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 ��	
���� 
 «���� !"��#�$"� '#��(#�$!$�&� %�������$�&� ��)�*��-

$"+» +#�+�!,+ ��$"0 "� �������#  -�,�#�&� *��� !� *� ���. �� 
'!�0- ������- ,!-��$! #2*��$+�! ��,3�! &��0�!�"3�, "4 *���0�!-
��# *��2 �-%3�!24  ���,, " #23��3"#��! # 0�,1!�%�  ��!"$- '#��(-
#�$!$�&� ��)�*��$"+. 	%23$�  ��!"$� ��)�*��$"+ #23��3"#��!,+ $� 
�",!� /��0�!� �1, $� *�" #2*��$�$"" '!�. ��%�!2 $�  �0*(5!��� 
��*-, ��!,+ ��,*�3�! � �",!� $� %-0�&� /��0�!� �3. ��+ *��-3�$"+ 
$�&�+�$�.  ��!"$2 ��)�*��$"+,  �  *��#"��, # ",4��$24 ��$$24 
3",�� �-%(�#  ���, ����5!,+ # �"�*���$� z=8÷25, 3!� $� *�� !" � 
��� � "0��! 0�,!�. 

� ����� # !�3�$"� �+�� ��! 0$�&"� ,!-��$!2 #2*��$+5! 
 -�,�#2� *��� !2 $�  �0*(5!���4 # ,���� AutoCAD. 

��-���0 �,!( &��/"3�, �. 3�,!" '!�&� ������� *��� !� # $�-
, ��( � ��� #21� (%���� 3�0 # 10 ���) !�-���0 �,!" ��,3�!�. ��-
'!�0- �3�$( #�6$�, 3!�%2 ��,3�!, $� �,$�#�  �!���&� #2*��$+5!,+ 
&��/"3�, "� *�,!���$"+, %2� *��#"�($20. ����� #23��3"#�$"�0 
��)�*��$"+ ,!-��$!- �� �0�$�-�!,+ , *�0�7(5 *��*���#�!��+ *��-
#��"!( *��#"�($�,!( #2*��$�$$�&� ��,3�!�. ��  �/���� �����%�!�-
$2 *��&��002,  �!��2� *��#��+5! %2,!�� #2*��$"!( ��,3�! &��-
0�!�"3�, "4 *���0�!��# *��2 �-%3�!24  ���, " *���0�!��# ��)�*-
��$"+ " ,�*�,!�#"!( '!�! ��,3�! , ��,3�!�0 ,!-��$!�. 

����-�! �!0�!"!(, 3!� *�,!�$�# � ����3" *��� !"��#�$"+ 
'#��(#�$!$�&� %�������$�&� ��)�*��$"+ #  -�,�#�0 *��� !� *� 
��� $�,"! 3",!� -3�%$2. 4��� !��. �0��!,+ # #"�-  �"!��"., *� 
 �!���0- $��$�3��!,+ ,0�7�$"� "$,!�-0�$!��($�. ��. " *�" "�&�-
!�#��$"" �-%3�!�&�  ���,�. �  -�,�#�0 *��� !� (��) *� ��� ,!--
��$!- �� �0�$�-�!,+ $��$�3�!( ���������� ���	
������ ������� 
�� ������� ���������� ������� (�!���($� ��+  �6��&�  ���,�), 4�!+ 
$� *�� !" � !� �+ *�,!�$�# � ����3" #,!��3��!,+ ��� �. �� *�� !"-
 � #��"3"$2 ,0�7�$". 3�,!� $��$�3�5! , *�0�7(5 %�� "��#�3$�-
&�  �$!-��,  �!��2. ��+  �$ ��!$�. *��2  ���, -3"!2#��! )��2. 
�+� /� !���# (*�����, ���,!��$"� &���# " �-%�,  �'//")"�$! *���-
 �2!"+ " ��.). ���0� !�&�, �,!( �� �0�$��)"" 8	��� *� #2%��- 
,0�7�$". ��+ *��2  ���,. ��3�,!-5 ,0�7�$"+ ��+ *��2  ���, $�-
�$�3�5! "� -,��#"+ *��-3�$"+ ,!�$���!$�&� �$�3�$"+ 0�6�,�#�&� 
��,,!�+$"+. 
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1. ���	������ �����	�� �������	���� �
�-
��	��� ����� 

��&����+ )���0- �+�- ' ,*�-�!�)"�$$24 " !�4$���&"3�, "4 

*��"0-7�,!# # $�,!�+7�� #��0+ # ,�#��0�$$�. !�4$" � $�"%��(-
1�� ��,*��,!��$�$"� *��-3"�" '#��(#�$!$2�  ���,�. 9#��(#�$!� # 
 �3�,!#� *��/"�+ �-%� �-%3�!�&�  ���,� (�",. 1) # ,#�� #��0+ %2�� 
*�����6�$� ���$����0 9.����0.  

 

#��1"$ (	��)

#*��"$ (	�*)

� �-6$�,!( (�	)

� �-6$�,!( (		)

f

b

a
s

ep

a
f

9#��(#�$!�

h
h

��6 � �-%�

8���# � �-%�
	 �-6$�,!( 

	,$�#$�+ 

	 �-6$�,!(

���"!��($�+

τ

τ

eb
sb

pb

O

A

-  �,�!��($�+   
 '#��(#�$!� # !�3 � �

ττ

α=20°

d d d

d

 
�",-$�  1 -  9#��(#�$!$�� )"�"$��"3�, ��  ���,� 

 
�� �",-$ �: 

p=m: - 1�& �-%3�!�&�  ���,�; 
m – 0��-�( �-%3�!�&�  ���,�;  
s – !��7"$� �-%� �-%3�!�&�  ���,�;  
e – 1"�"$� #*��"$2 �-%3�!�&�  ���,�; 
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*
a ah h m= ⋅ – #2,�!� &���# " �-%�; 

* *( )f ah h c m= + ⋅ - #2,�!� $�6 " �-%�; 
* 1,0ah = -  �'//")"�$! #2,�!2 &���# " �-%�; 
* 0,25c =  -  �'//")"�$! ���"��($�&� ������; 

d=mz – �"�0�!� ���"!��($�. � �-6$�,!" (�	); 
da - �"�0�!� � �-6$�,!" #��1"$ (	��); 
df - �"�0�!� � �-6$�,!" #*��"$ (	�*); 
db - �"�0�!� �,$�#$�. � �-6$�,!" (		); 

��+ �%��$�3�$"+ *���0�!��# �-%3�!�&�  ���,� *���-,0�!��$� 
*�"0�$�$"� ,���-57"4 "$�� ,�#: 

a – "$�� ,, �!$�,+7".,+   *���0�!��0 � �-6$�,!" #��1"$ " 
&���# " �-%� (da, ha, sa, ea, " !. �.); 

b – "$�� ,, �!$�,+7".,+   *���0�!��0 �,$�#$�. � �-6$�,!" 
(db, sb, eb, pb " !. �.); 

f – "$�� ,, �!$�,+7".,+   *���0�!��0 � �-6$�,!" #*��"$ " 
$�6 " �-%� (df, hf, sf, ef  " !. �.); 

w –  "$�� ,, �!$�,+7".,+   *���0�!��0 $�3��($�. � �-6$�,!" 
(dw, hw, sw, ew, pw, �w  " !. �.). ����������: ������� «��������� ��-
�������� ������» ��������� ������ ��� ������, ������� ��
�-
����� � ���������� � ������ �������. ��� ���������� ������ ����� 
������� �� ���������. 

����0�!�2, �!$�,+7"�,+   ���"!��($�. � �-6$�,!", "$�� ,�# 
$� ,����6�! (d, s, e, p, ;). 

� 8	���,  �!��2. ��.,!#-�! ,�.3�, $� � ��"$�, ���!,+ ,��-
�-57�� �*������$"� *�$+!"+ ���"!��($�+ � �-6$�,!( – ��� ��-
��������, �� ������� ��� ��������� �, � ���!���� � ���� 
���������  ;=200.  

 
2. ���	������ �� �!��� � �������!"#�� ���-

	
�� 
�  �3�,!#� !����!"3�, �&� ",4��$�&�  �$!-�� (��) *�"$+!� 

'#��(#�$!$�+ ��. �,  �!��-5 0�6$� ��,,0�!�"#�!(  �  ,� !�� �-%-
3�!�&�  ���,� , z=<. ��" z=< ���"-,  �"#"�$2 '#��(#�$!2 ��#�$ <, 
!.�. '#��(#�$!� *��#��7��!,+ # *�+0-5 �"$"5. �� "0 �%����0, 
'#��(#�$!$�+ 3�,!( *��/"�+ ��. " �3��3�$� *�+020" �"$"+0". 
���"�#��+7".  �$!-� (��) - "$,!�-0�$! ��+ $�����$"+ �-%3�!24 
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 ���,. ���"�#��+7".  �$!-� �! !����!"3�, �&� �!�"3��!,+ $��"3"-
�0 ��1!�"4�#�$$�. 3�,!"  �$!-�� (�",. 2). 

 

��������� ���	�� 


�� ����������� ������)

����������� ���	�� 

���������� ������

����� ������ ������

h*
 m

c*m

c*
ma

ah*
 m

af

e=     p0,5

p=m

m=0,38r

=20° ����� ���
�� 
��������� ���	�� (����� ���-

h  =(h* +c*)m

s=     p0,5

 
 

�",-$�  2 -  �����!"3�, ". ",4��$2. " *��"�#��+7".  �$!-�2 
 
8��$"3$2� *�+02� (8�) '!� !� "� *�+02� �"$"", 0�6�-  �!�-

�20" *��/"�( �-%� ��. " �3��3�$ *�+020" �"$"+0". =�,!( *��/"-
�+ �-%� ��. ", �� �53�$$�+ 0�6�- &��$"3$�. *�+0�. " �"$"�. 
#��1"$, �3��3�$� �-&�. � �-6$�,!" ���"-,� >. �� �",-$ � 3 "0��0  

*

0,38
1 sin

c m
m

⋅ρ = ≈
− α . 

�� ���"!��($�. *�+0�. ��. " !��7"$� �-%� ��. " " 1"�"$� 
#*��"$2 ��#$2, !.�., 0,5s e p= = . 

 
3. $���	����� �
���	�  ���� �� ��#��� 

 

� %��(1"$,!#� ,�-3��# �-%3�!2�  ���,� "�&�!�#�"#�5! ,� 
,0�7�$"�0. �0�7�$"� ,-7�,!#�$$� #�"+�! $� )��2. �+� *���0�!-
��#  ���, " ��)�*��$"+ (*������$"� �-%(�#, ���,!��$"� �-%(�#,  �-
'//")"�$! *��� �2!"+, *��3$�,!( �-%(�#  ���, " ��.). ��'//")"-
�$! ,0�7�$"+ "$,!�-0�$!��($�. ��. " ("�" 3��#+3$�. /���2) 0�-
6�! $��$�3�!(,+ *� ���$20 ,��%��6�$"+0. ��"%��(1�� 3",�� /� -
!���# 0�6$� -3�,!(, $��$�3"# ,0�7�$"+ , *�0�7(5 %�� "��#�3$�-
&�  �$!-��. =�,!� ,0�7�$"+ $��$�3�5! "� -,��#"+, 3!�%2 �$�3�$"� 
0�6�,�#�&� ��,,!�+$"+ aw %2�� ,!�$���!$20 



 7 

aw = a?cos;/cos;w, 
 &�� �w – -&�� %�������$�&� ��)�*��$"+ #2%"���!,+ "� -,��#"+, 3!�-

%2 �$�3�$"� aw %2�� ,!�$���!$20. 
�0�7�$"� 0�6�! %2!( $��$�-

3�$� "� -,��#"+ �!,-!,!#"+ *������, 
!.�. ,0�7�$"� $��$�3��!,+, �,�" 
z<17 . ��" z"17  �'//")"�$! ,0�-
7�$"+ x=0. �  -�,�#�0 *��� !"��-
#�$"" *� ��� ,!-��$!�0 �� �0�$-
�-�!,+ $��$�3�!( ,0�7�$"� "� -,��-
#"+ �!,-!,!#"+ *������, 4�!+ $� 
*�� !" � '!� *�"0�$+�!,+ ��� �. 
��'//")"�$! 0"$"0��($� $��%4�-
�"0�&� ,0�7�$"+ "� -,��#"+ �!,-!-

,!#"+ *������ ��#�$ xmin=(17-z)/17. 
��" $�����$""  ���, "$,!�-0�$!�0 ���3$�&� !"*� (&��%�$ �, 

3��#+3$�+ /����) ���"!��($�+ � �-6$�,!( $������0�&�  ���,� #,�-
&�� %-��! $�3��($�. � �-6$�,!(5 # ,!�$�3$�0 ��)�*��$"" «��. � – 
 ���,�». ����6�$"� $�3��($�. *�+0�. ��. " �*�����+�!,+ #��"3"-
$�. �%,��5!$�&� ,0�7�$"+ xm. ��" x=0 $�3��($�. *�+0�. ��. " 
+#�+�!,+ ���"!��($�+ *�+0�+ ��. ". �,�" x#0, !� $�3��($�. *�+0�. 
%-��! *�+0�+, �!,!�+7�+ �! ���"!��($�. *�+0�. $� #��"3"$- xm. 
�� �",-$ � 4 *� ���$2 #��"0$2� *���6�$"+ $������0�&�  ���,� " 
"$,!�-0�$!��($�. ��. " ,��!#�!,!#�$$� *�" x=0 " *�" x>0. 

�� �",-$ � 4 s  " e  – ,��!#�!,!#�$$� !��7"$� �-%� " 1"�"$� 
#*��"$2 $������0�&�  ���,�, s�  " e�  – ,��!#�!,!#�$$� !��7"$� �--
%� " 1"�"$� #*��"$2 ��. " *� $�3��($�. *�+0�., mx – �%,��5!$�+ 
#��"3"$� ,0�7�$"+ ��. ". 

��" x>0 (��. � ,0�7��!,+ �! )�$!��  ���,�) !��7"$� �-%� $�-
�����0�&�  ���,� s>0,5p, � 1"�"$� #*��"$2 e<0,5p. ��" �!�")�-
!��($�0 ,0�7�$"" ��. " (  )�$!�-  ���,�), $��%���!, s<0,5p, � 
e>0,5p. 

� �%7�0 ,�-3�� s =0,5?m?:+2mx?tg;. �� '!�. ��#","0�,!" $�-
&�+�$� #"�$�  �  "�0�$+�!,+ !��7"$� �-%�  ���,� # ��#","0�,!" �! 
x. 

r

*c 
 m *

r-
c 

 m

α

������ 3 - �����������
������� ������� �����

m=0,38
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����������� ���	�� = ��������� ���	��

����������� �������� 

d=d

��������� ���	������������� ���	�� 

m
x

0,5p 0,5p

(��������� ��������) 

s e�� ��

s�� e ��

e� s�

e� s�

����������� �������� 
(��������� ��������) 

��s =e   =0,5p�

��e =s   =0,5p�

��s =e   >0,5p�

��e =s   <0,5p�

w

d=d w

= 0x

> 0x

 
 

�",-$�  4 -  ����6�$"+ $������0�&�  ���,� " "$,!�-0�$!��($�. ��. " 
 *�" x=0 " *�" x>0 

 
 

4. %
���	�" ��!��� � �������, ����	�������� 
�� ��#��� 
��+ *�����3", ,�,!�#��$$�. "� $-��#24  ���, ("�&�!�#��$$24 

%�� ,0�7�$"+), � !�  6� *�" x@=x1+x2=0 0�6�,�#�� ��,,!�+$"� ��#$� 
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���"!��($�0- 0�6�,�#�0- ��,,!�+$"5, !.�. aw=a=r1+r2. �� -5 *�-
����3- $��2#�5! $-��#�. *�����3�. "�" ��#$�,0�7�$$�. (�",. 5�). 
��" x@>0 0�6�,�#�� ��,,!�+$"� aw>a " *�����3- $��2#�5! *���6"-
!��($�. (�",. 5%). ��" x@<0 (�!�")�!��($�+ *�����3�) %-��! aw<a. 
���"3"$�, $�  �!��-5 "�0�$+�!,+ 0�6�,�#�� ��,,!�+$"� aw, *� 
,��#$�$"5 , ���"!��($20 0�6�,�#20 ��,,!�+$"�0 a $��2#��!,+ 
#�,*�"$"0��020 ,0�7�$"�0, !.�. aw- a=my – #�,*�"$"0��0�� ,0�-
7�$"�, � #��"3"$� y=(aw - a)/m -  �'//")"�$! #�,*�"$"0��0�&� 
,0�7�$"+. 

 

1
w1

2

w2

w

1

2

w1

w

O

O

O1 1

2
O2

�
��
�
��
�
��
�
� 

�
�
�
�
�

��
�
 =

 �
��
��
��
�
� 

�
�
�
�
�

��
�

�
��
�
��
�
��
�
� 

�
�
�
�
�

��
�

�
��
��
��
�
� 

�
�
�
�
�

��
�

P P

�)  )

a 
=

a

a 
=

a+
m

y

m
y

w2w2
r

r

r r 

r =r

r =r

 
 

�",-$�  5 - �-��#�+ " *���6"!��($�+  *�����3" 
 

5. ���	������ �����	�� �������	�� ����-
������ ��!���  
 
��"#���0 ��#","0�,!" ��+ �*������$"+ *���0�!��# %�������-

$�. *�����3", ,�,!�#��$$�. "�  ���,,  "�&�!�#��$$24 , 0"$"0��($� 
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$��%4��"020  ,0�7�$"�0 "� -,��#"+ �!,-!,!#"+ *������ x=xmin. 
����,� "�&�!�#��$2 ,!�$���!$20 "$,!�-0�$!�0 ���3$�&� !"*� , 
*���0�!��0": � =20o; * 1,0ah = ; * 0,25c = . �,4��$20" *���0�!��0" 
+#�+5!,+: z1, z2, m. 

1) �"�0�!� ���"!��($�. � �-6$�,!"  
di=mzi;                                                 (1) 

2) 1�& �-%3�!�&�  ���,� 
p=m:;                                                   (2) 

3) -&��#�. 1�& �-%3�!�&�  ���,�  
Api=360o/zi;                                               (3) 

4) �"�0�!� �,$�#$�. � �-6$�,!"  
dbi=dicos�;                                               (4) 

5) 0"$"0��($� $��%4��"0�� ,0�7�$"� "� -,��#"+ �!,-!,!-
#"+ *������  

( )min( ) 17 /17i ix z= − ;                                        (5) 
6) !��7"$� �-%� *� ���"!��($�. � �-6$�,!"  

0,5 2 tgi is m mx= ⋅ π + ⋅ α ;                                   (6) 
7) 1"�"$� #*��"$2  ���,� *� ���"!��($�. � �-6$�,!" 

ei = p - si;                                             (7) 
8) ,-00��$�� ,0�7�$"�  

x@=x1+x2;                                              (8) 
9) ,-00��$�� 3",�� �-%(�#  

z@=z1+z2;                                                (9) 
10) "$#��5!� -&�� %�������$�&� ��)�*��$"+  

inv inv 2 tgw
x
z

Σ

Σ

α = α + ⋅ α ,                            (10) 

&�� -  inv tg 0,0149
180

πα = α − α ⋅ ≈  (*�" ; = 20�). 

11) �&�� %�������$�&� ��)�*��$"+ �w �*�����+�!,+ *� �$�3�-
$"5 inv;w. 
9!� 0�6$� ,����!( *� !�%�")�0 "$#��5!$24 /-$ )". "�"  *� 

$�0�&��00�0. 
���� %2,!��, -��%$� " , %���� #2,� �. !�3$�,!(5 
�w 0�6$� �*�����"!( *� ,���-57"0 ��#","0�,!+0, *��-3�$$20" 
*��*���#�!��+0"  �/���2. ��#","0�,!( 

0,3276,8 (inv )w wα = ⋅ α                                 (11) 
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*��#��+�! #23",�"!( �w # �"�*���$�  �w �! 18 �� 27 &���-,�# , !�3-
$�,!(5 �� 1 0"$-!2, 3!� *��$�,!(5 -��#��!#��+�! !��%�#�$"+0   
��. ����-57�+, %���� ,��6$�+ ��#","0�,!(, # �"�*���$�  �w �! 20 
�� 30 &���-,�#, *��#��+�! �*�����"!( �w , !�3$�,!(5 �� 1 ,� -$�2. 
9!� ��#","0�,!( "0��! #"�: 

0,36 0,57106,97 (inv ) 38,85 (inv )w w wα = ⋅ α − ⋅ α ;             (12) 
12) ���"!��($�� 0�6�,�#�� ��,,!�+$"�  

a=0,5mz@;                                                (13) 
13) 0�6�,�#�� ��,,!�+$"� %�������$�&� ��)�*��$"+  

( )cos / cosw wa a= ⋅ α α ;                                  (14) 
14) �"�0�!� $�3��($�. � �-6$�,!"  

( )cos / coswi i wd d= α α ;                             (15) 
15)  �'//")"�$! #�,*�"$"0��0�&� ,0�7�$"+  

( ) /wy a a m= − ;                                     (16) 
16)  �'//")"�$! -��#$"!��($�&� ,0�7�$"+  

By= x$ – y;                                             (17) 
17) #2,�!� &���# " �-%�  

*
ai a ih h m mx m y= ⋅ + − ∆ ;                               (18) 

18) #2,�!� $�6 " �-%�  
* *( )fi a ih m h c mx= ⋅ + − ;                                 (19) 

19) #2,�!� �-%�  
* *(2 )ah m h c y= ⋅ + − ∆ ;                               (20) 

20) �"�0�!� � �-6$�,!" #��1"$  
*( 2 2 2 )ai i a id m z h x y= ⋅ + + − ∆ ;                         (21) 

21) �"�0�!� � �-6$�,!" #*��"$  
* *( 2 2 2 )fi i a id m z h c x= ⋅ − − + ;                            (22) 

22) ��"$� ��%�3�&� -3�,! � �"$"" ��)�*��$"+ 
2 2 2 2
1 1 2 2 1 2tg ( )a b a b w b bab r r r r r r= − + − − α ⋅ + ;                  (23) 

23)  �'//")"�$! *��� �2!"+   
C =ab/pb.                                             (24) 

24)  �'//")"�$!2 , ��(6�$"+ *��/"��. �-%(�#  
D1 =KP/KN1?(i12+1);  D2 =KP/KN2?(i12+1);              (25) 
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&�� K – !�3 �  �$!� !� *��/"��.; P – *��5, ��)�*��$"+; N1 " 
N2 – &��$")2 !����!"3�, �&� -3�,! � �"$"" ��)�*��$"+; i12=z2/z1 – 
*�����!�3$�� �!$�1�$"�. 

 ���0� *���3",��$$24 #21� *���0�!��#,  �!��2� $��%4��"-
0� #2*��$+!(, )���,��%���$� %-��! ��,,3"!�!( ��,3�! �+� ��*��$"-
!��($24 *���0�!��#, 3!� ���! #��0�6$�,!(  �$!���"��#�!( !�3-
$�,!( &��/"3�, "4 *�,!���$".: 

 1) -&��#�+ !��7"$� �-%� *� ���"!��($�. � �-6$�,!"  
( ) ( )/ 180/Si i is rϕ = ⋅ π  (# &���-,�4);                        (26) 

 2) -&��#�+  ����"$�!� $�3��($�. !�3 " '#��(#�$!2 (�",. 6) 
( ) ( )tan 180/w w w wϕ = α + θ = α ⋅ π  (# &���-,�4).               (27) 

 ��"0�3�$"�: ����6�$"� $�3��($�. !�3 " '#��(#�$!2 M 
0�6$� $�.!"  "$�3� – !�3 � M '!� !�3 � *���,�3�$"+ �!��� � OB , 
�,$�#$�. � �-6$�,!(5 (�",. 6). � ,#�5 �3����( *���6�$"� !�3 " B 
�*�����+�!,+ , *�0�7(5 �!��� � 

 
tgi bi wBN l r= = ⋅ ϕ                                     (28) 

  

w

rb

!��������

α
w

����� "����� 

������� ��������

θ

��������� ���� #��������

w

l

OP

N

B M

ϕ 

 
 

�",-$�  6 - 	*������$"� $�3��($�. !�3 " '#��(#�$!2 
  

 3) !��7"$� �-%� *� � �-6$�,!" #��1"$  
( )/ inv invai ai i i ais d s d= + α − α ;                           (29) 

 &�� ( )arccos /ai bi air rα =  - *��/"�($2. -&�� '#��(#�$!2 *� � -
�-6$�,!" #��1"$; 

 4) !��7"$� �-%� *� �,$�#$�. � �-6$�,!" 
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( )/ invbi bi i is d s d= + α ;                                    (30) 
 5) !��7"$� �-%� *� $�3��($�. � �-6$�,!" 

( )/ inv invwi wi i i ws d s d= + α − α .                           (31) 
  

6. &��	���� ���	��� �������	���� ��'����" 
 

 ��" #23��3"#�$"" # ,���� AutoCAD,  �  *��#"��, *�"0�$+-
�!,+ 0�,1!�% �1:1 "�" �10:1, � *�" �/��0��$"" 3��!�6�, 0�,1!�% 
#2%"���!,+ , -3�!�0 �*!"0��($�&� ��*��$�$"+ *��+ 3��!�6�.  

 ��,!���$"�  ��!"$2 '#��(#�$!$�&� ��)�*��$"+ 0�6$� ���-
���"!( $� �+� '!�*�#.  

 &���� �	�� "0��! *��&�!�#"!��($2. 4��� !��. �� '!�0 
'!�*� ,!-��$!- $��%4��"0� #2*��$"!( ,���-57-5 ��%�!-: 

 1) #2%��!( 0�,1!�% 3��!�6�. 	%23$�  ��!"$- ��)�*��$"+ 
#23��3"#�5! # 0�,1!�%� �1:1; 

 2) $�0�!"!( )�$!�2  ���, O1 " O2 c 0�6�,�#20 ��,,!�+$"�0 
aw (# #2%��$$�0 0�,1!�%�) " *��#�,!" �,$�#$2� � �-6$�,!" 		1 " 
		2 , ���"-,�0", ,��!#�!,!#�$$� rb1 " rb2 (�",.7.);  

 

O OP

N

N1

1

2

2

aw

rb2

rb1

OO2

OO1 nn

α

α
w

w

�$

 
 

�",-$�  7 - 1-. '!�* #23��3"#�$"+  ��!"$2 '#��(#�$!$�&� ��)�*��$"+ 
 

 3) *��#�,!" �%7-5  �,�!��($-5   �,$�#$20 � �-6$�,!+0 
nn,  �!���+ %-��! +#�+!(,+ �"$"�. ��)�*��$"+ (��). ��3 � *���,�-
3�$"+ �� , �"$"�. )�$!��#  ���, 	1	2 �,!( *��5, ��)�*��$"+ P 
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(��+ *�,!���$"+  �,�!��($�. $��%4��"0� #�,*��(��#�!(,+ *�"#+�-
 �. « �,�!��($�+»). 

 4) �*�����"!( !�3 "  �,�$"+ N1 " N2 �%7�.  �,�!��($�. nn , 
�,$�#$20" � �-6$�,!+0" 		1 " 		2. 

 (� �	���� �	�� (�",. 8.) #2*��$+�!,+ *��&�!�#"!��($�+ ��-
%�!� ��+ #23��3"#�$"+ '#��(#�$!2. 9#��(#�$!- 0�6$� *�,!��"!( 
�#-0+ ,*�,�%�0". 

 

O O

N

N1

1

2

2

M1

M2

0'

1'

2'

3'

4'

5'

6'
7'

7

6

5

4

3

2
1

1

2

3

4
4'

3'

2'

1'

0'

8
9

8'

w
ϕ

nn

t

ϕ a

�$

0P=

9'K=
 

 
�",-$�  8 - 2-. '!�* #23��3"#�$"+  ��!"$2 '#��(#�$!$�&� ��)�*��$"+ 

 
  �� �",-$ � 8. *����%$� *� ���$2 *�,!���$"+ ��+  ���,� 2. 

=�,!( *�,!���$". ��+  ���,� 1 (!�$ "� �"$"" " 0�� ". 1�"/!) *�-
 ���$2 ��+ -+,$�$"+  ��!"$2 # )���0. 

 �� �*������$"5 '#��(#�$!� � �-6$�,!" �,!( ,��� �5%�. 
!�3 " *�+0�. *�" *��� �!2#�$"" �� %�� , ��(6�$"+ *� �,$�#$�. 
� �-6$�,!" (OO). �� "0 �%����0, �,�", $�*�"0��, *��� �!2#�!( 
�"$"5 nn *� OO, !� �5%�+ !�3 � '!�. *�+0�. %-��! �*",2#�!( 
'#��(#�$!-, # 3�,!$�,!" !�3 � P �*"1�! '#��(#�$!-, *��4��+7-5 
3���� *��5,. 

 �-7$�,!( #!���&� ,*�,�%� ,�,!�"! # ,���-57�0. ��+ '#��(-
#�$!$�&� *��/"�+ ,�*�+6�$$20 +#�+�!,+ '#��(#�$!$2. *��/"�(. 
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�� '!�&� ,���-�!, 3!� '#��(#�$!�. %-��! �&"%�57�+ �+�� *���6�-
$". *��/"�+ �-%� ��. " # �� �%��7�$$�0 �#"6�$"" #� �-& )�$!�� 
 ���,�. �  -�,�#24 *��� !�4 '#��(#�$!- �%23$� ,!��+! *��#20 
,*�,�%�0, !.�. # ,��!#�!,!#"" , �*������$"�0 *�$+!"+ '#��(#�$!2. 

 ��,,0�!�"0 *��&�!�#"!��($-5 ��%�!- ��+ #23��3"#�$"+ 
'#��(#�$!2 "0�$$� '!"0 ,*�,�%�0. 

 1. 	*�����"!(  ����"$�!2 $�3��($24 !�3�  '#��(#�$! ��+ 
,�-3�+,  �&�� �$"  �$!� !"�-5! # *��5,� P.  ����6�$"� $�3��($�. 
!�3 " '#��(#�$!2 M 0�6$� $�.!"  �  , *�0�7(5 -&��#�.  ����"-
$�!2 Aw, 3!� #�,(0� -��%$�, !�  " , *�0�7( �!��� � BNi (,0. �",. 6.). 

 2. ��+ *�,!���$"+ '#��(#�$!2 $��%4��"0� *� ���!( �+� *�-
��6�$". �"$"" nn *�" *��� �!2#�$"" �� *� OO. 9#��(#�$!- ,!��+! 
�! �,$�#$�. � �-6$�,!" �� � �-6$�,!" #��1"$. ��+ '!�&� �"$"5 
nn $��%4��"0� *�� �!"!( *� OO  �! $�3��($�. !�3 " M  $� �-&� 
�MK , )�$!���($20 -&��0 ��#$20 Aa (�",.8.). ���"3"$- -&�� Aa 
0�6$� $�.!" *� /��0-�� 

( )inv tg 180 /a a a a a aϕ = α + θ = α + α = α ⋅ π  (# &���-,�4).    (33) 
	�"�$!"��#�3$�� �$�3�$"� -&�� Aa 0�6$� $�.!" *� /��0-�� 
(1,3 1,5)a wϕ ≈ − ⋅ ϕ . 

�� �-&� �MK �%23$�, # ��#","0�,!" �! #2%��$$�&�  1�&�, �!�-
%��6��!,+ *�"%�"�"!��($� 8÷12 /" ,"��#�$$24 *���6�$". �"$"" 
nn,  �!��2� �$� ��$"0��! *�" *��� �!2#�$"" *� OO. ��,�� #2%��� 
1�&� #2*��$+�!,+ ���0�! � �-&" �MK  " �-3� Pn. ���0�! - �-&" $�-
3"$�5! �! !�3 " M, � ���0�! - �-3� �! *��5,� P. �� �",-$ � 8 *�-
 ���$� ���0�! � �-3� (!�3 " �! 0 �� 9) " ���0�! � �-&" (!�3 " �! 0’ 
�� 9’). � AutoCAD ���0�! � #2*��$+�!,+ ��& �, %2,!�� " !�3$�. 
��+ '!�&� $��%4��"0� #�,*��(��#�!(,+  �0�$��. «���0�!"!(» " 
- ���!( �%E� ! " 1�& t ���0�! ". ���%4��"0� "0�!( # #"�-, 3!� ���-
0�! �, $�*�"0��, �-3� Pn, %-��! $�3"$�!(,+ , !�. ,!���$2, $�  �-
 -5 %-��! - ���$�. �� '!�&� ,���-�!, 3!� �"$"+ nn �%+��!��($� 
���6$� "0�!( ����2# # !�3 � P " *�" - ���$"" �%E� !� ���0�! " 
$��%4��"0� - ��2#�!( $� �"$"5 nn #���� !�3 " P. �$���&"3$�, �--
&� �,$�#$�. � �-6$�,!" ���6$� %2!( �����#�$$�. # !�3 � M " ��+ 
���0�! " $��%4��"0� - ��2#�!( �-&- #���� !�3 " M. 
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N
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P
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!1

!2
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������� � �� � ���� 
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3t
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90°

=0

90°

 
 

�",-$�  9 - 	*������$"� !�3 " '#��(#�$!2 1-0 ,*�,�%�0 
 
(� 	�	�� �	�� (�",. 10.) #2*��$+�!,+ *�,!���$"� '#��(-

#�$!2. 
�,�" ���0�! � ($� #!���0 '!�*�) #2*��$+��,( , 1�&�0 t ��#-

$20 1, 5, 1000 ()���� -��%$�� 3",��), !� *�,!���$"� '#��(#�$!2 
,-7�,!#�$$� -*��7��!,+, !. . $��%4��"02� *��,3�!2 # *��)�,,� 
*�,!���$"+ 0�6$� #2*��$+!( -,!$�. ��6$� *�����6"!( �#� ,*�,�-
%� #23��3"#�$"+ '#��(#�$!2 # ,��!#�!,!#"" , �� �*������$"�0. 
�-7$�,!( *��#�&� ,*�,�%� *� ���$� $� �",-$ � 9. ��,,0�!�"0 �%-
����#�$"�  '#��(#�$!2  �  ,��� !�3 " P. �� �",-$ � 9 *� ���$2 �#�  
*���6�$"+ �%���-57�. *�+0�. – $�3��($�� *���6�$"� ,  �,�$"�0 
OO # !�3 � N  " ��$� "� !� -7"4 *���6�$". ,  �,�$"�0  OO # !�3 � 
3’. ��+ *�,!���$"+ *���6�$"+ �%���-57�. *�+0�. ,  �,�$"�0 OO # 
!�3 � 3’ $��%4��"0� "� !�3 " 3’ *��#�,!" �!����  *��*�$�" -�+�$� 
���"��($�0- �-3-, *��#���$$�0- "� )�$!��  ���,� # !�3 - 3’ ��"-
$�. ��#$�.  33' 3P t= . ��3 � P3 %-��! !�3 �. '#��(#�$!2 90. ��" *�-
�� �!2#�$"" �%���-57�. *�+0�. *� OO "� $�3��($�&� *���6�$"+ 



 17 

# *���6�$"� 3 !�3 " $� �%���-57�. *�+0�. 0, 1, 2 " 3 ,��!#�!,!-
#�$$� �%����#��" '#��(#�$!2 90, 91, 92, " 93. �$���&"3$� %2� *�-
,!���$ �+� ��-&"4 *���6�$". �%���-57�. *�+0�. " !�3 " '#��(-
#�$!2. ��+ !�&�, 3!�%2 �*�����"!(,+ ,  �$�3$�. !�3 �. '#��(#�$-
!2, $��%4��"0� *��#�,!"  �-&- ���"-,� ra (� �-6$�,!( #��1"$).  
���-�(!�! '!"4 *�,!���$". *� ���$ $� �",-$ � 10. �� �",-$ � #"�-
$�, 3!� � �-6$�,!( #��1"$ *���,� ��! '#��(#�$!- 0�6�- !�3 �0" 8 
" 9,  ��"3�,!#� #2%��$$24 *���6�$". �%���-57�. *�+0�. *�" 
��$$�0 1�&� ���0�! " ��,!�!�3$��.  

  

O

N
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�",-$�  10 - ��,!���$"� '#��(#�$!2 1-0 ,*�,�%�0 
 

���� '//� !"#$20 +#�+�!,+ #!���. ,*�,�%. ��0�$�� «����-

%"�» *��#��+�! ,����#�!( �%E� ! *���%$2. ��$$�0- , ����$$�. 
�",!�$)"�.. �,�" �%E� !�0 +#�+�!,+ � �-6$�,!(, !� - ���$$�. #2-
1�  �0�$��. %-��! ,����$�  �$)�$!�"3�, �+ � �-6$�,!(, �,�" �%E-
� ! *��"�#��($�+  �"#�+, !� ���-�(!�!�0 *�"0�$�$"+  �0�$�2 %--
��! ' #"�",!�$!$�+  �"#�+. � $�1�0 ,�-3�� �%E� !�0" %-�-! ���"-
��($2� �-3", *��#���$$2� "� )�$!��  ���,� # !�3 " 1’, 2’, " !. �. �,-
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$�#$�. � �-6$�,!". ���-�(!�!�0 *�"0�$�$"+  �0�$�2 «����%"�» 
%-�-! �"$" *�������($2� ,��!#�!,!#-57"0 ���"��($20 �-3�0. 
��$)2 '!"4 �"$". �%���-5! '#��(#�$!- (�",.11). 

��+ $�&�+�$�,!" $�  �$)�4 ���"��($24 �-3�. *� ���$2 ,!���-
 " # /��0� ��0%� (F). ��,�� *�"0�$�$"+  �0�$�2  «����%"�» ��-
�"��($2� �-3" ,� ,!��� �0" �%����#��" *���%$2� �%E� !2 $� ,��!-
#�!,!#-57"4 �",!�$)"+4 (1t, 2t, 3t, " 4t). ��$)2 ,!����  *���%$24 
�%E� !�# �%���-5! '#��(#�$!-. �,!�,!#�$$�, 3!� #  -�,�#�0 *��� -
!� $� $-6$� ���"��($2� �-3" #23��3"#�!( ,� ,!��� �0". 
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�",-$�  11 - ��,!���$"� '#��(#�$!2 2-0 ,*�,�%�0 

 
 
(� �	��	�� �	�� #23��3"#��!,+ &��!��( �-%�. 8��!��( '!� 

 �"#�+ �"$"+, *�  �!���. *��",4��"! ,�*�+6�$"� '#��(#�$!�. 3�,-
!" *��/"�+ �-%� , � �-6$�,!(5 #*��"$ (�",. 12.). ��" '!�0 $��%-
4��"0� "0�!( # #"�-, 3!� *�" z=17 '#��(#�$!$�+ 3�,!( *��/"�+ �--
%� %-��! "0�!( $�3��� $� �,$�#$�. � �-6$�,!" (!�3 � �), " ,��!-
#�!,!#�$$�, &��!��( %-��! $�3"$�!(,+ , �,$�#$�. � �-6$�,!". 9!� 
�!$�,"!,+ "    ���,�0 , z<17, �,�" ,0�7�$"� %2�� $��$�3�$� "� -,  
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��#"+ �!,-!,!#"+ *������. �,�" z>17, !� '#��(#�$!$�+ 3�,!( *��/"-
�+ �-%� %-��! $�3"$�!(,+ $� , �,$�#$�. � �-6$�,!", � , � �-6$�,!" 
%��(1�&� ���"-,�. =�0 %��(1� z !�0 %��(1� -3�,!�  '#��(#�$!2, 
$�3"$�+ �! 		,  �!��2. $� ",*��(�-�!,+,  �  3�,!( *��/"�+ �-%�. � 
3�,!$�,!", *�" z=42 � �-6$�,!( #*��"$ %-��! ,�#*���!( , �,$�#$�. 
� �-6$�,!(5, !. �. f br r≈ . ���%4��"0� *�0$"!(, 3!� '#��(#�$!� " 
&��!��( �%���-5!,+ *��/"��0 �-%� ��. ", *�"3�0 '#��(#�$!- /��-
0"�-�! *��/"�( �-%� ��. ", �� �53�$$2. 0�6�- &��$"3$20" *�+-
020", � &��!��( �-%�  ���,� /��0"�-�!,+ &��!��(5 ��. ". 

� )���0,  �  -6� �!0�3�-
��,(, *��/"�( �-%�  ���,� '!� 
�&"%�57�+ �+�� *���6�$". �--
%� ��. ",  �!��2� �$� ��$"0��! 
# �%��7�$$�0 �#"6�$"". ��" 
'!�0 '#��(#�$!$�+ 3�,!( *��-
/"�+ �-%�  ���,� (�",. 12) �,!( 
�&"%�57�+ �+�� *���6�$". 
*�+0��"$�.$�. 3�,!" *��/"�+ 
�-%� ��. ", � &��!��( �-%�  �-
��,� – �&"%�57�+ �+�� *���-
6�$". &��!��" ��. ". 9!� $�-
"�%�6$� #2!� ��! "� !�&�, 3!� 

��+ '#��(#�$!2 ,�*�+6�$$20 *��/"��0 +#�+�!,+ '#��(#�$!�. 	3�-
#"�$� !� 6�, 3!� ���"-,  �"#"�$2 &��!��" �-%�  ���,� ( �"#�+ *�-
��0�$$�&� ���"-,�)  # �5%�. �� 3�,!" %��(1� 3�0 ���"-, &��!��" 
��. " > 

*

' 0,38
1 sin

c m
m

⋅ρ > ρ = ≈
− α                               (32) 

�,�" *��� ! #2*��$+�!,+ # *��$�0 �%E�0�, !� ��+ *�,!���$"+ 
&��!��"  $��%4��"0� *�,!��"!( �+� *���6�$". *��/"�+ �-%� ��. ", 
 �!��2� �$� ��$"0��! *�" *��� �!2#�$"" $�3��($�. *�+0�. ��. " 
*� ���"!��($�. � �-6$�,!"  ���,�. ��" '!�0, �,!�,!#�$$�, 0�6$� 
*�,!��"!( " '#��(#�$!$-5 3�,!( *��/"�+ �-%�.  

�$�&�� *��*���#�!��( �����1��! ,!-��$!- -*��7�$$�� *�-
,!���$"� '#��(#�$!2. � '!�0 ,�-3�� &��!��( #2*��$+5! # #"�� �-&" 
, ���"-,�0 %��(1� ���"-,� &��!��" ��. ", !. �. , ���"-,�0 >’ > > = 
0,38m. 	�"�$!"��#�3$� 0�6$� *�"$"0�!( >’=(0,42÷0,5)m. ���"�$! 

�'�

�'�

��

��

��

!��������

�������
b

r

r

A

M

C

������ 12 - (������ ��)��� �� �
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-*��7�$$�&� ,�*�+6�$"+ '#��(#�$!�. 3�,!" *��/"�+ �-%� , � �-6-
$�,!(5 #*��"$ *� ���$ $� �",-$ � 13. ��+ *�,!���$"+ &��!��" #$�-
3��� "� $�3��($�.  !�3 " '#��(#�$!2 B *��#��+! ���"��($2. �-3 # 

)�$!�  ���,�.  
��!�0 �-&�. ���"-,� %’= (0,42÷0,5)m 
#2*��$+5! ,�*�+6�$"� ���"��($�&� 
�-3� , � �-6$�,!(5 #*��"$ 	�*. � 
���-�(!�!� *��/"�( �-%� ,����6"! 
!�" -3�,! �. �3�,!�  AM –
'#��(#�$!�, -3�,!�  MB – *�+0�+ �"-
$"+, -3�,!�  BC – �-&� � �-6$�,!" 
���"-,� >’. ����-�! �!0�!"!(, 3!� 
- ���$$20 #21� ,*�,�%�0 0�6$� 
,!��"!( &��!��( ��+  ���, , z G 17, 
"�&�!�#��$$24 ,� ,0�7�$"�0 

minx x= . �,�" z >17, !� -3�,!�  &��!�-
�" BB’ ���6�$ *��4��"!( $� *� ��-
�"��($�0- �-3-, � *�  �,�!��($�.   

'#��(#�$!� # !�3 � �� $�3���. ��" 6���$"", ���"-, � �-6$�,!", , 
 �!���. $�3"$��!,+ '#��(#�$!�, 0�6$� $�.!" *� /��0-�� (*�" x=0) 

( )( )2
2 *sin / siny b ar r r h m= + ⋅ α − ⋅ α .                         (33) 

�� �",-$ � 14 *� ���$� *�,!���$"� *��/"�+ �-%�  ���,�,  �  
�&"%�57�. �+�� *���6�$". �-%� ��. ",  �!��2� �$� ��$"0��! # �%-
��7�$$�0 �#"6�$"". � '!�0 ,�-3�� *��/"�( ,!��"!,+ *��$�,!(5, 
!.�. " '#��(#�$!$�+ 3�,!( *��/"�+ " &��!��(. � $"6$�. 3�,!" '!�&� 
�",-$ � *� ���$� $�3��($�� *���6�$"� ��. ". 9!� !� �� *���6�-
$"�, *�"  �!���0 �-% ��. " " �-%  ���,�  �$!� !"�-5! # *��5,� P. 
��" *�#���!� ��. "  *� 3�,�#�. ,!��� � !� , 3!� �� $�3��($�+ *�+-
0�+ �� %�� , ��(6�$"+ %-��! *��� �!2#�!(,+ *� ���"!��($�. � -
�-6$�,!"  ���,� �	, !�3 " $�3��($�. *�+0�. 1, 2, 3 " !. �. *�,��-
��#�!��($� %-�-! ,�*�" �,�!(,+ , �$���&"3$20" !�3 �0" $� �	 
 ���,�. ��" '!�0 !�3 � P $�3��($�. *�+0�. %-��! �*",2#�!( '#��(-
#�$!- 9* (*��#�+ #�!#( '#��(#�$!2). ��$!� �� �-&��$"+ ��. " O’ 
%-��! *���0�7�!(,+ *� !��� !��"" k, � !�3 � 8 (!�3 � *���,�3�$"+ 
�-%� ��. " , &��$"3$�. *�+0�. 8�) - *� !��� !��"" �&.  

!���������'�

�'�

��

��

*  "����� �����

M

A

������ 13 - (��������  
���  �������� �������

B

C

'=(0,42-0,5)mρ

O'
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��" !� �0 �#"6�$"+ %-��! ,/��0"��#�$� &��!��( " '#��(-
#�$!$�+ 3�,!( *��/"�+ �-%�  ���,�, �� �53�$$�+ 0�6�- ���"!��(-
$�. " �,$�#$�. � �-6$�,!+0". � ���-�(!�!� �$���&"3$�&� �#"6�-
$"+ ��. " # *��!"#�*���6$�0 $�*��#��$"" (*��!"# 3�,�#�. ,!���-
 "), !�3 " $�3��($�. *�+0�. 1’, 2’, 3’ " !. �. %-�-! ,�*�" �,�!(,+ , 
,��!#�!,!#-57"0" !�3 �0" $� �	. ��" '!�0 !�3 � 8 %-��! �#"-
&�!(,+ *� !�. 6� !��� !��"" �&, � !�3 � P *� '#��(#�$!� 9� (��#�+ 
#�!#( '#��(#�$!2). � "!�&� �! ���"!��($�. � �-6$�,!" �	 �� � -
�-6$�,!" #��1"$ 	�� ,/��0"�-�!,+ *��/"�( �-%�,  �  �&"%�57�+ 
�+�� *���6�$". �-%� ��. ".  

�� �",-$ � 14 *� ���$2 *���6�$"+ ��. " �! 0-&� �� 8-&� *�" 
*��� �!2#�$"" ��. " *� 3�,�#�. ,!��� � " �! 0-&� �� 10’-&� *�" *�-
�� �!2#�$"" ��. " *��!"# # �%��7�$$�0 �#"6�$"" 3�,�#�. ,!���-
 � 

��,�� *�,!���$"+ �+�� *���6�$". *��/"�+ �-%� ��. ", %2�� 
*��#���$� �&"%�57�+,  �!���+ +#�+�!,+ ,�*�+6�$$20 *��/"��0 
�-%�  ���,�. � $"6$�. 3�,!" �",-$ � 14 *� ���$2 *��-3�$$2. *��-
/"�( �-%�  ���,� " *��/"�( �-%� ��. " # $�3��($�0 *���6�$"". � 
��$$2. 0�0�$! �$" "0�5!  �$!� ! $� �"$"" ��)�*��$"+ �� # *�-
�5,� P.  

��+ $�&�+�$�,!" *�,!���$"+ *���6�$". *��/"�+ �-%� ��. ", 
$� �",-$ � 15  ��0� $�3��($�&� *���6�$"+ *� ���$� !��( � �#� !�-
 -7"� �� *���6�$"+ (*���6�$"+ 4 " 8),  �!��2� �$� ��$"0��! *�" 
*��� �!2#�$"" *� 3�,�#�. ,!��� �. ��" !� �0 �#"6�$"" !�3 " $�-
3��($�. *�+0�. 8’, 4’, 0, 4 " 8 �%����#��" '#��(#�$!2, ,��!#�!,!-
#�$$� 98’, 94’, 90, 94 " 98.  

��,!���$"� *���6�$". *��/"�+ �-%� ��. " " �� �� �0�$�--
�!,+ #2*��$+!( # ,���-57�. *�,����#�!��($�,!". ����#��"!��($� 
�����#�# �� " �	 # *��5,� P, #2*��$"!(, $�3"$�+ �! *��5,� P, 
���0�! - (��+ '!�&� *�"0�$+�!,+  �0�$�� «���0�!"!(») �%�"4 3�,-
!�. �� " �	 , 1�&�0 t " *��$-0���#�!( 0�! ". ���"3�,!#� 0�!�  
�*�����+�!,+ #��"3"$�. 1�&� t " #��"3"$�0" -&��#, $�  �!��2� $�-
�%4��"0� *�#��$-!( ��. -, *��� �!2#�+ �� �� *� �	 *� " *��!"# 
3�,�#�. ,!��� �. 

��" *��� �!2#�$"" �� *� 3�,�#�. ,!��� � -&�� *�#���!� 
���6�$ %2!( ��#�$ ;*3 H ;w, � *�" *��� �!2#�$"" # *��!"#�*���6-
$-5 ,!���$- -&�� *�#���!� ���6�$ %2!( ;*�3 H (;a.- ;w). 
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�",-$�  14 - ��,!���$"� '#��(#�$!2,  �  �&"%�57�.  

 
���"3"$� )�$!���($�&� -&��, �*"��57�&�,+ $� �-&- �	 ��#-

$�. t %-��! ( ) ( )/ 180 /t t rϕ = ⋅ π  (# &���-,�4), &�� r – ���"-, �	. ��&�� 
 ��"3�,!#� 0�!�  ,*��#� " ,��#�, ,��!#�!,!#�$$� ���6$� %2!( N*�3 
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H ;*�3/At,  N*3 H ;*3/At. 	�$� "� #��"3"$ �"%� t, �"%� At #2%"���!,+ 
*��"�#��($�, 6���!��($� # #"�� )���&� 3",��. ��" #2*��$�$"" $� 
 �0*(5!��� )���,��%���$� #2%��!(  At ()���� 3",��), 3!� -*��,!"! 
,����$"� *��+�$�&� 0�,,"#� �%E� !�, # ,�,!�#  �!���&� #4��+! *��-
/"�( �-%� ��. " " ��. ���+�$2. 0�,,"# 0�6$� ,����!( ,���-5-
7"0 �%����0. 
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�",-$�  15 - ��,!���$"� *���6�$". *��/"�+ �-%� ��. " " �� 

*�" *��� �!2#�$"" �� *� �	 
 

 	%E� !, ,�,!�+7". "� *��/"�+ �-%� ��. " " �� # $�3��(-
$�0 *���6�$"", *�#���3"#�5! *� 3�,�#�. ,!��� � $� -&�� A*3= 
N*3?At, ��!�0 ,����5! *��+�$2. 0�,,"# , 3",��0 '��0�$!�# 
N@=(N*�3+N*3+1) " �",!�$)"�. ��#$�. At. � ���-�(!�!�, *��#2. �%E-
� ! 0�,,"#� (, $�0���0 0) %-��! *�#��$-! $� -&��  Ao= A*3 =N*3? At 
('!� -&�� ,� �$� �0 «-»). ��6�2. *�,���-57". �%E� ! 0�,,"#� %--
��! *�#��$-! $� -&��  Ai= Ao+i?At. ��,���$". (k-.) �%E� ! 0�,,"#� 
%-��! *�#��$-! $� -&�� Ak= Ao+At.(N*�3+N*3). 

����� #2*��$+5! *���$�, �%E� !�# 0�,,"#� # ,��!#�!,!#-5-
7"� !�3 " (0�! ") $� �	, $�*�"0��, �%E� ! 0�,,"#�,  �!��2. *�-
#��$-! *� 3�,�#�. ,!��� � $� -&�� 4At, $��%4��"0� *���$�,!" $� �	 
!� , 3!�%2 �� - ���$$�&� �%E� !� 0�,,"#�  �,���,( �	 !�3 �. 4 # 
!�3 � 4 �	 " !. �. 
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��" #2*��$�$"" 3��!�6�, �%23$�, '#��(#�$!- ,!��+! # ,��!-
#�!,!#"" , �� �*������$"�0, � &��!��( , �����1�$"+ *��*���#�!��+ 
0�6$� *�,!��"!( -*��7�$$� (�",. 13). ��3$�� *�,!���$"� &��!��" 
(# !�0 3",�� " '#��(#�$!2) ��,,0�!��$� #21�, $� *�" �-3$�0 #2-
*��$�$"" 3��!�6� '!� ��#��($� ,��6$� " &��0��� �.  
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�",-$�  16 - ��,!���$"� *���6�$". �� " )�$!�� �� �-&��$". ��. " 
 

�� �",-$ � 17 *� ���$� !�3$�� *�,!���$"� &��!��". � '!�0 
,�-3�� #$�3��� �*�����+5! ,��� )�$!�� �� �-&��$". ��. " O’ *�" 
*��� �!2#�$"" �� *� �	 *� 3�,�#�. ,!��� �. ��+ �*������$"+ *�-
��6�$"+ )�$!�� �� �-&��$". ��. " O’ *�" ����"3$24 *���6�$"+4 
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�� $��%4��"0� #�,*��(��#�!(,+  ����"$�!�. l0 " # ��#","0�,!" �! 
*���6�$"+ �� ��$�. "�  ����"$�! l1, l2, l3, "�" l4 (�",. 16, �).  
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�",-$�  17 - ��,!���$"� *���6�$". *��/"�+ �-%� ��. "  

" "4 �&"%�57�. 
 
�� �",-$ � 16, % *� ���$� �*������$"� *���6�$"+ O’,  �&�� 

�� ��$"0��! *���6�$"+ 2 " 4 (,�0" !�3 " " "4 �%��$�3�$"+ *� �-
��$2 %����  �-*$�). �� , $�*�"0��, # *���6�$"" 4 )�$!� O’ $�4�-
�"!,+ $� *���,�3�$"" �-&" ���"-,� l0 , )�$!��0 # !�3 � P4 " �-&" 
���"-,� l4 , )�$!��0 # !�3 � 4’. 
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��,�� �*������$"+ *���6�$"+ !�3 " O’ ,!��+! 3�,!( *��/"�+ 

�-%� ��. " (�",. 17, �),  �!���+ ,�,!�"! "� &��!��" (>=0,38m) " *�+-
0��"$�.$�&� -3�,! � �! &��!��" �� ��. �� '!�0 �",-$ � *� ���$� 
$�3��($�� *���6�$"� �� " �-%� ��. " " !� 6� ,�0�� # *���6�$"" 
3. ��+ *�,!���$"+ *��/"�+ �-%� ��. ", $�*�"0��, # *���6�$"" 3 
$��%4��"0� "� )�$!�� O’3 *��#�,!" � �-6$�,!( ���"-,� >=0,38m, � 
��!�0 "� !�3 " P3 *��#�,!" *�+0-5 ��  �,�$"+ , � �-6$�,!(5 ��-
�"-,� >. 

��,!��"# �&"%�57-5 �+�� *���6�$". �-%� ��. ", *��-3"0 
&��!��( �-%�  ���,� " $�%��(1�. -3�,!�  '#��(#�$!2 �! &��!��" �� 
�	 (�",.17, %). 

(� �"	�� �	�� $��%4��"0� *�,!��"!( ��� ��($2. *��/"�( " 
��*��$"!��($� *�,!��"!( �#� ,�,��$"4 �-%� (�",. 18). 

�0�+ # #"�-, 3!� '#��(#�$!� " &��!��( *�,!���$2 " *��#���$2 
� �-6$�,!" 	��, �	, 		, " 	�*, ���($�.1"� *�,!���$"+ *�$+!$2 
"� �",-$ � 18. 

���/"�( ��1, � !� 6� *��/"�" �-%(�# I2 " I3 ,!��+!,+ 0�-
!���0 �!��� ��"#�$"+, ",*��(�-+ �,( ,"00�!�"" �-%� Od " �,( 
,"00�!�"" #*��"$2 Of  

����-�! !��( � �!0�!"!(, 3!� *�,�� *�,!���$"+ �-%� I1 �,-
!��($2� �#� �-%� 0�6$� *�,!��"!( $� !��( � 0�!���0 �!��� ��"#�-
$"+,  �  '!� *� ���$� $� �",-$ �, $� " 0�!���0 ,����$"+ *��+�$�&� 
0�,,"#� (z '��0�$!�# $� -&�� 360o). 
 �� �",-$ � 18: 
�ab=s - !��7"$� �-%� *� �	 (��"$� �-&" �ab ); 
�cd p m= = π - 1�& �-%3�!�&�  ���,� (��"$� �-&" �cd ); 
As – -&��#�+ !��7"$� �-%�; 
Ap – -&��#�. 1�& �-%�; 

�� 6� *�,!���$"+ " ��,3�!2, $�3"$�+ ,� #!���&� '!�*�, $��%-
4��"0� #2*��$"!( ��+ #!���&� �-%3�!�&�  ���,�. 
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�'�

��

��

�'�

r
��� ��		����� �� � -1

%�������� ��)��� �� � %1$��������� ��)��� �� � %$1

��� ��		����� ������� 
�� ���  -1 � -2

O

b
a

��� ��		����� ������� 
�� ���  -2 � -3

ϕs

ϕ p

$�  -1
$�  -3

$�
  -

2
c

d
f

g

 
 

�",-$� . 18 - ��,!���$"� �-%(�#  ���,� 
 

 �� �",-$ � 19 *� ���$�  ��!"$� ��)�*��$"+ *��2 �-%3�!24 
 ���,. �� �",-$ � N1N2 –!����!"3�, ". -3�,!�  �"$"" ��)�*��$"+ 
(��). 8��$")2 -3�,! � N1 " N2 – '!� !�3 "  �$!� !� �� , �,$�#$20" 
� �-6$�,!+0" OO1 " OO2 . 8��$")2 ��%�3�&� -3�,! � �"$"" ��)�*-
��$"+  ab '!� !�3 " *���,�3�$"+ �� , � �-6$�,!+0" #��1"$ 	��1 " 
	��2. �",-$�  19 *�"#���$ , )��(5, *� ���!( #"�  ��!"$2 ��)�*��-
$"+ , �!�%��6�$"�0 �,$�#$24 '��0�$!�# *�,!���$"+ '#��(#�$!. 
���,( $� *� ���$ )��2. �+� $��%4��"024 '��0�$!�#,  �!��2. ���-
6�$ %2!( $� 3��!�6�. �� *� ���$2 $�3��($2� � �-6$�,!" �O1 " 
�O2, �"�0�!�2 #,�4 � �-6$�,!�., -&�� ��)�*��$"+ �w , 0�6�,�#�� 
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01'2'3'
4'

5'

6'

7'

6

1

2

3

4

5

6
7

8'

8

1

2

3

4

5

6
7

3'
2'1'

4'

5'

6'

7'
8

8'

7

8

9

9

9'

5
4
3
2
1 7

5

6

8

4
3

2
1
0'

N1

N2

a

b
P

O2

O1

�'�2

��2

�'�2

�'�1

��1

��1

�'�1

��1

 
 

�",-$�  19 - 	%7". #"�  ��!"$2 '#��(#�$!$�&� ��)�*��$"+ 
 

��,,!�+$"� aw " ��. (# *�"��6�$"" %-��! *�"#���$ 3��!�6  ��!"$2 
��)�*��$"+ ,� #,�0" �!�"%-!�0").  

 ��,�� #2*��$�$"+ *�,!���$"., *�"#���$$24 $� �",-$ � 19, 
$��%4��"0� �*�����"!(  �'//")"�$! *��� �2!"+ *� /��0-�� (24), 
� *� /��0-�� (23) *��#��"!( !�3$�,!( #��"3"$2 ��%�3�&� -3�,! � 
�"$"" ��)�*��$"+ ab,  �!���+ *��-3�$� $� 3��!�6�. 
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a

N1

b
N2

P

λ1

 
 

�",-$�  20 - 8��/"  "�0�$�$"+  �'//")"�$!� , ��(6�$"+ D1 
 

 �� /��0-�� (23) �*�����"!(  �'//")"�$!2 , ��(6�$"+ 
*��/"��. $� �"$"" ��)�*��$"+,  �  $� �," �%,)",,, *�,!��"!( &��-
/" "  �'//")"�$!�# , ��(6�$"+ D1 " D2 (�",.20). 

 
&����� ����	�������" ����������� �������	���� ��-

'����" 
 

&���� 1. �2*��$"!( ��,3�! &��0�!�"3�, "4 *���0�!��# %��-
�����$�&� '#��(#�$!$�&� ��)�*��$"+ *� ,���-57"0 ��$$20: z1=14, 
z2=29, m=10��, ,!�$���!$�� �$�3�$"� 0�6�,�#�&� ��,,!�+$"+ aw. 
�,� �"$�.$2� #��"3"$2 # 0"��"0�!��4. 

1) ���"!��($�� 0�6�,�#�� ��,,!�+$"� 
1 2( ) 10(14 29)

215
2 2

m z z
a

+ += = = . 


�"6�.1�� %��(1�� ,!�$���!$�� �$�3�$"� 0�6�,�#�&� ��,,!�+$"+ 
aw ��#$� 225��. 

2) -&�� %�������$�&� ��)�*��$"+ *�" aw = 225 %-��! ��#�$ 
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215
arccos( ) arccos cos arccos cos 26,1129

225
w w

w

a
a

� � � �α = α = ⋅ α = ⋅ α = °� �� �
� �� �

 

3) ,-00��$2.  �'//")"�$! ,0�7�$"+ 0�6$� $�.!" *� /��0--
�� 

(inv inv )
2 tg
w z

x Σ
Σ

α − α ⋅=
⋅ α

, 

&�� - inv tg 0,01490438
180
α ⋅ πα = α − ≈ ,   inv tg

180
w

w w
α ⋅ πα = α − . 

��" �w = 26,1129o 
26,113

inv tg(26,113 ) 0,034418
180 180

w
w wtg

α ⋅ π ⋅ πα = α − = ° − = , 

 
(inv inv ) (0,0344180 0,0149) 43

1,152947658
2 tg 2 tg 20
w z

x Σ
Σ

α − α ⋅ − ⋅= = =
⋅ α ⋅ °

. 

 
4)  �'//")"�$! #�,*�"$"0��0�&� ,0�7�$"+ y *�" aw = 225 " 

x@ = 1,153 %-��!  
y = (aw - a)/m = (225-215)/10=1,0; 

5)  �'//")"�$! -��#$"!��($�&� ,0�7�$"� By *�" aw = 225��  

By = x@ – y = 1,153 - 1,0 = 0,153. 
��" ��,*������$"" x@ $��%4��"0� "0�!( # #"�-, 3!�%2 x1H xmin 

=0,176. ��+ �*!"0��($�&� ��,*������$"+ x@ )���,��%���$� #�,*��(-
��#�!(,+ %�� "��#�3$20  �$!-��0 (�",. 21). 

�� �",-$ � # ,",!�0�  ����"$�! x2=x2(x1) *� ���$2  �"#2�: 

1) J – ��#$�*��3$�,!( �-%(�#  ���, ("� ��$�&� 0�!��"���); 
2) &1= &2 – ��#�$,!#�  �'//")"�$!�# , ��(6�$"+ $� $�6 �4 
�-%(�#; 
3) x1 " x2 – &��$")2 *������$"+ �-%(�#  ���, 1 " 2; 
4) sa1=0,4?m, sa1=0,25m, sa2=0,4?m – &��$")2 0"$"0��($� ��-
*-,!"024 �$�3�$". !��7"$ �-%(�# *� � �-6$�,!+0 #��1"$ 
(��+ �� ���$$24 �-%(�# saiH0,4?m) 
5) C = 1,2 – &��$")� 0"$"0��($� ��*-,!"0�&� �$�3�$"+  �-
'//")"�$!� *��� �2!"+. 
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�� �",-$ � 21 *��#���$� *-$ !"�$�+ �"$"+  x@ = 1,153. 9!� 
�"$"+ *���,� ��! �"$"5 C =1,2 # !�3 � k . ��6$� #2%��!( �5%�� 
,�3�!�$"� �$�3�$". x1 " x2 $� �"$"" x@ = 1,153 #21� !�3 " k . 

��"$"0��0 x2=0,60,  x1= x@ – x2=1,153-0,60=0,5529476 ($� �",. 
21 !�3 � n).  

� -3�!�0 #2%��$$24 �$�3�$". x1 " x2 �*�����+�0 &��0�!�"3�-
, "� *���0�!�2 �-%3�!24  ���, " ��)�*��$"+ (#,� �"$�.$2� ���0�-
�2 # 0"��"0�!��4). 

1) �"�0�!�2 ���"!��($24 � �-6$�,!�.  
1 1 2 210 14 140; 10 29 290;d m z d m z= ⋅ = ⋅ = = ⋅ = ⋅ =           (1) 

2) K �& �-%3�!�&�  ���,� 
10 3,1416 31,416p m= ⋅ π = ⋅ = .                              (2) 

 
3) �&��#2� 1�&" �-%3�!24  ���,  

1 1

2 2

360 / 360 /14 25,714 ;

360 / 360 / 29 13,448
p

p

z

z

ϕ = ° = ° = °

ϕ = ° = ° = °
                    (3) 

4) �"�0�!�2 �,$�#$24 � �-6$�,!�. 
1 1

2 2

cos 140 cos20 131,557;

cos 290 cos20 272,51086
b

b

d d

d d

= ⋅ α = ⋅ ° =
= ⋅ α = ⋅ ° =

              (4) 

5) ���7"$2 �-%(�#  ���, *� ���"!��($20 � �-6$�,!+0 

1 1

2 2

0,5 2 tg
0,5 10 3,1416 2 10 0,553 tg20 19,73;

0,5 2 tg
0,5 10 3,1416 2 10 0,6 tg20 20,08

s m mx

s m mx

= ⋅ π + ⋅ α =
= ⋅ ⋅ + ⋅ ⋅ ⋅ ° =

= ⋅ π + ⋅ α =
= ⋅ ⋅ + ⋅ ⋅ ⋅ ° =

             (5) 

 
6) K "�"$2 #*��"$  ���, *� ���"!��($20 � �-6$�,!+0 

                                 e1=p – s1= 31,416-19,73=11,686; 

e2=p – s2= 31,416-20,08=11,336;                         (6) 

7) �"�0�!�2 $�3��($24 � �-6$�,!�. 



 32 

1 1

2 2

cos cos 20
140 146,512;

cos cos26,113

cos cos20
290 303,49

cos cos26,113

w
w

w
w

d d

d d

α= = ⋅ =
α

α= = ⋅ =
α

            (7) 

1,8

1,6

1,4

1,2

1,0

0,8

0,6

0,4

0,2

0

-0,2

-0,4

-0,6

-0,8

-1,0

1,61,20,80,40-0,4-0,8

2x

1x0

1 minx

2 minx

-0
,7

σ
ε=1,2

λ  =λ 21a2s  =     m0,4

a1s  =       m0,25
a1s  =     m0,4

Σx =1,153

 =
0,

6
2x 

x 
   

=
2m

in

x   =1min

=0,5331x k
n

0,176

 
 

�",-$�  21 - 
�� "��#�3$2.  �$!-� ��+ *��2  ���, , z1=14 " z2=29 
 

8) �2,�!2 &���#�  �-%(�# 
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*
1 1

*
2 2

( ) 10 (1,0 0,553 0,153) 14;

( ) 10 (1,0 0,6 0,153) 14,47
a a

a a

h m h x y

h m h x y

= + − ∆ = ⋅ + − =

= + − ∆ = ⋅ + − =
.   (8) 

9) �2,�!2 $�6�  �-%(�# 
* *

1 1

* *
2 2

( ) 10 (1,0 0,25 0,553) 6,97;

( ) 10 (1,0 0,25 0,6) 6,5

f a

f a

h m h c x

h m h c x

= ⋅ + − = ⋅ + − =

= ⋅ + − = ⋅ + − =
   (9) 

10) �2,�!� �-%� 
* *(2 ) 10 (2 1,0 0,25 0,153) 20,97ah m h c y= ⋅ + − ∆ = ⋅ ⋅ + − =   (10) 

11) �"�0�!�2 � �-6$�,!�. #��1"$ 
*

1 1 1

*
2 1 2

( 2 2 2 )

10 (14 2 1,0 2 0,553 2 0,153) 168;

( 2 2 2 )

10 (29 2 1,0 2 0,6 2 0,153) 319

a a

a a

d m z h x y

d m z h x y

= ⋅ + + − ∆ =
= ⋅ + ⋅ + ⋅ − ⋅ =

= ⋅ + + − ∆ =
= ⋅ + ⋅ + ⋅ − ⋅ =

               (11) 

12) �"�0�!�2 � �-6$�,!�. #*��"$ 

( )

( )

* *
1 1 1

* *
2 2 2

( 2 2 2 )
10 14 2 1,0 2 0,25 2 0,553 126;

( 2 2 2 )
10 29 2 1,0 2 0,25 2 0,6 277

f a

f a

d m z h c x

d m z h c x

= ⋅ − − + =
= ⋅ − ⋅ − ⋅ + ⋅ =

= ⋅ − − + =
= ⋅ − ⋅ − ⋅ + ⋅ =

              (12) 

13) ��"$� ��%�3�&� -3�,! � �"$"" ��)�*��$"+ 

( )

2 2 2 2
1 1 2 2 1 2

2 2 2 2

tg ( )

84 65,78 159,5 136,255

tg 65,78 136,255 36,123

a b a b w b b

w

ab r r r r r r= − + − − α ⋅ + =

= − + − −
− α − =

              (13) 

14) ��'//")"�$! *��� �2!"+   
/ 36,123/ 29,52 1,22bab pε = = =                          (14) 

C >1,2, 3!� ��*-,!"0�. 

15) ���7"$2 �-%(�# *� � �-6$�,!+0 #��1"$ 
( )/ inv invai ai i i ais d s d= + α − α ,                                 (15) 

&��: 
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( )arccos /ai bi air rα =  - *��/"�($2. -&�� '#��(#�$!2 *� � -
�-6$�,!" #��1"$; 

 ( ) ( )1 1 1arccos / arccos 65.78/84 38,455a b ar rα = = = ° ; 

 ( ) ( )2 2 2arccos / arccos 136,255/159,5 31,32a b ar rα = = = °  

 1
1 1

38,455
inv tg tg38,455 0,122988

180 180
a

a a
α ⋅ π ⋅ πα = α − = − = ; 

 1
1 1

31,32
inv tg tg31,32 0,06185

180 180
a

a a
α ⋅ π ⋅ πα = α − = − = ; 

 

( )

( )

1 1 1 1 1

2 1 2 2 2

/ inv inv

168 (19,73/140 0,0149 0,122988) 5,5;

/ inv inv

319 (20,08/ 290 0,0149 0,06185) 7,1

a a a

a a a

s d s d

s d s d

= + α − α =
= ⋅ + − =

= + α − α =
= ⋅ + − =

 

. 
���7"$2 �-%(�# *� � �-6$�,!+0 #��1"$ %��(1� 0,4?m, 3!� 

#*��$� *�"�0��0�. 

&���� 2. �2*��$"!( ��,3�! &��0�!�"3�, "4 *���0�!��# %��-
�����$�&� '#��(#�$!$�&� ��)�*��$"+ *� ,���-57"0 ��$$20: z1=10, 
z2=15, m=10��. ���$�3"!( 0"$"0��($� $��%4��"02� ,0�7�$"+ "� 
-,��#"+ �!,-!,!#"+ *������, !.�. x=xmin. ����,� %-�-! "�&�!�#��$2 
,!�$���!$20 "$,!�-0�$!�0 ���3$�&� !"*� , *���0�!��0": � =20o; 

* 1,0ah = ; * 0,25c = . �,� �"$�.$2� #��"3"$2 # 0"��"0�!��4. 

 
1) �"�0�!� ���"!��($�. � �-6$�,!"  

1 1 2 210 10 100; 10 15 150;d mz d mz= = ⋅ = = = ⋅ =         (1) 

2) 1�& �-%3�!�&�  ���,� 
10 3,14159 31,4159p m= ⋅ π = ⋅ =                           (2) 

3) -&��#�. 1�& �-%3�!�&�  ���,�  

1 1 2 2360 / 360 /10 36 ; 360 / 360 /15 24 ;p pz z °ϕ = ° = ° = ° ϕ = ° = = °   (3) 

4) �"�0�!� �,$�#$�. � �-6$�,!"  
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1 1

1 1

cos 100 cos20 93,969;

cos 150 cos20 140,954;
b

b

d d

d d

= ⋅ α = ⋅ ° =
= ⋅ α = ⋅ ° =

                    (4) 

5)  �'//")"�$! 0"$"0��($� $��%4��"0�&� ,0�7�$"+ "� 
-,��#"+ �!,-!,!#"+ *������  

1 1

2 2

(17 ) /17 (17 10) /17 0,4118;

(17 ) /17 (17 15) /17 0,1176;
min

min

x z

x z

= − = − =
= − = − =

                  (5) 

6) !��7"$� �-%� *� ���"!��($�. � �-6$�,!"  
1 1

2 2

0,5 2 tg 0,5 31,416 2 10 0,4118 tg 20 18,705;

0,5 2 tg 0,5 31,416 2 10 0,1176 tg 20 16,564;

s p mx

s p mx

= + ⋅ α = ⋅ + ⋅ ⋅ ⋅ ° =
= + ⋅ α = ⋅ + ⋅ ⋅ ⋅ ° =

 (6) 

7) 1"�"$� #*��"$2  ���,� *� ���"!��($�. � �-6$�,!" 
1 1

2 2

31,4159 18,7054 12,7105;

31,4159 16,5644 14,8515;

e p s

e p s

= − = − =
= − = − =

                  (7) 

8) ,-00��$2.  �'//")"�$! ,0�7�$"+  
1 2 0,4118 0,1176 0,5294x x xΣ = + = + =                       (8) 

9) ,-00��$�� 3",�� �-%(�#  
1 2 10 15 25;z z zΣ = + = + =                                  (9) 

10) "$#��5!� -&�� %�������$�&� ��)�*��$"+  
0,5294

inv inv 2 tg 0,0149 2 tg 20 0,0303,
25w

x
z

Σ

Σ

α = α + ⋅ α = + ⋅ ° =      (10) 

&�� - inv tg 0,0149
180

πα = α − α ⋅ ≈  (; = 20�). 

11) �&�� %�������$�&� ��)�*��$"+ �w �*�����+�!,+ *� �$�3�-
$"5 inv;w. ��+ '!�&� #�,*��(�-�0,+ /��0-��.  

0,3276,8 (inv ) 25,0903w wα = ⋅ α = °                         (11) 

12) ���"!��($�� 0�6�,�#�� ��,,!�+$"�  
0,5 0,5 10 25 125;a mzΣ= = ⋅ ⋅ =                            (12) 

13) 0�6�,�#�� ��,,!�+$"� %�������$�&� ��)�*��$"+  
( ) ( )cos / cos 125 cos20 / cos25,0903 129,7;w wa a ° °= ⋅ α α = ⋅ =     (13) 

14) �"�0�!� $�3��($�. � �-6$�,!"  
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( ) ( )
( ) ( )

1 1

2 2

cos / cos 100 cos20 / cos25,0903 103,76;

cos / cos 150 cos20 / cos25,0903 155,64;
w w

w w

d d

d d

= α α = ⋅ ° ° =

= α α = ⋅ ° ° =
(14) 

15)  �'//")"�$! #�,*�"$"0��0�&� ,0�7�$"+  
( ) / (129,7 125) /10 0,47wy a a m= − = − =                        (15) 

16)  �'//")"�$! -��#$"!��($�&� ,0�7�$"+  
0,5294 0,47 0,0594;y x yΣ∆ = − = − =                        (16) 

17) #2,�!� &���# " �-%�  
*

1 1
*

2 2

1,0 10 10 0,4118 10 0,0594 13,524;
1,0 10 10 0,1176 10 0,0594 10,582;

a a

a a

h h m mx m y
h h m mx m y

= + − ∆ = ⋅ + ⋅ − ⋅ =
= + − ∆ = ⋅ + ⋅ − ⋅ =

 (17) 

18) #2,�!� $�6 " �-%�  
* *

1 1

* *
2 2

( ) 10 (1,0 0,25) 10 0,4118 8,382;

( ) 10 (1,0 0,25) 10 0,1176 11,324;

f a

f a

h m h c mx

h m h c mx

= ⋅ + − = ⋅ + − ⋅ =

= ⋅ + − = ⋅ + − ⋅ =
   (18) 

19) #2,�!� �-%�  
* *(2 ) 10 (2 1,0 0,25 0,0594) 21,906;ah m h c y= + − ∆ = ⋅ ⋅ + − =    (19) 

20) �"�0�!� � �-6$�,!" #��1"$  
*

1 1 1

*
2 2 2

( 2 2 2 )

10 (10 2 1,0 2 0,4118 2 0,0594) 127,0472;

( 2 2 2 )

10 (15 2 1,0 2 0,1176 2 0,0594) 171,1648;

a a

a a

d m z h x y

d m z h x y

= ⋅ + + − ∆ =
= ⋅ + ⋅ + ⋅ − ⋅ =

= ⋅ + + − ∆ =
= ⋅ + ⋅ + ⋅ − ⋅ =

         (20) 

21) �"�0�!� � �-6$�,!" #��1"$  
* *

1 1 1

* *
2 2 2

( 2 2 2 )

10 (10 2 1,0 0,5 2 0,4118) 83,2352;

( 2 2 2 )

10 (15 2 1,0 0,5 2 0,1176) 127,353;

f a

f a

d m z h c x

d m z h c x

= ⋅ − − + =

= ⋅ − ⋅ − + ⋅ =

= ⋅ − − + =

= ⋅ − ⋅ − + ⋅ =

                (21) 

22) ��"$� ��%�3�&� -3�,! � �"$"" ��)�*��$"+ 
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2 2 2 2
1 1 2 2 1 2

2 2 2 2

0

tg ( )

63,5236 46,9846 85,5824 70,4769

tg25,0903 (46,9846 70,4765) 36,305;

a b a b w b bab r r r r r r= − + − − α ⋅ + =

= − + − −

− ⋅ + =

         (22) 

23)  �'//")"�$! *��� �2!"+   
/ 36,305/ 31,4159 1,155.ab pε = = =                      (23) 

�� �0�$�-�0�� 0"$"0��($�� �$�3�$"�  �'//")"�$!� *���-
 �2!"+ ��#$� C=1,2, !.�. *��-3�$$�� �$�3�$"� C=1,155 $�, ��( � 
$"6� ��*-,!"0�&�. 

���0� *���3",��$$24 #21� *���0�!��#,  �!��2� $��%4��"0� 
#2*��$+!(, #2*��$+�0 ��,3�! �+�� ��*��$"!��($24 *���0�!��#. 

24) �&��#�+ !��7"$� �-%� *� ���"!��($�. � �-6$�,!"  
1

1
1

2
2

2

180 18,705 180
21,435 ;

50

180 16,564 180
12,654 ;

75

S

S

S
r

S
r

ϕ = ⋅ = ⋅ = °
π π

ϕ = ⋅ = ⋅ = °
π π

                    (24) 

25) -&��#�+  ����"$�!� $�3��($�. !�3 " '#��(#�$!2 (�",. 6) 
180 180

(tg ) (tg 25,09 ) 26,8275 ;w w w wϕ = α + θ = α = ° = °
π π

    (25) 

26) !��7"$� �-%�  ���,� 1 *� � �-6$�,!" #��1"$ 

1
1 1 1

1

inv inv

18,71
127,05 0,0149 0,1706 3,85,

100

a a a
s

s d
d

� �
= ⋅ + α − α =� �

� �

� �= ⋅ + − =� �
� �

 

&�� - 

1
1

1

1 1 1

46,985
arccos arccos 42,23 ;

63,524

inv tg tg 42,23 42,23 0,1706;
180 180

b
a

a

a a a

r
r

α = = = °

π πα = α − α = − =
 

27) !��7"$� �-%�  ���,� 2 *� � �-6$�,!" #��1"$ 



 38 

2
2 2 2

2

inv inv

6,56
171,16 0,0149 0,0856 6,8

150

a a a
s

s d
d

� �
= ⋅ + α − α =� �

� �

� �= ⋅ + − =� �
� �

, 

&�� - 

1
1

1

1 1 1

70,48
arccos arccos 34,56 ;

85,58

inv tg tg34,56 34,56 0,0856.
180 180

b
a

a

a a a

r
r

α = = = °

π πα = α − α ⋅ = − ⋅ =
 

�� �",-$ � 23 *� ���$ *�"0�� #23��3"#�$"+ " �/��0��$"+ 
�",!� *� �-%3�!�0- ��)�*��$"5, ��,,3"!�$$�0- # *�"0��� 2. ��-�� 
#2,� �. $�,27�$$�,!" 3��!�6� &��/" "  �'//")"�$!�# , ��(6�-
$"+ *� ���$2 �!���($�. ��'//")"�$!2 , ��(6�$"+ ��,,3"!�$2 *� 
/��0-��0 (24). 

9#��(#�$!2 ��+ �%�"4  ���, *�,!���$2 *� �*������$"5 
'#��(#�$!2, !. �. '!� ,��� !�3 " *�+0�. *�" *��� �!2#�$"" �� *� 
�,$�#$�. � �-6$�,!". 8��!��" *�,!���$2  �  �&"%�57"� �+�� *�-
��6�$". �-%� ��. " # �� �%��7�$$�0 �#"6�$"" �!$�,"!��($� ,��!-
#�!,!#-57�&�  ���,�. 

��,!���$"� &��!���. *� ���$� $� �",-$ � 22. 
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mx
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1
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%������� ������� �� � ����� 2

!��������

�'�
��

��

%������� ������� �� � ����� 1

2
4

6

0

�������

5
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3
2
1
0 �������

1

2

!��������

mx

 
�",-$�  22 - ��,!���$"� &��!���. �-%(�#  �  �&"%�57"4 �+�� 

*���6�$". �-%� "$,!�-0�$!��($�. ��. " 
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P

N

O O

N

1

2

3

4

5

6

1

2

3

4

5

6

0

1

2

3

4

5

6

7

9

10

8

9

10

0

1

2

3

4

5

6

7

8

9

10

8

9

10

7

7

21

2

1

b

a

w

f1

b1

w1

a1

2

1

b2

w2

f2
a2

w

w

wα

α

α

r
r

r
r

r

r
r
r
r

r

a

P

N1

a

b

N2

λ

λ

1

2

*#))�"����� ��������� ��)����

x xmz z a a εd d 1 221 w21

10 15 10 100 150 125 1.1550.412 1.118 129.7
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