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The article analyzes the main methods of detecting network traffic anomalies, a study 

anomaly detection mechanisms, the characteristics of the application properties of threshold 
detection of anomalies in the statistical analysis, and also the anomalies of network traffic 
after the attack and in real time using the discrete wavelet transform. 

Key words: discrete wavelet transform, anomaly network traffic, statistical analysis. 
 

�'+)9. �%=/?�""7 ):�:%�� !"%?!*�B $:!A�'/ / ?+:+;� L �!;*��%< =!�!@+<. �+=!*+;"% ��� 
$%>%, D'��*���?� @� "� L !"%?!*�(, �!;*��% ):%!"!*�=/�!$� (- = ��%- ):�@�": 

= !"%?!*�( ?%;/$� &$�%:<�!$� )+:+�!"$!;+""7 � ?+:+;� � )����K�$� ��'%:�&$!""7 :+&/:&�� 
?!:D:/$�=!$%:��, K% :%4�$� (- ��7�*+""7 �':!B �!;*���?. 

= �+7'� !"%?!*�( "+ %4%�'7='%�% �)*��!<$� "! ?+:+;/, !*+ �%"� ?%;/$� ?!$� &+:B%="�B 
�)*�� "! '*�L"$! !4% '�"#+�%>% '%:�&$/�!@!.  

�&$%$"! ):%4*+?! ��!>"%&$/�!""7 !"%?!*�B )%*7>!L � $%?/, K% (-"� A%:?� ?%;/$� 
=?�"<�!$�&7, =!*+;"% ��� ):�@�"�: ��� DoS-!$!' (���?%�� � %4&*/>%�/�!""�) �% "+):!��*�"�- 
'%"A�>/:!#�B ?!:D:/$�=!$%:!.  

�+=�!;!<@� "! �+*�'/ '�*�'�&$� *�$+:!$/:�, � 7'�B %)�&/<$�&7 %&"%�"� -!:!'$+:�&$�'� 
$:!A�'/, !"%?!*�( $:!A�'/ =!*�D!<$�&7 "+�%&$!$"�% ���@+"�?�.   4!>!$% ):�@�" #�%>%. 
�"�L< = 
"�- L "+%4-��"�&$� ��'%:�&$!""7 &'*!�"%( �"A:!&$:/'$/:� ?%"�$%:�">/ �*7 ��+"$�A�'!#�( !"%?!*�B, 
! $!'%; �"&$:/?+"$�� �*7 %4:%4'� ��?�:<�!"�, 7'� �%&$!$"�% D���'�, K%4 ��7��$� !"%?!*�( � 
:+;�?� :+!*�"%>% @!&/. �"D! ):�@�"! )%*7>!L � $%?/, K% -!:!'$+: ?+:+;+�%>% $:!A�'/ L 
4!>!$%��?�:"�? � =!D/?*+"�?, K% =!�!;!L %$:�?!$� '%:�&"/ �"A%:?!#�< ):% !"%?!*�( ��� 
&$!$�&$�@"�- �!"�- $:!A�'/. 

�'
�(
� <�+��- (-�(��

� �
�<���	 <�,�A�(�� +,�4��). �:!A�' � ?!:D:/$�=!$%:!-, 
%&%4*��% ?!:D:/$�=!$%:!- ?!>�&$:!*�"�- ?+:+;, L �/;+ �+*�'�? � =?�"<L$�&7 4+=)+:+:�"%, $%�� 7' 
!"%?!*�"�B $:!A�' L ?!*+"�'�? )%:��"7"% = "%:?!*�"�? $:!A�'%? � =?�"!?� "%:?!*�"%>% $:!A�'/. 

&"%�"! ?+$!  ��7�*+""7 !"%?!*�( )%*7>!L � $%?/, K%4 ��7��$� ���"%&"% ?!*+"�'�B $:!A�' !"%?!*�( 
/ ���"%&"% �+*�'%?/ A%"%�%?/ $:!A�'/. �%?/ D���'+ � $%@"+ ��7�*+""7 !"%?!*�B $:!A�'/ L %�"�L< 
= /?%� 4+=)+@"%( +A+'$��"%( :%4%$� ?+:+;�. 
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�+$%�� ��7�*+""7 !"%?!*�B )%��*7<$�&7 "! ��� '!$+>%:�(: ��7�*+""7 "! %&"%�� &�>"!$/: B 
��7�*+""7 "! %&"%�� &$!$�&$�'�. ��>"!$/:"�B ?+$%�  ��7�*7L !"%?!*�< =! ���%?�?� %="!'!?� – 
«&�>"!$/:!?�». �+�%*�'%? #�%>% ?+$%�/ L �*!&$���&$� ��7�*7$� ���%?� =!=�!*+>��� $�)� !"%?!*�B. 
�%?/ #+B ?+$%� "+ ?%;"! =!&$%&/�!$� �*7 ��+"$�A�'!#�( "+���%?�- !"%?!*�B. I! &$!$�&$�@"�?� 
?+$%�!?� ��7�*+""7 !"%?!*�B $:!A�'/ ��'%:�&$%�/<$� �"D�B )��-��, 7'�B ��="!@!L ""%:?!*�"/" 
?+:+;+�/ !'$��"�&$�, � ����*7L �&+, K% ��-%��$� =! ?+;� "%:?� 7' !"%?!*�"�&$�. �+:+�!>! #�%>% 
)��-%�/ )%*7>!L � $%?/, K% ��" "+ ��?!>!L )%)+:+�"�- ="!"� ):% �*!&$��%&$� !"%?!*�B � $%?/ ?%;+ 
4/$� +A+'$��"�B = "+���%?�?� !"%?!*�7?� � "!��$� =?�"%< �&"/<@�- ���%?�- !"%?!*�B. 
�"�? �= 
&$!$�&$�@"�- ?+$%��� ��7�*+""7 L ?+$%�, K% O:/"$/L$�&7 "! %&"%�� ?!*%-��*�%�%>% !"!*�=/. 

�+B ?+$%� L %�"�? �= %&$!""�- &/@!&"�- �"&$:/?+"$�� ?%�+*<�!""7 = ��'%:�&$!""7? 7' 
"+&$!#�%"!:"�- $! �%�>%&$:%'%��- =!*+;"%&$+B, $!' � �*7 !"!*�=/ �*!&$��%&$+B :7��� �!"�-. 	�" 
��'%:�&$%�/L ?!*%-��*�%�+ )+:+$�%:+""7 �*7 !"!*�=/ $:!A�'/ $! ?%;+ ��7�*7$� ?!&D$!4"� 
�*!&$��%&$� %�"%@!&"% @!&%�%( $! @!&$%$"%( ��"!?�'� "! ���?�"/ ��� )+:+$�%:+""7 J/:'L. 


�"�? = ?+$%���, =! 7'�?� ��'%:�&$%�/<$� ?!*%-��*�%�+ )+:+$�%:+""7 �*7 ��7�*+""7 !"%?!*�B 
$:!A�'/, L ?+$%� = '%:+*7#�L< !�:+& �*7 )+�"%( '�*�'%&$� $%@%' ���4%:/. ��>"!* ?%;+ 4/$� ��="!@+"�B 
"! ���)%���"%?/ @!&%�%?/ ?!&D$!4� $! "! )+�"�- )%=�#�7- @!&%�%>% ?!&D$!4/, ':�? $%>%, �&"/L 
?%;*���&$� ���%4:!;+""7 @!&$%$"�- $! @!&%��- '%?)%"+"$ %�"%@!&"%. �!'%; ?!*%-��*�%�+ 
)+:+$�%:+""7 ����>:!L :%*� /=>%�;/�!*�"%>% A�*�$:/ �*7 &�"-:%"�=!#�( ?�; �"A%:?!#�B"�? &�>"!*%? $! 
&�>"!*%? D/?/ = ?!'&�?!*�"�? ���"%D+""7? &�>"!*-D/? (SNR) / &�&$+?� =�'7='/. 

�*7 ':!K%>% :%=/?�""7 "!�+�+"%>% � &$!$$� �%&*��;+""7 ):%�+�+?% '%:%$'�B !"!*�= 
��&':+$"%>% ?!*%-��*�%�%>% )+:+$�%:+""7 (���). ��� &'*!�!L$�&7 = :%='*!�/ (!"!*�=/) $! 
:+'%"&$:/'#�( (&�"$+=/) &�>"!*/. ��&. 1 �*<&$:/L ):�"#�) :%4%$� 4!>!$%:��"+�%>% %�"%��?�:"%>% 
?!*%-��*�%�%>% !"!*�=/ = ��'%:�&$!""7? &)+#�!*�"�- A�*�$:�� :%='*!�/ Lo_D  ("�=�'%@!&$%$"�B) 
$! :+'%"&$:/'#�( Hi_D (��&%'%@!&$%$"�B ) ��-��"%>% &�>"!*/ [5]. 

��� &�>"!*/ S %�+:;/<$� =!&$%&/�!""7? "!4%:/ A�*�$:��. �)%@!$'/ &�>"!* ):%)/&'!L$�&7 
@+:+= "�=�'%@!&$%$"�B  A�*�$: Lo_D �= �?)/*�&"�? ���>/'%? g. �+=/*�$!$%? 4/�+ =>%:$'! 
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�

���

�M�
k

low kngkxngxnS ]-[][][][ .                                                  (1) 


�"%@!&"% &�>"!* :%='*!�!L$�&7 =! �%)%?%>%< ��&%'%@!&$%$"%>% A�*�$:! Hi_D.  

� � �
�

���

�M�
k

high knhkxnhxnS ]-[][][][ .                                                     (2) 

 :+=/*�$!$� %$:�?/<$�&7 '%+A�#�L"$� �+$!*�=!#�( ()�&*7 	P-A�*�$:!) � '%+A�#�L"$� 
!):%'&�?!#�( ()�&*7 �P-A�*�$:!). �� ��! A�*�$:� =�'7=!"� ?�; &%4%< B "!=��!<$�&7 '�!�:!$/:"�?� 
�=+:'!*�"�?� A�*�$:!?� (QMF). 


&'�*�'� )%*%��"/ @!&$%$"%>% ��!)!=%"/ &�>"!*/ 4/*% ���A�*�$:%�!"%, $% =! $+%:+?%< 
�%$+*�"�'%�!, ���*�'� &�>"!*�� ?%;"! ):%:���$� /���@�. �!'+ :%='*!�!""7 ����@� =?+"D/L :%=)%��* 
=! @!&%? @+:+= ):%:��;/�!""7 &�>"!*/. 
�"!' '%;"�B �= ��-��"�- &�>"!*�� ):+�&$!�*7L )%*%��"/ 
@!&$%$"%( &?/>� )%@!$'%�%>% &�>"!*/, $!' K% @!&$%$"�B :%=)%��* )%��%(�&7. 

 

 

]�	. 1. ���$� ���������
 	�#���� � �!+ 
 

�+ :%='*!�!""7 ?%;"! )%�$%:�$� '�*�'! :!=�� �*7 )%�!*�D%>% =4�*�D+""7 @!&$%$"%>% 
�%=�%*/, = )%�!*�D�? ):%:��;/�!""7? '%+A�#�L"$�� )�&*7 �P- � 	P-A�*�$:!#�(. �!'%; ?%;"! 
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):+�&$!��$� / ��>*7�� ���B'%�%>% �+:+�!, �+ *�&$'� B �/=*� ���)%���!<$� ):%&$%:!? = :�="%< 
@!&$%$"%-@!&%�%< *%'!*�=!#�L<. �+ �+:+�% ):+�&$!�*7L &$:/'$/:/ 4!"'/ A�*�$:��. 

 

 

]�	. 2. 5�������� ?��� ������� 
 

�! '%;"%?/ :��"� ��K+"!�+�+"%( ��!>:!?� &�>"!* :%='*!�!L$�&7 "! "�=�'� B ��&%'� @!&$%$�.  
&�*/ ��%:!=%�%>% ):%:��;/�!""7, �%�;�"! &�>"!*/ )%��""! 4/$� ':!$"! 2n, �+ n — @�&*% :��"�� 
:%='*!�/. 


$;+, '%+A�#�L"$� :%='*!�/ ?!<$� ��>*7�: 
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Tnltjtj
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Tnltjitl
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Tnltt

N

n
Tnltit

N

n
Tnlttl

N

n
Tnltit

cADLcAcADHcD

cADLcAcADHcD

SDLcASDHcD

 (3) 

��=�'%@!&$%$"! &'*!�%�! &�>"!*/ )%="!@!L$�&7 4/'�%< L, ! ��&%'%@!&$%$"! – �.  
�*7 :+'%"&$:/'#�(, )%@�"!<@� ��� ��%- "!4%:�� '%+A�#�L"$�� "! :��"� j, $%4$% '%+A�#�L"$�� 

!):%'&�?!#�( 	;j � '%+A�#�L"$�� �+$!*�=!#�( cDj, =�%:%$"+ ��� ):%�%��$� �"$+:)%*7#�< &�>"!*�� "! 
'%;"%?/ :��"� /���@�, =�%:%$"/ �+#�?!#�< $! =>%:$'/ %$:�?!"�- ?!&���� = A�*�$:!?� :+'%"&$:/'#�( 
Lo_R � Hi_R. �+-!B L-�%�;�"! &� � &D, � N-�%�;�"! A�*�$:�� Lo_R � Hi_R, $%�� �%�;�"! &�>"!*/ 
&$!"%��$� 2*L-N+2. �*7 ��&':+$"%>% &�>"!*/ �%�;�"%< T ��� ?%;+ &'*!�!$�&7 "+ 4�*�D+ "�; = 
log2T :��"��. 

 

��'���A�

� <�0�
�*<�( (-�(��

� �
�<���	. 	��"%�*+"�B &�>"!* ��'%:�&$%�/L$�&7 �*7 
��7�*+""7 !"%?!*�B. �"!*�= $! ��7�*+""7 ):%�%�7$�&7  = "!4%:!?� �!"�- ):%$7>%? $:��!*%>% 
)+:�%�/ @!&/. 
�"!', � :+;�?� :+!*�"%>% @!&/ ?+-!"�=?� !"!*�=/ $! ��7�*+""7 ):!#<<$� = 
"+�+*�'�?� "!4%:!?� �!"�-. �*+ ):� ��'%:�&$!""� "+�+*�'�- "!4%:�� �!"�- =:%&$!L ?%;*���&$� 
=4�*�D+""7 )%?�*'%��- $:��%>. 	%�"%@!&, �+*�'� "!4%:� �!"�- =4�*�D/<$� =!$:�?'/ ��7�*+""7 
$%��, '%*� !"!*�= $!'�- "!4%:�� ):%�%��$�&7 � :+!*�"%?/ @!&�. 

�*7 ="7$$7 #�- %4?+;+"� =!&$%�/L$�&7 ?+$%� :/-%?%>% ��'"! �*7 )����K+""7 D���'%&$� 
��7�*+""7 ):� %�"%@!&"%?/ ="�;+""� )%?�*'%��- $:��%>. 

�! :�&. 3 =%4:!;+"% @!&%�/ ��!>:!?/ ?+-!"�=?/ ��7�*+""7 !"%?!*�B, �+ D – $:��!*�&$� "!)!�/ 
/ ���-&�>"!*�; W – :%=?�: ��'"! �+$+'$/�!""7 (DET) (W=q·t, �+ t – �"$+:�!* ��4�:'�); � – 
?!'&�?!*�"�B @!& �"��'!#�(; m – �+*�@�"! A!'$%:! �*7 ):�B"7$$7 :�D+""7 (7' ):!��*%, 1/2). 

�*7 '%;"%( ��4�:'� &$�%:<L$�&7 '%:+*7#�7 &�>"!*/ S(n). �%=>*7�!<$�&7 : ��4�:%', S(n-:+1), 
S(n-:+2), ..., S(n-1) $! S(n) �*7 :%=:!-/"'/ ��� � $%@#� ��4�:'� n. 
>%*%D/L$�&7 :, ):%�%��$�&7 
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!"!*�=/L$�&7 ��'"% (���). �*7 ��7�*+""7 !"%?!*�B ���4�:!L$�&7 q (¢ p) ��4�:%', S(n-q+1), S(n-q+2), 
..., S(n-1) $! S(n). 
>%*%D/L$�&7 q, ):%�%��$�&7 �+$+'$/�!""7 (DET) ��'"!. g%4 =?+"D�$� '�*�'�&$� 
)%?�*'%��- $:��%> @+:+= ?�$$L�� D/?�, ��'%:�&$%�/L$�&7 '�*�'! ��'%" �+$+'$/�!""7 ):� ��7�*+""� 
!"%?!*�B. �'K% ="!@+""7 ��4�:%' �*7 ��'%" �+$+'$/�!""7 � q/2 !4% 4�*�D+ :!=�� ��K+ =! )%:�> 
!"%?!*�(, ��!;!L$�&7, K% !"%?!*�7 ��7�*+"! "! ��4�:#� � $%@#� n. E�*�D�&$� �+$+'$%:�� �*7 
/&)�D"%>% ��7�*+""7 ��?!>!L, K%4 ):+�&$!�*+"�B $:!A�' -!:!'$+:�=/�!�&7 !"%?!*�"%< 
)%�+��"'%< ):%$7>%? '�*�'%- ��4�:%' ():�"!B?"� q/2 / ��'"� q ��4�:%'). �:� �+*�'%?/ q :��+"� 
)%?�*'%��- $:��%> L �%&$!$"�% "�=�'�?. �:%$+ �+*�'+ ="!@+""7 q )����K/L *!$+"$"�&$� ��7�*+""7 
!"%?!*�B, %&'�*�'� 4�*�D�&$� $!'�- A/"'#�B ?!<$� =!$:�?'/ ��7�*+""7 !$!', ):�"!B?"� q/2 )+:�%�/ 
��4�:'�.  :+=/*�$!$� "!)!�� $:��!*�&$< ?+"D%<, "�; q/2 )+:�%�/ ��4�:'�, ?%;/$� 4/$� "+ 
��7�*+"�. P!&%�� -!:!'$+:�&$�'� "!�+�+"%>% ?+-!"�=?/ ):+�&$!�*7<$�&7 ��:!=!?�: 

 � �
.

)/,1min(0,21

;

DWTDW
WDm��
WmDT

WmD

����
�����

�
                                            (4) 

 

 

]�	. 3. &�	��� ���#�$� $������$� ��
�����
 ���$���� 
 

I :�&. 3 ?%;"! )%4!@�$�, K% ��7�*7<$�&7 !$!'� $:��!*�&$< )%*%��"� D�:�"� ��'"! ��7�-
*+""7, ):�"!B?"� '%*� m= 1/2. �"��'!#�7 &�>"!*/ ��7�*+""7 T :%=D�:<L$�&7 ��� mW �% D+(1-m)W. 
	��)%���"% �% ��4:!"%>% ="!@+""7 m, )+:�%� � =?�"<L$�&7 ?�; | W-D | � W+D. I!$:�?'! ��7�*+""7 
&$!"%��$� mW. �:%$+, "! %&"%�� :+=/*�$!$�� +?)�:�@"�- �%&*��;+"� �&$!"%�*+"%, K% =!$:�?'! 
=?�"<L$�&7 =!*+;"% ��� &�*� !$!'� � )%:%>%�%>% :��"7. 

 

�'�>�-(�'+� *�'+�')(�

� (��'+-(�'+�	 9�,�) (-�(��

� �
�<���	 9,- '+�+-'+-/
�<) 
�
���*�. �%=>*7"+?% $+%:+$�@"/ %&"%�/ �*7 %$:�?!""7 )%:%>/ ��7�*+""7 !"%?!*�B. �:� ��)!�'%��B 
�+*�@�"� X(t), ?!<@� &+:+�"L μ � ��&)+:&�< ¤2, ?%;"! =!)�&!$� "+:��"�&$� P+4�D%�! = )%>*7�/ 
@�&*! &$!"�!:$"�- ���-�*+"� ��� &+:+�"�%>%[3]: 

� � 2
1

k
kXP ��� CJ .                                                                 (5) 

I! �%)%?%>%< "+:��"%&$� P+4�D%�! ?%;"! ��="!@�$� "�;"< ?+;/ :��"7 �%��:�, %�"!' � "+:��"%&$� 
"+ �:!-%�!"% A!'$�@"�B :%=)%��*, � $%?/ ?+;! :��"7 �%��:� @!&$% "+&$�B'!. �'K% ):�)/&$�$�, K% 
���"%�*+"�B &�>"!* ?!L "%:?!*�"�B :%=)%��*, ?%;"! :%=:%4�$� ���)%���"� ?+$%�� !"!*�=/ �*7 ��7�*+""7 
!"%?!*�B = ��&%'�? &$+)+"+? �%��:� ):� %�"%@!&"%?/ ="�;+""� )%?�*'%��- &):!#<�!"�. 

�! :�&. 4, � )%'!=!"% >�&$%>:!?/ ���"%�*+"%>% &�>"!*/ � =!�+:D+"%?/ :+;�?� =! ���&/$"%&$� 
!$!'�. ��&*7 )+:+$�%:+""7 �!"�- %$:�?!"% &+:+�"L 0 � &$!"�!:$"+ ���-�*+""7 3.38, 7' )%'!=!"% "! 
:�&. 4, ?. �+:+$�%:+"� �!"� ?!<$� "%:?!*�"�B :%=)%��* "! :��"� ="!@/K%&$� 5 %, ! &!?+ X~N (0, 3.382). �:� 
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)%:%>!- -10.15 � 10.15 ���)%���"% #� #�A:� +'���!*+"$"� ± 3.0¤ �%��:@%>% �"$+:�!*/ �*7 ��)!�'%�%>% 
):%#+&/ X. �+B �"$+:�!* ���)%���!L 99,7 % �%��:@%>% :��"7: 
 � � %7.990.30.3 K���� CJCJ XP  (6) 

 

 
]�	. 4. ]������� �� ���	����	�� �����:  

�, � – ���� �!+; ?, # – ��	�
 �!+ 
 

I! $!'�- :��"�� )%:%>/ ��7�*+""7 !$!' ):%�%��$�&7 = )%-�4'%< 0.3 %. 
 

�-�(��

� �
�<���	 +,�4��) 9�'�� *�(�,@�

� 
�9��). �*7 ):%�+�+""7 �%&*��;+"� 4/*% 
�=7$% &�>"!*� = 4!=� �"$+:"+$-$:!A�'/ [6]. �+=/*�$!$� "!�+�+"% "! :�&. 5. 
 

 
]�	. 5. ]������� �� ��
���	�� ����� 
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I%':+?!, "! :�&. 5, � )%'!=!"% =�!;+"�B '%:+*�%�!"�B =! IP-!�:+&%< &�>"!* =! "!7�"%&$� 
!$!'�, "! :�&. 5, ? ��� )+:+$�%:+"�B $! ���"%�*+"�B &�>"!* = :+=/*�$!$!?� ��7�*+""7 !"%?!*�B. 
�"$+:�!* ��4�:'� &'*!�!L 1 -��*�"/ � $:��!*�&$� ��4�:'� &$!"%��$� 30 &+'/"�. �%4$%, ):%�+�+"% 
��4�:'/ ):%$7>%? 30 &+'/"� � 30 &+'/"� –  )!/=!. �$!'� ):%�%��*�&7 )%+$!)"% � %4?+;+"� "! :�&. 5 
�+:$�'!*�"�?� *�"�7?�. �*7 !"!*�=/ $! ��7�*+""7 ��'%:�&$!"% 3-�+""+ D�:%'+ ��'"% ��� � 20--��*�""+ 
D�:%'+ ��'"% DET. �*7 !"!*�=/ 4/*% ��'%:�&$!"% /�+&� 3-�+""�B "!4�: '%:+*�%�!"�- �!"�-. �*7 
%#�"<�!""7 ���"%�*+"%>% &�>"!*/ ��'%:�&$!"% &$!$�&$�@"�B )%:�> ± 3.0¤. �+'%"&$:/B%�!"� &�>"!*� 
)+:D�- 3 !$!' ?!<$� '%*��!*�"/ A%:?/, $%?/ K% D!4*%"� !$!'� – )+:+:��@!&$�, $%�� 7' �"D� D�&$� 
"!)!��� ?!<$� A%:?/ )!>%:4�� � 7?, %&'�*�'� !$!'� ):%�%��*�&7 4+=)+:+:�"% � @!&�. 

�:+�&$!�*+""7 &�>"!*/ / ��>*7�� $%@%' )%'!=/<$�, K% #� $�)� !$!' ?%;/$� 4/$� ��7�*+"� 
+A+'$��"%. I �"D%>% 4%'/, "!)����)!�'%��  � ��)!�'%�� !$!'� )%7&"<<$�&7 "�=�'%< '%:+*7#�L<, K% 
%="!@!L )%�+��"'/ $:!A�'/, 7'! "+&/?�&"! = D!4*%"%?. �� !$!'� ?%;/$� 4/$� ��7�*+"� *�D+ )% �&�B 
D�:�"� @!&/ !$!'�. ��>"!*� )%&*��%�"%>% ��7�*+""7 �'!=/<$� "! �%�;�"/ !$!', ! $!'%; "! 
�"$+"&��"�&$� !"%?!*�B. 

 

�-�(��

� �
�<���	 ( ,�A-<� ,����
�� /�').  :!=� !"!*�=/ $:!A�'/ � :+;�?� :+!*�"%>% @!&/ 
"+?!L ?%;*��%&$� ��4�:'%�% !"!*�=/�!$� $:!A�' / :�="�- @!&%��- ?!&D$!4!-, %&'�*�'� !"%?!*�( )%��""� 
4/$� ��7�*+"�, 7' $�*�'� �%"� ��"�'!<$�. �%?/ !"!*�= � :+;�?� :+!*�"%>% @!&/ ��?!>!L !"!*�=/ �!"�- "! 
/&�- @!&%��- ?!&D$!4!-. I�!;!<@� "! #+, "+%4-��"% =!4+=)+@�$� "�;@� =!$:�?'� ):� ��7�*+""� !"%?!*�B. 
�*7 $%>%, K%4 ):%�+&$� !"!*�= =! '%:%$'�B @!&, ?%;"! !'#+"$/�!$� /�!>/ $�*�'� "! "+�+*�'�- %&$!""�- 
"!4%:!- �!"�-. 
&'�*�'� @�&*% ��4�:%', K% )���!<$�&7 )+:+$�%:+""<, $�&"% )%�'7=!"% = :%=?�:%? ��'"! 
���, ?!'&�?!*�"% �%)/&$�?� :��"� %4?+;+"� ="!@+""7? log2(n) , �+ n – @�&*% ��4�:%'. 

�*7 $%>%, K%4 %$:�?!$� )%:%>%�� :��"� �*7 ��7�*+""7 !"%?!*�B, $:+4! �&$!"%��$� &$!$�&$�@"/ 4!=%�/ 
*�"�< �*7 =%�"�D"�%>% $:!A�'/. �:�? $%>%, "+%4-��"% '*!&�A�'/�!$� '%;+" :��+"� ��� :%='*!�/ 
=%�"�D"�%>% $:!&/�!""7 � :+'%"&$:/<�!$� &�>"!* "! '%;"%?/ :��"�. �$!$�&$�@"� )!:!?+$:� ���"%�*+"%>% 
&�>"!*/ "! '%;"%?/ :��"� "+=!*+;"% :%=:!-%�/<$�&7. �� )!:!?+$:� %"%�*<<$�&7 "! ���)%���"%?/ )+:�%�� 
:!=%? = )%$%@"�? ="!@+""7? � &$!:�?� )!:!?+$:!?�. 

	��"%�*+"�B &�>"!* '%;"%>% :��"7 ��'%:�&$%�/L$�&7 �*7 ��7�*+""7 !"%?!*�B. �*7 #�%>% ):%-
�%��$�&7 &$!$�&$�@"�B !"!*�= '%;"%>% ��� :��"7 &�>"!*/ %':+?% �*7 $%>%, K%4 ):%!"!*�=/�!$� 
&�>"!* "! �&�- @!&%��- ?!&D$!4!-. �:�? $%>%, ?+-!"�=? ��7�*+""7 ):!#<L / ��%- ��?�:!-: 
>%:�=%"$!*�"%?/ � �+:$�'!*�"%?/.  

	�?�:<�!""7? )% >%:�=%"$!*� ��7�*7<$� !"%?!*�( � )%&*��%�"�- @!&%��- ��4�:'!- "! $%?/ 
&!?%?/ :��"� ?!*%-��*�%�%>% &�>"!*/. 	�?�:<�!""7? )% �+:$�'!*� ��7�*7<$� !"%?!*�( "! :�="�- 
:��"7- ?!*%-��*�%�%>% &�>"!*/ � %�"%?/ @!&%�%?/ ):%?�;'/. 

�*7 ��7�*+""7 !"%?!*�( ��'%:�&$%�/L$�&7 '%?4�"!#�7 >%:�=%"$!*�"%>% � �+:$�'!*�"%>% %#�"<�!""7. 
P�&*% B?%��:"�- �!$@�'�� "!)!�/ )%:!-%�!"%, ��'%:�&$%�/<@� 2-?�:"� ��'"! ��7�*+""7, K% &'*!�!<$�&7 = 
>%:�=%"$!*�"�- � �+:$�'!*�"�- '%?)%"+"$��. 

�"%?!*�7 ��!;!L$�&7 ��7�*+"%<, '%*� @�&*% �+$+'$%:�� )+:+��K/L )%:�> / 2-?�:"%?/ ��'"�. 
�! :�&. 6 ):+�&$!�*+"% ):�'*!� ):%�+�+"%>% !"!*�=/ � :+;�?� :+!*�"%>% @!&/. E/*% ��'%:�&$!"%  
2->%��""+ ��'"% ��� / 2--��*�""%?/ �"$+:�!*� ��4�:'� $! ):%�+�+"% !"!*�= �% 6 :��"7. �:� 
�%&*��;+""� ��'%:�&$%�/�!*%&7 ��&':+$"+ ?!*%-��*�%�+ )+:+$�%:+""7 = 4!=�&"�?� A/"'#�7?� 
�%4+D� D6. 

�:%!"!*�=%�!"% ?%;*��%&$� =!&$%&/�!""7 ��&':+$"%>% ?!*%-��*�%�%>% )+:+$�%:+""7 �*7 
��7�*+""7 !"%?!*�B $:!A�'/. I%':+?!, :%=>*7"/$% ?+$%�, 7'�B ��'%:�&$%�/L '%:+*7#�< IP-!�:+& 
):�="!@+""7 / $:!A�'/ "! ��-%�� ?!:D:/$�=!$%:!. �+=/*�$!$�, %$:�?!"� = ��'%:�&$!""7? #�%>% 
?+$%�/, )%'!=/<$�, K% &$!$�&$�@"�B !"!*�= �!"�- =!>%*%�'! )!'+$�� ?%;+ =!4+=)+@�$� +A+'$��"�B 
?+-!"�=? �*7 ��7�*+""7 !"%?!*�B $:!A�'/ / ?+:+;� '!?)/&! !4% "! ':!<  ?+:+;�. 

�!'%; )%'!=!"% +A+'$��"�&$� #�%>% )��-%�/ � =!�+:D+"%?/ :+;�?� � � :+;�?� :+!*�"%>% @!&/ 
):� !"!*�=� ?+:+;+�%>% $:!A�'/. 
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]�	. 6. ]��������� ��
�����
 ���� � ������$� ��	� � �����	����
$ �!+ 

 
�-'
�(�-. �*7 %#�"'� +A+'$��"%&$� =!&$%&/�!""7 ��� )%:��"7"% :+=/*�$!$� ��7�*+""7 

!"%?!*�B $:!A�'/ &-+?� = ��'%:�&$!""7? ��� �= &-+?%<, 7'! ):!#<L 4+=)%&+:+�"�% = 
&$!$�&$�@"�? !"!*�=%?. 

	&$!"%�*+"%, K% ):� "�=�'%?/ �%��:@%?/ :��"� ("�;@+ 90%), ��� "+ �!L "�7'�- )+:+�!>. 
�:%$+, '%*� �%��:@�B :��+"� 4�*�D�B (90% ~ 99,7%) ��� �!L ="!@"% ':!K� :+=/*�$!$� ��7�*+""7, 
"�; ):%&$�B &$!$�&$�@"�B !"!*�=. �%4$% ��'%:�&$!""7 ��� "!�!L ="!@"� )%':!K+""7 / ��7�*+""� 
!"%?!*�B $:!A�'/ ?+:+;. 
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