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P_evx�^Zgghc�jZ[hlu�y\ey_lky�hibkZgb_�ih\_^_gby�k_ckfhbahebjh\Zggh]h�

a^Zgby� �k_ckfhbahebjmxsbc� we_f_gl�dZldh\Zy�hihjZ��hkgZs_ggh]h�^_fin_jZfb�

i_j_f_ggh]h�kmoh]h�lj_gby� 
Ih\_^_gb_� k_ckfhbahebjh\Zggh]h� a^Zgby� hibku\Z_lky� fh^_evx� jZkkfhl�

j_gghc�\�jZ[hl_� >�@��]^_�jZkkfhlj_gu�fZeu_�dhe_[Zgby�kbkl_fu� �a^Zgb_–hihjZ–
hkgh\Zgb_���QZklhlZ�dhe_[Zgbc�lZdhc�kbkl_fu�hij_^_ey_lky�]_hf_ljbq_kdbfb�iZ�

jZf_ljZfb� hihj� dZq_gby�� ijbgyluo� \� dZq_kl\_� k_ckfhbahebjmxsbo� we_f_glh\��

Ijb� \g_rg_f� �k_ckfbq_kdhf�� \ha^_ckl\bb� k� qZklhlhc� kh\iZ^Zxs_c� k� qZklhlhc�

kh[kl\_gguo�dhe_[Zgbc��kbkl_fZ�\oh^bl�\�j_ahgZgk��qlh�lj_[m_l�ijbf_g_gby�^h�

ihegbl_evguo�l_ogheh]bq_kdbo�beb�dhgkljmdlb\guo�kj_^kl\�^ey�_]h�mkljZg_gby��

Ijbf_gy_fu_�\�[hevrbgkl\_�dhgkljmdlb\guo�j_r_gbc�©iehkdb_ª
1
�^_fin_ju�km�

oh]h� lj_gby� g_� wnn_dlb\gu�� lZd� dZd� g_h[oh^bfu� ^_fin_ju� [hevrhc� fZkku�� Z�

m\_ebq_gb_�fZkku�ijhlb\hj_qbl�b^__�k_ckfhbaheypbb�a^Zgbc� 
<� klZlv_�ij_^eZ]Z_lky� dhgdj_lgZy�bg`_g_jgZy�dhgkljmdpby�^_fin_jZ�i_�

j_f_ggh]h�kmoh]h�lj_gby��dhlhjZy�ijb�kjZ\gbl_evgh�fZehc�fZkk_�^_fin_jh\�kh�

ojZgy_l�k\hckl\Z�©iehkdh]hª�ly`_eh]h�^_fin_jZ� 
 
���>_fin_j�k�baf_gyxsbfky�kmobf�lj_gb_f 
>_fin_j� k� baf_gyxsbfky� kmobf� lj_gb_f� ij_^klZ\ey_l� kh[hc�

l_eh�hij_^_e_gghc�fZkku� P ��e_`Zs__�gZ�gZdehgghc�iehkdhklb�k�aZ�

^Zgguf�dhwnnbpb_glhf�lj_gby�kdhev`_gby�b� aZ^Zgguf� [2]� �beb�i_�
j_f_gguf [3]�� �m]ehf�gZdehgZ�α ��kihkh[gh_�^\b]Zlvky�\�\_jo�ih�gZ�

dehgghc� iehkdhklb� ih^� ^_ckl\b_f� g_dhlhjhc� ]hjbahglZevgh� ^_ckl�

\mxs_c� kbeu� 3 �b� kdhevablv�\gba�ih^�^_ckl\b_f� kh[kl\_ggh]h�\_kZ�

�Jbk�������� 
JZkkfhljbf�qZklguc�kemqZc�^_fin_jZ�k��baf_gyxsbfky�kmobf�

lj_gb_f� –� debgh\b^guc� ^_fin_j� kmoh]h� lj_gby�� Ijb� \ha^_ckl\bb�
\g_rg_c�]hjbahglZevghc�kbeu�P �gZ�^\b`msbcky�\\_jo�debgh\b^guc�

^_fin_j�� kbeZ� lj_gby� kdhev`_gby� klZgh\blky� \_ebqbghc�� aZ\bkys_c�

hl�\_ebqbgu�wlhc�\g_rg_c�kbeu� 
 

( )αα sincos ⋅+⋅⋅=⋅= PgmfNfF
lj

. 

 
Ijb�^\b`_gbb�fZkku�\gba�kbeZ�lj_gby�bf__l�lh�`_�\ujZ`_gb_��

gh�gZijZ\e_gZ�\\_jo��Bf__f� 
 

                                           
1
Ih^ �iehkdbf� ke_^m_l ihgbfZlv ^_fin_j ^_ckl\mxsbc gZ ]hjbahglZevghc iehkdhklb k

ihklhygghc ih fh^mex �kh]eZkgh aZdhgm DmehgZ� kbehc lj_gby kdhev`_gby  
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 –�hlghkbl_evgZy�kdhjhklv�^\b`ms_cky�fZkku� 

 
<� ^Zgghf� kemqZ_� ghjfZevgZy� j_�

Zdpby� ih\_joghklb� kdhev`_gby�

\_ebqbgZ�� aZ\bkysZy� hl� \g_rg_c�

kbeu�P .  
BlZd�� debgh\b^guc� ^_fi�

n_j� ^he`_g� kh\_jrZlv� ^\b`_gb_�

\\_jo�ih�gZdehgghc�ih\_joghklb�

kdhev`_gby� ih^� ^_ckl\b_f� g_dh�

lhjhc� ]hjbahglZevgh� ^_ckl\mx�

s_c�kbeu�b�kdhevablv�\gba�ih�lhc�

`_� ih\_joghklb� ijb� hlkmlkl\bb�

wlhc� kbeu� ih^� ^_ckl\b_f� kh[kl�

\_ggh]h� \_kZ�� >ey� \uiheg_gby�

wlbo�mkeh\bc�g_h[oh^bfh�ih^h[�

jZlv� hij_^_e_gguc� m]he� gZdehgZ�

ih\_joghklb� kdhev`_gby�� bkoh^y�

ba� mkeh\by� ij_^_evgh]h� jZ\gh\_�

kby� debgh\b^gh]h� ^_fin_jZ�� gZ�

oh^ys_]hky� gZ� gZdehgghc� ih�

\_joghklb� kdhev`_gby�� GZc^_f�

ij_^_evguc� m]he�� ij_\ur_gb_�

dhlhjh]h� ^_eZ_l� g_\hafh`guf�

^\b`_gb_� debgh\b^gh]h� ^_fin_�

jZ� \\_jo� ih^� ^_ckl\b_f� ex[hc�

]hjbahglZevgh� ^_ckl\mxs_c� kb�

eu� 
KhklZ\b\� mjZ\g_gby� jZ\gh�

\_kby�b�\ujZab\�kbem�P ��ihemqbf� 
 

( )
( )αα

αα
sincos

sincos
⋅−

+⋅⋅=
f

fgm
P . 

 
<� kemqZ_�� dh]^Z� agZf_gZl_ev� jZ\_g� gmex�� kbeZ� P � klZgh\blky�

[_kdhg_qgh�[hevrhc��l�_��debgh\b^guc�^_fin_j�gbdh]^Z�g_�k^\bg_lky�

k�f_klZ�ijb�m]e_�gZdehgZ� 
 

( )farcctg0 ≥α . 
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>ey�jZaebqguo�ih\_joghkl_c�kdhev`_gby�ij_^_evguc�m]he�[m�

^_l�baf_gylvky��LZ[ebpZ���� 
>ey�lh]h��qlh[u�debgh\b^guc�^_fin_j�\ha\jZsZeky�\�ij_`g__�

iheh`_gb_�ihke_�ij_djZs_gby�^_ckl\by�\g_rg_c�kbeu��g_h[oh^bfh�

hij_^_eblv�m]he��ijb�dhlhjhf�debgh\b^guc�^_fin_j��e_`Zsbc�gZ�gZ�

dehgghc�ih\_joghklb�kdhev`_gby��[m^_l�kdhevablv�\gba�ih^�^_ckl\b�

_f�kh[kl\_ggh]h�\_kZ� 
Ihkdhevdm�^\b`_gb_�fh`_l�ijhbkoh^blv�ebrv�ih�hkb� x ��lh�mk�

eh\b_�^\b`_gby�debgh\b^gh]h�^_fin_jZ�ih^�^_ckl\b_f�kh[kl\_ggh]h 
\_kZ�[m^_l�bf_lv�\b^� 

 

11 cossin αα ⋅⋅⋅>⋅⋅ gmfgm  
 

b�fbgbfZevguc�m]he��
�

α �hij_^_ey_lky�\ujZ`_gb_f� 
  

( )farctg1 >α . 
 

<�LZ[e����ijb\_^_gu�ij_^_evgu_�b�fbgbfZevgu_�m]eu�kdhev`_�

gby�^ey�jZaebqguo�dhwnnbpb_glh\�lj_gby�khhl\_lkl\mxsbo�gZb[he__�

qZklh�bkihevam_fuf�\�kljhbl_evkl\_�fZl_jbZeZf� 
 
 

 LZ[ebpZ�� 
 

Dhwnnbpb_gl�lj_gby f  Ij_^_evguc�m]he� 
�\�]jZ^mkZo� 

FbgbfZevguc�m]he�

kdhev`_gby��\�]jZ^mkZo� 
1,0≈ ��nlhjhieZkl–f_lZee� 84,3 5,71 

25,0≈ ��f_lZee–f_lZee� 75,9 14,0 

5,0≈ ��[_lhg–f_lZee� 63,4 26,6 

7,0≈ ��[_lhg–[_lhg� 55,0 34,0 

 
 
LZdbf�h[jZahf��jZkq_lguc�m]he�gZdehgZ�ih\_joghklb�kdhev`_�

gby� ^he`_g�gZoh^blvky� \�ij_^_eZo� 01 ααα << �^ey� \ur_hibkZggh]h�

kemqZy� 
��� Dbg_fZlbq_kdbc� nmg^Zf_gl� k� debgh\b^guf� ^_fin_jhf�

kmoh]h�l_jgby 
JZkkfhljbf�k_ckfhbahebjmxsbc�hihjguc�ma_e�k_ckfhklhcdh]h�

a^Zgby�� khklhysbc� ba� hihjgh]h� dbg_fZlbq_kdh]h� nmg^Zf_glZ� [1]� b�
debgh\b^guo�^_fin_jh\�kmoh]h�lj_gby�>�@��jbk���� 

Hlf_lbf�hkh[_gghklb�jZkq_lghc�ko_fu�[1]: 
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1) `_kldhklv�kbkl_fu�k_ckfhbaheypbb�hij_^_ey_lky�kbehc�\_kZ�
dZd�\�fZl_fZlbq_kdhf�fZylgbd_� 

2) a^Zgb_�jZkkfZljb\Z_lky�dZd�Z[khexlgh�l\_j^h_�l_eh� 
3) `_kldhklv�hihjguo�we_f_glh\�khbaf_jbfZ�k�`_kldhklvx�\u�

r_e_`Zsbo�dhgkljmdpbc� 
4) ^bkkbiZlb\ghc�kbehc�y\ey_lky�kbeZ�lj_gby�DmehgZ� 

 
 

 
 

Jbk����JZkq_lgZy�ko_fZ 
 

HibkZgb_� ^\b`_gby� dZ`^h]h� dhgkljmdlb\gh]h� j_r_gby� k_ck�

fhbahebjh\Zggh]h�a^Zgby�lj_[m_l�dhgdj_lgh]h�khklZ\e_gby�mjZ\g_gby�

^\b`_gby� l�d�� dhgkljmdlb\gh_� j_r_gb_� gZdeZ^u\Z_l� hij_^_e_ggu_�

mkeh\by�gZ�khklZ\e_gb_�mjZ\g_gby�^\b`_gby� 
>ey�ij_^eh`_gghc�jZkq_lghc�ko_fu�mjZ\g_gb_�^\b`_gby�bf__l�

\b^� 
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M  –�fZkkZ�k_ckfhbahebjh\Zggh]h�a^Zgby� 
x    –�hlghkbl_evgh_�i_j_f_s_gb_�a^Zgby� 
g    –�mkdhj_gb_�k\h[h^gh]h�iZ^_gby� 

ZX WW ;  –� khhl\_lkl\_ggh� ]hjbahglZevgZy�b�\_jlbdZevgZy� khklZ\eyx�
sb_�mkdhj_gby�hkgh\Zgby� 

a^
f  –�dhwnnbpb_gl�lj_gby�kdhev`_gby�ih�\_jlbdZevghc�ih\_jo�

ghklb�debgh\b^gh]h�^_fin_jZ� 

de
I  –� dhwnnbpb_gl� lj_gby� kdhev`_gby�debgh\b^gh]h�^_fin_jZ�

ih�gZdehgghc�ih\_joghklb� 
Z�   –�kdhjhklv�\_jlbdZevgh]h�^\b`_gby�debgh\b^gh]h�^_fin_jZ�

ih� kdhr_gguf� gZijZ\eyxsbf� hlghkbl_evgh� ih^gylby�

k_ckfhbahebjh\Zggh]h�a^Zgby� 

XP  –� kbeZ�� ^_ckl\mxsZy� gZ� a^Zgb_� kh� klhjhgu� debgh\b^guo�

^_fin_jh\��gZoh^ysboky�\�jZ[hl_� 
Hh; –� iZjZf_lju� aZ\bkysb_� hl� \b^Z� kbkl_fu� k_ckfhbaheypbb� �\�

^Zgghf�kemqZ_�dZldh\uo�hihj��K  –�\_ebqbgZ�\u[jhr_ggh]h�

kehy��+  –�\ukhlZ�klhcdb�� 
>ey�^Zggh]h�dhgkljmdlb\gh]h�j_r_gby� xxZ sgntgα�� = ��ke_^h\Z�

l_evgh� xxfZf
a^a^

sgnsgnsgn �� = ,�^ey�^jm]bo�dhgkljmdlb\guo�j_r_gbc�

iZjZf_lju� XP �b�Z� �fh]ml�[ulv�^jm]bfb� 
<� hlebqb_� hl� mjZ\g_gby� ^\b`_gby� k_ckfhbahebjh\Zggh]h� a^Z�

gby��hkgZs_ggh]h��iehkdbf��^_fin_jhf�kmoh]h�lj_gby�[1]: 
– mjZ\g_gb_� ���� bf__l� \f_klh� qe_gZ� \ujZ`Zxs_]h� kmoh_� lj_�

gb_��kbem� XP ; 
– \� hlkmlkl\b_� \g_rg_]h� \ha^_ckl\by� ^bkkbiZlb\gZy� kbeZ� XP  

y\ey_lky�ihklhygghc�ih�fh^mex�b�k\h[h^gu_�dhe_[Zgby�^Zg�

ghc� kbkl_fu� g_� [m^ml� hlebqZlvky� hl� k\h[h^guo� dhe_[Zgbc�

ijb� bkihevah\Zgbb� �iehkdbo�� ^_fin_jh\� kmoh]h� lj_gby�� k�

lhc�ebrv�jZagbp_c��qlh�ijb�h^ghc�b�lhc�`_�fZkk_�^_finb�

jmxsbo� we_f_glh\� b� h^bgZdh\uo� dhwnnbpb_glZo� lj_gby�

kdhev`_gby� aZlmoZgb_� dhe_[Zgbc� ijhbkoh^bl� agZqbl_evgh�

[uklj__� �aZ� kq_l�m]eZ�gZdehgZ�ih\_joghklb� kdhev`_gby��ba�

f_g_gb_� \_ebqbgu� dhlhjh]h� ZgZeh]bqgh� m\_ebq_gbx�fZkku�

^_fin_jh\�\�ljZ^bpbhgghf�kemqZ_�� 
– ijb�gZebqbb� \g_rg_]h� \ha^_ckl\by� ^bkkbiZlb\gZy� kbeZ� XP  

i_j_klZ_l�[ulv�ihklhygghc�ih�fh^mex�b�baf_gy_lky�\�aZ\b�

kbfhklb�hl�mkdhj_gbc�\g_rg_]h��k_ckfbq_kdh]h��\ha^_ckl\by�

ZX WW ;  (2). 
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Ijb\_^_f�ij_^_evguc�b�fbgbfZevguc�m]eu�gZdehgZ�ih\_jogh�

klb�kdhev`_gby�^ey�dhgkljmdlb\gh]h�j_r_gby� [2]� �Jbk�����hibku\Z_�
fh]h�mjZ\g_gb_f�dhe_[Zgbc� �����Ba�jbkmgdZ�\b^gh��qlh�\aZbfh^_ckl�

\b_�debgh\b^gh]h�^_fin_jZ�kmoh]h�lj_gby�kh�a^Zgb_f�ijb\h^bl�d�ih�

y\e_gbx�_sz�h^ghc�–�\_jlbdZevghc�ih\_joghklb�kdhev`_gby�k�dhwn�
nbpb_glhf�lj_gby�

a^
f ��Ihwlhfm�iZjZf_lju�m]eZ�gZdehgZ�ih\_joghklb�

kdhev`_gby�\�wlhf�kemqZ_��\�hlebqb_�hl�jZkkfhlj_ggh]h�\ur_�baheb�

jh\Zggh]h�debgh\b^gh]h�^_fin_jZ�ijb\h^bl�d�\ujZ`_gbx� 
 

( ) 





+

−<<
dea^

dea^

de
II

II
I

�
arctgarctg α . 

 

 
 
 
���JZkq_l�k\h[h^guo�dhe_[Zgbc�a^Zgby�gZ�dZldh\uo�hihjZo�k�

debgh\b^gufb�^_fin_jZfb�kmoh]h�lj_gby� 
;ueb�jZkkqblZgu� k\h[h^gu_�dhe_[Zgby� k_ckfhbahebjh\Zggh]h�

a^Zgby� k� debgh\b^gufb� ^_fin_jZfb� kmoh]h� lj_gby� kh� ke_^mxsbfb�

iZjZf_ljZfb��� 5,0=H f�� 1,0=h f�ijb�hlghr_gbb�fZkku�^_fin_jh\�d�

fZkk_�a^Zgby� 001,0=Mm ��dhwnnbpb_gl_�lj_gby�kdhev`_gby� 1,0=f , 
gZqZevghc� kdhjhklb� 1,00 =V f�k� b� m]eZo� gZdehgZ� ih\_joghklb� kdhev�

Jbk�����K_ckfhbahebjmxsbc�hihjguc�ma_e�a^Zgby�khhjm`_gby 
1 –�gb`gbc�hihjguc�[ehd����–�klZdZg����–�k_ckfhbahebjmxsZy�klhcdZ�kh�

kn_jbq_kdbfb�lhjpZfb����–�gb`gbc�hihjguc�[ehd����–�debgh\b^guc�
^_fin_j����–�mijm]bc�we_f_gl����–�aZdeZ^gu_�^_lZeb��� 

       4                                                                                                                       7 

                                                                                                                              5 
  7                    6 

2 

                                     1                                                                           3 
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`_gby� 050=α �b� 070=α ��Wlhfm�kemqZx�khhl\_lkl\m_l�mjZ\g_gb_�����k�

gme_\hc�ijZ\hc�qZklvx��dhlhjh_�j_rZehkv�f_lh^hf�Jmg]_-DmllZ��–]h�
ihjy^dZ�lhqghklb��LZd`_�ijh\h^beky�jZkq_l�k\h[h^guo�dhe_[Zgbc�kh�

hjm`_gby� k� ©iehkdbfª� ^_fin_jhf� kmoh]h� lj_gby� k� lZdbfb� `_�

iZjZf_ljZfb��� 

 
GZ�jbk����kiehrgufb�ebgbyfb�ijb\_^_gu�j_amevlZlu�jZkq_lh\�

aZlmoZxsbo�dhe_[Zgbc�k_ckfhbahebjh\Zggh]h�a^Zgby�k�debgh\b^gu�

fb�^_fin_jZfb�^ey�m]eh\�kdhev`_gby� 050=α �b� 070=α �b�^ey�kjZ\�

g_gby�rljboh\hc�ebgb_c�–�aZlmoZxsb_�dhe_[Zgby�^ey�lZdh]h�`_�kh�

hjm`_gby�k�ljZ^bpbhgguf�©iehkdbfª�^_fin_jhf� 

Debgh\b^guc�^_fin_j���0 
Debgh\b^guc�^_fin_j���0 
©Iehkdbcª�^_fin_j 
V0=0,1 f�k 
m/M=0,001 

 

<j_fy��k 

I
_j
_f

_s
_g
b
_�
�f

 

Jbk��� 
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Ba�jbkmgdZ�\b^gh��qlh�gZebqb_�debgh\b^guo�^_fin_jh\�agZqb�

l_evgh� m\_ebqb\Z_l� kdhjhklv� aZlmoZgby� dhe_[Zgbc�� LZd� ^ey�
070=α dhe_[Zgby�aZlmoZxl�aZ����k��Z�^ey�©iehkdh]hª�^_fin_jZ�aZ�wlhl�

`_� ijhf_`mlhd� \j_f_gb� Zfieblm^Z� dhe_[Zgbc� baf_gbeZkv� g_agZqb�

l_evgh��<b^gh� lZd`_�� qlh� kdhjhklv� aZlmoZgby� dhe_[Zgbc� aZ\bkbl� hl�

m]eZ�kdhev`_gby�debgh\b^gh]h�^_fin_jZ��ijb� �
��=α �dhe_[Zgby�aZ�

lmoZxl�ihqlb�\���jZa�^hevr_��q_f�ijb� 070=α .    
JZkq_lu� ihdZau\Zxl� \Z`gh_� ij_bfms_kl\h� debgh\b^gh]h�

^_fin_jZ�ih�kjZ\g_gbx�k�ljZ^bpbhgguf�©iehkdbfª�^_fin_jhf��dh�

lhjh_� khklhbl� \� agZqbl_evghf� kgb`_gbb�fZkku�^_fin_jZ��Hlf_lbf��

qlh[u�^h[blvky�aZlmoZgby�dhe_[Zgbc�k_ckfhbahebjh\Zggh]h�a^Zgby�k�

debgh\b^guf�^_fin_jhf��� 070=α ��ihkj_^kl\hf�©iehkdh]hª�^_fin_�

jZ��g_h[oh^bfh�m\_ebqblv�fZkkm�ihke_^g_]h�\�����jZa�ih�kjZ\g_gbx�k�

debgh\b^guf�� 
<� k\yab� k� wlbf� ijb\_^_f� ijhklmx� hp_gdm�� ?keb� kqblZlv�� qlh�

fZkkZ��-wlZ`gh]h�a^Zgby�khklZ\ey_l�ijb[ebabl_evgh������lhgg�b�hl�
ghr_gb_�fZkku�©iehkdh]hª�^_fin_jZ�d�fZkk_�a^Zgby�khklZ\ey_l������Z�

debgh\b^gh]h�–� ������lh�fZkkZ�iehkdh]h�b�debgh\b^gh]h�^_fin_jh\�
khhl\_lkl\_ggh�jZ\gu�–�����b���lhggu��Wdhghfby�kljhbl_evgh]h�fZ�
l_jbZeZ�hq_\b^gZ�� 

:gZeba� j_amevlZlh\� ^ey� kh[kl\_gguo� dhe_[Zgbc� ih^l\_j`^Z_l�

b^_x�ijbf_g_gby�debgh\b^gh]h�^_fin_jZ��kh]eZkgh�dhlhjhc��m\_eb�

q_gb_� ]Zr_gby� dhe_[Zgbc�fh`gh� ^hklbqv� baf_g_gb_f� m]eZ� gZdehgZ�

ih\_joghklb�kdhev`_gby�ijb�fZehc�kh[kl\_gghc�fZkk_�^_fin_jh\�km�

oh]h�lj_gby�� 
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