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1. TTigBuIIeHHS 3HOCOCTINKOCTI [IOBEPXHI ITPU 3aCTOCYBaHHI J0aTKOBOro GpUKIiHO-IePopMaLiliHOro 3MillTHEHHS

2. Increasing the wear resistance of the surface when using additional friction-deformation hardening of steels

Pedepar:

1. B pucepTauii BUPilyIOTbCS aKTyalbHi MMTAHHS MiJBUILIEHHS 3HOCOCTIMKOCTI IIOBEPXHI B IPOLECi JOLATKOBOTO
dpukuiiHo-nedopMaLifiHOro 3MiljHeHHs ctasieil. O6’eKT fociIKeHHs: mpoluec GOpMyBaHHS iepapxiyHoi
CTPYKTYpHY Ta MEXAHIYHUX BJIACTUBOCTEN IIPU NOAATKOBOMY (pHUKLiNHO-AedopMauiiHomy 3minHeHi (IO3)
noBepxHi. [IpegMeT mocaigyKeHHs: MiTBUIIEHHS 3HOCOCTIMKOCTI MOBEPXHI Mif Ii€lo 0AATKOBOTO PPUKLIHAHO-
IedopmaniiiHoro 3MilfHEHHS ByTIJIel|eBUX CTajlel Ta Hu3bKoJieroBaHoi crasi 650, B nuceprauiiiziili po6oTi
y3arajJlbHEHO Ta PO3BUHYTO PE3YyJIbTaTU TEOPETUYHUX i eKCIIepUMEHTAIbHUX JOCIiIKEHD 10110 GaKTOpiB, YMOB

3abe3nedyeHHs Ta KepyBaHHs npouecamu JAD3, mo 103BosIsie OTPUMATU HEOOXiIHMI piBeHb 3HOCOCTIMKOCTI



Marepiasis i BUPOOIB 3 ypaxyBaHHSIM BifIlIOBIIHUX [IO HUX BUMOT. Briepuie: 3anpornoHoBano metog, IP/13, sk crociod
MiJBUIIEHHS 3HOCOCTIMKOCTI TOBEPXHi B>XKe 3MIITHEHUX TEPMIYHUM IIJIIXOM, O MAaKCMMAaJIbHOTO PiBHSI, BUPOGIB i3
cTajieil; eKCIIepUMEHTAJIbHO BUSIBJIEHO MOPQOJIOrilo CTPYKTYPH B Ilepepisi 3paskiB i3 crasnel, ki 6yu 1ogaTKoBO
3MillHeHi 3 BUKOpUCTaHHSIM MeTony JID]]3; BCTaHOBIEHO ONTUMAaJbHI YMOBU J1s1 OTPUMAHHS €(PEeKTUBHOTO
pesynbpTaty IO3 cTanei Ta HagaHO peKOMeHAL] 00 ONITUMAJIbHOTO BMICTY BYTJIELIO B CTAJISIX [1JIs1
3aCTOCYBAHHS JAHOTO METO/Yy; BCTAHOBJIEHO XapaKTep 3MiH Ta HAyKOBO OOI'PYHTOBAHO B3a€MO3B'SI30K MIX
oTpumaHuM nip giero JO3 piBHEM iHCTpyMEHTAIbHOI TBEPIOCTI Ta 3HaYEHHIM MoyJist FOHra (Monyis
HOPMAJIbHOI IIPY>KHOCTI), B Pi3HUX CTPYKTYPHUX CTaHAX, TOOTO B IIOBEPXHEBIl, MiJIMOBEPXHEBIN Ta OCHOBHIN
YaCTHMHAX 3pas3KiB i3 cTasel, o NOCiIpKyBaln; BUKOHAHO PO3PaxyHKH MO0 MiABUIEHHS 3HOCOCTIMKOCTI CTasi mif,
nieto IMN3 Ta BU3HAUEHO OYiKyBaHUI €KOHOMIYHMI edeKT Bif, 3acTocyBaHHs metoay I /13 npu 3miuHeHi BUpo6iB
i3 crasni 65I' Ha OAUHUINIO 3MilIHEHOI ToBepxHi. OTpUMaIy NoAaJbIINI PO3BUTOK: TeOPii «10JaTKOBOrO PPUKIiHO-
nedopmarniriHoro 3minHeHHs» (IO13) Ta «gomaTkoBoro Tepmo-aedopmaniiHoro smitHeHHI» (JT®3) B KOHTEKCTi
XapakTepy [0JAaTKOBOrO 3MIlIHEHHS [I714 MiBULIEHHS 3HOCOCTIMKOCTI 3arapTOBaHMUX CTaJeH, Ki Ha eTari
TEPMIYHOTO 3MilJHEHHS HAa0yJIM MaKCHMaJIbHO MO>KJIMBOTO, B TEPMIUHUI CIIOCIO, PiBHS TBEPLOCTI. TEOPIs aHaI3y
3MiHM MIKpPOTBEPAOCTI OPiBHSHO 3i 3MiHOW0 Monys FOura nig Briyusom [J®J13 B nepepizax 3paskiB cTanel, o
IOCIiIKyBayvcs B AucepTaliiiHiil po6oTi. YaockoHaneHo: Metogu O3 ta IT®3, B nuTaHHAX PaKTOPIB Ta yMOB
00pOO6IEHHS, SIKi € TOXiTHMMU Bifl METOLY «TepMOQPUKLiiHOro 3MiljHeHHs» (Td3), mpoTe Bifpi3HSIIOTHCS
XapaKTEPOM CTPYKTYPOYTBOPEHHS 32 PaxyHOK MEXaHi3My BIUIMBY iMIIyJIbCY BiJl 0OpPOOJIEHHS Ha (i3UKO-MeXaHivyHi
mpouecHy, sKi BinOyBaioThCsl Ipu [bOMY. MeToau 06po6IeHHS, 110 CIIPSMOBaHi Ha YIPABIiHHS CTPYKTYPOIO Ta
3MilJHEHHS [I0BEpXHEBUX IIapiB BUPOOIB, Mif, yac AKX GOPMYEThCS baraTouapoBa MopgoJioris nepepiay, 10
CKJIaZIA€ThC 3 1IAPIB, SKi XapaKTePU3YIOThCS PI3HUMU CTPYKTYPHMMU CTaHAMMU 3 BiATIOBIIHUMU Pi3HUMU
(pyHKIiOHAaTbHUMU BIACTUBOCTSIMU. [IpakTUyYHe 3HAYEHHS OJIEP>KaHUX Pe3yJIbTATiB [0JIAra€ B HACTYITHOMY:
Pe3yJIbTaTOM [IPOBEJEHUX TEOPETUYHUX i eKCIIepUMeHTAIbHUX AOCIIIPKEeHb € 3aIporoHoBaHuit metog, JDI3, skuit
MoOXKe OyTH 3aCTOCOBAaHUM 17151 iIBULIIEHHS 3HOCOCTIMKOCTI TOBEPXHi BUPOOIB i3 cTasneil. Lle mo3Boisie
peasi3oByBaTU KOHLEMII0 PeCypCO30€epesKEHHS IIPU OJHOYACHOMY BUKOPUCTaHHI MEHII JOPOTOBAPTiCHUX
marepiaJiis, ajie 3 IOKpaIeHUM PiBHEM 3HOCOCTIMKOCTI, 3aBasaku fii JM®13. Oxpemi nuTaHHS 3 MaTepiaiB
IycepTalifiHoOi po60TH BUKOPUCTOBYIOTHCS B HABYaJIbHOMY IIPOLieci IpU BUKJIalaHHI AUCLUIIIIH (OCBITHIX
KOMIIOHEHTIB): «Marepianu 3 0cob6auBUMU PiBUYHUMHU Ta MEXaHIYHMMU BIACTUBOCTSIMU» (6aKasaBpChka OCBITHS
nporpama), «TexHosorii Ta 06agHaHHS 411 MOAUQIKyBaHHS IOBEPXHi Ta 06'eMHOI 06pOOKY MaTepiasiB»,
«TepMoMmexaHiyHi METOM BILJIMBY Ha BIACTUBOCTI Martepiainy», «3HOCOCTIKi Ta aHTUPUKLiHI MaTepiann»

(MaricTepcbKa OCBITHSI TpOTpama).

2. This dissertation addresses current issues related to improving surface wear resistance during the process of
additional frictional-deformation strengthening (AFDS) of steels. Object of study: The process of forming
hierarchical structures and mechanical properties during AFDS of steel surfaces. Subject of study: Enhancement of
surface wear resistance under the influence of AFDS in carbon and low-alloy steel 65G. Scientific contributions
include: The dissertation summarizes and advances the results of theoretical and experimental studies on the
factors, conditions, and control of the AFDS process, which makes it possible to achieve the required level of wear
resistance of materials and products while meeting relevant requirements. For the first time: A method of AFDS is
proposed as a means of enhancing the wear resistance of thermally pre-hardened steel surfaces to their maximum
potential; The morphology of steel samples’ cross-sectional structures subjected to AFDS was experimentally
determined; Optimal conditions for efficient AFDS application were established, along with recommendations on
optimal carbon content in steels for the method’s effective implementation; The nature of changes and the
scientific correlation between achieved nanohardness under AFDS and Young’s modulus across surface,
subsurface, and core structural zones were established; Calculations were performed to determine the increase in
wear resistance and the expected economic effect of applying AFDS to strengthen 65G steel parts per unit of
treated surface. Further development was achieved in: Theories of "Additional Frictional-Deformation
Strengthening” (AFDS) and "Additional Thermo-Deformation Strengthening" (ATDS), in the context of enhancing
the wear resistance of already quenched steels, which had previously reached their maximum hardness through



thermal methods; The theory of analyzing changes in microhardness relative to changes in Young’s modulus under
the influence of AFDS in steel cross-sections examined in the dissertation. Improvements were made to: The
methods of "Additional Frictional-Deformation Strengthening" (AFDS) and "Additional Thermo-Deformation
Strengthening" (ATDS), have been refined in terms of processing factors and conditions. These methods are
derived from the general concept of Thermo-Friction Strengthening (TFS), but they differ in the nature of
structure formation due to the specific mechanism of impulse action during treatment, which affects the physical
and mechanical processes involved. Surface treatment methods have been developed to control the structure and
strengthen the surface layers of components. These processes result in the formation of a multilayer cross-
sectional morphology consisting of layers with different structural states and, accordingly, different functional
properties. The practical significance of the obtained results is as follows: As a result of the conducted theoretical
and experimental studies, a method of additional frictional-deformation strengthening (AFDS) has been proposed,
which can be applied to improve the wear resistance of steel product surfaces. This enables the implementation of
the resource-saving concept through the simultaneous use of less expensive materials while achieving enhanced
wear resistance due to the action of the AFDS method. Certain aspects of the dissertation research are integrated
into the educational process during the teaching of the following academic disciplines (educational components):
«Materials with special physical and mechanical properties» (Bachelor's educational program), «Technologies and
equipment for surface modification and bulk processing of materials», «Thermomechanical methods of influencing
material properties», «Wear-resistant and anti-friction materials» (Master's educational program).
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ITiZcyMKH AOCIiI>KEHHS: HoBe BUpIlIEHHS aKTyaIbHOTO HAYKOBOTO 3aBIAHHS
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VIII. 3aKkJII04Hi BiZoMOCTi

BnacHe IlpizBume Im's I10-6aTbKOBI Amutpuk Bitaniii Bonoaumuposnd
TOJIOBH pajgu

ByiacHe IIpizBumie Im's ITo-6aThKOBI AmuTpuK Bitamiit Bonogumuposny
rOJIOBYIOYOTO Ha 3aCiflaHHi

BiznoeBigansHU 3a MiATOTOBKY Kpaescpka JKanHa BiaguciasiBHa

00JIiIKOBHX JOKYMEHTIB



PeecTtpaTop VYKpIHTEI

KepiBHuk Bigginy YKpIHTEI, mo €
BiZITIOBiZAaILHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

OistJIBHOCTI




