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��� �� 
	����� 

�#$�0 �1)�$&#&"* $�2���!��&13 ��2�! *�$*#! * 4���#)$#&"# � &��&13 
!#��#!"(# �"3 )�$�5#&"- �6� �, � !��5# )�"�2�#!#&"# )���!"(# �"3 &��1-
��� )� �&�$"46  !�6�!6�1, �"&#.�!"�" " ,"&�."�" &�"2�$## �� )�� !��&#&-
&13 !")�� .#3�&"4.��, )�  "&!#46 462(�!13 4�7#)$#&"-, � !��5# )� �#/#-
&"0 &#��!��13 )�"�$�,&13 4�,�( !#��"" .#3�&"4.��. 

�$* �1)�$&#&"* $�2���!��&13 ��2�!  !6,#&! ,�$5#& 4���&##  �.� !�*-
!#$�&� )�,%�!��"!� * � �1)�$&#&"0 �(#�#,&�- $�2���!��&�- ��2�!1 )� 6��-
4�&"0 )�#)�,���!#$*, )�$�46* � &� !�*8"." "�#!�,"(# �"." 6��4�&"*."…" 
" $"!#��!6��- [1, 2, 3]. � &�(�$# 4�&*!"* )�#)�,���!#$� )6!#. �)�� � ��&!��-
$"�6#! %�!��&� !�  !6,#&!�� � �1)�$&#&"0 ��5,�- ��2�!1. 

��" �1)�$&#&"" $�2���!��&13 ��2�!  !6,#&!1 �2*4�&1  �2$0,�!� !�#-
2���&"* !#3&"�" 2#4�)� &� !". 

��2�!1 �1)�$&*0! * 2�"%�,�.", ��$0(�08"." 3-5 (#$��#�. ��5,�* 
2�"%�,� � ��&7# 4�&*!"- ,�$5&� 62��!� )� $#  #2* ��2�(## .# !�,  ,�!� )�#-
)�,���!#$0 )�"2��1 " "4.#�"!#$�&1- "& !�6.#&!. 

	!(#! )� ��5,�- ��2�!#, �+��.$#&&1- �  ��!�#! !�""   !�#2���&"*." 
&� !�*8"3 6��4�&"-,  !6,#&! 4�8"8�#! )#�#, )�#)�,���!#$#. � ��&7# ��5-
,�%� 4�&*!"*. �!6,#&!, &# �1)�$&"�/"- " &# 4�8"!"�/"- � # )$�&��1# $�-
2���!��&1# ��2�!1, &# ,�)6 ��#! * �  ,�(# 9�4�.#&� )� !#��"" .#3�&"4.�� 
" .�/"&. 



 4 

������������ ������ �1 
«���������	�
 ���������	� ����» 

 
���� ����	
 - � ��"!� .#!�,"�6 2�$�& "����" ��!��� )� .#!�,6 !�#3 

)��2. 
 

������
 � ����������� 
 

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

2. �#&4�6 "$"!#$�. 
3. ��.�)" #7. 
4. '�#(&1# �$0(". 
5. ��2�� %�64"���. 

 
������� �
�������� ����	
 

 
��$�%�*, (!� � )$� �� !*3 I " II �� )�$�5#&1 &#6���&��#/#&&1# .�  1 

mI " mII,  �  !�!"(# �"." .�.#&!�." ∆I=mI⋅rI " ∆II=mII⋅rII, &#�23�,".� )�,�2-
��!� " 6 !�&��"!� � 9!"3 5# )$� �� !*3 (�" . 1) ,�� !��"3 )��!"���# � (%�6-
4"��), (!�21 ��!�� 21$ )�$&� !�0 (,"&�."(# �") 6���&��#/#&. �$#,6#! 
".#!� � �",6, (!� .�  1 mI " mII, 9!� ���2��5�#.1# &#6���&��#/#&&1# .� -
 1 ��!���, )�"�#,#&&1# � )$� �� !*. I " II.  

�" . 1. �3#.� 2�$�& "����(&�%�  !�&�� 
 

��,�(� )� 6���&��#/"��&"0  ��,"! * � �)�#,#$#&"0 �#$"("& ∆I " ∆II, � 
!��5# ����,"&�! &#6���&��#/#&&13 .�   (6%$1 αI � αII). �&�(�$� )����,*! 
�)1!1 ,$* )$� �� !" I, )� �#46$�!�!�. ��!��13 �1(" $*0! ∆I " αI, " �1)�$-
&*0! 6���&��#/"��&"# &#6���&��#/#&&13 .�  , )�"�#,#&&13 � )$� �� !" I, 
� 4�!#., ��4�#�&6� ��!�� !��, (!�21 )$� �� !" I " II )�.#&*$" � .# !�.", 
�1)�$&*0! !� 5#  �.�# ,$* )$� �� !" II. 

1

5

II

3 2

I

4

6ω
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��  .�!�". .#!�,"�6 �)�#,#$#&"* ∆I " αI, &�  !�&�# � "!"���� 
. �. .#-
!�,�. !�#3 )��2 (�)1!��). 

�!�&�� )�#, !��$*#!  �2�- ��$#2�!#$�&60  " !#.6   �,&�-  !#)#&�0 
 ��2�,1. 	 �, ����6% ��!���- )��" 3�,*! ��$#2�&"* ��!��� (  $0$���-), $#-
5"! � )$� �� !" II, !. #. �1&65,#&&1# ��$#2�&"* ��!��� �141��0! * !�$��� 
7#&!��2#5&1."  "$�." &#6���&��#/#&&13 .�  , )�"�#,#&&13 � )$� �� !" 
I. 

�4�# !&�, (!� �.)$"!6,� .�$13 ��$#2�&"- )�" �#4�&�& # )��)��7"�-
&�$�&� ��4.68�08#-  "$#, ��!���- *�$*#! * 7#&!��2#5&�*  "$� &#6���&�-
�#/#&&13 .�  . �#&!��2#5&�*  "$� �  ��0 �(#�#,� )��)��7"�&�$�&� �#$"-
("&# ," 2�$�& � ∆I=mI⋅rI. ���". �2��4�., �.)$"!6,� ��$#2�&"- A,  "$� "&#�-
7"" P� "  !�!"(# �"- .�.#&! &#6���&��#/#&&�- .�  1 (," 2�$�& ) ∆I=mI⋅rI  
)�*.� )��)��7"�&�$�&1 ,�6% ,�6%6. 

�$* �)�#,#$#&"* ∆ " α )����,*! !�"  $#,608"3 �)1!� ()��21): 
1) �#%" !��7"0 �#4�&�& &�- �.)$"!6,1 ��$#2�&"- ��!���, �14��&&13 

,#- !�"#. !�$���  "$ "&#�7"" &#6���&��#/#&&13 .�  , )�"�#,#&&13 � 
)$� �� !" I (�.)$"!6,� �1); 

2) �#%" !��7"0 �#4�&�& &�- �.)$"!6,1 ��$#2�&"- ��!���, �14��&&13 
 ��.# !&1. ,#- !�"#.  "$ "&#�7"" &#6���&��#/#&&13 .�  , )�"�#,#&&13 � 
)$� �� !" I, " ,�)�$&"!#$�&�- .�  1   ," 2�$�& �. ∆�=m�⋅r� (�.)$"!6,� 
�2); 

3) �#%" !��7"0 �#4�&�& &�- �.)$"!6,1 ��$#2�&"- ��!���, �14��&&13 
 ��.# !&1. ,#- !�"#.  "$ "&#�7"" &#6���&��#/#&&13 .�  , )�"�#,#&&13 � 
)$� �� !" I, " ,�)�$&"!#$�&�- .�  1, )#�#&# #&&�- � ,"�.#!��$�&� )��!"-
��)�$�5&60 !�(�6 )$� �� !" I   ," 2�$�& �. -∆�=m�⋅(-r�) (�.)$"!6,� �3). 

�1)�$&"�, ��� �)" �&� &"5#, !�" �)1!� )� "4.#�#&"0 �.)$"!6, �#4�-
&�& &13 ��$#2�&"- &#6���&��#/#&&�%� ��!��� 2#4 %�64"���,   )��"4��$�&� 
�12��&&1. ,�)�$&"!#$�&1. %�64"��., 6 !�&��$#&&1. � )��"4��$�&�. .# -
!# )$� �� !" I, "   9!". 5# %�64"��., )#�#��"#&!"����&&1. &� 180°, �)�#,#-
$"!� �#$"("&6 &#6���&��#/#&&�- .�  1 mI, )�"�#,#&&�- � )$� �� !" I. �1-
(" $"!� 6%�$ �, )�, ��!��1. �� )�$�5#&� &#6���&��#/#&&�* .�  � mI )� �!-
&�/#&"0 � ,�)�$&"!#$�&�.6 %�64"�6   .�  �- m,, " ��9++"7"#&! )��)��-
7"�&�$�&� !" �.)$"!6,1 ��$#2�&"- �, 4��" *8"- �! )� !�*&&13 )���.#!��� 
 !�&��. 

�$* �)�#,#$#&"* &#6���&��#/#&&�- .�  1 mII, )�"�#,#&&�- � )$� ��-
 !" II, &#�23�,".� ��4�#�&6!� ��!�� � )�,/")&"��3 &� 180° " )��!��"!� !# 
5# �)#��7"". 

��2�!6 &�,� �1)�$&*!� � !���- )� $#,���!#$�&� !": 
1. ��4�%&�!� ��!�� ,� ω>ω0 (ω0 –  �2 !�#&&�* (� !�!� ��$#2�&"- ��!��� 

  $0$���-), 4�!#. �1�$0("!� 9$#�!��,�"%�!#$� " &�2$0,�!� ���8#&"# ��-
!��� )� "&#�7"" (�12#%). �� .#�# 6.#&�/#&"* (" $� �2���!�� ��!��� �1-
&65,#&&1# ��$#2�&"* ��.1 26,6! ��4�� !�!� " )�" ω=ω0 &� !6)"! *�$#&"# 
�#4�&�& �, )�" ��!���. �.)$"!6,� ��$#2�&"- ,� !"%&#! &�"2�$�/#%� 4&�-
(#&"* �1. ���!��"!� �)1! #8# ,�� ��4� " )� !�#. "4.#�#&"*. �1(" $"!� 
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 �#,&## 4&�(#&"# �.)$"!6,1 �1, )��)��7"�&�$�&�-  !�!"(# ��.6 .�.#&!6 
&#6���&��#/#&&�- .�  1, )�"�#,#&&�- � )$� �� !" I. 

 

I I I
1

m r
A

µ µ
∆= = .     (1) 

 
2. ����#)"!� &� ," �# 4 ,�)�$&"!#$�&1- %�64"�   .�  �- m,,  !�!"(# �"- 

.�.#&! ��!���- , , ,m r∆ =  (�" . 2), %,# r, – )��"4��$�&� �12��&&1- ��,"6 . 

50 50 60 70 80607080

33
0

30
0

30
60

0

I

I
I-I

8"-  �"&!
:"� "�60-

6%$���*� ��$� $"&#-&�*

��)�$&"!#$�&1- %�64

�" � 4 - )$� �� !� 6���&��#/"��&"* I

��!��

� ��$�

+α

−α

O

A

B
A'

B'

 
 

�" . 2. �" � 4   )���#4*." ,$* 6 !�&���" %�64�� 
 

�&��� ��4�%&�!� ��!�� ,� ω>ω0 " &�2$0,�!� ���8#&"# #%� )� "&#�7"". 
�� !�#. "4.#�#&"*. �1(" $"!� �.)$"!6,6 �2, ��!���* )��)��7"�&�$�&� 
 6..��&�.6 ," 2�$�& 6 &#6���&��#/#&&�- .�  1 mI " ,�2���(&�%� %�64� m,, 
!. #. ,2 1∆ = ∆ + ∆  (".##! * � �",6, (!� 1 I∆ = ∆ ), !�%,� 

 

,12
2A

µ µ
∆ + ∆∆= = .     (2) 

 
���!�#! !�#&&�  )���#,$"�� 6���&#&"# 
 

,2 1A A A= + ,      (3) 
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%,# ,
,A

µ
∆

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

.�.#&!6) ,�)�$&"!#$�&�- .�  1 m,. �#�23�,".� 6("!1��!�, (!� �#�!��&�# 
6���&#&"# (3)  �,#�5"! !�" &#"4�# !&13: &�)���$#&"* �#�!���� 1A  " 2A  " 

.�,6$� �#�!��� ,A , )�9!�.6 �#/"!� #%� &#)� �#, !�#&&� )� $# )#��13 ,�63 

)��2 &#$�4*. 
3. �#�# !��"!� ,�)�$&"!#$�&1- %�64"�   .�  �- m, � ,"�.#!��$�&� )��-

!"��)�$�5&60 !�(�6 ," �� 4. �$* 9!�%� ,� !�!�(&�, " )�$�46* ".#0860 * 
6%$��60 /��$6 &� ��$6 ��!���, )��#�&6!� ," � 4 �!&� "!#$�&� ��$� ��!��� 
&� 180°. ��4�%&�!� ��!�� ,� ω >ω0 " �&�$�%"(&1. �2��4�. �)�#,#$"!� �#4�-
&�& &60 �.)$"!6,6 ��$#2�&"- 3-%� �)1!� 3A , ".#* � �",6, (!� )�" 9!�. 

�)1!#  6..��&1- ," 2�$�&  .�  , )�"�#,#&&13 � )$� �� !" I, ���#& 
,3 1∆ = ∆ − ∆ . 

 

,1
3A

µ
∆ − ∆

= .     (4) 

 
�4 (4) .�5&� )�$6("!� 6���&#&"# 
 

,3 1A A A= − .     (5) 

4. 	)�#,#$"!� %��+"(# �" �.)$"!6,6 ,A , )��)��7"�&�$�&60 ," 2�$�&-

 6 ;,. �$* 9!�%� )��"4�# !"  $#,608"# )� !��#&"*. � )�"&*!�. .� /!�2# 
�!$�5"!� �#�!�� �.)$"!6,1 1A  (�" . 3, �!�#4�� ab). �4 ��&7�� a " b �!�#4��  

)���# !" ,6%" ��,"6 �." / 22A  " / 23A  " �!.#!"!� "3 !�(�6 )#�# #(#&"* �.  

�" . 3. 	)�#,#$#&"# �.)$"!6,1 ,A  

a
A 22

-A,

α

d

3A

bA1

A

M

A 23

2
A,

c



 8 

<#�#4 !�(�6 � )���# !" )�*.1# 2ac A=  " 3bd A=
 
" )� !��"!� )���$$#$�-

%��.. �.)$"!6, abcd. � 9!�. )���$$#$�%��..#  !���&� ad=bc � .� /!�2# 
�!�2��5�#! �.)$"!6,6 ,A , !�� ��� !�#6%�$�&"�" abc " abd *�$*0! * %��+"-

(# �"." �#/#&"*." �#�!��&13 6���&#&"- (3) " (5). 
5. 	)�#,#$"!� �&�$"!"(# �" �.)$"!6,6 A� )� 4��" ".� !" 
 

2 2 2
, 2 3 1( 2 ) / 2A � � �= + −      (6) 

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

,

,�
µ

∆
= .      (7) 

 
 7. �1(" $"!�  !�!"(# �"- .�.#&! (," 2�$�& ) &#6���&��#/#&&�- .� -
 1 ��!���, )�"�#,#&&�- � )$� �� !" I 
 

I 1 I I 1m r Aµ∆ = ∆ = ⋅ = ⋅ .     (8) 

 
8. 	)�#,#$"!� &�)���$#&"# ��,"6 �-�#�!���, &� ��!���. �� )�$�5#&� 

���2��5�#.�* &#6���&��#/#&&�* .�  � mI, )�"�#,#&&�* � )$� �� !" I. ��-
$�5#&"# ��,"6 �-�#�!��� �)�#,#$*#! * 6%$�. � .#5,6 6)�.*&6!1. ��,"6-
 �.-�#�!���. " � �0 )���#4" � ," �#, � ��!���- )�" �!���. �)1!# 21$� 6 -
!�&��$#&� ,�)�$&"!#$�&�* .�  � m�. �%�$ � �1(" $"!� )� +��.6$# 

 
2
,

,

( )

2

2 2
1 3

1

A � �
arccos

� �
α

+ −
= ± .     (9) 

 
�� +��.6$# (9) )�$6(�0! ,�� 4&�(#&"* 6%$� ()�$�5"!#$�&�# " �!�"7�-

!#$�&�#). ��)��  � )���"$�&� !" �12��� 4&�(#&"* � �)�#,#$*#! * �)1!&1. 
)6!#.. �#6���&��#/#&&�* .�  � .�5#! �� )�$�%�!� * $"2� &� ��,"6 # OA 
$"2� &� ��,"6 # OB. ���!�#! !�#&&� )��!"���#  &#�23�,".� 6 !�&��$"��!� 
$"2� &� ��,"6 # OA′ $"2� &� ��,"6 # OB′ (�" . 2). 

����"$�&�- *�$*#! * !� 6 !�&���� %�64�, )�" ��!���- �"2��7"" �! 6! !-
�60! "$" &#4&�("!#$�&1 (,�5# )�" �#4�&�& &�. (" $# �2���!��). 



 9 

9. ���"4�# !" ��&!��$�&�# �)�#,#$#&"# �.)$"!6,1 ��$#2�&"* ��!���   
)��!"���# �. " &�-!" � !�!�(&1- ," 2�$�&  

 

��	 ��	�µ∆ = . 

 
���������� �	��	� 

 
1. �3#.� 2�$�& "����(&�%�  !�&��. 
2. 	)�#,#$#&"# �.)$"!6, ��$#2�&"-: 

 �1 - &#6���&��#/#&&�%� ��!���; 
 �2 - ��!���   ,�2���(&1. %�64�.; 
 �3 - ��!���   !#. 5# ,�2���(&1. %�64�., ��,"6 -�#�!�� ��!���%� )�-
�#�&6! &� 180˚. 
 

��2$"7� 1 
��.#� 

" )1!�&"* �1, .. �2, .. �3, .. 

1    
2    

3    
��#,&## 
4&�(#&"# 

   

 
3. �1(" $#&"# )� 4��" ".� !" (6) �.)$"!6,1,  ��!�#! !�608#-  !�!"(#-

 ��.6 .�.#&!6 ,�2���(&�%� %�64� �,= … ... 
4. 	)�#,#$#&"# )� 4��" ".� !" (7) ��9++"7"#&!� )��)��7"�&�$�&� !" � 

" )� 4��" ".� !" (8) -  !�!"(# ��%� .�.#&!� ," 2�$�& � ��!���: 
.�  � ,�2���(&�%� %�64� m,= … %; 
��  !�*&"# 7#&!�� !*5# !" ,�2���(&�%� %�64� �!  

� " ���8#&"* r,= … ..; 
 !�!"(# �"- .�.#&! ,�2���(&�%� %�64� , , ,m r∆ = = … %⋅..; 

��9++"7"#&! )��)��7"�&�$�&� !" , ,/ �µ = ∆ = … %⋅../..; 

 !�!"(# �"- .�.#&! ," 2�$�& � ��!��� � )$� �� !" I 
1I Aµ∆ = = … %⋅..; 

5. 	)�#,#$#&"# .�  1 " )�$�5#&"* 2�$�& "����(&�%� %�64"��: 
.�  � %�64"�� (�12"��!� )��"4��$�&� "4 ".#08"3 * %�64��) 1m = … %; 
.�,6$� ��,"6 �-�#�!��� 7#&!�� !*5# !" %�64� /1 I 1r m= ∆ = … ..; 

6%�$ � .#5,6 ��,"6 �.-�#�!���. )��!"���# � " ��,"6 �.-�#�!���. ,�-
2���(&�%� %�64� α = ±  … %��, �1(" $*#! * )� 4��" ".� !" (9). 

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

" )1!�&"* )�" 0α >  )�" 0α <  
1   
2   
3   

 
 

���	�����
� ������
 
 

1. � ���"3  $6(�*3 )�".#&*0! *  !�!"(# ��* " ,"&�."(# ��* 2�$�& "-
����"? 

2. ���". ."&".�$�&1. (" $�. )��!"���# �� .�5&� �%��&"("!� * ,$* 
6���&��#/"��&"* &# ��$��"3 .�  , ���8�08"3 * � )���$$#$�&13 )$� ��-
 !*3? 

3. ����- )���.#!�  $#,6#!  !�#."!� *  �# !" � &6$0 )�"  !�!"(# ��- 
2�$�& "����#? 

4. ����- )���.#!�  !�#.*! *  �# !" � &6$0 )�" ,"&�."(# ��- 2�$�& "-
����#? 

5. ���$��� ��4 )�"3�,"! * "4.#�*!� .�� ".�$�&60 �.)$"!6,6 ��$#2�-
&"- ��.1 )�" �)�#,#$#&"" ,"&�."(# ��%� ," 2�$�& �? 

6. ',# 4���#)$*0! * ,�)�$&"!#$�&1# %�64"�" � )��7#  # ,"&�."(# ��- 
2�$�& "����"? 

7. ���"# ��$#2�&"* ".##! ��.� )�" ,"&�."(# ��- 2�$�& "����# � )��-
7#  # �12#%� ��!��� )� $# �1�$0(#&"* 9$#�!��,�"%�!#$*? 

8. � (#. �!$"("# 6���&��#/"��&"* .�   �! 2�$�& "����"? 
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����������� ������ �2 
«������ 	�������	� ����������� 	������	��� 

���	���» 
 
���� ����	
 –  � !��"!� �"&#.�!"(# �60  3#.6 )$�&#!��&�%� ��&"(#-

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

 
������
 � ����������� 

 
1. ��2�� )$�&#!��&13 ��&"(# �"3 �#,6�!����. 
2. <#�!#5&1# "& !�6.#&!1. 

 
������� �
�������� ����	
 

 
1. 	4&���."!� *   6 !��- !��. )$�&#!��&�%� ��&"(# ��%� 462(�!�%� .#-

3�&"4.�, )�, ("!�!� (" $� 462�#� ��$#  " �1(#�!"!� � .� /!�2# �"&#.�!"(#-
 �60  3#.6 .#3�&"4.�. �� �"&#.�!"(# ��-  3#.# (�" . 1, �) 6��4�!� &�.#�� 
462(�!13 ��$# . 

1 H

2

2/1ωω3

ωH

H/2

1

1ω

ω2

2

ωHω1

 
 
 

�" . 1. �� !��#&"# )$�&� 6%$��13  ���� !#- 4�#&�#� 
 

�3�,&�#, �13�,&�# " &#)�,�"5&�# 4�#&�* .#3�&"4.� 6��41��#! )�#)�,�-
��!#$� "&,"�",6�$�&� ��5,�.6  !6,#&!6. 

2. ��$�46* � +��.6$�- �"$$" � 
 

( )H 1 H
1-n

n H
i

ω ω
ω ω

−=
−

, 

 

�) 2) 
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�)�#,#$"!� �&�$"!"(# �"  $#,608"# )#�#,�!�(&1# �!&�/#&"* .#3�&"4.�: 
(3)
1 Hi − ; (1)

3 Hi − ; ( )
1 3

Hi − . 
3. ��$�46* �  �#,#&"*." "4 �6� � !#��#!"(# ��- .#3�&"�" �  $�5&�. 

���8�!#$�&�. )�� !��& !�#&&�. ,�"5#&"", )� !��"!� )$�&1 6%$��13  ��-
�� !#- 4�#&�#� )$�&#!��&�%� .#3�&"4.� ,$* 3-3  $6(�#�: 
1 = 0; 
3 = 0 " 
� = 
0. 

4. �� )$�&�. 6%$��13  ���� !#- 462(�!13 ��$#  .#3�&"4.� �)�#,#$"!� 
)#�#,�!�(&1# �!&�/#&"* ((#�#4 ,$"&1 �!�#4���, "4�2��5�08"# � )��"4-
��$�&�. .� /!�2#  ��!�#! !�608"# 6%$��1#  ���� !" ��$# ). 

5. �1(" $"!� �!&� "!#$�&60 )�%�#/&� !� )#�#,�!�(&�%� �!&�/#&"*, 
&�-,#&&�%� %��+"(# �". ��%�#/&� !� &# ,�$5&� )�#�1/�!� 5 )��7#&!��. 
 

���������� �	��	� 
 

1. �3#.� )$�&#!��&�%� ��&"(# ��%� �#,6�!���   6��4�&"#. (" #$ 462�#� 
��$# . 

2. �� !��#&"# )$�&�� 6%$��13  ���� !#- 4�#&�#�. 
3. �&�$"!"(# ��# �1(" $#&"# )#�#,�!�(&�%� �!&�/#&"* )� +��.6$# 

�"$$" �   &#�23�,".1." )�* &#&"*.". 
4. '��+"(# ��# �)�#,#$#&"# )#�#,�!�(&�%� �!&�/#&"*. 
5. �1(" $#&"# �!&� "!#$�&�- )�%�#/&� !" %��+"(# ��%� .#!�,� �&�$"4� 

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

���	�����
� ������
 
 

1. 	 �2#&&� !" )$�&#!��&13 ��&"(# �"3 462(�!13 .#3�&"4.��. 

2. ��� �)�#,#$"!� &#"4�# !&60 6%$��60  ���� !� ��$# � )� 4�,�&&�- )#-
�#&� &�- " �!&� "!#$�&�- 6%$��1.  ���� !*. (&� ��&��#!&13 )�".#��3)? 

3. ��* &"!# )�".#&#&"# +��.6$1 �"$$" � ,$* )$�&#!��&13 ��&"(# �"3 
�#,6�!����. 

4. �"++#�#&7"�$�&1# )$�&#!��&1# 462(�!1# .#3�&"4.1. ��"�#,"!# 
)�".#�1. ��4&�(#&"# 9!"3 .#3�&"4.��. 

5. 	)�#,#$"!# .%&��#&&1# � " )#�#��!1��&"* ��&"(# �"3 ��$#  � )$�&#-
!��&13 462(�!13 .#3�&"4.�3. 

6. �#,� !�!�" ��&"(# �"3 )$�&#!��&13 )#�#,�(. 
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����������� ������ �3 
«������ 	�������	� ����������� ����������	��� 

���	���» 
 
���� ����	
 –  � !��"!� �"&#.�!"(# �60  3#.6 7"$"&,�"(# ��%� 

)$�&#!��&�%� 462(�!�%� .#3�&"4.� " �)�#,#$"!� )� &#- )#�#,�!�(&1# �!-
&�/#&"* %��+"(# �". " �&�$"!"(# �". .#!�,�.". 

 
������
 � ����������� 

 
1. ��2�� )$�&#!��&13 7"$"&,�"(# �"3 �#,6�!����. 
2. <#�!#5&1# "& !�6.#&!1. 

 
������� �
�������� ����	
 

 
1. 	4&���."!� *   6 !��- !��. )$�&#!��&�%� 7"$"&,�"(# ��%� 462(�!�%� 

.#3�&"4.�, )�, ("!�!� (" $� 462�#� ��$#  " �1(#�!"!� � .� /!�2# �"&#.�-
!"(# �60  3#.6 .#3�&"4.�. �� �"&#.�!"(# ��-  3#.# (�" . 1, �) 6��4�!� &�-
.#�� 462(�!13 ��$#  " 64$��1# !�(�" .#3�&"4.�. �)���� �! �"&#.�!"(# ��- 
 3#.1 �1(#�!"!� � )��"4��$�&�. .� /!�2# )$�& $"&#-&13  ���� !#- !�(#� 
��$#  (�" . 1, 2) ,$* !�#3  $6(�#�: 
1 = 0; 
4 = 0 " 
� = 0. 

2. ��2$0,�* )���$$#$�&� !�  ��!�#! !�608"3 �!�#4��� )�*.13, 4�,��-
/" � )��"4��$�&1. )�$0 &1. ��  !�*&"#. 	�, �1(#�!"!� )$�&1 6%$��13 
 ���� !#- 462(�!13 ��$#  (�" . 1, �). 

3. ��$�46* � +��.6$�- �"$$" � 
 

( )1
1

HH
n

n H
i

ω ω
ω ω −

− =
−

, 

 
�)�#,#$"!� �&�$"!"(# �"  $#,608"# )#�#,�!�(&1# �!&�/#&"* .#3�&"4.� 

(4)
1 Hi − ; (1)

4 Hi − ; ( )
1 4

Hi − . 
4. �� )$�&�. 6%$��13  ���� !#- 462(�!13 ��$#  .#3�&"4.� �)�#,#$"!� 

)#�#,�!�(&1# �!&�/#&"* ((#�#4 ,$"&1 �!�#4���, "4�2��5�08"# � )��"4-
��$�&�. .� /!�2#  ��!�#! !�608"# 6%$��1#  ���� !" ��$# ). 

5. �1(" $"!� �!&� "!#$�&60 )�%�#/&� !� )#�#,�!�(&�%� �!&�/#&"*, 
&�-,#&&�%� %��+"(# �". ��%�#/&� !� &# ,�$5&� )�#�1/�!� 5 )��7#&!��. 
 

���������� �	��	� 
 

1. �3#.� )$�&#!��&�%� 7"$"&,�"(# ��%� �#,6�!���   6��4�&"#. (" #$ 
462�#� ��$# . 

2. �� !��#&"# )$�&�� $"&#-&13  ���� !#- !�(#� 462(�!13 ��$# . 
3. �� !��#&"# )$�&�� 6%$��13  ���� !#- ��$# .  
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4. �&�$"!"(# ��# �)�#,#$#&"# )#�#,�!�(&�%� �!&�/#&"* )� +��.6$# 
�"$$" �   &#�23�,".1." )�* &#&"*.". 

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

�"&#.�!"�" )$�&#!��&�- 7"$"&,�"(# ��- )#�#,�(". 
 

H

ω2-3

A

1

2

ωω

P

ϕϕ2-3 H ϕ1

0H 1

ϕ

4

0

11

���V

 V =0B

h
Hϕ

C

3

ϕ
CV 2-3

B 2-3

VA

r

C

A

B  b

c

a

ω1 ωH

 
�" . 1. �� !��#&"# )$�&�� ���65&13 " 6%$��13  ���� !#-  

 
���	�����
� ������
 
 

1. ���"# .#3�&"4.1 &�41��0! * )$�&#!��&1."? 
2. ��#".68# !�� " &#,� !�!�" )$�&#!��&13 .#3�&"4.��. 
3. 	2$� !" )�".#&#&"* )$�&#!��&13 .#3�&"4.��. 
4. � $��"#  �� &� !" )$�&#!��&�%� .#3�&"4.�. 
5. �#!�, .1 $#&&�- � !�&���" ��,"$�. 
6. :��.6$� �"$$" � " ## )�".#&#&"#. 

�) 2) 

�) 
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����������� ������ �4 
«������������ �������
 ������������ ������ 

������� ��	��	� ������� ����������» 
 
���� ����	
 - � ��"!� .#!�, �2��!�" (�%"2�&"*) &��#4�&"* 462(�!13 

9��$��#&!&13 ��$#   �  .#8#&"#. �#568#%� "& !�6.#&!� )6!#. .�,#$"��-
��&"*. 

������
 � ����������� 
 

1. ��"2�� ,$* �1(#�("��&"* 462�#� 9��$��#&!&�%� )��+"$*. 
2. ��%�!���� 26.�%" � �",# ��6%�, ,"�.#!� ��!���%�  ��!�#! !�6#! )���-

.#!��. �1,�&&�%� )�"2���. 
3. �"��6$� " � !�� 4�!�(#&&1- ����&,�/. 
4. �4.#�"!#$�&�* $"&#-��. 

 
������� �
�������� ����	
 

 
1. ��$6("!� 6 )�#)�,���!#$* )�"2�� " 4�%�!���6 ,$* .�,#$"����&"* &�-

�#4�&"* ��$# �. �� ��5,�. )�"2��# 6��4�&1 )���.#!�1 &��#4�#.�%� ��$# �: 
d, m, α, � !��5# ,"�.#!� 4�%�!���" (26.�5&1- ��6%). � !�&��"!� 4�%�!���6 &� 
," � )�"2���, ,�2"��* � "3 ��&7#&!�"(&� !". ��.# !"!� 462��#4&60 �#-�6 � 
&6$#��# )�$�5#&"# �!&� "!#$�&� 4�%�!���". ��"�# !" )�"2�� � " 3�,&�#  �-
 !�*&"#, ,$* (#%� � ��2�,"!� )�" )�.�8" 2�$�/�- �6��*!�" �! &�!*5#&"* 
 !�6&6, )#�#.# !"!� ���#!�6   �#-��- �)���� ,� 6)��� " )��"4�# !" &�!*5#-
&"#  !�6&1. 

2. ��, ("!�!� �#$"("&6 ."&".�$�&�%� (" $� 462�#� ��$# �, ��!���# 
.�5&� &��#4�!� 2#4 )�,�#4� 

*2 a
min 2

h
z

sin α
= , 

%,# * 1,0ah = - ��9++"7"#&! �1 �!1 %�$���" 462�; 
20α = � - )��+"$�&1- 6%�$ �#-�". 

3. 	)�#,#$"!� (" $� 462�#� &��#4�#.�%� ��$# � 
 

/z d m= , 
 

%,#  d - ,"�.#!� ,#$"!#$�&�- ���65&� !"; 
m - .�,6$� 4�7#)$#&"* (d "  m �2�4&�(#&1 &� )�"2��#). 
4. �1(" $"!� �#$"("&6 ."&".�$�&�%� �2 �$0!&�%�  .#8#&"* �#-�", 

&#�23�,".�%� ,$* 6 !��&#&"* )�,�#4� 462�#� 
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X xm= , 

%,# *(1 )a
min

z
x h

z
= −  - ��9++"7"#&! ."&".�$�&�  .#8#&"*. 

 5. ���"4�# !" .�,#$"����&"# &��#4�&"* 462�#� )�"  $#,608"3  .#-
8#&"*3 462��#4&�- �#-�": 

)�" &6$#��.  .#8#&""; 
)�" )�$�5"!#$�&�.  .#8#&"" X; 
)�" �!�"7�!#$�&�.  .#8#&"" – X. 
�$* ��5,�%� "4  .#8#&"- �#-�" �1(#�!"!� )� ,�� - !�" 462�. �� $# ��-

5,�%� &�5�!"* &� �6��*!�6 )#�#.#8#&"* ���#!�" )�"2��� �2��,"!� � !�� 
4�!�(#&&1. ����&,�/�. 462�* �#-�",  �2$0,�* )#�)#&,"�6$*�&� !� ����&-
,�/� " )$� �� !" 4�%�!���". �# �2$0,#&"# 9!�%� !�#2���&"* )�"�#,#! � 
4&�("!#$�&�.6 " ��5#&"0 �1(#�("��#.13 )��+"$#- 462�#�. 
 6. 	)�#,#$"!� ,$* ��5,�%� "4 462(�!13  #�!���� ��,"6 1 ���65&�-
 !#-: 
 �#�/"& 462�#� *0,5 ( 2 2 )a ar m z h x= + ± ; 

 �)�,"& 462�#� * *0,5 ( 2( ) 2 )f ar m z h c x= − + ± ; 
 � &��&�- 0,5br dcosα= . 

����# !" 7"��6$#. ,#$"!#$�&60 " � &��&60 ���65&� !", �28"# ,$* 
� #3 !�#3 462(�!13  #�!����. 

����# !" ,6%" ���65&� !#- �#�/"& " �)�,"& 462�#� ,$* ��5,�%� "4  #�-
!����. 
 7. �1*�"!� &�$"("# )�,�#4� 462�#� "  ���&"!� )�$6(#&&1# !�$8"-
&1 462�#� )� ,#$"!#$�&�- ���65&� !"   �� (#!&�- 
 

2
2
m

s xmtg
π α= ± . 

 
���������� �	��	� 

 
1. ��)�$&"!� !�2$"76 1 )���.#!��� ��$# � 

��2$"7� 1 
= 
)) 

��".#&���&"# )���.#!��� � $��&1# 
�2�4&�(#&"* 

�&�(#&"* 
)���.#!��� 

1 2 3 4 
1 �"�.#!� ,#$"!#$�&�- ���65&� !", .. d  

2 ��,6$� 4�7#)$#&"*, .. m  

3 ���+"$�&1- 6%�$ �#-�", %��, α  
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1 2 3 4 

4 ��9++"7"#&! �1 �!1 %�$���" 462� *
ah   

5 ��9++"7"#&! ��,"�$�&�%� 4�4��� �
*  

6 <" $� 462�#� &��#4�#.�%� ��$# � z  

7 �"�.#!� � &��&�- ���65&� !", .. db  

8 ��9++"7"#&!  .#8#&"* x  

�"�.#!� ���65&� !" �#�/"& ��$# : 

&6$#��%�, .. (0)
ad   

)�$�5"!#$�&�%�, .. ( )
ad +   

9 

�!�"7�!#$�&�%�, .. ( )
ad −   

�"�.#!� ���65&� !" �)�,"& ��$# : 

&6$#��%�, .. (0)
fd   

)�$�5"!#$�&�%�, .. ( )
fd +   10 

�!�"7�!#$�&�%�, .. ( )
fd −   

��$8"&� 462� )� ,#$"!#$�&�- ���65&� !" ��$# �: 

&6$#��%�, .. (0)s   

)�$�5"!#$�&�%�, .. ( )s +   
11 

�!�"7�!#$�&�%�, .. ( )s −   
 

2. ��4�#4�!� 4�%�!���6 &� !�"  #�!��� " ��5,1- "4 &"3 ��$#"!� � !#!��,� 
$�2���!��&13 ��2�!   6��4�&"#. 4&�(#&"- ��9++"7"#&!��  .#8#&"*. 

 
���	�����
� ������
 
 

1. ���"# )��+"$" &�41��0! *  �)�*5#&&1."? 
2. ���"# ,� !�"& !�� ".##! 9��$��#&!&�# 4�7#)$#&"#? 
3. ����* ���65&� !� &�41��#! * ,#$"!#$�&�-? 
4. ����* ���65&� !� &�41��#! * � &��&�-? 
5. ���"# 462��#4&1# "& !�6.#&!1 )�".#&*0! * )�" "4%�!��$#&"" 462(�-

!13 ��$#  )� .#!�,6 �2��!�"? 
6. <!� !���# )�,�#4�&"# 462�#� " ������ #%� )�"("&�? 
7. ����# (" $� 462�#�  ("!�#! * ."&".�$�&1.? 
8. �#$" &��#4�&"* ��$#   �  .#8#&"#.? 
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����������� ������ �5 
«���������� �������� �
������� ������������ 

	����» 
 
���� ����	
 - ��$�,#!� .#!�,"��- �2.#�� " �� /"+����" )�*.�462�-

%� 9��$��#&!&�%� ��$# �, &��#4�&&�%� )� .#!�,6 �2��!�". 
 

������
 � ����������� 
 

1. ��2�� 462(�!13 ��$# . 
2. �4.#�"!#$�&1- "& !�6.#&! (/!�&%#&7"��6$�, &��.�$#.#�, &��$�,&�- 

!�&%#&7"�$�&1- 462�.#� .�,#$" 2301). 
3. >$#�!��&&1- ."�����$��6$*!��. 
 

������� �
�������� ����	
 
 

1. ��, ("!�!� (" $� 462�#� z ��$# �, �1,�&&�%� ,$* �� /"+����". 
2. �4.#�"!� ,"�.#!� �#�/"& 462�#� da. ��" (#!&�. (" $# 462�#� 9!�! 

,"�.#!� .�5&� "4.#�"!� &#)� �#, !�#&&�, � )�" &#(#!&�- (" $# 462�#� #%� 
.�5&� �1(" $"!�, )��"4�#,*  ��!�#! !�608"# )��.#56!�(&1# "4.#�#&"*. 

3. � )�$�46* 4��" ".� !�,  )���#,$"�60 !�$��� ,$* &6$#��%� ��$# � 
(x=0), 

( 2)ad m z= + , 
 
��"#&!"����(&� )�, ("!�!� .�,6$� 4�7#)$#&"* m. � $" �1(" $#&&�* �#$"-
("&� m �!�#(�#! �,&�.6 "4 .�,6$#-  !�&,��!&�%� �*,� � ."$$".#!��3 (1,0; 
1,125; 1,25; 1,375; 1,5; 1,75; 2,0; 2,25; 2,75; 3,0; 3,5; 4,0; 4,5; 5,0; 5,5; 6,0; 7,0; 
8,0; 9,0; 10,0; 11,0; 14,0; 16,0), !�%,� .�5&� )�#,)�$�5"!�, (!� ,�&&�# 462(�-
!�# ��$# � &6$#��#  !�&,��!&�#. � $" 5# 9!� &# !��, !� !�#26#! * ,�$�&#-/## 
6!�(&#&"# )���.#!��� ��$# �. 

4. �4.#�"!� ,$"&6 �28#- &��.�$" Ln " Ln+1, �3��!1��* %62��." /!�&%#&-
7"��6$* n " n+1 462�#�  ��!�#! !�#&&� ( .. �" . 1). <" $� n �3��!1��#.13 
,$* �2.#�� 462�#� (� 4��" ".� !" �! (" $� 462�#� ��$# �) �12��!� "4 !�2$"-
71 1. 

5. 	)�#,#$"!� � &��&�- /�% 462�#�. �  "$6  ��- !� 9��$��#&!1 �!�#4�� 
)�*.�- � ���#& �!�#4�6 ,6%" �bb ( .. �" . 1). �$#,���!#$�&� 

 
1b n np L L+= − . 

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

/( )bm p cosπ α= ⋅ , 
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)�"&*� 20α = � ; 15α = � ; 28α = � . 
��".#(�&"#: ��&## )��"4��,"$" � 462(�!1# ��$# �   15α = �  " 28α = � , 3�!* 
�&"  #-(�  )���!"(# �" &# )�".#&*0! *. 

	,&� "4 &�-,#&&13 4&�(#&"- m ,�$5&�  ��)�,�!� � )�#,#$�3 )�%�#/-
&� !" "4.#�#&"-  �  !�&,��!&1.. >!� 4&�(#&"# .�,6$* 4�7#)$#&"* m "  ��!-
�#! !�608"- #.6 )��+"$�&1- 6%�$ 4�7#)$#&"* �  ("!�!� " !"&&1.". 

 
�" . 1. �3#.� 4�.#��� ,$"&1 �28#- &��.�$" 

 
��2$"7� 1 

<" $� 462�#� ��$# � 12-18 19-27 28-36 37-45 46-54 55-63 64-72 
<" $� n �3��!1��#.13 
,$* �2.#�� 462�#� 2 3 4 5 6 7 8 

 
7. ��, ("!�!�  $#,608"# )���.#!�1 462(�!�%� ��$# �: 
,"�.#!� ,#$"!#$�&�- ���65&� !" d mz= ; 
,"�.#!� � &��&�- ���65&� !" cosbd mz α= ; 
� &��&60 !�$8"&6 462� 1b n bs L np+= − ; 
,#$"!#$�&60 !�$8"&6 462� ( ) /b b bs d s d inv dα= − , 
%,# inv tgα α α= − ; 

O

dd
a

s

d f d b

Bb
e

p
b s

e

b
p b

CA

n

B

L
L

n+1

Cb
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��9++"7"#&!  .#8#&"* ( / 2) /(2 )x s m mtgπ α= − . 
8. 	)�#,#$"!� )�#,)�$�%�#.�# 4&�(#&"# ,"�.#!�� ���65&� !" �)�,"& 

 
* *( 2 2 2 )f ad m z h c x= − − + , 

%,# * 1,0ah = ; * 0,25c = . 
�6!#. "4.#�#&"* 6 !�&��"!� " !"&&�# 4&�(#&"* fd  "  ���&"!� #%�   

�� (#!&1.. 	2?* &"!� ��4.�5&60 )�"("&6 �� 3�5,#&"* "4.#�#&&�- " �� -
(#!&�- �#$"("&1 fd . >!�, &�)�".#�, .�5#! 21!� �  $6(�#, # $" ��$# � )� $# 
&��#4�&"* )�,�#�%�$� � !#�.�.#3�&"(# ��.6 6)��(&#&"0 �)�,"& 462�#�. 
 

���������� �	��	� 
 

1. �3#.� 4�.#��� ,$"&1 �28#- &��.�$". 
2. � # �� (#!&1# +��.6$1. 
3. �#46$�!�!1 4�.#��� " �1(" $#&"- )� +��.#. 
 

��2$"7� 2 
��#,)�$�%�#.1# 
4&�(#&"* )���.#!-
��� = 

)/) ����.#!�1 462(�!�%� ��$# � 

� $��-
&1# 
�2�4&�-
(#&"* 

1 2 3 

� !"&&1# 
4&�(#&"* 
)���.#!��

1 <" $� 462�#� z     

2 �"�.#!� ���65&� !" �#�/"&, .. da     

3 �$"&� �28#- &��.�$" n 462�#�, .. Ln     

4 �$"&� �28#- &��.�$" n+1 462�#�, .. Ln+1     

5 	 &��&�- /�% 462�#�, .. pb     

6 ���+"$�&1- 6%�$ 4�7#)$#&"*, %��, �     

7 ��,6$� 4�7#)$#&"*, .. m     

8 �"�.#!� ,#$"!#$�&�- ���65&� !", .. d     

9 �"�.#!� � &��&�- ���65&� !", .. db     

10 	 &��&�* !�$8"&� 462�, .. sb     

11 �#$"!#$�&�* !�$8"&� 462�, .. s     

12 ��9++"7"#&!  .#8#&"* x     

13 �"�.#!� ���65&� !" �)�,"&, .. df     

14 ��9++"7"#&! �1 �!1 %�$���" 462�  *
ah      
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���	�����
� ������
 
 

1. <!� !���# .�,6$� 4�7#)$#&"* m? 
2. � ����- 7#$�0 )��"4��,"! * ����"%"����&"# 462(�!�%� ��$# �? 
3. �68&� !� )��7#  � ����"%"����&"* ��$# . 
4. <!� &�41��#! * ,$"&�- �28#- &��.�$" nL ? 
5. ����4�!� &� �" 6&�# ���65&� !": �#�/"&, �)�,"&, ,#$"!#$�&60, � -

&��&60. 
6. <!� !���# &6$#��#, )�$�5"!#$�&�# " �!�"7�!#$�&�# 462(�!�# ��$# �? 
7. ����# ."&".�$�&�# (" $� 462�#� ����"%"����&&�%� )�*.�462�%� ��$#-

 � .�5&� &��#4�!� 2#4 )�,�#4�? 
8. ���"# .#!�,1 &��#4�&"* 462(�!13 ��$#  �1 4&�#!#? 
9. ����# � &��&�# !#3&�$�%"(# ��# )�#".68# !�� 9��$��#&!&�%� )��+"-

$* 462� )#�#, ,�6%"."? 
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����������� ������ �6 
«	����������	�� ������ 	���	� �������  ������ 

(	��)» 
 
���� ����	
 –  � !��"!� �"&#.�!"(# �60  3#.6 .&�%� !6)#&(�!�- 

��� " �)�#,#$"!� )� &#- )#�#,�!�(&1# �!&�/#&"* �!,#$�&13 )#�#,�(. 
 

������
 � ����������� 
 

1. ����2�" )#�#.#&1 )#�#,�(. 
2. <#�!#5&1# "& !�6.#&!1. 
3. �"�����$��6$*!��. 

 
������� �
�������� ����	
 

 
1. �46("!� 6 !��- !�� ��� " 6 !�&��"!� ��$"(# !�� ��$��, 462(�!13 

��$# , 3����!#�  �#,"&#&"* ��5,�%� ��$# �   ��$�., � !��5# (" $� )#�#,�( 
)#�#,&#%� " 4�,&#%� 3�,�. 

2. �� !��"!� �"&#.�!"(# �60  3#.6 ����2�" )#�#.#&1 )#�#,�( � &#--
!��$�&�. )�$�5#&"". ��"&*!1# �2�4&�(#&"* ��$�� &� �)���3 ��(#&"* " 462-
(�!13 ��$#  )���4�&1 &� �" 6&��3 1 " 2. 

 
�" . 1. �"&#.�!"(# ��*  3#.� ��$� &� �)���3 ��(#&"* 

 

 
         �)                   2)      �) 
 

�" . 2. �"&#.�!"(# �"#  3#.1 462(�!13 ��$#  
�) 462(�!�# ��$# �, 5# !�� )� �5#&&�# &� ��$; 
2) 462(�!�# ��$# �,  ��2�,&� )� �5#&&�# &� ��$ "$" � �; 
�) 462(�!�# ��$# �, )� �5#&&�# &� ��$ )�,�"5&� &� /$"7�3. 
 
�62(�!1# ��$# �,  ��2�,&� )� �5#&&1# &� ��$, .�%6! !��5#  �#,"&*!� *   

��$�. 4�  (#! �6$�(���13 .6+!, ".#08"3 /$"7#��#  �#,"&#&"#   ��$�. 
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(�" . 3). � $" � ��� " )�$�460! *  "&3��&"4�!��1, !� &�  3#.# "3 .�5&� 
6 $��&� "4�2��5�!� ��� )�� !1# �6$�(���1# .6+!1. 

�� �"&#.�!"(# ��-  3#.# ����2�" 
)#�#.#&1 )#�#,�( � � 2$��� /# !#�#& 
4�,&#- )#�#,�("  $#,6#! )���4�!� 6 -
$��&� )��#�&6!�- ,�  ��.#8#&"*   
)$� �� !�0, � ��!���- �� )�$�%�0! * 
)#��"(&1- (�3�,&�-), �!��"(&1- (�1-
3�,&�-) " )��.#56!�(&1- ��$1. � # 
462(�!1# ��$# � ,�$5&1 21!� )��&6-
.#����&1. �� ("!�!� (" $� 462�#� � #3 
��$#  " �&# !" � !�2$"76. 

3. ��$## &#�23�,".�  � !��"!� �"-
&#.�!"(# �"#  3#.1 ����2�" )#�#.#&1 
)#�#,�( &� �!,#$�&13 )#�#,�(�3. �� 
9!"3  3#.�3 )���4�!� !�$��� !# ��$# �, 

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

  
�" . 4. �"&#.�!"(# ��*  3#.� ����2�" )#�#.#&1 )#�#,�( &� �,&�- "4 

)#�#,�( 
 
 �6 !�  3#.� &� �" . 4  ��!�#! !�6#! j-�- )#�#,�(#. ��%,� )#�#,�!�(-
&�# (" $� .�5#! 21!� )�, ("!�&� )� +��.6$#  

 

1

2

3

�" . 3. �"&#.�!"(# ��*  3#.� 
462(�!13 ��$#  1 " 3,  �#,"-
&*#.13   ��$�. )� �#, !��. 

�6$�(����- .6+!1 2 

�8ω �.ω

1

52

6
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2 6

1 5
j

z z
u

z z
= .       (1) 

 
 � (" $"!#$# +��.6$1 (1) - )��"4�#,#&"# (" #$ 462�#� �#,�.13 ��$# , � 
� 4&�.#&�!#$# – �#,68"3. 
 

���������� �	��	� 
 

1. �"&#.�!"(# ��*  3#.� ����2�" )#�#.#&1 )#�#,�( � &#-!��$�&�. )�-
$�5#&"". 

2. ��2$"7� (" #$ 462�#� � #3 ��$#  ����2�" )#�#.#&1 )#�#,�(. 
3. �"&#.�!"(# �"#  3#.1 (6)��8#&&1#) ����2�" )#�#.#&1 )#�#,�( &� 

� #3 �!,#$�&13 )#�#,�(�3. 
4. �� (#! )#�#,�!�(&13 (" #$ ����2�" )#�#.#&1 )#�#,�( &� � #3 �!-

,#$�&13 )#�#,�(�3. 
5. 	)1!&1# ,�&&1# )� )���#��# )�$6(#&&13 )#�#,�!�(&13 (" #$. 

 

���	�����
� ������
 
 

1. ��4&�(#&"# ����2�� )#�#.#&1 )#�#,�(. 
2. <!� !���# )#�#,�!�(&�# (" $�? ��� �&� �)�#,#$*#! *? 
3. ���"# ��$1 ".##! ����2�� )#�#.#&1 )#�#,�(? 
4. ����* )#�#,�(� &�41��#! * )�&"5�08#-, )�*.�-, )��1/�08#-? 
5. � ����- 7#$�0 � ����2��3 )#�#.#&1 )#�#,�( )�".#&*0! * �� �4621# 

/# !#�&" )� !�*&&�%� 4�7#)$#&"*? 
6. ��(#.6 � ����2��3 )#�#.#&1 )#�#,�( )�".#&*0! * 462(�!1# ��$# �   

64�"." �#&7�."? 
7. ������ &�4&�(#&"#  "&3��&"4�!����? 
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����������� ������ �7 
«���������� 	����������� ��������� �������
 (	��) 

���
����� ���	���» 
 
���� ����	
 - � ��"!� .#!�,"�6 �)�#,#$#&"* ��� (#��*(&�%� �#,6�-

!��� " �1*�"!� 4��" ".� !� ��� �#,6�!��� �! )#�#,���#.�- .�8&� !" ("$" 
�! ��6!*8#%� .�.#&!� �2). 

 
������
 � ����������� 

 
1. ��2���!��&�* 6 !�&���� ���-39�   )�" )� �2$#&"#. ,$* !��"���-

�". 
2. �&,"��!��1 (� ���%� !")� - 2 /!. 
3. �"�����$��6$*!��. 
4. <#�!#5&1# "& !�6.#&!1. 

 
������� �
�������� ����	
 

 
1. ��� (#��*(&�%� �#,6�!��� �)�#,#$*#! * )� +��.6$# 

 
2

1

T
T u

η = ,       (1) 

 
%,# T1 - ��6!*8"- .�.#&! &� �3�,&�. ��$6 �#,6�!���; 

�2 - ��6!*8"- .�.#&! &� �13�,&�. ��$6 �#,6�!���; 
u = 28 - )#�#,�!�(&�# (" $� �#,6�!���. 
�4.#�#&"# ��6!*8"3 .�.#&!�� T1 " �2 )��"4�# !"   )�.�8�0 "&,"��!�-

��� (� ���%� !")�, ��!��1# )���41��0! )��%"2  )#7"�$�&13 )$� �"3 2�$��, 
�� )�"&".�08"3 ���65&1#  "$1,  �4,���#.1# ��6!*8"." .�.#&!�." T1 " 
�2. �$* 9!�%� )�#,���"!#$�&� )��"4�# !" !��"����6 "4.#�"!#$�&13 6 !-
��- !� &�  )#7"�$�&�. )�" )� �2$#&"". 

�#�#, !��"�����- "&,"��!��  $#,6#! 6 !�&��"!� &� &6$#�60 �!.#!�6. 
�� %�$���" �"&!��, ��#�&6!13 � !��7#�60 (� !�  !�!��� 9$#�!��,�"%�!#$* 
6 !�&��$"��0! � )�.�%�!#$�&1- �1(�% " &� &#. &� )�$&�. )$#(# )�.#8�0! 
%�64. ��, ,#- !�"#. .�.#&!� �!  "$1 !*5# !" %�64�  !�!�� ��4,#- !�6#! (#-
�#4 )�"4.6 &� )$� �60 2�$�6, )��%"2 ��!���- �)�#,#$*#! *   )�.�8�0 "&-
,"��!���. ��" "4�# !&�. .�.#&!# T1,  �4,���#.�. %�64�., "  &*!�. )���4�-
&"" "&,"��!��� �)�#,#$"!� .� /!�2&1- !��"����(&1- ��9++"7"#&! 

 

( )
*
1

1
1

T H�
K

n 1�������
= ,     (2) 

 



 26

%,# n1 – (" $� ,#$#&"- /��$1 "&,"��!���, &� ��!���# �!�$�&"$� � 
 !�#$�� )�, ,#- !�"#. .�.#&!� *

1T . 
�#�#,�"%�* %�64 � ,�6%�# )�$�5#&"#, )��,#$�!� !# 5# �1(" $#&"* " 62#-

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

���"����6 2�$�"   "&,"��!���., �#%" !�"�608". 4&�(#&"# .�.#&!� T2 
)��"4�# !" �&�$�%"(&�. � �#46$�!�!# 9!"3 "4.#�#&"- �)�#,#$"!� .� /!�2-
&1- !��"����(&1- ��9++"7"#&! �2. 

2. �#�#,  &*!"#. ��&!��$�&13 )���4�&"-  $#,6#! )��%�#!� 6 !�&���6 
)�,  �#,&#- &�%�64��- � !#(#&"# 3-4 ."&6!. ��%�64�6 �#%6$"����!� )�" )�-
.�8" !��.�4&�%� &�%�64�(&�%� 6 !��- !��. 

�#�#, ��$0(#&"#. 6 !�&���" &#�23�,".� )�$&� !�0 �� !��.�4"!� &�-
%�64�(&�# 6 !��- !��, � 4�!#., ��$0("� 9$#�!��,�"%�!#$� � ��2�!6, )$��&� 
&�%�64"!� 6 !�&���6. 

�� $# )��%�#�� 6 !�&���"  &"4"!� &�%�64�6 ,� ."&".6.� " )��"4�# !" 
4�.#� ��6!*8"3 .�.#&!�� T1 " T2. 

3. �� $#,���!#$�&� )��1/�!� &�%�64�6 "  &".�!� )���4�&"*. <" $� 4�-
.#��� ��6!*8"3 .�.#&!�� ,�$5&� 21!� &# .#&## )*!". 

4. �� ,�&&1. "4.#�#&"- )� !��"!� %��+"� 4��" ".� !" ��� �! �13�,-
&�%� ��6!*8#%� .�.#&!� T2. 

 
���������� �	��	� 

 
1. ���"����(&1# %��+"�" 6 !��- !�, "4.#�*08"3 ��6!*8"# .�.#&!1 

T1 " T2. 
2. ��2$"7� �)1!&13 ,�&&13 

 
��2$"7� 1 

��.#�� 
�)1!�� 

n1, 
,#$#&"- 

T1, �. 
n2, 

,#$#&"- 
T2, �. � ��".#(�&"# 

1       
2       
3       
4       
5       
6       
7       

 
 3. '��+"� 4��" ".� !" ��� �#,6�!��� � �! �#$"("&1 �13�,&�%� 
��6!*8#%� .�.#&!� T2. 
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