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1. HaykoBO-TIpHKJIaJiHi OCHOBU 3aCTOCYBaHHSI 6€3BOJJHEBOI'O iOHHOI'O a30TyBaHHSI [1JIsl MiABUILEHHS KOHTaKTHOI

MilIHOCTi TpubocucTeM

2. Scientific and applied fundamentals of application of hydrogen-free ion nitriding to enhance contact strength of
tribosystems

Pedepar:

1. B pucepTariifiHiii po60Ti 3arpONOHOBAHO i BITPOBAI’)KEHO HOBUI KOMILJIEKCHUI T€XHOJIOTIYHUU MPOILIEC, U0
BKJIIOYA€ TEXHOJIOTii i0HHOTO a30TYBaHHS B 6€3BOJHEBUX CEPELOBUILAX Ta iIOHHOTO OKCUYBAHHS,
TEPMOAKTUBYBaHHS a30TOBaHUX MIAPiB [IpU TeMIIepaTypax rapTyBaHHS CTajlell 3 BATPUMKOIO IIPU IaHil
TEeMIIepaTypi IPOTIrOM ONTUMAJIBHOTO Yacy 3 HACTYITHMM rapTyBaHHSIM B MaCTUJIi Ta HU3bKOTEMIIEPATYPHUM
BifnyckoM. BukoHaHi MMPOKi LOCiAKEeHHSs IPOLieCy iOHHOTO a30TyBaHHS B 0€3BOJHEBUX CEPEOBUIIAX [JIS PSILY
KOHCTPYKIIMHUX CTajlell 3 BUBHAYEHHSIM 3aKOHOMIPHOCTEN BILJIMBY TEXHOJIOTIYHUX NTapaMeTpiB IIPOLeCy
a30TyBaHHS Ha TOBUIVHY, TBEPICTb, XiMiUHMIA Ta (Pa30BUI CKIAIY i 3aJIMIIKOBI HAIPYKEHHS CTUCKY B a30TOBAHUX

mapax. BusHaueHi onTrManbHi TEXHOJIOTIYHI pEXXMMU iOHHOTO a30TYBaHHS 32 KDUTEPISIMU MaKCUMAaJIbHOTO



3HAQYEHHS TOBLIVMHU Ta TBEPAOCTI IJIs1 KOKHOI cTasti. JJociiiKeHi 3aKOHOMIPHOCTI pO3IOJiny MiKpOTBEPLOCTI Ta
3aJIMIIKOBUX HAIPYXEeHb 110 TOBIIMHI a30TOBAHUX LIAPiB Ta pO3POO6JIEHO €KCIIePUMEHTaIbHO-PO3PaXyHKOBI
METOJIMKM iX BU3HAUEHHS B OyAb-sIKill TOYLli IOIIEPEYHOrO Mepepisy a30TOBaHOrO wapy. Ha ocHOBI TeopeTUYHUX
IOCJiIKeHb IIPOLLECY TEPMOAKTHMBYBAHHS a30TOBAHUX 1IaPiB pO3p06JI€HO HOBI TEXHOJIOTiI i0HHOTO
HITpOrapTyBaHHS Ta OKCHUHITPOrapTyBaHHs. PO3p06JieHO yHiBepCayibHy €KCIIEPMMEHTAJIbHY YCTAHOBKY JJIs
BUIIPOOYBaHb Ha KOHTAKTHY BUTPUBAJICTb [IpY KOUEHHI, Ha SIKill IpoBeeHO JOCiKeHHS KiHeTUKY 3HOIIYBaHHS Ta
KOHTAKTHOI BUTPUBAJIOCTI CTajlel 3 PI3HUMHU TOKPUTTSIMU B Pi3HUX cepeloBUlIaX. JJOCiIpKEHO BIJIUB BOAHIO HA

KOHTaKTHY BUTPUBAJIICTh IPY iOHHOMY a30TYBaHHi B BOLHEBOMY CE€PELOBUIII.

2. This work solves scientific and technical issue of enhancing contact endurance and durability of coated
structural elements at rolling friction by optimizing the properties of cover-base composition under developed
concept. This concept features application of gradient coatings with optimal properties and residual compressing
strain on the surface under hydrogen-free technology and obtaining of maximum base hardness by thermal
processing methods. In order to achieve the set goal, a new integrated technological process has been proposed
and implemented. It includes the technology of ion nitriding in hydrogen and hydrogen-free media and ion
oxidation, thermal activation of nitrated cases at steel quenching temperature with exposure at given temperature
during optimal time followed by quenching in industrial oil and low temperature tempering. Research on the
process of ion nitriding in hydrogen-free media for specific structural steels was performed with determining
regularities of influence of technological process parameters of ion nitriding on thickness, hardness, chemical and
phase composition, and residual compressing strain in nitrated case. Optimal technological regimes of ion
nitriding under criteria of maximum value of thickness and hardness for each steel were determined. Regularities
of distribution of microhardness and residual stresses by nitrated case thickness were researched and
experimental and calculation methodology for their determination at any site of nitrated case cross-section was
developed. Based on theoretical research on thermal activation of nitrated cases, new technology of ion
nitroquenching and oxyquenching, which satisfy the requirements of the proposed concept. Multipurpose
experimental plant for testing contact endurance at rolling friction with sliding was developed. It was used to
perform a research on wearability kinetics and contact endurance of various steels in various media (industrial oil,
aggressive, abrasion, at dry friction). Effect of hydrogen on contact endurance at ion nitriding in hydrogen media
was researched. Developed technology was tested under industrial conditions.
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