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OneprxaHi MPUHIIMIIOBO HOB1 HAyKOB1 3HAHHS MO0 (hi3MKO-Marepialo3HABUYUX OCHOB Ta
3aKOHOMIPHOCTEH 3MIIIHEHHS TOBEPXHEBUX MIApiB JIETKUX KOHCTPYKIIHHHX CIUIABIB HUIIXOM
yIabTpa3BykoBoi ynapHoi o0poOku (Y3YO) 3a kpioreHHux temmeparyp. Lli 3axkoHOMIpHOCTI
OOYMOBIIIOIOTBCSL ~ MPUTHIYEHHSIM  TPOLECIB  JAWHAMIYHOTO  TOBEPHEHHS Ta  JUHAMIYHOI
pekpuctamizanii, a TakoX  eQdeKTy aHIrUIILii AUCIOKalid mia i€ QakTopy TIUOOKOro
0XO0JIO/DKEHHS. JloBeIeHO MOKIHMBICTE (DOPMYBaHHS HITPUIHHUX CIOIYK B MPHUIIOBEPXHEBHX IIapax
3a paxyHOK SfBHILA MEXaHOJIWHAMI4HOi Iu(y3ii aromiB a30Ty i3 30BHIIIHBOTO CEPENOBHUIINA B
nporeci kpiopedopmariii. BiaMiHHOIO pHCOI0 OTPUMAHMX pE3YJIbTATiB BiJ BITUYM3HSHUX Ta
3apyODKHUX aHAJOTIB € TOBEpXHEBa 00poOKa marepially 3a KpIOTEHHHX TEMIIEpaTyp B yMOBax
TiIPOCTaTUYHOTO CTHUCHEHHS 3aMicTh 00pe BIJOMHUX METOMIB Kpiogedopmaiiii Bcboro o0’emy
Mmatepiany. [loapiOHEHHS BUXITHOI CTPYKTYpPH 10 HAaHOMACHITAaOHOTO pIBHS, a TaKOX Iepedir
MeXaHOXIMIYHUX peakiii mix giero Y3YO 3a KpioreHHUX TeMIlepaTyp MOPIBHSHO 3 TPAAHIIHHOIO
Metoankoo Y3YO Hamae MOXKIHUBICTh 3MiIHEHHS TOBepxHi 10 ~500 %, 30UIbIIeHHS TOBIIMHU
MoaudikoBaHoro mapy g0 ~250 mxwMm, (Ha moBitpi g0 ~100 MKM), 3MEHIIEHHSI IIOPCTKOCTI
MOBEPXHI B 2,5 pa3u, MiIBUIICHHS 3HOCO- Ta KOPO3i1MHOI CTIHKOCTI, BTOMHOI JIOBIOBIYHOCTI 710 ~3
pa3iB, 3MEHILIEHHSI TPUBAJIOCTI MpoIieciB Moau(iKallii MOBEpXHiI Marepiany A0 JEKiTbKOX XBUJIHH.
30KkpemMa, MaKCUMaJIbHI 3HaYeHHS MiKpoTBepaocTi moBepxHi crami 12X18HI10T (HV = 5-5,66 I'Tla)
orpuMani micas KpioreHHoi Y3YO rtpuBamictio 150 ¢, mo oOymoBieHO (OpMYyBaHHAM
MaKCUMaJbHOI 00’ €MHOI YacTku o'-MapTeHcuTy (53%) mopiBHIHO i3 00poOKor Ha moBitpi (9%),
HaHOpPO3MipaMH 3€peH o'-MapTeHCUTy (24 HM) Ta aycTeHITy (45 HM) 1 HasIBHICTIO HaHOJBIMHMKIB
(60-120 um). Kpim Husbkoi eHeprii aedekriB makyBanus (~30 MI[)K/MZ), 11e 00yMOBJIEHO BHCOKOIO
MIBUIKICTIO nedopmartii (~103) Ta KpiorenHumu Temrepatypamu (77 K)). 3naueHuss mapamerpy
3i"epa-XonoMoHa 3a yMoB Y3VYO B pikoMy a30Ti ckiajgae 26, ToJi K 3a KIMHATHOT TeMIlepaTypu
Ha TMOBITp1 Ta B aproui — 15 1 17, BiANOBIAHO.

(poc.)

[lomydeHbl NPUHIMIUAAIGHO HOBBIE HAyYHBIE 3HAHHWSA  OTHOCHUTEIBHO  (DH3HKO-
MaTepHalOBETYECKUX OCHOB M 3aKOHOMEPHOCTEH YIPOUHEHHsS IMOBEPXHOCTHBIX CJIOEB JIETKHX
KOHCTPYKLMOHHBIX CIUIABOB NYT€M YJIbTPa3BYKOBOM ynapHoi oOpabotku (Y3YO) mnpu
KPUOT€HHBIX TeMIleparypax. OTH 3aKOHOMEPHOCTH OOYCJIOBJIEHbI TOJAaBJIEHHEM IPOLECCOB
JMHAMHUYECKOTO BO3BpaTa M JHHAMHUYECKON PEKPUCTAJUIM3ALNH, a Takke dPdeKTa aHHUTWISAIIN
JIMCIOKAMK ToJ JAelcTBHeM (akTopa IiyOokoro oxjaxjaeHus. JlokazaHa BO3MOXKHOCTh
bopMHUpOBaHUS HHUTPHIHBIX COCTUHEHWH B TPHUIIOBEPXHOCTHBIX CIIOSIX 3a CYET SBJICHUS
MexaHomHaMu4yeckoi auddy3un aToMOB a30Ta U3 BHEIIHEN Cpebl B poliecce KpruoaehopMalmu.
OTIUYUTENBbHON OCOOEHHOCTHIO TOJMYYEHHBIX PE3YJbTaTOB OT OTEYECTBEHHBIX M 3apyOeiHBIX
aHAJIOTOB SIBJIAETCSl MOBEPXHOCTHash 00paboTka Marepuaja NpH KPHOTEHHBIX TemIleparypax B
YCIOBHSIX THUAPOCTATHUECKOTO CXKATHS BMECTO XOPOIIO M3BECTHBIX METONIOB KpuonaehopMarmu
Bcero oorema Mmatepuana. V3MmenbueHHe MCXOAHOW CTPYKTYpHI JO HAHOMACHITAOHOTO YPOBHS, a
TaK)K€ pa3BUTHE MEXaHOXMMHYECKMX peakuuid mnon nedctBueM Y3YO mnpu  KpHOTEHHBIX
TeMIlepaTypax Mo CPAaBHEHHIO C TPAIUIMOHHON MeToaukod Y3YO mpenocraBisieT BO3MOXXHOCTb



YIpOYHEHHUs NmoBepxHocTH 10 ~500%, yBenuyeHue TOMMIMHBI MOAUGUIIMPOBAHHOTO ci10s 10 ~250
MKM, (Ha Bo3ayxe 10 ~100 MKM), yMEHbIIEHHs ILIEPOXOBATOCTH IIOBEPXHOCTH B 2,5 pasa,
MOBBIIICHUSI HM3HOCO- W KOPPO3MOHHON CTOMKOCTH, YCTaJOCTHOM JOJTOBEYHOCTH 10 ~3 pas,
YMCHbBIICHUA MPOAOJLKUTCIBHOCTH IPOLECCOB MOI[I/I(I)I/IKaI_II/II/I MMOBCPXHOCTU MaATCpUala MO0
HCCKOJIbKUX MHUHYT. B YaCTHOCTH, MAKCUMAJIbHBIC 3HAYCHHUA MUKPOTBCPAOCTU IMOBCPXHOCTHU CTAJIN
12X18HIO0T (HV = 5-5,66 I'lla) nomydensl nociie kpuorenHod ¥Y3YO npoaomxkuTenbHOCThiO 150
C, 4TO 00yciOBIEHO (HhOPMHpPOBAHHEM MaKCHUMallbHOM 00beMHOHN aonu o'-mapreHcuta (53%) mo
CpaBHEHHIO ¢ 00paboTkoi Ha Bo3myxe (9%), HaHOpa3sMepamu 3epeH o'-mMapreHcuTa (24 HM) U
aycTeHuTa (45 HM) ¥ HanM4YueM HaHOJABOWHMKOB (60-120 HM). Kpome HHU3KOI 3HEepruu AeheKTOB
ynakoBku (~30 MI[)K/MZ), 3TO OO0YCJIOBJICHO BBICOKOH CKOPOCTBIO jae(opMaluu (~103) u
kpuoreHHeiMu Temmnepatypamu (77 K)). 3nauenue mnapamerpa 3uHepa-XOJOMOHA B YCIOBHSX
VY3VYO B kuAKOM a30T€ COCTaBJISIET 26, TOT/IAa KaK MPU KOMHATHOM TeMIepaType Ha BO3AYXE U B
aprone — 15 u 17, COOTBETCTBEHHO.

(aHrJ.)

Essentially new scientific knowledge has been obtained on the physico-materials science basics
and the laws of the surface layers hardening of the light structural alloys by ultrasonic shock
treatment (UST) at cryogenic temperatures. These regularities are due to the suppression of the
dynamic return processes and dynamic recrystallization, as well as the effect of the dislocations
annihilation under the action of the deep cooling factor. The possibility of the nitride formation
compounds in the near-surface layers due to the phenomenon of the mechanodynamic diffusion of
the nitrogen atoms from the external medium in the process of the cryo-deformation is proved. A
distinctive feature of the obtained results of the domestic and foreign analogues is the surface
treatment of the material at cryogenic temperatures under conditions of hydrostatic compression
instead of the well-known methods of cryodeformation of the entire bulk of the material. The
grinding of the initial structure down to the nanoscale level, as well as the course of
mechanochemical reactions under the influence of UST at cryogenic temperatures, in comparison
with the traditional UST technique, makes it possible to harden the surface to ~ 500%, increase the
thickness of the modified layer to ~ 250 pum, (in air up to ~ 100 pum), a 2.5 times decrease in the
surface roughness, an increase in the wear and corrosion resistance, fatigue life up to ~ 3 times, a
decrease in the duration of the surface modification processes of the material to several minutes.
The maximum values of the surface HV of the steel 12Cr18Nil0Ti (HV = 5-5,66 GPa) were
obtained after the cryogenic UIT owing to the formation of the maximum bulk fraction of a'-
martensite (~53%), of the nano-sized grains of a'-martensite (24 nm) and austenite (45 nm) and the
nanotwins (60-120 nm). This is due to the low value of the stacking fault energy (~30 mJ/m?) and
the applied UIT conditions (high strain rate of ~10° and cryogenic (77 K) temperatures), which
determine the Zener-Hollomon parameter InZ = 26 in comparison with those for the air-UIT and
argon-UIT processes to be of 15 and 17, respectively.
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