
 

 

   

 
 
 
 
 

 
 
 

K�<�Dmag_ph\��<�G�H^bgp_\��
F�W�Kehgbf��<�:�Ljhnbfh\� 

 

MQ,L�L?OGHEH=BQ?KDHC�
IHKE?>H<:L?EVGHKLB�HQBKLGUO�

J:;HL�K�A:DE:>DHC�
<UJ:;HL:GGH=H�IJHKLJ:GKL<:�
IJB�J:KQ,L:O�G:IJY@,GGH-

>?NHJFBJH<:GGH=H�KHKLHYGBY�
F:KKB<:� 

 

 
 
 
 
 
 
 

 

 
 
 

F==JM��������]h^ 



 

 2 

   

Kh^_j`Zgb_ 
1. L_ogheh]bq_kdZy�ihke_^h\Zl_evghklv�]hjguo�jZ[hl�b�

kmsghklv�f_lh^Z�ihke_^h\Zl_evguo�pbdeh\� 
klj�� 

2. HibkZgb_�f_lh^Z�ihke_^h\Zl_evguo�pbdeh\� klj�� 
3. JZkqzlu�gZijy`zggh]h�khklhygby�fZkkb\Z�]hjguo�ihjh^�k�

aZdeZ^dhc� 
klj��� 

 Ebl_jZlmjZ klj��� 



 

 3 

   

���L_ogheh]bq_kdZy�ihke_^h\Zl_evghklv�]hjguo�jZ[hl�b�
kmsghklv�f_lh^Z�ihke_^h\Zl_evguo�pbdeh\� 

 
JZajZ[hldZ� f_klhjh`^_gbc� l\zj^uo� ih^a_fguo� bkdhiZ_fuo� k�

aZdeZ^dhc� \ujZ[hlZggh]h� ijhkljZgkl\Z� ihemqbeZ� aZ� ihke_^gb_� ]h^u�
[hevrh_� jZkijhkljZg_gb_� Hkgh\guf� gZagZq_gb_f� aZdeZ^db� y\ey_lky�
h[_ki_q_gb_� \hafh`ghklb� bkdexq_gby� kms_kl\_gguo� gZjmr_gbc�
ih^jZ[Zlu\Z_fhc� a_fghc� ih\_joghklb�� wnn_dlb\gh]h� mijZ\e_gby�
]hjguf� ^Z\e_gb_f� \� keh`guo� ]hjghl_ogbq_kdbo� mkeh\byo�� kha^Zgby�
mkeh\bc� [_ahiZkgh]h� \_^_gby� ]hjguo� jZ[hl�� Z� lZd`_� ijbf_g_gby�
dhfie_dkghc� f_oZgbaZpbb� b� wnn_dlb\ghc� l_ogheh]bb� ]hjguo� jZ[hl�
[82- ��@�� Bkihevam_fu_� \� ]hjghc� ijZdlbd_� l_ogheh]bq_kdb_� ko_fu�
jZajZ[hldb� f_klhjh`^_gbc� k� aZdeZ^dhc� \ujZ[hlZggh]h� ijhkljZgkl\Z�
\_kvfZ� jZaghh[jZagu�� H^gZdh� hgb� bf_xl� h[smx� l_ogheh]bq_kdmx�
hkh[_gghklv� –�ih\lhjyxsmxky�\�khhl\_lkl\bb�k�\u[jZgghc�kbkl_fhc�
jZajZ[hldb� hij_^_ezggmx� ihke_^h\Zl_evghklv� ^h[uqguo� b�
aZdeZ^hqguo� jZ[hl�� \� dhlhjuo� fh`gh� \u^_eblv� we_f_glZjguc�
l_ogheh]bq_kdbc� pbde�� \u_fdZ� ihe_agh]h� bkdhiZ_fh]h� –� aZdeZ^dZ�
\ujZ[hlZggh]h� ijhkljZgkl\Z�� AZdeZ^dZ� \ujZ[hlZggh]h� ijhkljZgkl\Z�
ijhbkoh^bl� k� g_dhlhjuf� hlklZ\Zgb_f� hl� hqbklguo� jZ[hl�� \�
j_amevlZl_� q_]h� h[jZam_lky� jZ[hq__� ijhkljZgkl\h�� ]^_� fh`_l�
jZaf_sZlvky�]hjgh_�h[hjm^h\Zgb_� 

Nhjfbjmxsbcky� \� l_ogheh]bq_kdbo� pbdeZo� [ehdb� aZdeZ^db� \�
kh\hdmighklb� h[jZamxl� aZdeZ^hqguc� fZkkb\�� ?keb� \� dZq_kl\_�
aZdeZ^db� ijbf_gyxlky� ko\Zlu\Zxsb_ky�� l\_j^_xsb_� kf_kb�� gZijbf_j�
[_lhggu_��lh�bkdmkkl\_gguc�fZkkb\�aZdeZ^db�y\ey_lky�kjZ\gbl_evgh�
fhgheblguf�b�ijhqguf�>�����@�� Ijb�wlhf�hg�b]jZ_l�\Z`gmx�jhev�\�
mijZ\e_gbb� ]hjguf� ^Z\e_gb_f� b� ij_^hl\jZs_gbb� g_^himklbfuo�
k^\b`_gbc� ]hjguo� ihjh^�� AZdeZ^hqguc� fZkkb\� fh`_l� [ulv�
ij_^klZ\e_g� b� keZ[ufb�� juoeufb� kf_kyfb�� g_� ^himkdZxsbfb� dZdbo-
eb[h� h[gZ`_gbc� b� kihkh[gufb� ijhlb\h^_ckl\h\Zlv� ^Z\e_gbx�
gZe_]Zxsbo�lhes�ebrv�\�mkeh\byo�h[tzfgh]h�k`Zlby� 

M\_ebq_gb_� \ujZ[hlZggh]h� ijhkljZgkl\Z� \� dZ`^hf�
l_ogheh]bq_kdhf� pbde_� \uau\Z_l� hq_j_^gh_� i_j_jZkij_^_e_gb_�
gZijy`_gbc� f_`^m� fZkkb\Zfb� ]hjguo� ihjh^� b� knhjfbjh\Zgguf� jZg__�
fZkkb\hf� aZdeZ^db�� Kha^Zgguc� [ehd� aZdeZ^db� i_j\hgZqZevgh� g_�
gZ]jm`_g� ^Z\e_gb_f� gZe_]Zxsbo� ihjh^�� ?]h� gZijy`zggh_� khklhygb_�
nhjfbjm_lky�\�ijhp_kk_�ihke_^mxs_c�\u_fdb�ihe_agh]h�bkdhiZ_fh]h��
bgufb� keh\Zfb�� \� ijhp_kk_� ^Zevg_cr_]h� jZa\blby� hqbklguo� jZ[hl��
Kbeh\h_�\aZbfh^_ckl\b_�aZdeZ^db�b�fZkkb\Z�]hjguo�ihjh^�k\yaZggh�
k�bo�^_nhjfZpbhggufb�k\hckl\Zfb��Z�lZd`_�k�bkoh^guf�gZijy`zgguf�
khklhygb_f� fZkkb\Z� ]hjguo� ihjh^�� iheghlhc� aZdeZ^db� hqbklghc�
\ujZ[hldb�� <� h[s_f� kemqZ_� jZkij_^_e_gb_� ]hjgh]h� ^Z\e_gby� \�
fZkkb\_�]hjguo�ihjh^�b�aZdeZ^db�aZ\bkbl�hl�ihjy^dZ�ijh\_^_gby�b�
aZdeZ^db�hqbklguo�\ujZ[hlhd� 

 Bkke_^h\Zgby� aZdhghf_jghkl_c� i_j_jZkij_^_e_gby�
gZijy`_gbc� \� fZkkb\_� ]hjguo� ihjh^� b� aZdeZ^d_� ih� f_j_� jZa\blby�
hqbklguo� b� aZdeZ^hqguo� jZ[hl� kjZ\gbl_evgh� keh`gu_�� Wlh� ]eZ\guf�
h[jZahf� k\yaZgh� k� l_f�� qlh� \� jZkkfhlj_gb_� \dexqZ_lky� fZkkb\�
aZdeZ^db��bf_xsbc�kms_kl\_ggh�bgu_�nbabdh- f_oZgbq_kdb_�k\hckl\Z��
q_f� fZkkb\� ]hjguo� ihjh^�� Hkh[h� \Z`gu_� ^ey� ijZdlbdb� \hijhku�
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bkke_^mxlky�� dZd� ijZ\beh�� ijb� ihfhsb� fh^_ebjh\Zgby� gZ�
wd\b\Ze_glguo� fZl_jbZeZo� �kf��� gZijbf_j�� >�����@��� Wlhl� \b^�
fh^_ebjh\Zgby� iha\hey_l� h^gh\j_f_ggh� mq_klv� g_kdhevdh� nZdlhjh\�
\ebygby�� \� qbke_� dhlhjuo� lj_sbgh\Zlhklv�� kehbklhklv� b�
g_h^ghjh^ghklv� fZkkb\Z� ]hjguo� ihjh^�� iheamq_klv� ]hjguo� ihjh^� b�
aZdeZ^db�� ihke_^h\Zl_evghklv� jZa\blby� hqbklguo� b� aZdeZ^hqguo�
jZ[hl�� H^gZdh� fh^_ebjh\Zgb_� gZ� wd\b\Ze_glguo� fZl_jbZeZo�
l_ogbq_kdb� ljm^hzfdh�� Ljm^ghklb� \hagbdZxl� ijb� \Zjvbjh\Zgbb�
iZjZf_ljh\�fh^_eb�b�m^h\e_l\hj_gbb�djbl_jby�ih^h[by��Ihwlhfm�ijb�
ihfhsb�fh^_ebjh\Zgby�gZ�wd\b\Ze_glguo�fZl_jbZeZo�g_e_]dh�\kdjulv�
fgh]hh[jZab_� dZq_kl\_ggh� \hafh`guo� kblmZpbc� \� i_j_jZkij_^_e_gbb�
gZijy`_gbc� \� fZkkb\_� ]hjguo� ihjh^� b� aZdeZ^d_� b� l_f� kZfuf�
khklZ\blv�ihegmx�dZjlbgm�\hafh`guo�ijhy\e_gbc�]hjgh]h�^Z\e_gby� 

Ijb� ijbf_g_gbb� ZgZeblbq_kdbo� f_lh^h\� bkke_^h\Zgby�
i_j_jZkij_^_e_gby� gZijy`_gbc� \� ]hjguo� ihjh^Zo� b� aZdeZ^d_�
ljm^ghklb�k\yaZggu�k�ihklZgh\dhc�fZl_fZlbq_kdbo�aZ^Zq�>��@��Ijb�
keh`b\r_cky� ijZdlbd_� ZgZeblbq_kdh_� bkke_^h\Zgb_� ^Zggh]h� \hijhkZ�
khklhbl� \� \u[hj_�� ihklZgh\d_� b� j_r_gbb� oZjZdl_jghc�
fZl_fZlbq_kdhc� aZ^Zqb� jZkqzlZ� gZijy`zggh- ^_nhjfbjh\Zggh]h�
khklhygby�>��- ��@��Ijb�ihklZgh\d_�wlhc�aZ^Zqb�h[uqgh�kqblZ_lky��
qlh�� \h- i_j\uo�� ijhbkoh^yl� f]gh\_ggZy� \u_fdZ� \k_c� ih^e_`Zs_c�
wdkdZ\Zpbb�h[eZklb�fZkkb\Z�ihe_agh]h�bkdhiZ_fh]h�b�h^gh\j_f_ggh_�
\eh`_gb_� aZdeZ^db� \h� \kx� \ujZ[hlZggmx� h[eZklv�� aZ� bkdexq_gb_f�
jZ[hq_]h� ijhkljZgkl\Z�� <h- \lhjuo�� d� ihemqb\r_cky� lZdbf� h[jZahf�
g_h^ghjh^ghc� kj_^_� ijbdeZ^u\Z_lky� ba\_klgZy� �gZ� [_kdhg_qghklb��
gZ]jmadZ��\�j_amevlZl_�q_]h�\�wlhc�g_h^ghjh^ghc�kj_^_�kha^Zzlky�
hij_^_ezggh_�gZijy`zggh_�khklhygb_� 

=_hf_ljbq_kdZy�ko_fZlbaZpby��gZqZevgu_�b�]jZgbqgu_�mkeh\by�\�
wlhc�jZkqzlghc�aZ^Zq_�ih�lj_[h\Zgbx�Z^_d\Zlghklb�hibkZgby�^he`gu�
hlh[jZablv� \kz� lh� fgh]hh[jZab_� ]hjghl_ogbq_kdbo� b� ]hjgh-
]_heh]bq_kdbo� mkeh\bc�� dhlhjh_� fh`_l� bf_lv� f_klh� \�
^_ckl\bl_evghklb�ijb�ihkl_i_gghf�jZa\blbb�hqbklguo�b�aZdeZ^hqguo�
jZ[hl�� <� wlhc� k\yab� ijb� ihklZgh\d_� jZkqzlghc� aZ^Zqb� ^_eZxlky�
hij_^_ezggu_� ij_^iheh`_gby� hlghkbl_evgh� mqzlZ� fgh]bo� nZdlhjh\�
\ebygby��gZijbf_j��lZdbo��dZd��mkeh\by�dhglZdlh\�[ehdh\�aZdeZ^db�
^jm]� k� ^jm]hf�� Z� lZd`_� k� ihq\hc� b� djh\e_c�� \j_fy� l\_j^_gby�
aZdeZ^db�� jZaf_ju� aZdeZ^hqguo� \ujZ[hlhd� b� l�i�� AZjZg__� hp_gblv�
kijZ\_^eb\hklv� \\h^bfuo� ij_^iheh`_gbc�� \hh[s_� ]h\hjy��
g_\hafh`gh�� Wlh� h[klhyl_evkl\h� h]jZgbqb\Z_l� \hafh`ghklb�
ZgZeblbq_kdh]h� bkke_^h\Zgby�� kgb`Z_l� _]h� p_gghklv� b� \� jy^_�
kemqZ_\�fh`_l�ihklZ\blv�ih^�khfg_gb_�kijZ\_^eb\hklv�k^_eZgguo�gZ�
_]h�hkgh\_�\u\h^h\� 

JZa\blb_�hqbklguo�b�aZdeZ^hqguo�jZ[hl�ke_^m_l�jZkkfZljb\Zlv�
dZd� ijhp_kk� ihkl_i_ggh]h� aZf_s_gby� fZkkb\Z� ]hjguo� ihjh^�
aZdeZ^dhc��\�oh^_�dhlhjh]h�baf_gy_lky�dhgnb]mjZpby�\ujZ[hlZggh]h�
b� aZeh`_ggh]h� ijhkljZgkl\Z�� <f_kl_� k� l_f�� ihkdhevdm� nbabdh-
f_oZgbq_kdb_� k\hckl\Z� aZdeZ^db� baf_gyxlky� \ke_^kl\b_� _z�
gZ]jm`_gby� b� j_heh]bb�� gZijy`zggh- ^_nhjfbjh\Zggh]h� khklhygby�
fZkkb\Z�]hjguo�ihjh^�b�aZdeZ^db�aZ\bkbl�hl�\k_o�k\hbo�ij_^u^msbo�
khklhygbc�� Ke_^h\Zl_evgh�� baf_g_gb_� gZijy`zggh- ^_nhjfbjh\Zggh]h�
khklhygby� fZkkb\h\� ]hjguo� ihjh^� b� aZdeZ^db� ih� f_j_� jZa\blby�
hqbklguo� b� aZdeZ^hqguo� jZ[hl� y\ey_lky� k\h_]h� jh^Z� ³g_ebg_cguf´�
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ijhp_kkhf�� hlh[jZablv� dhlhjuc� j_r_gb_f� h^ghc� aZ^Zqb� f_oZgbdb�
^_nhjfbjm_fh]h�l_eZ��\hh[s_�]h\hjy��g_evay� 

Ijhp_kk� baf_g_gby� gZijy`zggh- ^_nhjfbjh\Zggh]h� khklhygby�
fZkkb\Z�]hjguo�ihjh^�b�aZdeZ^db�fh`gh�hibkZlv��_keb�jZa[blv�_]h�
gZ� oZjZdl_jgu_� wlZiu�� Wlb� wlZiu� eh]bqgh� k\yaZlv� k�
l_ogheh]bq_kdbfb�pbdeZfb�©\u_fdZ- aZdeZ^dZª��DZ`^hfm�ba�gbo�fh`_l�
[ulv� ihklZ\e_gZ� \� khhl\_lkl\b_� k\hy� oZjZdl_jgZy� aZ^ZqZ� h[ 
baf_g_gbb� gZijy`zggh- ^_nhjfbjh\Zggh]h� khklhygby�� Ijb� wlhf�
©gZ]jmadZª� \� dZ`^hc� wlZighc� aZ^Zq_� ^he`gZ� hij_^_eylvky� ih�
keh`b\r_fmky� gZijy`zgghfm� khklhygbx� fZkkb\Z� ]hjguo� ihjh^� \�
khhl\_lkl\bb� k� mkeh\b_f� h[jZs_gby� \� gmev� ghjfZevgh]h� b�
dZkZl_evguo� gZijy`_gbc� gZ� kha^Z\Z_fuo� h[gZ`_gbyo� hqbklguo�
\ujZ[hlhd�� <� wlhf� kemqZ_� bkke_^h\Zgb_� i_j_jZkij_^_e_gbc�
gZijy`_gbc� \� fZkkb\_� ]hjguo� ihjh^� b� aZdeZ^d_� fh`gh� ij_^klZ\blv�
dZd� j_r_gb_� kh\hdmighklb� wlZiguo� aZ^Zq�� \� dZ`^hc� ba� dhlhjuo�
ijyfuf� h[jZahf� mqblu\Zxlky� hkh[_gghklb� gZijy`zggh-
^_nhjfbjh\Zggh]h� khklhygby� fZkkb\h\� ]hjguo� ihjh^� b� aZdeZ^db�� Z�
lZd`_�b�l_ogheh]bq_kdb_�nZdlhju�\ebygby��Gb`_�ij_^klZ\e_gZ�h[sZy�
ko_fZ� nhjfZebaZpbb� ihklZgh\db� wlZiguo� aZ^Zq�� dhlhjmx� \�
hdhgqZl_evghf� \b^_� fh`gh� bgl_jij_lbjh\Zlv� dZd� f_lh^� jZkqzlZ�
gZijy`zggh- ^_nhjfbjh\Zggh]h� khklhygby� fZkkb\Z� ]hjguo� ihjh^� b�
aZdeZ^db�–�f_lh^�©ihke_^h\Zl_evguo�pbdeh\ª� 

Ke_^m_l� hlf_lblv�� qlh� \� jZ[hlZo� >��- ���@� ij_^klZ\e_gu�
j_amevlZlu�jZkqzlZ�gZijy`zggh]h�khklhygby�fZkkb\Z�]hjguo�ihjh^�b�
aZdeZ^db� k� mqzlhf� jZa\blby� ]hjguo� jZ[hl�� h^gZdh� \� wlbo� jZ[hlZo�
g_�^Zgh�^_lZevgh]h�hibkZgby�b�h[km`^_gby�f_lh^Z�jZkqzlZ� 

 Jbk�����Ko_fZ�d�jZkqzlZf�ih�f_lh^m�ihke_^h\Zl_evguo�pbdeh\�
�ihke_^h\Zl_evghklv�pbdeh\�\u_fdZ- aZdeZ^dZ���I,II,..., N –�ghf_jZ�pbdeh\� 

 
Ihkdhevdm�f_lh^�ihke_^h\Zl_evguo�pbdeh\�mqblu\Z_l�\�jZkqzlZo�

gh\u_� l_ogheh]bq_kdb_� we_f_glu�� g_h[oh^bfh� k^_eZlv� g_dhlhju_�
l_jfbgheh]bq_kdb_� ihykg_gby�� <� ^Zevg_cr_f� ih^� [ehdZfb� aZdeZ^db�
\ujZ[hlZggh]h� ijhkljZgkl\Z� [m^_f� ihgbfZlv� ij_^mkfhlj_ggu_�
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jZkqzlghc� b� l_ogheh]bq_kdhc� ko_fhc� ij_^klZ\bl_evgu_� g_kmsb_�
we_f_glu�� ba� kh\hdmighklb� dhlhjuo� kdeZ^u\Z_lky� aZdeZ^hqguc�
fZkkb\�� Ih^� aZoh^dhc� [m^_f� ihgbfZlv� hq_j_^gh_� ij_^klZ\bl_evgh_�
jZkrbj_gb_� beb� h[jZah\Zgb_� gh\h]h� k\h[h^gh]h� ijhkljZgkl\Z� \�
fZkkb\_� ]hjguo� ihjh^� ihke_� nhjfbjh\Zgby� [ehdZ� aZdeZ^db�� ih^�
l_ogheh]bq_kdbf�pbdehf�–�kh\hdmighklv�hi_jZpbc��dhlhjZy�\dexqZ_l�
\�k_[y�h[jZah\Zgb_�aZoh^db�b�nhjfbjh\Zgb_�aZdeZ^hqgh]h�[ehdZ� 

<� aZ\bkbfhklb� hl� oZjZdl_jZ� aZ^Zqb� ko_fZ� jZkqzlguo� wlZih\�
�beb� jZkqzlguo� pbdeh\�� fh`_l� h[h[sZlv� j_Zevgmx� l_ogheh]bq_kdmx�
ko_fm�nhjfbjh\Zgby�aZdeZ^db��gZijbf_j��h^bg�pbde�jZkqzlghc�ko_fu�
fh`_l�khhl\_lkl\h\Zlv�g_kdhevdbf�j_Zevguf�l_ogheh]bq_kdbf�pbdeZf�
\u_fdZ- aZdeZ^dZ�� GZ� jbk�� ���Z�[�� bah[jZ`_gZ� ko_fZ� jZkqzlh\�� \�
dhlhjuo� g_� jZkkfZljb\ZeZkv� ihke_^h\Zl_evghklv� kha^Zgby� aZdeZ^db�
\�gZijZ\e_gbb�hkb�z��Ij_^klZ\bl_evguf�^ey�aZoh^db�b�aZdeZ^hqgh]h�
[ehdZ� \� wlhf� kemqZ_� y\ey_lky� we_f_gl�� ^hiheg_gguc� imgdlbjhf� gZ�
jbk����Z��LZdh_�mijhs_gb_�kms_kl\_ggh�kgb`Z_l�h[tzf�\uqbke_gbc�b�
g_�y\ey_lky�ijbgpbibZevguf��lZd�qlh�\�kemqZ_�g_h[oh^bfhklb�fh`_l�
[ulv�kgylh� 
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���HibkZgb_�f_lh^Z�ihke_^h\Zl_evguo�pbdeh\� 
 
HklZgh\bfky� \gZqZe_� gZ� fZl_fZlbq_kdhc� ihklZgh\d_�

d\ZabklZlbq_kdhc� aZ^Zqb� jZkqzlZ� gZijy`zggh- ^_nhjfbjh\Zggh]h�
khklhygby� fZkkb\Z� ]hjguo� ihjh^� \� kemqZ_� h[jZah\Zgby� \� gzf�
h^bghqghc�\ujZ[hldb� 

Imklv�^ey�h^ghjh^ghc�kiehrghc�bahljhighc�kj_^u��dhlhjZy�^ey�
ijhklhlu� [m^_l� fh^_ebjh\Zlv� fZkkb\� ]hjguo� ihjh^�� ba\_klgu�
^_nhjfZpbhggu_� oZjZdl_jbklbdb�� h[hagZqZ_fu_� mkeh\gh� E( σ,t) 
�a^_kv�σ,t  –�khhl\_lkl\_ggh�iZjZf_lju�³gZ]jm`_gby´�b�\j_f_gb���b�
ba\_klgh�gZqZevgh_�gZijy`zggh_�khklhygb_�σ0

ij;( i,j = 1,2,3). 
Imklv� σI

ij –� gh\h_� gZijy`zggh_� khklhygb_� fZkkb\Z� ]hjguo�
ihjh^�� dhlhjh_� nhjfbjm_lky� \ke_^kl\b_� ijh\_^_gby� \� fhf_gl�
\j_f_gb� t = t0� \ujZ[hldb� k� ih\_joghklvx� h[gZ`_gby� S�� Z� ∆σ1

ij –
baf_g_gb_�bkoh^gh]h�gZijy`zggh]h�khklhygby�fZkkb\Z��l�_. 

 
σI

ij =  σ0
ij +  ∆σ1

ij , t0 ≤ t < ∞      (1) 
 
H[jZah\Zgb_�\ujZ[hldb�\�fZkkb\_�]hjguo�ihjh^�hagZqZ_l��qlh�\�

gzf�ijhbahreh�i_j_jZkij_^_e_gb_�gZijy`_gbc��\�khhl\_lkl\bb�k�q_f�
gZ�ih\_joghklb�h[gZ`_gby�S�ijh_dpbb�kbeh\h]h�\_dlhjZ�σI

ijnj�jZ\gu�
gmex� 

 
σI

ijnj|S = 0 , t0 ≤ t < ∞       (2) 
 
]^_� nj –� dhfihg_glu� _^bgbqgh]h� \_dlhjZ�� ghjfZevgh]h� d�

ih\_joghklb�S. 
Lh]^Z� ba� nhjfme� ���� b� ���� ke_^m_l�� qlh� gZ� ih\_joghklb� S 

bf_xl�f_klh�ke_^mxsb_�khhlghr_gby� 
 
∆σ1

ijnj|S = -σ0
ijnj|S , t0 ≤ t < ∞      (3) 

 
Ihkdhevdm� h[eZklv� baf_g_gby� bkoh^gh]h� ihey� gZijy`_gbc� ijb�

ijh\_^_gbb� \ujZ[hldb� dhg_qguo� jZaf_jh\� ijZdlbq_kdb� h]jZgbq_gZ��
lh�kijZ\_^eb\h�ke_^mxs__�mkeh\b_� 

 
∆σ1

ijnj|∞ = 0 , t0 ≤ t < ∞       (4) 
 
Khhlghr_gby� ���� b� ���� y\eyxlky� ]jZgbqgufb� mkeh\byfb� b�

mkeh\b_f� ³gZ� [_kdhg_qghklb´� \� aZ^Zq_� hij_^_e_gby� baf_g_gbc�
bkoh^gh]h� ihey� gZijy`_gbc�� l�_�� ³^hihegbl_evguo´� gZijy`_gbc��
?keb� fZkkb\� ]hjghc� ihjh^u� fh`gh� hlg_klb� d� mijm]hc� kj_^_�� lh�
ijhp_^mjZ� j_r_gby� khhl\_lkl\mxs_c� aZ^Zqb� kjZ\gbl_evgh� ijhklZ��
Wlh�j_r_gb_�i_j\hc�hkgh\ghc�aZ^Zqb�l_hjbb�mijm]hklb��?keb�fZkkb\�
ijhy\ey_l� g_ebg_cgu_� k\hckl\Z�� j_r_gb_� mkeh`gy_lky� b� gZoh^blky�
bl_jZpbhgguf�ijhp_kkhf� 

Imklv�gZijy`_gby�∆σ1
ij(E( σ0

ij), t��b�khhl\_lkl\mxsb_�^_nhjfZpbb�
∆ε1

ij(E( σ0
ij), t�� ij_^klZ\eyxl� j_r_gb_� aZ^Zqb� ijb� mkeh\byo� ���� b�
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����� Lh]^Z� bkdhfh_� gZijy`zggh- ^_nhjfbjh\Zggh_� khklhygb_� fZkkb\Z�
]hjguo�ihjh^�ij_^klZ\ey_lky�nhjfmeZfb 

σI
ij(E( σ0

ij), t) =  σ0
ij +  ∆σ1

ij(E( σ0
ij), t)  

εI
ij(E( σ0

ij), t) =  ε0
ij +  ∆ε1

ij(E( σ0
ij), t) , t0 ≤ t < ∞  (5) 

 
A^_kv�\\_^_gh�nhjfZevgh_�bkoh^gh_�^_nhjfbjh\Zggh_�khklhygb_�

fZkkb\Z�]hjguo�ihjh^�ε0
ij��k\yaZggh_�k�g_ihkj_^kl\_ggh�baf_jy_fuf�

bkoh^guf�gZijy`zgguf�khklhygb_f�σ0
ij�aZdhghf�=mdZ� 

I_j_oh^y� d� baeh`_gbx� f_lh^Z� ihke_^h\Zl_evguo� pbdeh\�� fh`gh�
kdZaZlv�� qlh� ihke_� h[jZah\Zgby� i_j\hc� hqbklghc� \ujZ[hldb�
�aZoh^db�� gZjy`zggh- ^_nhjfbjh\Zggh_� khklhygb_� fZkkb\Z� ]hjguo�
ihjh^�hij_^_ey_lky�nhjfmeZfb����� 

Imklv�^Ze__�ijhba\h^blky�ihegZy�aZdeZ^dZ�i_j\hc�aZoh^db��^ey�
ijhklhlu� baeh`_gby� bkdexqbf� ba� jZkkfhlj_gby� k\h[h^gh_� jZ[hq__�
ijhkljZgkl\h��� Knhjfbjh\Zgguc� [ehd� aZdeZ^db�� _kl_kl\_ggh��
i_j\hgZqZevgh� g_� gZ]jm`_g�� _keb� g_� jZkkfZljb\Zlv� kbeu�
kh[kl\_ggh]h� \_kZ�� GZ� wlhf� jZkqzl� i_j_jZkij_^_e_gbc� ihke_�
i_j\h]h�pbdeZ�\u_fdZ- aZdeZ^dZ�fh`gh�kqblZlv�aZ\_jrzgguf� 

JZkkfhljbf� l_i_jv� gZijy`zggh_� khklhygb_� fZkkb\Z� ]hjghc�
ihjh^u� b� [ehdZ� aZdeZ^db� \� j_amevlZl_� hkms_kl\e_gby� \lhjh]h�
l_ogheh]bq_kdh]h� pbdeZ� \u_fdZ- aZdeZ^dZ�� Imklv� hqbklgu_� jZ[hlu�
\lhjh]h� pbdeZ� ijh\h^ylky� ih� ijhr_kl\bb� \j_f_gb� tp� �a^_kv� tp – 
oZjZdl_jgh_� \j_fy� ijh\_^_gby� pbdeZ��� H[hagZqbf� kbf\hehf� σII

ij 
gh\h_� gZijy`zggh_� khklhygb_� fZkkb\Z� ]hjguo� ihjh^�� nhjfbjmxs__ky�
\ke_^kl\b_�kha^Zgby�\�fhf_gl�\j_f_gb�t  = t0 + tp�\lhjhc�aZoh^db�k�
ih\_joghklvx� h[gZ`_gby� S2�� kbf\hehf� ∆σ2

ij –� khhl\_lkl\mxs__�
baf_g_gb_� ij_^u^ms_]h� gZijy`zggh]h� khklhygby� fZkkb\Z� σI

ij. 
Ih^h[gh�khhlghr_gbx������fh`gh�aZibkZlv 

 
σII

ij =  σI
ij +  ∆σ2

ij , t0 + tp ≤ t < t0 + 2 tp    (6) 
 
GZijy`_gby� ∆σ2

ij�� dhlhju_� lZd`_� gZah\zf� ³^hihegbl_evgufb´��
fh`gh�hij_^_eblv��\hkihevah\Z\rbkv�lhc�`_�jZkqzlghc�ko_fhc��qlh�
baeh`_gZ� \ur_�� <� khhl\_lkl\bb� k� g_c� kqblZ_f�� qlh� h[jZah\Zgb_�
\lhjhc� aZoh^db� \� fZkkb\_� ]hjguo� ihjh^� hagZqZ_l� lZdh_�
i_j_jZkij_^_e_gb_� gZijy`_gbc�� ijb� dhlhjhf� gZ� ih\_joghklb�
h[gZ`_gby�S2�ijh_dpbb�kbeh\h]h�\_dlhjZ�σII

ij�jZ\gu�gmex��l�_� 
 
σII

ijnj|S2 = 0 , t0 + tp ≤ t < t0 + 2 tp     (7) 
 
<� wlhf� kemqZ_� ba� khhlghr_gbc� ���� b� ���� ke_^m_l�� qlh� gZ�

ih\_joghklb�S2�bf_xl�f_klh 
 
∆σ2

ijnj|S2 = -σI
ijnj|S2 , t0 + tp ≤ t < t0 + 2 tp    (8) 

 
:gZeh]bqgh�aZ\bkbfhklb�����fh`gh�ijbgylv 
 
∆σ2

ijnj|∞ = 0 , t0 + tp ≤ t < t0 + 2 tp     (9) 
 
Khhlghr_gby� ���� b� ���� y\eyxlky� ]jZgbqgufb� mkeh\byfb� b�

mkeh\b_f� ³gZ� [_kdhg_qghklb´� \� aZ^Zq_� hij_^_e_gby� ^hihegbl_evguo�
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gZijy`_gbc� \lhjh]h� jZkqzlgh]h� pbdeZ�� Hkh[_gghklv� ihkljh_gby�
j_r_gby�wlhc�aZ^Zqb�khklhbl�\�lhf��qlh�\�jZkkfhlj_gb_�\dexqZ_lky�
h[eZklv��aZgylZy�aZdeZ^dhc��dhlhjZy��dZd�ijZ\beh��bf__l�bgu_�ih�
hlghr_gbx� d� hdjm`Zxs_fm� fZkkb\m� ]hjghc� ihjh^u� ^_nhjfZpbhggu_�
k\hckl\Z�� H[hagZqbf� bo� mkeh\gh� Ea( σ, t��� <� gZklhys_f� hibkZgbb�
f_lh^Z� ihke_^h\Zl_evguo� pbdeh\� ^ey� ijhklhlu� baeh`_gby�
ij_^iheh`bf� ijhqguc� dhglZdl� aZdeZ^db� k� hdjm`Zxsbf� fZkkb\hf�
]hjguo� ihjh^�� l�_�� [m^_f� kqblZlv�� qlh� kf_s_gby� uj� b� bo�
ijhba\h^gu_�\�aZ^Zq_����������g_ij_ju\gu�gZ�ih\_joghklb�dhglZdlZ�
[ehdh\�aZdeZ^db� 

Imklv� ∆σ2
ij(E( σI

ij), t�� b� ∆ε2
ij(E( σI

ij), t) –� khhl\_lkl\_ggh�
\ujZ`_gby� ^ey� gZijy`_gbc� b� ^_nhjfZpbc�� ij_^klZ\eyxsb_� j_r_gb_�
aZ^Zqb� \lhjh]h� jZkqzlgh]h� pbdeZ�� Lh]^Z� bkdhfh_� gZijy`zggh-
^_nhjfbjh\Zggh_� khklhygb_� fZkkb\Z� ]hjguo� ihjh^� ihke_� ijh\_^_gby�
hqbklguo�jZ[hl�\lhjh]h�pbdeZ�\�khhl\_lkl\bb�k�\ujZ`_gbyfb�����b�
����ij_^klZ\ey_lky�ke_^mxsbfb�nhjfmeZfb� 

 
σII

ij(E( σI
ij), t) =  σ0

ij +  ∆σ1
ij(E( σ0

ij), t) +  ∆σ2
ij(E( σI

ij), t);  
εII

ij(E( σI
ij), t) =  ε0

ij +  ∆ε1
ij(E( σ0

ij), t) +  ∆ε2
ij(E( σI

ij), t); 
t0 + tp ≤ t < t0 + 2 tp       (10) 
 
Z� gZijy`zggh- ^_nhjfbjh\Zggh_� khklhygb_� [ehdZ� aZdeZ^db�

ij_^klZ\ey_lky�ke_^mxsbfb�\ujZ`_gbyfb� 
 
σII

ij���aZde��  ∆σ2
ij(E( σI

ij), t);  
εII

ij���aZde��  ∆ε2
ij(E( σI

ij), t); 

t0 + tp ≤ t < t0 + 2 tp       (11) 
 
<lhjhc� jZkqzlguc� pbde� fh`gh� kqblZlv� aZ\_jrzgguf�� ihkdhevdm�

aZdeZ^dZ� \lhjhc� aZoh^db� ijZdlbq_kdb� g_� baf_gy_l� gZijy`zggh-
^_nhjfbjh\Zggh_�khklhygb_� 

JZkkm`^Zy� ih^h[guf� h[jZahf� b� ^Ze__�� fh`gh� aZdexqblv�� qlh�
ihke_� hkms_kl\e_gby� N� jZkqzlguo� pbdeh\� gZijy`zggh-
^_nhjfbjh\Zggh_� khklhygb_� fh`gh� ij_^klZ\blv� ke_^mxsbfb�
nhjfmeZfb� 

<�fZkkb\_�]hjguo�ihjh^ 
 
σN

ij(E( σN-1
ij), t) =  σ0

ij +  ∆σ1
ij(E( σ0

ij), t) + … +  ∆σN
ij(E( σN-1

ij), t) =  

σ0
ij +  ΣN

n=1{ ∆σn
ij(E( σn-1

ij), t)};  
εNij(E( σN-1

ij), t) =  ε0
ij +  ∆ε1

ij(E( σ0
ij), t) + … +  ∆εNij(E( σN-1

ij), t) =  

ε0
ij +  ΣN

n=1{ ∆εnij(E( σn-1
ij), t)};  

t0 + ( N –1) tp ≤ t < t0 + Ntp      (12) 
 
\�K- hf�[ehd_�aZdeZ^db 
 
σN

ij( K�aZde��  ΣN
n=K+1{ ∆σn

ij};  
εNij( K�aZde��  ΣN

n=K+1{ ∆εnij}; 
t0 + ( N –1) tp ≤ t < t0 + Ntp      (13) 
 
<ujZ`_gby������ b������ y\eyxlky�hkgh\gufb�nhjfmeZfb�jZkqzlZ�

gZijy`zggh- ^_nhjfbjh\Zggh]h� khklhygby� fZkkb\Z� ]hjguo� ihjh^� b�
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aZdeZ^db�f_lh^hf�ihke_^h\Zl_evguo�pbdeh\��OZjZdl_jgZy�q_jlZ�wlbo�
nhjfme� –�ihke_^h\Zl_evghklv�jZkqzlh\��Ijb�wlhf�\�fZl_fZlbq_kdhf�
hlghr_gbb� \Z`gh�� qlh� dZ`^Zy� wlZigZy� aZ^ZqZ�� hljZ`ZxsZy�
h[jZah\Zgb_� gh\hc� aZoh^db�� bf__l� ihklZgh\dm� \� khhl\_lkl\mxsbo�
^hihegbl_evguo�gZijy`_gbyo� 

Ihke_^h\Zl_evguc� jZkqzl� \� ^hihegbl_evguo� gZijy`_gbyo�
iha\hey_l� [he__� lhqgh� hij_^_eylv� gZijy`zggh- ^_nhjfbjh\Zggh_�
khklhygb_� fZkkb\Z� ]hjguo� ihjh^� b� ijb� hlkmlkl\bb� aZdeZ^db�
\ujZ[hlZggh]h� ijhkljZgkl\Z�� Wlh� hlghkblky�� gZijbf_j�� d� kemqZx�
kha^Zgby� [hevrbo� hqbklguo� \ujZ[hlhd�� <� ij_^iheh`_gbb� b^_Zevghc�
mijm]hklb� ihke_^h\Zl_evghklv� jZkrbj_gby� \ujZ[hlZggh]h�
ijhkljZgkl\Z� \� jZkqzl_� gZijy`zggh- ^_nhjfbjh\Zggh]h� khklhygby� g_�
b]jZ_l� jheb�� \Z`gZ� ebrv� _]h� dhg_qgZy� dhgnb]mjZpby�� H^gZdh� wlZ�
ihke_^h\Zl_evghklv� \eby_l� gZ� gZijy`zggh- ^_nhjfbjh\Zggh_�
khklhygb_�� _keb� fZkkb\� ]hjghc� ihjh^u� ijhy\ey_l� g_ebg_cgu_�
^_nhjfZpbhggu_� k\hckl\Z� �kf��� gZijbf_j�� jZ[hlm� >���@��� <hh[s_�
]h\hjy�� fh`gh� mdZaZlv� gZ� hij_^_ezggmx� ZgZeh]bx� f_lh^Z�
ihke_^h\Zl_evguo� pbdeh\� b� f_lh^Z� ^hihegbl_evguo� gZ]jmahd��
ij_^eh`_ggh]h� ^ey� j_r_gby� g_ebg_cguo� mijm]hieZklbq_kdbo� aZ^Zq�
f_oZgbdb�^_nhjfbjm_fh]h�l\zj^h]h�l_eZ�>���@� 

Ihke_^h\Zl_evghklv� jZkqzlh\� hljZ`Z_l�� dZd� [ueh� hlf_q_gh�
\ur_�� ihke_^h\Zl_evghklv� hqbklguo� b� aZdeZ^hqguo� jZ[hl�� Z� lZd`_�
l_ogheh]bq_kdb_� hkh[_gghklb� nhjfbjh\Zgby� aZdeZ^db�� <� wlhc� k\yab�
f_lh^� ihke_^h\Zl_evguo� pbdeh\� ih� kjZ\g_gbx� k� ljZ^bpbhgguf�
f_lh^hf� jZkqzlZ�� dhlhjuc� ^ey� hij_^_ezgghklb� gZah\zf� f_lh^hf�
jZkqzlZ�³ih�dhg_qghfm�khklhygbx´��ijyfuf�h[jZahf�\dexqZ_l�gh\mx�
bgnhjfZpbx� l_ogheh]bq_kdh]h� oZjZdl_jZ� h� dhglZdlguo� mkeh\byo� gZ�
]jZgbpZo� khijy`_gby� [ehdh\� aZdeZ^db� b� fZkkb\Z� ]hjguo� ihjh^�� h�
ihke_^h\Zl_evghklb� jZa\blby� ]hjguo� jZ[hl�� h� \j_f_gguo�
oZjZdl_jbklbdZo�^\b`_gby�njhglZ�hqbklguo�jZ[hl�b�l�i� 

Ba�nhjfme������b������ke_^m_l��qlh�gZijy`zggh_�khklhygb_�\�
fZkkb\_� ]hjguo� ihjh^� b� \� hl^_evguo� [ehdZo� aZdeZ^db�
ij_^klZ\ey_lky� jZagufb� nhjfmeZfb�� \ke_^kl\b_� q_]h� gZ� ]jZgbp_�
[ehdh\� fh]ml� bf_lv� f_klh� kdZqdb� khhl\_lkl\mxsbo� dhfihg_gl�
gZijy`_gbc� 

Ihke_^h\Zl_evghklv� jZkqzlh\� gZijy`zggh- ^_nhjfbjh\Zggh]h�
khklhygby� ^Zzl� \hafh`ghklv�� ^himklb\� g_[hevrmx� ih]j_rghklv��
kms_kl\_ggh� mijhklblv� mqzl� j_heh]bq_kdbo� k\hckl\� fZkkb\Z� ]hjguo�
ihjh^� b� aZdeZ^db�� <� dZ`^hc� aZ^Zq_� jZkqzlZ� ^hihegbl_evguo�
gZijy`_gbc� fh`gh� kqblZlv�� qlh� ^_nhjfZpbhggu_� k\hckl\Z� ]hjghc�
ihjh^u� b� aZdeZ^db� g_� aZ\bkyl� hl� \j_f_gb�� gh� agZq_gb_� bo�
^_nhjfZpbhgguo� oZjZdl_jbklbd� ke_^m_l� gZagZqZlv� bkoh^y� ba�
khhl\_lkl\mxs_]h�ijhr_^r_]h�i_jbh^Z�\j_f_gb� 

<�dZq_kl\_�qbke_ggh]h�f_lh^Z�j_r_gby�wlZiguo�fZl_fZlbq_kdbo�
aZ^Zq�\�f_lh^_�ihke_^h\Zl_evguo�pbdeh\�m^h[gh�bkihevah\Zlv�f_lh^�
dhg_qguo� we_f_glh\�� ijb� ihfhsb� dhlhjh]h� fh`gh� jZkkqblu\Zlv�
gZijy`zggh- ^_nhjfbjh\Zggh_�khklhygb_�keh`guo�g_h^ghjh^guo�kj_^� 



 

 11 

   

���JZkqzlu�gZijy`zggh]h�khklhygby�fZkkb\Z�]hjguo�ihjh^�
k�aZdeZ^dhc� 

 
<� ^Zgghf� jZa^_e_� kh^_j`Zlky� j_amevlZlu� jZkqzlh\� f_lh^hf�

ihke_^h\Zl_evguo� pbdeh\� gZijy`zggh]h� khklhygby� fZkkb\Z� ]hjguo�
ihjh^�b�aZdeZ^db�ijb�hljZ[hld_�gZ�[hevrhc�]em[bg_�]hjbahglZevghc�
aZe_`b�ihe_agh]h�bkdhiZ_fh]h��kf��lZd`_�jZ[hlu�>���-107]). 

 
Ijbf_j� ��� >ey� kjZ\g_gby� jZkqzlZ� f_lh^hf� ihke_^h\Zl_evguo�

pbdeh\� k� f_lh^hf� jZkqzlZ� ³ih� dhg_qghfm� khklhygbx´� jZkkfhljbf�
ke_^mxsmx� aZ^Zqm�� Imklv� g_h[oh^bfh� gZclb� ihe_� gZijy`_gbc� \�
fZkkb\_� ]hjguo� ihjh^� b� aZdeZ^d_� ijb� hljZ[hld_� kehy� ihe_agh]h�
bkdhiZ_fh]h�� Imklv� mkeh\by� hljZ[hldb� hl\_qZxl� mkeh\byf� iehkdhc�
^_nhjfZpbb� \� jZkqzlghc� ko_f_�� bah[jZ`zgghc� � gZ� jbk�� ��� k_q_gb_�
hqbklghc� \ujZ[hldb� bf__l� ijyfhm]hevgmx� nhjfm� k� khhlghr_gb_f�
klhjhg� ������ Imklv�� djhf_� lh]h�� aZdeZ^dZ� bf__l� l_� `_� fh^meb�
mijm]hklb��qlh�b�\f_sZxsbc�fZkkb\�]hjghc�ihjh^u� 

 Jbk�����JZkij_^_e_gb_�mkj_^gzgguo�gZijy`_gbc�σyy�\�fZkkb\_�]hjguo�ihjh^�b�aZdeZ^d_ 
1 - �jZkqzl�³ih�dhg_qghfm�khklhygbx´� 
2 – �jZkqzl�f_lh^hf�ihke_^h\Zl_evguo�pbdeh\� 

 
Ijb�jZkqzl_�ihey�gZijy`_gbc�³ih�dhg_qghfm�khklhygbx´�aZ^ZqZ�

h[uqgh� nhjfmebjm_lky� ke_^mxsbf� h[jZahf�� GZclb� gZijy`zggh_�
khklhygb_� mijm]hc� kj_^u� \hae_� ³hl\_jklby´� ijb� ^_ckl\bb� gZ�
³[_kdhg_qghklb´� aZ^Zgghc� gZ]jmadb�� <� khhl\_lkl\bb� k� ijbgylufb�
mkeh\byfb� \� jZkkfZljb\Z_fhc� aZ^Zq_� mijm]Zy� kj_^Z� y\ey_lky�
h^ghjh^ghc�� ³hl\_jklb_´� �aZoh^dZ�� bf__l� \b^� s_eb�� Imklv��
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gZijbf_j�� bkoh^gh_� gZijy`zggh_� khklhygb_� aZ^Zzlky� ke_^mxsbfb�
\ujZ`_gbyfb�σ0

xx = σ0
yy = γH��Wlm�aZ^Zqm�kjZ\gbl_evgh�e_]dh�j_rblv��

\hkihevah\Z\rbkv�f_lh^hf��baeh`_gguf�\�jZ[hl_�>��@� 
Jbk�� �� hljZ`Z_l� g_dhlhju_� j_amevlZlu� j_r_gby�� Kj_^gb_�

agZq_gby�\_jlbdZevguo�\�[ehdZo�aZdeZ^db�hlf_q_gu�lj_m]hevgbdZfb��
ZgZeh]bqgh� ij_^klZ\e_gu� kj_^gb_� \_jlbdZevgu_� gZijy`_gby� \�
fZkkb\_� ]hjguo� ihjh^�� Ba� jbkmgdZ� fh`gh� aZdexqblv�� qlh� \� p_ehf�
gZijy`zggh_�khklhygb_�fZkkb\Z�]hjguo�ihjh^�b�aZdeZ^db�kh\iZ^Z_l�
k� bkoh^guf� gZijy`zgguf� khklhygb_f� fZkkb\Z� ]hjguo� ihjh^�
�imgdlbjgZy�ebgby���I_j_jZkij_^_e_gb_�gZijy`_gbc�ijhbkoh^bl�ebrv�
\�g_[hevrhc�h[eZklb�fZkkb\Z�\[ebab�aZoh^db��Kj_^g__�\_jlbdZevgh_�
gZijy`_gb_�\�kl_gd_�hqbklgh]h�aZ[hy�ijb[ebabl_evgh�jZ\gh�����γH. 
?keb�� gZijbf_j�� \� aZ^Zq_� jZkkfhlj_lv� kemqZc� iheghc� aZdeZ^db�
\ujZ[hlZggh]h� ijhkljZgkl\Z�� lh�� ^Z`_� g_� ijb[_]Zy� d� jZkqzlZf��
e_]dh�fh`gh�aZdexqblv��qlh�gZijy`zggh_�khklhygb_�fZkkb\Z�]hjghc�
ihjh^u�b�aZdeZ^db�^he`gh�[ulv�h^ghjh^guf�b�iheghklvx�kh\iZ^Zlv�k�
bkoh^guf� gZijy`zgguf� khklhygb_f�� Ke_^h\Zl_evgh�� jZkqzlu� ³ih�
dhg_qghfm� khklhygbx´� \� wlhf� kemqZ_� g_� fh]ml� \uy\blv�
i_j_jZkij_^_e_gb_�gZijy`_gbc�\�fZkkb\_�]hjguo�ihjh^� 

<� jZkqzlZo� gZijy`zggh]h� khklhygby� f_lh^hf� ihke_^h\Zl_evguo�
pbdeh\� \uy\eyxlky� bgu_� aZdhghf_jghklb� \� jZkij_^_e_gbb�
gZijy`_gbc�� Kj_^gb_� \_jlbdZevgu_� gZijy`_gby� \� [ehdZo� aZdeZ^db��
\uqbke_ggu_�ijb�ihfhsb�wlh]h�f_lh^Z��hlf_q_gu�gZ�jbk����djm`dZfb�
�ZgZeh]bqgh� ij_^klZ\e_gu� kj_^gb_� \_jlbdZevgu_� gZijy`_gby� \�
fZkkb\_� ]hjguo� ihjh^��� Ih� jbkmgdm� fh`gh� ijhke_^blv� gZjZklZgb_�
^Z\e_gby� gZ� \_kv� fZkkb\� aZdeZ^db�� ;he__� bgl_gkb\guc� jhkl�
^Z\e_gby� ijhbkoh^bl� kh� klhjhgu� njhglZ� hqbklguo� jZ[hl�� Kj_^gb_�
\_jlbdZevgu_� gZijy`_gby� \� fZkkb\_� ]hjguo� ihjh^� ijb[ebabl_evgh�
jZ\gu��\�kl_gd_�hqbklgh]h�aZ[hy��γH��\[ebab�i_j\uo�knhjfbjh\Zgguo�
[ehdh\� aZdeZ^db� ���γH�� <� p_ehf� h[eZklv� i_j_jZkij_^_e_gbc�
gZijy`_gbc�\�fZkkb\_�]hjguo�ihjh^�agZqbl_evgh�rbj_��OZjZdl_jguc�
ebg_cguc� jZaf_j� wlhc� h[eZklb� ijb� g_mklZgh\b\r_fky� j_`bf_�
i_j_jZkij_^_e_gby� gZijy`_gbc� hij_^_ey_lky� jZaf_jhf� \k_c�
ih^jZ[hldb�� <� jZkkfhlj_gghc� jZg__� aZ^Zq_� oZjZdl_jguf� jZaf_jhf�
h[eZklb� i_j_jZkij_^_e_gbc� gZijy`_gbc� y\ey_lky� ebg_cguc� jZaf_j�
aZoh^db� 

Ke_^m_l� hlf_lblv�� qlh� ijb� ij_^iheh`_gbb� mijm]hklb� aZdeZ^db�
jZkij_^_e_gb_� gZijy`_gbc� \� ij_^_eZo� dZ`^h]h� _z� [ehdZ��
hij_^_ezggh_� ijb� ihfhsb� f_lh^Z� ihke_^h\Zl_evguo� pbdeh\�� bf__l�
g_h^ghjh^guc�oZjZdl_j��Ijbf_ju���b���beexkljbjmxl�wlh� 

 
Ijbf_j����JZkkfhljbf�ijbf_j�jZkqzlZ�f_lh^hf�ihke_^h\Zl_evguo�

pbdeh\� gZijy`zggh]h� khklhygby� fZkkb\Z� ]hjguo� ihjh^� b� aZdeZ^db�
ijb�hljZ[hld_�kehy�ihe_agh]h�bkdhiZ_fh]h�\�kemqZ_��dh]^Z�fh^meb�
mijm]hklb� ]hjghc� ihjh^u� E� b� aZdeZ^db� Ea� gZoh^ylky� \� hlghr_gbb�
E=10Ea�� GZ� jbk�� �� ij_^klZ\e_gh� ihemq_ggh_� \� mkeh\byo� iehkdhc�
^_nhjfZpbb� jZkij_^_e_gby� \_jlbdZevguo� gZijy`_gbc� σyy� \^hev� hkb�
kbff_ljbb� x� ihke_� r_klb� pbdeh\� \u_fdZ- aZdeZ^dZ�� Ba� jbkmgdZ�
ke_^m_l�� qlh� ihe_� gZijy`_gbc� \� aZdeZ^d_� bf__l� kms_kl\_ggh�
g_h^ghjh^guc� oZjZdl_j�� GZ� ]jZgbp_� [ehdh\� aZdeZ^db� bf_xl� f_klh�
kdZqdb� gZijy`_gbc�� DZd� m`_� [ueh� hlf_q_gh�� kdZqdb� gZijy`_gbc� gZ�
]jZgbp_� [ehdh\� ij_^hij_^_eyxlky� jZkqzlgufb� nhjfmeZfb� ���-(11). 
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<_ebqbgu� kdZqdh\� gZijy`_gbc� aZ\bkyl� hl� khhlghr_gby� fh^me_c�
^_nhjfZpbb� ]hjghc� ihjh^u� b� aZdeZ^db� �kf�� ijbf_j� ���� Z� lZd`_� \�
f_gvr_c�kl_i_gb� –�hl�mkeh\bc�gZ�]jZgbp_�[ehdh\�aZdeZ^db�^jm]�k�
^jm]hf�� k� djh\e_c� b� k� ihq\hc�� <� jZkkfhlj_gguo� ijbf_jZo�
ij_^iheh`_g�ijhqguc�dhglZdl�gZ�]jZgbp_�[ehdh\� 

 
Jbk�����JZkij_^_e_gb_�gZijy`_gbc�σyy�\�fZkkb\_�]hjguo�ihjh^�b�aZdeZ^d_�ihke_�r_klb�pbdeh\�\u_fdZ- aZdeZ^dZ��E = 10E a.  

 
Ijb� mf_gvr_gbb� rbjbgu� [ehdh\� aZdeZ^db�� dZd� ihdZaZeb�

^hihegbl_evgu_� jZkqzlu�� jZkij_^_e_gb_� gZijy`_gbc� \� aZdeZ^d_�
ijbgbfZ_l� [he__� h^ghjh^guc� oZjZdl_j�� JZkij_^_e_gb_� gZijy`_gbc� \�
aZdeZ^d_� b� \� fZkkb\_� ]hjguo� ihjh^� aZ\bkbl� hl� gZijZ\e_gby�
jZa\blby� hqbklguo� jZ[hl�� � \� ihke_^gbo� g_kmsbo� [ehdZo� aZdeZ^db�
gZijy`_gby� σyy� \� p_ehf� g_kdhevdh� \ur_�� q_f� \� [ehdZo��
knhjfbjh\Zgguo� \� kZfhf� gZqZe_� aZdeZ^hqguo� jZ[hl�� Dhgp_gljZpbb�
\_jlbdZevguo�gZijy`_gbc�\�fZkkb\_�]hjguo�ihjh^�\[ebab�i_j_^h\h]h�
hqbklgh]h�aZ[hy�g_kdhevdh�\ur_��q_f�\[ebab�i_j\uo�knhjfbjh\Zgguo�
[ehdh\�aZdeZ^db� 

Hlf_q_ggu_� aZdhghf_jghklb� \� jZkij_^_e_gbb� gZijy`_gbc�
h[mkeh\e_gu�pbdebq_kdbf�oZjZdl_jhf�hqbklguo�b�aZdeZ^hqguo�jZ[hl��
b�� _kl_kl\_ggh�� hgb� g_� fh]ml� [ulv� \uy\e_gu� f_lh^hf� jZkqzlZ� ³ih�
dhg_qghfm�khklhygbx´� 
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Ijbf_j� ��� I_j_^ZqZ� ]hjgh]h� ^Z\e_gby� kh� klhjhgu� \f_sZxs_]h�
fZkkb\Z�]hjguo�ihjh^�gZ�aZdeZ^dm�hij_^_ey_lky�fgh]bfb�nZdlhjZfb. 
:gZeba�j_amevlZlh\�jZkqzlh\�gZijy`_gbc�\�fZkkb\_�]hjguo�ihjh^�b�
aZdeZ^d_� ihdZau\Z_l�� qlh� ]eZ\guf� nZdlhjhf� \ebygby� y\ey_lky�
khhlghr_gb_� fh^me_c� mijm]hklb� �\� h[s_f� kemqZ_� fh^me_c�
^_nhjfZpbb��fZkkb\Z�]hjguo�ihjh^�b�aZdeZ^db� 

 Jbk�����JZkij_^_e_gb_�gZijy`_gbc�syy �\�fZkkb\_�]hjguo�ihjh^�b�[ehdZo�aZdeZ^db 
1 –  E = E a 
2 –  E = 10E a 
3 –  E = 20E a 

 
GZ� jbk�� �� bah[jZ`_gu� djb\u_� jZkij_^_e_gby� \_jlbdZevguo�

gZijy`_gbc�\�kj_^g_c�qZklb�[ehdh\�aZdeZ^db��jZkiheh`_gguo�\[ebab�
hqbklgh]h� ijhkljZgkl\Z�� ijb� ke_^mxsbo� \_ebqbgZo� hlghr_gby�
fh^me_c�mijm]hklb��aZdeZ^db�b�]hjghc�ihjh^u�Ea/E : 1;  0,1; 0,05.  
Hlghr_gb_�ijhezlZ�aZoh^db�d�\ukhl_�jZ\gh�^\mf��Ba�jbkmgdZ�\b^gh��
qlh� ijb� ih\ur_gbb� `zkldhklb� aZdeZ^db� hgZ� kdhj__� b� \� [hevr_c�
kl_i_gb� \hkijbgbfZ_l� ^Z\e_gb_� ih^jZ[Zlu\Z_fuo� lhes�� l_f� kZfuf��
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jZa]jm`Zy� ijbaZ[hcgmx� ahgm� fZkkb\Z� ]hjguo� ihjh^�� GZijbf_j�� ijb�
ih\ur_gbb�hlghr_gby�Ea/E �k������^h���kj_^g__�^Z\e_gb_�gZ�i_j\uc�
g_kmsbc� [ehd� aZdeZ^db� m\_ebqb\Z_lky� ijb[ebabl_evgh� \� �� jZaZ�� Z�
mkeh\guc�dhwnnbpb_gl�dhgp_gljZpbb�gZijy`_gbc�σvv�\�fZkkb\_�]hjguo�
ihjh^�mf_gvrZ_lky�\�����jZaZ��JZkij_^_e_gb_�gZijy`_gbc�\�fZkkb\_�
]hjguo�ihjh^�ih�gZijZ\e_gbx�jZa\blby�njhglZ�hqbklguo�jZ[hl�bf__l�
h[uqguc�oZjZdl_j�fhghlhggh]h�baf_g_gby��kf���gZijbf_j��jbk����� 

<f_kl_� k� l_f� ijb� ih\ur_gbb� `zkldhklb� aZdeZ^db� \hajZklZ_l�
g_jZ\ghf_jghklv�jZkij_^_e_gby�gZijy`_gbc�\�[ehdZo�aZdeZ^db��?keb�
^_nhjfZpbhgguc�fh^mev�aZdeZ^db�^hklb]Z_l����b�[he__�ijhp_glh\�hl�
fh^mey� ^_nhjfZpbb� ]hjghc� ihjh^u�� lh� ^Z\e_gb_� gZe_]Zxs_c� lhesb�
fh`_l� baf_gylvky� ih� rbjbg_� [ehdZ� aZdeZ^db� [he__� q_f� \� �� jZaZ��
Ijb�wlhf�j_adZy�g_h^ghjh^ghklv�ihey�gZijy`_gbc�[m^_l�k\hckl\_ggZ�
b�gZe_]Zxs_c��b�ih^klbeZxs_c�qZklb�fZkkb\Z�]hjguo�ihjh^��<ukhdb_�
gZijy`_gby�\�djZ_\uo�qZklyo�aZdeZ^db�fh]ml�\ua\Zlv�_z�jZajmr_gb_�
gZ� \_jlbdZevguo� h[gZ`_gbyo�� Ke_^h\Zl_evgh�� ijbf_g_gb_� djZcg_�
`zkldhc�aZdeZ^db��ijb�wlhf�fh^meb�^_nhjfbjh\Zgby�]hjghc�ihjh^u�b�
aZdeZ^db� jZaebqZxlky� f_g__� q_f� \� �� jZa�� ijb� hljZ[hld_�
f_klhjh`^_gbc� gZ� [hevrbo� ]em[bgZo� g_p_e_khh[jZagh�� HilbfZevgu_�
mkeh\by�hljZ[hldb�f_klhjh`^_gby�gZ�[hevrbo�]em[bgZo��ijb�dhlhjuo�
kehc�aZdeZ^db�g_�jZajmrZ_lky�ih^�^Z\e_gb_f�\ur_e_`Zs_c�lhesb�b�\�
lh�`_�\j_fy�wnn_dlb\gh�\hkijbgbfZ_l�gZ]jmadm��^hklb]Z_lky�lh]^Z��
dh]^Z� fh^mev� ^_nhjfZpbb� ]hjghc� ihjh^u� b� wnn_dlb\guc� fh^mev�
^_nhjfZpbb� iheghklvx� aZl\_j^_\r_c� aZdeZ^db� jZaebqZxlky� ijbf_jgh�
\���- ���jZa� 

 
Ijbf_j� ��� <� ij_^u^ms_f� ijbf_j_� hlf_qZehkv�� qlh� gZjy^m� k�

^_nhjfZpbhggufb� k\hckl\Zfb� fZkkb\Z� ]hjguo� ihjh^� \Z`gmx� jhev� \�
i_j_jZkij_^_e_gbb� gZijy`_gbc� f_`^m� fZkkb\hf� ]hjguo� ihjh^� b�
aZdeZ^dhc� b]jZxl� ^_nhjfZpbhggu_� k\hckl\Z� aZdeZ^db��
>_nhjfZpbhggu_� k\hckl\Z� aZdeZ^db� hq_gv� keh`gu�� GZijbf_j�� ^ey�
l\_j^_xs_c� aZdeZ^db� hgb�� \h- i_j\uo�� baf_gyxlky� \h� \j_f_gb� ijb�
l\_j^_gbb� aZdeZ^db�� Fh^mev� ^_nhjfZpbb� b� ijhqghklv� dm[bdZ� ijb�
h^gbo�b�l_o�`_�mkeh\byo�gZ]jm`_gby�fh]ml�m\_ebqblvky�[he__�q_f�\�
���jZa��<h- \lhjuo��aZdeZ^dZ�h[eZ^Z_l�kihkh[ghklvx�ih^�^Z\e_gb_f�
miehlgylvky�� <_ebqbgZ� ij_^_evgh]h� miehlg_gby� aZdeZ^db� aZ� kqzl�
mf_gvr_gby� ihjbklhklb� h[uqgh� khklZ\ey_l� ^ey� l\_j^_xs_c� aZdeZ^db�
g_kdhevdh� ijhp_glh\�� <- lj_lvbo�� ijb� \hajZklZgbb� gZ]jmadb�
^_nhjfbjh\Zgb_� iehlgh� miZdh\Zgghc� aZdeZ^db� ijbh[j_lZ_l� y\gh�
\ujZ`_gguc� ieZklbq_kdbc� oZjZdl_j� >���@�� <- q_l\zjluo�� gZ�
^_nhjfZpbhggu_�k\hckl\Z�fZkkb\Z�aZdeZ^db�gZ�gZqZevghc�klZ^bb�_z�
^_nhjfbjh\Zgby� \eby_l� b� iehsZ^v� dhglZdlZ� aZdeZ^db� k� djh\e_c��
H[uqgh� \ke_^kl\b_� g_jh\ghklb� djh\eb� \ujZ[hldb� h[jZamxlky�
hl^_evgu_�imklhlu��l�_��bf__l�f_klh�g_ihegZy�aZdeZ^dZ�\ujZ[hlhd�
>��@�� Wlh�� _kl_kl\_ggh�� aZljm^gy_l� i_j_jZkij_^_e_gb_� gZijy`_gbc�
f_`^m�fZkkb\hf�]hjghc�ihjh^u�b�aZdeZ^dhc� 

LZdbf� h[jZahf�� ijb� ^_nhjfbjh\Zgbb� aZdeZ^db� fh`gh� \u^_eblv�
ljb�oZjZdl_jgu_�wlZiZ��GZqZevguc�–�k�gbadbf�fh^me_f�^_nhjfZpbb��
gZ�dhlhjhf�\�hkgh\ghf�ijhy\ey_lky�l\_j^_gb_�aZdeZ^db��_z�mkZ^dZ�
ih^� ^Z\e_gb_f�� Z� lZd`_� aZl_dZgb_� hl^_evguo� imklhl�� wlZi�
mijhqg_gby� aZdeZ^db� b� dhg_qguc� wlZi� ieZklbq_kdh]h�
^_nhjfbjh\Zgby�� khijh\h`^Zxsbcky� ihgb`_gb_f� fh^mey� ^_nhjfZpbb�
ijb�_z�^Zevg_cr_f�gZ]jm`_gbb� 
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<� dZq_kl\_� ijbf_jZ� mqzlZ� \ebygby� g_ebg_cguo� ^_nhjfZpbhgguo�
k\hckl\� aZdeZ^db� gZ� oZjZdl_j� jZkij_^_e_gby� \� g_c� gZijy`_gbc��
jZkkfhljbf� hljZ[hldm� kehy� ihe_agh]h� bkdhiZ_fh]h�� kqblZy�� qlh�
aZdeZ^dZ� oZjZdl_jbam_lky� ^\mfy� ba� mdZaZgguo� \ur_� wlZih\�
^_nhjfbjh\Zgby��gZqZevguf�–�k�gbadbf�fh^me_f�^_nhjfZpbb�b�wlZihf�
mijhqg_gby� 

 Jbk�����Ko_fZ�baf_g_gby�Ea�hl�pbdeZ�d�pbdem 
 
<� jZkqzlZo� ijbgylu� ke_^mxsb_� bkoh^gu_� \_ebqbgu�� fh^mev�

mijm]hklb�]hjghc�ihjh^u�E = 10 5d]k�kf2��dhwnnbpb_gl�ImZkkhgZ������
Baf_g_gb_� fh^mey�aZdeZ^db�hl�pbdeZ�d�pbdem�ihdZaZgh�gZ�jbk�����
?keb� aZ^Zgh�oZjZdl_jgh_�\j_fy�pbdeZ�tp��lh�ij_^klZ\e_ggZy�ko_fZ�
fh`_l� mkeh\gh� hlh[jZ`Zlv� baf_g_gb_� fh^mey� ^_nhjfZpbb� aZdeZ^db�
ijb�_z�l\_j^_gbb��Bkoh^gh_�gZijy`zggh_�khklhygb_�fZkkb\Z�]hjghc�
ihjh^u�ijbgylh�]b^jhklZlbq_kdbf� 

<� wlhf� ijbf_j_� jZkkfZljb\Z_lky� kemqZc� kbff_ljbqgh�
jZkoh^ysboky� njhglh\� hqbklguo� jZ[hl�� <ke_^kl\b_� hkh[_gghkl_c�
k_ldb�jZa[b_gby�\�f_lh^_�dhg_qguo�we_f_glh\�[ehdb�aZdeZ^db�bf_xl�
jZagmx�rbjbgm��JZaf_ju�gZbf_gvr_c�aZoh^db��ijhezl�–��f��\ukhlZ�– 
�f� 

Ih� j_amevlZlZf� jZkqzlZ� ihkljh_gu� wixju� gZjZklZgby� ^Z\e_gby�
gZ�aZdeZ^dm�\�aZ\bkbfhklb�hl�ijh^\b`_gby�njhglh\�hqbklguo�jZ[hl�
\� keh_� �jbk�� ���� DZq_kl\_ggh_� khihklZ\e_gb_� j_amevlZlh\� wlh]h�
ijbf_jZ�k�j_amevlZlZfb�jZkqzlh\�gZijy`_gbc�\�aZdeZ^d_�[_a�mqzlZ�
_z� g_ebg_cguo� k\hckl\� �ijbf_ju� �� b� ��� ihdZau\Z_l�� qlh� mqzl�
g_ebg_cguo� k\hckl\� ijb\h^bl� d� bghc� dZjlbg_� jZkij_^_e_gby�
gZijy`_gbc�� ;ehdb� aZdeZ^db�� ijbe_]Zxsb_� d� hqbklghfm�
ijhkljZgkl\m�� \� wlhf� kemqZ_� h[jZamxl� ahgm� fZehc� gZ]jmadb��
AgZqbl_evgh_� ^Z\e_gb_� fh]ml� \hkijbgbfZlv� l_� [ehdb� aZdeZ^db��
dhlhju_� ³ijhreb´� gZqZevguc� wlZi� ^_nhjfbjh\Zgby�� >ey� wlhc� qZklb�
fZkkb\Z� aZdeZ^db� ijhy\eyxlky� l_� aZdhghf_jghklb� \� jZkij_^_e_gbb�
gZijy`_gbc�� dhlhju_� mklZgh\e_gu� ih� ³qbklh´� mijm]hc� fh^_eb��
M\_ebq_gb_�\_ebqbgu�mkZ^db�b�\j_f_gb�l\_j^_gby�aZdeZ^db�\_^zl�d�
jZkrbj_gbx� ahgu� i_j_jZkij_^_e_gbc� gZijy`_gbc� \hae_� hqbklghc�
\ujZ[hldb�� ijb� wlhf�� hq_\b^gh�� \hajZklZ_l� dhwnnbpb_gl�
dhgp_gljZpbb�gZijy`_gbc�\�fZkkb\_�]hjguo�ihjh^� 
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Jbk�����JZkij_^_e_gb_�\_jlbdZevguo�gZijy`_gbc�σyy/ γH�\�aZdeZ^d_�k�mqzlhf�_z�
g_ebg_cguo�^_nhjfZpbhgguo�k\hckl\� 

 
Ijbf_j� ��� JZkkfhljbf� \� wlhf� ijbf_j_� mkeh\by� jZajmr_gby�

fZkkb\Z� l\_j^_xs_c� aZdeZ^db�� Ih^� ^Z\e_gb_f� gZe_]Zxsbo� lhes�
\hafh`gh� jZajmr_gb_� aZdeZ^db� b� \� ]em[bg_� fZkkb\Z� b� gZ�
h[gZ`_gbyo�� _keb� aZdeZ^dZ� ih� k\hbf� ^_nhjfZpbhgguf� k\hckl\Zf�
[ebadZ�d�mijm]hfm�l_em��ijbqzf�fh^mev�mijm]hklb�[ebahd�d�fh^mex�
mijm]hklb� ]hjghc� ihjh^u�� Wlhl� \u\h^� ke_^m_l�� gZijbf_j�� ba�
ijbf_jZ����GZ�ijZdlbd_�aZdeZ^dm�k�lZdbfb�k\hckl\Zfb�g_�kha^Zxl��
H[uqgh�kha^Z\Z_fZy�l\_j^_xsZy�aZdeZ^dZ�bf__l�g_ebg_cguc�oZjZdl_j�
^_nhjfbjh\Zgby�b�\�p_ehf�gbadbc�fh^mev�^_nhjfZpbb��qlh�iha\hey_l�
_z� mih^h[blv� ieZklbq_kdhfm� l_em�� <ke_^kl\b_� l_dmq_klb� lZdZy�
aZdeZ^dZ�� ^Z`_� \hkijbgbfZy� [hevrb_� gZ]jmadb�� \jy^� eb� fh`_l�
jZajmrZlvky�gZ�\_jlbdZevguo�h[gZ`_gbyo� 

JZajmr_gb_� l\_j^_xs_c� aZdeZ^db�� ijhy\eyxs_c� k\hckl\Z�
b^_Zevgh� ieZklbq_kdh]h� l_eZ�� fh`_l� ijhbkoh^blv� �b� ijhbkoh^bl� \�
jy^_�kemqZ_\�gZ�ijZdlbd_��gZ�]hjbahglZevguo�h[gZ`_gbyo�aZdeZ^db��
gZijbf_j� ijb� _z� ih^jZ[hld_� ijb� gbkoh^ys_c� � keh_\hc� kbkl_f_�
jZajZ[hldb�f_klhjh`^_gby��<�wlhc�k\yab�jZkkfhljbf�ijbf_j�jZkqzlZ�
f_lh^hf� ihke_^h\Zl_evguo� pbdeh\� gZijy`zggh]h� khklhygby� aZdeZ^db�
ijb� _z� ih^jZ[hld_�� Bkoh^gu_� \_ebqbgu� ^ey� jZkqzlh\� aZbfkl\h\Zgu�
ba�ij_^u^ms_]h�ijbf_jZ� 
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 Jbk�����JZkij_^_e_gb_�\_jlbdZevguo�gZijy`_gbc�σyy/ γH�\�[ehdZo�aZdeZ^db�ijb�_z�
ih^jZ[hld_ 

 
GZ� jbk�� �� ij_^klZ\e_gu� wixju� jZkij_^_e_gby� �beb� hl^_evgu_�

agZq_gby�� \_jlbdZevguo� gZijy`_gbc� σyy� \� [ehdZo� aZdeZ^db� ijb� _z�
ih^jZ[hld_�^ey�kemqZ_\�hljZ[hldb�^\mo��ljzo�b�q_lujzo�kehz\� 

Ba� jbkmgdZ� ke_^m_l�� qlh� ijb� jZaghc� fhsghklb� gZe_]Zxs_c�
aZdeZ^db� ijb� _z� ih^jZ[hld_� \� g_c� ijhbkoh^bl� jZa]jmadZ� b� ^Z`_�
ihy\eyxlky� jZkly]b\Zxsb_� gZijy`_gby�� Ihy\e_gb_� jZkly]b\Zxsbo�
gZijy`_gbc� \� jZkkfhlj_gghf� ijbf_j_� h[mkeh\e_gh� ij_^iheh`_gb_f�
mijm]hklb�aZdeZ^db�\�dZ`^hf�jZkqzlghf�pbde_��Bgl_jij_lbjmy�wlhl�
j_amevlZl�^ey�aZdeZ^db��ijhy\eyxs_c�k\hckl\Z�ieZklbq_kdh]h�l_eZ��
fh`gh� ij_^iheh`blv�� qlh� \� qZklb� aZdeZ^db�� g_ihkj_^kl\_ggh�
gZoh^ys_cky� \� djh\e_� hqbklghc� \ujZ[hldb�� ijhbkoh^bl� ihegZy�
jZa]jmadZ� hl� ^_ckl\mxsbo� gZijy`_gbc� �aZ� bkdexq_gb_f� gZijy`_gbc��
\uau\Z_fuo�\_khf�kZfhc�aZdeZ^db�� 

Ke_^h\Zl_evgh�� gZoh^ysZyky� \� djh\e_� l\_j^_xsZy� aZdeZ^dZ��
dhlhjZy� g_� bf__l� ^hklZlhqghc� ijhqghklb� gZ� jZkly`_gb_�� fh`_l�
jZajmrZlvky� ih^� ^_ckl\b_f� kh[kl\_ggh]h� \_kZ� �h� \hafh`ghf�
f_oZgbaf_� jZajmr_gby� ih^jZ[hlZgghc� aZdeZ^db� kf�� lZd`_� jZ[hlm�
>��@���GZ�ijZdlbd_�wlh�gZ[ex^Z_lky��gZijbf_j��\�\b^_�jZkkeh_gby�
b� h[jmr_gby� aZdeZ^db� ih� kehyf� aZeb\db� p_f_glghc� kf_kb� \� lhf�
kemqZ_�� _keb� wlb� kehb� \ke_^kl\b_� gZjmr_gby� l_ogheh]bb� aZeb\db�
bf_xl� g_ijhqguc� dhglZdl�� LZdbf� h[jZahf�� g_h[oh^bfuf� mkeh\b_f�
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mklhcqb\hklb� ]hjbahglZevguo� h[gZ`_gbc� ih^jZ[hlZgghc� aZdeZ^db�
y\ey_lky� _z� kihkh[ghklv� ijhlb\h^_ckl\h\Zlv� jZajmr_gbx� ih^�
\ebygb_f�kh[kl\_ggh]h�\_kZ� 

AZf_lbf�� qlh� ZgZeblbq_kdbc� nZdl� jZa]jmadb� aZdeZ^db� ijb� _z�
ih^jZ[hld_� fh`_l� [ulv� mklZgh\e_g� ebrv� ijb� bkihevah\Zgbb� \�
bkke_^h\Zgbyo�f_lh^Z�ihke_^h\Zl_evguo�pbdeh\� 

 
<� aZdexq_gb_� ih^q_jdgzf�� qlh� f_lh^� ihke_^h\Zl_evguo� pbdeh\�

y\ey_lky�gh\uf�b�i_jki_dlb\guf�kj_^kl\hf�ZgZeblbq_kdh]h�bamq_gby�
gZijy`_gbc� \� fZkkb\_� ]hjguo� ihjh^� b� aZdeZ^db�� JZkqzlu�
i_j_jZkij_^_e_gby� gZijy`_gbc� f_lh^hf� ihke_^h\Zl_evguo� pbdeh\� ih�
kjZ\g_gbx� k� ljZ^bpbhgguf� f_lh^hf� jZkqzlZ� ³ih� dhg_qghfm�
khklhygbx´� ^Zxl� \hafh`ghklv� \� [he__� iheghc� f_j_� ihemqblv� b�
ijhZgZebabjh\Zlv� dZjlbgm� jZkij_^_e_gby� gZijy`_gbc� \� aZdeZ^d_�� Z�
lZd`_� \� ijbe_]Zxsbo� �gZe_]Zxsbo� b� ih^klbeZxsbo�� qZklyo� fZkkb\Z�
]hjguo� ihjh^�� <f_kl_� k� l_f� g_h[oh^bfh� hlf_lblv�� qlh�� ihkdhevdm�
gZijy`zggh- ^_nhjfbjh\Zggh_� khklhygb_� gZoh^blky� ih� kh\hdmighklb�
jZkqzlh\�� f_lh^� ihke_^h\Zl_evguo� pbdeh\� y\ey_lky� ^h\hevgh�
ljm^hzfdbf� b� ij_^gZagZq_g� ]eZ\guf� h[jZahf� ^ey� jZkqzlh\� gZ�
^hklZlhqgh�fhsguo�W<F� 
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