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Pedepar:

1. Inceprariiiny po60Ty IIPUCBSIYEHO PO3POOILi XiMIYHOTO CKJIaly CTajlel Ta TEXHOJIOTIYHUX [apaMeTpiB TepMidHO]
00pOOKY 3aJ1i3HUYHUX PEMOK Ha IiAnpreMcTBax YKpaiHy, 10 3a6e3NeyyoTh iIBUIEeHHS eKCIITyaTaliliHuX
BJIACTMBOCTEN. B pobOTi MoKasaHo, 10 peiku yKpaiHCbKOTO BUPOOHUIITBA 33 [IOTOYHOIO TEXHOJIOTIEI0
IIOCTYIAIOTHCS 3apyOKHUM aHalIoram 110 MeXaHiYyHUM BJIACTUBOCTSIM, T4, SIK HACJIIOK, 10 eKCITyaTalii il
IOBroBiuHOCTI. [IponyckHa 37aTHICTb peiioK, BUpo6ieHuX B YKpaiHi, craHoBUTh 0,5 MJIpT,. TOHH OPYTTO, B TOM 4ac
K aHJIOTiYHMI NoKa3HUK y Opanuii, SInoHii ctaHoBUTE 1 MIIPA. TOHH 6pPYyTTO, TOOTO B 2 pasu 6inbuie. [TokasaHo, 110
NiABUILEHHS XapaKTEPUCTUK MILIHOCTI CTaJli 32 PaXyHOK PO3POOKM HOBOTO XiMIi4HOTO CKJIZly Ta TEPMiYHOI 06pO6KU
IIPU3BOJUTS IO MiIBUIEHHS €KCIUTyaTaliiHMX XapaKTepUCTHK. [IpoBenieHi fOCIiIKEeHH BIINBY XiMIYHUX
€JIEeMEHTIB Ha KiHLleBy CTPYKTYpPYy Ta MexaHiuHi Bj1acTUBOCTi cTaji. Ha nifcrasi janux gociigkeHs 6o
PEKOMEH0BAaHO 3 CTajli 3 JOCAIAHMMY XiM{UYHUMU CKJIaaMu [1J1s JIJaO0PaTOPHOI BUILJIaBKU Ta [IPOBEJIEHHS
MOJAJbIINX NOCIIKEHb. 3 JiTepaTypHOrO aHaJli3y BCTAHOBJIEHO, 110 CTaJli, 1J0 3aCTOCOBYIOTbCS B BUPDOOHUILITBI

3aJII3HUYHUX PEHOK [1JIs1 JOCSTHEHHS NIePJITHOI CTPYKTYPH HEOOXiHI MBUIKOCTI OXOJIOIPKEHHS B Jliara30Hax



0,63...18,2°C /c. [TokaszaHo, mo s crajni 75XI'CM HeobximHa mBUAKICTh OXOJIO0IKEHHS ckianae Bixg 0,63...0,14°C /c,
OCKiJIbKY 3aCTOCYBaHHS Jleryiounx eaeMeHTiB Cr, Mn, Si, Mo 36inbiye iHKybauiiiHuii nepion. Takum 4MHOM,
00J1aCTbh MEPJITHOTO IEPETBOPEHHS CTAa€ OiJIbIII CXUJIbHA [0 MepeMillieHHs B 6iK MeHII iHTEHCUBHUX IIBUNIKOCTE
0x0J10[pKeHHS. Y crasi M76T BinOyBaeTbcsl GOPMyBaHHS NEPJLTHOI CTPYKTYPU NIPY MIBUJIKOCTI OXOJIOHKEHHS B
nianazoHi 9,2...18,2°C /¢, B ctasni R350LHT - mpu mBUAKOCTI 0X0101KeHHs 61113bK0 5°C/c. Y cranax E76X® ta
E76XA®, no ckiany sSIKUX BBELEHO XPOM, IiCJIsSI 0XO0JI0[KeHHs 3i mBuaKocTsmu 1 °C/c i MeHIle, BHACTIIOK po3nany
[I€PEOXO0JIOMIKEHOT0 ayCTEHITy KpiM (pepuTo-Kapo6igHoi cyMilli NepsiiTHOro TUIY CIIOCTEPIraeThCsl yTBOPEHHS
HagIMIIKoOBOro depury. Y crasni E76d mBuakicTs 0X0n01KeHHS 17151 yTBOPEHHS CTPYKTYPH IHEPJIT HeobxinHa
IIBUJIKICTb OXOJIOIPKEeHHS ckiasna fo 10°C/c. Cy4acHi CBiTOBi BUDOOHMKY PENKOBOI MPOAYKLii 06pany KO>XKeH CBill
iHOMBiAyanbHUI LUISIX TEXHOJIOTIYHYX PillleHb (3aCTOCOBAHI TEXHOJIOT i BUPOOHUIITBA | TEPMIYHOTO 3MiLIHEHHS) IJ1s1
IOCSITHEHHS BJIACTMBOCTEH, 32 SIKUMM BUKOHYETbHCS BUIYCK NPOAYKLii. Llel nepesik MOKHA PO3MiIMTY HA PENKU
6e3 TepmiuHoOro 3miuHeHHs ([Tosnbua, ITanis), peiiku 3 AudepeHLiiioBaHUM TEPMiYHUM 3MiLIHEHHSIM 3 IPOKAaTHOTO
Harpisy (noHis, ABctpis, CIIA), peiiku 3 gudepeHLiioBaHUM TEPMIYHUM 3MIITHEHHSIM 3 OKPEMOT'O iHIYKIiIITHOTO
HarpiBy (Ppanuis, Kanaga (HuHi 3aBof, 3aKpUTHIL), YKpaiHa), pefiKu 3 00'eMHMM 3arapTyBaHHSM B MacJli 3 OKPEMOTO
[iYHOTro HArpiBy. BUxong4yuy 3 pe3yybTaTiB aHali3y JiTepaTypHUX IpKepeJl BUKOHAHO KOMIUIEKC JOCIIIKEHDb 3 METOIO
BCTAHOBJIEHHS 3aKOHOMIpHOCTel (OpMYyBaHHS CTPYKTYPHOT'O CTaHy Ta MEXaHIYHUX BJIACTUBOCTE MO IEPETUHY
rOJIOBKU 3aJIi3HUYHUX PENOK B yMOBAaX YKPaiHCbKOrO BUPDOOHUIITBA, BUTOTOBJIEHUX 3 BUCOKOBYTJIELIEBOI CTaJli,
MiKpoOJIeroBaHoi BaHaziem (mapka K76®). [IpoBezeHi JoCiAKeHHs! MiKDOCTPYKTYPU TEPMiYHO 3MilJHEHUX PEOK
YKpaiHCbKOTO BUPOOGHUILTBA. BCTaHOBIEHO HAsIBHICTh HEOJAHOPIIHOCTI CTPYKTYpHY Ha [IOBEPXHI KOUEHHS PEKU i
HU3bKY AUCIIEPCHICTb KapOinHoi ¢a3y Ha raubuHi 11 MM Bif OBEpXHi KOueHHs BUPOOy. B poboTi npoBenieHo
IOCJIiI)KEHHS 3 SIKOTO BCTAaHOBJIEHO, L0 iCHYI0Ya TEXHOJIOTiS TepMiYHOi 06POOKHY, 110 3aCTOCOBYETHCS HA TEPUTOPIi
Yxpainuy, He MoXe 326€3Me4YnTU BUCOKUU PiBEHb TBEPLIOCTI IO NIEPEPi3y TOJOBKU perKu (0o raubounu 20 Mm), 10
BiITIOBifla€ BUMOraM 3apyObKHUX CTaHAAPTiB. B po60Ti 3aCTOCOBaHO MaTeMAaTUYHY MOZEJb, IO 03BOJISIE
IIPOBOJVTH IIPOTHO3 3MiHUM TEMIIEPATYPHUX I10J1iB Ta MUTTEBY MIBUAKICTb OXOJIOJP)KEHHS B 3aJII3HUYHIN PeNLi Mg,
yac poXopKeHHs AUdEPEHIiIIOBAHOTO OX0JIOIKEHHS. 3aCTOCOBaHa MOJeJb J03BOJISIE BUBHAYATH TIOTPiOHI
rapaMeTpy TEPMIYHOI OOGPOOKU 1171 yTBOPEHHS CTPYKTYPHUX CKJIA0BUX Ta AOCITHEHHS PErjlaMeHTOBaHOro
KOMILJIEKCY MEXaHIYHUX BJIAaCTMBOCTE! cTajli. BCTaHOBJIEHO, 1110 I0TOYHA TEXHOJIOTiSl BUPOOHULITBA 3 3aCTOCYBaHHS
TEPMO3MILIHEHHS He MPUITYCKae JOCATHEHHS 3Ha4€Hb TBEPIOCTI 110 [epepisy 3aisHn4YHoi perku Ha piBHi JJICTY EN
13674-1:2018, 1m0 NOB’I3aHO 3 HEAOCTATHBO IHTEHCUBHUM OXOJIOJIPKEHHSIM, CaMe LEHTPaIbHUX [iJITHOK TOJIOBKU
peliku TemIeparypa, akoi cknagae - 680 °C. B pamkax BocCaiIpKeHb BCTAaHOBJIEHO, IO 17151 3a0e3I1e4eHHs TBEPAOCTI
(370 HB) B ocbOBUX [HiISIHKaX rOJIOBKY perku (raubuHa 20 mm) BinnosigHo 1o sumor JICTY EN 13674-1:2018 €
3HayHa HEOOXiAHICTh B pOo3p00IeHHI HOBUX NTEPCIEKTUBHUX [IapaMETPiB TEPMIYHOI 06pOOKYU YU po3poOILi
MIEPCIEKTUBHUX XIMIYHUX CKJIAZIB CTaJIeH, O MigBUIIATh IHTEHCHUBHICTb OXOJIOIKEHHS B LEHTPAJIbHUX AJISTHKAX
rOJIOBKU peliKy. B pe3ysbTarti AUIaTOMETPUYHUX JOCIiIKeHb 6yJI0 [100yI0BaHO Aiarpamy posnany
[1€PEOXO0JIOI)KEHOT0 ayCTeHITy gocigHoi crai 3 C=0,84%, Mn=0,95%, Si=0,44%, B=0,01%, Ca=0,0006% Ta
BCTAHOBJIEHO, 1[0 ITPU MIBUJKOCTSIX 0X010pKeHHs1 0,06-5,9°C /¢ cTPYyKTypa CKIIQAAEThCS IEPEBAXKHO 3 TIEPJITY
pi3HOI IrCIEPCHOCTI, 3i 36iJIbIIEHHSIM IBUIKOCTI 0X0J0KeHHs 10 64,3°C /¢ IpOXOaUTh YTBOPEHHS OEMHITY 3

MOJAJIbIIOI0 3MiHOI0 MOPGOJIOTii 3 Mip’SICTOro N0 rOYaCTOrO.

2. The dissertation is devoted to the development of the chemical composition of steels and technological
parameters of heat treatment of railway rails at enterprises of Ukraine, which ensure the improvement of
operational properties. It is shown in the work that rails of Ukrainian production according to current technology
are inferior to foreign analogues in terms of mechanical properties and, as a result, in operational durability. The
throughput capacity of rails produced in Ukraine is 0.5 billion gross tons, while a similar indicator in France, Japan
is 1 billion gross tons, i.e. 2 times more. It is shown that increasing the strength characteristics of steel due to the
development of a new chemical composition and heat treatment leads to an increase in operational
characteristics. The influence of chemical elements on the final structure and mechanical properties of steel was
studied. Based on these studies, 3 experimental chemical compositions of steels were recommended for laboratory
smelting and further research. From the literature analysis, it was established that steels used in the production of



railway rails require cooling rates in the range of 0.63...18.2°C /s to achieve pearlite structure. It is shown that for
steel 75XI'CM the required cooling rate is from 0.63...0.14°C /s, since the use of alloying elements Cr, Mn, Si, Mo
increases the incubation period. Thus, the region of pearlitic transformation becomes more prone to move
towards less intensive cooling rates. In M76T steel, the pearlite structure is formed at a cooling rate in the range of
9.2..18.2°C/s, in R350LHT steel - at a cooling rate of about 5°C/s. In E76X® and E76XA® steels, which contain
chromium, after cooling at rates of 1 °C/s and less, as a result of the disintegration of supercooled austenite, in
addition to the ferrite-carbide mixture of the pearlite type, the formation of excess ferrite is observed. In E76F
steel, the cooling rate required for the formation of the pearlite structure was up to 10°C/s. Modern global
manufacturers of rail products have each chosen their own individual path of technological solutions (applied
production and thermal strengthening technologies) to achieve the properties according to which the products
are manufactured. This list can be divided into rails without thermal strengthening (Poland, Italy), rails with
differentiated thermal strengthening from rolling heating (Japan, Austria, USA), rails with differentiated thermal
strengthening from separate induction heating (France, Canada (now the factory is closed), Ukraine), rails with
volume hardening in oil from separate furnace heating. Based on the results of the analysis of literary sources, a
complex of studies was carried out with the aim of establishing the regularities of the formation of the structural
state and mechanical properties at the intersection of the head of railway rails in the conditions of Ukrainian
production, made of high-carbon steel, microalloyed with vanadium (K76F brand). Studies of the microstructure of
thermally strengthened rails of Ukrainian production have been conducted. The presence of heterogeneity of the
structure on the rolling surface of the rail and the low dispersity of the carbide phase at a depth of 11 mm from the
rolling surface of the product were established. In the work, a study was conducted, from which it was established
that the existing heat treatment technology used in Ukraine cannot provide a high level of hardness in the section
of the rail head (up to a depth of 20 mm), which meets the requirements of foreign standards. The work uses a
mathematical model that predicts changes in temperature fields and the instantaneous cooling rate in a railway
rail during differential cooling. The applied model allows determining the required heat treatment parameters for
the formation of structural components and achieving a regulated set of mechanical properties of steel. It has been
established that the current production technology using heat strengthening does not allow the cross-sectional
hardness values of the railway rail to be reached at the level of European standards, which is due to insufficiently
intense cooling, namely the central sections of the rail head, the temperature of which is - 680 °C. As part of the
research, it was established that in order to ensure hardness (370 HB) in the axial sections of the rail head (depth
20 mm) in accordance with the requirements of European standards, there is a significant need for the
development of new promising heat treatment parameters or the development of promising chemical
compositions of steels that will increase the intensity of cooling in the central sections of the rail head.
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e 18. BabaueHko O. A., Kononesko I'. A, [Togonbcekuii P. B. (2020). [JocnimkeHHsI MiKpOCTPYKTYPH Ta PO3NOLLTY
TBEPJOCTi peioK 110 repepisy nIpu TepMiuHill 06poOLIi TOJIOBKYM pelKY, SIKi CTBOPIOIOTHCS ITPU BUPOOHUIITBI 32
IIOTOYHOIO TEXHOJIOTi€0. MaTepianu Mi>xkHapo#HOi HayKoBOi KOH$epeHLii «MikaucuuIIiHapHi HayKoBi
IOCJIiIPKEHHS: 0COOIMBOCTI Ta TeHAeHLii». (4 rpyaHs 2020p, Yepwiris), 50-56.

¢ 19. Babauenko O.I., Jromina K.I'., Kononenko I'.A, Capponosa O.A., [Togonbckuit P.B. (2021). Anani3 icHy1ounx
CII0CO0iB MifBUIIEHHS IKOCTiI METaJoNpOoAYyKIii 3ai3HMYHOro nNpusHayeHHs. Matepianu XVII MibkxHapogHoi
HAyKOBO-TIPaKTUYHOI KOHepeHLii «JIuTBo. MeTtamnyprist. 2021». (18-20 tpaBHs 2021 p, 3anopixoks), 256-259.

¢ 20. Babauenko O. I., Kononenko I'. A., Mepkynos O.€. [Togonbcekuii P. B., Knememos €. C., Capponosa O. A.
(2021). MogentoBaHHS (a30BOCTPYKTYPHUX [1IEPETBOPEHb y CTaJIi 17151 3aliBHUYHUX PEOK HOBOTO [TOKOJIiHHSI.
dyHpaMeHTasIbHI Ta IPUKIIAIHI IPO6JIEMHU YOPHOI MeTanyprii. 212-222

o 21. TTogonbscekuii P.B., Capponosa O.A., Mepkynos O.€., KoHoneHKo I'.A. (2022). BUroToBIeHHSI PENKOBOI CTali
HOBOTO I[TOKOJIiHHS. MaTepianyu Mi>kHapoHOi HayKOBO-TIPaKTHU4HOI KoHepeH1ii «[HpopmaliiiHi TexHoorii B
MeTaJyprii Ta MammHOOyyBaHHi». (15-17 6epesns 2022, [JHinpo), 244-247. DOI: 10.34185 /1991-
7848.itmm.2022.01.044

HayKkoBa (HayKOBO-TE€XHiYHa) IPOAYKILiS: npucTpoi; TeXHOIIOTII; MaTepianu; METOAY, Teopii, rinoresy;
METOANYHI IOKYMEHTH; aHaJIITUYHI MaTepianu

CoriasibHO-eKOHOMIYHA CIPSIMOBAHICTh: CTBOPEHHS NPUHIUIIOBO HOBOI MPOJIyKILii (MaTepiais,
TEXHOJIOTI! TOIIO) AJ1s1 3a0e3MeYeHHs] eKCIIOPTHOTO MOTEeHIialy Ta 3aMillleHHIO iIMIIOPTY; 3MEHILIEHHS 3HOCY

0o06J1agHaHHS

OxoponHi gokymeHTH Ha OIIIB:

BrnpoBaaKeHHS pe3yJIbTaTiB AHCEPTalii: BuposamkeHo

3B'A30K 3 HAYKOBHMH TeMaMH: N2JIP 01170004145, NeJIP 01170004153, NeJIP 0120U101186, NeIP 0120U101181,
NeJIP 0120U102688, N2 1P 0119U101398

VI. BizoMocTi Npo HayKOBOT0 KEPiBHUKa /KePiBHHUKIB (KOHCYJIbTAaHTA)

BaacHe IlpizBume Im's I10o-6aThKOBI:
1. BabaueHko OsexkcaHp IBaHOBUY

2. Oleksandr I. Babachenko

KBasigikanis: n. 1. n., c.u.c., 05.02.01
InenTudikarop ORCID ID: 0000-0003-4710-0343
JoparkoBa indpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOH: [HCTUTYT YopHOi MeTamyprii im. 3. I. Hekpacosa HaujionanbHoi

akageMii HayK YKpaiHu
Kopg 3a €IPIIOY: 00190294
Micue3HaxoaKeHHS: 1. Akajemika Crapopy6oBa, 6yz. 1, Ininpo, JHinpoBcbkuii p-H., 49050, Ykpaina

dopma ByracHOCTI: Jlepxasna



Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€HTiB
OdiuiiiHi OIOHEHTH
BaacHe IlpizBume Im's I1o-6aThKOBI:

1. Bosrayk Bosmopumup MukosiaioBuy

2. Volodymyr M. Volchuk

KBasigikanis: x. 1. 1., no,, 05.02.01
Imentudikarop ORCID ID: 0000-0001-7199-192X
JoparkoBa iHdpopmamnist:

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOH: [lepkaBHMIl BULIMII HAaBYaIbHMIL 3aKyaz "TIpuAHINPOBChKa

Iep>kaBHA akafieMist Oy[iBHULTBA Ta apXiTeKTypu"

Kopg 3a €IPIIOY: 02070772

MiCHCSHaXOA)KeHHH: ByJI. UepHUIIEBCHKOTO, 0y, 24-a, [JHinpo, [JHinpoBchbKuii p-H., 49600, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

BaacHe IlpizBume Im's I10-6aThKOBI:
1. I'mymkosa [liana bopuciBHa

2. Diana B. Glushkova

KBasigikamnis: 1.1.1., npodecop, 05.02.01
InenTudikarop ORCID ID: 0000-0001-8612-6584
JoparkoBa indpopmamnist:

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI 0COOH: XapKiBCbKUil HALIOHAJILHUI AaBTOMOBLIbHO-I0POSKHii

yHiBepCUTET

Kopg 3a €IPIIOY: 02071168

Micue3HaxoO KeHHS: By Spociasa Myzporo, 6yz. 25, Xapkis, XapkiBchkuil p-H., 61025, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBuuie Im's I1o-6aThKOBI:



1. Bakyznenko Irop OsekciiioBuy

2. Ihor O. Vakulenko

KBasigikamis: 1. 1. 1., npodecop, 05.16.01

InenTudgikarop ORCID ID: 0000-0002-7353-1916

JoparkoBa indopmamnist:

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0COOH: VKpaiHChKUIi lep>KaBHUI YHIBEPCUTET HAYKH i TEXHOJIOTii
Kopg 3a €IPIIOY: 44165850

Micuesnaxo,zm(emm: ByJI. JIazapsHa, 6yz. 2, [lHinpo, JJHinpoBcbkuil p-H., 49010, Ykpaina

dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MinictrepcTBo oCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

BaacHe IlpizBume Im's I1o-6aTbKOBI:

1. IlepuyH 'asninna IBaHiBHA

2. Halyna I. Perchun

KBasigikamis: . . u., gou., 05.16.01

InenTudikarop ORCID ID: 0000-0001-9013-4659

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: YKpaiHChKMIL IeP>KAaBHUII YHIBEDCUTET HAYKM | TEXHOJIOTI
Kopg 3a €IPIIOY: 44165850

Micueanaxo;pxemm: ByJL. JlazapsHa, 6yn. 2, JIHinpo, JHinposcbkuii p-H., 49010, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi

ByiacHe Ilpi3Bumie Im's ITo-6aThKOBI Muponosa Tetsna MuxaiisisHa
TOJIOBH pajgu

ByiacHe IlpizBuiie Im's ITo-6aThKOBI Muponosa TersHa MuxariniBHa
rOJIOBYIOYOTO Ha 3acigaHHi

BiznoBigansHHUI 3a MiATOTOBKY [Moponbebkuil Poctrcias BayecnaBoBuy

00JIIKOBHX JJOKYMEHTIB

Peectpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




