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34567879:; <796:3:=6797 :>:3?@:766797 

AB79B?>>:B7=?6:; 

=. =. ?0!"(+1'&,*, =. =. ?0!"(+1'&,*+, ?. ?. C+D#!*+ ( +1")-A!)!&E/&2) 

=*!'!1$! 

 !" #$"%&#' (#)*%'+,-*), !(--. (!+! /#"0#.), 1#*#"%, #2"%3!4!'%-* $-)1#3-4-

3#-, #)56-)*'+,, «'7!)8'%3!-» #$"%&% ' 57#",(#4-338. )-0%3*!4-)1!., )08)+#'#. 

",(. 9(3%1# $!#+#2!4-)1!. "%&50 7#"#:(%-* 3-)56-)*'5;6!- <!0-"8, 3-'#&0#:38- ' 

/!&!4-)1#0 7"#)*"%3)*'- /!25"8: «+-3*%  -$!5)%», «+-)*3!=% >?-"%» ! ("52!- [1], 

)*"#!* %$)*"%1=!! )5$)*%3=!#3%+@3#)*! *#41!, 4!)+%, $-)1#3-43#)*! ! *.(. A% 7"#*,-

:-3!! 7#)+-(3!< 50 +-* 3%$+;(%-*), 3%543#-*-<3#+#2!4-)1#- 7-"-#)3%6-3!-. B!#+#-

2!4-)1#- '"-0, 3%1#7+-3!, &3%3!. ' 7"#?+8- '-1% )##*'-*)*'#'%+# '"-0-3! )56-)*'#-

'%3!, 3-!&0-338< *-<3#+#2!4-)1!< =!1+#'. C *# :- '"-0, 3%543%, /%3*%)*!1% 78*%-*-

), 7"!0!"!*@ '8)#1!. *-07 3%1#7+-3!, 5&1#)7-=!%+!&!"#'%338< 3%5438< &3%3!., 

"%)7"#)*"%3,, !< 3% )#=!%+@35; "-%+@3#)*@. >*# #(!3 !& '!(#' 7-"-#)08)+-3!, 1#3-

)-"'%*!'3#)*! 08?+-3!, #$6-)*'-33#2# )#&3%3!,. 

C)- D*! &3%3!,, «'"#:(-338- !(-!» – D1)1+;&!'38- 1%4-)*'% $!#+#2!4-)1#2# 

"%&50% 4-+#'-1%. E+, D+-1*"#33#2# "%&50% – D*# +!?@ 5'-+!4-3!- "%&"-?-3!,, )1#"#-

)*! #$"%$#*1!, 7-"-(%4! ! %"<!'%=!! $-& '#&0#:3#)*-. !3*-++-1*5%+@3#2# ! )-0%3*!-

4-)1#2# 7#!)1% [2]. E+, $!#+#2!4-)1#2# – '!(-3!- ! 7#3!0%3!- – -(!38. 7"#=-)) 03#-

2#/531=!#3%+@3#)*! «!3*-++-1*5%+@3#. #7*!1!».  

A% "!). 1 7"!'-(-38 )*"51*5"38- )#)*%'+,;6!- =!/"#'#. *-<3#+#2!! #$F-0-

3#2# 1#23!*!'3#2# 7"#2"%00!"#'%3!, )+#:38< 7"#)*"%3)*'-338< /#"0. G%:(%, !& 

D*!< )#)*%'+,;6!< !0--* )#$)*'-335; *-<3#+#2!4-)15; )7-=!/!15 #$#"5(#'%3!, 

(hardware). H2# '8)#1%, 3% )-2#(3,?3!. (-3@ )*#!0#)*@, 1#3-43#, #2"%3!4!'%-* 7"!-

0-3-3!- 3D-7"!3*-"#' ! 3D-)1%3-"#'. I"#$+-0% :- ' $#+@?-. )*-7-3! ' 7"#/-))!#-

3%+@3#. )7-=!/!1- !3*-2"%=!! ! )#'0-)*!0#)*! 7"#2"%0038< !3*-"/-.)38< 7"#(51-

*#' (+, 3D-)1%3!"#'%3!,, #$F-1*3#2# 1#23!*!'3#2# 7"#2"%00!"#'%3!, (*'#"4-)1!. 

7"#=-))) ! 7#)*"#-3!, )+#:38< #$F-038< 7"#)*"%3)*'-338< /#"0, 54!*8'%;6!< 

)7-=!/!15 *'-"(#*-+@3#2# '#)7"#!&'#()*'%.  

A-)0#*", 3% 53!'-")%+@3#)*@ )*"51*5"8, (+, 1%:(#2# *!7% *-<3#+#2!4-)1#2# 

'#)7"#!&'#()*'% 1#3-43#2# "-&5+@*%*% '#&3!1%-* 7"#$+-0% '&%!03#. %(%7*%=!! #$#"5-

(#'%3!,.  

J%&'!*!- =!/"#'8< *-<3#+#2!. 7"!'-+# 1 '#&0#:3#)*! )1%3!"#'%3!, #$F-038< 

*"-<0-"38< #$F-1*#', 1#07@;*-"3#2# 3D-0#(-+!"#'%3!,, 1#*#"#- #7!"%-*), 3% 7)!-

<#/!&!#+#2!4-)1!- *'#"4-)1!- )'#.)*'% "%&50% (/%3*%&08) 7"! '#)7"#!&'#()*'- *'-"-

(#*-+@38< 7"#)*"%3)*'-338< #$F-1*#'. 

K15+@7*5"8, 1#3)*"51*#")1!- (-*%+!, "%&+!438- 7"-(0-*8 '8"%6!'%;*),, )#-

$!"%;*), ' -(!3#- =-+#-, ' #*+!4!- #* *"%(!=!#33#. *-<3#+#2!! «#*)-4-3!, +!?3-2#» 

[3]. 

>*# ,'38. 1%4-)*'-338. )1%4#1 7"#08?+-33#. =!/"#'#. *-<3#+#2!! 1#23!-

*!'3#2# 7"#2"%00!"#'%3!, #$F-03#2# 1#07@;*-"3#2# 0#(-+!"#'%3!,. C #*+!4!- #* 

*"%(!=!#338< 0-*#(#' 7"#2"%00!"#'%3!,, #7!"%;6!<), 3% )7-=!/!4-)1!- ,&81! ! 

#7-"%=!#335; )!)*-05 1#07@;*-"%, 1#23!*!'3#- 7"#2"%00!"#'%3!- #7!"%-*), 3% "%&-

'!*8. !3*-"/-.) =!/"#'8< *-<3#+#2!., 7-"-3#), 3-/#"0%+!&5-08. *'#"4-)1!. 7"#-

=-)) ' =!/"#'5; /#"05 7"#*#1#+#' ! /#"0%*#'. 
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B$(. 1. <,1#!F)/+0G1+% (H!-+ ($()!-I ",21$)$*1,2, F&,2&+--$&,*+1$% 

3!H1,0,2$$ EI()&,2, F&,),)$F$&,*+1$% 

3D-7"!3*-"8 '#)7"#!&'#(,* *'-"(#*-+@38- )+#:38- 7"#)*"%3)*'-338- /#"08 

!& "%&+!438< 0%*-"!%+#', *%1!< 1%1 7+%)*!1, 7#"#?1! 0-*%++%, 1-"%0!1%, /#*#7#+!-

0-"38- ! $!#0%*-"!%+8 ! (". C #)3#'- +;$#2# !& )7#)#$#' 3D-7-4%*! +-:!* 7"!3=!7 

7#)+#.3#2# '8"%6!'%3!, *'L"(#*-+@3#2# #$F-1*%. I"#!&'#(!*-+! 3D-7"!3*-"#' 7#-

)*#,33# "%)?!",;* !< *-<3#+#2!4-)1!- ! /531=!#3%+@38- '#&0#:3#)*! [4, 5]. 

K#&(%3!- /!&!4-)1#2# 7"#*#*!7% *'-"(#*-+@3#. 0#(-+! 7"#'#(!*), ' 3-)1#+@1# 

D*%7#' [6]:  

1. J%&"%$#*1% *'-"(#*-+@3#. 0#(-+! 7"#2"%003# !+! 3D-)1%3!"#'%3!-0. 9)-

3#'3%, 7"#$+-0% )#)*#!* ' )#$+;(-3!! *"-$#'%3!. 1 &%0135*#)*! 7#'-"<3#)*38< 1#3-

*5"#'. A-#$<#(!0% !3*-"/-.)3%, 7#((-":1% )##*'-*)*'!, /#"08 ! )'#.)*' "%&"%$%*8-

'%-0#. 0#(-+! ! !)7#+@&5-0#2# 7"#2"%003#2# #$-)7-4-3!,. I"#2"%003%, "%&"%$#*1% 

7#("%&50-'%-* &3%3!- *%1!< 7"#2"%0038< )"-(, 1%1 3D Studio Max®, AutoCAD®, 

SolidWorks®, Rhino® ! ("52!-. I"! "%$#*- ) #$+%1#0 *#4-1 !)7#+@&5;*), Rapidform®, 

CopyCad, Geomagic Studio ! 5&1#)7-=!%+!&!"#'%338- 7"#2"%0038- )"-(8 (+, 1#3-

1"-*38< #$+%)*-. 7"!0-3-3!, (;'-+!"3%, 7"#08?+-33#)*@, %"<!*-1*5"38. (!&%.3, 

1#3)*"51*#")1!- 7%1-*8 7"#2"%00). 

2. >1)7#"* 3D-0#(-+! ' )*%3(%"*38- /#"0%*8 (+, 3D-7-4%*!, *%1!- 1%1 STL, 

WRL (VRML), PLY, 3DS ! ZPR, 7"! 7#0#6! "%&+!43#2# 7"#2"%003#2# #$-)7-4-3!,, 

*%1#2# 1%1 3D Studio Max®, MicroStation®, 3DStudio Viz®, Mimics®, Alias®, 

Pro/ENGINEER, AutoCAD® !+! Raindrop GeoMagic®, SolidWorks®, Rapidform® ! ("5-

2!-.  

3. M(%7*%=!, 7"#2"%003#. 0#(-+! 1 )7-=!/!4-)1!0 )'#.)*'%0 *'-"(#*-+@3#2# 

1#7!"#'%3!,: "%&$!-3!- 3% )+#! ' 7#7-"-43#0 )-4-3!! (7"! D*#0 *#+6!3% 1%:(#2# 

)+#, )##*'-*)*'5-* "%&"-?%;6-. )7#)#$3#)*! #$#"5(#'%3!, 7# z-1##"(!3%*-); 7#-

)*"#-3!- )!)*-08 7#((-":1! 3% D+-0-3*8, 1"-7+-3!- 1#*#"8< 7"#!)<#(!* ' '-"<3!< 

)+#,<. 

4. I#)+#.3%, 7-4%*@ /!&!4-)1#2# 7"#*#*!7%. 

7E0+()$ F&$-!1!1$% $ F!&(F!")$*I &+.*$)$% 

A-)0#*", 3% *#, 4*# 3% (%338. 0#0-3* 3%$+;(%-*), 7#'8?-338. !3*-"-) 1 *-<-

3#+#2!! 3D-"-7+!1%=!! (#)3#'3#. ')7+-)1 1#+!4-)*'% 75$+!1%=!. 7# D*#. *-0- 3%-

$+;(%+), ' 2005–2007 2#(%<, 3%7"!0-" [7, 8]), #)3#'3#- -- "%&'!*!- !(-* 7# 75*! "%&-

'!*!, %77%"%*38< )"-()*', 7#'8?-3!, "%&"-?%;6-. )7#)#$3#)*! 3D-7"!3*-"#' !  

3D-)1%3-"#'. I"! D*#0 *#43#)*! 7#)*"#-3!, ('#))*%3#'+-3!,) '!"*5%+@3#2# #$F-1*% 
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5(-+,-*), 0-3@?- '3!0%3!,, <#*, (%338. D*%7 ,'+,-*), )',&5;6!0 0-:(5 7#+54-3!-0 

03#:-)*'% '#1)-+-. ! /#"0!"#'%3!-0 «*'-"(#. 1#7!!» #$F-1*%. 

I"#$+-0% )#)*#!* ' "%&+!4!! *-<3#+#2!! 7"-()*%'+-3!, D+-0-3*%"38< *#4-1 

7"! )1%3!"#'%3!! ! 7-4%*!, 4*# )##*'-*)*'-33# 7#"#:(%-* "%&+!438- )7#)#$8 7"-(-

)*%'+-3!, (%338<, 7#+54%-08< )# )1%3-"% ! *"-$5;6!<), (+, "%$#*8 7"!3*-"5. 

9*)1%3!"#'%338. #$F-1* /#"0!"5-*), 75*-0 7#)+-(#'%*-+@3#2# &%0-"% "%)-

)*#,3!. #* )1%3!"5;6-. 2#+#'1! (# #$F-1*%, 4*# /#"0!"5-* 03#:-)*'# *#4-1, 7"!3%(-

+-:%6!< 7#'-"<3#)*! #$F-1*% (#$+%1# *#4-1). I"! D*#0 ' D*# 03#:-)*'# 3- 7#7%(%;* 

*#41!, #1%&%'?!-), ' «*-3-'#. #$+%)*!» *. -. #1%&%'?!-), 3% 75*! )1%3!"5;6-2# +54% 

! &%1"8*8- ("52!0! /"%20-3*%0! )1%3!"5-0#2# #$F-1*%, % *%1:- *#41!, #7"-(-+,;6!- 

+#1%+@38- #)#$-33#)*! 7#'-"<3#)*!, 3# 3- 54*-338- ' )',&! ) #2"%3!4-33#. "%&"--

?%;6-. )7#)#$3#)*@; )1%3!"5;6-. )!)*-08 [6]. 

C )'#; #4-"-(@, 7"!3*-" *"-$5-* (+, "%$#*8 '<#(38- (%338-, 7"-()*%'+-338- ' 

/#"0%*- STL ("%)?!/"#'8'%-*), 1%1 STereoLithography), 7"-()*%'+,;6-0 )7!)#1 *"--

52#+@38< 2"%3-., #7!)8'%;6!< -2# 7#'-"<3#)*@. N"-<0-"3%, 2-#0-*"!, ' '-(56!< 3D 

CAD-)!)*-0%< #7!)8'%-*), 7#'-"<3#)*,0! '8)#1#2# 7#",(1%, % 7"! *"!%325+,=!! 7#-

'-"<3#)*@ 0#(-+! "%&$!'%-*), 3% 0%+-3@1!- *"-52#+@3!1!. G%:(8. /%)-* #7!)8'%-*), 

4-*8"@0, 3%$#"%0! (%338<: 1##"(!3%*8 XYZ 1%:(#. !& *"-< '-"?!3 ! 3#"0%+@38. 

'-1*#", 1#*#"8. #7!)8'%-* #"!-3*%=!; /%)-*% [8]. 

K 54-*#0 #7!)%338< )+#:3#)*-. 0#:3# '8(-+!*@ )+-(5;6!- #$+%)*! 3%543#., 

D1#3#0!4-)1#. ! <5(#:-)*'-33#. (-,*-+@3#)*! 4-+#'-1%, ' 1#*#"8< !)7#+@&#'%3!- 

)!)*-0 1#23!*!'3#2# 7"#2"%00!"#'%3!, #$#)3#'%3# ! %1*5%+@3#: 

– *'#"4-)*'# ()15+@7*5"%, %"<!*-1*5"%, +%3(?%/*8, )'-*#&'51#'8- +%&-"38- !3-

)*%++,=!!); 

– 7"#08?+-33#- 7"#!&'#()*'# (#7*!0!&%=!, )*#!0#)*! D3-"2-*!1!, "%&"%$#*1% 

3#'8< '!(#' *-<3#+#2!!, )5(#- ! 1#"%$+-)*"#-3!-, 1#)0!4-)1%, 7"#08?+-33#)*@, "#-

$#*#*-<3!1%, '8)#1#*#438- 7"#!&'#()*'%); 

– :!'8- #"2%3!&08 ! $!#*-<3!4-)1!- )!)*-08 ('#)7"#!&'#()*'# $!#+#2!4-)1!< 

#$F-1*#', "-7+!=!"#'%3!-, '!"*5%+!&%=!, – *#0#2"%/!,, +%&-"3#-, "%(%"3#- )1%3!"#-

'%3!- *"-<0-"3#2# '!(-3!, #$F-1*%). 

6!",),&I! F&$1#$FI F,()&,!1$% )&!H-!&1IH -,'!0!D 

A% "!). 2 7"!'-(-3% '!&5%+!&%=!, *"-<0-"38< #$F-1*#' ' /#"0%*- STL: )-*1% !& 

*"-52#+@3!1#' #7"-(-+,-* 1#3*5"8 #$F-1*% ) 3%+#:-33#. 3% 3!< *-1)*5"#., 1#*#"%, 

#*"%:%-* «"-%+@38.» '!( #$F-1*%. N"-<0-"3%, 0#(-+@ )#&(%3% ' )"-(- 3D Studio Max ) 

!)7#+@&#'%3!-0 0#(!/!1%*#"% '"%6-3!, ! "-(%1*!"5-08< )7+%.3#' (1"!'8<).  #(--

+!"#'%3!- #$F-1*#' 3% #)3#'- )7+%.3#' ,'+,-*), #(3!0 !& '!(#' *"-<0-"3#2# 0#(-+!-

"#'%3!,, ?!"#1# "%)7"#)*"%3-3380 ' 1#07@;*-"3#. 2"%/!1-. C ",(- )+54%-' '!&5%+!-

&!"#'%338- )7+%.38 !)7#+@&5;*), ' '!(- )%0#)*#,*-+@38< #$F-1*#' (+, 0#(-+!"#'%-

3!,, 1%1 D*# 7#1%&%3# 3% 7"!0-"- 0#(-+-. 1#+#1#+@4!1#' ("!). 3). 

 

 

B$(. 2. =$./+0$.+#$% )&!H-!&1IH ,EJ!"),* * K,&-+)! STL 
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B$(. 3. :(F,0G.,*+1$! *$./+0$.$&,*+11IH (F0+D1,* "+" (+-,(),%)!0G1IH ,EJ!"),* '0% 

-,'!0$&,*+1$% 

9(3%1# 2#"%&(# 4%6- )7+%.38 !)7#+@&5;*), 3- 1%1 )%0#)*#,*-+@38- #$F-1*8, % 

1%1 ')7#0#2%*-+@38- D+-0-3*8 7"! )#&(%3!! 7#'-"<3#)*! *"-<0-"3#2# #$F-1*%. N%1:- 

(+, 0#(!/!1%*#"% '"%6-3!, '#&0#:3# !)7#+@&#'%*@ NURBS- 1"!'8-. E+, 7#)*"#-3!, 

*'-"(#*-+@38< 0#(-+-. 3%!$#+-- 5(#$3# 7"!0-3,*@ NURBS-*-<3#+#2!;.  

I"!'-(-338. 3!:- 7"!0-" ("!). 4,  , !) (-0#3)*"!"5-* #)#$-33#)*! 7#)*"#-3!, 

7"#)*"%3)*'-338< #$F-1*#' 7"! 7#0#6! NURBS-)7+%.3#'. C 7-"'#0 )+54%- 7"! 7#-

)*"#-3!! #$F-1*% )7+%.38 7#)+-(#'%*-+@3# )#-(!3-38 0-:(5 )#$#. ) 7#0#6@; #7--

"%=!! U-+#/*!32%, ' "-&5+@*%*- 4-2# #$"%&#'%+%)@ -(!3%, 7#'-"<3#)*@. 9(3%1# *%1#- 

)#-(!3-3!- 7"!'-+# 1 (-/#"0%=!! 1#"75)% #$F-1*% – "8$8 ()0. "!). 4,  ). 

C# '*#"#0 )+54%- )#&(%38 ('- 7#'-"<3#)*! – #(3% #$F-(!3,-* 2#+#'5 ! :%$"8 

#$F-1*%: )7+%.38, 7"-()*%'+,;6!- )#$#. !< )-4-3!,, 7#)+-(#'%*-+@3# )#-(!3-38 0--

:(5 )#$#. ) 7#0#6@; #7-"%=!! U-+#/*!32%. E"52%, 7#'-"<3#)*@, )#&(%33%, %3%+#2!4-

380 #$"%&#0, #$F-(!3,-* *5+#'!6- ! <'#)* "8$8. I#)*"#-3!- 7#'-"<3#)*! 2#+#'8 

$8+# &%1#34-3# 3% *#0 )7+%.3-, ) 1#*#"#2# 3%4%+#)@ 7#)*"#-3!- 7#'-"<3#)*! *5+#'!-

6%. 

             
                ! 

B$(. 4. A,()&,!1$! F&,()&+1()*!11IH ,EJ!"),* F&$ F,-,L$ NURBS-(F0+D1,* 

C D*#0 )+54%- 0#(-+@ )#)*#!* 5:- 3- !& #(3#., % !& ('5< #*(-+@38< 7#'-"<3#-

)*-., 3# (-/#"0%=!, 1#"75)% 5)*"%3-3% ()0. "!). 4, !). 

I"!0-3-3!- NURBS-*-<3#+#2!! 3- ')-2(% #7"%'(%3#, *%1 1%1 03#2!- 0#(-+! 

)*"#,*), 75*-0 #7-"%=!. 3%( 7#+!2#3%0! 7"! 7#0#6! 0#(!/!1%*#"#' 7#+!2#3%+@3#2# 

0#(-+!"#'%3!,. O3#2(% ' 0#(-+,< )#4-*%;*), #$% '!(% 0#(-+!"#'%3!, ("!). 5). A-1#-

*#"8- (-*%+! 2#+#'8 ! ?-, 0#(-+! – "-&5+@*%* NURBS-0#(-+!"#'%3!,. 

SolidWorks ! AutoCad Mechanical Desktop 0#25* 7#0#4@ ' )#&(%3!! 1%1 1#3)*-

"51*#")1#2#, *%1 ! (!&%.3-")1#2# 7"#-1*% ) +;$#. )*%"*#'#. *#41!: 1#3=-7=!!, D)1!&% 

!+! CAD /%.+%. I"! D*#0 7"#=-)) 7-"-'#(% #7!)%3!, '!"*5%+@3#2# 3D-#$F-1*%, 7"-(-

)*%'+-33#2# ' '!(- 03#:-)*'% '#1)-+-., 7"!3%(+-:%6!< -2# 7#'-"<3#)*!, ' #7!)%3!- 

7#'-"<3#)*! ' '!(- *"-52#+@38< 2"%3-. )<#: ) &%(%4-. '-1*#"!&%=!! !&#$"%:-3!, ! 3- 

')-2(% 0#:-* (%*@ #(3#&3%438. ! 5(#'+-*'#"!*-+@38. "-&5+@*%*. 
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B$(. 5.  ,M!)+1$! NURBS--,'!0$&,*+1$% $ -,'$K$"+),&,* F,0$2,1+0G1,2, 

-,'!0$&,*+1$% 

A%!$#+-- *#31!0 ! *"5(#-01!0 7"#=-))#0 ' )#&(%3!! %'*#")1!< 53!1%+@38< 

"%&"%$#*#1 ,'+,-*), 7"!(%3!- !0 )#'#1573#)*! 4-"*, 1#*#"8- #$-)7-4!'%;* 5&3%'%--

0#)*@ #$F-1*#'. >*# 1%1 "%& ! ,'+,-*), *#. *'#"4-)1#. )#)*%'+,;6-. ' (!&%.3-, $5(@ 

*# )#&(%3!- ;'-+!"38< !&(-+!. !+! %"<!*-1*5"38< )##"5:-3!., 1#*#"%, #*+!4%-* 

)#&(%3!- #"!2!3%+@38< %'*#")1!< 7"#!&'-(-3!. #* 3-7#)"-()*'-33#2# 1#7!"#'%3!, 
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