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%*)#4# %,#>, '8)#%#%*#(&#%*@, 36+#"$-9'#))#6 !;"#=)6)'6, ;#56":)#%*)#-;,-%*'=6%&-> 36+#"-
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Shows one of the innovative ways of hardening of heavily loaded surfaces. Static pulse-

processing (CRD) is a new developed and patented by scientists of Murom Institute (branch), Vladimir 

State University method of surface-plastic deformation (SPD). Its feature is the combined static and 

dynamic loading of the deformation zone. The main effects of strain occurs due to the dynamic 

component of the load, which is formed in the shock system and reported in the deformation in the form 

of prolonged pulse. Preliminary static preload the tool to the work surface allows you to more fully 

harness the energy of the shock pulse. This feature distinguishes the SIO from the known dynamic 

method of hardening PPD. 

Keywords: Static-pulse processing, heavy-duty surface cardiac nickname frog turnouts, grader 

blades, features in the quality of the surface layer, wear resistance, hardening, surface-plastic deforma-

tion, durability, reliability. 

#$%$&'(-&)*+,-./%0 (12%1($'% (#34) 05,06$.0 /(57), 2%82%1($%//7)

& 8%*%$6/$(5%//7) /%+9/7) '(,,6'$&5() :+2().'(;( &/.$&$+$% (<&,&%,%)

=,%>&)&2.'(;( ;(.+>%2.$56//(;( +/&562.&$6$% .*(.(1() *(562?/(.$/(-

*,%.$&96.'(@ >6<(2)%A&& (BB!). C6 (.(16//(.$-D 05,06$.0 '()1&/&2(5%/-

/(6 .$%$&96.'(6 & >&/%)&96.'(6 /%;2+E6/&6 (9%;% >6<(2)%A&&. 4./(5/(6

>6<(2)%A&(//(6 5(8>6@.$5&6 *2(&.?(>&$ 8% .96$ >&/%)&96.'(@ .(.$%5,0D-

F6@ /%;2+8'&, '($(2%0 <(2)&2+6$.0 5 +>%2/(@ .&.$6)6 & .((1F%6$.0 5 (9%;

>6<(2)%A&& 5 5&>6 *2(,(/;&2(5%//(;( &)*+,-.%. B26>5%2&$6,-/(6 .$%$&96-

.'(6 *(>E%$&6 &/.$2+)6/$% ' (12%1%$75%6)(@ *(562?/(.$& *(85(,06$ 1(,66

*(,/( &.*(,-8(5%$- G/62;&D +>%2/(;( &)*+,-.%. H$% (.(16//(.$- 57;(>/(

($,&9%6$ #34 ($ &856.$/7? >&/%)&96.'&? .*(.(1(5 +*2(9/6/&0 BB!.
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#$%$&'(-&)*+,-./%0 (12%1($'% (1,%>%6$ I&2('&) >&%*%8(/() $6?-

/(,(;&96.'&? 5(8)(E/(.$6@, *(85(,06$ >(.$&;%$- *26>6,-/( /&8'&? 8/%96/&@

*%2%)6$2(5 I62(?(5%$(.$&, 8/%9&$6,-/(@ .$6*6/& & ;,+1&/7 +*2(9/6/&0 (1-

2%1($%//(@ *(562?/(.$&.

 .$%/(5,6/% A6,6.((12%8/(.$- &.*(,-8(5%/&0 #34 >,0 +*2(9/6/&0 *(-

562?/(.$& '%$%/&0 .62>69/&'(5 '26.$(5&/7 .$26,(9/7? *6265(>(5, ;%,$6,6@

'2+*/7? 5%,(5, 5%,'(5 *2('%$/7? .$%/(5, /(E6@ & 8+1-65 &.*(,/&$6,-/7? (2;%-

/(5 .$2(&$6,-/(->(2(E/7? )%I&/, '2+*/(@ 268-17, I,&A65 & 8+19%$7? '(,6.,

<(2)((12%8(5%/&0 268-17 & I,&A65. =(8)(E/( &.*(,-8(5%/&6 #34 BB! >,0

./0$&0 5/+$26//&? /%*20E6/&@ 5 .5%2/7? '(/.$2+'A&0? & ,&$7? 8%;($(5'%?,

)6.$/(;( 5(..$%/(5,6/&0 2%8)62(5 &8/(I6//(@ >6$%,& & $.>. J68+,-$%$7 #34

BB! )(;+$ /%@$& *2&)6/6/&6 /% E6,68/(>(2(E/() $2%/.*(2$6, 8%5(>%? $0E6,(-

;( )%I&/(.$2(6/&0, 5 )6$2(*(,&$6/6 & $.>.

#34 26'()6/>+6$.0 5 *625+D (9626>- >,0 +*2(9/6/&0 $0E6,(/%-

;2+E6//7? >6$%,6@, &)6DF&? ;,+1&/+ /6.+F6;( .,(0 >( 6–8 )) & 1(,66, 2%1(-

$%DF&? 5 +.,(5&0? +.$%,(.$/(;( &8/(.%. K%2%'$62/(@ >6$%,-D, ($569%DF6@

+'%8%//7) *2&8/%'%), 05,06$.0 .62>69/&' '26.$(5&/ .$26,(9/(;( *6265(>%.

B2& G'.*,+%$%A&& .$26,(9/7? *6265(>(5 (2&.. 1) /% E6,68/7? >(2(;%?

.2(' .,+E17 .62>69/&'% '26.$(5&/7 5 6–10 2%8 )6/-I6 .2('% .,+E17 26,--

.(5 & 5 3–6 2%8 )6/-I6 .2('% .,+E17 .$26,(9/(;( *6265(>% 5 A6,(). B2&

G$() &8/(. ',&/% & +.(5&'(5 .62>69/&'% '26.$(5&/7 .(.$%5,06$ >( 80 % 5.6?

5&>(5 2%82+I6/&0 ,&$7? 9%.$6@ & (*26>6,06$ >(,;(569/(.$- '26.$(5&/7

5 A6,(). 38/(. ',&/% & +.(5&'(5 .62>69/&'% /(.&$ )6.$/7@ ?%2%'$62. #62-

>69/&' &8/%I&5%6$.0 5 562$&'%,-/() /%*2%5,6/&& /% 4–6 )) & 1(,-I6, I&-

2&/% *,(F%>'& &8/(.% .(.$%5,06$ ('(,( 40 )).

J&.. 1. #62>69/&' '26.$(5&/7 .$26,(9/(;( *6265(>%:

1 – ',&/ .62>69/&'%; 2 – +.(5&' .62>69/&'%



24

L(/% &/$6/.&5/(;( &8/%I&5%/&0 .(.$%5,06$ )6/66 20 % 2%1(96@ *(-

562?/(.$& '%$%/&0. B2&9&/(@ &8/(.% 05,06$.0 '(/$%'$/(-+.$%,(.$/(6 57'2%I&-

5%/&6 .62>69/&'% 5 8(/6 *626'%$75%/&0 '(,6. E6,68/(>(2(E/7? 5%;(/(5.

!(*+.'%6)%0 56,&9&/% &8/(.% *(562?/(.$& '%$%/&0 .62>69/&'% 5 $6-

96/&6 5.6;( .2('% .,+E17 .(.$%5,06$ 5–6 )). B(57I6/&6 &8/(.(.$(@'(.$&

.62>69/&'(5 '26.$(5&/ &)66$ 1(,-I(6 *2(&85(>.$56//(6 8/%96/&6. = A6,0?

*(57I6/&0 &8/(.(.$(@'(.$& 5 '%96.$56 )%$62&%,% .62>69/&'(5 &.*(,-8+6$.0

.',(//%0 ' >6<(2)%A&(//()+ +*2(9/6/&D 57.('()%2;%/A(5&.$%0 .$%,- )%2-

'& 110M13N. !(,;(569/(.$- .62>69/&'(5 &8 .$%,& 110M13N 5 3–4 2%8% 57I6,

96) .62>69/&'(5 &8 +;,62(>&.$(@ .$%,&. #+F6.$5+6$ (*7$ *(57I6/&0 &8/(-

.(.$(@'(.$& .62>69/&'% +*2(9/6/&6) $62)&96.'(@ (12%1($'(@, ;(209&) &8(-

.$%$&96.'&) *26..(5%/&6) (M3B) &,& >6<(2)%A&6@ 58275().

O62)&96.'%0 (12%1($'% & M3B ($/(.0$.0 ' (1P6)/7) .*(.(1%) +*-

2(9/6/&0 .62>69/&'% '26.$(5&/7. B(.'(,-'+ /%&1(,66 &8/%I&5%6)%0 *(562?-

/(.$- '%$%/&0 .62>69/&'% .(.$%5,06$ 40×400 )), *2& )&/&)%,-/7? ;%1%2&$/7?

2%8)62%? .62>69/&'% 200×1800×300 )), A6,6.((12%8/( &.*(,-8(5%$- )6.$/(6

+*2(9/6/&6. B2& +*2(9/6/&& 58275() *(,+9%6$.0 /62%5/()62/( +*2(9/6//7@

.,(@, 9%.$7 .'(,7 '2%65 +*2(9/06)(@ *(562?/(.$&, (12%1($'% ($,&9%6$.0 *(-

57I6//(@ *2(&85(>.$56//(@ (*%./(.$-D & 57.('(@ .616.$(&)(.$-D.

!,0 *(57I6/&0 .2('% .,+E17 '26.$(5&/ /% /%&1(,66 &8/%I&5%6)(@

*(562?/(.$& .62>69/&'(5 /6(1?(>&)( .(8>%5%$- +*2(9/6//7@ *(562?/(.$-

/7@ .,(@ . *(57I6//(@ $562>(.$-D & (.$%$(9/7)& /%*20E6/&0)& .E%$&0,

;,+1&/% '($(2(;( >(,E/% *2657I%$- >(*+.$&)+D 56,&9&/+ &8/(.%.

Q5$(2.'&) '(,,6'$&5() *(> 2+'(5(>.$5() *2(<6..(2% Q.M. N%8+$'&-

/% /% .*6A&%,&8&2(5%//() *26>*2&0$&& 4Q4 «:+2().'&@ .$26,(9/7@ 8%-

5(>» 57*(,/6/ '()*,6'. 2%1($ *( +*2(9/6/&D .62>69/&'(5 '26.$(5&/7

.$26,(9/(;( *6265(>% .$%$&'(-&)*+,-./(@ (12%1($'(@ [1, 8, 9].

= 268+,-$%$6 *2(56>6//7? &..,6>(5%/&@ +.$%/(5,6/(, 9$( #34 .$%,&

110M13N *(85(,06$ +56,&9&$- )&'2($562>(.$- *(562?/(.$/(;( .,(0 5 $2&

2%8%, (16.*69&$- ;,+1&/+ +*2(9/6//(;( .,(0 >( 8–9 )) & 1(,66. B2& &.*(,--

8(5%/&& 5 '%96.$56 &/.$2+)6/$% .$62E/657? 2(,&'(5 I&2&/% +*2(9/06)(@ 8%

(>&/ *2(?(> *(562?/(.$& .(.$%5,06$ 15–40 )), *2& G$() ;,+1&/% (.$%$(9/(@

5)0$&/7 /6 *2657I%6$ 0,1–0,12 )).

412%1($'% '%E>(@ *(562?/(.$& '%$%/&0 *2(&85(>&$.0 8% (>&/ *2(?(>,

*2(&85(>&$6,-/(.$- #34 >(.$&;%6$ 460 ))/)&/, (16.*69&5%6$.0 ./&E6/&6

&.?(>/(@ I62(?(5%$(.$& *(562?/(.$& 5 6 2%8.  .$%/(5,6/(, 9$( .$%$&'(-

&)*+,-./(6 +*2(9/6/&6 .62>69/&'(5 ($,&9%6$.0 1(,66 57.('(@ *2(&85(-

>&$6,-/(.$-D & /&8'(@ .616.$(&)(.$-D *( .2%5/6/&D . +*2(9/6/&6) $62-

)((12%1($'(@ & 58275().
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B(.,6 +*2(9/6/&0 #34 (*7$/(@ *%2$&& .62>69/&'(5 '26.$(5&/7 J65

$&*% 1/11 E6,68/(>(2(E/7? .$26,(9/7? *6265(>(5 )&'2($562>(.$- /%&1(,66

&8/%I&5%6)(@ 9%.$& ',&/% & +.(5&'(5 .62>69/&'(5 *(57.&,%.- 5 2,5 2%8% (($

260 >( 640 HV), % ;,+1&/% +*2(9/6//(;( .,(0 .(.$%5&,% 8–9 )) [1–3]. 

B( .$%$&.$&96.'&) >%//7) .62>69/&'& '26.$(5&/ J65 $&*% 1/11, +.$%-

/(5,6//76 /% .26>/6/%;2+E6//+D 56$'+ (.26>/&@ $(//%E *2(?(>0F&? *(68-

>(5 5 ;(> .(.$%5,06$ 60 ),/ $ 12+$$(), 57>62E&5%D$ *2(*+F6//7@ $(//%E >(

80 ),/ $ 12+$$( (;%2%/$&@/7@ .2(' G'.*,+%$%A&& .(.$%5,06$ 5 ),/ $ 12+$$().

 *2(9/6//%0 #34 (*7$/%0 *%2$&0 .62>69/&'(5 '26.$(5&/ E6,68/(-

>(2(E/7? .$26,(9/7? *6265(>(5 17,% +,(E6/% /% G'.*62&)6/$%,-/+D 56$'+

*(> ;. 4>&/A(5() :(.'(5.'(@ E6,68/(@ >(2(;&. = 268+,-$%$6 G'.*,+%$%A&&

+*2(9/6//7? .62>69/&'(5 *(.,6 *2(*+F6//(;( $(//%E% 100 ),/ $ 12+$$(

&8/(. .(.$%5&,:

– ',&/% .62>69/&'% 5 .696/&& 40 )) – 0; 

– ',&/% .62>69/&'% 5 .696/&& 20 )) – 4 )) (*26>6, &8/(.% 6 )));

– +.(5&'(5 *2($&5 .696/&0 ',&/% 20 )) – 3 )) (*26>6, &8/(.% 6 ))).

R% (./(56 .$%$&.$&96.'&? >%//7?, *(,+96//7? 5 268+,-$%$6 G'.-

*,+%$%A&& +*2(9/6//7? .62>69/&'(5 '26.$(5&/ & (12%1($'& &? 5 *%'6$6 Sta-

tistica 6.0, .(.$%5,6/% )(>6,- &8/(.% ',&/% & +.(5&'(5 5 8%5&.&)(.$& ($ *2(-

*+F6//(;( $(//%E%:

 &8).', = 0,3655 + 6?2[–1,1721 + l,197 log(M$)],  

 &8).+. = –68,2648 + 6?2[4,1533 + 0,0576 log(M$)],  

;>6  &8).',,  &8).+. – ;,+1&/% &8/(.% .(($56$.$56//( ',&/% & +.(5&'% .62>69/&-

'% '26.$(5&/7 .$26,(9/(;( *6265(>%, )); !$ – *2(*+F6//7@ $(//%E *( '26-

.$(5&/%) .$26,(9/(;( *6265(>%, ),/ $ 12+$$(.

= 268+,-$%$6 %/%,&8% *(,+96//7? 8%5&.&)(.$6@ (2&.. 2) +.$%/(5,6/(,

9$( 1(,66 &/$6/.&5/( *2(&.?(>&$ &8/(. *(562?/(.$& '%$%/&0 ',&/%

.62>69/&'%, 96) +.(5&'(5. #,6>(5%$6,-/(, &8/(. 5.6;( .62>69/&'% 1+>6$

(*26>6,0$-.0 5 (./(5/() &8/(.() ',&/%. B2(;/(8 8%5&.&)(.$&  &8).', = f(!$)

*('%875%6$, 9$( )%'.&)%,-/( >(*+.$&)7@ &8/(. .62>69/&'% /%.$+*&$ *2&

&8/(.6 ',&/% 6 )) *2& *2(*+F6//() 96268 /6;( $(//%E6 250 ),/ $ 12+$$(,

9$( 5 3 2%8% 1(,-I6, 96) +.$%/(5,6//76 /(2)7 2%1($7 .62>69/&'%.

!2+;&) (1P6'$() *2&)6/6/&0 #34 BB! )(;+$ 17$- 2%1(9&6 G,6)6/$7

.$2(&$6,-/(->(2(E/7? )%I&/: 5 9%.$/(.$& /(E6@ ;26@>62/7? )%I&/

(2&.. 3), &.*(,-8+6)7? >,0 +1(2'& +,&A, +',%>'& F61/0 *2& %.<%,-$&2(5%/&&

>(2(; & $.>.
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J&.. 2. 38/(. .62>69/&'% '26.$(5&/7 5 8%5&.&)(.$& ($ *2(*+F6//(;( $(//%E%:

1 – &8/(. +.(5&'%; 2 – &8/(. ',&/'%;
____

 – &8/(. 5 268+,-$%$6 G'.*,+%$%A&&;

_ _ _
 – *2(;/(8&2+6)7@ &8/(.

J&.. 3. R(E ;26@>62/(@ )%I&/7

R(E . >5+)0 2%1(9&)& '2()'%)&

'26*&$.0 /% ($5%,6 ;26@>62/(@ )%I&-

/7 & &)66$ 5(8)(E/(.$- ,&/6@/(;(

& '2+;(5(;( *626)6F6/&0. B2& >(.$&-

E6/&& *26>6,-/(;( &8/(.% (>/(@ 26-

E+F6@ '2()'& /(E *6265(2%9&5%6$.0

& &.*(,-8+6$.0 5$(2%0. J6.+2. 2%1($7

(>/(;( ;26@>62/(;( /(E% .(.$%5,06$ 5 .26>/6) 4–5 .)6/. B(G$()+ *(57I6-

/&6 .$(@'(.$& ;26@>62/7? /(E6@ 05,06$.0 56.-)% %'$+%,-/(@ 8%>%96@.

L%;($(5'(@ >,0 ;26@>62/(;( /(E% .,+E&$ .(2$(5%0 *(,(.% ,&1( ;(2096-

'%$%/7@ ,&.$ $(,F&/(@ 16 )), )%$62&%, – .$%,- 65M. J%8)627 /%&1(,66 &8-

/%I&5%DF6@.0 9%.$& ;26@>62/(;( /(E% (2%1(96@ '2()'&) .,6>+DF&6: I&2&-

/% *,(F%>'& 40 )), >,&/% 1800 )), $(,F&/% 16 )). S6,%$6,-/7) 05,06$.0

+*2(9/6/&6 /(E% *( 5.6@ $(,F&/6.

K%2%'$62 2%1($7 ;26@>62/7? /(E6@ (1+.,(5,&5%6$ &/$6/.&5/(6 &8-

/%I&5%/&6 2%1(96@ '2()'& 5.,6>.$5&6 $26/&0 & '(/$%'$/(-+.$%,(.$/7? /%-

;2+8('. H$( *26>*(,%;%6$ &.*(,-8(5%/&6 +*2(9/6/&0 . A6,-D *(57I6/&0

$562>(.$& 26E+F&? '2()('.

!,0 +*2(9/6/&0 ;26@>62/7? /(E6@ /% *2%'$&'6 &/(;>% &.*(,-8+6$.0

*(562?/(.$/%0 8%'%,'% O=T. O562>(.$-, >(.$&;%6)%0 5 268+,-$%$6 $62)&96-

.'(@ (12%1($'&, >(.$&;%6$ 40–48 HRC *2& &.?(>/(@ 18–20 HRC. 

#34 *(85(,06$ *(,+9&$- $562>(.$- /6 )6/66 35–40 HRC *( 5.6@ I&2&-

/6 2%1(96@ '2()'& ;26@>62/(;( /(E%. J%.96$ G'(/()&96.'(@ G<<6'$&5/(.$&

+*2(9/6/&0 /(E6@ ;26@>62/7? )%I&/ O=T & .$%$&'(-&)*+,-./(@ (12%1($-
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'(@ *('%8%,, 9$( +*2(9/6/&6 #34 +56,&9&5%6$ *2(&85(>.$56//76 8%$2%$7,

% .,6>(5%$6,-/(, .$(&)(.$- &8>6,&0 *( .2%5/6/&D . /6+*2(9/6//7)& /(E%-

)&, /% 15 %, % +*2(9/6/&6 O=T – /% 26 %. B2& G$() ?%2%'$62&.$&'& '%96.$5%

*(.,6 +*2(9/6/&0 #34 *2%'$&96.'& /6 +.$+*%D$ ?%2%'$62&.$&'%) *(.,6 +*-

2(9/6/&0 O=T.

412%1($'% *2(&85(>&,%.- 8% (>&/ *2(?(> .$62E/65(;( 2(,&'% >&%)6$2()

Dp = 10 )), I&2&/(@ bp = 40 )) *2& 9%.$($6 +>%2(5 f = 6 MA, .'(2(.$& *(>%9&

s = 70 ))/)&/, G/62;&& +>%2(5 Q = 165 !E. = 268+,-$%$6 (12%1($'& )&'2($562-

>(.$- *(562?/(.$/(;( .,(0 ;26@>62/(;( /(E% *(57.&,%.- 5 2–2,5 2%8%. !(,;(-

569/(.$- /(E% *2& G$() +56,&9&,%.- 5 1,5–1,8 2%8%.

3856.$/(, 9$( &8)6/6/&6 *2(A6..% )6?%/&96.'(@ (12%1($'& 8% .96$ +.-

,(E/6/&0 '&/6)%$&'& ($/(.&$6,-/(;( >5&E6/&0 &/.$2+)6/$% & (12%1%$7-

5%6)(@ >6$%,& *(85(,06$ *(57.&$- G<<6'$&5/(.$- *2(A6..% & *(,+9&$- /(-

576, 2%/66 /6 &856.$/76 5(8)(E/(.$&. #34 05,06$.0 ?%2%'$62/7) *(>$562-

E>6/&6) G$(;(.  .,(E/6/&6 '&/6)%$&'& >5&E6/&0 &/.$2+)6/$%, 2%8>6,6/&0

(1F6@ /%;2+8'& /% .$%$&96.'+D & >&/%)&96.'+D .(.$%5,0DF&6, &.*(,-8(5%-

/&6 >,0 .(8>%/&0 >&/%)&96.'(@ /%;2+8'& 5 (9%;6 >6<(2)%A&& 5(,/(57? G<-

<6'$(5 *(85(,&,( )/(;('2%$/( +56,&9&$- '(,&96.$5( +*2%5,06)7? '(/.$-

2+'$&5/7?, /%.$2(69/7? & $6?/(,(;&96.'&? <%'$(2(5, 5,&0DF&? /% 268+,--

$%$7 +*2(9/6/&0. = 268+,-$%$6 )/(;('2%$/( 5(82(.,& 5(8)(E/(.$& +*2%5,6-

/&0 *2(A6..() +*2(9/6/&0 (12%1%$75%6)(;( )%$62&%,%, *(05&,%.- 5(8)(E-

/(.$- .(8>%/&0 ;6$62(;6//( & ;()(;6//( +*2(9/6//7? *(562?/(.$/7? .,(65

5.6;( ,&I- 8% .96$ 5%2-&2(5%/&0 8/%96/&0)& /%.$2(69/7? & $6?/(,(;&96.'&?
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