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V. BizomocTi npo gucepraniio
MoBga guceprariii:
Koau TemaTHyHHX PyOPHK: 81.09

Tema gucepranii:
1. 3akoHOMipHOCTI (POPMYBaHHS Ha CTAJIIX HAHOCTPYKTYPOBAHUX MEXAHOIMITYJIbCHOK OOPOOKOIO I0BEPXHEBUX

1IapiB, ONIPHUX MEXaHIYHOMY Ta KOPO3i1HO-BOJHEBOMY PYINHYBAHHIO.

2. The regularities of formation of surface layers nanostructured by mechanical-pulse treatment on steels,
resisting to mechanical and corrosion-hydrogen fracture.

Pedepar:

1. Incepraliiio IpUCBSIYEHO BCTAHOBJIEHHIO CTPYKTYPHUX NTApaMETPiB (POPMyBaHHS HAHOKPUCTAJIIYHUX CTPYKTYP Ha
BYIJIELIEBUX Ta HU3bKOJIETOBAHUX CTAJISIX [IOBEPXHEBOIO MEXaHOIMITYJIbCHOIO 06POOKOI0, LOCIIKEHHIO iX BIIJIMBY Ha
TpUOOJIOTIUHI BJIACTUBOCTI, OIip KOPO3ii Ta BOAHEBIN KPUXKOCTI, & TAKOXK Ha pOOOTO3aTHICTh CTajllell B yMOBax
CYMICHOI J1ii MEXaHIYHOTO HaBaHTAKEHHS Ta KOPO3MBHO-HABOAHIOBAJILHUX CEPELOBUIL. BCTaHOBIJIEHO, 110
rapameTpy HaHOKPHUCTAJIiYHOTO TTIOBEPXHEBOTO HIapy Ta oro Qi3uKo-MeXaHiyHi BJIaCTHUBOCTI 3aj1€XaTh Bif
pekuMiB 06POOKY Ta BULYy TEXHOJIOTIYHOTIO CEPEelOBHUIIA, 0 JA€ MOXKIINBICTb (POPMYBATH [TIOBEPXHEBUH IIap 3
PeryJbOBaHUMU BIIACTUBOCTSIMU. BUSIBIIEHO, 1110 HAHOCTPYKTYPHUIL CTaH IOBEPXHEBUX 1apiB crasneil 40X ta 65I°
36epiraeTbcst 3a HarpiBaHHs 110 Temrepatypu 500 °C. KoedillieHT TepTst CyTTEBO 3HMKYEThCS MiCIIs
MeXaHOIMIyJIbCHOI 06pOOKU CcTajiel, 0 KOPeJIIoe 3i BMEHIIEHHSIM PO3Mipy KPUCTAJiTy Ha IOBEPXHi. BcTaHOBIIEHO,

1110 HAHOKPUCTAIYHUI ITIOBEPXHEBUH LIap Cyrye 6ap’epoMm Jijisl IPOHUKHEHHS BOJHIO Brimb martepiasny. HaiiBuiy



OIipHICTb BOJHEBI KPUXKOCTI 3a6€31e4ye HaHOCTPYKTYPYBaHHSI IOBEPXHi MEXaHOIMITYJIbCHOIO OOPOOKOI0
pi3HOHaIpsIMIIeHOI0 fedopMalii€lo B OJIMBHOMY TEXHOJIOTIYHOMY cepenoBuli. [TokazaHo, 1110 BBEIEHHSIM Y
TEXHOJIOTIYHE CEpeJ0BUILEe HiKesllo, 60py Ta a30TOBMiCHMX PEYOBUH IIifl YaC MEXaHOIMITyJIbCHOI 0OpOoOKM cTanel 35
Ta 45 MOXXHA HiBeJI0BaTH HEraTMBHUI BIJIMB iHTEHCUBHOI MJIaCTUYHOI Aedopmallii Ha ix KOPO3iliHy TPUBKICTb.
HanokpucrasniyHuil NoOBEpXHEBUN 11ap XapaKTEPU3YEThCA MiABUIIEHOI0 3HOCOCTINKICTIO 32 YMOB OJIMBHOTO Ta
0JINBHO-26Pa3BHOIO 3HOLIYBAHHS, & TAKOX 34 JIii KOPO3WBHO-HAaBOJHIOBAJIbHOTO CEPEIOBUILA AUETHUEIIHIJIIKOJIIO;
BiH iCTOTHO NiJBUILy€ I'PAHNULI BTOMU Ta KOPO3iTHOI BTOMHU, & TaKOK KOHTAaKTHY JOBrOBiYHICTb CTajier. Killo4oBi
CJIOBA: HAHOKPHUCTAJIIYHA CTPYKTYpa, MEXaHOIMITyJIbCHA 06pO6Ka, KoedillieHT TepTs, MexaHiYHi BIaCTUBOCTI,

3HOCOTPUBKICTb, BOLHEBA KPUXKICTh, BTOMA, KOPO3iliHa BTOMa, KOHTAKTHA IOBTOBiYHiCTb.

2. The dissertation is devoted to determination of structural parameters of formation of nanocrystalline structures
on carbon and low-alloyed steels by surface mechanical-pulse treatment, investigation of their influence on
tribological properties, corrosion resistance and hydrogen embrittlement, and on workability of steels under the
mutual action of mechanical loading and corrosion-hydrogenating environments. It has been established that
parameters of nanocrystalline surface layer and its physical and mechanical properties depend on treatment
regimes and type of technological environment, which enables forming a surface layer with adjustable structural
state and properties. It has been shown that size of crystallites in the surface layer of the treated steel influences
on the surface microhardness: it increases with decreasing crystallite size. It has been found that the surface
layers, formed on the 40X and 65T steels by mechanical-pulse treatment, had nanocrystalline structure even under
heating up to a temperature of 500 °C. The regularities of changing the size of crystallites in the surface layer in a
nano scale range with an increase of heating temperature have been established: the size of crystallites is
decreased at increasing temperature up to 300 °C and it is increased at higher temperatures. Friction coefficient
of steels decreases significantly after their mechanical pulse treatment, which correlates with reducing crystallite
size of the steel surface layer. It is reduced in almost four times for the 45 steel with nanocrystalline surface layer
in a pair of friction with the IIX15 steel under oil wear. It has been found that the surface layer with
nanocrystalline structure formed on the 45 steel by mechanical-pulse treatment is characterized by lower
hydrogen permeability (hydrogen diffusion coefficient is in 1.3-4 times lower) and higher in 1.5-4.4 times efficiency
of hydrogen trapping in comparison with the untreated steel. Therefore, it serves as a barrier for hydrogen
penetration into the bulk material. It has been established that nanostructurization of the steel surface using
mechanical-pulse treatment by multidirectional deformation in an oil technological medium provides the highest
resistance of the steel to hydrogen embrittlement. It has been shown that alloying the surface layers of the 35 and
45 steels by nickel, boron and nitrogen during mechanical-pulse treatment can offset the negative influence of
intensive plastic deformation on their corrosion resistance. The nanocrystalline surface layer is characterized by
high wear resistance under oil and oil-abrasive wear and under the action of corrosion-hydrogenating medium of
diethylene glycol, as well. It significantly increases limits of fatigue and corrosion fatigue, and also contact fatigue
of treated steels. The method of mechanical-pulse treatment of equipment components made of carbon and low-
alloyed steels with formation of surface nanocrystalline structures have been implemented at MCC
“Lvivvodokanal” and PJSC “Kohavynska Paperova Fabryka”, showing increase in service life of the treated
components in 2.5-3 times. Key words: nanocrystalline structure, mechanical-pulse treatment, friction coefficient,
mechanical properties, wear resistance, hydrogen embrittlement, fatigue, corrosion fatigue, contact fatigue.
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