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Pedepar:

1. Inceprauiiiny po60Ty IPUCBSIYE€HO PO3POOLi XiMIYHOTO CKJIaly CTajlel Ta TEXHOJIOTIYHUX [1apaMeTpiB TepMidHO]
00pOOKY 3a/II3HUYHUX PENOK Ha MiAIprueMCcTBax YKpaiHy, 10 3a0€e3Ne4yoTh NiABUIIEHHS €KCITyaTaliiiHIuX
BJIACTUBOCTEN. B po60Ti MOKa3aHo, 10 peKu yKPaiHCbKOTO BUPOOHUIITBA 33 TIOTOYHOIO TEXHOJIOTIEI0
IIOCTYIAIOThCS 3apyOKHUM aHaloraM 10 MeXaHiYHUM BJIACTUBOCTSIM, T4, SIK HACJIOK, 110 eKCIIyaTalliiHiil
IOBropiyHOCTI. [TponycKHa 3aTHICTh peiioK, BUpo6eHux B YKpaiHi, craHoBUTb 0,5 MJIpJI. TOHH O6pPYTTO, B TOH Yac
SIK aHaJIOTiYHUI NIoKa3HUK y ®panuii, SnoHii ctaHoBUTh 1 MIIpA. TOHH 6PYTTO, TOGTO B 2 pa3u Ginbuie. [TokazaHo, o0
HiABUILEHHS XapaKTEePUCTUK MILIHOCTI CTajli 32 paXyHOK PO3POOKY HOBOTO XIMIYHOI'O CKJIaNly Ta TEpMidyHOI 06poOKU
MIPU3BOIUTE 1O IMiIBULIEHHS €KCITyaTaliiHAX XapaKTePUCTHUK. [IpoBeeHi fOCIiI>KEHH BIVIMBY XiMIYHUX

€JIEMEHTIB Ha KiHILIeBY CTPYKTYPY Ta M€XaHiuHi BJIaCTUBOCTI cTaji. Ha nmifcTasi janux gociigkeHs 6yio



PEKOMEH0BAHO 3 CTaJli 3 NOCiAHMMH XiMIYHUMU CKJIaaMU [1JIs JJAO0PATOPHOI BUILJIABKY Ta IPOBEIEHHS
[OA/IBIINX IOCTIIPKEeHb. 3 JITepaTypHOro aHasli3y BCTAHOBJIEHO, 110 CTaJli, 1[0 3aCTOCOBYIOTHCSI B BUPOOHUIITBI
3aJ1iI3HUYHUX PEHMOK 7151 JOCSTHEHHS NIEPJITHOI CTPYKTYPU HEOOXiHI MBUIKOCTI OXOJIOIPKEHHS B Jliala30Hax
0,63...18,2°C /c. [TokaszaHo, mo s crajni 75XI'CM Heo6ximHa mBUAKICTh OXOJIOKEHHs ckianae Big 0,63...0,14°C /c,
OCKIJIbKY 3aCTOCYBaHHS JIeTylounx eaeMeHTiB Cr, Mn, Si, Mo 36inbiye iHKybauiiiHuii nepios. Takum YMHOM,
06J1aCTh MEPIITHOTO IIEPETBOPEHHS CTa€ BiJIbII CXUIbHA [0 MepeMilleHHs B 6iK MEeHII iHTEHCUBHUX IIBUIKOCTEN
oxoJiofpKeHHs. Y crasni M76T BinoyBaeTbcsl GOPMyBaHHS NEPJTHOI CTPYKTYPU NPY MIBUIKOCTI OXOJIOHKEHHS B
nianazoHi 9,2...18,2°C/c, B ctazni R350LHT - mpu mBUAKOCTI 0X0101KeHHs 6;113bK0 5°C/c. Y cranax E76X® ta
E76XA®, no ckiany SIKUX BBELEHO XPOM, ITiCJIS 0XOJI0KeHHs 3i mBupkocTsmu 1 °C/c i MeHIle, BHACIIIIOK po3nany
II€PEO0XO0JIOIKEHOT0 ayCTEHITY KpiM ¢pepuTo-Kapo6igHoi cyMilli IepsiiTHOro TUIY CIIOCTEPIraeThCst yTBOPEHHS
Ha/IMMIKOBOTrO dpeputy. Y crasni E76 mBUAKICT OXOJOIKEHHS 17151 yTBOPEHHS CTPYKTYPU MEPJIiT HeobXifgHa
IWBUAKICTb OXOJ0KeHHs ckiaina 10 10°C/c. CydacHi CBiTOBi BUPOOHUKM PEMKOBOI MPOAYKLii 06pain KOKEH CBill
iHOMBiAyanbHUN LIISIX TEXHOJIOTIYHYX pillleHb (3aCTOCOBAHI TEXHOJIOT1i BUPOOHUIITBA | TEPMIYHOTO 3MiLIHEHHS) 1151
IOCSITHEHHS BJIACTUBOCTE, 3a SIKUMU BUKOHYETbCS BUNYCK NPOAyKLii. Llel nepesik MoKHa PO3AiUTY Ha peNKU
6e3 TepmiuHoro 3minHeHHs (ITosba, ITasis), periku 3 TudepeHLiioBaHUM TEPMiYHMM 3MiLIHEHHSIM 3 IPOKATHOTO
Harpisy (fnoHis, ABctpis, CIIA), peiiku 3 gudepeHLiioBaHUM TEPMIYHUM 3MIIHEHHSIM 3 OKPEMOT'O iHAYKIIITHOTO
HarpiBy (Ppanuis, Kanaga (HuHi 3aBof, 3aKkpUTHil), YKpaiHa), pefiku 3 00'eMHMM 3arapTyBaHHSM B MacJli 3 OKPEMOTO
iYHOro HarpiBy. BUX0ogg4u 3 pe3yIbTaTiB aHai3y JIITEPATYPHUX IPKEPEJ BUKOHAHO KOMILJIEKC JOCTIIKEHb 3 METOIO
BCTaHOBJIEHHS 3aKOHOMipHOCTEN (POPMYBaHHS CTPYKTYPHOTO CTaHYy Ta MEXaHIYHUX BJIACTUBOCTEM M0 N€PETUHY
rOJIOBKU 3aJIi3HUYHUX PENOK B yMOBAaX YKPaiHCbKOrO BUPOOHUIITBA, BUTOTOBJIEHUX 3 BUCOKOBYTJIELEBOI CTaJli,
MiKpoJsieroBaHoi BaHaziiem (Mapka K76®). [TpoBezeHi oOCiisKeHHsT MiKPOCTPYKTYPU TEPMiYHO 3MilJHEHUX PEHoK
YKPaiHChKOTO BUPOOHMLTBA. BCTaHOBJIEHO HASIBHICTh HEOAHOPIGHOCTI CTPYKTYPY Ha IIOBEPXHI KOYEHHS PEVKH i
HU3bKY AUCIIePCHICTh KapOinHoi ¢asy Ha raubuHi 11 MM Bif IOBEpXHi KOUYeHHS BUPOOY. B poboTi npoBenieHo
IOCJIiI)KEHHSI 3 SIKOTO BCTAaHOBJIEHO, 1O iCHYI0Ya TEXHOJIOTiS TepMiYHOiI 06POOKH, 1110 3aCTOCOBYETHCSI HA TEPUTOPIi
Ykpainy, He Mo>ke 3a6€311€YUTU BUCOKUI PiBE€Hb TBEPLOCTI 10 IIEPEPi3y rOJIOBKU PeNKY (00 r1nb6uHu 20 MM), M0
BiAiTIOBifla€ BUMOraM 3apyObKHUX CTaHAAPTIB. B po60oTi 3aCTOCOBaHO MaTeMaTUYHY MOJZEJb, IO T03BOJISIE
IIPOBOJVTH MIPOTHO3 3MiHM TEMIIEPATYPHUX I10JIiB Ta MUTTEBY MIBUAKICTb OXOJIOJIP)KEHHS B 3aJII3HUYHIN peNLi mif,
yac IpoxXopkeHHs AudepeHIilioBaHOr0 0X0JI0AKEHHSI. 3aCTOCOBaHa MOJeJb J03BOJISIE BUBHAYATH TIOTPiOHI
rapaMeTpy TePMIYHOI 06POOKU [1J1 YTBOPEHHS CTPYKTYPHUX CKJIAOBUX Ta AOCITHEHHS PErjlaMeHTOBaHOIO
KOMILJIEKCY MEXaHIYHMX BJIACTUBOCTE CcTasli. BCTaHOBJIEHO, 110 IIOTOYHA TEXHOJIOTIS BUPOOHULITBA 3 3aCTOCYBaHHS
TEPMO3MILIHEHHS He MPUITyCKae JOCSATHEHHS 3Ha4€Hb TBEPIOCTI 110 Iepepisy 3aisHn4YHOi perku Ha piBHi JICTY EN
13674-1:2018, 110 MOB’13aHO 3 HEAOCTATHBO iIHTEHCUBHUM OXOJIOJIKEHHSIM, CaMe 1IeHTPaJIbHUX JilsTHOK FOJI0BKU
peliku Temieparypa, akoi cknagae - 680 °C. B pamkax LOCIiIKeHb BCTAHOBJIEHO, IO 17151 3a0e3I1e4eHHS TBEPAOCTI
(370 HB) B ocbOBUX [HiNISIHKaX rOJIOBKY periku (rubuHa 20 mm) BinnosigHo 1o sumor JCTY EN 13674-1:2018 €
3HaYHa HEOOXiAHICTh B pOo3p0beHHI HOBUX NTEPCIEKTUBHUX [IapaMeTPiB TEPMiYHOI 06pOOKY YU po3poOILi
NIEPCIEKTUBHUX XiMIYHUX CKJIAZIB CTaJIeH, O MigBUIIATh iIHTEHCHUBHICTb OXOJIOIKEHHS B LEHTPAJIbHUX AJISTHKAX
TOJIOBKH pelKy. B pe3ynbTari AMIaTOMETPUYHUX JOCIiIKeHb OyJI0 106yL0BaHO Aiarpamy posnany
I1epeO0X0JIO/I)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 0X00KeHHs1 0,06-5,9°C /¢ CTPYyKTypa CKIAQAAEThCS IEPEBAXKHO 3 TIEPJITY
pi3HOI IrCIEPCHOCTI, 3i 36iJIbIIEHHSIM IBUIKOCTI 0X0J01KeHHs 110 64,3°C /¢ IpOXOauTh YTBOPEHHS OEMHITY 3

MOJAJIBIIO0 3MiHOI0 MOPGOJIOTii 3 MipP’SICTOro MO rOIYaCTOrO.

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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TBEPIOCTi PEMOK IO NepePi3y IPU TEPMiuHill 0OpOOLi TOJIOBKYM PEHKHY, Ki CTBOPIOIOTHCS ITPY BUPOOHMIITBI 3a
IIOTOYHOIO TEXHOJIOTie0. MaTepianu Mi>kHapo#HOi HayKoBoi KOH(epeHLii «MbKIucuumtiHapHi HayKoBi
IOCTiI)KEHHSI: 0COOGJIMBOCTI Ta TeHAeHLii». (4 rpyans 2020p, YepHiris), 50-56.
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¢ 20. babauenxo O. L., Kononenko I'. A.,, Mepkynos O.€. [Togonbcekuii P. B., Knememos €. C., Cagpponosa O. A.
(2021). MogenioBaHHS (pa30BOCTPYKTYPHUX IIEPETBOPEHD Y CTaJi 171 3ai3HUYHUX PEVOK HOBOTO ITOKOJIiHHS.
dyHpaMeHTasbHI Ta IPUKIIALHI IPO6IEeMHU YOPHOI MeTasnyprii. 212-222

o 21. ITopgonbcekuii P.B., Capponona O.A., Mepkynos O.€., KononeHko I'.A. (2022). BurotoByieHHs peliKOBOi cTasli
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HaykoBa (HayKOBO-TeXHi‘{Ha) HpO,ILyKI.liSIZ IIPUCTPOi; TEXHOJIOTIi; MaTepianu; MeToIu, Teopii, rinoresy;
METOJUYHI JOKYMEHTH; aHAJIITUYHI MaTepianu

ComniasibHO-€KOHOMIYHA CIIPSIMOBAHICTb: CTBOPEHHS PUHLMIIOBO HOBOI MPO/YKIi (MaTepiatis,
TEXHOJIOTIi TOIIO) /151 3a6e3Me4eHHs eKCIIOPTHOTO MOTEHIIiasTy Ta 3aMillleHHIO iMIOPTY; 3MEHIIEHHS 3HOCY

006J1agHaHHSA

OxopoHHi gJoKymeHTH Ha OIIIB:

BrnpoBaakeHHS pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B's130K 3 HAYKOBHMH TeMaMH: N2JIP 0117U004145, NeJIP 01170004153, NeJIP 0120U101186, NeJIP 0120U101181,
NeJIP 0120U102688, N2 1P 0119U101398

VI. BizomocCTi Npo HayKOBOr0 KepiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacwue IlpizBume Im's Ilo-6aTbKOBI:
1. Babauenko Onekcanp IBaHOBUY

2. Oleksandr I. Babachenko

KBasigikanis: 1. 1. 1., c.H.C.
ImenTudikarop ORCHID ID: 0000-0003-4710-0343
JonaTkoBa iHdopmanist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: THcTUTYT YopHOI MeTamyprii im. 3. . Hekpacosa HarionanbHoi

akazemii HayK YKpainu
Kog, 3a €IPTIIOY: 00190294

Micue3Haxoa>KeHHS: 1. Akajemika Crapopy6oBa, 6yz. 1, IHinpo, JIHinpoBcbkuii p-H., 49050, YkpaiHa



dopma BiracHOCTI: JlepxasHa
Cdepa praBJIiHHﬂZ HanjonanbHa akageMid HayK YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: AkafieMivHuiT

VII. BizomocrTi npo odiniliHuX OIIOHEHTIB Ta PEI€H3E€HTIiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBuuie Im's Ilo-6aTbKOBI:

1. Borrayk Bosmogumup Mukosanosuy

2. Volodymyr M. Volchuk

KBasmigikanis: 1. r. 1., gou.

Inentudikarop ORCHID ID: 0000-0001-7199-192X
JoparkoBa iHdpopmamnist:

IloBHe HaﬁMeHyBaHHﬂ IOpI/I,I;I/I‘{HOi 0COOM: Jlep>kaBHUI BUILMI HaBYaJIbHUM 3aKiaf "TIpugHinpoBchbka

IepkaBHa aKafieMis Oy[iBHMLITBA Ta apXiTeKTypu"

Kopg 3a €APIIOY: 02070772

Micuesﬂaxo,rm(ennﬂ: ByJI. YepHuiieBcbKoro, 6ya. 24-a, [Jxinpo, JHinpoBcekuit p-H., 49600, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH: YHIBEPCUTETCHKUI

Baacue IlpizBume Im's Ilo-6aTbKOBI:
1. I'mymkosa [Jliana bopuciBHa

2. Diana B. Glushkova

KBasigikamis: n.1.1., npodecop

ImenTudikarop ORCHID ID: 0000-0001-8612-6584
JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0COOH: XapKiBCbKUii HAIliOHAIbHUE aBTOMOGIILHO-IOPOSKHiIA

yHiBEpCUTET

Kopg 3a €IPIIOY: 02071168

Micue3HaxoaKeHHS: ByJL SlpocnaBa Mygporo, 6yg. 25, XapKiB, XapkKiBcbKuil p-H., 61025, YkpaiHa
dopma BracHOCTI: JlepxasHa

Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:



CeKTop HayKH: YHIBEpCUTETCHKUI

Penensentu

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:

1. Bakyznenko Irop OsekciiioBuy

2. Ihor O. Vakulenko

KBasigikamis: x. 1. 1., npodecop

Imentudikarop ORCHID ID: 0000-0002-7353-1916

JoparkoBa indopmamnist:

IloBHE HaliIMeHYBaHHS IOPUAHYHOL 0COOH: VKpaiHChKUIi Iep>KaBHUI YHIBEPCUTET HAYKH i TEXHOJIOTii
Kopg 3a €IPIIOY: 44165850

Micqesﬂaxon)KeHHﬂ: ByJ1. JlazapsiHa, 6yz. 2, IHinpo, [JHinposcbkuil p-H., 49010, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: [anyseBuil

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. [lepuyn 'aninHa IBaHiBHA

2. Halyna I. Perchun

KBasigikamis: . . 1., gou.

InenTudirkarop ORCHID ID: 0000-0001-9013-4659

HoparkoBa indopmamnist:

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

Micue3HaxoO KeHHS: By JlazapsHa, 6yz. 2, lninpo, JHinmposchKuil p-H., 49010, Vkpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HAayKu YKpaiHu

InmenTudikarop ROR:

CeKkTop HayKH: [anyseBuil

VIII. 3ak1104Hi BiZOMOCTI

BaacHe IlpizBuie Im's ITo-6aTbKOBI Muponosa TersHa MuxaiisiBHa

TOJIOBH pajgu



Biacue IlpisBume Im'st [To-6aThKOBI MnpoHoga TeTsiHa MuxaiinisHa

TOJIOBYIOYOTO Ha 3acCiiaHHi

Bi,zmoni,ua JILHUH 32 Hi,ILI‘OTOBKy [Togonbchbkuii PocTucnas BsyecnaBoBuY

00JIiKOBUX JOKYMEHTIB

PeecTpaTop VkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




