AHOTALNIA

Cixipaw IO. €. TexXHONOT14YHI METOAM IMiABUIIIEHHS €(PEKTUBHOCTI (DIHIITHUX
omeparliii mpu o6podini hepokepamiunnx BUpoOiB. — KBamidikairiitna HayKoBa mparis
Ha TIpaBax PyKOIHCY.

Juceprariiss Ha 3100yTTS HAyKOBOTO CTyIeHs JokTopa (inocodii 3a
cnemianbHicTio 131 [puknanna mexanika. — HamionansHuit yHiBepeuteT «Onechka
noJiTexHika» MiHicTepcTBa OCBITH 1 Hayku Ykpainu, Oneca, 2026.

JHuceprariiifHa poOoTa MpUCBSYEHA PO3POOIII Teopii Ta pEKOMEHIAIli 3
TEXHOJIOTITYHUX METOJIIB 3HMKEHHSI Ie(PEKTIB TUITY TPILIIMH Ha (PIHIMIHUX OMeparisax
HaJ BUpoOaMu 13 pepokepaMiyHUX MaTepiaiB.

Uepe3 BHCOKY TBEPAICTh Ta aOpa3uBHICTh (EPUTH BaXKKO IMiJIIAIOTHCS
MexaH14H1id 00po011i. OCHOBHUM METOJIOM IXHKOT 00po0OKu € nuidysanus. [1lupoke
3aCTOCYBaHHSI 3HAXONATh IHCTPYMEHTH 3 CHHTETHYHHMX aJiMa3iB Mpu 0O0poOIl
dbeputiB. BUBUEHHS TEpMOMEXaHIYHUX SBWIN, 1[0 BIUIMBAIOTh Ha SKICHI
XapaKTepUCTUKU Ta TPIIMIMHOCTIMKICT, MOBEPXHEBOTO Iapy Mpu Iuli(yBaHHI
BUpPOOIB 13 (epokepaMiuHMX MaTepialiiB 3 ypaxyBaHHSM CIIQJKOEMHHX
HEOJHOPITHOCTEH, € CyTTIO JIAaHOI Mpallii.

OcHOBHA YaCTHHA Mpalll CKIAJAETHCS 3 TPHOX PO3/ILIIB.

Y nepwomy po3auli HABEICHO aHaJI3 TEXHOJOTI BHUPOOHHUIITBA Ta
o0poOieHHsT PpOoOOYMX TMOBEPXOHL (epokepaMiuHuX BHUPOOIB Ha (IHIIIHUX
oneparisx. Ilpu o0poOii BuUpoOIB 13 (epuTiB, 0COONMBO Ha e€Tali aJMa3HO-
abpa3uBHOTO HUTIQYBaHHS IXHIX POOOYMX TMOBEPXOHb, BUHHUKAIOTH MPOOIEMHU
30epekeHHs AKOCTi. B mepry uepry 1e BiZTHOCHUTBCS JI0 TOTO, 10 Ha NUTi(yBaJIbHUX
MOBEPXHAX LUX BUPOOIB YEPE3 BUCOKY KPUXKICTh 3’ ABJISIOTHCS TPILIMHU Ta B1JIKOJIH.

[IpyurHOIO 1HTEHCHMBHOIO TPIIIMHO- Ta BIJKOJOYTBOPEHHS € HU3BKI
MEXaHI4YHI BJIACTMBOCTI camMoro wmarepiamy ¢epuTiB Ta TepMOMEXaHIYH1
HanpyXeHHs, Mo (QOpMYyIOThCA B NOBEpXHEBOMY Imapi npu nuridysanHi. Ha
MIIHICHI XapaKTEePUCTHKU (EPOMArHITHUX CIUIABIB B JESKIM Mipi BIUIMBAIOTH

CTPYKTypa, ckiaj, ¢opma, okpemi daszu. Hampukinan, HasBHICTD Y — a3y 3HAYHO
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3HWXKY€ KPHUXKICTh, 30UIbLIye MilHICTh Ta mutidoBaHicTh MaTepiamiB. [Iporte
00poOka Ha Y — a3y MPU3BOJIUTH 0 PI3KOTO 3HUKEHHS MarHiTHUX BJIACTUBOCTEH
TaKUX CIJIaBIB.

YTBOpeHHs nUTiQyBaNIbHUX TPILIUH Ha MOBEPXHI (PEepUTHUX BUPOOIB TAKOK
MOB’SI3aHO 3 KUIBKICTIO HEMETaJeBUX BKIIOYEHb. 3MEHIIMTH KUIbKICTh TaKUX
BKJIIOYEHb, 1 pa30M 3 TUM 30UIBIIUTH POAYKTUBHICTD NUTI(YBAaHHS, MOXKHA IIIISIXOM
nonaaHHs J10 cruiaBy 0,1-0,25% cipku. [IpoTe 11e mpu3BOAUTH 10 30UIBIICHHS 3€peH
y BIJJIMBax, 110, B CBOIO YEpry, MIJABUILYE KPHUXKICThb. JIOCHIIKEHHS BIUIUBY
croco0iB criKaHHsS (epoOMarHiTHUX CIUIaBiB HA MEXaHIYH1 BIaCTUBOCTI MOKa3yIOTh,
0 KUIBKICTh HEMETAJEeBUX BKIIOUEHb CYTTEBO 3aJ€KUTh Bl TEeMIEpaTypHHUX
PEXUMIB, Ha SIKHX ITPOBEJICHO CITIKAHHS.

BiacyTHICTh NPSMHUX JOCHIIKEHD 1010 BIUIMBY HIBUIKOCTI Ta TEMIIEPATypH
CrikaHHs (epoMarHiTiB Ha XapakTep Ta TMOUIMPEHHS TPIMUH B MPOIEC]
HNUT(yBaHHS, a TAaKOX BUKOPUCTAHHA OUIBII TOHKHUX KpPHUTEPIiB JJII BHUBYEHHS
MEXaH13My BUHUKHEHHS NUTIQYBATbHUX TPIIIMH 3aJI€KHO BiJI PEKUMIB CIIKAHHS, €
aKTyaJbHOIO HayKOBOIO IIPOOJIEMOIO.

BusnauanbHy posib Mpu BUBYECHHI MEXaHI3My pPyWHYBaHHS MOBEPXHEBOTO
mapy BUpoOiB Ha (PIHIITHUX OMepalisiX BiAIrPAIOTh TEPMOMEXaHIYHI MPOIIECH, 1110
CYNPOBOIXXYIOTh ajMa3HO-a0pa3uBHy o0O0poOky. Bennka TemioHanpyXeHIiCTh
nporecy nulidyBaHHS € CaMOCTIMHOI NPUYMHOK BHHUKHEHHS TPIIIUH Ha
00poOIOBaHUX TOBEPXHAX (GepoMarHiTiB. B MOCHIIKEHHIX TEpPMOMEXaHIYHHUX
SBUI MpU HUTIPYBAHHI Ta IXHIX 3B’SA3KIB 3 SKICTIO MOBEPXHEBOIO MLIAPYy HUHI
nepeBakae  EKCIEePUMEHTAJIbHO-OMMCOBUN  MIAX1J] y  BHUBUYEHHI TMPUYUH
TPIIIMHOYTBOPEHHS. [HO1 el MiaXia IPYHTY€EThCS Ha po3misial cui pizanHs. [Iporte
IbOTO HENOCTaTHhO, TAK SIK MEXaHIYHE TPAKTyBaHHS TPIIIMHOYTBOPEHHS HE
BPaxOBY€ BIUIMBY TEIUIOBUX (haKTOPIB, 110 (OPMYIOTHCSI B TIOBEPXHEBOMY ITIapi Ha
eTani ofepaHHS 3arOTOBAHKU Ta 1HIIMX TEXHOJIOTTYHHUX MPOIECIB A0 (IHIIIHUX

oreparli, ki € TOMIHYIOUYUMHU y (OpMyBaHH1 TPIIIMH HA onieparlii nutidyBaHHS.
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[TprunHy BUHUKHEHHS 1T (DyBaIbHUX TPIIIKH MOB’ A3YIOTh 31 CTPYKTYpPHUMU
HalpyXCHHSIMU, 1110 BUHUKAIOTh B PE3ylbTaTl BIANOBIIHUX CTPYKTYpPHHX Ta
¢dazoBux neperBopeHs. [Ipore 1i JOCHIIKEHHS TaKOK MalOTh YaCTKOBUM XapakKTep
Ta HE J03BOJIAIOTH B LIJIOMY OXapaKTepU3yBaTH MPOIIEC YTBOPEHHS TPIIIMH Ha
NoBepxHi (hepokepaMiuHUX BUPOOIB.

HasiBHI  (QyHKLIOHAJIBbHI 3aJIeKHOCTI TEXHOJOTIYHUX TapaMeTpiB  Bif
TeMmreparypu nulidyBaHHS JalOTh 3MOTy 3a  JOTIOMOTOK  BIJIITOBIIHHUX
TEXHOJIOTTYHUX TPUHOMIB 3armobiraTi BUHMKHEHHIO TPUITIKAHH Ha IMOBEPXHIX
BUPOOIB, 1110 HE MaIOTh KOHCTPYKTUBHO-TEXHOJIOTIYHIX HEOJHOPIAHOCTEH.

[Ipote BIACYTHICTh HNOCIHITKEHb OCOOIMBOCTEH IMPOIIECIB 3apOIKEHHS
NUNQyBaJIbHUX TPIIMH Ta IX MEPEeXoAy B MaricTpajbHl, 3aJIEXHO BIJ
KOHCTPYKTUBHHX, TEXHOJOTIYHUX Ta CTPYKTYPHUX HEOTHOPIAHOCTEH Marepiairy
dbepokepamiuHUX BUPOOIB, HE JAa€ 3MOTH OJIHO3HAYHO KOPHUCTYBAaTUCS 1CHYIOUUMU
BKa31BKaMU 3 YCYHEHHS JIe(DEKTIB TUITY TPILLIMH Ta BIJIKOJIB.

Memoro nUCEpTAIIHHOTO JIOCIIDKEHHS € IJABUINCHHS €(EeKTUBHOCTI
anMaszHoro nutidhyBaHHs (GepoMarHiTHUX BUPOOIB IMUISIXOM 3HIKEHHS Opaky depes
TPIIIMHU Ta BIJKOJM 3a PaxyHOK 30UIbLIEHHS IXHBOI TPIIIMHOCTIMKOCTI HA €Taml
OTpUMaHHS  3aroTOBAaHOK,  paIllOHAJIBHOTO  MAOOpPY  pexuMmy  0OpoOKwH,
XapaKTePUCTUK 1HCTPYMEHTY Ta MAaCTUIHHO-OXOJOKYBAIBHUX TEXHOJOTTUHUX
CEepEIOBHIL.

Y Opyeomy po3iii IpOBEICHO TOCIIIKSHHS TEPMOMEXaHIYHUX IIPOIIECIB, 110
CYNPOBOUKYIOTh CiKaHHS (DEpUTIB Ta HACTYMHY 0OpOOKY iX HUTIQyBaHHSIM.

[TobynmoBana  iMiTamiiiHa  MOJENb  CTPYKTypU Ta  BIACTUBOCTEH
depokepamiuHUX BUPOOIB Tpu  chikaHHl. CHiIIBHUE  po3MIsA  CIIKaHHS,
OXOJIOZPKEHHS Ta pyHHYBaHHS (pepokepamMiki B YMOBaX KOHKPETHUX TEXHOJOTIH, a
TaKOX pyHHYBaHHS Marepialy BHACHIIOK BHYTpIIIHIX Ta  30BHIMIHIX
TEPMOMEXAHIYHUX BIUIMBIB JI03BOJIIE OE€3MOCEPEAHBO TMEPEUTH 10 OMTHMI3alli
MIKPOCTPYKTYPHUX BJIACTHBOCTEH, IO BIAMOBIJAIOTH 3a EJIEKTPOMArHiTHI Ta

MIIIHICHI XapaKTEPUCTHKHU.
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B mpoMy po3mimi  OCHIKYEThCS ~ ONTUMI3AIisl Ta  YIpaBIiHHA
TePMOMEXaHIYHUMH IPOIIECaMHU TIPH OTPUMaHH1 pepokepamMidHUX BUPOOIB Ha eTarll
crnikanHs. [IpoBoauThbCs aHami3 MPUYMH TOSBU Opaky BIPOAOBXK YCHOTO XOIY
TEXHOJIOT1i BUTOTOBJICHHS JeTalell Ta HABOIATHCA PEKOMEHJAIl 31 3HUKEHHSA
B1JIXO/IIB, I1I0 BUHUKAIOTh, HA KOXKHIN 13 TEXHOJOTIUHMX omeparlii. Y BUPOOHMIITBI
OKCUJHOI KepaMiKd HaWdacTillie 3yCTPidaloThCS HACTYNMHI BUAM Opaky MpH
CIIKaHHI: TMPUXOBAaHE  pO3IIAPYBAHHS, HEAOIMIKAHHS;  IepeoOIaNtoBaHHS;
KoJoOJMieHHs. [l ympaBimiHHS —~ TEXHOJOTIYHMMH — TIpolleCaMM Ta  iXHIM
KOPUTYBAaHHSIM CTOCOBHO PI3HHMX THIIIB MarHiTiB pO3IVIsIa€ThCS HEINiHIMHA 3a/aua
TEIJIONPOBITHOCTI 3 OOMEXEHHSMH Ha TEPMOHANPY)KCHHSI Ta HaWOUIbIILY
TEeMIEparypy, IO 3BOJUTHCS O ITEPaALlIfHOTO MPOIECY, /1€ Ha KOXKHOMY KpOIIl
pO3B’s3y€ThCS 3a7aya, OMNKMCAHA JIHIMHUM pIBHSHHSAM MapalOolYHOTO THUIY 3
HEeTHINHUMU (a30BUMHU OOMEKEHHIMU. 3apOTIOHOBAHUMN M1AX1]] 10 PO3B’sI3yBaHHS
HEJIHIMHUX 3a7a4 TeIIONPOBIIHOCTI 3 Pa30BUMHU OOMEKEHHAMHU OyB arnpoOOBaHU
Ha 3a7a4l 3 MapraHelb-IMHKOBUM (eputrom Mapku M2000HM. Jlna peamizarii
TEXHOJIOTIYHOTO  MPOIECYy BUTOTOBJIEHHA JeTajed 13  QepokepaMiku 3
3a0€3MeUeHHAM  HEOOXIJHUX  BJIACTHUBOCTEH  3allpOMIOHOBAHO  AJITOPUTM
ONITUMAJILHOTO YIIPABIIIHHS TEPMOMEXaHIYHUMH TIPOIIeCaMH Ha OTIEpaIlisiX CIIKaHHS
Ta TEpPMOMEXaHIYHOI 00poOku. Jlyig omTuMmizalii yOpaBIIHHS TEXHOJOTTYHOIO
CUCTEMOIO B OOMEXYBaJbHY YaCTHHY BHOCSATHCS KPUTEPIi AKOCTI 0OPOOIIOBAHUX
BUPOOIB MPU MAKCUMAJIbHUX MTOKA3HUKAX TEXHOJOTTYHOTO MPOIIECY.

Po3po0neHo Mozaenb TepMOMEXaHIYHUX TPOLECIB MpU  HUTI(PyBaHHI
dbepokepamiuanx BHUpoOiB. CHcTemMa pIBHSAHB, IO BH3HAYAIOTh TEIUIOBHM Ta
HanpyX’eHo-1e(opMOBaHU CcTaH OpH LUTI(QyBaHHI TMOBEPXHI (epoKepaMiuHUX
JeTaneil, BepXHid Iap SKUX Ma€e HEOAHOPIAHOCTI THUIY BKJIIOYEHb Ta TPILIUH,
MICTUTD: PIBHSHHS HECTAI[IOHAPHOT TEIUIOMPOBIAHOCTI, pIBHSHHS MPYKHOCTI Jlame
B TIEPEMIIIEHHIX, MMOYaTKOBI YMOBH Ta TPaHUYHI YMOBH JUIS TEMIEPAaTypHUX Ta
nedopmariitHuX MojIiB, BPaXx0OBYIOUl TETNIOOOMIH 3 TIOBEPXHI 11032 30HOI0 KOHTAKTY

Kpyra 3 JeTalUll0 Ta IHTEHCHBHOTO TEIUIOBUAUICHHS B 30HI 00poOku. [ns
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3a0esneueHHa Oe3nedekTHoi 00poOkM (epokepamMiuHUX BUPOOIB BH3HAYEHO
KpUTEPIi, 1110 3aJIeKaTh Bl pEKUMIB 00pPOOKH Ta XapaKTEPUCTUK IHCTPYMEHTY.

BpaxoByroun Te, 110 OCOOJIMBICTH MOJENl Marepially ToB’si3aHa 3
CTAaTUCTUYHUM XapakTEepoM po3moAiuly HeOe3meku nedexrtiB, moOyaoBaHO
CTOXaCTUYHY MOJENIb TPIIMIMHOYTBOPEHHS TMpu nuIidyBaHHI BUPOOIB 13
depokepamiuHux MarepianiB. Po3misHyTO mpHKIan po3paxyHKY CTaTUCTUYHHUX
XapaKTepUCTUK PYHHYBaHHS MpPU TEIUIOBOMY BIUIMBI. Bu3HaueHO WMOBIpHICHUIA
pO3MONLT TPaHUYHOTO TEIUIOBOTO TMOTOKY Ta Jeski MHOoro CTaTUCTHYHI
XapaKTePUCTUKH.

Y mpemwvomy po3AUTl PO3IISHYTO METOAM TMIJABUIIEHHS €(PEKTUBHOCTI
anMazHoro uutn@yBaHHs (EepoKepaMiuHUX BHUPOOIB Ta NEPEBIPEHO MIIEBICTH
pPO3pOOJIEHHX  TEXHOJIOTIYHMX  KpPUTEPIiB JUIsl  KOHTPOJO  0e34e(eKTHOro
00poOstHHS. JloCTiPKeHO BILUTUB MapKy ajMa3iB, 3B’ SI3KM aJIMa3HOTO IHCTPYMEHTA,
3€pHUCTOCTI Ta KOHLIEHTPALlli Ha 3yCHILIS pi3aHHs npu nutidyBanHi peputis. Takox
JOCJIIPKEHO BIUIUB €JIEMEHTIB PEeXUMYy NUIipyBaHHA Ha 3ycwuis pizaHHs. [lpu
3acrocyBanHi MOTC BcranoBneno, mo BogHe MOTC 3abe3neuye HaNOUIbII
edeKTUBHE 3HMKCHHS  MaKCUMAJIbHUX  pO3TATYBaJbHUX  HAMNpPyXeHb Y
MOBEPXHEBOMY I1api epuTiB.

Knrwouosi  cnosa:  ¢pepokepamiuHi BUpPOOHM, CHIKaHHS, UUTI(QYBaHHS,
TPIIIMHOYTBOPCHHS,  MOJICIIIOBAaHHS  TEPMOMEXaHIYHHUX  MPOIECIB,  SKICTh

00pOoOJICHOT MTOBEPXHI, TEXHOJIOTTYHI METOJIH.

CIIUCOK NMYBJIKALIN 3IOBYBAUYA 3A TEMOIO JIUCEPTAIIIT

HayxoBi npaui, B ikux 0onmy0/1iKOBaHi 0CHOBHI pe3y/JIbTaTH AUCEPTALii:
I. YecoB A. B., Cikipam FO. €. Meroau iaeHTudiIKaIli MaTeMaTUYHUX
MoJIeTIel TepMOMEXaHIYHUX MPOIIECiB B 00’ €KTaX, 1110 3a3HAIOThH TETUIOBOTO BILIHBY.

Bicnux Xepconcvkoco Hayionanvnoeo mexuiunoeo yuieepcumemy. 2019. No 2(69),
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4. 3. C. 185-191. (DaxoBe Bunanus). (Aémopom po38’s3ano 3a0aqy 3 HeAiHIUHUMU
napamempamu)

2. Kunitsyn M., Usov A., Sikirash Y. Analytical Modelling of Crack
Formation Potential in Thermomechanical Processing of Materials. Advances in
Design, Simulation and Manufacturing IV. DSMIE 2021. Lecture Notes in
Mechanical Engineering. / ed by V. Ivanov, J. Trojanowska, 1. Pavlenko, J. Zajac,
D. Perakovi¢. Cham, 2021. P. 425-433. DOI: https://doi.org/10.1007/978-3-030-

77719-7_42 (Scopus). (Aemopom énposadicerni memoou 05l pO38 A3aHHS KPatiogoi
3a0aui)

3. YcoB A. B., Kyninun M. B., Cikipam FO. €. MojentoBanHsl BIUTUBY
TETEPOTreHHOI CTPYKTYpU CIUIaBiB Ha 3a0e3MeYeHHsl SIKICHUX XapaKTePUCTHK
NOBEPXHEBOIO IIapy Ha  (QIHIMHMUX onepauisx. [lpuxknaouwi  numanus
mamemamuynoco mooemosanns. 2021. T. 4, Ne 1. C. 240-252. DOI:
https://doi.org/10.32782/KNTU2618-0340/2021.4.1.26 (daxose BUJIAHHS).

(Aémopom usHauero 36 130K epAHUYHO20 3HAYEHHS Meni08020 nomoky 3 KIH)

4. Kunitsyn M., Usov A., Sikirash Y. Impact of the Heterogeneous
Structure of Magnetic Hard Alloys on the Quality Characteristics of the Surface
Layer During Grinding Processing. Advanced Manufacturing Processes III.
InterPartner 202 1. Lecture Notes in Mechanical Engineering / ed by V. Tonkonogys,
V. Ivanov, J. Trojanowska, G. Oborskyi, 1. Pavlenko. Cham, 2022. P. 405—414. DOI:
https://doi.org/10.1007/978-3-030-91327-4 40 (Scopus). (Asmopom ecmarosneHi

gaxmopu, wo enausarome na eeruyury KIH)

5. Kunitsyn M., Usov A., Sikirash Y. Impact of Thermomechanical
Phenomena in the Surface Layer of Functional-Gradient Materials on Quality
Considering Hereditary Defects. Advances in Design, Simulation and
Manufacturing V. DSMIE 2022. Lecture Notes in Mechanical Engineering / ed by
V. Ivanov, J. Trojanowska, I. Pavlenko, E. Rauch, D. Perakovi¢. Cham, 2022. P. 404—
413. DOI: https://doi.org/10.1007/978-3-031-06025-0 40 (Scopus). (Asmopom
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NpOGeOeHi HUCEeNbHI PO3PAXYHKU KOHMAKMHOI memnepamypu y HOKpummi ma
mamepiaini 8upoby)

6. Kunitsyn M., Usov A., Sikirash Y. Mathematical Modeling of
Thermomechanical Phenomena in Machining of Products Made of Functionally
Graded Materials. Advanced Manufacturing Processes V. InterPartner 2023.
Lecture Notes in Mechanical Engineering / ed by V. Tonkonogyi, V. Ivanov,
J. Trojanowska, G. Oborskyi, I. Pavlenko. Cham, 2024. P. 58-71. DOI:
https://doi.org/10.1007/978-3-031-42778-7_6 (Scopus) (Asmopom ecmaHosnena

3QeJCHICMb MeMNnepamypHoco Nojisi 8 00poONI8aHOMY BUpPOOL 8i0 pedcuMis
00poOKUL)

7. Usov A., Kunitsyn M., Zaychyk Y., Sikirash Y. Levereging
technological heredity to increase production efficiency of ferrocerramic products
during final machining. Cutting & Tools in Technological System. 2024. Ne 100.
P. 168-185. DOI: https://doi.org/10.20998/2078-7405.2024.100.12  (PaxoBe

BUJAHHS). (4A6Mopom 3M00en1b08aHUl NpoYyec CRIKAHHS Ma PO38 s13aHa NOCMAsleHa
3a0a4a)

8. Usov A., Ivanov V., Kunitsyn M., Sikirash Y. Influence of Stochastically
Distributed Defects on Crack Formation on Grinding Surfaces of Materials Prone to
Cracking. Advanced Manufacturing Processes VI. InterPartner 2024. Lecture Notes
in Mechanical Engineering / ed by V. Tonkonogyi, V. Ivanov, J. Trojanowska,

G. Oborskyi. Cham, 2025. P. 651-662. DOI: https://doi.org/10.1007/978-3-031-

82746-4 58 (Scopus) (Aemopom ompumana GyHKYis po3nodiny epaHuiuHO20
Menyio8020 NOMOKY)

9. Kunitsyn M., Usov A., Sikirash Y. Mathematical Modeling for the
Optimization of Technological Parameters to Enhance Product Quality in
Ferroceramic Materials. Advances in Design, Simulation and Manufacturing VIII.
DSMIE 2025. Lecture Notes in Mechanical Engineering / ed by V. Ivanov,
F. J. G. Silva, J. Trojanowska, A. M. G. Pinto. Cham, 2025. P. 338-346. DOI:
https://doi.org/10.1007/978-3-031-95211-1_28 (Scopus). (Aemopom po3s’azana
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3a0aua  MenionposiOHOCMi 3  OOMEJCeHHAMU, NepedipeHo  A0eK8aAmHICMb
VIPABNIHHA MEXAHIYHUM CIAHOM 3a20MOBAHOK)

10.  Ycos A. B., 3aituuk IO. 1., Capin M. B., Cikipam 0. €. MogentoBanHs
BIUTUBY Ac(hEeKTiB y (pepoMarHiTHHX BUpoOaxX Ha SAKICTh 0OpoOKHM Ha (DiHIIIHHUX
onepauisx. /lpuxnraoui numanua mamemamuyno2o mooentoganns. 2025. T. 8, Ne 1.

C. 224-233. DOI: https://doi.org/10.32782/mathematical-modelling/2025-8-1-22

(daxoBe BUnaHHA). (A8mopom po3pobieHo aHarimuyHi ymosu, 3a AKUX cnaokosul
Oeghekm He nepemeoprEMbC HA MA2iCMPalbHy MPIWUuHy nio 4ac wiig)yeanHs)

11.  Usov A., Kunitsyn M., Zaychyk Y., Sikirash Y. Modeling the impact of
nonlinear oscillations on the quality of the working surface of parts in finishing
operations. Cutting & Tools in Technological System. 2025. Ne 103. P. 82-95. DOI:
https://doi.org/10.20998/2078-7405.2025.103.06 (Ddaxoe Bumanus). (4eémopom

B8CMAHOBNEHI p03paxyHK06i 3anexucHoCcmi Ol GU3HAYEHHS enjiuey CNAOKOBUX

Oeghekmis, Wo ymeopoomsCs Ha emani CRIKaHHs, Ha MPIWYUHOCIUKICID)

HaykoBi po0otu, siKi 3acBiTUyOTh anpodaniro MarepiajiB qucepramii:

l. YcoB A.B., Kynmimmun M. B., Cikipammr I0.€. Maremarnune
MOJICTIIOBAHHS TEPMOMEXAHIYHHMX SBUI TMPU MEXaHIYHI 00poOIl BHPOOIB 13
(GYHKII0OHATBHO rpafleHTHUX BUPOOiB. XV Misxcnapoona kongepenyis « Konmpons
i ynpaeninua 6 cknaouux cucmemax (KYCC-2020) : marepianu koHd., M. Binauig,
8-10 ot 2020 p. / BHTY. Biwmaung, 2020. C. 48-50. URL:
http://ir.lib.vntu.edu.ua//handle/123456789/30582

2. Usov A., Kunitsyn M., Sikirash Y. Control and management of thermo-
mechanical phenomena during the mechanical processing of products made of
materials with a non-homogeneous structure. Proceedings of XVI International
Conference Measurement and Control in Complex System (MCCS-2022)
proceedings of conf.,, Vinnytsia, @November 15-17, 2022. DOI:
https://doi.org/10.31649/mccs2022.08
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3. Yeco A.B., Kyniumn M.B., Cikipam [O.€. VYmpaBmiHHS SKICTIO
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ABSTRACT

Sikirash Y.Y. Technological methods for increasing the efficiency of finishing
operations when processing ferroceramic products. — Qualification scientific work
on rights of manuscript.

Dissertation for acquiring Doctor of Philosophy grade by the specialization
131 «Applied mechanics». — Odessa Polytechnic National University, Ministry of
education and science of Ukraine, Odesa, 2026.

The dissertation is devoted to the development of a theory and technological
recommendations for reducing crack formation during the grinding of ferroceramic
materials.

Due to their high hardness and abrasiveness, ferrites are difficult to machine.
The main method of machining them is grinding. Synthetic diamond tools are widely
used for machining ferrites. The study of thermomechanical phenomena that affect
the quality characteristics and crack resistance of the surface layer during grinding
of products made of ferroceramic materials, taking into account hereditary

inhomogeneities, is the essence of this work.
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The main part of the work consists of three chapters.

The first chapter provides an analysis of the technology of production and
processing of working surfaces of ferroceramic products in finishing operations.
When processing ferrite products, especially at the stage of diamond abrasive
grinding of their working surfaces, quality maintenance problems arise. First of all,
this refers to the fact that cracks and chips appear on the grinding surfaces of these
products due to their high fragility.

The reason for intensive crack and spalling is the low mechanical properties
of the ferrite material itself and the thermomechanical stresses that form in the
surface layer during grinding. The strength characteristics of ferromagnetic alloys
are to some extent influenced by the structure, composition, shape, and individual
phases. For example, the presence of the y — phase significantly reduces brittleness,
increases strength, and polishability of materials. However, treatment with the y —
phase leads to a sharp decrease in the magnetic properties of such alloys.

The formation of grinding cracks on the surface of ferritic products is also
associated with the number of non-metallic inclusions. The number of such
inclusions can be reduced while simultaneously increasing the grinding performance
by adding 0.1-0.25% sulfur to the alloy. However, this leads to an increase in grains
in the castings, which, in turn, increases brittleness.

Studies of the influence of sintering methods of ferromagnetic alloys on
mechanical properties show that the number of non-metallic inclusions significantly
depends on the temperature conditions at which sintering was carried out.

The lack of direct research on the influence of the sintering speed and
temperature of ferromagnets on the nature and propagation of cracks during the
grinding process, as well as the use of more refined criteria to study the mechanism
of grinding crack formation depending on the sintering regimes, is a pressing
scientific problem. Thermomechanical processes accompanying diamond abrasive
processing play a decisive role in studying the mechanism of destruction of the

surface layer of products during finishing operations.
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The high thermal stress of the grinding process is an independent cause of
cracks on the machined surfaces of magnets. In the study of thermomechanical
phenomena during grinding and their relationship with the quality of the surface
layer, the experimental-descriptive approach to studying the causes of crack
formation currently prevails. Sometimes this approach is based on the consideration
of cutting forces. However, this is not enough, since the mechanical interpretation
of crack formation does not take into account the influence of thermal factors that
are formed in the surface layer at the stage of obtaining the workpiece and other
technological processes before finishing operations, which are dominant in the
formation of cracks during grinding operations.

The causes of grinding cracks are associated with structural stresses arising
from the corresponding structural and phase transformations. However, these studies
are also partial and do not allow for a comprehensive description of the process of
crack formation on the surface of ferroceramic products.

The existing functional dependences of technological parameters on the
grinding temperature make it possible, using appropriate technological techniques,
to prevent the occurrence of caking on the surfaces of products that do not have
structural and technological inhomogeneities.

However, the lack of research into the specifics of the processes of nucleation
of grinding cracks and their transition into main cracks, depending on the design,
technological and structural inhomogeneities of the material of ferroceramic
products, does not allow us to unambiguously use existing instructions for
eliminating defects such as cracks and chips.

The aim of this dissertation research is to enhance the efficiency of diamond
grinding of ferromagnetic products by reducing defects due to cracks and chips by
increasing their crack resistance at the stage of obtaining blanks, rational selection
of the processing mode, tool characteristics, and lubricating and cooling

technological media.
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The second chapter studies the thermomechanical processes that accompany
the sintering of ferrites and their subsequent processing by grinding.

A simulation model of the structure and properties of ferroceramic products
during sintering has been constructed. Joint consideration of sintering, cooling and
fracture of ferroceramics under specific technological conditions as well as material
destruction due to internal and external thermomechanical influences, allows us to
proceed directly to the optimization of microstructural properties responsible for
electromagnetic and strength characteristics.

This chapter investigates the optimization and control of thermomechanical
processes in the production of ferroceramic products at the sintering stage. An
analysis of the causes of defects is carried out throughout the entire process of
manufacturing parts and recommendations are provided to reduce waste generated
during each of the technological operations. In the production of oxide ceramics, the
following types of sintering defects are most often encountered: hidden
delamination, underfiring; overfiring; gouging. To control technological processes
and their adjustment for different types of magnets, a nonlinear thermal conductivity
problem with constraints on thermal stress and maximum temperature is considered
that reduces to an iterative process, where at each step a problem described by a
linear equation of parabolic type with nonlinear phase constraints is solved. The
proposed approach to solving nonlinear thermal conductivity problems with phase
constraints was tested on problems with manganese-zinc ferrite of the M2000HM
brand. To implement the technological process of manufacturing ferroceramic parts
with the necessary properties, an algorithm for optimal control of thermomechanical
processes during sintering and thermomechanical processing operations has been
proposed. To optimize the management of the technological system, quality criteria
for processed products at maximum technological process parameters are introduced
into the restrictive part.

A model of thermomechanical processes during the grinding of ferroceramic

products has been developed. A system of equations that determines the temperature
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field and the stress—strain state in the grinding of ferroceramic surfaces, the upper
layer of which has inhomogeneities such as inclusions and cracks, contains:
equations of non-stationary thermal conductivity, equations of Lamé elasticity in
displacements, initial conditions and boundary conditions for temperature and
deformation fields, taking into account heat exchange from the surface outside the
contact zone of the wheel with the part and intensive heat release in the processing
zone. To ensure defect-free processing of ferroceramic products, criteria have been
defined that depend on processing modes and tool characteristics.

Considering that the peculiarity of the material model is associated with the
statistical nature of the distribution of dangerous defects, a stochastic model of crack
formation during grinding of products made of ferroceramic materials was
constructed. An example of calculating statistical characteristics of fracture under
thermal influence is considered. The probabilistic distribution of the limiting heat
flux and its main statistical characteristics have been determined.

The third section examines methods for increasing the efficiency of diamond
grinding of ferroceramic products and tests the effectiveness of the developed
technological criteria for controlling the process of defect-free grinding of products
made of difficult-to-process materials. The influence of diamond grade, diamond
tool bond, grain size, and concentration on cutting forces when grinding ferrites was
investigated. The influence of grinding mode elements on cutting forces was also
investigated. When using lubricating and cooling technical media, it was found that
the aqueous lubricating and cooling technical medium provides the most effective
reduction of maximum tensile stresses in the surface layer of ferrites.

Keywords: ferroceramics products, sintering, grinding, crack formation,
modeling of thermomechanical processes, quality of the treated surface,

technological methods.
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