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��!� ."<*$ 1.���$5,!" .,8�#-("("� )��#*)+,!- /�����0 �� !"#*� � 

.*8!�0 1.,)�,(!�0 �&#"�($0, �%#65"65� ,#,%(.�!*%�, .")*�<*8�%�, 

 *).�"%��(�%�, �*&.�)*" !��(�%� (�=�. �#*) �*)�*(�(�, =�, �."0���65� 

1�(�+!�� *!<�.�"7*�!�� .,��.� /�����0 �� !"#*�, 1�(,!7*�!* ��+#����(* ;0 

��%�.��("!!$ !" �-� �)!* !, ��5,.1"!* 1.� �(��.,!!* ��5"�!�0 *!<�.�"7*�!�0 

(,0!�#� *�, .�8.�&7* 1.� ."�!�-"1"."(!�0 *!<�.�"7*�!�0 (" %,.�65�0 ���(,�.  

�"(,.*"#� � )"!*� ��!� ."<*; ����*(#66(- 1.�&#,�"(�%� /�����0 

�� !"#*� � &*#-/ %��1#,%�!���, /�.�%��� �,!�*. ��8 #$)"65� /����* �� !"#� 

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

* .,+�� <�!%7*�!��"!!$ (,0!*5!�0 ���(,�. �"%�� 1*)0*) ��%�.��("!�� 1.� 

��.*/,!!* !"�%���-(,0!*5!�0 1.�&#,� �*&.�)*" !��(�%�. 
!"5!" ��" " 1.�)*#,!" 

�)!��� 8 ��!��!�0 �&’'%(*� )��#*)+,!- /�����0 �� !"#*� – �� � �"(,�"(�5!*� 

��),#*. �,�.,(�5!�� <�!)"�,!(�� )��#*)+,!- /�����0 �� !"#*� '  ."!�5!* 

(,�.,�� ���� !,8"#,+!�0 ��1")%���0 �,#�5�!, =� 8!"�/#� 1�)"#-/�� 

.�8��(�% � (,�.*; #*!*�!�0 *  ".��!*8��!�0 ��1")%���0 1.�7,�*� * 1�#*�. 

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

<*8�5!�� �,0"!*8� <�.���"!!$ /�����0 �� !"#*� * ;0 .�81���6)+,!!$ � .*8!�0 

�,.,)���="0. 

�*)1��*)!" ��" " 1.�)*#,!" %��1’6(,.!��� ��),#6�"!!6 .,"#*8"7*� 

/�����0 �� !"#*�. �.� 7-��� ,("#�!!�� /������ �� !"#�� ��"+"'(-�$ 1.�7,� 

&*#� � /���. �"%" *),"#*8��"!" ��),#- 1.� 1."%(�5!*� .,"#*8"7*; �"' .,8�#-("(� 

�("(��(�5!� � �7*!6�"!!$, � 1,./� 5,. �, � ."�%"0 %�.,#$7*�!�; (,�.*;, =� * 

!"�,),!�. 

��!� ."<*$ �%#")"'(-�$ 8 1’$(� .�8)*#*�. 

� 1,./��� .�8)*#* .�8 #$!�(� 8" "#-!� 1.�&#,�"(�%� )��#*)+,!- 

/�����0 �� !"#*�. ��%"8"!� $% /������ �� !"# ��+, ���(�1"(� � $%��(* �&’'%(� 
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)��#*)+,!-, " ("%�+ 1.,)�,(!* �&#"�(* �� � ��%�.��("!!$. 
!"5!� ��" � 

1.�)*#,!� ��),#$� /�����0 �� !"#*� (" ;0 0"."%(,.��(�%"�. 

�.� �� .�8)*# 1.���$5,!� 8")"5"� �"(,�"(�5!� � ��),#6�"!!$ /�����0 

�� !"#*�. ��8 #$!�(� �8" "#-!,!� ��),#- /����� � �� !"#� $% 

(.�%��1�!,!(!� � �,%(�.!� � ��1")%��� � 1.�7,��, " ("%�+ #*!*�!�� * 

 ".��!*8��!�� ��1")%��* 1.�7,�� $% �%#")��* 8" "#-!�; ��),#* /����� � 

�� !"#�. 

� (.,(-��� .�8)*#* !"�,),!� .,8�#-("(� %��1’6(,.!� � ��),#6�"!!$ 

.,"#*8"7*� /�����0 �� !"#*�. 
!"5!� ��" � 1.�)*#,!� )��#*)+,!!6  ,!,."(�.*� 

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

�� !"#*� )#$ .,"#*8"7*� &*#� � /���. 

�,8�#-("(� �("(��(�5!� � �7*!6�"!!$ 0"."%(,.��(�% �("7*�!".!�0 * 

%��%���-�("7*�!".!�0 /�����0 �� !"#*� � ."�%"0 %�.,#$7*�!�; (,�.*; !"�,),!� 

� 5,(�,.(��� .�8)*#*. �,�&0*)!� �*)�*(�(�, =�  .�!(��!� �1��"!� �7*!6�"!!$ $% 

5"����0, ("% * �1,%(."#-!�0 0"."%(,.��(�% �("7*�!".!�0 /�����0 �� !"#*�. 

�" 1."%(�7* /����* �� !"#� 8"8��5"� !, ��+!" &,81��,.,)!-� �1��"(� 

�("7*�!".!��� ��),#$��. ����, !,�&0*)!� ��.*/��"(� 8")"5� 1�/�%� ("%�0 

/#$0*� 1�1,.,)!-�; �&.�&%� *!<�.�"7*�!�0 �� !"#*�, $%* & )�8��#$#� ��)*#$(� 

*!(,.�"#�, !" $%�0 �� !"#� ��+!" .�8 #$)"(� $% ����!� "&� %��%���-�("7*�!".!*. 

�"�, ("%��� ��5"�!��� !"1.$�� �("(��(�5!� � �7*!6�"!!$ 0"."%(,.��(�% 

/�����0 �� !"#� 1.���$5,!� 1’$(�� .�8)*# ��!� ."<*;. 

�"(,.*"#� )"!�; ��!� ."<*; ��+�(- &�(� ��%�.��("!* )#$ �(�),!(*� ��=�0 

!"�5"#-!�0 8"%#")*�, !"�%���0 �1*�.�&*(!�%*� * <"0*�7*� �  "#�8$0 

�"(,�"(�5!� � * %��1’6(,.!� � ��),#6�"!!$, �("(��(�5!� � �7*!6�"!!$ )"!�0 

��!*(�.�! � ��1")%���0 1.�7,�*�. 
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����
���� ������� 

����
��� 

 

1.1. ������� �� !"# $% �&’'%( )��#*)+,!- 
 

��5"(�% .�8��(%� 1.�%#")!� � * 1."%(�5!� �  8"�(����"!!$ �,(�)*� 

/����,(.*; ����!� ��+!" �*)!,�(� )� 20-30-0 .�%*� �� �(�#*(($, � 1,.*�) 

�(.*�%� � .�8��(%� ,#,%(.�(,0!*%�, ,#,%(.�!*%� (" .")*�(,0!*%�. 	#, (,�.,(�5!* 

8"�")� /����,(.*; &�#� 8"%#"),!* 8!"5!� ."!*/,, � 1."7$0 �*)��� � �5,!� � 

(,�.*; ����*.!��(* 4%�&" 
,.!�##* � %*!7* �VII * !" 1�5"(%� XVIII �(�#*(-. 

�*8!*/, � 30-0 .�%"0 �� �(�#*(($ �5,!��� ��#�� �.����, �,�* * �*!5*!�� &�#� 

)��,),!*  ."!�5!* (,�.,�� &,8�,+!� 1�)*#-!�0 8"%�!*� .�81�)*#� ���� 

!,8"#,+!�0 ��1")%���0 �,#�5�!. 

�,.�*!�#� *$ /����,(.*; !, ' 8" "#-!�1.��!$(�6 * (��� 1�(.,&�' 1,�!� � 

�8!"5,!!$ * (#��"5,!!$. �"�,),�� ),$%* 8 !�0 &"8�65��- !" !"1.$�� )��#*)+,!- 

(,�.*; �� !"#*� * ���(,�. � (,0!*5!*� #*(,."(�.* /������ �� !"# !, �"' 5*(%� � 

�8!"5,!!$, "#, 1.� �1��* <*8�5!�0 1.�7,�*� � ,#,%(.�!!�0 ���(,�"0 /������ 

�� !"# .�8 #$)"'(-�$ $% ���".!�� ,<,%( )*; 8!"5!�; %*#-%��(* ,#,�,!(".!�0 

)+,.,#. �.�%#")�� ("%�0 /�����0 �� !"#*� ' ).�&���� /��. �"(,�"(�5!�6 

*),"#*8"7*'6 /�����0 �� !"#*� ' ��1")%��* 1.�7,�� «&*#� �» "&� «<".&��"!� �» 

/��*�. 

�" �-� �)!* /����* �� !"#� �0�1#66(- /�.�%�� )*"1"8�! .*8!�0 �� !"#*�. 

�"�,),�� !"�(�1!, �8!"5,!!$ /����� � �� !"#�. 

������� 	�
��
 – �� ����
������ 	��� 	���������� � ��	� � � ���	���� 

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

������� ��� ���� ����
������� ��
���� ������ �������. 

�� !"#"�� /�����; )*" !��(�%� ' �� !"#� .*8!�; <*8�5!�; 1.�.�)� � (��� 

5��#* �*&."7*�!*, �*&.�"%��(�5!*, �� !"#� "%��(�5!�; ,�*�*;, ).�&��*, (,1#��* * 

<#*%%,.-/��� � ,#,%(.�!!�0 * .")*�,#,%(.�!!�0 1.��(.�$0, ",.�)�!"�*5!* 
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/��� (�.&*!, %��1.,��.*� * )�� �!*�, ,#,%(.��" !*(!* /��� ,#,%(.�5!�0 �"/�!, 

/����* 1.�7,�� � (.�&�1.���)"0 (" *!/* [4, 24, 33, 35 – 36, 52, 56]. 

�.�7,� <�.���"!!$ * .�81���6)+,!!$ /�����0 �� !"#*� $% � 

)��#*)+��"!�0 <*8�5!�0 �,.,)���="0, ("% * (,0!*5!�0 �&’'%("0 * ���(,�"0 

�*)�&."+"6(-�$ )�!"�*%�6 � 5"�* * � 1.��(�.* �*)1��*)!��� 0"."%(,.��(�%"�� 

("%�0 �� !"#*�.  

�#*) ��)*#�(� )�" 1.�!7�1��� 1.�(�#,+!* !"1.$�� 1��("!���% 

"%(�"#-!�0 * �"+#���0 !" �-� �)!* 8")"5 "!"#*8� /�����0 �� !"#*�, " �"�,: 

- %#"��5!* 8")"5* 8�,!/,!!$ �1#��� /�����0 �� !"#*� 1.� 1,.,)"�"!!*, 

1.���"!!*, ��$�#,!!*, 1,.,(��.,!!* (" �1."76�"!!* �� !"#*� 1.� )*; 8"�") � 

(,#,%���!*%"7*�!�0 (" *!/�0 *!<�.�"7*�!�0 ���(,�"0; 

- /����* �� !"#� ' 1.,)�,(�� )��#*)+,!-, *!<�.�"7*�!�� .,��.� $%�0 � 

8!"5!*� �*.* )�1��!6' �*)��*, " � .$)* ��1")%*� ��8!"5"' ��!��!* 0"."%(,.��(�%� 

)�!"�*%� � 5"�* * � 1.��(�.* �("!� * .,+��*� <�!%7*�!��"!!$ )��#*)+��"!�0 

�&’'%(*� . 

��+!" ("%�+ �*)�*(�(� !"�(�1!� 0"."%(,.!� ���&#��*�(- "!"#*8� /�����0 

�� !"#*�  1.� (,, =� !,8�"+"65� !" .*8!* 1��("!��%� 8")"5 )��0 �%"8"!�0 

!"1.$�*� )��#*)+,!-, �(.��"!* .,8�#-("(� ���*.6�"!- � 1��!*� �*.* �1.�$#�, 

�1.�$6(- * &�)�(- �1.�$(� � �"�&�(!-��� .�8��(%�, $% %�+!� � *8 �%.,��0 

!"1.$�*�, ("% * � /����,(.*; � 7*#���. 

�" ��!��* "!"#*8� .,8�#-("(*� !"�%���-(,0!*5!�0 1�&#*%"7*�, ��%�.��("!!$ 

��5"�!�0 *!<�.�"7*�!�0 ���*.6�"#-!�0 (,0!�#� *� 1.� )��#*)+,!!$0 /�����0 

�� !"#*� � .*8!�0 1.�&#,�!�0 �&#"�($0, � (��� 5��#* [34 – 38, 40, 52, 56], ��+!" 

1.��,�(� �8" "#-!,!� �(.�%(�.� .,"#*8"7*; 8")"5 "!"#*8� /�����0 �� !"#*�, $%" 

!"�,),!" !" .��. 1.1.  

�" .��. 1.1 1.��!$(� ("%* 1�8!"5,!!$: 1 - )��#*)+,!* $��=", �&’'%(� * 

1.�7,��, *!<�.�"7*$ )#$ ���*.6�"!-; 2 - <*8�5!* * �"(,�"(�5!* ��),#*, 

0"."%(,.��(�%�  � 5"�* * � 1.��(�.* /�����0 �� !"#*�; 3 - <*8�5!* �,(�)�, 

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

�*. �)�!�7- �,#�5�! ���*.6�"!-, �(.��"!!$ )"!�0 ���*.6�"!-; 5 - �("(��(�5!* 

�,(�)� �1."76�"!!$ )"!�0 ���*.6�"!-, �& .�!(��"!!$ ����*.!*�!�0 �*. (�*. 

!,��8!"5,!��(*) .,8�#-("(*� ���*.6�"!-; 6 - ,%�*�"#,!(!, )+,.,#� 8"�"); 

7 - �,(�)� * �".*"!(� .,"#*8"7*;  8"��&*� 8"0��(� *!<�.�"7*; )#$ ���*.6�"!-. 

 

 

���. 1.1. �8" "#-!,!" �(.�%(�." .,"#*8"7*; 8")"5 /����,(.*;  

 

�)!�� *8 ��!��!�0 8"�)"!- 1.� )��#*)+,!!* /�����0 �� !"#*�, $%, 1� ��(* 

�&’')!�' ��.*/,!!$ !"�,),!�0 ��=, 1.�&#,� /����,(.*;, ' �&>.�!(��"!!$ 

<*8�5!�; (" �*)1��*)!� �"(,�"(�5!�; ��),#* �� !"#�. � &*#-/��(* ��1")%*� ("%" 

��),#- �."0���' ��!��!* �#"�(����(*, 0"."%(,.!* ���&#����(*, "1.*�.!* )"!*, 

<*8�5!�� �,0"!*8� <�.���"!!$ �� !"#�. 

� &*#-/��(* ��1")%*� �&>.�!(��"!!$ �"(,�"(�5!�; ��),#* /����� � 

�� !"#� 1�5�!"'(-�$ 8 ("%� � ��."8�  

          
1

n

n i i
i i

( ,t ) ( )h ( ,t ), ,t T ,
=

ξ ω = ζ ω τ ω∈Ω ∈�                             (1.1) 
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$%�� �*)�&."+"' !"�(�1!�� <*8�5!�� �,0"!*8� <�.���"!!$ )��#*)+��"!� � 

�� !"#�. 


�)- $%�� <*8�5!�� 1.�7,� �*)&��"'(-�$ � 5"�* * � 1.��(�.*. ����, $%=� 

1.,)�("��(� ��."8 (1.1) � ��)*  

 
1

n

n j i i i j i i i , j
i i

( ; ;t ) ( ; ; )h ( , ; ,t ), G
=

ξ ω = ζ ω τ τ ∈�r r r r r r  ,                  (1.2) 

(� ("%�� ��."8 &*#-/ (�5!� �1���' <*8�5!�� �,0"!*8� 1.����� /����� � 

�� !"#� � 1.��(�.��*� (�57*, � 8" "#-!��� ��1")%� 3
j j j j( x ,y ,z ) G R= ∈ ⊆r , � 

���,!( �1��(,.,+,!!$ 5"�� t T∈ . 

�%#")��" i i i( ;r ; )ζ ω τ  �1���' ��1")%��� *!(,!���!*�(- ,#,�,!(".!� �  

*�1�#-��  8&�.,!!$, $%�� �<�.���"!�� )*'6 ,!,. ,(�5!� � �1#��� � ���,!( 5"�� 

iτ  � 1.��(�.��*� (�57* ir G=  � ��)*  ��1")%���; �,#�5�!� i i i( ; ; ) Rξ ω τ ∈r . 

�,��1")%��" <�!%7*$ i j i ih (r ; ; ,t )τr  �1���' <�!%7*�!"#-!� 8"#,+!*�(- 

.�81���6)+,!!$ � )��#*)+��"!��� �,.,)���=* ,#,�,!(".!� � *�1�#-��, $%�� 

�<�.���"!�� � ���,!( iτ  � (�57* 1.��(�.� ir , � 1.��(�.��� (�5%� j G∈r  � ���,!( 

�1��(,.,+,!!$ t T∈ .  

�#*) �*)�*(�(� <*8�5!* .�8�*.!��(* �%#")���0 %��1�!,!(*� )#$ !"�(�1!�0 

)��0 ��1")%*� : 

") 1.� ����*, =� �0*)!" �,#�5�!" 1,.��!!� � ���*.6�"#-!� � 

1,.,(��.6�"5" (�,!��.", )"�"5") * ��0*)!" �"6(- �)!� .�8�*.!*�(-, !"1.�%#"), � 

"&� 	, (� ( )iζ • �"' .�8�*.!*�(- 7*'; �,#�5�!�, " ( )ih •  – &,8.�8�*.!" <�!%7*$; 

&) $%=� �%"8"!* �,#�5�!� 1,.,(��.,!!$ �"6(- .*8!* .�8�*.!��(*, 

!"1.�%#"), �0*)!" – �", ��0*)!" �, (� ( )iζ •  – �"' .�8�*.!*�(- �0*)!�; 

�,#�5�!� – �", " ( )ih •  – .�8�*.!*�(- B
�" .  

	!"#*8 ("%�0 �%#")���0 � ��."8* (1.2), $% n j j( ; ;t ) R, ; G;t Tξ ω =∈ ω∈Ω ∈ ∈r r  

1.� <*%���"!�0 1.��(�.���0 %��.)�!"("0 � 8" "#-!��� �� #$)* �"�+, !, 

1.���)�(-�$, ��%�.��(���6(-�$ .*8!* )�)"(%��* �&�,+,!!$, 1,�!�; �*.� 
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*),"#*8"7*;, (��� ��."8 (1.1), $% 1."��#� ��%�.��(���'(-�$ )#$ 1�)"#-/� � 

�8" "#-!,!!$. �.� 7-��� � &*#-/��(* ��1")%*� 1.� )��,),!!*  ."!�5!�0 (,�.,� 

1.���"'(-�$ ����", =� 5��#� ,#,�,!(".!�0 *�1�#-�*� 8.��("' * 1.$��' n →∞ . 

��"+"'(-�$, =� /������ �� !"# <�.��'(-�$ � �&�,+,!*� 1.��(�.��*� 

�&#"�(*, " �"� 1.�7,� <�.���"!!$ * !"%�1�5,!!$ �� !"#� ' ����6 

1��#*)��!��(,� �%"8"!�0 %��1�!,!(, (�&(� <�.���"!!$ /����� � �� !"#� 

�*)&��"'(-�$ � 1.��(�.��*� �&#"�(*, ), ��%�!�'(-�$ 1.�!7�1 ��1,.1�8�7*;. 

�#*) �*)�*(�(�, =� .,8�#-("(� !"�%���0 1."7- 1� "!"#*8� /�����0 

�� !"#*� �"6(- .*8!�1#"!���� 0"."%(,.. � ),$%�0 1�&#*%"7*$0 /����* �� !"#� 

��"+"6(-�$ 8"�")"��, � *!/�0 – *!<�.�"7*�!��� �� !"#"��. �.�(,, (.,&" 

8"8!"5�(�, =� 1�)*# !" *!<�.�"7*�!* �� !"#� * 8"�")� ' ����!�� * ��8!"5"'(-�$ 

1��("!��%�6 8")"5*. �.�7,�� (,1#���0, ).�&���0 * <#*%%,.-/��*�, $%* 

��!�%"6(- � .")*�,#,%(.�!!�0 ���(,�"0 � �)!�0 .�&�("0 ' ��!��!��� �&’'%("�� 

)��#*)+,!- $% *!<�.�"7*�!* �� !"#�, " � *!/�0 – 8"�")"��. 


"�")� ��+!" ����!� %#"��<*%��"(� !"�(�1!�� 5�!��: 

- )� 1.�.�)!�0 8,�!�0 8"�") �*)!��$(- *�1�#-�!* "(���<,.!* .�8.$)�, 

�,���*5!* ("  ,�<*8�5!* 8&�.,!!$,  *).�"%��(�5!* /����* 1�#$, ,#,%(.��" !*(!, 

��1.��*!6�"!!$ .*8!�0 8,�!�0 �&’'%(*�, $��=; 

- )� !,8,�!�0 – %���*5!, ��1.��*!6�"!!$ ��!7$, 8*.�% (" *!/�0 %���*5!�0 

�&’'%(*�; 

- )� *!)��(.*"#-!�0 – ��1.��*!6�"!!$, $% ,#,%(.��" !*(!,, ("% * 

�*&."7*�!,, "%��(�5!,, �1(�5!, � /�.�%��� )*"1"8�!* 5"�(�( ,!,. ,(�5!� �, 

.")*�,#,%(.�!!� � �&#")!"!!$, �,0"!*5!�0 %��1#,%�*� (" *!/,. 

�1.�&" �8" "#-!�(� )*; 8"�") !" (,0!*5!* ���(,��, !" !"/ 1� #$), 8!"�/#" 

�)"#, �(*#,!!$ 1.� .�8�’$8"!!* 8")"5 ,#,%(.��" !*(!� � ���*�!�7(�" 

<�!%7*�!��"!!$ ��%�1!��(* .")*�#�%"7*�!�0, .")*�(,0!*5!�0 ���(,� 8�’$8%�, 

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

(�&(� � �*�7$0 %��1"%(!� � .�8("/��"!!$ ("%�0 ���(,� 1.� �)!�5"�!*� ;0 
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.�&�(*. �"%�� ��1")�% .�&�(� ���(,� ��+, �#�+�(� %�!%.,(!�� 1.�%#")��, 

%�#� )#$ �)!*'; ���(,�� �� !"# ' *!<�.�"7*�!��, " )#$ *!/�0 – 8"�")�6. 

�.� ��%�.��("!!$ /�����0 �� !"#*� � $%��(* *!<�.�"7*�!�0 &*#-/, 

),("#-!� &�), �1��"!� � !"�(�1!�0 1*).�8)*#"0. 

 

1.2. �.,)�,(!* �&#"�(* ��%�.��("!!$ /�����0 �� !"#*� 
 


"�(����"!!$ /��*� ��+, &"8��"(��$ !" (���, =� /������ �� !"# ' 

/�.�%���� ����, �"' �"#� "�1#*(�)�, ��+, &�(� !,%�.,#-��"!�� � 5"�(�(!�0 

��� "0, =� !, 1,.,(�!"6(-�$. 	#, )���(- 5"�(� ��%�.��(���'(-�$ �)."8� 

),%*#-%" �#"�(����(,� /�����0 �� !"#*�, =� ��%#")!6' �)!�8!"5!� 

%#"��<*%"7*6 /��*� 8" 0"."%(,.�� ;0 ��%�.��("!!$. �#$ 1.��(�(� ���5,!!$ (" 

���(,�"(�8"7*; (�1*� ��%�.��("!!$ /��*� 1.�1�!�'(-�$ !"�(�1!" %#"��<*%"7*$ 

/��*� 8" ��(�"7*$��, ), ��!� ��+�(-  ."(� %�.��!� .�#- (.��. 1.2). 

�������	
��
�


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

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

!
�
�����
� ��������������
� �����������
�� ��	��
��"�

� ���#
����	�����
 �	
��
��

� �����	��	
��
��

� ��������!�
���	���$������
�����	��!�%�
����
"�

� ����
	���
�
����

 
���. 1.2. �#"��<*%"7*$ /�����0 �� !"#*� 

 


�1�!����$ &*#-/ ),("#-!� %#"��<*%"7*; /�����0 �� !"#*� 8" 0"."%(,.�� 

;0 ��%�.��("!!$. 
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��������	

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

���
	�
. ��1")%���� �� !"# ��+, &�(� !,%� ,.,!(!�� (" /�.�%���� ����, 

�#� ��"(� )#$ ��$�#,!!$ )+,.,#" /���, ��),#6�"!!$ ��1")%���; �,#�5�!� (" 

 ,!,.��"!!$ *!/�; ��1")%���; �,#�5�!�. 
"�)$%� 7�� �#"�(����($� /������ 

�� !"# 8!"0�)�(- 8"�(����"!!$ � ���(,�"0 .")*�1.�(�)*;, )#$ ��),#6�"!!$ 

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

����
�����  ����������  ��!. �����*  ,!,."(�.� 8"�(�����6(-�$ )#$ 

��),#6�"!!$ ��1")%���0 �,#�5�! 1.� �7*!7* (" 1,.,�*.7* ���(,�. 2"�(� 

!,�&0*)!� 1.��,�(� 1,.,�*.%� !���0 .")*�#�%"7*�!�0 ���(,� (���) "&� 

 *).�#�%"(�.*� � .,"#-!�0 .�&�5�0 ����"0 (" !"�5�(� �1,."(�.*� &,8 

.�8 �.("!!$ �("!7*�. �#$ 7-� � .�8.�&#$6(-�$ ,#,%(.�!!* ��),#665* 1.��(.�;, 

$%* ��)"6(- ("%* �"�* �� !"#�, $% �� !"#�, 8 $%��� �("!7*$ 1."76' � .,"#-!�0 

����"0. �����*  ,!,."(�.� ' !,�*)’'�!�6 5"�(�!�6 ("%�0 1.��(.�;�. 

��+#����(* �*8�"#-!� � ��$�#,!!$ �� !"#� !" <�!* /��*� 

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

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

1.���(!��(* /��*� 1.���)$(-�$ 1.� �7*!7* ���(,� ���!� � 8�’$8%� (" � <*8�5!*� 

"%��(�7*. ��* ���*.6�"!!$ ("%� � .�)� ��+!" 1�.*�!$(� 8* 8�*!�6 %�,<*7*'!(" 

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

�*&."7*� � �,0"!*5!�0 ���(,�"0. 

"� �
���  �#���
� 	�
��
�� � ���������  ��
� ��	��������#���  $
 ��� 

����������  $����. ��1.��*!6�"!!$ � *!<."5,.��!*� �&#"�(* �1,%(.� 

��%�.��(���'(-�$ )#$ 1�/�%� (" �(,+,!!$ 8" 7*##6, %�!(.�#6 (,�1,."(�.� * 

0*�*5!� � �%#")�, " ("%�+ )#$ *!/�0 8")"5 �*��-%��� � (" 1.����#��� � 

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

*),!(�<*%"7*; "(���<,.!�0 1.�7,�*�. 	%��(�5!* /��� %�1#$5�0 .*)�! (" 

�*&.�65�0 ,#,�,!(*� � ,!,. ,(�5!�0 $),.!�0 .,"%(�."0 1.���"6(-�$ 

�1,7*"#-!��� )"(5�%"�� )#$ ��$�#,!!$ !,�1."�!��(,� "&� ��8!"5,!!$ ;0 

.�8("/��"!!$. 
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"�����	����  $���� � 	�	����� �������������. � ��5"�!�0 ��� *�!�' 

/��)%" 1,.,&�)��" 5"�(�(� !" ),%*#-%" ��(,!- �, " ,.7. ���� )#$ �. "!*8"7*; 

8"�") !,�&0*)!�, =�& )+,.,#� 8"�") �"#� 1�(�+!*�(-, .*�!��*.!� .�81�)*#,!� 8" 

��� �6 5"�(�(, $%" 1,.,%.��"' 5"�(�(� ���. �"%" 8"�")" !���(- !"8�� 

/�.�%���� ���; 8" �.�)+��"#-!�; 8"�")�. �!/�� �".*"!( .")*�1.�(�)*; – 

)+,.,#� 8"�") 1���!!� "�(��"(�5!� 1*)�(.�6�"(��$ !" .�&�5� 5"�(�(� ���, 

(�&(� ��!�%"' ��8-%���� ��" "&� 1.�7*#-!" 8"�")". 

��.�%���� ��* 8"�")� !"�&*#-/ ,<,%(��!*, "#, �,!/ �� *)!* ,!,. ,(�5!�. 

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

5"�(�(* !,�!�;, "&� � $%��(* 8"�")� ���(�1"' !,1,.,.�!�� �� !"#, ��)�#-��"!�� 

/����. �,.,�" �6  ,!,."(�.*� ����%�5"�(�(!�0 /��*� ' (,, =� �� !"# � ��� "0 

5"�(�(, $%* !, 1,.,(�!"6(-�$, ' !,%�.,#-��"!��. 

��������	

� �
�
 �� ���	������� ����-���
	�
 ��� �������	

��. 

����(- 5"�(� 1.� ���*.6�"!!$0 1�(.*&,! /�.�%���� ���� �� !"# 8 (�5!� 

�*)����� �#"�(����($��, !"1.�%#"), <�!%7*'6 =*#-!��(* ����*.!��(,�, 

�,.,)!-�%�")."(�5!�� 8!"5,!!$� "&� "�(�%�.,#$7*�!�6 <�!%7*'6. �,!,."(�.� 

("%�0 �� !"#*� – /����*  ,!,."(�.�, �("(��(�5!* 0"."%(,.��(�%� $%�0 "&� 

8"8)"#, *)- �*)��*, "&� ��+�(- &�(� 1*)*&."!*. 
"�)$%� 7-��� /��� 

��%�.��(���6(-�$ 1.� ���*.6�"!!$0 *�1�#-�!�0 0"."%(,.��(�%, #*!*�!��(* (" 

�8"'�!�; ��)�#$7*; � "1"."(�.* 8�’$8%�, " ("%�+ � .")*�)"#-!��*."0 8 /�����6 

��)�#$7*'6. 

��������	

� �
��� ��� �������	

�� �����
�� �	�	������. ���� 

)�8��#$6(- ��8!"5"(� ("%* 1"."�,(.� +�(('�� � 7�%#� !��*;� 8".$)� � 

!"1*�1.��*)!�%"0, <�!)"�,!("#-!* <*8�5!* %�!�("!(�, %�!�("!(� 1.��(.�;�, " 

("%�+ 1,.,�*.$(� �)!�.*)!*�(- !"1*�1.��*)!�%���0 �"(,.*"#*� (" �7*!6�"(� 

!")*�!*�(- !"1*�1.��*)!�%���0 1.��(.�;�. 

��������	

� �
��� �� �	���
 	
	���
. �,�.*$ /��*� /�.�%� 

��%�.��(���'(-�$ !, (*#-%� 1.� .�8.�&7* (,�.*; *!<�.�"7*; (" �("(��(�5!�; (,�.*; 

8�’$8%�. ���� �"�* 1� ��&* 7*%"�* $% 1.,)�,( ���5,!!$, ("%�+ ��!� %�.��!* $% 
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8"�*& )#$ (,�.,(�5!�0 )��#*)+,!- (" ��),#6�"!!$ <*8�5!�0 ���(,�. �"1.�%#"), 

(,1#��* /��� .,8��(�." �#� �6(- ��),##6 <#�%(�"7*� � #*!*�!*� ���(,�* 8 

�(."("��, $%" 8!"0�)�(-�$ � �("!* (,.��)�!"�*5!�; .*�!��" �. 

 

1.3. ��!��!* ��),#* /�����0 �� !"#*� 
 

� 1.�7,�* ��%�!"!!$ 8"�)"!- ���*.6�"!- )#$ �1��� )��#*)+��"!�0 

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

�"(,�"(�5!* ��),#*. �*)1��*)!� ),(,.�*!��"!* �� !"#� �1���6(-�$ 

),(,.�*!��"!��� <�!%7*$��, " ��1")%��* �� !"#� – ��1")%����� <�!%7*$�� 

(1.�7,�"��). 


*#-/ ),("#-!� .�8 #$!,�� ��1")%��* 1�)*;, ��1")%��* <�!%7*;, " �"�, 

��1")%��� �,#�5�!� * ��1")%���� 1.�7,�, $%* !" �-� �)!* ' ��!��!��� ��),#$�� 

)��#*)+��"!�0 �� !"#*� 1*) 5"� ;0 ���*.6�"!!$. 

���	����� �����. �#$ �1��� ��1")%���0 1�)*� ��%�.��(���'(-�$ 

�(�0"�(�5!�� ,%�1,.��,!( 1.��,),!!$ !"�(�1!�; 1��#*)��!��(* )��#*)*�, )#$ 

$%�0 �"' �*�7,: 

") %�+!�� )��#*) 1.���)�(-�$ !,8"#,+!� �)�! �*) �)!� �, 8" �)!"%���0 

����, ;0 %*#-%*�(- ��+!" 8&*#-/��"(� !,�&�,+,!�; 

&) 1,.,) 1.��,),!!$� ,%�1,.��,!(� ��* �� � !"�#*)%� (1�)*;) �*)��*, "#, 

!,�*)��� $%�� �"�, 8 !�0 �*)&�),(-�$ � !"�(�1!��� )��#*)*, (�&(� !"�#*)%� � 

,%�1,.��,!(* 8’$�#$6(-�$ ��1")%���; 

�) ��*� 1�)*$�, $%* ��+�(- 5� !, ��+�(- 8’$��(��- � )��#*)"0 1.�("�"!!" 

1,�!" �&’'%(��!" 0"."%(,.��(�%", $%� *�,!�6(- 5"�(�(�6 1�$�� �*)1��*)!�; 

1�)*; � ��1")%� 1.��,),!!$ 1,�!� � 5��#" )��#*)*�. 

�(�0"�(�5!�� ,%�1,.��,!( ' ���*.6�"#-!�� ,%�1,.��,!(��, (��� =� 

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

!"(�."#-!� � .$)� 5��,#. �"�, 5��#��* .,8�#-("(� �(�0"�(�5!� � ,%�1,.��,!(� 
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' ��!���6 1."%(�5!�; *!(,.1.,("7*; *���*.!��(*, $%" ��%�.��(���'(-�$ � 

1�)"#-/��� � 1�&�)��* ����*.!*�!�; �*.� �("(��(�5!�0 ���*.6�"!-. 

���("���� � �*)1��*)!*�(- �(�0"�(�5!��� ,%�1,.��,!(� �!�+�!� ? – 

1.��(*. ,#,�,!(".!�0 !"�#*)%*� "&� ,#,�,!(".!�0 1�)*�. �#,�,!("�� �!�+�!� 

? ' ,#,�,!(".!* 1�)*; ω∈Ω . � "!"#*8* �(�0"�(�5!� � ,%�1,.��,!(� 

.�8 #$)"6(-�$ !, (*#-%� ,#,�,!(".!* 1�)*;, " � &*#-/ �%#")!*, $% 1,�!* %��&*!"7*; 

,#,�,!(".!�0 1�)*�. �"%* 1�)*; *�,!�6(- ��1")%�����, ;0 1.��!$(� 1�8!"5"(� 

1�5"(%����� �,#�%��� &�%�"�� #"(�!�-%�; "&,(%�: A, B, C, …  

��1")%��" �,#�5�!" ' <�!%7*'6 ��1")%���� 1�)*� ω∈Ω , ;; 1�8!"5"6(- 

( )ξ ω . �&#"�(6 8!"5,!- ( )ξ ω  ' 5��#��" �*�- ( ),R = −∞ ∞ . 

���%.,(!" ��1")%��" �,#�5�!" ( )ξ ω  �"' �%*!5,!!� "&� !,�%*!5,!!� 

)��%.,(!� �!�+�!� 8!"5,!- { },  1,  "&� ix i n n= →∞ . �,1,.,.�!" ��1")%��" 

�,#�5�!" ( )ξ ω  !"&��"' &�)--$%�0 8!"5,!- 8 *!(,.�"#� X R⊆ .  

�#$ ��1")%���0 �,#�5�! ��,),!* !"�(�1!* !,��1")%��* �("(��(�5!* 

0"."%(,.��(�%�. 

%�����  �������
� ��������	��    

( ){ }( ) :F x P xω ξ ω= ∈Ω < , 

��8!"5"' ����*.!*�(- (�0 ω∈Ω , )#$ $%�0 �"' �*�7, ( ) ,  x x Rξ ω < ∈ . @�!%7*$ 

( )F x  ' ��!�(�!!� 8.��("65�6 � *!(,.�"#* 0 ( ) 1F x≤ ≤ , 1.� 7-��� ( ) 0F −∞ =  (" 

( ) 1F ∞ = . 

&�
���	�� �������
� ��������	�� ( )p x  "&� =*#-!*�(- ����*.!��(* 

��8!"5"'(-�$ $% 1�0*)!" �*) <�!%7*; .�81�)*#� ( )( ) dF xp x dx= . 

����������� 	��������   

( ) ( )xp x dxξ ω
∞

−∞
= �M  – )#$ !,1,.,.�!�; ��1")%���; �,#�5�!� 
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( )
1

( )
n

i i
i

x p xξ ω
=

= �M  – )#$ )��%.,(!�; ��1")%���; �,#�5�!� 

�"(,�"(�5!, �1�)*�"!!$ ( )ξ ωM   ' 1,./�� 1�5"(%���� ���,!(�� 1a  

��1")%���; �,#�5�!� ( )ξ ω .  

'�	���	�   

( ) ( ){ }2
1aξ ω ξ ω= −� �� �D M  

' 0"."%(,.��(�%�6 .�8�*6�"!!$ (.�8%�)�) 8!"5,!- ( )ξ ω  �*)!��!� ;; �,.,)!-� � 

8!"5,!!$ 1a  (" ' ).� �� 1�5"(%���� ���,!(�� 2a . 

���	����� �������. ��1")%���� 1.�7,��� ( ), ,  ,  t t Tξ ω ω∈Ω ∈  

!"8��"'(-�$ )�����*.!" ��1")%��" <�!%7*$, 8!"5,!!$ $%�; 8" &�)--$%� � 

<*%���"!� � ". ��,!(" 5"�� t ' ��1")%���6 �,#�5�!�6.  

�"1.� " /��� !" ��0�)* #*!*; 8�'$8%�, (,�1,."(�." 1��*(.$, �(.�� 5,.,8 

�*%.�<�! 1*) 5"� .�8���� * (. *!., $%=� 1.���)�(� �1��(,.,+,!!$ 8" ��(('���� 

8!"5,!!$�� 1,.,#*5,!�0 �,#�5�! 8" 5"���, ' 1.�%#")"�� .,"#*8"7*; ��1")%���0 

1.�7,�*�. 

�,8�#-("(� �%.,��0 �1��(,.,+,!- ��1")%��� � 1.�7,�� *�,!�6(-�$ �� � 

.,"#*8"7*$��, %�+!" 8 !�0 ' ),(,.�*!��"!�6 <�!%7*'6 * 1�8!"5"'(-�$ ( )x t . 

��%�1!*�(- ��+#���0 .,"#*8"7*� { }( ),  1,kx t k n=   ��1")%��� � 1.�7,�� 

!"8��"'(-�$ "!�"�&#,�. �.�%#")�� ' "!�"�&#- .,"#*8"7*�, =� �1��(,.* "'(-�$ 

��)!�5"� !" ��0�)"0 .*8!�0 %"!"#*� ���(,�� &" "(�%"!"#-!� � 8�'$8%� (.��. 1.3).  

1( )kx t

2 1( )x t

1 1( )x t

1t

( )kx t

t

2 2( )x t

2t

1 2( )x t

2( )kx t 1( )x t

( )kx t

2 ( )x t  

���. 1.3. �."<*%� "!�"�&#6 .,"#*8"7*� ��1")%��� � 1.�7,�� ( ),tξ ω   
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�#$ ��%�!"!!$ 8"�)"!- ���*.6�"!- � ��!��!��� ��%�.��(���6(-�$ 

�("7*�!".!* ��1")%��* 1.�7,��. �*)�*(���, =� �("7*�!".!*�(- ��1")%���0 

1.�7,�*� ���)�(-�$ � /�.�%��� * ��8-%��� �,!�"0. � &*#-/��(* 1."%(�5!�0 

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

8�"!* �#"&��("7*�!".!*. 	!"#*8 7�0 1.�7,�*� 1.���)�(-�$ � ."�%"0 %�.,#$7*�!�; 

(,!,. ,(�5!�;) (,�.*;. � ("%��� ."8* ��8!"5"6(-�$ )�" 1,./* ���,!(!* <�!%7*; 

1.�7,��, " �"�,: �,.,)!' 8!"5,!!$ – 1,./�� 1�5"(%���� ���,!(, )��1,.�*$ – 

).� �� 7,!(."#-!�� ���,!(, %�.,#$7*�!" <�!%7*$ * �1,%(."#-!" =*#-!*�(- 

1�(�+!��(*. �"%* 0"."%(,.��(�%� 1.�7,�� �"6(- 5*(%� <*8�5!� *!(,.1.,("7*6, 

=� 1.�.�)!� )#$ 8"�)"!- ���*.6�"!-.  

�#$ "!"#*8� �("7*�!".!�0 1.�7,�*� � ��8-%��� �,!�* !,�&0*)!�� ' 

��%�.��("!!$ 1��#*)��!��(* n > 2 ���*.!�0 <�!%7*� .�81�)*#�.  


*#-/ ),("#-!� 8�1�!����- !" "!"#*8* �#"&��("7*�!".!�0 1.�7,�*�. 

��1")%���� 1.�7,� ( ),tξ ω  ' �#"&��("7*�!".!��, $%=� 8")"!" �� � 

)�����*.!" <�!%7*$ .�81�)*#� � ��)*:     

( ) ( ) ( ){ } ( )1 2 1 2 1 2, ; , P : ,  i , , ;F x x t t t x t x F x xτ ω ξ ω ξ ω τ τ+ = ∈Ω < + < = . 

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

��1")%��� � 1.�7,�� ( ),tξ ω  �"'��: 

- )�����*.!� =*#-!*�(- .�81�)*#� ����*.!��(,� 

( ) ( )2
1 2

1 2
1 2

, ;
, ;

F x x
p x x

x x

ττ ∂
=

∂ ∂
; 

- �". *!"#-!� – �)!����*.!�, <�!%7*6 .�81�)*#�  

( ) ( ) ( ) ( )1 1 2 2 1 2 2, , ; , ;0 ,  F x F x x dx F x x dx F x x Rτ τ
∞ ∞

−∞ −∞
= = = ∈� �  ; 

- �)!����*.!� =*#-!*�(- .�81�)*#� ����*.!��(* ( )( ) dF xp x dx= ; 

- �"(,�"(�5!, �1�)*�"!!$  ( ) ( ) 1,t xp x dx aξ ω
∞

−∞
= =�M ; 



17 

- )��1,.�*6 ( ) ( ) ( )2 2
1,t x a p x dxξ ω σ

∞

−∞
= − =�D ; 

- "�(�%�.,#$7*�!� <�!%7*6  

( ) ( ) ( ){ }
( )( ) ( )

1 1

1 1 2 1 1 2 1 2

, ,

, ; ;

R M t a t a

x a x a p x x dx dx

τ ξ ω ξ ω τ

τ
∞ ∞

−∞−∞

= − + − =� � � �� � � �

= − −� �
  

- �1,%(."#-!� =*#-!*�(- 1�(�+!��(* ( ) ( )2j fG f e R dπ τ τ τ
∞

−∞
= � .  

� �*)1��*)!��(* 8 (,�.,��6 �*!,." – �*!5�!" )#$ 1".!�0 <�!%7*� ( )R τ  * 

( )G f  �"'��: 

( ) ( )
0

cos2R G f f dfτ π τ
∞

= � ;           ( ) ( )
0

4 cos2G f R f dτ π τ τ
∞

= � . 

�"�,),!* ��."8� ��%�.��(���6(-�$ )#$ "!"#*8� ,!,. ,(�5!�0 

0"."%(,.��(�% �("7*�!".!�0 ��1")%���0 1.�7,�*�.  

�"%�� 5�!��, )#$ �("7*�!".!� � 1.�7,�� ( ),tξ ω  �)!����*.!* <�!%7*; 

( )F x   * ( )p x  , �"(,�"(�5!, �1�)*�"!!$ 1a  * )��1,.�*$ 2σ  !, 8"#,+"(- �*) 5"��; 

)�����*.!* <�!%7*; ( )1 2, ;F x x τ  *, ( )1 2, ;p x x τ  " ("%�+ "�(�%�.,#$7*�!" <�!%7*$ 

( )R τ  8"#,+"(- (*#-%� �*) �8"'�!� � 8���� 2 1,  t t Rτ τ= − ∈ . �1,%(."#-!" 

=*#-!*�(- 1�(�+!��(* ( )G f  ' �)!����*.!�6 )*��!�6 <�!%7*'6 5"�(�(� f . 

�"�,),!* 0"."%(,.��(�%� �("7*�!".!� � ��1")%��� � 1.�7,�� ( ),tξ ω  

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

��.�(%� 8�1�!����- !" 0"."%(,.��(�7*, $%" 8!"5!�6 �*.�6 ��8!"5"' 

,<,%(��!*�(- .,8�#-("(*� ���*.6�"!- 8!"5,!- * 0"."%(,.��(�% ��1")%���0 

�� !"#*�. 

�������
���

� ���
	�/�	�	�	. � 8"#,+!��(* �*) 1��("!��%� 8"�)"!- 

���*.6�"!!$ �)!* �� !"#� �*)!��$(- )� *!<�.�"7*�!�0 (%�.��!�0), " *!/* )� 
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8"�"). � �)!�0 8"�)"!!$0 ���*.6�"!- 7, �*)!�/,!!$ ' 5��#��, " � *!/�0 – 

<�!%7*'6, � 8" "#-!��� ��1")%� <�!%7*'6 1.��(�.���0 %��.)�!"( * 5"��.  

4%=�  ���.�(� 1.� 1."%(�%� ���*.6�"!-, (� �".(� �*)�*(�(� !"�(�1!,. 

�"!*/, (1.�&#�8!� )� �,.,)�!� �� �(�#*(($) 8"�)"!!$ ���*.6�"!- ����!� 

��.*/��"#��- )#$ �*)!�/,!- �/8 > 10, 1*8!*/, – 1�.$)%� 3. ��5"�!* *!<�.�"7*�!* 

���*.6�"#-!* (,0!�#� *; )"6(- ��+#��*�(- ��.*/��"(� 8"�)"!!$ ���*.6�"!- )#$ 

�*)!�/,!- �/8 �,!/, 1 8 ��%�.��("!!$� �1,7*"#-!�0 �,(�)*� �1."76�"!!$ )"!�0 

���*.6�"!-. 

 

1.4. �"."%(,.��(�%� /�����0 �� !"#*� 
 

�
�������
� �	�	����������. ��!��!��� ,!,. ,(�5!��� 

0"."%(,.��(�%"�� )*��!� � �� !"#� ( )s t  ' �� � 1�(�+!*�(- (" ,!,. *$. 4%=� � 

$%��(* �� !"#� ( )s t  ���(�1"' !"1.� " ( )u t  5� �(.�� ( )i t , (� ������� 

����#��	��, =� ��)*#$'(-�$ !" �1�.* R , 8 !"0�)�(-�$ 5,.,8 %�")."( ��(('�� � 

8!"5,!!$:  

22 ( )( ) ( ) i tp t u t R R= = . 

� (,�.*; �� !"#*�, $% 1."��#�, 1.���"6(- )#$ .�8."0�!%*� 1R =  �� (%.*� 

),$%�0 ��1")%*�), * (�)* � 8" "#-!��� �� #$)*:  

2( ) ( )p t s t= / 

�.��!$(($ ("%�; ����� 1��'$8"!� 8 (��, =� � &" "(-�0 8")"5"0 (,�.*; 

�� !"#*� ��%�.��(���6(- � .�8."0�!%"0 !, %�!%.,(!* 8!"5,!!$ 1�(�+!��(*, " 

�*)!�/,!!$ 1�(�+!��(* �� !"#� )� 1�(�+!��(* 8"�")�.  

�!,. *$ �� !"#� !" *!(,.�"#* ( )1 2,t t   ��8!"5"'(-�$ $% *!(, ."# �� � ��(('��; 

1�(�+!��(*:              

22 2

1 1

( ) ( )
t t

s
t t

E p t dt s t dt= =� � . 
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�!,. *6 �� !"#� ��+!" �&5��#�(� ("%�+ * 8" �� � �1,%(."#-!�6 

=*#-!*�(6 1�(�+!��(* 8" <�.��#�6 �,#,$:  

2 2

0

1
( ) ( )

2sE S d S f dfω ω
π

∞ ∞

−∞
= =� � .                                  (1.3) 

��")."( ��)�#$ 2( )S ω  !"8��"6(- 	������
���� !�
���	�� ����#��	��, 

"&� ����
������� 	������� �� !"#�. 
 <�.��#� (1.3) ��1#��"', =�  

( ) 2 ( )S f S ω= , 

��%*#-%� ( )S ω  – )���(�.�!!$ �1,%(."#-!" =*#-!*�(- 1�(�+!��(* ( )ω−∞ ≤ ≤ ∞ , " 

( )S f  – �)!��(�.�!!$ ( )0 f≤ ≤ ∞ .  

 ���	�

�� �����
!�� ���
"
���� �	 ��������. �,.,)!$ 1�(�+!*�(- 

1,.*�)�5!� � �� !"#�, $%" .�8."0���'(-�$ !" ��*� ��* 5"�� ( )t−∞ < < ∞ , 

8&* "'(-�$ 8 �,.,)!-�6 1�(�+!*�(6 8" 1,.*�). �#$ ��1")%���0 �� !"#*� (8"�")) 

�,.,)!6 1�(�+!*�(- ��+!" .�8."0��"(� 8" �1,%(."#-!�6 =*#-!*�(6 1�(�+!��(* 

( )xG f  5� ( )xG ω . 

��%*#-%� <�!%7*; ( )xG f  (" ( )xG ω  1�%"8�6(- .�81�)*# 1�(�+!��(* 8" 

5"�(�("��, (� �,.,)!$ 1�(�+!*�(-  

0 0
( ) 2 ( )x x xP G f df G dω ω

∞ ∞
= =� � .                                    (1.4) 

� ��."8* (1.4) ( ) 2 ( )x xG f G ω= . 9$ ����" 1.��!$(" (���, =� ( )xG ω  – 

)���(�.�!!$ �1,%(."#-!" =*#-!*�(- 1�(�+!��(* ( )ω−∞ < < ∞ , " ( )xG f  – 

�)!��(�.�!!$ ( )0 f≤ ≤ ∞ . 

#�
	���
�$ ��	�	��
 � �������%
� 	�����
��.  ��!"�*5!�� )*"1"8�! sD   

�� !"#� ( )s t  0"."%(,.�8�' �,+* 8�*!� ��(('��; 1�(�+!��(* * ��8!"5"'(-�$ 

��."8��:  

max
min

10lgs
pD p

� 	= 
 �
� 


, 
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), maxp  – �"%���"#-!,, " minp  – �*!*�"#-!, 8!"5,!!$ ��(('��; 1�(�+!��(*, $%* 

��8!"5,!* &�)--$%�� �1���&��. �"1.�%#"), �*!*�"#-!" 1�(�+!*�(-, $%=� ;; 

�"+%� 8!"�(�, )�.*�!6' 1�(�+!��(* 8"�")� 5� �,.,)!-�; %�")."(�5!�; 1�0�&%�. 

��,<*7*'!(�� "�1#*(�)� �� !"#� AK  !"8��"'(-�$ �*)!�/,!!$ �� � 

�"%���"#-!�; 1�(�+!��(* )� �,.,)!-�;. � #� ".�<�*5!�0 �)�!�7$0 �"'��:  

2 max10lgA
x

pK p
� 	= 
 �
� 


. 

� ),$%�0 ��1")%"0 )�!"�*5!�� )*"1"8�! * %�,<*7*'!( "�1#*(�)� 

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

&���	����! � ����
	 ������	 ���
	�
 (�	�	��). �*) (.��"#*�(6 �� !"#� 

.�8��*6(- *!(,.�"# 5"�� �� � *�!��"!!$. �&5��#6'(-�$ $% .*8!�7$ �*+ 5"��� 

8"%*!5,!!$ �� !"#� kt   * 5"��� �� � 1�5"(%� nt : s k nT t t= − . 

��.�!" �1,%(." – 7, *!(,.�"# 5"�(�(, $%�� 8"��"' �1,%(.. �&5��#6'(-�$ 

$% .*8!�7$ �*+ �"%���"#-!�6 maxf  * �*!*�"#-!�6 minf  5"�(�("�� �1,%(.": 

max minsF f f= − . ��8."0�!%� (.��"#��(* * /�.�!� �1,%(." �� !"#� (8"�")�) !, 

8"�)"6(- (.�)!�=*�, $%=� ��!� �"6(- 5*(%� ��8!"5,!* 1�5"(�% (" %*!,7-, " 

�1,%(. –  ."!�5!* 5"�(�(�. 	#, 8 1,.,(��.,!!$ @�.'' ��1#��"', =� %�#� �� !"# 

�"' �%*!5,!!� (.��"#*�(-, (� �� � �1,%(. – !,�%*!5,!!��. � !"�1"%�. ���� 

!,�&0*)!� )�����(��- 1.� ��8!"5,!!$ (.��"#��(* (" /�.�!�. �" 1."%(�7* 

��%�.��(���6(-�$ .*8!* ��8!"5,!!$ sT  (" sF , ��&*. $%�0 8"#,+�(- �*) 

1.�8!"5,!!$ �� !"#�, �� � <�.�� (" �(.�%(�.�. 
"�(�����6(- ("%* �,(�)� 

��8!"5,!!$ sT  (" sF :  

1. "��
�� �� �������� �������� ��� ���	���
���
�. 
"8��5"� (.��"#*�(- 

*�1�#-�!� � �� !"#� * /�.�!� �� � �1,%(." ��8!"5"6(- !" .*�!* 1
2

 �*) 

�"%���"#-� � 8!"5,!!$ �*)1��*)!� ( )s t  5� ( )S f . 	#, ��+!" ��&."(� )#$ 

.�8."0�!%*� &�)--$%, *!/, 8!"5,!!$, !"1.�%#"), 5% �*) �"%���"#-!� �, $% 7, 

1�%"8"!� !" .��. 1.4 ("). � 7-��� ' 1,�!" !,��8!"5,!*�(- �,(�)�. 
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2. (����� ���
���
� 	�
��
� (	������) �������
���� �� ��������. �"%" 

1.�7,)�." 5"�(*/, 8" *!/* 8"�(�����'(-�$ )#$ �&5��#,!!$ �1,%(."#-!�; 

=*#-!��(* 1�(�+!��(* * !"�,),!" !" .��. 1.4 (&), ), 8�&."+,!� �1,%(."#-!� 

=*#-!*�(- 8"�")� 3( )G f  . �#�=* 1.$��%�(!�%" * <* �.�, =� �&�,+,!" %.���6 

3( )G f  * ��$�� %��.)�!"(, .*�!��,#�%*.  

 

") 

 

&) 

���. 1.4. �."<*5!, 8�&."+,!!$ �,(�)*� ��8!"5,!!$ /�.�!� �1,%(." 

 

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

(,#,%���!*%"7*�!�0 ���(,�"0. 
" ,!,. ,(�5!��� 0"."%(,.��(�%"�� 

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

��("!��#6'(-�$ ��� " 1.�1��%"!!$ %"!"#� 8�'$8%�, =� !,�&0*)!" )#$ 

!,�1�(��.,!� � 1,.,)"�"!!$.  

 

1.5. �.�%#")� (�1���0 /�����0 �� !"#*� 
 

��("!!$ "!"#*8� .,"#-!�0 <*8�5!�0 /�����0 �� !"#*� (*�!� 1��’$8"!* 8 

(,�.*'6 8")"!!$ ��1")%���0 <�!%7*�, $%* .�8 #$)"6(-�$ � 5��(� (,�.,(�5!��� 

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

�*)�&."8�(� <*8�5!* 1.�7,��, $%* �*)&��"6(-�$ 1.� /����(��.,!!* � .,"#-!�0 

<*8�5!�0 ����"0, (��� ��!" 1���!!" .�8 #$)"(��$ $% ),$%, &*#-/ �,!/ �)"#, 

!"&#�+,!!$, $%, �*)�&."+"' (*#-%� ��!��!* �(�.�!� .,"#-!�0 <*8�5!�0 $��=. 
 

7*'; (�5%� 8�.� �#*)�', =� �"(,�"(�5!* ��),#* /�����0 �� !"#*� 1���!!* &�(� 
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)��("(!-� 1.��(��� * � (�� +, 5"� )��("(!-� (�!%��� * .*8!���, =�& $% ��+!" 

&*#-/ 1��!� �*)�&."8�(� ��* ��(('�* �(�.�!� .,"#-!�0 /�����0 �� !"#*�. 

��0�)$5� 8 8" "#-!� 1.��!$(�0 <*8�5!�0 �1��*� /��*� ��+!" 8.�&�(� 

���!��%�, =� (,1#��*, !"1*�1.��*)!�%��*, ).�&���� (" .,�,.&,."7*�!�� /���, 

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

&�(� �1��"!* 8" )�1��� �6 �"(,�"(�5!�; ��),#* #*!*�!�0 ��1")%���0 1.�7,�*�. 

�.� .�8 #$)"!!* .,"#-!�0 <*8�5!�0 ��),#,� /��*� 8"8��5"� 1.�1��%"6(-, 

=� �1��(,.,+��"!�� ��1")%���� /������ 1.�7,� ' .,8�#-("(�� )*; �,#�%�; 

%*#-%��(* �%.,��0 *�1�#-�*�, %�+,! 8 $%�0 �"' ),$%� (.��"#*�(-, 

0"."%(,.�8�'(-�$ ),$%�� ����*.!*�!�� 8"%�!�� 1�$�� � 5"�* (" �"' ),$%� 

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

� 8"#,+!��(* �*) %�!%.,(!� � ��)� 1,.,."0��"!�0 ��=, 0"."%(,.��(�% 

�%.,��0 *�1�#-�*� �(.���6(- .*8!* /����* 1.�7,��. �.� 7-��� 8"8��5"� 

1.�1��%"6(-, =� �,.,)���=,, � $%��� ��!�%"' .,"#-!�� <*8�5!�� /�� �"' 

!,�&0*)!* #*!*�!* �#"�(����(*. 

4%=� %�.�(%� 8�1�!�(��$ !" "!"#*8* /��*�, $%* !"�&*#-/ 5"�(� 

8��(.*5"6(-�$, 8 �,(�6 ��("!��#,!!$ 8"�(����!��(* )#$ ;0 �1��� �"(,�"(�5!�; 

��),#* #*!*�!�0 ��1")%���0 1.�7,�*�, (� (.,&" 1.��,�(� ��),#* (,1#���0 /��*�. 

�#$ ��1")%� (,1#��� � /��� *�!�' &" "(� .*8!�0 ��),#,�, !"�&*#-/ 5"�(� 

8��(.*5"6(-�$ )�* 8 !�0: 

• ��),#-, $%" ��0�)�(- 8 8" "#-!�0 1.�!7�1*� �("(��(�5!�; �,0"!*%�; 

• ��),#-, $%" ��%�.��(���' (,�.,�� 1.� .*�!��*.!�� .�81�)*# ,!,. *;. 


 *)!� 8 (,�.,��6 �"�%�*�(" �1,%(."#-!" =*#-!*�(- /�����; 

,#,%(.�.�/*�!�; ��#� � �"#��� 5"�(�(!��� *!(,.�"#* df ��8!"5"'(-�$ ��."8�� 

( )( ) 4S f df kTRp f df= ,                                   (1.4) 

), f – 5"�(�(", �7; S(f) – �1,%(."#-!" =*#-!*�(- (,1#��� � /���; k – 1��(*�!" 


�#-7�"!" ( 23 )+
1,38 10

 .")
−⋅ ); ) – "&��#6(!" (,�1,."(�.", K� ; R – �1*., ��; p(f) 

– <"%(�. �#"!%": 
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1

( ) exp 1
hf hf

p f
kT kT

−� �� 	= −
 �� �� 
� �
, 

), 346,62 10  )+ �,%h −= ⋅ ×   - 1��(*�!" �#"!%". 

�.� !�.�"#-!*� %*�!"(!*� (,�1,."(�.* � )*"1"8�!* 5"�(�(, $%* 

��%�.��(���6(-�$ � .")*�(,0!*7* ��."8 (1.4) �1.�=�'(-�$ !"�(�1!�� 5�!��: 

( ) 4S f df kTRdf≈ .                                           (1.5) 

4%=�, ��0�)$5� 8 !"&#�+,!�; <�.��#� (1.5), 1.�1��(�(�, =� (,1#���� 

/�� �*�(�(- � 1�#��* 5"�(�( ( ),−∞ ∞  1��(*�!� �1,%(."#-!� =*#-!*�(-, (� �*! 

1.,)�("�#$' ��&�6 1�0*)!� �*) �*!,.*��-%� � 1.�7,��: 

( ) ( )
,

dv t
t

dt
ξ ω σ= , 

), 2 4kTRσ = , " ( )v t  - �*!,.*��-%�� 1.�7,�. �"% $% ( ),tξ ω  ' �8" "#-!,!�� 

��1")%���� 1.�7,���, (� 1*)  "������ 1.�7,��� �"6(- !" ��"8* (�� <"%(, =� 

1.�7,� ( ) ( )v t t v t
t

σ + Δ −� �� �Δ
 )#$ 0tΔ > , $%�� 8* 8�,!/,!!$� tΔ   !"&#�+�'(-�$ )� 

�8" "#-!,!�; 1�0*)!�; 1.�7,�� ( )v tσ  i �"' =*#-!*�(- .�81�)*#� 

2

2
1

( ) exp ,  0
2 2

t
x

p x t

t t
π σσ

Δ

� 	

 �= − >
 �

 �Δ Δ� 


. 

 

�1,%(."#-!" =*#-!*�(- ("%� � /��� *�!�' (" ��8!"5"'(-�$ !"�(�1!�� 

��."8��: 

( )22 2
2 2 2 2

1 cos2
( )

2

t
j ft

t
t

f t
S f e t t dt

t f t

π πσ σ
π

Δ
−

Δ
−Δ

− Δ= Δ − =
Δ Δ

� . 

@#*%,.-/�� � !"1*�1.��*)!�%"0 0"."%(,.�8�'(-�$ ���'.*)!�6 

�1,%(."#-!�6 =*#-!*�(6  

( ) ( )2( ) 2 ,  0,aS f c f fπ −= ∈ ∞ ,                               (1.6) 
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), 1a ε= + , ε  – ),$%" 1��(*�!" �,#�5�!" ( )0 1ε< << , 	 – ),$%" 1��(*�!".  

�"1*�1.��*)!�%���� <#*%,.-/�� ��+!" 1.,)�("��(� � �� #$)* 

( ) ( ) ( )1
0

,t e t dζ ω τ π τ
∞

= −�� . 

��.,#$7*�!" <�!%7*$ 1.�7,�� (1.6) �"' !"�(�1!�� �� #$): 

( ) ( ) ( )2

0
NR e e s dτ λα τ τ τ
∞

= +� , 

), 2 2

0
( )N x dF xα

∞
= � , ( )F x  – <�!%7*$ .�81�)*#� 8".$)*�  .�1� !��*;�, " ( )e τ  

8")���#-!$' ����* <*8�5!�; .,"#*8��"!��(*. 

4%=� ��0�)�(� 8* �1,%(."#-!�; =*#-!��(*, ��8!"5,!�; ��."8�� (1.6), (� 

�,.,)!$ *!(,!���!*�(- *�1�#-�*� !��*;� )�.*�!6' !,�%*!5,!!��(*. 9, !, 

�8 �)+�'(-�$ 8 <*8�%�6 $��=". ��0�)$5� 8 (� �, =� �&#"�(- ��8!"5,!!$ !, 

�%#65"' � �,&, (�5%� f=0 � ),$%��� �%�#* δ , ��+!" �(.��"(� =, �)!� 

"1.�%���"7*6 �1,%(."#-!�; =*#-!��(* <#*%,.-/��� � !"1*�1.��*)!�%"0: 

( )( ) [ )2 22 2( ) 2 ,  0,
a

S f c f fδ π
−

= + ∈ ∞ , 

$%" 1.� �"#�0, �*)1��*)!� �&."!�0 8!"5,!!$0 δ  8 !"1,.,) 8")"!�� �(�1,!,� 

(�5!��(* !" #6&��� %*!7,���� *!(,.�"#* ( )0,f ∈ ∞  ��+, "1.�%�����"(� 

8!"5,!!$ �1,%(."#-!�; =*#-!��(*. 
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	��
�� 2. �
���
��2�� ��
��3�
��4 ������� 

����
��� 

 

2.1. ��!��� �"(,�"(�5!� � ��),#6�"!!$ /�����0 �� !"#*� 
 

�����* �� !"#� 8"8��5"� .�8 #$)"6(-�$ $% ���" �,#�%�; %*#-%��(* 

!,8"#,+!�0 *�1�#-�*� 8 ��1")%����� 1"."�,(."�� [20, 24, 44, 46, 48]. 
*#-/*�(- 

8")"5 ����*.!*�!� � "!"#*8� (" �("(��(�5!�; �&.�&%� /�����0 �� !"#*� 

&"8�'(-�$ !"  "�����*� ��),#* )��#*)+��"!�0 ��1")%���0 1.�7,�*�. 


"�(����"!!$  "������; ��),#* 8"8��5"� �& .�!(���'(-�$ 7,!(."#-!�6 

 ."!�5!�6 (,�.,��6 (" )"' ��+#��*�(- 8"�(������"(� !" 1."%(�7* .,8�#-("(� 

(,�.*; ��1")%���0 1.�7,�*� (" �"(,�"(�5!�; �("(��(�%�, $%* 8"�!��"!* !" 

1.�1�=,!!* 1.�  "������� .�81�)*# )��#*)+��"!�0 1.�7,�*�. �.�(, !,�&0*)!� 

�*)�*(�(�, =� 7,!(."#-!"  ."!�5!" (,�.,�" �1."�,)#��" #�/, 1.� ��%�!"!!* 

���� �*!),&,. " [48], $%* � 1.�%#")!�0 8")"5"0, $% 1."��#�, !, 1,.,�*.$6(-�$. 

�*)1��*)!� )� ��5"�!�; (,�.*; �����"!!$ ��1")%���0 �,#�5�! %#"� 

 ."!�5!�0 8"%�!*� )#$ ��� !,8"#,+!�0 ��1")%���0 �,#�5�! �1*�1")"' 8 %#"��� 

&,8�,+!� 1�)*#-!�0 8"%�!*� .�81�)*#�, $%* �%#65"6(- $% 5"�(�!!�� ��1")�% � 

 "������� .�81�)*#. 

@�!%7*$ .�81�)*#� )(xF  (" �*)1��*)!" 0"."%(,.��(�5!" <�!%7*$ )(uf  

!"8��"6(-�$ &,8�,+!� 1�)*#-!���, $%=� )#$ &�)--$%� � 7*#� � )�)"(!-� � 

5��#" n *�!�' ("%" 0"."%(,.��(�5!" <�!%7*$ )(uf� , =� 

[ ]nn ufuf )()( = .                                                   (2.1) 

@�!7*$ )(uf�  � <�.��#* (2.1) ��8!"5"'(-�$ <�!%7*'6 )(uf  ("%: 

[ ]�� ufuf
1

)()( =  

1.� 7-��� �&�."'(-�$  �#��!"  *#%" %�.!$ n- � �(,1,!$. 

�#"� &,8�,+!� 1�)*#-!�0 ��1")%���0 �,#�5�! ��8!"5"'(-�$ !"�(�1!�� 

5�!��. 
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��1")%��" �,#�5�!" ( )ξ ω  8 <�!%7*'6 .�81�)*#� )(xF  !"8��"'(-�$ 

&�8�,+!� 1�)*#-!�6, $%=� )#$ &�)--$%� � !"(�."#-!� � 5��#" n 7$ ��1")%��" 

�,#�5�!" ��+, &�(� 1.,)�("�#,!" � �� #$)* ���� !,8"#,+!�0 ��1")%���0 

�,#�5�! ( ) ( ) ( )1 2, ,..., �ξ ω ξ ω ξ ω  8 �)!�6 <�!%7*'6 .�81�)*#� )(xF� , $%" 8"#,+�(- 

�*) %*#-%��(* )�)"!%*� n. 
,8�,+!� 1�)*#-!" <�!%7*$ .�81�)*#� )(xF  ' n-%."(!�6 

8 �.(%�6 <�!%7*� .�81�)*#� )(xF� . 

�"�,),!* ��8!"5,!!$ ' ,%�*�"#,!(!��� (" �*)!��$(-�$ )� .�81�)*#*� � &�)--

$%��� �%*!5,!!��� 1.��(�.*. �� ,#,�,!(".!�0 �#"�(����(,� &,8�,+!� 

1�)*#-!�0 0"."%(,.��(�5!�0 <�!%7*� �*)!��$(- !"�(�1!*. 

1. 
,8�,+!� 1�)*#-!" 0"."%(,.��(�5!" <�!%7*$ !, �"' !�#*� !" )*��!*� �*�*.  

2. ��&�(�% &�)--$%�; �%*!5,!!�; %*#-%��(* &,8�,+!� 1�)*#-!�0 

0"."%(,.��(�5!�0 <�!%7*� ' &,8�,+!� 1�)*#-!��. 

3. �"."%(,.��(�5!" <�!%7*$, $%" '  ."!�7,6 1��#*)��!��(* &,8�,+!� 

1�)*#-!�0 0"."%(,.��(�5!�0 <�!%7*�, ("%�+ &,8�,+!� 1�)*#-!". 

4. �,0"� { })(xF�  - 1��#*)��!*�(- <�!%7*� .�81�)*#�, " { })(uf�  - 

1��#*)��!*�(- �*)1��*)!�0 0"."%(,.��(�5!�0 <�!%7*�. ���#*)��!*�(- { })(xF�  

�#"&� �0�)�(-�$ )� <�!%7*; .�81�)*#� )(xF  (�)* * (*#-%� (�)*, %�#� { })(uf�  

�0�)�(-�$ 1.� %�+!��� � )� ),$%�; !,1,.,.�!�; � !�#* <�!%7*; )(ug . �.� 7-��� 

 ."!�5!" <�!%7*$ )(ug  �1*�1")"' 8 0"."%(,.��(�5!�6 <�!%7*'6 )(uf  .�81�)*#� 

)(xF . 

5. �"."%(,.��(�5!" <�!%7*$ ' &,8�,+!� 1�)*#-!�6 (�)* * (*#-%� (�)*, %�#� 

;; ��+!" 1.,)�("��(� � ��)* 

[ ]{ }1)(explim)( −=
∞→

ugpuf nn
n

, 

), ��  - )�)"(!* 5��#", " )(ug�  - ),$%* 0"."%(,.��(�5!* <�!%7*;. 

6. �."!�7$ 1��#*)��!��(,� )�&�(%*� �%*!5,!!�; %*#-%��(* 

0"."%(,.��(�5!�0 <�!%7*� 1�"��!*��-%� � (�1� ' &,8�,+!� 1�)*#-!�6. 
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7. @�!%7*$ )(uf  ' 0"."%(,.��(�5!�6 <�!%7*'6 ),$%� � &,8�,+!� 

1�)*#-!� � .�81�)*#� 8* �%*!5,!!�6 )��1,.�*'6 (�)* * (*#-%� (�)*, %�#� 

�1."�,)#��, 1.,)�("�#,!!$ 

( )
��

�
�
�

��

�
�
�

−−+= �
∞

∞−
2

)(
1exp)(

x

xdK
iuxeiumuf iux ,                             (2.2) 

), � – )*��!, 5��#�, " )(xK  - !,�1")!" �&�,+,!" <�!%7*$, )#$ $%�; 0)( =−∞K  

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

0=�  ��"+"'(-�$ .*�!�6 
2

2u− . �.,)�("�#,!!$ (2.2) ')�!,, 1.�5��� �*)1��*)!*�(- 

�*+ )(uf  (" 1".�6 { })(  , xKm  ' �8"'�!� �)!�8!"5!�6. 

8. @�!%7*$ )(uf  ' &,8�,+!� 1�)*#-!�6 (�)* * (*#-%� (�)*, %�#� ��!" ��+, 

&�(� 1.,)�("�#,!" � �� #$)* 

( )
��

�
�
�

��

�
�
�

−−+−= �
>0

22
)(1

2
exp)(

x

iux xdLiuxe
u

iuauf
σ

,                         (2.3) 

), � – )*��!, 5��#�, 02 ≥σ , L(x) – 1�"���!*��-%" �1,%(."#-!" <�!%7*$ �,�*. 

�.,)�("�#,!!$ (2.3) ')�!,, " �*)1��*)!*�(- �*+ )(uf  (" !"&�.�� 

{ })( , , 2 xLa σ  ' �8"'�!� �)!�8!"5!��. 

9. @�!%7*$ )(uf  ' &,8�,+!� 1�)*#-!�6 0"."%(,.��(�5!�6 <�!%7*'6 (�)* 

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

��

�
�
�

��

�
�
� +

�



	


�

�
+

−−+= �
∞

∞−
)(

1

1
1exp)(

2

2

2
xdG

x

x

x

iux
eiuauf iux ,                      (2.4) 

), � – ),$%, )*��!, 5��#�, )(xG  - !,�1")!" �&�,+,!" <�!%7*$, )#$ $%�; 0)( =−∞G  

(1�"���!*��-%" �1,%(."#-!" <�!%7*$ �,�*-�*!5*!"). �*)*!(, ."#-!" <�!%7*$ 1.� 

0=�  ��"+"'(-�$ .*�!�6 
2

2u− . �.,)�("�#,!!$ (2.4) ')�!,, 1.�5��� �*)1��*)!*�(- 

�*+ )(uf  (" 1".�6 { })(  , xGa  ' �8"'�!� �)!�8!"5!�6. 
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�#$ &,8�,+!� 1�)*#-!�0 .�81�)*#*� (�5!, 8!"0�)+,!!$ <�!%7*; .�81�)*#� 

(=*#-!��(* ����*.!��(,�) ' � 8" "#-!��� ��1")%� !,��+#���6 8")"5,6. � 

$�!��� �� #$)* 7* <�!%7*; .�81�)*#� 8"1���6(-�$ )#$ �&�,+,!�; %*#-%��(* 

.�81�)*#*�, !"1.�%#"),  "������ �, ��/*,  "��", ��"���!" (" �*)’'�!� � 

&*!��*"#-!� �. � 8�’$8%� 8 7�� 8")"5� )��#*)+,!!$ 8"%�!*� .�81�)*#� &,8�,+!� 

1�)*#-!�0 ��1")%���0 �,#�5�! )�7*#-!� .�8�’$8��"(�, ��%�.��(���65� 

1"."�,(.� %"!�!*5!� � 1.,)�("�#,!!$ ;0 0"."%(,.��(�5!�0 <�!%7*�. 

 

2.2. �" "#-!" ��),#- /����� � �� !"#� 
 

�����* �� !"#� *!(, ."#-!� �*)�&."+"6(- <#�%(�"7*�!* 1.�7,�� .*8!�0 

<*8�5!�0 $��= – (,.��)�!"�*5!�0, ,#,%(.��" !*(!�0,  *).�)�!"�*5!�0, 

�,0"!*5!�0, �1(�5!�0, (" *!/�0. � ,#,%(.�!!�0 * .")*�,#,%(.�!!�0 8"��&"0 * 

���(,�"0 )�&., �*)��* /����* �� !"#� ).�&��� �, (,1#��� � * <#*%%,.-/��*�. 9, 

("%�+ �*&."7*�!* * �*&.�"%��(�5!* /��� (,0!*5!�0 ���(,� * �,0"!*8�*�, 

(.�&��,0"!*5!* /���, �� !"#� "%��(�5!�; ,�*�*;, ",.�)�!"�*5!* *  *).�)�!"�*5!* 

/��� � 1�(�%"0  "8*� * .*)�!, (" *!/*.  


"8�65��- !" <*8�5!�0 �,0"!*8�"0 <�.���"!!$ /�����0 �� !"#*� � 

.*8!�0 (,0!*5!�0 �&’'%("0 * ���(,�"0 ,!,. ,(�%�, �"/�!�&�)��"!!$, (."!�1�.(�, 

"�*"7*; (" *!/�0, "�(�."�� 8"1.�1�!��"!� !"�(�1!� �8" "#-!,!� �"(,�"(�5!� 

��),#- /����� � �� !"#� � ��)* (.�%��1�!,!(!� � �,%(�.!� � ��1")%��� � 

1.�7,�� 

( ) ( ) ( ) ( )( )( )
( )
( ) Tt

ttAttt

∈ΩΩΩ=
Ω∈Ω∈Ω∈=

=Ξ

  , , ,

  ,  ,  ,  , , ,

,, ,, ,,,

210

221100210

0022113

7
8

8
ωωωωωω
ωξωξωξ

.               (2.5) 

�&#"�(- ��8!"5,!!$ ( ) Tt ×�Ξ 78   ,3 , " �&#"�(- 8!"5,!!$ – �!�+�!" 

)*��!�0 5��,# . � 8" "#-!��� ��1")%� 0"."%(,.��(�%� 

��),#*  ��8!"5"6(-�$, $% � ."�%"0 %�.,#$7*�!�; (,!,. ,(�5!�;) (,�.*;, ("% 

* 8 �."0��"!!$� ��=�0 ���,!(*�.  

( ) ( )∞∞−∈Ξ ,,3 Rt8

( )t,3 8Ξ
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���1�!,!("�� ("%�; ��),#* ' !"�(�1!*: 

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

�,0"!*8� <�.���"!!$ /����� � �� !"#� )*'6 8!"5!�; %*#-%��(* ,#,�,!(".!�0 

*�1�#-�!�0 �� !"#*� .*8!�; *!(,!���!��(*; 

2) %��1�!,!("  - !,�("7*�!".!�� ��1")%���� 1.�7,�, 

�<�.���"!�� )*'6 8!"5!�; %*#-%��(* ,#,�,!(".!�0  ".��!*5!�0 %�#��"!- 

(0��#-); 

3) %��1�!,!(" ( )( )00 ,ttA ωξ  - (.,!)��" ),(,.�*!��"!" %��1�!,!("  8 

1�5"(%����� ��1")%����� ����"�� , $%" �1���' 8�*!� �&’'%(� 

)��#*)+,!!$ 1.� .,��!(*, ��),.!*8"7*;, (�=�. 

�*)���, =� )#$ �1��� ��),#* (2.5) – (.�%��1�!,!(!� � �,%(�.!� � 1.�7,�� 

 ��%�.��(���'(-�$ 1��#*)��!*�(- �%*!5,!!����*.!�0 <�!%7*� .�81�)*#�, 

" �"�, 

( ) ( ){ } ,  , , : , 3 RxtPtxF ∈Ξ∈=Ξ 878  

( ) ( ) ( ){ }

( ) ( ) ( ){ }. , ,..., , : ,..., ; ,...,

, , , , : , ; ,

311311

2231132121

nnnn xtxtPttxxF

xtxtPttxxF

<Ξ<Ξ∈=

<Ξ<Ξ∈=

Ξ

Ξ

8878

8878
�  

� ."�%"0 %�.,#$7*�!�; (,!,. ,(�5!�;) (,�.*; )#$ )��#*)+,!!$ ��),#* (2.5) 

)��("(!-� 8")"(� ( )txF  ,Ξ  (" ( )2121  , ; , ttxxFΞ . �.� �*)���0 �%"8"!�0 <�!%7*$0 

��),#* ��8!"5"6(-�$ �*)1��*)!* =*#-!��(* .�81�)*#� ����*.!��(,� 

( ) ( ) ( ) ( )
21

2121
2121

 , ; ,
 , ; ,           ,

 ,
 ,

xx

ttxxF
ttxxp

x

txF
txp

∂∂
∂=

∂
∂= Ξ

Ξ
Ξ

Ξ , 

" ("%�+ 0"."%(,.��(�5!* <�!%7*;  

( ) ( )

( ) ( ) ( )� �

�

∞

∞−

∞

∞−
Ξ

+−
Ξ

∞

∞−
Ξ

−
Ξ

=

=

., ;,, ;,

    , , ,

2121212121
2211 dxdxttxxpettuuf

dxtxpetuf

xuxui

iux

 

( )t,11 ωξ

( )t,22 ωξ

)(tA

( )00,tωξ

( )t,3 8Ξ
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2��#��* 0"."%(,.��(�%� 8" "#-!�; ��),#* (2.5) ��8!"5"6(-�$ 8" 

<�.��#"��: 

- �"(,�"(�5!, �1�)*�"!!$ 

( )�
∞

∞−
Ξ= dxtxxpta  ,)(1 ; 

- "�(�%��".*"7*�!" <�!%7*$  

( ) ( )� �
∞

∞−

∞

∞−
Ξ= 2121212121  , ; , , dxdxttxxpxxttB ; 

- "�(�%�.,#$7*�!" <�!%7*$  

( ) [ ][ ] ( )� �
∞

∞−

∞

∞−
Ξ−−= 21212121211121  , ; ,)()( , dxdxttxxptaxtaxttR ; 

- )��1,.�*$ 

( ) [ ] ( )�
∞

∞−
Ξ−== dxtxptaxtttR  ,)()( , 2

1
2

11 σ . 

�"�,),!* ��=, 0"."%(,.��(�%� �8" "#-!,!�; ��),#* /����� � �� !"#� 

��)� (2.5) ' �*)����� 8 (,�.*; ��1")%���0 1.�7,�*� * 1� ��(* �."0���6(- ��* 

5"�(�!!* ��1")%� %�!%.,(!�0 ��),#,� )��#*)+��"!�0 /�����0 �� !"#*�, $%* 

")"1(��"!* * �*)�&."+"6(- 0"."%(,.!* ���&#����(* %�+!� � )��#*)+��"!� � 

�&’'%(" "&� ���(,��. �" )"#* !,�"' �,!�� 1.�)��+��"(� "!"#*8 ��),#* (2.5), " 

)�7*#-!� 1,.,�(� )� &*#-/ %�!%.,(!�0 ��),#,� /�����0 �� !"#*�. 

'�
���
����
	 �����! �
������ ���
	�
 ��� ����’����
��� �	 

�	���	���
��� �������	

�. ��!�(.�%(��!�� �,(�) �(��.,!!$ ��),#,� 

/�����0 �� !"#*� !" ��!��* ��%�.��("!!$ ��1")%��� � 1.�7,�� (�1� &*#� � 

/��� �*)���� � .*8!�0 1.�%#")!�0 8")"5"0 "!"#*8� �� !"#*� $% �,(�): 

- <�.��65� � #*!*�!� � <*#-(."; 

- 1�.�)+�65� � 1.�7,��; 

- �!��#6�"!� � 1.�7,��; 

- �(�0"�(�5!�0 *!(, ."#-!�0 8�&."+,!-. 
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	!"#*8�65� ��%�.��("!!$ �%"8"!�0 �,(�)*� 1.� �(��.,!!* ��),#,� 

/�����0 �� !"#*�, ��+!" 8.�&�(� ���!���%, =� �,(�) �(�0"�(�5!�0 

*!(, ."#-!�0 8�&."+,!- 1� ��(* �8" "#-!�� .,8�#-("(� �%"8"!�0 *!/�0 �,(�)*� * 

�&>.�!(��"� %#"� #*!*�!�0 ��1")%���0 1.�7,�*�. 


"8��5"� 1.� ��),#6�"!!* #*!*�!�0 ��1")%���0 1��#*)��!��(,� $% 

/�����0 �� !"#*� 1.�)*#$6(- ��" � (*#-%� �("7*�!".!��� ��1")%�. � (�� +, 5"�, 

!" 1."%(�7* �"�+, ��* .,"#-!* /����* �� !"#� ' !,�("7*�!".!���, (��� 

��%�.��("!!$ � $%��(* ��),#* ("%�0 1��#*)��!��(,� ' !,)�7*#-!��. �#$ (� �, =�& 

�1��"(� ��* ��+#��* �".*"!(� <�.���"!!$ /�����0 �� !"#*�, &�#� .�8.�&#,!� 

%�!�(.�%(��!� ��),#- /����� � �� !"#�, $%� ��+!" ��%�.��(����"(� )#$ 

�"(,�"(�5!� � (" %��1’6(,.!� � ��),#6�"!!$ � $%��(* (.�%��1�!,!(!� � 

�,%(�.!� � ��1")%��� � 1.�7,�� ��)�: 

( ) ( ) ( ) ( )( ) ( ) TttAttt ∈==Ξ   , , ,, ,, ,,, 21022113 ωωωωξωξ 88 ,                 (2.6) 

"#, 8 &*#-/ %�!%.,(!��, !" �*)�*!� �*) 1.�7,�� (2.5) 8�*�(�� �� � �%#")���0. 

� $%��(* %��1�!,!( ��1")%��� � 1.�7,�� ��)� (2.6) ��%�.��(���6(-�$ 

!"�(�1!*: 

1) %��1�!,!("  ),  - 

1��#*)��!*�(- �("7*�!".!�0 #*!*�!�0 ��1")%���0 1.�7,�*�; 

2) %��1�!,!("  ),  - 

1��#*)��!*�(-  ".��!*8��!�0 1.�7,�*�; 

3) %��1�!,!(" ( ) ( )�
=

Δ=
k

l
l TtItAtA

1
,)(  ), { }kltAl ,1  ),( =  - "1.�%����65* 

<�!%7*; 1.� .,"#*8"7*; ��1")%���; �,#�5�!� ( )00,tωξ  

4) *!)�%"(�.!" <�!%7*$ 8")"'(-�$ ��."8��: 
 

 

 

( ) ( ) ( )�
=

Δ=
n

i
ii TtItt

1
1111 ,,, ωξωξ ( ){ }niti ,1,,11 =ωξ

( ) ( ) ( )�
=

Δ=
n

j
jj TtItt

1
2222 ,,, ωξωξ ( ){ }mjtj ,1,,22 =ωξ

( )
�
�
�

Δ∉
Δ∈

=Δ
.,0

,1
,

j

j
j Tt

Tt
TtI



32 

* !" 1."%(�7* <�.��'(-�$ ��(('���� 5"������ ���,!("�� .�8#")� �)!�.*)!��(* 

(�("7*�!".!��(*) )��#*)+��"!�0 %��1�!,!(. �!/��� �#��"�� - *!(,.�"#"�� 

�)!�.*)!��(*  )��#*)+��"!�0 

%��1�!,!(. 

 

2.3. ��),#- /����� � �� !"#� � 5"���*� �&#"�(* – #*!*�!�� 

��1")%���� 1.�9,� 

 

��%�.��("!!$  "������0 #*!*�!�0 ��1")%���0 1.�7,�*� � $%��(* �)!*'; 8 

%��1�!,!( /����� � �� !"#� 1��'$8"!� 8 !"�(�1!��� �&�("��!"�� [33, 35 – 36, 

50]: 

-  "�����* ��1")%��* 1.�7,�� �)!�8!"5!� 8")"6(-�$ �"(.�7,6 

%�.,#$7*�!�0 ���,!(*�, (��� ��),#6�"!!$ ;0 � ."�%"0 %�.,#$7*�!�; (,�.*; 

.*�!���#-!� ��),#6�"!!6 1� 8")"!�0 &" "(����*.!�0 .�81�)*#"0; 

- ��),#6�"!!$ ��1")%���0 !, "������0 1.�7,�*� 8��)�(-�$ )� 

��),#6�"!!$  "������0 ��1")%���0 1.�7,�*� 8 1�)"#-/�� �*)(��.,!!$� 

8")"!� � 1,.,(��.,!!$, )#$ 5� � )��("(!-� 8"&,81,5�(� #�/, !,�&0*)!* 

%�.,#$7*�!* 8�'$8%� ��0*)!�0 ( "������0) 1.�7,�*�; 

- &" "(����*.!* 8"%�!� .�81�)*#� !, "������0 ��1")%���0 1.�7,�*� �"+%� 

�(.��"(� (,�.,(�5!� * ,%�1,.��,!("#-!�. A0 %�.,#$7*�!* ���,!(� 8"8��5"� 

��8!"5"6(-�$ 8!"5!� 1.��(*/,.  

�,.,�),�� &,81��,.,)!-� )� )��#*)+,!!$ #*!*�!� � ��1")%��� � 1.�7,��. 

(�������
�$ ������. �*!*�!�� ��1")%���� 1.�7,��� !"8��"'(-�$ 1.�7,� 

��)� 

( ) ( ) ( )
0

, , ,t t dξ ω ϕ τ η ω τ
∞

= � ,                                        (2.7) 

),  – !,��1")%��" <�!%7*$ )��0 ". ��,!(*�, <*8�5!" *!(,.1.,("7*$ $%�; ' 

*�1�#-�!" 1,.,0*)!" <�!%7*$ #*!*�!� � <*#-(." � 8" "#-!��� ��1")%� 8 

[ ) [ ) [ ] [ ]TTTTTT nn ,0,...,,0 1211 =ΔΔ∪∪ΔΔ∪Δ −

( )t,τϕ
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8"#,+!��� �*) 5"�� 1"."�,(."��, " ��1")%���� 1.�7,�  ' 1.�7,��� 8 

!,8"#,+!��� (!,%�.,#-��"!���) 1.�.��("��. �,(,.�*!��"!� <�!%7*6  

!"8��"6(- $).�� *!(, ."#-!� � 8�&."+,!!$ (2.7), " 1.�7,�  - 

1�.�)+�65��. 

4% 1."��#�, 1.� ��%�.��("!!* #*!*�!�0 ��1")%���0 1.�7,�*� ���" "'(-�$, 

=�& 1.�7,�  &��  *#-&,.(����, (�&(�, =�& . �#$ 

7-� � !,�&0*)!�, =�& )��1,.�*$ 1.�.��(*� 1.�7,��  &�#" �%*!5,!!�6, " 

)#$ $)."  ��%�!��"#"�- ����" . 

�#"� #*!*�!�0 ��1")%���0 1.�7,�*� ' 8"�%!,!�� �*)!��!� #*!*�!�0 

1,.,(��.,!-, $%* � )"!��� ��1")%� 8��)$(-�$ )� �*)1��*)!�0 #*!*�!�0 

1,.,(��.,!- ;0 !,��1")%���0 $),. . 

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

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

                                  (2.8) 

�#$ (� �, =�& #*!*�!�� ��1")%���� 1.�7,� &�� �("7*�!".!��, !,�&0*)!� * 

)��("(!-�, =�& �� � $).� 8"#,+"#� #�/, �*) .*8!�7* ". ��,!(*�, (�&(�  

 
 

1.� 7-��� 8�&."+,!!$ (2.7) !"&��"' �� #$)�  

.                                    (2.9) 

�#$ �("7*�!".!� � #*!*�!� � ��1")%��� � 1.�7,�� (2.9) ��."8� (2.8) �"6(- 

!"�(�1!�� �� #$): 

( )τωη ,

( )t,τϕ

( )τωη ,

( )t,ωξ ( ){ } Ttt ∈∀∞<     ,, 2ωξM

( )τωη ,

( )t,τϕ ( )[ ] Ttdt ∈∀∞<�
∞

∞−
   ,, 2 ττϕ

( )t,τϕ

( ){ } ( )

( ){ } ( )

( ) ( ) ( ) . ,  ,,,,

,,,

,,,

2121
2

21

22

TttdttttR

dtt

dtmt

∈=

=

=

�

�

�

∞

∞−

∞

∞−

∞

∞−

ττϕτϕσ

ττϕσωξ

ττϕωξ

D

M

( ) ( ) τϕτϕτϕ −==−= tsstt    ),(,

( ) ( ) ( )�
∞

−=
0

,, τωητϕωξ dtt
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��0*)!" 1.�7,��  ' 1.�7,��� &*#� � /���. ���� 

!"�(�1!�� ��."8  

                                          (2.10) 

&*#-/ 5*(%� .�8%.��"' <*8�5!� *!(,.1.,("7*6 �,(�)� �(�0"�(�5!�0 *!(, ."#-!�0 

8�&."+,!- ��1")%���0 1.�7,�*� $% #*!*�!� <*#-(."7*6 1.�7,�� (�1� &*#� � /��� 

. 

#������
�$ ������. �*!*�!" ��1")%��" 1��#*)��!*�(- $% 5"�(�!!�� 

��1")�% !,1,.,.�!� � #*!*�!� � ��1")%��� � 1.�7,�� (2.7) �1���'(-�$ ��."8�� 

,                                   (2.11) 

),  – 1�.�)+�65�� �("7*�!".!�� &*#�� /�� 8 )��%.,(!�� 5"��� 8 

1"."�,(."��  , "  – )�����*.!" *�1�#-�!" 

1,.,0*)!" <�!%7*$ <�.��65� � #*!*�!� � )��%.,(!� � <*#-(." 8* 8�*!!��� � 5"�* 

1"."�,(."��. 

�*!*�!" ��1")%��" 1��#*)��!*�(- (2.11) ' �("7*�!".!�6, $%=� 

, (�&(� *�!�' <�.��65�� )��%.,(!�� <*#-(. 8 1��(*�!��� � 

5"�* 1"."�,(."�� * �*)1��*)!� ��+!" �(.��"(�  

                                   (2.12) 

8 !"�(�1!��� 0"."%(,.��(�%"�� 

( ){ } ( )

( ){ } ( )

( ) ( ) ( ) ( ) .  ,)(,

,,

,,

12
2

1221

22

ttdssstRttRttR

constdsst

constdssmt

−=+==−=

==

==

�

�

�

∞

∞−

∞

∞−

∞

∞−

ττϕϕσ

ϕσωξ

ϕωξ

D

M

( ) ( )τωζτωη ,,' =

( ) ( ) ( ) ττωζτϕωξ dtt �
∞

=
0

,,,

( )τωζ ,

( ) ( ) ( )�
∞

=
=

0
,,,

n
nhkhnhkh ωζϕωξ

( )nh,ωζ

( ){ } ( ){ } 2,  ;, στωζτωζ == DM m ( )khnh,ϕ

( ) ( )( )hnkkhnh −≡ϕϕ ,

( ) ( )( ) ( )�
∞

=
−=

0
,,

n
nhhnkkh ωζϕωξ
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�*!*�!* ��1")%��* 1��#*)��!��(* $% %��1�!,!(� ��),#* /�����0 �� !"#*� 

��+�(- &�(� ��%�.��("!* � !"�(�1!�0 1.�%#")!�0 8")"5"0: 

- � $%��(* ��),#,� (�1���0 8"�") � .")*�,#,%(.�!!�0, .")*�<*8�5!�0, 

 *).�"%��(�5!�0 ���(,�"0, ("%�0 $% (,1#��*, ).�&��*, �*&.�"%��(�5!*, 

 *).�"%��(�5!* /���, RC- * RLC-/���, <#*%%,.-/��� [35]. 

- ��%�.��("!!$ %�!�(.�%(��!� � 8�&."+,!!$ #*!*�!� � ��1")%��� � 

1.�7,�� 1� ��(* ' "# �.�(��� <�.���"!!$ .,"#*8"7*� ("%� � 1.�7,��, =� )"' 

��+#��*�(- 1.���)�(� �&5��#6�"#-!* ,%�1,.��,!(� .�8�’$8"!!$ 8")"5 )*; 

/�����0 �� !"#*� � (,0!*5!�0 ���(,�"0. 

- � %#"�* !,�("7*�!".!�0 #*!*�!�0 ��1")%���0 1.�7,�*� !"�&*#-/ 

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

/�����0 8"�") 8 1,.*�)�5!��� 0"."%(,.��(�%"��. 

�����* �� !"#� � �� #$)* #*!*�!�0 ��1")%���0 1.�7,�*� ' !"�&*#-/ 

)��#*)+��"!��� � %#"�* ��1")%���0 1.�7,�*�, $%* 8!"�/#� /�.�%, ��%�.��("!!$ 

1.� 1.��,),!!* (,�.,(�5!�0 * 1.�%#")!�0 )��#*)+,!- (,0!*5!�0 ���(,� [24, 35, 

49 – 50]. 

 

2.4. ��),#- /����� � �� !"#� � 5"���*� �&#"�(* –  ".��!*:��!�� 

��1")%���� 1.�9,� 

 


" "#-!�6 ��),##6 /����� � �� !"#� ' �1,%(."#-!, 8�&."+,!!$ 

��1")%��� � 1.�7,��  � �� #$)* %��1#,%�!�8!"5!� � 

 ".��!*8��!� � ��1")%��� � 1.�7,��  
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                                (2.13) 

��1")%���� 1.�7,� (2.13) !"8��"'(-�$ ("%�+  ".��!*8��!�� 1.�7,��� 1� ��'��. 

�!(, ."#-!, �(�0"�(�5!, 8�&."+,!!$  ".��!*8��!� � ��1")%��� � 1.�7,�� 

(2.13) ��+!" 1.,)�("��(� � ��)* �*)1��*)!�; �,+* ( ."!�7*) � 

�,.,)!-�%�")."(�5!��� ����*.!*�!��� �,!�* (l.i.m) ���� !"�(�1!�0 %��1�!,!(, 

%�+!" 8 $%�0 �1���'(-�$ ��."8�� 

,
 

(�&(� *�!�' ���" %��1#,%�!�0  ".��!*5!�0 %�#��"!- 8 ��1")%����� <�!%7*$�� 

"�1#*(�) * <"8 ". ��,!(�  f. 

�" ��!��* %�.,#$7*�!�; <�!%7*;  %��1#,%�!�8!"5!�; ��1")%���; 

<�!%7*; , (�&(� 

 

��8!"5"'(-�$ %�.,#$7*�!" <�!%7*$   ".��!*8��!� � 1.�7,�� (2.13) � ��)* 

 

),  – %��1#,%�!� �1.$+,!�� ��1")%���� 1.�7,� )� 1.�7,�� . 

� %#"�*  ".��!*8��!�0 ��1")%���0 1.�7,�*� !"�&*#-/ )��#*)+��"!��� ' 

!"�(�1!* ��),#*. 

��	���
	�
� ���	����� �������. �*��!�� �("7*�!".!��  ".��!*8��!�� 

��1")%���� 1.�7,�, $% 5"�(�!!�� ��1")�% �"' !"�(�1!�� ��) [24, 31, 36, 50] 

,               (2.14) 

), �*)1��*)!� ��1")%��* <�!%7*;  (" – ' <�!%7*$�� 8 

�.(� �!"#-!��� 1.�.��("��. 
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∞
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4%=� 1,.,�(� )� )��%.,(!� � ��1")%�, (� !,�&0*)!� 1"�’$("(�, =� 

�("7*�!".!�� ��1")%���� 1.�7,�  8 )��%.,(!�� 5"��� 8")"'(-�$ !" 

,%�*)*�("!(!*� 5"���*�  ."(7* 

,                                      (2.15) 

),  –� %.�% 5"����;  ."(%�, " �"� 1.�7,� � ��)*  *�,!�'(-�$ 

�("7*�!".!�6 ��1")%���6 1��#*)��!*�(6. 


 �."0��"!!$� ��."8*� (2.14) * (2.15) )*��!" �("7*�!".!" ��1")%��" 

1��#*)��!*�(- �"' ��) 

,              (2.16) 

),  – )*��!* ��1")%��* <�!%7*; 8 �.(� �!"#-!��� 

1.�.��("��. 

��.,#$7*�!" <�!%7*$ �("7*�!".!�; 1��#*)��!��(* (2.16) ��8!"5"'(-�$ 

��."8�� 

 

), �1,%(."#-!" <�!%7*$  ' !,�1")!�6, !,1,.,.�!�6 8#*�" <�!%7*'6, )#$ 

$%�; �"' �*�7, 

�

 

)�������
� �����!��	
�$ �	���
����
�$ ��������$ ������. 

�".��!*8��!�� ��1")%���� 1.�7,�  ��)� (2.14) !"8��"'(-�$ 

1,.*�)�5!� 8 1,.*�)��  %�.,#-��"!��, $%=� �� � %�.,#$7*�!" <�!%7*$ 

8")���#-!$' ����* 

.                  (2.17) 

�#$ 0"."%(,.��(�%� %�.,#$7*�!� � 8�’$8%� 8!"5,!- 1,.*�)�5!� 

%�.,#-��"!� � 1.�7,��  ���)�(-�$ <�!%7*$ 
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)#$ $%�; ����" (2.17) 1.���"' ��) 

� 
 

�,.*�)�5!� 1� ". ��,!(� t <�!%7*6  ��+!" .�8%#"�(� � .$) @�.’' 

 

), %�,<*7*'!(�  

 

	!"#*8 �(.�%(�.� 1,.*�)�5!� %�.,#-��"!� � 1.�7,��  )"� 

��+#��*�(- �&>.�!(��"(� �"+#���� )#$ 1."%(�5!�0 8")"5 .,8�#-("( .�8%#")� 

1.�7,��  !" 1��#*)��!*�(- �("7*�!".!�0 * �("7*�!".!� 8�’$8"!�0 %��1�!,!( 

� ��)* [24, 40, 56] 

� 

���#*)��!*�(- ��1")%���0 1.�7,�*�  $% %��1�!,!( .�8%#")� 

1,.*�)�5!� %�.,#-��"!� � 1.�7,��  ' �("7*�!".!��� * �("7*�!".!� 

8�’$8"!��� 1.�7,�"��.  

�"%�� 5�!��, 8" "#-!�6 �"(,�"(�5!�6 ��),##6 /�����0 �� !"#*� 8 

 ".��!*5!��� %��1�!,!("�� ' !,�("7*�!".!��  ".��!*8��!�� ��1")%���� 

1.�7,� ��)� (2.13). �"�&*#-/ �"+#���6 �#"�(��*�(6 �(.�%(�.� 1,.*�)�5!� 

%�.,#-��"!� � 1.�7,�� ' (,, =� ("%" ��),#- )"' ��+#��*�(- ��%�.��("(� 

1�(�+!�� "1"."( )��#*)+,!- �("7*�!".!�0 1.�7,�*� )#$ )��#*)+,!!$ 

!,�("7*�!".!�0 �� !"#*� 8 .*8!��� <*8�5!��� �,0"!*8�"�� <�.���"!!$ 

 ".��!*5!�0 %�#��"!-. 

  

( ) ( )ttRtB ,, ττ +=

( ) ( )tTtRtB ,, 0+=τ

( )τ,tB

( ) �
∞

−∞=
=

k

t
T

k
i

k eBtB 0
2

)(,
π

ττ

( ) ( )�
−

−
=

2

2

2

0

0

0

0,
1

T

T

t
T

k
i

k etB
T

B
π

ττ

( )t,ωξ

( )t,ωξ

( ) ( ) ( )� ��
∞

−∞= −

∞

−∞=
==

k

T

T
k

ftiT

k
i

k

T

k
i

k fdZeeett
0

0

00
21

21

2
22

,,, ωωζωξ π
ππ

( ){ }tk ,ωζ

( )t,ωξ



39 

	��
�� 3. ����’3��	�� ��
��3�
��4 ������� 

����
��� 

 

3.1. ���&#����(* %��1’6(,.!� � ��),#6�"!!$ /�����0 �� !"#*� 
 

�)!*'6 8 "%(�"#-!�0 8")"5 )��#*)+,!!$ 1,.,(��.,!- *!<�.�"7*�!�0 

�� !"#*� � (,0!*5!�0 ���(,�"0 ' ��),#665�� ,%�1,.��,!( 8 ��%�.��("!!$� 

/�����0 �� !"#*�. 4% 1."��#�, � $%��(* 1,.��!!� � ��1")%��� � 1.�7,�� )#$ 

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

«&*#� � /���» 8 .*�!��*.!�� "&� !�.�"#-!�� 8"%�!"�� .�81�)*#� [32, 45]. � 

1�)"#-/��� )#$ <�.���"!!$ 8")"!� � /����� � �� !"#� 1.���)$(- �*)1��*)!* 

.*8!* #*!*�!* (" !,#*!*�!* 1,.,(��.,!!$ ("%� � ��1")%��� � 1.�7,�� [21]. 


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

�(.��"!!$ .,"#*8"7*� &*#� � /���, "#, 5"�(*/, 8" ��, ���%.,�#66(- 

1.� ."�!�� �,(�)  ,!,.��"!!$ 1�,�)���1")%���; 1��#*)��!��(* [58, 66], "!"#*8� 

$%� � * &�), 1.���$5,!� )"!�� .�8)*#. 

�,!,."(�.� 1�,�)���1")%���0 1��#*)��!��(,� 5��,# /�.�%� 

��%�.��(���6(-�$ )#$ ��.*/,!!$ .*8!�1#"!���0 !"�%���-(,0!*5!�0 8")"5, 

!"1.�%#"), )#$ ��),#6�"!!$ ��1")%���0 /�����0 �� !"#*� "&� "!"#*8� 

<�!%7*�!��"!!$ �%#")!�0 ���(,� � ����"0 �1#��� 8"�") [21, 45, 58, 60, 66]. � 

("%�0 8")"5"0 �"6(- �*�7, �".*"!(�, %�#� !, �%"8"!* �&�,+,!!$ !" �("(��(�5!* 

0"."%(,.��(�%� 1�,�)���1")%���0 1��#*)��!��(,�, "&� 8 �".*"!("��, %�#� (.,&" 

�<�.���"(� 1��#*)��!��(* 8 !"1,.,) 8")"!��� 0"."%(,.��(�%"�� (" 8"%�!�� 

.�81�)*#�. � ��("!!-��� ��1")%� ��!�%"' 1.�&#,�" �("(��(�5!�; �&’'%(��!�; 

%*#-%*�!�; �7*!%� �(�1,!6 �*)1��*)!��(*  ,!,."(�.*� 1�,�)���1")%���0 5��,# 

8")"!��� 8"%�!� .�81�)*#� /����� � �� !"#�. 

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

)�8��#$6(- 1.���)�(� 1�1,.,)!*� "!"#*8 1.�)"(!��(* 1��#*)��!��(,�, 

�<�.���"!�0  ,!,."(�."�� 1�,�)���1")%���0 5��,#. �.� ."�!, 8"&,81,5,!!$ 
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(" �1�� (,�(*�, $%* .,"#*8�6(-�$ )"!��� 1"%,("�� 1.�%#")!�0 1.� ."� ' 

8" "#-!�)��(�1!�� [59, 63, 65, 67 – 68]. �1��� ("%�0 (,�(*� �*�($(-  %��1#,%�!* 

1.� ."�� ��1.�&��"!-  ,!,."(�.*� 1�,�)���1")%���0 5��,# (" 1.�7,)�.� 

�&5��#,!!$ 8" "#-!� � 1�%"8!�%" $%��(*, $%�� �."0���' .,8�#-("(� �*) ��*0 

(,�(*�, $%* �0�)$(- � )"!�� 1.� ."�!�� 1"%,(. � (�� +, 5"� .�8.�&!�%� 

"# �.�(�*� <�.���"!!$ 1�,�)���1")%���0 5��,# 1.�1�!�6(- ���; 8"��&� 

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

8"�+)� ��%�.��(���6(- %��1#,%(� (,�(*�, .,%��,!)��"!* NIST (National Institute 

of Standards and Technology) "&� *!/��� "�(�.�(,(!��� �. "!*8"7*$�� [1, 22, 25, 

51]. 	#, ��* �%"8"!* 8"��&� 8"�!��"!* ��%#65!� !" �7*!7* (,�(*�, $%* (*#-%� 

1*)(�,.)+�6(-  *1�(,8� 1.� ��1")%��*�(- 1��#*)��!��(,� 5��,#.  

	!"#*8 1�&#*%"7*� 1� 1,.,�*.7*  ,!,."(�.*� 1�,�)���1")%���0 5��,# )"' 

��+#��*�(- �&>.�!(��"(� "%(�"#-!*�(- .�8.�&%� .,%��,!)"7*� 1� ��&�.� 

 ,!,."(�.*� 1�,�)���1")%���0 5��,# 1.� ��),#6�"!!* /�����0 �� !"#*�. �"%, � 

[1, 21, 53] !"�,),!" 8!"5!" %*#-%*�(- %.�(,.*;� �8 �)+,!!$ ��1")%��� � �� !"#� 

(" �� � %��1’6(,.!�; ��),#* – .,"#*8"7*; !" ��!��* &*#� � /���. �.�(, �*)��(!$ 

*!<�.�"7*$ 1.� 1.��!$(($ .*/,!!$, $%�� �"�,  ,!,."(�. 1�,�)���1")%���; 

1��#*)��!��(* 5��,# 1�(.*&!� ��%�.��(����"(� * )#$ $%� � ��1")%�. � [32, 51] 

�1��"!� "!"#*8 .$)" 0"."%(,.��(�% .,"#*8"7*� &*#� � /���, 8" )�1��� �6 $%�0 

��+!" 8.�&�(� ���!���% 1.� )�7*#-!*�(- ��%�.��("!!$ (� � 5� *!/� � 

 ,!,."(�." 1�,�)���1")%���0 5��,#. �.*� (� �, � )"!�0 .�&�("0 !"�,),!� �7*!%� 

�,(.�#� *5!�0 0"."%(,.��(�% .,"#*8"7*� &*#� � /���, "#, !, �1��"!� ')�!� 

�,(�)�%� 8!"0�)+,!!$ ("%� �  ,!,."(�." 1�,�)���1")%���0 5��,#, $%�� &� 

�)!�8!"5!� )"�"� �*)1��*)- !" 1�("!!$ – $%�� 8  ,!,."(�.*� 1�,�)���1")%���; 

1��#*)��!��(* 5��,# !"�&*#-/, 1*)0�)�(- 8" 0"."%(,.��(�%"�� $%��(* )#$ 

�(.��"!!$ 8")"!�0 .,"#*8"7*� &*#� � /���? 

�" ��!��* "!"#*8� .,8�#-("(*� �*)���0 1�&#*%"7*�, �&>.�!(��"!� 

.,%��,!)"7*; 1� ��&�.�  ,!,."(�." 1�,�)���1")%���0 5��,#, .�81�)*#,!�0 8" 

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

 ,!,."(�." .,%��,!)��"!� 1.���)�(� 8" �0,��6, 1�%"8"!�6 !" .��. 3.1. 

 

���. 3.1. �(.�%(�.!�-#� *5!" �0,�" )#$ �7*!%� .,"#*8"7*� &*#� � /��� 

 

� $%��(* %.�(,.*;� )#$ 1,.,�*.%�  *1�(,8 1.� .*�!��*.!*�(- )��#*)+��"!�; 

.,"#*8"7*; ��%�.��(����"#��$ %.�(,.*� ��#�� �.��"-��*.!��" (" 2χ  -%.�(,.*�. 

4% ��)!� 8 .��. 3.1, 1,.,) .�8."0�!%�� 0"."%(,.��(�% $%��(*  ,!,."(�.*�, 

!,�&0*)!� &�#� 1.��,�(� ),$%*  ."<*5!* (,�(�, 1*) 5"� $%�0 &�#� 1�&�)��"!� 

"�(�%�.,#$7*�!� <�!%7*6 ("  *�(� ."�� �(.��"!�; .,"#*8"7*;. �"% 8�"!�� 

«%�.,#$7*�!�� /��» [51] �(.���'(-�$ 8 !�.���"!�; "�(�%�.,#$7*!�; <�!%7*; 

/#$0�� ��#�5,!!$ 8 !,6 �)�!�7* 1.� �*)��(!��(* /���. �.�%#") �(.��"!!$ 

%�.,#$7*�!� � /��� )#$  ,!,."(�." 1�,�)���1")%���0 5��,# 8 .*�!��*.!�� 

8"%�!�� .�81�)*#� 1�%"8"!� !" .��. 3.2. 

�"% $% (,�.,(�5!* 8!"5,!!$ �"(,�"(�5!� � �1�)*�"!!$ (" )��1,.�*; )#$ 

.*�!��*.!� � 8"%�!� .�81�)*#� 8" "#-!��*)��*, (� 8!"0�)+,!!$ �*)!��!�; 

1�0�&%� �(.��"!� � �,.,)!-� � (" �,.,)!-�%�")."(�5!� � �*)0�#,!!$ (���) 

.,"#*8"7*� &*#� � /��� ' )���(- 1.��(��. 
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���. 3.2. �."<*% �("(��(�5!�; �7*!%� "�(�%�.,#$7*�!�; <�!%7*;  

(") &*#� � /��� (" �*)1��*)!� � ;� %�.,#$7*�!� � /��� (&) 

 

�#$ .�8."0�!%� 0"."%(,.��(�% $%��(*  ,!,."(�.*� &*#� � /��� 8" 

 ."<*5!��� (,�("�� !,�&0*)!� &�#� 8!"�(�: 

- %*#-%*�(- 8!"5,!- "�(�%�.,#$7*�!�; <�!%7*;, $%* 1,.,��=��"#� 8")"!�� 

)�1��(���� 1�.*  (1�.*  �&�."'(-�$ 8" .,8�#-("("�� &" "(�."8��� � 

�("(��(�5!� � ��),#6�"!!$); 

- �"%���"#-!, 8!"5,!!$ %�.,#$7*�!� � /���; 

- �"%���"#-!, �*)0�#,!!$ 8!"5,!-  *�(� ."�� �*) �)�!�7*. 

�" ��!��* 0"."%(,.��(�%, �1��"!�0 ��=,, 1.���"'(-�$ .*/,!!$ 1.� ��&*. 

 ,!,."(�." 1�,�)���1")%���; 1��#*)��!��(* 5��,#. �#$ 7-� � ��%�.��(���'(-�$ 

�,(�) �".,(� )#$ ��.*/,!!$ &" "(�%.�(,.*"#-!�0 8")"5, 8" .,8�#-("("�� $%� � 

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

.*/,!!$, )#$ $%�0 !, *�!�' )��*!�65�0 � &" "(�%.�(,.*"#-!*� 8")"5* [9]. 

 

3.2. 
��#*)+,!!$  ,!,."(�.*� 1�,�)���1")%���0 5��,# )#$ 

��),#6�"!!$ /�����0 �� !"#*� 

 

�#$ %��1'6(,.!� � ��),#6�"!!$ /�����0 �� !"#*� 8"8��5"� 

��%�.��(���6(-  ,!,."(�.� 1�,�)���1")%���0 5��,# 8 .*�!��*.!�� 8"%�!�� 

.�81�)*#�, ��&*.%" $%� � 1*8!*/, (."!�<�.��'(-�$ � ��&*.%� 8 !,�&0*)!�� 

%�.��(��"5� 8"%�!�� .�81�)*#�. ��+5, &�)�(- 1.,)�("�#,!* .,%��,!)"7*; 1� 

��&�.�  ,!,."(�.*� 1�,�)���1")%���0 5��,# 8 .*8!��� �&''�"�� ��&*.%�. 
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�" "#-!" �,(�)�%" ��),#-!� � )��#*)+,!!$. � $%��(*  ,!,."(�.*� 

1�,�)���1")%���; 1��#*)��!��(* 5��,# &�#� ��%�.��("!* !"�(�1!*: 

- �,(�) �".(*!", ), !"�(�1!, 5��#� 8 1��#*)��!��(* �&�."'(-�$ 8" 

<�.��#�6 

, 

),  �8!"5"6(- �1,."7*6 �8$(($ ).�&���; 5"�(�!� 5��#��� � )�&�(%�, =� 

�*�(�(-�$ �*+ 7��� )�+%"��; 

- %�! .�,!(!�� �,(�), ), !"�(�1!, 5��#� 8 1��#*)��!��(* �&�."'(-�$ 8" 

<�.��#�6 

 

1.� 5��� � $%��(* 8!"5,!- a, c, m ��%�.��(����"#��$ .*8!* 8!"5,!!$, $%* !"�,),!* 

� [21]; 

- �&�)��"!�� � �,.,)���=* Matlab  ,!,."(�. 8 .*�!��*.!�� 8"%�!�� 

.�81�)*#� (<�!%7*$ unifrnd). 

�#$ )��#*)+,!!$ .,"#*8"7*� /����� � �� !"#� ��%�.��(����"#��$ ��&*.%� 

�&’'��� �*) 100 )� 1000 ,#,�,!(*�.  

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

)��#*)+,!!$ )#$ .*8!�0 8!"5,!- c (" 1* : � $%��(* ��&*.%� B 1 �8$(� ��&*.%� 8* 

8!"5,!!$�� � = 7875, 1*  = 0,1663; � $%��(* ��&*.%� B 2 - � = 6075, 1*  = 0,1283; 

" � $%��(* ��&*.%� B 3 - � = 714025, 1*  = 0,150889.  

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

)��#*)+,!!$ )#$ .*8!�0 8!"5,!- a, c, m: � $%��(* ��&*.%� B 1 �8$(� ��&*.%� 8* 

8!"5,!!$�� m = 7875, c = 1663, a = 211; � $%��(* ��&*.%� B 2 - m = 6075, c = 1366, 

a = 1283; " � $%��(* ��&*.%� B 3 - m = 714025, c = 4096, a = 150889. 

�" ��!��* ��%�.��("!!$ %.�(,.*;� ��#�� �.��"-��*.!��" (" -%.�(,.*6 

1*)(�,.)+,!"  *1�(,8" 1.� .*�!��*.!*�(- .�81�)*#� 8!"5,!- )��#*)+��"!�0 

.,"#*8"7*� $% )#$ �,(�)" �".(*!", ("% * )#$ %�! .�,!(!� � �,(�)" (" �&�)��"!� � 

 ,!,."(�.". 

] [nn XcX ×=+1

] [�

( ) mcaXX nn mod1 +=+

2χ
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	,:�#-("(� )��#*)+,!- )#$ ��&*.%� 100 ,#,�,!(*�. �,8�#-("(� �7*!�% 

$%��(* )��#*)+��"!�0 .,"#*8"7*� )#$ ��&*.%� �&’'��� 100 ,#,�,!(*� !"�,),!� � 

("&#. 3.1. 

� ("&#. 3.1 ((" )"#* � ("&#. 3.2 (" ("&#. 3.3) �7*!%� $%��(*  ,!,."(�.*� 

1�8!"5,!* ("%: 

- ��1 - �*)!��!" 1�0�&%" �"(,�"(�5!� � �1�)*�"!!$, %; 

- ��2 - �*)!��!" 1�0�&%" )��1,.�*;, %; 

- ��3 - %*#-%*�(- 8!"5,!- "�(�%�.,#$7*�!�; <�!%7*;, $%* 1,.,��=�#� 

8")"!�� )�1��(���� 1�.* ; 

- ��4 - �"%���"#-!, 8!"5,!!$ %�.,#$7*�!� � /���; 

- ��5 - �"%���"#-!, �*)0�#,!!$ 8!"5,!-  *�(� ."�� �*)!��!� 1. 

 

�"&#�7$ 3.1 

	,:�#-("(� �9*!�% $%��(*  ,!,."(�.*� 1�,�)���1")%���0 5��,# )#$ 

��&*.%� �&’'��� 100 ,#,�,!(*� 

�,(�) 

 ,!,.��"!!$ 

1��#*)��!��(,� 

B 

��&*.%� 
��1 ��2 ��3 ��4 ��5 

�,(�) �".(*!" 

1 0,167 11,525 4 0,157 0,733 

2 1,099 17,901 4 0,261 0,733 

3 8,046 12,493 2 0,222 0,857 

��! .�,!(!�� 

�,(�) 

1 0,629 12,907 1 0,150 0,571 

2 5,037 7,857 3 0,181 0,615 

3 2,415 0,352 1 0,110 0,929 

�&�)��"!�� 

 ,!,."(�. 
- 0,402 0,712 0 0,039 0,109 

 

	,:�#-("(� )��#*)+,!- )#$ ��&*.%� 1000 ,#,�,!(*�. �,8�#-("(� 

!"�,),!� � ("&#. 3.2. 
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�"&#�7$ 3.2 

	,:�#-("(� �9*!�% $%��(*  ,!,."(�.*� 1�,�)���1")%���0 5��,# )#$ 

��&*.%� �&’'��� 1000 ,#,�,!(*� 

�,(�) 

 ,!,.��"!!$ 

1��#*)��!��(,� 

B 

��&*.%� 
��1 ��2 ��3 ��4 ��5 

�,(�) �".(*!" 

1 0,581 5,317 38 0,062 0,442 

2 1,271 1,818 54 0,085 0,467 

3 1,635 3,449 50 0,094 0,510 

��! .�,!(!�� 

�,(�) 

1 0,143 1,016 28 0,170 0,219 

2 3,156 0,107 56 0,076 0,553 

3 2,414 0,254 48 0,097 0,449 

�&�)��"!�� 

 ,!,."(�. 
- 0,402 0,712 27 0,054 0,264 

 

	,:�#-("(� )��#*)+,!- )#$ ��&*.%� 10000 ,#,�,!(*�. �,8�#-("(� 

!"�,),!� � ("&#. 3.3. 

 

�"&#�7$ 3.3 

	,:�#-("(� �9*!�% $%��(*  ,!,."(�.*� 1�,�)���1")%���0 5��,# )#$ 

��&*.%� �&’'��� 10000 ,#,�,!(*� 

�,(�) 

 ,!,.��"!!$ 

1��#*)��!��(,� 

B 

��&*.%� 
��1 ��2 ��3 ��4 ��5 

1 2 3 4 5 6 7 

�,(�) �".(*!" 

1 1,188 1,149 279 0,034 0,371 

2 0,218 0,043 315 0,030 0,319 

3 0,191 0,619 296 0,035 0,348 
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1 2 3 4 5 6 7 

��! .�,!(!�� 

�,(�) 

1 0,094 0,138 75 0,799 0,125 

2 0,194 0,315 97 0,585 0,143 

3 0,872 0,259 254 0,029 0,309 

�&�)��"!�� 

 ,!,."(�. 
- 0,600 0,350 532 0,068 0,500 

 

�#$ �,(�)� �".(*!" (" %�! .�,!(!� � �,(�)�  ,!,.��"!!$ 

1�,�)���1")%���; 1��#*)��!��(* 5��,# 1.���)�#��$ 1� (.� ,%�1,.��,!(� )#$ 

��&*.�% .*8!� � �&’'�� 8 .*8!��� 1�5"(%����� 8!"5,!!$��. ����, )#$ (� �, =�& 

8.�&�(� ��&*.  ,!,."(�.", �1�5"(%� !,�&0*)!� �&>.�!(��"(� ��&*. (*'; 5� *!/�; 

��&*.%� )#$ )��0 8"8!"5,!�0 �,(�)*�  ,!,.��"!!$. 

�"%, 8 *)!� 8 )"!��� � ("&#. 3.1 (" ��%�.��("!!$� 1".,(���-%�0 .*/,!- )#$ 

&" "(�%.�(,.*"#-!�0 8")"5, )#$ .,"#*8"7*; &*#� � /��� �,(�)�� �".(*!" �&’'��� 

��&*.%� 100 ,#,�,!(*� %."=, ��&."(� ��&*.%� B 1, )#$ %�! .�,!(!� � �,(�)" 

("%�+ %."=, ��&."(� ��&*.%� B 1. 

�"%�+, 8 *)!� 8 ("&#. 3.2, )#$ ��&*.�% �&’'��� 1000 ,#,�,!(*� )#$ .,"#*8"7*; 

&*#� � /��� �,(�)�� �".(*!" %."=, ��&."(� ��&*.%� B 1, " )#$ �(.��"!!$ 

.,"#*8"7*� &*#� � /��� %�! .�,!(!�� �,(�)�� ("%�+ %."=, ��&."(� ��&*.%� 

B 1. 

�,�&0*)!� 8�,.!�(� ��" �, =� 8 *)!� 8 )"!��� ("&#. 3.1 (" ("&#. 3.2, )#$ 

��&*.�% �&’'��� 100 (" 1000 ,#,�,!(*� !"�&*#-/ �" ���6 8" �7*!%"� $%��(* ' 

�(�1*!- �*)1��*)!��(* .,"#*8"7*� /����� � �� !"#�, �(.��"!� � 8" )�1��� �6 

�&�)��"!� �  ,!,."(�." (<�!%7*$ unifrnd). 

	#, )#$ ��&*.�% &*#-/� � �&’'�� .,8�#-("(� �+, .*8!$(-�$. �"%, 8 *)!� 8 

)"!��� � ("&#. 3.3 (" ��%�.��("!!$� 1".,(���-%�0 .*/,!- )#$ 

&" "(�%.�(,.*"#-!�0 8")"5, )#$ .,"#*8"7*; &*#� � /��� �,(�)�� �".(*!" �&’'��� 

��&*.%� 10000 ,#,�,!(*� %."=, ��&."(� ��&*.%� B 2, " )#$ �(.��"!!$ .,"#*8"7*� 

&*#� � /��� %�! .�,!(!�� �,(�)�� %."=, ��&."(� ��&*.%� B 1. 
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�.� 1�.*�!$!!* �7*!�% $%��(*  ,!,."(�.*� 1�,�)���1")%���; 1��#*)��!��(* 

5��,# �&’'��� ��&*.%� 10000 ,#,�,!(*� ��+!" 8.�&�(� ���!���%, =� !"�&*#-/ 

�" ���6 ' �(�1*!- �*)1��*)!��(* .,"#*8"7*� /����� � �� !"#�, �(.��"!� � 8" 

)�1��� �6 %�! .�,!(!� � �,(�)". 

�"%* .,8�#-("(� 8����#,!* (��, =� 1.� ��%�.��("!!* �,(�)*�, ("%�0 $% 

%�! .�,!(!�� "&� �,(�) �".(*!", )#$ �"#�0 �&’'�*� ��&*.%� (1�.$)%� 100-3000 

,#,�,!(*�) .,8�#-("(� !, ��+�(- !���(� 1��!*�(6 ��1")%���� 0"."%(,., "#, 1.� 

��%�.��("!!* ��&*.�% )��("(!-� �,#�%� � �&’'�� (&*#-/, 3000 ,#,�,!(*�), 

�&�)��"!*  ,!,."(�.� )"6(-  *./* .,8�#-("(�. 

 

3.3. ��!��� �(��.,!!$ "# �.�(�*5!�-1.� ."�!� � :"&,:1,5,!!$ 

)#$ ��),#6�"!!$ /�����0 �� !"#*� 

 

�,.,) (��, $% 1,.,�(� &,81��,.,)!-� )� �1��� "# �.�(�� ��),#6�"!!$ 

/�����0 �� !"#*� !,�&0*)!� !"�,�(� ),$%* �8!"5,!!$ * �#"�(����(* .*8!�7,��0 

�(�0"�(�5!�0 .*�!$!-, $%* !"8��"6(- "�(�., .,�*�!���. 

�,.,) *���*.!*�!�0 ��),#,�, =� �1���6(- .,"#-!* $��=", 1.��(���, 

%�!�(.�%(��!� 8")"!��� ' 1.�7,�� "�(�., .,�*;, $%* ��+!" 1�)"(� � ("%��� 

�� #$)*:  

,                             (3.1) 

),  – 1��#*)��!*�(- %�,<*7*'!(*� "�(�., .,�*;;  – 

)��%.,(!�� &*#�� /�� 8 !�#-���� �"(,�"(�5!�� �1�)*�"!!$� ( ) 

* )��1,.�*'6 ;  – 1�.$)�% .*�!$!!$ "�(�., .,�*;. 

4%=� %�.,!* %��1#,%�!� � 0"."%(,.��(�5!� � .*�!$!!$ 

 #,+"(- ��,.,)�!* �)�!�5!� � %�#", (� .*�!$!!$ (3.1) 

�"' �("7*�!".!�� .�8�’$8�% [4, 10, 16, 27 – 28, 52, 56] 

�
=

+−−=
P

n
n khnhkhakh

1
),(),(),( ωζωξωξ

},1,{
____

Pnan = ( )kh,ωζ

{ } 0),( =khωζM

{ } 2),( σωζ =khD P

0...1
1 ==+++ −

P
PP aZaZ
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.                                       (3.2) 

��+!" 1�%"8"(�, =� �*+ 1��#*)��!*�(6 %�,<*7*'!(*�  

.*�!$!!$ (3.1) * 1��#*)��!*�(6 8!"5,!- $)."  1.�7,�� (3.2) *�!�6(- 

!"�(�1!* 8"#,+!��(* : 

 

,                                        (3.3) 

,  

�8 (3.3) &,81��,.,)!-� ��(*%"6(- .,%�.,!(!* �1*��*)!�/,!!$, 8.�5!* )#$ 

.,"#*8"7*; 1.� %��1’6(,.!��� ��),#6�"!!*: 

 

,                                       (3.4) 

,      

�, %� 1�&"5�(�, =� <�.��#� (3.4) 8��.�(!* * ��+�(- �"(� �� #$): 

 

                                     (3.5) 

,        

��!��!�� *!�(.��,!(�� � 8"1.�1�!��"!��� �,(�)* ��),#6�"!!$ ' 

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

5"�(�! .*�!$!!$ (3.1) * �8$(($ �"(,�"(�5!� � �1�)*�"!!$, =� 1.���)�(- )� 

.,%�.,!(!�; 8"#,+!��(*: 

�
∞

=
−=

0
),()(),(

n
nhkhnkh ωζϕωξ

},0,{
____

Pnan =

},{ Znn ∈ϕ

100 ==ϕa

�
=

− =
s

n
nsna

0
0ϕ 1,1 −= Ps

�
=

− =
P

n
nsna

0
0ϕ ,...1, += PPs

10 =a

�
=

−−=
s

n
nsns aa

1
ϕ 1,1 −= Ps

�
=

−−=
P

ni
nsns aa ϕ ,...1, += PPs

10 =ϕ

�
=

−−=
s

n
nsns a

1
ϕϕ 1,1 −= Ps

�
=

−−=
P

ni
nsns a ϕϕ ,...1, += PPs

),( shkh+ωξ
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,    , ,                         (3.6) 

), - %�.,#$7*�!" <�!%7*$ 1.�7,�� (3.6): 

   .                                     (3.7)  

��%*#-%� !,�&0*)!� �&5��#6�"(� 1��#*)��!*�(- %�,<*7*'!(*�  

.*�!$!!$ "�(�., .,�*; (3.1), (� �1*��*)!�/,!!$ (3.6) (.,&" 8"1��"(� � �� #$)* 

 

 

……………………………... 

   

�#,�,!(�  %�.,#$7*�!�; �"(.�7* 1�.$)%�  

                                   (3.8) 

8"#,+"(- �*) .*8!�7* *!),%�*� i-j, (�&(� �"(.�7$ (3.8) ' (,1#�7,��6.  

�" ��!��* !"�,),!� � ��=, �,(�) %��1’6(,.!� � ��),#6�"!!$ .,"#*8"7*� 

)��%.,(!� � �("7*�!".!� � #*!*�!� � ��1")%��� � 1.�7,�� (3.2) 1�#$ "' � 

!"�(�1!���. 

1. �7*!66(-�$ %�,<*7*'!(� , .*�!$!!$ "�(�., .,�*; (3.1) 

/#$0�� .�8�’$8"!!$ ���(,�� .*�!$!- 3#"-��%,." (3.6) 1� 8")"!*� %�.,#$7*�!*� 

�"(.�7* (3.8). 

2. �7*!6'(-�$ 1��#*)��!*�(- $),.  #*!*�!� � 1.�7,�� (3.2) 8" 

.,%�.,!(!��� �1*��*)!�/,!!$�� (3.5) * 1��#*)��!��(6 %�,<*7*'!(*�  

1.� . �.���)�(-�$ !�.���"!!$ �(.��"!�; �!�+�!� �*)#*%*� $)." 

 8" <�.��#�6 

�
=

− =
P

n
nsnRa

0
0 ,...3,2,1==s 10 ==a

sR

�
∞

=
+=

0

2

n
snnsR ϕϕσ

},1,{ Pnan =

111201 ... RRaRaRa PP −=+++ −

220211 ... RRaRaRa PP −=+++ −

PPPP RRaRaRa −=+++ −− 02211 ...

ijR P

�
�
�
�

�

�

�
�
�
�

�

�

−−

−

−

021

201

110

...

............

...

...

RRR

RRR

RRR

PP

P

P

},1,{ Pnan =

},1,{ Jnn =ϕ

},1,{ Pnan =

100 =ϕa

},0,{ Jnn =ϕ



50 

. 

3. �&5��#6'(-�$ �7*!%" %�.,#$7*�!�; <�!%7*; 1.�7,�� (3.2) )#$ 

1�)"#-/� � 1�.*�!$!!$ *8 8")"!�6 %�.,#$7*�!�6 <�!%7*'6 8" <�.��#�6  

. 

4. ��8!"5"'(-�$ �7*!%" )��1,.�*; 8" 1��#*)��!*�(6 %�,<*7*'!(*� 

 )#$ %�!(.�#6 �&5��#,!- 8" <�.��#�6 

.                                                 (3.9) 

5. ��8!"5"'(-�$ �"(,�"(�5!, �1�)*�"!!$ &*#� � /��� 8" <�.��#�6 

.                                                    (3.10) 

 

6. �,!,.�6(-�$ .,"#*8"7*; )��%.,(!� � �("7*�!".!� � &*#� � /��� 

(!"1.�%#"), *8 .�81�)*#"�� �"��" "&� ��"��!") 8 �"(,�"(�5!�� �1�)*�"!!$� 

(3.10) (" )��1,.�*'6, �(.��"!�; 8 <�.��#� (3.9).  

7. ��),#66(-�$ .,"#*8"7*; #*!*�!� � )��%.,(!� � ��1")%��� � 1.�7,�� 

 8" <�.��#�6 
 

. 

�,�&0*)!� 8"��"+�(�, =� � ��1")%� 8")"!!$ 1��#*)��!��(* $),. 

 �7*!%� 1��#*)��!��(* %�,<*7*'!(*�  .�8."0���6(-�$ 8" 

<�.��#"�� (3.4), * (�)* !,�"' !,�&0*)!��(* .�8�'$8��"(� ���(,�� #*!*�!�0 .*�!$!- 

(3.5). 

  

____
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n
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�
=
ϕ

ϕϕ
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0

2 ,0,ˆˆ PsR
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n
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=
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�
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=
J

n
n

0
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	��
�� 4. ��
�����2�� �<��3�
��4 �
	
���	����� 

��
<���
	��� ������� ����
��� 

 

4.1. �("(��(�5!, �9*!6�"!!$ 0"."%(,.��(�% �("9*�!".!�0 

1.�9,�*� 

 

��	���
	�
� �	 �������
� �������. � %#"�* �("7*�!".!�0 ��1")%���0 

1.�7,�*� ��)*#$'(-�$ 1*)�!�+�!" ,. �)�5!�0 1.�7,�*�, $%* ' %�!�(.�%(��!�6 

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

����� ,. �)�5!��(* 1.�7,�� ��8!"5"6(-�$ �%.,�� )#$ �"(,�"(�5!� � 

�1�)*�"!!$, %�.,#$7*�!�; <�!%7*; * �)!����*.!�; <�!%7*; .�81�)*#�. �"�,),�� 

!,�&0*)!* * )��("(!* ����� ,. �)�5!��(* �("7*�!".!� � 1.�7,�� ( ),tξ ω : 

") �*)!��!� �"(,�"(�5!� � �1�)*�"!!$ �1 

( ) ( )
0

lim 1 ( ) 1 0
c

c
c R c dτ τ τ

→∞
− =� , 

), ( )R τ  – "�(�%�.,#$7*�!" <�!%7*$ 1.�7,�� ( ),tξ ω ; 

&) �*)!��!� "�(�%�.,#$7*�!�; <�!%7*; ( )R τ  

( ) ( )lim 1 ( , ) 1 0,
0

c
c R s s c ds

c
τ − = ∀τ�→∞

, 

), "�(�%�.,#$7*�!" <�!%7*$ ( ),R s τ  ' ���,!(�� 5,(�,.(� � 1�.$)%� �*)!��!� 

1.�7,�� ( ),tξ ω , ��%*#-%� �<�.���"!�� ��1")%���� 1.�7,� ).� � � 1�.$)%� 

( ) ( ) ( )1 1, , , ,t t a t aζ ω τ = ξ ω − ξ ω + τ −� � � �� � � �  

�"' ("%* 0"."%(,.��(�%�: �"(,�"(�5!, �1�)*�"!!$ 1.�7,�� ( ), , tζ ω τ  ��8!"5"'(-�$ 

$% 7,!(."#-!�� ���,!( ).� � � 1�.$)%� 1.�7,�" ( ),tξ ω   

( ), , ( )t Rζ ω τ = τM  

* �*)1��*)!� �� � "�(�%�.,#$7*�!" <�!%7*$ $% 7,!(."#-!�� ���,!( 5,(�,.(� � 
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1�.$)%� 1.�7,�" ( ),tξ ω  

( ) ( )( ) ( )( ), , , ( ) , , ( )R s t R t s R� �τ = ζ ω τ − τ ζ ω τ + − τ� �M ; 

�) �*)!��!� �)!����*.!�; <�!%7*; .�81�)*#� ( ) )(, xFtxF ≡  

( ) ( )( )( )1 2 1 2

0

lim 1 , , ( ) ( ) 1 0
c

c
c F x x F x F x c d

→∞
τ − − τ τ =� , 

), ( )1 2, ,F x x τ  – )�����*.!" <�!%7*$ .�81�)*#� 1.�7,�" ( ),tξ ω . 

�*)8!"5���, =� ��* 8"8!"5,!* ����� ,. �)�5!��(* 1.�7,�� ( ),tξ ω  �*)!��!� 

���;0 0"."%(,.��(�% ��."+"6(-�$ 5,.,8 *!/* 0"."%(,.��(�%� (� � + 1.�7,�� 

( ),tξ ω , "#, !" 1�.$)�% &*#-/,. �"%, )#$ ,. �)�5!��(* �"(,�"(�5!� � �1�)*�"!!$ 

1.�7,�� ( ),tξ ω  1�(.*&!* 8!"!!$ �� � %�.,#$7*�!�; <�!%7*; ( )R τ , )#$ 

�)!����*.!�; <�!%7*; .�81�)*#� ( )F x  – 8!"!!$ )�����*.!�; <�!%7*; .�81�)*#� 

( )1 2, ,F x x τ . ���� )#$ &*#-/��(* 8"�)"!- ���*.6�"!- !" 1."%(�7* �1�5"(%� 

!,�&0*)!� 1*)(�,.)�(�  *1�(,8� 1.� �("7*�!".!*�(- )��#*)+��"!� � 1.�7,�� 8 

!"�(�1!�� 1*)(�,.)+,!!$�  *1�(,8� ,. �)�5!��(* 1.�7,��. 

��	������
� ���
��	

�. ��8 #$!,�� 0"."%(,.!* ���&#����(* 

��8!"5,!!$ �("(��(�5!�0 0"."%(,.��(�% ,. �)�5!� � 1.�7,�" 8" )"!��� 

���*.6�"!!$ – 5"���� � .$)� $% .,"#*8"7*; )��#*)+��"!� � 1.�7,��. �!/��� 

�#��"��, )#$ "1.*�.!� 8")"!� � ,. �)�5!� � 1.�7,�� 8 !,�*)����� 

0"."%(,.��(�%"�� !,�&0*)!� ��8!"5�(� ;0 �("(��(�5!* �7*!%� * (�� �"��� 

1*)(�,.)�(� "&� �1.��(��"(� �("(��(�5!�  *1�(,8� 1.� "),%�"(!*�(- ��),#*. �"%" 

1��("!��%" 8"�)"!!$ ' 5"�(�!!�� ��1")%�� &*#-/ 8" "#-!�; 8")"5* 1�&�)��� 

(.�8.�&%�, �(��.,!!$, �&>.�!(��"!!$) �"(,�"(�5!�; ��),#* �&''%(" )��#*)+,!!$ 

8" ,%�1,.��,!("#-!��� )"!��� ()"!��� �1��(,.,+,!-) .*8!� � .�)�. �*/,!!$ 

("%� � 8" "#-!� � 8"�)"!!$ !,�)!�8!"5!� * ��8!"5"'(-�$ �&�$ ��, 8�*�(�� 

,%�1,.��,!("#-!�0 )"!�0 * "1.*�.!� �*)����� 0"."%(,.��(�%"�� ��),#*. 

��8 #$!,�� )�" 1*)0�)� )� ��.*/,!!$ ("%� � 8"�)"!!$: � ��8-%��� �,!�*, %�#� � 

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

*!/* )"!* �1��(,.,+,!-. 

�� ��(*, ("%" %#"��<*%"7*$ 1,.��!!�0 ,%�1,.��,!("#-!�0 )"!�0 )#$ 

1�&�)��� ��),#* ��8!"5"' * .*�,!- )��(��*.!��(* .,8�#-("(*� .�8�’$8"!!$ 8")"5*. 

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

��(."(!�� $% � 5"�*, ("% * ,%�!��*5!� * ���" "' ��%�.��("!!$ �*)1��*)!�0 8"��&*� 

���*.6�"#-!�; (,0!*%�. � .$)* ��1")%*� 1.���)�(-�$ �8 �)+,!!$ )"!�0 

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

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

8"��&"�� ���*.6�"!-. � ("%�0 ��1")%"0 1.���)�(-�$ ;0 1�1,.,)!' �("(��(�5!, 

�1."76�"!!$ 8 �,(�6 �(��.,!!$ ')�!�; &"8� )"!�0 ���*.6�"!- – $% 1."��#�, 

"!�"�&#$ 5"����0 .$)*�. ��!��!��� �1,."7*$�� ("%� � �1."76�"!!$ ': 

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

!�.���"!!$ .$)�. �"8�� 8 7�� !, ��+!" !,0(��"(� ,%�1,.��,!("#-!��� )"!��� 

&�)--$%� � .*�!$, ��%*#-%� ��!� 8"�)+� �!��$(- ��*� �!,��% � ��.*/,!!$ 

1��("�#,!� � 8"�)"!!$. �" .��. 4.1 8�&."+,!" 1��#*)��!*�(- �1,."7*� �(.��"!!$ 

* �1."76�"!!$ ,%�1,.��,!("#-!�0 )"!�0 � ��8-%��� * /�.�%��� �,!�"0 )#$ 

�&>.�!(��"!!$ ��),#* �&''%(" ���*.6�"!!$. 

 

���. 4.1. ���#*)��!*�(- �1,."7*� �(.��"!!$ * �1."76�"!!$  

,%�1,.��,!("#-!�0 )"!�0 )#$ �&>.�!(��"!!$ %�!%.,(!� � ��)� ��),#* �&’'%(" 

���*.6�"!!$: � – � ��8-%��� �,!�*; � – � /�.�%��� �,!�* 
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�1�5"(%� .�8 #$!,�� ��1")�% ,%�1,.��,!("#-!�0 )"!�0 � ��8-%��� �,!�*, 

%�#� 8" ����"�� ,%�1,.��,!(� * 8"�(����"!!$ ��� ' ��+#��*�(- �(.��"(� )"!* 

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

– �*.� )��#*)+��"!�; <*8�5!�; �,#�5�!�, $%" !,�&0*)!" )#$ �(.��"!!* ;; 5��#��� � 

8!"5,!!$, * ����*.!*�!" �*.", $%" 8"�(�����'(-�$ !" ,("1* �&>.�!(��"!!* ��),#* 

���*.6�"#-!� � ,%�1,.��,!(� * � 1.�7,�* �("(��(�5!� � �1."76�"!!$ 

,%�1,.��,!("#-!�0 )"!�0 * <�.���"!!$ .,8�#-("(� (.��. 4.2).  

 
���. 4.2. �(.�%(�." �8"'��8�’$8%*� .*8!�0 �&’'%(*� � 1.�7,�*  

�(.��"!!$ ��),#* 8" )"!��� <*8�5!�0 ���*.6�"!- 

 

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

�,!�*. �"%* )"!* (!"1.�%#"), .,8�#-("(� �1��(,.,+,!-, ��1.�&��"!- (�=�) 

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

1.�)"(!��� )#$ ;0 1�)"#-/� � �("(��(�5!� � �1."76�"!!$. �.��,),!!$ 

�1,."7*� 8 ("%��� )"!��� �1��(,.,+,!- 1,.,)&"5"' ��%�.��("!!$ (*#-%� 

*���*.!*�!�; �*.� (.��. 4.3).  

 
���. 4.3. �(.�%(�." �8"'��8�’$8%*� .*8!�0 �&’'%(*� � 1.�7,�* �(.��"!!$  

��),#* 8" )"!��� �1��(,.,+,!- 
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��8 #$!,�� �*)��* �,(�)� �("(��(�5!� � �7*!6�"!!$ 0"."%(,.��(�% 

��1")%���0 1.�7,�*� 8" ,%�1,.��,!("#-!��� )"!��� !" %�!%�!%.,(!��� 

1.�%#")*.  

+���
��. � .,8�#-("(* 1.��,),!!$ ,%�1,.��,!("#-!�0 )��#*)+,!- 

8".,'�(.��"!" �,.*$ m .,"#*8"7*� �("7*�!".!� � ��1")%��� � 1.�7,�� ( ),tξ ω  !" 

�%*!5,!!��� *!(,.�"#* 5"�� ). �,.*$ .,"#*8"7*� 1 2( ), ( ),..., ( )mx t x t x t  8")"!" !" 

�)!"%���0 �%*!5,!!�0 5"����0 *!(,.�"#"0 ) * �(.��"!" 8" �)!"%���0 ���� 

1.��,),!!$ ,%�1,.��,!(�. 

�."<*%� m .,"#*8"7*� 1.�7,�� ( ),tξ ω  8 .*8!��� �".*"!("�� ��,.,)!,!!$ 

!"�,),!* !" .��. 4.4, !" $%��� ("%�+ 1�%"8"!* �(.*#%"�� )�" ��+#��* �,(�)� 

��,.,)!,!!$ )#$ �(.��"!!$ �("(��(�5!�0 �7*!�% 0"."%(,.��(�% 1.�7,��: 

1) ��,.,)!,!!$ 8" �!�+�!�6 ("!�"�&#,�) .,"#*8"7*�; 

2) ��,.,)!,!!$ � 5"�* 8" �)!*'6 .,"#*8"7*'6. 

 

���. 4.4. �."<*%� �,.*; m .,"#*8"7*� { }( ), 1,x t j mj =  �("7*�!".!� �  

��1")%��� � 1.�7,�� ( ),tξ ω  (" ����!, 1�8!"5,!!$ ��+#���0 �,(�)*�  

��,.,)!,!!$ 8" "!�"�&#,� .,"#*8"7*� (1) * 8" �)!*'6 .,"#*8"7*'6 � 5"�* (2) 

 

�,(�) ��,.,)!,!!$ 8" "!�"�&#,� .,"#*8"7*� ' 8" "#-!�� �,(�)�� 

�("(��(�5!� � �7*!6�"!!$ 0"."%(,.��(�% ��1")%���0 �� !"#*� 8" 
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,%�1,.��,!("#-!��� )"!���. �"%�� �,(�) ��%�.��(���'(-�$ $% )#$ 

�("7*�!".!�0, ("% * )#$ !,�("7*�!".!�0 ��1")%���0 1.�7,�*�. �#$ 

!,�("7*�!".!�0 1.�7,�*� �,(�) ��%�.��(���'(-�$ (*#-%� � ."8* <�.���"!!$ 

"!�"�&#6 ��!0.�!*8��"!�0 � 5"�* ((�&(� 8 �)!"%���6 1�5"(%���6 <"8�6 

.�8��(%� 1.�7,�� "&� �� � )�!"�*%�) .,"#*8"7*�. 

�,(�) ��,.,)!,!!$ � 5"�* 8" �)!*'6 .,"#*8"7*'6 8"�(�����6(- )#$ 

,. �)�5!�0 ��1")%���0 1.�7,�*�. 
�1�!����$ !" 7-��� �,(�)* ),("#-!*/,.  

�" 1."%(�7* �"+#��� 8!"(�, %�#� .,8�#-("(� ��,.,)!,!!$ – �,.,)!* – 

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

�,.,)!*� � 5"�*. �*) 7-� � 8"#,+�(- �,�- 1#"! ���*.6�"#-!� � ,%�1,.��,!(�, 

�� � (.��"#*�(- * ,%�!��*5!* ��(."(�. 9* 1�("!!$ ' 1.,)�,(�� .�8 #$)� 

,. �)�5!�; (,�.*;, " )��#*)+��"!* 1.� 7-��� 8"%�!� 8&*+!��(* *�,!�6(-�$ 

8"%�!"�� ��
���� ��	�
 "&� ��
�������� ���������.  

*	���	���
� ������. �" .��. 4.5 !"�,),!�  ."<*%� .,"#*8"7*� 

�("7*�!".!� � 1.�7,�� !" %*!7,���� *!(,.�"#* 5"�� ) $% ���*.6�"#-!� � �� !"#� 

� (.-�0 ��)"0: !,1,.,.�!� � �� !"#� ("); �� !"#� 8 )��%.,(!�� 5"��� (&); 

7�<.��� � �� !"#� 8 )��%.,(!�� 5"��� * %�"!(��"!��� 8" .*�!,� 8!"5,!!$�� (�). 

  

 

���. 4.5. �."<*%� )��#*)+��"!�0 ���*.6�"!�0 �� !"#*�:  

� – !,1,.,.�!� � ( )x t ; � – )��%.,(�8��"!� � ( )jx t ; � – 7�<.��� � 1 1( )y t   
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��1")%���� 1.�7,� ( ),tξ ω  ' <�!%7*'6 )��0 ". ��,!(*� ω  * t, 1,./�� 8 

$%�0 ω∈Ω  ' !,�1�.$)%��"!�� !" 1.��(�.* ,#,�,!(".!�0 1�)*� Ω . �"%" 

!,�1�.$)%��"!*�(- * 0"."%(,.�8�' ��1")%��*�(-, �(�0"�(�5!*�(- * 

!,1.� !�8��"!*�(- )�!"�*%� 1.�7,�� ( ),tξ ω  � 5"�*. 	. ��,!( t ' �1�.$)%��"!�� 

� 5"�* * )#$ %�+!� � <*%���"!� � 1t t=  �� �"'�� 1,.,.*8 ��1")%��� � 1.�7,�� 

( )
1

,
t t

t
=

ξ ω  – ��1")%��� �,#�5�!� 1C (D) .  

�#$ ��.*/,!!$ 8"�)"!- �("(��(�5!� � �7*!6�"!!$ 0"."%(,.��(�% 

��1")%���0 1.�7,�*� !"�&*#-/�� *!(,.,� 1.,)�("�#$' )��#*)+,!!$ )�!"�*%� * 

0"."%(,.!�0 ���&#����(,� 1.��(�.� Ω  � 5"�*, ��%*#-%� )#$ 7-� � 

��%�.��(���'(-�$ (*#-%� ����*.!*�(- (*���*.!*�!" �*.") $%��(* ;0 �7*!6�"!!$. 

4%=� 1.��(*. Ω  !, 8"#,+�(- �*) 5"��, (�&(� 8"#�/"'(-�$ !,8�*!!�� � 5"�*, �"'�� 

�("7*�!".!��, " � ��*0 *!/�0 – !,�("7*�!".!�� ��1")%�. �*)��� ("%�+, =� 

1.��(*. Ω  8�*!6'(-�$ � ��1")%� .*8!� � .�)� 1,.,(��.,!- ���*.6�"#-!�0 

�� !"#*� � ,#,%(.�!!�0 (."%("0 *!<�.�"7*�!�-���*.6�"#-!�0 ���(,�. 9,� <"%( 

!,�&0*)!� �."0����"(� � �("(��(�5!��� �7*!6�"!!* 0"."%(,.��(�% ��1")%���0 

1.�7,�*�, " �"�, �*)�*!!*�(- 1.��(�.*� ,#,�,!(".!�0 1�)*� Ω  1*) 5"� 

<�.���"!!$: 

") "!"#� ���0 ���*.6�"#-!�0 �� !"#*� $% �!�+�!� .,"#*8"7*� �*)1��*)!�0 

��1")%���0 1.�7,�*� )#$ ��1")%� { }1 ( ),  ,  ix t i N t TΩ � ∈ ∈ , ), 1Ω  ' !,�%*!5,!!�6 

!,1,.,.�!�6 �!�+�!�6 * �*)�&."+"' ��1")%��*�(- �,0"!*8�� <�.���"!!$ 

.,"#*8"7*�; 

&) )��%.,(�8"7*; 8" 5"��� "!"#� ���0 �� !"#*�{ }( )ix t  

{ }2 ( ),  ,  ,  i j jx t i j N t TΩ � ∈ ∈ , 

), �!�+�!" 2Ω  � 8" "#-!��� ��1")%� !, ' ,%�*�"#,!(!�6 �!�+�!* 1Ω . 9, 

1�$�!6'(-�$ (�� <"%(��, =� )��%.,(�8"7*$ � 5"�* 1.���)�(-�$ !, *),"#-!��� 

1,.,(��.6�"5"��, " .,"#-!��� (,0!*5!��� 1.��(.�$��, $%* �!��$(- ���6 

)�)"(%��� �1,7�<*5!� ��1")%��*�(- � )��#*)+��"!�� �� !"# ( )i jx t  $% �*) �% !" 
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��0�)* (,0!*5!� � 1.��(.�6 !" �0*)!� )*6 ( )ix t . �!�+�!" 2Ω  ("%�+ ' 

!,�%*!5,!!�6 * !,1,.,.�!�6; 

�) %�"!(��"!!* 8" .*�!,� �� !"#*� { }( )i jx t  

{ }3 ( ),  1, ,  ,  i j jy t i d j N t TΩ � = ∈ ∈ , 

), 1.��(*. 3Ω , !" �*)�*!� �*) 1Ω * 2Ω , ' �%*!5,!!�6 )��%.,(!�6 5��#���6 

�!�+�!�6. 

�"(,�"(�5!�6 ��),##6 !,1,.,.�!�; .,"#*8"7*; ( )x t  (.��. 4.5, "), $%" 

!"#,+�(- )� %#"�� "!"#� ���0 ���*.6�"#-!�0 �� !"#*�, ' �("7*�!".!�� 1.�7,� 

( ) ( )1, , , ,t tξ ω ω∈Ω ∈ −∞ ∞ . �!�+�!� 8!"5,!- �&#"�(* ��8!"5,!!$ * �&#"�(* 

8!"5,!- 1.�7,�� ( ),tξ ω  !,�%*!5,!!* * �"6(- 1�(�+!*�(- %�!(�!*���. �.�7,� 

( ),tξ ω  1�.�)+�' �!�+�!� .,"#*8"7*� { }jx ( t ), j N∈ , * %�+!" %�!%.,(!" .,"#*8"7*$ 

( )jx t  �*)1��*)"' %�!%.,(!*� ,#,�,!(".!*� 1�)*; 1D = D  8 !,�%*!5,!!� � 1.��(�.� 

,#,�,!(".!�0 1�)*� 1Ω . 

��8 #$!,�� .,"#*8"7*6 1.�7,�� 1( )jx t  (.��. 4.5, &), $%� �(.���6(- $% 

.,8�#-("( )��%.,(�8"7*; � 5"�* "!"#� ��� � �� !"#� 1( )x t . �"(,�"(�5!" ��),#- 

("%�; .,"#*8"7*; – �("7*�!".!" 1��#*)��!*�(- !,1,.,.�!�0 ��1")%���0 �,#�5�! 

( ) ( ) ( )1 2 2, , , , ..., , , ..., ,j t   t    t    j Nξ ω ξ ω ξ ω ω∈Ω ∈ . 

�!�+�!� 8!"5,!- �&#"�(,� ��8!"5,!!$ * �&#"�(,� 8!"5,!!$ �("7*�!".!�; 

1��#*)��!��(* !,1,.,.�!�0 ��1")%���0 �,#�5�! ( ){ }, jtξ ω  ("%�+ !,�%*!5,!!*, 

1.�(, �"6(- .*8!� 1�(�+!*�(-, " �"�,: �&#"�(- ��8!"5,!!$ – 8#*5,!!" ()��%.,(!") 

�!�+�!", " �&#"�(- 8!"5,!- – �!�+�!" (!,1,.,.�!") 1�(�+!��(* %�!(�!����. 

�*�#$ %�"!(��"!!$ 8" .*�!,� 8!"5,!- 1.�7,�� ( ), jtξ ω  �"'�� ��1")%���� 

1.�7,� ( ){ }3, , ,jt j Nζ ω ω∈Ω ∈  8 )��%.,(!�� 5"��� * )��%.,(!��� 8!"5,!!$��, 

$%�� �"' �%*!5,!!� �!�+�!� .*�!*� %�"!(��"!!$, !,�%*!5,!!� 8#*5,!!� �!�+�!� 

,#,�,!(*� jt  * �%*!5,!!� )��%.,(!� �!�+�!� 8!"5,!- ( ), jt Qζ ω ∈ , ), Q – 
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�%*!5,!!" )��%.,(!" �!�+�!" 5��,#. �(+, 1.�7,� ( ){ }3, , ,jt j Nζ ω ω∈Ω ∈  ' 

�("7*�!".!�6 1��#*)��!*�(6 )��%.,(!�0 ��1")%���0 �,#�5�! 

( ) ( )1 2, ,..., , , ,jt t j Nξ ω ξ ω ω∈Ω ∈ . 

�.�7,� ( ), jtζ ω  ��+!" �<�.���"(� )���" �1���&"��: 

1) 8" )�1��� �6 8")"!� � !,1,.,.�!� � 1.�7,�� ( ),tξ ω  /#$0�� 

)��%.,(�8"-7*; �&#"�(* ��8!"5,!!$ ". ��,!(� t * �)!�5"�!� � %�"!(��"!!$ 8" 

.*�!,� �� � �&#"�(* 8!"5,!-; 

2) 8" )�1��� �6 8")"!� � 1.�7,�� ( ), jtξ ω  8 )��%.,(!�� 5"��� /#$0�� 

%�"!(��"!!$ 8" .*�!,� �� � �&#"�(* 8!"5,!-. 

�."<*% �*)1��*)!�; .,"#*8"7*; 1( )jy t !" %*!7,���� *!(,.�"#* 5"�� ) 1.�7,�� 

( ), jtζ ω  !"�,),!� !" .��. 4.5 (�). 4% 1."��#�, .,"#*8"7*; 7-� � 1.�7,�� $% 7�<.��* 

5"���* .$)� 8")"!* !" .*�!��*.!*� 5"���*�  ."(7* 8 1��(*�!�� %.�%��                       

t hΔ = :  0, ,2 ,...,( 1)h h n h− ,                                  (4.1) 

), [ ]0,  ( 1)T n h= −  – *!(,.�"# 5"��, $%�� ��8!"5"' �&#"�(- ���*.6�"!!$ 

7�<.��� � 5"���� � .$)� ( )i jy t . 

�"%�� 5�!��, )��#*)+��"!�� 7�<.���� 5"����� .$) ( )i jy t  ��+!" 

1�8!"5"(� ("%:   

 ( ) ( ) ( ), 1, , 0, 1i i i jy j t y jh y t i m j nΔ = = = = − ,                   (4.2) 

(�&(� $% �-(� .,"#*8"7*6 1.�7,�" ( ), jtζ ω  !" �%*!5,!!��� *!(,.�"#* 5"�� ). 

�" 1*)�("�* "!"#*8� !"�,),!�0 ��=, ��),#,� �("7*�!".!�0 ��1")%���0 

1.�7,�*� .�8 #$!,�� �"(,�"(�5!� ��),#-, .,"#*8"7*'6 $%�; ' )"!* ���*.6�"!- � 

7�<.����� �� #$)* $% 7�<.���� 5"����� .$) !" %*!7,���� *!(,.�"#* 5"�� ). 

"�������� ������� ��	 
� n  � 	��������������� ��	
������	�� ���������� 

��
���� 

( ) ( ) ( ) ( ){ }1 2 3, , , ,..., , , , , 1,n jt t t t j nζ ω ζ ω ζ ω = ζ ω ω∈Ω =                 (4.3) 
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�� 
�����
���� 	������	�� ��	
������	�� ����������  ��
����   

 ( ){ }3, , ,jt j Nζ ω ω∈Ω ∈                                         (4.4)  

� ������������ ����

� �������
� ��	���
� � ��, ������
� �� ����������� 

��	���� ��$���� (4.1) � ���� (4.2), ����� 

( ) ( ), 0, 1jy jh y t j n= = − . 

4%=� 1.���)�(-�$ m ���*.6�"#-!�0 ,%�1,.��,!(*�, (� 1��#*)��!*�(- m 

.,"#*8"7*� <�.��' �"(.�76 )"!�0 ���*.6�"!- � 7�<.����� �� #$)* – �"(.�76 

7�<.���0 5"����0 .$)*� 

( )

( )

1 1 1

1

(0)

(0)

n

m m n

y y t

y y t

−

−

�
� � �

�
. 

���#*)+��"!* 0"."%(,.��(�%� ��1")%���0 1.�7,�*� ��8!"5"6(-�$ 

�*)1��*)!��� 	����	������  

( ) ( )( )1, ,..., , , 1,2,...,k nt t k gζ ω ζ ω =T  

$% �)!�8!"5!� ��8!"5,!��� <�!%7*$�� %�+!�; k-; 0"."%(,.��(�%�. 

�("(��(�5!" �7*!%" k-; 0"."%(,.��(�%� ��1")%���; 1��#*)��!��(* (4.4) 

��8!"5"'(-�$ 8 *)!� ( )( )1(0),...,k ny y t −T , ), ( )1(0),..., ny y t −  – 5"����� .$) )"!�0 

���*.6�"!- � �� #$)* (4.2) $% .,"#*8"7*$ (4.3). 

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

��1")%���0 1.�7,�*� 8" )"!��� ���*.6�"!- � ."�%"0 %�.,#$7*�!�; (,�.*; !, 

�*)�&."+"6(- ��-� � )*"1"8�!� &" "(�1#"!����(* * .*8!��"!*(!��(* 8"�)"!- 

���*.6�"!!$. �"%, !"1.�%#"), !, .�8 #$!�(* )�+, �"+#��* 8"�)"!!$ ���*.6�"!-, 

%�#� .,8�#-("(� ���*.6�"!- �(.���6(- � 7�<.��*� <�.�* * ��!�%"6(- 1�("!!$ 

;0 *!(,.1�#$7*;, "1.�%���"7** )#$ 1,.��!!�0 )��#*)+��"!�0 1.�7,�*�, $��=, 

�� !"#*� � "!"#� ����� �� #$)*. 9$ 1.�&#,�"(�%" 8"�#� ���' !" �%.,��� 

.�8 #$). 
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4.2. �("(��(�5!, �9*!6�"!!$ �("9*�!".!��(* /����� � �� !"#� 
 

�)!�� 8 1,./�0 8"�)"!- "!"#*8� )"!�0 ���*.6�"!- * ��8!"5,!!$ 

0"."%(,.��(�% /�����0 �� !"#*� ' 1,.,�*.%" )"!�0 !" �("7*�!".!*�(-. 
" "#-!" 

1��("!��%" ("%� � 8"�)"!!$ 1�#$ "' � 1,.,�*.7* �("(��(�5!�0  *1�(,8 1.� 

�("7*�!".!*�(- )��#*)+��"!� � /����� � �� !"#� !" 1*)�("�* .,8�#-("(*� 

�("(��(�5!� � �&.�&#,!!$ �(.��"!�0 ,%�1,.��,!("#-!� .,"#*8"7*� �� !"#� 

(5"����0 .$)*�). 

�,8�#-("( �("(��(�5!� � �7*!6�"!!$ – 1.���"'(-�$ 5� �*)0�#$'(-�$ 

 *1�(,8" 1.� �("7*�!".!*�(- /����� � �� !"#� – �"' 1.�!7�1��, 8!"5,!!$ )#$ 

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

�*.* .�8.�&#,!" �,(�)�#� *$ �("(��(�5!� � �&.�&#,!!$ .,"#*8"7*� �("7*�!".!�0 

/�����0 �� !"#*�. 

 ��8 #$!,�� 8"�)"!!$ �("(��(�5!� � �7*!6�"!!$ �("7*�!".!��(* 

1��#*)��!��(* )��%.,(!�0 ��1")%���0 �,#�5�! (4.4) 8" )"!��� ���*.*� .,"#*8"7*� 

��1")%���; ��&*.%� 1��#*)��!��(* (4.3) � �� #$)* )��0 7�<.���0 5"����0 .$)*� 

{ }1 1( ) ( ), 0, 1iy ih y t i n= = − , { }2 2( ) ( ), 0, 1jy jh y t j n= = − ,            (4.5) 

8")"!�0 !" !,1,.,(�!"65�0 *!(,.�"#"0 5"�� 1T  * 2T , =� $% 1."��#� �&�."6(- 

.*�!���. �)!�� *8 �("(��(�5!�0 �,(�)*� ��.*/,!!$ ("%� � .�)� 8"�)"!- ' �,(�) 

1,.,�*.%� �("(��(�5!�0  *1�(,8. 

�<�.��#6'�� )�* (��!��!� ,0 * "#-(,.!"(��!� ,1) �("(��(�5!*  *1�(,8�: 

,0 – 1��#*)��!*�(- (4.4) ' �("7*�!".!�6; ,1 – 1��#*)��!*�(- (4.4) !,�("7*�!".!". 

�("(��(�5!"  *1�(,8" ,0 1.� �("7*�!".!*�(- 1��#*)��!��(* (4.4) 1.�(� 

"#-(,.!"(��!�;  *1�(,8� ,1 1.� !,�("7*�!".!*�(- 7*'; 1��#*)��!��(* 

1,.,�*.$'(-�$ !" ��!��* .,#*8"7*; ��1")%���; ��&*.%� (4.4) � �� #$)* )��0 

7�<.���0 5"����0 .$)*� (4.5). 

��8 #$!,�� )�" �".*"!(� ��.*/,!!$ �<�.��#-��"!� � 8"�)"!!$ 1.� 

�("7*�!".!*�(- )��#*)+��"!�; 1��#*)��!��(*: 

1) ��1")%��" 1��#*)��!*�(- (4.4) .�81�)*#,!" 8" 8"%�!�� �"���"; 
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2) ��1")%��" 1��#*)��!*�(- (4.4) .�81�)*#,!" 8" *!/�� 8"%�!��. 

1) �#$ 1,.,�*.%� �("7*�!".!��(* 1��#*)��!��(* (4.4) 8" ����� !�.�"#-!� � 

8"%�!� .�81�)*#� �%�.��("'���- �,(�)"�� 1,.,�*.%� �("(��(�5!�0  *1�(,8 !" 

��!��* F- * t-%.�(,.*;�, $%* *�,!�6(-�$ �*)1��*)!� �("(��(�5!��� %.�(,.*$�� t-

�(-6),!(" * F-@*/,.". A0 8"�(����"!!$ )"' 8�� � 1,.,�*.�(� )��#*)+��"!� 

1��#*)��!*�(- 8" �"(,�"(�5!�� �1�)*�"!!$� * )��1,.�*'6, =� )#$  "������ � 

.�81�)*#� 1��#*)��!��(* (4.4) ,%�*�"#,!(!� 1,.,�*.7* ;; !" �("7*�!".!*�(- � 

��8-%��� �,!�*. 

"�����	����  F-�������� %�$���. �*1�(,8" � �("7*�!".!��(* 5"���� � 

.$)� 8 !�.�"#-!�� 8"%�!�� .�81�)*#� 1,.,�*.$'(-�$ 1.� .�8&�((* 5"���� � .$)� 

!" )�* !,8"#,+!* .,"#*8"7*; ( 2=N ) �&’'�"�� 21   , nn . 
" 7�� %.�(,.*'� 

1,.,�*.$'(-�$  *1�(,8" 1.� .*�!*�(- )��1,.�*� 8" )�1��� �6 �("(��(�%�: 

)2(
2

2

2

)1(
2

1

1

1,1

1

1
21

μ

μ

−

−=−−

n

n
n

n

W nn ,     (4.6) 

), )2(
2

)1(
2   , μμ  - !,8�*=,!* �7*!%� )��1,.�*� .,"#*8"7*� 5"���� � .$)� 8 �&’'�"�� 

21   , nn .  

�.,&" 8"8!"5�(�, =� 1.� ��%�.��("!!* �("(��(�%� (4.6) � ("%��� �� #$)*, 

1���!!" �*)&��"(��$ ����" )2(
2

)1(
2 μμ > . � *!/��� ��1")%� !,�&0*)!� 

1,.,!��,.��"(� .,"#*8"7*; � 8��.�(!��� 1�.$)%�. 

�.�(�5!" �&#"�(-, $%" �*)1��*)"' )"!��� ��1")%� 1,.,�*.%�  *1�(,8� 1.� 

�("7*�!".!*�(- 8" )��1,.�*'6, &�)�'(-�$ !"�(�1!�� 5�!��. 
" ("&#�7$�� F-

.�81�)*#� )#$ ),$%� � .*�!$ 8!"5�=��(* α  8!"0�)$(- 8!"5,!!$ 1,1,2 21 −− nnFα . 

4%=� 1.� 8")"!��� α  �(.��"!, 8 (4.6) 8!"5,!!$ �("(��(�%� &�), �,!/�� 

("&#�5!� � 8!"5,!!$ 1,1,2 21 −− nnFα , (� .�8%�) �*+ )��1,.�*$�� ��"+"'(-�$ 

!,8!"5!�� * 1.���"'(-�$  *1�(,8" 1.� �("7*�!".!*�(- )��#*)+��"!� � 5"���� � 

.$)�. 
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�,�&0*)!� �*)�*(�(�, =� � .�8 #$!�(��� ��1")%� 1,.,�*.%� !" 

�("7*�!".!*�(- 5"���� � .$)� 8" )��1,.�*'6 !,�"' !*$%�0 1.�1�=,!- 1.� 

�"(,�"(�5!, �1�)*�"!!$ 5"���� � .$)�. ���� 8 ("%�; 1,.,�*.%� !,�&0*)!� 

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

�*)!�/,!!6 1��(*�!��(* �"(,�"(�5!� � �1�)*�"!!$ � 5"�*, ��%�.��(���6(- *!/� 

1,.,�*.%� !" �("7*�!".*�(- 5"���� � .$)�. 

'������������ t-�������� ("%�+ ��%�.��(���'(-�$ 1.� .�8&�((* 5"���� � 

.$)� !" )�* !,8"#,+!* .,"#*8"7*;, "#, 1,.,�*.%" �*)&��"'(-�$ 8" �"(,�"(�5!�� 

�1�)*�"!!$� 1.� 1��(*�!*� )��1,.�*;. �*1�(,8" 1.� .*�!*�(- �"(,�"(�5!�0 

�1�)*�"!- 1,.,�*.$'(-�$ 8" )�1��� �6 !"�(�1!�; �("(��(�%�: 

21

21
)2(

22
)1(

21

)2(
1

)1(
1 2

nn

nn

nn
t

+
−+

+

−
=

μμ

νν
, 

), )2(
1

)1(
1   , νν  - �7*!%� �"(,�"(�5!�0 �1�)*�"!- .,"#*8"7*� �&’'�"�� 21   , nn  

�(.��"!� �("(��(�%� 1,.,�*.$6(- 8 ("&#�5!�� 8!"5,!!$� t-.�81�)*#� 

�(’6),!(" 21, α−mt , ), 221 −+= nnm . �*8!�7$ )2(
1

)1(
1 νν -  ��"+"'(-�$ !,8!"5!�6 8 

),$%�� .*�!,� 8!"5�=��(* α , $%=� ��%�!�'(-�$ ����" 21, α−≤ mtt . �(+,, 8" 

("%�; ����� 1.���"'(-�$  *1�(,8" 1.� �("7*�!".!*�(- 5"���� � .$)�. 

2) �#$ �("(��(�5!� � �7*!6�"!!$ �("7*�!".!��(* 1��#*)��!��(* 

)��%.,(!�0 ��1")%���0 �,#�5�! (4.4) 8 �*)�*!�� �*)  "������ � .�81�)*#�� 8" 

)"!��� ���*.*� � ."�%"0 %�.,#$7*�!�; (,�.*; ��+!" �%�.��("(��$ �1��"!��� 

��=, 1"."�,(.�5!��� F- * t-%.�(,.*$��. �#$ &*#-/ ,<,%(��!�; 1,.,�*.%� !" 

�("7*�!".!*�(- !,�&0*)!� 1.��,�(� ("%� 1,.,�*.%� .*8!��� 1�1".!��� 

%��&*!"7*$�� !" &*#-/*� (m > 2) %*#-%��(* !,1,.,(�!"65�0 *!(,.�"#"0 5"�� 

{ }, 1,jT j m= .  

� 1."%(�7* ���*.6�"!- 8��(.*5"6(-�$ * *!/* 1*)0�)� )� �("(��(�5!� � 

�7*!6�"!!$ �("7*�!".!��(* 1��#*)��!��(* (4.5) 8" )"!��� ���*.6�"!-. �)!"% ��!� 

�"6(- *!)��*)�"#-!�� 5"�(�!!�� 0"."%(,. * !, .,"#*8���6(-�$ $% (�1��* �,(�)�%� 
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)#$ !, "������0 .�81�)*#*�. 

 

4.3. �("(��(�5!, �9*!6�"!!$ 5"����0 0"."%(,.��(�% 

 �("9*�!".!� � /����� � �� !"#� 

 

�<�.��#6'�� &*#-/ 5*(%� 1��("!��%� 8"�)"!!$ �("(��(�5!� � �7*!6�"!!$ 

5"����0 0"."%(,.��(�% �("7*�!".!� � /����� � �� !"#� � �� #$)* �("7*�!".!�; 

1��#*)��!��(* )��%.,(!�0 ��1")%���0 �,#�5�! (4.4), $%" � 8" "#-!��� ��1")%� ' 

�%#"),!�6 ��1")%���6 1��#*)��!*�(6 � �("7*�!".!� 1��#*)��!*�(- !,1,.,.�!�0 

��1")%���0 �,#�5�! ( ){ }, jtξ ω . ���#*)��!*�(- ( ){ }, jtξ ω  ' )*��!�6, )#$ !,; 

��%�!�'(-�$ ,. �)�5!"  *1�(,8" �*)!��!� 1,./�0 5�(�.-�0 ���,!(*�, *�!��"!!$ 

$%�0 ("%�+ 1,.,)&"5"'(-�$. 

��(.*&!� 8" )"!��� ���*.*� )��#*)+��"!� � 1.�7,�� – 7�<.��� � 5"���� � 

.$)� (4.2) �&5��#�(� �("(��(�5!* �7*!%� �"(,�"(�5!� � �1�)*�"!!$, )��1,.�*;, 

"�(�%�.,#$7*�!�; <�!%7*; * �)!����*.!�; ,�1*.�5!�; <�!%7*; .�81�)*#�. �)!*'6 8 

���� ��1*/!� � ��.*/,!!$ ("%� � 8"�)"!!$ ' 8!"5!�� �&�$  n 7�<.��� � 5"���� � 

.$)� /����� � �� !"#�. 

�*)��* �".*"!(� ��.*/,!!$ ("%� � 8"�)"!!$ ��+!" ����!� .�8)*#�(� !" )�* 

 .�1�: 

1) 5"���* .$)� /����� � �� !"#� 8")"6(-�$ &,8 �."0��"!!$ 1�0�&�% ;0 

���*.6�"!- (.$)� � /�.�%��� �,!�*); 

2) 5"���* .$)� /����� � �� !"#� 8")"6(-�$ 8 �."0��"!!$� 1�0�&�% ;0 

���*.6�"!- (.$)� � ��8-%��� �,!�*).  

�"."%(,.!�� ���,!(�� �("(��(�5!� � �7*!6�"!!$ �)!����*.!�0 5"����0 

0"."%(,.��(�% �("7*�!".!�; 1��#*)��!��(* )��%.,(!�0 ��1")%���0 �,#�5�! 

( ){ }, jtζ ω  – �,.,)!-� � (�"(,�"(�5!� � �1�)*�"!!$) 1a  * )��1,.�*; 2σ  – ' (�� <"%(, 

=� 7* ����*.!*�!* � (,�.,(�5!��� �,!�* 0"."%(,.��(�%� ' 1��(*�!��� �,#�5�!"�� 

* !, 8"#,+"(- �*) 5"��. �)!����*.!* <�!%7*; .�81�)*#� ( )F x , =*#-!*�(- .�81�)*#� 
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( )p x  * 0"."%(,.��(�5!" <�!%7*$ ( )f u  1��#*)��!��(* ( ){ }, jtζ ω  ("%�+ !, 8"#,+"(- 

�*) 5"�� t. ������*.!* 0"."%(,.��(�%� �("7*�!".!� � 1.�7,�� – "�(�%��".*"7*�!" 

<�!%7*$ ( )B τ , "�(�%�.,#$7*�!" <�!%7*$ ( )R τ , )�����*.!" <�!%7*$ .�81�)*#� 

( )1 2, ;F x x τ  – 8"#,+"(- #�/, �*) .*8!�7* 5"�� 2 1t tτ = − . 

�"%" *),"#*8"7*$ ��),#* �("7*�!".!� � /����� � �� !"#� !, �"' �*�7$ � 

1."%(�7* �("(��(�5!� � �7*!6�"!!$ 0"."%(,.��(�% /����� � �� !"#� 8" )"!��� 

���*.*�. ���*.6�"!!$ 1.���)$(-�$ !" �%*!5,!!��� *!(,.�"#* 5"��, !" .,8�#-("(� 

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

��1")%��* 5�!!�%�. � .,8�#-("(* 1.��,),!!$ �("(��(�5!� � �7*!6�"!!$ 

(,�.,(�5!* 5��#��* 1��(*�!* 0"."%(,.��(�%� "&� <�!%7*; ),(,.�*!��"!�0 

". ��,!(*� �("7*�!".!� � /����� � �� !"#� �("6(- <�!%7*$�� )�)"(%���0 

". ��,!(*�, !"1.�%#") �&�$ � ��&*.%�, *!(,.�"#� 5"���� � �*%!", 1�0�&�% 

���*.6�"!-, 8"�%.� #,!- .,8�#-("(*� �&5��#,!- 5��#���0 )"!�0 * *!/�0. �� ��(* 

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

1.�7,��. � %��1.��*� "),%�"(!��(* ��+!" )��$ !�(� !" .*�!* ��+#���0 1�0�&�% 

�("(��(�5!� � �7*!6�"!!$, $%* !, 1,.,��=�6(- 8")"!�0. � &*#-/��(* ��1")%*� 

)��1,.�*$ �7*!%� /�%"!�; 0"."%(,.��(�%� �#�+�(- 1�%"8!�%�� (�5!��(* ;; 

�("(��(�5!� � �7*!6�"!!$. 4%=� 8" ����"�� 8"�)"!!$ �("(��(�5!� � �7*!6�"!!$ 

�)"'(-�$ ��8!"5�(� )��*.5�� *!(,.�"# *8 8")"!�6 ����*.!*�(6 �7*!%� /�%"!�; 

0"."%(,.��(�%�, ��+!"  ���.�(� 1.� )��$ !,!!$ �,(� – ��.*/,!!$ 8"�)"!!$ 

�("(��(�5!� � �7*!6�"!!$ � &*#-/ 1��!��� �&�$8*. 

� &*#-/ ����.*� 1��("!��7* 8"�)"!!$ �*)1��*)!��(* ��),#* .,8�#-("("� 

���*.6�"!- ��%�.��(���'(-�$ "1"."( �"(,�"(�5!�; �("(��(�%�, !"1.�%#") 

1,.,�*.%" "),%�"(!��(* ��),#* (" �(.��"!�0 ,%�1,.��,!("#-!�0 )"!�0 !" ��!��* 

1,.,�*.%� �*)1��*)!�0 �("(��(�5!�0  *1�(,8 !" 1*)�("�* �&>.�!(��"!� � 

�("(��(�5!� � %.�(,.*6. 

��.�(%� !"�,),�� ��!��!* "# �.�(�� �("(��(�5!� � �7*!6�"!!$ 

8"8!"5,!�0 0"."%(,.��(�% �("7*�!".!� � /����� � �� !"#�. 

��	������
� ���
��	

� �	���	���
��� ������	

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

)#$ $%� � ��%�!�'(-�$ ,. �)�5!"  *1�(,8" �*)!��!� �"(,�"(�5!� � �1�)*�"!!$, 

�&5��#6'(-�$ ��,.,)!,!!$� � 5"�* �)!*'; .,"#*8"7*; �("7*�!".!� � /����� � 

�� !"#� – 7�<.��� � 5"���� � .$)� ��)� (4.2) 8" <�.��#�6   

1
1

1
( )

n

j
j

b y t
n =

= �
�

.                                                      (4.7) 

�7*!%" 1b
�

 ' !,8�*=,!�6 * ,<,%(��!�6, ��%*#-%� 1 1b a=M
�

. 

�#$ %�!%.,(!� � 7�<.��� � 5"���� � .$)� (4.2) �7*!%" 1b
�

 ' �,.,)!*� 

8!"5,!!$� * �("(��(�5!�6 �7*!%�6 �"(,�"(�5!� � �1�)*�"!!$ �("7*�!".!� � 

/����� � �� !"#�. 

4%=� �*)��" %�.,#$7*�!" <�!%7*$ �("7*�!".!� � /����� � �� !"#� � 

�� #$)*            

 ( ) ( ){ }1 1( ) , ,j j kR k t a t a+
� � � �= ζ ω − ζ ω −� � � �M ,                                (4.8) 

(� )��1,.�*$ �7*!%� �"(,�"(�5!� � �1�)*�"!!$ (4.7) ��8!"5"'(-�$ $% 

12

1 1 1
1

1
(0) 2 1 ( )

n

k

k
b b a R R k

n n

−

=

� �� 	� �= − = + −
 �� �� � � 
� �
�D M

� � ,                        (4.9) 

), %*#-%*�(- 8!"5,!- <�!%7*; ( )R k  8")"!" !" �%*!5,!!*� �!�+�!* (�5�%, $%" 

��8!"5"'(-�$ �&�$ �� ��&*.%� n 7�<.��� � 5"���� � .$)�. 

� ��."8* (4.9) 8!"5,!!$ 1a  !, �0�)�(- � $�!��� �� #$)* )#$ �&5��#,!!$ 

)��1,.�*;, "#, �� � 8!"!!$ !,�&0*)!� 1.� �&5��#,!!* 8" <�.��#�6 (4.8). 

�" 1*)�("�* "!"#*8� 8"�)"!!$ �("(��(�5!� � �7*!6�"!!$ 0"."%(,.��(�% 

�("7*�!".!� � /����� � �� !"#� �*)!��!� �("(��(�5!� � �7*!6�"!!$ 

�"(,�"(�5!� � �1�)*�"!!$ 1a  �("7*�!".!�; 1��#*)��!��(* )��%.,(!�0 ��1")%���0 

�,#�5�! ( ){ }, jtζ ω  ��+!" 8.�&�(� ("%* ���!��%�. 

� &*#-/��(* ��1")%*� )#$ ( ){ }, jtζ ω  !,�*)����� ' $% 1a , ("% * %�.,#$7*�!" 

<�!%7*$ ( )R k . 
" .,8�#-("("�� �("(��(�5!� � �7*!6�"!!$ ��8!"5"6(- ;0 �7*!%� – 

1b
�

 * ( )R k
�

. � 8" "#-!*� 1��("!��7* 8"�)"!!$ �("(��(�5!� � �7*!6�"!!$ 1a  * ( )R k  
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�("7*�!".!� � /����� � �� !"#� !, �"' 8" "#-!� � .�8�’$8%� * 7,, ����*.!�, ' 

1.�.�)!�� 5,.,8 .*8!�1#"!��*�(- * .*8!��"!*(($ 8"�)"!- �("(��(�5!� � 

�7*!6�"!!$. � (�� +, 5"� !" &"8* ��%�.��("!!$ )�)"(%���0 ����, !"1.�%#") )#$ 

( ){ }, jtζ ω  8")"!��  "������� 8"%�! .�81�)*#� "&� �*)��" %�.,#$7*�!" 

0"."%(,.��(�%" ( )R k  5� 1a , 8"�)"!!$ �("(��(�5!� � �7*!6�"!!$ ��.*/�'(-�$ � 

!,�&0*)!��� )#$ 1."%(�5!� � ��%�.��("!!$ �� #$)*. 

��	������
� ���
��	

� ��������$
�� �

����. �("(��(�5!" �7*!%" 

%�.,#$7*�!�; <�!%7*; 5"���� � .$)� ( )i jy t  ��8!"5"'(-�$ $% 

( )( )1 1
1

1
( ) ( ) ( )

n k

j j k
j

R k y t b y t b
n k

−

+
=

= − −
− � � �� .                   (4.10) 

9$ �7*!%" "���1(�(�5!� 8�*=,!" * � ."8* 8"�*!� ��1")%���; �,#�5�!� 1b�  !" 

1a  �(.��"!" 8" <�.��#�6 (4.10) �("(��(�5!" �7*!%" %�.,#$7*�!�; <�!%7*; ( )R k�

�("' "���1(�(�5!� !,8�*=,!�6, (�&(� lim ( ) ( )
n

R k R k
→∞

=M � . 

�*)8!"5��� !"�(�1!�� <"%(, $%�� �"' �"+#��, 1."%(�5!, 8!"5,!!$. � 

��1")%� �&5��#,!!$ �("(��(�5!�0 �7*!�% %�.,#$7*�!�; <�!%7*; �("7*�!".!� � 

/����� � �� !"#� � �� #$)* �("7*�!".!�; 1��#*)��!��(* )��%.,(!�0 ��1")%���0 

�,#�5�! (4.4), )#$ $%�; ��%�!�'(-�$ ,. �)�5!"  *1�(,8" =�)� %�.,#$7*�!�; <�!%7*; 

8" )"!��� ���*.*� – 7�<.��� � 5"���� � .$)� (4.2), ��%�.��(���'(-�$ !, %#"��5!" 

<�.�" ��8!"5,!!$ %�.,#$7*�!�; <�!%7*;, " ("% 8�"!, ����
 ����� �����������  – 

)*$ �*)1��*)!� � %�.,#$7*�!� � �1,."(�." � �� #$)* (4.10).  

�"%�� 5�!��, �7*!%" ( )R k�  ' �*) �%�� %�.,#$7*�!� � �1,."(�.", $%�� 

8)*��!6' ��,.,)!,!!$ 8" 5"��� )�&�(%*� ��0*)!� � 7,!(.��"!!� � 5"���� � .$)� 

{ }1( )jy t b− �  !" 8��!�(�� � 5"�* 7,!(.��"!�� 5"����� .$) { }1( )j ky t b+ − � . 4%=� k = 0, 

�&5��#6'(-�$ �("(��(�5!" �7*!%" )��1,.�*; 2(0)R σ=� � . ���1,.�*$ �("(��(�5!�; 

�7*!%� ( )R k�  ��8!"5"'(-�$ 8" <�.��#�6  

( ) ( )( ) ( )
1

1

( ) ,0 2 1 ( , ) 1
n k

j

R k R k j n k R k s n k
− −

=

� �
= + − − − −� �
� �

�D � , 
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(�&(� <�.��'(-�$ ��1")%��" 1��#*)��!*�(- ).� � � 1�.$)%� �*)!��!� 

)��#*)+��"!�; �("7*�!".!�; 1��#*)��!��(* )��%.,(!�0 ��1")%���0 �,#�5�! 

( ){ }, jtζ ω  ��)� ( ) ( ) ( )1 1, , , ,j jt t a t a+τ� � � �ζ ω τ = ζ ω − ζ ω −� � � � , 1�(*� ��8!"5"'(-�$ ;; 

�"(,�"(�5!, �1�)*�"!!$ ( ), , ( )t Rζ ω τ = τM  * �*)1��*)!� ;; "�(�%�.,#$7*�!" 

<�!%7*$ $% 7,!(."#-!�� ���,!( 5,(�,.(� � 1�.$)%� 1��#*)��!��(* ( ){ }, jtζ ω : 

( ) ( )( , ) , , ( ) , , ( )R s M t R t s Rτ = ζ ω τ − τ ζ ω τ + − τ� � � �� � � � . 

�(+,, )��1,.�*$ �("(��(�5!�; �7*!%� ( )R k�  �("7*�!".!�; 1��#*)��!��(* 

)��%.,(!�0 ��1")%���0 �,#�5�! ( ){ }, jtζ ω , =� 8")���#-!$' ,. �)�5!*�  *1�(,8* 

�*)!��!� %�.,#$7*�!�; <�!%7*; ��8!"5"'(-�$, $%=� 8")"!" <�!%7*$ ( , )R s τ  – 

5,(�,.(�� 7,!(."#-!�� ���,!( 1��#*)��!��(* ( ){ }, jtζ ω . 

��	������
� ���
��	

� ��
������
�� �

���� ��������
. 9, �)!, 8 

!"�1�/�.,!*/�0 8"�)"!- �("(��(�5!� � �7*!6�"!!$ )#$ �("7*�!".!�; 

1��#*)��!��(* )��%.,(!�0 ��1")%���0 �,#�5�! ( ){ }, jtζ ω .  

��&*.%��" <�!%7*$ .�81�)*#� ' ��1")%���6, " %�+!" ;; .,"#*8"7*$ – %��%���-

1��(*�!" <�!%7*$ �, =� 8�*!6'(-�$ �*) 0 )� 1 (*#-%� �(.�&%"��, 5��#� $%�0 

)�.*�!6' n. �,"#*8"7*$ <�!%7*; ( )nF x  *!�)* ��8!"5"'(-�$ &,81��,.,)!-�, (" � 

&*#-/��(* 1."%(�5!�0 ��1")%*� >.�!(�'(-�$ !" ��%�.��("!!*  *�(� ."� $% 

.,"#*8"7*� =*#-!��(* .�81�)*#�. 

�,8�#-("(� ��.*/,!!$ 8"�)"!!$ �("(��(�5!� � �7*!6�"!!$ �)!����*.!�; 

<�!%7*; .�81�)*#� !"�(�1!*: 

") �("(��(�5!" �7*!%" �)!����*.!�; <�!%7*; .�81�)*#� ( )F x� , �&5��#,!" 8 

5"���� � .$)� (4.2), 0"."%(,.�8�' �("7*�!".!� 1��#*)��!*�(- )��%.,(!�0 

��1")%���0 �,#�5�! (4.4) * !, 8"#,+�(- �*) 5"�� t; 

&) )#$ ��%�!"!!$ !,�&0*)!�; * )��("(!-�; ����� ,. �)�5!��(* �)!����*.!�; 

<�!%7*; .�81�)*#� ( )F x  1��#*)��!��(* ( ){ }, jtζ ω , !,�&0*)!� ��%�!"!!$ �����  
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( ) ( )1 2 1 2
1

1
lim , ; ( ) ( ) 1 0,

n

n
j

F x x F x F x j n
n

τ τ
→∞ =

− ⋅ − = ∀� �� �� ,                  (4.11) 

), ( )1 2, ;F x x τ  – )�����*.!" <�!%7*$ .�81�)*#� 1��#*)��!��(*, 1.,)�("�#,!�; � 

�� #$)* (4.4). 

� &*#-/��(* ��1")%*� 1,.,�*.%" ��%�!"!!$ ����� (4.11) ��%#�%"' !" 

1."%(�7* 1,�!* (.�)!�=*. ����, $%=� ��%�!"!* ����� ,. �)�5!��(* =�)� 

�"(,�"(�5!� � �1�)*�"!!$ * %�.,#$7*�!�; <�!%7*; )#$ )��#*)+��"!� � 

�("7*�!".!� � /����� � �� !"#�, (� ��+!" 1.�1��(�(� ��+#��*�(- 8"�(����"!!$ 

,. �)�5!�;  *1�(,8� * )#$ �)!����*.!�; <�!%7*; .�81�)*#� ( )F x . 

 

4.4. �("(��(�5!, �9*!6�"!!$ �1,%(."#-!�0 0"."%(,.��(�% 

�("9*�!".!� � /����� � �� !"#�  

 

�,.,) 1.�%#")!�0 �,(�)*� �("(��(�5!� � �7*!6�"!!$ �1,%(."#-!�; 

=*#-!��(* 1�(�+!��(* �("7*�!".!�0 /�����0 �� !"#*� ��)*#$6(- !"�(�1!*: 

1) !" ��!��* 1,.,(��.,!!$ @�.'' .,"#*8"7*� �("7*�!".!� � /����� � 

�� !"#�; 

2) !" ��!��* 1,.,(��.,!!$ @�.'' �("(��(�5!�; �7*!%� %�.,#$7*!�; <�!%7*; 

�("7*�!".!� � /����� � �� !"#� ((,�.,�" �*!,." – �*!5�!"); 

3) !" ��!��* ��%�.��("!!$ ��8-%���� ���; #*!*�!�; <*#-(."7*; .,"#*8"7*� 

�("7*�!".!� � /����� � �� !"#�, 8�,),!!$ � %�")."( �*) �%*� 8 1�)"#-/�� ;0 

��,.,)!,!!$� 8" "!�"�&#,�. 

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

)��0 �("7*�!".!�0 * �("7*�!".!� 8�'$8"!�0 1��#*)��!��(,� )��%.,(!�0 ��1")%���0 

1.�7,�*� ( ){ }1 , jtζ ω  * ( ){ }2 , jtζ ω : 

- �1,%(."#-!�0 =*#-!��(,� 1�(�+!��(* 11( )S f  � 22 ( )S f ; 

- �8"'�!�; �1,%(."#-!�; =*#-!��(,� 1�(�+!��(* 12 ( )S f ; 

- <�!%7*; %� ,.,!(!��(* 2 ( )v f  $% !�.���"!�; �1*#-!�; <�!%7*; 5,(�,.(� � 



70 

1�.$)%� �("(��(�5!� � �8"'��8�'$8%� 7,!(.��"!�0 1��#*)��!��(,� ( ){ }1 , jtζ ω  * 

( ){ }2 , jtζ ω  � 5"�(�(!*� �&#"�(*, $%" ��8!"5"'(-�$ ��."8��  

[ ]22 2
12 11 22( ) ( ) ( ) ( ),    ( ) 0,1v f S f S f S f v f= ⋅ ∈ . 

9�<.��* ���*.6�"#-!* �� !"#� � �� #$)* 5"����0 .$)*� �"6(- �%*!5,!�� 

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

5��#� .*�!*� %�"!(��"!!$ )#$ %�+!� � %�!%.,(!� � 8"�)"!!$ ��&�."'(-�$ !" 

1*)�("�* "1.*�.!�0 )"!�0 �� !"#*�. �"%�� 5�!��, !" �0*) 1*)���(,�� 

�("(��(�5!� � �7*!6�"!!$ �1,%(."#-!�0 0"."%(,.��(�% �("7*�!".!�0 /�����0 

�� !"#*� !")0�)�(- )�" 7�<.���0 5"����0 .$)" ( ){ }1 , jtζ ω  * ( ){ }2 , jtζ ω  $% .,"#*8"7*; 

)��#*)+��"!�0 1��#*)��!��(,�, %�+!" 8 $%�0 �"' �� #$)  

{ }1 1( ) ( ), 0, 1iy ih y t i n= = −  * { }2 2( ) ( ), 0, 1jy jh y t j n= = − ,        (4.12) 

), h t=Δ – 1��(*�!�� %.�% .*�!��*.!�; 5"����;  ."(%� 8"�)"!!$ �*)#*%*�. 

�")"#* .�8 #$)"(��,�� �&�)�" 5"����0 .$)" (4.12) 8 �)!"%����� �&''��� n 

�*)#*%*� * 5"��� )��%.,(�8"7*; tΔ , (�&(� ��."8 (4.12) ��+!" 8"1��"(� � �� #$)* 

{ }( ) ( ), 1,2,   0, 1m m iy ih y t m i n= = = − . 

��8 #$!,�� 1��#*)��!*�(- �&5��#,!- �1,%(."#-!�0 0"."%(,.��(�% �,(�)"�� 

7�<.��� � �1."76�"!!$ 5"����0 .$)*�. 

1. �" 1�5"(%����� 1,./��� ,("1* 1�1,.,)!-� � �("(��(�5!� � 

�1."76�"!!$ ��0*)!�0 7�<.���0 5"����0 .$)*� ��%�!�6(-: 

") ��)"#,!!$ 1.��"0*�, 1���#%���0 8!"5,!- �*)#*%*� .$)�; 

&) 7�<.��� <*#-(."7*6; 

�) ��)"#,!!$ (.,!)�; 

 ) 7,!(.��"!!$ �&�0 5"����0 .$)*�: 

- $%=� �*)��� �,.,)!' )��#*)+��"!�; 1��#*)��!��(* { }1, 1,2m a m = , (� 

1( ) ( ) ( ), 1,2,   0, 1m m m m iy ih y ih a y t m i n= − = = = − ; 

- $%=� { }1, 1,2m a m =  !,�*)��,, (� )#$ �1,."7*; 7,!(.��"!!$ 
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��%�.��(���'(-�$ ;; �("(��(�5!" �7*!%" { }1, 1,2mb m =� , (�)* 

1( ) ( ) ( ) , 1,2,   0, 1m m i m my ih y t y ih b m i n= = − = = −�� � .               (4.13) 

��+,! 8 5"����0 .$)*� (4.13), =� ��%�.��(���'(-�$ )#$ 7�<.��� � 

�("(��(�5!� � �1."76�"!!$, 1.,)�("�#$' 7,!(.��"!�� 7�<.���� 5"����� .$) 8 n 

�*)#*%"�� $% .,"#*8"7*6 ��1")%���; ��&*.%� 7,!(.��"!�; �("7*�!".!�; 

1��#*)��!��(* )��%.,(!�0 ��1")%���0 �,#�5�! ( ){ }, itζ ω . 

2. �" ).� ��� ,("1* 1�1,.,)!-� � �("(��(�5!� � �1."76�"!!$ .,-

%��,!)�'(-�$ 8 �,(�6 1*)��=,!!$ $%��(* ($% 1."��#�, 8�,!/,!!$ )��1,.�*; 

�("(��(�5!�0 �7*!�%) �("(��(�5!� � �7*!6�"!!$ �1,%(."#-!�0 0"."%(,.��(�% 

�("7*�!".!� � /����� � �� !"#� ��%�!��"(�: 

") .�8&�(($ ��0*)!� � 5"���� � .$)� (4.13) !" k �*).*8%*� �)!"%��� �&�$ � N, 

�(��.,!!$ "!�"�&#6 8 K .,"#*8"7*� * ��%�.��("!!$ � 1�)"#-/��� �,(�) 

��,.,)!,!!$ 8" "!�"�&#,� �("(��(�5!�0 �7*!�% )��#*)+��"!�0 �1,%(."#-!�0 

0"."%(,.��(�%; 

&) �!�+,!!$ ��0*)!� � 5"���� � .$)� (4.13) !" 5"���, �" ��, �*%!� ( )iW t , 

��&*. ��)� $%� � >.�!(�'(-�$ !" 1��("!��7* 8"�)"!!$ �("(��(�5!� � �7*!6�"!!$ 

�1,%(."#-!�0 0"."%(,.��(�% * "1.*�.!�0 )"!�0 1.� )��#*)+��"!�� ��1")%���� 

1.�7,�, " ("%�+ �1,%(."#-!*� 0"."%(,.��(�7* �" ��� � �*%!" ( )iW t . 

�"%�� 5�!��, %�+,! 8 7,!(.��"!�0 7�<.���0 5"����0 .$)*� 

( ), 1,2,   0, 1my ih m i n= = −�  .�8&��"'(-�$ !" K )*#$!�% (.��. 4.6). 

 

���. 4.6. �."<*5!" *#6�(."7*$ ."8&�(($ )��#*)+��"!� � 7,!(.��"!� � 

7�<.��� � 5"���� � .$)" � n �*)#*%"�� !" K )*#$!�% 8 N �*)#*%"�� !" %�+!*� 
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�(+, )#$ 1�)"#-/� � �("(��(�5!� � �1."�6�"!!$ )#$ %�+!� � 5"���� � 

.$)� (4.13) �<�.���"!� "!�"�&#- K .,"#*8"7*� ��)� 

( )

1( )

( ) ( ) ( ) ( ), 1,2,   0, 1, 1, ,  = 1

( )

m j

m j m j j mk j

mK j

Z t

Z t y t w t Z t m j N k K i j k N

Z t

�
�
�
�= = = = − = + −�
�
�
��

�
�

�

 

3. �#$ %�+!�; .,"#*8"7*; 8 { }( ), 1,2,   1, ,  0, 1mk jZ t m k K j N= = = −  ��%�!�6(-�$ 

!"�(�1!* �1,."7*;: 

") )��%.,(!, 1,.,(��.,!!$ @�.’' (��@), !" 1."%(�7* � &*#-/��(* ��1")%*� 

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

.,"#*8"7*; ��@ – /��)%, 1,.,(��.,!!$ @�.’'  

( )
1

0

F ( ) ( ) exp 2
N

mk g mk i
i

f t Z t j i g Nπ
−

=

= Δ ⋅ − ⋅ ⋅� ;                     (4.14) 

&) ��)�#- ��."8� (4.14) 1*)!���(-�$ )� %�")."(�: 
2

F ( )mk gf ; 

�) ��%�.��(���'(-�$ �,(�) ��,.,)!,!!$ 8" "!�"�&#,� K %��1�!,!( (4.14) * 

��8!"5"'(-�$ �("(��(�5!" �7*!%" )���(�.�!!-�; �1,%(."#-!�; =*#-!��(* 

�("7*�!".!�; 1��#*)��!��(* )��%.,(!�0 ��1")%���0 �,#�5�! ( ){ }, jtζ ω  ��."8��  

2

1

1
( ) F ( ) , 0, 1

K

mm g mk g
k

S f f g N
KN t =

= = −
Δ � . 

�#$ .�8."0�!%� �7*!%� �1,%(."#-!�; =*#-!��(* ( )mm gS f  ��%�.��(���6(-�$ 

)��%.,(!* 8!"5,!!$ 5"�(�( , 0, 1gf g N t g N= Δ = − .  

�("(��(�5!" �7*!%" �)!��(�.�!!-�; �1,%(."#-!�; =*#-!��(* ( )mm gS f  

��8!"5"'(-�$ $% 

2

1

2
( ) F ( ) , 0, 2

K

mm g mk g
k

G f f g N
KN t =

= =
Δ � . 

4. �" 5,(�,.(��� ,("1* �("(��(�5!� � �7*!6�"!!$ �1,%(."#-!�0 

0"."%(,.��(�% �("7*�!".!�; 1��#*)��!��(* )��%.,(!�0 ��1")%���0 �,#�5�! 
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( ){ }, jtζ ω  ��8!"5"6(- !"�(�1!* �("(��(�5!* �7*!%�. 

1). �)!��(�.�!!* �1,%(."#-!* =*#-!��(*: 

   ") �("7*�!".!�; 1��#*)��!��(* ( ){ }1 , jtζ ω  � �� #$)*  

2

11 1
1

2
( ) F ( ) , 0, 2

K

g k g
k

G f f g N
KN t =

= =
Δ � ; 

   &) �("7*�!".!�; 1��#*)��!��(* ( ){ }2 , jtζ ω  � �� #$)*  

2

22 2
1

2
( ) F ( ) , 0, 2

K

g k g
k

G f f g N
KN t =

= =
Δ � . 

2). �)!��(�.�!!6 �8"'�!� �1,%(."#-!� =*#-!*�(- �("7*�!".!�0 

1��#*)��!��(,� ( ){ }1 , jtζ ω  * ( ){ }2 , jtζ ω  � �� #$)* 

2

12 1 2
1

2
( ) F ( ) F ( ) , 0, 2

K

g k g k g
k

G f f f g N
KN t =

= ⋅ =
Δ � . 

3). @�!%7*; %� ,.,!(!��(* 

22
12 11 22( ) ( ) ( ) ( ) , 0, 2g g g gv f G f G f G f g N� �= ⋅ =� � . 

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

!"�,),!�0 ��=, �1,%(."#-!�0 0"."%(,.��(�% �("7*�!".!�; 1��#*)��!��(* 

��!�%"6(- 1�("!!$ 5��(� ���*.6�"#-!� � (�,(.�#� *5!� �) 1#"!�. �"%, !, 

!"�,),!� ��."8� )#$ �7*!%� $%��(* �(.��"!�0 �("(��(�5!�0 �7*!�% �1,%(."#-!�0 

0"."%(,.��(�%, !"1.�%#") ��."8� )#$ )��1,.�*; �7*!�%. �"%* .,8�#-("(� ��+�(- 

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

�1,%(."#-!�0 0"."%(,.��(�% 8 ��%�.��("!!$� )�)"(%���0 "1.*�.!�0 �*)����(,� 

1.� ��),#* ���*.6�"!�0 �� !"#*�, 5"�(�(!�� )*"1"8�! �1,%(."#-!�0 

0"."%(,.��(�% (" *!. ���� � !"�,),!� ��=, (�1��� �,(�)�%� �("(��(�5!� � 

�7*!6�"!!$ �1,%(."#-!�0 0"."%(,.��(�% �("7*�!".!�0 1��#*)��!��(,� .,8�#-("(� 

("%�0 )��#*)+,!- !, &�#� �%#65,!*. 

5. �" 8"%#65!��� ,("1* �("(��(�5!� � �7*!6�"!!$ �1,%(."#-!�0 

0"."%(,.��(�% �("7*�!".!�0 1.�7,�*� 1.���)�(-�$ "!"#*8 �(.��"!�0 .,8�#-("(*�; 
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� .$)* ��1")%*� 8 �."0��"!!$� ��%�.��("!!$ %�!%.,(!�0 �" ���0 �*%�!, ���)$(-�$ 

�"�/("&!* %�,<*7*'!(�. 
" .,8�#-("("�� 1.��,),!� � "!"#*8� 1.���"'(-�$ 

.*/,!!$ 1.� )��$ !,!!$ "&� !,)��$ !,!!$ 1��("�#,!�; �,(� �("(��(�5!� � 

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

 �,8�#-("(� �("(��(�5!� � �7*!6�"!!$ �1,%(."#-!�; =*#-!��(* 1�(�+!��(* 

�("7*�!".!�0 1.�7,�*� ("%�+ ��%�.��(���6(-�$ * � .$)* *!/�0 8"�)"!-, !"1.�%#") 

)#$ �("(��(�5!� � �7*!6�"!!$ "!"#� *5!�0 0"."%(,.��(�% $% <�!%7*� 5"�� 

!,�("7*�!".!� � /����� � �� !"#�, " ("%�+ )#$ )��#*)+,!!$ ")�(��!�; ���*/* 

)��0 �("7*�!".!�0 !,8"#,+!�0 /�����0 �� !"#*�. 
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	��
�� 5. ��2
���= �
�	4� ��
�����2���� 

�<��3�
��4 �
	
���	����� ������� ����
��� 

 

5.1. �,(�) «���,!�9$-SSA» )#$ ��)*#,!!$ (.,!)���> �%#")���> 
/����� � �� !"#� 

 


!"5!�� �!,��% � )��#*)+,!!$ (" 1."%(�5!, ��%�.��("!!$ �,(�)� 

��! �#$.!� � �1,%(."#-!� � "!"#*8� (���,!�7$ – SSA) 8.�&�#� .")$!�-%* �5,!* 

�.�. 
�0/("&,. (" �.�. ��#$!)*!".  

�,(�6 8"�(����"!!$ )"!� � �,(�)� ' .�8%#")"!!$ 5"���� � .$)� !" 

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

��%�!"!!$ ����� �("7*�!".!��(* .$)� (" 8!"!!$ ��),#* (.,!)�. 
" ("%�; 

�&�,+,!�; "1.*�.!�; *!<�.�"7*; �,(�) «���,!�7$» ��+, ��.*/��"(� !�8%� 

.*8!�0 8")"5 [14 – 15, 57]: 

- ��)*#,!!$ (.,!)�; 

- ��8!"5,!!$ 7�%#*5!�0 %��1�!,!(; 

- 8 #")+��"!!$ .$)�; 

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

�(�0"�(�5!�0 %��1�!,!(. 

�,)�#*%"�� �,(�)� ': 

- *�(�(!� !,"�(��"(�8��"!�� 1.�7,�  .�1��"!!$ %��1�!,!( 

��! �#$.!� � .�8%#")"!!$ (."'%(�.!�; �"(.�7* )#$ �(.��"!!$ %��1�!,!( 

��0*)!� � .$)�; 

- ��(('�" 8"#,+!*�(- /��)%��(* .�8."0�!%*� �*) )��+�!� 5"���� � 

.$)� (" )��+�!� �*%!" "!"#*8�. 

	# �.�(� �,(�)� �%#")"'(-�$ 8 )��0 ,("1*�: ),%��1�8�7*; (" �*)!��#,!!$. 

��	� ������������. �("1 ),%��1�8�7*; �%#")"'(-�$ 8 )��0 1��#*)��!�0 

%.�%*�  
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-��� 1. "�
����� . �.�7,)�." «�%#"),!!$» 1,.,��)�(- 1�5"(%���� 

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

�"���). 2��#�  – ("% 8�"!� )��+�!� �*%!" – !,�&0*)!� �&>.�!(��"(�, &"8�65��- 

!" <*8�5!*� 1.�.�)* <�.���"!!$ 5"���� � .$)�. ��!�' 1."��#�, =� )#$ 

.�8)*#,!!$ %��1�!,!( 5"���� � .$)� 5��#� L 1���!!� )�.*�!6�"(� !"�&*#-/��� 

1,.*�)� %��1�!,!( !"$�!�0 � )��#*)+��"!��� 5"������ .$)*. 
"8��5"� 

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

"!"#*8* �,#�%�0 5"����0 .$)*� 7, 1.�8�,), )� 8!"5!� � 8&*#-/,!!$ 5"�� 

!,�&0*)!� � !" "!"#*8. 
" !"$�!��(* *!<�.�"7*; 1.� 1,.*�)� %��1�!,!( � 

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

� .,8�#-("(* 1.�7,)�.� «�%#"),!!$» �(.���6(-  �,%(�.*� 

, $%* �"6(- .�8�*.!*�(- L (" �(��.66(- L-

(."'%(�.!� �"(.�76 .$)�  

, 

$%" �%#")"'(-�$ 8 �,%(�.*� «�%#"),!!$» � $%��(* �(��&7*�. 

�!/��� �#��"��, (."'%(�.!" �"(.�7$ – 7, �"(.�7$ ��)� 

. 

-��� 2. .��
�
 ��� ����������� . �"#* )� �(.��"!�; (."'%(�.!�; �"(.�7* 

8"�(�����6(- ��! �#$.!� ),%��1�8�7*6: .�8%#")"!!$ !" ,#,�,!(".!* �"(.�7*. 

��! �#$.!" ),%��1�8�7*$ ' ��!��!�� �"(,�"(�5!�� 1*)>.�!($� �,(�)�. � 

.,8�#-("(* ��! �#$.!�; ),%��1�8�7*; �"(.�7* , �(.���6(- �#"�!* 5��#" 

�"(.�7* , �#"�!��  (" <"%(�.!��  ��! �#$.!* �,%(�.� �"(.�7* . 

��! �#$.!" ),%��1�8�7*$ �"(.�7*  ��+, &�(� 8"1��"!" $% 

. 

][ jP L JL <<1

L

LJK −=

KippX Liii ≤≤= + 1,),...,( T

][ jP

[ ]KXX ::1 �=X

��
�
�
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�"&*. ( ) !"8��"'(-�$ �-�6 �#"�!�6 (.*�%�6 �"(.�7* �. �$)%� (" 

�(��&7* (."'%(�.!�; �"(.�7* ' �*).*8%"�� 1�5"(%��� � 5"���� � .$)�, (��� #*��� 

(" 1."��� ��! �#$.!* �,%(�.� ("%�+ �"6(- 5"���� �(.�%(�.� (" ��+�(- 

.�8 #$)"(��$ $% 5"���* .$)�.  

��	� ���
����

�. �("1 �*)!��#,!!$ 1�5�!"'(-�$ 8  .�1��"!!$ 

,#,�,!(".!�0 �"(.�7- 8" 1,�!��� 0"."%(,.��(�%"��.  

-��� 3. /�������� . �,(�6  .�1��"!!$ ' .�8)*#,!!$ ")�(��!�0 %��1�!,!( 

.$)�. 

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

!,1,.,(�!!�0 1*)�!�+�! . �,0"� , (�)*  – 

���" �*)1��*)!�;  .�1� ,#,�,!(".!�0 �"(.�7- $%* �*)1��*)"6(- 8" �)!� �%.,�� 

")�(��!� %��1�!,!(� ��0*)!� � 5��#��� � .$)� . � ("%�� �1��*& 

�(��.66(-�$ N  .�1     ( ) (" .�8)*#$6(- N ")�(��!�0 %��1�!,!(. 

�!,��% %�+!�; �%.,��;  .�1� ( ) � ),%��1�8�7*;  

��."+"'(-�$ $% 5"�(%" �*)1��*)!�0 �#"�!�0 5��,#: . 

-��� 4. '��
���
��� �	�������� . �#$ 1,.,(��.,!!$  .�1� ,#,�,!(".!�0 

�"(.�7- � 5��#���� .$) – %��1�!,!(� ��0*)!� � .$)�  – 8"�(�����6(- 

�1,."7*6 )*" �!"#-!� � ��,.,)!,!!$. 

�,0"�  –  �"(.�7$. �*" �!"#-!, ��,.,)!,!!$ 1,.,��)�(- �"(.�76 

 � .$)  )��+�!�6  8" <�.��#�6: 

 

iiVUiE
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"�(�����65� )*" �!"#-!, ��,.,)!,!!$ )� ��*0  .�1 ,#,�,!(".!�0 �"(.�7- 

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

����  %��1�!,!(: 

. 

���1�!,!(�, $%* <�.��6(-�$ � ("%�� �1��*& 8 1�5"(%���0 )"!�0, ��(('�� 

8"#,+"(- �*) ��&�.�  .�1 ,#,�,!(".!�0 �"(.�7-. ���� %�.,%(!*�(- "!"#*8� 

8!"5!�6 �*.�6 8"#,+�(- �*) 1*) �(��%� �1,."(�.". 

 

5.2. �,(�) ��$�#,!!$ ��(('��0 .�:#")*� 5"����0 .$)*� )#$ 

:!"0�)+,!!$ *!(,.�"#*� �("9*�!".!��(* /�����0 �� !"#*� 

 

�*) .�8#")�� 8"8��5"� .�8��*6(- &�)--$%* 8�*!� 1"."�,(.*� ���(,��, 

1.�7,��, =� ��!�%"6(- ��(('�� "&� )�+, /��)%� � 1�.*�!$!!* 8 0"."%(,.!�� 

1,.*�)�� ���*.6�"!- [3, 5, 18]. �.�&#,�" ��$�#,!!$ ���,!(*� .�8#")*� ��!�%"' 

� &" "(-�0 8")"5"0 %�!(.�#6 (" )*" !��(�%� (,0!*5!�0 ���(,�.  

��+!" 1.,)�("��(� !"�(�1!� %#"��<*%"7*6 ��)*� .�8#")�: 

1. «��1")%���� ��%�)» - $�#$' ��&�6 �)�!�5!� 8�*!� �"(,�"(�5!� � 

�1�)*�"!!$ 1.�7,��. ��*(�' )*6 %�.�(%�5"�!� � 8&�.665� � <"%(�.", $%�� 8&�� 

7,!(. !"#"/(��"!!$ (,0!�#� *5!� � 1.�7,��, !"1.�%#"), �)".!" )*$ !" 

(,0!�#� *5!, �&#")!"!!$. 

2. «
��� �,.,)!-� �» - $�#$' ��&�6 8�*!� �"(,�"(�5!� � �1�)*�"!!$ 

��1")%���0 �,#�5�! !" 1,�!��� 5"������ *!(,.�"#* ��1")%��� � 1.�7,��, *�*(�' 

!,&"+"!�� 8&*� !"#"/(��"!!$ (,0!�#� *5!� � 1.�7,�� "&�, !"1.�%#"), 8�*!� 

.*�!$ 1�)"5* ��.���!�. 

3. «
��� )��1,.�*;» - $�#$' ��&�6 8�*!� )��1,.�*; !" 1,�!��� 5"������ 

*!(,.�"#* 1.�7,��. 9, ��+, &�(� ��%#�%"!� 8�*!�6 �1,."(�.", ��0�)�� 8 #")� 

���*.6�"#-!� � 1.�#")� * (.1 . 

kIX ][)( jR k ][ jP

N

�
=

=
N

k

k jRjP
1

)( ][][
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4. ���*#-!" <#�%(�"7*$ – «(.,!)». 4�#$' ��&�6 8�*!� �"(,�"(�5!� � 

�1�)*�"!!$ !" ),$%��� 5"������ *!(,.�"#* 1.�7,�� 8" #*!*�!�� 8"%�!�� � 5"�*. 

9, ���(,�"(�5!, "�1��8"!!$" 7,!(.� !"#"/(��"!!$ (,0!�#� *5!� � 1.�7,��. 

�"%�� .�8#") ��+, &�(� 1��'$8"!��, !"1.�%#"), 8 1��(�1���� 8!�/��"!!$� 

�&#")!"!!$. 

5. ���)%" <#�%(�"7*$ – «%�#��"!!$». �.,)�("�#$' ��&�6 %�#��"!!$ 

�"(,�"(�5!� � �1�)*�"!!$ !" 1,�!��� 5"������ *!(,.�"#* 1.�7,�� 8" 

��!���*)"#-!�� 8"%�!��. ��)*&!�� .�8#") ��+, &�(� ��%#�%"!�� ),$%�� 

1,.*�)�5!� )*65�� 5�!!�%��, !"1.�%#"), !"��(��"!!$� &.�)� !" �&,.("#-!�� 

�"#. 

�#$ 8!"0�)+,!!$ .*8!�0 ��)*� .�8#")� ��%�.��(���'(-�$ �,#�%" %*#-%*�(- 

"# �.�(�*� (" %.�(,.*;� [5 – 7, 18, 41 – 42], ("%�0, !"1.�%#"), $% "# �.�(�� 

%���#$(��!�0 ���, �, ,!"-�"!),.��!", �")#,."-��&&*!8", .$) "# �.�(�*� 8 

1"�$((6 (�=�. 	#, !,)�#*%�� 7�0 "# �.�(�*� ' (,, =� ��!� ��8-%�!"1."�#,!* (" 

1�(.,&�6(- ),$%�0 "1.*�.!�0 8!"5,!-, =� !, 8"�+)� �*)��* 1.� �&.�&7* 5"����0 

.$)*�. �"%�+, �#*) 8"��"+�(�, =� 8"8!"5,!* "# �.�(�� �"6(- !�8-%� 

,<,%(��!*�(- 1.� �%#")!�0 ��1")%"0 !"$�!��(* .*8!�0 (�1*� .�8#")*� � 

)��#*)+��"!��� 5"������ .$)* (2�). 


 *)!� 8 !"�,),!�6 ��=, %#"��<*%"7*'6 ��)*� .�8#")*�, ��+!" 8.�&�(� 

���!���%, =� ("%� %#"��<*%"7*6 ��+!" 8�,�(� )� &*#-/ 1.��(�;: 

- «8��� �,.,)!-� �»; 

- «8��� )��1,.�*;»; 

- «(.,!)». 

�" &"8* �1.�=,!�; %#"��<*%"7*; ��)*� .�8#")*� &�� .�8.�&#,!�� "# �.�(� 

��$�#,!!$ ��(('��0 .�8#")*� 2�, �(.�%(�.!�-#� *5!" �0,�" $%� � 1.,)�("�#,!" 

!" .��. 5.1. 



80 

 
���. 5.1. �(.�%(�.!�-#� *5!" �0,�" �,(�)� ��$�#,!!$ ��(('��0  

.�8#")*� 5"����0 .$)*� /�����0 �� !"#*� 
 


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

��&�6 !,�("7*�!".!* &" "(�%��1�!,!(* )"!*. �.� !"$�!��(* � )��#*)+��"!�0 2� 

��!�(�!!� � (.,!)�, �� � ��)*#,!!$ ' 1,./�5,. ���6 8")"5,6 (" �*)!���(-�$ 

)� 1.�7,)�. 1�1,.,)!-�; �&.�&%� 5"���� � .$)�. �*)���� �,(�)�� 

1�1,.,)!-� � �1."76�"!!$ 2� $%�� 1,.,)&"5"' ��)*#,!!$ (.,!)� (" 7�%#*5!�0 

%��1�!,!( ' �,(�) ��! �#$.!� � �1,%(."#-!� � "!"#*8� (���,!�7$ – SSA). 

	# �.�(� �,(�)� �%#")"'(-�$ 8 )��0 ,("1*�: ),%��1�8�7*; (" �*)!��#,!!$. �" 

,("1* ),%��1�8�7*; �*)&��"'(-�$ 1,.,(��.,!!$ 5"���� � .$)� !" (."'%(�.!� 

�"(.�76 (" .�8%#")"!!$ ;; !" ,#,�,!(".!* �"(.�7*. �" ,("1* �*)!��#,!!$ 

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

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


*#-/ ),("#-!� ("%�� �,(�) &�), 1.,)�("�#,!� � !"�(�1!��� 1*).�8)*#*. 

�#$ ��$�#,!!$ <"%(� !"$�!��(* .�8#")�, " ("%�+ )#$ ��8!"5,!!$ ;0 

���,!(*� ��+!" 8"�(����"(� "!"#*8 8 ��%�.��("!!$� %��8!�; �*%�!!�; 

�("(��(�5!�; �&.�&%�. �#$ 7-� � �8)��+ )��#*)+��"!� � 2� /����� � �� !"# 

1,.,�*=�6(- %��8!, �*%!�, !" *!(,.�"#* $%� � ��8!"5"6(- %��8!* �("(��(�5!* 

0"."%(,.��(�%� �"(,�"(�5!� � �1�)*�"!!$ (" �,.,)!-�%�")."(�5!� � 

�*)0�#,!!$. 
 � #$)� !" 7, &�#� �<�.��#-��"!� !"�(�1!�� �,(�) ��$�#,!!$, 

*),!(�<*%"7*; (" ��8!"5,!!$ .�8#")*� 5"����0 .$)*�. 

1. �� )��#*)+��"!� � 2� sr[j] 8"�(�����6(- �,(�) SSA 8 1"."�,(.�� 

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

%��1�!,!(� – (.,!) 2�  (.��. 5.2,"):  

 

 
 

���. 5.2. �."<*%� ") )��#*)+��"!� � 2� sr[j] (" ��)*#,!� � (.,!)� ,  

&) ;0 .*8!�7*  

 

2. ��)"#-/� �&.�&%� ��%�!�6(- )#$ .*8!�7* )��#*)+��"!� � 2� (" 

��)*#,!� � (.,!)� (.��. 5.2,&): 

 

3. �%"!�6(- 2�  %��8!�� �*%!�� )��+�!�6 WS1=0,02J (" ��8!"5"6(- 

%��8!* 0"."%(,.��(�%� ��&*.%���0 �"(,�"(�5!� � �1�)*�"!!$  (" 

�,.,)!-�%�")."(�5!� � �*)0�#,!!$ . 

[ ]jstˆ

[ ][ ] [ ].ˆ jsjs tr →SSA

[ ]jstˆ

[ ]jsrˆ

[ ] [ ] [ ].ˆˆ jsjsjs trr −=

[ ]jsrˆ

[ ]jM̂

[ ]jσ̂
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4. �,.,�*.$6(- 0"."%(,. 8"%�!� .�81�)*#� �(.��"!�0 0"."%(,.��(�%  

(" . � ��1")%� !"$�!��(* .�8#")� (�1� «8���� )��1,.�*;» "&� «8���� 

�,.,)!-� �», �*)1��*)!* 0"."%(,.��(�%� �"6(- &" "(���)"#-!* 8"%�!� .�81�)*#� 

(.�� 5.3, .�� 5.4). � )��#*)+,!!* )#$ 1,.,�*.%� !" �!*��)"#-!*�(- ��%�.��("!�� 

%.�(,.*� �".(* "!" [62]. 

 

���. 5.3. �."<*%� %��8!�; 0"."%(,.��(�%� ��&*.%��� � �,.,)!-�%�")."(�5!� � 

�*)0�#,!!$  ("), (" ;; 1�#* �! 5"�(�( (&) 1.� !"$�!��(* .�8#")� (�1� «8��� 

�,.,)!-� �» 

 
 

���. 5.4. �."<*%� %��8!�; 0"."%(,.��(�%� ��&*.%��� � �"(,�"(�5!� �  

�1�)*�"!!$  ("), (" ;; 1�#* �! 5"�(�( (&) 1.� !"$�!��(* .�8#")� (�1� «8��� 

�,.,)!-� �» 

 

5. �*�#$ ��$�#,!!$ <"%(� .�8#")� (" *),!(�<*%"7*; ;; (�1� ��%�.��(���6(- 

%��8!�� "!"#*8 �*)1��*)!�; 0"."%(,.��(�%� (  "&�  8 *)!� 8 .��. 5.3-5.4) 

)#$ ��8!"5,!!$ ���,!(*� .�8#")�.  

�#$ 7-� � �%"!�6(- �*)1��*)!� 0"."%(,.��(�%� %��8!�� �*%!�� )��+�!�6 

WS2=0,05J (" ��8!"5"6(- %��8!� 0"."%(,.��(�%� �,.,)!-�%�")."(�5!� � 

[ ]jM̂

[ ]jσ̂

[ ]jσ̂

[ ]jM̂

[ ]jM̂ [ ]jσ̂
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�*)0�#,!!$ . �*#$!%� 0"."%(,.��(�%� , =� 1,.,��=�6(-  ."!�5!, 

8!"5,!!$  ��"+"6(- ("%���, =� �%"8�6(- !" 1�5"(�% * 

%*!,7- .�8#")� (.��. 5.5). 

 

��� .5.5. �#6�(."7*$ �8!"%� ��$�#,!!$ .�8#")� 

 

�*�#$ 8!"0�)+,!!$ ��(('��0 .�8#")*� (" *),!(�<*%"7*; ;0 ��)� ��+!" 

1,.,0�)�(� &,81��,.,)!-� )� �7*!%� 0"."%(,.��(�% /�����0 �� !"#*�, "#, )#$ 

%�+!� � *!(,.�"#� )"!� � �� !"#� �%.,��. 

 

5.3. �.�(,.*� �".(* "!" )#$ 1,.,�*.%� /����� � �� !"#� !" 

�!*��)"#-!*�(- 

 

�" �-� �)!* *�!�' ),%*#-%" �("(��(�5!�0 (,�(*� )#$ ��$�#,!!$ !"$�!��(* 

&*#-/, �)!� � 8"%�!� � .�81�)*#*. �"%, (,�( ��#<" ��%�.��(���' �*)!�/,!!$ 

1."�)�1�)*&!��(* )#$ )��%��1�!,!(!� � !�.�"#-!� � .�81�)*#� 1.� !�#-��*� 

 *1�(,8* 1.� �)!�%��1�!,!(!�� !�.�"#-!�� .�81�)*#. �,�(, 8"1.�1�!��"!�� 

�! ,#-�"!�� (" �".(* "!�� )*#�(- �!�+�!� 8!"5,!- ��&*.%� !" )�* 1*)�!�+�!� 

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

1.� (,, =� 7* )�* 1*)�!�+�!� ' .*�!���. 	#, � )"!�0 (,�(*� ' �" ���� !,)�#*%. 

��+,! 8 !�0 1."76' (*#-%� � ��1")%�, %�#� ��&*.%� 1*)1�.$)%���6(-�$ 

!�.�"#-!��� 8"%�!� .�81�)*#�. 

	�(�."�� 8"1.�1�!��"!� )#$ 1,.,�*.%� /����� � �� !"#� !" 

�!*��)"#-!*�(- ��%�.��(��"(� %.�(,.*� �".(* "!" "&� ���-�("(��(�%� [62]. �"%" 

�("(��(�%" .�8."0���'(-�$ $% �"%���"#-!" .*8!�7$ �*+ ,�1*.�5!�6 (" 

[ ]jSσ̂ [ ]jSσ̂

[ ] [ ][ ]jjL SS σσσ ˆ1,1ˆ +=



84 

�!*��)"#-!�6 <�!%7*$�� .�81�)*#�. �("(��(�%" ��+, &�(� �&."0��"!" � 

1�.$)%� n �1,."7*� )#$ n �1��(,.,+,!-, %.*� (� � ��!" 1*)0�)�(- )#$ (,�(��"!!$ 

&�)--$%� � �!*��)"#-!� � .�81�)*#� 1.�(� &�)--$%� � &" "(���)"#-!� � 

.�81�)*#�. 

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

)"(� ),$%* ��8!"5,!!$. 

@�!%7*$ .�81�)*#� F ' �!*��)"#-!�6 8 ),$%�6 ��)�6 m, $%=� ��!" ' 

�1�%#�6 !" *!(,.�"#*  (" �� !�(�6 !" *!(,.�"#* .  

�,0"� .�81�)*# G 1.,)�("�#$' ��&�6 ),$%�� ,�1*.�5!�� .�81�)*#. 

�,�&0*)!� ��8!"5�(�  

 

)#$ &�)--$%�0 �&�,+,!�0 <�!%7*� .�81�)*#� F, G. �#$ 7-� � ��8!"5"'(-�$ 

 

)#$ &�)--$%� � %#"��  �&�,+,!�0 <�!%7*�. �,0"� U  – %#"� �!*��)"#-!�0 

<�!%7*� .�81�)*#�. ���-�("(��(�%" <�!%7*� .�81�)*#� F ��8!"5"'(-�$ $% 

( )( ) ,D F F Uρ= .                                              (5.1) 

�,�&0*)!� �*)�*(�(�, =�  

( )1 2 1 2( ) ( ) , ,

( ) 0,  $%=� ,

( ) 0,  $%=� .

D F D F F F

D F F U

D F F U

ρ≤ +
= ∈
> ∉

 

�"%�� 5�!��, 8!"5,!!$ D ���*.6' �*)0�#,!!$ �*) �!*��)"#-!��(*. 

�"�&*#-/�6 �1�%#�6 �*!�."!(�6 .�81�)*#� F !" *!(,.�"#*  ' 

 1.� , ), �"+�."!(" &,.,(-�$ 1� ��*� <�!%7*$� G, $%* ' �1�%#��� 

(*#-%� !" *!(,!�"#* . 

�"��,!/�6 �� !�(�6 �"+�."!(�6 .�81�)*#� F !" *!(,.�"#*  ' 

 1.� , ), �*!�."!(" &,.,(-�$ 1� ��*� <�!%7*$� L, $%* ' �� !�(��� 

(*#-%� !" *!(,!�"#* . 

( ]� ,∞− [ )∞ ,�

( ) )()(sup , xGxFGF x −=ρ

( ) ( )GFF G ,inf , ρρ �∈=�

�

( ]� ,∞−
)(sup xG ax ≤

( ]� ,∞−
[ )∞ ,a

)(inf xL ax ≥

[ )∞ ,a
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�,�&0*)!� .�8/�.�(� ��8!"5,!!$ ���-�("(��(�%� )#$ �&�,+,!�0 <�!%7*� 

.�81�)*#� F, 1��(*�!�0 !" *!(,.�"#"0  (" . � ("%��� ��1")%� %#"� 

<�!%7*� U  ("%�+ ' 1��(*�!�� !" 8"8!"5,!��� ��=, *!(,.�"#*, " )#$ ),$%� � 

8!"5,!!$ ��)� m, ),  ' �1�%#�6 !" *!(,.�"#*  (" �� !�(�6 !" 

*!(,.�"#* . � ("%��� ��1")%� ���-�("(��(�%� ("%�+ ��+!" 8!"�(� 8" 

<�.��#�6 (5.1). 

�#$ )��%.,(!�; <�!%7*; .�81�)*#�, $%�6 ' ,�1*.�5!" <�!%7*$ .�81�)*#�, 

*�!�' !"�(�1!�� "# �.�(� �&5��#,!!$ %.�(,.*6 �".(* "!". 

�,0"� 8!"5,!!$  ' (�5%"�� <�!%7*; .�81�)*#� F. F)�!��� 

��+#����� (�5%"�� ��),#-!� � *!(,.�"#� ' (�5%� . ��8 #$)"'(-�$ 

 ��+#���0 ��)"#-!�0 *!(,.�"#*� (" .�8."0���'(-�$ )#$ %�+!� � 

�*).*8%�  !"�&*#-/" �1�%#" �*!�."!(" !" *!(,.�"#*  (" !"��,!/" 

�� !�(" �"+�."!(" !" *!(,.�"#* .  

�,0"�  - �"%���"#-!" �*)�("!- �*) .�81�)*#� F )� ��8!"5,!�0 %.���0. 

��)*  ' �*!*�"#-!�� 8!"5,!!$�  8" ��*�" �*).*8%"�� . 

 

5.4. 
��#*)+,!!$ ,?,%(��!��(* ��%�.��("!!$ �,(�)� ��$#,!!$ 

��(('��0 .�:#")*� 5"����0 .$)*� /�����0 �� !"#*� 

 

+	�	�!
	 �������	 �����!
��� ������"�

�. 4% ��),#- 5"���� � .$)� 

��%�.��("!� )��%.,(!� .,"#*8"7*6 &" "(�%��1�!,!(!� � 7�%#*5!� � �� !"#�: 

,      , 

), si[j] – �-(" 7�%#*5!" %��1�!,!(", n[j] – .,"#*8"7*$  "������ � �("7*�!".!� � 

/���, )#$ $%� � Mn =0, Dn =G2, Si[j] – "�1#*(�)!" 0"."%(,.��(�%" �-; 7�%#*5!�; 

%��1�!,!(�, @i[j] – <"8��" 0"."%(,.��(�%" �-; 7�%#*5!�; %��1�!,!(�, j=1…J, J – 

�&�$  .,"#*8"7*;. ��%�!�'(-�$ �#"�(��*�(- – si[j]∈L2 * )#$ si[j] *�!�' 1,.,(��.,!!$ 

( ]0 ,∞− [ )∞ ,1

10 ≤≤� [ ]� ,0

[ ]� ,1

nxxx  ,..., , 21

( )UL xx  ,

( )
2

1−nn

[ ]ji xx , ( ]ix ,∞−

[ )∞ ,jx

ijd

)(2 FD ijd [ ]ji xx ,

[ ] [ ]( ) [ ]jnjsjs
m

i
i += �

=1
[ ] [ ] [ ]( )jjSjs iii Φ= cos
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�*#-&,.(", �"%���"#-!, 8!"5,!!$ !, 1,.,��=�' 0,5G. 

��8#") ��),#6'(-�$ /#$0�� ��)�<*%"7*; .,"#*8"7*; s[j]. ���#*)+,!!$ 

1.���)�#��$ )#$ .�8#")� (�1� «8��� �,.,)!-� �», �"(,�"(�5!" ��),#- $%�; 

1.,)�("�#,!" !"�(�1!�� 5�!��:  

 

�,+* *!(,.�"#� .�8#")� (kmin (" kmax) �*)��* (" 8")"6(-�$ 1.� ��),#6�"!!*. 

�,#�5�!" MS ��8!"5"'(-�$ *!(,!���!*�(6 .�8#")� KR: 

σ
= S

R

M
K  - )#$ .�8#")� (�1� «8��� �,.,)!-� �»;  

1
σ
σ

= −S
RK  - )#$ .�8#")� (�1� «8��� )��1,.�*;».    

��5"(%����� 8!"5,!!$�� 1"."�,(.*� ��),#6�"!!$ 1.��!$(*: 

– *!(,!���!*�(- .�8#")� KR ∈ [0; 2]; 

– %*#-%*�(- 7�%#*5!�0 %��1�!,!( � = 1; 

– "�1#*(�)!" 0"."%(,.��(�%" 7�%#*5!�; %��1�!,!(�: Si[j] = 1; 

– <"8��" 0"."%(,.��(�%" 7�%#*5!�; %��1�!,!(� @i[j] = jT�; 

– 1,.*�) )��%.,(�8"7*; T� = 1×10-5�; 

– �&�$  .,"#*8"7*; J = 5000; 

– �,.,)!-�%�")."(�5!, �*)0�#,!!$ .,"#*8"7*;  "������ � �("7*�!".!� � 

/��� G = 2; 

– ���,!(� .�8#")�: kmin = 2000, kmax = 3000; 

– %*#-%*�(- 1��(�.,!- ,%�1,.��,!(� !" %�+!��� 8!"5,!!* *!(,!���!��(* 

.�8#")� L = 10000. 


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

��(('��0 .�8#")*� 5"����0 .$)*� /�����0 �� !"#*�. 

#�����"�

� �	��"
���� �
	��

� �������� ,	����	
	 

��� �
��
���
���� ����	�
. ���*.6�"#-!* ,%�1,.��,!(� 1.���)�#��$ 8" �0,��6 

1.,)�("�#,!�6 !" .��. 5.6. � 0�)* ,%�1,.��,!(*� ��8!"5"#"�$ 8"#,+!*�(- 

[ ] [ ]
[ ]�

�
�
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=
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8!"5,!!$ ���-�("(��(�%� DIPS 1.� .*8!�0 8!"5,!!$0 *!(,!���!��(* .�8#")� KR.  
 

 

���. 5.6. �(.�%(�.!�-#� *5!" �0,�" 1.��,),!!$ %��1’6(,.!� � ,%�1,.��,!(� 

)#$ )��#*)+,!!$ 8"#,+!��(* 8!"5,!!$ ���-�("(��(�%� �*) *!(,!���!��(* 

.�8#")� 

� .,8�#-("(* ,%�1,.��,!(� �(.��"#� �!�+�!� 8"#,+!��(,� MDIP[KR] (" 

GDIP[KR], $%*  ."<*5!�� �1���&�� 1.,)�("�#,!* !" .��. 5.7. 
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���. 5.7. �."<*5!, 1.,)�("�#,!!$ .,8�#-("(*� ,%�1,.��,!(� 

)#$ .�8#"� (�1� «8��� )��1,.�*;»:  

( – ) – MDIP[KR]; ( – H ) – MDIP[KR] ± GDIP[KR]; ( – – ) – MDIP[KR] ± 3GDIP[KR] 

 


" �(.��"!��� )"!��� ��+#��� ��8!"5�(� *���*.!*�(- (P) ��%�!"!!$ 

 *1�(,8� 1.� �!*��)"#-!*�(- .�81�)*#� )��#*)+��"!�; .,"#*8"7*; [62]. �."<*% 

8"#,+!��(* *���*.!��(* ��%�!"!!$  *1�(,8� 1.� �!*��)"#-!*�(-, (�&(� �*)��(!��(* 

.�8#")�, �*) *!(,!���!��(* .�8#")� 1.,)�("�#,!� !" .��. 5.8. �"  ."<*%� 

��7*#-!�6 #*!*'6 1.,)�("�#,!� �"(,�"(�5!, �1�)*�"!!$ *���*.!��(* P (MP[KR]), 

1�!%(�.�� – �,.,)!'%�")."(�5!, �*)0�#,!!$ *���*.!��(* P (GP[KR]). 

 

���. 5.8. �."<*5!, 1.,)�("�#,!!$ 8"#,+!��(* *���*.!��(* �*)��(!��(* 

.�8#")� �*) *!(,!���!��(* .�8#")�: ( – ) – MP[KR]; ( – H ) – MP[KR] ± GP[KR] 
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	!"#*8 �(.��"!�0 .,8�#-("(*� )�8��#$' �(�,.)+��"(� 1.� ��+#��*�(- 

��$�#,!!$ 8" )�1��� �6 1.,)�("�#,!� � �,(�)� .�8#") 5"����0 .$)*� 8" 

*!(,!���!��(* .�8#")� KR I 0,5 8 *���*.!*�(6 P=0,95. 

#�����"�

� ��������
���� ������

� ����
��� ����	�
.. �#$ 

1,.,�*.%� )��(��*.!��(* 8"1.�1�!��"!� � �,(�)� &�#� 1.��,),!� %��1’6(,.!, 

��1.�&��"!!$, � $%��� 8"�(������"#� 1.,)�("�#,!�� �,(�) )� ��),#-��"!�0 2� 

8 �*)1��*)!��� (�1"�� .�8#")*�.  

� ("&#. 5.1 1.,)�("�#,!� ��,.,)!,!* .,8�#-("(� ,%�1,.��,!(*�. 

 

�"&#�7$ 5.1 

	,:�#-("(� )��#*)+,!!$ )��(��*.!��(* 1.,)�("�#,!� � �,(�)" 

�!(,!���!*�(- 

.�8#")� KR 

�,.,)!$ 

%*#-%*�(- 

��$�#,!�0 

���,!(*� 

.�8#")� 

�,.,)!$ 

%*#-%*�(- 

1."��#-!� 

��8!"5,!�0 

���,!(*� 

�,.,)!$ 

%*#-%*�(- 

1���#�% 

1,./� � 

.�)� 

�*)��(�% 

1���#�% 

1,./� � 

.�)�, % 

�,.,)!$ 

%*#-%*�(- 

1���#�% 

).� � � 

.�)� 

<0,1 0 0 2 100 0 

0,2 0,79 0 2 100 0,79 

0,3 2,86 0,33 1,62 81 2,53 

0,4 3,75 1,26 0,73 36,5 2,49 

0,5 3,61 1,82 0,18 9 1,79 

0,6 2,89 1,94 0,06 3 0,95 

0,7 2,5 1,99 0,01 0,5 0,51 

0,8 2,26 1,99 0,01 0,5 0,27 

0,9 2,15 1,99 0,01 0,5 0,16 

1 2,07 2 0 0 0,07 

1,1 2,02 2 0 0 0,02 

>1,2 2 2 0 0 0 
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 � #$)� !" �(.��"!* .,8�#-("(� ,%�1,.��,!(�, ��+!" �(�,.)+��"(� =� 

8"1.�1�!��"!�� �,(�) )�8��#$' ��1*/!� ��$�#$(� <"%( !"$�!��(* .�8#")�, 

*),!(�<*%��"(� (�1 .�8#")� (" ��8!"5"(� ���,!(� 1�5"(%� * %*!7$ .�8#")� )#$ 

*!(,!���!��(* .�8#")� >0,7 8 *���*.!*�(6 1���#%� 1,./� � .�)� <0,5% (" 

*���*.!*�(6 1���#%� ).� � � .�)� <25%. �.� *!(,!���!��(* .�8#")� >1, 

*���*.!��(* 1���#�% 1,./� � (" ).� � � .�)� !, 1,.,��=�6(- 0% (" 3% 

�*)1��*)!�. 

#�����"�

� ���
	��

� ���
���� ����
��� ����	�
. ���*.6�"#-!* 

,%�1,.��,!(� 1.���)�#��$ 8" �0,��6 1.,)�("�#,!�6 !" .��. 5.9. � 0�)* 

,%�1,.��,!(*� ��8!"5"#"�$ 8"#,+!*�(- 1�0�&%� ��8!"5,!!$ %��.)�!"( (�5�% 

.�8#")� �*) 8!"5,!!$ *!(,!���!��(* .�8#")� KR. 

 

���. 5.9. �(.�%(�.!�-#� *5!" �0,�" 1.��,),!!$ %��1’6(,.!� � ,%�1,.��,!(� 

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

("&#. 5.2. 

�"&#�7$ 5.2 

	,:�#-("(� )��#*)+,!!$ (�5!��(* ��$�#,!!$ ���,!(*� .�:#")� 

�!(,!���!*�(- 

.�8#")� 

��0�&%" 

��8!"5,!!$ (�5�% 

.�8#")� (�1� «8��� 

�,.,)!-� �» 

��� 

1�0�&%� 

��0�&%" 

��8!"5,!!$ (�5�% 

.�8#")� (�1� «8��� 

)��1,.�*;» 

��� 

1�0�&%� 

0,7 16,75 11,25 1,55 1,24 

0,8 13,43 10,27 1,39 1,18 

0,9 10,41 8,98 1,26 1,12 

1 8,78 7,70 1,28 1,13 

1,1 7,13 6,17 0,85 0,92 

1,2 6,31 5,38 0,99 0,99 

1,3 5,87 5,06 1,08 1,04 

1,4 5,42 4,79 1,16 1,08 

1,5 5,07 4,58 1,34 1,16 

1,6 4,80 4,40 1,42 1,19 

1,7 4,55 4,32 1,54 1,24 

1,8 4,16 3,32 1,72 1,31 

1,9 3,90 3,20 1,85 1,36 

2 3,74 3,03 2,01 1,42 

 

4% ��)!� 8 ("&#. 5.2, �,.,)!' 8!"5,!!$ 1�0�&%� «8��� �,.,)!-� �» !, 

1,.,��=�' 7,2 �*)#*%*�, " 1�0�&%� «8��� )��1,.�*;» 1,4 �*)#*%�, =� ��*)5�(- 1.� 

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


"1.�1�!��"!�� �,(�) ��$�#,!!$, *),!(�<*%"7*; (�1� .�8#")� (" 

��8!"5,!!$ ���,!(*� 1�#$ "' � 8"�(����"!!$ 1.�7,)�. *(,."7*�!� � %��8!� � 

�%"!��"!!$ )��#*)+��"!� � 5"���� � .$)�, ��8!"5,!!$ ��&*.%���0 �("(��(�5!�0 
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0"."%(,.��(�% (" 8" ;0 "!"#*8�� 1.��!$(($ �*)1��*)!�0 .*/,!- 1.� !"$�!*�(-, (�1 

(" ���,!(� .�8#")�. 

�.��*�/� ��* ��=, 8"8!"5,!* )��#*)+,!!$ ��+!" �(�,.)+��"(� 1.� (,, =� 

�,(�) ��$�#,!!$ ��(('��0 .�8#")*� 5"����0 .$)*� ' )���(- (�5!�� �,(�)��, $%�� 

)�1���+, .�8)*#�(� &�)--$%�� !,�("7*�!".!�� /�����0 �� !"# !" %��%���-

�("7*�!".!* *!(,.�"#�, =� )�1���+, � ��8!"5,!!* 0"."%(,.��(�% �(.��"!�0 

/�����0 �� !"#*�. 

�,8�#-("(� 1.��,),!�0 %��1’6(,.!�0 ��),#-!�0 ,%�1,.��,!(*� 

1*)(�,.)+�6(- 1."7,8)"(!*�(- �,(�)" (" )�8��#$6(- �7*!�(� �� � )��(��*.!*�(-. 

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

1. 
 �,(�6 &*#-/ 5*(%�; *!(,.1.,("7*; 1�)"#-/�0 �"(,.*"#*� ��!� ."<*; 

�1�5"(%� !"�,),!� �8!"5,!!$ /����� � �� !"#� � ("%*� .,)"%7*;: /������ 

�� !"# – 7, *!(, .��"!" ���" �<�.���"!�0 � 5"�* * � 1.��(�.* 8!"5!�; %*#-%��(* 

,#,�,!(".!�0 *�1�#-�!�0 �� !"#*� �(�0"�(�5!�; <*8�5!�; 1.�.�)� 1*) )*'6 

,!,. ,(�5!�0 �1#��*� .*8!�0 8&�.,!-, � (��� 5��#* ,#,%(.��" !*(!�0, 

�,0"!*5!�0, (,1#���0, �1(�5!�0 (" *!. 

2. ��8 #$)"65� /������ �� !"# $% 1.,)�,( )��#*)+,!- �<�.��#-��"!� 

)�* 1.�!7�1��� 1.�(�#,+!* (" "%(�"#-!* !"�%���-(,0!*5!* 1.�&#,�� /�����0 

�� !"#*�: 

- %#"��5!* 8")"5* 8�,!/,!!$ �1#��� /�����0 �� !"#*� 1.� 1,.,)"�"!!*, 

1.���"!!*, ��$�#,!!*, 1,.,(��.,!!* (" �1."76�"!!* �� !"#*� 1.� )*; 8"�") � 

(,#,%���!*%"7*�!�0 (" *!/�0 *!<�.�"7*�!�0 ���(,�"0; 

- /����* �� !"#� ' 1.,)�,(�� )��#*)+,!-, *!<�.�"7*�!�� .,��.� $%�0 � 

8!"5!*� �*.* )�1��!6' �*)��*, " � .$)* ��1")%*� ��8!"5"' ��!��!* 0"."%(,.��(�%� 

)�!"�*%� � 5"�* * � 1.��(�.* �("!� * .,+��*� <�!%7*�!��"!!$ )��#*)+��"!�0 

�&’'%(*�. 

�� ��!��!�0 8"�)"!- )��#*)+,!- /�����0 �� !"#*� �#*) �*)!,�(�: 

- �& .�!(��"!!$ )��#*)+��"!�0 $��=, 1.�7,�*� * ���(,� 8 /������� 

�� !"#"��; 

- �(��.,!!$ <*8�5!�0 ��),#,� )#$ )��#*)+��"!�0 $��=, 1.�7,�*� * ���(,�; 

- .�8.�&%� �,(�)*� �("(��(�5!� � �7*!6�"!!$ 0"."%(,.��(�% /�����0 

�� !"#*�; 

- �(��.,!!$ �*)1��*)!� � *!<�.�"7*�!� � 8"&,81,5,!!$; 

- .�8.�&%� �*)1��*)!� � "1"."(!� � (" 1.� ."�!� � 8"&,81,5,!!$. 

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

��%"8"!�, =� 8" �&#"�($�� 8"�(����"!!$ /����* �� !"#� 1.���(!* � 

&*��,)�7�!*, ���(,�"0 8�’$8%�, (,0!*7* !")*�!��(* (�=�, " 8" 0"."%(,.�� 
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��%�.��("!!$ /����* �� !"#� ��%�.��(���6(- $% (,�(-�� !"#�, 8�!)� 1.� 

)��#*)+,!!$0 �*%.��%�1*5!�0 $��=, /�.�%���� ��* �� !"#� "&� $% 8"��&� 

"!"#*8�. 

4. ��!��!��� 0"."%(,.��(�%"�� /����� � �� !"#� $% ��1")%��� � 

1.�7,�� ':  

- �("(��(�5!* 0"."%(,.��(�%�: <�!%7*$ .�81�)*#� ����*.!��(*; =*#-!*�(- 

.�81�)*#� ����*.!��(*; �"(,�"(�5!, �1�)*�"!!$; )��1,.�*$; "�(�%�.,#$7*�!" 

<�!%7*$; 

- ,!,. ,(�5!* 0"."%(,.��(�%�: ��(('�" 1�(�+!*�(-; ,!,. *$ �� !"#�; 

�1,%(."#-!" =*#-!*�(- 1�(�+!��(*. 

5. �"�,),!� 1.�%#")� (�1���0 /�����0 �� !"#*�. �.��,),!� ��),#- 

(,1#���0 /��*� $% /��*�, $%* !"�&*#-/ 5"�(� 8��(.*5"6(-�$. 

6. �1��"!� &,8�,+!� 1�)*#-!* 8"%�!� .�81�)*#� ���� !,8"#,+!�0 

��1")%���0 �,#�5�! $% ��!��!�� .,8�#-("( (,�.,(�5!� � <�!)"�,!(� 1�&�)��� 

��),#,� /�����0 �� !"#*�. 

7. �)��%�!"#,!� 8" "#-!� ��),#- /����� � �� !"#� �&’'%(" ,!,. ,(�%� � 

�� #$)* (.����*.!� � �,%(�.!� � ��1")%��� � 1.�7,�� (" !" ;; ��!��* 

8"1.�1�!��"!� %�!�(.�%(��!� ��),#- /����� � �� !"#� 8 %��%���-

�("7*�!".!��� #*!*�!��� ("  ".��!*8��!��� ��1")%����� 1.�7,�"��, =� 

)�8��#�#� ��%�.��("(� �*)��* �("(��(�5!* �,(�)� �1."76�"!!$ )"!�0 

��),#6�"!!$ (" ���*.6�"!!$ )��#*)+��"!�0 /�����0 �� !"#*� 1.� .�8.�&7* 

"# �.�(�*5!�-1.� ."�!� � 8"&,81,5,!!$ (" ��8!"5�(� !��* )*" !��(�5!* �8!"%�: 

(.,!)��� %��1�!,!(�, ���,!(� .�8#")�, *!(,.�"#� �("7*�!".!��(*. 

8. �.� ��),#6�"!!* /�����0 �� !"#*� !,�&0*)!� 1.�)*#�(� ��" � 

 ,!,."7*; &*#� � /���, $%�� ' 1,.��!!�� )+,.,#�� <�.���"!!$ ��*0 /�����0 

�� !"#*�. � 8"#,+!��(* �*) $%��(,�  ,!,."(�.*� &*#� � /��� &�)�(- 8"#,+"(� 

$%��(* ��*0 8��),#-��"!�0 &*#�0 /��*�. 2,.,8 7, .�8.�&#,!� .,%��,!)"7*; 1� 

��&�.�  ,!,."(�." 1�,�)���1")%���0 5��,# 8 .*�!��*.!�� 8"%�!�� .�81�)*#� 

)#$ �(.��"!!$ .,"#*8"7*� &*#� � /���.  
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� $%��(*  ,!,."(�.*� 1�,�)���1")%���; 1��#*)��!��(* 5��,# &�#� 

��%�.��("!*: 

- �,(�) �".(*!", ), !"�(�1!, 5��#� 8 1��#*)��!��(* �&�."'(-�$ 8" 

<�.��#�6 ] [nn XcX ×=+1 , ), ] [�  �8!"5"' �1,."7*6 �8$(($ ).�&���; 5"�(�!� 

5��#��� � )�&�(%�, =� �*�(�(-�$ �*+ 7��� )�+%"��; 

- %�! .�,!(!�� �,(�), ), !"�(�1!, 5��#� 8 1��#*)��!��(* �&�."'(-�$ 8" 

<�.��#�6 ( ) mcaXX nn mod1 +=+ , 1.� 5��� � $%��(* 8!"5,!- a, c, m 

��%�.��(����"#��$ .*8!* 8!"5,!!$; 

- �&�)��"!�� � �,.,)���=* Matlab  ,!,."(�. 8 .*�!��*.!�� 8"%�!�� 

.�81�)*#� (<�!%7*$ unifrnd). 

�,8�#-("(� )��#*)+,!!$ 1�%"8"#�, =� 1.� )#$ .,"#*8"7*� &*#� � /��� 8 

.*�!��*.!�� 8"%�!�� .�81�)*#� )#$ ��&*.�% �"#� � �&’'�� ()� 3000 ,#,�,!(*�), 

%."=� �(�1*!- �*)1��*)!��(* .,"#*8"7*� �"' �&�)��"!�� � �,.,)���=, Matlab 

 ,!,."(�. (<�!%7*$ unifrnd), "#, 1.� ��%�.��("!!* .,"#*8"7*� &*#� � /��� 

&*#-/� � �&’'�� (&*#-/, 3000 ,#,�,!(*�) �" ��*/�� �("' �+, %�! .�,!(!�� 

�,(�)  ,!,."7*; 1�,�)���1")%���; 1��#*)��!��(* 5��,#. �,(�) �".(*!" !, 

1.�$��� �,&, $% %."=�� 8" 0"."%(,.��(�%"�� $%��(* )#$ +�)!� � �&’'�� ��&*.%�. 

9. � (,�.*; * 1."%(�7* �("(��(�5!� � �7*!6�"!!$ !"�&*#-/ 1��!� 

.�8.�&#,!* ��),#*, "# �.�(�� * 1.� ."�!, 8"&,81,5,!!$ �&5��#,!!$ 

�("(��(�5!�0 �7*!�% 0"."%(,.��(�% �("7*�!".!�0 ��1")%���0 1.�7,�*�. 

�"."%(,.��(�%"�� �("7*�!".!�0 1.�7,�*� ': �"(,�"(�5!, �1�)*�"!!$, )��1,.�*$, 

%�.,#$7*�!" <�!%7*$, �1,%(."#-!" =*#-!*�(- 1�(�+!��(* * �)!����*.!" <�!%7*$ 

.�81�)*#�. 

�� *!<�.�"7*�!� � 8"&,81,5,!!$ �("(��(�5!� � �7*!6�"!!$ �("7*�!".!�0 

1.�7,�*� �*)!��$(- �"(,�"(�5!* ��),#*, ;0 ��!��!* �("(��(�5!* 0"."%(,.��(�%�, 

"# �.�(�� * 1.� ."�!, 8"&,81,5,!!$ .�8."0�!%*� �("(��(�5!�0 �7*!�% 

0"."%(,.��(�% �("7*�!".!�0 1.�7,�*�. 

10. 
*#-/*�(- �,(�)*� �("(��(�5!� � "!"#*8� �� !"#*�, ���*.$!�0 � .*8!�0 

(�5%"0 �&’'%(*� )��#*)+,!!$ 5� � .*8!�0 !"1.$�"0, >.�!(�6(-�$ !" ;0 ��),#$0 � 
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�� #$)* �("7*�!".!�0 ��1")%���0 1.�7,�*�. �)!"%, .�8 #$)"65� ("%* �� !"#� $% 

5"���* .$)� * 8"�(�����65� )� !�0 %.�(,.*; 1,.,�*.%� !" �("7*�!".!*�(-, ��+!" 

8.�&�(� ���!���%, =� &*#-/*�(- *8 !�0 ' !,�("7*�!".!���. �(+,, !" 1."%(�7* 

*!<�.�"7*�!* �� !"#� *8 <*8�5!�; (�5%� 8�.�, 8"8��5"�, !, ��+!" &,81��,.,)!-� 

�1��"(� �("7*�!".!��� ��),#$��. ���� !,�&0*)!� ��.*/��"(� 8")"5� 1�/�%� 

("%�0 /#$0*� 1�1,.,)!-�; �&.�&%� *!<�.�"7*�!�0 �� !"#*�, $%* & )�8��#$#� 

��)*#$(� *!(,.�"#�, !" $%�0 �� !"#� ��+!" .�8 #$)"(� $% ����!� �("7*�!".!*. 

�#$ "!"#*8� ("%�0 �� !"#*� )��#*)+,!� ��$�#,!!$ ��(('��0 5"����0 ���,!(*� 

.�8#")� �� !"#*�, 8" �����, =� !,�("7*�!".!�� �� !"# ��+!" .�8 #$)"(� $% 

%��%���-�("7*�!".!�� !" .*8!�0 *!(,.�"#"0 �("7*�!".!��(*. 

11. 
 �,(�6 �7*!6�"!!$ ,<,%(��!��(*, (�5!��(* ("  ."!�5!�0 ��+#����(,� 

8"1.�1�!��"!� � �,(�)� ��$�#,!!$ ��(('��0 5"����0 ���,!(*� .�8#")� 

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

	!"#*8 .,8�#-("(*� )��#*)+,!!$ 8"#,+!��(* 8!"5,!!$ %.�(,.*6 �".(* "!" 

�*) *!(,!���!��(* .�8#")� )�8��#$' �(�,.)+��"(� 1.� ��+#��*�(- ��$�#,!!$ 8" 

)�1��� �6 1.,)�("�#,!� � �,(�)� .�8#")*� 5"����0 .$)*� 8" *!(,!���!��(* 

.�8#")� KR I 0,5 8 *���*.!*�(6 P=0,95. 


 � #$)� !" �(.��"!* .,8�#-("(� ,%�1,.��,!(� =�)� )��(��*.!��(* 

��$�#,!!$ ���,!(*� .�8#")�, ��+!" �(�,.)+��"(� =� 8"1.�1�!��"!�� �,(�) 

)�8��#$' ��1*/!� ��$�#$(� <"%( !"$�!��(* .�8#")�, *),!(�<*%��"(� ;; (�1 (" 

��8!"5"(� ��(('�* ���,!(� .�8#")� )#$ *!(,!���!��(* .�8#")� >0,7 8 *���*.!*�(6 

1���#%� 1,./� � .�)� <0,5% (" *���*.!*�(6 1���#%� ).� � � .�)� <25%. �.� 

*!(,!���!��(* .�8#")� >1, *���*.!��(* 1���#�% 1,./� � (" ).� � � .�)� !, 

1,.,��=�6(- 0,1% (" 3% �*)1��*)!�. 

�.� )��#*)+,!!* (�5!��(* ��$�#,!!$ ���,!(*� .�8#")� &�#� 8!"�),!* 

�,.,)!* 8!"5,!!$ 1�0�&%� «8��� �,.,)!-� �» (" «8��� )��1,.�*;», $%* !, 

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

���,!(*� .�8#")� 1.� *!(,!���!��(* .�8#")� &*#-/, 0,7. 
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