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METOOJIOTTYHUI MIAXIA 10 BUSHAYEHHS EGEKTUBHOTI'O
KOMITOHEHTHOTI'O CKJIAZY BYIJIEHEBUX
CTAJIEH BIATIOBITAJIBHOT'O ITP3HAYEHHS

IToBopotHs I.P., [Togonbscbkuii P.B., Cadpponosa O.A., Omniiinuk E.B.
Incmumym uopnoi memanypeii im. 3.1. Hekpacosa HAH Ykpainu, Ykpaina, /IHinpo

AHoranis. Oco6/118020 3HAUEHHS Y MEMANYP2IliHill NPOMUCNI080CMI HAOYBAE NUMAHHS
onmumisayii XiMiuHo20 cKkn1ady cmani 3 memor 3abe3neueHHss 3ampedy8aHoz0 pieHs
gnacmueocmelti. IIpome 3HAuHA  KiNbKICMb  Cy4acHUX KOMMNJIeKCHUx nidxodie
2PYHMYEMbCS HA 3aCMOCYBAHHI IH(OPpMAYItiHUX MeXHO02ill.

Memoio pobomu € 00CnidxceHHs 6nauU8y XiMiuH020 CKaady eyzieyesux cmasneli Ha
opmysanHs ix Mikpocmpykmypu ma meepdocmi. Y pamkax 0ocnioiceHHus 0yJ10
guniaeneHo O00CNIOHI 31UmKu 8yzjneyesux cmaneli pi3Hoz0 ckaady, SKi nomim
niddasanucs eapauiti naacmuuditi degopmayii (ITII) 3 HACMYNHOW MeEPMIUHOI
06pobkow (ITI[+TO). Mamepianom OdocnidxiceHHus Oyau n1abOpamopHi cmani, wo €
CNiBCMABHUMU 3a XIMIUHUM CKAA0OM 3i cmaasmu Os 3ani3HUYHUX oceli 8i0no8idHo 0o
depiasHoz2o0 cmaHoapmy, €8PONeEicbk020 Ma amepukaHcbKoz20 cmauvdapmy.

ITid uac docnidxceHdb 8UABIEHO, WO XIMIUHULI CKNIAO BNIUBAE HA KiNbKICMb CMPYKMYPHUX
KOMNoHeHmMi8 ma meepdicmos 0Cni0HeHUX cmajell y pi3HUX cmaHax, maxkux K Jumut,
nicas ITII ma ITI/I+TO. BusieneHo, uj0 3a NeBHO20 XiMIUHO20 CKAady, npu SIKOMY
geIUMUHA ITHMeZpaibHo20 napamempy 3apsido8ozo cmany (ZY¥) merwe 0,20 e, meepdicms
cmani y cmati nicas I'TI/T nepesuwye meepdicms cmani y cmai nicas ITI/I+TO.

Kiio4oBi ciioBa: 3ani3HuuHi oci, XimMiuHUll ckad, napamempu MixamomHoi 83aemodii,
meepdicms, mepmiuHa 06pobKa, zapsaua naacmuuHa degopmauis.

IcHyloui MeToau omnTUMisalii XiMIiUYHOrO CKJIamgy CTaji, CIpsIMOBaHiI Ha
3abe3mneueHHsT HEOOXiTHUX MeXaHiUYHMX BJIACTMBOCTEN Ta CTPYKTYPHOTO CTaHy, SIK
MpaBMio, 0a3ylOTbCSI HA CTATUCTUYHMX MOZEISIX "CKIaI-BIaCTUBICTH', IO He
BpaxOBYIOTh (Pi3MKO-XiMiuHi acIeKT MOBeIiHKM 6araTOKOMITOHEHTHOTO pO3ILIaBy
Ha 3aKIIOYHMX CTaisX TEeXHOJOrii BMPOOHMUIITBA TOTOBOI MPOAYKIlii, TaKUX SK
da3oBi mepeTBopeHHS. Y mOaHiii pobOTi OYB IMpOBeOeHMII KOMIUIEKCHUI TOIIYK
OINTMMAJbHOTO XiMIUHOTO CKJaAy B MeXKaxX BioMMxX mapok craneit. Llei mimxin
IPYHTYETbCSI Ha KOHLEIIil CIPSIMOBAHOrO XiMIUHOro 3B'SI3KYy [1], sika po3rispae
MeTaJieBMit po3IlIaB SIK XiMiUHO €IMHe IliJie, Ta BUKOPUCTaHHI (haKTOPHOTO aHaJIi3y

ISl TeHepallil Mofesnei ONTUMaabHOI CTPYKTYPH.
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[TpoBeneHo aHa/li3 BIUVIMBY XiMIUHMX e€JIeMeHTiB Ha TBepHOiCTb 3
BUKOPUCTAHHSM IMapaMeTpiB Mi’KaTOMHOI B3aemofii: ZY — mapaMeTp 3apsAoBOro
ctaHy cuctemu, e; d - cepemHbO3BakeHa MiX'samepHa Bigcradb, 10°'HM;
tgo - KOHCTaHTAa AJ11 KOXKHOTO eJIeMeHTY, 1[0 XapaKTepu3ye 3MiHy pajiyca ioHa Ipu
3MiHi 7ioro 3apsny; pl- cupsimoBaHa 3apsiAoBa LIiIbHICTh, € /HM (puc. 1). O6’eKToM
IOCTiIKeHHST OyIM JabopaTOpHi CTati, SIKi MalOTh XiMiUyHMII CKIajd, TMOmIOHMIT OO
CTajeil, 0 BMKOPUCTOBYIOTHCS [IJIST BUPOOHUIITBA 3a/Ii3HMUHMX oceit Mmapok EAIN
(EN13261:2009), OC (I CTY 4728:2014) Ta F (AAR M-101-2017).

BcraHoBIIeHO, 110 IIpy BUKOHaAHHI ymoBu 1,20 < ZY < 1,2 BimOyBaeThcsl 3MiHa
npioputety GyHKIIi TBepAoCTi Bif XimiuHoro ckiamy micias I'TII ta TTII+TO: oo
IIbOTO iHTepBa/ly 3HaueHb BUIIE PO3TAIIOBYETHCS JIiHiSI TPeHAy IJsS CTaHy MiCs
TepMiYHOi 00pPOOKM, a HYDKYE — ITiC/ISI Tapsiuol IUIacTUYHOI AedopMaliii; mic/ast boro
iHTepBay 3HaueHb ZY — HaBIaku (puc. 2).
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PucyHoK 1 — 3ajekHiCcTh TBEPAOCTi 3pasKiB AOCTiIHOI cTali 1a60paTOPHOTO BUTOTOBIEHHS Bif
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PucyHOK 2 — BruiuB 3MiHM 3HaUYeHHSI ITapamMeTpy ZY Ha piBeHb TBEPIOCTi 3pasKiB HOCTiTHOI cTami
J1a60pPaTOPHOTO BUTOTOBJIEHHS

Takum 4MHOM B pe3yJbTaTi AOCIIAKEeHb BIUVIMBY XiMIYHOI'O CK/Iaay Ha KiJIbKICThb
CTPYKTYPHMX CKJIAJOBMX Ta TBEPAICTb OOCAITHUX CTaJIei y IMTOMY cTaHi, micis [T,
ta ITIO+TO BCcTaHOB/JEHO, II0 3a II€BHOTO XiMIUHOrO CKjJIaAy MOpU SKOMY
ZY menmie 0,20 e TBepaicTh cTasmi y crani micasa [TI[ Buie, HiXX IMic/sT HACTYITHOI
TepMiuHOI 06POOKH.

BucHoBOK

YV pes3ynbTaTi NpOBeNeHOr0 aHalidy BIUIMBY XiMIUHOrO CKJIady CTajei, IIo
3aKOJIOBAHO Yy iHTerpaJibHMX MapamMeTpax MiXXaTOMHOI B3a€EMOil Ha TBEpIiCTh
BUSIBJIEHO HAMOiNbII Baromi IS OMMCY KOKHOTO 3 TPbOX CTaHiB, IO
mochaimkyBaauch (imtuii crad, ITI[, TTII+TO). BusBaeHo 3MiHy HampaBi€HOCTI
ninii Tpenais [T ta [TIO+TO, 3aBAsikM mapamMeTpy 3apsilOBOTO CTaHy CUCTeMU ZY,
sIKa BimOyBaeTbcsl mpM BMKOHaHHI ymoBu 1,20 < ZY < 1,2, mo Bigobpaskae poib

crielindiky TeXHOJOTiYHUX acCIIeKTiB.
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1. Togobitska D., Belkova A. (2024) New approach to evaluating the thermodynamic
consistency of melts in the «Metal-Slag» system based on interatomic interaction
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METHODOLOGICAL APPROACH TO THE DETERMINATION OF THE
EFFECTIVE COMPONENT COMPOSITION OF CARBON
STEELS FOR THE RESPONSIBLE APPOINTMENT
Povorotnia I., Podolskyi R., Safronova O., Oleinyk E.

Abstract. Of particular importance in the metallurgical industry is the issue of
optimizing the chemical composition of steel in order to ensure the required level of
properties. However, a significant number of modern complex approaches are based on
the application of information technologies.

The purpose of the work is to study the influence of the chemical composition of carbon
steels on the formation of their microstructure and hardness. As part of the research,
experimental ingots of carbon steels of various compositions were melted, which were
then subjected to hot plastic deformation (HPD) followed by heat treatment (HPD+HT).
The research material was laboratory steels, which are comparable in chemical
composition to steels for railway axles according to the state standard, European and
American standard.

During the research, it was found that the chemical composition affects the number of
structural components and the hardness of the studied steels in different states, such as
cast, after HPD and HPD +TO. It was found that for a certain chemical composition, in
which the value of the integral parameter of the state of charge (Z*) is less than 0.20 e,
the hardness of steel in the state after HPD exceeds the hardness of
steel in the state after HPD +TO.

Keywords: railway axles, chemical composition, parameters of interatomic interaction,
hardness, heat treatment, hot plastic deformation.
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