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JKH 655.225 /. A. ELK/MMN
M. N. OC>LCPCLE
>?#.!0 6(#-2*&#$'%"":0
$%@"!9%#.!0 -"!'%&#!$%$

IM/ >I/ELO1M/LEF
IMPL>B>DCF  AMQEIC

O A/> MRJI>QLS  L>OCIMBM 

G&3B,13(-54&3-(. 1&I-,/,0+. 2&;(1+ 2,'3(C9B&:(&1 -(-&5&-
-+& +C,J3(D&-+. -( '&),3+39&B9K 2,:&3I-,51L 5 23,B&D91,;-
-,0, -,5+1&/. (52&*+(/L-,= J9B(0+ +/+ 2/&-)+) 23+ 2,B,M+
1&3B,23&55(. $3+  2&3&-,5& -&B(/,:(D-9K 3,/L +03(K1 13+ ,5-,:-
-<I 4()1,3(: 1&B2&3(193(, '(:/&-+& + :3&B. 23&55,:(-+.. G,/L),
23+ 513,0,B 5,J/K'&-++ N1+I 2(3(B&13,: :,CB,D-, 2,/9;&-+&
)(;&51:&--,0, 1&3B,2&3&-,5( [1–3].

!(--(. 1&I-,/,0+. +B&&1 3.' 23&+B9M&51::
— N),-,B+;-,51L + 1&I-,/,0+;&5)(. 23,51,1( 23+ B(/<I

1+3(D(I;
— -+C)(. 51,+B,51L + 23,51,1( 1&I-,/,0+;&5),0, ,J,39',-

:(-+.;
— :<5,)(. 5),3,51L 2,/9;&-+. 0,1,:,0, 23,'9)1(;
— :,CB,D-,51L 2&3&'(;+ 1,-)+I /+-+= + '&1(/&=;
— N),/,0+;&5)(. J&C:3&'-,51L 23,*&55(;
— -+C)(. 5&J&51,+B,51L &'+-+;-<I C)C&B2/.3,:;
— B(/<& 2/,M('+ '/. 3(J,1<;
— 2,/9;&-+& 4,1,03(4+;&5),0, )(;&51:( 5 1,;-<B :,523,+C-

:&'&-+&B *:&1,:,= 2(/+13<.
7( )(;&51:, 2,/9;(&B,0, +C,J3(D&-+. B,091 :/+.1L 5/&'9-

KM+& 4()1,3<:
— I+B+;&5)+= 5,51(: 1,-&3( +/+ )3(5)+;
— :+' 23,B&D91,;-,0, -,5+1&/.;
— 3&D+B< 1&3B,2&3&-,5( (1&B2&3(193(, :3&B., '(:/&-+&);
— B,'&/L 1&3B,2&3&-,5(.
E1/+1+;&/L-,= ,5,J&--,51LK '(--,= 3(J,1< .:/.&15. +5-

2,/LC,:(-+& : 1&I-,/,0+;&5),B 23,*&55& 1&3B,2&3&-,5( 23,B&D9-
1,;-,0, -,5+1&/. : :+'& '&),/L-,= J9B(0+. 6:&351(--<= B()&1
:<:,'+15. -( *:&1-,B /(C&3-,B 23+-1&3& -( '&),/L-9K J9B(09
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: C&3)(/L-,B +C,J3(D&-++. @ 1&3B,23&55& +C,J3(D&-+& 2&3&-,-
5+15. -( 1)(-L +/+ (/KB+-+&:<& 2/(51+-<. $,5/& ,51<:(-+.
-&,JI,'+B, ,1'&/+1L J9B(09. >C,J3(D&-+& : 1&3B,23&55& 2,'
'&=51:+&B 1&B2&3(193< :5/&'51:+& 3(52/(:/&-+. 1,-&3( + ,51<-
:(-+. C()3&2/.&15. -( 2,:&3I-,51+ C(2&;(1<:(&B,0, B(1&3+(/(.
$,5/& 9:/(D-&-+. J9B(0( ,1'&/.&15., ( +C,J3(D&-+& ,51(&15. -(
2,:&3I-,51+. !(/LO& -&,JI,'+B( 2,'59O)( 23+ -&:<5,),= 1&B-
2&3(193&.

E5,J&--,51LK 3(55B(13+:(&B,= 1&I-,/,0++ .:/.&15. :,C-
B,D-,51L 1&B,2&3&-,5( +5)/K;+1&/L-, 1,/L), 5(B,0, +C,J3(D&-
-+., -& 13&J9&15. 3&D9M+= 2/,11&3, 23+B&-&-+& ),1,3,0, ,5/,D-
-.&1 23,*&55.

"3,B& 1,0,, +52,/LC,:(-+& : 1&3B,13(-54&3-,= 1&I-,/,0++
2&;(1+ 3(C/+;-<I 1&3B,13(-54&3-<I 2/&-,) '&/(&1 -&:,CB,D-<B
2&3&-,5 1,/L), 5(B,0, +C,J3(D&-+., 2/&-)( :5&0'( ,51(&15. -(
C(2&;(1<:(&B,= 2,:&3I-,51+ /+J, 2,' 3+59-),B, /+J, 5:&3I9.

#,/&& 2,'3,J-, :&5L 1&I-,/,0+;&5)+= 23,*&55 1&3B,13(-5-
4&3-,= 2&;(1+ 5 +52,/LC,:(-+&B 23,B&D91,;-,0, -,5+1&/. : :+'&
'&),/L-,= J9B(0+ B,D-, 23&'51(:+1L : :+'& 2,5/&',:(1&/L-,0,
:<2,/-&-+. 5/&'9KM+I ,2&3(*+=.

1.$&;(1L ,3+0+-(/( -( '&),/L-,= J9B(0& +/+ '390,B (-(/,-
0+;-,B 2, 5:,=51:(B -,5+1&/& 5 23+B&-&-+&B /(C&3-,0, 23+-1&3(.

2. G&3B,23&55,:(-+& : 52&*+(/L-,B 1&3B,23&55&, ,J&52&;+-
:(KM&B 3(:-,B&3-<= -(03&: ', 1&B2&3(193< 160–180 °6 + 2/,1-
-<= 23+D+B 2, :5&= 2,:&3I-,51+. @3&B. 23&55,:(-+. (,1 5 ', 60 5)
2,'J+3(&15. ,2<1-<B 291&B.

3. E51<:(-+&.

                                                                                                                         
G(J/+*( 1 

E*&-)( 3&C9/L1(1,: 1&3B,13(-54&3-,= 2&;(1+ 
-( 3(C/+;-<I 1)(-.I 

 
P 
2/2 

G)(-L G&B2&3(193(, 
°6 

@3&B.,  
5 

"(;&51:,,  
J(//< 

1 G3+),1(D 180 40 3 

2 ?1/(5 180 40 9 

3 A&O),:+-( 180 40 2 

4 Q&/) 180 40 8 

5 R/,2,) 180 40 5 
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G(J/+*( 2 
E*&-)( 3&C9/L1(1,: 1&3B,13(-54&3-,= 2&;(1+ -( 1)(-+ 

23+ 3(C/+;-<I 1&I-,/,0+;&5)+I 3&D+B(I 
 
P 
2/2 

G)(-L G&B2&3(193(, 
°6 

@3&B., 
5 

"(;&51:,, 
J(//< 

$3+B&;(-+. 

1 ?1/(5 160 40 3 >C,J3(D&-+& 2&3&O/, 
;(51+;-, 

2 ?1/(5 170 40 7 E1'&/L-<& 
B+)3,'&4&)1< 

3 ?1/(5 180 40 9 89;O+= 3&C9/L1(1 

4 ?1/(5 190 40 7 E1'&/L-<& 
B+)3,'&4&)1< 

5 ?1/(5 180 20 2 >C,J3(D&-+& 2&3&O/, 
;(51+;-, 

6 ?1/(5 180 30 7 E1'&/L-<& 
B+)3,'&4&)1< 

7 ?1/(5 180 40 9 89;O+= 3&C9/L1(1 

8 ?1/(5 180 60 7 E1'&/L-<& 
B+)3,'&4&)1< 

9 Q&/) 160 40 2 >C,J3(D&-+& 2&3&O/, 
;(51+;-, 

10 Q&/) 170 40 6 E1'&/L-<& 
B+)3,'&4&)1< 

11 Q&/) 180 40 9 89;O+= 3&C9/L1(1 
 

4.  :/(D-&-+& 1(B2,-,B, 5B,;&--<B : 1&2/,= :,'&. @3&B.
9:/(D-&-+. (5–10 5) 2,'J+3(&15. ,2<1-<B 291&B.

5. E1'&/&-+& -(J9IO&= J9B(0+. E2&3(*+. ,59M&51:/.&15.
5 J,/LO,= ,51,3,D-,51LK.

6.$,'59O+:(-+& C(2&;(1(--,0, +C'&/+. 23+ 40–50 °6.
7. ",-13,/L )(;&51:(.
@ 3(J,1& 23+:,'.15. 3&C9/L1(1< N)52&3+B&-1(/L-<I +55/&',-

:(-+= 2, ,13(J,1)& ,21+B(/L-<I 3&D+B,: 23,:&'&-+. 23,*&55(
: 5,,1:&151:++ 5 23+:&'&--<B+ : 1&I-,/,0+;&5),= 5I&B& ,2&3(-
*+.B+.

@ )(;&51:& C(2&;(1<:(&B,= 2,:&3I-,51+ J(/+ :<J3(-< 3(C-
/+;-<& 1)(-+ + (/KB+-+&:<& 2/(51+-<.

G&3B,2&3&-,5 B,D&1 ,59M&51:/.1L5. -( 3(C/+;-<& 1)(-+.
F/(:-<B 13&J,:(-+&B .:/.&15. 1,, ;1,J< N1+ 1)(-+ :<'&3D+:(/+
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%+5. 1. S(:+5+B,51L
)(;&51:( +C,J3(D&-+. (J(//<)
23+ 1&3B,2&3&-,5& -( 1)(-L
,1 :3&B&-+ 23&55,:(-+. (5)

,23&'&/&--9K 1&B2&3(1939 : 1&;&-+& :3&B&-+ 23&55,:(-+.. $3+
N1,B 1)(-L -& ',/D-( B&-.1L *:&1, 1&)51939 +/+ 3(C39O(1L5..
@ 23,*&55& +55/&',:(-+. +C9;(/+ :/+.-+& 1&B2&3(193< 1&3B,-
23&55,:(-+., :3&B&-+ 23&55,:(-+., 23,',/D+1&/L-,51+ + 1&B2&3(-
193< 9:/(D-&-+. -( )(;&51:, 2,/9;(&B,= 23,'9)*++ (1(J/. 1–3,
3+5. 1, 2). "(;&51:, 2,/9;&--<I ,J3(C*,: ,*&-+:(/,5L 2, '&5.1+-
J(//L-,= O)(/& 23+  2,B,M+ B&1,'( N)52&31-<I ,*&-,).

89;O+& 3&C9/L1(1< J</+ 2,/9;&-< -( O&/)&, (1/(5&, 2/,1-,=
5+-1&1+;&5),= 1)(-+.

@ )(;&51:& B&1(//+;&5)+I 2/(51+- +52,/LC,:(/+ (/KB+-+-
&:<& 2/(51+-< 4,3B(1( ?4 1,/M+-,= 0,15–0,25 BB. $/(51+-<

%+5. 2.  S(:+5+B,51L
)(;&51:( +C,J3(D&-+. (J(//<)
23+ 1&3B,2&3&-,5& -( 1)(-L

,1 1&B2&3(193< 23&55,:(-+. (°6)

%+5. 3. S(:+5+B,51L
)(;&51:( +C,J3(D&-+. (J(//<)
23+ 1&3B,2&3&-,5& -( B&1(//
,1 :3&B&-+ 23&55,:(-+. (5)

%+5. 4. S(:+5+B,51L
)(;&51:( +C,J3(D&-+. (J(//<)
23+ 1&3B,2&3&-,5& -( B&1(//

,1 1&B2&3(193< 23&55,:(-+. (°6)
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    G(J/+*( 3 
E*&-)( 3&C9/L1(1,: 1&3B,13(-54&3-,= 2&;(1+ -( 1)(-+ 

23+ 3(C/+;-,B :3&B&-+ 9:/(D-&-+. 

 

P 
2/2 

G)(-L G&B2&3(193( 
:,'<, °6 

@3&B. 
9:/(D- 
-&-+. 

"(;&51:,, 
J(//< 

$3+B&;(-+. 

1 ?1/(5 28  30 5 1 >C,J3(D&-+&  2&3&O/, 
;(51+;-, 

2 ?1/(5 28 60 5 3 7&3(:-,B&3-<= 2&3&-,5 

3 ?1/(5 28 3 B+- 7 E1'&/L-<& 
B+)3,'&4&)1< 

4 ?1/(5 28 5 B+- 9 89;O+= 3&C9/L1(1 

5 ?1/(5 28 7 B+- 7 %(C3<I/&-+& 1,-&3( 

6 ?1/(5 28 9 B+- 6 %(C3<I/&-+& 1,-&3( 

7 Q&/) 28 30 5 1 >C,J3(D&-+&  2&3&O/, 
;(51+;-, 

8 Q&/) 28 1 B+- 2 7&3(:-,B&3-<= 2&3&-,5 

9 Q&/) 28 3 B+- 6 E1'&/L-<& 
B+)3,'&4&)1< 

10 Q&/) 28 5 B+- 9 89;O+= 3&C9/L1(1 

11 Q&/) 28 7 B+- 7 %(C3<I/&-+& 1,-&3( 

12 Q&/) 28 9 B+- 5 %(C3<I/&-+& 1,-&3( 

,J&CD+3+:(/+ : 5/(J,M&/,;-,B 3(51:,3&, 23,B<:(/+ : 1&2/,=
:,'&, '&)(2+3,:(/+ : 5/(J,),-*&-13+3,:(--,B 3(51:,3& 5&3-,=
)+5/,1<, 23,B<:(/+ : 23,1,;-,= :,'& + 59O+/+. %&C9/L1(1< 23&'-
51(:/&-< : 1(J/. 4 + -( 3+5. 3, 4.

E5-,:-<& :<:,'< 2, 3(J,1&.
1. %(C3(J,1(-( 1&I-,/,0+;&5)(. 5I&B( 23,*&55( 1&3B,13(-5-

4&3-,= 2&;(1+ -( 3(C/+;-<I B(1&3+(/(I.
2.$,)(C(-( :,CB,D-,51L +52,/LC,:(-+. : )(;&51:& 23,B&D9-

1,;-,= 2,'/,D)+ '&),/L-,= J9B(0+.
3. T)52&3+B&-1(/L-, ,13(J,1(-< ,21+B(/L-<& 3&D+B< 1&3B,-

13(-54&3-,= 2&;(1+.
4.$,/9;&-< ,2<1-<& ,J3(C*< :<5,),0, )(;&51:( -( 1)(-+

+ B&1(//&.
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                       #+J/+,03(4+;&5)+=  52+5,)

1. G&I-,/,0+. 1&3B,13(-54&3-,= 2&;(1+ N1+)&1,) : [T/&)13,--<= 3&-
5935]. – %&D+B ',5192(: http:/termoprint. 90mb.ru/1266-html – ('(1( ,J3(M&-+.:
13 (23&/. 2012 0.).

2. G&I-,/,0+. 13(-54&3-,= 2&;(1+ : [T/&)13,--<= 3&5935]. – %&D+B ',5192(:
http:/www.termotrancfer.ru/tecnologiya / – ('(1( ,J3(M&-+.: 10 (23&/. 2012 0.).

3. G&3B,13(-54&3-<& 1&I-,/,0++:B(3)+3,:)( 1&)51+/L-<I +C'&/+= –
:,23,5 N/&B&-1(3-<= / !. #&/,39),: : [T/&)13,--<= 3&5935]. – %&D+B ',5192(:
http:/www.termotransfer.ru/support.print iearning5.html – ('(1( ,J3(M&-+.: 13 (2-
3&/. 2012 0.).

7,/%**0 8./!"9'  *)%!0#:, )(-'+'(1 1&I-+;&5)+I -(9), ',*&-1 (%,55+.),
',*&-1 )(4&'3< «EJ,39',:(-+& + 1&I-,/,0++ 2,/+03(4+;&5),0,
23,+C:,'51:(».
;#!,#+#,& <"*,& ="&/#1#%!0,&, 519'&-1)( 03. $G-517 52&*+(/L-,51+
«G&I-,/,0+. 2,/+03(4+;&5),0, 23,+C:,'51:(».

© %. $. ?-'3&&:, U. @. 6+,-+I+-(
61(1L. 2,5192+/( : 3&'()*+K 18.04.2013 0.

 
G(J/+*( 4 

E*&-)( 3&C9/L1(1,: 1&3B,13(-54&3-,= 2&;(1+ -( (/KB+-++ 
23+ 3(C/+;-<I 1&I-,/,0+;&5)+I 3&D+B(I 

P 
2/2 

A&1(// G&B2&3(193(, 
°6 

@3&B.,
5 

"(;&51:,, 
J(//< 

$3+B&;(-+. 

1 ?/KB+-+= 170 60 3 >C,J3(D&-+& 2&3&O/, 
;(51+;-, 

2 ?/KB+-+= 180 60 7 E1'&/L-<& 
B+)3,'&4&)1< 

3 ?/KB+-+= 190 60 9 89;O+= 3&C9/L1(1 

4 ?/KB+-+= 200 60 7 E1'&/L-<& 
B+)3,'&4&)1< 

5 ?/KB+-+= 180 40 2 >C,J3(D&-+& 2&3&O/, 
;(51+;-, 

6 ?/KB+-+= 180 50 7 E1'&/L-<& 
B+)3,'&4&)1< 

7 ?/KB+-+= 180 60 9 89;O+= 3&C9/L1(1 

8 ?/KB+-+= 180 80 7 E1'&/L-<& 
B+)3,'&4&)1< 

http://www.termotrancfer.ru/tecnologiya
http://www.termotransfer.ru/support.print
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JKH 621.9 L. B. TEOOC
I-45#.!0 6(#-2*&#$'%"":0

-"!'%&#!$%$

/EUNCICM C AM/OAMHICNS
AMQEIC A> I/MT>NELCV

«$&;(1L 2, 13&J,:(-+K» (Print-on-demand; 1()D& +C:&51-(
)() «>C'(1&/L51:, 2, 13&J,:(-+K») — +C'(1&/L5)(. 1&I-,/,0+.,
23+ ),1,3,= -,:<& N)C&B2/.3< )-+0+ 2&;(1(K15. 1,/L), 1,0'(,
),0'( 2,5192(&1 5,,1:&151:9KM+= C(23,5 ,1 2,)92(1&/..

$&;(1L 2, 13&J,:(-+K .:/.&15. -,:,= 1&I-,/,0+&= : 2,/+-
03(4++ : ;(51-,51+ + : +C'(1&/L5),B '&/& : ,JM&B. !(--<= B&-
1,' 2,C:,/.&1 23,+C:,'+1L 1,/L), /+OL -&,JI,'+B<= ,JV&B 2&;(1-
-,= 23,'9)*++, : ,1/+;+& ,1 -&J,/LO+I 1+3(D&=, ,03(-+;&--<I
2(3,= '&5.1),: )-+0.

@2&3:<& 1&I-,/,0+. %rint-on-demand J</( 23&'51(:/&-( :
61,)0,/LB& : 1997 0,'9, -, C(1&B 5 3(C:+1+&B N/&)13,--<I J+J/+,-
1&) ,1,O/( -( :1,3,= 2/(-. E'-(), 5&0,'-. N1( 1&I-,/,0+. 51(-,-
:+15. :5& J,/&& :,513&J,:(--,=.

@ 5,:3&B&--,B B+3& 523,5 13&J9&1 J<513,= 2,51(:)+ -,-
:&=O&= +-4,3B(*++. T1,1 523,5 5,C'(&15. 2,13&J+1&/.B+ 2&;(1-
-,= 23,'9)*++, 1()+B+ )() J+J/+,1&)+, ,JM&51:&--<& 9;3&D'&-
-+., ;+1(1&/+ )-+0, 5 ,'-,= 51,3,-<, + (:1,3(B+ — 5 '390,=.

E'-(), 13('+*+,--(. *&2,;)( «(:1,3–+C'(1&/L51:,– 1+2,-
03(4+.–'+513+JLK1,3–,21,:(. 1,30,:/.–)-+D-(. 1,30,:/.–
2,13&J+1&/L/;+1(1&/L» 3(J,1(&1 5/+O),B B&'/&--, '/. 9',:/&1:,-
3&-+. 13&J,:(-+. (:1,3( 2, ',5192-,51+ &0, 3(J,1<, 1()D& )()
+ 13&J,:(-+. ;+1(1&/. 2, 2,/9;&-+K 5(B,0, 5,:3&B&--,0, B(1&3+-
(/( : /KJ,= B,B&-1, ),0'( ,- 2,D&/(&1 &0, 23+,J3&51+ 2, ',5192-
-,= *&-&. G&I-,/,0+. 2&;(1+ 2, 13&J,:(-+K 2, B&3& 523,5( B,D&1
23&'/,D+1L 3&O&-+& N1,= 23,J/&B< + '/. (:1,3(, + '/. 2,13&J+-
1&/./;+1(1&/.. G() D& ,-( +B&&1 3.' 59M&51:&--<I 23&+B9M&51:,
1()+I )() J,/&& -+C)+& C(13(1< ('/. B(/<I 1+3(D&=) + 5),3,51L
+C'(-+.. E12('(&1 -&,JI,'+B,51L I3(-&-+. 1+3(D( -( 5)/('(I,
1&B 5(B<B 9B&-LO(K15. C(13(1< -( I3(-&-+& + 13(-52,31+3,:)9,
)3,B& 1,0,, ,159151:9K1 -&3&(/+C,:(--<& N)C&B2/.3< 23,'9)*++.

T1+ 23&+B9M&51:( 9B&-LO(K1 3+5)+, 5:.C(--<& 5 29J/+)(-
*+&= )-+0 + '390+I 2&;(1-<I +C'(-+=, + 3(5O+3.K1 (55,31+B&-1
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'/. 2,13&J+1&/&=. E'-(),, ) 5,D(/&-+K, )(;&51:, :<295)(&B,0,
+C'(-+. B,D&1 2,513('(1L ::+'9 9B&-LO&-+. :3&B&-+ +C0,-
1,:/&-+..

!(--(. 1&I-,/,0+.  13&J9&1 23+B&-&-+. *+43,:,= 2&;(1+,
23+ ),1,3,= 2&;(1(-+& ,59M&51:/.&15. -&2,53&'51:&--, +C ),B-
2LK1&3(, +C +-4,3B(*+,--,= 5+51&B< 23+ +52,/LC,:(-++ 2&;(1-
-,= B(O+-< 5 *+43,:<B ),-13,/&B. ",-&;-,= 23,'9)1 2,/9;&--
-<= 1()+B ,J3(C,B B,D&1 ,1/+;(1L5. ,1 2&3:,-(;(/L-,0, N)C&B2-
/.3( 3(CB&3,B + ),/+;&51:,B 53(-+*.

$,/-(. *+43,:(. 2&;(1-(. 5+51&B( ',/D-( +B&1L 2,1,;-9K
,J3(J,1)9 '/. J3,OK3,:,;-,-2&3&2/&1-<I 3(J,1.

7(+J,/&& 5/,D-,= 4,3B,= 23+B&-&-+. 2&;(1+ 2, 13&J,:(-
-+K .:/.&15. 23,+C:,'51:, )-+0. !390+& 1+2< 23,'9)1,:, 1()+&
)() 3&)/(B-<& B(1&3+(/< +/+ 0(C&1<, 1()D& B,091 23,+C:,'+1L5.
23+ +52,/LC,:(-++ '(--,0, B&1,'(. @ 3&)/(B-,B 5&)1,3& ()*&-1
'&/(&15. -( 2&;(1+ + :(3+(1+:-,B +52,/LC,:(-++ ;&1<3&I*:&1-<I
+CB&-.KM+I5. '(--<I.

T/&)13,4,1,03(4+;&5)+= 52,5,J :5& &M& .:/.&15. ',B+-+39-
KM+B : 1&I-,/,0++ *+43,:,= 2&;(1+, 23&'51(:/&--,=  -( 3<-)&,
,'-(), J<513<B+ 1&B2(B+ 23,+5I,'+1 3(C:+1+& 5139=-,= 1&I-,-
/,0++.  7( 3<-)& 9D& +B&&15. 2&3:(. )3(5),5139=-(. 951(-,:)(,
5,:B&51+B(. 5 *+43,:,= 2&;(1LK. E-( B,D&1 J<1L +52,/LC,:(-(
'/. 2&;(1+ )-+0.

W&3-,-J&/<& *+43,:<& 2&;(1-<& B(O+-< 2,51(:/.K15., 2,
)3(=-&= B&3&, 5&BLK 3(C/+;-<B+ 23,+C:,'+1&/.B+: Canon, Heidel-
berg Digital, IBM, Kodak, Oc&¢, Scitex + /+'&3,B : N1,= 1&I-,/,0++ —
Xerox. X:&1-<& *+43,:<& 2&;(1-<& B(O+-< .:/.K15. 0,3(C',
J,/&& ',3,0+B+ + 2,51(:/.K15. -( 3<-,) '&:.1LK 2,51(:M+)(B+:
Agfa, Canon, Elcorsy Tech, IBM, Heidelberg Digital, Indigo, Oc&¢,
Xeikon + Xerox.

$3,+C:,'51:&--(. *&2,;)( 23+ +52,/LC,:(-++ *+43,:,=
2&;(1+ 0,3(C', B&-&& 5/,D-(., ;&B 23+ 13('+*+,--,=. $&;(1L
B,D&1 ,59M&51:/.1L5. *&-13(/+C,:(--,, '+51(-*+,--, +/+ 2,
B&1,'9 «3(523,513(-+1L + -(2&;(1(1L» (distribute-and-print).

E5-,:-<& ,1/+;+. *+43,:,= 2&;(1+ ,1 ,45&1-,= C()/K;(-
K15. : 5/&'9KM&B.

!/. ,45&1-,= 2&;(1+ -&,JI,'+B< :<:,' 4,1,4,3B, +C0,1,:-
/&-+& 2&;(1-<I 4,3B, 23+/(')( 4,3B< -( 2&;(1-,= B(O+-&, 2&-
;(1L, 2,'J,3 J/,),:, 2&;(1L ,J/,D&). #9'9M+& )-+0+ 2&3&2/&1(-
K15., 5)/&+:(K15. + ,J3&C(K15.. $&3:<= 2&;(1-<= N)C&B2/.3
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51,+1, 2, 591+, 51,/L), D&, )() + 2&3:<= 1+3(D 5 9;&1,B :5&= ',-
2&;(1-,= 2,'0,1,:)+. 6&J&51,+B,51L :5&I 2,5/&'9KM+I ,2&3(-
*+= — N1, 51,+B,51L J9B(0+.

X+43,:(. D& 2&;(1L 23,+C:,'+15. 0,3(C', 23,M&. $3+
-(/+;++ 4(=/( + *+43,:,= 2&;(1-,= B(O+-< 53(C9 2,/9;(K1
0,1,:<= J/,). X+43,:(. (22(3(193( 5(B( :<J+3(&1 513(-+*< 2,
5,'&3D(-+K + 49-)*+.B: ,J/,D)9, 5(B J/,), 2,3.',) 3(52,/,D&-
-+. 513(-+* -( /+51&, 1,/M+-9 ),3&O)(. A(O+-( 5(B( C(2951+1
1+3(D-9K 2&;(1L : /KJ,B C('(--,B ),/+;&51:& N)C&B2/.3,: )-+0+.
$,/9;(&15., ;1, ',2&;(1-(. 2,'0,1,:)( 23+ *+43,:,= 2&;(1+ -+-
;&0, -& 51,+1, I,1. 5(B( 2&;(1L :<I,'+1 ',3,D&, C( 5;&1 J,/&& ',-
3,0,0, ,J,39',:(-+. + &0, ,J5/9D+:(-+..

$3+ ,45&1-,= 2&;(1+ 9:&/+;&-+& 1+3(D( 5-+D(&1 5&J&51,-
+B,51L )-+0+, ( 23+ *+43,:,= — 5&J&51,+B,51L ,51(&15. 2,51,.--
-,=, -&C(:+5+B, ,1 1+3(D(.

X+43,:,& +C'(1&/L5),& '&/, 2,51,.--, 2,/9;(&1 ',2,/-+-
1&/L-<= 51+B9/ : 3&C9/L1(1& J<513,0, 3(C:+1+. +-4,3B(*+,--<I
5&1&=, 23,/(0(. ',3,09 -,:<B ,2&3(*+,--<B B,'&/.B, ),1,3<&
B,091 C(B&-+1L, ',2,/-+1L + 95,:&3O&-51:,:(1L 23,*&55< 23,+C-
:,'51:( + 3(523,513(-&-+. )-+0, 2,5,J+=, 3&)/(B-<I B(1&3+(/,:
+ '390,= 2&;(1-,= 23,'9)*++.

#<513<= 3,51 +52,/LC,:(-+. >-1&3-&1( 23&'/(0(&1 -,:<&
:,CB,D-,51+ '/. 5,;&1(-+. N/&)13,--<I + 2&;(1-<I -,5+1&/&=,
;1, 2,C:,/.&1 5,C'(:(1L ('(21+39&B<& ) -,5+1&/K B9/L1+B&'+=-
-<& 23,'9)1<. @ ,5-,:& N1,= +'&+ /&D+1 9J&D'&-+&, ;1, 5,,JM&-
-+& ',/D-, 2&3&'(:(1L5. )/+&-19 : 4,3B&, 23+52,5,J/&--,=
) &0, 13&J,:(-+.B, 1()D& )() + ) +-4,3B(*+,--<B -,5+1&/.B.
@, B-,0+I 5/9;(.I ;+1(1&/+ ',/D-< +B&1L :,CB,D-,51L ,)(C<:(1L
:/+.-+& -( 23,*&55 29J/+)(*++, :)/K;(. + 5,'&3D(-+&. 7( '&/&
13('+*+,--(. 2&;(1-(. 23,'9)*+., *+43,:(. 2&;(1-(. 23,'9)*+.
+ N/&)13,--<& 5&1&:<& 23,'9)1< ',/D-< ',2,/-.1L '390 '390(,
4,3B+39. +-1&03+3,:(--,& &'+-51:,, : ),1,3,B 3,/+ 3(C/+;-<I
),B2,-&-1,: +CB&-.K15. : C(:+5+B,51+ ,1 23+B&-&-+..

!/. 1,0, ;1,J< N1, ,)(C(/,5L :,CB,D-<B, 5,'&3D(-+& +C'(-
-+. ',/D-, J<1L 23&',51(:/&-,  : 1(),B 4,3B(1&, ),1,3<= B,D&1
J<1L 23+B&-+B '/. 3(C-<I -,5+1&/&=. G()D& -&,JI,'+B( :,CB,D-
-,51L +CB&-&-+. &0, 4,3B(1( '/. ('(21(*++ ) 3(C/+;-<B -,5+-
1&/.B.

6 '(--,= C('(;&= I,3,O, 523(:/.K15.  5139)193-<& ),B-
2LK1&3-<& .C<)+, 1()+& )() SGML, XML + HTML. $,5/&'-+& ':(
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J</+ 52&*+(/L-, 3(C3(J,1(-< '/. 5&1+ >-1&3-&1. @ '(--<=
B,B&-1 9D& 59M&51:9K1 ),B2(-++, 23&'/(0(KM+& -&',5192-<&
'/. 2,)92)+ +/+ :<O&'O+& +C 2&;(1+ +C'(-+.. "-+0+ : 1()+I
),B2(-+.I 23&',51(:/.K15. : -&5),/L)+I 1+2(I N/&)13,--<I
4,3B(1,:, + ,-+ B,091 J<1L C()92/&-< + C(039D&-< -&2,53&'-
51:&--, : ),B2LK1&3 )/+&-1(  /+J, 23&',51(:/&-< &B9 : 0,1,:,B,
1. &. 3(52&;(1(--,B, :+'&.

>C'(1&/+ :5&0'( 23+:&151:,:(/+ -,:<& 4,3B< +52,/LC,:(-+.
1&I 23,+C:&'&-+=, 2,'0,1,:)9 + 29J/+)(*+K ),1,3<I ,-+ ,59-
M&51:+/+. $&;(1L 2, 13&J,:(-+K, ;1, ,;&:+'-,, .:/.&15. ()1,B
:,523,+C:&'&-+. + 2,N1,B9 13&J9&1 3(C3&O&-+. 5, 51,3,-<
:/('&/L*( (:1,35)+I 23(:.

E5-,:-<& 23,J/&B<, ),1,3<& :,C-+)(K1 : 5:.C+ 5 +52,/LC,-
:(-+&B -,:,= 1&I-,/,0++, 5/&'9KM+&:

— -&),1,3<& ),-13()1< -( +C'(-+& 23&'95B(13+:(K1 9)(C(-
-+& B+-+B(/L-,0, 1+3(D(, ;1, B,D&1 ,)(C(1L5. 23,J/&B(1+;-<B,
&5/+ 2&;(1L 2, 13&J,:(-+K .:/.&15. &'+-51:&--,= 4,3B,= +C'(-
-+. '(--,0, 23,+C:&'&-+.;

— 2, ),-13()19 +C'(1&/L ',/D&- +C'(1L 23,+C:&'&-+. ) ,0,-
:,3&--,= '(1& (2,'0,1,:)( 2&;(1+ 2, 13&J,:(-+K J9'&1 1,0'(
,59M&51:/&-( ) '(--,B9 53,)9).

>C-C( 52&*+4+;-,51+ 2&;(1+ 2, 13&J,:(-+K +C'(1&/+ J9'91
2<1(1L5. 2,/9;+1L *&55+K -( :5& 0&,03(4+;&5)+& 1&33+1,3++.

",0'( :5& ),2++ 23,+C:&'&-+. 3(523,'(-<, *&55+. ,1B&-.-
&15., + 23(:( 2&3&'(K15. ,J3(1-, (:1,39. @ 5/9;(& 2&;(1+ 2, 13&-
J,:(-+K 23,+C:&'&-+& :5&0'( ,51(&15. : 2&;(1+.

6 1,;)+ C3&-+. (:1,35)+I 23(:, 3(523,513(-&-+& -( 3<-)&
23+ +52,/LC,:(-++ 2&;(1+ 2, 13&J,:(-+K 5:.C(-, 5 23+B&-&-+&B
-,:<I, 1()D& )() + 13('+*+,--<I, 2,/,D&-+= (:1,35)+I 23(:.
7( 2&3:,B N1(2& 2&;(1+ 2, 13&J,:(-+K 23,+C:&'&-+& ),2+39&15.
: :+'& N/&)13,--,0, 4(=/(, 5 ),1,3,0, ,-, B,D&1 J<1L 2,51(:/&-,
)/+&-19 : N/&)13,--,B 4,3B(1&. >C'(1&/L51:, ',/D-, 2,/9;+1L
5,0/(5+& (:1,3( -( 23,+C:,'51:, N1,= 2&3:,= N/&)13,--,= ),2++,
1() )() N)5)/KC+:-,& 23(:, 3&23,'9*+3,:(-+. -(I,'+15. 9 (:1,3(.

7( :1,3,B N1(2&, ( +B&--, 23+ 2,51(:)& 2, 13&J,:(-+K 23,-
+C:&'&-+. )/+&-19 ;&3&C >-1&3-&1, +C'(1&/K 1()D& -9D-( /+*&--
C+. -( 3&23,'9*+3,:(-+&, 3(:-, )() + /+*&-C+. -( «2,51(:)9».
"() ,1B&;(K1 52&*+(/+51< : ,J/(51+ (:1,35),0, 23(:( U:3,2&=-
5),= ),B+55++, 23(:, -( 3&23,'9*+3,:(-+& : '(--,B 5/9;(& 23+-
B&-+B,, 2,1,B9 ;1, -( 291+ ,1 +C'(1&/L51:( ) )/+&-19 ()-+0,1,3-
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0,:*9, J+J/+,1&)(3K + 1. 2.) 23,+C:&'&-+& -( )3(1),& :3&B. (:1,-
B(1+;&5)+ 3&23,'9*+39&15..

E;&:+'-,, ;1, &M& -& -( :5& :,23,5< 2,/9;&-< ,1:&1<,
+ '(--(. 5+19(*+. ',/D-( J<1L 3(C3&O&-( : J/+D(=O&B J9'9M&B
'/. ,J&52&;&-+. 2,/-,= C(M+1< +-1&//&)19(/L-<I 23(: 23+ +5-
2,/LC,:(-++ B&1,'( 2&;(1+ 2, 13&J,:(-+K.

7&J,/LO+& 1+3(D+ + :(3L+39KM+&5. 23,'9)1< '&/(K1 C(-
'(;9 2&3&2/&1( + ,J3(J,1)+ J,/&& 5/,D-,=. @,CB,D-,51+ 2&3&2/&1(
) -(51,.M&B9 B,B&-19 ',:,/L-, ,03(-+;&-<, : ,5-,:-,B +52,/L-
C9K15. B.0)+& ,J/,D)+, 1:&3'<= 2&3&2/&1 :5& &M& -&',5192&-.

@ *&/,B, 51,+B,51L 2&3&2/&1( ',:,/L-, :<5,)(.
!/. 23,*&55( 2&;(1+ 13&J9&15. ,5,J<= 1+2 J9B(0+, : 1, :3&B.

)() '/. ,45&1-,= 2&;(1+ +B&&15. B-,D&51:, && 3(C-,:+'-,51&=.
G()D& ,03(-+;&-< :,CB,D-,51+ +52,/LC,:(-+. 4,3B(1,: 2&;(1-<I
B(1&3+(/,:, -( 23()1+)& : ,5-,:-,B +52,/LC9&15. 4,3B(1 A3+,
2&;(1L : 4,3B(1& B .:/.&15. 5/+O),B ',3,0,=.

G&I-,/,0+. 2&;(1+ 2, 13&J,:(-+K .:/.&15. :(D-,= :&I,=
: 23,*&55& 3(C:+1+. D+C-&52,5,J-<I +C'(1&/L5)+I 3<-),:. >52,/L-
C,:(-+& 1&I-,/,0++ B,D&1 2,B,;L 59M&51:&--, 9B&-LO+1L 51,-
+B,51L 23,+C:,'51:( ,'-,0, N)C&B2/.3(, '&/(. :,CB,D-<B +C'(-+&
-&J,/LO+I 1+3(D&=, 1()D& )() + 23&',51(:/.1L ',5192 ) 51(3<B
+C'(-+.B, 9D& :<O&'O+B +C 2&;(1+.

#+J/+,03(4+;&5)+= 52+5,)

1. R(3/(B,:(, E. On demand — -( ,1/+;-, / E. R(3/(B,:( // PRINTWEEK. –
P 10. – 6. 16–17.

2. #,091(, F.  $&;(1L 2, 13&J,:(-+K (Print-on-Demand) — 1&I-,/,0+;&5)(.
3&:,/K*+. : +C'(1&/L5),B B+3& / F. #,091( : [T/&)13,--<= 3&5935]. – %&D+B
',5192(: http://www.compuart.ru/article.aspx?id=9012&iid=375 – ('(1( ,J3(M&-
-+.: 15 B(31( 2013 0.).

 3. $&;(1L 2, 13&J,:(-+K (1&I-,/,0+. print on demand) : [T/&)13,--<=
3&5935]. – %&D+B ',5192(: http://prondo.ru/pechaty-po-trebovaniju-tehnologija-
print-on-demand.html – ('(1( ,J3(M&-+.: 15 B(31( 2013 0.).

6&>># ?#,& @*!,#/!0,&, (52+3(-1)( )(4&'3< «G&I-,/,0+.
2,/+03(4+;&5),0, 23,+C:,'51:( + C(M+1( +-4,3B(*++».
7(9;-<= 39),:,'+1&/L $3,5)93.),: 7+),/(= U:0&-L&:+;,
',)1,3 1&I-+;&5)+I -(9), 23,4&55,3 )(4&'3< «G&I-,/,0+.
2,/+03(4+;&5),0, 23,+C:,'51:( + C(M+1( +-4,3B(*++».

© 7. 8. #(55+
61(1L. 2,5192+/( : 3&'()*+K 19.03.2013 0.

http://www.compuart.ru/article.aspx?id=9012&iid=375
http://prondo.ru/pechaty-po-trebovaniju-tehnologija
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AMQEIL>W XBMHI/>LCHC

6 -(;(/( RR :&)( :, :5&B B+3& ()1+:-, +55/&'9&15. :,CB,D-
-,51L 23+B&-&-+. 2,/+03(4+;&5)+I 23,*&55,: '/. +C0,1,:/&-+.
N/&)13,--<I ),B2,-&-1,:. @ -(51,.M&& :3&B. 2&;(1-<& 1&I-,/,-
0++ 9D& O+3,), +52,/LC9K15. 23+ 23,+C:,'51:& 2&;(1-<I 2/(1,
53&'51: 92(),:)+, 2&;(1-<I + 1,-),2/&-,;-<I N/&)13,--<I ),B-
2,-&-1,: + 9513,=51:. A-,0+& +C N1+I +C'&/+= 2,/LC9K15. J,/L-
O+B 523,5,B, ( -&),1,3<& 1,/L), 2,.:/.K15. -( B+3,:,B 3<-)&.

6(B,= ()19(/L-,= 1&B,= : 54&3& 23,+C:,'51:( N/&)13,-+)+
: %,55++ .:/.&15. 1&I-,/,0+. -+C),1&B2&3(193-,= 5,:B&51-,
,JD+0(&B,= )&3(B+)+ (Low Temperature Cofire Ceramic, LTCC).
E-( +52,/LC9&15. '/. +C0,1,:/&-+. B-,0,5/,=-<I 2/(1 -( )&3(B+-
;&5),= ,5-,:& +, J/(0,'(3. ,1-,5+1&/L-, -+C),= 1&B2&3(193&
,JD+0( (850–875 °6), 2,C:,/.&1 23+B&-.1L : )(;&51:& 23,:,'-+),:
B&1(//< 5 -+C)+B 9'&/L-<B 5,23,1+:/&-+&B (5&3&J3,, C,/,1,
+/+ ),B2,C+*++ 5&3&J3( 5 2(//('+&B + 2/(1+-,=) :B&51, :,/L-
43(B( +/+ B,/+J'&-(. T1+B + ,JV.5-.&15. J,/LO,= +-1&3&5 3(C-
3(J,1;+),: B-,0,5/,=-<I )&3(B+;&5)+I +-1&03(/L-<I 5I&B
) LTCC-1&I-,/,0++.

H,3B+3,:(-+& B&1(//+C(*++ 2&3&I,'-<I ,1:&351+= 23,+C-
:,'+15. 2,53&'51:,B C(2,/-&-+. ,1:&351+= : )&3(B+;&5),= C(0,-
1,:)& 52&*+(/L-<B+ 5B&5.B+ N/&)13,23,:,'.M+I 2(51 5 +52,/L-
C,:(-+&B 1&I-,/,0++ 13(4(3&1-,= 2&;(1+.

$3+ N1,B +52,/LC9K15. :<5,),1,;-<& O(J/,-<, +C0,1,:/&--
-<& +C -&3D(:&KM&= 51(/+.

"(;&51:, C(2,/-&-+. ,*&-+:(&15. 2, 5/&'9KM+B 2(3(B&13(B:
— 2,/-,1( C(2,/-&-+. 2&3&I,'-,0, ,1:&351+.;
— 1,;-,51L -(-&5&-+. C(2,/-.KM&0, B(1&3+(/(.
7(+J,/&& :(D-<B 4()1,3,B, :/+.KM+B -( N1,1 23,*&55,

.:/.&15. ,1-,O&-+& 1,/M+-< +52,/LC9&B,= )&3(B+;&5),= C(0,-
1,:)+ ) '+(B&139 C(2,/-.&B,0, ,1:&351+.. S(;(519K -(J/K'(&15.
-&J,/LO,& B&-+5),,J3(C,:(-+& 2&3&I,'-,0, ,1:&351+., :<C:(--

JKH 655.336:621.38  . N. TEICYMNE
>?#.!0 6(#-2*&#$'%"":0
$%@"!9%#.!0 -"!'%&#!$%$
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G(J/+*(
G3&J,:(-+. ) :<2,/-&-+K 23,:,'.M&0, 3+59-)(,

-&,JI,'+B,0, '/. 951(-,:)+ B+)3,5I&B

-,& 3(C/+;+&B 1&3B,95(',;-<I ),N44+*+&-1,: 2&3&I,'-,0,
,1:&351+. + ,)39D(KM&= )&3(B+)+.

$, 53(:-&-+K 5 13('+*+,--,= 1,/51,2/&-,;-,= 1&I-,/,0+&=
23&+B9M&51:,B '(--,0, B&1,'( .:/.&15. J,/&& :<5,),& 3(C3&O&-
-+& 2&;(1+ N/&)13,23,:,'.M+I *&2&=, ;1, ,J95/,:/&-, 5/&'9-
KM+B+ 4()1,3(B+:

— 2&;(1L 23,+C:,'+15. -( 2/,5),= 2,:&3I-,51+ )&3(B+-
;&5),= C(0,1,:)+ (,159151:9&1 1,2,03(4+., I(3()1&3-(. '/. 1,/51,-
2/&-,;-,= 1&I-,/,0++);

G3&J,:(-+& $3&'2,;+1(&B<& 
3(CB&3< ('K=B<) 

A()5+B(/L-, 
',2951+B<&  

3(CB&3< ('K=B<) 

A+-+B(/L-(. O+3+-( 23,:,'-+)( 0,005 0,004 

A+-+B(/L-,& 3(551,.-+&  
B&D'9 23,:,'-+)(B+ 

0,006 0,005 

A+-+B(/L-,& 3(551,.-+&  
B&D'9 )3(&B 23,:,'-+)(/ 
0&3B&1+C+39KM&0, (),-1()1-,0,) 
5/,. 2&3&I,'-,0, ,1:&351+.  
+ B&1(//+C+3,:(--,= ,J/(51LK 
J,/LO,= 2/,M('+ 

0,008 0,005 

A+-+B(/L-,& 3(551,.-+& B&D'9 
)3(&B 23,:,'-+)( + )3(&B 
951(-,:/&--,0, ),B2,-&-1( 

0,01 0,005 

A+-+B(/L-,& 3(551,.-+& ,1 )3(. 
23,:,'-+)( ', )3(. ,1:&351+. 

0,008 0,007 

G,;-,51L :<2,/-&-+. O+3+-< 
23,:,'-+)( 

+/– 0,001 +/– 0,0005 

G,;-,51L :<2,/-&-+. C(C,3(  
B&D'9 23,:,'-+)(B+ 

+/– 0,0015 +/– 0,001 

G,;-,51L :<2,/-&-+. C(C,3(  
B&D'9 23,:,'-+),B  
+ ,1:&351+&B 

+/– 0,002 +/– 0,002 

G,;-,51L :C(+B-,0, 3(52,/,D&-+. 
23,:,'-+),: (23+ B-,0,)3(1-,B 
4,3B+3,:(-+& 23,:,'.M&0, 
3+59-)( : ,'-,B + 1,B D& 5/,&) 

+/– 0,004 +/– 0,003 
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%+5. 1. Q+3+-( 23,:,'-+),: + 3(551,.-+. B&D'9 23,:,'-+)(B+

— N/&)13,23,:,'.M+& 2(51< -(-,5.15. -( B&/),2,3+519K
2,:&3I-,51L, 23&2.151:9KM9K +I 3(51&)(-+K.

!&=51:9KM+& 13&J,:(-+. ) :<2,/-&-+K 23,:,'.M&0, 3+-
59-)( 23&'51(:/&-< : 1(J/.

$3+ 3(C:,')& *&2&= ,23&'&/.KM+B+ 4()1,3(B+ .:/.K15.
O+3+-( + O(0 23,:,'-+),: (3+5. 1), ( 1()D& 1,/M+-( 5/,. -(-
-&5&--,= 2(51< (1,/M+-( .:/.&15. +-'+:+'9(/L-,= '/. 3(C/+;-
-<I 2(51).

@ -(51,.M&& :3&B. 52,5,J 13(4(3&1-,= 2&;(1+ .:/.&15.
&'+-51:&--,= +C:&51-,= 1&I-,/,0+&=, 52,5,J-,= )(;&51:&--,
523(:+1L5. 5 C('(;(B+ 2,51(:/&--<B+ 23,+C:,'+1&/.B+ B-,0,-
5/,=-<I )&3(B+;&5)+I 2/(1. 7,, )() + /KJ,= 5/,D-<= 23,*&55,
13(4(3&1-(. 2&;(1L +B&&1 5:,+ ',51,+-51:( + -&',51(1)+.

@ C-(;+1&/L-,= 51&2&-+ 1&I-,/,0+;&5)+& :,CB,D-,51+
+ )(;&51:, 13(4(3&1-,= 2&;(1+ ,23&'&/.&1 2&;(1-(. 4,3B(. E-(
',/D-( ,1:&;(1L 5/&'9KM+B 13&J,:(-+.B:

— :,523,+C:,'+1L +C,J3(D&-+& 5 -&,JI,'+B,= 1,;-,51LK;
— ,J/('(1L ',51(1,;-,= 1+3(D&51,=),51LK;
— J<1L 951,=;+:,= ) '&=51:+K 2&;(1-<I )3(5,) (2(51) + +I

3(51:,3+1&/&=;
— 2, :,CB,D-,51+ +B&1L 23,519K + -&139',&B)9K 1&I-,/,-

0+K +C0,1,:/&-+.;
— +B&1L :,CB,D-,51L 3&0&-&3(*++ '/. 2,:1,3-,0, +52,/L-

C,:(-+. 5&1)+.
@ C(:+5+B,51+ ,1 23+B&-.&B,= 1&I-,/,0++ +C0,1,:/&-+.

2&;(1-<& 4,3B< B,D-, 3(C'&/+1L -( 13+ 03922<:
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— +C0,1,:/&--<& :39;-9K;
— +C0,1,:/&--<& 4,1,B&I(-+;&5)+B 52,5,J,B;
— +C0,1,:/&--<& *+43,:<B 52,5,J,B (CtS).
G() )() : '(--,= 51(1L& B< )(5(&B5. 1&B< :<5,),1,;-<I

1&I-,/,0+=, 1, 39;-,= 52,5,J +C0,1,:/&-+. 2&;(1-<I 4,3B C'&5L
3(55B,13&- -& J9'&1.

7(+J,/&& 3(523,513(-&--,= .:/.&15. 4,1,B&I(-+;&5)(.
1&I-,/,0+. +C0,1,:/&-+. 13(4(3&1-<I 2&;(1-<I 4,3B, ),1,3(.
: 5:,K ,;&3&'L 23&'51(:/&-( 23.B<B, ),5:&--<B + ),BJ+-+3,-
:(--<B 52,5,J(B+.

69M-,51L 23.B,0, 52,5,J( B,D&1 J<1L 5:&'&-( ) 5/&'9K-
M&B9. ",2+3,:(/L-<= 3(51:,3 -(-,5.1 -( 5&1)9, 23&':(3+1&/L-,
-(1.-919K -( 4,3B-9K 3(B9, :<59O+:(K1, N)52,-+39K1 +C,J3(-
D&-+& 5 '+(2,C+1+:(. $3+ N1,B 23,+5I,'+1 C('9J/+:(-+& 23,J&/L-
-<I 9;(51),:, ( '(/&& :,',= :<B<:(K1 -&C('9J/&--<& (2&;(1(-
KM+&) N/&B&-1< +C,J3(D&-+..

!(--<= 52,5,J — -(+J,/&& 23,51,=, '&O&:<= +, J/(0,'(3.
J,/LO,= 2/,M('+ ('0&C+,--,0, ),-1()1( ),2+3,:(/L-,0, 5/,. 5
5&1),=, 4,3B( ,J/('(&1 ',51(1,;-, :<5,),= 1+3(D&51,=),51LK
(', 50 1<5. ,11+5),:). $3+ N1,B 1+3(D&51,=),51L 4,3B B,D&1
J<1L 2,:<O&-( C( 5;&1 +I I+B+;&5),= B&1(//+C(*++ (B&'-&-+.)
5 2,5/&'9KM+B N/&)13,/+1+;&5)+B -(3(M+:(-+&B J,/&& +C-,5,-
51,=),0, B&1(//( ', -9D-,= 1,/M+-<.

",5:&--<= 52,5,J C()/K;(&15. : 1,B, ;1, +C,J3(D&-+& 5 '+(-
2,C+1+:( ),2+39&15. -( 52&*+(/L-<= B(1&3+(/, ),2+K ,J3(J(1<-
:(K1, 9'(/.. -&C('9J/&--<& 2&;(1(KM+& N/&B&-1<, ( C(1&B 2&3&-
-,5.1 -( 2,'0,1,:/&--9K 5&1)9, -(1.-919K -( 3(B9. $&3&-&5&--9K
),2+K :<59O+:(K1, ( :3&B&--9K 2,'/,D)9 9'(/.K1.

$3&'51(:/&--<= 52,5,J +C0,1,:/&-+. 4,3B ,J&52&;+:(&1
C-(;+1&/L-, /9;O+& 3&23,'9)*+,--,-03(4+;&5)+& I(3()1&3+5-
1+)+ )() 2&;(1-,= 4,3B<, 1() + 2&;(1-,0, 23,*&55(. E'-(), +C-C(
B(/,= 2/,M('+ ('0&C+,--,0, ),-1()1( ),2+3,:(/L-,0, 5/,. + 5&1)+,
4,3B< ,J/('(K1 : -&5),/L), 3(C B&-LO&= 1+3(D&51,=),51LK
(5–7 1<5. ,11+5),:). "3,B& 1,0,, 1&I-,/,0+. N1,0, 52,5,J( : -&-
5),/L), 3(C 5/,D-&& + ',3,D& — 23.B,0,.

$&;(1-<& 4,3B<, +C0,1,:/&--<& ),BJ+-+3,:(--<B 52,-
5,J,B, 5,;&1(K1 : 5&J& ',51,+-51:( 23.B,0, + ),5:&--,0,. !/.
N1,0, 52,5,J( +C0,1(:/+:(&15. 52&*+(/L-<= ),B2/&)1 B(1&3+(/,:,
:)/K;(KM+= ),2+3,:(/L-<= B(1&3+(/ + ),2+3,:(/L-<= 3(51:,3.
E-+ 23+0,1,:/&-< +C ,'-,0, :+'( 2,/+B&3(, 23+;&B ),2+3,:(/L-
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%+5. 2. 6&1)+, 2,)3<1<&
),2+3,:(/L-<B 5/,&B:
( — 23.B<B 52,5,J,B;

J — ),5:&--<B 52,5,J,B;
: — ),BJ+-+3,:(--<B 52,5,J,B

-<= B(1&3+(/ +C0,1(:/+:(&15. J&C ,;9:51:/.KM&0, ),B2,-&-1(.
62&*+4+)( N1,0, 52,5,J(, 2, 53(:-&-+K 5 23.B<B, 5,51,+1 /+OL
: 52,5,J& 2,)3<1+. 5&1)+ ),2+3,:(/L-<B 5/,&B. 7( 3,:-9K 2,-
:&3I-,51L 9)/('<:(K1 ),2+3,:(/L-<= B(1&3+(/ ,5-,:,= :-+C,
5:&3I9 9)/('<:(K1 5&1)9, -(1.-919K -( 3(B9 + ,J&CD+3&--9K,
( C(1&B 3()&/&B -(-,5.1 ),2+3,:(/L-<= 3(51:,3.

",2+3,:(/L-<= 3(51:,3 2,)3<:(&1 5&1)9, 23,I,'+1 5):,CL
-&& + ;(51+;-, :2+1<:(&15. : 59I,= ),2+3,:(/L-<= B(1&3+(/,
3(52,/,D&--<= :-+C9, + ,;9:51:/.&1 &0,. $3+ N1,B ),2+3,:(/L-<=
3(51:,3 + ),2+3,:(/L-<= 5/,= ),2+3,:(/L-,0, B(1&3+(/( ,J3(-
C9K1 0,B,0&--9K 5+51&B9 &'+-,0, ),2+3,:(/L-,0, 5/,..

!(/&& ),2+3,:(/L-<= 5/,= :<59O+:(K1, ,1'&/.K1 :3&B&--
-9K 2,'/,D)9 ,1 ),2+3,:(/L-,0, B(1&3+(/(, ( C(1&B +C0,1(:/+-
:(K1 4,3B9 1()D&, )() 23+ 23.B,B 52,5,J&.

G()+& 4,3B< +B&K1 :<5,)9K ('0&C+K ),2+3,:(/L-,0, 5/,.
) 5&1)&, ;1, ,J&52&;+:(&1 J,/LO9K 1+3(D&51,=),51L (10–15 1<5.
,11+5),:) + ;&1)+= )3(= 2&;(1(KM+I N/&B&-1,:. E'-(), N1,1
52,5,J ',51(1,;-, 5/,D&-.

7( 3+5. 2 5I&B(1+;&5)+ 2,)(C(-< 5&1)+, 2,)3<1<& ),2+3,:(/L-
-<B 5/,&B, 23.B<B, ),5:&--<B + ),BJ+-+3,:(--<B 52,5,J(B+.

R,1. 4,1,B&I(-+;&5)+= 52,5,J ',:,/L-, 3(523,513(-&-,
9 -&0, &51L B-,D&51:, -&',51(1),:, 1() )() ,- 5,'&3D+1 C-(;+1&/L-
-,& ),/+;&51:, 39;-<I ,2&3(*+=. !+(2,C+1+:< +C0,1(:/+:(K1
23+ 2,B,M+ 4,1,-(J,3-<I (:1,B(1,:, ,'-(), 951(-(:/+:(K1
;(51, :39;-9K. T1,1 23,*&55 C(:+5+1 ,1 B-,D&51:( 2&3&B&--<I

%+5. 3. @+' )3(&:
(N44&)1 «C+0C(0(») 23,:,'-+)(
2,5/& 13(4(3&1-,= 2&;(1+
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4()1,3,:, : 1,B ;+5/& ,- ;3&:(1 ,O+J)(B+, ,J95/,:/&--<B+
«;&/,:&;&5)+B 4()1,3,B».

G&I-,/,0+. «+C ),B2LK1&3( -( 13(4(3&1-9K 4,3B9», ),1,39K
1,/L), -(;+-(&1 :,523+-+B(1L 3<-,), ',/D-( ,J&52&;+1L -,:<=
93,:&-L 51(J+/L-,51+, (:1,B(1+C(*++, 2,:1,3.&B,51+, ,)92(-
&B,51+ : 2,'0,1,:)& 4,3B 13(4(3&1-,= 2&;(1+.

T1( 1&I-,/,0+. C()/K;(&15. : 1,B, ;1,  5139=-<& 2&;(1(KM+&
0,/,:)+ : 1()+I 5+51&B(I 5,C'(K1 2,C+1+:-,& +C,J3(D&-+& -( 5&1)&
5 NB9/L5+,--<B 2,)3<1+&B +/+ N)52,-+3,:(-+& 13(4(3&1-<I 5&1,)
23,+5I,'+1 23+ 2,B,M+ ,21,N/&)1,3,--<I ;+2,: (B+)3,5I&B) —
1() -(C<:(&B<& 5+51&B< 23.B,0, N)52,-+3,:(-+..

@ )(1&0,3++ 5+51&B CtS 5, 5139=-<B+ 2&;(1(KM+B+ 0,/,:-
)(B+ :<'&/.K1 ':& ,5-,:-<& 03922<: 5+51&B< 5 23+B&-&-+&B
:,5)( + 5+51&B< 5 23+B&-&-+&B :,'<. G(B, 0'& +52,/LC9&15. :,'(,
:,C-+)(K1 23,J/&B< 3(51+5)+:(-+.. 6+51&B<, : ),1,3<I +52,/L-
C9K1 :,5), ,J&52&;+:(K1 J,/&& :<5,)+= 93,:&-L -&23,C3(;-,51+
+ 3&C)9K 1,;)9.

>C,J3(D&-+& -(-,5+15. -( 5:&1,;9:51:+1&/L-,& 2,)3<1+&
4,3B<, ),1,3,& +03(&1 3,/L 2/&-,;-,0, 2,C+1+:( : 13('+*+,--,=
1&I-,/,0++. $,5/& 1,0, )() +C,J3(D&-+& -(-&5/+ -( 5&1)9, &&
2,':&30(K1  H-,J/9;&-+K '/. C('9J/+:(-+. 23,J&/L-<I 9;(51),:.
S(1&B 5&1)9 23,B<:(K1 :,',=, 2,5/& ;&0, -( -&= ,51(K15. 1,/L),
23,J&/L-<& 9;(51)+.

7,:(. 1&I-,/,0+. — 5+51&B( 23.B,0, N)52,-+3,:(-+. —
-&'(:-, 23&'51(:/&-( 3<-)9. 6,C'(--<& 5+51&B< ,J&52&;+:(K1
-&,J<;(=-, :<5,),& 3(C3&O&-+& (', 2500 dpi, +/+ ', 984 1,;&)/5B)
+ 5(B9K -+C)9K 5&J&51,+B,51L 13(4(3&1-,= 4,3B<.

$3&+B9M&51:( 1&I-,/,0++ CtS C()/K;(K15. : N),-,B++ -(
51,+B,51+ 4,1,4,3B<, 5,)3(M&-++ 2&3&'&/,) 2&;(1-,= 4,3B<,
,159151:++ +5)(D&-+= +C,J3(D&-+.. "3,B& 1,0,, N1( 1&I-,/,0+.
2,C:,/.&1 1,;-, 3(52,/,D+1L +C,J3(D&-+& -( 5&1)&.

R,1. :&5L 23,*&55 23,+5I,'+1 -&5),/L), B&'/&--&&, ;&B 23+
N)52,-+3,:(-++ 5 2,B,MLK 2,C+1+:-,= 4,1,4,3B<, ,- :<2,/-
-.&15. 0,3(C', J,/&& 1M(1&/L-,.

$,':&'&B 23,B&D91,;-<= +1,0. $&;(1-<& 4,3B<, :<2,/-&--
-<& 13('+*+,--<B 52,5,J,B, -& 2,C:,/.K1 2,/9;+1L 3,:-<& )3(.
23,:,'-+)( (3+5. 3).

!/. 13(4(3&1( 5 325 .;&=)(B+ -( 'K=B -&3,:-,51L )3(. 5,-
51(:/.&1 ,1 20 ', 30 B)B, '/. 13(4(3&1( 5 400 .;&=)(B+ -( 'K=B —
5–10 B)B.
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%+5. 4.  '/+-&-+& 13(4(3&1( : -(23(:/&-++ ':+D&-+. 3()&/.

%+5. 5. %(C,3+&-1(*+. 3+59-),: : 3(C-<I 5/,.I 51&)( (: 3(C3&C&)

$3+ +C0,1,:/&-++ 13(4(3&1,: ),BJ+-+3,:(--<B 52,5,J,B
N1,1 N44&)1 ,159151:9&1, -, 1()+& 13(4(3&1< : ,5-,:-,B -&23+-
0,'-< '/. 1,-)+I 3+59-),: C( 5;&1 ',2,/-+1&/L-,= 1,/M+-<
2/&-)+. G&I-,/,0+. CtS 2,C:,/.&1 2,/9;+1L J,/&& ;&1)+= ),-193,
-, 2,/-,51LK -& +5)/K;(&1 N44&)1 «C+0C(0(». !(--<= N44&)1
5,C'(&1 :+319(/L-9K 3(C,3+&-1(*+K, ),1,39K -&,JI,'+B, 9;+1<-
:(1L, &5/+ 13&J9&15. 1,;-,51L 2,3.')( -&5),/L)+I B+)3,-.

$3+ :<2,/-&-++ 13(4(3&1-,= 2&;(1+ 59M&51:9&1 &M& ,'-(
23,J/&B( — 9'/+-&-+& 13(4(3&1( : -(23(:/&-++ ':+D&-+. 3()&/.
(3+5. 4).

T44&)1 9'/+-&-+. 13(4(3&1( 23+:,'+1 ) 1,B9, ;1, ,),-;(-
1&/L-<= 3+59-,) +B&&1 J,¢/LO+& 3(CB&3< + 5':+0(&15. : -(23(:-
/&-++ 2&;(1+ 2, 53(:-&-+K 5 +5I,'-<B (3+5. 5). T1, 5,C'(&1 3(C-
,3+&-1(*+K 3+59-),: : 3(C-<I 5/,.I 51&)(.

7( +CB&-&-+& '/+-< 13(4(3&1( :/+.K1:
— ,)-, 5&1)+ (J,/LO& ,)-,, J,/LO& 9'/+-&-+&);
— 3(CB&3< 3(B)+ 13(4(3&1( (J,/LO& 3(B)(, J,/LO& 9'/+-&-+&);
— 2/,M('L 2&;(1+ (J,/LO& 2/,M('L, J,/LO& 9'/+-&-+&);
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— -(1.D&-+& 13(4(3&1( (-,:<& 13(4(3&1< — B&-LO& 9'/+-
-&-+&, +52,/LC,:(--<& — J,/LO& 9'/+-&-+&);

— ,'-,3,'-,51L -(1.D&-+. 13(4(3&1( (,23&'&/.&1 4,3B9
9'/+-&-+.);

— 1+2 3()&/. (2,/+93&1(-,:<= +/+ (/B(C-<=, 2,/+93&1(-,-
:<= B&-LO& + J,/&& ,'-,3,'-,& 9'/+-&-+&);

— 95+/+& -( 3()&/L (J,/LO&& 95+/+&, J,/LO& 9'/+-&-+&);
— /+-&=-,51L 3(J,;&= ;(51+ 3()&/. (:/+.&1 -( 4,3B9 9'/+-

-&-+.);
— 2(3(//&/L-,51L 3()&/. 2/,5),51+ 2&;(1+ (:/+.&1 -( 4,3B9

9'/+-&-+.).
— 2/,M('L -(-,5+B,0, 3+59-)( (J,/LO& 2/,M('L, J,/LO&

9'/+-&-+&)
61(-'(31-,& 9'/+-&-+& 13(4(3&1( 5,51(:/.&1 23+B&3-, 100 B)B

'/. 13(4(3&1-,= 3(B)+ 3(CB&3,B 450´450 5 2/,M('LK 3+59-)(
6´6 'K=B,:.

 '/+-&-+& 13(4(3&1( ,)(C<:(&1 C-(;+1&/L-,& :/+.-+& -(
1,;-,51L -(-&5&-+. N/&)13,23,:,'.M+I 5I&B, :,-2&3:<I, &5/+
':( 13(4(3&1( +52,/LC,:(/+5L : ,'-,B 1&I-,/,0+;&5),B *+)/&,
+, :,-:1,3<I, &5/+ ,59M&51:/./,5L -(-&5&-+& 3+59-)( : -&5),/L),
N1(2,: 5 2,:,3,1,B 13(4(3&1( +/+ 2,'/,D)+. @ 2,5/&'-&B 5/9;(&
N44&)1 9'/+-&-+. 9':(+:(&15.. U0, B,D-, ;(51+;-, 9513(-+1L
5B&M&-+&B *&-13( 13(4(3&1( ,1-,5+1&/L-, *&-13( 2,'/,D)+
: 23,1+:,2,/,D-9K 51,3,-9 ,1 -(23(:/&-+. 9'/+-&-+.. G() )()
9'/+-&-+& -&,'-,3,'-, 2, :5&B9 13(4(3&19, 1, -&:,CB,D-, +'&-
(/L-, -(/,D+1L ':( 3+59-)( 5 2,:,3,1,B.

 '/+-&-+& 13(4(3&1( 23+:,'+1 1()D& ) :,C-+)-,:&-+K J3(-
)( 23+ +C0,1,:/&-++ ),B2,-&-1,: B(/,0, 3(CB&3( -( J,/LO,=
2/,M('+ 2&;(1+, 1() )() /+-++ 2&;(1-<I N/&B&-1,: J9'91 +5)3+:-
/&-< (3+5. 6).

$, +1,0(B 23,:&'&--,= 3(J,1< B,D-, 5'&/(1L 5/&'9KM+&
:<:,'<.

%+5. 6. $3+B&3 :,C-+)-,:&-+. J3()(
23+ 2&;(1+ ),B2,-&-1,: B(/,0, 3(CB&3(

:5/&'51:+& 9'/+-&-+. 13(4(3&1(
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1. G3(4(3&1-(. 2&;(1L .:/.&15. -( 5&0,'-.O-+= '&-L &'+--
51:&--<B 52,5,J,B 2,/9;&-+. +C,J3(D&-+. '/.  +C0,1,:/&-+.
B-,0,5/,=-<I 2/(1 -( )&3(B+;&5),= ,5-,:& (LTCC).

2. !/. +C0,1,:/&-+. 13(4(3&1-<I 2&;(1-<I 4,3B 23+B&-
-.K15. : ,5-,:-,B 13+ 1&I-,/,0++, )(D'(. +C ),1,3<I ),1,3<I
+B&&1 5:,+ 23&+B9M&51:( + -&',51(1)+. !/. ,23&'&/&-+. ,21+-
B(/L-,0, 52,5,J( 13&J9&15. 23,:&'&-+& ',2,/-+1&/L-<I N)52&-
3+B&-1,:.

3. E11+5)+ 13(4(3&1-,= 2&;(1+ +B&K1 03(4+;&5)+& +5)(-
D&-+., 23+3,'( ),1,3<I C(/,D&-( : 5(B,B 23+-*+2& 13(4(3&1-,=
2&;(1+.

4. 6-+D&-+& 51&2&-+ 03(4+;&5)+I +5)(D&-+= ,11+5)(, :,C-
B,D-,, ,59M&51:+1L C( 5;&1 ,21+B+C(*++ 2&;(1-,0, 23,*&55(,
'/. ;&0, -&,JI,'+B, 3(C3(J,1(1L B(1&B(1+;&5)9K B,'&/L.

#+J/+,03(4+;&5)+= 52+5,)

1. 6,3,)+-, #. 62,5,J< +C0,1,:/&-+. 4,3B 13(4(3&1-,= 2&;(1+. / #. 6,-
3,)+- // H/&)5, $/K5. – 1998. – P 1 (3) – 6. 49–58.

2. %9),:,'51:, 2, 3(C3(J,1)& 23,'9)1,: -( ,5-,:& B-,0,5/,=-<I )&-
3(B+;&5)+I 2/(1 :<2,/-&--<I 2, LTCC-1&I-,/,0++. S()(C-(. 1,-),2/&-,;-(.
23,'9)*+.. [T/&)13,--<= 3&5935 ]. – T/&)13,-. '(-. – %&D+B ',5192(: http://
www.etsc.ru/files/atc/atc_ltcc_products_guide_rus.pdf/ – ('(1( ,J3(M&-+.:
12 B(31( 2013 0.). – S(0/. 5 N)3(-(

3. W+0+3+-5)+=, 6. E5,J&--,51+ 13(4(3&1-,= 2&;(1+ + 5J,3)+ : 51&)
-( ,J,39',:(-++ "U"E / 6. W+0+3+-5)+=, U. Q192(3. // T/&)13,-+)( 7G#. –
2010. – P 3. – 6. 38–42.

6&)#A*0& B&%#,& =&>#"9*0,&, B(0+513(-1 )(4&'3< «EJ,39',:(-+&
+ 1&I-,/,0++ 2,/+03(4+;&5),0, 23,+C:,'51:(».
7(9;-<= 39),:,'+1&/L 8+19-,: 6&30&= 7+),/(&:+;, ',)1,3 1&I-+;&5)+I
-(9), ',*&-1 (%,55+.), 23,4&55,3, C(:&'9KM+= )(4&'3,= «EJ,39',:(-+&
+ 1&I-,/,0++ 2,/+03(4+;&5),0, 23,+C:,'51:(».

© A. @. #(1+M&:(
61(1L. 2,5192+/( : 3&'()*+K 16.03.2013 0.

http://www.etsc.ru/files/atc/atc_ltcc_products_guide_rus.pdf/
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JKH 681.62:655 M. L. DJOEH
>?#.!0 6(#-2*&#$'%"":0
$%@"!9%#.!0 -"!'%&#!$%$

 >KMBC/>NELCM A/CN>KE
/JB>LLSP AMQEILSP  EZCL
N O/MKM MATLAB SIMULINK

!/. B,'&/+3,:(-+. 2,:&'&-+. 3(C/+;-<I '+-(B+;&5)+I 5+5-
1&B +52,/LC9K1 T@A. 69M&51:9&1 J,/LO,& ),/+;&51:, (/0,3+1B+-
;&5)+I .C<),:, 5 2,B,MLK ),1,3<I 3&O(K15. C('(;+. @<J,3 .C<)(
23,03(BB+3,:(-+. C(:+5+1 ,1 B-,0+I 95/,:+=, + 3&O(KM9K 3,/L
+03(K1 9',J51:, 23,03(BB+3,:(-+., -(/+;+& 23,:&3&--<I B(1&B(-
1+;&5)+I B&1,',:, /&0),51L 23&'51(:/&-+. 3&C9/L1(1,: B,'&/+3,-
:(-+.. @5&B+ 2&3&;+5/&--<B+ 5:,=51:(B+ ,J/('(&1 5+51&B( :+C9-
(/L-,0, B,'&/+3,:(-+. Simulink.

6+51&B( Simulink .:/.&15. 3(5O+3&-+&B 5+51&B< MATLAB,
2,C:,/.&1 5,)3(M(1L 53,)+ 23,&)1+3,:(-+., 2,:<O(1L )(;&51:,
3(C3(J,1)+ B,'&/&= 4+C+;&5)+I 5+51&B + B,'&/+3,:(1L 23,*&55<.
6+51&B( Simulink O+3,), 23+B&-.&15. : 23,B<O/&--,51+, 5 &&
2,B,MLK 5,C'(K1 B,'&/+, ),1,3<& : '(/L-&=O&B B,091 +52,/LC,-
:(1L5. )() 53&'51:, ,5:,&-+. N)52/9(1(*++ 4+C+;&5),= 5+51&B<.
G()D& B,'&/+3,:(-+& : N1,= 5+51&B& .:/.&15. 52,5,J,B +55/&',-
:(-+. 4+C+;&5)+I 5+51&B : 5/9;(& -&:,CB,D-,51+ +/+ 5/,D-,51+
-(J/K'&-+. .:/&-+= : 3&(/L-<I 95/,:+.I [1].

!/. 1,0, ;1,J< +52,/LC,:(1L 5+51&B9 Simulink -&,JI,'+B,
23&'51(:+1L B(1&B(1+;&5)9K B,'&/L 4+C+;&5),= 5+51&B< : :+'&
5139)193-,= 5I&B<. 6139)193-(. 5I&B( — N1, 03(4+;&5),& 23&'-
51(:/&-+& B(1&B(1+;&5),= B,'&/+, 0'& 2,)(C(-< ,5-,:-<& 49-)-
*+,-(/L-<& N/&B&-1< 5+51&B< + +I :C(+B,5:.CL.

$3+:,' 39/,--,= 2&;(1-,= B(O+-< 23&'-(C-(;&- '/. 2&3&-
'(;+ ':+D&-+. ,1 N/&)13,':+0(1&/. ) +52,/-+1&/L-<B B&I(-+C-
B(B, ,'-,:3&B&--, 23+:,' ',/D&- 5,0/(5,:<:(1L 2&3&B&M&-+&
3(J,;+I ,30(-,: 5 C('(--,= 1,;-,51LK. $3+:,' 39/,--<I 2&;(1-
-<I B(O+- ,1/+;(&15. ,1 23+:,',:, +C:&51-<I : ,JM&B B(O+-,-
513,&-++, 1&B, ;1, ,- ',/D&- +B&1L 1()+& '+-(B+;&5)+& I(3()1&-
3+51+)+, 23+ ),1,3<I 2&3+,'+;&5)+ B&-.KM+&5. 1&I-,/,0+;&5)+&
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-(039C)+ -& ,)(C<:(/+ J< :/+.-+& -( &0, 951,=;+:,51L + -& ,1-
3(D(/+5L -( )(;&51:& 2&;(1+.

@ -(51,.M&& :3&B. : 39/,--<I 2&;(1-<I B(O+-(I +52,/LC9-
K15. ':( 1+2( 23+:,'(: 13('+*+,--(. 5+51&B( 23+:,'( 5 0/(:-<B
:(/,B + '&*&-13(/+C,:(--(., ),0'( ,5-,:-<& +52,/-+1&/L-<&
B&I(-+CB< 23+:,'.15. : ':+D&-+&, )(D'<=  5:,+B N/&)13,':+0(1&-
/&B, ( 5+-I3,-+C(*+. ,59M&51:/.&15. 5 2,B,MLK 5+51&B 923(:/&-+..

#&C:(/,:<= 23+:,', I,1. + 1&5-+1 23+:,' 5 0/(:-<B :(/,B,
2,/-,51LK 2,)( &0, -& C(B&-+1.

$,)(D&B 23,*&55 B,'&/+3,:(-+. 5 +52,/LC,:(-+&B 5+51&B<
Simulink -( 23+B&3& 23,51&=O&= 3(5;&1-,= 5I&B< 5+51&B< 23+-
:,'( ':9I5&)*+,--,= 39/,--,= 3,1(*+,--,= 2&;(1-,= B(O+-<
5 &'+-<B 5+-I3,-+C+39KM+B :(/,B (3+5. 1).

$,' I1 2,-+B(&15. 59BB(3-<= B,B&-1 +-&3*++ :3(M(KM+I5.
N/&B&-1,: 2&3:,0, 2&;(1-,0, (22(3(1( + 3,1,3( N/&)13,':+0(1&/.,
2,' I2 — B,B&-1 +-&3*++ :1,3,0, 2&;(1-,0, (22(3(1(. C12 —
D&51),51L :(/,23,:,'( B(O+-<; r1, r2 — 3('+95< /&-1,:&'9M+I
N/&B&-1,:; A' — ':+D9M+= B,B&-1 N/&)13,':+0(1&/., ),1,3<=
,23&'&/.&15. 4,3B9/,= A'=A*1+A*2; L — '/+-( 23,:,')+ /&-1<
B&D'9 2&;(1-<B+ 5&)*+.B+; A*1, A*2 — B,B&-1< 5,23,1+:/&-+=
: 2&;(1-<I 5&)*+.I, ,23&'&/.K15. 4,3B9/(B+ A*1=A1+k´r1´F/,
A*2=A2+r2´F/; V — 5),3,51L 23,:,')+ /&-1<; F/

0 — :-&O-..
-(039C)(, 23+)/('<:(&B(. ) /&-1& 2&3&' 2&3:<B 2&;(1-<B (22(-
3(1,B.

!/. :<J3(--,= 3(5;&1-,= 5I&B< 5,51(:/&-( B(1&B(1+;&5)(.
B,'&/L, ),1,3(. 5,51,+1 +C ':9I 93(:-&-+=, ,2+5<:(KM+I :3(M(-

 

I1 I2 

kF  

C12 

r1 r2 

!1
* 

!# 

!2
* 

L 

F 
0 V 

F  

%+5. 1. $3,51&=O(. 3(5;&1-(. B,'&/L 23+:,'(
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1&/L-,& ':+D&-+& ':9I B(55 + 93(:-&-+., 5:.C<:(KM&0, +CB&-&-
-+& -(1.D&-+. /&-1< 5 +CB&-&-+&B 90/,:<I ;(51,1 /&-1,:&'9M+I
N/&B&-1,:, + +B&&1 :+' [2]:

           

( )
( )

( )ï
ï
î

ïï
í

ì

+-=+

-=-+

-=-+

.FFF

;A6I

;AA6I

0
/12///

*
2121222

*
1'211211

$%%&'

%%%

%%%

&&&
&&

&&

            (1)

$3&D'& ;&B 2&3&=1+ ) 2,513,&-+K B,'&/+, :<2,/-+B 23&,J-
3(C,:(-+& +5I,'-,= B(1&B(1+;&5),= B,'&/+, '/. N1,0, 2&3:,&
93(:-&-+& 5+51&B< (1) '&/+B -( I1, :1,3,& 93(:-&-+& — -( I2,
13&1L& — -( t, : 3&C9/L1(1& 23&,J3(C,:(-+= 2,/9;(&B:

( )[ ]

( )[ ]

( )[ ]
ï
ï
ï
ï

î

ïï
ï
ï

í

ì

-x++-n
t

=

---=

++j-j=j

. FFA1F

; FrA6
I

1

; FrA6
I
1

/
0
/212//

/222112
2

2

/221212
1

1

%%

%%%

&&&

&&

&&

E2+O&B 23,*&55 B,'&/+3,:(-+. : Simulink + 3&(/+C(*+K
3&O&-+=.

G() )() : 5+51&B& 4+093+39K1 2&3&B&--<& ,F , , , , /2121
&&&&&&& %%%%

1, 23+ 2,513,&-++ 5I&B< +52,/LC9K15. 2.1L +-1&03+39KM+I
J/,),: Integrator. !/. 3&(/+C(*++ 23(:<I ;(51&= 93(:-&-+=

,F , , /21
&&&&& %%  +52,/LC9&B J/,)+ Gain, ),1,3<& :<2,/-.K1 9B-,D&-+&,

+ J/,)+ Sum, :<;+5/.KM+& 5/,D&-+& + :<;+1(-+& 2&3&B&--<I.
!/. C('(-+. :I,'-<I :-&O-+I :,C'&=51:+= +52,/LC9&B J+J/+,-
1&)9 J/,),: Sources: 0(3B,-+;&5),& :,C'&=51:+& C('(&B 5 +52,/LC,-
:(-+&B J/,)( Sine Wave, :-&C(2-,& :,C'&=51:+& — 5 +52,/LC,:(-
-+&B J/,)( Step. !/. ,1,J3(D&-+. 3&C9/L1(1,: +52,/LC9&B J/,)
Scope, ,1,J3(D(KM+= +CB&-&-+& 2&3&B&--,= F/(t). $,513,&--(.
B,'&/L 2,)(C(-( -( 3+5. 2.

$3+ 3&O&-++ C('(; ,21+B(/L-,0, 23,&)1+3,:(-+. 39/,--<I
2&;(1-<I B(O+- 5/&'9&1 3(55B(13+:(1L )() ),/&J(1&/L-<& 5+5-
1&B< :, :C(+B,'&=51:++ 5 +51,;-+),B N-&30++ — 5+51&B,= N/&)-
13,23+:,'(, 5 1&I-,/,0+;&5)+B ,JV&)1,B — J9B(D-,= /&-1,=,
5 2&3&B&--,= 1&I-,/,0+;&5),= -(039C),= : 95/,:+.I 92,3.',;&--
-,0, + 5/9;(=-,0, :,CJ9D'&-+..
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7(/+;+& : 5,51(:& 23,+C:,'51:&--,= B(O+-< N/&)13,':+-
0(1&/. 23+ ,23&'&/&--<I 95/,:+.I B,D&1 59M&51:&--, (: /9;O9K
+/+ : I9'O9K 51,3,-9) +CB&-+1L && '+-(B+;&5)+& 5:,=51:(. @ N1,B
5/9;(& B(1&B(1+;&5)(. B,'&/L 23+:,'(, : ,1/+;+& ,1 23&'<'9M&=,
',2,/-+15. 93(:-&-+&B '+-(B+;&5),= I(3()1&3+51+)+ N/&)13,-
':+0(1&/., + +B&&1 :+' [2]:

( )
( )

( )[ ]
( )ï

ï

î

ï
ï

í

ì

x+-n=+t

+n-w=j

-=-+

-=j-j+

.FFF

; AGA1

;A6I

;AA6I

0
/12///

''1

*
2121222

*
1'211211

%%

%%%

%

&

&&

&&

&&

@ N1,B 5/9;(& B,'&/L, 23,513,&--(. : Simulink, 2,)(C(-( -(
3+5. 3.

%+5. 2. A,'&/L Simulink 23+:,'( ':9I5&)*+,--,= 2&;(1-,= B(O+-<
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@+'+B, ;1, ',J(:/&-+& ,'-,0, 93(:-&-+. : B(1&B(1+;&5)9K
B,'&/L 23+:,'+1 ) 9:&/+;&-+K 139',&B),51+ 2,513,&-+. B,'&/+.
@ 5+51&B& Simulink +B&&15. :,CB,D-,51L 2,513,&-+. 2,'5+51&B.
G()+B ,J3(C,B, ,59M&51:/.&15. J/,;-,-+&3(3I+;&5)+= 2,'I,'
) 23,*&559 B,'&/+3,:(-+., ),1,3<= C()/K;(&15. : 3(5;/&-&-++
5+51&B< -( N/&B&-1(3-<& J/,)+. #/,)+, 5,C'(--<& 5 2,B,MLK
2,'5+51&B Simulink, + B(5)+3,:(--<& J/,)+ B,091 +52,/LC,:(1L5.
B-,0,)3(1-,. 6+51&B( Simulink 2,C:,/.&1 54,3B+3,:(1L 2,'5+5-
1&B9 )() +C ;(51+ 9D& 59M&51:9KM&= 5+51&B< 5 +52,/LC,:(-+&B
),B(-'< Create subsystem B&-K Edit ,)-( B,'&/+, 1() + 5,C'(1L
&& : 5,J51:&--,B ,)-&, '/. N1,0, +52,/LC9&15. J/,) Subsystem +C
J+J/+,1&)+ J/,),:.

A,'&/L, 2,)(C(--(. -( 3+5. 3, 3(CJ+:(&15. -( ;&1<3& 2,'-
5+51&B<, )(D'(. 2,'5+51&B( B,'&/+39&1 2,:&'&-+& ,'-,= +C 2&;(1-

%+5. 4. A,'&/L Simulink 23+:,'( 2&;(1-,= B(O+-<
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-<I 5&)*+= (2,'5+51&B< PS1, PS2), N/&)13,':+0(1&/. (2,'5+51&B(
dvegatel), /&-1< (2,'5+51&B( lenta) (3+5. 4).

E'-+B +C 2(3(B&13,: )(;&51:( 2&;(1-,= 23,'9)*++ .:/.&15.
1,;-,51L 5,:B&M&-+. )3(5,;-<I +C,J3(D&-+=. >CB&-&-+& -(1.-
D&-+. /&-1< .:/.&15. 23+;+-,= :,C-+)-,:&-+. ',2,/-+1&/L-,0,
-&5,:B&M&-+. ,11+5),: (+C-C( ),/&J(-+= -(1.D&-+. /&-1<) : ,;&-
3&'-,= 2&;(1-,= 5&)*++ 2, ,1-,O&-+K ) ,11+5)(B -( /&-1& 5 2,-
51,.--<B 1&I-,/,0+;&5)+B -(1.D&-+&B FT

/. > N1, -&5,:B&M&-+&
3(55;+1<:(&15., 5,0/(5-, [3], 2, 5/&'9KM&= 4,3B9/&:

( ) ( )ò
d

=
t

0
/

0J
i dttF

bU

VtS ,

( -&23+:,')( 2&;(1+ 5 B,B&-1( +CB&-&-+. :-&O-&0, :,CB9M&-+.
23+ t=0 3(55;+1<:(&15. 2, 5,,1-,O&-+K

( )
( )
( ) ( )î

í
ì

t³t--
t<

=- ,t 23+ ,tStS
;t 23+ ,tS

tS
12

2
12

0'& S1 + S2 — ,1)/,-&-+. : 2,/,D&-++ ,11+5),: 5,,1:&151:&--,
2&3:,= + :1,3,= )3(5)+.

$,'5+51&B( 3(5;&1( -&23+:,')+ )3(5,) : Simulink 2,)(C(-(
-( 3+5. 5. $3+ 3(5;&1& -&5,:B&M&-+. 2&3:,= )3(5)+ +52,/LC9&15.
J/,) Transpot Delay, ),1,3<= :<;+5/.&1 :<I,'-9K 2&3&B&--9K,
.:/.KM9K5. :I,'-,= 2&3&B&--,=, C('&3D(--,= -( 9)(C(--,&
:3&B..

%(5;&1 B,'&/+ 23,+C:&'&- 23+ 5/&'9KM+I +5I,'-<I '(--<I:

I1=1,89 )0´B2;   I2=1,66 )0´B2;   612=27´103 7´B;

L=2,5 B;   V=5 B/5;

r1=r2=0,0994 B;  b=0,9 B;   EJ=4763 A$(;  d=0,085 BB.

%+5. 5. A,'&/L Simulink 3(5;&1( -&23+:,')+ 2&;(1+
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%+5. 6. F3(4+)+ +CB&-&-+. -(1.D&-+. /&-1< + -&23+:,')+ 2&;(1+

7( 3+5. 6, 7 2,)(C(-< 3&C9/L1(1< +CB&-&-+. -(1.D&-+. /&-1<
+ -&23+:,')+ 2&;(1+ 23+ :-&C(2-,B 23+/,D&-++ -(039C)+ ) /&-1&
+ 0(3B,-+;&5),B +CB&-&-++ 2,/&C-,0, 5,23,1+:/&-+. : 2&3:,=
2&;(1-,= 5&)*++.

"(;&51:, B-,0,)3(5,;-,= 23,'9)*++ 13&J9&1 B+-+B9B( -&-
23+:,')+, 2,N1,B9, ,03(-+;+:(. -&23+:,')9 2&;(1+ ',2951+B<B
C-(;&-+&B : 5,,1:&151:++ 5 1&I-,/,0+;&5)+B+ 13&J,:(-+.B+ +
(-(/+C+39. -(+J,/&& -&J/(0,23+.1-<& 3&D+B< 3(J,1<, 951(-(:-
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%+5. 7. >CB&-&-+& -(1.D&-+. /&-1< + -&23+:,')+ 2&;(1+
23+ 0(3B,-+;&5),B +CB&-&-++ B,B&-1( 5,23,1+:/&-+.

: 2&3:,= 2&;(1-,= 5&)*++

/+:(&B :&/+;+-< D&51),51&= 9;(51),: 23+:,'( + +I 5,,1-,O&-+=
'/. '(--,0, )/(55( B(O+-.

#+J/+,03(4+;&5)+= 52+5,)

1. !NJ-+, !D. Simulink® 4. 6&)3&1< B(51&351:( / !D. !NJ-+, G. 8. R(3B(-;
$&3. 5 (-0/. A. 8. 6+B,-,:(. – A.: #>7EA. 8(J,3(1,3+. C-(-+=, 2003. – 403 5.
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JKH 621.592 M. O. UBEQMNOHEF
I-45#.!0 6(#-2*&#$'%"":0

-"!'%&#!$%$

NCUCILEF HE/I>QHE:
>O>TMLL>OIC >1>/ BMLCF C AMQEIC

@+C+1-<& )(31,;)+ :2&3:<& 2,.:+/+5L : U:3,2& : XVII :&)&.
@&/LB,D+ + ;/&-< ),3,/&:5),= 5&BL+ ,123(:/./+ 5:,+B :(55(/(B
:+C+1-<& )(31<, ;1,J< :,C:&51+1L , 5:,&B -(B&3&-++ 2,;1+1L +I
2,5&M&-+&B. @ XIX :&)& :+C+1-<& )(31,;)+ C(B&-./+ -&5,51,.:-
O+=5. :+C+1: +I ,51(:/./+ : 23+I,D&= +/+ ,123(:/./+ 5 )93L&3,B,
;1,J< ,J,C-(;+1L 5:,& :-+B(-+& ) C-(),B<B.

@ XIX :&)& -( :+C+1)(I J</, 5'&/(-, B+//+,--,& 5,51,.-+&,
),0'( ?',/L4-TD&- !+C&3+ 23+'9B(/ 52,5,J 2&;(1(1L -( :+C+1-,=
)(31,;)& 4,1,03(4+K && :/('&/L*(: N1+ 4,1,)(31,;)+ 51,+/+
5,:5&B -&',3,0, + : 1&;&-+& -&5),/L)+I /&1 2,/LC,:(/+5L 2,29/.3-
-,51LK 9 &:3,2&=5),= 5:&15),= B,/,'&D+.

"9/L1 :+C+1,) ,;&-L 3(C:+1 : Y2,-++.   .2,-*&: &51L :+C+1)+
'/. «3(J,1<», '/. «'39C&=» + 1. '. E4+*+(/L-(. :+C+1)( ,23&'&/.&1
23+-('/&D-,51L .2,-*( ) )(),=-/+J, ),B2(-++ +, 5,,1:&151:&--,,
2,/,D&-+& : ,JM&51:&.

"() 23(:+/,, :+C+1-(. )(31,;)( — N1, 23.B,90,/L-<= )95,)
J&/,0, 2,/92/,1-,0, )(31,-( I,3,O&0, )(;&51:(, -( ),1,3,B 1+2,-
03(45)+B 52,5,J,B ;&1), + )3(5+:, ,12&;(1(-< 4(B+/+., +B.

2. @,3,-,:, ?. U. A&I(-+;&5)(. 5+51&B( 23+:,',: 3,1(*+,--<I B(O+-.
>55/&',:(-+&, 3(5;&1, 23,&)1+3,:(-+&: 9;&J. 2,5,J+& / ?. U. @,3,-,:, U. ?. @,-
3,-,:, U. 7. F95() ; EBFG . – EB5): >C'-:, EBFG , 2008. – 115 5.

3.A+13,4(-,:, @. $. T/&B&-1< 1&,3++ + 3(5;&1( 39/,--<I 2&;(1-<I
B(O+-: 9;&J. 2,5,J+& / @. $. A+13,4(-,:. – A.: >C'-:, A$>, 1984. – 80 5.

C.>&D <"*,& ?#D!"&*0,&, )(-'+'(1 1&I-+;&5)+I -(9), ',*&-1 )(4&'3<
«EJ,39',:(-+& + 1&I-,/,0++ 2,/+03(4+;&5),0, 23,+C:,'51:(».

© U. 7. F95()
61(1L. 2,5192+/( : 3&'()*+K 07.05.2013 0.



33

+ ()() 23(:+/,) ,1;&51:, :/('&/L*( -(3.'9 5 '390+B+ 5:&'&-+.B+,
),1,3<& ,- I,;&1 , 5&J& 5,,JM+1L.

69M&51:9&1 ;&1<3& ,5-,:-<I 52,5,J( +C0,1,:/&-+. :+C+1-
-<I )(31,;&) [1, 2].

1. E45&1-(. 2&;(1L. !/. N1,0, 52,5,J( 2&;(1+ B,D&1 2,',=1+
/KJ(. J9B(0( ()(31,-), C( 3&')+B +5)/K;&-+&B. @ N1,B 52,5,J&
2&;(1+ &51L ,'+- -&',51(1,), ),1,3<= B,D&1 ,)(C(1L5. -&23&-
,',/+B<B, — N1, 1+3(D. @ 1+2,03(4+.I 2&;(1(K1 :+C+1)+, -,
1+3(D,B -& B&-&& 1000 O1.

2.Q&/),03(4+. — ,'+- +C 52,5,J,: 13(4(3&1-,= 2&;(1+,
23+ ),1,3,B ,11+5) 2,/9;(&15. 23,'(:/+:(-+&B )3(5)+ -( B(1&-
3+(/ ;&3&C B&/)9K, 190, -(1.-919K 5&1)9. !(--(. 1&I-,/,0+.
2,C:,/.&1 2&;(1(1L 23()1+;&5)+ -( /KJ,B B(1&3+(/&. " -&',51(1-
)(B O&/),03(4++ ,1-,5.15. ,03(-+;&-+., 23&'V.:/.&B<& ) B()&19
+ ',51(1,;-, :<5,)(. 51,+B,51L.

3.X+43,:(. 2&;(1L — N1, 5(B<= J<513<= -( 5&0,'-.O-+=
'&-L 52,5,J 2&;(1+. U5/+ -&,JI,'+B, 53,;-,& +C0,1,:/&-+& :+C+1-
-<I )(31,;&), 1, -(+J,/&& *&/&5,,J3(C-<= :<J,3 — *+43,:(.
2&;(1L. F/(:-<B 23&+B9M&51:,B N1,= 1&I-,/,0++ .:/.&15. 1,,
;1, 1,/L), *+43,:(. 2&;(1L 2,C:,/.&1 2,/-,51LK 5),33&)1+3,:(1L
,JM+= :+' :+C+1-,= )(31,;)+ -( /KJ,B N1(2&.

E2&3(1+:-,51L — -& &'+-51:&--,& 23&+B9M&51:, *+43,:,=
2&;(1+. #,/LO9K 3,/L 23+ +C0,1,:/&-++ :+C+1-<I )(31,;&) +03(&1
*&-(. #/(0,'(3. *+43,:,B9 52,5,J9, 2&;(1L :+C+1,) 2,/9;(&15.
',51(1,;-, -&',3,0,=, ;1, ,59M&51:/.&15. C( 5;&1 N),-,B++ -(
23,B&D91,;-<I N1(2(I 2&;(1+. UM& ,'-+B 23&+B9M&51:,B *+4-
3,:,= 2&;(1+ .:/.&15. :<5,),& )(;&51:,, 1() )() *+43,:,& ,J,39-
',:(-+& 2&3&'(&1 :5& *:&1(, ),1,3<& 2,/9;(K15. J,/&& .3)+B+.
7,, )() + /KJ,= :+' 2&;(1+, *+43,:(. 2&;(1L +B&&1 + 5:,+ -&',5-
1(1)+. $3+ J,/LO+I 1+3(D(I :+C+1-<I )(31,;&) *&-( 2,/9;(&15.
',:,/L-, :<5,),=, 1()D& 59M&51:9K1 ,03(-+;&-+. -( 5,31( J9-
B(0+, ),1,3<& B,D-, +52,/LC,:(1L 23+ *+43,:,= 2&;(1+.

4. G&3B,1+5-&-+& +/+ 1+5-&-+& 4,/L0,=. A-,0+& 39),:,'+-
1&/+ :<J+3(K1 N/+1-<= 52,5,J +C0,1,:/&-+. :+C+1,) — 1+5-&-+&.
7(', ,1B&1+1L, ;1, B&1,',B 1+5-&-+. :+C+1)+ +C0,1(:/+:(K15.
'(:-,. G&I-,/,0+. ,5-,:<:(&15. -( 23+B&-&-++ 23&55(, 23+ 2,B,-
M+ ),1,3,0, -( :+C+1-,= )(31,;)& ,51(&15. 5/&' ,1 B&1(//+-
;&5),0, -(2</&-+. 52&*+(/L-,= /&-1<. 7&,J<;-,51L 1()+I :+C+-
1,) 139'-, -& ,*&-+1L: 2,C,/,;&--<& J9):< 23+.1-, 5B,13.15.
-( 1&B-,= J9B(0&, +-,0'( '(D& 5, 52&*+(/L-,= ,1'&/),=.
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E'-(), :<'&3D(--<= '&/,:,= 51+/L + ',51(1,;-, C-(;+1&/L-
-<& C(13(1< -( 23,+C:,'51:, -& :5&0'( B,091 ,23(:'(1L 5&J.: 5, :3&-
B&-&B +C,J3(D&-+& /&0), 51+3(&15. 5 J9B(0+, + ;&3&C 0,', :,C-
B,D-,, -&/LC. J9'&1 23,;&51L +-4,3B(*+K, &5/+ -& I3(-+1L :+-
C+1)9 : 52&*+(/L-,= :+C+1-+*&.

W&1)+I 23(:+/ : ,1-,O&-++ 3(CB&3,: :+C+1-<I )(31,;&)
-&1, -, ,J<;-, 3(CB&3 13('+*+,--,= + -(+J,/&& 9',J-,= :+C+1)+ —
90´50 BB. >B&--, 2,' 1(),= 4,3B(1 3(55;+1(-< :5& :+C+1-+*<,
+, &5/+ :+C+1)( ,)(D&15. O+3& +/+ '/+--&&, B,091 :,C-+)-91L
5/,D-,51+ 5 && I3(-&-+&B. $,N1,B9 : N1,B 2/(-& /9;O& 23+'&3D+-
:(1L5. 51(-'(31(. «Z&-5)+&» :+C+1)+ B,091 J<1L B&-LO& —
80´40 BB.

@+C+1)+ 95/,:-, '&/.15. -( -&5),/L), :+',:: /+;-<&, '&/,-
:<& + ),32,3(1+:-<&.

8+;-<& :+C+1)+ +52,/LC9K15. 23+ '39D&5),B C-(),B51:&
+ -&4,3B(/L-,B ,JM&-++. "() 23(:+/,, :+C+1)( 5,'&3D+1 +B.,
4(B+/+K :/('&/L*( + +-,0'( 1&/&4,--<= -,B&3. !,/D-,51L
+ ('3&5 : -&= -&,J.C(1&/L-<. 61+/L +52,/-&-+. B,D&1 J<1L /KJ<B
+ 3(C3(J(1<:(&15. : 5,,1:&151:++ 5 /+;-<B+ 23&'2,;1&-+.B+
:/('&/L*(.

!&/,:<& :+C+1)+ +52,/LC9K15. : J+C-&5&, -( ,4+*+(/L-<I
:513&;(I + '/. 23&',51(:/&-+. ),-1()1-,= +-4,3B(*++ 2,1&-*+-
(/L-<B )/+&-1(B. 7( '&/,:<I :+C+1)(I ,J.C(1&/L-, 9)(C<:(K15.
+B., 4(B+/+., ',/D-,51L 23&'51(:+1&/. J+C-&5(, ( 1() D& -(C:(-
-+& ),B2(-++ + :+' && '&.1&/L-,51+. @ ,4,3B/&-++ :+C+1)+ +5-
2,/LC9&15. 4+3B&--<= 51+/L ),B2(-++, /,0,1+2 + 1. 2. G()+& :+-
C+1)+ ,J<;-, +B&K1 513,0+= '+C(=-.

",32,3(1+:-(. :+C+1-(. )(31,;)(, )() 23(:+/,, -& 5,'&3D+1
+B&- + 4(B+/+=. @ -&= 9)(C<:(&15. 2,/-(. +-4,3B(*+. , ),B2(-
-++: 54&3( '&.1&/L-,51+ 4+3B<, 2&3&;&-L 95/90, ),-1()1-<& 1&/&-
4,-<, )(31( 23,&C'(, ('3&5 :&J-5(=1(. E-( +B&&1 :+' : 1,;-,51+
5,,1:&151:9KM+= 4+3B&--,B9 51+/K ),B2(-++, +-4,3B(*+.
,J<;-, -,5+1 3&)/(B-<= I(3()1&3. @ ,5-,:-,B +52,/LC9&15. -(
:<51(:)(I, 4,39B(I. W(51, 1()+& :+C+1-<& )(31,;)+ '&/(K1 ':9I-
51,3,--+B+.

G()+B ,J3(C,B, :+C+1-(. )(31,;)( — -&+CB&--<= (13+J91
()1+:-,0, 5,:3&B&--,0, ;&/,:&)( + : '&/,:,= 54&3&, + : 5,*+(/L-
-<I )390(I. $3+:/&)(1&/L-(., 23,'9B(--(. :+C+1-(. )(31,;)(
B,D&1 J<1L N44&)1+:-&& +-<I 3&)/(B-<I )(B2(-+=. !+C(=-&3-
5)+& :+C+1)+ '&B,-513+39K1 :&5L 52&)13 :,CB,D-,51&= + 52,5,J-
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-,51&= && (:1,3(, ),32,3(1+:-<& :+C+1-<& )(31,;)+ — 5,/+'-,51L
+ 5&3L&C-,51L ),B2(-++, /+;-<& :+C+1)+ 519'&-1( +/+ 43+/(-5&3( —
&0, ,1-,O&-+& ) D+C-+ + 5,J51:&--<& (BJ+*++.

#+J/+,03(4+;&5)+= 52+5,)

1. G&I-,/,0++ 2&;(1+ :+C+1,) – [T/&)13,--<= 3&5935]. – %&D+B ',5192(:
URL: http://vrm.com.ua/tehnologii-pechati-vizitok.html – ('(1( ,J3(M&-+.: 25 4&:-
3(/. 2013 0.).

2. %&),B&-'(*++ 2, :<J,39 1&I-,/,0++ +C0,1,:/&-+. :+C+1,)  – [T/&)-
13,--<= 3&5935]. – %&D+B ',5192(: URL: http://www.greenv.ru/catalog/vizitki_
vybor – ('(1( ,J3(M&-+.: 27 4&:3(/. 2013 0.).

E"&:*0>D&( <0$*,#( ;*%$**0,&, 519'&-1)( 03922< 622391 52&*+(/L-,51+
«G&I-,/,0+. 2,/+03(4+;&5),0, 23,+C:,'51:(».
7(9;-<= 39),:,'+1&/L $3,5)93.),: 7+),/(= U:0&-L&:+;,
',)1,3 1&I-+;&5)+I -(9), 23,4&55,3 )(4&'3< «G&I-,/,0+.
2,/+03(4+;&5),0, 23,+C:,'51:( + C(M+1( +-4,3B(*++».

© U. 6. S/(;&:5)(.
61(1L. 2,5192+/( : 3&'()*+K 19.03.2013 0.

JKH 655.227 M. N. UVTCLE
I. D. EBMMN

>?#.!0 6(#-2*&#$'%"":0
$%@"!9%#.!0 -"!'%&#!$%$

COOBMK>NELCM
>O>TMLL>OIMW JOI/>WOIN

KBF LEIFRMLCF OMIQEISP >OL>N
I/E1E/MILSP AMQEILSP 1>/ 

A/C A> >YC >AICQMOH>D> OA>O>TE
H>LI/>BF LEIFRMLCF

E21+;&5)+= 52,5,J ),-13,/. -(1.D&-+. 5&1;(1<I ,5-,: 13(-
4(3&1-<I 2&;(1-<I 4,3B (G$H) J</ 3(C3(J,1(- : 2005 0,'9 -(
)(4&'3& «!+C(=-, 3&)/(B( + 1&I-,/,0+. 2,/+03(4+;&5),0, 23,+C-
:,'51:(» EB5),0, 0,59'(351:&--,0, 1&I-+;&5),0, 9-+:&35+1&1(.
E- 2,C:,/.&1 ,23&'&/.1L -& 1,/L), ,1-,5+1&/L-,& 9'/+-&-+&

http://vrm.com.ua/tehnologii-pechati-vizitok.html
http://www.greenv.ru/catalog/vizitki_
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%+5. 1. %(52,/,D&-+& -( 4,3B& 9;(51),:, -( ),1,3<I 23,:,'+/+5L C(B&3<

5&1;(1,0, B(1&3+(/(, ;1, J</, :,CB,D-, : J,/LO+-51:& 3(-&&
+C:&51-<I 52,5,J,:, -, + 1()+& I(3()1&3+51+)+ 5&1;(1,0, B(1&-
3+(/( )() :&/+;+-( .;&=)+, && 0&,B&13+;&5)(. 4,3B( + 1,/M+-(
-+1+ [1]. $, +CB&-&-+K ),-4+093(*++ +-1&34&3&-*+,--,= )(3-
1+-<, ),1,3(. :<3(D(&15. : 5B&M&-++ B()5+B9B,: +-1&-5+:-,51+
+C/9;&-+., 3(52,/,D&--<I 513,0, 2, ,5.B (J5*+55 + ,3'+-(1
23.B,90,/L-,= 5+51&B< ),,3'+-(1, : 51,3,-9 ,1 +I +C-(;(/L-,0,
2,/,D&-+., ),-13,/+39&15. 3(:-,B&3-,51L -(1.D&-+., ( 1() D&
-&),1,3<& ,5,J&--,51+ -(1.D-<I 9513,=51: [2].

!/. +55/&',:(-+. ,5,J&--,51&= 9513,=51: '/. -(1.D&-+.
5&1;(1<I ,5-,: G$H 23+ 2,B,M+ ,21+;&5),0, 52,5,J( ),-13,/.
J</+ :<J3(-< 13+ 9513,=51:( 3(C/+;-,= ),-5139)*++: B&I(-+-
;&5),&, 2-&:B(1+;&5),& + 5(B,-(1.0+:(KM(. 3(B(. 7( :5&I 13&I
9513,=51:(I J</ -(1.-91 5&1;(1<= B(1&3+(/. !/. ),-13,/. )(;&-
51:( -(1.D&-+. +52,/LC,:(/+5L ':& :&/+;+-<: N — -,3B(/L-,&
95+/+& : 2,2&3&;-,B 5&;&-++ -( &'+-+*9 '/+-< (7/5B) [2] + Da —
,1)/,-&-+& ,1 23.B,90,/L-,51+ 4,3B< .;&=)+ 5&1)+ (°). S(B&3<
,59M&51:/./+5L : -&5),/L)+I 1,;)(I 5&1;(1,= ,5-,:< 5 +-1&3:(-
/,B 5 5B 2, ,5.B (J5*+55 + ,3'+-(1 (3+5. 1).

$, 2,/9;&--<B '(--<B J</+ 2,513,&-< 03(4+)+, I(3()1&-
3+C9KM+& 3(523&'&/&-+& +CB&3.&B<I :&/+;+- 2, 2,:&3I-,51+
5&1;(1,= ,5-,:< G$H [3].
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%+5. 2. %(523&'&/&-+& :&/+;+-< Da (°) 2, 2,:&3I-,51+ 5&1;(1,= ,5-,:<,
-(1.-91,= -( B&I(-+;&5),B -(1.D-,B 9513,=51:&

$, 3&C9/L1(1(B 23,:&'&--<I N)52&3+B&-1,: J</+ 5'&/(-<
5/&'9KM+& :<:,'<:

1. @5& +52<1(--<& 9513,=51:( -& ,J&52&;+/+ (J5,/K1-,
3(:-,B&3-,0, -(1.D&-+..

2. @ 5/9;(& -(1.D&-+. 5&1;(1,0, B(1&3+(/( -( B&I(-+;&5),B
-(1.D-,B 9513,=51:& -(J/K'(&15. -(+B&-LO&& 53&'-&):('3(1+;-
-,& ,1)/,-&-+& :&/+;+- Da + N, ;1, 0,:,3+1 , -(+J,/&& 3(:-,B&3-
-,B -(1.D&-++ 53&'+ :5&I +52<1(--<I 9513,=51: (3+5. 2).

3. @ 5/9;(& -(1.D&-+. 5&1;(1,0, B(1&3+(/( -( 2-&:B(1+-
;&5),B -(1.D-,B 9513,=51:& -(J/K'(&15. -(+J,/LO&& ,1)/,-&-
-+& :&/+;+- Da + N 53&'+ :5&I +52<1(--<I 9513,=51:.

4. @ 5/9;(& 5 5(B,-(1.0+:(KM&= 3(B,= +CB&3+1L :&/+;+-9 N
,)(C(/,5L -&:,CB,D-<B, :5/&'51:+& 5/+O),B B(/<I && C-(;&-+=
(<7 7/5B). 63&'-&):('3(1+;-,& ,1)/,-&-+& :&/+;+-< Da ,)(C(-
/,5L 53&'-+B 53&'+ +52<1(--<I -(1.D-<I 9513,=51:, -&5B,13.
-( 1, ;1, && B()5+B(/L-<& C-(;&-+. : ,1'&/L-<I 1,;)(I C-(;+-
1&/L-, 23&:<O(/+ B()5+B(/L-<& C-(;&-+. : 5/9;(& -(1.D&-+.
-( B&I(-+;&5),B + 2-&:B(1+;&5),B -(1.D-<I 9513,=51:(I. T1,
5:.C(-, 5 1&B, ;1, 4,3B(1 5(B,-(1.0+:(KM&= 3(B< 23&:<O(&1
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4,3B(1 ':9I '390+I -(1.D-<I 9513,=51:, + :<J,3)( 2,/9;(&15.
J,/LO&= (3+5. 3).

5. %(C-<= I(3()1&3 3(523&'&/&-+. +CB&3.&B<I :&/+;+- 5:.-
C(- 5 +-'+:+'9(/L-<B+ I(3()1&3+51+)(B+ +52,/LC,:(--<I 951-
3,=51: + ,5,J&--,51.B+ 3(J,1< ,2&3(1,3( -(1.D-,0, 9513,=51:(.
@ 5/9;(& B&I(-+;&5),0, -(1.D-,0, 9513,=51:( :&/+;+-( N :,C-
3(51(&1 -( 9;(51)(I, 3(52,/,D&--<B J/+D& ) )3(.B 3(B<, ;1,
0,:,3+1 , -(+J,/LO+I -(23.D&-+.I, :,C-+)(KM+I 2, 90/(B 4,3B<
(3+5. 4). @ 5/9;(& +52,/LC,:(-+. 2-&:B(1+;&5),0, -(1.D-,0,
9513,=51:( C-(;&-+& :&/+;+-< N : 90/(I 3(B< ,)(C<:(&15. B&-L-
O&, 1() )() ,2&3(1,3 23&':(3+1&/L-, ,5/(J+/ -(1.D&-+& -( N1+I
9;(51)(I : *&/.I 9513(-&-+. :,CB,D-,51+ 3(C3<:( 5&1;(1,0, B(-
1&3+(/(.

6.  B&-LO&-+& +5)(D&-+. +CB&3.&B<I :&/+;+- -(J/K'(&15.
-( 9;(51)(I 2, B&3& 9'(/&-+. ,1 )3(&: 3(B<.

7. @ 5/9;(& -(1.D&-+. 5&1;(1,0, B(1&3+(/( -( 2-&:B(1+-
;&5),B -(1.D-,B 9513,=51:& ,2&3(1,39 J</+ '(-< 3&),B&-'(*++
2, ,5/(J/&-+K -(1.D&-+. -( 5,,1:&151:9KM&B 9;(51)& (3+5. 5, 6),
1. ). 53&'-&):('3(1+;-,& ,1)/,-&-+& +CB&3.&B<I :&/+;+- -( '(--
-,B 9;(51)& 23&:<O(/, 53&'-&):('3(1+;-,& ,1)/,-&-+& N1+I

%+5. 3. %(523&'&/&-+& :&/+;+-< Da (°) 2, 2,:&3I-,51+ 5&1;(1,= ,5-,:<,
-(1.-91,= -( 5(B,-(1.0+:(KM&B -(1.D-,B 9513,=51:&
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%+5. 4. %(523&'&/&-+& :&/+;+-< N (7/5B) 2, 2,:&3I-,51+ 5&1;(1,= ,5-,:<,
-(1.-91,= -( B&I(-+;&5),B -(1.D-,B 9513,=51:&

%+5. 5. %(523&'&/&-+& :&/+;+-< N (7/5B) 2, 2,:&3I-,51+ 5&1;(1,= ,5-,:<,
-(1.-91,= -( 2-&:B(1+;&5),B -(1.D-,B 9513,=51:&

%+5. 6. %(523&'&/&-+& :&/+;+-< Da (°) 2, 2,:&3I-,51+ 5&1;(1,= ,5-,:<,
-(1.-91,= -( 2-&:B(1+;&5),B -(1.D-,B 9513,=51:&


