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565789 :;9<7=>5>?@ 8A8>5B88 8 ?&>8A895B8C 8A8>5B8?66?D 

A?E;78   &:8A;6;68;A 5657895 @:;A;66FG :CE?@ 

H. 5. I,1!3(),3 (&!'.J) 

  !"#$%&'(( )*(+& ,%,-.&*!%#$/ 0+0$"10%!!%2% +%3(.0*%)"!0& *"#$($, -)(.0-

40)"($#& 5%.04(#$)% 0!#$*-+(!$%) +%3(.0*%)"!0& 0 06 )%7+%8!%#$0. 9% +(*( *%#$" 

)%7+%8!%#$(: 0!#$*-+(!$%) *"#$($ 0 #.%8!%#$/ #%73")"(+;6 +%3(.(:. <8( #-'(#$)--

=$ +%3(.0, !"#40$;)"='0( 3(#&$50 $;#&4 )7"0+%#)&7"!!;6 >.(+(!$%). 9*0 0#,%./7%-

)"!00 $"506 +%3(.(: 7!"40$(./!% )%7*"#$"($ #.%8!%#$/ 0+0$"10%!!%2% 0##.(3%)"!0&, 

4$% ,*0)%30$ 5 #!08(!0= >??(5$0)!%#$0. 

9*%@.(+" +%8($ @;$/ *(A(!" 7" #4($ ,*0+(!(!0& +($%3%) Data Mining. B%!(4-

!"& 1(./ 0+0$"10%!!%2% 0##.(3%)"!0& 7"5.=4"($#& ) ,%.-4(!00 7!"!0: % *("./!%: 

#0#$(+(, +%3(./ 5%$%*%: "!".070*-($#& [3]. C.& 3%#$08(!0& >$%: 1(.0 !(%@6%30+% 

,*%"!".070*%)"$/ @%./A%( 5%.04(#$)% 3"!!;6, ,%.-4(!!;6 ) *(7-./$"$( 0+0$"10%!-

!;6 >5#,(*0+(!$%). D($%3; Data Mining ,%7)%.&=$ );&)0$/ )7"0+%#)&70 +(83- %@E-

(5$"+0 +%3(.0, #%5*"$0$/ %@E(+ "!".070*-(+;6 3"!!;6 0 #!070$/ $*-3%(+5%#$/ "!"-

.07". 

  5"4(#$)( %$3(./!%: 7"3"40 0+0$"10%!!%2% +%3(.0*%)"!0& 4"#$% );3(.&=$ ,%-

#$*%(!0( %,$0+"./!%: +%3(.0. F&3%+ 0##.(3%)"$(.(: [2, 4] ,*(3,*0!0+"=$#& ,%,;$50 

,% ")$%+"$07"100 ,*%1(##" %,$0+07"100. G,%#%@!%#$/ +($%3%) Data Mining 5 ,%0#5- 

7"5%!%+(*!%#$(: +%3(.0 +%2." @; ,%7)%.0$/ );40#.&$/ !"0@%.(( %,$0+"./!%( #%#$%&-

!0( #0#$(+;, #%6*"!&& ,*0 >$%+ );)%3;, !" %#!%)( 5%$%*;6 @;." );,%.!(!" %,$0+0-

7"10&. 

  3"!!%: *"@%$( ")$%*; 07."2"=$ #)%: ,%36%3 5 *(A(!0= -5"7"!!;6 ,*%@.(+ # 

,%+%'/= +($%3%) Data Mining !" @"7( #0#$(+; 0+0$"10%!!%2% +%3(.0*%)"!0& );40#-

.0$(./!;6 #($(: Triad.Net. H3(& ,%36%3" %#!%)"!" !" ,*(3,%.%8(!00, 4$% 7")0#0+%#$/ 

+(83- ,(*(+(!!;+0 +%3(.0 (40#.(!!;+0 7!"4(!0&+0, 6"*"5$(*07-='0+0 #%#$%&!0& 

%@E(5$%) +%3(.0) @-3($ );*"8(!" ) 30!"+05( 07+(!(!0& 06 7!"4(!0:. 9%.-40$/ 0!-

?%*+"10= % 7")0#0+%#$0, #.(3%)"$(./!%, +%8!% # ,%+%'/= +($%3%) Data mining. 9%-

.-4(!!;( 3"!!;( +%8!% 0#,%./7%)"$/ 3.& ,%#$*%(!0& .%204(#506 );)%3%) % )7"0+%-

#)&7&6 ,(*(+(!!;6 0 3.& %,$0+07"100 #0#$(+;. 

5/(1$4 '!4K1J)(),3 3 Triad.Net 

Triad.Net – >$% #*(3" 30#5*($!%-#%@;$0:!%2% +%3(.0*%)"!0&, )5.=4"='"& ) #(-

@& #*(3- ,*%(5$0*%)"!0& 0 #%73"!0& +%3(.(:, 5%+,0.&$%* 0 &3*% );,%.!(!0& +%3(.0. 

D%3(./ ) #0#$(+( ")$%+"$070*%)"!!%2% ,*%(5$0*%)"!0& 0 +%3(.0*%)"!0& Triad +%8!% 

%,*(3(.0$/ 5"5 M = (STR, ROUT, MES), 23( STR – #.%: #$*-5$-*, ROUT – #.%: *-$0!, 

MES – #.%: #%%@'(!0:. G.%: #$*-5$-* ,*(3#$").&($ #%@%: #%)%5-,!%#$/ %@E(5$%), 

)7"0+%3(:#$)-='06 3*-2 # 3*-2%+ ,%#*(3#$)%+ ,%#;.50 #%%@'(!0:. G.%: *-$0! %,0-

#;)"($ ".2%*0$+;, ,% 5%$%*;+ %@E(5$; )7"0+%3(:#$)-=$ 3*-2 # 3*-2%+. G.%: #%%@'(-

!0: (MES) ,*(3!"7!"4(! 3.& %,0#"!0& #%%@'(!0: #.%8!%: #$*-5$-*; [1]. 

C.& #@%*", %@*"@%$50 0 "!".07" 0+0$"10%!!;6 +%3(.(: ) #0#$(+( Triad.Net #--

'(#$)-=$ #,(10"./!;( %@E(5$; – 0!?%*+"10%!!;( ,*%1(3-*;. H!?%*+"10%!!;( 

,*%1(3-*; )(3-$ !"@.=3(!0( 7" >.(+(!$"+0 +%3(.0, %$#.(80)"& #%#$%&!0( !"@.=3"(-

+%2% %@E(5$", 0 #%6*"!&=$ 0!?%*+"10= % (2% 07+(!(!00, ?%*+0*-& )*(+(!!%: *&3. 

G.(3-($ %$+($0$/, 4$% 0!?%*+"10%!!;( ,*%1(3-*; %@E&).&=$#& !(7")0#0+% %$ +%3(-

.0. I"50+ %@*"7%+, )%7+%8!% 07+(!(!0( 0!?%*+"10%!!;6 ,*%1(3-* @(7 07+(!(!0& 

+%3(.0 0 !"%@%*%$. 
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8+-,1J4,3(/$! +'!2+)3 Data Mining 3 $.$)(#$,//,. .,2!1$',3(/$$ 

  2001 2. @;. *"7*"@%$"! ".2%*0$+ ")$%+"$04(#5%: %,$0+07"100 +%3(.0, %#!%-

)"!!;: !" %,$0+07"100 1(.();6 ?-!510: # ,%+%'/= >)*0#$04(#506 ,*")0. [2]. J(.(-

)"& ?-!510& – >$% !(50: ,%5"7"$(./, #%3(*8"$(./!% 6"*"5$(*07-='"& +%3(./, 7!"4(!0( 

5%$%*%: $*(@-($#& +"5#0+070*%)"$//+0!0+070*%)"$/.   5"4(#$)( *(A(!0& @;. ,*(3-

.%8(! ,(*(@%*!;: ".2%*0$+, %2*"!04(!!;: >)*0#$04(#50+0 ,*")0."+0. 

  2005 2. @;. ,*(3.%8(! !%);: #,%#%@ ?%*+0*%)"!0& );6%3!;6 3"!!;6 0+0$"-

10%!!%2% +%3(.0*%)"!0& [3].  +(#$% %@;4!%2% 3.& +%3(.0*-='06 #0#$(+ %$4($", #%-

3(*8"'(2% #$"$0#$04(#50( 3"!!;(, ,*0+(!&=$#& +($%3; Data mining 3.& "!".07" ,%-

.-4(!!;6 3"!!;6.   5"4(#$)( %$4($" ) >$%+ #.-4"( );#$-,"=$ 5%>??010(!$; 5%**(.&-

100 +(83- ,(*(+(!!;+0. I"50+ %@*"7%+, %@'0: %@E(+ 3"!!;6, 5%$%*;( ,*06%30.%#/ 

"!".070*%)"$/ ,%./7%)"$(.=, #-'(#$)(!!% -+(!/A"($#&, " 0!?%*+"$0)!%#$/ %$4($" ,%-

);A"($#&. 

  2009 2. ) [4] @;. *"7*"@%$"! ".2%*0$+, ,%7)%.&='0: #)(#$0 3(&$(./!%#$/ "!"-

.0$05" 5 );@%*- %3!%2% 07 $*(6 ,*(3.%8(!!;6 ,*%2*"++%: #0#$(+%: )"*0"!$%). I"50+ 

%@*"7%+, $*(@%)"!0& 5 5)".0?05"100 "!".0$05" 0 $*-3%);( 7"$*"$; !" "!".07 +%3(.0 

#!08"=$#&. F(7-./$"$ 3%#$02"($#& ,*(0+-'(#$)(!!% 7" #4($ 7!"40$(./!% #-8(!0& %@-

."#$0 ,*0+(!&(+%#$0 – ".2%*0$+ *"##+"$*0)"($#& $%./5% ) *"+5"6 #0#$(+ +"##%)%2% 

%@#.-80)"!0&. 

H$"5, %#!%)!%: ,*%@.(+%: "!".07" *(7-./$"$%) 0+0$"10%!!%2% +%3(.0*%)"!0& ) 

%,0#"!!;6 );A( *"@%$"6 ")$%*; #40$"=$ $*-3%(+5%#$/ #"+%2% ,*%1(##" "!".07" 0 );-

#%50( $*(@%)"!0& 5 5)".0?05"100 "!".0$05". G40$"($#&, 4$% >$0 3)" ?"5$%*" #-'(#$-

)(!!% #!08"=$ ,%,-.&*!%#$/ +%3(.0*%)"!0&, 0 3(."=$ (2% ?"5$04(#50 !(3%#$-,!;+ 

3.& +"##%)%2% ,%./7%)"$(.&.   ,*(3.%8(!!;6 *"@%$"6 ")$%*; 3%@0.0#/ 7!"40$(./!;6 

-#,(6%) 3.& *(A(!0& ,*%@.(+, ) $% 8( )*(+& *&3 07 !06 %#$".0#/ !(*(A(!!;+0. 

  !"#$%&'(: *"@%$( ,*0)%30$#& ,%,;$5" *"7)0$0& 03(: >$06 ")$%*%). G%#$%&!0( 

5"83%2% %@E(5$" #0#$(+; +%8($ @;$/ ,*(3#$").(!% 40#.(!!% ) )03( !(5%$%*%: ,(*(-

+(!!%: +%3(.0. C0!"+05" 07+(!(!0& 7!"4(!0& >$%: ,(*(+(!!%: ?%*+0*-($ )*(+(!!%: 

*&3. K#.0 %,*(3(.0$/ 7")0#0+%#$0, ) 5%$%*;6 !"6%3&$#& ,(*(+(!!;( +%3(.0 +%8!% 

#$*%0$/ );)%3; % 7")0#0+%#$&6 +(83- %@E(5$"+0, !(%@6%30+%#$0 07+(!(!0: 3.& %,-

$0+07"100 +%3(.0, % ,*0+(!0+%#$0 +%3(.0 0 +!%20( 3*-20(. L1(!0$/ 7")0#0+%#$0 

+%8!% # ,%+%'/= "!".07" #6%8(#$0 )*(+(!!;6 *&3%) (time series similarity analyses). 

5/(1$4 +L,M!+)$ 3'!.!//NL '%2,3 

 *(+(!!;( *&3; %$%@*"8"=$ 30!"+05- 07+(!(!0& !(5%$%*%: )(.040!; )% )*(-

+(!0.   #.-4"(, (#.0 )(.040!; #)&7"!; 5"5%2% *%3" 7")0#0+%#$&+0, 30!"+050 06 07+(-

!(!0& 3%.8!; %@!"*-80)"$/ #)%(2% *%3" #6%3#$)". 9%0#5 $"5%2% *%3" #6%3#$)" !"7;)"-

($#& similarity problem [8]. 

  1998 ) [5] @;. ,*(3.%8(! #)%: +($%3 *(A(!0& similarity problem, %#!%)"!!;: 

!" ,*0)(3(!00 %3!%2% *&3" 5 3*-2%+- # ,%+%'/=: +"#A$"@0*%)"!0& (scale), #3)02" 

(shift) 0 #5%./7&'(2% #*(3!(2% (moving average). B%.04(#$)% ,*0+(!(!!;6 %,(*"10: 

%,*(3(.&.% #6%8(#$/ +(83- *&3"+0. 9%*&3%5 ,*0+(!(!0& %,(*"10: );,%.!&.#& # ,%-

+%'/= >)*0#$04(#506 ,*")0.[5].   $"5%+ ,%36%3( #-'(#$)-($ !(3%#$"$%5, 7"5.=4"=-

'0:#& ) $%+, 4$% >)*0#$04(#50( ,*")0." !( 0+(=$ *"10%!"./!;6 %@E&#!(!0:, 0, 5"5 

#.(3#$)0(, !(!"3(8!; 0 +%2-$ #%3(*8"$/ %A0@50. 

M)$%* *(A0. 3%,%.!0$/ ,*(3.%8(!!;: ".2%*0$+. 9*(3."2"($#& );@0*"$/ ,%-

#.(3%)"$(./!%#$/ ,*(%@*"7%)"!0: # ,%+%'/= 2(!($04(#506 ".2%*0$+%). N(!($04(#50( 

".2%*0$+; ) ,%#.(3!(( )*(+& ,*0%@*($"=$ )#( @%./A-= ,%,-.&*!%#$/ @."2%3"*& 06 

#,%#%@!%#$0 ,*0@.08(!!% *(A"$/ !(?%*+"./!;( 7"3"40 7" ,*0(+.(+%( )*(+& [6]. 
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9%#5%./5- ,%*&3%5 %,(*"10: !( )"8(!, 6*%+%#%+- +%8!% %,0#"$/ ) )03( $*%:50 

(Sh, Sc, MA), 23( Sh – 5%.04(#$)% %,(*"10: #3)02", Sc – 5%.04(#$)% %,(*"10: +"#A$"-

@0*%)"!0&, MA – 5%.04(#$)% %,(*"10: #5%./7&'(2% #*(3!(2%. L,$0+"./!%( *(A(!0( 

3%.8!% #%%$)($#$)%)"$/ 3)-+ -#.%)0&+: 

  %,(*"100 3%.8!; ,*0)%30$/ %30! *&3 5 3*-2%+-; 

  5%.04(#$)% %,(*"10: 3%.8!% @;$/ +0!0+"./!% )%7+%8!;+. 

H#,%./7-& >$0 -#.%)0& +%8!% ,%#$*%0$/ ?0$!(## ?-!510= 

222

1

2 1 MAScSh*)yx(F
L

j

jj !!!"# $
#

, 

23( jx  – $%450 ,*(%@*"7-(+%2% *&3", jy  – $%450 *&3", 5 5%$%*%+- );,%.!&($#& ,*0)(-

3(!0(; L – 3.0!" *&3". I"5"& ?0$!(##-?-!510& ,%7)%.&($ %3!%)*(+(!!% -4(#$/ %@" $*(-

@%)"!0&.   5"4(#$)( 5*%##%)(*" @;.% );@*"!% -!0)(*#"./!%( #5*('0)"!0( 0 %3!%@0$%-

)"& +-$"10&. 

9*0 ,*%)(*5( ".2%*0$+ 6%*%A% ,%5"7". #(@& ,*0 %1(!5( #6%8(#$0 *&3%) %@*"7%-

)"!!;6 .0!(:!;+0 0 $*02%!%+($*04(#50+0 ?-!510&+0, " $"58( 06 #-,(*,%7010(:, #%-

3(*8"'(: 2"-##%); A-+;. 9*%07)%30$(./!%#$/ ".2%*0$+" +%8!% %1(!0$/ 5"5 

O(log(n)n). 

 

 

:$+.1. :!4K1J)() -'$3!2!/$% /!",),'NL 3'!.!//NL '%2,3 

C.& "!".07" #%#$%&!0& #0#$(+; +; +%8(+ );,%.!0$/ ,%,"*!;: "!".07 #6%8(-

#$0 )*(+(!!;6 *&3%), ,*(3#$").&='06 0!?%*+"10= % 30!"+05( 07+(!(!0& )"8!;6 

)(.040! +%3(.0. F(7-./$"$%+ $"5%2% "!".07" @-3($ )(*6!(-30"2%!"./!"& +"$*01", #%-

3(*8"'"& 0!?%*+"10= % #6%8(#$0 7!"40+;6 )(.040! +%3(.0. 9*0+(* +"$*01; ,*(3-

#$").(! ) $"@.. 1. 

>(O1$#( 1 

:!4K1J)()N $.$)(#$,//,0, P"+-!'$.!/)( 

 A B C D 

A  8.8891 2.0476 5.1272 

B   3.6027 10.0281 

C    32.8177 

D     

 

D"$*01- #6%8(#$0 $"58( +%8!% ,*(3#$")0$/ ) )03( ,%.!% #)&7"!!%2% 2*"?", )(# 

*(@(* 5%$%*%2% #%%$)($#$)-($ ,%5"7"$(.= #6%8(#$0 )*(+(!!;6 *&3%) #%%$)($#$)-='06 

)(.040!. K#.0 +; 6%$0+ );&#!0$/ )(.040!- #6%8(#$0 +(83- )(.040!"+0 A 0 B, $% !"+ 

#.(3-($ -4(#$/, 4$% )(.040!" A +%8($ ).0&$/ !" )(.040!- B %,%#*(3%)"!!%.  

I"50+ %@*"7%+, !"0@%.(( %,$0+"./!;: #,%#%@ %1(!0$/ ).0&!0( )(.040!; A !" 

)(.040!- B – !":$0 +0!0+"./!;: ,-$/ 07 A ) B. G$%0+%#$/ >$%2% ,-$0 0 @-3($ %$%-
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@*"8"$/ -$%4!(!!;:  !"#$#%&'( )'*+,*+ )(.040! A 

0 B. 9*0+(* 2*"?" #6%8(#$0 ,*(3#$").(! !" *0#. 2. 

N*"?%)%( ,*(3#$").(!0( *(7-./$"$%) "!".07" 

%$5*;)"($ !%);( )%7+%8!%#$0 3.& "!".07" +%3(.(:, 

#%#$%&'06 07 !(#5%./506 3(#&$5%) $;#&4 )7"0+%-

3(:#$)-='06 >.(+(!$%). C*-2%( )"8!%( 3%#$%0!#$-

)% ".2%*0$+" #%#$%0$ ) $%+, 4$% (2% +%8!% ,*0+(-

!&$/ 3.& ")$%+"$04(#5%: %,$0+07"100 +%3(.0. 

53),.()$*!+"(% ,-)$.$4(#$% .,2!1$ 

G%2."#!% $(%*00 "!".07" *(7-./$"$%) 0+0$"-

10%!!%2% +%3(.0*%)"!0&, 3.& %,0#"!0& *"@%$%#,%#%@!%#$0 #0#$(+; #.(3-($ 0#,%./7%-

)"$/ ,%5"7"$(./(.0) >??(5$0)!%#$0 (perfoman#e measure(s)) [7]. O!"4(!0( >$%2% ,%5"7"-

$(.& 6"*"5$(*07-($ >??(5$0)!%#$/ #0#$(+;. D%8!% );3(.0$/ ,(*(+(!!;( +%3(.0, 5%-

$%*;( 7")0#&$ $%./5% %$ ,"*"+($*%) +%3(.0 0 !( 7")0#&$ %$ 3*-206 ,(*(+(!!;6. P"7%-

)(+ 06 )6%3!;+0 ,(*(+(!!;+0 +%3(.0. K#.0 %$#.(30$/ 7")0#0+%#$/ ,%5"7"$(.& >?-

?(5$0)!%#$0 %$ )6%3!;6 ,(*(+(!!;6 0 );3(.0$/ ,(*(+(!!;(, 5%$%*;( ).0&=$ !" !(2% 

#0./!((, +%8!% #3(."$/ );)%3 % $%+, 5"50( ,"*"+($*; +%3(.0 !(%@6%30+% 07+(!0$/ 

3.& (( %,$0+07"100. G.(3-($ %$+($0$/, 4$% 03(& #6%8" # ,%36%3%+, 07.%8(!!;+ ) [2]. 

K( %$.040( 7"5.=4"($#& ) $%+, 4$% );@%* ,"*"+($*" 3.& 07+(!(!0& %#!%)"! !" 7!"!00 % 

(2% ).0&!00 !" ,%5"7"$(./ >??(5$0)!%#$0. 

>(O1$#( 2 

A()'$#N -('(.!)',3 .,2!1$ 

 2A 2Q 2@ 

i,j 1 2 3 1 2 3 1 2 3 

1 0.33 0.33 0.33 0.9 0.1 0 1 0 0 

2 0.33 0.33 0.33 0.1 0.9 0 0 1 0 

3 0.33 0.33 0.33 0.5 0 0.5 0.5 0 0.5 

 

M!".07 #6%8(#$0 ,%7)%.&($ ,%.-40$/  !"#$#%&'( )'*+,*+ ,(*(+(!!;6 +%3(.0 

!" ,%5"7"$(./ >??(5$0!%#$0. 9(*(+(!!"&, 7!"4(!0( ,%5"7"$(.& ).0&!0& 3.& 5%$%*%: 

+0!0+"./!%, ,*(3,%.%80$(./!% %5"7;)"($ !"0@%.(( #0./!%( ).0&!0( !" ,%5"7"$(./ 

>??(5$0)!%#$0. D%8!% 07+(!&$/ "##%100*-(+;: # )6%3!%: ,(*(+(!!%: ,"*"+($* 3.& 

3%#$08(!0& @%.(( %,$0+"./!%2% #%#$%&!0&. 9%#.( ,*%)(3(!0& #(*00 07+(!(!0: +%8!% 

,%)$%*0$/ ,*%1(## "!".07" 0 );@*"$/ #.(3-='0: 3.& 07+(!(!0& ,"*"+($*. 

C.& !"2.&3!%#$0 07.%8(!0& )%#,%./7-(+#& ,*0+(*%+ 7"3"40 ,% %,$0+07"100 

+%3(.0*-(+%: #0#$(+;. 9-#$/ 0+(=$#& 3 #(*)(*" ( 31i ,i,S # ) ,%.-4"='0( %$ 5.0(!$%) 7"-

,*%#; !" %@*"@%$5-. B"83;: #(*)(* ,*0 ,%.-4(!00 7",*%#" .0@% %@*"@"$;)"($ (2% #"+, 

.0@% %$,*").&($ !" %@*"@%$5- 3*-2%+- #(*)(*- # !(5%$%*%: )(*%&$!%#$/=. 9"*"+($*"-

+0 +%3(.0 @-3-$:  

– ,*%+(8-$50 )*(+(!0 +(83- 7",*%#"+0 5.0(!$%): 31,i,t S

i # (!(07+(!!;); 

– )*(+& %@*"@%$50 7",*%#" i-+ #(*)(*%+: 31,i,t S

i # (!(07+(!!%); 

– )(*%&$!%#$0 ijp , 5%$%*;( +; +%8(+ 07+(!&$/. 

I"50+ %@*"7%+, !"A" 7"3"4" #%#$%0$ ) !"6%83(!00 $"5%: +"$*01; ][ ijp , 5%$%*"& #%-

%$)($#$)%)"." @; %,$0+"./!%: *"@%$( #0#$(+;. L,*(3(.0+ #%@0*"(+;( )(.040!;: Q

iL  – 

3.0!" %4(*(30 #(*)(*". C
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