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 . !. "# $%&'(, ).*.+., ,-./+*, 011$ (2)345+4); 
6. 7. $#8$, 011$ (2)345+4) 

#$%&'()* +&*',-*.,/ 0&12!,3 0*1&0*1$#)242 

5+24+*0 3*))/ 3 -*!*#*6 251$0*'()242 

5+2&"1 3*))/ 0&6*),#)$6 "2)%1+ ".,7

2 9*4**: 3-;<=>,4?*@9> AB*4++> CB9/=@+-5 3/4=:;4.:5 D/*-,:E D4*/D4*BC+-<- A3-<34DFE4++> E ;4,4C4G -A-

*BD4=@+-<- A3-/)*FE4++> D/G4+:C+BG )-+9*3F).:H. I4 J4;: D/*-,F A3-/).:H <34,:?+*4 3-;3-J=/+4 H 4A3-J--

E4+4 D/*-,B)4 CB9/=@+-5 -A*BD:;4.:5 D/G4+:C+BG )-+9*3F).:H. 8B)-+4+- 4+4=:; ;J:K+-9*: A3-./9F -A*BD:;4-
.:5 ,=> 3:;+BG A-C4*)-EBG A3-/)*:E. I4,4+- 3/)-D/+,4.:5 L-,- ,-J-3F A-C4*)-EBG A3-/)*:E A3B CB9/=@+:H 

-A*BD:;4.:5. 

8 9*4*@/ 3499D4*3BE4/*9> E-A3-9 CB9=/++-H 3/4=B;4.BB D/*-,-E D4*/D4*BC/9)-<- A3-<34DDB3-E4+B> E 
;4,4C4G -A*BD4=@+-<- A3-/)*B3-E4+B> D/G4+BC/9)BG )-+9*3F).BH. I4 J4;/ D/*-,4 A3-/).BH <34,B/+*4 34;-
34J-*4+4 B 4A3-JB3-E4+4 D/*-,B)4 CB9=/++-H -A*BDB;4.BB D/G4+BC/9)BG )-+9*3F).BH. 8MA-=+/+ 4+4=B; 
9G-,BD-9*B A3-./994 -A*BDB;4.BB ,=> 34;=BC+MG +4C4=@+MG A3-/)*-E. 04+M 3/)-D/+,4.BB A- EMJ-3F +4-
C4=@+MG A3-/)*-E A3B CB9=/++-H -A*BDB;4.BB. 

In the article the question of numeral realization of methods of the mathematical programming is examined in 

the tasks of the optimum planning of mechanical constructions. On the base of method of gradient projections the 

method of numeral optimization of mechanical constructions is developed and approved. The analysis of conver-

gence of optimization process is executed for different initial projects. The recommendation on the choice of initial 

projects during numeral optimization is given. 

#,+:?N ; A/3O-C/3<-EBG ;4,4C +4 ,4+-DF 

/*4A: 3-;EB*)F */G+:)B ? ;4,4C4 -A*BD4=@+-<- 

A3-/)*FE4++> D/G4+:C+BG )-+9*3F).:H. !)*F4-
=@+:9*@ A-3FO/+-5 A3-J=/DB P3F+*F?*@9> +4 
+/-JG:,+-9*: /)-+-D:5 D4*/3:4=:E : 9B3-EB+B +4 
9*4,:>G >) EB<-*-E=/++>, *4) : A3-/)*FE4++> 
D4OB+. 19+F? ;+4C+4 ):=@):9*@ A/3O-,K/3/= ; 
AB*4+@ D4*/D4*BC+-<- A3-<34DFE4++>, */-3:5 *4 
D/*-,:E -A*BD:;4.:5. #,+4C/ A3-J=/D4 CB9/=@-
+-5 3/4=:;4.:5 D/*-,:E D4*/D4*BC+-<- A3-<34-
DFE4++> A3B+4=/K+- ,- ;4,4C -A*BD4=@+-<- 

A3-/)*FE4++> D/G4+:C+BG )-+9*3F).:H ,-9=:-
,K/+4 +/,-9*4*+@-. $-DF A-9*4? AB*4++> 3-;-
3-J)B ,:?E-5 A3-./,F3B CB9/=@+-5 -A*BD:;4.:5 F 

;4,4C4G D/G4+:)B. 

Q4,4CF +/=:+:H+-<- D4*/D4*BC+-<- A3-<34-
DFE4++> F R-3D4=@+:H A-9*4+-E.: 9R-3DF=N?-
D- *4): ;+4H*B *4)BH E/)*-3 ;D:++BG A3-/)*F-

E4++> (A3-/)* )-+9*3F).:5) kb R , >)BH D:+:D:-
;F? RF+).:-+4= >)-9*: 
 0 ( )b!  (1) 

A3B ;4,4+BG -JD/K/++>G 

 ( ) 0, 1,..., ,i b i n! " "  (2) 

 ( ) 0, 1,..., ,i b i n m! # " $  (3) 

0=> EB3:O/++> ;4,4C: ;49*-9F?D- D/*-, A3--

/).:H <34,:?+*4 (7ST), 4=<-3B*D >)-<- J4;F?*@-
9> +4 *-DF, L- +4 )-K+:H :*/34.:5 RF+).:-+4= 

>)-9*: ;D/+OF?*@9>, 4 -JD/K/++> +/ A-3FOF-

N*@9> [1, 2]. 

#9+-E+F 9)=4,+:9*@ A3B EB)-3B9*4++: 7ST 

,=> -A*BD:;4.:5 3/4=@+BG )-+9*3F).:H A3/,9*4-
E=>? A3-./,F34 -JCB9=/++> D4*3B.: <34,:?+*:E 
RF+).:H >): ;4,4N*@ -JD/K/++> +4 ;D:++: A3-/-
)*FE4++> : A434D/*3B 9*4+F )-+9*3F).:5.  

74*3B.> -JD/K/+@ A  D4?  EB<=>,: 

1 1 1

1 2

2 2 2

1 2

1 2

...

...( , )
,

... ... ... ...

...

j

T

j

m m m

j

b b b

B Z
b b bA

B

b b b

! ! !

! ! !
!

! ! !

% % %& '
( )% % %( )
( )% % %
( )%* + % % %" " ( ), -%. / ( )
( )
% % %( )
( )% % %0 1

 (4) 

,/ Z  – E/)*-3 3-;D:3+-9*: m  ;D:++BG 9*4+F; 

B – E/)*-3 3-;D:3+-9*: j  ;D:++BG A3-/)*FE4+-

+>. 

U=/D/+*B D4*3B.: 
( , )B Z

B

!%
%

D-K+4 ;+4H*B 

O=>G-D ,BR/3/+.:NE4++> 4+4=:*BC+BG ;4=/K-

+-9*/H -JD/K/+@ E:, ;D:++BG A3-/)*FE4++>. 
!=/ A3B -A*BD:;4.:5 3/4=@+BG D/G4+:C+BG )-+9-
*3F).:H *4): ;4=/K+-9*: -,/3K4*B A34)*BC+- 

+/D-K=BE-, *-DF A3-A-+F?*@9> 9)=4,-E: /=/D/-
+*B D4*3B.: -JD/K/+@ -,/3KFE4*B CB9/=@+- 
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[3]. Q .:?N D/*-N EB)-3B9*4?D- E:,-DBH EB34; 
,=> -JCB9=/++> C49*B++BG A-G:,+BG RF+).:5 
J4<4*@-G ;D:++BG: 

1 2

1 2

( , ,..., ,..., )

( , ,..., ,..., )
.

i k k ji

k k

i k j

k

b b b b b

b b

b b b b

b

!!

!

$ 2%
" 3

% 2

3
2

 (5) 

8B;+4C/++> ;+4C/+@ RF+).:5 i!  EB)-+F?*@9> 

3-;34GF+)-D )-+9*3F).:5 ;4 D/*-,-D 9):+C/+-

+BG /=/D/+*:E (7 U) [4]. ! 94D/: 9A-C4*)F EB-

;+4C4N*@9> +4A3FK/++> i4 5  F /=/D/+*:, ,=> >)--

<- ;4,4+: -JD/K/++> A-*:D, A:9=> +4,4++> A3B-

3-9*F k -DF A434D/*3F, 3-;34GF+-) A-E*-3N-

?*@9> *4 EB;+4C4?*@9> +4A3FK/++> i4 55  ;4 

;D:+/+-<- ;+4C/++> k -<- A434D/*34. 
 )=4,-E: D4*3B.: -JD/K/+@ EB;+4C4N*@9> 

>) 

i i i

k kb b

! 4 455 5% 3
"

% 2
.   (6) 

Q D/*-N >):9+-5 -.:+)B EA=BEF E43:4.:H ;D:++BG 

A3-/)*FE4++> +4 .:=@-EF RF+).:N EB)-3B9*-EF-

?*@9> EB34;: 

i i i

k kb b

! 4 4
6

55 5% 3
" 7

% 2
,  (7) 

,/ 6  – +-3DFNCBH D+-K+B), >)BH -JCB9=N?*@-
9> ;4 EB34;-D: 

2

1

1

m
i i

j kb

6
4 4

"

"
55 5* +3

, -2. /
8

.  (8) 

I/,-=:)-D *4)-5 D/*-,B)B D-K+4 +4;E4*B 

+/-JG:,+:9*@ A/3/34GF+)F )-+9*3F).:5 ;4 7 U. 

S3-*/ ./ +:E/=N?*@9> 9FC49+BD 3:E+/D 3-;EB*-
)F -JCB9=NE4=@+-5 */G+:)B. 84K=BE-N -9-J=B-

E:9*N ;4A3-A-+-E4+-5 D/*-,B)B ? +/E/=B)4 3--

;D:3+:9*@ D4*3B.: -JD/K/+@. I4A3B)=4,, A3B-

+4=/K+- ,- ;4,4C D/G4+:)B ,/R-3D-E4+-<-  *:-
=4, D:.+:9*@ )-+9*3F).:5 ;4 ,/>)-<- EB,F 

+4E4+*4K/++> -JFD-E=/+4 D:.+:9*N ):=@)-G 

/=/D/+*:E. Q .@-<- EBG-,B*@, L- CB9=- RF+).:H 

-JD/K/+@ ;4 D:.+:9*N : 3-;D:3+:9*@ D4*3B.: 
-JD/K/+@ A  JF,F*@ +/E/=B):. 

0=> 4A3-J4.:5 D/*-,B)B CB9/=@+-5 -A*BD:-
;4.:5 -J/3/D- ;4,4CF -A*BD:;4.:5 *3B9*3BK+/E-5 
9*4*BC+- +/EB;+4C/+-5 R/3DB, >)4 D4? 4+4=:*B-

C+/ 3:O/++> [1]. I4E4+*4K/++>  R/3DB ;,:H9-
+N?*@9>  9B=-N 28,3P "  )I >)4 A3B)=4,/+4 A:, 

)F*-D 459 " : (,BE. 3B9. 1). 

7/*-N A3-/)*FE4++> ? EBJ:3 A=-L A-A/3/-
C+BG A/3/3:;:E -)3/DBG 9*3BK+:E 1b , 2b  : 3b  

*4)BD CB+-D, L-J R/3D4 D4=4 +4HD/+OF E4<F 

*4 ;4,-E-=@+>=B9@ -JD/K/++> +4 +4A3FK/++> 
*4 3-;D:3B 9*3BK+:E. VF+).:-+4= >)-9*: ,=> 
,4+-5 ;4,4C: – E4<4 )-+9*3F).:5: 

0 1 2 3(10 2 10 10 2 )g b b b! ;" 7 7 7 $ 7 $ 7 , 

,/ g; 7 – AB*-D4 E4<4 D4*/3:4=F, ; >)-<- EB-

<-*-E=/+4 R/3D4. 

 

%B9. 1. $3B9*3BK+/E4 R/3D4 

#JD/K/++> +4 +4A3FK/++> F 9*3BK+>G R/3-

DB: 

1 1

2 2

3 3

[ ] 0,

[ ] 0,

[ ] 0.

4 4

4 4

4 4

3 #

3 #

3 #
 #JD/K/++> +4 ;D:++: A3-/)*FE4++> ;4,4D- F 

EB<=>,:: 

1 2 30, 0, 0.b b b< < <  

Q4,4C4 JF=4 EB3:O/+4 *3@-D4 9A-9-J4DB: 

  4+4=:*BC+-, ;4 ,-A-D-<-N FD-E "F+4-
$4))/34; 

  CB9/=@+-, 7ST ; EB)-3B9*4++>D 4+4=:-
*BC+BG EB34;:E ,=> RF+).:H >): ;4,4N*@ 
-JD/K/++> +4 +4A3FK/++> F 9*3BK+>G; 

  CB9/=@+-, 7ST ; EB)-3B9*4++>D ;4A3--

A-+-E4+-5 CB9/=@+-5 A3-./,F3B EB;+4-
C/++> <34,:?+*:E RF+).:H >): ;4,4N*@ 
-JD/K/++> +4 +4A3FK/++> F 9*3BK+>G 

(7ST 9FD:9+- :; 7 U). 

#A*BD4=@+: A3-/)*B *4 ;+4C/++> RF+).:-+4-
=4 >)-9*:, -JCB9=/+: 3:;+BDB 9A-9-J4DB +4E/-
,/+: F *4J=. 1. 

() EB,+- ; *4J=. 1, ;+4C/++> .:=@-E-5 RF+)-

.:5 A3B CB9/=@+:H -A*BD:;4.:5 ? J=B;@)BD ,- 

4+4=:*BC+-<- 3:O/++>. 7/+O/  ;+4C/++> .:=@--

E-5 RF+).:5 ,=> 9A-9-J:E CB9/=@+-5 -A*BD:;4.:5 
A->9+N?*@9> +4>E+:9*N ;4,4+-5, +4 A-C4*)F 

A3-./,F3B -A*BD:;4.:5, *-C+-9*:   EB;+4C/++> 
RF+).:H 4)*BE+BG -JD/K/+@ :  ;J:K+-9*: 3:O/+-

+>. Q4 *3/*:D 9A-9-J-D, >) J4CBD- ;4 E/)*-3-D 

-A*BD4=@+-<- A3-/)*F, -*3BD4=B L- 9/3/,+:H 

9*3BK/+@ D4*BD/ ,/L- J:=@OBH A-A/3/C+BH 

A/3/3:;, +:K F A/3OBG ,E-G (0,604 9D2 9FA3-*B 
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0,577 9D2 : 0,518 9D2). Q J-)-EBDB +4GB=/+BDB 

9*3BK+>DB 9B*F4.:> A3-*B=/K+4 (1,082 9D2 9F-

A3-*B 1,115 9D2 : 1,134 9D2). %/;F=@*4*B 3-;E'>;-
)F :+,B)4*-3+-5 ;4,4C: A:,*E/3,KFN*@ A34EB=@-

+:9*@ ;4A3-A-+-E4+-5 D/*-,B)B CB9/=@+-5 -A-

*BD:;4.:5 D/G4+:C+BG )-+9*3F).:H ;4 ,-A-D--

<-N 7ST 9FD:9+- :; 7 U. 

$4J=B.> 1 

289:;<=>?@ 8ABCD9: 9< E?<FC??G H@=>BIBJ KL?DH@J 

W 7/*-, -A*BD:;4.:5 #A*BD4=@+BH A3-/)* b , 9D2 #A*BD4=@+/ ;+4C/++> 
0!  

1 2D-EB "F+4-$4))/34 = >1,115 0,577
T

 3,731 

2 7ST = >1,134 0,518
T

 3,725 

3 7ST+7 U = >1,082 0,604
T

 3,664 

 

!+4=:; A3-./9F -A*BD:;4.:5 ;4 7ST 9FD:9+- 

:; 7 U EB)-+4+- *4)-K +4 A3B)=4,: J4=)-E-<- 

3-9*E/3)F, 3-;34GF+)-E4 9G/D4 >)-<- ;-J34K/+4 
+4 3B9. 2. 

 

%B9. 2. 64=)-EBH 3-9*E/3) 

2 >)-9*: RF+).:-+4=4 >)-9*: EB9*FA4E 9FD4-
3+BH -J'?D )-+9*3F).:5: 

0 1 1 2 25 (50 ) 2 (100 )a b a b! " 7 7 7 $ 7 7 7  

,/ 1 1 2 2, , ,a b a b  – ;D:++: A3-/)*FE4++> (3-;D:3B 

A-A/3/C+BG A/3/3:;:E J4=-)). 

Q4,4C4 A-=><4=4 F D:+:D:;4.:5 RF+).:-+4=4 
>)-9*: ;4 ;4,4+BG -JD/K/+@ +4 ;D:++: 9*4+F : 
;D:++: A3-/)*FE4++>.  

#JD/K/++> +4 ;D:++: 9*4+F ;4,4E4=B9@ F EB-

<=>,:: 

1

2

[ ] 0,

[ ] 0.

4 4

4 4

3 #

3 #
 

,/ , 1,2i i4 "  – ,:H9+/ ;+4C/++> D4)9BD4=@+-<- 

+4A3FK/++> E:,A-E:,+- F A-A/3/C+BG *4 A--

E;,-EK+:G J4=)4G; 

[ ]4  – ,-AF9*BD/ ;+4C/++> +4A3FK/++> >)/ 

A3BHD4=-9@ 3:E+BD 200 7S4. 

#JD/K/++> +4 ;D:++: A3-/)*FE4++> A3BHD4-
=B9@ F EB<=>,:: 

1 1 2 20, 0, 0, 0.a b a b< < < <  

0=> ,4+-5 D/G4+:C+-5 9B9*/DB  4+4=:*BC+: 
;4=/K+-9*: +4A3FK/+@ E:, ;D:++BG A3-/)*FE4+-

+> E:,9F*+:. $-DF ,=> EB3:O/++> .:?5 ;4,4C: ;4-
9*-9-E4+- D/*-,B)F CB9/=@+-5 -A*BD:;4.:5 ;4 
7ST 9FD:9+- :; 7 U. 

0=> A-3:E+>=@+-<- 4+4=:;F JF=4 A3-E/,/+4 
-A*BD:;4.:> )-+9*3F).:5 ; ,E-G 3:;+BG A-C4*)--

EBG A3-/)*:E. #,B+ ; >)BG D4E J4=)B ; A3>D-)F-

*+BD A-A/3/C+BD A/3/3:;-D (A3-/)* 0

1b ), ,3F-

<BH – )E4,34*+BD A-A/3/C+BD A/3/3:;-D (A3--

/)* 0

2b ): 

= >
= >
= >

0

1 1 2 2

0

1

0

2

3 4 3 5,5

3,5 3,5 4,5 4,5

T

T

T

b a b a b

b

b

"

"

"

 

() EB,+- :; <34R:):E, ;-J34K/+BG +4 3B9. 3 : 
4, ,=> A3B)=4,F ; 0

1b  -,/3K4=B 51 : 40 % ;D/+-

O/++> -J'?DF D4*/3:4=F E:,A-E:,+- F A-3:E+>+-

+: :; A-C4*)-EBD ( 0 6300! "  9D3) : EBG:,+BD 

A3-/)*4DB ( 0 5180! "  9D3) (EBG:,+BD +4;BE4-

*BD/D- +49*FA+BH ;4 A-C4*)-EBD A3-/)* :; 4)-

*BE+BD -JD/K/++>DB). #A*BD4=@+BH A3-/)* 
JF=- ,-9><+F*- ;4 28 :*/34.:H. 

0=> A3B)=4,F ; 0

2b  -*3BD4=B 56% : 51% EB-

<34O F -J'?D: D4*/3:4=F E:,A-E:,+- F A-3:E+>++: 
; A-C4*)-EBD ( 0 7112! "  9D3) : EBG:,+BD A3-/)-

*4DB ( 0 6253! "  9D3). "-+9*3F).:N JF=- -A*B-

D:;-E4+- ;4 37 :*/34.:H. #,/3K4+: 3/;F=@*4*B 

;E/,/+- ,- *4J=. 2. 
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%B9. 3. T34R:) ;D:+B A=-L A-A/3/C+BG A/3/3:;:E J4=)-E-<- 3-9*E/3)F F G-,: -A*BD:;4.:H+-<- A3-./9F 

 

%B9. 4. T34R:) ;D:+B RF+).:-+4=4 >)-9*: ;4,4C: F G-,: -A*BD:;4.:H+-<- A3-./9F 

#,/3K4+: 3/;F=@*4*B E)4;FN*@ +4 */, L- -A-

*BD:;4.:H+BH A3-./9 ;J:<4?*@9> ,- -A*BD4=@+--

<- A3-/)*F ; 3:;+BG A-C4*)-EBG A434D/*34G. 

8:,D:*BD-, L- */DA -A*BD:;4.:5  A4,4? ; +4J=B-

K/++>D ,- -A*BD4=@+-<- A3-/)*F (3B9. 4). S--

>9+N?*@9> ./ -9-J=BE-9*>DB 4=<-3B*DF -A*B-

D:;4.:H+-5 A3-./,F3B [1].  =:, ;4FE4KB*B, L- 

):=@):9*@ :*/34.:H ,=> A3-/)*F 0

1b , ; A-C4*)-E-N 

R-3D-N A/3/3:;F J4=-) F EB<=>,: A3>D-)F*+B)4 
D/+O4, +:K ,=> A3-/)*F 0

2b  – ; A-C4*)-E-N R--
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3D-N A/3/3:;F J4=-) F EB<=>,: )E4,34*F, A3B-

C-DF EB<34O F ):=@)-9*: -JCB9=/+@ ? ;+4C+BD 

(11 :*/34.:H). 29/ ./ E)4;F? +4 */, L- +4 A-C4*-

)F A3-./,F3B CB9/=@+-5 -A*BD:;4.:5 9=:, -9-J-

=BE- FE4K+- A:,G-,B*B ,- AB*4++> ,-J-3F 

;D:++BG A3-/)*FE4++> F A-C4*)-E-DF A3-/)*:. 

$4J=B.>  2  

+CEL=>9<9: F:MC=>?BJ B89:;@E<H@J N<=DBIBOB ABM9ICADL 

W 1 2 

S-C4*)-EBH A3-/)*, 9D = >0

1 3 4 3 5,5
T

b "  = >0

2 3,5 3,5 4,5 4,5
T

b "  

Q+4C/++> .:=@--

E-5 RF+).:5, 9D3 

Q+4C/++> +4A3F-

K/+@ F /=/D/+*:, 
7S4 

0 6300! "  
1 1564 "  

2 1654 "  0 5180! "  
1 1754 "  

2 1654 "  

8BG:,+BH A3-/)*, 9D = >1

1 2,50 3,88 2,52 5,46
T

b "  = >1

2 3,21 3,42 4,11 4,27
T

b "  

Q+4C/++> .:=@--

E-5 RF+).:5, 9D3 

Q+4C/++> +4A3F-

K/+@ F /=/D/+*:, 
7S4 

0 5180! "  
1 1994 "  

2 2004 "  0 6253! "  
1 2004 "  

2 2004 "  

#A*BD4=@+BH A3-/)*, 9D = >1 0,77 7,00 1,02 8,57
Toptb "  = >1 0,70 7,36 1,08 8,33

Toptb "  

Q+4C/++> .:=@--

E-5 RF+).:5, 9D3 

Q+4C/++> +4A3F-

K/+@ F /=/D/+*:, 
7S4 

0 3103! "  
1 1984 "  

2 2004 "  
0 3087! "  

1 1984 "  

2 2004 "  

8:,9-*)-E/ ;D/+O/++> RF+).:-+4=4 
>)-9*: 

S-C4*)-EBH A3--

/)*  
8BG:,+BH A3-/)* 

51 40 56 51 

":=@):9*@ :*/34.:H 28 37 

 

616X1#T%!V1YI&Z  S& #" 

1. [-<, U. S3B)=4,+-/ -A*BD4=@+-/ A3-/)*B3-E4-
+B/ [$/)9*] / U. [-<, (. !3-34. – 7.: 7B3,  

1983. – 480 9. 
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