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 !" 621.643.2–036–419.8:539.4 

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

&""+$/-0*(&$ %*1-)-"#-"-1(-")&

)%21-#%-0-/-0 &3 #-+&'$%(45 *%'&%-0*((45

)%21 #%& /&(*'&.$"!&5 (*6%23!*5

".*. "789:;<=>, *.? "789:;<=>, ".0. "8=>;<=>

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

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

'&)." !&31%1$-1$13)1$%. %!431-!1'1#1' .5 -1(./"!)*6 &!/.!1-

'&))*6 %!43 -!. #.)&/.2"$,.6 )&7!45,&6

# $%&'()*++ ,-+.) /(01.+-$2+ %-.1-(,%$$2+ '-342 (567) $%-

8(9)' :1-(;(+ /-1.+$+$1+ /-1 '-%$&/(-'1-(,;1 <%=%. "($&'-3;>1)

567 /-+9&'%,0)+' &(4(? /(01@'10+$ $1=;(<( 9%,0+$1) (5A!), %-.1-(-

,%$$2? &'%0B$(? /-(,(0(;(? $+4(0B:(<( 91%.+'-% , (&+,(. 1 ;(0B>+-

,(. $%/-%,0+$1)8. 6$%01= -%4('(&/(&(4$(&'1 567[1,2] /(;%=2,%+',

C'( /-1 &'%'1C+&;18 $%<-3=;%8 -%4('(&/(&(4$(&'B ;($&'-3;>11 $% 85 % 

=%,1&1' (' D1=1;(-.+8%$1C+&;18 &,(?&', &'%0B$(<( ;%-;%&% 1 $% 15 % 

(' /(01@'10+$%. E9$%;( /-1 91$%.1C+&;18 (39%-$28) $%<-3=;%8 8%-%;-

'+- /(,+9+$1) ;($&'-3;'1,$28 @0+.+$'(, '-342 &3*+&',+$$( ('01C%-

F'&) (' 8%-%;'+-% /(,+9+$1) /-1 &'%'1C+&;18 $%<-3=;%8. !1$%.1C+&;1+

$%<-3=;1, , '(. C1&0+ ++ ;(0+4%$1+ &;(-(&'1 $% ;($&'-3;>1F 567,

/-1,(9)' ; $+-%&C+'$2. -+G1.%. 1 , ;($+C$(. 1'(<+ ; -%=-3:+$1F.

H=3C+$1+ &,(?&', 5A! ;%; .%'+-1%0%, , ;('(-(. $%8(91'B&) &'%0B$(?

;%-;%&, ),0)+'&) %;'3%0B$(? =%9%C+?, /(&;(0B;3 /-1 /(),0+$11 '-+*1-

$2 (-%&&0(+$11 1 9-3<18 9+D+;'%8) &3*+&',+$$( ,01)$1+ .+8%$1C+&;18

&,(?&', /(01@'10+$%. 5A! /-1 ,2&(;18 &;(-(&')8 $%<-3G+$1) ),0)+'-

&) 8-3/;1. .%'+-1%0(., C'( &;%=2,%+'&), , &,(F (C+-+9B, $% @;&/03%-

'%>1($$28 8%-%;'+-1&'1;%8 '-342, % , -+=30B'%'+ 1 $% -%4('(&/(&(4-

$(&'1 '-34(/-(,(9% , >+0(.. I%=01C$2? 8%-%;'+- -%=-3:+$1) /-1 &'%-

'1C+&;18 1 91$%.1C+&;18 ,19%8 $%<-3G+$1) /-+9&'%,0+$ $% -1&. 1. 

J'-3;'3-% 1 81.1C+&;1+ &,(?&',% 5A! , $%&'()*++ ,-+.) 9(&'%-

'(C$( 8(-(:( 1=3C+$2 1 (/1&%$2 , -%=01C$(? &(,-+.+$$(? 01'+-%'3-

-+ [3, 4], , '( G+ ,-+.) .+8%$1C+&;1+ 8%-%;'+-1&'1;1 '-+43F' 9(/(0-

$1'+0B$(<( 1=3C+$1) , -+G1.%8 91$%.1C+&;(<( $%<-3G+$1).
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I1&. 1. I%=-3:+$1+ <%=(,(? '-342. J0+,% /(9 ,(=9+?&',1+.

&'%'1C+&;(<( $%<-3G+$1), &/-%,% /(9 ,(=9+?&',1+.

91$%.1C+&;(<( $%<-3G+$1).

A% 4%=+ K+$'-% @;&/+-1.+$'%0B$(? .+8%$1;1 5+-.&;(<( <(&3-

9%-&',+$$(<( '+8$1C+&;(<( 3$1,+-&1'+'% 420( /-(,+9+$( 1&&0+9(,%$1+

,01)$1) &;(-(&'1 $%<-3G+$1) $% 9+D(-.%>1($$2+ 1 /-(C$(&'$2+ 8%-

-%;'+-1&'1;1 /(01@'10+$% $1=;(<( 9%,0+$1). !0) -+%01=%>11 :1-(;(<(

91%/%=($% &;(-(&'+? 9+D(-.1-(,%$1) ((' 10
-3
&

-1
9( 1 &

-1
) 1&/2'%$1)

/-(,(9101&B $% 9,38 '1/%8 @0+;'-(.+8%$1C+&;18 3$1,+-&%0B$28 &1&-

'+.%8 Instron 5882 1 Instron L3000. !%'C1;1, 3&'%$(,0+$$2+ $% 3$1,+--

&%0B$28 1&/2'%'+0B$28 &1&'+.%8, (4+&/+C1,%F' '(C$(&'B 1=.+-+$1)

$%<-3=;1 0,5 % (' 1=.+-)+.(? ,+01C1$2 , 91%/%=($+ (' 0,2 % 9( 1 % 

1 0,4 % , 91%/%=($+ (' 1 9( 100 % $(.1$%0B$(? .(*$(&'1 9%'C1;% $%-

<-3=;1.

H&&0+93+.2+ (4-%=>2 1= 5A! 4201 1=<('(,0+$2 1= '-34 /-(1=-

,(9&',% E6E «"%=%$B(-<&1$'+=». 5-(,+9+$% &+-1) 1&/2'%$1? 90)

29 (4-%=>(, /-1 C+'2-+8 &;(-(&')8 9+D(-.1-(,%$1): 10
-3

, 10
-2

, 0,22, 1.0 &
-1

.

#( ,&+8 &+-1)8 1&/2'%$1? -+%01=(,2,%0&) -+G1. G+&';(<( (;1$+.%'1-

C+&;(<() $%<-3G+$1).

A% -1&3$;+ 2 /-+9&'%,0+$( 1&/2'%$1+ (4-%=>% 1= 5A! .%-;1

5M80N-275 /-1 (9$((&$(. -%&')G+$11 $% 1&/2'%'+0B$(? &1&'+.+

Instron 5882 & 1&/(0B=(,%$1+. ,19+(@;&'+$=(.+'-% AVE 2663-821, /(-

<-+:$(&'B 1=.+-+$1) 3901$+$1? & /(.(*BF ;('(-(<( &(&'%,0)0%

± 2,5 .;..

J+-1) 1&/2'%$1? &( &;(-(&'BF 9+D(-.%>11 10
-3
&

-1
1 10

-2
&

-1
/-(-

1=,(910%&B $% 1&/2'%'+0B$(? &1&'+.+ Instron 5882, & 9%'C1;(. $%<-3=-

;1 Sandwich Instron & 91%/%=($(. 1=.+-+$1? 9( 1 ;A. J+-1) 1&/2'%$1?

/-1 =$%C1'+0B$( 4(0B:18 &;(-(&')8 9+D(-.%>11 (0,22 &
-1
1 1,0 &

-1
) /-(-
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1=,(910%&B $% 3$1,+-&%0B$(? @0+;'-(91$%.1C+&;(? 1&/2'%'+0B$(?

&1&'+.+ Instron ElectroPuls E3000, /-+9&'%,0+$$(? $% -1&. 3, & 9%'C1;(.

91$%.1C+&;(? $%<-3=;1 Dynacell & 91%/%=($(. 1=.+-+$1? 9( 5 ;A.

I1&. 2. H&/2'%$1+ (4-%=>% 1= 5A! .%-;1 5M80N-275

/-1 (9$((&$(. -%&')G+$11 $% 1&/2'%'+0B$(? &1&'+.+

Instron 5882 & 1&/(0B=(,%$1+. ,19+(@;&'+$=(.+'-% AVE 2663-821 

I1&. 3. H&/2'%$1+ (4-%=>% 1= 5A! .%-;1

5M80N-275 /-1 (9$((&$(. -%&')G+$11 $%

3$1,+-&%0B$(? @0+;'-(.+8%$1C+&;(? 1&/2'%'+0B$(?

&1&'+.+ ElectroPuls E3000 
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#$+:$1? ,19 (4-%=>(, 1= /(01@'10+$% $1=;(<( 9%,0+$1) /(&0+

/-(,+9+$1) 1&/2'%$1? $% (9$((&$(+ -%&')G+$1+ & -%=01C$2.1 &;(-(-

&').1 9+D(-.1-(,%$1) /-+9&'%,0+$ $% -1&. 4.

I1&. 4. E4-%=>2 1= 5A! /(&0+ /-(,+9+$1) 1&/2'%$1? $% (9$((&$(+

-%&')G+$1+ & -%=01C$2.1 &;(-(&').1 9+D(-.1-(,%$1)

5-(,+9+$% &'%'1&'1C+&;%) (4-%4(';% -+=30B'%'(, 1&/2'%$1?

& 9(,+-1'+0B$(? ,+-()'$(&'BF 0,95. O$%C+$1) /-+9+0% /-(C$(&'1

1 .(930) 3/-3<(&'1 90) -%=01C$28 &;(-(&'+? 9+D(-.1-(,%$1) /-+9-

&'%,0+$2 , '%40. 1. 

7%401>%  1 

 !"#"$ %!&'(&)*+ + ,&#-$. -%!-/&)*+ #$0 !12$+'(34

)5&!&)*"6 #"7&!,+!&81(+0  9: ,1!5+  ;80<-275 

J;(-(&'B 9+D(-.%>11, &-1 10-3 10-2 0,22 1,0 

5-+9+0 /-(C$(&'1,P5% 16,80±0,61 19,35±0,32 22,50±0,17 22,57±0,20

P(930B 3/-3<(&'1,P5% 707,67±36,17 741,33±22,45 798,50±9,20 990±11,80

5( -+=30B'%'%. 1&/2'%$1? /(&'-(+$2 =%,1&1.(&'1 /-+9+0%

/-(C$(&'1 1 .(930) 3/-3<(&'1 (' &;(-(&'1 9+D(-.1-(,%$1), /-+9&'%,-

0+$$2+ &((',+'&',+$$( $% -1&. 5–7 1 , '%40. 2. 

I1&. 5. O%,1&1.(&'B /-+9+0% /-(C$(&'1 90) 5A! .%-;1

5M80N-275 (' &;(-(&'1 9+D(-.1-(,%$1)
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O%,1&1.(&'B, /-+9&'%,0+$$%) $% -1&. 5, .(G+' 42'B %//-(;&1.1-

-(,%$% ,2-%G+$1+. y = –169,45x
2
 + 422,64x + 719,24, <9+ 4 &((',+'&',3-

+' =$%C+$1F /-+9+0% /-(C$(&'1 (P5%), 6 – &;(-(&'1 9+D(-.%>11 (&
-1

). 

!(&'(,+-$(&'B %//-(;&1.%>11 (/-+9+0)+'&) ;(@DD1>1+$'(. R
2

= 0,90. 

I1&. 6. O%,1&1.(&'B .(930) 3/-3<(&'1 90) 5A! .%-;1

5M80N-275 (' &;(-(&'1 9+D(-.1-(,%$1)

O%,1&1.(&'B, /-+9&'%,0+$$%) $% -1&. 6, .(G+' 42'B %//-(;&1.1-

-(,%$% ,2-%G+$1+. y = 0,8987ln(x) + 23,285, <9+ 3 &((',+'&',3+' =$%C+-

$1F .(930) 3/-3<(&'1 (P5%), 6 – &;(-(&'1 9+D(-.%>11 (&
-1

). !(&'(-

,+-$(&'B %//-(;&1.%>11 (/-+9+0)+'&) ;(@DD1>1+$'(. R
2
 = 0,94. 

E4-%4(';% -+=30B'%'(, $%'3-$28 1&/2'%$1? 567 $% -%=-3:+$1+

1 %$%01= /-1C1$ (';%=(, '-34(/-(,(9(, , /-(>+&&+ @;&/03%'%>11 /(-

=,(010 ,29+01'B $%14(0++ ,+-()'$2+ (40%&'1 -%=-3:+$1) ;($&'-3;>11

'-342 , =%,1&1.(&'1 (' /%-%.+'-(, 9+?&',1) $%<-3=;1. A% &8+.+

(&.. -1&. 7) /-1,+9+$2 =($2 -%=-3:+$1) /(01.+-$28 %-.1-(,%$$28

'-34 , =%,1&1.(&'1 (' 3&0(,1? /-10(G+$1) $%<-3=;1:

1) (40%&'B -%4('(&/(&(4$(&'1 – =($% $(-.%0B$(? -%4('(&/(&(4-

$(&'1 '-342 , /-(&'-%$&',+ /%-%.+'-(, $%<-3G+$1) (C%&'('%, %./01'3-

9% ;(0+4%$1? 9%,0+$1)); , /-(>+&&+ 9%0B$+?:18 1&&0+9(,%$1? $+(48(-

91.( 3C1'2,%'B %"/-"!&%4!4 ;%; &3*+&',+$$2? D%;'(-, ,01)F*1? $%

$+&3*3F &/(&(4$(&'B '-342 , 3&0(,1)8 @;&/03%'%>11;

2) /(01@'10+$ ((40%&'B &'2;(,(<( &(+91$+$1) ;($&'-3;'1,$28

@0+.+$'(, '-34(/-(,(9(, 1= 567) – +&01 '(C;% , /-(&'-%$&',+ /%-%-

.+'-(, $%<-3G+$1) /(/%9%+' , 9%$$3F (40%&'B, '( $%14(0++ ,+-()'$(?

=($(? -%=-3:+$1) ),0)+'&) (40%&'B =%;($>(,;1;
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I1&. 7. O($2 -%=-3:+$1) /(01.+-$28 %-.1-(,%$$28 '-34 ,

=%,1&1.(&'1 (' 3&0(,1? /-10(G+$1) $%<-3=;1

3) '+0( '-342 – +&01 '(C;% , /-(&'-%$&',+ /%-%.+'-(, $%<-3G+-

$1) /(/%9%+' , 9%$$3F (40%&'B, '( $%14(0++ ,+-()'$(? =($(? -%=-3:+-

$1) 439+' ),0)'B&) %-.1-3F*1? ;%-;%&, % &0+9(,%'+0B$(, 1.++. -%=-

-3:+$1+ /( '+03 '-342;

4) /+-+8(9$%) =($% – , 9%$$(? (40%&'1 , /-(&'-%$&',+ /%-%.+'-(,

$+0B=) %/-1(-1 /-(<$(=1-(,%'B, <9+ /-(1=(?9+' -%=-3:+$1+: , (40%&'1

=%;($>(,;1 101 /( '+03 '-342.

A% &8+.+ 1&/(0B=3F'&) &0+93F*1+ (4(=$%C+$1):
*
= self  – &(4&',+$$%) C%&'('% ;($&'-3;>11 ('-342, '-34(/-(,(9%)

1= /(01.+-$28 %-.1-(,%$$28 '-34;
∗
=  – ;-1'1C+&;%) C%&'('% -%=-3:+$1) – ,+01C1$%, (4-%'$%) &;(-

-(&'1 =,3;% , ;($&'-3;>11.

7%401>%  2 

>"2-$.*1*3 +)%3*1(+6

?1!51 *!-@3
*
=self , Q> ∗

= , Q> A
*
limit , P5%

567-95 550-600 ~10 20 

567-140 480-500 ~10 12,9–14,6 

567-200 420-450 ~10 10,2 

A
*
limit  – /-+9+0B$(+ ,$3'-+$$++ 9%,0+$1+ 90) '-342 &((',+'&'-

,3F*+<( '1/(-%=.+-% , 3&0(,1)8 ;,%=1&'%'1C+&;(<( /-10(G+$1) $%-

<-3=;1.



81

7%;1. (4-%=(., /( -+=30B'%'%. /-(,+9+$$28 1&/2'%$1? /(03C+-

$2 $(,2+ 9%$$2+, 8%-%;'+-1=3F*1+ =%,1&1.(&'1 9+D(-.%>1($$28

1 /-(C$(&'$28 &,(?&', /(01@'10+$% $1=;(<( 9%,0+$1) (.(930B 3/-3<(-

&'1, /-+9+0 /-(C$(&'1) (' &;(-(&'1 9+D(-.1-(,%$1) , 91%/%=($+ ('

10
-3
9( 1 &

-1
, C'( /(=,(010( 3'(C$1'B -%4('(&/(&(4$(&'B /(01@'10+$%

((40%&'B &'2;(,(<( &(+91$+$1) ;($&'-3;'1,$28 @0+.+$'(, '-34(/-(-

,(9(, 1= 567) – , (40%&'1 =%;($>(,;1 &,%-$28 &(+91$+$1? '-34(/-(-

,(9%.

A%+)&5 $+*"!1*-!3

1. J%0B$1;(, 6.R., A+C%+,% L.J., 6$(:;1$ 6.A. M;&/+-1.+$-

'%0B$(-'+(-+'1C+&;(+ 1&&0+9(,%$1+ -%4('(&/(&(4$(&'1 /(01.+-$28

%-.1-(,%$$28 '-34 // Q%=(,%) /-(.2:0+$$(&'B. – 2008. – S 3. –  

J. 88–91 

2. J%0B$1;(, J.6., L.J. A+C%+,%, J%0B$1;(, 6.R.  /-%,0+$1+

'+8$(0(<1C+&;1. /-(>+&&(. '-%$&/(-'1-(,;1 -%4(C+? &-+92 & 3C+'(.

(&'%'(C$(<( -+&3-&% '-34(/-(,(9%// Q%=(,%) /-(.2:0+$$(&'B. – 2009. 

– S 9. 

3. !G.  %?', !. T(?9. 5(01@'10+$, /(01/-(/10+$ 1 9-3<1+ /(-

01(0+D1$2. – P.: 5-(D+&&1), 2006. – 262 &.

4. 7+8$1C+&;1+ &,(?&',% /(01.+-$28 .%'+-1%0(, / #.". "-2-

G%$(,&;1?, #.#. N3-0(,, 6.!. 5%$1.%'C+$;(, U.#. "-2G%$(,&;%). – 2-+

1=9. – P.: 5-(D+&&1), 2005. – 280 &.
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