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                                                                                   <�G��Jh^bhgh\

K�<��Dhg^jZlv_\

>\b`_gb_�fZkk�\[ebab�a_fghc�ih\_joghklb�\�ijbeb\ghc�\heg_

,�� Kh[kl\_ggh_� ]jZ\blZpbhggh_� ihe_� A_feb� klj_fblky� ijb^Zlv� _c� nhjfm

rZjZ��Kn_jbq_kdZy�wd\bihl_gpbZevgZy�ih\_joghklv�A_feb�bkdZ`Z_lky�ijbly`_gb_f

Emgu� b� KhegpZ�� GZb[hevr__� bkdZ`_gb_� \ghkbl� \ha^_ckl\b_� Emgu�� wd\bihl_g�

pbZevgZy� ih\_joghklv� ijbh[j_lZ_l� nhjfm� weebikhb^Z�� [hevrZy� hkv� dhlhjh]h

gZijZ\e_gZ� gZ� Emgm��GZ� mjh\g_� ih\_joghklb� A_feb� fZdkbfZevgh_� hldehg_gb_� hl

kn_ju� ∼� �� f�� GZ� lZdmx� `_� \_ebqbgm� mf_gvrZ_lky� ihi_j_qgbd� weebikhb^Z� ih

kjZ\g_gbx�k�bkoh^ghc�kn_jhc�

?keb� [u� A_fey� g_� \jZsZeZkv� \hdjm]� k\h_c� hkb� b� hlghkbl_evgh� p_gljZ

\jZs_gby� kbkl_fu� A_fey� �� EmgZ�� A_fey� ^he`gZ� [ueZ� [u� ijbgylv� nhjfm

wd\bihl_gpbZevghc� ih\_joghklb�� Gh� A_fey� [ukljh� \jZsZ_lky� \gmljb

wd\bihl_gpbZevghc�ih\_joghklb�kh[kl\_ggh]h�]jZ\blZpbhggh]h�ihey��\hafms_ggh]h

ijbly`_gb_f� Emgu�� Wlh� \jZs_gb_� ij_iylkl\m_l� mklZgh\e_gbx� klZlbq_kdh]h

jZ\gh\_kby�\�a_fguo�g_^jZo�

AZ� i_jbh^� ihqlb� klZpbhgZjgh]h� nmgdpbhgbjh\Zgby� kbkl_fu� A_fey� ±� EmgZ

ijhbahr_e� hl[hj� hilbfZevguo� \ZjbZglh\� ^\b`_gby� fZkk�� kh]eZkh\Zgguo� k

]_heh]bq_kdhc� kljmdlmjhc�� =em[bggh_� kljh_gb_� dhju� nbdkbjm_l� ^bgZfbq_kdb_

kljmdlmju��Wlhl�Zdl�kZfhhj]ZgbaZpbb�k\_jrbeky�^Z\gh�b�l_i_jv�i_j_f_s_gb_�fZkk

ih^�\ha^_ckl\b_f�Emgu�bf__l�j_]meyjguc�oZjZdl_j�^ey�[hevrbgkl\Z�j_]bhgh\�

,,��Ijbeb\gZy�\hegZ�\�hd_Zg_�

>\b`_gb_� gZ� ih\_joghklb� A_feb�� \ua\Zggh_� ijbly`_gb_f� Emgu�� [m^_f

jZkkfZljb\Zlv� \� h]jZgbq_gghc� h[eZklb� wibp_gljZ� \ha^_ckl\by�� ]^_� \hafms_gb_

wd\bihl_gpbZevghc�ih\_joghklb�kh[kl\_ggh]h� ]jZ\blZpbhggh]h�ihey�fZdkbfZevgh�

GZ[ex^Z_fh_�^\b`_gb_�wlh]h�\hafms_gby�ih�ih\_joghklb�A_feb�k\yaZgh��]eZ\guf

h[jZahf�� k� \jZs_gb_f� A_feb� \hdjm]� kh[kl\_gghc� hkb�� Ihwlhfm� hgh� ^\b`_lky�

hklZ\Zykv�\�l_q_gb_�kmlhd�ijbf_jgh�gZ�h^ghc�rbjhl_�

>ey�hibkZgby�^\b`_gby�\�wlhc�h[eZklb�\hafms_gby��gZau\Z_fhc�ijbeb\ghc

\heghc��\\_^_f�kbkl_fm�dhhj^bgZl��ih�h^ghc�hkb�[m^_f�hldeZ^u\Zlv�jZkklhygb_�hl

wibp_gljZ�ih� ljZ_dlhjbb�gZ�ih\_joghklb�A_feb� \� ]jZ^mkZo��ih�^jm]hc�hldehg_gb_

mjh\gy�ih\_joghklb�hl�kn_ju��Ijbly`_gb_�Emgu�\�wibp_glj_�kha^Z_l�[m]hj��ihexk
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( )�� βθ −−=∆ $&RVU

weebikhb^Z���?keb�\_klb�hlkq_l�hl�g_\hafms_gghc�wd\bihl_gpbZevghc�ih\_joghklb�

lh�wlhl�[m]hj�wd\b\Ze_gl_g�\iZ^bg_�gZ�ih\_joghklb�A_feb��b�hg�^he`_g�aZihegylvky

\h^hc��Ihy\e_gb_�\iZ^bgu�hagZqZ_l��qlh�\�wlhf�f_kl_�kgb`_gZ�gZ]jmadZ�gZ�l\_j^mx

A_fex�b�mijm]Zy�jZa]jmadZ�gZqbgZ_l�ih^gbfZlv�^gh�hd_ZgZ�

JZkkfhljbf� kgZqZeZ� ^\b`_gb_� \h^u� \� ijbeb\ghc� \heg_�� iheZ]Zy� ^gh

g_^_nhjfbjm_fuf��Wd\b\Ze_glguc�]jZ\blZpbhgghfm�ihex�ijh]b[�^gZ�ij_^klZ\bf�\

\b^_�

=^_�θ ��^he]hlZ�\�]jZ^mkZo�

WlZ� djb\Zy� hibku\Z_l� wd\bihl_gpbZevgmx� ih\_joghklv� ]jZ\blZpbhggh]h

ihey� A_feb� ±� hldehg_gb_� mkdhj_gby� kbeu� ly`_klb� ( )JJ �∆ \� hdj_klghklb� ihexkh\

weebikhb^Z�� AZ� kmldb� ����°�� fZdkbfZevgu_� hldehg_gby� �\iZ^bgu�� ^\Z`^u

i_j_k_dZxl�h^bg�b�lhl�`_�f_jb^bZg��<�kbkl_f_�dhhj^bgZl��]^_�EmgZ�b��ijb\yaZggZy�

d� g_c� �\iZ^bgZ�� g_ih^\b`gu�� \k_� lhqdb� ih\_joghklb� A_feb� ^\b`mlky� k� h]jhfghc

kdhjhklvx� �∼����f�k���K�lZdhc�`_� klj_fbl_evghklvx�hd_Zgbq_kdZy�\h^Z�\l_dZ_l�\h

\iZ^bgm��mkdhjyykv�\�ihe_�kbeu�ly`_klb��Z�aZl_f�wlhl�`_�ihlhd�lZd�`_�klj_fbl_evgh

\ul_dZ_l�ba�g__�� aZf_^eyykv�gZ�ih^t_f_��<h� \iZ^bg_� kdhjhklv�ihlhdZ� \ur_�� Z� _]h

lhesbgZ�f_gvr_��q_f�\g_�ijbeb\ghc�\hegu��<b^gh��qlh�\�^bgZfbd_�jZkij_^_e_gb_

fZkk�\h^u�\�ijbeb\ghc�\heg_�hq_gv�fZeh�ihoh`_�gZ�lm�dZjlbgm��dhlhjZy�\hagbdZ_l�\

klZlbd_�beb�gZ�f_^e_ggh�\jZsZxs_cky�A_fe_�

Hp_gbf�iZjZf_lju�ihlhdZ�\�ijbeb\ghc�\heg_��gZijbf_j��^ey�Lboh]h�hd_ZgZ�

=em[bgZ�_]h��Z�agZqbl�b�lhesbgZ�ihlhdZ�\h^u�∼���df��=em[bgZ�\iZ^bgu�:�≈��f��<h

\iZ^bg_�ihlhd�m\_ebqb\Z_l�k\hx�kdhjhklv�gZ�� YJ$Y �ρ=∆ .

Ijbgy\�Y ����f�k��ihemqbf�

kkfY ������������ ��� =⋅⋅=∆ .

LhesbgZ�ihlhdZ�ijb�wlhf�^he`gZ�mf_gvrblvky�gZ�\_ebqbgm

kfYYKK ������������� �� =⋅⋅⋅=∆=∆

<� ihlhd_� ly`_ehc� `b^dhklb� h]jZgbq_gghc� lhesbgu� baf_g_gb_� kdhjhklb

l_q_gby� ihjh`^Z_l� ih\_joghklgu_� ]jZ\blZpbhggu_� \hegu�� Kdhjhklv� bo

jZkijhkljZg_gby�aZ\bkbl�hl�^ebgu�\hegu��gh�g_�fh`_l�ij_\urZlv� JK ��<�^Zgghf

kemqZ_� gh � �����f�k��WlZ�kdhjhklv�f_gvr_�kdhjhklb�ihlhdZ�b�\k_�ih\_joghklgu_

\hegu�[m^ml�kghkblvky�ih�ihlhdm��Z�gZ[_]Zxsbc�gZ�ij_]jZ^m�ihlhd�gbq_]h�g_�[m^_l
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�qm\kl\h\Zlv�� ^h� g_ihkj_^kl\_ggh]h� \aZbfh^_ckl\by� k� ij_]jZ^hc�� <� lZdhf

�k\_joa\mdh\hf��ihlhd_�lhjfh`_gb_�_]h�gZ�\uoh^_�ba�\iZ^bgu�[m^_l�ieZ\guf�

<�lhf�kemqZ_��_keb�ihlhd�bf__l�kdhjhklv�f_gvr_� gh ��ih\_joghklgu_�\hegu

gZ�ih^t_f_�[ukljh�gZjZklyl�lhesbgm�ihlhdZ�b�fh]ml�ijb\_klb�\�dhg_qghf�kq_l_�d

aZiheg_gbx�\u_fdb�\h^hc�

JZkkfhljbf� l_i_jv�baf_g_gb_� mjh\gy� ^gZ� \ke_^kl\b_� mijm]hc� jZa]jmadb� ih

hkb�weebikhb^Z�ijb�h^gh\j_f_gghf�gZ]jm`_gbb�fZglbb�\�ihi_j_qgbd_�weebikhb^Z�

GZijy`_gby� \� a_fguo� g_^jZo� mjZ\gh\_rb\Zxl� ^_ckl\b_� kbeu� ly`_klb� gZ� \ur_�

e_`Zsb_�kehb��<jZsZykv�\hdjm]�hkb��A_fey�\k_�\j_fy�f_gy_l�k\hx�hjb_glZpbx�ih

hlghr_gbx� d� weebikhb^m��<� khhl\_lkl\bb� k� wlbf� f_gy_lky� \_k� jZaebqguo� qZkl_c

fZglbb��H^gZdh�gZijy`_gby�\�l\_j^hf�l_e_�g_�fh]ml�baf_gblvky�f]gh\_ggh��lZd�dZd

ehdZevgu_� gZijy`_gby� aZ\bkyl� hl� ^_nhjfZpbb� \k_c� h[hehqdb�� I_j_kljhcdZ

gZijy`_ggh]h� khklhygby� fZglbb� h]jZgbq_gZ� kdhjhklvx� jZkijhkljZg_gby� mijm]bo

\heg�k^\b]Z��?keb�aZ�oZjZdl_jguc�jZaf_j�\aylv�^bZf_lj�A_feb��∼�������df�b�ijbgylv

kj_^gxx� kdhjhklv� ihi_j_qghc� \hegu� \� fZglbb� jZ\ghc� �� df�k�� lh� aZ^_j`dZ

^_nhjfZpbhgghc� \hegu� hl� ]jZ\blZpbhggh]h� \hafms_gby�Emghc� ihey� A_feb� [m^_l

jZ\gZ������k��Ijb�kdhjhklb�\jZs_gby���° ��qZk�hlklZ\Zgb_�^hklb]g_l��° ^he]hlu�

<�p_ehf�^_nhjfZpbhggmx�\hegm�fh`gh�ij_^klZ\blv�\�\b^_�

θ�&RV%U =∆ .

Baf_g_gb_� mjh\gy� ^gZ� \ke_^kl\b_� i_j_kljhcdb� gZijy`_ggh]h� khklhygby� \

fZglbb� ih\lhjy_l� nhjfm� �\iZ^bgu��� jh`^_gghc� ]jZ\blZpbhgguf� ihe_f� kbkl_fu

A_fey�±�EmgZ��gh�k�^jm]bf�agZdhf�b�k�aZ^_j`dhc� R�=θ .

Khhl\_lkl\_ggh��k^\b]�ih�nZa_�[m^_l�jZ\_g� R����� =⋅== θβ ��FZdkbfZevgZy

Zfieblm^Z�baf_g_gby�mjh\gy�^gZ��<��fh`_l�[ulv�hp_g_gZ�ke_^mxsbf�h[jZahf�

Mf_gvr_gb_� gZ]jmadb� ih� hkb� weebikhb^Z� b� m\_ebq_gb_� gZ]jmadb� \

ihi_j_qgbd_� ijbf_jgh� h^bgZdh\u�� T/∆ρ �� ]^_� L� ±� lhesbgZ� fZglbb� �a� ����� df��

K^\b]h\h_�gZijy`_gb_��\ua\Zggh_�wlbf�baf_g_gb_f�gZ]jmahd�� T/∆= ρτ �

Ih^klZ\eyy�� ��� ������ kkfTkf] −=∆=ρ ��ihemqbf�

���� ����������� kf^bg⋅=⋅⋅⋅⋅= −τ

IjbgbfZy�fh^mev�k^\b]Z� ��� ���� kf^bg⋅=µ ��hp_gbf�bkdZ`_gb_�nhjfu�rZjZ�

�
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�
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���

���� −⋅=
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Hlkx^Z�ihemqZ_f�

( ) kfU% ������������ �� =⋅⋅⋅=∆= −

<� ���kf

Ba[jZgguc� kihkh[� hp_gdb� ihdZau\Z_l�� qlh� Zfieblm^Z� ijbeb\ghc� \hegu

aZ\bkbl�g_�lhevdh�hl�baf_g_gby�kbeu�ly`_klb� ( )J∆ ��gh�b�hl�f_oZgbq_kdbo�k\hckl\

l\_j^uo�h[hehq_d�A_feb�

>\b`_gb_� hd_Zgbq_kdh]h� ihlhdZ� \� ijbeb\ghc� \heg_� j_]mebjm_lky� mjh\g_f

^gZ�� _keb� _]h� hlkqblu\Zlv� hl� g_\hafms_gghc� wd\bihl_gpbZevghc� ih\_joghklb

]jZ\blZpbhggh]h�ihey�A_feb��Ijhnbev�^gZ�\�hdj_klghklb�fZdkbfZevghc�Zfieblm^u

ijbeb\ghc�\hegu�y\ey_lky�kmffhc�]jZ\blZpbhggh]h�\hafms_gby�b�^_nhjfZpbhgghc

\hegu�

( ) θβθ �� %&RV$&RVU +−−=∆ .

Qlh[u� g_� hl\e_dZlvky� gZ� khihklZ\e_gb_� \ZjbZglh\� k� jZaebqgufb

iZjZf_ljZfb��\g_k_f�dhebq_kl\_ggmx�hij_^_e_gghklv�� Rkf%$ ����� === β .

Ij_h[jZam_f�ihemq_ggmx�nhjfmem�

( )[ ]
θθ

βθβθ
��������

�����

6LQ6LQ6LQU

6LQ6LQ&RV&RVU

R −=−≅∆
⋅−−−=∆

Hlkq_l� ^he]hlu� θ � \_^_lky� hl�fZdkbfmfZ� ^_nhjfZpbhggh]h�ih^gylby� ^gZ� \

klhjhgm� gZ[_]Zxs_]h� ihlhdZ�� Ijb� �>θ � ^gh� bf__l� \iZ^bgm�� ihiZ^Zy� \� dhlhjmx

ihlhd�mkdhjy_lky�b�klZgh\blky�lhgvr_��aZl_f��ijb� �=θ �ihlhd�\uoh^bl�gZ�gme_\mx

hlf_ldm�b�ijh^he`Z_l�lhjfhablvky��\a[bjZykv�gZ�[m]hj�� ( )�� <>∆ θijbU ��<�^Zgghf

ijbf_j_� i_j_iZ^� mjh\g_c� ^gZ� §� ��� kf�� baf_g_gb_� kdhjhklb� ihlhdZ� a� �� kf�k�� Z

baf_g_gb_� lhesbgu� a� ��� kf�� Ijhly`_gghklv� \iZ^bgu� b� [m]jZ� ��� a� ��h.

Khhl\_lkl\_ggh�� ��  � ��h��^ey� ljhibdh\� wlh� a� ����� df��<j_fy�ij_[u\Zgby� dZ`^h]h

we_f_glZ�ihlhdZ�\h�\iZ^bg_��beb�gZ�[m]j_��a���4�k_d��l�_����qZkZ��AZ�wlh�\j_fy�dZ`^h_

k_q_gb_�ihlhdZ�k^\bg_lky�hlghkbl_evgh�^gZ�gZ�����f�

LZdbf� h[jZahf�� i_j_f_s_gb_� \h^guo� fZkk� hd_ZgZ� \� ijbeb\ghc� \heg_� ^hklb]Z_l

aZf_lghc�\_ebqbgu��ijbq_f��i_jbh^u�ihklmiZl_evgh]h�^\b`_gby�\_kvfZ�^ebl_evgu�

JZamf__lky�� wlh� k\yaZgh� k� [hevrhc� ih^\b`ghklvx� `b^dhklb�� LZd� ijb� f_^e_gghf

\jZs_gbb� A_feb� \iZ^bgZ� ijbeb\ghc� \hegu� kihkh[gZ� qZklv� \h^u� ihlhdZ�

aZihegyxs_c�\iZ^bgm��ihklhyggh�lZsblv�k�kh[hc��Gh�\�jZkkfZljb\Z_fhf�kemqZ_�ijb

�k\_joa\mdh\hf�� ijhl_dZgbb� ihlhdZ� q_j_a� h[eZklv� \hafms_gby� ]jZ\blZpbhggh]h
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ihey� \h� \iZ^bg_�fZkkZ� \h^u�g_�gZdZieb\Z_lky�� Z�gZdZieb\Z_lky�gZ� [m]j_�� lZf�� ]^_

aZf_^ey_lky� ihlhd�� >\b`_gb_� \h^u� \� hd_Zg_�� \ua\Zggh_� ijbly`_gb_f� Emgu� b

^_nhjfZpb_c� ^gZ� hd_ZgZ�� kbff_ljbqgh�� \k_�� qlh� ijhbkoh^bl� \� ihemrZjbb� ih^

Emghc��ih\lhjy_lky�b�\�^jm]hf�ihemrZjbb�\� lh�`_� kZfh_� \j_fy��Ijbeb\gZy�\hegZ

^\Z`^u�\�kmldb�ijh[_]Z_l�ih�ih\_joghklb�A_feb�

H^gZdh�gZ�kZfhf�^_e_��^\b`_gb_�\�ih\_joghklguo�kehyo�g_kbff_ljbqgh��Wlh

k\yaZgh� k� l_f��qlh�ebg_cgZy� kdhjhklv� dZ`^hc� lhqdb� l\_j^hc�ih\_joghklb� A_feb� \

l_q_gb_�kmlhd�f_gy_lky��b�wlh�kha^Z_l�ijbeb\gmx�\hegm�\�hd_Zg_�k�i_jbh^hf� �h^gb

kmldb�� A_fey� \jZsZ_lky� h^gh\j_f_ggh� b� \hdjm]� k\h_c� hkb� b� \hdjm]� p_gljZ� fZkk

A_fey�EmgZ�� Wlhl� p_glj� jZkiheh`_g� ijZdlbq_kdb� gZ� ih\_joghklb� A_feb�� <[ebab

wlh]h� p_gljZ�� lh� _klv� ih^� Emghc� kdhjhklv� ^\b`_gby� jZ\gZ� hdjm`ghc� kdhjhklb

\jZs_gby�A_feb��Ih�f_j_�m^Ze_gby�hl�wlh]h�p_gljZ�kdhjhklv�ih\_joghklb�l\_j^hc

A_feb� \hajZklZ_l� b� ijb� gZb[hevr_f� m^Ze_gbb� hdZau\Z_lky� ijbf_jgh� gZ� ��� f�k

[hevr_��q_f�ih^�Emghc�

?keb� aZ� gZqZeh� dhhj^bgZl� ijbgylv� lhqdm�� ]^_� EmgZ� gZoh^blky� \� a_gbl_� b

jZkklhygb_� baf_jblv� \� ]jZ^mkZo� θ � gZ\klj_qm� \jZs_gbx�� lh� baf_g_gb_� mkdhj_gby

fh`gh�ij_^klZ\blv�\�\b^_�

θ6LQDD
�

−=

Imklv� A_fey� \jZsZ_lky� ijhlb\� qZkh\hc� klj_edb�� Lh]^Z�� ^\b]Zykv� \f_kl_� k

l\_j^hc� ih\_joghklvx�� gZ� mqZkld_� �� ������ >>θ  [m^_f� bf_lv� mkdhj_gb_�� Z� gZ

mqZkld_� ����� >> θ  – aZf_^e_gb_� ^\b`_gby�� LZdZy� dbg_fZlbdZ� ohly� b� \uau\Z_l

^hihegbl_evgh_� gZijy`_gb_� \� l\_j^hf� l_e_� A_feb�� gh� fZeh� kdZ`_lky� gZ� nhjf_

ieZg_lu�� :� \hl� i_j_f_s_gb_� \h^u� \� hd_Zg_� \ke_^kl\b_� baf_g_gby� kdhjhklb

^\b`_gby� ^gZ� ^he`gh� [ulv� aZf_lguf�� LZf�� ]^_� ^gh� mkdhjy_lky�� lZf� kehc� \h^u

hlklZ_l�b�mlhesZ_lky��lZf�`_�� ]^_�^gh� aZf_^ey_lky�� lZf� kehc�\h^u�gZ]hgy_l�^gh�b

klZgh\blky�lhgvr_�

LZdbf� h[jZahf�� gZ� ih\_joghklb� `_kldhc� g_^_nhjfbjm_fhc� A_feb� \

hlkmlkl\bb� ]jZ\blZpbhggh]h� \hafms_gby� \h^Z� \� hd_Zg_� i_j_f_sZ_lky� b� mjh\_gv

hd_ZgZ�hldehgy_lky�hl�wd\bihl_gpbZevghc�ih\_joghklb�gZ�\_ebqbgm






 −∆=∆

�

�
��

�

θ&RV
UDU

Ohly�kdhevdh�gb[m^v�^hklh\_jgu_�hp_gdb�\_ebqbgu� U∆  ihemqblv�g_�m^Zehkv�

dZ`_lky�\_kvfZ�ijZ\^hih^h[guf�kqblZlv�__�khbaf_jbfhc�k�Zfieblm^hc�ijbeb\ghc



6

\hegu�� <� wlhf� kemqZ_� dZq_kl\_ggu_� jZaebqby� nhgZ�� gZ� dhlhjhf� nhjfbjmxlky

ijbeb\gu_�\hegu�\�ihemrZjbb�ih^�Emghc�b�gZ�^jm]hc�klhjhg_�A_feb��fh]ml�gZclb�b

dhebq_kl\_ggu_�\ujZ`_gby�

,,,�� FZl_jbdh\Zy� dhjZ� \� ih\_joghklghf� keh_� bf__l� jy^� hlebqbl_evguo

hkh[_gghkl_c��dhlhju_�ij_^jZkiheZ]Zxl�d�]hjbahglZevguf�ih^\b`dZf�\�ijbeb\ghc

\heg_��Ij_`^_�\k_]h��wlh�[ehqgh_�kljh_gb_��^himkdZxs__�kf_s_gb_�bo�^jm]�hlghkb�

l_evgh� ^jm]Z� [_a� \hagbdgh\_gby� [hevrbo� mkbebc� gZ� bo� dhglZdlZo�� <� hl^_evguo

kemqZyo� [ehdb� jZa^_e_gu� lj_sbgZfb� b� h[eZ^Zxl� [hevrhc� k\h[h^hc�i_j_f_s_gby

\gmljb�]hjgh]h�fZkkb\Z�

GZjmr_gby� kiehrghklb� \� ih\_joghklghf� keh_� g_� iha\heyxl� ijhy\blvky

kbeZf� mijm]h]h� \aZbfh^_ckl\by� b� ihwlhfm� baf_g_gby� kdhjhklb� �ihlhdZ�

^_abgl_]jbjh\Zggh]h� fZl_jbZeZ� ih\_joghklgh]h� kehy� [m^_l� j_]mebjh\Zlvky�

]eZ\guf� h[jZahf�� ]jZ\blZpbhggufb� \hegZfb��Wlb� \hegu� \� keh_�� lhesbghc� h�� dZd

[ueh�hlf_q_gh��g_�fh]ml�jZkijhkljZgylvky�[uklj__� TK .

LZdbf�h[jZahf��ihlhd�[ehdh\�]hjghc�ihjh^u�\_jog_]h�kehy�dhju�^h�]em[bg�a

������df. [m^_l� �k\_joa\mdh\uf���b�\k_�\hafms_gby� kdhjhklb�^\b`_gby�g_� kfh]ml

ih\ebylv�gZ�ihlhd��\l_dZxsbc�\h�\iZ^bgm�ijbeb\ghc�\hegu�

Ih^h[gh�lhfm��dZd�ijb�kimkd_�jZkp_ie_gguo�\Z]hgh\�k��]hjdb���aZahju�f_`^m

[ehdZfb� \h� \iZ^bg_� ijbeb\ghc� \hegu� [m^ml� \hajZklZlv�� gZ� [m]j_� hgb� [m^ml

mf_gvrZlvky��Wlh� ]hjbahglZevgh_� kf_s_gb_� fh`_l� kms_kl\_ggh� ij_\hkoh^blv� ih

Zfieblm^_�mijm]b_�kf_s_gby��gh�jZamf__lky��hgh�g_�[m^_l�lZdbf�`_�agZqbl_evguf�

dZd� kf_s_gb_� \h^u� hlghkbl_evgh� ^gZ� \� ijbeb\ghc� \heg_��Ij_iylkl\h\Zlv� lZdhfm

kf_s_gbx� gZ� kmr_� [m^ml� kbeu� lj_gby� fZl_jbZeZ� ih\_joghklgh]h� kehy� h

ih\_joghklv� dhgkheb^bjh\Zggh]h� hkgh\Zgby� ]em[hdbo� keh_\� fZl_jbdh\hc� dhju�

Ohly�hlebqb_�f_oZgbq_kdbo�oZjZdl_jbklbd�ih\_joghklgh]h�kehy�b�]em[hdbo� �[he__

������df��g_�y\ey_lky�Z[khexlguf��Z�hij_^_ey_lky�ih�j_Zdpbb�gZ�ijbeb\gmx�\hegm�

]jZgbpZ�f_`^m� gbfb� ^he`gZ� gZclb� k\h_� ijhy\e_gb_� b� ih� ^jm]bf� ijbagZdZf�� l�d�

�ihlj_[ghklv�� \� wlhc� ]jZgbp_� h[mkeh\e_gZ� ihklhyggh� ^_ckl\mxsbf� nZdlhjhf� ±

ijbeb\ghc� \heghc�� Iheh`_gb_� wlhc� ]jZgbpu� �beb� kZfh� __� gZebqb_�� \� lhf� beb

^jm]hf�j_]bhg_�aZ\bkbl�hl�]_heh]bq_kdh]h�kljh_gby�b�f_oZgbq_kdbo�k\hckl\�]hjguo

ihjh^�

JZkkfhljbf�\�dZq_kl\_�ijbf_jZ�^\b`_gb_��k\h[h^gh]h��[ehdZ�\�a_fghc�dhj_

jZaf_jhf���×10×10 df3��Imklv�hg�hl^_e_g�hl�k\hbo�khk_^_c�s_evx� δ a��kf��<\_^y
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kbevgh_�h]jZgbq_gb_�gZ�\_ebqbgm�kf_s_gby�hlghkbl_evgh�khk_^_c��dhlhju_�k\yaZgu

k� hkgh\Zgb_f�� ij_g_[j_`_f� lj_gb_f� k\h[h^gh]h� [ehdZ� ih� hkgh\Zgbx��Baf_g_gb_

]jZ\blZpbhggh]h� \ha^_ckl\by� gZ� �� ��� kkfJ =∆ � aZklZ\bl� [ehd� i_j_f_sZlvky� \

l_q_gb_� \j_f_gb� g2t ∆δ∆ /= �� � <� dhgp_� imlb� [ehd� ijbh[j_lZ_l� � kdhjhklv

kkfY ��������� �� −− ⋅=⋅=∆ .

Ijb�kimkd_�\h�\iZ^bgm�[ehd�[m^_l�h[]hgylv�khk_^_c��Z�ijb�ih^t_f_�gZ�[m]hj

ijbeb\ghc�\hegu� ±�hlklZ\Zlv��LZdbf�h[jZahf��k\h[h^guc�[ehd�[m^_l�jZkrZlu\Zlv

k\hbo� khk_^_c��gZjmrZlv� k\yav�bo� k�hkgh\Zgb_f��Ke_^m_l� lZd`_�bf_lv� \� \b^m�� qlh

i_j_oh^� hl� \iZ^bgu� d� [m]jm� ijbeb\ghc� \hegu� kf_s_g� hlghkbl_evgh� wibp_gljZ

]jZ\blZpbhggh]h� \hafms_gby� Emghc�� lZd� qlh� gZdZieb\Z_fh_� ihklmiZl_evgh_

kf_s_gb_� [ehdZ� [m^_l� ijhbkoh^blv� ijhlb\� l_q_gby� ihlhdZ�� \uau\Zy� lhjfh`_gb_

\jZs_gby�A_feb�

Wlhl�ijbf_j�^_fhgkljbjm_l�h^bg�ba�\hafh`guo�f_oZgbafh\�nhjfbjh\Zgby

]jZgbpu��jZa^_eyxs_c�ih\_joghklgu_�b�]em[hdb_�kehb�fZl_jbdh\hc�dhju�

,9�� AZkem`b\Z_l� \gbfZgby� b� ^\b`_gb_� Zlfhkn_ju� \� ijbeb\ghc� \heg_�

>\b`_gb_�\ha^moZ�\�ijbeb\ghc�\heg_�fZehaZf_lgh�b�ij_^klZ\ey_lky��\�kjZ\g_gbb�k

pbdehgbq_kdbfb�ihlhdZfb��fZehagZqbfuf��H^gZdh�lhl�nZdl��qlh�wnn_dlb\gZy�lhe�

sbgZ� Zlfhkn_ju� a��� df� b�� ke_^h\Zl_evgh�� ij_^_evgZy� kdhjhklv� ]jZ\blZpbhgguo

\heg� a���� f�k� khbaf_jbfZ� k� hdjm`ghc� kdhjhklvx� \jZs_gby� A_feb�� dZ`_lky� g_

kemqZcguf��JZkkfZljb\Zy�^\b`_gb_�\ha^mrgh]h�ihlhdZ�\�h[eZklb�]jZ\blZpbhggh]h

\hafms_gby� ihey� Emghc�� hlf_lbf�� qlh� b� a^_kv� kdhjhklv� ^\b`_gby� y\ey_lky

k\_joa\mdh\hc�dZd�ih�hlghr_gbx�d�kdhjhklb�a\mdZ�\�\ha^mo_��lZd�b�ih�hlghr_gbx�d

]jZ\blZpbhgguf�\hegZf��H[_�wlb�kdhjhklb�� k~ L �b� gh �g_�aZ\bkyl�hl�iehlghklb�b

qbke_ggh�[ebadb�^jm]�^jm]m�

>\b`_gb_� \ha^moZ� \� ijbeb\ghc� \heg_� g_� aZf_qZ_l�� _kl_kl\_ggh�� baf_g_gby

mjh\gy�^g_\ghc�ih\_joghklb��a���kf��b�g_�fh`_l�kdhevdh�gb[m^v�aZf_lgh�ih\ebylv

gZ�kZfh� ]jZ\blZpbhggh_�\hafms_gb_�ihey�A_feb��Gh�g_[hevrZy�fZkkZ� Zlfhkn_ju�

khbaf_jbfZy�k�fZkkhc�bkiZjy_fhc�\h^u�aZ����e_l�k�ih\_joghklb�hd_ZgZ��kZfZ�ih�k_[_

g_� fh`_l� kem`blv� ]ZjZglhf� __� mklhcqb\hklb�� l�q�� ke_^h\Zeh� [u� \uy\blv

klZ[bebabjmxsb_� nZdlhju�� h]jZgbqb\Zxsb_�� \� qZklghklb�� jhkl� lhesbgu

Zlfhkn_ju�

IheZ]Zy�A_fex�g_^_nhjfbjm_fhc�kn_jhc��ihkfhljbf��dZd�baf_gblky�l_q_gb_

ihlhdZ�\�h[eZklb�]jZ\blZpbhggh]h�\hafms_gby�k�m\_ebq_gb_f�lhesbgu�Zlfhkn_ju�
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?keb� wlh� ijhbkoh^bl� aZ� kq_l� m\_ebq_gby� __� fZkku� ijb� ihklhygghc� iehlghklb�

kdhjhklv�a\mdZ�b�]jZ\blZpbhgguo�\heg�[m^ml�\hajZklZlv�a h �Ijb�lhesbg_�h = 25

df� ij_^_evgZy� kdhjhklv� ]jZ\blZpbhgghc� \hegu� \hajZklZ_l� ^h� ���� f�k� b� [m^_l

ij_\urZlv�hdjm`gmx�kdhjhklv�\jZs_gby�A_feb��Ihlhd�\ha^moZ�\�ijbeb\ghc�\heg_

klZg_l� ^ha\mdh\uf�� <l_dZy� \� h[eZklv� ]jZ\blZpbhggh]h� \hafms_gby�� hg� [m^_l

mkdhjylvky� g_� lhevdh� aZ� kq_l� ijbly`_gby� Emgu�� gh� b� ]jZ\blZpbhgghc� \heghc

jZaj_`_gby��[_]ms_c�gZ\klj_qm�ihlhdm��Ijb�\uoh^_�ba�h[eZklb�\hafms_gby�ihlhd

[m^_l� aZf_^eylvky� b� ]jZ\blZpbhggZy� \hegZ� [m^_l� kihkh[kl\h\Zlv� gZdhie_gbx

ba[ulhqghc�fZkku� \ha^moZ� \� ijbeb\ghc� \heg_��Wlhl� �ba[ulhqguc�� \ha^mo� fh`_l

i_j_f_sZlvky� k� ijbeb\ghc� \heghc�� ih�\b^bfhfm�� \� \b^_� \bojy� \� \_jlbdZevghc

iehkdhklb�� ih^gbfZykv� gZ^� ^\b`msbfky� ihlhdhf�� Wlh� h^bg� ba� \hafh`guo

f_oZgbafh\�� dhlhjuc� fh`_l� h]jZgbqb\Zlv� jhkl� lhesbgu� Zlfhkn_ju�

Ij_^klZ\ey_lky�� qlh� [_a� mq_lZ� ^\b`_gby� \ha^moZ� \� ijbeb\ghc� \heg_� g_evay

jZkkfZljb\Zlv�b�l_iehh[f_g�f_`^m�ljhihkn_jhc�b�kljZlhkn_jhc�

<k_��k\yaZggu_�k�^\b`_gb_f�\ha^moZ�\�ijbeb\ghc�\heg_��y\e_gby�hklZ\Zebkv�

dZ`_lky�� ^h� kbo� ihj� \g_� ihey� aj_gby� _kl_kl\hbkiulZl_e_c�� Ijb\_^_ggu_� \ur_

khh[jZ`_gby�b�mfhajbl_evgu_�\ZjbZglu��\hafh`gh��ijb\e_dml�\gbfZgb_�bkke_^h\Z�

l_e_c�d�^\b`_gbx�\�ijbeb\guo�\hegZo�

<�aZdexq_gb_�hlf_lbf��qlh�Khegp_�lZd`_�ihjh`^Z_l�gZ�ieZg_l_�ijbeb\gu_

\hegu�� ohly� b� g_kdhevdh� f_gvr_c� Zfieblm^u�� Bo� \aZbfh^_ckl\b_� fh`_l� kbevgh

hkeh`gblv�hibkZggmx�\ur_�ijhkl_crmx�ko_fm�^\b`_gby�\�ijbeb\ghc�\heg_��Qlh

dZkZ_lky�^\b`_gby�\ha^moZ�\�ijbeb\ghc�\heg_��lh�h[mkeh\e_ggu_�_x�wnn_dlu�fh]ml

[ulv�mkbe_gu�aZ�kq_l�wg_j]bb�kheg_qgh]h�baemq_gby�


