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

Pedepar:

1. B puceprauii BUPILYIOTLCS aKTyasbHi MUTaHHS MiIBULIEHHS 3HOCOCTIMKOCTI [TIOBEPXHI B IPOLIEC] JOJATKOBOTO
¢dpukuiliHO-gedopMaliiiHOro 3MilfHEHHS cTaseil. O6'eKT LOCTiIKeHHS: poLec (GOPMyBaHHS iepapXiuHoi
CTPYKTYpH Ta MEXaHIYHUX BJIACTUBOCTEN IPU NOAATKOBOMY QpuKLiliHO-AedopmauiiiHomy 3minHeHi (ID3)
noBepxHi. [IpegMeT mocimykeHHs: MigBUIeHHS 3HOCOCTIMKOCTI MOBEPXHi Mif i€lo 0AaTKOBOTO QGPUKIIHHO-
IedopMaliiiHOro 3MilfHEHHS BYTJIEL€BUX CTaJIEl Ta HU3bKOJIETOBaHOi cTasi 65I. B nuceprarniiiitiil po6oTi
y3araJibHeHO Ta PO3BUHYTO Pe3yJIbTaTH TEOPETUYHUX i eKCIIepUMeEHTAJIbHUX AOCiIKeHb o010 $GaKkTopis, yMOB
3abe3nevyeHHs Ta KepyBaHHs npouecamu JOI13, mo 103B0oJIsIE OTPUMATU HEOOXiIHUI piBeHb 3HOCOCTIMKOCTI
Marepiais i BUPOOIB 3 ypaXyBaHHSM BiJIIOBIHUX N0 HUX BUMOT. Briepuie: 3anponoHoBaHo meton P13, sk criocio
MiABUILEHHS 3HOCOCTIMKOCTI MOBEPXHI BXXe 3MIIJHEHUX TEPMiYHUM IIJIIXOM, 10 MaKCUMAaJIbHOTO PiBHS, BUPOOIB i3

cTajieil; eKCIIepUMEeHTAaJIbHO BUSIBJIEHO MOPQOJIOTrilo CTPYKTYpH B Iepepisi 3paskiB i3 crase, siki 6ysu 1ogaTKOBO



3MilfHeHi 3 BUKOPUCTaHHIM MeTony [JP/13; BCTaHOBJIEHO ONTUMAaJIbHI YMOBU J1s1 OTPUMaHHS €(eKTUBHOTO
pesynbpTaTy JO3 cTanei Ta HaJaHO peKOMeHAL] 1070 ONITUMAaJIbHOTO BMICTY BYTJIELIO B CTJISIX [JIs1
3aCTOCYBaHHS JJAHOTO METO/Y; BCTAHOBJIEHO XapaKTeP 3MiH Ta HAyKOBO OOI'PYHTOBAHO B3a€MO3B'SI30K MIX
oTpumaHuM mif gieto /13 piBHEM iHCTPyMEHTaIbHOI TBEPAOCTI Ta 3HAY€HHSIM MomyJist FOHra (Momyist
HOPMAaJIbHOI IPY’KHOCTI), B Pi3HNUX CTPYKTYPHUX CTaHaX, TOOTO B IIOBEPXHEBIA, MiITIOBEPXHEBill TA OCHOBHIN
YaCTHMHAX 3pa3KiB i3 cTasel, o JOCiIKyBaln; BUKOHAHO PO3PaxyHKH MO0 MiABUIEHHS 3HOCOCTIMKOCTI CTasi Mif,
nieto ION3 Ta BU3HAUEHO OYiKyBaHUI €KOHOMIYHMI edeKT Bif, 3acTocyBaHHs metoay P13 npu 3miuHeHi BUpo6iB
i3 crasni 65I' Ha OOUHUIIO 3MiLIHEHOI ToBepXHi. OTpUMaIy NoJAJbIIMI PO3BUTOK: TEOPii «10JaTKOBOrO PPUKLiHO-
nedopmarniriHoro 3minHeHHs» (IO3) Ta «gjomaTkoBoro Tepmo-aedopmanifiHoro smitHeHHI» (JT®3) B KOHTEKCTi
XapaKTepy JO0JAaTKOBOrO 3MILIHEHHS [IJ14 MiIBUIEHHS 3HOCOCTIMKOCTI 3arapTOBaHUX CTaJIeH, AKi Ha eTari
TE€PMIiYHOTO 3MilJHEHHS HA0yJIM MaKCUMaJIbHO MO>KJIMBOTO, B TEPMIUHUI CIIOCI0, PiBHS TBEPIOCTI. TEOPIis aHAJI3y
3MiHM MIKpPOTBepOCTi MOPIBHAHO 3i 3MiHOI0 Monysis FOHra mif BrimmBom JO3 B nepepisax 3paskiB cTanei, mo
IOCTiKyBanvcs B gucepTaliiiHiil poborTi. YaockoHaneHo: Metogu @13 ta IT®3, B nuTaHHAX PaKTOPiB Ta yMOB
00pOO6JIEHHS, SIKi € TOXiTHMMU Bifl METOLlY «TepMOQPUKLiNiHOro 3MiljHeHHs» (Td3), mpoTe Bifpi3HIIOTHCS
XapaKTepoOM CTPYKTyPOYTBOPEHHS 3a PaXyHOK M€XaHi3My BIUJIUBY iMIIYJIbCY BiJl 00p06IeHHS Ha Pi3UKO-MeXaHiuHi
mpolecHy, siKi BinOyBaloThCsl IpU LIbOMY. MeTonu 06po6IeHHS, 1110 CIIPSIMOBaHI Ha YIIPAaBJIiHHS CTPYKTYPOIO Ta
3MilJHEHHS [I0BEPXHEBUX IIapiB BUPOOIB, Mif, yac IKUX GOPMYEThCS baraTouapoBa MopgoJIoris nepepiay, 1o
CKJIaIA€ThCA 3 1IAPIB, SKi XapaKTePU3YIOTbCS PI3HUMU CTPYKTYPHMMU CTaHAMMU 3 BiATIOBIZHUMU PiI3HUMU
(YHKIIOHATIBHUMU BIACTUBOCTSIMU. [IpakTHYHE 3HaYEHHS OLEP>KaHUX Pe3yJIbTaTiB [10JIra€ B HACTYITHOMY:
Pe3yJIbTaTOM [IPOBEJEHUX TEOPETUYHUX i eKCIIepUMeHTaIbHUX AOCIIIKEHb € 3aIporoHoBaHuit Mmetog, JDI3, sxuit
MOXe OyTH 3aCTOCOBAaHUM [7151 MiIBULLIEHHS 3HOCOCTIMKOCTI TOBEPXHI BUPOOIB i3 cTasneil. Lle mo3Bosise
peasi3oByBaTH KOHLEMII0 pECYpPCO30EPEsKEHHS IIPU 0JHOYACHOMY BUKOPHUCTaHHI MEHIII IOPOrOBaPTICHUX
MaTepiaJiiB, ajie 3 MOKpalleHUM PiBHEM 3HOCOCTIUKOCTI, 3aBasku mii IM/13. OkpeMi nuTaHHS 3 MaTepiasiB
IYcepTalifiHOi poOOTH BUKOPUCTOBYIOTHCS B HAaBYaJIbHOMY IIPOLIECi IPU BUKJIAaHHI AUCLUIIIH (OCBITHIX
KOMIIOHEHTIB): «Marepianu 3 0cob6auBUMU QiBUYHUMHU Ta MEXaHIYHMMU BIACTUBOCTSIMU» (6aKasmaBpChka OCBITHS
nporpama), «TexHosorii Ta 061agHaHHS 411 MOAUQIKyBaHHS IOBEPXHi Ta 06'eMHOI 0OPOOKU MaTepiasiB»,
«TepmomexaHiyHi METOIM BIJIMBY Ha BJIAaCTUBOCTI MaTepiany», «3HOCOCTIlKi Ta aHTU(QPUKLINHI MaTepiaan»

(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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InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoOMOCTi

BnacHe IlpizBuime Im's [10-6aTbKOBI Amutpuk Bitaniii Bonoaumuposnd
rOJIOBH paau

Biiacue IlpisBume Im's ITo-6aTbKOBI AmuTpuk Bitasniii Bosoanmuposuy
TOJIOBYIOYOTO Ha 3acCiiaHHi

BinnosimasabHHUH 3a lli,ILI‘OTOBKy Kpaescrka JKanHa BiaguciaBiBHa

00JIiKOBUX JOKYMEHTIB

Peectpartop YkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTtosiiBHA

OisSIIBHOCTI




