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1. PO3BUTOK HAyKOBO-TEXHIYHUX I10JI0>KE€Hb [IPO BIIUB TEPMOKIHETUYHHUX (PAKTOPIB HA CTPYKTYPY Ta MEXaHiuHi

BJIACTUBOCTI CIIJIaBiB Ha OCHOBI aJIFOMiHiIO Ta 3aji3a

2. Development of scientific and technical positions on the influence of thermokinetic factors on the structure and
mechanical properties of aluminum- and iron-based alloys

Pedepar:

1. Incepraniiina po60Ta IPUCBIYEHA MPOTHO3YBAHHIO Ta KEPYBAHHIO (Pa30BUM CKJIAIOM CTajleil Ta CIIABiB 3a
PaxyHOK 3aCTOCYBaHHS BI,OCKOHAJIEHUX TEPMOJMHAMIUYHUX NiJXO/iB, PE3yJIbTaTU SIKUX OyJIM allpo60BaHO
€KCIIEPMMEHTAJIBHO Ta 03BOJIMJIM OTPUMATH CIJIABY Ta CTaJli 3 IOKPAIEHUM KOMILJIEKCOM BJIACTUBOCTEN.
TepmonunamiuHi nigxoau 6ys10 BUKOPUCTAHO IJ1s1 OOUMCIJIEHHS TEPMOAUHAMIUYHUX (PYHKLIN, CTIMKOCTI (a3
(TeMnepaTypHUI iHTepBaJl iCHyBaHHS), MEXi PO3UMHHOCTI XiMiYHUX €JIEMEHTIB y CTPYKTYPHUX CKJIaOBUX CILJIABiB

Ta CTaJIsIX. 3a pe3ybTaTaMy €KCIIEPMMEHTAIbHUX JOCIIiIPKEHb TI00YI0BaHO 06'€MHY ITOBEPXHIO JIKBilyCy Ta
TEOPETUYHO — MIOBEPXHIO TEPMOJIMHAMIYHOI CTIMKOCTI criaBiB cucteMu Fe-B-C B KOHLEHTpaLilHOMY TPUKYTHUKY
n-Fe-Fe2B-Fe3C.B po60Ti 3 BUKOPMCTaHHAM KBa3iXiMiYyHOro MeTOly 0yJ10 BUSHAYEHO pallioHaJIbHUM XiMiYHMI CKIaf,
cTajieil, BIUIMB MiKpOJIETyl0UMX eJIeMEHTIiB Ha (pa3oBuil ckiiag, ctaji. Lle 103BoIMI0 OTpUMAaTH 3amac B'sI3KOCTi Ta

MIJIACTUYHOCTI i JJaj10 MO>KJIUBICTb 117181 MiABUILEHHS MilIHOCTI, TBEPZOCTi Ta 3HOCOCTIMKOCTI cTasnen. OTpruMaHi



AQHAJIITUYHO PEe3yJbTATU MiATBEPAKEHO €KCIIEPMMEHTAILHO Ta [I0KA3aHO, 1[0 HarpiBOM CIIJIABiB Ta CTajIel BUIILE
qiiHii nikBigycy Ha 150-170 °C MOKHaA IPUTHIYYBAaTU YTBOPEHHS IEPBUHHUX (a3, BMEHITYBaTH [IiJISTHKU
MiKpocerperallii MapraHijo Ta KpeMHilo B cTaJi, 30i/bIlyBaTh OAHOPIAHICTb Ta AUCIIEPCHICTh CTPYKTYPHUX

CKJIa[JOBUX.

2. The dissertation is devoted to the creation of a methodological approach for obtaining alloys with predicted
mechanical, operational and service properties, which makes it possible to ensure the required level of service and
operational properties of alloys and steels due to the influence of thermokinetic factors (heating above the liquidus
line, cooling rate, thermodynamic potentials of phases, heat treatment regimes). The paper presents the original
results of theoretical studies of the thermodynamic stability line of melts. To determine the temperature to which
steels and alloys should be heated in order to reduce the number of stable microcomplexes in the melt, theoretical
calculations are carried out using the thermodynamic approach, which is based on the combination of Gibbs
theory, a general approach for providing a description of phase transitions in multicomponent systems (Robert B.
Griffiths) and, additionally, taking into account the configurational energy component (fluctuations, which are
spontaneous deviations of a physical property from the average value). To verify experimentally the analytically
obtained results regarding the influence of the heating temperature above the liquidus line on the homogeneity
and dispersion of the structural components, the Fe-B and Al-Cu model binary systems were heated above the
liquidus line to 50 °C, 100 °C, 150 °C and 200 °C. To study the effect of cooling temperatures on structure
formation, melts after heating above the liquidus line to the specified temperatures were poured into wedge-
shaped casting molds. Heating of Fe-B and Al-Cu alloys to 100-150 °C above the liquidus line and further cooling
at a rate of 103-104 °C/s contributes to a reduction in the corrosion rate by 20-35 % and an increase in relative
wear resistance to 45 %, and the microbrittleness of alloys decreases to 30 % compared to samples without
heating above the liquidus line. For the first time, considering the fluctuations in the Gibbs energy and in the free
energy of the Fe-B-C melt, a volume surface is obtained, above which there is a significant decrease in the stable
microcomplexes of the primary phases depending on the temperature and the content of boron and carbon in the
alloy. It is shown for the first time that to obtain a homogeneous melt of the Fe-B-C system, which does not
contain a micro-inhomogeneous structure in the form of stable microareas with short-range order, it is necessary
to heat it to 150-170 °C above the liquidus line. Based on the results of experimental studies, a liquidus surface is
constructed and it is shown that on the liquidus surface in the Fe-B-C alloys there is a point of intersection of two
monovariant eutectics and peritectics at the boron content of 2.9 wt. % and carbon of 1.3 wt. % at the temperature
of 1102 °C. Using a quasi-chemical method, the maximum solubility of carbon, manganese, and silicon in o- and o-
ferrite, austenite, and cementite of the Fe-C-Mn-Si alloy is obtained, which makes it possible to determine the
reasonable content of elements in research and industrial steels that will have an improved complex of mechanical
properties. Studies of the effect of carbon, manganese and silicon content on the formation of primary phases
during continuous casting of laboratory and industrial steels with a carbon content of 0.35-0.5 wt.% was carried
out in the conditions of the “Dniprostal” Metallurgical Plant. The effect of heating temperature and cooling rate,
duration of tempering on the formation of microstructure and mechanical properties of research and industrial
steel K, microalloyed with aluminum, titanium and nitrogen (key K1), aluminum and nitrogen (key K2) are studied.
In the structure of K1 steel, the formation of multilayer inclusions is observed, with metastable oxide (Al, Ti)2(O,
N)3 in the center surrounded by carbonitride (Ti0.3 Fe0.2)(N0.3 C0.2). A comparative analysis of the grain sizes of
K1 and K2 steels after heating above the liquidus line to 150 °C and without it shows that use of heating enhances
the formation of a more uniform structure with a smaller grain size, improving the mechanical properties of steels
(K2) and (K1): strength and viscosity increases to 42 %; fluidity up - to 20 % compared to the parameters of steel
without heating above the liquidus line. The method of boron cementation of the surface of low-carbon steel 20 is
developed and it is shown that prior plastic deformation intensifies the diffusion of carbon and boron. The
proposed regime affects the volume fraction and sizes of boron-containing phases in the boron-cemented layer:
the volume fraction of Fe2B boride decreases, the volume fraction and dispersion of Fe3(CB) boron cementite
increases. The resulting boron-cemented layers have about twice the depth, hardness, and relative wear resistance
of up to 30-40 % above, and microfragility decreased to 20-30 % compared to cemented specimens.



Jep>kaBHHHM peecTpauiiiHuii Homep [iP:

IIpiopuTeTHHI HanIPsAM PO3BHTKY HayKH i TEeXHIKH: QyHmaMeHTaIbHi HAYKOBI OCTI/PKEHHS 3 HANGibII
BOXJIMBUX IPOOJIEM PO3BUTKY HAYKOBO-TEXHIYHOIO, COLIiaJIbHO-€KOHOMIUHOr0, CyCIiIbHO-MIOJIiTUYHOTO,
JIIOJICBKOTO NIOTEHLiaNy 1151 3a0€e3Me4eHHSI KOHKYPEHTOCIIPOMOXKHOCTI YKPAiHU Y CBiTi Ta CTaJIOrO PO3BUTKY

CyCIiJIbCTBA i Aep>KaBU

CrpaTeriyHuii NpioOpUTETHUH HAaNPSIM iIHHOBALLiHHOI Ais1JIbHOCTI: OCBOEHHS HOBMX TEXHOJIOTIH

BMPOOHHULITBA MaTepiasiB, ix 0Opo6JieHHs i 3'elHaHHS, CTBOPEHHS iHIyCTpii HAHOMAaTepialiB Ta HAHOTEXHOJIOTIN
ITizcyMKH BOCIiI>KeHHSI: HoBe BUpIlEHHS aKTyaJbHOTO HAYKOBOTO 3aBIaHHSI
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InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. barmiok 'eHHagiyi AHATOJIMOBUY

2. Hennadii A. Bahliuk

KBasidikanis: y.1.1., uien-kop. HAH Vkpaiuu, 05.16.06
InenTudikarop ORCID ID: 0000-0002-2392-2687

HoparkoBa iHpopMauist: https://scholar.google.com/citations?user=XFkjuk4AAAAJ&hl=uk
https: / /www.scopus.com /authid /detail.uri?authorld=7003663169

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI OCOOH: [HCTUTYT IPO6IIEM MaTepianosHaBCTBa im. 1. M. dpanuesnya

HaujonasnbHoi akagemii Hayk YKpainu

Kopg 3a €IPIIOY: 05416930

Micuesnaxo,szemm: ByJs1. OMersHa [1pinaka, Kuis, 03142, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist HayK Ykpainu

InenTudikarop ROR:

BaacHe IlpizBume Im's I10-6aTbKOBI:
1. Canin Anaroniit ®enopoBuy

2. Anatoliy F. Sanin
KBasigikamis: n. 1. n., npodecop, 05.02.01
InenTudikarop ORCID ID: 0000-0002-5614-3882

JoparkoBa iHdpopmauist: https://scholar.google.com.ua/citations?user=SfdpywcAAAAJ;
https:/ /www.scopus.com /authid /detail.uri?authorld=7005800076

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: J[HINMPOBCHKMIl HAlliOHAIbHUI yHiBEpCUTET iMeHi Osecs

l'oHnuapa

Kopg 3a €IPIIOY: 02066747

Micue3HaxoaKeHHS: npocnekT Hayku, [JHinpo, JIHITpoBChKUil p-H., 49045, YkpaiHa
dopma BiracHOCTI: /lepxasHa

Coepa yIIpaBJIiHHﬂ: MiHicTepCcTBO OCBITH i HayKU YKpaiHu

InenTudikarop ROR:

Penensentu



VIII. 3akr04Hi BimoMocTi

BiiacHe I'[pi33p1me IMm's ITo-6aTbKOBI1 HanimeBcbKkul BnaguciaB BajieHTUHOBUY
roJIOBH pagu

ByiacHe IlpizBumie Im's I1o-6aThKOBI Baxpymesa Bipa CepriisHa
rOJIOBYIOYOTO Ha 3acCifiaHHi

BigmoBigasbHUH 32 MiATOTOBKY Cnobopsaniok C.O.

00JIIKOBHX JOKYMEHTIB

PeecTpartop IOpuenko TetsiHa AHaToiiBHA

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi IOpuenko TeTsHa AHaToiiBHA

OisSIIBHOCTI




