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Ihkljh_gh j_r_gb_ gh\hc aZ^Zqb jZkijhkljZg_gby \heg \ ihem[_kdhg_qghc

pbebg^jbq_kdhc h[hehqd_ kh kludhf� kh_^bgyxsbf ^\_ h[hehqdb jZaebqguo jZ^bm�

kh\� Ij_^iheZ]Z_lky� qlh fZl_jbZe h[hehqdb – \yadhmijm]bc� `b^dhklv – \yadZy�

>\b`_gb_ h[hehq_d hibku\Z_lky l_hjb_c Dbjo]hnZ - Ey\Z� ^\b`_gby `b^dhklb – 
mjZ\g_gbyfb� hkj_^g_ggufb ih ihi_j_qghfm k_q_gbx� AZ^ZqZ j_rZ_lky ij_h[jZah�

\Zgb_f EZieZkZ ih \j_f_gb k ihke_^mxsbf qbke_gguf h[jZs_gb_f� Ijh\h^blky

ZgZeba qbke_gguo j_amevlZlh\ ^ey ^Z\e_gby b jZ^bZevgh]h i_j_f_s_gby h[hehqdb

ijb jZaebqguo agZq_gbyo iZjZf_ljh\� 
 

Bkke_^m_lky�jZkijhkljZg_gb_�bfimevkZ�^Z\e_gby�\�ihem[_kdhg_q�

ghc�h[hehqd_��aZiheg_gghc�`b^dhklvx�b�khklhys_c�ba�^\mo�ihke_^h\Z�

l_evgh� khkludh\Zgguo�h[hehq_d�jZaguo�jZ^bmkh\��>\b`_gb_�h[hehq_d�

hibku\Z_lky�k\yaZgghc�kbkl_fhc�mjZ\g_gbc�l_hjbb�\yadhmijm]bo�h[heh�

q_d�Dbjo]hnZ-Ey\Z��^\b`_gb_�`b^dhklb�-�hkj_^g_ggufb�ih�ihi_j_qgh�
fm�k_q_gbx�mjZ\g_gbyfb�\yadhc�`b^dhklb��D�lhjpm�kbkl_fu�ijbdeZ^u�

\Z_lky�\�gZqZevguc�fhf_gl�\j_f_gb�bfimevk�^Z\e_gby��dhlhjuc�jZkijh�

kljZgy_lky�\^hev�kbkl_fu��ihjh`^Zy�gZ�klud_�hljZ`_ggu_�b�ijhoh^ysb_�

\hegu��AZ^ZqZ�j_rZ_lky�f_lh^hf�ij_h[jZah\Zgby�EZieZkZ�ih�\j_f_gb�k�

ihke_^mxsbf�qbke_gguf�h[jZs_gb_f��JZg__�[ueZ�jZkkfhlj_gZ�ZgZeh�

]bqgZy�aZ^ZqZ�^ey�[_kdhg_qghc�h^ghjh^ghc�h[hehqdb�[3], jZkkfZljb\Z_�
fZy�a^_kv�aZ^ZqZ�kms_kl\_ggh�mkeh`gy_lky��Ijbf_gbl_evgh�d�kludm�djh�

\_ghkguo� khkm^h\�\�mijhs_gghc� ]b^jZ\ebq_kdhc�ihklZgh\d_� aZ^ZqZ�kh�

kludhf�^\mo�ihem[_kdhg_qguo�pbebg^jbq_kdbo�h[hehq_d�k�̀ b^dhklvx��\�

dhlhjuo�mqblu\Zebkv�lhevdh�hdjm`gu_�gZijy`_gby��jZkkfZljb\ZeZkv�\�

[4], ke_^my�jZ[hl_�[2]. 
FZl_fZlbq_kdZy�ihklZgh\dZ�hibkZgghc�\ur_�aZ^Zqb�ij_^klZ\ey_l�

ky�\�\b^_ 
^bnn_j_gpbZevgu_�mjZ\g_gby�^\b`_gby�h[hehqkd 
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<� j_r_gbyo� ������ ����� mk  ( 8,...3,2,1=m ) –� dhjgb� oZjZdl_jbklbq_kdh]h�
mjZ\g_gby�� khhl\_lkl\mxs_]h� ^bnn_j_gpbZevghfm� mjZ\g_gbx� ������

Kdhjhklb�b�i_j_f_s_gby�hij_^_eyxlky�ZgZeh]bqgh� 
Ih^klZ\eyy� j_r_gby� \� ]jZgbqgu_� mkeh\by� ����� ���� b� mkeh\by� kh�

ijy`_gby�����-������ihemqbf�\�h[eZklb�bah[jZ`_gbc�kbkl_fm�mjZ\g_gbc�
^ey�hij_^_e_gby�dhwnnbpb_glh\� 12321 ,...,, AAAA : 

 

( )∑
=

=+
12

1

)(sincos)(
j

nnjnnjn
xm

j sfxbxaesA j λλ ,                   (18) 

 

]^_�i_j\u_�q_luj_�mjZ\g_gby�� 4,3,2,1=n ��hij_^_eyxlky�ijb� 0=x ��Z�hk�

lZevgu_��� 12,...,6,5=n ��hij_^_eyxlky�\�klud_�ijb� 0xx = . 
 <�^Zevg_cr_f�qbke_ggu_�j_r_gby�[ueb�ihemq_gu�^ey�bfimevkZ��

khhl\_lkl\mxs_]h�j_Zevghfm�baf_g_gbx�imevkh\h]h�^Z\e_gby�k_j^pZ�[3] 
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]^_� 410432,2 −⋅=A ,    015,0=α . 
 
 Qbke_ggh_�h[jZs_gb_�ij_h[jZah\Zgby�EZieZkZ�ijh\h^behkv�gZ�hk�

gh\_�jy^h\�Nmjv_�ih�kbgmkZf�>���@�ijb�ke_^mxsbo��iZjZf_ljZo� 
 

073,421 == AA , 431,521 == BB ,   2340Re= ,   02191,021 == UU , 
 

6,00201 == kk ,  4
21 102178,0 −⋅== aa ,    1449,82221 == ∗∗ kk ,  10 =E . 
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 G_dhlhju_�j_amevlZlu�jZkq_lh\�ij_^klZ\e_gu�gZ�jbk�������dhlhju_�
ihdZau\Zxl� baf_g_gb_� ^Z\e_gby� ( ) 2

00 VPP ρ= � b� jZ^bZevgh]h� i_j_f_�
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GZ�jbk�������djb\u_���khhl\_lkl\mxl�]eZ^dhc�h[hehqd_��dh]^Z�agZ�

q_gby�jZ^bmkh\�kh\iZ^Zxl� � 21 RR = ���Djb\u_���khhl\_lkl\mxl�h[hehqd_�

kh�kludhf��dh]^Z� 21 RR > ��djb\u_���–�dh]^Z� 21 RR < ��Ba�jbk����\b^gh��qlh�

baf_g_gb_�^Z\e_gby�ih�kjZ\g_gbx�k ]eZ^dhc�h[hehqdhc�agZqbl_evgh�ijh�
y\ey_lky� \� klud_� ijb� 21 RR < , ( 1,112 =RR �� b� fZeh� ijhy\ey_lky� ijb�

21 RR >  9,012 =RR ��Baf_g_gby� \_ebqbg� ijh]b[h\� ihdZaZgu�gZ� jbk�� ���

Djb\Zy���khhl\_lkl\m_l�]eZ^dhc�h[hehqd_� 112 =RR ��djb\Zy���-�dmkhqgh-
ihklhygghc�^ey�� 9,012 =RR ���Z�djb\Zy���-�^ey� 1,112 =RR . 
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