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A[O:?:?<:B@:?<A&[EWKG>&@:>YGB&d@?@=>=<:F:>5&,GYGOAG&[=U=PA&:X<AJA[=QAA&X=\
F=JG<F:>& XF:QG??=& EXF:POGOAV& AJGG<& ?;GUEZ^AG& =?XG@<Rm& _A[APG?@ABH& <GTO:\
;:IAPG?@ABH&d@:O:JAPG?@AB&A&d@:;:IAPG?@AB5&

{A[APG?@AB&[=@;ZP=G<?V&>&>RW:FG&QG;G>:B&_EO@QAA&p@FA<GFAV&:X<AJA[=QAAq&
A&:XFGUG;GOAA&X=F=JG<F:>&:X<AJA[=QAA5&

fGTO:;:IAPG?@AB&– >& :WG?XGPGOAA& E?;:>AB& X:>GFTO:?<O:I:& EXF:POGOAV& F=\
W:PGB&X:>GFTO:?<A [EW=H&?::<>G<?<>EZ^AT&X=F=JG<F=J&:X<AJA[=QAA5&

]@:O:JAPG?@AB& – ?>V[=O& ?& JAOAJA[=QAGB& <GTO:;:IAPG?@:B& ?GWG?<:AJ:?<A&
<GTO:;:IAPG?@AT&[=<F=<&O=&EXF:POVZ^EZ&:WF=W:<@E5&1FA&d<:J&[=<F=<R&O=&XF:\
QG??G&EXF:POGOAV&U:;bOR&WR<K&?E^G?<>GOO:&JGOKYAJA&[=<F=<&O=&XF:A[>:U?<>:&
O:>RT&[EWKG>5&

]@:;:IAPG?@AB& – ?>V[=O& ?& JAOAJA[=QAGB& E^GFW=& :@FEb=Z^GB& ?FGUG XFA&
EXF:POVZ^GB&:WF=W:<@G5

*;V&[EWKG>&@:>YGB&d@?@=>=<:F:>&?&XFAOV<:B&<GTO:;:IAGB&AT&A[I:<:>;GOAV&– 

;A<KG&?&X:?;GUEZ^GB&[=@=;@:BH&[=U=OO:B&_:FJ:B&FGbE^GB&P=?<A&[EW=&A&AJGZ\
^AJA?V&>&O=;APAA&E?;:>AVJA&d@?X;E=<=QAAH&– A[O:?:?<:B@:?<KH&:WE?;:>;GOO=V&
X:>GFTO:?<ORJ& EXF:POGOAGJ& >[FR>:J, [=>A?A<& :<& <>GFU:?<A& A& XF:PO:?<A&
EXF:POVGJ:I:&?;:VH&X;=?<APG?@AT&?>:B?<>&A&I;EWAOR&EXF:POGOAV5

e&F=J@=T&?:>FGJGOO:B&<G:FAA&A[O:?=&A[O:?:?<:B@:?<K&J=FI=OQ:>A?<RT&?<=\
;GB& [=>A?A<& :<& ?;GUEZ^AT&JGT=OAPG?@AT&T=F=@<GFA?<A@m&"&, "', "() – <>GF\
U:?<K&?<=;Ay&

*σ  – XFGUG;&XF:PO:?<Ay&ψ  – :<O:?A<G;KO:G&?EbGOAG5&'UOA&A&<G&bG&
=><:FR&XFA>:UV<& [=>A?AJ:?<AH& IUG& A[O:?:?<:B@:?<K&XFVJ:XF:X:FQA:O=;KO=& >G\
;APAOG&XF:A[>GUGOAV& ψ⋅"' u8vH&A;A&&>RF=b=G<?V&PGFG[&W:;GG&?;:bORG&>RF=bG\

OAV& ?:UGFb=^AG& XF:A[>GUGOAG& 50 +,"&- O=& U>EP;GOH& ?:UGFb=^AB& X:@=[=<G;K&

 EP=?Og&FG?EF?:GOGFI:[WGFgI=ZPg&<GTO:;:Igh&IgFOAP:I:&>AF:WOAQ<>=5&eAXE?@&2/2013(12).
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dOGFI:GJ@:?<A& ?<=;AH& T=F=@<GFA[EZ^AB& @:;APG?<>:& >OGYOGB& dOGFIAA& X:I;:\
^GOO:B&GUAOAQGB&:WxGJ=&JG<=;;=&XFA&GI:&X;=?<APG?@:B&UG_:FJ=QAGB&U:&F=[FE\
YGOAV5&S=@?AJEJ&dOGFI:GJ@:?<A&O=T:UA<?V&O=&IF=OAQG&TFEX@:>V[@:I:&XGFGT:U=&
u8vm&>&>V[@:B&:W;=?<A&F=[FEYGOAV&XF:?;GbA>=G<?V&&GG&F:?<H&=&>&TFEX@:B&– ?OAbG\
OAG&u8v5& ;GU:>=<G;KO:H&:X<AJ=;KO:G&_A[APG?@:G&?:?<:VOAG X:>GFTO:?<O:I:&?;:V&
[EWKG>&>&XF:QG??G&O=IFEbGOAV&p>&XF:QG??G&d@?X;E=<=QAA&A;A&XFA&X:>GFTO:?<O:J&
EXF:POGOAAqH&:XFGUG;VG<?V&@:O@EFAFEZ^AJ&>;AVOAGJ&U>ET&:UO:>FGJGOO:&XF:\
<G@=Z^AT&XF:QG??:>&– _A[A@:-JGT=OAPG?@:I:&EXF:PGOAV&pO=@;GX=q&A&F=[EXF:P\
OGOAVH& :WE?;:>;GOO:I:& :WF=[:>=OAGJ& A& F=[>A<AGJ& JA@F:UG_G@<:>& >&
X:>GFTO:?<O:J&?;:G&JG<=;;=&[EW=&u8v&>&TFEX@:B&:W;=?<A5&

 ;GU:>=<G;KO:H& E>G;APGOAG& A[O:?:?<:B@:?<A& WEUG<& O=AW:;KYAJ& XFA& :X<A\
J=;KO:J&[O=PGOAA&AO<GO?A>O:?<A&UG_:FJ=QAB& ./01ε H&XFAPGJ& .2234./01.5 εεε << H&IUG&

.5ε A& .2234ε  – AO<GO?A>O:?<K&UG_:FJ=QAB&O=&XFGUG;G&<G@EPG?<A&A&OGX:?FGU?<>GOO:&

XGFGU&F=[FEYGOAGJ5
e&O=?<:V^GG&>FGJV&E?<=O:>;GO:H&P<:&I;=>O=V&P=?<K&UG_:FJ=QA:OO:I:&EXF:P\

OGOAV& >R?:@:J=FI=OQG>:B& ?<=;A&A?PGFXR>=G<?V&O=& ?<=UAA& F=>O:JGFO:B&UG_:F\
J=QAA&u8v&A;AH&P<:&?::<>G<?<>EG<&IF=OAQG&TFEX@:>V[@:I:&XGFGT:U=5&.F:JG&<:I:, 

O=AW:;GG&AO<GO?A>ORB&F:?<&@:;APG?<>=&A&F=[JGF:>&JA@F:UG_G@<:>&O=W;ZU=G<?V&
[=& XFGUG;=JA& F=>O:JGFO:B& UG_:FJ=QAA5&  ;GU:>=<G;KO:H& A[& d<AT& F=??EbUGOABH&
XFA>GUGOORT&>&F=W:<=T&u8–2v&?;GUEG<H&P<:&:X<AJ=;KO=V&AO<GO?A>O:?<K&UG_:FJ=\
QAB&F=>O=& ./010 εε = H& IUG& 0ε  – XFGUG;KO=V&F=>O:JGFO=V&UG_:FJ=QAV& >R?:@:J=F\

I=OQG>:B&?<=;A5
1FGUG;KO=V&UG_:FJ=QAV&:XFGUG;VG<?V&X:&FG[E;K<=<=J&;AW:&?<=OU=F<ORT&A?\

XR<=OAB& :WF=[Q:>& O=& F=?<VbGOAG& XFA& A?X:;K[:>=OAA& ?<=<APG?@AT& JG<:U:>&
EXF:POGOAVH& ;AW:& UAO=JAPG?@AT& A?XR<=OAB& O=& F=?<VbGOAG& XFA& >[FR>O:J&
EXF:POGOAA5

*:?<=<:PO:& <:PORG& [O=PGOAV& 0ε ?& EPG<:J& UAO=JA@A& XF:QG??=& EXF:POGOAV&

J:bO:&O=T:UA<K&X:&E<:POGOO:B&[=>A?AJ:?<AH&X:;EPGOO:B&>&F=W:<G&u2v:

( ) 1
245

−⋅⋅= #67 60ε      (1) 

IUG&
8

6

8
67

σ
σ

=  – @:d__AQAGO<& UAO=JAPG?@AB& U;V& >R?:@:J=FI=OQG>:B& ?<=;Ay&

$*& – X;=?<APG?@=V& <>GFU:?<K& J=<GFA=;=& [EW=& @:>Y=& d@?@=>=<:F=& pS1=qy& 8σ  – 

XFGUG;&<G@EPG?<Ay& 6

8σ  – UAO=JAPG?@AB&XFGUG;&<G@EPG?<A5
!PA<R>=VH& P<:& U=OORT&X:& X;=?<APG?@:B& <>GFU:?<A& >R?:@:J=FI=OQG>RT& ?<=\

;GB&OG<H&GG&J:bO:&>RF=[A<K&PGFG[&<>GFU:?<K&X:&(FAOG;;Z&A;A&,:@>G;E&X:&[=>A\
?AJ:?<VJ&A&IF=_A@=J, XFA>GUGOORJ&>&F=W:<G&u2v5

1FA&A?T:UO:B&<>GFU:?<A&X:>GFTO:?<A&[EWKG>&@:>YGB&d@?@=>=<:F:>&A[&?<=;A&
C=U_A;KU=& #$=2000, #6|38`75& %?;A& ?<=;K& X:U>GFIOE<=& XFGU>=FA<G;KO:JE&
EXF:POGOAZ& U:& <>GFU:?<A& U:& #$=4000, #6|`3N75& *;V& ?<=;A& C=U_A;KU=&

 EP=?Og&FG?EF?:GOGFI:[WGFgI=ZPg&<GTO:;:Igh&IgFOAP:I:&>AF:WOAQ<>=5&eAXE?@&2/2013(12).
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642
240

106
+

+
7

8

6

8
6 ===

σ
σ

A& [O=PGOAV& 0ε = 4,6 a& & & XFA&#$=2000; 0ε = 2,3 % XFA&

#$=4000. 

1:U<>GFbUGOAGJ& _=@<=& ?E^G?<>:>=OAV& X:U:WO:I:& V>;GOAV& XFA& >[FR>O:J&
EXF:POGOAA&V>;VG<?V&<:H P<:&O=&@:OGPORB&FG[E;K<=<&EXF:POGOAV&:@=[R>=Z<&>;A\
VOAG&A?T:UORG&JGT=OAPG?@AG& &?>:B?<>=&pA?<:FAV&O=IFEbGOAVq&:WF=W=<R>=GJ:I:&
J=<GFA=;=&u4v5&.F:JG&<:I:H&E?<=O:>;GO:&u4vH&P<:&X:>RYGOAG&U=>;GOAV&O=&JG<=;;&
?:&?<:F:OR&XF:UE@<:>&>[FR>=&XFA>:UA<&@&EXF:POGOAZ&JG<=;;=&U:&:XFGUG;GOO:I:&
[O=PGOAV, A&U=;KOGBYGG&X:>RYGOAG&U=>;GOAV&O=&JG<=;;&U=G<&?<GXGOK&EXF:PGOAV&
JGOKYG&XFGURUE^GBH&J=@?AJ=;KO:&>:[J:bO:BH& <5G5&U;V&@=bU:I:&JG<=;;=&?E^G\
?<>EG<& :X<AJ=;KO:G& [O=PGOAG& U=>;GOAV& O=IFEbGOAVH& ?::<>G<?<>EZ^GG& :XFGUG\
;GOO:JE& [O=PGOAZ& AO<GO?A>O:?<A& UG_:FJ=QABH& =& AJGOO:H& XFGUG;KO:JE&
[O=PGOAZ&F=>O:JGFO:B&?<GXGOA5

1FA>GUGOO=V& JG<:UA@=& :XFGUG;GOAV& :X<AJ=;KORT& X=F=JG<F:>& O=IFEbGOAV&
XFA& EXF:POGOAA&JG<:U=JA& T:;:UO:B& X;=?<APG?@:B& UG_:FJ=QAAH& >& <:J& PA?;G& A&
>[FR>O:J& EXF:PGOAAH& J:bG<& O=B<A& XFAJGOGOAG& XFA& :XFGUG;GOAA& X=F=JG<F:>&
UG_:FJAF:>=OAV&U;V&X:;EPGOAV&UG<=;GBH&F=W:<=Z^AT&>&d@?<FGJ=;KORT&E?;:>AVT&
d@?X;E=<=QAA& XFA& [O=@:XGFGJGOORT& O=IFE[@=T5& 1FA& XF:G@<AF:>=OAA& Y<=JX:\
>=OORT&UG<=;GB&OG:WT:UAJ:&<=@bG&EPA<R>=<K&<:H&P<:&J=@?AJ=;KO=V&A[O:?:?<:B\
@:?<K& UG<=;GB& ?::<>G<?<>EG<& UG_:FJ=QAVJ& F=>ORJ& F=>O:JGFORJ5&
 ;GU:>=<G;KO:H&XFA&A[I:<:>;GOAA&Y<=JX:>=OORTH&XF:_A;AF:>=OORT&A&@=<=OORT&
UG<=;GB& J=@?AJ=;KORG& UG_:FJ=QAA& pAO<GO?A>O:?<K& UG_:FJ=QABq& OG& U:;bOR&
XFG>RY=<K&XFGUG;KORT5

$=AW:;GG& d__G@<A>O:G& EXF:POGOAG& >& FG[E;K<=<G& >[FR>O:I:&X:>GFTO:?<O:I:&
O=IFEbGOAV&U:?<AI=G<?V&XFA&:XFGUG;GOO:J&?::<O:YGOAA&U=>;GOAV&UG<:O=QA:O\
O:B&>:;OR&A&?@:F:?<A&UG<:O=QAA5&1:&d<AJ&X=F=JG<F=J&XF:>:UA<?V&F=?PG<&XF:\
U:;KO:B&A&X:XGFGPO:B&UG_:FJ=QAA5

f=@AJ&:WF=[:JH& O=@:X;GO& W:;KY:B& dJXAFAPG?@AB&J=<GFA=;&X:& EXF:POGOAZ&
A[UG;AB& A[& >R?:@:J=FI=OQG>RT& ?<=;GB5& 'UO=@:& U:& ?AT& X:F& OG& E?<=O:>;GOR&
O=AW:;GG&d__G@<A>ORG&X=F=JG<FR&>[FR>O:I:&O=IFEbGOAV&XFA&EXF:POGOAA5

-EWKV& @:>YGB& :UO:@:>Y:>RT& d@?@=>=<:F:>H& F=W:<=Z^AT& XFA& F=[W:F@G& >[:\
F>=OO:B& ?@=;RH& A?XR<R>=Z<& [O=PA<G;KORG& UAO=JAPG?@AG& O=IFE[@A5& 'W& d<:J&
?>AUG<G;K?<>EG<&>G;APAO=&?<GXGOA&X:>GFTO:?<O:I:&O=@;GX=&<>GFU:?<KZ&X:FVU@=&
5000–5500 #$ XFA&GI:&I;EWAOG&U:&`–2&JJ&XFA&A?T:UO:B&<>GFU:?<A&X:>GFTO:?<A&
[EW=&3777–2500 #$. 

,=?X:;=I=V& [O=PGOAVJA&
0ε H& :XFGUG;VGJ& >G;APAOE& X=F=JG<F:>& O=IFEbGOAV&

XFA&>[FR>O:J&EXF:POGOAA ? A?X:;K[:>=OAGJ EF=>OGOAVH&:XA?R>=Z^GI: A[JGOG\
OAV&X=F=JG<F:>&?b=<:I:&EU=FO:B&>:;O:B&JG<=;;=H&E?<=O:>;GOORJA&O=&:?O:>=OAA&
:W^AT&[=@:O:>&JGT=OA@Am&

ρ
ρρ

εε /
19

6

: −
==−= ,     (2) 

9.0 εεε
3

22
==      (3) 
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( )
;

/

<

;

;

=
16#6

"
>

;

;
> 








+⋅







 −

= −

−

1

1

2

2

13
,   (4)

:??@ λ+= ,     (5)

( ):?1 @/ λδ += ,     (6)

@= ?:> ⋅= ρ ,     (7)

IUG& 9ε , 1ε  – :<O:?A<G;KORG&UG_:FJ=QAA&X:&O:FJ=;A&A&@=?=<G;KO:B&@&_F:O<E&
EU=FO:B&>:;ORy

<>  – U=>;GOAG&O=&_F:O<G&UG<:O=QAAH&:XFGUG;VGJ:G&?:I;=?O:&E?;:>AZ&":XJG\
O=-cEIGy

=>  – U=>;GOAG&O=&X:>GFTO:?<A&EXF:POVGJ:B&UG<=;Ay

/1  – >FGJV&XF:T:bUGOAV&EU=FO:B&>:;OR&X:&EXF:POVGJ:B&UG<=;Ay
? , λ  – @:d__AQAGO<R&EU=FO:I:&?b=<AV&JG<=;;=y
;  – X:@=[=<G;K&=UA=W=<R&>[FR>P=<:I:&>G^G?<>=y

.ε  – AO<GO?A>O:?<K&UG_:FJ=QAA5
/[& ?A?<GJR&EF=>OGOAB& p3q&– p6q&X:& [O=PGOAA& 0ε =2,3 a&>RPA?;VGJ& ?::<>G<\

?<>EZ^AG&J=@?AJ=;KO:B&A[O:?:?<:B@:?<A&X:>GFTO:?<O:I:&?;:V&[O=PGOAV& => A&6 . 

*:X:;OA<G;KO:&EPA<R>=GJ&[=>A?AJ:?<A& => A&6 A&:<&>R?:<R&[=FVU=&U;V&?<=;K\
ORT&UG<=;GB F=[O:B&<:;^AORH&@:<:FRG&XFA>GUGOR&>&F=W:<G&u4v5

1:&[O=PGOAVJ& => A&6 X:UWAF=GJ&>[FR>P=<:G&>G^G?<>:5
 :X:?<=>;GOAG& d@?X;E=<=QA:OORT& X=F=JG<F:>& [EWKG>& @:>YGB& d@?@=>=<:F:>&

EXF:POGOORT&XFA&XFAJGOGOAA& <F=UAQA:OORT& >[FR>P=<RT&>G^G?<>& A&:WG?XGPA\
>=Z^AT& :X<AJ=;KORG& [O=PGOAV& 6 A& => X:@=[=;:& X:>RYGOAG& A[O:?:?<:B@:?<A&
EXF:PGOORT&X:&:X<AJ=;KO:B&<GTO:;:IAA&O=&3N–35 %.

eoe'*o5&e&FG[E;K<=<G&=O=;A[=&:XEW;A@:>=OORT&>&O=EPO:-<GTOAPG?@:B&;A\
<GF=<EFG& FG[E;K<=<:>& d@?XGFAJGO<=;KORT& A??;GU:>=OAB& X:U<>GFbUGO:& X:;:bG\
OAG& :& <:JH& P<:& XFAF=^GOAG& A[O:?:?<:B@:?<A& X:>GFTO:?<O:I:& ?;:V& UG<=;GBH&
F=W:<=Z^AT&>&E?;:>AVT&EU=FO:-=WF=[A>O:I:&A[O:?=H&WEUG<&O=AW:;KYAJ&O=&IF=\
OAQG&?<=UAA&F=>O:JGFO:B&UG_:FJ=QAA&J=<GFA=;=5

1FA>GUGO=&JG<:UA@=& F=?PG<=& :X<AJ=;KO:I:& U=>;GOAV&A& ?@:F:?<A& UG<:O=QAA&
XFA&>[FR>O:J&EXF:POGOAAH&:?O:>=OO=V&O=&FGYGOAA&?A?<GJR&EF=>OGOAB&A[JGOG\
OAV&X=F=JG<F:>&?b=<:I:&EU=FO:B&>:;O:B&JG<=;;=&A&E?;:>AV&"GXJGO=-cEIG5

)/f%,#f!,#
1. 'WF=W:<@=&JG<=;;:>& >[FR>:J& }&#5e5&.FEXAOH&e5+5& :;:>KG>H&C5 5&1:X:>H&

S5,5&.Fx?<G>5&– S5m&SG<=;;EFIAVH&4MM45&– 8M2&?5
2. Mahajan S. Metallurgical effects of planar shock waves in metals and alloys // II 

Phys. status solid; Ser. A 1970. – 2, N 2. – P.,5 187–200. 
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3. Weertnran J. Dislocation mechanics at high strain rates // Metallurgical effects 

at high strain rate. – N. Y.; L.: Plenum Press. 1973. – P.,5 319–332.

4.$:>RB& JG<:U& >[FR>O:I:& EXF:POGOAV& d;GJGO<:>& I:FO:I:& :W:FEU:>=OAV& }&
e5e5 ):<:E?H&e5S5&"GWGO@:H&e5e5&*F=I:WGQK@AB&}}& EP=?Og&FG?EF?:GOGFI:[WGFgI=\
ZPg& <GTO:;:Igh& IgFOAP:I:&>AF:WOAQ<>=m O=E@:>:->AF:WOAPAB&bEFO=;5 – .FGJGO\
PE@m&.F$!H&37435&– eAX. 2 (10). –  5&2N–72. 

5.#WF=[A>O=V&A[O:?:?<:B@:?<K&J=<GFA=;:>: cXF=>:PO:G&X:?:WAG5&}&#5C5&*:W\
F:>:;K?@ABH&15/5&.:YG;GO@:. – .5m&fGTOA@=H&4MNM5&– 43N&?5

6./ObGOGFORG&F=?PG<R&EXFEI:X;=?<APG?@:B&@:O<=@<O:B&UG_:FJ=QAA&}&S5 5&
*F:[UH&S5S5&S=<;AOH&~5/5& AUV@AO5&– S5m&S=YAO:?<F:GOAGH&4MN25&– 338&?5&&

OPTIMIZATION OF PLASTIC DEFORMATION PARAMETERS  

AT HARDENING MINING EQUIPMENT ELEMENTS

V. Lotous, 

OAS «Poltava GOK»

vul. Stroiteley, 16, Komsomolsk, 39802, Ukraine. E–mail: vldrag@kdu.edu.ua

M. Zagirnjak, V. Dragobetsky

Kremenchuk Mykhailo Ostrogradskyi National University

vul. Pershotravneva, 20, Kremenchuk, 39600, Ukraine. E–mail: vldrag@kdu.edu.ua

The urgency of researches on increase of wear resistance of parts of the mining 

equipment is proved. It is connected with the fact that now physical deterioration of 

the production assets of the mining metallurgical complex of Ukraine makes 70–25 %. 

The analysis of the factors which influence the strength parameters of the superficial 

layer of the part is given. The postulate that an increment in were resistance of the su-

perficial layer of the part will be the greatest at the boundary value of the uniform de-

formation proved to be true. The analytical value of boundary uniform deformation is 

determined in view of the dynamics of hardening. The calculation of the loading pa-

rameters at the explosive hardening is executed with the help of the equations of the 

compressed by a shock wave metal and condition Chapmen-Guge. The researches can 

be used at the optimum designing of the processes of hardening by plastic deformation 

and stamping of parts working under conditions of intensive deterioration and charac-

ter variable loadings.

Key words: deterioration, uniform deformation, hardening, explosion, dredge 

bucket teeth.
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