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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

Kpiorenna yibTpasBykoBa yAapHa 06po0Ka 71 CTBOPEHHSI HAHOCTPYKTYPOBAHOI [TIOBEPXHi METaeBUX CIIJIABiB

Ha3sBa po6oTH aHIJIilICbKOIO:

Cryogenic Ultrasonic Impact Treatment for Surface Nanotwinning of Metal Alloys

PedepaT ykpaiHCbKOIO:

JocnimkeHo CTpYKTypHO-(a30BUI CTaH i MeXaHiuHi BJIaCTUBOCTI aycTeHiTHOI ctasi 12X18H10T i natyni Cu37Zn
ITiCJ1s1 BUCOKOYACTOTHOTO YIAPHOTrO 06pO6IEHHS 32 JOTIOMOroIo yibTpa3Byky (Y3YO) Ha NOBiTpi Ta y cepenoBuiILi
piaxoro azory. [lokazaHo, 1110 32 04HAKOBOI IPUKJIAJI€HOI iIHTEHCUBHOCT 00pO0JIeHHS y 3pa3Kax CTajli BIPOJOBX
Kpio-Y3YO npouec CTpyKTYpOYTBOPEHHS BilOYBa€ThCS i3 3a/Iy4€HHSIM IBIIHUKYBaHHSIM Ta MAPTEHCUTHUX anbda-
ercuIoH-asnbda WTPUX [IePETBOPEHD, 4 TAKOX POPMYEThCSI HAHOPO3MipHA 3epeHHa CTPYKTYPa i3 MEHIIUM
PO3MipOM 3epeH HixX 32 06po6JIeHHs y aproHi. 3pa3Ku JIaTyHi 32 yMoB Kpio-Y3YO 3a 0HaKOBOi IPUKIaAEHO]
iHTeHCHUBHOCTI 06pOO6JIEHHS 3a3HAI0Th B 4 pa3u 6inbiioi gedopmaii Hixk micssg Y3YO Ha nositpi. [TokazaHo, 1m0
3MiHa ME€XaHIYHMX BJIACTUBOCTEN, a2 CaMe 3PDOCTAHHS TBEPIOCTI, BUMIPSIHOI HAHOIHAEHTYBAHHIM, MEXI TEKY4OCTi Ta
MeXi MIITHOCTI 3a 36epeskeHHs 3HAYHOI IIJIACTUYHOCTI 32 PO3TAry, 00yMOBJeHa C(OOPMOBAHUM CTPYKTYPHUM CTaHOM
[TIOBEPXHEBOro mapy. OCHOBHMMM YMHHUKAMU 3MilJTHEHHS 32 YyMOB Kpio-Y3YO € HaKONMUYEHHS OUCJIOKALil y
IIJIOCKMX CKYITYEHHSIX, POPMYBaHHS MIKPOZBIIIHUKIB i 3CYBHUX CMYT 3 BUCOKOIO I'YCTUHOIO IUCJIOKALiN B HUX, SIKi
326€31e4yIoTh JUCIIePryBaHHs 3€PEHHOI CTPYKTYpu. OCOBIMBY POJIb Bilirpae HasiBHICTh MigBUIIEHOi KiTbKOCTI
NBIMHMKOBUX rPaHUIlb, 32(DiKCOBAHOI SIK MPSIMUM CIIOCTEPESKEHHSIM 32 JJOMTOMOTOI0 TPAHCMICIMHOI e/TeKTPOHHOI
MIKpPOCKOIIii TOHKUX (OJIbT i pACTPOBOI €J1eKTPOHHOI MiKPOCKOIIii IOBEPXOHb PYMHYBaHHS, TaK i 3aBJISIKM aHaJi3y
HAKOIMWYEHOI €HEPril y TPaHMLISIX 3€peH / IBiHNKIB METOJIOM CKaHyBaJIbHOI AU(epeHLiHOI KaJIopUMeTpii.
JBITHMKOBI I'PaHULi, 110 MAIOTh KOT€PEHTHUN XapaKTep, OLATKOBO CIIPUSIOTh KOB3aHHIO NUCIOKALN i
30epekeHHIO MJIaCTUYHOCTI micys Kpio-Y3VO, a TakoX € [0IaTKOBUMU YNHHUKAMU 3MilTHeHHS. Takuil MexaHi3m

Y3rOIPKY€EThCS 3 JIITePaTyPHUMU JAHUMU.

Pedepar aHIJIiHCBKOIO:

The structural-phase state and mechanical properties of 12X18H10T austenitic steel and Cu37Zn brass after high-
frequency mechanical impact treatment using ultrasound (ultrasonic impact treatment - UIT) in the air and liquid
nitrogen environments were studied. As shown, the same process intensity applied to the steel samples during
cryo-UIT results in the structure formation involving twinning and martensitic alpha-epsilon-alpha prime
transformations, as well as nanoscale grain structure with smaller grain size than that after the argon-UIT
treatment. The brass samples processed by cryo-UIT at the same applied intensity undergo four times higher
strain extent than that occurred after air-UIT. It is shown that the change in mechanical properties, namely the
increase in hardness measured by nanoindentation, yield strength and tensile strength while maintaining
significant tensile plasticity, is due to the formed structural state in the surface layer. The main factors of the cryo-
UIT induced hardening are the accumulation of dislocations in pile-ups, the formation of microtwins and shear
bands with a high density of dislocations in them, which provide subdivision of the grain structure. A special role is
played by the presence of increased number of twin boundaries, recorded both by direct observation by
transmission electron microscopy of thin foils and scanning electron microscopy of fracture surfaces, and by
analysis of stored energy in grain / twin boundaries by scanning differential calorimetry measurements. Coherent
twin boundaries further contribute to the dislocation of dislocations and thus preserve a tolerable plasticity after
cryo-UIT, and they play a role of additional hardening factors. This mechanism is consistent with the literature.
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