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J_p_ga_gl 
>hdlhj�l_ogbq_kdbo�gZmd,�ijhn_kkhj�Fhkdh\kdh]h�]hkm^Zjkl\_ggh]h 

bgklblmlZ�klZeb�b�kieZ\h\��l_ogheh]bq_kdh]h�mgb\_jkbl_lZ) 
C.I. =Zedbg  

 
I_qZlZ_lky�ih�j_r_gbx�j_^Zdpbhggh-ba^Zl_evkdh]h�kh\_lZ  

<eZ^bfbjkdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ 

 
 
 
 
 
 
 
 

 
 
 

F_lh^bq_kdb_� mdZaZgby� b� aZ^Zqb� ih� l_ogheh]bq_kdhc� f_oZgbd_� 
<uqbke_gb_�gZijy`_gbc / <eZ^bf. ]hk. mg-l��Chkl. :.<. ;_e_\bq. <eZ^b�
fbj������. 74 c. 
 F_lh^bq_kdb_�mdZaZgby�b�aZ^Zqb�d�ijZdlbq_kdbf�aZgylbyf�ih�l_ogheh]bq_kdhc�
f_oZgbd_�khklZ\e_gu�\�khhl\_lkl\bb�k�lj_[h\Zgbyfb�=hkm^Zjkl\_ggh]h�h[s_h[jZah\Z�
l_evgh]h� klZg^ZjlZ� \ukr_]h� ijhn_kkbhgZevgh]h� h[jZah\Zgby� ih� ki_pbZevghklyf 
120100 –�l_ogheh]by fZrbghkljh_gby�b�����00 – fZrbgu�b�l_ogheh]by�\ukhdhwnn_d�
lb\guo�ijhp_kkh\�h[jZ[hldb�fZl_jbZeh\��GZ�kh\j_f_gghf�gZmqghf�mjh\g_�baeh`_gu 
f_lh^bdb�\uqbke_gby�gZijy`_gbc�\�hdj_klghklb�lhq_d�kiehrghc�kj_^u��gZ�oZjZdl_j�
guo�iehsZ^dZo�\�^_dZjlh\hc�b� ]eZ\ghc�kbkl_fZo�dhhj^bgZl� l_gahjZ�gZijy`_gbc�b�k�
ihfhsvx�nhjfme�l_hjbb�mijm]hklb. Ijb\_^_gu�ijbf_ju�j_r_gby�aZ^Zq��chklZ\e_gu�
aZ^Zgby�d�j_r_gbx�aZ^Zq�gZ�ijZdlbq_kdbo�aZgylbyo�b�d�dhgljhevguf�jZ[hlZf� 

Ij_^gZagZq_gu�^ey�klm^_glh\�gZa\Zgguo�ki_pbZevghkl_c��Z�lZd`_�^ey�klm^_g�
lh\�ki_pbZevghklb�����00�\_q_jg_c�b�aZhqghc�nhjf�h[mq_gby� 
 Be. 14.�LZ[e���� ;b[ebh]j.: ���gZa\�  
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KIBKHD MKEH<GUO H;HAG:Q?GBC 

 
F – fZl_jbZevguc�h[t_dl��kiehrgh_�l_eh��kiehrgZy�kj_^Z 
Ω  – h[t_f�l_eZ�F  
P  – fZl_jbZevgZy�qZklbpZ  
6  – ih\_joghklv�l_eZ�F  
Q
&  – _^bgbqgZy�\g_rgyy�ghjfZev�d�ih\_joghklb�S  

LMÅ  – cbf\he�Djhg_d_jZ 

L[  – h[s__� h[hagZq_gb_� dhhj^bgZl� �h[h[s_ggu_� dhhj^bgZlu�, 

l_dmsb_�dhhj^bgZlu�\�ijhp_kk_�^_nhjfbjh\Zgby 
QÔ

&  – \_dlhj�ihegh]h�ih\_joghklgh]h�gZijy`_gby \�lhqd_ ih\_jo- 
ghklb�k�ghjfZevx�Q&   

Q
LÔ  – kdZeyjgZy�nhjfZ�aZibkb�\_dlhjZ� QÔ

& ( ������=L  

QÔ
&  – ghjfZevgh_� ih\_joghklgh_� gZijy`_gb_� gZ� gZdehgghc ieh�

sZ^d_  
QÕ

&  – \_dlhj�dZkZl_evgh]h�ih\_joghklgh]h�gZijy`_gby� 
hdlÔ  – ihegh_�hdlZw^jbq_kdh_�gZijy`_gb_  
dlhÕ

&  – dZkZl_evgh_�hdlZw^jbq_kdh_�gZijy`_gb_�gZ�hdlZw^jbq_kdhc 
iehsZ^d_  

hdl
dQ =

�

�±  – dhhj^bgZlu� \g_rgbo� _^bgbqguo� ghjfZe_c� d hdlZw^jbq_�

kdbf�iehsZ^dZf 

Lσ, LMσ   – aZibkv�l_gahjZ�gZijy`_gbc 

σI  – rZjh\hc�l_gahj�gZijy`_gbc 

Dσ  – ^_\bZlhj�gZijy`_gbc 

��� �� ,,,  – i_j\uc��\lhjhc�b�lj_lbc�bg\ZjbZglu�l_gahjZ�gZijy`_gbc 

Lε  – l_gahj�fZeuo�^_nhjfZpbc 

εI – rZjh\hc�l_gahj�^_nhjfZpbc 

Dε  – ̂ _\bZlhj�^_nhjfZpbc 

τn  – dZkZl_evgh_�gZijy`_gb_�gZ�iehsZ^d_ 



 4 

σi  – bgl_gkb\ghklv�ghjfZevguo�gZijy`_gbc 

L – bgl_gkb\ghklv�dZkZl_evguo gZijy`_gbc 
Oi – gZqZevgu_�dhhj^bgZlu�qZklbpu 

wij   – dhfihg_glu�wce_jh\Z�l_gahjZ ^_nhjfZpbc 

ui – dhfihg_glu�\_dlhjZ i_j_f_s_gbc 

εij   – dhfihg_glu�eZ]jZg`_\Z l_gahjZ�^_nhjfZpbc 

_ij  – dhfihg_glu�]eZ\guo eh]Zjbnfbq_kdbo�^_nhjfZpbc 

σij –�gZijy`_gby H��Dhrb 

Ò  – iehlghklv 

Χi –�h[t_fgu_�kbeu 

Ì  – dhwnnbpb_gl�\yadhklb�kiehrghc kj_^u 

Y  – \_dlhj�kdhjhklb�\�lhqd_ 

ξ11, ξ22, ξ33 – dhfihg_glu�l_gahjZ kdhjhklb�^_nhjfZpbc�\ gZijZ\e_gbb�

hk_c�dhhj^bgZl 
H  – bgl_gkb\ghklv�kdhjhklb ^_nhjfZpbb�k^\b]Z 
=� – bgl_gkb\ghklv ^_nhjfZpbb�k^\b]Z 
Í  – dhwnnbpb_gl K. ImZkkhgZ 

G  – fh^mev�mijm]hklb�II jh^Z 
Ù – nmgdpby�ieZklbqghklb 

É  – l_fi_jZlmjZ 

σs –�ij_^_e�l_dmq_klb 

I9  –�jhkljZgkl\h�gZijy`_gbc 
Λ  – gZdhie_ggZy�kl_i_gv�^_nhjfZpbb 

T  – \_dlhj�ihlhdZ�l_ieZ 

QT  – iehlghklv�ihlhdZ�l_ieZ 

h – dhwnnbpb_gl�l_iehh[f_gZ 
k – dhwnnbpb_gl�m^_evghc l_ieh_fdhklb 

Doo, Dmm,�Dzz – dhwnnbpb_gl l_iehijh\h^ghklb�\�gZijZ\e_gbb hk_c�dhhj�

^bgZl 
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F_lh^bq_kdb_�mdZaZgby�b� aZ^Zqb�ih� l_ogheh]bq_kdhc�f_oZgbd_�kh�
klZ\e_gu�^ey�klm^_glh\�hqghc�nhjfu h[mq_gby�ki_pbZevghkl_c 1201���b�
120700. Ijb�khklZ\e_gbb�ijh]jZffu�dmjkZ�b�aZ^Zgbc�^ey�kZfhklhyl_evghc 
jZ[hlu�mql_gu�lj_[h\Zgby�=hkm^Zjkl\_ggh]h�h[s_h[jZah\Zl_evgh]h klZg�
^ZjlZ� ^ey�fZrbghkljhbl_evguo� ki_pbZevghkl_c��Dmjk� [Zabjm_lky�gZ�ih�
eh`_gbyo�b�f_lh^Zo�deZkkbq_kdhc�l_hjbb�mijm]hklb�b�ieZklbqghklb�� 

F_lh^bq_kdZy�gZijZ\e_gghklv�dmjkZ�e_dpbc�b�ij_^eh`_gguo�aZ^Zq��
bo�p_e_\h_�gZagZq_gb_�aZdexqZxlky�\�ke_^mxs_f:  

\h-i_j\uo�� ^Zlv� \hafh`ghklv� klm^_glZf� ijbh[j_klb� l_hj_lbq_kdb_�
agZgby��kZfhklhyl_evgh�ijh\_jblv�bo�iml_f�ijhjZ[hldb�fZl_jbZeZ�b�ijb-
h[j_klb�gZ\udb�ijbf_g_gby�wlbo�agZgbc�ijb�j_r_gbb�dhgdj_lguo�aZ^Zq 
gZ�ijZdlbd_�  

\h-\lhjuo��hdZaZlv�ihfhsv�ij_ih^Z\Zl_eyf�\�hj]ZgbaZpbb��ijh\_^_-
gbb�ijZdlbq_kdbo�aZgylbc�b�\u[hj_�aZ^Zq�^ey�kZfhklhyl_evgh]h�j_r_gby�
�\� dmjkh\uo�� jZkq_lgh-]jZnbq_kdbo� jZ[hlZo� b� ^biehfghf� ijh_dlbjh\Z-
gbb��� 

Ijb\_^_gu�f_lh^bdb \uqbke_gby gZijy`_gbc�\�hdj_klghklb�\u^_�
e_gguo�lhq_d��gZ�]eZ\guo�iehsZ^dZo�\�jZaebqguo�kbkl_fZo�dhhj^bgZl�b�\�
h[eZklyo�k�jZaebqghc�nhjfhc�]jZgbp�k�ihfhsvx�nhjfme�l_hjbb�mijm]h�
klb��>ey�aZdj_ie_gby�agZgbc�ih�dZ`^hfm�ba�jZkkfhlj_gguo�jZa^_eh\�dmj�
kZ�ijb\h^ylky�j_r_gb_�oZjZdl_jguo�aZ^Zq�k�mdZaZgb_f�jZkq_lguo�nhjfme�
b�ZgZeba�j_amevlZlh\�� 

>ey�bamq_gby�fZl_jbZeZ�dmjkZ�\u[jZgu�aZ^Zqb�f_oZgbdb�kiehrguo�
kj_^��j_r_gb_�dhlhjuo�[ueh�ihemq_gh�b�ijh\_j_gh�jZg__�K�I� Lbfhr_g�
dh� :�:� Bevxrbguf��G�B� ;_amoh\uf�b�=�W� :jdmebkhf��<k_�aZ^Zqb�h^�
ghlbigu_��h^bgZdh\hc�keh`ghklb�b�ijb\_^_gu�\�dhebq_kl\_��^hklZlhqghf�
^ey� kZfhklhyl_evghc�b� Zm^blhjghc�jZ[hlu� klm^_glh\��Kh^_j`Zgb_� aZ^Zq�
khhl\_lkl\m_l�oZjZdl_jm�l_ogbq_kdbo�aZ^Zq�\�fZrbghkljh_gbb.  

L_hj_lbq_kdhc� hkgh\hc� ^ey� j_r_gby� aZ^Zq� kem`Zl� ljm^u� mq_guo-
f_oZgbdh\�;9,,,�–�;;�\_dh\��kf��ijbeh`_gb_�� 

<� k\yab� k� \hajZklZgb_f� jheb� ijb[eb`_gguo� f_lh^h\� \uqbke_gby�
gZijy`_gbc� �kf��i������\�ijh]jZff_�dmjkZ��^Zgguc�\hijhk�\dexq_g�\�f_�
lh^bq_kdb_�mdZaZgby�dZd�kZfhklhyl_evgZy�l_fZ�“JZkq_l�gZijy`_gbc�\�ieZ�
klbq_kdhc� h[eZklb” ��Ih� ^Zgghc� l_f_� ij_^mkfhlj_gh� ijh\_^_gb_� eZ[hjZ�
lhjguo�jZ[hl�k�ijbf_g_gb_f�pbnjh\hc�\uqbkebl_evghc�l_ogbdb�� 
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I. H;SB?�F?LH>BQ?KDB?�MD:A:GBY 

Dmjk� «L_ogheh]bq_kdZy� f_oZgbdZª� qblZ_lky� ^ey� klm^_glh\� ki_pb�
Zevghkl_c� ������� b� ������� \� �-f� k_f_klj_�� ^ey� klm^_glh\� mkdhj_gghc�
nhjfu�h[mq_gby�– \��-f�  

P_gljZevgh_�f_klh� \� ^bkpbiebg_� ³L_ogheh]bq_kdZy�f_oZgbdZ´� hl�
\h^blky�\hijhkm�\uqbke_gby�gZijy`_gbc�\�hdj_klghklb�lhq_d�kiehrghc�
kj_^u� \� jZaebqguo� kbkl_fZo� dhhj^bgZl��Bamq_gb_�fZl_jbZeZ� gZklhysbo�
f_lh^bq_kdbo�mdZaZgbc�b�j_r_gb_�aZ^Zq�ij_ke_^m_l�p_ev�aZdj_iblv�agZgby�
l_hjbb� gZijy`_gbc� b� hkgh\guo� mjZ\g_gbc� f_oZgbdb� kiehrghc� kj_^u�
�FKK��� khklZ\eyxsbo�hkgh\m�dmjkZ��>ey�^hklb`_gby�^Zgghc�p_eb�g_h[�
oh^bfh�ijbh[j_klb�gZ\udb�� 

- \uqbke_gby�iZjZf_ljh\��oZjZdl_jbamxsbo�gZijy`_ggh_�khklhygb_�
\�hdj_klghklb�\u^_e_gguo�lhq_d�l\_j^h]h�l_eZ� 

- ihklZgh\db�aZ^Zqb�l_hjbb�mijm]hklb�ijb�klZlbq_kdhf�gZ]jm`_gbb�
b�\uqbke_gby�gZijy`_gbc�k�ihfhsvx�kms_kl\mxsbo�nhjfme� 

>ey� bamq_gby�fZl_jbZeZ� dmjkZ� g_h[oh^bfu� agZgby� bgl_]jZevgh]h��
^bnn_j_gpbZevgh]h�bkqbke_gby��bgnhjfZlbdb�b�khijhlb\e_gby�fZl_jbZ-
eh\��agZdhfkl\h�k�we_f_glZfb�\_dlhjghc�Ze]_[ju��fZljbqgh]h�bkqbke_gby�� 

>ey� aZdj_ie_gby� agZgbc� ih� dZ`^hfm� ba� jZa^_eh\� j_dhf_g^m_lky 
bamqblv�aZibkv�nhjfme��ih\lhjblv�j_r_gb_�ijb\_^_gguo�aZ^Zq�\�khhl\_l�
kl\bb�k�baeh`_gghc�f_lh^bdhc�b�kZfhklhyl_evgh�ijh\_jblv�agZgby�iml_f�
hl\_lZ�gZ� dhgljhevgu_� \hijhku��Ijb�bamq_gbb� kljmdlmju�nhjfme� j_dh�
f_g^m_lky� jmdh\h^kl\h\Zlvky� ijb\_^_gguf� kibkdhf� h[hagZq_gbc� i_j_�
f_gguo�b�lZdbfb�ihgylbyfb,�dZd fZl_jbZevgZy�qZklbpZ��kiehrgZy�kj_^Z��

hdj_klghklv�lhqdb��ihey�nbabq_kdbo�\_ebqbg.  
Ijb�\uqbke_gbb�ehdZevguo�iZjZf_ljh\�b�ihkljh_gbb�ihe_c�kdZeyj�

guo��l_gahjguo�b�\_dlhjguo�\_ebqbg�bkihevamxlky�ihgylby�fZl_fZlbq_�
kdhc� nbabdb�� fZljbqgh]h� bkqbke_gby�� \_dlhjghc� b� l_gahjghc� Ze]_[ju��
l_gahjgh]h� ZgZebaZ�� K� mq_lhf� gZa\Zgguo� hkh[_gghkl_c� g_h[oh^bfh� kh�
[ex^Zlv�ihke_^h\Zl_evghklv�\�bamq_gbb fZl_jbZeZ�\�khhl\_lkl\bb�k�ijh�
]jZffhc��D�jZkkfhlj_gbx�aZ^Zq�ke_^m_l�i_j_oh^blv ihke_�mk\h_gby�ihgy�
lbc��h[hagZq_gguo�dmjkb\hf�  

We_f_glu� l_gahjgh]h� bkqbke_gby� b� l_hjbb� l_gahjgh]h� ihey� jZk�
kfhlj_gu�\�khhl\_lkl\mxsbo�]eZ\Zo�b�ijbeh`_gbyo�j_dhf_g^h\Zgghc�eb-
l_jZlmju��ihk\ys_gguo�fZl_fZlbq_kdbf�hkgh\Zf�FKK� 

>ey� aZdj_ie_gby� agZgbc� ijb� bamq_gbb� jZa^_eh\� dmjkZ� ijh\h^ylky�
ijZdlbq_kdb_�aZgylby�k�j_r_gb_f�aZ^Zq�� 



 7 

<�f_lh^bq_kdb_� mdZaZgby� \oh^yl� hagZdhfe_gb_� k�f_lh^bdhc� j_r_�
gby�aZ^Zq�b�kZfhklhyl_evgh_�j_r_gb_�dZ`^hc�ba�gbo�\�khhl\_lkl\bb�k�\Z�
jbZglhf� aZ^Zgby��<Z`guf� we_f_glhf� y\ey_lky� kZfhklhyl_evgZy�jZ[hlZ� k�
ibkvf_ggufb�hl\_lZfb�gZ�� – ��\hijhkZ��ijb\_^_gguo�\�dhgp_�dZ`^hc�l_fu.  

LZdbf� h[jZahf,� ih� dZ`^hc� ijZdlbq_kdhc� jZ[hl_� klm^_glu� hlqblu�
\Zxlky�j_r_gb_f�h^ghc� aZ^Zqb�b�ibkvf_gguf�hl\_lhf�gZ�^\Z�dhgljhev�
guo�\hijhkZ�� 

>ey�bamq_gby�f_lh^Z�ebgbc�kdhev`_gby�\�dhgp_�f_lh^bq_kdbo�mdZ�
aZgbc�ijb\_^_g�kibkhd�^hihegbl_evghc�ebl_jZlmju� 

 

II. �IJH=J:FF:�DMJK: 
 

L_fZ���HKGH<GU?�MJ:<G?GBY�F?O:GBDB�KIEHRGHC�KJ?>U 

L_hjby�gZijy`_gbc 

 1����F_oZgbq_kdh_�kbeh\h_ \ha^_ckl\b_��GZijy`_gby�\�lhqd_�l_eZ�� 
�����GZijy`_gby�gZ�gZdehgghc�iehsZ^d_��NhjfmeZ�H�Dhrb.  
�����L_gahj�gZijy`_gbc.  
�����GZijy`_gby�gZ�hdlZw^jbq_kdbo�iehsZ^dZo.  
�����<uqbke_gb_�]eZ\guo�agZq_gbc�l_gahjZ�gZijy`_gbc.  
1.6. KjZ\g_gb_�gZijy`_gguo�khklhygbc. 

 ����KlZlbq_kdb_�]jZgbqgu_�mkeh\by. 

L_hjby�^_nhjfZpbc��]_hf_ljbq_kdb_�hkgh\u� 

�����Dhg_qgu_�^_nhjfZpbb.  
�����L_hjby�[_kdhg_qgh�fZeuo�^_nhjfZpbc. 

L_hjby�kdhjhkl_c�^_nhjfZpbc��dbg_fZlbq_kdb_�hkgh\u� 

������Ihe_�kdhjhkl_c.  
������L_gahj�kdhjhkl_c�^_nhjfZpbc.  
������Bgl_gkb\ghklv�kdhjhkl_c�^_nhjfZpbc. 

AZdhgu�khojZg_gby 

������AZdhg�khojZg_gby�fZkku�b�mjZ\g_gb_�g_jZaju\ghklb.  
1.14. AZdhg�khojZg_gby�bfimevkZ�b�mjZ\g_gb_�^\b`_gby.  
1.15. AZdhg�khojZg_gby�wg_j]bb�b�mjZ\g_gb_�l_iehijh\h^ghklb.  
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L_fZ ���WE?F?GLU�L?HJBB�MIJM=HKLB� 

�����DjZldb_�k\_^_gby�ba�l_hjbb. 
�����AZfdgmlZy�kbkl_fZ�mjZ\g_gbc�b�f_lh^u�__�j_r_gby. 
�����Iehkdh_�gZijy`_ggh_�khklhygb_�� 
�����Iehkdh_�^_nhjfbjh\Zggh_�khklhygb_.  

L_fZ����MJ:<G?GBY�KHKLHYGBY�IE:KLBQ?KDHC�KJ?>U 

����J_heh]bq_kdb_�fh^_eb.  
�����MjZ\g_gby�khklhygby.  
�����Mkeh\by�ieZklbqghklb.  

L_fZ����DJ:?<U?�A:>:QB 

�����Kbkl_fZ�mjZ\g_gbc�l_hjbb�ieZklbqghklb�b�djZ_\u_�mkeh\by.  
����F_lh^u�j_r_gby�djZ_\uo�aZ^Zq. 
�����JZkq_lgh_�fh^_ebjh\Zgb_�gZijy`_gbc. 

L_fZ����J:KQ?L�G:IJY@?GBC�<�IE:KLBQ?KDHC�H;E:KLB 

�����F_lh^�ebgbc�kdhev`_gby�� 
�����F_lh^bdZ�b�Ze]hjblf�jZkq_lZ�gZijy`_gbc� 
5.3. Ihkljh_gb_�k_ldb�ih�f_lh^m�E�F.�DZqZgh\Z� 
�����<uqbke_gb_�iZjZf_ljh\�ih�f_lh^bd_�F�<��Klhjh`_\Z�b�

?�:� Ihih\Z� 
 

III. �J:KQ?LGU?�A:<BKBFHKLB�B�:E=HJBLFU 
<UQBKE?GBY G:IJY@?GBC 

L_fZ�1.HKGH<GU?�MJ:<G?GBY�F?O:GBDB�KIEHRGHC�KJ?>U 

1.1. F_oZgbq_kdh_�kbeh\h_�\ha^_ckl\b_��GZijy`_gby�\�lhqd_�l_eZ 

<� khhl\_lkl\bb� k� f_lh^hf� b^_ZebaZpbb�� ijbgyluf� \� f_oZgbd_�
kiehrguo� kj_^� �FKK�,� [m^_f� ihevah\Zlvky� ihgylbyfb�� «fZl_jbZevgh_�
l_eh», «fZl_jbZevgZy� qZklbpZ», «hdj_klghklv� b� fZeZy� hdj_klghklv» 
[4]��Ijb�bamq_gbb�k\hckl\�kiehrguo�kj_^�hibjZxlky�gZ�ihgylby�]jZgbq�
ghc�lhqdb��]jZgbpu�\g_rg_]h�\ha^_ckl\by��k\h[h^ghc�]jZgbpu�� 
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;m^_f� jZkkfZljb\Zlv� \g_rgb_� b� \gmlj_ggb_� kbeu��<g_rgb_� kbeu��
ijbeh`_ggu_�d�ih\_joghklb� 6 �l_eZ�h[t_fhf�Ω ��gZau\Zxlky�ih\_joghkl�
gufb� kbeZfb��>ey�ihgbfZgby�ih^oh^Z� d�bamq_gbx� khklhygby� \k_]h� l_eZ�
0 b�\aZbfgh]h�i_j_f_s_gby�fZl_jbZevguo�qZklbp�P �\gmljb�l_eZ�\�FKK�
jZkkfhljbf g_dhlhjuc�h[t_f� Ω �kiehrghc�kj_^u�k�ih\_joghklvx� 6 ��oZ�
jZdl_jbam_fhc�_^bgbqghc�\g_rg_c�ghjfZevx� Q ��ihf_s_gguc�\�lj_of_j�
ghc�^_dZjlh\hc�kbkl_f_�dhhj^bgZl� L[  �jbk���� 

 
 
 
 
 
 
 
 
 
 

 
 

Jbk�� 

JZkkfZljb\Z_fh_�^\b`_gb_�y\ey_lky�j_amevlZlhf�g_dhlhjh]h�\g_r�
g_]h� \ha^_ckl\by�gZ� wlh� l_eh�b� \gmlj_gg_]h� \aZbfh^_ckl\by� _]h�fZl_jb�
Zevguo� qZklbp� f_`^m� kh[hc�� F_jZ� f_oZgbq_kdh]h� \aZbfh^_ckl\by \�
FKK –� g_ij_ju\gh_� kbeh\h_� ihe_�� hij_^_ey_fh_� \� >�@� dZd� khhl\_lkl\b_�
f_`^m� \_dlhjhf� kbeu P� b� jZ^bmkhf-\_dlhjhf� x� dZ`^hc� fZl_jbZevghc�
qZklbpu�l_eZ�F. 

Ij_^_evgh_�hlghr_gb_�ih\_joghklghc�kbeu� Q3∆ ��^_ckl\mxs_c�gZ�
we_f_gl�ih\_joghklb� 6∆ �k�\g_rg_c�ih�hlghr_gbx�d�0 �_^bgbqghc�ghj�
fZevx� Q ,�d�\_ebqbg_�wlhc�ih\_joghklb�ijb�kly]b\Zgbb�ihke_^g_c�\�lhqdm�
gZau\Z_lky�iheguf�ih\_joghklguf�gZijy`_gb_f��dhlhjh_�\uqbkeyxl�ih�
nhjfme_ 

6

3Q

6

Q

∆
∆=

→∆ �

OLPÔ .     (1) 

A^_kv�\_jogbc�bg^_dk�mdZau\Z_l�gZ�hjb_glZpbx�we_f_glZ�ih\_jogh�
klb� 6∆ .  

 
dP 

° P  

Ω  
3  

QÔ  
S 

�P

�[  

�[  

�[  

n 
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�����GZijy`_gby�gZ�gZdehgghc�iehsZ^d_ 

Ke_^my� ih^oh^m�� ijbgylhfm� \� f_oZgbd_� kiehrguo� kj_^�� gZjy^m� k�

iheguf�ih\_joghklguf�gZijy`_gb_f� QÔ ��ke_^m_l�jZkkfhlj_lv�ijh_dpbb�

QÔ �b� QÕ
&
�wlh]h�gZijy`_gby�gZ�gZijZ\e_gb_�ghjfZeb�Q �d�iehsZ^d_� 6∆ �b�gZ�

kZfm�iehsZ^dm�khhl\_lkl\_ggh��ijb\_^_ggu_�gZ�jbk���  
 

 

 
 
 
 
 
 
 
 
 

 
Jbk��� 

GZijy`_gb_ QÔ
&  ij_^klZ\eyxl�\�\b^_�kmffu� 

QÔ
&

= QÔ
& + QÕ

& ,     (2) 

]^_� QÔ
& - ghjfZevgh_�ih\_joghklgh_�gZijy`_gb_��ijh_dpby QÔ

&
�gZ�ghjfZev�

Q
& ), QÕ

& - dZkZl_evgh_ ih\_joghklgh_ gZijy`_gb_� �ijh_dpby� QÔ
&
� gZ� ieh-

sZ^dm 6∆ ). Fh^meb�gZijy`_gbc QÔ
& , �ÔQ

&  QÕ
&
�k\yaZgu f_`^m kh[hc 

       
khhlghr_gb_f 

=QÔ
�� ÕÔ Q

Q + .     (3) 

 
Fh^mev�ijh_dpbb� �ÔQ

&
�dZd�ba\_klgh�ba�\_dlhjghc�Ze]_[ju��gZoh^bl�

ky�iml_f�kdZeyjgh]h�mfgh`_gby� Qσ& �gZ�Q& : 
 

QÔ  = QÔ
&

Q
& .                 (4) 

�[  

Q
&  

QÕ
&  

QÔ
&  

 C 

�[  
%

$  

��Ô
&  

�Ô  

��Ô
&

 

��σ&  

��Ô
&

 

��Ô
&

�Ô
&

 
��Ô

&
 

��Ô
&

 

��Ô
&

 

�Ô
&

 

QÔ
&

 

x3 
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CZf� \_dlhj� QÔ
&

� ihemqZxl� mfgh`_gb_f� \ujZ`_gby� (3�� gZ� Q& ��DZkZ�

l_evgh_ ih\_joghklgh_�gZijy`_gb_�fh`gh�gZclb�\_dlhjguf�\uqblZgb_f 

QÕ
&  = QÔ

& - QÔ
& .     (5) 

JZkdeZ^u\Zy�dZ`^h_�ba�gZijy`_gbc� ���� ÔÔ�Ô
&&&
��^_ckl\mxsbo�gZ�dh�

hj^bgZlguo�iehsZ^dZo��kf��jbk�����ih�gZijZ\e_gbyf�hk_c� ��[  �[ , �[  

     =�Ô
&  ���Ô H

&&  + ���Ô H
&&  + ��Ô

&
�H
& , 

=�Ô
&  ���Ô H

&&  + ���Ô H
&&  + ���Ô H

& ,    (6) 

    =�Ô
&  ���Ô H

&&  + ���Ô H
&&  + ���Ô H

& , 

ihemqZ_f�^_\ylv�gZijy`_gbc��aZibku\Z_fuo�\�nhjf_ fZljbpu 
 

( )LMσ  = 
















������

������

������

ÔÔÔ

ÔÔÔ

ÔÔÔ

,    (7) 

 
 <�fZljbp_�����i_j\uc�bg^_dk�hagZqZ_l�dhhj^bgZlgmx�hkv��\�gZijZ\-
e_gbb� dhlhjhc�^_ckl\m_l�gZijy`_gb_�� Z� \lhjhc�bg^_dk�hagZqZ_l� dhhj^b-
gZlgmx�iehsZ^dm��gZ�dhlhjhc�hgh�^_ckl\m_l. GZ�]eZ\ghc�^bZ]hgZeb�fZl-
jbpu�jZkiheZ]Zxlky�ghjfZevgu_�gZijy`_gby��hklZevgu_�gZijy`_gby�y\-
eyxlky�dZkZl_evgufb�� 

<ujZabf� \_dlhj� gZijy`_gby� QÔ
& gZ� gZdehgghc� iehsZ^d_� :<K� �kf��

jbk������jZ\guc 

QÔ
& = Q

�
Ô
&  + Q

�
Ô
&  + Q

�
Ô
& ,    (8) 

q_j_a� LMÔ .�?keb�iehsZ^v�:<K�ijbgylv�jZ\ghc�_^bgbp_��lh�iehsZ^b�dhhj�

^bgZlguo� iehsZ^hd� gZ jbk.2�� i_ji_g^bdmeyjguo� hkyf� ��� �� [[[ �� jZ\gu�

khhl\_lkl\_ggh� gZijZ\eyxsbf� dhkbgmkZf QPO �� � \g_rg_c� _^bgbqghc�

ghjfZeb�Q& �d�gZdehgghc�iehsZ^d_� 
 GZ� ke_^mxs_f� wlZi_� ijh_dlbjmxl� gZ� dhj^bgZlgu_� hkb� \k_� kbeu��

ijbeh`_ggu_� d� l_ljZw^jm� �kf�� jbk� 2)�� ij_g_[j_]Zy� [_kdhg_qgh� fZeufb�
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qe_gZfb��<� j_amevlZl_� ihemqZxl�nhjfmeu�H��Dhrb� ^ey� gZijy`_gbc� gZ�

gZdehgghc�iehsZ^d_ 

=Q
�

Ô
&  O��Ô

& + P��Ô
&  + ��Ô

&
Q , 

=Q
�

Ô
&  O��Ô

& + P��Ô
&  + ��Ô

&
Q ,                               (9) 

=Q
�

Ô
&  O��Ô

& + ��Ô
& m + ��Ô

&
Q , 

 
]^_� QPO ��  – gZijZ\eyxsb_�dhkbgmku� \g_rg_c� _^bgbqghc�ghjfZeb�d�gZ�

dehgghc�iehsZ^d_��<_dlhjgZy�nhjfZ�aZibkb�^Zgguo�mjZ\g_gbc�bf__l�\b^ 

QÔ
&  = ( )LMÔ  Q& .                                        (10) 

LZdbf�h[jZahf,�fZljbpZ� � �LMÔ �y\ey_lky�fZljbp_c�ebg_cgh]h�ij_h[�

jZah\Zgby�\_dlhjZ�ghjfZeb Q& �\�\_dlhj�gZijy`_gby�gZ�gZdehgghc�iehsZ^�

d_� QÔ
&

��MjZ\g_gb_�k\yab�ihegh]h�ih\_joghklgh]h�gZijy`_gby�k�dhfihg_g�

lZfb�\gmlj_ggbo�gZijy`_gbc�gZau\Zxl�klZlbq_kdhc�nhjfmehc�H� Dhrb��

AZibkZggh_�\�kdZeyjghc�nhjf_��^Zggh_�mjZ\g_gb_�bf__l�\b^: 

Q
N

Ô  = LQ LNÔ .     (11) 

<�khhl\_lkl\bb�k�ijZ\behf� aZibkb�kdZeyjgh]h�ijhba\_^_gby�\�\_d-

lhjghc� Ze]_[j_� ghjfZevgh_� ih\_joghklgh_� gZijy`_gb_� gZ� gZdehgghc�

iehsZ^d_�jZ\gh� QÔ
&  = QÔ

&
Q
&  = L

Q
L QÔ  = QPO QQQ

���
ÔÔÔ ++ ��NhjfmeZ�^ey�\u-

qbke_gby�ghjfZevgh]h�gZijy`_gby�bf__l�\b^ 

=QÔ  LNÔ LQ NQ = +++ �
��

�
��

�
�� ÔÔÔ QPO ( )QOPQOP ������ ÔÔ� σ++ .  (12) 

 ?^bgbpZ�baf_j_gby�gZijy`_gby�\�kbkl_f_�KB�jZ\gZ� �� �
f�+  (IZ���

H^gZdh�\\b^m�fZehklb�__�\_ebqbgu�gZ�ijZdlbd_�gZijy`_gby�h[uqgh baf_-

jyxl�\�f_]ZgvxlhgZo�gZ�d\Z^jZlguc�f_lj� (FG/ �
f ). Ijb�wlhf�� d]/cf

2 
= 

����FIZ��Ihke_�bamq_gby�gZijy`_gbc�gZ�gZdehgguo�iehsZ^dZo�i_j_oh^yl�

d�bamq_gbx�l_gahjZ�gZijy`_gbc�� 
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����L_gahj�gZijy`_gbc 

Ke_^m_l�jZaebqZlv�nhjfu�aZibkb�l_gahjZ�gZijy`_gbc�\�^_dZjlh\hc�
b�]eZ\ghc�kbkl_fZo�dhhj^bgZl��=eZ\gu_�gZijy`_gby ��� Ô�Ô�Ô �\�lhqd_�l_�

eZ�hij_^_eyxlky�dZd�dhjgb�dm[bq_kdh]h�mjZ\g_gby 

��
�

�
� ��ÌÌÌ ,,, +−  = 0,                                    (13) 

]^_� ��� �� ,,,  – i_j\uc��\lhjhc�b lj_lbc�bg\ZjbZglu�l_gahjZ�gZijy`_gbc��
\uqbkey_fu_�ih�nhjfmeZf: 
 

������� Ô�Ô�Ô , , 

�ÔÔÔÔÔÔÔÔÔ �
��

�
��

�
��������������� −−−++=,  (14) 

 

������

������

������

�

ÔÔÔ

ÔÔÔ

ÔÔÔ

=, . 

AZibkv�^Zgguo�nhjfme�\�]eZ\ghc�kbkl_f_�dhhj^bgZl�l_gahjZ�gZijy-
`_gbc�bf__l�\b^ 

���� ÔÔÔ ++=, , 
�ÔÔÔÔÔÔ ������� ++=,    (15) 

�ÔÔÔ ���� =,  

G_h[oh^bfh� h[jZlblv� \gbfZgb_� gZ� oZjZdl_jbklbdb� jZaf_jghklb� \�
nhjfmeZo������b������ 

Ijb� jZkkfhlj_gbb� \aZbfgh� hjlh]hgZevguo� iehsZ^hd�� gZ� dhlhjuo 
ghjfZevgu_� gZijy`_gby� ^hklb]Zxl� wdklj_fZevguo� agZq_gbc�� ke_^m_l�
\hkihevah\Zlvky�ko_fZfb��ijb\_^_ggufb�gZ�jbk����� 

 
Jbk��� 

 

�Ô  

�Ô  

�Ô  hdlS  

hdlÔ  

hdlÕ  

hdlQ  

 

�Ô  
�Ô  

�Ô  

�È  

�È  

�È  

Z  
[ )  

, 

Z) 
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=eZ\gu_ – wlh� iehsZ^db�� ijh\_^_ggu_� q_j_a� ^Zggmx� lhqdm� i_ji_g^bdm�

eyjgh ]eZ\guf hkyf�l_gahjZ gZijy`_gbc��ghjfZevgu_�gZijy`_gby�gZ�dh�

lhjuo�^hklb]Zxl�wdklj_fZevgh]h�agZq_gby��Z�dZkZl_evgu_�gZijy`_gby�hl�

kmlkl\mxl. We_f_glZjguc� h[t_f�� h]jZgbq_gguc� ]eZ\gufb� iehsZ^dZfb��

i_ji_g^bdmeyjgufb�]eZ\guf�hkyf�l_gahjZ�gZijy`_gbc��gZau\Z_lky�]eZ\�

guf�dm[hf (kf��jbk. 3,Z).  

L_gahj�gZijy`_gbc� 

 

Lσ = 
������

������

������

ÔÔÔ

ÔÔÔ

ÔÔÔ

                             (16) 

 
\�j_amevlZl_�ih\hjhlZ�kbkl_fu�dhhj^bgZl� Ô7  ij_h[jZam_lky�d�^bZ]hgZev-

ghfm \b^m 

Lσ = 
�

�

�

Ô��

�Ô�

��Ô

.                              (17) 

 

AZibkv�nhjfmeu������\�]eZ\guo�hkyo�ijbgbfZ_l�\b^� 

 

QÔ = �
�Ô O  + �

�Ô P  + �
�Ô Q ,                           (18) 

Z�d\Z^jZl�dZkZl_evgh]h�gZijy`_gby�gZ�iehsZ^d_�:<K�jZ\_g 

 

�ÕQ =
 ( )�ÔQ - �ÔQ= ( )��Ô O  + ( )��Ô P +( )��Ô Q - ( )�

�
�

�
�

� ÔÔÔ QPO ++ . (19)  

 

Iml_f� ijbkh_^bg_gby d \ujZ`_gbx� (18) b (19) mjZ\g_gby 

� �� ��� QPO �ihemqZxl� kbkl_fm� lj_o�mjZ\g_gbc��j_rZy� dhlhjmx�gZoh�

^yl�d\Z^jZlu gZijZ\eyxsbo dhkbgmkh\ iehsZ^hd��gZ�dhlhjuo�^_ckl\mxl�
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QÔ � b� QÕ �� Khhl\_lkl\mxsb_� mjZ\g_gby�� aZbfkl\h\Zggu_� ba� jZ[hlu� [6], 

bf_xl�\b^:  

�O  = 
( )( )

( )( )����

��
�

ÔÔÔÔ

ÔÔÔÔÕ

−−
−−+ QQQ , 

 

�P  = 
( )( )

( )( )����

��
�

ÔÔÔÔ

ÔÔÔÔÕ

−−
−−+ QQQ ,    (20) 

 

�Q  = 
( )( )

( )( )����

��
�

ÔÔÔÔ

ÔÔÔÔÕ

−−
−−+ QQQ . 

 
<�lhqd_�fh`gh�lZd`_�gZclb�lZdb_�iehsZ^db��gZ�dhlhjuo�wdklj_fmfZ�

^hklb]Zxl� dZkZl_evgu_�gZijy`_gby��>ey� wlh]h�jZkkfZljb\Zxl�iehsZ^dm�
�jbk� 4���iZjZee_evgmx�h^ghc�ba�]eZ\guo�hk_c��gZijbf_j�hkb���k�ghjfZevx�
Q
&
��gZdehg_gghc�d�]eZ\ghc�hkb���ih^�m]ehf�Â. 

 
 
 
 
 
 
 

 
Jbk� 4 

 

GhjfZevgh_�b�dZkZl_evgh_�gZijy`_gby�gZ�wlhc�iehsZ^d_�\uqbkey�
xl�ih�nhjfmeZf 

=QÔ  �Â�FRV
�

ÔÔ
�

�

Ô�Ô ����                            (21) 

QÕ = − �Â�VLQ
�

ÔÔ �� −
                             (22) 

<�jZ[hlZo� >���@�jZkkfhlj_gu�mkeh\by�wdklj_fmfZ� =
∂

∂
Â

ÕQ ���dhlhjuf�

khhl\_lkl\mxl�^\Z� kemqZy�� �ÔÔ �� =−  beb� khs2Â=0 b� �� ÔÔ ≠ ��<�i_j\hf�

 

0  1 

2 

Â  

Q
&  

- 
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qZklghf�kemqZ_�dZkZl_evgu_�gZijy`_gby�jZ\gu�gmex�gZ�ex[hc�iehsZ^d_��
iZjZee_evghc�]eZ\ghc�hkb����<k_�lZdb_�iehsZ^db�y\eyxlky�]eZ\gufb��<h�
\lhjhf�kemqZ_�mkeh\b_�wdklj_fmfZ�jZkkfZljb\Zxl�ijb� ��� Â Ñ ��>Zgghfm� 
kemqZx� khhl\_lkl\m_l� fZdkbfZevgh_� agZq_gb_� dZkZl_evgh]h� gZijy`_gby��

jZ\gh_�
�

ÔÔ �� −± ��>Zggh_�j_r_gb_�\uihegy_lky�gZ�iehsZ^dZo��gZdehg_g-

guo�ih^�m]ehf���°�d�]eZ\guf�iehsZ^dZf.  
<�jZ[hl_ [3] iml_f�ijh\_^_gby�ZgZeh]bqguo�\udeZ^hd�hlghkbl_evgh�

^jm]bo�dhhj^bgZlguo�iehkdhkl_c�ihdZaZgh��qlh�bf__lky�ljb�iZju�iehsZ-

^hd��gZdehg_gguo�ih^�m]eZfb���°�d�]eZ\guf�iehsZ^dZf��gZ�dhlhjuo�dZkZ-
l_evgu_�gZijy`_gby�^hklb]Zxl�wdklj_fZevguo�agZq_gbc��jZ\guo 

�
�

ÔÔ
Õ ��
��

−
=  

�
�

ÔÔ
Õ ��
��

−
=      (23) 

�
�

ÔÔ
Õ ��
��

−
=  

K� mq_lhf� ijbgyluo� h[hagZq_gbc nhjfmeZ� ^ey� \uqbke_gby� fZdkb-
fZevguo�ih�fh^mex�dZkZl_evguo�gZijy`_gbc bf__l�\b^� 

( )NLLN ÔÔ
�

�
Õ −±= .    (24) 

<� kbem� mkeh\by� ��� ÔÔÔ ≥≥ � kj_^b� \k_o� wdklj_fZevguo� agZq_gbc�

QÕ gZb[hevrbf�ih�Z[khexlghc�\_ebqbg_�y\ey_lky� � ��ÔÔ
�

�
�Õ Õ ����PD[  

Bkihevamy�f_lh^u� l_hjbb� ieZklbqghklb�� jZkkfhlj_ggu_� \� jZ[hlZo�
[1,2,3], fh`gh� m\b^_lv�� qlh� fZdkbfZevgu_� dZkZl_evgu_� gZijy`_gby�

LNÕ ( NL ≠ ��b�hjb_glZpby�iehsZ^hd�\�ijhkljZgkl\_�]eZ\ghc�kbkl_fu�l_gah�

jZ�gZijy`_gbc��]^_�^_ckl\mxl� LNÕ ��bf_xl�\Z`gh_�agZq_gb_�\�l_hjbb�h[jZ-

[hldb f_lZeeh\ ^Z\e_gb_f�b j_aZgb_f� Ijb bamq_gbb ijhp_kkh\�h[jZ[hl�
db�� k\yaZgguo� k� ieZklbq_kdbf� ^_nhjfbjh\Zgb_f�� k� ]eZ\gufb� dZkZ-
l_evgufb�gZijy`_gbyfb�k\yau\Zxl�iehkdhklb�b�gZijZ\e_gby�kdhev`_gby��
ih� dhlhjuf� ij_bfms_kl\_ggh� hkms_kl\ey_lky� ieZklbq_kdZy� ^_nhjfZpby�
f_lZeeh\�   

- 
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  Nhjfmeu� ����� b� ����� ijb\h^yl� d� ijhklhfm� kihkh[m� hij_^_e_gby�
]eZ\guo�gZijZ\e_gbc�b�]eZ\guo�gZijy`_gbc. Ij_^iheh`bf��qlh�hkv� �R[  

ch\iZ^Z_l�k�h^ghc�ba�]eZ\guo�hk_c��gZijbf_j�k�hkvx�����Z�hkv� �R[ �h[jZam_l�

m]he�Âk�]eZ\ghc�hkvx����jbk. 5).  

 
 

 
 
 
 
 

 
 0 
Jbk� 5 

 
GhjfZevgh_� gZijy`_gb_� ��Ô � \uqbkeyxl� ih� nhjfme_ (21��� Z� dZkZ-

l_evgh_�gZijy`_gb_� ��Õ  = ��Ô �gZ�iehsZ^d_� $% ��i_ji_g^bdmeyjghc�d�hkb�

�R[ , –� ih nhjfme_� ������GhjfZevgu_� b� dZkZl_evgu_ gZijy`_gby ��Ô � b 

=��Õ ��Ô �gZ�iehsZ^d_ $& ��i_ji_g^bdmeyjghc�d�hkb� �R[ ��\uqbkeyxl�ih�

l_f�`_�nhjfmeZf�c aZf_ghc�Â �gZ�
�

�Â
Ñ

.  

MdZaZggu_�nhjfmeu�bf_xl�\b^ 
 

��Ô = 
�

ÔÔ �� +
+ 

�

ÔÔ �� −
 Â�FRV , 

 

=��Ô
�

ÔÔ �� +
 − 

�

ÔÔ �� −
Â�FRV ,    (25) 

 

��Ô = ��Ô = 
�

ÔÔ �� −
 Â�VLQ . 

&bkl_fm� mjZ\g_gbc� (25) bkihevamxl� ^ey� hij_^_e_gby� ]eZ\guo� gZ-
ijy`_gbc� �Ô �b� �Ô �b�m]eZ�Â��oZjZdl_jbamxs_]h�hjb_glZpbx�]eZ\guo�hk_c 

ijb aZ^Zgguo dhfihg_glZo gZijy`_gbc ��Ô , ��Ô , ��Ô  \�^_dZjlh\hc�kbk�

 A 

B 

�[  

�[  

��Ô  

1 

 2 

��Ô  

C

��Ô  
��Ô
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l_f_�dhhj^bgZl��GZijbf_j��^ey�hij_^_e_gby�m]eZ� Â�ba�nhjfmeu� �����im�
l_f�\uqblZgby�i_j\h]h�mjZ\g_gby�ba�\lhjh]h�b�^_e_gb_f�gZ�wlhl�j_amevlZl�
lj_lv_]h�ihemqZxl 

Â�WJ  = 
����

��

ÔÔ

Õ�

−
.    (26) 

FZdkbfZevgh_�dZkZl_evgh_�gZijy`_gb_�\uqbkeyxl� 
 

PD[
��
Õ = �

�

ÔÔ
Õ

�

Ô
�

�����
��

�� 




 −

+=
− σ

   (27) 

>ey�\uqbke_gby�]eZ\guo�gZijy`_gbc�bkihevamxl�nhjfmeu 
 

�Ô  = +
+
�

ÔÔ ����
�

�����
�� �

ÔÔ
Õ 





 −

+ , 

(28) 

�Ô  = 
�

ÔÔ ���� +
 − 

�
�����

�� �

ÔÔ
Õ 





 −

+ . 

 

AZ^ZqZ. GZijy`_gby�gZ�gZdehgghc�iehsZ^d_ 

GZclb�gZijy`_gby� �Ô�Ô Q
Q && Qτ& �gZ�gZdehgghc�iehsZ^d_��\�lhqd_�F�dh-

lhjhc�aZ^Zgu�dhfihg_glu�l_gahjZ�gZijy`_gbc��aZibkZggu_�\�ijyfhm]hev-
ghc� ^_dZjlh\hc� kbkl_f_� dhhj^bgZl: ��Ô = 1 FIZ�� ��Ô = 3 FIZ�� ��Ô  =         

= 2 FIZ�� ��Ô = 2 FIZ�� ��Ô = 4 FIZ�� =��Ô 1 FIZ��GhjfZev� Q& �d�iehsZ^d_�

aZ^ZgZ�m]eZfb�Â= ��� �[Q
&∠ =45°; Ã= ��� �[Q

&∠ =60°; Ä= ��� �[Q
&∠ =60° kh]eZkgh�

jbk. 2. 

F_lh^bdZ�j_r_gby 

���Bkihevamy�nhjfm�aZibkb�Lσ = LMÔ ��ijb\_^_ggmx�\�jZ[hlZo�[1,3], 

b bkoh^gu_�^Zggu_��aZibkZlv�l_gahj�gZijy`_gbc�\�jZa\_jgmlhf�\b^_�� 
2. <uqbkeblv�gZijZ\eyxsb_�dhkbgmku�ghjfZeb�Q& : O =FRV Â = 0,707;  

P= cosÃ= 0,5; Q= ÄFRV = 0,5. 
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3. <uqbkeblv� dhfihg_glu� ihegh]h� gZijy`_gby� QÔ
&
�� <� j_amevlZl_�

jZkq_lh\��\uiheg_gguo�k�ihfhsvx�nhjfme�H�Dhrb� �6), ihemq_gu agZq_�

gby�dhfihg_glh\�ihegh]h�gZijy`_gby� Q
LÔ : Q

�
Ô = 2,207; Q

�
Ô = 4,914; Q

�
Ô = 3,707. 

 ���<uqbkeblv�ihegh_�gZijy`_gb_�gZ�gZdehgghc�iehsZ^d_�ih�nhj�

fme_� =QÔ
& �

�

�

�

�

�
ÔÔÔ QQQ ++ ��>ey� agZq_gbc� khklZ\eyxsbo� Q

LÔ ,� ihemq_g�

guo�\�i�����fh^mev�ihegh]h�gZijy`_gby�jZ\_g� QÔ = �����FIZ� 

  ���<uqbkeblv�gZijZ\eyxsb_�dhkbgmku�ihegh]h�gZijy`_gby� QÔ
& : 

QQ
QO ÔÔ

�Ô
= = 0,338; QQ

QP ÔÔ
�Ô

= = 0,751; QQ
QQ ÔÔ

�Ô
= = 0,566. 

 ���<uqbkeblv�ghjfZevgh_�gZijy`_gb_� QÔ
& c ihfhsvx�nhjfmeu������ 

�Ô =Q (0,707)
2 

+ 3(0,5)
2⋅2(0,5)

2 + 2(2⋅0,707⋅0,5 + 4⋅0,5⋅0,5 + 1⋅0,5⋅0,707) = 

=5,8��FIZ��GZijZ\eyxsb_�dhkbgmku� QÔ
&
�jZ\gu�gZijZ\eyxsbf�dhkbgmkZf�

ghjfZeb Q& : ÔO = O  = 0,707; ÔP  = P= 0,5; ÔQ  = Q ������Dhfihg_glu�ghj�

fZevgh]h�gZijy`_gby�jZ\gu�� �ÔQ = QÔ ÔO =5,87 ⋅� ������ � �����FIZ; �ÔQ = 

= QÔ ÔP =5,87 ⋅ 0,5 = 2,9���FIZ� �ÔQ = QÔ ÔQ =5,87 ⋅����� �������FIZ�  

 ���<uqbkeblv� dZkZl_evgh_�gZijy`_gb_� Õ&
n 
k�ihfhsvx�nhjfme� ����b�

�����Fh^mev�dZkZl_evgh]h�gZijy`_gby�jZ\_g� QÕ = �� Ô��Ô Q
Q − = 2,88 FIZ��

Dhfihg_glu� QÕ jZ\gu� QQ
��

ÔÕ = - �ÔQ  = 2,207 – 4,15 = – 1,943 FIZ; Q
Q �
� ÔÕ = - 

- �ÔQ  = 4,914 – 2,935 = 1,979 FIZ; Q
Q �
� ÔÕ = - �ÔQ= 3,707 – 2,935 = 0,772 FIZ; 

 
 

J_amevlZl�j_r_gby 

 
1. AZibkv�l_gahjZ�gZijy`_gbc 

 

=Ô7 �

���

���

���
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���J_amevlZlu�\uqbke_gbc�\�\b^_�dhkhm]hevghc�^bf_ljbq_kdhc�ijh�
_dpbb�ijb\_^_gu�gZ�jbk���� 
 
 
 

 
 
 
 

 
 
 
 

Jbk. 6 
 

�����GZijy`_gby�gZ�hdlZw^jbq_kdbo�iehsZ^dZo 
 
>jm]hc�oZjZdl_jghc�iehsZ^dhc�\�]eZ\ghc�kbkl_f_�dhhj^bgZl�l_gah�

jZ gZijy`_gbc y\ey_lky�iehsZ^dZ��jZ\ghgZdehg_ggZy dh \k_f _]h�]eZ\guf�
dhhj^bgZlguf�hkyf� �kf��jbk�3,[���<�lj_of_jghf�ijhkljZgkl\_�lZdbo�ieh�
sZ^hd��hdjm`Zxsbo�\u[jZggmx�lhqdm��ihemqZ_lky�\hk_fv,�b�hgb�h[jZam�
xl� ijZ\bevguc� fgh]h]jZggbd – hdlZw^j. GZa\Zgb_� lZdbo� iehsZ^hd� –
“hdlZw^jbq_kdb_”– k\yaZgh�k�bo�dhebq_kl\hf. 

GZijy`_gby �� Ô hdlS �b� hdlÕ   ^_ckl\mxsb_�gZ�lZdbo�iehsZ^dZo��

gZau\Zxlky�iheguf�hdlZw^jbq_kdbf��ghjfZevguf�hdlZw^jbq_kdbf�b�dZ�
kZl_evguf� hdlZw^jbq_kdbf gZijy`_gb_f khhl\_lkl\_ggh� IjbgbfZy� \h�
\gbfZgb_� ^bZ]hgZevguc� \b^� l_gahjZ� gZijy`_gbc� b bkihevamy ghjfZev 
hdlQ   gZoh^yl \_dlhj ihegh]h hdlZw^jbq_kdh]h gZijy`_gby��kf��jbk� 6).  

 
hdlÔ  = NÔ  hdl

N
Q  _d.     (29) 

<�jZ[hl_�[4] ihdZaZgh��qlh�dhfihg_glu�\g_rgbo�_^bgbqguo�ghjfZ-
e_c�d�lZdbf�iehsZ^dZf�\�]eZ\guo�hkyo�hij_^_eyxlky�ih�nhjfme_ 

 

hdl
N

Q  = �
�

�±      (30)  

�[  

�[  

 

QÔ
&

=5,87 

����
�Ô =Q  

�����
�

Ô =Q
 

�����  

����Ô =Q  

�����
�Ô =Q  

������Ô =Q  

�����
�Ô =Q  

�[

QÕ
&  

�ÕQ
&

 
�����

�Õ =Q
&  

�����
�Õ =Q
&  

     ,                       , 

      ,  
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K�ihfhsvx�nhjfme��4), �����b������gZoh^yl��qlh�ghjfZevgh_�hdlZw^-

jbq_kdh_�gZijy`_gb_� hdlS �jZ\gh�kj_^g_fm�gZijy`_gbx 
 

hdlS  = �Ô  = ( )�ÔÔÔ
�

�
��� ++    (31) 

 

K�mq_lhf�ijbgyluo�h[hagZq_gbc� �Ff��lZd`_�\�jZ[hl_� [4])�\_dlhjgZy 
aZibkv�^Zggh]h�gZijy`_gby�bf__l�\b^ 

 
hdlS

& = �Ô
hdl
N

Q ek.    (32) 

 
K�ihfhsvx�nhjfme������b�����e_]dh�ihdZaZlv��qlh�fh^mev�dZkZl_ev�

gh]h�gZijy`_gby�gZ�hdlZw^jbq_kdhc�iehsZ^d_�ijb\h^blky�d�\b^m 
 

Õ hdl  = 
�

� ( ) ( ) ( )���
�

��
�

�� ÔÔÔÔÔÔ −+−+− .  (33) 

 

Bkihevah\Zgb_�nhjfme������b�����ijb\h^bl�d�bghc�nhjf_�aZibkb�\_d-
lhjZ�dZkZl_evgh]h�hdlZw^jbq_kdh]h�gZijy`_gby 
 

�� Õ  = ( )�ÔÔ −N
hdl
N

Q _k   (34) 

b�_]h�fh^mey 

hdlÕ  = ( ) ( ) ( )���
�

��
�

�� ÔÔÔ
�

� σσσ −+−+− .  (35) 

Ba�ihkljh_gby�nhjfme������b������\b^gh��qlh�gZ�\k_�]jZgb�hdlZw^jZ�
^_ckl\mxl� h^bgZdh\u_� ghjfZevgu_� gZijy`_gby� �Ô � b� h^bgZdh\u_� dZkZ-

l_evgu_�gZijy`_gby� hdlÕ . I_j\u_��ih^\_j]Zy�hdlZw^j�\k_klhjhgg_fm�jZk�
ly`_gbx� �k`Zlbx��� ijb\h^yl� d� baf_g_gbx� h[t_fZ� \� hdj_klghklb� fZl_-
jbZevghc�qZklbpu��Ijb�wlhf�nhjfZ�hdlZw^jZ�g_�baf_gy_lky��<lhju_�y\ey-
xlky�hl\_lkl\_ggufb�aZ�baf_g_gb_�nhjfu�\�wlhc�hdj_klghklb. 
 LZdbf�h[jZahf��kj_^g__�gZijy`_gb_�l_gahjZ�gZijy`_gbc�hij_^_ey�
_l�_]h�kn_jbq_kdmx�qZklv� 

Ô6  = �Ô Å7 ,     (36) 

 
]^_� Ô6  – rZjh\hc�l_gahj� −Å7 �_^bgbqguc�l_gahj�� 
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Dhfihg_glu�rZjh\h]h�l_gahjZ�jZ\gu� 
 

�Ô  = =�
�

�
, ( )������ ÔÔÔ

�

� ++ = ( )��� ÔÔÔ
�

� ++   (37) 

 
b�gZau\Zxlky�kj_^gbf�gZijy`_gb_f�beb�]b^jhklZlbq_kdbf�^Z\e_gb_f. 
 HklZ\rmxky�qZklv� l_gahjZ�gZijy`_gbc��oZjZdl_jbamxsmx�baf_g_-
gb_� nhjfu� \� hdj_klghklb�� gZau\Zxl� ^_\bZlhjhf� gZijy`_gbc� σ' ��Ih-

ke_^gbc� gZoh^yl� dZd� jZaghklv� aZ^Zggh]h� l_gahjZ� Ô7 � b� _]h� kn_jbq_kdhc�

qZklb: 

Ô'  = LN6  = Ô7  – Ô6 .    (38) 

 
<� >�@�^hdZaZgu�l_hj_fu��mklZgZ\eb\Zxsb_��qlh�dZkZl_evgh_�gZijy�

`_gb_�g_�aZ\bkbl�hl�kj_^g_]h�gZijy`_gby� �Ô �b�iheghklvx�hij_^_ey_lky�

^_\bZlhjghc�qZklvx� σ' �l_gahjZ�gZijy`_gbc� 

I_j\uc�bg\ZjbZgl�^_\bZlhjZ�gZijy`_gbc�jZ\_g�gmex��Nhjfmeu�^ey�
\lhjh]h� b� lj_lv_]h� bg\ZjbZglh\� ^_\bZlhjZ� gZijy`_gbc� \� ijhba\hevghc�
kbkl_f_ dhhj^bgZl� \ ijyfhm]hevghc ^_dZjlh\hc kbkl_f_ b \�]eZ\ghc�kbk�
l_f_�dhhj^bgZl�bf_xl�\b^  
 

,,6 = – 
�

� ( )�Ô�ÔÔ −M
L

L
M  = -

�

�
[ ( ) +− �

���� ÔÔ  

+( ) ( )�����
�

���� ÔÔÔÔ −+− ] + 6( )@ÔÔÔ �
��

�
��

�
��

++  =   (39) 

= -
�

� ( ) ( ) ( )���
�

��
�

�� ÔÔÔÔÔÔ> −+−+− ], 

=,,,6  

�������

�������

�������

ÔÔÔÔ

ÔÔÔÔ

ÔÔÔÔ

−
−

−
 =   (40) 

 
( )( )( )�ÔÔÔÔÔÔ ������ −−−=  

 
Kj_^b� lj_o�bg\ZjbZglh\� ^_\bZlhjZ gZijy`_gbc� \� l_ogheh]bq_kdbo�

aZ^ZqZo�ieZklbqghklb�ijb�hibkZgbb�ijhp_kkh\�^_nhjfbjh\Zgby�qZs_�\k_�
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]h� bkihevamxl� \lhjhc�� K� ihfhsvx� ^Zggh]h� bg\ZjbZglZ� \uqbkeyxl� bg-
l_gkb\ghklv�dZkZl_evguo�gZijy`_gbc. 

T = ,,6 = NPNPVV
�

�
.   (41) 

 
Ba�kjZ\g_gby�nhjfme������b������k�nhjfmehc�\lhjh]h�bg\ZjbZglZ�^_�

\bZlhjZ�gZijy`_gbc�mklZgh\e_gh�>�,4]��qlh 

 

hdlÕ  = ,,

�

�
6 .     (42) 

 
KjZ\g_gb_�\ujZ`_gbc�(41) b������k�mq_lhf�nhjfmeu���8��ihdZau\Z�

_l��qlh�bgl_gkb\ghklv�dZkZl_evguo�gZijy`_gbc�k�lhqghklvx�^h�ihklhyg�
gh]h�fgh`bl_ey�jZ\gZ�hdlZw^jbq_kdhfm�dZkZl_evghfm�gZijy`_gbx 

 

7  = 
�

�
 hdlÕ .     (43) 

 
 

�����<uqbke_gb_�]eZ\guo�agZq_gbc�l_gahjZ�gZijy`_gbc� 
 

>ey�gZoh`^_gby�dhjg_c�mjZ\g_gby������_]h�j_r_gb_�ij_^klZ\eyxl�\�
ljb]hghf_ljbq_kdhc�nhjf_��>ey�l_gahjZ�gZijy`_gbc��aZ^Zggh]h�\�^_dZj-
lh\hc�kbkl_f_�dhhj^bgZl,�]eZ\gu_�agZq_gby� ��� Ô�Ô�Ô �gZoh^yl�k�ihfhsvx�

f_lh^bdb��hkms_kl\ey_fhc�iml_f�\uqbke_gby�jZkkfhlj_gguo�\ur_�iZjZ-
f_ljh\�\�g_kdhevdh�ihke_^h\Zl_evguo�wlZih\.  

GZ i_j\hf wlZi_�ih�nhjfmeZf������\uqbkeyxl�bg\ZjbZglu�l_gahjZ  
gZijy`_gbc�b�\uihegyxl�aZibkv�mjZ\g_gby�������GZ�\lhjhf�wlZi_�\uqbk-
eyxl�^jm]mx�h[h[s_ggmx�oZjZdl_jbklbdm�gZijy`_ggh]h�khklhygby – bg-

l_gkb\ghklv�gZijy`_gbc bÔ ��\_ebqbgZ�dhlhjhc�\� � �jZa�[hevr_�bgl_g-

kb\ghklb�dZkZl_evguo�gZijy`_gbc: 
 

bÔ  = 7� = ,,�6 .    (44) 
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 GZ�lj_lv_f�wlZi_�ih�nhjfme_������gZoh^yl�kj_^g__�gZijy`_gb_� �Ô . 

Ijb\_^_gb_�^_\bZlhjZ�gZijy`_gbc�d�^bZ]hgZevghfm�\b^m�\uihegyxl�gZ 
q_l\_jlhf�wlZi_��Ihkdhevdm�i_j\uc�bg\ZjbZgl�^_\bZlhjZ�gZijy`_gbc�jZ�
\_g gmex� dm[bq_kdh_ mjZ\g_gb_ ^ey gZoh`^_gby ]eZ\guo�dhfihg_gl�^_�
\bZlhjZ� Ô' bf__l�\b^ 

 

�6�Ì6Ì ,,,,,� =+ .    (45) 
 

Bg\ZjbZgl� ,,,6� � ^_\bZlhjZ�� y\eyxsbcky� dhwnnbpb_glhf ^Zggh]h�
mjZ\g_gby��\uqbkeyxl�ih�nhjfme_ (40). 

GZ�iylhf�wlZi_�\�khhl\_lkl\bb�k�f_lh^bdhc��jZkkfhlj_gghc�\�jZ[hl_�
[5], \uqbkeyxl�m]he� ÔÙ �\b^Z�gZijy`_ggh]h�khklhygby��AgZq_gb_� ÔÙ �gZoh-

^yl�ba�\ujZ`_gby 

=ÔFhV�Ù �,,, Ô6
�

��
b ,    (46) 

]^_� ,,,6  – lj_lbc�bg\ZjbZgl�^_\bZlhjZ�gZijy`_gbc; bÔ - bgl_gkb\ghklv�gZ-

ijy`_gbc� 
 GZ�r_klhf�wlZi_�\uqbkeyxl�]eZ\gu_�ghjfZevgu_�gZijy`_gby��ij_^-
klZ\eyy�bo�\�ljb]hghf_ljbq_kdhc�nhjf_: 
 

bÔ
�

�
Ô� = khV  �Ô ÔÙ + ,     (47) 

bÔ
�

�
Ô� −= cos �Ô ÔÙ

�

Ñ +




 + ,   (48) 

�ÔÙ
�

Ñ
FRVÔ

�

�
Ô �Ô� +





 −−= b    (49) 

Nhjfmeu����� – �����y\eyxlky�j_r_gbyfb�dm[bq_kdh]h�mjZ\g_gby�����. 
 
AZ^ZqZ.�=eZ\gu_�agZq_gby�b�]eZ\gu_�hkb�l_gahjZ�gZijy`_gbc 

<�g_dhlhjhc�lhqd_�l_eZ�ba\_klgu�dhfihg_glu�l_gahjZ�gZijy`_gbc: 
�Ô�� = FIZ; �Ô�� = FIZ; ��Ô =2 FIZ; �Ô�� = � FIZ; �Ô�� = � FIZ; 

�Ô�� = FIZ��GZclb� agZq_gby�]eZ\guo�gZijy`_gbc�\�wlhc�lhqd_�b�bo�gZ-

ijZ\e_gby� 
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F_lh^bdZ�b�Ze]hjblf�j_r_gby 
 

1. Ih�nhjfmeZf�(13) gZclb�bg\ZjbZglu�l_gahjZ�gZijy`_gbc: 
 

=�,  6 FIZ� �,  = –10 FIZ; �,  = – 5 FIZ. 

 
Lh]^Z�dm[bq_kdh_�mjZ\g_gb_������ijbf_l�\b^ 

 

�Ì��Ì�Ì �� +−−  = 0. 
 

���GZoh`^_gb_� dhjg_c� ^Zggh]h� mjZ\g_gby� ih� nhjfmeZf� ��� – 49) 
\uihegyxl�\�ke_^mxs_c�ihke_^h\Zl_evghklb� 

�����Ih�nhjfme_��39��\uqbkeblv�agZq_gb_�\lhjh]h�bg\ZjbZglZ�^_\bZ-

lhjZ�gZijy`_gbc:  ,,6 ���FIZ
2
. 

�����Ih�nhjfme_� �����\uqbkeblv�bgl_gkb\ghklv�dZkZl_evguo�gZijy-
`_gbc; =7  4,695 FIZ. 

 2.3. Ih� nhjfme_� ����� \uqbkeblv� bgl_gkb\ghklv� gZijy`_gbc; 
�����Ô =b  FIZ. 

 2.4. Ih�nhjfmeZf��37��\uqbkeblv�kj_^g__�gZijy`_gb_; �Ô� = FIZ. 

 2����Ih�nhjfme_������\uqbkeblv�lj_lbc�bg\ZjbZgl�^_\bZlhjZ�gZijy-

`_gbc;  ,,,6 31 FIZ
3
. 

 �����Ih�nhjfme_������\uqbkeblv�agZq_gb_�khs 3ψσ, mklZgh\blv�agZq_-

gb_�m]eZ� ÔÙ :  

khs 3ψσ =
�

��
31/(8,124)

3
 = 0,7805��hldm^Z� ÔÙ = 

�

�
Zrccos 0,7805 =12°54′.  

2.7. <uqbkeblv�agZq_gby�]eZ\guo�ghjfZevguo�gZijy`_gbc�ih�nhj�
fmeZf�(47 – 49); 

3. <uihegblv�ijh\_jdm� j_r_gby: ih^klZ\eyy� agZq_gby� ��� Ô�Ô�Ô � \�

nhjfmeu� ������ \uqbkeblv� agZq_gby� bg\ZjbZglh\� l_gahjZ� gZijy`_gbc�

��� �� ,,, �b�kjZ\gblv�dZ`^uc�ba�gbo�k�h^ghbf_ggufb�agZq_gbyfb��\uqbk�

e_ggufb�\�i����M[_^blvky�\�ijZ\bevghklb�\uqbke_gby� LÔ . 
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���GZclb�gZijZ\e_gby�]eZ\guo�hk_c�l_gahjZ�gZijy`_gbc�� 

�����GZibkZlv� kbkl_fu�mjZ\g_gbc� �����^ey�gZoh`^_gby�gZijZ\eyx�
sbo�dhkbgmkh\�]eZ\guo�hk_c�b�\uqbkeblv�agZq_gby� ��� LLL QPO   

GZijbf_j��^ey�]eZ\ghc�hkb� �
ÔÈ �kbkl_fZ�mjZ\g_gbc�bf__l�\b^ 

 

( )�Ô�− �O +2m1+ �Q  = 0, 

 
2 �O +( )�Ô� − �P +4 �Q = 0, 

 

�O +4 �P +( ) �Ô� �� =− Q . 

 
Ih^klZ\eyy�agZq_gb_� �����Ô� =  FIZ�\�^Zggmx�kbkl_fm�mjZ\g_gbc�b�

mqblu\Zy�mkeh\b_� ( ) ( ) ( ) ��
�

�
�

�
� =++ QPO ��ihemqZxl�j_r_gb_��dhlhjh_�^ey�

jZkkfZljb\Z_fh]h�kemqZy�bf__l�\b^: =�O 0,327; =�P 0,722; �Q =0,609.  

 Ke_^my�f_lh^bd_� j_r_gby� aZ^Zq��ijb\_^_gghc� \� jZ[hl_� >�@��gZijZ�

\bf�ih�hkb� �
ÔÈ �\�lhqd_�F _^bgbqguc�\_dlhj� �Q = 0,327L

*
+ 0,722M

*
+0,609N

*
. 

AgZy�dhfihg_glu ^Zggh]h \_dlhjZ b \u[bjZy�fZkrlZ[��h[hagZqbf� �Q
*
�b�hkv�

�
ÔÈ

&
�gZ�jbk��7. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Jbk��7 
 

�[  

�[  

�Â  

�Ä  

�Q
&  �Ã  

�
ÔÈ

&  

�[  
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<�khhl\_lkl\bb�k�djm]h\hc�i_j_klZgh\dhc bg^_dkh\�aZibkv�kbkl_fu�
mjZ\g_gbc�^ey�\uqbke_gby�gZijZ\eyxsbo�dhkbgmkh\�m]eh\�gZdehgZ�]eZ\-

ghc�hkb �
ÔÈ �bf__l�\b^:  

( )�Ô�− �O +2m2+ �Q  = 0, 

 
2 �O +( )�Ô� − �P +4 �Q = 0, 

 

�O +4 �P +( ) �Ô� �� =− Q . 

 
 Ihke_�ih^klZgh\db� �Ô  ������FIZ�j_r_gb_f�kbkl_fu�[m^ml�agZq_-

gby: �O = – 0,908; �P = 0,063; �Q = 0,413. Ih\lhjyy�j_r_gb_�kbkl_fu�ijb 

�Ô = –1,����FIZ��ihemqZxl� �O  = 0,260, �P = – 0,689; �Q = 0,677. 

M]eu�f_`^m�]eZ\ghc�hkvx� �
Ôη �b�hkyfb� L[ ,�h[hagZq_ggu_�gZ�jbk� 7, 

jZ\gu� 

�Â  = ( )��
Ô �È [∠  = 70°,91; �Ã  = ( )�

�
Ô �È [∠  = 43°,78; �Ä  = ( )��

Ô �È [∠  = 52°,48. 

M]eu� f_`^m� ]eZ\gufb� hkyfb� �
ÔÈ , �

ÔÈ � b� hkyfb� L[ khhl\_lkl\_ggh   

jZ\gu� 

�Â  = ( )��
Ô �È [∠  = 155°,23; �Ã  = ( )�

�
Ô �È [∠  = 86°,39; 

�
Ä = ( )��

Ô �È [∠  = 65°,61; 

�Â  = ( )��
Ô �È [∠  = 74°,93; 

�
Ã  = ( )�

�
Ô �È [∠  = 133°,55; 

�
Ä = ( )��

Ô �È [∠  = 47°,39. 

 
 

�����KlZlbq_kdb_�]jZgbqgu_�mkeh\by 
 

KlZlbq_kdb_� mkeh\by� \� gZijy`_gbyo� gZ� ]jZgbp_� Ô6 � k� _^bgbqghc�

\g_rg_c�ghjfZevx� Q& �kqblZxlky�aZ^Zggufb��_keb�\�dZ`^hc�lhqd_� V  wlhc�

]jZgbpu�ba\_klgh�ihegh_�ih\_joghklgh_�gZijy`_gb_ QÔ ��dhlhjh_�ih�nhj-
fme_�H�Dhrb�hij_^_ey_l�\b^�l_gahjZ�gZijy`_gbc: 

 

Q
&

Ô7 = QÔ V∀ Ô6∈ .    (50) 
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L_hjby�^_nhjfZpbc��]_hf_ljbq_kdb_�hkgh\u� 
 

1.7. Dhg_qgu_�b�fZeu_�^_nhjfZpbb 

>_nhjfZpby� l_eZ� aZdexqZ_lky� \� baf_g_gbb� jZkklhygby� f_`^m� _]h�
lhqdZfb. ?keb�ijb�^\b`_gbb�l_eZ�jZkklhygby�f_`^m�lhqdZfb�g_�baf_gy-
xlky��lh�hgh�g_�^_nhjfbjm_lky��Z�^\b`_lky�dZd�Z[khexlgh�l\_j^h_�l_eh�� 

>_nhjfZpby�l_eZ�ba\_klgZ��_keb�ba\_klgZ�^_nhjfZpby�\�dZ`^hc�_]h�
lhqd_� >ey� oZjZdl_jbklbdb�^_nhjfZpbb� \� lhqd_� \uqbkeyxl� ^_nhjfZpbx�
\u^_e_gghc� \hdjm]� g__� [_kdhg_qgh� fZehc� qZklbpu��K� wlhc� p_evx� \� gZ-
qZevghf�khklhygbb�\u^_eyxl�\hdjm]�lhqdb�F�k�eZ]jZg`_\ufb�dhhj^bgZ-
lZfb�[_kdhg_qgh�fZemx�qZklbpm�\�nhjf_�rZjZ��AZ�\j_fy�^_nhjfbjh\Zgby�
wlZ�qZklbpZ�^_nhjfbjm_lky��ih\_jg_lky�\�ijhkljZgkl\_; baf_gylky�__�nhj�

fZ�b�jZaf_ju� Ijb�wlhf�jZkkfZljb\Zxl�[ebadmx�d�g_c�lhqdm�F1. 
 Ihkdhevdm�q_j_a�lhqdm�fh`gh�ijh\_klb�[_kdhg_qgh_�fgh`_kl\h�fZ�
l_jbZevguo�\hehdhg��hkgh\gZy�aZ^ZqZ�l_hjbb�^_nhjfZpbc�nhjfmebjm_lky�
ke_^mxsbf�h[jZahf: agZy�\�lhqd_�F�h]jZgbq_ggh_�qbkeh�\_ebqbg��hibku�
\Zxsbo�^_nhjfZpbx��g_h[oh^bfh�gZclb� QÆ �\�ex[hf�gZijZ\e_gbb��>jm]Zy�

\Z`gZy� aZ^ZqZ – mklZgh\e_gb_� k\yab�f_`^m� mihfygmlufb� \_ebqbgZfb� b�
i_j_f_s_gbyfb�lhq_d�^_nhjfbjm_fh]h�l_eZ�� 
 <� khhl\_lkl\bb� k� ij_^klZ\e_gbyfb� l_hjbb� dhg_qguo� ^_nhjfZpbc��
baeh`_ggufb�\ [5],�ijb�^\b`_gbb�b�^_nhjfZpbb�l_eZ�dZ`^Zy�_]h�[_kdh�
g_qgh�fZeZy�qZklbpZ \ h[s_f�kemqZ_�ihklmiZl_evgh�i_j_f_sZ_lky��\_dlhj�
i_j_f_s_gby�X& ���jZkly]b\Z_lky��k`bfZ_lky��ih�lj_f�\aZbfgh�i_ji_g^bdm�
eyjguf�hkyf�b�ih\hjZqb\Z_lky�\�ijhkljZgkl\_�dZd�Z[khexlgh�l\_j^h_�l_�
eh��<k_�wlb�ij_h[jZah\Zgby�qZklbp�ijhbkoh^yl�h^gh\j_f_ggh� 
 <�gZqZevghf�khklhygbb� �ijb� �W ��\�ex[hc�lhqd_�l_eZ�\u^_eyxl�ljb�

\aZbfgh�i_ji_g^bdmeyjguo�\hehdgZ��dhlhju_�aZ�\j_fy�^_nhjfZpbb� �W  – �W  

m^ebgyxlky�eb[h�mdhjZqb\Zxlky� gh�\k_�m]eu�f_`^m�gbfb�g_�f_gyxlky��

Ijb� �W ih� wlbf� \hehdgZf� gZijZ\e_gu� ]eZ\gu_� hkb� �
Æ

�
Æ

�
Æ È�È�È ��� � l_gahjZ� ^_�

nhjfZpbc� Æ7� ��Z�\�dhg_qghf�khklhygbb� �ijb� �W ��ih�gbf�gZijZ\e_gu�]eZ\�

gu_�hkb� �
Æ

�
Æ

�
Æ È�È�È l_gahjZ�^_nhjfZpbc� Æ7 . 

 IjbagZdhf� [_kdhg_qgh�fZehc� ^_nhjfZpbb� \� lhqd_� y\ey_lky� [_kdh�
g_qgh�fZeh_� hlebqb_�gZqZevgh]h�b� dhg_qgh]h� khklhygby� khimlkl\mxs_c�
kbkl_fu� dhhj^bgZl�� ijb� dhlhjhf� ^ebgu� \_dlhjh\� [ZabkZ� b� m]eu� f_`^m�
gbfb� aZ� \j_fy� ^_nhjfZpbb� baf_gbebkv� gZ� [_kdhg_qgh�fZeu_� \_ebqbgu��
>ey� oZjZdl_jbklbdb� ^_nhjfbjh\Zggh]h� khklhygby� bkihevamxl nhjfmeu�



 29 

\uqbke_gby�bg\ZjbZglh\ l_gahjZ�^_nhjfZpbc��k\yab�^_nhjfZpbc�k�i_j_�
f_s_gbyfb�� jZaeh`_gby� l_gahjZ� gZijy`_gbc� gZ�rZjh\hc� b� ^_\bZlhj�� Z�
lZd`_� nhjfmeu� \uqbke_gby� bgl_gkb\ghklb� ^_nhjfZpbc� k^\b]Z�� ijb\_�
^_ggu_�\�[1, 5, 8]. 

Dbg_fZlbdZ – wlh�jZa^_e�FKK��bamqZxsbc�^\b`_gb_�fZl_jbZevguo�
h[t_dlh\�[_a�mq_lZ�ijbqbg��\uau\Zxsbo�wlh�^\b`_gb_� Hkgh\gu_�aZ^Zqb 
l_hjbb� kdhjhkl_c� ^_nhjfZpbc: mklZgh\blv� agZq_gby� dhfihg_glh\� kdhjh�
kl_c�^\b`_gby�qZklbp� \� lhqdZo�h[eZklb;�mklZgh\blv� k\yav�f_`^m�dhfih�
g_glZfb�l_gahjZ�kdhjhkl_c�^_nhjfZpbc�b�dhfihg_glZfb�^_nhjfZpbc;�mk�
lZgh\blv�k\yav�f_`^m�kdhjhklyfb�^_nhjfZpbc�b�kdhjhklyfb�i_j_f_s_gbc�
lhq_d�^_nhjfbjm_fh]h� l_eZ��Ijb� ZgZeba_�ijhp_kkh\�ieZklbq_kdh]h� l_q_�
gby�bkihevah\Zgb_�^Zgghc� l_hjbb�iha\hey_l�\uqbkeblv� agZq_gby�dhfih�
g_glh\� l_gahjZ� kdhjhklb� ^_nhjfZpbc� agZq_gby� kdhjhklb� ^_nhjfZpbc�
k^\b]Z� b� mklZgh\blv� k\yav� ^Zgguo� \_ebqbg� k� gZdhie_gghc� kl_i_gvx� ^_�
nhjfZpbb�\�hdj_klghklb�dZ`^hc�lhqdb�� 

GZ�i_j\hf�wlZi_�g_h[oh^bfh�jZkkfhlj_lv�ihgylby h[eZklb�b�]jZgb�
pu��Ih^�h[eZklvx�ihgbfZ_lky�kh\hdmighklv�lhq_d�ijhkljZgkl\Z��oZjZdl_�
jbam_fZy�^\mfy�k\hckl\Zfb:  

- _keb�g_dhlhjZy�lhqdZ�F�ijbgZ^e_`bl�h[eZklb��lh�\k_�lhqdb� ^hklZ�
lhqgh�[ebadb_�d�lhqd_�F,�ijbgZ^e_`Zl�h[eZklb;  

- ex[u_� ^\_� lhqdb� fh`gh� kh_^bgblv� ehfZghc�� p_ebdhf� e_`Zs_c�
\gmljb�h[eZklb.     

=jZgbpZ�h[eZklb – wlh�kh\hdmighklv lhq_d��g_�ijbgZ^e_`Zsbo�h[�
eZklb��\�ex[hc�hdj_klghklb�dhlhjuo�bf_xlky�lhqdb��ijbgZ^e_`Zsb_ h[�
eZklb� 

Ko_fu� ^\b`_gby� fZl_jbZevghc� qZklbpu�� g_h[oh^bfu_� ijb� bamq_�
gbb� ^Zgghc l_fu, ijb\_^_gu� \� jZ[hlZo� [4,2,5]�� G_h[oh^bfh� \uihegblv�
ZgZeba� ^hims_gbc�� ijbgyluo \�FKK,� b� bamqblv� hkh[_gghklb� ih^oh^h\�
Wce_jZ�b�@�EZ]jZg`Z�d�hibkZgbx ^\b`_gby�kiehrghc�kj_^u�� 

Ihgylby�FKK�«ebgbb�lhdZ», «klZpbhgZjgh_�b�g_klZpbhgZjgh_�ihe_�
kdhjhkl_c», «ljZ_dlhjbb», «ljm[dZ�lhdZ», «ihlhd� \_dlhjZ� kdhjhklb», 
«^b\_j]_gpby�\_dlhjZ�kdhjhklb�\�lhqd_�b�jhlhj», «ihl_gpbZevgh_��[_a�
\boj_\h_�b�]Zjfhgbq_kdh_�ihe_» jZkkfhlj_gu�\�>�@��GZ�^Zgghf�wlZi_�j_dh�
f_g^m_lky� lZd`_� \hkihevah\Zlvky� c\_^_gbyfb�� ijb\_^_ggufb� \� jZ[hl_�
E.B.K_^h\Z «F_oZgbdZ�kiehrguo�kj_^»��l���– 2). <�khhl\_lkl\bb�k�ih^oh�
^hf��baeh`_gguf�\�[4, 5]��^\b`_gb_�fZehc�hdj_klghklb�mkeh\gh�jZkdeZ^u�
\Zxl�gZ�^\_� khklZ\eyxsb_: ihklmiZl_evgh_�^\b`_gb_�b�bkdZ`_gb_� �^bk�
lhjpby��__�hdj_klghklb.  



 30 

AZdhgu�khojZg_gby� 

 DZd� ihdZau\Z_l� hiul�� q_luj_� Z^^blb\guo� bgl_]jZeZ� ^\b`_gby – 

fZkkZ��bfimevk��fhf_gl�bfimevkZ�b�wg_j]by��oZjZdl_jbamxsb_�khklhygb_�

aZfdgmlhc�kbkl_fu, – g_�baf_gyxlky�kh�\j_f_g_f��<�khhl\_lkl\bb�k�^Zg�

guf�iheh`_gb_f�\�gvxlhgh\kdhc�f_oZgbd_� knhjfmebjh\Zgu� aZdhgu� kh�

ojZg_gby� fZkku�� bfimevkZ�� fhf_glZ� bfimevkZ� b� wg_j]bb�� dhlhju_� h[m�

keh\e_gu�hkgh\gufb�k\hckl\Zfb�fZl_jbb�b�^\b`_gby��Z�lZd`_�ijhkljZg�

kl\Z�b�\j_f_gb�dZd�hkgh\guo�nhjf�kms_kl\h\Zgby�fZl_jbb�� 

Bkihevah\Zgb_� aZdhgh\� khojZg_gby� \� f_oZgbd_� kiehrghc� kj_^u 

ijb\h^bl�d�kms_kl\_gguf�j_amevlZlZf��GZ�hkgh\_�aZdhgZ�khojZg_gby�fZk�

ku� \u\h^yl� mjZ\g_gb_� g_jZaju\ghklb�� Ba� aZdhgZ� khojZg_gby� bfimevkZ�

ke_^m_l�^bnn_j_gpbZevgh_�mjZ\g_gb_�^\b`_gby�kiehrghc�kj_^u��Ba� aZ�

dhgZ�khojZg_gby�fhf_glZ�bfimevkZ�ke_^m_l�kbff_ljby�l_gahjZ�gZijy`_�

gbc�� GZ� hkgh\_� aZdhgZ� khojZg_gby� wg_j]bb� \ujZ[hlZgu� wdklj_fZevgu_�

ijbgpbiu�kiehrghc�kj_^u�b�jZajZ[hlZgu�wg_j]_lbq_kdb_�f_lh^u�jZkq_lZ�

gZijy`_ggh-^_nhjfbjh\Zggh]h�khklhygby�� 

 AZibkv�nhjfmeu� ��
−
YP

GW

G
=

−
3 �khhl\_lkl\m_l�\lhjhfm aZdhgm�GvxlhgZ�

^ey�fZl_jbZevghc�lhqdb�fZkkhc�m��^\b`ms_cky�kh�kdhjhklvx�Y �ih^� 

^_ckl\b_f�kbeu�3 ��A^_kv�
−
YP  – bfimevk� beb dhebq_kl\h�^\b`_gby lhqdb�  

>ey�kbkl_fu�ba�n�fZl_jbZevguo�lhq_d� ∑
−

−Q

L
LL YP

GW

G

�

= ∑
=

−Q

L

H

L3
�

��

��]^_� LP -�fZkkZ�

L -c�fZl_jbZevghc� lhqdb� −
− ��H

L3 � \g_rgyy�ih�hlghr_gbx� d� kbkl_f_� kbeZ��

^_ckl\mxsZy� gZ� L -x� lhqdm��<gmlj_ggb_� kbeu�� l�_�� kbeu� ^_ckl\by� lhq_d�

kbkl_fu�^jm]�gZ�^jm]Z��\�khhl\_lkl\bb�k�lj_lvbf�aZdhghf�B�GvxlhgZ�mjZ\�

gh\_rb\Zxlky�b�g_�hdZau\Zxl�\ebygby�gZ�^\b`_gb_�kbkl_fu��KiehrgZy�

kj_^Z�^\b`_lky�ih^�^_ckl\b_f�\g_rgbo�ih\_joghklguo� ∫∫
Σ

−
ΣG3Q �b�fZkkh�

\uo G9)

9

−
∫∫∫Ò  kbe��<�khhl\_lkl\bb�kh� \lhjuf�aZdhghf� GvxlhgZ� hkgh\gh_ 

– – 

– 

– – 

– 

– 

– 

– 
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ihklmebjm_fh_� khhlghr_gb_�FKK,� beb� mjZ\g_gb_� dhebq_kl\Z� ^\b`_gby�

dhg_qgh]h�h[t_fZ�kiehrghc�kj_^u��bf__l�\b^: 

 

∫∫∫
9

G9Y
GW

G �

Ò  = Σ∫∫
Σ

−
G3Q  +

−
∫∫∫ )G9

9

Ò .   (51) 

 
 MjZ\g_gb_� ����� kijZ\_^eb\h� ^ey� ex[hc� qZklb� dhg_qgh]h� h[t_fZ�
kiehrghc�kj_^u��\�lhf�qbke_�^ey�we_f_glZjgh]h�h[t_fZ��Ijh_dlbjmy������
gZ� hkb� dhhj^bgZl�� ihemqZxl� ljb mjZ\g_gby� ^\b`_gby�� AZibkv� ^Zgguo�
mjZ\g_gbc�\�\_dlhjghc�b�kdZeyjghc�nhjf_�ijb\_^_gZ�\ [3,4,5]. 

 ?keb�
GW

GY
Ò � fZeh�� lh� bf__f� mjZ\g_gb_� jZ\gh\_kby� �Ò7Ô =+

−
)GLY . 

?keb�b�fZkkh\u_�kbeu�hlkmlkl\mxl��lh� ��7Ô =GLY �I_j_oh^y�d�^_dZjlh\hc�

kbkl_f_�dhhj^bgZl��ihemqZxl�mjZ\g_gby�jZ\gh\_kby��aZibkZggu_�\�nhjf_ 
\ujZ`_gbc (51). 
 

Dhgljhevgu_�\hijhku� 
 

1.1. Ih^�^_ckl\b_f�dZdbo�kbe�^\b`_lky�b�^_nhjfbjm_lky�l_eh" 
�����Qlh�lZdh_�gZijy`_gb_? Q_f�oZjZdl_jbam_lky�gZijy`_ggh_ khklhygb_�

lhqdb��l_eZ�\�p_ehf?  
�����Qlh�lZdh_�h[eZklv�b�]jZgbpZ"� 
1.4. AZibkZlv�nhjfmeu�H�Dhrb�^ey�gZijy`_gbc�gZ�gZdehgguo�iehsZ^�

dZo. Qlh�deZ^_lky�\�hkgh\m�bo�\u\h^Z?  
�����< q_f hlebqb_ aZibkb Ô7  \ ^_dZjlh\hc b ]eZ\ghc kbkl_f_ dhhj^bgZl�

l_gahjZ�gZijy`_gbc"� 
�����<�q_f�khklhbl�ijZ\beh�:� Wcgrl_cgZ? 
1.7. DZdhc�nbabq_kdbc�kfuke�bf_xl�rZjh\hc�l_gahj�b�^_\bZlhj�gZijy-

`_gbc?  
1.8. Qlh�h[s_]h�f_`^m�iehkdbf�gZijy`_gguf�b�iehkdbf�^_nhjfbjh\Zg�

guf�khklhygb_f�b�dZdZy�f_`^m�gbfb�jZagbpZ" 
1.9. Qlh�lZdh_�rZjh\hc�l_gahj�b�^_\bZlhj�gZijy`_gbc?  

1.10. >ey�jZkq_lZ�dZdbo�\_ebqbg�bkihevam_lky�\lhjhc�bg\ZjbZgl�^_\bZlhjZ�
gZijy`_gbc"�GZibkZlv�khhl\_lkl\mxsb_�nhjfmeu� 

������Qlh�lZdh_�ihegh_�hdlZw^jbq_kdh_�gZijy`_gb_"� 

– – – 
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1�����Qlh�lZdh_�ghjfZevgh_�hdlZw^jbq_kdh_�gZijy`_gb_?  
1�����Qlh�lZdh_�dZkZl_evgh_�hdlZw^jbq_kdh_�gZijy`_gb_?  
1.14. DZdb_� \b^u� ^\b`_gby� kh\_jrZ_l� fZl_jbZevgZy� qZklbpZ� \� h[eZklb�

ieZklbq_kdh]h�^_nhjfbjh\Zgby?  
1.15. GZa\Zlv�f_oZgbafu�ieZklbq_kdhc�^_nhjfZpbb�� 
1.16. Ijb�dZdhf�^Z\e_gbb�\uihegy_lky�aZdhg�khojZg_gby�h[t_fZ"� 
1.17. <�q_f�khklhbl�jhev�aZdhgh\�khojZg_gby�\�l_hjbb�ieZklbqghklb?  
������<�q_f�khklhyl�hkh[_gghklb�ih^oh^h\�E� Wce_jZ�b�@� EZ]jZg`Z�d bam�

q_gbx dbg_fZlbdb�^\b`_gby�kiehrghc�kj_^u"� 
1.19. Qlh�bamqZ_l�dbg_fZlbdZ"� 
1.20. <�q_f�hlebqb_�lhqdb�hl�fZl_jbZevghc�qZklbpu" 

 
 

L_fZ����WE?F?GLU�L?HJBB�MIJM=HKLB 
 

2.1. DjZldb_�k\_^_gby�ba�l_hjbb 
 

Ijb� bamq_gbb� ^Zgghc� l_fu� jZkkfZljb\Zxl� aZ^Zqb� ebg_cghc        
l_hjbb� mijm]hklb. <u\h^u� ^Zgghc� l_hjbb� [Zabjmxlky� gZ� ke_^mxsbo�
ij_^ihkuedZo:  

- jZkkfZljb\Z_fh_�l_eh�y\ey_lky�h^ghjh^guf�b�bahljhiguf; 
- f_`^m� dhfihg_glZfb� ^_nhjfZpbc� b� dhfihg_glZfb� gZijy`_gbc�

kms_kl\m_l�ebg_cgZy�k\yav��h[h[s_gguc�aZdhg�J� =mdZ�;  
- ^_nhjfZpbb� ij_^iheZ]Zxlky� fZeufb� �dhfihg_glu� ^_nhjfZpbb�

ij_g_[j_`bfh�fZeu�ih�kjZ\g_gbx�k�_^bgbp_c�� 
?keb�gZa\Zggu_�ij_^ihkuedb�g_�\uihegyxlky��lh�h[jZsZxlky�d g_-

ebg_cghc� l_hjbb� mijm]hklb��<� kemqZ_� Zgbahljhiguo� l_e�� dh]^Z�nbabq_�
kdb_�k\hckl\Z�\�dZ`^hc�lhqd_�kms_kl\_ggh� aZ\bkyl�hl�gZijZ\e_gby��ijh�
oh^ys_]h�q_j_a�wlm�lhqdm��jZkkfZljb\Zxl�l_hjbx�mijm]hklb�Zgbahljhigh�
]h�l_eZ�� 

Hkgh\gu_�mjZ\g_gby�l_hjbb�mijm]hklb�kdeZ^u\Zxlky�ba�mjZ\g_gbc�
f_oZgbdb�kiehrghc�kj_^u��klZlbq_kdbo�mkeh\bc� �����k�mkeh\byfb�gZ�ih�
\_joghklb� l_eZ� ����� ]_hf_ljbq_kdbo�mjZ\g_gbc H�Dhrb� �kf��nhjfmem�6.9   
\� jZ[hl_� >�@�� – b� dZd� ke_^kl\b_ – mjZ\g_gbc� kh\f_klghklb� ^_nhjfZpbc��
>Zggu_� mjZ\g_gby� kijZ\_^eb\u ^ey ex[hc kiehrghc kj_^u g_aZ\bkbfh 
hl __�nbabq_kdbo�hkh[_gghkl_c� 
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 >ey�we_f_glZ�l_eZ�\�\b^_�[_kdhg_qgh�fZeh]h�iZjZee_e_ibi_^Z�^bn-
n_j_gpbZevgu_�mjZ\g_gby�jZ\gh\_kby��^\b`_gby��\�^_dZjlh\uo�dhhj^bgZ-
lZo�aZibku\Zxl 

�

��

�

��

�

�� ÔÔÔ

[[[ ∂
∂

+
∂
∂

+
∂

∂
 + �Ò; = 0, 

+
∂

∂
+

∂
∂

+
∂

∂

�

��

�

��

�

�� ÔÔÔ

[[[
�Ò;  = 0,   (52) 

�
�

��

�

��

�

�� Ò
ÔÔÔ

;
[[[

+
∂

∂
+

∂
∂

+
∂

∂
 = 0. 

 
>hihegbl_evgu_� nbabq_kdb_� mjZ\g_gby�� mklZgZ\eb\Zxsb_� k\yav�

f_`^m�dhfihg_glZfb�gZijy`_gbc�b�dhfihg_glZfb�^_nhjfZpbc�^ey�bah�
ljhigh]h�ebg_cgh-mijm]h]h�l_eZ��h[h[s_gguc�aZdhg�J�=mdZ�,�aZibku\Zxl�
\�nhjf_�� 

( )[ ]�ÔÔÍÔ
�

Æ �������� +−=
(

 �Ô
�

Æ ����
*

=  

 ( )[ ]�ÔÔÍÔ
�

Æ �������� +−=
(

 �Ô
�

Æ ����
*

=    (53) 

( )[ ]�ÔÔÍ
�

Æ �������� +−= σ
(

 �Ô
�

Æ ����
*

=  

 

]^_� ( )Í�� +
= (

*  – fh^mev�k^\b]Z; Í  – dhwnnbpb_gl�K� ImZkkhgZ� 

 <ujZ`Zy�ba�mjZ\g_gbc������gZijy`_gby��ihemqZxl: 

kj* Ì�ÆÆ�Ô ���� += , �ÆÕ ���� *=  

�ÌÆÆ�Ô ���� kj* +=  ���� ÆÕ *= ,    (54) 

 �ÌÆ�Æ�Ô ���� kj* +=  �ÆÕ ���� *=  

]^_�  �
Í��

�Í
Ì

−
= *

 

  
>ey�j_r_gby�ijhkljZgkl\_gguo�aZ^Zq�l_hjby�mijm]hklb�jZkiheZ]Z_l�

iylgZ^pZlvx�hkgh\gufb�mjZ\g_gbyfb��Z�bf_ggh��lj_fy�klZlbq_kdbfb������ 
r_klvx�]_hf_ljbq_kdbfb�b�r_klvx�nbabq_kdbfb�mjZ\g_gbyfb������ 
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�����AZfdgmlZy�kbkl_fZ�mjZ\g_gbc�l_hjbb�mijm]hklb 
b�f_lh^u __�j_r_gby 

 
<� l_hjbb� mijm]hklb� jZkkfZljb\Zxl� ^\Z� \b^Z� aZ^Zq: klZlbq_kdb_� b�

^bgZfbq_kdb_��>ey�ijhkljZgkl\_gguo�klZlbq_kdbo�aZ^Zq�g_�jZkkqblu\Zxl�
kdhjhklb�b�mkdhj_gby.  

Ba�baeh`_ggh]h�\ur_�\b^gh��qlh�aZ^Zq_c�l_hjbb�mijm]hklb�y\ey_lky�
jZaukdZgb_�r_klb�nmgdpbc�^ey�dhfihg_glh\�l_gahjZ�gZijy`_gbc��r_klb�
nmgdpbc�^ey�dhfihg_glh\�l_gahjZ�^_nhjfZpbb�b�lj_o�nmgdpbc�^ey�dhf-
ihg_glh\�kf_s_gbc��ih^klZgh\dZ�dhlhjuo�\�i_j_qbke_ggu_�\ur_�mjZ\g_-
gby� m^h\e_l\hjy_l� bo� lh`^_kl\_ggh�� Djhf_� lh]h�� gZ� ih\_joghklb� l_eZ�
^he`gu�[ulv�m^h\e_l\hj_gu� ]jZgbqgu_�mkeh\by�ih� aZ^Zgguf�gZ]jmadZf�
(9) beb�ih�aZ^Zgguf�kf_s_gbyf� 
 Ijb�ijyfhf�j_r_gbb�aZ^Zqb�mjZ\g_gby�g_jZaju\ghklb�kZfb�ih�k_[_�
dZd�\ul_dZxsb_�ba� ]_hf_ljbq_kdbo�khhlghr_gbc�g_�gm`gu�b�fh]ml�\u�
ihegylv�jhev�dhgljhevguo�mjZ\g_gbc.  
 Iml_f� ihke_^h\Zl_evgh]h� bkdexq_gby� gZijy`_gbc� b� ^_nhjfZpbc��
\ujZ`Z_fuo�q_j_a�kf_s_gby��\f_klh�aZibkb�mihfygmlhc�kbkl_fu�mjZ\g_�
gbc�ijboh^yl�d�mjZ\g_gbx�jZ\gh\_kby��^\b`_gby��=� EZf_:  
 

( ) �Ò
É

Ì � =+∇+
∂
∂+ LL
L

;X*
[

* ,   (55) 

]^_� == kj�ÆÉ ��� ÆÆÆ ++ ; i = 1, 2, 3. 

 F_lh^�j_r_gby�aZ^Zq�k�ihfhsvx�mjZ\g_gby������gZau\Zxl�f_lh^hf�
i_j_f_s_gbc.  

Iml_f�ihke_^h\Zl_evgh]h�bkdexq_gby�^_nhjfZpbc�b�i_j_f_s_gbc�
ijb�ihklhygkl\_�h[t_fguo�kbe�\�l_hjbb�mijm]hklb�>�����@�ihemqZxl�lZd`_� 
r_klv�mjZ\g_gbc�W. ;_evljZfb�hlghkbl_evgh�gZijy`_gbc�  

Ijb� aZf_g_� h[hagZq_gby� dhhj^bgZl� x b� m� \� ^Zgguo� mjZ\g_gbyo� gZ�

��� �� [[[ �khdjZs_ggZy�nhjfZ�bo�aZibkb�bf__l�\b^ 

( ) �
Ô

ÔÍ�
�

� =
∂∂

∂+∇+
NL

LN
[[

, (i=1,2,3; k=1,2,3),   (56) 

]^_� �Ô = 3 �Ô . 

 F_lh^�j_r_gby�aZ^Zq�k�ihfhsvx�mjZ\g_gby������gZau\Zxl�f_lh^hf�
kbe.  



 35 

Ih\_joghklgu_� mkeh\by� \� ^Zgghf� kemqZ_� ^he`gu� [ulv� \ujZ`_gu�
q_j_a� kf_s_gby��K�mq_lhf�baf_g_gby�h[hagZq_gbc�dhhj^bgZl�ih� kjZ\g_�
gbx�k�aZibkvx�mjZ\g_gbc�\�jZ[hl_�>�@�]jZgbqgu_�mkeh\by�[m^ml�bf_lv�\b^ 
 

=Q
LS 





∂
∂

+





∂
∂

+ N
L

N
N

N

L
L O

X

X
*O

X

X
*OÉλ , (i =1,2,3; �����=N ). (57) 

 

�����Iehkdh_�gZijy`_ggh_�khklhygb_ 

>ey� iehkdh]h gZijy`_ggh]h� khklhygby� h[t_dlhf� jZkq_lZ� y\ey_lky�
ieZklbgdZ,�b�\k_�\g_rgb_�kbeu�e_`Zl�\�k_j_^bgghc�iehkdhklb��__�ijbgb�
fZxl� aZ�iehkdhklv� ��R[[ ���KqblZ_lky��qlh�kbeu�hlkmlkl\mxl�\�gZijZ\e_�

gbb��i_ji_g^bdmeyjghf�d�iehkdhklb�ieZklbgdb��\�gZijZ\e_gbb�hkb� �R[ ).  

Ij_^iheh`bf��qlh�\�g_dhlhjhc�lhqd_�l_gahj�gZijy`_gbc�aZ�kq_l�ih-
\hjhlZ�kbkl_fu�dhhj^bgZl�ijb\_^_g�d�^bZ]hgZevghfm�\b^m�������JZkkfhl-
jbf�qZklguc�kemqZc�gZijy`_ggh]h�khklhygby�kiehrghc�kj_^u��dh]^Z�h^gh�

ba� ]eZ\guo� gZijy`_gbc�� gZijbf_j� σ3, jZ\gh� gmex�� L_gahj� gZijy`_gbc��

khhl\_lkl\mxsbc�^Zgghfm�kemqZx��bf__l�\b^: 

���

�Ô�

��Ô

 �

�

Ô7 .                         (58) 

AZibkv�Tσ k�ihfhsvx� \ujZ`_gby� �����mdZau\Z_l�gZ� lh��qlh \� wlhc�

lhqd_�bf__lky�iehkdh_�gZijy`_ggh_�khklhygb_�  
?keb�\h�\k_o�lhqdZo�l_eZ�bf__l�f_klh�iehkdh_�gZijy`_ggh_�khklhy�

gb_��lh�l_gahj�gZijy`_gbc�aZibku\Zxl�\�\b^_� 
 

����

����
Ô ÔÔ

ÔÔ
 7 .     (59) 

 
>ey�hij_^_e_gby�bg\ZjbZglh\�jZkkfhljbf�dZghgbq_kdh_�mjZ\g_gb_�

(13���dhlhjh_�k�mq_lhf� �Ô� = �ij_h[jZam_lky�d�\b^m 

 

�Ì �
�

�
� =+− λλ ,, .    (60) 
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Bg\ZjbZglu�l_gahjZ�bf_xl�\b^ 

 

������� ÔÔÔÔ +=+=, , 

�
������� ÔÔÔ −=, = ��ÔÔ .          (61) 

 

AZibkv�l_gahjZ�^_nhjfZpbc�\�^_dZjlh\hc�kbkl_f_�dhhj^bgZl�bf__l�

\b^ 

 

Æ7 = 

��

����

����

Æ��

�ÆÆ

�ÆÆ

,                                     (62) 

 
ijbq_f LMÔ �b� LMÆ �g_�aZ\bkyl�hl�dhhj^bgZlu� �[ . 

Kbkl_fZ�mjZ\g_gbc�\dexqZ_l�\hk_fv�mjZ\g_gbc��^\Z�mjZ\g_gby�jZ\�

gh\_kby��ihemqZ_fu_�ba�nhjfmeu�(51��ijb�hlkmlkl\bb�fZkkh\uo�kbe: 

 

 

��
ÔÔ

�

��

�

�� =
∂
∂

+
∂

∂
[[

  ��
ÔÔ

�

��

�

�� =
∂

∂
+

∂
∂

[[
;  (63) 

 

ljb�mjZ\g_gby�k\yab�^_nhjfZpbc�k�i_j_f_s_gbyfb� 

=��Æ
�

�

[

X

∂
∂

, =���Æ
�

�

[

X

∂
∂

, =��Æ
�

�
 (

�

�

[

X

∂
∂

+
�

�

[

X

∂
∂

);  (64) 

 

ljb�mjZ\g_gby�khklhygby��ihemqZ_fu_�ba�\ujZ`_gby�(53) 

 

=��Æ  
(

�
( ���� ÔÔ µ− ), =��Æ  

(

�
( ���� ÔÔ µ− ), =���Æ

�

�

*

��Ô
 . (65) 

 

Wlb�mjZ\g_gby�kh^_j`Zl�\hk_fv�i_j_f_gguo: �Ô�Ô�Ô ������ ���� Æ�Æ , 

��Æ , ��X  �X . 
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Hlghkbl_evgh_�m^ebg_gb_�\�gZijZ\e_gbb�hkb� �[ �gZoh^yl�ih�lj_lv_c�

nhjfme_� ��3), =��Æ ���ÔÍ�Ô ���� (+−  GZc^_ggu_�nmgdpbb�^ey�^_nhjfZ�

pbc�^he`gu�m^h\e_l\hjylv�i_j\h_�mjZ\g_gb_�kh\f_klghklb 

�
Æ

�
[

Æ

[

Æ

��

��
�

�
�

��
�

�
�

��
�

[[ ∂∂
∂

=
∂

∂
+

∂

∂
   (66) 

 
J_r_gb_�iehkdhc�aZ^Zqb�l_hjbb�mijm]hklb \�gZijy`_gbyo 

Ih^klZ\eyy� \�mjZ\g_gb_� kh\f_klghklb� ����� \ujZ`_gby� �����^ey�^_�
nhjfZpbc��ihemqZxl�mjZ\g_gb_��kh^_j`Zs__�lhevdh�gZijy`_gby��>bnn_�
j_gpbjmy�i_j\h_�mjZ\g_gb_�jZ\gh\_kby� �����ih� �[ ,�Z�\lhjh_�ih� �[ ��kdeZ�

^u\Zy�ihemq_ggu_�\ujZ`_gby��ihke_�ij_h[jZah\Zgbc�gZoh^yl:  

( ) ��ÔÔ ����
� =+∇     (67) 

]^_� ( ) ( )












∂

∂+
∂

∂=∇
�
�

�

�
�

�
�

[[
. 

MjZ\g_gb_� �����\f_kl_�k�\ujZ`_gb_f� �����khklZ\eyxl�kbkl_fm�lj_o�
mjZ\g_gbc�k� lj_fy�i_j_f_ggufb – gZijy`_gbyfb� �Ô�Ô�Ô ������ �Kbkl_fZ�

wlZ�kijZ\_^eb\Z�b�^ey�iehkdh]h�^_nhjfbjh\Zggh]h�khklhygby��_keb�fZkkh�
\u_�kbeu�hlkmlkl\mxl�� 
 Dhfihg_glu� ���ÔÔ ������ [[= � b� =��Ô ���Ô ���� [[ � y\eyxlky� ]Zjfh�

gbq_kdbfb�nmgdpbyfb�� m^h\e_l\hjyxsbfb� mjZ\g_gbx�I�EZieZkZ� ��7�� b�
]jZgbqguf�mkeh\byf� 
 >ey�^Zevg_cr_]h�h[e_]q_gby�j_r_gby�iehkdhc�aZ^Zqb�\f_klh�hij_�
^_e_gby� lj_o�nmgdpbc� ������ Ô�Ô�Ô  ^hklZlhqgh�hij_^_eblv�h^gm� lZd�gZ�

au\Z_fmx�nmgdpbx�gZijy`_gbc, k�ihfhsvx�dhlhjhc�\k_�bkdhfu_�nmgd�
pbb�gZoh^yl ^bnn_j_gpbjh\Zgb_f� 
 Dhfihg_glu� Ô7 � \� iehkdhc� aZ^Zq_� ij_^klZ\eyxl� q_j_a� nmgdpbx�

),( yxϕ �ke_^mxsbf�h[jZahf:  

,1
2

2

11
y∂
ϕ∂=  2

2

221

x∂
ϕ∂= , 

yx∂∂
ϕ∂−=

2

121 ,   (68)  

]^_� −ϕ �nmgdpby�gZijy`_gbc�Wjb�� 

. 
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 JZkij_^_e_gb_�gZijy`_gbc������m^h\e_l\hjy_l�mjZ\g_gbyf�jZ\gh\_�

kby�������h[jZsZy�bo�\�lh`^_kl\Z� 

 LZdbf�h[jZahf��iehkdZy� aZ^ZqZ�l_hjbb�mijm]hklb�k\h^blky�d�j_r_�

gbx�[b]Zjfhgbq_kdh]h�mjZ\g_gby  

 

4
2

4

2
2

2
1

4

4
1

4

2
xxxx ∂

ϕ∂+
∂∂
ϕ∂+

∂
ϕ∂

 = ∆ ∆ ϕ  = 0.   (69) 

  

Ihkdhevdm� nhjfmeu� ����� y\eyxlky� lhevdh� ke_^kl\b_f� mgb\_jkZevguo�

mjZ\g_gbc� jZ\gh\_kby�� hgb� \_jgu� ^ey� j_r_gby�iehkdbo� aZ^Zq�g_� lhevdh�

ijb�mijm]hc��gh�b�ijb�ieZklbq_kdhc�^_nhjfZpbb�� 

 QZklh�nmgdpbx�gZijy`_gbc�\u[bjZxl�\�\b^_�ihebghfZ�x,y, ih^[b�

jZy� _]h� dhwnnbpb_glu� lZd�� qlh[u� m^h\e_l\hjblv� [b]Zjfhgbq_kdh_� mjZ\�

g_gb_� �����b�]jZgbqgu_�mkeh\by��LZdh_�j_r_gb_�aZ^Zqb�gZau\Z_lky�j_r_�

gb_f�\�ihebghfZo. 

 

 

�����Iehkdh_�^_nhjfbjh\Zggh_�khklhygb_ 
  

 MjZ\g_gby� ����� hklZxlky� [_a� baf_g_gby� b� ^ey� kemqZy� iehkdhc� ^_�

nhjfZpbb��dh]^Z�hlkmlkl\mxl�i_j_f_s_gby�b�^_nhjfZpbb�\�gZijZ\e_gbb�

hkb� ��R[  

JZaebqb_�f_`^m�iehkdbf�gZijy`_gguf�khklhygb_f�b�kemqZ_f�ieh�

kdhc� ^_nhjfZpbb� aZdexqZ_lky� \� gZebqbb� \� i_j\hf� kemqZ_� dhfihg_glu�

kf_s_gby� �X � ijb� hlkmlkl\bb� gZijy`_gby� �Ô �� Z� \h� \lhjhf� kemqZ_ – \�

hlkmlkl\bb�dhfihg_glu�kf_s_gby� �X b�gZebqbb�dhfihg_glu �Ô .  

 <�i_j\hf�kemqZ_� ==
�

Æ��
PD[
�

W
X - ( )

�
ÔÔ

Í
����

W

(
+ ; (t – lhesbgZ�ieZ-

klbgu). <h�\lhjhf�kemqZ_� ( )������ ÔÔÍÔ += . 

 

AZ^ZqZ�� JZkkqblZlv� gZijy`_ggh-^_nhjfbjh\Zggh_� khklhygb_� ljm[u�

�jbk�8)  \ �mkeh\byo� iehkdh]h� ^_nhjfbjh\Zggh]h  �khklhygby��  <uqbkeblv 
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agZq_gby�i_j_f_s_gbc� UX b�gZijy`_gbc� ααÔ�Ô UU �b� ]]Ô  ijb�Z� �����ff��

b = ����ff; DS = 200 FIZ; ���=ES FIZ; =* 8,1 ⋅104 FIZ; Í=0,28. Ko_�

fZ,�khhl\_lkl\mxsZy�ihklZgh\d_�aZ^Zqb��ijb\_^_gZ�gZ�jbk.8,Z. 

 
 

             
 

 

 

 

 

 

 

F_lh^bdZ�j_r_gby 

 Bkihevam_f�pbebg^jbq_kdmx�kbkl_fm�dhhj^bgZl� �jbk��,[���Dhhj^b�

gZlgu_�ebgbb� ]U Â�� �gZijZ\e_gu�khhl\_lkl\_ggh�ih�jZ^bmkm�ljm[u��\ hd�

jm`ghf�gZijZ\e_gbb b \^hev�ljm[u��LZd dZd ^_nhjfbjh\Zggh_�khklhygb_�

iehkdh_��Z�gZ]jmadZ�jZkij_^_e_gZ�jZ\ghf_jgh�ih�dhglmjm��lh�gZijy`_ggh-

^_nhjfbjh\Zggh_� khklhygb_� y\ey_lky� hk_kbff_ljbqguf�� Ijb� wlhf� gZ�

ijy`_gby� g_� aZ\bkyl� hl� dhhj^bgZlu� Â�� Z� f_jb^bZevgu_� k_q_gby� l_eZ�

FRQVW Â �g_�kf_sZxlky�^jm]�hlghkbl_evgh�^jm]Z� 

 LZd� dZd� �ÔÔ ÂÂ == UU ��hlebqgu� hl�gmey� lhevdh�ghjfZevgu_�gZijy�

`_gby� �ÔÔ�ÔÔ�ÔÔ ��ÂÂ� UU]] === �Ba�lj_o�dhfihg_gl�\_dlhjZ�i_j_f_s_�

gbc� X& �^\_� ( ÂX
&  b� ]X

&
��jZ\gu�gmex��Z� UX

& aZ\bkbl�lhevdh�hl�dhhj^bgZlu� U . 

Ke_^h\Zl_evgh�� lhqdb� ljm[u�i_j_f_sZxlky� \� jZ^bZevguo�gZijZ\e_gbyo��

Khhlghr_gb_�f_`^m�\gmlj_ggbf� DS �b�gZjm`guf� ES �^Z\e_gbyfb�iheZ]Z�

_f�lZdbf��qlh�\gmlj_ggbc�D �b�gZjm`guc�E �jZ^bmku�ljm[u�m\_ebqb\Zxlky�  

pb 

pa 

a 

b 

y 

x 

]  ]]Ô
&  

r x 
Â 

 

UUÔ
&

ÂÂÔ
&  

]UÔ
&  

U]Ô
&  

UÂÔ
&  ÂÔU

*  

ÂÔ]
&  

Jbk�� 
a) [) 
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Kbkl_fZ�mjZ\g_gbc�khklhbl�ba�h^gh]h�mjZ\g_gby�jZ\gh\_kby 

��
ÔÔÔ ÂÂ =

−
+

∂
∂

UU

UUUU                                     (70) 

khhlghr_gbc�f_`^m�^_nhjfZpbyfb�b�i_j_f_s_gbyfb 

�Æ
U

XU
UU ∂

∂
=  �ÆÂÂ

U

XU=                                  (71) 

mjZ\g_gbc�khklhygby��\�]eZ\guo�hkyo l_gahjZ�gZijy`_gbc� 

�ÌÉ�Ô��ÌÉ�Æ�Ô���ÌÉ�Æ�Ô ÂÂÂÂ =+=+= ]]UUUU ** ,              (72) 

]^_� ÂÂÆÆ��É += UU - hlghkbl_evgh_�baf_g_gb_�h[t_fZ; Í������Í�Ì −= *  

<hkihevam_fky�j_r_gb_f�aZ^Zqb�\�i_j_f_s_gbyo��ihemq_gguf�\�jZ�

[hl_� >�@�� Nhjfmeu� gZijy`_gbc�� khhl\_lkl\mxsb_� ^Zgghfm� j_r_gbx��

bf_xl�\b^: 

��

��

Ô
DE

ESDS ED
UU

−

−
=  – 

�� DE

SS ED

−

−
�

��

U

ED
,                       (73) 

��

��

ÂÂÔ
DE

ESDS ED

−

−
=  +

�� DE

SS ED

−

−
�

��

U

ED
,                     (74) 

��

Ì
Ô

λ+
=

*
]] ��

��

DE

ESDS ED

−

−
.                            (75) 

Mijm]b_�i_j_f_s_gby�\uqbkeyxl�ih�nhjfme_ 

=UX
Ì��� +*

U

��

��

DE

ESDS ED

−

−
+

*U�

�

��

�� ��

DE

SSED ED

−

−
.  (76) 

=jZnbdb� �� dhfihg_glh\� gZijy`_gbc� b� i_j_f_s_gbc� ih� k_q_gbx�

ljm[u�� ihemq_ggu_� \� j_amevlZl_� jZkq_lh\� ih�nhjfmeZf� ���-76),� b� h^gh�

bf_ggu_�]jZnbdb����ihemq_ggu_�\�j_amevlZl_�jZkq_lh\�f_lh^hf�dhg_qguo�

we_f_glh\��FDW��>�@��ijb\_^_gu�gZ�jbk�9,Z�[�\. Ih�\g_rg_fm�\b^m�b [eba�

dhfm�\aZbfghfm�jZkiheh`_gbx�]jZnbdh\���b���fh`gh�k^_eZlv�\u\h^��qlh�

FDW�h[_ki_qb\Z_l�lhqghklv�\uqbke_gbc�iZjZf_ljh\��[ebadmx�d�lhqghklb�

ZgZeblbq_kdh]h�j_r_gby�^Zgghc�aZ^Zqb�� 
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JZkq_lu�ihdZaZeb�mf_gvr_gb_�^Zgguo�iZjZf_ljh\�\�gZijZ\e_gbb�d�
gZjm`ghc� kl_gd_��<� lh�`_� \j_fy� hdjm`gu_�gZijy`_gby�i_j_oh^yl� \� h[�
eZklv� hljbpZl_evguo� agZq_gbc�� JZ^bZevgu_� gZijy`_gby� y\eyxlky� k`b�
fZxsbfb�\h�\k_c�h[eZklb� 

;ebadh_�jZkiheh`_gb_�jZkq_lguo�]jZnbdh\���b���gZ�dZ`^hf�ba�jb�
kmgdh\�ihdZau\Z_l��qlh�lhqghklv�\uqbke_gby�iZjZf_ljh\�f_lh^hf�dhg_q�
guo� we_f_glh\� y\ey_lky� khihklZ\bfhc� k� lhqghklvx� \uqbke_gby� k� ihfh�
svx�nhjfme���� – 76).  

GZ� hkgh\_� ZgZebaZ� ]jZnbdh\� gZ� jbk� 9� e_]dh� mklZgh\blv�� qlh� jZk�
kfhlj_ggu_� mkeh\by� jZ[hlu� ih^� gZ]jmadhc� y\eyxlky� ijb_fe_fufb� ijb�
klZlbq_kdbo�mkeh\byo�gZ]jm`_gby��lZd�dZd�jZkq_lgu_�gZijy`_gby�gZfgh]h�
f_gvr_� ij_^_eZ� ijhqghklb� klZe_c�� :gZeba� ]jZnbdh\� i_j_f_s_gbc� gZ�
jbk� 9,Z ihdZau\Z_l�� qlh� m\_ebq_gb_� \gmlj_gg_]h� ^bZf_ljZ� khklZ\ey_l�
������ff��Z�gZjm`gh]h�– ������ff� 
 <� jZ[hl_� [9]� mklZgZ\eb\Z_lky�� qlh�fZl_jbZe� ljm[�i_j_oh^bl� \�ieZ�
klbq_kdh_�khklhygb_�ijb� VÔÔ =L , ]^_� VÔ  – ij_^_e�l_dmq_klb�ijb�jZkly`_�

gbb��JZ\_gkl\h� 
 Ô Ô VL  const     (77) 

 
gZau\Zxl mkeh\b_f�ieZklbqghklb�=� =_gdb – J� Fba_kZ��Kh]eZkgh� wlhfm�
mkeh\bx� ijb� keh`ghf� gZijy`_gghf� khklhygbb�fZl_jbZe� \_^_l� k_[y� dZd�
mijm]bc��_keb�bgl_gkb\ghklv�gZijy`_gbc�g_�ij_\urZ_l�ij_^_eZ�mijm]h�
klb� ijb� ijhklhf� jZkly`_gbb� >�@�� <� l_hjbb� ieZklbqghklb� kms_kl\m_l� b�
^jm]h_�mkeh\b_�ieZklbqghklb��ij_^eh`_ggh_�R� Dmehghf��Z�aZl_f�:� K_g-
<_gZghf��Kh]eZkgh�wlhfm�mkeh\bx�fZl_jbZe�i_j_oh^bl�\�ieZklbq_kdh_�kh�
klhygb_��dh]^Z�gZb[hevr__�dZkZl_evgh_�gZijy`_gb_�^hklb]g_l�g_dhlhjhc�
ihklhygghc�\_ebqbgu� 

 

VÕÕPD[ = .     (78) 

 

 Kh]eZkgh�ij_^klZ\e_gbyf��baeh`_gguf�\�jZ[hl_�>9], VV Ô
�

�
Õ = . 

:gZeba� ijb\_^_gguo� ]jZnbdh\� iha\hey_l� k^_eZlv� aZdexq_gb_�� qlh�

LÔ � ijbgbfZ_l� gZb[hevrb_� agZq_gby� ijb� =U  a��IeZklbq_kdh_� khklhygb_�

ljm[u�gZklmibl�ij_`^_�\k_]h�gZ�\gmlj_gg_c�ih\_joghklb��ijbq_f�wlh�ijh�
bahc^_l�kh]eZkgh�mkeh\bx�ieZklbqghklb������� 
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DZd�ihdZaZe�:�:�Bevxrbg� [9]��^Z\e_gb_�ijb�wlhf�^hklb]g_l�agZq_�
gby 
 

( )
���

��

Í�����

Ô

DE

DE
S V
D

−+

−
=′ .    (79) 

 
 Ijb� m\_ebq_gbb� \gmlj_gg_]h� ^Z\e_gby� ]jZgbpZ� f_`^m� h[eZklyfb�
mijm]bo�b�mijm]h-ieZklbq_kdbo�^_nhjfZpbc�[m^_l�ijh^\b]Zlvky�d�\g_r�
g_c� ih\_joghklb� ljm[u�� GZdhg_p� ijb� g_dhlhjhf� agZq_gbb� SSD = � \ky�

ljm[Z� i_j_c^_l� \� mijm]h-ieZklbq_kdh_� khklhygb_� NhjfmeZ�� khhl\_lkl�
\mxsZy�mdZaZgghfm�kemqZx��bf__l�\b^: 

 

�OQ
�

Ô� V

D

E
S =      (80) 

 

Dhgljhevgu_�\hijhku 

2.1. GZ�dZdbo�^hims_gbyo�hkgh\u\Z_lky�\u\h^�mjZ\g_gbc�ebg_cghc�
l_hjbb�mijm]hklb"  

2.2.�DZdhc�\b^�k\yab�bkihevam_lky�f_`^m�dhfihg_glZfb�gZijy`_gbc 
b�^_nhjfZpbc�\�ebg_cghc�l_hjbb�mijm]hklb?  

2.3.� Qlh� ihgbfZ_lky� ih^� bahljhighc� kj_^hc� b� Zgbahljhib_c�
k\hckl\?  
 2.4. <�q_f�khklhbl�aZ^ZqZ�ebg_cghc�l_hjbb�mijm]hklb?  
 �����DZdb_�mjZ\g_gby�\oh^yl�\�kbkl_fm�mjZ\g_gbc�ebg_cghc�l_hjbb 
mijm]hklb? GZibkZlv�mjZ\g_gby�b�h[tykgblv�bo�agZq_gb_�� 

2.6. Qlh�ihgbfZxl�ih^�fZeufb�^_nhjfZpbyfb"� 
2.7. Ihq_fm�l_hjby�mijm]hklb�gZau\Z_lky�ebg_cghc?  
2.8. <�q_f�aZdexqZ_lky�hlebqb_�ihklZgh\db�klZlbq_kdhc�aZ^Zqb�l_h-

jbb�mijm]hklb�hl�^bgZfbq_kdhc?  
2.9. <�q_f�aZdexqZ_lky�kfuke�ihgylby� “aZfdgmlZy�kbkl_fZ mjZ\g_�

gbc�l_hjbb�mijm]hklb”? 
2.10. <�q_f�hlebqb_�ihgylbc “iehkdh_�gZijy`_ggh_” �b� “iehkdh_ ^_�

nhjfbjh\Zggh_” khklhygb_? Ijb\_klb�aZibkb�l_gahjh\ gZijy`_gbc�b�^_�
nhjfZpbc�^ey�mdZaZgguo�kemqZ_\.  
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2.11. <�q_f�hlebqby�mjZ\g_gbc�^ey�iehkdh]h�gZijy`_ggh]h�b iehk�
dh]h�^_nhjfbjh\Zggh]h�khklhygby�bahljhigh]h�l_eZ" 

 2.12. DZdZy�kbkl_fZ�mjZ\g_gbc�l_hjbb�mijm]hklb�kqblZ_lky�aZfdgm�
lhc? AZibkZlv�mjZ\g_gby�^Zgghc�kbkl_fu� 

2.13. DZd�aZibku\Zxl�k\yav�f_`^m�gZijy`_gbyfb�b�^_nhjfZpbyfb \�
ebg_cghc�l_hjbb�mijm]hklb"� 
 2.14.�DZd�hij_^_eyxl�khijhlb\e_gb_�ieZklbq_kdhc�^_nhjfZpbb?  
 2.15. DZdb_�ljb�ijhklu_�j_heh]bq_kdb_�fh^_eb�bkihevamxl�\�l_ogh�
eh]bq_kdhc�f_oZgbd_?  

2.16. DZdZy� j_heh]bq_kdZy�fh^_ev�bah[jZ`Z_l� k\hckl\h�ieZklbqgh�
klb?  
 2.17. Qlh�lZdh_�f_oZgbq_kdZy�fh^_ev�b�j_heh]bq_kdZy�djb\Zy?�Ijb�
\_klb�ijbf_ju�^ey�ebg_cgh-mijm]hc�b�`_kldh-ieZklbq_kdhc�kj_^u� 

2.18. Qlh�lZdh_�mkeh\b_�ieZklbqghklb? AZibkZlv�_]h�^ey h^ghhkgh]h�
jZkly`_gby. 

2.19. <� q_f� hlebqb_� mkeh\by� ieZklbqghklb� :� Lj_kdZ – :�� K_g-
<_gZgZ�hl�mkeh\by�ieZklbqghklb�ijb�h^ghhkghf�jZkly`_gbb?  

2.20. AZibkZlv� ZgZeblbq_kdh_� \ujZ`_gb_� mkeh\by� ieZklbqghklb�
F� Om[_jZ�– J� Fba_kZ.  

L_fZ����MJ:<G?GBY�KHKLHYGBY�IE:KLBQ?KDHC�KJ?>U 

Ijbgylh�kqblZlv��qlh�\�bgl_j\Ze_�\j_f_gb� @�> �� WW �aZ^Zg�ijhp_kk�^_�

nhjfZpbb� l_eZ�� _keb� aZ^ZgZ� g_ij_ju\gh� ^bnn_j_gpbjm_fZy� ih� \j_f_gb�
l_gahjgZy nmgdpby Æ7  = Æ7 ( ��� ���� W[[[ . :gZeh]bqgh aZ^Zg ijhp_kk� gZ�

]jm`_gby� l_eZ�� _keb� aZ^ZgZ� g_ij_ju\gh� ^bnn_j_gpbjm_fZy� ih� \j_f_gb�
l_gahjgZy�nmgdpby� Ô7  = Ô7 ( ��� ���� W[[[ . 

 Ijhp_kku�^_nhjfZpbb�b�gZ]jm`_gby�g_�fh]ml�[ulv�aZ^Zgu�g_aZ\b�
kbfh�^jm]�hl�^jm]Z��F_`^m�gbfb� _klv� k\yav��hij_^_ey_fZy�nbabq_kdbfb�
k\hckl\Zfb�kj_^u��gZijbf_j�aZdhghf J� =mdZ���<�hkgh\m�l_hjbb�mjZ\g_gbc�
khklhygby�iheh`_g�ijbgpbi�fZdjhkdhibq_kdhc�hij_^_ebfhklb�:�:� Bev�
xrbgZ��y\eyxsbcky�hkgh\guf�ihklmeZlhf�l_hjbb�ieZklbqghklb�� 
 <hijhku� gZoh`^_gby�n_ghf_gheh]bq_kdbo� k\ya_c�f_`^m� gZijy`_�
gbyfb�b�^_nhjfZpbyfb�ijb�f_oZgbq_kdbo�bkiulZgbyo�� \b^u� j_heh]bq_�
kdbo�fh^_e_c�kiehrghc�kj_^u�b�bo�ZgZeblbq_kdb_�aZ\bkbfhklb�jZkkfhl�
j_gu�\�jZ[hlZo�[1 – 6, 8,9].  
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  <� hkgh\_� mjZ\g_gbc� khklhygby� ieZklbq_kdb� ^_nhjfbjm_fh]h� l_eZ�
e_`bl�khhlghr_gb_��gZau\Z_fh_�ihklmeZlhf�>jmd_jZ.  

Kh]eZkgh�ihklmeZlm�>jmd_jZ�\�pbde_�gZ]jm`_gb_ – jZa]jmadZ�^h[Z�
\hqgu_�gZijy`_gby�\uihegyxl�iheh`bl_evgmx�jZ[hlm��_keb�bf_eb�f_klh�
ieZklbq_kdb_�^_nhjfZpbb�� 
 :kkhpbbjh\Zgguc� aZdhg� l_q_gby� [2,5,8]� hljZ`Z_l� lhl�nZdl�� y\eyx�
sbcky� ke_^kl\b_f� ihklmeZlZ�>jmd_jZ�� qlh� \_dlhj� aZ^Zgguo� ijbjZs_gbc�

ieZklbq_kdbo� ^_nhjfZpbc� S
LMGH gZijZ\e_g� ih� ghjfZeb� d� ih\_joghklb� gZ�

]jm`_gby� VΣ ��mjZ\g_gb_�dhlhjhc�bf__l�\b^� 

 
�Ô� LMVI = 0,     (81) 

 
]^_� LMÔ -� ^_ckl\bl_evgu_� gZijy`_gby�� m^h\e_l\hjyxsb_� mkeh\bx� ieZ�

klbqghklb� 
 

Dhgljhevgu_�\hijhku 
 

3.1. <�dZdhc�fZl_fZlbq_kdhc�nhjf_�aZ^Zxl�ijhp_kk�^_nhjfZpbb" 
3.2. <�dZdhc�fZl_fZlbq_kdhc�nhjf_�aZ^Zxl�ijhp_kk�gZ]jm`_gby?  
3.3. <� dZdhc� nhjf_� mklZgZ\eb\Zxl� k\yav� ijhp_kkh\� ^_nhjfZpbb� b� gZ�

]jm`_gby? 
3.4. Qlh�y\ey_lky�hkgh\guf�ihklmeZlhf�l_hjbb�ieZklbqghklb" 
3.5. Qlh�\oh^bl�\�ihgylb_�©pbde�gZ]jm`_gb_�–�jZa]jmadZª?  
3.6. <�q_f�khklhbl�mkeh\b_�gZqZeZ�ieZklbqghklb :��K_g-<_gZgZ?  
3.7. DZdb_�\hijhku�bamqZ_l�j_heh]by? 
3.8. DZdb_�ijhkl_crb_�j_heh]bq_kdb_�fh^_eb�\u�agZ_l_? 
3.9. Qlh�lZdh_�iheamq_klv�b�j_eZdkZpby? 
3.10. <�q_f� khklhbl�\ebygb_� kdhjhklb�^_nhjfZpbb�gZ�^bZ]jZffm�gZijy�

`_gbc? 
3.11. <�q_f�hlebqb_�mjZ\g_gbc��hibku\Zxsbo�ih\_^_gb_�kj_^�\�qZklghf�

kemqZ_�ebg_cgh]h�gZijy`_ggh]h�khklhygby��hl�h[sbo�aZ\bkbfhkl_c? 
3.12. DZdbf�k\hckl\hf�h[eZ^Z_l�ih\_joghklv�ieZklbqghklb? 
3.13. Qlh�lZdh_�djb\Zy�ieZklbqghklb? 
3.14. <�q_f�khklhbl�]jZnbq_kdh_�bah[jZ`_gb_�ih\_joghklb�ieZklbqghklb�

:��Lj_kdZ�–�:��K_g-<_gZgZ? 
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3.15. Qlh�hagZqZ_l�mkeh\b_�ieZklbqghklb�=m[_jZ�–�J��Fba_kZ? 
3.16. GZ� dZdhc� ]bihl_a_� hkgh\u\Z_lky� i_j_oh^� hl� djb\hc� �Ô���Æ d� djb\hc�

=7 − ? 
3.17. DZdb_�^hims_gby�kem`Zl�bkoh^gufb�iheh`_gbyfb�l_hjbb�fZeuo�

mijm]h-ieZklbq_kdbo�^_nhjfZpbc" 
3.18. DZdh_�gZ]jm`_gb_�l_eZ�y\ey_lky�ijhkluf" 
3.19.  DZdZy�ko_fZ�j_Zebam_lky�ijb�djmq_gbb? 
  
 

L_fZ����DJ:?<U?�A:>:QB 
 

�����Kbkl_fZ�mjZ\g_gbc�l_hjbb�ieZklbqghklb�b�djZ_\u_�mkeh\by 
 

Dhg_qghc� p_evx� l_hjbb� ieZklbqghklb� ijbf_gbl_evgh� d� h[jZ[hld_�
f_lZeeh\ ^Z\e_gb_f b j_aZgb_f y\ey_lky jZajZ[hldZ f_lh^h\ jZkq_lZ�gZ�
ijy`_ggh-^_nhjfbjh\Zggh]h�khklhygby��dhlhjh_�oZjZdl_jbam_lky�l_gahj�
gufb�iheyfb�gZijy`_gbc� Ô7 ��^_nhjfZpbc� Æ7 ��kdhjhkl_c�^_nhjfZpbc�

Ï
7 , 

\_dlhjgufb�iheyfb�i_j_f_s_gbc� X ��kdhjhkl_c� Y ��mkdhj_gbc� �D �iehlgh�

klb� ρ �b�l_fi_jZlmju� É . <�jZ[hl_ [5] ihemq_gu����mjZ\g_gbc�^ey�gZoh`�

^_gby� \�ex[hc�fhf_gl�\j_f_gb� ���ehdZevguo�iZjZf_ljh\: r_klb�gZijy�
`_gbc� �ÔLM �r_klb� ^_nhjfZpbc� �Æ LM  r_klb� kdhjhkl_c� ^_nhjfZpbc� LMÏ , 

lj_o�i_j_f_s_gbc LX ��lj_o�kdhjhkl_c� LY ��lj_o�mkdhj_gbc� LD ��iehlghklb Ò, 

l_fi_jZlmju�É .  
Hkh[_gghklb�fZl_fZlbq_kdhc�ihklZgh\db�djZ_\uo�aZ^Zq�gZ�ijbf_j_�

ihkljh_gby�hkgh\ghc�aZfdgmlhc�kbkl_fu�mjZ\g_gbc�l_hjbb�ieZklbqghklb�
b�djZ_\uo�mkeh\bc�ijbf_gbl_evgh�d�h[jZ[hld_�f_lZeeh\�^Z\e_gb_f�jZk�
kfhlj_gu�\�jZ[hl_�>�@��Lj_[h\Zgby�d�djZ_\hc�aZ^Zq_�b�lbibqgu_�mijhs_�
gby�\�ihklZgh\d_�djZ_\uo�aZ^Zq�jZkkfhlj_gu�\�jZ[hl_�>�@��LZf�`_�ijb\_�
^_gu� \ZjbZglu�dbg_fZlbq_kdhc�b� klZlbq_kdhc�ihklZgh\db� aZ^Zq�� \b^u�b�
\ZjbZglu�aZibkb�f_oZgbq_kdbo�djZ_\uo�mkeh\bc�  

P_evx�mijhs_gbc�ijb�ihklZgh\d_�djZ_\uo�aZ^Zq�y\ey_lky�mf_gvr_�
gb_�qbkeZ�g_aZ\bkbfuo�i_j_f_gguo��GZijbf_j��\�khhl\_lkl\bb�k�^hims_�
gb_f�h[� mklZgh\b\r_fky�ieZklbq_kdhf�l_q_gbb�ijb�j_r_gbb�\� wce_jh�
\hc� kbkl_f_� dhhj^bgZl� ijbgbfZxl�� qlh� \k_� oZjZdl_jbklbdb� ^\b`_gby� \�
ex[hc�lhqd_�ijhkljZgkl\Z�g_�baf_gyxlky \h�\j_f_gb�� 
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Lh]^Z�gZqZevgu_�mkeh\by�g_�gm`gu��lZd�dZd�\h�\k_o�mjZ\g_gbyo�qZ�
klgu_� ijhba\h^gu_� ih� \j_f_gb� jZ\gu� gmex�� MklZgh\b\rbfbky� qZklh�
ijbgbfZxl� ijhp_kku� ieZklbq_kdh]h� ^_nhjfbjh\Zgby� ijb� h[jZah\Zgbb�
keb\ghc� kljm`db�� ^\b`_gby� f_lZeeZ� ijb� ijhdZld_� b� \hehq_gbb�� dh]^Z�
^ebgu�i_j_^g_]h�b�aZ^g_]h�dhgph\�gZfgh]h�[hevr_�^ebgu�hqZ]Z�^_nhjfZ�
pbb� 

Ijbf_jhf�^jm]h]h�oZjZdl_jgh]h�mijhs_gby�bkoh^ghc�kbkl_fu�kem�
`bl� iehkdZy� aZ^ZqZ� ieZklbqghklb� ijb� gZebqbb� b^_Zevgh� ieZklbq_kdh]h�
fZl_jbZeZ��D�lZdhc�ko_f_�ijb[_]Zxl�ijb�bkke_^h\Zgbb�f_oZgbdb�ijhp_k�
kh\� keb\gh]h� kljm`dhh[jZah\Zgby�� ebklh\hc� rlZfih\db�� ij_kkh\Zgby��
ijhdZldb�b�\hehq_gby��<h�\k_o�gZa\Zgguo�kemqZyo�ijbgbfZxl�ko_fm�ieh�
kdhc�^_nhjfZpbb� 

<�k\yab�k�wlbf�h^gh�ba�^bnn_j_gpbZevguo�mjZ\g_gbc�m^h\e_l\hjy�
_lky�lh`^_kl\_ggh��Z�^\Z�^jm]bo�agZqbl_evgh�mijhsZxlky��Kbkl_fZ�mjZ\�
g_gbc� ����� \dexqZ_l� ^\Z� mjZ\g_gby� jZ\gh\_kby b� mjZ\g_gb_� b^_Zevghc�
ieZklbqghklb 

��
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     (82) 

�
���� �ÔÔ� − + 4 �

��Õ = 4 �N , 

]^_� N = VÔ
�

�
, _keb�bkoh^yl�ba� ]bihl_au�gZqZevgh]h� kdZeu\Zxs_]h�gZijy�

`_gby; N = VÔ����� , _keb� bkoh^yl� ba� ]bihl_au� ij_^_evgh]h� khklhygby��

LZdbf�h[jZahf��\�kemqZ_�iehkdhc�^_nhjfZpbb�qbkeh�mjZ\g_gbc�mf_gvrZ�
_lky�^h�lj_o��Z�kZfb�mjZ\g_gby�kbevgh�mijhsZxlky��Ijb�wlhf�bf__f�kbk�
l_fm�lj_o�mjZ\g_gbc�k�lj_fy�g_ba\_klgufb��Ke_^h\Zl_evgh,�iehkdZy�aZ^Z�
qZ�ij_^klZ\ey_l�aZ^Zqm�klZlbq_kdb�hij_^_ebfmx�� 

<�j_amevlZl_�kh\f_klgh]h�j_r_gby�mjZ\g_gbc������[m^ml�iheghklvx�
hij_^_e_gu�gZijy`_gby� ������ Ô�Ô�Ô .   

 
�����F_lh^u�j_r_gby�djZ_\uo�aZ^Zq�b�jZkq_l�gZijy`_gbc 

:gZeba�ebl_jZlmju�ihdZau\Z_l��qlh�kj_^b�f_lh^h\�j_r_gby�djZ_\uo�
aZ^Zq�h[jZ[hldb�f_lZeeh\�^Z\e_gb_f�d�gZb[he__�ohjhrh�bamq_gguf�hlgh�
kylky�f_lh^�kh\f_klgh]h�j_r_gby�mjZ\g_gbc�jZ\gh\_kby�b�ieZklbqghklb�b�
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f_lh^�ebgbc�kdhev`_gby��Hkh[_gghklb�^Zgguo�f_lh^h\��kbkl_fu�mjZ\g_�
gbc�b�f_lh^bdZ�j_r_gby�djZ_\uo� aZ^Zq�jZkkfhlj_gu�\�jZ[hlZo� [4, 5, 8]. 
Ohjhrh� ba\_klgu� f_lh^u� ihkljh_gby� ihe_c� kdhjhkl_c�� hkgh\Zggu_� gZ�
k\_^_gbb�mjZ\g_gbc�djZ_\hc�aZ^Zqb�d�\ZjbZpbhgghc�aZ^Zq_�[1, 2, 3]. 

H[t_f�^Zgguo��gZdhie_gguo�\�ebl_jZlmj_�h�fh^_ebjh\Zgbb�gZijy�
`_gbc�\�ijbj_aph\hc�ahg_,�g_\_ebd��H^gZdh�ba�ZgZebaZ�jZkkfhlj_gguo�jZ�
[hl�\b^gh��qlh�ijb�l_hj_lbq_kdhf�bamq_gbb�f_oZgbdb�j_aZgby�ijbf_gyxl�
f_lh^�ebgbc�kdhev`_gby b�\ZjbZpbhggu_�f_lh^u�� 

JZa\blb_�ijh_dpbhgguo�f_lh^h\�b�kj_^kl\�\uqbkebl_evghc�l_ogbdb�
k^_eZeh� h^gbf� ba� gZb[he__� ihimeyjguo� f_lh^� dhg_qguo� we_f_glh\�
�FDW��>�����@�ijb�\uqbke_gbb�gZijy`_gbc�\�mijm]bo�b�ieZklbq_kdbo�kj_�
^Zo��>Zgguc�f_lh^�ihemqbe�jZkijhkljZg_gb_�[eZ]h^Zjy�mgb\_jkZevghklb��
m^h[kl\m� qbke_gghc� j_ZebaZpbb�� jZa\blbx� kj_^kl\� \uqbkebl_evghc� l_o�
gbdb�b�ijh]jZffbjh\Zgby� 

H^gZdh�ba-aZ�ljm^h_fdhklb�jZajZ[hldb�dhg_qgh-we_f_glguo�kbkl_f�
ijbf_g_gb_�FDW�^ey�j_r_gby�keh`guo�fZrbghkljhbl_evguo�aZ^Zq�ihdZ�
h]jZgbq_gh�� Ijbf_ju� jZajZ[hldb� b� ijbf_g_gby� h^ghc� ba� dhg_qgh-
we_f_glguo�ijh]jZff��jZajZ[hlZgguo�gZ�dZn_^j_�LFK,�^ey�j_r_gby�jZa�
ebqguo�fZrbghkljhbl_evguo�aZ^Zq�ijb\_^_gu�\�jZ[hl_�[6].  

 
Dhgljhevgu_�\hijhku 

�����Qlh�ij_^klZ\ey_l�kh[hc�djZ_\Zy�aZ^ZqZ�l_hjbb�ieZklbqghklb"� 
�����Qlh�agZqbl�j_rblv�djZ_\mx�aZ^Zqm�h[jZ[hldb�^Z\e_gb_f?  
����� DZdbf� lj_[h\Zgbyf� ^he`gZ� hl\_qZlv� dhjj_dlgh� ihklZ\e_ggZy�

djZ_\Zy�aZ^ZqZ�l_hjbb�h[jZ[hldb�^Z\e_gb_f�b�l_hjbb�j_aZgby?  
4.4. C�dZdhc�p_evx�\\h^yl�^hims_gb_�h[�mklZgh\b\r_fky�ijhp_kk_�

ieZklbq_kdh]h�l_q_gby�f_lZeeZ?  
4.5. Qlh�lZdh_�mkeh\b_�b^_Zevghc�ieZklbqghklb? Ijb\_klb�aZibkv�� 
4.6. DZdb_�mijhs_gby�j_heh]bq_kdbo�fh^_e_c�^_nhjfbjm_fuo�kj_^�

bkihevamxl�ijb�l_hj_lbq_kdhf�ZgZeba_�ijhp_kkh\�h[jZ[hldb��k\yaZgguo�k�
ieZklbq_kdhc�^_nhjfZpb_c?  

�����Qlh�lZdh_�b^_ZevgZy�ieZklbqghklv?  
 4.8. Dh]^Z�b�k�dZdhc�p_evx�ij_g_[j_]Zxl�mijm]bfb�^_nhjfZpbyfb?  
 4.9. Qlh�hagZqZ_l�ij_g_[j_`_gb_�fZkkh\ufb�kbeZfb?�DZd�ijb�wlhf�
aZibku\Zxl�mjZ\g_gby�^\b`_gby?  

4.10��<�q_f� kmsghklv� wg_j]_lbq_kdh]h�f_lh^Z? AZibkZlv�mjZ\g_gb_�
[ZeZgkZ�fhsghkl_c. 
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L_fZ����J:KQ?L�G:IJY@?GBC�<�IE:KLBQ?KDHC�H;E:KLB� 
 

�����H[sb_�k\_^_gby�h�f_lh^_�ebgbc�kdhev`_gby 

Bklhjbq_kdbc� h[ahj� jZa\blby� ^Zggh]h� f_lh^Z�� \deZ^� jhkkbckdbo�
mq_guo��:�:��BevxrbgZ��:�X��Brebgkdh]h��K�=��FboebgZ�b�^jm]bo�      �b�
aZjm[_`guo� �F��E_\b��=��=_gdb��J��ObeeZ��E��IjZg^ley��O��=_cjbg]_j�b�
^jm]bo��h[rbjgZy�kijZ\hqgZy�ebl_jZlmjZ�b�ijbf_ju�j_r_gby�aZ^Zq�ijb�
\_^_gu� \� fhgh]jZnbyo� <�<� Khdheh\kdh]h�� :�>� Lhfe_gh\Z�� J� ObeeZ��
D�G� R_\q_gdh��F_lh^� ebgbc� kdhev`_gby� ijb� bamq_gbb� ijhp_kkh\� ieZ�
klbq_kdh]h� l_q_gby� ijb� ij_kkh\Zgbb� ijbf_gyeb� J�� >`hgkhg�� O�� Dm^h��
E�=� Kl_iZgkdbc�� ijb� h[t_fghc�� ebklh\hc� rlZfih\d_� b� \hehq_gbb – 
E�:� RhnfZg��J�B� G_i_jrbg��B�I� J_gg_��W� Lhfk_g��ijb�h[jZ[hld_�j_aZ�
gb_f�– <�N� ;_atyauqguc��Ijbf_ju�j_r_gby�aZ^Zq�l_hjbb�h[jZ[hldb�^Z\�
e_gb_f�k�ihfhsvx�^Zggh]h�f_lh^Z�ijb\_^_gu�lZd`_�\�jZ[hlZo�=�Y� =mgZ��
<�E� Dhefh]hjh\Z��<�:� LxjbgZ�b�^j. 

Bamq_gb_�^Zggh]h�f_lh^Z�gZqbgZxl� k�jZkkfhlj_gby� kbkl_fu�mjZ\�
g_gbc��kh^_j`Zs_c�nhjfmeu�\uqbke_gby�dhfihg_glh\�l_gahjZ�gZijy`_�
gbc�b�mkeh\b_�ieZklbqghklb�^ey�iehkdhc�^_nhjfZpbb (83).  
 Hkh[_gghklb�^Zggh]h�f_lh^Z��aZibkv�kbkl_fu�mjZ\g_gbc��mjZ\g_gby�
ebgbc�kdhev`_gby��mjZ\g_gby�ieZklbq_kdh]h�jZ\gh\_kby��k\hckl\Z�ebgbc�
kdhev`_gby�b�f_lh^bdZ�ihkljh_gby�k_ldb�ebgbc�kdhev`_gby�ijb�j_r_gbb�
jZaebqguo�aZ^Zq�jZkkfhlj_gu�\�jZ[hlZo�[4, 5, 6]��Z�lZd`_�\�jZ[hlZo�[10, 11, 
12]��<�dZq_kl\_�i_j\h]h�rZ]Z�g_h[oh^bfh�hagZdhfblvky� k�h[sbfb�iheh�
`_gbyfb�f_lh^Z� ebgbc� kdhev`_gby� b� ijbf_jZfb� j_r_gby� aZ^Zq�� ijb\_�
^_ggufb�\�[10]. 
 J_dhf_g^m_lky�jZkkfhlj_lv�aZ^Zqm�h�\g_^j_gbb�iehkdh]h�rlZfiZ�\�
ihemijhkljZgkl\h��hkh[_gghklb�j_r_gby�E��IjZg^le_f�b�J��Obeehf�^Zg�
ghc� aZ^Zqb�� J_dhf_g^m_lky� lZd`_� khihklZ\blv� ^Zggu_� j_r_gby��>ey� ih�
kljh_gby�k_lhd�b�\uqbke_gby�gZijy`_gbc�ke_^m_l�\hkihevah\Zlvky�k\hc�
kl\Zfb�ebgbc�kdhev`_gby�� 
 GZijbf_j��_keb�\�lhqd_� D ��jbk��0��ebgbb�kdhev`_gby�]b^jhklZlbq_�
kdh_�^Z\e_gb_� �Ô Ô ��lh�agZq_gb_� Ô �\�lhqd_� E �lhc�`_�ebgbb�kdhev`_gby�

gZoh^yl�ba�khhlghr_gby 
�É�ÔÉ�Ô ÃÃÂÂ NN −=−     (83) 

]^_�� ÃÂ É��b�É  – m]eu�gZdehgZ�ebgbb�k_f_ckl\Z�Â�\�lhqdZo�Z �b�E �d�hkb�R[ ; 

N  – fZdkbfZevgh_�dZkZl_evgh_�gZijy`_gb_��\_dlhj�dhlhjh]h�kh\iZ^Z_l�k 
dZkZl_evghc�d�ebgbb�kdhev`_gby�\�dZ`^hc�lhqd_� 
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 Ba�mjZ\g_gby� �����\b^gh��qlh�baf_g_gb_�kj_^g_]h�gZijy`_gby�ijh�
ihjpbhgZevgh�m]em�ih\hjhlZ�ebgbc�kdhev`_gby��I_j_oh^y�hl�lhqdb�d�lhq�
d_��ih�agZq_gbx� EÔ �\�h^ghc�lhqd_�gZoh^yl�jZkij_^_e_gb_�Ô �\�^jm]hc�� 

:gZeh]bqgh�ih�nhjfmeZf�l_hjbb�ieZklbqghklb�gZoh^yl� LMÔ �\h�\k_f�

ihe_�ebgbc�kdhev`_gby� 
 
 

 
 

 
 
 
 
 
 
 

 
Jbk���� 

 

?keb�k_ldZ�ebgbc�kdhev`_gby�h[jZah\ZgZ�bo�ijyfufb�hlj_adZfb��lh�
]b^jhklZlbq_kdh_�^Z\e_gb_� �Ô� �dhfihg_glu�l_gahjZ�gZijy`_gbc� LMÔ �\�dZ�

`^hf� mae_� k_ldb� h^bgZdh\u�� LZdh_� ihe_� gZijy`_gbc� gZau\Z_lky� jZ\gh�
f_jguf.  

?keb�ebgbb�kdhev`_gby�h^gh]h�k_f_ckl\Z – imqhd�ijyfuo��\uoh^y�
sbc� ba� h^ghc� lhqdb�� lh� ih� mkeh\bx� hjlh]hgZevghklb� i_j_k_dZxsb_� bo�
ebgbb� \lhjh]h� k_f_ckl\Z – dhgp_gljbq_kdb_� hdjm`ghklb�� <� j_amevlZl_�
h[jZam_lky�p_gljbjh\Zggh_�ihe_ ebgbc kdhev`_gby �p_gljbjh\Zgguc�\_�
_j���<� lZdhf ihe_ \^hev�dZ`^hc�ijyfhc� agZq_gby� É �ihklhyggu��f_gyykv�
ebrv�ijb�i_j_oh^_�hl�h^ghc�ijyfhc�d�^jm]hc��LZdh_�ihe_�ijbgylh�gZau�
\Zlv�ijhkluf��LZdh_�ihe_�\k_]^Z� ]jZgbqbl� k�ihe_f�jZ\ghf_jguo�gZijy�
`_gbc. 

 
AZ^ZqZ� K`Zlb_�ieZklbq_kdh]h�kehy�f_`^m�`_kldbfb�ieblZfb 

Kms_kl\mxl�jZaebqgu_�ih^oh^u�d�j_r_gbx�^Zgghc�aZ^Zqb��H^bg�ba�
gbo��ba\_klguc�dZd�j_r_gb_�E��IjZg^ley��Ff�,�gZijbf_j��[10]���hkgh\u\Z�
_lky�gZ�^hims_gbb��qlh�lhesbgZ�kehy��K �agZqbl_evgh�f_gvr_�ijhly`_g�
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ghklb�kehy��/ ��Lh]^Z�mjZ\gh\_rb\Zxsb_�gZ]jmadb�\�dhgp_\uo�k_q_gbyo�
kehy�g_�fh]ml�aZf_lgh�\ebylv�gZ�khklhygb_�kehy�\�g_dhlhjhf�m^Ze_gbb�hl�
dhgph\��DZd�hlf_qZe�E�F� DZqZgh\��j_r_gb_�E��IjZg^ley�y\ey_lky�ohjh�
rbf�ijb[eb`_gb_f�ebrv�^ey�lhgdh]h�kehy�� 

>ey�kehy�dhg_qghc�lhesbgu�g_evay�ij_g_[j_]Zlv�\eygb_f�mkeh\bc�
gZ�dhgpZo�b�\�_]h�p_gljZevghc�qZklb; j_r_gb_�^he`gh�m^h\e_l\hjylv�\k_f�
djZ_\uf�mkeh\byf�^ey�gZijy`_gbc�b�kdhjhkl_c�� 

Ko_fZ� d� ihkljh_gbx� k_ldb� ebgbc� kdhev`_gby� ^ey� ^Zgghc� aZ^Zqb 
ijb\_^_gZ� gZ� jbk� 11��Hkv� R[ijh\_^_gZ� q_j_a� k_j_^bgm� \ukhlu� ihehku��    
<�kbem�kbff_ljbb�h[eZklb�^ey�ihkljh_gby�k_ldb�jZkkfhljbf�__�qZklv��e_�

`Zsmx�\ur_�hkb�R[ ke_\Z�hl�hkb�kbff_ljbb� 



22 .�=jZgbqgh_�mkeh\b_�aZ�

^Z_lky�\�\b^_ �ÔÕ VN N == . 

 
 

  
 
 
 
 

 
 
 

 
 

Jbk���1 
 

GZ�jbk. 11 

22 �kh\iZ^Z_l�k�]jZgbp_c�`_kldhc�ieblu��Hkv� R\ kh\iZ�

^Z_l�k�[hdh\hc�]jZgbp_c� 22 
 �kehy��Ijbf_f��qlh� Â – ebgby�kdhev`_gby��
jZa^_eyxsZy�ieZklbq_kdmx�b�`_kldmx�h[eZklb, – ijyfZy�H:��<ke_^kl\b_�
kbff_ljbb� dZkZl_evgu_� gZijy`_gby� gZ� hkb� kehy� hlkmlkl\mxl�� Ihwlhfm�

ebgby�H:� gZdehg_gZ� ih^� m]ehf π/4 d hkb R[ . J_r_gb_ \ h[eZklb H:< 
ij_^klZ\e_gh p_gljbjh\Zgguf ihe_f.  

>Zggh_� ihe_� h]jZgbq_gh� Â – ebgb_c� kdhev`_gby�� kh\iZ^Zxs_c� k�
]jZgbp_c�� 

x 

 (1,0) 

 \  

 
(0,10) 

     (0,0) 

(0,1) 

(1,1) (10,10) 
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5.2��F_lh^bdZ�b�Ze]hjblf�jZkq_lZ�gZijy`_gbc 

GZ�i_j\hf�wlZi_�ZgZebabjmxl�kbeu��^_ckl\mxsb_�gZ�`_kldmx�qZklv�
H:H’. GZ�]jZgyo�H:�b�H’: jZ\ghf_jgh�jZkij_^_e_gu�dZkZl_evgu_�gZijy�
`_gby \_ebqbgu� N , gZijZ\e_ggu_ d \_jrbg_ :; ghjfZevgh_�gZijy`_gb_�
jZ\gh� kj_^g_fm� ^Z\e_gbx��Ba� mkeh\bc� jZ\gh\_kby�`_kldhc� qZklb�H:H’ 
kj_^g__�^Z\e_gb_�\^hev�hlj_adZ�H: Â-ebgbb�^he`gh�[ulv�jZ\gh�–N ��Ih�
l_hj_f_� =�� =_gdb� \^hev� djm]h\hc� Ã-ebgbb� FRQVW���É�� �Ô N �Ihklhyggmx�

gZoh^yl�ih�agZq_gbyf�Ô �b�É �gZ�H:�b,�i_j_oh^y�^Ze__�d�dhglZdlghc�ebgbb�
H<��^ey�dhlhjhc� ���É = ��ihemqZxl��qlh�\^hev�H<�^Z\e_gb_�ihklhyggh�b�jZ\�

gh - 




 +

�

Ñ
�N ��<�j_amevlZl_�gZ�hlj_adZo�:<,�:<’  oZjZdl_jbklbd� Â�Ã�  ba\_kl�

gu�agZq_gby È�Ï� �b�gZijy`_ggh_�khklhygb_ \�h[eZklb�:<K<’ hij_^_ey_lky�

j_r_gb_f�oZjZdl_jbklbq_kdhc�aZ^Zqb�� 
 <�h[eZklb�<KD bf__f�kf_rZggmx�aZ^Zqm��\^hev�<D aZ^Zg�m]he�É=0, 
lZd�dZd�gZ�ebgbb�dhglZdlZ� [\Õ = N �b�iehsZ^db�kdhev`_gby�kh\iZ^Zxl�k�

]jZgbp_c��� 

 Ihkljh_gb_�ijh^he`Zxl� ^h� l_o�ihj��ihdZ�g_�^hklb]gml� hkb� 



22 . 

Ih�kbff_ljbb�gZ�ebgbb� 



22 dZkZl_evgu_�gZijy`_gby�jZ\gu�gmex��ke_�
^h\Zl_evgh,� mkeh\b_� [\Õ =  FRQVW k gZ� ebgbb� dhglZdlZ� g_�fh`_l� \uihe�

gylvky�\[ebab�k_j_^bgu�kehy��A^_kv�\hagbdZ_l�`_kldZy�ahgZ��h]jZgbq_ggZy�
ebgb_c�dhglZdlZ�b�ebgb_c�kdhev`_gby� )* ��ijboh^ys_c�\�lhqdm�* ��JZk�

ij_^_e_gb_�^Z\e_gby�gZ�mqZkld_� 

)2 hklZ_lky�g_hij_^_e_gguf,�b�fh`gh�
\uqbkeblv�ebrv�kj_^g__�^Z\e_gb_�ih�gZijy`_gbyf��^_ckl\mxsbf�\^hev�

ebgbb�jZa^_eZ� �
)* �KijZ\Z�hl�:<�j_r_gb_�hkms_kl\eyxl�qbke_gguf�f_�
lh^hf�� JZkkfhljbf� ijbf_j� ihkljh_gby� k_ldb� b� \uqbke_gby� iZjZf_ljh\�
ijb�K=1, ����� == PQ . 

 
5.3��Ihkljh_gb_�k_ldb�ih�f_lh^m�E�F��DZqZgh\Z 

J_r_gb_� aZ^Zqb� \uihegyxl� \� g_kdhevdh� wlZih\��GZ� i_j\hf� wlZi_��
kqblZy�j_r_gb_�ba\_klguf,�\�k_dlhj_�H:<�^_eyl�^m]m�:<�gZ�n jZ\guo�qZk�
l_c� lhqdZfb� ������� �������…, (0,Q ���<� ihemq_gguo� lhqdZo� mklZgZ\eb\Zxl�
agZq_gby� É �b� Ô ��AgZq_gb_� É �\�dZ`^hf�ba�wlbo�maeh\�jZ\gh�m]em�gZdehgZ�
khhl\_lkl\mxs_]h�α-emqZ�� 

π 
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>Zggu_�� hlghkysb_ky� d� lhqdZf� ^m]b� :<,� b� dhhj^bgZlu� lhq_d�

QQ \[ �� � ( �������������=Q � aZghkyl� \� i_j\mx� kljhdm� lZ[e�� ���GZijbf_j,� ijb�

=Q 10�\�lhqd_�������É= – π/4��\�lhqd_�������É= – π/8 b�ZgZeh]bqgh�^ey�\k_o�
hklZevguo�lhq_d�gZ�^m]_�:<.  

LZ[ebpZ 1 
J_amevlZlu�jZkq_lZ�iZjZf_ljh\�ih�f_lh^m�E�F��DZqZgh\Z 

AgZq_gb_ 
n 

IZjZ�
f_lj m 

0 1 2 3 4 5 6 7 8 9 10 

-θ0,k 

-σ0,k/k 

x0,k 

y0,k 

 
 
0 

0,78 

5 

1,0 

1,0 

0,706 

1,16 

1,07 

0,08 

0,628 

1,31 

1,14 

0,17 

0,550 

1,47 

1,21 

0,26 

0,471 

1,63 

1,26 

0,36 

0,392 

1,78 

1,31 

0,46 

0,314 

1,94 

1,34 

0,56 

0,235 

2,10 

1,37 

0,67 

0,157 

2,26 

1,40 

0,78 

0,078 

2,41 

1,41 

0,89 

0,00 

2,57 

1,41 

1,00 

-θ1,k 

-σ1,k/k 

x1,k 

y1,k 

 
 
1 

 
 

0,785 

1,31 

1,16 

0,00 

0,785 

1,47 

1,24 

0,09 

0,628 

1,63 

1,32 

0,18 

0,550 

1,78 

1,39 

0,29 

0,471 

1,94 

1,45 

0,39 

0,392 

2,10 

1,37 

1,67 

0,314 

2,26 

1,54 

0,62 

0,235 

2,41 

 1,57 

0,74 

1,57 

2,57 

1,6 

0,86 

0,078 

2,73 

1,61 

0,99 

-θ9,k 

-σ9,k/k 
x9,k 

y9,k 

 
 
9 

         0,785 

3,83 

3,22 

0,00 

0,706 

3,98 

3,41 

0,20 

-θ10,k 

-σ10,k/k 
x10,k 

y10,k 

 
 

10 

          0,785 

4,14 

3,62 

0,00 

Ijbf_qZgb_��Kljhdb�kh�agZq_gb_f�m�hl���^h���kf��\�>��@� 

 GZ�\lhjhf�wlZi_�\uihegyxl�ihkljh_gb_�k_ldb�\�h[eZklb�:<K��Ijb�
qbke_gghf�ihkljh_gbb�\uqbkeyxl�dhhj^bgZlu�maeh\�� QP� ), Ô �b� É ��dhlh�

ju_�lZd`_�aZghkyl�\�lZ[e�1��gZqbgZy�kh�\lhjhc�kljhdb��JZkq_l�b�ihkljh_gb_�
k_ldb�\uihegyxl�\�gZijZ\e_gbb�m\_ebq_gby�iZjZf_ljh\� QP� ��kf��klj_edb�

gZ�jbk��1���AZf_lbf��qlh�agZq_gby�iZjZf_ljh\�\�dZ`^hc�kljhd_�lZ[e���kh�
hl\_lkl\mxl�β-ebgbyf�k_ldb�gZ�jbk� 11��Bkoh^gufb�^Zggufb�^ey�\uqbk�
e_gby� iZjZf_ljh\� \� lhqdZo� dZ`^hc� β-ebgbb� kem`Zl� dhhj^bgZlu� lhq_d� b�
iZjZf_lju�ij_^u^ms_c�ebgbb�� 
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 Ke_^my� j_dhf_g^Zpbyf��ijb\_^_gguf� \� ebl_jZlmj_� �kf�� [10 – 16]), 
\\_^_f�\�h[eZklb�k_ldm�maeh\�k�ghf_jZfb ( ��QP ��Maeu�khhl\_lkl\mxl�lhq�

dZf�i_j_k_q_gby�ebgbc�kdhev`_gby��AgZq_gby�g_ba\_klguo�nmgdpbc� QP�É , 

QP�Ô �\�mae_ ��� QP �\uqbkeyxl�rZ]�aZ�rZ]hf�ih�nhjfmeZf 

�������� ÉÉÉÉ −−−− −+= QPQPQPQP ,   (84) 

���� ÔÔÔÔ −−−− −+= �QP�QPP�QP�Q .   (85) 

Dhhj^bgZlu�maeh\uo�lhq_d� ��� QP �ijb�ba\_klguo�dhhj^bgZlZo�maeh\�

( �������� −− QPQP �\uqbkeyxl�ijb�aZf_g_�^m]�ohj^Zfb��Lh]^Z�\f_klh�^bn�

n_j_gpbZevguo� mjZ\g_gbc� ebgbc� kdhev`_gby� G[G\ = WJÉ � b� G[G\ =FWJÉ  

bkihevamxl�aZibkv�jZaghklguo�mjZ\g_gbc 

�ÉÉ�
�

�
�� �������� QPP�QQPQPQPQP WJ[[\\ −−− +−=− ,   (86) 

�ÉÉ�
�

�
�� �������� −−− +−−=− QPP�QQPQPQPQP FWJ[[\\ .  (87) 

K�ihfhsvx�nhjfme� �����b� �����\uqbkeyxl�dhhj^bgZlu�maeZ� �m, n), 
dhlhju_�\f_kl_�kh�agZq_gbyfb�nmgdpbc�\�g_f� PQPQ Ô�É �aZghkyl�\�lZ[e����

JZkq_l�gZqbgZxl�\k_]^Z�k�lhqdb�������  
 <ke_^kl\b_�kbff_ljbb�ihe_�\uqbkeyxl�\ur_�:K��Ihkdhevdm�gZ�:K�

�Ñ�É = ��\�h[eZklb�:<K�fh`gh�j_rZlv�kf_rZggmx�aZ^Zqm�� 

<�h[eZklb�<KD�ihe_�hij_^_ey_lky�lZd`_�ih�ko_f_�j_r_gby�kf_rZg�
ghc�aZ^Zqb�  
 Lj_lbc� wlZi� aZdexqZ_lky� \� ]jZnbq_kdhf� ihkljh_gbb� k_ldb� ebgbc�
kdhev`_gby��DZd�b�\�i_j\hf� kemqZ_�� aZf_gyxl�^m]m�:<� �jbk�����ehfZghc�
ebgb_c�� khklhys_c� ba� jZ\guo� hlj_adh\ – ohj^��Dhgpu� ^Zgguo� hlj_adh\�
h[hagZq_gu �������������������«����������jbk��2).  

Ijh\h^yl�hlj_ahd������ – ������i_ji_g^bdmeyjgh�hlj_adm������ – (0,1), 
hlj_ahd������ – ������i_ji_g^bdmeyjgh�hlj_adm������ – ������b�hlj_ahd������ – 
������iZjZee_evgh�hlj_adm������ – (0,1). <�j_amevlZl_�bo�i_j_k_q_gby�ihem�
qZxl�maeh\mx�lhqdm������� 
 :gZeh]bqgh�gZoh^yl�iheh`_gb_�maeh\� ������� �����, …,� �������b�ihem�
qZxl�ebgbx� kdhev`_gby� �� k_f_ckl\Z� Â��Ijh^he`Zy�ihkljh_gb_��hij_^_�
eyxl�^jm]b_�ebgbb�k_f_ckl\Z�Â�b�h^gh\j_f_ggh�k�gbfb�ebgbb�k_f_ckl\Z�
Ã��AZf_lbf��qlh�ebgbb�kdhev`_gby�k_f_ckl\Z�Â�ijb�ijbgylhf�]jZgbqghf�
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mkeh\bb�i_j_k_dZxl�ebgbx�dhglZdlZ�OO”  ih^�m]ehf�π/2��<�j_amevlZl_�ih�
emqZxl�ihe_�ebgbc� kdhev`_gby�� khklhys__�ba�q_luj_om]hevguo� yq__d��m�
dhlhjuo�dZ`^uc�ba�^\mo�m]eh\�jZ\_g π/2��Z�dZ`^uc�ba�^\mo�^jm]bo�– π/2±γ. 

 
 

 
 
 
 
 

 
 
 

 
Jbk��2 

 

  M]he� Ä�h[jZah\Zg�^\mfy�khk_^gbfb�emqZfb�\__jghc�k_ldb�\�h[eZklb�

H:<�gZ�jbk���. >ey�jZkkfZljb\Z_fh]h�ijbf_jZ�γ=π/40.  
�JZkq_lgu_�iZjZf_lju�k`Zlby�ieZklbq_kdh]h�kehy��ih�E�F��DZqZgh�

\m��gZ�ebgbyo�kdhev`_gby�k�ghf_jZfb�����«������ijb\_^_gu�\�lZ[e�1��AZ�
iheg_gZ�ebrv�\_jogyy�lj_m]hevgZy�qZklv�lZ[ebpu��khhl\_lkl\mxsZy�k_ld_�
ebgbc�kdhev`_gby�\�h[eZklb�ABC gZ�jbk����.  

   Ba�lZ[e���\b^gh��qlh�m]eu� É �gZdehgZ�ebgbc�k_f_ckl\Z� Â�d�hkb� R[ \�
lhqdZo���,���������«���������jZ\gu���°.  

5.4. <uqbke_gb_�iZjZf_ljh\�ih�f_lh^bd_ 
F�<� Klhjh`_\Z�b�?�:� Ihih\Z� 

 <�lj_m]hevgbd_�H?:� (kf��jbk��1��ebgby�H:�ij_^klZ\ey_l�\�^Zgghf�
ijbf_j_�k\h[h^gmx�ih\_joghklv�^_nhjfbjm_fh]h�kehy��Ke_^h\Zl_evgh,�gZ�
wlhc�ebgbb� �ÕÔ == [\[ �b�ebgbb�kdhev`_gby�h[hbo�k_f_ckl\�gZdehg_gu�d�

g_c�ih^�m]ehf�π/4��Hgb�h[jZamxl�k_ldm�hjlh]hgZevguo�ijyfuo�� 
GZijy`_ggh_�khklhygb_�h^ghjh^gh_��GZijy`_gb_� \Ô �a^_kv�]eZ\gh_��

k`bfZxs__��b�ih�mkeh\bx�ieZklbqghklb� \Ô = 2k. DZkZl_evgu_�gZijy`_�

gby�gZ�hkb�R[ jZ\gu�gmex��  

(0,0) (1,1) 

�����  

 

�����  

 

�����  

Ñ�� 

Ä�Ñ ∆−  

�

Ñ
 

�

Ñ
 

 : 

ÄÑ�� ∆+  
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<�djm]h\hf�k_dlhj_�:<K�ihe_�p_gljbjh\Zggh_�b�khklhbl�ba�^m]�hd�
jm`ghkl_c��k_f_ckl\h�Ã��b�hjlh]hgZevguo�d�gbf�ebgbc�k_f_ckl\Z�Â.  

<^hev�dZ`^h]h�ba�jZ^bmkh\ gZijy`_ggh_�khklhygb_�hklZ_lky�ihklh�
ygguf�� gh� baf_gy_lky� ijb� i_j_oh^_� hl� h^gh]h� jZ^bmkZ� d� ^jm]hfm� �ijb�
^\b`_gbb�ih�ebgbyf� Ã���Ihwlhfm�^ey�oZjZdl_jbklbdb�gZijy`_ggh]h� kh�

klhygby�\�k_dlhj_�:<K�^hklZlhqgh�hij_^_eblv�gZijy`_gby�\�maeh\uo�lhq�
dZo���������������������«,��������<�lhqd_������� ���É = 45°.  

<�^jm]bo�lhqdZo��jZkiheh`_gguo�gZ�ebgbyo�kdhev`_gby� 
 

��

Ñ

�

Ñ
ÄÉ�É ���

Q
Q +=+= , 

 

]^_�Q  –�ihjy^dh\uc�ghf_j ebgbb�kdhev`_gby�k_f_ckl\Z�Ã.  

>ey�ihkljh_gby�k_lhd�\�jZ[hlZo�[7,8 ]�ij_^eh`_gu�\kihfh]Zl_evgu_ 
lZ[ebpu b�\ujZ`_gby��iha\heyxsb_�hij_^_eylv�dhfihg_lu�gZijy`_gby�\�
m]eh\uo�lhqdZo�ihey�ebgbc�kdhev`_gby�ih�bo�bg^_dkZf�  
 

Dhgljhevgu_�\hijhku 

5.1. Qlh�lZdh_�ebgbb�>�D�Q_jgh\Z – E� Ex^_jkZ?  
5.2. DZd� jZkij_^_eyxlky dhglZdlgu_� gZijy`_gby� ijb� k`Zlbb� ihehku?    

GZq_jlblv�wixju�� 
5.3. DZd�hlkqblu\Zxl�m]he É  ih�f_lh^m�ebgbc�kdhev`_gby?  
5.4. DZdb_�gZijy`_gby�fh`gh�hij_^_eblv�f_lh^hf�ebgbc�kdhev`_gby?  
5.5. DZd�hlkqblu\Zxl�m]he�É  ih�f_lh^m�ebgbc�kdhev`_gby?  
5.6. DZd� aZibku\Zxl� mjZ\g_gby� ieZklbq_kdh]h� jZ\gh\_kby� \� ehdZevghc�

kbkl_f_�dhhj^bgZl?  
5.7. GZa\Zlv�hkgh\gu_�k\hckl\Z�ebgbc�kdhev`_gby. DZd�baf_gy_lky�kj_^�

g__�gZijy`_gb_�\^hev�ebgbb�kdhev`_gby?  
5.8. Ihq_fm�f_lh^�ebgbc�kdhev`_gby�fh`gh�gZa\Zlv�f_lh^hf�oZjZdl_jb�

klbd?  
5.9. DZdb_�aZ^Zqb�fh`gh�j_rblv�f_lh^hf�oZjZdl_jbklbd?  
5.10. Ih^�dZdbfb�m]eZfb� \uoh^yl�ebgbb� kdhev`_gby�gZ�ih\_joghklv�^_�

nhjfbjm_fh]h�l_eZ?  



 57 

 

IV. A:>:GBY�D�IJ:DLBQ?KDBF A:GYLBYF 

 
 

 

IjZdlbq_kdh_�aZgylb_���� 
 

1. Hl\_lblv�gZ�dhgljhevgu_�\hijhku�d�l_f_���  

2. J_rblv aZ^Zqm����. 
 

 

AZ^ZqZ����.�<�ijyfhm]hevghc�^_dZjlh\hc�kbkl_f_�dhhj^bgZl�aZ^ZgZ�

fZljbpZ�l_gahjZ�gZijy`_gbc�\�lhqd_�F��GZclb�gZijy`_gby� QÔ , QÔ
& , Qτ& �gZ�

iehsZ^d_��ghjfZev� Q& �d�dhlhjhc�kh]eZkgh�jbk�� aZ^ZgZ�m]eZfb� =�Â ∠( �� �[Q
& , 

=�Ã ∠( �� �[Q
& , =�Ä ∠( �� �[Q

& . >Zggu_�^ey�jZkq_lh\�ijb\_^_gu�\�lZ[e���� 

 

 

F_lh^bq_kdb_�j_dhf_g^Zpbb�d�j_r_gbx�aZ^Zqb���� 

 

1. <u[jZlv�\ZjbZgl�aZ^Zqb��\�khhl\_lkl\bb�k�bg^b\b^mZevguf�ghf_�

jhf�klm^_glZ�\�`mjgZe_���ghf_jZ�^\mo�dhgljhevguo�\hijhkh\� l_fu� ��ih�

lZ[e���.  

2. Bamqblv�fZl_jbZe�ih�l_f_����baeh`_gguc�\�ii.1.1 – 1.3 b�\�khhl�

\_lkl\mxsbo� jZa^_eZo� j_dhf_g^h\Zgghc� ebl_jZlmju��Bamqblv� f_lh^bdm�

j_r_gby�aZ^Zqb��jZkkfhlj_gghc�\�i������J_r_gb_�aZ^Zqb�\uihegblv�k�mq_�

lhf�^Zgguo��ijb\_^_gguo�\�lZ[e���� 

��� Mykgblv� ihgylby� lhqdb� b� fZl_jbZevghc� qZklbpu�� nbabq_kdbc 

kfuke� jZaeh`_gby� l_gahjZ� gZijy`_gbc� gZ� rZjh\hc� l_gahj� b� ^_\bZlhj��

Ih\lhjblv�aZibkb�l_gahjZ�b�^_\bZlhjZ�ihke_�ijb\_^_gby�d�^bZ]hgZevghfm�

\b^m� 
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 LZ[ebpZ�� 
Bkoh^gu_�^Zggu_�^ey�j_r_gby�aZ^Zqb���� 

KhklZ\eyxsb_�l_gahjZ 

gZijy`_gbc��FIZ 

M]eu�gZdehgZ 

ghjfZeb��]jZ^ Ghf_j 

\ZjbZglZ 
σ11 σ22 σ33 σ12 σ13 σ23 Â Ã Ä 

 1 1 3 2 2 2 4 45 45 60 

 2 3 1 2 1 2 3 45 60 60 

 3 1 2 4 2 1 3 45 45 60 

 4 2 1 3 2 1 5 45 60 45 

 5 1 2 3 3 1 1 45 60 60 

 6 2 1 3 2 2 4 45 45 60 

 7 3 2 1 2 3 3 45 60 60 

 8 1 3 1 1 1 3 45 45 45 

 9 2 1 2 4 2 3 60 60 60 

10 4 1 1 2 3 1 60 60 45 

11 3 4 1 1 2 2 60 45 45 

12 1 2 3 3 1 1 60 60 60 

13 1 1 1 2 4 3 60 45 45 

14 2 2 2 3 1 1 45 60 60 

15 1 2 3 3 1 3 45 45 60 

16 2 1 1 1 2 2 45 60 60 

17 2 3 4 3 2 1 60 60 45 

18 4 3 3 1 1 1 45 45 45 

19 3 2 1 1 2 3 45 60 60 

20 4 3 2 1 1 2 45 45 45 

21 3 4 1 2 3 4 60 45 60 

22 2 1 3 3 3 1 45 60 60 

23 3 3 3 2 2 2 45 45 45 

24 3 3 2 2 3 3 45 60 45 

25 3 2 2 2 2 3 60 60 60 

26 4 3 2 2 3 4 60 45 45 

27 4 2 2 2 3 4 45 45 60 

28 3 4 3 4 3 4 45 60 45 

29 4 3 4 3 2 2 45 60 45 



 59 

30 1 3 2 2 3 1 45 60 45 

4��Ijb�ih^]hlh\d_�ibkvf_gguo�hl\_lh\�gZ�dhgljhevgu_�\hijhku�j_�
dhf_g^m_lky�ijb\h^blv�ko_fu�b�nhjfmeu� �kf��i������k�h[hagZq_gb_f�i_�
j_f_gguo�� Ijb� bkihevah\Zgbb� j_dhf_g^h\Zgghc� ebl_jZlmju� ijb\h^blv�
kkuedb�gZ�bklhqgbdb� 

5. Ij_^klZ\blv \ hlq_l_ aZibkv�Ze]hjblfZ�aZ^Zqb�k�hibkZgb_f�nhj�
fme�b�h[hagZq_gb_f�i_j_f_gguo��J_amevlZlu�jZkq_lh\�ij_^klZ\blv�\�nhj�
f_�lZ[ebpu�b�\�\b^_�]jZnbdZ��ZgZeh]bqgh]h�]jZnbdm�gZ�jbk�6. 

 
IjZdlbq_kdh_�aZgylb_���� 

1. Hl\_lblv�gZ�dhgljhevgu_�\hijhku d�l_f_���  
2. J_rblv aZ^Zqm����� 

AZ^ZqZ������<�lhqd_�l_eZ \�ijyfhm]hevghc�^_dZjlh\hc�kbkl_f_�dh�
hj^bgZl ba\_klgu dhfihg_glu l_gahjZ gZijy`_gbc� bf_xsb_�oZjZdl_jb�

klbdm� jZaf_jghklb� d]k/ff2. I_j_\_klb� jZaf_jghklb� gZijy`_gbc� \�FIZ� 
GZclb�]eZ\gu_�gZijy`_gby�\�wlhc�lhqd_�b�bo�gZijZ\e_gby��Bkoh^gu_�^Zg�
gu_�ijb\_^_gu�\�lZ[e���� 

LZ[ebpZ 3 
<ZjbZglu�bkoh^guo�^Zgguo�d�aZ^Zq_���� 

Dhfihg_glu�l_gahjZ�gZijy`_gbc��d]k/ff2 Ghf_j 
\ZjbZglZ 

��Ô  ��Ô  ��Ô  ��Ô  ��Ô  ��Ô  

1 10 20 0 0 15 -15 
2 5 0 11 3 -8 -3 
3 10 5 -1 4 -2 3 
4 5 0 -3 5 8 -7 
5 5 4 -10 0 0 10 
6 3 6 2 2 4 0 
7 4 5 -8 4 2 -3 
8 20 10 1 0 -15 0 
9 6 -10 4 15 4 10 
10 -10 0 -20 10 0 2 
11 -20 11 5 -15 -3 -15 
12 0 10 20 -8 3 7 
13 3 20 0 3 0 -6 
14 7 -9 2 3 -10 0 
15 20 7 18 0 10 -10 
16 -15 10 10 4 -5 -2 
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17 1 2 4 3 2 1 

HdhgqZgb_ lZ[e��� 

Dhfihg_glu�l_gahjZ�gZijy`_gbc��d]k/ff2 � 
\ZjbZglZ 

��Ô  ��Ô  ��Ô  ��Ô  ��Ô  ��Ô  

18 2 2 2 3 1 1 
19 3 2 4 1 1 3 
20 1 3 1 3 1 3 
21 2 2 1 2 1 2 
22 10 2 3 2 3 10 
23 4 3 2 1 1 4 
24 1 1 2 2 2 1 
25 2 2 2 2 2 5 
26 1 1 1 1 1 3 
27 4 4 4 3 3 3 
28 2 2 2 3 3 3 
29 3 3 3 2 2 2 
30 3 2 1 2 2 3 

Ghf_j�\ZjbZglZ�khhl\_lkl\m_l�bg^b\b^mZevghfm�ghf_jm�klm^_glZ� 
 

F_lh^bq_kdb_�j_dhf_g^Zpbb�d�j_r_gbx�aZ^Zqb���� 

���K�ihfhsvx lZ[e����\u[jZlv�\ZjbZglu�dhgljhevguo�\hijhkh\ l_�
fu�2�b�\ZjbZgl�aZ^Zgby� �\�khhl\_lkl\bb�k�bg^b\b^mZevguf�ghf_jhf�klm�
^_glZ� \�`mjgZe_�. Ijb� ih^]hlh\d_� ibkvf_gguo� hl\_lh\� \hkihevah\Zlvky�
k\_^_gbyfb��ijb\_^_ggufb�\�j_dhf_g^h\Zgghc�ebl_jZlmj_� 

2. Bamqblv�fZl_jbZe�ih�l_f_����baeh`_gguc�\�ii���� – �����b�f_lh^b�
dm�j_r_gby�aZ^Zqb�ba�i������ 

���Ij_^klZ\blv�\�hlq_l_�Ze]hjblf�^Zgghc�aZ^Zqb�k�nhjfmeZfb��h[h�
agZq_gb_f�i_j_f_gguo��J_amevlZlu�j_r_gby�ij_^klZ\blv�\�\b^_�lZ[ebpu�
b�]jZnbdZ��kf��jbk�7)��Hlq_l ij_^klZ\blv�\�\b^_�ihykgbl_evghc�aZibkdb�\�
nhjfZl_�:�� 

IjZdlbq_kdh_�aZgylb_���� 

1. Hl\_lblv�gZ�dhgljhevgu_�\hijhku d�l_f_��. 
2.����J_rblv�aZ^Zqm�� 3. 

 
AZ^ZqZ� �� �� JZkkqblZlv� gZijy`_ggh-^_nhjfbjh\Zggh_� khklhygb_�

ljm[u��jbk���) \�mkeh\byo�iehkdh]h�^_nhjfbjh\Zggh]h�khklhygby��JZkq_l�
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\uihegblv�ijb� (= 207360 FIZ; =VÔ 6000 d]k�ff2; Í ������<ZjbZglu�aZ�

^Zgby ijb\_^_gu \ lZ[e�����IjbgbfZy� �=ES , \uqbkeblv ij_^_evgh_�^Z\�

e_gb_� DS′ �� ijb� dhlhjhf� f_lZee� gZ� \gmlj_gg_c� ih\_joghklb� i_j_oh^bl        
\�ieZklbq_kdh_�khklhygb_��<uqbkeblv�^Z\e_gb_� S ��ijb�dhlhjhf�ljm[Z�p_�

ebdhf�i_j_oh^bl�\�ieZklbq_kdh_�khklhygb_� 

 
 
 
 
 
 
 
 
 
 
 
 

Jbk��� 
LZ[ebpZ 4 

<ZjbZglu�bkoh^guo�^Zgguo�d�aZ^Zq_���� 

Ghf_j 
\ZjbZglZ 

b,�ff a,�ff ES ��FIZ DS ��FiZ 

1 200 100 200 100 
2 220 100 200 100 
3 230 100 200 100 
4 240 100 200 100 
5 250 100 200 100 
6 260 100 200 100 
7 280 100 200 100 
8 120 100 200 100 
9 140 100 200 100 

10 160 100 200 100 
11 180 100 200 100 
12 100 50 200 100 
13 120 50 200 100 
14 160 50 200 100 
15 180 50 200 100 

pb 

pa 

a

b

y 

x
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16 200 50 200 100 

HdhgqZgb_�lZ[e��� 

Ghf_j 
\ZjbZglZ 

b,�ff a,�ff ES ��FIZ DS ��FiZ 

17 120 100 0 100 

18 140 100 0 100 

19 160 100 0 100 

20 180 100 0 100 

21 200 100 0 100 

22 120 100 100 0 

23 140 100 100 0 

24 160 100 100 0 

25 180 100 100 0 

26 200 100 100 0 

27 100 60 100 0 

28 100 80 100 0 

29 120 100 100 0 

30 180 120 100 0 

F_lh^bq_kdb_�j_dhf_g^Zpbb�d�j_r_gbx�aZ^Zqb���� 

1. JZkq_lu�iZjZf_ljh\� ]]UU Ô�Ô�Ô ÂÂ b� UUX �\uihegblv�k�ihfhsvx�nhj�

fme (72) – (76). 
2. Bamqblv�ijbf_j�j_r_gby�aZ^Zqb�\�i������� 
3. <�hlq_l_�ij_^klZ\blv�mkeh\b_�aZ^Zqb��ko_fm��kf��jbk� 13���nhjfmeu�

b j_amevlZlu�jZkq_lh\��J_amevlZlu ij_^klZ\blv \�\b^_�lZ[e����b�]jZnbdh\ 
�kf��jbk������=jZnbdb ihkljhblv�ih�iylb�jZkq_lguf�agZq_gbyf�dZ`^h]h�iZ�
jZf_ljZ��ijb�baf_g_gbb� U �k�jZ\guf�rZ]hf�gZ�bgl_j\Ze_ DE − ���Ih�ijb\_�
^_gghc f_lh^bd_ �kf��jbk� 9��\uihegblv�ZgZeba�jZkq_lguo�]jZnbdh\ 

 
LZ[ebpZ�� 

H[jZa_p�hnhjfe_gby�j_amevlZlh\�jZkq_lh\ 

IZjZf_lj DUU =�  �U  �U  �U  EUU =�  

UUÔ ��FIZ      

ÂÂÔ ��FIZ      

UUX ��ff      
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IjZdlbq_kdh_�aZgylb_���� 

1. Hl\_lblv�gZ�dhgljhevgu_�\hijhku d�l_f_���  
2. J_rblv�aZ^Zqm�� 4. 

AZ^ZqZ������<�khhl\_lkl\bb�kh�ko_fhc�b�h[hagZq_gbyfb�iZjZf_ljh\�
gZ� jbk��� ]jZnbq_kdbf�f_lh^hf� ihkljhblv� k_ldm� ebgbc� kdhev`_gby� ^ey�
aZ^Zqb�h�k`Zlbb�f_`^m�`_kldbfb�ieblZfb��Bkoh^gu_�^Zggu_�ijb\_^_gu \�
lZ[e� 6. 

 

 
 
 

 
 
 

Jbk��� 
LZ[ebpZ 6 

<ZjbZglu�bkoh^guo�^Zgguo�d�aZ^Zq_ ��� 

JZaf_ju 
ihehku��ff 

Ghf_j 
\ZjbZg�

lZ h b 
FZl_jbZe 

Qbkeh�k_dlhjh\�n 
\�\__jghc�h[eZklb 

Qbkeh�lhq_d�m 
\^hev�emq_c 

 1 0,8 10 KlZev�m]e_jh^bklZy 8 8 
 2 0,8 12 Lh `_ 8 8 
 3 0,8 14 '' 8 8 
 4 0,8 16 '' 8 8 
  5 0,8 18 '' 8 8 
  6 0,8 20 '' 8 8 
  7 0,8 24 '' 8 8 
  8 1  10 EZlmgv 5 5 
  9 1 12 Lh�`_ 5 5 
10 1 14 EZlmgv 5 5 
11 1 16 Lh�`_ 5 5 
12 1 26 K\bg_p 5 5 
13 1.2 20 Lh�`_ 10 10 
14 1.2 24 '' 10 10 
15 1.2 26 K\bg_p 10 10 
16 1,2 28 F_^v 10 10 
17 1.2 30 Lh�`_ 10 10 
18 2 30 KlZev�m]e_j 15 15 
19 2 36 Lh�`_ 15 15 
20 2 40 '' 15 15 

h 
 

L 
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F_lh^bq_kdb_�j_dhf_g^Zpbb�d�j_r_gbx�aZ^Zqb���� 

1. <hkihevah\Zlvky�ko_fhc��ijb\_^_gghc�gZ�jbk��1��khojZgyy�\k_�h[h�
agZq_gby�� Bamqblv� f_lh^bdm� ]jZnbq_kdh]h� ihkljh_gby� k_ldb� kh]eZkgh�
jbk��2. 

2. <�khhl\_lkl\bb kh ko_fhc�jbk��1 mklZgh\blv agZq_gby m]eZ Ä k�mq_�

lhf� aZ^Zgguo�iZjZf_ljh\� P �b� Q ��ih� kijZ\hqghc�ebl_jZlmj_�hij_^_eblv�

VÔ ��]jZgbqgu_�mkeh\by�aZ^Zlv�dZd�\�ijbf_j_�gZ�jbk��2. 

3. >ey�ih\ur_gby�lhqghklb�]jZnbq_kdbo�ihkljh_gbc�gZ�dZ`^hf�rZ]_ 
k_ldb��kf� jbk� 12���lhqghklb�baf_j_gby�m]eh\�b�lhqghklb�\uqbke_gby�dh�
hj^bgZl�lhq_d�j_dhf_g^m_lky�ihkljhblv�m\_ebq_ggmx�fh^_ev�h[eZklb�gZ�
fbeebf_ljh\hc�[mfZ]_��Baf_j_ggu_�dhhj^bgZlu�maeh\uo�lhq_d� NL[ � , NL\ �  

b�agZq_gby�m]eZ� NL�É �aZg_klb�\�lZ[e.1�k�mq_lhf�lhqghklb�bo�baf_j_gby�  

4. < khhl\_lkl\bb kh ko_fhc gZ jbk��1�ijb aZ^Zgguo�jZaf_jZo K �b /  
ihkljhblv� k_q_gb_�ihehku� k�bah[jZ`_gb_f� k_ldb�\�h[eZklb�:?H, :H< b 
:<K��H[jZlblv�\gbfZgb_�gZ�lhqghklv�ihkljh_gby�k_ldb�\�h[eZklb�:<K. 

<ZjbZglu�aZ^Zgbc 
LZ[ebpZ�� 

Ghf_jZ�dhgljhevguo�\hijhkh\ 

Ghf_jZ�dhgljhevguo�\hijhkh\ 
Ghf_j��aZdj_ie_gguc 

aZ�klm^_glhf d�l_fZf 1�b�� d�l_fZf�4�b�� 

1, 11, 21 1, 20 1 
2, 12, 22 2, 19 2 
3, 13, 23 3, 18 3 
4, 14, 24 4, 17 4 
5, 15, 25 5, 16 5 
6, 16, 26 6, 15 6 
7, 17, 27 7, 14 7 
8, 18, 28 8, 13 8 
9,  19, 29 9, 12 9 
10, 20, 30 10, 11 10 
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IJBEH@?GB? 
 

Bf_gghc�mdZaZl_ev�b�[bh]jZnbq_kdb_�^Zggu_� 
 

H]xkl_g�Emb�Dhrb (21.08.1789 – 23.08.1857) 
F_oZgbd�b�bg`_g_j�H� Dhrb�jh^beky� \�IZjb`_� \� k_fv_� Z^\hdZlZ��

JZgh� ijhy\be� kdehgghklv� d� fZl_fZlbd_�� H[mqZeky� \� Ihebl_ogbq_kdhc�
rdhe_��<� ����� ]�� aZdhgqbe�Rdhem�fhklh\�b�^hjh]��JZ[hlZy�gZ�ihkljhcd_�
dZgZeZ��khhjm`_gbb�fhklZ��\�R_j[mj]kdhf�ihjlm�k\h[h^gh_�\j_fy�ihk\y�
sZe�fZl_fZlbq_kdbf�bkke_^h\Zgbyf��<g_k�\deZ^�\�jZa\blb_�fZl_fZlbdb��
fZl_fZlbq_kdhc�nbabdb��;ue�\\_^_g�\�khklZ\�qe_gh\�IZjb`kdhc�ZdZ^_fbb�
gZmd��Hij_^_ebe�ihgylby�gZijy`_gbc�b� ^_nhjfZpbb��JZajZ[hlZe� l_hjbb�
gZijy`_gbc�b�^_nhjfZpbc��knhjfmebjh\Ze�aZ\bkbfhklb�f_`^m�gZijy`_�
gbyfb�b�^_nhjfZpbyfb��IhklZ\be� \Z`g_crmx� aZ^Zqm� l_hjbb�^bnn_j_g�
pbZevguo�mjZ\g_gbc��aZ^ZqZ�Dhrb��� 
 

Kbf_hg�>_gb�ImZkkhg�(21.06.1781 – 25.04.1840) 
 FZl_fZlbd�b�f_oZgbd�K� ImZkkhg�jh^beky�\� ]hjh^d_�Iblb\v_�[eba�
IZjb`Z� \� [_^ghc� k_fv_��Mqbeky�gZ� hlebqgh�b�ihklmibe� \�Ihebl_ogbq_�
kdmx�rdhem��H[eZ^Ze� \u^Zxsbfbky�fZl_fZlbq_kdbfb� kihkh[ghklyfb� b�
[ue�hklZ\e_g�^ey�ijh\_^_gby� aZgylbc�ih�fZl_fZlbd_��<� ����� ]��ihemqbe�
a\Zgb_�ijhn_kkhjZ��\������]��[ue�ba[jZg�qe_ghf�IZjb`kdhc�ZdZ^_fbb�gZ�
md��\� �����]� –�ihq_lguf�qe_ghf�I_l_j[mj]kdhc�ZdZ^_fbb�gZmd� GZibkZe�
k\ur_� ���� jZ[hl� ih� jZaebqguf� jZa^_eZf� fZl_fZlbdb�� ]b^jhf_oZgbdb��
l_hjbb� ieZg_l�� l_hjbb� ijbly`_gby�� we_dljhklZlbd_��<� l_hjbb� mijm]hklb�
\u\_e�h[sb_�mjZ\g_gby�jZ\gh\_kby�b�]jZgbqgu_�mkeh\by�gZ�hkgh\_�]bih�
l_au�h�fhe_dmeyjghf�kljh_gbb�l_eZ��bkke_^h\Ze�dhe_[Zgby�ieZklbg�b�jZk�
ijhkljZg_gb_�\heg� 
 

E_hgZj^�Wce_j�(15.04.1707 – 18.09.1783) 
FZl_fZlbd�b�f_oZgbd�E� Wce_j�jh^beky�\�k_fv_�g_[h]Zlh]h�iZklhjZ�

\�]��;Za_e_� �R\_cpZjby���<����e_l�ihklmibe�\�;Za_evkdbc�mgb\_jkbl_l��<�
�����]��\�\hajZkl_����e_l�ihemqbe�mq_gmx�kl_i_gv�fZ]bkljZ�bkdmkkl\� JZ�
[hlZe�\�I_l_j[mj]_�k������ih������]]��b�k�������Wce_j��[m^mqb�fZl_fZlb�
dhf��jZa\be�fZl_fZlbq_kdbc�ZiiZjZl�ijbf_gbl_evgh�d�aZ^ZqZf�f_oZgbdb��
khijhlb\e_gby�fZl_jbZeh\�� Zkljhghfbb��nbabdb��fhjkdhfm� ^_em�� l_hjbb�
f_oZgbafh\�� E�� Wce_jm� ijbgZ^e_`bl� kh\j_f_ggh_� hij_^_e_gb_� fh^mey�
mijm]hklb��Hg�\i_j\u_�ihklZ\be�b�j_rbe�aZ^Zqm�mklhcqb\hklb�kl_j`gy�� 

Ihegh_� kh[jZgb_� khqbg_gbc E� Wce_jZ�� kh^_j`Zs__� ����gZa\Zgbc��
ba^Zgh�\�R\_cpZjbb�b�khklZ\beh����lhfZ� 
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@ha_n�Emb�EZ]jZg` (25.01.1736 – 10.04.1813) 
FZl_fZlbd� b� f_oZgbd�@�� EZ]jZg`� jh^beky� \� ]�� Lmjbg_� �BlZeby���

ijhy\be�bkdexqbl_evgu_�fZl_fZlbq_kdb_�kihkh[ghklb�\�rdhe_�b�\����e_l�
klZe�ij_ih^Z\Zl_e_f��Z�\����e_l�–�ijhn_kkhjhf�fZl_fZlbdb�\�rdhe_� Hk�
gh\Ze�Lmjbgkdmx�ZdZ^_fbx�gZmd��[ue�ba[jZg�qe_ghf�;_jebgkdhc��I_l_j�
[mj]kdhc��IZjb`kdhc�ZdZ^_fbc�gZmd��<uihegbe�\Z`gu_�bkke_^h\Zgby�ih�
\ZjbZpbhgghfm�bkqbke_gbx��fZl_fZlbq_kdhfm�ZgZebam��l_hjbb�qbk_e��Ze�
]_[j_�� ^bnn_j_gpbZevguf� mjZ\g_gbyf�� Zkljhghfbb� b� fZl_fZlbq_kdhc�
dZjlh]jZnbb�� Ihegh_� kh[jZgb_� khqbg_gbc�@�� EZ]jZg`Z� [ueh� ba^Zgh� \�
1867-�����]]��b�khklhyeh�ba����lhfh\� 
 
Jh[_jl�=md�(18.07.1635 – 03.03.1703) 

Nbabd� b� f_oZgbd� J� =md� jh^beky� \� k_fv_� k\ys_ggbdZ� gZ� hkljh\_�
MZcl� �:g]eby��� Hdhgqbe� Hdknhj^kdbc� mgb\_jkbl_l�� JZ[hlZe� \� Ehg^hg�
kdhf�dhjhe_\kdhf�h[s_kl\_�\�^he`ghklb�dmjZlhjZ�ih�ijh\_^_gbx�wdki_�
jbf_glh\��H[eZ^Ze�bkdmkkl\hf�wdki_jbf_glZlhjZ�b�l_ogbq_kdhc�bah[j_lZ�
l_evghklvx��\uihegbe�\Z`gu_�bkke_^h\Zgby�\�h[eZklb�khijhlb\e_gby�fZ�
l_jbZeh\��jZa\be�b^_x�\hegh\hc�ijbjh^u�k\_lZ��jZajZ[hlZe�dhgkljmdpbx�
keh`gh]h�l_e_kdhiZ��\�[bheh]bb�hldjue�de_lhqgh_�kljh_gb_�jZkl_gbc��ih�
kljhbe “ig_\fZlbq_kdmx�fZrbgm”.  
 
JboZj^�Fba_k�(19.04.1883 – 14.07.1953) 
 FZl_fZlbd� b� f_oZgbd� J�� Fba_k� jh^beky� \� ]� E_f[_j]_� �:\kljh-
<_g]jby��gugq_�]��Ev\h\���Hdhgqbe�<_gkdbc�mgb\_jkbl_l��JZ[hlZe�ijhn_k�
khjhf� <_gkdh]h�� KljZk[mj]kdh]h�� ;_jebgkdh]h� mgb\_jkbl_lh\�� k� ���� – 
1939� ]]��–�ijhn_kkhjhf�KlZf[mevkdh]h�mgb\_jkbl_lZ�� k� ����� ]��^h�dhgpZ�
`bagb�ijhn_kkhjhf�=Zj\Zj^kdh]h� mgb\_jkbl_lZ��JZ[hlu�ihk\ys_gu� l_h�
jbb� mijm]hc� mklhcqb\hklb� pbebg^jbq_kdhc� h[hehqdb� ih^� \ha^_ckl\b_f�
gZjm`gh]h�^Z\e_gby�b�k`bfZxs_c�kbeu� <������]��J� Fba_k�\\_e�djbl_jbc�
ieZklbqghklb�ihl_gpbZevghc� wg_j]bb�baf_g_gby�nhjfu�� aZf_gb\�r_klb�
m]hevgbd�Lj_kdZ�–�K_g-<_gZgZ� 
 

Wm^`_gbh�;_evljZfb�(16.11.1835 – 18.02.1900) 
FZl_fZlbd�Wm^`_gbh�;_evljZfb�jh^beky�\�]��Dj_fhg_��Ehf[Zj^by��

BlZeby���Hdhgqbe�IZ\bckdbc� mgb\_jkbl_l�� JZ[hlZe� ijhn_kkhjhf�;hehg�
kdh]h��Jbfkdh]h��IZ\bckdh]h�mgb\_jkbl_lh\��JZ[hlu�;_evljZfb�hlghkylky�
d� jZaguf� jZa^_eZf� fZl_fZlbdb�� BamqZe� dbg_fZlbdm� `b^dhkl_c�� l_hjbx�
ihl_gpbZeh\��l_hjbx�l_iehijh\h^ghklb��Ijbgye�aZ�djbl_jbc�\hagbdgh\_�
gby�ieZklbq_kdbo�^_nhjfZpbc�ijb�g_h^ghhkghf�gZijy`_gghf�khklhygbb�
ihl_gpbZevgmx�wg_j]bx�^_nhjfZpbb� 
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=Z[jb_ev�EZf_�(22.07.1795 – 01.05.1870) 
 F_oZgbd�b�bg`_g_j�=� EZf_ jh^beky�\�]� Lmj_� �NjZgpby���hdhgqbe�
Ebp_c�Ex^h\bdZ�<_ebdh]h��Ihebl_ogbq_kdmx�rdhem��=hjgmx�rdhem��K�
18���ih��831 ]]��ih�ijb]eZr_gbx�jZ[hlZe \�Jhkkbb��<�^he`ghklb�ijhn_k�
khjZ� BgklblmlZ� dhjimkZ� bg`_g_jh\� iml_c� khh[s_gby� EZf_� ij_ih^Z\Ze�
\ukrmx�fZl_fZlbdm��nbabdm�b�ZgZeblbq_kdmx�f_oZgbdm��<�jZ[hlZo�baeh�
`be�h[sb_�mjZ\g_gby�l_hjbb�mijm]hklb��^Ze�]_hf_ljbq_kdmx�bgl_jij_lZ�
pbx� gZijy`_ggh]h� khklhygby� \� \b^_� weebikhb^Z� gZijy`_gbc�� ihemqbe�
j_r_gb_�aZ^Zqb�hij_^_e_gby�gZijy`_gbc \�lheklhkl_gghf�ihehf�pbebg^�
j_��gZ]jm`_gghf�\gmlj_ggbf�b�\g_rgbf�^Z\e_gb_f��aZ^ZqZ�EZf_��  
 
:^_fZj�@Zg�Deh^�K_g-<_gZg�(23.08.1797 – 06.01.1886) 
 F_oZgbd� b� bg`_g_j� K_g-<_gZg� jh^beky� \h�NjZgpbb�� Ihklmibe� \�
Ihebl_ogbq_kdmx�rdhem��JZ[hlZe� l_ogbdhf�gZ�ihjhoh\hf� aZ\h^_��Hdhg�
qbe�rdhem�fhklh\�b�^hjh]��JZ[hlZe�gZ�kljhbl_evkl\_�dZgZeh\��<�gZmqguo�
jZ[hlZo� f_lh^Zfb� l_hjbb� mijm]hklb� j_rbe� aZ^Zqb� ba]b[Z� b� djmq_gby�
kl_j`g_c�� aZgbfZeky� ijZdlbq_kdbfb� ijbeh`_gbyfb� ]b^jhf_oZgbdb�� AZ�
eh`be� hkgh\u� kh\j_f_gghc� l_hjbb� ieZklbqghklb�� ;ue� ba[jZg� ^_ckl\b�
l_evguf�qe_ghf�IZjb`kdhc�ZdZ^_fbb�gZmd� 
 
RZjev�H]xkl_g�Dmehg (14.06.1736 – 23.08.1806) 
 Nbabd��f_oZgbd��bg`_g_j�R� Dmehg�jh^beky�\� ]��:g]me_f_� �NjZg�
pby���Ihemqbe�h[jZah\Zgb_�\h_ggh]h�bg`_g_jZ��AZgbfZeky�f_oZgbq_kdbfb�
bkiulZgbyfb�ojmidbo�fZl_jbZeh\��bkke_^h\Ze�djmlbevgu_�dhe_[Zgby��ih�
i_j_qguc� ba]b[��>Ze� ijZ\bevgh_� j_r_gb_� aZ^Zqb� h[� ba]b[_� dhgkhevghc�
[Zedb�ijyfhm]hevgh]h�ihi_j_qgh]h�k_q_gby��Bkke_^h\Ze�lj_gb_�kdhev`_�
gby�jZaebqguo�l_e��<������]��jZ[hlZe�\�IZjb`kdhc�ZdZ^_fbb�gZmd�� 
 
Ex^\b]�IjZg^lev�(04.02.1875 – 15.08.1953) 
 F_oZgbd� b� bg`_g_j� E� IjZg^lev jh^beky� \� =_jfZgbb�� Hdhgqbe�
<ukrmx�l_ogbq_kdmx�rdhem�\�Fxgo_g_��Ih^�jmdh\h^kl\hf�ijhn_kkhjZ�
:� N_iiey�\uihegbe�bkke_^h\Zgb_�ba]b[Z�djb\h]h�[jmkZ�[hevrhc�djb\ba�
gu��>Ze�lhqgh_�j_r_gb_�aZ^Zqb�qbklh]h�ba]b[Z�kl_j`gy�k�ihi_j_qguf�k_�
q_gb_f�\�\b^_�madh]h�ijyfhm]hevgbdZ��Him[ebdh\Ze�j_r_gb_�iehkdhc�aZ�
^Zqb�h�\^Z\eb\Zgbb�`_kldh]h�rlZfiZ�\�`_kldhieZklbq_kdh_�l_eh��h]jZgb�
q_ggh_�iehkdhklvx�� 
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 <������]��gZ�I_j\hf�f_`^mgZjh^ghf�kt_a^_�ih�l_hj_lbq_kdhc�b�ijb�
deZ^ghc�f_oZgbd_�E� IjZg^lev�k^_eZe�^hdeZ^��\�dhlhjhf�knhjfmebjh\Ze�
hkgh\u� l_hjbb�ieZklbqghklb�–� l_hjbb� l_q_gby�^ey�qZklgh]h� kemqZy�ieh�
kdhc�^_nhjfZpbb��JZajZ[hlZe�l_hjbx�ih]jZgbqgh]h�kehy��Z�lZd`_�f_lh^u�
ijh_dlbjh\Zgby�kZfhe_lh\�ih�^Zgguf�bkiulZgbc�fh^_e_c�\�ljm[Zo�  
 
:gjb�W^mZj^�Lj_kdZ�(1814 – 1885) 

F_oZgbd� b� bg`_g_j�:�� Lj_kdZ� jh^beky� \� ]��>xgd_jd_� (NjZgpby). 
Hdhgqbe�ihebl_ogbq_kdmx�rdhem�� jZ[hlZe� \�<ukr_f� j_f_ke_gghf� mqb�
ebs_� bg`_g_jhf�� ihfhsgbdhf� ^bj_dlhjZ� mqbebsZ�� klZjrbf� nbabdhf-
wdki_jbf_glZlhjhf�� Ijh\_e� [hevrh_� wdki_jbf_glZevgh_� bkke_^h\Zgb_�
ij_kkh\Zgby�b�ijh[b\Zgby�f_lZeeh\��MklZgh\be��qlh�ieZklbq_kdb_�^_nhj�
fZpbb�\�h[s_f�kemqZ_�g_h^ghhkgh]h�gZijy`_ggh]h�khklhygby�\hagbdZxl�
lh]^Z�� dh]^Z� gZb[hevr__� dZkZl_evgh_� gZijy`_gb_� ^hklb]Z_l� iheh\bgu�
ij_^_eZ�l_dmq_klb�ijb�h^ghhkghf�jZkly`_gbb� 
 
Iv_j�Kbfhg�EZieZk�(1749 – 1827) 

NjZgpmakdbc� Zkljhghf��fZl_fZlbd��nbabd�I� EZieZk�\� ����� ]��[ue�
ba[jZg� ihq_lguf� qe_ghf� I_l_j[mj]kdhc� ZdZ^_fbb� gZmd�� Him[ebdh\Ze�
fgh]hqbke_ggu_� ljm^u� ih� ^bnn_j_gpbZevguf� mjZ\g_gbyf� fZl_fZlbq_�
kdhc�nbabd_��l_iehl_��l_hjbb�dZibeeyjghklb��Zdmklbd_��]_h^_abb�b�^j�� 
 
BkZZd�Gvxlhg�(1643 – 1727) 
 :g]ebckdbc�fZl_fZlbd��f_oZgbd��Zkljhghf��nbabd��hkgh\Zl_ev�deZk�
kbq_kdhc�nbabdb��k������]��ij_ab^_gl�Ehg^hgkdh]h�dhjhe_\kdh]h�h[s_kl�
\Z� Nmg^Zf_glZevgu_�ljm^u “FZl_fZlbq_kdb_�gZqZeZ�gZlmjZevghc�nbeh�
khnbb´�b� ³HilbdZ” ��JZajZ[hlZe�g_aZ\bkbfh�hl�=� E_c[gbpZ�^bnn_j_gpb�
Zevgh_�b�bgl_]jZevgh_�bkqbke_gb_��Hldjue�^bki_jkbx�k\_lZ��bkke_^h\Ze�
bgl_jn_j_gpbx� b� ^bnjZdpbx�� aZeh`be� hkgh\u� deZkkbq_kdhc� f_oZgbdb��
Hldjue�aZdhg�\k_fbjgh]h�ly]hl_gby��^Ze�l_hjbx�^\b`_gby�g_[_kguo�l_e��
kha^Ze�hkgh\u�g_[_kghc�f_oZgbdb� 
 
:e_dkZg^j�Xjv_\bq�Brebgkdbc (1913) 

<u^Zxsbcky� jhkkbckdbc� mq_guc� \� h[eZklb� f_oZgbdb� ZdZ^_fbd�
:�X� Brebgkdbc� \g_k� \deZ^� \� jZa\blb_� h[s_c�b�ijbdeZ^ghc�f_oZgbdb��
f_oZgbdb�^_nhjfbjm_fuo�kj_^��Z\lhfZlbdb��J_rbe�hk_kbff_ljbqgmx�aZ�
^Zqm�l_hjbb�ieZklbqghklb��Him[ebdh\Ze�nmg^Zf_glZevgu_�ljm^u�ih�l_h�
jbb�]bjhkdhih\��gZ\b]Zpbhgguf�ijb[hjZf��kbkl_fZf�gZ\b]Zpbb� 
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>fbljbc�DhgklZglbgh\bq�Q_jgh\ (1839 – 1921) 
Jhkkbckdbc� mq_guc�>�D� Q_jgh\� – h^bg� ba� hkgh\hiheh`gbdh\�f_�

lZeeh\_^_gby�� l_hjbb� l_jfbq_kdhc� h[jZ[hldb� klZeb� b� l_hjbb� h[jZ[hldb�

f_lZeeh\�^Z\e_gb_f��HF>���Ihke_�jZ[hlu�\�fhehlh\hf�p_o_�H[moh\kdh]h�

aZ\h^Z�him[ebdh\Ze�klZlvx�“H�\u^_ed_�klZevguo�hk_c�^ey�ih^\b`gh]h�kh�

klZ\Z�`_e_aguo�^hjh]” ��knhjfmebjh\Ze�b^_b��dhlhju_�^h�gZklhys_]h�\j_�

f_gb�e_`Zl�\�hkgh\_ ijZ\bevgh]h�ih^oh^Z�d�jZpbhgZevghfm�\uiheg_gbx�

ijhp_kkh\�HF>��Hldjue�djblbq_kdb_�lhqdb�nZah\uo�ij_\jZs_gbc�klZeb��

Kha^Ze�l_hjbx�djbklZeebaZpbb�klZevgh]h�kebldZ��mklZgh\be�\ebygb_�l_j�

fbq_kdhc�h[jZ[hldb�klZeb�gZ�__�kljmdlmjm�b�k\hckl\Z�� 

 
Kl_iZg�Ijhdhnv_\bq�Lbfhr_gdh (22.12.1878 – 29.05.1972) 

<�Bgklblml_�bg`_g_jh\�iml_c�khh[s_gby�kemrZe�e_dpbb�b�\uihe�

gye�ijh_dlu�fhklh\�m�G�:� ;_e_ex[kdh]h��E�N� GbdheZb��Ihke_�hdhgqZgby�

bgklblmlZ� ihk_lbe�=_jfZgbx� b�R\_cpZjbx�� kem`be� \� Zjfbb��JZ[hlZy� \�

bgklblml_�ih^�jmdh\h^kl\hf�G�:� ;_e_ex[kdh]h��Z�aZl_f�\�I_l_j[mj]kdhf�

ihebl_ogbq_kdhf�bgklblml_�ih^�jmdh\h^kl\hf�ijhn_kkhjZ�K�B� >jm`bgb�

gZ�� bamqZe� dmjku� fZl_fZlbdb�� l_hjbb� mijm]hklb�� ihk_sZe� djm`hd�

<�E� Dbjibq_\Z�� ijbgbfZe� mqZklb_� \� fhglZ`_� bkiulZl_evguo� fZrbg��< 

=_jfZgbb�kemrZe�e_dpbb�E� IjZg^ley� 

K������]��jZ[hlZe�aZ\_^mxsbf�dZn_^jhc�khijhlb\e_gby�fZl_jbZeh\�

Db_\kdh]h� ihebl_ogbq_kdh]h� bgklblmlZ�� AZgbfZeky� aZ^ZqZfb� mklhcqb\h�

klb� mijm]bo� kbkl_f�� J_r_gb_� aZ^Zq� mklhcqb\hklb� \uihegye� wg_j]_lbq_�

kdbf�f_lh^hf�ba�mkeh\by�fbgbfmfZ� wg_j]bb��<� ����� ]��K�I� Lbfhr_gdh�

m^hklh_g� ij_fbb�>�B� @mjZ\kdh]h��Him[ebdh\Ze� jZ[hlu� ih� ^bgZfbd_� b�

ijhqghklb�j_evkh\��<����� – 1915�]]��aZdhgqbe�jZ[hlm�gZ^�i_j\uf�b�\lh�

juf�lhfZfb�l_hjbb�mijm]hklb�� 

K������]��jZ[hlZe�\�X]hkeZ\bb��Z�aZl_f�\�KR:��<�]��Iblk[mj]_�hj�

]Zgbah\Ze� eZ[hjZlhjbx� hilbq_kdbo� f_lh^h\� bkke_^h\Zgby� gZijy`_gbc��

<ha]eZ\eye�dZn_^ju��jZ[hlZy�\�Fbqb]Zgkdhf��Kl_gnhj^kdhf�mgb\_jkbl_�

lZo��khklhye�qe_ghf�:G�jy^Z�kljZg��GZibkZe�djmigu_�fhgh]jZnbb�ih�klZ�

lbd_�khhjm`_gbc��l_hjbb�mklhcqb\hklb��ieZklbgZf�b�h[hehqdZf��dhlhju_�

g_h^ghdjZlgh�i_j_ba^Z\Zebkv�b�i_j_\_^_gu�gZ�jmkkdbc�yaud�  
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FZdkbfbebg�Lulmk�Om[_j (04.01.1872 – 09.12.1950) 
 F_oZgbd� b� bg`_g_j�F�� Om[_j� jh^beky� \� ]� Djhkvg_gdb� �:\kljh-
<_g]jby,�gug_�IhevrZ���;m^mqb�klm^_glhf�E_f[_j]kdhc�ihebl_ogbq_kdhc�
rdheu� �]� Ev\h\�� bamqZe� fZl_fZlbdm��f_oZgbdm�� \uihegbe� jy^� gZmqguo�
jZ[hl��JZ[hlZe� \�<ukr_c�ijhfure_gghc�rdhe_�DjZdh\Z�� \� ����� ]�� klZe�
j_dlhjhf�E_f[_j]kdhc� ihebl_ogbq_kdhc�rdheu�� \� ����� ]�� jZ[hlZe� aZ\_�
^mxsbf�dZn_^jhc�\�<ZjrZ\kdhf�ihebl_ogbq_kdhf�bgklblml_��k������]��– 
^_ckl\bl_evguc� qe_g� ihevkdhc�:dZ^_fbb� bkdmkkl\�� k� ����� ]�� aZ\_^h\Ze�
dZn_^jhc� ijh[e_f� f_oZgbdb� \�DjZdh\kdhf� ]hjgh-f_lZeemj]bq_kdhf� bg�
klblml_��F� Om[_j�\� �����]��ij_^eh`be�djbl_jbc�ieZklbqghklb�ihl_gpb�
Zevghc�wg_j]bb�baf_g_gby�nhjfu�� 
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