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Pedepar/anoTamis:

1. Inceprauifina po60Ta IpUCBIY€Ha KOMIIJIEKCHOMY JOCJIIIPKEHHIO 3aKOHOMIPHOCTE!N CTPYKTYPOYTBOPEHHS I
(opMyBaHHS KOMILJIEKCY MEXaHIYHUX BIACTUBOCTEN OYHTOBOTO IIPOKATy 3 HU3bKOBYyIJeLeBux Cr-Mo-V crasneit, a
TaKO>X HayKOBOMY OOI'PYHTYBAHHIO Ta PO3POOJIEHHIO TEXHOJIOTII 10Tr0 3HEMIITHIOBAJIbLHOTO TEPMOMEXaHIYHOTO
00pOO6IEHHS 1715 TIOJaJbIIOro eHeproeeKTUBHOTO BUTOTOBJIEHHS! 3BapIOBAJIbHUX MaTepiaJiB. Y po6oTi
IIpOaHali30BaHO Cy4yacCHi TEHEHLi Ta IpobieMy BUPOOHUILITBA IIPOKATY i APOTY 3 HU3bKOByrieLesux Cr-Mo-V
cTajiell 3BaploBaJIbHOTO IpU3HaYeHHs. [TokasaHo, 1[0 OOHUM i3 HAl6iIbII aKTyaIbHUX 3aBJaHb, sIK€ Hapasi CTOITh
nepe;q BUpOOHNKAMU OYHTOBOTO ITPOKATy 3BapiOBajIbHOTO IIPU3HAYEHHSI Y BCbOMY CBITi, € MaKCUMasbHa

nnacrtudikalis MeTanay B CTaHi IOCTa4YaHHS METaJIOBUPOOHUM MiTIIPUEMCTBAM, IIPHU IbOMY paLlioHaIbHUI



MIKPOCTPYKTYPHUI IM3alH Biflirpae KJII04OBY POJIb IIifl YaC BUTOTOBJIEHHS BUCOKOIIACTUYHOIO IIPOKATY.
dopMyBaHHS TBEPAUX CKIANHUKIB (MAaPTEHCUTY, 6EMHITY a0 IXHBOI CyMillli) y CTPYKTYpi MeTally € He6a)KaHUM
yepes BUCOKUI PUBKK PYHHYBaHHS IPOTY B IPOLEC iIHTEHCMBHOTO XOJIOLHOTO e(OPMYyBaHHS BOJIOYiHHAM,
BOJHOYAC BiIlOMOCTI IPO YTBOPEHHSI TaKMX CTPYKTYP Ha €Talli BATOTOBJIEHHS NIPOKATy B YMOBAX METAJTypPriHAX
MiANpUEMCTB BKpail 06MeXeHi, a AesKi aCeKTU MiKpOCTPYKTYPHOI €BOJIOLi{ Ta 0CO6IMBOCTEN YTBOPIOBAaHUX (a3
Hapasi 3aJIMaIThCSl HELOCTATHBO BUBYEHVMU. 3a PE3YyJIbTaTaMU TEOPETUYHHUX [JOCIiIKEHb PO3BMHYTO IOJAJIbIII
VSIBJIEHHS 010 PYHIAMEHTATIbHUX 3aCa], 3HEMILIHIOBAJIbHOTO TEPMOMEXAHIUHOTO 0OpO06JIeHHSI OYHTOBOTO IIPOKATY
3 HU3bKOBYIJIELIEBUX CTaJIel Y IOTOLi Cy4aCHUX TEXHOJIOTIYHUX JIiHil, 0 IPYHTYETHCSI HA CTBOPEHHI crienupidyHoro
CTPYKTYPHOTO CTaHy rapsiiefie(popMOBaHOTrO ayCTEHITY Nepe, I0YaTKOM MOro po3mnamy, sIKUil XapaKTepU3yeTbCst
Ipi6HMM PO3MipOM 3€pHA 32 PaXyHOK PO3BUTKY NMHAaMiYyHOI peKpucTaisalii i 3HUKeHOI0 I'YCTUHOIO AUCJIOKallill Ta
iX ynopsiAKyBaHHSIM 3aBJISIKM HACTYITHOMY II€PE0Iry CTaTUYHOTO [IOBEPHEHHS Ta METaAMHAMIUYHOI peKpucTaisalii 3
OJHOYACHMM IIPUTHIYEHHAM PO3BUTKY CTATUYHOI peKpucTaisdauii. Taka KOHILEIIIiS € TOJI0OBHOO NEPENYMOBOIO I
dopmyBaHHS 6inbIIO] 06'€MHOI YaCTKU I0JIieApUYHOro Geputy i 3HUKEHHS BipOTiIHOCTI yTBOPEHHS CTPYKTYP
OelHITHOro 11 MapTEHCUTHOrO TUIIB I1if] Yac YIIOBIJIbHEHOTO OXOJIOJKEHHS METaJly 3 IPOKAaTHOTO HarpiBaHHs. 3
OIJIS1Iy Ha BUMOTH JIiI040i HOPMAaTUBHOI JOKYMEHTaLlii Ta crienu@ikaliil Kpalyux CBiTOBUX i BITYM3HIHUX
BUPOOHUKIB OYHTOBOTO MIPOKATY 3 HU3bKOBYIJIELIEBUX JIETOBAHUX CTa/lell BU3HAYEHO LiJIbOBi IOKA3HUKU SKOCTI
BiZJITOBiHOI METAJIONPOAYKLi 3 ypaxyBaHHSIM XapaKTEPUCTUK CaMUX 3BapIOBAJIbHUX MaTepiasiB. BuBueHo
3aKOHOMIPHOCTI KiHEeTHKU po3mnany aycTeHity crajni CrMoV1Si (anasor CB-08XI'CM®A) nif yac 6e3nepepBHOro
OXOJIOJ)XEHHS y LINPOKOMY iHTepBasi mBuakocten (116-0,05 °C/c) Ta no6yA0BaHO BiANOBiAHY TEPMOKIHETUYHY
niarpamy. ['0J10BHOIO 0CO6/IMBICTIO (Da30BO-CTPYKTYPHUX IIEPETBOPEHD B IOCIIKYBaHiil cTaji € Te, 110 3a
yIIOBiJIbHEHOTO OXOJIOIPKEeHHS y iHTepBasi mBuaxocteit 1,1-0,05 °C/c peanizyeTbcs cknaaHuil audysiitHo-
IPOMIKHO-3CYBHUI MEXaHi3M, KU 00YMOBJIIO€ (POPMYBaHHS 6araToasHoi CTPYKTYpH, 1O CKIANAETLCS 3 GEpUTy,
nepJiTy, 6eiHITy Ta BUCOKOTBEPLOIO MapPTEHCUTY B Pi3HUX CITiBBITHOIIEHHSX, IPUYOMY 00'€eMHa YacTKa
MapTEHCUTY 3POCTAE 110 Mipi 3HM>KEHHSI IIBUIKOCTI OXOJIOKEHHS 32 PaxyHOK 6i/1bIIOr0 PO3BUTKY OU(PY3iiHOrO
HAaCHUY€HHS [iJITHOK 3aJIMIIKOBOrO ayCTEHITy BYIJIELIEM i MapraHileM O MOMEHTY [T0YaTKy Oro 3CyBHOTO
IIEPETBOPEHHS. 32 pe3yibTaTaMy MeTasorpadiyHoro aHaslizy OTpMMaHi JaHi CUCTeMAaTU30BaHO y BUTJIST]
CTPYKTYPHOI fiarpaMu. MeTogaMu pacTpoBOi €JIEKTPOHHOI MiKpOCKOIIii, pEHTT€HOCIIEKTPAJILHOTO MiKpOaHaJi3y i
O’ke-esIeKTPOHHOI CIIEKTPOCKOIIii BCTAaHOBJIEHO (PAKT YTBOPEHHSI BUCOKOBYIJIELIEBOTO MapTeHcUTy (BMicT C >1%
Bar.) 3 BUCOKOIO TBepaicTio (722-897 HV0,02) miix yac ynoBinbHEHOTO 6e311epepBHOTO 0XOJIOIKEHHS
HU3bKOBYyTJIeLeBoi Cr-Mo-V crasii 3 aycTeHiTHOI 0671acTi 10 KiMHATHOI TemniepaTypu. Takuil MapTeHCUT
(hOpMyeTbCS Y BUTJIST BiTHOCHO PiBHOMIPHO PO3IIOJiNeHuX APiOHUX 3epeH cdepononioHoi popmu, ki
PO3TallOBaHi IEPEBAKHO HA FPAHULSIX (PEPUTHUX 3€PEH i B ESKMX BUIAJKAaX BCEPEAMHI HUX.
EKkcriepyMeHTaIbHMMU JaHVMMU MiOTBEPIPKEHO, IO TaKa MiKPOCTPYKTYPHA €BOJIIOLIS JOCIiIKYBaHOI CTali
00yMOBJIEHA JUHAMIYHOIO 3MiHOIO XIMIYHOTO CKJIaJly OKPEMUX CTPYKTYPHHUX CKJIAHUKIB y MpOLeci 3HUKEHHSI
TeMIIepaTypH, Hacaminepen, 11udy3iiiHUM Iepepo3oijoM ByIJIEli0, MapraHlllo Ta KPEMHIIO MiX O Ta O (pazamu.

[ PYHTYI0YMCh Ha TIOJIOKEHHSIX HEPIBHOBaKHOI TEPMOJMHAMIKU PO3PO6IEHO PO3PAXYHKOBY MOJIEb IT€PEPO3IIOLITY
JIeTYBaJIbPHUX €JIEMEHTIB y rpoueci GopmyBaHHs CTPYKTypH cTani CrMoV1Si 3a yHOBiIbHEHOTO OXOJIOIKEHHS.
BusHaueHO BeJIMYMHY TEPMOAMHAMIYHOI CUM A1 Juy3ii Byrielo, KiHeTUYHUX KoediljieHTiB Ta IIOTOKIB
TEPMOAMHAMIYHOI CUCTEMU, SIKi ONMCYIOTh KiIHETUKY CTPYKTYPOYTBOPEHHS LOCIIIPKyBaHOI CTaJjli y IpoLeci
OXOJIO/PKEHHS. 3allpOIIOHOBAHO BUPA3HU [1JI PO3PAXYHKY JIiHIMHMX PO3MIPiB ayCTEHITHMX i MAPTEHCUTHUX JiNISHOK,
110 GOPMYIOTbCS Y Pe3yJIbTaTi NPOTiKaHHS Judy3ifHUX TOTOKIB BYIJIEL0, MapraHIlio i KpEMHIIO.

2. The dissertation is devoted to a comprehensive investigation of the regularities governing microstructural
evolution and the formation of mechanical properties in low-carbon Cr-Mo-V steel wire rod, as well as to the
scientific substantiation and development of a softening thermomechanical treatment technology for its
subsequent energy-efficient production of welding consumables. The study analyzes current trends and
challenges associated with the production of wire rod and wire from low-carbon Cr-Mo-V welding steels. It is
demonstrated that one of the most pressing tasks currently facing manufacturers of welding-grade wire rod
worldwide is the maximization of metal ductility in the as-supplied condition for hardware plants, while rational



microstructural design plays a key role in the production of highly ductile wire rod. The formation of hard
constituents (martensite, bainite, or their mixtures) within the steel microstructure is undesirable due to the
increased risk of wire fracture during intensive cold drawing operations. At the same time, information concerning
the formation of such structures during wire rod production under industrial metallurgical conditions remains
extremely limited, whereas several aspects of microstructural evolution and phase formation mechanisms have not
yet been sufficiently investigated. Based on the results of theoretical studies, the fundamental principles of
softening thermomechanical treatment of low-carbon steel wire rod within modern continuous production lines
have been further developed. The proposed concept is based on creating a specific structural state of hot-
deformed austenite prior to its decomposition, characterized by a refined grain size resulting from dynamic
recrystallization and a reduced dislocation density with enhanced dislocation ordering due to the subsequent
development of static recovery and metadynamic recrystallization, while simultaneously suppressing static
recrystallization. This approach constitutes the primary prerequisite for increasing the volume fraction of
polygonal ferrite and reducing the likelihood of bainitic and martensitic structure formation during slow cooling
from rolling temperatures. Considering the requirements of current standards and specifications established by
leading domestic and international manufacturers of low-carbon alloyed steel wire rod, target quality indicators
for the corresponding steel products were determined, taking into account the performance requirements of
welding consumables. The kinetics of austenite decomposition in CrMoV1Si steel (an analogue of Sv-08KhGSMFA
welding steel) during continuous cooling over a wide cooling-rate range (116-0.05 °C/s) were investigated, and the
corresponding Continuous Cooling Transformation (CCT) diagram was constructed. The principal feature of phase
and microstructural transformations in the investigated steel is that under slow cooling conditions within the
range of 1.1-0.05 °C/s, a complex diffusional-intermediate-shear transformation mechanism is realized, resulting
in the formation of a multiphase microstructure consisting of ferrite, pearlite, bainite, and high-hardness
martensite in varying proportions. Moreover, the volume fraction of martensite increases with decreasing cooling
rate due to enhanced diffusional enrichment of retained austenite regions with carbon and manganese prior to the
onset of the martensitic transformation. Based on metallographic investigations, the obtained data were
systematized and presented in the form of a structural diagram. Using scanning electron microscopy, energy-
dispersive X-ray microanalysis, and Auger electron spectroscopy, the formation of high-carbon martensite
(content C >1wt.%) possessing high hardness (722-897 HV0.02) was established during slow continuous cooling of
low-carbon Cr-Mo-V steel from the austenitic area to room temperature. This martensite forms as relatively
uniformly distributed fine spherical regions located predominantly along ferrite grain boundaries and, in some
cases, within ferrite grains. Experimental evidence confirmed that such microstructural evolution is governed by
the dynamic variation of the chemical composition of individual structural constituents during cooling, primarily
due to the diffusional partitioning of carbon, manganese, and silicon between the o and o phases. Based on the
principles of non-equilibrium thermodynamics, a computational model describing the partitioning of alloying
elements during microstructure formation in CrMoV1Si steel under slow cooling conditions was developed. The
thermodynamic driving forces for carbon diffusion, kinetic coefficients, and thermodynamic fluxes governing the
kinetics of structural evolution during cooling were determined. Analytical expressions were proposed for
calculating the characteristic dimensions of austenitic and martensitic regions formed as a result of carbon,

manganese, and silicon diffusion fluxes.
Jep>kaBHHHM peecTpaniliHuii Homep JiP:

IIpiopuTeTHHH HaNIpSIM PO3BHTKY HayKH i TEXHIKHM. OyHIaMeHTasbHI HAyKOBI HOCIIIIKEHHS 3 HANGLIbII
Ba)KJIMBYX IPOGJIEM PO3BUTKY HayKOBO-TEXHIYHOIO, COLiaJIbHO-€KOHOMIYHOTr0, CyCIIiJIbHO-TIOJIITUYHOTO,
JIIOJICbKOTO IIOTEHIiay 1715 3a6e3re4eHHs] KOHKYPEHTOCIIPOMOXKHOCTI YKpaiHU y CBiTi Ta CTaJIOTO PO3BUTKY
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mokym. CR2680041223

BrnipoBaakeHHS pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B'S130K 3 HAaYKOBHMH TeMaMH: 0125U000021

VI. BizoMocTi Npo HayKOBOT0 KEPiBHUKa /KePiBHHUKIB (KOHCYJIbTAaHTA)

BaacHe IlpizBume Im's I10o-6aThKOBI:
1. Ilapycos Enyapn BosnoguMuposuy
2. Eduard V. Parusov

KBasmigikamis: 1. r. 1., c.u.c., 05.02.01, 05.16.01
InenTudgikarop ORCID ID: 0000-0002-4560-2043
JoparkoBa indpopmamnist:

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

akageMii HayK YKpaiHu
Kog, 3a €EIIPIIOY: 00190294
Micue3Haxoa>KeHHS: . Akasiemika Ctapoy608a, JIHinpo, JIHInpoBceKuii p-H., 49050, Vkpaina

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. Kocrin Banepiit AHaTosinoBuy

2. Valerii A. Kostin

KBasigikanis: n.1.u., c.H.c., 05.02.01, 05.03.06
InenTudikarop ORCID ID: 0000-0002-2677-4667
JoparkoBa iHdpopmamnist:

ITloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: [HCTUTYT etekTpo3BapoBanHs iM. €. O. [Tatona HaujoHanbHOI

aKkageMii HayKu YKpaiHu

Kopg 3a €IPIIOY: 05416923

Micuesnaxo,zm(eﬂna: ByJ1. Kaaumupa ManeBuua, Kuis, 03150, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHSA: HaujonasbHa akajeMis HayK YKpaiHu

Inentudikarop ROR: He zacrocoyerbcs

BaacHe IlpizBume Im's I10-6aThKOBI:
1. BeketoB OsnekcaHgp Bagumosuy

2. Oleksandr V. Beketov

KBasigikamis: n. 1. 1., nouenr, 05.02.01

InenTudikarop ORCID ID: 0000-0003-0664-0327

JoparkoBa indpopmamnist:

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOH: YKpaiHChKMIi IePKAaBHUII YHIBEDCUTET HAYKM | TEXHOJIOTII
Kopg 3a €IPIIOY: 44165850

Micue3Haxoa>KeHHS: ByJ1. JlazapsHa, JHinpo, JHinpoBchkuil p-H., 49010, Vkpaina

dopma By1acHoCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. JIyunenko BnaguciaB AHaTOIinOBAY



2. Vladyslav A. Lutsenko

KBasmigikanis: 1. 1. 1., c.u.c., 05.16.01
ImenTudikarop ORCID ID: 0000-0002-4604-5592
JonaTkoBa iHdopmalist:

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0CO0H: IHCTUTYT YopHOi MeTanyprii im. 3. 1. Hekpacosa HarionanbHoi

akazeMii Hayk YKpaiHu

Kopg 3a €IPIIOY: 00190294

Micue3Haxoa>KeHHS: 1. Akajemika Crapopy6oBa, [Hinpo, [JHinposcbkuiil p-H., 49050, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBumie Im's Ilo-6aTbKOBI:

1. Pasno6pees Banepiii I'ypiitoBud

2. Valerii H. Razdobrieiev

KBasigikanis: . . 1., c.H.c., 05.16.01
Inentudikarop ORCID ID: 0000-0001-7402-7992
JoparkoBa indopmamnist:

IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: IHCTUTYT YopHOi MeTanmyprii im. 3. 1. Hekpacosa HarionanbHoi

akazeMii Hayk YKpaiHu

Kopg 3a €IPIIOY: 00190294

Micue3HaxoaKeHHS: 1. Akajemika Crapopy6oBa, [Hinpo, JHinposcbkuiil p-H., 49050, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: HaujoHanbHa akazemis HayK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi

BnacHe IlpizBuie Im's [10-6aTbKOBI ITpuxozbko Irop FOpitioBuy
TOJIOBH paju

BaacHe IlpizBume Im'st I[10-6aTbKOBI [Tpuxozpko Irop FOpitioBuy
rOJIOBYIOYOTO Ha 3acCiflaHHi

BiagmoBizasibHUH 32 MiATOTOBKY Ixurora Mapuna I'eopriiHa
00JIiIKOBUX JOKYMEHTIB

Peec'rpa'rop Opuenko TersiHa AHaTOJIiBHA



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

JisiIbHOCTI




