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On the base of developed method of solving problems of planar deformation and stress states in non-stationary plastic-
elastic model with the counting of the process of unloading of the material the problems of crack cleavage were solved when
non-stationary pressure is applied. The non-stationary pressure time dependence is linear and area of that pressure has not
changed. The crack is growing when maximal stresses in the area of top of crack are absent. There were determined
dependences of plastic and elastic deformation energies and areas of plastic deformations for different values of stress intensity.
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L0!(0-1+0,-!< 0 %&/$(0< , *(=#&' >,4, A# +1"#&1-!#+/5!<-6 +1A(, +130 2(0# *76 "#$0#9 (7('(0! &0#9 "#',&"1
,3 21-7#+#8# &#3+'63"/. I(3 7($01' % & '(!&#', 6"14 ; & "!(&13/? %&#>(- 0 + 0! $(006, ? 2 - kt k t 6 ,  +,*! " ,
+,*%#+,*0 ><#'/ '#'(0!/ 2 -/ -17 2F AP "#0! "!0#9 +3 ?'#*,9 /* &01" 3, 3& 3"#'. )-",7<"1 + '(; 0,>, &/40/-



;<8=;<8$%<. ;=><#!%<. 28/2012 ~ 55 ~
+ 006 +'63",-!< &/40/+ 006 (!&,A10#+1!&1'0,-!<) %(&(+ $0# #!&1'/5!< / "+ 3,-! !1201; ("-%(&1'(0! ; ! 3,-! +-
765!< 99 ,3 8& 01201' 30 2(006' "#(=,>,?0!/ ,0!(0-1+0#-!, 0 %&/$(0< (CLI) IK , #!&1' 01' ,3 %&/$0#8# &#3+'63"/, !#
*76 #%1-/ 3',01 #"&('1; ; & "!(&1-!1" + &#7, 0(3 7($0#8# % & '(!& (3',00#9) ./*('# ++ $ !1 0 .71$(0( 30 2(0-
06 CLI I

eK (01$2( 0 31+ !1'('# 4#8# %&/$01' CLI) *76 . 8 !<#; 3 7($0#-!(4 *76 %&/$0#9 3 * 2, !&1!#2"#+#8# 381-
0/ . 7"1 3 !&,A10#5 [14]:

2 3 4

I 12 1,93 3,07 14,53 25,11 25,8 .e l l l l lK F
BH B B B B

' (' ( ' ( ' ( % # % #) *) * ) * ) *) *+ , + , + ,+ ,
(9)

M,7<B +,&#8,*01' ? +1"#&1-! 006 7#" 7<0#8# "&1!(&,5 "&1;"#8# &/40/+ 006: 6"A# + "#',&>, 1 8#7#+0( 0 %&/$(006

1# *#-680/7# 21 %(&(+1A17# &,+(0< "&1!1201; 0 %&/$(0< "&1;"#8# &/40/+ 006 ( )CS  : ; 1 2
1 2 exp(  )dC C A %# % 3 

/'#+1, A# (=("!1+0( 0 %&/$(006 02# # #eff i % %&1 02 1# ( )T a % ( 273) exp( ( 273))c T b h T# # % # 0( ? +,*'?'01', !#

++ $ ?!<-6, A# >6 "#',&" &/40/?!<-6 [1], *#+$10 !&,A101 3.,7<B/?!<-6 0 +1-#!/ >,?9 "#',&"1 , +,*./+ ?!<-6 %(&(-
./*#+ -,!"1 ! ", A#.1 .,76 +,-!&6 !&,A101 30#+/ ./7 "#',&" 1. : & '(!&1 a1, c, b, h, C1, C2, , Ad >1; 3 7($0#-!(4
; & "!(&13/5!< +7 -!1+#-!, *#-7,*$/+ 0#8# %#7,"&1-! 7,20#8# ' !(&, 7/. K76 +130 2(006  "!/ 7<0#9 *#+$101 l
!&,A101 / "#$014 &#3876*/+ 014 '#'(0! 2 -/ +1"#&1-!#+/+ +-6 ! "14  78#&1!'. J"A# 0 4.,7<B, 30 2(006 ./*<-
6"1; 0 %&/$(0< 3'6+7671-6 0( + "#',&>, 1,  + "#',&>, 2, !# !&,A10 %&#-/+ ?!<-6 0 #*0/ "#',&"/ ++(&;. C#',&" 2
-! ? "#',&"#5 1. D-, 0 %&/$(006 %(&(& ;#+/+ 71-6 *76 3.,7<B(0#9 !&,A101. H " &#.17#-6 %#"1 +-, 0 4.,7<B, 0 %&/-
$(006 0( 30 ;#*171-6 + "#',&>, 1. :&#>(- &#3+ 0! $(006 ' !(&, 7/ +,*./+ +-6 3 ! "1'  78#&1!'#': 6"A# + ./*<-
6",4 "#',&>,  .-#75!0( 30 2(006 0 %&/$(006 -! + 7# '(0B1' 0,$ ' "-1' 7<0( 30 2(006, !# %7 -!120, *(=#&' >,9
* 7, 0( 3.,7<B/5!<-6 , 3',>0(006 ' !(&, 7/ %&1%106?!<-6. N0#+ %7 -!120, *(=#&' >,9 %#210 5!< 3.,7<B/+ !1-6 ,
3',>0(006 ' !(&, 7/ %&#*#+$/?!<-6, "#71  .-#75!0( 30 2(006 0 %&/$(0< %(&(+1A/? ' "-1' 7<0, 30 2(006.

4.  !"#$%& '(&#)*&+),
 !" #$%#&'()*+, -&./-&.01)$2 -$3/!+ *$-4&*.)$5$ %#&%*& +% 6.&!+ 157289:; %&6.$6$,&)$ -/.$3 6*+)1/))0' #+%-

)0<= %+ %-+)>,&)0- *#$*$- #$%?0.." (%3$,@ $6/A Ox ( N /!/-/).+,) + Oy (M /!/-/).+,). B#$* -+@ .$1*&-0 #$%?0.."
?(, )&A-/)C0- , $*$!+ ,/#C0)0 .#+D0)0 + )& -/@&' %#&%*&. 7&#&*./#)0A #$%-+# *$-+#$* , #&3+(6+ 1-2 -- ,+3 ,/#C0-
)0 .#+D0)0 3$#+,)>E 6/#/3)=$-( #$%-+#( %/#)& ,04#$?(,&)$5$ -/.&!( (0,05· --). F0*$#06.&))" -/.$3( 6*+)1/)0'
#+%)0<= $?G#().$,(E.=6" , [10], 4#01$-( %&?/%4/1(E.=6" .$1)+6.= #$%#&'()*+, % 4$'0?*$> )/ ?+!=C/ )+@

 !2 2 2( ) ( ) ( )O x y t" # " # " . H$%?0.." %& 1&6$- #+,)$-+#)/.

H/%(!=.&.0 #$%#&'()*+, 6/#/3)+' )&4#(@/)= ( *$-+#*&' 4$?!0%( ,+6.#" .#+D0)0 %& ,+3)$6)$ )/,/!0*0' )&,&).&-
@/)=, *$!0 ( 306*#/.0%$,&)+A %&3&1+ 4!&6.01)+ 3/I$#-&<+2 ,+36(.)+, %+6.&,!"!06" +% #$%#&'$,&)0-0 3!" </).#( *$-+#-
*0 )& $6)$,+ *!&601)0' $3)$1!/))0' &60-4.$.01)0' %&!/@)$6./A 4. 1.2 [14] % ,0*$#06.&))"- BJ8 (9).  !" *$-+#$* 1, 6
(30,. #06. 1?) 4#0 0,01  ,x $ 3 0,04   y $ % #+%)0<" )/ 4/#/,0D(,&!& 0,3%.

8& #06. 2 – 4 ,+3$?#&@/)$ #/%(!=.&.0 $?106!/))" 3/"*0' ,&@!0,0' 3!" -/'&)+*0 #(A)(,&))" ,/!010) %& .&*0'
%)&1/)= 4&#&-/.#+,: *$/I+<+E). %-+<)/))" -&./#+&!( *! =0,05; L=60 --; B=10·--; l =3 --; t" = 5·10-4 6; A =2,5 --;

01p $ 8 MKa; 02p $ 10 MKa; M =60; N =77. 8&A-/)C0A *#$* #$%?0.." 3$#+,)>,&, 0,02 --, & )&A?+!=C0A 2,6 --

( minx" =0,02 --; miny" =0,04 -- (!0C/ 4/#C0A C&#); maxx" =2,6 --; maxy" =0,6 --), T =50$.

L#&I+*0 #$%#&'$,&)$2 %&!/@)$6.+ ,+3 BJ8 I
eK 6/#/3)+' )&4#(@/)= )& 4#$3$,@/))+ $6+ ,*!>1/))" ?+!" A$5$ ,+6.#"

(*$-+#*& 1 )& 6'/-+ #06. 1?) 3,$,0-+#)$2 -$3/!+ *$-4&*.)$5$ %#&%*& (#06. 2) 6,+31&.=, D$ )&4#(@/))" 3!" %&3&1 4!$6-
*$5$ 3/I$#-$,&)$5$ 6.&)( +% #$%,&).&@/))"- -&./#+&!( (6(<+!=)+ !+)+2) + ?/% #$%,&).&@/))" (4()*.0#)+ !+)+2) ,+3#+%-
)">.=6", *$!0 %)&1/))" 4#(@)$5$ BJ8 I

eK 4/#/,0D(E #+,/)= I I*
e eK K$ $ 99,6 M"a  . M(<+!=)&, 6(<+!=)& % .#0*(.-

)0*$-, 6(<+!=)& % '#/6.0*$- + 6(<+!=)& % *#(@/1*$- !+)+2 6.$6(>.=6" ,+34$,+3)$ )&4#(@/)= #xx , # yy , )&4#(@/))"

./*(1$6.+ #S .& +)./)60,)+6.= )&4#(@/)= #i 3!" %&3&1+ +% ,#&'(,&))"- 4#$</6( #$%,&).&@/))". K()*.0#)&, 4()*.0#-
)& % .#0*(.)0*$-, 4()*.0#)& % '#/6.0*$- + 4()*.0#)& % *#(@/1*$- !+)+2 6.$6(>.=6" ,+34$,+3)$ .&*0' @/ )&4#(@/)=,
&!/ 3!" %&3&1+ ?/% #$%,&).&@/))" -&./#+&!(.

N?106!/))" ,0",0!0, D$ 4#0 ./-4/#&.(#+ %#&%*& 50 CT $  .#+D0)& 4$10)&!& %?+!=C(,&.06" , #&%+ 4/#/,0D/)-

)" 4#(@)0- BJ8 #+,)" I I 60,1 M"a  e e
cK K$ & , & 4$10)&>10 (#06. 3) +% %)&1/))" I 117,8eK $ M"a  3$,@0)&

.#+D0)0 3!" %&3&1+ 4!$6*$2 3/I$#-&<+2 +% ,#&'(,&))"- 4#$</6( #$%,&).&@/))" -&./#O&!( (6(<+!=)& !+)+") %#$6.&E
?06.#+C/ )+@ 3!" ,+34$,+3)$2 %&3&1+ ?/% #$%,&).&@/))".



~ 56 ~  ! " # $ % %&'()*+,-, ./01,./2*.,-, 3.1(45)&6463 174.1 8/5/)/ 94(:4.+/

-!". 2. .&#(/0)"12 0&3'4/(00, 4 5$6)'+) 1
0& 3'$7$%/(00) $") 1')8!0! %)7 I

eK -!". 3. .&#(/0)"12 7$%/!0! 1')8!0! l %)7 I
eK

N?106!/))" %&!/@)$6.+ 4&#&-/.#& N3*,+6.& $ , "*0A '&#&*./#0%(E )&*$401/)( ( *$-+#<+ 1 (?/%4$6/#/3)=$ 4/#/3
,+6.#"- .#+D0)0) 4!&6.01)( 3/I$#-&<+> ,+3 I

eK +% ,#&'(,&))"- #$%,&).&@/))" -&./#+&!( (6(<+!=)& !+)+") + ?/% #$%-
,&).&@/))" (4()*.0#)& !+)+") ,+3$?#&@&E #06. 4. K$*0 3/I$#-(,&))" E 4#(@)0- $ =0. K$.+- ( *$-+#<+ 1 4$10)&>.=
-$)$.$))$ )&*$401(,&.06" 4!&6.01)+ 3/I$#-&<+2 + ( -$-/)., *$!0 .#+D0)& #$?0.= 4/#C0A 6.#0?$*, ,+3?(,&E.=6"
%-+)& #$%.&C(,&))" *$-+#*0 1 ( %$)( % -/)C0-0 %)&1/))"-0 4&#&-/.#& $ (%)&1/))" $ 6.#0?*$- %-/)C(E.=6") +
%)$,( A3/ 4#$</6 )&*$401/))" $ . P/#/% </ 4#0 4/#/,0D/))+ 4#(@)0- BJ8 %)&1/))" I

e
cK %-+)& $ , & #&%$- +% .0- +

,/!010)& )&*$401/)$2 , *$-+#<+ 1 4!&6.01)$2 3/I$#-&<+2 -&E $6<0!"<+A)0A ()/-$)$.$))0A) '&#&*./#.

-!". 4. .&#(/0)"12 3&'&6(1'& 975%)"1& $ %)7 :;< I
eK 4 5$6)'+) 1

8&4#(@/))", 3$,@0)& .#+D0)0 + 4&#&-/.# N3*,+6.& 3!" %&3&1 4!$6*$5$ )&4#(@/)$5$ 6.&)( +% ,#&'(,&))"- 4#$</-
6( #$%,&).&@/))" -&./#+&!( + ?/% #$%,&).&@/))" 4#&*.01)$ 64+,4&3&>.=.

5. =!"0$%5!
H$%,'"%(,&))" %&3&1 4!$6*$5$ 3/I$#-$,&)$5$ + )&4#(@/)$5$ 6.&)+, 3!" *$-4&*.)$5$ %#&%*& 3!" ,0%)&1/))" ,'"%-

*$6.+ #(A)(,&))" )& .#0.$1*$,0A %50) ( 30)&-+1)$-( 4#(@)$-4!&6.01)$-( I$#-(!>,&))+ % (#&'(,&))"- 4#$</6+,
4+3#$6.&))" .#+D0)0 + #$%,&).&@/))" -&./#+&!( 3&E -$@!0,+6.= )&?&5&.$ .$1)+C/ ,0%)&10.0 4$!" 4!&6.01)0' 3/-
I$#-&<+A + )&4#(@/)=, &)+@ 4#0 #$%,'"%(,&))+ *,&%+6.&.01)0' 4#(@)$-4!&6.01)0' %&3&1 4!$6*$5$ 3/I$#-$,&)$5$ +
)&4#(@/)$5$ 6.&)+,, & .&*$@ 3&E -$@!0,+6.= &3/*,&.)$ -$3/!>,&.0 4#$</6 #$%4$,6>3@/))" .#+D0)0.

1. ;#*(!06 L.Q.,  $#$5$?03 F.L. R/$#0" 4!&6.01)$6.0.– 9.: 9/.&!!(#50", 1987. – 352 c. 2. S$53&)$, F.H. F0%)&1/))" ,'"%*$6.+ #(A)(,&))" -&./#+&!(
)& $6)$,+ 106/!=)$5$ -$3/!>,&))" 4!$6*$5$ )&4#(@/)$5$ 6.&)( // F+6)0* B02,6=*$5$ B02,. )&<. (.-.( +-. R.L.T/,1/)*&. M/#+" I+%.--&.. )&(*0. – 2008. –
U 3. – C. 51–56. 3. S$53&)$, F.H. R#0,0-+#)& 30)&-+1)& %&3&1& *$)</).#&<+2 4!&6.01)0' 3/I$#-&<+A + )&4#(@/)= ?+!" ,/#C0)0 .#+D0)0 // F+6)0*
B02,6=*$5$ B02,. )&<. (.-.( +-. R.L.T/,1/)*&. M/#+" I+%.--&.. )&(*0. – 2009. – U 2. – C. 51–56. 4. S$53&)$, F.H., M(!0- L.R.  0)&-+1)0A #$%,0.$*
.#+D0)0 ( *$-4&*.)$-( %#&%*( %& 4#(@)$-4!&6.01)$> -$3/!!> 4!$6*$5$ )&4#(@/)$5$ 6.&)( // F+6)0* B02,. )&<. ()–.(. M/#+" I+%.--&.. )&(*0. – 2010. –
U 4. – C. 51–54. 5. S$53&)$, F.H., M(!0- L.R. 9$3/!>,&))" #('( .#+D0)0 )& $6)$,+ 106!$,$5$ #$%,'"-%(,&))" %&3&1+ 4!$6*$5$ )&4#(@/)$5$ 6.&)(
// F+6)0* V,+,6=*$5$ )&<. (.-.( +-. J.:#&)*&. M/#+" I+%.--&.. )&(*0. – 2010. – F04. 73. – C. 192–204. 6. S$53&)$, F.H., M(!O- L.R. N #/C/)00 %&-3&10
4!$6*$5$ 3/I$#-0#$,&))$5$ 6$6.$"-)0" -&./#0&!& 6 (1/.$- (4#(5$4!&6.01/6*0' 3/I$#-&<0A 4#0 30)&-01/6*$- )&5#(@/)00 // R/$#/.01/6*&" 0
4#0*!&3)&" -/'&)0*&,  $)/<=*. – 2010. – U 47. – C. 59–66. 7. S$53&)$, F.H., M(!O- L.R. 9$3/!0#$,&)0/ 4$3#$6.&)0" .#/D0)O )& $6)$,/ 106!/))$-
5$ #/C/)0" %&3&10 4!$6*$5$ 3/I$#-0#$,&))$5$ 6$6.$")0" // W?+#)0* )&(*$,0' 4#&<= "K#$?!/-0 $?106!>,&!=)$2 -/'&)+*0 + -+<)$6.+ *$)6.#(*<+A",
 )+4#$4/.#$,6=* . – 2011. – U 15. – C. 33–44. 8. S$53&)$, F.H., M(!0- L.R. F0%)&1/))" ,'"%*$6.+ #(A)(,&))" -&./#+&!( )& $6)$,+ 106!$,$5$ -$3/!>-
,&))" 4!$6*$5$ 3/I$#-$,&)$5$ 6.&)( // :0%0*$-'0-01/6*&" -/'&)+*& -&./#+&!$,. – 2010. – U 6. – C. 16–24. 9. S$53&)$, F.H., M(!0- L.R. F0%)&1/))"
,'"%*$6.+ #(A)(,&))" -&./#+&!( )& $6)$,+ 106/!=)$5$ -$3/!>,&))" .#0,0-+#)$2 30)&-+1)$2 %&3&1+ // 9/@3()&#$3)OA )&(1)$-./')01/6*0A 6?$#)0*
"8&3/@)$6.= 0 3$!5$,/1)$6.= -&C0) 0 6$$#(@/)0A". – 2010. – U 33. – C. 153–166. 10. S$!0 S., XYA)/#  @. R/$#0" ./-4/#&.(#)O' )&4#"@/)0A. – 9.:
90#, 1964. – 360 c. 11. W>*0)& Z.V. B$)6/#,&.0,)O/ #&%)$6.)O/ 6'/-O )& )/#&,)$-/#)O' 6/.*&' 3!" 3,(-/#)$5$ ,$!)$,$5$ (#&,)/)0".// R#(3O
-&./-&.01/6*$5$ </).#& 0-/)0 8.[. V$?&1/,6*$5$, – B&%&)=, – ..26. – 2004 – M. 151–160. 12. 9&')/)*$ F.[. H&61/.)O/ -/.$3O 066!/3$,&)0" *0)/.0-
*0 6,&#$1)O' )&4#"@/)0A 0 3/I$#-&<0A. – B0/,: "8&(*$,& 3(-*&", 1976. – 320c. 13. 8/-0#$,6*0A \.F., H$-&)$,& R.K.  0)&-0*& @/6.*$4!&6.01/6*$A
*#0,$!0)/A)$A 4!&6.0)O 4/#/-/))$A .$!D0)O 6 4#$0%,$!=)O- $.,/#6.0/-. K#0*!. 9/'&)0*&. – 2010. – 46, U3. – M. 70 – 76. 14. M&,#(* 9.K. 9/'&-
)0*& #&%#(C/)0" 0 4#$1)$6.= -&./#0&!$,. R.2. B$YII0<0/).O 0)./)60,)$6.0 )&4#"@/)0A , ./!&' 6 .#/D0)&-0. – B0/,: 8&(*$,& 3(-*&, 1988. – 620 6. 15.
M?$#)0*: R/$#0" 4!&6.01)$6.0. – 9.: [V, 1948. – 460 c. 16. 7/--0)5 H.F. P06!/))O/ -/.$3O. – 9.: 8&(*&, 1972. – 399 c.
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