
kdh]h�ij_^klZ\e_gby��ZgZeh]bqgh�]jZnbdm�j_]j_kkbb�^ey�h^ghiZjZf_ljb-
q_kdh]h�kemqZy���_]h�aZf_gyxl�]jZnbdb�ijh_dpbc�j_]j_kkbhgguo�agZq_-
gbc�gZ�ba[jZggu_�iehkdhklb�bkoh^guo�i_j_f_gguo�i����Ywdki, Yj_]j, Y-
wdki–Yj_]j, Owdki�

���Ijh^he`_gb_�ZgZebaZ�\dexqZ_l�ke_^mxsb_�\hafh`ghklb��f_gx�jbk�
10.31):

Jbk���������Dhfihg_glu���iZjZf_ljbq_kdhc�ebg_cghc�j_]j_kkbb
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• qbkeh\hc�ZgZeba�j_]j_kkbhgguo�hklZl-
dh\��ZgZeh]bqgh�jZa^��������

• ]jZnbd�j_]j_kkbhgguo�hklZldh\�Ywdki–
Yj_]j�khhl\_lkl\_ggh�wdki_jbf_glZev-
guf�agZq_gbyf�Ywdki�aZ\bkbfhc�i_j_-
f_gghc�Y���ZgZeh]bqgh�jZa^��������

• ]jZnbd�j_]j_kkbhgguo�hklZldh\�hl�agZ-
q_gbc�Owi�g_aZ\bkbfhc�i_j_f_gghc�Xi,
ihjy^dh\uc�ghf_j�dhlhjhc�i�mdZaZg�\
ihe_�\\h^Z�

• ]jZnbd�j_]j_kkbhgguo�agZq_gbc�Yj_]j
^ey�wdki_jbf_glZevguo�agZq_gbc�Owi
g_aZ\bkbfhc�i_j_f_gghc�Xi��ihjy^dh-

\uc�ghf_j�i�dhlhjhc�mdZaZg�\�ihe_�\\h^Z�jbk���������l��_��]jZnbd�ijh_d-
pbb�j_]j_kkbhgguo�agZq_gbc�gZ�iehkdhklv�Y−Xi.

Ìméjtq·ntqn��F_lh^�g_ijbf_gbf��_keb�m!���beb�n<m���b�n(m+1)>l,
]^_�l�²�h[t_f�fZljbpu�^Zgguo��� 000, 20 ����������b�����qbk_e�

Í�é�q�u�n�é
d�j�l�j�·�j��Fbjh\Zy� klZlbklbdZ�gZdhibeZ�[h]Zl_crbc�fZl_jbZe�ih

fgh`_kl\m� wdhghfbq_kdbo�b� khpbZevguo�ihdZaZl_e_c�jZa\blby�jZaebqguo
kljZg��Wlb�^Zggu_��\�qZklghklb��fh]ml�[ulv�ihe_agu�^ey�bkke_^h\Zgby�jZa-
gh]h�jh^Z�aZ\bkbfhkl_c�b�ijh]ghabjh\Zgby��Fgh]b_�ba�lZdbo�aZ\bkbfhkl_c
ghkyl�ebg_cguc�oZjZdl_j��beb�`_�fh]ml�[ulv�ijb[eb`_gu�d�lZdh\hfm�ih-
kj_^kl\hf�ijhkluo�Ze]_[jZbq_kdbo�ij_h[jZah\Zgbc�bkoh^guo�ihdZaZl_e_c�

H^gZdh�ebg_cgh_�fh^_ebjh\Zgb_�hkfuke_gh�g_�^ey�\k_]h�fgh`_kl\Z�ih-
dZaZl_e_c�� Z� lhevdh� ^ey� l_o� ba� gbo�� dhlhju_� \aZbfhk\yaZgu��Ihwlhfm� gZ
i_j\hf� wlZi_� lZdh]h� bkke_^h\Zgby� g_h[oh^bfh� \uqbkeblv� djhkk�
dhjj_eypbhggmx�fZljbpm�b�hlh[jZlv�^ey�^Zevg_cr_]h�ZgZebaZ�]jmiiu�ih-
dZaZl_e_c��\aZbfgh�k\yaZgguo�[hevrbfb�dhjj_eypbyfb�

GZ�lZdhf�ij_^\Zjbl_evghf�wlZi_�^ey�^Zggh]h�ijbf_jZ�ba�^Zgguo�ih����
]hkm^Zjkl\Zf�fu�hlh[jZeb�ke_^mxsb_�\aZbfhk\yaZggu_�ihdZaZl_eb1��nZce
0/5��� kj_^gyy� ijh^he`bl_evghklv�`bagb�� ^_lkdZy� kf_jlghklv�� ihlj_[e_-
gb_�dZehjbc��mjh\_gv�jh`^Z_fhklb��mjh\_gv�kf_jlghklb��dhebq_kl\h�^_l_c�
\aZbfgh�k\yaZggufb�\ukhdbfb�dhjj_eypbyfb�

I:J:F?LJBQ?KKD:Y�DHJJ?EYPBY���NZce��POU�VWG
������������Dhjj_eypbhggZy�fZljbpZ
�����������>E�@BAGB�>?LKF?JL��D:EHJBB��MJ�JH@>�MJ�KF?JL
�>?LKF?JL���������
��D:EHJBB������������������
��MJ�JH@>���������������������������
�MJ�KF?JL������������������������������������
�DHE>?L?C���������������������������������������������

                                                          
1�>Zggu_�ba�Zjob\Z�SPSS.

Jbk���������F_gx�^Zevg_cr_]h
ZgZebaZ�fgh`_kl\_gghc�j_]j_k-

kbb
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�DjblbqHkdh_�agZq_gb_ �����
�Qbkeh�agZqbfuo�dhwnnbpb_glh\ ����������

<uy\e_gb_� baf_g_gbc� \� kj_^g_c� ijh^he`bl_evghklb� `bagb� lj_[m_l
^hklZlhqgh�^ebl_evgh]h�\j_f_gb�gZ[ex^_gby��Baf_g_gby�`_�\�^jm]bo�ih-
dZaZl_eyo�fh]ml�[ulv�hlke_`_gu�agZqbl_evgh�[uklj__��Ihwlhfm�ZdlmZevghc
y\ey_lky� aZ^ZqZ� ij_^kdZaZgby� baf_g_gby� ijh^he`bl_evghklb� `bagb� ijb
baf_g_gbb� ^jm]bo�� k\yaZgguo� k� g_c� ihdZaZl_e_c��GZ� i_j\hf� wlZi_� lZdh]h
bkke_^h\Zgby�ij_^iheh`bf�� qlh�ijh^he`bl_evghklv�`bagb� ebg_cgh� aZ\b-
kbl�hl�^jm]bo�khpbZevguo�ihdZaZl_e_c��b�^ey�j_r_gby�ihklZ\e_gghc�aZ^Zqb
jZkkqblZ_f�ebg_cgmx�fgh]hiZjZf_ljbq_kdmx� j_]j_kkbhggmx�fh^_ev��Ih-
ke_� wlh]h� hkms_kl\bf� ij_^kdZaZgb_� ^ebl_evghklb� `bagb� ^ey� ba[jZggh]h
gZ[hjZ�agZq_gbc�^jm]bo�ihdZaZl_e_c�

è�n�o�y�s���z�j�z���

FGH@?KL<?GG:Y�EBG?CG:Y�J?=J?KKBY���NZce��POU�VWG

< >E�@BAGB���������>?LKF?JL��D:EHJBB��MJ�JH@>�MJ�KF?JL�DHE>?L?C
��Dhwnn��������D��������D��������D��������D��������D��������D�
AgZq_gb_������������������������������������������������������
Kl�hrb[�������������������������������������������������������
�AgZqbf������(���������(��������������������������(�����������

Bklhqgbd��Kmf�d\Z^j��Kl_i�k\�Kj_^g�d\Z^j�
J_]j_kk��������(�����������������(�
HklZlhqg���������������������������
�����<ky�������(����������

Fgh`_kl\�5�����5A���5A�ijb\��Kl�hrb[��������)���AgZqbf
  0.97491  0.95046  0.94687   2.3305      265 4.74E-12
=bihl_aZ�����J_]j_kkbhggZy�fh^_ev�Z^_d\ZlgZ�wdki_jbf_glZev�^Zgguf!

>?LKF?JL ����D:EHJBB �(���MJ�JH@> ����MJ�KF?JL ���DHE>?L?C �
>E�@BAGB ��

Ìixy lntqn��DZd�fh`gh�aZf_lblv��ihkljh_ggZy�ebg_cgZy�fh^_ev�Z^_-
d\ZlgZ�wdki_jbf_glZevguf�^Zgguf��mjh\_gv�agZqbfhklb�]bihl_au�h�jZ\_g-
kl\_�gmex�dhwnnbpb_glZ�fgh`_kl\_gghc�dhjj_eypbb�[ebahd�d�gmex���H^-
gZdh��jZkkfZljb\Zy�agZqbfhklb�j_]j_kkbhgguo�dhwnnbpb_glh\�ijb�jZaebq-
guo� ihdZaZl_eyo�� fh`gh� aZf_lblv�� qlh� dhebq_kl\hf� ^_l_c� \� ^Zevg_cr_f
fh`gh�ij_g_[j_qv��ihkdhevdm� agZqbfhklv� ]bihl_au�h�jZ\_gkl\_� _]h�dhwn-
nbpb_glZ� Z��gmex� �J 0,0564 �� \ur_� djblbq_kdh]h� mjh\gy��Ihwlhfm� ih-
\lhjbf�ZgZeba�k�bkdexq_gb_f�wlh]h�ihdZaZl_ey�

è�n�o�y�s���z�j�z���

FGH@?KL<?GG:Y�EBG?CG:Y�J?=J?KKBY���NZce��POU�VWG

< >E�@BAGB���������>?LKF?JL��D:EHJBB��MJ�JH@>�MJ�KF?JL
��Dhwnn��������D��������D��������D��������D��������D�
AgZq_gb_���������������������������������������������
Kl�hrb[����������������������������������������������
�AgZqbf������(���������(��������������������������(��

Bklhqgbd��Kmf�d\Z^j��Kl_i�k\�Kj_^g�d\Z^j�
J_]j_kk��������(�����������������(�
HklZlhqg���������������������������
�����<ky�������(����������
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Fgh`_kl\�5�����5A���5A�ijb\��Kl�hrb[��������)���AgZqbf
  0.97356  0.94782  0.94484   2.3745      318 4.43E-12
=bihl_aZ�����J_]j_kkbhggZy�fh^_ev�Z^_d\ZlgZ�wdki_jbf_glZev�^Zgguf!

>?LKF?JL ����D:EHJBB �(���MJ�JH@> ����MJ�KF?JL ���>E�@BAGB ����

Ìixy lntqn�� Mlhqg_ggZy� fh^_ev� hklZeZkv� ijZdlbq_kdb� gZ� lhf� `_
mjh\g_� Z^_d\Zlghklb� �ijb� g_dhlhjhf� m\_ebq_gbb� agZq_gby�F�klZlbklbdb��
gh�fh`gh�aZf_lblv��qlh�ijb�l_o�`_�agZq_gbyo�iZjZf_ljh\�hgZ�ij_^kdZau\Z-
_l�g_kdhevdh�f_gvrmx�ijh^he`bl_evghklv�`bagb�������e_l�\f_klh������L_-
i_jv�fh`gh� ijhba\_klb� ZgZeba� j_]j_kkbhgguo� hklZldh\� b� ihkljh_gb_� j_-
amevlbjmxsbo�]jZnbdh\�

����;wdFi����<wdki����<j_]j��hklZlhd�Kl�hklZl��Kl�hrb[�>h\_j�bgl
      7.3       74     73.1    0.902    0.391     2.36     4.64
      6.7       73     72.1    0.862    0.373     2.36     4.64
      7.2       74     70.9     3.05     1.32     2.36     4.64
     25.6       68     69.2    -1.16   -0.503     2.35     4.62
      106       53     52.6    0.424    0.184     2.38     4.68
       75       59     57.8     1.22     0.53     2.35     4.62
     39.3       60     64.6     -4.6    -1.99     2.34     4.61
       66       57     62.9    -5.88    -2.55     2.34     4.62
      118       47     45.3     1.71    0.742     2.39     4.71
      105       46       44     1.96    0.848     2.38     4.68

.  .  .

Jbk���������J_]j_kkbhggu_�hklZldb��ih�hkb�Y)�hlghkbl_evgh�j_]j_kkbhgguo�agZq_gbc

Ìixy lntqn��<bamZevgh_�bamq_gb_�jZkij_^_e_gby�j_]j_kkbhgguo�hk-
lZldh\� �jbk�� �������g_� \uy\ey_l� dZdhc�eb[h� aZ\bkbfhklb�f_`^m�gbfb�� AZ-
f_lgZ� lhevdh� [he__�iehlgZy� dhgp_gljZpby� \� h[eZklb� [hevrbo� ^ebl_evgh-
kl_c�`bagb��Wlh�]h\hjbl�h�lhf��qlh�kljZgu�k�f_gvr_c�^ebl_evghklvx�`ba-
gb�[he__�kbevgh�jZaebqZxlky�f_`^m�kh[hc�

Bamq_gb_� j_]j_kkbhgguo� ]jZnbdh\� ihdZau\Z_l� ke_^mxs__�� ��� ijh^he-
`bl_evghklv�`bagb� ijZdlbq_kdb� ebg_cgh� k\yaZgZ� k� ^_lkdhc� kf_jlghklvx
�jbk�������� Z���qlh�\iheg_�khhl\_lkl\m_l�kfukeh\hc�\aZbfhk\yab�wlbo�ihdZ-
aZl_e_c�����ohjhrZy�ebg_cgZy�k\yav�ijhke_`b\Z_lky�b�k�mjh\g_f�kf_jlgh-
klb��jbk�������� ]������k\yab�k�mjh\g_f�jh`^Z_fhklb�b�hkh[_ggh�k�ihlj_[e_-
gb_f�dZehjbc�ghkyl�g_ebg_cguc�oZjZdl_j��ihwlhfm�^ey�[hevr_c� Z^_d\Zl-
ghklb�\�hlghr_gb_�ijh]ghaZ�\hafh`gh�[m^_l�hijZ\^Zgh�\\_^_gb_�\�fh^_ev
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g_ebg_cguo�qe_gh\�ih�wlbf�ihdZaZl_eyf��kf��jZa^���������Ijh^he`_gb_�ZgZ-
ebaZ�^Zggh]h�ijbf_jZ�kf��\�ke_^mxs_f�jZa^_e_�

Z��^_lkdZy�kf_jlghklv [��dZehjbb

\��mjh\_gv�jh`^Z_fhklb ]��mjh\_gv�kf_jlghklb

������ Ív¡jmvkj¹�énménxxq¹
Ëjotj·ntqn��IhrZ]h\Zy� j_]j_kkby� \� jZfdZo� ebg_cghc� fgh]hiZjZ�

f_ljbq_kdhc�fh^_eb��kf��jZa^��������iha\hey_l�ba�fgh`_kl\Z�bkoh^guo�i_�
j_f_gguo�ijhba\h^blv�hl[hj�l_o�g_aZ\bkbfuo�i_j_f_gguo��dhlhju_�gZb�
[he__� agZqbfu� ^ey� Z^_d\Zlgh]h� ij_^klZ\e_gby� bkoh^guo� ^Zgguo�� L_f
kZfuf� wlhl� f_lh^� iha\hey_l�� \h±i_j\uo�� ihkljhblv� [he__� ijhklmx�� kh-
djZs_ggmx�fh^_ev��Z��\h±\lhjuo��\�ihke_^mxs_f�k[hj_�^Zgguo�g_�j_]b-
kljbjh\Zlv�agZq_gby�g_kms_kl\_gguo�i_j_f_gguo�

��

Jbk���������JZkij_^_e_gby�j_]j_kkbhgguo�agZq_gbc��ih�hkb�Y)�hlghkbl_evgh�bk-
oh^guo�ihdZaZl_e_c
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Êx}vlt�n� ljtt�n� ij_^klZ\eyxlky� \� \b^_�� ZgZeh]bqghf� f_lh^m
fgh`_kl\_gghc�j_]j_kkbb��kf��jZa^��������

bnpxzkq¹� q� énoys�zjz��� KgZqZeZ� g_h[oh^bfh� \u[jZlv� ba� we_d-
ljhgghc�lZ[ebpu�g_aZ\bkbfmx�b� aZ\bkbfu_�i_j_f_ggu_� �kf��[eZgd�jbk�
�������Z�lZd`_�mklZgh\blv�agZq_gby�iZjZf_ljh\�ihrZ]h\hc�j_]j_kkbb��jbk�
10.34):

1)ijbagZd�djbl_jby�hl[h�
jZ��ih�P±�beb�F±mjh\gx�

2)P±�beb�F±mjh\_gv�djb�
l_jby�hl[hjZ�

3)mjh\_gv�lhe_jZglghklb
T��lhevdh�^ey�f_lh^Z
\dexq_gby��
Ihke_�wlh]h�gm`gh�\u-

[jZlv� f_lh^� hl[hjZ� i_j_�
Jbk���������;eZgd�mklZgh\hd�ihrZ]h\hc�j_]j_kkbb
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f_gguo��gZ`Zlb_�khhl\_lkl\mxs_c�dghidb��
<�gZqZe_�ZgZebaZ�^ey�dZ`^hc�i_j_f_gghc�\uqbkey_lky�kj_^g__�b�klZg�

^Zjlgh_�hldehg_gb_��Z�lZd`_�fZljbpZ�dhjj_eypbc�dh\ZjbZpbc�f_`^m�i_�
j_f_ggufb�

GZ�dZ`^hf�rZ]_�\dexq_gby�mdZau\Z_lky�gZbf_gh\Zgb_�\\_^_gghc�i_�
j_f_gghc� b� \uihegy_lky� klZg^ZjlgZy� \u^ZqZ� fgh`_kl\_gghc� ebg_cghc
j_]j_kkbb� �kf��jZa^���������dhlhjZy�^hihegy_lky�baf_g_gb_f�d\Z^jZlZ�dh�
wnnbpb_glZ�fgh`_kl\_gghc�dhjj_eypbb��R2��b�agZq_gbyfb�F�b�P�^ey�gm�
e_\hc�]bihl_au�©baf_g_gb_ R2 = 0».

>Ze__�^ey�\k_o�\dexq_gguo�\�fh^_ev�i_j_f_gguo�\u^Zxlky�agZq_gby�
• j_]j_kkbhggh]h�dhwnnbpb_glZ�B;
• klZg^Zjlghc�hrb[db�\uqbke_gby�dhwnnbpb_glZ�B;
• klZg^Zjlbabjh\Zggh]h�j_]j_kkbhggh]h�dhwnnbpb_glZ�[_lZ��ihemqZ�

_fh]h�ihkj_^kl\hf�mfgh`_gby�B�gZ�hlghr_gb_�klZg^Zjlguo�hldehg_�
gbc�Sx/Sy);

• agZq_gbc�F�b�P�^ey�gme_\hc�]bihl_au�h�jZ\_gkl\_�dhwnnbpb_glZ�B�gm�
ex�
AZl_f�^ey�\k_o�i_j_f_gguo��g_�\dexq_gguo�\�fh^_ev��\u^Zxlky�agZq_�

gby�B��hrb[db�B, [_lZ, F�b�P�^ey�gme_\hc�]bihl_au�baf_g_gby�R��qZklbq�
gh]h�dhwnnbpb_glZ�dhjj_eypbb�b�lhe_jZglghklb�L.

GZ�dZ`^hf�rZ]_�m^Ze_gby�mdZau\Z_lky�gZbf_gh\Zgb_�m^Ze_gghc�i_j_�
f_gghc�b�\uihegy_lky�\u^ZqZ��ZgZeh]bqgZy�f_lh^m�\dexq_gby�aZ�bkdex�
q_gb_f�klZlbklbdb�ih�i_j_f_gguf�\g_�j_]j_kkbhgghc�fh^_eb�

AZdexqbl_evgZy�\u^ZqZ�j_amevlZlh\�b�^bZeh]�bf_xl�klZg^Zjlguc�\b^
�kf��jZa^��������^ey�kemqZy�fgh]hiZjZf_ljbq_kdhc�fh^_eb�

Ìméjtq·ntq¹�
���F_lh^�g_ijbf_gbf��_keb�m�!����beb�n < m+1.
���JZaf_j�\u[hjhd�g_�fh`_l�ij_\hkoh^blv�l/(m+3)��]^_�l�²�h[t_f�fZljb-
pu�^Zgguo�\��������������������beb�����qbk_e�



������IhrZ]h\Zy�j_]j_kkby 295

Í�é�q�u�n�é��
d�j�l�j�·�j��Fu�ijh^he`bf�ZgZeba�^Zgguo�fbjh\hc�khpbZevghc�klZ-

lbklbdb� ba� ijbf_jZ� d� jZa^�� ����� k� p_evx� hij_^_eblv� f_lh^hf�rZ]h\hc
j_]j_kkbb�g_h[oh^bfuc�b�^hklZlhqguc�gZ[hj�i_j_f_gguo��h[tykgyxsbo
ihdZaZl_ev�kj_^g_c�ijh^he`bl_evghklb�`bagb�

è�n�o�y�s���z�j�z���

IHR:=H<:Y�J?=J?KKBY���NZce��POU�VWG

�F_lh^�\dexq_gby��RZ]�1R����\\_^_gZ�i_j_f_ggZy�>?LKF?JL
��Dhwnn��������D��������D�
AgZq_gb_������������������
Kl�hrb[�������������������
�AgZqbf������(��������(���

Bklhqgbd��Kmf�d\Z^j��Kl_i�k\�Kj_^g�d\Z^j�
J_]j_kk��������(�����������������(�
HklZlhqg���������������������������
�����<ky�������(����������

Fgh`_kl\�5�����5A���5A�ijb\��Kl�hrb[��������)���AgZqbf
  0.94583   0.8946  0.89316   3.3047      620 3.24E-14
=bihl_aZ�����J_]j_kkbhggZy�fh^_ev�Z^_d\ZlgZ�wdki_jbf_glZev�^Zgguf!
Baf_g�5A���������)���AgZqbf
    0.895      620  2.6E-11

����������������I_j_f_ggu_�\�mjZ\g_gbb����������������
�I_j_f_gg��Dhwnn�<��Kl�hr�<�����;_lZ��������)���AgZqbf
�>?LKF?JL�����������������������������������������(���
�������������������I_j_f_ggu_�g_�\�mjZ\g_gbb����������������������
�I_j_f_gg��Dhwnn�<��Kl�hr�<�����;_lZ������)�AgZqbf��QZklg�5�Lhe_j�
��D:EHJBB���������������������������������������������������������
��MJ�JH@>���������������������������������������������������������
�MJ�KF?JL���������������������������������������(�����������������
�DHE>?L?C���������������������������������������������������������

�����F_lh^�\dexq_gby��RZ]�1R����\\_^_gZ�i_j_f_ggZy�MJ�KF?JL
��Dhwnn��������D��������D��������D�
AgZq_gb_���������������������������
Kl�hrb[����������������������������
�AgZqbf������(��������(���������(��

. . .
�����F_lh^�\dexq_gby��RZ]�1R����\\_^_gZ�i_j_f_ggZy�D:EHJBB
��Dhwnn��������D��������D��������D��������D�
AgZq_gb_������������������������������������
Kl�hrb[�������������������������������������
�AgZqbf������(���������(��������(�����������

. . .
�����F_lh^�\dexq_gby��RZ]�1R����\\_^_gZ�i_j_f_ggZy�MJ�JH@>
��Dhwnn��������D��������D��������D��������D��������D�
AgZq_gb_���������������������������������������������
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Kl�hrb[����������������������������������������������
�AgZqbf������(���������(��������(��������������������

Bklhqgbd��Kmf�d\Z^j��Kl_i�k\�Kj_^g�d\Z^j�
J_]j_kk��������(�����������������(�
HklZlhqg���������������������������
�����<ky�������(����������

Fgh`_kl\�5�����5A���5A�ijb\��Kl�hrb[��������)���AgZqbf
  0.97356  0.94782  0.94484   2.3745      318 4.43E-12
=bihl_aZ�����J_]j_kkbhggZy�fh^_ev�Z^_d\ZlgZ�wdki_jbf_glZev�^Zgguf!
Baf_g�5A���������)���AgZqbf
  0.00446     5.99   0.0161

����������������I_j_f_ggu_�\�mjZ\g_gbb����������������
�I_j_f_gg��Dhwnn�<��Kl�hr�<�����;_lZ��������)���AgZqbf
�>?LKF?JL������������������������������������������(��
�MJ�KF?JL������������������������������������������(��
��D:EHJBB���������������������������������������������
��MJ�JH@>���������������������������������������������
�������������������I_j_f_ggu_�g_�\�mjZ\g_gbb����������������������
�I_j_f_gg��Dhwnn�<�Kl�hr�<��;_lZ�����)���AgZqbf��QZklg�5����Lhe_j�
�DHE>?L?C��������������������������������������������������������

Ìixy lntqn��GZ� ihke_^g_f�rZ]_� ijhp_^mju�nhjfbjm_lky�fh^_ev�
\dexqZxsZy�q_luj_�i_j_f_ggu_� aZ�bkdexq_gb_f�dhebq_kl\Z�^_l_c��Wlh
ih^l\_j`^Z_l�\u\h^��k^_eZgguc�\�ijbf_j_�d�jZa^��������qlh�wlhl�ihdZaZ-
l_ev�g_agZqbf�^ey�ij_^kdZaZgby�

Hlf_lbf�� qlh� ijb� ihrZ]h\hc� j_]j_kkbb� kjZ\gbl_evgmx� agZqbfhklv
h[tykgyxsbo� i_j_f_gguo� ij_^klZ\ey_lky� \hafh`guf� dhebq_kl\_ggh
hp_gblv�lhe_jZglghklvx��hij_^_eyxs_c�ihke_^h\Zl_evghklv�\dexq_gby�\
fh^_ev�

Ijh^he`_gb_�ZgZebaZ�^Zggh]h�ijbf_jZ�kf��\�ke_^mxs_f�jZa^_e_�

������ Ìi�j¹�énménxxq¹
Ëjotj·ntqn��>ZggZy�ijhp_^mjZ�iha\hey_l�kljhblv�ijhba\hevgmx�j_�

]j_kkbhggmx� fh^_ev�� aZ^Z\Z_fmx� g_dhlhjhc� Ze]_[jZbq_kdhc� nhjfmehc�
dhlhjZy�fh`_l�[ulv�g_ebg_cghc�dZd�ih�i_j_f_gguf��lZd�b�ih�iZjZf_ljZf�
>ey�jZkq_lZ�fh^_eb�bkihevam_lky�bl_jZpbhgguc� Ze]hjblf�fbgbfbaZpbb
gZbkdhj_cr_]h�kimkdZ.
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Êx}vlt�n�ljtt�n�ij_^klZ\eyxlky�\�\b^_�fZljbpu��kh^_j`Zs_c�h^gm
beb�g_kdhevdh�g_aZ\bkbfuo�i_j_f_gguo�X�b�aZ\bkbfmx�i_j_f_ggmx�Y.

bnpxzkq¹�q�énoys�zjz���KgZqZeZ�gm`gh�\u[jZlv�beb�\\_klb�aZgh-
\h�lj_[m_fmx�nhjfmem�fh^_eb�\�h^gm�ba�\hkvfb�ihabpbc� �[eZgd�²�jbk�
�������kf��lZd`_�jZa^�������
ènljrzvé�uvlnsnp�<\h^�gh\uo�nhjfme�fh`gh�ijhba\h^blv�g_ih-

kj_^kl\_ggh�\�wlhl�[eZgd��h^gZdh�qZklh�m^h[gh�ihevah\Zlvky�nhjfmevguf
j_^Zdlhjhf�� \uau\Z_fuf� ih� gZ`Zlbx� dghidb� ©J_^Zdlhjª�� ihke_� q_]h
ihy\ey_lky�[eZgd�j_^ZdlhjZ�j_]j_kkbhgguo�fh^_e_c��jbk���������

JZ[hlZ� wlh]h� [eZgdZ� ZgZeh]bqgZ� lbih\hfm� nhjfmevghfm� j_^Zdlhjm
�kf��jZa^�������aZ�ke_^mxsbfb�^h[Z\e_gbyfb�
• djhf_�ihey�nhjfmeu�bf__lky�ihe_�aZ\bkbfhc�i_j_f_gghc�kh�k\h_c

dghidhc�i_j_ghkZ�ba�kibkdZ�i_j_f_gguo�we_dljhgghc�lZ[ebpu�
• \�ijZ\hc�qZklb�[eZgdZ�jZaf_s_g�kibkhd�h[hagZq_gbc�dhwnnbpb_glh\

j_]j_kkbhgghc�fh^_eb��a0, a1, a2,...;
• ijb�hdhgqZl_evghf�nhjfbjh\Zgbb�fh^_eb�g_aZ\bkbfZy�i_j_f_ggZy�ijb-

ibku\Z_lky�kijZ\Z�d�kZfhc�nhjfme_�k�jZa^_e_gb_f�agZdhf�jZ\_gkl\h.

Jbk���������;eZgd�\\h^Z�j_]j_kkbhgguo�fh^_e_c

Jbk���������;eZgd�j_^ZdlhjZ�j_]j_kkbhgghc�fh^_eb
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Ëj·js�t�n� v|ntrq�� Ihkdhevdm
koh^bfhklv� Ze]hjblfZ� b� ijZ\bevghklv
j_r_gby� \� jy^_� kemqZ_\� fh`_l� kms_�
kl\_ggh� aZ\bk_lv� hl� gZqZevguo� agZq_�
gbc� j_]j_kkbhgguo� dhwnnbpb_glh\�� lh
`_eZl_evgh�\\_klb�bo�gZqZevgu_�hp_gdb
�[eZgd�²�jbk���������

>_eh� \� lhf�� qlh� keh`gu_� g_ebg_c-
gu_� fh^_eb� gZ� nhg_� iheh]bo� fbgbfm-
fh\�fh]ml�bf_lv�b� [he__� ]em[hdb_�fb-
gbfmfu�\�\b^_�madbo�^uj�b�s_e_c. :e-
]hjblf� fbgbfbaZpbb� ijb� g_m^Zqghf

\u[hj_� gZqZevguo� mkeh\bc� fh`_l� g_� aZf_lblv� wlbo� ^uj� b� kdZlblvky� \
h^bg�ba�ehdZevguo�fbgbfmfh\�beb�`_�ijb\_klb�d�i_j_iheg_gbx�jZajy^-
ghc�k_ldb�ijhf_`mlhqguo�\uqbke_gbc�

?keb�\�wlhf�[eZgd_�gZ`Zlv�gZ�dghidm�©H[gmeblvª��lh�gZqZevgu_�hp_g�
db�iZjZf_ljh\�[m^ml�mklZgh\e_gu�jZ\gufb�_^bgbp_�

<u^ZqZ� j_amevlZlh\� ijhp_^mju� h[s_c� j_]j_kkbb� klZg^ZjlgZy� �kf�
jZa^�� ������ k� mq_lhf� ihijZ\db� ^ey� fgh`_kl\_gghc� j_]j_kkbb� �kf�� jZa^�
�������<�kemqZ_�h^ghiZjZf_ljbq_kdhc�j_]j_kkbb�ihke_^h\Zl_evghklv� ]jZ-
nbq_kdhc�\u^Zqb�ZgZeh]bqgZ�jZa^�������

koh^bfhklb ijhp_kkZ g_Z^_d\Zlghklb fh^_eb
���F_lh^�g_ijbf_gbf�ijb�m!���beb�m>n��]^_�n�²�qbkeh�baf_j_gbc��m

²� qbkeh� j_]j_kkbhgguo� dhwnnbpb_glh\�� beb� l/(m+3)>n�� ]^_� l�²� h[t_f
fZljbpu�^Zgguo�\��������������������beb�����qbk_e�

Jbk���������;eZgd�\\h^Z�gZqZevguo
hp_ghd�dhwnnbpb_glh\�g_ebg_c-

ghc�fh^_eb
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Í�é�q�u�n�é

d�j�l�j�·�j��Fu�ijh^he`bf�ZgZeba�^Zgguo�fbjh\hc�khpbZevghc�klZ-
lbklbdb�ba�ijbf_jZ�d�jZa^��������LZf�fu�h[gZjm`beb�g_ebg_cguc�oZjZd-
l_j� aZ\bkbfhklb� kj_^g_c� ijh^he`bl_evghklb� `bagb� hl� dhebq_kl\Z� ih-
lj_[ey_fuo� dZehjbc� b� mjh\gy� jh`^Z_fhklb� �jbk� �������� Ihijh[m_f
mq_klv�wlb�g_ebg_cghklb�\\_^_gb_f�\�fh^_ev�^\mo�d\Z^jZlbqguo�qe_gh\�
NhjfmeZ�g_ebg_cghc�fh^_eb��\\h^bfZy�\�[eZgd�nhjfme��[m^_l�\u]ey^_lv
ke_^mxsbf�h[jZahf�

D��D�>?LKF?JL�D�D:EHJBB�D�D:EHJBBA��D�MJ�JH@>�D
�MJ�JH@>A��D�MJ�KF?JL

DZd�b�\�ijbf_j_�jZa^_eZ������\uqbkebf�ijh]gha�ijb�l_o�`_�agZq_gbyo
iZjZf_ljh\�fh^_eb�

è�n�o�y�s���z�j�z���

H;S:Y���G?EBG?CG:Y��J?=J?KKBY���NZce��POU�VWG

��Fh^_ev�
>E�@BAGB D��D�>?LKF?JL�D�D:EHJBB�D�D:EHJBBA��D�MJ�JH@>�D�MJ�J
H@>A��D�MJ�KF?JL
��Dhwnn������D�������D�������D�������D��������D��������D��������D�
AgZq_gb_����������������������������(�����������������������������
Kl�hrb[�����������������������������(�����������������������������
�AgZqbf�����(�������(������������������������������������������(��

Bklhqgbd��Kmf�d\Z^j��Kl_i�k\�Kj_^g�d\Z^j�
J_]j_kk��������(�����������������(�
HklZlhqg���������������������������
�����<ky�������(����������
Fgh`_kl\�5�����5A���5A�ijb\��Kl�hrb[��������)���AgZqbf
  0.97876  0.95797  0.95426   2.1621      258 3.99E-12
=bihl_aZ�����J_]j_kkbhggZy�fh^_ev�Z^_d\ZlgZ�wdki_jbf_glZev�^Zgguf!

>?LKF?JL ����D:EHJBB �(����MJ�JH@> �����MJ�KF?JL ���>E�@BAGB� ����

Æ���k�v�l����Fh^_ev�Z^_d\ZlgZ�bkoh^guf�^Zgguf��h^gZdh�dhwnnb-
pb_glu�a2, a3 ijb�ihdZaZl_e_�ihlj_[e_gby�dZehjbc�g_�hlebqgu�hl�gmey�
ihwlhfm�kdhjj_dlbjm_f�fh^_ev��m^Zeb\�gZb[he__�g_^hklh\_jguc�d\Z^jZ-
lbqguc�qe_g��b�ih\lhjbf�ZgZeba�

è�n�o�y�s���z�j�z���

H;S:Y���G?EBG?CG:Y��J?=J?KKBY���NZce��POU�VWG

��Fh^_ev�
>E�@BAGB D��D�>?LKF?JL�D�D:EHJBB�D�MJ�JH@>�D�MJ�JH@>A��D�MJ�K
F?JL
��Dhwnn��������D��������D��������D��������D��������D��������D�
AgZq_gb_������������������������������������������������������
Kl�hrb[�������������������������������������������������������
�AgZqbf������(���������(�����������������������������������(��

Bklhqgbd��Kmf�d\Z^j��Kl_i�k\�Kj_^g�d\Z^j�
J_]j_kk��������(�����������������(�
HklZlhqg���������������������������
�����<ky�������(����������
Fgh`_kl\�5�����5A���5A�ijb\��Kl�hrb[��������)���AgZqbf
  0.97873   0.9579  0.95485   2.1482      314 3.29E-12
=bihl_aZ�����J_]j_kkbhggZy�fh^_ev�Z^_d\ZlgZ�wdki_jbf_glZev�^Zgguf!
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>?LKF?JL �����D:EHJBB �(����MJ�JH@> ����MJ�KF?JL ���>E�@BAGB ��

Æ���k�v�l����DZd�fh`gh�aZf_lblv��agZqbfhklv�]bihl_au�h�jZ\_gkl\_
gmex� dhwnnbpb_glZ� ijb� ihlj_[e_gbb� dZehjbc� ijb� bkdexq_gbb� d\Z^jZ-
lbqgh]h� qe_gZ� j_adh� kgbabeZkv� ^h� mjh\gy�� [ebadh]h� d� djblbq_kdhfm
��������ijhlb\���������Fh`gh�k^_eZlv�\u\h^��qlh�g_ebg_cghklv�ih�wlhfm
ihdZaZl_ex�hij_^_ey_lky�aZ\bkbfhklvx�__�hl�mjh\gy�kf_jlghklb��q_f�[h-
e__�dZehjbcgh�iblZgb_��l_f�f_gvr_�kf_jlghklv��Ihq_fm�\hafh`gZ�lZdZy
k\yaZggZy�g_ebg_cgZy�aZ\bkbfhklv�ih�^\mf�ihdZaZl_eyf"

Ij_^klZ\bf� k_[_�fuke_ggh�[he__�ijhklhc�b�gZ]ey^guc�ijbf_j��^\m-
f_jgmx� j_]j_kkbhggmx� iehkdhklv� \� lj_of_jghf� ijhkljZgkl\_� m−o1−o2,
ijbq_f�wlZ�iehkdhklv�ebg_cgZ�ih�dhhj^bgZl_�o���gh�bah]gmlZ�ih�dhhj^b-
gZl_�o���>Ze__�ij_^klZ\bf��qlh�gZ�wlhc�iehkdhklb�jZkkuiZgu�gZrb�wdki_-
jbf_glZevgu_�lhqdb��h^gZdh�wlb�lhqdb�jZkkuiZgu�g_�oZhlbqgh��Z�]jmiib-
jmxlky�\^hev�[bkk_dljbku�m]eZ�o1−o2. Lh]^Z�ijh_dpbb�lhq_d�dZd�gZ�dhhj-
^bgZlgmx�iehkdhklv� m−o1,� lZd�b�gZ�dhhj^bgZlgmx�iehkdhklv� m−o2 [m^ml
bah]gmlu�� g_kfhljy� gZ� lh�� qlh� kZfZ� j_]j_kkbhggZy� iehkdhklv� bah]gmlZ
lhevdh�ih�h^ghc�dhhj^bgZl_�

Ijh\_^y�^Ze__� ZgZeba�j_]j_kkbhgguo�hklZldh\�b�ihkljhb\� ]jZnbd�bo
jZkij_^_e_gby� �jbk�� ������� fh`gh� aZf_lblv� mf_gvr_gb_� ^bZiZahgZ� jZa-
[jhkZ�hklZldh\� �ih�hkb�hj^bgZl��ih�kjZ\g_gbx�k�ebg_cghc�fh^_evx� �kf�
jbk����������Wlh�y\ey_lky�^hihegbl_evguf�k\b^_l_evkl\hf�[hevr_c�Z^_d-
\Zlghklb�g_ebg_cghc�fh^_eb�

Mqblu\Zy�[ebahklv�d�djblbq_kdhc�agZqbfhklb�dhwnnbpb_glZ�Z��fh`-
gh�hklZ\blv�_]h�\�fh^_eb�b�bkihevah\Zlv�wlm�hdhgqZl_evgmx�fh^_ev�^ey
ijh]ghabjh\Zgby�kj_^g_c�ijh^he`bl_evghklb�`bagb��Ijb�\\_^_gguo�iZ-
jZf_ljZo�ijh]gha�^Z_l�gZf�^ebl_evghklv�`bagb�\����e_l�

Jbk���������J_]j_kkbhggu_�hklZldb�hlghkbl_evgh�j_]j_kkbhgguo�agZq_gbc�ih�hkb�X



sjkj����

ÎËÌÌÎcèËÔc��ÎcÒÌbÔ
©AgZ_rv�eb�lu��qlh�fh`_rv�jZkijhkljZgblv�k_[y�\_a^_�

\�ex[hf�gZijZ\e_gbb��dhlhjh_�y�mdZaZe"ª

 [@mZg�FZlmk]

Ëjotj·ntqn� �Fgh]hf_jgu_�f_lh^u�ij_^hklZ\eyxl�\uqbkebl_evgu_
b� ]jZnbq_kdb_� kj_^kl\Z� ^ey� bkke_^h\Zgby� jZaebqguo� nhjf� ZkkhpbZpbb
�koh^kl\Z�� [ebahklb�� ]jmiibjh\db�� ^Zgguo�� ij_^klZ\e_gguo� \� \b^_�fgh-
`_kl\Z�i_j_f_gguo��agZq_gby�dhlhjuo�hlghkylky�d�g_dhlhjhfm�fgh`_kl\m
h[t_dlh\, gZ[ex^_gbc�beb�baf_j_gbc��Ijb�wlhf�\k_�i_j_f_ggu_�jZkkfZl�
jb\Zxlky�dZd�jZ\ghijZ\gu_��[_a�jZa^_e_gby�gZ�aZ\bkbfu_�b�g_aZ\bkbfu_
�\�hlebqb_�hl�f_lh^h\�^bki_jkbhggh]h�b�j_]j_kkbhggh]h�ZgZebaZ��g_dhlh-
ju_�ba�dhlhjuo�lZd`_�jZ[hlZxl�k�fgh]hf_jgufb�^Zggufb��
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������ Ðjrzvét�p�jtjsqo
Æknlntqn� �NZdlhjguc�ZgZeba1�y\ey_lky�gZb[he__�agZqbfuf�b�qZklh

bkihevam_fuf�ba�fgh]hf_jguo�f_lh^h\��Z�f_lh^u�deZkl_jbaZpbb�b�^bk-
djbfbgZglgh]h�ZgZebaZ�^Zxl�[he__�gZ]ey^gu_�j_amevlZlu��_keb�hgb�ijb-
f_gyxlky�d�^Zgguf��m`_�ijhr_^rbf�ijhp_^mjm�nZdlhjbaZpbb��H^gZdh��\
[hevrbgkl\_�mq_[gbdh\� wlhl�jZa^_e�baeZ]Z_lky�g_ij_^f_lgh��g_kbkl_fZ-
lbqgh�� g_gZ]ey^gh� beb�`_� qj_af_jgh�nhjfZevgh��Gb`_�fu� ke_^m_f� ^b-
^Zdlbd_��^hdZaZ\r_c�k\hx�^_ckl\_gghklv�\�gZr_c�fgh]he_lg_c�ij_ih^Z-
\Zl_evkdhc�ijZdlbd_�

<h� \\_^_gbb� \�nZdlhjghc� ZgZeba�gZ^h�h[jZlblv� \gbfZgb_� Zm^blhjbb
gZ�ke_^mxsb_�ijbgpbibZevgu_�fhf_glu�
• hihkj_^h\Zgghklv�b�hlghkbl_evghklv�bkoh^guo�i_j_f_gguo��g_�hljZ-

`Zxsbo�bklbggu_�^_ckl\mxsb_�nZdlhju�
• wlb� kdjulu_� nZdlhju� fh]ml� ijhy\eylvky� \� g_kdhevdbo� i_j_f_gguo

�dhjj_ebjh\Zgghklv��
• kbeZ�\ebygby�nZdlhjZ�ijhy\ey_lky�\�^bZiZahg_�baf_g_gby�i_j_f_gguo

�^bki_jkbb�
• i_j\Zy�aZ^ZqZ�ZgZebaZ�²�gZclb�]eZ\gu_�nZdlhju;
• ijhklhc�b�ihgylguc�ij_^f_lguc�beexkljbjmxsbc�ijbf_j�
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Êx}vlt�n� ljtt�n� ij_^klZ\eyxlky� \� \b^_� fZljbpu�� kh^_j`Zs_c
^Zggu_�h^gh]h�ba�ke_^mxsbo�^\mo�lbih\�
• agZq_gby�m�i_j_f_gguo�^ey�n�h[t_dlh\��fZljbpZ�jZaf_jhf�m⋅n);
• d\Z^jZlgZy�fZljbpZ�dhjj_eypbc�f_`^m�m�i_j_f_ggufb��fZljbpZ�jZa�

f_jhf�m⋅m).
<� kemqZ_� bkoh^guo� ^Zgguo� lbiZ� ©i_j_f_ggu_−h[t_dluª� ijhp_^mjZ

ij_^\Zjbl_evgh�ihabpbhgbjm_l�agZq_gby�i_j_f_gguo�gZ�gmev�\uqblZgb-
                                                          

1�?kl_kl\_ggh−gZmqgufb�fu�gZau\Z_f�bkke_^h\Zgby�i_j\bqguo�ijbjh^guo�aZ-
dhghf_jghkl_c� ihkj_^kl\hf� baf_jbl_evguo� ijb[hjh\�� qlh� bo� ijbgpbibZevgh
hlebqZ_l� hl� bkke_^h\Zgbc� fg_gbc� ex^_c� gZ� aZ^Zggmx� l_fm� �]mffZgblZj-
gh−hijhkgu_�bkke_^h\Zgby��
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_f� kj_^gbo� agZq_gbc� i_j_f_gguo�� Z� ijb� f_lh^_� dhjj_eypbc� �kf�� gb`_
©>Zggu_�b�dhjj_eypbbª��agZq_gby�^hihegbl_evgh�ghjfbjmxlky�gZ�klZg-
^Zjlgu_�hldehg_gby�i_j_f_gguo�²�wlh�ke_^m_l�ihfgblv�^ey�ihgbfZgby
ihke_^mxsbo�j_amevlZlh\�

<lhjZy�nhjfZ�ihe_agZ�lh]^Z��dh]^Z�bkihevam_lky�m`_�]hlh\Zy�fZljbpZ
dhjj_eypbc�� gZijbf_j� \uqbke_ggZy� \h� \g_rg_f� iZd_l_��H^gZdh� \� wlhf
kemqZ_� g_\hafh`_g� ihklnZdlhjguc� ZgZeba� jZkij_^_e_gby� b� \aZbfhaZ\b-
kbfhkl_c h[t_dlh\�
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bnpxzkq¹�q�énoys�zjz��ke_^mxl�_kl_kl\_gghc�ebg_cghc�ihke_^h-
\Zl_evghklb�\uiheg_gby�nZdlhjgh]h�ZgZebaZ1.

���bjtt�n�q�rvééns¹|qq��KgZqZeZ
ke_^m_l� mlhqgblv� lbi� bkoh^guo� ^Zgguo
�jbk��������b�\b^�dhjj_eypbc�

?keb�bkoh^gu_�^Zggu_�ij_^klZ\e_gu� \
nhjf_� dhjj_eypbhgghc� fZljbpu�� lh� hgZ
kjZam�bkihevam_lky�^ey�nZdlhjgh]h�ZgZebaZ
�dghidZ���f_gx�jbk���������?keb�`_�^Zggu_
ij_^klZ\eyxl� kh[hc� agZq_gby� m� i_j_f_g�
guo�^ey�n�h[t_dlh\�� lh�ijhp_^mjZ�ij_^\Z-
jbl_evgh� \uqbkey_l� ^ey� ZgZebaZ� dhjj_ey-
pbhggmx�fZljbpm��b�\�wlhf�kemqZ_�ke_^m_l
mlhqgblv�f_lh^�\uqbke_gby�dhjj_eypbc�
1)iZjZf_ljbq_kdb_�dhwnnbpb_glu�dhjj_-
eypbb�IbjkhgZ��kf��jZa^�������y\eyxlky
gZb[he__�mihlj_[bl_evghc�nhjfhc�dhj-
j_eypbb�\�nZdlhjghf�ZgZeba_�\�kemqZ_
qbkeh\uo�b�ghjfZevgh�jZkij_^_e_gguo

bkoh^guo�^Zgguo�
2)dh\ZjbZpbb�ij_^klZ\eyxl�kh[hc�\aZbfgu_�\ZjbZpbb�f_`^m�i_j_f_g-
gufb��dh\ZjbZpby�i_j_f_gghc�k�kZfhc�kh[hc�y\ey_lky�__�^bki_jkb_c�
fZl_fZlbq_kdb�dh\ZjbZpby�ij_^klZ\ey_l�kh[hc�qbkebl_ev�ba�nhjfmeu
dhwnnbpb_glZ�dhjj_eypbb��^_e_gguc�gZ�jZaf_j�\u[hjdb��bkihevah\Z-
gb_�dh\ZjbZpbhgghc�fZljbpu�kjZ\gbl_evgh�f_g__�mihlj_[bl_evgh�b
iha\hey_l�\�\uqbke_gbyo�mqblu\Zlv�g_�lhevdh�kl_i_gv�\aZbfhk\yaZggh-
klb��dhjj_ebjh\Zgghklb��i_j_f_gguo��gh�b�Z[khexlgmx�\_ebqbgm�dh-
\ZjbZpbc�

�������g_iZjZf_ljbq_kdb_�dhwnnbpb_glu�dhjj_eypbb�KibjfZgZ�b�dhgdhj-
^Zpbb�D_g^_eeZ��kf��jZa^�������ijbf_gbfu�\�kemqZ_�g_ghjfZevgh�jZk-
ij_^_e_gguo�qbkeh\uo�^Zgguo�b�jZg]h\uo�i_j_f_gguo;

5)dhwnnbpb_glu�k\yaghklb�DjZf_jZ��kf��jZa^�������ijbf_gbfu�^ey�ghfb-
gZevguo�b�jZg]h\uo�i_j_f_gguo��agZq_gby�i_j_f_gguo�\�fZljbp_�^Zg-
guo�^he`gu�[ulv�ij_^klZ\e_gu�\�\b^_�p_euo�qbk_e��ghfbgZevguo�dh-
^h\�beb�jZg]h\��beb�`_�kbf\hevguo�ghfbgZevguo�h[hagZq_gbc��h[t_-
^bg_gb_�wlbo�^\mo�nhjf�ij_^klZ\e_gby�^Zgguo�g_^himklbfh��^ey�dZ`-
^hc�iZju�i_j_f_gguo�ijhp_^mjZ�ij_^\Zjbl_evgh�jZkkqblu\Z_l�lZ[ebpm
djhkklZ[meypbb��ijbf_qZgb_��qbkeh�]jZ^Zpbc�agZq_gbc�i_j_f_gguo�g_
^he`gh�ij_\urZlv����

                                                          
1� AZ� fgh]hqbke_ggu_� ihe_agu_� ij_^eh`_gby� ih� ij_^klZ\e_gbx� j_amevlZlh\

nZdlhjgh]h�ZgZebaZ�fu�hkh[h�ijbagZl_evgu�:�G��=mk_\m�

Jbk��������F_gx�\u[hjZ�nhjfu
bkoh^guo�^Zgguo�b�dhjj_eypbc
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6)dhwnnbpb_glu�k\yaghklb�[bgZjguo�i_j_f_gguo��\uqbkey_fu_�ih�\\h-
^bfhc�nhjfme_��ihe_�\\h^Z�F_jZ��jbk���������agZq_gby�i_j_f_gguo�\
fZljbp_�^Zgguo�^he`gu�[ulv�ij_^klZ\e_gu�dh^Zfb������beb�`_�^\mfy
kbf\hevgufb�dhgklZglZfb��h[t_^bg_gb_�wlbo�^\mo�nhjf�ij_^klZ\e_-
gby�^Zgguo�g_^himklbfh��^ey�dZ`^hc�iZju�i_j_f_gguo�ijhp_^mjZ
ij_^\Zjbl_evgh�jZkkqblu\Z_l�lZ[ebpm�djhkklZ[meypbb�jZaf_jZ��×���kf�
jZa^�������

a b
c d

]^_�h[hagZq_gby�a, b, c, d�^he`gu�[ulv�bkihevah\Zgu�\�nhjfme_�\uqbke_-
gby�dhwnnbpb_glZ�k\yaghklb�i_j_f_gguo��agZq_gby�dhwnnbpb_glZ�^he`-
gu�gZoh^blvky�\�^bZiZahg_��−���<u[hj�nhjfmeu�aZ\bkbl�hl�lh]h��dZdmx
jhev� �ihablb\guc�� g_]Zlb\guc� beb� g_cljZevguc� kfuke�� bkke_^h\Zl_ev
hl\h^bl�qZklhlZf�\klj_qZ_fhklb�iZj�agZq_gbc�ijbagZdh\�a, b, c, d��gZijb-
f_j�� (a+d)/(a+b+c+d); a/(a+b+c+d); 2a/(2a+b+c); a/(a+2(b+c)); (ad−bc)/
(a+b+c+d)^��b�^j�

<� wlhf�`_�f_gx�fh`gh� mklZgh\blv� Z[khexlgh_� agZq_gb_� mjh\gy�g_-
qm\kl\bl_evghklb� ^ey� qbkeh\hc� \u^Zqb� agZq_gbc� nZdlhjguo� gZ]jmahd
�kf�� gb`_��� qlh� m^h[gh� ^ey� emqr_c� hjb_glZpbb� \� h[t_fguo� \u^ZqZo� �k
bkdexq_gb_f�ba�gbo�fZeuo�ih�Z[khexlghc�\_ebqbg_�gZ]jmahd��ijb�[hev-
rhf�qbke_�i_j_f_gguo�

��� Çvééns¹|qq�� <� jy^_� kemqZ_\� a^_kv� [u\Z_l� ihe_aguf� \u\_klb
lZ[ebpm� ©i_j_f_ggZy±kj_^g__±kl�hldehg_gb_ª�b�^bZ]hgZevgmx� �kbff_l-
jbqgmx��fZljbpm�dhwnnbpb_glh\�dhjj_eypbb�f_`^m�iZjZfb�i_j_f_gguo
�a^_kv� b� gb`_� j_amevlZlu� ij_bfms_kl\_ggh� \aylu� ba� ijbf_jZ� ^Zgguo�
jZkkfhlj_gguo�\h�\\_^_gbb�d�^Zgghfm�jZa^_em��

I_j_f_ggZy��Kj_^g__��Kl�hldehg�
       x1  -0.5883    4.078
       x2  -0.7884      4.2
       x3  -0.6719    4.144

Dhjj_eypbhggZy�fZljbpZ
                x1       x2       x3
       x2    0.907
       x3    0.968    0.871
��Djblbq_kdh_�agZq_gb_ ������
�Qbkeh�agZqbfuo�dhwnnbpb_glh\ ��������

K�mq_lhf�lh]h��qlh�dhjj_eypbhggZy�fZljbpZ�kbff_ljbqgZ�b�gZ�^bZ]hgZ-
eb�__�klhyl�_^bgbpu��ijb\h^blky�lhevdh�__�ih^^bZ]hgZevgZy�qZklv��<u\h-
^blky�lZd`_�djblbq_kdh_�agZq_gb_��^ey�dhwnnbpb_glh\��agZq_gby�dhlhjuo
f_gvr_� djblbq_kdh]h�� ijbgbfZ_lky� gme_\Zy� ]bihl_aZ� ©dhwnnbpb_gl� g_
hlebq_g�hl�gmeyª��b�\u^Z_lky�qbkeh�b�ijhp_gl�agZqbfuo�dhwnnbpb_glh\�

��� sjkt�n� rvuwvtntz��� Baeh`_gb_� j_amevlZlh\� nZdlhjgh]h
ZgZebaZ�ke_^m_l�gZqbgZlv�k�f_lh^Z�]eZ\guo�dhfihg_gl��dZd�gZb[he__�bg-
lmblb\gh� ihagZ\Z_fh]h� b� ^himkdZxs_]h� gZ]ey^gu_� ]_hf_ljbq_kdb_� be-
exkljZpbb��jbk��������
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���éj{qr�©rjuntqxzj¹�vx�w�ª�ij_^klZ\ey_l�kh[hc�]jZnbd�jZk-
ij_^_e_gby�kh[kl\_gguo�agZq_gbc�nZdlhjh\� �ih�hkb�Y��\�ihjy^d_�m[u\Z-
gby�bo�\_ebqbgu���jbk���������Wlhl�]jZnbd�bkihevam_lky�^ey�hl[hjZ�qbkeZ
agZqbfuo�nZdlhjh\�

���Æ�ivé�·qxsj�otj·qu�}�{jrzvévk��Ihemq_ggu_�j_amevlZlu
iha\heyxl�ijhba\_klb�\u[hj�qbkeZ� agZqbfuo�beb��dZd�bo�h[uqgh�gZau-
\Zxl��h[sbo nZdlhjh\�^ey�ihke_^mxs_]h�ZgZebaZ�beb�\jZs_gby�

>ey�wlh]h�fh`gh�bkihevah\Zlv�ljb�djbl_jby�
�
� djbl_jbc� DZca_jZ� khklhbl� \� hl[jZku\Zgbb� dhfihg_gl�� kh[kl\_ggu_

agZq_gby�dhlhjuo�f_gvr_�_^bgbpu��qlh�^Ze_dh�g_�\k_]^Z�hijZ\^Zgh1;
�
� djbl_jbc�D_ll_eeZ�bkihevam_l�gZ�]jZnbd_�kh[kl\_gguo�agZq_gbc�lhq�

dm�i_j_]b[Z�d�_]h�\uiheZ`b\Zgbx��gZ�jbk�������wlh�khhl\_lkl\m_l��−4
nZdlhjZf��

���hl[jZku\Zgb_�dhfihg_gl��kmffZjgh�hljZ`Zxsbo�f_g__��−����h[s_c
^bki_jkbb�
G_mqblu\Z_fu_�\�^Zevg_cr_f�fZehagZqbfu_�dhfihg_glu�gZau\Zxlky

ki_pbnbq_kdbfb��beb�oZjZdl_jgufb��nZdlhjZfb.
���fvixzkntt�n�knrzvéj��<h�fgh]bo�mq_[gbdZo�ihke_�jZkkfhlj_-

gby� kh[kl\_gguo� agZq_gbc� kjZam� ijhba\h^blky� kdZq_d� d� kjZ\gbl_evgh
keh`guf� ^ey� \hkijbylby� nZdlhjguf� gZ]jmadZf�� H^gZdh� ^b^Zdlbq_kdb
ijZ\bevguf�y\ey_lky�i_j\hgZqZevgh_�jZkkfhlj_gb_�kh[kl\_gguo�\_dlh-
jh\� �\_dlhjZ� ]eZ\guo� dhfihg_gl���dhlhju_�^himkdZxl�ijyfh_� ]_hf_ljb-

                                                          
1�Fhlb\bjm_lky� wlh� ke_^mxsbf�h[jZahf��ihkdhevdm�^bki_jkby�ghjfZebah\Zg-

guo�i_j_f_gguo�jZ\gZ�_^bgbp_��lh�dhfihg_glu�k�f_gvrbfb�kh[kl\_ggufb�agZq_-
gbyfb� �Z�hgb�hljZ`Zxl�nZdlhjgmx�^bki_jkbx��f_g__�agZqbfu��g_`_eb�kZfb�i_-
j_f_ggu_��H^gZdh�qZklh�\klj_qZ_lky�kblmZpby� �gZijbf_j��ijb�fZehf�qbke_�i_j_-
f_gguo�beb�ijb�\ukhdhc�dhjj_eypbb�lhevdh�f_`^m�^\mfy�ba�gbo���dh]^Z�m`_�\lh-
jhc� dhfihg_gl� bf__l� kh[kl\_ggh_� agZq_gb_��f_gvr__� _^bgbpu�� Z� lh]^Z� ih� jZk-
kfZljb\Z_fhfm�djbl_jbx�nZdlhjguc�ZgZeba�klZgh\blky�[_kkfuke_gguf�

Jbk��������Ijbf_j�]jZnbdZ�kh[kl\_gguo�agZq_gbc�]eZ\guo�dhfihg_gl
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��� Ðjrzvét�n� tjméyorq�� FZl_fZlbq_kdb� nZdlhjgZy� gZ]jmadZ
jZ\gZ�\_dlhjghfm�dhwnnbpb_glm�aij�i_j_oh^Z�hl�i_j_f_gghc�j�d�nZdlhjm i,
mfgh`_gghfm�gZ�dhj_gv�d\Z^jZlguc�ba�kh[kl\_ggh]h�agZq_gby�nZdlhjZ�
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éj{qrq�tjméyovr��>ey�ihemq_gby
gZ]ey^gh]h� ij_^klZ\e_gby� h� khhlghr_-
gbb� \_ebqbg�nZdlhjguo� gZ]jmahd� ihe_a-
gh�ihkljhblv�bo�\_dlhjgu_�]jZnbdb��>ey
wlh]h�\�[eZgd_� �jbk��������fh`gh�mdZaZlv
ghf_jZ� ^\mo� nZdlhjh\� b� lh]^Z� \u\h^b-
fuc� \_dlhjguc� ]jZnbd� [m^_l� iehkdbf
�jbk������� Z��beb�`_�mdZaZlv�ljb�nZdlhjZ
b�lh]^Z�[m^_l�\u^Zg�lj_of_jguc�\_dlhj-
guc�]jZnbd��jbk������� [���AZijhku�gh\uo
ijh_dpbc�gZ]jmahd�ih\lhjyxlky�^h�hlf_-

gu�[eZgdZ�

Jbk��������;eZgd�\u[hjZ�nZdlhjh\
^ey�ijh_dpbb�gZ]jmahd
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GZ�wlbo�]jZnbdZo��q_f�[eb`_�\_dlhj�d�nZdlhjghc�hkb��l_f�[he__�i_j_-
f_ggZy�\ujZ`Z_lky�q_j_a�^Zgguc�nZdlhj�b�l_f�f_g__�²�q_j_a�i_ji_g^b-
dmeyjguc�nZdlhj��Q_f� ^ebgg__� \_dlhj�� l_f� kjZ\gbl_evgh� [he__� \_khfh
ij_^klZ\e_gZ�i_j_f_ggZy�\�nZdlhjZo�

Z [
Jbk��������Ijh_dpbb�nZdlhjguo�gZ]jmahd��^ey�jZkkfZljb\Z_fh]h�ijbf_jZ��

Z�²�gZ�iehkdhklv�nZdlhjh\��−2; [�²�\�ijhkljZgkl\_�nZdlhjh\��−3
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����Íévnr|qq� vi~nrzvk� k�{jrzvét�}� rvvélqtjzj}��Ih� j_-
amevlZlZf� nZdlhjgh]h� ZgZebaZ� qZklh� [u\Z_l� g_h[oh^bfh� ihemqblv� nZd-
lhjgu_�dhhj^bgZlu�h[t_dlh\� �g_m^Zqguc�kbghgbf�²�nZdlhjgu_�agZq_-
gby1��b�ihkljhblv�bo�ijh_dpbb�gZ�hkgh\gu_�nZdlhjgu_�iehkdhklb�

?keb� \� ke_^mxs_f� wdjZgghf� [eZgd_
�jbk��������mdZaZlv�^\Z�nZdlhjZ��lh�[m^_l
ihkljh_gZ� ^\mf_jgZy� ^bZ]jZffZ� jZkk_y-
gby� �jbk�� ����� Z��� _keb� `_� mdZaZlv� ljb
nZdlhjZ�� lh� [m^_l� \u^ZgZ� lj_of_jgZy
^bZ]jZffZ� ��jbk������� [���AZijhku�gh\uo
ijh_dpbc� h[t_dlh\� ih\lhjyxlky� ^h� hl-
f_gu�[eZgdZ�

1�L_jfbg�©nZdlhjgu_�agZq_gbyª��y\eyxsbcky�^hkeh\ghc�dZevdhc�k�Zg]ebckdh-
]h�� ke_^m_l� ijbagZlv� djZcg_� g_m^Zqguf�� >_ckl\bl_evgh�� qlh� ih�jmkkdb� agZqbl
©nZdlhjgu_�agZq_gbyª"�Wlh�−�agZq_gby�nZdlhjh\��gh�gbdZd�g_�nZdlhjgu_�dhhj-
^bgZlu�h[t_dlh\�

Jbk��������;eZgd�\u[hjZ�nZdlhjh\
^ey�ijh_dpbb�h[t_dlh\
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Z [

Dhhj^bgZlu� ijh_dpbc� h[t_dlh\� k� ]jZnbdZ� fh`gh� khojZgblv� \
we_dljhgghc� lZ[ebp_� ^ey� ^Zevg_cr_]h� ZgZebaZ� �gZijbf_j�� ^ey
deZkl_jbaZpbb��kjZ\g_gby�jZaebqbc��j_]j_kkbhggh]h�ZgZebaZ�b�l�

i���gZ`Zlb_f�gZ�bgkljmf_glZevgmx�dghidm�©Khoj=jZnª.
Íéqun·jtqn��Ijh_dpbb�h[t_dlh\�\u^Zxlky�\�gZlmjZevghf�\b^_��ih-

wlhfm� jZaf_jghklv� ih� nZdlhjghc� hkb�� bf_xs_c� [hevr__� kh[kl\_ggh_
agZq_gb_�� [m^_l� [hevr_�� q_f� ih�f_g__� agZqbfhfm�nZdlhjm�� Z� ^bki_jkby
baf_j_gbc�ih�dhgdj_lghfm�nZdlhjm�jZ\gZ�_]h�kh[kl\_gghfm�agZq_gbx1.

Jbk��������Ijh_dpbb�h[t_dlh\��^ey�jZkkfZljb\Z_fh]h�ijbf_jZ��
Z�²�gZ�nZdlhjgmx�iehkdhklv��−2; [�²�\�ijhkljZgkl\h�nZdlhjh\��−3
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���� Ðjrzvétvn� wévmtvoqévkjtqn1� � <h� fgh]bo� bkke_^h\Zgbyo
\klZ_l�aZ^ZqZ�ijh]ghabjh\Zgby�agZq_gbc�g_dhlhjhc�bkoh^ghc�i_j_f_gghc
ijb� aZ^Zgguo� agZq_gbyo�nZdlhjh\��<� dhgl_dkl_�nZdlhjgh]h� ZgZebaZ� wlh
fh`gh�gZa\Zlv�lZd`_�h[jZlghc� aZ^Zq_c�� aZ^Zq_c�\hkklZgh\e_gby�beb�bg-
l_jiheypbb�agZq_gbc�bkoh^ghc�i_j_f_gghc�

Ihykgbf�wlh�gZ�ijbf_jZo��Imklv�\�ijh_d-
pbb�baf_j_gbc�gZ�nZdlhjgmx�iehkdhklv�ijh-
ke_`b\Z_lky� g_dZy� y\gZy� nmgdpbhgZevgZy
aZ\bkbfhklv� f_`^m� gbfb�� Lh]^Z� aZdhgghc
[m^_l� ihklZgh\dZ� aZ^Zqb� ijh]ghabjh\Zgby
wlhc�aZ\bkbfhklb�\�h^ghf�ba�^\mo�gZijZ\e_-
gbc� __�ijh^he`_gby�b�ijh_pbjh\Zgby� wlh]h
ijh]ghaZ� gZ� jZaebqgu_� bkoh^gu_� i_j_f_g-
gu_�� >jm]bf� ijbf_jhf� �^Z`_� \� hlkmlkl\b_
mihfygmlhc� nmgdpbhgZevghc� aZ\bkbfhklb�
y\ey_lky�bgl_j_k�bkke_^h\Zl_ey�d�ih\_^_gbx
bkoh^guo� i_j_f_gguo� \� h[eZklb� ijhf_`m-
lhqguo�nZdlhjguo� agZq_gbc�� g_� aZnbdkbjh-
\Zgguo� \� wdki_jbf_gl_�� Wlh� khhl\_lkl\m_l
aZ^Zq_�bgl_jiheypbb��Hkh[uc�bgl_j_k�ij_^-
klZ\ey_l� kemqZc� fgh]hf_jguo� ^Zgguo� lbiZ
k\yaguo�\j_f_gguo�jy^h\��dh]^Z�jZkkfZljb-

\Z_fZy� ihklZgh\dZ� khhl\_lkl\m_l� deZkkbq_kdhc� aZ^Zq_� ijh]ghabjh\Zgby
\j_f_gguo�jy^h\��kf��\�jZa^����������

Jbk��������F_gx�ijh^he`_gby
ZgZebaZ
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Ihke_� \u[hjZ� nZdlhjgh]h� ijh-
]ghabjh\Zgby� �jbk�� ������ gm`gh� \
nZdlhjgmx� lZ[ebpm� �jbk�� ������

\\_klb� agZq_gby� ]eZ\guo�nZdlhjh\�
ih� dhlhjuf� [m^_l� \uqbke_g� ijh-
]gha�� Z� lZd`_� mdZaZlv� ihjy^dh\uc
ghf_j� ijh]ghabjm_fhc� i_j_f_gghc
ba�we_dljhgghc�lZ[ebpu��NZdlhjgZy
lZ[ebpZ� iha\hey_l� \\h^blv� ^h� ���
gZ[hjh\� agZq_gbc� �kljhdb�� ^ey� �−7
]eZ\guo� nZdlhjh\� �klhe[pu��� <\h^
agZq_gbc� \�nZdlhjgmx� lZ[ebpm�fh-
`_l�hkms_kl\eylvky�\jmqgmx�beb�ba
[mn_jZ� h[f_gZ� dhf[bgZpb_c� deZ-
\br� � {$USM�� + {7�� beb
{4IJGU� +� {*OT��� <� j_amevlZl_

\uqbkeyxlky� agZq_gby� mdZaZgghc� bkoh^ghc� i_j_f_gghc� ^ey� dZ`^h]h� ba
\\_^_gguo�gZ[hjh\�agZq_gbc�nZdlhjh\�

NZdlhjgh_� ijh]ghabjh\Zgb_� g_� j_dhf_g^m_lky� ijbf_gylv� ihke_� \jZ-
s_gby�\�k\yab�k�jy^hf�bkdZ`_gbc�nZdlhjghc�kljmdlmju��F_lh^bdZ�nZd-
lhjgh]h�ijh]ghabjh\Zgby�^_lZevgh�ijhbeexkljbjh\ZgZ�\�jZa^���������

����Æéj�ntqn�{jrzvévk��Ihke_�\u^_e_gby�nZdlhjh\�fgh]b_�bk-
lhqgbdb�j_dhf_g^mxl�ijhba\_klb�\jZs_gb_�ba[jZgguo�nZdlhjguo�\_dlh-
jh\�\�hij_^_e_gghf�wlbfb�nZdlhjZfb�ih^ijhkljZgkl\_��P_evx�\jZs_gby
ijh\ha]eZrZ_lky� ihemq_gb_� [he__� ijhklh� bgl_jij_lbjm_fhc� kbkl_fu
nZdlhjh\� �ijhklZy� kljmdlmjZ��� ijb� dhlhjhc� dZ`^Zy� i_j_f_ggZy� bf__l
[hevrb_�gZ]jmadb�gZ�fZeh_�qbkeh�nZdlhjh\�b�fZeu_�gZ]jmadb�gZ�hklZev�
gu_�nZdlhju�

Ke_^m_l� dZl_]hjbq_kdb� aZy\blv�� qlh� nhjfmebjh\dZ� ih^h[ghc� p_eb� \
f_lh^bq_kdhf� ieZg_� ijbgZ^e_`bl� d� h[eZklb� e`_gZmdb�� Wlh� gZau\Z_lky
ih^]hgdhc�bkoh^guo�^Zgguo��Ij_^klZ\vl_�k_[_��qlh�Mhlkhg�b�Djbd�gZqZ-
eb� [u� \jZsZlv� j_gl]_ghkdhibq_kdb_� ^Zggu_� k� p_evx� h[e_]qblv� k_[_
`bagv�b�[he__�[ukljh�ihemqblv�fZdkbfZevgh�ijhklmx�fh^_ev�>GD��L_f
g_�f_g__�\�k\yab�k�jZkijhkljZg_gghklvx�wlhc�_j_kb1�ijb\_^_f�g_dhlhju_
k\_^_gby�h�\jZs_gbyo�

                                                          
1�Fgh]bo�k[b\Z_l�lZd`_�k�lhedm�dhqmxs__�ih�mq_[gbdZf�ml\_j`^_gb_��qlh�f_-

lh^u�nZdlhjgh]h�ZgZebaZ��kf��gb`_��^Zxl�j_r_gb_�k�lhqghklvx�^h�\jZs_gby�nZd-
lhjh\��ba�q_]h�^_eZ_lky�\u\h^��qlh�\jZs_gb_�ijbgpbibZevgh�g_�f_gy_l�gZc^_ggh-
]h� j_r_gby�� H^gZdh� nZdlhjgh_� j_r_gb_� h[_ki_qb\Z_l� ohjhr__� ijb[eb`_gb_
h[sghkl_c�i_j_f_gguo�� �kmffZ�gZ]jmahd��d�bkoh^guf�dhjj_eypbyf��Z�h[sghklb
i_j_f_gguo� �\� hlebqb_� hl�gZ]jmahd��ijb� \jZs_gbb�^_ckl\bl_evgh�g_�f_gyxlky�
Gh�lZdh_�©h[hkgh\Zgb_ª�ZgZeh]bqgh�ke_^mxs_c�gZ]ey^ghc�kblmZpbb��Imklv�]jZ`-
^Zgbg�:�ieZlbl�aZ�`bev_�fbeebhg��Z�]jZ`^Zgbg�;�−�lukyqm��B�fu�]h\hjbf��^Z\Zc-

Jbk���������;eZgd�\\h^Z�nZdlhjguo
agZq_gbc�^ey�ijh]ghabjh\Zgby
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>ey�\jZs_gby�g_h[oh^bfh�mdZaZlv�qbkeh�kms_kl\_gguo�nZdlhjh\��dh-
lhju_�[m^ml�\jZsZlvky��b�\u[jZlv�f_lh^�\jZs_gby�\�f_gx�jbk�������

Æ�lj·j�énoys�zjzvk��Ih�hdhgqZgbb� \jZs_gby� \u^Zxlky� ke_^mx-
sb_�lZ[ebpu�b�]jZnbdb�
���LZ[ebpZ�h[sghkl_c�b�ki_pbnbqghkl_c�dZ`^hc�i_j_f_gghc�

<jZs_gb_��\ZjbfZdk��qbkeh�nZdlhjh\ �
I_j_f_ggZy��H[sghklv��Ki_pbnbqghklv
       x1   0.9844    0.01641
       x2   0.9968    0.000704
       x3   0.9909    0.01077

H[sghklv�i_j_f_gghc�ij_^klZ\ey_l�kh[hc�kmffm�d\Z^jZlh\�__�gZ]jm-
ahd�gZ�h[sb_�nZdlhju��Z�ki_pbnbqghklv�²�kmffm�d\Z^jZlh\�gZ]jmahd�gZ
ki_pbnbq_kdb_�nZdlhju�

<�kemqZ_�h[ebfbg±\jZs_gby��dhkhm]hevgh_�\jZs_gb_��\u^Z_lky�lZd`_
fZljbpZ� \aZbfguo� dhjj_eypbc� nZdlhjh\�� beexkljbjmxsZy� kl_i_gv� bo
\aZbfghc�g_hjlh]hgZevghklb�

                                                              
l_�dZ� ih\jZsZ_f� kblmZpbx� ^h� gZh[hjhl�� \_^v� h[sZy�lh� d\ZjlieZlZ� hl� wlh]h� g_
baf_gblky�
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Dhjj_eypbb�nZdlhjh\
��NZdlhj����������������������������
        2  0.08756
        3  -0.3361  -0.1582

DjblbqHkdh_�agZq_gb_ �������Qbkeh�agZqbfuo�dhwnnbpb_glh\ ������

2.LZ[ebpZ�kh[kl\_gguo�agZq_gbc�nZdlhjh\�b�ijhp_glh\�h[tykgbfhc�^bk-
i_jkbb��ZgZeh]bqgZ�\ur_jZkkfhlj_gghc��

��Kh[kl\�agZq_gby�b��h[tykgy_fhc�^bki_jkbb�nZdlhjh\�ihke_�\jZs_gby
NZdlhj������������������������������
Kh[kl\�ag������������������
�>bki_jk�������������������
��GZdhie�������������������

3.LZ[ebpZ�dhwnnbpb_glh\�\jZs_gby�nZdlhjguo�hk_c�hlghkbl_evgh�]eZ\-
guo�dhfihg_gl�

Dhwnnbpb_glu�\jZs_gby�nZdlhjguo�hk_c
Gh\�nZdlhju�������������������������
        1   0.7547   0.6561
        2  -0.6561   0.7547

4.LZ[ebpZ�nZdlhjguo�gZ]jmahd�ihke_�\jZs_gby��ZgZeh]bqgZ�\ur_jZk-
kfhlj_gghc��

I_j_f_ggZy�����������NZdlhjgu_�gZ]jmadb�ihke_�\jZs_gby�����������!
��NZdlhj�������������������
       x1    0.809   0.5744
       x2   0.5184   0.8532
       x3    0.866   0.4908

Íéqun·jtq¹�� Z�� ihkdhevdm� \jZsZxlky� lhevdh� dhhj^bgZlgu_� hkb� \
ih^ijhkljZgkl\_�\u[jZgguo�nZdlhjh\��lh�nZdlhjgu_�gZ]jmadb�ki_pbnb-
q_kdbo�nZdlhjh\�g_�baf_gyxlky��[��ihke_�\jZs_gby�kh[kl\_ggu_�agZq_gby
m`_�g_�y\eyxlky�kmffhc�d\Z^jZlh\�gZ]jmahd�
5.=jZnbdb�ijh_dpbc�h[t_dlh\�gZ�nZdlhjgu_�hkb�b�\_dlhjgu_�]jZnbdb
nZdlhjguo�gZ]jmahd��jbk���������������AZijhku�gh\uo�iehkdhkl_c�ijh-
_dpbc��jbk��������������ijh^he`Zxlky�^h�bo�hlf_gu�

���>Ze__�^bZeh]�\ha\jZsZ_lky�d�aZijhkm�gh\h]h�\jZs_gby��jbk���������dh-
lhjuc�fh`gh�hlf_lblv��aZdhgqb\�l_f�kZfuf�nZdlhjguc�ZgZeba�

Z [

Jbk���������Ijh_dpbb�j_amevlZlh\�\jZs_gby�gZ�nZdlhjgmx�iehkdhklv��±��
Z�²�h[t_dlu��[�²�nZdlhjgu_�gZ]jmadb
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Í�é�q�u�n�é��
A^_kv�fu�jZkkfhljbf�ljb�ijbf_jZ�ijbf_g_gby�nZdlhjgh]h�ZgZebaZ�\

ikboheh]bb��khpbheh]bb��iheblheh]bb�b�l_klbjh\Zgbb�ijhn_kkbhgZevghc
ijb]h^ghklb�� d� q_fm� ijbfudZxl�fgh]hqbke_ggu_� aZ^Zqb� hijhkgh]h� oZ-
jZdl_jZ��Ijbf_ju�ba� _kl_kl\_gghgZmqguo� h[eZkl_c� jZkkfhlj_gu� \� jZa^�
14.2−14.4.

Í�é�q�u�n�é����
d�j�l�j�·�j��>Zgguc�ijbf_j�\uiheg_g�\�ikboh^bZ]ghklbq_kdhc�f_-

lh^bd_�©KdZadZª�^ey�hij_^_e_gby�mjh\gy�jZa\blby�^_l_c1��\�dhlhjhc�j_-
[_gdm� ij_^eZ]Z_lky� hp_gblv� ih� lj_o[Zeevghc� rdZe_� ©>Z»−«G_
agZx»−«G_l» �\ujZ`Zxlky�[ZeeZfb� ��� ���−���q_jlu�oZjZdl_jZ�b�ebqghkl-
gu_� hkh[_gghklb� �k\hckl\Z��ba\_klguo� kdZahqguo� ]_jh_\��:c[hebl��;mjZ-
lbgh��Dhl�\�kZih]Zo��Kg_`gZy�dhjhe_\Z��DZjZ[Zk-;ZjZ[Zk��DZjekhg��FZev-
\bgZ�b�Iv_jh�

Æj tvn�wéqun·jtqn��A^_kv�fu�bf__f�hq_gv�\Z`guc�^b^Zdlbq_kdbc
ijbf_j�i_j_oh^Z�hl�jZg]h\hc�rdZeu�baf_j_gbc��������−���d�f_ljbq_kdhc�
[he__�ijb_fe_fhc�^ey�nZdlhjgh]h�ZgZebaZ��LZdhc�i_j_oh^�hkms_kl\ey_l-
ky�ihkj_^kl\hf�hi_jZpbb�mkj_^g_gby�hl\_lh\�fgh]bo�j_kihg^_glh\�

<� ^Zgghc� f_lh^bd_� ZgZeba� nZdlhjghc� kljmdlmju� \� ijhkljZgkl\_
k\hckl\� ]_jh_\�iha\hey_l� \uy\blv� kljmdlmjm� khagZgby� j_[_gdZ�b� km^blv
h[�mjh\g_�knhjfbjh\Zgghklb�b�mk\h_gghklb�h[s_kl\_gguo�kl_j_hlbih\�b
ghjf�ih\_^_gby��>ey�wlh]h�bg^b\b^mZevgu_�j_amevlZlu�hl\_lh\�j_[_gdZ
kjZ\gb\Zxlky�k�nZdlhjgufb�k\hckl\Zfb�ghjfZlb\gh�mkj_^g_gghc�fZljb-

                                                          
1�I_lj_gdh�<�N��Ikbohk_fZglbdZ�khagZgby��F���F=M�������
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pu��ihemq_gghc�ba�hl\_lh\�ij_ih^Z\Zl_e_c�gZqZevghc�rdheu��lZ[e�������
nZce�7$/(6��\�dhlhjhf�i_j_f_ggu_�khhl\_lkl\mxl�kljhdZf�lZ[e��������

Òjisq|j�������®jéjrznéqxzqrq�xrjov·t�}�wnéxvtj np

OZjZdl_j :c[hebl Dhl DZjekhg KgDhj DZj�;Zj ;mjZl FZev\bgZ Iv_j

<_jg>jm] 1.00 0.87 0.47 -0.98 -0.80 0.80 0.10 0.93

Kf_euc 0.93 0.87 0.20 0.30 -0.13 0.87 -0.33 0.13

DjZkb\uc -0.27 0.53 -0.20 1.00 -0.80 -0.33 0.93 0.47

>h[juc 1.00 0.73 0.60 -1.00 -1.00 0.80 0.21 0.87

Obljuc -0.87 0.9 0.50 0.60 0.50 0.40 -0.93 -0.93

@Z^guc -1.00 -0.67 0.53 0.98 1.00 -0.80 -0.87 -1.00

IeZdkZ -1.00 -0.95 -0.93 -0.67 0.00 -0.95 0.30 0.90

Mfguc 1.00 0.87 0.58 0.10 -0.27 0.43 0.44 0.37

Y[_^Z -1.00 -1.00 -0.67 -1.00 0.78 -0.91 0.87 -0.83

<hkiblZg 0.93 0.93 -0.80 0.00 -0.90 -0.70 1.00 0.87

O\Zklmg -1.00 0.27 1.00 0.33 0.60 0.77 0.00 -1.00

Mf_euc 1.00 0.93 0.20 0.03 -0.47 0.10 0.40 0.23

>jZqmg -0.98 0.53 0.20 0.70 1.00 0.73 -1.00 -0.98

RZemg -0.97 0.27 1.00 -0.87 0.00 1.00 -1.00 -0.80

<_k_euc 0.63 0.87 1.00 -1.00 -0.93 1.00 0.01 -1.00

Gb`_�ijhba\h^blky�ZgZeba�wlhc�fZljbpu�mkj_^g_gguo�hl\_lh\�ij_ih-
^Z\Zl_e_c�

è�n�o�y�s���z�j�z���

N:DLHJGUC�:G:EBA���NZce��WDOH��W[W
I_j_f_ggZy���Kj_^g__��Kl�hldehg�
<_jg�^jm]������������������
���Kf_euc������������������
�DjZkb\uc������������������
���>h[juc������������������
���Obljuc������������������
���@Z^guc������������������
���IeZdkZ������������������
����Mfguc������������������
����Y[_^Z������������������
�<hkiblZg������������������
��O\Zklmg������������������
���Mf_euc������������������
���>jZqmg������������������
����RZemg������������������
��<_k_euc������������������

Dhjj_eypbhggZy�fZljbpZ��khdjZs_ggh��
���������<_jg�^jm]�Kf_euc�DjZkb\uc�>h[juc�Obljuc��@Z^guc��IeZdkZ
���Kf_euc��������
�DjZkb\uc����������������
���>h[juc������������������������
���Obljuc��������������������������������
���@Z^guc����������������������������������������
���IeZdkZ������������������������������������������������
����Mfguc��������������������������������������������������������
����Y[_^Z��������������������������������������������������������
�<hkiblZg��������������������������������������������������������
��O\Zklmg��������������������������������������������������������
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���Mf_euc��������������������������������������������������������
���>jZqmg��������������������������������������������������������
����RZemg��������������������������������������������������������
��<_k_euc�������������������������������������������������������

. . .
Kh[kl\_ggu_�agZq_gby�b�ijhp_gl�h[tykgy_fhc�^bki_jkbb�nZdlhjh\
NZdlhj���������������������������������������������������������
Kh[kl\�ag������������������������������������������������������
�>bki_jk�������������������������������������������������������
GZdhie_g�������������������������������������������������������

Ìixy lntqn��DZd�\b^gh�ba�j_amevlZlh\�b�jbk��������\�oh^_�\uqbke_�
gby�]eZ\guo�dhfihg_gl�fh`gh�\u^_eblv�dhfiZdlgmx�kbkl_fm�ba�lj_o±q_�
luj_o�hkgh\guo�nZdlhjh\��hljZ`Zxsbo���±����^bki_jkbb�h[t_dlh\±]_-
jh_\��\f_klh�bkoh^gh]h���±f_jgh]h�ijhkljZgkl\Z�k\hckl\��

Íévlvs ntqn�énoys�zjzvk�
I_j_f_ggZy� �Kh[kl\_ggu_� \_dlhjZ� �dhwnn�� ih\hjhlZ� nZdlhjguo

hk_c�!
<_jg�^jm]������������������������������������������������������
���Kf_euc������������������������������������������������������
�DjZkb\uc������������������������������������������������������
���>h[juc������������������������������������������������������
���Obljuc������������������������������������������������������
���@Z^guc������������������������������������������������������
���IeZdkZ������������������������������������������������������
����Mfguc������������������������������������������������������
����Y[_^Z������������������������������������������������������
�<hkiblZg������������������������������������������������������
��O\Zklmg������������������������������������������������������
���Mf_euc������������������������������������������������������
���>jZqmg������������������������������������������������������
����RZemg������������������������������������������������������
��<_k_euc������������������������������������������������������

Jbk���������=jZnbd�kh[kl\_gguo�agZq_gbc�nZdlhjh\��ih�hkb�Y��hlghkbl_evgh�ghf_�
jh\�nZdlhjh\��ih�hkb�X)
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Ìixy lntqn��DZd�\b^gh�ba�qbkeh\hc�\u^Zqb�b�jbk��������bkke_^m_-
fu_�h[t_dlu±]_jhb�\�ijh_dpbb�gZ�iehkdhklb�i_j\uo�lj_o�nZdlhjh\�h[jZ-
amxl� ohjhrh� jZaebqbfu_� ]jmiibjh\db�� qlh� ^Z_l� gZ^_`^m� gZ� ohjhrmx
^Zevg_crmx�bgl_jij_lZpbx�j_amevlZlh\�

Íévlvs ntqn�énoys�zjzvk�

I_j_f_ggZy�����������NZdlhjgu_�gZ]jmadb�^h�\jZs_gby��������������!
<_jg�^jm]���������������������������������������������������������
���Kf_euc��������������������������������������������������������
�DjZkb\uc��������������������������������������������������������
���>h[juc��������������������������������������������������������
���Obljuc��������������������������������������������������������
���@Z^guc��������������������������������������������������������
���IeZdkZ���������������������������������������������������������
����Mfguc�������������������������������������������������������
����Y[_^Z���������������������������������������������������������
�<hkiblZg�������������������������������������������������������
��O\Zklmg���������������������������������������������������������
���Mf_euc�������������������������������������������������������
���>jZqmg��������������������������������������������������������
����RZemg���������������������������������������������������������
��<_k_euc���������������������������������������������������������

Ìixy lntqn��DZd�\b^gh�ba�qbkeh\hc�\u^Zqb�b�jbk��������bkoh^gu_
k\hckl\Z�ijh_pbjmxlky�\�kjZ\gbfhc�kl_i_gb�gZ�g_kdhevdh�nZdlhjh\��qlh
fh`_l�aZljm^gblv�bo�ij_^f_lgmx�bgl_jij_lZpbx��Ihwlhfm�\u[_j_f�ljb
hkgh\guo�nZdlhjZ�b�ijh\_^_f�bo�\ZjbfZdk±\jZs_gb_�\�ijhkljZgkl\_� ��
bkoh^guo�i_j_f_gguo��k\hckl\��k�p_evx�ihemq_gby�[he__�ijhklhc�kljmd�
lmju�ijh_dpbb�

Z [
Jbk���������H[t_dlu��]_jhb��\�ijh_dpbb�gZ�iehkdhklv�]eZ\guo

dhfihg_gl��Z�²�nZdlhjgZy�iehkdhklv��−2; [�²�nZdlhjgZy�iehkdhklv��−4
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Íévlvs ntqn�énoys�zjzvk�

I_j_f_ggZy��H[sghklv��Ki_pbnbqghklv
<_jg�^jm]������������������
���Kf_euc������������������
�DjZkb\uc������������������
���>h[juc������������������
���Obljuc������������������
���@Z^guc������������������
���IeZdkZ������������������
����Mfguc������������������
����Y[_^Z������������������
�<hkiblZg������������������
��O\Zklmg������������������
���Mf_euc������������������
���>jZqmg������������������
����RZemg������������������
��<_k_euc������������������

I_j_f_ggZy�����������NZdlhjgu_�gZ]jmadb�ihke_�\jZs_gby�����!
<_jg�^jm]���������������������������
���Kf_euc���������������������������
�DjZkb\uc���������������������������
���>h[juc���������������������������
���Obljuc���������������������������
���@Z^guc���������������������������
���IeZdkZ���������������������������
����Mfguc���������������������������
����Y[_^Z���������������������������
�<hkiblZg���������������������������
��O\Zklmg���������������������������
���Mf_euc���������������������������
���>jZqmg���������������������������
����RZemg���������������������������
��<_k_euc���������������������������

Ìixy lntqn��DZd�\b^gh�ba�kjZ\g_gby�jbk��������b��������\�j_amevlZ�
l_�\jZs_gby�ihemq_gZ�[he__�ijhklZy�kljmdlmjZ��\�dhlhjhc�bkoh^gu_�i_-
j_f_ggu_� �k\hckl\Z�� ij_bfms_kl\_ggh� ijh_pbjmxlky� gZ� h^bg� ba� lj_o

Z [
Jbk���������NZdlhjgu_�gZ]jmadb�bkoh^guo�k\hckl\�]_jh_\�

Z�²�nZdlhjgZy�iehkdhklv��−2; [�²�nZdlhjgZy�iehkdhklv��−4
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]eZ\guo�nZdlhjh\�� qlh� h[e_]qZ_l� aZ^Zqm�bgl_jij_lZpbb�nZdlhjh\� \� l_j-
fbgZo�bkoh^guo�i_j_f_gguo�

GZihfgbf��qlh�nZdlhjgZy�gZ]jmadZ�ihdZau\Z_l��gZkdhevdh�\ujZ`_gh�\
^Zgghc� rdZe_� �\� i_j_f_gghc�� kh^_j`Zgb_�� dhlhjh_� hibku\Z_l� nZdlhj�
Ijb�bgl_jij_lZpbb�\Z`gh�gZclb�k_fZglbq_kdbc�kfuke�\u^_e_gguo�nZd-
lhjh\�� q_fm� ihfh]Z_l� ]jmiibjh\dZ� h[t_dlh\� b� k\hckl\� ih� gZb[hevrbf
gZ]jmadZf�hkgh\guo�nZdlhjh\��kf��lZ[e��������

Òjisq|j�������éywwqévkrj�xkvpxzk�q�mnévnk�wv�{jrzvéju

NZdlhj�� NZdlhj�� NZdlhj��

HljbpZl_evg�
K\hckl\Z

IeZdkZ �����
Y[_^Z ������

@Z^guc �����
>jZqmg �����
Obljuc �����

RZemg ������
O\Zklmg ������

HljbpZl_evg�
=_jhb

DZj;ZjZ[ ������
FZev\bgZ �����
Iv_jjh ������

DZj�;ZjZ[ ����
Kg_`gDhjhe ����

DZjekhg �����
;mjZlbgh �����
DZj�;ZjZ[ �����

Iheh`bl_evg�
K\hckl\Z

Kf_euc �����
Mfguc �����
<_k_euc �����
Mf_euc ����

>h[juc� ������
<_jg�^jm] �����
Mfguc ������
Mf_euc ������

<hkiblZg �����
DjZkb\uc �����

Iheh`bl_evg�
]_jhb

Dhl�\�kZi ����
:c[hebl ����

:c[hebl �����
Iv_jh ������

Iv_jh ����
FZev\bgZ ����
:c[hebl ����

Ihke_� bkke_^h\Zgby� kh^_j`bfh]h� lZ[e�� �����fh`gh� ^Zlv� ke_^mxsb_
ikboheh]bq_kdb_�bgl_jij_lZpbb�lj_o�nZdlhjh\�

• nZdlhj����©KbeZ�ebqghklb��w]h�ª�
• nZdlhj����©>h[jh�²�Aehª�
• nZdlhj����©KhpbZevgZy�ghjfZlb\ghklv�²�Zdp_glbjh\Zgghklvª�
Ke_^m_l�h[jZlblv�hkh[h_� \gbfZgb_�gZ� lh��qlh� dZl_]hjby�KbeZ� ebqgh-

klb� ^ey� kh\j_f_gguo� \ajhkeuo� \hkiblZl_e_c� klhbl� gZ� [he__� \ukhdhf
mjh\g_��q_f�^bohlhfby�>h[jh—Aeh.

Z [
Jbk���������NZdlhjgu_�gZ]jmadb�bkoh^guo�k\hckl\�]_jh_\�ihke_�\jZs_gby�

Z�²�nZdlhjgZy�iehkdhklv��−2; [�²�nZdlhjgZy�iehkdhklv��−4
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Ïwéj tntqn��<�dZq_kl\_�kZfhklhyl_evgh]h�mijZ`g_gby�ihe_agh� aZ-
ihegblv�bkoh^gmx�fZljbpm� ]_jhb−k\hckl\Z� k\hbfb� kh[kl\_ggufb�hl\_-
lZfb�beb�hl\_lZfb� k\h_]h�j_[_gdZ�b��ih\lhjb\�nZdlhjguc� ZgZeba�� kjZ\-
gblv�ihemq_ggu_�j_amevlZlu� k�ghjfZlb\gufb��Ke_^m_l��h^gZdh��ij_^hk-
l_j_qv� hl� j_adbo� i_^Z]h]bq_kdbo� \u\h^h\� ba� lZdh]h� khihklZ\e_gby�� ih-
kdhevdm� ijb\_^_ggu_� ghjfZlb\gu_� j_amevlZlu� hljZ`Zxl� lhevdh� ij_^-
klZ\e_gby�\ajhkeh]h�q_eh\_dZ�h�^h[j_�b�ae_�b�ijbf_gbl_evgh�g_�d�kZfhfm
k_[_��Z�d�b^_Zevghfm�k�bo�lhqdb�aj_gby�j_[_gdm��qlh�fh`_l�[ulv�^Ze_dh�g_
\iheg_� lhe_jZglgh� ij_^klZ\e_gbyf� h[� wlbo� dZl_]hjbyo� ghjfZevgh]h� j_-
[_gdZ�

djrsí·ntqn��?keb�aZf_gblv�\�^Zgghc�f_lh^bd_�kdZahqguo�]_jh_\�gZ
iheblbq_kdbo�eb^_jh\��iZjlbb��]hkm^Zjkl\Z�beb�ljZgkgZpbhgZevgu_�dhj-
ihjZpbb��e_]dh�hkhagZlv�agZqbfhklv�ihemqZ_fuo�j_amevlZlh\�b�ijZdlbq_-
kdmx�p_gghklv�\u\h^h\�\�kh\_jr_ggh�^jm]bo�b�g_baf_jbfh�f_g__�©b]jm-
r_qguoª�h[eZklyo�1

Í�é�q�u�n�é����
DeZkkbq_kdbc� ^b^Zdlbq_kdbc� ijbf_j� khpbheh]bq_kdh]h� ijbf_g_gby

nZdlhjgh]h� ZgZebaZ� ijb\_^_g� \� klZlv_� >�D��:jq_jZ��N�F��R_eeb��I�>�
L_cehjZ�b�W�J��MZclZ2�^ey�bamq_gby�nZdlhjh\��\ebyxsbo�gZ�ij_ab^_gl-
kdb_�\u[hju�\�KR:��jbk���������

Kuju_� bkoh^gu_� ^Zggu_� ij_^klZ\eyxl� kh[hc�fZljbpm�� kh^_j`Zsmx
ijhp_glu�]hehkh\��ih^Zgguo�aZ�^_fhdjZlh\�gZ����\u[hjZo�\�����²����

]]���kljhdb��\�dZ`^hf�ba����rlZlh\��klhe[pu���GZ�hkgh\_�wlbo�^Zgguo�g_-
aZ\bkbfh�j_rZebkv�^\_�ke_^mxsb_�aZ^Zqb�
1) \u^_e_gb_�j_]bhgZevguo�nZdlhjh\��\�wlhf�kemqZ_�kljhbeZkv�fZljbpZ

«rlZl−rlZlª�dhjj_eypbc�\j_f_gguo�jy^h\�baf_g_gby�ijhp_glZ�]h-
ehkh\��f_`^m�kljhdZfb�\�bkoh^ghc�fZljbp_��

2) \u^_e_gb_�\j_f_gguo�nZdlhjh\��\�wlhf�kemqZ_�kljhbeZkv�fZljbpZ
«\u[hju−\u[hjuª�dhjj_eypbc�f_`^m�ijhp_glZfb�]hehkh\�\k_o�rlZlh\
�f_`^m�klhe[pZfb�\�bkoh^ghc�fZljbp_��
Wlb�^\_�dhjj_eypbhggu_�fZljbpu�b�y\bebkv�bkoh^gufb�^Zggufb�^ey

nZdlhjgh]h�ZgZebaZ��>Zgguc�ijbf_j�bgl_j_k_g�_s_�b�l_f��qlh�\�g_f�ijh-
\h^ylky�ZgZeba�ijyfhc�b�ljZgkihgbjh\Zgghc�fZljbp�� l��_��fZljbpu� ©i_-
j_f_ggu_−baf_j_gbyª�b�fZljbpu�©baf_j_gby−i_j_f_ggu_ª�

<� j_amevlZl_� hdZaZehkv�� qlh� [hevrbgkl\h� \uy\e_gguo� j_]bhgZevguo
dhjj_eypbc�fh`gh�hibkZlv�\k_]h�lj_fy�nZdlhjZfb��ba����rlZlh\���bgl_j-
ij_lbjm_fuo� dZd� ©ghjfZevguc� j_]bhgZevgucª�� ©ghjfZevguc� eb[_jZev-

                                                          
1�H[�bkihevah\Zgbb�nZdlhjgh]h�ZgZebaZ�\�khpbZevghc�b�iheblbq_kdhc�ikboheh-

]bb� kf�� klZlvb�<�N�I_lj_gdh� k� khljm^gbdZfb� \�Ikboheh]bq_kdhf�`mjgZe_�� 1��
����� �K_fZglbq_kdh_� ijhkljZgkl\h� iheblbq_kdbo� � iZjlbc� � Jhkkbb�� b� 1��� ����
�Ikbohk_fZglbq_kdbc�ZgZeba�^bgZfbdb�dZq_kl\Z�`bagb�Jhkkbyg��

2�6FLHQWLILF�$PHULFDQ�����������
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gucª� b� ©ghjfZevguc� dhgk_j\Zlb\gucª� lbiu��<h� \j_f_gghf� kj_a_� [ueh
\u^_e_gh�r_klv�hkgh\guo�nZdlhjh\� �ba� ���\u[hjh\���bgl_jij_lbjm_fuo
ih� ^\mf� lbiZf� ©ij_^ihql_gbyª�� ��� khpbZevgh−wdhghfbq_kdb_�� ©]hjh^-
kdhcª��©k_evkdbcª��©ijb]hjh^gucª�����j_]bhgZevgu_��©x]ª��©aZiZ^ª��©k_-
\_jh�\hklhdª�

Z [

Jbk���������NZdlhjguc�ZgZeba�ij_ab^_glkdbo�\u[hjh\�\�KR:��Ba�bkoh^ghc�fZl-
jbpu�©qbkeh�]hehkh\��ih^Zgguo�aZ�^_fhdjZlh\ª�ih�rlZlZf�b�]h^Zf�\u^_eyxlky�
Z�²�\j_f_ggu_�aZ\bkbfhklb�ih�dZ`^hfm�rlZlm��[�²�aZ\bkbfhklb�f_`^m�\k_fb
iZjZfb�\u[hjh\��ih�\k_f�\u[hjZf�dZ`^Zy��>ey�wlbo�^\mo�lbih\�^Zgguo�\uqbkey-
xlky�dhjj_eypbhggu_�fZljbpu��dhlhju_�ih^\_j]Zxlky�nZdlhjghfm�ZgZebam��<
j_amevlZl_�\u^_e_gh�ljb�hkgh\guo�^_ckl\mxsbo�j_]bhgZevguo�b�r_klv�\j_f_g-

guo�nZdlhjh\�
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DZ`^hfm� rlZlm� khhl\_lkl\m_l� hij_^_e_ggZy� gZ]jmadZ� ih� dZ`^hfm
nZdlhjm� �ijh_dpby�nZdlhjZ�gZ�rlZl��b�^ey�dZ`^uo�\u[hjh\��B�a^_kv�fu
bf__f� lZd`_� ij_djZkguc� ijbf_j� bkihevah\Zgby� ]jZnbdh\� baf_g_gby
nZdlhjguo�gZ]jmahd�\h�\j_f_gb�

LZd� \� j_amevlZl_� bamq_gby� \j_f_gguo� ]jZnbdh\� baf_g_gby� gZ]jmahd
j_]bhgZevguo� nZdlhjh\� [ueh� \uy\e_gh� kms_kl\h\Zgb_� ©ba[bjZl_evguo
wihoª��\�dZ`^hc�ba�dhlhjuo�\�hl^_evguo�rlZlZo�ijhy\ey_lky� l_g^_gpby
khojZgylv�hij_^_e_gguc�lbi�]hehkh\Zgby�ih�\k_c�kljZg_��jbk���������

Ijb�bamq_gbb�]jZnbdh\�baf_g_gby�gZ]jmahd�\j_f_gguo�nZdlhjh\�[u-
eh� \uy\e_gh� jZaebqb_� j_]bhgZevguo� ij_^ihql_gbc� i_j_^� khpbZevgh�
wdhghfbq_kdbfb� b� mklhcqb\h�i_jbh^bq_kdbc� oZjZdl_j� baf_g_gby� h[hbo
lbih\�ij_^ihql_gby��jbk���������

>h[Z\bf�d�wlhfm��qlh�ih^h[gu_�]jZnbdb�y\eyxlky�ieh^hl\hjguf�fZ-
l_jbZehf�^ey�ihke_^mxs_]h�ihkljh_gby�ijh]ghklbq_kdbo�fh^_e_c�f_lh-
^Zfb�j_]j_kkbhggh]h�b�nmjv_�ZgZebaZ�

Jbk���������©Ba[bjZl_evgu_�wihobª��\
l_q_gb_�dhlhjuo�ih\_^_gb_�ba[bjZl_e_c
\�dhgdj_lghf�j_]bhg_�hklZ_lky�^hklZlhq-

gh�klZ[bevguf

Jbk���������J_]bhgZevgu_�ij_^ihql_gby
�\gbam��b]jZxl�[hevrmx�jhev��[hevr__
jZaebqb_�gZ]jmahd���q_f�khpbZevgh�

wdhghfbq_kdb_��\\_jom�

<�j_amevlZl_�^Zevg_cr_]h�hkfuke_gby�j_amevlZlh\�[ueb�knhjfmebjh-
\Zgu�b�\_jbnbpbjh\Zgu�fgh]b_�\Z`gu_�dhfie_dkgu_�ihgylby��gZijbf_j�
mj[ZgbaZpby� b� j_]bhgZevgh_� jZa^_e_gb_, mklhcqb\u_� b� g_mklhcqb\u_
ij_^ihql_gby�b�^j�

Qj_a\uqZcgh� wnn_dlb\gufb� ^ey� \bamZevgh]h� bkke_^h\Zgby� y\bebkv
lZd`_�]_h]jZnbq_kdb_�dZjlu��jZkdjZrb\Z_fu_�ih�jZaebqguf�ihdZaZl_eyf
nZdlhjgh]h�ZgZebaZ��jbk���������
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LZdbf� h[jZahf�� \bamZevgh_� bamq_gb_� gZ]ey^guo� nZdlhjguo� �]_h]jZ-
nbq_kdbo��^bZ]jZff�b�bo�\j_f_gguo�]jZnbdh\�iha\hey_l�ihgylv�^bgZfb-
dm�b�f_oZgbafu�keh`guo�khpbZevguo�ijhp_kkh\�b�^Zlv�bf�ijZdlbq_kdmx
bgl_jij_lZpbx��\Z`gmx�^ey�\ujZ[hldb�l_dms_c�wdhghfbq_kdhc�b�j_]bh-
gZevghc� iheblbdb�� Z� lZd`_� ^ey� dhjj_dpbb� ihke_^mxsbo� ij_^\u[hjguo
kljZl_]bc�

djrsí·ntqn�� AZf_gbf� \� ^Zgghf� ijbf_j_� ijhp_gl� ]hehkh\� ex[uf
wdhghfbq_kdbf�ihdZaZl_e_f�b�ihemqbf�fgh`_kl\h�\i_qZleyxsbo�ijbf_-
jh\�nZdlhjguo�bkke_^h\Zgbc�ba�h[eZklb�fZjd_lbg]Z��f_g_^`f_glZ��[ba-
g_kZ��wdhghfbdb��]_hiheblbdb�b�l��i�

Í�é�q�u�n�é����
d�j�l�j�·�j��Ijb�ijb_f_�gZ�jZ[hlm����ij_l_g^_glh\�ijhreb����ki_-

pbZevguo� l_klh\�� j_amevlZlu� dZ`^h]h� ba� dhlhjuo� hp_gb\Zebkv� ih� ���
[Zeevghc�kbkl_f_� �lZ[e��������nZce�7(6761���Hlf_lbf��qlh�wlhl�lbi�^Zg-
guo� \� ZgZeblbq_kdhf�ieZg_� wd\b\Ze_gl_g�fgh]hqbke_gguf� aZ^ZqZf� jZa-
ebqgh]h�lbiZ�hijhkh\�k�hl\_lZfb�\�aZ^Zgghc�rdZe_�ij_^ihql_gbc�

Bgl_j_kgh� [ueh� [u� \uy\blv� ]eZ\gu_�nZdlhju�� ^_ckl\mxsb_� \� wlhc
[ZlZj__�ba����l_klh\��Z�lZd`_�\uykgblv�gZebqb_�beb�hlkmlkl\b_�]jmiibjh-
\hd�kj_^b�ij_l_g^_glh\�
                                                          

1�>Zggu_�ba�Zjob\Z�SPSS��ZgZeblbdZ�gZrZ�

Jbk���������G_mklhcqb\hklv�ij_^ihql_gbc�ba[bjZl_e_c��jZ\gh�dZd�b�klZ[bevghklv
bo�kbfiZlbc��]_h]jZnbq_kdb�hklZ_lky�g_baf_gghc��^Zggu_�ih�[he__������]jZnkl\��
JZchgu�k�gZb[hevr_c�g_mklhcqb\hklvx��K_\_jh�<hklhd��X]��k_\_j�Kj_^g_]h�AZ-

iZ^Z��khklZ\eyxl�]eZ\gu_�ihey�kjZ`_gby�h[_bo�iZjlbc
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Òjisq|j�������ènoys�zjz��znxzqévkjtq¹����wénzntlntzvk�tj�éjivzy

wv����ijss�tvp�xqxznun

L_klu�
−−−−−
Bkiu�
lm_fu_

IZfylv
gZ�qbk-

eZ

FZl_�
fZlb-
q_kdb_
aZ^Zqb

GZoh^�
qb\hkv
\�^bZ-
eh]_

KhklZ\-
e_gb_
Ze]h�
jblfh\

M\_j_g-
ghklv�\
\uklm-
ie_gbb

DhfZg^
guc
^mo

GZoh^�
qb�
\hklv

Khljm^-
gbq_-
kl\h

Ijb-
agZgb_
\�dhe-
e_dlb-
\_

KbeZ
m[_`-
^_gby

1 10 10 9 10 10 10 9 10 10 9

2 10 10 4 10 5 5 4 5 4 3

3 5 4 10 5 10 4 10 5 3 10

4 10 10 9 10 10 10 9 10 10 9

5 4 3 5 4 3 10 4 10 10 5

6 10 10 4 10 5 4 3 4 5 5

7 4 4 5 5 4 10 5 10 10 6

8 4 5 3 4 5 10 4 10 10 4

9 4 5 10 4 10 5 10 4 3 10

10 10 10 4 10 5 4 4 5 4 4

11 4 5 10 5 10 4 10 4 5 10

12 10 10 9 10 10 9 9 10 10 10

13 6 5 4 3 5 10 5 10 10 5

14 4 5 10 4 10 5 10 3 4 10

15 10 10 9 10 10 9 10 9 10 10

16 6 5 3 4 4 10 4 10 10 5

17 10 10 5 10 4 5 4 3 4 5

18 4 5 10 4 10 4 10 4 4 10

A^_kv�fu�bf__f�^_eh�k�jZg]h\ufb�i_j_f_ggufb��ihwlhfm�^ey�hp_gdb
bo�dhjj_ebjh\Zgghklb�ijb_fe_fu�dhwnnbpb_glu�KibjfZgZ��D_g^_eeZ�b
DjZf_jZ��>ey�khojZg_gby�h[sghklb�j_amevlZlh\�k�ghfbgZevgufb�^Zggu-
fb�bkihevam_f�\�nZdlhjghf�ZgZeba_�dhwnnbpb_gl�k\yaghklb�DjZf_jZ�

è�n�o�y�s���z�j�z���

N:DLHJGUC�:G:EBA���NZce��WHVWV�VWG

Kh[kl\_ggu_�agZq_gby�b�ijhp_gl�h[tykgy_fhc�^bki_jkbb�nZdlhjh\
NZdlhj�������������������������������������������������������
Kh[kl\�ag����������������������������������������������������
�>bki_jk�����������������������������������������������������
GZdhie_g�����������������������������������������������������

I_j_f_ggZy�������NZdlhjgu_�gZ]jmadb�^h�\jZs_gby������!
��NZdlhj�����������������������������������������������
���iZfylv���������
�fZl�aZ^Z���������
�ijyf�^bZ���������
�Ze]hjblf���������
�m\_j_ggh���������������������������
�dhfZg^�^������������������
�gZoh^qb\���������
�khljm^gb������������������
�ijbagZgb������������������
�m[_`^_gb���������
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Æ���k�v�l���
���DZd�\b^gh�ba�lZ[ebpu�kh[kl\_gguo�agZq_gbc��\�dZq_kl\_�]eZ\guo�nZd-
lhjh\�fh`gh�k�m\_j_gghklvx�\u[jZlv�i_j\u_�ljb��dhlhju_�ihdju\Zxl
������^bki_jkbb�baf_j_gbc��Q_l\_jluc�b�ihke_^mxsb_�dhfihg_glu�\
��k�ebrgbf�jZaZ�f_gvr_�ih�\_ebqbg_�lj_lv_]h�dhfihg_glZ��d�lhfm�`_
bo�kh[kl\_ggu_�agZq_gby�kms_kl\_ggh�f_gvr_�_^bgbpu�

2.DZd�\b^gh�ba�lZ[ebpu�nZdlhjguo�gZ]jmahd��\k_�l_klu�ij_bfms_kl\_ggh
ijh_pbjmxlky�gZ�i_j\uc�nZdlhj��dhlhjuc�fh`gh�[ueh�[u�gZa\Zlv�nZd-
lhjhf�©h[s_c�ijhn_kkbhgZevghc�ijb]h^ghklbª��GZ�\lhjhc�nZdlhj�ijh-
_pbjmxlky�k�g_^hfbgbjmxsbfb�\_kZfb�l_klu�dhfZg^guc�^mo��khljm^-
gbq_kl\h��ijbagZgb_�\�dhee_dlb\_��Wlhl�nZdlhj�fh`gh�[ueh�[u�gZa\Zlv
©wnn_dlb\ghklv�\�dhee_dlb\ghc�jZ[hl_ª��GZ�lj_lbc�nZdlhj�k�g_^hf_-
gbjmxsbf�\_khf�ijh_pbjm_lky�\k_]h�ebrv�h^bg�b�fZehagZqbfuc�gZ
gZqZevghf�wlZi_�jZ[hlu�ij_l_g^_glZ�l_kl�m\_j_gghklv�\�\uklmie_gbb.
<�k\yab�k�wlbf�lj_lbc�nZdlhj�fh`gh�\�ij_^\Zjbl_evghf�ZgZeba_�g_�jZk-
kfZljb\Zlv�

Z
[

3.DZd� \b^gh� ba� ]jZnbdh\�nZdlhjguo� gZ]jmahd� �jbk�� ������ Z��� ^\_� iZju
l_klh\�bf_xl�hq_gv�[ebadb_�ih�\_ebqbg_�b�ijh_dpbb�gZ]jmadb��dhfZg^-
guc� ^mo�� khljm^gbq_kl\h�b� m\_j_gghklv� \� \uklmie_gbb�� iZfylv��Ih-
wlhfm�wlb�l_klu�ijb�ih\lhjghf�nZdlhjghf�ZgZeba_�fh`gh�[ueh�[u�bk-
dexqblv�ba�jZkkfhlj_gby�

4.<�ijh_dpbb�ij_l_g^_glh\� �jbk�� ������ [��\u^_eyxlky�q_luj_�iehlgu_�b
^Ze_dh� m^Ze_ggu_� ^jm]� hl� ^jm]Z� ]jmiiu� ij_l_g^_glh\�� �� ^��� ��� ��� ���
��`�� �� ^��� ��� ���� ��`�� �� ^��� ��� ���� ���� ��`�� �� ^��� ��� ���� ��`�� =jmiiZ� �
bf__l� aZf_lgh_� ij_bfms_kl\h� ih� i_j\hfm�nZdlhjm�� Z� � ]jmiiZ� ��²� ih
\lhjhfm�nZdlhjm�� =jmiiu�`_� �� b� �� ihdZaZeb� ihkj_^kl\_ggmx� ijb]h^-

Jbk���������Ijh_dpbb�gZ�iehkdhklv�nZdlhjh\��−���j_amevlZlh\�l_klbjh\Zgby��Z�—
nZdlhjgu_�gZ]jmadb��[�²�ij_l_g^_glu
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ghklv�ih�h[hbf�nZdlhjZf��ihwlhfm�ih�bo�ij_^klZ\bl_eyf��\_jhylgh��ke_-
^m_l�\ug_klb�hljbpZl_evgh_�j_r_gb_�\�hlghr_gbb�ijb_fZ�gZ�jZ[hlm�
Ívxsnlyí�qn�qxxsnlvkjtq¹�

��� Ijh\_klb�nZdlhjguc�ZgZeba�k�bkihevah\Zgb_f�dhjj_eypbc�KibjfZgZ
b�D_g^_eeZ�b�hp_gblv�jZaebqb_�beb�koh^kl\h�\�j_amevlZlZo�

��� Bkoh^gu_�^Zggu_�fh`gh�ij_h[jZah\Zlv�d�[bgZjghfm�\b^m��gZijbf_j�
ih�ke_^mxsbf�khh[jZ`_gbyf��MklZgh\blv�ihjh]�hp_ghd��m^h\e_l\hjb-
l_evgh²g_m^h\e_l\hjbl_evgh� �kdZ`_f��ih�mjh\gx���[Zeeh\��b�ij_h[-
jZah\Zlv�ih�wlhfm�ihjh]m�^Zggu_1��AZl_f�ijh\_klb�nZdlhjguc�ZgZeba�k
bkihevah\Zgb_f� jZaebqguo�nhjfme� [bgZjguo� dhwnnbpb_glh\� b� hp_-
gblv�jZaebqb_�beb�koh^kl\h�\�j_amevlZlZo�

��� Ijh\_klb�deZkl_jguc�ZgZeba�ih�Z]]ehf_jZlb\guf�b�^b\bab\ghc�kljZ-
l_]byf�b�kjZ\gblv�\uy\e_ggu_�deZkl_ju�k�]jmiibjh\dZfb��\bamZevgh
\uy\e_ggufb�gZ�jbk�������� [.
Wlb�aZ^Zqb�fu�hklZ\ey_f�\�dZq_kl\_�mq_[ghc�ijZdlbdb�qblZl_eyf�

                                                          
1�Hi_jZpb_c�dh^bjh\Zgby�\�;ehd_�ij_h[jZah\Zgbc�ih�mkeh\byf�x>5 b�x<6.

������ Çsjxznét�p�jtjsqo
Ëjotj·ntqn� �F_lh^�deZkl_jgh]h�ZgZebaZ�iha\hey_l�

• kljhblv�^_j_\h�deZkkbnbdZpbb�n�h[t_dlh\�ihkj_^kl\hf�b_jZjobq_kdh�
]h�h[t_^bg_gby�bo�\�]jmiiu�beb�deZkl_ju�\k_�[he__�\ukhdhc�h[sgh�
klb�gZ�hkgh\_�djbl_jby�fbgbfmfZ�jZkklhygby�\�ijhkljZgkl\_�m�i_j_�
f_gguo��hibku\Zxsbo�h[t_dlu�

• gZoh^blv�jZa[b_gb_�g_dhlhjh]h�fgh`_kl\Z�h[t_dlh\�gZ�aZ^Zggh_�qbkeh
dhfiZdlguo�deZkl_jh\�
Hlf_lbf��qlh�deZkl_jguc�ZgZeba�g_�kh^_j`bl�\uqbkebl_evgh]h�f_oZ�

gbafZ� ijh\_jdb� ]bihl_au� h[� Z^_d\Zlghklb� ihemqZ_fuo� deZkkbnbdZpbc�
J_amevlZlu�deZkl_jbaZpbb�\�wlhf�ieZg_�fh`gh�klZlbklbq_kdb�\_jbnbpb-
jh\Zlv� k� bkihevah\Zgb_f� f_lh^Z� ^bkdjbfbgZglgh]h� ZgZebaZ� �kf�� jZa^�
11.3).

Êx}vlt�n�ljtt�n�ij_^klZ\eyxlky� \� \b^_�fZljbpu�jZaf_jhf�m⋅n,
kh^_j`Zs_c�bgnhjfZpbx�h^gh]h�ba�ke_^mxsbo�lj_o�lbih\�
• baf_j_gby�Xij �agZq_gbc�m�i_j_f_gguo�^ey�n�h[t_dlh\�
• d\Z^jZlgZy��m=n��fZljbpZ�jZkklhygbc�f_`^m�iZjZfb�h[t_dlh\�
• d\Z^jZlgZy��m=n��fZljbpZ�[ebahkl_c�^ey�\k_o�iZj�n�h[t_dlh\�

<� fZljbp_� [ebahkl_c� beb� jZkklhygbc� fh`_l� [ulv� aZiheg_gZ� ebrv
gb`gyy�e_\Zy�iheh\bgZ� �l��_��ih^^bZ]hgZevgu_�we_f_glu���Z�\_jogyy�ih-
eh\bgZ�aZiheg_gZ�gmeyfb�

bnpxzkq¹�q�énoys�zjz��ke_^mxl�_kl_kl\_gghc�ebg_cghc�ihke_^h-
\Zl_evghklb�\uiheg_gby�deZkl_jgh]h�ZgZebaZ�
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���Òqw�ljtt�}��KgZqZeZ�g_h[oh^bfh
mdZaZlv�lbi�bkoh^guo�^Zgguo��jbk���������
ijyfhm]hevgZy� fZljbpZ�� i_j_f_ggu_
�klhe[pu�� b� h[t_dlu� �kljhdb��� beb� `_
d\Z^jZlgZy�fZljbpZ�\aZbfguo�jZkklhygbc�
beb� fZljbpZ� [ebahkl_c� f_`^m� \k_fb� iZ-
jZfb�h[t_dlh\�

���Înzéqrj�
?keb� bkoh^gu_� ^Zggu_� ij_^klZ\eyxl� kh[hc� agZq_gby�m� i_j_f_gguo

^ey�n�h[t_dlh\��lh�^Ze__�g_h[oh^bfh�\u[jZlv��jbk���������f_lh^�\uqbke_�
gby�jZkklhygby�dij  f_`^m�h[t_dlZfb�\�fgh]hf_jghf�ijhkljZgkl\_��f_ljb-
dm���Ihykg_gby�b�j_dhf_g^Zpbb�ih�bkihevah\Zgbx�jZaebqguo�f_ljbd�^Z-
gu�gb`_�

���fzéjznmq¹� Ihke_�wlh]h�\u[bjZ_lky��jbk���������kljZl_]by�h[t_^b�
g_gby�

èjolns¹í�j¹� �lqkqoqktj¹�� xzéjznmq¹� <� kemqZ_� ^b\bab\ghc
kljZl_]bb�\�lhf�`_�f_gx�g_h[oh^bfh�mdZaZlv�qbkeh�deZkl_jh\��gZ�dhlhjh_
`_eZl_evgh�jZa[blv�fgh`_kl\h�h[t_dlh\��ijbq_f�hdhgqZl_evgh_�dhebq_-
kl\h�deZkl_jh\�fh`_l�ihemqblvky�f_gvr_�wlh]h�qbkeZ��_keb�aZlj_[h\Zggh_
jZa[b_gb_�^ey�bf_xsboky�^Zgguo�g_\hafh`gh�

>Ze__� \u^Zxlky� kj_^g__� \gmljbdeZkl_jgh_� jZkklhygb_� �ih� dhlhjhfm
fh`gh�kjZ\gb\Zlv�jZaebqgu_�\ZjbZglu�deZkl_jbaZpbb�l_dmsbo�^Zgguo��b
gZc^_ggu_�deZkl_ju� k�ihjy^dh\ufb�ghf_jZfb� \oh^ysbo� \� dZ`^uc� deZ�
kl_j�h[t_dlh\��kj_^b�dhlhjuo�p_gljZevguc�ih�]_hf_ljbq_kdhfm�iheh`_�
gbx�h[t_dl�hlf_q_g�a\_a^hqdhc�

Jbk���������F_gx�\u[hjZ�lbiZ
bkoh^guo�^Zgguo

Jbk���������F_gx�\u[hjZ�f_ljbdb�jZkklhygbc
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Jbk���������F_gx�\u[hjZ�kljZl_]bb
deZkkbnbdZpbb

Jbk���������;eZgd�mklZgh\db�i_j_-
f_gguo�ijh_dpbb�deZkl_jh\

AZl_f� \� kemqZ_� fZljbpu� ©i_j_f_ggu_±h[t_dluª� aZijZrb\Zxlky� ih-
jy^dh\u_�ghf_jZ�^\mo�i_j_f_gguo�^ey�hij_^_e_gby�iehkdhklb�ijh_dpbb
^ey�\u^Zqb�]jZnbdZ�deZkl_jh\� �jbk����������gZ�dhlhjhf�h[t_dlu�dZ`^h]h
deZkl_jZ�kh_^bgyxlky�ebgbyfb�k�p_gljZevguf�h[t_dlhf��AZijhku�iehkdh�
klb� ijh_dpbb� b� \u^ZqZ� ]jZnbdh\� ih\lhjyxlky� ^h� gZ`Zlby� gZ� dghidm
«Hlf_gblv».

Ihemq_ggmx� deZkl_jbaZpbx� ihe_agh� aZl_f� klZlbklbq_kdb� \_jbnbpb-
jh\Zlv�f_lh^hf�^bkdjbfbgZglgh]h�ZgZebaZ��jZa^���������^ey�wlh]h�ghf_jZ
deZkl_jh\�^ey�h[t_dlh\�fh`gh�ih�ih^l\_j`^_gbx�khojZgblv�\�we_dljhg-
ghc�lZ[ebp_�

Ìi~nlqt¹í�j¹� �jmmsvunéjzqktj¹�� xzéjznmq¹�� <� kemqZ_� Z]]-
ehf_jZlb\gh]h� f_lh^Z� aZ^Z_lky� \hijhk� h� g_h[oh^bfhklb� \u\h^Z� ^bZ]h�
gZevghc�fZljbpu�jZkklhygbc�f_`^m�h[t_dlZfb��\�dhlhjhc� kljhdb�[m^ml
khhl\_lkl\h\Zlv�h[t_dlZf��i = 2–m���Z�klhe[pu�²�h[t_dlZf�hl���^h�i–1.

>Ze__�ijhba\h^blky�\u^ZqZ�ihke_^h\Zl_evghklb�deZkl_jh\�\hajZklZx�
s_c�h[sghklb�k�mdZaZgb_f�ghf_jh\�\oh^ysbo�\�deZkl_ju�h[t_dlh\�b�jZk�
klhygby��gZ�mjh\g_�dhlhjh]h�ijhbahreh�h[t_^bg_gb_�dZ`^h]h�deZkl_jZ�

<� kemqZ_� \u[hjZ� ]b[dhc� kljZl_]bb� \� f_gx� jbk�� ������ g_h[oh^bfh
ij_^\Zjbl_evgh�mdZaZlv�dhwnnbpb_gl�©[_lZ».

>hihegbl_evgu_� j_dhf_g^Zpbb� ih� bkihevah\Zgbx� kljZl_]bc� ^Zgu
gb`_�

bntlévméjuuj��Ihke_�wlh]h�kljhblky�^_g^jh]jZffZ�²�^_j_\h�h[t�
_^bg_gby� deZkl_jh\� k� ihjy^dh\ufb� ghf_jZfb� h[t_dlh\� ih� ]hjbahglZev�
ghc�hkb�b�kh�rdZehc�jZkklhygbc�ih�\_jlbdZevghc�hkb�

Íévwy�ntt�n�otj·ntq¹�\�\uqbke_gbyo�g_�mqblu\Zxlky�b�bo�mf_-
j_ggh_�ijbkmlkl\b_��^h���±������dZd�ijZ\beh��fZeh�\eby_l�gZ�j_amevlZl�

Ìméjtq·ntqn�� f_lh^� g_ijbf_gbf�� _keb� n>l (m>l� ^ey� f_ljbd�� bk�
ihevamxsbo�dhwnnbpb_gl�dhjj_eypbb��� ]^_� l�  � ����� ����� ��� ijb�h[t_f_
fZljbpu�^Zgguo�\���������� �����������qbk_e�
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Í�é�q�u�n�é���
d�j�l�j� ·�j��Ijhba\_^_gh�baf_j_gb_� q_luj_o� \Z`guo�ihdZaZl_e_c

^ey����ihimeyjguo�khjlh\�g_f_pdh]h�ib\Z��lZ[e��������nZce�&/$��

Òjisq|j�������Ìxtvkt�n�wvrjojznsq�wvwys¹ét�}�xvézvk�tnun|rvmv�wqkj

� Khjl DZehjbb GZljbc :edh]hev P_gZ

1 Budweiser 144 15 4.7 0.43

2 Schlitz 151 19 4.9 0.43

3 Lowenbraw 157 15 4.9 0.48

4 Kronenbourg 170 7 5.2 0.73

5 Heineken 152 11 5 0.77

6 Old_Milwaukee 145 23 4.6 0.28

7 Augsberger 175 24 5.5 0.4

8 Strohs_Bonemain_Style 149 27 4.7 0.42

9 Miller_Lighr 99 10 4.3 0.43

10 Bodweiser_Light 113 8 3.7 0.44

11 Coors 140 18 4.6 0.44

12 Coors_Light 102 15 4.1 0.46

13 Mihelob_Light 135 11 4.2 0.5

14 Becks 150 19 4.7 0.76

15 Kirin 149 6 5 0.79

16 Pabst_Extra_Light 68 15 2.3 0.38

17 Hamms 136 19 4.4 0.43

18 Heilemans_Old_Stile 144 24 4.9 0.43

19 Olimpia_Gold_Light 72 6 2.9 0.46

20 Schlitz_Light 97 7 4.2 0.47

G_h[oh^bfh�ijhba\_klb�deZkl_jbaZpbx�wlbo�^Zgguo�k�bkihevah\Zgb_f
w\deb^h\hc�f_ljbdb�^ey�\uy\e_gby�bf_xsboky�]jmiibjh\hd��Wlh�ihfh-
`_l�j_deZfbjh\Zlv�b�ihlj_[eylv�[he__�^_r_\u_�khjlZ�ib\Z��gh�[ebadb_�ih
ihdZaZl_eyf�d�[he__�^hjh]bf�

è�n�o�y�s���z�j�z���

DE:KL?JGUC�:G:EBA���NZce��FOD�VWG�������W\deb^�;eb`�khk_^
LZ[ebpZ�jZkklhygbc

        (1)      (2)      (3)      (4)      (5)      (6)      (7)
(  2)  8.06
(  3)    13    7.21
(  4)  27.2    22.5    15.3
(  5)  8.96    8.07    6.41    18.4
(  6)  8.06    7.22    14.4    29.7    13.9
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(  7)  32.3    24.5    20.1    17.7    26.4      30
(  8)    13    8.25    14.4      29    16.3    5.66    26.2
(  9)  45.3    52.8    58.2    71.1      53    47.8    77.3   52.8

. . .
D�e�Z�k�l�_�j�u���kibkhd�h[t_dlh\���!�jZkklhygb_

(14,2) --> 1.07
(18,6) --> 1.45
(20,9) --> 3.61
(17,11) --> 4.13
(17,1,11) --> 5
(18,8,6) --> 5.66
(15,5) --> 5.83
(20,12,9) --> 5.83
(15,3,5) --> 6.41
(18,14,2,8,6) --> 6.42
(18,17,1,11,14,2,8,6) --> 7.07
(18,15,3,5,17,1,11,14,2,8,6) --> 7.21
(18,13,15,3,5,17,1,11,14,2,8,6) --> 8.07
(19,16) --> 9.87
(20,10,12,9) --> 13
(18,4,13,15,3,5,17,1,11,14,2,8,6) --> 15.3
(18,7,4,13,15,3,5,17,1,11,14,2,8,6) --> 17.7
(20,18,7,4,13,15,3,5,17,1,11,14,2,8,6,10,12,9) --> 22.2
(20,19,16,18,7,4,13,15,3,5,17,1,11,14,2,8,6,10,12,9) --> 25.1

Z��kljZl_]by�[eb`Zcr_]h�khk_^Z [��kljZl_]by�]jmiih\h]h�khk_^Z

\��kljZl_]by�^Zevg_]h�khk_^Z
]��kljZl_]by�Mhj^Z

Jbk���������>_g^jh]jZffu��ih�hkb�Y�²�jZkklhygb_�h[t_^bg_gby��ih�hkb�O�²�ghf_�
jZ�h[t_dlh\�
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Ìixy lntqn� énoys�zjzvk��DZd� \b^gh� ba� jbk�� ������ Z�� kljZl_]by
[eb`Zcr_]h� khk_^Z� ^hklZlhqgh� hlq_leb\h� \u^_ey_l� ljb� ]jmiiu� khjlh\
ib\Z����±������������������±����������������������������������������ijb�wlhf�khj-
lZ���b���g_kdhevdh�\uiZ^Zxl�ba�wlhc�deZkkbnbdZpbb��Ihwlhfm�fh`gh�ih-
iulZlvky� ijbf_gblv� ^jm]mx�� jZkly]b\Zxsmx� ijhkljZgkl\h�� kljZl_]bx
^ey�[he__�yjdh]h�jZa^_e_gby�deZkl_jh\�

>ey�kjZ\g_gby�gZ�jbk�������� [−]�ijb\_^_gu�^_g^jh]jZffu��ihkljh_g-
gu_�k�bkihevah\Zgb_f�kljZl_]bb�]jmiih\h]h�b�^Zevg_]h�khk_^Z�b�kljZl_-
]bb�Mhj^Z�

DZd�fh`gh�aZf_lblv�ba�kjZ\g_gby�^_g^jh]jZff��kljZl_]bb�]jmiih\h]h
khk_^Z��^Zevg_]h�khk_^Z�b�Mhj^Z�ih�kjZ\g_gbx�kh�kljZl_]b_c�[eb`Zcr_]h
khk_^Z�^Zxl�\k_�[he__�q_ldh_�\u^_e_gb_�deZkl_jh\�b�g_kdhevdh�hlebqgu_
deZkkbnbdZpbb��LZd�gZ�^_g^jh]jZffZo�jbk�������� \� ]�fh`gh�\u^_eblv��±�
deZkl_jh\��<�k\yab�k�wlbf�^Ze__�ijbf_gbf�^b\bab\gmx�kljZl_]bx�k�w\d-
eb^h\hc� f_ljbdhc�� qlh[u� kjZ\gblv� ]jmiibjh\db� bkke_^m_fuo� h[t_dlh\
gZ�jZaebqgh_�qbkeh�deZkl_jh\�

è�n�o�y�s���z�j�z���

DE:KL?JGUC�:G:EBA���NZce��FOD�VWG����������W\deb^�>b\bab\gZy
D�e�Z�k�l�_�j�u�
Kj_^g__�\gmljbdeZkl_jgh_�jZkklhygb_ ����
1= (Miller Li*,Bodweiser,Coors Lig,Pabst Ext,Olimpia G,Schlitz L)
2= (Schlitz,Lowenbraw*,Kronenbou,Heineken,Augsberge,Becks,Kirin)
3= (Budweiser,Old Milwa,Strohs Bo,Coors*,Mihelob

L,Hamms,Heilemans)

D�e�Z�k�l�_�j�u�
Kj_^g__�\gmljbdeZkl_jgh_�jZkklhygb_ ����
1= (Pabst Ext*,Olimpia G)
2= (Schlitz,Lowenbraw*,Kronenbou,Heineken,Augsberge,Becks,Kirin)
3= (Budweiser,Old Milwa,Strohs Bo,Coors*,Mihelob

L,Hamms,Heilemans)
4= (Miller Li*,Bodweiser,Coors Lig,Schlitz L)

D�e�Z�k�l�_�j�u�
Kj_^g__�\gmljbdeZkl_jgh_�jZkklhygb_ ���
1= (Pabst Ext*,Olimpia G)
2= (Schlitz,Old Milwa*,Strohs Bo,Becks,Heilemans)
3= (Budweiser*,Lowenbraw,Heineken,Coors,Mihelob L,Kirin,Hamms)
4= (Miller Li*,Bodweiser,Coors Lig,Schlitz L)
5= (Kronenbou*,Augsberge)

Ìixy lntqn��DZd�ihdZau\Zxl�qbkeh\u_�j_amevlZlu��i_j_oh^�hl�lj_o
d� q_luj_f� deZkl_jZf� \e_q_l� kms_kl\_ggh_� ih\ur_gb_� dhfiZdlghklb
]jmiibjh\db��h�q_f� k\b^_l_evkl\m_l� agZqbl_evgh_� mf_gvr_gb_� kj_^g_]h
\gmljbdeZkl_jgh]h�jZkklhygby� �k������^h��������I_j_oh^�`_�hl�q_luj_o�d
iylb�deZkl_jZf�khijh\h`^Z_lky�[he__�q_f�\���jZaZ�f_gvrbf�khdjZs_gb_f
\gmljbdeZkl_jgh]h�jZkklhygby��k������^h�������L_f�kZfuf�]jmiibjh\dm�gZ
ljb�deZkl_jZ�ke_^m_l�ijbagZlv�g_m^Zqghc�ba�aZ�[hevrh]h�\gmljbdeZkl_j-
gh]h�jZkklhygby�
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Jbk���������>b\bab\gZy�deZkl_jbaZpby�khjlh\�ib\Z�\�ijh_dpbb�gZ�iehkdhklv�dZeh-
jbb��hkv�O)—gZljbc��hkv�M): Z�²�gZ���deZkl_jZ��[�²�gZ���deZkl_jh\

Qlh[u�\u[jZlv�emqrmx�]jmiibjh\dm�ba�hklZ\rboky�^\mo��[ebadbo�ih
\gmljbdeZkl_jghfm�jZkklhygbx��h[jZlbfky�d�\bamZevghfm� ZgZebam� khhl-
\_lkl\mxsbo�bf�^bZ]jZff�deZkl_jbaZpbb��jbk����������Ba�kjZ\g_gby�^bZ-
]jZff�\b^gh��qlh�jZa[b_gb_�gZ�iylv�deZkl_jh\��jbk�������� [��f_g__�eh]bq-
gh��ihkdhevdm�ijb\h^bl�d�\u^_e_gbx�deZkl_jZ�ba�^\mo��hq_gv�^Ze_dh�hl-
klhysbo�^jm]�hl�^jm]Z�khjlh\�.URQHQERX�b�$XJVEHUJH�

Ba�\bamZevgh]h�bkke_^h\Zgby�^bZ]jZff�fh`gh�lZd`_�\u\_klb�_s_�h^-
gh�bgl_j_kgh_�gZ[ex^_gb_��deZkl_jbaZpby�khjlh\�ib\Z�b^_l�ij_bfms_kl-
\_ggh�ih�hkb�dZehjbc��<�q_f�a^_kv�^_eh"�H[jZlb\rbkv�d�gZrbf�bkoh^guf
^Zgguf��lZ[e���������fh`gh�aZf_lblv�kms_kl\_ggmx�jZagbpm�\�agZq_gbyo
i_j_f_gguo��agZq_gb_�i_j_f_gghc�dZehjbb�\����jZa�ij_\urZxl�agZq_gby
i_j_f_gghc�gZljbc�b�_s_�[hevr_�ij_\urZxl�agZq_gby�^jm]bo�i_j_f_g-
guo�� Ihwlhfm� b� m^Ze_gghklv� h[t_dlh\� ih� rdZe_� dZehjbc� ih^Z\eyxs_
ij_\Zebjm_l�ijb�deZkl_jbaZpbb�ih�kjZ\g_gbx�k�m^Ze_gghklvx�ih�^jm]bf
rdZeZf��Qlh[u�k^_eZlv�i_j_f_ggu_�jZ\ghijZ\gufb��ke_^m_l�\f_klh�w\d-
eb^h\hc�f_ljbdb�bkihevah\Zlv�ghjfbjh\Zggmx�w\deb^h\m�f_ljbdm�

è�n�o�y�s���z�j�z���

DE:KL?JGUC�:G:EBA���NZce��FOD�VWG��Ghjf�W\deb^��>b\bab\gZy
��������������������������D�e�Z�k�l�_�j�u�
Kj_^g__�\gmljbdeZkl_jgh_�jZkklhygb_ �����
1= (Pabst Ext*,Olimpia G)
2= (Kronenbou,Heineken*,Becks,Kirin)
3= (Budweiser,Schlitz*,Lowenbraw,Old Milwa,Augsberge,Strohs

Bo,Coors,Hamms,Heilemans)
4= (Miller Li*,Bodweiser,Coors Lig,Mihelob L,Schlitz L)

Ìixy lntqn��DZd�\b^gh�ba�^bZ]jZff�deZkl_jbaZpbb��jbk���������l_-
i_jv�]jmiibjh\dZ�khjlh\�ib\Z�b^_l�g_�lhevdh�ih�rdZe_�dZehjbc��gh�b�ih
lj_f�^jm]bf�rdZeZf��l_f�kZfuf�[he__�Z^_d\Zlgh�mqblu\Zy�\deZ^u�\k_o
i_j_f_gguo�

Z [
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Jbk���������J_amevlZlu�^b\bab\ghc�deZkl_jbaZpby�\�ghjfbjh\Zgghc�w\deb^h\hc
f_ljbd_��Z�²�iehkdhklv�dZehjbb−gZljbc��[�²�iehkdhklv�Zedh]hev−p_gZ

KjZ\gb\Zy�^\_�^bZ]jZffu�jbk�������� Z�b������� Z��ke_^m_l�hlf_lblv�fZeh_
baf_g_gb_�^\mo�deZkl_jh\�\�h[eZklb�g_[hevrbo�dZehjbcghkl_c�b�aZf_lgmx
i_j_]jmiibjh\dm�^\mo�deZkl_jh\�\�h[eZklb�\ukhdbo�dZehjbcghkl_c�

>Ze__�fh`gh�aZ^Zlvky�\hijhkhf��Z�\k_�eb�i_j_f_ggu_�h^bgZdh\h�agZ-
qbfu� ^ey� deZkl_jbaZpbb�� g_l� eb� kj_^b� gbo� \lhjhkl_i_gguo�� dhlhju_
fh`gh�[ueh�[u�g_�mqblu\Zlv��GZijbf_j��fh]ml�[ulv�iZju�i_j_f_gguo�
k\yaZgguo� q_ldhc� nmgdpbhgZevghc� aZ\bkbfhklvx�� lh]^Z� ba� lZdhc� iZju
fh`gh�\�ZgZeba_�mqblu\Zlv�lhevdh�h^gm�i_j_f_ggmx��ihkdhevdm�hgZ�h^-
ghagZqgh�hij_^_ey_l�agZq_gby�^jm]hc�i_j_f_gghc��>ey�ihbkdZ�lZdbo�k\y-
aZgguo� i_j_f_gguo� fh`gh� [ueh� [u� \hkihevah\Zlvky� dhjj_eypbhgguf
ZgZebahf��\u[jZlv�iZju�k�\ukhdbfb�dhwnnbpb_glZfb�dhjj_eypbb��Z�aZl_f
jZkkfhlj_lv� bo� ^bZ]jZffu� jZkk_ygby� ^ey� \bamZevghc� hp_gdb� kl_i_gb
nmgdpbhgZevghc� aZ\bkbfhklb��H^gZdh� fh`gh� ihklmiblv� ijhs_� ²� ijh-
\_klb� _s_�h^gm� deZkl_jbaZpbx��gh�m`_�g_�h[t_dlh\�� Z�i_j_f_gguo��>ey
wlh]h�gZ^h�ijhklh�bkihevah\Zlv�f_ljbdm�dhwnnbpb_glh\�dhjj_eypbb��Ijb
wlhf�\u[_j_f�kljZl_]bx�[eb`Zcr_]h�khk_^Z��k`bfZxsmx�ijhkljZgkl\h�
qlh[u�gZ�^_g^jh]jZff_�\bamZevgh�\u^_eyebkv�lhevdh�hq_gv�[ebadb_�^jm]
d�^jm]m�]jmiibjh\db�

è�n�o�y�s���z�j�z���

DE:KL?JGUC�:G:EBA���NZce��FOD�VWG�Dhjj_eypby�;eb`�khk_^
��������������������������D�e�Z�k�l�_�j�u�
������������������kibkhd�h[t_dlh\���!�jZkklhygb_
(3,1) --> 0.079
(3,2,1) --> 0.588
(4,3,2,1) --> 0.668
� dZehjbb��� gZljbc��� Zedh]hev��� p_gZ

Z [
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Ìixy lntqn��DZd�\b^gh�ba�qbkeh\hc�\u^Zqb�b�^_g^jh]jZffu� �jbk�
�������� ^\_� i_j_f_ggu_� �� b� �� �kh^_j`Zgb_� dZehjbc� b� Zedh]hey�� hq_gv
[ebadb� ^jm]� d� ^jm]m� �dhjj_ebjh\Zgu��� hgb� h[t_^bg_gu� gZ� jZkklhygbb
�������lh]^Z�dZd�ke_^mxsb_�^\Z�h[t_^bg_gby�ijhbkoh^yl�gZ�jZkklhygbyo�\
��k�ebrgbf�jZa�[hevrbo��Ihwlhfm�h^gm�ba�wlbo�i_j_f_gguo�fh`gh�[ueh
[u� \iheg_� bkdexqblv� ba� jZkkfhlj_gby�� ih\lhjblv� deZkl_jguc� ZgZeba� b
kjZ\gblv�j_amevlZlu�

Bgl_j_kgh�[ueh�[u�lZd`_�ijh\_klb�nZdlhjguc�ZgZeba��\uykgblv��dZ-
db_�nZdlhju�y\eyxlky�]eZ\gufb��\uqbkeblv�dhhj^bgZlu�h[t_dlh\�\�ijh-
kljZgkl\_� ]eZ\guo�nZdlhjh\�b�m`_�\�wlhf�ijhkljZgkl\_�ijh\_klb�gh\mx
deZkl_jbaZpbx�b�kjZ\gblv�ihemq_ggu_�j_amevlZlu�

Ij_^eZ]Z_f� wlb� aZ^Zqb� \� dZq_kl\_� mq_[ghc� ijZdlbdb� qblZl_eyf��>h-
ihegbl_evgu_�ijbf_ju�jZaghieZgh\h]h�ijbf_g_gby�deZkl_jgh]h�ZgZebaZ
jZkkfhlj_gu�\�]e������:gZeba�^Zggh]h�`_�ijbf_jZ�[m^_l�ijh^he`_g�\�ke_-
^mxs_f�jZa^_e_�

Í�é�q�u�n�é����
d�j�l�j�·�j��<ha\jZlbfky�d�^Zgguf�l_klbjh\Zgby�ijhn_kkbhgZevghc

ijb]h^ghklb�ijbf_jZ���d�jZa^�������b�d�j_amevlZlZf�bo�nZdlhjgh]h�ZgZeb-
aZ�� <� qZklghklb�� lZf� [ueb� h[gZjm`_gu� ijZdlbq_kdb� kh\iZ^Zxsb_� ih
]eZ\guf�nZdlhjZf�^\_�iZju�i_j_f_gguo�b�q_luj_�iehlgu_�]jmiiu�l_klb-
jm_fuo��Bgl_j_kgh�[ueh�[u�f_lh^hf�deZkl_jgh]h�ZgZebaZ�ijh\_jblv�wlb
j_amevlZlu�� Bkihevam_f� f_ljbdm� dhwnnbpb_glZ� k\yaghklb� DjZf_jZ� b
kljZl_]bx�^Zevg_]h�khk_^Z��^ey�[he__�q_ldh]h�jZa^_e_gby�deZkl_jh\��

è�n�o�y�s���z�j�z���

DE:KL?JGUC�:G:EBA���NZce��WHVWV�VWG
���������������������DjZf_jZ�>Zevg�khk_^

Jbk���������>_g^jh]jZffZ�deZkkbnbdZpbb�i_j_f_gguo��ih�hkb�Y�²�jZkklhygb_��ih
hkb�O�²�ghf_j�i_j_f_gghc



354 =eZ\Z�����Fgh]hf_jgu_�f_lh^u

��������������������������D�e�Z�k�l�_�j�u�
������������������kibkhd�i_j_f_gguo���!�jZkklhygb_
��������!��������m\_j_gghk�ijyf�^bZe
��������!��������khljm^gbq�dhfZg^�^m
��������!��������Ze]hjblfu�iZfylv
����������!������Ze]hjblfu�fZl�aZ^Zq�iZfylv
���������!�������m[_`^_gb_�gZoh^qb\h
����������!�������ijbagZgb_�khljm^gbq�dhfZg^�^m
�������������!�������m[_`^_gb_�m\_j_gghk�ijyf�^bZe�gZoh^qb\h
(10,4,2,1,5,3,7) --> 0.664
m[_`^_gb_�Ze]hjblfu�fZl�aZ^Zq�iZfylv�m\_j_gghk�ijyf�^bZe�gZoh^qb\h
(10,9,8,6,4,2,1,5,3,7) --> 0.718

Æ���k�v�l����DZd�\b^gh�ba�qbkeh\hc�\u^Zqb��deZkl_jguc�ZgZeba�ih^-
l\_j^be�[ebahklv�lhevdh�h^ghc�iZju�l_klh\��dhfZg^guc�^mo�b�khljm^gb-
q_kl\h��dhlhju_�[ueb�h[t_^bg_gu�gZ� \lhjhf�rZ]_�deZkl_jbaZpbb� k�jZk-
klhygb_f��������Qlh�dZkZ_lky�l_klZ�m\_j_gghklv�\�\uklmie_gbb��lh�hg�h[t-
_^bg_g�g_�k�l_klhf�gZ�iZfylv��Z�k�gZoh^qb\hklvx�\�ijyfhf�^bZeh]_��l_kl
`_�iZfylv�hdZaZeky�[ebahd�d�khklZ\e_gbx�Ze]hjblfh\.

LZdb_�baf_g_gby� klZgh\ylky�ihgylgufb�� _keb�fu� \ha\jZlbfky�d� ]jZ-
nbdZf� nZdlhjguo� gZ]jmahd� �jbk�� ������ Z��� gZ� dhlhjuo� \b^gh�� qlh� iZjZ
l_klh\�m\_j_gghklv�\�\uklmie_gbb — iZfylv��g_ihkj_^kl\_ggh�khk_^kl-
\m_l� bf_ggh� k� gZoh^qb\hklvx� \� ijyfhf� ^bZeh]_� b� khklZ\e_gb_f� Ze]h-
jblfh\�� Kf_s_gb_� k\ya_c� h[tykgy_lky� l_f�� qlh� deZkl_jguc� ZgZeba� bk-
ihevam_l�\kx�bgnhjfZpbx�h�l_klZo��\�lh�\j_fy�dZd�ijh_dpby�gZ]jmahd�gZ
iehkdhklv�i_j\uo�^\mo�nZdlhjh\� �jbk�� ������ Z���dZd� wlh� ke_^m_l�ba�ijh-
p_glZ� gZdhie_gghc� ^bki_jkbb� \� lZ[ebp_�nZdlhjguo� gZ]jmahd�� hljZ`Z_l
lhevdh�������bkoh^ghc�bgnhjfZpbb��ihwlhfm�\�ijh_dpbyo�gZ�^jm]b_�nZd-
lhjgu_�iehkdhklb�wlb�l_klu�fh]ml�khq_lZlvky�\�^jm]bo�dhf[bgZpbyo�

Íévlvs ntqn� jtjsqoj�� L_i_jv�fh`gh� i_j_clb� d� deZkkbnbdZpbb
ij_l_g^_glh\�k�bkihevah\Zgb_f�lhc�`_�f_ljbdb�DjZf_jZ��LZdh_�ijbf_g_-
gb_�f_ljbdb�^himklbfh��ihkdhevdm�i_j_f_ggu_�h^ghjh^gu��\k_�y\eyxlky
l_klZfb�� b� qbkeh� ]jZ^Zpbc� bo� agZq_gbc� h^bgZdh\h��I_j_^� ih\lhj_gb_f
deZkl_jgh]h�ZgZebaZ�gZ^h�ij_^\Zjbl_evgh�ljZgkihgbjh\Zlv�fZljbpm�^Zg-
guo��qlh[u�ij_l_g^_glu�jZkiheZ]Zebkv�ih�klhe[pZf��Z�l_klu�²�ih�kljh-
dZf� �ihkdhevdm�� dZd� [ueh� hlf_q_gh� \ur_��f_ljbdZ�DjZf_jZ� ih� mfheqZ-
gbx�deZkkbnbpbjm_l�i_j_f_ggu_��Z�g_�h[t_dlu��

Æ���k�v�l����GZ�ihemq_gghc�^_g^jh]jZff_��jbk���������fh`gh�\u^_-
eblv�ljb�q_luj_�deZkl_jZ��<uibr_f�wlb�deZkl_ju�b�kjZ\gbf�k�\bamZevgh
\u^_e_ggufb�]jmiiZfb�\�nZdlhjghf�ZgZeba_���jbk�������� [)

De:g��^���������`�^��15 ,17} {3,9,11,14,18} {1, 2,4, 7, 10 ,12}
NZ:g��^��7,8,13,16} { 2,6, 10 ,17} {3,9,11,14,18} {1,4,12, 15}
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DZd�fh`gh�aZf_lblv��q_luj_�]jmiiu�ij_l_g^_glh\�\�agZqbl_evghc�kl_-
i_gb�khojZgbeb�k\hc�khklZ\��I_j_f_s_gb_�hl^_evguo�ij_l_g^_glh\� �f_-
`^m�i_j\hc��\lhjhc�b�q_l\_jlhc�]jmiiZfb��hgb�hlf_q_gu�`bjguf�rjbn-
lhf��fh`gh�lZd`_�h[tykgblv�iheguf�bkihevah\Zgb_f�\�deZkl_jghf�ZgZ-
eba_�bkoh^ghc�bgnhjfZpbb�

A^_kv�hkh[h�ke_^m_l�ih^q_jdgmlv��qlh�mihfygmlh_�ihegh_�bkihevah\Z-
gb_�bgnhjfZpbb�fh`_l�bf_lv�b�k\hb�g_]Zlb\gu_�klhjhgu��ihkdhevdm�\ky
�g_jZnbgbjh\ZggZy��bgnhjfZpby�\dexqZ_l�b�kemqZcgu_� �rmfh\u_��dhf-
ihg_glu��dhlhju_�fh]ml�bkdZ`Zlv�beb�kf_sZlv�]eZ\gu_�aZdhghf_jghklb�

Ívxsnlyí�qn�qxxsnlvkjtq¹�
��� Ijh\_klb�deZkl_jguc�ZgZeba�k�bkihevah\Zgb_f�^b\bab\ghc�kljZl_]bb

k�jZa[b_gb_f�gZ�q_luj_�deZkl_jZ�b�kjZ\gblv�j_amevlZlu�
��� Ijh\_klb�deZkl_jguc�ZgZeba�k�bkihevah\Zgb_f�dhjj_eypbc�KibjfZgZ

b�D_g^_eeZ�b�hp_gblv�jZaebqb_�beb�koh^kl\h�\�j_amevlZlZo�
��� Bkoh^gu_�^Zggu_�ij_h[jZah\Zlv�d�[bgZjghfm�\b^m� �ZgZeh]bqgh�ijb-

f_jm� �� d� jZa^�� �������Ijh\_klb� deZkl_jguc� ZgZeba� k� bkihevah\Zgb_f
jZaebqguo�nhjfme�[bgZjguo�dhwnnbpb_glh\�b�hp_gblv�jZaebqb_�beb
koh^kl\h�\�j_amevlZlZo�
HklZ\ey_f�wlb�aZ^Zqb�\�dZq_kl\_�mq_[guo�qblZl_eyf�

������ bqxréquqtjtzt�p�jtjsqo
Ëjotj·ntqn� �>bkdjbfbgZglguc�ZgZeba�iha\hey_l�

• ijh\_jblv�]bihl_am�h�g_ijhlb\hj_qb\hklb�ij_^iheZ]Z_fhc�deZkkbnb�
dZpbb�aZ^Zggh]h�fgh`_kl\Z�n�h[t_dlh\�gZ�k�deZkkh\�\�m±f_jghf�ijh�
kljZgkl\_�i_j_f_gguo�Xi; j = 1−m;

• deZkkbnbpbjh\Zlv�gh\u_�h[t_dlu�

Jbk���������>_g^jh]jZffZ�deZkkbnbdZpbb�ij_l_g^_glh\
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<� oh^_� \uqbke_gbc� bs_lky� gZ[hj� ^bkdjbfbgbjmxsbo� nmgdpbc� dl,
h[_ki_qb\Zxsbo�deZkkbnbdZpbx�h[t_dlh\�gZ�aZ^Zggh_�qbkeh�k�deZkkh\�

dl = bl0 + bl1X1 + ... + blmXm ,    l = 1, ..., k .

Ijb�hlg_k_gbb�h[t_dlZ�d�deZkkm�_]h�dhhj^bgZlu�ih^klZ\eyxlky�\�^bk-
djbfbgbjmxsb_�nmgdpbb�\k_o�deZkkh\��DeZkk�h[t_dlZ�hij_^_ey_lky�fZd-
kbfmfhf�ba�ihemq_gguo�agZq_gbc�^bkdjbfbgbjmxsbo�nmgdpbc�

Êx}vlt�n� ljtt�n� ij_^klZ\eyxlky� \� \b^_� fZljbpu� jZaf_jhf
(m+1)n��\�dhlhjhc�i_j\u_�m�klhe[ph\�kh^_j`Zl� agZq_gby�m�i_j_f_gguo
^ey�n�h[t_dlh\��Z�m��±y�i_j_f_ggZy�\�dZq_kl\_�k\hbo�agZq_gbc�kh^_j`bl
^ey�dZ`^h]h�h[t_dlZ�ghf_j�_]h�deZkkZ��gZlmjZevgu_�qbkeZ�hl���^h�k��]^_�k
²�qbkeh�deZkkh\���H[t_dlu��kljhdb��\�fZljbp_�fh]ml�[ulv�g_mihjy^hq_-
gu�hlghkbl_evgh�ghf_jh\�deZkkh\�

?keb� djhf_� \uqbke_gby� ^bkdjbfbgZglghc� nmgdpbb� gm`gh� k� __� ih�
fhsvx� deZkkbnbpbjh\Zlv� jy^� gh\uo� h[t_dlh\�� lh� lZdb_� h[t_dlu� lZd`_
bkoh^gh�\dexqZxlky�\�fZljbpm�^Zgguo�k�ghf_jhf�deZkkZ���

ènoys�zjz�� �<u^ZqZ�j_amevlZlh\�\dexqZ_l�
• kmffZjgh_�f_`deZkl_jgh_�jZkklhygb_�FZoZeZgh[bkZ�D2 (Mahalanobis)

f_`^m�deZkkZfb�k�mjh\g_f�agZqbfhklb�P�^ey�gme_\hc�]bihl_au�©D2=0»
�kf��gb`_�\�ijbf_qZgbyo��ih�ob±d\Z^jZl�djbl_jbx�hl�\uqbke_ggh]h
agZq_gby�D2�k�m(k±���kl_i_gyfb�k\h[h^u�

• dhwnnbpb_glu�^bkdjbfbgbjmxs_c�nmgdpbb��h[_ki_qb\Zxs_c�hlg_�
k_gb_�h[t_dlh\�d�^Zgghfm�deZkkm��hl^_evgh�^ey�dZ`^h]h�deZkkZ�

• lZ[ebpm��]^_�^ey�dZ`^h]h�h[t_dlZ�l�mdZau\Zxlky�
• ghf_j�_]h�deZkkZ�r;
• jZkklhygb_�FZoZeZgh[bkZ�Dl2��hl�h[t_dlZ�^h�p_gljZ�deZkkZ��
• mjh\_gv�agZqbfhklb�Pl�gme_\hc�]bihl_au�©Dl2=0» (h[t_dl�fh`_l

[ulv�hlg_k_g�d�^Zgghfm�deZkkm��ih�djbl_jbx�ob±d\Z^jZl�hl�\uqbk-
e_ggh]h�agZq_gby�Dl2�k�m�kl_i_gyfb�k\h[h^u�

• Zihkl_hjgZy�\_jhylghklv�pl�hlg_k_gby�h[t_dlZ�d�_]h�deZkkm�
?keb�P!������khhl\_lkl\mxsZy�gme_\Zy� ]bihl_aZ�hlg_k_gby�h[t_dlZ�d

khhl\_lkl\mxs_fm� deZkkm�fh`_l� [ulv� ijbgylZ��>ey� \gh\v� deZkkbnbpb-
jm_fuo� h[t_dlh\�bo�ghf_jZ� deZkkh\� hlf_qZxlky� kbf\hehf� ©a\_a^hqdZª�
>ey�h[t_dlh\��Zijbhjguc�deZkk�dhlhjuo�baf_g_g��klZ\blky�\hkdebpZl_ev-
guc�agZd�

Ih�ih^l\_j`^_gbx�fh`gh�\u^Zlv�g_�ihegmx��Z�khdjZs_ggmx�lZ[ebpm
j_amevlZlh\�� \� dhlhjhc� mdZau\Zxlky� lhevdh� \gh\v� deZkkbnbpbjh\Zggu_
h[t_dlu��h[t_dlu��baf_gb\rb_�k\hc�deZkk��b�h[t_dlu�k�mjh\g_f�agZqbfh-
klb�gme_\hc�]bihl_au�©Dl2 �ª�gb`_�djblbq_kdh]h��Wlh�m^h[gh�^ey�ih\u-
r_gby�h[hajbfhklb�j_amevlZlh\�\�kemqZ_�[hevrh]h�qbkeZ�h[t_dlh\�
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Í�é�q�u�n�é����
d�j�l�j�·�j��Ijh\_^_f�^bkdjbfbgZglgmx�\_jbnbdZpbx�j_amevlZlh\

^b\bab\ghc� deZkkbnbdZpbb� khjlh\� g_f_pdh]h� ib\Z� ba� ijbf_jZ� d� jZa^�
������>ey� ijb\_^_gby� bkoh^guo� ^Zgguo� d� lj_[m_fhfm� \� ^Zgghf� kemqZ_
\b^m� ijb� \uiheg_gbb� deZkl_jgh]h� ZgZebaZ� ih^l\_j^bf� g_h[oh^bfhklv
khojZg_gby�ghf_jh\�deZkl_jh\�\�we_dljhgghc�lZ[ebp_��GZqg_f�k�q_luj_o
deZkl_jh\��\u^_e_gguo�ih�w\deb^h\hc�f_ljbd_��jbk�������� Z).

è�n�o�y�s���z�j�z���

>BKDJBFBG:GLGUC�:G:EBA���NZce��FOD�VWG

����JZkklhygb_�FZoZeZgh[bkZ ������agZqbfhklv ����(��
���=bihl_aZ�����F_`deZkl_jgh_�jZkklhygb_�hlebqgh�hl�gmey!
����DeZkk����Dhwnnbpb_glu�^bkdjbfbgZglghc�nmgdpbb��E>�@�E>�@�����!
        1     -100     1.06    0.934     28.7     99.9
        2     -383      2.5     1.21     49.3      169
        3     -299     2.17      1.2     45.3      144
        4     -200     1.42    0.848     47.3      117

����H[t_dl���DeZkk������'A�����AgZqbf��:ihkl_hj�\_jhyl�
Budweiser        3       1.2    0.878    0.991
  Schlitz        3!     2.31    0.678    0.821
Lowenbraw        2      2.79    0.593    0.853
Kronenbou        2      6.23    0.182        1
 Heineken        2      1.82    0.768        1
Old Milwa        3      1.48     0.83        1
Augsberge        2      7.12     0.13        1
Strohs Bo        3      3.53    0.474    0.962
Miller Li        4      1.89    0.756        1
Bodweiser        4      7.53     0.11        1
    Coors        3     0.143    0.998    0.998
Coors Lig        4      1.42     0.84        1
Mihelob L        3      3.91    0.418        1
    Becks        2       6.6    0.158    0.997
    Kirin        2       3.2    0.525    0.999
Pabst Ext        1      2.34    0.673        1
    Hamms        3     0.772    0.942        1
Heilemans        3      2.61    0.626    0.979
Olimpia G        1      2.34    0.673        1
Schlitz L        4       1.7    0.791        1

Ìixy lntqn�énoys�zjzvk��DZd�ihdZaZeZ�ijh\_jdZ�]bihl_au�h�jZ-
\_gkl\_�gmex� jZkklhygby�FZoZeZgh[bkZ� ©D2 �ª� �__� mjh\_gv� agZqbfhklb
hq_gv� gbahd� ²� ������������ deZkl_ju� ^hklZlhqgh� dhfiZdlgu� b� ohjhrh
jZa^_e_gu��>ey�[hevrbgkl\Z�khjlh\�ib\Z�]bihl_aZ�h�gme_\uo�jZkklhygbyo
^h�p_gljh\�khhl\_lkl\mxsbo�deZkl_jh\�©Dl2 �ª�ijbgbfZ_lky�k�hq_gv�\u-
khdbfb�mjh\gyfb�agZqbfhklb� �hl�������^h���������Fh`gh�hlf_lblv�kjZ\-
gbl_evgh� f_gvrb_� agZqbfhklb� ^ey� .URQHQERX�� $XJVEHUJH�� %HFNV�� qlh
fh`gh�h[tykgblv�bo�ijbgZ^e_`ghklvx�dh�\lhjhfm�^hklZlhqgh�jZa[jhkZg-
ghfm�deZkkm��jbk�������� Z��ijZ\uc�deZkl_j�\�h[eZklb�\ukhdbo�dZehjbcgh-
kl_c��

H[jZsZ_l� lZd`_� gZ� k_[y� \gbfZgb_� baf_g_gb_� deZkkZ� ib\Z� 6FKOLW]� k
\lhjh]h� gZ� lj_lbc��Km^y� ih� ^bZ]jZff_� jbk�� ������ Z�� wlhl� khjl� ^_ckl\b-
l_evgh� gZoh^blky� gZ� djZx� deZkl_jZ� �� \� g_ihkj_^kl\_gghc� [ebahklb� hl
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]jZgbqguo�h[t_dlh\�deZkl_jZ����A^_kv�ijhy\behkv�hij_^_e_ggh_�jZaebqb_
\� Ze]hjblfZo� deZkl_jgh]h� b� ^bkdjbfbgZglgh]h� ZgZebaZ�� >b\bab\gu_
]jmiibjh\db�deZkl_jgh]h�ZgZebaZ�[Zabjmxlky�gZ�\u^_e_gbb�p_gljZevgh]h
h[t_dlZ�\�dZ`^hf�deZkl_j_�b�ihbkd_�[ebae_`Zsbo�d�g_fm�h[t_dlh\��Ijb
wlhf�iheh`_gb_�lZdh]h�h[t_dlZ�\�h[s_f�g_�kh\iZ^Z_l�k�]_hf_ljbq_kdbf
p_gljhf� deZkl_jZ��>bkdjbfbgZglguc�`_� ZgZeba� hp_gb\Z_l� ]jmiibjh\db
ih�fZdkbfmfm�^bkdjbfbgbjmxs_c�nmgdpbb��iheh`_gb_�dhlhjh]h�\�jy^_
kemqZ_\�[he__�khhl\_lkl\m_l�]_hf_ljbq_kdhfm�p_gljm�deZkl_jZ�

<� dZq_kl\_� mq_[ghc� aZ^Zqb� hklZ\ey_f� qblZl_eyf� ^bkdjbfbgZglguc
ZgZeba�j_amevlZlh\�deZkl_jbaZpbb�\�ghjfbjh\Zgghc�w\deb^h\hc�f_ljbd_
�jbk�� ������� b� kjZ\g_gby� j_amevlZlh\� k� \ur_jZkkfhlj_ggufb��Hlf_lbf
lhevdh�qlh�\�wlhf�kemqZ_�kf_g�deZkl_jh\�gZ[ex^Zlvky�g_�[m^_l�

Í�é�q�u�n�é����
Òjisq|j�������Înzéq·nxrqn�ljtt�n����wzq|

� Djueh =heh\Z Dex\ EZiu <_k Ihe
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

25.8
25.1
24.8
25.9
25.8
24.8
25.6
25.3
25.5
24.2

25
24.7
24.3
25.1
24.7
25.5
25.7
25.9
25.1
24.7
25.3
26.1

26
24.8
25.6
24.6
25.1
25.1
24.9
25.3
24.7
24.7
25.4
25.7
23.8
24.8
25.3
24.9
25.9

25

9.5
9.6
9.4
9.3
9.6
9.4
9.6
9.4
9.9
8.6
9.3
9.3
9.7
9.3
8.9
9.4
9.7
9.7
9.4
8.6
8.8
9.3
9.4
8.4
8.8
8.4
8.6
8.3
8.9
8.4
9.3
8.2
8.6
8.6
8.4
8.8
8.4
8.6
8.3
8.2

4.2
3.8
3.8
3.9
4.5
4.4
4.1
4.4

4
3.9
3.9
3.8

4
3.9
3.8
4.1
3.9

4
4.6
3.9
3.9
3.8
3.9

4
4.2

4
3.8
3.9
3.8
3.8

4
3.7

4
3.9
3.7
3.9
4.1
3.8
3.8
3.8

14.6
14.5

15
15.5
15.6
14.7
14.5
15.4
15.1
13.6
15.1
14.5
13.9
15.2
15.1
15.2
13.8
15.6
14.9
13.9
14.3

15
14.3
14.4

15
14.8
14.4
14.5
14.6
13.9
15.4
14.3
13.8
13.8
14.1
14.3
14.3

14
13.8
13.3

380
355
355
375
360
355
356
360
330
350
338
335
310
332
340
333
323
325
325
345
340
327
316
336
330
330
329
338
314
335
285
320
310
315
300
290
305
292
317
305

0
0
1
0
2
1
0
2
2
1
2
0
2
2
2
0
2
2
0
1
1
1
0
1
2
2
0
1
0
1
0
1
1
2
1
0
1
1
0
1
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41
42
43
44
45

26
25

25.7
24.8
25.3

8.5
8.4
8.4

8
8.2

3.7
3.8
3.9
3.6
3.6

13.7
13.3
14.8
13.2
13.3

300
290
300
294
292

2
1
1
0
1

d�j�l� j� ·� j��<� bkke_^h\Zgbb� h^gh]h� \b^Z� ilbp�nbdkbjh\Zebkv� bo
f_ljbq_kdb_�^Zggu_�b�iheh\Zy�ijbgZ^e_`ghklv�� ��²� kZf_p�� ��²� kZfdZ
�lZ[e�� ������nZce�%,5'61���Ihke_^gbc�ijbagZd�m�jy^Z�hkh[_c�ih�jZaguf
ijbqbgZf�g_�m^Zehkv�hij_^_eblv��agZq_gb_���\�klhe[p_�©Iheª�lZ[e��������
Ihwlhfm�\klZeZ� aZ^ZqZ�gZclb�deZkkbnbpbjmxsmx�nmgdpbx��ih�dhlhjhc
fh`gh�[ueh�[u�ijbibkZlv�ihe�g_hij_^_e_gguf�hkh[yf�

è�n�o�y�s���z�j�z����khdjZs_ggh��
>BKDJBFBG:GLGUC�:G:EBA���NZce��ELUGV�VWG

����JZkklhygb_�FZoZeZgh[bkZ ������agZqbfhklv �����
=bihl_aZ�����F_`deZkl_jgh_�jZkklhygb_�g_�hlebqgh�hl�gmey!
����DeZkk�����Dhwnnbpb_glu�^bkdjbfbgZglghc�nmgdpbb�D>�@�D>�@�����!
        1  -1.37E3     90.2     10.6     17.1     6.48    0.732
        2  -1.42E3     90.8     13.4     18.2     7.56    0.702

����H[t_dl���DeZkk������'A����AgZqbf�<_jhyl�hlg_k_gby
        1        2*     12.9    0.024    0.699
        2        2*     7.64    0.177    0.718
        3        2!     5.98    0.308     0.68
        4        2*     12.7   0.0263    0.752
        6        2!     6.34    0.274    0.754
        7        2*      5.1    0.403     0.82
       12        2*     3.29    0.656    0.618
       13        2      11.2   0.0467    0.848
       15        1!     4.61    0.465    0.537
       16        2*    0.672    0.984    0.912
       19        2*     14.8   0.0111    0.932
       22        2!      4.6    0.466     0.88
       23        2*     3.36    0.645    0.871
       26        1!     3.24    0.662    0.801
       27        1*    0.858    0.973    0.769
       29        2*     2.21     0.82    0.549
       31        2*     18.6  0.00228     0.96
       34        1!     2.39    0.793     0.73
       36        2*     6.31    0.277    0.592
       39        1*     4.33    0.503     0.87
       41        1!     4.94    0.423    0.732
       44        1*     3.31    0.653    0.971

Ìixy lntqn�énoys�zjzvk��DZd�ihdZaZeZ�ijh\_jdZ�]bihl_au�h�jZ-
\_gkl\_� gmex� jZkklhygby�FZoZeZgh[bkZ� �__� mjh\_gv� agZqbfhklb� hq_gv
\ukhd���deZkl_ju�beb�g_dhfiZdlgu��beb�`_�iehoh�jZa^_e_gu��>ey�hdhgqZ-
l_evgh]h�\u\h^Z�ke_^m_l�h[jZlblvky�d�ZgZebam� agZqbfhkl_c�gme_\uo� ]b-
ihl_a�^ey�h[t_dlh\�

Ba� bamq_gby� khdjZs_gghc� lZ[ebpu� j_amevlZlh\� fh`gh� k^_eZlv� ke_-
^mxsb_�\u\h^u�

                                                          
1�>Zggu_�k�khdjZs_gbyfb�ba�Zjob\Z�SPSS.
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���k_fv�ba����jZg__�deZkkbnbpbjh\Zgguo�h[t_dlh\�������������������������

����[ueb�hlg_k_gu�d�ijhlb\hiheh`_gghfm�deZkkm�k�\ukhdbfb�mjh\gy-
fb�agZqbfhklb��Z�^ey�h[t_dlZ�����agZqbfhklv�hlg_k_gby�d�deZkkm��
hdZaZeZkv�gb`_�djblbq_kdhc�

���^ey�q_luj_o�ba����\gh\v�deZkkbnbpbjh\Zgguo�h[t_dlh\�����������������

agZqbfhklv�hlg_k_gby�d�khhl\_lkl\mxs_fm�deZkkm�hdZaZeZkv�lZd`_�gb-
`_�djblbq_kdhc�
<�ijhp_glghf�hlghr_gbb�hlf_q_ggu_�hldehg_gby�g_�kebrdhf�\_ebdb

b�g_�fh]ml�y\eylvky�^hklZlhqguf�hkgh\Zgb_f�^ey�ijbagZgby�\k_c�deZkkb-
nbdZpbb� g_m^Zqghc�� H^gZdh� hgb� fh]ml� kem`blv� hkgh\Zgb_f� ^ey� [he__
]em[hdh]h�bamq_gby�kblmZpbb��<h�i_j\uo��ke_^m_l�ihkfhlj_lv��g_l�eb�ih-
]j_rghkl_c�\�kZfhc�f_lh^bd_�k[hjZ�bkoh^guo�^Zgguo��l��_��f_ljheh]bq_-
kdbo�beb�km[t_dlb\guo�ih]j_rghkl_c� �wlh� aZ�ij_^_eZfb�gZrbo�\hafh`-
ghkl_c�� ihkdhevdm� k[hjsbdb� ^Zgguo� g_^hklmigu��� <h�\lhjuo�� ihe_agh
\bamZevgh� bamqblv� ijhkljZgkl\_ggh_� jZkij_^_e_gb_� baf_j_gbc�� qlh[u
k^_eZlv�\u\h^�h�ohjhr_f�beb�iehohf�bo�jZa^_e_gbb�ih�iheh\hfm�ijbagZ-
dm��>ey�wlh]h�ke_^m_l�ijh\_klb�nZdlhjguc�ZgZeba�k�\u^Zq_c�^bZ]jZffu
jZkk_ygby�h[t_dlh\�gZ�iehkdhklv�i_j\uo�^\mo�]eZ\guo�dhfihg_gl��HklZ\-
ey_f�wlm�aZ^Zqm�\�dZq_kl\_�mq_[ghc�qblZl_eyf�

������ �rjsqévkjtqn
<h�fgh]bo�h[eZklyo�bkke_^h\Zgby� �\�ikboheh]bb��khpbheh]bb��[bheh-

]bb��ebg]\bklbd_�b�^jm]bo��qZklh�aZljm^gbl_evgh�beb�g_\hafh`gh�ijhba-
\_klb� g_ihkj_^kl\_ggh_� baf_j_gb_� i_j_f_gguo�� oZjZdl_jbamxsbo� bam-
qZ_fmx� ihimeypbx� h[t_dlh\�� Z�fh`gh� ebrv� wdki_jlguf� beb� dZdbf±lh
^jm]bf�h[jZahf�hp_gblv�\aZbfgmx�[ebahklv�beb�`_�jZaebqby�f_`^m�iZ-
jZfb�h[t_dlh\��<�lh�`_�\j_fy�^ey�^_lZevgh]h�ZgZebaZ�ihimeypbb�h[t_dlh\
�\� lhf� qbke_� b� jZkkfhlj_ggufb� \ur_� fgh]hf_jgufb� f_lh^Zfb�� `_eZ-
l_evgh� hi_jbjh\Zlv� bf_ggh� k� qbkeh\ufb� i_j_f_ggufb�� oZjZdl_jbamx-
sbfb�dZ`^uc�h[t_dl�bg^b\b^mZevgh�

Ëjotj·ntqn� �AZ^Zq_c�^Zggh]h�f_lh^Z�y\ey_lky�ihkljh_gb_�f_ljbq_-
kdh]h� ijhkljZgkl\Z� g_[hevrhc� jZaf_jghklb�� \� dhlhjh_� fh`_l� [ulv� ih-
]jm`_g�fgh]hf_jguc� ]jZn�� maeu� dhlhjh]h� khklZ\eyxl� h[t_dlu�� Z�^ebgZ
j_[_j�ijhihjpbhgZevgZ�jZkklhygbx�f_`^m�h[t_dlZfb�

Êx}vlt�n�ljtt�n�ij_^klZ\eyxlky�\�\b^_�d\Z^jZlghc�fZljbpu�\aZ-
bfguo�jZkklhygbc�dij �f_`^m�n�h[t_dlZfb��\�wlhc�fZljbp_�fh`_l�[ulv�aZ�
iheg_gZ� lhevdh� e_\Zy� gb`gyy� iheh\bgZ�� Z� hklZevgZy� qZklv� fh`_l� [ulv
aZiheg_gZ�gmeyfb��

bnpxzkq¹�q�énoys�zjz�� �:gZeba�ijhl_dZ_l�\�ke_^mxs_c�ihke_^h-
\Zl_evghklb�

��� Ëj·js�tvn� wéqisq ntqn��<uqbkey_lky� gZqZevgh_� ijb[eb`_-
gb_�f_ljbq_kdh]h�ijhkljZgkl\Z�jZkiheh`_gby�h[t_dlh\�f_lh^hf�]eZ\guo
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dhfihg_gl��ZgZeh]bqgh�jZa^��������b�gZ�wdjZg�\u\h^blky�lZ[ebpZ��]^_�^ey
dZ`^h]h�ijhkljZgkl\_ggh]h�baf_j_gby�ijb\h^ylky�
• kh[kl\_ggh_�agZq_gb_��ijhihjpbhgZevgh_�qZklb�h[s_c�^bki_jkbb�wdk-

i_jbf_glZevguo�^Zgguo��ijboh^ys_cky�gZ�^Zggh_�baf_g_gb_�
• ijhp_gl�iheghc�^bki_jkbb��ijboh^ys_cky�gZ�dZ`^h_�baf_j_gb_�
• ijhp_gl�gZdhie_gghc�^bki_jkbb�

FZehagZqbl_evgu_�baf_j_gby��kh[kl\_ggu_�agZq_gby�dhlhjuo�khklZ\-
eyxl�f_g__����hl�gZdhie_gghc�^bki_jkbb��\�\u^Zq_�himkdZxlky�

���Înzvl��¡rjsqévkjtq¹��>Ze__�gm`gh�\u[jZlv�f_lh^�rdZebjh-
\Zgby�ba�ke_^mxsbo�\hafh`ghkl_c��jbk���������

• f_ljbq_kdh_�rdZebjh\Zgb_�ih�f_lh^m�Lhj]_jkhgZ��Torgerson);
• g_f_ljbq_kdh_�rdZebjh\Zgb_�ih�f_lh^Zf�R_iZj^Z±DjmkdZeZ

(Shepard–Kruskal��b�=h\_jZ��Gover���dhlhju_�jZaebqZxlky�nhjfmeZfb
hp_gdb�klj_kkZ��klj_kk�²�ihdZaZl_ev�g_\yadb�beb�g_kh\iZ^_gby�f_`^m
bkoh^gufb�b�\uqbke_ggufb�jZaebqbyfb�f_`^m�h[t_dlZfb��\uklm-
iZxsbc�\�dZq_kl\_�nmgdpbhgZeZ�Ze]hjblfZ�fbgbfbaZpbb��

• aZdhgqblv�ZgZeba�
Înzéqrq��<� kemqZ_�g_f_ljbq_kdh]h�rdZebjh\Zgby�g_h[oh^bfh�mdZ-

aZlv�jZaf_jghklv�ijhkljZgkl\Z�rdZebjh\Zgby��g_�ij_\urZxs_]h�dhebq_-
kl\Z� jZkkqblZgguo� gZ� i_j\hf� wlZi_� dhfihg_gl�� b� \u[jZlv�f_ljbdm� beb
f_lh^�\uqbke_gby�jZkklhygbc�f_`^m�h[t_dlZfb��jbk���������

Jbk���������F_gx�\u[hjZ�f_lh^Z�rdZebjh\Zgby

Jbk���������F_gx�\u[hjZ�f_ljbdb�rdZebjh\Zgby
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<�kemqZ_�f_ljbd�Fbgdh\kdh]h�b�Dhefh]hjh\Z�\�ihe_�\\h^Z�g_h[oh^b-
fh�mdZaZlv�ihdZaZl_ev�kl_i_gb�f_ljbdb���p<���Z�\�kemqZ_�f_ljbdb�Dhefh-
]hjh\Z�g_h[oh^bfh�\\_klb�agZq_gby�\_kh\�^ey�dhhj^bgZlguo�hk_c�wk>0.

���ènoys�zjz���Hkgh\gufb�j_amevlZlZfb�ZgZebaZ�y\eyxlky�
• lZ[ebpZ�dhhj^bgZl�h[t_dlh\�
• jbkmghd�ijh_dpbb�h[t_dlh\�gZ�iehkdhklv�^\mo�mdZaZgguo�\�[eZgd_��kf�

jbk��������dhhj^bgZlguo�hk_c��ijb�wlhf�aZijhku�hq_j_^ghc�iehkdhklb
ijh_dpbb�ih\lhjyxlky�^h�hlf_gu�[eZgdZ�

• agZq_gby�klj_kkZ��\uqbke_ggu_�ih�jZaebqguf�nhjfmeZf�
• dhwnnbpb_gl�dhjj_eypbb�f_`^m�bkoh^gufb�jZkklhygbyfb��[ebahkly-

fb��h[t_dlh\�b�jZkklhygbyfb�f_`^m�gbfb�\�ihkljh_gghf�ijhkljZgkl\_
rdZebjh\Zgby��\�kemqZ_�f_ljbq_kdh]h�rdZebjh\Zgby�\u^Z_lky�ihke_-
^h\Zl_evghklv�dhwnnbpb_glh\�dhjj_eypbb�^ey���f_jgh]h����f_jgh]h�b
l��^��ijhkljZgkl\��

<uqbke_ggu_�dhhj^bgZlu�h[t_dlh\�k�jbkmgdZ�fh`gh�khojZgblv
\� we_dljhgghc� lZ[ebp_� ^ey� ihke_^mxs_]h� ZgZebaZ� �gZijbf_j�
^ey�deZkl_jbaZpbb��kjZ\g_gby�jZaebqbc��j_]j_kkbhggh]h�ZgZebaZ

b� l�� i��� gZ`Zlb_f� gZ� bgkljmf_glZevgmx� ]jZnbq_kdmx� dghidm� ©Kh-
oj=jZn».

Ihke_�wlh]h�ZgZeba�fh`_l�[ulv�ih\lhj_g�k�i���

Ìméjtq·ntqn��F_lh^�g_ijbf_gbf��_keb�m>l��]^_�l� ��������������ijb
h[t_f_�fZljbpu�^Zgguo�\��� 000, 20 ����������qbk_e�
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Í�é�q�u�n�é����
d� j� l� j� ·� j��<� k_gly[j_� ����� ]�� [ue� ijh\_^_g� hijhk� ih� hp_gd_� \

lj_o[Zeevghc�rdZe_�\aZbfguo�jZaebqbc�f_`^m�\hk_fvx�\_^msbfb�\� lh
\j_fy�iheblbq_kdbfb�^_yl_eyfb��lZ[e��������nZce�06&��

Òjisq|j�������èjosq·q¹�un ly�wvwys¹ét�uq�wvsqzq·nxrquq�sqlnéjuq������m�

Popov Gidaspov Gorbi Bush Eltsin Lansberg Ligachev Sobchak

0 - - - - - - -

2 0 - - - - - -

2 1 0 - - - - -

1 2 1 0 - - - -

1 2 2 2 0 - - -

1 3 2 1 2 0 - -

3 1 2 3 2 3 0 -

1 3 1 1 1 1 3 0

Lj_[m_lky�hij_^_eblv�hkgh\gu_�khpbheh]bq_kdb_�b�iheblbq_kdb_�nZd-
lhju��^_ckl\mxsb_�gZ�fg_gb_�j_kihg^_glh\��Z�lZd`_�bkke_^h\Zlv�\aZbf-
gh_�iheh`_gb_�iheblbq_kdbo�eb^_jh\�\�ijhkljZgkl\_�wlbo�nZdlhjh\�

Ijhba\_^_f� g_iZjZf_ljbq_kdh_�rdZebjh\Zgb_� wlbo� ^Zgguo� \� w\deb�
^h\hc�f_ljbd_� k�fbgbfbaZpb_c� ih� klj_kkm� ��DjZkd_eZ� \� ��f_jghf� ijh-
kljZgkl\_�b�k�\u^Zq_c�]jZnbdZ�ijh_dpbb�gZ�iehkdhklv�i_j\uo�^\mo�dhf-
ihg_gl�
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è�n�o�y�s���z�j�z���

FGH=HF?JGH?�RD:EBJH<:GB?���NZce��PVF�VWG

��������������Kh[kl\_ggu_�agZq_gby�dhhj^bgZlguo�hk_c�rdZebjh\Zgby
Dhhj^bgZlZ�����������������������������������������������������
Kh[kl\�ag������������������������������������
�>bki_jk�������������������������������������
GZdhie_g�������������������������������������

��������F_lh^��DjZkd_e��W\deb^
������������Dhhj^bgZlu�h[t_dlh\�\�j_amevlZl_�rdZebjh\Zgby
Dhhj^bgZlZ���������������������������������������������������
    Popov    0.764   -0.651
 Gidaspov    -1.44    0.463
    Gorbi   -0.338    0.807
     Bush    0.667    0.732
   Eltsin  -0.0465    -1.08
 Lansberg     1.49      0.2
 Ligachev    -1.97   -0.382
  Sobchak    0.873  -0.0874
&lj_kk����� �������������������������

Ìixy lntqn�� DZd� ke_^m_l� ba� qbkeh\hc� \u^Zqb�� bkoh^gu_� ^Zggu_
m\_j_ggh� ih]jm`Zxlky� \� ��f_jgh_� ijhkljZgkl\h�� \� dhlhjhf� i_j\u_� ^\Z
nZdlhjZ� ihdju\Zxl� ���� ^bki_jkbb�� Ijh_dpby� h[t_dlh\� gZ� iehkdhklv
i_j\uo� ^\mo� nZdlhjh\� �jbk�� ������� k� mq_lhf� iheblbq_kdhc� hjb_glZpbb
eb^_jh\� iha\hey_l� ^hklZlhqgh� m\_j_ggh� bgl_jij_lbjh\Zlv� i_j\mx� ]eZ\-
gmx�hkv��Z[kpbkk��dZd�©^_fhdjZlbqghklvª�beb�©ihimeyjghklvª��Z�\lhjmx
²�dZd�©ijbagZgghklv�\�dZq_kl\_�hnbpbZevgh]h�iheblbq_kdh]h�^_yl_ey».

>ey� kjZ\g_gby� ijb\_^_f� j_amevlZlu�rdZebjh\Zgby�f_lh^hf� Lhj]_j-
khgZ��jbk����������AZf_lgh_�hlebqb_�aZdexqZ_lky�lhevdh�\�k[eb`_gbb�Ih-
ih\Z� b� Kh[qZdZ�� Hlf_lbf�� qlh� ^ey� ^Zggh]h� ijbf_jZ� nhjfmeZ� hp_gdb

Jbk���������JZkiheh`_gb_�iheblbq_kdbo�eb^_jh\������]��\�iehkdhklb�i_j\uo�^\mo
nZdlhjh\
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klj_kkZ�=h\_jZ�^Z_l�j_amevlZlu��[ebadb_�d�Lhj]_jkhgm��Z�\k_�ljb�nhjfmeu
klj_kkZ�DjZkd_eZ�^Zxl�ijZdlbq_kdb�b^_glbqgu_�j_amevlZlu�

Í�é�q�u�n�é����
Ijh\_jbf�wnn_dlb\ghklv�ijhp_^mju�fgh]hf_jgh]h�rdZebjh\Zgby�gZ

ke_^mxs_f�gZ]ey^ghf�ijbf_j_��<havf_f�dZjlm�KKKJ�b�gZ�g_c�\u[_j_f
dhhj^bgZlu�djmiguo�]hjh^h\��>Ze__�baf_jy_f�\aZbfgu_�jZkklhygby�f_`-
^m�\k_fb�iZjZfb�]hjh^h\�b�hdjm]ey_f�bo�kh�kemqZcgufb�ih]j_rghklyfb�
^Z[u�k^_eZlv�]jZn�jZkklhygbc�g_iehkdbf��lZ[e��������nZce�72:1��

Òjisq|j�������Íéqisqoqzns�t�n�éjxxzv¹tq¹�un ly�mvévljuq�fffè

Fhkd\Z Db_\ KI; :joZg KZjZlh\ I_jfv DjZkgh^ Fbgkd DZaZgv :kljZo

0 - - - - - - - - -
47 0 - - - - - - - -
39 65 0 - - - - - - -
62 105 47 0 - - - - - -
45 68 83 92 0 - - - - -
72 116 93 69 60 0 - - - -
75 54 109 135 56 116 0 - - -
42 27 43 87 78 113 80 0 - -
45 85 74 67 32 32 87 86 0 -
81 86 119 130 39 78 45 105 66 0

H[jZ[hlZ_f� ihemq_ggmx� fZljbpm� \aZbfguo� jZkklhygbc� ijhp_^mjhc
fgh]hf_jgh]h�rdZebjh\Zgby� b� kjZ\gbf� ihemq_gguc� j_amevlZl� k� jZkih-
eh`_gb_f�]hjh^h\�gZ�dZjl_�KKKJ�

Jbk���������J_amevlZlu�f_ljbq_kdh]h�rdZebjh\Zgby�f_lh^hf�Lhj]_gkhgZ
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Æ���k�v�l����J_amevlZlu�rdZebjh\Zgby��jbk���������\iheg_�khhl\_l-
kl\mxl�j_Zevghfm�jZkij_^_e_gb_�]hjh^h\�gZ�dZjl_�KKKJ�

Jbk��������JZkiheh`_gb_�]hjh^h\�KKKJ��aZiZ^�\\_jom�



sjkj����

ÆcèÌ�ÒËÌfÒÊ��Ê��ï¬fÒÌÒÔ
©<±K_[_±b±^ey±K_[y±Kmsbc±>moª

[=_]_ev��N_ghf_gheh]by�Z[khexlgh]h�^moZ]

<� ^Zgghc� ]eZ\_� jZkkfZljb\Zxlky� ki_pbZevgu_� jZa^_eu� fZl_fZlbq_-
kdhc�klZlbklbdb��k\yaZggu_�k�\uqbke_gb_f�\_jhylghklb�kh[ulbc�^ey�jZa-
ebqguo�aZdhgh\�jZkij_^_e_gby��jZa^���������djbl_jbb�kh]eZkby�wfibjbq_-
kdh]h�b�l_hj_lbq_kdh]h�jZkij_^_e_gbc��jZa^���������kh]eZkby�qZklhl�kh[u-
lbc� �^he_c�� jZa^�� ������� ihke_^h\Zl_evguc� ZgZeba� hldehg_gbc� gZ[ex^Z_-
fhc�qZklhlu�hl�aZ^Zggh]h�mjh\gy� �jZa^��������b�ZgZeba�djb\uo�\u`b\Z_-
fhklb��jZa^��������

������ fsy·jpt�n�knsq·qt�
���������q�éjxwénlnsntq¹

<�l_hjbb�\_jhylghkl_c�jZaebqZxl�^\Z�hkgh\guo�deZkkZ�kemqZcguo�\_-
ebqbg�
Z� ^bkdj_lgu_��fgh`_kl\h�agZq_gbc�dhlhjuo�ij_^klZ\ey_l�kh[hc�dhg_q�
gmx�beb�kq_lgmx�ihke_^h\Zl_evghklv�

[�g_ij_ju\gu_��agZq_gby�dhlhjuo�ijbgZ^e_`Zl�d�g_dhlhjhfm�^bZiZahgm
b�fh]ml�hlebqZlvky�^jm]�hl�^jm]Z�gZ�kdhev�m]h^gh�fZemx�\_ebqbgm�
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������ Æ�·qxsntq¹�knév¹ztvxznp
Ëjotj·ntqn� �<� ^Zgghf� jZa^_e_� jZkkfhlj_gu� \uqbke_gby� agZq_gbc

nmgdpbb�\_jhylghklb�gZb[he__�mihlj_[bl_evguo�\�ijZdlbd_�^bkdj_lguo
b�g_ij_ju\guo�jZkij_^_e_gbc�

bnpxzkq¹�q�énoys�zjz��
���KgZqZeZ� ke_^m_l� \u[jZlv� lbi� ^bkdj_lgh]h� beb� g_ij_ju\gh]h� jZk-

ij_^_e_gby��f_gx�²�jbk���������ihke_�q_]h�\\_klb�iZjZf_lju�jZkij_^_e_�
gby��>ey�dZ`^h]h�g_ij_ju\gh]h�jZkij_^_e_gby�\�f_gx�bf_xlky�^\Z�\Zjb-
ZglZ��ijyfh_�b�h[jZlgh_�jZkij_^_e_gb_�

���Íé¹uvn�éjxwénlnsntqn��<�kemqZ_�ijyfh]h�jZkij_^_e_gby�g_-
h[oh^bfh� mdZaZlv� agZq_gby� h^gh]h� beb� ^\mo� iZjZf_ljh\� jZkij_^_e_gby
�jbk��������

Jbk��������F_gx�\u[hjZ�jZkij_^_e_gby
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Jbk��������;eZgd�mklZgh\db�iZjZf_ljh\
ijyfh]h�jZkij_^_e_gby

Jbk��������;eZgd�mklZgh\db�qbkeZ�\u-
qbkey_fuo�agZq_gbc�^bkdj_lgh]h�jZk-

ij_^_e_gby

bqxrénztvn� éjxwénlnsntqn��<� kemqZ_� ^bkdj_lgh]h� jZkij_^_e_-
gby� gm`gh� mdZaZlv� qbkeh� \uqbkey_fuo� agZq_gbc� jZkij_^_e_gby� �jbk�
�������;m^ml� \uqbke_gu� \k_�mdZaZggu_� agZq_gby�nmgdpbb� \_jhylghklb�b
iehlghklb�\_jhylghklb�

Ënwéné�ktvn� éjxwénlnsntqn�
<� kemqZ_� g_ij_ju\gh]h� jZkij_^_e_gby
gm`gh� mdZaZlv� ^\Z� agZq_gby� Zj]mf_glZ
X1�b�X2 �jbk���������^ey�dhlhjuo�\uqbk-
eyxlky� agZq_gby� nmgdpbb� jZkij_^_e_-
gby�

;m^ml� \uqbke_gu� agZq_gby� \_jhyl-
ghklb�� khhl\_lkl\mxsb_� \\_^_gguf
iZjZf_ljZf�b�\_jhylghklv�ihiZ^Zgby�X

\�^bZiZahg�X1–X2� �\�kemqZ_�\\h^Z�h^gh]h�agZq_gby�O��iheZ]Z_lky�O�=0).
AZl_f�aZijhku�iZj�agZq_gbc�X�[m^ml�ijh^he`_gu�^h�hlf_gu�[eZgdZ�\\h-
^Z�

���Ìiéjztvn�éjxwénlnsntqn��<�kemqZ_�h[jZlgh]h�jZkij_^_e_gby
g_h[oh^bfh�\\_klb�agZq_gb_�\_jhylghklb�P��ihke_�q_]h�[m^_l�\uqbke_gh
khhl\_lkl\mxs__�agZq_gb_�iZjZf_ljZ�X.

<� j_amevlZlZo� mdZau\Zxlky� gZa\Zgb_� jZkij_^_e_gby� b� \u[hjhqgu_
agZq_gby�kj_^g_]h��klZg^Zjlgh]h�hldehg_gby�b�^bki_jkbb�

Qbkeh\u_� j_amevlZlu� ^hihegyxlky� ]jZnbdZfb� nmgdpbb� \_jhylghklb
jZkij_^_e_gby�b�iehlghklb�\_jhylghklb��jbk��������������

Ìméjtq·ntq¹�
nlog(1–P��!�±���²�[bghfbZevgh_�jZkij_^_e_gb_�
klog(1–P��!�±���²�hljbpZl_evgh_�[bghfbZevgh_�jZkij_^_e_gb_�
n<N–S�beb�n<S�²�]bi_j]_hf_ljbq_kdh_�jZkij_^_e_gb_�

Jbk��������;eZgd�mklZgh\db�^\mo
\uqbkey_fuo�agZq_gbc�g_ij_ju\-

gh]h�jZkij_^_e_gby
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Í�é�q�u�n�é���
d�j�l�j�·�j��<uqbkeblv����agZq_gbc�nmgdpbb�\_jhylghklb�[bghfb-

Zevgh]h�jZkij_^_e_gby�k�\_jhylghklvx�mki_oZ�����b�qbkehf�bkiulZgbc���
b�ihkljhblv�]jZnbd�jZkij_^_e_gby�

è�n�o�y�s���z�j�z���

<UQBKE?GB?�<?JHYLGHKL?C��JZkij_^_e_gb_�[bghfbZevgh_������������
Kj_^g__ ���>bki_jkby �����Kl�hldehg_gb_ ����

Nmgdpby�jZkij_^_e_gby�\_jhylghkl_c
        r      P(=r)     P(X<=r)
        0     5.9E-6     5.9E-6
        1   0.000138   0.000144
        2    0.00145    0.00159
        3      0.009     0.0106
        4     0.0368     0.0473
        5      0.103       0.15
        6        0.2       0.35
        7      0.267      0.617
        8      0.233      0.851
        9      0.121      0.972
       10     0.0282          1

Jbk��������=jZnbd�\_jhylghklb�b�iehlghklb�\_jhylghklb�qbkeZ�mki_oh\�X (X = 0, 1,
�������\����bkiulZgbyo�ijb�\_jhylghklb�mki_oZ�\�h^ghf�bkiulZgbb��jZ\ghc������[b-

ghfbZevgh_�jZkij_^_e_gb_�
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Í�é�q�u�n�é����
d�j�l�j�·�j��<uqbkeblv�g_kdhevdh� agZq_gbc�nmgdpbb� \_jhylghklb

jZkij_^_e_gby�<_c[meeZ� k�iZjZf_ljZfb��fZkrlZ[Z�� jZ\guf� ���b�nhjfu�
jZ\guf����b�ihkljhblv�]jZnbd�jZkij_^_e_gby�

Z [

è�n�o�y�s���z�j�z���

<UQBKE?GB?�<?JHYLGHKL?C���JZkij_^_e_gb_�<_c[meeZ����

Kj_^g__ ������>bki_jkby ������Kl�hldehg_gb_ ����
        x1     F(x1)      x2     F(x2)    F(x1)–F(x2)
        1        2       0.118    0.632       0.515
        2        3       0.632    0.966       0.334
        3        4       0.966        1       0.0339
        4        5           1        1       0.000335
        5        6           1        1       1.64E-7
        6        7           1        1       1.82E-12
        7        8           1        1       0

������ fvmsjxqn�éjxwénlnsntqp
Ëjotj·ntqn� �F_lh^�ij_^gZagZq_g�^ey�ijh\_jdb�]bihl_au�h[�hlkml-

kl\bb�jZaebqbc�f_`^m�wfibjbq_kdbf�b�l_hj_lbq_kdbf�jZkij_^_e_gbyfb�
<�j_ZebaZpbb�bkihevah\Zg�jy^�kh\j_f_gguo�j_amevlZlh\�ih�ZiijhdkbfZ�
pbb�jZkij_^_e_gbc� klZlbklbd�Dhefh]hjh\Z�b�hf_]Z±d\Z^jZl�^ey�jZaebq�
gh]h�lbiZ�jZkij_^_e_gbc�

bnpxzkq¹�q�énoys�zjz�� �KgZqZeZ�gm`gh�\u[jZlv�^ey�ZgZebaZ�i_-
j_f_ggmx�ba�we_dljhgghc�lZ[ebpu��kf��jbk��������ij_^klZ\eyxsmx�wdki_-
jbf_glZevgh_�jZkij_^_e_gb_�

>Ze__�ke_^m_l�\u[jZlv�lbi�g_ij_ju\gh]h�l_hj_lbq_kdh]h�jZkij_^_e_-
gby��jbk��������

J_amevlZlu�\dexqZxl�

Jbk��������=jZnbdb�jZkij_^_e_gby�<_c[meeZ�k�iZjZf_ljZfb��nhjfu��jZ\guf����b
fZkrlZ[Z��jZ\guf���

Z�²�nmgdpbb�\_jhylghklb��[�²�nmgdpbb�iehlghklb�\_jhylghklb
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• agZq_gb_�klZlbklbdb�Dhefh]hjh\Z D
k�mjh\g_f�agZqbfhklb�P�gme_\hc�]bih-
l_au�h[�hlkmlkl\bb�jZaebqbc�f_`^m
wfibjbq_kdbf�b�l_hj_lbq_kdbf�jZk-
ij_^_e_gbyfb�

• agZq_gb_�klZlbklbdb�hf_]Z±d\Z^jZl
W k�mjh\g_f�agZqbfhklb�P�gme_\hc
]bihl_au�
>Ze__��ih�ih^l\_j`^_gbx��fh`_l�[ulv

ihkljh_g� ]jZnbd� nmgdpbb� \_jhylghklb
l_hj_lbq_kdh]h�jZkij_^_e_gby�k�^bZ]jZf-
fhc� jZkk_ygby� wfibjbq_kdh]h� jZkij_^_�

e_gby��jbk��������

 

 

Jbk��������F_gx�\u[hjZ�l_hj_lb-
q_kdh]h�jZkij_^_e_gby
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Í�é�q�u�n�é����
d�j�l�j�·�j��<uihegblv�ijh\_jdm�khhl\_lkl\by�l_hj_lbq_kdh]h�jZk-

ij_^_e_gby�b� wfibjbq_kdh]h�jZkij_^_e_gby� \u[hjdb�h[t_fhf� ���qbk_e�
ihemq_gghc�]_g_jZpb_c�ih�jZkij_^_e_gbx�<_c[meeZ�k�iZjZf_ljZfb��fZk-
rlZ[Z��jZ\guf� ���b�iZjZf_ljhf�nhjfu��jZ\guf� ���b�\u^Zlv�kh\f_klguc
]jZnbd�l_hj_lbq_kdh]h�b�wfibjbq_kdh]h�jZkij_^_e_gbc�

è�n�o�y�s���z�j�z���

KH=E:KB?�J:KIJ?>?E?GBC���JZkij_^_e_gb_�<_c[meeZ������������

Dhefh]hjh\ ��������AgZqbfhklv ���kl_i�k\h[� ���
=bihl_aZ�����JZkij_^_e_gb_�g_�hlebqZ_lky�hl�l_hj_lbq_kdh]h!
Hf_]Z±d\Z^jZl �������AgZqbfhklv ���kl_i�k\h[� ���
=bihl_aZ�����JZkij_^_e_gb_�g_�hlebqZ_lky�hl�l_hj_lbq_kdh]h!

������ fvmsjxqn�·jxzvz�xvi�zqp
�lvsnp�

Ëjotj·ntqn� �>Zgguc�f_lh^�ijh\_jy_l�h^gm�ba�^\mo�]bihl_a�
• h�jZ\_gkl\_�gZ[ex^Z_fuo�qZklhl�ihy\e_gby�^\mo�kh[ulbc��kjZ\g_gb_

^\mo�^he_c��
• h�jZ\_gkl\_�qZklhlu�l_hj_lbq_kdhc�\_jhylghklb�kh[ulby�
• Z�lZd`_�iha\hey_l�\uqbkeblv�fbgbfZevgh_�qbkeh�gZ[ex^_gbc��g_h[-

oh^bfh_�^ey�hij_^_e_gby�qZklhlu�g_dhlhjh]h�kh[ulby�k�aZ^Zgghc
lhqghklvx�
bnpxzkq¹�q�énoys�zjz�� �KgZqZeZ�gZ^h�\\_klb�bkoh^gu_�^Zggu_�b

\u[jZlv�\ZjbZglZ�ZgZebaZ��jbk��������

Jbk��������=jZnbdb�wfibjbq_kdh]h�b�l_hj_lbq_kdh]h
�<_c[meeZ��jZkij_^_e_gbc
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<�kemqZ_�kjZ\g_gby�^\mo�qZklhl�gm`gh
\\_klb� ^\_� iZju� qbk_e� m1, n1� b� m2, n2
�qbkeh�gZ[ex^_gguo�kh[ulbc�b�qbkeh�gZ-
[ex^_gbc���Ihke_�wlh]h�\u^Z_lky�agZq_gb_
Z±klZlbklbdb�b�mjh\_gv� agZqbfhklb�P�gm-
e_\hc�]bihl_au�hlkmlkl\by�jZaebqbc�f_`�
^m� ^\mfy� qZklhlZfb�� <uqbkey_lky� lZd`_
\_ebqbgZ� jZaghklb� qZklhl� b� iheh\bgZ� __
^h\_jbl_evgh]h�bgl_j\ZeZ�df.

Bkihevah\Zgb_� ^h\_jbl_evgh]h� bgl_j-
\ZeZ�jZaghklb�qZklhl�\�jy^_�kemqZ_\�ij_^-
ihqlbl_evg__�� \� qZklghklb�� hgh� iha\hey_l
dhebq_kl\_ggh� khihklZ\eylv� jZagu_� j_-
amevlZlu��ih^jh[g__�kf��jZa^�������

<� kemqZ_� kjZ\g_gby� gZ[ex^Z_fhc� qZk-
lhlu�k�l_hj_lbq_kdhc�\_jhylghklvx�^Zggh]h�kh[ulby�ke_^m_l�\\_klb�ljb
iZjZf_ljZ��qbkeh�gZ[ex^_gguo�kh[ulbc����qbkeh�gZ[ex^_gbc���b�l_hj_-
lbq_kdmx�\_jhylghklv�kh[ulby��Ihke_�wlh]h�\u^Z_lky� agZq_gb_�Z±klZlb-
klbdb� b� mjh\_gv� agZqbfhklb� P� gme_\hc� ]bihl_au� hlkmlkl\by� jZaebqbc
f_`^m�gZ[ex^_gghc�qZklhlhc�b�l_hj_lbq_kdhc�\_jhylghklvx�

>ey�\uqbke_gby�fbgbfZevgh�g_h[oh^bfh]h�qbkeZ�gZ[ex^_gbc�\�f_gx
ke_^m_l� \\_klb� wdki_jbf_glZevgmx� \_jhylghklv� kh[ulby� b� `_eZ_fmx
lhqghklv�__�hp_gdb�

Ìméjtq·ntqn� Z±ZiijhdkbfZpby�^ey� djbl_jby�jZ\_gkl\Z�qZklhl�ijb-
f_gbfZ� ijb� ^hklZlhqgh� [hevrhf� qbke_� gZ[ex^_gbc�� m1, n1−m1, m2,
n2−m2 > 5.

Jbk��������F_gx�\u[hjZ�f_lh^Z
kh]eZkby�qZklhl
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Í�é�q�u�n�é���
d�j�l�j�·�j��<�h^ghc�\u[hjd_�h[t_fZ������hdZaZehkv����[jZdh\Zgguo

ba^_ebc��\�^jm]hc�\u[hjd_�h[t_fZ�����\uy\e_gh����[jZdh\Zgguo�ba^_ebc�
G_h[oh^bfh�ijh\_jblv��kh\iZ^Zxl�eb�qZklhlu�ihy\e_gby�[jZdh\Zgguo�ba-
^_ebc��;hevrh_�qbkeh�gZ[ex^_gbc�iha\hey_l�bkihevah\Zlv�Z±klZlbklbdm�

è�n�o�y�s���z�j�z���

KH=E:KB?�Q:KLHL�
=� ±�������agZqbfhklv ����?±�
=bihl_aZ�����QZklhlu�kh[ulbc�kh\iZ^Zxl!
JZaghklv�qZklhl ��������^h\_jbl�bgl_j\Ze ������

Æ�kvl���J_amevlZlu�ZgZebaZ�g_�iha\heyxl�ijbgylv�gb�h^gm�ba�]bih-
l_a�h�khhlghr_gbb�qZklhl�ihy\e_gby�[jZdZ��mjh\_gv�agZqbfhklb�[ebahd�d
djblbq_kdhfm� agZq_gbx� ������� ihwlhfm� lj_[m_lky� gZdhie_gb_� ^hihegb-
l_evguo�^Zgguo��Wlh�ih^l\_j`^Z_l�b�ijhlb\hiheh`guc� \u\h^�ih� kjZ\-
g_gbx�jZaghklb�qZklhl�k�^h\_jbl_evguf�bgl_j\Zehf��dhlhjuc��g_kfhljy
gZ�[ebahklv�d�jZaghklb�qZklhl��g_�\dexqZ_l�gme_\h_�agZq_gb_�

Í�é�q�u�n�é���
d�j�l�j�·�j��Ijh^he`bf�ZgZeba�khhlghr_gbc�\klj_qZ_fhklb�ljhf[h-

aZ�ijb�ijb_f_� ZkibjbgZ�b� dhgljhe_�ba�ijbf_jZ� �� jZa^�� �����ijb�ijb_f_
ZkibjbgZ�gZ[ex^Zehkv���kemqZ_\�ljhf[haZ�m����[hevguo��Z�\�dhgljhevghc
]jmii_�²����kemqZ_\�m����[hevguo��;hevrh_�qbkeh�gZ[ex^_gbc�iha\hey_l
bkihevah\Zlv�Z±klZlbklbdm�

è�n�o�y�s���z�j�z���

KH=E:KB?�Q:KLHL�
= ������AgZqbfhklv �������
���=bihl_aZ�����QZklhlu�kh[ulbc�g_�kh\iZ^Zxl!
JZaghklv�qZklhl �������^h\_jbl�bgl_j\Ze �����

Æ���k�v�l����J_amevlZlu�ZgZebaZ�iha\heyxl�k�^hklZlhqghc�m\_j_ggh-
klvx��J �������agZqbl_evgh�gb`_�djblbq_kdh]h�agZq_gby�������Z�^h\_jb-
l_evguc� bgl_j\Ze� hlghkbl_evgh� jZaghklb� qZklhl� g_� \dexqZ_l� gme_\h_
agZq_gb_��ijbgylv�]bihl_am�h�jZaebqbb�wlbo�^\mo�qZklhl��qlh�ih^l\_j`^Z-
_l�j_amevlZlu�ijbf_jZ���ba�jZa^������

������ Ívxsnlvkjzns�t�p�jtjsqo
Ëjotj·ntqn� F_lh^�ihke_^h\Zl_evgh]h�ZgZebaZ�iha\hey_l�\�oh^_�ih-

ke_^h\Zl_evguo� gZ[ex^_gbc� baf_g_gby� ihdZaZl_ey� x� ihkj_^kl\hf� ijh-
\_jdb�gme_\hc�]bihl_au�x=x0�hlghkbl_evgh�Zevl_jgZlb\u�x<x0+d�j_rZlv�
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ijh^he`blv�eb�^Ze__�ijhp_kk�gZ[ex^_gbc��beb�`_�bo�h[t_f�m`_�^hklZ�
lhq_g�^ey�ijbgylby�lhc�beb�bghc�]bihl_au�

Wlhl�f_lh^�hkh[_ggh�ihe_a_g�\�l_o�kemqZyo��dh]^Z�dZ`^h_�gh\h_�gZ[�
ex^_gb_�k\yaZgh�k�kms_kl\_ggufb�hj]ZgbaZpbhggufb�beb�fZl_jbZevgu�
fb�aZljZlZfb�

Êx}vlt�n�ljtt�n�ij_^klZ\eyxl�kh[hc�^\_�i_j_f_ggu_�
���ihke_^h\Zl_evghklv�fhf_glh\�baf_j_gbc�ti;
���ihke_^h\Zl_evghklv�baf_j_gbc�bkke_^m_fh]h�ihdZaZl_ey�xi.
bnpxzkq¹�q�énoys�zjz�� �KgZqZeZ�ba�we_dljhgghc�lZ[ebpu�ke_^m_l

\u[jZlv�^\_�i_j_f_ggu_�t�b�x�^ey�ZgZebaZ��kf��lbih\h_�f_gx�jbk�������
>Ze__�gm`gh�\\_klb�ljb�iZjZf_ljZ�gme_\hc�b�Zevl_jgZlb\ghc�]bihl_a

�jbk����������x0��hp_gdm�klZg^Zjlgh]h�hldehg_gby�bkke_^m_fh]h�ihdZaZl_ey
Sx�b�d.

Kljhblky�]jZnbd�gZdhie_gghc�kmffu�xi–x0�b
h]jZgbq_ggZy� ^\mfy� ebgbyfb� h[eZklv� L+, L–
ijbgylby�gme_\hc�]bihl_au�ih�\u[jZgghfm�djb-
lbq_kdhfm�mjh\gx�agZqbfhklb�α.

Gh\u_�bkiulZgby�j_dhf_g^m_lky�ijh^he`Zlv
^h� l_o� ihj�� ihdZ� ]jZnbd� g_� klZ[bebabjm_lky
\gmljb�h[eZklb�ijbgylby�gme_\hc� ]bihl_au�beb
`_� \uc^_l�ba� wlhc� h[eZklb� \\_jo� �Zevl_jgZlb\Z
x>x0+d��beb�\gba��Zevl_jgZlb\Z�x<x0–d).

Í�é�q�u�n�é
d�j�l�j�·�j��;ueh�mklZgh\e_gh��qlh�aZljZlu�gZ�ij_^ihk_\gmx�h[jZ-

[hldm�k_fyg�hdmiylky��_keb�ijbjhkl�mjh`Zcghklb�khklZ\bl�g_�f_g__�d=3
p�]Z�ijb�kj_^g_c�mjh`Zcghklb�g_h[jZ[hlZgguo�k_fyg�[0 �����p�]Z��Fgh-
]he_lgb_� gZ[ex^_gby� ihdZaZeb�� qlh� \� ghjf_� Sx ����� p�]Z�� <� lZ[e�� ����
ijb\_^_gu�mjh`Zcghklb�h[jZ[hlZgguo�k_fyg�aZ����ihke_^h\Zl_evguo�e_l
�nZce�6(4��

Òjisq|j�������Ïév jptvxz��onétvk�}�wéq�wénlwvxnktvp�viéjivzrn�xnu¹t

1950 1951 1952 1953 1954 1955 1956 1957 1958 1959

26.7 21 24.1 27.1 25.1 23 26.2 19.4 21.8 23.4

G_h[oh^bfh�ijh\_jblv��^hklZlhqgh�eb�ijhba\_^_gguo�hp_ghd�mjh`Zcgh-
klb��bkiulZgbc��^ey�ih^l\_j`^_gby�]bihl_au�h[�hdmiZ_fhklb�aZljZl�

Jbk���������;eZgd�mklZ-
gh\db�iZjZf_ljh\�ihke_-
^h\Zl_evgh]h�ZgZebaZ
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Æ���k�v�l����DZd�ihdZau\Z_l�]jZnbd�j_amevlZlh\�ihke_^h\Zl_evgh]h
ZgZebaZ��hp_gdb�mjh`Zcghklb�ihkl_i_ggh�b�m\_j_ggh�\uoh^yl�aZ�^himkdh-
\u_�]jZgbpu��ihwlhfm�fh`gh�ijbgylv�Zevl_jgZlb\gmx�]bihl_am�b�aZdhg-
qblv�bkiulZgby�m`_�gZ��±��]h^m�

������ ¬tjsqo�k� qkjnuvxzq
Ëjotj·ntqn� Djb\Zy�\u`b\Z_fhklb��jbk���������aZ^Z_l�\_jhylghklv

i_j_`blv�ex[hc�ba�fhf_glh\�\j_f_gb�ihke_�g_dhlhjh]h�klZjlh\h]h�kh-
[ulby��gZijbf_j�ihke_�gZqZeZ�e_q_gby��A^_kv�l_jfbg�©i_j_`blvª�hagZqZ-
_l�g_^hklb`_gb_�g_dhlhjh]h�bgl_j_kmxs_]h�bkke_^h\Zl_ey�bkoh^Z��Djb-
\u_� lZdh]h� jh^Z� iha\heyxl� hibkZlv� ijh^he`bl_evghklv� kZfuo� jZaghh[-
jZaguo� ijhp_kkh\��<� gbo� \� dZq_kl\_� bkoh^Z�fh`_l� \uklmiZlv� g_� lhevdh
kf_jlv��gh�b�ex[u_�^jm]b_�kh[ulby��\�lhf�qbke_�b�g_�lhevdh�g_`_eZl_ev-
gu_�kh[ulby��GZijbf_j��fh`gh�bamqZlv�e_q_gb_�dZdh]h�eb[h�g_e_lZevgh-
]h�aZ[he_\Zgby��bkoh^�²�j_fbkkby���wnn_dlb\ghklv�dhgljZp_ipbb��bkoh^
²�[_j_f_gghklv���^he]h\_qghklv�ijhl_aZ��bkoh^�²�ihehfdZ��b�l��i�

<Z`ghc� oZjZdl_jbklbdhc� djb\hc� \u`b\Z_fhklb� y\ey_lky� __�f_^bZgZ
beb� bgl_j\Ze� \j_f_gb�� dhlhjuc� i_j_`b\Zxl� ���� bkke_^m_fhc� ihimey-
pbb��:gZeh]bqgh� f_^bZg_� fh]ml� [ulv� \uqbke_gu� b� ^jm]b_� ijhp_glbeb
\u`b\Z_fhklb�

Jbk���������=jZnbd�ihke_^h\Zl_evgh]h�ZgZebaZ�wnn_dlb\ghklb�ij_^ihk_\ghc�h[-
jZ[hldb�k_fyg�k�ahghc�ijbgylby�gme_\hc�]bihl_au
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=jZnbd�gZ�jbk�� ������ij_^klZ\ey_l�b^_Zevgmx�djb\mx�\u`b\Z_fhklb
^ey�kemqZy�[_kdhg_qghc�beb�hq_gv�[hevrhc�ihimeypbb��dh]^Z�\j_f_gghc
bgl_j\Ze� f_`^m� ^\mfy� ihke_^h\Zl_evgufb� bkoh^Zfb� [ebahd� d� gmex�� b
dh]^Z� gZ[ex^_gb_� \_^_lky� hq_gv� ^ebl_evgh_� \j_fy�� ij_\hkoh^ys__� f_-
^bZgm�\�g_kdhevdh�jZa��<�j_Zevghklb�`_�h[t_f�gZ[ex^Z_fhc�ihimeypbb
g_� hq_gv� \_ebd�� dZd� b� h[s__� \j_fy� gZ[ex^_gby�� Ihwlhfm� wdki_jbf_g-
lZevgZy� djb\Zy� \u`b\Zgby� bf__l� g_� g_ij_ju\guc� oZjZdl_j� dZd� gZ� jbk�
�������Z�klmi_gqZluc��GZ�__�oZjZdl_j�hdZau\Zxl�lZd`_�\ebygb_�h[t_dlu�
g_�^hklb]rb_�bgl_j_kmxs_]h�bkke_^h\Zl_ey�bkoh^Z�� Z�ih� dZdbf�lh�ijb-
qbgZf� \u[u\rb_� ba� gZ[ex^_gby�� klZ\rb_� g_^hklmigufb� �kf_gb\rb_
f_klh�`bl_evkl\Z��hldZaZ\rb_ky�hl�ijh^he`_gby�e_q_gby�b�l��i����<�wlhf
kemqZ_� jZkq_l� djb\hc� \u`b\Z_fhklb� ijhba\h^blky�fhf_glguf�f_lh^hf
DZieZgZ−F_c_jZ�>�@�

I_j\hc�ba�aZ^Zq�ZgZebaZ�y\ey_lky�ihkljh_gb_�wdki_jbf_glZevghc�djb-
\hc� \u`b\Z_fhklb�� hp_gdZ� __� f_^bZgu�� klZg^Zjlguo� hrb[hd� b� ^h\_jb-
l_evguo�bgl_j\Zeh\�

QZklh�lZd`_�bf__l�f_klh�gZ[ex^_gb_�^\mo�ihimeypbc�\�^\mo�jZaebq-
guo� mkeh\byo� �gZijbf_j�� ijb� ^\mo� jZaebqguo� kihkh[Zo� e_q_gby���Lh]^Z
\klZ_l�aZ^ZqZ�hp_gdb�jZaebqbc�f_`^m�lZdbfb�^\mfy�mkeh\byfb�ih�jZaeb-
qbyf�\�khhl\_lkl\mxsbo�djb\uo�\u`b\Zgby�

Êx}vlt�n�ljtt�n�^ey�ihkljh_gby�h^ghc�djb\hc�\u`b\Zgby�ij_^-
klZ\eyxlky�\�\b^_�^\mo�iZjguo�i_j_f_gguo��i_j\Zy�i_j_f_ggZy�nbdkbjm-
_l�fhf_glu�\j_f_gb�hq_j_^guo�bkoh^h\��Z�\lhjZy�i_j_f_ggZy�^ey�dZ`^h-
]h� lZdh]h� fhf_glZ� mdZau\Z_l� qbkeh� bkoh^h\�� ?keb� \� hq_j_^ghc� fhf_gl
\j_f_gb� bf__l�f_klh� \u[u\Zgb_� ba�ih^� gZ[ex^_gby�� lh� qbkeh� bkoh^h\�
\u[u\Zgbc�mdZau\Z_lky�kh�agZdhf�fbgmk��?keb�bf_xl�f_klh�dZd�\u[u\Z-

Jbk���������Djb\Zy�\u`b\Z_fhklb�ihdZau\Z_l�ijhp_gl�\u`b\rbo�ba�gZ[ex^Z_fhc
ihimeypbb�\�dZ`^uc�fhf_gl�\j_f_gb�hl�klZjlh\h]h�kh[ulby
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gby��lZd�b�ghjfZevgu_�bkoh^u��lh�ih�gbf�ijb\h^ylky�^\_�ihke_^h\Zl_ev-
gu_�iZju�agZq_gbc�i_j_f_gguo��<�kemqZ_�kjZ\g_gby�^\mo�djb\uo�\u`b-
\Zgby�\�fZljbp_�^Zgguo�ijb\h^ylky�agZq_gby�khhl\_lkl\mxsbo�bf�^\mo
iZjguo�i_j_f_gguo�

ènoys�zjz��
���^ey�dZ`^hc�jZkkqblZgghc�djb\hc�\u`b\Z_fhklb�ijb\h^blky�lZ[ebpZ�kh
klhe[pZfb��kf��ijbf_j��
ti�²�\j_f_gghc�jm[_`�hq_j_^gh]h�aZnbdkbjh\Zggh]h�bkoh^Z�\u[ulby�
pi�²�\_jhylghklv�i_j_`blv�hq_j_^ghc�\j_f_gghc�jm[_`��jZkkqblu\Z_l-
ky�dZd�hlghr_gb_�qbkeZ�hklZ\rboky�ih^�gZ[ex^_gb_f�ni+1�d�qbkem
[u\rbo�ih^�gZ[ex^_gb_f�ni�i_j_^�\j_f_gguf�jm[_`hf�ti;

vi�²�\_jhylghklv�\u`blv�k�gZqZeZ�gZ[ex^_gby�b�ihke_�\j_f_ggh]h�jm-
[_`Z�ti�ih�fhf_glghfm�f_lh^m�jZkkqblu\Z_lky�dZd�ijhba\_^_gb_�pj, j
= 1−i;

si�²�klZg^ZjlgZy�hrb[dZ�\uqbke_gby�vi;
di�²�iheh\bgZ�^h\_jbl_evgh]h�bgl_j\ZeZ�^ey�vi�ihemqZ_lky�mfgh`_gb-
_f�si�gZ�^\mklhjhgg__�djblbq_kdh_�agZq_gb_�^ey�klZg^Zjlgh]h�ghj-
fZevgh]h�jZkij_^_e_gby�ijb�\u[jZgghf�djblbq_kdhf�mjh\g_�agZqb-
fhklb�α;

���]jZnbd�wdki_jbf_glZevghc�djb\hc�\u`b\Z_fhklb�vi=f(t i)�beb�kh\f_kl-
guc�]jZnbd�^\mo�djb\uo�\u`b\Z_fhklb;

�
� \�kemqZ_�^\mo�djb\uo�\u`b\Z_fhklb�\uqbkey_lky�=�klZlbklbdZ�b�mjh-
\_gv�agZqbfhklb�gme_\hc�]bihl_au�h[�hlkmlkl\bb�jZaebqbc�\�djb\uo
\u`b\Z_fhklb�

 

JZkkfhlj_gguc�f_lh^�kjZ\g_gby�^\mo�djb\uo�\u`b\Z_fhklb�ghkbl�gZ-
a\Zgb_� eh]jZg]h\uc� djbl_jbc��:gZeh]bqgmx� aZ^Zqm� j_rZ_l� b� djbl_jbc
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=_oZgZ��H^gZdh� \� [hevrbgkl\_� kemqZ_\� hg� f_g__� ij_^ihqlbl_e_g� �ih^-
jh[g__�kf��\�>�@��

Í�é�q�u�n�é
d�j�l�j�·�j��Ijb�hkljhf�ebfnh[eZklghf�e_cdha_�fmlZpby�ij_^r_kl-

\_ggbdZ� ebfnhpblh\� ijb\h^bl� d� ihy\e_gbx� dehgZ� e_cdhaguo� de_lhd�
kihkh[guo� g_h]jZgbq_ggh� ^_eblvky��Hgb� ih^Z\eyxl� ghjfZevgh_� djh\_-
l\hj_gb_��\uau\Zy�bffmgh^_nbpbl��Zg_fbx�b�ljhf[hpblhi_gbx��ijb\h-
^ysb_�d�kf_jlb��Ijb�e_q_gbb�h[emq_gb_f�b�obfbhl_jZib_c�^ey�dhfi_g-
kZpbb�bo�ih[hqguo�^_ckl\bc�bkihevamxl�i_j_kZ^dm�dhklgh]h�fha]Z��>ey
ba[_`Zgby� hllhj`_gby� dhklghc� ldZgb� emqr_� bkihevah\Zlv� dhkguc�fha]
[ebadbo�jh^kl\_ggbdhf� �ZeehljZgkieZglZpby���H^gZdh�g_�m�\k_o�lZdh\u_
bf_xlky�beb� kh]eZkgu�gZ�^hghjkl\h��ihwlhfm�bkihevam_lky�b�i_j_kZ^dZ
kh[kl\_ggh]h�dhklgh]h�fha]Z��ZmlhljZgkieZglZpby��

<�lZ[e�� �����ijb\_^_gu�^Zggu_�h�qbke_�mf_jrbo�b�\u[u\rbo�ba�gZ-
[ex^_gby�iZpb_glh\� �klhe[pu� ©\u[uebª��ijb� wlbo�^\mo� kihkh[Zo�i_j_-
kZ^db�dhklgh]h�fha]Z��nZce�/,)(����<�dhehgdZo�©\j_fyª�mdZaZgu�f_kypu
bkoh^h\�

Òjisq|j�������bjtt�n�k� qkjnuvxzq�wj|qntzvk�x��snprvovu�wéq�jyzvzéjtx�

wsjtzj|qq�����q�jssvzéjtxwsjtzj|qq�����rvxztvmv�uvomj

<j_fy� <u[ueb� <j_fy� <u[ueb�
1 3 1 1
2 2 2 1
3 1 3 1
4 1 4 1
5 1 6 1
6 1 7 1
7 1 12 1

10 1 20 -1
12 2 21 -1
14 1 24 1
17 1 30 -1
20 -1 60 -1
27 2 85 -2
28 1 86 -1
30 2 87 -1
36 1 90 -1
38 -1 100 -1
40 -1 119 -1
45 -1 132 -1
50 3
63 -1

132 -2

<hagbdZ_l� aZ^ZqZ� kjZ\g_gby� wlbo�^\mo� \b^h\� ljZgkieZglZpbb�ih� kl_-
i_gb�\u`b\Z_fhklb�iZpb_glh\�

Ì�i�x�y� �l�n�t�q�n�
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KJ:<G?GB?�<U@B<:?FHKL?C��NZce��OLIH��VWG

<j_fy�I_j_`beb�<u`beb�Kl�hrb[dZ
 1    0.909     0.909   0,05
 2    0.933     0.848   0.0624
 3    0.964     0.818   0.0671
 4    0.963     0.788   0.0712
 5    0.962     0.758   0.0746
 6    0.96      0.727   0.0775
 7    0.958     0.697   0.08
 8    0.913     0.636   0.0837
 10   0.952     0.606   0.0851
 12   0.9       0.545   0.0867
 14   0.944     0.515   0.087
 17   0.941     0.485   0.087
 27   0.867     0.42    0.0866
 28   0.923     0.388   0.0857
 30   0.833     0.323   0.0827
 36   0.9       0.291   0.0805
 50   0.5       0.145   0.0717

<j_fy�I_j_`beb�<u`beb�Kl�hrb[dZ
 1    0.952    0.952   0.0465
 2    0.95     0.905   0.0641
 3    0.947    0.857   0.0764
 4    0.944    0.81    0.0857
 6    0.941    0.762   0.0929
 7    0.938    0.714   0.0986
 12   0.933    0.667   0.103
 24   0.909    0.606   0.11

= ������agZqbfhklv ������
=bihl_aZ�����?klv�jZaebqby�f_`^m�djb\ufb�\u`b\Z_fhklb!

Æ���k�v�l����DZd�ihdZau\Zxl�j_amevlZlu�klZlbklbq_kdh]h�kjZ\g_gby�
^\_�djb\u_�\u`b\Z_fhklb�jZaebqZxlky�gZ�\ukhdhf�mjh\g_�^hklh\_jghklb
(J ���������Ihwlhfm�fh`gh�h[jZlblvky�d�\bamZevghfm�bkke_^h\Zgbx�kh-
\f_klgh]h�]jZnbdZ�djb\uo�\u`b\Z_fhklb��jbk����������GZ�]jZnbd_�\b^gh�
qlh�ZeehljZgkieZglZpby�dhklgh]h�fha]Z�bf__l�g_khfg_ggh_�ij_bfms_kl-
\h��kihkh[kl\my�agZqbl_evgh�[hevr_c�\u`b\Z_fhklb�iZpb_glh\��F_^bZgZ
ZmlhljZgkieZglZpbb�gZoh^blky� \� jZchg_� ���]h�f_kypZ�� Z� d� ���fm�f_kypm
\u`b\Z_l� lhevdh� ������ iZpb_glh\�� Ijb� ZeehljZgkieZglZpbb� f_^bZgZ
wdki_jbf_glZevgh�g_�^hklb]Z_lky� �__�fh`gh�\bamZevgh�ijh]ghabjh\Zlv�\
jZchg_� ���f_kyp_\���b�dZd�\b^gh�ba�lZ[e�� �����²� aZ�kq_l�iZpb_glh\��\u-
[u\rbo�ba�ih^�gZ[ex^_gby��ih�\k_c�\b^bfhklb�\ke_^kl\b_�klZ[bebaZpbb
bo�khklhygby�

Jbk���������KjZ\g_gb_�^\mo�djb\uo�\u`b\Z_fhklb


