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0(<$T 6"08(*6<(0/J. 

K=-(* E8(,<(2(* 6"08( -"N9'9-$T/ S*8(&'=6 -"0/2(-(6 9 2 
9/(5* ,(8$&"T/ 02*/8(* '*:/-"89I(2"''(* 6"08( 9 (/E(B- 0(",0/(<, 
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8* 9 0(",0/(<" 6*'@*/0@. _-9&*6, B(8@ B9e8*</-9<(2 2 0(",0/(<* 
0/-*6@/0@ 6"<096"8J'( $6*'J\9/J 9 '"(R(-(/, 2 '*:/-"89I(2"''(6 
6"08* - $2*89&9/. C"<$T G* I"B"&$ 0 (R-"/'=6 eNN*</(6 0/"29/0@ 9 
B8@ 0(",0/(<". 
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 " ,-"</9<* ,-(A*00 <("5$8@A99 E8(,J*2 0(",0/(<" (0$S*0/2-
8@*/0@ 2<(8(''=E e<0,(I9/(-"E B89/*8J'(* 2-*6@ (5-6&"0(2 9 R(-
8**), &/( 0'9G"*/ ,-(9I2(B9/*8J'(0/J 89'99 9 $2*89&92"*/  e'*-5( 
6"/*-9"8J'=E -"0E(B=. 
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/(-" @28@*/0@ 90,(8JI(2"'9* e8*</-(6"5'9/'(5( 9I8$&"/*8@, <(/(-
-9: '*,-*-=2'( (6"5'9&92"*/  e8*</-(,-(2(B@S9* <(6,('*'/= 
06*09 9 $0<(-@*/ 9E <("5$8@A9T 2(<-$5 A*'/-(2 N(-69-(2"'9@ 
E8(,J*2 0(",0/(<". 

K8(G'=: 6*E"'9I6 (R-"I(2"'9@ E8(,J*2 0(",0/(<"  B89/*8J-
'(* 2-*6@ '* ,(I2(8@*/ (A*'9/J -(8J <"GB(5( N"</(-" 2 (/B*8J'(-
0/9. >*I$8J/"/= e<0,*-96*'/"8J'=E 9008*B(2"'9: B"''(5( ,-(A*00" 
0 90,(8JI(2"'9*6 cUc ,(<"I92"T/ eNN*</92'(0/J *5( ,-96*'*'9@ 
2 ,-(9I2(B0/2*. 

C"< '",-96*-, ,(08* /"<(: (R-"R(/<9 B89/*8J'(0/J (R-"I(2"-
'9@ E8(,J*2 0(",0/(<" 0(<-"S"*/0@ 2 10-25 -"I" (2 I"29096(0/9 (/ 
<"&*0/2" «&i-'(5(» 6"08" 9 ,('9G"*/0@ A2*/'(0/J 6"08" '" 5-8 <-. 
*B. ((/'(09/*8J'( (R=&'(: S*8(&'(: -"N9'"A99)). H-(6* /(5(, 0'9-
G"*/0@ <('A*'/-"A9@ 9 9IR=/(&'=: -"0E(B S*8(&'(5( -"0/2(-", 
$,8(/'@*/0@ 0(",0/(<, <(/(-=: 0(B*-G9/ 6*'J\* '*:/-"8J'(5( G9-
-", &*6 ,-9 (R=&'(: -"N9'"A99 6"08". 

C"<96 (R-"I(6, ,-(2*B*''=* 9008*B(2"'9@ ,(<"I"/*89, &/( 
B8@ 9'/*'09N9<"A9@ ,-(A*00" e<0,(I9A99 E8(,J*2 0(",0/(<" 9 ,(-
2=\*'9@ <"&*0/2" '*:/-"89I(2"''(5( 6"08" (R-"I(2"''$T 06*0 
-"0/9/*8J'(5( 6"08" 0 S*8(&'=6 -"0/2(-(6 ,(08* /$-R$89I"/(-" 
A*8*0((R-"I'( '",-"29/J 2 e8*</-(6"5'9/'=: e<0,(I9/(- (cUc), 5B* 
,(B 2(IB*:0/29*6 6"5'9/'=E 098 I'"&9/*8J'( 9'/*'09N9A9-$*/0@ 
,-(A*00 <("5$8@A99 ($<-$,'*'9@) E8(,J*2 0(",0/(<". Z 9/(5* I'"&9-
/*8J'( ,(2=\"*/0@ /*E'9<(-e<('(69&*0<9* ,(<"I"/*89 -"N9'"A9('-
'(5( ,-(9I2(B0/2". 
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5. C"\<*'/, YIR*<90/"' 
 

_-96*'@*6"@ 2 6"08(G9-(2(: ,-(6=\8*''(0/9 >*0,$R89<9 
YIR*<90/"' /*E'(8(59@ (R*I2-*G92"'9@ '"/92'(5( 5(009,(8" (0'(-
2"'" 59B-(/*-69&*0<(6 2(IB*:0/299 '" E8(,<(2$T 6@/<$, ,-9 <(/(-
-(6 (R-"I$*/0@ /"< '"I=2"*6=:, «02@I"''=:» 5(009,(8. K2@I"''=: 
5(009,(8 ,-*B0/"28@*/ 9I 0*R@ 0(2(<$,'(0/J *5( 0(*B9'*'9: 0( 02(-
R(B'=69 "69'(<908(/"69, R*8<"69 9 N(0N"/9B"69. K2@I"''=: 5(0-
09,(8 6*'** /(<09&*', &*6 02(R(B'=:. Z -*I$8J/"/* ,(8$&"T/ <(--
6(2(: E8(,<(2=: \-(/ 0 0(B*-G"'9*6 02(R(B'(5( 5(009,(8" '* R(-
8** 0,02 %, <(/(-=: 2 (0'(2'(6 90,(8JI$T/ 2 G92(/'(2(B0/2*. Z 
,/9A*2(B0/2* (R=&'=: E8(,<(2=: \-(/ ,-96*'@/J '* -*<(6*'B$*/-
0@, /.<. ,-(90E(B9/ 5(009,(8(2(* (/-"28*'9*. 

M8@ ,/9A*2(B0/2" '$G*' '9I<(5(009,(8J'=: \-(/, 2 <(/(-(6 
B(8G'( 0(B*-G"/J0@ '* R(8** 0,01 % 02(R(B'(5( 5(009,(8" 9 <8*/-
&"/<9 '* R(8** 10%. Z '"0/(@S** 2-*6@ 6"08(G9-(2=* ,-*B,-9@/9@ 
'"&"89 0*-9:'=: 2=,$0< '9I<(5(009,(8J'(5( \-(/" 0 0(B*-G"'9*6 
,-(/*9'" '* 6*'** 46% 9 5(009,(8" '* R(8** 0,01%. PB'"<(, 2(,-(0 
0'9G*'9@ 0(B*-G"'9@ <8*/&"/<9 (0/"*/0@ (/<-=/96, /.<. 6"08(G9-(-
2=* ,-*B,-9@/9@, 9I-I" '*B(0/"/<(2 /*E'(8(599 <(6,8*<0'(: ,*-*-
-"R(/<9 0*6@' E8(,&"/'9<", 2=,$0<"T/ \-(/ 0 0(B*-G"'9*6 <8*/-
&"/<9 B( 30%. Z -*I$8J/"/* B*N9A9/ ,-(/*9'" 2 -"A9('"E ,/9A &"0-
/9&'( $0/-"'@*/0@ ,$/*6 '*-"A9('"8J'(5( 90,(8JI(2"'9@ B(-(5(-
0/(@S9E I*-'(2=E <$8J/$-, 2 <(/(-=E 0(B*-G"'9* R*8<" 2 3 -"I" 
'9G*, &*6 2 E8(,<(2(6 \-(/*.  

C"<96 (R-"I(6, -*\*'9* 2(,-(0" 0'9G*'9@ <8*/&"/<9 9 ,(8$-
&*'9@ 2=0(<(R*8<(2(: E8(,<(2(: 6$<9 9 \*8$E9 $8$&\*''=6 R*8<(-
2=6 0(0/"2(6 2 $08(29@E 6"08(G9-(2=E ,-*B,-9@/9: @28@*/0@ "<-
/$"8J'=6 9 e<('(69&*0<9 A*8*0((R-"I'=6 6*-(,-9@/9*6.  

U"08(G9-(2"@ ,-(6=\8*''(0/J >*0,$R89<9 YIR*<90/"' '" 
B"''=: 6(6*'/ 0(0/(9/ 9I 23-E <-$,'=E 6"08(G9-(2=E I"2(B(2, <(-
/(-=* 2=-"R"/=2"T/ (<(8( 800 /=0./ E8(,<(2(5( \-(/", 250 /=0 /. 
9I <(/(-(5( 2=,$0<"*/0@ '9I<(5(009,(8J'=6. c/( B"*/ 2(I6(G'(0/J 
I'"&9/*8J'(5( $8$&\*'9@ <(-6(2(: R"I=, 2 /(6 &908* B8@ ,/9A*2(B-
0/2". 9I<(5(009,(8J'=: \-(/ 2=-"R"/=2"*/0@ '" (0'(2* ,"/*'/(-
2"''(5( 0,(0(R" [1]. 

K$S'(0/J /*E'(8(599 I"<8T&"*/0@ 2 /(6, &/( 2 *B9'(6 <(6-
,8*<0* -*\*'" I"B"&", ,-9 <(/(-(: 6"<096"8J'(* (R*I2-*G92"'9* 
02(R(B'(5( 5(009,(8", 0'9G*'9* A2*/'(0/9 9 <908(/'(0/9 9I28*<"*-
6=E ,-*00(2=E 9 e<0/-"<A9(''=E 6"0*8 (0$S*0/28@*/0@ <"< I" 0&*/ 
2(IB*:0/29@ <"-R"69B", /"< 9 0989<"/" '"/-9@ 9 <"$0/9&*0<(: 0(B=, 
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2E(B@S9E 2 0(0/"2 6'(5(<(6,('*'/'(5( -"0/2(-", <(/(-=6 $28"G'@-
*/0@ 6@/<" ,*-*B G"-*'9*6. 

_( -"I-"R(/"''(: /*E'(8(599 9I6*8J&*''$T 6@/<$ ,*-*B G"-
-*'9*6 (R-"R"/=2"T/ 0989<"/'(-<"-R"69B'=6 -"0/2(-(6 2 <(89&*-
0/2* B( 2% (/ 6"00= 6@/<9. Z 0(0/"2* -"0/2(-" 0(B*-G9/0@ B( 10% 
<"-R"69B", 1,0-2,0% 0989<"/" '"/-9@ 9 0,2% <"$0/9&*0<(: 0(B=. 

Z08*B0/29* /"<(: (R-"R(/<9, I" 0&*/ <(6,8*<0'(5( 2(IB*:0/29@ 
-"0/2(-" 2 E(B* G"-*'9@ 6"/*-9"8" 2 G"-(2'@E 0'9G"*/0@ 0(B*-G"-
'9* 02(R(B'(5( 5(009,(8" 2 6*I5* I" 0&*/ 02@I=2"'9@ 0 2=\*$<"I"'-
'=69 -*"5*'/"69 9 2 <('*&'(6 9/(5* ,(8$&"*/0@ 8*5<(-"N9'9-$*6(* 
E8(,<(2(* 6"08( 9 \-(/ 0 '9I<96 0(B*-G"'9*6 02(R(B'(5( 5(009,(-
8" (6*'** 0,01%). 

Z'*B-*'9* /*E'(8(599 0 (B'(: 0/(-('= - ,-92*8( < $8$&\*'9T 
<"&*0/2*''=E ,(<"I"/*8*: 2=,$0<"*6(5( \-(/", ,(2=\*'9T eNN*<-
/92'(0/9 2 G92(/'(2(B0/2* 9 ,/9A*2(B0/2*, /.<. '(2=: ,-(B$</ 90-
,(8JI$*/0@ <"< I"6*'9/*8J 0(*2(5( \-(/". 

PB'"<(, <"< ,(<"I"8( ,-"</9<", '* 06(/-@ '" 02(9 ,-*96$S*0/-
2", /*E'(8(59@ ,(8$&*'9@ '9I<(5(009,(8J'(5( \-(/" '* 06(G*/ -*-
\"/J ,-(R8*6= <(-68*'9@ ,/9A, /.<. 208*B0/29* '*B(0/"/<(2 ,-96*-
'@*6(: /*E'9<9 9 /*E'(8(59&*0<9E $I8(2 0(B*-G"'9* <8*/&"/<9 2 
\-(/* '"6'(5( R(8J\*, &*6 B(,$0/96( B8@ 0<"-6892"'9@ ,/9A. 

>"'** ,-(2*B*''=69 9008*B(2"'9@69 $&*'=E (,-*B*8*'( 90-
&*I'(2*'9* 02(R(B'(5( 5(009,(8" B( 08*B(2 ,-9 R9(<('2*-099 
(R=&'(5( E8(,<(2(5( \-(/" 0 ,(6(SJT ,(8*I'=E 69<-(R(2 <"< ,*-
<"-0<9* B-(GG9 989 6(8(&'(<908=* R"</*-99. H"< 9I2*0/'(, 69<-(R-
'=: 09'/*I (R*0,*&92"*/ $2*89&*'9* 0(B*-G"'9@ R*8<(2 2 ,-(B$</*, 
2 /(6 &908* -"0/2(-96(: 9E N-"<A99, ,-(2(B@ 2 8*5<($02(@*6$T 
N(-6$. U9<-(R= 2 ,-(A*00* <$8J/92"A99 -"I-$\"T/ 0/-$</$-$ 5(0-
09,(8", 09'/*I9-$T/ R*8<9, 29/"69'= 9 0(IB"T/ R8"5(,-9@/'$T  
N*-6*'/"/92'$T 090/*6$ 2 0-*B*. 

W0E(B@ 9I 2=\*$<"I"''=E, '"69 -"I-"R(/"' 6*/(B R9(8(59&*-
0<(: ,*-*-"R(/<9 E8(,<(2(5( \-(/", <(/(-=: ,-*B$06"/-92"*/ ,(8$-
&*'9* 2 <('A* ,-(A*00" R9(,-(B$</ 0 28"G'(0/JT B( 12%. 

Z E8(,<(2(6 R9(,-(B$</*, ,(8$&*''(6 9I /(0/9-(2"''(5( \-(-
/" 0(B*-G9/0@ B( 15% R(8J\* R*8<(2, -"0/2(-96"@ N-"<A9@ <(/(-(-
5( $2*89&92"*/0@ (/ 55 B( 70%. K(B*-G"'9* 02(R(B'(5( 5(009,(8" 
$6*'J\"*/0@ (/ 0,02 B( 0,003% ,-9 (R-"R(/<9 /(0/9-(2"''(5( 9 B( 
08*B(2 ,-9 (R-"R(/<9 '9I<(5(009,(8J'(5( \-(/". _(696( e/(5(, 
208*B0/29* ,-*B(/2-"S*'9@ 2=0(<9E /*6,*-"/$-, R9(,-(B$</ 0(-
B*-G9/ "</92'$T N*-6*'/"/92'$T 090/*6$, 0(IB"''$T ,-9 <$8J/9-
2"A99 69<-((-5"'9I6(2. _-96*'*'9* /"<(5( <(-6" 2 -"A9('* G92(/-
'=E 9 ,/9A $8$&\"*/ 9E 966$'9/*/, ,-*B(/2-"S"*/ -"I29/9* ,"/(-
5*''=E 69<-((-5"'9I6(2, 0(IB"2"@ 2 ,9S*2"-9/*8J'(6 /-"</* R8"-
5(,-9@/'$T 0-*B$. 
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#DEFHJELHJ 
 

1. _"/*'/ >YI kIAP 03125. C*E'(8(599 ,(8$&*'9@ 8*5<(-"N9-
'9-$*6(5( E8(,<(2(5( 6"08" 9 '9I<(5(009,(8J'(5( \-(/". /W8J@0(2 
3.C., K"89E(2 ^.W., K*-<"*2 H._., ^"-9,(2  .^. 

 
 
 

G. .  I6*,> 
 

0(6= 5(A$0$NO,( " # &3, /#? @-06 9-0& 
6(",-06$4,, ,*2 6=$4,, 

 
U(0<(20<9: 5(0$B"-0/2*''=: /*E'9&*0<9: $'92*-09/*/ 
-"B9(/*E'9<9, e8*</-('9<9 9 "2/(6"/9<9 (UW>c3) 

5. U(0<2", >(009@ 
 

C*-6(,*&"/"TS9* 5(8(2<9 (C_X) @28@T/0@ e8*</-(''=69 $0/-
-(:0/2"69, 2=,(8'*''=69 '" (0'(2* 2=0(<9E /*E'(8(59:, 9 2=,$0-
<"T/0@ (5-"'9&*''=6 &908(6 I"-$R*G'=E N9-6.  "9R(8** \9-(<9: 
"00(-/96*'/ 2=0(<(<"&*0/2*''=E C_X 2=,$0<"T/ KYOCERACorpora-
tion (http://global.kyocera.com/) 9 ROHMCo. (http://www.rohm.com/), Ltd 
(l,('9@). _-(9I2(B9/*8@69 C_X @28@T/0@ Toshiba (l,('9@) 
(http://www.hucoto.co.jp/), TDKCorporationofAmerica (K^3) 
(http://www.tdk.com/), Gulton (K^3) (http://www.gulton.com/), SHEC - 
ShandongHualingElectronicsCo., Ltd  (http://www.hec-itochu.com/)  (0(-
26*0/'(* ,-*B,-9@/9* H9/"@ 9 l,('99). _-9&*6 <9/":0<(* ,-*B,-9-
@/9* 2'*B-@*/ ,-(9I2(B0/2*''=* /*E'(8(599 (/ MitsubishiElectricCor-
poration (l,('9@). Z >(0099 X(0$B"-0/2*''=: I"2(B «_$8J0"-» (U(-
0<2") 9 P3P «Z(0E(B» - H>Oh (H"8$5") ,-(9I2(B@/ /(8J<( C_X 0 $I<(: 
,*&"/JT B8@ <"00(2=E ,-9'/*-(2 9 ,-(0/=E ,-9'/*-(2 e/9<*/(<. M8@ 
,-(*</9-(2"'9@ 2=0(<(<"&*0/2*''=E /*-6(,-9'/*-(2 (C_) -(009:-
0<96 -"I-"R(/&9<"6 ,-9B*/0@ 2=R9-"/J 96,(-/'=* C_X @,('0<9E 
989 <9/":0<9E ,-(9I2(B9/*8*:. C"<(: (,=/ -"I-"R(/<9 ,(8$/('(2=E 
29B*(,-9'/*-(2 0 90,(8JI(2"'9*6 C_X @,('0<9E <(6,"'9: 
ROHMCo., Ltd 9 KYOCERACorporation 96**/0@ $ "2/(-" 0/"/J9 [1,2,3] 

Z -"I29/9* <8"009N9<"A99, 0B*8"''(: 2 [1], 6= R$B*6 <8"009-
N9A9-(2"/J C_X ,( 0(2(<$,'(0/9 ,-9I'"<(2 08*B$TS96 (R-"I(6: 

_( 0,(0(R$ ,*&"/9: 
31-89'*:'=* C_X, 2 <(/(-=E /*-6(,*&"/J ,-(9I2(B9/0@ ,(-

0/-(&'( 89'*:<(: '"5-*2"/*8J'=E e8*6*'/(2 ( c); 32 - ,(08*B(2"-
/*8J'=* C_X 0 6"8=6 <(89&*0/2(6  c 9 ,(08*B(2"/*8J'(: ,*&"/JT 
0962(8(2 2 0/-(<* (2 '"0/(@S** 2-*6@ ,-96*'@T/0@ 6"8(). 

_( 0,(0(R$ $,-"28*'9@: 
71-0/"'B"-/'=* C_X 0 (B'96 989 '*0<(8J<969 (B'(-"I-@B'=-

69 2E(B"69 B"''=E; 
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72-9'/*88*</$"8J'=* C_X (Intelligent) 0 (B'96 989 '*0<(8J<969 
(B'(-"I-@B'=69 2E(B"69 B"''=E, 0(B*-G"S9* 0,*A9"8J'=* 9'/*-
5-"8J'=* 0E*6= <('/-(8@ “,-*B=0/(-99” ,*&"/9 9 6'(5($-(2'*5( 
$,-"28*'9@ e'*-59*: '"5-*2" <"GB(5(  c B8@ <"&*0/2*''(: ,*&"/9 
'" R(8J\9E 0<(-(0/@E. 

73- ,(8$/('(2=* C_X 0( 6'(5969 2E(B"69 B"''=E B8@ 29B*(-
,-9'/*-(2 9 A2*/'=E ,-9'/*-(2. 

_( <('0/-$<A99 '"5-*2"/*8J'=E e8*6*'/(2: 
Z1-/(80/(,8*'(&'=* C_X; Z2-/('<(,8*'(&'=* C_X; Z3-0 ,8(-

0<(: 58"I$-JT; Z4- 0 &"0/9&'(: 58"I$-JT; Z5 – /('<(: 58"I$-JT; Z6 – 
0 B2(:'(: &"0/9&'(: 58"I$-JT; Z7 – 0 <"&*0/2*''(: 58"I$-JT; Z8 – 0 
2=0(<(<"&*0/2*''(: 58"I$-JT; Z9 – 0 ,(8'(: 58"I$-JT; Z10 – ,8(-
0<9*; Z11-0 $58(2=6 -"0,(8(G*'9*6  c B8@ ,*&"/9 '" ,8(0<(0/9 
($58(2(: <-":); Z12- 0 /(-A*2=6 -"0,(8(G*'9*6  c B8@ ,*&"/9 '" 
,8(0<(0/9 (,-@6(: <-":). 

_( 0<(-(0/9 ,*&"/9: 
X1 - B8@ 6*B8*''(: ,*&"/9 (25-50 66/0); X2 - B8@ 0-*B'*: 0<(-

-(0/9 ,*&"/9 (50-10066/0); X3 - B8@ 2=0(<(: 0<(-(0/9 ,*&"/9 (100-
600 66/0). 

_( '",-@G*'9T ,9/"'9@ '"5-*2"/*8J'=E e8*6*'/(2: 
M1 – '" 2=0(<(* '",-@G*'9* (24Z); M2- '" 0-*B'** '",-@G*'9* 

(12Z); M3 – '9I<(2(8J/'=* (3-4Z). 
_( ,-96*'*'9T: 
a1 - B8@ 6"8=E /*-6(,*&"/"TS9E 6(B$8*: (C_U) \/-9E-<(B(2, 

&*<(2, R98*/(2 2 /(-5(28*, R9R89(/*<"E, R(8J'9A"E, (N90"E; a2 – 
B8@ ,(-/"/92'=E R"/"-*:'=E ,-9'/*-(2 /(-5(2=E ,$'</(2 (Pointof-
sale (POS) – /*-69'"8(2) 9 \/-9E-<(B(2=E 090/*6; a3 – B8@ N"<09-
698J'=E ",,"-"/(2; a4– ,(08*B(2"/*8J'=* C_X B8@ ,*&"/"TS9E 
6"\9'(<; a5 – 0<(-(0/'=* C_X B8@ ,*&"/9 \/-9E-<(B(2 9 6"-<9-(2<9 
,-(B$<A99; a6 – 2=0(<(<"&*0/2*''=* C_X B8@ ,(8$/('(2(: 9 A2*/-
'(: ,*&"/9 A9N-(2=E N(/(5-"N9:; a7 – C_X 0 /(-A*2=6 9 $58(2=6 
-"0,(8(G*'9*6 '"5-*2"/*8J'=E e8*6*'/(2 B8@ ,*&"/9 '" /2*-B=E 
,8"0/9<(2=E 6"/*-9"8"E (R"'<(20<9* <"-/(&<9, $B(0/(2*-*'9@ 89&-
'(0/9); a8 – B8@ A9N-(2=E <(,9-(2"8J'=E ",,"-"/(2 9 5-"N9&*0<9E 
,8(//*-(2 0 /*-6(,*&"/JT; a9 – B8@ ,-9'/*-(2 95-(2=E 9 /(-5(2=E 
"2/(6"/(2. 

C9,(2"@ <('0/-$<A9@ 89'*:'=E C_X (31) ,(<"I"'" '" -90. 1. 
C_X 96**/ "8T69'9*2$T ,8"0/9'$ /*,8((/2(B", <*-"69&*0<$T ,(B-
8(G<$, 08(: 58"I$-9 ($ <"&*0/2*''=E C_X), 89'9T '"5-*2"/*8J'=E 
e8*6*'/(2 ( c), ,*&"/'$T ,8"/$  0 9'/*5-"8J'=69 0E*6"69 (WK) 
$,-"28*'9@, -"Ig*6, <-=\<$, <(/(-"@ I"S9S"*/ WK 9 ,*&"/'$T ,8"-
/$ (/ ,(2-*GB*'9:. _-9G96'(: 2"8 /*-6(,*&"/"TS*5( 6(B$8@  B9"-
6*/-(6 d ,-9G96"*/ /*-6(&$20/29/*8J'=: 6"/*-9"8 < 89'99 -*I9-
0/(-(2 9 ,*-*6*S"*/ *5(. 

Z '"0/(@S** 2-*6@ B8@ -"I'=E ,-96*'*'9: 90,(8JI$T/ /-9 (0-
'(2'=* /*E'(8(599 /*-6(,*&"/9: 1) ,-@6$T /*-6(,*&"/J (_C) '" 
/*-6(&$20/29/*8J'$T R$6"5$ (C7) (DirectPrinting) (a1, a2, a3, a4, a5, 
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a8, a9); 2) /*-6(,*-*'(0 -"0,8"28*''(5( <-"09/*8@ (C_>H) '" (0'(-
2* 2(0<" 0 <-"0@S*: 8*'/= '" ,-9*6'$T R$6"5$ (Wax Thermal 
Transfer) (a2, a5, a7, a8, a9); 3) /*-6(,*-*'(0 0$R896"A9(''(5( <-"-
09/*8@ (C_KH) 0 B('(-0<(: <-"0@S*: 8*'/=  '" "<A*,/(-'$T ,-9*6-
'$T R$6"5$ (SublimationDyeThermalTransferPrinting) (a6, a7). Z 6('(-
E-(6'=E C_ 0 /*-6(,*-*'(0(6 ,-96*'@T/ 6('(E-(6'=: &*-'=: 
,8"2<9: 989 0$R896"A9(''=: <-"09/*8J. Z A2*/'=E C_ ,-96*'@T/ 
/-*EA2*/'$T 989 &*/=-*EA2*/'$T ,8*'<$ 0 ,8"2<96 989 0$R896"A9-
(''=6 <-"09/*8*6. 

 

 
>90. 1. H('0/-$<A9@ /*-6(,*&"/"TS*: 5(8(2<9 

 

 
>90. 2. H('0/-$<A9@ '"5-*2"/*8J'=E e8*6*'/(2 

 
_( <('0/-$<A99 '"5-*2"/*8J'=E e8*6*'/(2 C_X B*8@/0@ '" B2" 

<8"00": /(80/(,8*'(&'=* C_X (Z1) 9 /('<(,8*'(&'=* C_X (Z2).  Z 
/(80/(,8*'(&'=E C_X (-90. 2") (RS9: "8T69'*2=: e8*</-(B 9 
$,-"28@TS9* e8*</-(B=, ,(B<8T&*''=: < 9'/*5-"8J'=6 0E*6"6  
B-":2*-(2, (R-"I$T/ 20/-*&'(-\/=-*2$T 0/-$</$-$. ^"5 e8*</-(B(2 
Dp (dotpitch).  "5-*2"/*8*6 08$G9/ /(80/(,8*'(&'=: -*I90/(-, '"-
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'*0*''=: ,(,*-*< e8*</-(B(2 2B(8J 20*: 89'99 '"5-*2"/*8J'=E 
e8*6*'/(2.  " (RS9: e8*</-(B ,(B"*/0@ '",-@G*'9* ,9/"'9@ '"5-*-
2"/*8*: VH. M-":2*-= ,(B<8T&"T/ $,-"28@TS9* e8*</-(B= < «I*6-
8*». _-9 e/(6 B2" $&"0/<" '"5-*2"/*8@ N(-69-$T/ /(&<$ ,*&"/9. 

Z /('<(,8*'(&'(: C_X (-90. 2R) '"5-*2"/*8*6 08$G9/ /('<(,-
8*'(&'=: -*I90/(-, '" <(/(-=: '"'*0*'= (RS9: e8*</-(B 9 $,-"2-
8@TS9* e8*</-(B=, ,(B<8T&*''=* < B-":2*-"6. C(&<" ,*&"/9 N(--
69-$*/0@ (B'96 '"5-*2"/*8J'=6 e8*6*'/(6.  " -90. 22 ,(<"I"'" 
'(2"@ <('0/-$<A9@ U-e8*</-(B(2 N9-6= Toshiba, 2 <(/(-(: /(&<" 
,*&"/"*/0@ B2$6@  c. K/-*8<"69 ,(<"I"'( '",-"28*'9* /(<(2. 

M8@ ,(2=\*'9@ <"&*0/2" 9 0<(-(0/9 /*-6(,*&"/9 9 0'9G*'9@ 
e'*-5*/9&*0<9E I"/-"/ '*(RE(B96( (R*0,*&92"/J '"98$&\9: <('/"</ 
 c 0 /*-6(&$20/29/*8J'=6 6"/*-9"8(6. c/( B(0/95"*/0@ 0(2*-\*'-
0/2(2"'9*6 /*E'(8(599 9I5(/(28*'9@ 58"I$-9 9  c (,-96*'*'9* 
$8J/-"-2"<$$6'(5( (R(-$B(2"'9@ B8@ 9(''(5( -"0,=8*'9@, N9I9&*-
0<(5( 9 E969&*0<(5( (0"GB*'9@ /('<9E ,8*'(< 9I ,"-(2(: N"I=) 9 
'(2=E <('0/-$<A9: C_X.  

PR=&'=* C_X 0 ,8(0<(: 58"I$-JT (flatglaze), <8"00 Z3 (-90. 3") 
6(5$/ -"R(/"/J 0 59R<969 6"/*-9"8"69 (/*-6(R$6"5(: 9 <-"0@S969 
8*'/"69), 96*T/ <('0/-$</92'=* (5-"'9&*'9@ B9"6*/-" 2*B$S*5( 
2"8" (<"< ,-"298(, '* R(8** 20 66). H*-"69&*0<"@ ,(B8(G<" ,(<-=/" 
,8(0<96 08(*6 58"I$-9, '" <(/(-(: -"I6*S*'= e8*</-(B= 9 -*I9-
0/92'=* '"5-*2"/*8J'=* e8*6*'/=, ,(<-=/=* 02*-E$ I"S9/'=6 ,(-
<-=/9*6. c8*</-(B= ,(B<8T&*'= < (RS*: \9'*  9 < B-":2*-"6. 
c'*-5*/9&*0<9* E"-"</*-90/9<9 /"<9E C_X '*2=0(<9* 9 (,-*B*8@T/-
0@ 6(S'(0/JT ,*&"/9 (B'(: /(&<9 Po  (Z///(&<") ,-9 I"B"''=E A9<8* 
,*&"/9 CA, B89/*8J'(0/9 96,$8J0" ,*&"/9 C96, 9 (,/9&*0<(: ,8(/'(-
0/9 (/,*&"/<" D (<"< ,-"298(, D=1). c'*-59@ ,*&"/9 /(&<9 Eo=PonTA 
0(0/"28@*/ B8@ C_X 0 ,8(0<(: 58"I$-JT 0,2 6MG//(&<". 

Y8$&\*'9* E"-"</*-90/9< R=8( B(0/95'$/( 2 C_X 0 &"0/9&'(: 
58"I$-JT (partialglaze), <8"00 Z4 (-90. 3R). C"<"@ C_X R=8" I","/*'-
/(2"'" 2 1990 5(B$. Z <8"00* Z4 58"I$-J 2 2=,(8'*'" 2 29B* R$5(-<" 
9 &"0/9&'( ,(<-=2"*/ <*-"69&*0<$T ,8"0/9'$. Z=,$<8=: R$5(-(<, '" 
<(/(-(6 -"0,(8(G*'= '"5-*2"/*8J'=* e8*6*'/=, 96**/ 8$&\9: <('-
/"</ 0 /*-6(&$20/29/*8J'=6 6"/*-9"8(6 9 (R*0,*&92"*/ E(-(\9* 
e'*-5*/9&*0<9* E"-"</*-90/9<9 9 2=0(<(* <"&*0/2( ,*&"/9.  
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3. _8(0<"@ 58"I$-J 7. `"0/9&'"@ 58"I$-J 

 

 

 

Z. C('<"@ 58"I$-J X. M2(:'"@ 58"I$-J 

  

M. H"&*0/2*''"@ ((0/-"@) 58"I$-J a. K$,*-58"I$-J 

 
o. _(8'"@ 58"I$-J 

 
>90. 3. Z"-9"'/= <('0/-$<A99 '"5-*2"/*8J'=E e8*6*'/(2 
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H 1999 5(B$ ,(@29890J '(2=* <8"00= C_X.  H8"00 Z5 0 /('<(: 
58"I$-JT (-90. 32) 96**/ 6*'J\9: (Rg*6 58"I$-9 ,( 0-"2'*'9T 0 
<8"00(6 Z4. c/( (R*0,*&92"*/ R(8** eNN*</92'=: (/2(B /*,8" 2 
,(B8(G<$ 9 0(E-"'@*/ 6*'J\* /*,8" < 6(6*'/$ ,*&"/9 08*B$TS*: 
89'99. C('<"@ 58"I$-J $2*89&92"*/ ,-*B*8= 0<(-(0/9 ,*&"/9 B( I'"-
&*'9:, ,-9 <(/(-=E $G* /-*R$*/0@ <('/-(8J 90/(-99 ,*&"/9. C_X 
<8"00" Z5 90,(8JI$T/ B8@ ,(2=\*'9@ 0<(-(0/9 ,*&"/9 \/-9E-<(B(2 
9 e/9<*/(<. H8"00 Z6 0 B2(:'(: &"0/9&'(: 58"I$-JT (-90. 35) 96**/ 
B(,(8'9/*8J'$T 2=,$<8(0/J '*,(0-*B0/2*''( '" 89'99  c, &/( 
(R*0,*&92"*/ B(,(8'9/*8J'(* ,"-A9"8J'(* B"28*'9* '" /*-6(&$2-
0/29/*8J'=: 6"/*-9"8 9 ,(2=\"*/ eNN*</92'(0/J /*,8(,*-*B"&9. 
C"<9* C_X ,-96*'@T/ B8@ &*-'(-R*8(: ,*&"/9 2 R"/"-*:'=E /*-6(-
,-9'/*-"E. H8"00 Z7 0 <"&*0/2*''(: 58"I$-JT (B-$5(: '"I2"'9* – 0 
«(0/-(: 58"I$-JT») 96**/ $I<$T <-(6<$ 58"I$-9 '" R(8** \9-(<(6 
(0'(2"'99 (-90.3B). H-(6<" 96**/ /"<(: 6"8=: -"B9$0 <-929I'=, &/( 
0(0*B'9* e8*</-(B= '* <"0"T/0@ 6"/*-9"8", " 2*B$S9: 2"8 B"29/ '" 
,(2*-E'(0/J  c. Z -*I$8J/"/* B(0/95"*/0@ R(8** 2=0(<(* B"28*'9*, 
8$&\"@ /*,8(,*-*B"&" 2 6"/*-9"8 9 R(8** &*/<"@ ,*&"/J /(&*<. 
H-(6<" B(8G'" R=/J &-*I2=&":'( ,-@6(:, /"< &/(R= 20*  c '"E(B9-
890J '" ** 2*-\9'* '" (B'(: 9 /(: G* 2=0(/* 2B(8J 20*: C_X. H"&*-
0/2*''"@ 58"I$-J (/'(09/*8J'( 2=0(<" 9 I"6*B8@*/ (/2(B /*,8" &*-
-*I <*-"69&*0<$T ,8"0/9'$. C_X <8"00" Z7 ,-96*'@T/ B8@ ,*&"/9 
A2*/'=E A9N-(2=E N(/(5-"N9:  9 ,(8$/('(2=E 9I(R-"G*'9:. 

H '"0/(@S*6$ 2-*6*'9 B(R"29890J *S* B2" <8"00" <('0/-$<A9: 
58"I$-9. Z <8"00* Z8 – 2=0(<(<"&*0/2*''"@ 58"I$-J (superfineglaze) 
(-90. 3*) 89'9@  c N(-69-$*/0@ '" 2*-\9'* 2=,$<8(: &"0/9 08(@ 
58"I$-9, <(/(-=: ,(<-=2"*/ 20T ,(2*-E'(0/J <*-"69&*0<(: ,8"0/9-
'=. C(&'"@ 2=,$<8"@ N(-6" 58"I$-9 9 R(8J\"@  59R<(0/J ,-9 2=R(-* 
** /(8S9'= ,(I2(8@*/ C_X <8"00" Z8 ,*-*<-=/J \9-(<9: B9","I(' 
/-*R(2"'9: ,( 0<(-(0/9 ,*&"/9, 2=0(<(6$ <"&*0/2$ 9 /*,8(2(: eN-
N*</92'(0/9. 

H8"00 Z9 –,(8'"@ 58"I$-J (fullglaze) (-90. 3G) @28@*/0@ $0(2*--
\*'0/2(2"''(: <('0/-$<A9*:, 2 <(/(-(: 58"I$-J ,(<-=2"*/ 20T ,(-
2*-E'(0/J <*-"69&*0<(: ,8"0/9'= <"< 2 C_X 0 ,8(0<(: 58"I$-JT 
<8"00" Z3. _-9 e/(6 (R*0,*&92"*/0@ \9-(<9: 2=R(- /(8S9'= 58"I$-
-9 B8@ (,/96"8J'(5( $,-"28*'9@ /*,8(/(:, &/(R= 0(IB"/J 8$&\** 
<"&*0/2( (/,*&"/<" ,-9 8TR=E /-*R(2"'9@E 0<(-(0/9 ,*&"/9. 

_8(0<9* C_X <8"00" Z10 (-90. 1) 90,(8JI$T/ B8@ ,*&"/9 '" 59R-
<9E 6"/*-9"8"E (/*-6(R$6"5"). _-9 e/(6 (5-"'9&*'9@ '" B9"6*/- 
,-9G96'(5( 2"8" ('* R(8** 12 - 20 66) (R$08(28*'= 2(I6(G'=6 <"-
0"'9*6 <-=\<9 C_X. 

M8@ ,*&"/9 '" ,8(0<9E /2*-B=E 6"/*-9"8"E (,8"0/9<(2=* <"--
/=, "<A*,/(-'=* ,-9*6'=* 890/= B8@ A2*/'(: ,*&"/9) -"I-"R(/"'= 
C_X 0 $58(2=6 (Corner edgetype) (<8"00 Z11) (-90. 4") 9 /(-A*2=6 
(Trueedgetype) (<8"00 Z12) (-90. 4R) -"0,(8(G*'9*6  c. M9"6*/- 
2*B$S*5( 2"8" 6(G*/ 0(0/"28@/J 50 66. 



15 
 

 
>90. 4. H('0/-$<A99 C_X 0 $58(2=6 (") 9 /(-A*2=6 (R) 

-"0,(8(G*'9*6 '"5-*2"/*8J'=E e8*6*'/(2 
 

M8@ ,(-/"/92'=E /*-6(,-9'/*-(2 2=,$0<"T/0@ '9I<(2(8J/'=* 
C_X <8"00" a1 R*I /*,8((/2(B". H*-"69&*0<"@ ,8"0/9'" $0/"'"289-
2"*/0@ '*,(0-*B0/2*''( '" B*-G"/*8J C_U. Z*B$S9: 2"8 2 /"<9E 
C_U '* ,-*2=\"*/ 10 66.  

Z*B$S9* ,-(9I2(B9/*89 C_X $0,*\'( -*\989 I"B"&9 ,(2=\*-
'9@ <"&*0/2" 9 0<(-(0/9  ,*&"/9, '"B*G'(0/9 9 e'*-5*/9&*0<(: eN-
N*</92'(0/9 C_X. KYOCERACorporation ,-(9I2(B9/ ,-*96$S*0/2*'-
'( /('<(,8*'(&'=* C_X. H"GB=: '"5-*2"/*8J'=: e8*6*'/ 2=,(8'*' 
9I &-*I2=&":'( /('<(5( <*-"69&*0<(5( 6"/*-9"8", 96**/  /(&'$T 
,-@6($5(8J'$T N(-6$, ,8(/'=: <('/"</ 0 /*-6(&$20/29/*8J'=6 6"-
/*-9"8(6, 9I6*'*'9* /*6,*-"/$-= < 0*-*B9'* 08(@ (&*'J '*I'"&9-
/*8J'(*. C('<(,8*'(&'=: '"5-*2"/*8J 96**/ 8$&\9: /*,8(2(: (/-
<89< ,( 0-"2'*'9T 0 /(80/(,8*'(&'=69 '"5-*2"/*8@69. P,/969I9-
-$@ -"I6*-= 9 N(-6$ 58"I$-9, 6(G'( $2*89&9/J 0<(-(0/J ,*&"/9 
(<8"00 ,-96*'*'9@ a5).  "B*G'(0/J C_X (,-*B*8@*/0@ 0/"R98J'(-
0/JT 0(,-(/928*'9@  c, <"&*0/2(6 I"S9/'(5( ,(<-=/9@, 0'9G"TS*-
5( 90/9-"'9* C_X.  Z <"&*0/2* I"S9/'(5( ,(<-=/9@ 90,(8JI$*/0@ /('-
<"@ ,8*'<" "86"I(,(B(R'(5(  $58*-(B", 2=B*-G92"TS"@ ,*&"/J 150 
<6 /*-6(&$20/29/*8J'(5( 6"/*-9"8". H(89&*0/2( A9<8(2 ,*&"/9 B(0-
/95"*/ 100 69889('(2. 

Z=0(<(<"&*0/2*''=* C_X B8@ A2*/'(: ,*&"/9 A9N-(2=E N(/(-
5-"N9: (<8"00 a6) 96*T/ 0/-(59* (5-"'9&*'9@ ,( -"IR-(0$ 0(,-(/92-
8*'9@  c, (0(R*''( 0(0*B'9E, 2=I=2"TS9E I"6*/'$T ,(8(0"/$T 
0/-$</$-$ 9I(R-"G*'9@ ('* R(8** +/- 1,5%). Z /('<(,8*'(&'=E C_X 
,-96*'@T/ 0,*A9"8J'=* /*E'(8(599 <(6,*'0"A99 '*(B'(-(B'(0/9 
0(,-(/928*'9@  c 9 (,/9&*0<(: ,8(/'(0/9 (/,*&"/<". 

Toshiba ,-(9I2(B9/ 2=0(<(<"&*0/2*''=* /('<(,8*'(&'=* C_X 
B8@ ,*&"/9 \/-9E-<(B(2, ,(8$/('(2=E 9 A2*/'=E 9I(R-"G*'9:. >"I-
-"R(/"'" '(2"@ <('0/-$<A9@ U – e8*</-(B(2 (-90. 22), 2 <(/(-(: (R-
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S9: e8*</-(B -"IB*8*' '" 0*<A99 ,( &908$ B-":2*-(2. _-9 e/(6 
0'9G"*/0@ /(< 2 (RS*6 e8*</-(B*, <"GB"@ /(&<" ,*&"/"*/0@ B2$6@ 
'"5-*2"/*8@69, 89'9@  c ,-9R89G"*/0@ < <-"T C_X. Y8$&\"*/0@ 
-"2'(6*-'(0/J /*6,*-"/$-= '" ,(2*-E'(0/9  c. C"<9*  C_X -*<(-
6*'B$T/0@ B8@ A2*/'(: ,*&"/9 ,( /*E'(8(599 C_>H 9 C_KH. M8@ 
$8$&\*'9@ /*,8(2(5( <('/"</" C_X 0 /*-6(&$20/29/*8J'=6 6"/*-
-9"8(6 Toshiba 2=,(8'@*/ ,(89-(2<$ <"'"2<9 '"B '"5-*2"/*8J'=69 
e8*6*'/"69 2 C_X <8"00(2 317123Z23459.  

>"006(/-96 0E*6= $,-"28*'9@ 89'*:'=69 C_X. K/"'B"-/'"@ 
C_X <8"00" 3171 0(B*-G9/ (B9' 989 '*0<(8J<( ,(08*B(2"/*8J'(-
,"-"88*8J'=E 0B295(2=E -*590/-(2 0 2E(B"69 B"''=E, /"</(2=6 
2E(B(6, ,"-"88*8J'(-,"-"88*8J'=: -*590/- E-"'*'9@, R$N*-'=* 
$0989/*89 0( 0/-(R"69 $,-"28*'9@, '"5-*2"/*8J'=* -*I90/(-=, ,(B-
<8T&*''=* < (RS*: \9'* ,9/"'9@ '"5-*2"/*8*:. C*-690/(- 08$G9/ 
B8@ <('/-(8@ /*6,*-"/$-= "8T69'9*2(5( /*,8((/2(B". >*590/-= 9 
R$N*-= 2=,(8'*'= '" <-90/"88"E 9'/*5-"8J'=E 0E*6 (WK), 96*T-
S9E '* 6*'** 64 2=E(B(2. K95'"8= 0/-(R(2 2<8T&"T/ /* R$N*-'=* 
$0989/*89, <(/(-=* 0((/2*/0/2$T/ /*6'=6 /(&<"6 0/-(<9. M89/*8J-
'(0/J 96,$8J0" ,*&"/9 T96, (,-*B*8@*/0@ /-*R$*6(: e'*-59*: ,*&"-
/9 /(&<9 Eo (6MG//(&<") 9 ,(B2*B*''(: <  c 6(S'(0/JT Po 
(Z///(&<"). H(89&*0/2( 0/-(R(2 I"2909/ (/ 6"<096"8J'(5( B(,$0/96(-
5( &908" /(&*<, <(/(-=* 6(G'( ,*&"/"/J (B'(2-*6*''(, &/( (5-"'9-
&*'( 6"<096"8J'=6 /(<(6 ,*&"/9 ((R=&'( '* R(8** 103). C"<, '"-
,-96*-, ,-9 0(,-(/928*'99  c -"2'(6 1200 P6, '",-@G*'99 VH 
=24Z, <(89&*0/2*  c -"2'(6 1280 (B'(2-*6*''(* 2<8T&*'9* 20*E 
 c /-*R$*/ /(< 25,63. 

_-9 0<(-(0/'(: /*-6(,*&"/9, <(5B" 2-*6@ A9<8" ,*&"/9 CA 6*-
'** 3 60,  2 0/"'B"-/'(: C_X ,-(90E(B9/ '"<",892"'9* /*,8" 9 ,(-
2=\*'9* /*6,*-"/$-=  c  ,-9 ,*&"/9 '*0<(8J<9E &*-'=E N-"56*'-
/(2 ,(B-@B, " /"<G* I" 0&*/ ,*&"/9 06*G'=E N-"56*'/(2.  _(@28@T/-
0@ B*N*</= 9I(R-"G*'9@ 9 0'9G"*/0@ <('/-"0/ <-"*2. _(e/(6$ B8@ 
,(2=\*'9@ <"&*0/2" ,*&"/9 (2 &"0/'(0/9, \/-9E-<(B(2) 2 0<(-(0/'=E 
/*-6(,-9'/*-"E ,-96*'@T/, /"< '"I=2"*6=*, 9'/*88*</$"8J'=* 
/*-6(,*&"/"TS9* 5(8(2<9 0 «<('/-(8*6 90/(-99» (Historycontrol - 
HC). Z 9'/*88*</$"8J'=E C_X <('/-(8J 90/(-99 6(G*/ 2=,(8'@/J0@ 
2'$/-*''969 9'/*5-"8J'=69 0E*6"69 <('/-(8@ (ControlIC) 989 2( 
2'*\'*6 ,-(A*00(-*, $,-"28@TS*6 ,*&"/J. C*6,*-"/$-" ,*&"/9 
0/"R989I9-$*/0@. 

h" ,(08*B'** B*0@/98*/9* /*-6(,-9'/*-= I"'@89 89B9-$TS9* 
,(I9A99 2 /(-5(2(6 9 <"00(2(6 (R(-$B(2"'99, \/-9E-<(B9-(2"'99, 
,*&"/9 R98*/(2, R"'<(20<9E <"-/, $B(0/(2*-*'9:. ^9-(<(* -"0,-(-
0/-"'*'9* '"E(B@/ ,(8$/('(2=* 9 A2*/'=* N(/(,-9'/*-=. Z '"-
0/(@S** 2-*6@ B(0/95'$/= 08*B$TS9* ,"-"6*/-=: ,8(/'(0/J ,*&"/9 
24 /(&<9/66, 0<(-(0/J ,*&"/9 600 66/0, 69'96"8J'(* '",-@G*'9* 
,9/"'9@ '"5-*2"/*8*: 3Z, 0/(:<(0/J < 90/9-"'9T 150 <6 /*-6(R$6"-
59, <(89&*0/2( A9<8(2 ,*&"/9 100 68'.  
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>"I29/9* (/*&*0/2*''(5( ,-9R(-(0/-(*'9@ '*0(6'*''( ,(/-*-
R$*/ ,-96*'*'9@ 2=0(<(<"&*0/2*''=E 96,(-/'=E <(6,8*</$TS9E. 
U= '"B**60@, &/( e/" 0/"/J@ ,(6(G*/ -"I-"R(/&9<"6  0(IB"/J '(2=* 
,-9R(-=, 0((/2*/0/2$TS9* 69-(2(6$ $-(2'T -"I29/9@ /*E'9<9. 

 
#DEFHJELHJ 

 
1. 38*E9' Z.3. C*-6(,*&"/"TS9* 5(8(2<9 B8@ $0/-(:0/2 -*59-

0/-"A99 9'N(-6"A99// _-9R(-= 9 090/*6= $,-"28*'9@. 1999. k6. K. 
55-59. 

2. 38*E9' Z.3., _"-"6('(2 Z.M. C*-6(5-"N9&*0<9* 29B*(,-9'-
/*-=// _-9R(-= 9 090/*6= $,-"28*'9@. 1991. k8. K. 30-33. 

3. 38*E9' Z.3., H$I'*A(2 Z.Z., _"-"6('(2 Z.M. _(8$/('(2(: 
/*-6(5-"N9&*0<9: 29B*(,-9'/*-// _-9R(-= 9 090/*6= $,-"28*'9@. 
1992. k8. K. 38-39. 

4. 38*E9' Z.3., H$I'*A(2 Z.Z., _"-"6('(2 Z.M.Y0/-(:0/2( -*59-
0/-"A99 0/"/9&*0<9E /*8*29I9(''=E 9I(R-"G*'9:. _"/*'/ >] 
N2054818,20.02.96. P,$R8. 7W N 5,1996 

 
K2@IJ 0 "2/(-(6: alekhin@mirea.ru 
 
 
 

G.G.  &JL*,>, 8. . C6&M6$;,N/1( 
 

-/(6P,&$NO,( 2$30 68 &*(/6(*,? 
0(;* # ",, POWERLINE COMMUNICATIONS 

 
386"/9'0<9: $'92*-09/*/ e'*-5*/9<9 9 02@I9 

5. 386"/=, H"I"E0/"' 
 

C*E'(8(59@ PLC (Power Line Communications - <(66$'9<"A99 ,( 
098(2=6 89'9@6), /"<G* '"I=2"*6"@ PLT (Power Line Telecoms), 
@28@*/0@ ,-(2(B'(: /*E'(8(59*:, '",-"28*''(: '" 90,(8JI(2"'9* 
<"R*8J'(: 9'N-"0/-$</$-= 098(2=E e8*</-(0*/*: B8@ (-5"'9I"A99 
2=0(<(0<(-(0/'(: ,*-*B"&9 B"''=E 9 5(8(0". Z I"29096(0/9 (/ 
0<(-(0/9 ,*-*B"&9 B*89/0@ '" \9-(<(,(8(0'$T (ZPL) 0( 0<(-(0/JT 
R(8** 1 UR9//0 9 $I<(,(8(0'$T (NPL). 

K*/J 6(G*/ ,*-*B"2"/J 5(8(0 9 B"''=*, '"<8"B=2"@ "'"8(5(-
2=: 095'"8 ,(2*-E 0/"'B"-/'(5( ,*-*6*''(5( /(<" &"0/(/(: 50 XA 
989 60 XA. PLC 2<8T&"*/ BPL ("'58. Broadband over Power Lines — 
\9-(<(,(8(0'"@ ,*-*B"&" &*-*I 89'99 e8*</-(,*-*B"&9), (R*0,*&9-
2"TS9: ,*-*B"&$ B"''=E 0( 0<(-(0/JT R(8** 1 UR9//0, 9 NPL 
("'58. Narrowband over Power Lines — $I<(,(8(0'"@ ,*-*B"&" &*-*I 
89'99 e8*</-(,*-*B"&9) 0( I'"&9/*8J'( 6*'J\969 0<(-(0/@69 ,*-
-*B"&9 B"''=E. 

c8*</-(,-(2(B<" — 0(20*6 '* ,-(0/"@ 0-*B" B8@ ,*-*B"&9 
B"''=E, ,(0<(8J<$ ** <"&*0/2*''=* ,(<"I"/*89 ,(B2*-G*'= N8$<-
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/$"A9@6. Z,-(&*6, I" ,(08*B'9* 5(B= ,-(9I2(B9/*8@6 (R(-$B(2"-
'9@ $B"8(0J '":/9 0,(0(R= ,-*(B(8*'9@ R(8J\9'0/2" R"-J*-(2 '" 
,$/9 ,*-*B"&9 A9N-(2=E B"''=E ,( R=/(2(: e8*</-(0*/9. 

PB'" 9I (0'(2'=E ,-(R8*6 02@I"'" 0 R(8J\96 I"/$E"'9*6 095-
'"8(2 '" (,-*B*8*''=E &"0/(/"E, &/( 2*B*/ < ,(/*-* B"''=E. `/(R= 
9IR*G"/J e/(5(, ,-96*'@*6=: 6*/(B ,-*B$06"/-92"*/ B9'"69&*0<(* 
2<8T&*'9* 9 2=<8T&*'9* ,*-*B"&9 095'"8" (dynamically turning off 
and on data-carrying signals). Y0/-(:0/2( PLC (0$S*0/28@*/ ,(0/(@'-
'=: 6('9/(-9'5 <"'"8" ,*-*B"&9 0 A*8JT 2=@28*'9@ ,-(R8*6'(5( 
$&"0/<" 0,*</-", '" <(/(-(6 ,-*2=\*' ,(-(5 I"/$E"'9@. _-9 *5( (R-
'"-$G*'99 90,(8JI(2"'9* 0((/2*/0/2$TS9E &"0/(/ ,-*<-"S"*/0@ 
B( 2(00/"'(28*'9@ '(-6"8J'(5( I'"&*'9@ I"/$E"'9@. C"< $B"*/0@ 
(R*0,*&9/J e8*</-(6"5'9/'$T 0(26*0/96(0/J 9 9IR*G"/J 2I"96'(5( 
289@'9@ 6*GB$ (0'(2'=69 90/(&'9<"69 095'"8". 

>*\*'9* ,-(R8*6= ,(6*E($0/(:&92(0/9 0/"8( 2(I6(G'=6 
0 ,(@28*'9*6 A9N-(2=E 095'"8J'=E ,-(A*00(-(2 DSP, ,(I2(892-
\9E, 2 &"0/'(0/9, -*"89I(2"/J 6*/(B 6$8J/9,8*<09-(2"'9@ 0 (--
/(5('"8J'=6 -"IB*8*'9*6 &"0/(/ (Orthogonal Frequency Division 
Multiplexing, OFDM). P' 2I@/ '" 2((-$G*'9* ,-"</9&*0<9 20*69 ,-(-
9I2(B9/*8@69 PLC. K$/J *5( 2 /(6, &/( (0'(2'(: 095'"8 -"IR92"*/0@ 
'" '*0<(8J<( 0(0/"28@TS9E, <"GB"@ ,*-*B"*/0@ '" 0(R0/2*''(: &"0-
/(/* 0 <(6,*'0"A9*: ,(6*E.  " 2=E(B* 9I e/9E 0(0/"28@TS9E N(--
69-$*/0@ 0$66"-'=: -*I$8J/9-$TS9: 095'"8. Z R=/(2(: e8*</-(0*-
/9 R(8J\(* 289@'9* '" ,*-*B"&$ 095'"8" (<"I=2"T/ <-"/<(0-(&'=* 
96,$8J0'=* ,(6*E9 (B( 1 6<0), 90/(&'9<"69 <(/(-=E 6(5$/ 08$G9/J 
,$0<(2=* /(<9 6(S'=E R=/(2=E e8*</-(,-9R(-(2 0 e8*</-9&*0<969 
B295"/*8@69 (8"6,= B'*2'(5( 02*/", 69<-(2(8'(2=* ,*&9, e8*</-(-
B-*89, <(6,-*00(-= E(8(B98J'9<(2). M(0/(9'0/2( /*E'(8(599 PLC 
I"<8T&"*/0@ 2 /(6, &/( ,-9 -"I-=2* 0(*B9'*'9@ 208*B0/29* ,(6*E 
*5( 6(G'( R=0/-( 2(00/"'(29/J. Z,-(&*6, 0*/J PLC 9 0"6" 6(G*/ 
289@/J '" -"R(/$ R=/(2=E $0/-(:0/2 (-"B9(,-9*6'9<(2 
9 /*8*29I(-(2), (B'"<( 89\J 2 /(6 08$&"*, *089 ('9 -"0,(8"5"T/0@ 
'" -"00/(@'99 6*'** 30—40 06 (/ e8*</-(,-(2(B<9. Z '"\*: 0/-"'* 
2'*B-*'9T /*E'(8(599 PLC ,-*,@/0/2$*/ 9 90,(8JI(2"'9* "8T69'9@ 
2 <"&*0/2* 6"/*-9"8" ,-(2(B@S*: 0-*B=, " /"<G* '*(B'(-(B'(0/J 
0-*B= ,*-*B"&9 ('",-96*-, 0<-$/<" «"8T69'9:-6*BJ»). 38T69'9: 
(R8"B"*/ E$B\*: ,( 0-"2'*'9T 0 6*BJT e8*</-(,-(2(B'(0/JT 
2 -*I$8J/"/* I"/$E"'9* 095'"8" B(2(8J'( 2*89<(. Z ,(08*B'9* 5(B= 
PLC -"I292"8"0J 2*0J6" $0,*\'(. C*E'(8(59@ 9'/*'092'( 0(2*--
\*'0/2$*/0@, ,(e/(6$ $@I296=E 6*0/ 0/"'(29/0@ 20* 6*'J\*. a089 
2 0,*A9N9<"A99 HomePlug 1.0 R"I(2"@ 0<(-(0/J ,*-*B"&9 B"''=E 
,( R=/(2(: e8*</-(,-(2(B<* 2'$/-9 ,(6*S*'9: 0(0/"28@8" 
14 UR9//0, /( 0*5(B'@ (R(-$B(2"'9* PLC 0,(0(R'( (R*0,*&9/J 0<(-
-(0/J ,(B<8T&*'9@ IB"'9@ < Internet B( 200 UR9//0, ,-9 e/(6 0N*-" 
*5( ,-96*'*'9@ '* (5-"'9&92"*/0@ -"6<"69 2'$/-*''*5( 90,(8JI(-
2"'9@. P0'(2=2"@0J '" (,=/* -"I2*-/=2"'9@ 0*/*: PLC 
2 '*0<(8J<9E -(009:0<9E 5(-(B"E, 0,*A9"890/= <(6,"'99 «c8*</-(-
H(6» $<"I=2"T/, &/( 0<(-(0/J B(0/$," $ "R('*'/" 098J'( 2"-J9-$*/-
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0@ 2 I"29096(0/9 (/ 0/-$</$-= 9 <"&*0/2" e8*</-(,-(2(B<9 2 B(6* 
9 <2"-/9-*. 

P/*&*0/2*''=* 89'99 e8*</-(,*-*B"&9 (/89&"T/0@ 2=0(<96 
$-(2'*6 \$6(2, R=0/-=6 I"/$E"'9*6 2=0(<(&"0/(/'(5( 095'"8", 
0 ,(6(SJT <(/(-(5( (0$S*0/28@*/0@ ,*-*B"&" B"''=E, " /"<G* 9I-
6*'*'9@69 ** ,"-"6*/-(2 2( 2-*6*'9. >"I2*-/=2"'9T 0*/*: PLC 
I"&"0/$T ,-*,@/0/2$*/ N9I9&*0<9: 9I'(0 e8*</-(,-(2(B@S*: 0-*B= 
2 e<0,8$"/9-$*6=E IB"'9@E: '" 90<-@S*: ,-(2(B<* '*,-(0/( B(R9/J-
0@ ,-9*68*6=E 0<(-(0/*:. H"< (/6*&"*/ U9E"98 3:I6"', 29A*-
,-*I9B*'/ «c8*</-(-H(6», 9'B929B$"8J'"@ 0<(-(0/J ,(B<8T&*'9@ 
"R('*'/" ,( 0*/9 PLC 9'(5B" '* ,-*2=\"*/ 100 HR9//0, " ,-9&9'(: 
/(6$ 6(5$/ 0/"/J ,8(E9* <('/"</=, (5(8*''=* ,-(2(B", '*I"/@'$/=* 
29'/= — 20* e/( 2'(09/ B(,(8'9/*8J'=* ,(6*E9 B8@ 095'"8" PLC. 
_(e/(6$ B( I",$0<" 0*/9 PLC 2 <(66*-&*0<$T e<0,8$"/"A9T G*8"-
/*8J'( ,-(/*0/9-(2"/J ** 2 -*"8J'=E $08(29@E. 

 
 
 

A.G. O6IP61;@,Q 
 

Q3 * =,A(-3,( =(;$*,R=8 
@56$&#(*,? 6($30,&* 9 = O* -0SN & 

Q#(306,A(-3,; -(0?; 
 

H$IR"00<9: 5(0$B"-0/2*''=: /*E'9&*0<9:  
$'92*-09/*/ 96. C.]. X(-R"&*2" 

5. H*6*-(2(, >(009@ 
 

>*"</92'"@ 6(S'(0/J, '"-@B$ 0 '",-@G*'9*6 9 &"0/(/(:, @28@-
*/0@ (B'96 9I (0'(2'=E ,"-"6*/-(2 e'*-5(090/*6=.P'" 08$G9/ B8@ 
0(IB"'9@ ,*-*6*''=E 6"5'9/'=E ,(8*: 2 9'B$</92'=E ,-9*6'9<"E 
e8*</-(e'*-599, '*,-*-=2'( A9-<$89-$@ 6*GB$ 90/(&'9<(6 9 ,(-
/-*R8@TS969 ** e8*</-(,-9*6'9<"69. _-9 e/(6 -*"</92'"@ 6(S-
'(0/J (<"I=2"*/ 0$S*0/2*''(* 289@'9* '" -*G96 '",-@G*'9@ 2 
e'*-5(090/*6*._-9 '"-$\*'99 R"8"'0" -*"</92'(: 6(S'(0/9, <(-
5B"2=-"R"/=2"*6"@ -*"</92'"@ 6(S'(0/J 0/"'(29/0@ R(8J\* ,(-
/-*R8@*6(:, '",-@G*'9* 2 $I8"E 0*/9 2(I-"0/"*/," ,-9 B*N9A9/* 
-*"</92'(: 6(S'(0/9 – 0'9G"*/0@, 08*B0/29*6 &*5( 6(G*/ R=/J '"-
-$\*'9* $0/(:&92(0/9 '"5-$I<9. H-(6* /(5(, ,*-*B"&" -*"</92'(: 
6(S'(0/9 ,( 0*/9 ,-92(B9/< $2*89&*'9T ,(/*-J e8*</-(e'*-599, 
0'9G*'9T ** <"&*0/2", $6*'J\*'9T ,-(,$0<'(: 0,(0(R'(0/9 89'9: 
e8*</-(,*-*B"&9 9 /-"'0N(-6"/(-(2 9 /. B.  

_(e/(6$ "</$"8J'(: I"B"&*: @28@*/0@ -"A9('"8J'(* $,-"28*-
'9* -*"</92'(: 6(S'(0/JT 2 e8*</-9&*0<9E 0*/@E. M8@ e/(5( 90,(8J-
I$T/0@ <(6,*'09-$TS9* $0/-(:0/2" – /*E'9&*0<9* 0-*B0/2", $0/"-
'"2892"*6=* 2 (,-*B*8*''=E $I8"E 0*/9 9 (0$S*0/28@TS9* -*5$-
89-(2"'9* 2=-"R"/=2"*6(: (,(/-*R8@*6(:) -*"</92'(: 6(S'(0/9 2 
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I"29096(0/9 (/ /-*R(2"'9: '"5-$I<9. PB'"<( 0*5(B'@, 2 $08(29@E 
-='(&'=E (/'(\*'9:, (&*29B'(, &/( ,(696( /*E'9&*0<9E 0-*B0/2, 
2"G'$T -(8J 2 ,-(A*00* -"A9('"8J'(5( $,-"28*'9@ -*"</92'(: 
6(S'(0/JTB(8G'= 95-"/J /"<G* e<('(69&*0<9* 6*E"'9I6=.  

Z '"0/(@S** 2-*6@ B"''=* 6*E"'9I6=, 2<8T&"TS9* 2 0*R@, 
,-*GB* 20*5(, 2I"96((/'(\*'9@ e'*-5(0'"RG"TS9E (-5"'9I"A9: 9 
,(/-*R9/*8*: e8*</-(e'*-599 2 &"0/9 ,(/-*R8*'9@9 5*'*-"A99 -*"<-
/92'(: 6(S'(0/9,(,-*B*8*'= B*:0/2$TS*: '(-6"/92'(: B(<$6*'-
/"A9*:. C"<, 2 0((/2*/0/299 0 [1] ,(/-*R9/*89 e8*</-(e'*-599 B(8G-
'= 0(R8TB"/J 0((/'(\*'9@ ,(/-*R8*'9@ "</92'(: 9 -*"</92'(: 
6(S'(0/9 (tgp), (,-*B*8*''=* 2 B(5(2(-* e'*-5(0'"RG*'9@. Z 08$-
&"* '*0(R8TB*'9@ $<"I"''=E 0((/'(\*'9: ,(/-*R9/*8J B(8G*' $0-
/"'(29/J <(6,*'09-$TS9* $0/-(:0/2" 89R( (,8"&92"/J $08$59 ,( 
,*-*B"&* e8*</-9&*0<(: e'*-599 0 $&*/(6 ,(2=\"TS*5( <(eNN9A9-
*'/" < /"-9N$. Z 08$&"* $&"0/9@ ,(/-*R9/*8@ ,( 0(58"\*'9T 0 0*/*-
2(: (-5"'9I"A9*: 2 -*5$89-(2"'99 -*"</92'(: 6(S'(0/9 < 0/(96(-
0/9 $08$5 ,( ,*-*B"&* e8*</-9&*0<(: e'*-599 ,-96*'@*/0@ ,('9-
G"TS9: <(eNN9A9*'/. 

Z6*0/* 0 /*6, "'"89I 0$S*0/2$TS9E '" 0*5(B'@\'9: B*'J 2 >] 
e<('(69&*0<9E 6*E"'9I6(2 $,-"28*'9@ -*"</92'(: 6(S'(0/JT ,(<"-
I"8, &/( B"''=* 6*E"'9I6= '$GB"T/0@ 2 0*-J*I'(6 0(2*-\*'0/2(-
2"'99 [2]. Z &"0/'(0/9, e/( 02@I"'( 0 /*6, &/( $0/"'(28*''=* I'"&*-
'9@ tgp 9 ,(2=\"TS9* (,('9G"TS9*) <(eNN9A9*'/= < /"-9N"6 '" 
e8*</-(e'*-59T '* @28@T/0@ -*I$8J/"/(6 0/-(5(5( -"0&*/" I"/-"/ 
e'*-5(0'"RG"TS9E (-5"'9I"A9: 9 ,(/-*R9/*8*: e8*</-(e'*-599 '" 
,*-*B"&$ -*"</92'(: 6(S'(0/9, E(/@ e/9 I"/-"/= ,-9'96"890J 2( 
2'96"'9* ,-9 (,-*B*8*'99 &908*''=E I'"&*'9: <(eNN9A9*'/(2 [3]. 
P&*29B'(, &/( ,-9 I'"&*'9@E <(eNN9A9*'/(2, '* (<$,"TS9E I"/-"/= 
'" <(6,*'09-$TS9* $0/-(:0/2", ,8"/" I" -*"</92'$T 6(S'(0/J ,-*-
2-"S"*/0@ 2 B(,(8'9/*8J'$T ,-9R=8J 2 ,(8JI$ e'*-5(0'"RG"TS9E 
(-5"'9I"A9:, /. <. ,(/-*R9/*8@6 2=5(B'** ,8"/9/J I" -*"</92'$T 
6(S'(0/J, &*6 $0/"'"2892"/J <(6,*'09-$TS9* $0/-(:0/2". H-(6* 
/(5(, 2 '(-6"/92'=E B(<$6*'/"E '* $0/"'(28*'= <(89&*0/2*''=* 
<-9/*-99 0$S*0/2*''(0/9 289@'9@ ,(/-*R9/*8*: '" -*G96 -"R(/= 
e'*-5(090/*6= 9 '*(RE(B96(0/9 $0/"'(2<9 <(6,*'09-$TS9E $0/-
-(:0/2.  * (,-*B*8*'= 9 e<('(69&*0<9* 6*E"'9I6= B*:0/29: ,(-
/-*R9/*8*: 2 &"0= 6"8=E '"5-$I(< e8*</-9&*0<(: 0*/9, ,(0<(8J<$ 2 
e/(6 08$&"* ,(/-*R9/*8@6 /"<G* A*8*0((R-"I'** ,(/-*R8@/J -*"<-
/92'$T 6(S'(0/J 9I 0*/9 e'*-5(0'"RG"TS*: (-5"'9I"A99, &*6 $0/"-
'"2892"/J <(6,*'09-$TS9* $0/-(:0/2".  

h"B"&" G* I"<8T&"*/0@ 2 /(6, &/(R= <(6,*'09-$TS9* $0/-(:-
0/2" R=89 $0/"'(28*'=, 9 ,-9 e/(6 ,(BB*-G92"80@ (,/96"8J'=: 
-*G96 -"R(/= e8*</-9&*0<(: 0*/9, " ,(/-*R9/*8J '* ,8"/98 I" 9IR=-
/(&'(* ,(/-*R8*'9* -*"</92'(: 6(S'(0/9. M(0/9&J e/(5( 6(G'( 
/(8J<( ,$/*6 6(B*-'9I"A99 0$S*0/2$TS*: '(-6"/92'(-,-"2(2(: 
R"I=, <(/(-"@ B(8G'" (0$S*0/28@/J0@ 2 0((/2*/0/299 0 -='(&'=69 
,-9'A9,"69 9 $&9/=2"/J 2I"96'=* 9'/*-*0= e'*-5(0'"RG"TS9E 
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(-5"'9I"A9: 9 ,(/-*R9/*8*: e8*</-(e'*-599. _-9 e/(6 (R@I"/*8J0/-
2" 0/(-(' 2 &"0/9 ,(/-*R8*'9@ 9 5*'*-"A99 -*"</92'(: 6(S'(0/9 
B(8G'= R=/J 0/-(5( (,-*B*8*'= 2 B(5(2(-"E e'*-5(0'"RG*'9@. K(-
2*-\*'0/2(2"'9* e<('(69&*0<9E 6*E"'9I6(2$,-"28*'9@ -*"</92'(: 
6(S'(0/JT ,(I2(89/ (,-*B*89/J e<('(69&*0<9 A*8*0((R-"I'=* 
I'"&*'9@ 9 /*E'9&*0<9* ,-*B*8= ** ,(/-*R8*'9@ 9 5*'*-"A99 9 R$-
B*/ 0,(0(R0/2(2"/J ,(2=\*'9T e'*-5(eNN*</92'(0/9 e8*</-(0*/*-
2(5( <(6,8*<0".  

 
#DEFHJELHJ 

 
1. _-"298" '*B90<-969'"A9(''(5( B(0/$," < $08$5"6 ,( ,*-*-

B"&* e8*</-9&*0<(: e'*-599 9 (<"I"'9@ e/9E $08$5: $/2. _(0/"'(28*-
'9*6 _-"29/*8J0/2" >] (/ 27.12.2004 k 861 (2 -*B. _(0/"'(28*'9@ 
_-"29/*8J0/2" >] (/ 21.03.2007 k 168).  

2. aN-*6*'<( Z.U., 7*8@*20<9: >.Z. P 0(2*-\*'0/2(2"'99 6*-
E"'9I6(2 2I"96((/'(\*'9: e'*-5(0'"RG"TS9E (-5"'9I"A9: 9 ,(-
/-*R9/*8*: 2 (R8"0/9 <(6,*'0"A99 -*"</92'(: 6(S'(0/9 / Z*0/'. 
H$IR"00<(5( 5(0. /*E. $'92. – 2012. – k 2. – K. 59-62. 

3. o*8*I<( q.K.  (2=* '(-6"/92'=* B(<$6*'/=, (,-*B*8@T-
S9* 2I"96((/'(\*'9@ 0*/*2=E (-5"'9I"A9: 9 ,(<$,"/*8*: e8*</-(-
e'*-599 2 &"0/9 $08(29: ,(/-*R8*'9@ -*"</92'(: 6(S'(0/9 / _-(-
6=\8*''"@ e'*-5*/9<". – 2008. – k 8. – K. 2-6. 

 
K2@IJ 0 "2/(-(6: belaevsky@mail.ru 
 
 

 
S. . O$Q.,;J&/1(, U.8. ?$V61(, E.G. E(>W@/1(, 

X.8. Z$*&P>;@(P 
 

$&0 =$0,R$4,? 5$63(0*8; 6$B 0 
 

Z(-('*G0<"@ 5(0$B"-0/2*''"@ 8*0(/*E'9&*0<"@ "<"B*69@ 
5. Z(-('*G, >(009@ 

 
_"-<*/'=* ,(8= @28@T/0@ /-"B9A9(''=6 0,(0(R(6 E$B(G*0/2*'-

'(: (/B*8<9 ,(8" 2 ,(6*S*'9@E, /"<"@ (/B*8<" ,(BE(B9/ < 8TR(6$ 9'-
/*-J*-$, 9 ** 6(G'( <(6R9'9-(2"/J 0 B-$5969 6"/*-9"8"69. 

Z ,*-9(B 2008-2011 55. '"R8TB"*/0@ 9I6*'*'9* 2 0/-$</$-* ,(-
/-*R8*'9@ ,"-<*/" ,( /9,"6 ,-(B$<A99: 0(<-"S"*/0@ B(8@ \/$&'(5( 
,"-<*/" 9 $2*89&92"*/0@ B(8@ ,"-<*/'(: B(0<9 (2 (0'(2'(6 96,(-/'(5( 
,-(9I2(B0/2"). Z '"0/(@S** 2-*6@ '" B(8T \/$&'(5( ,"-<*/" (/*&*0/-
2*''(5( ,-(9I2(B0/2" ,-9E(B9/0@ R(8** 37% -='<" [1].  

H-$,'*:\969 <(6,"'9@69-B90/-9RJT/*-"69, I"'96"TS9690@ 
,"-<*/(6 '" -(009:0<(6 -='<* @28@T/0@ «_"-<*/ r(88», «M(6 _"-<*-
/"», «U9- ,"-<*/"» 9 «_"-<*/ B9I":'». H-(6* ,-(B"G9 «_"-<*/ r(88» 
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I"'96"*/0@ 9I5(/(28*'9*6 E$B(G*0/2*''(5( ,"-<*/", " «_"-<*/ B9I":'» 
96**/ 0(R0/2*''=* ,-(9I2(B0/2*''=* 6(S'(0/9. 

Z0* N9-6=, /"< 989 9'"&* I"'96"TS9*0@ 0(I'"'9*6 ,"-<*/'(5( 
'",(8J'(5( ,(<-=/9@ 6(G'( $08(2'( -"IB*89/J '" B2* <"/*5(-99. _*--
2=* 96*T/ (R\9-'$T R"I$ (0$S*0/28*''=E ,-(*</(2, 9I <(/(-=E I"<"I-
&9< 2=R9-"*/ /9,(2(* -*\*'9* 0 '*R(8J\969 9I6*'*'9@69, 9 ('9 (-9-
*'/9-(2"'= '" 2=,$0< 9 '"0/98 B(-(5(5( \/$&'(5( 9 '"R(-'(5( ,"-<*/". 
Z/(-=* (-9*'/9-$T/0@ '" 0-*B'*5( ,(<$,"/*8@ 9 ,-96*'@T/ /"< '"I=-
2"*6$T 6(B$8J'$T 0R(-<$ ,(8", <(5B" ,"-<*/ 2=,$0<"*/0@ 2 29B* 5(/(-
2=E ,-@6($5(8J'=E (<2"B-"/'=E) R8(<(2 -",,(-/(2 $<8"B<9. H('0/-$<-
A9@ 6(B$8J'=E e8*6*'/(2 ,(I2(8@*/ «2G928@/J» 9E 2 (-'"6*'/ \/$&'(-
5( ,"-<*/", 0(&*/"/J E$B(G*0/2*''=* e8*6*'/= 0( 0/"'B"-/'=69 $<8"B-
<"69 9 (R8*5&"/J ,-(*</9-(2"'9* ,(8" 9I(/*/9&'=E ,(6*S*'9:. Z (R(-
9E 08$&"@E 20@<(* 9I6*'*'9* /9,(2(5( 2"-9"'/" 28*&*/ < B(,(8'9/*8J-
'=6 I"/-"/"6. 

Y<8"B<" \/$&'(5( ,"-<*/" @28@*/0@ /-$B(*6<96 ,-(A*00(6, /-*-
R$TS96 2=0(<(: <2"89N9<"A99 ,*-0('"8", ,(e/(6$ A*8*0((R-"I'( 
90,(8JI(2"/J "2/(6"/9I9-(2"''$T 090/*6$ ,-(*</9-(2"'9@ (K3_>) 
,"-<*/'=E -"R(/ «U(I"9<"», <(/(-"@ ,(I2(8@*/ (Rg*B9'9/J 9 0(58"0(-
2"/J 0$S*0/2$TS9* -"I-(I'*''=* 090/*6= -(009:0<9E 9 I"-$R*G'=E 
0/"'B"-/(2 '" ,"-<*/'$T ,-(B$<A9T [2]. 

Z >(0099 0*5(B'@ ,( B*:0/2$TS*6$ XPKC$ 862.1-85 «_"-<*/ 
\/$&'=:. C*E'9&*0<9* $08(29@» ,"-<*/'=* ,8"'<9 ,(B-"IB*8@T/0@ '" 
B2* 6"-<9: «3» (2=0\"@ <"/*5(-9@) 9 «7». K/"'B"-/ X*-6"'99 (DIN 280, 
Teil 1) ,-*B$06"/-92"*/ /-9 5-$,,= <"&*0/2" ((/ 2=0\*5( < '9I\*6$): 
Natur (N), Gestreift (G) 9 Rustical (R). Z &"0/'(0/9 Natur ,-*B,(8"5"*/ (/-
0$/0/29* I"R(8('9, -*I<9E 9I6*'*'9: (<-"0<9 9 '*-*5$8@-'(0/9 0/-$<-
/$-=. M(,$0<"T/0@ (B9'(&'=* IB(-(2=* 0$&<9: /*6'=* B9"6*/-(6 B( 1 
66 9 02*/8=* – B( 8 66. K/"'B"-/ 320/-99 (D3000, Teil 2) 22(B9/ B(,(8-
'9/*8J'( R(8** 2=0(<$T <"/*5(-9T Exwisit (E) – $8$&\*''(* <"&*0/2(. 
C"<(* 6'(5((R-"I9* <-9/*-9*2 0(IB"*/ ,-(R8*6$ 0(58"0(2"'9@ <"&*0/-
2","-<*/'=E -*0$-0(2, ,(0/"28@*6=E 9I -"I'=E -*59('(2. W0,(8JI(2"-
'9* B9'"69&*0<(: R"I= B"''=E, 2<8T&"TS*: 08*B$TS9* R9R89(/*<9: 
e8*6*'/(2, 6"/*-9"8(2 9 $<8"B(<, - B"*/ 2(I6(G'(0/J '* /(8J<( 0(E-"-
'9/J ,(8$&*''(* E$B(G*0/2*''(* -*\*'9*, '( 9 (0$S*0/29/J '" e/",* 
,-(*</9-(2"'9@ <('/-(8J 0((/2*/0/29@ 0/"'B"-/"6.  

_(B090/*6" K3_> N(-69-(2"'9@ $<8"B<9 0(0/(9/ 2 -"2'(6*-'(6 
I",(8'*'99 ,-(*</9-$*6(5( (Rg*6" (B'(-(B'=69 N-"56*'/"69 (-",-
,(-/"69) 9 0(B*-G9/ '*<(/(-=: '"R(- /9,(2=E I"B"& 0 2(I6(G'(0/JT 
6(B9N9A9-(2"'9@ 8TR(5( e8*6*'/" ,(B /-*R$TS9*0@ 90E(B'=* 2*89-
&9'=:  

– 5*'*-"A9@ (<'" 29B96(0/9, 0((/2*/0/2$TS*5( <('N95$-"A99 
,-(*</9-$*6(5( ,(6*S*'9@ [3]; 

– 2=R(- (-'"6*'/" '",(8J'(5( ,(<-=/9@; 
– 2=R(- /*E'(8(599 $<8"B<9; 
– 2=R(- 9 -"0&*/ <(89&*0/2" '*(RE(B96(5( 6"/*-9"8". 
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>*\*'9* B"''=E I"B"& ,-*B,(8"5"*/ -*0$-0'=* I"/-"/= '" -"0-
06(/-*'9* 20*E B(,$0/96=E 2"-9"'/(2, R(8J\9'0/2( 9I <(/(-=E B"8** 
'* 90,(8JI$*/0@. M8@ $,-(S*'9@ e/9E e/",(2 2 "2/(6"/9I9-(2"''(: 
090/*6* ,-(*</9-(2"'9@ ,"-<*/'=E -"R(/ 90,(8JI$*/0@ ,(B090/*6" 
5*(6*/-9&*0<(5( 6(B*89-(2"'9@, B"TS"@ 29I$"89I"A9T (RS*5( E$B(-
G*0/2*''(5( -*\*'9@ 0 -"0&*/(6 (,/96"8J'(5( (Rg*6" -"0E(B$*6(5( 
6"/*-9"8". ZE(B'=69 ,"-"6*/-"69 @28@T/0@: /9,, <('N95$-"A9@ ,(-
6*S*'9@; -"I6*-= ,"-<*/'(: <8*,<9; $5(8 '"<8('" -90$'<" 9 '"89-
&9*/(/0$/0/29* N-9I".  

K90/*6" ,(BB*-G<9 ,-9'@/9@ -*\*'9: ,-*B'"I'"&*'" B8@ (A*'<9 
2(I6(G'=E 2"-9"'/(2 9 ,(90<" 0/-"/*599 (,/96"8J'(5( $,-"28*'9@, 9 
,(I2(8@*/ -"006(/-*/J 2(I6(G'=* 0,(0(R= $<8"B<9 0 29I$"89I"A9*: ,( 
<"GB(6$ ,-*B8"5"*6(6$ 6*/(B$ 9 ,-(9I2*0/9 2=R(- '"98$&\*5( -*\*-
'9@. 

P,-*B*8*'9* <(89&*0/2" -"0E(B$*6(5( 6"/*-9"8" (0(R*''( 2"G-
'( ,-9 '*/-"B9A9(''(6 ,(BE(B* < (N(-68*'9T 9'/*-J*-" /.<. 9I2*0/-
'=* 2 '"0/(@S** 2-*6@ 6*/(B= $<8"B<9 (\"E6"/'=:, «,8"2"TS9:») 
A*8*0((R-"I'( 90,(8JI(2"/J 89\J B8@ /9,(2=E $<8"B(< '" 9I(/*/9&'=E 
,8(S"B@E. K/"'B"-/'( B"''"@ 2*89&9'" (,-*B*8@*/0@ 0(58"0'( (RS*: 
6*/(B9<*, $&9/=2"TS*: -"I6*- ,-(*</9-$*6(5( ,(6*S*'9@ 9 <(eNN9-
A9*'/ I","0" 6"/*-9"8" kz, <(/(-=: I"2909/ (/ /9," $<8"B<9. >"I89&"T/ 
$<8"B<9:  

– R*I 9I6*'*'9@ 0/"'B"-/'=E ,"-"6*/-(2 ,8"\<9 (kz =5%); 
– /-*R$TS9* '"-*I<9 <8*,(< ,(B ,-@6=6 $58(6 (kz = 20%); 
– 90,(8JI$TS9* 0(&8*'*'9* ,"-<*/'=E ,8"'(< ,(B $58(6, (/89&-

'=6 (/ ,-@6(5( (kz = 40%).  
_-96*'*'9* K3_> B8@ 69'969I"A99 (/E(B(2 (<(89&*0/2" 6"/*-

-9"8") ,(I2(8@*/ -"0,(8(G9/J ,"-<*/'=: -90$'(<, &/(R= (R*0,*&9/J 
69'96$6 (R-*I<9 8"6*8*:, " /"<G* ,-96*'9/J &"0/9 '*A*8=E ,8"'(< 2 
B"8J'*:\*6 <(6,8*<0* -"R(/ ,( '"0/98$ ,(8". 

 "58@B'(0/J ,(8$&"*6=E -*I$8J/"/(2 ,(I2(8@*/ (A*'9/J 20* B(0-
/(9'0/2" 2=R-"''(: $<8"B<9, 90E(B@ 9I (RS*5( 0/98@ 9'/*-J*-" ,-(*<-
/9-$*6(5( ,(6*S*'9@, 9 B"*/ 2(I6(G'(0/J 0(0/"29/J (,/96"8J'=: 
,8"' -"0<8"B<9 ,"-<*/'=E ,8"'(<. _-9 e/(6 $&9/=2"*/0@: '*9I(/*/9&-
'(0/J ,(6*S*'9:; 08(G'(0/J 6(I"9&'=E 9 (-'"6*'/"8J'=E -90$'<(2 9I 
'*0<(8J<9E /9,(2 R"I(2=E B*/"8*: -"I89&'(: /*<0/$-=; -"0,(8(G*'9* 
(<(''=E 9 B2*-'=E ,-(*6(2, R"/"-*: (/(,8*'9@; /-*$5(8J'=* ,-(-
0/-"'0/2", <(/(-=* (R-"I$T/0@ 2 ,-90/*''=E 9 ,-9N-9I(2=E -@B"E 9 
/.B. 

H-9/*-9@69 (,/969I"A99 @28@T/0@: 69'969I"A99 (/E(B(2, 6"<09-
69I"A9@ A*8=E ,8"\*<, e-5('(69&*0<9* ,(<"I"/*89. >"0&*/ /-*R$*6(5( 
6"/*-9"8" 2 e/(6 08$&"* R$B*/ ,(8$&"/J0@ '"9R(8** /(&'=6. 

M8@ ",-(R"A99 "85(-9/6" R=89 -"006(/-*'= '*0<(8J<( 0/"'B"-/-
'=E 2"-9"'/(2 ,-(0/(: $<8"B<9 ,"-<*/": ,"8$R'=:, *8<", 2J*/'"6<", – 
,-9 -"I'(: 2*89&9'* ,(6*S*'9@. _-9 e/(6 -"00&9/"''=: (Rg*6 /-*-
R$*6(5( 6"/*-9"8" (<"I"80@ 6*'J\* '" 1,5 ÷ 7,2% (/ /-"B9A9(''( -"0-
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0&9/=2"*6(5(, 2*-E'@@ 5-"'9A" (/'(09/0@ < R(8J\*: -"I'9A* B89'= 9 
\9-9'= ,(6*S*'9@. 

 
#DEFHJELHJ 

 
1. U"-<*/9'5(2(* 9008*B(2"'9*. >='(< ,"-<*/". ]*2-"8J 2011 

[c8*</-(''=: -*0$-0]. / >*G96 B(0/$,". – 
URL:http://www.indexbox.ru/sale_reports/?research_id=274 

2. r$E-@'0<"@, a.K. U"/*6"/9&*0<(* (R*0,*&*'9* K3_> ,"-<*/'=E 
-"R(/ [C*<0/] / a.K. r$E-@'0<"@, W.K. H$S*2" // W'N(-6"A9(''=*  9 
$,-"28@TS9* 090/*6= 2 ,9S*2(: 9 E969&*0<(: ,-(6=\8*''(0/9: 6"-
/*-. 6*GB$'"-. '"$&.-,-"</. <('N. / Z(-('*G.5(0. /*E'(8. "<"B. – Z(-(-
'*G: ZXC3, 2009. – K. 209-212. 

3. r$E-@'0<"@, a.K. Y'9N9A9-(2"''(* (,90"'9* 6(B*89 2E(B'(5( 
(Rg*</" B8@ K3_> ,"-<*/'=E -"R(/ [C*<0/] / a.K. r$E-@'0<"@, Z. . r"-
-9', W.K. H$S*2" // K90/*6= $,-"28*'9@ 9 9'N(-6"A9(''=* /*E'(8(-
599. – 2006. – k3 – 0.92 – 96. 

 
K2@IJ 0 "2/(-(6: oksana_buymistrova@mail.ru 
 

 
 

G.2. \6MJP&61, ].G. ?/_6>@/ 
 

@- &(6C(*-0& $*,( =(0 /$ 3 =5#(3-* "  
 B-#(/ &$*,? R/$*,9 , -  6@P(*,9 

 
H$R"'0<9: 5(0$B"-0/2*''=: "5-"-'=: $'92*-09/*/ 

5. H-"0'(B"-, >(009@ 
 

Z '"0/(@S** 2-*6@ 2 '"\*: 0/-"'* R(8J\"@ &"0/J G98=E IB"-
'9: 9 ,-(9I2(B0/2*''=E 0((-$G*'9: 96**/ I'"&9/*8J'=: 6(-"8J-
'=: 9 N9I9&*0<9: 9I'(0. H '96 6(G'( (/'*0/9 G98=* B(6", ,(0/-(-
*''=* '* /(8J<( 2 50 - 70-* 5(B", '( 9 0-"2'9/*8J'( '*B"2'9* ,(-
0/-(:<9, <(/(-=*, 2 098$ <('0/-$</92'(-/*E'(8(59&*0<9E (0(R*''(-
0/*: 2(I2*B*'9@, /*E'(8(59&*0<9E ,-(A*00(2, e<0,8$"/9-$T/0@ 2 
'*R8"5(,-9@/'=E $08(29@E 9 ,(B2*-G*'= 2(IB*:0/29T "5-*0092'=E 
0-*B, <(/(-=* 9 2=I=2"T/ -"I89&'=* ,(2-*GB*'9@ (0'(2'=E <('0/-
-$</92'=E e8*6*'/(2.  

H -*\*'9T B"''(5( 2(,-(0" 2 '"0/(@S** 2-*6@ -"I-"R(/"'( 
R(8J\(* <(89&*0/2( 5(0$B"-0/2*''=E 0/"'B"-/(2, 9'0/-$<A9: 9 -*-
<(6*'B"A9: ,( (R08*B(2"'9T IB"'9: 9 0((-$G*'9:. PB'"<( ,-"</9-
&*0<9 (/0$/0/2$T/ -"R(/=, (E2"/=2"TS9* 2*0J <(6,8*<0 2(,-(0(2, 
02@I"''=E 0 (R08*B(2"'9@69, <"< (/B*8J'=E <('0/-$<A9:, /"< 9 IB"-
'9: 2 A*8(6. O9/*-"/$-" ,( 0(2-*6*''=6 6*/(B"6 (R08*B(2"'9: 
IB"'9: <-":'* (5-"'9&*'", " (,90"''=* 2 '*: "85(-9/6=, *089 -"0-
06"/-92"/J 9E ,( (/B*8J'(0/9, '*8JI@ 0<"I"/J, &/( ('9 ,-"298J'=*, 
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&/( 0((/2*/0/2*''( ,-92(B9/ < (\9R<"6.385(-9/6 0&9/"*/0@ ,-"-
298J'=6, *089 (' (/2*&"*/ /-*R(2"'9@6 I"B"&9 ('",-96*-, B"i/ 
N9I9&*0<9 ,-"2B(,(B(R'=: -*I$8J/"/) 9 '* ,-"298J'=6, *089 0(-
B*-G9/ (\9R<9, *089 B8@ '*<(/(-=E 90E(B'=E B"''=E (' B"i/ '*-
,-"298J'=* -*I$8J/"/=, 0R(9, (/<"I= 989 '* B"i/ '9<"<9E -*I$8J/"-
/(2 2((RS*. 

Z -*I$8J/"/* ,-(2*B*''(5( "'"89I" 0$S*0/2$TS9E 6*/(B9< 
'"69 R=8 -"I-"R(/"' "85(-9/6 (06. -90.1) <(6,8*<0'(5( (R08*B(2"-
'9@ IB"'9:, 2<8T&"TS9: 20* '*(RE(B96=* 0/"B99. H(6,8*<0'(* 
(R08*B(2"'9* '*0$S9E <('0/-$<A9: 9 20*5( IB"'9@ 989 0((-$G*'9@ 2 
A*8(6 96**/ 58"2'$T A*8J — (,-*B*89/J B*:0/29/*8J'(* /*E'9&*-
0<(* 0(0/(@'9* <('0/-$<A9:, 9E 0,(0(R'(0/J 2(0,-9'96"/J B*:0/-
2$TS9* 2 B"''=: ,*-9(B -"0&*/'=* '"5-$I<9 9 (R*0,*&92"/J '(--
6"8J'$T e<0,8$"/"A9T IB"'9@, 0,-(5'(I9-(2"/J B"8J'*:\** ,(2*-
B*'9* <('0/-$</92" IB"'9@ 989 0((-$G*'9@ ,( 0-*B0/2"6 ,(0/-(*'9@ 
6"/*6"/9&*0<(: 6(B*89 (0'(2"''(: '" -*I$8J/"/"E <(6,8*<0'(5( 
(R08*B(2"'9@ (0 ,-96*'*'9*6 ,-9R(-(2 '*-"I-$\"TS*5( <('/-(8@) 
9 6*/(B* <('*&'=E e8*6*'/(2.  

_-*B8"5"*6=: '"69 "85(-9/6 ,-*B,(8"5"*/ 0$S*0/2(2"'9* 
'"&"8J'=E (2E(B@S9E) B"''=E 9 2 -*I$8J/"/* -"R(/= ,-92(B9/ < 
,(8$&*'9T (,-*B*8*''(5( -*I$8J/"/". >"R(/" "85(-9/6" ,-(90E(B9/ 
,$/*6 2=,(8'*'9@ ,(08*B(2"/*8J'(0/9 '*<(/(-=E e8*6*'/"-'=E 
B*:0/29:. c/9 B*:0/29@ '"I=2"T/ \"5"69, " ,-(A*00 9E 2=,(8'*'9@ 
'"I=2"T/ "85(-9/69&*0<96 ,-(A*00(6.  "&"8J'=69 B"''=69 2 '"-
\*6 "85(-9/6* 08$G9/ «PI'"<(68*'9* 0 B(<$6*'/"A9*: (Rg*</"» - 
&/( ,(B-"I$6*2"*/ ,(B 0(R(: 0R(- 9 "'"89I ,-(*</'(: 9 '* /(8J<( 
B(<$6*'/"A99 ,( 9'/*-*0$*6(6$ (Rg*</$ 9 0(0/"28*'9* ,8"'" -"R(/ 
,( (R08*B(2"'9T. K8*B$TS9: \"5 «Z9I$"8J'(* (R08*B(2"'9*» 
2<8T&"TS** ,(8'=: (06(/- (Rg*</" '" ,-*B6*/ (R'"-$G*'9@ 29B9-
6=E B*N*</(2 0 ,-96*'*'9*6 N(/(N9<0"A99 9 ,-9R(-(2, '* /-*-
R$TS9E 0,*A9"8J'=E I'"'9:. M"8** 08*B$*/ ,-(9I2*0/9 "'"89I ,(-
8$&*''=E B"''=E 2 -*I$8J/"/* B"''(5( 29B" (R08*B(2"'9@, &/( /"< 
G* @28@*/0@ (/B*8J'=6 \"5(6 (0/"B9*:) 2 B"''(6 "85(-9/6*. K/"-
B9@ «W'0/-$6*'/"8J'(5( (R08*B(2"'9@» ,(B-"I$6*2"*/ ,(B 0(R(: 
2=@28*'9* B*N*</(2, 9E <"&*0/2" 9 <(89&*0/2" ,( 0-*B0/2"6 ,-9R(-
-(2 /-*R$TS9E 0,*A9"8J'=E I'"'9:. _( (<('&"'99 B"''(: 0/"B99 
08*B$*/ B-$5"@ – «3'"89I ,(8$&*''=E B"''=E». K/"B9@ «>"R(/= 
9'B929B$"8J'(5( E"-"</*-"» - '* 20*5B" ,-90$/0/2$*/ 2 "85(-9/6*, 
20* I"2909/ (/ 0,*A9N9<9 (Rg*</" 9 6*0/" *5( -"0,(8(G*'9@ ('"-
,-96*-: 6*-(,-9@/9@ ,( $<-*,8*'9T 0<8('" '" <(/(-(6 -"0,(8"5"-
*/0@ (Rg*</). 
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_-9 ,(6(S9 ,-9R(-(2 '*-"I-$\"TS*5( <('/-(8@ 9 0(,-(2(G-
B"TS9E 9E ,-(5-"66'=E ,-(B$</(2 ,(8$&"*6 B"''=* «a» (6(B$8J 
$,-$5(0/9) 9 «-» (,8(/'(0/J R*/('"), " ,-9 ,(6(S9 /"E*(6*/-" – «tl» 
((B9' 9I 29B(2 B*N(-6"A99),&*-*I 0/"B9T «PR-"R(/<" ,(8$&*''=E 
B"''=E 2 ,-(5-"66'=E ,-(B$</"E». c/9 B"''=* 22(B@/0@ 2 08*B$T-
S*6 \"5* «U"/*6"/9&*0<(* 6(B*89-(2"'9*», <(/(-=: 2<8T&"*/ 2 
0*R@ -"I-"R(/<$ 9 -"0&*/ 6"/*6"/9&*0<(: 6(B*89 (R08*B$*6(5( 
(Rg*</" ,( -*I$8J/"/"6 ,(8$&*''=E B"''=E 2 '"/$-*.  

_(08* (R-"R(/<9 B"''=E, '"0/$,"*/ 0/"B9@ «_-(5'(I9-(2"-
'9@»2 <(/(-(: (Rg*B9'@T/0@ 20* ,(8$&*''=* B"''=* 2 -*I$8J/"/* 
,(0/-(*'9@ 9 -"0&*/" 6"/*6"/9&*0<(: 6(B*89, " /"<G* B"''=* '* 
$&"0/2$TS9* 2 ,(0/-(*'99 6(B*89, '( 96*TS9* '* 6"8( 2"G'$T 
I'"&96(0/J B8@ (A*'<9 (RS*5( 0(0/(@'9@ <('0/-$</92". M"8** 08*-
B$*/ 0/"B9@ «3'"89I ,(8$&*''=E B"''=E» B8@ 20*: ,(8$&*''(: 9'-
N(-6"A99 ,( 0/"B99 «U*/(B= '*-"I-$\"TS*5( <('/-(8@». 

_"-"88*8J'( 0/"B99 «U"/*6"/9&*0<(5( 6(B*89-(2"'9@» ,-(-
E(B9/ 0/"B9@ (R-"R(/<9 B"''=E e'*-5(eNN*</92'(0/9 (2 0((/2*/0/-
2$TS9E ,-(5-"66'=E ,-(B$</"E), ,(8$&*''=E 0 ,-9R(-(2 '*-"I-$-
\"TS*5( <('/-(8@ /"<G* '* $&"0/2$TS9E 2 ,(0/-(*'99 6"/*6"/9&*-
0<(: 6(B*89, '( '*0$S9E 2 0*R* 9'N(-6"/92'(0/J B-$5(5( '* 6"8( 
2"G'(5( E"-"</*-". M"''"@ 0/"B9@ /"<G* '* 20*5B" ,-96*'96", 90-
E(B@ 9I 2(0/-*R(2"''(0/9 '" 0*5(B'@\'9: B*'J 2 (0'(2'(6 2 E"-"<-
/*-90/9<"E '*0$S*: 0,(0(R'(0/9 9 B*N(-6"/92'(0/9 IB"'9: 9 0(-
(-$G*'9:. 

Z <('*&'(6 9/(5* 20* -*I$8J/"/= ,(8$&*''=* '"69 ,( &*/=-*6 
0/"B9@6 «3'"89I ,(8$&*''=E B"''=E» <(6,8*<0'( -"006"/-92"T/0@ 
2 08*B$TS*6 \"5* «H(6,8*<0'=: "'"89I -*I$8J/"/(2», 2 <(/(-(6 
,-(08*G92"*/0@ 289@'9* B-$5 '" B-$5" ,(8$&*''=E -*I$8J/"/(2, 0(-
0/(@'9* <('0/-$</92" (Rg*</" <"< ,( (/B*8J'(0/9, /"< 9 2 A*8(6, " 
/"<G* B"T/0@ -*<(6*'B"A99 ,( $098*'9T, 0'(0$, -*<('0/-$<A99, <"-
,9/"8J'(6$ -*6('/$ (Rg*</" 9 /.,. 

>"I-"R(/"''=: '"69 "85(-9/6 ,(I2(8@*/ ,(8$&9/J '"9R(8** 
,(8'$T 9 /(&'$T 9'N(-6"A9T ( N"</9&*0<(6 0(0/(@'99 (R08*B$*-
6(5( (Rg*</" ,( 0-"2'*'9T 0 /-"B9A9(''=69 6*/(B"69 (R08*B(2"-
'9@. C"<G* *S* (B'( ,-*96$S*0/2( B"''(5( "85(-9/6" I"<8T&"*/0@ 
2 /(6, &/( (' ,(I2(8@*/ ,-(5'(I9-(2"/J B"8J'*:\** ,(2*B*'9* <('-
0/-$</92" IB"'9@, <"< B( *5( -*<('0/-$<A99, /"< 9 ,(08* '" (0'(2* 
6"/*6"/9&*0<(5( 6(B*89-(2"'9@ 9 6*/(B(2 '*-"I-$\"TS*5( <('-
/-(8@.  

 
#DEFHJELHJ 

 
1. UMK 13-20.2004 «H(6,8*<0'"@ 6*/(B9<" ,( (R08*B(2"'9T 9 

e'*-5("$B9/$ -*<('0/-$9-$*6=E IB"'9:», U(0<2" 20045. 
2. 3P «u WW_>PUhM3 Wv» _(0(R9* ,( (R08*B(2"'9T 0/-(9-

/*8J'=E <('0/-$<A9: IB"'9:, U(0<2" – 2004  
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3. U>>-2.2.07-98 «U*/(B9<" ,-(2*B*'9@ (R08*B(2"'9: IB"'9: 
9 0((-$G*'9: ,-9 9E -*<('0/-$<A99 9 ,*-*,8"'9-(2<*», U(0<2" 
19985. 

 
K2@IJ 0 "2/(-(6: er.folg@mail.ru 
 
 
 

 . . X&_(>, `.?. ?$&(I"(61 
 

$30,&*8( 2,#S068 - 56( B6$R &$0(#?=, 
- 56 0,&#(*,? , ,; $*$#,R 

 
H"I"E0<9: '"A9('"8J'=: /*E'9&*0<9: 

$'92*-09/*/ 96. H.W. K"/,"*2" 
5. 386"/=, H"I"E0/"' 

 
M(<8"B ,(02@S*' "'"89I$ N98J/-(2 0 ,-*(R-"I(2"/*8@69 0(-

,-(/928*'9@. WI2*0/'(, &/( 2 '"0/(@S** 2-*6@ ,-*(R-"I(2"/*89 
0(,-(/928*'9@ \9-(<( 90,(8JI$T/0@ B8@ -*"89I"A99  
R*I9'B$</92'=E N98J/-(2 [1]. P0(R=: ,-"</9&*0<9:  9'/*-*0 
,-*B0/"28@T/ ,-*(R-"I(2"/*89 0(,-(/928*'9@ '" 9'/*5-"8J'=E 
(,*-"A9(''=E $0989/*8@E. WI2*0/'= -"I89&'=* 0E*6= /"<9E 
,-*(R-"I(2"/*8*: 9 N98J/-(2.  

3</$"8J'=69 @28@T/0@ 9008*B(2"'9@ 9 -*"89I"A99 
,-*(R-"I(2"/*8*: 0(,-(/928*'9@ '" (,*-"A9(''=E $0989/*8@E (PY), 
,(I2(8@TS9* ,(8$&9/J 2=0(<(0/"R98J'=* 0E*6= N98J/-(2.  

M8@ ,(0/-(*'9@ "</92'=E RC – N98J/-(2 6(5$/ R=/J 90,(8JI(-
2"'= -"I89&'=* ,-*(R-"I(2"/*89 0(,-(/928*'9@ '" PY (59-"/(-=, 
6$/"/(-=, &*/=-*E,(8T0'9<9, -*"89I$TS9* &"0/(/'(-I"29096=* 
(/-9A"/*8J'=* 0(,-(/928*'9@). _-96*'*'9* &"0/(/'(-I"29096=E 
(/-9A"/*8J'=E 0(,-(/928*'9: $6*'J\"*/ '*(RE(B96(* &908( (,*-
-"A9(''=E $0989/*8*: B8@ R*I9'B$</92'(: -*"89I"A99 '9I<(&"0/(/-
'=E 9 ,(8(0(2=E N98J/-(2. c/9 N98J/-= 96*T/ 2*0J6" '9I<$T &$2-
0/29/*8J'(0/J < 9I6*'*'9T ,"-"6*/-(2 0E*6=.  

Z 8TR(: L,R,C- 0E*6* 6(G'( 06(B*89-(2"/J 9'B$</92'(0/J 0 
,(6(SJT 59-"/(-(2, 6$/"/(-(2 [2] 9 *6<(0/*:. 

WB*"8J'=: 59-"/(- ,-*B0/"28@*/ 0(R(: &*/=-*E,(8T0'9<, 
(,90=2"*6=: $-"2'*'9@69 

 

1 i2u R ;= 2 i1u R ;=  (1) 

 

5B* 1
R

q
=  – 2*S*0/2*''"@ ,(0/(@''"@, '"I=2"*6"@ 0(,-(/928*'9*6 

59-"A99 (0((/2*/0/2*''( ,-(2(B96(0/J 59-"A99). 
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a089 < 2=E(B'=6 I"G96"6 59-"/(-" ,-90(*B9'9/J '"5-$I<$ 0 
0(,-(/928*'9*6 ZH, /( 2E(B'(* 0(,-(/98*'9* 

 
2

2E
H

R
Z

Z
= . (2) 

 
K8*B(2"/*8J'(, 59-"/(- (R8"B"*/ 02(:0/2(6 9'2*-/9-(2"'9@ 

9669/"'0". C"<, 9B*"8J'=: 59-"/(-, '"5-$G*''=: *6<(0/JT K, 
e<292"8*'/*' 9'B$</92'(0/9. 

X9-"/(-'(* ,(8(0(2(* I2*'( '" B2$E PY 96**/ 0/"R98J'(0/J 
&"0/(/'=E E"-"</*-90/9< '* E$G*, &*6 I2*'J@  '" /-*E PY ,-9 (B9'"-
<(2(6 &908* *6<(0/*: 9 6*'J\*6 &908* -*I90/(-(2. X9-"/(-'(* ,(-
8(0(2(* I2*'( 2/(-(5( ,(-@B<" 6(G'( 29B(9I6*'9/J, &/(R= ,(8$&9/J 
I2*'J@ 2/(-(5( ,(-@B<" B8@ N98J/-(2 '9I<9E &"0/(/ (] `) 9 
N98J/-(2 2=0(<9E &"0/(/ (]Z`). *(RE(B96( (/6*/9/J, &/( 2 59-"-
/(-'=E I2*'J@E 96**/0@ 2(I6(G'(0/J '*I"29096(: -*5$89-(2<9 (0-
'(2'=E ,"-"6*/-(2 ,$/*6 $2*89&*'9@ 0(,-(/928*'9: -*I90/(-(2. 
KE*6" (/2*&"*/ /-*R(2"'9@6 /*E'(8(599 9I5(/(28*'9@ 9'/*5-"8J'=E 
0E*6. c/( ,(I2(8@*/ 0B*8"/J 2=2(B ( ,*-0,*</92'(0/9 90,(8JI(2"-
'9@ 59-"/(-'(5( I2*'" 2 <"&*0/2* $'9N9A9-(2"''(5( R8(<" B8@ ,(-
0/-(*'9@ "</92'=ERC-N98J/-(2.  

M8@ 09'/*I" 89'*:'=E A*,*: 6(5$/ ,-96*'@/J0@ 6$/"/(-= [2], 2 
&"0/'(0/9, L-R-6$/"/(- ,-*(R-"I$*/ 0(,-(/928*'9*. _-(B(8J'"@ 
'*I"I*68*''"@ 9'B$</92'(0/J, N9I9&*0<9 -*"89I$*6"@ ,-9 ,(6(S9 
6$/"/(-(2, R$B*/ 96*/J E(-(\** <"&*0/2( 89\J ,-9 2*0J6" /S"-
/*8J'(6 0(58"0(2"'99 ,"-"6*/-(2 (R(9E 6$/"/(-(2. C-*R(2"'9@ < 
0(58"0(2"'9T 6$/"/(-(2 "'"8(59&'= /-*R(2"'9@6 < 0(58"0(2"'9T 
,"-"6*/-(2 I"I*68*''=E 59-"/(-(2, -*"89I$TS9E '*I"I*68*''$T 
9'B$</92'(0/J. 

_(e/(6$ -"006"/-92"*6=* ,-*(R-"I(2"/*89 0(,-(/928*'9@  
6(5$/ R=/J ,-*B0/"28*'= e<292"8*'/'(: 0E*6(:.  "89&9* 2  0E*6* 
$,-"28@*6(5( 90/(&'9<" '",-@G*'9@ 0 '*'$8*2=6 2=E(B'=6 0(,-(-
/928*'9*6 (Rg@0'@*/0@ /*6, &/( 2=E(B'(: I"G96 0(2,"B"*/ 0 2=E(-
B(6 (B'(5( 9I (,*-"A9(''=E $0989/*8*:, <(/(-=* 0&9/"T/0@ 9B*-
"8J'=69. Z(I6(G'(0/J -*"89I"A99 $,-"28@*6(5( 90/(&'9<" '",-@-
G*'9@ 2 <"&*0/2* 0(0/"2'(: &"0/9 59-"/(-" ,(I2(8@*/ $6*'J\9/J 
(RS** &908( '*(RE(B96=E PY. 

 
#DEFHJELHJ 

 
1. o$'$0(2 h. 3., U9-('(2 Z.X., _$'J<(2 W. U. 3B",/92'"@ 0/-"-

/*59@ ,-9 "'"89I* '*89'*:'=E 0E*6 '" cZU 19895. C(6 32. k 7 >"-
B9(e8*</-('9<" /WI2. 2=0\. $&*R'=E I"2*B*'9:/ K.11 – 16. 

2. Z8"0(2 3.W., _*/-*'<( 3.W., C96&*'<( 3._. C"R89&'=* 6*/(-
B= 6(B*89-(2"'9@ e8*</-(''=E A*,*: '" cuZU.-H9*2: Z9S.\<. 
1977.-1920. 
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3. `$" O.P. 9 B-. U"\9''=: "'"89I e8*</-(''=E 0E*6 / _*-. 0 
"'58. _( -*B. Z. . W8J9'". –U.: c'*-59@, 1980. -6360. 

4. a-G"' 3.3., o$'$0(2 h.3. Y-"2'*'9@ 2 59R-9B'=E <((-B9'"/-
'=E R"I90"E. KR(-'9< /-$B(2 // I-"@ U*GB$'"-(B'"@ '"$&'(-
,-"</9&*0<"@ <('N*-*'A9@ - 20105.-386"/=.-0.145-152 

5. a-G"' 3.3.,o$'$0(2 h.3. U*/(B ,(08*B(2"/*8J'(5( &"0/9&-
'(5( LU – -"I8(G*'9@ B8@ "'"89I" 2 &"0/(/'(: (R8"0/9. Z*0/'9< 
3YcK. 2010, k 3/2(10). – 0.88-91 

 
K2@IJ 0 "2/(-(6: erjanasel@gmail.com 
 

 
 

X.E. a6IJ/"&L*/1,  .G. ]6@IL#/1, E.8. ?$N>6b/1 
 

-5(4,$#,R,6 &$**$? -$56 / #B?3 & 
 

r"<"00<9: /*E'9&*0<9: 9'0/9/$/ – N989"8 
K9R9-0<(5( N*B*-"8J'(5( $'92*-09/*/" 

5. 3R"<"', >(009@ 
 

PB'(: 9I 2"G'*:\9E N$'<A9: /*E'(8(59&*0<(: ,(B5(/(2<9 ,-(-
9I2(B0/2" @28@*/0@ 9'0/-$6*'/"8J'(* (R*0,*&*'9* /*E'(8(59&*0<9E 
,-(A*00(2 9I5(/(28*'9@ B*/"8*: 6"\9'. _-(*</9-(2"'9* 9'0/-$-
6*'/", (0(R*''( 08(G'(,-(N98J'(5(, ,-*B0/"28@*/ 0(R(: B(0/"/(&-
'( /-$B(*6<$T, 08(G'$T 9 6'(5(2"-9"'/'$T I"B"&$, -*\9/J <(/(-$T 
R*I 90,(8JI(2"'9@ 0(2-*6*''=E 2=&9089/*8J'=E 0-*B0/2 9 6*/(B(2 
-"0&*/" 2*0J6" I"/-$B'9/*8J'(. _(0/-(*'9* 08(G'(5( ,-(N98@ -*-
G$S9E <-(6(< 9'0/-$6*'/" ,-(9I2(B9/0@ 0 ,(6(SJT -"I89&'=E ,*-
-*E(B'=E <-92=E - ,8(0<9E 9 ,-(0/-"'0/2*''=E (e2(8J2*'/=, /-(-
E(9B= 9 B-.), '( 2 0(2-*6*''=E 5-"N9&*0<9E K3_> '*/ ,-*B$0/"'(2-
8*''=E <-92=E, ,(e/(6$ ('9 0/-(@/0@ ,-9R89Gi''( ,( /(&<"6 ,-9 
,(6(S9 <-92=E 7*IJ* 989 NURBS. C(&'(0/J 2 4 – 5 /(&*< '" (B'$ 
<-92$T B"i/ E(-(\9: -*I$8J/"/, PB'"<( N(-6$8= B8@ 2=&908*'9@ 
<((-B9'"/ /(&*< 9 5-"'9&'=E $58(2 ,*-*E(B'=E <-92=E B(0/"/(&'( 
08(G'= 9 5-(6(IB<9, ,(e/(6$ 9E -$&'(* 2=&908*'9* 2*0J6" /-$B(-
*6<(. aS* R(8** 08(G'=6 9 /-$B(*6<96 @28@*/0@ ,(0/-(*'9* ,-(-
0/-"'0/2*''(: 6(B*89 08(G'(,-(N98J'(5( 9'0/-$6*'/".  ",-96*-, 
B(8R@< – 9'0/-$6*'/ B8@ 9I5(/(28*'9@ I$R&"/=E <(8*0, - ,-*B0/"2-
8@*/ 0(R(: 0(2(<$,'(0/J R*0<('*&'(5( &908" I$R&"/=E <(8i0 0 ,*-*-
6*''=6 <(eNN9A9*'/(6 06*S*'9@. _(e/(6$ I$R&"/=: 2*'*A 6(B*89 
B(8R@<" ,-*B0/"28@*/ 0(R(: <-92(89'*:'$T ,(2*-E'(0/J, (59R"T-
S$T '*0<(8J<( 0*&*'9:. M8@ 0(IB"'9@ <"&*0/2*''(: 6(B*89 /-*R$-
*/0@ ,(0/-(*'9* '* 6*'** 3 – 4 0*&*'9:. K8*B(2"/*8J'(, <((-B9'"-
/= /(&*< ,*-*E(B'=E <-92=E /-*R$*/0@ 2=&908@/J (/B*8J'( B8@ <"-
GB(5( 0*&*'9@, &/( 2 '*0<(8J<( -"I $2*89&92"*/ (Rgi6 2=&908*'9:. 
c/$ ,-(R8*6$ 8$&\* 20*5( -*\"/J 0 ,(6(SJT 0,*A9"89I9-(2"''(: 



 

K3_> B(8R@<(2, "2/(6"/9&*0<9 0(IB"TS*: ,*-*E(B'=* <-92=* 0-
I$ B8@ '*0<(8J<9E 0*&*'9: 9 /-*R$*6$T <-92(89'*:'$T ,(2*-E'(0/J

_-(5-"66= "2/(6"/9I9-(2"''(5( ,-(*</9-(2"'9@ B(8R@<(2 
-*"89I(2"'= 0 ,(6(SJT @I=<" K++. M8@ "2/(6"/9I"A99 ,(0/-(*'9@ 
6(B*89 9 &*-/*G" 9'0/-$6*'/" R=8 2=R-"' ,-(5-"66'=: <(6,8*<0 
HPU_3K, \9-(<( -"0,-(0/-"'*''=: '" (/*&*0/2*''=E ,-*B,-9@/
@E 9 2$I"E 9 ,-*B(0/"28@TS9: 59R<9* 2(I6(G'(0/9 B8@ ,(0/-(*'9@ 
&*-/*G*: 9I ,-98(G*'9: I" 0&*/ 2'$/-*''9E 0-*B0/2 "2/(6"/9I"A99 
- (,-9<8"B'=E R9R89(/*< 9 ,-98(G*'9:), ,-*B'"I'"&*''=E B8@ (-5
'9I"A99 2=I(2" N$'<A9: HPU_3K 9I 2'*\'9E ,-(5-"66. 

>"R(/" ,-(5-"66= '"&9'"*/0@ 0 22(B" 90E(B'=E B"''=E B8@ 
,-(*</9-(2"'9@, <(/(-=* B(8G'= R=/J 22*B*'= 2 0((/2*/0/2$TS9* 
,(8@ (-90. 1) ,$/*6 2=R(-" 9I ,-*B8(G*''=E I'"&*'9: 989 '*,
0-*B0/2*''=6 22(B(6. 

 

>90. 1. X8"2'(* (<'( ,-(5-"66=. Z2(B 90E(B'=E B"''=E 
B8@ ,-(*</9-(2"'9@ 9 -"00&9/"''=* I'"&*'9@ ,"-"6*/-(2 

B(8R@<" 
 

_(08* ,-(E(GB*'9@ -@B" e/",(2, '" <(/(-=E (R*0,*&92"*/0@ 
<('/-(8J 9 $/(&'*'9* '*(RE(B96=E B"''=E, ,-(5-"66(: R$B*/ ,-*
8(G*'( ,-(9I2*0/9 -"0&*/, ,-(2*0/9 "'"89I -*I$8J/"/(2 (0 2(I6(
'(0/JT <(--*</9-(2<9 22*B*''=E 90E(B'=E B"''=E 9 ,-(2*B*'9@ 
'(2(5( -"0&*/"), 0(E-"'9/J ,(8$&*''=* -*I$8J/"/= 2 /*<0/(2(6 
N(-6"/* 9 ,*-*:/9 < ,(0/-(*'9T 6(B*89 9 -"R(&*5( &*-/*G".

_-96*'*'9* R(8J\9'0/2" 9I2*0/'=E 6*/(B9< -"0&*/" B(8R@<(2 
(0'(2"'( '" 2=R(-* R(8J\(5( <(89&*0/2" ,"-"6*/-(2 0 90,(8JI(2
'9*6 (R\9-'=E 0,-"2(&'=E B"''=E, '* ,(BB"TS9E0@ <(--*8@A99 9 
2(I6(G'(0/9 $0/"'(28*'9@ /(&'=E N$'<A9('"8J'=E 02@I*: ,"-
6*/-(2 9'0/-$6*'/" 9 B*/"89. c/( 2=I2"8( '*(RE(B96(0/J 22*B*'9@ 
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K3_> B(8R@<(2, "2/(6"/9&*0<9 0(IB"TS*: ,*-*E(B'=* <-92=* 0-"-
I$ B8@ '*0<(8J<9E 0*&*'9: 9 /-*R$*6$T <-92(89'*:'$T ,(2*-E'(0/J. 

_-(5-"66= "2/(6"/9I9-(2"''(5( ,-(*</9-(2"'9@ B(8R@<(2 
-*"89I(2"'= 0 ,(6(SJT @I=<" K++. M8@ "2/(6"/9I"A99 ,(0/-(*'9@ 
6(B*89 9 &*-/*G" 9'0/-$6*'/" R=8 2=R-"' ,-(5-"66'=: <(6,8*<0 
HPU_3K, \9-(<( -"0,-(0/-"'*''=: '" (/*&*0/2*''=E ,-*B,-9@/9-

0/"28@TS9: 59R<9* 2(I6(G'(0/9 B8@ ,(0/-(*'9@ 
&*-/*G*: 9I ,-98(G*'9: I" 0&*/ 2'$/-*''9E 0-*B0/2 "2/(6"/9I"A99 

(,-9<8"B'=E R9R89(/*< 9 ,-98(G*'9:), ,-*B'"I'"&*''=E B8@ (-5"-

B" 90E(B'=E B"''=E B8@ 
,-(*</9-(2"'9@, <(/(-=* B(8G'= R=/J 22*B*'= 2 0((/2*/0/2$TS9* 
,(8@ (-90. 1) ,$/*6 2=R(-" 9I ,-*B8(G*''=E I'"&*'9: 989 '*,(-

 
>90. 1. X8"2'(* (<'( ,-(5-"66=. Z2(B 90E(B'=E B"''=E 

I'"&*'9@ ,"-"6*/-(2 

_(08* ,-(E(GB*'9@ -@B" e/",(2, '" <(/(-=E (R*0,*&92"*/0@ 
<('/-(8J 9 $/(&'*'9* '*(RE(B96=E B"''=E, ,-(5-"66(: R$B*/ ,-*B-
8(G*'( ,-(9I2*0/9 -"0&*/, ,-(2*0/9 "'"89I -*I$8J/"/(2 (0 2(I6(G-

E 9 ,-(2*B*'9@ 
'(2(5( -"0&*/"), 0(E-"'9/J ,(8$&*''=* -*I$8J/"/= 2 /*<0/(2(6 

/*G". 
_-96*'*'9* R(8J\9'0/2" 9I2*0/'=E 6*/(B9< -"0&*/" B(8R@<(2 

(0'(2"'( '" 2=R(-* R(8J\(5( <(89&*0/2" ,"-"6*/-(2 0 90,(8JI(2"-
*6 (R\9-'=E 0,-"2(&'=E B"''=E, '* ,(BB"TS9E0@ <(--*8@A99 9 

2(I6(G'(0/9 $0/"'(28*'9@ /(&'=E N$'<A9('"8J'=E 02@I*: ,"-"-
6*/-(2 9'0/-$6*'/" 9 B*/"89. c/( 2=I2"8( '*(RE(B96(0/J 22*B*'9@ 
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-*G96" B9"8(5" ,-9 2=R(-* (,-*B*8*''=E ,"-"6*/-(2 9 2 E(B* 
-"0&*/", " /"<G* 0(IB"'9@ R"I B"''=E ,( 0,-"2(&'=6 6"/*-9"8"6. 
Z6*0/* 0 /*6, 90,(8JI(2"'9* -*G96" B9"8(5", <"< ,-"298(, ,(2=\
*/ <"&*0/2( ,-9'96"*6=E -*\*'9:, " /"<G* @28@*/0@ ,(8*I'=6 ,-9 
90,(8JI(2"'99 e/(: ,-(5-"66= 2 $&*R'=E A*8@E. W/(5(6 -"R(/= 
,-(5-"66= @28@*/0@ ,(0/-(*'9* 3D-6(B*89 (-90. 2) 9 -"R(&*5( &*
/*G" 9'0/-$6*'/". 

 

>90. 2. 3D-6(B*8J 0,-(*</9-(2"''(5( B(8R@<"
 

>90. 3. `*-/*G B(8R@<" 

-*G96" B9"8(5" ,-9 2=R(-* (,-*B*8*''=E ,"-"6*/-(2 9 2 E(B* 
0(IB"'9@ R"I B"''=E ,( 0,-"2(&'=6 6"/*-9"8"6. 

Z6*0/* 0 /*6, 90,(8JI(2"'9* -*G96" B9"8(5", <"< ,-"298(, ,(2=\"-
*/ <"&*0/2( ,-9'96"*6=E -*\*'9:, " /"<G* @28@*/0@ ,(8*I'=6 ,-9 
90,(8JI(2"'99 e/(: ,-(5-"66= 2 $&*R'=E A*8@E. W/(5(6 -"R(/= 

6(B*89 (-90. 2) 9 -"R(&*5( &*--

 
6(B*8J 0,-(*</9-(2"''(5( B(8R@<" 
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_-96*- 0(IB"''(5( 2 -*B"</(-* KOM_3K-3D 0 ,(6(SJT -"I-
-"R(/"''(: ,-(5-"66= &*-/*G" B(8R@<" /9," 1 ,( XPKC 9323-79 
,-*B0/"28*' '" -90$'<* 3. 

_( -*I$8J/"/"6 -"R(/= 6(G'( $/2*-GB"/J, &/( 0(IB"''(* ,-(-
5-"66'(* (R*0,*&*'9* B8@ "2/(6"/9I9-(2"''(5( ,-(*</9-(2"'9@ 
B(8R@<(2 ,(I2(8@*/ ,-(2(B9/J -"0&*/= 5*(6*/-9&*0<9E 9 <('0/-$<-
/92'=E ,"-"6*/-(2 9'0/-$6*'/(2, " /"<G* "2/(6"/9&*0<(* ,(0/-(*-
'9* 3D-6(B*89 9 -"R(&*5( &*-/*G" ,( -"00&9/"''=6 B"''=6. 

>"I-"R(/"''=* <(6,JT/*-'=* ,-(5-"66= ,-*B'"I'"&*'= B8@ 
,(2=\*'9@ <"&*0/2" ,-(*</'=E -*\*'9: 9 0(<-"S*'9@ I"/-"/ 2-*-
6*'9 '" e/",* 9'0/-$6*'/"8J'(: /*E'(8(59&*0<(: ,(B5(/(2<9 ,-(9I-
2(B0/2", " /"<G* 6(5$/ R=/J 90,(8JI(2"'= <"< (R$&"TS9* ,-(5-"6-
6= 2 $&*R'(6 ,-(A*00* 0/$B*'/(2 6"\9'(0/-(9/*8J'=E 0,*A9"8J-
'(0/*: 208*B0/29* '"89&9@ $B(R'(5( 9 '"58@B'(5( 9'/*-N*:0" 9 
-"I29/(: 0,-"2(&'(: 090/*6=. 

 
K2@IJ 0 "2/(-(6: tms_hti@list.ru 
 
 
 

G. . `,"&/1, \. . E(IWb61( 
 

 6"$*,R$4,? $3@-0,A(-3 "  3$*$#$ & 
6$-56(/(#,0(#S*8; =$",-06$#S*8; -(0?; 

=$# "  /,$=(06$ 
 

qG'(->(009:0<9: 5(0$B"-0/2*''=: 
$'92*-09/*/ e<('(69<9 9 0*-290" 
5. ^"E/=, >(0/(20<"@ (R8., >(009@ 

 
Z '"0/(@S** 2-*6@ B*@/*8J'(0/J G989S'(-<(66$'"8J'(5( E(-

I@:0/2" 0(,-(2(GB"*/0@ 2*0J6" R(8J\969 ,(/*-@69 -*0$-0(2, ,(-
e/(6$ 9'N(-6"A9@ (/'(09/*8J'( /*<$S*5( 0/-$</$-'(5( 0(0/(@'9@-
8(<"8J'=E 2(B(,-(2(B'=E 6"590/-"8*:, 2 0(2(<$,'(0/9 0( 0/"/90/9-
&*0<9 2=2*B*''=69 e6,9-9&*0<969 6(B*8@69 (/<"I(2, 6(G*/ $2*-
89&9/J B(85(2*&'(0/J e<0,8$"/"A99 9,(I2(89/ $,-"28@/J 090/*6"69 
2(B(0'"RG*'9@ -*'/"R*8J'=6 0,(0(R(6[1].  

PA*'<" 0(0/(@'9@ 2(B(,-(2(B'=E 6"590/-"8*: 9 0((/2*/0/2*'-
'( ,-9'@/9@ -*\*'9@ ,( 2(00/"'(28*'9T2(B(,-(2(B" 0(0/(9/ 9I 
'*0<(8J<9E e/",(2: 6(B*89-(2"'9* 2(B(,-(2(B"2 '"I*6'(6 9 ,(B-
I*6'(6 2"-9"'/"E ,-(<8"B<9;(A*'<" 0(0/(@'9:2(B(,-(2(B",-9 ,(-
6(S9 0-*B0/2 9I6*-9/*8J'(: /*E'9<9, 2 /(6 &908* B*N*</(0<(,9@ 
/-$R;9'/*-,-*/"A9@ 9I6*-*''=E ,(<"I"/*8*:, (,-*B*8@TS9E /*<$-
S** 0(0/(@'9* 2(B(,-(2(B"; e6,9-9&*0<(* 6(B*89-(2"'9* (/<"I(2 
2 -"0,-*B*89/*8J'=E 6"590/-"8J'=E 0*/@E 6"8(5( B9"6*/-
-";(,-*B*8*'9* 0-(<" 08$GR= 2(B(,-(2(B"; (A*'<" ,(08*B0/29: 
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"2"-9:'=E (/<"I(2; ,8"'9-(2"'9* I"/-"/ B8@ ,(8'(5( 0-(<" e<0,8$"-
/"A99 2(B(,-(2(B" (<(89&*0/2(, <"&*0/2(, '"B*G'(0/J, 9 /.B.). 

K(2-*6*''=: $-(2*'J -"I29/9@ 2=&9089/*8J'(: /*E'9<9 9 
0-*B0/2 02@I9 ,(I2(8@*/ ,*-*2*0/9 R(8J\9'0/2( (Rg*</(2 G989S-
'(-<(66$'"8J'(5( E(I@:0/2" '" "2/(6"/9&*0<9: -*G96 -"R(/= 0 ,-*-
B(0/"28*'9*6 2(I6(G'(0/9 B90/"'A9(''(5( 6('9/(-9'5" 9 $,-"28*-
'9@ 0*/JT (Rg*</(2 0 *B9'=E B90,*/&*-0<9E ,$'</(2.  

_-96*'*'9* $8J/-"I2$<(2(: /*E'(8(599 ,*-*B"&9 B"''=E B8@ 
$&*/" e'*-5(-*0$-0(2, ,(I2(8@*/ 9I6*-@/J ,"-"6*/-= 8TR=E 0-*B: 
G9B<(0/*:, 5"I(2 9 B"G* ,"-". WI6*-*'9* 9 ,*-*B"&$ B"''=E 6(G'( 
,-(2(B9/J, 90,(8JI$@ 59B-("<$0/9&*0<9: $8J/-"I2$<(2(: <"'"8 02@I9 
2 6"590/-"89 /-$R(,-(2(B" ,-9 /-"'0,(-/9-(2<* /*E 989 9'=E 
0-*B[2,3]. 

3<$0/9&*0<"@ 090/*6" 02@I9 (0'(2"'" '" (R6*'* "<$0/9&*0<969 
095'"8"69 6*GB$ 0/"A9('"-'=69 $I8"69 2 0*/9 &*-*I 2(B$, /*<$S$T 
2 2(B(,-(2(B*. K5*'*-9-(2"''=: "<$0/9&*0<9: 095'"8 ,-*B"*/0@ 
,*-*B"/&9<(6 2 2(B(,-(2(B 9 &*-*I 2(B'$T 0-*B$ ,*-*B"*/0@ ,-9-
*6'9<$ '" $B"8*''(6 -"00/(@'99 100…5006. 

Z( 2-*6@ -"0,-(0/-"'*'9@ ,( 2(B(,-(2(B$ "<$0/9&*0<"@ 2(8'" 
,(B2*-5"*/0@ 90<"G*'9@6, <(/(-=* 9I6*'@T/ ** N(-6$, "6,89/$B$, 
&"0/(/'=* 9 N"I(2=* E"-"</*-90/9<9 (-90.1). P0'(2'=69 6*E"'9I-
6"69 90<"G*'9@ "<$0/9&*0<(5( 095'"8" 2 2(B(,-(2(B* @28@T/0@ N(-
'(2=: \$6 9 B90,*-09@. Z=0(<9: $-(2*'J B90,*-099 9 I"/$E"'9@"-
<$0/9&*0<(5( 095'"8" 2 I"6<'$/(6 (Rg*6* 2(B(,-(2(B" 2=I2"', 
58"2'=6 (R-"I(6 /*6, &/( 095'"8= 2=0(<(: &"0/(/= (R-"I$T/ 6'(-
G*0/2( 6(B <(8*R"'9:, <(/(-=* ,(08*B(2"/*8J'( -"0,-(0/-"'@T/0@ 
2 2(B(,-(2(B* '" -"I89&'=E 0<(-(0/@E. H-(6* e/(5( $6*'J\"*/0@ 
$-(2*'J "<$0/9&*0<(5( 095'"8"2 2(B(,-(2(B*2=I2"''=: -*2*-R*-"-
A9*: 2(8' 2 /(&<"E -"I-=2", 0(*B9'*'9@ 9 9I59R"/-$R= [3].  

 

 

>90. 1. ](-6= -"0,-(0/-"'*'9@ "<$0/9&*0<(: 2(8'= 
 

>*\*'9* $-"2'*'9@ B8@ "<$0/9&*0<(5( B"28*'9@ 96**/ 29B [3]: 
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nm
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n
J

2R2
)x,,r(P  
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0

xx(
nm

ik
e)ncos(

−
θ×  (1) 

 
5B*  R  – -"B9$0 /-$R=; c/f2k π=  – 2(8'(2(* &908(; r  – -"00/(@'9* 

B( 90/(&'9<" 9I8$&*'9@; )60x;-"B174,0;R*1,0r( 000 ==θ= – <((-B9-

'"/= ,*-*B"/&9<"; )6500,6100x;-"B262,0;R*5,0r( ==θ= – <((-B9-

'"/= ,-9*6'9<"; )kr(
n

J – N$'<A9@ 7*00*8@; 1000=ρ <5/6w – ,8(/-

'(0/J 2(B=. WI (RS*5( -*\*'9@ 2=R9-"*6 /(8J<( /* -*\*'9@, <(/(-

-=* $B(28*/2(-@T/ 5-"'9&'=6 $08(29@6 0Rr)kr(
n

J
dr
d

)kr(
n

J === 9, 

2
nm

k2
0

k
nm

k −= $&9/=2"*/ /(8J<( /* I'"&*'9@ 
nm

k , <(/(-=* 

$B(28*/2(-@T/ $08(29T 
0

k
nm

k ≤ . K<(-(0/J -"0,-(0/-"'*'9@ I2$<" 

2 2(B* 1500=c 6/0, &"0/(/" "<$0/9&*0<(5( 095'"8" f =40<XA, 9 (,-*-

B*8@*6 '"9R(8J\9* B(,$0/96=* I'"&*'9@ nm
k : 

6
1

5,16750,1/402
0

k
)6"<0(nm

k ≈π== . 

M8@ /-$R= -"B9$0(6 R =0,0246 20* I'"&*'9@ R
nm

k  $B(28*/2(-

-@T/ R
nm

k <167,5*0,024=4,02 9 I"B"''=6 5-"'9&'=6 $08(29@6. U(-

B" 0 9'B*<0(6 (0,0) e/( ,8(0<"@ 2(8'" 0( 0<(-(0/JT -"0,-(0/-"'*'9@ 
I2$<" 2 2(B* 9 2(8'(2=6 &908(6 

0
k

00
k = . Z 0/"/J* -"006(/-*' 095-

'"8  )tf2cos()t(f Cπ= , Cf/4t0 << . 

>"006(/-96 -"0,-(0/-"'*'9* 96,$8J0" '" -"00/(@'9@E 
x=1006, 5006 (-90$'(< 2-4) B8@ -"I89&'=E 6(B. Z -"R(/* 90,(8JI(-
2"'" 9'/*-"</92'"@ 090/*6" B8@ 2=,(8'*'9@ 9'G*'*-'=E 9 '"$&'=E 
-"0&*/(2 Matlab 7.11.0.584. 

C"<96 (R-"I(6, 2 A989'B-9&*0<(6 ,-(B$</(,-(2(B* G*8"/*8J-
'( ,*-*B"2"/J 9'N(-6"A9T 0 ,(6(SJT (5(2(-*''(: 2=\* 2(8'= 0 
6(B(: (0,0). _-9 e/(6 08*B$*/ (R-"/9/J 2'96"'9* '" 08*B$TS**: 
'*(RE(B96( ,-96*'*'9* 0(58"0(2"''(5( N98J/-" B8@ 2=B*8*'9@ 
-*G96" -"0,-(0/-"'*'9@ (0,0) 9I ,-9'@/=E 96,$8J0(2; R(8J\"@ 
&"0/J e'*-599 96,$8J0" ,-9E(B9/0@ '" -"0,-(0/-"'*'9* 6'(59E 6(B, 
I'"&9/*8J'( (08"R8@@ 6(B$ (0,0). 
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")                                                            R) 
>90. 2. Z9B 96,$8J0" '" -"00/(@'99 1006("), 5006(R) B8@ 

6(B= (0,0) 
 

 

")                                                           R) 
>90. 3. Z9B 96,$8J0" '" -"00/(@'99 1006("), 5006(R) B8@ 

6(B= (0,1) 

 

")                                                          R) 
>90. 4. Z9B 96,$8J0" '" -"00/(@'99 1006("), 5006(R) B8@ 

6(B= (0,12) 
 

_(e/(6$ A*8*0((R-"I'(: -"I-"R(/"/J 969/"A9(''=* 6(B*89 
-"0,-(0/-"'*'9@ $8J/-"I2$<(2=E 2(8' 2 '*9B*"8J'(6 ,-(B$</(,-(-
2(B*, -"006(/-*/J -"I89&'=* 29B= 095'"8(2, 095'"8= 0 89'*:'(: 
&"0/(/'(: 6(B$8@A9*: 9 /.,., " /"<G* ,-(2*0/9 &908*''=: e<0,*-9-
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6*'/, 0-"2'92 ,(8$&*''=* -*I$8J/"/= 0 -*I$8J/"/"69 '"/$-'(5( 
e<0,*-96*'/". 

 
#DEFHJELHJ 

 
1. 3.3. K",-('(2, Z.3. h9R-(2. W0,(8JI(2"'9* ,J*I(e8*</-9&*-

0<9E ,-*(R-"I(2"/*8*: B8@ ,*-*B"&9 9'N(-6"A99 ( ,(/-*R8@*6=E 
2(B'=E -*0$-0"E / c'*-5(0R*-*G*'9* 9 2(B(,(B5(/(2<".  "$&'(-
/*E'9&*0<9: G$-'"8. – U.: WIB"/*8J0<9: B(6 «X-"'9A"», 2009. – k3 
– K.44-46 

2. Z.3. h9R-(2. Y8J/-"I2$<(2"@ /*E'(8(59@ 6('9/(-9'5" ,-(-
B$</(,-(2(B" // KR(-'9< '"$&'=E /-$B(2 SWorld. U"/*-9"8= 6*GB$-
'"-(B'(: '"$&'(-,-"</9&*0<(: <('N*-*'A99 «K(2-*6*''=* ,-(-
R8*6= 9 ,$/9 9E -*\*'9@ 2 '"$<*, /-"'0,(-/*, ,-(9I2(B0/2* 9 (R-"-
I(2"'99 2011». Z=,$0< 4. C(6 9. – PB*00": `*-'(6(-J*, 2011. – K. 
24-28 

3. K._. C"-"0(2, Z.3. h9R-(2. P-5"'9I"A9@ "<$0/9&*0<(5( <"'"-
8" ,*-*B"&9 B"''=E 2 ,-(B$</(,-(2(B* / WI2*0/9@ q]Y. C*E'9&*-
0<9* '"$<9. C*6"/9&*0<9: 2=,$0< «c<(8(59@ 2011 – 6(-* 9 &*8(2*<». 
– C"5"'-(5: WIB-2( CCW q]Y, 2011. - k9(122). – K. 54-56 

 
K2@IJ 0 "2/(-(6: m-milya@yandex.ru 
 
 
 

?.8. U1(>/1, O.C. c,>M,;/1, 2.?. O(I"(61 
 

6$R6$B 03$ B(--0@5(*A$0 -6("@#,6@(= 9 
5(6(/$A, 

 
386"/9'0<9: $'92*-09/*/ e'*-5*/9<9 9 02@I9 

5. 386"/=, H"I"E0/"' 
 

h"<('= 6*E"'9<9 ,(I2(8@T/ 0(IB"/J 6*E"'9&*0<$T ,*-*B"&$, 
0,(0(R'$T ,-92(B9/J ,*-*B"/(&'(* (/'(\*'9* 2 0((/2*/0/29* '"-
5-$I<* /(8J<( I" 0&*/ 02(:0/2 6*E"'9I6" R*I 90,(8JI(2"'9@ <"<(5(-
89R( $,-"28*'9@. M8@ 0"6(0/(@/*8J'(5( -*5$89-(2"'9@ ,*-*B"/(&-
'(5( (/'(\*'9@ 2 I"29096(0/9 (/ '"5-$I<9 ,*-*B"&" B(8G'" 0(B*--
G"/J I"6<'$/=: <('/$-, <(/(-=: '"<8"B=2"*/ B(,(8'9/*8J'$T B9N-
N*-*'A9"8J'$T 02@IJ '" B29G*'9* I2*'J*2 9 ,-*2-"S"*/ <9'*6"/9-
&*0<$T A*,J 2 6*E"'9I6. _-9 e/(6 6*E"'9I6 ,-9(R-*/"*/ 02(:0/2( 
"B",/"A99 < ,*-*6*''(: 2'*\'*: '"5-$I<*.  

M8@ 0"6(0/(@/*8J'(5( -*5$89-(2"'9@ ,*-*B"/(&'(5( (/'(\*-
'9@ 2 I"29096(0/9 (/ '"5-$I<9 ,*-*B"&" B(8G'" 96*/J B(,(8'9/*8J-
'$T 0/*,*'J 02(R(B=.  ( (,-*B*896(0/J <9'*6"/9&*0<(: A*,9 96*-
*/ 6*0/(, *089 &908( 2E(B'=E I2*'J*2 -"2'( &908$ 0/*,*'*: 02(R(-
B= [1]. 
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>"'** [2, 3, 4] '" (0'(2* ,-9'A9," 2(I6(G'=E -"R(/ R=8( ,(<"-
I"'(, &/( 2 &"0/'(6 08$&"* <9'*6"/9&*0<"@ A*,J 0 B2$6@ 0/*,*'@69 
02(R(B=, 96*TS"@ /(8J<( (B9' 2E(B, 6(G*/ R=/J (,-*B*896(:. C"-
<"@ ,*-*B"&" B(8G'" 0(B*-G"/J I"6<'$/=: <('/$-, <(/(-=: '"<8"-
B=2"*/ B(,(8'9/*8J'$T B9NN*-*'A9"8J'$T 02@IJ '" B29G*'9* 
I2*'J*2 9 ,-*2-"S"*/ <9'*6"/9&*0<$T A*,J 2 6*E"'9I6. _-9 e/(6 
6*E"'9I6 ,-9(R-*/"*/ 02(:0/2( "B",/"A99 < ,*-*6*''(: 2'*\'*: 
'"5-$I<*.  "89&9* eNN*</" 098(2(: "B",/"A99 R=8( ,(B/2*-GB*'( 
&908(2=69 ,-96*-"69, "'96"A9(''(: 6(B*8JT, (,=/'=69 (R-"I-
A"69.  

 
C*(-*6". _(B29G'=: &*/=-*EI2*''=: I"6<'$/=: <('/$- '"E(-

B9/0@ 2 -"2'(2*099, *089 "</92'=* 098= ,-98(G*'= < '*06*G'=6 
I2*'J@6 <('/$-" 

`*/=-*EI2*''=: I"6<'$/=: <('/$- C, E, G, D , '" <(/(-=: B*:0/-
2$T/ "</92'=* 098=, '"E(B9/0@ 2 0/-$</$-* <9'*6"/9&*0<(: A*,9 0 
B2$6@ 0/*,*'@69 02(R(B= (-90. 1). H9'*6"/9&*0<"@ A*,J 0(B*-G9/ 
0/(:<$ 0, (B'( 2E(B'(* I2*'( 1, I"6<'$/=: &*/=-*EI2*''=: <('/$- 2-
3-4-5 9 2=E(B'(* I2*'( 6. Z'*\'9* ,-(9I2(8J'=* 098= B*:0/2$T/ '" 
<('/$-: 2E(B'"@ B29G$S"@ 098" 1F , ,*-*B"2"*6"@ 0( 0/(-('= 2E(B-

'(5( I2*'" 1 2 /(&<* B, 9 2=E(B'"@ 098" 0(,-(/928*'9@ 6R , ,*-*B"-

2"*6"@ 0( 0/(-('= 2=E(B'(5( I2*'" 6 2 /(&<* K . Z'*\'9* ,*-*6*-
S*'9@ <('/$-" B Ks , s  /(&*< B  9 K  0((/2*/0/2$T/ 2'*\'96 098"6 

<('/$-". _"0092'=6 (2'$/-*''96) 098"6 2 /(&<"E C, E,D, G , -*"<A9@6 

32 35 42 45R ,R ,R ,R , 0((/2*/0/2$T/ 2'$/-*''9* ,*-*6*S*'9@ <('/$-", 

,*-*6*S*'9@ C E D Gs , s , s , s  /(&*< C, E,D, G . 

 
>90. 1. _(B29G'=: &*/=-*EI2*''=: I"6<'$/=: <('/$- 2 

0/-$</$-* <9'*6"/9&*0<(: A*,9 
 

P/6*/96 ,-*B2"-9/*8J'(, &/( ,(B29G'=: &*/=-*EI2*''=: 
I"6<'$/=: <('/$- 6(G*/ '"E(B9/J0@ 2 0/-$</$-* <9'*6"/9&*0<(: A*-
,9 0 B2$6@ 0/*,*'@69 02(R(B= /(8J<( ,-9 '"89&99 2 '*: (B'(5( 2E(-

B
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B". -  " 2E(B'(6 I2*'* 1 B29G$S"@ 098" 0(2,"B"*/ ,( '",-"28*'9T 
0 2E(B'=6 ,*-*6*S*'9*6. K8*B(2"/*8J'(, I2*'( 6 A*,9 B(8G'( 
96*/J 098$, '",-"28*''$T ,-(/92(,(8(G'( ,*-*6*S*'9T, /( *0/J 
R=/J 2=E(B'=6 I2*'(6. W'"&* B8@ I"6<'$/(5( <('/$-" 2-3-4-5 '* 
R$B*/ 2=,(8'@/J0@ -"2*'0/2( '$8T -"R(/ 2'*\'9E 098. 

M8@ B(<"I"/*8J0/2" /*(-*6= 2=-"I96 2'$/-*''9* 098= <('/$-
-" &*-*I 2'*\'9* 098=. 

C"< <"< I2*'J@ 2 9 5 <('/$-", < <(/(-=6 ,-98(G*'= "</92'=* 
098=,  '* @28@T/0@ 06*G'=69, /( B8@ <"GB(5( 9I e/9E I2*'J*2 2'$/-
-*''9* 098= 32 35 42 45R ,R ,R ,R  2=-"G"T/0@ &*-*I "</92'=* 098= 1F  9 

6R  0 ,(6(SJT $08(29: 0/"/9<9.  

`/(R= I"6<'$/=: <('/$- '"E(B980@ 2 -"2'(2*099, '*(RE(B96(, 
&/(R= $08(29@ -"2'(2*09@ 0(R8TB"890J 9 B8@ 2'*\'9E 098 9 B8@ 
2'$/-*''9E 098. 

_-9 ,-(9I2(8J'=E 2'*\'9E 098"E 2'$/-*''9* 098= (/B*8J'( 
'" I2*'* 3 9 '" I2*'* 4 '* R$B$/ 0((/2*/0/2(2"/J $08(29@6 0/"/9<9. 
PB'"<( 2 I"6<'$/(6 <('/$-* ,-9 B29G*'99 *5( I2*'J*2 ,-(90E(B9/ 
2I"96(B*:0/29* -"R(/ 098. 

K(0/"296 B8@ '*06*G'=E I2*'J*2 2 9 5 $08(29@ -"2'(2*09@ ,( 
,-9'A9,$ 2(I6(G'=E -"R(/.  

M8@ I2*'" 2 
 

1 32 42B C DFs R s R s= + . (1) 

 
M8@ I2*'" 5 
 

6 35 45K E GR s R s R s= + . (2) 

 
K8(G96 $-"2'*'9@ (1) 9 (2), ,(8$&96 
 

1 6 32 42 35 45B K C D E GFs R s R s R s R s R s+ = + + + . (3) 

 
hB*0J 2'$/-*''9* 098=, B*:0/2$TS9* 2( 20*E /(&<"E <('/$-", 

2=-"G*'= &*-*I "</92'=* 098=. Z'$/-*''9* ,*-*6*S*'9@ 6(5$/ 
R=/J (,-*B*8*'= &*-*I 2'*\'9* ,*-*6*S*'9@. 

O*2"@ &"0/J $-"2'*'9@ (3) ,-*B0/"28@*/ 0(R(: 0$66$ -"R(/ 
2'*\'9E 098 <('/$-". _-9 '"89&99 -"2'(2*09@ B8@ 2'*\'9E 098 0(-
58"0'( ,-9'A9,$ 2(I6(G'=E -"R(/ B8@ <('/$-" (989 B8@ 20*: A*,9) 

 

1 6 0B KFs R s+ = . (4) 

 
M8@ 2=,(8'*'9@ -"2'(2*09@ $-"2'*'9* (4) B(8G'( 0(B*-G"/J 

(B9' '*9I2*0/'=: ,"-"6*/-. a089 ,-9'@/J, &/( I"B"''=69 ,"-"6*/-
-"69 @28@T/0@ 098" 0(,-(/928*'9@ 6R  9 2E(B'"@ (R(RS*''"@ <((--
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B9'"/" Bs , /( 2 $-"2'*'99 (4) 8(59&'( ,-9'@/J 2 <"&*0/2* '*9I2*0/-

'(5( ,"-"6*/-" '* 2E(B'$T "</92'$T 098$ 1F , " 2'*\'** ,*-*6*S*-

'9* Ks . 

_-"2"@ &"0/J $-"2'*'9@ (3) ,-*B0/"28@*/ 0(R(: 0$66$ -"R(/ 
2'$/-*''9E 098 <('/$-". _(0<(8J<$ 2 ,-"2(: &"0/9 $-"2'*'9@ 2'$/-
-*''9* 098= (,-*B*8*'= &*-*I 9I2*0/'=* 2'*\'9* 098=, 2'$/-*'-
'9* ,*-*6*S*'9@ (,-*B*8*'= &*-*I 2'*\'9* ,*-*6*S*'9@, /( 0(-
R8TB*'9* $08(29@ (4) ,-92*B*/ /"<G* < 0(R8TB*'9T -"2*'0/2" '$8T 
-"R(/ 2'$/-*''9E 098 '" 2(I6(G'=E 2'$/-*''9E ,*-*6*S*'9@E 

 

32 42 35 45 0C D E GR s R s R s R s+ + + = . (5) 

 
c/( (I'"&"*/, &/( $08(29* -"2'(2*09@ (4) B8@ 2'*\'9E ,"-"-

6*/-(2 <('/$-" (R*0,*&92"*/ /"<G* 2=,(8'*'9* $08(29@ -"2'(2*09@ 
(5) B8@ 2'$/-*''9E ,"-"6*/-(2 <('/$-". 

C"< <"< 96**/ 6*0/( -"2'(2*09* 2'*\'9E 9 2'$/-*''9E 098 
B*:0/2$TS9E '" <('/$-, /( ,(B29G'=: &*/=-*EI2*''=: I"6<'$/=: 
<('/$- '"E(B9/0@ 2 -"2'(2*099, *089 "</92'=* 098= ,-98(G*'= < 
'*06*G'=6 I2*'J@6 <('/$-", &/( 9 /-*R(2"8(0J B(<"I"/J. 

 
32/(6"/9&*0<"@ <(-(R<" ,*-*B"& 2 29B* R*00/$,*'&"/(: I$R&"-

/(: ,*-*B"&9 
7*00/$,*'&"/"@ "B",/92'"@ I$R&"/"@ ,*-*B"&" (-90. 3) 0(B*--

G9/ 2E(B'(* 2(B98( 1H , 2=E(B'(* 2(B98( 2H 9 &*/=-*EI2*''=: 

I"6<'$/=: <('/$-, 0(B*-G"S9: R8(< 0(8'*&'=E <(8*0 1 – 4, 0"/*889/ 
2, R8(< <(8JA*2=E <(8*0 3 – 6 9 0"/*889/ 5.  

ZI"96(02@IJ ,"-"6*/-(2 ,*-*B"&9 ,( "'"8(599 0 -"'** ,-92*-
B*''=69 2=-"G*'9@69 96**/ 29B 

 

2 1 1 2H H H HM / Mω = ω . (5) 

 
](-6$8" (5) (/-"G"*/ eNN*</ 098(2(: "B",/"A99: ,-9 I"B"'-

'(: ,(0/(@''(: 2E(B'(: 6(S'(0/9 0 ,"-"6*/-"69 1 1H HM , ω  2=E(B'"@ 

$58(2"@ 0<(-(0/J (R-"/'( ,-(,(-A9('"8J'" I"B"''(6$ ,*-*6*''(6$ 
6(6*'/$ 0(,-(/928*'9@ 2HM . 

c/" ,*-*B"&" 6(G*/ R=/J 90,(8JI(2"'" <"< I$R&"/"@ R*00/$-
,*'&"/"@ "2/(6"/9&*0<"@ <(-(R<" ,*-*B"& "2/(6(R98@, '* /-*R$T-
S"@ '9<"<(5( $,-"28*'9@.  "89&9* I$R&"/=E <(8*0 0 ,(0/(@''=6 
I"A*,8*'9*6 0$S*0/2*''( $,-(S"*/ <('0/-$<A9T. 
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>90. 3. h$R&"/"@ "B",/92'"@ ,*-*B"&" 

 
h"<8T&*'9* 
H9'*6"/9&*0<"@ A*,J 0 B2$6@ 0/*,*'@69 02(R(B= 9 ,(B29G'=6 

I"6<'$/=6 <('/$-(6 ,-9'@/(: <('N95$-"A99 ,-9 '"89&99 (B'(: 
(R(RS*''(: <((-B9'"/= @28@*/0@ 0/"/9&*0<9 (,-*B*896(: 9 96**/ 
,-9'A9,9"8J'( '(2=* 02(:0/2": -"2'(2*09* -"R(/ 2'*\'9E 9 2'$/-
-*''9E 098 <('/$-", 098(2"@ "B",/"A9@. K98(2"@ "B",/"A9@ 96**/ 
(5-(6'(* ,-"</9&*0<(* I'"&*'9*. P'" ,(I2(8@*/ 0(IB"2"/J "B",/92-
'=* ,-92(B= 6"\9' 0 ,*-*6*''=6 ,*-*B"/(&'=6 (/'(\*'9*6, I"-
290@S96 (/ /*E'(8(59&*0<(5( 0(,-(/928*'9@. 32/(6"/9&*0<"@ <(-
-(R<" ,*-*B"& 2 29B* R*00/$,*'&"/(: I$R&"/(: ,*-*B"&9 (R*0,*&9-
2"*/ 9B*"8J'$T /@5(2$T E"-"</*-90/9<$ "2/(6(R98@ 9 (/89&"*/0@ 
&-*I2=&":'(: ,-(0/(/(:. 

 
#DEFHJELHJ 
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3.  Ivanov K.S. Discovery of the Force Adaptation Effect. // Proceed-
ings of the 11th World Congress in Mechanism and Machine Science. V. 
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K2@IJ0"2/(-(6: beibit_tumen@mail.ru 
 

 
 

 .A. U.(>M$I/1, ].E. d,IW@,>, A.8. E$N(e(&/1 
 

36@0,#S*8( 3 #(B$*,? & 06$*-=,--,, 
$&0 = B,#? 

 
WG*20<9: 5(0$B"-0/2*''=: /*E'9&*0<9:  
$'92*-09/*/ 96. U.C. H"8"\'9<(2" 

5. WG*20<, >(009@ 
 

H-$/98J'=* <(8*R"'9@ 2 2"8"E /-"'069009(''=E 090/*6 2(I'9-
<"T/ (/ '*-"2'(6*-'(0/9 ,*-9(B9&*0<(5( 6(6*'/", <"< B29G$S9E 
098,/"< 9 098 0(,-(/928*'9@. PB'96 9I (0'(2'=E 90/(&'9<(2 2(I6$-
S*'9:,,-92(B@S9E < 2(I'9<'(2*'9T <-$/98J'=E <(8*R"'9: e8*6*'-
/(2 /-"'0690099, @28@*/0@ B295"/*8J 2'$/-*''*5( 05(-"'9@. M-$596 
90/(&'9<(6 2(I6$S*'9: @28@*/0@ B(-(G'(* ,(<-=/9*._-9 0(2,"B*-
'99 &"0/(/= 02(R(B'=E <-$/98J'=E <(8*R"'9: 090/*6= 0 &"0/(/(: 
,*-9(B9&*0<(5( <-$/@S*5(6(6*'/" 2(I'9<"T/ -*I('"'0'=* <(8*R"-
'9@. Z e/(608$&"* -"R(/" 098(2(5( "5-*5"/" 9 20*: /-"'0690099 2 
A*8(6 '*0,(<(:'":$09892"*/0@ \$6 9 6*'@*/0@ *5( E"-"</*-, ,(@2-
8@*/0@ /-@0<" 2 /-"'069009(''(: 090/*6* [1]. 

 *-"2'(6*-'(0/J <-$/@S*5( 6(6*'/" 2=I=2"*/ '*-"2'(6*--
'(0/J 9I6*'*'9@ $58(2(: 0<(-(0/9 2-"S*'9@ 2"8", /.*. /( $0<(-*'9*, 
/( I"6*B8*'9* 2-"S*'9@. C"< <"< 2"8 (R8"B"*/ $,-$5(0/JT 9'" '*6 
-"I6*S"T/0@ 6"00=, /( 2 <"GB(6 0*&*'99 2"8" R$B*/ 02(@ 0/*,*'J 
'*-"2'(6*-'(0/9. c/( (Rg@0'@*/0@ /*6, &/( 6"00= 2 (B9'"<(2=: 
,-(6*G$/(< 2-*6*'9 ,-(E(B@/ -"I'=* $58= 9, 08*B(2"/*8J'(, B29-
G$/0@ 0 -"I'=69 0<(-(0/@69. _(08*B'** 0(IB"*/ ,*-*6*''=* I"-
<-$/<9 2 0*&*'9@E 2"8", &/( (,-*B*8@*/ *5( ,-(&'(0/J. K8*B(2"-
/*8J'(, I'"<(,*-*6*''=* <-$/@S9* 6(6*'/= 2=I=2"T/2 2"8"E 
/-"'069009: I'"<(,*-*6*''=* '",-@G*'9@. _(08*B'9* 6(5$/ 0/"/J 
R(8J\969 9 ,-*2=09/J ,-*B*8 2='(0892(0/9, &/( ,-92*B*/ < $0/"-
8(0/9 6"/*-9"8" 2"8" 9 *5( -"I-$\*'9T [1]. 

K(58"0'( [2] B9'"69&*0<9* ,-(A*00= 2 /-"'0690099 "2/(6(R9-
8@ A*8*0((R-"I'( -"IB*89/J '" B2" 29B": ,-(A*00=, 2(I'9<"TS9* 
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,-9 '*$0/"'(292\*60@ -*G96* B29G*'9@ "2/(6(R98@ (,-9 2<8T&*-
'99 9 2=<8T&*'99 6$N/= 0A*,8*'9@, ,-9 ,*-*<8T&*'99 ,*-*B"&), 9 
,-(A*00=, 2(I'9<"TS9* ,-9 $0/"'(292\*60@ -*G96* B29G*'9@ "2-
/(6(R98@, /.*. ,-9 ,(0/(@''(: 0<(-(0/9 *5( B29G*'9@. H B9'"69&*-
0<96 ,-(A*00"6, 2(I'9<"TS96 2 /-"'0690099 "2/(6(R98@ ,-9 $0/"-
'(292\*60@ -*G96* *5( B29G*'9@, 08*B$*/ (/'*0/9 -*I('"'0'=* 
-*G96= -"R(/= 090/*6= «B295"/*8J-/-"'069009@». Z e/(6 08$&"* 
B295"/*8J "2/(6(R98@ @28@*/0@ 90/(&'9<(6 2'*\'*: 2(I6$S"TS*: 
098= ,( (/'(\*'9T < /-"'0690099. 

_-9 9008*B(2"'99 <-$/98J'=E <(8*R"'9: /-"'0690099 "2/(6(-
R98@ '*(RE(B96( 2=@29/J -*I('"'0'=* -*G96= 9 9I$&9/J ,*-*E(B-
'=* ,-(A*00=, 2(I'9<"TS9* ,-9 2<8T&*'99 0A*,8*'9@ 2 6(6*'/ 
/-(5"'9@ "2/(6(R98@ 0 6*0/" 9 ,-9 ,*-*<8T&*'99 ,*-*B"&. H-(6* 
/(5( 9I$&*'9* 289@'9@ <('0/-$</92'=E ,"-"6*/-(2 '" 2(I'9<'(2*'9* 
2 /-"'0690099 <-$/98J'=E <(8*R"'9: ('",-96*-, B*6,N*-" 2 0A*,-
8*'99, -*I9'(2=E 6$N/ '" <"-B"''=E 2"8"E 9 /.B. '" "6,89/$B= 9 
&"0/(/= <-$/98J'=E <(8*R"'9:) @28@*/0@ '* 6*'** 2"G'=6. 

M8@ /-"'0690099 "2/(6(R98@ '"9R(8** (,"0'= (B'(-, B2$E-, 
/-*E- 9 &*/=-*E$I8(2=* N(-6= <-$/98J'=E <(8*R"'9:. _-9 9I$&*'99 
(B'($I8(2(: N(-6= <(8*R"'9: 9I6*-*'9@ ,-(2(B@/ '" 8TR(6 9I 
2"8(2 /-"'0690099 "2/(6(R98@, /"< <"< e/" N(-6" <(8*R"'9: 2(I'9-
<"*/ ,(&/9 0 (B9'"<(2(: 9'/*'092'(0/JT '" 20*E 2"8"E ,-9 2<8T&*-
'99 8TR(: ,*-*B"&9. M8@ 9I$&*'9@ /-*E$I8(2(: N(-6= <(8*R"'9: 
/(&<9 B8@ 9I6*-*'9@ 2=R9-"T/ '" ,*-29&'(6 2"8$ <(-(R<9 ,*-*B"& 
(e/9 <(8*R"'9@ 6*'** 9'/*'092'= '" <"-B"''(6 2"8$ 9 ,(&/9 '*I"-
6*/'= '" ,(8$(0@E). _-9 9I$&*'99 &*/=-*E$I8(2(: N(-6= <(8*R"-
'9: 9I6*-*'9@ ,-(2(B@/ '" <"-B"''(6 2"8$, '" ,*-29&'(6 2"8$ <(-
-(R<9 ,*-*B"&, 9 (0(R*''( '" ,(8$(0@E, e/" N(-6" <(8*R"'9: ,-"<-
/9&*0<9 '*I"6*/'". M2$E$I8(2"@ N(-6" <-$/98J'=E <(8*R"'9: B8@ 
/-"'0690099 "2/(6(R98@ '* (,"0'", ('" eNN*</92'( 5"09/0@ /-*'9-
*6 2 \9'"E 2*B$S9E <(8*0 [3]. 

 "9R(8** -"0,-(0/-"'*''=69 0,(0(R"69 0'9G*'9@ B9'"69&*-
0<9E '"5-$I(< '" e8*6*'/= B295"/*8@ 2'$/-*''*5( 05(-"'9@ 9 /-"'0-
690099 ,-9 <-$/98J'=E <(8*R"'9@E, 2 /(6 &908* ,-9 -*I('"'0'=E 
-*G96"E @28@T/0@: 

- 9I6*'*'9* G*0/<(0/9 e8*6*'/(2 090/*6=«B295"/*8J-
/-"'069009@»;  

- 9I6*'*'9* ,(-@B<" I"G95"'9@ 2 A989'B-"E;  
- 22*B*'9* B9'"69&*0<9E 5"09/*8*: <(8*R"'9:, '"0/-(*''=E '" 

&"0/(/$ (,-*B*8*''(: N(-6=;  
- $0/"'(2<" '" <(8*R8TS$T0@ 090/*6$ B*6,N*-(2 -"I89&'(5( 

/9," 9 "'/929R-"/(-(2. 
_(2=\*'9* '"B*G'(0/9, B(85(2*&'(0/9 9 0'9G*'9* \$6" B29-

5"/*8*: 2'$/-*''*5( 05(-"'9@ 9 /-"'069009:  "2/(6(R98*: 20*5B" 
@28@8(0J "</$"8J'(: I"B"&*:. H"< (<"I"8(0J, (B'96 9I (0'(2'=E 
N"</(-(2, 289@TS9E '" '"B*G'(0/J 9 -*0$-0 -"R(/= B295"/*8@ 
2'$/-*''*5( 05(-"'9@ 9 /-"'0690099, @28@T/0@ B9'"69&*0<9* '"-
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5-$I<9 ,-9 <-$/98J'=E <(8*R"'9@E, (0(R*''( '" -*I('"'0'=E -*G9-
6"E. C"<96 (R-"I(6, ,-9 0(IB"'99 0(2-*6*''(5( "2/(6(R98@ 2(I'9-
<"*/ '*(RE(B96(0/J ,-(2*-<9 08(G'(: <(8*R"/*8J'(: 090/*6= '" 
2(I6(G'(0/J -"I29/9@ <-$/98J'=E <(8*R"'9: 2 B9","I('* 2(I6(G-
'=E 0<(-(0/'=E 9 '"5-$I(&'=E -*G96(2 -"R(/= 9 2 0((/2*/0/2$TS9E 
08$&"@E ,-9'@/9@ 6*- ,( 9E 5"\*'9T. 

 
#DEFHJELHJ 

 
1. U"08(2 X.K. >"0&*/= <(8*R"'9: 2"8(2. K,-"2(&'(* ,(0(R9*. 

– U.: «U"\9'(0/-(*'9*», 1968. – K. 11.  
2. K/*N"'(29& q.X., O$'*2 W.K. W008*B(2"'9* ,-(A*00(2 B9-

'"69<9 '"5-$G*'9@ /-"'0690099 "2/(6(R98@// M9'"69<" 6"\9': 
KR(-'9< 0/"/*:. – U.: X(0$B"-0/2*''(* '"$&'(-/*E'9&*0<(* 9IB"-
/*8J0/2( 6"\9'(0/-(9/*8J'(: 89/*-"/$-=, 1963. - K. 248-249.  

3. W0,=/"'9@ "2/(6(R98*:/ Z.7. u96R"89', Z. . H-"2*A, K.U. 
H$B-@2A*2, W. . Y0,*'0<9:, Z.W. _*0<(2. – U.: «U"\9'(0/-(*'9*», 
1978. – K. 108-109.   

 
K2@IJ 0 "2/(-(6: rocky1990@mail.ru 
 
 
 

].G. U>Lf@,>, 8. . X&.(@/1,  .2. C,J/1, 
`(I.A. 2,IW1(>/1(, U.G. ?/&/"@/1(, \. . 4(&(./>/1, 

?.G. 86#$>/1, `I.A. 2,IW1(>/1( 
 

* &$? 3 *-06@34,?  -$/,0(#S*8; Q#(306 / & 
Q#(306 4,3# *$ /#? -*,P(*,? &0 6,A* "  

@* -$ 
 

Y-"8J0<9: N*B*-"8J'=: $'92*-09/*/ 96. 7. . a8JA9'" 
5. a<"/*-9'R$-5, >(009@ 

 
c8*</-(A9<8('= – ",,"-"/= B8@ (&90/<9 5"I(2 (/ /2*-B=E 9 

G9B<9E &"0/9A. _-9'A9, -"R(/= – (0"GB*'9* &"0/9A "e-(I(8@ 9I 
5"I" 0(&*/"'9*6 A*'/-(R*G'(: 9 <$8('(20<(: 098. Z -@B* ,$R89<"-
A9: [1, 2] ,(<"I"'" 2=0(<"@ eNN*</92'(0/J e8*</-(A9<8('" cuZ B8@ 
(&90/<9 5"I(2 (/ I(8= CcK. Z (R8"0/9 -"R(&9E 0<(-(0/*: B( 17 6/0 
'" 2E(B* 2 ",,"-"/ 0/*,*'J (&90/<9 B(0/95"*/ 99,9%, ,-9 $2*89&*'99 
0<(-(0/9 B( 25 6/0 0/*,*'J (&90/<9 0'9G"*/0@ B( 98-99% 9 2(I-"0/"-
*/ 2/(-9&'=: $'(0, &/( (/-"G*'( 2 -"R(/* [1]. 

Z/(-9&'=: $'(0, /.*. @28*'9* (/-=2" (/ (0"B9/*8J'(5( e8*<-
/-(B" 5"I(2=6 ,(/(<(6 &"0/9A 9 I",=8*'9* 969 (&9S*''(5( 5"I", 
0$S*0/2*''( 289@*/ '" 0/*,*'J (&90/<9 e8*</-(A9<8('". M8@ 
$6*'J\*'9@ 2/(-9&'(5( $'(0" R=8" ,-*B,-9'@/" ,(,=/<" $0/"'(2<9 
6*/"889&*0<9E '"0"B(< 2 N(-6* <"-6"'(2 '" 2'*\'*6 (0"B9/*8J-
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'(6 e8*</-(B* e8*</-(A9<8('" cuZ. u*8J '(2(: <('0/-$<A99 – 
$6*'J\9/J 2/(-9&'=: $'(0. 

c8*</-(A9<8(' 0 '"0"B<(: 0E*6"/9&*0<9 9I(R-"G*''=: '" -9-
0$'<* 1, 0(0/(9/ 9I <(-,$0" 1, A*'/-"8J'(5( (0"B9/*8J'(5( e8*</-(-
B" 2, 090/*6= <(-('9-$TS9E e8*</-(B(2 3, <"-6"''(: '"0"B<9 4. 

7=89 ,-(2*B*'= e<0,*-96*'/= B8@ (A*'<9 0/*,*'9 (&90/<9 ",-
,"-"/" 9 A*8*0((R-"I'(0/9 B"8J'*:\*: -"I-"R(/<9 B-$59E <('0/-
-$<A9: '"0"B(<. P,=/'=: (R-"I*A – I(8" H-"0'(5(-0<(: CcK 0 d50 = 
40 6<6. cNN*</92'(0/J (&90/<9 ",,"-"/" 0 '"0"B<(: ,-9 2E(B'(: 
0<(-(0/9 5"I" 24 6/0 0(0/"28@*/ 99,4-99,5%, &/( 2=\* ,-9 -*G96* 
R*I '"0"B<9. H('0/-$<A9@ '"0"B<9 – <"-6"' 5E5 66 B89'(: 1200 66 
,-9 B9"6*/-* e8*</-(A9<8('" 206 66. >"0,(8(G*'9* <"-6"'" – ,( 
E(B$ 5"I(2(5( ,(/(<". 

Z I"<8T&*'9* 6(G'( 0<"I"/J, &/( -*I$8J/"/= (A*'(&'=E (,=-
/(2 B"T/ (0'(2"'9* B8@ B"8J'*:\*: -"R(/= ,( -"I-"R(/<* '(2=E 
<('0/-$<A9: '"0"B(<. 

 

 

 

>90. 1. KE*6" e8*</-(A9<8('" cuZ 0 '"0"B<(: 
  




























































































































































































