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 !" 541.182.023.4+ 535-34 

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

!.). *'+,-%$, 2... 3&%45'$, ..(. *'+,-%$* 

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

333 «456374- !"#/!8-!)"($&/-!9» 

!6378 !.97:;97 7< =(3>7?/7@== = 6;7 

=?@79AB7 .(=6 892 7C6(/= /7997=8(7< 

:?37<D= 7?3= 8636>;6(3(7-8=?@6>;=>:EF=* 

@>=?.87/   !.?92(7< ?>686 

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

-",34)'-. 1 %$,!/&- (!,56 30,%1 - /%"*!'! ()&%*-2! %7)'2- 2%,,%-

-*'%8 3/&%84-1%/&- +#-/!*%2 1 (!/,.'%8 /#)*). 

#$%&'(%)*+(% ,%+%$-./ ,0*12 3$1)4*,0+$&(01+ &*3%25'%(0-&1 

)1+1$61-+-%-)&*31$6&$478&/ 3$&*0)%9, 3$1)*+0(2:78&/ *%;%< 9%2-

2%&)-.1 )&*31$*&& 90$;%-0+%( ,1+022%(, 620(-., %;$0'%, 9025=&: 

& ,06-&: [1, 2]. >0*+&=. 90$;%-0+%( *+0;&2&'&$%(0-. ( ,0*2:-%< *$1)1 

3%(1$/-%*+-%-09+&(-.,& (181*+(0,&: -1?+:-.,&, *&-+1+&@1*9&,& 

*425?%-0+0,&, 029&2*02&=&20+0,&, 029&2?1-%2:+0,& & -0/%):+*: ( -1< 

( (&)1 ,&=122, $0',1$. 9%+%$./ -1 3$1(.A07+ 10 -, & -0&;%211 @0*+% 

*%%+(1+*+(47+ 2–5 -, [2–4]. B /%$%A% *+0;&2&'&$%(0--%, *%*+%:-&& 

,&=122. ,%64+ -0/%)&+5*: ( ,0*2:-%< *$1)1 3$09+&@1*9& -1%6$0-&-

@1--%1 ($1,:. C)-09% 3$09+&90 $0;%+. * $:)%, )1+1$61-+-%-

)&*31$6&$478&/ 3$&*0)%9 3%90'.(01+, @+% +090: *&+40=&: $102&'41+*: 

)0219% -1 (*16)0 & ((1)1-&1 3$&*0)%9 ( ,0*2:-.1 *$1). 3$&(%)&+ 9 -1-

9%-+$%2&$41,., 3$%=1**0,, *(:'0--., * $%*+%, $0',1$%( @0*+&= 

& 3%*21)4781,4 (.30)1-&7 %*0)90. 

B *(:'& * D+&, -1%;/%)&,., *+0-%(&+*: %*481*+(21-&1 D9*-

3$1**-%6% 9%-+$%2: '0 &',1-1-&1, *%*+%:-&: +09%6% $%)0 *&*+1,. C)-

-&, &' -0&;%211 D??19+&(-./ ,1+%)%(, * 3%,%857 9%+%$%6% ,%E-% 

%*481*+(2:+5 -0;27)1-&1 '0 &',1-1-&1, $0',1$%( ,02./ @0*+&=, :(2:-

1+*: ,02%462%(%1 $0**1:-&1 $1-+61-%(*9&/ 24@1< [5]. B +$0)&=&%--%, 

(0$&0-+1 490'0--.< ,1+%) 3$1)4*,0+$&(01+ &*3%25'%(0-&1 %3$1)121--
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-./ */1, 9%22&,0=&& 34@90 $1-+61-%(*9&/ 24@1< & (%',%E-%*+5 ?&9-

*0=&& $0**1:--%6% &'24@1-&:, -0@&-0: * 462%( 0,1–0,3  [5]. #$& D+%, 

*481*+(1--% *-&E01+*: (1$/-:: 6$0-&=0 ?&9*&$41,./ $0',1$%( @0*-

+&=, 9%+%$0: *%*+0(2:1+ 75 -, & ,1-11 [6].  90'0--.1 %6$0-&@1-&: 

( '-0@&+125-%< ,1$1 ,%64+ ;.+5 *-:+., 1*2& $102&'%(0+5 ,1+%) &',1-

$1-&:, %*-%(0--.< -0 (.)121-&& $0**1:--%6% $1-+61-%(*9%6% &'24@1-

-&: ( %;20*+& 3$:,%6% 34@90. F,1--% $1A1-&7 +09%< '0)0@&, *(:'0--

-%< * (%',%E-%*+57 $0*A&$1-&: (1$/-16% 3$1)120 %;-0$4E1-&: @0*-

+&= & 3%*21)47816% &*3%25'%(0-&: )2: %=1-9& 9%22%&)-%< 

4*+%<@&(%*+& *&*+1, ,0*2%–3$&*0)9&, 3%*(:81-0 -0*+%:80: $0;%+0. 

B *%%+(1+*+(&& * +1%$&1< *(1+%$0**1:-&: G&?$&-0 )2: @0*+&= 

* D219+$&@1*9&, *(%<*+(0,&, ,02% %+92%-:78&,&*: %+ *(%<*+( %9$4-

E0781< *$1)., &-)&90+$&**0 $0**1:-&: 3% 31$(%,4 3$&;2&E1-&7 )2: 

A0$0 &,11+ (&) [7] 
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6)1 I – &-+1-*&(-%*+5 *(1+0, $0**1:--%6% @0*+&=1< 3%) 462%, * 9 30-

)0781,4 34@94; 

Io – &-+1-*&(-%*+5 30)07816% *(1+0; 

, – )2&-0 (%2-. *(1+%(%6% &*+%@-&90; 

r – $0**+%:-&1 %+ $0**1&(0781< @0*+&=. )% +%@9& -0;27)1-&:; 

|.| – 30$0,1+$, /0$09+1$&'478&< %+92%-1-&1 *(%<*+( @0*+&=. %+ 

*(%<*+( *$1).; 

+ – %;H1, @0*+&=.; 

* – 46%2 ,1E)4 30)078&, & $0**1:--., *(1+%,; 

f(q) – ?4-9=&:, '0(&*:80: %+ q. 

F-)&90+$&**0 $0**1:-&: *%620*-% 4$0(-1-&7 (1) %+2&@01+*: %+ 

$1211(*9%< -02&@&1, ?4-9=&& f 
2
(q). B *(%7 %@1$1)5 f(q) & q %3$1)12:-

7+*: 3% ?%$,420, 
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6)1 ! – $0)&4* @0*+&=., $0**1&(0781< *(1+%(%1 &'24@1-&1. 
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#0$0,1+$ |.| ,%E1+ ;.+5 %3$1)121- 3% '0(&*&,%*+& 
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6)1 m – %+-%A1-&1 3%90'0+12: 3$12%,21-&: @0*+&=. 9 3%90'0+127 3$1-

2%,21-&: *$1).. 

!2: )&*31$*&<, *%*+%:8&/ &' *?1$&@1*9&/ @0*+&= $0'2&@-%6% 

$0',1$0, &-)&90+$&**0 $0**1:-&: 3$&,1-&+125-% 9 $1-+61-%(*9%,4 &'-

24@1-&7 ,%E1+ ;.+5 '03&*0-0 ( (&)1 
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6)1 12I – &-+1-*&(-%*+5 $1-+61-%(*9%6% &'24@1-&:, $0**1:--%6% @0*+&-

=0,& 3%) 462%, 21 9 30)0781,4 34@94; 

I0,21 – &-+1-*&(-%*+5 30)07816% $1-+61-%(*9%6% &'24@1-&:; 

, – )2&-0 (%2-. $1-+61-%(*9%6% &'24@1-&:; 

r – $0**+%:-&1 %+ +%@9& $0**1:-&: )% 3$&1,-%< 812& )1+19+%$0; 

|.| – 30$0,1+$, *%%+(1+*+(478&< ?%$,421 (1) & %3$1)12:1,.< 3% 

'0(&*&,%*+& (4); 

+i – %;H1, @0*+&=. i-6% $0',1$0; 

Ni – @&*2% @0*+&= i-6% $0',1$0; 

f(q) – ?4-9=&:, *%%+(1+*+(4780: '0(&*&,%*+& (1) & %3$1)12:1,0: 

3% '0(&*&,%*+:, (2) & (3); 

21 – 46%2 $0**1:-&:, '0927@1--.< ,1E)4 =1-+$%, 34@90 3$%-&-

907816% &'24@1-&: & -03$0(2:78&,&, &*/%):8&,& &' =1-+$0 %;H19+0 

& -0/%):8&,&*: ( 3$1)120/ *1@1-&: 34@90. 

 $0(-1-&1 (5) )2: ,02./ 462%( $0**1:-&: (0  – 0,25 ) ,%E1+ ;.+5 

43$%81-% * 4@1+%, +%6%, @+% * (.*%9%< +%@-%*+57 
2

2cos1 2 1(
 2 1. 

#$& &*3%25'%(0-&& &*+%@-&90 * 3%*+%:--%< )2&-%< (%2-. $1-+61-%(-

*9%6% &'24@1-&: )2: )0--%< 9%-9$1+-%< *&*+1,. * 3%*+%:--%< 9%-=1--

+$0=&1< *?1$&@1*9&/ @0*+&= %3$1)121--%6% $0',1$0 & 3%*+%:--%< r 

,%E-% 3$&<+& 9 (.(%)4, @+% 
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I &*3%25'%(0-&1, 4$0(-1-&< (2), (3) & (6), 0 +09E1 '-0@1-&< I0,21 

)2: $0'2&@-./ 462%( $0**1:-&: 3$%(1)1- $0*@1+ '-0@1-&< $0**1:--%6% 

CuK. $1-+61-%(*9%6% &'24@1-&: (I21) )2: *?1$&@1*9&/ @0*+&= )&0,1+-

$%, 10, 30, 100 -,. I =1257 (%',%E-%*+& *%3%*+0(21-&: 9$&(./ $0*-

*1:-&: )$46 * )$46%, 4*2%(-% 3$&-:+% '-0@1-&1 3%*+%:--%< 9, $0(-%< 

1)&-&=1. 

J1'425+0+. $0*@1+0 ( (&)1 9$&(./ $0**1:-&: I21 – I21 = 0 3$1)*+0(-

21-. -0 $&*. 1. "09 (&)-% -0 $&*4-91, '0(&*&,%*+& &,17+ D9*+$1,025-

-.< /0$09+1$ & 3%2%E1-&1 D9*+$1,4,%( 3% ,1$1 $%*+0 $0',1$0 @0*+&= 

*,1801+*: ( %;20*+5 ,1-5A&/ 462%(. !2: @0*+&= )&0,1+$%, 10 -, 3%-

2%E1-&1 D9*+$1,4,0 -0/%)&+*: ( 3$1)120/ 0,15–0,20  . I?1$&@1*9&1 
@0*+&=. * $0',1$%, 30 -, &,17+ D9*+$1,4, 3$& 21 = 0,10…0,15  , 
0 * )&0,1+$%, 100 -, – 21 = 0,05 . 

K09&, %;$0'%,, $1'425+0+. $0*@1+0 3%90'.(07+, @+% (1$/-&1 @0*+& 

&-)&90+$&** $0**1:-&: $1-+61-%(*9%6% &'24@1-&: 3% ,1$1 $%*+0 $0',1-

$%( @0*+&= &',1-:7+ *(%1 3%2%E1-&1 & *,1807+*: ( %;20*+5 ,02./ 46-

2%(.  *+0-%(21--0: '09%-%,1$-%*+5 *%%+(1+*+(41+ D??19+4 L& & )01+ 

%*-%(0-&1 )2: &*3%25'%(0-&: 4$0(-1-&< *(1+%$0**1:-&: G&?$&-0 )2: 

)&030'%-0 )2&- (%2-, *%%+(1+*+(478&/ $1-+61-%(*9%,4 &'24@1-&7. 

 

J&*. 1. J0*@1+-.1 '-0@1-&: 9$&(./ $0**1:-&: $1-+61-%(*9%6%  

&'24@1-&: (I21 – I21 = 0) ( '0(&*&,%*+& %+ 4620 $0**1:-&: (21) 

)2: *?1$&@1*9&/ @0*+&= $0'2&@-%6% $0',1$0 

!2: 3$09+&@1*9%< $102&'0=&& ,1+%)0 ,02%462%(%< &-+$%*9%3&& 

3$&-:+ (% (-&,0-&1 +%+ ?09+, @+% $1-+61-%(*9%1 &'24@1-&1, 3$%/%): 

@1$1' $0**1&(07847 *$1)4, (%';4E)01+ $0**1:--%1 &'24@1-&1, &-+1$-
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?1$1-=&: 9%+%$%6% * 30)078&, )01+ 3$%/%):811. #%*21)-11 %*20;21-% 

3% *$0(-1-&7 * 30)078&, -0 (12&@&-4 9%D??&=&1-+0 %*20;21-&: 

(:%*20;2). I21)%(0+125-%, 9%D??&=&1-+ %*20;21-&: ,%E-% 3$1)*+0(&+5 

( (&)1 

:%*20;2 = ,
3$,2

%,2

1

1

I

I
 (7) 

6)1 Io,21, I3$,21 – *%%+(1+*+(1--% &-+1-*&(-%*+& $1-+61-%(*9%6% &'24@1-

-&:, 30)07816% -0 %;H19+ & 3$%A1)A16% @1$1' -16%. 

B %;81, *24@01 9%D??&=&1-+ %*20;21-&: %3$1)12:1+*: *4,,%< 

9%D??&=&1-+%( 3%62%81-&: (:3%62) & $0**1:-&: (:$0*) [7]:  

:%*20;2 = :3%62 + :$0*. (8) 

M*2& *@&+0+5, @+% )2: $0**,0+$&(01,./ *&*+1, :3%62 ( &-+1$(021 

4'9%6% )&030'%-0 462%( 21 = 0…0,35   %*+01+*: 3%*+%:--%< (12&@&-%<, 

+% %+92%-1-&: ( (12&@&-1 :%*20;2 )%2E-. ;.+5 *(:'0-. * &',1-1-&1, 

:$0*. #%D+%,4 )2: $0*@1+0 (12&@&-. $0**1:--%6% $1-+61-%(*9%6% &'24-

@1-&: (I21) ;.20 3$1)2%E1-0 *21)4780: '0(&*&,%*+5 [8]: 

I21 = I3$,21 – 
%%*20;2.,

o,2

K

I 1  (9) 

6)1 I%,21, I3$,21 – *%%+(1+*+(1--% &-+1-*&(-%*+& $1-+61-%(*9%6% &'24@1-

-&:, 30)07816% -0 %;H19+ & 3$%A1)A16% @1$1' -16% ( %;20*+& =1--

+$025-%6% 3&90 )&?$09=&&. "%D??&=&1-+ %*20;21-&: ( 4$0(-1-&& (9) 

%3$1)12:1+*: *%%+-%A1-&1,  

:%*20;2.,% = ,
03$,2

0o,2

)

)

1

1

I

I
 (10) 

6)1 I%,21=0, I3$,21 = 0 – *%%+(1+*+(1--% &-+1-*&(-%*+& $1-+61-%(*9%6% &'-

24@1-&:, 30)07816% -0 %;H19+ & 3$%A1)A16% @1$1' -16% )2: 4620  

21 = 0,00 . 
 $0(-1-&: (9) & (10) ;.2& &*3%25'%(0-. )2: 3%24@1-&: &-)&90+-

$&** $0**1:-&: %;$0'=%( )1+1$61-+-%-)&*31$6&$478&/ 3$&*0)%9  

I-150, "N! $0'2&@-./ 30$+&<. 

N0 $&*. 2 ( 90@1*+(1 3$&,1$0 3$1)*+0(21-. 9$&(.1 ,02%462%(%6% 

$0**1:-&: &*/%)-%< +%(0$-%< 3$&*0)9& I-150 & 3%)(1$6-4+%< $0';0(-

21-&7 ,0*2%,-9%,304-)%,. C;$0'1= 490'0--%< 3$&*0)9& :(2:2*: ;$0-

9%(0--.,, +09 909 @1$1' ~ 15 *4+ 3%*21 16% )&*31$6&$%(0-&: ( ,0*2:-%< 

*$1)1 -0;27)02%*5 3%:(21-&1 %*0)90 90$;%-0+0 9025=&:. 
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J&*. 2. "$&(.1 ,02%462%(%6% $0**1:-&: $1-+61-%(*9&/ 24@1< %;$0'=0 

3$&*0)9& I-150 

"09 (&)-% -0 $&*4-91, 9$&(.1 ,02%462%(%6% $0**1:-&: 3$& $0'-

;0(21-&& 3$&*0)9& -0 50 ,0*. % ,0*2%,-9%,304-)%, * +1@1-&1, ($1-

,1-& &',1-:7+ *(%1 3%2%E1-&1 & 3%*+131--% *,1807+*: ( %;20*+5 ,0-

2./ 462%(. O+% *(&)1+125*+(41+ %; 4(12&@1-&& $0',1$%( ,&=122 90$;%-

-0+-%< ?0'. 3$&*0)9&, @+% *%%+(1+*+(41+ D??19+4 L&. J%*+ $0',1$%( 

@0*+&= 90$;%-0+-%< ?0'. 4)01+*: %;-0$4E&+5 @1$1' 5–7 @ 3%*21 )&*-

31$6&$%(0-&: ( ,0*2:-%< *$1)1. B *24@01 30$+&< )1+1$61-+-%-

)&*31$6&$478&/ 3$&*0)%9 "N!, I-150, :(2:78&/*: 9&-1+&@1*9&  

4*+%<@&(.,& ( ,0*2:-%< *$1)1, 9$&(.1 ,02%462%(%6% $0**1:-&: -1 &'-

,1-:7+ *(%16% 3%2%E1-&: ( +1@1-&1 )2&+125-%6% ($1,1-& & (.30)1-&: 

%*0)9%( -1 3$%&*/%)&+. 

#$&@&-0,&, (.'.(078&,& 9%22%&)-47 -1*+0;&25-%*+5 )1+1$-

61-+-%-)&*31$6&$478&/ 3$&*0)%9 ( ,0*2:-%< *$1)1, ,%E1+ ;.+5 909 

3%2&)&*31$*-%*+5 @0*+&= *0,%< 90$;%-0+-%< ?0'., +09 & -1)%*+0+%@-

-.< 4$%(1-5 &/ *+0;&2&'0=&& 3%(1$/-%*+-%-09+&(-.,& (181*+(0,&. 

J0'$0;%+0--.< ,1+%) ,02%462%(%< &-+$%*9%3&& &*3%25'%(0- )2: 

%=1-9& 9%22%&)-%< 4*+%<@&(%*+& & )$46&/ )1+1$61-+-%-

)&*31$6&$478&/ 3$&*0)%9, 3$&,1-:1,./ ( 3$%&'(%)*+(1 ,%+%$-./ 

,0*12 6$433 B2, P2, P29, !L. 
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K09&, %;$0'%,, %*481*+(21-0 $0'$0;%+90 -%(%6% ,1+%)0 %3$1)1-

21-&: $0**1:--%6% $1-+61-%(*9%6% &'24@1-&: ( %;20*+& ,02./ 462%( 

& -0 16% %*-%(1 *%')0-0 ,1+%)&90 %=1-9& 9%22%&)-%< 4*+%<@&(%*+& )1-

+1$61-+-%-)&*31$6&$478&/ 3$&*0)%9 ( ,0*2:-%< *$1)1. 

 !"#$% &"'()*'+), 

1. I0?&1(0 J.Q. R&'&9%/&,&: -1?+&. R&'&9%-/&,&@1*9&1 %*-%(. 

+1/-%2%6&& 31$1$0;%+9& -1?+&. – L.: S&,&:, 1998. – 448 *. 

2. P20(0+& C.T. R&'&9%/&,&: )&*31$6&$478&/ 3$&*0)%9 9 ,0*-

20,. – "&1(: N049%(0 )4,90, 1989. – 184 *. 

3. I+$49+4$0 %3.+-./ %;$0'=%( *$1)-1812%@-./ *425?%-0+-./ 

3$&*0)%9 / U.N. U601(, I.L. "4$&2%, ".F. I0)./%( [& )$.] // S&,&: 

& +1/-%2%6&: +%32&( & ,0*12. – 1993. – V 3. – I. 28–29. 

4. B2&:-&1 $0',1$0 ,&=122 )1+1$61-+%( -0 &/ D??19+&(-%*+5 

( ,%+%$-./ ,0*20/ / B.#. "$0*&-, T.U. B%<-%(0, B.T. T0A/&, L.P. U$*-

20-%( // S&,&: & +1/-%2%6&: +%32&( & ,0*12. – 1989.– V 3. – I. 37–38. 

5. I(1$64- P.F., R1<6&- T.U. J1-+61-%(*9%1 & -1<+$%--%1 ,02%-

462%(%1 $0**1:-&1. – L.: N0490, 1986. – 280 *. 

6. I+$49+4$0 321-%9 0,%$?-%6% 6&)$&$%(0--%6% 4621$%)0, 216&-

$%(0--%6% ,1)57 / K.N. B0*&21(*90:, I.P. W*+$1;%(, N.I. U-)$11( 

[& )$.] // R&'&90 +(1$)%6% +120. – 1999. – K. 41, (.3. 11. – I. 2088–2096. 

7. G&?$&- ".I. J0**1:-&1 *(1+0 ( ,4+-%< *$1)1. – L.: P%*. &'). 

+1/-.-+1%$1+. 2&+-$., 1951. – 288 *. 

8. #0+. 2254566 JR, L"F G01N23/201. I3%*%; ,02%462%(%< &--

+$%*9%3&& / B.L. G4(1$%(, N.X. S%):A1(, B.O. G+1;0, L.X. S%):A1(, 

Y.N. P%$)11( (JR). – V 2002104511/28; '0:(2. 19.02.2002; %34;2. 

20.06.2005, X72. V 17. 

 
#%24@1-% 6.12.2010  


