
Fbgbkl_jkl\h�h[jZah\Zgby�Jhkkbckdhc�N_^_jZpbb 
<eZ^bfbjkdbc�]hkm^Zjkl\_gguc�mgb\_jkbl_l 

 
 
 
 
 
 

J�:��LBOHFBJH<���<�G��@:JDH< 
 
 
 

H;HKGH<:GB?�L?OGBQ?KDBO�

O:J:DL?JBKLBD�IJB<H>H<�

F?L:EEHJ?@MSBO�KL:GDH< 
 
 

Mq_[gh_�ihkh[b_�d�dmjkh\hfm�ijh_dlbjh\Zgbx 
^ey�klm^_glh\-aZhqgbdh\ 

 
 
 
 
 
 
 
 
 
 
 
 

<eZ^bfbj������ 



 2 

M>D��������������� 
����������H�� 
 

J_p_ga_glu 
>hdlhj�l_ogbq_kdbo�gZmd��ijhn_kkhj 

aZ\.�dZn_^jhc�f_g_^`f_glZ 
<eZ^bfbjkdh]h�]hkm^Zjkl\_ggh]h�i_^Z]h]bq_kdh]h�mgb\_jkbl_lZ 

G�=��GZygabg 
 

=eZ\guc�bg`_g_j�H:H�GBILB�©Fbdjhgª, 
ij_^k_^Zl_ev�l_ogbq_kdh]h�kh\_lZ 

:�K��Dhjfbebpug 
 
 
 
 

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 

 
 
 
 
 

�����Lbohfbjh\�J�:���@Zjdh\�<�G�  
H�� �����H[hkgh\Zgb_� l_ogbq_kdbo� oZjZdl_jbklbd� ijb\h^h\� f_lZeehj_�

`msbo� klZgdh\��Mq_[�� ihkh[b_� d� dmjkh\hfm� ijh_dlbjh\Zgbx� ^ey�

klm^_glh\-aZhqgbdh\��<eZ^bf��]hk��mg-l��<eZ^bfbj��������66�k� 
                   ISBN 
 
 K�ihfhsvx�^Zggh]h�mq_[gh]h�ihkh[by�fh`gh�jZkkqblZlv�l_ogbq_kdb_�oZjZdl_�

jbklbdb�ex[h]h�klZgdZ��g_�ihevamykv�^jm]bfb�bklhqgbdZfb��Kh^_j`bl�\k_�g_h[oh^b�

fu_�^ey�jZkq_lZ�^Zggu_��q_f�agZqbl_evgh�hlebqZ_lky�hl�bf_xs_cky�ebl_jZlmju��>Zgu�

ijbf_ju�h[hkgh\Zgby�l_ogbq_kdbo�oZjZdl_jbklbd�ijb\h^h\�jZaebqguo�lbih\�f_lZeeh�

j_`msbo�klZgdh\� 
Ij_^gZagZq_gh�^ey�klm^_glh\�ki_pbZevghklb 120100 -�l_ogheh]by�fZrbghkljh_gby�aZ�

hqghc�b�hqgh-aZhqghc�nhjf�h[mq_gby� 
LZ[e������;b[ebh]j�: 17�gZbf� 

 
ISBN 

 
© <eZ^bfbjkdbc�]hkm^Zjkl\_gguc 

�����������������mgb\_jkbl_l������ 



 3 

 
 
 
 
 
 
 

Ij_^bkeh\b_ 
 
 Ijb�fh^_jgbaZpbb�beb�ijh_dlbjh\Zgbb�f_lZeehj_`ms_]h� klZgdZ� \�

ijhp_kk_�\uiheg_gby�dmjkh\h]h�ijh_dlZ�gZb[hevr__�aZljm^g_gb_�^ey�klm�

^_glh\�ij_^klZ\ey_l�gZqZeh�ijh_dlbjh\Zgby��dh]^Z�\�khhl\_lkl\bb�k�aZ^Z�

gb_f�h[hkgh\u\Zxl�l_ogbq_kdb_�oZjZdl_jbklbdb�ijb\h^h\�k�p_evx�hij_�

^_e_gby� hkgh\guo� iZjZf_ljh\� dbg_fZlbdb� b� ^bgZfbdb� gh\uo� maeh\�fh�

^_jgbabjm_fh]h�beb�aZgh\h�ieZgbjm_fh]h�klZgdZ� 

 G_kfhljy� gZ� [hevrh_� jZaghh[jZab_� lbih\� b� dhgkljmdpbc�f_lZeeh�

j_`msbo� klZgdh\�� bf__lky� h[sZy� f_lh^bdZ� hij_^_e_gby�� h[hkgh\Zgby�

l_ogbq_kdbo�oZjZdl_jbklbd�bo�ijb\h^h\��qlh�iha\hey_l� \� khhl\_lkl\bb� k�

f_lh^bq_kdbfb� mdZaZgbyfb� ����� \u^Z\Zlv� klm^_glZf� _^bgh_� aZ^Zgb_� ih�

fh^_jgbaZpbb�beb�ijh_dlbjh\Zgbx�klZgdh\��Z�gZebqb_�\�jZ[hl_�ijbf_jh\�

bkihevah\Zgby�^Zgghc�f_lh^bdb�^ey�jZaguo�klZgdh\�agZqbl_evgh�h[e_]qZ�

_l�klm^_glm�\uiheg_gb_�^Zggh]h�jZa^_eZ�dmjkh\h]h�ijh_dlZ� 

 Ijb�h[hkgh\Zgbb�l_ogbq_kdhc�oZjZdl_jbklbdb�lh]h�beb�bgh]h�ijb�

\h^Z�klZgdZ�ijboh^blky�hij_^_eylv�hilbfZevgu_�mkeh\by�h[jZ[hldb�ba^_�

ebc�gZ�klZgd_��qlh�k\yaZgh�k�bkihevah\Zgb_f�[hevrh]h�dhebq_kl\Z�wfib�

jbq_kdbo�nhjfme��kh^_j`Zsbo�_s_�[hevr__�dhebq_kl\h�jZaebqguo�wfib�

jbq_kdbo�dhwnnbpb_glh\��dhebq_kl\_ggu_�agZq_gby�dhlhjuo�ijb\_^_gu�\�

lZ[ebpZo�kijZ\hqgbdh\��ghjfZlb\guo�fZl_jbZeZo�b�fhgh]jZnbyo��K\_^_�

gb_�\h_^bgh�\�ihkh[bb�[hevrbgkl\Z�hkgh\guo�\ur_mihfygmluo�lZ[ebq�

guo�^Zgguo�ihfh`_l�klm^_glm�khdjZlblv�\j_fy�gZ�bo�ihbkd�b�m\_ebqblv�

\j_fy�gZ� \uiheg_gb_� l\hjq_kdhc� jZ[hlu�ih� jZkq_lm�b� dhgkljmbjh\Zgbx�

f_lZeehj_`ms_]h�klZgdZ� 
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���BKOH>GU?�>:GGU?�IJB�H;HKGH<:GBB�L?OGBQ?KDBO�

O:J:DL?JBKLBD�IJB<H>H< 
 

Fh^_jgbaZpby�beb�ijh_dlbjh\Zgb_�f_lZeehj_`ms_]h� klZgdZ��dZd�b�

ex[hc� keh`ghc� fZrbgu�� \k_]^Z� gZqbgZ_lky� k� h[hkgh\Zgby� l_ogbq_kdhc�

oZjZdl_jbklbdb�_]h�ijb\h^h\��lZd�dZd�bo�hij_^_e_gb_�y\ey_lky�bkoh^gufb�

^Zggufb�^ey�dbg_fZlbq_kdh]h�b�kbeh\h]h�jZkq_lZ�\k_o�we_f_glh\�ijh_d�

lbjm_fh]h�klZgdZ� 
 H[hkgh\Zgb_� l_ogbq_kdhc� oZjZdl_jbklbdb� ijb\h^h\� klZgdZ� hkms_�

kl\ey_lky�\�khhl\_lkl\bb�k�l_ogbq_kdbf� aZ^Zgb_f� �aZ^Zgb_f�gZ�dmjkh\hc�

ijh_dl��� <� aZ^Zgbb� mdZau\Zxlky� k\_^_gby�� hij_^_eyxsb_� hkgh\gh_� gZ�

ijZ\e_gb_�fh^_jgbaZpbb��hkgh\gu_�q_jlu�ijh_dlbjm_fh]h�klZgdZ��gZa\Z�

gb_�b�fh^_ev�klZgdZ�beb�_]h�gZagZq_gb_��fZl_jbZeu�h[jZ[Zlu\Z_fuo�ba�

^_ebc��fZl_jbZeu�j_`ms_]h�bgkljmf_glZ��lbi�ijb\h^Z�]eZ\gh]h�^\b`_gby�

b�ijb\h^Z�ih^Zq��k_jbcghklv�ijhba\h^kl\Z��qbkeh�ribg^_e_c�b�kmiihjlh\��

kbkl_fm�mijZ\e_gby�klZgdhf��kl_i_gv�_]h�Z\lhfZlbaZpbb�beb�ijh]jZffb�

jh\Zgby��hkh[u_�mdZaZgby�ih�lbim�klZgdZ�b�^jm]b_�k\_^_gby�� 
 GZa\Zgb_�� fh^_ev� klZgdZ� hij_^_eyxl� ]jmiim� b� lbi� klZgdZ�� _]h��������������

]Z[Zjblgu_�jZaf_ju��ij_^_evgu_�jZaf_ju��^bZf_lj��^ebgZ��rbjbgZ��\ukh�

lZ�� h[jZ[Zlu\Z_fuo� ba^_ebc�� jZaf_ju� ijbf_gy_fh]h� gZ� klZgd_� bgkljm�

f_glZ�b�_]h�lbi� �j_a_p��k\_jeh��nj_aZ�b�l�^����MdZaZgb_�\� aZ^Zgbb�h^gh]h�

beb� g_kdhevdbo� h[jZ[Zlu\Z_fuo� fZl_jbZeh\� iha\hey_l� hij_^_eblv� kl_�

i_gv� ki_pbZebaZpbb� klZgdZ��ij_^_evgmx� lhesbgm� kgbfZ_fh]h�fZl_jbZeZ�

aZ� h^bg� ijhoh^�� hgZ� \ujZ`Z_lky� ]em[bghc� j_aZgby� t[. <_ebqbgZ� t[, \u[b�

jZ_fZy�ih�h^ghfm�ba�gZb[he__�ljm^gh�h[jZ[Zlu\Z_fuo�fZl_jbZeh\��\�kh�

q_lZgbb�k�jZaebqghc�ih^Zq_c�hij_^_ey_l�\�kdjulhf�\b^_�lm�fZdkbfZevgmx�

kbem�j_aZgby��dhlhjZy�ijbgbfZ_lky�dZd�ij_^_evgZy�kbeZ��[hevr_�dhlhjhc�

g_�^he`gh�[ulv�\�klZgd_�b�dhlhjZy�hij_^_ey_l�wnn_dlb\gmx�fhsghklv�j_�

aZgby� 
 <�aZ^Zgbb�gZ�ijh_dl�klZgdZ�mdZau\Z_lky�g_�fZjdZ��Z�fZl_jbZe�j_`m�

s_]h� bgkljmf_glZ� �[ukljhj_`msZy� klZev�� l\_j^uc� kieZ\� b� l�^����FZjdZ�

j_`ms_]h� bgkljmf_glZ� \� aZ\bkbfhklb� hl� h[jZ[Zlu\Z_fh]h� fZl_jbZeZ� b�

mkeh\bc�j_aZgby�\u[bjZ_lky�ijh_dlZglhf�\�ijhp_kk_�jZkq_lZ��K_jbcghklv�

ijhba\h^kl\Z�hij_^_ey_l�kl_i_gv�ki_pbZebaZpbb�klZgdZ� 
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 AZ^Zggh_�qbkeh�ribg^_e_c�b�kmiihjlh\�hij_^_ey_l�ijh_dlbjm_fuc�

klZghd�dZd�h^ghribg^_evguc��fgh]hribg^_evguc�beb�fgh]hj_aph\uc��<�

klZgdZo�lhdZjghc��nj_a_jghc�beb�kljh]Zevghc�]jmii�ijb�kbeh\hf�jZkq_l_�

ijbgbfZ_lky� \h� \gbfZgb_� h^gh\j_f_ggZy� jZ[hlZ� g_� \k_o� ribg^_e_c� b�

kmiihjlh\��Z�lhevdh�����b�����bo�dhebq_kl\Z��kqblZy�wlh�gZb[he__�\_jhyl�

guf�kemqZ_f�ijb�ly`_euo�j_`bfZo�jZ[hlu�klZgdZ� 
 Djhf_� jZkkfhlj_gguo� \ur_�� \k_� ^jm]b_� mkeh\by�� i_j_qbke_ggu_� \�

aZ^Zgbb�gZ�ijh_dl� klZgdZ��g_h[oh^bfu�ebrv�^ey�mlhqg_gby�dbg_fZlbdb��

dhgkljmdpbb� b� wdkiemZlZpbhgguo� dZq_kl\� ijh_dlbjm_fh]h� beb�fh^_jgb�

abjm_fh]h�klZgdZ�b�g_�bf_xl�ijyfh]h�hlghr_gby�d�h[hkgh\Zgbx�l_ogbq_�

kdhc�oZjZdl_jbklbdb�lh]h�beb�^jm]h]h�ijb\h^Z�klZgdZ��Ihwlhfm�mdZaZggu_�

mkeh\by��dZd�\lhjhkl_i_ggu_��\�^Zevg_cr_f�g_�jZkkfZljb\Zxlky� 
WlZiu�h[hkgh\Zgby�l_ogbq_kdhc�oZjZdl_jbklbdb�ijb\h^Z�k\h^ylky�d�

hij_^_e_gbx��]Z[Zjblguo�ij_^_evguo�jZaf_jh\�h[jZ[Zlu\Z_fh]h�ba^_eby�

beb� jZaf_jh\� _]h� h[jZ[Zlu\Z_fuo� ih\_joghkl_c�� hilbfZevguo� j_`bfh\�

h[jZ[hldb��ij_^_evguo�agZq_gbc�qZklhl�\jZs_gby�ribg^_ey�b�ih^Zq��kbe�

j_aZgby�b�wnn_dlb\ghc�fhsghklb�ijb\h^Z�b�we_dljh^\b]Zl_ey� 
 

���HIJ?>?E?GB?�IJ?>?EVGUO�=:;:JBLGUO�J:AF?JH<�

H;J:;:LU<:?FH=H�BA>?EBY�BEB�J:AF?JH< 
�?=H�H;J:;:LU<:?FUO�IH<?JOGHKL?C 

 
Ijb�fh^_jgbaZpbb�f_lZeehj_`ms_]h�klZgdZ�ba�_]h�iZkihjlguo�^Zg�

guo�b�l_ogbq_kdhc�oZjZdl_jbklbdb�dhgkljmdlhjm�ba\_klgu�hkgh\gu_�jZa�

f_ju�klZgdZ��gZijbf_j��\ukhlZ�p_gljh\�b�jZkklhygb_�f_`^m�p_gljZfb�lh�

dZjgh]h� klZgdZ��ghf_j� klheZ��b�� ke_^h\Zl_evgh��jZaf_ju�jZ[hq_c�ih\_jo�

ghklb� klheZ�nj_a_jgh]h� klZgdZ��fZdkbfZevguc�^bZf_lj�h[jZ[Zlu\Z_fh]h�

hl\_jklby� k\_jebevgh]h� klZgdZ�� gZb[hevrbc� fh^mev�� ^bZf_lj� h[jZ[Zlu�

\Z_fuo�r_kl_j_g�^ey�am[hnj_a_jgh]h�klZgdZ�b�l�^��Bkoh^y�ba�wlbo�^Zgguo��

hij_^_eyxl�ij_^_evgu_�]Z[Zjblgu_�jZaf_ju�ba^_ebc��dhlhju_�fh`gh�h[�

jZ[Zlu\Zlv�gZ�^Zgghf�klZgd_��GZ�klZgd_�k�\ukhlhc�p_gljh\��gZijbf_j�H = 
���� ff�� fh`gh� aZdj_iblv� b� h[jZ[Zlu\Zlv� ba^_eb_� ^bZf_ljhf�� jZ\guf�

^\hcghc�\ukhl_�p_gljh\��l�_��D[� �����ff�b�\�lh�`_�\j_fy�fh`gh�aZdj_iblv�

aZ]hlh\dm�^bZf_ljhf�Df� ��«��ff��H^gZdh�ykgh��qlh�ba^_eb_�hq_gv�[hev�
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rh]h�^bZf_ljZ��k�ljm^hf�mklZgZ\eb\Z_fh_�gZ�klZgd_�b�g_�ihf_sZxs__ky�

gZ^�kmiihjlhf��emqr_�h[jZ[Zlu\Zlv�gZ�klZgd_�[hevrh]h�jZaf_jZ��Z�ba^_�

eb_�hq_gv�fZeuo�^bZf_ljh\ –�gZ�f_gvrbo�klZgdZo��lZd�dZd�h[jZ[hldZ�bo�

ihlj_[m_l�hq_gv�[hevrbo�^ey�^Zggh]h�klZgdZ�qZklhl�\jZs_gby�ribg^_ey��

Z�fhsghklv� klZgdZ�[m^_l� keZ[h�bkihevah\Zlvky��GZb[hevrbc�b�gZbf_gv�

rbc�jZaf_ju�h[jZ[Zlu\Z_fuo�ba^_ebc�beb�jZaf_ju�h[jZ[hldb��ff��fh`�

gh�mklZgh\blv�ih�ke_^mxsbf�ijZdlbq_kdbf�nhjfmeZf� 
>ey�lhdZjguo�klZgdh\� 

                                         D[ = (1…1,5) H;                                            (1)  
                                         Df = (0,25…0,5) H,                                       (2) 

]^_� D[ –� gZb[hevrbc� ^bZf_lj� h[jZ[Zlu\Z_fh]h� ba^_eby� gZ^� klZgbghc����������������

Df –� gZbf_gvrbc� ^bZf_lj� h[jZ[Zlu\Z_fh]h� ba^_eby� gZ^� klZgbghc��H – 
\ukhlZ�p_gljh\� 

>ey�k\_jebevguo�klZgdh\�gZb[hevrbc�jZaf_j�h[jZ[Zlu\Z_fh]h�hl�

\_jklby��dZd�ijZ\beh��khhl\_lkl\m_l�^\mf�ihke_^gbf�pbnjZf�\�rbnj_�fh�

^_eb�klZgdZ��gZijbf_j��m�fh^_eb� �:����fZdkbfZevguc�jZaf_j�h[jZ[Zlu�

\Z_fh]h�hl\_jklby�jZ\_g� ���ff��m�fh^_eb� �:����–� ���ff��FbgbfZevguc�

jZaf_j�h[jZ[Zlu\Z_fh]h�hl\_jklby�hij_^_eyxl�dZd� 
                                       Df = (0,15…0,3) D[,                                       (3) 

]^_�D[, Df –�gZbf_gvrbc�b�gZb[hevrbc�^bZf_lju�k\_je_gby� 
>ey�nj_a_jguo�klZgdh\: 
                                           D[ = (0,2…0,3) b;                                        (4) 
                                           Df = (0,1…0,2) b,                                        (5) 

]^_�D[, Df –�gZb[hevrbc�b�gZbf_gvrbc�^bZf_lju�nj_au��b –�rbjbgZ�jZ�

[hq_]h�klheZ� 
                                         B[ = (0,75…1) D[;                                        (6) 
                                          Bf = (0,75…1) Df,                                       (7) 

]^_�B[, Bf –�gZb[hevrZy�b�gZbf_gvrZy�rbjbgZ�nj_a_jh\Zgby� 
JZaf_ju�jZ[hq_c�ih\_joghklb�klheZ�nj_a_jgh]h�klZgdZ�k�_]h�ghf_�

jhf� �ghf_j� –� ihke_^gyy� pbnjZ� rbnjZ� fh^_eb� klZgdZ�� ij_^klZ\e_gu� \�

lZ[e���ijbeh`_gby� 
Ijbf_qZgb_��<k_�lZ[ebpu�ihkh[by�k\_^_gu�\�ijbeh`_gb_� 
>ey�am[hnj_a_jguo�klZgdh\: 
                                             mf = (0,2…0,3)m[,                                      (8) 
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]^_�mf�b�m[ –�gZbf_gvrbc�b�gZb[hevrbc�gZj_aZ_fu_�fh^meb�r_kl_j_g� 
GZ�hkgh\Zgbb�gZbf_gvr_]h�b�gZb[hevr_]h�gZj_aZ_fuo�fh^me_c�gZ�

oh^yl� ij_^_evgu_� agZq_gby� ^bZf_ljh\� q_j\yqguo�nj_a� \� khhl\_lkl\bb� k�

lZ[e�� ��� Ij_^_evgu_� agZq_gby� qbk_e� am[v_\� r_kl_j_g� [hevr_c� qZklvx�

fh`gh�ijbgylv�Z[ = 16, Zf = 10,0. 
>ey�kljh]Zevguo�klZgdh\��ff� 
                                             L = (1,2…1,3) l;                                        (9) 
                                              b = (0,6…0,7) L;                                      (10) 

                                                        H = (0,75…1) b,                                      (11) 
]^_�L –�^ebgZ�klheZ��b –�rbjbgZ�klheZ��L –�fZdkbfZevgZy�^ebgZ�aZ]hlh\db����
H –�\ukhlZ�klheZ� 

 

���HIJ?>?E?GB?�J:PBHG:EVGUO�J?@BFH<�H;J:;HLDB 
 

HilbfZevguc� j_`bf� h[jZ[hldb� ^he`_g� h[_ki_qb\Zlv� gZb[hevrmx�

ijhba\h^bl_evghklv� b� gZbf_gvrmx� k_[_klhbfhklv� ba]hlh\e_gby� ijb� g_�

ij_f_gghf�mkeh\bb�ihemq_gby�lj_[m_fh]h�dZq_kl\Z�h[jZ[Zlu\Z_fhc�^_lZ�

eb��MklZgh\e_gb_�hilbfZevgh]h�j_`bfZ�h[jZ[hldb�aZdexqZ_lky�\�hij_^_�

e_gbb�oZjZdl_jbklbdb�j_`ms_]h�bgkljmf_glZ�b�jy^Z�iZjZf_ljh\�j_`bfh\�

j_aZgby� 
 Ijb� \u[hj_� oZjZdl_jbklbd� j_`ms_]h� bgkljmf_glZ� gZ� ijh_dlbjm_�

fuc�klZghd�ke_^m_l�mqblu\Zlv��lbi�bgkljmf_glZ�b�_]h�]_hf_ljbq_kdb_�iZ�

jZf_lju��jZaf_ju�k_q_gby�kl_j`g_c�b�^_j`Z\hd��fZl_jbZe�j_`ms_c�qZklb�

b� \b^� _]h� h[jZ[hldb� �q_jgh\Zy� beb� qbklh\Zy��� `_kldhklv� kbkl_fu�               
©KlZghd –�^_lZev�–�bgkljmf_glª�b�^jm]b_�mkeh\by�j_aZgby� 
 Wlb�^Zggu_�hij_^_eyxlky�bkoh^y�ba�lbiZ�klZgdZ��_]h�jZaf_jh\��]Z[Z�

jblguo�ij_^_evguo�jZaf_jh\�h[jZ[Zlu\Z_fuo�ba^_ebc�b�h[jZ[Zlu\Z_fuo�

ih\_joghkl_c��h[jZ[Zlu\Z_fh]h�fZl_jbZeZ��^ey�hij_^_e_gby�bkihevamxlky�

khhl\_lkl\mxsb_� kijZ\hqgbdb� b� =HKLu�� Ijb� ijh_dlbjh\Zgbb� mgb\_j�

kZevgh]h� klZgdZ� ^he`gu� [ulv� \uy\e_gu� \k_�bgkljmf_glu�� dhlhju_�ijb�

f_gyxlky�gZ�g_f��?keb�klZghd�ki_pbZevguc�beb�ki_pbZebabjh\Zgguc��lh�

\u[hj�bgkljmf_glZ�hij_^_ey_lky�\uiheg_ggufb�gZ�g_f�hi_jZpbyfb� 
 F_lZeehj_`msb_� klZgdb�� hkh[_ggh� klZgdb� h[s_]h� gZagZq_gby��

^he`gu�h[_ki_qb\Zlv�ijbf_g_gb_�kdhjhkl_c�j_aZgby�b�ih^Zq�\�rbjhdhf�
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^bZiZahg_�k�p_evx�ihemq_gby�gZb\u]h^g_crbo�j_`bfh\�j_aZgby�ijb�\u�

iheg_gbb� jZaghh[jZaguo� hi_jZpbc��H[uqgh� hilbfZevgh� ij_^_evgu_� j_�

`bfu� mklZgZ\eb\Zxl� \� ke_^mxs_c� ihke_^h\Zl_evghklb�� mklZgZ\eb\Zxl�

ij_^_evgu_� agZq_gby� ijbimkdh\� �]em[bgu� j_aZgby�� t[� b� tf�� hij_^_eyxl�

ij_^_evgu_�agZq_gby�ih^Zq�S[�b�Sf��ih�ba\_klguf�t�b�S��aZ^Z\rbkv�i_jbh�

^hf� klhcdhklb�bgkljmf_glZ��hij_^_eyxl�ij_^_evgu_� agZq_gby� kdhjhkl_c�

j_aZgby�V[�b�Vf. 
 

�����Hij_^_e_gb_�ij_^_evguo�agZq_gbc�ijbimkdh\ 

�]em[bgu�j_aZgby��gZ�h[jZ[hldm 

 GZb[hevrbc� t[�b�gZbf_gvrbc� tf�ijbimkdb� �]em[bgZ�j_aZgby��gZ�h[�

jZ[hldm��dhlhju_�fh]ml�\klj_lblvky�ijb�h[jZ[hld_�gZ�^Zgghf�klZgd_��gZ�

oh^yl�ih�ij_^_evguf�jZaf_jZf�h[jZ[hldb� 
 >ey�lhdZjguo�klZgdh\��GZb[hevrbc�ijbimkd�gZ�h[jZ[hldm�jZ\_g 

                                                     t[ = Ct D 33,0
[ .                                              (12) 

Qbkeh\u_� agZq_gby� dhwnnbpb_glZ�Ct� ijb\_^_gu� \� lZ[e�� ���GZbf_gvrbc�

ijbimkd�gZ�h[jZ[hldm�hij_^_ey_lky�ih�nhjfme_ 

                                     tf = 0,7 + 0,025 D 5,0
f +0,0001 L.                                (13) 

 Ijb� q_jgh\hc� h[jZ[hld_� ]em[bgZ� j_aZgby� ijbgbfZ_lky� jZ\ghc� ijb�

imkdm��Ijb�ihemqbklh\hc�h[jZ[hld_�b�ijbimkd_�gZ�klhjhgm� t >���ff�h[jZ�
[hldZ�hkms_kl\ey_lky�aZ�^\Z�ijhoh^Z��i_j\uc�k�t′ = (2/3…3/4) t��Z�\lhjhc�–�k�

t′ = (1/3…1/4) t��Ijb�t <���ff�ihemqbklh\Zy�h[jZ[hldZ�ijhba\h^blky�aZ�h^bg�
ijhoh^��>ey�mgb\_jkZevguo�lhdZjguo�b�jZklhqguo�klZgdh\�kj_^gbo�jZaf_�

jh\�ij_^_evgu_�jZkq_lgu_�agZq_gby�]em[bgu�j_aZgby�fh]ml�[ulv�ijbgylu�

����b�����ff��^ey�djmiguo�lhdZjguo�b�dZjmk_evguo�klZgdh\�–���b����ff��^ey�

fZeuo�lhdZjguo�b�jZklhqguo�klZgdh\�ih\ur_gghc�lhqghklb�–������b���ff��

Ijb� qbklh\hc� h[jZ[hld_� k� r_jhoh\Zlhklvx� ih\_joghklb� ^h� �-]h� deZkkZ�

\dexqbl_evgh�t = 0,5 –�����ff��^ey��-]h�b��-]h�deZkkh\�t = 0,1 –�����ff� 

 >ey� k\_jebevguo� klZgdh\�� Ijb� k\_je_gbb� \� kiehrghf� fZl_jbZe_�

]em[bgZ�j_aZgby�jZ\gZ� 

                                                           t = D/2.                                                  (14) 

Ijb�jZkk\_jeb\Zgbb� 
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                                           t = (D - d)/2 ,                                              (15) 

]^_�d –�^bZf_lj�jZkk\_jeb\Z_fh]h�hl\_jklby��ff� 

 GZb[hevrbc�^bZf_lj�k\_je_gby�D[�^ey�mgb\_jkZevguo�\_jlbdZevgh- 
b� jZ^bZevgh-k\_jebevguo� klZgdh\� y\ey_lky� bo� hkgh\guf� iZjZf_ljhf� b�
^he`_g� khhl\_lkl\h\Zlv�=HKL� ����-����Ijb� a_gd_jh\Zgbb�b�jZa\_jlu\Z�
gbb�]em[bgZ�j_aZgby�h[uqgh�jZ\gZ�\_ebqbg_�ijbimkdZ�gZ�klhjhgm�– 0,5 – 2 
ff��Ijb�qbklh\hf�jZa\_jlu\Zgbb�hl\_jklbc�^bZf_ljhf���–����ff�ijbimkd�
gZ�klhjhgm�– 0,05 –������ff��Ijb�q_jgh\hf�jZa\_jlu\Zgbb�ijbimkd�gZ�klh�
jhgm�fh`_l�[ulv�m\_ebq_g�\���–���jZaZ� 
 >ey�nj_a_jguo�klZgdh\��<_ebqbgm�ijbimkdZ�gZ�h[jZ[hldm�ijb�nj_�

a_jh\Zgbb� hij_^_eyxl� ih� lZ[e�� ��� b� ��� Ih� gZc^_gguf� \_ebqbgZf� gZ-               
oh^yl�gZb[hevrmx�b�gZbf_gvrmx� ]em[bgm�j_aZgby� t[ b� tf��Ijb�h[^bjhq�

guo�jZ[hlZo�ijbimkd�kgbfZ_lky�aZ�h^bg�ijhoh^�b�]em[bgZ�j_aZgby�fh`_l�

^hklb]Zlv��gZijbf_j��ijb�nj_a_jh\Zgbb�pbebg^jbq_kdbfb�nj_aZfb����– 30 

ff� ijb� mkeh\bb�� qlh� t[ ≤ 0,1D�� ]^_�D –� ^bZf_lj� pbebg^jbq_kdhc�nj_au�

�ff���Ijb�ihemqbklh\hf�nj_a_jh\Zgbb�nj_aZfb�ba�[ukljhj_`ms_c�klZeb�

ijbimkd�[hevr_� ��ff� kgbfZ_lky� aZ� ��ijhoh^Z�� Z�nj_aZfb� k� l\_j^hkieZ\�

gufb�ieZklbgdZfb�–�aZ�h^bg�ijhoh^��Ihemqbklh\h_�nj_a_jh\Zgb_�ijb�\_�
ebqbg_�ijbimkdZ�f_gvr_���ff�hkms_kl\eyxl��aZ�h^bg�ijhoh^��Ih^�qbklh�

\h_�nj_a_jh\Zgb_�ijbimkd�hklZ\ey_lky�g_[hevrhc��ihjy^dZ�����–�����ff��b�
kgbfZxl�_]h��dZd�ijZ\beh��aZ�h^bg�ijhoh^��GZb[hevrmx�]em[bgm�j_aZgby�

ijb�qbklh\hf�nj_a_jh\Zgbb�fh`gh�ijbgbfZlv�\�ij_^_eZo�����–���ff� 
 >ey�rebnh\Zevguo�klZgdh\��Ijb�jZ[hl_�gZ�djm]eh-��\gmljb-�b�[_k�
p_gljh\hf�rebnh\Zevguo�klZgdZo�h[t_f�kgbfZ_fh]h�\�_^bgbpm�\j_f_gb�

f_lZeeZ� hij_^_ey_lky� kdhjhklvx� \jZs_gby� aZ]hlh\db� Va�� ihi_j_qghc� b�

ijh^hevghc�ih^ZqZfb� 
 Ihi_j_qgZy�ih^ZqZ� �]em[bgZ�rebnh\Zgby��hij_^_ey_lky�ijbimkdhf�

gZ� h[jZ[hldm�� lj_[m_fhc� lhqghklvx� b�r_jhoh\Zlhklvx� h[jZ[Zlu\Z_fhc�

ih\_joghklb�b�\u[bjZ_lky�\�ke_^mxsbo�ij_^_eZo� 
Z��ijb�djm]ehf�gZjm`ghf�rebnh\Zgbb� 

- k�ijh^hevghc�ih^Zq_c���ijb�q_jgh\hf��– 0,015 –������ff�^\�oh^�klheZ�
b�qbklh\hf�- 0,005 –������ff�^\�oh^�klheZ� 

- \j_aZgb_f��ijb�q_jgh\hf����0025 –�������ff�h[�b�qbklh\hf�– 0,001 – 
������ff�h[� 
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[��ijb�[_kp_gljh\hf�rebnh\Zgbb� 
- gZ� ijhoh^� �ij_^\Zjbl_evghf�� ����� –� ���� ff�h[�� qbklh\hf� – 0,005-              

�����ff�h[� 
- \j_aZgb_f� �ij_^\Zjbl_evghf��������–������ff�h[��qbklh\hf�– 0,002-

�������ff�h[� 
<� iehkdhrebnh\Zevguo� klZgdZo� ]em[bgZ� rebnh\Zgby� ij_^klZ\ey_l�

kh[hc�\_jlbdZevgmx�ih^Zqm�klheZ�beb�rebnh\Zevghc�[Z[db��HgZ�khklZ\ey_l� 
- ijb� iehkdhf� rebnh\Zgbb� i_jbn_jb_c� djm]Z� �ij_^\Zjbl_evghf��

0,015 – �����ff��qbklh\hf�– 0,005 –�������ff� 
- ijb� iehkdhf� rebnh\Zgbb� lhjphf� djm]Z� �ij_^\Zjbl_evghf��              
0,015 – �����ff��qbklh\hf�– 0,005 –������ff� 
>ey� am[hh[jZ[Zlu\Zxsbo� klZgdh\��Q_jgh\mx� h[jZ[hldm� hkms_kl\�

eyxl�aZ�h^bg�ijhoh^��Dh]^Z�fhsghklv�klZgdZ�beb�`_kldhklv�kbkl_fu�g_�

^hklZlhqgu�� ijbimkd� gZ� q_jgh\mx� h[jZ[hldm� kj_aZxl� aZ� ^\Z� ijhoh^Z� k�

]em[bghc�j_aZgby�����m�ijb�i_j\hf�q_jgh\hf�ijhoh^_�b�����m�ijb�\lhjhf��

Q_jgh\mx� h[jZ[hldm� \� ^\Z� ijhoh^Z� ijbf_gyxl� lhevdh� ijb� ^he[e_gbb�

am[v_\�pbebg^jbq_kdbo�dhe_k�^bkdh\ufb�^he[ydZfb�^ey�ihemq_gby�r_jh�

oh\Zlhklb�ih\_joghklb�g_�gb`_��-]h�deZkkZ�b�lhqghklb�g_�gb`_��-c�kl_i_�
gb�ijb�fh^me_���ff�b�\ur_� 

>ey� kljh]Zevguo� klZgdh\�� >ey� ]jm[h]h� kljh]Zgby� t[� ijbgbfZ_lky�

jZ\ghc�ijbimkdm��gh�g_�[he__����ff��>ey�tf�ijbgbfZxl�ijbimkd�gZ�qbklh�

\mx�h[jZ[hldm��dhlhjuc�h[uqgh�jZ\_g������–�����ff� 
 =em[bgm�j_aZgby�ijb�q_jgh\hf�b�qbklh\hf�kljh]Zgbb�fh`gh�gZagZ�

qblv�jmdh\h^kl\mykv�l_fb�`_�khh[jZ`_gbyfb��qlh�b�ijb�lhq_gbb�gZ�lhdZj�

guo�klZgdZo� 
 

�����Hij_^_e_gb_�ij_^_evguo�agZq_gbc�\_ebqbg�ih^Zq 

>ey� ^Zevg_crbo� jZkq_lh\� j_`bfh\� j_aZgby�g_h[oh^bfh� mqblu\Zlv�

fZl_jbZe�aZ]hlh\db��_]h�nbabdh-f_oZgbq_kdb_�k\hckl\Z��\_ebqbgm�ijbimk�
dZ�gZ�h[jZ[hldm��jZaf_ju�^_lZeb�b�l_ogbq_kdb_�mkeh\by�gZ�__�h[jZ[hldm��Z�

lZd`_�bf_lv� k\_^_gby�h� lhqghklb�b�`_kldhklb�f_lZeehj_`msbo� klZgdh\��

dhlhju_�mdZaZgu�\�=HKL�����-����=HKL���-����=HKL�8-71. 
Ijb�ijh_dlghf�jZkq_l_�j_`bfh\�j_aZgby�^ey�mgb\_jkZevguo�klZgdh\�

\� dZq_kl\_� bkoh^gh]h�fZl_jbZeZ� h[jZ[Zlu\Z_fuo� ^_lZe_c� ke_^m_l� \u[b�
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jZlv�fZehm]e_jh^bklmx�klZev�HB <� �����1\ <� ����FIZ� �ijb�hij_^_e_gbb�

V[��b�\ukhdhijhqgmx�e_]bjh\Zggmx� klZev�HB ≥� �����1\ ≥� ����FIZ� �ijb�

hij_^_e_gbb�Vf���ijb�wlhf�ke_^m_l�ihfgblv��qlh�1\ ≈ 0,36 HB��jZaf_ju�aZ�

]hlh\db��\�\b^_�ihdh\db�beb�ijhdZlZ��–�fZdkbfZevgh�^himklbfu_�gZ�ijh�
_dlbjm_fuc�klZghd��ijbimkdb�gZ�f_oZgbq_kdmx�h[jZ[hldm�\u[bjZxlky�ih�

kijZ\hqgbdZf�[6, 11, 12, 14]��Ijb�\u[hj_�\�dZq_kl\_�bkoh^gh]h�h[jZ[Zlu�
\Z_fh]h� fZl_jbZeZ�`Zjhijhqguo� g_j`Z\_xsbo� klZe_c� b� kieZ\h\�� g_f_�

lZeebq_kdbo�fZl_jbZeh\� ke_^m_l� mqblu\Zlv� dhwnnbpb_glu� bo� h[jZ[Zlu�

\Z_fhklb�� hilbfZevgh� ^himklbfu_� kdhjhklb� j_aZgby� b� ih^Zqb�� dhlhju_�

ijb\_^_gu�\�[13, 16]. 
GZb[hevrb_�b�gZbf_gvrb_�agZq_gby�\_ebqbg�ih^Zq�gZoh^yl�ih�^h�

imklbfhc�r_jhoh\Zlhklb�h[jZ[Zlu\Z_fhc�ih\_joghklb� 
>ey� lhdZjguo� klZgdh\� \_ebqbgu� ih^Zq�fh`gh� ijb[ebabl_evgh� gZ�

oh^blv�ih�ke_^mxsbf�nhjfmeZf��ff�h[� 

- ijb�q_jgh\hc�h[jZ[hld_��������S[ = 0,17 D 3/1
[ + (t[ – 2) 0,15;          (16) 

- ijb�qbklh\hc�h[jZ[hld_������������������Sf = 0,015 Df
3/2 .                   (17) 

 FZdkbfZevgh_� jZkq_lgh_� agZq_gb_�ih^Zqb� \u[bjZ_lky� ^ey� mkeh\bc�

q_jgh\hc�h[jZ[hldb�ijb�gZb[hevr_c�`_kldhklb�aZ]hlh\db��ijb�wlhf�aZ]h�

lh\dZ� kqblZ_lky� aZdj_ie_gghc� \� iZljhg_� b� ih^^_j`b\Z_fhc� aZ^gbf� p_g�

ljhf��FbgbfZevgh_� jZkq_lgh_� agZq_gb_� ih^Zqb� \u[bjZ_lky� ^ey� mkeh\bc�

qbklh\hc�h[jZ[hldb�ijb�gZbf_gvr_c�`_kldhklb� aZ]hlh\db�b� aZdj_ie_gby�

__�\�iZljhg_��>ey�[he__�lhqgh]h�hij_^_e_gby�gZbf_gvr_c�ih^Zqb�fh`gh�

\hkihevah\Zlvky�ke_^mxs_c�nhjfmehc��ff�h[� 

                                             Sf = (KfR
m
[ r u )/(t x

f 3
z 3 z

1 ).                                   (18) 

 AgZq_gby�Kf�b�ihdZaZl_eb�kl_i_gb�x, y, z�b�u�ijb\_^_gu�\�lZ[e�����Ij_�

^_evgu_�agZq_gby�\_ebqbg�ih^Zq�fh]ml�[ulv�\u[jZgu�b�ih�lZ[e���– 10. 

 >ey�k\_jebevguo�klZgdh\��Ih^ZqZ�ijb�k\_je_gbb�\�kiehrghf�fZl_�

jbZe_�b�a_gd_jh\Zgbb�gZagZqZ_lky�ih�nhjfme_��ff�h[� 

                                                        S = Cs D
6,0 .                                             (19) 

Ijb�jZa\_jlu\Zgbb�–�ih�nhjfme_ 

                                                       S = Cs D
7,0 .                                             (20) 

AgZq_gby�Ks�ijb\_^_gu�\�lZ[e����� 
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 GZb[hevrmx�ih^Zqm�S[�ke_^m_l�hij_^_eylv�ijb�gZb[hevr_f�^bZf_l�

j_� D[� k\_je_gby�� a_gd_jh\Zgby�� jZa\_jlu\Zgby� hl\_jklbc� \� ^_lZeyo� ba�

p\_lguo�f_lZeeh\�b�kieZ\h\��^ey�dhlhjuo�K[��bf__l�gZb[hevr__�agZq_gb_��

Ih^Zqb�ijb�jZkk\_jeb\Zgbb�ijbgbfZxl�\�����–���jZaZ�[hevrbfb��q_f�ijb�

k\_je_gbb� 

 GZbf_gvrZy� ih^ZqZ� Sf� khhl\_lkl\m_l� k\_je_gbx�� a_gd_jh\Zgbx� b�

jZa\_jlu\Zgbx�hl\_jklbc�fbgbfZevgh]h�^bZf_ljZ�Df�\�klZevghc�aZ]hlh\�

d_��bf_xs_c� l\_j^hklv�HB >� �����<� wlhf� kemqZ_� dhwnnbpb_gl�Cs�bf__l�

gZbf_gvr__� agZq_gb_��FZdkbfZevgh� ^himklbfu_� ih^Zqb� ijb� k\_je_gbb��

a_gd_jh\Zgbb�b�jZa\_jlu\Zgbb�ijb\_^_gu�\�lZ[e����� 

 >ey�nj_a_jguo�klZgdh\�gZb[hevrmx�S ′z
[
��b�gZbf_gvrmx�S ′z

f
�ih^Zqb�

gZ�am[�nj_au�fh`gh�\u[jZlv�ih�lZ[e�����b����ba�mkeh\by�r_jhoh\Zlhklb�h[-
jZ[Zlu\Z_fhc�ih\_joghklb�ijb�h[jZ[hld_�kZfh]h�fy]dh]h�fZl_jbZeZ� 

 Hij_^_eyxl�lZd�`_�ih�lZ[ebpZf�j_`bfu�j_aZgby�S ′′z
[
�b�S ′′z

f
�ijb�h[�

jZ[hld_�kZfh]h�l\_j^h]h�fZl_jbZeZ��Ijb�q_jgh\hc�h[jZ[hld_�gZb[hevrZy�

ih^ZqZ�h]jZgbqb\Z_lky�ijhqghklvx�b�`_kldhklvx�hijZ\db�nj_au��`_kldh�

klvx�l_ogheh]bq_kdhc�kbkl_fu�b�ijhqghklvx�j_`ms_c�ih\_joghklb�am[Z�

nj_au� 
 Ijb�qbklh\hf�nj_a_jh\Zgbb�\u[hj�ih^Zqb�hij_^_ey_lky�lj_[m_fuf�

dZq_kl\hf�h[jZ[hlZgghc�ih\_joghklb��Ijb�qbklh\hf�nj_a_jh\Zgbb�ih^Zqm�

gZ�h^bg�am[�nj_au�fh`gh�hij_^_eylv�ih�nhjfme_��ff�am[�� 

                                                 Sz = Cs R
x D z / t y ,                                          (21) 

]^_�Cs –�dhwnnbpb_gl��aZ\bkysbc�hl�fZl_jbZeZ�h[jZ[Zlu\Z_fhc�^_lZeb�b�

lbiZ�nj_au��D -�^bZf_lj�nj_au��ff�� t –�]em[bgZ�j_aZgby��ff��R –�\ukhlZ�

fbdjhg_jh\ghkl_c��ff��x, y, z –�ihdZaZl_eb�kl_i_gb� 

 AgZq_gby�Cs�b�x, y, z��ijb\_^_gu�\�lZ[e������GZb[hevrb_�b�gZbf_gv�

rb_�agZq_gby�\_ebqbgu�ih^Zq�gZoh^ylky�\�ij_^_eZo��pbebg^jbq_kdb_�nj_�

au�– 0,003 –� ����ff�am[�� lhjp_\u_�nj_au�– 0,03 –� ����ff�am[��nZkhggu_�

nj_au�- 0,007 –�����ff�am[� 

 >ey�rebnh\Zevguo�klZgdh\�\_ebqbgZ�ijh^hevghc�ih^Zqb��\�iehkdh- 

rebnh\Zevguo�–�ihi_j_qghc��aZ\bkbl�hl�rbjbgu�rebnh\Zevgh]h�djm]Z�b�

ijbgbfZ_lky�ijb�qbklhf�rebnh\Zgbb�jZ\ghc�����–������Z�ijb�q_jgh\hf�– 

0,4 – ����rbjbgu�djm]Z� 
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 Ihi_j_qgZy�ih^ZqZ�y\ey_lky�ijbimkdhf�b�hij_^_ey_lky�dZd�]em[bgZ�

j_aZgby�� hij_^_e_gb_� dhlhjhc� jZkkfhlj_gh� \ur_�� Djm]h\Zy� ih^ZqZ� beb�

kdhjhklv�\jZs_gby�aZ]hlh\db��\�iehkdhrebnh\Zevguo�klZgdZo�–�ijh^hev�

gZy�ih^ZqZ��baf_gy_lky�\�[he__�rbjhdbo�ij_^_eZo��<�aZ\bkbfhklb�hl�\b^Z�

rebnh\Zgby�__�fh`gh�jZkkqblZlv�ih�nhjfmeZf� 

–� � � rebnh\Zgb_� i_jbn_jb_c� djm]Z� �gZjm`gh_�� \gmlj_gg__�� iehkdh_���

f�fbg� 

Va = Kv D !A /T m  tz  Sy
^ ;                                   (22) 

–�rebnh\Zgb_�lhjphf�djm]Z��f�fbg�� 
Va = Kv/T m t x B z;                                             (23) 

–�[_kp_gljh\h_�gZjm`gh_�rebnh\Zgb_��f�fbg� 

Va = Kv/ T m t x S y0 ,                                           (24) 

]^_�Kv –� dhwnnbpb_gl�� mqblu\Zxsbc� k\hckl\Z�fZl_jbZeZ� aZ]hlh\db�� \b^�

rebnh\Zgby� b� oZjZdl_jbklbdm� djm]Z�� Da –� ^bZf_lj� aZ]hlh\db�� ff�� T –
klhcdhklv��fbg��t –�]em[bgZ�rebnh\Zgby�beb�ihi_j_qgZy�ih^ZqZ��ff��Ŝ  – 
ijh^hevgZy�ih^ZqZ�\�^heyo�rbjbgu�djm]Z�gZ�h^bg�h[hjhl�aZ]hlh\db��S0 – 
ijh^hevgZy�ih^ZqZ�gZ�h^bg�h[hjhl�^_lZeb��ff��b –�ijb\_^_ggZy� �kiehr�

gZy��rbjbgZ�rebnh\Zgby��ff��ρ, m, x, y, z –�ihdZaZl_eb�kl_i_gb��aZ\bkysb_�

hl�\b^Z�rebnh\Zgby��oZjZdl_jbklbdb�djm]Z�b�fZl_jbZeZ�aZ]hlh\db� 

 AgZq_gby�Kv�b�ρ, m, x, y, z�ijb\_^_gu�\� lZ[e�� ����Ijb�jZkq_l_�gZb�

[hevr_c�kdhjhklb�V[� �djm]h\Zy�ih^ZqZ��ke_^m_l�\u[bjZlv�ke_^mxsb_�mk�

eh\by� h[jZ[hldb�� oZjZdl_j� h[jZ[hldb� –� qbklh\h_�rebnh\Zgb_��fZl_jbZe�

aZ]hlh\db� –� g_aZdZe_ggZy� klZev�� ^bZf_lj� rebnm_fhc� aZ]hlh\db� –� gZb�
[hevrbc��klhcdhklv�djm]Z�–�wdhghfbq_kdZy��L = 3 –����fbg���]em[bgZ�reb�

nh\Zgby� �ihi_j_qgZy� ih^ZqZ�� b� ijh^hevgZy� ih^ZqZ� ijbgbfZxlky� fbgb�

fZevgufb�ba�mkeh\by�ihemq_gby�gZbf_g__�r_jhoh\Zlhc�ih\_joghklb�� 
 Ijb�jZkq_l_�gZbf_gvr_c�kdhjhklb�aZ]hlh\db�Vf�gm`gh�bkoh^blv�ba�

ke_^mxsbo�mkeh\bc�h[jZ[hldb��oZjZdl_j�h[jZ[hldb�–�q_jgh\h_�rebnh\Z�

gb_��fZl_jbZe�aZ]hlh\db�–�gZbf_gvrbc��klhcdhklv�djm]Z�–�wdhghfbq_kdZy��������
(L = 3 –����fbg���]em[bgZ�rebnh\Zgby�b�ijh^hevgZy�ih^ZqZ�ijbgbfZxlky�

fZdkbfZevgufb�^ey�mkeh\by�q_jgh\h]h�rebnh\Zgby� 
 >ey� am[hh[jZ[Zlu\Zxsbo� klZgdh\� ij_^_evgu_� agZq_gby� ih^Zq� gZ�

h^bg�h[hjhl�aZ]hlh\db�\u[bjZxl�\�aZ\bkbfhklb�hl�fh^mey��h[jZ[Zlu\Z_�
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fh]h�fZl_jbZeZ�b�qbkeZ�am[v_\�ih�lZ[e������J_dhf_g^m_fu_�\_ebqbgu�ih�

^Zq�ijb�gZj_aZgbb�pbebg^jbq_kdbo�am[qZluo�dhe_k�gZ�kj_^g_m]e_jh^bklhc�

dhgkljmdpbhgghc�klZeb�q_j\yqgufb�b�^bkdh\ufb�nj_aZfb�b�am[hj_agufb�

^he[ydZfb�ijb\_^_gu� \� lZ[e�� ���–� ���� Z�ijb�gZj_aZgbb�rebp_\uo� \Zeh\�

q_j\yqgufb�nj_aZfb�–�\�lZ[e������IhijZ\hqgu_�dhwnnbpb_glu�gZ�ih^Zqm�
ijb�ba]hlh\e_gbb�am[qZluo�dhe_k�b�rebp_\uo�\Zeh\�ba�m]e_jh^bklhc�b�e_�

]bjh\Zgghc�klZe_c�ijb\_^_gu�\�lZ[e������J_dhf_g^m_fu_�\_ebqbgu�ih^Zq�

ijb� gZj_aZgbb� q_j\yqguo� dhe_k� q_j\yqgufb� nj_aZfb� ijb\_^_gu� \�             
lZ[e����� 
 GZb[hevrZy�ih^ZqZ�S[�oZjZdl_jgZ�^ey�kZfh]h�fy]dh]h�fZl_jbZeZ��dh�

]^Z�r_kl_jgy�[m^_l�bf_lv�gZb[hevr__�qbkeh�am[v_\�b�gZbf_gvrbc�fh^mev��

H^gZdh�lZd�dZd�gZb[hevrZy�ih^ZqZ�gm`gZ�gZf�^ey�hij_^_e_gby�gZbf_gv�

r_c�kdhjhklb�j_aZgby�b�gZb[hevr_c�fhsghklb��ke_^m_l�hij_^_eblv�b�kZ�

fmx�[hevrmx�ih^Zqm�S[�ijb�h[jZ[hld_�l\_j^h]h�fZl_jbZeZ��dh]^Z�r_kl_j�

gy�bf__l�gZb[hevr__�qbkeh�am[v_\�b�gZbf_gvrbc�fh^mev� 
 GZbf_gvrZy�ih^ZqZ�Sf�^he`gZ�hij_^_eblv�kZfmx�[hevrmx�kdhjhklv�

j_aZgby��ihwlhfm�\u[bjZxl�__�^ey�kZfh]h�fy]dh]h�h[jZ[Zlu\Z_fh]h�fZl_�

jbZeZ��gZbf_gvr_]h�qbkeZ�am[v_\�b�fh^mey�� 
 >ey�kljh]Zevguo�klZgdh\�\u[bjZxl�gZb[hevrmx�S[�b�gZbf_gvrmx�

Sf� ih^Zqb� ^ey� kZfh]h�fy]dh]h� h[jZ[Zlu\Z_fh]h�fZl_jbZeZ�� Z� lZd`_� gZb�

[hevrmx�S ′[ b�gZbf_gvrmx�S ′f�ih^Zqb�^ey�kZfh]h�l\_j^h]h�h[jZ[Zlu\Z_�
fh]h�fZl_jbZeZ��Ijb�q_jgh\hc�h[jZ[hld_�iehkdhkl_c�\_ebqbgm�ih^Zqb�S, 
ff�^\��oh^��\u[bjZxl�ih�fZdkbfZevghfm�agZq_gbx�ba�lZ[e����^ey�lhq_gby�

\�aZ\bkbfhklb�hl�k_q_gby�^_j`Z\db�b�]em[bgu�j_aZgby��ijb�qbklh\hc�h[�

jZ[hld_�–�ba�lZ[e����� 
 

�����Hij_^_e_gb_�ij_^_evguo�kdhjhkl_c�j_aZgby 

 Ke_^mxsbc� wlZi� h[hkgh\Zgby� l_ogbq_kdhc� oZjZdl_jbklbdb� ijb\h^Z�

klZgdZ�–�hlukdZgb_�gZb[hevr_c�b�gZbf_gvr_c�kdhjhkl_c�j_aZgby� 
        >ey� lhdZjguo� klZgdh\� � kdhjhklv�j_aZgby�[m^_l�bf_lv�fZdkbfZevgh_�
agZq_gb_�ijb�kgylbb�kljm`db�gZbf_gvrbo�jZaf_jh\��k�gZbf_gvr_c�ih^Z�

q_c�b�gZbf_gvr_c�]em[bghc�j_aZgby�ijb�h[jZ[hld_�gZb[he__�fy]dh]h�fZ�

l_jbZeZ��Ijb�hlukdZgbb�gZbf_gvr_c�kdhjhklb�j_aZgby�–�ijb�kgylbb�fZd�
kbfZevghc�kljm`db�b�h[jZ[hld_�l\_j^h]h�fZl_jbZeZ��<�aZ\bkbfhklb�hl�\b�
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^Z� \uihegy_fuo� jZ[hl� ij_^_evgu_� agZq_gby� kdhjhkl_c� j_aZgby� fh]ml�

[ulv�hij_^_e_gu�ih�nhjfmeZf� 
  –�ijb�lhq_gbb�b�jZklZqb\Zgbb��f�fbg� 

V = Kv/T m  t x S y (HB/200)n;                                   (25) 
 –�ijb�ijhj_ad_�dZgZ\hd�b�hlj_ad_��f�fbg� 

V = Kv/ T m  S y (HB/200)n.                                      (26) 
  AgZq_gby� dhwnnbpb_glZ� Kv� b� ihdZaZl_e_c� kl_i_g_c� ijb\_^_gu� \�

lZ[e������ijb�wlhf��hij_^_eyy�V[��ijbgbfZxl�^ey�j_aph\�k�l\_j^uf�kieZ�

\hf�lbiZ�LD�gZbf_gvrmx�klhcdhklv�L = 25 -����fbg��Z�ijb�hij_^_e_gbb�Vf 
^ey�j_aph\�ba�[ukljhj_`ms_c�klZeb�b�l\_j^h]h�kieZ\Z�– L = 60 -����fbg� 
  Ijb�ijh_dlguo�jZkq_lZo�ij_^_evghc�kdhjhklb�j_aZgby�V[� �klZgdh\��

ij_^gZagZq_gguo� ^ey� lhgdhc� h[jZ[hldb� ^_lZe_c� ba� [Z[[blZ�� Zexfbgby��

eZlmgb��[jhgau�b�g_f_lZeebq_kdbo�fZl_jbZeh\�� ke_^m_l�hjb_glbjh\Zlvky�

gZ�kdhjhklb�j_aZgby�����–������f�fbg� 
  Ijb� hij_^_e_gbb� kdhjhklb� j_aZgby� ^ey� hi_jZpbc� k\_je_gby�� jZk�

k\_jeb\Zgby�� a_gd_jh\Zgby� b� jZa\_jlu\Zgby�� \uihegy_fuo� gZ� lhdZjguo�

klZgdZo�� bkihevamxl�nhjfmeu�� ijbf_gy_fu_� ijb� hlukdZgbb� ^Zgguo� iZ�

jZf_ljh\�^ey�k\_jebevguo�klZgdh\�� 

 Ijb�gZj_aZgbb�j_av[�gZ�lhdZjguo��j_av[hgZj_aguo�b�^jm]bo�klZgdZo�

j_apZfb�� f_lqbdZfb�� ieZrdZfb� b� kZfhhldju\Zxsbfbky� ]heh\dZfb� ij_�

^_evgu_�agZq_gby�kdhjhklb�j_aZgby�V[�fh]ml�[ulv�hij_^_e_gu�ih�nhjfm�

eZf� 

 –� ijb� q_jgh\hc� h[jZ[hld_� j_apZfb� j_av[h\ufb�� kl_j`g_\ufb��

ijbafZlbq_kdbfb�b�djm]eufb�gZ�bgkljmf_glZevghc�klZeb�fZjdb�J����\�ba�

^_ebyo�ba�m]e_jh^bklhc��beb�e_]bjh\Zgghc�klZe_c�k�bkihevah\Zgb_f�\�dZ�

q_kl\_�hoeZ`^Zxs_c�`b^dhklb�kmevnhnj_aheZ��f�fbg� 

V  = Kv/T 0,08 t 0,8 S 0,25,                                      (27) 

�ijb�1\ <����FIZ��Kv = 40 -�����ijb�1\ ≥����FIZ��Kv = 20 - 38; (L� �����fbg�� 

L –� kj_^gyy� klhcdhklv�bgkljmf_glZ�� t –� ]em[bgZ�j_aZgby�beb�ihi_j_qgZy�

ih^ZqZ�gZ�dZ`^uc�ijhoh^�j_apZ��ff��S –�rZ]�j_av[u��ff� 

 –�ijb�qbklh\hc�h[jZ[hld_�b�mdZaZgguo�\ur_�mkeh\byo�j_av[hgZj_�

aZgby��f�fbg� 

V  = Kv/ T 0,3 t 0,45 S 0,3                                       (28) 
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 –�ijb�h[jZ[hld_�fZrbggufb�f_lqbdZfb�ba�klZeb�P6M��\�ba^_ebyo�

ba�klZeb����k�bkihevah\Zgb_f�kmevnhnj_aheZ�ijb�klhcdhklb�bgkljmf_glZ�

L = 190�fbg��f�fbg� 

V  =  64,8 d1,2/ t 0,8 S 0,8 ;                                   (29) 

 –�ijb�h[jZ[hld_�djm]eufb�ieZrdZfb�ba�klZeb�M��:�\�ba^_ebyo�ba�

klZeb����k�ijbf_g_gb_f�\�dZq_kl\_�kfZau\Zxs_-hoeZ`^Zxs_c�`b^dhklb�

wfmevkbb�ijb�klhcdhklb�bgkljmf_glZ�L� �����fbg��f�fbg� 
V = 2,7 d1,2/ T 0,5 t 1,2;                                    (30) 

  –�ijb�h[jZ[hld_�j_av[h\ufb�]j_[_gqZlufb�nj_aZfb�ba�klZeb�J�F��

\� ba^_ebyo� ba� klZeb� ��� k� ijbf_g_gb_f� wfmevkbb� ijb� klhcdhklb� bgkljm�

f_glZ�L� �����fbg��f�fbg� 

V  =  257/ T 6,0  S 65,0
z .                                  (31) 

 >ey�k\_jebevguo�klZgdh\�ij_^_evgu_�jZkq_lgu_�agZq_gby�V[� �b�Vf 
hij_^_eyxlky�ih�nhjfmeZf��f�fbg� 

 –�ijb�k\_je_gbb�^_lZe_c�ba�klZeb�k�G<�< 155 

V  =  Cv D z (HB)n / T m S y0 ;                            (32) 

 –�ijb�k\_je_gbb�^_lZe_c�ba�klZeb�k�G<�> 155 

V  =  Cv D z / T m S y0  (HB)n ;                           (33) 

 –�ijb�jZkk\_jeb\Zgbb�^_lZe_c�ba�klZeb�k�G<�< 155 

V  =  Cv D z (HB)n / T m S y0  t x;                         (34) 

 –�ijb�jZkk\_jeb\Zgbb�^_lZe_c�ba�klZeb�k�G<�> 155 

V  =  Cv D z / T m t x S y0  (HB) n ;                        (35) 

 –�ijb�a_gd_jh\Zgbb�^_lZe_c�ba�klZeb�k�G<�< 155 

V  =  Cv D z (HB)n / T m t x S y0 ;                         (36) 

 –�ijb�a_gd_jh\Zgbb�^_lZe_c�ba�klZeb�k�G<�> 155 

V  =  Cv D z / T m t x S y0  (HB)n ;                        (37) 

 –�ijb�jZa\_jlu\Zgbb�^_lZe_c�ba�klZeb�k�G<�< 155 

V  =  Cv D z (HB)n / T m t x S y0 ;                         (38) 

 –�ijb�jZa\_jlu\Zgbb�^_lZe_c�ba�klZeb�k�G<�> 155 
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V  =  Cv D z (HB) n / T m t x S y0 .                         (39) 

AgZq_gby�Kv�b�x, y, z, m, n�ijb\_^_gu�\�lZ[e����� 
 Ijb� hij_^_e_gbb� gZb[hevr_c� kdhjhklb� j_aZgby� U[� ke_^m_l� ijbgb�

fZlv��^bZf_lj�bgkljmf_glZ�gZbf_gvrbf�� ]em[bgm�j_aZgby�b�ih^Zqm�gZb�

f_gvrbfb��fZl_jbZe�aZ]hlh\db�–�fZehm]e_jh^bklZy�klZev�k�1\ <�����FIZ�

�G<<������fZl_jbZe�j_`ms_c�qZklb�bgkljmf_glZ�–�[ukljhj_`msZy�klZev�k�

gZbf_gvr_c�klhcdhklvx�L� ���–����fbg�\�aZ\bkbfhklb�hl�^bZf_ljZ�bgkl�
jmf_glZ� 
 Ijb� hij_^_e_gbb� gZbf_gvr_c� kdhjhklb� j_aZgby� Vf� ijbgbfZxl��

^bZf_lj�bgkljmf_glZ�gZb[hevrbf��]em[bgm�j_aZgby�b�ih^Zqm�gZbf_gvrb�

fb��fZl_jbZe�aZ]hlh\db�–�klZev�k�1\ ≥�����FIZ��G<≥������fZl_jbZe�j_`m�
s_c� qZklb� bgkljmf_glZ� –� e_]bjh\ZggZy� beb� m]e_jh^bklZy� klZev� �WOK��
M��:���^ey�dhlhjuo�kdhjhklv�j_aZgby�khklZ\eyxl�����–�����hl�kdhjhklb�j_�
aZgby�^ey�bgkljmf_glh\�ba�[ukljhj_`ms_c�klZeb� 

 >ey� nj_a_jguo� klZgdh\� ij_^_evgu_� jZkq_lgu_� agZq_gby� kdhjhklb�

j_aZgby�V\ �b�Vf�hij_^_eyxl�ih�nhjfme_��f�fbg� 

V = Cv D q/ T m t x S yz  z n B z.                                 (40) 

AgZq_gby�Kv�b�x, y, z, m, n, q�ijbgbfZxlky�ih�lZ[e������� 
 Ijb�hij_^_e_gbb�gZb[hevr_c�kdhjhklb�V[�ke_^m_l�ijbgbfZlv��fZl_�

jbZe�h[jZ[Zlu\Z_fhc�^_lZeb�–�klZev�k�1\ <�����FIZ��Z�fZl_jbZe�j_`ms_c�

qZklb�bgkljmf_glZ�–� l\_j^uc� kieZ\�L��D���^bZf_lj�nj_au�� klhcdhklv�� Z�
lZd�`_�]em[bgm�j_aZgby�b�ih^Zqm�gZ�h^bg�am[�nj_au��^ey�qbklh\h]h�nj_a_�

jh\Zgby��–�fbgbfZevgufb��rbjbgm�nj_a_jh\Zgby�–�gZbf_gvr_c��gh�lZdhc��

qlh[u�h[_ki_qb\Zehkv�jZ\ghf_jgh_�nj_a_jh\Zgb_� 
 Ijb�nj_a_jh\Zgbb�pbebg^jbq_kdbfb�nj_aZfb�k�\bglh\ufb�am[vyfb�

ihke_^g__�mkeh\b_�\uihegy_lky�\�lhf�kemqZ_��dh]^Z�rbjbgZ�nj_a_jh\Zgby�

<�jZ\gZ�hk_\hfm�rZ]m�nj_au� thk�beb�djZlgZ�_fm��Z�ijb�nj_a_jh\Zgbb�lhj�
ph\ufb� nj_aZfb� –� dh]^Z� \� ijhp_kk_� j_aZgby� mqZkl\mxl� g_� f_g__� ^\mo�
am[v_\� h^gh\j_f_ggh�� Ijb� kbff_ljbqghf� jZkiheh`_gbb� nj_au� hlghkb�

l_evgh�h[jZ[Zlu\Z_fhc�^_lZeb�ihke_^g__�mkeh\b_�kh[ex^Z_lky�ijb 

< ≥ D sin 360°/z.                                           (41) 

 Ijb�hij_^_e_gbb�gZbf_gvr_c�kdhjhklb�j_aZgby�Vf ijbgbfZxl��fZ�
l_jbZe� j_`ms_c� qZklb�nj_au� –� [ukljhj_`msZy� klZev�� ^bZf_lj�nj_au� b�
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klhcdhklv�–�gZb[hevrb_�� ]em[bgZ�j_aZgby�b�ih^ZqZ�gZ�h^bg� am[�nj_au�– 
gZb[hevrb_�ijb�q_jgh\hf�nj_a_jh\Zgbb��rbjbgm�nj_a_jh\Zgby��^ey�]hjb�

ahglZevgh-nj_a_jguo�klZgdh\�–�ijb�jZ[hl_�k^\h_ggufb�pbebg^jbq_kdbfb�
nj_aZfb�fZdkbfZevgh]h�^bZf_ljZ��^ey� \_jlbdZevgh-nj_a_jguo� klZgdh\�– 
gZ����–����ff�f_gvr_�^bZf_ljZ�nj_au� 
 >ey�rebnh\Zevguo�klZgdh\���>ey�h[_ki_q_gby�gZb[hevr_c�ijhba\h�

^bl_evghklb�b�mf_gvr_gby�r_jhoh\Zlhklb�ih\_joghklb�beb�fbgbfZevghf�

baghk_�djm]h\�qZklhlm�\jZs_gby�rebnh\Zevgh]h�djm]Z�\u[bjZxl��ih�\ha�

fh`ghklb��gZb[hevrmx��^himkdZ_fmx�_]h�ijhqghklvx��aZ\bkys_c�hl�k\ya�

db�b�ijhnbey�djm]Z� 
 JZ[hqb_�hdjm`gu_�kdhjhklb�Z[jZab\gh]h�bgkljmf_glZ��^himkdZ_fu_�

_]h�ijhqghklvx��ke_^m_l�\u[bjZlv�\�khhl\_lkl\bb�k�=HKL�����-���\�ke_�
^mxsbo�ij_^_eZo��^ey�djm]h\�gZ�d_jZfbq_kdhc�k\yad_����–����f�k��^ey�djm�
]h\�gZ�[Zd_eblh\hc�k\yad_����–����f�k��ijb�kdhjhklb�rebnh\Zgbc�^ey�djm�

]h\�gZ�ki_pbZevghc�\ukhdhijhqghc�d_jZfbq_kdhc�k\yad_����–����f�k�b�^ey�
djm]h\�gZ�[Zd_eblh\hc�k\yad_�–����f�k��ijb�h[^bjhqguo�jZ[hlZo�hdjm`gu_�
kdhjhklb�djm]h\�h[uqgh�g_�ij_\urZxl����–����f�k� 
 >ey� am[hh[jZ[Zlu\Zxsbo� klZgdh\� ijb� gZj_aZgbb� am[qZluo� dhe_k�

q_j\yqgufb�b�^bkdh\ufb�nj_aZfb��Z�lZd`_�am[hj_agufb�^he[ydZfb�ij_�

^_evgu_�agZq_gby�kdhjhklb�j_aZgby�[m^ml��gZb[hevrZy�–�ijb�qbklh\hc�h[�
jZ[hld_�kZfh]h�fy]dh]h�fZl_jbZeZ�ih�nhjfme_��f�fbg� 

V  =  ( Cv/T �  S y mx) Kv,                                    (42) 

gZbf_gvrZy�–�ijb�h[jZ[hld_�kZfh]h�l\_j^h]h�fZl_jbZeZ�ih�lZdhc�`_�nhj�

fme_��Ijb�nj_a_jh\Zgbb�rebp_\uo�\Zeh\�q_j\yqgufb�rebp_\ufb�nj_aZ�

fb�–�ih�nhjfme_��f�fbg, 

V = (Cv U
q /T�  Sy  hx ) Kv,                                (43) 

]^_�L –�kj_^g__�agZq_gb_�i_jbh^Z�klhcdhklb��fbg��S –�ih^ZqZ�^ey�q_j\yq�

guo�fh^mevguo�b�rebp_\uo�nj_a��ff��gZ�h^bg�h[hjhl�aZ]hlh\db��^ey�^he�

[ydh\� djm]h\Zy� ih^ZqZ� �ff�� gZ� ^\hcghc� oh^�� ^ey� ^bkdh\uo� fh^mevguo�

nj_a�S = Sz��ff��gZ�h^bg�am[�nj_au��h –�\ukhlZ�rebp_\��ff��m –�fh^mev�gZ�

j_aZ_fh]h�dhe_kZ��ff��U –�qbkeh�rebp_\�rebp_\h]h� \ZebdZ��Dv –�h[sbc�

dhwnnbpb_gl��ij_^klZ\eyxsbc�kh[hc�ijhba\_^_gb_�ba�jy^Z�ihijZ\hqguo�

dhwnnbpb_glh\�� mqblu\Zxsbo� dhgdj_lgu_� mkeh\by� j_aZgby� �lZ[e�� ��� – 
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29); Kv, x, y, µ, q –�dhwnnbpb_glu�b�ihdZaZl_eb� kl_i_gb��ijb\_^_ggu_� \�

lZ[e����� 

 >ey�kljh]Zevguo�klZgdh\�gZb[hevrZy�kdhjhklv�j_aZgby�hij_^_ey_l�

ky�ih�nhjfmeZf�^ey�lhq_gby�ijb�gZbf_gvr_c�]em[bg_��gZb[hevr_c�ih^Zq_�

b� kZfhf� fy]dhf� fZl_jbZe_�� Z� gZbf_gvrZy� kdhjhklv� j_aZgby� –� ijb� gZb�
[hevr_c�]em[bg_�b�gZbf_gvr_c�ih^Zq_�^ey�kZfh]h�l\_j^h]h�fZl_jbZeZ� 
 Ijb� kljh]Zgbb� iehkdhkl_c� ijhoh^gufb� j_apZfb�� ijb� ijhj_aZgbb�

iZah\� b� hlj_aZgbb� kdhjhklv� j_aZgby� jZkkqblu\Zxl� ih� khhl\_lkl\mxsbf�

nhjfmeZf�^ey�lhq_gby�k�\\_^_gb_f�^hihegbl_evgh]h�ihijZ\hqgh]h�dhwn�

nbpb_glZ�D��lZ[e�������mqblu\Zxs_]h�m^Zjgmx�gZ]jmadm� 
 Ijb� ^he[e_gbb� beb� kljh]Zgbb� gZ� ihi_j_qgh-kljh]Zevguo� klZgdZo�
kdhjhklv�j_aZgby�fh`_l�[ulv�hij_^_e_gZ�dZd��f�fbg� 

V  =  Kv/ T m t x  S y  (HB/200)n ,                             (44) 

]^_�Cv = 43,2, m = 0,1; x = 0,25; y = 0,5; n = 1,51 -�ijb�h[jZ[hld_�bgkljmf_g�
lhf�ba�[ukljhj_`ms_c�klZeb��b�Kv = 267; m = 0,125; x = 0,18; y = 0,35; n = 1 
–�ijb�h[jZ[hld_�bgkljmf_glhf��hkgZs_gguf�ieZklbgdhc�l\_j^h]h�kieZ\Z� 
 Mqblu\Zy�� qlh� i_jbh^� fhjZevgh]h� baghkZ� klZgdh\� khklZ\ey_l� ��� –             
���e_l��Z�l_ogbq_kdbc�ijh]j_kk�\�h[eZklb�j_`ms_]h�bgkljmf_glZ�ijhbkoh�

^bl�g_ij_ju\gh��ijb�ijh_dlbjh\Zgbb�gh\uo�klZgdh\�g_h[oh^bfh�h[_ki_�

qb\Zlv�^hklZlhqgu_�j_a_j\u�ih\ur_gby�j_`bfh\�h[jZ[hldb��\�hkh[_ggh�

klb�kdhjhklb�j_aZgby��lZ[e������ 
 

�����Hij_^_e_gb_�ij_^_evguo�agZq_gbc�qZklhl�\jZs_gbc 

�qbkeZ�^\hcguo�oh^h\��jZ[hq_]h�hj]ZgZ 

 GZ� hkgh\Zgbb� hij_^_e_gguo� hilbfZevguo� j_`bfh\� h[jZ[hldb� aZ�

^Zgguo�^_lZe_c�jZaebqguo�]Z[Zjblh\�b�ba�jZaguo�fZl_jbZeh\�hij_^_eyxl�

ij_^_evgu_�agZq_gby�qZklhl�\jZs_gby�ribg^_ey��qbkeZ�^\hcguo�oh^h\��b�

\u[bjZxl�\_ebqbgu�ih^Zq��Z�ih�gZc^_gguf�agZq_gbyf�hij_^_eyxl�^bZiZ�

ahgu�j_]mebjh\Zgby�ijb\h^Z�]eZ\gh]h�^\b`_gby�b�ijb\h^Z�ih^Zq� 

 Ijb� hij_^_e_gbb� fZdkbfZevguo� b� fbgbfZevguo� qZklhl� \jZs_gbc�

ribg^_ey� klZgdZ� ij_^iheZ]Zxl�� qlh� jZ[hlZ� k� gZb[hevr_c� kdhjhklvx�V[ 
fh`_l�ijhba\h^blvky�ijb�h[jZ[hld_�ba^_ebc�gZbf_gvrbo�jZaf_jh\� �^bZ�
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f_ljh\��� Z� jZ[hlZ� k� gZbf_gvr_c� kdhjhklvx�Vf –� ijb� h[jZ[hld_� ba^_ebc�
gZbf_gvrbo�^bZf_ljh\��h[�fbg� 

n[   =  1000 V[/π Df;                                   (45) 

nf   =  1000 Vf/π D[.                                  (46) 

 >ey�ijb\h^h\�]eZ\gh]h�^\b`_gby�klZgdh\��bf_xsbo�ijyfhebg_cgh_�

\ha\jZlgh-ihklmiZl_evgh_�^\b`_gb_�fZdkbfZevgu_�b�fbgbfZevgu_�qbkeZ�
^\hcguo�oh^h\�hij_^_eyxlky�ih�nhjfmeZf��^\�o�fbg� 

n[   =  (1000 Vj[/Lnf) [k/(k+1)];                      (47) 

nf = (1000 Vjf/Ln[) [k/(k+1)],                      (48) 

]^_�Vj[ b�Vjf –�gZb[hevr__�b�gZbf_gvr__�agZq_gby�jZ[hq_c�kdhjhklb�ihe�

amgZ��ijbgbfZxlky�jZ\gufb�fZdkbfZevghfm�b�fbgbfZevghfm� agZq_gbyf 
kdhjhklb� j_aZgby�� Ln[� b� Lnf –� gZb[hevrZy� b� gZbf_gvrZy� ^ebgZ� oh^Z���������������

iheamgZ� 
                                Ln[ = (1,4 - 1,6)l[;             Lnf =  lf(0,1 - 0,28), 
]^_  l[�b�lf –�fZdkbfZevgZy�b�fbgbfZevgZy�^ebgZ�aZ]hlh\db��k -�dhwnnbpb�
_gl��k = Vx/Vp = (1,5 - 1,9). 
 AgZy� ij_^_evgu_� agZq_gby� qZklhl� \jZs_gby� ribg^_ey� �\_ebqbgu�

^\hcguo�oh^h\���\_ebqbg�ih^Zq��gZoh^yl�^bZiZahg�j_]mebjh\Zgby�ijb\h^Z 
Rv = n[/ nf,                                          (49) 
Rs = S[/Sf.                                           (50) 

 

���HIJ?>?E?GB?�KBEH<UO�I:J:F?LJH<�IJHP?KK: 

�J?A:GBY 
 
 Kbem� j_aZgby�� \hagbdZxsmx� \� ijhp_kk_� h[jZ[hldb�� jZkkqblu\Zxl�

^ey�^\mo�ij_^_evguo�agZq_gbc� 
 I_j\uc� jZkq_l� g_h[oh^bf� ^ey� ihke_^mxsbo� jZkq_lh\� fZdkbfZev�

guo�djmlysbo�fhf_glh\��Z�lZd`_�^ey�ihke_^mxsbo�jZkq_lh\�am[qZluo�dh�

e_k�� \Zeh\��ribg^_e_c�� ih^rbigbdh\��fmnl�b� l�^��<lhjhc� jZkq_l� mkbeby�

j_aZgby� g_h[oh^bf� ^ey� hij_^_e_gby� wnn_dlb\ghc� fhsghklb� j_aZgby� b�

fZdkbfZevghc�fhsghklb�klZgdZ��ijb\h^Z�� 
 GZb[hevr__� mkbeb_� j_aZgby� \� ijhp_kk_� h[jZ[hldb� ba^_eby� [m^_l�

^_ckl\h\Zlv�ijb�kgylbb�gZb[hevr_c�kljm`db��t[, S[��ijb�h[jZ[hld_�kZfh]h�
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l\_j^h]h�fZl_jbZeZ��KbeZ�j_aZgby�beb�khklZ\eyxsb_�kmffZjghc�kbeu�j_�

aZgby� hij_^_eyxlky�ih�nhjfmeZf��ijb\_^_gguf�gb`_�� \� aZ\bkbfhklb� hl 
lbiZ�klZgdZ�b�\uihegy_fuo�hi_jZpbc� 
 >ey�lhdZjguo�b�kljh]Zevguo�klZgdh\� 
 –�ijb�lhq_gbb��jZklZqb\Zgbb��kljh]Zgbb��dG 

Pz = C1 t 1o  S 1y  (HB) 1n ;                                     (51) 

Py = C2 t 2o  S 2y  (HB) 2n ;                                    (52) 

Px = C3 t 3o  S 3y  (HB) 3n ;                                     (53) 
 –�ijb�hlj_ad_�b�ijhj_ad_�j_apZfb��dG 

Pz = C4 t 4o  S 4y  (HB) 4n ;                                     (54) 

Py = C5 t 5o  S 5y  (HB) 5n .                                    (55) 
 AgZq_gby�K, x, y, n –�ijb\_^_gu�\�lZ[e�� ����KbeZ�Pz�hij_^_ey_l�gZ�

]jmadm�gZ�f_oZgbaf�]eZ\gh]h�^\b`_gby��djmlysbc�fhf_gl�b�wnn_dlb\gmx�

fhsghklv�j_aZgby��Py –�hl`bf�j_apZ�hl�^_lZeb�b�\_ebqbgm�__�ijh]b[Z��Px –  

gZ]jmadm�\�p_ib�f_oZgbafZ�ih^Zqb�� 

 GZb[hevrb_�agZq_gby�Pz
[
, Py

[
, Px

[
��hij_^_eyxlky�ijb�ke_^mxsbo�mk�

eh\byo��h[jZ[Zlu\Z_fuc�fZl_jbZe�-�\ukhdhijhqgZy�klZev��k�δ\ ≥�����FIZ�

�G<�≥�������]em[bgZ�j_aZgby�b�ih^ZqZ�gZb[hevrb_��fZl_jbZe�j_`ms_c�qZk�

lb�j_apZ�–�[ukljhj_`msZy�klZev�beb�l\_j^uc�kieZ\�k�gZbf_gvr_c�klhcdh�

klvx (15 -����fbg�� 

 Ijb�gZj_aZgbb�j_av[�gZ�lhdZjguo��j_av[hgZj_aguo�b�^jm]bo�klZgdZo�

djmlysbc�fhf_gl�F�hij_^_ey_lky�ih�nhjfmeZf: 

 –�^ey�fZrbgguo�f_lqbdh\�ijb� h[jZ[hld_� klZeb� ��� k�ijbf_g_gb_f�

kfZau\Zxs_-hoeZ`^Zxs_c�`b^dhklb�–�kmevnhnj_aheZ��dGÂ f, 

F = 2,7 d1,4 S1,5;                                         (56) 

 –�^ey�djm]ehc�ieZrdb�b�l_o�`_�mkeh\bc�h[jZ[hldb��dG·f� 

                  F = 4,5 d1,4 S 1,5;                                         (57) 

 –�^ey�kZfhhldju\Zxs_cky�j_av[hgZj_aghc�]heh\db�b�l_o�`_�mkeh\bc�

h[jZ[hldb��dG· f� 

F = 4,6 d1,4 S 1,5;                                         (58) 

 >ey�k\_jebevguo�klZgdh\��  
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 –�ijb�k\_je_gbb 

Jx = C1 D 1z  S 1
0
y   (HB) 1n ;                             (59) 

F = C2 D 2z  S 2
0
y  (HB) 1n ;                             (60) 

 –�ijb�jZkk\_jeb\Zgbb 

Jx = Cs t
1x  S 2y (HB) ;                                (61) 

F = C4 D 3z   t 2o  S 4y  (HB) ;                             (62) 

 AgZq_gby�K, x, y, z, n�ijb\_^_gu� \� lZ[e�� ����>ey� hij_^_e_gby�gZb�
[hevrbo�agZq_gbc�Jx[�b�fhf_glZ�j_aZgby�F[�ijbgbfZxl��h[jZ[Zlu\Z_fuc�

fZl_jbZe� -� \ukhdhe_]bjh\ZggZy� klZev�� fZl_jbZe� j_`ms_c� qZklb� bgkljm�

f_glZ�–� [ukljhj_`msZy� klZev� k� gZbf_gvr_c� klhcdhklvx�� ^bZf_lj�bgkl�

jmf_glZ�b�ih^ZqZ�–�gZb[hevrb_� 
 >ey�nj_a_jguo�klZgdh\�� 
 –�ijb�pbebg^jbq_kdhf�nj_a_jh\Zgbb��dG� 

J = Kj t
o S yz  Bz  z/D n ;                                 (63) 

 –�ijb�nj_a_jh\Zgbb�lhjp_\ufb��^bkdh\ufb�b�hlj_agufb�nj_aZfb��dG� 

J = K to S yz  B z  z/D n  nm;                               (64) 

 –�ijb�nj_a_jh\Zgbb�nZkhggufb�b�m]eh\ufb�nj_aZfb��dG� 

J = K t o S yz  B z  D n                                    (65) 

AgZq_gby�K, x, y, z, n�ijbgbfZxlky�ih�lZ[e����� 
 GZb[hevrb_� agZq_gby� hdjm`ghc� kbeu� j_aZgby� hij_^_eyxlky� ijb�

ke_^mxsbo� mkeh\byo�� fZl_jbZe� h[jZ[Zlu\Z_fhc� ^_lZeb� –� klZev� kj_^g_c�
l\_j^hklb��fZl_jbZe�j_`ms_c�qZklb�nj_au�ijb�pbebg^jbq_kdhf�nj_a_jh�

\Zgbb� –� [ukljhj_`msZy� klZev�� ijb� lhjp_\hf� –� l\_j^uc� kieZ\�� ]em[bgZ�
nj_a_jh\Zgby�b�ih^ZqZ�gZ�am[�nj_au�–�gZb[hevrb_��rbjbgZ�nj_a_jh\Zgby�– 
lZdZy�`_��dZd�b�ijb�hij_^_e_gbb�Vf��^bZf_lj�nj_au�–�gZb[hevrbc�� Z� __�

klhcdhklv�–�gZbf_gvrZy� 
 >ey�djm]ehrebnh\Zevguo�klZgdh\� �kbeZ�Jz� �ijb�gZjm`ghf�djm]ehf�

rebnh\Zgbb�fh`_l�[ulv�hij_^_e_gZ�ih�nhjfme_��G� 

Jz = 21 V 7,0
^  S 7,0  t 6,0 .                                   (66) 
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���G:OH@>?GB?�WNN?DLB<GHC�FHSGHKLB�IJB<H>:� 
B�FHSGHKLB�WE?DLJH><B=:L?EY 

 
 FZdkbfZevgZy�fhsghklv��ihlj_[gZy�gZ�j_aZgb_��dZd�ba\_klgh�ba�l_h�

jbb�j_aZgby�f_lZeeh\��[m^_l�ijb�hl^_e_gbb�kljm`db�gZb[hevr_]h�k_q_gby�

b�ijb�h[jZ[hld_�gZb[he__�fy]dh]h�fZl_jbZeZ� 
  >ey� lhdZjguo� klZgdh\�� Wnn_dlb\gZy� gZb[hevrZy� fhsghklv�

ijb\h^Z��ihlj_[gZy�^ey�lhq_gby��hij_^_ey_lky�ih�nhjfme_��d<l� 
Nw  = Jz

[
 V/61,2  ,                                         (67) 

]^_��Jz
[
 –�gZb[hevrZy�kbeZ�j_aZgby��dG��V –�kdhjhklv�j_aZgby��f�fbg��hij_�

^_ey_fZy�ijb�l_o�`_�mkeh\byo��ijb�dhlhjuo�hij_^_eyehkv�agZq_gb_�Jz[. 
 >ey�k\_jebevguo�klZgdh\� 

–�ijb�k\_je_gbb��d<l� 
Nw  = F[  V/30,6 D  ,                                     (68) 

]^_�F[ –�\_ebqbgZ�gZb[hevr_]h�djmlys_]h�fhf_glZ�ijb�k\_je_gbb��dGÂ f����������

V –�kdhjhklv�j_aZgby��hij_^_ey_fZy�^ey�mkeh\bc�ihemq_gby�gZb[hevr_]h�

agZq_gby�F[��f�fbg��D –�^bZf_lj�k\_jeZ��ff�� 
 –�ijb�a_gd_jh\Zgbb�b�jZa\_jlu\Zgbb��d<l� 

Nw = 1,05 F[ n/104   ,                                   (69) 
]^_�n –�qZklhlZ� \jZs_gby�ribg^_ey�� khhl\_lkl\mxsZy�mkeh\byf�ihemq_�

gby�gZb[hevr_]h�agZq_gby�F[��h[�fbg� 
 >ey�nj_a_jguo�klZgdh\��<�h[s_f�kemqZ_�wnn_dlb\gZy�fhsghklv�ijb�

nj_a_jh\Zgbb�hij_^_ey_lky�ih�nhjfme_��d<l� 
Nw = Jz

[
  V/61,2  .                                         (70) 

 >ey�nj_a�pbebg^jbq_kdbo��dhgbq_kdbo��^bkdh\uo��ijhj_aguo�ba�[u�

kljhj_`ms_c�klZeb�ijb�h[jZ[hld_�dhgkljmdpbhgghc�klZeb�G<� ������1\ =              
=����FIZ���d<l� 

Nw= 3,5· 10-5  t 0,86  S 72,0
Z  B z n D 0,14.                           (71) 

 Ijb�h[jZ[hld_�lhjp_\ufb�l\_j^hkieZ\gufb�nj_aZfb�k_jh]h�qm]mgZ�

k�G<� ������d<l�� 

Nw= 2,8· 10-5 t0,8 S 74,0
Z  B z D 0,17.                               (72) 

  >ey�rebnh\Zevguo�klZgdh\��Wnn_dlb\gZy�fhsghklv�ijb\h^Z�reb�

nh\Zevgh]h�djm]Z�ih^kqblu\Z_lky�ih�nhjfmeZf�� 
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 –�ijb�rebnh\Zgbb�i_jbn_jb_c�djm]Z��d<l� 

Nw  = Cf V oa  S y
o  to D s;                                      (73) 

 –�ijb�rebnh\Zgbb�lhjp_f�djm]Z��d<l� 

Nw  = Cf V oa  t z
< q ;                                          (74) 

]^_�Cf –�dhwnnbpb_gl��mqblu\Zxsbc�\b^�rebnh\Zgby�b�oZjZdl_jbklbdm�

djm]Z�� Va –� kdhjhklv� \jZs_gby� aZ]hlh\db� �\� iehkdh-rebnh\Zevguo���������������

klZgdZo�–�ijh^hevgZy�ih^ZqZ���f�fbg�� t –�]em[bgZ�rebnh\Zgby�beb�ihi_�

j_qgZy�ih^ZqZ��ff��< –�ijb\_^_ggZy�rbjbgZ�rebnh\Zgby��ff��D –�^bZf_lj�
aZ]hlh\db��ff��S0 -�ijh^hevgZy�ih^ZqZ�gZ�h^bg�h[hjhl�^_lZeb��ff�h[��x, y, z, 
q, s – ihdZaZl_eb�kl_i_gb��aZ\bkysb_�hl�\b^Z�rebnh\Zgby��oZjZdl_jZ�djm�

]Z� 
 Qbkeh\u_�agZq_gby�dhwnnbpb_glZ��Cf�b�ihdZaZl_e_c�kl_i_gb��x, y, z, 
q� �ijb�ijh_dlguo�jZkq_lZo� wnn_dlb\ghc�fhsghklb�fh]ml�[ulv� \aylu�ba�

lZ[e����� 
 Ijb�gZj_aZgbb�j_av[u��gZ�jZaebqguo�klZgdZo��fhsghklv��d<l��hij_�

^_ey_lky�ih�nhjfme_� 
Nw���= F�V / 30,6 d ,                                          (75) 

]^_� F –� djmlysbc� fhf_gl�� kha^Z\Z_fuc� ijb� j_av[hgZj_aZgbb�� dGÂ f�����������������

V –�kdhjhklv�gZj_aZgby�j_av[u��f�fbg��d -�^bZf_lj�gZj_aZ_fhc�j_av[u��ff� 
 Ijb� am[hgZj_aZgbb�� Ijb� nj_a_jh\Zgbb� h^ghaZoh^ghc� q_j\yqghc�

nj_ahc� am[v_\� dhe_k�ba� klZeb� wnn_dlb\gZy�fhsghklv�� d<l�� hij_^_ey_lky�

ih�nhjfme_ 

Nw = 0,124 S 9,0
0  m1,7/ D ,                                   (76) 

]^_�S0 –�ih^ZqZ�gZ�h^bg�h[hjhl�gZj_aZ_fh]h�dhe_kZ��ff�h[��m –�fh^mev��ff��

D –�^bZf_lj�nj_au� 

 Ijb� jZ[hl_� ^he[ydZfb� wnn_dlb\gZy� fhsghklv�� d<l�� hij_^_ey_lky�

dZd� 

Nw = J[   Vkj / 61,2°,                                          (77) 

]^_�J[ –�fZdkbfZevgZy�kbeZ�j_aZgby�ijb�jZ[hl_�^he[ydZfb���dG��Vkj –�kj_^�

gyy�kdhjhklv��\ha\jZlgh-ihklmiZl_evgh]h�^\b`_gby�^he[ydZ��f�fbg. 

 >ey� kljh]Zevguo� klZgdh\� b� ^he[_`guo�� Wnn_dlb\gZy� fhsghklv��

d<l��hij_^_ey_lky�ih�nhjfme_ 



 25 

Nw = Jz  Vkj / 75 ·  60 ·  1,36,                                  (78) 

]^_�Jz –�kbeZ�j_aZgby�ijb�kljh]Zgbb��^he[e_gbb��dG��Vkj –�kdhjhklv�j_aZgby�

ijb�kljh]Zgbb��^he[e_gbb��f�fbg��V = πDn��������h[�fbg���n –�qZklhlZ�\jZ�

s_gby�r_kl_jgb��\_^ms_c�klhe� 
 Fhsghklv�we_dljh^\b]Zl_ey�]eZ\gh]h�^\b`_gby�N^�hij_^_ey_lky�ih�

gZb[hevr_c�wnn_dlb\ghc�fhsghklb�j_aZgby��d<l� 

N^  = Nw / k η,                                              (79) 

]^_�k –�dhwnnbpb_gl�i_j_]jmadb� klZgdZ��k ≈ 1,2 - 1,3; η –�d�i�^��ijb\h^Z�

]eZ\gh]h�^\b`_gby��η = 0,76 - 0,85. 

 Ijb� ij_^\Zjbl_evguo� jZkq_lZo� fh`gh� ijbgbfZlv�� ^ey� klZgdh\� k�

\jZsZl_evguf�]eZ\guf�^\b`_gb_f�η = 0,70 -�������^ey�klZgdh\�k�\ha\jZl�

gh-ihklmiZl_evguf�]eZ\guf�^\b`_gb_f�η = 0,6 - 0,7. 

 ?keb� \� ijh_dlbjm_fhf� beb� fh^_jgbabjm_fhf� klZgd_�

ij_^mkfZljb\Z_lky�lhevdh�h^bg�we_dljh^\b]Zl_ev��lh�ijb�hij_^_e_gbb�_]h�

fhsghklb� ^he`gZ� [ulv� mql_gZ�fhsghklv�� jZkoh^m_fZy� \� p_iyo� ijb\h^Z�

ih^Zq� b� \kihfh]Zl_evguo� ^\b`_gbc�� Fhsghklv�� ihlj_[gZy� gZ� ih^Zqm��

h[uqgh� g_\_ebdZ� b� khklZ\ey_l� hl� fhsghklb� ]eZ\gh]h� ijb\h^Z� ^ey�

lhdZjguo�b�j_\hev\_jguo�klZgdh\��«�����^ey�k\_jebevguo�– �«�����^ey�

nj_a_jguo�– 15…20 %. 
 Ijb�hkms_kl\e_gbb�ih^Zqb�b�^jm]bo�^\b`_gbc�klZgdZ�hl�hl^_evguo�

we_dljh^\b]Zl_e_c�bo�ihlj_[gZy�fhsghklv�Ni� �ih^kqblu\Z_lky� hl^_evgh�

^ey�dZ`^hc�dbg_fZlbq_kdhc�p_ib�ih�nhjfme_��d<l� 

Ni  = Nw /ηi,                                                (80) 

]^_�ηi-� d�i�^��p_ib�ijb\h^Z�ih^Zqb��η = 0,15… 0,2; Nw -�ihlj_[gZy�fhs�

ghklv,�d<l��jZ\gZy� 
Nw = Q S / 102 ·  60 ·  100,                                 (81) 

]^_�Q –�ly]h\Zy�kbeZ�ih^Zqb��G��S –�\_ebqbgZ�ih^Zqb��ff�fbg� 

 Ly]h\mx�kbem�ih^Zqb�Q�fh`gh�hij_^_eylv�ih�nhjfmeZf� 

 –�^ey�ijh^hevguo�kmiihjlh\�lhdZjguo�klZgdh\�k�ijbafZlbq_kdbfb�

beb�dhf[bgbjh\Zggufb�gZijZ\eyxsbfb 

Q = k Px + ƒ ′(Pz+G);                                        (82) 

 –� ^ey� ijh^hevguo� kmiihjlh\� lhdZjguo� b� j_\hev\_jguo� klZgdh\� b�

klheh\�nj_a_jguo�klZgdh\�k�ijyfhm]hevgufb�gZijZ\eyxsbfb 
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Q = k Px + ƒ ′(Pz + Jy + G);                                 (83) 

 –�^ey�klheh\�nj_a_jguo�klZgdh\�k�gZijZ\eyxsbfb�\�nhjf_�eZklhq�

dbgZ�o\hklZ 

Q = k Px + ƒ ′(Pz + 2 Jy + G);                               (84) 

 –�^ey�ribg^_e_c�k\_jebevguo�klZgdh\ 

Q = (1 + 0,5 ƒ ) Px + 2Fƒ / D ≈ Px + 2Fƒ / D  ,                    (85) 

]^_�Px –� khklZ\eyxsZy� kbeu� j_aZgby� \�gZijZ\e_gbb�ih^Zqb��G��Pz –� kh�
klZ\eyxsZy� kbeu� j_aZgby�� ijb`bfZxsZy� dZj_ldm� kmiihjlZ� beb� klheZ� d�

gZijZ\eyxsbf��G��G –�fZkkZ�i_j_f_sZ_fuo�qZkl_c��G��F –�djmlysbc�fh�

f_gl� gZ�ribg^_e_��GÂ ff��D –� ^bZf_lj�ribg^_ey��ff�� ƒ –� dhwnnbpb_gl�

lj_gby�f_`^m�ibghevx�b�dhjimkhf�b�gZ�rebpZo�beb�rihgdZo�ribg^_ey��ƒ 

′–�ijb\_^_gguc�dhwnnbpb_gl�lj_gby�gZ�gZijZ\eyxsbo��k –�dhwnnbpb_gl��

mqblu\Zxsbc�\ebygb_�hijhdb^u\Zxs_]h�fhf_glZ� 

 AgZq_gby� dhwnnbpb_glh\� k� b� ƒ′� ijb� ghjfZevguo� mkeh\byo� kfZadb�
gZijZ\eyxsbo� g_h^bgZdh\u�� ^ey� lhdZjguo� klZgdh\� k� ijbafZlbq_kdbfb�

beb�dhf[bgbjh\Zggufb�gZijZ\eyxsbfb�ƒ′ = 0,15… 0,18, k� �������^ey�lh�

dZjguo� b� j_\hev\_jguo� klZgdh\� k� ijyfhm]hevgufb� gZijZ\eyxsbfb����������������

ƒ′ = 0,15, k� ������^ey�klheh\�nj_a_jguo�klZgdh\�ƒ′ = 0,2, k� ������^ey�ibgh�

e_c�k\_jebevguo�klZgdh\��ƒ′ =  0,15. 

 

���HKH;?GGHKLB�HIJ?>?E?GBY�J?@BFH<�J?A:GBY 
�>EY�FGH=HBGKLJMF?GL:EVGHC��H;J:;HLDB 

 
 Ijb�\u[hj_�j_`bfh\�j_aZgby�^ey�fgh]hbgkljmf_glZevghc�h[jZ[hl�

db�ke_^m_l�bkoh^blv�ba�mkeh\by�mklZgh\e_gby�i_jbh^h\�klhcdhklb�bgkljm�

f_glh\��h[_ki_qb\Zxsbo� wdhghfbq_kdmx�j_glZ[_evghklv�j_`bfZ�jZ[hlu�

ijh_dlbjm_fh]h� klZgdZ�� l�_�� ba� mkeh\bc� gZb[hevr_c� ijhba\h^bl_evghklb�

beb�gZbf_gvr_c�klhbfhklb�h[jZ[hldb� 
 Ijb�wlhf�gZ^h�mqblu\Zlv�ke_^mxsb_�hkh[_gghklb� 

���Ijhba\h^bl_evghklv�b�wdhghfbqghklv�h[jZ[hldb�hij_^_ey_lky�g_�

lhevdh�j_`bfhf�j_aZgby��gh�b�\�agZqbl_evghc�kl_i_gb�aZ\bkbl�hl�ijbgylh�

]h�\ZjbZglZ�hi_jZpbhgghc�l_ogheh]bb��\u[hjZ�lbih\�bgkljmf_glZ��bo�dh�

ebq_kl\Z��jZkiheh`_gby�b�l�^�� 
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���>ey�hl^_evguo�bgkljmf_glh\�ih^Zqb�k\yaZgu�hij_^_e_ggufb�kh�

hlghr_gbyfb��gZijbf_j��ih^ZqZ� ^ey� \k_o� j_aph\�� aZdj_ie_gguo� \� h^ghf�

kmiihjl_��^he`gZ�[ulv�h^bgZdh\Z� 
���I_jbh^�klhcdhklb�bgkljmf_glZ�^he`_g�[ulv�[he__�\ukhdbf��q_f�

^ey�h^ghbgkljmf_glZevghc�h[jZ[hldb��\h�ba[_`Zgb_�ijhklh_\� klZgdZ�ba- 
aZ�i_j_gZeZ^db�b�kf_gu�aZlmib\r_]hky�bgkljmf_glZ��Q_f�[hevr__�qbkeh�

bgkljmf_glh\�h^gh\j_f_ggh�mqZkl\m_l�\�jZ[hl_��l_f�[hevr_�^he`_g�[ulv�

i_jbh^�klhcdhklb��gZijbf_j��ijb�h^gh\j_f_gghc�jZ[hl_�^_kylb�j_aph\�bo�

klhcdhklv�^he`gZ�khklZ\eylv�\�kj_^g_f�����fbg��^\Z^pZlb�–�����fbg� 
���Kdhjhklv�j_aZgby�h[uqgh�f_gvr_��q_f�ijb�h^ghbgkljmf_glZevghc�

h[jZ[hld_��ba-aZ�[hevrbo�agZq_gbc�i_jbh^Z�klhcdhklb�bgkljmf_glh\��>ey�

lhdZjguo� Z\lhfZlh\� b� ihemZ\lhfZlh\� ihke_^h\Zl_evghklv� mklZgh\e_gby�

j_`bfh\�j_aZgby�\�h[s_f�kemqZ_�ijbgbfZ_lky�ke_^mxsZy� 
 JZajZ[Zlu\Zxl� gZeZ^dm��GZeZ^dZ� hij_^_ey_l� \hafh`guc� lbi� bgkl�

jmf_glh\�� bo� dhebq_kl\h�� ^ebgu� oh^Z�� fZdkbfZevguc� b� fbgbfZevguc�

ijbimkdb�gZ�h[jZ[hldm��Ijb� \u[hj_�hilbfZevgh]h� \ZjbZglZ�gZeZ^db�bk�

oh^yl�ba�mkeh\bc�h[_ki_q_gby�\hafh`gh�f_gvr_]h�rlmqgh]h�\j_f_gb�ijb�

wdhghfbq_kdhc�klhcdhklb�bgkljmf_glZ��=_hf_ljbq_kdb_�iZjZf_lju�j_`m�

s_]h�bgkljmf_glZ�\u[bjZxl��dZd�b�^ey�h^ghbgkljmf_glZevghc�gZeZ^db��\�

khhl\_lkl\bb�k�=HKLhf� 
 Hij_^_eyxl�ij_^_evgu_�jZkq_lgu_�agZq_gby�ih^Zqb�S[�b�Sf�hl^_ev�

gh�^ey�dZ`^h]h�bgkljmf_glZ�bkoh^y�ba�mkeh\bc�h^ghbgkljmf_glghc�h[jZ�

[hldb��Hkgh\gufb�nZdlhjZfb��h]jZgbqb\Zxsbfb�ih^Zqm��y\eyxlky��`_kl�

dhklv� aZ]hlh\db�� lj_[m_fZy� lhqghklv� h[jZ[hldb�� r_jhoh\Zlhklv� h[jZ[h�

lZgghc�ih\_joghklb��ijhqghklv�b�`_kldhklv�bgkljmf_glZ��kmffZjgZy�kbeZ�

ih^Zqb��Ih�\u[jZgguf�^ey�dZ`^h]h�bgkljmf_glZ�ih^ZqZf��S[�b�Sf�hij_^_�

eyxl�ih^Zqb�^ey�dZ`^h]h� kmiihjlZ�b�bgkljmf_glZevgh]h�ribg^_ey��Wlb�

ih^Zqb�ijbgbfZxl�jZ\gufb�gZbf_gvrbf�ih^ZqZf�S[�f b�Sf�f��GZbf_gvrmx�

ih^Zqm�S[�f ijb�q_jgh\hc�h[jZ[hld_�bf__l�gZb[he__�gZ]jm`_gguc�bgkljm�

f_gl��jZ[hlZxsbc�k�[hevrhc�]em[bghc�j_aZgby���gZbf_gvrmx�ih^Zqm��S[�f 

ijb�qbklh\hc�h[jZ[hld_�bf__l�bgkljmf_gl��h[jZ[Zlu\Zxsbc�ih\_joghklv�

[he__�\ukhdh]h�deZkkZ�r_jhoh\Zlhklb� 
 Ijb�\u[hj_�ih^Zqb�ke_^m_l�bf_lv�\�\b^m� 
     �����Z��ijb�jZ[hl_�g_kdhevdbo�kmiihjlh\��bo�ih^Zqb�^he`gu�[ulv�m\yaZ�
gu� k� ijh^he`bl_evghklvx� jZ[hlu� dZ`^h]h� ba� gbo�� wlh� ^_eZxl� k� p_evx�
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^hklb`_gby�h^bgZdh\hc�klhcdhklb� �bgkljmf_glZ�[_a�mf_gvr_gby�fZrbg�

gh]h��\j_f_gb�^ey�kmiihjlh\��jZ[hlZxsbo�[he__�dhjhldh_�\j_fy� 
          [�� kmffZjgZy� kbeZ� ih^Zqb� ^he`gZ� [ulv� ijh\_j_gZ� ih� ^himklbfhc�
ijhqghklb�f_oZgbafZ�ih^Zq�klZgdZ� 
 Ih^ZqZ�^ey�h[uqguo�j_aph\�ijbgbfZ_lky�\� ��–� ��jZaZ�f_gvr_c��q_f�

ijb�h^ghbgkljmf_glZevghc�h[jZ[hld_��FZdkbfZevgZy�ih^ZqZ�nZkhgguo�j_a�

ph\�h]jZgbqb\Z_lky� ke_^mxsbfb�ij_^_eZfb��^ey�fgh]hribg^_evguo�Z\lh�

fZlh\�–����«����ff�h[��h^ghribg^_evguo�Z\lhfZlh\�–�����«�����ff�h[� 
 AZ^Z\rbkv� i_jbh^hf� klhcdhklb� � t,  S[, Sf�� hij_^_eyxl� ij_^_evgu_�

jZkq_lgu_�agZq_gby�kdhjhklb�j_aZgby�^ey�dZ`^h]h�bgkljmf_glZ�ih�nhjfm�

eZf� ^ey� h^ghbgkljmf_glghc� h[jZ[hldb�� AZl_f� ^ey� dZ`^h]h� bgkljmf_glZ�

hij_^_eyxl�qZklhlm�\jZs_gby�n[�b��nf��>ey��h^ghribg^_evgh]h�klZgdZ�eb�

fblbjmxsbf� bgkljmf_glhf� y\ey_lky� lhl�� ^ey� dhlhjh]h� ihemq_gh� gZb�

f_gvr__�qbkeh�h[hjhlh\� �n[�b�nf��Wlh�qbkeh�h[hjhlh\�ijbgbfZxl�h[sbf�

^ey� \k_o� bgkljmf_glh\�� Ihwlhfm� ^ey� dZ`^h]h� bgkljmf_glZ� ijhba\h^yl�

ijh\_jhqguc�jZkq_l� �^_ckl\bl_evghc�kdhjhklb�j_aZgby�b�i_jbh^Z�klhcdh�

klb��Wlh]h�\�g_dhlhjuo�kemqZyo�fh`gh�^hklbqv�ijbf_g_gb_f�bgkljmf_g�

lh\� ba� jZaebqguo� bgkljmf_glZevguo�fZl_jbZeh\��FZl_jbZe� ebfblbjmx�

s_]h�bgkljmf_glZ�\u[bjZ_lky�k�[he__�\ukhdbfb�j_`msbfb�k\hckl\Zfb� 
 Kdhjhklv� j_aZgby� b� qZklhlZ� \jZs_gby� dZ`^h]h� ribg^_ey� fgh]h�

ribg^_evgh]h� klZgdZ�hij_^_eyxlky,�dZd�b�^ey�h^ghribg^_evgh]h��iheZ�

]Zy��qlh�dZ`^uc�ribg^_ev�bahebjh\Zg��hl�^jm]bo��FZdkbfZevgZy�b�fbgb�

fZevgZy� qZklhlZ� \jZs_gby� ribg^_e_c� mklZgZ\eb\Zxlky� ih� ebfblbjmx�

s_fm�ribg^_ex��Ihke_�wlh]h�hkms_kl\eyxl�ijh\_jhqguc�jZkq_l�^_ckl\b�

l_evguo�agZq_gbc�kdhjhklb�j_aZgby�b�i_jbh^Z�klhcdhklb�^ey�dZ`^h]h�bg�

kljmf_glZ� 
 >ey�fgh]hribg^_evguo�klZgdh\�k�jZaebqgufb��qZklhlZfb�\jZs_gby�

ribg^_e_c��mklZgZ\eb\Zxl�h[s__�fZrbggh_�\j_fy�^ey�\k_o�ribg^_e_c�k�

mq_lhf�aZ^Zgghc�ijhba\h^bl_evghklb��Ijb�wlhf�fZrbggh_�\j_fy��^ey�g_�

ebfblbjmxsbo�ribg^_e_c��fh`gh�m\_ebqblv�\�j_amevlZl_�kgb`_gby�kdh�

jhklb� j_aZgby� b� ih^Zqb��M\_ebq_gby� ijhba\h^bl_evghklb� b� mf_gvr_gby��

fZrbggh]h� \j_f_gb� ebfblbjmxs_]h�ribg^_ey� ^hklb]Zxl� ijbf_g_gb_f�

bgkljmf_glZ�k�[he__�\ukhdbfb�j_`msbfb�k\hckl\Zfb� 
 Bkoh^gufb�^Zggufb�^ey�jZkq_lZ�j_`bfh\�j_aZgby�b�\j_f_gb�h[jZ�

[hldb�gZ�Z]j_]Zlguo�klZgdZo�b�Z\lhfZlbq_kdbo�ebgbyo�kem`Zl��ijhba\h^b�
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l_evghklv��dhwnnbpb_gl�bkihevah\Zgby� �Z\lhfZlbq_kdh]h�h[hjm^h\Zgby�b�

jblf�jZ[hlu�Z\lhfZlbq_kdhc� �ebgbb�b�Z]j_]Zlgh]h�klZgdZ��J_`bfu� �j_aZ�

gby� \u[bjZxlky� dZd� b� ^ey� h^ghbgkljmf_glghc� h[jZ[hldb� k� mq_lhf� hkh�

[_gghkl_c� �fgh]hbgkljmf_glghc� �h[jZ[hldb�gZ�h^ghribg^_evguo�b�fgh�

]hribg^_evguo� klZgdZo� k� jZaebqgufb� qZklhlZfb� \jZs_gby�ribg^_e_c��

J_`bfu�j_aZgby��\u[jZggu_�ih�ghjfZlb\Zf�beb�jZkkqblZggu_�ih�wfibjb�

q_kdbf� nhjfmeZf� ^ey� Z]j_]Zlguo� klZgdh\� b� Z\lhfZlbq_kdbo� ebgbc��

aZgb`Zxlky�gZ����- 30%. 
 <j_fy� h[jZ[hldb�� Z� ke_^h\Zl_evgh�� b� j_`bfu� j_aZgby� \u[bjZxlky�

ih�ebfblbjmxs_c�hi_jZpbb��ribg^_ex��bgkljmf_glm��ZgZeh]bqgh�fgh]h�

bgkljmf_glZevghc�gZeZ^d_�� l�_�� hij_^_eyxlky� ]em[bgZ� j_aZgby��ih^ZqZ�b�

kdhjhklv� � j_aZgby� ^ey� \k_o� � bgkljmf_glh\��ribg^_e_c� b� hi_jZpbc� ijb 
ijbgylhc� klhcdhklb� ebfblbjmxs_]h� bgkljmf_glZ�� IjbgbfZxlky� ^himk�

lbfu_� j_`bfu� j_aZgby� b� hkms_kl\ey_lky� ijh\_jhqguc� jZkq_l� ^_ckl\b�

l_evghc�kdhjhklb�b�klhcdhklb�bgkljmf_glZ�gZ�\k_o�hi_jZpbyo��������� 
 <�h[s_f�kemqZ_�ijb�hij_^_e_gbb�j_`bfh\�j_aZgby�ke_^m_l�ihevah�

\Zlvky�wfibjbq_kdbfb�aZ\bkbfhklyfb�b�lZ[ebqgufb�^Zggufb��ijb\_^_g�

gufb�\�ihkh[bb� 
 GZ� hkgh\Zgbb� hij_^_e_gguo� hilbfZevguo� j_`bfh\� h[jZ[hldb� aZ�

^Zgguo�^_lZe_c�jZaebqguo�]Z[Zjblh\��[��f��b�ba�jZaguo�fZl_jbZeh\�\u[b�

jZxl�ij_^_evgu_�agZq_gby�qZklhl�\jZs_gby�ribg^_ey��qbkeZ�^\hcguo�oh�

^h\��n[�b�nf �b�ih^Zq�S[�b�SΜ . 
 >Ze__�hij_^_eyxl�kbeu�j_aZgby��\hagbdZxsb_�\�ijhp_kk_�h[jZ[hl�

db��Mkbeby�j_aZgby�jZkkqblu\Zxl�^ey�^\mo�ij_^_evguo�agZq_gbc��I_j\uc�

jZkq_l�g_h[oh^bf�^ey�ihke_^mxsbo�jZkq_lh\�fZdkbfZevguo�djmlysboky�

fhf_glh\�� Z� lZd`_� ^ey� ihke_^mxsbo� jZkq_lh\� am[qZluo� dhe_k�� \Zeh\��

ribg^_e_c�� ih^rbigbdh\�� fmnl� b� l�^�� <lhjhc� jZkq_l� mkbeby� j_aZgby� b�

fZdkbfZevghc�fhsghklb�klZgdZ��ijb\h^Z�� 
 

���IJBF?JU�H;HKGH<:GBY�L?OGBQ?KDBO 
 O:J:DL?JBKLBD�J:AGUO�KL:GDH< 

 
 Ijbf_j����JZkkqblZlv�l_ogbq_kdmx�oZjZdl_jbklbdm�lhdZjgh]h�klZgdZ�

k� \ukhlhc� p_gljh\� G�  � ���� ff�� jZkklhygb_� f_`^m� p_gljZfb�               
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L�  � ����� ff�� ijbkihkh[e_ggh]h� ^ey� kdhjhklgh]h� lhq_gby� klZeb� k� σ\ = 

400…1000�FIZ�j_apZfb��hkgZs_ggufb�l\_j^uf�kieZ\hf�L��D�� 
 Hij_^_ey_f�ij_^_evgu_� agZq_gby�^bZf_ljh\� lhq_gby�ih�nhjfmeZf�

����������ff� 

D[ = (1…1,5)H = 1⋅300 =300; 

DΜ = (0,25…0,5)H = 0,25⋅300 = 75. 

 AgZy�D[� b�DΜ� �hij_^_ebf� gZb[hevrbc� b� gZbf_gvrbc� ijbimkdb� gZ�

h[jZ[hldm��dhlhju_�fh]ml�\klj_lblvky�ijb�h[jZ[hld_�gZ�fh^_jgbabjm_fhf�

klZgd_��Ijbimkdb�gZ�h[jZ[hldm,�ff��\� aZ\bkbfhklb�hl�^bZf_ljZ�gZoh^bf�
ih�nhjfme_� 

t = Ct D0,33 = 0,7· 3000,33 = 5, 
]^_� Ct –� dhwnnbpb_gl�� aZ\bkysbc� hl� h[jZ[Zlu\Z_fh]h� fZl_jbZeZ�� Ih���������

lZ[e����ijbf_f�^ey�klZeb�Kt  ������Ihemq_gguc�ijbimkd�kgbfZ_f�ijb�h[jZ�

[hld_� aZ� ^\Z� ijhoh^Z�� Lh]^Z� ihemqbf� g_[hevrmx� ]em[bgm� j_aZgby����������������

t[� �����ff� 
GZbf_gvrbc�ijbimkd�lZdbf�h[jZahf�hij_^_eblv�g_evay��b[h�hg�bf_�

_l�f_klh�g_�ijb�h[^bjhqghf�Z�ijb�qbklh\hf�ijhoh^_�b��ke_^h\Zl_evgh��y\�

ey_lky�g_�gZqZevguf�� Z�ijhf_`mlhqguf�ijbimkdhf��<_ebqbgZ�ijhf_`m�

lhqgh]h� ijbimkdZ� beb� gZbf_gvrZy� ]em[bgZ� j_aZgby,� ff�� gZoh^blky� ih�
nhjfme_����� 

tΜ = 0,7 + 0,025 D2/1
f  + 0,0001L ; 

tM = 0,7 + 0,025 ·  751/2 + 0,0001 ·  2500 ≈1,0. 

>Ze__�hij_^_ey_f�\_ebqbgu�ih^Zq��gZb[hevrmx�b�gZbf_gvrmx�S[�b�

SM�ih�^himkdZ_fhc�r_jhoh\Zlhklb�ih\_joghklb�h[jZ[hldb��S[ -�ijb�h[^bj�
d_�ba^_eby�^bZf_ljhf�D[�k�]em[bghc�j_aZgby�t[���Z�SF ijb�hl^_ed_�ba^_eby�

^bZf_ljhf�DM k�]em[bghc�j_aZgby� tM� ��Ih^Zqb�fh`gh�hij_^_eblv�ih�nhj�

fmeZf������������ 
^ey�q_jgh\hc�h[jZ[hldb��ff�h[� 

S[ = 0,17 D 3/1
[  + (t[  - 2) 0,15 = 0,17 ·  3001/3 + (2,5 - 2) 0,15 = 1,265; 

^ey�qbklh\hc�h[jZ[hldb��ff�h[� 

SΜ = 0,015 D 3/2
f = 0,015 ·  752/3 = 0,26. 

GZb[hevrmx�b�gZbf_gvrmx� kdhjhklb�j_aZgby�hij_^_ey_f�ih�nhj�

fme_�������Kdhjhklv�j_aZgby�ijb�h[lhqd_,�ff�fbg��jZ\gZ� 
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V = CV/ [Tm  t x  S y(HB/200)n] 
AgZq_gby� dhwnnbpb_glZ� KV b� ihdZaZl_e_c� kl_i_gb� ijb\_^_gu����������������

\�lZ[e������Kdhjhklv�j_aZgby�[m^_l�bf_lv�gZb[hevr__�agZq_gb_�ijb�kgylbb�

kljm`db�gZbf_gvrbo� jZaf_jh\� k�gZbf_gvr_c�ih^Zq_c�SM�b�gZbf_gvr_c�

]em[bghc�j_aZgby� tM�b�ijb�h[jZ[hld_�gZb[he__�fy]dh]h�fZl_jbZeZ�gZb[h�

e__� ijhba\h^bl_evgufb� j_apZfb� �l�_�� gZb[hevrbf� KV��� >ey� ieZklbghd�

l\_j^h]h�kieZ\Z��[_a�hoeZ`^_gby��fh`gh�aZibkZlv��f�fbg� 
V[ = 267 / [900,125 ·  10,18 ·  0,260,35 ·  0,55] = 520. 

GZbf_gvrZy�kdhjhklv�[m^_l��gZh[hjhl��ijb�kgylbb�[hevr_c�kljm`�

db��ijb�h[jZ[hld_�l\_j^h]h�fZl_jbZeZ��f�fbg�� 
VM = 267 /[900,125 ·  2,50,18 ·  1,2650,35  (280/200)1] = 84,9. 

Ij_^iheZ]Zy��qlh�jZ[hlZ�k�gZb[hevr_c�qZklhlhc�\jZs_gby�ribg^_ey�

n[�^he`gZ�ijhba\h^blvky�ijb�gZb[hevr_c�kdhjhklb�j_aZgby��V[�b�h[jZ[hl�

d_�ba^_eby�gZbf_gvr_]h�^bZf_ljZ��Z�jZ[hlZ�k�gZbf_gvr_c�qZklhlhc�\jZ�

s_gby�ribg^_ey� nM� ijb� gZbf_gvr_c� kdhjhklb� j_aZgby� � b� gZb[hevr_f�

^bZf_lj_�ba^_eby,�h[�fbg��\uqbkey_lky�ih�nhjfmeZf������b������� 

n[ = 1000 V[ / π DM = 1000 ·  520/3,14 ·  75 = 2208, 

nM = 1000 V[ / π D[ = 1000 ·  85/3,14 ·  300 = 90. 

Lh]^Z�^bZiZahg�j_]mebjh\Zgby�ijb\h^Z�]eZ\gh]h�^\b`_gby�b�ijb\h^Z�

ih^Zq�\uqbkey_f�ih�nhjfmeZf������b������ 
RV = n[ / nM = 2208 /90 = 24,5;  RS  = S[ / SM = 1,265/0,26 = 4,8. 

>Ze__�ke_^m_l�hij_^_eblv�gZb[hevrmx�kbem�j_aZgby��qlh[u�fh`gh�

[ueh�magZlv�fZdkbfZevgh_�mkbeb_��dhlhjh_�^he`_g�ij_h^he_lv�f_oZgbaf�

klZgdZ�� Z� lZd`_� ^ey� hij_^_e_gby�fZdkbfZevguo� djmlysboky�fhf_glh\� b�

jZkq_lh\�^_lZe_c�ijb\h^Z� 
GZb[hevr__�mkbeb_�j_aZgby�Pz� [�[m^_l�^_ckl\h\Zlv�ijb�kgylbb�gZb�

[hevr_c� kljm`db� �S[ ; t[�� kZfh]h� l\_j^h]h� fZl_jbZeZ� b� hij_^_ey_lky� ih�

nhjfme_� 

Jz [   = K1  t
o
[  Sy

[ (HB) 1
[
n . 

AgZq_gby�K1; o; y; n��\u[bjZ_f�ba�lZ[e��32. 
Pz�[  = 0,0357 ·  2,51 ·  1,2650,75 ·  2800,75� ��������dH. 

FZdkbfZevgh_�mkbeb_�ih^Zqb��dhlhjh_�^he`_g�ij_h^he_lv�f_oZgbaf�

klZgdZ��jZ\gh� 
P z�[= 0,5 P z�[  =3,���dH. 
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FZdkbfZevgZy�fhsghklv��g_h[oh^bfZy�gZ�j_aZgb_��dZd�ba\_klgh�ba�

l_hjbb�j_aZgby��[m^_l�ijb�hl^_e_gbb�kljm`db�gZb[hevr_]h�k_q_gby�b�ijb�

h[jZ[hld_�gZb[he__�fy]dh]h�fZl_jbZeZ� 
GZb[hevrb_�mkbeby�ijb�h[jZ[hld_�kZfh]h�fy]dh]h�fZl_jbZeZ��dG� 

Jz [  = K1  t
1
[
o  S 1

[
y (HB) 1

M
n  = 0,279 ·  2,51 ·  1,2650,75  (112)0,35 =  4,33. 

>Ze__� ih�nhjfme_� ����� \uqbkey_f�fZdkbfZevgmx�fhsghklv�� ihem�

qZ_fmx�ijb�h[jZ[hld_� k�gZbf_gvr_c� kdhjhklvx�j_aZgby� kZfh]h�fy]dh]h�

fZl_jbZeZ 
Nw  = Jz�[ VM������Â ������� �������Â ����������Â ������� �������dBl� 

VM   =  267 /900,125 ·  2,50,18 ·  1,2650,35  (112/200)1@�� ��������f�fbg� 
Fhsghklv�we_dljh^\b]Zl_ey��dhlhjuc�ke_^m_l�ihklZ\blv�gZ�klZghd��

hij_^_ebf�ih�nhjfme_�������d<l� 

N^   =  Nw / κ η  =  15,1/1,25 ·  0,8  =  15,1 

Ihkdhevdm� lhdZjguc� klZghd� bf__l� h^bg� we_dljh^\b]Zl_ev�� h[_ki_�

qb\Zxsbc� b� ijb\h^� ]eZ\gh]h� ^\b`_gby,� b� ijb\h^� ih^Zq�� jZkkqblZggmx�
fhsghklv�we_dljh^\b]Zl_ey��g_h[oh^bfh�m\_ebqblv�gZ���–������l�_� 

Nkl   = N^ ·  1,04 = 15,1 ·  1,04  =  1������d<l� 
Ijbf_j� ��� JZkkqblZlv� l_ogbq_kdmx� oZjZdl_jbklbdm� j_\hev\_jgh]h�

klZgdZ�� ijbkihkh[e_ggh]h� ^ey� h[jZ[hldb� dhgkljmdpbhgghc� klZeb� fZjhd�

���� ���� ���� ���bgkljmf_glhf�ba�[ukljhj_`ms_c� klZeb��GZb[hevrbc�^bZ�

f_lj�ijmldZ����ff��Ih�nhjfme_� ����hij_^_ey_f�gZbf_gvrbc�^bZf_lj�h[�

lhqdb� 
D M = (0,25…0,5)D[  ������Â ����� ����ff� 

GZoh^bf�gZbf_gvrmx�]em[bgm�j_aZgby�ih�nhjfmeZf�������������ff. 

t[ = Ct  D
3/1

[ = 0,7 ·  601/3 = 3; 

tM = 0,7 ·  0,025 D 2/1
M = 0,7 ·  0,025 ·  201/2 = 0,8 , 

jZkkqblu\Z_f�ih�nhjfmeZf������������gZb[hevrmx�b�gZbf_gvrmx�ih^Zqb��

ff�fbg� 

S[ = 0,17  D 3/1
[  + 0,15 (t[ - 2) = 0,17 ·  601/3 + 0,15(3 - 2) = 0,8; 

SM = 0,015  D 3/2
M  = 0,015 ·  202/3 = 0,1 . 

Hij_^_ey_f� gZb[hevrmx� kdhjhklv� j_aZgby� ijb� h[jZ[hld_� kZfhc�

fy]dhc�klZeb�b�kgylbb�kZfhc�fZehc�kljm`db�ih�nhjfme_� �����b�lZ[e������

f�fbg� 
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V[ = 52,5/300,1 ·  0,10,25  ·  0,80,5 ·  0,71,75  = 201. 

Ijb�hij_^_e_gbb�gZbf_gvr_c�kdhjhklb�j_aZgby�ke_^m_l�bf_lv�\�\b�

^m��qlh�ihlj_[gZy�^ey�h[jZ[hldb�gZbf_gvrZy�qZklhlZ�\jZs_gby�fh`_l�ih�

emqblvky�g_�ijb�h[lhqd_��Z�ijb�k\_je_gbb��jZa\_jlu\Zgbb�beb�gZj_aZgbb�

j_av[u��l�_��\�^Zgghf�kemqZ_�g_h[oh^bfh�gZclb�gZbf_gvrmx�kdhjhklv�j_�

aZgby�gZ�\k_�\b^u�h[jZ[hldb� 

Z��ijb�lhq_gbb�kZfhc�l\_j^hc�klZeb�b�kgylbb�kZfhc�[hevrhc�kljm`�

db��f�fbg� 

VF  =  42/600,1 ·  0,80,66 ·  30,25   (235/200)1,75  = 26; 
[��ijb�k\_je_gbb�kZfhc�l\_j^hc�klZeb�k\_jehf�^bZf_ljZ����D[ = 0,5 ×  

× 60 = 30  ff��k�ih^Zq_c�S� ������ff�h[�ih�nhjfme_������b�lZ[e������f�fbg��
VF = 12,4 ·  300,4/600,2 ·  0,80,5  (235)0,9  = 24; 

\�� �ijb�gZj_aZgbb�j_av[u�\�kZfhc�l\_j^hc�klZeb�f_lqbdhf�ih�nhj�

fme_�������f�fbg� 
VF = 64,3 ·  301,2/1900,9 ·  3,50,5 = 17, 

]^_�d0 –�gZb[hevrbc�^bZf_lj�f_lqbdZ�jZ\_g����D[  �����Â ���� ����ff� 
]��ijb�jZa\_jlu\Zgbb�ih�nhjfme_������b�lZ[e��25, f/fbg, 

VM = KVD z
[ /T m t

o
M  Sy

M (HB)n = 1310 ·  300,3 /1900,4 ·  0,10,2 ·  0,250,65  (235)0,9 = 13,1. 

GZoh^bf� gZb[hevrmx� qZklhlm� \jZs_gby�ribg^_ey�� bkihevamy� nhjfmem�

������h[�fbg� 

n[ = 1000V[ / π  DM  = 1000 ·  201 /3,14 ·  20 = 3200. 

GZbf_gvrZy�qZklhlZ�\jZs_gby�ke_^mxsZy���ih�nhjfme_������� 

Z��ijb�h[lhqd_�nM = 1000VM/π D[�� ������Â �����������Â ���� ������h[�fbg� 

[��ijb�k\_je_gbb��D� ����ff����nM   ������Â ����������Â ���� �����h[�fbg� 
\��ijb�gZj_aZgbb�j_av[u�f_lqbdhf���D� ����ff���� 
nM  ������Â ����������Â ���� ��������h[�fbg� 
]��ijb�jZa\_jlu\Zgbb� �D�  � ���ff�� �nM = 1000 ·  13,1 /3,14 ·  30 = 139  

h[�fbg� 
ke_^h\Zl_evgh�� gZbf_gvrmx� qZklhlm� \jZs_gby� ^Z_l� h[lhqdZ� nM =            

= ����h[�fbg� 
 >Ze__� gZoh^bf� ih�nhjfmeZf� ������ ����� b� lZ[e� ��� kbeu� j_aZgby� b�
djmlysbcky�fhf_gl�\�ijhp_kk_�h[jZ[hldb��Ijb�lhq_gbb 

Jz = K1  t 
o1 S m1 (HB)n1 = 0,036 ·  3 ·  0,80,75   (235)0,75 

 �������dH. 



 34 

Ijb�k\_je_gbb 

F  = K2  D z2 S m2 (HB)n2 = 0,8 ·  302 ·  0,120,8  (235)0,7 
 ��������dH· f�� 

Hij_^_ebf�gZb[hevrmx�fhsghklv��ihlj_[gmx�^ey�j_aZgby��>ey�j_�

\hev\_jguo�klZgdh\�gZb[hevrZy�ihlj_[gZy�fhsghklv�^ey�j_aZgby�ih�nhj�

fmeZf�������������jZkkqblu\Z_f�ijb�h^gh\j_f_gghc�jZ[hl_�g_kdhevdbo�bg�

kljmf_glh\��emqr_�\k_]h�k\_jeZ�b�j_apZ�ijb�kgylbb�gZb[hevr_c�kljm`db�

ijb�h[jZ[hld_�kZfh]h�fy]dh]h�fZl_jbZeZ��[m^_l�jZ\gZ��d<l� 

ijb�lhq_gbb 

Nj�= Jz�[VM /61,2 = 2,294; 

ijb�k\_je_gbb� 

Nk\�= J[VM /30,6 D[�= 60,2 ·  24/30,6 ·  30 = 1,57. 

KmffZjgZy�fhsghklv��ihlj_[gZy�gZ�j_aZgb_ 

N = Nj�+ Nk\�� �������������� �������d<l� 

Fhsghklv�we_dljh^\b]Zl_ey�[m^_l�ih�nhjfme_����� 

Nw��= N / κ η� �����������Â ������ ������d<l� 
Ijbf_j� ��� JZkkqblZlv� l_ogbq_kdmx� oZjZdl_jbklbdm� dZjmk_evgh]h�

klZgdZ�k�fZdkbfZevguf�^bZf_ljhf�h[jZ[hldb�D[� ������f��H[jZ[Zlu\Z_�

fuc�fZl_jbZe�–� klZev�δ\�  � ���«�����FIZ��FZl_jbZe�j_`ms_]h�bgkljm�

f_glZ –�j_apu��hkgZs_ggu_�ieZklbgdZfb�l\_j^h]h�kieZ\Z�L�D��� 

Hij_^_ey_f�^bZf_lj�ieZgrZc[u�Die�= D[/1,12 = 2300/1,12 ≈�ff��GZ�
oh^bf� ih�nhjfme_� ���� gZbf_gvrbc� ^bZf_lj� h[jZ[hldb�DM = (0,25…0,5) 

Die� ������Â ������ �����ff� 

GZb[hevrZy�b�gZbf_gvrZy�]em[bgZ�j_aZgby�ih�nhjfmeZf� ������ �����

[m^_l��ff� 

t[   = C2  D 3/1
[ = 0,8 ·  23001/3 = 10; 

tM = 0,7 ·  0,025 D 2/1
M = 0,7 ·  0,025 ·  5251/2 = 1,27. 

Ih�nhjfmeZf������������hij_^_ey_f�gZb[hevrmx�b�gZbf_gvrmx�ih�

^Zqb��ff�h[� 

S[ = 0,17  D 3/1
[ + 0,15 (t[  - α) = 0,17 ·  23001/3 + 0,15(10 - 2) = 3,44; 

SM = 0,015  D 3/2
M = 0,015 ·  5252/3 = 0,97. 
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GZoh^bf�gZb[hevrmx�kdhjhklv�j_aZgby�ijb�h[jZ[hld_�k�hoeZ`^_gb�

_f�gZb[he__�fy]dh]h�fZl_jbZeZ��1\�<�����FIZ���b�kgylbb�fZehc�kljm`db��

bkihevamy�nhjfmem������b�lZ[e������f�fbg� 
V[ = CV / T m  t x  S y(HB/200)n, 

V[�= 294 / 300,125 ·  1,270,18 ·  0,970,2  (150/200) = 251. 
GZoh^bf�gZbf_gvrmx�kdhjhklv�j_aZgby�ijb�h[jZ[hld_�[_a�hoeZ`^_�

gby�kZfh]h�l\_j^h]h�fZl_jbZeZ�b�kgylbb�gZb[hevr_c�kljm`db��^ey�klZe_c�

1\�<�����FIZ���f�fbg� 

V[�= 267 / 900,125 ·  100,18 ·  3,440,35  (235/200)1 = 55,85. 
Hij_^_ey_f�gZb[hevr__�mkbeb_�j_aZgby�ijb�h[jZ[hld_�\ukhdhijhq�

ghc�klZeb�ih�nhjfme_������b�lZ[e��32, dG, 

Jz [  = K1  t
1
[
o  S 1

[
y (HB) 1n  = 0,036 ·  101 ·  3,440,75 ·  2350,75  =  54,45. 

GZoh^bf�ij_^_evgu_�agZq_gby�qZklhl�\jZs_gby�ieZgrZc[u�ih�nhj�

fmeZf�������������h[�fbg� 

n[ = 1000V[ / π  D M = 1000 ·  251 /3,14 ·  525 = 152,2, 

nM = 1000VM / π  D[ = 1000 ·  55,85  /3,14 ·  2300 = 7,73, 

lh]^Z�Rv  = 152,2 / 7,73 = 19,7. 
Hij_^_ey_f� fZdkbfZevgmx� fhsghklv�� g_h[oh^bfmx� gZ� j_aZgb_�� ih�

nhjfme_������ijb�hl^_e_gbb�fZdkbfZevghc�kljm`db�\ukhdhijhqghc�klZeb��

d<l� 
Nj�= Jz�[ VM /61,2 = 54,45 ·  55,85 / 61,2 = 49,7. 
<�k\yab�k�l_f��qlh�gZ�dZjmk_evguo�klZgdZo�h[jZ[Zlu\Z_fu_�aZ]hlh\�

db�b�ieZgrZc[Z�bf_xl�[hevrmx�fZkkm��fhsghklv��jZkoh^m_fZy�gZ�lj_gb_�

\�gZijZ\eyxsbo�ieZgrZc[u��^he`gZ�lZd`_�mqblu\Zlvky��>ey�wlh]h�hij_�

^_ebf�fhf_gl�lj_gby�\�gZijZ\eyxsbo�ieZgrZc[u 
,2/)4,0( g�kjLJ

'∑ += fDPGM
Z

 

]^_�∑G –� fZkkZ� \k_o� \jZsZxsboky� qZkl_c� �ba^_eby�� ieZgrZc[u�� \_gpZ��

ribg^_e_c�b�l�^��� 
KmffZjgZy�fZkkZ�fh`_l�hjb_glbjh\hqgh�ijbgbfZlvky�jZ\ghc��dG, 

∑G = G + (0,15…0,2)G = 200 + 0,2 ·  200 = 240, 

]^_� G –� fZkkZ� ba^_eby�� Jz –� khklZ\eyxsZy� kbe� j_aZgby�� ijb`bfZxsZy�

ieZgrZc[m�d�klhem�����Jz  �����Â ������� �������dG�� 
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f –�dhwnnbpb_gl�lj_gby�gZ�gZijZ\eyxsbo�ijbgbfZ_lky�^ey�qm]mgguo�gZ�

ijZ\eyxsbo,� jZ\guf� ������ ^ey� gZijZ\eyxsbo� k� gZdeZ^dZfb� ba� l_dklh-

eblZ�– 0,025; Dg�kj� -�kj_^gbc�^bZf_lj�ih\_joghklb�lj_gby�gZijZ\eyxsbo, 

[_j_lky� ih� dhgkljmdlb\guf� jZajZ[hldZf� b� fh`_l� ijb[eb`_ggh� ijbgb�

fZlvky�����Die  Dg�kj�= 0,55 ×������ ������ �������f� 

Ke_^h\Zl_evgh�� bf__f�Flj� � = (24 + 21,78)  0,025 ·  11,55/2 = 37,79 

dGÂ f� 

Ihlj_[gZy�fhsghklv�we_dljh^\b]Zl_ey�ijb\h^Z�]eZ\gh]h�^\b`_gby��

d<l� 

N^�= Nw / κ η + Flj�n /97,5 η��<�gZr_f�kemqZ_�n = 0; Nl = 49,7 / 1,25  0,8 +                

��������Â ������������Â ����� ������d<l� 

Ijbf_j� ��� JZkkqblZlv� l_ogbq_kdmx� oZjZdl_jbklbdm� k\_jebevgh]h�

klZgdZ� ^ey�gZb[hevr_]h� ^bZf_ljZ� k\_je_gby�D[�  � ���ff�� ijb� k\_je_gbb�

m]e_jh^bklhc�klZeb�1\� ����«����FIZ�[ukljhj_`msbfb�k\_jeZfb��Hij_�

^_ey_f�gZbf_gvrbc�^bZf_lj�k\_je_gby�ih�nhjfme_������ff� 

DM = (0,15…0,3) D[�= 0,25 ·  35 = 9. 

GZoh^bf�ih�nhjfme_������gZb[hevrmx�S[�b�gZbf_gvrmx�SM�ih^Zqb�

gZ�h^bg�h[hjhl�k\_jeZ�^ey�kZfh]h�fy]dh]h�h[jZ[Zlu\Z_fh]h�fZl_jbZeZ�ijb�

jZ[hl_�gZb[hevrbfb�b�gZbf_gvrbfb�^bZf_ljZfb�k\_jeZ��ff�h[� 

S[ = CS  D 6,0
[  = 0,064 ·  350,6 = 0,54; 

SM = CS  D 6,0
M  = 0,064 ·  90,6 = 0,24. 

Hij_^_ey_f�gZb[hevrmx�b�gZbf_gvrmx�kdhjhklv�j_aZgby��bkihev�

amy�nhjfmem�������f�fbg� 

V[  = KV  D z
M /T m

M   S yM (HB) n
M  = 874 ·  90,65 / 100,2 ·  0,240,7 ·  2000,9 = 52,9; 

VM = KV  D z
[ /Tm

[   S y[ (HB) n
[  = 360 ·  350,4 / 200,2 ·  0,540,5 ·  2350,9 = 8,25. 

AgZq_gby�CV, m, z, m, n�^ey�jZaguo�iZjZf_ljh\�j_`bfh\�j_aZgby�ijb�

\_^_gu�\�lZ[e����� 

Hij_^_ey_f� gZb[hevrmx� b� gZbf_gvrmx� qZklhlu� \jZs_gby�ribg�

^_ey�ih�nhjfmeZf������b�������h[�fbg� 

n[ = 1000V[ / π  DM = 1000 ·  52,9 /3,14 ·  9 = 1871,9; 

nM = 1000VM / π  D[ = 1000 ·  8,25  /3,14 ·  35 = 75. 
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Hij_^_ebf��bkihevamy�nhjfmeu� �����b� ������^bZiZahgu�j_]mebjh\Z�

gby�ijb\h^Z�]eZ\gh]h�^\b`_gby�b�ijb\h^Z�ih^Zq� 
RV = n[ / nM  = 1871,9 / 75 = 24,9;     R[ = S[ / SM = 0,54 / 0,24 = 2,25. 
Ih�nhjfme_� �����b�lZ[e�����hij_^_ey_f�agZq_gby�gZb[hevr_]h�djm�

lys_]h�fhf_glZ�ijb�k\_je_gbb�kZfh]h�l\_j^h]h�fZl_jbZeZ��dGf� 

F[��= K  D z
[  S y[  (HB)n

[  = 0,008 ·  352 ·  0,540,8   (235)0,7 = 1740 . 

GZb[hevr__� hk_\h_� mkbeb_�� ^_ckl\mxs__� ijb� k\_je_gbb�� gZoh^bf�

ih�nhjfme_������b�lZ[e������Hgh�[m^_l�jZ\gh��dG� 

J[��= K  D z
[  S y[  (HB)n

[ = 0,015 ·  351 ·  0,540,7   (235)0,7 = 20,4. 

Ih�\_ebqbg_�J[�jZkkqblu\Z_lky�gZ�ijhqghklv�f_oZgbaf�ih^Zq�k\_j�

ebevguo�klZgdh\��Hij_^_ey_f�fZdkbfZevgmx�fhsghklv��ihlj_[gmx�gZ�j_�

aZgb_�ih�nhjfme_�������d<l� 
Nw= F[VM /30,6 D[�=1740 ·  8,25 / 30,6 ·  35 = 13,4. 
GZoh^bf�ih�nhjfme_� �����fhsghklv� we_dljh^\b]Zl_ey�^ey�ijb\h^Z�

]eZ\gh]h�^\b`_gby� 

N^�= Nw / κ η� �����������Â ����� ������d<l� 
K�mq_lhf�ijb\h^Z�ih^Zq�bf__f��Nkl�= N^������� ������d<l� 
Ijbf_j����JZkkqblZlv�l_ogbq_kdmx�oZjZdl_jbklbdm�]hjbahglZevgh]h�

nj_a_jgh]h�klZgdZ�kh�klhehf��bf_xsbf�jZaf_ju�����× 1250 ff��ij_^gZ�
agZq_ggh]h�^ey� h[jZ[hldb� m]e_jh^bklhc� klZeb� jZaghc� l\_j^hklb�[ukljh�

j_`msbfb�nj_aZfb��Bkihevamy�nhjfmeu� ���� b� ����� hij_^_ey_f� gZb[hev�

rbc�b�gZbf_gvrbc�^bZf_lju�nj_a��ff� 

D[�= (0,2…0,3)\ = 0,25 ⋅300 = 75; 

DΜ = (0,1…0,2)\ = 0,17⋅���� �����]^_�\ -�rbjbgZ�klheZ� 

Ih^kqblZ_f� gZb[hevrmx� b� gZbf_gvrmx�rbjbgm�nj_a_jh\Zgby� ih�

nhjfmeZf�����b������ff� 

<[�= (0,75…1)D[�= 1⋅75 = 75; 

<Μ = (0,75…1)D[�= 1⋅20 = 20. 

<�aZ\bkbfhklb�hl�h[jZ[Zlu\Z_fh]h�fZl_jbZeZ�hij_^_ey_f�ih�lZ[e����

ijbimkd�gZ�h[jZ[hldm��dhlhjuc�jZ\_g�h�  � ��ff��Ih^kqblu\Z_f�gZb[hev�

rmx�b�gZbf_gvrmx�]em[bgm�j_aZgby�t[�b�tM�ijb�nj_a_jh\Zgbb�ih�\_ebqbg_�

ijbimkdZ� gZ� h[jZ[hldm��>ey� qbklh\hc� h[jZ[hldb� ijbf_f� tM  � ��ff�� ^ey�

q_jgh\hc�h[jZ[hldb�t[� ���ff� 
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<u[bjZ_f� ih� lZ[e�� ��� gZb[hevrmx� b� gZbf_gvrmx� ih^Zqm� gZ� am[�

nj_au�ba�mkeh\by�r_jhoh\Zlhklb�^ey�kZfh]h�fy]dh]h�fZl_jbZeZ� 

Ijb�t[� ���ff��D[� ����ff�[m^_f�bf_lv�^ey�zn�= 18, 

Sz�[�= 0,08 -������ff�am[��zn�= 8, S'
[z  �����ff�am[��]^_�zn�-�qbkeh�am[v_\�

nj_au� 

Ijb��tM  ���ff��D[� ����[m^_f�bf_lv�zn�= 5S'
Mz � ������ff�am[��Hij_^_�

ey_f�ih�lZ[ebpZf�S "[z �b�S " Mz ��^ey�kZfh]h�l\_j^h]h�fZl_jbZeZ� 

Ijb�t[� ���ff��D[� ����ff��zn� ����[m^_f�bf_lv�S "[z  ������ff�am[� 

Ijb�zn�= 8  , S "[z  �����ff�am[�� 

Ijb��tM  ���ff��D[�= 20, z n= 5; S"
Mz � ������ff�am[��GZoh^bf�ih�nhjfm�

e_������b�lZ[e�����gZb[hevrmx�kdhjhklv�^ey�kZfh]h�fy]dh]h�b�gZbf_gvrmx�

kdhjhklv�j_aZgby�^ey�kZfh]h�l\_j^h]h�h[jZ[Zlu\Z_fuo�fZl_jbZeh\��f�fbg� 

V[�= 61,6 ·  200,17 /300,33 ·  10,19 ·  0,030,28 ·  50,1 ·  200,08 = 60,1, 

VM = 61,6 ·  750,17 /600,33 ·  50,19 ·  0,20,28 ·  180,1 ·  750,08 = 20,6 . 

Ij_^_evgu_� agZq_gby� qZklhl� \jZs_gby�ribg^_ey� [m^ml� jZ\gu� ih�

nhjfmeZf������b�������h[�fbg, 

n[�= 1000 ·  60,1 / 3,14 ·  20 = 967;  nM = 1000 ·  20,6 / 3,14 ·  75 = 87,4. 

GZoh^bf�ij_^_evgu_�agZq_gby�ih^Zq��ff�fbg, 

S[�= Sz[  z[  nM = 0,2 ·  18 ·  87,4 = 314, 

SM = SzM  zM  n[ = 0,03 ·  5 ·  957 = 143. 

Hij_^_ey_f�ih�nhjfmeZf������b������^bZiZahgu�j_]mebjh\Zgby� 

RV = 957 / 87,4 = 10,9 ; RS = 314 / 143 = 2,19. 

Hij_^_ebf�ih�nhjfme_������b�lZ[e�����fZdkbfZevgmx�kbem�j_aZgby��

dG��ih�nhjfmeZf� �����b� �����gZb[hevrmx�fhsghklv��ihlj_[gmx�gZ�j_aZ�

gb_��b�fhsghklv�we_dljh^\b]Zl_ey��d<l� 

J[�= 0,68 ·  50,86 ·  0,20,74 ·  751 ·  18 / 750,86 = 27,78; 

Nw�= 3,5 ·  10-5 ·  50,36 ·  0,20,72 ·  75 ·  18 ·  87,4  750,14  = 8,9; 

N^�= 8,9 / 1,2 ·  0,8 = 9,27. 

Ijbf_j� ���JZkkqblZlv� l_ogbq_kdmx�oZjZdl_jbklbdm� am[hnj_a_jgh]h�

klZgdZ��GZb[hevrbc�fh^mev�gZj_aZ_fuo� am[v_\�m[�  � ��ff��H[jZ[Zlu\Z_�

fuc�fZl_jbZe�–�klZev�jZaghc�l\_j^hklb� 
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Hij_^_ey_f�gZbf_gvrbc�gZj_aZ_fuc�fh^mev�ih�nhjfme_������ff� 
MM = 0,25 ·  8 = 2. 
Ih� ij_^_evguf� agZq_gbyf� fh^mey� gZoh^bf� ^bZf_lju� q_j\yqguo�

nj_a�ih�lZ[e����  D[� �����ff��DM = ���ff� 
t[ = 1,4 m[ = 1,4 ·  8 = 11,2; tM = 0,7  mM = 0,7 ·  2 = 1,4. 
Hij_^_ey_f� ij_^_evgu_� agZq_gby� \_ebqbg� ih^Zq��Ih^Zqb� aZ� h^bg�

h[hjhl�aZ]hlh\db�\u[bjZxlky�\�aZ\bkbfhklb�hl�fh^mey��h[jZ[Zlu\Z_fh]h�

fZl_jbZeZ�b�qbkeZ�am[v_\�ih�lZ[e�����ff�h[� 
S[�= 2,8;  SM = 0,8. 
Hij_^_ebf�ij_^_evgu_�agZq_gby�kdhjhkl_c�j_aZgby�ih�nhjfme_������

b�lZ[e�����– 29 
V[�= (560 / 2400,5 ·  0,80,85 ·  2-0,5)  1,1 = 68,4; 
VM = (350 / 4800,33 ·  2,80,1 ·  80,5)  0,6 = 8,8. 
GZc^_f�gZb[hevrb_�b�gZbf_gvrb_�qZklhlu�\jZs_gby�ribg^_ey�ih�

nhjfmeZf������b�������h[�fbg� 

n[ = 1000V[ / π  DM = 1000 ·  68,4 /3,14 ·  55 = 396; 

nM = 1000VM / π  D[ = 1000 ·  8,8  /3,14 ·  125 = 22,4. 

>bZiZahgu� j_]mebjh\Zgby� ijb\h^Z� ]eZ\gh]h� ^\b`_gby� b� ijb\h^Z�

ih^Zq�\uqbkeyxlky�ih�nhjfmeZf������b����� 
RV = n[ / nM  = 396 / 22,4 = 17,6; RS = S[ / SM = 2,8 / 0,8 = 3,5. 
Fhsghklv��lj_[m_fmx�gZ�j_aZgb_��gZoh^bf�ih�nhjfme_�������d<l� 

Nw = 1,24  S 9,0
[ m 7,1

[  / DM = 1,24 ·  2,80,9 ·  81,7 / 55 = 1,9. 

Fhsghklv� we_dljh^\b]Zl_ey� ijb� bkihevah\Zgbb� nhjfmeu� ����� aZ�

ibr_f��d<l� 

N^�= Nw / κ η = 1,9 /1,25 ·  0,8 = 1,9. 

Ijbf_j� ��� JZkkqblZlv� l_ogbq_kdmx� oZjZdl_jbklbdm� ihi_j_qgh-
kljh]Zevgh]h�klZgdZ��_keb�ba\_klgu��Z��fZdkbfZevgu_�jZaf_ju�  aZ]hlh\hd 
 l� �����ff��\� �����ff��h� �����ff��[��fZl_jbZe�h[jZ[hldb�–�klZev-ihdh\dZ�
k�1\� ����«����FIZ�b�qm]mg�–�eblv_�k�G<� ����-�����\��fZl_jbZeu�j_aph\�
^ey�klZeb�L�D����^ey�qm]mgZ�-�<D���]��dmebkguc�f_oZgbaf� �k�ihklhygghc�
^ebghc�dmebku�ijb�r/e� �������]^_�_� �����ff�b�r� �����ff��^ebgZ�dmebku�����������
L = 1,8  e = 1,8 ·  500 = 900�ff� 

Hij_^_ey_f�jZaf_ju�klheZ�ih�nhjfmeZf������������������ff� 
Lc = (1,2…1,3) l = 1,25 ·  800 = 1000; 
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l = (0,6…0,7) Lc = 0,6 ·  1000 = 600; 
H = (0,75…1) l = 0,75 ·  600 = 450. 
GZoh^bf�gZb[hevrmx�t[�b�gZbf_gvrmx�tM�]em[bgm�j_aZgby��bkihev�

amy�nhjfmeu�������������ijbgbfZy�<[��aZ�D[��lh]^Z�<F�= 0,5 <[� 

t[ = Ct  B
33,0

[ = 0,8 ·  5000,33 = 6,2 ff, 

tM = 0,7 + 0,025 < 2/1
M + 0,0001 Lc = 0,7 + 0,025 ·  2501/2  

���������Â ������ �����ff� 

<u[bjZ_f�gZb[hevrmx�S[�b�gZbf_gvrmx�SM�ih^Zqb�^ey�kZfh]h�fy]�

dh]h�b�kZfh]h�l\_j^h]h�fZl_jbZeZ�gZ�hkgh\Zgbb�ghjfZlb\h\�^ey�l_ogbq_�

kdh]h�ghjfbjh\Zgby�jZ[hl�gZ�ihi_j_qgh-kljh]Zevguo�klZgdZo�ih�lZ[e����b�
���^ey�lhdZjghc�h[jZ[hldb� 

>ey�klZeb  �ijb  �qbklh\hc   �b   �q_jgh\hc�h[jZ[hld_�S[� �����ff�^\�o�� 
SM   = 0,1�ff�^\�o��  SM  = 0,1  ff�^\�o��  Ke_^h\Zl_evgh�� S[    �����ff�^\�o�� 
SM  �����ff�^\�o� 

GZb[hevrZy� kdhjhklv� j_aZgby� ijb� gZbf_gvr_c� ]em[bg_� j_aZgby� b�

gZbf_gvr_c� ih^Zq_� b� kZfhf� fy]dhf� fZl_jbZe_� ijb� h[jZ[hld_� j_apZfb��

hkgZs_ggufb� ieZklbgdZfb� l\_j^h]h� kieZ\Z�� ih�nhjfme_� ����� b� lZ[e�� ���

[m^_l��jZ\gZ��ff�fbg� 

V = CV/ T mM   t x
M   Sy

M (HB/200)n = 267 / 300,125 ·  1,20,18 ·  0,10,2  (155/200)1  = 338. 

GZbf_gvrZy� kdhjhklv� j_aZgby� ^ey� kZfh]h� l\_j^h]h� fZl_jbZeZ� ijb�

gZb[hevr_c�]em[bg_�j_aZgby�b�gZbf_gvr_c�ih^Zq_��f�fbg� 
VF�= 267 / 1800,125 ·  6,20,18 ·  1,40,35  (235/200)1 = 76,72. 
Hij_^_ey_f� � gZb[hevrmx� � L[� � � b� � gZbf_gvrmx� � LM � ^ebgm� oh^Z�               

iheamgZ������������� 
LM = l1  +  l  +  l 2, 

]^_� l –� ^ebgZ� aZ]hlh\db�� l  1 b� l  2 –� \_ebqbgu� \j_aZgby� b� i_j_[_]Z� j_apZ                
\� gZqZe_� b� \� dhgp_� oh^Z��>ey� ihi_j_qgh-kljh]Zl_evgh]h� klZgdZ� l1 + l2 =                
= 35 –����ff� 

L[� ���������� �����ff� 
LF�= (0,1…0,25) L[� ������Â ����� �����ff� 
GZoh^bf�gZbf_gvrmx�kdhjhklv�j_aZgby�ijb�q_jgh\hc�h[jZ[hld_�kZ�

fh]h�fy]dh]h�fZl_jbZeZ��f�fbg� 

V 'M  = 267 / 1800,125 ·  6,20,8 ·  1,40,35  (235/200)1 = 116. 
GZb[hevr__�b�gZbf_gvr__�qbkeh�^\hcguo�oh^h\��^\�o�fbg� 
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n[ = 1000Vp[ / LM  (1 + m) = 1000 ·  338/218 (1 + 0,75) = 885,9 , 
]^_�m = Vp / Vx  –�hlghr_gb_�kdhjhkl_c�jZ[hq_]h�b�ohehklh]h�oh^Z��

h[uqgh m = 0,7 - 0,75. 
nF�= 1000VpM / L[  (1 + m) =1 000 ·  76,6 / 875 (1 + 0,75) = 50. 
>bZiZahgu� j_]mebjh\Zgby� ijb\h^Z� ]eZ\gh]h� ^\b`_gby� b� ijb\h^Z�

ih^Zq�ih�nhjfmeZf������b������[m^ml�jZ\gu� 
RV = n[ / nM = 885,9 / 50 = 17,1;  
RS = S[ / SM = 1,4 / 0,1 = 14. 
GZb[hevr__�mkbeb_�j_aZgby�ijb�q_jgh\hc�h[jZ[hld_�kZfh]h�fy]dh]h�

fZl_jbZeZ�ih�nhjfme_������b�lZ[e�����[m^_l�jZ\gh��dG� 

J ' [z = K1  t
1
[
o  S 1

[
y (HB)n1 = 0,279 ·  6,21 ·  1,40,75  (155)0,35 = 12,8. 

AgZy�\_ebqbgu�V'
M �b�J '

[z ��hij_^_ebf�ih�nhjfme_� �����fZdkbfZev�

gmx� fhsghklv�� ihlj_[gmx� gZ� j_aZgb_� ijb� h[jZ[hld_� gZb[he__� fy]dh]h�

fZl_jbZeZ�ijb�gZb[hevr_f�k_q_gbb�kljm`db 

N^�= J� ' [z   V 'M �������� ������Â ���������� ������d<l� 

Lh]^Z�fhsghklv�we_dljh^\b]Zl_ey�ih�nhjfme_������[m^_l�jZ\gZ� 

N^�= Nw / κ η� ������������Â ������ ������d<l� 
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LZ[ebpZ�� 
AgZq_gb_�dhwnnbpb_glZ�Kt 
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50 
60 
80 
100 
120 
130 
140 
175 
190 
240 
225 
275 
340 
300 
300 
230 
200 
180 
65 
125 
150 
200 
300 

4 
5 
12 
4 
5 
12 
3 
12 
10 
8 
2 
3 
6 
6 
5 
4 
4 
5 
2 
8 
4 
8 
12 
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LZ[ebpZ�� 

AgZq_gb_�ijbimkdh\�ijb�nj_a_jh\Zgbb�qm]mgZ�b�p\_lguo�f_lZeeh\ 
 

 

FZl_jbZe�aZ]hlh\db 

 

 

RbjbgZ�nj_a_jh\Zgby 

<��ff 

 

Ijbimkdb�gZ�h[jZ[hldm� 

H��ff 

 

Qm]mg�KQ��-����G<���� 

Qm]mg�KQ��-����G<���� 

Qm]mg�KQ��-����G<���� 

Qm]mg�KQ��-����G<���� 

Qm]mg�KQ��-����G<���� 

Qm]mg�KQ��-����G<���� 

Qm]mg�KQ��-����G<���� 

Qm]mg�KQ�5-����G<���� 

Qm]mg�KQ��-����G<���� 

Qm]mg�KQ��-����G<���� 

Qm]mg�KQ��-����G<���� 

Qm]mg�KQ��-����G<���� 

����F_^v�F���G<��� 

����;jhgaZ�;j��:��G<��� 

����;jhgaZ�;j��HP�-��G<��� 

����;jhgaZ�;j��:�G<��� 

 

 

70 

140 

70 

180 

250 

240 

210 

225 

80 

100 

250 

200 

60 

100 

100 

130 

 

8 

8 

8 

5 

5 

4 

5 

5 

4 

6 

10 

12 

12 

8 

5 

12 

 

LZ[ebpZ�� 

AgZq_gb_�dhwnnbpb_glZ�b�ihdZaZl_e_c�kl_i_gb 
�^ey�jZkq_lZ�ih^Zq�ijb�lhdZjghc�h[jZ[hld_� 

 
 

FZl_jbZe 
h[jZ[Zlu\Z_fhc�

^_lZeb 

 
KG 

 
o 

 
m 

 
z 

 
U 

 
KlZev 
Qm]mg� 

 
0,008 
0,045 

 
0,030 
0,25 

 
1,40 
1,25 

 
0,35 
0,50 

 
0,70 
0,75 
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LZ[ebpZ�� 

Ih^Zqb�ijb�q_jgh\hf�gZjm`ghf�lhq_gbb 
 

Ih^ZqZ�S��ff�h[��ijb�]em[bg_�j_aZgby�t��ff >bZf_lj 
^_lZeb��ff 

 

JZaf_j� 
^_j`Z\db�

j_apZ��ff 
^h�� k\��� 

^h�� 
k\��� 
^h�� 

k\��� 
^h��� 

k\���� 

>h��� 
 

K\�����^h��� 
 

K\�����^h��� 
 

K\�����^h���� 
 

K\����� 
�^h���0 
K\����� 
�^h���� 
K\����� 
�^h���� 
K\����� 
�^h����� 
K\������ 
�^h����� 

hl���×25 
^h���×25 
hl���×25 
^h���×25 
hl���×25 
^h���×40 
hl���×25 
^h���×40 
hl���×25 
^h���×40 
hl���×30 
^h���×60 
hl���×30 
^h���×60 
hl���×40 
^h���×60 
hl���×45 
^h���×60 

0,3 - 0,4 
 

0,4 - 0,5 
 

0,5 - 0,9 
 

0,6 - 1,2 
 

0,8 - 1,3 
 

1,1 - 1,4 
 

1,2 - 1,5 
 

1,2 - 1,8 
 

1,3 - 2,0 

- 
 

0,3 - 0,4 
 

0,4 - 0,8 
 

0,5 - 1 
 

0,7 - 1,2 
 

1,0 - 1,3 
 

1,0 - 1,4 
 

1,1 - 1,15 
 

1,3 - 1,8 

- 
 
- 
 

0,3 - 0,7 
 

0,5 - 0,9 
 

0,6 - 1,0 
 

0,7 - 1,2 
 

0,8 - 1,3 
 

0,9 - 1,4 
 

1,2 - 1,6 
 

- 
 
- 
 
- 
 

0,4 - 0,8 
 

0,5 - 0,9 
 

0,6 - 1,2 
 

0,6 - 1,3 
 

0,8 - 1,4 
 

1,1 - 1,15 
 

- 
 
- 
 
- 
 
- 
 
- 
 

0,4 - 1,1 
 

0,4 - 1,2 
 

0,7 - 1,3 
 

1,0 - 1,5 

Qm]mg�b�f_^gu_�kieZ\u 
>h��� 

 
K\�����^h��� 

 
K\�����^h��� 

 
K\�����^h���� 

 
K\����� 
�^h���� 
K\����� 
�^h���� 
K\����� 
�^h���� 
K\����� 
�^h 1000 
K\������� 
^h����� 

hl���×25 
^h���×25 
hl���×25 
^h���×25 
hl���×25 
^h���×40 
hl���×25 
^h���×40 
hl���×25 
^h���×40 
hl���×30 
^h���×60 
hl���×30 
^h���×60 
hl���×40 
^h���×60 
hl���×45 
^h���×60 

- 
 

0,4 - 0,5 
 

0,6 - 0,9 
 

0,8 - 1,4 
 

1,0 - 1,5 
 

1,3 - 1,6  
 

1,5 - 1,8 
 

1,5 - 2,0 
 

1,6 - 2,4 

- 
 
- 
 

0,5 - 0,8 
 

0,7 - 1,2 
 

0,9 - 1,4 
 

1,2 - 1,5 
 

1,2 - 1,6 
 

1,3 - 1,8 
 

1,6 - 2,0 

- 
 
- 
 

0,4 - 0,7 
 

0,6 - 1,0 
 

0,8 - 1,1 
 

1,0 - 1,3 
 

1,0 - 1,4 
 

1,0 - 1,4 
 

1,4 - 1,8 

- 
 
- 
 
- 
 

0,5 - 0,9 
 

0,6 - 0,9 
 

0,8 - 1,0 
 

0,9 - 1,2 
 

1,0 - 1,3 
 

1,3 - 1,7 

- 
 
- 
 
- 
 
- 
 
- 
 

0,7 - 0,9 
 

0,8 - 1,0 
 

0,9 - 1,2 
 

1,2 - 1,7 
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LZ[ebpZ�� 

Ih^Zqb��ijb�q_jgh\hf�jZklZqb\Zgbb�gZ�lhdZjguo� 
j_\hev\_jguo�b�jZklhqguo�klZgdZo 

 
J_a_p�beb�hieZ\dZ KlZev 

Ijb�]em[bg_�j_aZgby�t��ff��ih^ZqZ��S��ff�h[ >bZf_lj�djm]eh]h�

k_q_gby�j_apZ�beb�

jZaf_ju�_]h� 
k_q_gby���ff� 

<ue_l� 
j_apZ��beb�

hijZ\db� 
ff 

2 3 5 8 

10 
12 
16 
20 
25 
30 
40 

40×40 
 

60×60 
 

75×75 
 

50 
60 
80 
100 
125 
150 
200 
150 
300 
150 
300 
300 
500 
800 

0,08 
0,10 

0,10 - 0,20 
0,15 - 0,30 
0,25 - 0,50 
0,40 - 0,70 

- 
- 
- 
- 
- 
- 
- 
- 

- 
0,08 
0,15 

0,15 - 0,25 
0,15 - 0,40 
0,20 - 0,50 
0,25 - 0,60 
0,6 - 1,0 
0,4 - 0,7 
0,9 - 1,2 
0,7 - 1,0 
0,9 - 1,0 
0,7 - 1,0 

- 

- 
- 

0,10 
0,12 

0,12 - 0,20 
0,12 - 0,30 
0,15 - 0,40 
0,5 - 0,7 
0,3 - 0,6 
0,8 - 1,0 
0,5 - 0,8 
0,8 - 1,1 
0,6 - 0,9 
0,4 - 0,7 

- 
- 
- 
- 
- 
- 
- 
- 
- 

0,6 - 0,8 
0,4 - 0,7 
0,7 - 0,9 
0,5 - 0,7 

- 
 

Qm]mg 
10 
12 
16 
20 
25 
30 
40 

40×40 
 

60×60 
 

75×75 
 

50 
60 
80 
100 
125 
150 
200 
150 
300 
150 
300 
300 
500 
800 

0,12 - 0,16 
0,12 - 0,20 
0,20 - 0,30 
0,30 - 0,40 
0,40 - 0,60 
0,50 - 0,80 

- 
- 
- 
- 
- 
- 
- 
 

 
0,12 - 0,18 
0,15 - 0,25 
0,25 - 0,35 
0,30 - 0,50 
0,40 - 0,60 
0,60 - 0,80 
0,7 - 1,2 
0,6 - 0,9 
1,0 - 1,5 
0,9 - 1,2 
1,1 - 1,6 

 
- 

 
 

0,10 - 0,18 
0,12 - 0,25 
0,25 - 0,35 
0,25 - 0,45 
0,30 - 0,60 
0,5 - 0,9 
0,4 - 0,7 
0,8 - 1,2 
0,7 - 0,9 
0,9 - 1,3 
0,7 - 1,1 
0,6 - 0,8 

- 
- 
- 
- 
- 
 
 

0,4 - 0,5 
0,3 - 0,4 
0,6 - 0,9 
0,5 - 0,7 
0,7 - 1,0 
0,6 - 0,8 

- 
 
I�j�b�f�_�q�Z�g�b�_��<_jogb_�ij_^_eu�ih^Zq�j_dhf_g^mxlky�^ey�f_gvr_c�]em[b�

gu�j_aZgby�ijb�h[jZ[hld_�f_g__�ijhqguo�fZl_jbZeh\��gb`gb_�-�^ey�[hevr_c�]em[bgu�

j_aZgby�b�[he__�ijhqguo�fZl_jbZeh\� 
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LZ[ebpZ�� 

Ih^Zqb�ijb�q_jgh\hf�jZklZqb\Zgbb�gZ�dZjmk_evguo�klZgdZo 
 

Ijb�]em[bg_�j_aZgby�t��ff��ih^ZqZ�S��ff�h[�� <ue_l�j_apZ�beb�

hijZ\db��ff 
3 5 8 12 20 

KlZev  
200 
300 
500 
700 

 

1,3 - 1,7 
1,2 - 1,4 
1,0 - 1,2 
0,8 - 1,0 

1,2 - 1,5 
1,0 - 1,3 
0,9 - 1,1 
0,7 - 0,8 

1,1 - 1,3 
0,9 - 1,1 
0,7 - 0,9 
0,5 - 0,6 

0,9 - 1,2 
0,8 - 1,0 
0,6 - 0,7 

- 

0,8 - 1,0 
0,6 - 0,8 
0,5 - 0,6 

- 

Qm]mg�  
200 
300 
500 
700 

1,5 - 2,0 
1,4 - 1,8 
1,2 - 1,6 
1,0 - 1,4 

1,4 - 2,0 
1,2 - 1,7 
1,1 - 1,5 
0,9 - 1,2 

1,2 - 1,6 
1,0 - 1,3 
0,8 - 1,1 
0,7 - 0,9 

1,0 - 1,4 
0,8 - 1,1 
0,7 - 0,9 

- 

0,9 - 1,2 
0,7 - 0,9 
0,6 - 0,7 

- 

  

LZ[ebpZ��� 

Ih^Zqb�^ey�qbklh\hc�lhdZjghc�h[jZ[hldb 
 

JZ^bmk�ijb�\_jrbg_�j_apZ��ff 

0,5 1,0 2,0 

DeZkk�r_jh�

oh\Zlhklb�

ih\_joghklb 

H[jZ[Zlu\Z_fuc� 
fZl_jbZe 

Ih^Zqb��ff�h[ 
4 
 
 
 
5 
 
 
 
6 

KlZev�m]e_jh^bklZy� 
b�e_]bjh\ZggZy 
Qm]mg���[jhgaZ� 

b�Zexfbgb_\u_�kieZ\u 
KlZev�m]e_jh^bklZy� 
b�e_]bjh\ZggZy 
Qm]mg���[jhgaZ� 

b�Zexfbgb_\u_�kieZ\u 
KlZev�m]e_jh^bklZy� 
b�e_]bjh\ZggZy 
Qm]mg���[jhgaZ� 

b�Zexfbgb_\u_�kieZ\u 

0,3 - 0,5 
 

0,25 - 0,40 
 

0,18 - 0,25 
 

0,15 - 0,25 
 

0,10 - 0,11 
 

0,10 - 0,15 

0,45 - 0,60 
 

0,40 - 0,50 
 

0,40 - 0,50 
 

0,25 - 0,40 
 

0,11 - 0,16 
 

0,15 - 0,20 

0,55 - 0,20 
 

0,50 - 0,60 
 

0,50 - 0,60 
 

0,40 - 0,60 
 

0,15 - 0,25 
 

0,20 - 0,35 

 
I�j�b�f�_�q�Z�g�b�y:����Ijb�h[jZ[hld_�klZeb�kh�kdhjhklvx�V >����f�fbg�ih^Zqm�

m\_ebqblv��\\h^y�ihijZ\hqguc�dhwnnbpb_gl������ 
���Ijb� h[jZ[hld_�`Zjhijhqghc� klZeb� � b� lblZgh\uo� kieZ\h\� k�V >� ���f�fbg� ih^Zqm�
mf_gvrblv��\\h^y�ihijZ\hqguc�dhwnnbpb_gl�����- 0,8. 
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LZ[ebpZ��� 
AgZq_gb_�dhwnnbpb_glZ�Ks   

 
H[jZ[Zlu\Z_fuc�

fZl_jbZe 
σ, FIZ Ks H[jZ[Zlu\Z_fuc� 

fZl_jbZe 
Ks 

DhgkljmdpbhggZy�

klZev 
DhgkljmdpbhggZy�

klZev 
DhgkljmdpbhggZy�

klZev 

900 
 

900 - 1100 
 

1100 

0,064 
 

0,050 
 

0,038 

Qm]mg��G<������ 
b�p\_lgu_�fZl_jbZeu 

Qm]mg�G<������ 

0,125 
 

0,075 

 
I�j�b�f�_�q�Z�g�b�_��>ey�k\_je��hkgZs_gguo�l\_j^uf�kieZ\hf��<D����j_dhf_g^m�

_lky�Ks� �����ijb�k\_je_gbb�qm]mgZ�G<�<�����b�Ks  ������^ey�qm]mgZ�G<�> 200. 
 

LZ[ebpZ��� 
Ih^ZqZ�ijb�k\_je_gbb��a_gd_jh\Zgbb�b�jZa\_jlu\Zgbb�klZeb��qm]mgZ�� 

f_^guo�b�Zexfbgb_\uo�kieZ\h\�bgkljmf_glZfb�ba�[ukljhj_`ms_c�klZeb 
 

KlZev�b�klZevgh_�eblv_� 
σ\����≤   ������FIZ σ\����>  �����FIZ 

>bZf_lj 
�bgkljm�

f_glZ� 
D��ff 

K\_je_�

gb_ 
A_gd_-
jh\Zgb_ 

JZa\_j-
lu\Zgb_ 

K\_je_�

gb_� 
A_gd_-
jh\Zgb_ 

JZa\_j-
lu\Zgb_ 

�>h�� 
K\�����^h�� 

     6    10 
   10    15 
   15    20 
  20    25 
  25    30 
  30    40 
   40     50 
  50    60 
  60    80 

0,05 - 0,06 
0,08 - 0,18 
0,18 - 0,28 
0,25 - 0,35 
0,34 - 0,43 
0,39 - 0,47 
0,45 - 0,55 
0,55 - 0,60 
0,60 - 0,65 
0,65 - 0,70 

- 

 
- 
 

0,5 - 0,6 
0,6 - 0,7 
0,7 - 0,9 
0,8 - 1,0 
0,9 - 1,2 
1,0 - 1,3 
1,1 - 1,3 
1,2 - 1,5 

- 
 

0,8 
0,9 
1,0 
1,1 
1,2 
1,4 
1,5 
1,7 
2,0 

0,04 - 0,05 
0,06 - 0,12 
0,13 - 0,21 
0,19 - 0,26 
0,25 - 0,32 
0,29 - 0,35 
0,32 - 0,40 
0,35 - 0,40 
0,40 - 0,45 
0,45 - 0,50 

- 

 
- 
 

0,5 - 0,6 
0,6 - 0,7 
0,7 - 0,9 
0,8 - 1,0 
0,9 - 1,2 
1,0 - 1,3 
1,1 - 1,3 
1,2 - 1,5 

 
 

0,8 
0,9 
1,0 
1,1 
1,2 
1,4 
1,5 
1,7 
2,0 

Qm]mg�k_juc�b�dh\dbc��f_^gu_�b�Zexfbgb_\u_�kieZ\u 
>h�� 

K\���^h�� 
     6    10 
   10    15 
   15    20 
  20    25 
  25    30 
  30    40 
   40     50 
  50    60 
  60    80 

0,09 - 0,11 
0,18 - 0,33 
0,36 - 0,57 
0,52 - 0,70 
0,65 - 0,86 
0,78 - 0,96 
0,90 - 1,05 
1,00 - 1,10 
1,10 - 1,15 
1,15 - 1,20 

- 

 
- 
 

0,7 - 0,9 
0,9 – 1,1 
1,0 – 1,2 
1,1 - 1,3 
1,2 - 1,7 
1,6 - 2,0 
1,8 - 2,2 
2,0 - 2,4 

- 
 

2,2 
2,4 
2,6 
2,7 
3,1 
3,3 
3,8 
4,3 
5,0 

0,05 - 0,07 
0,11 - 0,22 
0,22 - 0,34 
0,31 - 0,42 
0,40 - 0,53 
0,47 - 0,57 
0,54 - 0,66 
0,36 – 0,70 
0,68 - 0,75 
0,72 - 0,80 

- 

 
 
 

0,5 - 0,6 
0,6 - 0,75 
0,7 - 0,8 
0,8 - 0,9 
0,9 - 1,0 
1,0 - 1,2 
1,2 - 1,5 
1,4 - 1,7 

 
 

1,7 
1,9 
2,0 
2,2 
2,4 
2,6 
3,1 
3,4 
3,8 
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I�j�b�f�_�q�Z�g�b�y���. Ijb\_^_ggmx�^ey�k\_je_gby�ih^Zqm�ijbf_gyxl�ijb�k\_j�
e_gbb�hl\_jklbc�\�`_kldbo�^_lZeyo�k�^himkdhf�g_�\ur_��-]h�deZkkZ�lhqghklb�ih^�ih�

ke_^mxsmx�h[jZ[hldm�k\_jehf�� a_gd_jhf�beb�j_aphf�ijb� ]em[bg_�k\_je_gby� l < 5D. 
Ih^Zqm�ke_^m_l�mf_gvrZlv��ijb� � l = 5D�gZ��������ijb� l = 10D�gZ�������Ih^Zqm�lZd`_�
ke_^m_l�mf_gvrblv��mqblu\Zy�l_ogheh]bq_kdb_�nZdlhju� 
���Z��ijb�k\_je_gbb�hl\_jklbc�\�^_lZeyo�kj_^g_c�`_kldhklb� k�^himkdhf�g_�\ur_� �-]h�
deZkkZ�lhqghklb�beb�ih^�ihke_^mxsmx�h[jZ[hldm�k\_jehf��a_gd_jhf�beb�j_aphf,�\\h�
^y�dhwnnbpb_gl������� 
���[��ijb� k\_je_gbb� lhqguo� hl\_jklbc�ih^�ihke_^mxsmx� h[jZ[hldm� jZa\_jldZfb�beb�

ih^�gZj_aZgb_�j_av[u�f_lqbdZfb��ijb�k\_je_gbb�p_gljh\hqgufb�k\_jeZfb��ijb�k\_j�

e_gbb�hl\_jklbc�\�^_lZeyo�fZehc�`_kldhklb�b�k�g_mklhcqb\ufb�hihjgufb�ih\_jogh�

klyfb,��\\h^y�dhwnnbpb_gl����� 
���Ijb\_^_ggmx� ^ey� a_gd_jh\Zgby� ih^Zqm� ijbf_gyxl�� dh]^Z� ^himkd� gZ� hl\_j�

klb_�g_�ij_\urZ_l��-]h�deZkkZ�lhqghklb�beb�ih^�ihke_^mxsmx�h[jZ[hldm�a_gd_jhf�b�

jZa\_jldhc� � beb� ^\mfy� jZa\_jldZfb�� Ih^Zqm� ke_^m_l� mf_gvrblv� ijb� a_gd_jh\Zgbb�

hl\_jklbc�ih��-fm���-fm�deZkkZf�lhqghklb�k�fZehc�]em[bghc�j_aZgby��ijb�ih\ur_gguo�

lj_[h\Zgbyo� d�r_jhoh\Zlhklb� ih\_joghklb�� ijb� ihke_^mxs_c� h[jZ[hld_� h^ghc� jZa�

\_jldhc�beb�gZj_aZgbb�j_av[u�f_lqbdhf����\\h^y�dhwnnbpb_gl������ 

 
LZ[ebpZ��� 

Ih^ZqZ�gZ�am[�ijb�nj_a_jh\Zgbb�q_jguo�b�p\_lguo�f_lZeeh\ 
 

<_ebqbgZ�kgbfZ_fh]h�ijbimkdZ�aZ�h^bg�ijhoh^��ff Lbiu�nj_a 

0,5 - 1 1 - 2 2 - 3 4 - 6 

>bkdh\u_� 
lj_oklhjhggb_ 

>bkdh\u_�ijhj_a- 
gu_�b�hlj_agu_� 

Lhjp_\u_ 
Pbebg^jbq_kdb_ 

��ff 
4 -���ff 
4 -���ff 
8 -����ff 
10 -����ff 
15 –����ff 
20 -����ff 
30 -����ff 
NZkhggu_ 

g_aZlueh\Zggu_ 
����ff 

aZlueh\Zggu_ 
���ff 

- 
 
- 
 

0,12 - 0,01 
 

0,015 - 0,01 
0,020 - 0,01 
0,025 - 0,02 
0,03 - 0,02 
0,04 - 0,02 
0,06 - 0,04 
0,10 - 0,07 
0,10 - 0,7 

 
 

0,06 - 0,04 
 

0,08 - 0,05 

0,08 - 0,05 
 

0,02 - 0,015 
 

0,12 - 0,10 
 

0,012 - 0,01 
0,02 - 0,01 
0,02 - 0,015 
0,025 - 0,015 
0,04 - 0,02 
0,06 - 0,04 
0,10 - 0,07 
0,10 - 0,07 

 
 

0,06 - 0,04 
 

0,08 - 0,05 

0,05 - 0,04 
 

0,02 - 0,015 
 

0,10 - 0,15 
 

0,008 - 0,004 
0,01 - 0,008 
0,015 - 0,01 
0.02 - 0.01 
0,03 - 0,015 
0,04 - 0,02 
0,08 - 0,07 
0,01 - 0,07 

 
 

0,04 - 0,03 
 

0,08 - 0,05 

0,04 - 0,02 
 

0,01 - 0,03 
 

0,03 - 0,10 
 
- 

0,008 - 0,005 
0,01 - 0,006 
0,015 - 0,008 
0,02 - 0,010 
0,04 - 0,02 
0,08 - 0,05 
0,08 - 0,05 

 
 

0,03 - 0,02 
 

0,06 – 0,04 
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HdhgqZgb_�lZ[e���� 
 

<_ebqbgZ�kgbfZ_fh]h�ijbimkdZ�aZ�h^bg�ijhoh^��ff Lbiu�nj_a 

6 - 8 8 - 10 10 - 15 15 - 30 

 
>bkdh\u_� 

lj_oklhjhggb_ 
>bkdh\u_�ijhj_a�

gu_�b�hlj_agu_� 
Lhjp_\u_ 

Pbebg^jbq_kdb_ 
��ff 

  4 - ��ff 
  4 - ��ff 
  8 - ���ff 
10 - ���ff 
15 - ���ff 
20 - ���ff 
30 - ���ff 
NZkhggu_ 

g_aZlueh\Zggu_��

���ff 
aZlueh\Zggu_ 

���ff 
 

 
 

0,04 - 0,02 
 

0,02 - 0,01 
0,07 - 0,04 

 
- 
- 

0,006 - 0,003 
0,008 - 0,006 
0,01 - 0,008 
0,03 - 0,015 
0,05 - 0,04 
0,05 - 0,03 

 
 

0,02 - 0,01 
 

0,04 - 0,03 

 
 

0,02 - 0,015 
 

0,01 - 0,007 
0,07 - 0,04 

 
- 
- 
- 

0,006 - 0,003 
0,008 - 0,003 
0,02 - 0,01 
0,05 - 0,03 
0,03 - 0,02 

 
 

0,02 - 0,01 
 

0,03 - 0,015 

 
 

0,03 - 0,015 
 

0,007 - 0,004 
0,07 - 0,04 

 
- 
- 
- 
- 

0,005 - 0,003 
0,02 - 0,01 
0,03 - 0,01 
0,03 - 0,02 

 
 

0,02 - 0,01 
 

0,02 - 0,01 

 
 

0,02 - 0,01 
 

0,007 - 0,004 
- 
 
- 
- 
- 
- 
- 

0,01 - 0,007 
0,02 - 0,008 
0,02 - 0,01 

 
 

0,01 - 0,003 
 

0,01 - 0,007 

 
I�j�b�f�_�q�Z�g�b�_��Ijb�h[jZ[hld_�[jhgau�b�qm]mgZ�ih^Zqm�gZ^e_`bl�m\_ebqblv�\�

1,5 -���jZaZ�\�aZ\bkbfhklb�hl�mkeh\bc�h[jZ[hldb��ijb�q_jgh\hc�h[jZ[hld_�b�ihke_^mx�
sbfb�qbklh\ufb�ijhoh^Zfb�ih^Zqm�fh`gh�m\_ebqblv�\�����-���jZaZ� 
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LZ[ebpZ��� 

Ih^Zqb�ijb�nj_a_jh\Zgbb�lhjp_\ufb�nj_a_jgufb�]heh\dZfb 
 
 

Q_jgh\Zy�h[jZ[hldZ�- ih^ZqZ�gZ�am[�nj_au�Sz ��ff 
 

>bZf_lj�]heh\db��ff 

250 - 200 175 - 125 >h���� 

<ue_l�ribg^_ey��ff 
 

H[jZ[Z�

lu\Z_�

fuc� 
f_lZee 

FZjdZ�l\_j^h]h�

kieZ\Z�b�mkeh\by� 
h[jZ[hldb 

>h���� 600 – 
1200 

>h���� 500 -
1000 

>h���� 400 – 
800 

 
KlZev� 

δ\�^h�����

FIZ 
 
 
 

KlZev� 

δ\ > 600 

FIZ 
 
 
 

Qm]mg� 
k_juc 

 

 
L�D���ih�dhjd_ 

 
L�D���[_a�dhjdb 

 
L�D��[_a�dhjdb 

 
L�D���ih�dhjdb 

 
L�D���[_a�dhjdb 

 
L�D��[_a�dhjdb 

 
<D��ih�dhjdb 

 
<D���<D�� 
[_a�dhjdb 

 

 
0,18 -
0,25 
0,2 - 
0,3 

0,18 -
0,25 
0,15 - 
0,2 

0,17 -
0,25 
0,15 - 
0,2 

0,25 - 
0,5 

0,3 - 
0,6 

 
0,12 -
0,18 
0,14 - 
0,2 

0,12 -
0,18 
0,1 - 
0,15 

0,12 -
0,17 
0,1 - 
0,15 
0,17 -
0,35 
0,2 - 
0,4 

 
0,16 -
0,22 

0,18 -
0,25 

0,16 -
0,22 

0,14 -
0,18 
0,15 - 
0,2 

0,14 -
0,18 
0,2 - 
0,4 

0,25 - 
0,4 

 
0,1 – 
0,15 

0,12 -
0,18 
0,1 – 
0,15 

0,04 -
0,13 

0,10 -
0,15 

0,09 -
0,13 

0,13 -
0,25 

0,15 – 
0,3 

 
0,12 -
0,16 

0,15 -
0,22 

0,12 -
0,16 
0,1 -  
0,14 

0,13 -
0,18 
0,1 -  
0,15 

0,17 -
0,35 
0,2 -     
0,4 

 
0,08 -
0,12 
0,1 - 
0,15 

0,08 -
0,12 

0,07 - 
0,1 

0,09 -
0,13 

0,07 - 
0,1  

0,1 -   
0,2 

0,12 -
0,25 

 
I� j� b�f� _� q� Z� g� b� _��Ijb� qbklh\hc� h[jZ[hld_� �ih^ZqZ� gZ� h^bg� h[hjhl�nj_au����������������

S0��ff�h[��^ey�ihemq_gby�r_jhoh\Zlhklb� 20eR - S = 0,45 -�����ff�h[��ijb� 25,1 - S0 = 0,3 – 

�����ff�h[� 
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 LZ[ebpZ��� 
AgZq_gby�dhwnnbpb_glZ�KS�b�ihdZaZl_e_c�kl_i_gb�o, y, z 

�^ey�jZkq_lZ�qbklh\uo�ih^Zq�ijb�nj_a_jh\Zgbb  

 
Lbi�nj_au FZjdZ� 

fZl_jbZeZ 
KS x y z 

Pbebg^jbq_kdb_� 
 

Lhjp_\u_�ω = 20 

 

 

 

 

 

 

 

 

 

 

Lhjp_\u_�ω = 00 

KlZev���O 
Qm]mg� 

KlZev���� 
ijhdZl 

KlZev���O�

ijhdZl 
KlZev�O�G�

ijhdZl 
KlZev����

memqr_ggZy 
KlZev���� 
KlZev������ 
20 b���O 
�KlZev��� 

0,0125 
0,02 

 
0,022 

 
0,022 

 
0,017 

 
0,046 
0,025 

 
0,032 
0,040 

0,83 
0,8 

 
1,25 

 
1,25 

 
1,25 

 
1,25 
1,25 

 
1,25 
1,25 

0,07 
1 
 
1 
 
1 
 
1 
 
1 
1 
 
1 
1 

0,64 
0,50 

 
1 
 
1 
 
1 
 
1 
1 
 
1 
1 

 

LZ[ebpZ��� 
AgZq_gb_�dhwnnbpb_glZ�KV�b�ihdZaZl_e_c�kl_i_gb� 
�^ey�jZkq_lZ�kdhjhklb�^_lZeb�ijb�rebnh\Zgbb 

 
AgZq_gby�dhwnnbpb_glh\�b�ihdZaZl_e_c� 

kl_i_gb 
<b^�rebnh\Zgby Rebnh\Zevguc�

djm] 
CV ρ m x y z 

Djm]eh_�k�ihi_j_q- 
ghc�ih^Zq_c�gZ�

^\hcghc�oh^ 
Djm]eh_�\j_agh_ 
;_kp_gljh\h_ 
�gZ�ijhoh^ 

;_kp_gljh\h_�\j_a�

gh_ 
<gmlj_gg__� 

Iehkdh_�i_jbn_jb�

_c�djm]Z 
Iehkdh_�lhjp_f�

djm]Z 

 
 

��:KF��D� 
��:K��D� 

 
��:K��D� 

 
��:KF��D� 
��:KF��D� 

 
��:KF��D� 
dhevp_\hc 
��:F��D� 

 
 

0,27 
0,95 

 
15,5 

 
0,5 

0,054 
 

2,5 
 

106 

 
 

0,3 
0,3 

 
0,3 

 
0,3 
0,5 

 
- 
 
- 

 
 

0,5 
0,35 

 
0,5 

 
0,5 
0,6 

 
0,7 

 
0,83 

 
 
1 

0,7 
 
1 
 

0,65 
0,9 

 
0,75 

 
1 

 
 
1 
- 
 
1 
 
- 

0,9 
 
1 
 
- 

 
 
- 
- 
 
- 
 
- 
- 
 
- 
 

0,9 
 

I�j�b�f�_�q�Z�g�b�_��FZl_jbZe�aZ]hlh\db�–�g_aZdZe_ggZy�klZev��ijb�rebnh\Zgbb�

aZ]hlh\hd�ba�aZdZe_gguo�klZe_c�kdhjhklv�\jZs_gby��beb�i_j_f_s_gby��mf_gvrZxl�gZ�������

5 – 10 %. 
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LZ[ebpZ��� 

<_ebqbgu�ih^Zq�ijb�am[hgZj_aZgbb 
 

 
Ih^ZqZ�S��ff��gZ�h^bg�h[hjhl�beb 

�gZ�h^bg�^\hcghc�oh^��ff 

 
F_lh^�h[jZ[hldb 

>h�� 
 

>h�� 
 

>h�� 
 

 
Am[hnj_a_jh\Zgb_�h^ghaZoh^ghc� 
q_j\yqghc�nj_ahc� 

- q_jgh\u_�ijhoh^u 
- qbklh\u_�ijhoh^u 

GZj_aZgb_�rebp_\uo�\Zebdh\�q_j\yqghc�

nj_ahc� 
- q_jgh\u_�ijhoh^u 
- qbklh\u_�ijhoh^u 

Am[h^he[e_gb_�^he[ydhf����ff� 
- q_jgh\u_�ijhoh^u 
- qbklh\u_�ijhoh^u 

 

 
 
 

0,8 - 1,2 
0,8 - 1,2 

 
 

2 - 4 
1,5 - 2,0 

 
0,31 
0,31 

 
 
 

4 - 8 
1,2 

 
 
- 
- 
 

0,32 - 0,5 
0,31 

 
 
 

2,7 - 8 
1,4 

 
 
- 
- 
 

0,19 - 0,5 
0,38 

 
 
 
 

 
 
 



 54 

LZ[ebpZ��� 

Ih^Zqb�ijb�gZj_aZgbb�pbebg^jbq_kdbo�am[qZluo�dhe_k�ba�klZeb����b����k�G<�����- 207 
h^ghjh^gufb�q_j\yqgufb�nj_aZfb�ba�[ukljhj_`ms_c�klZeb 

 
Ih^ZqZ�gZ�h^bg�h[hjhl�aZ]hlh\db�S��h[�fbg 

^ey�q_jgh\h]h�gZj_aZgby�ijb�fhsghklb� 
am[hnj_a_jgh]h�klZgdZ��d<l 

^ey�qbklh\h]h�gZj_aZgby� 

ih�kiehrghfm�f_lZeem ih�ij_^\Zjbl_evgh 
ijhj_aZgghfm�am[m 

Ijb�deZkk_�qZklhlu 

Fh^mev� 
f��ff 

1,5 - 2,8 
 
 
 
 

3 - 4 
 
 
 
 

5 - 9 
 
 
 
 

10 - 14 
 
 
 
 

15 - 22 
 
 
 
 

4 - 5 6 4 - 5 6 

>h���� 
K\������^h���� 
K\������^h�� 
K\����^h�� 
K\����^h�� 
K\����^h��� 
K\�����^h��� 
K\�����^h��� 
K\. 22�^h 26 

0,8 - 0,12 
1,2 - 1,6 
1,6 - 2,0 
1,2 - 1,4 

 
 
- 

1,4 - 1,8 
2,4 - 2,8 
2,6 - 3,0 
2,2 - 2,6 
2,0 - 2,2 

 
 
- 

1,6 - 1,8 
2,4 - 2,8 
2,8 - 3,2 
2,4 - 2,8 
2,2 - 2,6 
2,0 - 2,4 
1,8 - 2,2 
1,5 - 2,0 

- 

- 
2,4 - 2,8 
2,8 - 3,2 
2,6 - 3,0 
2,4 - 2,8 
2,2 - 2,6 
2,0 - 2,4 
1,8 - 2,2 
1,2 - 1,8 

 
- 
 

2,6 - 3,0 
2,4 - 2,8 

 
2,2 - 2,6 
1,8 - 2,2 
1,5 - 2,0 

1,0 - 1,2 
1,2 - 1,8 

 
 
 
- 

0,5 - 0,8 
0,8 - 1,0 

 
 
 
- 

 
 
 

2,0 - 2,5 
 
 
 

3,0 - 4,0 

 
 
 

0,7 - 0,9 
 
 
 

1,0 - 1,2 

 
I�j�b�f�_�q�Z�g�b�y�����Ijb�q_jgh\hc�h[jZ[hld_�dhe_k�ba�qm]mgZ�G<�����-�����ih^Zqm�m\_ebqb\Zlv�gZ���������>ey�fgh]haZoh^�

guo�q_j\yqguo�nj_a�ih^Zqb�mf_gvrZlv��ijb�^\mo�aZoh^Zo�-�gZ�������ijb�lj_o�-�gZ�����������>ey�nj_a�k�aZlhqdhc�ih�aZ^g_c�]jZgb�

�hkljhaZlhq_gguo��ih^Zqb�m\_ebqb\Zlv�gZ�����������Ijb�ihimlghf�nj_a_jh\Zgbb�ih^Zqb�m\_ebqb\Zlv�gZ����-���������Ijb�gZj_aZgbb�

dhkham[uo�dhe_k�k�m]ehf�gZdehgZ�am[Z�β�agZq_gb_�ih^Zq�mfgh`blv�gZ�cos β. 
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LZ[ebpZ��� 

Ih^Zqb�ijb�gZj_aZgbb�pbebg^jbq_kdbo�am[qZluo�dhe_k�ba�klZeb����b��� 
�k�G<�����-�����^bkdh\ufb�fh^mevgufb�nj_aZfb 

 
 

Fh^mev� 
m��ff 

 
Qbkeh�h^gh- 
\j_f_ggh�

jZ[hlZxsbo�

nj_a 

 
Ih^ZqZ�gZ�

h^bg�h[hjhl�

nj_au�S��ff 

 
Fh^mev� 
m��ff 

 
Qbkeh�h^gh- 
\j_f_ggh�

jZ[hlZxsbo�

nj_a 

 
Ih^ZqZ�gZ�

h^bg�h[h�

jhl�nj_au�

S��ff 

 
Am[hnj_a_jgu_�b�]hjbahglZevgu_�klZgdb 

Hl���^h�� 
K\����^h��� 
K\����^h��� 

 
1 

1,2 - 2,0 
0,6 - 1,0 
0,5 - 0,8 

Am[hnj_a_jgu_��klZgdb 

K\�����^h��� 
K\�����^h��� 

1 
1 

2,0 - 3,5 
1,7 - 3,1 

 
K\����^h��� 
K\�����^h��� 

 
K\�����^h��� 
K\�����^h��� 
K\�����^h��� 
K\�����^h��� 

 
1 
1 
 
 
2 
 
 

 
1,5 - 2,8 
1,4 - 2,5 

 
1,6 - 2,8 
1,4 - 2,5 
1,2 - 2,2 
1,1 - 2,0 

 

 

LZ[ebpZ��� 

Ih^Zqb�ijb�gZj_aZgbb�pbebg^jbq_kdbo�am[qZluo�dhe_k�ba�klZeb����b���� 
k�G<�����-�����^bkdh\ufb�^he[ydZfb�ba�[ukljhj_`ms_c�klZeb 

 
Ih^ZqZ�djm]h\Zy�Sd��ff�^\�oh^�� 

ijb�fhsghklb� 
am[h^he[_`gh]h�klZgdZ��d<l 

OZjZdl_j�h[jZ[hldb Fh^mev�

m��ff 

 
1,0 - 1,5 

 
1,6 - 2,5 

 
2,6 - 5,0 

 
K\����� 

 
Q_jgh\Zy�\�h^bg�ijhoh^�

ih^�ihke_^mxsmx�qbklh�

\mx�h[jZ[hldm�^he[ydhf 
Qbklh\Zy�ih��-fm�deZkkm�

qbklhlu� 
ih�kiehrghfm�fZl_jbZem 

ih�ij_^_evghfm�

h[jZ[hlZgghfm�am[m 
 

 
>h�� 

K\����^h��� 
K\����^h��� 

 
 

>h�� 
 

K\����^h��� 

 
0,35 - 0,40 
0,15 - 0,20 

- 

 
0,40 - 0,45 
0,30 - 0,40 

 
 
 

0,25 - 0,30 
 

0,22 – 0,25 

 
- 

0,40 - 0,50 
0,30 - 0,40 

 
 

0,25 - 0,30 
 

0,22 - 0,25 

 
- 
- 

0,40 - 
0,50 
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LZ[ebpZ��� 

Ih^Zqb�ijb�nj_a_jh\Zgbb�rebp_\uo�\Zeh\�ba�klZeb����b����k�G<�����- 207 
q_j\yqgufb�rebp_\ufb�nj_aZfb�ba�[ukljhj_`ms_c�klZeb  

OZjZdl_j�h[jZ[hldb >bZf_lj� 
\ZeZ� ff 

<ukhlZ�rebp_\� 
ff 

Ih^ZqZ�gZ�h^bg� 
h[hjhl�aZ]hlh\db��

h[�ff 
Q_jgh\Zy�ih^�rebnh\Z�

gb_ 
 
 

Qbklh\Zy�ih�kiehrghfm�

fZl_jbZem�� 5,2 ) 

14 - 52 
52 - 82 

  90 - 125 
14 - 52 
52 - 82 

  90 - 125 

        1,5 - 3 
 3 - 5 

    5 - 6,5 
         1,5 - 3 

  3 - 5 
     5 - 6,5 

1,8 - 2,0 
2,2 

2,4 - 2,5 
0,6 
0,8 
1,2 

 
I�j�b�f�_�q�Z�g�b�_��Ijb�q_jgh\hc�h[jZ[hld_�q_j\yqgufb�nj_aZfb�k�mkbdZfb�ih�

^Zqm�mf_gvrZlv�gZ������ 
 

LZ[ebpZ��� 

IhijZ\hqguc�dhwnnbpb_gl�gZ�ih^Zqm��mqblu\Zxsbc 
�f_oZgbq_kdb_�k\hckl\Z�klZeb 

 
KlZev�dhgkljmdpbhggZy� 

m]e_jh^bklZy� 
KlZev�dhgkljmdpbhggZy�e_]bjh\ZggZy 

35 45 50 ��O� 
��O 

��OG�:��
��OGF����O=L��
��OG�����O 

��O=L ��OG<:� 
��OF��: 
�OGF��
�OGF� 
HOG�F 

Dhwnnbpb_gl�DF�ijb�G< 
156 -
187 

170 - 207 >h���� 170 - 
229 

156 - 
207 

156 - 
229 

156 - 
207 

156 - 
229 

229 - 
285 

0,1 0,1 0,9 0,9 1,0 0,9 - 0,8 0,7 

 
LZ[ebpZ��� 

Ih^Zqb�ijb�gZj_aZgbb�q_j\yqguo�dhe_k�ba�k_jh]h�qm]mgZ�G<����-210  
b�ba�[jhgau�G<�����q_j\yqgufb�nj_aZfb�ba�[ukljhj_`ms_c�klZeb 

 
Ih^ZqZ�gZ�h^bg�h[hjhl�aZ]hlh\db��ff Fh^mev� 

m��ff 
>bZf_lj�nj_au�D��ff 

jZ^bZevgZy�Sp lZg]_gpbZevgZy�Sl 
3 
4 
5 
6 
8 
10 
12 

70 
80 
90 
125 
145 
164 
171 

0,60 - 0,90 
0,55 - 0,95 
0,50 - 0,90 
0,50 - 0,85 
0,45 - 0,78 
0,40 - 0,74 
0,60 - 0,70 

1,4 - 1,6 
1,3 - 1,5 
1,2 - 1,4 
1,2 - 1,3 
1,1 - 1,2 

- 
- 

 
I�j�b�f�_�q�Z�g�b�_��Ijb�gZj_aZgbb�fgh]haZoh^guo�dhe_k�ih^Zqm�mf_gvrblv�ijh�

ihjpbhgZevgh�qbkem�aZoh^h\� 



 57 

 

LZ[ebpZ��� 

AgZq_gb_�dhwnnbpb_glh\�b�ihdZaZl_e_c�kl_i_gb� 
�^ey�hij_^_e_gby�kdhjhklb�ijb�lhdZjghc�h[jZ[hld_ 

 
 

FZl_jbZe�j_`ms_c�qZklb�bgkljmf_glZ 

 
;ukljhj_`msZy�klZev� 

 
L\_j^uc�kieZ\ 

 

 
<b^�h[jZ[hldb 

 
Mkeh\by� 
h[jZ[hldb 

Cv m x y n Cv m x y n 

 
Lhq_gb_� 

b�jZklZqb\Zgb_ 
 
 
 
 
 

Ijh\_jdZ�dZgZ\hd� 
b�hlj_adZ 

 

 
K�hoeZ`^_gb_f 

S < 0,25 
S > 0,25 

;_a�hoeZ`^_gby 
S < 0,25 
S > 0,25 

;_a�hoeZ`^_gby 
K�hoeZ`^_gb_f 

 
 

96,2 
60,8 

 
52,5 
42,0 
20,3 
21,8 

 
 

0,125 
0,125 

 
0,1 
0,1 
0,20 
0,25 

 
 

0,25 
0,25 

 
0,25 
0,25 

- 
- 

 
 

0,33 
0,66 

 
0,50 
0,66 
0,40 
0,66 

 
 

1,75 
1,75 

 
1,75 
1,75 
1,75 
1,75 

 
 

257 
294 

 
242 
267 
54,2 
72,8 

 
 

0,125 
0,125 

 
0,125 
0,125 
0,15 

- 

 
 

0,18 
0,18 

 
0,18 
0,18 

- 
0,35 

 
 

0,20 
0,20 

 
0,20 
0,35 
0,35 

- 

 
 
1 
1 
 
1 
1 
1 
1 
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LZ[ebpZ��� 
AgZq_gb_�dhwnnbpb_glh\�b�ihdZaZl_e_c�kl_i_gb� 
\�nhjfmeZo�kdhjhklb�ijb��h[jZ[hld_�hl\_jklbc 

 
<b^�h[jZ[hldb J_`msbc�

bgkljmf_gl 
Cv x y z m n 

K\_je_gb_�^_lZe_c� 
ba�klZeb�k�G<������ 

 
 

K\_je_gb_�^_lZe_c 
�ba�klZeb�k�G<�!���� 

 
 

JZa\_jlu\Zgb_�^_lZe_c�
ba�klZeb�k�G<������ 

JZa\_jlu\Zgb_�^_lZe_c�
ba�klZeb�k�G<�!���� 
JZkk\_jeb\Zgb_�^_lZ�
e_c�ba�klZeb�k�G<������ 
JZFk\_jeb\Zgb_�^_lZ�
e_c�ba�klZeb�k�G<�!���� 
A_gd_jh\Zgb_�^_lZe_c�
ba�klZeb�k�G<������ 
A_gd_jh\Zgb_�^_lZe_c�
ba�klZeb�k�G<�!���� 

K\_jeh� 
D������ff 
K\_jeh 

 D�!����ff 
K\_jeh 

 D������ff 
K\_jeh 

 D�!����ff 
 
- 
 
- 
 
- 
 
- 
 
- 
 
- 

 
0,041 

 
0,10 

 
874 

 
360 

 
0,152 

 
1310 

 
0,168 

 
1450 

 
0,266 

 
2000 

 
- 
 
- 
 
- 
 
- 
 

0,2 
 

0,2 
 

0,2 
 

0,2 
 

0,2 
 

0,2 

 
0,7 

 
0,5 

 
0,7 

 
0,5 

 
0,65 

 
0,65 

 
0,5 

 
0,5 

 
0,5 

 
0,5 

 
0,65 

 
0,40 

 
0,65 

 
0,40 

 
0,3 

 
0,3 

 
0,4 

 
0,4 

 
0,3 

 
0,3 

 
0,2 

 
0,2 

 
0,2 

 
0,2 

 
0,4 

 
0,4 

 
0,2 

 
0,2 

 
0,3 

 
0,3 

 
0,9 

 
0,9 

 
0,9 

 
0,9 

 
0,9 

 
0,9 

 
0,9 

 
0,9 

 
0,9 

 
0,9 

 

LZ[ebpZ��� 
AgZq_gb_�dhwnnbpb_glh\�b�ihdZaZl_e_c�kl_i_gb� 

�\�nhjfmeZo�kdhjhklb�ijb�nj_a_jh\Zgbb 
 

FZl_jbZe�j_`ms_c�qZklb�bgkljmf_glZ <b^�h[jZ[hldb 
Cv x y z m n q 

;ukljhj_`msZy�klZev 
 

64,7 
 

61,6 
 

53 

0,1 
 

0,19 
 

0,3 

0,4 
 

0,28 
 

0,2 

0,15 
 

0,08 
 

0,2 

0,2 
 

0,33 
 

0,2 

0,1 
 

0,1 
 

0,1 

0,25 
 

0,17 
 

0,25 

L\_j^uc�kieZ\ 

 
 

Lhjp_\h_�nj_a_jh�

\Zgb_ 
Pbebg^jbq_kdh_�

nj_a_jh\Zgb_ 
Hlj_adZ�b�ijhj_adZ�

iZah\ 
 

Lhjp_\h_�nj_a_jh�

\Zgb_ 
Pbebg^jbq_kdh_�

nj_a_jh\Zgb_ 
Hlj_adZ�b�ijhj_adZ�

iZah\ 

332 
 

443 
 
- 

0,1 
 

0,38 
 
- 

0,4 
 

0,28 
 
- 

0,2 
 

-0,05 
 
- 

0,2 
 

0,33 
 
- 

1 
 

0,1 
 
- 

0,2 
 

0,17 
 
- 
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LZ[ebpZ��� 
AgZq_gb_�dhwnnbpb_glh\�b�ihdZaZl_e_c�kl_i_gb��\�nhjfmeZo 

�kdhjhklb�j_aZgby�ijb�gZj_aZgbb�am[qZluo�dhe_k�b�rebp_\uo�\Zeh\ 
 

Dhwnnbpb_glu�b�ihdZaZl_eb�
kl_i_gb 

Bgkljm�
f_gl 

H[jZ[Zlu�
\Z_fuc� 
fZl_jbZe 

OZjZdl_j 
gZj_aZ�
gby 

Fh�
^mev��
ff K y X q µ 

L, 
ff 

Q_jgh\h_ 0,5 0,33 480 KlZev���� 
G<���� 

240 
 

960 

Nj_au�q_j�
\yqgu_�fh�
^mevgu_� 
h^ghaZoh^�

gu_ 
Qm]mg�k_juc 
G<����-

210 

Qbklh\h_ 
 

Q_jgh\h_ 
 

Qbklh\h_ 

0,85 
 

0,3 
 

0,4 

0,5 
 

0,2 
 

0,3 
0,33  

 
dhjjb]bjh�
\Zggu_ 

 
KlZev���� 
G<����  

 
0,5 

Qm]mg�k_juc 
G<����-210 

1,5 – 6 
7 – 26 
1,5 – 3 

 
1,5 - 26 

 

1,5 - 3 
4 - 6 
7 - 26 
3 - 6 

 
7 - 12 

 
3 - 12 

 
 
 
 

Q_jgh\h_ 
 
 
 

 
0,3 

 

 

 
0,33 

 
 
 
 
 
 

0,2 

 
HkljhaZlh�

q_ggu_�

�dhgkljmdpbb 
<GBB� 

KlZev���� 
G<����  

0,5 
0,3 

0,25  
>he[ydb� 

am[hj_agu_ 
^bkdh\u_ 

Qm]mg�k_juc 
G<����-210 

 
 

Qbklh\h_ 
Q_jgh\h_ 
Qbklh\h_ 

 
 
 
1,5 - 8 

0 
0,1 
-0,5 

 
0,15 

 

-0,4 
0 

0,1 
0 
 

0,1 
 

0,15 
 

0,3 
0 
 

0,15 
0 

 
 
 
 
 
 
 
 
 
 
 
- 
 

0,2 
0,3 

 
 

Q_jgh\h_ 
Qbklh\h_ 

 
 

Nj_au�q_j�
\yqgu_�^ey 
rebp_\uo�
\Zeh\�� 

k�gZjm`guf 
p_gljbjh�
\Zgb_f 

�[_a�mkbdh\� 
k�\gmlj_g�

gbf 
p_gljbjh�
\Zgb_f 

�k�mkbdZfb� 

 
Q_jgh\h_ 
Qbklh\h_ 

 
 
 
    - 

312 
350 
560 

 
198 

 

152 
270 
322 
406 

 
455 

 
228 

 
49 
90 
 

54 
113 

 
 
 
 

780 
390 

 
 

663 
331 

 
 
 
 
 
 

0,5 
 

 
 
 
 
 
 

1,28 

 
 
 
 
 
 

0,37 
 

 
 
 
 
 
 

0,4 
 
 
 

400 
240 

 
400 
240 

 
 
 
 
 

600 
300 

 
 

600 
300 

Nj_au� 
^bkdh\u_ 
fh^mevgu_ 

 
 
 
 
 
 

KlZev���� 
G<���� 

 
 

Q_jgh\h_ 14 - 26 49 0,45 0 - 0,33 480 

 
I�j�b�f�_�q�Z�g�b�y�����GZ�lZ[ebqgu_�agZq_gby�klhcdhklb�L�^ey�q_j\yqguo�fh�

^mevguo�nj_a�\k_o�lbih\�\\h^blv�ihijZ\hqguc�dhwnnbpb_gl�D��jZ\guc�����ijb�fh^m�
eyo�^h���ff�������ijb�fh^meyo�m�k\����^h���ff������ijb�fh^meyo�m�k\����^h���ff������ijb�
fh^meyo�m�k\����^h����ff������ijb�fh^meyo�m�k\������ff�����LZ[ebqgu_�agZq_gby� 
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LZ[ebpZ��� 

IhijZ\hqguc�dhwnnbpb_gl�D��mqblu\Zxsbc�\ebygb_�f_oZgbq_kdbo� 
k\hckl\�dhgkljmdpbhgghc�klZeb�gZ�kdhjhklv�j_aZgby 

 
 

FZjdZ�klZeb 
 

 
L\_j^hklv�G< 

 
Dhwnnbpb_gl�D 

 
35 
 

45 
50 

��O����O 
��OG�:����OGF���O�L�

��OG�����O 
��O=L 

��OG<:����OF��: 
�OGF��OGF���OG�F 

 

 
156 - 187 
170 - 207 
280 - 241 
170 - 229 
156 - 207 

 
156 - 229 
156 - 207 
156 - 229 
229 - 285 

 
1,1 
1,0 
0,8 
0,9 
1,0 

 
0,9 

 
0,8 
0,6 
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LZ[ebpZ��� 

IhijZ\hqgu_�dhwnnbpb_glu��gZ�kdhjhklv�j_aZgby�\�aZ\bkbfhklb� 
hl�dhgkljmdpbhgguo�hkh[_gghkl_c�bgkljmf_glh\�b�^jm]bo�nZdlhjh\ 

 
NZdlhju, 
\ebyxsb_� 
gZ�kdhjhklv�

j_aZgby 

GZbf_gh\Zgb_� 
bgkljmf_glZ 

AgZq_gby�\ebyxsbo�nZdlhjh\�b�\_ebqbgu� 
dhwnnbpb_glZ 

AZoh^u�nj_au 
 
 

Hk_\u_� 
i_j_f_s_gby�

bgkljmf_glZ 
 
 

Lhqghklv 
 
 
 

Ijhnbev�am[Z�

nj_au 
 
 
 

Rebpu� 
rebp_\h]h� 

\ZeZ� 
 

Iheh`_gb_�

am[v_\�gZj_�

aZ_fh]h�dhe_kZ 
 
 

Dhebq_kl\h�

am[v_\�gZj_�

aZ_fh]h�dhe_kZ 
 
 

Ijhoh^u 
 

Nj_au�q_j\yqgu_� 
fh^mevgu_ 

 
Nj_au�q_j\yqgu_�

fh^mevgu_�b�rebp_�

\u_ 
 
 

Nj_au�q_j\yqgu_� 
fh^mevgu_�ijb� 
h[jZ[hld_�klZeb 

 
 
 
 

Nj_au�q_j\yqgu_�

rebp_\u_ 
 
 
 
 

Nj_au�q_j\yqgu_� 
fh^mevgu_�b�^he[y�

db�^bkdh\u_ 
 
 

>he[ydb�^bkdh\u_ 
 
 
 
 

Nj_au�q_j\yqgu_ 
fh^mevgu_ 

Qbkeh�aZoh^h\�������������������������������������- 
Dhwnnbpb_gl�D���������������������� 
 
Dhebq_kl\h���������������������������������������������������� 
i_j_f_s_gbc� 
nj_au 
Dhwnnbpb_gl�D������,0    1,1      1,2        1,3     - 
 
DeZkk�lhqghklb�������K�������<��������: 
 
Dhwnnbpb_gl�D������������������������������            -  
 
Ijhnbev�am[Z�����K�mkb-��[_a�mkb- 
b�nj_au�����������������dZfb���dh\ 
Dhwnnbpb_gl�D��������������� 
 
 
Qbkeh�rebp_\��������������������������������������������� 
gZj_aZ_fh]h 
\ZebdZ�U 
 
Dhwnnbpb_gl�D�������������������������������������� 
M]he�gZdehgZ������������������������������������� 
am[v_\��]jZ^ 
Dhwnnbpb_gl�D��    0,1        0,9     0,8     0,7 
    
Qbkeh�am[v_\���������������������������������������� 
gZj_aZ_fh]h 
dhe_kZ 
Dhwnnbpb_gl�D������������������������������ 
                               ���������������������>\Z�ijhoh^Z 
Qbkeh�ijhoh^h\��H^bg������������i_j\uc��\lhjhc 
������������������������������ijhoh^���������ijhoh^���ijhoh^ 
Dhwnnbpb_gl�D�������������������������������������������� 

 



 62 

LZ[ebpZ��� 

AgZq_gby�ihijZ\hqgh]h�dhwnnbpb_glZ�D 
 

Lbiu 
klZgdh\ 

Ijh^hevgh-
kljh]Zevguc 

Ihi_j_qgh-
kljh]Zevguc 

>he[_`guc 

 
Dhwnnbpb_gl 

 
1 

 
0,8 

 
0,6 

 

LZ[ebpZ��� 

Kdhjhklb�j_aZgby��^himkdZ_fu_�klZgdZfb�b�bgkljmf_glhf��f�fbg 
 

Kdhjhklv�j_aZgby I_jki_dlb\u�m\_ebq_gby�kdhjhklb� 
j_aZgby 

KlZgdb� 

>himk�

dZ_fZy�

klZgdZfb 

>himkdZ_fZy�

bgkljmf_glZfb 
NZdlbq_�

kdZy�ijb�

f_gy_fZy�\�

ijhfur�

e_gghklb 

>himk�

dZ_fZy�

klZg�

dZfb 

>himkdZ_fZy�

bgkljmf_gl

Zfb 

LhdZjgu_ 
 
 
 
 

JZklhqgu_ 
K\_jebevgu_ 

 
 
 

Nj_a_jgu_ 
Am[hnj_a_j�

gu_ 
 
 
 
 

Kljh]Zevgu_ 
 
 
 

Ijhly`gu_� 
gZjm`gu_ 
\gmlj_ggb_ 
sebnh\Zev�

gu_ 

400 - 600 
 
 
 
 

300 - 500 
50 - 100 

 
 
 

400 -  500 
40 - 50 

 
 
 
 

50 - 75 
 
 
 
 

14 
11 
35 

150 - 400  
�l\��kieZ\� 
400 - 500  

�fbg_jZeh�– 
�d_jZfbdZ� 
125 - 200 
40 - 80 

�l\��kieZ\� 
15 - ����[ukljh- 
j_`ms��klZev� 

150 - 300 
20 - 35 

 
 
 
 

50 - 80 
�l\�kieZ\� 

20 – 50 �[ukljh- 
j_`ms�klZev� 

 
30 - 40 
5 - 11 
35 - 50 

50 - 150 
 
 
 
 

50 - 85 
30 - 60 

 
15 - 80 

 
50 - 150 
16 - 35 

 
 
 
 

40 - 60 
 
 
 
 

6 - 12 
5 - 8 

25 - 35 

400 - 600 
 
 
 
 

300 - 
500 

 
 
- 
 

400 - 500 
160 

 
 
 
 

75 
 
 
 
 

15 - 20 
11 - 13 

50 

200 - 50 
�l\��kieZ\� 
500 - 600 

�fbg_jZeh�–  
d_jZfbdZ� 
200 - 400 
50 - 100 

 
20 - 40 

 
200 - 400 

20 - ����[ukljh- 
j_`ms��klZev� 
60 - �����l\��kieZ\ 
�b�dh[Zevlh\Zy 

klZev��� 
50 - 100 

 
 
 
 

15 - 20 
11 - 13 

50 
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LZ[ebpZ��� 
Dhwnnbpb_glu��b�ihdZaZl_eb��kl_i_g_c�ijb�jZkq_l_��kbe�j_aZgby 

 
K�l�Z�e�b  

<b^�h[jZ[hldb 
>ey�kbeu 

j_aZgby�beb 
djmlys_]h 
fhf_glZ 

 
K 

 
X 

 
m 

 
z 

 
n 

 
w 

Lhq_gb_��jZklZqb\Zgb_� 
kljh]Zgb_ 

Pz 0,279* 
0,036* 

1,00 0,75 - 0,35 - 

 Pm 
Jo 

2,7· 10-5 

2,1· 10-4 
 0,9 
 1,2 

0,75 
0,65 

- 
- 

 2,0 
 1,5 

- 
- 

Hlj_adZ�b�ijhj_adZ�

j_apZfb 
Pz 0,34* 

0,044* 
 1,0  1,0 - 0,35 

0,75 
- 

 Py 3,1· 10-5  1,2 0,75 -  2,0 - 
K\_je_gb_ Px 

M 
0,015 
8· 10-3 

- 
- 

 0,7 
 0,8 

 1,0 
 2,0 

0,75 
 0,7 

- 
- 

JZkk\_jeb\Zgb_ Px 
M 

6,2· 10-3 

1,83· 10-2 
 1,3 
 0,9 

 0,7 
 0,8 

- 
 1,0 

0,75 
 0,7 

- 
- 

Pbebg^jbq_kdh_ 
nj_a_jh\Zgb_ 

P 6,8· 10-1 0,86 0,74  1,0 0,86 - 

Nj_a_jh\Zgb_�lhjp_\ufb� 
^bkdh\ufb�b�hlj_agufb�

nj_aZfb 

P 
 

8,2· 10-1 1,10 0,80 0,95 1,10 0,2 

Nj_a_jh\Zgb_�nZkhggufb 
b�m]eh\ufb�nj_aZfb 

P 4,7· 10-1 0,86 0,74  1,0 0,86 - 

  Qm]mg�b�f_^gu_�kieZ\u 
Lhq_gb_��jZklZqb\Zgb_� 
kljh]Zgb_ 

Pz 6,35· 10-2* 
5,34· 10-2** 

 1,0  0,75 - 0,55 - 

 Py 1,3· 10-3* 
4,5· 10-3** 

 0,9  0,75 -  1,3 - 

 Px 1,6· 10-3* 
3,1· 10-4** 

 1,20  0,75 - 1,10 - 

Hlj_adZ�b�ijhj_adZ�

j_apZfb 
Pz 
Py 

8,82· 10-2 

1,2· 10-3 
 1,0 
 1,2 

 1,0 
 0,75 

- 
- 

0,55 
 1,3 

- 
- 

K\_je_gb_ Px 2,6· 10-2    -  0,8  2,0  0,6 - 
 M 1,0· 10-2    -  1,0  2,4  0,6 - 
JZkk\_jeb\Zgb_ Px 9,2· 10-3  1,2  0,4 -  0,6 - 
 M 3,16· 10-2 0,75 0,80  1,0  0,6 - 
Pbebg^jbq_kdh_ 
nj_a_jh\Zgb_ 

P 4,8· 10-1 0,83 0,65  1,0 0,83 - 

Nj_a_jh\Zgb_�lhjp_\ufb� 
^bkdh\ufb�b�hlj_agufb 
nj_aZfb 

P 7,0· 10-1 1,14 0,70 0,90 1,14 - 

Nj_a_jh\Zgb_�nZkhggufb 
b�m]eh\ufb�nj_aZfb 

P 3,9· 10-1 0,83 0,65 1,00 0,83 - 

 
I�j�b�f�_�q�Z�g�b�_.�����
��ijb�G<������ 

�����������������������������������������������

�ijb�G<�!���� 
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                                                                                                                                                                         �LZ[ebpZ��� 
 

AgZq_gby����dhwnnbpb_glh\�b�ihdZaZl_e_c�kl_i_gb��^ey�hij_^_e_gby��fhsghklb��ijb�rebnh\Zgbb 
 

<b^�rebnh\Zgby Rebnh\Zevguc 
djm] 

 

Kn 

 

o m z q S 

 
Djm]eh_�gZjm`gh_�k�ihi_j_qghc� 
ih^Zq_c�gZ�^\hcghc�oh^�klheZ 

 
��:KF��D� 

 
1,4 

 
0,75 

 
0,7 

 
0,85       

 
- 

 
- 

Djm]eh_��gZjm`gh_�\j_agh_� ��:K��D� 0,14 0,8 - 0,8        1,0        0,2 
<gmlj_gg__�k�ihi_j_qghc�ih^Zq_c� ��:KF��D� 0,36 0,35 0,4 0,4        - 0,3 
;_kp_gljh\h_�gZ�ijhoh^� ��:K��D� 0,35 0,6 0,5 0, 6        - 0,5 
Iehkdh_�i_jbn_jb_c�djm]Z�gZ�

klZgdZo�k�ijyfhm]hevguf�klhehf�����

��:KF��D� 0,71 0,7 0,5 0,5        - - 

Iehkdh_�lhjp_f�djm]Z�gZ�klZgdZo 
�k�djm]euf�klhehf� 

 

��:F��D� 5,6 0,3 - 0,26       0,3 - 
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J_dhf_g^Zl_evguc�[b[ebh]jZnbq_kdbc�kibkhd 

 

1. ;h[jh\�<�N��Hkgh\u�l_hjbb�j_aZgby�f_lZeeh\��–�F���FZrbghkljh_�

gb_������. -������k� 
2. <Zsmd� B�K�� KijZ\hqgbd� ih� jZkq_lm� f_lZeehj_`msbo� klZgdh\�� – 

DjZkghyjkd��������-������k� 
3. ?]hjh\�K�<�,�Q_j\ydh\�:�=��J_aZgb_�dhgkljmdpbhgguo�fZl_jbZeh\��– 

F.��FZrbghkljh_gb_��������–�����k� 
4. Dhkbeh\Z� :�=��� F_s_jydh\� J�D�� KijZ\hqgbd� l_ogheh]Z� fZrbgh�

kljhbl_ey��–�F���FZrbghkljh_gb_��������-������k� 
5. F_lZeehj_`msb_�klZgdb� �Ih^�j_^��<�D��L_ibgdbqb_\Z� –�F���FZrb�

ghkljh_gb_��������-������k� 
6. G_n_^h\�G�:���Hkbih\�D�:��K[hjgbd� aZ^Zq�b�ijbf_jh\�ih� j_aZgbx�

f_lZeeh\�b�j_`ms_fm�bgkljmf_glm��–�F���FZrbghkljh_gb_��������-  
����k� 

7. H[s_fZrbghkljhbl_evgu_�ghjfZlb\u�j_`bfh\�j_aZgby�^ey�l_ogb�

q_kdh]h�ghjfbjh\Zgby�jZ[hl�gZ�f_lZeehj_`msbo� klZgdZo��<� ��q��– 
F���FZrbghkljh_gb_��������–�Q�����–�����k���Q�����–�����k� 

8. �JZ[bgh\bq�:�G���Kfbe_gkdbc�<�B���Fbe_\kdbc�W�;��Dhjh[db� kdhjh�

kl_c�f_lZeehj_`msbo�klZgdh\��–�Ev\h\, 1968. -������k� 
9. H[jZ[hldZ� f_lZeeh\� j_aZgb_f�� KijZ\�� l_ogheh]Z� �Ih^� j_^��               

:�:��IZgh\Z� –�F���FZrbghkljh_gb_��������–�����k� 
10. KijZ\hqgbd� l_ogheh]Z� �Ih^� j_^�� =�:�� FhgZoh\Z. –� F��� FZrbgh�

kljh_gb_������� –�����k� 
11. KijZ\hqgbd�l_ogheh]Z-fZrbghkljhbl_ey.�L�����Ih^�j_^��:�G�FZeh\Z. – 

F���FZrbghkljh_gb_��������– ����k� 
12. Lhqghklv�h[jZ[hldb�aZ]hlh\db�b�ijbimkd�\�fZrbghkljh_gbb��KijZ\��

l_ogheh]Z� �Ih^�j_^��:�=��Dhkbeh\hc. –�F���FZrbghkljh_gb_��������- 
����k� 

13. LZjabfZgh\� =�:�� Ijh_dlbjh\Zgb_� f_lZeehj_`msbo� klZgdh\� –� F���

FZrbghkljh_gb_��������-�����k� 
14. Lbohfbjh\�J�:���GbdheZ_\�<�B��F_oZgbq_kdZy�h[jZ[hldZ�ieZklfZkk��– 

E���FZrbghkljh_gb_��������-�����k� 
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