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� &��1�"//�� ("+!���1�. 7"/&����$!�. /�'#� � ��7��)!*+ &����0"!�'+
&���%��� -���,�" � /&��/(� !"!�" !"$���1�" � ��9!*" 7"/&����$!*"
&��"��&"�"$ (%�,�. :(� � /,�*� "( ��#��0!�/(� /�#$ !�' 7"/&����$!*+
$"5"!(� ��#�� !!*+ / ����1 !�#�69�+/' /"(". (mobile ad hoc network 
(MANET), /�/(�'9�" �# ��7��)!*+ �/(��./(�� ���
 � 0$�" ( ,�"
�/(��./(�� ��0"( !"# ��/��� &"�"$��1 ()/' � �67*+ ! &� ��"!�'+ �, , ,
/�"$/(��", % /(� � #�*� () � �/( ! ���� () /�"$�!"!�'.

� ����1 !�#�69�"/' /"(� MANET �7� $ 6( /�"$�69���
&�"���9"/(� �� ! $ 7"/&����$!*�� /"('�� (� $�5��!!�.  �+�(",(��*: 

- ��#��0!�/() &"�"$ %� $ !!*+ ! 7��)-�" � //(�'!�' 7"# ��"��%"!�'
��9!�/(� &"�"$ (%�, ; 

- �/(�.%���/() , �#�"!"!�'� � �!8� /(��,(��" /"(�; 

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

- &��/(�( � �*/�, ' /,���/() � #�"�(*� !�'; 

�"/&����$!*" /"(�, &�/(��"!!*" ! 7 #" ��7��)!*+ �/(��./(�, �7� $ 6(
�'$�� �/�7"!!�/(".: 

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

# & / �/(�%!�,�� &�( !�' ��7��)!*+ �#��� ��0"( 7*() �1� !�%"!, �
/�'#� / %"� &�� &��",(���� !��  && � (!*+ /�"$/(� � &��(�,����
!"�7+�$��� �%�(*� () "9; � <!"�1�&�(�"7�"!�" (�/�7"!!� <(�
, / "(/' /"!/��!*+ /"(".). 

�� /� �!"!�6 / &����$!*�� /"('��, /"(� ��7��)!�. /�'#� �7� $ 6(
�'$�� �!�, �)!*+ �/�7"!!�/(".. � ��7��)!*+ /"('+ ��7��)!�/() �#� 
��0"( �*#*� () % /(*" �#�"!"!�' (�&���1��, ,�(��*" '��'6(/' �"$,���
� &����$!*+ /"('+. � �(��%�" �( /( 7��)!�. &��&�/,!�. /&�/�7!�/(�
��!�� &����$!�. /"(�, ��#��0!�/(� 7"/&����$!�1� /�"$�!"!�'
� �)���6(/' �#-# &�/(�'!!�1� �#�"!"!�' ��9!�/(� &"�"$ %�, 
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%��/(��("�)!�/(� &��"�!�, , -�� , # (�+ !�. � �!("�8"�"!5��. ����"
(�1�, 7"/&����$!*" ��7��)!*" /"(� ��"6( �*/�,�. ,�<88�5�"!( �-�7�,, 
�1� !�%"!* � ��9!�/(� � &���/" &��&�/, !�'. 

	�7��)!*" /"(� ��0!� ,� //�8�5���� () ! �!8� /(��,(��!*" /"(� �
��7��)!*" /�(� 5��!!*" /"(� (ad hoc /"(�, MANET) � /��(�"(/(��� / �+
# ��/���/()6 �( 8�,/���� !!�. �!8� /(��,(��*. � �!8� /(��,(��!*+
7"/&����$!*+ /"('+ � &�"$"� + $ �)!�/(� &"�"$ %� ��7��)!*+ �#���
$��0!* ! +�$�()/' (�%,� $�/(�&  (7 #��*" /( !5��), ��"69�" &����$!�"
/�"$�!"!�". 
�%,� $�/(�& /�/( ��'6( � 1�/(� �) /"("��.
�!8� /(��,(��*. � $��1�. /(���!*, ��7��)!*" ad-hoc /"(� '��'6(/'
 �(�!��!� / ����1 !�#�69���/', 7"# &�$$"�0,� 8�,/���� !!�.
�!8� /(��,(��*. � MANET �#�* ��1�( $��1 ()/' &���#���)!� �
!"# ��/���, &�<(��� /"() ��0"( /�9"/(��� () � �/����'+ 7*/(�*+ �
!"&�"$/, #�"�*+ �#�"!"!�. (�&���1��. ����" (�1�, &�/,��),� �#�* �
��7��)!*+ ad hoc /"('+ �7*%!� ��"6( �1� !�%"!!*. � $��/ &"�"$ %�, 
!",�(��*" �#�* !" ��1�( !"&�/�"$/(�"!!� �# ���$"./(��� () $��1 /
$��1��. 
 ,�� �7� #��, � �-��(* � ( ,�+ /"('+ &�("!5� �)!� ��1�(
/�/(�'() �# !"/,��),� +�&��, � , 0$*. �#"� !"/"( �(�"(/(�"!!�/() , ,
� �-��(�# (��. 

��$�%� !"# ��/��*�� �( 8�,/���� !!�. �!8� /(��,(��*, MANET ��"6(
( ,�" &�"���9"/(� , , , 7*/(��( � &��/(�( � #�"�(*� !�', &��*-"!! '
1�7,�/() � /�,� 9"!�" �#$"�0",. MANET '��'6(/' &�$+�$'9��� $�'
��7��)!*+ &����0"!�. � �67�.  1�"//��!�. /�"$", 1$" �(/�(/(��"(
8�,/���� !! ' �!8� /(��,(�� , ��� ��"�"!!*+ ��7��)!*+ &����0"!�'+, 
(�"7�� ("�)!*+ , /(����/(� � #�"�(*� !�' � &�$$"�0,� /"(�. �
&�/�"$!�" 1�$* �7� /() &���"!"!�' MANET #! %�("�)!� � /-���� /) �
1� 0$ !/,�+ �79"/(�"!!*+ ��1 !�# 5�'+, ,���"�%"/,�+, &���*-�"!!*+
�7� /('+.  

� 0$*. �#"� � ��7��)!*+ /�(� 5��!!*+ /"('+ ��0"( /��7�$!�
&"�"�"9 ()/' � �67�" ��"�' � � �67�� ! &� ��"!��, &��%"� �/�"$/(��"
<(�1� !",�(��*" /( �*" /�'#� ��1�( 7*() �("�'!*,  ( ,0" ��1�( 7*()
�/( !���"!* !��*" /�'#� �0" / $��1��� �#� �� /"(�. 
 , ' ("+!���1�'
&�/(��"!�' 7"/&����$!�. /"(� &�, #*� "( /"7'  ,(� �)!�. � /�(� 5�'+, 
,�1$ !"�7+�$��� 7*/(�� � #�"�!�() /"() ! ("���(���� / &�$��0!*��
�#� ��. ����"� �� ( ,�+ /�(� 5�. ��1�( /��0�(): /& / ("�)!*"
�&"� 5��, �&"� 5�� &� ���+� !�("�)!*+ ��1 !��, �# ���$"./(��69�"
&���*-�"!!*" ��7�(*, �&� ��"!�" $��0"!�"�,  ( ,0" � #��%!*"
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/(�+�.!*" 7"$/(��', ��"!!*" $"./(��' � $��1�" <,/(�"!!*" /�(� 5��. � 
/%"( &�/(�'!!�1� �#�"!"!�' /(��,(��* /"(� ��1�( ��#!�,!�() &��7�"�* /
� �-��(�# 5�"., ( , , , �#�"!'6(/' ��#��0!*" &�(� $�/( �,�
�!8��� 5�� �"0$� �#� ��. 

� ! /(�'9"" ��"�' ��0!� �*$"��() !"/,��),� &��7�"� &��
/�#$ !�� ��7��)!*+ /�(� 5��!!*+ /"(".: 

 - &��7�"� �7"/&"%"!�' &��"+��/(�.%���/(�; 

 - &��7�"� �7"/&"%"!�' 7"#�& /!�/(� &"�"$ � "�*+ $ !!*+; 

 -&��7�"� �79". &��&�/,!�. /&�/�7!�/(� /"(".; 

 - &��7�"� <88",(��!�/(� &���"!'"�*+ �"(�$�� � �-��(�# 5��. 

���7�"�*, # (��$!'69�" �"-"!�" # $ %� � �-��(�# 5�� � ��7��)!*+
/�(� 5��!!*+ /"('+, �&�"$"�'"(/', ��-&"��*+, ��7��)!�/()6 �#���, %(�
�*#*� "( % /(*" �#�"!"!�' (�&���1��,  ��-�(��*+, !"&�"$/, #�"�*��
�#�"!"!�'�� &��&�/,!�. /&�/�7!�/(� 7"/&����$!*+ /�"$�!"!�., �#-# 
%"1� ��1�( &���/+�$�() % /(*" &�("�� & ,"(��. 
 ,0", 
-���,��"9 ("�)! ' &����$ 7"/&����$!*+ /"(". �&�"$"�'"( # $ %�
/,�*(�1� � �(,�*(�1� ("���! � . ����" (�1�, ��7��)!*" �#�* ��"6(
�1� !�%"!!�6 ��9!�/(), &���#��$�("�)!�/(), �"/��/* &��&�/,!�.
/&�/�7!�/(� � (�"7�6( <88",(��!*" /&�/�7* � �-��(�# 5��. 
�'
�7"/&"%"!�' �*/�,�1� , %"/(� �7/��0�� !�' � #��%!*+ (�&�� (� 8�, �
��7��)!*+ /�(� 5��!!*+ /"('+ !"�7+�$��� �"-"!�" # $ %�
� �-��(�# 5�� / �%"(�� /���,�&!�/(� &�, # ("�"., ,�(��*"
+ � ,("��#�6( &��(����"%��*" (�"7�� !�' , �*7�� "�*� � �-��( �. 
:(� �&�"$"�'"( !"�7+�$���/() &���"!"!�' �"(�$�� �!�1�,��("�� �)!�.
�&(���# 5�� $�' �"-"!�' # $ %� � �-��(�# 5�� � ( ,�+ /"('+. 
	!�1�,��("�� �)!*. &�$+�$ &�� �"-"!�� # $ %� �*7�� � �-��(��
�,�6% "( �&�"$"�"!�" !",�(��*+ + � ,("�!*+ /��./(� � �-��(�� �
/��(�"(/(��69�+ �� &�, # ("�". , %"/(� , �5"!,� �+ #! %"!�. � &��!'(�"
�&(�� �)!*+ �"-"!�. &� �"#��)( ( � /� �!"!�' � �� !(��
� �-��(�# 5�� / �%"(�� /���,�&!�/(� &�, # ("�". , %"/(� . 

�"�7+�$���/() �!�1�,��("�� �)!�1� �*7�� &��",(!*+ � �� !(��
("+!�%"/,�+ /�/("�, � % /(!�/(�, � �7� /(� ("�",����!�, 5�. �0"
� //� (��� ��/) � �'$" � 7�( [1-7]. � � 7�( + [8-14] &���"$"!*
("��"(�%"/,�" �/!��* �!�1�,��("�� �)!�. �&(���# 5��, ! �/!��"
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,�(��*+ /8������� ! �"(�$���1�' �!�1�,��("�� �)!�1� �*7�� 
&��",(!*+ �"-"!�. � �"-"! �'$ # $ % �!�1�,��("�� �)!�. �&(���# 5��
� � #��%!*+ �7� /('+ ("�",����!�, 5�. [15-21]. � % /(!�/(�, � � 7�( +
[22-26] �"- ��/) # $ %� �!�1�,��("�� �)!�. �&(���# 5��
� �-��(�# 5�� � /"('+ /�'#�.  

� ! /(�'9"" ��"�' /�9"/(��"( �!�1� � #!*+ (�&�� &�� ,(��!*+, 
�" ,(��!*+ � 1�7��$!*+ &��(�,���� � �-��(�# 5��, ,�(��*" ��1�( 7*()
�/&��)#�� !* � ��7��)!*+ /�(� 5��!!*+ /"('+ [27-41]. ��"$�"( �(�"(�(), 
%(� , 0$*. &��(�,�� � �-��(�# 5�� + � ,("��#�"(/' /���,�&!�/()6
&�, # ("�". , %"/(� , �&�"$"�'69�+ �/!��!*" /��./(� �*7� !!�1�
/&�/�7 � �-��(�# 5��. ��, # ("�� , %"/(� &��(�,���� � �-��(�# 5��, 
, , &� ����, /�'# !* �"0$� /�7�. � '��'6(/'  !( 1�!�/(�%"/,���, ,�1$ 
&�� ���%-"!�� �$!�1� &�, # ("�' , %"/(� �+�$- 6(/' $��1�" &�, # ("��
, %"/(� . ��� &�/(��"!�� ��7��)!*+ /�(� 5��!!*+ /"(". ��#!�, "(
!"�7+�$���/() �*7�� &�"$&�%(�("�)!�1� &��(�,�� � �-��(�# 5�� �#
!",�(���1� �!�0"/(� /�9"/(��69�+ / �%"(�� /���,�&!�/(�
&��(����"%��*+ &�, # ("�". , %"/(� . 
�' /� �!�("�)!�1�  ! ��# �
�*7�� &�"$&�%(�("�)!�1� &��(�,�� � �-��(�# 5�� ( ,0" /�"$�"(
&���"!'() �"(�$* �!�1�,��("�� �)!�. �&(���# 5�� [25].  

� $ !!�. � 7�(" � //� (��� 6(/' �/�7"!!�/(� &���"!"!�' �"(�$��
�!�1�,��("�� �)!�. �&(���# 5�� $�' �"-"!�' &��7�"�* �*7�� 
&�"$&�%(�("�)!�1� � �� !( � �-��(�# 5�� � ��7��)!*+ /�(� 5��!!*+
/"('+ / �%"(�� /���,�&!�/(� &��(����"%��*+ &�, # ("�". , %"/(� . ����"
(�1�, � //� (��� 6(/' �/�7"!!�/(� �"-"!�' � $��1�. &��7�"�* - 
�!�1�,��("�� �)!�1� �*7�� &�"$&�%(�("�)!�1� &��(�,�� 
� �-��(�# 5�� �+ !",�(���1� �!�0"/(� /�9"/(��69�+ &��(�,���� /
�%"(�� /���,�&!�/(� &�, # ("�". , %"/(� . �����$�(/' �"(�$���1�'
�!�1�,��("�� �)!�. �&(���# 5�� /�/("�, ,�(�� ' �/&��)#�"(/' &��
�"-"!�� �, # !!*+ &��7�"� � �-��(�# 5�� � /"('+ /�'#�. ����" (�1�, 
&����$�(/' /� �!�("�)!*.  ! ��# + � ,("��/(�, � &�, # ("�". , %"/(� 
/�9"/(��69�+ &��(�,���� � �-��(�# 5��, ,�(��*" &���"!'6(/' �
��7��)!*+ /�(� 5��!!*+ /"('+. �����$�(/' &���"�* �"-"!�' �, # !!*+
&��7�"� � �-��(�# 5�� / &���"!"!�"� �"(�$���1�� �!�1�,��("�� �)!�.
�&(���# 5�� � ��7��)!*+ /�(� 5��!!*+ /"('+ / �%"(�� /���,�&!�/(�
&��(����"%��*+ &�, # ("�". , %"/(� .  
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1. �
��������� ���������
�������� �����������

�
�
�

� $ !!�� � #$"�" � //� (��� 6(/' �/�7"!!�/(� �"(�$���1��
�!�1�,��("�� �)!�. �&(���# 5�� /�/("�, &�"$/( ��'69". /�7�.
/���,�&!�/() �# ���/�'# !!*+ �"(�$��, ,�(��*" ��1�( 7*()
�/&��)#�� !* $�' &��!'(�' �&(�� �)!*+ &��",(!*+ �"-"!�. / �%"(��
/���,�&!�/(� &�, # ("�". , %"/(�  [9 - 20].  

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

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

�$�7!� /%�( (), %(� �*7�� �"-"!�. &���#��$�( !",�(���" ��5�, 
&��!�� 69"" �"-"!�" (���), ,�(���" &�"/�"$�"( �&��!" �&�"$"�"!!*"
5"��. � # ��/���/(� �( ,�!,�"(!�. /�(� 5�� � ���� ��� ��0"( �*/(�& ()
, , �($"�)!*. %"���",, ( , � 5"�*. ,���",(�� - 1��&& /&"5� ��/(��, 
# !'( ' �"-"!�"� �$!�. # $ %�. � 0$�" ��#��0!�" �"-"!�"
+ � ,("��#�"(/' �&�"$"�"!!�. /("&"!)6 $�/(�0"!�' 5"��. � /��(�"(/(���
/ <(�� � ��� ��""(/' /��" &�"$/( ��"!�" � $�/(��!/(� + � !"$�/( (, +
�"-"!�., ! �/!�� !�� ,�(���1� �$!� �"-"!�" &�"$&�%�( "(/' $��1���.  


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

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

# &�/*� "(/' � ��$" Rxx ∈),( ,,, ��� ,,,Rxx . ��!'(�" 7�! �!�1� �(!�-"!�'

&�#���'"( 8��� ��#�� () �&"� 5�� &�& �!�1� /� �!"!�'  �)("�! (�� �

�*7�� ��%-�+ �"-"!�. ! �!�0"/(�" $�&�/(��*+ � . :�"�"!( Xx ∈,

! #*� "(/' ��%-�� � ��$"�� �*7�� ( )RX , , "/�� �! !" �"!""

&�"$&�%(�("�"!, %"� �67�. $��1�. <�"�"!( ,,x , (.". "/�� 7�! �!�"

�(!�-"!�" ,,,Rxx /&� �"$���� $�' �67�1� Xx ∈,, .  

��9"/(��6( � #!*" ,� //* 7�! �!*+ �(!�-"!�.: &��'$, , ,� #�&��'$, , 
<,��� �"!(!�/(�, !"� #��%���/(�. � //��(��� 7��"" &�$��7!� �(!�-"!�"
/(��1�1� &�"$&�%("!�', ,�(���" % /(� �/&��)#�"(/' ! &� ,(�," &��

�*7��" �&(�� �)!*+ �"-"!�.. �/�� �# $��+ �"-"!�. ,x � ,,x �!�0"/(� 

� ��� �*7�� "( �"-"!�" ,x , (� 1����'(, %(� �"-"!�" ,x 7��""

&�"$&�%(�("�)!�, %"� �"-"!�" ,,x . 
 ,�" & �* ),( ,,, xx �7� #�6(

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

�7�#! % "(/' , , ,,, xx � .  

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

~. �!� �#! % "(, %(� !" �*&��!'"(/' !� �(!�-"!�" ,,, xx � , !� �(!�-"!�"
,,, xx � . 
��1��� /��� ��, �"-"!�' ,x � ,,x !"� #��%��*, "/�� �!�

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

� #!�5* �"0$� �"-"!�'�� ,x � ,,x . ����" (�1�, �(!�-"!�"
!"� #��%���/(� ��0"( ��"() �"/(� � � /��% ", ,�1$ <(� �"-"!�' ���
���79" !�, , !" ��0"( /� �!�() $��1 / $��1��. 


�' &���#���)!� �*7� !!�. & �* �"-"!�. Xxx ∈,,, , ��0"( �*&��!'()/'

�$!� �# # $ !!*+ 7�! �!*+ �(!�-"!�.: ,,, xx � , ,,, xx � , ,x ~ ,,x . �!�1$ 
�$�7!� � //� (��� () "9" �$!� �(!�-"!�" «!" �"!"" &�"$&�%(�("�)!�
%"�», '��'69""/' �7="$�!"!�"� �(!�-"!�. � � ~. :(� 7�! �!�"
�(!�-"!�" ! #*� "(/' �(!�-"!�"� !"/(��1�1� &�"$&�%("!�'. 

� //��(��� �/�7"!!�/(� �*7�� �!�0"/(� �&(�� �)!*+ �"-"!�. $�'
% /(!�1� /��% ', ,�1$ &�� �*7��" «��%-�+» (�&(�� �)!*+ �"-"!�.) �#
�!�0"/(� X ��� ��,���$/(��"(/' �(!�-"!�"� /(��1�1� &�"$&�%("!�' � . 
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��� <(�� / �/&��)#�� !�"� �(!�-"!�' � �*$"�'6(/' �&(�� �)!*"
(&�"$&�%(�("�)!*") �"-"!�'. 3�$-�" �"-"!�', $�' ,�(��*+ ��"6(/'
7��"" &�"$&�%(�("�)!*"  �)("�! (��*, �$ �'6(/' �# �!�0"/(� X , 
&�/,��),� �+ # �"$��� !"�)#' /%�( () �&(�� �)!*��. � �"#��)( ("
�/,�6%"!�' �� �!�0"/(�" X +�$-�+ �"-"!�. &� 7�! �!��� �(!�-"!�6
� �/( !�(/' (��),� �&(�� �)!*" �"-"!�', $�' ,�(��*+ �*&��!'"(/'
�(!�-"!�" !"� #��%���/(�.  


 ,�� �7� #��, �����	
�� ��
�������� ������� &� �(!�-"!�6

/(��1�1� &�"$&�%("!�' � �,�6% "( ( ,�" �"-"!�' ( ) Xx � ∈ , $�' ,�(��*+ !"
/�9"/(��"( $��1�+ �"-"!�. Xx ∈ , %(� 7*�� /&� �"$���� �(!�-"!�"

( )�xx � . :(� �!�0"/(�� �&(�� �)!*+ �"-"!�. �7�#! % "(/' %"�"# Xopt� . �

# ��/���/(� �( /(��,(��* �!�0"/(� X � /��./(� �(!�-"!�' �

�!�0"/(�� �&(�� �)!*+ �"-"!�. Xopt� ��0"( /�$"�0 () "$�!/(�"!!*.

<�"�"!(, ,�!"%!�" ��� 7"/,�!"%!�" �!�0"/(�� <�"�"!(��. �/�� �!�0"/(��
X !" &�/(� � /�$"�0�( ,�!"%!�" %�/�� <�"�"!(��,  7�! �!�" �(!�-"!�"
�  /���"(��%!� � (� !#�(��!�, (� <(� �!�0"/(�� !"&�/(�" ≠Xopt� Ø. 

���������	
���	
�� ������ , �&�"$"�"!�6 &�!'(�' �&(�� �)!�/(�
�"-"!�. �/!�� ! ! ��"$"!�� !",�(���. 5"�"��. 8�!,5�� )(•U , #! %"!�"

,�(���. �!("�&�"(���"(/' , , &��"#!�/() (5"!!�/()) �"-"!�' x �
�&�"$"�'"( &�"$&�%("!�" ���. �*7� !! ' 5"�"� ' 8�!,5�' # $ "(
/��(�"(/(��69"" �(!�-"!�" &��'$, R ! �!�0"/(�" X . �! %"!�"
5"�"��. 8�!,5�� )(•U '��'"(/' �!$�, (���� &�"$&�%("!�' R . �

% /(!�/(�, &�� # $ !�� /, �'�!�. 5"�"��. 8�!,5�� /%�( "(/', %(�

�"-"!�" ,x &�"$&�%(�("�)!""  �)("�! (��!�1� �"-"!�' ,,x (�1$ � (��),�

(�1$ , ,�1$ �*&��!'"(/' �/����" )()( ,,, xUxU ≥ . ��� ( ,�� &�$+�$" ��0"(

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

)].([arg)( xUextremX
Xx

�

∈

=       (1.1) 

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

�$! ,� �#-# !"$�/( (�%!�. �&�"$"�"!!�/(� &�"$/( ��"!�' ��� &��
�&(�� �)!�/() / �%"(�� /���,�&!�/(� &��(����"%��*+ (�"7�� !�. ,
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�"-"!�'� % /(� !" �$ "(/' � 8��� ��#�� !!�� ��$" # $ () /, �'�!�6
5"�"��6 8�!,5�6 � /��(�"(/(��69�. /, �'�!*. ,��("��.
�&(�� �)!�/(�. ��<(��� ! ! % �)!*+ <( & + �"-"!�' + � ,("��#�6(
�",(��!�. 5"�"��. 8�!,5�"., �,�6% 69". /���,�&!�/()6 % /(!*+
5"�"�*+ 8�!,5�.

( ))(),...,(),()( 21 xfxfxfxf m=
�

,     (1.2) 

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

))].(),...,(),(()([arg 21
)( xfxfxfxfextremX m

Xx

o ==
∈

�
    (1.3) 

� �!�1�,��("�� �)!�. �&(���# 5��!!�. # $ %" (1.3) ��#��0!*
/�"$�69�" � �� !(*: % /(!*" 5"�"�*" 8�!,5�� !"# ��/��* �"0$� /�7�.; 
8�!,5�� /�'# !* �"0$� /�7�. � '��'6(/' /�1� /�� !!*��; 8�!,5��
/�'# !* �"0$� /�7�. � '��'6(/'  !( 1�!�/(�%"/,���. � &"��*+ $��+
/��% '+ �&(���# 5��!! ' # $ %  (1.3) /��$�(/' , /���,�&!�/(�
!"# ��/��*+ /, �'�!*+ �&(���# 5��!!*+ # $ % $�' % /(!*+ 5"�"�*+
8�!,5�.. � &�/�"$!"� /��% ", ,�(��*. �/(�"% "(/' % /(� � &� ,(�%"/,�+
&����0"!�'+, �&(���# 5��!! ' # $ %  (1.3) /��$�(/' , ! +�0$"!�6
/�1� /�� !!�1� <,/(�"��� % /(!*+ 5"�"�*+ 8�!,5�.. :(�( <,/(�"���
�#! % "(, %(� $ �)!".-"" ���%-"!�' #! %"!�' , 0$�. 5"�"��. 8�!,5��
��0"( 7*() $�/(�1!�(� ��-) # /%"( �+�$-"!�' #! %"!�. $��1�+ 5"�"�*+
8�!,5�.. � �"#��)( (" <(�1� ! +�$�(/' &�$�!�0"/(�� �"-"!�., 
�&(�� �)!*+ &� /���,�&!�/(� &�, # ("�". , %"/(� .  

��� ��"$"!�� �",(��!�. 5"�"��. 8�!,5��, ! �'$� / �!�0"/(���
$�&�/(��*+  �)("�! (��!*+ �"-"!�. X ��0!� � //� (��� () �!�0"/(��
/��(�"(/(��69�+ �� #! %"!�. <(�. 8�!,5��

),(|{)( xfyYyXfY
����

=∈== }Xx ∈ , mRY ⊂ ,     (1.4) 

,�(���" ! #*� 6( �!�0"/(��� �",(��!*+ �5"!�, ��� ,��("�� �)!*�
&��/(� !/(���.
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� 0$��� �"-"!�6 Xx∈ /��(�"(/(��"( �$! �5"!, Yxfy ∈= )(
�� . � $��1�.

/(���!*, , 0$�. �5"!," �(�"% 6(  �)("�! (��!*" �"-"!�' Xx∈  (�+
��0"( 7*() � 7��"" �$!�1�), $�' ,�(��*+ yxf

��
=)( . 
 ,�� �7� #��, �"0$�

�!�0"/(� �� X � Y ��""(/' ("/! ' /�'#) � &�<(��� �*7�� �"-"!�' �#
�!�0"/(� X � �, # !!�� /�*/�" � �!�/��"! �*7��� /��(�"(/(��69".
�5"!,� � ,��("�� �)!�� &��/(� !/(�" Y . 


�' �",(��!*+ �5"!�, ,y
� � ,,y

� &��/(� !/(� Y ��0!� � //� (��� ()

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

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

)()( ,,,,,
1

, xfxfyy
����

≥↔Φ , )()( ,,, xfxf ii ≥ , mi ,1= , );()( ,,, xfxf ii ≠   (1.5 ) 

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

)()( ,,,,,
1

, xfxfyy
����

>↔Φ , )()( ,,, xfxf ii ≥ , mi ,1= .    (1.57) 


 ,0" /�9"/(��6( � $��1�" (�&* 7�! �!*+ �(!�-"!�.: 
=
> , 

=
> . 
�'

�, # !!*+ 7�! �!*+ �(!�-"!�. �*&��!'6(/' �,�6%"!�'
=

=
>⊂>⊂≥⊂> . 

��"$�"( # �"(�(), %(�
=
> <(� �7="$�!"!�" ≥ � =,  �(!�-"!�"

=
> �"�!�

(�1$ � (��),� (�1$ , ,�1$ �(!�-"!�" ≥ !"�"�!�.  

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

�����	
�� ��

����� �����
. ��/() �&�"$"�"! �",(��! ' 5"�"� '

8�!,5�' ))(),...,(),(()( 21 xfxfxfxf m=
�

! �!�0"/(�" $�&�/(��*+ �"-"!�. X . 

��� �(�7� 0"!�� / &���9)6 �",(��!�. 5"�"��. 8�!,5�� Xxxf ∈),(
�

"��

/��(�"(/(��"( �!�0"/(�� �5"!�, Y (1.4). ��$"� &�� 1 (), %(� ! 
�!�0"/(� + X � Y # $ !* �(!�-"!�' /(��1�1� &�"$&�%("!�'

X
� �

Y
�

/��(�"(/(�"!!�. � 0$��� �"-"!�6 Xx∈ /��(�"(/(��"( �&�"$"�"!! '

�",(��! ' �5"!, Yxfy ∈= )(
�� �, ! �7���(, , 0$�. �5"!," y

� /��(�"(/(��6(

( ,�" �"-"!�' x , $�' ,�(��*+ yxf
��

=)( . ��<(��� �, # !!*" 7�! �!*"
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�(!�-"!�' /�1� /�� !* $��1 / $��1��: ,,, yy
Y

�
�

� ��""( �"/(� (�1$ � (��),�

(�1$ , ,�1$ ,,, xx
X
� , 1$" )( ,, xfy

��
= � )( ,,,, xfy

��
= . ��"$�� ("�)!�, �"#��)( (*, 

/8��������� !!*" � ("���! + �5"!�, y
� , ��1�( 7*() &"�"8��������� !*

&���"!�("�)!� , �"-"!�'� x , � ! �7���(. 


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

# $ % � ,/���# 5�� + � ,("��#�"(/' ("�, %(� �5"!, ,y
� �/"1$ 

&�"$&�%(�("�)!"" �5"!,� ,,y
� , "/�� �*&��!'"(/' !"� �"!/(�� ,,, yy

��
≥ .  


�' ��5 , &��!�� 69"1� �"-"!�", 0"� ("�)!� &� , 0$��� �# % /(!*+
5"�"�*+ 8�!,5�. )(),...,(),( 21 xfxfxf m &���%�() &� ��#��0!�/(� 7��)-""

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

X
� �

Y
� �

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

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

����� �����
. :(� �!�0"/(�� �7�#! % 6( %"�"# YoptYP ≥=)( . 

�,�6%"!�" )()( YPy � ∈
� ��""( �"/(� (�1$ � (��),� (�1$ , ,�1$ !"

/�9"/(��"( $��1�. �5"!,� Yy ∈
� , $�' ,�(���. 7*�� 7* �*&��!"!�

�",(��!�" !"� �"!/(�� )(�yy
��

≥ . 

���(�"(/(��69"" �"-"!�" Xx � ∈)( , $�' ,�(���1� /&� �"$���� �,�6%"!�"

)()( )()( YPxfy �� ∈=
�� , ! #*� 6( ����
�-��
�������� (��
�������� ��

����
�) ��� ����

����� �������� �(!�/�("�)!� �",(��!�. 8�!,5��
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)(•f
�

! �!�0"/(�" X . 	!�0"/(�� �/"+ ( ,�+ �"-"!�. �7�#! % 6( %"�"#

)(XPf . 
 ,�� �7� #��, �,�6%"!�" )()( XPx f
� ∈ ��""( �"/(� (�1$ � (��),�

(�1$ , ,�1$ !" /�9"/(��"( $��1�+ Xx ∈ ( ,�+, %(� �*&��!'"(/'

!"� �"!/(�� )()( )(�xfxf
��

≥ . 

��� 1=m 7�! �!�" �(!�-"!�" ≥ &�"�� 9 "(/' � �(!�-"!�" > $�' %�/"�
� � �"(�-�&(�� �)! ' �5"!, /��& $ "( / � ,/�� �)!*� <�"�"!(��
%�/����1� �!�0"/(� . ��� <(�� /8��������� !!�" �&�"$"�"!�" � �"(�-
�&(�� �)!�1� �"-"!�' &�"�� 9 "(/' � �&�"$"�"!�" (�%,� � ,/���� 
/, �'�!�. 8�!,5�� ( ) ( )îf õ . 
 ,�� �7� #��, &�!'(�" � �"(�-�&(�� �)!�.

(�%,� ��0!� � //� (��� () , , �7�79"!�" &�!'(�' (�%,� � ,/���� 
8�!,5�� ! /��% . !"/,��),�+ 8�!,5�.. 

�! ��1�%!� &�"$*$�9�� �&�"$"�"!�'� �5"!,�, � ,/�� �)!*" &�
�(!�-"!�6 >, ! #*� 6(/' /� 7�<88",(��!*�� (/� 7� �&(�� �)!*�� &�
� �"(�) ��� �&(�� �)!*�� &� ��".("��. 	!�0"/(�� ( ,�+ �5"!�, �# Y

�7�#! % "(/' %"�"# )(YS � ! #*� "(/' /� 7�<88",(��!*�. 
�' �, # !!*+

�!�0"/(� �*&��!'"(/' �,�6%"!�" )()( YSYP ⊆ .  

1.2. ��+�0&$��	 ���$��-�(�� �")�*+ (��$,��*+ �$-$��.  

� �"(�-�&(�� �)!*" &��",(!*" �"-"!�' ��1�( 7*() ! .$"!* , ,
!"&�/�"$/(�"!!� ! �!�0"/(�" �Φ / &���"!"!�"� ��"$"!!*+ 7�! �!*+

�(!�-"!�. &�"$&�%("!�', ( , � � &��/(� !/(�" ��"$"!!*+ &�, # ("�".
, %"/(�  – � ,��("�� �)!�� &��/(� !/(�" �5"!�,. ��� <(�� , 0$*.
� �� !( /�/("�* φ �(�7� 0 "(/' �# �!�0"/(� $�&�/(��*+ � �� !(�� �Φ

� ,��("�� �)!�" &��/(� !/(�� mRY ⊂   

{ }�� kyYyKY Φ∈φφ=∈=Φ= ),(()(
����

.      (1.6) 

�(!�-"!�6 &�"$&�%("!�' � ! �!�0"/(�" �Φ /��(�"(/(��"( �(!�-"!�" ≥

� ,��("�� �)!�� &��/(� !/(�" �5"!�, Y . 
�' �67*+ $��+ &��",(!*+

�"-"!�. �Φ∈φ′′φ′, , $�' ,�(��*+ �"�!� �",(��!�" !"� �"!/(�� )()( φ′′≥φ′ kk
��

, 

�/"1$ ��""( �"/(� �(!�-"!�" φ′′φ′ � . 

� , &� ����, &�, # ("�� , %"/(� � 5"�"�*" 8�!,5�� (2) '��'6(/'
/�'# !!*�� � ,�!,�����69��� �"0$� /�7�.. � <(�� /��% " $�/(�1!�()
&�("!5� �)!�1� #! %"!�' , 0$�1� �# &�, # ("�". � �($"�)!�/(� !"
&�"$/( ��'"(/' ��#��0!*�. ��� <(�� ��0"( 7*() $�/(�1!�( ��-) �+
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/�1� /�� !!*. �&(���� – �&(���� &� ,��("��6 � �"(�. :(� �#! % "(, %(�
$ �)!".-"" ���%-"!�" , 0$�1� �# &�, # ("�". ��0"( 7*() $�/(�1!�(�
��-) # /%"( �+�$-"!�' �/( �)!*+ &�, # ("�". , %"/(� /�/("�*.  

�&(����� &� ,��("��6 � �"(� � ,��("�� �)!�� &��/(� !/(�"
/��(�"(/(��"( &�$�!�0"/(�� � �"(�-�&(�� �)!*+ �5"!�,, ,�(��*"
/��(�"(/(��6( !"$���!���"�*� � �� !( � /�/("�*

{ }.)()(:)(:)()( oo kkYkYkYoptYP φ≥φ∈φ∃∈φ== ≥

����
   (1.7) 

��� ! +�0$"!�� &�$�!�0"/(� � �"(�-�&(�� �)!*+ �5"!�, /�1� /!�
(1.7) �/,�6% 6(/' 7"#�/���!� +�$-�" �5"!,�,  /�"$�� ("�)!�, �
/��(�"(/(��69�" �� 7"#�/���!� +�$-�" � �� !(* /�/("�*.  


 ,�� �7� #��, &�� ,�!"%!�. ��9!�/(� �!�0"/(� $�&�/(��*+ � �� !(��
/�/("�* �Φ ! +�0$"!�" � �"(�-�&(�� �)!*+ �5"!�, � /��(�"(/(��69�+

�� �"-"!�. ��0"( &���#��$�(/' /�1� /!� (1.7). � <(�� �/!�� ! ��
��

��	
��
���� �� ��� � �"(�-�&(�� �)!*+ �"-"!�..  

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

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

[ ]
�
�
�

�
�
�

φλ++φλ+φλ=φΦ∈φ=Φ
∂Φ∈φ

∂∂ )(...)()()(arg:)( 2211
)(

mm�
�

k kkkkextrP� ,  (1.8) 

� ,�(���. �"/��*" ,�<88�5�"!(* mλλλ ,...,, 21 �*7�� 6(/' �# �/����'

.1,0
1

=λ>λ �
=

m

i
ii 	!�0"/(�� � �"(�-�&(�� �)!*+ �"-"!�. /�$"�0�( ("

� �� !(* /�/("�*, ,�(��*" �$���"(���'6( �/����6 (1.8) &�� � #!*+
$�&�/(��*+ ,��7�! 5�'+ �"/��*+ ,�<88�5�"!(�� mλλλ ,...,, 21 .  

!�
�� �� ���� ����

���	
�
 /�/(��( � (��, %(� �/" 5"�"�*" 8�!,5��, 
,���" �$!�., ! &���"�, &"���., &"�"��$'(/' � � #�'$ �1� !�%"!�. (�& 
� �"!/(� , � �9"(/' "; <,/(�"��� ! �!�0"/(�" $�&�/(��*+  �)("�! (��

�Φ
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[ ] .)(,...,)(;)(,)(arg:)( 33221
)(

�
�
�

�
�
�

=φ=φ=φφΦ∈φ=Φ
∂Φ∈φ

∂ m�m���
�

k KkKkKkkextrP�   

(1.9) 

�$"/) m��� KKK ,...,, 32  – !",�(��*" 8�,/���� !!*", !� &���#���)!*"

#! %"!�' &�, # ("�". , %"/(� .  

�&(���# 5��!! ' # $ %  (1.9) �"- "(/' &�/�"$�� ("�)!� $�' �/"+
$�&�/(��*+ ,��7�! 5�. #! %"!�. m��� KKK ,...,, 32 . ��� <(�� �&�"$"�'"(/'

!",�(���" &�$�!�0"/(�� � �"(�-�&(�� �)!*+ � �� !(�� /�/("�* �
/��(�"(/(��69 ' �� �!�1��"�! ' � 7�% ' &��"�+!�/() � ,��("�� �)!��
&��/(� !/(�", ,�(�� ' &�� �&�"$"�"!!*+ �/����'+ /��& $ "( / � �"(�-
�&(�� �)!�. &��"�+!�/()6. ��"$�"( �(�"(�(), %(� , 0$ ' (�%, � �"(�-
�&(�� �)!�. &��"�+!�/(� �7� $ "( /��./(��� � -,� (!�1� /�1� /�� !!�1�
&� � �"(� �&(�����. � 0$�. (�%," <(�. &��"�+!�/(� /��(�"(/(��"(
&�("!5� �)!� $�/(�0���" #! %"!�" �$!�1� �# &�, # ("�". optk &��

8�,/���� !!*+ (/��(�"(/(��69�+ <(�. (�%,") #! %"!�'+ �/( �)!*+ )1( −m

&�, # ("�". , %"/(� . � �"(�-�&(�� �)! ' &��"�+!�/() ��0"( 7*()
�&�/ ! �67*� �# /�"$�69�+ /��(!�-"!�.  

),,...,,(),...,,...,,( 12132
1

1 −== m
m
��moptm��opt kkkfkkkkfk    (1.10) 

,�(��*" &�"$/( ��'6( /�7�. �!�1��"�!*" $� 1� ��* �7�"! �"0$�
&�, # ("�'�� , %"/(� , &�, #*� 69���, , , &�("!5� �)!� $�/(�0���"
#! %"!�" /��(�"(/(��69"1� &�, # ("�' # ��/�( �( &�("!5� �)!�
$�/(�0��*+ #! %"!�. $��1�+ &�, # ("�". , %"/(� .  

���#,�� , �"(�$� � 7�%�+ + � ,("��/(�, &�� ! +�0$"!�� � �"(�-
�&(�� �)!*+ � �� !(�� /�/("� '��'"(/' ��
�� �������� 
��
����. � <(��
�"(�$" �/+�$! ' �!�1�,��("�� �)! ' # $ % �&(���# 5�� /��$�()/' ,
# $ %" �&(���# 5�� �$!�1� �# &�, # ("�". (5"�"��. 8�!,5��), ,�(��*.
�7='��'"(/' 1� �!*�. �/( �)!*" &�, # ("�� , %"/(�  (% /(!*" 5"�"�*"
8�!,5��) ���$'(/' � � #$"� �1� !�%"!�. (�& !"� �"!/(�  (�+ #! %"!�' !"
$��0!* &�"�*- () !",�(��*+ «&���1��*+ #! %"!�.»). ���� ��#�� !! '
&��5"$�� &��/, � �"(�-�&(�� �)!*+ � �� !(�� /�/("�  ! ��1�%!  (1.9) 
/ (�. � #!�5"., %(� �1� !�%"!�' ! #! %"!�' % /(!*+ 5"�"�*+ 8�!,5�.
��"6( + � ,("� !"� �"!/(�. 

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

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

!���������� ��
����������� ����

���	
�
��� 	�	
���. ��!'(�"
� �"(�-�&(�� �)!�/(� '��'"(/' 8�!$ �"!( �)!*� $�' ("���� � &� ,(�,�
�!�1�,��("�� �)!�. �&(���# 5�� /�/("�. ����%"!! ' / �/&��)#�� !�"�
�$!�1� �# �"(�$�� � �"(�-�&(�� �)! ' &��"�+!�/() /�'#*� "(
&�("!5� �)!� $�/(�0��*" #! %"!�' &�, # ("�". � &�"$/( ��'"( /�7�.
/�1� /�� !!*. �&(���� &� � �"(� #! %"!�. � �79"� /��% " # ��/��*+ �
,�!,�����69�+ �"0$� /�7�. &�, # ("�". , %"/(� /�/("�. ��<(���, 
�&�"$"�'' � �"(�-�&(�� �)!�6 &��"�+!�/() � ,��("�� �)!��
&��/(� !/(�", ("� / �*� ! +�$'( �!�1��"�!*" &�("!5� �)!*"
+ � ,("��/(�,� (	�3) /�/("�* � /�'# !!*" / !��� �!�1��"�!*"
$� 1� ��* �7�"!  (	
�).  

�� /� �!"!�6 / -���,� �/&��)#�"�*�� �$!��"�!*�� &�("!5� �)!*��
+ � ,("��/(�, �� /�/("�* 	�3 $ 6( , %"/(�"!!� !���6 �!8��� 5�6
$�'  ! ��# &��",(!*+ �"-"!�., &�/,��),� $ 6( &�"$/( ��"!�' �
&�("!5� �)!� ��#��0!*+ #! %"!�'+ /���,�&!�/(� &�, # ("�". �
&�("!5� �)!*+ ��#��0!�/('+ /�/("�*. �! ��#���' 	
� ��0!�
�*'/!�(), , , !"�7+�$��� �#�"!�() #! %"!�' �$!�+ &�, # ("�". , %"/(� 
/�/("�* � $� ���%-"!�' $��1�+ &�, # ("�".,  ( ,0" , , &�� <(��
/�"$�"( �#�"!�() /(��,(��� � & � �"(�* /��(�"(/(��69�+ /�/("�.  

�/�� ! .$"!!�" &�$�!�0"/(�� � �"(�-�&(�� �)!*+ � �� !(�� /�/("�*
�, # ��/) �#,��, (� � , %"/(�" �&(�� �)!�1� � �� !( ��0!� �/&��)#�� ()
�67�. �# !�+. � ( ,�� /��% " ��0!� /%�( (), %(� �(!�-"!�" /(��1�1�
&�"$&�%("!�' � &��/(� !/(�" $�&�/(��*+ � �� !(�� /�/("�* � /��& $ "(
/ �(!�-"!�"� &�"$&�%("!�' � ,��("�� �)!�� &��/(� !/(�" �5"!�, ≥ �
&�<(��� )(YPYopt =� . �$! ,� % /(� ! &� ,(�," &�$�!�0"/(�� � �"(�-

�&(�� �)!*+ �5"!�, )(YP �, #*� "(/' $�/( (�%!� -���,��. :(� �#! % "(, 
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%(� �(!�-"!�' &�"$&�%("!�' � � ≥ +�(' � /�'# !*  ,/����. � �"(�, 
�$! ,� !" /��& $ 6(. ��� <(�� /&� �"$���* �,�6%"!�' )(YPYopt ⊂� ,  

( ,0" )( �kPopt Φ⊂Φ �
� . 

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

1.3. 
!0$��$ (�& ��0$/�#� ���$�� &� $&��/�#$���1� (��$,���1�
�$-$��	

��1$ $�' &�/�"$�69�+ <( &�� &��",(���� !�' $��0"! 7*() �*7� !
"$�!/(�"!!*. � �� !( /�/("�*, ��#!�, "( !"�7+�$���/() /�0"!�'
&�$�!�0"/(� � �"(�-�&(�� �)!*+ �"-"!�. $� "$�!/(�"!!�1� � �� !( 
/�/("�* / &����"%"!�"� $�&��!�("�)!�. �!8��� 5�� �7 �(!�-"!��
&�"$&�%("!�' # , #%�, . 
 , ' �!8��� 5�' &�'��'"(/' � �"#��)( ("
�/"/(���!!"1�  ! ��# � �"(�-�&(�� �)!*+ � �� !(�� /�/("�*, �
% /(!�/(�, �+ /(��,(��*, & � �"(���, �!�1��"�!*+ � 7�%�+
+ � ,("��/(�,, �!�1��"�!*+ $� 1� �� �7�"! , �(!�/�("�)!�. � 0!�/(�
��"$"!!*+ &�, # ("�". , %"/(� /�/("�* � &�. ����%"!!*" &�� <(��
$�&��!�("�)! ' �!8��� 5�' � &�"$&�%("!�'+ �/&��)#�6(/' $�'
&�/(��"!�' �/���!�1� ,��("��' &�"$&�%("!�', �/!�� !!�1�, � % /(!�/(�, 
! ��"$"!�� !",�(���. /, �'�!�. 5"�"��. 8�!,5��, �&(���# 5�' ,�(���.
&����$�( , �*7��� "$�!/(�"!!�1� � �� !( /�/("�*.  


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

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

21 �
=

=
m

j
jjjm kfckkkF      (1.11) 

1$" jc  – -, ����69�" ,�<88�5�"!(*, �� �� �	  – !",�(��*" �$!��"�!*"

8�!,5�� &��"#!�/(�, '��'69�"/' �5"!, �� &��"#!�/(� � �� !( /�/("�*
φ &� &�, # ("�6 , %"/(� /�/("�* jk . 

�/&��)#�� !�" 
����� ����

�� �����	
� �/!�� !� ! (��, %(� �#-# 
 &����!�. !"�&�"$"�"!!�/(� �(!�/�("�)!� &�"$&�%("!�' # , #%�, 
&�!'(�" "! ���%-�. � �� !( /�/("�*" !"�)#' �&�"$"��() (�%!�. 	�0!�
/%�( (), %(� <(� &�!'(�" &�"$/( ��'"( /�7�. !"%"(,�" �!�0"/(��. ���
<(�� $�' �5"!�� !�' <88",(��!�/(� /�/("�* ��1�( 7*() �/&��)#�� !*
�/!��!*" &���0"!�' ("���� !"%"(,�+ �!�0"/(�. � /��(�"(/(��� / !".
�!�0"/(�� �5"!�, <88",(��!�/(� � �� !(�� /�/("�* 7�$"( !"%"(,��
�!�0"/(��� ( ) ( ){ }mkm kkkkkkK ,...,,,,...,, 2121

�ξ= , ,�(���" '��'"(/' �!�0"/(���

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

� �7��"" �79 ' 8��� 8�!,5�� &��! $�"0!�/(�, �!("�&�"(���� !! ' �
("���! + ("���� !"%"(,�+ �!�0"/(�, ��""( ��$

[ ] β

=

β

��

�
�
�

��

�
�
	

ξ=ξ �

1

1
)21 (

1
),...,,(

m

j
jkmk k

m
kkk

j
� .     (1.12) 


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

�( ��!".!�.  $$�(��!�. 8���* &�� 1=β $� /�1�7� !"��!".!*+

# ��/���/(". &�� ∞→β . 

� +�0$"!�" <,/(�"� �)!�1� #! %"!�' /, �'�!�. 5"�"��. 8�!,5�� (1.11) 
��� (1.12) &�#���'"( �*7� () /��(�"(/(��69�. "�� "$�!/(�"!!*. � �� !(
/�/("�* �# &�$�!�0"/(� � �"(�-�&(�� �)!*+ &��",(!*+ �"-"!�.. 

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

:(� /��(�"(/(��"( /�(� 5��, ,�1$ �"/) ! 7�� &�, # ("�". , %"/(� 

mkkk ,...,, 21 /(��1� �&��'$�%"! &� � 0!�/(� � &�� /� �!"!�� &��",(!*+
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�"-"!�. �/&��)#�"(/' �",/�,�-1� 8�%"/,�" �(!�-"!�" ,,, klexk
��

�

/��(�"(/(��69�+ �5"!�, &�, # ("�". , %"/(� $�' � �� !(�� /�/("� φ′ �

''φ . ��� �*&��!"!�� /��(!�-"!�' ,,, klexk
��

�
1����'(, %(� �",(�� ,k

�
�",/�,�-

1� 8�%"/,� 7��)-", %"� �",(�� ,,k
�

. ��� 1=m �",/�,�-1� 8�%"/,�"
�(!�-"!�" /��& $ "( / �(!�-"!�"� > ! &�$�!�0"/(�" �"9"/(�"!!*+
%�/"�.  

�/�� � , %"/(�" �(!�-"!�' /(��1� &�"$&�%("!�' �/&��)#�6( �",/�,�-
1� 8�%"/,�" �(!�-"!�", (� <(� �#! % "(, %(� �# & �* �5"!�, &�, # ("�".
, %"/(�  (� /��(�"(/(��69�+ �� &��",(!*+ �"-"!�.) &�"$&�%(�("�)!""

( �5"!, , � ,�(���. &"�� ' ,��&�!"!( �",(�� ,k
�

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

,��&�!"!( �� �",(�� �5"!�, k
�

. ��1$ &"��*" ,��&�!"!(* $��+ �5"!�,
�$�! ,��*, (� &�"$&�%(�("�)!"" �5"!,  (� /��(�"(/(��69"" &��",(!�"
�"-"!�"), ��"69 ' 7��)-�6 �(���6 ,��&�!"!(�; �/( �)!*" ,��&�!"!(*
$ !!�. �5"!,� ��1�( &�� <(�� "#! %�("�)!� �/(�& ()" /��(�"(/(��69��
�(��*� ,��&�!"!( � �5"!,� � (.$. � �&�"$"�"!�� �",/�,�-1� 8�%"/,�1�
�(!�-"!�' � 0!�6 ���) �1� "( &��'$�, &"�"%�/�"!�' &�, # ("�".
, %"/(� .  

1.4. �*#�&*

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

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

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

3. ��� ! ��#���� !* /��./(� � �"(�-�&(�� �)!*+ �"-"!�., �
% /(!�/(�, �!�1��"�!*+ &�("!5� �)!*+ + � ,("��/(�, � �!�1��"�!*+
$� 1� � �7�"! &�, # ("�". , %"/(� . 
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4. � //��(�"!* �/�7"!!�/(� //�0"!�' &�$�!�0"/(� � �"(� $�
"$�!/(�"!!�1� &��",(!�1� � �� !( / �/&��)#�� !�"� �/���!�1� ,��("��'
&�"$&�%("!�' � &����"%"!�� $�&��!�("�)!�. �!8��� 5�� �( <,/&"�(��. 
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2. ���������
������2� �23�� ���������24
���5�6��� � �6����

���
�24 

��4 
����

� /(�9�" �7="�* � � #!���$!�/() (� 8�, , &�"$='��'"�*" (�"7�� !�' ,
, %"/(�� "1� &"�"$ %� � ���)(�/"���/!*+ /"('+ �&�"$"�'6(
!"�7+�$���/() &���"!"!�' !��*+ &�$+�$�� , �+ �&� ��"!�6. �
! /(�'9"" ��"�' /�9"/(��"( 7��)-�" ,���%"/(��  �1���(���
� �-��(�# 5��, �" ��#�� !!*+ &� � #��%!*� &��!5�& � [26 - 40]. �/"
<(�  �1���(�* �"- 6( # $ %� �*7�� �&(�� �)!*+ � �-��(��, , ,
&� ����, / �%"(�� �$!�1� �# &�, # ("�". , %"/(� . ��<(��� � /���"�"!!*+
���)(�/"���/!*+ /"('+ /�'#� ��#!�, "( # $ % �%"( /���,�&!�/(�
&�, # ("�". $�' �7"/&"%"!�' &��(����"%��*+ (�"7�� !�. &� , %"/(� 
�7/��0�� !�' � #��%!*+ (�&�� (� 8�, . :(� �&�"$"�'"( !"�7+�$���/()
&���"!"!�' �"(�$�� �!�1�,��("�� �)!�. �&(���# 5�� ! /"('+ $�'
�"-"!�' # $ % � �-��(�# 5��. � ! /(�'9"� � #$"�" � //� (��� 6(/'
("��"(�%"/,�" � &� ,(�%"/,�" �/�7"!!�/(� �!�1�,��("�� �)!�.
�&(���# 5�� &�� �"-"!�� # $ %� �*7�� �&(�� �)!*+ � �-��(�� �
���)(�/"���/!*+ /"('+ [22, 23] ! �/!��" �"(�$���1��, �#��0"!!�. �
� #$"�" 1. 

2.1. �/��#�*$ (�����(* !(��#"$��	 /$�)7 /#	%�

� //��(��� �79�" &���0"!�' �&� ��"!�' /"()6 /�'#�. ��/("� 
�&� ��"!�' �,�6% "( �7=",( �&� ��"!�', �&� ��'69"" �/(��./(��
( �1���(� �&� ��"!�') � �#�"��("�)!�6 /�/("��. � �7=",( �&� ��"!�'
&�/(�& 6( &��"#!*" �+�$!*" ��#$"./(��' ( )tX � &��"+� ( )t/ξ . ��/(�'!�"

�7=",( �&�"$"�'"(/' !",�(���. �" ,5�". ( )tV . ���5"// <,/(�"� �)!�1�

�&� ��"!�' # ,�6% "(/' � (��, %(�7* &� �5"!, � /�/(�'!�' �7=",( )t(*V , 

&���%"!!*� / &���9)6 �#�"��("�)!�. /�/("�* �  �1���(� �5"!�� !�', 
�*� 7�( () �&(�� �)!*" �&� ��'69�" ��#$"./(��' ( )tU , ,�(��*" 7*

&����$��� �7=",( , (�"7�"���� /�/(�'!�6 ( )tV . :88",(��!�/() � 7�(*

/�/("�* �&� ��"!�' �&�"$"�'"(/' �*7� !!*� ,��("��"� �&(�� �)!�/(�. 
� %"/(�� � 7�(* /�/("�* �&� ��"!�' �&�"$"�'"(/' /("&"!)6 �(,��!"!�'
�" �)!�1� /�/(�'!�' /�/("�* )t(V* �( (�"7�"��1� ( )tV

)t(V)t(V)t( *−=ψ . 


�"7�"(/' �*� 7�( () ( ,�" �&� ��'69�" ��#$"./(��' ( )tU , %(�7*

$�7�()/' <,/(�"��� !",�(���1� 5"�"��1� 8�!,5��! � , � % /(!�/(�
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[ ] min
U

2*
1 )t(V)t(VJ →−= .     (2.1) 

� /"('+ /�'#� �/&��)#�"�*" � #!*" �"+ !�#�* �&� ��"!�' (�7� 7�(,�
&�(�,��): 

1. �"#"������ !�" &���/* &��&�/, !�'. 

2. �&� ��"!�" -���!�. &���/* &��&�/, !�'. 

3. �&� ��"!�" � �-��(�# 5�". � &� !���� !�" � �-��(��. 

4. �/&��)#�� !�" ,<- ("+!���1�.. 

5. �&� ��"!�" �%"�"$'��. 

��$"� $ �)-" � //� (��� () � �-��(�# 5�6 � , %"/(�" �"+ !�#� 
�#�"!"!�' /�/(�'!�' /"(�, &�$ ��#$"./(��"� �&� ��'69�+ /�1! ���. �
� #�"(��"!!*+ ,����(���"�*+ /"('+ /�'#� �"0$� �67*�� $���' �#� ��
/"(� (�/(�%!�,�� �  $�"/ (��) ��""(/', , , &� ����, !"/,��),�
!"# ��/��*+ &�("., &� ,�(��*� ��1�( 7*() &"�"$ !* /��79"!�'. 
�/!��!�. # $ %". � �-��(�# 5�� '��'"(/' �*7�� �&�"$"�"!!�1� &�(� �#
�, # !!�1� �!�0"/(� . �*7�� �/�9"/(��'"(/' / &���9)6 � (��5 (( 7��5) 
� �-��(��, ,�(��*" +� !'(/' � , 0$�� �#�" ,����( 5�� (��). 	 (��5 
� �-��(�� iM 1�-i �� # $ "( �%"�"$!�/() �*7�� �/+�$'9�+

! &� ��"!�. &�� �/( !���"!�� /�'#� 1�-i �#� , �67��� �# $��1�+ �#���
/"(�. 

	 (��5� iM ��0!� &�"$/( ��() /�"$�69�� �7� #��: 
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�
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=
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Ν
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iir2i1i iAiAiAiA

ijijr2ij1ij

2ir2i22i21i

1ir1i12i11i
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��

    (2.2) 

�$"/) N – %�/�� �� /"(�, ijβ  - j-' �"(�), �/+�$'9 ' �# i�� , iA,1j = , iA – 

,���%"/(�� �"(�"., �/+�$'9�+ �# i�� , ijrm – <�"�"!(, �&�"$"�'69�.

&��'$,��*. !��"� �"(�� ijβ &�� �*7��" &�(� &"�"$ %� �!8��� 5�� �( i��
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, r�� , � /��% " &��/(�. � (��5* � �-��(��, ��7� �"��'(!�/() �*7�� 

�"(�� ijβ , �
=

==
iA

1j
ijr N,1r,1m � /��% " /(�+ /(�%"/,�. � (��5* � �-��(��. 

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

2.2. ���1�,���$���")�*. (�&+�& (�� #*8��$ �(�� �")�*+
 ��-�!��# #  !")��/$�#�/�*+ /$�	+

���������"(/' /�"$�69 ' �!�1�,��("�� �)! ' # $ % � �-��(�# 5��. 
��/() �&�"$"�"!� �!�0"/(�� $�&�/(��*+ �"-"!�. (� �-��(��) ! 1� 8"
/"(� { }xX = , ,�(��*. ! #*� "(/' $�/,�"(!*�, "/�� X ,�!"%!� ��� /%"(!�.  


�&�/(��*�� 7�$�( (" �"-"!�' Xx ∈ � ��$" &�$1� 8�� )E,V(x xx=  ( VVx ∈ , 

EEx ∈ ) $�' �!�1��"�-�!!�1� 1� 8 ( )E,VG = , ,�(��*" �$���"(���'6(

�1� !�%"!�'�. ��"$&�� 1 "(/', %(� ! X # $ ! �",(��! ' 5"�"� '
8�!,5�' ( ))x(F,),x(F,),x(F)x(F m1 ��

�

ν= , /�/( ��'69�" ,�(���. �&�"$"�'6(

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

)x(F,),x(F,),x(F m1 �� ν .     (2.3) 

� //��(��� �/�7"!!�/(� �*7�� �&(�� �)!*+ � �-��(�� �
���)(�/"���/!�. /"(� /�'#�, /�/(�'9�6 �# �#��� � ��!�. /�'#�, 
/�"$�!'69�" �#�*. :( /"() &�"$/( ��'"(/' 1� 8�� ( )E,VG = , 1$" V  – 

�!�0"/(�� �#���, E  – �!�0"/(�� ��!�. /�'#�. � 0$ ' ��!�' e

+ � ,("��#�"(/' &�, # ("�'�� , %"/(� �7/��0�� !�' lk , ,�(��*� �

/��(�"(/(��" ��0!� /( ��() �"/��*" 8�!,5�� )e(wl / # $ !!*��

�1� !�%"!�'�� ll c)e(w ≤ , m,1l = . 
�' �%"( /���,�&!�/(� &�, # ("�".

, %"/(� �7/��0�� !�' &�"$� 1 "(/' �/&��)#�� () /, �'�!�6 5"�"��6
8�!,5�6 ��!�� e � ��$": 

)e(w)e(w)e(w)e(F mmii11 λ++λ++λ= �� , 1$" 1,0
m

1i
ii =λ>λ �

=

.  (2.4) 
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��"$� 1 "(/' �"- () # $ %� ! +�0$"!�' �&(�� �)!�1� &�(� (� �-��( ) p

�( �#� �/(�%!�, s , �#�� ! #! %"!�' t &�("� ! +�0$"!�'
<,/(�"� �)!�1� #! %"!�' 5"�"��. 8�!,5�� � �-��( :  

,)e(F)p(wextr
N

1j
j �

�
�

�
�
�
�

�
=�

=

(2.5) 

1$" N  - %�/�� ��!�. /�'#�, �+�$'9�+ � � �-��(. 

�"��*� <( &�� �*7�� �&(�� �)!*+ � �-��(�� '��'"(/' �*$"�"!�"
&�$�!�0"/(� � �"(�-�&(�� �)!*+ � �-��(��, � �"#��)( (" %"1�
�(7� /*� 6(/' 7"#�/���!� +�$-�" � �� !(* � �-��(��. � �� !(
� �-��( Xx~ ∈ '��'"(/' � �"(�-�&(�� �)!*�, "/�� !" /�9"/(��"(
$��1�1� $�&�/(���1� �"-"!�' Xx* ∈ , %(� �*&��!'6(/' !"� �"!/(� 

N,,1),x~(F)x(F *
�=ν≤ νν , /�"$� ,�(��*+ +�(' 7* �$!� '��'"(/' /(��1��. 


�' ! +�0$"!�' &�$�!�0"/(� � �"(�-�&(�� �)!*+ �"-"!�.
&�"$� 1 "(/' �/&��)#�� () �"/���. �"(�$. �1� /�() /��$�(/' ,
! +�0$"!�6 <,/(�"��� �#�"-"!!�. /��* &�, # ("�". , %"/(� 
� �-��(�� /"(� (1.8) &�� �/"��#��0!*+ ,��7�! 5�'+ ,�<88�5�"!(��, 
+ � ,("��#�69�+ �+ �(!�/�("�)!�6 � 0!�/(). � �"#��)( (" <(�1�
�*7�� "(/' !",�(���" &�$�!�0"/(�� � �"(�-�&(�� �)!*+ � �� !(��
� �-��(�# 5�� / �%"(�� /���,�&!�/(� &�, # ("�". , %"/(� . �
,��("�� �)!�� &��/(� !/(�" � �"(�-�&(�� �)!*� � �� !( � � �-��(��
/��(�"(/(��"( !",�(�� ' �"/�� ' &��"�+!�/(), (�%,� ,�(���.
�&�"$"�'6(/' /�1� /�� !!*� �&(������ #! %"!�. �*7� !!*+
&�, # ("�". , %"/(� � �-��(��. �� �$! �# 7"#�/���!� +�$-�+ (�%",
(� �� !(�� � �-��(��) !" ��0"( &��! $�"0 () <(�. &��"�+!�/(�, 
&�/,��),� �!� �/,�6% 6(/' &�� ! +�0$"!�� &�$�!�0"/(� � �"(�. 

����%"!!*" � �"(�-�&(�� �)!*" � �� !(* � �-��(�� � �!�#! %!*
/ (�%,� #�"!�' 7"#�/���!�1� ,��("��' &�"$&�%("!�' (���) - ,��("��'
� �"(�. ��<(��� , 0$*. �# !�+ ��0"( 7*() �/&��)#�� ! &�� �"-"!��
# $ %� �!�1�&�("��. � �-��(�# 5��, %(� &�#����( � �!��"�!� # 1��#�()
��!�� /�'#� /��(�"(/(��69��� ��$ �� (� 8�, / (�"7�"�*� , %"/(���
�7/��0�� !�'.  

�$! ,� � �'$" /��% "� ��#!�, "( !"�7+�$���/() �*7�� "$�!/(�"!!�1�
� �� !( � �-��(�# 5�� / �%"(�� $�&��!�("�)!�. �!8��� 5��, 
&�/(�& 69". �( <,/&"�(�� (�&*(!*+ /&"5� ��/(��). ��� <(�� ��1�( 7*()
&���"!"!* � #!*" �"(�$* /�0"!�' &�$�!�0"/(� � �"(� $�
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"$�!/(�"!!�1� � �� !( , � % /(!�/(�: / �/&��)#�� !�"� 8�!,5�.
5"!!�/(�, &���"!"!�� �",/�,�1� 8�%"/,�1� &�$+�$ , ! �/!��" ("����
� #�*(*+ �!�0"/(� . 

2.3. ���,��'$/,�$ �/�8$���/��  ��1�,���$���")��1� #*8���
�(�� �")�*+  ��-�!��# �� (�� $�$ 9��1 $��� /$�� /#	%�

� //��(�"!* &� ,(�%"/,�" �/�7"!!�/(� �"-"!�' /8��������� !!�.
�!�1�,��("�� �)!�. # $ %� � �-��(�# 5�� ! &���"�" 8� 1�"!( /"(�
/�'#� (��/. 2.1). 	�$"�) �//�"$�"��. /"(� /�/(��( �# $�"! $5 (� �#���, 
/�'# !!*+ �"0$� /�7�. ��!�'�� /�'#� / &�("�'��. � 0$ ' ��!�' /�'#�
��""( &��&�/,!�6 /&�/�7!�/() 128 ,7�(//. �!8��� 5�' &"�"$ "(/' �#
�#�  0 �� �/" �/( �)!*" �#�*. 
� 8�, &"�"$ "(/' /� /,���/()6 64 ,7�(//, 
� #�"� &"�"$ � "�*+ & ,"(�� 210 7 .(. �//�"$�� !�' &����$���/) �
&��1� ��!�� & ,"(" Network Simulator. 

��/. 2.1. �� 1�"!( �//�"$�"��. /"(� /�'#�  

� //� (��� ��/) /�"$�69�" &�, # ("�� , %"/(� �7/��0�� !�', 
,�(��*�� + � ,("��#�"(/' , 0$ ' ��!�' /�'#�: ��"�' # $"�0,� & ,"(��, 
����"!) &�("�) & ,"(��, /(����/() �/&��)#�� !�' ��!�� /�'#�. 

�%�( ��/), %(� ��"�' # $"�0,� &"�"$ %� & ,"(�� �&�"$"�'"(/' � �/!��!��
$��!�. ��!�. /�'#�. ����"!) &�("�) & ,"(�� # ��/�( �( ��$"�� &�("�), 
��"$"!!�. � , 0$�. ��!��. �(����/() �/&��)#�� !�' ��!�� # ��/�( �(
��"�"!� # $"�0,� ! ��!��, �"��%�!* &�("�) � �!("!/��!�/(�
�/&��)#�� !�'. �������� !!*" , � ,/�� �)!*� #! %"!�'� &�, # ("��
, %"/(� ��!�. /�'#� &���"$"!* � ( 7�. 2.1. 
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��8"��� 2.1. �������� !!*" , � ,/�� �)!*� #! %"!�'� &�, # ("��
, %"/(� ��!�. /�'#�

��!�'
/�'#�

��"�' # $"�0,�
&"�"$ %� & ,"(��

����"!) &�("�)
& ,"(��

�(����/()
�/&��)#�� !�' ��!��
/�'#�

0-1 0.676 1 0.333 
0-2 1 0.25 1 
0-3 0.362 1 0.333 
0-4 0.381 0.25 1 
0-5 0.2 1 0.333 
0-6 0.19 1 0.333 
0-7 0.571 0.25 1 
7-6 0.4 0.25 0.333 
7-8 0.362 0.25 0.667 
8-6 0.314 0.5 0.5 
8-5 0.438 0.25 0.333 
8-9 0.248 0.5 0.333 
9-5 0.257 0.25 1 
9-11 0.571 0.25 0.667 
11-10 0.762 0.25 0.333 
5-4 0.381 0.25 0.667 
2-10 0.457 0.25 0.333 
3-10 0.79 0.25 0.333 
4-3 0.286 0.25 0.333 
1-2 0.448 0.25 0.333 

���  ! ��#" 1� 8 /"(� (��/. 2.1) ��$!�, %(� $�' , 0$�1� �#� ! #! %"!�'
/�9"/(��"( 7��)-�" �!�0"/(�� � �� !(�� �*7�� � �-��( , $ 0" &��
�/����� !"��#��0!�/(� &��(��!�1� &�/"9"!�' &��.$"!!�1� �#� . 
����%"/(�� � �-��(�� $�' , 0$�1� �#� ! #! %"!�' / �#��� 0 &���"$"!*
� ( 7�. 2.2.  
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��8"��� 2.2. ����%"/(�� � �-��(�� $�' , 0$�1� �#� ! #! %"!�' / �#���
0 

�#"� �/(�%!�, – �#"� ! #! %"!�' ����%"/(�� � �� !(��
� �-��(��

0-1 27 
0-2 27 
0-3 29 
0-4 29 
0-5 25 
0-6 41 
0-7 41 
0-8 22 
0-9 27 
0-10 27 
0-11 31 

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

%� �� ����
�-��
�������� �����"
��. 
�' �"-"!�' # $ %� �*7�� 
� �"(�-�&(�� �)!*+ � �-��(�� &���"!�� �&�/ !!*. � &. 1.3 �"/���.
�"(�$ / �/&��)#�� !�"� /�"$�69�+ &�, # ("�". , %"/(� : 1k , 

�(� 0 69�. $��!� ��!��; 2k , �(� 0 69�. ����"!) &�("�) & ,"(��; 3k , 

�(� 0 69�. /(����/() �/&��)#�� !�' ��!�. /�'#�. 

��� ��!���# 5�� �*� 0"!�' (2) /� �/"��#��0!*�� ,��7�! 5�'��
�"/��*+ ,�<88�5�"!(�� &���%�� �!�0"/(�� � �"(�-�&(�� �)!*+
� �-��(��, c /��(�"(/(��69��� /�1� /�� !!*�� �&(���� �� ��"$"!!*+
&�, # ("�". , %"/(� .  

�! %"!�' � #!*+ ,��7�! 5�. ,�<88�5�"!(��, + � ,("��#�69�+
�(!�/�("�)!�6 � 0!�/() &�, # ("�". , %"/(� , / - 1�� 0.1 �
/��(�"(/(��69�" �� �&(�� �)!*" � �-��(* &���"$"!* � ( 7�. 2.3. 
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��8"��� 2.3. �! %"!�' � #!*+ ,��7�! 5�. ,�<88�5�"!(��, 
+ � ,("��#�69�+ �(!�/�("�)!�6 � 0!�/() &�, # ("�". , %"/(� , �
/��(�"(/(��69�" �� � �"(�-�&(�� �)!*" � �-��(*

�#�*
�/(�%!�,� – 
�#�*
! #! %"!�'

� �"(�-
�&(�� �)!*
" � �-��(*

��<88�5�"!(* � 0!�/(� &�, # ("�". , %"/(� 

0-1; 0-5; 0-6 0-1; 0-5; 0-6 (0.8;0.1;0.1); (0.1;0.1;0.8); (0.1;0.2;0.7); (0.2;0.1;0.7); 
(0.7;0.2;01); (0.7;0.1;0.2); (0.2;0.3;0.5); (0.3;0.2;0.5); 
(0.5;0.2;0.3); (0.5;0.3;0.2); (0.3;0.5;0.2); (0.2;0.5;0.3); 
(0.1;0.4;0.5); (0.1;0.5;0.4); (0.4;0.5;0.1); (0.4;0.1;0.5); 
(0.5;0.4;0.1); (0.5;0.1;0.4); (0.4;0.3;0.3); (0.3;0.3;0.4); 
(0.3;0.4;0.3); (0.6;0.2;0.2); (0.2;0.6;0.2); (0.2;0.2;0.6) 

0-2-1; 0-4-5; 
0-7-6 

(0.1;0.8;0.1); (0.2;0.7;0.1); (0.1;0.7;0.2) 

0-2 0-2 (0.8;0.1;0.1); (0.1;0.8;0.1); (0.2;0.7;0.1) (0.1;0.7;0.2) 
(0.7;0.2;01); (0.7;0.1;0.2); (0.2;0.3;0.5); (0.3;0.2;0.5); 
(0.5;0.2;0.3) (0.5;0.3;0.2); (0.3;0.5;0.2); (0.2;0.5;0.3); 
(0.1;0.4;0.5); (0.1;0.5;0.4); (0.4;0.5;0.1); (0.5;0.4;0.1); 
(0.5;0.1;0.4); (0.4;0.3;0.3); (0.3;0.3;0.4); (0.6;0.2;0.2); 
(0.2;0.6;0.2); (0.2;0.2;0.6) (0.3;0.4;0.3) 

0-1-2 (0.1;0.1;0.8); (0.1;0.2;0.7); (0.2;0.1;0.7); (0.4;0.1;0.5); 
0-3 0-3 (0.8;0.1;0.1); (0.1;0.1;0.8); (0.1;0.2;0.7); (0.2;0.1;0.7); 

(0.7;0.2;01); (0.7;0.1;0.2); (0.2;0.3;0.5); (0.3;0.2;0.5); 
(0.5;0.2;0.3); (0.5;0.3;0.2); (0.3;0.5;0.2); (0.2;0.5;0.3); 
(0.1;0.4;0.5); (0.1;0.5;0.4); (0.4;0.1;0.5); (0.5;0.4;0.1); 
(0.5;0.1;0.4); (0.4;0.3;0.3); (0.3;0.3;0.4); (0.6;0.2;0.2);; 
(0.2;0.2;0.6) (0.3;0.4;0.3) 

0-4-3 (0.1;0.8;0.1); (0.2;0.7;0.1); (0.1;0.7;0.2) (0.4;0.5;0.1) 
(0.2;0.6;0.2); 

0-4 0-4 (0.8;0.1;0.1); (0.1;0.8;0.1); (0.2;0.7;0.1) (0.1;0.7;0.2) 
(0.7;0.2;01); (0.7;0.1;0.2); (0.2;0.3;0.5); (0.3;0.2;0.5); 
(0.5;0.2;0.3) (0.5;0.3;0.2); (0.3;0.5;0.2); (0.2;0.5;0.3); 
(0.1;0.4;0.5); (0.1;0.5;0.4); (0.4;0.5;0.1); (0.5;0.4;0.1); 
(0.5;0.1;0.4); (0.4;0.3;0.3); (0.3;0.3;0.4); (0.6;0.2;0.2); 
(0.2;0.6;0.2); (0.2;0.2;0.6); (0.4;0.1;0.5); (0.3;0.4;0.3) 

0-3-4 (0.1;0.1;0.8); (0.1;0.2;0.7); (0.2;0.1;0.7) 
0-7 0-7 (0.8;0.1;0.1); (0.1;0.8;0.1); (0.2;0.7;0.1) (0.1;0.7;0.2) 

(0.7;0.2;01); (0.7;0.1;0.2); (0.2;0.3;0.5); (0.3;0.2;0.5); 
(0.5;0.2;0.3) (0.5;0.3;0.2); (0.3;0.5;0.2); (0.2;0.5;0.3); 
(0.1;0.4;0.5); (0.1;0.5;0.4); (0.4;0.5;0.1); (0.5;0.4;0.1); 
(0.4;0.3;0.3); (0.3;0.3;0.4); (0.6;0.2;0.2); (0.2;0.6;0.2); 
(0.2;0.2;0.6); (0.3;0.4;0.3) 

0-6-7 (0.1;0.1;0.8); (0.1;0.2;0.7); (0.2;0.1;0.7); (0.4;0.1;0.5); 
(0.5;0.1;0.4) 

0-8 0-6-8 (0.8;0.1;0.1) (0.7;0.2;01); (0.7;0.1;0.2)
0-7-8 (0.1;0.8;0.1); (0.2;0.7;0.1); (0.1;0.7;0.2) (0.3;0.5;0.2); 

(0.2;0.5;0.3); (0.4;0.5;0.1); (0.2;0.6;0.2); (0.5;0.4;0.1) 
0-5-8 (0.1;0.1;0.8); (0.1;0.2;0.7); (0.2;0.1;0.7); (0.2;0.3;0.5); 

(0.3;0.2;0.5); (0.5;0.2;0.3) (0.5;0.3;0.2); (0.1;0.4;0.5); 
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(0.1;0.5;0.4) (0.4;0.1;0.5); (0.4;0.3;0.3); (0.3;0.3;0.4); 
(0.3;0.4;0.3); (0.6;0.2;0.2); (0.2;0.2;0.6) (0.5;0.1;0.4) 

0-9 0-5-9 (0.8;0.1;0.1); (0.7;0.2;01); (0.7;0.1;0.2); (0.4;0.3;0.3); 
(0.3;0.3;0.4); (0.3;0.4;0.3); (0.6;0.2;0.2); (0.2;0.6;0.2); 
(0.5;0.4;0.1); (0.5;0.1;0.4); (0.4;0.1;0.5); (0.2;0.3;0.5); 
(0.3;0.2;0.5); (0.5;0.2;0.3); (0.5;0.3;0.2); (0.3;0.5;0.2); 
(0.2;0.5;0.3); (0.1;0.4;0.5); (0.1;0.5;0.4); (0.4;0.5;0.1) 

0-4-5-9 (0.1;0.8;0.1); (0.2;0.7;0.1); (0.1;0.7;0.2)
0-5-8-9 (0.2;0.2;0.6); (0.1;0.1;0.8); (0.1;0.2;0.7); (0.2;0.1;0.7) 

0-10 0-2-10 (0.3;0.5;0.2); (0.2;0.5;0.3); (0.1;0.4;0.5); (0.1;0.5;0.4); 
(0.4;0.5;0.1) (0.3;0.4;0.3); (0.2;0.6;0.2); (0.5;0.4;0.1); 
(0.1;0.8;0.1);  

0-3-10 (0.8;0.1;0.1); (0.7;0.2;01); (0.7;0.1;0.2); (0.1;0.2;0.7); 
(0.2;0.1;0.7); (0.2;0.3;0.5); (0.3;0.2;0.5); (0.5;0.2;0.3); 
(0.5;0.3;0.2); (0.4;0.1;0.5); (0.4;0.3;0.3); (0.3;0.3;0.4); 
(0.6;0.2;0.2); (0.2;0.2;0.6); (0.5;0.1;0.4); (0.1;0.1;0.8); 
(0.1;0.2;0.7); (0.2;0.1;0.7) 

0-11 0-5-9-11 (0.8;0.1;0.1); (0.7;0.2;01); (0.7;0.1;0.2); (0.4;0.3;0.3); 
(0.3;0.3;0.4); (0.3;0.4;0.3); (0.5;0.2;0.3); (0.5;0.3;0.2); 
(0.4;0.5;0.1); (0.6;0.2;0.2); (0.5;0.4;0.1); (0.5;0.1;0.4) 

0-2-10-11 (0.1;0.8;0.1); (0.2;0.7;0.1); (0.1;0.7;0.2); (0.3;0.5;0.2); 
(0.2;0.5;0.3); (0.1;0.5;0.4); (0.2;0.6;0.2); 

0-3-10-11 (0.1;0.1;0.8); (0.1;0.2;0.7); (0.2;0.1;0.7); (0.2;0.3;0.5); 
(0.3;0.2;0.5); (0.1;0.4;0.5); (0.4;0.1;0.5); (0.2;0.2;0.6) 


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


�' ���6/(� 5�� ! ��/. 2.2 �#�7� 0"!� !",�(���" �!�0"/(�� � �� !(��
� �-��(�� �"0$� �#� �� 0 � 8 � &��/(� !/(�" &�, # ("�". , %"/(� 1k �

2k . �"� ' !�0!'' 1� !�5 , �,�6% 69 ' (�� (�%,�, /��(�"(/(��"(

�!�0"/(�� � �"(�-�&(�� �)!*+ �"-"!�.. �"(��$!� ��$"(), %(� ��
/��(�"(/(��"( /�1� /�� !!*. �&(���� &� � �"(� &�, # ("�". , %"/(� 
(��!�� �)!� ��#��0!�" #! %"!�' �$!�1� &�, # ("�". , %"/(� &��
# $ !!*+ 8�,/���� !!*+ #! %"!�'+ $��1�1� &�, # ("�'). :( 1� !�5 
( ,0" '��'"( /�7�. $� 1� ��� �7�"! &�, # ("�". , %"/(� , ,�(�� '
&�, #*� "(, , , # ��/�( &�("!5� �)!� $�/(�0���" #! %"!�" �$!�1� �#
&�, # ("�". , %"/(� �( #! %"!�' $��1�1� &�, # ("�'. 
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��/. 2.2. 	!�0"/(�� � �� !(�� � �-��(�� �"0$� �#� �� 0 � 8 

����%"!!�" � ( 7�. 2.3 &�$�!�0"/(�� � �"(�-�&(�� �)!*+ � �� !(��
� �-��(�� ��0!� �/&��)#�� () $�' ��1 !�# 5�� �!�1�&�("��.
� �-��(�# 5�� � �*7�� �&(�� �)!*+ � �-��(�� $�' &"�"$ %�
/��(�"(/(��69"1� (� 8�, / (�"7�"�*� , %"/(��� �7/��0�� !�'. 

��� <(�� ��#!�, "( ��&��/: ��""( �� /�*/� �/�9"/(��'() �*7�� ! �/!��"
7"#�/���!�1� ,��("��' &�"$&�%("!�' (,��("��' � �"(�), "/�� �
$ �)!".-"� $�' �*7�� "$�!/(�"!!�1� � �-��( &��+�$�(/' ���$�()
�/���!*. ,��("��. &�"$&�%("!�'. � �7�/!�� !!�/() 5"�"/��7� #!�/(�
��"$"!�' <( & ! +�0$"!�' � �"(�-�&(�� �)!*+ � �� !(�� /�"$�"(
�(�"(�(): 

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

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



33 

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

%� �� ����	
������� �����"
� �# ��������	
�� ����
�-��
��������. 

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


�' �*7�� "$�!/(�"!!�1� � �-��( 7�$"� �/&��)#�� () �$�! �# �"(�$��
/�0"!�' �!�0"/(� � �"(� – �",/�,�1� 8�%"/,�. �"(�$, ,�1$ ! 7��
&�, # ("�". , %"/(� m1 kk � /(��1� �&��'$�%"! &� � 0!�/(�. ��� <(��

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

)kk(v m1�
�

= .  

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

$ !� �",(��* �5"!�, Vv,v "' ∈ . �",/�,�1� 8�%"/,�" �(!�-"!�" "
lex

' vv �

�*&��!'"(/' (�1$ , ,�1$ �*&��!'"(/' �$!� �# ( ,�+ �/����.: 

.vv;1m,,2,1j,vv

,vv,vv

,vv

"
m

'
m

"
j

'
j

"
2

'
2

"
1

'
1

"
1

'
1

>−=>

>=

>

�

����������
     (2.3) 

�$"/) Vvv "
1

'
1 ∈>  – ,���$�! (* /��(�"(/(��69�+ �",(���� �5"!�,.  

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

� �"#��)( (" &���"!"!�' �",/�,�1� 8�%"/,�1� �"(�$ �# � �"(�-
�&(�� �)!*+ � �� !(�� � �-��(�� 7*� �*7� ! "$�!/(�"!!*. &�� $��+
��$ + �&��'$�%�� !�' &�, # ("�". , %"/(� : ( 2k , 3k , 1k ) � ( 3k , 2k , 1k ). 

  



34 

��/. 2.3�. �"��%�! &�("�) & ,"(�� &�� � 0!�/(� � #��%!*+ &�, # ("�".
, %"/(� 

��/. 2.38. �(����/() �/&��)#�� !�' ��!�. /�'#� &�� � 0!�/(� � #��%!*+
&�, # ("�". , %"/(� 

��/. 2.3 &�, #*� "( &�("�� & ,"(�� ! ��!�'+ /�'#�, �# ,�(��*+ /�/(�'(
� �-��(*, / � #!*�� &�, # ("�'�� � 0!�/(�. 
� &�/�"$!�+ /(��75 
&�, #*� 6( /���� &�("�) & ,"(�� ! �/"+ ��!�'+ /�'#�. ��/. 2.37
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&�, #*� "( /(����/() �/&��)#�� !�' ��!�. /�'#�, �# ,�(��*+ /�/(�'(
� �-��(*, / � #!*�� &�, # ("�'�� � 0!�/(�. 
� &�/�"$!�+ /(��75 
&�, #*� 6( /��� �!�6 /(����/() �/&��)#�� !�' �/"+ ��!�. /�'#�. 
�(/6$ ��0!� /$"� () /�"$�69�" �*��$*: �*�1�*- ! �7��"" � 0!�1�
&�, # ("�' , %"/(� �"$"( , &���1�*-� $��1�+ &�, # ("�". , %"/(� . 

��������� ���"������ ������
�� �����"
�#���� 	 �����"
�#����� ��

�#��	
���" ���
�
��" OSPF. � /�9"/(��69"�  �1���(�" OSPF &��(�,��
$�! ��%"/,�. � �-��(�# 5�� /�/(�'!�" (, %"/(�� � �-��( ) 
�&�"$"�'"(/' (�"�' + � ,("��/(�, ��: # $"�0,�., &��&�/,!�.
/&�/�7!�/()6 � ! $"0!�/()6. �$! ,� � , %"/(�" �"(��,� �*7�� "(/' �
�/&��)#�"(/' &�� � �-��(�# 5�� (��),� �$�! �# &�, # ("�". , %"/(� .  

������6/(����"� /� �!"!�" &�"$��0"!!�1� �!�1�,��("�� �)!�1�
&�$+�$ , �*7��� � �-��(�� � &�$+�$ , �*7��� � �-��(�� ! �/!��"
&��(�,��  OSPF. � ��/. 2.4 �#�7� 0"! # 1��#, ��!�. /"(� /�'#� &��
�/&��)#�� !�� &���%"!!�1� ! �/!��" �!�1�,��("�� �)!�1� &�$+�$ 
&�$�!�0"/(� � �"(�-�&(�� �)!*+ � �-��(��, ,�(��*. &����$�( ,
�!�1�&�("��. � �-��(�# 5�� � � �-��(��, &���%"!!*+ ! �/!��"
&��(�,��  OSPF. 

��/. 2.4. � 1��#, ��!�. /"(� /�'#� &�� �/&��)#�� !�� &���%"!!�1� ! 
�/!��" �!�1�,��("�� �)!�1� &�$+�$ �!�0"/(� � �"(�-�&(�� �)!*+
� �-��(�� � � �-��(��, &���%"!!*+ ! �/!��" &��(�,��  OSPF 



36 

��/. 2.4 &�, #*� "(, %(� &�� �/&��)#�� !�� &���%"!!�1� ! �/!��"
�!�1�,��("�� �)!�1� &�$+�$ �!�0"/(�� � �"(�-�&(�� �)!*+
� �-��(��, ,�(���" �/&��)#�"(/' &�� ��1 !�# 5�� �!�1�&�("��.
� �-��(�# 5��, # 1��#,� ��!�. /�'#� 7��"" � �!��"�!*", !"(� 7��)-�+
&"�"1��#�, ! �($"�)!*+ ��!�'+ /�'#� � �(��%�� �( � �-��(�# 5�� &�
&��(�,��� OSPF. 

� ��/. 2.5 �#�7� 0"!� /� �!"!�" �*7�� � �-��( �# �#�  0 � �#"� 8 /
�/&��)#�� !�"� �!�1�,��("�� �)!�1� &�$+�$ &�� �*7��"
,�<88�5�"!(�� �(!�/�("�)!�. � 0!�/(� (0.3; 0.3; 0.4) � &�$+�$ ! �/!��"
&��(�,��  OSPF &� /(����/(� � &�("�� & ,"(�� ! <(�� � �-��(". 

��/. 2.5. �� �!"!�" �*7�� � �-��( �# �#�  0 � �#"� 8 / �/&��)#�� !�"�
�!�1�,��("�� �)!�1� &�$+�$ � &�$+�$ ! �/!��" &��(�,��  OSPF &�
/(����/(� � &�("�� & ,"(�� ! <(�� � �-��("

��/. 2.5 &�, #*� "( �*�1�*- �!�1�,��("�� �)!�1� &�$+�$ &�� �%"("
&�("�) & ,"(�� � /(����/(� �/&��)#�� !�' ��!�. /�'#� �(!�/�("�)!�
&��(�,��  OSPF. 3�(' &��(�,�� OSPF, 7�$"( �*�1�*� () / (�%,� #�"!�'
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��"�"!!�. # $"�0,�, ( , , , &�� <(�� �*7�� "(/' &�() ��-) &� �$!���
<(��� &�, # ("�6 , %"/(� 1k . 

2.4. �*#�&*

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

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

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

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

5. ����"$"! /� �!�("�)!*.  ! ��# �"#��)( (�� �"-"!�' # $ %�
�!�1�,��("�� �)!�. �&(���# 5�� � � �-��(�# 5�� /�1� /!� �#�"/(!�1�
&��(�,��  OSPF.  
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3. 
������
���2� ������ �
����� ���5�6������� �
��3����24 AD HOC 

��4

��9"/(��"( �!�1� � #!*+ (�&�� &�� ,(��!*+, �" ,(��!*+ � 1�7��$!*+
&��(�,���� � �-��(�# 5��, ,�(��*" ��1�( 7*() �/&��)#�� !* �
��7��)!*+ /�(� 5��!!*+ /"('+ [27-41]. � ! /(�'9"� � #$"�" &����$�(/'
/� �!�("�)!*.  ! ��# /�9"/(��69�+ &��(�,���� � �-��(�# 5�� / (�%,�
#�"!�' /���,�&!�/(� &�, # ("�". , %"/(� , �&�"$"�'69�+ /��./(� 
�*7� !!�1� /&�/�7 � �-��(�# 5��.  

3.1. �"�//�9�,���	 (����,�"�#  ��-�!��%����

�1� !�%"!!*" �"/��/* � MANET $"� 6( � #� 7�(,� <88",(��!�. �
! $"0!�. /(� ("1�� � �-��(�# 5�� �%"!) /��0!�. &��7�"��.. 
�'
<88",(��!�1� �/&��)#�� !�' �1� !�%"!!*+ �"/��/�� !"�7+�$�� 
�!("��",(� �)! ' /(� ("1�', /&�/�7! '  $ &(���� ()/' , �#�"!'69��/'
�/����'�, ( ,�� , , � #�"� /"(�, &��(!�/() (� 8�, � 8� 1�"!( 5�' /"(�. 
��"/(" / ("�, &��(�,�� � �-��(�# 5�� $��0"! �7"/&"%�� () � #��%!*"
����!� QoS $�' � #��%!*+ (�&�� &����0"!�. � &��)#�� ("�".. 

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

���(�,��* � �-��(�# 5�� � ��7��)!*+ ad hoc /"('+ ��1�( 7*()
,� //�8�5���� !* &� �'$� �(��%�("�)!*+ + � ,("��/(�,. :(�
+ � ,("��/(�,� �7*%!� &�$� #��"� 6( �!8��� 5�6, !"�7+�$���6 $�'
�/�9"/(��"!�' � �-��(�# 5��, �&�"$"�'6(, ,�1$ <( �!8��� 5�'
&���% "(/', � , ,�" 8�!,5�� ��1�( �*&��!'() �#�* � &��5"//"
� �-��(�# 5��. 

3.2. �/�8$���/�� (���,��#��., �$�,��#��. � 1�8��&��.
 ��-�!��%����

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

��� ,(��!*" (�&�"0$ 69�") &��(�,��* ( ,0" % /(� ! #*� 6(
( 7��%!*��. �/&��)#�' &�� ,(��!*. &��(�,�� � �-��(�# 5��, �#�* �
��7��)!�. ad hoc-/"(� &�/(�'!!� �*%�/�'6( � �-��(* ,� �/"�
$�/(�&!*� �#� � � &*( 6(/' &�$$"�0�� ()  ,(� �)!�6 �
!"&��(����"%���6 � �-��(!�6 �!8�� 5�6. 
 ,�� �7� #��, �#"�-
�/(�%!�, ��0"( &���%�() � �-��( !"# �"$��("�)!�, , , (��),� �!
&�! $�7�(/'. 

� &�� ,(��!*+ &��(�,�� + � �-��(�# 5�� �/" �#�* $��0!*
&�$$"�0�� ()  $",� (!�" &�"$/( ��"!�" /"("��. (�&���1��. ���
�#�"!"!�� (�&���1�� �!8��� 5�' � !"� $��0! 7*() &"�"$ ! �/"�
/"("�*� �#� �. ���)-�!/(�� &�� ,(��!*+ &��(�,���� � �-��(�# 5�� �
��7��)!*+ ad hoc /"('+ ��"6( /��./(� , �! /�"$�� !!*" �(  �1���(���, 
�/&��)#�69�+/' � &����$!*+ /"('+. � 5"�)6  $ &( 5�� , $�! ��%"/,��
�/�7"!!�/('� MANET, � (� $�5��!!*" &��(�,��* $�' &����$!*+ /"(".
$��0!* 7*() �!"/"!* �&�"$"�"!!*" �#�"!"!�'. �/&��)#�' &�� ,(��!*"
&��(�,��* � �-��(�# 5��, �#�* !"&�"�*�!� �7!���'6( �!8��� 5�6 �
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/�/(�'!�� /"(� � &�$$"�0�� 6( � �-��(* !"# ��/��� �( (�1�, "/() �� �
/"(� (� 8�,, %(� &���0$ "( #! %�("�)!*" � /+�$* &��&�/,!�.
/&�/�7!�/(� � # �'$ �/(�%!�, &�( !�'. 

�" ,(��!*" &��(�,��* � �-��(�# 5�� $�' ��7��)!*+ ad hoc /"(". ( ,0"
��"6( ! #� !�" &��(�,���� / � �-��(�# 5�". «&� (�"7�� !�6». � ( ,�+
&��(�,�� + &��/, � �-��(�� &���/+�$�( (��),� &�� !"�7+�$���/(�. ���
&"�"$ %", �#"�-�/(�%!�, �!�5����"( &��5"$��� &��/, � �-��(��, 
,�(�� ' # �"�- "(/' ,�1$ � �-��( ! .$"!, ��7� ,�1$ � �-��( !"
/�9"/(��"(, &�/�" &���"�,� �/"+ ��#��0!*+ � �� !(�� � �-��(��. 

� ��7��)!*+ ad hoc /"('+ $"./(��69�" � �-��(* ��1�( 7*() ! ��-"!*
�/�"$/(��" ��7��)!�/(� �#���, &�<(��� &�$$"�0, � �-��(�� �
�" ,(��!*+ &��(�,�� + '��'"(/' �%"!) � 0!�.. �� /� �!"!�6 /
&�� ,(��!*�� &��(�,�� �� � �-��(�# 5��, �"!)-�" � /+�$* ! 
�&� ��'69�. (� 8�, '��'6(/' !"/��!"!!*� &�"���9"/(��� �" ,(��!*+
&��(�,����, &�<(��� �" ,(��!*" &��(�,��* � MANET ��"6( 7��)-�6
� /-( 7���"��/(). �$! ,�, �/&��)#�' �" ,(��!*" &��(�,��*, $�' �#���-
�/(�%!�,�� ��1�( ��#!�, () &��7�"�*, /�'# !!*" / # $"�0, �� ! &��/,
� �-��( , &"�"$ ("�, , , �!� /��1�( ! % () &"�"$ %� & ,"(�� $ !!*+. 

����"� �� �" ,(��!*+ &��(�,���� � �-��(�# 5�� $�' ��7��)!*+ ad hoc 
/"(". ��1�( /��0�() &��(�,��* DSR � AODV. 

� 5"�)6 �7="$�!�() $�/(��!/(� &�"�$��"() !"$�/( (,� &�� ,(��!*+ �
�" ,(��!*+ &��(�,���� 7*�� &�"$��0"!* 1�7��$!*" &��(�,��*
� �-��(�# 5��. �7*%!� 1�7��$!*" &��(�,��* � �-��(�# 5�� $�'
��7��)!*+ ad hoc-/"(". �/&��)#�6( �"� �+�%"/,�6  �+�(",(��� /"(�. 
��� ,(��!*. � �" ,(��!*. &�$+�$* �/&��)#�6(/' ! � #��%!*+ ����!'+
�"� �+��. � , %"/(�" &���"��� 1�7��$!*+ &��(�,���� ��0!� &���"/(�
ZRP, ZHLS � HARP. 

3.3. 
��!,�!����#���$ � &$"$1���#���$ %�&�'  ��-�!��%����


��1�. /&�/�7 ,� //�8�, 5�� �/!�� ! ! ���'+, ,�(��*" ��1�( ��"()
�#�* � /+"�" � �-��(�# 5��. � �$!���$!�� &��(�,��" � �-��(�# 5��
���), � 0!�/() � 8�!,5��! �)!�/() �/"+ ��7��)!*+ �#��� �$�! ,��*. 
����"� �� �$!���$!*+ &��(�,���� � �-��(�# 5�� ��1�( /��0�() WRP, 
DSR, AODV � DSDV. �$!���$!*. &��(�,�� � �-��(�# 5�� �7*%!�
&�"$&�� 1 "( ��!".!�6 /"("��6 /(��,(���. � !"�$!���$!*+ &��(�,�� +
�#�* ��1�( �*&��!'() � #��%!*" 8�!,5�� &� �&� ��"!�6 ���
� �-��(�# 5��. 
�' �*7�� ( ,�+ �#��� �7*%!� �/&��)#�6(/'
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� /&�"$"�"!!*"  �1���(�*. � !",�(��*+ /��% '+ !"�$!���$!*. &�$+�$ ,
� �-��(�# 5�� �/&��)#�"( �"� �+�%"/,�" /"("�*" /(��,(��* $�'
�&��9"!�' ��1 !�# 5�� � �&� ��"!�' �#� ��. 

�"�$!���$!*" &��(,��* � �-��(�# 5�� ��1�( 7*(), � /��6 �%"�"$), 
� #$"�"!* &� /&�/�7� ��1 !�# 5�� ��7��)!*+ �#��� � /&�/�7� �&� ��"!�'
� � �-��(�# 5��. � /��(�"(/(��� / <(�� ,��("��"� �*$"�'6(
�"� �+�%"/,�6 � �-��(�# 5�6, ���"!(���� !!�6 ! #�!*, ,� /("�-
���"!(���� !!�6 �"� �+�%"/,�6 � �-��(�# 5�6 � � �-��(�# 5�6, 
�/!�� !!�6 ! 7 #���� �#�", (zone-based hierarchical routing, cluster-based 
hierarchical routing, core-node-based routing). 

� #�!!�-���"!(���� !!*+ &��(�,�� + � �-��(�# 5�� $�' 8������� !�'
#�! &���"!'6(/' � #��%!*"  �1���(�*; ! &���"�, !",�(��*" �# !�+
�/&��)#�6( 1"�1� 8�%"/,�6 �!8��� 5�6. �/&��)#�� !�" � #$"�"!�' /"(�
! #�!* /�9"/(�"!!� /!�0 "( � /+�$* ! &�$$"�0,� � �-��(!�.
�!8��� 5��. 	�7��)!*" �#�* � &�"$"� + �$!�. #�!* #! 6(, , , $�/(�%)
$��1 $��1 / ! ��"!)-��� # (� ( ��, !" &�$$"�0�� ' � �-��(* ,� �/"�
�#� � /"(�. � !",�(��*+ #�!!�-���"!(���� !!*+ &��(�,�� + �($"�)!*"
�#�* $"./(��6( , , -�6#*, �7/��0�� ' �"0#�!���6 /�'#). ����"� ��
#�!!�-���"!(���� !!*+ &��(�,���� ��1�( /��0�() ZRP � ZHLS. 

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

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

3.4. ���-�!��%���	 / �/(�")%�#���$ /$�$#*+  $���,

	"(��,�, �/&��)#�"�*" &�� &�/(��"!�� � �-��(��, ��1�( 7*() �#'(* # 
�/!��� ,� //�8�, 5�� &��(�,���� � �-��(�# 5��. ���)-�!/(��
&��(�,���� � �-��(�# 5�� � ��7��)!*+ ad hoc /"('+ � , %"/(�" �"(��,�
�/&��)#�6( ,���%"/(�� +�&��. � /�(� 5�'+, ,�1$ ��#��0!� !"/,��),�
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� �-��(��, &�"$&�%("!�" �($ "(/' � �-��(� / ��!�� �)!*� ,���%"/(���
+�&��. �/�� �/" 7"/&����$!*" , ! �* � /"(� ��"6( �$�! ,���6
�"��'(!�/() �-�7,�, ,���(,�" � �-��(* 7�$�( 7��"" /( 7��)!* �, ,���"
(�1�, &�#���'( #! %�("�)!� /!�#�() � /+�$* (� 8�, � ��"!)-�()
,����#��. �$! ,�, &��!�� () �$�! ,��*" + � ,("��/(�,� ! $"0!�/(� �
7"/&����$!*+ ad hoc /"('+ % /(� !",���",(!�. ��<(���, /( 7��)!�/()
, ! � $��0! 7*() �5"!"! &�� 8������� !�� � �-��( . � &���"�, 
&�$+�$*, &���"!'"�*" � &��(�,�� + ABR � SSBR, �/&��)#�6( � , %"/(�"
�"(��, /( 7��)!�/() , ! � ��� ��9!�/() /�1! � . 

�",�(��*" ��7��)!*" &����0"!�' ��1�( ��"() � #��%!*" (�"7�� !�'
QoS. � 5"�)6 �" ��# 5�� (�"7�� !�. QoS � ��7��)!*+ ad hoc /"('+, &��
� �-��(�# 5�� $��0!* 7*() # $"./(��� !* /��(�"(/(��69�" �"(��,�, 
�/!�� !!*" !  QoS. � , � � &����$!*+ /"('+, � MANET ��1�( 7*()
�/&��)#�� !* �"(��,� QoS, ( ,�" , , &���/ &��&�/, !�', # $"�0, , 
8��,(� 5�� # $"�0,�, ,�<88�5�"!( &�("�� & ,"(�� � /(����/(). 
� &���"�, � &��(�,��" CEDAR � , %"/(�" �"(��, &�� &�/(��"!��
� �-��(�� �/&��)#�6(/' &��&�/,! ' /&�/�7!�/() � /( 7��)!�/()
/�"$�!"!�'. 

3.5. ��$�,� ��(�"�1��, ��%��'$��	 � (�"�0$��	 (��  ��-�!��%����

� &��(�,�� + � �-��(�# 5�� $�' MANET, �/!�� !!*+ ! (�&���1��, $�'
&��!'(�' �"-"!�. � � �-��(�# 5��, �#�* �/&��)#�6( �!8��� 5�6 �
/"("��. (�&���1��. � �(��%�" �( &��(�,����, ���"!(���� !!*+ ! 
(�&���1�6, $�' ��7��)!*+ ad hoe-/"(". &�"$��0"!* &��(�,��*, 
�/!�� !!*" ! �!8��� 5�� � (�%," ! #! %"!�'. � ( ,�+ &��(�,�� + �#��, 
$�' $�/( �,� & ,"( � (�%,� ! #! %"!�', $�/( (�%!� #! () (��),�  $�"/
/�"$�69"1� +�& � &�"$"� + � �-��( . � &���"�, &��(�,�� DSR �/!�� !
! (�&���1��, a AODV � DSDV !a (�%," ! #! %"!�'. 
�/(�&!�/() GPS, 
��� $��1�. &�$�7!�. /�/("�* &�#�5��!���� !�', $ "( �#� � $�/(�& ,
�!8��� 5�� �7 �+ 1"�1� 8�%"/,�� &���0"!��. � &��(�,�� +
� �-��(�# 5��, ���"!(���� !!*+ & &���0"!�", &��/(� !/(�"!!*"
�(!�-"!�' �"0$� &"�"$ 69�� �#��� � �#���- $�"/ (��, / �%"(��
��7��)!�/(� �#���, ��1�( 7*() �/&��)#�� !* $�' &��/, � �-��(�� �
$�/( �,� & ,"(��. ��9"/(��69�" &�$+�$* , � �-��(�# 5�� � MANET ! 
�/!��" �!8��� 5�� � &���0"!�� ��1�( 7*() � #$"�"!* ! $�" /+"�*. 
��1� /!� &"���. /+"�", �#�* &"�"$ 6( & ,"(* �/,�6%�("�)!�
�/!��*� '/) ! �!8��� 5�� � &���0"!�� � !" (�"7�6( !�, ,�. $��1�.
�!8��� 5��. 
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��1 ' /+"� &�"$&�� 1 "( �$!���"�"!!�" �/&��)#�� !�" �!8��� 5�� �
&���0"!�� � � (�&���1�� /"(�. ����"� �� (�&�%!*+ &��(�,����
� �-��(�# 5��, �/!�� !!*+ ! &���0"!��, ��1�( /��0�() LAR �
DREAM. 

3.6. ���1�(!�$#�	  ��-�!��%���	

�($"�)!� /�"$�"( �(�"(�()  �1���(�* �!�1�&�("��. � �-��(�# 5��, 
/�#$ 69�" �!�0"/(�� � �-��(�� �( �#� -�/(�%!�, $� �#� -&���% ("�'
/��79"!�'. 	!�0"/(�� &�(". 1"!"����"(/' &� (�"7�� !�6 ���
&�� ,(��!�. ��/,��),�, �/�"$/(��" ��7��)!�/(� �#���, �#�"!"!�"
(�&���1�� � ad hoc /"('+ &���/+�$�( �%"!) 7*/(��, ( ,�. &�$+�$ ��""(
/��� &�"���9"/(� . �/!��!*� &�"���9"/(��� � �/&��)#�� !��
�!�0"/(� &�(". '��'"(/' 7��"" <88",(��!�" �/&��)#�� !�" &��&�/,!�.
/&�/�7!�/(� , ! � ��"/(" /� #! %�("�)!*� ��"��%"!�"� ! $"0!�/(�
/�'#�. 

3.7. �����,�"  ��-�!��%���� Destination-Sequenced Distance Vector 
(DSDV)  


 7��%!*. &��(�,�� � �-��(�# 5�� (Destination-Sequenced Distance 
Vector (DSDV) �/!�� ! !  �1���(�" �"��� ! -���$ . � 0$*.
��7��)!*. �#"� &�$$"�0�� "( ( 7��5� � �-��(�# 5��, ,�(�� ' /�/(��(
�# �/"+ ��#��0!*+ ! &� ��"!�. � /"(� � ,���%"/(� +�&��, !"�7+�$��*+
$�' $�/(�0"!�' , 0$�. �# (�%", ! #! %"!�'. � 0$ ' # &�/) +� !�( ( ,0"
&��'$,��*. !��"� &�/�"$�� ("�)!�/(�. :(�( !��"� !"�7+�$�� $�'
�&�"$"�"!�' �/( �"�-�+ # &�/". � &�"$�(�� 9"!�' ��#!�,!��"!�' &"("�). 
� 5"�'+ �7"/&"%"!�' 5"��/(!�/(� ( 7��5* � �-��(�# 5��, �7!���"!�'
� �-��(�� &"���$�%"/,� � //*� 6(/' &� �/". /"(�. 

��9"/(��6( 2 (�& �7!���"!�.: &��!*. � �!,�"�"!( �)!*.. ���!�"
�7!���"!�" � //*� "( /�/"$'� &��!�" /�$"�0 !�" � �-��(!�. ( 7��5* �
��0"( &�(�"7�� () $�' &"�"$ %� �(&� �,� !"/,��),�+ & ,"(��. 
�!,�"�"!( �)!*" �7!���"!�', /�/(�'9�" �# �#�"!"!�. � � �-��(!�.
( 7��5", &���#�-"$-�+ / ���"!( &�/�"$!"1� &��!�1� �7!���"!�', , ,
&� ����, !"7��)-�" � &��"9 6(/' � �$�! & ,"(. ��1$ /"() /( 7��)! , 
�/&��)#�"(/' �!,�"�"!( �)!�" �7!���"!�",  &��!�" �7!���"!�"
�*&��!'"(/' �"$,�. � $��1�. /(���!*, &��!�" �7!���"!�" 7�$"(
�*&��!'()/' 1�� #$� % 9" � 7*/(�� �#�"!'69"./' /"(�. 	�7��)!*" �#�*
$�' +� !"!�' �!,�"�"!( �)!*+ �7!���"!�. �/&��)#�6( �($"�)!�6
( 7��5�. 
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� $�&��!"!�" , �!8��� 5�� ( 7��5* � �-��(�# 5��, , 0$*. & ,"(
�7!���"!�' � �-��( /�$"�0�( �($"�)!*. &��'$,��*. !��"�, ,�(��*.
! #! % "(/' &"�"$ (%�,��. �/&��)#�"(/' � �-��( / / �*� !��*�
(! �7��)-��) !��"���. �/�� !"/,��),� � �-��(�� ��"6(
�$�! ,��*.&��'$,��*. !��"�, �*7�� "(/' ,� (% .-�. �# !�+. 

�"$�/( (�, &��(�,��  — &"���$�%"/,�" �7!���"!�' !"# ��/��� �(
�#�"!"!�. (�&���1��. 

3.8. �����,�"  ��-�!��%���� Cluster-Head Gateway Switch Routing 
(CGSR) 

���(�,�� � �-��(�# 5�� CGSR — <(� /+"� ,� /("��# 5��, ,�(�� '
�/&��)#�"( � /&�"$"�"!!*.  �1���(�, ! #*� "�*. Least Cluster Change 
(! ��"!)-"" �#�"!"!�" ,� /("� , LCC). ��("� �7="$�!"!�' �#��� �
,� /("�*, ,�!(������"�*" ,�!(����"� �� ,� /("���, /�#$ ! �/!�� $�'
� #� 7�(,� $�&��!�("�)!*+ ��#��0!�/(". , ! � $�/(�& , � /&�"$"�"!�'
&��&�/,!�. /&�/�7!�/(� � � �-��(�# 5��. �#�* /�'#*� 6(/' /
,�!(����"��� ,� /("� , ,�(��*., � /��6 �%"�"$), /�'#*� "(/' / $��1���
,�!(����"� �� ,� /("��� �!�(�� /"(�. 

�*7�� ,�!(����"� ,� /("� '��'"(/' �%"!) � 0!�. # $ %"., &�/,��),�
% /(*" �#�"!"!�' ,�!(����"� ,� /("� �, 0"( !"1 (��!�" ���'!�" ! 
# ��/'9�" �( !"1�  �1���(�* � /&�"$"�"!�" �"/��/��. 
 ,�� �7� #��, �
<(�. /+"�" /( 7��)!�/() ,� /("� ��""( &"���/("&"!!�" #! %"!�". 
��1� /!�  �1���(�  LCC ,�!(����"� ,� /("� 7�$"( �"!'()/' (��),� �
$��+ /��% '+: "/�� $� ,�!(����"� ,� /("� �+�$'( � � $��/ $"./(��'
$��1 $��1 , ��� ,�1$ �#"� �(,�6% "(/' �( �67�1� $��1�1� ,� /("� . 

CGSR '��'"(/' <88",(��!*� /&�/�7�� $�' � /&�"$"�"!�' , ! ��� �"0$�
� #��%!*�� ,� /("� �� &�("� &��*-"!�' &��/(� !/(�"!!�1� &��(��"!�'. 

�"7�� !�" CGSR , , ! �)!��� ����!6 �*1�'$�( /�"$�69�� �7� #��: 
, 0$*. ,� /("� �&�"$"�'"(/' �!�, �)!*� ,�$�� CDMA �, /�"$�� ("�)!�, 
, 0$��� ,� /("�� !"�7+�$��� �/&��)#�� () &��/(� !/(�"!!�" &��(��!�"
�/&��)#�� !�" ,�$��. � &�"$"� + , 0$�1� ,� /("� �/&��)#�"(/' TDMA /
&"�"$ %". � �,"� . 

� /"(�, �/&��)#�69". <(�( &��(�,��, & ,"( &"�"$ "(/' %"�"# �'$
,�!(����"��� ,� /("��� � -�6#��. 

4�6#* &�"$/( ��'6( /�7�. �#�*, ,�(��*" '��'6(/' %�"! �� 7��"" %"�
�$!�1� ,� /("� , � &�<(��� �/&��)#�6( !"/,��),� � #!*+ ,�$�� CDMA, 
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�&�"$"�'"�*+ /��(�"(/(��69��� ,�!(����"� �� ,� /("���. �/!��!*��
8 ,(�� ��, ���'69��� ! � �-��(�# 5�6 � ( ,�. /"(�, '��'6(/'
&"�"$ % � �,"�  (,�!(����"�* ,� /("���) � � /&�"$"�"!�" ,�$��
(-�6#*). 
�' �7! ��0"!�' �/( �"�-�+ � �-��(�� � �/(� !"!�' &"("�)
�/&��)#�"(/', , , � � DSDV [1], &��'$,��*. !��"�. 

3.9. �����,�"  ��-�!��%���� Wireless Routing Protocol (WRP) 

���(�,�� � �-��(�# 5�� WRP '��'"(/' �"#��)( (�� �$!�. �# / �*+
� !!�+ � 7�( &�  �1���(� � � �-��(�# 5�� � ad hoc /"('+, � �%"!) /+�0 /
� /&�"$"�"!!*�  �1���(��� �"��� ! -���$ . �! &�"$/( ��'"( /�7�.
( 7��%!*. &��(�,�� � �-��(�# 5��, � ,�(���� ( 7��5* /�$"�0 ( $ !!*"
�7� �/"+ ! &� ��"!�'+. � ( 7��5" � �-��(�# 5�� /�$"�0 (/' # &�/� $�'
, 0$�1� �#� ! #! %"!�',  $�"/ /�"$�69"1� +�& � �"/ �"(��,�. �*7��
� �-��( &���#��$�(/' &�("� �*7�� �$!�1� �# /�/"$!�+ �#���, ,�(��*.
&�#����( /�"/(� , ��!����� /(����/() &�(�. �(����/() /�"$�!"!�'
/�$"�0�(/' � �($"�)!�. ( 7��5". 
�' �&�"$"�"!�' /(����/(� ��1�(
�/&��)#�� ()/' � #��%!*" �"(�$*. 


�' &�$$"�0 !�'  ,(� �)!�. ( 7��5* � �-��(�# 5�� �/&��)#�"(/'
� //*�, & ,"(�� �7!���"!�' � �-��(��. �!� �(&� ��'6(/' �/"� /�/"$'�
�#� � /�$"�0 ( �/" � �-��(*, �#�"/(!*" $ !!��� �#��. � , /�"$�"( �#
! #� !�', <(� &��/(� �7!���"!�' �, /�"$�� ("�)!�, � !�+ &"�"$ 6(/'
(��),� !"$ �!�" �#�"!"!�' � �-��(��,  !" �/' ( 7��5 � �-��(�# 5��. 
?(�7* /�+� !�() � �-��(, "/�� !" (�"7�6(/' !�, ,�" �#�"!"!�', 
�(&� ��'6(/' &"���$�%"/,�" &�/(*" & ,"(* HELLO. 

3.10. 
��#�$��$ ��8"�'�*+ (����,�"�#  ��-�!��%����

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

���� $�� DSDV CGSR WRP 
��$ $���	
/"�0��/�)
(&�8�#"$��$ /#	%�, 
�-�8,�) 

O(d) O(h) 


"�0��/�)
/�$&��$��	
(&�8�#"$��$ /#	%�, 
�-�8,�) 

O(x=N) 

��1���%���	
!%"�#

��!".! ' �"� �+�%"/, ' ��!".! '

��/!�/�#�$ ($�$") 
 
 , !� !" �1!��"!!�
��% �0��/�)
multicast 

�"(

��"�'$/�#�
��8"��

2 4 

:�/����
�8��#"$��.

�"���$�%"/,� � &�
!"�7+�$���/(�

�"���$�%"/,�
�"���$�%"/,� � &�
!"�7+�$���/(�

�8��#"$��	
($�$&�7�/	 ,

��/"$!�� �#� �
��/"$!�� �#� � �
,�!(����"��

��/"$!�� �#� �

�/(�")%!$�
!#$&� "$��	 �
(��/!�/�#��


 �"( 
 

��"�'�$ «�/�8*+» 
!%"�#

�"( 
  (,�!(����"�*) �"(

�$���,� �� (% .-�. &�()
� ( 7�.3.1 ��"$"!* ( ,�" �7�#! %"!�': 
N — ,���%"/(�� �#��� /"(�; 
d — $� �"(� /"(�; 
h — �*/�( $"�"� � �-��(�# 5��; 
+ — ,���%"/(�� �#���, ! ,�(��*+ �(� #�(/' �#�"!"!�" (�&���1��. 

3.11. �����,�"  ��-�!��%���� Ad Hoc On-Demand Distance Vector 
(AODV) 

���(�,�� � �-��(�# 5�� AODV � #� 7�( ! , , ���%-"!�" &��(�,�� 
DSDV. �"�) AODV # ,�6% "(/' � (��, %(�7* /�,� (�() %�/�� (� !/�'5��
/��79"!�. &� �/". /"(�, ! +�$' � �-��(* &� (�"7�� !�6, ��"/(�
+� !"!�' &��!�.  ,(� �)!�. � �-��(!�. �!8��� 5��. 

�#"�-�/(�%!�,��, /(�"�'9�+/' &"�"$ () & ,"( $ !!*+ �#��, ! #! %"!�'
&���"�'"( � �-��(!�6 ( 7��5� ! /��% . "/�� �! �0" ��""( &� ���)!*.
� �-��( , �#�� ! #! %"!�'. �/�� � �-��( /�9"/(��"(, �#"� &��/(�
&"�"$ "( & ,"(* ! /�"$�69�. +�� � �-��( , �#�� ! #! %"!�'. � $��1�.
/(���!*, "/�� � ( 7��5" !"( &�$+�$'9"1� !"( � �-��( , �#"�-�/(�%!�,
! %�! "( &��5"// &��/, � �-��( . �! (� !/����"( & ,"( # &��/ 
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� �-��(  (RREQ) "1� !"&�/�"$/(�"!!*� /�/"$'�,  (", � /��6 �%"�"$)
&"�"$ 6( "1� /���� $ �)!".-�� /�/"$'� $� ("+ &��, &�, # &��/
$�/(�1 "( ��7� &���"0�(�%!*+ �#���, ��"69�+ � /��". ( 7��5" � �-��(
, �"/(� ! #! %"!�', ��� / ��1� �#� ! #! %"!�'. � ,"( # &��/ � �-��( 
/�$"�0�( IP- $�"/ �/(�%!�, �#� , (",�9�. !��"� &�/�"$�� ("�)!�/(�, IP-
 $�"/ �#� ! #! %"!�' � &�/�"$!�. �#�"/(!*. &��'$,��*. !��"�. 
����"0�(�%!*. �#"� ��0"( �(�"(�() ! & ,"( # &��/ � �-��( (��),�
"/�� �! ��""( &��'$,��*. !��"� 7��)-" ��� � �!*. !��"��, 
/�$"�0 9"��/' � # 1����," & ,"( # &��/ � �-��( . ��1$ 
&���"0�(�%!*" �#�* &"�"$ 6( & ,"( # &��/ � �-��( �+ /�/"$'��, �!�
# &�/*� 6( � /��". � �-��(!�. ( 7��5"  $�"/ /�/"$ , �( ,�(���1�
&��-"� &"��*. <,#"�&�'� & ,"( . :( �!8��� 5�' �&�/�"$/(��� 7�$"(
�/&��)#�� ! $�' &�/(��"!�' �7� (!�1� &�(� $�' & ,"( �(�"( � �-��( 
(RREP). ��/�"$�69�" �$"!(�%!*" RREQ & ,"(* �(7� /*� 6(/'. ��1$ 
& ,"( �(�"( � �-��( $�/( ��'"(/' �# &�!,( ! #! %"!�' ���
&���"0�(�%!�1� �#� , �#�* &"�"$ 6( "1� �$��) �/( !���"!!�1� �7� (!�1�
&�(� � /�+� !'6( &�'��. � �-��( � ( 7��5� � �-��(�# 5�� &�("�
�/&��)#�� !�' /���"(��%!*+ /�'#".. �7/��0�� !�" � �-��( (�"7�"(/' �
/��% ", "/�� �/(�%!�, ��� &���"0�(�%!*. �#"� &"�"�"9 "(/'. �/��
�/+�$!*. �#"� /( !���(/' !"$�/(�&!*�, &���/+�$�( &"�"# &�/, &��5"//
&��/, � �-��( . �/�� &���"0�(�%!*. �#"� $��0"(/', �! �(&� ��'"(
��"$���"!�" � !"�/&� �!�/(� /�"$�!"!�' , 0$��� �# /���+ /�/"$". $�'
�7"/&"%"!�' �$ �"!�' <(�. % /(� � �-��( . ��/�" (�1�, , , /��79"!�"
$�/(�1!"( �#� -�/(�%!�, , �*&��!�(/' &"�"# &�/, &��5"// &��/, 
� �-��( . 

��, �)!*" &"�"�"9"!�' !" &����$'( , 1��7 �)!*� &�/�"$/(��'�, , , �
/��% " DSDV. �/( �"�-�" � �-��(* �$ �'6(/', , , /�"$/(��", !"
(�"7�"(/' !�, ,�1� $�&��!�("�)!�1� �7/��0�� !�' � �-��(��. AODV 
��""( �"+ !�#� /( �"!�' � �-��(��, �$! ,� �! !" ��0"( �%�(*� (), , ,
$��1� � �-��( ��0"( 7*()  ,(� �)!*�. � $"�0,� ��!���#���6(/' # 
/%"( �#7"0 !�' �/&��)#�� !�' !"/,��),�+ � �-��(��. �!("1� 5�'
�!�1� $�"/!�. � �-��(�# 5�� $"� "( AODV �(��%!*� �( $��1�+
&��(�,���� � �-��(�# 5��. AODV /�%"( "( �$!� $�"/!�6, 
�!�1� $�"/!�6 � -���,��"9 ("�)!�6 &"�"$ %� /��79"!�.; � ! /(�'9""
��"�', �! �/&��)#�"( (��),� /���"(��%!*" /�'#� �"0$� /�/"$!���
�#� ��. 



48 

3.12. �����,�"  ��-�!��%���� Dynamic Source Routing (DSR) 

�$!�� �# ! �7��"" % /(� �&���! "�*+ &��(�,���� � �-��(�# 5��
'��'"(/' Dynamic Source Routing (DSR), ,�(��*. '��'"(/'  �1���(���
� �-��(�# 5�� «&� (�"7�� !�6» � ��""( 8 #* &��/, � &�$$"�0 !�'
� �-��( . 

���/, � �-��( &�"$�/� (��� "( /��79"!�' # &��/ � �-��( � �(�"( 
� �-��( . � <( &" &��/, � �-��( , ,�1$ �#"� +�%"( &�/� ()
/��79"!�", �! �(&� ��'"( & ,"( # &��/ � �-��( /���� /�/"$'�. � 0$*.
�#"� � &�"$"� + � $��/ &"�"$ %�, &���%��-�. & ,"( # &��/ , $�7 ��'"(
/��. �$"!(�8�, (�� , & ,"(� � �"(� !/����"( "1� $ �)-". � ,�!5" ,�!5��, 
�$!� �# /��79"!�. $�/(�1!"( ��7� �#� ! #! %"!�', ��7� �#� , ,�(�����
�#�"/("!  ,(� �)!*. � �-��( , �#�� ! #! %"!�'. ��/,��),� , 0$*. �#"�
&�$$"�0�� "( /�7/(�"!!*. ,<- � �-��(��, &��/, � �-��(" $� �#� 
! #! %"!�' /! % � &���#��$�(/' � ,<-". ��+� !"!�" � �-��( � ,<- 
, 0$�1� �#� /�,� 9 "( � /+�$*, &���0$"!!*" � 8 #" &��/, � �-��( . 
�/�� � �-��( ! .$"! � ,<-", �#"� ��#�� 9 "( /��79"!�" �(�"( � �-��( 
� !" &���#��$�( $ �)!".-�6 &"�"/*�,� # &��/ . �"��*. & ,"(, ,�(��*.
$�/(�1 "( �#� ! #! %"!�', 7�$"( ��"() &��!*. � �-��(. DSR 
&�"$&�� 1 "(, %(� &���%"!!*. � �-��( '��'"(/' ,� (% .-��, &�/,��),�
 �1���(� &��!�� "( �� �!�� !�" &"��*. & ,"(, &��7*�-�. � �#"�
! #! %"!�'. � ,"( �(�"( � �-��( , &�/*� "�*. �( �#� ! #! %"!�' �#��-
�/(�%!�,�, /�$"�0�( &��!*. � �-��( �( �/(�%!�, $� �#� ! #! %"!�'. 

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

� <( &" &�$$"�0 !�' � �-��( �/&��)#�6(/' $� ��$ & ,"(��: �-�7, 
� �-��( � &�$(�"�0$"!�". DSR �7"/&"%�� "(  ,(� �)!�/()
/�9"/(��69�+ � �-��(�� �/!��*� '/) ! &�$(�"�0$"!�'+, &���% "�*+
�( /�/"$!�+ �#���, /��$"("�)/(��69�+ � (��, %(� & ,"(* 7*�� &"�"$ !*
! /�"$�69�. +�&. � ,"(* &�$(�"�0$"!�' ( ,0" �,�6% 6( & //��!�"
&�$(�"�0$"!�", &�/,��),� �#"� /&�/�7"! «&�$/��- ()» &"�"$ %� & ,"( 
!� � �-��(� /�/"$�� /�"$�69"6 +�& . � ,"( �-�7,� � �-��( 
1"!"����"(/' ,�1$ �#"� �7! ��0�� "( &��7�"�� &"�"$ %�, ,�(�� '
�#! % "(, %(� �#�� !" �$ ��/) &���%�() &�$(�"�0$"!�". 
 ,�. & ,"(
�(&� ��'"(/' , �/(�%!�,�, / ("� %(�7* ! % () !��*. <( & &��/, 
� �-��( . ����%�� /��79"!�" �7 �-�7," � �-��( , �#�* �$ �'6( # &�/)
� � �-��(", ,�(�� ' �/&��)#�"( �-�7�%!�" /�"$�!"!�", �# �+
� �-��(!�1� ,<- . 
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3.13. �����,�"  ��-�!��%���� Temporally Ordered Routing Algorithm 
(TORA) 

TORA -  $ &(��!*. � � /-( 7���"�*. &��(�,�� � �-��(�# 5��, 
�/!�� !!*. ! ,�!5"&5�� �7� (!*+ //*��,. �! ! +�$�( !"/,��),�
� �-��(�� �( �(&� ��("�' , &���% ("�6 � �%"!) $�! ��%!�. /�"$"
��7��)!�. /"(�. � 0!�. &��",(!�. �/�7"!!�/()6 TORA '��'"(/' (�, %(�
/��0"7!*" /��79"!�' ��, ��#�� !* � &�"$"� + !"7��)-�1� ! 7�� �#���, 
! +�$'9�+/' �7��#� (�%,� �#�"!"!�' (�&���1��. �#�* &�$$"�0�� 6(
� �-��(!�6 �!8��� 5�6 �7 �+ /�/"$'+, ! +�$'9�+/' � &�"$"� + �$!�1�
+�& . 

�/!��!*� &�"���9"/(��� <(�1� &��(�,�� '��'"(/' /&�/�7 �7� 7�(,�
&���"0$"!�. /�'#".. � /��% " &���"0$"!�' /�'#� TORA �"!'"(
! &� ��"!�" /�'#"., &"�"/(� �� ' DAG $�' &��/,  �)("�! (��!�1�
� �-��( . :(�( �"+ !�#� &��/, �7*%!� (�"7�"( �$!�1� &��+�$ 
� /&�"$"�"!!�1�  �1���(� , &�/,��),� ( 7��5* � �-��(�# 5��
�#�"!'6(/' �$!���"�"!!� � ("%"!�" �!"-!"1� <( & &��/,���1�
�"+ !�#� . 
��1�"  �1���(�* � �-��(�# 5��, ( ,�" , , LMR, 
�/&��)#�6( $� &��+�$ , (�1$ , , DSR � AODV �/&��)#�6(
(�"+&��+�$!*.  �1���(�. TORA ��0"( � 7�( () / �$!�&��+�$!*�
 �1���(��� &�� �/�.���, %(� �/" �#�* /�!+��!�#���� !* (/ &���9)6
GPS) / 5"�)6 8������� !�' ��"�"!!�1� &��'$, (�&���1�%"/,�+
�#�"!"!�.. 	"(��,  "�*/�(*" # ��/�( �( ��1�%"/,�1� ��"�"!�
&���"0$"!�' /�'#�. 

3.14. �����,�"  ��-�!��%���� ABR 

���(�,�� � �-��(�# 5�� ABR (Associativity-Based Routing) $�' &��!'(�'
�"-"!�' � �*7��" � �-��( �/&��)#�"( /��./(�� " //�5� (��!�/(�". �
<(��  �1���(�" ! �7��"" � 0!*� 8 ,(���� &�� �*7��" � �-��( 
'��'"(/' /( 7��)!�/() /�"$�!"!�'. ���/, � �-��(�� &���#��$�(/' &�("�
� //*�,� & ,"(�� # &��/ ;  ! ��#���' <(� & ,"(* �#�� ! #! %"!�'
/( !���(/' �#�"/(!� �7� �/"+ ��#��0!*+ � �-��( + �"0$� !�� � �#���-
�/(�%!�,��. �&(�� �)!*� /%�( "(/' � �-��(, &��! $�"0 9�. <(���
�!�0"/(��, � �&(�� �)!*. &� /��./(��  //�5� (��!�/(�. 

��1���(� ABR �%�(*� "( «/("&"!)  //�5� (��!�/(�» / &���9)6
�"+ !�#� , ! #*� "��1� «�(�"(,�  //�5� (��!�/(�». 

ABR '��'"(/' <88",(��!*�  �1���(��� � �*7��" � �-��(��, &�/,��),�
�! � #! %�("�)!�. /("&"!� # ��/�( �( /( 7��)!�/(� � �-��( . 
"� !"
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�"!"", "�� &��/�9� !",�(��*" !"$�/( (,�, ( ,�" , , (�"7�� !�' , & �'(�
$�' ( 7��5 � �-��(�# 5�� � +� !"!�' �(�"(�,,  ( ,0" $�&��!�("�)!*"
�*%�/��("�)!*" �"/��/* $�' � /%"( #! %"!�' �(�"(�, ��"/(" /�
#! %�("�)!*� � /+�$�� <!"�1��. 

3.15. �����,�"  ��-�!��%���� SSBR 

���(�,�� � �-��(�# 5�� SSBR (Signal Stability-Based Adaptive Routing) 
�(��% "(/' �( �7*%!*+ &��(�,���� � �-��(�# 5��. �/!��!*��
,��("��'�� � �-��(�# 5�� '��'"(/' /( 7��)!�/() /�1! � �
�"/(�&���0"!�'. � 7 #��*+ &��!5�& + � �-��(�# 5�� <(�( &��(�,��
/+�0 /� /( !$ �(!*�� &��(�,�� �� � �-��(�# 5�� «&� (�"7�� !�6»: 
# &��/ � �-��( (� !/����"(/' &� �/". /"(�, �#"� ! #! %"!�' �(&� ��'"(
�7� (!� & ,"( �(�"( � �-��( , # ("� �(&� ��("�) &�/*� "( $ !!*" !�
�*7� !!��� � �-��(�. 
"� !" �"!"", ��9!�/() /�1! �  (, %"/(�� /�'#�) 
�"0$� /�/"$!��� �#� �� � &��5"//" �*7�� � �-��( � $ !!�� &��(�,��"
�1� "( � 0!�6 ���). 

SSBR /�/(��( �# $��+ &�$&��(�,����: ���(�,�� $�! ��%"/,�.
� �-��(�# 5�� (Dynamic Routing Protocol, DRP) � ���(�,�� �( (�%"/,�.
	 �-��(�# 5�� (Static Routing Protocol, SRP). DRP �# ���$"./(��"( /
$� .�"��� /"("��1� �!("�8"./ %"�"# API, &���% ' 8 ,(�%"/,�6
��9!�/() &��!�� "��1� /�1! � . �/&��)#�' <(� �!8��� 5�6, DRP �"$"(
( 7��5� /( 7��)!�/(� /�1! � , # &�/� ,�(���. �&�/*� 6( , 0$�"
/�"$�!"!�" / /�/"$!��� �#� �� , , «/� 7�"» ��� «/��)!�"». :( ( 7��5 
�7!���'"(/' / , 0$*� !��*� &���%"!!*� & ,"(��. � &���"�, "/��
&���%"! & ,"( HELLO, &���#��$�(/' �#�"�"!�" ��9!�/(� /�1! � �
�7!���"!�" ( 7��5* /( 7��)!�/(�; $��1�" & ,"(*, ( ,�" , , & ,"(*
$ !!*+, & ,"(* �7!���"!�' � �-��( � ( , $ �"", &"�"$ 6(/' !  SRP $�'
$ �)!".-". �7� 7�(,�. SRP �*&��!'"( (",�9�" # $ %�, ( ,�" , ,
&"�"/*�, & ,"(�� � /��(�"(/(��� / (",�9". ( 7��5". � �-��(�# 5��, 
�(�"( ! # &��/* � �-��( � ( , $ �"". 

��1���(� SSBR �/&��)#�"( /+"�� $�' �&�"$"�"!�' ! $"0!�/(� /�'#�
 ! ��1�%!�6  �1���(�� ABR. �"/��(�' ! (�, %(� &"��*. �# !�+
�/&��)#�"( ��9!�/() /�1! � ,  &�/�"$!�. — ��"�"!!*" �(�"(,�, # $ % 
�*7�� �&(�� �)!�1� � �-��( �/( "(/'  ! ��1�%!�.. 
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3.16. 
��#�$��$ �$�,��#�*+ (����,�"�#  ��-�!��%����

3 � ,("��/(�,� �" ,(��!*+ &��(�,���� � �-��(�# 5�� &���"$"!* �
( 7�.3.2.  

��8"��� 3.2. �� �!"!�" �" ,(��!*+ &��(�,���� � �-��(�# 5��

���� $�� AODV DSR TORA ABR SSBR 
��$ $���	
/"�0��/�)
(������"�%���	) 

O(2d) O(d+z) 

��$ $���	
/"�0��/�)
(#�//����#"$��$) 

O(2d) 

O(2d) ���
0 &��
! +�0$"!�
� # &�/� �
,"-"

O(2d) O(l+z) 


"�0��/�) /#	%�
(������"�%���	) 

O(2N) O(N+y) 


"�0��/�) /#	%�
(#�//����#"$��$) 

O(2N) O(2x) O(x+y) 

��1���%���	
!%"�#

��!".! '

��/!�/�#�$
($�$")


 

��&&$�0,�
multicast 


 �"(

�(�#$;$��$ �
(��/!�/�#��

�"( 
 

��&&$�0,�
 ��0$/�#$��*+
 ��-�!��#

�"( 
 �"(

���-�!�*
+���	�/	 #


 7��5"
� �-��(��

�"-"
� �-��(��


 7��5" � �-��(��

��. $�*
!/���$#���	
 ��-�!��#


 �"(


(�/�8
($�$/���.,�
 ��-�!��

�$ ��() � �-��(,
��"$���() �/(�%!�,

�7� (!*.
&��/,; 
��//( !���"
!�"

��, �)!*.
-���,��"9 ("�)!*.
# &��/

�$���,�
���*. �
,���(,�.
&�()

�� (% .-�. &�()
��'# !!�/() �
/( 7��)!�/()
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��8"��� 3.2. 
��#�$��$ ��8"�'�*+ � �$�,��#�*+ (����,�"�#
 ��-�!��%����

���� $�� �$�,��#�*$ (����,�"* ��8"�'�*$ (����,�"*

��/�!(��/�)  ��-�!���.
��9�� ���� 
�/(�&!� &� (�"7�� !�6

�/"1$ $�/(�&!�, 
!"# ��/��� �(
!"�7+�$���/(�

�$���&�'$/,�$
�8��#"$��$  ��-�!��#

�" (�"7�"(/' 
�"7�"(/'

�$�,��	 ��  �8�")��/�)
��, �)!*. &��/, &�(�
(ABR � SSBR) 

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


"!0$8�*. ���9�, � /("( / ��"��%"!�"�
��7��)!�/(�  ,(��!*+
�#���

�*-", %"� � �" ,(��!*+
&��(�,����

3.17. �*#�&*

1. � ! /(�'9"� � #$"�" 7*� �*&��!"!  ! ��# � ,� //�8�, 5�'  �1���(���
� �-��(�# 5�� � ��7��)!*+ ad hoc /"('+. ��1���(�* � �-��(�# 5��
� #��% 6(/' &� /&�/�7 � � �-��(�# 5��, �/&��)#�"�*� /"("�*�
�"(��, �, �/&��)#�� !�6 #! !�. � (�&���1��,  ( ,0" &���"!"!�"�
/(� ("1�� �!�1�&�("��. � �-��(�# 5��. 
�' , 0$�1� �# � //��(�"!!*+
 �1���(��� &���"$"!� ,� (,�" �&�/ !�" � 7�(* � �5"!,� $�/(��!/(� �
!"$�/( (,��  �1���(��� � �-��(�# 5��. 

2. ����%"!!*" �"#��)( (*  ! ��# &�#���'6( 1�����() � !"�7+�$���/(�
&���"!"!�' �"(�$�� �!�1�,��("�� �)!�. �&(���# 5�� , /� �!"!�6 �
�*7��� /�9"/(��69�+ &��(�,���� � �-��(�# 5�� / �%"(�� /���,�&!�/(�
&�, # ("�". , %"/(� , + � ,("��#�69�+ ��"�' # $"�0,�, ,���%"/(��
&���"0�(�%!*+ �#���, /( 7��)!�/(), 7*/(��$"./(��", ! $"0!�/() , ! ���
� $�. 
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4. ���������
������<� �23�� ��
���:���
������
������������5�6������� � AD HOC 

��4�
�����

������� �
���4��

�"/&����$!*" ad hoc /"(� �(!�/'(/' , ��7��)!*� $"5"!(� ��#�� !!*�
$�! ��%"/,�� / ����1 !�#�69��/' /"('�, ,�(��*" !" ��"6( &�/(�'!!�.
/(��,(��*. � 0$�" �/(��./(��, &��!�� 69"" �% /(�" � ��1 !�# 5��
( ,�. /"(�, ��0"( '��'()/' &"�"$ (%�,��, &��"�!�,��, �"(� !/�'(���� �
,�!"%!*� �/(��./(���. � 0$*. �#"� ad hoc /"(� ��0"( /��7�$!�
&"�"�"9 ()/' � �67�" ��"�' � � �67�� ! &� ��"!��, &��%"� �/�"$/(��"
<(�1� !",�(��*" /( �*" /�'#� ��1�( 7*() �("�'!*,  ( ,0" ��1�( 7*()
�/( !���"!* !��*" /�'#� �0" / $��1��� �#� �� /"(�. 
 , ' ("+!���1�'
&�/(��"!�' 7"/&����$!�. /"(� &�, #*� "( /"7'  ,(� �)!�. � /�(� 5�'+, 
,�1$ !"�7+�$��� 7*/(�� � #�"�!�() /"() ! ("���(���� / &�$��0!*��
�#� ��. ����"� �� ( ,�+ /�(� 5�. ��1�( /��0�() /(�+�.!*" 7"$/(��', 
��"!!*" $"./(��' � $��1�" <,/(�"!!*" /�(� 5��. � /%"( &�/(�'!!�1�
�#�"!"!�' /(��,(��* /"(� ��1�( ��#!�,!�() &��7�"�* / � �-��(�# 5�"., 
( , , , �#�"!'6(/' ��#��0!*" &�(� $�/( �,� �!8��� 5�� �"0$� �#� ��. 
:(� &��7�"�* �"- 6(/' / &���9)6 &�� ,(��!*+, �" ,(��!*+ �
1�7��$!*+ &��(�,���� � �-��(�# 5��. ��"$�"( �(�"(�(), %(� , 0$*.
&��(�,�� � �-��(�# 5�� + � ,("��#�"(/' /���,�&!�/()6 &�, # ("�".
, %"/(� , �&�"$"�'69�+ �/!��!*" /��./(� �*7� !!�1� /&�/�7 
� �-��(�# 5��. ��, # ("�� , %"/(� &��(�,���� � �-��(�# 5��, , ,
&� ����, /�'# !* �"0$� /�7�. � '��'6(/'  !( 1�!�/(�%"/,���, ,�1$ &��
���%-"!�� �$!�1� &�, # ("�' , %"/(� �+�$- 6(/' $��1�" &�, # ("��
, %"/(� . ��� &�/(��"!�� ad hoc /"(". ��#!�, "( !"�7+�$���/() �*7�� 
&�"$&�%(�("�)!�1� &��(�,�� � �-��(�# 5�� / �%"(�� /���,�&!�/(�
&��(����"%��*+ &�, # ("�". , %"/(� . � <(�+ /��% '+ $�' /� �!�("�)!�1�
 ! ��# � �*7�� &�"$&�%(�("�)!�1� &��(�,�� � �-��(�# 5�� /�"$�"(
&���"!'() �"(�$* �!�1�,��("�� �)!�. �&(���# 5��. � $ !!�� � #$"�"
� //� (��� 6(/' �/�7"!!�/(� &���"!"!�' �"(�$  ! ��# �"� �+�. $�'
�!�1�,��("�� �)!�1� �*7�� "$�!/(�"!!�1� &�"$&�%(�("�)!�1� � �� !( 
� �-��(�# 5�� � ad hoc /"('+ / �%"(�� /���,�&!�/(� &�, # ("�". , %"/(� 
[25]. 

4.1. ���"�% �/+�&��1�  ��0$/�#� (����,�"�#  ��-�!��%����

� ad hoc /"('+ ! �7��"" % /(� &���"!'6(/' &�� ,(��!*" &��(�,��*
DSDV, OLSR, WRP,  ( ,0" �" ,(��!*" &��(�,��* AODV, DSR. �� (,�
� //��(��� !",�(��*" �/�7"!!�/(� <(�+ &��(�,����. 
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DSDV (Dynamic Source Routing protocol) – &��(�,��, �/!�� !!*. ! 
 �1���(�" �"��� ! -���$ , &"�"/*� 69�. �7!���"!�' /� #� &�/�" �+
&���%"!�'. � 0$�" �7!���"!�" � �-��(�� , 0$�1� �#� ��""( /��.
�!�, �)!*. &��'$,��*. !��"�, %(� &�#���'"( �7"/&"%�()  ,(� �)!�/()
�!8��� 5�� � � �-��( +. ��"$�/� (��� "( ��#��0!�/() &�$,�6%"!�'
�$!�1� �# �#��� ad-hoc /"(� , �67�. $��1�. /"(�, � ( ,�� /��% " <(�( �#"�
'��'"(/' -�6#��.  

OLSR (Optimized Link State Routing Protocol) – &��(�,��, �/!�� !!*. ! 
 �1���(�" 
".,/(�*. � !"� ��"$"! ,�!5"&5�' /"("�*+ �/(��./(�, 
,�(��*" �1� 6( ���) MPR (Multi Point Relay) �, &� /�(�, '��'6(/' �/!���.
ad hoc /"(�. ��"!!� �/(��./(�  MPR ��1�( 8������� () � � //*� ()
�7!���"!�' %"�"# �/6 ad-hoc /"(). � 0$�" �/(��./(��, !" �/&��!'69""
���) MPR, �*7�� "( �$�! ��� !"/,��),� ( ,�+ MPR �/(��./(�, �( ,�(��*+
&���% "( �7!���"!�' � �-��(!�. �!8��� 5��, !� !" (� !/����"( "" �
/"().  

WRP (Wireless Routing Protocol) – &��(�,��, &� &��!5�&� � 7�(* /+�0�. /
&��(�,���� RIP: &"���$�%"/,�. �7�"! ( 7��5 �� � �-��(�# 5�� �
�/!��!*" /�"$/(� # 9�(* �( ��#!�,!��"!�' &"("�) � �-��(�# 5��. 
��#$ "( /�"$�!"!�', ,�(��*" &�/(�'!!� &�$$"�0�� 6(/' �"0$�
/�/"$!��� ad hoc �#� �� /"(�. 

AODV (Adhoc On-Demand Distance Vector) – &��(�,��, �/&��)#�69�.
�",(�� � //(�'!�' &� # &��/�. ��#���'"( ,��"!(� &�� !"�7+�$���/(�
�/( !���() /�"$�!"!�" / $��1�� ,��"!(�� / &���9)6 � /&��/(� !"!�'
# &��/ &� �/". ad hoc /"(�. �/" �#�*, &���%��-�" # &��/, /�+� !'6(
�!8��� 5�6 �7 �(&� ��("�" � ( 7��5" � �-��(�# 5�� � �(�"( ! # &��/
��#�� 9 "(/' &� �/( !���"!!��� � �-��(�.  

DSR (Dynamic Source Routing protocol) – &��(�,��, ,�(��*. &�+�0 ! 
AODV, �$! ,� !" �/&��)#�"( � �-��(�# 5�6 �( �/(�%!�, . �$"/) &�()
&��+�0$"!�' & ,"( &� �/"� �#� � �, #*� "(/' �!�(�� & ,"( , � �(�"(!*.
& ,"( ��#�� 9 "(/' &� (��� 0" � �-��(�, , ,�� &��-"� # &��/. 

4.2. ���$ ���'$/,�$ �/�8$���/��  $��&� ���"�%� �$���+�.

�� (,� � //��(��� !",�(��*" �/�7"!!�/(� �"(�$  ! ��# �"� �+�.
(	��) [15]. ��() <(�1� �"(�$ /�/(��( � $",��&�#�5�� &��7�"�* �*7�� 
"$�!/(�"!!�1� &�"$&�%(�("�)!�1� � �� !( &��",(���"��. /�/("�* �#
!",�(���1� �!�0"/(� � �� !(�� c �%"(�� /���,�&!�/(� &�, # ("�".
, %"/(� . ���!5�& $",��&�#�5�� &�"$�/� (��� "( /(��,(������ !�"
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&��7�"�* �*7�� � ��$" �"� �+�� ����!". / �"�-�!* (5"�) �*7�� ) %"�"#
&���"0�(�%!*. ����"!) 2 (&�, # ("�� , %"/(� /�/("�*) , / ����
!�#,��� ����!6 3 ( �)("�! (��!*" � �� !(* &�/(��"!�' /�/("�*). � ("�
�( �&*(!*+ <,/&"�(�� &���% 6( �+ /�7=",(��!*" /�0$"!�' � ��$" & �!*+
/� �!"!�. �(!�/�("�)!�. � 0!�/(� � #��%!*+ <�"�"!(�� &��7�"�*
�*7�� . � �"#��)( (" �7� 7�(,� &���%"!!*+ %�/�"!!*+ $ !!*+
/�/( ��'6(/' � (��5* & �!*+ /� �!"!�. <�"�"!(�� &��7�"�* �*7�� . 

�' <(�+ � (��5 �*%�/�'6(/' �+ 1� �!*" /�7/(�"!!*" �",(��*, 
/��(�"(/(��69�" � ,/�� �)!*� /�7/(�"!!*� #! %"!�'�. 
 �"" /�1� /!�
�&�"$"�"!!*� � ("� (�%"/,�� &��5"$�� � &���% 6( �",(�� 1��7 �)!*+
&�����("(��, ,��&�!"!(* ,�(���1� �&�"$"�'6( &�����("(!�/() �*7�� 
&�"$&�%(�("�)!�1� � �� !( &��",(���"��. /�/("�*. �$�!/(�"!!���
&�"$&�%(�("�)!��� � �� !(� /�/("�* �# # $ !!�1� �!�0"/(� � �� !(��
/��(�"(/(��"( � ,/�� �)!�" #! %"!�" ,��&�!"!( �",(�� 1��7 �)!*+
&�����("(��. 

���!5�& /� �!�("�)!*+ /�0$"!�. <,/&"�(�� � 	�� # ,�6% "(/' � (��, 
%(� <�"�"!(* &��7�"�* �*7�� /� �!�� 6(/' <,/&"�( �� &�& �!� &�
� 0!�/(�. ��& �!� /� �!�� 6(/' �(!�/�("�)! ' � 0!�/() � #!*+
� �� !(�� /�/("� (! ����!" 3) � � #!*+ &�, # ("�". , %"/(� /�/("�* (! 
����!" 2). �"#��)( (* & �!*+ /� �!"!�. /��$'(/' , � (��%!�. 8���"
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ijii
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22221

11211

,      (4.1) 

1$" ³
ij

j

w
a

w
=  – �5"!,� & �!*+ /� �!"!�. � #!*+ <�"�"!(�� �*7�� ,³ jw w . 


� 1�! �) <(�. � (��5* # &��!'"(/' #! %"!�'�� "1",  <�"�"!(*
� (��5*, �"0 9�" !�0" $� 1�! ��, # &��!'6(/' /��(�"(/(��69���
�7� (!*�� #! %"!�'��. 

�5"!,� & �!*+ /� �!"!�. <�"�"!(�� ija ! +�$'(/' / �/&��)#�� !�"�

/�7=",(��!*+ /�0$"!�. <,/&"�(��, %�/�"!!� �&�"$"�'"�*+ &� -, �"
�(!�/�("�)!�. � 0!�/(� <�"�"!(��, ,�(�� ' &�"$/( ��"! � ( 7�. 4.1. 
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��8"��� 4.1. 4, � �(!�/�("�)!�. � 0!�/(� <�"�"!(�� /� �!"!�'

�(!�/�("�)! '
� 0!�/()

�&�"$"�"!�" /("&"!� � 0!�/(�

1 � �! ' � 0!�/() <�"�"!(�� /� �!"!�'

3 ��"�"!!�" &�"��/+�$/(�� �$!�1� <�"�"!( ! $ $��1��
5 ��9"/(�"!!�" &�"��/+�$/(�� �$!�1� <�"�"!( ! $ $��1��  
7 �! %�("�)!�" &�"��/+�$/(�� �$!�1� <�"�"!( ! $ $��1��
9 �%"!) /��)!�" &�"��/+�$/(�� �$!�1� <�"�"!( ! $ $��1��
2,4,6,8 ����"0�(�%!*" �"-"!�' �"0$� $���' /�0$"!�'��


 �"" �*&��!'"(/' �7� 7�(, /8������� !!*+ � (��5 & �!*+ /� �!"!�., 
,�(�� ' / � ("� (�%"/,�. (�%,� #�"!�' /��$'(/' , �*%�/�"!�6 1� �!�1�
/�7/(�"!!�1� �",(�� , /��(�"(/(��69"1� � ,/�� �)!��� /�7/(�"!!���
#! %"!�6 � (��5*. ���&�!"!(* 1� �!�1� /�7/(�"!!�1� �",(�� � (��5*
& �!*+ /� �!"!�. &�, # ("�". , %"/(� �*%�/�'6(/' , , /�"$!""
1"��"(��%"/,�" #! %"!�" � /(��," � (��5* & �!*+ /� �!"!�.  

1
j

n
nV aij

i=
= ∏ , nj ,1= ,      (4.2) 

1$" n  – %�/�� &�, # ("�". , %"/(� .

?"�"# ,��&�!"!(* 1� �!�1� /�7/(�"!!�1� �",(�� �*%�/�'6(/'
/��(�"(/(��69�" ,��&�!"!(* �",(�� &�����("(�� � ��$" !������� !!*+
#! %"!�.

S

V
P j

j = , nj ,1= ,     (4.3) 

1$" �
=

=
n

j
jVS

1

.   


 ,�" &��5"$��* �*&��!'6(/' �! % �" ! ����!" 2 $�' &�, # ("�".
, %"/(� /�/("�*. �! ��1�%!� ! +�$'(/' �5"!,� � (��5 & �!*+
/� �!"!�. � �� !(�� /�/("� ! ����!" 3 � �($"�)!�/(� &� �(!�-"!�6 ,
, 0$��� &�, # ("�6 , %"/(� /�/("�*. � �/!��" <(�+ � (��5 /�1� /!�
(4.2) � (4.3) �*%�/�'6(/' ,��&�!"!(* /��(�"(/(��69�+ 1� �!*+
/�7/(�"!!*+ �",(���� � �",(���� &�����("(�� /�/("�* &� �(!�-"!�6 ,
�($"�)!*� &�, # ("�'� , %"/(� /�/("�* , 1,jQ j n=

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

#! %"!�' ,��&�!"!( �",(�� 1��7 �)!*+ &�����("(��
→

C /�1� /!�  

1

n
C P Qi j ijj

= �
=

, 1,i N= ,      (4.4) 

1$" N  - %�/�� /� �!�� "�*+ � �� !(�� /�/("�. 

�� � ,/�� �)!��� #! %"!�6 ,��&�!"!( �",(�� 1��7 �)!*+ &�����("(��
(4.4) �*7�� "(/' /��(�"(/(��69�. &�"$&�%(�("�)!*. � �� !( /�/("�*.  

4.3. �$%!")���*  ��1�,���$���")��1� #*8��� (�$&(�'���$")��1�
(����,�"�  ��-�!��%����  $��&� ���

� //��(��� �/�7"!!�/(� &���"!"!�' �"(�$  ! ��# �"� �+�. $�' �*7�� 
"$�!/(�"!!�1� &�"$&�%(�("�)!�1� � �� !( &��(�,�� � �-��(�# 5�� �
ad-hoc /"('+ / �%"(�� /���,�&!�/(� &�, # ("�". , %"/(� . � , %"/(�"
&�, # ("�". , %"/(� �*7� !* �/!��!*" + � ,("��/(�,� &��(�,����, �
% /(!�/(�, ��"�' ,�!�"�1"!5��, & �'(), �&� ��"!�". � ( 7�. 4.2 &���"$"!*
�5"!,� #! %"!�. &�, # ("�". , %"/(� $�' � #��%!*+ (�&�� &��(�,����
� �-��(�# 5�� [5]. 

��8"��� 4.2. ���'$�, #! %"!�. &�, # ("�". , %"/(� &��(�,����
� �-��(�# 5��


�&
&��(�,�� 
� �-��(�# 5��

��, # ("�� , %"/(� &��(�,����

��"�' ,�!�"�1"!5�� � �'() �&� ��"!�"

DSDV O(D@I) O(N) O(N) 
OLSR O(D@I) O(N2) O(N2) 
WRP O(h) O(N2) O(N) 
AODV O(2@D) O(2@N) O(2@N) 
DSR O(2@D) O(2@N) O(2@N) 

�$"/) &���"$"!* /��(!�-"!�', ,�(��*" �&�"$"�'6( # ��/���/(�
&�, # ("�". , %"/(� �( �/!��!*+ + � ,("��/(�, /"(�, � % /(!�/(�, O(.) – 
�#! % "( &��'$�, /��0!�/(�; D – $� �"(� /"(�; I – /�"$!"" ��"�'
�7!���"!�'; N – ,���%"/(�� �#��� � /"(�; h – �*/�( $"�"� 
� �-��(�# 5��. �"(��$!� ��$"(), %(� <(� &�, # ("�� , %"/(� /�'# !*
�"0$� /�7�. � !�/'( ,�!,�����69�. + � ,("�. 

� ��/. 4.1 &�, # !� �"� �+�%"/,�" &�"$/( ��"!�" &��7�"�* �*7�� 
&�"$&�%(�("�)!�1� &��(�,�� � �-��(�# 5��. � ����!" 1 ! +�$�(/' 5"�)
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�*7�� &�"$&�%(�("�)!�1� � �� !( &��(�,�� , ! ����!" 2 – &�, # ("��
, %"/(� &��(�,����, ! (�"()"� –  �)("�! (��!*" � �� !(* &��(�,����. 

�������	


�������	�

�������	�


���������	���������
�����	�������

ABC DEFGEHIB FIBFIFG

��/. 4.1. 
",��&�#�5�' &��7�"�* �*7�� &�"$&�%(�("�)!�1� &��(�,�� 
� �-��(�# 5��

��1� /!� �"(�$� 	�� &�/(��"! � (��5 & �!*+ /� �!"!�. $�'
/���,�&!�/(� &�, # ("�". , %"/(�  ((.". ! ����!" 2) (( 7�. 4.3). 
�'
# &��!"!�' <(�. ( 7��5* / &���9)6 �&*(!�1� <,/&"�( �*&��!"!*
& �!*" /� �!"!�" � 0!�/(� �*7� !!*+ &�, # ("�". , %"/(� , 
�&�"$"�'69�+ /��0!�/() &��(�,���� � �-��(�# 5��, � % /(!�/(�, ��"�'
,�!�"�1"!5��, & �'(), �&� ��"!�". 
� 1�! �) <(�. � (��5* # &��!"! 
#! %"!�'�� "1",  <�"�"!(* � (��5*, �"0 9�" !�0" $� 1�! ��, # &��!"!*
�7� (!*�� #! %"!�'��.  
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��8"��� 4.3. 	 (��5 & �!*+ /� �!"!�. &�, # ("�". , %"/(� &��(�,����
� �-��(�# 5�� � �*%�/�"!!*" �5"!,� ,��&�!"!( �",(�� &�����("(��

��"�'
,�!�"�1"!5��

� �'() �&� ��"!�" ��7/(�"!!*.
�",(�� Vi

�",(��
&�����("(��
Qij

��"�'
,�!�"�1"!5��

1 1/3 1/5 0,405 0,1006 

� �'() 3 1 1/4 0,909 0,226 
�&� ��"!�" 5 4 1 2,71 0,673 


 �"" �*&��!"!* & �!*" /� �!"!�' ! ����!" 3 � ��$" �(!�/�("�)!�.
/��0!�/(�  �)("�! (��!*+ � �� !(�� &��(�,���� &� �(!�-"!�6 ,
, 0$��� &�, # ("�6 , %"/(� . � �"#��)( (" �7� 7�(,� &���%"!!*+ � (��5
�*%�/�"!* /�1� /!� (4.2) � (4.3) /�7/(�"!!*" �",(��* � �",(��*
&�����("(��, ,�(��*" &���"$"!* � ( 7�. 4.5, 4.6, 4.7. 

��8"��� 4.5. 	 (��5 & �!*+ /� �!"!�. &��(�,���� � �-��(�# 5�� &�
�(!�-"!�6 , ��"�"!� ,�!�"�1"!5��

DSDV OLSR WRP AODV DSR ���&�!"!(*
/�7/(�"!!�1�
�",(�� 

1iV

���&�!"!(*
�",(�� 
&�����("(��

1Qi
DSDV 1 1/2 4 5 5 2,186 0,323 
OLSR 2 1 4 5 5 2,885 0,427 
WRP ¼ ¼ 1 1/3 1/3 0,368 0,054 
AODV 1/5 1/5 3 1 2 0,752 0,111 
DSR 1/5 1/5 3 1/2 1 0,569 0,084 
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��8"��� 4.6. 	 (��5 & �!*+ /� �!"!�. &��(�,���� � �-��(�# 5�� &�
�(!�-"!�6 , & �'(�

DSDV OLSR WRP AODV DSR ���&�!"!(*
/�7/(�"!!�1�
�",(�� 

2iV

���&�!"!(*
�",(�� 
&�����("(��

2Qi
DSDV 1 1/4 1/4 1/3 1/3 0,368 0,06 
OLSR 4 1 2 3 3 2,352 0,384 
WRP 4 ½ 1 3 3 1,782 0,291 
AODV 3 1/3 1/3 1 2 0,918 0,15 
DSR 3 1/3 1/3 1/2 1 0,698 0,114 

��8"��� 4.7. 	 (��5 & �!*+ /� �!"!�. &��(�,���� � �-��(�# 5�� &�
�(!�-"!�6 , �&� ��"!�6

DSDV OLSR WRP AODV DSR ���&�!"!(*
/�7/(�"!!�1�
�",(�� 

3iV

���&�!"!(*
�",(�� 
&�����("(��

3Qi
DSDV 1 1/5 1/2 1/3 1/3 0,026 0,004 
OLSR 5 1 5 3 3 2,954 0,459 
WRP 2 1/5 1 1/3 1/3 0,534 0,083 
AODV 3 1/3 3 1 2 1,428 0,222 
DSR 3 1/3 3 1/2 1 1,485 0,231 

� ( 7�. 4.8 /�"$"!* &���%"!!*" �5"!,� ,��&�!"!( �",(�� &�����("(��
&�, # ("�". , %"/(� ,  ( ,0" �",(���� &�����("(�� &��(�,����
� �-��(�# 5��, &� �(!�-"!�6 , ��"�"!� ,�!�"�1"!5��, & �'(�, 
�&� ��"!�6. � �/&��)#�� !�"� <(�+ �",(���� &�����("(�� �*%�/�"!*
#! %"!�' ,��&�!"!( �",(�� 1��7 �)!*+ &�����("(�� /�1� /!� (4.6), 
,�(��*" &���"$"!* � &�/�"$!"� /(��75" ( 7�. 4.8. 
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��8"��� 4.8. �"#��)( (* �*%�/�"!�' #! %"!�. ,��&�!"!( �",(�� 
1��7 �)!*+ &�����("(��

J 
�&
&��(�,�� 
� �-��(�# 5��

Qij
iC1j = 2j = 3j =

1 DSDV 0,323 0,06 0,004 0,048 
2 OLSR 0,427 0,384 0,459 0,438 
3 WRP 0,054 0,291 0,083 0,127 
4 AODV 0,111 0,15 0,222 0,194 
5 DSR 0,084 0,114 0,231 0,189 

jP 0,1006 0,226 0,673 

�� � ,/�� �)!��� #! %"!�6 ,��&�!"!( �",(�� 1��7 �)!*+ &�����("(��
�*7�� "(' &�"$&�%(�("�)!*. � �� !( &��(�,�� � �-��(�# 5�� � ad hoc 
/"('+ / �%"(�� ��"$"!!*+ &�, # ("�". , %"/(� . 
 ,�� '��'"(/' &��(�,��
� �-��(�# 5�� OLSR, �/!�� !!*. !  �1���(�" 
".,/(�*.  

4.5. �*#�&*

1. ��� ! ��#���� !* + � ,("��/(�,� � #!*+ &��(�,���� � �-��(�# 5��
� 7"/&����$!*+ ad hoc /"('+ / �%"(�� /���,�&!�/(� &�, # ("�". , %"/(� . 

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

3. ����%"!* � (��5* & �!*+ /� �!"!�. &�, # ("�". , %"/(� � � �� !(��
&��(�,���� � �-��(�# 5�., $�' ,�(��*+ �*%�/�"!* �+ 1� �!*"�
/�7/(�"!!*" �",(��* � �",(��* &�����("(��.
�
 (�� �����
� �����
����� ������� ������
�� �
�	��� ������
���
������	
	���� ��� ��������
����� ����
���� ������
�	� ��	������ �������
��
����	�	
�
����������	�������	����������
�������������������
	�
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����=:
��


� $ !!�. � 7�(" � //� (��� 6(/' �/�7"!!�/(� &���"!"!�' �"(�$��
�!�1�,��("�� �)!�. �&(���# 5�� $�' �"-"!�' &��7�"�* �*7�� 
&�"$&�%(�("�)!�1� � �� !( � �-��(�# 5�� � ��7��)!*+ /�(� 5��!!*+
/"('+ / �%"(�� /���,�&!�/(� &��(����"%��*+ &�, # ("�". , %"/(� . ����"
(�1�, � //� (��� 6(/' �/�7"!!�/(� �"-"!�' � $��1�. &��7�"�*
� �-��(�# 5�� - �!�1�,��("�� �)!�1� �*7�� &�"$&�%(�("�)!�1�
&��(�,�� � �-��(�# 5�� �# !",�(���1� �!�0"/(� /�9"/(��69�+
&��(�,���� / �%"(�� /���,�&!�/(� &�, # ("�". , %"/(� .  

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

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

����"$"! /� �!�("�)!*.  ! ��# � ,� //�8�, 5�'  �1���(���
� �-��(�# 5�� � ��7��)!*+ ad hoc-/"('+. ��1���(�* � �-��(�# 5��
� #��% 6(/' &� /&�/�7 � � �-��(�# 5��, �/&��)#�"�*� /"("�*�
�"(��, �, �/&��)#�� !�6 #! !�. � (�&���1��,  ( ,0" &���"!"!�"�
/(� ("1�� �!�1�&�("��. � �-��(�# 5��. 
�' , 0$�1� �# � //��(�"!!*+
 �1���(��� &���"$"!� ,� (,�" �&�/ !�" � 7�(* � �5"!,� $�/(��!/(� �
!"$�/( (,��  �1���(��� � �-��(�# 5��. ����%"!!*" �"#��)( (*  ! ��# 
$ 6( �/!�� !�" 1�����() � !"�7+�$���/(� &���"!"!�' �"(�$��
�!�1�,��("�� �)!�. �&(���# 5�� , /� �!"!�6 � �*7��� /�9"/(��69�+
&��(�,���� � �-��(�# 5�� / �%"(�� /���,�&!�/(� &�, # ("�". , %"/(� .  

� //��(�"!* ("��"(�%"/,�" � &� ,(�%"/,�" �/�7"!!�/(�
�!�1�,��("�� �)!�1� �*7�� &�"$&�%(�("�)!�1� &��(�,�� 
� �-��(�# 5�� ! �/!��" �"(�$  ! ��# �"� �+�.. ����%"!* � (��5*
& �!*+ /� �!"!�. &�, # ("�". , %"/(� � � �� !(�� &��(�,����
� �-��(�# 5�., $�' ,�(��*+ �*%�/�"!* �+ 1� �!*" /�7/(�"!!*" �",(��*
� �",(��* &�����("(��. � �/!��" &���%"!!*+ $ !!*+ �*%�/�"! �",(��
1��7 �)!*+ &�����("(��, &� � ,/�� �)!��� #! %"!�6 ,��&�!"!(
,�(���1� �*7� ! &�"$&�%(�("�)!*. � �� !( � �-��(�# 5�� �
7"/&����$!�. ad-hoc /"(�.  
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