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 !" 620.17 

 .!.  "#$%&', (.).  "#$%&'*, +.,. -&./01&'* 

 !"#$#%# &'($!)*+,+!$- ./0 123, 4. 56'#+/$!7%/4 

)23(4(5(6+( 4+,-3,77 4(8)37,9+)66)-)  

:23);6(6+< 2)!(3=6) >6?=  5)(! 7(>,55+;( @+=  

7,>(3+,5)!   + 2)5AB)!,6+(7 +6 >3:7(6>,3+<  

6,6)7(=,6+;( @+= + 2?>,>(5A6?= @)725(@ )! 

8 /'7)#+ 9/+,"#'*:+!' !)*'- &+#),$6' )9/+,+:+!$- ,$'4/'&& ,+;)/&'<$)!!)4) %9/)=-

!+!$- 9) /+>%:?#'#'& *,'*:$*'!$- $ <'/'9'!$- $!,+!#)/)& @+/6)*$='. A+#),$6' >'6:B='+#"- * 

")9)"#'*:+!$$ /+>%:?#'#)* &),+:$/)*'!$- $ C6"9+/$&+!#)* 9) ,*%& 6)!#/):$/%+&D& 9'/'&+#-

/'& – 4:%7$!+ 9/)!$6!)*+!$- $!,+!#)/' !' "#',$$ *!+,/+!$- $ !' %"#'!)*$*(+E"- "#',$$ <'/'-

9'!$-. F $"9):?>)*'!$+& ,'!!)E &+#),$6$ 7D:$ *D9):!+!D $"":+,)*'!$- !' !'!)&+G'!$=+"6)& 

$"9D#'#+:?!)& 6)&9:+6"+ TI 900 $ )9/+,+:+!D ,$'4/'&&D ,+;)/&'<$)!!)4) %9/)=!+!$- 9)-

*+/G!)"#!DG ":)+* ,:- /-,' &+#'::$=+"6$G &'#+/$':)*. 

@.CDE'FE G.&'*: 6/$*'- %9/)=!+!$-, $!,+!#$/)*'!$+, <'/'9'!$+, &+#), 6)!+=!DG C:+-

&+!#)*, '#)&!)-"$:)*'- &$6/)"6)9$-. 

 

# $%&'( $ )(*(+,-.('+/(01 23405,2% ,06*(5(, $2'7+*(0) *2%86 

)(5.252)92'(/(2**86, :.+7(0*,*86 )+,0.(+;2% ( 925.8,(1 % 92-

$;07*(0 70$&,(;0,(& 2,)0<+0,$& '*+<(,0;=*81 (*,0.0$ 5 ($$;072%+-

*(- )06+*(<0$5(6 $%21$,% *+ $>3)(5.2- ( *+*2)+$?,+3*86 >.2%*&6. 

@7*() (' A>*7+)0*,+;=*86 )06+*(<0$5(6 $%21$,% )0,+;;(<0$5(6 )+-

,0.(+;2% &%;&0,$& (6 $92$23*2$,= >9.2<*&,=$& 927 701$,%(0) 9;+$,(-

<0$521 70A2.)+/((. B29.2,(%;0*(0 9;+$,(<0$521 70A2.)+/(( 238<*2 

6+.+5,0.('>-, 7(+:.+))+)( 70A2.)+/(2**2:2 >9.2<*0*(&, 52,2.80 % 

$22,%0,$,%(( $ 29.070;0*(0) 72;C*8 38,= 92;><0*8 % >$;2%(&6 27-

*22$*2:2 *+:.>C0*(&. @7*+52 )+;81 .+')0. ($$;07>0)86 23405,2% *0 

92'%2;&0, 9.()0*&,= ,.+7(/(2**80 )0,278 29.070;0*(& )06+*(<0-

$5(6 $%21$,%, ( 32;00 90.$905,(%*8)( &%;&-,$& )0,278, 2$*2%+**80 

*+ .0:($,.+/(( $29.2,(%;0*(& )+,0.(+;+ ;25+;=*2)> %2'701$,%(- (*-

70*,2.2%, ($92;='>0)86 9.( ($$;072%+*(( ,%0.72$,(. D.( ($98,+*(&6 

*+ ,%0.72$,= .0+;('>0,$& $60)+ 2340)*2:2 *+9.&C0**2-70A2.)(.2-

%+**2:2 $2$,2&*(&, 92E,2)> 7(+:.+))> 70A2.)+/(2**2:2 >9.2<*0*(& 

*0;='& *092$.07$,%0**2 29.070;(,= (' (6 .0'>;=,+,2%. # $%&'( $ E,() % 

.+'*20 %.0)& 38;( 9.07;2C0*8 $22,*2?0*(&, >$,+*+%;(%+-F(0 $%&'= 



 

 85

)0C7> 6+.+5,0.($,(5+)( ,%0.72$,( ( 9.2<*2$,( (G. H.(**0;=, I. H05-

;0*, B.B. #+$+>$5+$, J.J. !+%(70*52%, K.B. !.2'7, G.L. M?;(*$5(1, 

A. ".(<, K.D. K+.52%0/, #.K. K+,-*(*, A. I2'0, !. N0132., ( 7..). 

# 7+;=*01?0), % $%&'( $ $2'7+*(0) 9.(32.2%, 92'%2;&-F(6 2$>F0$,%-

;&,= %7+%;(%+*(0 (*70*,2.+ $ 27*2%.0)0**21 .0:($,.+/(01 %0;(<(*8 

*+:.>'5( ( :;>3(*8 %7+%;(%+*(& ()0,27 5(*0,(<0$521 ,%0.72$,(), 38; 

29>3;(52%+* .&7 .+32,, $%&'8%+-F(6 +99.25$()+/(- 7(+:.+)) %7+%-

;(%+*(& $ +99.25$()+/(01 7(+:.+)) 70A2.)+/(2**2:2 >9.2<*0*(& 

(K.H. H+5(.2%, O. H>5+;(, K. !+2, G.P. !C(+*25292;2$, !.G. "2*2%+-

;2%, B.#. B)(.*2%, G.J. B2;2?0*52, B. B>.0?, Q. R0*:, J. R2;;25>9, 

#.D. S%015(* ( 7.. ) 

# *+$,2&F00 %.0)& $2'7+*8 *+*2)06+*(<0$5(0 ($98,+,0;=*80 

$($,0)8, 2$*2%+**80 *+ ($92;='2%+*(( 9.(*/(9+ '2*72%21 $5+*(-

.>-F01 )(5.2$529((, 52,2.80 92'%2;&-, 2$>F0$,%;&,= 9.2:.+))(-

.>0)20 $(;2%20 %2'701$,%(0 *+ 92%0.6*2$,= ($$;07>0)2:2 )+,0.(+;+ $ 

*+*2)0,.2%8) .+'.0?0*(0). # 5+<0$,%0 '2*7+ 238<*2 ($92;='>-,$& 

2$,.80 ,.06:.+**80 9(.+)(7+;=*80 +;)+'*80 (*70*,2.8 H0.52%(<+. 

B;07>0, 2,)0,(,=, <,2 .+'%(,(0 9.(32.*21 3+'8 290.0C+0, *+><*2-

)0,27(<0$5(0 .+'.+32,5(, <,2 *0 92'%2;&0, % 72;C*21 )0.0 ($92;='2-

%+,= %2')2C*2$,( '2*72%86 *+*2)06+*(<0$5(6 $($,0) 7;& 29.070;0-

*(& )06+*(<0$5(6 $%21$,% *+ $>3)(5.2- ( *+*2)+$?,+3*86 >.2%*&6.  

J023627()2$,= % E,(6 7+**86 $%&'+*+ ,+5C0 ( $ *+3;-7+0)21 

,0*70*/(01 9.()0*0*(& 52)9=-,0.*2:2 9.205,(.2%+*(& )+,0.(+;2% $ 

($92;='2%+*(0) 52*/09,>+;=*86 9.(*/(92% )(5.2()0'2-))06+*(5(, % 

$22,%0,$,%(( $ 52,2.8)( %2')2C*2 2$>F0$,%;&,= 9.2:*2'*81 .+$<0, 

$%21$,% )+,0.(+;+, 0$;( E,( $%21$,%+ ('%0$,*8 *+ 32;00 *('5(6 )+$-

?,+3*86 >.2%*&6. 

T0;=- ($$;072%+*(1 &%;&;+$= .+'.+32,5+ )0,27(5( 29.070;0-

*(& 7(+:.+)) 70A2.)+/(2**2:2 >9.2<*0*(& )0,+;;(<0$5(6 )+,0-

.(+;2%, 52,2.+& )2C0, 38,= .0+;('2%+*+ $ ($92;='2%+*(0) ,06*(<0-

$5(6 %2')2C*2$,01 '2*72%86 *+*2)06+*(<0$5(6 ($98,+,0;=*86 

$($,0) 92 .0'>;=,+,+) ($98,+*(1 *+ %7+%;(%+*(0 ( /+.+9+*(0 (*-

70*,2.2) H0.52%(<+. 

M$$;07>0)81 )+,0.(+; .+$$)+,.(%+0,$& 5+5 ('2,.29*+& >9.>:2-

9;+$,(<0$5+& ( 9;+$,(<0$5( *0$C()+0)+& $.07+ $ ('2,.29*8) 70A2.-

)+/(2**8) >9.2<*0*(0), 7;& 52,2.2:2 $9.+%07;(% +$$2/((.2%+**81 

'+52* 9;+$,(<0$52:2 ,0<0*(& $ A>*5/(01 ,05><0$,( K('0$+: 
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 U U 0, !i s
 (1) 

:70 3

2
U !i ij ijS S  – (*,0*$(%*2$,= 70%(+,2.+ *+9.&C0*(1; Sij – 52)92-

*0*,8 70%(+,2.+ *+9.&C0*(1; Us – $29.2,(%;0*(0 70A2.)+/((, .+%*20 

*+9.&C0*(- .+$,&C0*(& ($C+,(&) 9.( 27*22$*2) *+9.&C0**2) $2-

$,2&*((. 

D.0792;+:+0,$&, <,2 9.( >9.>:21 70A2.)+/(( )+,0.(+; 927<(*&-

0,$& '+52*> ;(*01*21 >9.>:2$,( (2), + *+ $,+7(( 9;+$,(<0$521 70A2.-

)+/(( – $,090**2)> '+52*> (3), '+9($+**8) % (*%+.(+*,*21 A2.)0: 

 0U 2 V, (V V ),! "i G  (2) 

 0U V , (U V V ),! ! #b

i s a  (3) 

:70 2

3
0

V( ) V V! $
t

ij ijt d d  – $,090*= 70A2.)+/((; V V V! %e p

ij ij ijd d d , 

V, V , Ve p

ij ijd d d  – 9.(.+F0*(0 52)92*0*, ,0*'2.2% 92;*21, >9.>:21 ( 

9;+$,(<0$521 70A2.)+/(1 $22,%0,$,%0**2; 0V  – $,090*= 70A2.)+/((, 

9.( 52,2.21 )+,0.(+; 90.0627(, % $2$,2&*(0 9;+$,(<*2$,(, '*+<0*(0 

0V  29.070;&0,$& 5+5 *0*>;0%20 .0?0*(0 $($,0)8 >.+%*0*(1 (2) ( (3); 

G – )27>;= $7%(:+, $%&'+**81 $ )27>;0) L*:+   ( 52EAA(/(0*,2) 

D>+$$2*+ W $22,*2?0*(0) 2(1 W)%! EG ; a ( b – E)9(.(<0$5(0 52EAA(/(-

0*,8. 

@9.070;0*(- 927;0C+, E)9(.(<0$5(0 52EAA(/(0*,8 ! ( b. !;& 

(6 *+62C70*(& *023627()2 ()0,= 5+5 )(*()>) 7%+ *0'+%($()86 E5$-

90.()0*,+. # 5+<0$,%0 ,+52%86 38;( %83.+*8 %7+%;(%+*(0 ( /+.+9+-

*(0 (*70*,2.2) H0.52%(<+ 92 $60)0 «.03.2) %90.07» 9.( 27(*+52%21 

*+:.>'50 *+ (*70*,2.. # 5+<0$,%0 7292;*(,0;=*2:2 ($98,+*(&, 92'%2-

;&-F0:2 90.029.070;(,= .+'.0?+-F>- $($,0)> >.+%*0*(1 ( ,0) $+-

)8) 92%8$(,= ,2<*2$,= .0?0*(& '+ $<0, $,+,($,(<0$52:2 >$.07*0*(&, 

($92;='2%+;( ($98,+*(& *+ /+.+9+*(0 (*70*,2.2) H0.52%(<+ 92 $60)0 

«:.+*=- %90.07». X*+<0*(0 *2.)+;=*2:2 )27>;& >9.>:2$,( )2C*2 29-

.070;(,= E5$90.()0*,+;=*2 92 )0,27(5+) [1, 2] (;( %83.+,= 92 ;(,0-

.+,>.*8) 7+**8). 

!;& .+'.+32,5( )0,27(5( 38;2 %892;*0*2 3D-)270;(.2%+*(0 

($98,+*(1 *+ %7+%;(%+*(0 ( /+.+9+*(0 >9.>:2-9;+$,(<0$52:2 )+,0-

.(+;+ (*70*,2.2) H0.52%(<+. M'-'+ 32;=?21 .+')0.*2$,( '+7+<+ .0-
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?+;+$= *+ 5;+$,0.0 MKK  .@ IGJ $ ($92;='2%+*(0) 9.2:.+))8 

K"Y ANSYS v.12. G;)+'*81 (*70*,2. .+$$)+,.(%+;( 5+5 ;(*01*2-

>9.>:(1 ('2,.29*81 )+,0.(+; $ )27>;0) L*:+   = 1140 ZD+ ( 52EA-

A(/(0*,2) D>+$$2*+ & = 0,07. M$627& (' ,(92%2:2 7(+9+'2*+ 72$,(-

:+0)86 *+:.>'25 *+ $2%.0)0**86 *+*2)06+*(<0$5(6 52)9;05$+6 '+7+-

%+;( *+:.>'5> *+ (*70*,2. 5 )J.  

B /0;=- .+/(2*+;=*2:2 .+$6272%+*(& )+?(**2:2 %.0)0*( ( /0-

;0$223.+'*2:2 $*(C0*(& ,.>720)52$,( '+7+<( .+$$)+,.(%+;( ½ $()-

)0,.(<*21 52)92'(/(( (.($. 1).  

 

I($. 1. "2*0<*2-E;0)0*,*+& )270;= 

Z02)0,.(<0$5(0 .+')0.8 )270;(.>0)2:2 23.+'/+ %83(.+;($= ,+-

5()(, <,238 9;+$,(<0$5+& 70A2.)+/(& *0 72$,(:+;+ 3252%86 :.+*(/ 

23.+'/+. Z.+*(<*80 >$;2%(& '+7+%+;( % 90.0)0F0*(&6, '+5.09(% 2, 90-

.0)0F0*(& 92 %$0) *+9.+%;0*(&) *(C*-- :.+*=, + 27*> (' ,2./0%86 

:.+*01 23.+'/+ – 2, :2.('2*,+;=*86 90.0)0F0*(1 92 2$( ". M$627& (' 

>$;2%(& $())0,.(( 9;2$52$,= $())0,.(( (*70*,2.+ ( 23.+'/+ '+5.09-

;&;( 2, 90.0)0F0*(1 92 2$( Z. #2'701$,%(0 (*70*,2.+ *+ )+,0.(+; 

'+7+%+;2$= .+%*2)0.*8) 7+%;0*(0) *+ %0.6*-- :.+*= (*70*,2.+.  

!;& 9.2%0.5( +705%+,*2$,( 52*0<*2-E;0)0*,*21 )270;( 9.2%0;( 

E5$90.()0*,8 92 %7+%;(%+*(- ( /+.+9+*(- (*70*,2.2) H0.52%(<+ 

23.+'/2% (' )07( K0. D.( %832.0 ,0$,2%86 E5$90.()0*,2% 7;& 9.2-

%0.5( +705%+,*2$,( )270;(.2%+*(& ($627(;( (' ,2:2, <,2 9.( 9.2%0-

70*(( ($98,+*(1 *+ )(5.2>.2%*0 ( *(C0 %2'*(5+-, 9.(*/(9(+;=*80 

$;2C*2$,(, $%&'+**80 $ *0%2')2C*2$,=- (':2,2%;0*(& 23.+'/2% 7;& 

9.2%070*(& $,+*7+.,*86 )06+*(<0$5(6 ($98,+*(1 *+ .+$,&C0*(0 ( 

$C+,(0, *023627()86 7;& 52..05,*2:2 29.070;0*(& A>*5/(( $29.2-
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,(%;0*(& 70A2.)+/((, 2, ,2<*2$,( 52,2.21 '+%($&, .0'>;=,+,8 )270-

;(.2%+*(&. ".2)0 ,2:2, 9.( )(5.2($98,+*(&6 ()0-, )0$,2 *052*,.2-

;(.>0)80 2,5;2*0*(& .0'>;=,+,2% ('-'+ ;25+;=*21 *027*2.27*2$,( 

$2$,+%+ ( $,.>5,>.8 )+,0.(+;+, 2$,+,2<*86 ($5+C0*(1 9.(92%0.6*2$,-

*86 ( 92%0.6*2$,*86 $;20%, %2'*(5?(6 9.( )06+*(<0$521 23.+32,50 ( *0 

92;*2$,=- >7+;0**86 9.( ,.+%;0*((, ( 7.. D2E,2)> % 5+<0$,%0 ,0$,2%86 

E5$90.()0*,2% 38;( ($92;='2%+*8 )+5.2$529(<0$5(0 ($98,+*(& [3]. 

Y5$90.()0*,8 *+ %7+%;(%+*(0 9.2%27(;( *+ $0.%2:(7.+%;(<0-

$521 ($98,+,0;=*21 )+?(*0 Instron 8801. #$0:2 38;2 9.2('%070*2 92 

10 %7+%;(%+*(1 9.( )+5$()+;=*21 *+:.>'50 *+ (*70*,2. # = 1 5J. 

Y5$90.()0*,8 92 /+.+9+*(- 38;( 9.2%070*8 *+ ,%0.72)0.0 Akashi 

AVK-HF, 2$*+F0**2) $90/(+;=*8) 9.($92$23;0*(0) 7;& :2.('2*-

,+;=*2:2 90.0)0F0*(& 23.+'/+. H8;2 9.2('%070*2 10 E5$90.()0*,2% 

/+.+9+*(& .03.2) 9.( *+:.>'50 10 5:. D2 >$.07*0**8) .0'>;=,+,+) 

E5$90.()0*,2% 38;( 92$,.20*8 7(+:.+))+ %7+%;(%+*(& ( 7(+:.+))+ 

/+.+9+*(& 7;& )07( K0.  $;2%(& 9.2%070*(& E5$90.()0*,2% 38;( 

%2$9.2('%070*8 ( 9.( )270;(.2%+*((. ".(%+& >9.2<*0*(&, 52,2.+& 

*023627()+ 7;& 52*0<*2-E;0)0*,*21 )270;(, 38;+ 92;><0*+ E5$90.(-

)0*,+;=*2 (' 298,2% *+ $C+,(0 E,(6 C0 23.+'/2%. ".(,0.(0) 7;& 9.2-

%0.5( +705%+,*2$,( )270;(.2%+*(& &%;&;+$= $,090*= $2%9+70*(& E5$-

90.()0*,+;=*86 ( .+$<0,*86 7(+:.+)) %7+%;(%+*(& ( /+.+9+*(&. !(+-

:.+))8 /+.+9+*(& 52*0<*2-E;0)0*,*2:2 )270;(.2%+*(& ( 92;><0**80 

E5$90.()0*,+;=*2 62.2?2 $22,%0,$,%>-, 7.>: 7.>:> 5+5 52;(<0$,%0*-

*2, ,+5 ( 5+<0$,%0**2 (.($. 2). B.07*(0 2,*2$(,0;=*80 2,5;2*0*(& 

E5$90.()0*,+;=*86 ( .+$<0,*86 7(+:.+)) %7+%;(%+*(& ( /+.+9+*(& 

*0 9.0%8$(;( 5 %. Y5$90.()0*,+;=*80 7+**80 $%(70,0;=$,%>-, 2 *+-

;(<(( 6+.+5,0.*86 ><+$,52% (')0*0*(& :;>3(*8 9.2*(5*2%0*(& (*-

70*,2.+ % )+,0.(+; (*8.25, %$9;8,(0, >$,+*2%(%?+&$& $,+7(&), 52,2-

.80 *+3;-7+;($= 9.( )270;(.2%+*((. D2;><0**80 .0'>;=,+,8 $%(70-

,0;=$,%>0, 23 +705%+,*2$,( )270;(.2%+*(& 9.2/0$$+ %7+%;(%+*(& ( 

/+.+9+*(& (*70*,2.2) H0.52%(<+. 

J+ 2$*2%+*(( .0'>;=,+,2% )270;(.2%+*(& 92;><(;( *023627(-

)81 2340) .+$<0,*86 7+**86 7;& %83.+**21 $2%25>9*2$,( '*+<0*(1 

52EAA(/(0*,2% a ( b. X+%($()2$,( :;>3(*8 9.2*(5*2%0*(& (*70*,2.+ 

% )+,0.(+; 9.( %7+%;(%+*(( h% ( ,05>F01 :;>3(*8 *+ >$,+*2%(%?01$& 

$,+7(( /+.+9+*(& h$ 2, 52EAA(/(0*,+ ! 9.( '*+<0*(&6 b = const 29($+-

;( $,090**21 A>*5/(01 %(7+  
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 h=ca
d
, (4) 

:70 52EAA(/(0*,8 +99.25$()+/(( c ( d 9.(%070*8 % ,+3;(/0.  

 

 

! % 

I($. 2. B292$,+%;0*(0 .0'>;=,+,2% E5$90.()0*,2% (,2<5() ( )270;(.2%+*(& (;(*(() 

92 %7+%;(%+*(- (!) ( /+.+9+*(- (%) 23.+'/2% (' )07( K0  

D2$;072%+,0;=*2$,= 29.070;0*(& $29.2,(%;0*(& 70A2.)+/((, 

29($8%+0)21 $,090**21 '+%($()2$,=- (3), '+5;-<+0,$& % $;07>-F0). 

!;& ($$;07>0)2:2 )+,0.(+;+ 9.2%27&,$& E5$90.()0*,8 92 %7+%;(%+-

*(- ( /+.+9+*(- +;)+'*8)( (*70*,2.+)( H0.52%(<+ $ A(5$(.2%+*-

*21 *+:.>'521 5 )J. X+,0), 9.( ('%0$,*2) (' E5$90.()0*,+ '*+<0*(( 

h%, 52EAA(/(0*,+6 & ( d 9.( .+'*86 '*+<0*(&6 b (' ,+3;(/8, 92 A2.-

)>;0 a=(h/c)
-d

 29.070;&-,$& '*+<0*(& 52EAA(/(0*,+ !. 

 

"2EAA(/(0*,8 +99.25$()+/(( '+%($()2$,( (4) 

"2EAA(/(0*, #7+%;(%+*(0 T+.+9+*(0 

b &, KD+ d &, KD+ d 

0,2 8,4998 –0,474 9,8364 –0,512 

0,3 13,441 –0,52 15,562 –0,563 

0,4 15,606 –0,511 31,767 –0,657 

0,5 19,344 –0,515 46,631 –0,687 

0,6 23,582 –0,517 82,403 –0,749 

 

D2;><0**80 9+.8 '*+<0*(1 a(b) 9.07$,+%;&-, $2321 %2')2C*80 

$2<0,+*(& 52EAA(/(0*,2% % $,090**21 '+%($()2$,( (3), 52,2.80 >72%-
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;0,%2.&-, >$;2%(&) 7+**2:2 E5$90.()0*,+. X+%($()2$,= a(b) 29($8%+-

0,$& +*+;(,(<0$5( (;( :.+A(<0$5(. D2 +*+;2:(<*2)> +;:2.(,)> 29.0-

70;&0,$& '+%($()2$,= a(b), >72%;0,%2.&-F+& .0'>;=,+,+) E5$90.()0*-

,2% 92 29.070;0*(- %0;(<(*8 h/. @3F+& ,2<5+ E,(6 '+%($()2$,01 7+0, 

9+.> ($52)86 '*+<0*(1 52EAA(/(0*,2% a ( b, 29.070;&-F(6 A>*5/(- 

$29.2,(%;0*(& 70A2.)+/(( 7;& ($$;07>0)2:2 )+,0.(+;+ % %(70 $,0-

90**21 '+%($()2$,( (3). 

 

! % 

 

' ( 

I($. 3. Y5$90.()0*,+;=*80 7(+:.+))8 /+.+9+*(& 9.( *+:.>'50 5 )J, 92;><0**80 

9.( ($98,+*(&6 *+ *+*2)06+*(<0$52) ($98,+,0;=*2) 52)9;05$0 Hysitron TI 900  

7;& 92%0.6*2$,*86 $;20% $;07>-F(6 )+,0.(+;2%: ! – +;-)(*(1 G0; % – )07= K0;  

' – +;-)(*(0%81 $9;+% 01420N; ( – $9;+% Fe-Cr-Al (Br – 15 %, $270.C+*(0 Al >5+'+-
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