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825%$9!5!"&'$( 5!&6:2"&910%%;( 90<%$#0&'$( 6%$10"&$909 $=. >.?. 3!&!12 

"*".'  "*(� ,#�$' ' �4 -' '(�)'*+"-" %5-"#�($% 654 ",(�$�7%&�"  "8 7%6%)�  

" *(#9+(9#' :�/(";</ $%('#�%5"; 69-";"8 *(%5',5%;�5= "8 ,')� 

* &929@0 A"0:&921/0%2 =!:$B$'2C$D '/2&&$#0&'!5! 50%09$#0&'!5! 2/5!"$9=2 $ A!'2E2%! 05! A"$=0%0%$0 :/D "0F0%$D E2:2-
#$ =%!5!'"$90"$2/@%!( !A9$=$E2C$$ &9"6'96"; F$<9!1;< =290"$2/!1 :/D :65!1!( &92/0A/21$/@%!( A0#$. G0/@H $&&/0:!12-
%$D D1/D09&D !A"0:0/0%$0 IBB0'9$1%;< 2/5!"$9=!1 :/D "0F0%$D !A9$=$E2C$!%%!( E2:2#$ ! &9"6'96"0 F$<9!1;< =290"$2/!1 
:/D :65!1!( &92/0A/21$/@%!( A0#$. G0/01;=$ B6%'C$D=$ 1 "2&&=29"$120=!( =%!5!'"$90"$2/@%!( !A9$=$E2C$!%%!( E2:2#0 
D1/DH9&D &!:0"J2%$D !&929!#%;< I/0=0%9!1 1 &92/$, 92'$< '2' <"!=, %$'0/@ $ =0:@. ?&'!=2D 10/$#$%2 – '!"90J, !A"0:0/DH-

K$( :!/01!0 6#2&9$0 &!&921/DHK$< F$<9; :65!1!( &92/0A/21$/@%!( A0#$. L"$ A"!10:0%$$ $&&/0:!12%$( &9!D/$ &/0:6HK$0 
C0/$: A!&92%!1'2 =%!5!'"$90"$2/@%!( !A9$=$E2C$!%%!( E2:2#$, '!9!"2D :/D "0F0%$D & A!=!K@H =!:$B$C$"!12%%!5! 50%09$-
#0&'!5! 2/5!"$9=2 A"$1!:$9&D ' !:%!'"$90"$2/@%!=6 1$:6 & $&A!/@E!12%$0= =09!:2 &10"9'$ '"$90"$01 & E2:2%%;=$ 10&!1;=$ 
'!IBB$C$0%92=$; =!:$B$'2C$D '/2&&$#0&'!5! 50%09$#0&'!5! 2/5!"$9=2 %2 !&%!10 11!:2 I92A2 6/6#F0%$D !&!-$;  1;-!" B$9-
%0&&-B6%'C$$ :/D 10:0%$D A!$&'2 "0F0%$( 1 %0:!A6&9$=;< !-/2&9D<; !A"0:0/0%$0 A!"D:'2 A0"0<!:2 !9 =!:$B$C$"!12%%!5! 
50%09$#0&'!5! 2/5!"$9=2 ' '/2&&$#0&'!=6. L"$ A"!10:0%$$ $&&/0:!12%$( $&A!/@E!12%;: =09!: &10"9'$ '"$90"$01 :/D A"0!-"2-
E!12%$D =%!5!'"$90"$2/@%!( E2:2#$ !A9$=$E2C$$ ' !:%!'"$90"$2/@%!=6 1$:6, '/2&&$#0&'$( $ =!:$B$C$"!12%%;( 50%09$#0-
&'$0 2/5!"$9=;, =09!: F9"2B%;< B6%'C$(. L"0:/2520=2D =!:$B$'2C$D '/2&&$#0&'!5! 50%09$#0&'!5! 2/5!"$9=2 A!E1!/$/2 
:!-$9@&D 6&9!(#$1!5! A"!C0&&2 &<!:$=!&9$ %2 A0"1;< I92A2< 1;#$&/$90/@%!5! A"!C0&&2. �!=A!E$C$!%%!0 &!#092%$0 '/2&&$-
#0&'!5! $ =!:$B$C$"!12%%!5! 50%09$#0&'!5! 2/5!"$9=2 A!E1!/D09 :!&9$#@ "0F0%$D !A9$=$E2C$!%%!( E2:2#$ ! &9"6'96"0 F$<-
9!1;< =290"$2/!1 :65!1!( &92/0A/21$/@%!( A0#$ & E2:2%%!( 9!#%!&9@H %0 -!/00 #0= E2 30 $90"2C$(. 

������ � "�#�$: 50%09$#0&'$( 2/5!"$9=, 6/6#F0%$0 !&!-$, &9"6'96"2 F$<9!1;< =290"$2/!1, :65!12D &92/0A/21$/@%2D 
A0#@, !A9$=$E2C$!%%2D E2:2#2. 

**+�+3?+  

,!1"0=0%%!0 =092//6"5$#0&'!0 A"!$E1!:&91!, 

$=0HK00 &/!J%6H &9"6'96"6 $ A"!5%!E$"!12%$0 '2#0-
&912 5!9!1!( A"!:6'C$$, %01!E=!J%! -0E $&A!/@E!12-

%$D $%B!"=2C$!%%!5! $ =290=29$#0&'!5! !-0&A0#0%$D 

%2 !&%!10 "0E6/@929!1 &$&90=%!5! 2%2/$E2 $ =290=29$-

#0&'!5! =!:0/$"!12%$D [1]. �!=A/0'& :65!1;< &92/0-
A/21$/@%;< A0#0( (�,L) D1/D09&D !:%!( $E &!&921%;< 

#2&90( I9!( &9"6'96";. 7&!-0%%!&9@ 05! – 1;&!'!0 
I%0"5!A!9"0-/0%$0, '!9!"!0 !9#2&9$ E21$&$9 !9 &9"6'-

96";, $&A!/@E60=;< F$<9!1;< =290"$2/!1. 

?E10&9%; 90<%!/!5$$ B6%'C$!%$"!12%$D :65!1;< 

&92/0A/21$/@%;< A0#0(, :/D '!9!";<: 

– 1;A!/%D09&D !A9$=$E2C$D "0J$=!1 "2-!9; 5!"0-
/!' A"$ "2&A/21/0%$$ =092//$#0&'!5! /!=2 :/D =$%$-

=$E2C$$ A!90"@ 90A/2 %2 A2%0/$ & 1!:D%;= !</2J:0-
%$0= [2, 3]; 

– A"$=0%DH9&D 6&!10"F0%&91!12%%;0 &$&90=; 

219!=29$#0&'!5! 6A"21/0%$D I/0'9"$#0&'$= "0J$=!= 

�,L & B6%'C$0( :$25%!&9$'$ &92:$( A/21'$ %2 !&%!-

10 $%B!"=2C$$ ! 52"=!%$#0&'!= &!&9210 9!'!1 :65, 
!-0&A0#$12HK0( &1!01"0=0%%!0 $E=0%0%$0 I/0'9"$-

#0&'$< "0J$=!1 1 A"!C0&&0 "2&A/21/0%$D =092//!-

F$<9;, &$&90=; 219!=29$#0&'!5! 6A"21/0%$D A0"0-
=0K0%$0= I/0'9"!:!1 �,L & %0/$%0(%;= 2:2A9$1-

%;= "056/D9!"!= $=A0:2%&2, !-0&A0#$12HK0( &%$-

J0%$0 '!/0-2%$( 9!'!1 :65 $ A!1;F0%$0 6&9!(#$1!-

&9$ A"!C0&&2 A/21'$ [4, 5]; 

– 1;A!/%D09&D '!=-$%$"!12%$0 $ &!5/2&!12%$0 
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"0J$=!1 %2 90<%!/!5$#0&'!( /$%$$ 1;A/21'$, 1%0A0#-

%!( !-"2-!9'$ $ "2E/$1'$ &92/$ [6, 7]; 

– 1;A!/%D09&D A!&9"!0%$0 =%!5!'"$90"$2/@%!( 

E2:2#$ !A9$=$E2C$$ 1;-!"2 &9"6'96"; F$<9!1;< =2-

90"$2/!1 :/D :65!1!( &92/0A/21$/@%!( A0#$ & C0/@H 

:!&9$J0%$D =$%$=2/@%;< E29"29 I/0'9"!I%0"5$$ %2 

A0"$!: "2-!9; :65$ A!: 9!'!= [8, 9]. 

 0<%!/!5$#0&'$0 A2"2=09"; %2 '2J:!= I92A0 A!/6-
#0%$D &92/$ !A"0:0/DH9 "0J$=; B6%'C$!%$"!12%$D 
A!&/0:6HK$< 25"0529!1, "2-!92 '!9!";< 92'J0 =!J09 
-;9@ &A"!5%!E$"!12%2 %2 !&%!10 =290=29$#0&'!5! =!:0-

/$"!12%$D [10-13]. 7:%$= $E A0"&A0'9$1%;< %2A"21/0-
%$( =!:0/$"!12%$D D1/DH9&D I1!/HC$!%%;0 =09!:;.  

* %2&9!DK00 1"0=D I1!/HC$!%%;0 1;#$&/0%$D $&-
A!/@E6H9&D 1 '2#0&910 2:2A9$1%;< 2/5!"$9=!1 :/D 

"0F0%$D A"2'9$#0&'$< E2:2# $ '2' 1;#$&/$90/@%2D 

=!:0/@ I1!/HC$$ 0&90&910%%;< &$&90=. N/5!"$9=; 

F$"!'! $&A!/@E609&D %0 9!/@'! :/D A"!5%!E$"!12%$D 

"2E1$9$D B$%2%&!1;< ";%'!1, $%10&9$C$(, :/D !C0%'$ 
$ 1;-!"2 (&6-)!A9$=2/@%;< A2"2=09"!1 =!:0/0( 

-!/@F!( "2E=0"%!&9$ [14, 15, 18], :/D "0F0%$D NP-

A!/%;< '!=-$%29!"%;< E2:2# [15-17], 1 &$&90=2< $E-
1/0#0%$D E%2%$( $E -!/@F$< -2E :2%%;< (Data mining) 

[19], %! $ E%2#0%$( A2"2=09"!1 90<%!/!5$#0&'$< A"!-

C0&&!1. ,/0:609 !9=09$9@, #9! :/D E2:2#, 1 '!9!";< 

"0F0%$0 %0 =!J09 -;9@ %2(:0%!, :"65$=$, -!/00 A"!-

&9;=$ =09!:2=$, 50%09$#0&'$0 2/5!"$9=; A!E1!/DH9 

%2(9$ !A9$=2/@%;0 $/$ -/$E'$0 ' %$= "0F0%$D. L"$ 

I9!= !-P0= 1;#$&/0%$( =!J09 !'2E29@&D -!/@F$=, %! 

&'!"!&9@, & '!9!"!( !% "2&909 A"$ 610/$#0%$$ "2E=0"-

%!&9$ E2:2#$, !-;#%! =0%@F0, #0= 6 !&92/@%;< $E-
10&9%;< =09!:!1. 
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* %2&9!DK0( "2-!90 A"0:&921/0%2 =!:$B$'2C$D 

'/2&&$#0&'!5! 50%09$#0&'!5! 2/5!"$9=2 $ A"$10:0%! 

05! A"$=0%0%$0 :/D !A9$=$E2C$!%%!( E2:2#$ ! &9"6'-

96"0 F$<9!1;< =290"$2/!1 �,L & C0/@H A!/6#0%$D 

=$%$=2/@%!5! &!:0"J2%$D !&929!#%;< I/0=0%9!1 1 

&92/$, 92'$< '2' <"!=, %$'0/@, =0:@ $ 9.A. 

8+ 7�?�N 

%#"&$'#�($ )$*$�+ #,&+-+)$.++ 

# "&/0(&0/� 1+2&#� 2 -$&�/+$�#� 

�/D A!/6#0%$D &92/$ 1 �,L & <$=$#0&'$= &!&92-
1!= $E E2:2%%;< :$2A2E!%!1 9"0-609&D 1;A!/%$9@ 

!A"0:0/0%$0 &!&9212 F$<9!1;< =290"$2/!1, '!9!";0 
=!569 1'/H#29@ 1 &0-D =092//$#0&'$< /!=,  J$:'$( $ 

910":;( #656%, 5!"D#0-"$'09$"!12%%!0 J0/0E! $ :"6-
5$0 2/@90"%29$1%;0 =290"$2/;. * -!/@F0( &90A0%$ 

<$=$#0&'$( &!&921 &92/$, 1;A/21/0%%!( 1 �,L, !A"0-
:0/D09 &9"6'96"2 =092//$#0&'!5! /!=2, & '!9!";= 1%!-

&D9&D I/0=0%9; 9"6:%!6:2/2D0=;0 $/$ %06:2/2D0=;0 
%2 A!&/0:6HK$0 I92A2< !-"2-!9'$ &92/$. � 92'$=  

I/0=0%92= !9%!&D9&D <"!=, %$'0/@ $ =0:@.  
�/D A!&9"!0%$D =290=29$#0&'!( =!:0/$ 110:0= 

!-!E%2#0%$D %0E21$&$=;< A0"0=0%%;< $ B6%'C$(. 

L6&9@ !-K$( !-P0= =092//$#0&'!5! /!=2 m� B!"=$"6-
09&D %2 !&%!10 n &9"6'96"%;< #2&90(,  '2J:2D $E '!9!-

";< $=009 =2&&6 mj, 5:0 j=1, 2,…, n. �2J:2D &9"6'96"-

%2D #2&9@ 1%!&$9@ &!!9109&916HK6H :!/H dij <$=$#0-
&'$< I/0=0%9!1, 5:0 i=1,  2,  3  $ j=1,  2,  …  n. L"$ I9!=  

i=1 &!!9109&91609 :!/0 <"!=2, i=2 – %$'0/D  $ i=3 – =0-
:$ 1 !-K0( =2&&0 /!=2. 82&&2 !&929!#%;< I/0=0%9!1 

!A"0:0/D09&D A0"0=0%%;=$ mCr , mNi, mCu.  

82&&; !&929!#%;< I/0=0%9!1 !A"0:0/DH9 C0/01;0 

B6%'C$$: 

11 1 12 2 1

21 1 22 2 2

31 32 3

min;

min;

min,

Cr n n

Ni n n

Cu �  n n

m a m a m a m

m a m a m a m

m a m a m a m

 (1) 

5:0 aij – I=A$"$#0&'$0 '!IBB$C$0%9;. 

,$&90=6 !5"2%$#0%$( :/D %0E21$&$=;< A0"0=0%-

%;< !A"0:0/DH9 9"0-!12%$D &6==2"%!5! '!/$#0&912 

#2&90( $ $< %2/$#$0 %2 I92A0 A!:5!9!1$90/@%!5! A"!-

$E1!:&912: 

/
1

/

;

1, ,

n

j

j

j j

m m

m d m j n

 (2) 

5:0 dj – :!/D =092//$#0&'!5! /!=2 j-5! 1$:2, A!&96-

A$1F05! 1 A!:5!9!1$90/@%!0 !9:0/0%$0 C0<2. 

 2'$= !-"2E!=, !91/0'2D&@ !9 A"0:=09%!( !-/2&9$, 

A!/6#20= B!"=2/$E!12%%!0 A"0:&921/0%$0 E2:2#$ !A-

9$=$E2C$$ A!&/0 A"$10:0%$D ' !:%!'"$90"$2/@%!=6 

1$:6 =09!:!= &10"9'$: 9"0-609&D !A"0:0/$9@ '!"90J  

m = (m1, m2, …, mk) 92'!(, #9! 

1

min
l

i i

i

M w M  (3) 

A"$ %2/$#$$ &$&90=; !5"2%$#0%$( 

1

1

;

1;

0 1,

k

i ij j

j

k

j

j

j j j

M a m

m

left m right

 (4) 

5:0 M – C0/012D B6%'C$$ =%!5!'"$90"$2/@%!( E2:2#$, 

A!/6#0%%2D =09!:!= &10"9'$ & %2E%2#0%$0= 10&!1;< 

'!IBB$C$0%9!1; wi – 10&!1;0 '!IBB$C$0%9;; l – '!/$-

#0&91! '!=A!%0%9 C0/01!( B6%'C$$; !i – '!=A!%0%9; 

C0/01!( B6%'C$$; aij – I=A$"$#0&'$0 '!IBB$C$0%9; 

6"21%0%$D; mj – $&'!=;0 %!"=$"!12%%;0 I/0=0%9; 

'!"90J2; k – '!/$#0&91! I/0=0%9!1 '!"90J2; leftj, 
rightj – /012D $ A"212D 5"2%$C; $&'!=;< E%2#0%$(, 

A"$%2:/0J2K$< $%90"12/6 [0; 1].   

3#*+4+.+/#�$'' 5 6�'�&+��"(+5 $�6#/+&-  

+ #"#7�''#"&+ �6# ,/+-�'�'+8 

Q2&&=!9"$= E2:2#6 !A9$=$E2C$$ &/!J%!( C0/01!( 

B6%'C$$. ,/!J%!&9@ C0/01!( B6%'C$$ !A"0:0/D09&D 

'!/$#0&91!= %0E21$&$=;< A0"0=0%%;< $ =%!J0&91!= 

/!'2/@%;< I'&9"0=6=!1. �/2&&$#0&'$( 50%09$#0&'$( 

2/5!"$9= "02/$E609 =!:0/@ A"$"!:%!( I1!/HC$$ :/D 

"0F0%$D !A9$=$E2C$!%%!( E2:2#$. L"$ !A$&2%$$ 

'/2&&$#0&'$< 50%09$#0&'$< 2/5!"$9=!1 $&A!/@E609&D 

6A"!K0%%2D -$!/!5$#0&'2D 90"=$%!/!5$D: 
 '2J:!=6 A2"2=09"6 B6%'C$$ &!!9109&91609 

"#$%$&$%' – -$9!1;( (-6/01;() 10'9!" $ '2J:2D A!E$-

C$D (-$9) 1 I9!= 10'9!"0 %2E;1209&D ()*$%; 

 %2-!" <"!=!&!= D1/D09&D $&$+,- (.*/.0./11-

%$%) $ '2J:2D !&!-@ A"0:&921/D09 &!-!( 12"$2%9 "0-
F0%$D E2:2#$; 

 =%!J0&91! !&!-0( !-"2E6H9 2$21�34.-; 

 90'6K2D A!A6/DC$D (%2 '!%'"09%!( $90"2C$$ 

2/5!"$9=2) %2E;1209&D 2$5$�)*.)%; 

 #$&/! "2E/$#2HK$<&D 50%!1 1 :16< !&!-D< 

%2E;1209&D #'&&6$3*.)% 89%%.*(' =0J:6 I9$=$ :16=D 

-6/01;=$ 10'9!"2=$. 

�A"!K0%%2D &<0=2 '/2&&$#0&'!5! 50%09$#0&'!5! 

2/5!"$9=2 A"0:&921/0%2 %2 >1?. 1, @. 
L"$ =!:0/$"!12%$$ I1!/HC$!%%!5! A"!C0&&2 A0"-

1!%2#2/@%! 50%0"$"609&D &/6#2(%2D A!A6/DC$D – 5"6A-

A2 !&!-0( &! &/6#2(%;= %2-!"!= <"!=!&!= (-/!' 1 %2 
>1?.  1,  @). R$E%0%%;( C$'/ A!A6/DC$$ &!&9!$9 $E 3-< 

I92A!1: 

1. 9(/�:+�$'+�, 1 "0E6/@9290 '!9!"!5! B!"=$"6-

H9&D %!1;0 !&!-$, &/6#2(%;= !-"2E!= %2&/0:6HK$0 
50%; "!:$90/0(. 7-;#%! 1 '2#0&910 "!:$90/0( 1;-$-

"2H9&D «/6#F$0» !&!-$ – $%:$1$:66=; & %2$-!/@F$-

=$ $/$ %2$=0%@F$=$ E%2#0%$D=$ C0/01!( B6%'C$$ 

(-/!' 2 %2 >1?. 1, @). 
2. 30&$.+8, A"$ '!9!"!( A"!$&<!:$9 &/6#2(%2D 

$%10"&$D %0'!9!";< 50%!1. *0"!D9%!&9@ =692C$$ :!-

&929!#%! %$E'2. 7:%2'! :2%%;( I92A %0!-<!:$= $ A!E-
1!/D09 "2E%!!-"2E$9@ 50%09$#0&'$( =290"$2/, #9! A!-

1;F209 10"!D9%!&9@ :!&9$J0%$D I'&9"0=6=2 (-/!' 3 %2 
>1?. 1, @). 

3. ;&7#/, A"$ '!9!"!= $E A!A6/DC$$ $&'/H#2H9&D 

%2$=0%00 A"$&A!&!-/0%%;0 !&!-$ $/$ $%:$1$:66=; & 

«<6:F$=$» E%2#0%$D=$ C0/01!( B6%'C$$ (-/!' 4 %2 

>1?. 1, @). 



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

0*1+. 23(40). 2018 65 
 

 
@ 

 
A 

#1?. 1. !>@BCDEF BDEDF1GD?HIBI @JBI>1FC@:  

@ – HJ@??1GD?H1K; A – CIL1M1N1>IO@EEPK 

?E10&9%; %0:!&929'$ '/2&&$#0&'!5! 50%09$#0&'!5! 

2/5!"$9=2, &"0:$ '!9!";< =!J%! !9=09$9@ &/!J%!&9@ 

1;-!"2 A2"2=09"!1 (=!K%!&9@ A!A6/DC$$, 10"!D9%!&9@ 
=692C$$), IBB0'9$1%!5! '"$90"$D !'!%#2%$D "2-!9; 

2/5!"$9=2, 9"0-!12%$0 -!/@F$< 1;#$&/$90/@%;< "0-
&6"&!1 [10]. �/D 610/$#0%$D -;&9"!:0(&91$D 2/5!"$9-
=2 219!"; "2-!9; A"0:/252H9 1;A!/%$9@ =!:$B$'2-
C$H 50%09$#0&'!5! 2/5!"$9=2. 8!:$B$'2C$D E2'/H#2-
09&D 1 :!-21/0%$$ %!1!( &92:$$ 6/6#F0%$D A!A6/DC$$ 
$ $&'/H#0%$D &92:$$ =692C$$.  

809!: 6/6#F0%$D A!A6/DC$$ !&%!12% %2 &/0:6H-

K0( +*��. Q2&&=!9"$= :10 !&!-$: A0"12D !&!-@ «$:0-
2/@%2D», &!!9109&91609 I'&9"0=6=6 C0/01!( B6%'C$$, 2 
19!"2D !&!-@ D1/D09&D !:%$= $E $%:$1$:66=!1 A!A6-

/DC$$. Q2&&9!D%$0 TI==$%52 =0J:6 !&!-D=$ %2<!:$9-
&D 1 :$2A2E!%0 [0; n], 5:0 n – !-K00 #$&/! 50%!1 !&!-$. 

7:%2'! 1 &/6#20, 0&/$ "2&&9!D%$0 =0J:6 1;-"2%%;=$ 

!&!-D=$ A"01;&$9 n/2, 9! «%0$:02/@%6H» !&!-@ =!J%! 

«6/6#F$9@» $%10"&$0( &!!9109&916HK05! -$9!1!5! 

10'9!"2. U0= «<6J0» -;/2 «%0$:02/@%2D» !&!-@, 90= 

«/6#F0» !%2 &92%!1$9&D A!&/0 $%10"&$$.  

3!1;( -/!' �/6#F0%$0 (-/!' 2 %2 >1?. 1, A) B6%'-

C$!%$"609 &!5/2&%! 2/5!"$9=6: 
1. Q2&&#$9;120= E%2#0%$0 C0/01!( B6%'C$$, '2' 

:/D '2J:!( !&!-$ A!A6/DC$$, 92' $ :/D 00 $%10"9$"!-

12%%!5! 12"$2%92. 
2. 7&921/D0= 1 A!A6/DC$$ 9!9 12"$2%9 !&!-$, E%2-

#0%$0 C0/01!( B6%'C$$ '!9!"!5! -/$J0 ' I'&9"0=6=6.  
L! $9!52= $&&/0:!12%$( =!J%! A"0:/!J$9@ &/0-

:6HK6H $E=0%0%%6H &<0=6 50%09$#0&'!5! 2/5!"$9=2 

(>1?. 1, A). 
�/D "0F0%$D E2:2#$ !- !A"0:0/0%$$ &9"6'96"; 

F$<9!1;< =290"$2/!1 & C0/@H A!/6#0%$D =$%$=2/@-

%!5! '!/$#0&912 !&929!#%;< I/0=0%9!1 & A!=!K@H 

50%09$#0&'!5! 2/5!"$9=2 "02/$E!12%; !&!-$, $=0HK$0 
4 <"!=!&!=; :/D '!:$"!12%$D A2"2=09"!1 m1, m2, m3, 

m4. L2"2=09" m5 1;#$&/D/&D %2 !&%!10 A0"1!5! !5"2-
%$#0%$D $E &$&90=; !5"2%$#0%$( A! B!"=6/0 

4

5

1

1 .j

j

m m  (5) 

�/D A"0:&921/0%$D 10K0&910%%!5! E%2#0%$D mj 1;-

-"2% :1!$#%;( 10'9!" :/$%!( 16 -$9. L0"01!: :1!$#-

%!5! A"0:&921/0%$D 1 10K0&910%%!0 #$&/! !&6K0&91-

/D/&D 1 2 F252: 
1. L"0!-"2E!12%$0 :1!$#%!5! A"0:&921/0%$D 1 -0E-

E%2'!1!0 C0/!0 x', 6#$9;12D E2A$&@ 1 '!:0 >"ID. 
2. *;#$&/0%$0 &!!9109&916HK05! 10K0&910%%!5! x, 

A"$%2:/0J2K00 :$2A2E!%6 [a, b], A! B!"=6/0 

16
.

2 1

b a
x a x  (6) 

 2' '2' %2 A2"2=09"; mj %2/!J0%; !5"2%$#0%$D, 9! 

$&A!/@E!129@ C0/016H B6%'C$H :/D !9-!"2 !&!-0( 

%01!E=!J%!. L!I9!=6 &/0:609 &A"!0'9$"!129@ B$9-
%0&&-B6%'C$H, '!""0'9$"6HK6H E%2#0%$0 C0/01!( 

B6%'C$$ & 6#09!= 6'2E2%%;< !5"2%$#0%$(.  

,/0:609 !9=09$9@, #9! #2&9@ I/0=0%9!1 $&'!=!5! 

'!"90J2 m =!J09 /0J29@ %2 5"2%$C0 !-/2&9$ :!A6&9$-

=;< "0F0%$(. L!I9!=6 %0!-<!:$=! 10&9$ A!$&' "0F0-
%$D $ 1 %0:!A6&9$=;< !-/2&9D<.  Q02/$E2C$D 92'!5! 

A!:<!:2 1!E=!J%2 & A!=!K@H =09!:2 F9"2B%;< 

B6%'C$(, '!9!";( !-0&A0#$1209 "2&F$"0%$0 A"!-

&9"2%&912 A!$&'2 "0F0%$(. L!&/0 "D:2 1;#$&/$90/@-
%;< I'&A0"$=0%9!1 A"$%D9! "0F0%$0 A"$%D9@ B$9%0&&-
B6%'C$H 1 1$:0 

(1 )F M p , (7) 

5:0 p – A2"2=09", 6#$9;12HK$( "2&&9!D%$0 1;<!:2 E2 
A"0:0/; :!A6&9$=!( !-/2&9$; M – C0/012D B6%'C$D. 

V%2#0%$0 A2"2=09"2 p "2&&#$9;1209&D A! B!"=6/0  
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1

,

0, 0&/$ ;

, 0&/$ ;

, 0&/$ .

K

j j

j

j j j

j j

j j

j j

j j

j j

j j

p p p

left m right

left m
m left

right left

m right
m right

right left

 (8) 

* "0E6/@9290 A0"1$#%2D A!A6/DC$D 50%0"$"!12/2&@ 

:/D mj %0 1 :$2A2E!%0 [leftj, rightj], 2 1 :$2A2E!%0 [0, 1]. 

*;#$&/$90/@%;( I'&A0"$=0%9 A!'2E2/, #9! 9"0-6-
09&D A!1;F0%$0 IBB0'9$1%!&9$ A"$=0%0%$D &92:$$ 

6/6#F0%$D A!A6/DC$$. L"!C0:6"2 6/6#F0%$D A!A6/D-

C$$ A!E1!/D09 A!/6#$9@ 1;#$&/$90/@%;( IBB0'9 1 

&"0:%0= 9!/@'! :/D A0"1;< 9"0< A!'!/0%$(. * :2/@-
%0(F0= $%10"&$D !&!-0( A"$1!:$9 ' A!/6#0%$H !&!-

-0( E2 A"0:0/2=$ !-/2&9$ :!A6&9$=;< "0F0%$(. L!-

I9!=6 :2J0 A"$ 1'/H#0%$$ !A0"29!"2 =692C$$ &<!:$-

=!&9@ 2/5!"$9=2 D1/D09&D :!1!/@%! =0:/0%%!(. 

�/D "0F0%$D I9!( A"!-/0=; "2E"2-!92%2 A"!C0:6-

"2 1!&&92%!1/0%$D $%10"9$"!12%%;< !&!-0(, '!9!"2D 

A"0!-"2E609 A!/6#0%%!0 %0:!A6&9$=!0 "0F0%$0 1 :!-

A6&9$=!0. ,69@ 2/5!"$9=2 1!&&92%!1/0%$D &/0:6HK2D: 
:/D '2J:!5! mj :/D j 1 :$2A2E!%0 [1,  k-1] A"!10"D09&D 

1!E=!J%!&9@ &6K0&91!12%$D 1&0< &/0:6HK$< I/0=0%-

9!1 '!"90J2, 6:!1/091!"DHK$< &$&90=0 !5"2%$#0%$(. 
+&/$ 92'!( 1!E=!J%!&9$ %0 %2(:0%!, 9! 1;#$&/D09&D 

:$2A2E!% [x, y], A"$ %2<!J:0%$$ 1 '!9!"!= E%2#0%$0 mj 

!-0&A0#$9 $&9$%%!&9@ 1;F06'2E2%%!( A"!10"'$. �2/00 
mj E2=0%D09&D %2 &/6#2(%!0 #$&/! $E :$2A2E!%2 [x, y]. 

* "0E6/@9290 =09!: 6/6#F0%$D A!A6/DC$$ &92/ 

IBB0'9$10% %2 A0"1;< 12–14 A!'!/0%$D<. �2/00 $=009 
&=;&/ E2=0%$9@ !A0"29!" 6/6#F0%$D %2 !A0"29!" =6-

92C$$ $ 90= &2=;= A0"0(9$ ' '/2&&$#0&'!=6 50%09$#0-
&'!=6 2/5!"$9=6.  

 2'$= !-"2E!=, :/D "0F0%$D E2:2#$ !A9$=$E2C$$ & 
$&A!/@E!12%$0= =!:$B$C$"!12%%!5! 2/5!"$9=2 A!/6-

#0%2 !-!-K0%%2D &<0=2, A"$10:0%%2D %2 >1?.  2. ,<0=2 
1'/H#209 :12 !&%!1%;< -/!'2 "0F0%$D E2:2#$.  W/!' I  

D1/D09&D '/2&&$#0&'$= $ A!E1!/D09 A0"0(9$ !9 E2:2#$ 

A"0:=09%!5! A!/D (1)–(2) ' B!"=2/@%!( =290=29$#0-
&'!( A!&92%!1'0 E2:2#$ (3)–(6). W/!' II !A"0:0/D09 !&-
%!1%;0 F25$ $90"2C$!%%!5! A"!C0&&2 & A"$=0%0%$0= 

'/2&&$#0&'!5! $ =!:$B$C$"!12%%!5! 2/5!"$9=!1.  

?90"2C$!%%;( F25 s :/D A0"0<!:2 ' '/2&&$#0&'!=6 

2/5!"$9=6 !A"0:0/D09&D 6&/!1$0=: :/D 1&0< $%:$1$:6-

6=!1 1!&&92%!1/0%%2D $%10"9$"!12%%2D !&!-@ !'2J09-
&D <6J0 $&<!:%!(, 9.0. A"!C0:6"2 1!&&92%!1/0%$D A0"0-
&92%09 :2129@ A!/!J$90/@%;( "0E6/@929. 

L"$10:0= "0F0%$0 E2:2#$ !A9$=$E2C$$ &9"6'96"; 

F$<9!1;< =290"$2/!1 A"$ k=5, l=3. �!IBB$C$0%9; :/D 
C0/01;< B6%'C$( A!/6#0%; %2 !&%!10 !-"2-!9'$ I'&A0-
"$=0%92/@%;< :2%%;< $ A"0:&921/DH9 &!-!( =29"$C6  

0,10 0,15 0,30 0,15 0,10

0,15 0,20 0,15 0,20 0,15 .

0,15 0.20 0,25 0, 25 0,15

a  (9) 

*0&!1;0 '!IBB$C$0%9; C0/01!( B6%'C$$ :/D 

&10"9'$ A"0:&921/0%; '!"90J0=: w = (0,3; 0,3; 0,4). 

 

#1?. 2. "AIAQDEE@R ?SDC@ >DTDE1R U@L@G1 IVF1C1U@N11 

Q+V�4X N Y 

>"2%$C; :!A6&9$=;< E%2#0%$( $&'!=;< A0"0=0%-

%;< E2:2%; '!"90J2=$: left = (0,05; 0,05; 0,05; 0,05; 

0,05) $ right = (0,4; 0,4; 0,4; 0,4; 0,4). 

L!&/0 A"$=0%0%$D &<0=; A"0:/2520=!( &<0=; "0-
F0%$D (&=. >1?. 2) A!/6#0%; E%2#0%$D C0/01!( B6%'C$$ 

M=0,128572 $ $&'!=;( '!"90J &!:0"J$9 I/0=0%9;: 

m = (0,399649; 0,097612; 0,0500038; 0,0527352; 0,4). 

7A9$=6= :!&9$5209&D E2 30 $90"2C$( (A!'!/0%$(). 

L!10:0%$0 B$9%0&&-B6%'C$$ $ A"$-/$J0%$D $&'!=;< 

A0"0=0%%;< A! 9"0= 1;#$&/$90/@%;= I'&A0"$=0%92= 

A"$10:0%! %2 >1?. 3 $ 4. 32 "$&6%'2< 110:0%; !-!E%2-
#0%$D: 1 – "0E6/@929; A!10:0%$D A0"1!5! I'&A0"$=0%-

92; 2 – 19!"!5! $ 3 – 9"09@05!. 

 

#1?. 3. �UCDEDE1D UE@GDE1K M1FED??-MXEHN11  

VI 1FD>@N1RC 
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@       A 

    
O       B 

 
L 

#1?. 4. �UCDEDE1D UE@GDE1K 1?HICPS VD>DCDEEPS O SILD 1FD>@N1IEEIBI V>IND??@ V>1 >DTDE11 U@L@G1 IVF1C1U@N11 

VN�4ZU+3?+ 

1. N%2/$E 90!"09$#0&'$< $ A"2'9$#0&'$< "2E"2-!-

9!' 1 !-/2&9$ $%90//0'962/$E2C$$ A"$%D9$D "0F0%$( 

A!'2E2/ %0!-<!:$=!&9@ &!E:2%$D $ $&A!/@E!12%$D %!-

1;< =09!:!1 "0F0%$D E2:2#$ !A9$=$E2C$$ %2 I92A0 
A!:5!9!1$90/@%!5! A"!$E1!:&912 :/D 90<%!/!5$#0&'$< 

A"!C0&&!1. 

2. 7:%!( $E 12J%;< E2:2# A"!C0&&2 1;A/21'$ &92-
/$ 1 :65!1!( &92/0A/21$/@%!( A0#$ D1/D09&D !A"0:0-
/0%$0 &9"6'96"; F$<9!1;< =290"$2/!1 92'$= !-"2-

E!=, #9!-; !-0&A0#$9@ E2:2%%!0 &!:0"J2%$0 !&929!#-

%;< I/0=0%9!1, '!9!";0 A"2'9$#0&'$ %06:2/D0=; %2 

A!&/0:6HK$< I92A2< !-"2-!9'$. L!&92%!1'2 92'!( 

E2:2#$ :!/J%2 A"!1!:$9@&D %2 !&%!10  2A!&90"$!"%!( 

$%B!"=2C$$, A!/6#0%%!( 1 6&/!1$D< :0(&916HK05! 

A"!$E1!:&912. 
3. �/D A!/6#0%%!( !A9$=$E2C$!%%!( E2:2#$ A"$=0-

%$=; &6K0&916HK$0 =09!:; "0F0%$D, %! 9"0-609&D $< 

=!:$B$'2C$D :/D A!1;F0%$D IBB0'9$1%!&9$ 1;#$&/$-

90/@%!5! A"!C0&&2. L"0:/2520=2D =!:$B$'2C$D '/2&&$-

#0&'!5! 50%09$#0&'!5! 2/5!"$9=2 A!E1!/D09 :!-$9@&D 
6&9!(#$1!5! $ 6&'!"0%%!5! A"!C0&&2 &<!:$=!&9$ 1;-

#$&/$90/@%!5! A"!C0&&2 %2 A0"1;< I92A2< 1;#$&/0%$D. 
4. �!=A!E$C$!%%!0 &!#092%$0 '/2&&$#0&'!5! $ =!-

:$B$C$"!12%%!5! 50%09$#0&'!5! 2/5!"$9=2 A!E1!/D09 

:!&9$#@ "0F0%$D & E2:2%%!( 9!#%!&9@H %0 -!/00 #0= E2 
30 $90"2C$(. 

,L?,7� 4? +QN �QY 

1. 4!56%!12 7.,.  0<%!/!5$D $&&/0:!12%$D $%B!"=2C$!%-

%;< A!9!'!1 %2 =092//6"5$#0&'!= A"0:A"$D9$$ // ?%-
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Modification of the classical genetic algorithm is presented 
in the article and its application is shown for solving the problem 
of multicriteria optimization of the structure of charge materials 
for an electric arc furnace. The goal of the study is to determine 
effective algorithms to solve the optimization problem of the 
structure of charge materials for an electric arc furnace. The 

objective functions in the multicriteria optimization problem are 
the content of residual elements in steel such as chromium, nickel 
and copper. The required values are the tuple defining the share 
participation of the constituent parts of the electric arc furnace 
batch,  such  as  the  types  of  metal  scrap.  In  the  process  of  the  

investigation, the following tasks were performed: setting up a 
multicriteria optimization problem that is reduced to the one-
criteria view using a modified genetic algorithm using the method 
of convolution of criteria with given weight coefficients; 
modification of the classical genetic algorithm based on the 
introduction of the stage of improvement of the individual; choice 

of fitness function for searching solutions in unacceptable areas; 
determination of the order of transition from a modified genetic 
algorithm  to  a  classical  one.  In  process  of  the  research,  the  
following methods were used: convolution of criteria for 
converting a multicriteria optimization problem to a one-criterion 
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form, classical and modified genetic algorithms, and the method 
of penalty functions. The proposed modification of the classical 
genetic algorithm made it possible to achieve a stable process of 

convergence of the computational process at the first stages of the 
computational process. The composite combination of the 
classical and modified genetic algorithm allows the authors to 
achieve the solution of the optimization problem on the structure 
of  the  charge  materials  of  an  arc  steelmaking  furnace  with  the  
specified accuracy no more than 30 iterations. 

Keywords: genetic algorithm, improvement of the individual, 
structure of charge materials, electric arc furnace, optimization 

problem. 
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