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C 287=0G5==V ?@V>@8B5B=>W G5@38 :><?>=5=B, 73V4=> 7 O:>N 2>=8 1C4CBP 
:>=:@5B87>20=V. �V4 FP>3> 70;568BP ABC?V=P =01;865==O 4> >?B8<0;P=>3> 
>45@6C20=>3> @VH5==O [11]. �V4><V B0:>6 0;3>@8B<8 O: 604V1=89 [12], 35=5B8G=89 
[13], <C@0H8=>W :>;>=VW [14], 1030B> :><1V=>20=8E (=0?@8:;04 [15]), I> ?@>?>=CNBP 
@V7=V A?>A>18 D>@<C20==O ?@V>@8B5B=>W G5@38. �030B> EB> 7 =8E 28:>@8AB>2CєBPAO 4;O 
>B@8<0==O =01;865=>3> @VH5==O, @5:>@4=>3> 7=0G5==O FV;P>2>W DC=:FVW 01> 30@=>3> 
?>G0B:>2>3> 20@V0=B0 @VH5==O, I> ?V4;O30є ?>40;PH><C ?>:@0I5==N. ' <5B>4V 3V;>: 
B0 <56 @5:>@4=5 7=0G5==O 28:>@8AB>2CєBPAO O: 70AV1 2V4AVN20==O 20@V0=BV2. 

!01;865=V 0;3>@8B<8 :><1V=0B>@=>W >?B8<V70FVW є 42>5B0?=8<8. !0 ?5@H><C 
5B0?V O:8<>AP 70A>1>< 287=0G0єBPAO 20@V0=B @VH5==O, 0;5 2 4@C3><C 3 9>3> 
?>;V?H5==O. #>;V?H5==O 3 F5 7<V=0 7=0G5=P ?0@0<5B@V2, A?5FV0;P=V ?@89><8, 
70AB>AC20==O <5B>48: V=H>3> A?>A>1C, 01>, 7 B0: 720=>W V45W 42>WAB>ABV. ' 7040G0E 7 
1C;528<8 7<V==8<8 45O:8< :><?>=5=B0<, I> <0NBP 7=0G5==O «1», ?@8A2>NєBPAO 
7=0G5==O «0» V =02?0:8. -> 6 4> ?5@H>3> 5B0?C, B> 4>?CAB8<5 @VH5==O 28E>48BP 01> 
45B5@<V=>20=8< A?>A>1><, 01> 7 28:>@8AB0==O< 5;5<5=BV2 28?04:>2>3> ?>HC:C. 
%0<0 ?@>F54C@0 >B@8<0==O 20@V0=B0 @VH5==O @>73;O40єBPAO O: ?@8A2>є==O 
?>78B82=8E 7=0G5=P :><?>=5=B0< 25:B>@0 @VH5=P 73V4=> 7 WE=P>N ?@V>@8B5B=>N 
G5@3>N, O:0 287=0G0єBPAO 7 C@0EC20==O< AB@C:BC@=8E >A>1;82>AB59 70240==O, 01> 
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?@>?>@FV9=> 25;8G8=V 9<>2V@=>ABV, I> >1G8A;NєBPAO 2 70;56=>ABV 2V4 @O4C 
?0@0<5B@V2. 

' @>1>BV 70?@>?>=>20=0 B0:0 AE5<0 :;0A8DV:0FVW =01;865=8E 0;3>@8B<V2 
:><1V=0B>@=>W >?B8<V70FVW (@8A. 1). 

!86G5 =02>48BPAO :>@>B:89 >?8A ?V4E>4V2 D>@<C20==O ?@V>@8B5B=>W G5@38 
:><?>=5=B 25:B>@0 @VH5=P 4;O 7040G C ?>AB0=>2FV (1)-(2)-(3). 

#>7=0G5==O: 
3 25:B>@ @VH5=P   n,=j,x=X j 1 ; 

3 <=>68=0 V=45:AV2 :>=:@5B87>20=8E :><?>=5=B  1/ =xj=I jx ; 

3 <=>68=0 V=45:AV2 :><?>=5=B 25:B>@0 @VH5=P, O:8< <>6=0 ?@8A2>WB8 7=0G5==O 

«1»: 
þ
ý
ü

þ
ý
ü

þ 
þ xIj

ijixj abIjV 0)/( , i ; 

3 ?@V>@8B5B=0 G5@30 V=45:AV2 :><?>=5=B 25:B>@0 @VH5=P  k2j j,,j,j=S ...1 . 

 

 
$иA.1. �;0A8DV:0FVO =01;865=8E 0;3>@8B<V2 :><1V=0B>@=>W >?B8<V70FVW  

 

#@8 45B5@<V=>20=><C ?V4E>4V ?@V>@8B5B=0 G5@30 D>@<CєBPAO  ;8H5 7 
C@0EC20==O< G8A;>28E 40=8E, O:V 2E>4OBP C <0B5<0B8G=C <>45;P. �> =8E =0;568BP  

   ;n,=j;m,=i,a=A;c=C ijn,=jj 11
1

   

B0  
   m,=ib=B i 1 . 

І45O 604V1=>3> 0;3>@8B<C ?5@5410G0є >1;V: ;8H5 :><?>=5=B 25:B>@0 FV= O: 
25;8G8=, O:V 2=>AOBP «2=5A>:» 7=0G5==O FV;P>2>W DC=:FVW. 

/:I> 
kjjj c,,cc  ...

21
, B> ?@V>@8B5B=0 G5@30  k2j j,,j,j=S ...1 . 

�><1V=>20=89 A?>AV1 ?>є4=Cє 420 <><5=B8: V45N 604V1=>3> 0;3>@8B<C B0 
2@0EC20==O 25;8G8=8 =52'O7:8 C A8AB5<V >1<565=P ?@8 :>=:@5B870FVW G5@3>2>W 
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:><?>=5=B8 jx  25:B>@0 @VH5=P. �87=0G0єBPAO «203>20» >FV=:0 jq  4;O jj Vjx ∈/  

B0:8< G8=>< >B@8<0є<>:  

 
m

=i
ijijj abc=q

1

)( .   

$0=6C20==O 2 ?>@O4:C 7@>AB0==O 25;8G8= jq  287=0G0є ?@V>@8B5B=C G5@3C jS . 

#@8 =545B5@<V=>20=><C ?V4E>4V ?@V>@8B5B=VABP :><?>=5=BV2 287=0G0єBPAO 
25;8G8=>N 9<>2V@=>ABV. +8< 1V;PH0 FO 25;8G8=0, B8< 1V;PH89 H0=A 281>@C 
2V4?>2V4=>W :><?>=5=B8. %0< 281V@, 70728G09, 74V9A=NєBPAO H;OE>< 35=5@0FVW 
28?04:>2>W 25;8G8=8, @V2=><V@=> @>7?>4V;5=>W 2 V=B5@20;V (0,1). І=B5@20; 4V;8BPAO =0 
G0AB8=8 ?@>?>@FV9=> 4> 25;8G8= 9<>2V@=>AB59. #>?040==O 7=0G5==O 28?04:>2>W 
25;8G8=8 C 2V4?>2V4=C G0AB8=C V=B5@20;C 287=0G0є =><5@ :><?>=5=B8. �V4:@8B8< 
70;8H0єBPAO ?8B0==O ?@> >1G8A;5==O 25;8G8= 9<>2V@=>AB59, I> =040NBP 
?@V>@8B5B=VABP :><?>=5=B0<. "48= V7 A?>A>1V2 F5 V<VB0FVO ?>254V=:8 6828E 
=5V=B5;5:BC0;P=8E VAB>B G8 ?@8@>4=8E O28I. (>@<0;V70FVO B0:>3> =545B5@<V=>20=>3> 
?@8@>4=>3> ?@>F5AC ?@872>48BP 4> =01CBBO G8A;>28E 7=0G5=P. ' @>1>BV [1] >?8A0=>, 
O: ?>254V=:0 >A>18= <C@0H8=>W :>;>=VW ?>40є V45N AB2>@5==O 0;3>@8B<V2 @>72'O70==O 
7040G :><1V=0B>@=>W >?B8<V70FVW. �030B>G8A5;P=VABP 68B5;V2 :>;>=VW, :>65= V7 O:8E 
28:>=Cє A0<>ABV9=> A2>N @>1>BC, 4>AO30NG8 7030;P=>W <5B8, A?@89<0єBPAO O: 
5;5<5=B <0A82=>ABV. ' V<>2V@=VA=8E 0;3>@8B<0E F5 ?@54AB02;OєBPAO O: =01V@ 
AB0B8AB8G=8E 40=8E ?@> >B@8<C20=V @VH5==O. �8@VHCєBPAO B5 A0<5 70240==O 1030BP<0 
035=B0<8 (=V18 <C@0E0<8), G8A;> O:8E ?@54AB02;OєBPAO ?0@0<5B@>< C @>1>BV 
0;3>@8B<C.  

І=H89 4C65 206;8289 <><5=B F5 =0O2=VABP ?5@540GV <V6 >A>10<8 :>;>=VW. #@8 
?5@5AC20==V 2V4:;040єBPAO A;V4 G5@57 720=V D5@><>=8. +8< 1V;PH5 WE :>=:@5B870FVO, 
B8< 1V;PH5 <C@0E ?V45 F8< H;OE><. (>@<0;P=> 3 :V;P:VABP :5@Cє ?@>F5A>< B0 
70157?5GCє ?@89=OBBO @VH5=P. #@8@>4=>, :V;P:VABP D5@><>=V2 <>65 71V;PHC20B8AO, 
0;5 7 G0A>< V 7<5=H0BPAO  -  28?0@>2C20==O. $57C;PB0B @VH5==O 287=0G0єBPAO WE 
:V;P:VABN. ' <C@0H8=8E 0;3>@8B<0E F5 є 42><0 ?0@0<5B@0<8 ñ  B0 ò . 

�8?0@>2C20==O D5@><>=V2 70;568BP 2V4 2V4AB0=V <V6 B>G:0<8 ?5@5AC20==O. +8< 2>=0 
1V;PH0, B8< 7=0G=VH5 7<5=HCєBPAO WE :V;P:VABP. �>2>@OBP, 7<5=HCєBPAO 
V=D>@<0B82=VABP ?@> AB0= A?@02. *59 :><?>=5=B 28O2;OєBPAO C 0;3>@8B<0E G5@57 
AB@C:BC@=V >A>1;82>ABV @>72'O7C20=>W 7040GV. � <5B>N >B@8<0==O 9<>2V@=VA=>W >FV=:8 
:><?>=5=B8 25:B>@0 @VH5=P =5>1EV4=> 40B8 D>@<0;P=C >FV=:C =0:>?8G5==O 
V=D>@<0B82=>ABV ?@> =5W (D5@><>=V2) 7 C@0EC20==O< 72>@>B=>3> V=D>@<0FV9=>3> 
72'O7:C (28?0@>2C20==O D5@><>=V2) G5@57 AB@C:BC@=V >A>1;82>ABV 70240==O, I> 
@>72'O7CєBPAO. 

#>7=0G8<>: 
ñ  3 @V25=P V=D>@<0B82=>ABV; 
ò  3 @V25=P 72>@>B=P>3> V=D>@<0FV9=>3> 72’O7:C; 

ja  3 V=D>@<0FVO ?@> j-C :><?>=5=BC 25:B>@0 @VH5=P (=0O2=VABP 2V@BC0;P=8E 

D5@><>=V2) n,=j 1 ; 

r 3 :V;P:VABP ?0@0;5;P=> @>72'O7C20=8E 70240=P (<C@0E :>;>=VW). 
&>4V 25;8G8=0 9<>2V@=>ABV 287=0G0єBPAO 70 D>@<C;>N 

r,=l;Vj
Y(c)a

Y(c)a
=P l

j

l
jVj

βα
j

βα
jl

j 1∈
∈

 
 (4)  
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45  
 jjjj c>cя>щB,cc=Y(c) minmin . 

�5;8G8=0 9<>2V@=>ABV 287=0G0єBPAO 4;O B8E :><?>=5=BV2, O:V 7 AB@C:BC@=8E 
>A>1;82>AB59, <>6CBP =01C20B8 7=0G5==O «1». 

"B@8<0є<> r  20@V0=BV2 @VH5==O   r,=l;n,=jx=X l

j

l 11 , 45 :>6=0 jx 3 0 
:><?>=5=B0 ?@89<0є 7=0G5==O «1» 7 9<>2V@=VABN, I> 287=0G0єBPAO 70 D>@<C;>N (4).  

#>G0B:>25 7=0G5==O ja  є >4=0:>28< 4;O 2AVE n,=j 1  B0 2AVE r,=l 1 . !040;V 
?@8 28:>=0==V 5B0?C ?>;V?H5==O =01;865=>3> @VH5==O 7=0G5==O 1C4CBP 7<V=N20B8AO 
7 C@0EC20==O< =0:>?8G5=>3> 4>A2V4C >B@8<0==O 157;VGV 20@V0=BV2 @VH5==O. 

�@0EC20==O AB@C:BC@=8E >A>1;82>AB59 7040GV, I> 28@060єBPAO G5@57 25;8G8=C 
)(cY , <>65 74V9A=N20B8AO V=482V4C0;P=> (482. =0?@. [16]). �8:>@8AB>2CNG8 

<>B820FVN 35=5B8G=>3> 0;3>@8B<C [12] «>B@8<0B8 4>1@5 ?>B><AB2>», 287=0G0NBPAO 
203>2V >FV=:8 j 4;O :>6=>W :><?>=5=B8 jx  25:B>@0  @VH5=P, 45  

nx=
r

=l

l

jj /
1

 , 
l

jVj∈ . 

#>:@0I5==O =01;865=>3> @VH5==O @>73;O40єBPAO O: VB5@0FV9=89 ?@>F5A. /:I> 
t  =><5@ VB5@0FVW, B> ?@8 ?5@5E>4V 2V4 VB5@0FVW t  4> VB5@0FVW 1+t  7<V=NєBPAO 7=0G5==O 
j4  70 D>@<C;>N (5) 

jjj +taρ=+ta )()(11)(    (5) 

45 ρ  3 @53C;NNG89 ?0@0<5B@. 
�@C389 45B5@<V=>20=89 ?V4EV4 D>@<C20==O 25:B>@0 @VH5=P, 70A=>20=89 =0 V45W 

V<VB0FVW 2V4?0;C [17]. *5 D>@<0;V70FVO DV78G=>3> ?@>F5AC, ?>2'O70=>3> V7 7<V=>N 

2=CB@VH=P>W 5=5@3VW BV;0, O:5 @>7V3@V20єBPAO 4> 28A>:>W B5<?5@0BC@8 V 40;V ?>G8=0є 
?>2V;P=> >AB830B8. �=CB@VH=O 9>3> 5=5@3VO ?5@5E>48BP V7 >4=>3> AB0=C 4> V=H>3>. 
#>B@V1=> 7=09B8 B>G:C 7 <V=V<0;P=>N 2=CB@VH=P>N 5=5@3VєN. �>A;V465==O B>3>, I> 
2V41C20єBPAO, 40;> <>6;82VABP AB2>@8B8 0;3>@8B<. "?B8<V70FV9=0 7040G0 
@>73;O40єBPAO O: DV78G=0 A8AB5<0, 0 4>?CAB8<5 @VH5==O B0 7=0G5==O FV;P>2>W DC=:FVW 
O: AB0= BV;0 B0 9>3> 2=CB@VH=O 5=5@3VO. ' B0:V9 0=0;>3VW ?@>F5A 2V4?0;C ?@54AB02;Oє 
?@>F5A 7=0E>465==O @VH5==O 7 <V=V<0;P=8< 7=0G5==O< FV;P>2>W DC=:FVW. 

�>A8BP ?@>AB89 C >1G8A;N20;P=><C A5=AV 0;3>@8B< V<VB0FVW 2V4?0;C 
28:>@8AB>2C202AO 4;O @>72'O70==O 7040GV ?@> :><V2>O65@0, =09?@>ABVH>3> 70240==O 
@>7<VI5==O B0 V=H8E ?@8:;04=8E 70240=P [18]. �@V< B>3>, 4>2545=0 9>3> 
0A8<?B>B8G=0 71V6=VABP [17]. � <0B5<0B8G=8E ?>78FV9 0;3>@8B< =0;568BP 4> :;0AC 
0;3>@8B<V2 ;>:0;P=>W >?B8<V70FVW. "?B8<0;P=5 @VH5==O (;>:0;P=89 >?B8<C<) 
HC:0єBPAO =0 >:>;8FV ;>:0;P=>3> >?B8<C<C. #@8 28@VH5==V >?B8<V70FV9=8E 70240=P 7 
1C;528<8 7<V==8<8 ?>=OBBO «>:>;8FO» A?@89<0єBPAO O: AC:C?=VABP @VH5=P, C O:8E 
7=0G5==O >4=VєW 7 :><?>=5=BV2 70<V=NєBPAO ?@>B8;56=8< («1» =0 «0» G8 =02?0:8). 

�;3>@8B< V<VB0FVW 2V4?0;C 157?>A5@54=P> =5 2AB0=>2;Nє ?@V>@8B5B=C G5@3C 
:>=:@5B870FVW :><?>=5=BV2 25:B>@0 @VH5=P. � >:>;8FV 45O:>3> 4>?CAB8<>3> @VH5==O 
28?04:>28< G8=>< =0 >A=>2V 9<>2V@=VA=>W >FV=:8 74V9A=NєBPAO ?>HC: ;>:0;P=>3> 
>?B8<C<C. �5;8G8=0 9<>2V@=>ABV 70;568BP 2V4 B5<?5@0BC@ t

 
 B0 =0?@O<C, C O:><C 

2545BPAO ?>HC:. )09 287=0G5=0 ?>G0B:>20 B5<?5@0BC@0 0t . �8:>@8AB>2CO 1C4P-O:89 
A?>AV1 D>@<C20==O @VH5==O, >B@8<0=> 20@V0=B X  B0 7=0G5==O FV;P>2>W DC=:FVW ø ùXZ . 

!0 >:>;8FV X  70 4>?><>3>N 45O:>3> >?5@0B>@0 Ψ  287=0G5=> 20@V0=B 'X  B0 ø ù'XZ . 
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"1G8A;NєBPAO 2V4E8;5==O ø ù ø ùXZXZ=Δ '  , O:I> 0>Δ , B> @0ECєBPAO  I> AB0= 'X  

:@0I5, =V6 X  7 9<>2V@=VABN tΔe=p / . 

#5@5EV4 C =>289 AB0= B0:>6 <0є 28?04:>289 E0@0:B5@. �5=5@CєBPAO 28?04:>20 
25;8G8=0 ξ  @V2=><V@=> @>7?>4V;5=0 2 V=B5@20;V (0,1). /:I> p>ξ , B> AB0=, I> >?8ACє 
X  715@V30єBPAO, 2 V=H><C 28?04:C ?5@5E>48<> 2 AB0= 'X  B>1B> 'X=X V 
ø ù ø ù'XZ=XZ ; 7<5=HCєBPAO B5<?5@0BC@0 =0 45O:89 ø ùΔtt=tΔt   B0 ?>2B>@NєBPAO 
VB5@0FV9=89 ?@>F5A ?>HC:C =>2>3> ;>:0;P=>3> >?B8<C<C. #@>F5A :5@CєBPAO 01> 
4>AO3=5==O< ?52=>W B5<?5@0BC@8 t , 01> 4>AO3=5==O< 4>AB0B=P>3> 7=0G5==O FV;P>2>W 
DC=:FVW. 

#@8:;04. $>72’O7CєBPAO 1030B>28<V@=5 70240==O ?@> @0=5FP 7 28:>@8AB0==O< 
@O4C <>48DV:CNG8E 1;>:V2 <5B>4C 3V;>: V :>@4>=V2, :>65= 7 O:8E ?52=>N <V@>N 
?>:@0ICє 5D5:B82=VABP 9>3> @>1>B8. +8A;>2V 40=V 70240==O 70?>78G8;8 7 [4].  0є<> 
7040GC C ?>AB0=>2FV: 

1 2 3 4 5 6 7 8 9 10max(6 5 2 3 4 5 4 8 7 3 )Z x x x x x x x x x x         
 

?@8 >1<565==OE  
1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

2 2 2 2 2 2 3 3 10

3 3 2 2 2 4 2 2 7

4 2 2 2 3 3 3 2 8

{0,1}, 1,10.j

x x x x x x x x x x

x x x x x x x x x x

x x x x x x x x x x

x j

         óü
ÿ          óý
ÿ          óþ

þ 
 

"FV=:0 <=>68=8 20@V0=BV2 ø ùG  @>7@0E>2CєBPAO 28:>@8AB>2CN ?@>F54C@C 
9>3> @>7H8@5==O. �C;> 28@VH5=> B@8 =5 FV;>G8A5;P=8E >4=>28<V@=8E 7040G ?@> 

@0=5FP <5B>4>< �0=F830 [4]. �5;8G8=8 n,=j,
a

c
=λ j

j 1
ij

1
 @0=6CNBPAO C ?>@O4:C WE =5 

A?040==O, =0 >A=>2V G>3> 287=0G0NBPAO ?>A;V4>2=>ABV ?@8A2>є==O 7=0G5=P «1» 
2V4?>2V4=8< :><?>=5=B0< 2V4?>2V4=>3> 25:B>@0 @VH5=P.  0є<>: 

&01?иFO 1.  
$57C;PB0B8 @>7@0EC=:V2 >FV=>: <=>68= 20@V0=BV2  

i #>A;V4>2=VABP �0@V0=B @VH5==O *

iZ  
 

ø ùG =24 1 1 4 10 8 2 6 9 5 7 3 1 1 0 1 0 ½ 0 1 0 1 27,5 

2 1 7 9 6 8 5 2 4 10 3 1 0 0 0 0 1 1 ⅟4 1 0 24,0 

3 2 9 10 8 5 6 1 4 7 3 0 1 0 0 ½ 0 0 1 1 1 25,0 

 

#>G0B:>25 @5:>@4=5 7=0G5==O FV;P>2>W DC=:FVW R 287=0G0;>AO 73V4=> 7 
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The problem of solving the task of discrete optimization is not completely solved. Lack of publications, 

scientific developments, algorithms and software products do not give the ability to transfer the mathematical 

apparatus of solving discrete optimization problems to the class P of computational complexity. All analytical 

and combinatorial algorithms for solving problems of linear and non-linear optimization are NP 

completeness. There are developments to improve the efficiency of robotic algorithms, they are filled with 

requests and actual ones. In this paper, it is proposed to use deterministic and probabilistic methods for 

forming a priority queue of decision vector components in order to assign positive values to them. After the 

formation of the variant of the solution, it is possible to vectorize as if the approached solution is taken away 

from the record value of the goal function, which in exact algorithms is like a solution, which results in a 

polyp. In this paper has a method for forming a priority line for concretizing the components of the solution 

vector. The basis of deterministic methods is the idea of a greedy algorithm. The location in the queue is 

determined by the value of the corresponding component of the cost vector. The appearance of the value of 

non-visibility in the system of restrictions increases the priority of the component. Behind such a way, another 
method of determination is modified. Probability assessment  probability of priorities is based on the ideas of 

algorithms in an ant colony and simulated annealing. The scope of probability indicates the significance of the 

component 3 a contender for a positive value. A numerical example of a small variability of the task about a 

knapsack has been introduced, which demonstrates the imitation of a nearby solution. 

Keywords: Discrete optimization, record, priority queue, branch and bound method. 


