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Specified Properties Intended for Shaped Casting

Pedepat/anoranis:

1. O6’eKT moCimKeHHs — TEXHOJIOTi4Hi MPOLeCH IJIaBKU YOPHUX CIJIaBiB. [IpeiMeT mocmiiskeHHs — XiMiYHUI cKiiaf
YOPHUX CILJIaBiB, OTPMMAaHUX 32 Pi3HUX TEXHOJIOTIYHUX CXE€M Ha 6a3i MOHO- Ta AyIJIEKC MIPOLIECIB IJIaBKH, 3
ypaxyBaHHSM HEBU3HAYEHOI CKJIaNy MINXTOBUX MaTepiasiB Ta MOKIIMBOI iX CIIaIKOBOCTI, 331715 320€31€4YEHHS] BUMOT
SIKOCTi ITPY BUTOTOBJIEHHI pacOHHOTO 1nTBA. MeTOI0 AucepTaliiiHOl poOOTH € BU3HAUEHHS ONTUMAJIbHUX IIJISIXIB
[IepEJIaBy PisHOHOMEHKJIATYPHOI MIKXTH [J1s1 OTPUMAHHS YOPHUX CIJIABiB 3 33JaHUMU BJIaCTUBOCTSMH,
IIPU3HAYEHUX 117151 (PACOHHOTO JIMTBA, HA OCHOBI TEXHOJIOTIYHOIO ayJUTY CEPiiHMUX TPOMUCIIOBUX IIABOK, SIKi
0a3y10TbCs Ha 0OY0BI TEXHOJIOTIUHOTO MPOQiI0 MOHO- YU AYIJIEKC NPOLECIB M1aBKU 3 BUKOPUCTAaHHSIM

HaN6i/IbII PO3MOBCIOIPKEHNX T1aJIaBUJIbHUX TIe4ell — BarpaHkKH, eJIeKTPOIyroBoi reyi, inaykuifiHoi neyvi. 3a



pe3yJbTaTamMu JOCJIiIPKEHHSI OTPUMAHO TaKi HAyKOBi pe3yJibTaTy: Briepiie 3anipolOHOBAaHO NPOLENyPY 3HSTTS
HEBU3HAYEHOCTI, TIOB'SI3aHOI 3 XIMiYHMM CKJIaJOM LIMXTH, Ka 6a3yeThCsl Ha [100YI0Bi IPOrHOCTUYHUX KiHETUYHUX
PiBHSIHB [J151 BUBHAY€HHS XiMiYHOTO CKJIaly CIIJIaBy HA MOMEHT BUITYyCKY H0T0 3 Ileyi Ta 3aJIMBKU y JIMBapHi popmu.
Briepiie 3a1iporOHOBAHO NPOLEAYPY 3HATTSI HEBU3HAYEHOCTI, MOB'SI3aHOI 3 MOKJIMBOIO CIA/IKOBICTIO IIUXTOBUX
Mmarepiailis, sika 6a3yeTbCs Ha IOOYIOBi MAaTEMAaTUYHUX MOJIeJIe TUILYy «CKJIaJ] — BJIACTUBOCTI», 1€ BIACTUBOCTSIMU €
Me>Ka MIIJHOCTi Ha pO3PUB Ta TBEPLICTh, Ta MOJAJBUIOMY IIOPIBHSIHHI WIIILHOCTI PO3NOIiNy BIaCTUBOCTEH,
PO3PaxOBaHUX 10 IUM MOJEJISIM, Ta LiIIBHOCTI PO3MOiy BJIAaCTUBOCTEMN, OTPMMAHUX B (PAKTUYHUX I1JIaBKax Ha
IIMXTi, sIKa [1epeBipsieThCs HA HASIBHICTb CNAJIKOBOCTI. Briepie no6yj0BaHO NPOTHOCTUYHI MOZEi /1711 BUBHAYEHHS
CKJIaJly CIIJIaBy HA MOMEHT MOT0 BHJIavi B AYIVIEKC-IIPOLIEC] «BarpaHKa — €JIEKTPOAYroBa IiY» Ta IIOKa3HUKH 110
JlaHMX 3alIPOIIOHOBAHOI'O TEXHOJIOTTYHOTO ay ATy CEPIMHMUX I1JIABOK. 3HANIIIN [T0JAJbIIOTO PO3BUTKY NMUTAHHS
BM3HAUEHHSI 3B’13KiB [IapaMeTpiB BarpaHOYHOI [IJIaBKY, 1J0 MOXYTb OYyTH BUKOPUCTAHi [J1s1 PO3POOKY ONTUMAIbHUX
pillleHs oA40 TEXHOJIOTII IVIaBKU. 3HANIIN NMOJaJILIIOTO PO3BUTKY IIMTAaHHS [IPOTHO3YBaHHS TEMIIEPATYPHOTO
peKuMYy IJIaBKY, sIK GaKkToOpy BIIMBY Ha Qi3UKO-xiMiyHi IIpouecy, 1o NPOTiKaOTh B IJIABUJIbHIN cucTeMi Ta
(HOpMYIOTh OCTATOYHUI CKJIAJ, CIIaBY Ta MIJIAKy. 3HAMIIM OJAJbIIOTO PO3BUTKY IIUTAHHS OLiHIOBAHHS
CTabiJIbHOCTI [TOKA3HUKIB IJIABKY Y BarpaHLli, B €JIEKTPOAYTOBill [edi, a TAKOXK B NyIJIEKC-TIPOLIeCaxX «BarpaHKa -
€JIEKTPOAYroBa IiY» Ta «BarpaHKa — iHAyKLilfHA Niy». [I[pakTU4He 3Ha4Y€HHSI OTPMMAHUX PE3YyJIbTATIB MOJIATaE B
HACTYITHOMY: — PO3p00JIeHO peKOMeH/1allii 10 IIPOBEAEHHIO TEXHOJIOTIYHOTO ayAUTy CEPifiHUX IJIaBOK YaByHY abo
craJi 6e3nocepesHbO y BUPOOHNYIOMY IIPOLEC, IO AA€ MOKJIMBICTb PallioHAJIbHOTO BUOOPY PEKMMIB IIJIaBKU 3
ypaxyBaHHSM HECTabiIbHOCTI SIKOCTi IIMXTH Ta HEBU3HAYEHOCTI BiIHOCHO ii XIMIYHOTO CKJazly; — po3p0o06JIeHO
MEeTOJUKY Mif00py pallioHaIbHUX PEXXUMIB 0OpOOKU CILJIaBy LIJISXOM KOMOGIHOBAHOTO JIeryBaHHS Ta MOIUQiKyBaHHS
YaBYHY B IIPOLLEC] [IJIaBKA MOHO- Ta AYIJIEKC-IIPOLI€CaMU 33/1J151 KOPUT'YBAaHHS MEXaHIUHMX BJIACTUBOCTEN CILJIABiB 3
ypaxyBaHHSIM MOXJIMBAX HETAaTUBHUX HACJIIKIB, CIIPUYMHEHNX HASIBHICTIO CIIQAKOBOCTI IIMXTOBUX MATEPialiB, SKi
[IPOSIBJISIIOTHCS B MOTipLIEHHI MeXaHIYHUX BJIACTUBOCTEN CIIJIaBiB; — po3p06JIeHO METOIOUKY [TPOBEIEHHSI
OIIEPATMBHOIO IIPOrHO3HOIO BU3HAYEHHS XIMIYHOIO CKJIaJly YaByHY Ta CTaJli [J11 MOMEHTY BMJadi PO3IlIaBy Ha
3aJIMBKY (pOpM 6€31ocepeiHbO B CEPIMHMX IJIaBKaX, IO JO3BOJISIE OOMPATU Y BUPOOHUYOMY MIPOLECi TaKWil BapiaHT
BUKOPUCTAHHA (PEPOCILIaBiB Ta TAKUX PEXKMMIB 0OpPOOKU PO3ILJIaBy B OYIJIEKC-TIPOLIECAX «BarpaHKa —
€JIEKTPOJyroBa Iiu», siki 3a0e3Me4yoTh BUCOKY SIKICTb CILJIaBiB; — 3aIIPOIIOHOBAHO METOAUKY OIOCEPEKOBAHOTO
BM3HAUEHHS TEMIIEPATYPHOTO PEXXUMY IJIaBKU B IyIJIEKC-TIPOLIEC] «BarpaHKa — €JIeKTpPOAyrosa Iiu», o MiHimizye
PHUBUKY XiMiYHOTO 3HOCY (PyTEPOBKY iHAYKIIMHUX IIe4ell Ta He Nepedadyae BUKOPUCTAHHS TOPOTUX 3aC00iB
HEMepepBHOrO KOHTPOJIIO TEMIIEPATYPH B IJIABUJIbHIN CUCTEMH, IO MOXKE OyT BUKOPUCTAHO TAKOX JJI1SI CUCTEM

MiITPUMKU IPUUHATTS 111 CUCTEM aBTOMATH3allii TEXHOJIOTIYHUMX [IPOLECIB I1JIaBKU.

2. The subject of the study is the chemical composition of ferrous alloys obtained using various technological
schemes based on mono- and duplex melting processes, taking into account the uncertain composition of charge
materials and their possible heredity, in order to ensure quality requirements in the manufacture of shaped
castings. The aim of the dissertation is to determine the optimal ways of remelting a mixed-material charge to
obtain ferrous alloys with specified properties intended for shaped casting, based on a technological audit of serial
industrial meltings, which are based on building a technological profile of mono- or duplex melting processes
using the most common firing furnaces - cupola furnace, electric arc furnace, induction furnace. The introduction
substantiates the relevance of the problem associated with the fact that the remelting of poor-quality charge
materials to obtain an alloy with the possibility of its further use for the manufacture of shaped castings can lead
to inadequate quality of the melt and castings. This requires the development of different technological modes of
melting and out-of-furnace processing, depending on the quality of the charge. But determining the real quality of
the charge, which is obtained from different sources, is very difficult, which requires certain assessment
procedures, the results of which will be capable of predicting the chemical composition and properties of the alloy
and making decisions on the rational management of melting processes. The experiments were carried out on the
basis of the Kremenchuk Road Machinery Plant. The following scientific results were obtained as a result of the
study: For the first time, a procedure for removing uncertainty associated with the chemical composition of the
charge has been proposed, which is based on the construction of predictive kinetic equations to determine the



chemical composition of the alloy at the time of its release from the furnace and pouring into the foundry molds.
For the first time, a procedure for removing uncertainty associated with the possible heredity of charge materials
has been proposed, which is based on the construction of mathematical models of the “composition - properties”
type, where the properties are tensile strength and hardness, and the subsequent comparison of the density of the
distribution of properties calculated by these models and the density of the distribution of properties obtained in
actual melts on the charge, which is checked for the presence of heredity. For the first time, predictive models
have been built to determine the composition of the alloy at the time of its release in the “cupola furnace - electric
arc furnace” duplex process and indicators based on the data of the proposed technological audit of serial melts.
The issue of determining the relationships of cupola melting parameters that can be used to develop optimal
solutions for melting technology has been further developed. The issue of predicting the temperature regime of
melting as a factor influencing the physicochemical processes that occur in the melting system and form the final
composition of the alloy and slag has been further developed. The issue of assessing the stability of melting
indicators in a cupola furnace, in an electric arc furnace, as well as in “cupola furnace - electric arc furnace” and
“cupola furnace - induction furnace” duplex processes has been further developed. The practical significance of
the results obtained is as follows: - recommendations have been developed for conducting a technological audit of
serial meltings of cast iron or steel directly in the production process, which allows for a rational choice of melting
modes, taking into account the instability of the charge quality and uncertainty regarding its chemical
composition; - a method has been developed for selecting rational alloy processing modes by combined alloying
and modification of cast iron in the process of melting by mono- and duplex processes in order to adjust the
mechanical properties of alloys, taking into account possible negative consequences caused by the presence of
heredity of charge materials, which manifest themselves in the deterioration of the mechanical properties of
alloys; - a method has been developed for conducting an operational predictive determination of the chemical
composition of cast iron and steel for the moment of issuing the melt for pouring into molds directly in serial
meltings, which allows choosing in the production process such an option for using ferroalloys and such melt
processing modes in “cupola furnace - electric arc furnace” duplex processes, which ensure high quality of alloys;
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dopma ByracHOCTI:



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. BepxoBitok AHaTtoJii Muxannosuy

2. Anatolii Verkhovliuk
KBasigikamis: n. 1. u., npodecop, 05.16.04
Inentudikarop ORCID ID: 0000-0002-2670-4052

JoparkoBa iHpopMmamist: https://scholar.google.com.ua/citations?user=XJo-u3cAAAAJ&hl=uk;
https:/ /www.scopus.com /authid /detail.uri?authorld=57200538798

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: Di3nKO-TEXHOIOTIYHUI IHCTUTYT METAIIB Ta CIUIABIB

HanionansHoi akasemii Hayk YKpainu

Kopg, 3a €IPIIOY: 05417153

Micue3HaxoaKeHHS: 6yibBap Akasiemika BepHascbkoro, Kui, 03142, Vkpaina
dopma By1acHoCTI:

Cdepa ynpaBiriHHS: HaujoHanbHa akazeMist HayK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. BepnizeBa TetsiHa BikTopiBHA

2. Tatyana V. Berlizeva

KBasigikanis: . r. u., gom., 05.16.04
InenTudikarop ORCID ID: 0000-0002-9952-6509
JoparkoBa inHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuil TEXHIYHMIA yHiBEpCUTET "XapKiBChKUiA

MOJIITEXHIYHUN IHCTUTYT"

Kop 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: By Kupnuyosa, Xapkis, XapKiBchkuii p-H., 61002, Vkpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

Inentudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. AkimoB Ouier BikTopoBuu

2. Oleh V. Akimov

KBasigikamis: g. 1. u., npodecop, 05.16.04



InenTudikarop ORCID ID: 0000-0001-7583-9976
JoparkoBa iHdopmanist: https://www.scopus.com/authid /detail.uri?authorld=7003280394

IloBHe HaliMeHYBaHHSI IOPUAHUYHOI 0COOHM: HaujoHanbHuil TEXHIYHMIA yHiBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: Bys. Kupnuyosa, Xapkis, XapKiBchkuii p-H., 61002, Vkpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

Inentudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi

BnacHe IIpizBume Im's I10-6aTbKOBI lTonomaperko Orbra IBaHiBHa
rOJIOBH pagu

BnacHe IlpizBuie Im's [10-6aTbKOBI TTonomaperko Oribra IBaHiBHa
rOJIOBYIOYOTO Ha 3aciJaHHi

BiamoBiganbHUH 32 MiITOTOBKY Hennc Hikosnaes
00JIIKOBHX JJOKYMEHTIB

PeecTpartop IOpuenko TeTsiHa AHaToOJiiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZasIbHUM 3a peeCTpallil0o HAayKOBOIi IOpyenko TeTsaHa AHaToiiBHA

OisIIBHOCTI




