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H;S:Y�O:J:DL?JBKLBD:�J:;HLU 

 
:dlmZevghklv� jZ[hlu�� :dlmZevghklv� jZajZ[hldb� f_lh^h\� bkke_^h\Zgby�

ijhkljZgkl\_gguo�\gmlj_ggbo� l_q_gbc� ]ZaZ�h[mkeh\e_gZ�jy^hf�ijbqbg��<h-i_j\uo��\�
hk_kbff_ljbqguo� khieZo�� dhlhju_� ^h� kbo� ihj� rbjhdh� bkihevamxlky� ijb� j_r_gbb�
fgh]bo� l_ogbq_kdbo� b� gZmqguo� aZ^Zq�� l_q_gb_�fh`_l� bf_lv� ijhkljZgkl\_gguc� �Z� g_�
hk_kbff_ljbqguc�� oZjZdl_j�� Wlh� fh`_l� \hagbdZlv� \ke_^kl\b_� gZebqby�
g_kbff_ljbqguo�gZqZevguo�mkeh\bc�gZ�\oh^_�\�khieh�beb�g_kbff_ljbqguo�bkdZ`_gbc�
kl_ghd� khieZ��<h-\lhjuo�� bgh]^Z� ba� dhgkljmdlb\guo� khh[jZ`_gbc�`_eZl_evgh� bf_lv�
khieh� keh`ghc� ]_hf_ljbq_kdhc� nhjfu�� gZijbf_j�� khieh� k� g_djm]euf� k_q_gb_f� beb�
khieh� k� ³djb\hebg_cghc� hkvx´�� KhieZ� y\eyxlky� qZklguf� kemqZ_f� dZgZeh\� b�
bkihevamxlky� \� l_ogbq_kdbo� mklZgh\dZo� ^ey� j_]mebjh\Zgby� \uoh^ys_]h� ihlhdZ� ]ZaZ�
beb�`b^dhklb��Hij_^_e_gguc�bgl_j_k�ij_^klZ\eyxl�khieZ�k�ijyfhm]hevguf�\uoh^hf��
dhlhju_�\�k\yad_�h[jZamxl�\�\uoh^ghf�k_q_gbb�s_ev�beb�dZdmx-eb[h�^jm]mx�iehsZ^v�
[_a� imklhl� b� l_f� kZfuf� wdhghfbqgh� aZihegyxl� \uoh^�� <� k\yab� k� wlbf� \hagbdZ_l�
g_h[oh^bfhklv�\�jZajZ[hld_�wnn_dlb\guo�ih�aZljZlZf�fZrbggh]h�\j_f_gb�Ze]hjblfh\�
b�ijh]jZff�^ey�qbke_ggh]h�bkke_^h\Zgby�ijhkljZgkl\_gguo�\gmlj_ggbo�l_q_gbc�]ZaZ� 

P_ev� jZ[hlu�� P_evx� ^bkk_jlZpbhggh]h� bkke_^h\Zgby� [ueh� kha^Zgb_� b�
ijh]jZffgZy� j_ZebaZpby� wnn_dlb\guo� Ze]hjblfh\� ^ey� jZkq_lZ� ijhkljZgkl\_gguo�
ihl_gpbZevguo� l_q_gbc� ]ZaZ�\�khieZo��hkgh\Zgguo�gZ�iheghklvx�g_y\guo�f_lh^Zo��b�
bkke_^h\Zgb_�k�bo�ihfhsvx�ijbdeZ^guo�aZ^Zq� 

GZmqgZy� gh\bagZ�� JZajZ[hlZg� fh^bnbpbjh\Zgguc� iheghklvx� g_y\guc� f_lh^�
�FIGF�� j_r_gby� kbkl_fu� Ze]_[jZbq_kdbo� mjZ\g_gbc�� \hagbdZxsbo� ijb�
kbff_ljbqghc� ZiijhdkbfZpbb� gZ� ��-lhq_qghf� ijhkljZgkl\_gghf� rZ[ehg_� djZ_\hc�
aZ^Zqb� ^ey� ebg_cgh]h� ^bnn_j_gpbZevgh]h� mjZ\g_gby� \� qZklguo� ijhba\h^guo�
weebilbq_kdh]h� lbiZ�� <i_j\u_� FIGF� ijbf_g_g� ^ey� jZkq_lZ� ijhkljZgkl\_gguo�
[_a\boj_\uo� l_q_gbc� ]ZaZ� \� khieZo�� LZdb_� l_q_gby� hibku\Zxlky� d\Zabebg_cguf�
mjZ\g_gb_f� ihl_gpbZeZ� kdhjhklb� kf_rZggh]h� lbiZ�� ihwlhfm� i_j_ghk� qbke_gguo�
f_lh^h\�� jZajZ[hlZgguo� ^ey� ebg_cguo� weebilbq_kdbo� mjZ\g_gbc�� gZ� mjZ\g_gb_�
ihl_gpbZeZ� g_� y\ey_lky� ljb\bZevguf�� D� hkgh\guf� ^hklhbgkl\Zf� gh\h]h� Ze]hjblfZ�
hlghkylky� \ukhdZy� kdhjhklv� koh^bfhklb� b� ijb_fe_fZy� lhqghklv�� >ey� jZkq_lZ�
kf_rZgguo� l_q_gbc�� kh^_j`Zsbo� [hevrb_� k\_joa\mdh\u_� h[eZklb�� ij_^eh`_g�
Ze]hjblf�� ij_^klZ\eyxsbc� kh[hc� dhf[bgbjh\Zgb_�FIGF� b� f_lh^Z� ijb[eb`_gghc�
nZdlhjbaZpbb� �f_lh^Z� IN��� K� ihfhsvx� j_Zebah\Zgguo� Ze]hjblfh\� ihdZaZgZ�
\hafh`ghklv� ihkljh_gby� khi_e� k� ijyfhm]hevguf� \uoh^hf�� ih� ly]h\uf�
oZjZdl_jbklbdZf�[ebadbo�d�hk_kbff_ljbqguf�khieZf� 

IjZdlbq_kdZy� p_gghklv�� Ijh\_^_ggu_� bkke_^h\Zgby� ihdZaZeb�� qlh�
jZajZ[hlZggu_�Ze]hjblfu�fh]ml�bkihevah\Zlvky�^ey�jZkq_lZ�lj_of_jguo�l_q_gbc�]ZaZ�\�
dhgdj_lguo�khieZo�\�^hklZlhqgh�rbjhdhf�^bZiZahg_�kdhjhkl_c� 

:ijh[Zpby�jZ[hlu��Hkgh\gu_�j_amevlZlu�jZ[hlu�^hdeZ^u\Zebkv�gZ�9,,,�rdhe_-
k_fbgZj_�³Kh\j_f_ggu_�ijh[e_fu�Zwjh]b^jh^bgZfbdb´��K_\Zklhihev��k_gly[jv��������
gZ�;;,�gZmqguo�ql_gbyo�ih�dhkfhgZ\lbd_� �Fhkd\Z��yg\Zjv� �������gZ�F_`^mgZjh^ghc�
dhgn_j_gpbb� klm^_glh\� b� ZkibjZglh\� ih� nmg^Zf_glZevguf� gZmdZf� ³Ehfhghkh\´�
�Fhkd\Z��Zij_ev������� 

KljmdlmjZ�b�h[t_f�jZ[hlu��>bkk_jlZpby�khklhbl�ba�\\_^_gby��^\mo�]eZ\��i_j\Zy�
]eZ\Z� kh^_j`bl�^\Z�iZjZ]jZnZ�� \lhjZy�–� ljb��� aZdexq_gby�b� kibkdZ�ebl_jZlmju�ba� ���
gZa\Zgbc��H[sbc�h[t_f��\dexqZy����jbkmgdZ��khklZ\ey_l�����kljZgbp� 
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KH>?J@:GB?�J:;HLU 

 
<\_^_gb_� kh^_j`bl� h[ahj� f_lh^h\� bkke_^h\Zgby� ijhkljZgkl\_gguo� l_q_gbc��

H[hkgh\u\Z_lky� ZdlmZevghklv� jZajZ[hldb� gh\uo�� [ukljuo� b� lhqguo�f_lh^h\� jZkq_lZ�
lj_of_jguo�l_q_gbc�]ZaZ�\�dZgZeZo�b�khieZo� 

Bkke_^h\Zgb_� ijhkljZgkl\_gguo� l_q_gbc� ]ZaZ� \� khieZo� ij_^klZ\ey_l� [hevrhc�
gZmqguc�b�ijZdlbq_kdbc�bgl_j_k��<�jy^_�kemqZ_\�^h\hevgh�lhqgu_�ij_^kdZaZgby�fh`gh�
ihemqblv��bkihevamy�fh^_ev�[_a\boj_\h]h� l_q_gby��LZdh_� l_q_gb_�hibku\Z_lky�h^gbf�
mjZ\g_gb_f� ihl_gpbZeZ� kdhjhklb�� ijb� wlhf� \k_� ]Zah^bgZfbq_kdb_� nmgdpbb�
\ujZ`Zxlky� q_j_a� nmgdpbx� ihl_gpbZeZ�� <� ihke_^gb_� ]h^u� jy^hf� Z\lhjh\� [ueb�
jZajZ[hlZgu�\_kvfZ� wnn_dlb\gu_�qbke_ggu_�f_lh^u�j_r_gby� mjZ\g_gby�ihl_gpbZeZ��
ihemqb\rb_� gZa\Zgb_� j_eZdkZpbhgguo� f_lh^h\�� D� gbf� hlghkylky� f_lh^�
ihke_^h\Zl_evghc� \_jog_c� j_eZdkZpbb� �f_lh^� I<JE�� b� jZaebqgu_� \ZjbZglu� f_lh^Z�
ijb[eb`_gghc�nZdlhjbaZpbb� �f_lh^�IN���K_cqZk�ba\_klgh�g_kdhevdh�jZagh\b^ghkl_c�
f_lh^Z�IN��dhlhju_�hlebqZxlky�^jm]�hl�^jm]Z�\b^hf�h^ghf_jguo�hi_jZlhjh\��F_lh^u�
I<JE� b�IN� klZeb� ijbf_gylvky� Zf_jbdZgkdbfb� bkke_^h\Zl_eyfb� hdheh� ��� e_l� gZaZ^�
^ey� qbke_ggh]h� j_r_gby� \g_rgbo� aZ^Zq� Zwjh^bgZfbdb�� I_j\u_� jZ[hlu� ih�
bkihevah\Zgbx� j_eZdkZpbhgguo� f_lh^h\� ^ey� bkke_^h\Zgby� aZ^Zq� \gmlj_gg_c�
]Zah^bgZfbdb�[ueb�\uiheg_gu�\�gZr_c�kljZg_��Rbnjbguf�W�=���RmeZgh\uf�F�:�1; 
B\Zgh\uf�F�Y��� Dhj_pdbf� <�<�2�� <_j_l_gp_\uf� <�:���F_q_gh\hc� <�:��� Jhkeydh\uf�
=�K�3�� Djhf_� f_lh^h\� IN� ^ey� j_r_gby� mjZ\g_gby� ihl_gpbZeZ� kdhjhklb�� ohjhrh�
aZj_dhf_g^h\Zeb�k_[y�lZd�gZau\Z_fu_�iheghklvx�g_y\gu_�f_lh^u��Ibhg_jkdZy�jZ[hlZ�
[ueZ�him[ebdh\ZgZ�Klhmghf4��dhlhjuc�ijbf_gbe�jZajZ[hlZgguc�bf�f_lh^�b�gZa\Zgguc�
iheghklvx� g_y\guf� �IGF�� ^ey� j_r_gby� kbkl_fu� Ze]_[jZbq_kdbo� mjZ\g_gbc��
ihemqZxsboky�ijb�^bkdj_lbaZpbb�ebg_cgh]h�^bnn_j_gpbZevgh]h�mjZ\g_gby�\�qZklguo�
ijhba\h^guo�weebilbq_kdh]h�lbiZ�k�^\mfy�g_aZ\bkbfufb�i_j_f_ggufb�gZ��-lhq_qghf 
rZ[ehg_��Rg_c^_jhf�b�A_^Zghf5�wlhl�f_lh^�[ue�jZkijhkljZg_g�gZ��-lhq_qgmx�ko_fm�b�
ihemqbe�gZa\Zgb_�fh^bnbpbjh\Zggh]h�iheghklvx�g_y\gh]h�f_lh^Z� �FIGF��� AZ� kq_l�
fh^bnbdZpbb� m^Zehkv� ^hklbqv� mkdhj_gby� koh^bfhklb� \� �-�� jZaZ�� F_q_gh\Z� <�:�� b�
Jhkeydh\� =�K�6� i_j_g_keb� FIGF� gZ� ihegh_� mjZ\g_gb_� ihl_gpbZeZ� kdhjhklb�
kf_rZggh]h� lbiZ� ^ey� bkke_^h\Zgby� ^\mf_jguo� l_q_gbc� ]ZaZ� \� khieZo��FIGF� [ue�
jZkijhkljZg_g� b� gZ� ijhkljZgkl\_gguc� kemqZc7.�<� wlhc� im[ebdZpbb� Z\lhju� ijb\h^yl�
k\hb�jZkq_lgu_�nhjfmeu�^ey��-lhq_qgh]h�rZ[ehgZ�b�j_amevlZlu�ijh\_^_gguo�ih�wlhc�
ko_f_� jZkq_lh\� lj_of_jgh]h� klZpbhgZjgh]h� mjZ\g_gby� l_iehijh\h^ghklb�� GZb[he__�
h[sbf�\�wlhf�deZkk_�f_lh^h\�y\ey_lky�fh^bnbpbjh\Zgguc�iheghklvx�g_y\guc�f_lh^�
j_r_gby� kbkl_fu� Ze]_[jZbq_kdbo� mjZ\g_gbc�� ihemqZxsboky� ijb� ^bkdj_lbaZpbb 
ebg_cgh]h�^bnn_j_gpbZevgh]h�mjZ\g_gby�\�qZklguo�ijhba\h^guo�weebilbq_kdh]h�lbiZ�
k� lj_fy� g_aZ\bkbfufb� i_j_f_ggufb� gZ� ��-lhq_qghf�rZ[ehg_��GZ� _]h� hkgh\_�fh`gh�
e_]dh�ihemqblv� jZkq_lgu_�nhjfmeu�^ey� �-lhq_qghc� ko_fu� \� lj_of_jghf� kemqZ_�b� �-
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lhq_qghc� ko_fu� \� ^\mf_jghf� kemqZ_�� H^gZdh� ^h� kbo� ihj� gb� \� hl_q_kl\_gghc�� gb� \�
aZjm[_`ghc�ebl_jZlmj_�ihegh_�hibkZgb_�FIGF��kh^_j`Zs__�jZkq_lgu_�nhjfmeu�^ey�
kemqZy�bkihevah\Zgby���-lhq_qghc�ZiijhdkbfZpbb��g_�[ueh�him[ebdh\Zgh� 

I_j\Zy� ]eZ\Z� ihk\ys_gZ� iheghklvx� g_y\guf� f_lh^Zf� j_r_gby�
^bnn_j_gpbZevguo�mjZ\g_gbc�\�qZklguo�ijhba\h^guo�weebilbq_kdh]h�lbiZ��<�i_j\hf�
iZjZ]jZn_�wlhc�]eZ\u�kh^_j`blky�ih^jh[gh_�hibkZgb_�fh^bnbpbjh\Zggh]h�iheghklvx�
g_y\gh]h�f_lh^Z��bkihevamxs_]h���-lhq_qgmx�ZiijhdkbfZpbx� 

Kbff_ljbqgZy�ZiijhdkbfZpby�weebilbq_kdh]h�mjZ\g_gby 
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–� ba\_klgu_� \_ebqbgu�� ϕ  –� g_ba\_klgu_�� <� fZljbqghc� nhjf_� kbkl_fm� fh`gh�
i_j_ibkZlv� \� ke_^mxs_f� \b^_�� qA =φ .� MjZ\g_gby� \� wlhc� kbkl_f_� jZkiheh`_gu� \�
ihjy^d_� \hajZklZgby� agZq_gbc� kji ,, � lZdbf� h[jZahf�� qlh k � f_gy_lky� hl� �� ^h� K , j  
f_gy_lky�hl� ��^h� J , i �f_gy_lky�hl� ��^h� I ��ijb�wlhf�pbde�ih� i �\eh`_g�\�pbde�ih� j , 
dhlhjuc�� \� k\hx� hq_j_^v�� \eh`_g� \� pbde� ih� k �� <b^� fZljbpu� A � ihdZaZg� gZ� jbk����
FZljbpm� A �fh`gh�ij_^klZ\blv�\�\b^_�ijhba\_^_gby�^\mo�lj_m]hevguo�fZljbp��gb`g_c�

'L � b� \_jog_c� 'U �� lh� _klv� ''ULA = �� DZ`^Zy� ba� gbo� y\ey_lky� d\Z^jZlghc�
)1()1()1( +++ KJI x )1()1()1( +++ KJI -fZljbp_c�� H^gZdh� \� h[s_f� kemqZ_� 'L � b� 'U  

bf_xl� 1)2()1( +++ JI � g_gme_\uo� ^bZ]hgZe_c� dZ`^Zy�� G_gme_\u_� we_f_glu� 'L  

jZkiheh`_gu� f_`^m� bsA -^bZ]hgZevx� b� pA -^bZ]hgZevx�� g_gme_\u_� we_f_glu� 'U  – 
f_`^m� pA -^bZ]hgZevx� b� fnA -^bZ]hgZevx� �jbk�����Ijyfh_� jZaeh`_gb_� fZljbpu� A � \�
ijhba\_^_gb_� gb`g_c�b� \_jog_c� lj_m]hevguo�fZljbp�� g_� mqblu\Zxs__� jZaj_`_ggmx�
kljmdlmjm� fZljbpu� A �� g_� y\ey_lky� wnn_dlb\guf� ih� aZljZlZf� fZrbggh]h� \j_f_gb��
Ihkljhbf�gZ�hkgh\_�fZljbpu� A �fh^bnbpbjh\Zggmx�fZljbpm� 'A �\�g_dhlhjhf�kfuke_�
[ebadmx�fZljbp_� A ��AZl_f�ijb[Z\b\�d�h[_bf�qZklyf�kbkl_fu�����\_dlhj-klhe[_p� φ'A , 
ihemqbf� mjZ\g_gb_� )('' qAAA −−= φφφ �� dhlhjh_� [m^_l� kem`blv� hkgh\hc� ^ey�
hj]ZgbaZpbb� bl_jZpbhggh]h� ijhp_kkZ��Fh^bnbpbjh\ZggZy� fZljbpZ� 'A � ^he`gZ� [ulv�
ij_^klZ\bfZ� \� \b^_� ijhba\_^_gby� kbevgh� jZaj_`_gguo� gb`g_c� L � b� \_jog_c� U  
lj_m]hevguo� fZljbp�� >ey� wlh]h� ihlj_[m_f�� qlh[u� fZljbpu� L � b� U � bf_eb� ih� ���
g_gme_\uo�^bZ]hgZe_c�dZ`^Zy�b�\k_�bo�g_gme_\u_�we_f_glu�jZkiheZ]Zebkv�gZ�f_klZo�
g_gme_\uo� we_f_glh\� bkoh^ghc� fZljbpu� A ��KljmdlmjZ� fZljbp� L � b� U � ihdZaZgZ� gZ�
jbk���� Z� b� [� khhl\_lkl\_ggh�� Djhf_� lh]h�� ihlj_[m_f�� qlh[u� g_gme_\u_� we_f_glu�
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fZljbpu� A � b� jZkiheh`_ggu_� gZ� l_o�`_� kZfuo� f_klZo� we_f_glu� fZljbpu� 'A � [ueb�
khhl\_lkl\_ggh� jZ\gu�� Ba� wlbo� mkeh\bc� ihemqZ_f� ke_^mxsb_� mjZ\g_gby� ^ey�
hij_^_e_gby�we_f_glh\�fZljbp� L �b�U : 

.

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,,,,,,

,,,1,1,,,,,,

,,,,1,,,1,,,,,,,

,,,,1,,,1,1,,,,,,

,,,1,1,,,1,,,,1,1,,,,,,

,,1,1,,,1,,1,,,,,,

,,,,1,,1,1,,,1,,,,,,,,

,,,,1,,1,1,,,1,,1,,,,,,

,,,1,1,,,1,,,1,,1,,1,,,,,,,,

,,,,1,,,1,1,,,1,,,,1,1,,

1,1,,,1,,1,,1,,,,1,,1,,1,1,,,,,

,,,1,,,,1,1,,1,,,,1,,1,,,,

,,,1,,,1,,1,,1,1,,,,,

,,,1,1,,1,,,,1,1,,,,,

,,1,,1,,1,1,,,,,

,,1,,1,,1,,,,1,,1,,,,

,,1,,,,1,1,,,,,

,,1,,1,,1,1,,,,,

,,1,1,,,,,

,,,,

fn
kjikjikji

fe
kjikjikjikjikji

f
kjikjikjikjikjikjikji

fw
kjikjikjikjikjikjikji

fs
kjikjikjikjikjikjikjikjikji

ne
kjikjikjikjikjikjikji

n
kjikjikjikjikjikjikjikjikji

nw
kjikjikjikjikjikjikjikjikji

e
kjikjikjikjikjikjikjikjikjikjikji

p
kjikjikjikjikjikjikjikjikji

kjikjikjikjikjikjikjikjikjikjikji

w
kjikjikjikjikjikjikjikjikjikji

se
kjikjikjikjikjikjikjikji

s
kjikjikjikjikjikjikjikji

sw
kjikjikjikjikjikji

bn
kjikjikjikjikjikjikjikji

be
kjikjikjikjikjikji

b
kjikjikjikjikjikji

bw
kjikjikjikji

bs
kjikji

Awm

Awhvm

Avlwgum

Aulwftm

Athugvfsm

Avewdrm

Arluewcpm

Apltewbom

Aphrgudvcnm

Anlohpgrf

setducvbwam

Aogpftcubl

Angsdvah

Anfscuag

Asbtaf

Aodpcrbe

Ancrad

Anbpac

Aoab

Aa

=

=+

=++

=++

=+++

=++

=+++

=+++

=++++

=++++

++++++

=++++

=+++

=+++

=++

=+++

=++

=++

=+

=

−+

−−

−−−

−+−−−

−+−+

−−+−

−−+−−

−+−−+−

−−+−−−

−+−+−−−−−

−−−−−−

−−+−−

−−−−−

−−−−

−+−−−

−−−

−−−−

−−

              (2) 

Ba� mjZ\g_gbc� ���� fh`gh� ihemqblv� y\gu_� j_dmjj_glgu_� nhjfmeu� ^ey� hij_^_e_gby�
\_ebqbg� ,,, kjia  ,,, kjib  ,,, kjic  ,,, kjid  ,,, kjie  ,,, kjif  ,,, kjig  ,,, kjih  ,,, kjil  ,,, kjim  ,,, kjin  ,,, kjio  ,,, kjip  

,,, kjir  ,,, kjis  ,,, kjit  ,,, kjiu  ,,, kjiv  kjiw ,, ��ihkdhevdm�d�fhf_glm�\uqbke_gby�we_f_glh\�fZljbp�
UL, � k� bg^_dkZfb� kji ,, � we_f_glu�fZljbpu� U � k� bg^_dkZfb� 1,1, −− kji ; 1,,1 −− kji ; 

1,, −kji ; 1,,1 −+ kji ; 1,1, −+ kji ; kji ,1,1 −− ; kji ,1, − ; kji ,1,1 −+ ; kji ,,1− � m`_�
ba\_klgu��Fh^bnbpbjh\ZggZy�fZljbpZ� LUA =' ��kljmdlmjZ�dhlhjhc�ihdZaZgZ�gZ�jbk����
djhf_� ��� g_gme_\uo� ^bZ]hgZe_c� bkoh^ghc� fZljbpu� kh^_j`bl� ��� ^hihegbl_evgu_�
g_gme_\u_� ^bZ]hgZeb�� h[hagZq_ggu_� q_j_a� .,..., 24

,,
1

,, kjikji ππ � <ujZ`_gby� ^ey�
^hihegbl_evguo�we_f_glh\�fZljbpu� 'A �bf_xl�ke_^mxsbc�\b^� 

,,,

,,,

,,,,

,,

,,,

1,1,,,
15

,,,,1,,
14

,,,1,1,,1,,1,,
13

,,

,1,1,,1,,1,,
12

,,,1,1,,
11

,,1,1,,,
10

,,

1,1,,,
9

,,1,1,,,
8

,,1,1,,,
7

,,1,,1,,
6

,,

1,1,,,1,,1,,1,,,,
5

,,1,,,,1,,1,,
4

,,

1,,1,,
3

,,1,,1,,
2

,,1,1,,,
1

,,

−+−−+−+

−−−−−+−−

−+−+−+−+

−+−+−−−−

−−−+−−

==+=

+===

====

++=+=

===

kjikjikjikjikjikjikjikjikjikjikji

kjikjikjikjikjikjikjikjikjikjikji

kjikjikjikjikjikjikjikjikjikjikjikji

kjikjikjikjikjikjikjikjikjikjikjikji

kjikjikjikjikjikjikjikjikji

weolrhvd

oftbnhsa

repeoerd

nepdrcocpb

obndna

πππ

πππ

ππππ

ππ

πππ

          (3) 
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.,,

,,

,,,,

,,1,,
24

,,,,1,,
23

,,,1,1,,
22

,,

,1,1,,,1,,,
21

,,,,1,,,1,,,,1,1,,
20

,,

,1,1,,
19

,,,1,1,,
18

,,,1,,,
17

,,,1,1,,
16

,,

kjikjikjikjikjikjikjikjikji

kjikjikjikjikjikjikjikjikjikjikjikji

kjikjikjikjikjikjikjikjikjikjikjikji

wltlvh

uhvgsltguf

tfshsgsf

−−−+

−+−−−−−

−−−+−−−

===

+=++=

====

πππ

ππ

ππππ

          (3) 

Hq_\b^gh�� qlh�^hihegbl_evgu_� we_f_glu� \k_� kjZam�gmex�g_� jZ\gu�b�� ke_^h\Zl_evgh��
fZljbpZ� 'A �g_�fh`_l�[ulv�b^_glbqghc�fZljbp_� A . 

Ihkljh_ggZy� lZdbf� h[jZahf� fZljbpZ� 'A � e_]dh� jZaeh`bfZ� \� ijhba\_^_gb_�
gb`g_c� b� \_jog_c� kbevgh� jZaj_`_gguo� lj_m]hevguo� fZljbp�� we_f_glu� dhlhjuo�
\uqbkeyxlky� ih� j_dmjj_glguf� nhjfmeZf�� Ihwlhfm� bl_jZpbhgguc� f_lh^� j_r_gby�
kbkl_fu������bf_xsbc�\b^�� nn RA βδ =+1' ��[m^_l�wnn_dlb\guf�ih�aZljZlZf�fZrbggh]h�
\j_f_gb� gZ� h^gm� bl_jZpbx� �a^_kv� nnn φφδ −= ++ 11  –� \_dlhj� jZaghklb�� nn AqR φ−=  – 
\_dlhj� g_\yadb�� β  –� bl_jZpbhgguc� iZjZf_lj���H^gZdh� ih� kdhjhklb� koh^bfhklb� wlhl�
bl_jZpbhgguc�ijhp_kk�fh`_l�hdZaZlvky�g_wnn_dlb\guf��Ihwlhfm�ihkljhbf�gZ�hkgh\_�
fZljbpu� A �g_�h^gm�fh^bnbpbjh\Zggmx�fZljbpm� 'A ��Z�k_f_ckl\h�gh\uo�fZljbp� }'{ A , 
dhgdj_lgZy�ij_^klZ\bl_evgbpZ�dhlhjh]h�aZ\bk_eZ�[u�hl�gZ[hjZ�iZjZf_ljh\��F_gyy�wlb�
iZjZf_lju� �lh� _klv� \u[bjZy� jZagu_� fZljbpu� ba� k_f_ckl\Z� }'{ A ��� fh`gh� [ueh� [u�
hdZau\Zlv�\ebygb_�gZ�kdhjhklv�koh^bfhklb�bl_jZpbhggh]h�ijhp_kkZ� nn RA βδ =+1' . 

JZkkfhljbf� k_f_ckl\h� fZljbp� }'{ A �� ihkljh_gguo� gZ� hkgh\_� fZljbpu� A  
kbkl_fu� ���� ke_^mxsbf� h[jZahf�� D� ijZ\hc� qZklb� dZ`^h]h� mjZ\g_gby� ���� ijb[Z\bf�
ebg_cgmx�dhf[bgZpbx�\_ebqbg� .,..., 24

,,
1

,, kjikji ππ �Lh]^Z�k�mq_lhf� ����ihemqbf�ke_^mxsb_�
khhlghr_gby��^ey�wdhghfbb�f_klZ�aZibr_f�ebrv�i_j\h_�b�ihke_^g__�mjZ\g_gby�� 

,)(

)(

)()(

)()(

,,1,,24,,1,,23,1,1,,22,1,1,,,1,,,21

,,1,,,1,,,,1,1,,20,1,1,,19

,1,1,,18,1,,,17,1,1,,161,1,,,15,,1,,14

,1,1,,1,,1,,13,1,1,,1,,1,,12,1,1,,11

1,1,,,101,1,,,91,1,,,81,1,,,71,,1,,6

1,1,,,1,,1,,1,,,,51,,,,1,,1,,4

1,,1,,31,,1,,21,1,,,1,,

24

1
,,,,,,
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kjikji
bs
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kjikji
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kjikji
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kjikji
bsbs

kjikji
bsbs

kjikji

wltlvhuhvg

sltguftf

shsgsfweol

rhvdoftbnh

sarepeoerd

nepdrcocpb

obndnaAAa

−−−+−+−

−−−−−−

−+−−−−+−

−+−+−−−−−+

−−−+−+−+−+

−+−+−−−−

−−−+−−
=

+++++

+++++

++++++

++++++

++++++

++++++

++++=+= ∑

λλλλ
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λλλλλ

λλλ

λλλλλ
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λλλπλ
ν

ν
ν

    )4( 1  

……. 

.

)()(

)()(
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,,1,,24,,1,,23,1,1,,22

,1,1,,,1,,,21,,1,,,1,,,,1,1,,20

,1,1,,19,1,1,,18,1,,,17,1,1,,161,1,,,15

,,1,,14,1,1,,1,,1,,13,1,1,,1,,1,,12

,1,1,,111,1,,,101,1,,,91,1,,,8

1,1,,,71,,1,,61,1,,,1,,1,,1,,,,5

1,,,,1,,1,,41,,1,,3

1,,1,,21,1,,,1,,

24

1
,,,,,,,,

kjikji
fn

kjikji
fn

kjikji
fn

kjikjikjikji
fn

kjikjikjikjikjikji
fn

kjikji
fn

kjikji
fn

kjikji
fn

kjikji
fn

kjikji
fn

kjikji
fn

kjikjikjikji
fn

kjikjikjikji
fn

kjikji
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kjikji
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kjikji
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kjikji
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kjikji
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kjikji
fn

kjikjikjikjikjikji
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kjikjikjikji
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kjikji
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kjikji
fn

kjikji
fnfn

kjikji
fnfn

kjikjikji

wltlvh

uhvgsltguf

tfshsgsfwe

olrhvdoftb

nhsarepe

oerdnepdrc

ocpbob

ndnaAAwm

−−−+

−+−−−−−

−−−+−−−−+

−−+−+−−−−

−+−−−+−+

−+−+−+−+−

−−−−−

−+−−
=

+++
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   )4( 19  

Dhwnnbpb_glu� fnfnbsbs
241241 ,...,,...,,..., λλλλ � f_gyxlky� ijb� i_j_oh^_� hl� h^gh]h� maeZ� k_ldb� d�

^jm]hfm�� h^gZdh� h]jZgbqbfky� kemqZ_f�� dh]^Z� hgb� g_� aZ\bkyl� hl� ghf_jZ� maeZ� � kji ,, ). 
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DZ`^h_� mjZ\g_gb_� ���� ebg_cgh� hlghkbl_evgh� g_ba\_klguo�
kjikjikjikjikjikjikjikjikji lhgfedcba ,,,,,,,,,,,,,,,,,, ,,,,,,,, �� Ihwlhfm� ba� mjZ\g_gbc� )4()4( 91 − � fh`gh�

ihemqblv� y\gu_� ZgZeblbq_kdb_� \ujZ`_gby� ^ey� wlbo� \_ebqbg�� Ihemq_ggu_� agZq_gby�
kjikjikjikjikjikjikjikjikji lhgfedcba ,,,,,,,,,,,,,,,,,, ,,,,,,,, � aZl_f� bkihevamxlky� \� )4()4( 1910 − � ^ey�

\uqbke_gby� kjikjikjikjikjikjikjikjikjikji wvutsrponm ,,,,,,,,,,,,,,,,,,,, ,,,,,,,,, ��LZdbf�h[jZahf��dZ`^Zy�
fZljbpZ� ba� }'{ A � e_]dh� jZaeh`bfZ� \� ijhba\_^_gb_� gb`g_c� L � b� \_jog_c� U � kbevgh�
jZaj_`_gguo� lj_m]hevguo� fZljbp�� kljmdlmjZ� dhlhjuo� bah[jZ`_gZ� gZ� jbk���� Z� b� [�
khhl\_lkl\_ggh�� Dhgdj_lgZy� ij_^klZ\bl_evgbpZ� k_f_ckl\Z� fZljbp� }'{ A � hij_^_ey_lky�
aZ^Zgb_f� ���-dhfihg_glgh]h� \_dlhjZ� ( )fnfnbsbs

241241 ,...,,...,,..., λλλλ � �a^_kv� ��� ��o����� GZ�
ijZdlbd_�ijb�\u[hj_�fZljbpu� 'A �^ey�dhgkljmbjh\Zgby�bl_jZpbhggh]h�f_lh^Z�j_r_gby�
kbkl_fu� ebg_cguo� Ze]_[jZbq_kdbo� mjZ\g_gbc� ���� ^bZiZahg� ^himklbfuo� agZq_gbc�

fnfnbsbs
241241 ,...,,...,,..., λλλλ �h]jZgbq_g�b�aZ\bkbl�hl�dhgdj_lghc�aZ^Zqb� 

Ih^[hj�dhf[bgZpbb�����iZjZf_ljh\��dhlhjZy�h[_ki_qbeZ�[u�gZb[he__�[ukljmx�
kdhjhklv�koh^bfhklb�bl_jZpbhggh]h�ijhp_kkZ��y\ey_lky�qj_a\uqZcgh�keh`ghc�aZ^Zq_c��
Djhf_� lh]h�� \� h[s_f� kemqZ_� wlhl� ih^[hj� gm`gh� ijhba\h^blv� gZ� dZ`^hc� bl_jZpbb��
Mijhklbf� aZ^Zqm��ihkljhb\�ih^k_f_ckl\h� k_f_ckl\Z�fZljbp� }'{ A �� we_f_glu�dhlhjh]h�
aZ\bkyl�hl�h^gh]h�iZjZf_ljZ�α �b�\�g_dhlhjhf�kfuke_�y\eyxlky�[ebadbfb�fZljbp_� A . 

GZ� jbk��� bah[jZ`_g� jZaghklguc� rZ[ehg�� hij_^_ey_fuc� fh^bnbpbjh\Zgghc�
fZljbp_c� 'A ��Djm`hqdZfb� h[hagZq_gu� maeu�� khhl\_lkl\mxsb_�bkoh^ghfm� k_lhqghfm�
mjZ\g_gbx�� dj_klbdZfb� –� maeu�� \h\e_dZ_fu_� ^hihegbl_evgufb� g_gme_\ufb�
we_f_glZfb�fZljbpu� 'A ��Qlh[u�mf_gvrblv�\ebygb_�wlbo�gh\uo�maeh\��ijbf_gbf�lZd�
gZau\Z_fuc� ijb_f� qZklbqgh]h� bkdexq_gby� ^hihegbl_evguo� qe_gh\�� >ey� wlh]h�
agZq_gb_�nmgdpbb�ϕ �\�mae_��khhl\_lkl\mxs_f�^hihegbl_evghfm�we_f_glm�fZljbpu� 'A , 
\ujZabf� k� ihfhsvx� jZaeh`_gby� \� jy^� L_cehjZ� q_j_a� agZq_gby� ϕ � \� maeZo��
ijbgZ^e_`Zsbo� �-lhq_qghfm� rZ[ehgm�� A^_kv� bkihevam_lky� �-lhq_qguc� rZ[ehg� ^ey�
lh]h��qlh[u�hdhgqZl_evgu_�nhjfmeu�^ey���-lhq_qghc�ko_fu�\dexqZeb�nhjfmeu�^ey��-
lhq_qghc� ko_fu� dZd� qZklguc� kemqZc��Ij_g_[j_]Zy� qe_gZfb� \lhjh]h� b� [he__� \ukhdbo�
ihjy^dh\��bf__f� 

,23

,22

,23

,2,22

,2,2

,22,2

,23

,22

,23

,23

,2

,2

,23

,22

,2

181,,,1,,,1,,1,2,118

171,,,1,,,1,2,17

161,,,1,,,1,,1,2,116

15,1,,,,2,1514,1,,,1,,,1,214

13,,1,,,,21312,,1,,,,212

11,1,,,1,,,1,21110,1,,,,2,10

91,,,1,,,1,,1,2,19

81,,,1,,,1,2,8

71,,,1,,,1,,1,2,17

61,,,1,,,1,,1,1,26

51,,,1,,,1,,1,1,15

41,,,1,,,1,,1,1,14

31,,,1,,,1,,1,1,23

21,,,,1,,1,,22

11,,,1,,,1,,1,1,11

D

D

D

DD

DD

DD

D

D

D

D

D

D

D

D

D

kjikjikjikjikji

kjikjikjikji

kjikjikjikjikji

kjikjikjikjikjikjikji

kjikjikjikjikjikji

kjikjikjikjikjikjikji

kjikjikjikjikji

kjikjikjikji

kjikjikjikjikji

kjikjikjikjikji

kjikjikjikjikji

kjikjikjikjikji

kjikjikjikjikji

kjikjikjikji

kjikjikjikjikji

=+++−≈=

=++−≈=

=+++−≈=

=+−≈==++−≈=

=+−≈==+−≈=

=++−≈==+−≈=

=+++−≈=

=++−≈=

=+++−≈=

=+++−≈=

=+++−≈=

=+++−≈=

=+++−≈=

=++−≈=

=+++−≈=

+−++−+

+−+−

+−−+−−

+++−+−

++−−

−+−+−−

−++−++

−+−+

−+−−+−

−++−++

−++−++

−+−−+−

−+−−+−

−+−+

−−+−−+

ϕϕϕϕϕϕ
ϕϕϕϕϕ

ϕϕϕϕϕϕ
ϕϕϕϕϕϕϕϕϕ

ϕϕϕϕϕϕϕϕ
ϕϕϕϕϕϕϕϕϕ

ϕϕϕϕϕϕ
ϕϕϕϕϕ

ϕϕϕϕϕϕ
ϕϕϕϕϕϕ

ϕϕϕϕϕϕ
ϕϕϕϕϕϕ

ϕϕϕϕϕϕ
ϕϕϕϕϕ

ϕϕϕϕϕϕ

 



 9 

.2

,22

,23

,2

,2

,23

241,,,1,,,1,,1,1,124

231,,,,1,,1,,223

221,,,1,,,1,,1,1,222

211,,,1,,,1,,1,1,121

201,,,1,,,1,,1,1,120

191,,,1,,,1,,1,1,219

D

D

D

D

D

D

kjikjikjikjikji

kjikjikjikji

kjikjikjikjikji

kjikjikjikjikji

kjikjikjikjikji

kjikjikjikjikji

=+++−≈=

=++−≈=

=+++−≈=

=+++−≈=

=+++−≈=

=+++−≈=

++−++−

+−+−

+−++−+

+−++−+

+−−+−−

+−−+−−

ϕϕϕϕϕϕ
ϕϕϕϕϕ

ϕϕϕϕϕϕ
ϕϕϕϕϕϕ
ϕϕϕϕϕϕ

ϕϕϕϕϕϕ

 

JZkkfhljbf�ke_^mxsmx�fh^bnbdZpbx�ko_fu����� 

,)( ,,

24

1
,,1,1,,,

1,,1,,1,,,,1,,1,,1,1,,,,1,1,,,1,,,

,1,1,,,,1,,,,,,,,1,,,1,1,,,1,,,

,1,1,,1,1,,,1,,1,,1,,,,1,,1,,1,1,,,

kjikjikji
fn

kji

kji
fe

kjikji
f

kjikji
fw

kjikji
fs

kjikji
ne

kjikji
n

kji

kji
nw

kjikji
e

kjikji
p

kjikji
w

kjikji
se

kjikji
s

kji

kji
sw

kjikji
bn

kjikji
be

kjikji
b

kjikji
bw

kjikji
bs

kji

QDA

AAAAAA

AAAAAA

AAAAAA

=−++

+++++++

+++++++

++++++

∑
=

++

++++−+−+++

+−+−−+−

−−−+−+−−−−−

λ
λλ

λ αϕπϕ

ϕϕϕϕϕϕ

ϕϕϕϕϕϕ

ϕϕϕϕϕϕ

 

]^_� α  –� iZjZf_lj��<� wlhf� jZaghklghf� mjZ\g_gbb� qe_gu� λD  ( 24,...,1=λ �� aZ\bkyl� hl�
agZq_gbc�nmgdpbb�ϕ �\�maeZo��-lhq_qgh]h�rZ[ehgZ��Ke_^h\Zl_evgh��ij_`^_�q_f�kljhblv�
LU -jZaeh`_gb_� fh^bnbpbjh\Zgghc� fZljbpu� 'A �� g_h[oh^bfh� khhl\_lkl\mxsbf�
h[jZahf�i_j_]jmiibjh\Zlv�qe_gu��Ihke_�lZdhc�i_j_]jmiibjh\db�mjZ\g_gby�ijbgbfZxl�
ke_^mxsbc�\b^� 

,,,

24

1
,,1,1,,,

1,,1,,1,,,,1,,1,,1,1,,,,1,1,,,1,,,

,1,1,,,,1,,,,,,,,1,,,1,1,,,1,,,

,1,1,,1,1,,,1,,1,,1,,,,1,,1,,1,1,,,

kjikjikji
fn

kji

kji
fe

kjikji

f
kjikji

fw
kjikji

fs
kjikji

ne
kjikji

n
kji

kji
nw

kjikji

e
kjikji

p
kjikji

w
kjikji

se
kjikji

s
kji

kji
sw

kjikji
bn

kjikji
be

kjikji

b
kjikji

bw
kjikji

bs
kji

QA

AAAAAA

AAAAAA

AAAAAA

=++

+++++++

+++++++

++++++

∑
=

++

++++−+−+++

+−+−−+−

−−−+−+−−−−−

λ
λ

λ ϕπϕ

ϕϕϕϕϕϕ

ϕϕϕϕϕϕ

ϕϕϕϕϕϕ

 

]^_�gZ^q_jdgmlu_�dhwnnbpb_glu�\uqbkeyxlky�ih�nhjfmeZf� 

( )

( ) ( )

( ) ( )

( )

.

,22

,22

,2232

323322

,22

,22

,

24

16
,,,,,,

24
,,

15
,,

14
,,

9

7
,,

6

3
,,,,,,

18,9
,,

13,11
,,

21,5,1

1
,,,,,,,,

22,19

2
,,

1
,,,,

13,10

2
,,

1
,,,,

16,7

2
,,

1
,,,,

4,1

2
,,

1
,,,,,,,,

16,7
,,

14,12
,,

23,19,3

1
,,,,,,,,

22

19
,,

18

16
,,

11
,,

10
,,

1
,,,,,,

9

1
,,,,,,

∑

∑∑

∑∑∑

∑∑

∑∑

∑∑∑

∑∑

∑

=

==

===

+

=

++

=

++

=

++

=

++

===

+

==

=

−=






 ++++−=







+++−=




++++++




+++++++=







+++−=






 ++++−=

−=

λ

λ

λ

λ

λ

λ

λ

λ

λ

λ

λ

λλ

λ

λλλ

λ

λλλ

λ

λλλ

λ

λλλ

λ

λ

λ

λ

λ

λλ

λ

λ

λ

λ

λ

λ

πα

πππππα

ππππα

ππππππ

ππππππα

ππππα

πππππα

πα

kji
f

kji

f
kji

kjikjikjikjikji
n

kji

n
kji

kjikjikjikji
e

kji

e
kji

kjikjikjikjikjikji

kjikjikjikjikjikji
p

kji

p
kji

kjikjikjikji
w

kji

w
kji

kjikjikjikjikji
s

kji

s
kji

kji
b

kji

b
kji

AA

AA

AA

AA

AA

AA

AA

 



 10 

L_i_jv�fh`gh�aZibkZlv�fh^bnbdZpbx�mjZ\g_gbc����� 

( )

( ) ( )

( ) ( )

( )

.

,

,

,

,

,

,22

,

,22

,2232

323322

,22

,

,22

,

,

,

,

,

,

,,,,,,

,,,1,1,,,,,,

24

16
,,,,,,,,1,,,1,,,,,,,

,,,,1,,,1,1,,,,,,

,,,1,1,,,1,,,,1,1,,,,,,

,,1,1,,,1,,1,,,,,,

24
,,

15
,,

14
,,

9

7
,,

6

3
,,

,,,,,,1,,1,1,,,1,,,,,,,,

,,,,1,,1,1,,,1,,1,,,,,,

18,9
,,

13,11
,,

21,5,1

1
,,,,

,,,,,1,1,,,1,,,1,,1,,1,,,,,,,,

22,19

2
,,

1
,,,,

13,10

2
,,

1
,,,,

16,7

2
,,

1
,,,,

4,1

2
,,

1
,,,,

,,,,,,1,,,1,1,,,1,,,,1,1,,

1,1,,,1,,1,,1,,,,1,,1,,1,1,,,,,

16,7
,,

14,12
,,

23,19,3

1
,,,,

,,,,,1,,,,1,1,,1,,,,1,,1,,,,

,,,1,,,1,,1,,1,1,,,,,

22

19
,,

18

16
,,

11
,,

10
,,

1
,,

,,,,,1,1,,1,,,,1,1,,,,,

,,1,,1,,1,1,,,,,

,,1,,1,,1,,,,1,,1,,,,

,,1,,,,1,1,,,,,

9

1
,,,,,,1,,1,,1,1,,,,,

,,1,1,,,,,

,,,,

fn
kjikjikji

fe
kjikjikjikjikji

kji
f

kji

f
kjikjikjikjikjikjikji

fw
kjikjikjikjikjikjikji

fs
kjikjikjikjikjikjikjikjikji

ne
kjikjikjikjikjikjikji

kjikjikjikjikji

n
kji

n
kjikjikjikjikjikjikjikjikji

nw
kjikjikjikjikjikjikjikjikji

kjikjikjikji

e
kji

e
kjikjikjikjikjikjikjikjikjikjikji

kjikjikjikjikjikji

kjikjikjikjikjikji

p
kji

p
kjikjikjikjikjikjikjikjikji

kjikjikjikjikjikjikjikjikjikjikji

kjikjikjikji

w
kji

w
kjikjikjikjikjikjikjikjikjikji

se
kjikjikjikjikjikjikjikji

kjikjikjikjikji

s
kji

s
kjikjikjikjikjikjikjikji

sw
kjikjikjikjikjikji

bn
kjikjikjikjikjikjikjikji

be
kjikjikjikjikjikji

kji
b

kji

b
kjikjikjikjikjikji

bw
kjikjikjikji

bs
kjikji

Awm

Awhvm

AAvlwgum

Aulwftm

Athugvfsm

Avewdrm

AArluewcpm

Apltewbom

AAphrgudvcnm

AAnlohpgrf

setducvbwam

AAogpftcubl

Angsdvah

AAnfscuag

Asbtaf

Aodpcrbe

Ancrad

AAnbpac

Aoab

Aa

=

=+

−==++

=++

=+++

=++






 ++++−

−==+++

=+++







+++−

−==++++




++++++




+++++++

+==++++

++++++







+++−

−==++++

=+++






 ++++−

−==+++

=++

=+++

=++

−==++

=+

=

−+

=
−−

−−−

−+−−−

−+−+

==

−−+−

−−+−−

===

+

−+−−+−

=

++

=

++

=

++

=

++

−−+−−−

−+−+−−−−−

===

+

−−−−−−

−−+−−

==

−−−−−

−−−−

−+−−−

−−−

=
−−−−

−−

∑

∑∑

∑∑∑

∑∑

∑∑

∑∑∑

∑∑

∑

λ

λ

λ

λ

λ

λ

λ

λ

λ

λ

λ

λλ

λ

λλλ

λ

λλλ

λ

λλλ

λ

λλλ

λ

λ

λ

λ

λ

λλ

λ

λ

λ

λ

λ

λ

πα

πππππα

ππππα

ππππππ

ππππππα

ππππα

πππππα

πα

                  (5) 



 11 

MjZ\g_gby� ���� bf_xl� nhjfm� ����� lh� _klv� dZ`^h_� ba� gbo� ebg_cgh� hlghkbl_evgh�
g_ba\_klguo� kjikjikjikjikjikjikjikjikji lhgfedcba ,,,,,,,,,,,,,,,,,, ,,,,,,,, �� Ihwlhfm� ba� i_j\uo� ^_\ylb�
mjZ\g_gbc� ���� k� mq_lhf� khhlghr_gbc� ���� fh`gh� ihemqblv� y\gu_� nhjfmeu� ^ey�
hij_^_e_gby�wlbo�\_ebqbg� 

[{
( ) ( )( )

( )( )(
)]} ([{

) ( )( )]}

([{
) ( )(

) ( )
(

( )(
( ))) ((

))]} [{
( ) ( )( )

( )]}

{
( )[

( )
]} [ ]{ }.221

22

22

,

,2

221

212

2122

22

2

22

,

,

,

,

1

,,

,,1,,1,,1,,1,1,,,

,1,1,1,1,1,1,1,1,,

1,1,,,1,,,,1,,11,,11,,1,,

,1,,,,1,1,,1,,,,1,,1,,,,,,

,1,,,1,,1,,1,1,,,,,,,

,1,1,1,1,1,1,1,1,1,

,,1,,1,,1,,1,,1,1,,1,

,1,,1,,1,,,1,,1

,,1,,1,,1,1,1,1,1,1,1,1,1,,

1,1,,,1,,,,1,,11,,11,,1,,

,1,1,,1,,,,1,,1,,,,

,1,1,1,1,1,1,,,1,1,1,1

,1,1,1,11,,1,,1,1,,,,,1,1,

1,1,,,,1,1,,1,,,,1,1,,,,,,,

1,,1,,1,1,,,,,,,

1,,1,,1,,,,1,,1,,,,,,

1,,,,1,1,,,,,,,

1,1,1,1,1,1,1,1,1,,11,,1,,1,,1

1,,11,,11,,1,,1,,1,1,1,1,

1,1,1,1,1,,11,1,,,,,1,,1,,,,

1,,11,,11,,11,1,,,,,1,,11,,1,,

1,1,,,1,,1,,1,1,,,,,,,

1,1,,,,,,,,,,,

kjikjikjikjikjikji

kjikjikjikjikji

kjikjikjikjikjikjikjikji

kjikjikjikjikjikjikjikji
w

kjikji

kjikjikjikjikjikji
se

kjikji

kjikjikjikjikji

kjikjikjikjikjikjikji

kjikjikjikjikji

kjikjikjikjikjikjikjikji

kjikjikjikjikjikjikjikji

kjikjikjikjikjikji
w

kji

kjikjikjikjikjikji

kjikjikjikjikjikji
se

kjikji

kjikjikjikjikjikjikjikji
s

kjikji

kjikjikjikji
sw

kjikji

kjikjikjikjikjikji
bn

kjikji

kjikjikjikji
be

kjikji

kjikjikjikjikjikjikjikji

kjikjikjikjikjikjikji

kjikjikjikjikji
be

kjikjikji
bn

kji

kjikjikjikjikji
be

kjikjikjikji

kjikjikjikjikjikji
b

kjikji

kjikji
bw

kjikji
bs

kjikji

wtsotg

utsof

oeoctpob

ogpftcubAl

ngsdvaAh

vusnn

wtsosto

vtswt

sosutsof

oeoctpob

pftcubA

utsfvu

snsdvaAs

nanfscuaAg

sbtaAf

odpcrbAe

ncraAd

rpononpr

pnnrorp

onoraArbA

rpnraApob

nanbpaAc

oaAbAa

−−−−−

−−−−−−−−

−+−−−−−−−

−−−−−−

−−+−−

−+−+−+−+−

−−−−−−−

−−−−−

−−−−−−−−−−−

−+−−−−−−−

−−−−−

−−−−−−−+−+

−+−+−+−−−−

−−−−−−−

−−−−

−+−−−

−−−

−+−+−+−+−+−−−+

−+−+−−−−+−+

−+−+−+−−−−

−+−+−+−−−−−−

−−−−−−

−−

+++++

+++++

+++++−

−−−−−=

−−−=

+++−

−+++++−

−+++++

+++++++

+++++−

−−−−+

++++++

++−−++

+−−−−=

−−=

−−−=

−−=

+++−−+

++−++++

++−−−+

+++−+++

+−−−=

−==

α

α

αα
α

α
α

α

α

α

                   (6) 

Dh]^Z� kjikjikjikjikjikjikjikjikji lhgfedcba ,,,,,,,,,,,,,,,,,, ,,,,,,,, � \uqbke_gu�� ih� nhjfmeZf� ����
\uqbkeyxl�^hihegbl_evgu_� we_f_glu��AZl_f�ihemq_ggu_� agZq_gby�bkihevamxlky�^ey�
\uqbke_gby� kjikjikjikjikjikjikjikjikjikji wvutsrponm ,,,,,,,,,,,,,,,,,,,, ,,,,,,,,, �� Y\gu_� nhjfmeu� ^ey�
hij_^_e_gby�wlbo�\_ebqbg�lZdh\u� 

,)223()2(

)323()322(

22,19

2
,,

1
,,,,

13,10

2
,,

1
,,,,

16,7

2
,,

1
,,,,

4,1

2
,,

1
,,,,

,,1,,,1,1,,,1,,,,1,1,,1,1,,,

1,,1,,1,,,,1,,1,,1,1,,,,,,,





++++++





+++++++

+−−−−−

−−−−−=

∑∑

∑∑

=

++

=

++

=

++

=

++

−−+−−−−+

−+−−−−−

β

βββ

β

βββ

β

βββ

β

βββ

ππππππ

ππππππα

kjikjikjikjikjikji

kjikjikjikjikjikji

kjikjikjikjikjikjikjikjikjikji

kjikjikjikjikjikjikjikji
p

kjikji

nlohpgrfse

tducvbwaAm

                                    (7) 



 12 

{

{ }
{

{ }
{ }
{ }

{ }
.

,

,

,

,

,

,22

,

,2)2(

,,,,,,

,,,1,1,,,,,,

,,

24

16
,,,,1,,,1,,,,,,,

,,,,1,,,1,1,,,,,,

,,,1,1,,,1,,,,1,1,,,,,,

,,1,1,,,1,,1,,,,,,

,,
24

,,
15

,,
14

,,

9

7
,,

6

3
,,

,,1,,1,1,,,1,,,,,,,,

,,,,1,,1,1,,,1,,1,,,,,,

,,
18,9

,,
13,11

,,
21,5,1

1
,,,,

,1,1,,,1,,,1,,1,,1,,,,,,,,

kji
fn

kjikji

kjikjikji
fe

kjikji

kjikjikjikjikjikji
f

kjikji

kjikjikjikjikji
fw

kjikji

kjikjikjikjikjikjikji
fs

kjikji

kjikjikjikjikji
ne

kjikji

kjikjikjikjikjikji

kjikjikjikjikjikji
n

kjikji

kjikjikjikjikjikjikji
nw

kjikji

kjikjikjikjikji

kjikjikjikjikjikjikjikji
e

kjikji

mAw

mwhAv

mvlwgAu

mulwfAt

mthugvfAs

mvewdAr

m

rluewcAp

mpltewbAo

m

phrgudvcAn

=

−=








−−−=

−−=

−−−=

−−=















++++−

−−−−=

−−−=















+++−

−−−−−=

−+

=
−−

−−−

−+−−−

−+−+

==

−−+−

−−+−−

===

+

−+−−+−

∑

∑∑

∑∑∑

β

β

β

β

β

β

β

β

β

β

β

ββ

πα

πππππα

ππππα

                                     (7) 
Ijbf_gb\�nhjfmeu� ����� ����� ����dh�\k_f� maeZf�jZkq_lghc�k_ldb��hij_^_ebf�\k_�

we_f_glu� gb`g_c� L � b� \_jog_c� U � lj_m]hevguo� fZljbp�� ijhba\_^_gb_� dhlhjuo� _klv�
fh^bnbpbjh\ZggZy�fZljbpZ� 'A . 

<h� \lhjhf� iZjZ]jZn_� i_j\hc� ]eZ\u� hibkZgZ� ijhp_^mjZ� jZkq_lZ� ^ey� kemqZy�
bkihevah\Zgby�[he__�ijhklhc��q_f���-lhq_qgZy���-lhq_qghc�ko_fu��JZkq_lgu_�nhjfmeu�
^ey� �-lhq_qghc� ko_fu� y\eyxlky� qZklguf� kemqZ_f� khhl\_lkl\mxsbo�nhjfme� ^ey� ��-
lhq_qghc�ko_fu�b�ihemqZxlky�ba�gbo�ihke_�ijbjZ\gb\Zgby�gmex�g_dhlhjuo�qe_gh\��<�
kemqZ_��-lhq_qghc�ko_fu 

,0,,,,,,,,,,,,

,,,,,,,,,,,,

=======

======
fn

kji
fe

kji
fw

kji
fs

kji
ne

kji
nw

kji

se
kji

sw
kji

bn
kji

be
kji

bw
kji

bs
kji

AAAAAA

AAAAAA
 

hldm^Z�ke_^m_l 
0,,,,,,,,,,,, ====== kjikjikjikjikjikji wvrfba  

b 

.024
,,

22
,,

19
,,

16
,,

15
,,

13
,,

12
,,

10
,,

9
,,

6
,,

3
,,

1
,,

=======

======

kjikjikjikjikjikji

kjikjikjikjikjikji

ππππππ

ππππππ
 

Ihkljh_ggZy� lZdbf� h[jZahf� fZljbpZ� 'A � e_]dh� jZaeh`bfZ� \� ijhba\_^_gb_�
gb`g_c�b� \_jog_c� kbevgh� jZaj_`_gguo� lj_m]hevguo�fZljbp��Ihwlhfm�bl_jZpbhgguc�
f_lh^� j_r_gby� kbkl_fu� ebg_cguo� Ze]_[jZbq_kdbo� mjZ\g_gbc�� bf_xsbc� \b^��

nn RA βδ =+1' ��[m^_l�wnn_dlb\guf�ih�aZljZlZf�fZrbggh]h�\j_f_gb�gZ�h^gm�bl_jZpbx�
�a^_kv� nnn φφδ −= ++ 11  –� \_dlhj� jZaghklb�� nn AqR φ−=  –� \_dlhj� g_\yadb�� β  – 
bl_jZpbhgguc�iZjZf_lj���<Z`gh�ih^h[jZlv�lZdmx�dhf[bgZpbx�iZjZf_ljh\�α �b� β ��ijb�
dhlhjhc�wlhl�bl_jZpbhgguc�ijhp_kk�[ue�[u�wnn_dlb\guf�b�ih�kdhjhklb�koh^bfhklb��
GZ�ijZdlbd_�^bZiZahg�^himklbfuo�agZq_gbc�α �b� β �h]jZgbq_g�b�aZ\bkbl�hl�dhgdj_lghc�
aZ^Zqb� 

<lhjZy� ]eZ\Z� ^bkk_jlZpbb� ihk\ys_gZ� qbke_gghfm� bkke_^h\Zgbx�
ijhkljZgkl\_gguo� l_q_gbc� ]ZaZ� \� khieZo� jZaebqghc� dhgnb]mjZpbb�� JZkkfZljb\Z_lky�
fh^_ev� ijhkljZgkl\_ggh]h� klZpbhgZjgh]h� [_a\boj_\h]h� l_q_gby� b^_Zevgh]h�
kh\_jr_ggh]h� ]ZaZ�� LZdb_� l_q_gby� hibku\Zxlky� h^gbf� mjZ\g_gb_f� ihl_gpbZeZ�
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kdhjhklb�� ijb� wlhf� \k_� hklZevgu_� ]Zah^bgZfbq_kdb_� nmgdpbb� \ujZ`Zxlky� q_j_a�
nmgdpbx� ihl_gpbZeZ� kdhjhklb� ϕ �� <� i_j\hf� iZjZ]jZn_� \lhjhc� ]eZ\u� ijb\_^_gZ�
fZl_fZlbq_kdZy� ihklZgh\dZ� aZ^Zqb�� <� pbebg^jbq_kdhc� kbkl_f_� dhhj^bgZl� ε,,rx  
mjZ\g_gb_�ihl_gpbZeZ�kdhjhklb�bf__l�ke_^mxsbc�\b^� 

0
1 =







∂
∂

∂
∂+







∂
∂

∂
∂+







∂
∂

∂
∂

ε
ϕρ

ε
ϕρϕρ

rr
r

rx
r

x
. 

Hlg_k_f�ebg_cgu_�jZaf_ju�d�g_dhlhjhc�oZjZdl_jghc�^ebg_� *l ��kdhjhklv�b�iehlghklv�– 

d�bo�djblbq_kdbf�agZq_gbyf� *a �b� *ρ ��^Z\e_gb_�–�d� 2
** aρ ��lh]^Z�ba�bgl_]jZeZ�;_jgmeeb�

b�ba�mkeh\by�khojZg_gby�wgljhibb�bf__f�aZ\bkbfhklv�iehlghklb�hl�ihl_gpbZeZ� 
1

1

2
2

22 1

2

1

2

1 −












 ++−−+=

γ

εϕϕϕγγρ
rrx , 

b�aZ\bkbfhklv�^Z\e_gby�hl�iehlghklb��b��ke_^h\Zl_evgh��hl�ihl_gpbZeZ�� 
γ
ρ γ

=p . 

A^_kv�γ  –�ihdZaZl_ev�Z^bZ[Zlu� 
GZ� ]jZgbqguo� ih\_joghklyo� nbabq_kdhc� h[eZklb� l_q_gby� hij_^_e_gguf�

h[jZahf� klZ\ylky� ^hihegbl_evgu_� mkeh\by��IheZ]Z_f�� qlh� gZ� \oh^_� \_dlhj� kdhjhklb�
hjlh]hgZe_g� gZqZevghfm� k_q_gbx� ax = �� <ke_^kl\b_� wlh]h� \_ebqbgZ� ϕ � gZ� \oh^_�
ihklhyggZ�� ^ey� hij_^_e_gghklb�� 0=ϕ �� GZ� ih\_joghklb� khieZ� ),( εxfr = � klZ\bf�
mkeh\b_� g_ijhl_dZgby�� .

2 ε
ε ϕϕϕ

f

f
f xxr += � GZ� iehkdhklyo� kbff_ljbb� 0=ε � b� *εε =  

klZ\blky�mkeh\b_�kbff_ljbb�� .0=εϕ  

Ijb�bkke_^h\Zgbb�lj_of_jguo�l_q_gbc�]ZaZ�\�khieZo�ijboh^blky�bf_lv�^_eh�k�
h[eZklyfb� djb\hebg_cghc� nhjfu�� K� ihfhsvx� aZf_gu� g_aZ\bkbfuo� i_j_f_gguo�

)(,
),(

),( εθθ
ε

ηξξ ===
xf

r
x � hkms_kl\bf� ij_h[jZah\Zgb_� bkoh^ghc� h[eZklb�

nbabq_kdh]h� ijhkljZgkl\Z� \� ijyfhm]hevguc� iZjZee_e_ibi_^� �h]jZgbq_gguc�
iehkdhklyfb� )(aξξ = , )(bξξ = , 0=η , 1=η , )0(θθ = , )( *εθθ = �� a^_kv� bx =  – 
dhhj^bgZlZ�\uoh^gh]h�k_q_gby�khieZ��\�ijhkljZgkl\_��]^_�[m^_f�ijh\h^blv�qbke_gguc�
jZkq_l� gZ� jZ\ghf_jghc� k_ld_�� Bkihevah\Zehkv� lZdh_� ij_h[jZah\Zgb_� dhhj^bgZl�� ijb�
dhlhjhf� jZkq_lgZy� k_ldZ� bf_eZ� [u� k]ms_gb_� \� nbabq_kdbo� dhhj^bgZlZo� \� h[eZklyo�
kbevgh]h�baf_g_gby�]Zah^bgZfbq_kdbo�iZjZf_ljh\��MjZ\g_gb_�ihl_gpbZeZ�kdhjhklb�\�
gh\uo�i_j_f_gguo� θηξ ,, �fh`gh�aZibkZlv�\�ke_^mxs_c�nhjf_� 

0=
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                      (9) 

<ujZ`_gb_�^ey�iehlghklb�\�gh\uo�i_j_f_gguo� θηξ ,, �bf__l�\b^ 

,
2

1

2

1 1

1
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 ++−−+=

γ
θ

ηξ
ϕ

ϕϕγγρ
r

WVU                                                             (10) 

]^_� fr η= . 
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=jZgbqgu_�mkeh\by�\�i_j_f_gguo� θηξ ,, �[m^ml�\u]ey^_lv�ke_^mxsbf�h[jZahf� 
Z��gZ�\oh^_�� )(aξξ = ):    0=ϕ ,   ( )111  

[��gZ�ih\_joghklb�khieZ�� 1=η ):   0=V ,   ( )211  

\��gZ�iehkdhklyo� )0(θθ = �b� )( *εθθ = :  0=W .  ( )311  

Lj_[m_lky� gZclb� nmgdpbx� ),,( θηξϕ �� hij_^_e_ggmx� gZ� fgh`_kl\_�
)}()0(,10),()({ *εθθθηξξξ ≤≤≤<≤≤ ba �b�m^h\e_l\hjyxsmx�mjZ\g_gbx� ����� ����� �����

b�]jZgbqguf�mkeh\byf������ 
JZajZ[hlZgguc� \� i_j\hc� ]eZ\_�FIGF� ij_^gZagZq_g� ^ey� j_r_gby� jZaghklguo�

mjZ\g_gbc�� Ziijhdkbfbjmxsbo� ebg_cgh_� ^bnn_j_gpbZevgh_� mjZ\g_gb_� \� qZklguo�
ijhba\h^guo� weebilbq_kdh]h� lbiZ��Ihegh_� mjZ\g_gb_� ihl_gpbZeZ� kdhjhklb� y\ey_lky�
d\Zabebg_cguf� mjZ\g_gb_f� kf_rZggh]h� lbiZ�� ihwlhfm� f_lh^u�� jZajZ[hlZggu_� ^ey�
ebg_cguo� weebilbq_kdbo� mjZ\g_gbc�� g_�fh]ml� [ulv� ijhklh� i_j_g_k_gu� ^ey� j_r_gby�
mjZ\g_gby�ihl_gpbZeZ��<h�\lhjhf�iZjZ]jZn_�\lhjhc�]eZ\u�ijb\_^_g�Ze]hjblf�j_r_gby�
mjZ\g_gby�ihl_gpbZeZ�fh^bnbpbjh\Zgguf�iheghklvx�g_y\guf�f_lh^hf�gZ�hkgh\_� �-
lhq_qghc�ko_fu�b�kh^_j`Zlky�j_amevlZlu�bkke_^h\Zgby�ijhkljZgkl\_gguo�l_q_gbc�]ZaZ�
\�khieZo�jZaebqghc�]_hf_ljbb� 

>ey� mjZ\g_gby� ���� dhgk_j\Zlb\gmx� ko_fm� \lhjh]h� ihjy^dZ� ZiijhdkbfZpbb�
fh`gh�aZibkZlv�\�\b^_� 
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2
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2

1
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2
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2

1
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2

1
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2
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HHGGFF

θηξ
                    (12) 

]^_�
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=
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ℑ
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ρρρ ~
,

~
,

~
 –� ihlhdb�� <_ebqbgu� ihlhdh\� \uqbkeyxlky� q_j_a�

ijhba\h^gu_�hl�ihl_gpbZeZ�k�ihfhsvx�khhlghr_gbc������Ijhba\h^gu_��\oh^ysb_�\������
Ziijhdkbfbjmxlky�kh�\lhjuf�ihjy^dhf�k�ihfhsvx�p_gljZevguo�jZaghkl_c� 

MjZ\g_gb_� ihl_gpbZeZ� bf__l� weebilbq_kdbc� lbi� ijb� ^ha\mdh\hf� oZjZdl_j_�
l_q_gby�� ]bi_j[hebq_kdbc –� ijb� k\_joa\mdh\uo� kdhjhklyo� b� iZjZ[hebq_kdbc� –� gZ�
a\mdh\hc� ih\_joghklb�� Ko_fZ� k� p_gljZevgufb� jZaghklyfb� ����� ijb\h^bl� d�
g_mklhcqb\uf� Ze]hjblfZf� \� h[eZklyo� k\_joa\mdh\h]h� l_q_gby�� ihkdhevdm� i_j_^Z_l�
\hafms_gby� \\_jo� ih� ihlhdm�� >ey� h[_ki_q_gby� mklhcqb\h]h� kq_lZ� \� k\_joa\mdh\hc�
h[eZklb� \\h^beZkv� bkdmkkl\_ggZy� k`bfZ_fhklv� \� \b^_� ihijZ\hd� d� iehlghklb��
Fh^bnbdZpby�iehlghklb�\b^Z 

{ } ,1,0max~
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1
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2

1
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2

1 ξρδνρρ ξ ∆−−=
±
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±± kji
kji

kjikji
M  

]^_� −
ξδ  –� jZaghklguc� hi_jZlhj� i_j\hc� ijhba\h^ghc� gZaZ^� ih� gZijZ\e_gbx� ξ , ν  – 

dhwnnbpb_gl�bkdmkkl\_gghc�k`bfZ_fhklb�b� M  –�qbkeh�FZoZ��\ghkbl�\�ko_fm�hrb[dm�
i_j\h]h�ihjy^dZ1��<\_^_gb_�bkdmkkl\_gghc�k`bfZ_fhklb�wd\b\Ze_glgh�bkihevah\Zgbx�
h^ghklhjhggbo� jZaghkl_c� ijhlb\� ihlhdZ� ijb� ZiijhdkbfZpbb� mjZ\g_gby� \�
k\_joa\mdh\hc� ahg_� l_q_gby�� Fh`gh� \\h^blv� fh^bnbpbjh\Zggmx� iehlghklv� g_� ih�
h^ghfm�gZijZ\e_gbx�ξ ��Z�ih�\k_f�lj_f�gZijZ\e_gbyf� θηξ ,, ��<�g_dhlhjuo�jZkq_lZo�ih�
ijh^hevghc�dhhj^bgZl_�ξ �bkihevah\Zehkv�^jm]h_�\ujZ`_gb_�^ey� ρ~ : 

+=
±± kjikji ,,

2

1
,,

2

1
~ ρρ  

                                                           
1 ������ ��� 	
�� ��� �
��� ��� ���������� ������� ������������� ����
������ ��� ����������
������� ������� ��
������ ����� �
�
 � ��
���������� ��
�
���� ���������� !!"
����
� ��#���
 �������
����
� – 1979. – $�%&� '(� 



 15 
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WlZ�fh^bnbdZpby� iehlghklb�� dhlhjZy� \ghkbl� \� ko_fm� hrb[dm� \lhjh]h� ihjy^dZ�� [ueZ�
ij_^eh`_gZ�<_j_l_gp_\uf�<�:�1. 

Ih\_joghklv�khieZ�aZ^Z\ZeZkv�mjZ\g_gb_f��\�^_dZjlh\uo�dhhj^bgZlZo� 
1

)()(

)()(

=





+






++

xx

xz

z

xy

y
ωω

, 

]^_� )(xy+  –� h[jZamxsZy� khieZ� \� iehkdhklb� 0=z , )(xz+  –� h[jZamxsZy� khieZ� \�
iehkdhklb� 0=y , )(xω  –�ihdZaZl_ev� ³kmi_jweebilbqghklb´� khieZ��?keb� )()( xzxy ≡ �b�

2)( ≡xω ��lh�khieh�hk_kbff_ljbqgh_� 
>ey� \uykg_gby� dZq_kl\Z� ij_^eh`_ggh]h� f_lh^Z� �kdhjhklb� koh^bfhklb��

lhqghklb�� kgZqZeZ� [ueb� bkke_^h\Zgu� hk_kbff_ljbqgu_� b� ijhkljZgkl\_ggu_� l_q_gby�
]ZaZ� \� khieZo� jZaebqghc� ]_hf_ljbb� �khieZo� k� h^ghc� iehkdhklvx� kbff_ljbb��
weebilbq_kdbo� b� kmi_jweebilbq_kdbo� khieZo�� b� ijh\_^_gh� kjZ\g_gb_� ihemq_gguo�
j_amevlZlh\�k�jZg__�him[ebdh\Zggufb��Ijb\_^_f�ebrv�g_dhlhju_�ba�gbo��<�dZq_kl\_�
i_j\h]h�ijbf_jZ�[ueh�jZkkqblZgh�kf_rZggh_�l_q_gb_�]ZaZ�\�hk_kbff_ljbqghf�khie_2 

�jbk����� .0,1;0,4;625,0;0,1;125,3;
12

;
4 21010 =−====== baRRR

πϑπϑ  GZ� jbk���
ij_^klZ\e_gu�jZkij_^_e_gby�qbkeZ�FZoZ�gZ�dhglmj_��djb\Zy����b�hkb��djb\Zy����khieZ�
�k_ldZ� ��o��o���� dj_klbdZfb� h[hagZq_gu� j_amevlZlu� gZa\Zgghc� jZ[hlu�� GZ� jbk���
bah[jZ`_gh�jZkij_^_e_gb_�agZq_gbc�jZkoh^Z�ih�ihi_j_qguf�k_q_gbyf�khieZ��Djb\Zy���
khhl\_lkl\m_l�k_ld_���o��o��� 





 ≤≤

2
0

πε ��djb\Zy���–���o��o��� 




 ≤≤

10
0

πε ��djb\Zy���– 

��o��o��� 




 ≤≤

10
0

πε ��djb\Zy� ��–� ��o��o�� 




 ≤≤

40
0

πε ��<�dZq_kl\_�\lhjh]h�ijbf_jZ�
[ueh� bkke_^h\Zgh� hk_kbff_ljbqgh_� khieh3�� bf_xs__� ke_^mxsb_� iZjZf_lju� �jbk�����

.9,0;0,3;625,0;7,0;2,2;
12

;
4 21010 =−====== baRRR

πϑπϑ � JZkq_lu� ijh\h^bebkv� gZ�
l_o�`_�kZfuo�jZ\ghf_jguo�k_ldZo��qlh�b�\�gZa\Zgghc�jZ[hl_����o�o���k_ldZ�������o�o��
(k_ldZ�������o��o����k_ldZ�����>ey�mf_gvr_gby�ghjfu�g_\yadb�\������jZa��hlghkbl_evgh�
gme_\hc� bl_jZpbb�� gZ� k_ld_� �� ihlj_[h\Zehkv� ��� bl_jZpbb� �\� gZa\Zgghc� jZ[hl_� – 
ijb[ebabl_evgh�������gZ�k_ld_���–�����bl_jZpbc��\�gZa\Zgghc�jZ[hl_�–�ijb[ebabl_evgh�
������ gZ� k_ld_� �� –� ���� bl_jZpbb� �\� gZa\Zgghc� jZ[hl_� –� ijb[ebabl_evgh� ������
Ijh\h^bebkv� ^hihegbl_evgu_� jZkq_lu� gZ� [he__� f_edbo� �ih� hk_\hfm� b� jZ^bZevghfm�
gZijZ\e_gbyf��k_ldZo����o��o�����o��o���GZ�jbk���ihdZaZgh�ih\_^_gb_�jZkoh^Z��Djb\Zy�
��khhl\_lkl\m_l�k_ld_���o��o��� 





 ≤≤

2
0

πε ��djb\Zy���–���o��o�� 




 ≤≤

40
0

πε ��djb\Zy���

–���o��o�� 




 ≤≤

40
0

πε ��K�m\_ebq_gb_f�qbkeZ�maeh\�k_ldb�jZa[jhk�agZq_gbc�jZkoh^Z�ih�
                                                           
1 ���������� ���� 	
������ 
��������
� �����
� ���� � ����� ����� ������

� ������
��������
�������
�� – ������� ��
����
����  !91. 
2 ������� ����� "����� #�$� %�
�����
� �����&' �����(� ����� ��� ��)��
� ����� �����
���

 ����� ��	
�����(� ����( � �������
����� *
�
��� – ��� +������&��� �#,�  !!-� 
3 �����
� ����� .'/
�� 0��� ��
*
�
�����(� ���� ��
/�
����� *����
���

 ��� ������������
��&�(� �������������(� �����
� � �������� ��1�� 
 �2� – 1990. – 3�45�6 5� 
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k_q_gbyf� mf_gvrZ_lky�� Ijh\_^_ggu_� jZkq_lu� iha\hebeb� knhjfmebjh\Zlv� hkgh\gu_�
^hklhbgkl\Z�gh\h]h�f_lh^Z�–�^hklZlhqgh�\ukhdZy�kdhjhklv�koh^bfhklb�b�ijb_fe_fZy�
lhqghklv� 

Ihke_�bkke_^h\Zgby�hk_kbff_ljbqguo� aZ^Zq�ijh\h^beky�jZkq_l� l_q_gby� ]ZaZ�\�
khie_�� bf_xs_f� h^gm� iehkdhklv� kbff_ljbb1�� <� ihemiehkdhklb� 0>y � iehkdhklb�
kbff_ljbb� 0=z � h[jZamxsZy� khieZ� )(xy+ � bf__l� ke_^mxsb_� iZjZf_lju� �jbk�����

4,0;0,5;0,1;0,1;0,3;
12

;
6 21010 =−====== baRRR

πϑπϑ �� Z� \� ihemiehkdhklb� 0<y  

iZjZf_lju�h[jZamxs_c� )(xy− �lhqgh�lZdb_�`_��djhf_�h^gh]h��
40

πϑ = ��<�iehkdhklb� xz  

h[jZamxsZy� )()( xyxz −+ ≡ �� MjZ\g_gb_� ih\_joghklb� khieZ� bf__l� \b^��
1

)()(

22

=





+






+± xz

z

xy

y �� JZkrbjyxsZyky� qZklv� lZdh]h� khieZ� ]_hf_ljbq_kdb� y\ey_lky�
hk_kbff_ljbqghc�� h^gZdh� l_q_gb_� \� wlhc� h[eZklb� bf__l� ijhkljZgkl\_gguc� oZjZdl_j��
G_jZ\ghf_jghklv�ihlhdZ�jZkijhkljZgy_lky�b�gZ�pbebg^jbq_kdmx�qZklv�khieZ��=jZnbdb�
[hdh\hc� kbeu� �jbk���� b� fhf_glZ� �jbk����� ^_fhgkljbjmxl� ohjhr__� dZq_kl\_ggh_�
kh\iZ^_gb_� k� j_amevlZlZfb� gZa\Zgghc� jZ[hlu� �hgb� h[hagZq_gu� dj_klbdZfb�, 
ihemq_ggu_�f_lh^hf�mklZgh\e_gby� 

G_dhlhjh_� ij_^klZ\e_gb_� h� kljmdlmj_� l_q_gby� \gmljb� khieZ� k� ijyfhm]hevguf�
\uoh^hf� ^Z_l� ke_^mxsbc� beexkljZlb\guc� ijbf_j�� <� iehkdhklb� 0=y � h[jZamxsZy�

)(xz+ � bf__l� iZjZf_lju� �jbk�����
0,2;0,4;0,2;0,2;0,2;

12
;

6 21010 =−====== baRRR
πϑπϑ �� <� iehkdhklb� 0=z  

h[jZamxsZy� )(5,0)( xzxy ++ ≡ ��Nmgdpby� ³kmi_jweebilbqghklb´�� 2)( ≡xω � ijb� 0≤x � b�
22)( 2 +≡ xxω �ijb� 0>x ��GZ� jbk����bah[jZ`_gu� ebgbb� mjh\gy�^Z\e_gby� \� \uoh^ghf�

k_q_gbb� lZdh]h� khieZ��Bf__l�f_klh� \ujZ`_ggh_� k]ms_gb_� wlbo� ebgbc� \� hdj_klghklb�
2arctg=ε �� b�fh`gh� h`b^Zlv�� qlh� k� jhklhf� x � ]Zah^bgZfbq_kdb_�iZjZf_lju� eb[h�bo�

ijhba\h^gu_�[m^ml�l_ji_lv�jZaju\�gZ�ih\_joghklb� 2arctg=ε . 
LZd`_�[ueh�bkke_^h\Zgh�^\_� ]jmiiu�gh\uo��bkihevam_fuo�gZ�ijZdlbd_� khi_e��

>ey� lZdbo� khi_e� \� iehkdhklb� 0=y � gZ� mqZkld_� 0≤≤ xa � h[jZamxsZy� )(xz+ � bf__l�
iZjZf_lju� �jbk����� 85,3;625,0;0,1;125,3;

4 2100 −===== aRRR
πϑ �� Z� ijb� 0>x  

h[jZamxsZy� )(xz+ � aZ^Z_lky� gZ[hjhf� agZq_gbc� { }Λ
=1, λλλ zx �� ihemq_gguf� \� j_amevlZl_�

j_r_gby� aZ^Zqb� ijhnbebjh\Zgby�� ih� dhlhjhfm� ^ey� nmgdpbb� )(xz+ � kljhblky�
bgl_jihebjmxsbc�dm[bq_kdbc� kieZcg��<�iehkdhklb� 0=z �h[jZamxsZy� )()( xzxy ++ ≡ . 
<k_]h� [ueh� bkke_^h\Zgh� q_luj_� khieZ�� dhlhju_� hlebqZebkv� ^jm]� hl� ^jm]Z� gZ[hjZfb�
{ }Λ

=1, λλλ zx � beb� \b^hf� nmgdpbb� )(xω �� khieZ� jZaguo� ]jmii� hlebqZebkv� f_`^m� kh[hc�
gZ[hjZfb� { }Λ

=1, λλλ zx ��\gmljb�h^ghc� ]jmiiu�khieZ�hlebqZebkv�\b^hf�nmgdpbb� )(xω  – 

^ey� i_j\h]h� khieZ� dZ`^hc� ]jmiiu� �khieZ� ���� b� ����� nmgdpby� )(xω � [jZeZkv� \� \b^_�
2)( ≡xω � ijb� 0≤x � b� 22)( 2 +≡ xxω � ijb� 0>x �� khieZ� ���� b� ���� \u[bjZebkv�

hk_kbff_ljbqgufb� � 2)( ≡xω ��� Ij_^klZ\ey_l� bgl_j_k� kjZ\g_gb_� jZkij_^_e_gbc�
bfimevkZ� \� k\_joa\mdh\hc� qZklb�^ey� hk_kbff_ljbqgh]h� khieZ�b�^ey� khieZ�� \uoh^gh_�
k_q_gb_�dhlhjh]h�[ebadh�d�d\Z^jZlghfm��Jbk����beexkljbjm_l�aZ\bkbfhklv�bfimevkZ�hl�
                                                           
1 ��������� 	
�
 � ���������� �������������� �������� ������� � �����  �������������
������
 ��������� ��    !
�"#
 – 1975. –$%
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iehsZ^b� ihi_j_qgh]h� k_q_gby� khieZ� �djb\Zy� �� khhl\_lkl\m_l� khiem� ����� djb\Zy� �� – 
khiem� ����� djb\Zy� �� –� bfimevk�� \uqbke_gguc� ih� h^ghf_jghc� l_hjbb��� DZd� m`_�
hlf_qZehkv�� k\_joa\mdh\u_� dhglmju� hk_kbff_ljbqguo� khi_e� ���� b� ���� ihkljh_gu� \�
j_amevlZl_�j_r_gby�aZ^Zqb�ijhnbebjh\Zgby�b��l_f�kZfuf��hgb�y\eyxlky�\�g_dhlhjhf�
kfuke_� ³ohjhrbfb´� khieZfb�� Ijh\_^_ggu_� bkke_^h\Zgby� ihdZaZeb�� qlh� fh`gh�
kdhgkljmbjh\Zlv�khieZ�k�ijyfhm]hevguf�k_q_gb_f� �wdhghfbqgh�aZihegyxsb_�\uoh^��
ih�ly]h\uf�oZjZdl_jbklbdZf�[ebadb_�d�hk_kbff_ljbqguf� 

JZajZ[hlZgguc� \ur_� f_lh^� p_e_khh[jZagh� ijbf_gylv� ^ey� h[eZkl_c��
\dexqZxsbo� ebrv� g_[hevrhc� mqZklhd� k\_joa\mdh\h]h� l_q_gby�� Ijb� bkke_^h\Zgbb�
fh^bnbpbjh\Zgguf�iheghklvx�g_y\guf�f_lh^hf�l_q_gbc�k�[hevrbfb�qbkeZfb�FZoZ�
�\� wlhf� kemqZ_� ^h[Z\dZ� d� iehlghklb� bf__l� agZqbl_evguc� ³\_k´�� fh`_l� gZjZklZlv�
hrb[dZ�� k\yaZggZy� k� bkihevah\Zgb_f� fh^bnbpbjh\Zgghc� iehlghklb�� <u[bjZy� \�
k\_joa\mdh\hc� h[eZklb� ν � g_� dhgklZglhc�� Z� g_dhlhjhc� m[u\Zxs_c� nmgdpb_c� qbkeZ�
FZoZ�� \hafh`gh�� m^Zehkv� [u� mf_gvrblv� g_`_eZl_evgh_� \ebygb_� bkdmkkl\_gghc�
k`bfZ_fhklb�gZ�hdhgqZl_evgh_�j_r_gb_��H^gZdh�ih^jh[gh�wlhl�\hijhk�\�^bkk_jlZpbb�
g_� jZkkfZljb\Zeky�� b� ^Zevg_crZy� jZ[hlZ� ijh\h^beZkv� ih� ^jm]hfm� imlb� –� [ueZ�
ij_^ijbgylZ�ihiuldZ�h[t_^bgblv�FIGF� k�f_lh^hf�IN�� \� dhlhjhf� \� k\_joa\mdh\hc�
ahg_�\�dZq_kl\_�^bkkbiZlb\gh]h�f_oZgbafZ�bkihevamxlky�h^ghklhjhggb_�jZaghklb� 

<� lj_lv_f� iZjZ]jZn_� \lhjhc� ]eZ\u� kh^_j`Zlky� j_amevlZlu� bkke_^h\Zgby�
ijhkljZgkl\_gguo� l_q_gbc� ]ZaZ� \� khieZo� f_lh^hf� IN1�� ijb\_^_g� gh\uc� Ze]hjblf��
ij_^klZ\eyxsbc� kh[hc� dhf[bgbjh\Zgb_� FIGF� b� f_lh^Z� IN�� ij_^klZ\e_gu�
j_amevlZlu� jZkq_lh\� ijhkljZgkl\_gguo� l_q_gbc� ]ZaZ� \� khieZo� dhf[bgbjh\Zgguf�
f_lh^hf� 

Ij_`^_� q_f� ijbklmiZlv� d� bkke_^h\Zgbx� f_lh^hf� IN� khi_e� keh`guo� nhjf��
g_h[oh^bfh� [ueh� ijh\_klb� jZkq_l� l_q_gby� ]ZaZ� \� dZdhf-gb[m^v� ijhklhf�� ohjhrh�
bamq_gghf�khie_�k�p_evx�bamq_gby�hkgh\guo�oZjZdl_jbklbd�f_lh^Z��<�dZq_kl\_�lZdh]h�
l_klh\h]h� ijbf_jZ� [ueh� \u[jZgh� fh^_evgh_� hk_kbff_ljbqgh_� khieh2.� F_lh^� IN�
hdZaZeky� [he__� wnn_dlb\guf�� q_f�FIGF�� ih� aZljZlZf�fZrbggh]h� \j_f_gb� gZ� h^gm�
bl_jZpbx��ijb[ebabl_evgh�\�����–�����jZa���H^gZdh�ih�kdhjhklb�koh^bfhklb�f_lh^�IN�
kms_kl\_ggh� mklmiZ_l� jZajZ[hlZgghfm� \� ^bkk_jlZpbb� FIGF�� <� blh]_� ih� h[s_fm�
\j_f_gb� kq_lZ� k� hsmlbfuf� i_j_\_khf� \ub]ju\Z_l�FIGF�� Ihemq_ggu_� j_amevlZlu�
iha\hebeb� knhjfmebjh\Zlv� hkgh\gu_� ^hklhbgkl\Z� j_Zebah\Zgguo� f_lh^h\�� K� h^ghc�
klhjhgu�� kdhjhklv� koh^bfhklb�FIGF� agZqbl_evgh� ij_\urZ_l� kdhjhklv� koh^bfhklb�
f_lh^Z� IN�� K� ^jm]hc� klhjhgu�� \\_^_gb_� \� ko_fm� bkdmkkl\_gghc� k`bfZ_fhklb� ijb�
jZkq_lZo� fh^bnbpbjh\Zgguf� iheghklvx� g_y\guf� f_lh^hf� hdZau\Z_l� g_dhlhjh_�
\ebygb_�gZ�iZjZf_lju�l_q_gby�b�fh`_l�gZjZklZlv�hrb[dZ��k\yaZggZy�k�bkihevah\Zgb_f�
fh^bnbpbjh\Zgghc� iehlghklb�� Ihwlhfm� ^ey� bkke_^h\Zgby� l_q_gbc� k� [hevrbfb�
qbkeZfb�FZoZ�gZ�\uoh^_�ij_^ihqlbl_e_g�f_lh^�IN� 

<hafh`ghklv� ijbf_g_gby� f_lh^Z� IN� ^ey� jZkq_lZ� khi_e� k� [hevrhc�
k\_joa\mdh\hc� qZklvx� beexkljbjm_l� ke_^mxsbc� ijbf_j�� ;ueh� bkke_^h\Zgh�
k\_joa\mdh\h_�l_q_gb_�\�khie_�k�d\Z^jZlguf�k_q_gb_f��MjZ\g_gb_�ih\_joghklb�lZdh]h�
khieZ� bf__l� \b^�� 1
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���� ���� ������ ������� � �����
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fbgbfZevghf� k_q_gbb� iheZ]Zehkv� jZ\guf� _^bgbp_�� GZ� jbk���� bah[jZ`_gu� ebgbb�
mjh\gy� ^Z\e_gby� \� iehkdhklb� 0=y � �\� iehkdhklb� 0=z � dZjlbgdZ� ihemqbeZkv�
ZgZeh]bqghc��� JZkq_lu� f_lh^hf� IN� ijh\h^bebkv� lZd`_� b� ^ey� gh\uo� khi_e� k�
d\Z^jZlguf� \uoh^hf�� bkihevam_fuo� gZ� ijZdlbd_�� KjZ\gb\Zebkv� j_amevlZlu��
ihemq_ggu_�FIGF�b�f_lh^hf�IN� 

Dhf[bgbjh\Zgb_� wlbo� ^\mo�f_lh^bd� –� bkihevah\Zgb_�FIGF� ^ey� jZkq_lZ� ^h-, 
ljZgk-�b�mf_j_ggh�k\_joa\mdh\uo�l_q_gbc��aZl_f�bkihevah\Zgb_�f_lh^Z�IN�–�y\ey_lky�
h^gbf�ba�ih^oh^h\�d�j_r_gbx�lj_of_jguo�aZ^Zq�\gmlj_gg_c�Zwjh^bgZfbdb�\�rbjhdhf�
^bZiZahg_� kdhjhkl_c�� Ijb� lZdhf� kihkh[_� jZkq_lZ� kf_rZgguo� l_q_gbc�
]Zah^bgZfbq_kdb_� iZjZf_lju� ^h-�� ljZgk-� b� mf_j_ggh� k\_joa\mdh\hc� h[eZkl_c� khieZ�
hij_^_eyxlky�k�ihfhsvx�[ukljh]h�b�lhqgh]h�FIGF��IZjZf_lju�k\_joa\mdh\hc�qZklb�
khieZ�hij_^_eyxlky�k�ihfhsvx�f_lh^Z�IN� 

<� aZdexq_gbb� knhjfmebjh\Zgu� hkgh\gu_� j_amevlZlu� ^bkk_jlZpbb�� D� gbf�
hlghkylky� 
1. JZajZ[hlZg� wnn_dlb\guc� bl_jZpbhgguc� f_lh^�� hlghkysbcky� d� deZkkm�

iheghklvx�g_y\guo��hkgh\Zgguc�gZ���-lhq_qghc�kbff_ljbqghc�ZiijhdkbfZpbb�
ebg_cgh]h� mjZ\g_gby� \� qZklguo� ijhba\h^guo weebilbq_kdh]h� lbiZ� k� lj_fy�
g_aZ\bkbfufb�i_j_f_ggufb. 

2. GZ� hkgh\_� ihegh]h� mjZ\g_gby� ihl_gpbZeZ�� dhlhjh_� y\ey_lky� d\Zabebg_cguf� b�
bf__l� kf_rZgguc� lbi�� k� ihfhsvx gh\h]h� f_lh^Z� kha^Zg� b� ijh]jZffgh�
j_Zebah\Zg� Ze]hjblf� jZkq_lZ� ijhkljZgkl\_gguo� l_q_gbc� ]ZaZ� \� khieZo��
h[eZ^Zxsbc� \ukhdhc�� ih� kjZ\g_gbx� k� ^jm]bfb� f_lh^Zfb�� kdhjhklvx�
koh^bfhklb� 

3. >ey� qbke_ggh]h� j_r_gby� lj_of_jguo� aZ^Zq� \gmlj_gg_c� Zwjh^bgZfbdb� \�
rbjhdhf�^bZiZahg_�kdhjhkl_c�j_Zebah\Zg�dhf[bgbjh\Zgguc�Ze]hjblf�gZ�hkgh\_�
kh\j_f_gguo�i_jki_dlb\guo�f_lh^h\�bkke_^h\Zgby�ijhkljZgkl\_gguo� l_q_gbc�
]ZaZ�–� jZajZ[hlZggh]h� \�^bkk_jlZpbb�fh^bnbpbjh\Zggh]h�iheghklvx�g_y\gh]h�
f_lh^Z�b�ba\_klgh]h�f_lh^Z�ijb[eb`_gghc�nZdlhjbaZpbb� 

4. K�ihfhsvx�jZajZ[hlZgguo�Ze]hjblfh\�ihdZaZgZ�\hafh`ghklv�ihkljh_gby�khi_e�
k� ijyfhm]hevguf� \uoh^hf�� ih� ly]h\uf� oZjZdl_jbklbdZf� [ebadbo� d�
hk_kbff_ljbqguf�khieZf� 
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 Jbk��� 



 23 

:\lhj� \ujZ`Z_l� bkdj_ggxx� [eZ]h^Zjghklv� k\h_fm� gZmqghfm� jmdh\h^bl_ex�
=_ggZ^bx�Kl_iZgh\bqm�Jhkeydh\m�aZ�ihklZgh\dm�aZ^Zqb��^h[jh`_eZl_evgh_�hlghr_gb_�
b�ihklhyggmx�ihfhsv�\�jZ[hl_� 
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4. N_^hj_gdh� <�<�� Bkke_^h\Zgb_� ijhkljZgkl\_gguo� khi_e�� ��FZl_jbZeu�
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gZmdZf�³Ehfhghkh\´��–�F���Ba^Zl_evkl\h�F=M��������–�K����� 

5. N_^hj_gdh� <�<�� Ijbf_g_gb_� j_eZdkZpbhgguo� f_lh^h\� d� jZkq_lm�
ijhkljZgkl\_gguo� l_q_gbc� ]ZaZ� \� khieZo�� ��>_ihgbjh\ZggZy� jmdhibkv�� >_i�� \�
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