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 !" 538.971 

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

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

!-./0"1  /)2-0-3-4"5 .6-20/*."  

 4"7/.2/)489 3".89 *"4.-.":-*1"9 !"4-2 3;489 

*)3 6/6 !-./0/! 4 4/*13-2/!-.2"" 

34!".0! )4")5).,/ #!-)+ /,/)$%6!")#!-"&& +67 )8!/%& -.!"+)$-& /,/)$-"*%-*"/01 $)-

$-,.679:&1 ,/&;)-")4/01 6&-01 $&/-!-&2!$%&1 #&/!",6</01 $46,.).. =$-,/).6!/0 )4-&#,6<-
/0! 4,",#!-"0 &$40-,/&' +67 )4"!+!6!/&7 -)4)6)(&& 4).!"1/)$-& & -.!"+)$-& /,/)$-"*%-*"-

/01 $)$-,.679:&1 >-&1 #,-!"&,6)..  )%,;,/, 8!6!$))5",;/)$-< &$4)6<;).,/&7 #!-)+, /,/)$%-
6!")#!-"&& +67 )4"!+!6!/&7 -.!"+)$-& /,/)$-"*%-*"/01 $)$-,.679:&1 ,/&;)-")4/01 6&-01 
$&/-!-&2!$%&1 #&/!",6</01 $46,.).. 

 

#$%&'()$&( )*'&+, *'-*)-./ +&(*0*) *12&0&3&-45 ()&20*'(4 +6(&246-

3*) (+&(*0 724-&335, 8*9)&336, :499&2'6, ;*26, <'9&2, "$=-&>*)6 – ?&2@&2-

(6 – 8&@4-0&26, A*3,04, B**'6) [1]. 

C=)&'(-.& +&(*0. *12&0&3&-45 ()&20*'(4 *'-*)6-. -6 '26)-4(&3,-*D 

*>&-9& 2&69>44 +6(&24636 -6 )*=0&D'()4& -6 -&E* *'(24&+ =6)&0*+* @*3&& 

()&20*E* +6(&24636, 124 F(*+ )*=0&D'()4& +*G&( @.(, 0)$/ )40*): -606)34-

)6-4& 4 >62616-4&. 

H606)34)6-4& =693IJ6&('5 )* )-&02&-44 4-0&-(*26 4= ).'*9*()&20*E* 

+6(&24636 ) *0-$ 9*-92&(-$I (*J9$ -6 1*)&2/-*'(4 4''3&0$&+*E* +6(&24636. 

C'1*3,=$I( 26=-.& 1* K*2+& 4 26=+&2$ 4-0&-(*2., )&34J4-$ ()&20*'(4 *>&-

-4)6I( ) =6)4'4+*'(4 *( E3$@4-. 12*-49-*)&-45 4-0&-(*26 ) +6(&2463 434 

1* 13*%604 *(1&J6(96 -6 &E* 1*)&2/-*'(4. H606)34)6-4& – -&(2$0*&+94D 

4 @.'(2.D +&(*0 *12&0&3&-45 ()&20*'(4, *0-69* &E* -&>&3&'**@26=-* 4'-

1*3,=*)6(, 035 *>&-94 /2$194/ +6(&2463*), 1*'9*3,9$ 124 4'1.(6-44 *-4 

26=2$L6I('5. 

M62616-4& ('93&2*+&(245) =693IJ6&('5 ) '26)-4(&3,-*D *>&-9& ()&2-

0*'(4 4''3&0$&+*E* +6(&24636 ' 02$E4+, @*3&& ()&20.+, 1* K*2+& 4 E3$@4-& 

>62614-., *'(6)3&--*D F(63*--.+ +6(&2463*+ -6 1*)&2/-*'(4 4''3&0$&+*-

E*. M62616-4& – =-6J4(&3,-* @*3&& (2$0*&+94D +&(*0, *0-69* *- 1*=)*35&( 

*>&-4)6(, ')*D'()6 /2$194/ 4 6-4=*(2*1-./ +6(&2463*). 

C-(&2&' 9 12*@3&+& *12&0&3&-45 ()&20*'(4 4 4-(&212&(6>44 1*3$-

J6&+./ 06--./ -& $E6'6&( ' -6J636 NN )., (69 969 1* )&34J4-& ()&20*'(4 

+*G-* *>&-4)6(, )6G-.& (&/-*3*E4J&'94& /6269(&24'(494 +6(&24636, -6-

124+&2 4=-*'*'(*D9*'(,. O0-69* 035 +6(&2463*) ' -6-*26=+&2-.+4 4 -6-

-*+6'L(6@-.+4 '(2$9($2-.+4 '*'(6)35I%4+4 4'1*3,=*)6-4& ).L&1&2&-
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J4'3&--./ +&(*0*) ' 124+&-&-4&+ (2604>4*--*E* *@*2$0*)6-45 -&)*=-

+*G-*, 1*'9*3,9$ 26=+&2. *@P&9(*) 4''3&0*)6-45 -& '**(-*'5('5 ' 26=+&-

26+4 4-0&-(*2*) -6$J-*E* *@*2$0*)6-45 [1]. : ')5=4 ' F(4+ 69($63,-.+ 

'(6-*)4('5 4=.'96-4& -64@*3&& 124&+3&+./ +&(*049, *'-*)6--./ -6 >626-

16-44, 124 *>&-9& ()&20*'(4, ) J6'(-*'(4, 6-4=*(2*1-./ 34(./ '4-(&(4J&-

'94/ +4-&263,-./ '136)*). 

M&3,I -6'(*5%&D 26@*(. 5)35&('5 *12*@*)6-4& +&(*06 -6-*'93&2*+&(244 

035 *>&-94 ()&20*'(4 -6-*'(2$9($2-./ '*'(6)35I%4/ 6-4=*(2*1-./ 34(./ 

'4-(&(4J&'94/ +4-&263,-./ '136)*) ('4+4-63*)), 6 (69G& 4'1*3,=*)6-4& F(*E* 

+&(*06 035 40&-(4K496>44 -6-*'(2$9($2-./ '*'(6)35I%4/ F(4/ '136)*). 

B&(*0 -6-*'93&2*+&(244 1*026=$+&)6&( >62616-4& 1*)&2/-*'(4 +6(&-

24636 124 1*'(*5--*D -6E2$=9& -6 4-0&-(*2. : -6'(*5%&D 26@*(& -6-*'93&-

2*+&(24J&'94& 4'1.(6-45 12*)*0434', 4=+&24(&3,-.+ 9*+13&9'*+ NanoTest 

600 (Micro Materials Ltd., <-E345), *@%4D )40 12&0'(6)3&- -6 24'. 1 [2]. 

 

84'. 1. O@%4D )40 $'(6-*)94 NanoTest 600 

: 96J&'()& 4''3&0$&+./ *@26=>*) +6(&24636 4'1*3,=*)634', 1&(2*E26-

K4J&'94& L34K. 34(./ '4-(&(4J&'94/ +4-&263,-./ '136)*), 1*3$J&--./ 1* 

(&/-*3*E44 96+&--*E* 34(,5 -6 *'-*)& E*2-@3&-04(6 (1$'(65 1*2*06, *@26=*-

)6--65 124 *@*E6%&-44 G&3&=-*D 2$0.). 

Q9'1&24+&-( -6 124@*2& NanoTest 600 12*)*0434 1* '3&0$I%&D '/&+&. 

#(6-062(-.D 1&(2*E26K4J&'94D L34K =692&13534 -6 1*03*G9& 93&&+. O1(4-

J&'94+ +492*'9*1*+, )/*05%4+ ) '*'(6) 4=+&24(&3,-*E* 9*+13&9'6, ).@4-
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2634 13*%609$ 26=+&2*+ 100×100 +9+ -6 1*)&2/-*'(4 *@26=>6, -6 && 13*%6-

04 )4=$63,-* ).0&3534 -&'9*3,9* '(2$9($2-./ '*'(6)35I%4/ (24'. 2), *0-$ 

4= 9*(*2./, *14265', -6 9*')&--.& 124=-694, 40&-(4K4>42*)634 969 J6'(4>$ 

142*9'&-6 (')&(3*& 15(-* -6 K*(*) [2]. H6 F(*+ $J6'(9& @.3* 12*)&0&-* 0)6 

(416 4'1.(6-4D. 

 

84'. 2.  J6'(*9 4''3&0*)6-45 -6 1*)&2/-*'(4 34(*E* '4-(&(4J&'9*E* 

+4-&263,-*E* '136)6, ×1000 

: =606J4 1&2)*E* 4'1.(6-45 )/*043* '-5(4& (*1*3*E44 1*)&2/-*'(4 

*@26=>6, 035 F(*E* -6 -&+ @.3* 12*)&0&-* 20 '96-42*)6-4D ' L6E*+ 1* )(*-

2*D 9**204-6(& 5 +9+ ' +4-4+63,-*D -6E2$=9*D -6 9*-4J&'94D 63+6=-.D 

4-0&-(*2 0,1 +H. A24 F(*+ ' ).'*9*D (*J-*'(,I (1 -+) 2&E4'(242*)63*', 

1&2&+&%&-4& 4-0&-(*26 1* -*2+634 9 1*)&2/-*'(4. A*'3& 96G0*E* '96-42*-

)6-45 4-0&-(*2 '+&%63'5 *(-*'4(&3,-* -6J63,-*D (*J94 '96-42*)6-45 )0*3, 

)(*2*D 9**204-6(-*D 34-44. A*3$J&--.& 2&=$3,(6(. *@26@6(.)634', ' 1*-

+*%,I 12*E26++-*E* *@&'1&J&-45 9*+13&9'6 4 +6(&+6(4J&'9*E* 169&(6, 

) 2&=$3,(6(& J&E* @.3* 1*3$J&-* 4=*@26G&-4& (*1*3*E44 4''3&0$&+*D 1*-

)&2/-*'(4 (24'. 3, 26=+&2. $J6'(96 124)&0&-. ) +9+, 6 ).'*(. – ) -+). 

:(*2*D (41 4'1.(6-4D =693IJ63'5 ) -6-&'&-44 4-0&-(*2*+ >62614- -6 

1*)&2/-*'(, 4''3&0$&+*E* $J6'(96 124 1*'(*5--*D -6E2$=9& 200 +H. A&2)*-

-6J63,-* -6E2$=96 @.36 )*=26'(6I%&D, *-6 4=+&-536', 1* 34-&D-*+$ =69*-$, 
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*( 0 0* 0*'(4G&-45 26@*J&E* =-6J&-45 (200 +H), 1*F(*+$ 124 *>&-9& 2&=$3,-

(6(*) J6'(, $J6'(96 034-*D 10 +9+, E0& 4'1.(6-4& '(62(*)63*, -& $J4(.)634. 

 

84'. 3. R*1*E26K4J&'9*& 4=*@26G&-4& 1*)&2/-*'(4 4''3&0$&+*E* $J6'(96 

-6 1*)&2/-*'(4 *@26=>6 34(*E* '4-(&(4J&'9*E* +4-&263,-*E* '136)6 

H6 24'. 4 12&0'(6)3&-* E26K4J&'9*& ).26G&-4& 2&=$3,(6(*) 1&2)*E* 

4 )(*2*E* 4'1.(6-45, 1*3$J&--*& 124 6)(*+6(4J&'9*D *@26@*(9& 2&=$3,(6(*) 

F9'1&24+&-(*) ' 1*+*%,I 12*E26++-*E* *@&'1&J&-45, 1*'(6)35&+*E* ' 4=-

+&24(&3,-.+ 9*+13&9'*+. S&2-65 34-45 -6 E26K49& /6269(&24=$&( 1&2)*& 

4'1.(6-4&, =693IJ6)L&&'5 ) *12&0&3&-4& (*1*3*E44 1*)&2/-*'(4 *@26=>6, 

*-6 1*96=.)6&( 4=+&-&-4& ).'*(. 2&3,&K6. "26'-65 34-45 /6269(&24=$&( 

)(*2*& 4'1.(6-4& (>62616-4&) 4 1*96=.)6&( 4=+&-&-4& E3$@4-. >62614-.. 

H6 E26K49& *(24>6(&3,-.& =-6J&-45 E3$@4-. '**()&('()$I( )*=).L&-45+ -6 

1*)&2/-*'(4 4''3&0$&+*E* $J6'(96 1*)&2/-*'(4 +6(&24636. 

!6--.&, 1*3$J&--.& ) /*0& )(*2*E* 4'1.(6-45, (69G& @.34 *@26@*(6-

-. ' 1*+*%,I +6(&+6(4J&'9*E* 169&(6 (24'. 5).  96=6--.& -6 4=*@26G&-44 

)&34J4-. ).'*(. *12&0&3534', 969 26=-*'(, +&G0$ -6J63,-*D E&*+&(24&D 

)0*3, 34-44 F9'1&24+&-(6 4 1&2&+&%&-4&+ 4-0&-(*26 ' $J&(*+ 1243*G&--

-*D -6E2$=94. Q($ )&34J4-$ 4-(&212&(42*)634 969 E3$@4-$ >62614-.. 

: /*0& )(*2*E* 4'1.(6-45, ) J6'(-*'(4, $'(6-*)3&-*, J(* 1&2&/*0-65 

=*-6 *( 142*9'&-6 9 *'-*)-*D +6''& +6(&24636 34(*E* '4-(&(4J&'9*E* +4-&-

263,-*E* '136)6 5)35&('5 926D-& «+5E9*D», 124J&+ -6'(*3,9*, J(* ) '&J&-44 

>62614-. -6 F(*+ $J6'(9& 5)-* 124'$('()$I( -613.)., /6269(&2-.& 035 

136'(4J-./ +6(&2463*). 
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84'. 4. ?26K4J&'965 =6)4'4+*'(,, /6269(&24=$I%65 2&=$3,(6(.  

1&2)*E* 4 )(*2*E* 4'1.(6-4D, 12*)&0&--./ -6 4''3&0$&+*+ $J6'(9&  

1*)&2/-*'(4 *@26=>6 34(*E* '4-(&(4J&'9*E* +4-&263,-*E* '136)6 

 
84'. 5. R*1*E26K4J&'9*& 4=*@26G&-4& 4''3&0$&+*E* $J6'(96 1*)&2/-*'(4 34(*E* 

'4-(&(4J&'9*E* +4-&263,-*E* '136)6 1*'3& '93&2*+&(24J&'94/ 4'1.(6-4D 

O@26=*)6-4& -613.)*) ) /*0& '93&2*+&(24J&'94/ 4'1.(6-4D =6(2$0-5-

&( 4=$J&-4& >62614- -6 +6(&2463& 4, 969 '3&0'()4&, 4-(&212&(6>4I 2&=$3,(6-

(*), 1*'9*3,9$ ) =6)4'4+*'(4 *( (*E*, $J4(.)6&('5 )&34J4-6 -613.)6 124 
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*>&-9& E3$@4-. >62614-. 434 -&(, +*E$( @.(, 1*3$J&-. 26=-.& 06--.&. A24 

4=$J&-44 ()&20./ +6(&2463*), 969*).+4 5)35I('5 34(.& '4-(&(4J&'94& +4-

-&263,-.& '136)., -613.). 1269(4J&'94 -& *@26=$I('5, J(* 1*=)*35&( *0-*-

=-6J-* (*39*)6(, 2&=$3,(6(. 4'1.(6-45. 

A24 '*)+&'(-*D *>&-9& 2&=$3,(6(*) 0)$/ 4'1.(6-4D, -6124+&2, $'(6-

-*)3&-*, J(* 34(*D '4-(&(4J&'94D +4-&263,-.D '136) -6 *'-*)& E*2-@3&-04-

(6 ) ).'*9*D '(&1&-4 6-4=*(2*1-.D, -* 124 F(*+, ) '43$ 26=$1*250*J&--*'(4 

'(2$9($2-./ '*'(6)35I%4/, 9*(*265 ) -6L&+ '3$J6& *@P5'-5&('5 ' (*J94 

=2&-45 (&/-*3*E44 4=E*(*)3&-45, 26=-4>6 ')*D'() -& 4+&&( 9*-92&(-*E* -6-

126)3&-45. !2$E4+4 '3*)6+4, *('$('()$&( J&(9* ).26G&--65 26=-4>6 +&G0$ 

+&/6-4J&'94+4 /6269(&24'(496+4 +6(&24636 ) =6)4'4+*'(4 *( -6126)3&-45 

1243*G&-45 -6E2$=94, (&+ -& +&-&& '(2$9($2-.& '*'(6)35I%4& '*)&2L&--* 

1*-26=-*+$ &D '*12*(4)35I('5. 

H634J4& 2&=9*E* 1&2&1606 /6269(&24'(49 ()&20*'(4 4 136'(4J-*'(4 

) 1&2&/*0-*D =*-& *( *0-*E* '(2$9($2-*E* '*'(6)35I%&E* 9 02$E*+$ E*)*24(, 

* 12*5)3&-44 6-4=*(2*144 [3]. 

R694+ *@26=*+, ) -6'(*5%&D 26@*(&: 

 ! )1&2).& *12*@*)6- +&(*0 -6-*'93&2*+&(244 035 *>&-94 ()&20*'(4 

-6-*26=+&2-./ '(2$9($2-./ '*'(6)35I%4/ 6-4=*(2*1-./ 34(./ '4-(&(4J&-

'94/ +4-&263,-./ '136)*) ('4+4-63*)) ' 124+&-&-4&+ 4=+&24(&3,-*E* 9*+-

13&9'6 NanoRest 600; 

 ! $'(6-*)3&-. *1(4+63,-.& 1626+&(2. 4'1.(6-4D 035 *>&-94 (*1*3*E44 

1*)&2/-*'(4 '4+4-63*): L6E '96-42*)6-45 5 +9+, -6E2$=96 -6 4-0&-(*2 0,1 +H; 

 ! $'(6-*)3&-. *1(4+63,-.& 1626+&(2. 4'1.(6-4D >62616-4&+ 035 

*>&-94 ()&20*'(4 -6-*26=+&2-./ '(2$9($2-./ '*'(6)35I%4/ '4+4-63*): 

L6E '96-42*)6-45 5 +9+, -6E2$=96 -6 4-0&-(*2 200 +H; 

 ! +&(*0 -6-*'93&2*+&(244 -6 @6=& NanoRest 600 +*G-* 2&9*+&-0*)6(, 035 

*>&-94 ()&20*'(4 6-4=*(2*1-./ 34(./ '4-(&(4J&'94/ +4-&263,-./ '136)*). 

 !"#$% &"'()*'+), 

1. #93&2*+&(245/ A*0 2&0. B.B. N2$%&)6. – B.: H6$96, 1968. – 345 '. 
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4 ')*D'() 96+-&34(./ +6(&2463*) +&(*0*+ -6-*4-0&-(42*)6-45 // :&'(-49 

A?R . B6L4-*'(2*&-4&, +6(&2463*)&0&-4&. – A&2+,, 2010. – R. 12. – T 1. – 

#. 139–150. 

3. ?*3*)4- U.C., RI24- <.C. B492*- 4 -6-*9*-(69(-*& )=64+*0&D'(-

)4& ()&20./ (&3: '@. 26@*( *@3606(&3&D E26-(*) 8VVC. – B., 2006. – URL: 

http://www.rfbr.ru/pics/28422ref/file.pdf 
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