
 
!
"
#
$
%

 &
'
(
)
&
*
%

 +,"
-&
$
#

 .
 2 (140) 2015

67

-,/
&
$
)
,"
#
$
,  &

'
(
#
$

 !"#$%$&&'( &!%$&)*'+,#' -#$.-+" )!&+#!*( /$!-
%$+#01$-)!2 +!1&!-+0 )#,/*!3*04!"'*5&67 -+'&-
)!" &$ !+*01'$+-( 8#!-+6%0 0 .!-+!"$#&6%0 ,-+#!2-
-+"'%0 8!"$#)0 -!!-&!-+0 9$&+#!".  +'&.'#+ :; <
11654-72 8#$.,-%'+#0"'$+ 8!"$#)0 -!!-&!-+0 !+"$#-
-+02 380&.$*( 8$#$.&$2 0 ='.&$2 >'>!), ' +')?$
8!"$#), !-$"!/! 0 #'.0'*5&!/! >0$&0( )!&01$-)07
!+"$#-+02 .*( ,-+'&!")0 9$&+#!", &! "-$ 8$#$10-*$&-
&6$ %$+!.6 !1$&5 +#,.!@%)0, +#$>,A+ "6-!)!2 )"'-
*040)'900 !8$#'+!#', >!*53!/! )!*01$-+"' -!8,+-
-+",AB07 ,-+#!2-+" 0 .$+'*$2 .*( -!=.'&0( 0=%$#0-
+$*5&!/! )!%8*$)-'. C$=,*5+'+6 +')07 8#!"$#!) 8#!-
"!.(+-( +!*5)! 8#0 8*'&!"!% #$%!&+$ -+'&)!" 0 &$
0-8!*5=,A+-( .*( )!##$)+0#!")0 8!*!?$&0( 9$&+-
#!" " 7!.$ +$7&!*!/01$-)!/! 8#!9$--'. D -"(=0 - E+0%
"!=&0)*' &$!>7!.0%!-+5 #'=#'>!+)0 8#!-+!/! 0 &'-
.$?&!/! -8!-!>' )!&+#!*( /$!%$+#01$-)!2 +!1&!-+0
)#,/*!3*04!"'*5&67 -+'&)!", " 1'-+&!-+0 -!!--
&!-+0 07 9$&+#!".

D &'-+!(B$$ "#$%( .*( !>&'#,?$&0( 8!"$#7&!-+-
&67 0 "&,+#$&&07 .$4$)+!" " %'+$#0'*'7 ,-8$3&!
8#0%$&(A+ %$+!.6 ,*5+#'=",)!"!/! )!&+#!*( [1].
F'0>!*$$ 30#!)!$ #'-8#!-+#'&$&0$ " 8#')+0)$
,*5+#'=",)!"!2 .$4$)+!-)!800 &'3*0 0%8,*5-&6$
%$+!.6, " +!% 10-*$ =$#)'*5&!-+$&$"!2 %$+!., ,.!>-
&62 +$%, 1+! ) .$+'*0 0%$$+-( !.&!-+!#!&&02 .!-+,8
-!"%$B$&&!/! 85$=!8#$!>#'=!"'+$*( (GHG) [2].

I-8$70, .!-+0/&,+6$ " !>*'-+0 +$!#00 )!*$>'&02,
8!="!*(A+ 8#0%$&(+5 %$+!.6 ,*5+#'=",)!"!2 .$4$)-
+!-)!800 .*( )!&+#!*( #'-8!*!?$&0( -!8#(/'$%67
#'=J$%&67 -!$.0&$&02, )!+!#6$ ,-*!"&! %!?&!
8#0&(+5 &$#'=J$%&6%0 " +!% -*,1'$, $-*0 ) &0%
8#$.J("*(A+-( +$7&!*!/01$-)0$ +#$>!"'&0( 8!-+!(&-
&!2 ?$-+)!-+0 &!%0&'*5&!/! -!8#(?$&0( 0 +!1&!-+0
8!=090!&0#!"'&0( [3]. K!&+')+&!$ "='0%!.$2-+"0$
-!8#(/'$%67 +$* "-$/.' 7'#')+$#0=,$+-( )!&+')+&6%
.'"*$&0$%, 8*!B'.5A !8!#&!2 8!"$#7&!-+0, ->*0?$-
&0$% 0 .#,/0%0 8'#'%$+#'%0 [4]. D .'&&!% -*,1'$
4')+01$-),A 8*!B'.5 )!&+')+' 9$&+#' -+'&)' 0 9$&+-
#!"!/! !+"$#-+0( ='/!+!")0 %!?&! -10+'+5 )#0+$-
#0$% +!1&!-+0 E+!/! -!$.0&$&0(. D -"(=0 - E+0% /$!-

%$+#01$-)'( +!1&!-+5 )#,/*!3*04!"'*5&!/! -+'&)'
%!?$+ >6+5 -#'"&0+$*5&! 8#!-+! !8#$.$*$&' 8!-#$.-
-+"!% ,*5+#'=",)!"!/! )!&+#!*( 8*!B'.0 !8!#&!2
8!"$#7&!-+0 9$&+#' 0 9$&+#!"!/! !+"$#-+0( [5].

I*5+#'=",)!"!2 0%8,*5- 8#!7!.0+ 1$#$= ='/!+!"-
), 0 9$&+# 0 " -*,1'$ &$8*!+&!/! 07 8#0*$/'&0( !+-
#'?'$+-( !+ "!=.,3&!/! ='=!#'. I%$&53$&0$ '%8*0-
+,.6 ,*5+#'=",)!"67 )!*$>'&02 !8#$.$*($+ 0=%$-
&$&0$ 8*!+&!-+0 )!&+')+' 9$&+#' 0 9$&+#!"!/! !+-
"$#-+0(, 8#0 E+!% %')-0%'*5&'( '%8*0+,.' -!!+"$+-
-+",$+ 07 -!!!-&!-+0.

L*( !9$&)0 +!1&!-+0 #'-8!*!?$&0( +$7&!*!/01$-
-)07 >'= 8! 0=%$&$&0A 8*!B'.0 07 !8!#&!2 8!"$#7-
&!-+0 >6*0 8#!"$.$&6 E)-8$#0%$&+'*5&6$ 0--*$.!-
"'&0( &' #'=#'>!+'&&67 -+$&.'7, ")*A1'AB07 9$&+-
#6 M!#=$ 0-8!*&$&0( 4, ='/!+!"),, .$4$)+!-)!8
- .0'8'=!&!% +!*B0& )!&+#!*0#,$%!/! %'+$#0'*'
!+ 1 .! 999 %%, 85$=!E*$)+#01$-)02 .'+10) (GHG),
,=$* !10-+)0 0 8!.'10 -?'+!/! "!=.,7' 0 ,=$* )!&+-
#!*( .'"*$&0(, ")*A1'AB02 8&$"%'+01$-)02 8#$!>-
#'=!"'+$*5, 0&.0)'+!# 0 %'&!%$+# (#0-. 1).

D E)-8$#0%$&+'7 0-8!*5=!"'*0 GHG &')*!&&!/!
+08' - ,/*!% 60°, 8!="!*(AB02 8#!"!.0+5 ,*5+#'=",-
)!"!$ -)'&0#!"'&0$ %'+$#0'*' 9$&+#' 0 ='/!+!")0
8#0 #'-8!*!?$&00 - 07 )!&,-&6%0 8!"$#7&!-+(%0
" !.&!2 8*!-)!-+0.

M$+!.0)' E)-8$#0%$&+' =')*A1'*'-5 " -*$.,A-
B$%. D 9$&+#6 -!!-&! ,-+'&'"*0"'*0 ='/!+!"),.
 !!-&!-+5 !8#$.$*(*0 8! 8!)'='&0(% %'&!%$+#'
0 8&$"%'+01$-)!/! 8#$!>#'=!"'+$*(. L*( E+!/!
" 9$&+#!"67 !+"$#-+0(7 ='/!+!")0 >6*0 0=/!+!"-
*$&6 )'&'*6, ) )!+!#6% 8!.)*A1'$+-( 0=%$#0+$*5-
&'( "$+"5 8&$"%'+01$-)!/! 8#$!>#'=!"'+$*( - )!&0-
1$-)!2 0/*!2. D 9$&+#!"!% !+"$#-+00 -!=.'$+-( 8!-
-+!(&&!$ #'>!1$$ .'"*$&0$  - 8!%!B5A 8!.'10 -?'-
+!/! "!=.,7'.

G$#"62 E)-8$#0%$&+ 8#!"!.0*-( - "!=%!?&!-+5A
-%$B$&0( 9$&+#' !+&!-0+$*5&! )!&01$-)!/! !+"$#-
-+0( ='/!+!")0 " /!#0=!&+'*5&!% &'8#'"*$&00 - 8!-
%!B5A )'#$+)0 =' -1$+ %0)#!"0&+' (#0-. 2). G#0
&'*0100 -%$B$&0( 8!."0?&!/! 9$&+#' 0 0=%$&$&00

 !"#$!%&
'(!)(#$*+(, !- #!+"!,#*
 $.'%!/%*0!12%&"34 ,#2" !1
)(#!5!) .%&#$261. 2

!. ,. %!)!12
 2. 7. )!$'."!1

!89:;< =>9?@AB9CDEFFG<
CEHF;IE9:;< ?F;DEB9;CEC

1 9CACJE KB;DE@EFG BEL?MJCACG ;99ME@>DAF;< K> :>FCB>MN =E>8ECB;IE9:>< C>IF>9C;
:B?=M>OM;P>DAMJFGH 9CAF:>D. Q:9KEB;8EFCAMJF> @>:ALAF>, IC> >KBE@EM;CJ 9>>9F>9CJ
REFCB>D 8>SF> K> KM>TA@; ;H >K>BF>< K>DEBHF>9C; D REFCB>D>8 >CDEB9C;; ?MJCBA-
LD?:>DG8 8EC>@>8. .MJCBALD?:>D>< :>FCB>MJ ; K>M?IEFFGE AFAM;C;IE9:;E LAD;9;8>9C;
?=MA KEBE:>9A >9E< REFCB>D >C ;L8EFEF;U KM>TA@; >K>BF>< K>DEBHF>9C; ; A8KM;C?@G
?MJCBALD?:>DGH :>MEVAF;< K>LD>MUNC KB>;LD>@;CJ KB; FE>VH>@;8>9C; K>@FAMA@:?
9CAF:A.
 MNIEDGE 9M>DA: :B?=M>OM;P>DAMJFG< 9CAF>:, REFCB, REFCB>D>E >CDEB9C;E, ?MJCBA-
LD?:, KM>TA@J >K>BF>< K>DEBHF>9C;.
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?$-+)!-+0 &!%0&'*5&!/! -!8#(?$&0( 9$&+#' 0 ='/!-
+!")0 8#!0-7!.0+ 0-+$1$&0$ "!=.,7' 1$#$= !>#'=!-
"'"302-( ='=!#, 8#0 E+!% .'"*$&0$ " 9$80 8'.'$+.
N=%$&$&0$ .'"*$&0( " -0-+$%$ 40)-0#!"'*0 " ='"0-
-0%!-+0 !+ "$*010&6 ='=!#' Z 8! 8!)'='&0(% 8&$"-
%'+01$-)!/! 8#$!>#'=!"'+$*(. G5$=!E*$)+#01$-)02
.'+10) 8*!+&! 8#0?0%'*0 ) 4'-)$ ='/!+!")0 " -$1$-
&00 , 9$&+#!"!/! !+"$#-+0(. L*( *,13$/! '),-+0-
1$-)!/! )!&+')+' 8#$!>#'=!"'+$*5 0 ='/!+!"), -%'-
=6"'*0 )!&+')+0#,AB$2 ?0.)!-+5A.

D+!#!2 E)-8$#0%$&+ 8#!"!.0*-( - "!=%!?&!-+5A
-%$B$&0( 9$&+#' !+&!-0+$*5&! )!&01$-)!/! !+"$#-
-+0( ='/!+!")0 " ,/*!"!% &'8#'"*$&00 8!-#$.-+"!%
#61'/' (#0-. 3). G#0 E+!% -0*!"!$ ='%6)'&0$ !-,-
B$-+"*(*!-5 8#,?0&!2 4 8#0 ."0?$&00 )'#$+)0
"8#'"! 0 "*$"!. G!.?0% )!&,-' - )!&01$-)0% !+"$#-
-+0$% !>$-8$10"'*' 8#,?0&' 6. I/*!"!2 8!"!#!+

#61'/' ='.'"'*0 8! !+-1$+&!%, ,-+#!2-+", 7. G!
8*$1, #61'/' 0 "$*010&$ -%$B$&0( !-0 9$&+#' !8#$-
.$*(*0 ,/!* $/! 8!"!#!+' a.

F' #0-. 4 8!)'='&' ='"0-0%!-+5 '),-+01$-)07
)!*$>'&02 !+ "#$%$&0 8#!7!?.$&0( 0%8,*5-' 8#0
0=%$&$&00 8*!B'.0 ;G (?$-+)!-+0 &!%0&'*5&!/!
-!8#(?$&0() 9$&+#' 0 ='/!+!")0. G$#"62 -*,1'2
(#0-. 4') -!!+"$+-+",$+ -!!-&!%, 8!*!?$&0A 9$&+-
#!" 0 !+-,+-+"0A "!=.,3&!/! ='=!#' %$?., 9$&+#!%
0 9$&+#!"6% !+"$#-+0$% 0, -*$.!"'+$*5&!, %')-0-
%'*5&!2 8*!B'.0 ;G. G! %$#$ 8$#$)!-' !-$2 9$&+#'
0 9$&+#!"!/! !+"$#-+0( 8*!B'.5 ;G ,%$&53'$+-(,
0 ,*5+#'=",)!"6$ )!*$>'&0( 8'.'A+ (#0-. 4>).

L*( !8#$.$*$&0( "*0(&0( &' +!1&!-+5 !>#'>!+)0
0=%$&$&0( 8*!B'.0 ;G >6*' #'--10+'&' $$ ='"0-
-0%!-+5 !+ ,*5+#'=",)!"67 )!*$>'&02 0 "$*010&6
"!=.,3&!/! ='=!#'. <!1&6% -8!-!>!% #'-1$+' ='=!#'

 !". 1. #$"%&'!(&)*+,-)./ "*&)0: 1, 2 — 1&)*'.; 3 — 2+34*45$+;
4 — $+'&*$+; 5 — )+%'+5,678!&; 6 — (!$'45!)*; 7 — 9#9;

8 — $4(%'&""4' 0,6 %40+:! ";+*434 5420<=+; 9 — %'&4>'+245+*&,-;
10 — !)0!$+*4'; 11 — (+)4(&*'; 12 — 0&?&$*4"$4%

 !". 2. @>8!/ 5!0 "*&)0+

 !". 3. A"*'4/"*54 "(&8&)!6 1&)*'+ 5 <3,454( )+%'+5,&)!!
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='=!#, +$% >!*53$ 8!+$#0 .'"*$&0( ", %$&53$ '%-
8*0+,.' )!*$>'&02  / 0 0 8*!B'.5 !8!#&!2 8!"$#7-
&!-+0 S#$ 9$&+#' 0 ='/!+!")0.

N--*$.!"'&0( +!1&!-+0 !>#'>!+)0 &' )#,/*!-
3*04!"'*5&67 -+'&)'7 8!)'='*0, 1+! 8!/#$3&!-+5
4!#%6 ='/!+!"!) "! %&!/!% !8#$.$*($+-( 8#$9$--
-0$2 07 !-0 "#'B$&0(, ='"0-(B$2 !+ "$*010&6 ,/*'
8$#$)!-' !-$2 9$&+#!" a. D -"!A !1$#$.5, =&'1$&0$ a
&'8#(%,A -"(='&! - 8*!B'.5A ;G 9$&+#' 0 9$&+-
#!"!/! !+"$#-+0(, ' =&'10+ 0 - '%8*0+,.!2 ,*5+#'-
=",)!"67 )!*$>'&02.   E+!2 9$*5A >6*0 "68!*&$&6
+$!#$+01$-)0$ 0--*$.!"'&0( 8! !8#$.$*$&0A a !+
0=%$&$&0( "$*010&6 Z 0  / 0.

F' #0-. 5 8#$.-+'"*$&' -7$%', 8!(-&(AB'( !>#'-
=!"'&0$ "!=.,3&!/! )!*59$"!/! ='=!#' Z 8#0 -%$B$-
&00 9$&+#' &' ,/!* a. D0.&!, 1+! &'0>!*53'( 8*!B'.5
='=!#' F1 !>#'=,$+-( , +!#9' ='/!+!")0 8! !)#,?-
&!-+0 9$&+#!"!/! !+"$#-+0( 0 !8#$.$*($+-( "$*010-
&!2 !+#$=)'  !. G#0%$%, 1+! 8*!B'.5 F2 — !)#,?-
&!-+5 9$&+#' -+'&)', +!/.' #'--+!(&0$  ! #'=&!-+5
%$?., .0'%$+#'%0 9$&+#!"!/! !+"$#-+0( D 0 9$&+-
#' D1, 8#$.-+'"*(AB$$ -!>!2 )!*59$"!2 ='=!#, #'"-
&62 D1=D– !. G#!0="$.$% #'-1$+ Z 0 ,-+'&!"0%
='"0-0%!-+5 $/! 0=%$&$&0( !+ a. N= +#$,/!*5&0)'
 !% 8! +$!#$%$ -0&,-!" "6#'=0%  !:

             
( )133

4
+a

==
ctg
hZAB , %)%               (7)

;)!&1'+$*5&! ='"0-0%!-+5 a !+ Z (!+#$=!)  !)
>,.$+ #'"&':

               ÷ø
öçè

æ -=a
3
1

3
4
Z
harcctg , /#'.                (8)

D6#'=0% Z 1$#$= 8*!B'.5 !8!#&!2 8!"$#7&!-+0:

                      onSDZ ×-= 27,1  .                   (9)

  ,1$+!% !+&!3$&02  / 0 8!*,10%:

               
0

3102,10
A
ADZ ××-= -  .               (10)

F'2.$% 0=%$&$&0$ ,/*' 8$#$)!-' !-$2 9$&+#!" a
!+ "$*010&6 ,*5+#'=",)!"67 )!*$>'&02:

    

÷÷
÷
÷
÷

ø

ö

çç
ç
ç
ç

è

æ

-
÷
ø
öç

è
æ ××-×

=a
- 3

1

102,103

4

0

3

A
AD

harcctg .      (11)

G! 8!*,1$&&6% =&'1$&0(% 8!-+#!0% /#'40)
='"0-0%!-+0 ,/*' 8$#$)!-' 9$&+#' a !+ '%8*0+,.6
)!*$>'&02 0 8*!B'.0 !8!#&!2 8!"$#7&!-+0 (#0-. 6).
 #'"&$&0$ +$!#$+01$-)07 0 E)-8$#0%$&+'*5&67
='"0-0%!-+$2 8!)'='*0 7!#!3,A -7!.0%!-+5
(#0-. 7).

I*5+#'=",)!"!2 )!&+#!*5 9$*$-!!>#'=&! 0-8!*5-
=!"'+5 )') "7!.&!2 )!&+#!*5 /$!%$+#01$-)!2 +!1-
&!-+0 )#,/*!3*04!"'*5&67 -+'&)!" 8$#$. !>#'>!+-
)!2 )'?.!2 &!"!2 8'#+00 ='/!+!"!) .#,/!/! +08!-
#'=%$#'. L*( E+!/! -*$.,$+ ,-+'&!"0+5 !8#'"),
- '),-+01$-)0% 8#$!>#'=!"'+$*$% " 9$&+#6 -+'&)'.
O-*0 8! 8!)'='&0(% '%8*0+,. )!*$>'&02 8*!B'.5
;G %')-0%'*5&', =&'10+, 9$&+#6 -+'&)' -!-&6, )!-
&,-&6$ !8!#&6$ 8!"$#7&!-+0 >'= &$ 0-)'?$&6 0=&!-
-!%  0 8!/#$3&!-+5 >'=0#!"'&0( !+-,+-+",$+.

C!>,!43'+?!:&"$!/ "%!"4$

1. F$#'=#,3'AB02 )!&+#!*5 %$+'**!" 0 0=.$*02 : -8#'". /
G. N. R$.' [0 .#.] ; 8!. #$.. :.  .  '%!2*!"01'. – M. : M'30&!-
-+#!$&0$, 1976. – 280 -.

2. G#0>!#6 .*( &$#'=#,3'AB$/! )!&+#!*( %'+$#0'*!"
0 0=.$*02 : -8#'". D 2 )&. K&. 1 / S.  . R!#!"0)!" [0 .#.] ;
8!. #$.. D. D. K*A$"'. – 2-$ 0=.. – M. : M'30&!-+#!$&0$,
1986. – 487 -.

3.M!#/,&!", S. G. <$7&!*!/01$-)!$ !>$-8$1$&0$ 8#!1&!-+0
8#!40*5&67 &$8!."0?&67 -!$.0&$&02 / S. G. M!#/,&!",
D. R.M'-(/0&, N. D. C$"0&'. – M. : <$7&!*!/0( %'30&!-+#!-
$&0(, 2004. – 300 -.

                                               + >

 !". 6. D+5!"!(4"*- <3,+ %&'&$4"+ 1&)*'+ a:
+ — 4* +(%,!*<0. <,-*'+25<$45.= $4,&>+)!/; > — 4* %,48+0! 4%4')4/ %45&'=)4"*! S!" :

1 — +)+,!*!:&"$+6 2+5!"!(4"*-; 2 — E$"%&'!(&)*

 !". 7. D+5!"!(4"*! a 4* Z:
1, 2 — E$"%&'!(&)*+,-).& !"",&045+)!6 "(&8&)!!

1&)*'+ (%'6(4/ ! 4>'+*)./ =40);
3 — *&4'&*!:&"$+6 2+5!"!(4"*-;

4 — !"",&045+)!6 %'! <3,454( "(&8&)!! 1&)*'+
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4. O804'&!", :. N. T0=0)' +"$#.!/! +$*' : ,1$>. 8!-!>0$
.*( ",=!". – M. : D6-3'( 3)!*', 1965. – 276 -.

5. S*$30&, F. G. I*5+#'=",)!"'( .$4$)+!-)!80( : -8#'".
8!-!>0$ / F. G. S*$30&, D. :. U,8'1$". – M&. : D6-3'(
3)!*', 1987. – 271 -.

6. O#%!*!", N. F. <$!#0( 0 8#')+0)' ,*5+#'=",)!"!/! )!&+-
#!*( / N. F. O#%!*!". – M. : M'30&!-+#!$&0$, 1981. – 240 -.

F@G@HI @,-3+ B*+)!",+545)+, )'&.0.'+ +$7&01$-
-)07 &',), .!9$&+ (C!--0(), .!9$&+ )'4$.#6 «F$4+$-
70%01$-)0$ +$7&!*!/00 0 !>!#,.!"'&0$».

S.#$- .*( 8$#$80-)0: 190567@ mail.ru
G@ JAK@H I)+*4,!/ 9+5,45!:, .!)+!# +$7&01$-
-)07 &',), 8#!4$--!# (C!--0(), ='"$.,AB02 )'4$.-
#!2 «<$7&!*!/0( %'30&!-+#!$&0(».

S.#$- .*( 8$#$80-)0: 644050, /. ;%-), 8#. M0#', 11,
)'4$.#' <M.

B*+*-6 %4"*<%!,+ 5 '&0+$1!7 25.02.2015 3.
© @. B. F4(45+, I. 9. G4'3<)45

!W(" 2 ,12$*12()!,#* ,#2%(-
$26%*+"34  %2,,!1
)(#!5!) 4*)*+(, !'!
Q 1*12%("#2 .'%($!52

X. (. %!72(1
$. $. 4*,)2#.%*"

 *. *.  2'2$)2"!1
 2. ). .,#Y"

!89:;< =>9?@AB9CDEFFG<
CEHF;IE9:;< ?F;DEB9;CEC

"A >9F>DE BA9IECA H;8;IE9:>=> Z:D;DAMEFCA ?=MEB>@A KB>DE@EFA >REF:A 9:M>FF>9C;
?=MEB>@;9CGH ; ME=;B>DAFFGH 9CAME< : >VBAL>DAF;N H>M>@FGH CBET;F, >CF>9UT;H9U
: K>FUC;N «9DAB;DAE8>9CJ 8ACEB;AM>D».
 MNIEDGE 9M>DA: H;8;IE9:;< Z:D;DAMEFC ?=MEB>@A, 9DAB;DAE8>9CJ, H>M>@FGE CBET;FG,
8ABCEF9;C, M>:AMJFAU :>FREFCBAR;U, ;F:?VAR;>FFG< KEB;>@.

.5   621.791.011+669.14.018

 8!-!>&!-+5 %'+$#0'*!" !>#'=!"6"'+5 -"'#&!$
-!$.0&$&0$ !8#$.$*($+-( 0-86+'&0(%0 &' -"'#0"'-
$%!-+5.

 "'#0"'$%!-+5 (-!$.0&($%!-+5) — -"!2-+"! %'+$-
#0'*' !>#'=!"6"'+5 &$#'=J$%&!$ -!$.0&$&0$ - +#$-
>,$%6% )'1$-+"!% 0 ,#!"&$% 40=0)!-%$7'&01$-)07
0 4,&)90!&'*5&67 -"!2-+" -!$.0&$&0( )') " 8#!9$--
-$ $/! 8!*,1$&0(, +') 0 8#0 E)-8*,'+'900 0=.$*0( [1].

;-&!"&6$ 8#0=&')0, 7'#')+$#0=,AB0$ -"'#0"'-
$%!-+5 -+'*$2, — -)*!&&!-+5 ) !>#'=!"'&0A +#$B0&
#'=*01&!/! +08' 0 %$7'&01$-)0$ -"!2-+"' -"'#&!/!
-!$.0&$&0(.

G! -"'#0"'$%!-+0 -+'*0 8!.#'=.$*(A+ &' 1$+6#$
/#,886: 8$#"'( — 7!#!3! -"'#0"'AB0$-(; "+!#'( —
,.!"*$+"!#0+$*5&! -"'#0"'AB0$-(; +#$+5( — !/#'-
&01$&&! -"'#0"'AB0$-(; 1$+"$#+'( — 8*!7! -"'#0-
"'AB0$-( -+'*0 [2].

K 8$#"!2 /#,88$ !+&!-(+-( -+'*0, -"'#)' )!+!#67
%!?$+ >6+5 "68!*&$&' 8! !>61&!2 +$7&!*!/00, +.$.
>$= 8!.!/#$"' .! -"'#)0 0 " 8#!9$--$ -"'#)0 0 >$=
8!-*$.,AB$2 +$#%!!>#'>!+)0. ;.&')! 8#0%$&$&0$
+$#%!!>#'>!+)0 .*( -&(+0( "&,+#$&&07 &'8#(?$&02
&$ 0-)*A1'$+-(.

K! "+!#!2 /#,88$ !+&!-(+ -+'*0, 8#0 -"'#)$ )!-
+!#67 " &!#%'*5&67 8#!0="!.-+"$&&67 ,-*!"0(7
+#$B0& &$ !>#'=,$+-(. D E+, ?$ /#,88, "7!.(+ -+'*0,
)!+!#6$ .*( 8#$.,8#$?.$&0( !>#'=!"'&0( +#$B0&
&,?.'A+-( " 8#$."'#0+$*5&!% 8!.!/#$"$, ' +')?$
" 8#$."'#0+$*5&!2 0 8!-*$.,AB$2 +$#%!!>#'>!+)$.

K +#$+5$2 /#,88$ !+&!-(+ -+'*0, -)*!&&6$ " !>61-
&67 ,-*!"0(7 -"'#)0 ) !>#'=!"'&0A +#$B0&. G#0
-"'#)$ 07 8#$."'#0+$*5&! 8!."$#/'A+ +$#%!!>#'-
>!+)$ 0 8!.!/#$"'A+. K#!%$ +!/!, >!*530&-+"! -+'-
*$2, "7!.(B07 " E+, /#,88,, 8!."$#/'A+ +$#%!!>#'-
>!+)$ 8!-*$ -"'#)0.

K 1$+"$#+!2 /#,88$ !+&!-(+ -+'*0, &'0>!*$$ +#,.&!
8!..'AB0$-( -"'#)$ 0 -)*!&&6$ ) !>#'=!"'&0A
+#$B0&. H+0 -+'*0 -"'#0"'A+-( !/#'&01$&&!, 8!-
E+!%, -"'#), 07 "68!*&(A+ - !>(='+$*5&!2 8#$.-
"'#0+$*5&!2 +$#%!!>#'>!+)!2, - 8!.!/#$"!% " 8#!-
9$--$ -"'#)0 0 8!-*$.,AB$2 +$#%!!>#'>!+)!2.

G#0 -"'#)$ ,/*$#!.0-+67 0 *$/0#!"'&&67 -+'*$2
-"'#0"'$%!-+5 !8#$.$*($+-( 0-86+'&0(%0 &' -)*!&-
&!-+5 ) !>#'=!"'&0A 7!*!.&67 +#$B0&.

N="$-+&!, 1+! 7!*!.&6$ +#$B0&6 "!=&0)'A+
" %$+'**$ =!&6 +$#%01$-)!/! "*0(&0( 8#0 &'*0100
+#$7 ,-*!"02: !>#'=!"'&0( =')'*!1&67 %0)#!-+#,)-
+,# (%'#+$&-0+'); &'*010( .044,=0!&&!/! "!.!#!.'
0 #'-+(/0"'AB07 &'8#(?$&02 [3].

L*( !9$&)0 -)*!&&!-+0 %$+'**' ) !>#'=!"'&0A
7!*!.&67 +#$B0& 0-8!*5=,A+ 8!&(+0$ 70%01$-)!/!
E)"0"'*$&+' ,/*$#!.'. D !-&!", %'+$%'+01$-)!/!
8!.7!.' ) !80-'&0A 70%01$-)!/! E)"0"'*$&+' ,/*$-
#!.' >6*! 8!*!?$&! 8#$.8!*!?$&0$, 1+! -"'#0"'-
$%!-+5 %!?&! !8#$.$*0+5 8! 8!)'='+$*A, !8#$.$*(-
AB$%,, )')!$ %0&0%'*5&!$ )#0+01$-)!$ "#$%(
!7*'?.$&0( &$!>7!.0%!, 1+!>6 " %$+'**$ 3"' !>#'-
=!"'*!-5 100 % %'#+$&-0+'. Q$% %$&53$ 8!./!+!-
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"0+$*5&!/! "#$%$&0 &$!>7!.0%! .*( !>#'=!"'&0(
100 %-2 %'#+$&-0+&!2 -+#,)+,#6 (+.$. 1$% "63$ )#0-
+01$-)'( -)!#!-+5 !7*'?.$&0(), +$% *,13$ -"'#0-
"'$%!-+5 0 "63$ -!8#!+0"*$&0$ !>#'=!"'&0A 7!*!.-
&67 +#$B0&. H+! -"0.$+$*5-+",$+ ! +!%, 1+! 8!./!+!-
"0+$*5&6$ 8#!9$--6, -"(='&&6$ - !>#'=!"'&0$%
7!*!.&67 +#$B0&, 0%$A+ .044,=0!&&62 7'#')+$#,
0 &'8#(%,A -"(='&6 - 8$#$#'-8#$.$*$&0$% "!.!#!.'
" %$+'**$ 3"'. D -*,1'$ %'*!/! 0&),>'90!&&!/!
8$#0!.' (1–10 -) !>#'=!"'&0( %'#+$&-0+' "!.!#!.
>6-+#! 40)-0#,$+-( " %$+'**$ 3"', !.&')! $/! *!-
)'*5&'( )!&9$&+#'90( !)'=6"'$+-( &$ .!-+'+!1&!2
.*( 0&0900#!"'&0( !>#'=!"'&0( 7!*!.&67 +#$B0&.
D -*,1'$ .*0+$*5&!/! 0&),>'90!&&!/! 8$#0!.' !>#'-
=!"'&0( %'#+$&-0+' (1000–2000 -) "#$%$&0 !)'=6-
"'$+-( "8!*&$ .!-+'+!1&! .*( !7#,810"'&0( -"'#0-
"'$%!/! %$+'**' " #$=,*5+'+$ .$2-+"0( "!.!#!.'.
G#0 %'*!% 0&),>'90!&&!% 8$#0!.$, &! 8!-*$.,AB$2
.*0+$*5&!2 "6.$#?)$ "!=%!?&! 8!-+$8$&&!$ 8$#$-
#'-8#$.$*$&0$ "!.!#!.', 1+! 0 "6=6"'$+ E44$)+ ='-
%$.*$&&!/! #'=#,3$&0(.

I#'"&$&0$ 70%01$-)!/! E)"0"'*$&+' ,/*$#!.'
0%$$+ "0. [3]:

         Ni
12
1Mn

0,6
1Si

38
1C +×+×+×+=M%&

            %,Cu
9,1
1Mo

2,3
1Cr

1,8
1 +×+×+ ,               (1)

/.$  , Si, Mn 0 +... — )!&9$&+#'90( 70%01$-)07
E*$%$&+!", %.

;9$&)' =')'*0"'$%!-+0 %$+'**' V<D #'--10+6-
"'$+-( 8! ,#'"&$&0A:

                 BCEAt MM +×=D )ln( ,                     (2)

/.$  , ! — )!&-+'&+6 ( =11,26; !=–3,51), 0&.$)-
«'» !+&!-0+-( ) %'#+$&-0+,,
DtM — )#0+01$-)!$ "#$%( !7*'?.$&0( !+ +$%8$#'-
+,#6 !+ 800 .! 500 ° , -.

G#0 M%&  !+ 0,2 .! 0,45 % -+'*0 !>*'.'A+ 7!#!3$2
-"'#0"'$%!-+5A; 8#0

576,046,0 -=M%&  % — ,.!"*$+"!#0+$*5&!2; 8#0
782,0577,0 -=M%&  % — !/#'&01$&&!2 0 8#0 =M%&

0,1783,0 -= % — 8*!7!2 -"'#0"'$%!-+5A [3].
W$*5A &'-+!(B$2 #'>!+6 ("*($+-( !8#$.$*$&0$

-"'#0"'$%!-+0 8! 70%01$-)!%, E)"0"'*$&+, ,/*$#!.'
&$)!+!#67 &0=)!- 0 -#$.&$,/*$#!.0-+67, &0=)!-
0 -#$.&$*$/0#!"'&&67 -+'*$2, 70%01$-)02 -!-+'"
)!+!#67 8#0"$.$& " +'>*. 1.

C'-1$+6 M%&  0 )ln( MtD  8#0"$.$&6 &0?$, ' /#'-
401$-)0$ ='"0-0%!-+0 )ln( MtD  !+ M%&  8#$.-+'"*$&6
&' #0-. 1–4.

C'-1$+ CEM 0 ln(DtM) 8! ,#'"&$&0(% (1) 0 (2)

F0=)!,/*$#!.0-+6$ -+'*0

 +'*5  +. 3 -8

427,0
1,9
25,0

8,1
30,0

12
30,0

0,6
40,0

38
12,014,0 =+++++=M%& , % ;

ln(DtM)=11,26.0,427–3,51=1,29

L+>,!1+ 1 
         M!(!:&"$!/ "4"*+5 !"",&0<&(.= "*+,&/, % 

M'#)' -+'*0 C SI Mn Ni Cr Mo Cu 

F0=)!,/*$#!.0-+6$ 

 +'*5  + 3 -8 0,14–0,22 0,12–0,30 0,40–0,65 0,30 0,30 – 0,25 

 +'*5 20 0,17–0,24 0,17–0,37 0,35–0,65 0,30 <0,30 – 0,25 

 +'*5 20/ 0,17–0,24 0,17–0,37 0,70–1,00 0,25 <0,25 – – 

 +'*5 15 0,12–0,19 0,17–0,37 0,35–0,65 0,30 0,30 – 0,30 

 #$.&$,/*$#!.0-+6$ 

 +'*5  + 4 -8 0,18–0,27 0,12–0,30 0,40–0,70 – – – – 

 +'*5  + 5 -8 0,28–0,37 0,15–0,35 0,50–0,80 – – – – 

 +'*5 25 0,22–0,30 0,17–0,37 0,50–0,80 – <0,25 – – 

 +'*5 40 0,37–0,45 0,17–0,37 0,50–0,81 – <0,25 – – 

F0=)!*$/0#!"'&&6$ 

15P FL 0,12–0,18 0,40–0,70 0,40–0,70 0,3–0,6 0,6–0,9 – 0,20–0,4 

10:2 1  £0,12 0,90–1,20 1,30–1,65 £0,30 £0,30 – £0,30 

20PM 0,15–0,25 0,17–0,37 0,40–0,70 – 0,8–1,1 0,40–0,60 – 

10:2R £0,12 0,17–0,37 1,20–1,60 £0,30 £0,30 – £0,30 

17:  0,14–0,20 0,40–0,60 1,0–1,40 £0,30 £0,30 – £0,30 

16:2ST 0,12–0,18 0,17–0,37 1,30–1,70 – – – – 

 #$.&$*$/0#!"'&&6$ 

12X5MS 0,15 0,6 0,5 – 4,0–6,0 0,5–0,6 – 

20P2MS 0,18–0,24 0,17–0,37 0,30–0,70 0,3–0,7 2,1–2,4 0,25–0,35 – 

30PF2MTS 0,26–0,33 0,17–0,37 0,30–0,60 2,0–2,5 0,6–0,9 0,20–0,30 – 

06FV 0,04–0,08 0,3 0,5 3,0–4,0 – – – 

20P: S 0,17–0,23 0,90–1,20 0,80–1,10 – 0,8–1,1 – – 

30P: FS 0,27–0,34 0,90–1,20 1,00–1,30 1,4–1,8 0,9–1,2 – – 
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 +'*5 20

422,0
1,9
25,0

8,1
25,0

12
30,0

0,6
35,0

38
17,017,0 =+++++=M%& , % ;

ln(DtM)=11,26.0,42–3,51=1,24

 +'*5 20:

422,0
1,9
25,0

8,1
25,0

12
30,0

0,6
35,0

38
17,017,0 =+++++=M%& , % ;

ln(DtM)=11,26.0,442–3,51=1,46

 +'*5 15

406,0
1,9
30,0

8,1
30,0

12
30,0

0,6
35,0

38
17,012,0 =+++++=M%& , % ;

ln(DtM)=11,26.0,406–3,51=1,06

I "-$7 "63$8$#$10-*$&&67 &0=)!,/*$#!.0-+67
-+'*$2 70%01$-)02 E)"0"'*$&+ ,/*$#!.' %EM <0,45,
8!E+!%, !&0 !+&!-(+-( ) 7!#!3! -"'#0"'AB0%-(
-+'*(%.

 !". 4. H,!6)!& #$%  )+ ln(DtM)
0,6 %,4=4 "5+'!5+78!="6 "*+,&/:

20MG, 12M5GI, 20M2GI, 30MK2GNI, 30MJBKI

 !". 1. H,!6)!& #$%  )+ ln(DtM)
0,6 =4'4O4 "5+'!5+78!="6 "*+,&/:
B*. 3 "%, 20, 20J, 15, B*. 4 "%, 25, 06K3

 !". 2. H,!6)!& #$%  )+ ln(DtM)
0,6 <045,&*54'!*&,-)4 "5+'!5+78!="6 "*+,&/:
B*. 5 "%, 15MBKP, 10J2B1, 10J2C, 17JB, 16J2IN

 !". 3. H,!6)!& #$%  )+ ln(DtM)
0,6 43'+)!:&))4 "5+'!5+78!="6 "*+,&/: 40, 20MJBI

 #$.&$,/*$#!.0-+6$ -+'*0

 +'*5  +. 4 -8

394,0
0,6
70,0

38
30,027,0 =++=M%& , % ;

ln(DtM)=11,26.0,394–3,51=0,92
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L+>,!1+ 2 
@1&)$+ "5+'!5+&(4"*! "*+,&/ 

M'#)' -+'*0 CEM, % ln(DtM) DtM, -  "'#0"'$%!-+5 

F0=)!,/*$#!.0-+6$ 

 +'*5  + 3 -8 0,427 1,29 3,661 7!#!3'( 

 +'*5 20 0,422 1,24 3,459 7!#!3'( 

 +'*5 20/ 0,442 1,46 4,331 7!#!3'( 

 +'*5 15 0,406 1,06 2,889 7!#!3'( 

 #$.&$,/*$#!.0-+6$ 

 +'*5  + 4 -8 0,394 0,92 2,524 7!#!3'( 

 +'*5  + 5 -8 0,492 2,02 7,606 ,.!"*$+"!#0+$*5&'( 

 +'*5 25 0,429 1,32 3,743 7!#!3'( 

 +'*5 40 0,626 3,53 34,398 !/#'&01$&&'( 

F0=)!*$/0#!"'&&6$ 

15P FL 0,575 2,96 19,375 ,.!"*$+"!#0+$*5&'( 

10:2 1 0,564 2,84 17,115 ,.!"*$+"!#0+$*5&'( 

20PM 0,869 6,27 531,126 8*!7'( 

10:2R 0,529 2,44 11,542 ,.!"*$+"!#0+$*5&'( 

17:  0,541 2,58 13,210 ,.!"*$+"!#0+$*5&'( 

16:2ST 0,464 1,71 5,551 ,.!"*$+"!#0+$*5&'( 

 #$.&$*$/0#!"'&&6$ 

12X5MS 3,842 39,75 1,833×1017 8*!7'( 

20P2MS 1,534 11,98 160011,345 8*!7'( 

30PF2MTS 0,899 6,61 743,969 8*!7'( 

06FV 0,402 1,01 2,762 7!#!3'( 

20P: S 0,771 5,17 176,09 !/#'&01$&&'( 

30P: FS 1,076 8,42 4536,90 8*!7'( 

 +'*5  +. 5 -8

492,0
0,6
80,0

38
35,035,0 =++=M%& , % ;

ln(DtM)=11,26.0,492–3,51=2,02

 +'*5 25

429,0
8,1
22,0

0,6
50,0

38
17,022,0 =+++=M%& , % ;

ln(DtM)=11,26.0,429–3,51=1,32

 +'*5 40

626,0
8,1
25,0

0,6
50,0

38
17,040,0 =+++=M%& , % ;

ln(DtM)=11,26.0,626–3,51=3,53

I -+'*$2  +. 4 0 25 70%01$-)02 E)"0"'*$&+ ,/*$-
#!.' CEM <0,45 %, 0 !&0 !+&!-(+-( ) 7!#!3! -"'#0-
"'AB0%-( -+'*(%. I -+'*0 40 CEM=0,626 %, 8!E+!%,
$$ %!?&! !+&$-+0 ) !/#'&01$&&! -"'#0"'AB0%-(,
-+'*5  8. 5 CEM=0,492 %, 8!E+!%, !&' !+&!-0+-(
,.!"*$+"!#0+$*5&! -"'#0"'AB0%-( -+'*(%.

F0=)!*$/0#!"'&&6$ -+'*0

 +'*5 15P FL

575,0
1,9
20,0

8,1
60,0

12
30,0

0,6
40,0

38
40,012,0 =+++++=M%& , % ;

ln(DtM)=11,26.0,57–3,51=2,96

 +'*5 10:2 1

564,0
1,9
30,0

8,1
30,0

12
30,0

0,6
3,1

38
9,010,0 =+++++=M%& , % ;

ln(DtM)=11,26.0,564–3,51=2,84

 +'*5 20PM

869,0
3,2
40,0

8,1
8,0

0,6
40,0

38
17,018,0 =++++=M%& , % ;

ln(DtM)=11,26.0,869–3,51=6,27

 +'*5 10:2R

529,0
1,9
30,0

8,1
30,0

12
30,0

0,6
2,1

38
17,010,0 =+++++=M%& , % ;

ln(DtM)=11,26.0,529–3,51=2,44

 +'*5 17: 

541,0
1,9
30,0

8,1
30,0

12
30,0

0,6
0,1

38
40,014,0 =+++++=M%& , % ;

ln(DtM)=11,26.0,541–3,51=2,58

 +'*5 16:2ST

464,0
0,6

65,1
38
37,018,0 =++=M%& , % ;

ln(DtM)=ACEM +B=11,26.0,464–3,51=1,71

 +'*0 10:2 1, 10:2R, 17: , 15P L, 16:2ST  !+&!-
-(+-( ) ,.!"*$+"!#0+$*5&! -"'#0"'AB0%-( -+'*(%,
20PM — ) 8*!7! -"'#0"'AB0%-( -+'*(%.
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13X!$ Q00( #*1"!'!
7$!4!5"!'! ,(+("*Y
$2,73%*#(%(-
* 5*00($("W*2%&"!-
42$2 #($*,#* * 17$3, 2
#!7%*12 5%Y 5*6(%(-
, W*%*"5$!1!- )!["!,#&\
5! 250 :1C

\. 7. )2 ./(1
%. \. 1!% !12

,;V;B9:AU =>9?@AB9CDEFFAU ADC>8>V;MJF>-
@>B>SFAU A:A@E8;U, =. !89:

 AM;F;F=BA@9:;< =>9?@AB9CDEFFG<
CEHF;IE9:;< ?F;DEB9;CEC

7B;DE@EFG 8EC>@;:A BA9IECA ; F>8>=BA88G @MU DGV>BA ZPPE:C;DF>=> KB>H>@F>=>
9EIEF;U BA9KGM;CEME< P>B9?F>: @MU @;LEME< BALM;IF>< R;M;F@B>D>< 8>TF>9CJN.
7BE@M>SEFA @;A=BA88A, K>LD>MUNTAU D LAD;9;8>9C; >C @ADMEF;U C>KM;DA D A::?8?-
MUC>BE  ; DBE8EF; DKBG9:A, >KBE@EMUCJ R;:M>D?N K>@AI? KB; >@F>PALFGH ; 8F>=>PAL-
FGH DKBG9:AH.
 MNIEDGE 9M>DA: BA9KGM;CEMJ, ZPPE:C;DF>E KB>H>@F>E 9EIEF;E, 9>KM>DGE >CDEB9C;U,
@;PPEBEFR;AMJFAU HABA:CEB;9C;:A DKBG9:A.

.5  621.436

:*'"&6% 8'#'%$+#!% #'-86*0+$*( 4!#-,&)0
("*($+-( $/! E44$)+0"&!$ 8#!7!.&!$ -$1$&0$ µF,
!8#$.$*($%!$ 8#0 8!.J$%$ 0/*6. D$*010&' µ &'=6"'-
$+-( )!E44090$&+!% #'-7!.', )!+!#62 #'"$& 0,62–
0,82 [1] 0 8#$.-+'"*($+ -!>!2 !+&!3$&0$ .$2-+"0-
+$*5&!/! #'-7!.' ) +$!#$+01$-)!%, #'-7!.,.  ,%-
%'#&'( 8*!B'.5 -!8*!"67 !+"$#-+02 F ='"0-0+ !+
.0'%$+#' !+"$#-+02 0 07 )!*01$-+"'. D$*010&' µF
.*( #'-86*0+$*$2 .0=$*$2 - 90*0&.#!"!2 %!B&!-+5A
!+ 10 .! 250 )D+ *$?0+ " 8#$.$*'7 0,1–1,0 %%2.

D )'1$-+"$ 8#0%$#' !8#$.$*0% #'-1$+&6% 8,+$%
-,%%'#&!$ =&'1$&0$ 8#!7!.&!/! -$1$&0( -!8*!"67
!+"$#-+02 #'-86*0+$*(, 07 10-*! 0 .0'%$+# .*( 8!.'10
+!8*0"' " )'%$#, -/!#'&0( .0=$*( K'%SV-740.63-400
%!B&!-+5A 295 )D+ 8#0 1'-+!+$ "#'B$&0( "'*' ."0-
/'+$*( 1900 %0&–1. M!B&!-+5 !.&!/! 90*0&.#' #'"&'
36,9 )D+.  #$.&$$ .'"*$&0$ 8$#$. -!8*!"6%0 !+"$#-
-+0(%0 8#0&0%'$% #'"&6% 40 MG' (%')-0%'*5&!$
67 MG'), ' 8*!+&!-+5 +!8*0"' — 850 )//%3.

G#!9$-- 8!.'10 +!8*0"' !-,B$-+"*($+-( 8#0
8!%!B0 &'-!-' "6-!)!/! .'"*$&0(, )!+!#62 -!$.0-
&$& +#,>!8#!"!.!% - 4!#-,&)!2. F' #0-. 1 8#0"$.$&'
)!&-+#,)90( 4!#-,&)0 - /0.#!%$7'&01$-)0% ,8#'"-
*$&0$% 7!.' 0/*6. L'"*$&0$ &'1'*' !+)#6+0( 0/*6
4!#-,&)0 #'"&! 26+0,5 MG', .0'%$+# 0/*6 5 %%, 10-*!
-!8*!"67 !+"$#-+02 " #'-86*0+$*$ 5, ' 07 .0'%$+#
#'"$& 0,3 %%.

L*( 8!*&!2 %!B&!-+0 .0=$*( K'%SV-740.63-400
!8#$.$*0% 90)*!",A 8!.'1, +!8*0"' " %%3 8! 4!#-
%,*$ [2]:

      160
6085,09508

1000295210
60

1000
=

×××
××=

×r××
××

=
()

**
+ ni

Nq
q ,          (1)

/.$ q* — ,.$*5&62 E44$)+0"&62 #'-7!. +!8*0"',
210 //()D+Z 1); N* — 8!*&'( (&!%0&'*5&'() %!B&!-+5
.0=$*(, 295 )D+; i — 10-*! 90*0&.#!", 8; n) — 1'-+!+'
"#'B$&0( "'*' &'-!-', 950 %0&–1; r( — 8*!+&!-+5
+!8*0"', 0,85 //-%3.

L*( !9$&)0 #'-1$+&!/! =&'1$&0( µF !8#$.$*0%
+$!#$+01$-),A -)!#!-+5 0-+$1$&0( .0=$*5&!/! +!8-
*0"' 1$#$= -!8*!"6$  !+"$#-+0(

                     (( " rD×=J /2 ,                      (2)

/.$ D" — -#$.&02 8$#$8'. .'"*$&0( +!8*0"' 8$#$.
-!8*!"6%0 !+"$#-+0(%0, G' (F/%2) >$#$+-( - ,1@+!%
.'"*$&0( /'=!" " 90*0&.#$.

  %/- 306850/104002 5 =××=J( .               (3)

;>J$%&62 #'-7!. +!8*0"' Q  " %3/-  !8#$.$*0%
0= "6#'?$&0(

                         (FQ J×m= ,                          (4)

/.$ µF — E44$)+0"&!$ 8#!7!.&!$ -$1$&0$ #'-86*0-
+$*(, %2.

;>J$%&62 #'-7!. +!8*0"' =' 90)* " %%3/- !8#$-
.$*0% 8! $/! )!*01$-+", (q+), 8!.'&&!%, " )'%$#,
-/!#'&0( =' "#$%( "8#6-)'  t

                         Q=q+/t.                              (5)

V&'( 8#!.!*?0+$*5&!-+5 "8#6-)' j! " /#'.,-'7
(&'8#0%$#, 10!), 1'-+!+, "#'B$&0(  "'*' &'-!-' n)
" %0&–1, "#$%( "8#6-)' !8#$.$*0% 0=  "6#'?$&0(
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             001754,0
9506
10

6 n )

, =
×

=
×

j
=t  -.              (6)

D$*010&' .$2-+"0+$*5&!/! !>J@%&!/! #'-7!.' +!8-
*0"' 1$#$= 4!#-,&), -!-+'"0+  Q=160/ 0,001754=
=914285 %%3/-=0,000914 %3/-, !+),.'

                         (QF J=m / ,                         (7)

     µF=0,000914/306=0,00000299 %2=0,3 %%2.

W0)*!"'( 8!.'1' +!8*0"' 8#!"$#(*'-5 8! 4!#%,*$
(8) 0 #'"&' #'-1$+&!2 "$*010&$, 8!*,1$&&!2  0= "6-
#'?$&0( (1)

     q+=µF- t J. -1000=0,3Z0,001754Z306Z1000=
                         =160 %%3.                          (8)

G#0 )!E44090$&+$ #'-7!.', #'"&!% 0,8, -,%%'#-
&'(  8*!B'.5 -!8*!"67 !+"$#-+02 -!-+'"0+ 0,375 %%2.
G#0 10-*$ -!8*!"67 !+"$#-+02 5, 8*!B'.5  -$1$&0(
!.&!/! -!8*' Fc  -!-+'"0+ 0,075 %%2. G! 0="$-+&!2
"$*010&$  8*!B'.0 -!8*!"!/! !+"$#-+0( !8#$.$*0%
$/! .0'%$+# d/

           3,0
14,3
075,044 F

d c
c =×=

p
×

=  %%.     (9)

L*( !8#$.$*$&0( &$!>7!.0%!/! =&'1$&0( µF " ='-
"0-0%!-+0 !+ 90)*!"!2 8!.'10 +!8*0"' q+ 0 8#!.!*-
?0+$*5&!-+0 "8#6-)' j! (0&+$&-0"&!-+0 8!.'10
+!8*0"') 8#$.*'/'$+-( &!%!/#'%%' [2]. ;>B'( 4!#-
%,*' .*( #'-1$+' &!%!/#'%%6 0%$$+ "0.

                  .1000/2
69 ×rD××
×

j
×m= (

)

! "
n

Fq .            (10)

D$*010&' -)!#!-+0 J( ='"0-0+ !+ D". <'), .*(
D"=40 MG' =&'1$&0$ J(  .!-+0/'$+ 306 %/-. L*(
8!-+!(&&67 =&'1$&02 µF, D" 0 n), &! 8$#$%$&&!2 j!
(&'8#0%$#, 10; 15; 20; 25!) !8#$.$*(*'-5 "$*010&' q+.

G! &'2.$&&6% =&'1$&0(% q+ 8#!"!.0*'-5 *0&0( (&'-
8#0%$#, .*( µF=0,1 %%2).

K'?.'( *0&0( 8!*( &!%!/#'%%6 -!!+"$+-+"!"'*'
8!-+!(&&!%, =&'1$&0A  µF 0 &$0=%$&&!2 -)!#!-+0
0-+$1$&0( +!8*0"' 0= -!8*' J(. N=%$&(*'-5 +!*5)!
8#!.!*?0+$*5&!-+5 "8#6-)' j!, ' !8#$.$*(*'-5 90)-
*!"'( 8!.'1' +!8*0"' q+ .

F' #0-. 2 8#$.-+'"*$&' &!%!/#'%%', 8!-+#!$&&'(
.*( n)=950 %0&–1, D"=40 MG', r(=850 )//%3. F!%!-
/#'%%' 8!="!*($+ 8#$."'#0+$*5&! !9$&0+5 "$*010&,
E44$)+0"&!/! 8#!7!.&!/! -$1$&0( #'-86*0+$*$2 .*(
+#')+!#&67 0 '"+!%!>0*5&67 .0=$*$2 - 90*0&.#!"!2
%!B&!-+5A !+ 10 .! 70 )D+.

G! .'&&!2 &!%!/#'%%$ .*( ='.'&&!2 90)*!"!2
8!.'10 +!8*0"' 0 +#$>,$%!2 8#!.!*?0+$*5&!-+0
"8#6-)' #$)!%$&.,$+-( "6>0#'+5 -!!+"$+-+",AB,A
"$*010&, E44$)+0"&!/! 8#!7!.&!/! -$1$&0( #'-86-
*0+$*(. F'8#0%$#, .*( 90)*!"!2 8!.'10 +!8*0"'
q+=160 %%3 0 j!=10!   "$*010&' µF=0,3 %%2. D6>#'&-
&'( "$*010&' µF ,+!1&($+-( 8#0 .!"!.)$ #'>!1$/!
8#!9$--' .0=$*(.

F' #0-. 3 8!)'='&' )#0"'( ='"0-0%!-+0 8#!.!*-
?0+$*5&!-+0 "8#6-)' !+ "$*010&6 .'"*$&0( 8$#$.
-!8*!"6%0 !+"$#-+0(%0 D". F$!>7!.0%,A 0&+$&-
-0"&!-+5 "8#6-)' %!?&! 8!*,10+5 &$ +!*5)! 8!.-
>!#!% µF, &! 0 "$*010&6 .'"*$&0( D".   ,"$*01$&0$%
.'"*$&0( D" 8#!.!*?0+$*5&!-+5 "8#6-)0"'&0( j!
,%$&53'$+-(. :#'40) 8!-+#!$& .*( n)=950 %0&-1,
q+=160 %%3 0 µF=0,3 %%2.

 !". 1. N4'"<)$+:
1 — $4'%<" '+"%.,!*&,6

" "4%,45.(! 4*5&'"*!6(!; 2 — 3+/$+;
3 — %'4"*+5$+; 4 —  O*!?*; 5 — O*+)3+;

6 — $4'%<" ?4'"<)$!; 7 — $4,-14;
8 — O*<1&'; 9 — ?!,-*'; 10 — %'4$,+0$+;

11 — '&3<,!'454:).& %'4$,+0$!;
12 — %'<;!)+; 13 — !3,+

 !". 2. K4(43'+((+ 0,6 4%'&0&,&)!6 µF
5 2+5!"!(4"*! 4*  q&  ! j' :

1 — 0,1 ((2; 2 — 0,2 ((2; 3 — 0,3 ((2; 4 — 0,4 ((2

 !". 3. H,!6)!& 0+5,&)!6 *4%,!5+
%&'&0 "4%,45.(! 4*5&'"*!6(!
)+ %'404,;!*&,-)4"*- 5%'."$+
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F' #0-. 4 8!)'='&' &!%!/#'%%', )!+!#'( 8!-+#!-
$&' .*( n)=800 %0&–1, D"=40 MG', r(=850 )//%3.
F!%!/#'%%' 8!="!*($+ !8#$.$*0+5 µF .*( .0=$*$2
- 90*0&.#!"!2 %!B&!-+5A !+ 40 .! 120 )D+.

F' #0-. 5 8#$.*!?$&' &!%!/#'%%', 8!-+#!$&&'(
.*( n)=500 %0&–1, D"=40 MG', r(=850 )//%3. F!%!-
/#'%%' 8!="!*($+ !8#$.$*0+5 E44$)+0"&!$ 8#!7!.-
&!$ -$1$&0$ #'-86*0+$*$2 .*( +$8*!"!=&67 0 -,.!"67
.0=$*$2 90*0&.#!"!2 %!B&!-+5A !+ 100 .! 250 )D+.

;-&!"&6% &$.!-+'+)!% 4!#-,&!) - /0.#!%$7'-
&01$-)0% ,8#'"*$&0$% 0/*6 ("*($+-( &$0=%$&&!-+5
7'#')+$#0-+0)0 8!.'10 +!8*0"' &' )!&)#$+&!%
#$?0%$ #'>!+6 ."0/'+$*(, 1+! &$ 8!="!*($+ 0=%$&(+5
$$ 4!#%, 0 #'=>0"'+5 &' +#$>,$%6$ ,1'-+)0. F'
#0-. 6 8#$.-+'"*$&' .044$#$&90'*5&'( 7'#')+$#0--
+0)' "8#6-)' +!8*0"' .0=$*( K'%SV-740 8#0 $/!
#'>!+$ -  q+=100 %%3 &' #$?0%$ &!%0&'*5&!2 %!B-
&!-+0 [3]. L044$#$&90'*5&'( 7'#')+$#0-+0)' 8#$.-
-+'"*($+ -!>!2 #'-7!. +!8*0"', 8!-+,80"302 0= #'--
86*0+$*( " *A>!2 %!%$&+ "#$%$&0.

L*( 0=%$&$&0( 7'#')+$#0-+0)0 "8#6-)' 0-8!*5-
=,A+, &'8#0%$#, ')),%,*(+!#&6$ -0-+$%6 8!.'10
+!8*0"' - E*$)+#!&&6% ,8#'"*$&0$% 7!.' 0/*6 4!#-
-,&!) [4]. H+! 8!="!*($+ 8!*,1'+5 %&!/!4'=&6$ 7'-
#')+$#0-+0)0 "8#6-)' +!8*0"', ' +')?$ 0=%$&(+5
,/!* !8$#$?$&0( 8!.'10 +!8*0"'. I8#'"*$&0$ 8#!-
9$--!% "8#6-)' -8!-!>-+",$+ -&0?$&0A #'-7!.'
+!8*0"', ,%$&53$&0A ?$-+)!-+0 -/!#'&0( 0 +!)-
-01&!-+0 !+#'>!+'"307 /'=!".

F' #0-. 7 8#0"$.$&' 8#0&9080'*5&'( -7$%' 4!#-
-,&)0 - E*$)+#!/0.#'"*01$-)0% ,8#'"*$&0$% 7!.'
0/*6. G!. .$2-+"0$% 8#,?0&6 2 ()!#5 3 &'7!.0+-(
" &0?&$% 8!*!?$&00 0  )!&,-!% 3+!)' =')#6"'$+
!+-$1&!$ !+"$#-+0$ 4. N= ')),%,*(+!#' 12 - 8!-+!(&-
&6% .'"*$&0$%, &'8#0%$#, 100 MG' +!8*0"! 8!-+,-
8'$+ " 8!."!.(B02 )'&'* 10 4!#-,&)0, ' +')?$ 1$#$=
"8,-)&!2 )'&'* 11 " )'%$#, ,8#'"*$&0( 13. L'"*$&0$
+!8*0"' "! "-$7 8!*!-+(7 4!#-,&)0 "6#'"&0"'$+-(.

G*!B'.5 ,8#'"*(AB$/! 8!#3&( 5 >!*53$ 8*!-
B'.0 0/*6, 8! E+!2 8#010&$ -0*' -! -+!#!&6 8!#3&(
8#$"63'$+ -0*, -! -+!#!&6 0/*6 8 0 !&' &'7!.0+-(
" &$8!."0?&!% =')#6+!% -!-+!(&00.

G#0 8!.'1$ ,8#'"*(AB$/! -0/&'*' &'  !>%!+),
E*$)+#!%'/&0+' 1 ()!#5 3, 8#$!.!*$"'( ,-0*0$ 8#,-
?0&6 2, ."0?$+-( ""$#7, !+)#6"'( !+-$1&!$ !+"$#-
-+0$ 4. L'"*$&0$ " )'%$#$ ,8#'"*$&0( 13 #$=)! -&0-
?'$+-(, ,-0*0$ -! -+!#!&6 0/*6 8 8#$"6-0+ ,-0*0$
-! -+!#!&6 8!#3&( 5 0 0/*' >,.$+ ."0/'+5-( ""$#7.
<!8*0"! 0= ')),%,*(+!#' 12  8!-+,8'$+ ) -!8*!"6%
!+"$#-+0(% 9 0 " #'-86*$&&!% "0.$ 8!.'$+-( " )'-
%$#, -/!#'&0(. G!.'1' +!8*0"' =' "8#6-) ='"0-0+

 !". 4. K4(43'+((+ 0,6 4%'&0&,&)!6 µF
5 2+5!"!(4"*! 4* q& ! j' :

1 — 0,3 ((2; 2 — 0,4 ((2; 3 — 0,5 ((2; 4 — 0,6 ((2
 !". 5. K4(43'+((+ 0,6 4%'&0&,&)!6 µF

5 2+5!"!(4"*! 4* q& ! j' :
1 — 0,6 ((2; 2 — 0,7 ((2; 3 — 0,8 ((2;

4 — 0,9 ((2; 5 — 1 ((2

 !". 6. P!??&'&)1!+,-)+6 =+'+$*&'!"*!$+
5%'."$+ *4%,!5+

 !". 7. N4'"<)$+
" E,&$*'4(+3)!*).( <%'+5,&)!&(

!+ "$*010&6 .'"*$&0( " ')),%,*(+!#$ 12, .*0+$*5-
&!-+0 ,8#'"*(AB$/! -0/&'*' " !>%!+)$ E*$)+#!%'/-
&0+' 1 0 E44$)+0"&!/! 8#!7!.&!/! -$1$&0( #'-86*0-
+$*( µF.

;8+0%'*5&6$ ,-*!"0( -!=.'A+-( " )'%$#$ -/!#'-
&0( " #$=,*5+'+$ 8#0%$&$&0( 8#$."'#0+$*5&!/!
"8#6-)' +!8*0"'.  /!#'&0$ &$>!*53!2 ='8'*5&!2
.!=6 +!8*0"' (10–20 % !+ =&'1$&0( q+) ,-0*0"'$+
8!.!/#$" )'%$#6 -/!#'&0( 0 8!"63'$+ " &$2 +,#>,-
*$&+&!-+5 8!+!)' "!=.,7'. ;-&!"&'(  8!#90( +!8*0"'
8#0 8!-*$.,AB$% "8#6-)$ 0%$$+ >!*$$ )!#!+)02
8$#0!. ='.$#?)0 "!-8*'%$&$&0(, -/!#'$+ - %$&53$2
?$-+)!-+5A 0 +!)-01&!-+5A !+#'>!+'"307 /'=!".
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;>J$%&,A +$!#$+01$-),A 8!.'1, +!8*0"' 0= #'--
86*0+$*( =' "8#6-) (90)*!",A 8!.'1,, %3) %!?&!
!8#$.$*0+5 8! 4!#%,*$ (10), " )!+!#!2 &$!>7!.0%! ,10-
+6"'+5 "$*010&, .'"*$&0( +!8*0"' " ')),%,*(+!#$.

D6>!# "$*010&6 µF ='"0-0+ !+ =&'1$&0( 8!-+!-
(&&!/! .'"*$&0( " ')),%,*(+!#$, )!*01$-+"' 4'=
"8#6-)', "#$%$&0 "8#6-)' 0 8!.'10 +!8*0"' " )'?-
.!2 4'=$. G#$."'#0+$*5&62 #'-1$+ µF .*( 4!#-,&!)
- E*$)+#!&&6% ,8#'"*$&0$% "68!*&($+-( 8! 4!#%,-
*'%, 8#0"$.$&&6% " .'&&!2 #'>!+$.

D#$%( "8#6-)' .*( 8#!.!*?0+$*5&!-+0 j! =12!
0 1'-+!+$ 90)*!" "8#6-)' +!8*0"' " %0&,+, n+=1000
-!/*'-&! 4!#%,*$ (6) >,.$+ #'"&! 0,002 -.

L*( !.&!4'=&!/! "8#6-)' 8#0 " 0=100Z106 F/%2

0 r(=850 )//%3 "$*010&' J(=480 %/c. L*( µF=
=0,15Z10–6 %2 0 "#$%$&0 "8#6-)' 0,002 - )!*01$-+"!
8!.'&&!/! +!8*0"' =' "8#6-) -!-+'"0+ 144Z10–9 %3,
0*0 144 %%3. G#0 ,"$*01$&00 "#$%$&0 "8#6-)' .!
0,00223 - 90)*!"'( 8!.'1' >,.$+ #'"&' 160 %%3.

I8#'"*(+5 0&+$&-0"&!-+5A 0 4!#%!2 .044$#$&-
90'*5&!2 7'#')+$#0-+0)0 "8#6-)' %!?&! "$*010&!2
.'"*$&0( " ')),%,*(+!#$, .*0+$*5&!-+5A  0 8',='%0
-0/&'*', 8!.'&&!/! &' )'+,3), E*$)+#!%'/&0+'.

F' #0-. 8 8!)'='&' ='"0-0%!-+5 "$*010&6 90)*!-
"!2 8!.'10 !+ 8#!.!*?0+$*5&!-+0 "8#6-)' " %-
0 " /#'.,-'7 0 !+ .'"*$&0( +!8*0"' " ')),%,*(+!#$
(" 0). L0'/#'%%' 8!="!*($+ .*( #'=*01&67 "$*010&
" 0 0 "#$%$&0 "8#6-)' !8#$.$*(+5 90)*!",A 8!.'1,
8#0 !.&!4'=&67 0 %&!/!4'=&67 "8#6-)'7.

F' #0-. 9 8#0"$.$&' 7'#')+$#0-+0)' - ='8'*5&!2
0 !-&!"&!2 8!.'1$2 +!8*0"' (.",74'=&'( 7'#')+$-
#0-+0)') ')),%,*(+!#&!2 -0-+$%!2 - E*$)+#!%'/&0+-
&6% ,8#'"*$&0$% 7!.' 0/*6 4!#-,&)0. G*!B'.5 8!.
)#0"!2 " !8#$.$*$&&!% %'-3+'>$ 8#$.-+'"*($+ -!>!2
.$2-+"0+$*5&,A 8!.'1, +!8*0"' =' 90)* ("8#6-)).
L*( !>B$2 8#!.!*?0+$*5&!-+0 "8#6-)' 0,001 -
0 -#$.&$2 -)!#!-+0 "8#6-)0"'&0( dV/dt, #'"&!2
47.103 %%3/- +!8*0"!8!.'1' =' "8#6-) -!-+'"0+
47 %%3. F$!>7!.0%'( "$*010&' ='8'*5&!2 0 !-&!"&!2
8!#900 +!8*0"' 0 0&+$#"'* %$?., "8#6-)'%0
#$/,*0#,$+-( E*$)+#!&&6% >*!)!% ,8#'"*$&0(.

D &'-+!(B$$ "#$%( )#!%$ 4!#-,&!) - E*$)+#!-
%'/&0+&6% ,8#'"*$&0$% 7!.' 0/*6 #'-86*0+$*( 8#0-
%$&(A+ 4!#-,&)0 - 85$=!)"'#9$"6% ,8#'"*$&0$%.
G#0 8!.'1$ "6-!)!/! &'8#(?$&0( &' -+!*>0) 8*'--
+0&, 0=/!+!"*$&&67 0= 8#0#!.&!/! )"'#9', $/! .*0&'

0=%$&($+-(, 1+! 8!="!*($+ !-,B$-+"*(+5 &$-)!*5)!
8!.J$%!" 0 8!-'.!) 0/*6 4!#-,&)0 =' "#$%( 8!.'10
+!8*0"' " )'%$#, -/!#'&0(. G#0&908 #'>!+6 4!#-
-,&)0 - 85$=!)"'#9$"6% ,8#'"*$&0$% &$ !+*01'$+-(
!+ 4!#-,&)0 - E*$)+#!%'/&0+&6% ,8#'"*$&0$%, 0=!-
>#'?$&&!2 &' #0-. 7.

H.540..
1. D .'&&!2 #'>!+$ 8#0"$.$&6 %$+!.0)' 0 &!%!-

/#'%%6, 8!="!*(AB0$ !8#$.$*(+5 E44$)+0"&!$ 8#!-
7!.&!$ -$1$&0$ #'-86*0+$*$2 4!#-,&!) - %$7'&01$-
-)0%  0 E*$)+#!&&6% ,8#'"*$&0$% 7!.' 0/*6 .*(
.0=$*$2 - 90*0&.#!"!2 %!B&!-+5A !+ 10 .! 250 )D+.

2. L*( ,8#'"*$&0( 8#!9$--!% 8!.'10 +!8*0"'
&$!>7!.0%! 0-8!*5=!"'+5 ')),%,*(+!#&6$ -0-+$%6
0 8#0%$&(+5 4!#-,&)0 - E*$)+#!%'/&0+&6% 0*0
85$=!)"'#9$"6% ,8#'"*$&0$%, 1+! 8!="!*0+ !-,B$-
-+"*(+5 &$-)!*5)! "8#6-)!" " 8#!9$--$ 8!.'10 +!8-
*0"' " )'%$#, -/!#'&0(.

3.G#0"$.$&' .0'/#'%%', 8!="!*(AB'( .*( #'=*01-
&67 "$*010& .'"*$&0( +!8*0"' " ')),%,*(+!#$ 0 "#$-
%$&0 "8#6-)' !8#$.$*(+5 90)*!",A 8!.'1, 8#0
!.&!4'=&67 0 %&!/!4'=&67 "8#6-)'7.

C!>,!43'+?!:&"$!/ "%!"4$

1. <#,-!", D. N. T!#-,&)0 '"+!+#')+!#&67 .0=$*$2 /
D. N. <#,-!", D. G. L%0+#0$&)!, :. L. M'-*(&62. – M. : M'30-
&!-+#!$&0$, 1977. – 167 -.

2. D!*)!"', U. X. ;8#$.$*$&0$ E44$)+0"&!/! 8#!7!.&!/!
-$1$&0( #'-86*0+$*( .0=$*( #'-1$+&6% 0 E)-8$#0%$&+'*5&6%
8,+$%, $/! 0=%$&$&0$ " 8#!9$--$ !>#'=!"'&0( )!)-' /
U.X. D!*)!"' // ;%-)02 &',1&62 "$-+&0).  $#. G#0>!#6,
%'30&6 0 +$7&!*!/00. – 2014. – Y 3 (133). –  . 117–120.

3. C'-1$+ -0-+$% 0 %$7'&0=%!" ."0/'+$*$2 "&,+#$&&$/! -/!-
#'&0( %'+$%'+01$-)0%0 %$+!.'%0 : ,1$>. 8!-!>0$ / X. G. M'-
),3$", <. S. G!*()!"', U. X. M07'2*!"' [0 .#.] ; 8!. #$..
X. G. M'),3$"'. – ;%-) :  0>SLN, 2011. – 284 -.

4.  0-+$%6 ,8#'"*$&0( .0=$*5&6%0 ."0/'+$*(%0 : [8$#.
- &$%.] / X. :. :#,.-)02. – 1-$ #,-. 0=.. – M. : VS; «K[N
V' #,*$%», 2004. – 480 -.

GISAUQH V'!/ 9&*'45!:, )'&.0.'+ +$7&01$-)07
&',), .!9$&+ (C!--0(), .!9$&+ )'4$.#6 «<$8*!"6$
."0/'+$*0 0 '"+!+#')+!#&!$ E*$)+#!!>!#,.!"'&0$»
 0>0#-)!2 /!-,.'#-+"$&&!2 '"+!%!>0*5&!-.!#!?-
&!2 ')'.$%00.
S.#$- .*( 8$#$80-)0: makusev321@mail.ru
H@FS@HI F+'!"+ V'-&5)+, -+'#302 8#$8!.'"'+$*5
)'4$.#6 « ,.!"6$ E&$#/$+01$-)0$ ,-+'&!")0 0 +$8*!-
E&$#/$+0)'» K'*0&0&/#'.-)!/! /!-,.'#-+"$&&!/!
+$7&01$-)!/! ,&0"$#-0+$+'.
S.#$- .*( 8$#$80-)0: volkova0969@mail.ru.

B*+*-6 %4"*<%!,+ 5 '&0+$1!7 19.02.2015 3.
© V. 9. G+$<O&5, F. V. H4,$45+

 !". 8. D+5!"!(4"*- 1!$,454/ %40+:! *4%,!5+
4* 0+5,&)!6 5 +$$<(<,6*4'&
! %'404,;!*&,-)4"*! 5%'."$+

(µF = 0,15 ((2, n&=1000 5 (!)<*<)

 !". 9. P!??&'&)1!+,-)+6 =+'+$*&'!"*!$+
" 2+%+,-)4/ ! 4")45)4/ %40+:&/ *4%,!5+
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*,7!%&6!12"*(
255*#*1"34 #(4"!%!'*-
7$* %*#&( 7! 13]*'2()3)
)!5(%Y)

'. ". )*#$2 !1
,. ". (15! *)!1

 (. '. %21$* 
1. ,. ,26!"!1

!89:;< =>9?@AB9CDEFFG<
CEHF;IE9:;< ?F;DEB9;CEC

*F9C;C?C KB>VME8 KEBEBAV>C:;
?=MED>@>B>@>D ,! $2", =. !89:

!2! «!89:>E 8>C>B>-
:>F9CB?:C>B9:>E VNB>»

1 9CACJE BA998>CBEFG HABA:CEBFGE >9>VEFF>9C; BALBAV>C:; CEHF>M>=;; ;L=>C>DMEF;U
M;CJU K> DGS;=AE8G8 8>@EMU8 (%1)), ;L=>CADM;DAE8G8 K> A@@;C;DFG8 CEHF>M>=;U8
(3d-KEIACJN). 7>:ALAF>, IC> KBE@DAB;CEMJF> KB>D>@;8G< CEB8;IE9:;< AFAM;L KB;
FA=BEDE, D ;FCEBDAME CE8KEBAC?B CEHF>M>=;; %1), >VBALR>D 8>@EME< «DGBATEFFGH»
K> BALM;IFG8 3d-CEHF>M>=;U8 K>LD>MUEC >REF;CJ D>L8>SF>9CJ BAR;>FAMJF>=> ;9K>MJ-
L>DAF;U ZC;H 8>@EME< @MU %1), A CA:SE 9K>9>V9CD?EC DGV>B? ;LDE9CFGH ;M; BALBA-
V>C:E F>DGH CEHF>M>=;IE9:;H KB;E8>D, BE:>8EF@AR;< @MU >KC;8;LAR;; CEHF>M>=;;
FA D9EH 9CA@;UH ;L=>C>DMEF;U >CM;D>:.
 MNIEDGE 9M>DA: M;CJE K> DGS;=AE8G8 8>@EMU8 (%1)), A@@;C;DFGE CEHF>M>=;;
(2#), «DGBAT;DAF;E», 3d-KEIACJ >V^E:C>D, CEB8;IE9:>E BALM>SEF;E.

.5   621.74.04

U0+5$ 8! "6?0/'$%6% %!.$*(% (UDM) .!-+'+!1&!
#'-8#!-+#'&($%6$ " &'-+!(B$$ "#$%( -8!-!>6 8!*,-
1$&0( +!1&67, +!&)!-+$&&67, -*!?&67 8! )!&40/,-
#'900 !+*0"!) 0= #'=*01&67 %$+'**!" 0 -8*'"!".
I-*!"&! UDM %!?&! #'=.$*0+5 &' ."' &'8#'"*$&0(
" ='"0-0%!-+0 !+ E+'8' "6?0/'&0( %!.$*0 0= *0+$2-
&!2 4!#%6.

F'1'*!% 30#!)!/! 8#!%63*$&&!/! 0-8!*5=!"'-
&0( 8#0 %'--!"!% 8#!0="!.-+"$ UDM %!?&! -10+'+5
60-$ /!.6 8#!3*!/! "$)' " -"(=0 - #'-30#$&0$% 0--
-*$.!"'&02 0 #'=#'>!+)!2 +$7&!*!/02 0 !>!#,.!"'-
&0( .*( UDM 0= 8$&!8!*0-+0#!*5&67 %!.$*$2. ;+*0-
10+$*5&!2 !-!>$&&!-+5A .'&&67 +$7&!*!/01$-)07
8#!9$--!" >6*! +!, 1+! %!.$*0 0= 8$&!8!*0-+0#!*'
3+2!?!1!'45+,!"- %40 0&/"*5!&( *&%,454/ E)&'3!!
(&*+,,+, 2+,!5+&(434 5 ,!*&/)<7 ?4'(<, /.$ #'-8!-
*'/'*0-5 E+0 %!.$*0. D .'*5&$23$% E+! &'8#'"*$&0$
!4!#%0*!-5 )') !.0& 0= -8!-!>!" +!1&!/! *0+5( —
*0+5$ 8! 3+2!?!1!'45+)).( (40&,6( (U:M) [1].

N=/!+!"*$&0$ %!.$*$2 .*( U:M !-,B$-+"*($+-(
" !-&!"&!% 0= 8$&!8!*0-+0#!*', !>*'.'AB$/! .!-
-+'+!1&! 7!#!30%0 .*( .'&&!/! -8!-!>' -"!2-+"'%0:
+$%8$#'+,#!2 /!#$&0( (t/!#) — " 8#$.$*'7 560 ! ,
"#$%( /!#$&0( — !+ 10 .! 20 -, ' %'--' &$/'=040-
90#,$%!/! !-+'+)' .!7!.0+ .! 0,015 % !+ %'--6 %!-
.$*0. ;-&!"&6$ &'8#'"*$&0( ,*,13$&0( .'&&!2
+$7&!*!/00 E+!:

— ,*,13$&0$ 8!. "!=.$2-+"0$% ='*0"'$%!/! %$-
+'**' 8#!9$--' /'=040)'900 8!*0-+0#!*', 0-8!*5-
=,( -8$90'*5&6$ .!>'")0;

— -&0?$&0$ .$4$)+!" *0+5(, -"(='&&67 - !-+'+-
)'%0 &$8!*&!2 /'=040)'900 %'+$#0'*' %!.$*$2.

C'=#'>!+)0 &!"67 %'+$#0'*!", &'8#0%$# CMMS
(«Doro Chemical»  \S) [1], 8!="!*0*0 ,%$&530+5
!-+'+!) 8! %'--$ " 20 #'=, 8! -#'"&$&0A - !-+'+)!%
8#0 0-8!*5=!"'&00 *0+$2&!/! 8!*0-+0#!*'.

L*( 0=/!+!"*$&0( 8$&!8!*0-+0#!*5&67 %!.$*$2
8#0%$&($+-( !-&'-+)', 0=/!+'"*0"'$%'( )') +#'.090-
!&&6%0 %$+!.'%0, +') 0 - 0-8!*5=!"'&0$% '..0+0"-
&67 +$7&!*!/02, )') 8#0 *0+5$ 8! "68*'"*($%6% %!-
.$*(%. H+! 8!="!*($+ =&'10+$*5&! -!)#'+0+5 "#$%(
8!./!+!")0 8#!0="!.-+"'. C'90!&'*5&'(, %0&0%'*5-
&'( +!*B0&' -+$&!) 8$&!8!*0-+0#!*5&67 %!.$*$2,
0=/!+'"*0"'$%67 " 8#$---4!#%'7, -!-+'"*($+ !)!*!
2 %%.

L*( 0=/!+!"*$&0( +!&)!-+$&&67, /'>'#0+&67,
-*!?&67 8! )!&40/,#'900 !+*0"!), !-!>$&&! 0=
-*!?&!*$/0#!"'&&67 -8*'"!" 0*0 0= -8*'"!" - !/#'-
&01$&0$% " &07 -!.$#?'&0( ,/*$#!.', 8#$.-+'"*($+
0&+$#$- .#,/!$ &'8#'"*$&0$ -8!-!>' *0+5( 8! "6?0-
/'$%6% %!.$*(%. H+! "%4"4>, %'! $4*4'4( 2+,!5$+
'+"%,+54( 4"<8&"*5,6&*"6 5 '+>4:<7 %4,4"*- &$-
#'=J$%&!2 *0+$2&!2 4!#%6, %4,<:&))<7 %4",&
%'&05+'!*&,-)434 5.;!3+)!6 (40&,! " 4!#%$.
K$#'%01$-)'( !>!*!1)' 8#!)'*0"'$+-( .*( .!?0/'-
&0( !-+'+)!" %!.$*$2, )') 8#0 *0+5$ 8! "68*'"*(-
$%6% %!.$*(%, 0 8$#$. ='*0")!2 #'-8*'"!% 8!.!/#$-
"'$+-(. L*( ,*,13$&0( )'1$-+"' *0+5( ='*0")' !>!-
*!1)0 %!?$+ !-,B$-+"*(+5-( 0 " "'),,%$.

G$#"!&'1'*5&! .*( 0=/!+!"*$&0( !>!*!1)!"67
4!#% 0-8!*5=!"'*0-5 +#'.090!&&! 0=/!+!"*($%6$
" 8#$---4!#%'7 8$&!8!*0-+0#!*5&6$ %!.$*0 (Rep-
licast-CS [1]), ' - 8!("*$&0$% " &'-+!(B$$ "#$%(
'..0+0"&67 +$7&!*!/02 (S<), 8!("0*'-5 "!=%!?-



 
!
"
#
$
%

 &
'
(
)
&
*
%

 +,"
-&
$
#

 .
 2 (140) 2015

81

-,/
&
$
)
,"
#
$
,  &

'
(
#
$

+$*5&!2 .$-+#,)90(7 (<L 0 <;L) &' %'+$#0'*'7,
0-8!*5=,$%67 " -+$#$!*0+!/#'400. L*( 0--*$.!"'-
&02 8#!9$--!" #'=*!?$&0( %'+$#0'*!" 0-8!*5=!"'-
*'-5 %!.$#&0=0#!"'&&'( '"+!#'%0 ,-+'&!")'.

D .'&&!2 #'>!+$ 0--*$.!"'&0( +$#%01$-)!/!
#'=*!?$&0( «"6#'B$&&67» !>#'=9!" 8#!"$.$&6 8!
.!-+'+!1&! 30#!)! 0-8!*5=,$%6% %$+!.0)'% &'
8#0>!#$ DTG-60 SHIMADZU, - !+#'?$&0$% .0&'-
%0)0 8!+$#0 %'--6 (TGA) 8#0 &'/#$"'&00, 0=%$&$-
&0( +$%8$#'+,#6 " =!&$ #$')900 (DTA) 0 -)!#!-+0
#'=*!?$&0( !>#'=9' (DrTGA) " $.0&09, "#$%$&0,
' +')?$ )!*01$-+"' =!*5&67 !-+'+)!" 8!-*$ -/!#'&0(
!>#'=9!".

  ,1$+!% 8#!0="!.-+"$&&67 ='.'1 0 8#$."'#0-
+$*5&! "6>#'&&67 +$7&!*!/02 3d-8$1'+0 0 %'+$#0-
'*!", >6*0 #'--%!+#$&6 "!=%!?&!-+0 0-8!*5=!"'-
&0( .*( UDM " )'1$-+"$ "6?0/'$%67 %!.$*$2 «"6#'-
B$&&6$» !>J$)+6 &' 3d-8#0&+$#'7: Z-Builder - !>J-
$)+'%0 0= 4!+!8!*0%$#' SI500; iPro 9000 - 3d-!>J-
$)+'%0 «"6#'B$&&6%0» " #$?0%$ Quick Cast 0=
%'+$#0'*' Accura Xtreme1; 0 &' 8#0&+$#$ EOSINT C
395 - !>J$)+'%0 0= 8!*0'%0.' CS-2200.

M'+$#0'* SI500, 0-8!*5=,$%62 8#0 3d-8$1'+0 &'
8#0&+$#$ Z-Builder, 8#$.-+'"*($+ -!>!2 "(=),A E8!)-
-0.&,A )!%8!=090A ?$*+!/! 9"$+'. G#0 8!-+#!$&00
%!.$*0 &' 3d-8#0&+$#$, 8#!$)+!#!% -!=.'@+-( 0=!-
>#'?$&0$ -*!(, 8!. "!=.$2-+"0$% -"$+' -%!*' 8!*0-
%$#0=,$+-(, -!=.'"'$%'( %!.$*5 8!/#,?'$+-( " -%!*,
&' +!*B0&, -*!(, 8#!$)+!#!% -!=.'@+-( 0=!>#'-
?$&0$ -*$.,AB$/! -*!( 0 +... G!-*$ «"6#'B0"'&0(»
0 8#!%6"'&0(, !>J$)+ /!+!" ) 0-8!*5=!"'&0A. ;>J-
$)+ 0%$$+ !+*01&,A 10-+!+, 8!"$#7&!-+0 >$= "0.0-
%67 -*$.!" 8!-*!2&!/! «"6#'B0"'&0(» (#0-. 1').

[$*+62 9"$+ %'+$#0'*, 8#0.'$+, "$#!(+&!, +0+'&!-
-!.$#?'B'( -"$+!#'--$0"'AB'( .!>'")', 8#$.!+-
"#'B'AB'( "!=.$2-+"0$ 0=*,1$&0( &' >!*$$ /*,>!-

&!-+5 0-8!*5=!"'+5 «"6#'B$&&6$»  "6?0/'$%6$
%!.$*0. <$7&!*!/00 «"6#'B0"'&0(» 3d-!>J$)+!"
8!="!*(A+ 0=/!+'"*0"'+5 8#')+01$-)0 *A>6$ -*!?-
&6$ 8! 4!#%$, +!&)!-+$&&6$ "6?0/'$%6$ %!.$*0
- &$!>7!.0%!2 %')#!-+#,)+,#!2, )!&-+#,)90!&&!2
8#!1&!-+5A .*( 8!*,1$&0( )'1$-+"$&&!2 !>!*!1)0
0 !+*0")0. M!.$*0, «"6#'B$&&6$» .*( 0-8!*5=!"'&0(
" UDM, %!/,+ >6+5 =&'10+$*5&! +!&53$, 1$% 8$&!-
8!*0-+0#!*5&6$, 0=/!+'"*0"'$%6$ " 8#$---4!#%'7,
&'8#0%$#, %!.$*5 «*!8'-+0» )#6*51'+)0 .*( 0=/!+!"-
*$&0( !+*0")0 - +!*B0&!2 .! 0,8 %% (#0-. 1', >). D #(.$
-*,1'$" 8!*,1$&&6$ 8! +')0% %!.$*(% !+*0")0 8!
#'=%$#'%, 3$#!7!"'+!-+0 8!"$#7&!-+$2 %')-0-
%'*5&! 8#0>*0?'A+-( ) .$+'*(% 0 &$ &,?.'A+-(
" .'*5&$23$2 %$7!>#'>!+)$ 0*0 8#0%$&(A+-( +!*5)!
40&03&6$ !8$#'900 (#0-. 1"). G#0 E+!% "#$%(
0=/!+!"*$&0( %!.$*$2 &' 3d-8#0&+$#$, - "!=%!?-
&!-+5A %&!/!)#'+&!/! 8!*,1$&0( 0.$&+01&67 !>J-
$)+!" >$= "-()!2 !-&'-+)0, !9$&0"'$+-( " 1'-'7.

G!*,1$&0$ >$= !-&'-+)0 "6?0/'$%67 %!.$*$2
8#0 S<, 8! +#$>,$%6% )!&-+#,)+0"&6% 8'#'%$+#'%
.'$+ !/#!%&62 E)!&!%01$-)02 E44$)+, ' 8#0%$&$-
&0$ ='#,>$?&67 3d-8#0&+$#!" #'=*01&67 40#% -!
-"!0%0 %'+$#0'*'%0, &$0="$-+&6%0 .*( 0-8!*5=!"'-
&0( " UDM, ='+#,.&($+ #'=#'>'+6"'+5 0*0 )!##$)+0-
#!"'+5 +#'.090!&&,A +$7&!*!/0A *0+5(.

G!E+!%, >6*' -.$*'&' 8!86+)' 0-8!*5=!"'&0(
0="$-+&67 %$+!.0) !9$&)0 7'#')+$#0-+0) 8!*,1$&-
&67 8#0 #'=*!?$&00 %'+$#0'*!" " 8#!9$--$ 07 &'-
/#$"', 8#0%$&0+$*5&! .*( «"6#'B$&&67» &' 3d-8#0&-
+$#'7 !>#'=9'7, " 0&+$#"'*$ +$%8$#'+,# 8!*&!/!
+$7&!*!/01$-)!/! 8#!9$--' 0=/!+!"*$&0( UDM.

S&'*!/01&! #'&$$ 8#$.8#0&0%'*'-5 8!86+)' [2]
8! #$3$&0A +$7&!*!/01$-)07 ='.'1 8#0 UDM - 0--
8!*5=!"'&0$% #$=,*5+'+!" 0--*$.!"'&02 8#!9$--!"
#'=*!?$&0( " ,-*!"0(7 8! +$#%!- 0 +$#%!!)0-*0-

                                           5                                                            3

 !". 1. @>'+21. 4>W&$*45, %4,<:&)).= " %4(48-7 IL:
+ — ,4%+"*- $'.,-:+*$! (Z-Builder); > — ,4%+"*- $'.,-:+*$! (iPro 9000 5 '&;!(& Quick Cast);

5 — ,4%+"*! $'.,-:+*$! !2 "%,+5+, !234*45,&)).& FHG " !"%4,-245+)!&( IL ((40&,-);
3 — «"4*45+6» "*'<$*<'+ 4>W&$*+, %4,<:&))434 )+ 3d-%'!)*&'& iPro 9000

                                                     +                                                   >


