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2 
�" $�(,"�-(" !-).)#(� &$�/$ $%(�( &0"&$�)%) "�( -)1"�02 �"-

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

	 %. .) %2&!�- �$'. �)0&"#-$ �. �. 
 
 
 
�(# ". &�)#" )0#25 3"5)#(.3$% - $�(# (. 0).�"�$% -!0�$%$/$ 

&0$"- ) &$ -!0�! “�"$0(� 3"5)#(.3$% ( 3)4(#” (���).  
� 3" $�(,"�-(5 !-).)#(�5 &0(%"�"#2 5)0)- "0(� (-( $�#$%#25 

�5"3 &�)#" )0#25 3"5)#(.3$% ( $6�)� ( (5 &0(3"#"#(� % �$%0"3"##$+ 
 "5#(-", �)#) 3" $�(-) ( &0(3"02 �(# ".) &�)#" )0#25 3"5)#(.3$%. 
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��)#" )0#2" 3"5)#(.32 &$�!,(�( $,"#* 4(0$-$" 0)�&0$� 0)#"-
#(" % �$%0"3"##$+  "5#(-". �#$/$&$ $,#$� * &�)#" )0#$+ &"0"�),( � 
#"�-$�*-(3( �) "��( )3( &$.%$��"  0".-$ �#(.( * "" /)6)0( 2 ( 3)��!. 
�(6-$� * -(#"3) (,"�-$+ �5"32 &$.%$��"  &$�!,) * 0).�(,#2" &"0"�)-
 $,#2" $ #$4"#(� (&$ %"�(,(#" ( .#)-!). 

 ��)#" )0#23 #).2%)" �� 3"5)#(.3, �$� $�7(+ (. .!6,) 25 (�( 
10(-'($##25 -$�"�, % -$ $0$3 /"$3" 0(,"�-)� $�* 5$ � 62 $�#$/$ -$�"�) 
&$�%(8#),  . ". (3"9 �� -$�"�), -$ $02" �$%"04)9  ��$8#$" �%(8"#(", 
&0"�� )%��97"" �$6$+ �!33! �%!5 �%(8"#(+ - �%(8"#(� -$�"�) %3"� " � 
$�*9 ( %0)7"#(� %$-0!/ $�(. �)-(" -$�"�) #).2%)9 �� �) "��( )3(.  

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

�) -(#"3) (,"�-(5 �5"3)5 3$8#$ &$-).2%) *  $�*-$ $�(# �) "�-
�( ,  . -. �0!/(" �) "��( 2 #) $&0"�"�"##$� * �%(8"#(� #" %�(�9 . �$ � 
% 0")�*#25 3"5)#(.3)5 ,(��$ �) "��( $% k = 2-6. �)7" %�"/$ k = 3,  . -. % 
: $3 ��!,)" $6"�&",(%)" �� 0)%#$3"0#$" 0)�&0"�"�"#(" #)/0!.-( 3"8�! 
�) "��( )3( �)8" 6". &0(3"#"#(� �&"'()�*#25 3"0 &$ !� 0)#"#(9 (.62-
 $,#25 �%�."+. �0(3"#"#(" % 3"5)#(.3" k �) "��( $% 1)- (,"�-( &$, ( % 
k 0). &$%24)"  #)/0!.$,#!9 �&$�$6#$� * !� 0$+� %) (0"�!- $0, -$0$6-) 
�-$0$� "+, -$�"�#2+ �(11"0"#'()� (  . �.).  

�� * �5"32 3"5)#(.3$%, % -$ $025 �) "��(  �$� $(  (. $�#$/$ 
.!6,) $/$ -$�"�). �)-$+ �) "��(  6!�"3 #).2%) * $�#$%"#'$%23 �) "��(-
 $3. ���( 8" �) "��(  &0"�� )%��"  �$6$+ .%"#$, �$60)##$" (. �%!5 -$�"�, 
 $ #).2%) * "/$ 6!�"3 �%!5%"#'$%23. 

 �0$3" %$�(�) ( �) "��( $% % �$� )% &�)#" )0#$/$ 3"5)#(.3) 
%5$��  '"# 0)�*#2" -$�"�), -$ $02" $60).!9  � �) "��( )3( &)02 %#"4-
#"/$ ( %#! 0"##"/$ .)'"&�"#(�. 

��"08(%)97(3 1)- $0$3 6$�"" 4(0$-$/$ &0(3"#"#(� &�)#"-
 )0#25 3"5)#(.3$% �%��" �� (5 $ #$�( "�*#)� ��$8#$� *,  0"6!97)� 
�$� ) $,#$ %2�$-$+ -!�* !02 &0$(.%$�� %) ( %2�$-(5  "5#$�$/(+. 

�)(6$�*4"" 0)�&0$� 0)#"#(" &�)#" )0#2" 3"5)#(.32 &$�!,(�( 
 )3, /�" $#( &0)- (,"�-( #" (3"9  )�* "0#) (%2 - : $ &"0"�) $,#2" 3"-
5)#(.32 � �%!3� � "&"#�3( �%$6$�2, % -$ $025 �$�8#$ $6"�&",(%) *�� 
�"�"#(" &$�%"�"##$/$ -0! �7"/$ 3$3"# ) #) �%" ,)� ( (&$ ,(��! � "&"-
#"+ �%$6$�2) % � 0$/$ $&0"�"�"##$3 �$$ #$4"#((. �  )-$%23 $ #$�� �� 
3"8-$�"�#2" (  3"8$�"%2" �(11"0"#'()�2 )% $3$6(�"+ ( �0!/(5  0)#�-
&$0 #25 3)4(#, �(11"0"#'()�*#2" 3"5)#(.32 )%()�%(/) "�"+ &0(%$�) 
�%!5 �$$�#25 %(# $% �)3$�" ), �$$�#25 �$&)� "+ %"0 $�" ) ( �0!/(" &$-
�$6#2" 3"5)#(.32. 

�$,-( �) "��( ) �%(/)9 �� &$ ��$8#23 -0(%23. � &0$� 25 &�)-
#" )0#25 3"5)#(.3$% : $ :&('(-�$(�) (�( /(&$'(-�$(�), ) ! 6(&�)#"-
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 )0#25 3"5)#(.3$% - : $ 6$�"" ��$8#2" -0(%2" (6(:&('(-�$(�), 6(/(&$-
'(-�$(�), /(&$:&('(-�$(�) ( :&(/(&$'(-�$(�)). �)-("  0)"- $0((  $,"- 
�%��9 �� «&$�5$��7(3(» ��� %2&$�#"#(� $ �"�*#25  "5#$�$/(,"�-(5 
$&"0)'(+ ( #) �) "��( 2 !� )#)%�(%)9  0)6$,(+ (#� 0!3"#  (3"4)�-(, 
10".2, 0".'2). 


(&�)#" )0#2" 3"5)#(.32 &0(3"#�9 �� % 7( )5 ��� &0$5$�-( 
 $##"�"+ 3" 0$&$�( "#), % 4)5 $&0$5$�,"�-(5 -$36)+#)5, % -$#� 0!-'(-
�5 0")- (%#$- !06(##25 6!0$%. 

��)#" )0#2+ 3"5)#(.3 � ,(��$3 � "&"#"+ �%$6$�2 6$�*4" "�(-
#('2 (w ≥ 2) % �(�$%$3 $ #$4"#(( (�&$�*.!" �� -)- �(11"0"#'(0!97(+ 
- 3"5)#(.3 �"�(  &$�%"�"##2+ 3$3"#  #) w ,)� "+ % � 0$/$ $&0"�"�"#-
#25 �$$ #$4"#(�5, ) % -(#"3) (,"�-$3 $ #$4"#(( - : $ �!33) $0 �%(-
8"#(+ (,(��$ %5$�#25 �%(8"#(+ 0)%#$ w).  
 � 0��" !� 0$+� % (, % ,)� #$� (, % !� 0$+� %)5 )% $3) (-( (�-
&$�*.!9 �� �!33(0!97(" �%$+� %) &�)#" )0#$/$ 3"5)#(.3). �"�*3) 4(-
0$-$ &0(3"#�9 �� &�)#" )0#2" 3"5)#(.32 % &"0"�),)5 � $�#$+ � "&"#*9 
�%$6$�2. ; $ 0"�!- $02 ( 3!�* (&�(-) $02. �).0)6$ ,(-$% ( (./$ $%(-
 "�"+ 0).�(,#25 !� 0$+� % #) $�#$%"  &�)#" )0#25 3"5)#(.3$% &0(%�"-
-)"  (5 -$3&)- #$� * ( %2�$-(" -(#"3) (,"�-(" %$.3$8#$� (. 

 �. &0(%"�"##$/$ %24" 3$8#$ ��"�) * .)-�9,"#(", , $ #)(-
6$�*4"" 0)�&0$� 0)#"#(" &�)#" )0#2" 3"5)#(.32 &$�!,(�(  )3, /�" $#( 
#".)3"#(32. ; $, &0"8�" %�"/$ )% $3$6(�*#2" �(11"0"#'()�2 (3"8-$-
�"�#2" ( 3"8$�"%2"), %2&!�- -$ $025 �$� (/ �$ #( 3(��($#$% % /$�. 
�".)��!8"##$ �-0$3#$" 3"� $ $#( .)#(3)9  % 0"�!- $0$� 0$"#(( (, $�$-
6"##$, % &0$(.%$�� %" -$0$6$- �-$0$� "+. 

	 3" (3, , $ -(#"3) (,"�-(" �%$+� %) &�)#" )0#$/$ 3"5)#(.3) 
.)%(��  (3"##$ $   $/$, -)-(" .)'"&�"#(� $60).!9  '"# 0)�*#2" -$�"�) � 
�) "��( )3(.  
 �0$� "+4(3 ( #)(6$�"" 0)�&0$� 0)#"##23 &�)#" )0#23 3"5)-
#(.3$3 �%��" �� 3"5)#(.3 �8"3�), (3"97(+ $�#$ %#"4#"" ( $�#$ %#! -
0"##"" .)'"&�"#(� '"# 0)�*#25 -$�"� � $�#$%"#'$%23 �) "��( $3 (0(�. 
1, ����� 1). 
 �) &0(3"0" ����� 1 0)��3$ 0(3 3" $�(-! )#)�( (,"�-$/$ (�-
��"�$%)#(� -(#"3) (-( &�)#" )0#$/$ 3"5)#(.3). �)- %(�#$ &$ �5"3", % 
3"5)#(.3" (3"" ��  ," 20" &$�%(8#25 .%"#), ," 20" #(.4(" ( �%" %2�-
4(" -(#"3) (,"�-(" &)02,  . ". 3"5)#(.3, (3""  �%" � "&"#( �%$6$�2, 
(�( �0!/(3( ��$%)3(, �9623 �%!3 .%"#*�3 3$8#$ �$$67( * #".)%(�(3$" 
�%(8"#(". �. �5"32 %(�#$, , $ %)�2 (3"9  .%"#*� 1, 4 ('"# 0)�*#2" -$-
�"�)) ( %$�(�$ h. 
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 �".)%(�(3$" �%(8"#(" 3$8#$, #)&0(3"0, �$$67( * .%"#*�3 1 ( 4 
(.)�) * ω1 ( ω4) ( &$�!,( * 0".!�* (0!97"" �%(8"#(" #) %$�(�" (ωh). �$-
�$6#25 %)0()# $% %�"/$  0(. �)�),) .)-�9,)" �� % #)5$8�"#(( .)%(�(3$-
� ( 3"8�! ω1, ω4 ( ωh ((�( &"0"3"7"#(�3(),  . ". #"$65$�(3$ #)+ ( .)%(-
�(3$� * %(�): 

A⋅ω1 + B⋅ω4 + C⋅ωh = D. 
 �0(3"#(% 3" $� $60)7"#(� �%(8"#(� ($# "7" #).2%)" �� 3" $-
�$3 �(��(�) (�( 3" $�$3 32��"##$+ $� )#$%-( %$�(�)) &$�!,(3:  

1

4

4

1)(
14 z

z
i

h

hh −=
−
−=

ωω
ωω

.                                      (1) 

��"�* 
)(

14
hi  - &"0"�) $,#$" $ #$4"#(" $  .%"#) 1 - .%"#! 4 &0( #"&$�%(8-

#$3 %$�(�" h. 
	,"%(�#$, , $ "��( % (1) &$�� )%( * .#),"#(� �-$0$� "+  �9625 

�%!5 .%"#*"%,  $ 3$8#$ %2,(��( * !/�$%!9 �-$0$� *  0" *"/$.  
��)#" )0#2+ 3"5)#(.3, (3"97(+ w = 2, �%��" �� �(11"0"#'(-

)�*#23 &�)#" )0#23 3"5)#(.3$3.  
�0( w = 1 3"5)#(.3 6!�"  &0$� 23 &�)#" )0#23 3"5)#(.3$3, 

"��( .) $03$8"#$ -$�"�$ 1 (�( 4. ���( 8" .) $03$8"#$ %$�(�$ (ωh = 0), 
 $/�) : $ 6!�"  $62,#2+ .!6,) 2+ 3"5)#(.3 � #"&$�%(8#23( $��3( %)-
�$% (#" &�)#" )0#2+). 

 ���( % 3"5)#(.3" � w = 2 �$$67)" �� #".)%(�(3$" �%(8"#(" 
�%!3 .%"#*�3 (�%!5�%(/) "�*#2+ &0(%$�),  $  )-$+ 3"5)#(.3 (�&$�#�"  
0$�* �!33) $0) �%(8"#(+ &$ 1$03!�" (1).  

���( 8" &0( w = 2 3"5)#(.3! �$$67)" �� $�#$ #".)%(�(3$" �%(-
8"#(",  $ $# (�&$�#�"  0$�* �"�( "�� &$�%"�"##$/$ 3$3"# ) �(� #) w 
,)� "+ % $&0"�"�"##25 �$$ #$4"#(�5. �0(3"0$3  )-$/$ &0(3"#"#(� �%-
��" �� �(11"0"#'()� )% $3$6(��. � 3"8-$�"�#$3 (�(33" 0(,#$3) �(1-
1"0"#'()�" 3$3"#  %�"/�) �"�( �� #) �%" 0)%#2" ,)� (, ), #)&0(3"0, % 
3"8$�"%$3  #"�(33" 0(,#$3 �(11"0"#'()�"  0"5$�#$/$ )% $3$6(�� 3$-
3"#  �"�( �� #) �%" ,)� ( % �$$ #$4"#(( 1:2, &0( : $3 -$�"�) 3$/!  %0)-
7) *�� � 0).�(,#23( �-$0$� �3( % �$$ %" � %(( � .)%(�(3$� *9 (1). �)�-
�3$ 0(3 %)0()# 2 (�&$�*.$%)#(� 3"5)#(.3), %2&$�#"##$/$ &$ ����� 1 
(0(�.1), (3"97"/$ w =1. 

�0( ωh = 0;  
)(

14
hi = - 

1

4

z
z

 (�(  
)(

41
hi  = 

4

1
)(

14

1
z
z

i h −= . 

	62,#$                      
)(

14
hi  = - (2-8). 
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 �"#*4"" (&$ 3$�!�9) .#),"#(" 
)(

14
hi  $6!��$%�"#$ 0).3"0)3( 

�) "��( ) – !3"#*4"#(" : $+ %"�(,(#2 %�","  .) �$6$+ !3"#*4"#(" �$ 

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

14
hi  

$6!��$%�"#$ /)6)0( $3 &"0"�),(. �0( ω4 = 0 (. (1) #)5$�(3: 

             
1

4)(
14

)4(
1 11

z
z

ii h
h +=−= ;    

41

1
)4(

1

)4(
1

1
zz

z
i

i
h

h +
== . 

 � !," $3 (.�$8"##$/$ %24", (3""3 
)4(

1hi = 3-9. �0)%#(%)� 
)(

14
hi  

( 
)4(

1hi , &0"8�" %�"/$ $ 3" (3, , $ $#( $ �(,)9 �� .#)-$3 ( 3$�!�* &"-

0"�) $,#$/$ $ #$4"#(� &�)#" )0#$/$ 3"5)#(.3) #) "�(#('! 6$�*4". 
 ���$%(3�� .%"#*�, (3"97(" %)�2, - -$ $023 3$8#$ &0(-�)�2-
%) * -0! �7(" 3$3"# 2, #).2%) * $�#$%#23( .%"#*�3(. � 3"5)#(.3" 
�8"3�) (����� 1)  0( $�#$%#25 .%"#) - �%) '"# 0)�*#25 -$�"�) ( %$�(�$. 
 �) 0(�.1 &$-).)#2 ( �0!/(" )#)�$/(,#2" &$ � 0!- !0" �5"32 
&0$� "+4(5 &�)#" )0#25 3"5)#(.3$%. ; ( �5"32 &0(#� $ $6$.#),) *  
2k-h. 

 �) (5 $�#$%" 3$8#$ &$� 0$( * �5"32 �  0"3� '"# 0)�*#23( -$-
�"�)3(, (3"97(" $6$.#),"#(" 3k . 

�0(3"02 &�)#" )0#25 3"5)#(.3$%, %2&$�#"##25 &$ �5"3" 3k, 
&$-).)#2 #) 0(�. 2. 	 3" (3, , $ %$�(�$ % : (5 3"5)#(.3)5, #" �%��" �� 
$�#$%#23 .%"#$3.  

��)#" )0#2+ 3"5)#(.3 � �%!5%"#'$%23 �) "��( $3, $�#(3 
%#"4#(3 ( $�#(3 %#! 0"##(3 .)'"&�"#(�3( (0(�. 1, ����� 2) &$.%$��"  
0")�(.$%) * 6$�"" 4(0$-(+ �()&).$# &"0"�) $,#25 ,(�"�. �. 1$03!�2 
�(��(�) ��� : $/$ 3"5)#(.3) 

i
z z
z z

h h

H
14

1

4

2 4

1 3

( ) =
−
−

= −
⋅
⋅

ω ω
ω ω                                   (2) 

%(�#$, , $ 
)(

14
hi  3$8"  (.3"#� *�� % 6$�"" 4(0$-$3 �()&).$#". �$&!�-

 (3$ i h
14
( )

=-(1-16),  $/�), i h1
4( )

 = 1 - i14 =1+
z z
z z

2 4

1 3

⋅
⋅

=(2-17). 

�) &0)- (-" $62,#$ i h1
4( ) =7-17. 

�%(�! $ #$�( "�*#$+ ��$8#$� ( : ) �5"3) &0(3"#�" �� .#),(-
 "�*#$ 0"8". 
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4 5

h

�) �)

�(�. 2. ��)#" )0#2" 3"5)#(.32 3k

1

h

4

2 3 5

 
����� 3, 4 � 6 3"5)#(.3$%, &$-).)##2" #) 0(�.1, (3"9  $�(#)-

-$%2" 1$03!�2 �(��(�) (, �$$ %" � %"##$, �5$�#2" -(#"3) (,"�-(" &)-

0)3" 02. �)- -)- ��� : (5 3"5)#(.3$% 
31

42)(
14 zz

zz
i h

⋅
⋅=  &$�$8( "�*#$,  $ ( 

5)0)- "0(� (-( : (5 3"5)#(.3$% �!7"� %"##$ $ �(,)9 �� $  &"0%25 
�%!5. �)-, "��( %5$�#23 .%"#$3 �%��" �� %$�(�$,  $ &0( ω4 = 0 &"0"�)-
 $,#$" $ #$4"#(" 6!�"  (3" * %(� 

)(
14

)4(
1 1

1
hh i

i
−

= .                                              (3) 

 �)-(3 $60).$3, (. 1$03!�2 (3) %(�#$, , $ &"0"�) $,#$" $ #$4"-

#(" )4(
1hi  3$8"  62 * �-$�* !/$�#$ 6$�*4(3 ( � �9623 .#)-$3. 	�#)-$ 

&0( 6$�*4(5 .#),"#(�5 
)4(

1hi  (�(, �0!/(3( ��$%)3(, &0( 
)(

14
hi → 1, ��� 

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

 �0(3"#"#(" «�(4#"/$» �) "��( ) (0(�. 3) &$.%$��"  (.3"#� * .#)- 

i
z
z

h
14

4

1

( ) = , &0(,"3 3$�!�* $ #$4"#(� 
z
z

4

1

 3$8#$ ��"�) * �!7"� %"##$ 

3"#*4", ,"3 )#)�$/(,#$" $ #$4"#(" ��� ����� 1 (0(�. 1). �"�$� ) -$3 
�5"32 �%��" �� #)�(,(" «�(4#"/$» �) "��( ), �#(8)97"/$ ��� !� 0$+-
� %). 
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�(�. 3. ��)#" )0#2" 3"5)#(.32 � "�(4#(3" �) "��( $3

)) 6)
1

2

3

4
h 1

4

h

2

3

 
 �)- $ 3",)�$�* %24", 3"5)#(.32 2k-h 3$8#$ 0).�"�( * #) �%" 
/0!&&2 &$ .#)-! &"0"�) $,#$/$ $ #$4"#(� ih.  

�"5)#(.32, %2&$�#"##2" &$ ������ 1, 2 ( 5 (0(�. 1), (3"9  ih < 
0. 	#( $ �(,)9 �� %2�$-(3 ��� ( �0)%#( "�*#$ �-0$3#23( -(#"3) (-
,"�-(3( %$.3$8#$� �3(.  

�"5)#(.32 � ih > 0 (����� 3, 4 ( 6) &$.%$��9  &$�!,( * 6$�*4(" 

&"0"�) $,#2" ,(��), #$ (5 ��� &0( 6$�*4(5 )4(
1hi %"�*3) 3)�, ) &0( %"�$-

3$3 -$�"�" 1 3"5)#(.3 3$8"  62 * �)8" �)3$ $03$.�7(3��. �$ : $+ 
&0(,(#" 3"5)#(.32 � ih > 0, -)- &0)%(�$, (�&$�*.!9 ��  � %"�!7(3 %$�(-
�$3 % #"�(�$%25 &"0"�),)5. 

��� &$�!,"#(� 6$�*4(5 &"0"�) $,#25 $ #$4"#(+ ,)� $ &0(3"-
#�" �� &$��"�$%) "�*#$" �$"�(#"#(" #"�-$�*-(5 3"5)#(.3$%. 	62,#$ 
(�&$�*.!" �� �5"3) �8"3�) (0(�. 1, ����� 1). � : $3 ��!,)" $67(+ ��� 
0)%"# &0$(.%"�"#(9 ��� $ �"�*#25 3"5)#(.3$%, %5$��7(5 % �$� )% 
��$8#$/$ 3"5)#(.3).  

�0(%"�"3 #"-$ $02" &0(3"02 (�&$�*.$%)#(� &�)#" )0#25 3"5)-
#(.3$%. 
 �) 0(�. 4 &$-).)#) -(#"3) (,"�-)� �5"3) &�)#" )0#$/$ 3"5)#(.-
3) )% $3) (,"�-$+ -$0$6-( &"0"�), )% $3$6(�� «�)+-)». �"5)#(.3 �$-
�"08(  �$�#",#2" -$�"�) 1 ( 5, -$�"�$ � %#! 0"##(3( .!6*�3( 4, �) "��(-
 2 2 ( 3 ( %$�(�$ h, -$ $0$" #" (3""  %25$�#$/$ %)�). �(��) .!6*"% -$�"� 
��"�!97(": z1= 26; z2 = z3 = 19; z4= 74; z5 = 37. �5"3) �$�"08(  $�(# 
«�(4#(+» �) "��( , , $ �$6)%��"  $�#$ %#"4#"" .)'"&�"#(". �)-)� �5"3) 
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&$.%$��"  &$�!,( *  0"6!"3$" #)&0)%�"#(" %0)7"#(� %25$�#$/$ %)�) ( 
0")�(.!"  #!8#!9 /)33! &"0"�) $,#25 $ #$4"#(+.  
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4
2
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5

1� ( ) �. �.,
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�)
,

�.
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.
,
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�
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��
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h 5

�(�. 4.  �$0$6-) &"0"�), )% $3$6(�� "�)+-)"

�25$�

�
5$

� 
��
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4
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2

1

2

1

�  (       )

�

 
�"5)#(.3 !&0)%�"#(� �$�"08(  �%)  $03$.): �1 ( �2. �0( %-�9-

,"#((  $03$.) �1 $� )#)%�(%)" �� -$�"�$ 5 (ω5 = 0), ) &0( %-�9,"#(( �2 
$� )#)%�(%)" �� %$�(�$ (ωh = 0). �0$3"  $/$, 3"5)#(.3 !&0)%�"#(� �$-
�"08(  3!1 ! $60) #$/$ 5$�) (#) �5"3" #" &$-).)#)) ( 10(-'($##!9 
3#$/$�(�-$%!9 3!1 ! �1. 

�0)7) "�*#$" �%(8"#(" #) %5$� (&0( &0�325 &"0"�),)5 - #) -$-
�"�$ 1, ) &0( .)�#"3 5$�" - #) -$�"�$ 5) &"0"�)" �� $  �%(/) "�� ,"0". 
/(�0$ 0)#�1$03) $0 ( 3!1 ! �'"&�"#(� (#) �5"3" #" &$-).)#2).  

�)��3$ 0(3 0)6$ ! -$0$6-( #) 0).#25 &"0"�),)5 ( 0( - %&"0"� ( 
$�#) - #).)�).  

�"0%)� &"0"�),) %-�9,)" �� .) $03)8(%)#("3 %$�(�) h  $03$-
.$3 �2. �0( ωh = 0 &$�!,)" �� $62,#)� .!6,) )� &"0"�),) � -$�"�)3( 1, 3, 
2 ( 4. �)-(3 $60).$3, % &"0"�)," �%(8"#(� !,)� %!9  �%) %#"4#(5 ( $�#$ 
%#! 0"##"" .)'"&�"#(�, , $ �)"  .#)- “&�9�” &"0"�) $,#$/$ $ #$4"#(�. 
�$�"�) 2 ( 3 �%��9 �� &0( : $3 &)0).( #23(. �$/�) &"0"�) $,#$" $ #$-
4"#(" &"0%$+ &"0"�),( 6!�"  

i i
z
z

h
Ι = = = =14

4

1

74
26

2 846, . 

 ��� 3"5)#(.3) #) &"0%$+ &"0"�)," ηΙ = 0,94. �"�-$�*-$ &$#(-
8"##$" .#),"#(" ��� $6<��#�" �� %-�9,"#("3 % �5"3! «�(4#"/$» �) "�-
�( ), ( �$$ %" � %"##$, $�#$/$ �$&$�#( "�*#$/$ .)'"&�"#(�. 
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 � $0)� &"0"�),) %-�9,)" �� .) $03)8(%)#("3 �$�#",#$/$ -$�"-
�) 5 � &$3$7*9  $03$.) �1,  . ". ω5 = 0. 
 ��� $&0"�"�"#(� &"0"�) $,#$/$ $ #$4"#(� % $0$+ &"0"�),( 0)�-
�3$ 0(3 �%" -(#"3) (,"�-(" '"&( 3"5)#(.3) -$0$6-(. �"0%)� '"&* &0"�-
� )%��"  �$6$+ &�)#" )0#2+ 3"5)#(.3 � -$�"�)3( 5, 2, 4 ( %$�(�$3 h. � 
: $+ '"&( (3"9 �� $�#$ %#"4#"" ( $�#$ %#! 0"##"" .)'"&�"#(�. �. 1$0-
3!�2 �(��(�) ���  )-$/$ 3"5)#(.3) 

i
z
z

h h

h
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−
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z
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h
h +=−==

ω
ω

, $ -!�) #)5$�(3 ω
ω

h
hi

= 4

4
5( )

. 

  � $0)� '"&* - : $ &�)#" )0#2+ 3"5)#(.3, $60).$%)##2+ .%"#*�3( 
1, 3, 2, 4 ( h. 	 3" (3, , $ : ) '"&* �$�"08(  �%) %#"4#(5 ( $�#$ %#! -
0"##"" .)'"&�"#(�, , $ �)"  $67(+ .#)- «&�9�». 
 =$03!�) �(��(�) ��� : $/$ 3"5)#(.3) (3""  %(�: 

i
z
z

h h

h
14

1

4

4

1

( ) =
−
−

=
ω ω
ω ω

. 

�$��" &$�� )#$%-( % : ! 1$03!�! .#),"#(� ω
ω

h
hi

= 4

4
5( )  ( &0"$60).$%)#(+ 

&$�!,(3 &"0"�) $,#$" $ #$4"#(" % $0$+ &"0"�),( 

i i i
i
i i

h
h

h h
ΙΙ = = − +14

5
14

14

4
5

4
5

1( ) ( )
( )

( ) ( ) . 

�0( i h
14 2 846( ) ,=  ( i h4

5( ) = 1,5 (3""3 i iΙΙ = =14
5( ) 1,615. 

��� #) : $+ &"0"�)," ηΙΙ = 0,95. �)- %(�(3, ��� #) % $0$+ &"-
0"�)," �)8" #"�-$�*-$ %24", ,"3 #) &"0%$+ &"0"�),", 5$ � % &"0"�)," 
�%(8"#(� % $67"+ ��$8#$� ( !,)� %!9  3 %#"4#(5 (5-2, 2-3 ( 1-2) ( $�#$ 
%#! 0"##"" .)'"&�"#(" (3-4), , $ #) $�#$ .)'"&�"#(" 6$�*4", ,"3 &0( 
%-�9,"#(( &"0%$+ &"0"�),(. 
 �0�3)� &"0"�),) %-�9,)" �� &! "3 �$"�(#"#(� .%"#*"% 1 ( 5 � 
&$3$7*9 3!1 2 �1. � : $3 ��!,)" %�" .%"#*� %0)7)9 �� � $�#$+ (  $+ 
8" �-$0$� *9 ω1,  . ". $ #$�( "�*#25 �%(8"#(+ % 3"5)#(.3" #" . � 0"-
.!�* ) " (3""3 i iΙΙΙ = =14 1 (, �$$ %" � %"##$, 0,1≅ΙΙΙη . 
 �)�#�� &"0"�),) %-�9,)" ��, -)- ( &"0%)�, .) $03)8(%)#("3 %$-
�(�) h  $03$.$3 �2, #$ %5$�#23 �%��" �� -$�"�$ 5, ) #" 1. � : $3 ��!,)" % 
&"0"�)," �%(8"#(� !,)� %!9  -$�"�) 5, 2 ( 4,  . ". - $�#$ %#"4#"" ( $�#$ 
%#! 0"##"" .)'"&�"#(�. 
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�(�. 5. �$0$6-) &"0"�), )% $3$6(��
�)+3�"0-
"#'

TTT1 2 3

���� �����

M MM1 2 3

 �"0"�) $,#$" $ #$4"#(" .)�#"/$ 5$�) i i
z
zx

h
3 54

4

5

74
37

2= = − = − = −( ) . 

��� : $+ &"0"�),( η�.�. = 0,96, , $ 6$�*4" ηI ,  . -. % &"0"�)," �%(8"#(� #) 
.)�#"3 5$�! !,)� %!"  .)'"&�"#(+ #) $�#$ 3"#*4".  
 �5"3) &�)#" )0#$+ -$0$6-( /(�0$�(#)3(,"�-$+  0)#�3(��(( 

)% $3$6(�� �)+3�"0-
"#' 
&$-).)#) #) 0(�. 5. �$0$6-) 
�$�"08(  �%) &�)#" )0#25 
3"5)#(.3) �8"3�) ( (3""  
4"� * :�"3"# $% !&0)%�"#(�: 
 0( 3!1 2 �1, �2 ( �3 (  0( 
 $03$.) �1, �2 ( �3. �$0$6-) 
(3""  5 &"0"�), (, -)- ( 
-$0$6-), &$-).)##)�  #) 0(�. 4, 
$ #$�( �� - ,(��! -$0$6$- � 
#"&$�#23 (�&$�*.$%)#("3 
:�"3"# $% !&0)%�"#(�. �(��$ 
� "&"#"+ �%$6$�2 -$0$6-( w=3, 
 . ". ��� %-�9,"#(� �96$+ 
&"0"�),( #"$65$�(3$ 
.)�"+� %$%) * �%) :�"3"# ) 
!&0)%�"#(� (n=2). �0( &$�#$3 
(�&$�*.$%)#(( :�"3"# $% 

!&0)%�"#(� (m=6) ,(��$ &"0"�), 62�$ 62 0)%#$  

15
)!26(!2

!6
)!(!

! =
−

=
−

=
nmn

m
cn

m
. 

  	 �"�*#!9 /0!&&! $60).!9  &�)#" )0#2" -$0$6-( &"0"�), � 
3#$/$�%(/) "�*#23 &0(%$�$3. 	62,#$ : $ 3"5)#(.32, (3"97(" w= 2, � 
 0"3� �%(/) "��3(, �%) (. -$ $025 !&0)%��9 �� («%&"0"�», «#).)�», 
«� $&»), )  0" (+  %0)7)" �� %5$�$� !9 $  .%"#), � -$ $023 $# �%�.)#. 
�).!3"" ��,  )-)� �5"3) 3#$/$�-$0$� #25 -$0$6$- 3$8"  62 * 0")�(.$-
%)#) � &0(3"#"#("3 :�"- 0$�%(/) "�"+, ) ���  0)#�&$0 #25 3)4(#, $�-
#)7"##25 �%(/) "��3( %#! 0"##"/$ �/$0)#(�, $#) 3)�$ &0("3�"3).  
 �5"3) �"3(�-$0$� #$+ -$0$6-( &"0"�), �"6"�-( �  0"5�%(/)-
 "�*#23 &0(%$�$3 &$-).)#) #) 0(�. 6. � �$� )%" -$0$6-( ," 20" &0$-
� "+4(5 &�)#" )0#25 3"5)#(.3). �$0$6-) (3""  w = 2, $�#)7"#)  0"3� 
:�"- 0$�%(/) "��3(, -)8�2+ (. -$ $025 �#)68"#  $03$.$3 (�1, �2 ( �3) ( 
3$8"  #)5$�( *�� �(6$ % !&0)%��"3$3, �(6$ % #"!&0)%��"3$3 �$� $�#((. 

�&0)%��"32+ �%(/) "�* 3$8"  62 * .) $03$8"#, �(6$ 3$8"  
%0)7) * %"�$3$" .%"#$ %&"0"� (�( #).)�. �)-(3 $60).$3, &0(  0"5 :�"--
 0$�%(/) "��5, -)8�2+ (. -$ $025 3$8"  #)5$�( *�� % $�#$3 (.  0"5 



13 

 

�$� $�#(+ (“%&"0"�“, “#).)�“, “� $&“), $67"" ,(��$ !&0)%��97(5 %$.�"+-
� %(+ 0)%#$ 9,  . ". m=9.�0"6!"3)� &"0"�),) %-�9,)" �� &! "3 .)�)#(� 
!&0)%��97(5 %$.�"+� %(+ #) �%) :�"- 0$�%(/) "��. �)�  0" *"/$ �%(/)-
 "�� &0( : $3 %0)7)" �� %5$�$� !9. �).!3"" ��, , $ % : $+ -$0$6-" 0")-
�(.$%)#2 #" %�" %$.3$8#2" �-$0$� ( %25$�#$/$ .%"#) (6)0)6)#)),  . -. 

&0( m=9 ( n=2 3$8#$ 62�$ 62 &$�!,( * 36
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=
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T
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K
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 3
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�(�. 6. �#$/$�-$0$� #)� �"6"�-) �1


)0)6)#

 
�)��3$ 0(3 3" $�(-! �(# ".) &�)#" )0#25 .!6,) 25 &"0"�), ( 

&0(3"02 0"4"#(� : $+ .)�),(. 
 	�
��������
�� ��
��� ���
����
�� �������� ������� ��-


�������� � ������ ����� ����
���� � ��������
�� ����� ������ ��� 

���� �� ����

�� ������
� ���������
��� ��
���
�� ( 0��! !��$%(+, 
5)0)- "0#25 ��� &�)#" )0#25 &"0"�),.  

�0"�( �$&$�#( "�*#25 !��$%(+  )-8" 3$/!  62 * .)�)#2 (�( #)-
.#),"#2 -$#� 0!- $0$3: ,(��$ �) "��( $% - k; #"$65$�(3)�  $,#$� * 0")-
�(.!"3$/$ &"0"�) $,#$/$ $ #$4"#(� % �0)%#"#(( �  0"6!"323 "/$ .#),"-
#("3; $/0)#(,"#(" 3(#(3)�*#$ �$&!� (3$/$ ,(��) .!6*"% -$�"�, % .)%(-
�(3$� ( $  %(�) &0$1(�"+ .!6*"% (#(8" &0(#� 2 #)(6$�"" 0)�&0$� 0)-
#"##2" &0$1(�( .!6*"% – :%$�*%"# #2"); �$&!� (3$" 3(#(3)�*#$" .#)-
,"#(" ��� ( &0.  

���( #" � )%( �� .)�),) 3(#(3(.)'(( 3)��2 ( /)6)0( $%,  $ % �(-
�$%25 &"0"�),)5 $62,#$ &0(#(3)" �� ,(��$ �) "��( $% k=3, , $ !�!,-
4)"  (5 �)3$!� )#$%-! $ #$�( "�*#$ '"# 0)�*#25 -$�"�. ��� $6"�&","-
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#(� &$��"�#"+ �$&$�#( "�*#$ %2&$�#�9  $�#$ (�( $6) '"# 0)�*#2" -$-
�"�) &�)%)97(3(, �) "��( 2 - #) &$�) �(%25 $��5, �1"0(,"�-(5 &$�-
4(&#(-)5 ( &0.  

�0( �0!/$3 ,(��" �) "��( $% �)3$!� )#$%-) !5!�4)" ��.  
�26$0 -(#"3) (,"�-$+ �5"32 (0(�. 1) $&0"�"��" ��  0"6!"323 

&"0"�) $,#23 $ #$4"#("3 ( #).#),"#("3 &"0"�),( (�(�$%)� (�( -(#"3)-
 (,"�-)�). 

�$��" %26$0) �5"32 3"5)#(.3) 3$8#$ &"0"5$�( * - .)�)," 0)�-
," ) ,(�"� .!6*"% -$�"� (% .)�)#(�5 #) -!0�$%$+ &0$"-  �5"3) 3"5)#(.3) 
( ,(��$ �) "��( $% $62,#$ .)�)9 ��).  

��"�!"  &$�,"0-#! *, , $ .)�),) (3""  3#$/$%)0()# #$" 0"4"#(" 
-  $ "� * 3#$8"� %$ #)6$0$% ,(�"� .!6*"% -$�"�, !�$%�" %$0�97(5 !��$-
%(�3 .)�),(. 	62,#$ 6$�"" &0"�&$, ( "�*#23 �%��" �� %)0()#  � 3(#(-
3)�*#23 �!33)0#23 ,(��$3 .!6*"% %�"5 -$�"�. 

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

 ��� �(�$%25 3"5)#(.3$% �"+� %( "�*#$" (  0"6!"3$" .#),"#(� 
&"0"�) $,#$/$ $ #$4"#(� 3$/!  #"�-$�*-$ $ �(,) *�� ($62,#$ �$ 4%). 
���  )-(5 3"5)#(.3$% �$�8"# 62 * %2�$-(3. �$��"�#"3!  0"6$%)#(9 
!�$%�" %$0�9  ����� 1 ( 2, &$: $3! (3"##$ $#( ,)7" %�"/$ &0(3"#�9 -
�� ��� �(�$%25 3"5)#(.3$%. ��� -(#"3) (,"�-(5 3"5)#(.3$% &$�$6#2+ 
-$3&0$3(�� #" �$&!� (3, #$ ��� #" (3""  � $�* %)8#$/$ .#),"#(�, -)- 
��� �(�$%25 3"5)#(.3$%, &$: $3! ��� : (5 3"5)#(.3$% -0$3" ���� 1 ( 2 
�$� ) $,#$ 4(0$-$ (�&$�*.!9 �� ����� 3 ( 4. =$03!�! �(��(�) ��� %�"5 
�5"3, &$-).)##25 #) 0(�. 1, 3$8#$ .)&(�) * % %(�": 
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/�" 14u - �$$ %" � %!97"" �$$ #$4"#(" ,(�"� .!6*"% -$�"� (&"-

0"�) $,#$" ,(��$ $60)7"##$/$ 3"5)#(.3)), -$ $0$" ��� �5"3 #) 0(�. 1 
0)%#$: 
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�$/�) (. 1$03!�2 �(��(�) (4) &"0"�) $,#$" $ #$4"#(" 3"5)-
#(.3) $  %)�) -$�"�) 1 - %)�! %$�(�) h &0( .)-0"&�"##$3 -$�"�" 4,  . ". 
&0( 04 =ω , 6!�"  0)%#$ 
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)4(

1 1 ui h −= ,                                        (8) 

$ -!�) #)5$�(3 �$$ #$4"#(" ,(�"� .!6*"% &�)#" )0#$/$ 3"5)#(.3), 

$6"�&",(%)97"" &$�!,"#(" .)�)##$/$ &"0"�) $,#$/$ $ #$4"#(� 
)4(

1hi , 
)4(

114 1 hiu −= .                                          (9) 

 � ������ 3 ( 4 $62,#$ %5$�#23 .%"#$3 �%��" �� %$�(�$ h, ) %2-
5$�#23 – $�#$ (. '"# 0)�*#25 -$�"�, #)&0(3"0, -$�"�$ 1 ( $/�) -$�"�$ 4 

.)-0"&�"#$). �$ "� * ��� : (5 �5"3  .)�)" �� )4(
1

)4(
1

1

h
h i

i = . �$/�) �$$ #$4"-

#(" ,(�"� .!6*"% &�)#" )0#$/$ 3"5)#(.3), $6"�&",(%)97"" &$�!,"#(" 

.)�)##$/$ &"0"�) $,#$/$ $ #$4"#(� 
)4(

1hi , 

)4(
1

14
1

1
hi

u −=  .                                       (10) 

�0$3" $6"�&","#(�  0"6!"3$/$ &"0"�) $,#$/$ $ #$4"#(� ,(��) 
.!6*"% -$�"� &�)#" )0#$/$ 3"5)#(.3) �$�8#2 !�$%�" %$0� * 0��! !��$-
%(+, -$ $02" 5)0)- "0#2 (3"##$ ���  )-(5 3"5)#(.3$%. ; $: 
 �	
���
 	��	��	�� %)�$% '"# 0)�*#25 -$�"� &"0"�),(; 
 �	
���
 	����� (&0( �(33" 0(,#$3 0)�&$�$8"#(( �) "��( $%); 
 �	
���
 	�	
�	��� �) "��( $%; 
 �	
���
 ��	��	���� ���
��
�
���� .!6*"% -$�"� %#! 0"##"/$ 
.)'"&�"#(� (�	
���
 �
���
��������). 
 �0( &0$"- (0$%)#(( &�)#" )0#$/$ 3"5)#(.3) 3$8#$ &0(#(3) * 
.!6,) 2" -$�"�), (./$ $%�"##2" 6". �3"7"#(� (#� 0!3"# ) (#" -$00(/(-
0$%)##2"), (3"97(" $�(#)-$%2+ 3$�!�* ��� $6"(5 &)0 .)'"&�"#(�, , $ 
�!7"� %"##$ !&0$7)"  .)�),!. 
 �	
���
 	��	��	�� (&0( $�(#)-$%$3 3$�!�" %�"5 -$�"�): 

��� ����� 1               z z z1 2 42+ = ,                                           (11) 

��� ����� 2               z z z z1 2 4 3+ = − ,                                     (12) 

��� ����� 3               z z z z1 2 4 3+ = + ,                                     (13) 

��� ����� 4               z z z z1 2 4 3− = − .                                     (14) 
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 �	
���
 	�����. � $67"3 %(�" ��� %�"5 ," 20"5 �5"3 : $ !��$-
%(" %20)8)" �� �$$ #$4"#("3 

CkpC =+ )1(0 ,                                       (15) 

/�" 

k
zi

C h 1
)4(

1
0

⋅= ,                                            (16) 

 �, p - �962" '"�2" ,(��); 
k - ,(��$ �) "��( $%. 

 �	
���
 	����� %2&$�#�" ��, "��( C0 - '"�$" ,(��$,  )- -)- 
(1+kp) - %�"/�) '"�$" ,(��$. ���( C0 - #" '"�$" ,(��$,  $ ��"�!"  &$�$6-
0) *  )-$" p, , $62 '"�23 62�$ C. �)3" (3, , $ % ��!,)", -$/�) k=3 (% 
.)�)#(�5 #) -!0�$%$+ &0$"-  $62,#$ : $  )-), ( C0 - -$#",#)� �"�� (,#)� 
�0$6*,  $ �	
���
 	����� %2&$�#�" ��,  )- -)- %20)8"#(" )1( kp+ &0( 

p=3; 33; 333; (  . �. &0"%0)7)" �� % ,(��$ %(�) n10 /�" n - �96$" '"�$" 
,(��$. 

 ��� ����� 1, � !," $3  $/$, , $ 
1

41

1

4)4(
1 1

z
zz

z
z

i h

+=+= , !��$%(" 

�6$0-( 6!�"  (3" * %(�: 

k
zz

C 41
0

+= .                                           (17) 

 �"5)#(.32 �96$+ (. ," 20"5 �5"3 �$6(0)9 ��, "��( ,(��) .!6*-
"% -)8�$/$ '"# 0)�*#$/$ -$�"�) % $ �"�*#$� ( �"�� �� #) k 6". $� ) -). � 
: $+ �%�.( 0"-$3"#�!" �� ,(��) .!6*"% '"# 0)�*#25 -$�"� &$�6(0) * 
-0) #23( ,(��! k. 
 �	
���
 	�	
�	���. � $67"3 %(�" ��� %�"5 ," 20"5 �5"3 (&0( 
#" -$00(/(0$%)##25 -$�"�)5) �	
���
 	�	
�	��� 3$8#$ .)&(�) *  )-: 

k

0180
sin > 

c�

c

zz
z

±
+ 2

,                                       (18) 

/�"  zc, z� - ,(��) .!6*"% 6$�*4"/$ �) "��( ) ( '"# 0)�*#$/$ -$�"�), 
#)5$��7"/$�� � #(3 % .)'"&�"#((. 
 �#)- «+» 6"0" �� &0( %#"4#"3 .)'"&�"#(( '"# 0)�*#$/$ -$�"�) ( 
�) "��( ), ) .#)- «-» - &0( %#! 0"##"3. 
 �	
���
 �
���
��������. ��� %#! 0"##"/$ .)'"&�"#(� #" -$0-
0(/(0$%)##25 -$�"� 
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Z�≥ 
342

342

−⋅
−

c

c

z
z

,                                         (19) 

/�"  z� ( z� - ,(��) .!6*"%, �$$ %" � %"##$, -$�"�) � %#"4#(3( .!6*�-
3( (�) "��( ) ( '"# 0)�*#$/$ -$�"�) � %#! 0"##(3( .!6*�3(, -$ $02" 
$60).!9  %#! 0"##"" .)'"&�"#(". ���( 27≥cz ,  $/�) �	
���
 �
��-
�
�������� (3""  %(�: 

8+≥ �� zz .                                            (20) 

�)��3$ 0(3 #"�-$�*-$ &0(3"0$% �(# ".) &�)#" )0#25 3"5)#(.-
3$%. 
  

����
� 1. �$�$60) * ,(��) .!6*"% -$�"� &�)#" )0#$/$ 0"�!- $-

0), %2&$�#"##$/$ &$ �5"3" �8"3�) (0(�. 1, ����� 1), "��( �)#$: 7)4(
1 =hi , 

,(��$ �) "��( $% k =3. 
 �$ 1$03!�" (9) #)5$�(3 �$$ #$4"#(" ,(�"� .!6*"% -$�"�, !�$%-
�" %$0�97"" .)�)##$3! &"0"�) $,#$3! $ #$4"#(9: 

6711 )4(
1

1

4
14 −=−=−=−= hi

z
z

u ,  . ". 6
1

4 =
z
z

. 

 �)�)�(3�� ,(��$3 .!6*"% -$�"�) 1, !,( 2%)� �$$60)8"#(�: 
-&$�!,"#(" 3)�25 /)6)0( $% 3"5)#(.3); 
-$ �! � %(" &$�0".) .!6*"% -$�"�) 1; 
-&$%24"#(" %"0$� #$� ( %2&$�#"#(� !��$%(� �6$0-(. 

 �$ &"0%$3! �$$60)8"#(9 z1 ��"�!"  &0(#(3) * -)- 3$8#$ 
3"#*4", #$ � !," $3 % $0$/$ �$$60)8"#(� - z1 ≥ 17. 

 ���$%(" �6$0-( %2&$�#�" ��, "��( 
k
iz

C h
)4(

11
0

⋅= - '"�$" ,(��$ 

(�(, �0!/(3( ��$%)3(, "��( &0$(.%"�"#(" )4(
11 hiz ⋅  -0) #$ ,(��! �) "��(-

 $% k .�)- -)- .�"�* )4(
1hi  -  ,(��$ '"�$", #$ #" -0) #$" ,(��! k,  $ % �)#-

#$3 ��!,)" '"�"�$$60).#$ &0(#� * z1 -0) #23 k. 
 �!� * z1 = 18,  $/�) z4 = z1⋅ 14u  =18⋅6=108. 
 �. !��$%(� �$$�#$� ( (11) #)5$�(3 

45
2

18108
2

14
2 =−=−= zz

z . 

 �0$%"0�"3 %2&$�#"#(" �	
���� 	����� (16): 



18 

42
3
1081821

0 =+=+=
k

zz
C . 

�)- -)- 0C  - '"�$" ,(��$,  $ �	
���
 	����� %2&$�#�" ��. 

 �0$%"0�"3 %2&$�#"#(" �	
���� 	�	
�	��� �) "��( $%: 

sin
K

0180
> 

z
z z

c

� c

+
±

2
. 

 � �)##$3 ��!,)"  z� = z2; z� = z1 ( .#)- «+» (%#"4#"" .)'"&�"-
#("): 

866,060sin
3

180
sin

180
sin 0

00

===
K

; 

746,0
63
47

4518
2452

21

2 ==
+
+=

+
+

zz
z

. 

�)- -)-, 0,866 > 0,746 - �	
���
 	�	
�	��� %2&$�#�" ��. 
 �	
���
 �
���
�������� (19) �$6�9�)" ��, "��( 

342
34

2

2
2

4 −
−≥

z
z

z . 

�0( 27452 >=z  �	
���
 �
���
�������� (3""  %(�: 824 +> zz . 
�3""3 108 > 45+8=53 - �	
���
 �
���
�������� (20) %2&$�#�" ��. 
 � 	
����
	����� �	���	� �
�
���� ��	��

����� �
������� 

)4(
1hi  - ����� ����� � 	�
�����
�� ��� 
����. ����	
�����, �	���������-

�� �	� 	������ �
�� �
�
��, ��	
������� �	� ����� )4(
1hi , ���
�� �� � 

��	��������� ��	� ����� ����
� � 
� �
, �� �
 )4(
1hi  - �� ����� �����. 

 
 ����
� 2. 	&0"�"�( * ,(��$ .!6*"% -$�"� &�)#" )0#$/$ 0"�!--

 $0), %2&$�#"##$/$ &$ �5"3" �)%(�) (����� 4) "��( �)#$: )4(
1hi =35, ,(��$ 

�) "��( $% k = 3. 
 �$ 1$03!�" (10) #)5$�(3 �$$ #$4"#(" ,(�"� .!6*"% -$�"�, !�$%-
�" %$0�97"" .)�)##$3! &"0"�) $,#$3! $ #$4"#(9: 

35
34

35
1

1
1

1 )4(
1

14 =−=−=
hi

u ,  . ". 
35
34

31

42 =
⋅
⋅
zz
zz

. 

 � -),"� %" !#(%"0�)�*#$/$ 3" $�) &$�6$0) ,(�"� .!6*"% -$�"� &$ 
�	
���� .)�)##$/$ �
�
��������� �����
��� ( �	
���� 	��	��	�� 
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(� &$��"�!97"+ &0$%"0-$+ %2&$�#"#(� ������ �	
����) 3$8#$ 0"-$-
3"#�$%) * �
��� 	�������


�. 	# !�$6"# &0( &$�6$0" ,(�"� .!6*"% 
-$�"� 3"5)#(.3$%, %2&$�#"##25 &$ ������ 2, 3, ( 4. �)��3$ 0(3 : $  
3" $� % &0(�$8"#(( - ����� 4 �)##$/$ &0(3"0). 
 �0"�� )%(3 �$$ #$4"#(" ,(�"� .!6*"% -$�"� (#"�$-0) (3)� 
�0$6*) % %(�" �$3#$8( "�"+,  . ". 

z z
z z

c c
c c

2 4

1 3

2 4

1 3

34
35

2 17
5 7

⋅
⋅

= =
⋅
⋅

=
⋅
⋅

⋅  

�0( : $3 &!� * 
z
z

c
c

2

1

2

1

2
5

= =  (   
z
z

c
c

4

3

4

3

17
7

= = , 

 $/�)                          z z
c
c4 3

4

3

= , )   z z
c
c2 1

2

1

= ⋅ . 

�$�� )%(3 : ( .#),"#(� z2 ( z4 % �	
���
 	��	��	��:  

z1 + z2 = z3 + z4 ;      z1 + ⋅ = + ⋅z
c
c

z z
c
c1

2

1
3 3

4

3

 

(�(                      z1⋅ �3(�1+�2) = z3⋅ �1(�3 + �4). 
 ; $ �$$ #$4"#(" 6!�"   $8�"� %"##$, "��( &0(#� *: 

z1 = �1(�3 + �4)   (    z3 = �3(�1+ �2),  
 $/�)                    z2 = �2(�4 + �3)   (     z4 = �4 (�1+ �2). 
 �$�!,"##2" .#),"#(� zi - $�(# (. %)0()# $% ,(�"� .!6*"%, !�$%-
�" %$0�97(5 �	
���� 	��	��	�� ( .)�)##$3! �
�
��������� ����-
�
���.  
 � $67"3 ��!,)": 
                        z1 = c1(c4 + c3)γ = 5(17 + 7)γ = 120γ;  
                        z2 = c2(c4 + c3)γ = 2(17 + 7)γ = 48γ; 
                        z3 = c3(c1 + c2)γ = 7(5 + 2)γ = 49γ; 
                        z4 = c4(c1 + c2)γ = 17(5 + 2)γ = 119γ. 
 �0(#�% &0"�%)0( "�*#$ γ = 1, &$�!,(3: 

z1 = 120; z2 = 48;  z3 =49;  z4 = 119. 
  �0$%"0�"3 %2&$�#"#(" �	
���� 	����� (15) ( (16): 

Ckp
k
iz h =+⋅

)1(
)4(

11 . 
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 )- -)- )4(
1

)4(
1

1

h
h i

i = , �	
���
 	����� &0(#(3)"  %(�: Ckp
ik
z

h

=+
⋅

)1()4(
1

1 . 

�3""3                           ,
7
8

353
120

)4(
1

1
0 =

⋅
=

⋅
=

hik
z

C  

  . ". "��( !�)� �� &$�$60) *  )-$" p, &0( -$ $0$3 (1+kp) 6!�"  -0) #23 
,(��! 7,  $ �	
���
 	����� %2&$�#( ��. �)&0(3"0, &0( p = 2 (3""3: 
(1+kp) = (1 + 3⋅2) = 7 - �	
���
 	����� %2&$�#�" ��. 
 �0$%"0�"3 %2&$�#"#(" �	
���� 	�	
�	���: 

k

0180
sin > 

z
z z

c

� c

+
±

2
.  

 � �)##$3 3"5)#(.3" 6$�*4(3 �) "��( $3 �%��" �� -$�"�$ 3,  . ". 
zc = z3,  $/�) z� = z4, .)'"&�"#(" %#"4#"" ( .#)- - «+». 

�3""3 
k

0180
sin > 

z
z z�

3

3

2+
+

; 
k

0180
sin = 0

0

60sin
3

180
sin = = 0,866; 

z
z z�

3

3

2+
+

= 
49 2

119 49
0 3

+
+

= , . 

 �)- -)- 0,866 > 0,3 - �	
���
 	�	
�	��� %2&$�#�" ��.  
�	
���
 �
���
�������� #" &0$%"0�" ��,  )- -)- $6) .)'"&�"-

#(� %#"4#(" ( %�" zi > 17. 
 

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

 $0), %2&$�#"##$/$ &$ ����� 2, "��( �)#$: )4(
1hi  = 15, ,(��$ �) "��( $%     

k = 3. 
 �$ 1$03!�)3 (6) ( (9) #)5$�(3 �$$ #$4"#(" ,(�"� .!6*"% -$�"�, 
!�$%�" %$0�97"" &"0"�) $,#$3! $ #$4"#(9: 

)4(
1

31

42
14 1 hi

zz
zz

u −=
⋅
⋅−= = 1-15 = - 14, 

 . ". 
z
z

z
z

2

1

4

3

14⋅ = . 

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


�. �$$ #$4"#(" ,(�"� .!6*"% -$�"� (&"0"�) $,#$" ,(��$ 
$60)7"##$/$ 3"5)#(.3)) 
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31

42
14 zz

zz
u

⋅
⋅−=  

1)- (,"�-( �%��" �� &0$(.%"�"#("3 &"0"�) $,#25 ,(�"� �%!5 � !&"#"+ - 

341214 uuu ⋅= , &0(,"3 &"0%)� � !&"#* : $ %#"4#"", ) % $0)� - %#! 0"##"" 

.)'"&�"#(�. 	67"" &"0"�) $,#$" ,(��$ 14u  3$8#$ 0).6( * &$ � !&"#�3, 

&0(#�% 34u  > 12u . 

 �!� * 4
3

4
34 ==

z
z

u ,    $/�)   5,3
1

2
12 −=−=

z
z

u . 

� )-, &0(#(3)"3 
z
z

2

1

3 5= , ;     
z
z

4

3

4= . 

� !," $3 �$$60)8"#(+, (.�$8"##25 % ����
�
 1, )  )-8"  $/$, 
, $ z z2 13 5= ,  - 6!�"  '"�23 &0( ," #$3 z1, 0)��3$ 0(3 �%) %)0()# ), 

&0(#�% .#),"#(�: z1 = 18 (24). � �-$6-)5 �)#$ .#),"#(" ��� % $0$/$ 
%)0()# ). �)0()# 2 ,(��) .!6*"% z1 = 18 (24) &0(#� 2 � !," $3  $/$, 
, $ : $ #)(3"#*4(", ," #2", -0) #2" ,(��! k = 3 ,(��) .!6*"% #!�"%25 
-$�"� 6". &$�0".). �,( 2%)� &0(#� 2" .#),"#(� 12u  ( z1, (3""3: 

       z z2 13 5= ,  = 3,5 ⋅ 18 = 63   (3,5 ⋅ 24 = 84). 

�	
���
 	��	��	�� (12): z z z z4 3 2 1= + + , � !," $3, , $ 

34 4zz = , .)&(4" �� % %(�": 3 3 2 1z z z= + ,  $/�) 

)36
3

2484
(27

3
1863

3
12

3 =+=+=+= zz
z ;  

    )144364(1082744 34 =⋅=⋅== zz . 

 �	
���� 	����� ��� -)8�$/$ (. %)0()# $% %2&$�#�9 ��,  )- -)- 
( z1 ( z4 -)8�$" % $ �"�*#$� ( -0) #$ ,(��! k = 3. 

 �0$%"0�"3 %2&$�#"##2" �	
���� 	�	
�	��� (18): 

k

0180
sin > 

z
z z

c

� c

+
±

2
.  

�)- -)- z2 > z3,  $ z� = z2,  $/�) z� = z1, .)'"&�"#(" %#"4#"" - .#)- 6!�"  
«+»,  
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 . ". 
k

0180
sin > 

z
z z

2

1 2

2+
+

 ; 
k

0180
sin = sin ,

180
3

0 866
0

= ; 

�
�

�
�
�

� =
+
+=

+
+=

+
+

796,0
8424
284

802,0
6318
2632

21

2

zz
z

. 

 �)- -)- 0,866 > 0,802 (0,866 > 0,792) - �	
���
 	�	
�	��� %2-
&$�#�" �� ��� $6$(5 %)0()# $%. �0$%"0�"3 �	
���
 �
���
�������� 
(19) &)02 -$�"� 4 ( 3. �0( 273 ≥z  �	
���
 �
���
�������� (3""  

%(�: 834 +> zz . 

�)- -)- 358278108 34 =+=+>= zz  (��� &"0%$/$ %)0()#-

 )) ( 448368144 34 =+=+>= zz  (��� % $0$/$ %)0()# )) - �	
�-
��
 �
���
�������� %2&$�#�" �� ��� $6$(5 %)0()# $%.  

�. !��$%(� &$�!,"#(� 3(#(3)�*#25 /)6)0( $% '"�"�$$60).#$ 
&0(#� * �
���� ������� &$�$60)##25 ,(�"� .!6*"%: z1=18;  z2=63;  
z3=27;  z4=108. 
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