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1. Inceprarnist Ha 3006YTTSI HAYKOBOTO CTYIEHs JOKTOpa TEXHIYHUX HayK 3a creuianbHicTio 05.02.01 -
Marepiano3HaBCTBO. [HCTUTYT ITpo6siemM matepiano3HascTsa iM. .M. ®dpanuesuya HAH Vkpainu, Kuis, 2025.
Juceprauis clipsgMOBaHa Ha BUPIIIEHHS] HAYKOBO-TEXHIUHOI IPO6JIeMU MiJBUIIEHHS CIY>XKO0BUX BIACTUBOCTEN
iHCTpYMEHTY i3 CcTaJii 3 peryJIl0BaHHSIM ayCTEHITHOTO IepeTBOpeHHs i yac excryaTauii (PAITE) sxi ekoHOMHO
JIETOBaHi JJOPOTo BapPTiICHUMU €JIEMEHTAMU IIPY €KCTPEMAJIbHUX TEMIIEPATYPHO-CUJIOBUX PEXKMMAaX eKCIuTyartalii. B
OCHOBY JMCEpPTaLii MOKIaAEeHO ifiel0 CIIPOLEHHS Ta 3[I€II€BJIEHHS TEXHOJIOTi OTPMMAaHHS JIMTUX CTaJe 3
peryJIloBaHHSIM ayCTEHITHOTO [epeTBOPEHHS Mif 4ac eKciulyaranii Mapok 4X3H5M3® ta 4X4H5M4d2 3a paxyHOK

BUKOPUMCTAHHS TEXHOJIOTIi €JIeKTPOIIIAKOBOTO KOKIJIBHOTO JIMTTS AJIs1 HOCSTHEHHS BULIMX MTOKA3HUKIB (i3uKO -



MEXaHIYHUX Ta CIY>XO0BUX BJIACTMBOCTEN Yy IIOPIBHSHHI i3 IITAMIOBUMHU [,e(POPMOBAHUMU CTAJISIMU IiIBUILEHOI TA
BUCOKO] TerocTiikocTti 3X3M3®, 4X5MP1C i 3X2B8®, omep>kaHUX 32 TEXHOJIOTIE€0 TPAUIIIMTHOTO JTUBAPHOTO
BUPOOHMIITBA. BUKOPUCTAHHS TEXHOJIOTI €JIEKTPOIIIAKOBOIO KOKiJIbHOTO JINTTS [J1s1 OJ,€P>KaHHS 3JIMBKIB J03BOJISIE
CKOPOTUTU €HEPrOEMHY TEXHOJIOTIYHY OIepallilo — KyBaHHSI, IO A€ 3MOTY YCIIIIIHO €KCIIyaTyBaTU JIUTY CTajb
4X3H5M3® nys rapsiuoro gedopMyBaHHS MiIHO-HiKeJIeBOro ciiaBy mapku MHXK5-1 3a po6odnx Temneparyp
900...950 °C, TobT0 BULEe KPUTHUYHOI TemriepaTypHoi Touku Ac3 (850 °C) ta crani 4X4H5M4 02 3 ninsuineHoo
TEIJIOCTIMKICTIO 171 rapsidoro fedopMyBaHHs Mini mapku M1 Ta anomMiHieBoro cnsaBy Mmapku AK74 3a po6o4ux
TEeMIIEpPATyp HKYe KPUTUYHOI TemnepaTypHoi Touku Acl (700 °C). B po6orTi Briepiie 6ys10 BCTAHOBJIEHO
TeMIlepaTypHUI iHTepBajl HeOOEPHEHOI BifjITyCKHOI KPUXKOCTi JIUTOI cTani 4X4H5M4d2 3a TemniepaTyp HUK4Ye
KpUTHUYHOI TemnepaTypHoi Touku Acl - 450...500 °C Ta BCTaHOBJIEHO IPUYUHY BUHUKHEHHS! ii KpUXKOCTI.
BcTaHOBIIEHO, IO iHCTPYMEHT i3 OCII’KEHOI CTajli He IeperpiBaBcCs 3a TEMIIEPATyp HEOOEPHEHOI BifITyCKHOI
KPUXKOCTi TPU raps4omy 1edOopMyBaHHi ayoMiHieBOro craBy mapku AK74. JIis rapsiuoro gedopmyBaHHS Mifi
Mmapku M1 Briepie 6ysia po3po6sieHa TEXHOJIOTiS BATOTOBJIEHHS BEJIMKOTabapUTHUX AeTael TUITy KOJicC
eKCTpyAepiB i3 gedpopmoBaHoi cTani 4X4H5M4d2, ogepkaHuX €J1eKTPOIILIAKOBUM KOKIJIbHUM JIMTTSIM 3
IIPOBEIEHHSM ONTHMI3allii peXXuMiB TepMidHOi Ta nedpopMaliliHOl 00pOOKU (KyBaHHSI) CTaJi, O JAI0 3MOTY
VCIHIMIHO €KCIJIyaTyBaTy iHCTPYMEHT HIDKY€ KPUTUYHOI TeMIepaTypHoi Touku Acl 3a Temneparypu < 630 °C. B
po6oTi Briepie 6ysia BCTaHOBJIEHA OOEPHEHA BilllyCKHA KPUXKiCTb 33 TEMIIEpATypH Bifnycky suiie 630 °C 3
nedopmoBaHoi crasni 4X4H5M4®2. Ile 6ys10 OB’s13aHO i3 yTBOPEHHSIM Kap6igHoi ¢pasu tuny M7C3, npu skiit
3HIKYeTbCs TBepicTb (Hrkue 40 HRC) i BinbyBaeThCs nIpoLiec po3MillHeHHS. BCTaHOB/IEHO, 10 NIPY rapsiiomMy
IepopMyBaHHI iHCTPyMEHT He IeperpiBaBcs BUllle T0YaTKOBOI TemnepaTtypu (630 °C) icHyBaHHSI 06epHeHO]
BiZJITyCKHOI KPMXKOCTi. K/II04OBi CJ10Ba: CTajlb 3 pEryJbOBAaHNM ayCTEHITHMM IIEPETBOPEHHSM I1if] 4aC eKCIlyaTallii,
€JIEKTPOLIJIAKOBE KOKiJIbHE JIUTTS, TEPMiuyHa 00po6Ka, TeMIepaTypa, (pasa, CTpyKTypa, Kapb6igHa ¢asa, (pisuko-

MEXaHiuHi Ta €KCIUTyaTalliliHi BIaCTUBOCTI.

2. The Doctor degree in Technical Science thesis on speciality 05.02.01 - Materials science. .M. Francevich
Institute for Problems of Material Science, NAS of Ukraine, Kyiv, 2025. The dissertation is aimed at solving the
scientific and technical problem of improving the service properties of tools made of steel with austenitic
transformation control during operation (RATE) under extreme temperature and power conditions of operation.
The thesis is based on the idea of simplifying and reducing the cost of the technology for producing cast steels
with controlled austenitic transformation during the operation of 4Kh3N5M3F and 4Kh4N5M4F2 grades by using
the technology of electroslag pitch casting to achieve higher physical, mechanical, and service properties
compared to 3Kh3M3F stamp deformable steels of increased and high heat resistance, 4Kh5MF1S and 3Kh2WS8F,
produced by conventional foundry technology. The use of the electroslag pitch casting technology to produce
ingots allows us to reduce the energy-intensive technological operation of forging, which makes it possible to
successfully operate 4Kh3N5M3F cast steel for hot deformation of MNZh5-1 copper-nickel alloy at operating
temperatures of 900...950 °C, i.e., above the critical temperature point Ac3 (850 °C), and 4Kh4N5M4F2 steel with
increased heat resistance for hot deformation of M1 copper and AK7ch aluminum alloy at operating temperatures
below the critical temperature point Acl (700 °C). This work was the first to determine the temperature range of
irreversible tempering brittleness of 4Kh4N5SM4F2 cast steel at temperatures below the critical temperature point
Acl - 450...500 °C and to determine the cause of its brittleness. It was found that the tool made of the studied steel
did not overheat at temperatures of irreversible tempering brittleness during hot deformation of the aluminum
alloy AK7ch. For hot deformation of copper grade M1, a technology for manufacturing large-sized parts such as
extruder wheels from deformed 4Kh4N5M4F2 steel obtained by electroslag coil casting with optimization of the
modes of thermal and deformation treatment (forging) of steel was developed for the first time, which made it
possible to successfully operate the tool below the critical temperature point Acl at a temperature < 630 °C. For
the first time, we have established the reverse tempering brittleness at a tempering temperature above 630 °C for
deformed 4Kh4N5M4F2 steel. This was due to the formation of a carbide phase of the M7C3 type, at which the
hardness decreases (below 40 HRC) and the carburizing process occurs. It was found that during hot deformation,
the tool did not overheat above the initial temperature (630 °C) of the existence of the reverse tempering



brittleness. Keywords: steel with controlled austenitic transformation during operation, electroslag coil casting,
heat treatment, temperature, phase, structure, carbide phase, physical, mechanical and operational properties
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