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Pedepar:

1. O6'exT - abpa3uBHe 3HOLIYBAHHS 3aJ1i30BYIJIEL[€BUX CIUIABIB. MeTa - po3po6Ka MaTepialo3HaBUMX OCHOB
NiABUILEHHS 3HOCOCTIMKOCTI 3a/1i30ByTJjleLieBUX CIJIaBiB [IpY aOpa3suBHOMY 3HOIIYBaHHI. MeToM JOCiIKeHHS -
BA3HAY€HHS 3HOCOCTIMKOCTI 3aJ1i30BYIJIELIEBUX CIVIABiB Y PiI3HOMY CTPYKTYPHOMY CTaHi 3a JOIIOMOTOI0
CTaHJAPTHUX i HOBMX BUIIPOOYBAJIbHUX METOMNMK, @ TAKOXK JOCIIiIP)KEHHS XiMiYHOTO CKJIady, CTPYKTYpPHU i
BJIACTMBOCTEN 3aJ1i30BYIJIELE€BUX CIUIABIB 3a OIIOMOIOIO CIIEKTPAJIbHOTO aHaJjli3y, PEHTTEHOCTPYKTYPHOIO aHaJli3y,
OITUYHOI MIKPOCKOIIii, CTAaHIAPTHUX METO/iB BU3HAUYEHHS MEXaHIYHUX BIAaCTUBOCTEN. TeopeTuyHi i NpakTUyHi
pe3yabTaTU: BCTaHOBIEHO 3aKOHOMIPHOCTI a0pa3uBHOTO 3HOIIYBAaHHS CIIaBiB cuctemu Fe-C 6e3 HarpiBaHHS y
MaKCHMAaJIbHO MOKJIMBOMY [iala3oHi BMICTY ByIjeno. JJOCiI>KeHO BIUIMB MiABUILEHUX TEMIIEPATYP Ta JIETYBAHHS

Ha 3HOCOCTIHNKICTh MeTacTabiIbHOro aycTeHiTy. Ha npukiazi jeryBaHHs XpOMOM i MapraHijem IpeJcTaBleHo



IPUHLIMIN CTBOPEHHSI 3HOCOCTIMKMX CILJIaBiB. 3aIpONIOHOBAHO HOBI 3HOCOCTINKI cTasi 150X3 ta 120I'3. HoBusHa: ¥V
POOOTi 3aPOIIOHOBAHO €KCIIEPUMEHTAJIbHY i TEOPeTHYHY 6a3u IJ1s1 BUPILIEeHHsl MaTepiajlo3HaByoi IpobiemMu
CTBOPEHH$ i BUKOPUCTAHHS CIIJIaBiB HA OCHOBI 3aJli3a paljiOHaJIbHOTO CKJIaAy, sKi € 3HOCOCTINKUMU IIPU
abpa3vMBHOMY 3HOLIyBaHHi. Llel1 pe3ysibTaT OTPMMAHO Ha MifiCTaBi TAKMX HOBUX N1OJIOKEHD: - Y CTAHIAPTU30BAHUAX
ymoBax Bunpo6ysanb ('OCT 17367-71) 6e3 HarpiBaHHS BU3HAYEHO 3aJIEKHOCTI 3HOCOCTIMKOCTI 3a/1i30ByTIiIeLieBUX
CIJIABiB Bif iX BJIaCTUBOCTEN y MaKCHMaJIbHO MOKJIMBOMY Ziana3oHi BMicTy Byrieno (0,08-4,30 %C) 3
ypaxyBaHHSIM (a30BOro CTPYKTYPHOTrO CTaHy. [IoKka3aHo, 10 B MOPSAKY 30i/blI€HHS] 3HOCOCTIKOCTi MeTaIeBa
OCHOBA 3aJIi30BYIJIELIEBUX CIJIABiB YTBOPIOE TAKUM Psifl: (PEPUT -~ MAPTEHCUT - AyCTEHIT. BUCOKa 3HOCOCTINKICTh
ayCTeHiITy 3a6e3Ie4yyeThCs 32 paxyHOK CIIJIbHUX IpolieciB (a30BUX [IEPETBOPEHB, 1110 BinOYyBaIOTHCS B
[TIOBEPXHEBOMY IIApi Ta MEXaHIYHOTr0 HAKJIEIY 10 TPAHUYHO MOJKJIMBOIO CTaHYy; - BIIEPIIE B PO3MIUPEHOMY [ialla30Hi
mBuaKocrei koBzaHH4 (0,1-3500 mm /c) Ta nigBumeHux remneparyp (20-290 oC) BCTaHOBJIEHO BIUIUB LIUX
XapaKTEPUCTUK HA 3HOCOCTIVKICTh HEJIETOBAHMX 3aJ1i30BYIJIELI€BUX CILIABIB 3 Pi3HOI0 CTPYKTYPOI. [TokasaHo, mo
CTPYKTypa ayCTEeHITy, sIKa € Halbibll 3HOCOCTIHKOI0, ¥ TOM JKe Yac MaKCUMaJsbHO 3a3Ha€ BILJIMBY HAarpiBaHHS B
npolieci abpa3rBHOTO 3HOUIYBAHHS. 3 IiABULLIEHHSIM TEMIIEPATypy IIOBEPXHI TEPTsI 3pasKiB 3 ayCTEHITHOIO
CTPYKTYpOIO ycboro juiie 10 130 oC 3HOCOCTINKICTb 3MEHIIYETLCS BABIUi i IPOJOBXKY€E IHTEHCUBHO 3HMKYBATUCS
IIpU MO AJIbIIOMY HarpiBaHHi. Lle sBuIe 06yMOBJIeHO cTabisizalielo ayCcTeHiTy Py HarpiBaHHi i 3HUKEHHSIM
IIOBHOTHU IIPOXO/KE€HHS! (a30BUX NIepeTBOpeHb. KpiMm TOro, HaitbisnbIlll iIHTEHCMBHE 3HW)KEHHS I'PaHULi TEKYYOCTi
ayCTeHITy BifioyBaeTbcs npu HarpiBanHi 10 100-150 oC, mo 101aTKOBO 3HUXKYE OIip BAAaBJI€HHIO abpa3uBHUX 3€peH
Ta IJIACTUYHIN nedopmatii. [Tpore npu 6ynp-sKiil TeMnepaTypi B JOCIiIPKEHOMY Jiala3oHi 3HOCOCTINKiCTb
ayCTEeHiTy [epeBulllye 3HOCOCTINKICTh MapTEHCUTY a60 3HaXOAUTHCSI HA OJHAKOBOMY PiBHI 3 HUM; - BIleplle
3aIpOIIOHOBAHO HiarpaMy "BinHocHa 3HOCOCTIlKICTb - TBepzicTs - Temneparypa'”, o Bio6paxkae 3aKOHOMIPHOCTI
abpa3MBHOrO 3HOIIYBAaHHA CIIaBiB cuctemu Fe-C. Jliarpama 103BoJIsie B KOHLLEHTPOBAHOMYBUIJISAI IPEACTAaBUTH
BECh IOCTYITHMM [1ialla30H 3HOCOCTIMKOCTI HeJIETOBAHUX 3aJ1i30BYTJIELIEBUX CIJIABIiB IPU Pi3HUX TEMIIepaTypax
IIOBEPXHIi TEPTH, i, KPIM TOTO, € 3pYYHOIO IJI51 OLIiHKYA 3HOCOCTIMKOCTI HOBUX CILJIABiB i [IEPCIIEKTUB iX BUKOPUCTAHHSA
SIK 3HOCOCTIMKMX MaTepiaiB; - T0OKa3aHo, 10 [IpY IEBHOMY BMICTi JIETYBaJIbHOTO €JIEMEHTA iCHye ONITUMAJIbHUN
BMICT BYTIJIELIIO B CIIJIaBi, P SIKOMY JIOCSITA€ThCSl MAaKCUMaJlbHA 3HOCOCTIHKICTb aycTeHiTy. Lle 06yMOBI€HO
TEMIIEPATYPOIO I0YATKy MAaPTEHCUTHOTO IEPETBOPEHHS, Bifl IKOTO 3aJIEXKATh IOBHOTA (PA30BUX ME€PETBOPEHD IIPU
3HOILIYBAHHI 1 CTYIiHb 3MILIHEHHS TIOBEPXHIi TEPTS. Y TOM K€ 4ac, IJIs OJep>KaHHs BUCOKOI 3HOCOCTIMKOCTI CILIaBiB 3i
CTPYKTYPOIO HECTabiIbHOTO ayCTEHITY HEOOXigHO 326€3MeYnTH MiBUIIEHU BMICT ByTJIeLl0 IIPY KOHIEHTpalii
JIETYBAJIPHOTO €JIEMEHTA, IOCTATHIM /11 raJibMyBaHHs npouecy rpaditusanii i migBuineHHs CTIHKOCTI ayCTeHITy 10
IvysifiHOro po3nazy; - BIeplle BU3HAUYEHO 3aJIEXKHOCTI ONTUMAaJIbHOTO BMICTY BYIJIELO Bifl KOHLIEHTpaLlii
JIETYBAJIPHOTO €JIEMEHTA [J1s1 IBOX HANO1/IbII PO3MOBCIOIKEHUX JIETYBAJIbHUAX €JIEMEHTIB - XpOMYi MapraHIo.
BcTaHOBJIEHO, IO SIK XPOM, TaK i MapraHelpb 3HWXKYIOTb ONTUMAaJIbHY KOHLEHTPALII0 BYIJIELI0, OJHAK Jisl MapraHIIo
HabaraTo iHTeHcuBHila. TOMy IIpU OJHAKOBOMY BMICTI JIeTyBaJIbHOTO €JIeMEHTa XPOMHUCTI CIJIaBU [IOCSTaloTh
6inb10] BHOCOCTIMKOCTI, HDK MapraHuesi. Pa3oM 3 TUM, JIeTyBaHHS MapraHieM € 6ibll JOLiIbHUM IIpU
HEOOXiTHOCTI 3a6€3Me4YnTH 6iblly NPOrapTOBYBAHICTh IIPU [ESKill BTPATi 3HOCOCTIMKOCTI. YIIPOBAIKEHHS:
[TpoBeneHO TPOMUCIIOBO-IOCIIiAHI BUITPOOYBaHHS INLIOBAJILHUX IIACTYH i3 ctasi 150X3 miis npec-gpopm
IIPECYBAHHS CUJIIKATHOI LIETJIN, 3HOCOCTIMKICTD IKMX BIBiYi IIepeBUIy€e 3HOCOCTIMKICTD IJIACTHH i3 cTasi 20X.
OTpuMmaHoO 04iKyBaHMI €KOHOMIYHMH e(EeKT Bif, BIPOBaIKeHH cTaji 120I'3 y BUDOGHUILTBO MOJIOJIBHUX KYJIb, SIKUI

nepesuiye 1 MJIH. TPH.

2. Object of research - abrasive wear of iron-based alloys. Goal of research - Development of material science basis
for increasing wear resistance of iron-based alloys at abrasive wear. Methods of research - performing tests to
determine the wear resistance of iron-based alloys at different structural state using standard and newly
developed testing techniques along with investigations on chemical composition, structure and properties of iron-
based alloys using spectral analyses, X-ray analyses, optical microscopy, standard methods for determining
mechanical properties. Theoretical and practical outcomes: Determined are the regularities of abrasive wear of Fe-
C alloys without heating in widest possible range of carbon content. The influence of increased temperature and
alloying on wear resistance of metastable austenite are investigated also. The principles of creation of wear



resistant alloys are presented using chromium and manganese as sample alloying elements. Two wear resistant
steels i.e. 150X3 and120I'3 are proposed. Novelty: There are experimental and theoretical bases which are proposed
in this work as a solution of material science problem of creation and utilizing of iron-base alloys with rational
composition having high wear resistance at abrasive wear. This outcome is obtained on the ground of following
new statements: - the dependences of wear resistance of iron-carbon alloys on their properties in maximal
possible range of carbon content (0,08-4,30 %C) are determined taking into account their phase structural state. It
is shown, that metal base of iron-based alloys forms the following sequence from low to high wear resistance:
ferrite - martensite - austenite. High wear resistance of austenite is achieved due to simultaneous processes of
phase transformations and mechanical hardening to highest possible level which take place in the surface layer
during wear process; - for the first time it is established influence of sliding velocity (0,1-3500 mm /s)and
increased temperatures (20-290 oC)on wear resistance of plain carbon alloys in different structural state. It is
shown that austenitic structure, which is most wear resistant, is at the same time most susceptible to heating in
the process of abrasive wear. The wear resistance of austenitic samples decreases twice at temperature rise as
little as 130 oC. Intensive falling of wear resistance proceeds with subsequent rise of temperature. This
phenomenon is explained by stabilizing of austenite and decreasing of completeness of phase transformations. In
addition, the most intensive decreasing of yield stress of austenite occurs at heating to 100-150 oC. This even more
decreases resistance to embedding of abrasive grains and plastic deformation of the friction surface. Nevertheless,
the wear resistance of austenite is higher or equal than that of martensite at any temperature in investigated
range; - for the first time the diagram "Relative wear resistance - Hardness - Temperature" is proposed. This
diagram reflects the regularities of abrasive wear resistance of Fe-C alloys and allows presenting in concentrated
view all possible range of wear resistance of plain carbon alloys at different temperatures of friction surface. This
diagram is also suitable for estimation of wear resistance of a newly designed alloys; - it is shown that there is an
optimal carbon concentration responsible for maximal wear resistance of austenite at given content of alloying
element. This is due to martensite start temperature which determines completeness of phase transformations
during wear process and hence level of hardening on friction surface. At the same time it is necessary to provide
higher carbon content to achieve high wear resistance in alloys with a structure of metastable austenite. At that
concentration of alloying element should be as little to be enough to suppress graphitization and raise the stability
of austenite against diffusive transformation. - for the first time determined are the dependences of optimal
carbon content from concentration of chromium and manganese. It is established that either chromium or
manganese decrease optimal carbon content, but effect of manganese is much more significant. Therefore at the
same concentration of alloying element chromium alloys possess higher wear resistance that manganese ones. At
the same time alloying with manganese should be preferred when it is necessary to obtain deep quenched layers in
massive parts at the expense of certain loss of wear resistance. Application: In-plant testing have been performed
with natural press-mould plates for pressing of lime bricks. The plates were made from 150X3 steel (1.5 %C, 3 %Cr)
and their wear resistance appeared to be twice greater than that of ordinary plates made from cemented and
quenched 20X steel (0.2 %C, 1 %Cr). The expected economical effect at implementation of 120I'3 steel (1.2 %C, 3
%Mn) in producing of grinding balls is determined. Said effect exceeds 1 million hryvnas.
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