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$%&' 7+,. !"#$%&) – %'&% ()*+,&'#-.&$#"/&01*2%&3$(4 5.%-.$6((7 «E,*4A%&)*J,

H@)@($>, %!"B,K(@9>,), @)"9>+, &%$(!"#H&>%, 0A5L#, !(L%@F5"%A*+, &(, ("3@>45%9>%, 0A5L#,

5&5A)")351,;"),K(@9>,),@)"9>,9>,&5L>45%9,K)L)=%!3)9),L53(&59)» (87*9.4&-#&) [1].

8($-* .:$/* 26#;$(<.:;(* ,* =:.5%>* <$%* &#:* %;6,?#.$7* 8($-0* )#"%?.&0* =

:,@.:$=%=#&(.*A:.".&&%4B*C$%*6($-0*2,"/:#6%=>*%$;60$0.*=*DEFG*5%',>*6($-0*H%"&.<&%4*

:(:$.-0*– :,$%<&0.*6($-0*:-.&0*'&3*(*&%<(>*=6.-.&*5%'#>*+#)*I,&0J*6($-0*26("(=%=*(*

%$"(=%=>*:.)%&&01*-(56#K(4*?(=%$&01*(*2$(K>*K=.$.&(3 6#:$.&(47 8($-0*:%26%=%?'#L$*

2%=:.'&.=&,L* ?()&/* <."%=.;#B* 6($-(<&%* )=,<#$* M#5(* (* %$:<($0=#L$* :.;,&'0* <#:0J*

6($-(<&%>*&%*&.)#-.$&%*'"3*5"#)#>*=:201(=#.$*(*5#:&.$*C".;$6(<.:;#3*"#-2#*(*-."/;#L$*

;#'60* ;(&%+("/-#J* 6($-(<&%* :$,<#$* :$#&;(* =* K.1#1>* '=(5#$."(* #=$%-%N(".4>* ;%".:#*

2%.)'%=* &#* :$0;#1* 6."/:%=J* 6($-(<&0* ,)%60* &#* :#'%=01* 6.M.$;#1>* %N%31* ;=#6$(67*

!%&3$(.*6($-#*26(:,$:$=,.$*=*-(6.*(:;,::$=#*– =*-,)0;.>*$#&K.>*2%C)((7 O.)*&.5%*&.*N0"%*

N0*5#6-%&((*(*;6#:%$0 P."%=.;>*?(=,@(4*=*:%=6.-.&&%-*-(6.>*=0&,?'.&*2%'<(&3$/:3*

:%K(#"/&0-*6($-#-*6#N%<.5%*'&3>*$6#&:2%6$#>*6#'(%- (*$.".2.6.'#<7

Q#;*)#2.<#$".$/*(&+%6-#K(L*%*6#)&%%N6#)&01*6($-#1R*

ILN#3* (&+%6-#K(3* 2.6.'#.$:3* (* 16#&($:3* :* 2%-%@/L* ;#;%5%-"(N%* 3)0;#* –

%26.'.".&&%4* :(:$.-0* )&#;%=7* S#(N%"..* 6#:26%:$6#&.&&0-(* 3="3L$:3* 80,9-:;4(<=)

+,-.%/012%<) 3)0;( ( 3)0; 1%'8>:>87* !6(* C$%-* 56#+(<.:;(4* 3)0;* 3="3.$:3* :#-0-*

'6.=&(-* ()* &(1* T=.6N#"/&04* 3)0;* (* 3)0;* :(-=%"%=* (:2%"/),L$* C".-.&$0* 56#+(;(U>

&#(N%"..*"#;%&(<&0-*T=*.5%*#"+#=($.*"(M/*'=#*)&#;#: &>/2-)%):%4%3 – %$6.)%;*263-%4*
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("(* ',5#* 2"%:;%4* ;6(=%4) (* &#(N%"..* &#5"3'&0- [2]7* H* .5%* 2%-%@/L* -%?&%*

=(),#"()(6%=#$/* (&+%6-#K(L* =* "LN%4* %N"#:$(* &#,;(>* $.1&(;(* (* (:;,::$=#7 W)=.:$&#*

:$#6#3* -,'6#3* 2%5%=%6;#B* XY'&#* ;#6$(&;#* :$%($* $0:3<(* :"%=X7* !6(=.'.- &.;%$%60.*

26(-.60* =(),#"()#K((* 6($-(<&%:$(* =* %;6,?#L@.4* &#:* 26(6%'.* (* =* -(6.* Z=$%6%4*

26(6%'0[>*:%)'#&&%4*6,;#-(*<."%=.;#7

H.6'K.* =* ?(=%-* %65#&()-.* – 5"#=&04* '=(5#$."/>* %N,:"%="(=#L@(4* ?()&/7

!6(;"#'0=#3* 6,;,* ;* 56,'(>* -0* <,=:$=,.-* :$,;* :=%.5%* :.6'K#. A* 2%.)'#1 6#=&%-.6&04*

:$,;* ;%".:* ,:2%;#(=#.$>* :"%=&%* :.6'K.* -#$.6(>* ;%5'#* <."%=.; &#1%'($:3* =* ..* ,$6%N.7 Y*

'.3$."/&%:$(*:.6'K#*(*&#6,M.&(31*.5%*6($-#*-%?&%*&#5"3'&%*:,'($/*2%*35@$)(0@599% –

;6(=%4>*2%",<.&&%4*26(*6.5(:$6#K(( :.6'.<&%5%*6($-#*:2.K(#"/&0-(*26(N%6#-( T6(:7*DU.

8($-0* N(%$%;%=* -%)5#>* &.* )#-.<#.-0.* <."%=.;%->* &%* (56#L@(.* %56%-&,L* 6%"/* =* .5%*

?()&.'.3$."/&%:$(> (),<#L$:3 2%*1#6#;$.6,*;6(=01*&#*G&F%K5AA(0@5995J T6(:7*\U

8(:7*D7*Q#6'(%56#--# 8(:7*\7*]&K.+#""%56#--#

H.6'K.-* -&%5(1* -.1#&()-%=* 3="3L$:3 <.$06.1$#;$&0.* '=(5#$."(7* 8#N%<(4* K(;"*

<.$06^1$#;$&%5%* '=(5#$."3* :%:$%($* ()* <.$06^1* %:&%=&01* C$#2%= – $#;$%= T6(:.3): 1 –

=2,:;, 2 – :?#$(., 3 – :5%6#&(.* (* 6#:M(6.&(.> 4 – =02,:;7 _#$.-* C$(* '.4:$=(3*

2%=$%63L$:3* '%* $.1* 2%6>* 2%;#* &.* ;%&<($:3* $%2"(=%* ("(* 2%;#* &.* %:$#&%=3$ 6#N%$,*

'=(5#$."37

8(:7*`7*H1.-#*6#N%$0*<.$06.1$#;$&%5%*'=(5#$."3

a6#+(<.:;(-* %$%N6#?.&(.-* 6($-(<&%4* 2%=$%63.-%:$(* -&%5(1* +()(<.:;(1*

26%K.::%=*3="3.$:3*:(&,:%('#*– =%"&%%N6#)&#3*2"%:;#3*;6(=#3 T6(:.4U7*W)-.&.&(.*;#;%4-

"(N%*=."(<(&0*2%*)#;%&,*:(&,:#*&#)0=#.$:3*5#6-%&(<.:;(-*;%".N#&(.-7*!6(-.60*$#;(1*

;%".N#&(4B*;%".N#&(3*26,?(&&%5%*-#3$&(;#>*&#263?.&(3*=*C".;$6(<.:;%4*:.$(*(*-&%5%.*

'6,5%.
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8(:7*47*H(&,:%('#

A* 1,'%?.:$=.&&%4* "($.6#$,6.* H(GL)* T56.<7*b cdef – $=%6($/) %$"(<&#* %$* 26%)0*

6($-(<&%4*:$6,;$,6%4*%65#&()#K((*+%6-0>*(-.L@.4*'=# 2#6#-.$6#B*'"($."/&%:$/*:"%5#*

T'%"5(4 – ;6#$;(4U* (* :(", :"%5#* T,'#6&04* – N.),'#6&04U. M"(H(?, &#)0=#.$:3*

2%=$%63L@#3:3*;%-N(&#K(3*'%"5(1*(*;6#$;(1*T,'#6&01*(*N.),'#6&01U*:"%5%=7*S#*6(:7*g

26.':$#=".&#* 56#+(<.:;#3* (&$.626.$#K(3* &#(N%"..* 6#:26%:$6#&.&&01* $(2%=* :$%2 =*

:$(1%:"%?.&((.

8(:7g7* a6#+(<.:;#3* (&$.626.$#K(3* :$%2* =*

:$(1%:"%?.&((>*5'.B

V,)0;#"/&04* 6($-* – )#;%&%-.6&%.* <.6.'%=#&(.* (* :%%$&%M.&(.* 6#)"(<&01*

-,)0;#"/&01*'"($."/&%:$.4*(*#;K.&$%=7*Y:&%=&0-(*-,)0;#"/&0-(*6#)-.6#-(*3="3L$:3*

\hg>* `hg* (* ghg7* W1* 56#+(<.:;%4* (&$.626.$#K(.4* -%5,$* N0$/* 26%:$.4M(.* 5.%-.$6(<.:;(.*

+(5,60B* >&,0?>2 '"3* 6#)-.6#* \hg T6(:7* i#U, &,0@+>:;4%2 – '"3* 6#)-.6#* `hg T6(:7iNU,

28-A,-& – '"3*6#)-.6#*ghg T6(:7*i=U>*26(*C$%-*:$6.";( ,;#)0=#L$*&#26#=".&(.*6($-(<&01

=)-#1%= 6,;(* '(6(?.6#7* 8($-0* -,)0;(* =* N%"/M%4* :$.2.&(* ="(3L$* &#* C-%K(%&#"/&%.*

:%:$%3&(.*<."%=.;#7*j#;>*&#(N%"..*:2%;%4&0-*3="3.$:3*6($-*\h4: C$%*6($-*;%"0N."/&01*

2.:.&>*2%'*;%$%60.*)#:02#L$*'.$(>*6($-0*2"#=&01*&#6%'&01 1%6%=%'&01*2.:.&7*H#-04*

"(6(<&04* – 6($-* `hg>* 6($-* =#"/:#7* S#(N%"..* ?.:$;(4 – 6($-* 4/4, 6($-* =%.&&01* (*

+();,"/$,6&01*-#6M.47

8(:7*i7*a6#+(<.:;#3*(&$.626.$#K(3*-,)0;#"/&01*6($-%=

A*()%N6#)($."/&%-*(:;,::$=.*26(&K(2*6($-(<&%:$(>*2%:$6%.&&04*&#*<.6.'%=#&((*

%'(&#;%=01* C".-.&$%=* (* &#* %:&%=.* (1* 6#=.&:$=#* -.?',* :%N%4> 26%:".?(=#.$:3* =*

%6&#-.&$#1*(*,)%6#1*=:.1*:$6#&*(*&#6%'%=B*=*56.<.:;(1*-.#&'6#1*&#*-%)#(;#1*(*=#)#1>*=*

#6#N:;(1*,)%6#1*&#*=%:$%<&01*;%=6#1>*=*=0M(=;#1*&#*6,::;(1*2%"%$.&K#1 (*=*'.6.=3&&%4*
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6.)/N.7 A* 26%.;$&%4* '.3$."/&%:$(* #61($.;$%60* (* '()#4&.60* (:2%"/),L$* 26(&K(2*

6($-(<&%:$(* :* K."/L* 5#6-%&(<&%4* %65#&()#K((* 26%:$6#&:$=#>* :%)'#=#3* %@,@.&(.*

:$#$(<&%:$(* ("(>* &#%N%6%$>* ,:"%=&%5%* '=(?.&(3* :* 6#)=($(.-* 2%* 5%6()%&$#"(* ("(* 2%*

=.6$(;#"(*T6(:7*6).

8(:7*F7*8.M.$;#*I.$&.5%*:#'#*T57*H#&;$-!.$.6N,65U

8($-(<&%:$/ – %:&%=&%.* :=%4:$=%* ?(=%5%* %65#&()-#7* O(%"%5(<.:;(.* 6($-0

79%>,%&'(B)– 2.6(%'(<.:;(*2%=$%63L@(.:3*()-.&.&(3*=*1%'.*N(%"%5(<.:;(1*26%K.::%=*

=* %65#&()-.* ("(* 3=".&(31 26(6%'0, 3="3L$:3* +,&'#-.&$#"/&0-( 26%K.::#-( =* ?(=%4*

26(6%'.7 S#,;#>* (),<#L@#3* ,:"%=(3* =%)&(;&%=.&(3* (* )&#<.&(.* N(%6($-%=>* &#<(&#3* %$*

;".$%<&%5%*,6%=&3*'%*N(%:+.60>*&#)0=#.$:3*9%>,%&'>:>+%0<7*k(=%4*%65#&()-*3="3.$:3*

:%=%;,2&%:$/L*-&%5%<(:".&&01*6($-%=*:*6#)&0-(*1#6#;$.6(:$(;#-(7*

!%:$%3&&#3*:-.&#*'&3*(*&%<(*– 1#6#;$.6&#3*%:%N.&&%:$/*).-&%5%*N0$(37*H,$%<&04*

6($-* <.6.'%=#&(3* :=.$#* (* $.-&%$0* ="(3.$* &#*+()(%"%5(L*(* 2%=.'.&(.* =:.5%*?(=%5%* &#*

).-".7* O%"/M(&:$=%* ?(=01* :,@.:$=>* =* $%-* <(:".* (* <."%=.;>* (-.L$* -%".;,"36&0.*

Z16%&%-.$60[>* :(&16%&()(6%=#&&0.* :%* :=.$%=0-* '&^-7* H=%(* :,$%<&0.* -%".;,"36&0.*

<#:0*.:$/*(* ,*N#;$.6((, (*,*K=.$;#>*2%* C$(-*<#:#-*:%=.6M#.$:3*%N-.&*=.@.:$=*=*"LN%4*

;".$;.*<."%=.<.:;%5%*%65#&()-#7*A:^*?(=%.*&#*_.-".*2%'<(&3.$:3*:,$%<&%-,*6($-,*:&#*(*

N%'6:$=%=#&(37* W:;"L<.&(3* &.* :%:$#="3L$* '#?.* 6#:$.&(37* I(:$;(* 2%'%6%?&(;#* '&^-*

26(&(-#L$* 5%6()%&$#"/&%.* 2%"%?.&(.>* #* &%</L* :;"#'0=#L$:3* &#2%'%N(.* )%&$(;#7* !6(*

2%"&%-* :%"&.<&%-* %:=.@.&((* K=.$;(* %',=#&<(;#* :$#&%=3$:3* ?^"$0-(* (* 2,M(:$0-(>* =*

$.-&%$.*?.*2"%$&%*:-0;#L$*".2.:$;(7*



http://sntbul.bmstu.ru/doc/586900.html

8(:7*77*H%"&.<&0.*N#$#6.( 8(:7*87*l=.$%;*2%':%"&,1#

!6(&K(2* N(%6($-%=* N0"* (:2%"/)%=#&* (&?.&.6#-(* 26(* :%)'#&((* :%"&.<&01*

N#$#6.4* (* :%"&.<&01* ;%"".;$%6%=* T6(:7* 7). !%'* $.6-(&%-* Z:%"&.<&#3* N#$#6.3[* ("(*

Z:%"&.<&#3* 2#&."/[* 2%'6#),-.=#.$:3* &.:;%"/;%* %Nm.'(&^&&01* +%$%C".;$6(<.:;(1*

26.%N6#)%=#$.".4* T+%$%C".-.&$%=U – 2%",26%=%'&(;%=01* ,:$6%4:$=>* 26.%N6#),L@(1*

:%"&.<&,L* C&.65(L* =* C".;$6(<.:;(4* $%;7* ]$(* N#$#6.(* (:2%"/),L$:3* '"3* %N.:2.<.&(3*

C".;$6(<.:$=%-* (h("(* 2%')#63';(* #;;,-,"3$%6%=* 6#)"(<&%4* N0$%=%4* C".;$6%&(;(* –

;#"/;,"3$%6%=>* 2"..6%=>* +%&#6(;%=>* C".;$6%-%N(".4. j#;(- ?.* %N6#)%-* %&(*

%N.:2.<(=#L$*C".;$6%C&.65(.4*'%-#>*;%:-(<.:;(.*;%6#N"(7*

"H%"&.<&04*;%"".;$%6" T5."(%,:$#&%=;#U – ,:$6%4:$=%*'"3*:N%6#*$.2"%=%4*C&.65((*

:%"&K#>*2.6.&%:(-%4*=('(-0-*:=.$%-*(*N"(?&(-*(&+6#;6#:&0-*()",<.&(.-7*H%"&.<&0.

;%"".;$%60 26%()=%'3$* &#56.=* -#$.6(#"#-$.2"%&%:($."37* YN0<&%* %&(* 26(-.&3L$:3* '"3*

&,?' 5%63<.5%* =%'%:&#N?.&(3* (* %$%2".&(3* 2%-.@.&(47* Q#;* K=.$0* 2%':%"&,1#* =:.5'#*

%N6#@.&0* ;* :%"&K, T6(:78)>* $#;* (* 2"#:$(&0* :%"&.<&01* N#$#6.4* (* ;%"".;$%6%=* =:.5'#*

X:-%$63$X* &#* :%"&K.7 !%* 26(&K(2,* N(%6($-%=* <."%=.;#* -%?&%* %65#&()%=#$/ :,$%<&%.*

C".;$6%:&#N?.&(.*;=#6$(67*A*<#:0*&#(N%"/M.4*#;$(=&%:$(*"L'.4*T;%5'#*=:.*)#&(-#L$:3*

'%-#M&(-(*'."#-(B*:$(6#L$>*:-%$63$*$.".=()%6*(*$727U*2%:$#=;#*C".;$6%C&.65((>*26(*..*

&.1=#$;.>* %:,@.:$="3.$:3* ()* '6,5(1* 6.5(%&%=7* n* ;%5'#* &#:$,2#.$* &%</>* ()"(M;(*

&.=%:$6.N%=#&&%4*C".;$6%C&.65((*&#26#="3L$:3*=*'6,5(.*6.5(%&07*

«M)!"%95+,&5!34(LB,H@(&)L5&&5*,@)"959)», – $#;*%N6#)&%*&#)=#"*<."%=.;#*%'(&*()*

(::".'%=#$.".4* N(%"%5(<.:;(1* 6($-%=* O7H7* n"3;6(&:;(47 !%* :%=6.-.&&0-* '#&&0-* =*

%65#&()-.*<."%=.;#*=03=".&%*%;%"%*goo*:,$%<&01*6($-%=7 l.&$6#"/&%.*-.:$%*:6.'(*&(1*

)#&(-#.$*6%,2-A4(< 6($->*3="3L@(4:3*=('%()-.&.&(.-*:,$%<&%5%*6($-#*:*2.6(%'%-*\g*

<#:#7*A*%;%"%:,$%<&%-*6($-.*;%".N"L$:3*=:.*2%;#)#$."(*&.6=&%4>*-0M.<&%4> :.6'.<&%-

:%:,'(:$%4>* '01#$."/&%4* (* 2(@.=#6($."/&%4* :(:$.-7* S#* :$0;.* N(%6($-%"%5((* (*

-.'(K(&0*&#1%'($:3**,>4>'0A%6%4->*6#)6#N#$0=#L@#3*:1.-0*".<.&(3*(*26%+("#;$(;(*

)#N%".=#&(4*:*,<.$%-*N(%6($-%=7
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!6.':$#="3.$* (&$.6.:* "&0>,%3 &,0*) ,%&'>8">* :%5"#:&% ;%$%6%4* :,@.:$=,L$*

-&%5%'&.=&0.* 6($-0>* &.* )#=(:3@(.* %$* =&.M&(1* +#;$%6%=* (* %$* =%)6#:$&01* ()-.&.&(4*

:#-%5%*%65#&()-#7*]$(*6($-0*)#2,:;#L$:3*=*-%-.&$*6%?'.&(3*<."%=.;# (*(-.L$*2.6(%'0*

=*\`>*\p*(*``*:,$%;7 9()(<.:;(4*K(;" 6#=.&*\`*'&3- ( %26.'."3.$*C&.65(L*<."%=.;#>*.5%*

:(",>* =0&%:"(=%:$/>* ;%%6'(&#K(L* '=(?.&(37 ]-%K(%&#"/&04* K(;" 6#=.&* \p* '&3-* (*

%N,:"%="(=#.$* :%:$%3&(.* &.6=&%4* :(:$.-0*(*&#:$6%.&(.7 W&$."".;$,#"/&04*K(;" 6#=.&*

``* '&3-* (* %26.'."3.$* $=%6<.:;,L* :2%:%N&%:$/* "(<&%:$(. q&(>* =* ;%$%60.* 26%(:1%'($*

2.6.;"L<.&(.* +#)* TZ&,".=0.[* $%<;(* &#* 56#+(;.U (* ;%$%60.* %$"(<#L$:3* :&(?.&(.-*

:%%$=.$:$=,L@.5%* ,6%=&3* #;$(=&%:$(>* 2%",<("(* &#)=#&(.* ;6($(<.:;(1* '&.4.

a6#+(<.:;(-*()%N6#?.&(.-*;#?'%5%*()*C$(1*6($-%=*3="3.$:3*1%4@1>%A- T6(:.9).

8(:7*97*a6#+(;*N(%6($-%=B*

;6#:&#3* ;6(=#3* – +()(<.:;(4* K(;"J*

).".&#3* ;6(=#3* – C-%K(%&#"/&04*

K(;"J* :(&33* ;6(=#3* –

(&$."".;$,#"/&04*K(;"

n=$%6#-(* $.%6((* N0"(* $6(* <."%=.;#B* 2:(1%"%5* a.6-#&*H=%N%'#* (* %$%"#6(&5%"%5*

A("/5."/-* 9"(::>* %$;60=M(.* C-%K(%&#"/&04* (* +()(<.:;(4* N(%6($-0> 26.2%'#=#$."/*

96('6(1*j."/<.6>*(::".'%=#=M(4*(&$."".;$,#"/&04*6($-*&#*%:&%=.*#&#"()#*&.;%$%601*

:$#$(:$(<.:;(1*'#&&01*[3].

q%"5%.*=6.-3*$.%6(3*N(%6($-%=*&.*-%5"#*N0$/*M(6%;%*(:2%"/)%=#&#*=*26#;$(;.*=*

:(",* :"%?&%:$(* -.$%'(;(* =0<(:".&(47* Y'&#;%* (&+%6-#K(%&&0.* $.1&%"%5((* 2%-%5"(*

26.%'%".$/* C$%$* N#6/.6 :* 2%-%@/L ;%-2/L$.6&%4 26%56#--0, 6#::<($0=#L@.4

(&'(=(',#"/&0.*56#+(;( N(%6($-%= <."%=.;#.

a6#+(;* .%?%/012>+>) N(%6($-# -%?.$* N0$/* (:2%"/)%=#&* :$,'.&$#-(* '"3*

:%:$#=".&(3* (&'(=(',#"/&01* 56#+(;%=* +()(<.:;(1* $6.&(6%=%;7* S#6#@(=#$/*
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