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Establishment of features of formation and transformation of residual austenite in difficult-alloyed (Cr, Mo, V)
steels with the increased wear resistance at complex heat treatment

Pedepar yKpaiHCBKOIO:

OO6’eKT HOCIIIPKEHHS — 3aKOHOMIPHOCTI BIUIMBY PEXKUMIiB KOMILJIEKCHOI TepMidHOi 06PO6KY Ha 0COOJINBOCTI
nepe6iry ¢pasoBo-CTPYKTYPHUX N1IEPETBOPEHD Ta (POPMYBAHHSI MEXAHIYHMX BJIACTUBOCTEN CKJIaIHOJIETOBAHUX
crazeil. MeTa po60TH — PO3BUTOK YSIBJIEHb ITPO OCOGJIMBOCTI TpaHCPOpMALlil 3a/IMIIKOBOTO ayCTEHITY B
CKJIQJHOJIETOBAHUX CTAJISIX Ta IX 3aCTOCYBaHHS 10 MPOLECIB PETyIbOBAHOTO CTPYKTYPOYTBOPEHHS Ta MiIBUILEHHS
3HOCOCTIMKOCTI MeTasIoBUPOOGiIB 3i ctazeit Tuny 38XH3M®A, 65X3CM®, 80X3M® i 80X5M®. Ha 3acazax
PE3yJIbTaTiB KOMIIJIEKCHMX TEOPETUYHUX JOCIIIKEHb MIOJ0 0COOIMBOCTEN Mepebiry (pazoBO-CTPYKTYPHUX
IIEPETBOPEHD y MPOLIECi OXOJIOIKEHHS CTallel OTpUMasa NOAAbIIOr0 PO3BUTKY aHAIITUYHA MOJIEJIb
[IepeTBOPEHHSI ayCTEHITY y CKJIaIHOJIErOBAHUX CTaJIsIX. BcTaHOBIIEHI 0COGIMBOCTI (POpMYyBaHHS Ta TpaHCchopMallii
3QJIMIIKOBOTO ayCTEHITY, @ TAKOK YTBOPEHHS CTPYKTYPH B CKJIa[HOJIETOBAHUX CTaJsIX. BU3HaY€HO OCHOBHI
3aKOHOMIPHOCTIi (pa30BO-CTPYKTYPHUX NIEPETBOPEHD B CKIANHOIETOBAHUX CTAJISAX Mif], 4aC KOMIIJIEKCHOTO
TepMidYHOro 06pobsieHHs. Po3pobeHo aHamiTUYHI Mozesti 71 IPOTHO3HOTO BU3HAYEHHSI TUITy CTPYKTYPU Ta BMICTY
3aJIMIIKOBOTO ayCTEHITy B CKJIAIIHOJIETOBAHUX CTAJISIX Y 3aJI€JKHOCTI Bif IapaMeTPiB TEXHOJIOTII 3MiLIHEHHSL.
[TpoBeneHHi TOCAIIKEHHS CIIPUSIIIM CTBOPEHHIO YIbTPa3BYKOBOI'O €KCIIPECMETOY BU3BHAUEHHS BMICTY
3aJIMIIKOBOIO ayCTEHITY B CTPYKTYPi CKJIZHOJIETOBAHUX CTaJIEN. BCTAHOBJIEHO BILJIUB IIOCJIiIOBHOCTI
TEXHOJIOTIYHUX YMHHUKIB i MapameTpiB 00po6JIeHHS Ha [1IePETBOPEHHS 3aJIMIIKOBOIO ayCTEHITYy Ta 3MiHY
3HOCOCTIMKOCTi CKJIaZJHOJIETOBAaHUX CTajeil. Ha mifncTaBi TEOPETUYHUX Ta €eKCIIEPUMEHTATbHUX JOCTiIKEHb
PO3p06IeHO HAYKOBO-OOI PYHTOBAHI peKOMeHallil o0 BIOCKOHAIIEHHS TEXHOJIOTii TEPMiYHOro 06pOo6IeHHS
BEJIMKOrabapaTHUX METaJIOBUPOOGIB BiATIOBiaIbHOTO TPU3HAYEHHS 3i CKJIaIHOJIETOBAHUX CTAaJIeU MIJISI ITiIBUILIEHHS
ix excryarauiiHoi cTiikocTi. Po3po6JieHi mpono3utlii Ta CTBOpEHi TeXHOJIOTIUHI PillleHHS MOXYTb OyTU
PEKOMEH0BaHi 10 MPOMUCIIOBOTO BITPOBA)KEHHS HA MalTMHOOYAIBHUX MiJIIPUEMCTBAX, 10 BUTOTOBJISIOTh

BEJIMKOrabapuTHI METaJI0BUPOOU BifTIOBiAAJILHOTO MPU3HAYEHHS 31 CKJIAJHOJIETOBAHUX CTAJIE.

Pedepar aHI1iliChKOIO:

The object of research is the transformations and formation of mechanical properties of complex alloyed steels.
The purpose of the work is to develop an idea of the peculiarities of the residual austenite transformation in
complex-alloyed steels and apply it to the processes of controlled structure formation and increase of wear
resistance of metal products made of 38XH3M®A, 65X3CM®, 80X3M® and 80X5M® steels. On the basis of the
results of comprehensive theoretical studies on the peculiarities of phase-structural transformations during the
cooling of steels, the analytical model of austenite transformation in complex alloyed steels was further developed.
The peculiarities of the formation and transformation of residual austenite, as well as the structure formation in
alloyed steels have been established. The main regularities of phase-structural transformations in complex-alloyed
steels during complex heat treatment are determined. Analytical models have been developed to predict the type
of structure and the content of residual austenite in steels depending on the parameters of the hardening
technology. The research contributed to the development of an ultrasonic express method for determining the
residual austenite content in the steels structure. The influence of the sequence of technological factors and
treatment’s parameters on the transformation of residual austenite and changes in the wear resistance of
complex-alloyed steels was determined. On the basis of theoretical and experimental researches, scientifically



based recommendations for improving the heat treatment technology of large-sized metal products for critical
applications made of complex-alloyed steels have been developed to increase their operational stability. The
developed proposals and created technological solutions can be recommended for industrial implementation at
machine-building enterprises that manufacture large-sized metal products for critical applications from complex
alloy steels.
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TpaHc@opmallii 3aIMIIKOBOrO ayCTEHITY B CKJIQIHOJIETOBAHUX CTaJIsIX, BIUIUBY 1apaMETPiB KPiOT€HHOTO
00pO06JIEHHS HA IEPETBOPEHHS 3aJIMIIKOBOT0O ayCTEHITY Ta PO3POOKa aHAJIITUYHUX MOJEJIeN [J1s1 IPOTHO3HOTO
BU3HA4YEHHS CTPYKTYPU Ta BMICTY 3aJIMIIKOBOTO ayCTEHITY B CKJIa[IHOJIETOBAHUX CTAJISIX O3BOJIMIIA PO3POOUTH
PEKMMHU KOMIIJIEKCHOI 0OpOOKM METaloBUPOOIB Bif[IOBiAAIbHOIO IPU3HAUEHHS, 1110 320€3I1e4y0Th HeOOXiHi
MEXaHi4Hi XapaKTePUCTUKH, MiABUILYIOTh 3HOCOCTINKICTh, JJO3BOJISIIOTh CKOPOTUTH 3arajibHy TPUBAJIICTh
TEXHOJIOTIYHOTO LMKy OOpPOOKHU, 3HIDKYI0UM BUTPATA €HEPropPeCypCiB Ta MifBUIYIOUM €KOJIOTiYHICTh BUPOOHUILITBA.

CounjianpHO-eKoHOMIUHA cripsiMoBaHicTh HTII — PO3BUTOK ripHNYO-MeTaNypriiHOrO KOMILIEKCY YKpaiHu
ConianibHO-eKOHOMIYHA crpsimoBaHicTh HTII: 36inbmenns o6caris Bupo6uuTBa, EKOHOMIS MaTepiasis
Bnyins HTII Ha moBKiJjis:
BnposaaskeHHst HTII: Briposampkeno
ITpakTuyHa peasnizanis HTTI
IToyaToK eramy: 01.2021
3aKkiHuyeHHs eTamy: 12.2023
Crno>kuBavi NPOAYKILii:
IlepcrieKTHBHI pUHKH:
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IToTpiOHUI 00CAT iHBECTHILiH, THC. TPH.:
IIpaBa, 0 HaAIOTHCS iHBECTOPY MiCJIsA 3aBEpPIIEHHSI POOOTH:
HasaBHicTb Oi3Hec-1JIaHY:
TexHiKO-€eKOHOMiYHe OOrpyHTYBaHHSI:
IloTeH1iaIbHUIE 0OCST IIPOJASKY, THC. TPH..
OuikyBaHHI TepMiH OKYIHOCTi (pPOKiB):

JopaTtkoBa iHdpopmamist:



IX. Bi6sriorpadiuHuii onuc

1. Bobyr S.oV., Kinetics of Formation of Martensitic Crystals in Iron-Based Alloys. Metallofiz. Noveishie Tekhnol.
2020. N2 42 (11). C. 1573-1582. https:/ /doi.org/10.15407 / mfint.42.11.1573.

2. Bobyr S., Parusov E., Golubenko T. and Chuiko I. Diffusion Model of Austenite Decomposition with Considering
Its Stabilization in Alloyed Steel. Metallofiz. Noveishie Tekhnol. 2022. N2 44(1). C. 31-45.
https://doi.org /10.15407 /mfint.44.01.0031

3. Serhii V. Bobyr Non-equilibrium thermodynamics model for calculating diffusion fluxes under phase
transformations in alloy steels. Proceedings of the National Academy of Sciences of Belarus. Physical-technical
series. 2021. Vol. 66. N2 1. pp. 28-36. https://doi.org/ 10.29235 / 1561-8358-2021-66-1-28-36.

4. Bobyr S. V., Krot P. V., Levchenko G. V., Baranovska O. Ye., Loshkarev D. V. Influence of modes of thermal
hardening and the subsequent cryogenic processing on structure and properties of steel 38Ni3CrMoV.
Metaloznavstvo ta obrobka metaliv. 2021. 98 (2). pp. 4-22. https://doi.org/10.15407 /mom2021.02.014.

5. Krot, P., Bobyr, S., Zharkov, 1., Prykhodko, 1., Borkowski, P. (2022). Increasing the Durability of Critical Parts in
Heavy-Duty Industrial Machines by Deep Cryogenic Treatment. In: Lesiuk, G., Duda, S., Correia, J.A.F.O., De Jesus,
A.M.P. (eds) Fatigue and Fracture of Materials and Structures. Structural Integrity, Vol. 24.
https://doi.org/10.1007 /978-3-030-97822-8 _14.

6. Bobyr S.0V., Parusov E.oV., Levchenko G.oV., Borisenko A.oYu. and Chuiko I.oM. Shear Transformation of Austenite in
Steels Considering Stresses’ Effects, Progress in Physics of Metals.2022. N2 23(3). pp. 379-410.
https://doi.org/10.15407 /ufm.23.03.379.

7. Krot P. V., Bobyr S. V. Nonequilibrium Thermodynamic Analysis of Diffusion Processes in the Steel - Carbon Thin
Film Tribological System. Material Science & Engineering International Journal. 2022. Vol.6. Iss.1. pp. 14-18.
https:/ /doi.org /10.15406 /mseij.2022. 06.00174.

8. IIpuxoppko 1. 10., Booups C. B., Bopob6eii C. O. [IporHo3yBaHHS XUBY4YOCTi IPOKaTHUX BajkiB. Met. lit'e Ukr. 2022,
Vol. 30. N2 2 (329). C. 103-108. https:/ /doi.org /10. 15407 /steelcast2019.10.064

9. Bo6ups C. B., ITapycos E. B., Tonybenxo T. M., Jlomkapsos [I. B. Po3po6sieHHs Ta BIPOBaI>)KEHHSI HOBOi METOAUKHU
MOJIeTIoBaHHS (a30BO-CTPYKTYPHUX IIEPETBOPEHB Y MIPOLIECi OXOJIOIKEHHS JIETOBAHUX CTajleil. MeTas03HaBCTBO
Ta TepMiuyHa 06pobka meTtainiB. 2022. N2 1(96). C. 17-23. https: / /doi.org /10.30838 /J.PMHTM.2413.240422.17.838.

10. Bobups C. B., [Tapycos E. B, l'ony6enko T. M., Bapanoscbka O. €., CiBak I'. I. locifskeHHs BIVIMBY KPiOT€HHOTO
00p0o06JIEHHS Ha 0COOIMBOCTI (POPMYBaHHS CTPYKTYPHU Ta 3HOCOCTIHKicTb cTasi 38XH3M®A niciis nonepeHboro
TepMiuHOro 3minHeHHs. OyHIaMeHTasbHi Ta IPUKIJIALHI Tpobsemu YopHOi MeTanyprii. 2022. Bur. 36. C. 430-440.
https:/ /doi.org/ 10.52150 /2522-9117-2022-36-430-440.

11. Bobyr S., Krot P., Parusov E., Golubenko T., Baranovs’ka O. Increasing the Wear Resistance of Structural Alloy
Steel 38CrNi3MoV Subjected to Isothermal Hardening and Deep Cryogenic Treatment. Appl. Sci. 2023. 13. 9143.
https://doi.org/10.3390/ app13169143.

12. IMapycos E. B., Bo6ups C. B, [Ipuxonpko I. FO., Yyiiko I. M., 3axapuyk C. C. [IporHo3yBaHHS CTPYKTyPHOI'O CTaHy
po6040ro mapy BeJIMKOrabapUTHUX NPOKATHUX BAJIKIB Iifl YaC TEPMiYHOTO 3MilJHEHHS. MeTasI03HaBCTBO Ta
TepMiuHa 06po6ka meTaiis. 2023. N2 1(100). C. 39-45. https: / /doi.org/10.30838 /J.PMHTM.2413. 280323.39.943.

13. Bobyr S. V., Loschkarev D. V., Sharfnadel S. A. Development of a statistical model for calculating the carbon
diffusion parameters in iron and steels. Material Science & Engineering International Journal. 2022 N2 6(4). pp.
1460150. https:/ /doi.org /10.15406 / mseij.2022.06.00192.



X. 3aKJII0YHi BiIOMOCTI

KepiBHHK I0pHAHYHOI 0COOH

IlepeJtik 0CiO-BHKOHaBILiB

banaxanosa TersHa BanepiiBHa
(k. T. H., 05.16.01)

bapaHoscbka OsieHa €BreHiBHa
(k. T. H., 05.16.01)

Bobups Cepriit Bononumuposuy
(m.T.H., 05.16.01)

Bopucenko Angpiit FOpiftoBuy
(1. T. H., 05.16.01, 132)

Bopobeii Cepriit OnekcaHIpoBUY
(7. . H., 05.03.05)

T'onoBko Bitaniit OnekciioBuu

l'ony6enko TeTsiHa MukosnaiBHa
(k. T. H., 05.16.01)

I'y6enko CaitsiaHa IBaHiBHA
(o.T.H., 05.16.01)

Knemewmos €sren CepriioBud

(k. T. H.)

JleBuenko I'enHanint BacunroBuy
(7. . H., 05.03.05, 05.16.01)

JlomkaproB JIMuTpo BasnepiitoBud

JlyneHnko Bnanucnas AHATOiOBUY
(1. T. H., 05.16.01)

Jlynenko Osbra BrapuciasiBHa
(k. T. H., 05.16.01)

Onintnuk Enyapg Bagyumosud

[Tapycos Exyapz Bosmogumuposuy
(m. T. 1., 05.02.01, 05.16.01)

[Tapycos Ozner Bonogumuposuy
(k. T. H., 05.16.01)

[Tpuxoppko Irop FOpiitoBuy
(7. . H., 05.03.05)

Carypa Jliogpmuia BosogumupisHa
(k. T. H., 05.16.01)

CiBak 'anHa IBaHiBHa
ToxkmakoB Bamyum AHATOJIiIOBUY

TokmakoB [TaBno BagumoBud

Ba6auyenko OsekcaHap IBaHOBUY
I. T. H., 05.02.01



Yyiiko Irop MukosnainoBruy
(k. T. H., 05.16.01)

BignoBimasbHHuH 3a IIi,ILI‘OTOBKy KucenboBa Banentuna BikTopiBHa
00JIiIKOBHX JOKYMEHTIB

Tenepon +38 (056) 790-05-15

PeecTpaTop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 pEeECTpallilo HayKOBOi

OisIJIbHOCTI




