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1. TTimBuIeHHSI MEXaHiYHUX BJIACTUBOCTEN €KOHOMHOJIETOBAHUX CTajlell BUKOPUCTAHHSIM TepMiuHOi 06pOOKM 3a

TexHoJiorieto «Quenching and Partitioning»

2. Improvement of mechanical properties of cost-saving steels using heat treatment according to «Quenching and
Partitioning» technology

Pedepar:

1. MeTa po60TH - MifBUILEHHS KOMIIJIEKCY MEXaHIYHUX BJIAaCTUBOCTEN O€3HIKeIEBUX CEPEeSHbOBYTIIELIEBUX
KOHCTPYKLIMHUX CTajlell CTBOPEHHSIM MYJIbTH(Pa3HOI MiIKDOCTPYKTYPHU 32 PaxyHOK ONTHMi3allii TEXHOJIOTiYHOI
CXEMHU i TeMIIepaTypHO-4aCOBHX I1apaMeTpiB pesxumy 3MiHIoBaabHOI Q-n-P TepmiuHOi 06po6ku. O6'eKT
IOCTiKeHb - rpouecy (pOpMyBaHHS CTPYKTYpPHU Ta BIACTUBOCTEN KOHCTPYKLIMHUX CcTajeil Mpy TePMiuHiil 06po61ii.
[IpenMeT JOCTiAKEeHb - 3aKOHOMIPHOCTI BIJIMBY PeXXUMiB Q-n-P TepMiuyHOi 06p0o6KM HAa MIKPOCTPYKTYPY Ta
MeXaHiuHi BJACTUBOCTi cepegHbOBYTJIeLleBUX Oe3HiKeIeBUX CTajell 3 MigBUIIeHUM BMICTOM KpeMHilo. MeToau

IOCJIiIPKEHb: ONITUYHA MiKPOCKOIIig, €JIEKTPOHHA CKaHyBaJIbHa Ta TPAHCMIiCiliHa MiKpOCKOIIiS;



PEHTTE€HOCTPYKTYPHUM, IAJIATOMETPUYHUIN, MATHITOMETPUYHNUI i IIOPOMETPUYHUI METOAM aHAJi3y; BUITPOOYBAHHS
Ha MeXaHiyHi BjlacTUBOCTI i abpa3uBHe 3HOLIYBaHHS. B nucepralii HaBeJeHe TeoOpeTUYHe y3araJbHEHHS i HoBe
pillIeHHs aKTyabHOI HAyKOBO-TEXHI4YHOI 337ja4i CTBOPEHHS TEXHOJIOTII OTPMMaHHS BUCOKOMIIIHMX BUPOOIB 3
€KOHOMHOJIETOBAaHUX O€3HiKeJIEBUX CTajell MIJISIXOM PO3POOKY pekKrUMiB TepM0oOpo6ku 3a Q n P TexHosori€l0.
[TokazaHa nepcreKTUBHICTb 3acTocyBaHHsl Q-n-P TexHosorii Tepmoo6pobku 1o craHngapTHOi ctani 60C2XDA Ta
ekcriepuMeHTanpHoi 55SC3I2XPMBA 1151 CTBOPEHHS B HUX BUCOKOMILIHOTO cTaHy (0B=1500-2374 MIla) npu
IiABUILEHIN NIJIACTUYHOCTI (0 0o 22 %) i yoapHil B'si3kocTi. BcTaHOBIEHO (PakT MiXK(a3HOTO IEPEPO3IOAINY BYIJIELIO
npu Q-n-P 06po06iii, o NprU3BOIUTS A0 MifBUILEHHS BMICTY Byrielio B 0 ¢a3i 1o 1,32 % i 3a6e3neuye GpopMyBaHHS
reTeporeHHOI MapTEeHCUT /ayCTeHIT /OeHITHOI CTPYKTYPH, 10 BMilLye 10 25 % 3aIMIIKOBOro ayCcTeHiTy. Briepiue
PO3PO6JIEHO i BIIPOBAIPKEHO Y BUPOOHUITBO PEKMM TEPMO3MIlIHEHHS CTaJIEBUX MOJIOJILHUX KYJIb (3aCHOBaHMI Ha Q
n P npuHuumi), skuit 3a6esnedye B KyJsix piBHOMiIpHY TBepicTb (54-58 HRC) o nepeTuHy 3a BUCOKOI
YAAPOCTINKOCTI Ta BiCYTHOCTI TPilMH.

2. The work’s aim is increasing the nickel-free medium carbon structural steels mechanical properties complex by
creating a multiphase microstructure by optimizing the technological scheme and temperature and time
parameters of the Q-n-P hardening heat treatment mode. The research’s object is the structural steels’ structure
and properties formation during heat treatment. The research’s subject is the regularities of Q-n-P heat treatment
effect on the microstructure and mechanical properties of medium-carbon nickel-free steels with high silicon
content. The research methods: optical microscopy, scanning electron and transmission electron microscopy; X-
ray diffraction, dilatometric, magnetometric and durometric analysis methods; test on mechanical properties and
abrasive wear. The thesis presents a theoretical generalization and a new solution of relevant scientific and
technical problem of creating high-strength products producing technologies made of cost-saving nickel-free
steels by developing heat treatment modes based on the Q-n-P principle. The prospects of Q-n-P heat treatment
technology using to standard steel 60Si2CrVA and experimental 55Si3Mn2CrVMoNDA in order to create a high-
strength state (UTS=1500-2374 MIla) with increased ductility (UE up to 22 %) and impact toughness are shown.
The fact of interfacial carbon partitioning during Q-n-P treatment is established. It leads to an increase in carbon
content in o phase (up to 1,32 %) and ensures the heterogeneous martensite /austenite /bainite structure formation,
containing up to 25% retained austenite. For the first time, the thermal strengthening mode of steel grinding balls
based on the Q-n-P principle was developed and introduced into production. The mode application provides
uniform cross section hardness 54-58 HRC of the balls over with high impact resistance, the cracks absence.

Jep>kaBHHHM peecTpauiiiHuii Homep [IiP:

IIpiopuTeTHHI HaNIpSIM PO3BUTKY HayKH i TEXHIKH:
CrpareriyHui# NpioOpHTETHHUI HAIIPSIM iHHOBaLiHHOI AiSJILHOCTI:
ITizcyMKH JOCTiI>KEeHHS:

Iy6stikamii:

HaykoBa (HayKOBO-TE€XHiYHa) MPOAYKILis:
ConiasIbHO-€KOHOMIYHA CIIPSIMOBAHICTh:

OxopoHHi goKymeHTH Ha OIIIB:

BrnpoBaakeHHS pe3yJIbTaTiB AHCepTalii:

3B's130K 3 HAYKOBUMH T€MaMH:

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA /KEPiBHHUKIB (KOHCYJIbTAHTA)



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Eppemenko Bacumb ['eoprieBud

2. Efremenko Vasilij H.

KBasigikanis: 1. 1. 1., 05.16.01
Imentudikarop ORCID ID: He zacrocoyerbcs
JoparkoBa iHdopmamist:

IloBHe HaliMeHYBaHHSI IOPUAHUYHOI OCOOH:
Kopg 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma ByTacHOCTI:

Cdepa ynpasiriHHS:

InenTudikarop ROR: He zacrocosyerscs

VII. BizomocTi npo odiiiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEeHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. BakyzneHsko Irop OsekcitoBuy

2. Vakulenko Igor O.

KBasigikanis: 1. 1. n., 05.16.01
InenTudikarop ORCID ID: He 3acrocosyerbcs
JopaTrkoBa iHdpopmamist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kopg 3a €1PIIOY:

Micue3HaxoaKeHHs:

dopma ByracHoCTI:

Cdepa ynpassriHHS:

InenTudikarop ROR: He zacrocosyerscs

BiacHe IIpizBuie Im'sa I1o-6aThKOBI:
1. I'motka Onekcanap AHATOIINOBUY

2. Glotka Oleksandr A.

KBasigikamis: . . 1., 05.16.01
Imentudikarop ORCID ID: He zacrocoyerbcs
JoparkoBa iHdpopmamist:

IloBHe HaHMEHYBaHHS IOPHIHYHOI 0COOH:



Kopg 3a €IPIIOY:
Micue3HaxoaKeHHS:
dopma BaacHOCTI:
Cdepa ynpasiiHHS:

Imentudikarop ROR: He zacrocoyerbcs

PeuenseHTu

VIII. 3aKkJIl04Hi BiZoMOCTi
ByacHe IlpizBuiie Im's ITo-6aTbKOBI
TOJIOBH pajgu

BiiacHe IIpi3Buine Im'sa Ilo-6aThKOBI
rOJIOBYIOYOTO Ha 3aciJaHHi
BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectparop

KepiBHuKk Bigginy YKpIHTEI, mo €
BiZIOBiZasIbHUM 32 peecTpallilo HayKOBOi

OisIIBHOCTI

€dpemenko Bacuis 'eoprieBuy

Posanos Bauecnas OsnexkcannpoBud

IOpuenko T.A.



