
Fbgbkl_jkl\h�h[jZah\Zgby�Jhkkbckdhc�N_^_jZpbb 
<eZ^bfbjkdbc�]hkm^Zjkl\_gguc�mgb\_jkbl_l 
DZn_^jZ�we_dljhl_ogbdb�b�we_dljhwg_j]_lbdb 

 
 
 
 
 
 
 
 
 
 
 

F?LH>BQ?KDB?�MD:A:GBY 
D�J:KQ?LGH-E:;HJ:LHJGUF�J:;HL:F 

IH�WE?DLJHL?OGBD? 
>EY�KLM>?GLH<�A:HQGH=H�H;MQ?GBY 

 
 
 
 

KhklZ\bl_eb� 
=�I��DHE?KGBD� 

X�I��F:DKBFH<� 
B�J��I?Q:EBG:� 

B�;��QMIBG  
 
 
 
 
 
 
 

<eZ^bfbj����� 
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M>D����������������� 
 
 

J_p_ga_gl 
DZg^b^Zl�l_ogbq_kdbo�gZmd��^hp_gl 

<eZ^bfbjkdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ 
<�K��=jb[Zdbg 

 
 
 
 

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�d�jZkq_lgh-eZ[hjZlhjguf�jZ[hlZf�ih�we_d�

ljhl_ogbd_� ^ey� klm^_glh\� aZhqgh]h� h[mq_gby� ��<eZ^bf�� ]hk�� mg-l��Khkl���
=�I� Dhe_kgbd�b�^j��<eZ^bfbj������. 44 k� 

 
Kh^_j`Zl� hibkZgb_� q_luj_o� jZkq_lgh-eZ[hjZlhjguo� jZ[hl, \� dZ`^hc�ba� dhlh�

juo�ijb\_^_gu�p_ev�jZ[hlu��h[t_dl�b�kj_^kl\Z�bkke_^h\Zgby��^hfZrg__�aZ^Zgb_��f_�
lh^bq_kdb_�mdZaZgby��dhgljhevgu_�\hijhku�b�mq_[gZy�ebl_jZlmjZ� 

F_lh^bq_kdb_�mdZaZgby�khklZ\e_gu�\�khhl\_lkl\bb�k�=hkm^Zjkl\_ggufb�h[jZ�
ah\Zl_evgufb�klZg^ZjlZfb� �jZa^_e�©We_dljhl_ogbdZª�^ey�klm^_glh\�g_we_dljbq_kdbo�
ki_pbZevghkl_c� aZhqghc� nhjfu� h[mq_gby�� ����00; 120100; 120300; 150200; 190100; 
190500; 230100; 250600; 250800; 290300; 290700). 

LZ[e��16��Be��18��;b[ebh]j���3�gZa\� 
 

M>D�����������������
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H;SB?�IHEH@?GBY 

Ijb�\uiheg_gbb�eZ[hjZlhjguo�jZ[hl�klm^_glu�ijbh[j_lZxl�gZ\u�
db�ijh\_^_gby� wdki_jbf_glZ�� kh\_jr_gkl\mxl�jZ[hlm� k�baf_jbl_evgufb�
ijb[hjZfb��mqZlky�qblZlv�we_dljbq_kdb_�b�kh[bjZlv�khhl\_lkl\mxsb_�bf�
fhglZ`gu_�ko_fu��h[jZ[Zlu\Zlv�j_amevlZlu�wdki_jbf_glZ� 

I_j_^� \uiheg_gb_f� dmjkZ� eZ[hjZlhjguo� jZ[hl� ih� we_dljhl_ogbd_�
dZ`^uc� klm^_gl� h[yaZg� bamqblv� ijZ\beZ� l_ogbdb� [_ahiZkghklb� b� jZkib�
kZlvky�\�`mjgZe_��dhlhjuc�gZoh^blky�\�eZ[hjZlhjbb� 

EZ[hjZlhjgu_�jZ[hlu�\uihegyxlky�[jb]Z^Zfb��khklhysbfb�ba�� – 3  
klm^_glh\�� <h \j_fy� \uiheg_gby� jZ[hlu� dZ`^Zy� [jb]Z^Z� ^he`gZ� bf_lv�
[eZgd� hlq_lZ� k� ibkvf_ggufb� hl\_lZfb� \� khhl\_lkl\bb� k� lj_[h\Zgbyfb�
jZa^_eZ���d�dZ`^hc�eZ[hjZlhjghc�jZ[hl_�b�kh�\k_fb�g_h[oh^bfufb�jbkmg�
dZfb��]jZnbdZfb�b�lZ[ebpZfb� 

I_j_^� \uiheg_gb_f� eZ[hjZlhjghc� jZ[hlu� dZ`^uc� klm^_gl�^he`_g�
ihemqblv m�ij_ih^Z\Zl_ey�^himkd�d�jZ[hl_��dhlhjuc�\dexqZ_l�\�k_[y�ijh�
\_jdm�\uiheg_gby�^hfZrg_c�ih^]hlh\db��Klm^_glZf��^hims_gguf�d�aZgy�
lbyf��^Z_lky�jZaj_r_gb_�gZ�k[hjdm�ko_fu��Klm^_glu��g_�ih^]hlh\b\rb_ky�
d�aZgylbyf��d�\uiheg_gbx�jZ[hlu�g_�^himkdZxlky��?keb�klm^_gl�bf__l�aZ�
^he`_gghklv�ih�^\mf�g_aZsbs_gguf�jZ[hlZf��lh�d�\uiheg_gbx�ke_^mx�
s_c�hg�lZd`_�g_�^himkdZ_lky� 

Ihke_�\uiheg_gby�eZ[hjZlhjghc�jZ[hlu�[jb]Z^Z�klm^_glh\�ih^ib�
ku\Z_l�m�ij_ih^Z\Zl_ey�j_amevlZlu�hiulh\��aZl_f�jZa[bjZ_l�ko_fm�b�ijb�
\h^bl�kl_g^�\�ihjy^hd��Klm^_glu��\uihegb\rb_��hnhjfb\rb_�b�aZsblb\�
rb_�jZ[hlm�\�^_gv�\uiheg_gby,�ij_^ty\eyxl�h^bg�hlq_l�gZ�[jb]Z^m��Ijb�
aZsbl_�\�ihke_^mxsb_�^gb�hlq_l�hnhjfey_lky�dZ`^uf�qe_ghf�[jb]Z^u� 

Hlq_lu� ih� eZ[hjZlhjguf� jZ[hlZf� ^he`gu� [ulv� \uiheg_gu� Zddm�
jZlgh�gZ�ebklZo�nhjfZlZ�:��ibkq_c�[mfZ]b�\�khhl\_lkl\bb�kh�klZg^Zjlhf�
ij_^ijbylby�KLI� ����-����<k_�we_dljbq_kdb_�ko_fu�� ]jZnbdb�b�lZ[ebpu�
^he`gu�[ulv�\uiheg_gu�ijb�ihfhsb�q_jl_`guo�bgkljmf_glh\��Ijbq_f, 
\k_�]jZnbdb�\uihegyxl�lhevdh�gZ�fbeebf_ljh\hc�[mfZ]_��H[hagZq_gby�\�
we_dljbq_kdbo� ko_fZo� ^he`gu� khhl\_lkl\h\Zlv� =HKL� �����-���� =HKL�
2.702-����=HKL��.747-����KL�KW<�����-����=HKL�����-����=HKL������-74. 



 4 

Hlq_l�^he`_g�kh^_j`Zlv� 
- lblmevguc�ebkl�k�mdZaZgb_f�dZn_^ju��mq_[ghc�]jmiiu��nZfbebb��

bf_gb�� hlq_kl\Z� klm^_glZ��gZa\Zgby��ghf_jZ�b�^Zlu� \uiheg_gby�
eZ[hjZlhjghc�jZ[hlu� 

- aZ^Zgb_� 
- ko_fm�kh_^bg_gbc; 
- ibkvf_ggu_� hl\_lu� gZ� dZ`^uc� \hijhk� jZa^_eZ� ©Ih^]hlh\dZ�            

d�jZ[hl_ª� 
- jZkq_lgu_�nhjfmeu�k�g_h[oh^bfufb�\uqbke_gbyfb; 
- lZ[ebpu�baf_j_gguo�b�\uqbke_gguo�\_ebqbg� 
- ]jZnbdb�b�^bZ]jZffu� 
- djZldb_�\u\h^u� 

 
 

JZkq_lgh-eZ[hjZlhjgZy�jZ[hlZ���1 
 

BKKE?>H<:GB?�I:J:F?LJH<�I:KKB<GUO�B�:DLB<GUO�
><MOIHEXKGBDH<�<�P?IYO�IHKLHYGGH=H�LHD: 

P_ev�jZ[hlu –�h\eZ^_lv�f_lh^bdhc�baf_j_gby�khijhlb\e_gbc�b�hi�
j_^_e_gby� \hevl-Zfi_jguo� oZjZdl_jbklbd� iZkkb\guo� ^\moihexkgbdh\�� Z�
lZd`_�h\eZ^_lv�f_lh^Zfb�baf_j_gby�iZjZf_ljh\�^\mowe_f_glguo�ko_f�aZ�
f_s_gby�Zdlb\guo�^\moihexkgbdh\� 

<�j_amevlZl_�ijh\_^_gby�jZ[hlu�klm^_glu�^he`gu� agZlv�hkgh\gu_�
nhjfu�aZibkb�mjZ\g_gbc��hibku\Zxsbo�ebg_cgu_�iZkkb\gu_�b�Zdlb\gu_�
^\moihexkgbdb�� b� ko_fu� aZf_s_gby� ihke_^gbo�� mf_lv� jZkkqblu\Zlv� iZ�
jZf_lju�^\moihexkgbdh\�b�bo�wd\b\Ze_glguo�ko_f�aZf_s_gby��ijbh[j_�
klb�gZ\udb�wdki_jbf_glZevgh]h�bkke_^h\Zgby�iZjZf_ljh\�b�j_`bfh\�jZ�
[hlu�^\moihexkgbdh\� 

 
1��H[t_dl�b�kj_^kl\Z�bkke_^h\Zgby 

H[t_dlhf�bkke_^h\Zgby�kem`Zl�^\moihexkgu_�j_abklb\gu_�we_f_g�
lu�� jZkiheh`_ggu_� gZ� kf_gghc� iZg_eb��� ��� Z� lZd`_� bklhqgbd� iblZgby��
jZkiheh`_gguc�gZ�iZg_eb�����eZ[hjZlhjgh]h�kl_g^Z�lbiZ�EKHW�– 5. 

<�jZ[hl_�bkihevam_lky�j_]mebjm_fuc�bklhqgbd�ihklhyggh]h�gZijy�
`_gby�� – 240 <,�jZkiheh`_gguc�gZ�iZg_eb�����kl_g^Z��<dexqZxl�bklhq�
gbd�� – 240 <�iml_f�gZ`Zlby�q_jghc�dghidb��gZoh^ys_cky�gZ^�aZ`bfZfb�      
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0 – 240 <�iZg_eb��� ���Ijb� wlhf�^he`gu� aZ]hj_lvky� kb]gZevgu_�eZfiu, 
jZkiheh`_ggu_�gZ^� dghidhc�b�gZ� kf_gghc�iZg_eb��� ���J_]mebjmxl�gZ�
ijy`_gb_ 0 – 240 <�ih\hjhlhf�jmqdb�Z\lhljZgknhjfZlhjZ��gZoh^ys_]hky�
ke_\Z�hl�aZ`bfh\�� – 240 <�gZ�iZg_eb�����kl_g^Z��HldexqZxl�bklhqgbd�
iblZgby�gZ`Zlb_f�djZkghc�dghidb� 

Baf_jyxl�lhd��gZijy`_gby�b�fhsghklv�Zfi_jf_ljZfb��\hevlf_ljZ�
fb�b�\Zllf_ljhf��iZjZf_lju�dhlhjuo�ijb\_^_gu�\�lZ[e. 1.  
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?keb� we_f_glu� we_dljbq_kdhc�p_ib�\dexq_gu�gZ�h^gh�b� lh�`_�gZ�
ijy`_gb_�� lh� wlh� ijbagZd� iZjZee_evgh]h� kh_^bg_gby� b� \k_� iZjZee_evgh�
\dexq_ggu_�we_f_glu�fh`gh�aZf_gblv�h^gbf�wd\b\Ze_glguf�we_f_glhf��
ijh\h^bfhklv�dhlhjh]h�jZ\gZ�kmff_�ijh\h^bfhkl_c�we_f_glh\��\oh^ysbo�
\�iZjZee_evgh_�kh_^bg_gb_� 

>ey�keh`guo�we_dljbq_kdbo�p_i_c�\\h^yl�ihgylb_�kf_rZggh]h�kh�
_^bg_gby��<�wlhf�kemqZ_�dZ`^uc�we_f_gl�p_ib�jZkkfZljb\Z_lky�\dexq_g�
guf�iZjZee_evgh�\k_c�hklZevghc�we_dljbq_kdhc�p_ib��>ey�\uy\e_gby�mqZ�
kldh\�k�ihke_^h\Zl_evguf�b�iZjZee_evguf�kh_^bg_gb_f�bkihevamxl�ij_�
h[jZah\Zgb_� wd\b\Ze_glghc� lj_oemq_\hc� a\_a^u� khijhlb\e_gbc� \� lj_�
m]hevgbd�b�h[jZlgh_�ij_h[jZah\Zgb_� 

Ijbf_ju�wd\b\Ze_glguo�ij_h[jZah\Zgbc�ijb\_^_gu�gZ�jbk� 2. 
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ky�d�lbim�g_b^_Zevguo�bklhqgbdh\�w�^�k���bklhqgbd�we_dljbq_kdhc�wg_j]bb�
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ihke_^h\Zl_evgh�kh_^bg_gguo�we_f_glh\��b^_Zevgh]h�bklhqgbdZ�we_dljh�
^\b`ms_c� kbeu� �w�^�k��� k�gZijy`_gb_f� ( �b�j_abklb\gh]h� we_f_glZ�

��
5 , 

fh^_ebjmxs_]h� \gmlj_ggb_� l_ieh\u_� ihl_jb� bklhqgbdZ� we_dljbq_kdhc�
wg_j]bb�� 

Ko_fZ� aZf_s_gby� bklhqgbdZ� b� _]h� \hevl-Zfi_jgZy� oZjZdl_jbklbdZ�
ihdZaZgu�gZ�jbk� 3. 

Ijb� k[hjd_� ko_f�b� \uiheg_gbb� jZ[hlu� ke_^m_l�jmdh\h^kl\h\Zlvky�
bgkljmdpbyfb�ih�l_ogbd_�[_ahiZkghklb�����b�������gZoh^ylky�\�eZ[hjZ�
lhjbb���GZ� \uiheg_gb_� ^Zgghc� eZ[hjZlhjghc� jZ[hlu� hl\h^blky� �� ZdZ^_�
fbq_kdbo�qZkZ��H^gZdh�ijb�g_h[oh^bfhklb�h[t_f�mq_[guo�aZ^Zgbc�fh`_l�
[ulv�khdjZs_g� 

 

 
Jbk�����Z�–�g_b^_Zevguc�bklhqgbd�W>K�� 

[�–�\hevl-Zfi_jgu_�oZjZdl_jbklbdb�bklhqgbdZ�b�gZ]jmadb 

 
���Ih^]hlh\dZ�d�jZ[hl_ 

�����HagZdhfblvky�k�f_lh^Zfb�baf_j_gby�we_dljbq_kdh]h�khijhlb\�
e_gby��Bamqblv�ijbgpbi�^_ckl\by�hff_ljZ�b�baf_jbl_evgh]h�fhklZ�ihklh�
yggh]h�lhdZ� 

�����HagZdhfblvky� k�ijbgpbihf�^_ckl\by�baf_jbl_evguo�ijb[hjh\�
�Zfi_jf_ljh\�� \hevlf_ljh\�� \Zllf_ljh\��� k� f_lh^Zfb� hij_^_e_gby� ih�
]j_rghklb�baf_j_gby� 

����� Bah[jZablv� ko_fu� baf_j_gby� \gmlj_gg_]h� khijhlb\e_gby� b�
w�^�k��g_b^_Zevgh]h�bklhqgbdZ�gZijy`_gby�(kf� i� ����f_lh^bq_kdbo�mdZaZ�
gbc�� 

�����Hnhjfblv�hlq_l�ih�eZ[hjZlhjghc�jZ[hl_�k�djZldbf�baeh`_gb_f�
j_amevlZlh\�ih�i� ��������������b�bah[jZ`_gb_f�ko_f��lZ[ebp�b�jZkq_lguo�
nhjfme�ih�jZa^_em�3. 
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���JZ[hq__�aZ^Zgb_ 

�����Baf_jblv� ihhq_j_^gh� khijhlb\e_gb_� j_abklhjh\�� \dexq_gguo�

f_`^m� aZ`bfZfb�A-X, B-Y� b�C-Z�fmevlbf_ljhf� lbiZ�F-���<� b� mgb\_j�
kZevguf� \hevlf_ljhf� lbiZ�<�-��:��>ey� wlh]h�\oh^gu_� aZ`bfu�ijb[hjZ�
kh_^bgblv�ijh\h^Zfb�k�aZ`bfZfb�:-O�b�ihhq_j_^gh�aZfudZlv�dexqb�D�-
D���iheh`_gb_�\\_jo���aZl_f�ih\lhjblv�hiul,�i_j_kh_^bgyy�ijh\h^gbdb�gZ�
aZ`bfu�B-Y�b�C-Z. 

J_amevlZlu�hiulZ�aZibkZlv�\�lZ[e� 2. 
LZ[ebpZ�2 

F_lh^�baf_j_gby R1, 
Hf 

R2, 
Hf 

R3, 
Hf 

R4, 
Hf 

R5, 
Hf 

R6, 
Hf 

R7, 
Hf 

R8, 
Hf 

R9, 
Hf 

Fmevlbf_ljhf 
F-���< 

         

Mgb\_jkZevguf 
\hevlf_ljhf�            
<�-��: 

         

Ih]j_rghklv� baf_�

j_gby� Å, %, ih� hl�
ghr_gbx� d� h[jZa�

ph\hfm� ijb[hjm�

<�-��: 

         

 
�����Ih� j_amevlZlZf� baf_j_gbc� i� ���� jZkkqblZlv� fZdkbfZevgh� ^h�

imklbfuc�lhd� �kf� i� �����q_j_a�j_abklb\gu_�we_f_glu�b�agZq_gb_�fZdkb�
fZevgh ^himklbfh]h�gZijy`_gby�gZ� dZ`^hf�j_abklb\ghf� we_f_gl_�� _keb�
ba\_klgh�� qlh� ^himklbfZy� fhsghklv� jZkk_ygby� dZ`^h]h� j_abklhjZ� gZ�

kt_fghc�iZg_eb�����jZ\gZ�����<l� 
�����Kh[jZlv�we_dljbq_kdmx�p_iv�ih�ko_f_�jbk� 4,Z��jmdh\h^kl\mykv�

we_dljhfhglZ`ghc�ko_fhc�gZ�jbk� 4,[��Ihke_�ijh\_jdb�ko_fu�ij_ih^Z\Z�
l_e_f�\dexqblv�bklhqgbd�iblZgby��-����<��Ijb jZahfdgmluo�dexqZo�D�-
D�� �iheh`_gb_� \gba�� mklZgh\blv�gZ� \oh^_� ko_fu�gZijy`_gb_�� mdZaZggh_�

ij_ih^Z\Zl_e_f�� Kgylv� ihdZaZgby� ijb[hjh\� ijb� hq_j_^ghf� aZfudZgbb�
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dexq_c� D�-D�� �h^bg� dexq� aZfdgml� �iheh`_gb_� \\_jo��� Z� hklZevgu_         
jZahfdgmlu��iheh`_gb_�\gba����J_amevlZlu�aZibkZlv�\�lZ[e��3. 

LZ[ebpZ�3 

Hiul JZkq_l �� 
i�i I��: U��< P��<l R1�Hf R2�Hf R3�Hf R4�Hf R5�Hf R6�Hf 
1          
2          
3          
4          
5          
6          

 
Ijbf_qZgb_��Ijb�k[hjd_�ko_fu��kf��jbk� ���we_dljhbaf_jbl_evgu_�

ijb[hju�mklZgZ\eb\Zlv�gZ�fZdkbfZevguc�ij_^_e��Z�\uoh^�lhdh\hc�h[fhl�
db�\Zllf_ljZ�[jZlv�k�hl\h^Z��,��:��<�Zfi_jf_ljZo�aZfudZl_eb�mklZgh\blv�
\�]g_a^Z���:��Z�gZ�\hevlf_lj_�b�\Zllf_lj_�gZ`Zlv�dghidb�����<� 

 
Z� 

 
[� 

Jbk� 4: Z�–�ko_fZ�we_dljbq_kdZy�ijbgpbibZevgZy� 
[�–�ko_fZ we_dljbq_kdbo�kh_^bg_gbc��we_dljhfhglZ`gZy� 
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Ijb� jZkq_l_� \_ebqbg� L5 ba� lZ[e� �� h[hkgh\Zlv� ijbf_g_gb_� jZkq_l�

guo�nhjfme 

L

L
L

,

8
5 = ; 

L

L
L

3

8
5

�

= . 

MdZaZgb_.�Ijb� \u[hj_�nhjfmeu�bkoh^blv�ba� deZkkZ� lhqghklb�ijb�
f_gy_fuo�ijb[hjh\� 

Ihke_� hdhgqZgby� hiulZ� gZijy`_gb_� bklhqgbdZ� kgbablv� ^h� gmey�
�jmqdm� Z\lhljZgknhjfZlhjZ� ih\_jgmlv� \e_\h� ^h� mihjZ�� b� hldexqblv� bk�
lhqgbd�iblZgby�gZ`Zlb_f�djZkghc�dghidb� 

�����Bkke_^h\Zgb_�\hevl-Zfi_jghc�oZjZdl_jbklbdb�gZ]jmadb��
�

5 ). 

>ey� wlh]h�\� we_dljbq_kdhc�p_ib�ih�ko_f_� �kf��jbk� 4)�Zfi_jf_lj�k�
ij_^_ehf�baf_j_gby���:�aZf_gblv�gZ�Zfi_jf_lj�k�ij_^_ehf���:,�aZfdgmlv�
\k_�dexqb�D�-D���iheh`_gb_�\\_jo���M[_^blvky��qlh�jmqdZ�Z\lhljZgknhj�
fZlhjZ�ih\_jgmlZ�\e_\h�^h�mihjZ��Ihke_�ijh\_jdb�ko_fu�ij_ih^Z\Zl_e_f�
\dexqblv� bklhqgbd� ihklhyggh]h� gZijy`_gby� b,� ieZ\gh� baf_gyy� _]h� \u�
oh^gh_�gZijy`_gb_�hl�gmey�^h�ij_^_evgh�^himklbfh]h�q_j_a�jZ\gu_�bg�
l_j\Zeu,�kgylv�aZ\bkbfhklv� )(UfI = �^ey�j_abklb\ghc�gZ]jmadb��Ijb�ijh�

\_^_gbb�hiulZ�g_h[oh^bfh�ihfgblv��qlh�ij_^_evgh�^himklbfuc�lhd�r_k�
lb�iZjZee_evgh�\dexq_gguo�j_abklhjh\�\�r_klv�jZa�[hevr_ 

���
,  h^gh]h�

j_abklhjZ��kf� i� ������J_amevlZlu�aZibkZlv�\�lZ[e. 4. 
LZ[ebpZ�4 

U��< 0         

I��: 0         

 
�����Bkke_^h\Zgb_� iZjZf_ljh\� Zdlb\gh]h� ^\moihexkgbdZ� �\gmlj_g�

g_]h�khijhlb\e_gby�b�w�^�k��g_b^_Zevgh]h�bklhqgbdZ�w�^�k��� 
<�ko_f_�ij_^u^ms_]h�hiulZ�mklZgh\blv�\oh^gh_�gZijy`_gb_�

�
8 p_�

ib�jZ\guf����<��Baf_jblv�lhd�
�
, \�p_ib��aZl_f�jZahfdgmlv�\k_�dexqb��ih�

eh`_gb_�\gba��b�baf_jblv�gZijy`_gb_�gZ�\oh^_�ko_fu�
##

8 ��<�khhl\_lkl�

\bb�k�i� ����f_lh^bq_kdbo�mdZaZgbc�jZkkqblZlv�w�^�k��b�\gmlj_gg__�khijh�
lb\e_gb_�bklhqgbdZ�iblZgby� 
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�����Ih�j_amevlZlZf�baf_j_gbc�b�jZkq_lZ�i�i� ����b�����ihkljhblv�gZ�
h^ghf� ]jZnbd_�\hevl-Zfi_jgu_�oZjZdl_jbklbdb�bklhqgbdZ�iblZgby�b�gZ�
]jmadb��jmdh\h^kl\mykv�ba\_klgufb�khhlghr_gbyfb� 

ggg RIU =  b \ggg RIEU −= . 

Mq_[gh-bkke_^h\Zl_evkdZy�jZ[hlZ� 

�����Bkke_^h\Zgb_�fh^_eb� ebgbb� i_j_^Zqb��Hij_^_eblv� dhwnnbpb�
_gl�ihe_agh]h�^_ckl\by�bklhqgbdZ�iblZgby�ijb�bkke_^h\Zl_evkdhf�kh_^b�
g_gbb� j_abklb\guo� we_f_glh\�nZa�A-X�b�B-Y�� _keb� h^bg�ba� j_abklb\guo�
we_f_glh\� nZau� :-O� kqblZlv� khijhlb\e_gb_f� ebgbb� we_dljhi_j_^Zqb�� Z�
j_abklb\gu_�we_f_glu�nZau�B-Y – i_j_f_gghc�gZ]jmadhc��kf��i� ����f_lh�
^bq_kdbo�mdZaZgbc�� 

 
���F_lh^bq_kdb_�mdZaZgby 

�����Ijb�jZkq_l_�^himklbfh]h�lhdZ�q_j_a�j_abklb\guc�we_f_gl�g_h[�
oh^bfh�\hkihevah\Zlvky�nhjfmehc�^himklbfhc� l_ieh\hc�fhsghklb��jZk�
k_b\Z_fhc�wlbf�we_f_glhf��\�khhl\_lkl\bb�k�aZdhghf�>`hmey – E_gpZ��� 

RIP 2
^hi^hi = �beb�

R

U
P

2
^hi

^hi = ; 

hldm^Z R
P

I ^hi
^hi = �b RPU ^hi^hi = . 

<�dZq_kl\_�R�\aylv�kj_^g__�agZq_gb_�^_\ylb�j_abklhjh\��khijhlb\e_�
gb_�dhlhjuo�baf_j_gh�ijb[hjhf�<�-��: \�i� ����\�khhl\_lkl\bb�k�nhjfm�
ehc 

∑
=

=
n

i
iRR

1
kj 9

1
. 

�����Ijb�baf_j_gbb�iZjZf_ljh\�ko_fu�aZf_s_gby�g_b^_Zevgh]h�bk�
lhqgbdZ�w�^�k��fh`gh�\hkihevah\Zlvky�f_lh^hf�^\mo�j_`bfh\� 

I. J_`bf� ohehklh]h� oh^Z��Ijb� wlhf�baf_jy_lky�gZijy`_gb_�gZ� aZ�
`bfZo�bklhqgbdZ�iblZgby�ijb� hldexq_gghc�gZ]jmad_� xxU �\k_� dexqb�gZ�

jbk���jZahfdgmlu���dhlhjh_�qbke_ggh�jZ\gh�w�^�k���l�_�� EU =xx . 
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II. J_`bf�gZ]jmadb��Ijb�wlhf�baf_jy_lky�lhd� gI  b�gZijy`_gb_� gU  

ko_fu� �kf��jbk� 4)�ijb�g_dhlhjhc�gZ]jmad_��lh]^Z� \ggg RIEU −= . Hldm^Z�

\gmlj_gg__�khijhlb\e_gb_�bklhqgbdZ 

g

g
\g I

UE
R

−= , Hf� 

�����>ey�jZkq_lZ�dhwnnbpb_glZ�ihe_agh]h�^_ckl\by�bklhqgbdZ�iblZ�

gby�g_h[oh^bfh�baf_jblv�fhsghklv,�hl^Z\Z_fmx�bklhqgbdhf� EP , b�fhs�

ghklv,�ihlj_[ey_fmx�gZ]jmadhc� HJ ��lh]^Z 

% 100
?

G

J

J=η . 

 
5. Dhgljhevgu_�\hijhku 

��� DZdh\u� hkh[_gghklb� baf_j_gby� khijhlb\e_gbc� f_lh^hf� Zfi_j�
f_ljZ�b�\hevlf_ljZ" 

���Qlh�lZdh_�hff_lj" 

���<�q_f�aZdexqZ_lky�ijbgpbi�^_ckl\by�ijb[hjh\�fZ]gblhwe_dljb�
q_kdhc�kbkl_fu��we_dljhfZ]gblghc�kbkl_fu" 

���Qlh�lZdh_�\hevl-Zfi_jgZy�oZjZdl_jbklbdZ�^\moihexkgbdZ" 

���DZdh\u�iZjZf_lju�Zdlb\guo�^\moihexkgbdh\" 

���<�dZdhf�kemqZ_�^\moihexkgbd�gZau\Zxl�Zdlb\guf" 

���DZd�hij_^_eblv�j_`bf�jZ[hlu�Zdlb\gh]h�^\moihexkgbdZ" 

���DZd�hij_^_eblv�ih]j_rghklv�baf_j_gby" 

���DZdZy�jZagbpZ�f_`^m�^hklh\_jguf�b�lhqguf�baf_j_gbyfb? 

����DZd�hij_^_ey_lky�p_gZ�^_e_gby�Zfi_jf_ljZ��\hevlf_ljZ��\Zllf_l�
jZ" 

����DZd�hkms_kl\blv�\u[hj�baf_jbl_evguo�ijb[hjh\�^ey�dhgdj_lguo�
baf_j_gbc" 

����Qlh�lZdh_�we_dljbq_kdh_�khijhlb\e_gb_" 

����DZdh\�nbabq_kdbc�kfuke�^himklbfhc�fhsghklb�jZkk_ygby�j_ab�
klb\gh]h�we_f_glZ" 

14. <�q_f�kfuke�fhklh\uo�f_lh^h\�baf_j_gby�khijhlb\e_gbc" 
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JZkq_lgh-eZ[hjZlhjgZy�jZ[hlZ���2 
 

BKKE?>H<:GB?�J?ABKLB<GUO�>?EBL?E?C                                    
G:IJY@?GBY�B�LHD: 

P_ev� jZ[hlu –� h\eZ^_lv�f_lh^bdhc� jZkq_lZ� ^_ebl_e_c� gZijy`_gby�     
b�lhdZ��Z�lZd`_�h\eZ^_lv�f_lh^Zfb�baf_j_gby�iZjZf_ljh\�j_abklb\guo�^_�
ebl_e_c�gZijy`_gby�b�lhdZ� 

<�j_amevlZl_�ijh\_^_gby�jZ[hlu�klm^_glu�^he`gu� agZlv�hkgh\gu_�
nhjfu� aZibkb� mjZ\g_gbc�� hibku\Zxsbo� ebg_cgu_� iZkkb\gu_� j_abklb\�
gu_�^_ebl_eb�gZijy`_gby�b�lhdZ�b�ij_^klZ\e_gb_�ihke_^gbo�ko_fZfb�aZ�
f_s_gby��mf_lv�jZkkqblu\Zlv�iZjZf_lju�^_ebl_e_c�gZijy`_gby�b�lhdZ�b�
bo� wd\b\Ze_glguo� ko_f� aZf_s_gby�� ijbh[j_klb� gZ\udb� wdki_jbf_glZev�
gh]h�bkke_^h\Zgby�iZjZf_ljh\�b�j_`bfh\�jZ[hlu�j_abklb\guo�^_ebl_e_c 
gZijy`_gby�b�lhdZ�  

 

1.�H[t_dl�b�kj_^kl\Z�bkke_^h\Zgby 

H[t_dlhf�bkke_^h\Zgby�kem`Zl�=-h[jZagu_��fhklh\u_�b�L-h[jZagu_�
^_ebl_eb�gZijy`_gby�b�lhdZ��kh[bjZ_fu_�ba�^\moihexkguo�j_abklb\guo�
we_f_glh\�� jZkiheh`_gguo�gZ� kf_gghc�iZg_eb��� ���b�bklhqgbdh\�iblZ�
gby��jZkiheh`_gguo�gZ�iZg_eb�����eZ[hjZlhjgh]h�kl_g^Z�lbiZ�EKHW-5. 

<� jZ[hl_� bkihevam_lky� j_]mebjm_fuc� bklhqgbd� i_j_f_ggh]h� lhdZ�      
b�ihklhyggh]h�gZijy`_gby���– 240 <��jZkiheh`_gguc�gZ�iZg_eb�����kl_g�
^Z��<dexqZxl�bklhqgbd�� – 240 <�iml_f�gZ`Zlby�q_jghc�dghidb��gZoh^y�
s_cky�gZ^�aZ`bfZfb�� – 240 <�iZg_eb������Ijb�wlhf�^he`gZ�aZ]hj_lvky�
kb]gZevgZy� eZfiZ�� jZkiheh`_ggZy� gZ^� dghidhc�� J_]mebjmxl� gZijy`_gb_           
0 – 240 <�ih\hjhlhf� jmqdb� Z\lhljZgknhjfZlhjZ��gZoh^ys_]hky� ke_\Z� hl�
aZ`bfh\� � – ���<�gZ�iZg_eb��� �� kl_g^Z��HldexqZxl�bklhqgbd�iblZgby�
gZ`Zlb_f� djZkghc� dghidb��Baf_jyxl� lhd��gZijy`_gby�b� Zdlb\gmx�fhs�

ghklv� Zfi_jf_ljZfb�� \hevlf_ljZfb� b� \Zllf_ljZfb�� iZjZf_lju� dhlhjuo�
ijb\_^_gu�\�lZ[e� 1. 

LZ[ebpZ�� 
Lbi�ijb[hjZ Kbkl_fZ Ij_^_eu�baf_j_gbc Dhebq_kl\h 

<hevlf_lj�W��� 
 

<hevlf_lj�W��� 
 

:fi_jf_lj�W��� 
 

:fi_jf_lj�W��� 
 

<Zllf_lj�>���� 

 
>> 

 

>> 
 

>> 
 

 

0 – ����< 
 

0 – ����< 
 

0,5 – ��: 
 

2,5 – 5 : 
 

75 – ����<l 

1 
 

1 
 

2 
 

1 
 

1 
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Ijb�k[hjd_�ko_fu�b�\uiheg_gbb�jZ[hlu�ke_^m_l�jmdh\h^kl\h\Zlvky�

bgkljmdpb_c�ih�l_ogbd_�[_ahiZkghklb���1 (gZoh^blky�\�eZ[hjZlhjbb�� 

 

 

2.�Ih^]hlh\dZ�d�jZ[hl_ 

 

2.1. HagZdhfblvky� k� f_lh^Zfb� ihkljh_gby� ko_f� j_abklb\guo                

=-h[jZaguo��fhklh\uo�b�L-h[jZaguo�^_ebl_e_c�gZijy`_gby�b�lhdZ� 

2.2. HagZdhfblvky� k�ijbgpbihf�^_ckl\by�baf_jbl_evguo�ijb[hjh\�

�Zfi_jf_ljh\��\hevlf_ljh\��\Zllf_ljh\��b�f_lh^Zfb�hij_^_e_gby�ih]j_r�

ghklb�baf_j_gby� 

2.3. JZkkqblZlv� dhwnnbpb_gl� i_j_^Zqb� gZijy`_gby� DU
� b� lhdZ� Di 

ko_f�^_ebl_e_c�gZijy`_gby�b�lhdZ��ihdZaZgguo�gZ�jbk���� ��b��� 

2.4. AZibkZlv� ZgZeblbq_kdb_� \ujZ`_gby�b�ihkljhblv�nmgdpbhgZev�

gu_�aZ\bkbfhklb�\uoh^gh]h�gZijy`_gby�U2�ko_fu��kf� jbk� ���hl�baf_g_�

gby�wd\b\Ze_glgh]h�khijhlb\e_gby�\_l\b�C-Z�ijb�g_baf_gguo�iZjZf_ljZo�

hklZevguo�\_l\_c�b�bklhqgbdZ��Z�lZd`_�lhdZ�\_l\b�C-Z�hl�lhdZ�\_l\b�:-O 

ijb�l_o�`_�mkeh\byo� 

2.5. Ijh\_jblv�\uiheg_gb_�aZdhgh\�Dbjo]hnZ�^ey�ko_fu�aZf_s_gby�

�kf� jbk� ���b�ihkljhblv�nmgdpbhgZevgmx�aZ\bkbfhklv�d�i�^��ko_fu��kqblZy�

\_l\v�C-Z�gZ]jmadhc� 

2.6.�Hnhjfblv� hlq_l� ih� eZ[hjZlhjghc� jZ[hl_ k� iheghklvx� \uihe�

g_gguf�aZ^Zgb_f�jZa^_eZ����ko_fZfb�b�lZ[ebpZfb� 

 

 

���JZ[hq__�aZ^Zgb_ 

 

����� Bkke_^h\Zgb_� ^_ebl_e_c� gZijy`_gby� gZ� ihklhygghf� lhd_�           

Kh[jZlv�we_dljbq_kdmx�p_iv�=-h[jZagh]h�^_ebl_ey�gZijy`_gby��we_dljb�

q_kdZy�ijbgpbibZevgZy�b�we_dljhfhglZ`gZy�ko_fu�dhlhjh]h�ihdZaZgu�gZ�
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jbk� ��� GZ� \oh^� ko_fu� ih^dexqblv� bklhqgbd� ihklhyggh]h� gZijy`_gby�         

0 – 240 <��jmqdZ�Z\lhljZgknhjfZlhjZ�dhlhjh]h�ijb�k[hjd_�ko_fu�^he`gZ�

[ulv�\u\_^_gZ�\e_\h�^h�hldZaZ� 

 

 
Z) 

 
[� 

Jbk���: Z�–�ko_fZ�we_dljbq_kdZy�ijbgpbibZevgZy��[�– we_dljhfhglZ`gZy 
 
 

�������Ihke_�ijh\_jdb�ko_fu�ij_ih^Z\Zl_e_f�\dexqblv�iblZgb_�bk�

lhqgbdZ�� – 240 <�b��\jZsZy�j_]meylhj�Z\lhljZgknhjfZlhjZ�\ijZ\h��\uklZ�

\blv�ijb�jZahfdgmluo� dexqZo�D1��D2��D3�ih� \hevlf_ljm�V��gZijy`_gb_��

mdZaZggh_�ij_ih^Z\Zl_e_f��AZfudZy�ihke_^h\Zl_evgh�dexqb�D4 – D9�ijb�

aZfdgmluo�dexqZo�D1 – D3 baf_jblv�gZijy`_gb_�gZ�\oh^_�b�\uoh^_�ko_fu��
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Z�lZd`_�lhdb�\_l\_c�b�ihdZaZgb_�\Zllf_ljZ��J_amevlZlu�r_klb�hiulh\�aZ�

ibkZlv�\�lZ[e��.�Ihke_�ijh\_^_gby�hiulZ�hldexqblv�gZijy`_gb_�bklhqgb�

dZ�iblZgby� 

LZ[ebpZ�� 

HIUL J:KQ?L 
� 
i�i U1, 

< 
U2, 
< 

I1, 
: 

I2, 
: 

I3, 
: 

P, 
<l 

P1, 
<l 

P2, 
<l 

P3, 
<l 

ûP, 
<l 

PjZkq�, 
<l 

R\o, 
Hf 

Rw�, 
Hf \o

2w

R

R
k =  �� 

% 

1 
. 
. 
. 
6 

               

 

<� lZ[e� �� ijbgylu� h[hagZq_gby�� $;5,3 �
�� = ; %<5,3 �

�� = ; 

&=5,3 �
�� = ;  

321jZkq PPPP ++= ; jZkqPPP −=∆ ; 
1

1
\o I

U
R = ; 

)( 32

2
2 II

U
Rw +

= . 

�������Ih�j_amevlZlZf�baf_j_gbc�i� ������jZkkqblZlv�fhsghklv��ih�
lj_[ey_fmx�dZ`^hc�\_l\vx�p_ib��b�ijh\_jblv�\uiheg_gb_�[ZeZgkZ�fhs�

ghkl_c� 
JZkkqblZlv�\oh^gh_�khijhlb\e_gb_�p_ib� \oR �hlghkbl_evgh�aZ`bfh\�

bklhqgbdZ�iblZgby�b�wd\b\Ze_glgh_�khijhlb\e_gb_� 2wR  mqZkldZ�p_ib�k�iZ�

jZee_evguf�kh_^bg_gb_f�\_l\_c� 

<uqbkeblv� hlghr_gb_�
\o

w�
R

Rk = � b� ihkljhblv� aZ\bkbfhklv�

�� N88 = �� Z� lZd`_� �� �� 8I8 = �ih� j_amevlZlZf� wdki_jbf_glZ��J_amevlZlu�

jZkq_lZ�aZibkZlv�\�lZ[e� 2. 
<� h^ghc� kbkl_f_� dhhj^bgZl� ihkljhblv� aZ\bkbfhklb� fhsghklb�

)( 2w1w2 RfP = �b�dhwnnbpb_glZ�ihe_agh]h�^_ckl\by� �d�i�^��� )( 2w'2 Rf=η �hl�

wd\b\Ze_glgh]h�khijhlb\e_gby� 2wR ��]^_� 322w PPP += ; % 100w2

P

P=η . 

�������Kh[jZlv�we_dljbq_kdmx�p_iv�fhklh\h]h�^_ebl_ey�gZijy`_gby��
we_dljbq_kdZy� b� we_dljhfhglZ`gZy� ko_fu� dhlhjh]h� ihdZaZgu� gZ� jbk� 2. 
<oh^�we_dljbq_kdhc�p_ib�ijbkh_^bgblv�d�bklhqgbdm�ihklhyggh]h�gZijy�
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`_gby� � – 240 <��jmqdZ� Z\lhljZgknhjfZlhjZ�dhlhjh]h�ijb� k[hjd_� ko_fu�
^he`gZ�[ulv�\u\_^_gZ�\e_\h�^h�hldZaZ��<�dZq_kl\_�j_abklhjZ� \R �bkihev�
ah\Zlv�j_hklZl� \R ��jZkiheh`_gguc�gZ�fZrbgghc�klhcd_� 

 

 
Z) 

 
[) 

Jbk���:  Z�– ko_fZ�we_dljbq_kdZy�ijbgpbibZevgZy��[�– we_dljhfhglZ`gZy 

 

�������Ihke_�ijh\_jdb�ko_fu�ij_ih^Z\Zl_e_f�\dexqblv�iblZgb_�bk�
lhqgbdZ�� – 240 <�b��\jZsZy�j_]meylhj�Z\lhljZgknhjfZlhjZ�\ijZ\h��\uklZ�
\blv�ijb�jZahfdgmluo�dexqZo�D1 – D9 ih�\hevlf_ljm�V��gZijy`_gb_��mdZ�
aZggh_�ij_ih^Z\Zl_e_f� 
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AZfdgmlv�dexqb�D1 – D9 b��baf_gyy�iheh`_gb_�^\b`dZ�j_hklZlZ� \R , 

ijh\_klb�g_�f_g__�r_klb�hiulh\�baf_j_gby�gZijy`_gbc��lhdh\�b�ihlj_[�

ey_fhc� fhsghklb� bkke_^m_fhc� ko_fu�� J_amevlZlu� baf_j_gbc� aZibkZlv�          

\�lZ[e� 3. 

 

LZ[ebpZ�� 

HIUL J:KQ?L 

� 
i�i U1, 

< 
U2, 
< 

I1, 
: 

I2, 
: 

I3, 
: 

P, 
<l 

PAX, 
<l 

PBY, 
<l 

PCZ, 
<l 

PBX, 
<l 

RAX+ 
+RBY, 
Hf 

RCZ+ 
+RB 

Hf 

RB, 
Hf 

RAX, 
Hf 

�� 
% 

1 
. 
. 
. 
6 

               

 
Ih^klZ\eyy�\�\ujZ`_gb_�dhwnnbpb_glZ�i_j_^Zqb�gZijy`_gby�i� 2.3 

^ey�ko_fu�gZ�jbk� ��agZq_gby�\uqbke_gguo�khijhlb\e_gbc�ba�lZ[e� 3,�ih�

kljhblv�aZ\bkbfhklv� �� ��� 8I8 = ��KjZ\gblv�jZkq_lguc�]jZnbd�k�wdki_jb�

f_glZevguf�b�h[tykgblv�ijbqbgu�bo�\hafh`gh]h�g_kh\iZ^_gby� 

3.2�� Bkke_^h\Zgb_� ^_ebl_e_c� lhdZ� gZ� ihklhygghf� gZijy`_gbb��           

Kh[jZlv�we_dljbq_kdmx�p_iv�^_ebl_ey�lhdZ��we_dljbq_kdZy�b�we_dljhfhg�

lZ`gZy�ko_fu�dhlhjh]h�ihdZaZgu�gZ�jbk� ���<oh^�we_dljbq_kdhc�p_ib�ijb�

kh_^bgblv� d� bklhqgbdm� ihklhyggh]h� gZijy`_gby� � – 240 <�� jmqdZ�

Z\lhljZgknhjfZlhjZ� dhlhjh]h� ijb� k[hjd_� ko_fu� ^he`gZ� [ulv� \u\_^_gZ�

\e_\h�^h�hldZaZ� 
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�������Ihke_�ijh\_jdb�ko_fu�ij_ih^Z\Zl_e_f�\dexqblv�iblZgb_�bk�

lhqgbdZ�� – 240 <�b��\jZsZy�j_]meylhj�Z\lhljZgknhjfZlhjZ�\ijZ\h��\uklZ�

\blv�ijb� jZahfdgmluo�D4 – D9 ih� \hevlf_ljm�V��gZijy`_gb_�� mdZaZggh_�

ij_ih^Z\Zl_e_f� 

 

 
Z) 

 

 
[� 

 

Jbk�������Z�–�ko_fZ�we_dljbq_kdZy�ijbgpbibZevgZy��[�– we_dljhfhglZ`gZy 

Baf_gyy�khijhlb\e_gb_�\_l\_c�iml_f� aZfudZgby�dexq_c��ijh\_klb�

g_�f_g__�r_klb�hiulh\�baf_j_gby� lhdh\�\_l\_c�b�ihlj_[ey_fhc�fhsgh�

klb��J_amevlZlu�baf_j_gbc�aZibkZlv�\�lZ[e� 4. 
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�������Ih� qbkeh\uf� ^Zgguf� lZ[e� �� jZkkqblZlv� khijhlb\e_gby� iZ�
jZee_evguo�\_l\_c�RBY b�RCZ��Z�lZd`_�bo�hlghr_gb_�b�fhsghklv��ihlj_[�
ey_fmx�dZ`^hc�\_l\vx��b�ijh\_jblv�\uiheg_gb_�[ZeZgkZ�fhsghkl_c� 

 
LZ[ebpZ�� 

HIUL J:KQ?L 
� 
i�i U1, 

< 
I1, 
: 

I2, 
: 

I3, 
: 

P, 
<l 

RBY, 
Hf 

RCZ, 
Hf %<

&=

5

5
 

�

�

,

,
 PBY, 

<l 
PCZ, 
<l 

1 
. 
. 
. 
6 

           

 
Ih�j_amevlZlZf�jZkq_lZ�ihkljhblv�]jZnbdb� �� ��� ,I, = �b� �� ��� ,I, = , 

kjZ\gblv�bo�k�wdki_jbf_glZevgufb� 
 

Mq_[gh-bkke_^h\Zl_evkdZy�jZ[hlZ 

Bkke_^h\Zlv�^_ebl_ev�gZijy`_gby�ih�ko_f_� �kf� jbk����gZ�i_j_f_g�
ghf�lhd_��Ijb�wlhf�ij_^mkfhlj_lv�baf_j_gb_�fhsghklb�\�dZ`^hc�iZjZe�
e_evghc� \_l\b��Baf_j_gby� \uihegblv� \� khhl\_lkl\bb� k�imgdlZfb� ������b�
3.1.2. 

 

���F_lh^bq_kdb_�mdZaZgby 

�����AZfudZgbx�dexqZ�Di�khhl\_lkl\m_l�iheh`_gb_�jmqdb�lmf[e_jZ�
�i_j_dexqZl_ev�i_j_db^ghc�lbiZ�L<�-���\\_jo��jZafudZgbx�–�\gba� 

����� Dhwnnbpb_gl� i_j_^Zqb� gZijy`_gby� hl� \_l\b� m� �dZd� ijZ\beh, 
kh^_j`Zsmx�bklhqgbd�W>K�k�gZijy`_gb_f�Um��b�\_l\b�n�k�gZijy`_gb_f�

Un hij_^_ey_lky� ih� nhjfme_� PQ
X
QP 88. = �� <� p_iyo� ihklhyggh]h� lhdZ�

1K ≤u ��AgZd�jZ\_gkl\Z�fh`_l�[ulv�lhevdh�ijb�n = m��:gZeh]bqgh�aZibku�

\Z_lky�\ujZ`_gb_�^ey�dhwnnbpb_glZ�i_j_^Zqb�lhdZ� mn
i
nm II=K ��]^_�In�b�

Im�lhdb�\_l\_c�n�b�m�khhl\_lkl\_ggh� 
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GZijbf_j��^ey�fhklh\hc�ko_fu��kf��jbk� ���lhdb�\_l\_c�\�khhl\_lkl�
\bb�k�aZdhghf�HfZ�jZ\gu� 

BYAX RR

U
I

+
= 1

2 ,    
CZ< RR

U
I

+
= 1

3 .                              (1) 

Ijb� h[oh^_� dhglmjZ� k� we_f_glZfb� RAX, R<� b� V�� ijhlb\� qZkh\hc�
klj_edb�\�khhl\_lkl\bb�kh�\lhjuf�aZdhghf�Dbjo]hnnZ�ihemqbf� 

11232 kU
RR

R

RR

R
URIRIU

BYAX

AX

CZ<

<
AX< =








+

−
+

=−= , 

))((1

2
21

BYAXCZB

CZAXBY<

BYAX

AX

CZ<

<U

RRRR

RRRR

RR

R

RR

R

U

U
k

++
−=

+
−

+
== . 

Ba�ihemq_ggh]h�\ujZ`_gby�ke_^m_l�mkeh\b_�[ZeZgkZ�fhklZ 

0=− CZAXBYB RRRR  beb� 021 =Uk . 

�����IZjZf_lju�we_f_glh\�fhklh\hc�p_ib�fh`gh�hij_^_eblv�ih�j_�
amevlZlZf�wdki_jbf_glZ��bkihevamy�aZdhgu�HfZ�b�Dbjo]hnZ��LZd,�ba�nhj�
fme�����ke_^m_l� 

2

1

I

U
RR BYAX =+  b 

3

1

I

U
RR CZB =+ . 

K�mq_lhf�agZq_gby�
2I

U
R AX

AX = �ihemqbf� 

2

1

22

1

I

UU

I

U

I

U
R AXAX

BY
−=−= , 

3

22

I

URI
R AX

B
+=

3

2

I

UU AX += , 

3

21

3

1

I

UUU
R

I

U
R AX

BCZ
−−=−= . 

����� Ijb� hij_^_e_gbb� fhsghklb�� ihlj_[ey_fhc� j_abklb\guf� we_�
f_glhf,�p_e_khh[jZagh�aZdhg�>`hmey – E_gpZ�aZibku\Zlv�\�\b^_ 

iii RIP 2= . 
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�����Ijb�hij_^_e_gbb�lhdZ�iZjZee_evguo�\_l\_c�ko_fu��kf� jbk� 3,Z��
fh`gh�bkihevah\Zlv�nhjfmeu�jZa[jhkZ��kh]eZkgh�dhlhjuf 

CZBY

CZ

RR

R
II

+
= 12 , 

CZBY

BY

RR

R
II

+
= 13 . 

Ba� ijb\_^_gguo� \ujZ`_gbc� ke_^m_l�
BY

CZ

R

R

I

I =
3

2 �� qlh� khhl\_lkl\m_l�

ml\_j`^_gbx�h�jZkij_^_e_gbb�lhdZ�\�\_l\yo�ijhihjpbhgZevgh�bo�khijh�
lb\e_gbx�b�jZ\_gkl\m�iZ^_gby�gZijy`_gbc�gZ�we_f_glZo�p_ib��\dexq_g�
guo�iZjZee_evgh.�Dhwnnbpb_glu�i_j_^Zqb� lhdZ�^ey�ko_fu� �kf� jbk� 3,Z��
aZibku\Zxlky�\�\b^_ 

CZBY

CZi

RR

R

I

I
k

+
==

1

2
21 ,  

CZBY

BYi

RR

R

I

I
k

+
==

1

3
31 . 

����� Wdki_jbf_glZevgZy� qZklv� jZkq_lgh-eZ[hjZlhjghc� jZ[hlu� jZk�
kqblZgZ�gZ�q_luj_oqZkh\h_�eZ[hjZlhjgh_�aZgylb_� 

 
5��Dhgljhevgu_�\hijhku�b�aZ^Zgby 

���H[tykgbl_�nbabq_kdbc�kfuke�ijhp_kkZ�^_e_gby�gZijy`_gby��lhdZ� 
���Ijb\_^bl_�ijbf_ju�bkihevah\Zgby�^_ebl_e_c�gZijy`_gby�b�lhdZ�

\�we_dljbq_kdhc�ijZdlbd_� 
���Ijb\_^bl_�^hdZaZl_evkl\h�\aZbfhk\yab�f_`^m�^_ebl_eyfb�lhdZ�b�

^_ebl_eyfb�gZijy`_gby� 
���GZ�dZdhf�ijbgpbi_�hkgh\ZgZ�jZ[hlZ�fgh]hij_^_evguo�Zfi_jf_l�

jh\��\hevlf_ljh\��\Zllf_ljh\" 
��� >hdZ`bl_� \aZbfhk\yav� f_`^m� dhwnnbpb_glZfb� i_j_^Zqb� =-

h[jZagh]h�b�fhklh\h]h�j_abklb\guo�^_ebl_e_c�gZijy`_gby� 
���Fh`gh� eb� Zfi_jf_lj�bkihevah\Zlv� \� dZq_kl\_� \hevlf_ljZ�b�gZ�

h[hjhl"�>ey�dZdbo�lbih\�baf_jbl_evguo�kbkl_f�wlh�kijZ\_^eb\h" 
���Fh`gh�eb�=-h[jZaguc�^_ebl_ev�gZijy`_gby�bkihevah\Zlv�\�dZq_�

kl\_�^_ebl_ey�lhdZ" 
���<�dZdhc�ba�bkke_^m_fuo�\�jZ[hl_�ko_f�^_ebl_e_c�gZijy`_gby�[h�

e__�\ukhdbc�d�i�^�" 
���DZd�hij_^_eblv�d�i�^��^_ebl_ey�lhdZ" 

����DZd� \eby_l� khijhlb\e_gb_�gZ]jmadb�gZ� lhqghklv� ^_e_gby�gZijy�
`_gby�^_ebl_e_f�gZijy`_gby" 

����<eby_l�eb�khijhlb\e_gb_�gZ]jmadb�gZ�jZ[hlm�^_ebl_ey�lhdZ"�Hl�
\_l�h[hkgh\Zlv�ZgZeblbq_kdb� 
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JZkq_lgh-eZ[hjZlhjgZy�jZ[hlZ���3 
 

BKKE?>H<:GB?�G?J:A<?L<E?GGHC�H>GHN:AGHC               
WE?DLJBQ?KDHC�P?IB�K�BKLHQGBDHF 

KBGMKHB>:EVGH=H�LHD: 

P_ev� jZ[hlu� –� hagZdhfe_gb_� k� f_lh^Zfb� iZjZf_ljh\� iZkkb\guo�
^\moihexkgbdh\� gZ� i_j_f_gghf� lhd_� b� f_lh^Zfb� hij_^_e_gby� nZah\uo�
k^\b]h\�ijb�baf_g_gbb�iZjZf_ljh\�we_f_glh\�we_dljbq_kdhc�p_ib� 

<�j_amevlZl_�ijh\_^_gby�jZ[hlu�klm^_glu�^he`gu� agZlv�hkgh\gu_�
nhjfu� aZibkb� mjZ\g_gbc�� hibku\Zxsbo� ebg_cgu_� iZkkb\gu_� ^\moih�
exkgbdb� gZ� i_j_f_gghf� lhd_�� b� ij_^klZ\e_gb_� bo� ko_fZfb� aZf_s_gby��
mf_lv�jZkkqblu\Zlv�iZjZf_lju�^\moihexkgbdh\�gZ�i_j_f_gghf�lhd_�b�bo�
wd\b\Ze_glguo� ko_f� aZf_s_gby�� ijbh[j_klb� gZ\udb� wdki_jbf_glZevguo�
bkke_^h\Zgbc� ebg_cguo� h^ghnZaguo� we_dljbq_kdbo� p_i_c� k� bklhqgbdhf�
kbgmkhb^Zevgh]h�lhdZ. 

 
1.�H[t_dl�b�kj_^kl\Z�bkke_^h\Zgby 

H[t_dlhf�bkke_^h\Zgby�kem`Zl�j_abklb\gu_��bg^mdlb\gu_�b�_fdh�
klgu_� we_f_glu�� jZkiheh`_ggu_� gZ� iZg_eyo��� �� b��� �� eZ[hjZlhjgh]h�
kl_g^Z�EKHW-5. 

<�dZq_kl\_�bg^mdlb\gh]h�we_f_glZ�L�bkihevam_lky�h^gZ�ba�h[fhlhd�
ljZgknhjfZlhjZ�Lj�� jZkiheh`_ggh]h� \� [ehd_��� ���LZf�`_� jZkiheh`_gZ�
[ZlZj_y�we_dljbq_kdbo�dhg^_gkZlhjh\��bkihevam_fuo�\�dZq_kl\_�_fdhklgh�
]h�we_f_glZ�K. 

Ih� hij_^_e_gbx� bg^mdlb\guc� �_fdhklghc�� we_f_gl� hlghkblky� d�
qbkem� b^_Zebabjh\Zgguo� we_f_glh\�� aZiZkZxsbo� wg_j]bx� \� fZ]gblghf�
�we_dljbq_kdhf��ihe_�k�ihke_^mxsbf�\ha\jZlhf�__�\�we_dljbq_kdmx�p_iv� 

H[hagZq_gb_�we_f_glh\��jbk����� 

 
                                              �����Z��������������������������[� 

Jbk��:   Z�–�bg^mdlb\guc�we_f_gl��[�–�_fdhklguc�we_f_gl 
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<aZbfhk\yav�f_`^m�lhdZfb�b�gZijy`_gbyfb�bkke_^m_fuo�we_f_glh\�
\ujZ`Z_lky�nhjfmeZfb 

dt

di
LU L

L = ;    dtU
L

i LL ∫= 1
; 

dt

dU
Ci c

c = ;    dti
C

U cc ∫= 1
. 

Ijb�\ha^_ckl\bb�kbgmkhb^Zevgh]h�gZijy`_gby��lhdZ�� )sin( um tUu ϕ+ω=  

beb )sin( im tIi ϕ+ω= ��]^_�
T

f
π=π=ω 2

2  – pbdebq_kdZy�qZklhlZ,�k-1; f –�qZk�

lhlZ� ih\lhj_gby� kbgmkhb^Zevgh]h� kb]gZeZ� �=p�� Z� L –� _]h� i_jbh^,� k�            
ihemqbf� 

),sin() 90sin(  

)cos())sin((

ulmLiLm

imimL

tUtXI

tLItI
dt

d
LU

ϕ+ω=+ϕ+ω=

=ϕ+ωω=ϕ+ω=

$

 

 

),sin() 90sin( 

)cos()sin(
1

ucmcicm

i
m

imc

tUtXI

t
C

I
dttI

C
U

ϕ+ω=−ϕ+ω=

=ϕ+ω
ω

−=ϕ+ω= ∫
$

 

]^_� P/8 �b� PF8 -�khhl\_lkl\_ggh�Zfieblm^Z�gZijy`_gbc�gZ�bg^mdlb\ghklb�

b�_fdhklb� 

L
T

fLLXL
π=π=ω= 2

2  – bg^mdlb\gh_�khijhlb\e_gb_,�Hf� 

C

T

fCC
Xc π

=
π

=
ω

=
22

11
 – _fdhklgh_�khijhlb\e_gb_, Hf� 

$ 90+ϕ=ϕ iul  – gZqZevgZy�nZaZ�gZijy`_gby�gZ�bg^mdlb\ghklb��we�]jZ^��� 
$ 90−ϕ=ϕ iuc  – gZqZevgZy�nZaZ�gZijy`_gby�gZ�_fdhklb��we�]jZ^��� 

L_ieh\u_� ihl_jb� \� b^_Zebabjh\Zgguo� bg^mdlb\ghf� b� _fdhklghf�
we_f_glZo�hlkmlkl\mxl��Z�wg_j]by��aZiZkZ_fZy�\�we_dljbq_kdhf�ihe_�dhg�
^_gkZlhjZ� F: �b�fZ]gblghf�ihe_�bg^mdlb\ghc�dZlmrdb� /: ��hij_^_ey_lky�

ih�nhjfmeZf 

2

2

0

CU
duiuW c

u

cc == ∫ ; 
2

2

0

LI
diiuW

i

LLL == ∫ . 

Ijb�\dexq_gbb�bg^mdlb\gh]h� we_f_glZ�gZ�ihklhyggh_�gZijy`_gb_�
( 02 =π=ω f �� iZ^_gb_� gZijy`_gby� gZ� g_f� \� mklZgh\b\r_fky� j_`bf_�
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0=LU �� lZd� dZd� ijhba\h^gZy� 0=
dt

di
�� Z� bg^mdlb\gh_� khijhlb\e_gb_�

0=ω= LXL �� Lhd� bg^mdlb\gh]h� we_f_glZ� I� ijb� wlhf� hij_^_ey_lky� kmf�

fZjguf� khijhlb\e_gb_f�j_abklb\guo� we_f_glh\,� \dexq_gguo� k�gbf�ih�
ke_^h\Zl_evgh��NhjfmeZ�^ey�jZkq_lZ�wg_j]bb��aZiZk_gghc�\�fZ]gblghf�ih�
e_� bg^mdlb\gh]h� we_f_glZ�� \dexq_ggh]h� gZ� ihklhygguc� lhd�� hklZ_lky�
ij_`g_c� 

:gZeh]bqgh� ^ey� _fdhklgh]h� we_f_glZ� ijb� 0=ω  ihemqbf�

∞=
ω

=
C

Xc
1

��qlh�khhl\_lkl\m_l�jZafudZgbx�mqZkldZ�we_dljbq_kdhc�p_ib��

ihwlhfm�\k_�gZijy`_gb_�mqZkldZ�[m^_l�ijbeh`_gh�d�_fdhklghfm�we_f_glm��
gh�lhd�q_j_a�g_]h�ijhl_dZlv�g_�[m^_l��NhjfmeZ�^ey�jZkq_lZ�wg_j]bb��aZiZ�
kZ_fhc�\�we_dljbq_kdhf�ihe_�dhg^_gkZlhjZ��hklZ_lky�ij_`g_c� 

J_ZevgZy�dZlmrdZ�bg^mdlb\ghklb��y\eyykv�gZb[he__�[ebadbf�ih�nb�
abq_kdhfm� kfukem� we_f_glhf�b^_Zebabjh\Zgghfm�bg^mdlb\ghfm� we_f_g�
lm��h[eZ^Z_l�ihl_jyfb��Ihwlhfm�ko_fZ�aZf_s_gby�j_Zevgh]h�bg^mdlb\gh]h�

we_f_glZ�fh^_ebjm_lky�^\mfy�we_f_glZfb��Zdlb\�
guf� b� bg^mdlb\guf� �jbk� 2)�� J_abklb\guc� we_�
f_gl� fh^_ebjm_l� ihl_jb� Zdlb\ghc� fhsghklb� b�
hij_^_ey_lky� \_ebqbghc� Zdlb\gh]h� �hfbq_kdh]h��
khijhlb\e_gby�dZlmrdb�bg^mdlb\ghklb� 

dt

di
LiRuuu kLR +=+= , _keb� )sin( im tIi ϕ+ω= ��lh 

),sin()sin(                    

) 90sin()sin()cos(

)sin()]sin([)sin(

uLmLuRmR

imLuRmRim

uRRmimimk

tUtU

tUtUtLI

tUtI
dt

d
LtIRu

ϕ+ω+ϕ+ω=
=+ϕ+ω+ϕ+ω=ϕ+ωω+

+ϕ+ω=ϕ+ω+ϕ+ω=

$  

]^_� mkmR IRU =  – Zfieblm^Z�gZijy`_gby�gZ�j_abklb\ghf�we_f_gl_� 

LIXIU mLmmL ω==  – Zfieblm^Z�gZijy`_gby�gZ�bg^mdlb\ghf�we_f_gl_� 

LXL ω=  – bg^mdlb\gh_�khijhlb\e_gb_, Hf� 

iuR ϕ=ϕ ; $ 90+ϕ=ϕ iuL – gZqZevgu_�nZau�Zdlb\ghc��gZ� N5 ��b�j_Zdlb\ghc�

�gZ�L��khklZ\eyxsbo�gZijy`_gby�u. 

 
 
 
 

 
Jbk� 2 
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<aZbfhk\yav�^_ckl\mxsbo�agZq_gbc�lhdZ�b�gZijy`_gby�gZ�aZ`bfZo�
bg^mdlb\ghc�dZlmrdb�mklZgZ\eb\Z_lky�aZdhghf�HfZ� 

IzXRIU Lk =+= 22 ��]^_� 22
Lk XRz +=  – ihegh_�khijhlb\e_gb_�p_ib�RL. 

L_ieh\Zy��Zdlb\gZy��fhsghklv�p_ib RL jZkkqblu\Z_lky�ih�nhjfmeZf 

kRIP 2=  ; 
R

U
P R

2

=  ; ϕ= cosIUP , 

]^_�
R

XLarctg=ϕ  – m]he�k^\b]Z�nZa�f_`^m�\oh^guf�gZijy`_gb_f�U�b�lh�

dhf�\�p_ib�I. 

:gZeh]bqgh� ^ey� _fdhklgh]h� we_f_glZ� k� ihl_jyfb� �we_dljbq_kdh]h�
dhg^_gkZlhjZ���jbk�����k�mq_lhf�h[hagZq_gbc�gZ�jbkmgd_�fh`gh�aZibkZlv� 

∫+=+= idt
C

iRuuu cR
1

. 

 

 
Jbk�� 

Ijb� )sin( im tIi ϕ+ω= � ihke_� ih^klZgh\db� \� bkoh^gh_� mjZ\g_gb_�          

b�ij_h[jZah\Zgbc�ihemqbf� 

)sin()sin( ucmCuRmR tUtUu ϕ+ω+ϕ+ω= , 

]^_� cmmc XIU = – Zfieblm^Z�gZijy`_gby�gZ�_fdhklghf�we_f_gl_� 

&
;F ω

�=  – _fdhklgh_�khijhlb\e_gb_,�Hf� 

$ 90−ϕ=ϕ iuc – gZqZevgZy�nZaZ�gZijy`_gby� cU . 

>_ckl\mxs__� agZq_gb_�gZijy`_gby�b�nZah\uc� k^\b]�f_`^m�gbf�b�

lhdhf�\�p_ib�hij_^_eyxlky�ih�nhjfmeZf 22
cXRIU += ; 

R

Xc−=ϕ arctg . 

Ihl_jb� Zdlb\ghc�fhsghklb� hij_^_eyxlky� ZgZeh]bqgh� jZkkfhlj_g�
guf�\ur_�^ey�bg^mdlb\gh]h�we_f_glZ� 
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Ijb�bkihevah\Zgbb�dhfie_dkguo�qbk_e�\ujZ`_gby�^ey�aZdhgh\�HfZ�
b�Dbjo]hnnZ�jZkkfZljb\Z_fuo�ko_f� aZf_s_gby�ijbgbfZxl�\b^�khhl\_l�
kl\_ggh� 

)90()90(
...   $$ +ϕϕ+ϕϕ +=+=+= iuRiur j

L
j

Rk
j

L
j

kLk eUeUeIXeIRIjXRIU ; 

Lk jXR

U

z

U
I

+
==

..
.

; R

X
j

LkLk

L

eXRjXR
arctg22 +=+ ; 

 

)90()90(
...   $$ −ϕϕ−ϕϕ +=+=−= iuRiuR j

c
j

R
j

c
j

c eUeUeIXIReIjXRIU ; 

ck jXR

U

z

U
I

+
==

..
.

; R

Xc
j

ckck eXRjXR
arctg22 −

+=+ . 

<� jZ[hl_� bkihevam_lky� j_]mebjm_fuc� bklhqgbd� i_j_f_ggh]h� lhdZ�          
~ 0 – ����<��jZkiheh`_gguc�gZ�iZg_eb�����kl_g^Z��<dexqZ_lky�bklhqgbd�   
~ 0 – ����<�gZ`Zlb_f�djZkghc�dghidb��dhlhjZy�gZoh^blky�gZ^� aZ`bfZfb�     
~ 0 – 2���<��Ijb�\dexq_gghf�bklhqgbd_�]hjbl�kb]gZevgZy�eZfiZ�gZ�iZg_eb�
�� ���GZijy`_gb_� a� � – ����<�j_]mebjm_lky�ih\hjhlhf�jmqdb�Z\lhljZgk�
nhjfZlhjZ�� gZoh^ys_]hky� ke_\Z� hl� aZ`bfh\� a� � – ����<�gZ�iZg_eb���2 
kl_g^Z��HldexqZ_lky�bklhqgbd�iblZgby�gZ`Zlb_f�djZkghc�dghidb� 

Lhdb�b�gZijy`_gby�baf_jyxlky�Zfi_jf_ljZfb�b�\hevlf_ljZfb��iZ�
jZf_lju�dhlhjuo�ijb\_^_gu�\�lZ[e� 1. 

LZ[ebpZ�� 

Lbi�ijb[hjZ Kbkl_fZ Ij_^_eu�baf_j_gbc Dhebq_�
kl\h 

<hevlf_lj 
 

<hevlf_lj 
 

:fi_jf_lj 
 

<Zllf_lj 
 

 
>> 

  
>> 

 

0 – ����< 
 

0 – ����< 
 

0,5 – ��: 
 

75 – ����<l 

1 
 
1 
 
1 
 
1 

Ijb� k[hjd_� ko_f�b� \uiheg_gbb� jZ[hlu� ke_^m_l�jmdh\h^kl\h\Zlvky�
bgkljmdpb_c�ih�l_ogbd_�[_ahiZkghklb������gZoh^blky�\�eZ[hjZlhjbb�� 
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2.�Ih^]hlh\dZ�d�jZ[hl_ 

�����Ihkljhblv�dZq_kl\_ggh� �[_a�mq_lZ�qbke_gguo�agZq_gbc�we_f_g�
lh\��\_dlhjgu_�^bZ]jZffu�p_ib�RL, RC�b�RLC��kf� jbk���, ����H[tykgblv�b�
aZibkZlv� khhlghr_gby�� ih� dhlhjuf�fh`gh� hij_^_eblv� agZq_gby�R, L, C, 
bkihevamy�ihkljh_ggu_�\_dlhjgu_�^bZ]jZffu� 

����� Ih^]hlh\blv� lZ[ebpu� ^ey� aZibkb� j_amevlZlh\� hiulh\� b�
aZjbkh\Zlv�ko_fm�hiulZ�ih�i�i� 3.1 – 3.8. 

 
3.�JZ[hq__�aZ^Zgb_ 

3.1. Kh[jZlv�p_iv,�we_dljbq_kdZy�ijbgpbibZevgZy�b�we_dljhfhglZ`�
gZy�ko_fu�dhlhjhc�ihdZaZgu�gZ�jbk� ���Ijb�k[hjd_�ko_fu�bkihevah\Zlv�j_�
abklb\gu_�we_f_glu� $;5 , %<5 , &=5 ��jZkiheh`_ggu_�gZ�iZg_eb��� ���b�

baf_jbl_evgu_�ijb[hju��i_j_qbke_ggu_�\�lZ[e. 1. 
 

 
Z) 

 

 
[) 

 
Jbk���:  Z�–�ko_fZ�we_dljbq_kdZy�ijbgpbibZevgZy��[�– we_dljhfhglZ`gZy 
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3.2. Ihke_� ijh\_jdb� ko_fu� ij_ih^Z\Zl_e_f� j_]meylhj� Z\lhljZgk�
nhjfZlhjZ�gZ�iZg_eb�����ihklZ\blv�\�djZcg__�e_\h_�iheh`_gb_��\dexqblv�
bklhqgbd�iblZgby�� – ����<��mklZgh\blv�gZijy`_gb_�gZ�oh^_�ko_fu�\�ij_�
^_eZo���� – ����<��ih�mdZaZgbx�ij_ih^Z\Zl_ey��ijb�jZahfdgmluo�dexqZo�
D�-D���jmqdZ�lmf[e_jZ�\�gb`g_f�iheh`_gbb�� 

3.3. Hij_^_eblv� Zdlb\gh_� khijhlb\e_gb_� kR  b� bg^mdlb\ghklv� dZ�

lmrdb� L we_dljbq_kdhc�p_ib��ihdZaZgghc�gZ�jbk� 4,Z��ijb�ihfhsb�baf_j_�
gby�^_ckl\mxsbo�agZq_gbc�lhdZ�b�gZijy`_gby��Z�lZd`_�Zdlb\ghc�fhsgh�
klb�ijb�ihke_^h\Zl_evghf�aZfudZgbb�dexq_c�D��–�D�� �^h[Z\eylv�ih�h^�
ghfm���kf� i� ������J_amevlZlu�aZibkZlv�\�lZ[e� 2. 

LZ[ebpZ�� 

Hiul JZkq_l 
� 
i�i 

U1, 
< 

U2, 
< 

I, 
: 

P, 
<l 

RK, 
Hf 

XL, 
Hf 

L, =g cos ϕ 
ϕ, 

we�]jZ^ 
1 
2 
3 

         

 
3.4. <� we_dljbq_kdhc� p_ib�� ihdZaZgghc� gZ� jbk� 4,Z�� bg^mdlb\ghklv�

aZf_gblv� dhg^_gkZlhjhf� K�� bkihevamy� ^ey� wlhc� p_eb� fZ]Zabg� _fdhkl_c�
�iZg_ev� �� ���� Ijh\_klb� baf_j_gby� ^ey� hij_^_e_gby� agZq_gby� _fdhklb�
dhg^_gkZlhjZ�K�ijb�aZfdgmlhf�dexq_�D��b�ihke_^h\Zl_evghf�aZfudZgbb�
dexq_c�fZ]ZabgZ�_fdhklb��J_amevlZlu�r_klb�hiulh\�aZibkZlv�\�lZ[e� 3. 

LZ[ebpZ�� 

Hiul JZkq_l 
� 
i�i 

U1, 
< 

U2, 
< 

I, 
: 

P, 
<l 

RK, Hf XK, Hf K, fdN cos ϕ 
ϕ, 

we�]jZ^ 
1 
2 
3 
… 
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3.5. Ih�j_amevlZlZf�i� ����jZkkqblZlv�m]he�k^\b]Z�nZa�f_`^m�\oh^�
guf�gZijy`_gb_f�b�lhdhf�\�p_ib�ijb�baf_g_gbb�_fdhklb�dhg^_gkZlhjh\� 

3.6. Ih�j_amevlZlZf�hiulh\�ii� 3.2 – ����ihkljhblv�]jZnbdb�aZ\bkb�
fhkl_c� )(1 Rf=ϕ , )(2 cXf=ϕ � b� \_dlhjgu_� ^bZ]jZffu� gZijy`_gbc�

we_dljbq_kdhc�p_ib� 

3.7. Kh[jZlv�p_iv��we_dljbq_kdZy�ijbgpbibZevgZy�b�we_dljhfhglZ`�
gZy�ko_fu�dhlhjhc�ihdZaZgu�gZ�jbk� ���ih^dexqblv�__�d�aZ`bfZf�bklhqgb�
dZ� i_j_f_ggh]h� lhdZ� � – ���� <�� mklZgh\blv� gZ� \oh^_� p_ib� gZijy`_gb_�
100 – ����<��ih�mdZaZgbx�ij_ih^Z\Zl_ey�� 

 
Z) 

 
[� 

Jbk� 5:  Z�–�ko_fZ�we_dljbq_kdZy�ijbgpbibZevgZy��[�–�we_dljhfhglZ`gZy 

 

3.8. >ey�p_ib�ih�i� ����bkke_^h\Zlv�aZ\bkbfhklv�^_ckl\mxsbo�agZ�

q_gbc�lhdZ�b�gZijy`_gbc��Z�lZd`_�Zdlb\ghc�fhsghklb�ijb�baf_g_gbb�_f�

dhklb�dhg^_gkZlhjZ��Ijb�wlhf�dexqb�D� – D��aZfdgmlu��Z�dexqb�fZ]ZabgZ� 
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_fdhkl_c� aZfudZxlky� ihke_^h\Zl_evgh�� J_amevlZlu�r_klb� hiulh\� aZib�

kZlv�\�lZ[e� 4. 
LZ[ebpZ�� 

Hiul JZkq_l 
� 
i�i U1, 

< 

U2, 
< 

I, 
: 

U3, 
< 

P, 
<l 

RK, 
Hf 

XK, 
Hf 

K, fdN cos ϕ 
ϕ, 

we�]jZ^ 
1 
2 
3 
… 

          

 
3.9. Ih�j_amevlZlZf�baf_j_gbc�i� 3.8�ihkljhblv�\�h^gbo�dhhj^bgZlZo�

]jZnbdb�aZ\bkbfhkl_c� )(1 cXfI = , )(22 cXfU = , )(3 cXfP = . 

 
Mq_[gh-bkke_^h\Zl_evkdZy�jZ[hlZ 

Bkke_^h\Zgb_�j_ahgZgkguo�k\hckl\�p_ib�RLC��Baf_g_gb_f�_fdhklb�
\�ko_f_�jbk� ��mklZgh\blv�fZdkbfZevgh_�agZq_gb_�gZijy`_gby�gZ�dhg^_g�

kZlhj_�b�agZq_gb_��hlebqZxsb_ky�\� � �jZa�hl�fZdkbfZevgh]h��JZkkqblZlv�
rbjbgm�ihehku�ijhimkdZgby�dhglmjZ�b�_]h�^h[jhlghklv� 

 
4.�F_lh^bq_kdb_�mdZaZgby 

�����Ihkdhevdm� \_dlhjgZy� ^bZ]jZffZ� lhdh\� �gZijy`_gbc�� y\ey_lky�
hlh[jZ`_gb_f�aZdhgh\�Dbjo]hnZ�\_dlhjZfb�gZ�dhfie_dkghc�iehkdhklb��lh�
i_j_^�__�ihkljh_gb_f�p_e_khh[jZagh�aZibkZlv�kbkl_fm�mjZ\g_gbc�ih�aZdh�
gZf�Dbjo]hnZ�^ey�jZkkfZljb\Z_fhc�p_ib� 

GZijbf_j��^ey�ko_fu�ih�jbk����Z�fh`gh�aZibkZlv� 

.
.......
IjXIjXRIUUUU CLCLR −+=++=  

P_iv�g_jZa\_l\e_ggZy��ihwlhfm�h[sbf�\_dlhjhf�^ey�\k_o�keZ]Z_fuo�

ijb\_^_ggh]h� \ujZ`_gby� y\ey_lky� \_dlhj� lhdZ� ø b� _]h� gZqZevgmx� nZam�
fh`gh�ijbgylv�jZ\ghc�gmex��l�_��kh\f_klblv�\_dlhj�lhdZ�k�iheh`bl_evghc�

^_ckl\bl_evghc�ihemhkvx�dhfie_dkghc�iehkdhklb���Lh]^Z��bkihevamy�ijZ�

\beZ�mfgh`_gby�\_dlhjZ�gZ�kdZeyj�b�gZ�fgbfmx�_^bgbpm��fh`gh�ihkljh�
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blv� \_dlhjgmx� ^bZ]jZffm� gZijy`_gbc�� G_ljm^gh� m[_^blky�� qlh� \_dlhj        

gZijy`_gby� RIU R

..
=  [m^_l� kh\iZ^Zlv� ih� gZijZ\e_gbx� k� \_dlhjhf� lhdZ��

<_dlhj�gZijy`_gby� LL XIjU
..

= �[m^_l�hi_j_`Zlv�\_dlhj�lhdZ�gZ��� h��ih�

kdhevdm�
$���� MHM =−= �\�khhl\_lkl\bb�k�nhjfmehc�Wce_jZ���<_dlhj�gZ�

ijy`_gby� CC XIjU
..

−= �[m^_l�hlklZ\Zlv�gZ�– 90 h��lZd�dZd�
$ 9011 jej −=−−=−  

b�agZd�©fbgmkª
$ 180je= . 

FZl_fZlbq_kdZy�aZibkv�baeh`_ggh]h� 

ii jj
R IRIeU ϕϕ == Re

.
; )90(90

..   $$ +ϕϕ === ii j
LL

jj
LL eIXXeIeXIjU ; 

)90()270(90180
..     $$$$ −ϕ+ϕϕ ===−= iii j

C
j

CC
jjj

CC eIXeIXXeeIeXIjU . 

<_dlhjgZy�^bZ]jZffZ��ij_^iheZ]Z_lky��qlh�fZkrlZ[u�lhdZ� LP  b�gZ�

ijy`_gby� XP  \u[jZgu��ihdZaZgZ�gZ�jbk� 6. 

+ j  

+ 1 

I  U R= IR  

U C= -jX CI  U  

U L= jX LI  

•  

 

Jbk� 6 
 

�����>ey�hij_^_e_gby� Zdlb\gh]h� khijhlb\e_gby�R�b�bg^mdlb\ghklb�

dZlmrdb�L�p_ib�RL�fh`gh�bkihevah\Zlv�\ujZ`_gby�^ey�Zdlb\ghc�fhsgh�

klb� 

RIP 2= ; RUP /2= ; ϕ= cosUIP , 

hldm^Z 

PUIPR // 22 == ; UIP /cos =ϕ . 
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<�p_ib�RL� m]he� k^\b]Z�nZa�f_`^m� lhdhf�b� \oh^guf�gZijy`_gb_f�
hij_^_ey_lky�ih�nhjfme_ 

R

Lω=ϕ arctg  beb 
R

Lω=ϕtg , 

]^_� fπ=ω 2 , 50=f �=p�–�qZklhlZ�iblZxs_c�k_lb��ijhfure_ggZy�qZklhlZ�� 

Bg^mdlb\gh_� khijhlb\e_gb_� /; � hij_^_ey_lky� ih� nhjfme_ 

IUXL /2= ��lh]^Z� ω= IUL /2 . 

:gZeh]bqgh�^ey�p_ib�RC�fh`gh�aZibkZlv 

CRω
−=ϕ 1

arctg ; 
CRω

−=ϕ 1
tg ; ,8;& ��= ; 2/ UIC ω= . 

 

���Dhgljhevgu_�\hijhku�b�aZ^Zgby 

1. DZd�mkljh_gu�b�qlh�baf_jyxl�Zfi_jf_lj��\hevlf_lj��\Zllf_lj" 

���DZd�\ujZ`Zxlky�dhfie_dkgh_�khijhlb\e_gb_�b�dhfie_dkgZy�ijh�
\h^bfhklv" 

���DZd�\ujZ`Z_lky�ihegh_�khijhlb\e_gb_�p_ib" 

���AZibrbl_� aZdhg�HfZ�p_ib�kbgmkhb^Zevgh]h�lhdZ�ijb�ihke_^h\Z�
l_evghf�kh_^bg_gbb�we_f_glh\� 

���Knhjfmebjmcl_�b�aZibrbl_�aZdhg�HfZ�b�aZdhg�Dbjo]hnZ�\�dhf�
ie_dkghc�nhjf_� 

���Ih�dZdbf�nhjfmeZf�\uqbkeyxl�ihegmx��Zdlb\gmx�b�j_Zdlb\gmx�
fhsghklb" 

7. DZd�\ujZ`Z_lky�dhfie_dk�iheghc�fhsghklb" 

8. DZd�nhjfmebjm_lky�[ZeZgk�fhsghkl_c�\�p_ib�i_j_f_ggh]h�lhdZ" 

9. DZd�hij_^_ey_lky�p_gZ�^_e_gby�Zfi_jf_ljZ��\hevlf_ljZ��\Zllf_ljZ" 

10.  DZd�aZ\bkyl�\_ebqbgu�j_Zdlb\guo�khijhlb\e_gbc�hl�qZklhlu�k_lb" 

11. Qlh�ijhbahc^_l��_keb�p_iv�i_j_f_ggh]h�lhdZ�\dexqblv�gZ�ihklh�
ygguc�lhd" 

12. Ihkljhcl_�b�h[tykgbl_�lj_m]hevgbd�khijhlb\e_gbc��lj_m]hevgbd�
fhsghklb�^ey�p_ib�RLC�i_j_f_ggh]h�lhdZ� 
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JZkq_lgh-eZ[hjZlhjgZy�jZ[hlZ���4 

 
BKKE?>H<:GB?�J:A<?L<E?GGHC�H>GHN:AGHC 

WE?DLJBQ?KDHC�P?IB�K�BKLHQGBDHF 

KBGMKHB>:EVGH=H�LHD: 

P_ev�jZ[hlu –�bamq_gb_�\ebygby�i_j_f_ggh]h�iZjZf_ljZ�\�h^ghc�ba�

iZjZee_evguo� \_l\_c�gZ� \_ebqbgu�b�gZqZevgu_�nZau� lhdh\� \_l\_c�b�bk�

lhqgbdZ�iblZgby� 

<�j_amevlZl_�ijh\_^_gby�jZ[hlu�klm^_glu�^he`gu� agZlv�hkgh\gu_�

nhjfu� aZibkb�mjZ\g_gbc��hibku\Zxsbo�ebg_cgmx�h^ghnZagmx�jZa\_l\�

e_ggmx� p_iv� i_j_f_ggh]h� lhdZ�� mf_lv� jZkkqblu\Zlv� iZjZf_lju� jZa\_l\�

e_gghc� p_ib� i_j_f_ggh]h� lhdZ�� ijbh[j_klb� gZ\udb� wdki_jbf_glZevgh]h�

bkke_^h\Zgby�iZjZf_ljh\�b�j_`bfh\�jZ[hlu�h^ghnZaguo�p_i_c�i_j_f_g�

gh]h�lhdZ� 

 

1. H[t_dl�b�kj_^kl\Z�bkke_^h\Zgby 

H[t_dlhf� bkke_^h\Zgby� kem`bl� we_dljbq_kdZy� p_iv�� khklhysZy� ba�

^\mo�iZjZee_evguo�RL�b�RC \_l\_c��j_abklb\gu_��_fdhklgu_�b�bg^mdlb\�

gu_�we_f_glu�dhlhjhc�jZkiheh`_gu�gZ�iZg_eyo�����b�����eZ[hjZlhjgh]h�

kl_g^Z�EKHW-5. 

<�jZ[hl_�bkihevam_lky�j_]mebjm_fuc�bklhqgbd�i_j_f_ggh]h�gZijy�

`_gby�a�� – ����<��jZkiheh`_gguc�gZ�iZg_eb�����kl_g^Z��<dexqZxl�bk�

lhqgbd�a�� – ����<�gZ`Zlb_f�q_jghc�dghidb��dhlhjZy�gZoh^blky�gZ^�aZ`b�

fZfb�k�]jZ\bjh\dhc�a���– ����<��Ijb�wlhf�^he`gZ�aZ]hj_lvky�kb]gZevgZy�

eZfiZ�gZ�iZg_eb������J_]mebjmxl�gZijy`_gb_ ~ 0 – ����<�ih\hjhlhf�jmq�

db�Z\lhljZgknhjfZlhjZ��gZoh^ys_]hky�ke_\Z�hl�aZ`bfh\�a�� – ����<�gZ�iZ�

g_eb�����kl_g^Z��HldexqZxl�bklhqgbd�iblZgby�gZ`Zlb_f�djZkghc�dghidb� 

Baf_jyxl�lhd��gZijy`_gby�b�ihlj_[ey_fmx�fhsghklv�Zfi_jf_ljZ�

fb��\hevlf_ljZfb�b�\Zllf_ljhf��iZjZf_lju�dhlhjuo�ijb\_^_gu�\�lZ[e� 1. 
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LZ[ebpZ�� 

Lbi�ijb[hjZ Kbkl_fZ 
Ij_^_eu�      
baf_j_gbc 

Dhebq_kl\h 

<hevlf_lj�W��� 
 

<hevlf_lj�W��� 
 

:fi_jf_lj�W��� 
 

:fi_jf_lj�W��� 
 

<Zllf_lj�>���� 

 

>> 

 

>> 

 

0 – ����< 
 

0 – ����< 
 

0 – 2,��: 
 

0 – 0,��: 
 

0 – �����<l 

1 
 
1 
 
1 
 
2 
 
1 

 
Ijb� k[hjd_� ko_f�b� \uiheg_gbb� jZ[hlu� ke_^m_l�jmdh\h^kl\h\Zlvky�

bgkljmdpb_c�ih�l_ogbd_�[_ahiZkghklb������gZoh^blky�\�eZ[hjZlhjbb�� 

 

���Ih^]hlh\dZ�d�jZ[hl_ 

2.1. HagZdhfblvky� k� Zfieblm^gufb� b�nZah\ufb� khhlghr_gbyfb� \�

ijhkl_crbo� p_iyo� kbgmkhb^Zevgh]h� lhdZ� ijb� iZjZee_evghf� kh_^bg_gbb�

\_l\_c� 

2.2. >ey� we_dljbq_kdhc�p_ib�� ko_fZ�dhlhjhc�bah[jZ`_gZ�gZ�jbk� 1, 

aZibkZlv� \ujZ`_gby� ^ey� lhdh\� \_l\_c�� dhwnnbpb_glZ� fhsghklb�� j_ah�

gZgkghc�qZklhlu�b�\oh^gh]h�khijhlb\e_gby�p_ib�Z hlghkbl_evgh�aZ`bfh\�

bklhqgbdZ�iblZgby� 

2.3. Ihkljhblv�dZq_kl\_ggh��[_a�mq_lZ�qbke_gguo�agZq_gbc��\_dlhj�

gu_� ^bZ]jZffu� lhdh\� b� gZijy`_gbc� ^ey� we_dljbq_kdhc� p_ib� ih� ko_f_�

jbk� 1. 
 

���JZ[hq__�aZ^Zgb_ 

�����Kh[jZlv�p_iv��we_dljbq_kdZy�ijbgpbibZevgZy�ko_fZ�dhlhjhc�ih�

dZaZgZ�gZ�jbk� ���Z�ko_fZ�kh_^bg_gbc�– gZ�jbk� ���<�dZq_kl\_�j_abklhjZ�R1 

bkihevah\Zlv�j_abklhju��ijbkh_^bg_ggu_�d�aZ`bfZf�:-O�b�<-Y�iZg_eb���

���kh_^bgb\�bo�iZjZee_evgh��\�dZq_kl\_�j_abklhjZ�R2 – i_j_f_gguc�j_ab�
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klhj�R\��jZkiheh`_gguc�gZ�iZg_eb�fZrbgghc�klhcdb��Bg^mdlb\ghklv L b�

fZ]Zabg�_fdhkl_c�jZkiheh`_gu�gZ�iZg_eb���3. 

  

 
 

 
 
 
�����JZkkqblZlv�fZdkbfZevgh�^himklbfh_�^_ckl\mxs__�agZq_gb_�gZ�

ijy`_gby� ^hiU gZ�j_abklhj_�R2�� _keb�ba\_klgh��qlh� _]h�fZdkbfZevgh_� kh�

ijhlb\e_gb_� ����� Hf�� fZdkbfZevgh� ^himklbfZy� fhsghklv� jZkk_b\Zgby�        

���<l� 

�����J_]meylhj�Z\lhljZgknhjfZlhjZ�ihklZ\blv�\�djZcg__�e_\h_�iheh�

`_gb_��gme_\h_���Ihke_�ijh\_jdb�ko_fu�ij_ih^Z\Zl_e_f�\dexqblv�bklhq�

gbd�iblZgby�a�� – ����<�b�ijb�jZahfdgmluo�dexqZo�D� – D��gZ�iZg_eb���4 

b�hldexq_gguo�_fdhklyo�gZ�iZg_eb�����mklZgh\blv�gZijy`_gb_�bklhqgb�

dZ��mdZaZggh_�ij_ih^Z\Zl_e_f� 

Jbk��� 

Jbk��� 
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�����<dexqblv�dexqb�D� – D���_fdhklv� �&  mklZgh\blv�jZ\ghc���fdN�

�dexq�gZ^�pbnjhc� ��fZ]ZabgZ�_fdhkl_c�K ihklZ\blv�\\_jo���Baf_gyy�kh�
ijhlb\e_gb_�j_abklhjZ�R2�hl�fbgbfZevgh]h�^h�fZdkbfZevgh]h� ��� lhq_d���
aZibkZlv�ihdZaZgby�ijb[hjh\��Ke_^m_l�bf_lv�\�\b^m��qlh�ijb�fZdkbfZev�
ghf�agZq_gbb�khijhlb\e_gby�lhd� �, �[m^_l�fbgbfZevguf. 

�����MklZgh\blv� �5 � \� iheh`_gb_�� khhl\_lkl\mxs__� lhdm� 1,03 =I :�

ijb� �� =& fdN�� Baf_gyy� _fdhklv� 2C  ihke_^h\Zl_evguf� \dexq_gb_f�

lmf[e_jh\��aZibkZlv�ihdZaZgby�ijb[hjh\����lhq_d���?keb�lhd� 3I < 0,�:��lh�

ke_^m_l�m\_ebqblv�gZijy`_gb_�gZ�\oh^_� 
�����KhojZgyy�iheh`_gb_�j_abklhjZ�R2 b�_fdhklb�K2�\�khhl\_lkl\bb�k�

i� ����� ihhq_j_^gh� hldexqZy� dexqb�D� – D��� kgylv� ihdZaZgby� ijb[hjh\       
���lhq_d�� 

J_amevlZlu�baf_j_gbc�ii� 3.4 – ����aZibkZlv�khhl\_lkl\_ggh�\�lZ[e� 2 – 4. 
 

LZ[ebpZ�� 

Hiul JZkq_l �� 
i�i U1, < U2, < I1, : I2, : I3, : P, <l R2, Hf cos ϕ 

1 
. 
. 
6 

        

 
����� Ih� j_amevlZlZf� baf_j_gbc� i������ ihkljhblv� aZ\bkbfhklb�

)( 212 RfU = ; )( 221 RfI = ; )( 232 RfI = ; )( 243 RfI = ; )(cos 25 Rf=ϕ ; 

)( 2RfP = . 

LZ[ebpZ�� 

Hiul JZkq_l �� 
i�i U1, 

< 
U2, 
< 

I1, 
: 

I2, 
: 

I3, 
: 

P, 
<l 

Xc, Hf C, fdN cos ϕ ϕ, ]jZ^ 

1 
. 
. 
6 
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LZ[ebpZ�� 

Hiul JZkq_l 

� 
i�i U1, < U2, < I1, : I2, : I3, : P, <l 

R1, 
Hf 

cos ϕ ϕ, ]jZ^ 

1 
. 
. 
6 

         

 

 
�����Ih�j_amevlZlZf�baf_j_gbc�i� ����ihkljhblv�\�h^gbo�dhhj^bgZlZo�

]jZnbdb�aZ\bkbfhkl_c� )(11 cXfI = ; )(22 cXfI = ; )(33 cXfI = ; )(4 cXfP = ; 

)(52 cXfU = . 

�����Ih�j_amevlZlZf�baf_j_gbc�i� ����ihkljhblv�aZ\bkbfhklb�U1, I1, 

I2, I3, P, cos ϕ = f(R1). 

 

Mq_[gh-bkke_^h\Zl_evkdZy�jZ[hlZ 
 

Bkke_^h\Zgb_�j_ahgZgkguo�k\hckl\�iZjZee_evgh]h�dhglmjZ�b�kgylb_�

aZ\bkbfhkl_c� \_ebqbg� lhdh\�hl� agZq_gbc�iZjZf_ljh\�p_ib��Hij_^_e_gb_�

iZjZf_ljh\� we_f_glh\� p_ib� �kf� jbk� ��� ijb� dhlhjuo� gZklmibl� j_ahgZgk�

lhdh\� 

 

���F_lh^bq_kdb_�mdZaZgby 
 

�����Ijb�jZkq_l_�fZdkbfZevgh�^himklbfh]h�^_ckl\mxs_]h�agZq_gby�

gZijy`_gby�gZ�j_abklb\ghf�we_f_gl_�fh`gh�\hkihevah\Zlvky�\ujZ`_gby�

fb�� dhlhju_� ijb\_^_gu� \� i� ����f_lh^bq_kdbo� mdZaZgbc� d� eZ[hjZlhjghc�

jZ[hl_���1. 

����� >ey� ihkljh_gby� \_dlhjghc� ^bZ]jZffu� lhdh\� b� gZijy`_gbc�

iZjZee_evghc� p_ib� g_h[oh^bfh� kgZqZeZ� aZibkZlv� ihegmx� kbkl_fm�

mjZ\g_gbc�ih�aZdhgZf�Dbjo]hnZ�^ey�jZkkfZljb\Z_fhc�p_ib�\�dhfie_dkghc�
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ih� aZdhgZf�Dbjo]hnZ� ^ey� jZkkfZljb\Z_fhc� p_ib� \� dhfie_dkghc�nhjf_��

GZijbf_j��^ey�ko_fu��ihdZaZgghc�gZ�jbk� 3,�fh`gh�aZibkZlv� 

 

1. 2

.

1

..
III += ; 

2.
22

2

.

22

.

2

..

LC XIjRIXIjU ++−= ; 

3. 
11

1

.

1

.

11

..

CL XIjXIjRIU −+= . 

 

H[sbc�\_dlhj�^ey�mjZ\g_gbc���b���–�wlh�\_dlhj�
.

U ��ihwlhfm�_]h�gZ�
qZevgmx�nZam��Zj]mf_gl��fh`gh�ijbgylv�jZ\ghc�gmex�b�kh\f_klblv�k�^_c�
kl\bl_evghc�iheh`bl_evghc�ihemhkvx�dhfie_dkghc�iehkdhklb�� 

>Ze__��iheZ]Zy,�d�ijbf_jm��qlh�oZjZdl_j�i_j\hc�\_l\b�bg^mdlb\guc, 
Z�\lhjhc�–�_fdhklghc��kljhbf�kgZqZeZ�\_dlhjgmx�^bZ]jZffm�lhdh\�\�fZk�
rlZ[_�lhdh\��jZkdeZ^u\Zy�bo�gZ�Zdlb\gu_�b�j_Zdlb\gu_�khklZ\eyxsb_���Z�
aZl_f�–�gZijy`_gbc��ih�mjZ\g_gbyf���b���� 

+j 

+1 

ø2 øpc2 

ø���������.     

øpL2 

øpc1 

ø pL1 

ø 1 

øa2 

Ia1 

U 

 

 
Jbk� 4 

 
<_dlhju�lhdh\�gZ�jbk� ��hij_^_eyxlky�ih�nhjfmeZf� 

1

..

1 gUI a = ; 
22

1

1
1

)(
11 CL XXR

R
g

−+
= ; 

11

..

LL bp UjI −= ; 
22

1 )(
11

1

1
CL

L
L

XXR

X
b

−+
= ; 

11

..

CC bp UjI = ; 
22

1 )(
11

1

1
CL

C
C

XXR

X
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=  ; 

 

Jbk��� 
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2

..

2 gUI a = ; 
2

2
2
2

2
)(

2

2 CL XXR

R
g

−+
= ; 

22

..

LL bp UjI −= ; 
22

2 )(
22

2

2
CL

L
L

XXR

X
b

−+
= ; 

22

..

CC bp UjI = ; 
22

2 )(
22

2

2
CL

C
C

XXR

X
b

−+
= . 

111

...

1

.

CL bbg UjUjUI +−= ; 222

...

2

.

CL bbg UjUjUI +−= ; 2

.

1

..
III += . 

K�mq_lhf�iheh`_gby�\_dlhjh\�
�
8 , �

�

, , �

�

, , 
�

, �kljhbf�\_dlhjgmx�^bZ�

]jZffm�gZijy`_gbc�ih�mjZ\g_gbyf���b���\�fZkrlZ[_�gZijy`_gbc,�dZd�wlh�

ihdZaZgh�gZ�jbk� 5. 

ø2 

ø2R2 jø1XL1 

-jø1XK1 
ø 

ø1R1 

jø2XL2 

ø1 
-jø2XK2 

+j 

+1 

U 

 

 
Jbk��� 

 

Ijb� ihkljh_gbb� \_dlhjguo� ^bZ]jZff� mql_gu� ijZ\beZ� mfgh`_gby�

\_dlhjZ�gZ�kdZeyj�b�gZ� M± �beb� �−± : 

Z��mfgh`_gb_�gZ�kdZeyj – baf_g_gb_�fh^mey�\_dlhjZ�k�khojZg_gb_f�

agZq_gby�Zj]mf_glZ� 

[��mfgh`_gb_�gZ� �−+ b�gZ� kdZeyj�–�baf_g_gb_�fh^mey� \_dlhjZ� k�

baf_g_gb_f�Zj]mf_glZ�gZ���� h��ijhlb\�qZkh\hc�klj_edb�� 

\��mfgh`_gb_�gZ� �−− �b�gZ�kdZeyj�–�baf_g_gb_�fh^mey�\_dlhjZ�k�

baf_g_gb_f�Zj]mf_glZ�gZ�–90 h��ih�qZkh\hc�klj_ed_�� 
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���AZibrbl_�nhjfmeu�^ey�\uqbke_gby�Zdlb\ghc��j_Zdlb\ghc�b�ihe�

ghc�fhsghklb� 

���Hij_^_ebl_�dhwnnbpb_gl�fhsghklb�p_ib��bkihevamy�lj_m]hevgbd�

fhsghkl_c� 
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gh]h�lhdZ"�DZd�h[hagZqZxl�kbkl_fm�ijb[hjZ"�DZd�hgb�mkljh_gu�b�dZd�hi�

j_^_eblv�bo�ih]j_rghklv" 
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