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567896:;7<=>? 6@;=A> A>B; &C> 8 65&898D>@8?  

 76E=FG HIJ6&;G=8B; A8G  8 &;9 

>. C. >1!"+!!-, A. 9. 6(1'- ( 3,")-5!)!(KL(2) 

 !"#$%&' $%'()'%#' *'"&(&$ *&('+#)&$,%#- .+&/%01 2)3&"'1%#4'.!#1 .#."'* 

(567), $ "&* 4#.+' 8#)&!&3& .9'!"), *'"&(&$ #*#",:#&%%&3& # !&*9+'!.%&3& *&('+#-

)&$,%#-, $ "'&)#; # 9),!"#!< )'8'%#- ,!"<,+=%01 >,(,4 ),>$#"#- # <!)'9+'%#- %,<4-

%&-9)&#>$&(."$'%%&3& 9&"'%:#,+, ?@ %'#>A'/%& $+'4B" >, .&A&C %'&A1&(#*&."= ,('!-

$,"%&C &:'%!# !,4'."$, 2"#1 567 . $&>*&/%&."=; #1 9&.+'(<;D'C .")<!"<)%&-

E<%!:#&%,+=%&C # 9,),*'")#4'.!&C &9"#*#>,:##. F*'."' . "'* #*'%%& 2", >,(,4, $ 

:'+&* )-(' .+<4,'$ .$&(#".- ! &:'%!' &"('+=%01 9&!,>,"'+'C !,4'."$, A'> (&+/%&3& #1 

.#."'*%&3& # *'"&(#4'.!&3& &A&.%&$,%#-, 4"& .<D'."$'%%& &3),%#4#$,'" $&>*&/%&."# 

,%,+#>, # .#%"'>, 567 $ :'+&*, , "'* A&+'' #.9&+=>&$,%#- )'><+=","&$ *&('+#)&$,%#- 

#1 E<%!:#&%#)&$,%#-, !&*9+'!.%&3& *&('+#)&$,%#- !,4'."$, 567. 5"& &A."&-"'+=."-

$& #*''" &.&A&' >%,4'%#' 9)# &A&.%&$,%## 9)&'!"%01 # <9),$+'%4'.!#1 )'8'%#C 

(GH?), , ",!/' 9<"'C ),>$#"#- .+&/%01 567 $ $&'%%&-9)&*08+'%%&C &A+,."# 9)# 

&A&.%&$,%## $0.&!&"'1%&+&3#4%01 # !&%!<)'%"%01 567 # 9)&3),** #1 ),>$#"#-. 

7)'(# $&>%#!,;D#1 9)# 2"&* %,<4%01 # 9),!"#4'.!#1 >,(,4  !"#$% &%'($ # 

)*+,% -+ .$*/ >,%#*,'" )'8'%#' 9)&A+'*0 (&."&$')%&C !&+#4'."$'%%&C # .),$%#-

"'+=%&C !&*9+'!.%&C &:'%!# E<%!:#&%,+=%&3& !,4'."$, 567, , ",!/' !,4'."$, #.9&+=-

><'*01 *&('+'C, !,4'."$, )'!&*'%(<'*01 9<"'C 9),!"#4'.!&3& 9)#*'%'%#- *&('+'C # 

.)'(."$ #1 )',+#>,:## 9)# <9),$+'%## 9)&:'..,*# # &AI'!",*# *&('+#)&$,%#-. 

J(%#* #> $&>*&/%01 # 9').9'!"#$%01 %,9),$+'%#C )'8'%#- (,%%&C 9)&A+'*0, 

$ "&* 4#.+' (+- &AI'!"&$ *&).!&C #%E),.")<!"<)0, .+&/%01 !&),A'+=%01 # A')'3&$01 

,$"&*,"#>#)&$,%%01 !&*9+'!.&$ # .#."'*, -$+-'".- 9)&$'('%#' )'C"#%3-,%,+#>, 

.)'(."$ 9& "'1%&+&3## 9&+#*&('+=%&C !$,+#*'")#4'.!&C ),%3&$&C &9"#*#>,:## GH? 

("'1%&+&3## K?JGH?) # 'B 9&.+'(<;D'3& ),>$#"#- ("'1%&+&3#-  7J?) [1–5]. 

F ),*!,1 %,."&-D#1 #..+'(&$,%#C . :'+=; $.'."&)&%%'3& !&*9+'!.%&3& ,%,+#>, 

$&>*&/%&."'C # 9)'#*<D'."$ &(%&$)'*'%%&3& #.9&+=>&$,%#- )-(, *&('+'C ()',+#>,-

:## .&&"$'"."$<;D'3& 0$*1&$2%*/#$3$ 0$24$2!) A0+# &A&AD'%0 )'><+=","0 )'8'%#- 

)-(, 9),!"#4'.!#1 >,(,4 # E&)*#)&$,%#- A,> (,%%01 !$,+#*'")#4'.!&3& .),$%'%#- !,-

4'."$, .+'(<;D#1 !+,..&$ "'1%#4'.!#1 .)'(."$: 

"   &A'.9'4'%#- #%E&)*,:#&%%&C A'>&9,.%&."# ,$"&*,"#>#)&$,%%01 .#."'* &A-

),A&"!# #%E&)*,:## ( 7LM), $!+;4,- .)'(."$, ),>3),%#4'%#- (&."<9,, *'/.'"'$&3& 

2!),%#)&$,%#-, VPN-.)'(."$,, .)'(."$, .!,%#)&$,%#- # ,%,+#>, #%E&)*,:#&%%&C 

A'>&9,.%&."#, *&%#"&)#%3,-<9),$+'%#- #%E&)*,:#&%%&C A'>&9,.%&."=;, >,D#"0 &" 

$)'(&%&.%01 !&(&$ (,%"#.9,*&$0', ,%"#$#)<.%0' .)'(."$,), 8#E)&$,%#--

('8#E)&$,%#- (,%%01, .#."'* 2+'!")&%%&C :#E)&$&C 9&(9#.#; 

"   &A'.9'4'%#- ,$"&*,"#>#)&$,%%&3& !&%.")<#)&$,%#- (!+,.., 

CAD/CAM/CAE); &A'.9'4'%#- 2+'!")&%%&3& (&!<*'%"&&A&)&", (75N) &AD'C # "'1%#-

4'.!&C (&!<*'%",:## 9)# &AD'* &AIB*' A,>0 (,%%01 A&+'' 50 $,)#,%"&$ 75N; 

"   &A'.9'4'%#- <9),$+'%#- )'.<).,*# 9)'(9)#-"#- (!+,.., ERP) 9)# &AD'* 

&AIB*' A,>0 (,%%01 9& ,+="')%,"#$%0* $,)#,%",* .),$%'%#- A&+'' 30; 

"   &A'.9'4'%#- ,$"&*,"#>#)&$,%%&3& <9),$+'%#-, $ "&* 4#.+' E<%!:#&%#)<;-

D#1 $ <.+&$#-1 .'"':'%")#4'.!&3& 9)&"#$&A&)."$, # ()<3#'.  

 !"<,+=%&."= (,%%&3& !+,.., !$,+#*'")#4'.!#1 #..+'(&$,%#C &A<.+&$+'%,, !,! 

#>$'."%&, 9)&A+'*&C A&+=8&3& 4#.+, $&>*&/%01 ,+="')%,"#$%01 )'8'%#C (*%&3&$,-

)#,%"%&."=; # *%&3&!)#"')#,+=%&."=; ,%,+#>, # .#%"'>,), $ "&* 4#.+' 9)'(.",$+'%-

%01 %, .&$)'*'%%&* )0%!', .&&"$'"."$<;D'C .+&/%&."=; $0A&), 9)'(9&4"#"'+=%01, 
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, "'* A&+'' – $0(1&!*/#54 (!,! +<48#1 #> $&>*&/%01)  !.1!#($  .&>(,%#- # #.9&+=-

>&$,%#- "'1%#4'.!#1 .)'(."$ &A'.9'4'%#- &AI'!"&$ ,$"&*,"#>,:## . &A->,"'+=%0* 

<4B"&* $+#-%#- «4'+&$'4'.!#1» E,!"&)&$, ".'. 2)3&"'1%#4'.!#1 .#."'*.  

F !,4'."$' 9)#*'), %, )#.. 1 9)'(.",$+'%0 )'><+=","0 9&+#*&('+=%&3& ((+- 6 

*&('+'C 9)'(9&4"'%#C 4,."%01 9&!,>,"'+'C !,4'."$,) !$,+#*'")#4'.!&3& ,%,+#>, # 

),%/#)&$,%#- ()'C"#%3-,%,+#>,) &.%&$%01 9)'(.",$#"'+'C !+,.., .#."'* 2+'!")&%%&3& 

(&!<*'%"&&A&)&",, 9)'(.",$+-;D#1 .&A&C 3+,$%<; («!)&$'%&.%<;») .#."'*< &A'.9'-

4'%#- ('-"'+=%&."# !,/(&C &)3,%#>,:## # 9)'(9)#-"#-.  

 

 

I$+. 1. I!ML1N)3). 4'1$/'0!1N,'2' +(3-,$)!1N,'2' 3,31$M3 "3*!+)-3  H: 

O, )#.. 2 9)#$'('%, .&&"$'"."$<;D,- .#."'*, !)#"')#'$ &:'%!# !,4'."$, $ 9&-

)-(!' #1 >%,4#*&."# ($ ),%/#)&$,%%&* $#(' 9& !)#"')#-* 1…10), , ",!/' 1,),!"')-

%0C (#,9,>&% #>*'%'%#- >%,4'%#C .&&"$'"."$<;D#1 9&!,>,"'+'C # '(#%#:0 #1 #>*'-

)'%#-. 7+'(<'" 9)# 2"&* &"*'"#"= %'>,$#.#*&."= #.9&+=><'*01 !)#"')#'$ # #1 E#>#-

4'.!<; ),>%&)&(%&."=. 7 ()<3&C ."&)&%0, .$&(%0C 9&!,>,"'+= !,4'."$, (7GK, !)#"'-

)#C 11) 75N, #>*'%-;D#C.- $ (#,9,>&%' >%,4'%#C [0; 1], 9&>$&+-'" &:'%#$,"= # .),$-

%#$,"= (!,! )'><+="," ,3)'3#)&$,%#- $'!"&)%01 !)#"')#'$ (#1 .!,+-)#>,:##) !,4'."$,) 

!,4'."$& 567 !,! !&+#4'."$'%%<; *')< #1 .$&C."$ $ &A&ADB%%&* 9& !)#"')#-* 1…10 

$#('. F E&)*,+#>&$,%%&* $#(' 7GK 567 *&/'" A0"= 9)'(.",$+'% ")'1<)&$%'$&C !&*-

A#%#)&$,%%&C (,((#"#$%&-*<+="#9+#!,"#$%&-,((#"#$%&C) *&('+=; $#(, 
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3(' = >Mm ;1?  – %&*') *&('+# 9&+#*&('+=%&3& (9& $.'* M *&('+-*) &:'%#$,%#- 7GK 

567 Q  %, &.%&$' ,3)'3#)&$,%#- (.!,+-)#>,:##) $'!"&)%01 !)#"')#'$ !,4'."$, mQ , .&-

&"$'"."$<;D#1 &:'%!,* 7GK 9& m -C #> M *&('+'C. O,>&$B* (+- <(&A."$, mQ  $%-

&'()*+$ ,-. $ &"+#4## &" 9&!,>,"'+- Q , !&"&)0C A<('* %,>0$,"= /%(0$%&'()*+$ 

,-.. @#>#4'.!# 7GK Q  &9)'('+-'" &.%&$%0' '1'(%&#5% ' $6'( ! 789 9)# &:'%!' 0$ 

!221(1 #$&- ).1(%.1+ .!,+-)#>,:## mQ  # $'.&$01 #%('!.,1 m6  (!&2EE#:#'%",1 

$,/%&."# .&&"$'"."$<;D#1 *&('+=%01 7GK mQ ), 9)#4B*, 1
1

%#
%

M

m

m ; = >Kk ;1?  – %&*') 

*&('+# &:'%#$,%#- 123//%4+5 (6(78'4+5) /% k 09 K  ,-. 567 kmQ , , &9)'('+-;D#1 
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#1 1,),!"')%0' k -.$&C."$, (9)# &:'%!' *&('+=%&3& 7GK mQ  9& m -C *&('+#) # ,3)'3#-

)<'*01 0$ &-*/(10*1)!(1 #$&- ).1(%.1+ .!,+-)#>,:## kmQ ,  9)# $'.&$01 #%('!.,1 

km,&  (9&!,>,"'+-1 ."'9'%#), 9)#4B*, #
%

%&
K

k

km

1

, 1; = >Ll ;1?  – %&*') 8:;<*%1% /% l  09 L  

/%6:9:<'('= 6:8';<4: 567 lkq , , ,3)'3#)<'*01 $ 3)<99&$&C (!+;4'$&C) 7GK kmQ ,  

(9)# &:'%!' *&('+=%&3& 7GK mQ  9& m -C *&('+#) 9& !221(1 #$&- ).1(%.1+ 9)# $'.&-

$01 #%('!.,1 lkw , , 9)#4B*, 1
1

, %#
%

L

l

lkw . 

F 4,."%&."#, 3),E#! %, )#.. 1 9&!,>0$,'", 4"& (+- ),>+#4%01 m -*&('+'C 9)'(-

9&4"'%#C 7GK (&" «1.?,$%&9)&4%,-» (& «6.K&*9)&*#..%,-») *,!.#*,+=%&' >%,4'%#' 

*&('+=%0C 7GK mQ  #*''" (+- $,)#,%"&$ 75N, %' .&$9,(,;D#1 9& m . F0A&) &9"#-

*,+=%&3& $,)#,%",, %,9)#*'), 9& !)#"')#; *,!.#*<*, 9&+#*&('+=%&3& 7GK Q  9& 

5%M  *&('+-* 9)'(9&4"'%#C $&>*&/'% (*&('+= «7.M%"'3)#)&$,%%,-», 75N «DIREC-

TUM», 7GK = 0,73) 9)# .&&"$'"."$<;D'* >,(,%## !)#"')#- &9"#*#>,:##.  

 

 

I$+. 2.  $+)!/3 "($)!($!- $ 4'"3M3)!1!O 3,31$M3 "3*!+)-3  H: 

O, )#.. 3 9)#$'('%0 ,%,+&3#4%0' )'><+=","0 (+- !$,+#*'")#4'.!&3& )'C"#%3-

,%,+#>, ()-(, 6J?-30) "'1%#4'.!#1 .)'(."$ >,D#"0 #%E&)*,:## !+,.., .)'(."$ $#A-

)&,!<."#4'.!&C >,D#"0 #%E&)*,:## (67LM –  FL) 9& 6 <!,>,%%0* *&('+-* 9)'(9&4-

"'%#C A'> #.9&+=>&$,%#- *&('+'C "#9, «7.M%"'3)#)&$,%%,-».  

J90" 9)&$'('%#- *%&3&$,)#,%"%01 #..+'(&$,%#C !,4'."$, 8#)&!&3& .9'!"), 

567 9&>$&+-'" 9)'/(' $.'3& &"*'"#"= &.&A<; $,/%&."= # !&%.")<!"#$%&."=: 

1. M.9&+=>&$,%#- .#."'*%01 ,.9'!"&$, *'"&(&+&3## # "'1%&+&3## 9)&$'('%#- 

,%,+#>, !,4'."$, .")<!"<)%& # E<%!:#&%,+=%& .+&/%01 567 [5–7], $ "&* 4#.+' . #.-

9&+=>&$,%#'* )'><+=","&$ #*#",:#&%%&3& *&('+#)&$,%#- #1 E<%!:#&%#)&$,%#-. 

2.  %,+#>, (#%,*#!# 9)# .#%"'>' !,4'."$, 567 (#..+'(&$,"'+=.!&* 9)&'!"#)&-

$,%## &9"#*,+=%&3& $,)#,%"&$) 2*')(/'%"%01 .$&C."$, 1,),!"')#><;D#1 !,4'."$& 

$>,#*&.$->'C 2+'*'%"&$ $ .&.",$' 567 # #1 $+#-%#' %, !&*9+'!.%0' .$&C."$, 567. 

3. 7#%"'>, 2EE'!"#$%01 ,+3&)#"*&$ <9),$+'%#- 9)# &A&.%&$,%## !,4'."$, GH? 

%, &.%&$' (,%%01 !$,+#*'")#4'.!&3& ,%,+#>,, 4"& <!,>0$,'" %, ,!"<,+=%&."= # :'+'.&-

&A),>%&."= !&*9+'!.%&3& !$,+#*'")#4'.!&3& *&%#"&)#%3, <9),$+'%#- !,4'."$&* 567, 

$ "&* 4#.+' 9)# #*#",:#&%%&* *&('+#)&$,%## #1 E<%!:#&%#)&$,%#-. 
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I$+. 3. I!ML1N)3). 4'1$/'0!1N,'2' +(3-,$)!1N,'2' 3,31$M3 "3*!+)-3 & D8->CD 

4. M.9&+=>&$,%#- !&%:'9:## 9&+#*&('+=%&3& ,%,+#>,-.#%"'>, GH?, &A'.9'4#-

$,;D'C *%&3&,.9'!"%0C (9&+#*&('+=%0C) # !&*9+'!.%0C <4B" &.&A'%%&."'C ),>),-

A&"!# # 2!.9+<,",:## 567 . .&&"$'"."$<;D#* *%&3&!)#"')#,+=%0* *'"&(#4'.!#* 

,99,),"&* # "'1%&+&3#'C ,$"&*,"#>#)&$,%%&C 9&((')/!# 9)#%-"#- GH?, %,9)#*'), . 

#.9&+=>&$,%#'* .#."'* !+,..,  7GG? "#9, «ASPID», «K?JGH?», « 7J?» [1, 2, 4].   

5. JA&.%&$,%#- # 9)'/(' $.'3& &9"#*#>,:## GH?, 9&(+'/,D#1 $%'()'%#; 9)# 

.&>(,%## .&$)'*'%%01 .")<!"<)%& # E<%!:#&%,+=%& .+&/%01 567, 4"& &A'.9'4#$,'" 

#1 2EE'!"#$%&' # A'>&9,.%&', $ "&* 4#.+' !,",.")&E&<."&C4#$&' #.9&+=>&$,%#'. 

6. K&*9+'!.%&3& *&('+#)&$,%#- # ,%,+#>, !,4'."$, 567 9)# ),>+#4%01 $,)#,%-

",1 #1 9&.")&'%#- # #.9&+=>&$,%#-, , ",!/' ),%/#)&$,%#-. O,9)#*'), 4#.+& *'/.'"'-

$01 2!),%&$ (P75) %, )0%!' .)'(."$ >,D#"0 #%E&)*,:## (7LM) .'3&(%- .&3+,.%& 

Q&.)''.")< .')"#E#:#)&$,%%01 7LM .&.",$+-'" A&+'' 180, $0A&) %,#A&+'' 9)'(9&4"#-

"'+=%01 #> !&"&)01 9)'(.",$+-'" .&A&C $'.=*, .+&/%<; 9)&A+'*< $ .$-># . &".<"."$#-

'* $ (&."<9%&C +#"'),"<)' %'&A1&(#*01 .$'('%#C (+- #1 .),$%'%#- # ),%/#)&$,%#-. 

7. K&*9+'!.%&3& ,%,+#>, E,!"&)&$ # 9)&A+'*, , ",!/' &A&.%&$,%#- 9)&3),** 

$%'()'%#- %&$01 "'1%&+&3#C # GH? . <4B"&* «&9'),"&).!&3& !&*9&%'%",» 567, ".'. 

«9)'.+&$<"01» 4'+&$'4'.!#1 E,!"&)&$, #*';D#1 .'3&(%-, !,! #>$'."%&, !+;4'$&C 1,-

),!"'). J(#% #> $,)#,%"&$ .#."'*,"#>,:## 9)&A+'* $%'()'%#- %&$01 GH? $ 567, , 

",!/' 9)'(+,3,'*0C $,)#,%" #1 !$,+#*'")#4'.!&C &:'%!# 9)#$'(B% %, )#.. 4.   

G)# 2"&* "),(#:#&%%& &.&A&' $%#*,%#' (&+/%& <('+-"=.- .#."'*,"#>,:## !)#-

"')#'$ # 9&!,>,"'+'C 2EE'!"#$%&."# #.9&+=>&$,%#- !,/(&3& "#9, 567 [6, 7]. G&+#*&-

('+=%&."= >,(,%#- #.1&(%01 (,%%01 9& &"%&8'%#-* 9)'(9&4"'%#C 9&("$')(#+, $&>-

*&/%&."= 9&+<4'%#- 9)# )'C"#%3-,%,+#>' ,+="')%,"#$%01 )'8'%#C A&+'' 9&+%&C !,)-

"#%0 (+- +#:, &A&.%&$0$,;D#1 (RJ?) # 9)#%#*,;D#1 GH? (RG?). 

F &A&ADB%%&* $#(' .1'*, #1 $>,#*&('C."$#- # ,+3&)#"* 9)#%-"#- .+&/%01 

)'8'%#C 9& 9)&'!",* ( m  *&('+-*) GH? 9)# <9),$+'%## 567 9)#$'('%, %, )#.. 5. 

@&)*#)&$,%#' *,")#:0 #%('!.&$ #%"'3),+=%01 !)#"')#'$ !,4'."$, (+- .&&"-

$'"."$<;D#1 !+,..&$ 567 9&>$&+-'" 9& .<D'."$< .&>(,"= ),$%0' <.+&$#- # .&9&.",-

$#*&."= $.'3& )-(, .),$%#$,'*01 9)&'!"%01 )'8'%#C. 7 ()<3&C ."&)&%0, .&3+,.&$,%#' 

9&+<4,'*01 )'><+=","&$ . ),>),A&"4#!,*# 567 &A'.9'4#$,'" *#%#*#>,:#; #%E&)*,-

:#&%%&3& ('E#:#", 9)# !$,+#*'")#4'.!&* )'C"#%3-,%,+#>' # 9&$08,'" "&4%&."= >,(,-

%#- #.1&(%01 (,%%01, , ",!/' 9&+<4,'*01 &:'%&! !,4'."$,. 
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I$+. 4. I!ML1N)3). 4'1$/'0!1N,'2' 3,31$M3 "3*!+)-3 & D8->CD 

6'* .,*0* *%&3&!)#"')#,+=%&' # 9&+#*&('+=%&' .),$%'%#' ,+="')%,"#$%01 

$,)#,%"&$ 567, #1 ),%/#)&$,%#' 9& $,)#,%",* 9&.")&'%#- # 2!.9+<,",:##, 9)'/(' 

$.'3& 9& )'><+=",",* *&('+#)&$,%#- E<%!:#&%#)&$,%#- .+&/%01 567, 9&>$&+-'" 

&A'.9'4#"= '1'(%&#$% )$&0*%)'#$% $:$'#$ !#1% 14 .!; 1(1<, *&%#"&)#%3 .#."'*%01 

9&!,>,"'+'C !,4'."$, 567 . =$.&1.$ !#1%& '$$( %('( -+>14 :!; 2!##54 1 ;#!#16 

(SNL), (#%,*#!# #1 %,),D#$,%#-, 4"& #*''" &.&A& $,/%&' >%,4'%#' (+- .+&/%01 567.  
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