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

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

�%��7 �� &",%23( 8 )&)3( -!,�$%$0$ &,$"- ), %2&$�#�"3$0$ %$ % $,$3 �"3"� ," 
(/!."#(� -!,�) ���. � '"�*7 &$�0$ $%-( - -!,�$%$3! &,$"- (,$%)#(7 % 
&",%$3 �"3"� ," &,"�!�3$ ,"#$ %2&$�#"#(" ,)�." #$-0,)1(."�-$+ ,)9$ 2 
(���), %-�7.)7:"+ !0�!9�"##!7 &,$,)9$ -! ,)/�(.#26 3" $�$% 3" ,(."�-$0$ 
�(# "/) ( -(#"3) (."�-$0$ )#)�(/) ,2.)5#26 3"6)#(/3$%. 

� 3" $�(."�-(6 !-)/)#(�6 &,(%"�"#2 &,(3",2 ,"4"#(� #"�-$�*-(6 /)�). 
3" ,(."�-$0$ �(# "/), )  )-5" $9,)/"' $1$,3�"#(� ���, % -$ $,$3 &$-)/)#2 
,"/!�* ) 2 3" ,(."�-$0$ �(# "/), )  )-5" -(#"3) (."�-$0$ )#)�(/) ,2.)5#$0$ 
3"6)#(/3) 3" $�)3( -(#"3) (."�-(6 �()0,)33 ( &�)#$% �-$,$� "+ ( !�-$,"#(+. 



 3 

 
�)�." #$-0,)1(."�-)� ,)9$ ) %2&$�#�" �� &$ /)�)#(7 -)1"�,2, 

�%��7:"3!�� $�#$%,"3"##$ ( /)�)#("3 #) -!,�$%$" &,$"- (,$%)#(" % 
��"�!7:"3 �"3"� ,". � !�"#  $9�/)#  :) "�*#$ (/!.( * 8 $ /)�)#(" ( �$6,)#( * 
"0$ ��� �)�*#"+4"0$ (�&$�*/$%)#(� &,( -!,�$%$3 &,$"- (,$%)#((. �)� * 
,"/!�* ) $%, &$�!."##26 &,( %2&$�#"#(( ���, 9!�"  (�&$�*/$%)#) % ��"�!7:"3 
�"3"� ," % -!,�$%$3 &,$"- ", &$8 $3! � !�"#  $9�/)# �$6,)#( *  )-5" ( 
.",#$%(- ,)9$ 2. 
 ��� $1$,3��" �� #) $�#$3 �(� " 1$,3) ) �1 � �$9�7�"#("3 %�"6 
 ,"9$%)#(+ ����. ��" #"$96$�(32" ,)�." 2 &,(%$�� �� ,��$3 � 
�$$ %" � %!7:(3( �6"3)3( ( 0,)1(-)3(. �,(3", $1$,3�"#(� ��� &,(%"�"# % 
&,(�$5"#((. 
 �)9$ ) %-�7.)" : 3" ,(."�-(+ �(# "/ 0�)%#$0$ ,2.)5#$0$ 3"6)#(/3) 
3)4(#2 &$ /)�)##23 0"$3" ,(."�-(3, -(#"3) (."�-(3 ( �(#)3(."�-(3 
!��$%(�3, )  )-5" - -(#"3) (."�-(+ )#)�(/ �(# "/(,$%)##$0$ 3"6)#(/3) 
3" $�)3( -(#"3) (."�-(6 �()0,)33 ( &�)#$% �-$,$� "+ ( !�-$,"#(+. 
 
 
 
 

1 �������
 � ���������	�� ������� ������	�	 ��������� 
 

�" ,(."�-(+ �(# "/ /)-�7.)" �� % $&,"�"�"#(( ,)/3",$% ( %/)(3#$0$ 
,)�&$�$5"#(� /%"#*"% 3"6)#(/3) #) "0$ -(#"3) (."�-$+ �6"3" &$ /)�)##23 
0"$3" ,(."�-(3, -(#"3) (."�-(3 ( �(#)3(."�-(3 !��$%(�3 �%(5"#(� 
%26$�#$0$ /%"#). �,"�( 0"$3" ,(."�-(6 ( -(#"3) (."�-(6 !��$%(+ �%(5"#(� 
%26$�#$0$ /%"#) 3$5#$ #)/%) *  )-(" #)(9$�"" .)� $ %� ,".)7:("�� % 
&,)- (."�-(6 (#5"#",#26 /)�).)6 !��$%(�: 

1. �"-$ $,2" &$�$5"#(� %26$�#$0$ /%"#) �$�5#2 �$$ %" � %$%) *  
$&,"�"�"##23 &$�$5"#(�3 %6$�#$0$ /%"#), &,( 8 $3 /)-$# �%(5"#(� %26$�#$0$ 
/%"#) #" (3""  /#)."#(�. �)##!7 /)�).! 3$5#$ #)/%) * /)�)."+ 
&$/('($#(,$%)#(� /%"#*"% 3"6)#(/3). 

2. �,)"- $,(� �%(5"#(� %26$�#$0$ /%"#) (�( "0$ $ �"�*#$+  $.-( �$�5#) 
�$$ %" � %$%) * /),)#"" /)�)##$+ -,(%$+ #) %�"3 "" &,$ �5"#(( (�( #) 
$ �"�*#$3 !.)� -". 

3. �%(5"#(" %26$�#$0$ /%"#) �$�5#$ $�!:"� %�� *�� &$ /)�)##$3! /)-$#! 
(�( 6),)- ",(/$%) *�� $ �"�*#23( /)�)##23( -(#"3) (."�-(3( &),)3" ,)3(, 
 )-(3(, #)&,(3",, -)- -$811('("#  (/3"#"#(� �,"�#"+ �-$,$� ( %26$�#$0$ 
/%"#) 3"6)#(/3). 

�,"�( �(#)3(."�-(6 !��$%(+ 3$5#$ #)/%) *  )-(" !��$%(�, -)- !��$%(" 
&,"$�$�"#(� �(� &$�"/#26 �$&,$ (%�"#(+ � /)�)##23 /)-$#$3 �%(5"#(� ( $ "� * 
$9"�&"."#(" �(#)3(."�-$+  $.#$� (), (�( !��$%(" $0,)#(."#(� (#",'($##26 
#)0,!/$-, (�( !��$%(" $0,)#(."#(� !0�$% �)%�"#(� ((�( !0�$% &","�).(). 
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�",".(��"##2" %24" !��$%(� 3$0!  92 * %2&$�#"#2 -!�).-$%23( 
3"6)#(/3)3( (�( �,!0(3( 3"6)#(/3)3(, %-�7.)7:(3( % �%$+ �$� )% %2�4(" 
-(#"3) (."�-(" &),2, $�#)-$ ,"4"#("  $+ 5" /)�).( � &,(3"#"#("3 4),#(,#$-
,2.)5#26 (,2.)5#26) 3"6)#(/3$% '"�"�$$9,)/#$ �  "6#$�$0(."�-(6 ( 
8-$#$3(."�-(6 �$$9,)5"#(+. 

�$� ,$"#(� &,( 3" ,(."�-$3 �(# "/" ��"�!"  %2&$�#� * � ,$0$ % 
$&,"�"�"##$3 3)�4 )9". � $ �"�*#26 ��!.)�6 3)�4 )9 3$5#$ %29,) * % �)3$3 
#).)�" &$� ,$"#(+ (#)&,(3",, -$0�) (/%"� #2 ,)/3",2 %26$�#$0$ /%"#) 
3"6)#(/3) ( "0$ -,)+#(" &$�$5"#(�). �#$0�) &$� ,$"#(� &,(6$�( �� %2&$�#� * 
% &,$(/%$�*#$3, /),)#"" #"(/%"� #$3 3)�4 )9", -$ $,2+ 3$5#$ 9!�"  
&$��.( ) *, /)-$#.(% %�" &$� ,$"#(� (#)&,(3",, -$0�) /)�)#2 ��(#2 %6$�#$0$ 
(�( &,$3"5! $.#26 /%"#*"%). 

�","� #).)�$3 &$(�-) #"(/%"� #26 ��(# /%"#*"% #)�$ #)#"� ( #) .", "5 
%�" /)�)##2" 0"$3" ,(."�-(" 8�"3"# 2 -(#"3) (."�-$+ �6"32. �) "3, "��( % 
(�6$�#26 �)##26 /)�)#$ /#)."#(" -$811('("# ) (/3"#"#(� �,"�#"+ �-$,$� ( 
%26$�#$0$ /%"#) Kω ((�( Kv), ��"�!"  $&,"�"�( * /#)."#(" %�&$3$0) "�*#$0$ 
!0�) θ, #) -$ $,2+ $  180° $ �(.)7 �� /#)."#(� !0�$% &$%$,$ ) -,(%$4(&) #) 
,)9$."3 ( &,�3$3 6$�)6 3"6)#(/3). �$811('("#  Kω ((�( Kv) 3$5#$ 
&,"�� )%( * % %(�": 

Θ
Θ

−
+=== °

°

180
180K

��

��

��

��

ϕϕϕϕ
ϕϕϕϕ

ωωωω
ωωωω

ωωωω , $ -!�) #)6$�(3: 
1K
1K1800

+
−=

ωωωω

ωωωωθθθθ .  

 ��� $ 2�-)#(� -$$,�(#)  '"# ,) %,):"#(� -,(%$4(&) ( $.-) 	I) #)�$ 
&,$(/%"� ( %�&$3$0) "�*#2" 0"$3" ,(."�-(" &$� ,$"#(� (&,(3",2 �3. #(5"),  % 
$�#$%" -$ $,26 �"5(  (/%"� #)�  "$,"3) 0"$3" ,((, �$0�)�#$ -$ $,$+ �!0) 
$-,!5#$� ( #)9�7�)" �� � �79$+  $.-( $-,!5#$� ( &$� !0�$3, ,)%#23 &$�$%(#" 
'"# ,)�*#$0$ !0�), � �0(%)"3$0$ 8 $+ �!0$+. 
 	�#$%#2" &,("32 &$� ,$"#(+, &,(3"#�"32" &,( ,"4"#(( /)�). 
3" ,(."�-$0$ �(# "/) ,2.)5#26 3"6)#(/3$%, ,)��3$ ,"#2 #(5" #) &,(3",)6 
&,$"- (,$%)#(� -(#"3) (."�-(6 �6"3 #"-$ $,26  (&(.#26 ,2.)5#26 
3"6)#(/3$%. 
 

������	
��: ����������� ��	� ��
���� 
��� ��������� � Auto CAD � 
��
���
� 1:1 – � ��
���
�, ������� ���
���� ��
�� �
��������
� � ���� 

�����. ��� �
����� ��
����� � ���
� ��������
��� ��������, ��
���
 
��	���� ��
���� 
�� ������� ���, ���
� ��� ��	�� 
��� ���
�� ��
����	��� 
�� ��
�� ������� �5. �������������� ��
���� 1 – 6 ��� � ��
���
 1:5, � �
� 
�
������� – 1:10.  ��� ���
������
�� 
������ ��	�� 
���
��������� 
�������� ��
���
 ��
���� (��� ��������� ����� ����� (� �) � ������� (� ��), 
������� ����� ���
��	��� �� ��
����). 

 
������ 1. �&,$"- (,$%) * -(#"3) (."�-!7 �6"3! -,(%$4(&#$-

-$,$32��$%$0$ 3"6)#(/3) -).)7:"0$�� -$#%"+",) (,(�. 1) &$ �)##23: Kω = 1,28; 
γ3 = 75°; ψ3 = 60°; l1 = 0,1 �; SD = 0,3 �. 
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�(�. 1. �6"3) 3"6)#(/3) -).)7:"0$�� -$#%"+",) 
 

���	�
�� � �
���
�
�� 
 �,(3"3 �(33" ,(.#$" ,)�&$�$5"#(" 3", %26 &$/('(+ -$,$32��) �2"

′ ( 
�2"

′′. �$0�) (/ (�6$�#26 �)##26 %2 "-)7  ��"�!7:(" 8�"3"# 2 -(#"3) (."�-$+ 
�6"32 3"6)#(/3) (,(�. 2). 

2O

C' C"

!���� 
��
��� O O1 2

D

3

S
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�(�. 2. ��6$�#2" 8�"3"# 2 -(#"3) (."�-$+ �6"32 
 �)�4 )9 -(#"3) (."�-$+ �6"32 3$5#$ $&,"�"�( *  )-:  

��

�005,0
60

3,0
S
S

D

D
l ===µµµµ . 

  �"&",* 3$5#$ #)+ ( 245,0005,049COl l2CO2
=⋅=⋅′= µµµµ  �. 

 �$� )%�"##!7 /)�).! -).)#(� -$,$32��) �2"
′ #) !0$� γ3 3$5#$ 

$�!:"� %( * 9"�.(��"##23 3#$5"� %$3 %),()# $% �$." )#(+ ��(# -,(%$4(&) 
�1� ( 4) !#) �#. �)+�"3 $�(# (/  )-(6 %),()# $%, &,"�&$�$5(%, . $  $.-) # 
�$%&)�)"  �  $.-$+ ". ��� 8 $0$ #)+�"3 '"# , �* (,(�. 3) %�&$3$0) "�*#$+ 
$-,!5#$� (, (/ -$ $,$0$ �!0) "′

"
′′#)9�7�)" �� &$� !0�$3 Θ2 , 0�": 

000 1,22
128,1
128,1180

1K
1K180 =

+
−⋅=

+
−⋅=

ωωωω

ωωωωθθθθ . 

O'1

B'

C'

O1

3

E

B"

C"

3

2O

*

*O

!���� 
��
���

2 l'  

2 l =2 l' /k

R  

���$���� ���������, 
����������� $�� �
����  K   =1,28

%���������
��� ��
�� &������ 

 
�(�. 3. 	&,"�"�"#(" &$�$5"#(+  $."- O*, O’1 ( O1 

 
 	&,"�"�"#(" &$�$5"#(�  $.-( �* %(�#$ (/ ,(�. 3. �$.-) O* �"5(  #) �!.", 
&,$6$��:"3 .","/  $.-! �2 ( �","�(#! $ ,"/-) C’C”, &,(."3 

Θ⋅= tg
"C'CEO*

2
. 

�/  $.-( �* ,)�(!�$3 R* &,$%$�(3 .","/  $.-( "′ ( "′′ $-,!5#$� *, -$ $,)� 
&","�"."  �(#(7 '"# ,$% �1�2 %  $.-" 1O′ . 
 �,( 8 $3 &$�!.(3 
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35,0005,070OOl l21OO 21
=⋅=⋅′=′ µµµµ �. 

 �"&",* #)+�"3 ��(#! -,(%$4(&), (3"7:"0$ '"# ,$3 %,):"#(�  $.-! 1O′ . 
�)- -)-                                   211l llCO ′+′=′′′⋅µµµµ , ) 

121l llCO ′−′=′′⋅µµµµ , 
 

%2. � (/ &",%$0$ %2,)5"#(� % $,$", #)+�"3 
 

135,02/005,0)50104(2/)COCO(l l111 =⋅−=⋅′′−′′′=′ µµµµ �. 
  
 �$0�)�#$ /)�)#(7 l1 = 0,1 �, ��"�$%) "�*#$,  $.-) �1 3$5"  92 * #)+�"#) � 
(�&$�*/$%)#("3 &,$&$,'((: 

1

1

OO

OO

l
l

l
l

21

21
′

=′ . 

 �3""3 

259,0
135,0

1,035,0
l

ll
l

1

1OO
OO

21

21
=⋅=

′
⋅

= ′
�. 

 �#)�$0(.#$ #)6$�(3: lAB = 0,27 �, 18,0
2

=BOl  �. �(#"3) (."�-)� �6"3) 
�(# "/(,$%)##$0$ 3"6)#(/3) &,(%"�"#) % &,(�$5"#(( 

D'

D"

B' B"

C

F'

F"

F

A

B

D

F

1

2

3

4

5

0

0
OC
X

H

O
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�(�. 4. �6"3) 3"6)#(/3) -,(%$4(&#$--$�"##$0$ &,"��) 
 . ������ 2. �(# "/(,$%) * -(#"3) (."�-!7 �6"3! 3"6)#(/3) 
-,(%$4(&#$--$�"##$0$ &,"��) (,(�. 4) &$ ��"�!7:(3  �)##23: 'F = 0,09 �; lBC = 
lCD = 0,22 �; lBC/ lBD = 2; x

COl  = 0,28 3; lDF = 0,2 3; KV = 1,12; δ = 5°. 
 
 

���	�
�� � �
���
�
�� 
 �/$9,)/(3 /)�)##2" 8�"3"# 2 -(#"3) (."�-$+ �6"32 3"6)#(/3) (,(�. 5) % 
3)�4 )9" 

µl =
��

�005,0
44
22,0

BC
lBC ==  . 

 

D'

D"B'

B"

C

F'

F"

F
H

=5°

 
�(�. 5. ��6$�#2" 8�"3"# 2 -(#"3) (."�-$+ �6"32 

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

"#
′′, ) (/  $.-( #′  - �!. �$ &","�"."#(� � 

9(��"- ,(�$+ &$� !0�$3 (900 - θ) %  $.-" �*, 0�" 

θ = 180° 4,10
112,1
112,1 =

+
− °. 
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 �/  $.-( �* $ ,"/$- #′
#

′′ %(�"# &$� !0�$3 2θ. �,$%"�"3 .","/  $.-( #′ ( #′′ 
,)�(!�$3 R* �!0! $-,!5#$� (, &,(#�% /) '"# ,  $.-! �*. �)- -)- &$ !��$%(7 
 $.-) � '"# ,) %,):"#(� -,(%$4(&) !�)�"#) $   $.-( " ('"# ,) -).)#(� 
-$,$32��)) % 0$,(/$# )�*#$3 #)&,)%�"#(( #) ,)�� $�#(" x

OCl ,  $ 3$5"3 "" 
$ 2�-) *, -)- &$-)/)#$ #) ,(�. 6. 
 �/  $.-( 	 -,)+#(" &$�$5"#(�  $.-( # (#′ ( #′′) #)9�7�)7 �� &$� !0�$3 θ, 
. $ (  ,"9!" �� ��� �$� (5"#(� /)�)##$0$ -$811('("# ) (/3"#"#(� �-$,$� ( (V. 
 �"&",* #)+�"3 ,)/3",2 4) !#) ( -,(%$4(&). ; $ 3$5#$ ��"�) * 
0,)1(."�-(. �/  $.-( � ,)�(!�$3 �#′′ #) �(#(( �#′ ��"�)"3 /)�".-!  ( $.-) )). 
�$�$%(#) $ ,"/-) #′

) �$$ %" � %!"  ,)�(!�! -,(%$4(&). �,$%$�(3 8 (3 
,)�(!�$3 (/  $.-( 	 $-,!5#$� * ( #)6$�(3  $.-( �′ ( �′′. 	-$#.) "�*#$ (3""3: 

055,0005,011AOl lOA =⋅=⋅′= µµµµ  �; 
255,0005,051BAl lAB =⋅=⋅′′= µµµµ  �. 

 

B'
B"

C

OC
X

*

A'
O

A"

Θ

O*

l

2Θ

R    

G
E90°-Θ
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�(�. 6. 	&,"�"�"#(" ��(# 4) !#) ( -,(%$4(&) 
 

������ 3. �,$(/%"� ( �(# "/ -!�(�#$--$,$32��$%$0$ 3"6)#(/3) 
� ,$0)�*#$0$ � )#-) &$ �6"3" (,(�. 7) ( ��"�!7:(3 (�6$�#23 �)##23: 

HD = 0,4 �; lOE = 0,05 �; 
3
1=

CD
EC ; (V = 1,5. 

  

O E
OE

D

2 C

D

D"D'1

A

3
4

5

0

90°

Hl

ω

 
�(�. 7. �6"3) -!�(�#$--$,$32��$%$0$ 3"6)#(/3) 

 
���	�
�� � �
���
�
�� 

 �)- -)- lOE << HD, 3$5#$ &,"�&$�$5( *, . $ -!�(�) (3) 3"6)#(/3) 9!�"  
�$%",4) * &$�#$$9$,$ #$" %,):"#(". �/$9,)/(3 (/%"� #2" 8�"3"# 2 
-(#"3) (."�-$+ �6"32 (,(�. 8) % 3)�4 )9": 

��

�01,0
40

4,0
H
H

D

D
l ===µµµµ . 

O E
C' C"

A"

A'

OE

DCD

CD

D' D"

l

l H

l

 
�(�. 8. 	&,"�"�"#(" ,)/3",$% /%"#*"% -!�(�#$--$,$32��$%$0$ 3"6)#(/3) 

 
 �#).)�" $ �$5(3 #) 0$,(/$# )�*#$+ &,�3$+ $ ,"/$- "′

"
′′. 

 �,"�#��  $.-) ) 8 $0$ $ ,"/-) 9!�"  '"# ,$3 %,):"#(� -!�(�2. 	   $."- "′ 
( "′′ $ �$5(3 ,)%#2" $ ,"/-( "′D′ ( "′′D′′, -$ $,2" &$ !��$%(7 % ,$" 9$�*4(", 
."3 $ ,"/$- "). ��"%$ $   $.-( ) $ �$5(3 $ ,"/$- �): 
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 OE = 5
01,0
05,0l

l

OE ==
µµµµ

 33. 

 �$.-( �′ ( �′′ #)+�"3 #) &","�"."#(( &",&"#�(-!��,) - �(#(( �), 
%$�� )#$%�"##$0$ (/  $.-( ), ( �!."+, &,$%"�"##26 (/  $.-( � &$� !0�)3( θ/2 - 
8 $3! &",&"#�(-!��,! (,(�. 8). 

�,( 8 $3 
 

00

v

v0 36
0,15,1
0,15,1180

0,1K
0,1K180 =

+
−=

+
−=θθθθ . 

 
 �2&$�#"##2" &$� ,$"#(� &$/%$��7  $&,"�"�( * ��(#2 /%"#*"% 3"6)#(/3)  

17,001,017AOl lOA =⋅=⋅′= µµµµ  �; 

2,0
2

Hl D
EC == �; 6,02,03l3l ECCD =⋅== �. 

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

� ",5#"%$+  3)4(#2   (,(�. 9),   "��(   �)#$:   ' = 0,36 �;   � = 0,2 �;  b = 0,32 �;  
c = 0,18 �; lED = 0,32 �; 36,0

3
=BOl  �; γ = 700; (V = 1,15.  

A
B

O

O

D

E

E'

E"

D'

D"

B" B'

A"

1

3

2

3

0

45

A'1

H c

b
a

 
�(�. 9. �6"3) 3"6)#(/3) 3!#�4 !.#$+ � ",5#"%$+ 3)4(#2 

 



 12 

 �(# "/  )-$0$ 3"6)#(/3) 3$5#$ %2&$�#( * % �%) 8 )&):  
1) �(# "/ -$,$32��$%$-&$�/!##$+ .)� ( 3"6)#(/3), �$�",5):"+ /%"#*� 3, 

4, 5 ( � $+-! 0; 
2) �(# "/ 4),#(,#$0$ ." 2,"6/%"##(-), % �$� )% -$ $,$0$ %6$��  /%"#*� 1, 

2, 3 ( � $+-) 0. 
 �(# "/ -$,$32��$%$-&$�/!##$+ .)� ( 3"6)#(/3) %2&$�#�" �� &$ 
��"�!7:(3 (�6$�#23 �)##23: ', c, lED, b ( γ. � ,"/!�* ) " �(# "/) #"$96$�(3$ 
$&,"�"�( * ��(#! ( -,)+#(" &$�$5"#(� ,2.)0) �3D.  

�)�).) ,"4)" �� 3" $�$3 $9,):"#(� �%(5"#(�. �"(/%"� #$" -,)+#"" �"%$" 
&$�$5"#(" ,2.)0) �3D′ (,(�. 9) &,(3"3 /) #).)�*#$". �,( &$%$,$ " ,2.)0) �3D 
#) !0$� ϒ = =700 &$ .)�$%$+ � ,"�-" &$��"�#(+ /)+3"  &$�$5"#(" �3D′′, ) &$�/!# 
5 &,$+�"  ,)�� $�#(" ' = 0,36 3 ( /)+3"  &$�$5"#(" )′′. 

E"
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 =

0

7

K

K 7

6

K 5

K 4 6

5E

2E

K3

K2
4E

4

3E

1K

K0

1E

0E E'

7

6E 7E

M

3

E"
M

D"

1

3

M0

3O

0

5 4
H-��� ������� c

b

H

H

H
  -
�
�
��
�
�
 ��
�
 �
�
��
��
�

M6

M5

M4

M3

2M

�
��
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�
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+
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�
�
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�
�
$
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�
�
��

 

'

 
�(�. 10. ��� �$%3":"##26 &$�$5"#(+ � $+-(, &$�/!#)  

( 4) !#) ED % $9,):"##$3 �%(5"#(( 
 

 	9,) (3 �%(5"#(", �$$9:(% 3"6)#(/3! %,):"#(" &,$ (% .)�$%$+ � ,"�-( 
�$ �-$,$� *7 «- ω3 ». 
 � ,"/!�* ) " $9,):"#(� �%(5"#(� !0�$%)� �-$,$� * ,2.)0) �3D � )#"  
,)%#$+ #!�7 ( 3

'
3 ωω = -ω3 = 0), ) � $+-) 0 9!�"  %,):) *�� � !0�$%$+ �-$,$� *7 

,)%#$+ «-ω3» %$-,!0  $.-( �3. ��� #)0���#$� ( &,"�� )%�"#(� �!:#$� ( 3" $�) 
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$9,):"#(� �%(5"#(� &,(%"�"# ,(�. 10, #) -$ $,$3 &$-)/)# ,�� &$�$5"#(+, 
-$ $,2" /)#(3)7  #)&,)%��7:)� &$�/!#) (� $+-)), &$�/!# 5 ( 4) !# )D &,( 
&$%$,$ " � $+-( %$-,!0  $.-( �3 % &,"�"�)6 !0�) γ = 700. ��� ,"4"#(� /)�).( 
�(# "/) ,(�. 10 #" (�&$�*/!" ��. 
 �-)5"3  #)  $, . $,  -)- ( /%"#$ 3  $.-) D, &,(#)��"5):)� /%"#*�3 3 ( 4, 
&,( $9,):"#(( �%(5"#(� $� )" �� #"&$�%(5#$+, )  $.-) ) 4) !#) DE �%(5" �� 
&$ $-,!5#$� ( ,)�(!�) DE � '"# ,$3 %  $.-" D. ��"  $.-( #)&,)%��7:"+ 
&$�/!#) (� $+-() (, % .)� #$� (,  $.-( ( ( ) &,( 8 $3 �%(5! �� &$ $-,!5#$� �3 
� '"# ,$3 %  $.-" �3. 
 �) ,(�. 11 &,"�� )%�"#2 (�6$�#2" �)##2": ', 
, b ( R4 = lED, &$ -$ $,23 
#"$96$�(3$ #)+ ( ��(#! ,2.)0) �3D ( "0$ -,)+#(" &$�$5"#(� D′O3 ( D′′O3. 
�$.-)3( )′ ( )′′ $ 3"."#2 -,)+#(" &$�$5"#(� &$�/!#). 
!�"3 &,"�&$�)0) *, . $ 
%�" &$� ,$"#(� %2&$�#�7 �� % 3)�4 )9" 1:1 (#)&,(3",, % �,"�" AutoCAD). 

�$�$5"#(" )′ 9!�"  #).)�*#23 &$�$5"#("3  &$�/!#) 5. �$.-) D′, 
&$�$5"#(" -$ $,$+ #"$96$�(3$ #)+ (, ,)�&$�$5"#) #) $-,!5#$� ( ,)�(!�) R4 = 
=lED � '"# ,$3 %  $.-" )′. 

O

E' E"

3

*��������� ����
���������  ���	 ���� 
 ����� D ����� ED ����� ����� E

4

5

'������� $�� ������� (
�����)

-������

H=360 c=180

b=
32

0

R  =320

 
�(�. 11. ��6$�#2" �)##2" ��� �(# "/)  

-$,$32��$%$-&$�/!##$+ .)� ( 3"6)#(/3) 
 

 �) ,(�. 12 &$-)/)#$  )-5" -$#".#$" &$�$5"#(" #)&,)%��7:"+ (� $+-() ( 
&$�/!#) &$��" &$%$,$ ) � $+-( %  $9,):"##$3 �%(5"#(( #) !0$� ϒ = 700.  �)- 
!5" $ 3".)�$�* % &$��#"#(�6 - ,(�. 10,  $.-) )0 � $+-( �%(5" �� &$ $-,!5#$� ( 
(,)�(!�) R0 = E′O3 � '"# ,$3 %  $.-" �3). 

�,)"- $,(� $9,):"##$0$ �%(5"#(�  $.-( )0 � $+-( &$-)/)#) #) ,(�. 12). 
; $ �!0) OKOH EE  ,)�(!�) R0 = E′O3 c '"# ,$3 %  $.-" �3. �" %�)%)��* % �&$�$92 
$&,"�"�"#(� &$�$5"#(� #)&,)%��7:"+ &$�/!#) (� $+-() &$��" $9,):"##$0$ 
&$%$,$ ) #) !0$� ϒ = 700, $ 3" (3 �(4*, . $ !0$� 3"5�! #)&,)%��7:"+ % 
#).)�*#$3 ( -$#".#$3 &$�$5"#(�6 ,)%"# ϒ = 700 ( ,)�� $�#(" 3"5�! 
#)&,)%��7:"+ ( '"# ,$3 �3 $� )" �� #"(/3"##23 ( ,)%#23 %"�(.(#" R3=b. 
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	&,"�"�( * &$�$5"#(" #)&,)%��7:"+ &$�/!#) &$��" &$%$,$ ) 3$5"  &$3$.* 
,(�. 129. 

����	���� 
����� � ������� � ���&� �� ��������

����������: # �
��$����� ���	���� 
�����, 
������ ED � �������, ����� D �������	��.

E    � )    -����	���� ����� E  
����� � ������ � � ���&� ��������

(� �
��$����� ���	����) ������ &����� �   �� ���� 

))

E'   E

'
�
�
�
��
�
�
� 
�
�
��
	
��
�
� 

�
�
�
�
�

 �
 �
�
��
��
�

*

E"

  
����� � �
��$����� ���	 ����
*��������� ���	 ���� ����� E   

0(
0K0H

H

*

0

0

D'

R  =E'O

γ =70°

0
3

E'   E

R4

'0

R  =
b b

R4 O3

3

E"

H c
9)

3

γ =70°

E'   E (0

O3

3
R  =E'O

E'   E '0

0

 
�(�. 12. 	&,"�"�"#(" &$�$5"#(+  $.-( D’ 

 
�$��" $&,"�"�"#(� #$%$0$ &$�$5"#(� #)&,)%��7:"+ &$�/!#), (�&$�*/!� 
/#)."#(" 6$�) &$�/!#) '= 360 �� ( "0$ #).)�*#$" &$�$5"#(" )′* ≡ )�(, #)6$�(3 
-$#".#$"  &$�$5"#(" )''* &$�/!#), -$ $,$" $# /)+3"  % ,"/!�* ) " $9,):"##$0$ 
�%(5"#(�. �) &","�"."#(( �!0 � ,)�(!�)3( R4 = lED, &,$%"�"##26 (/  $.-( )′ 
(#).)�*#$" &$�$5"#(" &$�/!#)) (  $.-( )''* (% $,$" -,)+#"" &$�$5"#(" &$�/!#) % 
-$#'" $9,):"##$0$ �%(5"#(�), #)6$�(3 &$�$5"#("  $.-( D′, ) /#).(  ( 
&$�$5"#(" ,2.)0) D′O3  (,(�. 13). 
 	  �(#(( �3D′ $ -�)�2%)"3 &,$ (% .)�$%$+ � ,"�-( !0$� ϒ = 700 ( 
#)6$�(3 % $,$" -,)+#"" &$�$5"#(" ,2.)0) �3D′′. 
 �$ /)�)##$3! /#)."#(7 BOl 3

 #) &,$�$�5"#(�6 $ ,"/-$% D′O3 ( D′′O3 

�$$ %" � %"##$ #)6$�(3 &$�$5"#(�  $."- #′ ( #′′ (,2.)0) D�3#). 
 �) 8 $3 1-+ 8 )& �(# "/) - 8 )& �(# "/) -$,$32��$%$-&$�/!##$+ .)� (  
3"6)#(/3) /)%",4"#. 

�)�"" %2&$�#�"3 �(# "/ 4),#(,#$0$ ." 2,"6/%"##(-), %-�7.)7:"0$ 
/%"#*� 1, 2, 3 ( � $+-! 0. ��6$�#23( �)##23( ��� �(# "/) �%��7 ��:  KV = 1,15;  
a =  0,2 � ( #)+�"##2" #) &",%$3 8 )&" -,)+#(" &$�$5"#(� �3#′ ( �3#′′ /%"#) 3. 
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O

E'

E"

3

D'
D"

B"
B'

4

&���� ���$���� ��������� O
!����, �� ������� ���	�� ��	��� 

1

H

R

c

b
a

γ =70°

 
�(�. 13. 	&,"�"�"#(" -,)+#(6 &$�$5"#(+ /%"#) 3 ( $.-( D’, D”, B’ ( B”)  

 
  
  �2.(���"3 /#)."#(" !0�) θ - !0�) 3"5�! -,)+#(3( &$�$5"#(�3( 
4) !#) �#: 

00

V

V0 56,12
115,1
115,1180

1K
1K180 =

+
−=

+
−=Θ . 

 �) ,)�� $�#(( � = 200 33 $  �3 &,$%$�(3 0$,(/$# )�*#!7 &,�3!7, #) 
-$ $,$+ �$�5"# ,)�&$�)0) *�� '"# , %,):"#(� -,(%$4(&) �1 (,(�. 13).  
 �","/  $.-! S ('"# , $ ,"/-) #′#′′) %$�� )#)%�(%)"3 &",&"#�(-!��, SC - 
#′#′′ (,(�. 14). �/  $.-( #′ (�(9$ � #′′) &,$%$�(3 �!. &$� !0�$3 θ - 
&",&"#�(-!��,! SC. �$.-) " (6 &","�"."#(� �%��" �� '"# ,$3 %�&$3$0) "�*#$+ 
$-,!5#$� ( ,)�(!�) Rθ, -$ $,)� �%��" �� 0"$3" ,(."�-(3 3"� $3 '"# ,$% �1, 
!�$%�" %$,�7:(6 !��$%(7 (V = 1,15. 

�,( 8 $3 $ ,"/$- �1#′ = �1� + �#, ) $ ,"/$- �1#′′ =�# - �1�,  $0�) ��(#) 

-,(%$4(&) 9!�"  
2

92,4497,83
2

BOBOOA 1 −=
′′−′

= = 19,525 ��, ) ��(#) 4) !#) 9!�"  

445,64525,1997,83AOBOAB 11 =−=−′= ��. �)-(3 $9,)/$3 (3""3: 525,19OAlOA == ��; 
445,64ABlAB == ��. 

 �) 8 $3 /)�).) �(# "/) 6- ( /%"##$0$ 3"6)#(/3) 3!#�4 !.#$+ � ",5#"%$+ 
3)4(#2 /)%",4"#). 
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O

E' E"

3

D' D"

B" B'

C

%���������
��� ��
�� ����	����
&����� ���$���� ��������� � , 
����������� $�� �
����  (   =1,15

O

O A=(O B' -O B")/2

V

1

1 1 1 1 1

1

1

1

' - ��� �������

1

S

AB+O A

AB-O A

2O A

Θ

R

b
a

2Θ

γ

c

R  =O A

 
�(�. 14. 	&,"�"�"#(" &$�$5"#(�  $.-( O1 ( ��(# /%"#*"% 1 ( 2  

 
  

 
 

2 �������
 � �	���	���<  �������������� �������� 
 
 �(#"3) (."�-(" �()0,)332 � ,$� �� ��� %26$�#$0$ /%"#) 3"6)#(/3). ��� 
8 $0$ #"$96$�(3$ &$� ,$( * 12 ((�( 13) �$%3":"##26 &$�$5"#(+ 3"6)#(/3) (�3. 
&,(�$5"#("). �) #).)�*#$" (#!�"%$") &$�$5"#(" ��"�!"  %29,) * 3", %$" 
&$�$5"#(" 3"6)#(/3), �$$ %" � %!7:"" #).)�! ,)9$."0$ 6$�). ���( % $,$" 
3", %$" &$�$5"#(" #" �$%&)�)"  � $�#(3 (/ ,)%#$$ � $�:(6 (&$ !0�! &$%$,$ ) 
-,(%$4(&)) 12 ( &$�$5"#(+ 3"6)#(/3),  $ "0$ #)�$ &$� ,$( * �$&$�#( "�*#$. 

��&$�*/!� -(#"3) (."�-!7 �6"3! 3"6)#(/3), 3$5#$ &$� ,$( * 0,)1(- 
&","3":"#(� &$�/!#) S &$ !0�! &$%$,$ ) -,(%$4(&) ϕ. �)�4 )92 µS ( µϕ 
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��"�!"  %29,) * (/  )-$0$ ,)�." ), . $92 0,)1(- /)#�� &,(3",#$ 1/3 �(� ) &$ 
%2�$ " ( 4(,(#". 
 �,)1(."�-$" �(11","#'(,$%)#(" 3$5#$ %2&$�#( * 3" $�$3 &$�7�#26 
,)�� $�#(+, &$/%$��7:(3 ,)'($#)�*#$ ,)�&$�)0) * 0,)1(-( &,$(/%$�#26 % 
/)�)##26 &$�$�)6 �(� ). 
 �) %�"6 12 !.)� -)6 0,)1(-) S = f1(ϕ) #)�$ &,$%"� ( 6$,�2. �)- -)- 
0"$3" ,(."�-( &,$(/%$�#)� �%��" ��  )#0"#�$3 !0�) #)-�$#) -)�) "�*#$+ - 
0,)1(-!, 3$5#$ &,(#� * !0$� #)-�$#) -)5�$+ (/ 6$,� /) !0$� #)-�$#) 
-)�) "�*#$+ % �,"�#(6  $.-)6 0,)1(-) ��� -)5�$0$ (# ",%)�). 
 ��� &$� ,$"#(� /)%(�(3$� ( V = f2(ϕ) ��"�!"  #)3" ( * &$�$�!, #) -$ $,$+ 
8 $  0,)1(- �$�5"# ,)�&$�$5( *��. �/ %",6#"+  $.-( &$�$�2 $  $�( V #)�$ 
&,$%"� ( �!., &),)��"�*#2+ �)3$+ -,! $ #)-�$#"##$+ 6$,�" #) %" %( &$�="3) 
0,)1(-) S = f1(ϕ). �/ #(5#"+  $.-( &$�$�2 $  $�( V ��"�!"  &,$%"� ( �!., 
&),)��"�*#2+ �)3$+ -,! $ #)-�$#"##$+ 6$,�" #) %" %( $&!�-)#(� 0,)1(-)           
S = f1(ϕ). � &","�"."#(( 8 (6 �!."+ &$�!.(3 %�&$3$0) "�*#2+ &$�7� ,1, .","/ 
-$ $,2+ &,$+�"  0$,(/$# )�*#)� $�* ϕ 0,)1(-) V = f2(ϕ). 
 �) "3, (/ &$�7�) ,1 #)�$ &,$%"� ( �!.( &),)��"�*#$ -)5�$+ (/ 6$,�, 
-$ $,2" $ �"-!  #) $�( V /#)."#(� �-$,$� "+ % �,"�#(6  $.-)6 �$$ %" � %!7:(6 
(# ",%)�$%. �$�!."##2"  $.-( 0,)1(-) V = f2(ϕ) #"$96$�(3$ �$"�(#( * &�)%#$+ 
�"-)�*#$+ -,(%$+. 
 ��� &$% $,#$0$ �(11","#'(,$%)#(� � '"�*7 &$� ,$"#(� /)%(�(3$� (       
W = f3(ϕ) #"$96$�(3$ #) -)5�$3 !.)� -" /)%(�(3$� ( &,$%"� ( 6$,�2 ( 
&,$�"�) * �)�*#"+4(" )#)�$0(.#2" &$� ,$"#(�. 
 �)�4 )92 µt, µv ( µw 3$5#$ $&,"�"�( * &$ 1$,3!�)3, &,(%"�"##23 % 
&,(�$5"#((. 
 

3 �������
 � �	���	���<  ����	� ��	�	���� � ���	����� 
 

 ��)#2 �-$,$� "+ ( !�-$,"#(+ ��"�!"  � ,$( * &$ 0,!&&)3 ���!,), #).(#)� 
� (�6$�#$0$ 3"6)#(/3) (� -,(%$4(&)).  
 �$�$5"#(� ($�#$ (�( #"�-$�*-$) 3"6)#(/3) ��� &$� ,$"#(� &�)#$% 
�-$,$� "+ ( !�-$,"#(+ !-)/2%)"  &,"&$�)%) "�*. 
 ��(#) #).)�*#$0$ %"- $,) | pVa | (�( | pWa | �$�5#) 92 * #" 3"#"" ."3 100 
��. �"- $,2 )9�$�7 #26 �-$,$� "+ ( !�-$,"#(+  $."- /%"#*"% 3"6)#(/3) #)�$ 
(/$9,)/( * $�#$%#23( �(#(�3(, ) %"- $,2 $ #$�( "�*#26 �-$,$� "+ ( 
!�-$,"#(+ -  $#-(3( �(#(�3(. 
 �"$96$�(3$  )-5" ,)��.( ) * !0�$%2" �-$,$� ( ( !�-$,"#(� /%"#*"% 
3"6)#(/3) ( !-)/) * (6 #)&,)%�"#(� #) -(#"3) (."�-$+ �6"3". 
 �) �$%3":"##$+ -(#"3) (."�-$+ �6"3" 3"6)#(/3) ��"�!"  #)%"� ( 
$�#$%#23( �(#(�3( $�#$ (/ &$�$5"#(+, #)&,(3",  $ &$�$5"#(", ��� -$ $,$0$ 
� ,$� �� &�)#2 �-$,$� "+ ( !�-$,"#(+. 
 �,(3", &$� ,$"#(� &�)#$% �-$,$� "+ ( !�-$,"#(+ ( %2&$�#"#(� 
#"$96$�(326 &,( 8 $3 ,)�." $% &,(%"�"# % &,(�$5"#((. 
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 �" $�(-! &$� ,$"#(� &�)#$% �-$,$� "+ ( !�-$,"#(+ �3$ ,( % �( ",) !,": 
[1, �. 39-66 ]; [3, �. 14-23]; [4, �. 92-109]; [5, �. 48-57]. 
 

�&(�$- �( ",) !,2 
 

1. �,".-$ �. �. �2.)5#2" 3"6)#(/32, &","�).( ( /)'"&�"#(�. - �),*-$%: 
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