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JZ[hlZ� ijhreZ� Zijh[Zpbx \� p_glj_� nhlhgbdb� b� ^\mf_jguo� fZl_jbZeh\�

n_^_jZevgh]h� ]hkm^Zjkl\_ggh]h� Z\lhghfgh]h� h[jZah\Zl_evgh]h�

mqj_`^_gby� \ukr_]h� h[jZah\Zgby� ©Fhkdh\kdbc� nbabdh-l_ogbq_kdbc�

bgklblml��gZpbhgZevguc�bkke_^h\Zl_evkdbc�mgb\_jkbl_l�ª 
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mqj_`^_gb_� ©L_ogheh]bq_kdbc� bgklblml� k\_jol\_j^uo� b� gh\uo�

m]e_jh^guo�fZl_jbZeh\ª��N=;GM�LBKGMF)  
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h[eZFlv��]��>he]hijm^guc��Bgklblmlkdbc�i_j����� 
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nbabdh-l_ogbq_kdh]h� bgklblmlZ� �gZpbhgZevgh]h� bkke_^h\Zl_evkdh]h 

mgb\_jkbl_lZ�� KWWSV���PLSW�UX�HGXFDWLRQ�SRVW-graduate/soiskateli-fiziko-

matematicheskie-nauki.php 

 

 

 

JZ[hlZ� ij_^klZ\e_gZ� ©10ª� n_\jZey 2021 ]�� \�:ll_klZpbhggmx� dhfbkkbx�

n_^_jZevgh]h� ]hkm^Zjkl\_ggh]h� Z\lhghfgh]h� h[jZah\Zl_evgh]h�

mqj_`^_gby� \ukr_]h� h[jZah\Zgby� ©Fhkdh\kdbc� nbabdh-l_ogbq_kdbc�

bgklblml� �gZpbhgZevgh]h� bkke_^h\Zl_evkdh]h� mgb\_jkbl_l�ª� ^ey�

jZkkfhlj_gby� kh\_lhf� ih� aZsbl_� ^bkk_jlZpbc� gZ� khbkdZgb_� mq_ghc�

kl_i_gb� dZg^b^ZlZ� gZmd�� ^hdlhjZ� gZmd� \� khhl\_lkl\bb� k� i����� kl�� ��

N_^_jZevgh]h� aZdhgZ� ©H� gZmd_� b� ]hkm^Zjkl\_gghc� gZmqgh-l_ogbq_kdhc�

iheblbd_ª.  
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H;S:Y�O:J:DL?JBKLBD:�J:;HLU 

:dlmZevghklv� jZ[hlu� IjZdlbq_kdZy� j_ZebaZpby� d\Zglh\uo�

l_ogheh]bc�lj_[m_l�jZ[hlu�k�h^gh-��^\mo- b�N-nhlhggufb�khklhygbyfb�k�

aZ^Zggufb� dhjj_eypbyfb� f_`^m� nhlhgZfb�� >hklb`_gb_� wlhc� p_eb�

g_\hafh`gh� [_a� ]_g_jZpbb� h^ghnhlhgguo� khklhygbc� ih� lj_[h\Zgbx��

Bgufb� keh\Zfb�� lj_[m_lky� jZajZ[hldZ� h^ghnhlhgguo� bklhqgbdh\��

bkimkdZxsbo�h^bg�b�lhevdh�h^bg�nhlhg�k�\_jhylghklvx�[ebadhc�d������\�

aZ^Zgguc� fhf_gl� \j_f_gb�� H^ghnhlhggu_� bklhqgbdb� e_`Zl� \� hkgh\_�

p_eh]h�jy^Z�ijbeh`_gbc�d\Zglh\hc�nbabdb��lhqgu_�baf_j_gby�\�ij_^_eZo�

^jh[h\h]h� rmfZ� [1]�� ebg_cgu_� hilbq_kdb_� d\Zglh\u_� dhfivxl_ju��

iha\heyxsb_� j_rZlv� aZ^Zqb�� g_^hklmigu_� kh\j_f_gguf� deZkkbq_kdbf�

dhfivxl_jZf� [2]��Z�lZd`_�d\Zglh\h� aZsbs_ggu_�hilbq_kdb_�ebgbb�k\yab�

kihkh[gu_� aZsblblv� i_j_^Zqm� ^Zgguo� hl� mgb\_jkZevgh]h� d\Zglh\h]h�

dhfivxl_jZ��dhlhjuc��\�kemqZ_�ihy\e_gby��aZ�k_dmg^u�kfh`_l�\aeZfu\Zlv�

bkihevam_fuc� \� gZklhysbc� fhf_gl� djbilh]jZnbq_kdbc� Ze]hjblf� 56$��

gZa\Zgguc� \� q_klv� J�� Jb\_klZ� �5�� 5LYHVW��� :��RZfbjZ� �$�� 6KDPLU�� b� E��

:^e_fZgZ� �/�� $GOHPDQ�� [3]�� <� ihke_^g_c� ba� i_j_qbke_gguo� l_ogheh]bc�

k_dj_lguc� dexq� fh`_l� [ulv� aZrbnjh\Zg� \� iheyjbaZpbb� h^bghqguo�

nhlhgh\�� Kh]eZkgh� aZdhgZf� d\Zglh\hc� nbabdb� ex[hc� aehmfure_ggbd��

dhlhjuc�aZohq_l�baf_jblv�khklhygb_�nhlhgZ��g_ij_f_ggh�_]h�baf_gbl��qlh�

\� blh]_� [m^_l� aZf_q_gh� ijbgbfZxs_c� klhjhghc�� LZdbf� h[jZahf�� ebgbb�

k\yab� aZsbs_gu� nmg^Zf_glZevguf� h[jZahf�� b� ihy\e_gb_� ^Z`_� fhsguo�

d\Zglh\uo� dhfivxl_jh\� g_� ihfh`_l� aehmfure_ggbdm�� Ijb� wlhf�

bkihevah\Zgb_�mkljhckl\�³ihoh`bo´�gZ�h^ghnhlhggu_�bklhqgbdb��gh�bfb�

g_�y\eyxsb_ky��hlf_gy_l�nmg^Zf_glZevghklv�aZsblu�b�hklZ\ey_l�eZa_cdb�

^ey� g_kZgdpbhgbjh\Zggh]h� ^hklmiZ� d� dZgZem� i_j_^Zqb� bgnhjfZpbb��

GZijbf_j�� bkihevah\Zgb_� hkeZ[e_gguo� eZa_jh\�� ]^_� \_jhylghklv�

bkimkdZgby�^\mo�b�[he__�nhlhgh\�fZeZ��gh�g_�jZ\gZ� ���kha^Z_l�kblmZpbb��

dh]^Z�ih�ebgbb�k\yab�i_j_^Z_lky�^\Z�nhlhgZ��dh^bjmxsbo�h^bg�b�lhl�`_�

[bl�bgnhjfZpbb��<�wlhc�kblmZpbb�ihl_gpbZevguc�aehmfure_ggbd�kfh`_l�

bkihevah\Zlv� wlh� ^ey� g_aZf_lgh]h� dhibjh\Zgby� khklhygby� h^gh]h� ba�

nhlhgh\�� G_kfhljy� gZ� lh�� qlh� ^ey� mkljZg_gby� mya\bfhkl_c� lZdh]h� jh^Z�

[ueb� jZajZ[hlZgu� ki_pbZevgu_� ijhlhdheu� i_j_^Zqb� aZrbnjh\Zgguo�

^Zgguo�� wlb� ijhlhdheu� kms_kl\_ggh� m\_ebqb\Zxl� gZ]jmadm� gZ� ebgbx�

k\yab�b� kgb`Zxl� ijhimkdgmx� kihkh[ghklv� [4,5]��Ihwlhfm�bkihevah\Zgb_�

bklbggh�h^ghnhlhgguo�bklhqgbdh\�ihfh`_l�g_�lhevdh�ih\ukblv�kl_i_gv�

aZsbs_gghklb��gh�b�m\_ebqbl�ijhimkdgmx�kihkh[ghklv� 

B^_Zevguc� h^ghnhlhgguc� bklhqgbd� ^he`_g� [ulv� ijh^mfZg� g_�

lhevdh� k� lhqdb� aj_gby� baemqZl_evguo� k\hckl\�� g_h[oh^bfuo� ^ey�

dhgdj_lgh]h�ijbf_g_gby��gh�b�k�lhqdb�aj_gby�\hafh`ghklb�ijZdlbq_kdh]h�

bkihevah\Zgby��H^gbf� ba� lj_[h\Zgbc� ijZdlbq_kdhc� j_ZebaZpbb� y\ey_lky�

bkihevah\Zgb_� we_dljbq_kdhc� gZdZqdb� [6]�� LZdhc� lbi� gZdZqdb� iha\hebl�
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jZaf_sZlv�gZ�h^ghf�qbi_�^h�g_kdhevdbo�khl_g�h^ghnhlhgguo�bklhqgbdh\�

b�ba[Z\bl�hl�g_h[oh^bfhklb�bkihevah\Zlv�]jhfha^db_�\g_rgb_�eZa_ju�^ey�

\ha[m`^_gby�h^ghnhlhgguo�baemqZl_e_c��Wlh�ijb\_^_l�d� kms_kl\_gghfm�

memqr_gbx� wg_j]hwnn_dlb\ghklb�� dhfiZdlghklb� b�fZkrlZ[bjm_fhklb��<�

lh� `_� \j_fy�� ke_^mxsbf� lj_[h\Zgb_f� d� h^ghnhlhgguf� bklhqgbdZf�

y\ey_lky� \hafh`ghklv� ]_g_jZpbb� baemq_gby� ijb� ghjfZevguo� mkeh\byo�

l_fi_jZlmju� b� ^Z\e_gby�� DjZcg_� \Z`gh� ba[_`Zlv� bkihevah\Zgby�

^hjh]hklhysbo�hoeZ`^Zxsbo�kbkl_f��qlh[u�\�[m^ms_f�kgbablv�klhbfhklv�

h^ghnhlhgguo� bklhqgbdh\� b� bo� jZaf_ju� ^h� klhbfhklb� b� jZaf_jh\�

we_dljhgguo�dhfihg_glh\� \�dhfivxl_jZo�b�h[_ki_qblv�bgl_]jZpbx� wlbo�

mkljhckl\�k�bf_xs_cky�hilbq_kdhc�b�we_dljhgghc�dhfihg_glghc�[Zahc� 

K�fhf_glZ�i_j\h]h�gZ[ex^_gby�h^ghnhlhgghc�wfbkkbb�\������]h^m�

[7]�� gZ� jhev� h^ghnhlhggh]h� bklhqgbdZ� [ueb� ij_^eh`_gu� jZaebqgu_�

d\Zglh\u_� h[t_dlu�� _^bgbqgu_� Zlhfu� b� fhe_dmeu�� m]e_jh^gu_�

gZghljm[db�� d\Zglh\u_� lhqdb�� p_glju� hdjZkdb� [8]�� GZb[he__�

i_jki_dlb\gufb� ih� jy^m� k\hckl\� kqblZxlky� p_glju� hdjZkdb�� dhlhju_�

y\eyxlky� lhq_qgufb� ^_n_dlZfb� \� rbjhdhahgguo� ihemijh\h^gbdZo� k�

hilbq_kdbf� i_j_oh^hf� \gmljb� aZij_s_gghc� ahgu�� AZ� bkdexq_gb_f� ^\mo�

jZ[hl�ih�d\Zglh\uf�lhqdZf�[9,10]��\�dhlhjuo�kdhjhklv�]_g_jZpbb�nhlhgh\�

ijb� we_dljbq_kdhc� gZdZqd_� [ueZ� hq_gv� gbadhc�� p_glju� hdjZkdb� ² 

_^bgkl\_ggu_�� ^ey� dhlhjuo� [ueZ� ijh^_fhgkljbjh\ZgZ� h^ghnhlhggZy�

we_dljhexfbg_kp_gpby�ijb�dhfgZlghc�l_fi_jZlmj_� [11±14]��Ijb�wlhf�__�

bgl_gkb\ghklv� ohlv� b� [ueZ� gZ� �� ± �� ihjy^dZ� \ur_�� q_f� \� kemqZ_� k�

d\Zglh\ufb�lhqdZfb��gh�\k_�jZ\gh�[ueZ�ohly�[u�gZ���ihjy^hd�f_gvr_��q_f�

ijb� hilbq_kdhc� gZdZqd_� p_gljh\� hdjZkdb� [8]�� <� k\yab� k� wlbf� \hagbdZ_l�

ihlj_[ghklv� \� bamq_gbb� h^ghnhlhgghc� we_dljhexfbg_kp_gpbb� p_gljh\�

hdjZkdb�� ihlhfm� qlh� wlZ� h[eZklv� keZ[h� bamq_gZ� \� hlebqb_� hl� bo�

h^ghnhlhgghc� nhlhexfbg_kp_gpbb� b� \hagbdZ_l� g_fZeh� \hijhkh\� ih�

^hklb`_gbx� yjdhc� h^ghnhlhgghc� we_dljhexfbg_kp_gpbb� p_gljh\�

hdjZkdb�ijb�dhfgZlghc�l_fi_jZlmj_� 

 

P_ev� jZ[hlu��P_evx� ^bkk_jlZpbhgghc� jZ[hlu� y\ey_lky� bamq_gb_�
hilhwe_dljhgbdb�p_gljh\�hdjZkdb�\�ZefZa_�^ey�memqr_gby�oZjZdl_jbklbd�

h^ghnhlhgguo� bklhqgbdh\�� jZ[hlZxsbo� ijb� dhfgZlghc� l_fi_jZlmj_� hl�

we_dljbq_kdhc�gZdZqdb� 

 

Hkgh\gu_�iheh`_gby��\ughkbfu_�gZ�aZsblm�  
� Ij_^eh`_ggZy� l_hj_lbq_kdZy� fh^_ev� ^ey� gZoh`^_gby�

Z\lhdhjj_eypbhgghc� nmgdpbb� \lhjh]h� ihjy^dZ� h^ghnhlhggh]h�

baemq_gby� 19� p_gljZ� ijb� we_dljbq_kdhc� gZdZqd_� iha\hey_l�

ij_^kdZau\Zlv�wdki_jbf_glZevgu_�j_amevlZlu�k�ohjhr_c�lhqghklvx� 

� Ij_^kdZaZgguc� wnn_dl� kmi_jbg`_dpbb� \ ZefZaguo� S-i-Q� ^bh^Zo� ^Z_l�

\hafh`ghklv� bg`_dlbjh\Zlv� \� L-h[eZklv� ^bh^Z� dhgp_gljZpbx�



5 

we_dljhgh\� [he__� q_f� gZ� ljb� ihjy^dZ� ij_\hkoh^ysmx� dhgp_gljZpbx�

we_dljhgh\�\�Q-h[eZklb� 

� Wnn_dl� kmi_jbg`_dpbb� iha\hey_l� m\_ebqblv� yjdhklv� h^ghnhlhggh]h�
bklhqgbdZ� k� we_dljbq_kdhc� gZdZqdhc� gZ� hkgh\_� p_gljh\� hdjZkdb� \�

ZefZa_� ^h� [he__� �î��6 nhlhgh\� \� k_dmg^m� ijb� ����� d\Zglh\hc�

wnn_dlb\ghklb�b������k[hj_�baemq_gguo�nhlhgh\� 

 

GZmqgZy� gh\bagZ� jZ[hlu� <i_j\u_� ij_^eh`_g� l_hj_lbq_kdbc�
ih^oh^� ^ey� hibkZgby� Z\lhdhjj_eypbhgghc�nmgdpbb� \lhjh]h� ihjy^dZ� ^ey�

baemq_gby�19-p_gljh\�\�ZefZa_�ijb�we_dljbq_kdhc�gZdZqd_�� 

Bkihevamy� ij_^eh`_gguc� ih^oh^� b� qbke_ggh_� fh^_ebjh\Zgb_�

ljZgkihjlZ� ghkbl_e_c� \� ZefZaguo� ^bh^Zo� \i_j\u_� m^Zehkv� h[tykgblv� b�

l_hj_lbq_kdb� \hkijhba\_klb� wdki_jbf_glZevgu_� j_amevlZlu� ih�

h^ghnhlhgghc�we_dljhexfbg_kp_gpbb�p_gljh\�hdjZkdb� 

Ij_^eh`_g� gh\uc� f_lh^� hij_^_e_gby� ehdZevghc� dhgp_gljZpbb�

ghkbl_e_c� aZjy^Z� \� ZefZaguo�^bh^Zo�ih�baemqZl_evguf�oZjZdl_jbklbdZf�

p_gljh\�hdjZkdb�ijb�we_dljbq_kdhc�gZdZqd_� 

<i_j\u_� ij_^kdZaZg� wnn_dl� kmi_jbg`_dpbb� \� S-i-Q� ^bh^Zo�� jZg__�

kqblZ\rbcky� \hafh`guf� ebrv� \� ]_l_jhkljmdlmjZo�� Wlhl� wnn_dl� ^Z_l�

\hafh`ghklv� bg`_dlbjh\Zlv� \� L-h[eZklv� ZefZagh]h� S-i-Q� ^bh^Z�

dhgp_gljZpbx� we_dljhgh\� [he__� q_f� gZ� ljb� ihjy^dZ� ij_\hkoh^ysmx�

dhgp_gljZpbx� we_dljhgh\� \� Q-h[eZklb�� qlh� iha\hey_l� m\_ebqblv� yjdhklv�

h^ghnhlhggh]h� bklhqgbdZ� k� we_dljbq_kdhc� gZdZqdhc� gZ� hkgh\_� p_gljh\�

hdjZkdb�\�ZefZa_�^h�[he__��î��6 nhlhgh\�\�k_dmg^m� 

 

GZmqgZy�b�ijZdlbq_kdZy�p_gghklv� Ij_^eh`_gguc�l_hj_lbq_kdbc�
ih^oh^� ^ey� gZoh`^_gby� Z\lhdhjj_eypbhgghc� nmgdpbb� \lhjh]h� ihjy^dZ�

we_dljbq_kdb� gZdZqb\Z_fuo� p_gljh\� hdjZkdb� \� rbjhdhahgguo�

ihemijh\h^gbdZo� fh`_l� [ulv� bkihevah\Zg� ^ey� bamq_gby� ijZdlbq_kdb�

ex[uo� p_gljh\� hdjZkdb� \� ex[uo� rbjhdhahgguo� ihemijh\h^gbdZo��

<i_j\u_�ihdZaZgh��qlh�Z\lhdhjj_eypbhggZy�nmgdpby�\lhjh]h�ihjy^dZ�^ey�

p_gljh\� hdjZkdb� \� ZefZa_� g_k_l� bgnhjfZpbx� h� ehdZevghc� dhgp_gljZpbb�

^ujhd� \[ebab� k� p_gljhf� hdjZkdb�� <i_j\u_� ijh^_fhgkljbjh\Zgh�� qlh� gZ�

hkgh\_� p_gljh\� hdjZkdb� \� ZefZa_� fh`gh� kha^Zlv� yjdb_� h^ghnhlhggu_�

bklhqgbdb�k�we_dljbq_kdhc�gZdZqdhc��Ij_^kdZaZg�wnn_dl�kmi_jbg`_dpbb�

\�ihemijh\h^gbdh\uo� ]hfhkljmdlmjZo�� dhlhjuc�fh`_l�[ulv�bkihevah\Zg�

^ey� memqr_gby� oZjZdl_jbklbd� jZaebqguo� hilhwe_dljhgguo� mkljhckl\� gZ�

hkgh\_�rbjhdhahgguo��b�g_�lhevdh��ihemijh\h^gbdh\��Ijb\_^_gu�hrb[db��

^hims_ggu_� \� ^baZcg_� h^ghnhlhgguo� bklhqgbdh\� k� we_dljbq_kdhc�

gZdZqdhc�gZ�hkgh\_�p_gljh\�hdjZkdb�\�ZefZa_��b�ij_^eh`_gu�kh\_lu�ih�bo�

bkijZ\e_gbx� 
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:ijh[Zpby� jZ[hlu� Hkgh\gu_� j_amevlZlu�� ihemq_ggu_� \�

^bkk_jlZpbb�� ^hdeZ^u\Zebkv� gZ� ke_^mxsbo� ijhnbevguo� jhkkbckdbo� b�

f_`^mgZjh^guo�dhgn_j_gpbyo� 

� 59-y� GZmqgZy� dhgn_j_gpby� FNLB�� >he]hijm^guc�� Jhkkby�� ��-26 

ghy[jy�������mklguc�^hdeZ^�� 

� 24-th Central European Workshop on Quantum Optics (CEWQO 2017), 

Dhi_g]Z]_g, >Zgby, 26-30 Bxgy 2017 (kl_g^h\uc ^hdeZ^); 

� 28-th International Conference on Diamond and Related Materials, 

=_l_[hj], R\_pby, 3-7 K_gly[jy 2017 (kl_g^h\uc ^hdeZ^); 

� 60-y� GZmqgZy� dhgn_j_gpby� FNLB�� >he]hijm^guc�� Jhkkby�� ��-25 

ghy[jy�������mklguc�^hdeZ^�� 

� 23-UG� +DVVHOW� 'LDPRQG� :RUNVKRS�� OZkk_el�� ;_ev]by�� �-�� FZjlZ� �����

�kl_g^h\uc�^hdeZ^�� 

� 34th International Conference on the Physics of Semiconductors, Fhgi_ev_, 

NjZgpby, 29 Bxey - 03 :\]mklZ 2018 (^\Z kl_g^h\uo ^hdeZ^Z); 

� 61-y� <k_jhkkbckdZy� gZmqgZy� dhgn_j_gpby� FNLB�� >he]hijm^guc��

Jhkkby����-���ghy[jy�������^\Z�mklguo�^hdeZ^Z�� 

� 4XDQWXP������Lmjbg��BlZeby�����FZy�- ���Bxgy�������mklguc�^hdeZ^�� 

� 30th International Conference on Diamond and Carbon Materials, K_\bevy, 

BkiZgby, 8-12 K_gly[jy 2019 (mklguc ^hdeZ^); 

� Single-3KRWRQ� :RUNVKRS� ������FbeZg�� BlZeby�� ��� - ��� Hdly[jy� �����

�kl_g^h\uc�^hdeZ^�� 

 

Im[ebdZpbb� Ih� fZl_jbZeZf� ^bkk_jlZpbb� him[ebdh\Zgh� ��

i_qZlguo�jZ[hl��Ba�gbo���klZl_c�\�aZjm[_`guo�`mjgZeZo��\oh^ysbo�\�[Zau�

pblbjh\Zgby 6FRSXV�b�:HE�RI�6FLHQFH� 

 

Ebqguc� \deZ^� khbkdZl_ey� <k_� baeh`_ggu_� \� ^bkk_jlZpbb�
hjb]bgZevgu_� j_amevlZlu� ihemq_gu� Z\lhjhf� ebqgh�� eb[h� ijb� _]h�

g_ihkj_^kl\_gghf�mqZklbb� 

 

>hklh\_jghklv ij_^klZ\e_gguo� \� ^bkk_jlZpbhgghc� jZ[hl_�

j_amevlZlh\� ih^l\_j`^Z_lky� khhl\_lkl\b_f� l_hj_lbq_kdbo� j_amevlZlh\� b�

j_amevlZlh\� qbke_ggh]h� fh^_ebjh\Zgby�� Z� lZd`_� khhl\_lkl\b_f�

j_amevlZlh\� qbke_ggh]h� fh^_ebjh\Zgby� wdki_jbf_glZevguf� ^Zgguf��

ihemq_gguf�dZd�\�jZ[hlZo�khbkdZl_ey��lZd�b�\�jZ[hlZo�^jm]bo�Z\lhjh\� 

 

KljmdlmjZ� b� h[t_f� jZ[hlu� >bkk_jlZpby� khklhbl� ba� \\_^_gby�� ��
]eZ\�b�aZdexq_gby��HgZ�baeh`_gZ�gZ�95 kljZgbpZo�fZrbghibkgh]h�l_dklZ��

\dexqZ_l� ��� jbkmgdZ� b� �� lZ[ebp�� Kibkhd� ebl_jZlmju� gZkqblu\Z_l� ��8 

gZbf_gh\Zgbc� 
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DJ:LDH?�KH>?J@:GB?�>BKK?JL:PBB 

<h�\\_^_gbb h[hkgh\ZgZ� ZdlmZevghklv� l_fu�^bkk_jlZpbb��mdZaZgu�

__�p_eb��gZmqgZy�gh\bagZ��ijZdlbq_kdZy�agZqbfhklv��kljmdlmjZ�b�h[t_f� 

I_j\Zy� ]eZ\Z ^bkk_jlZpbb� ij_^klZ\ey_l� kh[hc� ZgZeblbq_kdbc�

h[ahj�� \� dhlhjhf� djZldh� hibkZgu� l_dmsb_� bkke_^h\Zgby� \� h[eZklb�

h^ghnhlhgguo� bklhqgbdh\�� jZ[hlZxsbo� ijb� we_dljbq_kdhc� gZdZqd_� ijb�

dhfgZlghc�l_fi_jZlmj_��<�g_c�ihdZaZgh��qlh�bkihevah\Zgb_�h^ghnhlhgguo�

bklhqgbdh\� g_h[oh^bfh� ^ey� j_ZebaZpbb� gZ� ijZdlbd_� d\Zglh\uo�

l_ogheh]bc�� Z� bkihevah\Zgb_� bklhqgbdh\�� dhlhju_� ]_g_jbjmxl� ihfbfh�

h^ghnhlhgguo� _s_� b� fgh]hnhlhggu_� khklhygby�� g_� iha\hey_l� ^h[blvky�

g_h[oh^bfuo�nmg^Zf_glZevguo�k\hckl\� 

GZ� k_]h^gyrgbc� ^_gv� gZb[he__� i_jki_dlb\gufb� gZ� jhev�

h^ghnhlhgguo� bklhqgbdh\� \u]ey^yl� p_glju� hdjZkdb� \� rbjhdhahgguo�

ihemijh\h^gbdZo��h^ghnhlhggu_�k\hckl\Z�dhlhjuo�ba\_klgu�m`_�[he__����

e_l��H^gZdh�ibhg_jkdb_�jZ[hlu�[ueb�\uiheg_gu�ijb�hilbq_kdhc�gZdZqd_�

wlbo�baemqZl_e_c��b�\i_j\u_�\hafh`ghklv�]_g_jZpbb�h^bghqguo�nhlhgh\�

ijb� we_dljbq_kdhc� gZdZqd_� [ueZ� ijh^_fhgkljbjh\ZgZ� ebrv� \� ����� ]h^m�

^ey�19-p_gljh\�\�ZefZa_��Kdhjhklv�h^ghnhlhgghc�we_dljhexfbg_kp_gpbb�

�HWE���l�_��kdhjhklv�]_g_jZpbb�nhlhgh\��ijb�wlhf�[ueZ��������nhlhgh\�k�

[11,12]��<������]h^m�[ueZ�him[ebdh\ZgZ�wdki_jbf_glZevgZy�klZlvy�ih�HWE�

p_gljh\� hdjZkdb� \� dZj[b^_� dj_fgby� [13]��Kdhjhklv� ]_g_jZpbb�nhlhgh\� \�

g_c�[ueZ�m`_���������nhlhgh\�k��hklZ\Zykv�ijb�wlhf�gZ�ihjy^hd�f_gvr_��

q_f� kdhjhklv� ]_g_jZpbb� nhlhgh\� p_gljZfb� hdjZkdb� ijb� hilbq_kdhc�

gZdZqd_��FZeh_�dhebq_kl\h�jZ[hl�g_�^Z\Zeh�ij_^klZ\e_gbc�h�i_jki_dlb\Zo�

bkihevah\Zgby�p_gljh\�hdjZkdb�\�ko_fZo�k�we_dljbq_kdhc�gZdZqdhc� 

Ebrv� \� ����� ]h^m� \i_j\u_� [ue� ij_^eh`_g� f_oZgbaf� ]_g_jZpbb�

h^bghqguo� nhlhgh\� p_gljZfb� hdjZkdb� ijb� we_dljbq_kdhc� gZdZqd_� [15], 

dhlhjuc� iha\heye� g_� lhevdh� h[tykgblv� jy^� ij_^u^msbo�

wdki_jbf_glZevguo�j_amevlZlh\��gh�b�bf_e�ij_^kdZaZl_evgmx�kbem��<�wlhc�

jZ[hl_� [ueh� ihdZaZgh�� qlh� ijhp_kk� we_dljhexfbg_kp_gpbb� p_gljh\�

hdjZkdb� hij_^_ey_lky� ijhp_kkZfb� aZo\ZlZ� we_dljhgh\� b� ^ujhd� gZ� p_glj�

hdjZkdb��ijb�dhlhjuo�ijhbkoh^bl�baf_g_gb_�aZjy^Z�^_n_dlZ� �jbk������Ijb�

wlhf�� gZijbf_j�� ^ey� 19-p_gljZ� bkimkdZgb_� nhlhgZ� ijhbkoh^bl� ba�

g_cljZevgh-aZjy`_ggh]h�khklhygby��Z�^ey�6L9-p_gljZ�² ba�hljbpZl_evgh-

aZjy`_ggh]h� [15]�� L_fiu� aZo\ZlZ� we_dljhgh\� b� ^ujhd� jZ\gu� cnn b� cpp, 

khhl\_lkl\_ggh�� ]^_� n, p ² dhgp_gljZpbb� we_dljhgh\� b� ^ujhd�� cn, cp ² 

dhwnnbpb_glu� aZo\ZlZ� we_dljhgh\� b� ^ujhd�� dhlhju_� \ [hevr_c� kl_i_gb�

hij_^_eyxlky� fZl_jbZevgufb� iZjZf_ljZfb� djbklZeeZ�� Z� g_� k\hckl\Zfb�

p_gljZ�hdjZkdb��>ey�19- b� 6L9-p_gljZ�\�ZefZa_�cn  ����î��í8 kf3kí1, cp = 

���î��í7 kf3k-1 ijb� dhfgZlghc� l_fi_jZlmj_�� LZdbf� h[jZahf�� ijhp_kk�

we_dljhexfbg_kp_gpbb�hij_^_ey_lky�dhgp_gljZpbyfb�we_dljhgh\�b�^ujhd�
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]^_� 

22 §����cnn + cpp) (6) 

Ihkdhevdm� \� ZefZa_�ihqlb� \k_]^Z� cnn << cpp�� lh�rbjbgZ�ijh\ZeZ� g(2)(2�� \�

jZchg_� 2�  � �� [m^_l� hij_^_eylvky� bf_ggh� l_fihf� aZo\ZlZ� ^ujhd� cpp�� qlh�

fh`gh� bkihevah\Zlv� ^ey� hij_^_e_gby� ehdZevghc� dhgp_gljZpbb� ^ujhd�

\[ebab�p_gljZ�hdjZkdb��Ihfbfh�g(2)(2���[ukljuc�ijhp_kk�aZo\ZlZ�^ujdb�gZ�

NVí p_glj�hij_^_ey_l�\j_fy�hldebdZ�h^ghnhlhggh]h�bklhqgbdZ�gZ�hkgh\_�

NV-p_gljh\�gZ�we_dljbq_kdbc�bfimevk��ihkdhevdm�\�jZ\gh\_kbb�19-p_glj��

jZkiheh`_gguc� \� L- b� Q-h[eZklyo�� gZoh^blky� \� hkgh\ghf� khklhygbb�

hljbpZl_evgh-aZjy`_ggh]h� p_gljZ� �jbk�� ���� LZdbf� h[jZahf�� g_h[oh^bfh_�

^ey�bkimkdZgby�nhlhgZ�\j_fy�hij_^_ey_lky�bf_ggh����cpp���qlh�gZ�ihjy^hd�

f_gvr_��q_f����cpp) + 1/(cnn) + 2Ho ² \j_fy��g_h[oh^bfh_�^ey�i_j_aZjy^db�

NV-p_gljZ�� 

Qlh[u� ih^l\_j^blv� ihkljh_ggmx� fh^_ev�� nhjfmem� ^ey� g(2)(2�� b�

bgl_jij_lbjh\Zlv�g_^Z\gh� ihemq_ggu_� wdki_jbf_glZevgu_� j_amevlZlu�� \�

i������^bkk_jlZpbb�ijhZgZebabjh\Zg�ZefZaguc�S-i-Q�^bh^�k�ihf_s_gguf�\�

g_]h� 19-p_gljhf�� ihdZaZgguc� gZ� jbk�� ��� LZdhc� ^bh^� wdki_jbf_glZevgh�

bkke_^h\Zeky�\�jZ[hl_�[12]. 

 

 
Jbk����± �Z��H^ghnhlhgguc�bklhqgbd�gZ�hkgh\_�ZefZagh]h�S-i-Q�^bh^Z��;_eufb�

ebgbyfb� ihdZaZgu� ]jZgbpu� f_`^m� h[eZklyfb� k� jZaguf� e_]bjh\Zgb_f� ��

jZagufb�fZl_jbZeZfb�� 19� p_glj� jZkiheh`_g� \� g_e_]bjh\Zgghf� keh_�� �[�� g(2) 

djb\u_��ba\e_q_ggu_�ba�wdki_jbf_glZ� [12]��\ dhlhjuo�[ueZ�k^_eZgZ�ihijZ\dZ�

gZ� nhgh\uc� rmf�� b� ba� qbke_ggh]h� fh^_ebjh\Zgby� �kiehrgZy� ebgby�� ^ey�

q_luj_o� jZaebqguo� lhdh\� gZdZqdb�� >ey� gZ]ey^ghklb� dZ`^Zy� ]jmiiZ� djb\uo�

k^\bgmlZ� gZ� �� ih� \_jlbdZevghc� hkb�� Wdki_jbf_glZevgh� baf_j_gguc� lhd� b�

khhl\_lkl\mxsZy� iehlghklv� lhdZ�� ihemq_ggu_� \� j_amevlZl_� fh^_ebjh\Zgby��

ihdZaZgu�jy^hf�k�dZ`^hc�]jmiihc�djb\uo��D\Zglh\Zy�wnn_dlb\ghklv�ba\e_q_gZ�

ba�wdki_jbf_glZ�b�jZ\gZ�����\�fh^_ebjh\Zgbb� 
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GZ�jbk����ihdZaZgu�qbke_ggh�kfh^_ebjh\Zggu_�b�wdki_jbf_glZevgh�

baf_j_ggu_� djb\u_� g(2)(2�� ijb� q_luj_o� jZaebqguo� lhdZo� gZdZqdb�� >ey�

wdki_jbf_glZevgh]h�lhdZ�\�����f:�iehlghklv�lhdZ�\�fh^_ebjh\Zgbb�[ueZ�

ih^h[jZgZ�lZdbf�h[jZahf��qlh[u�^hklb]Zehkv�kh\iZ^_gb_�l_hj_lbq_kdhc�b�

wdki_jbf_glZevghc� g(2) djb\uo� �jbk�� �[��� Ih^h[jZggZy� iehlghklv� lhdZ�

g_fgh]h�gb`_��q_f�iehlghklv�lhdZ�\�wdki_jbf_gl_�ba-aZ�lh]h��qlh�lhqgh_�

agZq_gb_� dhwnnbpb_glZ� dhfi_gkZpbb� ^hghjh\� \� keh_� Q-lbiZ� b�

ih^\b`ghklb�g_hkgh\guo�ghkbl_e_c�\h�\k_o�lj_o�kehyo�g_�ba\_klgu��L_f�

g_� f_g__�� gZ[ex^Z_lky� ihegh_� kh\iZ^_gb_� l_hj_lbq_kdhc� b�

wdki_jbf_glZevghc� g(2) djb\uo� ijb� m\_ebq_gbb� lhdZ� gZdZqdb� \� �� jZaZ�

(jbk� �\�������jZaZ��jbk���]��b�����jZaZ��jbk���^�� 

<Z`gh� hlf_lblv�� qlh� ihemq_ggu_� j_amevlZlu� k\b^_l_evkl\mxl� h[�

hlkmlkl\bb�wnn_dlZ� ]jmiibjh\db�nhlhgh\��l�_��lZdbo�\j_f_g� aZ^_j`db� 2b, 

ijb� dhlhjuo g(2)(2b�� !� ��� qlh� khhl\_lkl\m_l� lhfm�� qlh� \_jhylghklv�

aZnbdkbjh\Zlv� ^\Z� nhlhgZ� k� aZ^_j`dhc� 2b \ur_�� q_f� wlh� ^bdlm_lky�

jZkij_^_e_gb_f� ImZkkhgZ�� Wlhl� wnn_dl� qZklh� fh`gh� gZ[ex^Zlv� ijb�

bkke_^h\Zgbb� 19í-p_gljh\� ijb� hilbq_kdhc� gZdZqd_�� H^gZdh�

wdki_jbf_glZevgu_� j_amevlZlu� ih� baf_j_gbx� g(2)(2�� ijb� we_dljbq_kdhc�

gZdZqd_� 19-p_gljh\� kh]eZkmxlky� k� gZrbfb� j_amevlZlZfb�� >_lZevguc�

ZgZeba� \ujZ`_gby� ���� ihdZau\Z_l�� qlh� fZdkbfZevgu_� agZq_gby� g(2)(2�� g_�

ij_\urZxl�������^Z`_�ijb�hq_gv�\ukhdbo�iehlghklyo�we_dljhgh\�b�^ujhd�

\�hdj_klghklb�19-p_gljZ� 

 

 
Jbk�� �� ± �Z�� Dhgp_gljZpby� k\h[h^guo� we_dljhgh\� \� ZefZa_� Q-lbiZ� \�

aZ\bkbfhklb� hl� dhwnnbpb_glZ� dhfi_gkZpbb� ^hghjh\� �n ijb� jZaguo�

dhgp_gljZpbyo� ^hghjh\�� AZrljboh\ZggZy� ahgZ� ihdZau\Z_l� ^bZiZahg� �n, 

dhlhju_�lbibqgu�^ey�h[jZaph\�ZefZah\�Q-lbiZ��\�lh�\j_fy�dZd�\_jlbdZevgZy�

rljboh\Zy�ebgby�h[hagZqZ_l�kZfuc�gbadbc�ba�gZf�ba\_klguo�dhwnnbpb_gl�

dhfi_gkZpbb� ^hghjh\� �n  � ������ �[�� Dhgp_gljZpby� k\h[h^guo� ^ujhd� \�

ZefZa_� S-lbiZ� \� aZ\bkbfhklb hl� dhwnnbpb_glZ� dhfi_gkZpbb� Zdp_ilhjh\� �p 

ijb�jZaguo�dhgp_gljZpbyo�^hghjh\� 

 

Lj_lvy� ]eZ\Z ihk\ys_gZ� m\_ebq_gbx� yjdhklb� h^ghnhlhgguo�

bklhqgbdh\� gZ� hkgh\_� p_gljh\� hdjZkdb� \� ZefZa_� ijb� we_dljbq_kdhc�
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gZdZqd_��<j_f_gZ�`bagb�bo�\ha[m`^_ggh]h�mjh\gy�kbevgh�f_gvr_�\j_f_gb�

aZo\ZlZ� ghkbl_e_c� aZjy^Z� gZ� p_glj� hdjZkdb�� Ihwlhfm� nhjfmem� ���� gZ�

kdhjhklv� HWE� fh`gh� i_j_ibkZlv� ke_^mxsbf� h[jZahf�� R §�

N���cnn)í1+(cpp)í1��� Ke_^h\Zl_evgh�� q_f� [hevr_� dhgp_gljZpby� ghkbl_e_c�

aZjy^Z� \[ebab� p_gljZ� hdjZkdb�� l_f� yjq_� hg� k\_lbl�� H^gZdh� \� ZefZa_�

kms_kl\mxl� l_ogheh]bq_kdb_� ijh[e_fu� kha^Zgby� \ukhdbo� dhgp_gljZpbc�

we_dljhgh\�\� Q-h[eZklb�\�kbem�\ukhdhc�wg_j]bb�Zdlb\Zpbb�^hghjh\� �a����

w<���dhlhjZy�gZ�ihjy^hd�\ur_��q_f�\�dj_fgbb�beb�]_jfZgbb��a�����w<���b�

g_ba[_`gh� ijbkmlkl\mxsbo� ^_n_dlh\� Zdp_ilhjgh]h� lbiZ�� dhlhju_�

dhfi_gkbjmxl� ^hghju�� ba-aZ� q_]h� dhgp_gljZpby� we_dljhgh\� \� Q-h[eZklb�

h[uqgh�g_�ij_\urZ_l�neqn §����î��10 kfí3 \�jZ\gh\_kbb��jbk���Z���Ijb�wlhf�

dhgp_gljZpby� ^ujhd� \� S-h[eZklb� h[uqgh� ^hklb]Z_l� peqp = 1014 kfí3 

�jbk� �[�� 

G_[_ahkgh\Zl_evgh� ijbgylh� kqblZlv�� qlh� \� S-i-Q� ^bh^guo�

]hfhkljmdlmjZo� dhgp_gljZpby� we_dljhgh\� \� L-h[eZklb� g_� ij_\urZ_l�

dhgp_gljZpbx�we_dljhgh\�\�Q-h[eZklb��Z�dhgp_gljZpby�^ujhd�\� L-h[eZklb�

² dhgp_gljZpbx� ^ujhd� \� S-h[eZklb� [17]�� Ke_^my� wlhc� eh]bd_�� fh`gh�

hp_gblv� fZdkbfZevgmx� kdhjhklv� h^ghnhlhgghc� we_dljhexfbg_kp_gpbb�

dZd� ����cnneqn)í1 + (cppeqp)í1�� §� ����� nhlhgh\�k�� qlh� djZcg_� fZeh� ^ey�

ijZdlbq_kdbo�ijbf_g_gbc��H^gZdh�\�lj_lv_c�]eZ\_�^bkk_jlZpbb�ihdZaZgh��

qlh�wlh�h]jZgbq_gb_��\ua\Zggh_�ij_^_ehf�e_]bjh\Zgby��fh`gh�h[hclb�ijb�

ihfhsb�wnn_dlZ�kmi_jbg`_dpbb��Ijb�wlhf�ihemq_ggu_�j_amevlZlu�fh]ml�

[ulv� ijbf_gbfu� ^ey� [hevrbgkl\Z� p_gljh\� hdjZkdb� \� ZefZa_�� dhlhju_�

bf_xl� g_cljZevgh_� b� hljbpZl_evgh-aZjy`_ggh_� aZjy^h\u_� khklhygby� b�

bkimkdZxl�nhlhgu�ba�h^gh]h�ba�gbo��lZdb_�dZd��gZijbf_j��19-, SiV- beb�

GeV-p_glju� 

GZ� jbk�� �\� ihdZaZgh� jZkij_^_e_gb_� dhgp_gljZpbb� we_dljhgh\� \�

ZefZaghf� ^bh^_�� bah[jZ`_gghf� gZ� jbk�� �Z�� ijb� jZaguo� gZijy`_gbyo�

kf_s_gbyo�� Ijb� gZijy`_gbyo� f_gvrbo� gZijy`_gby� hldjulby� ^bh^Z�

(V < a���� <�� dhgp_gljZpby� we_dljhgh\� \� Q-h[eZklb� jZ\gZ� jZ\gh\_kghc�

dhgp_gljZpbb� neqn�� Ijb� wlhf� dhgp_gljZpby� we_dljhgh\� m[u\Z_l�

wdkihg_gpbZevgh�ih�gZijZ\e_gbx�d�S-h[eZklb�b�\�S-h[eZklb�gZ�g_kdhevdh�

ihjy^dh\� gb`_�� q_f� neqn�� Ih� f_j_� m\_ebq_gby� gZijy`_gby� kf_s_gby�

dhgp_gljZpby� we_dljhgh\� \� L-h[eZklb� ^bh^Z� m\_ebqb\Z_lky�� Ijb�

gZijy`_gbb� a���� <� ihqlb� \h� \k_c� L-h[eZklb� dhgp_gljZpby� we_dljhgh\�

ij_\urZ_l� neqn�� Ijb� [yevrbo� gZijy`_gbyo� dhgp_gljZpby� we_dljhgh\ 

fh`_l� [ulv� ^Z`_� [hevr_� neqn��GZijbf_j�� ijb� V  � ����<� hgZ� ij_\urZ_l�

1014 kfí3�� qlh� gZ� �� ± �� ihjy^dZ� \ur_� ³ij_^_eZ� e_]bjh\Zgby´�� LZdbf�

h[jZahf�� \� ZefZaghf� S-i-Q� ^bh^_� gZ[ex^Z_lky� wnn_dl� kmi_jbg`_dpbb, 

dhlhjuc�jZgvr_�kqblZeky�\hafh`guf�lhevdh�\�]_l_jhkljmdlmjZo�[18,19]. 
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Jbk�� �� ± �Z�� Ko_fZlbqgh_� bah[jZ`_gb_� ZefZagh]h� S-i-Q� ^bh^Z� k� p_gljhf�

hdjZkdb� \� L-h[eZklb�� �[-]�� DjZc� ahgu� ijh\h^bfhklb� �Ec�� ]^_� Ec  � í3, 3 ± 

we_dljhklZlbq_kdbc� ihl_gpbZe�� \� aZ\bkbfhklb� hl� dhhj^bgZlu� �[���

jZkij_^_e_gb_�dhgp_gljZpbb�we_dljhgh\��\��b�jZkij_^_e_gb_�dhgp_gljZpbb�

^ujhd��]��ijb�jZaguo�gZijy`_gbyo�kf_s_gby� 

 

<� ZefZaghf� S-i-Q� ^bh^_�� ihdZaZgghf� gZ� jbk�� �Z�� ijb� V  � ���� <�

ihy\ey_lky� g_[hevrZy� ihl_gpbZevgZy� yfZ� \� L-h[eZklb�� \� dhlhjhc�

ijhbkoh^bl� gZdhie_gb_� we_dljhgh\� �jbk�� �[��� Ih� f_j_� m\_ebq_gby�

gZijy`_gby�ihl_gpbZevgZy�yfZ�kf_sZ_lky�\�klhjhgm�S-h[eZklb�^bh^Z��Z�__�

]em[bgZ�m\_ebqb\Z_lky��jbk���[���qlh�hlq_leb\h�\b^gh�ijb�V  �����<�b�V = 

���� <�� Ijb� hq_gv� \ukhdbo� gZijy`_gbyo� kf_s_gby� yfZ� gZoh^blky� \�

g_ihkj_^kl\_gghc�[ebahklb�hl�S-L�i_j_oh^Z� 

Ijbqbghc� h[jZah\Zgby� lZdhc� yfu� y\ey_lky� ke_^mxs__�� Ijb�

gZijy`_gbyo�kf_s_gby�\ur_�a����<�ZefZaguc�S-i-Q�^bh^�fh`gh�jZa^_eblv�

gZ� ^\_� h[eZklb��<� i_j\hc� h[eZklb� �j-kehc��ba]b[� ahg� �l�_�� we_dljbq_kdh_�

ihe_�� hq_gv� keZ[uc� ih� kjZ\g_gbx� k� lZdh\uf� \h� \lhjhc� h[eZklb� �L- b� Q-

kehb���ihkdhevdm�iehlghklv�k\h[h^guo�ghkbl_e_c�\�j-keh_�gZfgh]h�\ur_��

q_f� \� L- b� Q-kehyo� �jbk�� �[±]���Ke_^h\Zl_evgh�� ljZgkihjl� ghkbl_e_c� \� S-

keh_� hkms_kl\ey_lky� \� hkgh\ghf� aZ� kq_l� ^bnnmabb�� Z� g_� ^j_cnZ�� l�_��

we_dljhgguc�lhd�fh`_l�[ulv�\ujZ`_g�dZd�Jn = qDnÎn §�qDnn/Ln��]^_�q ² 

we_f_glZjguc� aZjy^�� Dn ² dhwnnbpb_gl� ^bnnmabb� we_dljhgh\�� Z� Ln ² 

^bnnmabhggZy� ^ebgZ� ijh[_]Z� we_dljhgZ�� <� lh� `_� \j_fy�� ljZgkihjl�

we_dljhgh\�\� L- b� Q-kehyo�hkms_kl\ey_lky� aZ�kq_l�^j_cnZ��l�_�� Jn = T�nEn, 

]^_�E ² we_dljbq_kdh_�ihe_��Z��n ² ih^\b`ghklv�we_dljhgh\��Ihkdhevdm�
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kdhjhklv� j_dhf[bgZpbb� \� L-keh_� hlghkbl_evgh� gbadZy� ba-aZ� gbadhc�

dhgp_gljZpbb�^_n_dlh\��we_dljhggu_�lhdb�gZ�S-L�b� L-Q�i_j_oh^Zo�^he`gu�

[ulv� h^gh]h� ihjy^dZ�� LZdbf� h[jZahf�� dhgp_gljZpby� we_dljhgh\� gZ� S-i 

i_j_oh^_�jZkl_l�ijhihjpbhgZevgh� we_dljbq_kdhfm�ihex�gZ� L-Q�i_j_oh^_��

Ijb� \ukhdbo� gZijy`_gbyo� kf_s_gby� we_dljbq_kdh_� ihe_� \� Q-keh_�

gZklhevdh� \_ebdh�� qlh� dhgp_gljZpby� we_dljhgh\� \� S-keh_� \[ebab� S-i 

i_j_oh^Z�ij_\urZ_l�dhgp_gljZpbx�we_dljhgh\�\�keh_�Q-lbiZ��Djhf_�lh]h��

]jZ^b_gl�we_dljhgghc�iehlghklb�În = dn/dz y\ey_lky�iheh`bl_evguf�gZ�

p-L� i_j_oh^_�� Ke_^h\Zl_evgh�� ^ey� h[_ki_q_gby� g_ij_ju\ghklb� lhdZ� \� L-

h[eZklb� S-i-Q� ^bh^Z� h[jZam_lky� i_j_oh^gZy� h[eZklv� k� \ukhdhc�

dhgp_gljZpb_c� we_dljhgh\�� dhlhjZy� ij_\urZ_l� lZdh\mx� dZd� \� kehyo� Q-

lbiZ�� lZd� b� \� kehyo� S-lbiZ�� Nhjfbjh\Zgb_� wlhc� i_j_oh^ghc� h[eZklb�

g_ba[_`gh� khijh\h`^Z_lky� h[jZah\Zgb_f� ihl_gpbZevghc� yfu� �jbk�� �[���

ihkdhevdm� ehdZevgh_� m\_ebq_gb_� dhgp_gljZpbb� we_dljhgh\�

khijh\h`^Z_lky�ehdZevguf�mf_gvr_gb_f��Ec í Fn��b�gZh[hjhl��Ec ² djZc�

ahgu�ijh\h^bfhklb��Z�Fn ² d\Zabmjh\_gv�N_jfb�^ey�we_dljhgh\�� 
 

 
Jbk������Z��AZ\bkbfhklv�kdhjhklb�HWE�hl�iheh`_gby�p_gljZ�hdjZkdb�\�^bh^_�

ijb� jZaguo� gZijy`_gbyo� kf_s_gby�� D\Zglh\Zy� wnn_dlb\ghklv� kqblZeZkv�

jZ\ghc� ������ �[��FZdkbfZevgZy� �hl� iheh`_gby� p_gljZ� hdjZkdb�� kdhjhklv�

baemq_gby� nhlhgh\� Rmax p_gljZ� hdjZkdb� \� ZefZaghf� S-i-Q� ^bh^_� \�

aZ\bkbfhklb� hl� lhdZ� bg`_dpbb� ijb� jZaebqguo� lhesbgZo� L-h[eZklb� ^bh^Z��

D\Zglh\Zy�wnn_dlb\ghklv�ij_^iheZ]Z_lky�jZ\ghc������ 

 

M\_ebq_gb_� dhgp_gljZpbb� we_dljhgh\� ijb\h^bl� d� lhfm�� qlh�

m\_ebqb\Z_lky� kdhjhklv� HWE� p_gljh\� hdjZkdb�� gZoh^ysboky� \� h[eZklb�

\ukhdhc�dhgp_gljZpbb� we_dljhgh\�\[ebab� S-L�i_j_oh^Z� �jbk�� ����LZd��ijb�

����� d\Zglh\hc� wnn_dlb\ghklb� ^ey� p_gljh\� hdjZkdb� hgZ� ^hklb]Z_l�

���î��6 nhlhgh\�k�� HilbfZevgh_� iheh`_gb_� p_gljZ� hdjZkdb� kh\iZ^Z_l� k�

^ghf� ihl_gpbZevghc� yfu�� dhlhjh_� jZkiheZ]Z_lky� gZ� jZkklhygbb� ���� ± 

500 gf�hl�S-L�i_j_oh^Z��:�^ey�p_gljh\�hdjZkdb��jZkiheh`_gguo�jy^hf�k�Q-i 

i_j_oh^hf�� kdhjhklv�HWE� \� ���� jZa�f_gvr_�� qlh� klZeh� h^ghc�ba� ijbqbg�

lh]h�� qlh� \� wdki_jbf_gl_� k� 6L9-p_gljZfb� g_� m^Zehkv� ihemqblv�

we_dljhexfbg_kp_gpbx�kljh]h�h^gh]h�6L9-p_gljZ�[20]. 
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<�imgdl_�������^bkk_jlZpbb�ihdZaZgh��qlh�kdhjhklv�HWE�aZ\bkbl�g_�

lhevdh� hl� iheh`_gby� p_gljZ� hdjZkdb� \� L-h[eZklb�� gh� b� hl� __� lhesbgu�

�jbk� �[��� Q_f� hgZ� [hevr_�� l_f� [hevrmx� kdhjhklv� fh`gh� ihemqblv� ijb�

f_gvrbo� lhdZo�� H^gZdh� hq_gv� lheklZy� L-h[eZklv� ^_ckl\m_l� dZd�

ihke_^h\Zl_evgh_� khijhlb\e_gb_�� dhlhjh_� ijb\h^bl� d� gZijy`_gbyf�

kf_s_gby�� ij_\urZxsbf� ��� <�� Ihwlhfm� k� ijZdlbq_kdhc� lhqdb� aj_gby�

bkihevah\Zgb_� mf_j_gguo� lhesbg� ��� ± ��� fdf� y\ey_lky� gZb[he__�

jZamfguf� 

M\_ebq_gb_� lhdZ� gZdZqdb� ijb\h^bl� d� m\_ebq_gbx� dhgp_gljZpbb�

we_dljhgh\�\� L-h[eZklb� lhevdh�ijb�fZeuo�b�mf_j_gguo� lhdZo��Ijb�hq_gv�

\ukhdhf� lhd_� bg`_dpbb� [eZ]h^Zjy� hlghkbl_evgh� gbadhfm� m^_evghfm�

khijhlb\e_gbx�ZefZaZ�gZijy`_gb_�kf_s_gby�hq_gv�\_ebdh��b�gZ[ex^Z_lky�

kbevguc�ba]b[�wg_j]_lbq_kdbo�ahg�\�h[eZklyo�dZd�Q-lbiZ��lZd�b�S-lbiZ��<�

wlhf� kemqZ_� ^j_cnh\uc� f_oZgbaf� i_j_ghkZ� aZjy^Z� ^hfbgbjm_l� gZ^�

^bnnmabhgguf� \h� \k_o� h[eZklyo� S-i-Q� ^bh^Z�� b� ihl_gpbZevgZy� yfZ� \� L-

h[eZklb�ihkl_i_ggh�bkq_aZ_l��qlh�ij_^hl\jZsZ_l�gZdhie_gb_�we_dljhgh\�\�

i-h[eZklb�� Ihwlhfm� ijb� \ukhdbo� lhdZo� bg`_dpbb� fZdkbfZevgZy�

dhgp_gljZpby� we_dljhgh\� iZ^Z_l�� b� dZd� ke_^kl\b_�� wlh� ijb\h^bl� d�

kgb`_gbx�kdhjhklb�bkimkdZgby�nhlhgh\��qlh�\b^gh�ba�aZ]b[Z�gZ�jbk���[.  

GbadZy�dhgp_gljZpby�ghkbl_e_c�aZjy^Z�\�Q-h[eZklb��dhlhjmx�fh`gh�

^hklbqv� e_]bjh\Zgb_f�� ijb\h^bl� d� lhfm�� qlh� \� gZklhys__� \j_fy�

we_dljbq_kdb_� dhglZdlu� d� ZefZam� Q-lbiZ� h[eZ^Zxl� kbevgh� [yevrbf�

khijhlb\e_gb_f��q_f�d�ZefZam�S-lbiZ��H^gZdh�iehob_�dhglZdlu�g_�f_rZxl�

wnn_dlm�kmi_jbg`_dpbb��<�imgdl_�������ihdZaZgh��qlh�\g_�aZ\bkbfhklb�hl�

dhglZdlZ�� hfbq_kdbc� beb� Rhlldb� dhglZdl� k� \ukhlhc [Zjv_jZ� ���� w<��

aZ\bkbfhklv�fZdkbfZevghc�dhgp_gljZpbb�we_dljhgh\�hl�lhdZ�hklZ_lky�lhc�

`_�kZfhc��?^bgkl\_gguc�fbgmk�iehobo�dhglZdlh\�aZdexqZ_lky�\�lhf��qlh�

hgb� h[eZ^Zxl� \ukhdbf� khijhlb\e_gb_f�� Z� agZqbl�� lj_[mxlky� [yevrb_�

gZijy`_gby�^ey�gZ[ex^_gby�wnn_dlZ�kmi_jbg`_dpbb� 

<� q_l\_jlhc� ]eZ\_ ^bkk_jlZpbb� ij_^klZ\e_gh� bamq_gb_�

bg`_dpbhgguo� k\hckl\� ZefZaguo� ^bh^h\� jZaebqgh]h� lbiZ� k� p_evx�

bkihevah\Zgby�bo� ^ey� kha^Zgby� h^ghnhlhgguo�bklhqgbdh\��Bkke_^h\Zgu 

p-(i-p)N-i-n, p-n-i-n b p-i-n-i-n ^bh^u. 

H^ghc�ba�hkh[_gghkl_c�kmi_jbg`_dpbb�\� S-i-Q�^bh^Zo�y\ey_lky�lh��

qlh� ijhkljZgkl\_ggZy� h[eZklv�� \� dhlhjhc� gZ[ex^Z_lky� \ukhdZy�

dhgp_gljZpby� we_dljhgh\�� h[eZ^Z_l� g_[hevrbfb� jZaf_jZfb�� Z� hklZevgZy�

qZklv� L-h[eZklb� g_� bkihevam_lky�� Ijb� wlhf� _keb� mf_gvrblv� lhesbgm� L-

h[eZklb�� h[eZklv� \ukhdhc� dhgp_gljZpbb� [m^_l� ijhihjpbhgZevgh�

mf_gvrZlvky�� Z� fZdkbfZevgZy� dhgp_gljZpby� [m^_l� kbevgh� iZ^Zlv�� <�

dZq_kl\_� j_r_gby� ^Zgghc� ijh[e_fu� ij_^eh`_gh� bkihevah\Zgb_� �L-p) 

\klZ\hd�² \klZ\hd�g_e_]bjh\Zggh]h�ZefZaZ�b�ZefZaZ�S-lbiZ�² \�L-h[eZklv�

jy^hf� k� S-h[eZklvx� S-i-Q� ^bh^Z� �jbk�� ����<� i�� ���� bkke_^h\Zg� S-(i-p)N-i-n 

^bh^� k� lhesbghc� L-\klZ\db� ���� gf�� S-\klZ\db� ² ���� gf�� Z� lhesbgZ�
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hklZ\r_cky�L-h[eZklb�jZ\gyeZkv����í����îN fdf��]^_�N ² qbkeh�\klZ\hd�����

��� ��� ��� ���� IhdZaZgh�� qlh� \� ihemq_gguo� S-(i-p)N-i-Q� ^bh^Zo� m^Z_lky�

bg`_dlbjh\Zlv� we_dljhgu� \� �L-S�� \klZ\db k� dhgp_gljZpbyfb��

ij_\urZxsbfb� �î��13 kfí3�� ijb� wlhf� fZdkbfZevgZy� dhgp_gljZpby�

we_dljhgh\� \� hklZ\r_cky� L-h[eZklb� mf_gvrZ_lky� ebrv� ke_]dZ� ih�

kjZ\g_gbx� k� S-i-Q�^bh^hf� k�rbjbghc� L-h[eZklb� ���fdf��^Z`_�ijb�N = 6. 

LZdbf� h[jZahf�� ijb� r_klb� �L-S�� \klZ\dZo� rbjbgZ� h[eZklb� k� \ukhdhc�

dhgp_gljZpb_c�we_dljhgh\�m\_ebqb\Z_lky�\���jZa�^h���fdf�ih�kjZ\g_gbx�k�

p-i-Q� ^bh^hf�� Ijb� wlhf� ^ujdb� lZd`_� bg`_dlbjmxlky� \� h[eZklv� �L-p) 

\klZ\hd�� dhgp_gljZpby� ^ujhd� \� L-\klZ\dZo� ij_\urZ_l� �î��14 kfí3�� ;he__�

lh]h��dhgp_gljZpbb�ghkbl_e_c�\�dZ`^hc�ba�\klZ\hd�ijbf_jgh�h^bgZdh\u_��

Z� agZqbl�� p_glju� hdjZkdb�� ihf_s_ggu_� \h� \klZ\db�� [m^ml� ihdZau\Zlv�

h^bgZdh\u_�wfbkkbhggu_�k\hckl\Z� 

 
Jbk�� ��� �Z�� Ko_fZlbqgh_� bah[jZ`_gb_� S-(i-p)N-i-n ^bh^Z�� �[-\�� DjZc� ahgu�

ijh\h^bfhklb� �[�� b� dhgp_gljZpby� we_dljhgh\� �\�� \� aZ\bkbfhklb� hl�

dhhj^bgZlu�^ey�S-(i-p)N-i-Q�^bh^h\�k�N = 0, 1, 2, 3, 6. 

 

<� imgdlZo� ���� b� ���� bkke_^h\Zgu� S-n-i-Q� b� S-i-n-i-Q� ^bh^u�� h^gZdh�

y\guo� ij_bfms_kl\� ih� kjZ\g_gbx� k� S-i-Q� ^bh^Zfb gZc^_gh� g_� [ueh�� <�

h[hbo�lbiZo�^bh^h\�gZ[ex^Z_lky�wnn_dl�kmi_jbg`_dpbb��<�S-n-i-Q�^bh^Zo�

fZdkbfZevgZy� dhgp_gljZpby� we_dljhgh\� f_gvr_�� q_f� \� kemqZ_� k� S-i-n 

^bh^hf��Ijb� wlhf� gZdhie_gb_� we_dljhgh\� ijhbkoh^bl� \h� \gmlj_gg_c� Q-

h[eZklb�� <� lh� `_� \j_fy�� kha^Zgb_� p_gljh\� hdjZkdb� \� e_]bjh\Zgguo�

h[eZklyo� gZ� gZklhysbc� fhf_gl� g_� bamq_gh�� ;he__� lh]h�� ijbkmlkl\b_�

ijbf_k_c� jy^hf� k� p_gljhf� hdjZkdb� ^h[Z\ey_l� nhgh\uc� rmf� \�

wdki_jbf_glZevgh� baf_j_ggh_� baemq_gb_�� Ihwlhfm� S-n-i-Q� ^bh^u� g_�

\u]ey^yl� gZ� gZklhysbc� fhf_gl� i_jki_dlb\gufb� ^ey� gZ[ex^_gby� HWE�

p_gljh\� hdjZkdb�� G_kfhljy� gZ� lh�� qlh� \� S-i-n-i-Q� ^bh^Zo� gZdhie_gb_�

we_dljhgh\� ijhbkoh^bl� \� g_e_]bjh\Zgghc� h[eZklb�� ijbe_]Zxs_c� d� S-
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h[eZklb��bg`_dpbhggu_�k\hckl\Z�S-i-n-i-Q�^bh^h\�k�rbjbgZfb�\gmlj_ggbo�

h[eZkl_c� di1, dn1, di2�� khhl\_lkl\_ggh�� gZoh^ylky� ihk_j_^bg_� f_`^m�

k\hckl\Zfb� S-i-Q� ^bh^h\� k� rbjbghc� L-h[eZklb� PD[�di1, dn1, di2�� b� S-i-n 

^bh^h\� k�rbjbghc� L-h[eZklb� di1+dn1+di2��Ihwlhfm��ijbgbfZy� \h� \gbfZgb_�

l_ogheh]bq_kdb_�ljm^ghklb�kha^Zgby�S-i-n-i-Q�^bh^h\�ih�kjZ\g_gbx�k�S-i-n 

^bh^Zfb�� bo� bkihevah\Zgb_� \� h^ghnhlhgguo� bklhqgbdZo� g_� \u]ey^bl�

i_jki_dlb\guf� 

<� aZdexq_gbb ijb\_^_gu� hkgh\gu_� j_amevlZlu� ^bkk_jlZpbhgghc�

jZ[hlu� 

HKGH<GU?�J?AMEVL:LU�>BKK?JL:PBHGGHC�J:;HLU 

JZajZ[hlZgZ�l_hjby�^ey�dZq_kl\_ggh]h�b�dhebq_kl\_ggh]h�bamq_gby�

^bgZfbdb�h^ghnhlhgghc�we_dljhexfbg_kp_gpbb�19-p_gljh\�\�ZefZa_�gZ�

hkgh\_�jZajZ[hlZgghc�jZg__�fh^_eb�we_dljhexfbg_kp_gpbb�wlbo�p_gljh\�

hdjZkdb� >,�� ,,@��Ihemq_gguc�ih^oh^�d�hibkZgbx�^bgZfbdb�h^ghnhlhgghc�

we_dljhexfbg_kp_gpbb� fh`_l� [ulv� jZkijhkljZg_g� gZ� ^jm]b_� p_glju�

hdjZkdb� \� ZefZa_� b� ^jm]bo� rbjhdhahgguo� ihemijh\h^gbdh\� >,,,@��

JZajZ[hlZggZy�l_hjby�kh\f_klgh�k�qbke_gguf�fh^_ebjh\Zgb_f�ljZgkihjlZ�

ghkbl_e_c� aZjy^Z� \� ZefZaguo� S-i-Q� ^bh^Zo� mki_rgh� bkihevah\ZeZkv� ^ey�

\hkijhba\_^_gby g_^Z\gbo�wdki_jbf_glZevguo�j_amevlZlh\�ih�baf_j_gbx�

Z\lhdhjj_eypbhgghc�nmgdpbb� \lhjh]h�ihjy^dZ� 19-p_gljh\� \� ZefZa_�ijb�

we_dljbq_kdhc�gZdZqd_�� 

IhdZaZgh�� qlh� ^bgZfbdZ� h^ghnhlhgghc� wfbkkbb� hij_^_ey_lky�

ijhp_kkZfb� aZo\ZlZ� we_dljhgh\� b� ^ujhd�� dhlhju_� h[uqgh� agZqbl_evgh�

f_^e_gg__�� q_f� i_j_oh^u� f_`^m� \ha[m`^_gguf�� hkgh\guf� b�

f_lZklZ[bevguf� khklhygbyfb� 19-p_gljZ�� Ijb� wlhf� \� ZefZa_� ^bgZfbdZ�

baemq_gby� p_gljh\� hdjZkdb� hij_^_ey_lky� [ukljuf� ijhp_kkhf� aZo\ZlZ�

^ujhd��\�lh�\j_fy�dZd�f_^e_gguc�ijhp_kk�aZo\ZlZ�we_dljhgh\�hl\_qZ_l�aZ�

kdhjhklv� baemq_gby�nhlhgh\� ijb� ihklhygghf� lhd_� b� gZijy`_gbb��<j_fy�

`bagb�\ha[m`^_ggh]h�khklhygby�g_�hdZau\Z_l�aZf_lgh]h�\ebygby�dZd�ijb�

gbadbo�� lZd� b� mf_j_gguo� lhdZo� bg`_dpbb�� Ihemq_ggu_� j_amevlZlu�

iha\heyxl� ba\e_dZlv� bgnhjfZpbx� ba� wdki_jbf_glZevgh� baf_j_gguo�

Z\lhdhjj_eypbhgguo�nmgdpbc�\lhjh]h�ihjy^dZ�g_�lhevdh�\�lhqd_�2  ����gh�

b�ba�nhjfu�b�oZjZdl_jguo� \j_f_g� djb\uo� g(2)(2���Ba�gbo�fh`gh�ba\e_qv�

dhgp_gljZpbx� ^ujhd� \[ebab� p_gljZ� hdjZkdb�� Z� _keb� baf_jblv� _s_�

kdhjhklv baemq_gby�nhlhgh\� ijb� we_dljbq_kdhc� gZdZqd_� \� klZpbhgZjghf�

j_`bf_�� lh� fh`gh� lZd`_� ba\e_qv� dhgp_gljZpbx� we_dljhgh\�� <Z`gh�

hlf_lblv�� qlh� kdhjhklv� aZo\ZlZ� ^ujhd� lZd`_� hij_^_ey_l� \j_fy� hldebdZ�

h^ghnhlhggh]h� bklhqgbdZ� k� we_dljbq_kdhc� gZdZqdhc�� <� jZ\gh\_kbb� 19�

p_glj�gZoh^blky�\�hkgh\ghf�19í khklhygbb�\�L�beb�Q-h[eZklb�ZefZagh]h�S-

i-Q� ^bh^Z� b� ihwlhfm�� \j_fy�� aZ� dhlhjh_� bkimkdZ_lky�nhlhg�� hij_^_ey_lky�

\_jhylghklvx�aZo\ZlZ�^ujdb��<j_fy�hldebdZ�gZ�^\Z�ihjy^dZ�[uklj__��q_f�
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\j_fy� ©i_j_aZjy^dbª�� hij_^_ey_fh_� ijhp_kkhf� aZo\ZlZ� we_dljhgh\�� qlh�

y\ey_lky� ij_bfms_kl\hf� ^ey� ihemq_gby� gZklhysbo� h^ghnhlhgguo�

bklhqgbdh\� k� we_dljbq_kdhc� gZdZqdhc� ih� lj_[h\Zgbx�� ijb\h^bfuo� \�

^_ckl\b_�dhjhldbfb�we_dljbq_kdbfb�bfimevkZfb� 

Ij_^kdZaZg�b�qbke_ggh�ijh^_fhgkljbjh\Zg�wnn_dl�kmi_jbg`_dpbb�

\� ZefZaguo� S-i-Q� ^bh^Zo� >,9� ± 9,,@� \hij_db� lhfm�� qlh� ^_kylbe_lbyfb�

kqblZehkv�� qlh� wnn_dl� kmi_jbg`_dpbb� y\ey_lky� hlebqbl_evghc� q_jlhc�

lhevdh� ihemijh\h^gbdh\uo� ]_l_jhkljmdlmj� [18,19] b� g_� fh`_l�

gZ[ex^Zlvky�\� S-Q�b� S-i-Q�]hfhkljmdlmjZo��Ba-aZ�bkdexqbl_evgh�\ukhdhc�

wg_j]bb�Zdlb\Zpbb�^hghjh\�\�ZefZa_�dhgp_gljZpby�k\h[h^guo�we_dljhgh\�

\� h[eZklb� Q-lbiZ� gZ� �� ± �� ihjy^dh\� gb`_�� q_f� \� [hevrbgkl\_�

ihemijh\h^gbdh\uo�ijb[hjh\��Djhf_�lh]h��dhgp_gljZpby�^ujhd�\�h[eZklb�

p-lbiZ� ijbf_jgh� gZ� �� ± �� ihjy^dh\� \ur_�� q_f� \� Q-h[eZklb�� <ukhdZy�

Zkbff_ljby� f_`^m� we_dljbq_kdbfb� k\hckl\Zfb� h[eZkl_c� Q- b� S-lbiZ� \�

khq_lZgbb� k� gbadhc� dhgp_gljZpb_c� ghkbl_e_c� h[_ki_qb\Z_l�

[eZ]hijbylgu_�mkeh\by�^ey�wnn_dlZ�kmi_jbg`_dpbb�� 

Ijb� \ukhdbo� gZijy`_gbyo� kf_s_gby� ihl_gpbZevgZy� yfZ� ^ey�

we_dljhgh\�nhjfbjm_lky�\� L-h[eZklb�gZ�jZkklhygbb�hdheh�����± ����gf�hl�

p-L� i_j_oh^Z�� qlh� ZgZeh]bqgh� wnn_dlm� aZl\hjZ� \� ihe_\hf� ljZgabklhj_��

Dhgp_gljZpby� gZdhie_gguo� \� ihl_gpbZevghc� yf_� we_dljhgh\� ihqlb� gZ�

q_luj_� ihjy^dZ� \ur_� jZ\gh\_kgh]h� agZq_gby� \� h[eZklb� Q-lbiZ� ^bh^Z�� b�

fZdkbfmf� gZ[ex^Z_lky� \� L-h[eZklb� \[ebab� S-L� i_j_oh^Z�� Wnn_dl�

kmi_jbg`_dpbb� i_jki_dlb\gh� bkihevah\Zlv�� gZijbf_j�� ^ey� jZajZ[hldb�

h^ghnhlhgguo� bklhqgbdh\� k� we_dljbq_kdhc� gZdZqdhc� gZ� hkgh\_� p_gljh\�

hdjZkdb��Ihkdhevdm� \� [biheyjguo� ^bh^Zo� kdhjhklv� bkimkdZgby�nhlhgh\�

p_gljhf� hdjZkdb� ijb[ebabl_evgh� ijhihjpbhgZevgZ� dhgp_gljZpbb�

we_dljhgh\� \� hdj_klghklb� p_gljZ� hdjZkdb� >���� 9,,,@�� m\_ebq_gb_�

dhgp_gljZpbb� we_dljhgh\� m\_ebqb\Z_l� bgl_gkb\ghklv� h^ghnhlhgghc�

we_dljhexfbg_kp_gpbb� [he__� q_f� gZ� ljb� ihjy^dZ� ih� kjZ\g_gbx� k�

ij_^_ehf��h[mkeh\e_gguf�e_]bjh\Zgb_f�ZefZaZ�^hghjZfb��LZd`_��wnn_dl�

kmi_jbg`_dpbb� iha\hey_l� mf_gvrblv fhsghklv�� dhlhjmx� ihlj_[ey_l�

h^ghnhlhgguc� bklhqgbd�� qlh� bf__l� j_rZxs__� agZq_gb_� ^ey 

ijZdlbq_kdh]h�ijbf_g_gby� 

Bamq_gu�bg`_dpbhggu_�k\hckl\Z�ZefZaguo�S-(i-p)N-i-n, p-n-i-Q�b�S-i-

n-i-Q�^bh^h\�>9,,@��<�dZ`^hf�ba�gbo��lZd`_�dZd�b�\�S-i-Q�^bh^_��gZ[ex^Z_lky�

wnn_dl� kmi_jbg`_dpbb� we_dljhgh\�� qlh� fh`_l� bkihevah\Zlvky� ^ey�

m\_ebq_gby kdhjhklb� h^ghnhlhgghc� we_dljhexfbg_kp_gpbb� p_gljh\�

hdjZkdb�� ihf_s_gguo� \� h[eZklv� \ukhdhc� dhgp_gljZpbb� we_dljhgh\��

H^gZdh� gZb[he__� i_jki_dlb\gufb� y\eyxlky� S-(i-p)N-i-Q� ^bh^u�� dhlhju_�

ij_^klZ\eyxl� kh[hc� S-i-Q� ^bh^� k� L-S� j_r_ldhc� �g_kdhevdh� \klZ\hd� ba�

g_e_]bjh\Zggh]h� ZefZaZ� b� ZefZaZ� S-lbiZ�� \[ebab� S-L� i_j_oh^Z�� <�

hklZ\r_cky� L-h[eZklb� lZdh]h� ^bh^Z� fZdkbfZevgZy� dhgp_gljZpby�

we_dljhgh\� ijZdlbq_kdb� g_� baf_gy_lky� ijb� ^h[Z\e_gbb� _s_� h^ghc� L-p 
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\klZ\db��Z�rbjbgZ�h[eZklb��]^_�gZ[ex^Z_lky�fZdkbfZevgZy�dhgp_gljZpby��

ebrv� g_agZqbl_evgh� mf_gvrZ_lky�� Ijb� wlhf� we_dljhgu� wnn_dlb\gh�

bg`_dlbjmxlky� \� L-S� j_r_ldm� b� kha^Zxl� rbjhdmx� h[eZklv� k� \ukhdhc�

dhgp_gljZpb_c� we_dljhgh\�� <� lh� `_� \j_fy�� dhgp_gljZpby� ^ujhd� \� L-p 

j_r_ld_� hklZ_lky� \ukhdhc�� Z� agZqbl� \� ^Zgghc� h[eZklb� gZ[ex^Z_lky�

\ukhdZy� dhgp_gljZpby� h[hbo� ghkbl_e_c� aZjy^Z�� qlh� ijb\h^bl� lZd`_� d�

\ukhdhc�dhgp_gljZpbb�wdkblhgh\��;he__�lh]h��dhgp_gljZpbb�we_dljhgh\�b�

^ujhd� \� dZ`^hc� \klZ\d_� ijbf_jgh� h^bgZdh\u_�� Ke_^h\Zl_evgh�� p_glju�

hdjZkdb�� ihf_s_ggu_� \� dZ`^mx� ba� \klZ\hd� [m^ml� ^_fhgkljbjh\Zlv�

Z[khexlgh�h^bgZdh\u_�wfbkkbhggu_�k\hckl\Z�ijb�we_dljbq_kdhc�gZdZqd_��

LZdbf� h[jZahf�� ZefZagu_� S-(i-p)N-i-Q� ^bh^u� fh]ml� wnn_dlb\gh�

bkihevah\Zlvky�ijb�jZajZ[hld_�k\_lhbaemqZxsbo�mkljhckl\� 
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