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BILTHB YIAPHOI XBHJII EJIEKTPHYHOT'O PO3PSITY
HA XAPAKTEPUCTUKH BTOMHU TEPMIYHO 3MIITHEHOI CTAJII

L O. BAKYJIEHKO, J. M. FOJIOTOBA, M. A. I PHII[EHKO

AHinponemposcbkull HauioHanbHUL yHigepcumem 3aniHUYHO20 mpakcnopmy
iM. akademika B. lasapsiHa

Bussneno, mo 06pobka TepMiuHO 3MillHEHOI CTall IMIyIbCaMH yapHOT XBUIT Bifl €JIEKT-
PHYHOTO PO3PAAY Y BOAI MPHU3BOANTL 1O MiJBHILECHHA TBEPOCTi i OGMEXEHOT BUTPUBRA-
JIOCTi 33 BTOMH. B pe3ynbTaTi BUHHKHEHHS IMIIyNbCy yHApHOI XBHI 3pOCTaE KUIBKICTh
IuCNOKallif, mo 3abe3nedye pO3MOBCIOMKEHHS Aedopmauii 3a WMKI, a Ue crpuse
30i1bLIEHHIO UMKIIIYHOT BUTPHBANIOCTI.

Kutro4oBi ciioBa: gumpuganicms, oucnoxayia, imnynsc, yoapHa Xeuns, amMniimyoa yuxiy.

ITopiBHAHO 3 TEPMIYHMMH TEXHONOTiAMHM BUKOPHCTAHHA il IMITyILCIB eNeKTpHY-
Horo ctpyMy [1] a6o HanpyxeHb Bix ynapHoi xeuii (YX) [2] Moxe 3MiHIOBaTH CTpyK-
TYpHHMii CTaH MeTaleBHX MarepianiB. CKIaJHICTb y KepyBaHHI OKPEMHM IMITyJIBCOM
yZapHOI XBHJI BEJIMKOI MOTYXHOCTI MOXHA YCYHYTH 3aMiHOIO Ha YHCENBHI IMITYIbCH
MaJIoi MOTYXHOCTI BiJl ENEKTPHYHOTO PO3PALY B PIAMHI. AHAII3 pe3ybTATIB CBiUMTE,
1110 3MiHa IOTY)KHOCTI Ta KUNBKOCTi IMITYJIBCIB Bifl €NEKTPHYHOrO po3psiay y Bomi [3]
[ia€ 3MOTY CYTTEBO BIUIMBATH Ha KOMIUICKC BJIACTHBOCTEH MeTauiB i cruiasiB. BoxHo-
Yac Takuil BIUIMB He OJJHO3HauHHii [4]. 3a pe3ynbTaTamu [3, 4] MiABHIICHHS aMILTITYH
IMIyNIbCY CIIPUsAE HAKONMYEHHIO JUCIOKALiH, a TPUBATICTh HOro il BU3HAYAE YMOBH
ix pyxy. BinbmicTb JOCTiIkeHb MPUCBAYEHA aHAIl3y BILIMBY OOPOOKH €IEeKTPUYHHM
PO3pAIOM Y PifIMHI Ha BIACTHBOCTI METAIEBUX MaTepialiB 3a CTATHYHHX YMOB HaBaH-
TaxeHHs [2-5].

Huxue npoaHaizoBaHO BIUIMB iMITYJIBCIB YAapHOT XBHJII Ha OOMEXEHY BHTpHBa-
JICTh TEPMIYHO 3MiL{HEHOI BYrJIeLeBOi CTalli 32 BTOMH.

Marepian i MeToauka. Matepian juis JOCTiZKeHb — ByTJelleBa CTAIb 3aTi3HHY-
HOI Bici KOJICHOT Tmapy 3 TakUM XiMidHHM ckiagoM (%): 0,45 C; 0,85 Mn; 0,50 Si;
0,022 S i 0,017 P, xinpKicTh iHIIMX XiMIYHHX ENEMEHTIB y MeXaX MapoOYHOTO CKJIaxy
ctaii 45. ITiciis BUrOTOBJIEHHS 3pa3sKH Ui BUNPOOYBaHb HA BTOMY TEPMIYHO 3MIIHIO-
BAJIM: TapTYBaIH BiJ TEMIEpaTypH HarpiBy BUIIE 3a Ac; i 3a BiycKy NPH TeMIepary-
pi 300°C. Bunpo6oByBaiu Ha BTOMY 32 CHMETPHYHOIO LMKy HaBaHTXKEHHS 3THHOM
Ha MaumHi “Catyps-10”. MiuHicTs oniHoBany 3a TepAicTIo MeTofoM Poxsemna. O6-
pobuisiu 3pasky iMmynbcamu YX y BOJi Ha IPOMHCIIOBOMY YCTaTKyBaHHI BaHHOTO TH-
ny “Ickpa-23”. 3a enexTpHyuHOro pospsmy 15...18 kV dopmysasca iMIyssc 3 eHepri-
ero 10...12 kJ Ta amrmritymoto HampyxkenHs 1...2 GPa. O6poGnsiM [0 AOCATHEHHS
15 THc. iMnynsciB 32 yacToTH 2...3 Hz. ['ycTHHY nucrnokanii oIiHIOBaIM 3a METOAHKA-
MH PEHTTEHIBCHKOr0 CTPYKTYPHOTO aHalli3y Ha ycTaTkysaHHi JIPOH-3.

PesyibTaTi Ta ix ofroBopenHs. ITicia rapryanns cdopmysaiacs CTpyKTypa
PEHKOBOr0 MapTEHCUTY 3 BUCOKOIO IIUIBHICTIO JUCIIOKALM, TOHKUMH MPOLIAPKaMH 3
IBIfHUKIB i WITPUXOBMMH BHAUICHHAMH YaCTHHOK LIEMEHTHTY BHCOKOI IMCIIEPCHOCTI.
Harpis yi0 300°C grani TMiCJIs rapTyBaHHS NPH3BIB 0 XOJATKOBOTO BHAUIEHHS JHCTIEPC-
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HHX KapOifHUX YaCTHHOK Ha JMCIOKAlifX. Y [esKMX MiCUAX BTpaTa KOHTPACTHOCTI
306paXeHHs CBIAYAIIA PO PO3BUTOK peKoMOiHALIT AMCTOKALiH, SMEHIIEHHS iX TyCTH-
HH 33 OJHOYacCHOro GOpMyBaHHA OCEPENKIB 3 HEOXHOPIMHUM posTamryBaHHaM [6]. Ta-
KHM YMHOM, JICKOPYBAHHS aTOMaMH BYTJELIO ITHPOKMX CTIHOK 3 JMCIIOKALii MOXHa
PO3IJISNIATH AK CBITYEHHS TMPO MPAKTHHHY BiACYTHICTb PYyXOMHX IMCIOKAL{H y cTai.
Teepaicts micns TepmivHOro 3MiuHeHHs aopiBHIoBaa 46...47 HRC, a micns o6po6ku
VX 3pocna Ha 10...12%. :

Busnaueni BenMuuHU 0OOMexeHOT

&
% 1 BUTPUBAIOCTI MIiCHS TEPMIYHOrO 3Mill-
5 HeHHs (V) (puc. 1, kpuBa /) BHKOpHCTa-
S a4 TM JUIA OLIHKM BIUTMBY 06pobku VX.
1000 Jns neBHMX aMIUNTyR UMKy (G,),
3 JOCATHYBIIM OOMEXEHOI BHTPHBAJIOCTI
800 \\ 0,6...0,65N;, 3pa3ky migmaBanu il iM-
'\ B nynbeiB YX, 3 MOJANBIINAM JOBEACHHAM
600 o Io pyliHyBaHHA 3a BTOMH. O6MexeHy

B‘\* ~ . :

o BUTPHBATICTh BU3HAYAIH K CYMY Kilb-

400

KoCTI IMKIB 1o o6pobku YX 1 micis

%106
82 06 BR HNMW OCTaTOYHOro pyHHyBaHHA (pHC. 1, KpHBa

Puc. |. [liarpamu BTOMH cTaji 2). llopiBHUNIBHUI aHANI3 KPUBUX BKa3ye
nicns TepMiYHOro 3MiLHeHHs (/) Ha MOXUIMBICTh ICHYBaHHS SKiCHHMX Bil-
i 06pobxu VX (2). MIHHOCTEH y BHYTpiluHi# 6ynoBi MeTany

Fig. 1. The fatigue diagrams of steel Ao i micns aii immynscis YX. Iligsuien-
after thermal strengthening (/) HA aMIUNTYn HaBaHTaXKCHHA CYTPOBO-
and shock waves (SW) treatment (2). JUKYEThCS 3MEHILIEHHSAM PI3HHULI y 3Ha-

YEeHHAX 0OMEXEHOT BUTPUBAIOCTI, KA 32
6, = 1050 MPa npaktHuHO BigcyTHA. s TINSHOK HU3BKHX aMIUTITY PO3TaLIyBaHHSA
KpHuBOi BTOMH (2) Haj KpHBOIO (/) CBIAYHTBH NMpo LMKIIYHE 3MilHEHH mmicns aiil YX.
BpaxoBytoun icHyBaHHS 0OEpHEHO MPONOPLIHHOrO CHIBBiJHOLICHHS MDX IPaHHIICIO
MILIHOCTI 1 3amacoM IUTaCTMYHUX BJIACTHBOCTEH IUI OLIBLIOCTI METaJEBUX MaTepiais,
30UIBLICHHIO TPaHULI MIL[HOCTI MOBHHEH BiNOBINaTH HWXK4YMIl pecypc HaKONHYEHHS
nedekTiB KpHCTaNiyHOI OyA0BH JO MOMEHTY pyHHyBaHHs. Ha miacTasi nporo, ouiky-
BaHuM edekT Bix Aii iMnynsciB VX moBHHEH OyTH cripsAMoBaHHH y 6iK 3HIDKEHHS BH-
TpUBAJOCTI 32 BTOMH. OfiHaK XiX kpuBHX (pUC. 1) CBIMYMTS, IO 11 OAHAKOBHMX aMILIi-
TyR eeKTHBHICTb BILIHBY YX 36LIbLIYEThCA 31 3HIXKEHHAM CTYNEHS LHKIIYHOTO Me-
peBaHTaKeHHA. 3a HaBeIECHUMH Pe3yNbTaTaMU XapaKTep PO3BHTKY CTPYKTYPHHX Iepe-
TBOpEHb y cTani Bif iMnyiasciB VX NMOBHHEH GYTH SKiCHO IHIIMM NOPIBHAHO 3 Ji€lo
XOJIO/HOI IIacTHYHOI AedopMalii abo micis TEPMiYHOro 3Mil[HEHHS.

BuMipIOBaHHS TYCTHHM JMCIIOKALil (Ppy) 32 ABOMAa CHCTEMaMH KOB3aHHA CBil-
YHTBL MPO NMPUOIH3HO OFHAKOBHIA BIUTHB BEJIHYHHH O, X0UYA B LUIOMY KPHBi michs Aii
VX 3cyHyri y 6ik BUIIMX aMIUNTY/ HaBaHTaXeHHA (pHc. 2). BpaxoByrous, mwo 1 Me-
TaneBux kpuctanis 3 OL[K peuriTkoro pyx auciokauiif 3a remnepatyp no 180°C B oc-
HOBHOMY OOMEXYETBCS ILIOLIMHAMY KoB3aHHA {211}, a mojanblie MifBMUICHHS TEM-
TepaTyp CyNpoBOMKYEThCA akTHBauieio cucteM {110} [7], HaBeneHu# xapakTep 3MiHK
P MOXe GyTH 06yMoBIIeHHH TennoBuM edexToM Bixl immynscy YX. 3a pesynbraTaMu
[2], npu nocsrHeHHi HanpyxeHHaM 3a pponTom VX pisra 35GPa, Temnepatypa B Me-
Tani Moxe migsuigyBatucs 1o 350°C.

Opnnak 3a JOii iMIynscy 107...10° s 1a npubIIM3HO B JEKLUIbKA JECATKIB pasiB
MeHIIOro piHs HanpyxeHb (1...2 GPa) myxe Baxko TMOSACHUTH JOCATHYTHH epeKT Tep-
Mi4HEM BIUTHBOM' BiporiHO OCHOBHMIt BHECOK OOYMOBIEHUH BCe X Taku HopMyBaH-
HAM IMIIyIbCY YAapHOI XBHJI, a JOKAlbHE MiJBHIICHHS TEMIEPATypH 3a (pOHTOM
yAapHOT XBWJIi Ma€ MEHIIE 3HAYEHHs. 32 yMOB [PHCKOPEHOr0 3pOCTAaHHSA TPILUHHU BTO-
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MH OLIblIA YaCTHHA JMCIOKALH 3anyIlaeThes GUIS OBEpXHi pyiiHYBaHHSA, a HAKOMH-
4YeHy iX KUIBKICTh BU3HAYAIOTh CTYNEHEM LMKJIIYHOTO NepeBaHTaXeHHs MeTany [8]. 3i
3HIKCHHAM PIBHA IIEPEBAHTAXKEHHS BILUIMB CTATHYHOI CKIAJOBOI LIMKIY 3HHXKYEThCH,
MOMEHT BUHMKHEHHS OgepelKy pyHHYBaHHs 3CyBaeThes Y Oik 30iNbIIeHHs pyyy. O6y-
MOBJICHO I 3MEHIICHHM HEoOXiHOT KibKOoCTi AucnoKauii s 3a6e3neueHHs yMoB
pO3NOBCIOKEHHS AedopMarlii 33 LHMKJI, 3HWKEHHAM BipOTiZHOCTI B3a€MHOTO GIIOKY-
BaHH JMCJIOKaUii i BAHMKHEHHS OCEPEIKiB 3 HEMOHOTOHHHM po3TauryBaHHsM. [Topis-
HSHO 3 TEPMIYHO 3MILIHEHHM CTaHOM, B pe3ynbTaTi 06pobku VX 36ib1eHHsS MexXi Ha-
KOMHYEHHA AUCIOKALiH 33 OIHAKOBHX aMILTITY/] LIMKJIIYHOTO HABaHTaXEHHS Moxe 6y-
TH 3a6€3neyeHo JHIIe 32 yMOB MiJABUIIEHHS PiIBHOMIPHOCTI iX posnoginy. e minTsep-
KY€ aHalli3 IPHPOCTY KUIBKOCTI AMUCIOKAIiH 32 UK HaBaHTKEHHA. 3a AOIOMOT00
pe3ynbTaTiB (pHC. 2) MOXHA OLIHUTH MiABUINEHHA IYCTHHHU QUCIOKALil 32 OXHH LMK
HaBaHTaXeHHSA (Y = Ap / AN,, ie Ap — 3MiHa KUIBKOCTI AMCIIOKALiH Ha AUIAHLI Biamo-
BigHOT KibKOCTI LMKIIB AN;). JIns Touok 4 i B KpUBHX BTOMH METally B CTaHi micis
TEpMiyHOro 3MilHEeHHS (pHc. 1, kpuBa /) BenH4nHa ¥ = 4,8- 10* cm™/s, a micas aii YX
cTae GiIBLIOK NPHGIH3HO Ha mOpsNoK (2,7-10° cm™/s). Ha miacTasi msoro MoxHa BBa-
aTH, [0 BBEACHHA JOAATKOBOI KUIBKOCTI JUCIIOKALiH y TEPMIYHO 3MILHEHY CTalb HE
CYNpOBOJDKYEThCA iX aHiriIwiero Bix Ail iMmynscis ynapHoi xBuii. 3a 30BHIIIHIME 03-
HAaKaMH MiJBUIIEHA KUTBKOCTI JUCIOKALiil IS MiATPHMKH PO3MOBCIO/KEHHS nedop-
Malii 3a LUK, CKOPIIl 32 BCE, CIPUATHME 3CYBY MOMEHTY HOPMYBaHHA HE3BOPOTHHX
YLIKOJKEHb, 30LIbLIYIOYH KUIBKICTb IMKJIIB 10 pyHHYBAHHA METAIYy.
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Puc. 2. T'ycTuHa gucnokauii 3a intepdepenuiamu (110) (a) i (211) (b)
3a1eXHO Bill G, CTalli Micas TepMiyHoro amiunenHs (/) i aii VX (2).

Fig. 2. Density of dislocation by interferences (110) (a) and (211) (b)
depending on &, of steel after thermal strengthening (/) and SW action (2).

TakuM uMHOM, TiJ yac o6pobku YX GLIBIIICTL BBEJEHUX NHCIIOKAUiA 3auuia-
€ThCS PYXJIMBMMH | 31aTHUMH JI0 B3a€EMOJIT 32 NOJANIBIIOTO LMKIIIYHOTO HAaBAaHTaXEH-
Hs, abo BiLOYBAETBCA X OJATKOBE PO30NOKYBAHHS TICHS TEPMIYHOTO 3MilHEHHS.
TTifBuLIEHa KITBKICTh AUCIOKAUiH y Pi3HAX KpUCTAIOrpadiyHMX CHCTEMAX KOB3aHHS
nicns aii iMmynscis YX CBi4MTB MPO PO3BUTOK CKIIAJHMX JMCIIOKALIHHIX PeakLi,
sKi 3a6€3MeyI0Th NPUPICT LMKIIYHOT BUTPUBAIOCTI BYTJIELEBOT CTAIII.

BUCHOBKH

O6po6ka TEPMiYHO 3MILHEHOT BYTJIELEBOT CTalli iMITyIbcaMy yAapHOi XBWI BiX
EJIEKTPHHHOTO PO3PAAY Y BOJli CyNpPOBOKYETHCA 3GLIBLIEHHAM TYCTHHU MCIOKaUi,
WO Crpusie MiABHILEHHIO 0GMexXeHoi BUTpHBANOCTi 32 BToMu. [TopiBHANBHUH aHai3
JUIS IISHKA KPHBOT BTOMH 3 o6me>xenoro BUTPHMBAIICTIO CBI4MTS, 1110 32 YMOB OJiHa-
KoBoi KinbkocTkuukiiB (0,4- 10%) 06p061<a VX npu3BOAMTS 10 MiABHIIECHHA rpa}mul
BTOMH cTani 6ibm Hix B 1,5 pasu, Bix 540 10 900 MPa. BuxopHCTanHS Ha IPaKTHLI
TaKoi 06pobKku Moxe GyTH KOPUCHHM Mil 4ac po3pol/IcHHs MPOMO3HLIH CTOCOBHO T10-
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JIOBXXEHHA TEPMiHY €KCILTyaTallii eleMEHTIB pyXOMOro CKIafy, sKi MiITaloThCs Y-
CEJIbHUM LMIUTIYHUM HaBaHTaXEHHAM.

PE3IOME. Brssneno, 4to 06paboTka TEPMHUHECKM YIPOYHEHHOM CTAIM MMIYIbCaMu
YIapHOHM BOJIHBI OT 3JIEKTPUYECKOTO paspsfa B BOJAE MPHBOAMT K MOBLIEHHIO, TBEPAOCTH U
OFPaHHUY€HHOH BBLIHOCIMBOCTH NPH YCTAIOCTH. B pe3ynbTaTe BO3HHKHOBEHMS MMIyIbca yaap-
HOM BOJIHBI PacTET KOJMYECTBO THCIIOKALMHA JUIS 06ecrieueHHs pacpocTpaHeHus nedopMauuu
3a UWKJI, 4TO CMOCOGCTBYET YBENHYEHHIO LINKIIHYECKON BHIHOCITHBOCTH.

SUMMARY. Treatment of thermally strengthened steel by shock wave pulses from electric
discharge in water leads to the increase of hardness and limited endurance under fatigue. As a
result of the shock wave pulse the number of dislocations increases what ensures the condition
of deformation propagation in a cycle, which facilitates the increase of cyclic endurance.
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