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K3/:/52/

/01234526,.&7% 02687'7..9:% 1,;7<26% ,.,3&5,% &% '2=73&826,.&>% 18&%

1827;<&826,.&&% 5.,?&<734.2% 02;8,@,7<% 182=23A&<734.20<4% B<,1,% 219<.2-

;2.0<8-;<280;&:% 8,58,C2<2;% &% 125623>7<% 18&'7.><4 .,;2137..9D% 219<% 18&% 025=,.&&%

2C8,5E26% .262D% <7:.&;&(% F02C7..2% B<2<% 12=:2=% C96,7<% E7..9'G% ;2H=,% .,?&.,7<0>%

8,58,C2<;,% .262H2% ;3,00,% -0<82D0<6% I.,18&'78G% <8&H7.78,E&2..9:% H,52<-8C&..9:%

-0<,.262;% 0:7'.97% 87J7.&>% ;2<289:% 187=0<,637.9% 6% 8,C2<,:% [1, 2]G% ,% '7<2=&;,%

182K&3&826,.&>% -0<82D0<6,% H,52=&.,'&?70;2D% 0<8,<&K&;,E&&% =3>% 1269J7.&>%

BKK7;<&6.20<&%&:%8,C2<9%6%[3, 4]).

M629452/$-4>.1A

L%=,..2D%8,C2<7%8,00',<8&6,7<0>%182E700%,6<2',<&5,E&&%8,0?7<,G%182K&3&826,.&>%

&%025=,.&>%'2=737D%B37'7.<26%182<2?.2D%?,0<&%8,=&,34.2D%<-8C2',J&.9G%125623>M@&D

5.,?&<734.2%02;8,<&<4%182=23A&<734.20<4%182E700,%1827;<&826,.&>%&%123-?&<4%&5=73&7G%

.,&C2377%123.2%2<67?,M@77 <7:.&?70;2'-%5,=,.&M(

/0:2=.9'&% =,..9'&% =3>% 18267=7.&>% 8,0?7<,% >63>7<0>% <7:.&?70;27% 5,=,.&7% .,%

1827;<&826,.&7% H,52<-8C&..2D% -0<,.26;&% I"#$N(% O8&.><,>% 12037=26,<734.20<4%

1827;<&826,.&>%"#$%020<2&<%&5%037=-M@&:%B<,126:
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SN%F187=73>M<0>%&0:2=.97%=,..97%=3>%1827;<&826,.&>T

UN% V,00?&<96,7<0>% E&;3% "#$% [5] &% 2187=73>M<0>% &0:2=.97% =,..97% =3>%

8,0?7<,%B37'7.<26;

WN%V,0?7<%20.26.9:%H72'7<8&?70;&:%:,8,;<78&0<&;%B37'7.<26%"#$ I0<-17.7D%

;2'1870028, &%<6-8C&.9%X6], ;,'789%0H28,.&>G%<71322C'7..9:%,11,8,<26%I#FYN%X7,8,9]

ZN%!2=73&826,.&7%B37'7.<26%"#$%X10,11];

5N%Y.,3&5%B37'7.<26%"#$%I,.,3&5%.,18>A7..2-=7K28'&826,..2H2%020<2>.&>%

1237D%0;2820<7DG%=,637.&D%&%<7'178,<-8%6%182<2?.2D%?,0<& [12,13,14],);

6N% FK28'37.&7% 8,C2?&:% ?78<7A7DG% 8,58,C2<;,% <7:.232H&&% &5H2<2637.&>%

=7<,37D%&%-5326%I%182H8,''%=3>%0<,.;26%0%[O$%&%<(=(N.

Y6<2',<&5,E&> 8,0?7<26 .,% B<,1,:% S-3 18262=&<0>% .,% 20.267 =,..2H2 12=:2=, ;%

1827;<&826,.&M; 5,<7'% 025=,M<0>% 1,8,'7<8&5&826,..97% W-D '2=73&% B37'7.<26% "#$

(B<,1 4), 21<&',34.2% 2<67?,M@&7% 607'% ;2.0<8-;<&6.9'% <87C26,.&>'G% 187=\>63>7'9'% ;%

=,..2'-%;3,00-%&5=73&D( *<,19%,.,3&5,% IB<,1%]N%&% <7:.232H&?70;2D%1828,C2<;&%=7<,37D%

(B<,1%^N%6%=,..2D%8,C2<7%.7%8,00',<8&6,M<0>(

O8&% 8,0?7<7% 1,8,'7<826% 0<-17.7D% ;2'1870028,% &% <-8C&.9% 2187=73><0>%

21<&',34.,>% H72'7<8&>% 8,C2?&:% ;2370% I8&0-.2;% 1) &% 69123.>7<0>% 182K&3&826,.&7% 607:%

B37'7.<26%0<-17.&(%O82K&3&826,.&7%8,C2?7H2%;2370,%IV_N%E7.<820<87'&<734.2D%<-8C&.9%

I`Q#N%8,00'2<87.2%6%8,C2<7%X15,16]; 025=,.&7%'2=73& ;2370,%E7.<82C7A.2H2%;2'1870028,%

I`+_N% 69123.7.2% .,% C,57 <87:'78.2H2% 182K&3&826,.&> 0% -?7<2'% 022<67<0<6-M@&:%

87;2'7.=,E&D% I'7<2=&;,G% &532A7..,>% 6% 8,C2<7% [17] & 12=<678A=7..,>% 6% 8,C2<7% [18]).

O,8,'7<8&5&826,..97% '2=73&% 0<-17.7D% `+_% &% `Q# 025=,M<0> 0% -?7<2'% H72'7<8&&%

0182K&3&826,..9: ;2370( O8&'78% 123-?7..2D% H72'7<8&&% 182<2?.2D% ?,0<&% 0<-17.&%

;2'1870028,%&%<-8C&.9%187=0<,637.9%.,%8&0-.;7%U.

O8&% 8,0?7<7% <71322C'7..2H2% ,11,8,<,% 2187=73><0>% 21<&',34.,>% H72'7<8&>%

12678:.20<7D% <71322C'7.,G% ,% <,;A7% 69C&8,M<0>% 7H2% H,C,8&<.97% 8,5'789% &% 8,5'789%

12=62=>@&:%&%2<62=>@&:%1,<8-C;26(%Q25=,M<0>%1,8,'7<8&5&826,..97%'2=73&%B37'7.<26%

#FY%&%18262=&<0> ,6<2',<&5,E&>%8,0?7<,(%O8&'78%H72'7<8&&%12678:.20<7D%<71322C'7.,%

187=0<,637.,%.,%8&0-.;7%3.

O23-?,7',>% 6% 182E7007% 182K&3&826,.&>% 182<2?.,>% ?,0<4% "#$%'2A7<% -<2?.><40>%

I&3& – 18&% .72C:2=&'20<&% – 123.20<4M% 17870<8,&6,<40>N% 1-<7'% &5'7.7.&>% .,C2826%

6:2=.9:% H,52=&.,'&?70;&:% &% ;2.0<8-;<280;&:% 1,8,'7<826(% FC.2637.&7% 8,0?7<,% &%

'2=737D 5,.&',7<% 5.,?&<734.2%'7.4J77%687'>G%?7'%182E700%1827;<&826,.&>%a68-?.-MbG%

?<2%125623>7<%123-?&<4 '2=734%182<2?.2D ?,0<&G%.,&C2377%123.2%-=2637<628>M@-M%607'%

<87C26,.&>'G%,;<-,34.9'%=3>%8,=&,34.9:%<-8C2',J&.(
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V&0. 1. O82K&3&826,.&7%V_ `+_

V&0. 2. *37'7.<9%182<2?.2D%?,0<&%"#$%– 0<-17.&%`+_%&%`+Q
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V&0. 3. O3,0<&.?,<2-87C8&0<97%12678:.20<&%<71322C'7.,

N/B=;<141A

L% :2=7% 69123.7.&>% =,..2D% 8,C2<9% C93&% 123-?7.9% '7<2=&;&% 8,0?7<,% &%

182K&3&826,.&>% WD-'2=737D% 182<2?.2D% ?,0<&G% 125623>M@&7% ,6<2',<&5&826,<4% 182E700%

1827;<&826,.&>% 8,=&,34.2D% <-8C2',J&.9% &G% 12037% 69123.7.&>% ;2.0<8-;<280;2D%

1828,C2<;&G% 18262=&<4% 8,53&?.97% 8,0?7<9% I2E7.;-% ',009G% 8,53&?.9:% H72'7<8&?70;&:% &%

=&.,'&?70;&:% :,8,;<78&0<&;G% 182?.20<&% &% <(=(N% &% 025=,6,<4% <7:.232H&M% &5H2<2637.&>% &%

0C28;&%8,53&?.9:%020<,63>M@&: "#$

"4;<5/8@//$-4B3212/$-4>.1A

Q37=-M@&'% I12037 182K&3&826,.&7'% 182<2?.2D% ?,0<& "#$) B<,12'% >63>7<0>

'2=73&826,.&7 607D% -0<,.26;&% 6% E732'% I12=J&1.&;269:% -5326G% ;281-0,% &% <(=.N(% L% :2=7%

=,..2D% 1828,C2<;&% '2A.2% 182670<&% ,.,3&5% 8,53&?.9:% =7<,37D% &% -5326% I.,18&'78G%

182670<& ?,0<2<.9D ,.,3&5 B37'7.<26 82<28,%"#$G%187=0<,637..2H2%.,%8&0-.;7%Z).

O2037% 025=,.&>% B37'7.<26% -0<,.26;&% 18262=&<0>% &:% ,.,3&5% &% -<2?.7.&7%

H72'7<8&?70;&:% 8,5'7826% =3>% 123-?7.&>% '2=737DG% 2<67?,M@&: 607'% 187=\>63>7'9'% ;%

<-8C2',J&.7% <87C26,.&>' &% 0<,.=,8<,'(% L9123.>M<0>% 182?.20<.97% I'2=73&826,.&7%

<7132.,18>A7..2H2% 020<2>.&>G% ?,0<2<.9D ,.,3&5% &% 18(N% &% H,52=&.,'&?70;&7% ,.,3&59(%

FK28'3>M<0>%8,C2?&7%?78<7A&%&%<7:.232H&?70;&7%;,8<9 &5H2<2637.&>%=7<,37D%-0<,.26;&(
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V&0. 4. V2<28%"#$

O8&% .72C:2=&'20<&% C2377% =7<,34.2H2% &5-?7.&>% '2=73&% 6% 02687'7..9:% 1,;7<,:%

&.A7.78.2H2% ,.,3&5,% 625'2A.2% B;0128<&826,.&&% '2=73&% 6% 0<282..&7% QYc-1,;7<9G% ?<2%

125623>7<%18262=&<4%3MC97%=,34.7DJ&7%&0037=26,.&>(

O629.0$;21/-41=-A

1) Y8C7;26% Y()(G% +-8E76% Q(Y(% /0037=26,.&7% E&;3,% 5,';.-<2D% H,52<-8C&..2D%

<8&H7.78,E&2..2D%-0<,.26;&%1,8,33734.2D%0:7'9%dd%#7132697%182E7009%6%<7:.&;7(%UeSU(%

#(%Z%f%R(%Q(%WU^-331.

UN% Y8C7;26% Y()(G% +-8E76% Q(Y(% /0037=26,.&7% E&;3,% 5,';.-<2D% H,52<-8C&..2D%

<8&H7.78,E&2..2D%-0<,.26;&%12037=26,<734.2D%0:7'9%dd%),-;,%&%2C8,526,.&7(%!"#$%&'(%

)(*(% +,-',.,(% *37;<82.(% A-8.(% UeSU(% f% W(% V7A&'% =20<-1,g

http://technomag.edu.ru/doc/359008.html I=,<,%2C8,@7.&>%SU(eh(UeSUN(

2) +-8E76% Q(Y(% /0037=26,.&7% <7'178,<-8.2D% 0<8,<&K&;,E&&% H,5,% // L70<.&;%!"#$(%

!,J&.20<827.&7(%– Shhi(%f%U(%– Q(%^]-72.

3) +-8E76% Q(Y(% F1<&'&5,E&>% H72'7<8&&% 0678:56-;262H2% ;,.,3,% 6% -0<82D0<67% =3>%

B.78H28,5=737.&>%// L70<.&;%!"#$(%!,J&.20<827.&7(%– Shhh(%f%U(%– Q(%Zi-54.

4) !&:,34E76% L(c(G% !23>;26% L(j. - V,0?7<% E&;3,% H,52<-8C&..2D% -0<,.26;&g% $?7C(%

1202C&7%d%O2=%87=(%/("(%Q-826E76,(%-!(G%/5=-62%!"#$G%UeeeG%- 32 0(

5) !&:,34E76% L(c(G%!23>;26% L(j(% - #728&>% 1827;<&826,.&7% H,5262D% <-8C&.9g% $?7C(%

1202C&7%12%;-80-%kl21,<2?.97%',J&.9%H,52<-8C&..9:%&%;2'C&.&826,..9:%-0<,.262;k(%-

[(Ug% #728&>% &% 1827;<&826,.&7% '.2H20<-17.?,<2D% H,5262D% <-8C&.9% d% O2=% 87=(% !(/(%

F0&126,(%-!(G%/5=-62%!"#$G%Ueei(%- 116 0(
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6) /6,.26% L(l(G% Y(/(% l72.<476G% *(Y(% !,.-J&.G% !(/(% F0&126% - #71322C'7..97%

,11,8,<9%&%0&0<7'9%23,A=7.&>% H,52<-8C&..9:%&%;2'C&.&826,..9:%-0<,.262;g%$?7C.&;%

=3>%L$m26%d%O2=%87=(%Y(/(%l72.<476,(%-!(G%/5=-62%!"#$G%UeeWG%]hU 0(

7) L(!(%_7D0G%Y(l(% l2.=2.% - _2'1,;<.97% <71322C'7..&;&(%/5=-62% k*.78H&>kG% Sh^RG%

224 0(

8) L(l(% /6,.26% - !7<2=9% 8,0?7<26% <71322C'7..9:% ,11,8,<26% H,52<-8C&..9:%

-0<,.262;(%/5=-62%!"#$G%ShihG22 0(

9) _&073n6% )(Y(% - Y6<2',<&5&826,..27% 1827;<&826,.&7% 182<2?.2D% ?,0<&% 8,C2?7H2%

;2370,% 8,=&,34.2D% <-8C&.9% 6% 182H8,''.2'% ;2'137;07% CATIA(% QC28.&;% 0<,<7D%

!232=7A.2D% .,-?.2-&.A7.78.2D% 690<,6;&% aO23&<7:.&;,b% - UeSS(% % !"#$% &'(% )(*(%

+,-',.,d%!(g%)#Y%aYOP)bG%UeSSG%0(%SSS%- 120.

10) _&073n6% )(Y(% - O82?.20<.2D% ,.,3&5% 8,C2?7H2% ;2370,% E7.<820<87'&<734.2D%

<-8C&.9(%QC28.&;%0<,<7D%=2;3,=26%-?,0<.&;26%2C@7-.&6780&<7<0;2D%.,-?.2-<7:.&?70;2D%

;2.K787.E&&% aQ<-=7.?70;,>% .,-?.,>% 670.,% – UeSUbG% 1206>@7..2D% 165-37<&M% )(c(%

o-;260;2H2G%eU-Uh%,1873>%UeSU%H(%#2'%XIIG%?,0<4%WG%Q(%SWU-138

11) _&07376% )(YG% - Y6<2',<&5&826,..27% 1827;<&826,.&7% 182<2?.2D% ?,0<&% 0<-17.&%

8,=&,34.2D% <-8C&.9% 6% 182H8,''.2'% ;2'137;07% CATIA(% QC28.&;% 0<,<7D% =2;3,=26%

-?,0<.&;26% 2C@7-.&6780&<7<0;2D% .,-?.2-<7:.&?70;2D% ;2.K787.E&&% aQ<-=7.?70;,>%

.,-?.,>% 670.,% – UeSUbG% 1206>@7..2D% S^]-37<&M%)(c(%o-;260;2H2G% eU-Uh% ,1873>% UeSU% H(%

#2'%XIIG%?,0<4%WG%Q(%SWi-144.

12) _&073n6% )(Y(G% !>?&.% _(L(% - !2=73&826,.&7% 0C28;&% 82<28,% 0% &01234526,.&7'%

1234526,<7340;&D% 18&'&<&626(% QC28.&;% <8-=26% 1><2D% L078200&D0;2D% ;2.K787.E&&%

'232=9:% -?7.9:% &% 017E&,3&0<26% kC-=-@77% ',J&.20<827.&>% V200&&k(% !20;6,G% U^-29 

07.<>C8>%UeSUG%0(%S]i%- 159.

13) _&073n6% )(Y(G% O7870;2;26% - Y.,3&5% .,18>A7..2-=7K28'&826,..2H2% 020<2>.&>%

8,C2?7H2% ;2370,% E7.<820<87'&<734.2D% <-8C&.9% 6% 5,6&0&'20<&% 2<% 7H2% H72'7<8&&(%%

c(L(QC28.&;%<8-=26%1><2D%L078200&D0;2D%;2.K787.E&&%'232=9:%-?7.9:%&%017E&,3&0<26%

kC-=-@77%',J&.20<827.&>%V200&&k(%!20;6,G%U^-Uh%07.<>C8>%UeSUG%0(%%S^S-162.

14) p780<M;%Y()(G% m,8>.;&.%Y(c(% - V,=&,34.2-207697% <-8C&.9%',32D%'2@.20<&g%!(G%

!,J&.20<827.&7G%ShR^G%-UeR%0(

15) !&<82:&.% L(#(% - L9C28% 1,8,'7<826% &% 8,0?7<% E7.<820<87'&<734.2D <-8C&.9(%!.,

&5=-62 !,J&.20<827.&7G%Sh^^G%Uee0.

16) +7;.76%L(Q(G%_-K<26%Y(P(G%#-',J76%V(m(g%V,0?7<%&%1827;<&826,.&7%%E7.<82C7A.9:%

;2'187002826%"#jg%!7<2=&?70;&7%-;,5,.&>(%!(G%/5=-62%!"#$G%Shh^G%ZZ 0(
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17) Y8C7;26% Y()(G% )26&E;&D% +(+(% *;0178&'7.<,34.27% &0037=26,.&7% :,8,;<78&0<&;%

0<-17.&%',328,5'78.2H2%E7.<82C7A.2H2%;2'1870028,% dd%),-;,%&%2C8,526,.&7(%!"#$%&'(%

)(*(% +,-',.,(% *37;<82.(% A-8.(% UeSU(% f% i(% V7A&' =20<-1,g

http://technomag.edu.ru/doc/432308.html. I=,<,%2C8,@7.&>%SU(eh(UeSUN(


