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1. TIpo€eKTHO-EKCIIepPUMEHTaIbHUI MifXiA B pO3pO61Ii TEXHOJIOTIYHUX 3aXO0MiB MiABUIIEHHS 3HOCOCTIMKOCT] YaBYHY
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Pedepar:

1. Inceprauiifina po60Ta IpUCBsIYeHa BUPIlIEHHIO aKTyabHOI HAyKOBO-TEXHIYHO]I 3a/1a4i, IOB's13aHOi 3 PO3POOKOIO0
[IPOEKTHO-EKCIIEPUMEHTAIBHOTO MiX04Yy CTOCOBHO TEXHOJIOTIUHUX 3aXO0/iB MiIBULLIEHHS 3HOCOCTIMKOCTI 4aByHY
17151 BUJIMBKIB, IO TIPAIIOI0Th B yMOBaX abpasuBHOTO TepTs. O6’eKT NOCiIKeHHS — YaByH [J1s1 BUJIMBKIB, 110
IIPALIOIOTh B YMOBax abpasmuBHOrO TepTsl. [IpeiMeT JOCTiIKeHHS — ONITUMAaJIbHUM CKJIa/, YaByHY Ta JIeTyIoui
KOMILJIEKCH, 110 3a06e311e4yi0Th MAaKCUMaJIbHi 3HaUeHHs KoedillieHTy 3HOCOCTI!KOCTI, TBEPAOCTi, MeXi MilIHOCTi Ha
PO3pUB, YIAPHOI B'I3KOCTi. MeTo0 IucepTaLiiHoi po60TH € po3poOKa NPOEKTHO-E€KCIIEPUMEHTAIBHOTO MiAXOIY B
PO3pOOLi TEXHOIOTTYHMX 3aX0IiB MiJIBUIEHHS 3HOCOCTIMKOCTI YaByHY [1J151 BUJIMBKIB, 110 IIPAII0I0Th B YMOBax

abpa3vBHOrO TEPTSI, HA OCHOBI CUHTE3y ONTUMAJIbHUX XiMiUHUX CKJIaJIiB YaByHY Ta II0aJIbLIOI IPAKTUYHOL



peastisauii BiAlIOBiIHMX TEXHOJIOTIYHUX pillleHb. 3a pEe3yJIbTaTaMU LOCIIIPKEHH OTPUMAHO TaKi HAYKOBi pe3yJIbTaTU:
- Briepuie no6ymosano matemaruyny mogens ob=f1(C; Ceq; Ti), 0 103BOJIsSl€ BU3HAYUTHU [TOBEIHKY ME>i MiloCTi Ha
PO3TATyBaHHS YaByHY IIPY 3MiHi BMICTy ByIJIELIO Ta BYIJIELEBIO €KBiBaJIEHTY YaBYHY 3a Pi3HOIO JIETYBAHHS MOTO
TATAHOM Ta ONTUMI30BaHO XIMIYHUI CKJIAJ, 4YaBYHY 3a KpUTEPieM MaKCHMi3alii MeXi MilJOCTi Ha pO3TATyBaHHS. —
Brniepie no6ymosano matematuyny moaenb Kwr=f2(C; Ceq; Ti), mo 1o3BosIsie BUBHAYNTH MOBEAiHKY KoedillieHTy
3HOCOCTIMKOCTi YaByHY IIPHM 3MiHi BMICTY BYIJIEL[IO Ta BYIJIELI€BrO €KBiBJIEHTY YaBYHY 3a Pi3HOrO JIEryBaHHS HOTO
TUTAaHOM Ta ONTMMI30BaHO XiMiUHMII CKJIAJ YaByHY 3a KpUTEpieM MakcuMmiszallii KoeQilieHTy 3HOCOCTIKOCTI. -
Brniepue no6ynosano matrematuuny mogesnb HRC={(C; Ceq; Ti), mo 103B0JIsIe BUSHAUNATH NOBEiHKY TBEPIOCTI
YaBYHY IIPM 3MiHi BMICTY BYIJIELIO Ta ByIJIELIEBrO €KBiBaJIEHTY YaBYHY 3a Pi3HOTO JIETYBaHHS OTO TUTAHOM Ta
ONTUMI30BaHO XiMiUYHMII CKJIaJ, YaByHY 3a KpUTEPieM MakcuMizaliii TBeprocTi. — Briepiue 11o6yioBaHO MaTEMaTUYHY
mogeinsb an=f(C; Ceq; Ti), 0 103BOJISI€ BUBHAYUTHU MIOBEIIHKY YAAPHOI B'SI3KOCTI YaByHy 1Py 3MiHi BMICTYy ByrJeLio
Ta BYIJIELIEBOTO €KBiBAJIEHTY YaBYHY 3a Pi3HOTO JIETYBaHHS IOTO TUTAHOM Ta ONTUMI30BaHO XiMiYHUI CKJaJ, 4aBYHY
3a KpUTepieM MaKkcuMisalii yaapHoi B'I3KOCTi, @ TaK0X BU3HAY€HO 0COOJIMBOCTI BIVIUBY Ha yJlapHY B'SI3KiCTb
CYMIilllEeHOTO JIETYBAaHHS YaBYHY TUTAHOM Ta 60pPOM. — 3HalIIY OAAJbIIMI PO3BUTOK HAIIPSIMKUA BUOOPY
palioHaJbHUX JIETYIOYUX KOMIUIEKCIB 3 YPaxyBaHsIM Pi3HOTO BILIMBY JIETYIOUMX €JIEMEHITB Ha BJIACTUBOCTI
3HOCOCTIMKOTO YaByHY. — 3HaNIIIN NOAABIINNA PO3BUTOK TEXHOJIOTISI BUTOTOBJIEHHS KOMIIJIEKCHO JIETOBAHOTO
YaByHY 71 JIONATOK acanbTo3MilyBadviB. [[pakTUYHe 3HaYE€HHS OTPMMAHMX PE3YJIbTATIB MOJISITa€ B HACTYITHOMY: —
HAaJAHO NPAaKTUYHi peKOMEHaLlii 1711 KOHCTPYKTOPIB I10 Nif00Py XiMiYHOMY CKJIa[ly 4aByHY, IKMI Mae
3a6e3revyBaTy BUMOTHY 110 MeXi MiLIHOCTi Ha pO3pUB, Ta [171s1 TEXHOJIOTIB MO pallioHabHOMY CKJIaJly IIUTH Ta
nifgbopy TaKUX Pe’KUMIB JIeTyBaHHS YaByHY TUTAaHOM 32 OOPaHOr0 TEXHOJIOraMU XiMiYHOTO CKJIaly YaBYyHY, SKi
3a0€31e4yI0Th MAKCHUMYM MEXIi MIIJHOCTi 4aBYHY; — HaZJlaHO [IPAKTUYHi peKOMeHallii 110 3a06e3[1e4Y€HHIO BUCOKUX
3HA4Y€Hb 3HOCOCTIMKOCTI 4aByHY [1JI1 BUTOTOBJIEHHS JleTajel, sIKi IPaLlo0Th B yMOBAaX iHTEHCMBHOTO abpa3uBHOTO
TepTs, 3aBISKU ONTUMI3aLii XIMiYHOTO CKJIay YaByHY 10 KPUTEPil0o MaKCUMyMy KoedillieHTa 3HOCOCTINKOCTI, 3
MOXJIMBICTIO BapiaTUBHOIO BUOOPY PallioOHAJIbHOTO PE>KUMY KOPUT'YBAaHHS BMiCTy KPEMHIIO Ta MapraHLIoO MJISIXOM
BBeJIeHHS (pepocuiliLiilo Ta (pepomapraHs; — HaJaHO METOAMKY BUOOPY pallioHaJIbHUX BapiaHTIB MigBUILEHHS
TBEPAOCTI YaBYHY [IJIS I€TaJlell TUILY «JIOTIATKU 3MillyBayiB», IOBEPXHI AKUX MiJJaI0ThCSA IHTEHCMBHOMY TEPTIO 3
00Ky abpa3MBHUX €JIEMEHTIB, LIJIIXOM KOMOIHOBAHOTO JIETYBaHHS YaBYHY TUTAHOM Ta BBEL,EHHS (HEpPOCIIABIB, IO
BILJIMBAIOTH SIK Ha Npolec rpaditusalii, Tak i Ha mpouec Kap6iZoyTBOPEHHS; — HAIAHO METOAUKY BUOOPY XiMiUHOrO
CKJIaJly 3HOCOCTIHKOTO YaByHY [JIs eTajel, [0 IPaiol0Th B YyMOBaX abpa3suBHOTO TEPTS, SIKUL MOXe OyTH
BUKOPUCTAaHUI [J151 PO3PaxyHKy Ta ONTHMi3allii IIMXTY 32 KPUTEPisIMU BUTPAT HA IMXTOBI MaTepianu Ta
OJIHOYACHOTO 3a6€311eYeHHs] KOMIIEKCY BUMOT 110 MEXaHIYHAM BJIaCTUBOCTSIM YaByHY — ab0 TBEPZOCTi, 860 MeXi
MILIHOCTi Ha pO3pUB, KOoeQillieHTy 3HOCOCTIMKOCTI Ta YIApHOi B'I3KOCTi; — HaJjaHi NPaKTU4YHi peKOMEeHALlii [10
JIETYBaHHIO YaByHY 60pPOM, XPOMOM, HikeJieM, BAaHa/lieM, BUKOHAHHS SIKUX 3a6e31edye MMigBUIIeHHS TBEPHOCTi
YaBYHY Ta 3HOCTIMKOCTI i, BiANIOBigHO, €KCIIyaTalliiiHOro pecypcy jionaTok acdasbTo3MillyBayiB; — OTpUMaHi B
IYcepTaliliHiil poboTi pe3yIbTaTh MOXKYTb OYTU BIIPOBAPKEHI B JIMBAPHUX 1]€Xax MAIIMHOOYIiBHUX IiANPUEMCTB.
Kitt040Bi cy10Ba: 3HOCOCTINKICTb YaByHY, a0pa3uBHE TEPTs, JIETYBAHHS, JIETYIOUi €JIeMEHTH, BYTJIeLleBUI €KBiBaJIEHT,
MeXaHi4Hi BJIACTUBOCTI, TBEPAICTb, KOedillieHT 3HOCOCTIMKOCTI, yIapHa B'SI3KiCTh, JIONATKX 3MilllyBauiB, iHAyKLiliHa
I1I71aBKa, MiKPOCTPYKTYPa, JIUTTS, CTPYKTYPHi Ta (pa30Bi xapakTepuCTUKY, (pa3oBUil CKIaj, XiMiYHUI CcKiag,
3HOCOCTIlKa CTPYKTypa, KapOify TUTaHy, CTIMKICTb JeTasel, o NPaloTh B yMOBaxX aOpa3vBHOIO 3HOIIYBAHHS,

3HOCOCTIMKI [TOKPUTTS, [IOBEPXHEBE 3MIiLJHEHHS.

2. The object of the study is cast iron for castings operating under abrasive friction conditions. The subject of the
study the optimal composition of cast iron and alloying elements that ensure maximum values for wear resistance,
hardness, tensile strength, and impact toughness. The aim of the dissertation is to develop a design-experimental
approach in the development of technological measures to increase the wear resistance of cast iron for castings
operating under abrasive friction conditions, based on the synthesis of optimal chemical compositions of cast iron
and the subsequent practical implementation of relevant technological solutions. For the first time, a mathematical
model ob=f1(C; Cegq; Ti) has been constructed, which allows determining the behavior of the tensile strength of cast
iron when changing the carbon content and carbon equivalent of cast iron with different alloying with titanium,



and the chemical composition of cast iron was optimized according to the criterion of maximizing the tensile
strength. For the first time, a mathematical model Kwr={2(C; Ceq; Ti) has been constructed, which allows
determining the behavior of the wear resistance coefficient of cast iron when changing the carbon content and
carbon equivalent of cast iron with different alloying with titanium, and the chemical composition of cast iron was
optimized according to the criterion of maximizing the wear resistance coefficient. For the first time, a
mathematical model HRC={(C; Ceq; Ti) has been constructed, which allows determining the behavior of the
hardness of cast iron when changing the carbon content and carbon equivalent of cast iron with different alloying
with titanium, and the chemical composition of cast iron was optimized according to the criterion of maximizing
hardness. For the first time, a mathematical model an=f(C; Ceq; Ti) has been developed, which allows determining
the behavior of cast iron’s impact toughness as the carbon content and carbon equivalent of the cast iron vary
under different titanium alloying conditions, and the chemical composition of the cast iron has been optimized to
maximize impact toughness, and the specific effects of combined titanium and boron alloying on the impact
toughness of cast iron have been determined Further research has been conducted on the selection of optimal
alloying systems, taking into account the varying effects of alloying elements on the properties of wear-resistant
cast iron. - Practical recommendations are provided for designers on selecting the chemical composition of cast
iron to meet tensile strength requirements, and for process engineers on the optimal composition of the charge
and the selection of titanium alloying conditions for the cast iron composition chosen by the process engineers,
which ensure maximum tensile strength of the cast iron; - practical recommendations are provided for ensuring
high wear resistance in cast iron used to manufacture components operating under conditions of intense abrasive
friction, achieved by optimizing the chemical composition of the cast iron to maximize the wear resistance
coefficient, with the possibility of flexibly selecting an optimal adjustment regime for silicon and manganese
content by adding ferrosilicon and ferromanganese; - a methodology is presented for selecting optimal
approaches to increasing the hardness of cast iron for components such as “mixer blades,” whose surfaces are
subjected to intense friction from abrasive elements, through the combined alloying of cast iron with titanium and
the addition of ferroalloys that influence both the graphitization process and the carbide formation process; - a
methodology is provided for selecting the chemical composition of wear-resistant cast iron for components
operating under abrasive friction conditions, which can be used to calculate and optimize the charge composition
based on the cost of raw materials while simultaneously meeting a set of requirements for the mechanical
properties of the cast iron—either hardness or tensile strength, wear resistance coefficient, and impact toughness;
- practical recommendations are provided for alloying cast iron with boron, chromium, nickel, and vanadium;
following these recommendations increases the hardness and wear resistance of the cast iron and, consequently,
extends the service life of the blades in asphalt mixers; - the results obtained in this dissertation can be
implemented in the foundries of machine-building enterprises. Keywords: wear resistance of cast iron, abrasive
friction, alloying, alloying elements, carbon equivalent, mechanical properties, hardness, wear resistance
coefficient, impact toughness, mixer blades, induction melting, microstructure, casting, structural and phase
characteristics, phase composition, chemical composition, wear-resistant structure, titanium carbides, durability
of parts operating under abrasive wear conditions, wear-resistant coatings, surface hardening.
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HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILiS: TeXHOIOr]; MaTepianu

Coria;ibHO-€KOHOMIYHA CIIPSIMOBAHICTb: €KOHOMIsl MaTepiaJliB; 3MEHIIEHHS 3HOCY 06JIa{HAHHS;

MigBUILEHHS IPOAYKTUBHOCTI IIparii

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBaakeHHs pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B'S130K 3 HAaYKOBHMH TeMaMH: 0125U000899

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA/KEPiBHUKIB (KOHCYJIbTAaHTA)
Bsacue IlpizBuuie Im's I1o-6aThKOBI:

1. Ipomin JImutpo OsiekcanapoBud

2. Dmytro Domin

KBasigikamis: 1. 1. u., npodecop, 05.13.03

InenTudikarop ORCID ID: 0000-0002-7946-3651

JopaTrkoBa indpopmamnis:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HaioHanbHU# TeXHIYHMI YHiBepcuTeT "XapKiBChKuii

MOJIITEXHIYHMIA iHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: Bys. Kupninuosa, Xapkis, XapkiBcbkuii p-H., 61002, Vkpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

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

1. CemeHnko AHacracisa IOpiiBHa



2. Anastasiia Y. Semenko

KBasmigikanis: . 1. 1., c.1., 05.16.04
Inentudikarop ORCID ID: 0000-0002-0448-1636
JonaTkoBa iHdopmalist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: Di3nKO-TEXHONOTIYHMI IHCTUTYT METAJIIB Ta CIUIABIB

HanjjionasnbHoi akagemii Hayk Ykpainu

Kopg 3a €IPIIOY: 05417153

MicueSHaxo,q)KeHHﬂ: oysbBap Akanemika Bepnapcokoro, Kuis, 03142, Ykpaina
dopma BiracHoCTI:

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs

Baacue IlpizBumie Im's Ilo-6aTbKOBI:

1. Bepexxna OneHa BanepiiBHa

2. Olena Berezshnaya

KBasigikamnis: x. 1. 1., npodecop, 05.03.06

ImenTudikarop ORCID ID: 0000-0001-6205-1987

JoparkoBa indopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI OCOOH: JIoHGachKa jepKaBHA MALIMHOGYIiBHA aKa/eMis
Kopg 3a €IPIIOY: 02070789

Micuesnaxo,lpKeHHﬂ: ByJI. AKazemiyHa, Kpamartopcesk, 84313, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBitiHHS: MiHictepcTBo oCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Peuensentu

BiacHe IIpi3Buie Im'sa ITo-6aTbKOBI:
1. bepuniseBa TetaHa BikTopiBHa

2. Tatyana V. Berlizeva

KBasmigikamis: k. 1. 1., go., 05.16.04
InenTudgikarop ORCID ID: 0000-0002-9952-6509
JoparkoBa indopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: HarioHanbHU# TEXHIYHMI YHiBEpcUTeT "XapKiBChKUii

MOJITEXHIYHNN IHCTUTYT"
Kopg 3a €IPIIOY: 02071180

Micue3HaxoO KeHHS: By Kupnuyosa, Xapkis, XapKiBCcbKuii p-H., 61002, Ykpaina



dopma BiracHOCTI: JlepxasHa
Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBume Im's Ilo-6aTbKOBI:

1. AkimoB Oser BikTropoBuy

2. Oleh V. Akimov

KBasigikanis: x. 1. u., npodecop, 05.16.04

Imentudikarop ORCID ID: 0000-0001-7583-9976

JoaparkoBa iHdopmawist: https://www.scopus.com /authid /detail.uri?authorld=7003280394

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: HanioHanbHUi TEXHIYHMI YHiBEpCUTET "XapKiBChKMit

MOJIITEXHIYHUN IHCTUTYT"

Koz, 3a €IPITOY: 02071180

Micue3Haxoa>KeHHS: Bys1. Kupnuyosa, Xapkis, XapKiBchkuil p-H., 61002, Vkpaina
dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3akr04Hi BimoMocTi

Bnacue Ipizeume Im's [To-6aThKOBi [Tonomapenxo Osibra IBanisHa
rOJIOBH pajgu

BiacHe Ipizsumie Im'st [To-6aTbKOBI [Tonomapenko Osbra IBaniBHa

rOJIOBYIOYOrO Ha 3acCifiaHHi

BiﬂHOBiﬂaﬂbHHﬁ 3a Hi,I[I‘OTOBKy Masnbko Makcum MUKOJIalioBUY
00JIIKOBHX JOKYMEHTIB

PeecTpartop IOpuenko TetsiHa AHaTosiiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLio HayKoBOi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




