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/01234',% 5167,.&8% '12&39.:;% 0121<1<4;.&=45>&;% >1'?34>51@A% 123,7,BC&;%

@16'1D.15<9B% 5,'15<18<439.1E1% ?4047@&D4.&8% &% @:?13.4.&8% ?15<,@34..1F% 6,7,=&A%

8@384<58%,><-,39.1F(%G,D.-B%0139%?0&%H<1'%&'44<%?01234',%5167,.&8%&.<4334><-,39.1F%

5&5<4':% -?0,@34.&8A% ?16@138BC4F% 0121<-% ,@<1.1'.1% @:?13.8<9% ?15<,@34..-B% 6,7,=-%

?0&%'&.&',39.1'%-=,5<&&%=431@4>,(%

I31D.:F% ?01J455% -?0,@34.&8% @% 51=4<,.&&% 5 ;,0,><401'% @:?13.84':;% 0,21<

<042-BC&;%?1@:K4..1E1% @.&',.&8%& 15<101D.15<&A% ?0&@17&<% > 2:5<01F% -<1'384'15<&%

1?40,<10,% &A% >,>% 53475<@&4A% -@43&=4.&B% @4018<.15<&% 1K&21=.:;% 74F5<@&F(%L01'4% <1E1A%

=431@4>% .4% @54E7,% '1D4<% ?0,@&39.1% 1J4.&<9% 125<,.1@>-% ?1% 7,..:'% <434'4<0&&% &

15-C45<@&<9% ,74>@,<.14% -?0,@34.&4(% $>,6,..:;% .4715<,<>1@% '1D.1% &624D,<9A% 453&%

-?0,@34.&4%51%5<101.:%=431@4>,-1?40,<10,%2-74<%?01@17&<958%.4%.,%-01@.4%7@&D4.&FA%,

.,% -01@.4% ?15<,.1@>&% J43&(% G H<1'% 53-=,4% 0121<% 713D4.% 5,'15<18<439.1% &3&% ?0&%

'&.&',39.1'%-=,5<&&%=431@4>,%@:?13.8<9%?15<,@34..:4%6,7,=&, =<1 15<01%@15<0421@,.1%

@ <4;% 53-=,8;A% >1E7,% -=,5<&4% =431@4>,% @ ?01J4554% -?0,@34.&8% '12&39.:'% 0121<1'%

6,<0-7.&<439.1%&3&%.4@16'1D.1A%.,?0&'40A%?0&%0,21<4%@ 1?,5.:;%-531@&8;(%

I047&% 5&5<4'% 1=-@5<@34.&8% ?01':K34..:;% 0121<1@% .,&2139K4F% &.M10',<&@.1F%

4'>15<9B% 123,7,B<% 5&5<4':% <4;.&=45>1E1% 604.&8A% 5112C,BC&4% 4E1% -?0,@38BC4'-%
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-5<01F5<@-% ?1% .4>1<10:'% 1J4.>,'% 1<% PQ% 71% RQS% @54F% .412;17&'1F% 738% -5?4K.1E1%

M-.>J&1.&01@,.&8% &.M10',J&&% 1% 5@1F5<@,;% 12T4><,% ',.&?-3&01@,.&8% &% ?,0,'4<0,;%

@.4K.4F%5047: [4].

/01':K34..:F% 0121<% U/VW% – ,@<1',<&=45>,8% ',K&.,A% 5<,J&1.,0.,8% &3&%

?17@&D.,8A% 515<18C,8% &6% &5?13.&<439.1E1% -5<01F5<@,% @% @&74% ',.&?-38<10,A% &'4BC4E1%

.45>139>1% 5<4?4.4F% ?17@&D.15<&A% &% ?404?01E0,''&0-4'1E1% -5<01F5<@,% ?01E0,''.1E1%

-?0,@34.&8%738%@:?13.4.&8%@%?01&6@175<@4..1'%?01J4554%7@&E,<439.:;%&%-?0,@38BC&;%

M-.>J&F(% +1344% >0,<>14% 1?047434.&4% /V - ?404?01E0,''&0-4':F% ,@<1',<&=45>&F%

',.&?-38<10%?01':K34..1E1%?0&'4.4.&8 [1].

/01':K34..:4% 0121<:% ?047.,6.,=4.:% 738% 6,'4.:% =431@4>,% ?0&% @:?13.4.&&%

15.1@.:;% &% @5?1'1E,<439.:;% <4;.131E&=45>&;% 1?40,J&F% @% ?01J4554% ?01':K34..1E1%

?01&6@175<@,(%/0&%H<1'%04K,4<58%@,D.,8%51J&,39.,8%6,7,=,% - 15@121D74.&8%=431@4>,%1<%

0,21<A% 5@86,..:;% 5% 1?,5.15<8'&% 738% 67101@98% &3&% 5% <8D43:'%M&6&=45>&'% <0-71'A% &% 1<%

?015<:;% '1.1<1..:;% 1?40,J&FA% .4% <042-BC&;% @:51>1F% >@,3&M&>,J&&(% "&2>&4%

,@<1',<&6&01@,..:4% ?01&6@175<@,A% 5167,@,4':4% .,% 2,64% ?01':K34..:;% 0121<1@A%

?16@138B<% 04K,<9% 6,7,=&% ,@<1',<&6,J&&% .,% ?047?0&8<&8;% 5% K&01>1F% .1'4.>3,<-01F%

?017->J&&%?0&%'43>1540&F.1'%&%47&.&=.1'%?01&6@175<@4(%L1?&0-BC&4%',.&?-38<10:A%

-?0,@384':4% =431@4>1'-1?40,<101'A% .412;17&':% ?0&% @:?13.4.&&% 0,63&=.:;% 0,21<% 5%

0,7&1,><&@.:'&%',<40&,3,'&(%L01'4%<1E1A%H<&%-5<01F5<@,%.46,'4.&':%?0&%@:?13.4.&&%

0,21<% @% >15'154A% ?17% @171FA% @% ;&'&=45>&% ,><&@.:;% 5047,;(% #,>&'% 120,61'A%

?01':K34..:4% 0121<:% &% >1?&0-BC&4% ',.&?-38<10:% 8@38B<58% @,D.:'&% 515<,@.:'&%

=,5<8'&%51@04'4..1E1%?01':K34..1E1%?01&6@175<@,(%

I&5<4','&% <4;.&=45>1E1% 604.&8% .,6:@,B<% <,>&4% 54.510.:4% -5<01F5<@,A% >1<10:4%

1245?4=&@,B<% ?13-=4.&4% &6120,D4.&8% 0,21=4F% 5J4.:A% 4E1% ?04120,61@,.&4A% ,.,3&6A%

120,21<>-% 5% ?1'1C9B% '&>01-*G!% &3&% '&>01?01J45510,% &% ?4047,=-% 046-39<,<1@%%

&6'404.&F%-?0,@38BC4'-%-5<01F5<@-%0121<,%&3&%*G!%@:K45<18C4E1%-01@.8%-?0,@34.&8(

I0,@.&@,8% M-.>J&&% 5&5<4'% <4;.&=45>1E1% 604.&8% 5% 15.1@.:'&% M-.>J&8'&%

=431@4=45>1E1% E3,6,A% '1D.1% ?015347&<9% 8@.-B% ,.,31E&BA% >1<10,8% @% 1?047434..1F% '404%

1<0,D,4<58%@%?153471@,<439.15<&%?4040,21<>&%&.M10',J&&%@%121&;%&6%.&;%U0&5(X).



http://sntbul.bmstu.ru/doc/567016.html

V&5(%X( I;4',%120,21<>&%@&6-,39.1F%&.M10',J&&%E3,61'%=431@4>,

#,>&'% 120,61'A% ?17% 5&5<4'1F% <4;.&=45>1E1% 604.&8% UI#YW% 0121<,% ?1.&',4<58

?404?01E0,''&0-4':FA% 12-=,4':F% ,@<1',<% 738% ?04120,61@,.&8A% 1?&5,.&8 &% ,.,3&6,%

&6120,D4.&8%0,21=4F% 5J4.:A% 04K,BC&F%@% <4'?4%?01<4>,.&8%<4;.131E&=45>1E1%?01J455,%

-?01C4..:4%6,7,=&%0,5?16.,@,.&8%%74<,34F%&%1?047434.&8%&;%>1107&.,<(%

I&5<4':% <4;.&=45>1E1% 604.&8% (I#YW% ?047.,6.,=4.:% 738 @:?13.4.&8% @&6-,39.1E1%

(60&<439.1E1W%,.,3&6,%& 120,21<>&%7@-'40.:;%&6120,D4.&F%<04;'40.:;%5J4.(%$>,6,..,8%

123,5<9% &.M10',J&1..1F% <4;.&>&% @% .,5<18C44% @04'8% 1=4.9% 2:5<01% 0,6@&@,4<58A% &

511<@4<5<@-BC&4% 5&5<4':% .,;178<%K&01>14% ?0&'4.4.&4% @ 0,63&=.:;% 123,5<8;% .,->&% &

<4;.&>& [2].

Z5.1@.1F% J439B% I#Y% 8@384<58% ?13-=4.&4% &.M10',J&&% 1 >1.<013&0-4'1F 5J4.4,

?0&=4'A% I#Y% 713D.,% 120,2,<:@,<9% &6120,D4.&4% 51 5>1015<9BA% 1245?4=&@,BC4F%

HMM4><&@.-B%5@869%5 5&5<4'1F%-?0,@34.&8(%#&?&=.,8%>1.M&E-0,J&8%I#Y%@>3B=,4<%@%5428%%

-?0,@38BC&F% >1'?9B<40A% @&7417,<=&>% 738% 5=&<:@,.&8% &6120,D4.&FA% &.<40M4F5% @@17,-

@:@17, @&7417,..:;%738%7&5>04<&6,J&&%&%?0475<,@34.&8%&6120,D4.&FA% ,0&M'4<&=45>&F%

?01J45510% 738% @:51>15>1015<.:;% @:=&534.&FA% ',<4',<&=45>14% 1245?4=4.&4% 738%

120,21<>&%&6120,D4.&F(

G%.,5<18C44%@04'8%2139K14%0,5?015<0,.4.&4%?13-=&3&%5?4J&,3&6&01@,..:4%I#YA%

0,60,2,<:@,4':4%738%04K4.&8%>1.>04<.:;%6,7,=(

)412;17&'15<9% 0,21<,<9% @% 04,39.1'% ',5K<,24% @04'4.&A% <1% 45<9 120,2,<:@,<9% &%

,.,3&6&01@,<9%?13-=,4':4%&6120,D4.&8%2:5<01A%.4%@:6:@,8%6,740D>&%@%74F5<@&8;%0121<,%

&3&% 70-E1E1% <4;.131E&=45>1E1% 1210-71@,.&8A% - @,D.14% <0421@,.&4% .,3,E,BC44%

5-C45<@4..:4%1E0,.&=4.&8%.,%@:210%<4;.&=45>&;%04K4.&F%?0&%5167,.&&%I#Y(

#&?&=.,8% I#YA% >,>% ?0,@&31A% @>3B=,4<% 5347-BC&4% H34'4.<:[ 1?<&=45>&F% 231>A%

1?<1H34><01..:F% ?04120,61@,<439A% -5<01F5<@1% 51?08D4.&8% 5 '&>01-*G!A% '&>01-*G!%

U0&5(\W(%
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V&5(%2. I<0-><-0.,8%5;4',%5&5<4':%<4;.&=45>1E1%604.&8

"3,@.,8% 6,7,=,% <4;.&=45>1E1% 604.&8% U5125<@4..1% ]E3,6,^% 0121<,W% 515<1&<% @% <1'A%

=<12:%?04120,61@,<9%&6120,D4.&8%12T4><1@%1>0-D,BC4F%5047:%@%H34><0&=45>&F%5&E.,3A%

?1.8<.:F% 738% *G!(% Z2C&F% ?0&.J&?% 5&5<4'% <4;.&=45>1E1% 604.&8% 515<1&<% @% <1'A =<1% 5%

?1'1C9B%<434@&6&1..1F%>,'40:%@%*G!%?4047,4<58%&.M10',J&8%1%0,21=4'%?015<0,.5<@4(%

*G!%50,@.&@,4<% 44% 5% &'4BC&'&58% @%?,'8<&% ]'17438'&^% &% @:2&0,4<% 511<@4<5<@-BC-B%

125<18<4395<@,'% ?01E0,''-(% ),% H<1'% ?-<&% 17.,% &6% J4.<0,39.:;% ?01234'% ?0&% 5167,.&&%

,7,?<&@.:;%0121<1@%6,>3B=,3,59%@%<1'A%=<12:%.,-=&<9%',K&.-%0,5?16.,@,<9%120,6:( _6%

'.1E&;% 12T4><1@% 0121<% 713D4.% @:743&<9% <4A% >1<10:4% 4'-% .412;17&':% 738% @:?13.4.&8%

>,>&;-<1% 74F5<@&F(% #1% 45<9% 1.% 713D4.% -'4<9% 0,63&=,<9% ?0&6.,>&% 12T4><1@% &%

>3,55&M&J&01@,<9%12T4><:%?1%H<&'%?0&6.,>,'(%*<1%?01&5;17&<%23,E17,08%<1'-A%=<1%0121<%

&'44<% @% ?,'8<&% ?01<1<&?:% 120,61@% .412;17&':; 12T4><1@% &% 50,@.&@,4<% 5% .&'&% <4A%

>1<10:4 ?1?,7,B<%@%?134%4E1%604.&8(%

Y,7,=, ]-6.,@,.&8^ <042-4'1E1 12T4><,% 0,5?,7,4<58% .,% .45>139>1% 21344% ?015<:;%

6,7,=[% 0121<% &C4<% @% 1>0-D,BC4F% 50474% 511<@4<5<@-BC&F ?047'4<% ?-<4'% &6'4.4.&8%

10&4.<,J&&%5@14E1%@6E387,A%&6'4084<%7,39.15<9%71%12T4><1@%.,23B74.&8A% ,@<1',<&=45>&%

?175<0,&@,4<% =-@5<@&<439.:F% @&7417,<=&>% @% 511<@4<5<@&& 5% 15@4C4..15<9B% ?047'4<,A%

50,@.&@,4<%>,D7:F%?047'4<%5% ]'17439B^A%>1<10,8%;0,.&<58%@%4E1%?,'8<&A%?1%.45>139>&'%

?0&6.,>,'A% <1% 45<9% @:74384<% >1.<-0:A% <4>5<-0-A% J@4<% &% 70-E&4% ?0&6.,>&(% G% 046-39<,<4%

@54E1%H<1E1%?01&5;17&<%]-6.,@,.&4^%12T4><, [5].

Z?&5,.&4% &6120,D4.&8% 6,>3B=,4<58% @% ?0475<,@34.&&% 4E1% @% M10'4A% ?16@138BC4F%

0,5?16.,<9% 74<,3&A% 1?04743&<9% &;% ?131D4.&4% &% 10&4.<,J&BA% ,% <,>D4 15-C45<@&<9%

@&6-,39.-B%&.5?4>J&B%&6743&8( `.,3&6&0-4'14%&6120,D4.&4%@%5&3-%J431E1%087,%?0&=&.%

(;,0,><40,%15@4C4.&8A%1?<&=45>&;%5@1F5<@%?1@40;.15<&%74<,34FW%.4%8@384<58%17.1017.:'%

&%515<1&<%&6%123,5<4F%U>1'?1.4.<WA%0,63&=,BC&;58%?1%>,>1'-%3&21%?0&6.,>-(%Z5.1@.:'%

<,>&'%?0&6.,>1'%@%=40.1-243:;%I#Y%8@384<58%80>15<9%&6120,D4.&8A%<(4(%g (i, j).

I-C45<@-B<%5347-BC&4%'4<17:%1?&5,.&8%&%&.<40?04<,J&&%&6120,D4.&8(
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1. !4<17%H<,31.1@.

/015<4FK4F%M10'1F%?0475<,@34.&8%&6120,D4.&8%8@384<58%5,',%M-.>J&8%80>15<&%g

(i, jW(% *<, M10',% &5?1396-4<58% 738% 0,5?16.,@,.&8% &%&.5?4>J&&% &6743&F% ?0&% .4&6'4..1'%

?131D4.&&%12T4><1@%@%?134%604.&8%I#Y%&3&%.42139K1'%=&534%&;%-5<1F=&@:;%?131D4.&F(%

a,..14% -531@&4% ?16@1384<% .4% -=&<:@,<9% @% ]8@.1'^% @&74% >1'?1.4.<.:F% 515<,@%

&6120,D4.&8%&%5@45<&%0,5?16.,@,.&4%&%&.5?4>J&B%3&21%>%?175=4<-%@6,&'.1F%>100438J&&%

,.,3&6&0-4'1E1% &6120,D4.&8% 5% >,D7:'% &6% 6,0,.44% 5M10'&01@,..:;% H<,31.1@A% 3&21% >%

@:=&534.&B%,@<1>100438J&1..1F%M-.>J&&%&6120,D4.&8(

a15<1&.5<@1'% H<1E1% '4<17,% 1?&5,.&8% 8@384<58% 4E1% .46,@&5&'15<9% 1<% 5<4?4.&%

531D.15<&%&6120,D4.&8A%.4715<,<>1'%– 1<5-<5<@&4%&.@,0&,.<.15<&%>% 57@&E-%&%?1@101<-%

&6120,D4.&8 [3](% /1?:<>,% -5<0,.&<9% .4715<,<1>% ?0&@17&<% &3&% >% .412;17&'15<&%

@:?13.4.&8% @6,&'.:;%?1@101<1@% &6120,D4.&8% &% H<,31.,% 5% ?15347-BC&'% 1?047434.&4'%

.10'&01@,..:;% &% J4.<0&01@,..:;% 6.,=4.&F% >100438J&1..1E1% M-.>J&1.,3,% &3&% >%

.412;17&'15<&% ;0,.4.&8% 6.,=&<439.1E1% =&53,% H<,31.1@A% 511<@4<5<@-BC&;% >,D71'-%

-5<1F=&@1'-%?131D4.&B%12T4><1@(

2. *@0&5<&=45>&F%'4<17.

G%15.1@4%7,..1E1%'4<17,%1?&5,.&8%34D&<%?0475<,@34.&4%>1'?1.4.<%&6120,D4.&8%@%

@&74% '.1D45<@,% ?0&6.,>1@A% ;,0,><40&6-BC&;% E41'4<0&=45>&4A% M-.>J&1.,39.:4% &3&%

.4>1<10:4%70-E&4%&;%5@1F5<@,(%Z7.&%&6%?0&6.,>1@%>1'?1.4.<%1?047438B<%&;%?131D4.&4%&%

10&4.<,J&BA% 70-E&4% ?0&6.,>&A% &.@,0&,.<.:4% >% 57@&E-% &% ?1@101<-% &6120,D4.&8A% 53-D,<%

738%0,5?16.,@,.&8%>1'?1.4.<(%G%>,=45<@4%?15347.&;%=,5<1%&5?1396-B<%<,>&4%?,0,'4<0:A%

>,>% ?31C,79% >1'?1.4.<:% U=&531% H34'4.<1@% &6120,D4.&8A% 120,6-BC&;% >1'?1.4.<-WA%

?40&'4<0% >1'?1.4.<:A% =&531% &% ?31C,79% 1<@405<&F% U@31D4..:;% >1'?1.4.<WA% 73&.:%

',>5&',39.1E1A% '&.&',39.1E1% &% 5047.4E1% 0,7&-5-@4><101@% >1'?1.4.<:% U0,7&,39.:4%

0,55<18.&8% 1<% J4.<0,% <8D45<&% >1'?1.4.<:% 71% 44% @.4K.4F% E0,.&J:WA% E3,@.:4% '1'4.<:%

&.40J&&% >1'?1.4.<:% &% >1HMM&J&4.<% M10':A% 0,@.:F% 1<.1K4.&B% >@,70,<,% ?40&'4<0,%

>1'?1.4.<:%>%44%?31C,7&(%

/131D4.&4% >1'?1.4.<: 1?0474384<58% ?131D4.&4'% 44% J4.<0,% ?31C,7&A% ,%

10&4.<,J&8% – .,% ?08':;A% .,?0&'40, 154F% E3,@.:;% '1'4.<1@% &.40J&&A% ?08':;% 0,7&-5-

@4><101@A% 7&,E1.,34F% '&.&',39.1E1% 1?&5,..1E1% ?08'1-E139.&>,(% Y.,=4.&8% ?0&6.,>1@%

>1'?1.4.<A% 511<@4<5<@-BC&;% 17.&' &% <4'% D4% 12T4><,'A @% 5&3-% J431E1% 087,% ?0&=&.%

.417&.,>1@:(% /1H<1'-% 12T4><:% ?0475<,@38B<% '.1D45<@1'% <1=4>% '.1E1'40.1E1%

?0&6.,>1@1E1% ?015<0,.5<@,A% ,% &;% 0,5?16.,@,.&4% 15-C45<@384<58% 5% ?1'1C9B%

74<40'&.&01@,..1E1% &3&% @4018<.15<.1E1% 04K,BC4E1% ?0,@&3,(% /15347.44% ?16@1384<%
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