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 !" 620.178.3 

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

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

-. /0'12034567380 1  6098!5310 913521:0 .1; 

20;531:0 .1;  !8< 4! !=>.8?/'?@1; 2540'1568!1
 

3,$$#)-"!/ )+&/ &4 #!-)+). &$$5!+).,/&6 .64%)*7"*(&1 $.)'$-. #,-!"&,5).. 8 "!4*59-

-,-! &$$5!+).,/&6 +.*1 ",4/01 -&7). 7)5&#!"). 7)5*2!/0 4,.&$&#)$-& #!1,/&2!$%&1 $.)'$-. 

#,-!"&,5). )- 2,$-)-/01 1,",%-!"&$-&% /,("*:!/&6.  ").!+!/ ,/,5&4 #!1,/&2!$%)() 7).!+!/&6 

.0$)%)/,7)5/!//)() 7)5&#!"/)() #,-!"&,5, &  /!/,7)5/!//)()  .0$)%);5,$-&2/)() 7)5&#!", & 

7)%,4,/, .)4#):/)$-9 &$7)594).,/&6 #!1,/&2!$%)() +&/,#&2!$%)() ,/,5&4, +56 )7"!+!5!/&6 

+&/,#&2!$%)() #)+*56 & *(5, $+.&(, <,4. 

 

."A,B$CB D"#$E: 7)5&#!", +&/,#&2!$%&' #!1,/&2!$%&' ,/,5&4, 7!-56 (&$-!"!4&$,, .64-

%)*7"*()$-9, *()5 $+.&(,, +&/,#&2!$%&' #)+*59, +!'$-.&-!59/,6 2,$-9 %)#75!%$/)() #)+*56, 

#/&#,6 2,$-9 %)#75!%$/)() #)+*56. 

 

!#$%&#'()*#( #)+,-%$#. /0$/12(&($$/ 0/34$, 0%1%-5 &%*)#-

&%35$/ 0/)-/1(2$,( 2(6735-%-, # 1,+/3$.-5). +/ 0/)-%-/'$/ +2/-

)-,& &(-/0#*%&. 80$#& #6 &(-/0/1 -%*#9  #))3(0/1%$#: .13.(-). 

+2/1(0($#( 0#$%&#'()*/;/ &(9%$#'()*/;/ %$%3#6% +2# /0$//)$/& $%-

+2.4($$/-0(</2&#2/1%$$/& )/)-/.$##. !3. /-2%=/-*# &(-/0#*# 0#-

$%&#'()*#9 #)+,-%$#: =,3# 1,=2%$, 01% $#6*/&/0735$,9 &%-(2#%3% 

+2/#61/0)-1% >?? +/3#&(2$,9 &%-(2#%3/1, #)+/3567(&,( 1 */$)--

27*@## 01#;%-(3(: 3(-%-(35$,9 %++%2%-/1 # /=3%0%AB#( .2*/ 1,2%-

4($$,&# 1.6*/7+27;#&# )1/:)-1%&#.  

C%-(2#%3 -#+% «D!?» .13.(-). &(9%$#'()*#& %$%3/;/& (#&#-%-

-/2/&) -1(20/;/ 2%*(-$/;/ -/+3#1% # E#2/*/ #)+/3567(-). 03. +2/1(-

0($#. 2%63#'$,9 <#6#*/-&(9%$#'()*#9 #))3(0/1%$#: # +2(0)-%13.(- 

)/=/: 1,)/*/$%+/3$($$7A +/3#&(2$7A */&+/6#@#A. C%-(2#%3 -#+% 

«F» .13.(-). $($%+/3$($$,& 1,)/*/G3%)-#'$,& +/3#&(2/& [1]. ?6 

#))3(07(&,9 &%-(2#%3/1 >?? +/3#&(2$,9 &%-(2#%3/1 =,3# +/0;/-

-/13($, /=2%6@, )/ )3(07AB#&# 9%2%*-(2#)-#*%&#:  #6 &%-(2#%3% -#-

+% «D!?» +3/)*#( /=2%6@, ) +2.&/7;/35$,& +/+(2('$,& )('($#(& 

7,5 7,5 && (2#). 1); #6 &%-(2#%3% -#+% «D!?» @#3#$02#'()*#( /=2%6-

                                                           
1
 3,=)-, .07)5/!/, 7"& <&/,/$).)' 7)++!":%! >?  «@$$5!+).,/&! & ",4",=)-%& 7) 

7"&)"&-!-/0# /,7",.5!/&6# ",4.&-&6 /,*2/)--!1/&2!$%)() %)#75!%$, 3)$$&& /, 2007–2012 ()-

+0» (()$. %)/-",%- A02.518.11.7135). 
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@, ) 0#%&(-2/& 34 && # 2%=/'(: 6/$/: 10 && (2#). 2); #6 &%-(2#%3% 

-#+% «F» @#3#$02#'()*#( /=2%6@, ) 0#%&(-2/& 20,0 && # 2%=/'(: 6/-

$/: 10 && (2#). 3). 

 

F#). 1. H$(E$#: 1#0 +3/)*/;/ /=2%6@%  

#6 &%-(2#%3% -#+% «D!?» 

F#). 2. H$(E$#: 1#0  

@#3#$02#'()*/;/ /=2%6@%  

#6 &%-(2#%3% -#+% «D!?» 

 

F#). 3. H$(E$#: 1#0 @#3#$02#'()*/;/ /=2%6@% #6 &%-(2#%3% -#+% «F» 

 

I#3#$02#'()*#( /=2%6@, 1*3(#1%3#)5 *3((& $% /)$/1( G+/*)#0$/: 

)&/3, 1 )+(@#%35$,( ;#356, ) 91/)-/1#*/&, 1,+/3$($$,( #6 )-%3#. 

D2# +2/1(0($## 0#$%&#'()*#9 #)+,-%$#: $% @#3#$02#'()*#9 

/=2%6@%9 #6 &%-(2#%3% -#+% «D!?» #))3(0/1%3/)5 13#.$#( '%)-/-, 

$%;274($#. # %&+3#-70, 0(</2&%@## $% 0#$%&#'()*#( &(9%$#'()*#( 

)1/:)-1% +2# )#&&(-2#'$/& @#*3( $%;274($#.. H )1/A /'(2(05, $% 

+3/)*#9 /=2%6@%9 #6 &%-(2#%3% -#+% «D!?» #))3(0/1%3/)5 13#.$#( 

'%)-/-, $%;274($#., 72/1$. +2(01%2#-(35$/: )-%-#'()*/: 0(</2&%-

@## # %&+3#-70, 0(</2&%@## $% 0#$%&#'()*#( &(9%$#'()*#( )1/:)--

1%, #67'%3/)5 -%*4( 13#.$#( 6%91%-$,9 +2#)+/)/=3($#: $% +/37'%(-

&,: 2(6735-%-. >% @#3#$02#'()*#9 /=2%6@%9 #6 &%-(2#%3% -#+% «F» 

#))3(0/1%3/)5 13#.$#( '%)-/-, $%;274($#.  $% 0#$%&#'()*#( &(9%$#-

'()*#( )1/:)-1%. 

!3. +2/1(0($#. G*)+(2#&($-%35$,9 #))3(0/1%$#: 0#$%&#'()*#9 

0(</2&%@#/$$,9 )1/:)-1 $#6*/&/0735$,9 &%-(2#%3/1 $% =%6( I($-2% 

G*)+(2#&($-%35$/: &(9%$#*# DJK  =,3% 1,=2%$% G3(*-2/0#$%&#'(-

)*%. #)+,-%-(35$%. )#)-(&% Instron ElectroPuls E3000. L#)-(&% Instron 
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ElectroPuls E3000 +/61/3.(- 2(%3#6/1,1%-5 2%63#'$,(, 1 -/& '#)3( 

# )#$7)/#0%35$,(, 6%*/$, $%;274($#. ) '%)-/-/: /- 0,01 0/ 200 J@. 

F(%3#6%@#. 1,)/*/-/'$/: )#)-(&, 7+2%13($#. #)+,-%$#.&# 1 Instron 

E3000  +/61/3.A- +2/1/0#-5 #)+,-%$#. /=2%6@/1 2%63#'$/: </2&, 

) 2%63#'$,&# 4()-*/)-.&#.  

C(-/0 0#$%&#'()*/;/ &(9%$#'()*/;/ %$%3#6% +/02%67&(1%(- $%-

;274($#( /=2%6@% +/ )#$7)/#0%35$/&7 6%*/$7. H )37'%( /0$//)$/;/ 

$%;274($#. /=2%6@% ;%2&/$#'()*/: 0(</2&%@#(: (! ) $%+2.4($#( (" ) 

/*%6,1%(-). )01#$7-,& $% $(*/-/2,: 7;/3 )01#;% <%6, (# ). H 2(6735-

-%-( $% 0#%;2%&&( «$%+2.4($#(–0(</2&%@#.» 03. *%40/;/ @#*3% $%-

;274($#. +/37'%(-). +(-3. ;#)-(2(6#)%.  

!3. /+#)%$#. 0(</2&%@#/$$,9 )1/:)-1 +/3#&(2/1 1 7)3/1#.9 )-%-

@#/$%2$,9 ;%2&/$#'()*#9 */3(=%$#: #)+/3567A- */&+3(*)$,( /+(2%-/-

2,. "/&+3(*)$/( /-$/E($#( "  * 0(</2&%@## ! &/4$/ /+#)%-5 *%* [2] 

 EiEE $$%$& , (1) 

;0( * cos EE E$ & # ; * sin EE E$$ & # ; ' ( ' (2 2
E E E) $ $$& % ; ' (arctgE E E$$ $# & . 

H -(/2## */&+3(*)$,9 /+(2%-/2/1  $ .13.(-). 0(:)-1#-(35$/: 

'%)-5A */&+3(*)$/;/ &/073., E$$ – &$#&/: '%)-5A */&+3(*)$/;/ &/-

073., #  – 7;3/& )01#;% <%6, (7;3/& +/-(25). 

!(:)-1#-(35$%. '%)-5 */&+3(*)$/;/ &/073. 9%2%*-(2#67(- 7+-

27;#( )1/:)-1% &%-(2#%3%, +2/'$/)-$,( )1/:)-1% &%-(2#%3% +2# 0#-

$%&#'()*/& $%;274($##. C$#&%. '%)-5 */&+3(*)$/;/ &/073. /+2(-

0(3.(- 1.6*/)-$,( 9%2%*-(2#)-#*# &%-(2#%3%, 0#))#+%@#A G$(2;## 

1 &%-(2#%3(. 

!#$%&#'()*#: &/0735 (E*) +2# 0#$%&#'()*/& /0$//)$/& $%+2.-

4($$/-0(</2&#2/1%$$/& )/)-/.$##, D%, /+2(0(3.A- +/ </2&73( [3] 

 *
 

*"
&
*!

, (2) 

;0( *"  – 2%6&%9 $%+2.4($#.; *!  – 2%6&%9 0(</2&%@##. 

!3. 1,'#)3($#. 7;3% +/-(25 (# ) 1 0%$$/& #))3(0/1%$## #)+/35-

6/1%3). G$(2;(-#'()*#: &(-/0. H )37'%( )#$7)/#0%35$/: $%;276*# +(--

3. ;#)-(2(6#)% %+2/*)#&#27(-). 72%1$($#(& G33#+)%. D3/B%05, /;2%-

$#'($$%. G33#+)/&, /+2(0(3.(-). '#)3($$,& #$-(;2#2/1%$#(&, '-/ 

)$#4%(- +/;2(E$/)-# /+2(0(3($#. 7;3% )01#;% <%6,, 1,61%$$,( $%3#-
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'#(& E7&% # $(3#$(:$,9 #)*%4($#: 6%*/$% $%;274($#. #6-6% $(3#-

$(:$,9 )1/:)-1 &%-(2#%3% /=2%6@%.  ;/3 )01#;% <%6 &(407 $%+2.4(-

$#(& # 0(</2&%@#(:, 2%0, 1,'#)3.(-). +/ </2&73( 

 arcsin

2 2

E

a

u N

+ ,
- .

# & - .* / *- .0
1 2

, (3) 

;0( a – G$(2;#.-+3/B%05, /;2%$#'($$%. +(-3(: ;#)-(2(6#)% (#$-(;2%3 

)#3, +/ +(2(&(B($#A), !4; u*  – 2%6&%9 +(2(&(B($#., &; N*  – 2%6-

&%9 )#3,, >. 

D2#&(2 +(-3# ;#)-(2(6#)%, +/37'($$/: 03. &%-(2#%3/1 -#+% 

«D!?», +2(0)-%13($ $% 2#). 4. !/)-%-/'$/ +2%1#35$%. </2&% G33#+)% 

;/1/2#- / $(6$%'#-(35$/)-# $(3#$(:$,9 G<<(*-/1 1 6%+#)# @#*3% 

«$%+2.4($#( (7)#3#() – 0(</2&%@#. (+(2(&(B($#()». 

 

 

!                                                                             " 

F#). 4. D(-3. ;#)-(2(6#)% 03. &%-(2#%3% -#+% «D!?»: (!) 3 = 0,1 J@, )-M 0& , 

M 1%
!
& / ; (") 1v &  J@, )-M 2 %& / , M 0,5R &  

N%2%*-(2$/, '-/ $%3#'#( +2(01%2#-(35$/: 0(</2&%@## (#3# 

%)#&&(-2## @#*3%) $( 1$/)#- )7B()-1($$,9 #)*%4($#: 1 G33#+-#'(-

)*7A </2&7 +(-3# ;#)-(2(6#)%. 

L2%1$#-(35$,: %$%3#6 +(-3# ;#)-(2(6#)% &%-(2#%3% -#+% «F», 

+2(0)-%13($$/: $% 2#). 5, # +(-3# ;#)-(2(6#)% &%-(2#%3% -#+% «D!?» 

O, CD% O, CD%

M, % M, % 
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+/*%6,1%(-, '-/ $($%+/3$($$,: &%-(2#%3 #&((- 6$%'#-(35$/ &($5E#( 

+/-(2# G$(2;## 1 @#*3(, -.(. 9%2%*-(2#67(-). &($5E(: 1.6*/)-5A, '(& 

1,)/*/$%+/3$($$,: +/3#&(2. 

 

 

F#). 5. D(-3. ;#)-(2(6#)% &%-(2#%3% -#+% «F»: 0,01v &  J@, )-M 0& , M 1%
!
&  

>% 2#). 6–7 +2(0)-%13($, 2(6735-%-, #))3(0/1%$#. 13#.$#. '%)-

-/-, $%;274($#. $% 0#$%&#'()*#: &/0735 # 7;/3 )01#;% <%6 &(407 

$%+2.4($#(& # 0(</2&%@#(: &%-(2#%3% -#+% «D!?» (@#3#$02#'()*#: 

/=2%6(@) 1 )#&&(-2#'$/& @#*3( $%;274($#. +2# %&+3#-70%9 0(</2&%-

@## 0,33¸ 0,66 # 1,0 %. 

!#$%&#'()*#: &/0735 .13.(-). &/$/-/$$/ 1/62%)-%AB(: <7$*-

@#(: 3/;%2#<&% '%)-/-, $%;274($#. # 1 #))3(0/1%$$/& '%)-/-$/& 

0#%+%6/$( ) 71(3#'($#(& '%)-/-, 71(3#'#1%(-). =/3(( '(& 1 5 2%6. 

P$%'($#. 7;3% )01#;% <%6, &(407 $%+2.4($#(& # 0(</2&%@#(: 7&($5-

E%A-). ) 71(3#'($#(& '%)-/-, $%;274($#. # #6&($.A-). 1 +2(0(3%9 

/- 30 0/ 3,5 ;2%07)/1. P%1#)#&/)-5 0#$%&#'()*#9 )1/:)-1 /- %&+3#-7-

0, 0(</2&%@## $()7B()-1($$% # $%#=/3(( /B7-#&% 03. 7;3% )01#;% 

<%6, $% '%)-/-( 0,01 J@. >% '%)-/-$,9 6%1#)#&/)-.9 0#$%&#'()*/;/ 

&/073. # 7;3% )01#;% <%6 &(407 $%+2.4($#(& # 0(</2&%@#(: -/$*#&# 

3#$#.&# +/*%6%$, -%*4( 0/1(2#-(35$,( #$-(21%3, /+2(0(3($#. 7*%-

6%$$,9 1(3#'#$ +2# 72/1$( 0/1(2#-(35$/: 1(2/.-$/)-# 0,95. 

B, C ,

D, % 
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F#). 6. Q%)-/-$%. 6%1#)#&/)-5 0#$%&#'()*/;/ &/073. &%-(2#%3%  

-#+% «D!?» (@#3#$02#'()*#: /=2%6(@) 

 

F#). 7. Q%)-/-$%. 6%1#)#&/)-5 7;3% )01#;% <%6 &(407 $%+2.4($#(&  

# 0(</2&%@#(: &%-(2#%3% -#+% «D!?» (@#3#$02#'()*#: /=2%6(@) 

>% 2#). 8, 9 +2(0)-%13($, '%)-/-$,( 6%1#)#&/)-# 0#$%&#'()*/;/ 

&/073. # 7;3% )01#;% <%6 03. &%-(2#%3% -#+% «D!?» (+3/)*#: /=2%6(@). 

 

 *, CD% 

#, J@ 

#, J@ 
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F#). 8. Q%)-/-$%. 6%1#)#&/)-5 0#$%&#'()*/;/ &/073. &%-(2#%3%  

-#+% «D!?» (+3/)*#: /=2%6(@) +2# 2%63#'$,9 +2(01%2#-(35$,9  

0(</2&%@#.9: 1 – 1 %; 2 – 2 %; 3 – 3 % 

 

F#). 9. Q%)-/-$%. 6%1#)#&/)-5 7;3% )01#;% <%6 &(407  

$%+2.4($#(& # 0(</2&%@#(: &%-(2#%3% -#+% «D!?»  

(+3/)*#: /=2%6(@) +2# 2%63#'$,9 +2(01%2#-(35$,9  

0(</2&%@#.9: 1 – 1 %; 2 – 2 %; 3 – 3 % 

P$%'($#. 0#$%&#'()*/;/ &/073. # 7;3% )01#;% <%6 &(407 $%+2.-

4($#(& # 0(</2&%@#(:, /+2(0(3($$,( $% /=2%6@%9 0179 </2& &%-(-

 *, C , 

!, EF

GH, ° 

!, EF
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2#%3% -#+% «D!?», #&(A- )7B()-1($$,( /-3#'#., */-/2,( /=R.)$.-

A-). +2(40( 1)(;/ /=R(*-#1$,&# 2%6=2/)%&# &(9%$#'()*#9 9%2%*-(-

2#)-#* &%-(2#%3%, )1.6%$$,&# ) -(9$/3/;#'()*#&# /-*3/$($#.&# 

</2&#2/1%$#. /=2%6@/1 # /-3#'#.&# )1/:)-1 2%6$,9 +%2-#:. D3/)*#( 

# @#3#$02#'()*#( /=2%6@, =,3# #6;/-/13($, #6 2%6$,9 +%2-#: &%-(-

2#%3%. 

D2(01%2#-(35$%. )-%-#'()*%. 0(</2&%@#. )7B()-1($$/ 13#.(- 

$% 0#$%&#'()*/( +/1(0($#( &%-(2#%3%. H #))3(0/1%$$/& '%)-/-$/& 

0#%+%6/$( +2# 71(3#'($## +2(01%2#-(35$/: )-%-#'()*/: 0(</2&%@## 

) 1 0/ 3 % 0#$%&#'()*#: &/0735 7&($5E%(-). $% 404 50 %, % 7;/3 

)01#;% <%6 &(407 $%+2.4($#(& # 0(</2&%@#(: 71(3#'#1%(-). $% 

204 25 %, 9%2%*-(2 /=(#9 6%1#)#&/)-(: =3#6/* * 3#$(:$/:.  

>% 2#). 10, 11 +2(0)-%13($, '%)-/-$,( 6%1#)#&/)-# 0#$%&#'(-

)*/;/ &/073. # 7;3% )01#;% <%6 &(407 $%+2.4($#(& # 0(</2&%@#(: 

1,)/*/G3%)-#'$/;/ $($%+/3$($$/;/ &%-(2#%3% -#+% «F» (@#3#$02#'(-

)*#: /=2%6(@). 

 

F#). 10. Q%)-/-$%. 6%1#)#&/)-5 0#$%&#'()*/;/ &/073. &%-(2#%3% -#+% «F» 

 *, C , 

!, EF 
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F#). 11. Q%)-/-$%. 6%1#)#&/)-5 7;3% )01#;% <%6 &(407 $%+2.4($#(&  

# 0(</2&%@#(: &%-(2#%3% -#+% «F» 

N%2%*-(2$/, '-/ '%)-/-$%. 6%1#)#&/)-5 0#$%&#'()*/;/ &/073. 1,-

)/*/G3%)-#'$/;/ &%-(2#%3% -#+% «F» #&((- =/3(( +/3/;#: 9%2%*-(2, 

% )%&# 6$%'($#. $% +/2.0/* $#4( 6$%'($#: 0#$%&#'()*/;/ &/073. &%-(-

2#%3% -#+% «D!?». P$%'($#. 7;3% )01#;% <%6 &(407 $%+2.4($#(& 

# 0(</2&%@#(: 1 #))3(0/1%$$/& '%)-/-$/& 0#%+%6/$( -%*4( 6$%'#-(35$/ 

$#4(, '(& 03. &%-(2#%3% -#+% «D!?», # ) 2/)-/& '%)-/-, $%=3A0%(-). 

71(3#'($#( 7;3% )01#;% <%6. ?61()-$/, '-/ 9%2%*-(2 +/-(25 1 &%-(2#%3( 

1 +(217A /'(2(05 /+2(0(3.(-). +2#2/0/: )%&/;/ &%-(2#%3% # 03. 2%6-

3#'$,9 )/)-%1/1 /=/=B($$,( <%6/1,( *%2-#$, #&(A- 2%63#'$,: 1#0. 

!#$%&#'()*#( )1/:)-1% &%-(2#%3% -#+% «F», *%* # &%-(2#%3% -#-

+% «D!?», +2%*-#'()*# $( 6%1#).- /- %&+3#-70, 0(</2&%@## 1 #))3(-

0/1%$$/& 0(</2&%@#/$$/& 0#%+%6/$(.  

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

1. C/)*1#-#$ H.H. L/+2/-#13($#( 1.6*/7+27;#9 &%-(2#%3/1 +2#-

&($#-(35$/ * 6%2.0%& 2%*(-$,9 01#;%-(3(: $% -1(20/& -/+3#1(. – C.: 

>%7*%, 1972. – 328 ). 

2. S.&*#$ !.?. C(9%$#'()*#( )1/:)-1% +/3#&(2/1 / F/))#:)*#: 

9#&#*/--(9$/3/;#'()*#: 7$#1(2)#-(-. – C., 2000. – 64 ). 

3. C(-/0, +2#*3%0$/: 1.6*/7+27;/)-# / T.T. T0%&/1 [# 02.]; 

 28 FT>. – U*%-(2#$=72;, 2003. – 411 ). 

 

D/37'($/ 5.10.2010 

 

GH, ° 

!, EF 


