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 !" 620.178.151.6 

 .!. "#$%&'(% 

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

) *) +,-.  !,/01"  +) *"23,4, "*3,5  

. !301"-67 ! -0)" 1,2 5 8)"210903"0! 

3 3,-073,1,4"905."7 "5510/,2 3":* 

3,$$#)-"!/0 #!1,/&4#0 $-"*%-*"/01 5")6!$$)., .7&89:&! /, 5).!+!/&! %,#/!7&-01 #,-
-!"&,7). . *$7).&81 &/-!/$&./)() ,;",4&./)() &4/)$, & );!$5!2&.,9:&! !() .0$)%*9 &4/)$)-
$-)'%)$-<.  "!+7)=!/0 #)+!7& 5")6!$$, ,;",4&./)() &4/)$, %,#/!7&-01 #,-!"&,7).. 

 

#$% &%'()* +(,*- . /012%$$% 34$/)5('(2** /1$'%/%--1 *6-(,*.(7'$8. 

9%0*1& .0%+%-*, . '%:%-*% 41'101;1 1-* +1;5' $1/01'*.)8'<$8 *6-1$5 * $1-

=0(-8'< /0* 3'1+ $.1* 34$/)5('(2*1-->% $.1?$'.(, 1/0%&%)8%' $014 *= $)5@-

A>. 901&)%-*% $014( $)5@A> 0(6)*:->= &%'()%? 8.)8%'$8 /%0.11:%0%&-1? 

6(&(:%? /0* *= $16&(-** * /01%4'*01.(-**. #>A10 '%= *)* *->= +%0 /1 /01-

&)%-*7 $014( $)5@A>, *)*, ;1.108 *-(:%, /1 /1.>,%-*7 *6-1$1$'1?41$'*, 

1/0%&%)8%'$8, /0%@&% .$%;1, '%+, 4(41+5 *+%--1 .*&5 *6-1$( 3'( &%'()< A5&%' 

/1&.%0;('<$8 . /012%$$% 34$/)5('(2**. 

#>&%)87' -%$41)<41 .*&1. *6-1$(: (A0(6*.->?, 5$'()1$'->?, (&;%6*-

1-->% * 410016*1--1-+%=(-*:%$4*?. B(:($'57 1&-( * '( @% &%'()< +1@%' 

/1&.%0;('<$8 $0(65 -%$41)<4*+ .*&(+ *6-1$(, -1 /0(4'*:%$4* .$% 1-* /1&-

.%0;(7'$8 . '1? *)* *-1? $'%/%-* (A0(6*.-1+5 *6-1$5. CA0(6*.->? *6-1$ 

.16-*4(%' /0* '0%-** 1&-1? &%'()* 1 &05;57 *)* 1 :($'*2> 4(41;1-)*A1 

'.%0&1;1 +('%0*()( ((A0(6*.(). 90*:%+ (A0(6*.->? *6-1$ .16-*4(%' &(@% /0* 

'0%-** . +*401$41/*:%$4*= 41-'(4'->= 61-(=, . 3'*= $)5:(8= 41-'(4'->% 

61-> /0*-*+(7' -( $%A8 .$7 *6-(,*.(7D57 -(;05645 [1]. 

E( /0(4'*4% *-'%-$*.->? (A0(6*.->? *6-1$ .16-*4(%' /0* &01A)%-** 

* '0(-$/10'*01.4% 05&> * &05;*= +('%0*()1. +*-%0()<-1;1 /01*$=1@&%-*8, 

/0* A50%-** ;05-'(, /0* /1/(&(-** :($'*2 /%$:(-1? />)* . $+(61:->% +('%-

0*()>, /0* /1/(&(-** '.%0&>= :($'*2 . @*&4*% * ;(611A0(6->% $0%&> /0* *= 

'0(-$/10'*01.4% * '.&. 91+*+1 $)5:(%. -%/1$0%&$'.%--1;1 .16&%?$'.*8 *-1-

01&->= '.%0&>= +('%0*()1. * :($'*2 -( &%'()< *)* 3)%+%-' 41-$'0542**, 

(A0(6*.->? *6-1$ +1@%' .16-*4-5'< /0* .6(*+1&%?$'.** '.%0&1? ,%01=1.(-

'1? /1.%0=-1$'* $ A1)%% +8;41? /0* 0(A1'% 4(41?-)*A1 5$'(-1.4*, -(/0*+%0 

/0* &.*@%-** /1&,*/-*41.. 

                                                           
*
 >,-!"&,70 ",;)-0 .05)7/!/0 /, $"!+$-., (",/-, «?.>.@.A.B.» 
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!)8 A10<A> $ (A0(6*.->+ *6-1$1+ /0*-*+(7'$8 $)%&57D*% +%0>: 

 ! *6;1'1.)%-*% &%'()%?, /1&.%0;(7D*=$8 (A0(6*.-1+5 *6-1$5, *6 A1-

)%% '.%0&>= +('%0*()1., :%+ (A0(6*.; 

 ! -(-%$%-*% '.%0&>= (A0(6*.1$'1?4*= /140>'*? -( ;1'1.>% &%'()*; 

 ! *$4)7:%-*% .16+1@-1$'* /1/(&(-*8 '.%0&>= :($'*2 * />)* . 61-5 

41-'(4'( &%'()%? *)* . $0%&5 *= 34$/)5('(2**. 

# A1)<,*-$'.% $)5:(%. *$4)7:*'< 41-'(4' &%'()%? +%@&5 $1A1? *)* 

$ (A0(6*.->+* +('%0*()(+* /01$'1 -%.16+1@-1, /1$41)<45 *= 1$-1.-(8 

F5-42*8 3'1 /1&0(65+%.(%'. 91&A10 -(*A1)%% /1&=1&8D%;1 +('%0*()( . '(-

41+ $)5:(% &1)@%- 1$5D%$'.)8'<$8 . 6(.*$*+1$'* 1' 5$)1.*? 34$/)5('(2**, 

'.%. 1' '.%0&1$'* $(+1;1 (A0(6*.(, 1' $4101$'* %;1 &.*@%-*8, 5;)( /0*)1@%-

-*8 (A0(6*.-1? -(;0564* * '.&. 

G.G. H05D1.>+ A>)1 5$'(-1.)%-1, :'1 1$-1.->+ 40*'%0*%+, 41'10>+ 

$)%&5%' 0541.1&$'.1.('<$8 /0* /1&A10% +('%0*()( $11'.%'$'.%--1 (A0(6*.5, 

8.)8%'$8 413FF*2*%-' "'. I- 8.)8%'$8 A%60(6+%0-1? .%)*:*-1? * 0($$:*'>-

.(%'$8 /1 F10+5)% 

 "' =  ( /  +, (1) 

;&%  ( – '.%0&1$'< (A0(6*.(;  

 + – '.%0&1$'< +('%0*()(. 

J0(F*:%$4* 6(.*$*+1$'< +%@&5 1'-1$*'%)<->+ (A0(6*.->+ *6-1$1+, 

*6-1$1$'1?41$'<7 * .%)*:*-1? "' .>0(@%-( . .*&% &*(;0(++> (0*$. 1). 

1/K
I II III

K

0 "  1 + "  2 +  (

1/K

 

L*$. 1. !*(;0(++( G.G. H05D1.(, 1/*$>.(7D(8 6(.*$*+1$'<  

+%@&5 1'-1$*'%)<->+ (A0(6*.->+ *6-1$1+, *6-1$1$'1?41$'<7 * .%)*:*-1? "' [1] 

"0*.>% -( &*(;0(++% *6+%-87'$8 $4(:411A0(6-1 . 40*'*:%$4*= 6-(:%-

-*8=, 3'1 $.86(-1 $ '%+, :'1 . 3'*= '1:4(= +%-8%'$8 $(+ +%=(-*6+ (A0(6*.-1;1 

*6-(,*.(-*8. M(41% *6+%-%-*% +1@%' /01*61?'* *)* /1 /0*:*-% $-*@%-*8 

'.%0&1$'* (A0(6*.(, *)* /1 /0*:*-% 5.%)*:%-*8 '.%0&1$'* *6-(,*.(%+1? /1-
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.%0=-1$'*. B1-( III =(0(4'%0*65%' (A0(6*.->? *6-1$, +%=(-*6+ 41'101;1 /0%&-

$'(.)8%'$8 4(4 /01$'1% 0%6(-*% $ 1A0(61.(-*%+ +*401$'05@4*. 90* /%0%=1&% 

4 61-% II /01$'1% 0%6(-*% $+%-8%'$8 /1)*&%F10+(2*1-->+ *6-(,*.(-*%+, /0* 

'(41+ =(0(4'%0% .16&%?$'.*8 (A0(6*.( -( +('%0*() %;1 /1.%0=-1$'< 4(4 A5&'1 

«,%)5,*'$8». 90* /%0%=1&% 4 61-% I +%=(-*6+ *6-1$( /0*1A0%'(%' =(0(4'%0 

+%=(-1=*+*:%$41;1 .6(*+1&%?$'.*8, 5@% A%6 1A0(61.(-*8 4(4*=-)*A1 /01&54-

'1. 0%6(-*8.  $'(-1.)%-1 :'1 /0* "' = 1,3 /01*$=1&*' /%0%=1& 1' 61-> I 4 61-% 

II, ( /0* "' = 0,7 /012%$$ *6-1$( /0*1A0%'(%' +%=(-1=*+*:%$4*? =(0(4'%0. 

I&-(41 -( /0(4'*4%, -(/0*+%0 /0* '1+ @% A50%-** *)* '0(-$/10'*01.-

4% /5)</> /1 '05A1/01.1&(+, (A0(6*.-(8 +($$(, $ 41'101? .6(*+1&%?$'.5%' 

&%'()<, 40(?-% -%1&-101&-( /1 $1$'(.5, ( 6-(:*', * /1 0(6+%05 :($'*2 (A0(6*-

.( * *= '.%0&1$'*. N)%&1.('%)<-1, . '(4*= $)5:(8= /012%$$ *6-1$( /01*$=1-

&*' $0(65 /1 -%$41)<4*+ +%=(-*6+(. M(4*+ 1A0(61+, 5/0(.)%-*% F(4'*:%$41? 

*6-1$1$'1?41$'<7, ( 6-(:*', * $0141+ $)5@A> &%'()* &1)@-1 1$5D%$'.)8'<$8 

-% '1)<41 /1&A101+ +('%0*)( &)8 %% *6;1'1.)%-*8 /1 '.%0&1$'*, -1 * $ 5:%-

'1+ &05;*= /(0(+%'01.. O1;*:->+ /0%&$'(.)8%'$8, :'1 ;%'%01;%--1? $0%&% 

&1)@%- /01'*.1$'18'< * ;%'%01;%-->? +('%0*(). P-(:% ;1.108, $)%&5%' 0($-

$+('0*.('< .16+1@-1$'< 5.%)*:%-*8 *6-1$1$'1?41$'* :%0%6 6(+%-5 '0(&*2*-

1-->= +('%0*()1. -( 41+/16*2*1-->%, $/1$1A->% $1/01'*.)8'<$8 .16&%?$'-

.*7 0(6)*:->= (A0(6*.1. $ 0(6)*:-1? *-'%-$*.-1$'<7 $0(65. 

"(+-%)*'>% +('%0*()>, $1:%'(7D*% . $%A% .>$1457 '.%0&1$'<, *6-1$1-

$'1?41$'<, =101,57 1A0(A('>.(%+1$'< * /0* 3'1+ &1$'5/-1$'<, 8.)87'$8 4(+-

-%)*'>+*. "(+-%)*'>% +('%0*()> – .%D%$'.(, /1)5:%-->% . 0%65)<'('% .>$141-

'%+/%0('50-1? /%0%/)(.4* $>0<8 +*-%0()<-1;1 (1$-1.->% * 5)<'0(1$-1.->% 

;10->% /101&>) *)* '%=-1;%--1;1 (+%'())50;*:%$4*% ,)(4*, '1/)*.->% 61)> * 

'.&.) /01*$=1@&%-*8. G('%0*() 4(+%--1;1 )*'<8 /0%&$'(.)8%' $1A1? $)1@-57 

14$*&-57 +-1;141+/1-%-'-57 $*$'%+5. Q;1 $'054'50( $1$'1*' *6 40*$'())*:%-

$4*= $1$'(.)87D*= * $'%4)1F(6>. "1)*:%$'.%--1% $11'-1,%-*% 3'*= $1$'(.-

)87D*=, =(0(4'%0 *= 0($/0%&%)%-*8 . +('%0*()% * 1'-1$*'%)<-1 &05; &05;(, ( 

'(4@% $'054'50( 4(@&1? . 1'&%)<-1$'* 1/0%&%)87' .$% '%=-1)1;*:%$4*% * 0(A1-

:*% $.1?$'.( +('%0*()(, . '1+ :*$)% '.%0&1$'<. # -($'18D%% .0%+8 +%=(-*6+ 

F10+*01.(-*8 $'054'50> 4(+-%)*'>= +('%0*()1. * =(0(4'%0 .)*8-*8 $'054-

'50->= /(0(+%'01. -( %;1 34$/)5('(2*1-->% $.1?$'.( 141-:('%)<-1 -% .>8$-%-. 

R%)<7 -($'18D%? 0(A1'> 8.)8%'$8 /0%&)1@%-*% +1&%)* (+%=(-*6+() 

(A0(6*.-1;1 *6-1$( +('%0*()( 4(+%--1;1 )*'<8 :%0%6 5$'(-1.)%-*% 4100%)8-

2*1--1? $.86* +%@&5 '.%0&1$'<7 %;1 $'054'50->= $1$'(.)87D*= * 1AD%? 

F(4'*:%$41? *6-1$1$'1?41$'<7 +('%0*()( 4(+%--1;1 )*'<8. 

B-(:%-*% '.%0&1$'* +('%0*()( 4(+%--1;1 )*'<8 A>)1 5$'(-1.)%-1 /0%-

&>&5D*+* *$$)%&1.('%)8+*, $1;)($-1 3'*+ &(-->+ '.%0&1$'< 4(+%--1;1 )*-

'<8 $1$'(.)8%' 6–8 J9( /1 #*44%0$5, ( /0* 12%-4% /1 ,4()% G11$( %+5 /0*-
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$.1%-1 7–8 A())1.. I&-(41 -* 1&-1 /01.%&%--1% *$$)%&1.(-*% -% &(.()1 1AS-

8$-%-*8 /0*01&> $'1)< .>$14*= /14(6('%)%?. 

 :*'>.(8, :'1 4(+-%)*'->? +('%0*() 8.)8%'$8 . .>$141? $'%/%-* $'054-

'50-1 -%1&-101&->+ +('%0*()1+, $ /1+1D<7 1/'*:%$41? +*401$41/** 5$'(-

-1.)%-1, :'1 +*-*+()<->? 0(6+%0 %;1 $'054'50->= 41+/1-%-'1. $1$'(.)8%' 

10–20 +4+ (0*$. 2), /13'1+5 &)8 %;1 *65:%-*8 -%1A=1&*+1 1A105&1.(-*%, /1-

6.1)87D%% /01*6.1&*'< *6+%0%-*% '.%0&1$'* 4(@&1;1 $'054'50-1;1 41+/1-

-%-'( . 1'&%)<-1$'*, *$4)7:(8 .)*8-*% $1$%&$'.57D*= $'054'50. E(*A1)%% 

$1.0%+%-->+ $/1$1A1+ *$$)%&1.(-*8 '.%0&1$'* . +*4011AS%+(= 8.)8%'$8 +%-

'1& -(-1*-&%-'*01.(-*8, -( 0*$. 3 /0%&$'(.)%-( 1AD(8 $=%+( 3'1;1 +%'1&(. 

  

L*$. 2. P61A0(@%-*% +*401$'054'50> 4(+%--1;1 )*'<8, ×100, /01=1&8D*? $.%', 

-*41)* $40%D%-> 

/%&;<=
>?@?A?B?$<C

h t( )

5<D'(%C
C;?E=%
P t( )

.'$&@'DD?@

  

L*$. 3. 90*-2*/*()<-(8 $=%+( -(-1*-&%-'*01.(-*8 /1.%0=-1$'* 

# /012%$$% -(-1*-&%-'*01.(-*8 /01*6.1&*'$8 *6+%0%-*% 6(.*$*+1$'* 

;)5A*-> /01-*4-1.%-*8 *-&%-'10( 1' /0*)1@%--1? -(;0564*. 91$41)<45 

F10+( *-&%-'10( 6(0(-%% *6.%$'-(, 1/0%&%)87'$8 )14()<->% 6-(:%-*8 '.%0-

&1$'* * +1&5)8 T-;( A%6 -%/1$0%&$'.%--1;1 *6+%0%-*8 /)1D(&* 1'/%:('4(. 
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!)8 1/0%&%)%-*8 *$$)%&5%+>= .%)*:*- *$/1)<65%'$8 0($:%'-(8 +%'1&*4( 

I)*.%0( – U(00( [2], 41'10(8 /16.1)8%' *$$)%&1.('< 1AD57 ;)5A*-5 .-%&0%-

-*8 *-&%-'10( (htotal), ;)5A*-5 /)($'*:%$41;1 41-'(4'( (hplastic) * 1$'('1:-57 

;)5A*-5 (hfinal) (0*$. 4). 

L

htotal plastic
final

h
h

 

L*$. 4. N=%+( /0*)1@%-*8 -(;0564* * 0(6;0564* /0* -(-1*-&%-'*01.(-** 

# $11'.%'$'.** $ 3'*+ +%'1&1+ 6(.*$*+1$'< -(;0564* !, ;)5A*-> .-%-

&0%-*8 *-&%-'10( h * 1$'('1:-1;1 1'/%:('4( 1/*$>.(%'$8 4(4 

m

fhhaP )(  " , 

;&% " * m – 41-$'(-'>, 6(.*$8D*% 1' F10+> *-&%-'(. 

C-()*6 5:($'4( 0(6;0564* 40*.1? -(;05@%-*8 /16.1)8%' 1/0%&%)*'< 

/0*.%&%-->? +1&5)< Er, $.86(-->? $1 $.1?$'.(+* *$$)%&5%+1;1 +('%0*()( 

* *-&%-'10( $11'-1,%-*%+ 

2 21 11 i s

r i sE E E

  
" #

$ $
, 

;&% Es, #s – +1&5)< T-;( * 413FF*2*%-' 95($$1-( 1A0(62(;  

Ei (1141 J9() * #i (0,07) – $11'.%'$'.57D*% $.1?$'.( *-&%-'10( [3]. 

N1.0%+%-->% 5$'(-1.4* &)8 -(-1*-&%-'*01.(-*8 1$-(D%-> 1/'*:%-

$4*+* +*401$41/(+* .>$141;1 0(60%,%-*8, 3'1 /16.1)8%' 1$5D%$'.)8'< '1:-

->? .>A10 $'054'50-1;1 3)%+%-'( &)8 /01.%&%-*8 34$/%0*+%-'(, 1$5D%$'.-

)8'< F1'1- * .*&%1$S%+45 4(:%$'.(, &1$'('1:-1;1 &)8 *65:%-*8 *61A0(@%-*? 

1'/%:('41. *-&%-'(. M1:-1% /16*2*1-*01.(-*% *-&%-'( /16.1)8%' 1$5D%$'.-

)8'< $.%0='1:->% /0%2*6*1-->% &.*;('%)* 5$'(-1.4*. 

N5D%$'.5%' -%$41)<41 +1&%)%? $1.0%+%-->= 5$'(-1.14 &)8 -(-1*--

&%-'*01.(-*8, /0*-2*/ *= 0(A1'> 1&*-(41.>?, 1')*:(7'$8 1-* +%@&5 $1A1? 

'%=-*:%$4*+* =(0(4'%0*$'*4(+* * -(A101+ F5-42*?. # &(--1? 0(A1'% 0($-

$+('0*.(7'$8 0%65)<'('> *$$)%&1.(-*?, /1)5:%-->% $ /1+1D<7 /0*A10( 

NanoTest-600 (/01*6.1&*'%)< Micro Materials Ltd., #%)*41A0*'(-*8). 

" 1A0(625 &)8 -(-1*-&%-'*01.(-*8 1'$5'$'.57' @%$'4*% '0%A1.(-*8, 

/13'1+5 *$/>'(-*% /01.1&*)1$< -( 1A0(62(=, .>0%6(-->= *6 0(6)*:->= 5:(-

$'41. 4(+%-->= 1')*.14. H*+*:%$4*? $1$'(. 1A0(621. /0%&$'(.)%- . '(A). 1. 
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M(A)*2( 1 

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

N1%&*-%-*% 
S

iO
2
 

A
l 2

O
3
 

C
aO

 

F
eO

 

M
g

O
 

F
e 2

O
3
 

T
iO

2
 

K
2
O

+
 

N
a 2

O
 

C
r 2

O
3
 

9
0
1
:
%%

 

G($. % 47,3 12,5 9,5 10,9 8,3 3,4 2,3 2,1 0,5 0–20 

 

9%0%& /01.%&%-*%+ 34$/%0*+%-'1. . 5/0(.)87D%? /01;0(++% A>)* 6(-

&(-> /(0(+%'0> *$/>'(-*8: +(4$*+()<-(8 -(;0564( (100 +E), $4101$'< -(-

;05@%-*8 (0,1 +E/$), .0%+8 .>&%0@4* /0* +(4$*+()<-1? -(;0564% (0,5 $) 

* $4101$'< 0(6;0564* (0,1 +E/$). L%;*$'0(2*8 6(.*$*+1$'* $*)> $1/01'*.)%-

-*8 ! 1' ;)5A*-> /1;05@%-*8 h *)* '(-;%-2*()<-1;1 /%0%+%D%-*8 x /01*$-

=1&*)1 -%/0%0>.-1, /13'1+5 -(-1*-&%-'*01.(-*% +1@-1 1=(0(4'%0*61.('< 

4(4 -%/0%0>.-1%. # &(--1? 0(A1'% 0($$+('0*.(7'$8 0%65)<'('>, /1)5:%-->% 

/0* *-&%-'*01.(-** «/*0(+*&41? V%041.*:(». 

 

L*$. 5. M*/*:->? .*& &*(;0(++> «$*)( – /%0%+%D%-*%»  

&)8 4(+-%)*'>= +('%0*()1. 

L%65)<'('> *6+%0%-*8 '.%0&1$'* $ /1+1D<7 &(--1;1 /0*A10( /0%&-

$'(.)87'$8 ;0(F*:%$4* . .*&% &*(;0(++> «$*)( – /%0%+%D%-*%», 1AD*? .*& 

41'101? &)8 4(+-%)*'>= +('%0*()1. /0%&$'(.)%- -( 0*$. 5. "01+% '1;1, A)(-

;1&(08 .16+1@-1$'8+ /01;0(++-1;1 1A%$/%:%-*8, /1$'(.)8%+1;1 $ 5$'(-1.-
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41?, .+%$'% $ *6+%0%-*%+ '.%0&1$'* 0($$:*'>.(7'$8 6-(:%-*8 +1&5)8 T-;( 

&)8 4(@&1;1 )14()<-1;1 *6+%0%-*8, ( 3'1 /16.1)8%' $5&*'< -% '1)<41 1 41+-

/)%4$-1+ 6-(:%-** '.%0&1$'*, -1 * 1 /)($'*:%$4*= =(0(4'%0*$'*4(= 4(@&1;1 

$'054'50-1;1 41+/1-%-'(. 

E(+* A>)1 /01.%&%-1 -%$41)<41 $%0*? 34$/%0*+%-'1. -( 0(6)*:->= 

5:($'4(= 1A0(62(, 1')*:(7D*=$8 +%@&5 $1A1? 0(6+%01+, F10+1?, ( '(4@% 

-(A101+ $'054'50->= $1$'(.)87D*=, .>8.)%-->= /0* 1$+1'0% /1.%0=-1$'* 

1A0(62( :%0%6 +*401$41/. # 4(@&1? $%0** 34$/%0*+%-'1. -(;0564(, /1&(.(%-

+(8 -( *-&%-'10, $1$'(.)8)( F = 100 +E. W(; +%@&5 '1:4(+* /0*)1@%-*8 

-(;0564* -( 5:($'4%, ;&% /01.1&*)($< $%0*8 34$/%0*+%-'1., $11'.%'$'.1.()( 

+*-*+()<-1+5 0(6+%05 $'054'50->= $1$'(.)87D*= * $1$'(.)8)( 10 +4+ 

.&1)< 1A%*= 4110&*-('. L(6+%0 5:($'4( /%0.1? $%0** 34$/%0*+%-'1. $1$'(.-

)8) 100×100 +4+ (0*$. 6, "), .'101? – 50×224 +4+ (0*$. 6, $), ( '0%'<%? – 

250×250 +4+ (0*$. 6, %). L(6)*:*% 0(6+%01. 5:($'41. /01.%&%-*8 34$/%0*+%--

'1. 1AS8$-8%'$8 '%+, :'1 4(@&>? *6 -*= :%'41 $1./(&(%' $ «61-1? *-'%0%$1.» 

34$/%0*+%-'(, '.%. 6(=.('>.(%' *+%--1 '5 1A)($'<, ;&% 0($/1)1@%-> 1/0%&%-

)%-->% /1 F10+% * 0(6+%05 $'054'50->% $1$'(.)87D*%. 

91)5:%-->% 0%65)<'('> A>)* 12%-%-> /1 '0%+ -(/0(.)%-*8+: 

 ! 12%-4( '.%0&1$'* * +1&5)8 T-;( $'054'50->= $1$'(.)87D*= $ '1:-

4* 60%-*8 *= *&%-'*F*4(2**; 

 ! *65:%-*% 1'/%:('4( *-&%-'( $ 2%)<7 5$'(-1.)%-*8 &05;*= F*6*:%-

$4*= * +%=(-*:%$4*= =(0(4'%0*$'*4 4(+%--1;1 )*'<8; 

 ! .>8.)%-*% =(0(4'%0( .)*8-*8 '.%0&1$'* * /)($'*:%$4*= =(0(4'%0*-

$'*4 1'&%)<->= $'054'50->= $1$'(.)87D*= -( 1AD57 (A0(6*.-57 *6-1$1-

$'1?41$'< 4(+%--1;1 )*'<8. 

E( 0*$. 7–9 /0%&$'(.)%-> .*65()*6*01.(-->% /14(6('%)* 0($/0%&%)%-

-*8 '.%0&1$'* * +1&5)8 T-;( -( 4(@&1+ *6 '0%= 5:($'41.. E()*:*% 8041 .>-

0(@%-->= /*41. $.*&%'%)<$'.5%' 1 /0*$5'$'.** :($'*2 $1 6-(:%-*%+ '.%0&1-

$'* 10–13 J9( (/14(6('%)< $0(.-*+ $ '.%0&1$'<7 :*$'>= 4(0A*&1.). N1/1$-

'(.)88 $-*+4*, /1)5:%-->% $ /1+1D<7 +*401$41/( $ *6+%0*'%)<-1? 5$'(-

-1.41?, * &(-->%, /1)5:%-->% /0* /%'01;0(F*:%$41+ *65:%-** 4(+%--1;1 

)*'<8 [4], ( '(4@% 0%65)<'('> 0%-';%-1F(61.1;1 +*40161-&1.1;1 (-()*6( [5], 

+1@-1 5'.%0@&('<, :'1 3'* :($'*2> 8.)87'$8 40*$'())(+* =01+,/*-%)*&( 

0(6+%01+ 10–15 +4+. 
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$ 

 
% 

L*$. 6. X4$/%0%+%-'()<% 5:($'4* 1A0(621.,  

/1&.%0;-5'>% 34$/%0*+%-'5 
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" $ 

L*$. 7. M1/1;0(F*8 0($/0%&%)%-*8 $.1?$'. -( 5:($'4% 0(6+%01+ 100×100 +4+: 

" – '.%0&1$'< ( , J9(); $ – /0*.%&%-->? +1&5)< 5/05;1$'* (&, J9() 

 
" $ 

L*$. 8. M1/1;0(F*8 0($/0%&%)%-*8 $.1?$'. -( 5:($'4% 0(6+%01+ 50×224 +4+: 

" – '.%0&1$'< ( , J9(); $ – /0*.%&%-->? +1&5)< 5/05;1$'* (&, J9() 

 

L*$. 9. M1/1;0(F*8 0($/0%&%)%-*8 '.%0&1$'* -( 5:($'4% 0(6+%01+ 250×250 +4+ 
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9*4* -( '1/1;0(F** 0($/0%&%)%-*8 '.%0&1$'*, /14(6>.(7D*% 0($/1-

)1@%-*% .>$141'.%0&>= :($'*2, -( .$%= 34$/%0*+%-'()<->= 5:($'4(= 1405-

@%-> /%0%=1&->+* .%0,*-(+*, :($'*:-1 $140(D(7D*+* ;)5A*-5 /%0%/(-

&1.. 90* /01.%&%-** (-()1;** $ /%0%:*$)%-->+* .>,% +%'1&(+* *$$)%&1.(-

-*8 5$'(-1.)%-1, :'1 3'* .%0,*-> 54(6>.(7' 0($/1)1@%-*% /*014$%-( 

. $'054'50%, $0%&-%% 6-(:%-*% '.%0&1$'* 41'101;1 /108&4( 3 J9(. 

#/(&*-> -( '1/1;0(F*:%$4*= *61A0(@%-*8= 54(6>.(7' -( -()*:*% -%-

41? +8;41? «+('0*2>», . 41'101? 0($/0%&%)87'$8 :($'*2( /*014$%-( 

* =01+,/*-%)*&(. N5&8 /1 1A1AD%-->+ &(-->+, 5 -%% -%' :%'41? F10+> 

* 1-( (+10F-(, 0($/1)(;(%'$8 . $'054'50%, /1 .$%? .*&*+1$'*, . /012%$$% 6(-

'.%0&%.(-*8 4(+%--1;1 )*'<8 +%@&5 40*$'())*:%$4*+* $1$'(.)87D*+*, 1A-

)(&(%' 40(?-% -*641? '.%0&1$'<7, /108&4( 1–2 J9(. 

"($('%)<-1 0($/0%&%)%-*8 +1&5)8 T-;(, -(+* 1'+%:%-1, :'1 1-1 6-(:*-

'%)<-1 A1)%% 0(.-1+%0-1. 9*4*, /0*$5'$'.57D*% -( '1/1;0(F*:%$4*= *61A0(-

@%-*8=, -% '(4 8041 .>0(@%->, -1, :'1 =(0(4'%0-1, ./(&*-> -( /108&14 +%)<:% 

/1 $0(.-%-*7 $ '1/1;0(F*8+* 0($/0%&%)%-*8 '.%0&1$'*. N)%&1.('%)<-1, 

(+10F-(8 +('0*2(, $1$'18D(8 . A1)<,%? $'%/%-* *6 &*14$*&( 40%+-*8, $1-

.+%D(%' -*6457 '.%0&1$'< $ .>$14*+* /14(6('%)8+* 5/05;*= =(0(4'%0*$'*4. 

X'1 =(0(4'%0*65%' %% 01)< . $'054'50% -% 4(4 1'0*2('%)<-57 . $*)5 -*641? 

'.%0&1$'*, ( 4(4 40(?-% /1)1@*'%)<-57, . $*)5 '1;1, :'1 1-( 8.)8%'$8 $.1%1A-

0(6->+ &%+/F%01+, ;($8D*+ -% '1)<41 -(/08@%-*8, .16-*4(7D*% . $'054'50%, 

-1 * .-%,-*% 5&(0->% *6-(,*.(7D*% .16&%?$'.*8 -( +*401501.-%. L1)< 

(+10F-1? +('0*2> $'(-1.*'$8 :5'< )* -% -(0(.-% $ 01)<7 .>$141'.%0&>= :($-

'*2 . $)5:(% .16&%?$'.*8 -( +('%0*() 4(+%--1;1 )*'<8 5&(0-1? (A0(6*.-1? 

-(;0564*, /1$41)<45 1-* /0%&1'.0(D(7' 0(605,%-*% A1)%% '.%0&>= :($'*2 6( 

$:%' $.1*= .>$14*= 5/05;1/)($'*:%$4*= $.1?$'.. U5-42*8 /*014$%-(, /1 .$%? 

.*&*+1$'*, 6(4)7:(%'$8 . '1+, :'1 1- 8.)8%'$8 /%0%=1&->+ $'054'50->+ 6.%-

-1+ +%@&5 $.%0='.%0&>+* * $.%0=/)($'*:->+* %% 3)%+%-'(+* [6]. 

I$1A1% .-*+(-*% +> 1A0('*)* -( /1$)%&-*? 5:($'14: /0* %;1 *65:%-** 

/0* .16&%?$'.** *-&%-'10( A>)( 1A-(05@%-( 61-(, 41'10(8 =(0(4'%0*65%'$8 

&*(;0(++1? «$*)( – /%0%+%D%-*%» -%'*/*:-1;1 .*&( (0*$. 10). 

G> /0%&/1)(;(%+ :'1 3'1' 5:($'14 1A0(61.(- .$)%&$'.*% )*4.(2*1--1-

;1 0($$)1%-*8 0($/)(.( &1 %;1 6('.%0&%.(-*8, '.%. . 3'1? 61-% 1'$5'$'.57' 

'.%0&>% $'054'50->% $1$'(.)87D*% * $41-2%-'0*01.(-( (+10F-(8 +('0*2(, 

/%0%/(&> @% -( &*(;0(++% $.*&%'%)<$'.57' 1 -(41/)%-** -(/08@%-*8 /0* 

*-&%-'*01.(-** * 0%641+ 0(605,%-**. 

90* -(-1*-&%-'*01.(-** -( /1.%0=-1$'* +('%0*()1. 1$'(7'$8 1'/%-

:('4* *-&%-'(. G-1;1:*$)%-->+* *$$)%&1.('%)8+* 6(+%:%-1, :'1 /1&01A-1% 

*65:%-*% '(4*= 1'/%:('41. /16.1)8%' /1)5:*'< *-F10+(2*7 1 $.86* +%=(-*-

:%$4*= $.1?$'. $1 $'01%-*%+ +('%0*()(. 
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L*$. 10. 9)1D(&1:->% &*(;0(++> 4(+-%)*'>= +('%0*()1. 

I'/%:('4* *-&%-'10( -( /1.%0=-1$'* 4(+-%)*'>= +('%0*()1., -(A)7-

&(%+>% -(+*, -% 1')*:()*$< :%'41$'<7, . $*)5 .>$141? ,%01=1.('1$'* +('%-

0*()( 1-* /01$'1 '%08)*$< -( 1AD%+ F1-%. !)8 /1&01A-1;1 *65:%-*8 1'/%-

:('41. +> /01.%)* 08& /1$)%&1.('%)<->= 34$/%0*+%-'1. $ +(4$*+()<->+ 

-(;05@%-*%+ (200 +E) -( 1'&%)<-1+ 5:($'4% 1A0(62( – . 0%65)<'('% A>)* /1-

)5:%-> A1)%% :%'4*% 1'/%:('4*, /0*%+)%+>% &)8 &()<-%?,%;1 (-()*6(, *61-

A0(@%-*8 -%$41)<4*= 1'/%:('41. /0%&$'(.)%-> -( 0*$. 11. 

91)5:%-->% 1'/%:('4* 0(6)*:(7'$8 /1 0(6+%05, ;0(-* -%41'10>= 1'-

/%:('41. *61;-5'>, /0*:%+ $'%/%-< *$4(@%-*8 ;0(-%? -( 0(6->= 1'/%:('4(= 

0(6)*:-(, $1;)($-1 4)($$*F*4(2** #.E. #*;&101.*:( * O.J. Q)(-$41?, 3'1 

$.*&%'%)<$'.5%' 1A (-*61'01/-1$'* =(0(4'%0*$'*4 '.%0&1$'* * 5/05;1/)(-

$'*:%$4*= $.1?$'. .-5'0* 40*$'())1.. 

E(+* 6(+%:%-1, :'1 -(*A1)<,%% *$4(@%-*% ;0(-%? 1'/%:('41. -(A)7&(-

%'$8 . 61-% 41-2%-'0(2** .>$141'.%0&>= :($'*2, ( 1'$5'$'.*% '0%D*- . 3'*= 

5:($'4(= ;1.10*' 1A (+10'*6(2** .16&%?$'.*8 *-&%-'( -( '.%0&>% =05/4*% 

40*$'())> 6( $:%' A1)%% +8;4*= * 5/05;*= $'054'50->= $1$'(.)87D*=. 

E( ;0(-8= 1'/%:('41. 1'$5'$'.57' '%+->% *)* $.%')>% /1)1$> (/)1D(&4* 

$41)<@%-*8) – 3'1 ;1.10*' 1A 1'$5'$'.** 1$'('1:->= -(/08@%-*? . +('%0*()%. 

"(4 5@% A>)1 6(+%:%-1, '0%D*- .1405; 1'/%:('41. /0(4'*:%$4* -% -(-

A)7&(%'$8, 3'1 $.*&%'%)<$'.5%' 1 A())% =05/41$'* 0–1 $1;)($-1 4)($$*F*4(-

2** #.J. N(+$1-1.( * =(0(4'%0*65%' +('%0*() 4(4 /0(4'*:%$4* -%=05/4*? -( 

+*401501.-% [7]. 

!)8 -%41'10>= 1'/%:('41. -( /1.%0=-1$'* 4(+-%)*'>= +('%0*()1. 

=(0(4'%0-1 -()*:*% -(/)>.( .1405; 41-'50(, 3'1 ;1.10*' 1 .8641+ =(0(4'%-

0% $1/01'*.)%-*8 /0* .-%&0%-** *-&%-'10(, A1)<,(8 ;)5A*-( 3'*= 1'/%-

:('41. ;1.10*' 1 '1+, :'1 .8641% $1/01'*.)%-*% =(0(4'%0-1 &)8 (+10F-1? 

«+('0*2>» +('%0*()(. 
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" $ 

 
% 

L*$. 11. I'/%:('4* *-&%-'10( /1$)% +(4$*+()<-1;1 -(;05@%-*8 

!)8 '1;1 :'1A> 5:%$'< /1)5:%-->% &(-->% /0* 0($:%'-1+ /01;-16*01-

.(-** 1AD%? '.%0&1$'* +('%0*()( 4(+%--1;1 )*'<8, -%1A=1&*+1 .1$/1)<61-

.('<$8 /0(.*)1+ (&&*'*.-1$'*. N1;)($-1 3'1+5 /0(.*)5, *6-1$1$'1?41$'< 

$'054'50-1 -%1&-101&-1;1 +('%0*()( 0(.-( $5++% /01*6.%&%-*? *6 1AS%+-

-1? &1)* 1'&%)<-1;1 41+/1-%-'( -( %;1 1'-1$*'%)<-57 *6-1$1$'1?41$'<. 

L($:%', /01.%&%-->? -(+* /1 3'1+5 /0(.*)5, 5$'(-1.*), :'1 1AD(8 '.%0&1$'< 

4(+%--1;1 )*'<8 $1$'(.)8%' 5 J9(, 1&-(41 3'1' 0($:%'->? /14(6('%)< 1')*:(-

%'$8 1' /14(6('%)8, 5$'(-1.)%--1;1 F(4'*:%$4*, * 0(.-1;1, 4(4 -(+* A>)1 

5@% 6(+%:%-1 0(-%%, 6–8 J9(. 

L(6-*2( +%@&5 0($:%'->+ * F(4'*:%$4*+ /14(6('%)%+ 1AD%? '.%0&1-

$'* 4(+%--1;1 )*'<8 1AS8$-8%'$8 '%+, :'1 /0* 0($:%'-1? +%'1&*4% -% 5:*'>-

.(7'$8 5/05;1/)($'*:%$4*% =(0(4'%0*$'*4* +('%0*()(. 

N5++*01.(-*% /1)5:%-->= &(-->= . 0%65)<'('% -(-1*-&%-'*01.(-*8 

* *65:%-*8 1'/%:('41. *-&%-'( /16.1)8%' -(+ $F10+5)*01.('< /0%&/1)1@*-

'%)<->% 1/*$('%)<->% +1&%)* (A0(6*.-1;1 *6-1$( 4(+-%)*'1;1 +('%0*()( 

. 0(6)*:->= 5$)1.*8=: 

1. # $)5:(% /(0())%)<-1;1 &.*@%-*8 (A0(6*.->= :($'*2 -(*A1)%% '.%0-

&>% *6 -*= /010%6(7' (+10F-57 +('0*25, /0*:%+ $4101$'< *= &.*@%-*8 



 143

. 3'1+ $)5:(% /1$'%/%--1 /(&(%' . $*)5 %% .8641$'*. 91$)% 3'1;1 6(+%&)%--(8 

(A0(6*.-(8 :($'*2( $'()4*.(%'$8 $ 40*$'())1+ /*014$%-(, 41'10>? /%0%&(%' 

*+/5)<$ 1' $'1)4-1.%-*8 40*$'())5 =01+,/*-%)*&(, .1405; 41'101;1 /*014-

$%- 0($/1)1@%-, '(4*+ 1A0(61+ 40*$'()) =01+,/*-%)*&( /0*=1&*' . &.*@%-

-*%, . /012%$$% 41'101;1 1- .16&%?$'.5%' -( &05;*% (A0(6*.->% :($'*2>, 

. /1'14% &.*@%-*8 $'(:*.(8 *=, . 3'1+ $)5:(% /01*$=1&*' +%=(-*:%$41% 0%-

6(-*% -% +('%0*()( (A0(6*.1+, ( -(1A101'. 

2. # $)5:(% &.*@%-*8 (A0(6*.->= :($'*2 /1& 5;)1+ 4 4(+%--1+5 )*'<7 

1-* -(-1$8' 0%64*? 5&(0 /1.%0=-1$'*, . '1+ $)5:(% 41;&( 5&(0 /0*=1&*'$8 -( 

40*$'())> =01+,/*-%)*&(, 1-* . $*)5 =05/41$'* -(:*-(7' 0(605,('<$8, 

1&-(41 3'1' /012%$$ 6-(:*'%)<-1 6(+%&)8%'$8 6( $:%' /%0%&(:* 5&(0-1;1 *+-

/5)<$( /*014$%-5 * 5/05;1? +('0*2%. # /012%$$% +-1;1:*$)%-->= 5&(01. 

+('0*2( -(4(/)*.(%' -(/08@%-*8 * 0%641 0(605,(%'$8 -( ;0(-*2% 0(6&%)( 

$ &05;1? F(61?. N 4(@&>+ 5&(01+, 4(4 * . /0%&>&5D%+ $)5:(%, /01*$=1&*' 

+*401/%0%+%D%-*% 40*$'())( =01+,/*-%)*&(, 41'10>? -(:*-(%' .16&%?$'-

.1.('< -( (A0(6*., $-*@(8 %;1 '.%0&1$'<. 

91 /01.%&%--1? 0(A1'% +1@-1 $&%)('< $)%&57D*% .>.1&>: 

 ! 5$'(-1.)%-> 41)*:%$'.%-->% 6-(:%-*8 '.%0&1$'* 1'&%)<->= $'054-

'50->= $1$'(.)87D*= +('%0*()( 4(+%--1;1 )*'<8: =01+,/*-%)*& – 10 J9(, 

/*014$%- – 3 J9(, (+10F-(8 +('0*2( – 1–2 J9(; 

 ! 5$'(-1.)%-> 41)*:%$'.%-->% 6-(:%-*8 +1&5)8 T-;( $'054'50->= 

$1$'(.)87D*= +('%0*()( 4(+%--1;1 )*'<8: =01+,/*-%)*& – 100 J9(, /*014-

$%- – 90 J9(, (+10F-(8 +('0*2( – 70 J9(; 

 ! &14(6(-1, :'1 +%'1& 1/0%&%)%-*8 +*401'.%0&1$'* -%/0%0>.->+ -(-

-1*-&%-'*01.(-*%+ /16.1)8%' $5&*'< 1A 5/05;1/)($'*:%$4*= * .864*= $.1?-

$'.(= +('%0*()( 4(+%--1;1 )*'<8; 

 ! /0%&)1@%-( +1&%)< (A0(6*.-1;1 *6-1$( +('%0*()( 4(+%--1;1 )*'<8 

/0* /(0())%)<-1+ &.*@%-** (A0(6*.(; 

 ! /0%&)1@%-( +1&%)< (A0(6*.-1;1 *6-1$( +('%0*()( 4(+%--1;1 )*'<8 

/0* &.*@%-** (A0(6*.( /1& 5;)1+ 4 /1.%0=-1$'* +('%0*()( 4(+%--1;1 )*'<8. 
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