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!'/$& "-0 ,&$,
$  !'/$& +,1,&$,

 !"#$%
&'(&)*#+,- , .&!/+!01,
&#2)3,4 15#&"!0.$'5+64
7$# #+1!5 08!&+64 05#&$

#. 5. '&1' !+!5
 . !. /#&+6*!5

19:;<=>?@ AB=CDEF=GH;<<I@
<;JG;AEKBHI@ C<?H;F=?G;G

.F;D=GEHL;<E :BD;LM FEKFCN;<?O F;PCQ?R SL;:;<GBH ?K GH;FDIR =TLEHBH =UBF<IR
=H;FL = CV;GB: ?R =B=GBO<?O HB H=;: G;:T;FEGCF<B: D?ETEKB<; F;KE<?O :;GELLBH:
RFCT>B; FEKFCN;<?;, RFCT>B-TLE=G?V;=>B;, TLE=G?V;=>B;,  >F?G?V;=>EO G;>CV;=GM >B-
UELMGBHB@ =HOK>?.
WL9V;HI; =LBHE: FEKFCN;<?;, TFBV<B=GM, FE=V;G <ETFOP;<?@, =UBF<I; =H;FLE, F;-
PCQ?; GH;FDB=TLEH<I; SL;:;<GI.

)"W 621.95

 !"#$% &'"'$&'$($ )$*+) ,"%,-./!$0 &1/!!23
,/4-5$3 6+#+)+( &7+,!23 &)/,#, ) 8,+$%)+*&')/!-
!23 -&#+)$03, 8+ 1"'/,$"#"1  999 «:;1/!<&'"#<-
1+&'» 8+("%"#, ='+ !" *+#; +'("%+) ) ,/%-#<'"'/
&("#2)"!$0, )2(,".$)"!$0 $ 8+#+1+( ')/,*+&8#")-
!23 ,/4-5$3 6+#+)+( 8,$3+*$'&0 80 % (,$&. 1).

>,$=$!"1$ +'("%+) ,/4-5$3 $!&',-1/!'+) 0)-
#0;'&0 )2&+($/ !"8,04/!$0 !" 8+)/,3!+&'03 (+!-
'"('!+? %+!2 #/%)$0, )2%2)";5$/ (+!'"('!2/ 8#"&-
'$=/&($/ */@+,1"A$$, %!"=$'/#<!2/ &$#2 $ '/18/-
,"'-,2 ,/%"!$0. >,/*,"&8+#+4/!!+&'< ,/4-5/6+
$!&',-1/!'" ( '+1- $#$ $!+1- )$*- +'("%+) ) 8/,)-;
+=/,/*< %")$&$' +' 3","('/,$&'$( $!&',-1/!'"#<-
!+6+ $ +7,"7"'2)"/1+6+ 1"'/,$"#+) $ -&#+)$? ,/%"-

!$0 (8,/,2)$&'+//!/8,/,2)!+/ ,/%"!$/, =/,!+)"0/
=$&'+)"0 +7,"7+'(" $ *,.) [1].

9'("% &7+,!+6+ ,/4-5/6+ $!&',-1/!'" 1+4/' 8,+-
$%+?'$ $%-%" 8+),/4*/!$? ,/4-5/? ="&'$ $#$ */'"-
#/? 1/3"!$=/&(+6+ (,/8#/!$0 ,/4-5$3 B#/1/!'+).

C ,"7+'/ [2] 72#" )2&("%"!" $ *+("%"!" 6$8+'/%"
+ 8,$1/!$1+&'$ (,$'/,$0 8,+=!+&'$ >$&",/!(+–
D/7/*/)" *#0 ,/./!$0 %"*"= 8,+=!+&'$ ')/,*+&8#")-
!23 &1/!!23 ,/4-5$3 8#"&'$! &7+,!23 '+(",!23
,/%A+) $ '+,A+)23 @,/%, (+'+,2/ $1/;' &#+4!2?
3","('/, ,"%,-./!$0: 3,-8($?, 3,-8(+-8#"&'$-
=/&($? $ 8#"&'$=/&($?.

9*!"(+ &1/!!2/ ,/4-5$/ B#/1/!'2 &7+,!23
&)/,# $% ')/,*23 &8#")+) ,"7+'";' ) &)+$3 +&+723
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-&#+)$03. E/4-5"0 6+#+)(" &7+,!+6+ &)/,#", ("(
8,")$#+, $1//' =/'2,/ ,/4-5$3 (,+1($: *)/ 6#")!2/
$ *)/ )&8+1+6"'/#<!2/ (#/!'+=($). F#")!2/ ,/4-5//
(,+1($ ,"7+'";' 8,$ 8+&'+0!!+1 &'"'$=/&(+1 !"-
6,-4/!$$, ) -&#+)$03  )2&+($3 &(+,+&'/? $ '/18/-
,"'-, ,/%"!$0, +&+7/!!+ !" 8/,$@/,$?!+? ="&'$
,/4-5/? 6+#+)($, 6*/ &(+,+&'< &)/,#/!$0 $1//'
1"(&$1"#<!+/ %!"=/!$/. >,$ B'+1, ("( 8,")$#+,
&7+,!2/ ,/4-5$/ &)/,#", +&!"5/!!2/ &1/!!21$
,/4-5$1$ 6+#+)("1$ $% $!&',-1/!'"#<!23 ')/,*23
&8#")+), ,"7+'";' 8,$ )2&+($3 &(+,+&'03 ,/%"!$0,
+7-&#+)#$)";5$3 )+%!$(!+)/!$/ )$7,"A$? $ 7$/!$/
$!&',-1/!'". >+B'+1- )&8+1+6"'/#<!2/ ,/4-5$/
(,+1($ (#/!'+=($) ,"7+'";' ) -&#+)$03 A$(#$-
=/&(+6+ !"6,-4/!$0, ='+ 8,$)+*$' ( &("#2)"!$01
$ 3,-8(+1- ,"%,-./!$; 8/,$@/,$?!+? ="&'$ ,/-
4-5/? 6+#+)($.

G" +&!+)"!$$ $%#+4/!!+6+ )2./ 8,$1/!$1+&'<
(,$'/,$0 >$&",/!(+–D/7/*/)" *#0 ,/4-5$3 ')/,*+-
&8#")!23 B#/1/!'+) &7+,!23 &)/,# ',/7-/' &8/A$-
"#<!+6+ 8,+=!+&'!+6+ "!"#$%" $ B(&8/,$1/!'"#<!+6+
*+("%"'/#<&')".

 !"#$% +'("%+) 8,$ ,"7+'/ &7+,!23 &)/,# 8+("-
%"#, ='+ $3 ,"%,-./!$/ $1//' 3,-8($?  3","('/,.

C &++')/'&')$$ & '/+,$/? F. H. >$&",/!(+ $  .  . D/-
7/*/)" 8,+A/&& ,"%,-./!$0 3,-8($3 1"'/,$"#+)
&+&'+$' $% *)-3 &'"*$?: 8/,)"0 — )+%!$(!+)/!$/
',/5$!; )'+,"0 — ,"%)$'$/ $ ,"&8,+&',"!/!$/ ',/-
5$! [3].

:/+,$0 8,+=!+&'$ >$&",/!(+–D/7/*/)" +&!+-
)"!" !" 8,/*8+#+4/!$$ + '+1, ='+ !"&'-8#/!$/ 8,/-
*/#<!+6+ &+&'+0!$0 +7-&#+)#/!+ &8+&+7!+&'<; 1"'/-
,$"#" +("%2)"'< &+8,+'$)#/!$/ ("( ("&"'/#<!21, '"(
$ !+,1"#<!21 !"8,04/!$01. I,$'/,$? 8,+=!+&'$
8,/*#"6"/'&0 $&("'< ) )$*/ $!)",$"!'!23 ( !"8,0-
4/!!+1- &+&'+0!$; @-!(A$? ("&"'/#<!23 !"8,0-
4/!$?, !"8,$1/, +('"B*,$=/&($3 ("&"'/#<!23 !"-
8,04/!$? $ 1"(&$1"#<!+6+ !+,1"#<!+6+ !"8,0-
4/!$0.

J#0 1"'/,$"#+), +7#"*";5$3 &-5/&')/!!+?
&',-('-,!+? !/+*!+,+*!+&'<; (+'*/#<!2/ )$*2
1/'"##+(/,"1$($, 6,"@$'2, 8/!+8#"&'2, ("1/!!+/
#$'</ $ '.8.), 8,/*#+4/!+ -&#+)$/ 8,+=!+&'$ =/,/%
B()$)"#/!'!2/ !"8,04/!$0 [3]:

           ,)1( 1
1 B

I
i  s£sc-+cs=s -

h                 (1)

                   ,321

i
I

s
s+s+s=                         (2)

                         ,
!

!

-s
s=c                              (3)

6*/ I  — 8","1/', !"8,04/!!+6+ &+&'+0!$0;    —  8","-
1/', &',-('-,2 1"'/,$"#". C/#$=$!"   *#0 &8#")+)
WC-Co ,")!" 0,8; *#0 &8#")+) WC-TiC-Co ,")!" 0,7.
>,/*/#2 8,+=!+&'$ !" ,"&'04/!$/ s!, &4"'$/ s–!,
" &#/*+)"'/#<!+, $ 8","1/', c %")$&0' +' '/18/,"-
'-,2 ,/%"!$0.

G" ,$&. 2 ) +'!+&$'/#<!23 (++,*$!"'"3   
"" s

s
s
s 01 ,

8,/*&'")#/!2 (,$)2/ ms=const. I+!&'"!'"   )+ )&/3
&#-="03 8,$!0'" ,")!+? 0,75. K% ,$&-!(+) )$*!2 &#/-
*-;5$/ +75$/ %"(+!+1/,!+&'$ $%1/!/!$0 8,/*/#<-
!23 8+)/,3!+&'/? ) %")$&$1+&'$ +' %!"=/!$? 8","-

 !". 1. #$%! $&'()$* +,-./!0 1%,2,3&$* "4$+350 "*,+%
(6$ 2(&,+!(%(2 777 «892,3:"&(%:2$"&»)

 !". 2. ;,$2,&+!<,"'(= !3&,+6+,&(>!= '+!&,+!= 6+$<3$"&! ?!"(+,3'$–@,4,A,*(
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1/'," c: 8+ 1/,/ 8/,/3+*" ( 7+#// 3,-8($1 1"'/,$-
"#"1 (1/!<.$/ %!"=/!$0 c) )#$0!$/ .",+)+6+ '/!%+,"
$ )$*" */)$"'+," -)/#$=$)"/'&0. :"(, /&#$ 8,$ c=0,75
8,/*/#<!2/ 8+)/,3!+&'$ !/%!"=$'/#<!+ +'#$=";'&0
+' 8+)/,3!+&'$ ),"5/!$0, '+ 8,$ c=0,25 */)$"'+,-
!2/ &/=/!$0 $1/;' 0)!+ )2,"4/!!-; @+,1- (,$-
)+#$!/?!23 ',/-6+#<!$(+).

 !"#$% ,"%,-./!!23 ,/4-5$3 6+#+)+( &7+,!+6+
&)/,#" STAW @$,12 Mitsubishi 8+&#/ B(&8#-"'"A$$
8+("%"#, ='+ $1//' 1/&'+ 3,-8($?, 3,-8(+-8#"&'$=/-
&($? $ 8#"&'$=/&($? 3","('/, $3 ,"%,-./!$0
(,$&. 3), " 8+)/,3!+&'$ ,"%,-./!$0 ,/4-5$3 B#/1/!-
'+) $% ')/,*23 &8#")+) +6,"!$=$)";'&0 ',"/('+-
,$01$, (+'+,2/ 3+,+.+ +8$&2)";'&0 6/+1/',$=/-
&(+? 1+*/#<; (,$'/,$0 8,+=!+&'$ >$&",/!(+–
D/7/*/)" (,$&. 2) )20)#/!+:

I %+!" — 3,-8(+/ ,"%,-./!$/ 8,$ c=0,25¸0,5;
II %+!" — 3,-8(+-8#"&'$=/&(+/ ,"%,-./!$/ 8,$

c=0,5¸0,75;
III %+!" — 3,-8(+-8#"&'$=/&(+/ ,"%,-./!$/ 8,$

c®1;
IV %+!" — (,$'$=/&("0 '/(-=/&'< (+7"#<'+)+?

&)0%($ c=1.
:"($1 +7,"%+1, !" +&!+)"!$$ $%#+4/!!+6+ )2./

1"'/,$"#" 1+4!+ &*/#"'< )2)+*, ='+  6/+1/',$=/&("0
1+*/#< (,$'/,$0 8,+=!+&'$ >$&",/!(+–D/7/*/)"

 !". 3.  ()+.B,335, +,-./!, C$%$*'! "4$+3$C$ "*,+%(
6$"%, 1'"6%.(&(>!!

3+,+.+ +8$&2)"/' &#+4!2? 3","('/, ,"%,-./!$0
,/4-5$3 ')/,*+&8#")!23 B#/1/!'+) &7+,!23 &)/,#
$ 1+4/' 72'< 8,$1/!$1" *#0 ,/./!$0 B'$3 %"*"=.

D!4%!$C+(E!<,"'!F "6!"$'

1. F,$6+,</), H. G. L/'+*2 8+)2./!$0 &'+?(+&'$ ,/4-5/6+
$!&',-1/!'" / H. G. F,$6+,</). – L. : L".$!+&',+/!$/,
2011. – 368 &.

2.L/3"!$(" ,"%,-./!$0 $ 8,+=!+&'< &1/!!23 ,/4-5$3
8#"&'$! $% ')/,*23 &8#")+) / M. C.  ,'"1+!+) [$ *,.]. – :;-
1/!< : :;1FGFN, 2013. – 148 &.

3. >$&",/!(+, F. H. J/@+,1$,+)"!$/ $ 8,+=!+&'< 8,$
&#+4!+1 !"8,04/!!+1 &+&'+0!$$ / F. H. >$&",/!(+,  .  . D/-
7/*/). – I$/) : G"-(+)" *-1(", 1976. –  416 &.

G 8GH7I7J K*C,3!F J%(A!2!+$*!<, *+('+, '/3!$-
=/&($3 !"-(, 8,+@/&&+, (E+&&$0), %"&#-4/!!2?
,"7+'!$( )2&./? .(+#2 EO, %")/*-;5$? ("@/*,+?
«H'"!($ $ $!&',-1/!'2».
LK IMN7J H!0(!% 7%,C$*!<, "&8$,"!', "&&$&'/!'
("@/*,2 «H'"!($ $ $!&',-1/!'2».
 *,/& *#0 8/,/8$&($: gegrbt@rambler.ru

O&(&:= 6$"&.6!%( * +,A('>!9 13.01.2014 C.
© K. J. G+&(2$3$*, H. 7. L,+35B$*

mailto:gegrbt@rambler.ru
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0,01# 6
&'0W'/W, , .!""#&2'+,-
' .$,1)"6 W!$#8'+,X
.$'1Y!&  ,0.61'1#$%+!Z!
01#+"'

.. ". 8'$'W,+
[. '. 8)&%-+

!:=>?@ AB=CDEF=GH;<<I@
G;R<?V;=>?@ C<?H;F=?G;G

1BV<B; BTF;D;L;<?; ?<;F\?B<<IR REFE>G;F?=G?> =LBP<IR F;ELM<IR TBDH?P<IR BU]-
;>GBH, E GE>P; ?=TIGE<?; BU];>GBH <E FEUBGB=TB=BU<B=GM ? C=GB@V?HB=GM TF? <EHBD?-
:IR >BL;UE<?OR BTF;D;L;<<B@ E:TL?GCDI ? VE=GBGI OHLO;G=O E>GCELM<B@ TFBUL;:B@,
F;NE;:B@ = TB:BQM9 ?=TIGEG;LM<IR =G;<DBH, B=<EQ;<<IR =?=G;:B@ FE=>EV>? ? ?K-
:;F?G;LM<I: >B:TL;>=B:. 0?=G;:EG?>E ?KH;=G<IR =?=G;: FE=>EV>? C=GE<BHBV<IR
TLEGJBF: =G;<DBH, E GE>P; TF;DLEAE;:I; EHGBFE:? TF?;:I U;=>B<GE>G<B@ FE=>EV>?
? =B=GEHLO9G TF;D:;G DE<<B@ =GEGM?.
WL9V;HI; =LBHE: F;ELM<I@ BU];>G, =G;<D, C=GE<BHBV<EO TLEGJBF:E, HBKUCD?G;LM.

)"W 621.01

:+=!+/ +8,/*/#/!$/ 6/+1/',$$ 1"&& &#+4!23 ,/-
"#<!23 +7P/('+), 1+1/!'+) $!/,A$$ ) +&+7/!!+&'$,
)+%1+4!+ '+#<(+ B(&8/,$1/!'"#<!21 1/'+*+1, (+'+-
,2? 3+,+.+ +',"7+'"!. O$%$=/&("0 +&!+)" 1/'+*"
$ /6+ 1!+6+)",$"!'!"0 '/3!$=/&("0 ,/"#$%"A$0 !"
&'/!*"3 ,"%#$=!+? (+!&',-(A$$ & +A/!(+? '+=!+&'$
$%1/,/!$? 8+*,+7!+ $%#+4/!" ) [1]. 9&+7/!!+ )+&-
',/7+)"! B(&8/,$1/!'"#<!2? 1/'+* +8,/*/#/!$0
6/+1/',$$ 1"&& &/1/?&')" &#+4!23 ,/"#<!23 '/3!+-
6/!!23 +7P/('+), ) (+'+,23 $!/,A$+!!2/ 3","('/-
,$&'$($ 0)#0;'&0 8/,/1/!!21$ 8+ +8,/*/#/!$;
$ %")$&0' +' +7+75/!!23 (++,*$!"', &(+,+&'/? $#$
),/1/!$. Q'+ +'!+&$'&0 ( ")$"A$$, ,"(/'!+? '/3-
!$(/, &,/*&')"1 )++,-4/!$0, ',"!&8+,'!21 1".$-
!"1 $ &$&'/1"1, ( #;721 1/3"!$%1"1 +75/6+ )$*",
4$)21 +,6"!$%1"1 $ ( =/#+)/(- ) '+1 =$&#/.

C'+,+?, !/ 1/!// )"4!+? 8,+7#/1+?, 0)#0/'&0 $&-
82'"!$/ -%#+), "6,/6"'+), 1".$! ) &7+,/ !" ,"7+'+-
&8+&+7!+&'< $ -&'+?=$)+&'< 8,$ !")+*$123 )2!-4-
*/!!23 (+#/7"!$03 +8,/*/#/!!+? ="&'+'2 $ "18#$-
'-*2, 8,$ B'+1 $&82'"'/#<!2? &'/!* *+#4/! *+8-&-
("'< $%1/!/!$/ ) *+&'"'+=!+ .$,+(+1 *$"8"%+!/
8","1/',+) (+#/7"!$? -&'"!+)+=!+? 8#"'@+,12.

C [2] !"1$ 8,/*#+4/!" &3/1" -!$)/,&"#<!+6+
&'/!*" *#0 B(&8/,$1/!'"#<!+6+ +8,/*/#/!$0 6/+1/'-
,$$ 1"&& &#+4!23 ,/"#<!23 '/3!+6/!!23 +7P/('+).
H'/!* $&8+#<%-/' -6#+)+/ *)$4/!$/ -&'"!+)+=!+?
8#"'@+,12.

H3/1" &'/!*" 8,/*&'")#0/'&0 8/,&8/('$)!+?
$ -!$)/,&"#<!+? *#0 +7P/('+) 1".$!+&',+/!$0. >,$
B'+1 1+1/!'2 $!/,A$$ +7P/('" 1+4!+ +8,/*/#$'<
+'!+&$'/#<!+ #;723 6+,$%+!'"#<!+ ,"&8+#+4/!!23
+&/? 8-'/1 &++')/'&')-;5/? 8/,/&'"!+)($ +7P/('"
!" 8#"'@+,1/. 9=/)$*!+, ='+ ,"%1/,2 8#"'@+,12
1+6-' 72'< ,"%#$=!21$, %")$&/'< +' 6"7",$'+) $ 1"&-
&2 +7P/('". C",$"A$/? 4/&'(+&'$ -8,-6$3 B#/1/!-
'+) 1+4!+ !"&',"$)"'< &'/!* *#0 $&&#/*+)"!$0
+7P/('+) & %"1/'!+ +'#$=";5$1$&0 $!/,A$+!!21$
3","('/,$&'$("1$. J,-6$/ *+&'+$!&')" &3/12 &'/!*"
8+*,+7!+ $%#+4/!2 ) [2].

>,/*&'")#0/' 8,$(#"*!+? $!'/,/& &+%*"!$/ &'"-
A$+!",!23 )2!-4*/!!23 (+#/7"!$? -&'"!+)+=!+?
8#"'@+,12 &'/!*" & 8+1+5<; &$&'/12 7/&(+!'"('-
!+? /6+ ,"&("=($ *#0 $&82'"!$0 ,"7+'+&8+&+7!+&'$
+7P/('" !" ,/4$1"3 & (+!',+#$,-/1+? "18#$'-*+?
$ ="&'+'+?.

K%-=/!$/  $ &$&'/1"'$(" $%)/&'!23 &8+&+7+) $
'/3!$=/&($3 &,/*&') &$#+)+6+ )+%7-4*/!$0 -6#+)23
(+#/7"!$? -&'"!+)+=!+? 8#"'@+,12 &'/!*" 8+%-
)+#0;' &@+,1-#$,+)"'< !/&(+#<(+ +75$3 ,/(+1/!-
*"A$? ( ,/./!$; +7+%!"=/!!+? 8,+7#/12  &+%*"!$0
&$&'/12 7/&(+!'"('!+? ,"&("=($ 8#"'@+,12.

:"(, 6/!/,"'+, 8/,$+*$=/&(+6+ &$#+)+6+ )+%7-4-
*/!$0 *+#4/! 72'< ,"%1/5/! !" -&'"!+)+=!+? 8#"'-
@+,1/ #$7+ &)0%"! & !/? 8+&,/*&')+1 @$%$=/&($3
8+#/?; -6#+)"0 4/&'(+&'< &)0%$ 8#"'@+,12 &+ &'+?-
(+? $ ="&'+'" &$#+)+6+ )+%7-4*/!$0 *+#4!2 72'<
,/6-#$,-/121$; B!/,6/'$(" )+%7-4*/!$0 +8,/*/#0-
/'&0 -&#+)$/1 (+18/!&"A$$ B!/,6$$ *$&&$8"A$$
(+#/7"!$? !" B(&8#-"'"A$+!!23 ,/4$1"3, 7#$%($3
( ,/%+!"!&!21.

>,/*8+='/!$/ +'*"*$1  $!/,A$+!!+1- )+%7-*$-
'/#; (+#/7"!$?, 6/!/,$,-;5/1- ,/6-#$,-/12/ &$-
#+)2/ $18-#<&2 6",1+!$=/&(+? @+,12.  C+%7-*$'/#<
(+#/7"!$? *+#4/! 72'< ,"%1/5/! !/8+&,/*&')/!!+
!" 8#"'@+,1/, $ /6+ $!/,A$+!!"0 1"&&" *+#4!" &+)/,-
.$'<  !/$!/,A$"#<!+/ *)$4/!$/. >/,/1/!!"0 ($!/'$-
=/&("0 ,/"(A$0 B'+? 1"&&2 !" &$&'/1-, &+%*";5-;
8+*+7!+/ *)$4/!$/, 7-*/' 8/,/*")"'<&0 !" 8#"'@+,1-.

G"$7+#// ,"&8,+&',"!/!!21 $ '/3!$=/&($ #/6(+
,/"#$%-/121 !/$!/,A$+!!21 *)$4/!$/1 0)#0/'&0
),"5"'/#<!+/, " (+17$!"A$01$ )/#$=$! */7"#"!&+),
&3/1"1$ +&/? $3 ,"&8+#+4/!$0 6/!/,$,-;'&0 &$-
#+)2/ $18-#<&2 #;723 @+,1, 8,$=/1 $18-#<&2
1+6-' 72'< ("( &$#+)21$, '"( $ 1+1/!'!21$.

>,/*&'")#0/', !"8,$1/,, $!'/,/& &3/1" 8#"!/'",-
!+6+ )+%7-*$'/#0, $!/,A$+!!2? B#/1/!' (+'+,+6+
0)#0/'&0 &"'/##$'+1-7/6-!(+1 $ 7/6-!+( &+)/,."/'
*)" *)$4/!$0: +7("'(- $ &+7&')/!!+/ ),"5/!$/, (+-
'+,2/ &)0%"!2 8/,/*"'+=!21 +'!+./!$/1 U.
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97+%!"=$) R1 — ,"*$-& B8$A$(#", R2 — ,"*$-&
&"'/##$'"-7/6-!(", 8+#-=$1 *#0  +*!+&'-8/!="'+?
&3/12: r=R1+R2 — 8,$ )!/.!/1 ("&"!$$ 7/6-!("
& B8$A$(#+1 $ r=R1–R2 8,$ )!-',/!!/1 $3 )%"$1+-
*/?&')$$, '+6*" 8,$ )!/.!/1 )%"$1+*/?&')$$:

                          ,)( 221 RRR w=+W                      (1)

6*/ W — &(+,+&'< +7("'($, " w — &(+,+&'< &+7&'-
)/!!+6+ ),"5/!$0 7/6-!(" $ 8/,/*"'+=!"0 @-!(A$0:

                  .
R
R

R
RRU

2

1

2

21 1 ++=
W
w=                   (2)

>,$ )!-',/!!/1 ("&"!$$:

                  .
R

RRU
2

21 -=                          (3)

C !/(+'+,23 &#-="03 +*!" $#$ +7/ 8+)/,3!+&'$
+7("'($ 7/6-!(" $ B8$A$(#" 1+6-' $1/'< !/(,-6+)+/
8+8/,/=!+/ &/=/!$/, !"8,$1/,, B##$8'$=/&(+/ $#$
$!+/. C 8+&#/*!/1 &#-="/ )+%7-4*/!$/ 1+4!+ &=$-
'"'< 8+#$6",1+!$=/&($1.

C+%7-*$'/#$, 8+&',+/!!2/ 8+ 8#"!/'",!+? &3/-
1/, +7#"*";' .$,+($1$ )+%1+4!+&'01$. C ="&'-
!+&'$, +,$6$!"#<!+? 8,/*&'")#0/'&0 &3/1", 8,/*-
&'")#/!!"0 !" ,$&. 1.

I,-6+)2/ 7/6-!+( $ B8$A$(# )%"$1+*/?&')-;'
7/% &(+#<4/!$0 ) '+=(/ C. M&#$ )2*/,4"'< R1=2R2,
'+ 8,$ 8/,/!+&!+1 *)$4/!$$ )+*$#" 7/6-!+(, -="-
&')-0 ) *)-3 *)$4/!$03: 8/,/!+&!+1 &+ &(+,+&'<; W
$ +'!+&$'/#<!+1 &+ &(+,+&'<; w, $1//' '+=(- 0,
',"/('+,$0 *)$4/!$0 (+'+,+? +("4/'&0 8,01+-
#$!/?!+?. M&#$ ) B'+? '+=(/ ,"%1/&'$'< $!/,A$+!-
!-; 1"&&- m, '+ 8+#-=$1 6",1+!$=/&($ $%1/!0/1-;
$!/,A$+!!-; &$#-, (+'+,-; 1+4!+ $&8+#<%+)"'<
*#0 7/&(+!'"('!+? ,"&("=($ &'/!*" & (,-6+)+? ="&-
'+'+? W.

9&+721 +7,"%+1 &#/*-/' )2*/#$'< $!/,A$+!!2/
)+%7-*$'/#$, 8+&',+/!!2/ !" &3/1"3 1/3"!$%1+)
+75/6+ )$*" $ &+*/,4"5$3 %)/!<0, &+)/,.";5$/
!/$!/,A$+!!+/ *)$4/!$/.

>,$)/*/1 !/&(+#<(+ 8,$1/,+) 8+'/!A$"#<!23
'/3!$=/&($3 ,/./!$? 8+*+7!23 )+%7-*$'/#/? (+-
#/7"!$?.

G" ,$&. 2 8,/*&'")#/!" &3/1" )+%7-*$'/#0, 6*/
+&!+)!21 $!/,A$+!!21 B#/1/!'+1 0)#0/'&0 %)/!+ 4
1"&&+? m, 8+&(+#<(- +&'"#<!2/ %)/!<0 &$!-&!+6+
1/3"!$%1", )(#;="0 1+'+,-,/*-('+,, 1+4!+ )28+#-
!$'< -,")!+)/./!!21$.

97+%!"=$) ,"*$-& (,$)+.$8" r, " -6#+)-; /6+
(++,*$!"'- j, 8+#-=$1 8/,/1/5/!$/ (-#$&2 4 $ 8,+-
$%)+*!2/ 8/,/1/5/!$0:

        ;j= sinrS     ;j=jj= cosrpcos
dt
drV

                .sinrpsin
dt
d

dt
d-ra j-=jjj= 2                (4)

K!/,A$+!!2? B#/1/!' 4 1"&&+? m 7-*/' 6/!/,$-
,+)"'< &$#+)+? $18-#<& am"#$ -= , " & -=/'+1 ,"&-
8+#+4/!$0 B#/1/!'" !" 8#"'@+,1/ &$#+)+? $18-#<&
8,/+7,"%-/'&0 ) 8/,/1/!!+/ 1+1/!'!+/ !"6,-4/!$/
8#"'@+,12:

                       .LamM#$ -=                         (5)

>,$1/,+1 &3/1!+6+ ,/./!$0 )+%7-*$'/#0 (+#/-
7"!$? !" 7"%/ ,2="4!+6+ 1/3"!$%1", &+*/,4"5/6+
%)/!+ & !/$!/,A$"#<!21 *)$4/!$/1, 8+,+4*";5$1

8/,/1/!!+/ 1+1/!'!+/ !"6,-4/!$/ 8#"'@+,12,
1+4/' 72'< &3/1", 8,/*&'")#/!!"0 !" ,$&. 3.

H+&'")$1 1"'/1"'$=/&(-; 1+*/#< )+%),"'!+-
),"5"'/#<!+6+ *)$4/!$0 -&'"!+)+=!+? 8#"'@+,12
&'/!*" (,$&. 4) & -&'"!+)#/!!21 +7P/('+1 $ 7/&(+!-
'"('!21 )+%7-*$'/#/1 (+#/7"!$?.

D$!/?!"0  %S  $ -6#+)"0 %&' &)0%"!2 %")$&$1+&'<;

                        2lcc&'( S= .                         (6)

M&#$ 1+1/!' $!/,A$$ J (+#/7"'/#<!+? &$&'/12
,"&&=$'"! (+8,/*/#/! B(&8/,$1/!'"#<!+  8+ 8/,$+*-
$#$ ="&'+'/ &+7&')/!!23 (+#/7"!$? [1]), './.

           2/ kcJ &'(=  $#$ 
2

22

4p
= S lcT

J ,             (7)

6*/ k — (,-6+)"0 ="&'+'" &+7&')/!!23 -6#+)23
(+#/7"!$? &$&'/12, T — 8/,$+* +*!+6+ 8+#!+6+ (+-

 !". 1. O0,2( 6%(3,&(+3$C$ !3,+>!$33$C$ *$)4.A!&,%=

 !". 2. O0,2( *$)4.A!&,%= '$%,4(3!F
3( 4(), "!3."3$C$ 2,0(3!)2(:

1 — ."&(3$*$<3(= 6%(&E$+2( "&,3A(;
2 — 2$&$+-+,A.'&$+ (+,C.%!+.,25F 6$ <("&$&,

*50$A3$C$ A*!-,3!= 6+!*$A);
3 — "!3."35F 2,0(3!)2; 4 — !3,+>!$33(= 2(""( m

 !". 3. O0,2( *$)4.A!&,%= '$%,4(3!F 3( 4(),
'+!*$B!63$-'$+$25"%$*$C$ 2,0(3!)2(:

1 — ."&(3$*$<3(= 6%(&E$+2( "&,3A(;
2 — 2$&$+-+,A.'&$+ (+,C.%!+.,25F 6$ <("&$&,

*50$A3$C$ A*!-,3!= 6+!*$A);
3 — '+!*$B!63$-'$+$25"%$*5F 2,0(3!)2;

4 — !3,+>!$33(= 2(""( " 2$2,3&$2 !3,+>!! JA
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#/7"!$0, $, /&#$ 8+(" !/ (+!(,/'$%$,+)"'< (+!&',-(-
A$; )+%7-*$'/#0 (+#/7"!$?, 8,$!0) 6",1+!$=/&($
$%1/!0/121 &$#+)+/ $#$ 1+1/!'!+/ !"6,-4/!$/
8#"'@+,12:

)(0 d-= pt%osPP#$  $#$ )(0 d-= Pt%osMM#$ ,     (8)

'+ *$@@/,/!A$"#<!+/ -,")!/!$/ 7/%*/18@/,!23
)2!-4*/!!23 (+#/7"!$? 8#"'@+,12 7-*/' '"($1:

            )cos(1
0

2
0 d-=a+a tpM

J
k&& ,              (9)

6*/ " — ="&'+'" )2!-4*";5/6+ )!/.!/6+ )+%*/?-
&')$0; t — ),/10; d — @"%+)2? -6+#.

N&'"!+)$).$/&0 )2!-4*/!!2/ (+#/7"!$0 7-*-'
8,+$&3+*$'< & ="&'+'+? w, &+)8"*";5/? & ="&'+-
'+? " )2!-4*";5/6+ )!/.!/6+ )+%7-4*/!$0. :"($1
(+#/7"!$01 &++')/'&')-;' ,/./!$0 ) )$*/ [3]:

                  )cos(
1

d-w
-

a=a t
u

%) ,                  (10)

6*/ 
k

u w=  — ="&'+'!+/ +'!+./!$/;  
&'(

%) c
M0=a  —

&'"'$=/&(+/ -6#+)+/ &1/5/!$/.
9'!+./!$/ "18#$'-*2 a ( &'"'$=/&(+1- &1/5/-

!$; a%) 0)#0/'&0 (+B@@$A$/!'+1 *$!"1$=!+&'$ k*#$:

        .
)1(

1)1( 2
12

u
uk

c)
*#$ -

=-=
a

a= -            (11)

>,$ !$%($3 ="&'+'"3 u<<1 "18#$'-*" (+#/7"!$?
7#$%(" ( &'"'$=/&(+1- &1/5/!$;, (+#/7"!$0 8#"'-
@+,12 8,+$&3+*0' ) @"%/ & (+#/7"!$01$ )!/.!/?
&$#2, './. d=0.

H -)/#$=/!$/1 ="&'+'2 w "18#$'-*" (+#/7"!$?
)+%,"&'"/' $ 8,$ w®k, "18#$'-*" a®¥, './ )+%!$("/'
,/%+!"!&. I+#/7"!$0, ="&'+'" (+'+,23 )2./ ,/%+-
!"!&!+? (u>1), 8,+$&3+*$' ) 8,+'$)+@"%/ (d=p).

>,$ w®¥ "18#$'-*" a®0 ("=/&')/!!"0 "18#$-
'-*!+-="&'+'!"0 3","('/,$&'$(" *)$4/!$0 8#"'-
@+,12 8,/*&'")#/!" !" ,$&. 5 &8#+.!+? #$!$/?.

C *+7,+'!23 ,/"#<!23 &$&'/1"3 */18@$,+)"!$/
!/%!"=$'/#<!+, "18#$'-*" (+#/7"!$? 8,$ ,/%+!"!&/
3+'< $ +6,"!$=/!", !+ 1+4/' *+&'$6"'< $ !/*+8-&-
'$123 %!"=/!$?, 8+B'+1- *#0 7+#<.$!&')" '/3!$-
=/&($3 ,/"#$%"A$? ,/%+!"!&!2? ,/4$1 ) =$&'+1
)$*/ !/ $&8+#<%-/'&0.

M&#$ $&8+#<%-/'&0 )+%7-*$'/#< (+#/7"!$? $!/,-
A$+!!+6+ '$8", '+ "18#$'-*" )2!-4*";5/? &$#2
(1+1/!'") 7-*/' 8,+8+,A$+!"#<!" ()"*,"'- ="&'+'2 ".
J#0 B'+6+ &#-="0 (+B@@$A$/!' *$!"1$=!+&'$ 7-*/'
'"($1:

                   ,
1)1(

1

2 -
=

u

k*#$
                       (12)

" ("=/&')/!!"0 "18#$'-*!+-="&'+'!"0 3","('/,$&-
'$(" *)$4/!$0 8#"'@+,12 8,/*&'")#/!" !" ,$&. 5
8-!('$,!+? #$!$/?.

C A/#+1, 8,+&1"',$)"/'&0 &#/*-;5$? "#6+,$'1
&+%*"!$0 (+#/7"'/#<!+? &$&'/12 8+ '/3!$=/&(+1-
%"*"!$; !" 8,+/('$,+)"!$/:

1. C %")$&$1+&'$ +' 6"7",$'!+-1"&&+)23 3","('/-
,$&'$( +7P/('" (+!&',-$,-/'&0 8#"'@+,1" $ +*!+-
8+*)$4!"0 &)0%< 8#"'@+,12 &+ &'+?(+?.

2. :/+,/'$=/&($ ($ B(&8/,$1/!'"#<!+) +8,/*/#0-
/'&0 1+1/!' $!/,A$$ 8#"'@+,12 J+(.

3. >+&(+#<(- !"$7+#// B(+!+1$=!21 B(&8#-"'"-
A$+!!2? ,/4$1 7-*/' !" ="&'+'/, 7#$%(+? ( ,/%+-
!"!&!+?, '+, $&8+#<%-0 8,/*/#2 $%1/!/!$0 %"*"!!23
B(&8#-"'"A$+!!23 ="&'+', +8,/*/#0/'&0 -6#+)"0 4/&'-
(+&'< -8,-6+? &)0%$ 8#"'@+,12 &+ &'+?(+? $ (+!-
&',-$,-/'&0 -8,-6"0 &)0%<.

4. R!"0 8,/*/#2 +8,/*/#/!!23 8+ '/3!$=/&(+1-
%"*"!$; -6#+)23 "18#$'-* $ )27,") ="&'+'!+/ +'!+-
./!$/, ,"&&=$'2)"/'&0 &'"'$=/&("0 "18#$'-*",
" & -=/'+1 -6#+)+? 4/&'(+&'$ -&'"!+)($ 8#"'@+,12
8+#-="/1 8+#!-; $&3+*!-; $!@+,1"A$; 8+ "18#$-
'-*!+1- %!"=/!$; )!/.!/6+ )+%7-4*/!$0 *#0 (+!-
&',-$,+)"!$0 )+%7-*$'/#0 (+#/7"!$?.

5. I+!&',-(A$; )+%7-*$'/#0 &#/*-/' -'+=!$'<
& -=/'+1 8+'/,< ) (+#/7"'/#<!+? &$&'/1/, $ '+=!+6+

 !". 4. O0,2( '(<(9/,F"= 6%(&E$+25:
1 — 6%(&E$+2(; 2 — $4P,'&;

3 — 4,"'$3&('&35F *$)4.A!&,%: '$%,4(3!F;
4 — .6+.C!, 1%,2,3&5  !". 5. G26%!&.A3$-<("&$&3(= 0(+('&,+!"&!'(

4,)A,26E,+350 '$%,4(3!F 6%(&E$+25
6+! C(+2$3!<,"'$2 *3,B3,2 *$)4.-A,3!!

 !". 6. O0,2( 63,*2$+,('&!*3$C$ *$)4.A!&,%=:
a — .C$% '(<(3!= 6%(&E$+25;

y — .C$% .6+(*%,3!= 3(6+(*%,3!,2 "$6,%;
D — A!(2,&+ 6$%$"&!; d — A!(2,&+ "+,)( "$6%(
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)+&8+#!/!$0 )+%7-*$'/#/1 *$&&$8"'$)!23 8+'/,< *#0
&+%*"!$0 &'"A$+!",!+6+ (+#/7"'/#<!+6+ 8,+A/&&".

J#0 )+%7-4*/!$0 1/3"!$=/&($3 (+#/7"!$? 8+-
1$1+ $!/,A$+!!+6+ 8,$!A$8" .$,+(+ $&8+#<%-;'&0
B!/,6/'$=/&($/ )%"$1+*/?&')$0 @$%$=/&($3 8+#/?
$ &,/*, ,/"#$%-/12/ B#/(',+1"6!$'!21$, B#/(',+*$-
!"1$=/&($1$, 6$*,")#$=/&($1$ 8,/+7,"%+)"'/#01$.

S$,+(+/ ,"&8,+&',"!/!$/ 8+#-=$#" '"(4/ 6,-8-
8" )+%7-*$'/#/?, $&8+#<%-;5"0 B!/,6$; &4"'+6+
)+%*-3" $% /1(+&'$-7"##+!" $#$ +' 8,+12.#/!!+?
1"6$&',"#$ & *")#/!$/1 (0,2–0,7) L>". C+%7-*$'/#$
B'+6+ '$8" +7#"*";' ,0*+1 8,/$1-5/&'), !"8,$1/,,
8,+&'+'+? ,/6-#$,+)"!$0 "18#$'-*2 $ ="&'+'2,
7/%+8"&!+&'<; B(&8#-"'"A$$ ) 8+4",+- $ )%,2)+-
+8"&!23 -&#+)$03 $ *,. >+'/!A$"#<!-; B!/,6$;
&4"'+6+ )+%*-3" 1+4!+ $&8+#<%+)"'< $ ) (+17$!$-
,+)"!!23 -&',+?&')"3, ) (+'+,23 8+'/!A$"#<!"0
B!/,6$0 8,/+7,"%-/'&0 ) ($!/'$=/&(-; B!/,6$;
*)$4/!$0 '-,7$!2 & B(&A/!',$=!+ ,"&8+#+4/!!+?
1"&&+? m, ='+ 8+,+4*"/' $!/,A$+!!+/ )+%7-4*/!$/
& *$!"1$=/&(+? &$#+?

                         ,2w= mr, *#$                        (13)

6*/ r — B(&A/!',$&$'/'; w — ="&'+'" ),"5/!$0
'-,7$!2, (+'+,"0 1+4/' 72'< %!"=$'/#<!+?.

J)$4/!$/ '-,7$!2 +7/&8/=$)"/'&0 &$&'/1+? !"-
8,")#/!!23 &+8/#, ,"%1/5/!!23 ) &'"'+,/ '-,7$!2.

G"1$ *+8+#!$'/#<!+ 8,/*#"6"/'&0 &8+&+7 8,01+6+
$&8+#<%+)"!$0 ,/"('$)!+6+ $&'/=/!$0 &4"'+6+ )+%-
*-3" $% &+8/#, +&$ (+'+,23 ,"&8+#+4/!2 8+ $ 8,+'$)
*)$4/!$0 & &$&'/1+? 8/,/(#;=/!$0 6,-88 &+8/# $#$
8,$!-*$'/#<!21 8+)+,+'+1 +&/? &+8/# +' +'*/#<-
!+6+ ,/6-#$,-/1+6+ 8,$)+*".

H+8#+)2? "88","' ,"%1/5"/'&0 !/8+&,/*&')/!!+
!" 8#"'@+,1/ &'/!*", (+11-'"A$0 "88","'" & 1"6$-
&',"#<; +&-5/&')#0/'&0 & 8+1+5<; ',-7+8,+)+*+),
) '+1 =$&#/ 6$7($3, !/ 1/.";5$3 +&!+)!+1- *)$4/-
!$; 8#"'@+,12.

H3/1" )+%7-*$'/#0 8,/*&'")#/!" !" ,$&. 6.

G/ -=$'2)"0 &$#+)-; (+18+!/!'- U
dt
dm,*#$ =Ñ ,

dt
dm  — &(+,+&'< 1"&&+)+6+ ,"&3+*", +7+%!"=$) U —

&(+,+&'< $&'/=/!$0 )+%*-3" $% &+8#", 8,$!$1"0 *")-
#/!$/ q ) ,"7+=/? 8+#+&'$ +*$!"(+)21, *$!"1$-
=/&(-; &$#- ) 8/,)+1 8,$7#$4/!$$ 1+4!+ +8,/*/-
#$'< ("(

                  ,
4

)( 22 dDq"*#$
-p=                    (14)

  )/#$=$!- 1+1/!'" ,"&("=($ -*#$

            .
4

)( 22
LdDqL,- *#$*#$

-p==            (15)

R!"=/!$0 ,*#$ $ -*#$ 8+ (17) $ (18) &#/*-/' $&8+#<-
%+)"'< 8,$ 1+*/#$,+)"!$$ *)$4/!$0 8#"'@+,12 8+
"#6+,$'1-, 8,$)/*/!!+1- )2./.

J5*$A5.
1. J#0 &'/!*+) 8+ B(&8/,$1/!'"#<!+1- +8,/*/#/-

!$; 1+1/!'+) $!/,A$$ $ $&82'"!$? !" ,"7+'+&8+-
&+7!+&'< ,/"#<!23 '/3!+6/!!23 +7P/('+) 8+ -&#+-
)$01 '/3!$=/&(+6+ %"*"!$0 8/,&8/('$)!2 &$&'/12
7/&(+!'"('!+? ,"&("=($ -&'"!+)+=!23 8#"'@+,1
&'/!*" & 8,$1/!/!$/1 $!/,A$+!!23, B#/(',+1"6-
!$'!23 $ B#/(',+*$!"1$=/&($3 )+%7-*$'/#/? (+#/-
7"!$?.

2. R"&#-4$)"/' )!$1"!$0 ) '/3!$=/&(+? ,/"#$-
%"A$$ &8+&+7 8,01+6+ $&8+#<%+)"!$0 ,/"('$)!+6+
$&'/=/!$0 &4"'+6+ )+%*-3" ) -8,")#0/1+? &$&'/1/
&+8/#.

3. >+("%"!+, ='+ !"$7+#// B(+!+1$=!21 7-*/'
,/4$1 ,"&("=($, 7#$%($? ( ,/%+!"!&!+1-, ,/"#$%"-
A$0 '"(+6+ ,/4$1" !/ 8,/*&'")#0/' 8,$!A$8$"#<!23
%"',-*!/!$?.

4. E"%,"7+'"!" 1"'/1"'$=/&("0 1+*/#< *$!"1$($
1/3"!$=/&(+? &$&'/12 & )+%7-*$'/#/1 (+#/7"!$?
#;7+6+ 8,$!A$8" 6/!/,"A$$ &$#, 8,$)/*/!+ ,/./!$/
*#0 &#-="0 6",1+!$=/&(+6+ )!/.!/6+ &$#+)+6+ )+%-
*/?&')$0 !" $&8+#!$'/#<!-; 8#"'@+,1- &'/!*".
L+*/#< *+8-&("/' ,"%#$=!2/ @+,12 #$!/",$%"A$$
)!/.!/6+ &$#+)+6+ )+%*/?&')$0.

5. >,/*#+4/! +75$? "#6+,$'1 8,+/('$,+)"!$0
(+#/7"'/#<!+? 1/3"!$=/&(+? &$&'/12 !/%")$&$1+
+' &8+&+7+) )+%7-4*/!$0 (+#/7"!$?.

D!4%!$C+(E!<,"'!F "6!"$'

1. F/,!/', L. L. 98,/*/#/!$/ 1+1/!'+) $!/,A$$ / L. L. F/,-
!/', C. O. E"'+72#<&($?. – L. : L".$!+&',+/!$/, 1969. –
246 &.

2. T"#"($!, >. J. 97+&!+)"!$/ )27+," &3/12 -!$)/,&"#<-
!+6+ &'/!*" *#0 B(&8/,$1/!'"#<!+6+ +8,/*/#/!$0 6/+1/',$$
1"&& &#+4!23 ,/"#<!23 '/3!+6/!!23 +7P/('+) / >. J. T"#"-
($!, U.  . T-,<0! // 91&($? !"-=!2? )/&'!$(. – 2013. –
V 2 (120). – H. 47–51.

3. T"#"($!, >. J. J$!"1$(" 1".$! : -=/7. 8+&+7$/ / >. J. T"-
#"($!. – 91&( :  91F:N, 2006. – 320 &.

DG@GQRI ?(*,% #2!&+!,*!<, *+('+, '/3!$=/&($3
!"-(, 8,+@/&&+, (E+&&$0), %")/*-;5$? ("@/*,+?
«:/+,$0 1/3"!$%1+) $ 1".$!».
DS TUI V+!F G3A+,,*!<, *+('+, '/3!$=/&($3
!"-(, 8,+@/&&+, (E+&&$0), %")/*-;5$? ("@/*,+?
«9&!+)2 '/+,$$ 1/3"!$($ $ ")'+1"'$=/&(+6+ -8,")-
#/!$0».
 *,/& *#0 8/,/8$&($: 644050, 6. 91&(, 8,. L$,", 11.
I"@/*," «:/+,$0 1/3"!$%1+) $ 1".$!».

O&(&:= 6$"&.6!%( * +,A('>!9 05.12.2013 C.
© ?. #. D(%('!3, V. G. D.+:=3

#234256 789:5

K+,2!3, K. I. 74$+.A$*(3!, A%= A.C$*$F "*(+'! 6$A E%9"$2 : .<,4. 6$"$4!, / K. I. K+,2!3 ;
72;8S. – 72"' : R)A-*$ 72;8S, 2013. – 52 c. – ISBN 978-5-8149-1649-5.

98$&"!2 (#"&&$@$("A$0, (+!&',-('$)!2/ +&+7/!!+&'$ $ -&',+?&')+ +7+,-*+)"!$0 $ "88","'-,2, $&8+#<-
%-/123 8,$ ,"%#$=!23 &8+&+7"3 *-6+)+? &)",($ 8+* @#;&+1. >,/*!"%!"=/!+ *#0 &'-*/!'+), +7-=";5$3&0
8+ !"8,")#/!$; 150700.62 (15.03.01) «L".$!+&',+/!$/» $ &8/A$"#<!+&'$ 151701.65 (15.05.01) «>,+/('$,+)"!$/
'/3!+#+6$=/&($3 1".$! $ (+18#/(&+)».
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0,+1#( ̂ #., ).&'5$#+,-
1!&!5!Z! '51!5'&,'1!&'

.. ". 8'$'W,+
#. '. "[+",W

!:=>?@ AB=CDEF=GH;<<I@
G;R<?V;=>?@ C<?H;F=?G;G

+E TF?:;F; FE=V;GE B=<BH<IR SL;:;<GBH \;T? CTFEHL;<?O GBFBHBAB EHGBHEF?EGBFE
GFE<=TBFG<B@ :EN?<I TB>EKE< ELABF?G: ;; =?<G;KE BG JBF:?FBHE<?O \;L;HB@ JC<>\??
<E CTFEHL;<?; DB G;R<?V;=>BAB ?=TBL<;<?O SL;:;<GE:? \;T?.
WL9V;HI; =LBHE: GFE<=TBFG<EO :EN?<E, EHGBHEF?EGBF, \;L;HEO JC<>\?O, S>B<B:?V<I@
F;P?:, T;F;DEGBV<B; BG<BN;<?;, CTFCA?@ SL;:;<G.

)"W  621.839-86

C 8+&#/*!// ),/10 !",0*- & ',"*$A$+!!21$ 8+*-
3+*"1$ )&/ 7+#// )+&',/7+)"!!21 8,$ &$!'/%/ 1/3"-
!$=/&($3 &$&'/1 0)#0/'&0 8,$!A$8 (+!&',-$,+)"!$0
&$&'/1, 1/3"!$=/&($3 8/,/*"= ) ="&'!+&'$, 8-'/1
!"*/#/!$0 &$&'/1 !" &'"*$$ $3 8,+/('$,+)"!$0 &)+?-
&')"1$ "*"8'"A$$ ( ,/"#<!21 8+6,/.!+&'01 $%6+'+)-
#/!$0, &7+,($, ( '/18/,"'-,!21 $ &$#+)21 $&("4/-
!$01, ( -&#+)$01 B(&8#-"'"A$$. G"-=!"0 +&!+)"
'"(+6+ 8,$!A$8" (+!&',-$,+)"!$0 %"#+4/!" ) [1, 2],
,"%)$'" ) [3, 4] $ *,., *+)/*/!" *+ 8+#/%!23 8,$#+-
4/!$? ) [5–10] $ *,.

M&#$ +7P/('+1 &$!'/%" $%7,"'< 1/3"!$=/&($?
8,$)+* 1".$!2, 6",1+!$%$,-;5$? (+18+!/!'2
',"!&@+,1$,-/1+? 1+5!+&'$, '+ *+&'$4$12/ A/#$
"*"8'"A$$ 7-*-' '"($1$:

— $!*$@@/,/!'!+&'< ( !/+8,/*/#/!!+&'01, 8+-
,+4*"/121 8+#/1 '+=!+&'$, 8+#/1 */@+,1"A$$,
" '"(4/ ( '/18/,"'-,!21 $&("4/!$01;

— B!/,6/'$=/&(+/ &+)/,./!&')+;
— 8+#!+/ $&8+#<%+)"!$/ ,"&8+#"6"/1+?  1+5-

!+&'$;
— +7/&8/=/!$/ &'"A$+!",!+6+ ,/4$1" ,"7+'2

*)$6"'/#0 ) -&#+)$03 8/,/1/!!+6+ )!/.!/6+ !"6,--
4/!$0;

— +7/&8/=/!$/ 8+&'+0!&')" 3","('/,$&'$($
&$#+)+6+ 8+'+(" !" $&8+#!$'/#<!+1 +,6"!/ 1".$!2.

H,/*&')" "*"8'"A$$, 8+&',+/!!2/ !" ,/"#$%"A$$
) !$3 $&(#;=$'/#<!+ %"(+!+) 1/3"!$($ $ $&8+#!/!-
!2/ 1/3"!$=/&($1$ B#/1/!'"1$, )/&<1" +6,"!$=/!!2
$ &)+*0'&0 ( 8,")$#<!+1-  &',+/!$; [1, 2] $ *+8+#-
!$'/#<!+1- ( +&!+)!+1- *)$4/!$; %)/!</). J+8+#-
!$'/#<!+/ *)$4/!$/ 1+4/' 72'< ("( 1"#21 *)$4/-
!$/1 &"1+-&'"!+)($ %)/!</), */@+,1"A$$ %)/!</),
B#/1/!'+) &)0%/? $ &8/A$"#<!+ ))+*$123 ) &+&'")
%)/!</) $ &)0%/? @-!(A$+!"#<!23 (+18/!&"'+,+) —
-8,-6$3 %)/!</), )&'")+(, &"?#/!'-7#+(+) $ *,., '"(
$ %!"=$'/#<!21, ,/"#$%-/121 & 8+1+5<; )&',+/!-
!+? ) &3/1- -8,")#0;5/? A/8$, 8+#-=";5/? &$6!"#
!" -8,")#/!$/ +' +&!+)!+6+ &$#+)+6+ 8+'+(", ("(
B'+ %"(,/8#/!+, !"8,$1/,, ) 1"'/,$"#"3 8"'/!'+)
[7–10] $ *,.

L/3"!$=/&($? 8,$)+* & "*"8'$)!21$ &)+?&')"1$
+70%"'/#<!+ !"*/#0/'&0 ,"A$+!"#<!+? &',-('-,+?,
$&(#;=";5/? $%72'+=!2/ (+!'-,!2/, #+("#<!2/
$ 8+)'+,0;5$/&0 &)0%$. C '/3 &#-="03, (+6*" 8+#!+/
$&(#;=/!$/ $%72'+=!23 &)0%/? !/)+%1+4!+ 8+ (,$-
'/,$01 8,+=!+&'$, 4/&'(+&'$, $%!+&+&'+?(+&'$,
'+6*" !/+8,/*/#/!!+&'$, 8+,+4*"/12/ $1$, *+#4!2
72'< 1"(&$1"#<!+ +&#"7#/!2.

9&+72? '/+,/'$=/&($? $ 8,$(#"*!+? $!'/,/&
$1//' ,/./!$/ %"*"=$ &$!'/%" A/8$ ")'+1"'$=/&(+6+

7/&&'-8/!="'+6+ -8,")#/!$0 8/,/*"'+=!+? @-!(A$$
1/3"!$=/&(+6+ 8,/+7,"%+)"'/#0 *)$4/!$0, 8+&',+/!-
!+6+ !" 7"%/ @,$(A$+!!+6+ )",$"'+,".

>,$1/1 *#0 +8,/*/#/!!+&'$ ,"%,"7+'(- A/8$
-8,")#/!$0 *#0 '+,+)+6+ )",$"'+," & ($!/1"'$=/-
&(+? &3/1+? 8+ '/3!$=/&($1 ,/./!$01 [5, 6]. :+,+-
)2? )",$"'+, 8,/*&'")#0/'&0 8/,&8/('$)!21 $%-%"
1!+6+8+'+=!+&'$, 8,+&'+'2 -8,")#/!$0 -,+)!/1
!+,1"#<!23 &$# )+ @,$(A$+!!23 (+!'"('"3, .$,+-
(+6+ *$"8"%+!" $%1/!/!$0 8/,/*"'+=!+? @-!(A$$.

C ("=/&')/ A/#/)+? @-!(A$$ A/8$ -8,")#/!$0
$%7/,/1 +7/&8/=/!$/ &'"A$+!",!+6+ ,/4$1" ,"7+'2
*)$6"'/#0 1".$!2 ) -&#+)$03 8/,/1/!!+6+ )!/.!/6+
&$#+)+6+ !"6,-4/!$0. :"("0  A/#< 0)#0/'&0 +8,/*/#0-
;5/? *#0 1/3"!$=/&(+6+ 8,$)+*" 7+#<.$!&')" ',"!&-
8+,'!23 $ B!/,6/'$=/&($3 1".$!.

9&!+)!"0 %"*"=" &$!'/%" A/8$ -8,")#/!$0 ")'+-
)",$"'+," &+&'+$' ) 8+*7+,/ '"($3 8","1/',+) //
B#/1/!'+), (+'+,2/ +7/&8/=$)"#$ 72 !-4!-; %"(+-
!+1/,!+&'< $%1/!/!$0 8/,/*"'+=!+? @-!(A$$ ) %"-
)$&$1+&'$ +' -,+)!0 )!/.!/6+ &$#+)+6+ !"6,-4/!$0
8,$ &+3,"!/!$$  &'"A$+!",!+6+ ,/4$1" ,"7+'2 B!/,-
6/'$=/&(+? -&'"!+)($ (*)$6"'/#0).

H'"A$+!",!2? ,/4$1 ,"7+'2 *)$6"'/#0 +%!"="/'
8+&'+0!&')+ &(+,+&'$ )23+*!+6+ %)/!" *)$6"'/#0 $#$
&(+,+&'$ w1 )3+*!+6+ %)/!" 1/3"!$=/&(+6+ 8,/+7,"-
%+)"'/#0 *)$4/!$0. K1/!!+ '"(+? ,/4$1 1+4!+
&*/#"'< !"$7+#// B(+!+1$=!21, './. A/#/)"0 @-!(-
A$0, *+&'$4/!$/ (+'+,+? +7/&8/=$)"/' ")'+)",$-
"'+,, &)+*$'&0 ( 8+&'+0!&')- 1+5!+&'$ B!/,6/'$-
=/&(+? -&'"!+)($, './.

                       M1w1=const,                        (1)

6*/ M1 — &$#+)"0 3","('/,$&'$(" *)$6"'/#0; w1 —
&(+,+&'< *)$4/!$0 )23+*!+6+ %)/!" *)$6"'/#0.

J#0 $*/"#<!+6+ 8,/+7,"%+)"'/#0 *)$4/!$0 $1//'
1/&'+ ,")/!&')+ 1+5!+&'$ )3+*!+6+ $ )23+*!+6+
*)$4/!$0:

                         M1w1= M2w2,                      (2)

+'(-*"

                          
2

11
2 L

L w=w ,                        (3)

6*/ M2 — &$#+)"0 3","('/,$&'$(" )!/.!/6+ &$#+)+6+
!"6,-4/!$0 1".$!2.

R")$&$1+&'< (3) -("%2)"/' !" 6$8/,7+#$=/&($?
%"(+! $%1/!/!$0 &(+,+&'$ w2 +' M2. >-&'< -&#+)!+
M1w1=4,0 /*., 8,$=/1 M1=1,0 /*., " w1=4,0 /*.
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>,$1/1, ='+ M2 $%1/!0/'&0 ) &'+,+!- -)/#$=/!$0
+' M2=1,0 /*. *+ M2=4,0 /*. & ."6+1 ) 1,0 /*., '+6*"
8+ (3) +8,/*/#$1 w2, B'" %")$&$1+&'< 8,/*&'")#/!"
!" ,$&. 1.

>/,/*"'+=!"0 @-!(A$0 U1,2 ")'+)",$"'+," 2,1U =

2

1
w
w=  7-*/' $%1/!0'<&0 ) +7+%!"=/!!23 -&#+)$03 8+

#$!/?!+1- %"(+!- (,$&. 2).
97,"'$1&0 ( ($!/1"'$=/&(+? &3/1/ '+,+)+6+

")'+)",$"'+," 8+ [5, 6] (,$&. 3) $ 8+("4/1 8+'/!-
A$"#<!-; )+%1+4!+&'< ,/"#$%"A$$ %")$&$1+&'$ (3)
8,/*#"6"/1+? &3/1+?, &!"74/!!+? )&',+/!!+?
A/8<; -8,")#/!$0 8/,/*"'+=!+? @-!(A$/?.

 )'+1"'$=/&($? '+,+)2? )",$"'+, &+*/,4$' )/-
*-5$? 1 $ )/*+12? 2 )"#2, &)0%"!!2/ &++')/'&'-
)/!!+ & )/*-5$1 %)/!+1 3, $1/;5$1 '+,+)-; !"-
,-4!-; "('$)!-; 8+)/,3!+&'< $ )/*+121 %)/!+1
4 & '+,+)+? )!-',/!!/? "('$)!+? 8+)/,3!+&'<;,
(+'+,2/ ($!/1"'$=/&($ &)0%"!2 8,+1/4-'+=!21$
'/#"1$ ("=/!$0 7, +&$ 8,+1/4-'+=!23 '/# ("=/!$0
-&'"!+)#/!2 !" %"(,/8#/!!23 !" (+,8-&/ 9 (,+!-
.'/?!"3 8 & )+%1+4!+&'<; 8+)+,+'" +&/?, +&-5/-
&')#0/123 8+)+*("1$ 12, 4/&'(+ &)0%"!!21$ & 8,+-
1/4-'+=!21$ '/#"1$ ("=/!$0 $ ,"&8+#+4/!!21$
&++&!+ $1. >+)+,+' +&/? 8,+1/4-'+=!23 '/# ("=/-
!$0 $%1/!0/' ($!/1"'$=/&($/ ,"%1/,2 R1 )/*-5/6+
$ R2 )/*+1+6+ %)/!</) (,$&. 4) $, ("( &#/*&')$/, 8/,/-
*"'+=!+/ +'!+./!$/ )",$"'+,". J#0 ,/"#$%"A$$
-8,")#0/1+6+ 8+)+,+'" +&/? 8,+1/4-'+=!23 '/#
8+)+*($ 12 &)0%"!2 &+ )'-#(+? 5, &+)/,.";5/? +&/-
)+/ #$!/?!+/ *)$4/!$/ )1/&'/ & )/*+121 )"#+1 2,
(+'+,2? 8+#-="/' +&/)+/ *)$4/!$/ +' )$!'+)+6+
&+/*$!/!$0 )/*+1+6+ )"#" & )/*+121 %)/!+1 4. 9&/-
)+/ #$!/?!+/ *)$4/!$/ $ 8+#+4/!$/ )'-#($ 5 +8,/-
*/#0/'&0 ,")!+)/&$/1 8,+*+#<!23 &$#, $&3+*05$3
+' )$!'+)+6+ &+/*$!/!$0 $ 8,-4$!2 11. H+&'")!21$
B#/1/!'"1$ A/8$ -8,")#/!$0 '+,+)+6+ ")'+)",$"'+,"
0)#0;'&0: )$!'+)+/ &+/*$!/!$/ )/*+1+6+ )"#" & )/*+-
121 %)/!+1, )'-#(" 5, 8+)+*($ 12, 8,-4$!" 11.

 )'+1"'$=/&($? '+,+)2? )",$"'+, ,"7+'"/'
&#/*-;5$1 +7,"%+1. >/,/1/!!2? )!/.!$? (,-'0-
5$? 1+1/!' M2 +' )/*+1+6+ %)/!" 4, 8/,/*")"0&< =/-
,/% )$!'+)+/ &+/*$!/!$/, &+%*"/' +&/)-; &$#-, */?-
&')-;5-; !" )/*+12? )"# 2, B'" +&/)"0 &$#" )2%2-
)"/' +&/)+/ *)$4/!$/ )/*+1+6+ )"#" 2 )1/&'/ &+
)'-#(+? 5 *+ *+&'$4/!$0 ,")!+)/&$0 & -8,-6+? &$#+?
*/@+,1"A$$ 8,-4$!2 11. J)$4/!$/ )'-#($, ) &)+;
+=/,/*<, 8,/*"/'&0 =/,/% 8+)+*($ 12 $ 8,/+7,"%-/'&0
) -6#+)+/ *)$4/!$/ 8,+1/4-'+=!23 ,+#$(+) 7, ='+
8,$)+*$' ( ")'+$%1/!/!$; 8/,/*"'+=!+6+ +'!+./-
!$0 )",$"'+,".

97,"'$1&0 ( ,$&. 4, !" (+'+,+1 8,/*&'")#/!" &)0%<
$%1/!0/123 ,"%1/,+) R1 $ R2 +&!+)!23 %)/!</)
) %")$&$1+&'$ +' -6#+)+6+ 8+#+4/!$0 8,+1/4-'+=-
!23 '/# 7.

>/,/*"'+=!"0 @-!(A$0 U1,2 ")'+)",$"'+," 8+
+7+%!"=/!$01 (,$&. 4) $ 8,$!0'23 !"="#"3 +'&=/'"
-6#+) a — 8,+1/4-'+=!23 '/# $ g — 8+)+*(+) 12
7-*/' '"(+?:

   
a-+
a++

==
sinrrr
sinrrr

R
RU

00min

00min

1

2
2,1 .                (4)

97+%!"=$) rmin+r0=a, 8+#-=$1

                  
a-
a+

=
sinr"
sinr"

U
0

0
2,1 ,

+'(-*"

                  
)1U(r
)1U("

sin
2,10

2,1

+
-

=a .                       (5)

J#0 8,$1/," 8,$1/1 rmin=0,025 1, r0=0,05 1,
$ "=0,075 1. 9'(-*" Rmin=rmin=0,025 1 $ R2max=
=rmin+2r0=0,125 1, 8+#-=$1 *$"8"%+! )+%1+4!+6+
$%1/!/!$0 8/,/*"'+=!+? @-!(A$$ U1,2=(1–5),  *+-
&'"'+=!2? *#0 ,/"#$%"A$$ 8+',/7!+? 8/,/*"'+=!+?
@-!(A$$, $%1/!0;5/?&0 ) 8,/*/#"3 U1,2=(1–4).

R!"0 !/+73+*$12/ %!"=/!$0 U1,2 8,$ 8/,/1/!!+1
M2, 8+ (5) +8,/*/#$1 %")$&$1+&'< -6#" a 8+)+,+'"
8,+1/4-'+=!23 '/# ) %")$&$1+&'$ +' M2 (,$&. 5).

>,$!0) *#$!- r 8+)+*(" 12 ,")!+? 0,05 1, +8,/-
*/#$1 +&/)+/ &1/5/!$/ D )'-#($ 5 D=rsing, 8,$ B'+1
+'1/'$1, ='+ -6+# g=a, !+ !"="#" $3 +'&=/'" +'#$-

 
 

 !". 1. R)2,3,3!, "'$+$"&!
*50$A3$C$ )*,3( (*&$*(+!(&$+(

6+! 6,+,2,33$2 *3,B3,2 "!%$*$2 3(C+.-,3!!

 !". 2. R)2,3,3!, 6,+,A(&$<3$F E.3'>!! (*&$*(+!(&$+(
6+! 6,+,2,33$2 *3,B3,2 "!%$*$2 3(C+.-,3!!

 !". 3. Q!3,2(&!<,"'(= "0,2( &$+$*$C$ *(+!(&$+(
"$ *"&+$,33$F >,6:9 .6+(*%,3!= 6,+,A(&$<3$F E.3'>!,F
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=";'&0 !" 90°. E"&=/'!+/ +&/)+/ &1/5/!$/ ) %")$&$-
1+&'$ +' M2 8,/*&'")$1 !" ,$&. 6.

J#0 +8,/*/#/!$0 4/&'(+&'$ 8,-4$!2 11, "('$)-
!+6+ B#/1/!'" A/8$ -8,")#/!$0, $&8+#<%-/1 &$#+)2/
&++'!+./!$0 ) )$!'+)+1 &+/*$!/!$$ — B#/1/!'/
A/8$ -8,")#/!$0 ) @+,1/ %")$&$1+&'$ +&/)+? &$-
#2 Poc !" )$!'/ $ 1+1/!'" M2 !" 6"?(/, $1//1

                   
)(tgd

L2P
&,

2
+& r+b

= ,                     (6)

6*/ d&, — &,/*!$? *$"1/', ,/%<72 ) )$!'+)+1
&+/*$!/!$$, 8,$1/1 d&,=20 11=0,02 1.; b — -6+#
8+*P/1" )$!'+)+? #$!$$ ) &+/*$!/!$$; r — -6+#
',/!$0.

>,$!0) *#0 8,$1/," (b+r)=25°, 8+ (6) 8+#-=$1
%!"=/!$/ Poc 8,$  M2=1,0 /*.; 2,0 /*.; 3,0 /*.; 4,0 /*.
,")!2/ c=217,4 /*.; 434,7; 652,17; 869,56 &++')/'-
&')/!!+, +'(-*" 4/&'(+&'< -8,-6+6+ B#/1/!'" 11
) A/8$ -8,")#/!$0 8+ ,$&. 3 c= Poc/D 7-*/' '"(+?:

— 8,$ M2=1,0 /*., $%7/,/1 +&/)+/ &1/5/!$/ D
(&'"'$=/&(-; */@+,1"A$; 8,-4$!2) D=12,4 11 $
8+#-=$1 c1=17,4 /*.;

— 8,$ M2=2,0 /*., 8+#-=$1 c2=17,38 /*.;
— 8,$ M2=3,0 /*., 8+#-=$1 c3=17,39 /*.;
— 8,$ M2=4,0 /*., 8+#-=$1 c4=19,32 /*.
H -)/#$=/!$/1 -6#" (b+r) %!"=/!$/ Poc 8+ (6)

7-*/' -1/!<."'<&0, ='+ 8+',/7-/' 8,$ &+3,"!/!$$
)/#$=$!2 D 1/!<./? 4/&'(+&'$ -8,-6+6+ B#/1/!'"
) A/8$ -8,")#/!$0 ")'+)",$"'+,".

K% 8,$1/," ,"&=/'" 4/&'(+&'$ -8,-6+6+ B#/-
1/!'" )$*!+, ='+ 0)!+ !/#$!/?!"0 A/#/)"0 @-!(A$0
")'+-8,")#/!$0 (+18+!/!'"1$ ',"!&@+,1$,-/1+?
1+5!+&'$ 1+4/' 72'< -*+)#/')+,$'/#<!+ $&8+#!/!"
-&'"!+)(+? ) A/8$ -8,")#/!$0 ")'+)",$"'+," -8,--
6+6+ B#/1/!'" 8+&'+0!!+? 4/&'(+&'$ (,$&. 7).

>,+)/*/!!2? 8,+/('!2? ,"&=/' +&!+)!23 8","-
1/',+) A/8$ -8,")#/!$0 1/3"!$=/&(+6+ '+,+)+6+
")'+)",$"'+," 8+%)+#0/' &@+,1-#$,+)"'< )2)+*2
$ )2*/#$'< +&+7/!!+&'$ "#6+,$'1" &$!'/%":

1. G"7+, B#/1/!'+) A/8$ -8,")#/!$0 ")'+)"-
,$"'+," %")$&$' +' 7"%+)+? ($!/1"'$=/&(+? &3/12
)",$"'+," & ,-=!21 $#$ 8,+6,"11!21 -8,")#/!$/1,
!+ +70%"'/#<!21$ &',-('-,!21$ B#/1/!'"1$ A/8$
")'+1"'$=/&(+6+ -8,")#/!$0 0)#0;'&0 -8,-6$/ %)/-

 

 

 

 !". 4. Q $6+,A,%,3!9 6,+,A(&$<3$C$ $&3$B,3!= (*&$*(+!(&$+(

 !". 5. Q $6+,A,%,3!9 .C%( 6$*$+$&( 6+$2,-.&$<350 &,%

 !". 6. 7",*$, "2,/,3!, *&.%'! * )(*!"!2$"&! $& M2
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 !". 7. W,"&'$"&: .6+.C$C$ 1%,2,3&( * )(*!"!2$"&! $& M2

!<0, */@+,1"A$$ (+'+,23 %")$&0' +' -,+)!0 ',"!&-
@+,1$,-/1+6+ &$#+)+6+ 8+'+(" $ 4/&'(+&'$ B#/1/!-
'+), " '"(4/  8,/+7,"%+)"'/#$ -8,-6+? */@+,1"A$$
) -8,")#0;5// *)$4/!$/ 8+ ")'+$%1/!/!$; ($!/-
1"'$=/&($3 3","('/,$&'$( ")'+)",$"'+,".

2.>,/+7,"%+)"'/#$ -8,-6+? */@+,1"A$$ ) -8,")-
#0;5// *)$4/!$/ ) A/8$ -8,")#/!$0 1+6-' 72'<
&+%*"!2 !" 7"%/ ,2="4!23, %-7="'23, )$!'+)23, (--
#"=(+)23 1/3"!$%1+), )27+, &3/12 %")$&$' +' '$8",
6"7",$'!+-1"&&+)23 3","('/,$&'$(, -,+)!0 &$#+)+6+
8+'+(", *$"8"%+!" ,/6-#$,+)"!$0, 1/3"!$=/&(+6+
(.8.*. 8,+/('$,-/1+6+ ")'+)",$"'+,".

3. E"&=/' 8+',/7!+? 4/&'(+&'$ -8,-6+6+ B#/1/!'"
1+4/' *"'< 8/,/1/!!+/ // %!"=/!$/ ) *$"8"%+!/
-8,")#/!$0 8/,/*"'+=!+? @-!(A$/? ")'+)",$"'+,",
='+ ',-*!+ ,/"#$%+)"'< '/3!$=/&($. C B'+1 &#-="/
#$!/?!+&'< -8,-6+6+ B#/1/!'" 1+4!+ &+3,"!$'< )"-
,$"A$/? !/#$!/?!23 &)+?&') 8,/+7,"%+)"'/#0 *)$-
4/!$0, )3+*05/6+ ) &+&'") A/8$ -8,")#/!$0.

4. >,$ (+!&',-$,+)"!$$ B#/1/!'+) A/8$ -8,")-
#/!$0 ="&'< 8","1/',+) +8,/*/#0/'&0 8+ (,$'/,$01
,"7+'+&8+&+7!+&'$, " ="&'< +&'";'&0 &)+7+*!21$,
='+ 8+#+4$'/#<!+ $ 8+%)+#0/' &+%*")"'< ,"A$+!"#<-
!2/ '/3!$=/&($/ ,/./!$0 7/% 8/,/-&#+4!/!$0 ")'+-
)",$"'+," ) A/#+1.

5.  #6+,$'1 &$!'/%" A/8$ -8,")#/!$0 %")$&$' +'
A/#/)+? @-!(A$$ ")'+-8,")#/!$0 8/,/*"'+=!21
+'!+./!$/1 )",$"'+," $ &+*/,4$' B'"82 )27+,"
7"%+)+? &3/12, 1/&'" -&'"!+)($ -8,-6+6+ B#/1/!'",
1/3"!$%1" 8,/+7,"%+)"!$0 */@+,1"A$$ -8,-6+6+
B#/1/!'" ) -8,")#0;5// */?&')$/ 8+ $%1/!/!$;
)'+,+? +7+75/!!+? (++,*$!"'2 *#0 $&8+#!/!$0 A/-
#/)+? @-!(A$$, " '"(4/ $!4/!/,!2/ ,"&=/'2 8+-
',/7!+? 4/&'(+&'$ -8,-6+6+ %)/!" $ ,"&=/'2 )&/3
%)/!</) $ &)0%/? A/8$ -8,")#/!$0 8+ (,$'/,$01
,"7+'+&8+&+7!+&'$.

D!4%!$C+(E!<,"'!F "6!"$'

1. E/./'+), D. G. H"1+-&'"!")#$)";5$/&0 1/3"!$%12 :
&8,"). / D. G. E/./'+) – 2-/ $%*. – L. : L".$!+&',+/!$/,
1985. – 272 &.

2. I+4/)!$(+), H. G. 9&!+)"!$0 &',-('-,!+6+ &$!'/%" 1/-
3"!$%1+) / H. G. I+4/)!$(+). – I$/) : G"-(. J-1(", 1979. –
232 &.

3. T"#"($!, >. J. L/3"!$=/&($/ 8/,/*"=$ & "*"8'$)!21$
&)+?&')"1$ : !"-=. $%*"!$/ / >. J. T"#"($!. – 91&( : 91F:N,
1996. – 144 &.

4. T"#"($!, >. J. L/3"!$=/&($/ ")'+)",$"'+,2 : -=/7. 8+-
&+7$/ / >. J. T"#"($!. – 91&( : 91F:N, 1998. –146 &.

5. >"'. 113323 E+&&$?&("0 O/*/,"A$0, L>I F 16 G  15/38.
 )'+1"'$=/&($? '+,+)2? )",$"'+, / T"#"($! >. J., J;!*$(
M.  ., J;!*$( 9. H. ; %"0)$'/#< $ 8"'/!'++7#"*"'/#< 91&($?
6+&. '/3. -!-'. – V 2011133984/11 ; %"0). 12.08.11 ; +8-7#.
10.02.12, T;#. V 4. – 3 &.

6. T"#"($!, >. J. L+*$@$A$,+)"!!"0 (+!&',-(A$0 ")'+-
1"'$=/&(+6+ '+,+)+6+ ")'+)",$"'+," / >. J. T"#"($!, M.  . J;!-
*$(, 9. H. J;!*$( // E"%)$'$/ *+,+4!+-',"!&8+,'!+6+ (+18-
#/(&" $ &',+$'/#<!+? $!@,"&',-('-,2 !" +&!+)/ ,"A$+!"#<-
!+6+ 8,$,+*+$&8+#<%+)"!$0 : 1"'/,$"#2 VII C&/,+&. !"-=.-
8,"('. (+!@. / OFT9N C>9 «H$7 JK». – 91&(, 2012. –
I!. 2. – H. 108–111.

7. >"'. V 73425 E+&&$?&("0 O/*/,"A$0, L>I F 16 H 55/
52. S($) / T"#"($! >. J., R6+!!$( K. >. ; %"0)$'/#< $ 8"'/!'+-
+7#"*"'/#< 91&($? 6+&. '/3. -!-'. – V 2007149459/22 ; %"0).
27.12.07 ; +8-7. 20.05.08, T;#. V 14. – 3 &.

8. >"'. V 2801584 E+&&$?&("0 O/*/,"A$0, L>I. F 16 G
15/50.  )'+1"'$=/&($? @,$(A$+!!2? )",$"'+, / T"#"($! >. J.,
T$/!(+ C. C. ; %"0)$'/#< $ 8"'/!'++7#"*"'/#< 91&($? 6+&. '/3.
-!-'. – V 961158811/28 ; %"0). 31.07.96 ; +8-7. 10.01.98, T;#.
V 1. – 3 &.

9. >"'. V 2120070 E+&&$?&("0 O/*/,"A$0, L>I F 16 G 15/
10.  )'+1"'$=/&($? @,$(A$+!!2? )",$"'+, / T"#"($! >. J.,
T$/!(+ C. C. ; %"0)$'/#< $ 8"'/!'++7#"*"'/#< 91&($? 6+&. '/3.
-!-'. – V 96124674/28 ; %"0). 31.12.96 ; +8-7. 10.10.98, T;#. V
28. – 3 &.

10. >"'. V 2122670 E+&&$?&("0 O/*/,"A$0, L>I F 16 H 9/
18, 55/56.  )'+1"'$=/&($? (#$!+,/1/!!2? )",$"'+, / T"#"-
($! >. J., T$/!(+ C. C. ; %"0)$'/#< $ 8"'/!'++7#"*"'/#< 91&($?
6+&. '/3. -!-'. – V 96124725/28 ; %"0). 31.12.96 ; +8-7. 27.11.98,
T;#. V 33. – 3 &.

DG@GQRI ?(*,% #2!&+!,*!<, *+('+, '/3!$=/&($3
!"-(, 8,+@/&&+, (E+&&$0), 8,+@/&&+,, %")/*-;5$?
("@/*,+? «:/+,$0 1/3"!$%1+) $ 1".$!».
#VI#RQ K*C,3!F G%,'"(3A+$*!<, "&8$,"!' ("-
@/*,2 «:/+,$0 1/3"!$%1+) $ 1".$!».
 *,/& *#0 8/,/8$&($: tmm@omgtu.ru

O&(&:= 6$"&.6!%( * +,A('>!9 02.12.2013 C.
© ?. #. D(%('!3, K. G. #93A!'

#234256 789:5

H$+C.3$*, G. ?. J*,A,3!, * &,03$%$C!9 1%,'&+$33$-%.<,*50 6+$>,""$* : .<,4. 1%,'&+$3. !)A.
%$'(%:3$C$ +("6+$"&+(3,3!= : .<,4. 6$"$4!, / G. ?. H$+C.3$*, G. R. D%,"2(3, R. J.  ,*!3( ;
72;8S. – 72"' : R)A-*$ 72;8S, 2013. – 1 o=1%. $6&. A!"' (CD-ROM).

C -=/7!+1 B#/(',+!!+1 $%*"!$$ ,"&&1+',/!2 @$%$=/&($/ +&!+)2 )%"$1+*/?&')$0 B#/(',+!+) & )/5/&')+1.
K%#"6";'&0 8,$!A$82 8+&',+/!$0 '/3!+#+6$=/&($3 8,+A/&&+) !" +&!+)/ )+%*/?&')$0 !" %"6+'+)(- B#/(-
',+!!23 #-=/?. >,/*!"%!"=/!+ *#0 &'-*/!'+) 1".$!+&',+$'/#<!23 &8/A$"#<!+&'/?, 1+4/' 72'< 8+#/%!+
"&8$,"!'"1 $ $!4/!/,!+-'/3!$=/&($1 ,"7+'!$("1 1".$!+&',+$'/#<!23 8,/*8,$0'$?.

mailto:tmm@omgtu.ru
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:)/,*+&'< 8,"('$=/&($ +*$!"(+)+ ,"&8,/*/#0-
/'&0 8+ )2&+'/ !"8#")#/!!+6+ )"#$(", ='+, 8+-)$*$-
1+1-, &)0%"!+ & !/$%1/!!+&'<; &',-('-,2 !"8#")-
#/!!+6+ &#+0 )&#/*&')$/ 1"#+? *+#$ -="&'$0 +&!+)-
!+6+ 1/'"##". >,$=/1 %!"=/!$0 ')X,*+&'$ *#0 8,+)+-
#+( H)-20W13 $ H)-11W11G2C2LO &'"7$#<!2 $ !"-
3+*0'&0 ) 8,/*/#"3 40–43 HRC, ='+ )8+#!/ -*+)#/-
')+,0/' ',/7+)"!$01 ( ')/,*+&'$ !"8#")#/!!+6+
1/'"##" -8#+'!$'/#<!23 8+)/,3!+&'/?. :)/,*+&'<

1/'"##", !"8#")#/!!+6+ 8,+)+#+(+? H)-13W25:,
%!"=$'/#<!+ !$4/ $ !/ &++')/'&')-/' 8,/*P0)#0/121
',/7+)"!$01.

L/'"##+6,"@$=/&($/ $&&#/*+)"!$0 8+("%2)";',
='+ '"(+? 1/'"## $1//' @/,,$'!-; &',-('-,- & )2-
'0!-'21$ %/,!"1$ '$8" «C$*1"!.'/'+)+?» (,$&. 2, I").
C*+#< #$!$$ &8#")#/!$0 $*/' 8,+&#+?(" (,$&. 2, I7),
(+!',"&'$,-;5"0 ("( & !"8#")#/!!21, '"( $ & +&-
!+)!21 1/'"##+1, &',-('-," (+'+,+6+ — %/,!$&'2?

8(4%!>( 1 

X!2!<,"'!F "$"&(* *54+(3350 "*(+$<350 6+$*$%$' 

W$1$=/&($? &+&'") L",("  
8,+)+#+($ 

H Si Mn Cr Ni W Ti 8,+=. 

H)-20W13 0,16 0,6 0,6 13 0,15    

H)-13W25: 0,15 0,8 0,8 24 0,2  0,4  

H)-11W11G2C2LO 0,13 0,5 0,65 12 1,5 1,8  Mo-0,5 
V-0,2 

8(4%!>( 2 
                        ("6+,A,%,3!, &*,+A$"&! (HRC) 6$ *5"$&, *(%!'$*, 3(6%(*%,3350  

                        *54+(3352! 6+$*$%$'(2! * (+C$3, 

E"&&'+0!$/ +' #$!$$ &8#")#/!$0, 11 
L",(" 8,+)+#+($ 

–6 –5 –4 –3 –2 –1 0 1 2 3 4 

H)-20W13 7 7 22 29 38 39 40 40 41 41 42 

H)-13W25: 6 7 13 19 20 19 18 17 17 18 — 

H)-11W11G2C2LO 6 6 28 34 39 41 42 42 43 43 — 

8(4%!>( 3 
X!2!<,"'!F "$"&(* (* %) 2,&(%%( B*(, 

3(6%(*%,33$C$ * (+C$3, *54+(3352! 6+$*$%$'(2! 

C Si Mn Cr Ni W Ti Mo V S P 

8,+)+#+(+? H)-20W13 

0,15 0,58 0,56 12,48 0,12 – – –  0,020 0,023 

8,+)+#+(+? H)-13W25: 

0,14 0,74 0,71 23,49 0,18 – 0,31 –  0,019 0,015 

8,+)+#+(+? H)-11W11G2C2LO 

0,12 0,48 0,57 11,35 1,64 1,6 – 0,42 0,16 0,032 0,021 

0
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HRC

Q!-20U13 Q!-13U25S Q!-11U11F242WY

 !". 1. Y(*!"!2$"&: *,%!<!35 &*,+A$"&!
$& +(""&$=3!= $& %!3!! "6%(*%,3!= (0) 6+! 3(6%(*', +()%!<352! 6+$*$%$'(2!
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8/,#$'. G"#$=$/ '"(+? 8,+&#+?($ !/4/#"'/#<!+,
8+&(+#<(- +!" &8+&+7&')-/' +7,"%+)"!$; ',/5$!
) 8/,/3+*!+1 &#+/. L/'"##, !"8#")#/!!2? 8,+)+#+-
(+? H)-11W11G2C2LO, $1//' 8/,#$'!+-1",'/!&$'-
!-; &',-('-,- (,$&. 2, II), " 8,+)+#+(+? H)-20W13 —
1",'/!&$'!-; (,$&. 2, III). >,+&#+?(" 1/4*- !"8#")-
#/!!21 1/'"##+1 $ +&!+)!21 1/'"##+1 8,"('$=/&($
+'&-'&')-/', ='+ &-5/&')/!!+ &!$4"/' )/,+0'!+&'<
8+0)#/!$0 ',/5$! ) %+!/ &8#")#/!$0.

G"$7+#// &'"7$#<!2/ 8+("%"'/#$ ')/,*+&'$ —
40–42 GRC $ &',-('-,2 $1/;' 1/&'+ 8,$ $&8+#<-
%+)"!$$ 8,+)+#+($ H)-20W13.

>+&(+#<(- ,/%-#<'"'2 "!"#$%+) !/ 8+("%2)";'
&-5/&')/!!23 $%1/!/!$? ) 3$1$=/&(+1 &+&'")/
$ &',-('-,/ !"8#")#/!!+6+ 1/'"##", '+ 1+4!+ +&'"-
!+)$'<&0 !" 8+&#/*!/? 1",(/ 8,+)+#+($, -=$'2)"0
'"(4/ $ /X !"$1/!<.-; &'+$1+&'<. E/%-#<'"'2 8,+-
$%)+*&')/!!23 $&82'"!$? 8+("%"#$, ='+ ,/&-,& ,"-
7+'2 %"8+,!+? ",1"'-,2, !"8#")#/!!+? 8,+)+#+(+?
H)-20W13, 8+ &,")!/!$; &+ .'"'!+? 8+)2."/'&0
) 3–4 ,"%".

>,+)/*/!!2/ $&&#/*+)"!$0 8+%)+#$#$ ,/(+1/!*+-
)"'< '/3!+#+6$; )+&&'"!+)#/!$0 (+!'"('!23 B#/1/!-

'+) %"*)$4/( *"!!+? 8,+)+#+(+? ) ,/1+!'!2/ 8,+-
$%)+*&')" 8,/*8,$0'$?.

D!4%!$C+(E!<,"'!F "6!"$'

1. F+.(+,  . K.  ,1"'-," ',-7+8,+)+*!"0 A/#/)+6+ !"%!"-
=/!$0. C27+,. Q(&8#-"'"A$0. E/1+!' /  . K. F+.(+. – L. :
L".$!+&',+/!$/, 2003. – 432 &.

2. H/)"&'<0!$3$!, F. K. R"*)$4($: (+!&',-(A$$, !+)2/
,"%,"7+'($. C27+, ) %")$&$1+&'$ +' -&#+)$? $ 8","1/',+)
B(&8#-"'"A$$ / F. K. H/)"&'<0!$3$! // G"-(" $ (+!&',-$,+-
)"!$/. – 2006. – V 6. – H. 41–43.

3. C+&&'"!+)#/!$/ */'"#/? 1".$! : &8,"). / O. K. >"!'/#/-
/!(+ [$ *,.] / >+* ,/*. C. >. K)"!+)". – L. : L".$!+&',+/!$/,
2003. – 672 &.

4. M,/1$!, M. G. K%!+&+&'+?("0 !"8#")(" !+4/? 6+,0=/?
,/%($ 1/'"##+8,+("'" / M. G. M,/1$!, U. 9. O$#$88+), J. F. >+-
(,+)&($?,  . H. D+&/),  . M. M,/1$! // R"6+'+)$'/#<!2/ 8,+-
$%)+*&')" ) 1".$!+&',+/!$$. – 2008. – V 4. – H. 17–19.

5. H+),/1/!!2/ !"8#")+=!2/ 1"'/,$"#2 *#0 -8#+'!$'/#<-
!23 8+)/,3!+&'/? ",1"'-,2  QH $ :QH / C. H. H'/8$!
[$ *,.] //  ,1"'-,+&',+/!$/. – 2006. – V 2. – H. 55–56.

                                               () ´200                                      4) ´50

 !". 2. H!'+$"&+.'&.+5 3(6%(*%,33$C$ 2,&(%%( 6+$*$%$'(2!
O*-13X258 (I), O*-11X11I2J2HZ (II) ! O*-20X13 (III):

( — B$*; 4 — 6,+,0$A3(= )$3(
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K KHRI G3A+,F K*C,3:,*!<, "&8$,"!' ("@/*,2
«L".$!+&',+/!$/ $ 1"'/,$"#+)/*/!$/».
K KHRI K*C,3!F I!'$%(,*!<, *+('+, '/3!$=/&($3
!"-(, 8,+@/&&+, (E+&&$0), %")/*-;5$? ("@/*,+?
«L".$!+&',+/!$/ $ 1"'/,$"#+)/*/!$/», */("! 1"-
.$!+&',+$'/#<!+6+ $!&'$'-'".
ZR@R??7J V+!F 7%,C$*!<, *+A/!' ("@/*,2 «L"-
.$!+&',+/!$/ $ 1"'/,$"#+)/*/!$/».

HG8G@GO7JG G+!3( K*C,3:,*3(, &'-*/!'(" 6,-882
H-113 1".$!+&',+$'/#<!+6+ $!&'$'-'".
QG[ J!'&$+ O,2\3$*!<, *+A/!' ("@/*,2 «L".$!+-
&',+/!$/ $ 1"'/,$"#+)/*/!$/».
 *,/& *#0 8/,/8$&($: weld_techn@mail.ru

O&(&:= 6$"&.6!%( * +,A('>!9 16.12.2013 C.
© G. K. K+,2!3, K. I. K+,2!3, V. 7. Z!%!66$*,
   G. K. H(&(%("$*(, J. O. Q(>

,( #+#+,-
).&!/+-[3#X g_-Y'(6
5 2'&!.&!/+!  0.$'5#
.&, #Z!  !",Y,^,&!5'+,,

#. +. #&# ,+
[. !. Y,$,..!5

'. #. #&# ,+
Z. +.  ,++#4'+!5

!:=>?@ AB=CDEF=GH;<<I@
G;R<?V;=>?@ C<?H;F=?G;G

!!! «0?UL?GTFB:», A. !:=>

,KCV;<B HL?O<?; >B:TL;>=<BAB :BD?J?\?FBHE<?O <E PEFBTFBV<B=GM =TLEHE G?TE 20.
.B>EKE<B, VGB TF? :BD?J?\?FBHE<?? CLCVNE;G=O :BFJBLBA?O ? GBTBAFEJ?O CTFBV-
<O9Q;@ g_-JEKI, =<?PE;G=O D?JJCK?B<<EO TFB<?\E;:B=GM AFE<?\ K;F;<, VGB TBHI-
NE;G =GFC>GCF<C9 =GEU?LM<B=G? ? DL?G;LM<C9 TFBV<B=GM =TLEHE.
WL9V;HI; =LBHE: PEFBTFBV<I@ <?>;L;HI@ =TLEH, :BD?J?\?FBHE<?;, =HB@=GHE, =GFC>-
GCFE, :BFJBLBA?O ? GBTBAFEJ?O, CTFBV<O9Q?; JEKI

)"W  621.74.042:669.187.56

Y",+8,+=!2/ !$(/#/)2/ &8#")2 .$,+(+ $&8+#<-
%-;'&0 *#0 $%6+'+)#/!$0 #$'23 */'"#/? +')/'&')/!-
!+6+ !"%!"=/!$0 6"%+'-,7$!!23 *)$6"'/#/?, !/(+-
'+,23 )$*+) 8,+'04/(, .'"18+) 6+,0=/? .'"18+)($
$ *,-6$3 $%*/#$?, ,"7+'";5$3 8,$ )2&+($3 '/18/-
,"'-,"3. J#0 8+)2./!$0 $3 B(&8#-"'"A$+!!23 3"-
,"('/,$&'$( 8,$1/!0;' 1+*$@$A$,+)"!$/ #$'+6+
1/'"##" *$&8/,&!21$ '-6+8#")($1$ ="&'$A"1$ [1–4].
C '+ 4/ ),/10 )#$0!$/ $!+(-#$,-;5/6+ 1+*$@$-
A$,+)"!$0 !" 8,+A/&&2, +8,/*/#0;5$/ 4",+8,+=-
!+&'< &#+4!+#/6$,+)"!!23 !$(/#/)23 &8#")+) '$8"
YH, $%-=/!+ !/*+&'"'+=!+.

C &)0%$ & B'$1 72#+ 8,+)/*/!+ $&&#/*+)"!$/ )#$-
0!$0 1+*$@$A$,+)"!$0 $!+(-#0'+,"1$ ) (+18#/(&/
& "('$)$,-;5$1$ *+7")("1$ !" &',-('-,!2/ $ ($!/-
'$=/&($/ @"('+,2, +8,/*/#0;5$/ 4",+8,+=!+&'<
&8#")" '$8" YH. C ("=/&')/ $!+(-#0'+,+) $&8+#<%+-
)"#$ -#<',"*$&8/,&!2/ ="&'$A2 (",7+!$',$*" '$-
'"!". K&&#/*+)"#$ )%"$1+&)0%< 1/4*- &',-('-,!21$
8","1/',"1$ $ 4",+8,+=!+&'<; &8#")". >,+&1+',
1"(,+.#$@+) +7,"%A+) 8+&#/ $&82'"!$? !" 4",+-
8,+=!+&'< (,$&. 1) 8+("%"#, ='+ ,"%,-./!$/ )&/3
+7,"%A+) $1//' 1/4%/,/!!2? 3","('/,. C +7,"%A"3
$% !/1+*$@$A$,+)"!!+6+ &8#")" ,"%,-./!$/ 8,+$&-
3+*$' ) %+!/ !"8,")#/!!+? (,$&'"##$%"A$$ 8+ 6,"-
!$A"1 */!*,$'+) (,$&. 1"). Y",+8,+=!+&'< '"($3
+7,"%A+) !/ 8,/)2."/' 28 =. C 1+*$@$A$,+)"!!23
+7,"%A"3, 8+("%").$3 !"$7+#<.-; 4",+8,+=!+&'<

(*+ 100 =), &',-('-," 72#" +=/!< *$&8/,&!" (,$&. 17),
='+ 8+*')/,4*"/' )2)+*2 ,0*" ")'+,+) + 8+#+4$-
'/#<!+1 )#$0!$$ $%1/#<=/!$0 %/,!" !" 4",+8,+=-
!+&'< [2, 4–6].

C+8,+& + )#$0!$$ ,"%1/," %/,!" !" -,+)/!< 4",+-
8,+=!+&'$ 1!+6+(,"'!+ +7&-4*"#&0, !+ 8,+*+#4"/'
+&'")"'<&0 *$&(-&&$+!!21. H -)/#$=/!$/1 (+#$=/-
&')" 1+*$@$("'+," 1"(,+%/,!+ $%1/#<="/'&0, -)/#$-
=$)"/'&0 +75"0 8,+'04/!!+&'< 6,"!$A %/,/!, &!$-

 !". 1. O&+.'&.+( $4+()>$*
6$"%, A%!&,%:350 !"65&(3!F (´1):
( — 3,2$A!E!>!+$*(335F "6%(*;
4 — 2$A!E!>!+$*(335F "6%(*

(
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4"/'&0 6,"!$=!"0 (+!A/!',"A$0 B#/1/!'+) — -8,+=-
!$'/#/? 6,"!$A %/,/!, $ ) $'+6/ 4",+8,+=!+&'< 1+-
4/' &!$4"'<&0. C '+ 4/ ),/10, /&#$ -6#2 ,"%+,$/!'$-
,+)($ ,")!++&!23 %/,/! -1/!<.";'&0, " 8,$ &-&-
8/!%$+!!+1 1+*$@$A$,+)"!$$ &'/8/!< (+##/('$)-
!+&'$ ,+&'" )+%,"&'"/' [7], '+ $%1/#<=/!$/ %/,!" !/
*+#4!+ &!$4"'< 4",+8,+=!+&'<. C2./$%#+4/!!+/
8+%)+#0/' &*/#"'< )2)+* + '+1, ='+ +7P0&!$'< 8+)2-
./!$/ 4",+8,+=!+&'$ &8#")" 8,$ 1+*$@$A$,+)"!$$
'+#<(+ $%1/#<=/!$/1 %/,!" 8,$ (,$&'"##$%"A$$ !/#<%0.

H8#")2 '$8" YH +'!+&0'&0 ( 6,-88/ #$'/?!23
&#+4!+#/6$,+)"!!23 1!+6+(+18+!/!'!23 4",+-
8,+=!23 &8#")+). 9&!+)!21$ -8,+=!0;5$1$ @"-
%"1$ 0)#0;'&0 (",7$*2 $ g’-@"%", 8,/*&'")#0;5"0
&+7+? $!'/,1/'"##$* (Ni, CO)3(Al, Ti). >+B'+1- @"(-
'+,"1$, +8,/*/#0;5$1$ ("=/&')+ $ &#-4/7!2/
&)+?&')" 4",+8,+=!23 &8#")+), 0)#0;'&0 @"%+)2?
&+&'"), &'/8/!< +*!+,+*!+&'$, 1+,@+#+6$0 $ '+8+-
6,"@$0 -8,+=!0;5$3 @"% [5, 6, 8].

G" &)+?&')" !$(/#/)23 &8#")+) 7+#<.+/ )#$0!$/
+("%2)"/' *$&8/,&$+!!+/ -8,+=!/!$/ 1"',$A2 %"
&=/' )2*/#/!$0 g’-@"%2 (-7$=/&(+? 1+,@+#+6$$.
9!" $1//' 7#$%($/ & g-@"%+? %!"=/!$0 8","1/',"
(,$&'"##$=/&(+? ,/./'($, ='+ +7-&#+)#$)"/' $3
(+6/,/!'!-; &)0%<. >","1/',2 +7,"%+)"!$? g’-@"%2
$ $3 +7P/1!"0 *+#0 +8,/*/#0;' 8,+=!+&'!2/ 3","(-
'/,$&'$($ $ &+8,+'$)#/!$/ 8+#%-=/&'$ +7P/1" %/,/!
[6, 8].

Y",+8,+=!+&'< &8#")+), -8,+=!/!!23 (+6/,/!'-
!21$ & 1"',$A/? )2*/#/!$01$ -8+,0*+=/!!+? g’-
@"%2, %")$&$' +' &+&'+0!$0 B'+? @"%2 (*$&8/,&!+&'$
="&'$A, $3 +7P/1!+? *+#$, @+,12 $ ,"&8,/*/#/!$0),
($!/'$($ $%1/!/!$0 &',-('-,2 $ ) %!"=$'/#<!+?
&'/8/!$ +8,/*/#0/'&0 '/,1+*$!"1$=/&(+? -&'+?=$-
)+&'<; &$&'/12 (g+g’) )8#+'< *+ '/18/,"'-,, ,")!23
0,8:8# [9].

>,$ 7+#// )2&+($3 '/18/,"'-,"3 8,+$&3+*$'
$!'/!&$)!"0 (+"6-#0A$0 $ ,"&')+,/!$/ ="&'$A g’-
@"%2 ) g-')/,*+1 ,"&')+,/, ='+ 8,$)+*$' ( ,"%-
-8,+=!/!$; &8#")+) $ 8+!$4/!$; $3 4",+8,+=-
!+&'$. C &)0%$ & B'$1 )"4!21 8","1/',+1, 3","('/-
,$%-;5$1 $!'/6,"#<!-; '/,1+&'"7$#<!+&'< $, &#/-
*+)"'/#<!+, ,"7+'+&8+&+7!+&'< !$(/#/)23 &8#")+),
0)#0/'&0 '/18/,"'-," ,"&')+,/!$0 g’-@"%2, (+'+,"0
+6,"!$=$)"/' '/18/,"'-,!-; +7#"&'< &-5/&')+)"-
!$0 6/'/,+@"%!+? &',-('-,2 &8#")" [10].

N&'"!+)#/!" [11] +75"0 *#0 !$(/#/)23 &8#")+)
%"(+!+1/,!+&'<: !"$7+#// 4",+8,+=!2/ &8#")2
!",0*- & 1"(&$1"#<!21 (+#$=/&')+1 -8,+=!0;5/?
g’-@"%2 $1/;' 1"(&$1"#<!-; '/18/,"'-,- 8+#!+6+
// ,"&')+,/!$0.

K&&#/*+)"!$0 8+("%"#$, ='+ !"7#;*"/'&0 &$#<!"0
!/+*!+,+*!+&'< *$&8/,&!+&'$ $ 1+,@+#+6$$ ="&'$A
g’-@"%2, ) 1"&.'"7"3 */!*,$'!+? 0=/?($ #$'+6+ !/-
1+*$@$A$,+)"!!+6+ 4",+8,+=!+6+ &8#")" (,$&. 2").
C +&03 */!*,$'+) )2*/#0;'&0 1/#($/ $ ,/6-#0,!2/
8+ @+,1/ ="&'$A2 7+#<./? ="&'<; ',/-6+#<!+?
@+,12, " ) 1/4+&!23 8,+&',"!&')"3 — %!"=$'/#<!+
7+#// 6,-72/ ="&'$A2 !/8,")$#<!+? 1+,@+#+6$$.
G",0*- & 1/#($1$ ="&'$A"1$ (0,8 1(1) g’-@"%2 !"-
7#;*";'&0 (,-8!2/, &(+"6-#$,+)"!!2/ )2*/#/!$0
(&)2./ 4 1(1), 8+ 6,"!$A"1 (+'+,23 )+%!$(";'
$ ,"&8,+&',"!0;'&0 1$(,+',/5$!2. >+*+7!"0 ,"%!+-
*$&8/,&!+&'< 0)#0/'&0 &#/*&')$/1 *)-3 @"('+,+).
C+-8/,)23, '/18/,"'-," ,"&8"*" ')/,*+6+ ,"&')+,",
#+("#$%+)"!!+6+ ) +&03 */!*,$'+), !$4/ 8+ &,")!/-
!$; & '"(+)+? ) 1/4+&!+1 8,+&',"!&')/, ='+ &)0%"!+
& +7/*!/!$/1 *"!!23 -="&'(+) "#;1$!$/1, '$'"!+1
$ !$+7$/1 $%-%" #$()"A$+!!+? !/+*!+,+*!+&'$ [12].
C+-)'+,23, +7+6"5/!$/ ')/,*+6+ ,"&')+," ) +&03
*/!*,$'+) )+#<@,"1+1 &-5/&')/!!+ '+,1+%$' 8,+-
'/("!$/ *$@@-%$+!!23 8,+A/&&+). :"($1 +7,"%+1,
)2*/#/!$/ ="&'$A g’-@"%2 $% ')/,*+6+ ,"&')+," ) +&03
*/!*,$'+) 8,$ 7+#// !$%($3 '/18/,"'-,"3 $ %"1/*-
#/!!2? 1"&&+8/,/!+& +7-&#")#$)"/' 1/!<.$? $3
,"%1/, 8+ &,")!/!$; & ="&'$A"1$ ) 1/4+&!23 -="&'-
("3 8,$ +*!+? $ '+? 4/ &(+,+&'$ (,$&'"##$%"A$$.

I+#$=/&')+ $ 1+,@+#+6$0 g’-@"%2 ) 1+*$@$A$,+-
)"!!+1 &8#")/ %!"=$'/#<!+ +'#$=";'&0 +' '"(+)23
) !/1+*$@$A$,+)"!!+1 (,$&. 27). L+*$@$A$,+)"!$/
@+,1$,-/' 7+#// *$&(,/'!2/ 1/#(+*$&8/,&!2/ )2-
*/#/!$0 g’-@"%2 7+#<./? ="&'<; ()"*,"'!+? #$7+
8,01+-6+#<!+? @+,12. >,$ ))/*/!$$ 0,01 % ="&'$A
(",7+!$',$*" '$'"!" ,"%1/, )2*/#/!$? g’-@"%2 &+-
&'")#0/' 0,8–1,2 1(1, 8,$ 0,025 % '-6+8#")($3 ="&-
'$A — 0,4–0,6 1(1. >,$ *"#<!/?./1 -)/#$=/!$$
(+!A/!',"A$$ '-6+8#")($3 ="&'$A g’-@"%" *+&'$6"/'
,"%1/,+) ) 0,2–0,3 1(1 & 7+#<.+? 8#+'!+&'<; -8"-
(+)($ ) 1"',$A/. C2*/#/!$0 g’-@"%2 )2,")!$)";'&0
8+ ,"%1/,"1, $3 @+,1" 8+&#/ *#$'/#<!23 $&82'"!$?
!/ $%1/!0/'&0, $ ,"&8+#"6";'&0 +!$ )*+#< (,$&'"##+-
6,"@$=/&($3 8#+&(+&'/? & +=/!< 1"#21 ,"&&'+0!$/1
1/4*- !$1$.

>,$ B'+1 !" '/,1$=/&(-; &'"7$#<!+&'< #$'+6+
1/'"##" $%*/#$? $% 4",+8,+=!23 &8#")+) +6,+1!+/
)#$0!$/ +("%2)"/' #$()"A$0 #/6$,-;5$3 B#/1/!'+).
C &)0%$ & B'$1 72#$ 8,+)/*/!2 $&&#/*+)"!$0 $%1/!/-
!$0 ,"&8,/*/#/!$0 +&!+)!23 #/6$,-;5$3 B#/1/!'+)
) ="&'$A"3 g’-@"%2 $ 1/4="&'$=!23 8,+&',"!&')"3
8,$ 1+*$@$A$,+)"!$$ 4",+8,+=!+6+ &8#")".

K&&#/*+)"!$0 8,+)+*$#$ !" @+#<6"3 & $&8+#<%+-
)"!$/1 8,+&)/=$)";5/6+ B#/(',+!!+6+ 1$(,+&(+8"

                                          (            4

 !". 2. H$+E$%$C!= g’-E()5 3!',%,*$C$ "6%(*(:
( — 3,2$A!E!>!+$*(33$C$; 4 — 2$A!E!>!+$*(33$C$


