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0)#0/"80 &" " /##$"+1-7/6-1(+1 $ 7/6-1+( &+)/, . /"
) SA/1$0: +7 (- B &HTETY/ NV ), B/ 1S/, (+-
"+,2/8)0%" 12 8/, /%" +=121 + "1+ _/1$/1 U.

.

+ %P0 %SH. 0

#$%-..

¥10Z (221) T ~

e B/ .0

‘$RT+ BE/.0 S $B 0

SN
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-0 L,&$, $ 1T/3& +,1,89,

17 /$&

97+H1"=$) R, — ,"*$-& B8SAS(#", R, — ,"*$-&
& HHST-T/6-1 (", 8+#-=$1 *H0 +*1+&7-8/1=""+7
83/12: r=R+R, — 8,% )1/ _1/1 ("&"1$$ 7/6-1("
& B8SAS(#+1 $ r=R—R, 8,$)1-",/11/1 $3 )% "$1+-
*/28")$$, 6% 8,5 )1/ . 1/1 )4 "$1+*/26")$$:

W(R; + Ry) = WRy, €Y)]

6%/ W — &(+,+& < +7(C""($, " W — &(+,+& < &+7&"-
)/ 1146+),"5/1$0 7/6-1(" $8/,/*""+=1"0 @-1 (A$0:

Ut RutRy Ry .
woOR, R,

>, $)1-",/11/1 ("&"1$$:

_Ri-Ry
U= R, 3)

C1/(+"+,23 &#-="03 +*1" $#$ +7/ 8+)/,31+&"$
+7C($ 7/6-1(" $BBBAS(H" 1+6-" $1/"< 1/ (,-6+)+/
8+8/,/=1+/ &/=/1$/, 1"8,%$1/,, B##$8"$=/8(+/ $#$
$1+/. C 8+&#/*V/1 &#t-="/ )+W7-4*/1$/ 1+A4 1+ &=%-
T 8HA$6™, 1+1$=/&($1.

C+7-*$"/#$, 8+&" ,+/112/ 8+ 8#"1/"", 1+? &3/-
1/, +7#™" ;" _$,+($1$ )+h1+41+&"01$. C ="&"-
14&"$, +,$6$1"#<1+? 8,/*&"")#0/"80 &3/1", 8,/*-
&M#/NIT0 1M 8. 1.

1,-6+)2/ 7/6-1+( $ B8SAS(# )U"$1+*/28")-5"
T/% &(+#<A4/1%0 ) "+=(/ C. M&#$ )2*/,4""<R,=2R,,
"+8,%58/,/1+1+1 *)$A/1$$ )+*$#" 7/6-1+(, -="-
&")-0) *)-3*)$4/13$03: 8/, /1+&1+1 &+ &(+,+&"<; W
$ +TVHEPT/H<I+L &+ &(+,+8°<; w, $1//° "+=(- 0,
L/, 50 )SA/1$0 (+7+,+? +("4/780 8,01+-
H#SV/?21+2 M&HS ) B™+? "+=(/ ,"%1/&"$"< $1/ ,AB+!-
-7 1"8&-m, "+ 8+#-=$1 6", 1+1$=/&($ $%1/10/1-;
S/, AS+HI - &B#-, (+"+,-; 1+4 1+ $&B+A<Y+) " <
O T/&(HV (V4?2 L= (S &V & (L -6+)+? =18
+U+? WL

O8&+721 +7,"h+1 &#/*-/" )2*/#$"< $1/ ,A$+112/
)+O7-*$"/#S$, 8+&",+/112/ 1" &3/1"3 1/3"1$%1+)
+75/6+ )$*" $ &+*/,4"5%$3 %)/1<0, &+)/, - " ; 5%/
V/$V/ ,AS+11+/ *)$4/1%/.

>,$)/*/1 V/&(+#<(+ 8,51/ ,+) 8+ /1AS"#<123
“/3V$=/8($3 ,/ - /1$? B+*+T123 Y +UT-*$" /#/? (+-
#7152,

G" ,$& 2 8,/%&"")#/ 1" &3/1" )+W7-*$"/#0, 6%/
+&1+4) 121 $1/,AS+1121 B#/1/1"+1 0)#0/"&0 %)/ 1+ 4
1"8&+? m, 8+&(+#<(- +&""#<12/ %)/ 1<0 &PV-&V+6+
1/3"1$%1", ) (#35="0 1+ +,-,/*-("+,, 1+41+ ) 28+#-
1$°<-,")1+)/ _/1121$.

O7+h1"=$) ,"*$-& (,$)+.$8" r, " -6#+)-; /6+
(++,*$1""- §, 8+#-=9$18/,/1/5/1$/ (-#$2 4 $ 8, +-
$h)+*12/8/,/1/5/1%0:

S=rsiny; V= rz—{cosj = rpcos j;
djydj . . 2 -
a=-r————-sinj = -rp“sinj.
dt dt ] P . “)

KU1/, A$+112?2B#/1/1" 4 1"8&+? m7-*/" 6/1/,%-
S )< ESHA)+? $AB-H<& Tyg = -ma, " & -=/"+1 ,"&-
8+#+A/ VS0 B#/1L/ 1" 1" BH#"" @+, 1/ &$#+)+? $18-#<&
8,/+7,"%-/"80) 8/,/1/V1+/ 1+1/1"1+/ 1"6,-4/1$/
s#""@+,12:

M#$ = -malL. (5)

>,$1/,+1&3/11+6+ ,/ - /1350 )+h7-*$"/#0 (+#/-
7UUS? 1T/, 2="41+6+ 1/3" 1%L, &+*/ ,4"5/6+

W)/ 1+ 8 1/SV/ ASHN 21 *)$A/1$/1, 8+, +4*" ; 531

l')n)(

B
AR

'-""(“"--‘V-

.""-.______‘__ _I_ ________..-'
1", 1. 00,2( 6%(3,&(+3%C$ 13,+>1$338C$ *$)4_A1&, %=

L N4

1. 2. 00,2( *$)4.A1&,%= "$%,4(31F
3( 40, "13."3%C$ 2,0(31)2(:
1 — _"&(3%$*$<3(= 6U(RES+2( "&, 3A(;
2 — 2$8$+-+,A. &S+ (+,C.%1+.,25F 6 <("&38,
*50$A3SCS A*1—,31= 6+1*$A);
3 — "13."35F 2,0(31)2; 4 — 13,+>1$33(= 2(""( m

N\
©

1 2/

1" 3. 00,2( *$)4.A18,%= "$%,4(31F 3( 40,
T+1F$B163%-"$+$25"U$*$CS 2,0(31)2(:
1 — ."&(3$*$<3(= 6%(LES+2( "&,3A(
2 — 2%8$+-+,A."8$+ (+,C.%1+.,25F 6$ <("&$&,
*50$A3$C$ A*1—,31= 6+1*$A);
3 — "+1*$B163%-"$+$25"%$*5F 2,0(31)2;
4 — 13,+>1833(=2(C"( " 2%$2,38%2 13,+>11 J

8/,/1/V1+/ 1+1/1°V+/ 1"6,-A/1$/ 8#""@+,12,
1+4/° 72°<&3/1", 8, /%4 ")#/11"0 1" ,$&. 3.
H+&"")$1 1"°/1""$=/8(- 5 L1+*/#< )+h),"" 1+-
), "B <46+ X)$A/1$0 & 14)+=147 8H @+, 12
& /1% (L8 4) & -&" 1)/ 1121 +7P/("+1 $ 7/&(+1-
21 ) HUT-RSTHI L (HIT S
D$1/21"0 % $ -64+)"0 %,. &)0%" 12 H)$ES1+8"<;

- 2
Cer¢=Cs I, (6)

ME#S 1+1/1" $V/ ,ASS J (H#/7""/#<1+? &$&"/12
,"'8&=%$""1 (+8,/*/#/1 B(&8/,$1/1""#<1+ 8+ 8/ ,$+*-
$HSP =&+ &+T&™)/ V123 (+#/7"1$7? [1]), " /.

2 2
Tcg | , @
4p?
6%/ k — (,-6+)"0 ="&"+"" &+78&")/1123 -6#+)23
(/7187 &P&" /12, T — 8/, $+* +*1+6+ 8+# 146+ (+-

J=cp /K $4$ =



1" 4. 00,2( "(<(9/ ,F"= 6%(&E$+25:
1 — BU(RES+2(; 2 — $4P,"&;
3 — 4,""$3&("&35F *$)4.A1&,%: "$%,4(31F;
4 — .6+.C1, 1%,2,385

#7150, S, 7845 8+ 1/ (1 (L /TBUS, H) "< (#1187, - (-
A$; )+tUW7-*$"/#0 (+#/7"1$?, 8,$10) 6", 1+1$=/&($
$%1/710/121 &$#+)+/ $#$ 1+1/1°1+/ 176,-4/1%/
s#'""@+,12:

Pyg = Poltos(pt - d) $#3 Myg = Mghos(Pt - d),  (8)
"+ *$Q@7,/VAS"H< I/ - ")V VS T/%*/18@/, 123
)21-4*/0V123 (+#/7"1$? 8#""@+,12 7-*/" ""($1:

&+ koza:%Mocos(pt—d), )
6%/ " — ="+ )21-4*" ; 5/6+ )1/ _1/6+ )+U*/?-
8)$0; t —),/10: d — @"%+)2? —6+#.

N&™"1+)$) - $/80 )2 1-4%/ 112/ (+#/7"1$0 7-*—"
8,+P83+*$"< & ="&"+"+? w, &+)8"* " ; 5/? & ="&"+-
2 UY2U_AR S 576+ )1/ L 1 /6+)H4T-4%/150. 1" ($1
GH/T"1S01 &++7)/°85) =5 ",/ 7180 )$*/ [3];

a =29 coswt - d), (10)
1-u
6*/ u:ﬂ _:ll&'+'!+/ +'!+_/!$/; a%) :ﬂ J—
k Cer(

& $=/&(+/ -6+ +/ &LIS/VS/.
O 1+ _/1$/ "18#$"-*2 a (& " $=/8&(+1- &1/5/-
155 a,, 0)#0/°80 (+BO@SAS/1"+1 *$1"1$=1+&"$ k

*#$:

a = - 2'1:; (11)
acy @-u9 @L-u?)

>, 5 THN(P3 ="&"+""3 U<l "1BHP"-*" (+#/T7"1$7?
THENC" (&"""$=/&(+1-8&1/5/1$;, (+#/7"1$0 8#""-
@+,12 8,+$83+*0" ) @"%/ & (+#/7"1$01$ )1/ _1/?
&$#2, "./. d=0.

H -)/#$=/1$/1 ="&"+"2 w "18#$"-*" (+#/7"1$?
)+, &/ $ 8, WK, "18#P"-*" a®¥, ./ )+W1S( /"
N1 V& D+#/771$0, =&+ (+7+,23)2 _/ ,/%+-
1"181+? (u>1), 8,+$&3+*$" ) 8,+"$)+@"%/ (d=p).

>,$ w®¥ "18#$"-*" a®0 ("=/&")/11"0 "18#S$-
ToFl4ZUgT IO 3V, (LB (T *)$4/1$0 8HT-
@+,128,/*%&"")#/1" 1" [ $&. 5&8#+ _ 1+? #$1$/72.

C*+7,+"123 ,/"#<123 8$&"/1"3 */18@%,+)"1$/
V/61"=$"/#< 1+, "18H#S"-*" (+#/7"1$?2 8,3 ,/%+1"18&/
3+°< S 46, 1$=/1", 1+ 1+47" *+&"$6" < $ 1/*+8-&-
"$123 %1"=/1$?, 8+B"+1- *#0 7+#<_$1&")" "/31$-
=/8($3 ,/"HPW"AS? L/%+1"18127 /A$] ) =$&"+1
)$*/ 1/ $88+#<h-/"&0.

M&#S $&B+H#<Y-/"80 )+U7-*$"/#< (+#/7"1$? $1/ , -
AS+IT+6+ "$8", "+ "1BHPF"-*" )21-4*" ; 5/? §$#2
(A+2/17™) 7-*/" 8,48+, A$+HI"#<I" (1%, "= =T+ 2
J#0 B"+6+ &#-="0 (+B@@FAS/ 1" *$1"1$=1+&"$ 7-*/"
(1

Ky =

Ky

I\

|

| \
2,0 7 <

\
! AN
/ ~N
~
1,0 / =
/
/
/
0 1,0 2,0 k

1" 5. G26%1&.A3$-<("&$&3(= 0(+("&,+1"81"(
4,)A,26E,+350 "$%,4(31F 6%(&E$+25
6+1 C(+2$31<,""$2 *3,B3,2 *$)4.—A,311

Paoun

e
i
T\

1", 6. 00,2( 63,*2%+, ("&1*3$C$ *$)4.A18,%=:
a— .C$% "(<(3!= 6%(&ES$+25;
y — _C$% .6+(*%,31= 3(6+(*%,31,2 "$6,%;
D — A1(2,8+ 6$US"EY; d — AI(2,8+ "+,)( "$6%(

1 (12)
Ik
() ]4
"=/&T)/N1T0 MA8HST-F T +-=g T+ 10 3T, (T, B8
S *)SA/1$0 8#T@+,12 8, /% /1M 1T $8. 5
8-1("$, 1+? #$15/2.

CA/#+1,8,+&1"" ,$)"/"&0 &#/*- ; 5$? "#6+,3$"1
E+U*" VB0 (+#/7" " /H#<V1+? 838" /12 8+ "/31$=/&(+1-
prEIg s 1M 8, +/ (0S5, )" 1S/

1L CH)PPL+E"S +" 67", $" 1+-1"8&8&+)23 3", " (" /-
LB S(HTP/ (" (187 ,-$,-/780 8# @+, 1" $ +*1+-
8+%)$41"0 &)0%< 84" " @+, 12 &+ &"+?(+2.

2. :/+,/75=/8&(S ($B(&8/,$1/ ""H#<1+) +8, /*/H#0-
/780 1+1/1" $1/ A$S 8#"'"@+,12 J+(.

3. >+&(HI<(- 1"$7+#// B(+1+1$=121 B(&8#-""""-
A$+112?2 /A1 7-*/7 1" ="+, THSW(+? ( ,/%+-
1IN +?, "+ $&8+#<W-0 8, /*/#2 $%1/1/1$0 %1123
B(&8#-"""AS+1123 ="&"+", +8, /*/#0/"&0 -6#+)"0 4/&"-
(+8&°< -8, -6+? &)O%$ 84" "@+,12 &+ &"+?2(+? $ (+1-
&",-%,-/"80 -8,-6"0 &)0%<.

4.R1"08,/*/#2 +8,/*/#/1123 8+ "/31$=/8&(+1-
BFIG  —6H+) 23 "18HS - $)27,") =R+ I+ +7 1 +-
1S/, ,U88=$"2)"/780 &7 TS=/8 (M0 MA18H#ST -,
"8 -=/"+1 -6H#+)+? 4/8" (+&"$ -& " 1+) ($ 8@+, 12
8+#-=""/1 8+#1-; $&3+*1-; $1@+,1"A$ ; 8+ "18#%$-
xE1- %=/ 0$ 5 )1/ V/6+ ) +hT-A%/1$0 *#0 (+1-
&",-$,+)" 150 )+U7-*$"/#0 (+#/7"1$7.

5. 1+1&8" ,-(A$; )+W7-*$"/#0 &#/*-/" -"+=13$"<
& -=/"+18+"/,<) (+#/T""/#<V1+? &$&"/1/, $ "+=1+6+

k*#$ =

.

+ %P0 %SH. 0

#$%-..

¥10Z (221) T ~

e BS/. 0
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17 /$&

Y+EBHE/ VS0 )HI7-*$" /#/1 *$EES8""$) 123 8+"/, < *#0
&+ VB0 & "ASHI T, V+6+ (HH/T7 " /H#<1+6+ 8, +A/&8".

J#0 )+W7-4*/1$0 1/3"1$5=/8&($3 (+#/7"1$? 8+-
1$1+$1/,AS+1 146+ 8,B1AS8" _ $, +(+ $&B+#<U- ; "&0
B1/,6/°$=/8&($/ Yh"SL+*/?2&")$0 @$%$=/8($3 8+#/7?
$&,/7*%, ,/"#S%-/12/ BR/ (" ,+1"61$" 1218, B#/ (", +*%-
1"1$=/&($1$, 65*, " )#S=/&($1$ 8,/+7,"W+)""/#01%.

S$,+(+/ ,"88,+8","1/1$/ 8+#-=$#" ""(4/ 6,-8-
8" )+W7-*$"/#/7?, $&8+#<h- ; 5"0 B1/,6$; &4""+6+
)+%*-3" $% /L (+&"S-7T"##+1" $HES +7 8,+12 _#/1 147
1"6$&", "#$ & *'")#/1$/1 (0,2—0,7) L=>". C+W7-*$"/#$
B"+6+ "$8" +7#"*" ;" ,0*+1 8,/%$1-5/&"), 1"8,%1/,,
8,+&"+"+? ,/6-#%,+)"1$0 "18#$"-*2 $ ="&"+"2,
7/%+8"&1+&"<; B(&8#-"""A$S$ ) 8+4",+- $ Y%, 2)+-
+8"8123 -&#+)$03 $ *,. >+"/1A$"#<1-; B1/,6%;
QAT +6+ )HU*-3" 1+4 1+ $&B+H<+) "< $ ) (+17$1$-
,H)UII23 287 +287)"3, ) (+'+,23 8+ /1AS"#<1"0
B1/,6$0 8,/+7,"%-/"80 ) ($1/ $=/&(-; B1/,6%;
*)$4/1350 "-,7$12 & B(QA/ 1", $=1+ ,"&8+#+4/11+7
1"88+? m, ="+ 8+,+4*"/" $1/ , AS+11+/ )+h7-4*/1$/
&*$1"1$=/8(+7? &$H+?

 *ug= MW?, (13)
6%/ r — B(&A/1",$8$"/"; w — ="&"+™" ),"5/1$0
-LTS12, (+7+,M0 144/ T2 < %1 M=S T /H#< 1472,

IBA/V$/ "-,7$12 +7/88/=$)"/"8&0 &$&"/1+? 1"-
8,")#/1123&+8/#, ,"W1/5/1123) & """ +,/ "-,7$12.

G"1$ *+8+#1$"/#<1+ 8, /*#"6""/"&0 &8+8+7 8,01 +6+
$&8+#<U+)"1$0 , /" (") 1+6+ $&"/=/1$0 &4 " " +6+ ) +Y%-
*-3" $% &+8/#, +&$ (+"+,23 ,"&8+#+4/12 8+ $ 8,+"F)
*)$4/1350 & &$8&"/1+? 8/ ,/(#;=/130 6,-88 &+8/# $#$
8,B1-*$"/#<121 8+)+,+"+1 +&/? &+8/# +" +"*/#<-
146+ ,/6-#%,-/1+6+ 8,$)+*".

H+8#+)27? "88","" ,"W1/5"/ &0 1/8+&,/*&")/1 1+
Mg @+,1/ & /1", (+11-""A$0 "88",""" & 1"6%-
&","H#H<; +&-5/8")#0/780 & 8+1+5<; *,-7+8,+)+*+),
) "1 =$&#/ 6$7($3, 1/ 1/ " ; 5$3 +&1+) 1+1- *)$4/-
1$; 8#"'"@+,12.

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

G/ =2y 0a)-3 (+18+1/1n- g =y,

%—T — &(+,+&"< 1"8&+)+6+ ,"&3+*" +7+Y1"'=$) U —
&(+,+& "< $&"/=/1%50 )+%*-3" $% &+8#", 8,$1$1"0 *")-
#/1$/ q ) ,"7+=/? 8+#+&"$ +*$1"(+)21, *$1"1$-
=/&(-; &$#-) 8/,)+1 8,$7#$4/1$$ 1+4 1+ +8,/*/-
#$'< ('(

_gp(D*-d?
#$ -,

" (14)
YHS=SI- 141717 "&("=(S — g
D2 - d?
—xpg = gl = ML' (15)

4

#234256789:5

RI"=/1$0 ,.,,$ —.. 8+ (17) $ (18) &#t/*-/" $&B+H#<-
%+)" < 8,$ L+*/#$,+) " 1$$ *)$4/1$0 84" @+, 12 8+
"He+,$71-,8,$)/*/11+1-)2 _/.

J5*3$A5.

1. J#0&"/1*+) 8+ B(&8/,$1/ 1 ""#<V1+1- +8,/*/#/-
1$; 1+1/17°+) $1/,A$S $ $&B2"" 152 1" [ "7+ +&8+-
8+7TV+&™< ,/"#< 123 "/31+6/ 1123 +7P/ (" +) 8+ -&it+-
)$01 */3V$=/8(+6+ %" *"1$0 8/,88/("$)12 &$&"/12
T/ (14?8 =($ - T+)+=123 8#T @+, 1
&"/1*" & 8,$1/1/1%/1 $1/,A$+1123, B#/(",+1"6-
1$°123 $B#/ (", +*$ 1" 1$=/8($3 )+U7-*$" /#/? (+#/-
7182

2. R"&#-4%)"/" )1$1"1$0 ) "/31$=/&(+? ,/"#$-
%"ASS &8+&+7 8,01+6+ $&B+H<U+)" IS0 ,/"("$) 1 +6+
$&"/=/1$0 84" +6+ )+U*-3" ) -8, ")#0/1+? &$&"/1/
&+8/#.

3. >+ N+, ="+ 1"ST7+H4// B(+1+1$5=121 7-*/"
481 (=0, THEN(S? (/%11 Y+ - /T HSY -
A$0 ""(+6+ ,/4%1" 1/ 8,/*&"")#0/" 8,$1A$8F"#<123
%, -*1/18$7.

4 E"%, "7+ AT/ $=/8(N0 L+*/H#< *$ 1M 1B (S
1/73"V$=/8(+? &B&" /12 & Y+UT-*$"/#/1 (+#/7"1$?
#;7+6+8,$1A$8" 6/1/,"A$S &$#, 8,8)/*/ 1+ ,/ _/1$/
*#0 &#-="06",1+1$=/8&(+6+ )1/ _ 1 /6+ &P#+)+6+ ) +%-
*/?8°)B0 1" BEB+#IS/H#<I-; 8" @+,1- &"/1*".
L+*/#<*+8-&(""/" ,"W#t$=12/ @+,12 #$1/", $U"A$S$
)1/ - 1/6+ &$BH#+)+6+ ) +%*/2&")$0.

5.>,/*#+4/1 +758$? "#6+,$"1 8,+/("$,+)"1$0
(H/T7"/#<1+? 1/3"1$=/8(+? &B&"/12 V/%")P&$1+
+" &8+&+T7+) )+W7-4*/ 150 (+#/7"1$?.

DIA%I$C+(EI<,""IF "61"$"

LF/, 0/ L. L. O8,/*/#/1$/ 1+1/1°+) $1/,A$$ / L. L. F/,-
1/°, C. O. E"+72#<&($?. — L. : L"_$14&",+/1$/, 1969. —
246 &.

2. T (1, >. J. O7+I+)" 1S/ )27+," &3/12 -1$)/, 8" #<-
46+ &7/ V%" %40 B(ES/,$L/1 "< 1+6+ +8,/*/#/1$0 6/+1/" ,$$
188 &#+A123 /<123 */31+6/1123 +7P/(*+) / >. J. T"#"-
(31, U. . T-,<01 // 91&($? 1"-=127 )/&"1$(. — 2013. —
V2 (120). — H. 47—51.

3TH(SY, > 3. ISITASCT 17 BV =/7. 8+&+TH/ />, J. T
#'($1. — 91&( 1 91F:N, 2006. — 320 &

DG@GQR I 2(*,% #218+1 *1< *+("+, "/31$=/8($3
1"-(, 8,+@/8&&+, (E+&&3$0), %'")/*-;5%? ('@/*,+?
«2/+,$0 1/3"1$%1+) $ 1" - $1I».
DS TUI V+IF G3A+,,*I<, *+(*+, "/31$=/8($3
1"-(, 8,+@/88+, (E+&8$0), ¥")/*-:5$? ("@/*,+?
«9&1+)2 "/+,$$ 1/3"1S($ $ ") "+1""$=/&(+6+ -8,")-
#/1$0».

*,/8& *#0 8/ ,/8%&($: 644050, 6. 91&(, 8,. L$,", 11.
1"@/*," «2/+,%0 1/3"1$%1+) $ 1" - $».

0&(8:= 63"8.61%( * +,A(*>19 05.12.2013 C.
© 2. # D("!3, V. G. D.+:=3
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#'=(+)23 1/3"1$%1+), )27+, &3/12 %")$8$" +° "$8",
67", $" 1+-1"88+)23 3", "(*/, $8"$(, -, +) 10 &B#+) +6+
8+7+(", *$"8"H+1" ,/6-#$,+)" 180, 1/3"1$=/&(+6+
(.8.*.8,+/($,-/1+6+")"+)",$""+,".

3.E"&=/" 8+",/T1+2 A4/&" (+&'$ -8, -6+6+ B#/1/1""
1+4/° *"*< 8/,/1/VV+/ /7 W1"'=/1$/ ) *$"8"%+1/
-8, ")#/1S0 8/, /5" +=14? @-1 (AS/? ") " )", $" ",
="+ T -Fb /UES%) < T/31$=/8(S$. C BT+ &#-="/
#PV/?2V1+87< -8, -6+6+ B#/1/1 ™" 1+4 1+ &+3,"1$"°< )"~
L$UAS/? 1 /HS1/2123 8)+7287) 8, /+7 )T /H#0 *)$-
4/1%0, )3+*05/6+ ) &+&"') A/8% -8, )#/1%0.

4,>,% (+18",-%,+)"1$$ B#/1/1"+) A/8$ -8,")-
#/1$0="¢"<8","1/",+) +8,/*/#0/"8&0 8+ (,$"/,$01
ST HEBAEAT VLS, M =R 487 &0 &) +7+*121 S,
="+ BHHAS/H<I+ $ 8+H) +HHO/ " &HUFT) <, TASH T <
12/ 7/3V$=/&($/ ,/ - /1$07/% 8/ ,/-&#+AV/1$0 ") " +-
)L ST, ) A/#HL

5. #6+,3"1&$1"/%" A/8% -8,")#/ 150 %'")BEB" +°
A/#/)+? @-1(A$S ")"+-8,")#/1$0 8/,/*""+=121
+ 04+ _ /1871 )", 8T+, $ &/ ,4%7 BT"82 )27+,
7"%+)+? &3/12, 178" -& " 1+) ($ -8, -6+6+ B#/1/1",
1/73"1$%1™ 8,/+7,"%+)"1$0 */@+,1"A$$ -8, -6+6+
B#/1/1"" ) -8,")Y#0;5// */?&")$/ 8+ $w1/1 /1% ;
)+, 2 +T7+75/ V142 (4, *$ 1" 2 *#0 $E8+#1/150 A/-
#/)+? @-1(A$S, " "4/ $ra/v/,12/ ,"&=/"2 8+-
T ITVH? 4787 (&S -8, -6+6+ W) /1" S ,"8=/"2 )&/3
%)/1</) $ &)0%/? A/8% -8,")#/1$0 8+ (,$"/,$01
T R8T 48D,

#234256789:5

DI4A%ISCH(EI<,"" IF "61"$"

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

2. 144N 1$(+), H. G. 9&14)"1$0 &, - (" -, 1+6+ &$1 /%" 1/-
3"ISH1+) / H. G. 1+4/)1$(+). — 1$/) : G"-( I-1(", 1979. —
232 &.

3.T#($Y, >. J. L/3"1$=/8($/ 8/,/%"=$ & "*"8"$)121$
&)+?2&")"1$ 1= $W*"IS/ / > I TH#($!. — 91&(: 91F:N,
1996. — 144 &.

4. T (S, >, J. L/3"1$=/8&($/ ") +)",$""+,2 1 -=/7. 8+-
&+7$/ / >. J. T"#"($1. — 91&( : 91F:N, 1998. —146 &.

5.>"". 113323 E+&&$?&("'0 O/*/,"A$0, L>1 F 16 G 15/38.

YL IS=/&(S? T+, )27 )L S, L TS > 3, I3 1A$(
M., I 1S 9. H. ; %0)$ /#< $ 8" /1 ++T7#"™*""/#< 918&($?
6+&. "/3. -1-". — \/ 2011133984/11 ; %"0). 12.08.11 ; +8-7#.
10.02.12, T;# V 4. — 3 &

6. T"#"($!, >. J. L+*$@$A$,+)"11"0 (+1&",-(A$0 ")"+-
1t S=/R(H6+ T, 4)H6E ) )L ST,/ > D T (S M, L TS0
*$( 9. H. I3 V*$( // E"D)S$ S/ *+,+41+-" " 188+, " 146+ (+18-
B $ &, +S/EN4? $1@,787,-(C=, 2 1" +&1+)/ | AGHI -
1+6+ 8, %, +*+$&B+#<w+)"1$0 : 1"°/,$"#2 VIl C&/,+& 1"-=.-
8,"(". (+1@. / OFTON C>9 «H$7 JIK». — 91&( 2012. —
11.2. — H. 108—111.

7.>"". \/ 73425 E+&8&$?&('0 O/*/,"A$0, L>1 F 16 H 55/
52. S($) / T™#'($! >. I, RE+1IS( K. >, ; 4 0)$ /#< $ 8" /1 +-
+TH " H#< 91&($? 6+&. /3. -1-". — \/ 2007149459/22 ; %"0).
27.12.07 ; +8-7. 20.05.08, T;# V 14. — 3 &.

8.=>"". \/ 2801584 E+&&$?&("'0 O/*/,"A$0, L>1. F 16 G
15/50. )"+1""$=/8($? @, S(AS+1122)",$" +, / T ($1 >. J.,
TH/1(+ C.C.; %"0)P"/#< $ 8" /1" ++7#"*" " /#< O1&($? 6+&. "/3.
-1-", — \/ 961158811/28 ; %"0). 31.07.96 ; +8-7. 10.01.98, T ; #.
V1 —3%&

9.>"".\/ 2120070 E+&&$?&("'0 O/*/,"A$0, L>1 F 16 G 15/
10, )"+1"$=/8($? @, S(AS+I127 )", $" "+, / T#°($! >. J,,
T$/V1(+ C.C.; %"0)S"/#< $ 8"/ V" ++T7#"*" " [#< 91&($7? 6+&. "/3.
-1-", —\/ 96124674/28 ; %"0). 31.12.96 ; +8-7. 10.10.98, T; #. \V
28. — 3 &.

10. >"". \V/ 2122670 E+8&$?&('0 O/*/,"A$0, L>1 F 16 H 9/
18, 55/56. )*+1"*$=/&($? (#$1+,/1/1122 )", $""+, / T#"-
($!>.3, T$/1(+ C.C.; W0)S /H#< $ 8" /1 ++TH"*"* /1< O18($?
6+&. "/3. -1-". —\/ 96124725/28 ; %"0). 31.12.96 ; +8-7. 27.11.98,
T:;# V 33. — 3 &

DG@GQR 2(*,% #218+1 1<, *+("+, "/31$=/8&($3
1"-(, 8,+@/8&+, (E+88$0), 8,+@/8&&+,, ") /*-; 58$?
('@/*,+?2 «2/+,50 1/3"1$%1L+) $ 1" B ».
#\V 1#RQ K*C,31F G%, ""(3A+$*1<, "&8%,"1" (-
@/*,2 «2/+,$0 1/3"1$%1+) $ 1" - $I».

*, /& *#0 8/ ,/8%&($: tmm@omgtu.ru

0&(&:= 6$"&.61%( * +,A(">19 02.12.2013 C.
© 2. # D(W("13, K. G. #93A1"

H$+C.3%*, G. 2. J*,A,31, *&,03%$C19 1%, "&+$33%-%.<,*50 6+$>,""$* : .<,4. 1%, "&+$3. 1)A.

%$" (%:3$C$ +("6+$"&+(3,31=":

.<,4. 6%"$41, / G. ?. H$+C.3%*, G. R. D%,"2(3, R. J.

*13(

72;8S.—72"" : R)A-*$ 72;8S, 2013. — 1 0=1%. $6&. A1"" (CD-ROM).

C-=/TV+1 B#/ (", +11+1 S+ 1$$ | "8&1+", /12 @US=/8($/ +&1+)2 YU "$1+*/28")$0 BH/ (", +1+) & )/5/8")+1.
KIH"6" 5 "0 8, STASB2 8+8" ,+/1$0 "/3V+#+6$=/8($3 8, +A/8&+) 1" +&1+)/ )+*/28")$0 1" %6+ +) (- B#/ (-
CLAVI23H-2/2. > /RS e K40 &7 -F/ 10 4) 10 S U488 /H<1 23 88/AS <4812, 1+A/" T2°< 8+#/%1+
"E8$, 1L S SIASN/ V- /31$=/8(SL L UTHIIS(IL 17 L $1487,+$°/#<123 8, /%8, $0"$7?.
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TUHSY% &TOQ&* % +, T -&$# - 1 (127) 2014 ’

-0 L&, $ 1T/%& +,1,8%5,

/&

8(4%1>( 1

X121<,""IF "$"&(* *54+(3350 "*(+$<350 6+$*$%$"

Lo WS1$=/&($? &+&"")

+)+H+
8,)+#+($ H si Mn cr Ni W Ti | 8,4=
H)-20W13 016 | 06 | 06 | 13 | 015
H)-13W25: 015 | 08 | 08 | 24 | o2 0.4
H)-11W11G2c2LO | 013 | 05 | 065 | 12 15 | 18 Noos

8(4%1>( 2

("6+,A,%,31, &, +A$"&! (HRC) 6% *5"$&, *(%! "$*, 3(6%(*%,3350
*54+(33521 6+$*$%$" (21 * (+($3,

L ey re (S E"8&"+01S/ +* #$1$$ &8#")#/1$0, 11

—6 | 5| —4|—=—-8|—=—2|—-1]o0 1 2 3 4
H)-20W13 7 7 22 | 29 | 38 | 39 | 40 | 40 | 41 | @ | 42
H)-13W25: 6 7 13 [ 19| 20 | 19 | 18 | 17 | 17 | 18 | —
H)-11W11G2C2LO | 6 6 28 | 34 | 39 | a1 | 42 | a2 | a3 | 43 | —

8(4%1>( 3

XI21<," " 1F "$"&(* (* %) 2,&(%%( B*(,
3(6%(*%,33$C$ * (+0$3, *54+(33521 6+$*$%$" (21

c [ si [ mn [ o [ ni [ w ]| 1| M [ v [ s | P
8,+)+#+(+? H)-20W13
015 [ oss | oss [1248 [ 0n2 [ — | — | — ] | 0020 | 0023
8, +)+#+(+2 H)-13W25:
014 | o074 | o7 [ 2340 [ 018 [ — [ om | — | [ oo1o [ ooss
8,+)+#+(+? H)-11W11G2C2L O
012 | o048 [ o057 [ 1135 [ 164 | 16 | — | 042 | o1 | 0032 | ooz

e— ) 1 -20U13

= = =QI-13U25S

= = QI-11U11F242WY

L YOI I2878: *,%1<135 &*,+A$"&!

$& +(E$=31= $& %I3IT "6%(%,31= (0) 6+1 3(6U(*",

D)/, *+87< 8, ("$=/8($ +*$1"(+)+ ,"&8, /*/HO-
/780 8+ )28&+"/ 1"8#'#/ 1 1+6+ )"H#B (", ="+, 8+-)$*$-
1+1-, &)0%" 1+ & 1/$h1/11+8°<; &",-("-,2 1"8#")-
#1146+ &#+0 )&H/*8") S/ 1"#+? *+#$ -="&"$0 +&1+)-
T+6+ 1/°"##". >, $=/1 %1"=/1$0 ")X,*+&"$ *#0 8, +)+-
#+( H)-20W13 $ H)-11W11G2C2L 0O & "7$#<12 $ 1"-
3+*0"80 ) 8,/*/#"3 40—43 HRC, ="+ )8+#1/ —*+)#/-
)+,0/% 7L /74)"I$01 ( )/, R8T 1UBHTYH/ 1 146+
1/ "##" -8#+"1$"/#<123 8+)/,31+&"/?. 1)/ ,*+&"<

+Q%1<3521 6+$*$%u$" (2!

L/, VUSHNH/ V1 +6+ 8, +)+#+(+? H)-13W25:,
BI=$"/H< 1+ 154/ $ 1/ &++7)/"&")-/" 8,/*P0)#0/121
L /7+)"1$01.

L/ ##+6, " @$=/8($/ $&&H#/*+)" 150 8+("%2)" 5 °,
=t (2 A/ S/ @/, .80 -5 &L -(C-,- &) 2-
01-"21$%/, 1"1$ "$8" «CH*1"Y _ "/ +)+?» (,$&. 2, I").
C*+#< #$1$$ &8#)#/ 150 $*/" 8, +&#+2 (" (,$&. 2, 17),
+17,78"$,-35"0 ("(& 1"8#)#/1121, ""( $ & +&-
1121 1/ #+1, 8", - -, " (+7+,+6+ — %/, 198" 27



() ~200

4) “50

1" 2, HI"+$"8+."&.+5 3(6%(*%,338C$ 2,8 (U%( 6+$*$U$" (2!
0*-13X258 (1), 0*-11X1112J2HZ (1) ¥ 0*-20X13 (III):
(— B$* 4 — 6,+,08A3(= )$3(

8/,#%". G"#$=%/ ""(+? 8,+&#+?($ V/A/H""/H#<V+,
8+&(+#H< (- +1" &B+&HTE")-/" +7,"%+)"15; ", /55!
) 87, /3+*V+1 &/, L/ " 1"SH)H/ V122 8, +)+it+-
(+? H)-11W11G2C2L.O, $1//" 8/ ,#$" 1+-1","/18$"-
-5 & ,-("-,-(L$& 2, 1), " 8, +)+#+(+? H)-20W13 —
1",7/18$" -5 (L& 2, ). >, +&#+2 (" 1/4*- 1"8#")-
#/V121 1/°"#+1 $+&1+) 121 1/ "##+1 8, (" $=/8($
+7&="&")-/", ="+ &-5/8")/1 1+ 81354"/" )/ ,+0" 1+&"<
8+0)#/1$0 *,/5$1 ) U+1/ &8#™)#/13$0.

G"$7+#// & TSH< 12/ 8+("W " /HS ")/, FH8 —
40—42 GRC $&",-("-,2$1/;" 1/&"+ 8,% $&B+#<-
%) 1$$ 8, +)+#+($ H)-20W13.

S+&(HE<(= , /h-#<""T2 U HSE) 1/ 8+(TH2) " 5 "
&-5/&")/1123 $%1/1/1$? ) 3$1$=/&(+1 &+&"")/
$&",-C-,7 V"BH)H/ V1 +6+ 1/ "H#E", "+ 1+4 1+ +&""-
1+)$7<80 1" 8+&#/*1/? 1", (/ 8, +)+#+($, -=$"2)"0
A /X NS/ V<L - &THPLHE< ES/%-#<"""2 8, +-
$%)+*&")/1123 $&82""1$? 8+("U"'#S5, ="+ ,/8&-,& ,"-
T+ 2 %8+, 142", 1" -, 2, 1"8#'")#/11+? 8, +)+#+(+?
H)-20W13, 8+ &,")1/1$; &+ _"""1+? 8+)2_"/"&0
) 3—4 "%,

>, +)/*/ 112/ $88H/*+) " 150 B+0)+#HSHS ,/(+1/1*+-
)< /3N HH6S 1 )HRET TR/ IS0 (17T 123 B#/ 1/ 1 -

) %S4/ (NN 8, )+ (+?) L,/1+1712/ 8, +-
$h)+*&")" 8,/*8,$0"$?.

DIA%I$C+(EI<,""IF "61"$"

LFR+_(+ Ko A" -, ", =748, +)+* 170 A/#/)+6+ 1"%1"-
=/1$0. C27+,. Q(&8#-"""A$0. E/1+!1" / . K F+_(+. — L.:
L"_$1+&",+/1$/, 2003. — 432 &.

2.H/)"&"<01$3$1, F. K. R"™)$4($: (+1&",-(A$S, 1+)2/
U, UTHT(S. C27+, ) WDSESLHES +° -&#+)$? $ 8","1/",4)
B(&8#-"""A$S / F. K. H/)"&"<01$3$! // G"-(" $ (+1&",-$,+-
)'1$/. — 2006. — V 6. — H. 41—43.

3. CHE&™ " I)#/NS/ */ " #/? 1" _$) 1 &8,"). / O. K. =>"1"/#/-
/VGH[$*, ]/ >+ /5 C.=>K)"I+)". — L. L"_$1+&",+/1%/,
2003. — 672 &.

4.M,/71$1, M. G. Kh1+&+&"+2 ("0 1"8#") (" 1+4/? 6+,0=/?
NS L/ #8 L+ /ML GO ML /18T, UL 9. O$#$88+), J. F. >+
(GHE&($?, . H.D+&/), .M. M,/1$1 // R"6+"+)$"/#<12/ 8, +-
$U)+*&")" ) 1" - $1+&",+/1$$. — 2008. — V 4. — H. 17—19.

5.H+),/1/V12/ 1"8#")+=12/ 1"/ ,$"#2 *#0 -8#+" 1$" /#<-
123 8+)/,31+&"/? ",1""-,2 QH $ :QH / C. H. H"/8%!
[$*,]1// ,1""-,+&",+/1%/. — 2006. — V 2. — H. 55—56.

'R

% BO® %SHa

¥10Z (L21) T ~ #$%

. B/ 0

‘ERT+ ®S/.0 S $RT 0




K KHR1I G3A+,F K*C,3:,*I<, "&8%,"!1" ("@/*,2
<" O BVHE" /1S S 1, 1)/ */ VS >

K KHRE K*C,31F B 1 $%(,*1<, *+("+, "/31$=/8(%$3
1"-(, 8,+@/8&+, (E+&&$0), W")/*-;5%$? ("@/*,+?
I RS B R 4 VAT R A 20 VAV A BV SN 4 G B RS
BN+ /A< 46+ RS-

ZRO@R??7IN+IF 7%,C8* 1<, *+A/1" ("@/*,2 «L."-
R BN A KA VA2 VAT A RV AY

HG8G@GO7JG G+13( K*C,3:,*3(, &"-*/1"("6,-882
H-113 1" - $1+&" ,+$"/#<1+6+ $18"F"-""".
QGL JI78$+ 0,2\3%* 1<, *+A/1" ("@/*,2 «L." _$1+-
&, +/VS/ S 1, S )/ VS >

*,/8&*#0 8/ ,/8%&($: weld__techn@mail.ru

08(&:= 6$"&.61%( * +,A(*>19 16.12.2013 C.
© G. K. K+,213, K. 1. K+,213, \/. 7. Z1%166$*,
G. K. HEE('$*(, J. 0. Q>

TUHSY% &TOQ&* % +, T -&$# - 1 (127) 2014 ’

)W 621.74.042:669.187.56 #. 4. HOH L+
L. ' Y.,$,..15

SLH H&H L+

L. +. ,++#47+ 15

¥ - =>?@ AB=CDEF=CH;<<1@
G;R<?V;=>?@ C<?H;F=7G;G

111 «O?UL?GTFBZ-», A. B z=>

,( HHfr -

). &V /+-[3#X9-Y" (6
52%81 _&1/+1 0O.$"5#
(&, #ZU 1T Y N 85T

,KCV;<BHL?0<?; >B:=TL;>=<BAB := BD?J?\?FBHE<?0 <E PEFBTFBV<B=CGM =TLEHE G?TE 20.
-B>EKE<B, VGB TF? = BD?J?\?FBHE<?? CLCVNE;G=0 - BFJIBLBA?0 ? GBTBAFEJ?0 CTFBV-
<09Q;@g.-JEKI, =<?PE;6=0 D?J JCK?B<<E0 TFB<?\E; - B=GM AFE<?\ K; F;<, VGB TBHI -
NE ;G =GFC>GCF<C9O =GEU?LM<B=G? ? DL?G; LM<CO TFBV<B=CM =TLEHE.

WLOV;HI ; =LBHE: PEFBTFBV<1@ <?>;L;HI@=TLEH, - BD?J?\?FBHE<?;, =HB@=GHE, =GFC>-
GCFE, = BFJBLBA?0 ? GBTBAFEJ?0, CTFBV<09Q?; JEKI

-0 L,&$, $ 1T/3& +,1,89,

17 /$&

(03]
(o]

Y, 48, +=12/ V$(/#) 2/ 88#)2 - $,+(+ $&B+H<-
Y- 3 &0 *HO $U6+"+)H/ VS0 #$ 23 */""#/? +7)/"&")/ 1 -
146+ 1"0%1=/1$0 6"%+"-,7$1 123 *)$6""/#/2?, 1/ (+-
"+,23)$*+) 8,+704/(, - ""18+) 6+,0=/? _""18+)($
$*,-683 $U*/#$?, ,"7+"" ; 5$38,%)28+($3 "/18/-
LU=, "3, JH0 8+)2 . /150 $3 B(&8H#-"""AS+1123 3"-
O/, 8878 8,$1/10; 7 1+*$@BAS, +) " 1S/ #S"+6+
177 *$887,8121% "-6+84#7) ($1$ ="&"$A"1$ [1—4].
C "+ 4/),/10 Y#B01$/ $1+(-#$,- ; 5/6+ 1+*$@%$-
A$,+)"1$0 1" 8, +A/882, +8,/*/#0 ; 5%/ 4" ,+8, +=-
V48" < QI+ AVH6S,+)" 1123 1$(/#/)23 &8#™)+) "$8"
YH, $%-=/1+ 1/*+&" " +=1+,

C &)0%S & B*$1L 72#+ 8,+)/*/ 1+ $&&H/*+) " 1$/ Y#$-
0130 1+*$@FAS, +)" 150 $1+(-#0"+,"1$) (+18#/(&/
&"(P)$,- ;581 *+7HC LS 1" &, -, 12/ $ ($1/-
"$=/8($/ @"("+,2, +8,/*/#0; 53/ 4", +8,+=1+&"<
&8#'")" "$8" YH. C ('=/8&")/ $V+(-#0"+, +) $&B+H<Y+-
)HE -#<T, S8/ ,8127 =8 TBA2 (U, THIST S "S-
T KEEH/ <) HS )N H) %< 1/4*- &, - (-, 121%$
8","1/7,"1$ $ 4", +8,+=1+8"<; &8#")". >, +81+",
17(,+ - #$@+) +7,"%A+) 8+8#/ $&B27"1$2 1" 4" +-
8,+=1+8&"< (,$& 1) 8+(C'W"#, ="+ ,"%,- _/1$/ )&/3
+7,"0A+) $1//° 1/4%/ /1122 3","(*/,. C+7,"%A"3
$h 1/1+*S@BAS, +) "1 1+6+ &8#')" , "%, - - /1$/ 8, +$&-
3+*$T ) w1/ 178, /N 1+? (LB HHENASS 8+ 6, -
ISA"L */1%,$7+) (,$& 17). Y, +8,+=1+&"< ""($3
+7,"%A+) 1/ 8,/)2 _"/" 28 =. C 1+*$@$A$,+)" 1123
+7,"%A"3, 8+ - $3 1"$THI< L -5 4", +8,+=148"<

1" 1 0&+."&.+( $4+()>$*
6$"%, A%1&,%:350 1"65&(31F ("1):
( — 3,2$AVEI>1+$*(335F "6%(*;

4 — 2$ATEI>1+$%(335F "6%(*

(*+ 100 =), &, -(" =, " T2#" +=/1< *$&8/ ,&1" (, $&. 17),
=T4 BHXTY/ A%/ )2)4F2 0% M) T+, +) + B+#+AS-
HUHL)ES01SS $UL/#<=/1$0 b/, 1 1" 4™ 48, +=-
14§°< [2, 4—6].

CH+8,+& + HSOISS ,"h1/," %/, 1" 1" =, ) /1< 4"+
8,+=14&"$ L1+6+(, """ 1+ +78-4*"#80, 1+ 8, +*+#4"/"
+87)" <80 *$R(-EESHI 121, H -)/#$=/1$/1 (+4$=/-
&) LHS@S(+, " 1 (LW, 1+ SWL/H<="/"80, ) /#$-
=$)"/"80 +75"0 8,+704/ 1 1+8&°< 6, " ISA U/, /1, &1$-
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1. 2. HS+ES%SCI= g-EQ)5 31°,%,*$C$ "6%(*C:
(— 3,23A1EI>1+$*(33%(C$; 4 — 2$AIE!I>1+$*(338C$

4"/7806,"1$=1"0 (+1A/1" ,"AS0 B#/1/1"+) — -8, +=-
1Y$°/#/?6,"1SAN/,/1,$) $"+6/ 4" ,+8,+=1+&"< 1+-
A4/7 &1$4""°<80.C "+ 4/ ) ,/10, /8#$ -642 ,"%+,$/1"$-
LS ) IHHI23 %/, /1 -1/1< " 2780, " 8, % &-&-
8/14$+11+1 1+*$@PAS, +)"1$$ &"/8/ 1< (+##/ (" $)-
148" ,+&"" )+%,"&"" /" [7], "+ SUL/#<=/1S/ W/, 1" V/
*HHA N+ {1$A4" < 4" +8,+=1+&"<. C2 _ /PW#+A/ V1 1+/
8+U)+HO/ ™ &*/H# <) 2)+* + "+1, ="+ +7P0&1$"< 8+) 2-
/137 47,48, +=1+87$ &8#)" 8,5 1+*$@$AS, +) " 1$$
"< (+ SUL/H<=/VS/1 N/, 1 8,5 (B8 SN ASS 1 /#<%0.

H8#'")2 "$8" YH +"1+80"80 ( 6,-88/ #$"/?123
E#+ANV+#/65,+)" 1123 11+6+(+18+1/17123 4" +-
8,+=123 &8#")+). 9&1+)121%$ -8,+=10; 5$1$ @"-
%1% 0)#0; "&0 (", 7$*2 $¢-@"%", 8,/*&"")#0; 5"0
&+7+? $1°/,1/7"##$* (Ni, CO),(Al, Ti). >+B"+1- @"(-
"+,"1$, +8,/*/#0;5%51$ ('=/&")+ $ &#-4/712/
&)+?&")" 4" ,+8,+=123 &8#'")+), 0)#0; "&0 @"%+)2?
&+&"™), &"/8/ 1< +* 1+  +* 1485, 1+, @+#+6$0 $ "+8+-
6,"@$0 -8,+=10; 5%$3 @"% [5, 6, 8].

G" &)+2&")" V$(/#/)23 &8H#™)+) T+#< _+/ )#$01$/
+("%2)"/" *$88/,8$+11+/ -8,+=1/1$/ 1"" ,$A2 %"
&=/" )2*/#/130 ¢’-@"%2 (-7$=/&(+? 1+,@+#+6$S.
o1 $1//° 7#SW(S$/ & g-@"%+? %1"=/1%$0 8","1/","
G ##$=/(+? L/ /7 (S, ="+ +7-&#H)#S$)"/" $3
(+67,/7171-5 &)O%<. =>","1/",2 +7,"W+)"1$? ¢’-@"%2
$$3+7P/1L1"0 *+#0 +8,/*/#0; " 8,+=1+&" 12/ 3", " (-
"/, B8 B(P $&+8,+"B)#/ 1B/ B+#w-=/8"S +TP/1" %/, /)
[6, 8].

Y, +8,+=1+8"< &8#")+), -8, +=1/1123 (+6/,/!"-
121$ & 1" ,$A/? )2*/#/1$01$ -8+,0*+=/11+? g’-
@"%2, %" )P&P" +" &+&"+01$0 B +? @"%2 (*$&8/,&1+&"$
=& A, $3 +7P/1LV+? *+#$, @+,12 $ ,"8&8,/*/#/13$0),
($1/°B(S %1/1/150 &7 ,-(C-,2 $ ) BI"=$"/#<1+?
&"/8/1$ +8,/*/#0/"80 "/, 1+*$1"1$=/&(+? -&"+?7=%-
V&< ; &$&"/12 (g+7) )8#+"<*+ "/18/,""-,, ,')123
0,8z, [9].

>,$ 7+#// )2&+($3 "/18/,""-,"3 8,+H&3+*$"
SI/18$)10 (+"6-#0A$0 $ ,"&")+,/1$/ ="&"$A ¢'-
@"%2 ) g-")/,*+1 ,"&")+,/, ="+ 8,%)+*$" ( ,"%-
-8,+=1/1$; &8#'")+) $ 8+1$4/1$; $3 4",+8,+=-
1+8"$. C&)0%$ &B"$1)"'41218","1/",+1,3","("/-
,B%-; 551 $1°/6,"#<l-; "/, 1+&""TSH<N+R"< B, &/ -
FRY RN T HEBHEAT 14 < IS (/H#/) 23 &8H#)+),
0)#0/78&0 */18/,""-," ,"&")+,/1$0 ¢’-@"%2, (+"+,"0
+6,"1$=$)"/" /18/ -, V- +TH"& < &-5/8")+)"-
1506/"/,+@"01+? &",-("-,2 &8#'")" [10].

N&" " 1+)#/1" [11] +75"0 *#0 1$(/#/)23 &8#'")+)
W11/, V48< VSTH#// A", +8,+=12/ &8#")2
1" 0*- & 1" (&$1"#<121 (+#$=/8")+1 -8,+=10;5/7
g-@"%2 $1/ ;" 1"(&P1L"#<V-; "/18/,"" -, - B+#1+6+
// U&7+, /1$0.

KE&&H/*+)" 150 8+ (""" #$, ="+ 1"'7# ; *"/"&0 &$#<1"0
/4504 %1487 <*$R8/,&1+&"F $ 1+, @+#+6$$ ="&"$A
g-@"%2,) 1"& . ""7T"3*/V* ,$TV+? 0=/? (P #$"+6+ 1/-
1+*$@BAS, +)" 1 1+6+ 4™, +8, +=1+6+ &8#™)" (, $& 2").
C +&03 */1*,$"+) )2*/#0; "&0 1/#($/ $ ,/6-#0,12/
8+ @+,1/ ="&"$BA2 TH#<_/[? ="&"<; " ,/-6+#<1+?
@+,12,") 1/4+8&123 8,+&","1&")"3 — §p1"=$"/#< 1+
T+#// 6,-72/ ="&"$A2 1/8,")$#<1+? 1+, @+#+6$S$.
G",0%- & 1/#($1$ ="&"$A"1$ (0,8 1(1) g’-@"%2 1"-
TH#;*" ;780 (,-812/, &(+"6-#$,+)" 112/ )2*/#/1$0
2.7 4 1(1), 8+ 6,"1$A"L (+"+,23 )+uI1S("; "
$,"88,+&","10; 80 1$(,+",/5$12. >+*+71"0 , "% +-
*$88/,&1+8"< 0)#0/"80 &#/*8")$/1 *)-3 @"("+,+).
C+-8/,)23,°/18/,""-," ,"&8"*" ")/, *+6+ ,"&")+,",
#+CHSH+) " 1146+ ) +803 */ 1%, $7+), 1$4/ 8+ &,")1/-
1 & (HD+?) 1/4+&1+1 8,+&","1&")/, ="+ &)O%" 1+
AT/*V/VS/1L *" 1123 =" " (+) "#;1$1$/1, "$""1+1
$1$+75/1 $U-%" #SQUASHI 14?2 V/+% 0+ +* 148" F [12].
C+-)"+,23, +7+6"5/1$/ ")/, *+6+ ,"&")+," ) +&03
*/1% $74) YH<@, "1+1 &-5/&") /1 1+ "+, 1+%$" 8, +-
/(1S *$@@-%$+1 123 8, +A/8&+). (S +7, "%+,
)2*/#/1$/ ="&"BA ¢’-@"%2 $% ")/, *+6+ ,"&")+,") +&03
*1*,$"°+) 8, 7+#// V$U($3 "/18/,""-,"3 $ U 1/*-
#1127 1"88&+8/,/1+& +7-&#'")#$)"/" 1/1<_$? $3
%1/, 8+&,")1/1$; &="&"$A"1$ ) 1/4+&123 -="&"-
("38,$ +*1+2 $ "+? 47 &(+,+&"$ (, & HHSWASS.

1+#$=/8")+ $ 1+, @+#+6$0 g’-@"%2 ) 1+*$QSAS, +-
YU+ D &8H#Y)/ BIU=$T/H< N+ +H#S="; "40 + " (+)23
) V/1+$@$AS, +) " 11+1 (,$8. 27). L+*$S@SAS, +)" 1S/
@+,1%,-/" 7T+#// *$&(, /"1 2/ L/#(+*$&8/ ,8&12/ )2-
*/#/130 g-@"%2 T+#<_/? ="&"<; Q"*,""1+? #$7+
8,01+-6+#<1+? @+,12.>,%$))/*/1$$ 0,01 % ="&"$A
CL7HIST, % ST 0/, ) 2% #1572 ¢-@"%2 &+-
&"'"#0/" 0,8—1,2 1(1,8,%$0,025 % "-6+8#") ($3 ="&-
"$A — 0,4—0,6 1 (1. =,3$ *"#<1/? _ /1 -)/#$=/13$3$
(HIA/17 ) "ASS "-6+8#") (B3 ="&"BA ¢’-@"" %" *+&"F$6"/ "
,"%1/,+) ) 0,2—0,3 L (1L & 7+HH#< - +? 8#+"1+&"°<; -8"-
() 1" ,$A/.C2*/#/1$0 g-@"%2 )2,") 1$)" ; "&0
8+ ,"%1/,"1, $3 @+, 1" 8+&#H/ *#$ " /#<123 $8&82 " 1$?
1/ $%1/10/°80, $ ,"&8+#"6" ; "&0 +1$ ) *+#< (, $&" "##+-
6,"@$=/&($3 B#H+&(+8"/? & +=/1< 1"#21 ,"8&"+01$/1
1/4*- 1$1%.

>, $B"+1 1" °/,1$=/8&(-; &""THH<I+& < #$"+6+
177" SU*/HS? $h 4", +8,+=123 &8#™")+) +6,+11+/
YHS0IS/ +("%2)"/" #$()"AS0 #/6$,- ; 53 B#/1/17+).
C&)O%$ & B"$1 72#%$ 8, +)/*/ 12 $&&H/*+)" 150 $%1/1/-
150 ,"&8,/*/#/1$0 +&1+) 123 #/6%,- ; 5$3B#/1/1"+)
) ="&"SA"3 g-@"%2 $ 1/4="8"$=123 8,+&","1&")"3
8,% 1+*$Q$AS, +)"1$$ 4", +8,+=1+6+ &8#™)"".

K&&#/*+)"1$0 8, +)+*$#$ 1" @+#<6"3 & $&B+#<W+-
)"1$/1 8,+8)/=%)" ; 5/6+ B#/ (", +11+6+ 1$(, +&(+8"
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