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2. Enhancing the operational properties of steel products by combined laser thermomechanical processing

Pedepar:

1. Y nuceprauiiiziil po60Ti BUCBITJIIOIOTHCS CIIOCOOY MiIBUILIIEHHS HaNlifHOCTI Ta JOBrOBIiYHOCTI iHCTPYMEHTIB 3i
crasi 30XI'CA, siKi BAKOPUCTOBYIOTbCS B IpOOapKax yIapHOT0 TUILY, @ TAKOXK KOPITyCiB KOPOHOK [1J151 KOJIOHKOBOTO
OypiHHSI KOMOIHOBAHOIO JIA3€PHOI0 TEPMOMEXAHIYHOIO IOBEPXHEBOIO OOPOOKOI0. 3aBISIKM OTPUMAHUM Pe3yJbTaTaM
MIPOBENIEHNX TEOPETUYHUX TA EKCIIEPUMEHTAJIbHUX TOCIIIKeHb PO3POO6JIEHO CIIOCi6 TEPMOMEXAaHIYHOI TOBEPXHEBOI
00pO6KM MeTasleBUX BUPOOIB 32 PO3[IiIbHOIO CXEMOIO, BiATIOBITHO [10 SIKOI Ilepe6adaeTbCsl CIIOYATKy ITPOBEIEHHS
IIJIaCTUYHOI AedopMallii TIOBEPXHEBOTO Lapy BUPOOY BUCOKOUIBUAKICHUM ITOTOKOM i3 cpeprIHMMU
Ipi6GHOPO3MIPHUMU YaCTKAMU MTPOTATOM BU3HAYEHOTO Yacy (1J18 YTBOPEHHS MOAPiOHEHO] aKTUBOBAHOI CTPYKTYPH

Ta IOPCTKOCTI TEKCTYPU Ha IIOBEPXHi), @ IIOTIM — TEPMOOOPOOKY 3 BUCOKOUIBUAKICHUM HarpiBaHHSM JIa3€pPHUM



IIpOMEHEM MOBEPXHI JeTasli 0 TeMIlepaTypu 06J1acTi CTabiIbHOTO ayCTEHITY, Ta OAAIbIIUM MUTTEBUM
OXOJIOIPKEHHSIM i3 MIBUIKICTIO BUIIE KDUTUYHOI MIBUIKOCTI TaPTYBaHHS. 3alIPOIIOHOBAHO AJITOPUTM BU3HAYEHHS
TEXHOJIOTIYHUX PE>KMMiB KOMOIHOBaHOI TEpMOMEXaHIYHOI IOBEPXHEBOI 0OpPOOKM iHCTPyMeHTIB 3i ctasni 30XI'CA 3
BMKOPHMCTaHHSIM Apo60cTpyMUHHOI (gaii — [JCO) i n1azepHO-TepMiuHOi (masi — JITO) 06poboK, a TaKoX 3
ypaxyBaHHSM KyTa Haxuiy cTpymeHeBoro notoky rnpu JJCO. Bcranosneno, mo npu JITO 6e3 onaBneHHs edeKT
IIOBEPXHEBOTO IJIACTUYHOTO JedOopMyBaHHS B 3MillHEHOMY I10BepxXHeBOMY 1api 36epiraerscst. [Tpu JCO 3
nopanbuolo JITO raubuHa 3MillHeHOro mapy B 1,4 pa3u 6inblia, NopiBHIHO 3 okpemoto JITO, i B ~14 pa3 6inbiua,
nopieHIO04M 3 okpeMolo JICO. CrinbHa gedopmaliina nis suHamMiyHUX iHCTpyMeHTiB npu JICO, HU3bKO4aCTOTHIN
yaapHii 06po61Ii Ta mojasblliil TEpMIiUHIH Aii 1a3epHOro NpOMeHs CIIPUSIOTh 3HAYHIl 3MiHI CTPYKTypHOTO i
HAIPY>KEHOTO CTaHiB Ta CNPABJISIIOTh CYTTEBUI BIUIMB Ha 3MiHYy IJIMOVMHM, MIKPOTBEPOCTi Ta 3HOIIYBAHHS JI€TaJIeN.
BusHaveHo, 10 Npy AMHAMIYHI Aii Ipo60CTPYMUHHOI 06POOKU PO3MIp KPUCTAITIB MEeHIIN Y ~ 1,5 pasu, sk
NIOPIBHSITH 3 BUXiTHUM MarepianoM 6e3 3miHM (pa3oBoro ckiany. [Ipy rapTyBaHHi JIa3epPHUM [TIPOMEHEM PO3Mip
KPUCTAJITIiB 3aj1i3a MEHIINI Maibke B 2 pa3y, nopiBHIoYH 3 aieto JJCO, i Maiike B 3 pas3u, NOPiBHIOIOYM 3 BUXiTHUM
CTaHOM MaTepiany. HaykoBa HOBU3HA pOOOTH IOJISITA€ B TOMY, 110 B Hill ynepiue: 1. Po3po61eHo KombiHOBaHMM
CIIOCi0 J1a3epHOr0 TEPMOMEXAHIYHOTO 3MILJTHEHHS 3 NIONIePeHIM HAHECEHHSIM BilIIIOBiAHOI TEKCTypU HA NIOBEPXHI
nedopMaliiiHUM iHCTPYMEHTOM i MOJAJIbIIMM JIA3€PHUM IapTyBaHHSIM BUCOKOIIOTY>KHUM JIa3€POM,
eKCIIepUMEHTaIbHO BU3HAYEHO ONITUMAJIbHI TEXHOJIOTIUHI peskuMu 3MmiltHeHHs1 BUpo6iB 3i ctamni 30XT'CA, mo
3abe3rnedye He Ti/IbKY MiABUILEHHS ITIMOMHY 3MiLIHEHHS Ta NoKpalye (isuKo-MeXaHiyHi BJIaCTUBOCTI
IIOBEPXHEBOTO 11apy, a i MifBUIye 3HOCOCTINKICTb BUPOOIB Yy 6isbiI HiX 13 pasiB. 2. 3arIpoOOHOBAHO alIrOPUTM
BU3HA4YEHHS ONTUMAJbHUX TEXHOJIOTIYHUX PEXUMIB 32 KPUTEPieM IIIMOMHU 3MILJHEHOTO 11apy AJ151 BU3HAYEHHS
eeKTUBHOi CxeMU KOMOIHOBaHOI Jla3epHOi TEPMOMEXaHIYHOI 06pOOKU iHCTPYMEHTIB i3 cepeHbOJIErOBAaHUX
cTasiel. 3. 3alIpONOHOBAHO PO3PaxyHKOBO-EKCIIEPUMEHTAIbHY 3aJIEXHICTh /7151 BUSHAYEHHS 30HU TedopMaliliHOro
BIUJIMBY IIifl YaC OXOJIO[KEHHS IPY BUKOPHUCTaHHI KOMOiHOBAHOTO JIA3€PHOT0 TEPMOMEXaHIYHOTO 3MIilTHEHHS 32
CyMillleHOI0 cxeMol0. 4. BuaHayeHo 3MiHu rMuOUHY, MiIKPOTBEPAOCTI, po3Mipy i cTynens nedopmallii KpUCTAaITIB,
BEJIMYMHY BHYTPIlIHIX 3aJIMIIKOBUX HAIIPYKEHb, @ TAKOXK 3HOCO- Ta KOPO3iMHOI CTIKOCTI 3pa3KiB, 3MiLJHEHUX
OJIMHUYHMMHU Ta KOMOIHOBaHMMU TEPMOMEXAHIYHUMU CIIOCOOAMU OOPOOKM 3 BUKOPUCTAHHIM JIMHAMIYHOI
nedopmariiiHoi Aii iHCTpyMeHTIB Ta TepMivHOI Aii 1a3epHUM ITpoMeHeM. [IpakTuyHe 3HaYeHHS! OTPUMaHUX
PEe3YJIbTaTiB MOJISITa€ B TAKOMY: ® CIIPOEKTOBAHO i BUTOTOBJIEHO €KCIIEPMMEHTAJIbHY YCTAHOBKY 3 UHUCJIOBUM
IIPOrPaMHUM KEPYBaHHSIM Ta PO3PO06JIEHO KEPYIOUi Mporpamu A1 034,006J110BaJIbHO-3MillHIOBAJIbHOI 06POOKYU
MeTaJIeBUX BUPOOIB 3 BUKOPUCTAaHHSIM TEPMidHOI Aii 1a3epHOro npomens ta nedopmariiiHoi (30kpema yaapHoi) aii
IepOopMy04oro iHCTPyMEHTa, a TaKO>XX MOJI€PHI30BaHO YCTAHOBKY Ta NPUCTPOI 117151 JOCIIiIKEHB; ® YI,OCKOHAIeHa
METOJIMKA BU3HAYEHHSI IJIMOUHM 3MILJHEHOTO Wapy MHicJsi TepMoaedopMaLiliHOTo poLecy NOBEPXHEBOTO
3MilIHEHHS. * PO3PO6JIEHO Ta BUIIPOOYBAHO Y BUPOOHUYMX YMOBAX TEXHOJIOTIUHI IpOL,ecu KOMOGiHOBaHOI 1a3epHOi
00po6KY, 30KpeMa B ymoBax [I1 3aBoz, «'eHepaTtop», [lep>kaBHOTO KOHILIEPHY «YKPOOOPOHIIpOM» Ta [IpuBaTHOMY
aKLiOHEpHOMY TOBapUCTBi «XOpOJIbCbKUI MEXAHIYHUI 3aBOM». ® Pe3yJIbTaTU JUCEPTaLliiiHOi po6oTH
BMKOPHMCTOBYIOThCS 17151 MiATOTOBKY (paxiBLiB 3i crienianbHOCTi 131 «[IpukinanHa MmexaHika» B HalioHanbHOMY
TEXHIYHOMY YHiBepCUTETi YKpaiHu «KuiBCbKUI NMOJITEXHIYHNAN iHCTUTYT iMeHi Irops CikopcbKoOro», s
[IPOBEJEHHS €KCIIEPUMEHTAIbHUX JNOCIIIPKEHD 34 PI3HOMaHITHUMY HAYKOBMMHU TEMaMU Ta ITPOEKTaMU. Pe3yibraTn
IYcepTalifHoi poOOTH, 30KPEMA, OyJIM BUKOPUCTAHI y MeXax OCiIpKEeHb HAYKOBOTO NpoeKTy N2 0121U113829
«[ligBuIIEHHS 3HOCO Ta KOPO3iltHOI CTIMKOCTI cTaseBuX BUPOOiB KOMOIHOBAaHMM METOLOM MOBEPXHEBOI J1a3€PHO
MexaHiYHOiI 06pOoOKU». YIIPOBAI>KEHHSI 3aIIPOIIOHOBAHOI0 KOMOIHOBAHOTO CIIOCOOY 3MIlIHEHHSI CIIPUSITUME
NiABUILEHHIO €(PEKTUBHOCTI BUPOOHUILITBA 32 PaXyHOK aBTOMaTuU3allii IpolieciB TepMOMEXaHi4HOI 0OpOOKU 110

KOHTYpY AeTazney ckaagHoi popmu 3i ctasni 30XI'CA, a TakOXK i3 TyronyjaBKUX METAJIIB.

2. The thesis describes a method to increase wear and corrosion resistance of products made of steel grade
30HGSA (such as mill hammers and bodies of core drill bits) using combined laser heat treatment (LHT). Based on
experimental and theoretical results obtained, a technique of thermomechanical processing of metallic materials
following a separate scheme is proposed. Plastic deformation and heat treatment are combined into a single
process. The material’'s surface layer is distorted by high-velocity spherical particle flows for some time to form a



crushed structure, and then heated by a laser beam to the temperature of the austenite stability. Finally, the
surface layer is automatically tempered by the quick cooling. The cooling rate in this case surpasses the critical
quenching speed. The inclination angle of the abrasive flow during shot blasting (SB) is established, and an
algorithm for calculating the technical features of combined thermomechanical surface treatment of products
produced of steel grade 30HGSA utilising SB and LHT is presented. It has been proven that the impact of plastic
deformation is retained during LHT without melting. Meanwhile, the depth of the hardened layer grew by 1,4 times
when SB was followed by LHT, and it is roughly 14 times more than that of SB. Deformations generated by dynamic
impact during SB and low-frequency impact treatment, along with the following thermal action of the laser beam,
result in significant changes in structural and stress states of the surface layer, improving its depth,
microhardness, and wear resistance. When compared to the base material, the crystallite size dropped by almost
1,5 times after SB with no change in the phase structure of the samples. When compared to SB, the size of Fe
crystallites decreased by half after laser hardening. Furthermore, it is roughly three times lower than the base
material. The scientific novelty of the results obtained: 1. For the first time, the combined method of laser
thermomechanical surface treatment with preparatory plastic deformation and subsequent laser hardening was
devised, and sustainable regimes for surface hardening of products made of steel grade 30HGSA were
experimentally determined. The method boosts hardening depth, improves physical and mechanical properties of
the surface layer, and increases wear resistance by 13 times. 2. For the first time, a method for determining the
best technical regimes for hardening medium-alloy steel products by the combined LHT based on the surface
hardness depth criteria is described. 3. The calculated and experimental dependencies of the deformation zones in
the cooling process after combined laser thermomechanical surface treatment are presented. 4. The variations in
depth, microhardness, size, and crystallite deformations, the value of internal residual stresses, wear and corrosion
resistance of samples hardened by single and combined mechanical-thermal treatment using dynamic
deformation and thermal action of the laser beam, are determined. The practical significance of the findings: * an
experimental CNC laser machine is constructed and a G-code programme for hard-facing metal products with the
thermal action of the laser beam and deformation done by the deformation tool is presented. Furthermore, the
DM2800 machine as well as the apparatus and equipment employed in the research, were improved; ¢ the method
of measuring the depth of the hardened layer after the thermal deformation processes driven by surface hardening
is proposed. It has been proven that the combined method of SB + LTH enhances hardening depth by 50% when
compared to LHT; ¢ the integrated LHT technology has been established and tested in production circumstances.
Tests conducted by the state-owned enterprise plant “Henerator,” the state concern “Ukroboronprom,” and the
open joint stock company “Khorol Mechanical Plant”. » the findings might be used to prepare professionals in
specialisation 131 “Applied Mechanics” at National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute”, as well as to perform more experimental studies on a variety of scientific and technical issues. The
findings of the study, for instance, are used in the joint Ukrainian-Czech study No 0121U113829 “Increasing wear
and corrosion resistance of steel products by combined laser thermomechanical treatment.” Implementing the
proposed combined strengthening method holds the potential to boost production efficiency significantly. This is
achieved through the automation of thermomechanical processing processes along the contours of intricately
shaped parts, especially those composed of 30KhHSA steel and refractory metals.

Jep>kaBHHHM peecTpauiiiHuii Homep iP:

IIpiopuTeTHHI HanIPsAM PO3BHTKY HayKH i TEeXHIKH: QyHmaMeHTaNbHi HAYKOBI NOCTI/PKEHHS 3 HANGIbII
BOXJIMBUX IPOOJIEM PO3BUTKY HAYKOBO-TEXHIYHOIO, COLIiaIbHO-€KOHOMIUHOr 0, CyCIiIbHO-TIOJiTUYHOTO,
JIIOJICBKOTO MOTEHLiaNy 17151 3a0€311€4€HHSI KOHKYPEHTOCIIPOMOXKHOCTI YKPAiHM Y CBiTi Ta CTaJIOTO PO3BUTKY

CyCIiJIbCTBA i Aep>KaBU

CrpaTeriyHuii NpiOpUTETHUH HANPSIM iIHHOBALiHHOI Ais1JIBHOCTI: OCBOEHHS HOBMX TEXHOJIOTIH

BMPOOHULITBA MaTepiasiB, ix 0Opo6JieHHs i 3'efHaHHS, CTBOPEHHS iHIyCTpii HAHOMAaTepiasliB Ta HAHOTEXHOJIOTIN

ITizcyMKH JOCTiI>KeHHSI: HoBe BUpIlIEHHS aKTyaJbHOTO HAYKOBOTO 3aBIaHHS



Iy6sikaii:

e Lesyk D., Matrinez S., Mordyuk B., Dzhemelinskyi V., Danyleiko O. Combined laser ultrasonic surface
hardening process for improving the properties of metallic products. Lecture Notes in Mechanical
Engineering. Advances in Design, Simulation and Manufacturing. Switzerland: Springer International
Publishing, 2018. P. 97-107. https:/ /doi.org /10.1007 /978-3-319-93587-4 _11.

¢ Dzhemelinskyi V., Lesyk, Goncharuk D., Danyleiko O. Surface hardening and finishing of metallic products by
hybrid laser-ultrasonic treatment. Eastern-European Journal of Enterprise Technologies. 2019. N2 1(12 91). P.
35-42. https:/ /doi.org /10.15587 /1729-4061.2018.124031.

e Lesyk D., Matrinez S., Mordyuk B., Dzhemelinskyi V., Danyleiko O. Effects of the combined laser-ultrasonic
surface hardening induced microstructure and phase state on mechanical properties of AISI D2 tool steel.
Lecture Notes in Mechanical Engineering. Advances in Design, Simulation and Manufacturing II. Switzerland:
Springer International Publishing, 2020. P. 188-198. https:/ /doi.org /10.1007 /978-3-030-22365-6_19.

 Danyleiko O., Dzhemelinskyi V., Lesyk D. Increasing wear and corrosion resistance of steel products by
combined laser thermomechanical treatment. Eastern-European Journal of Enterprise Technologies. 2021. N®
6 (1-114). P. 72-80. https:/ /doi.org /10.15587 /1729-4061.2021.247552.

e Lesyk D., Hruska M., Dzhemelinskyi V., Danyleiko O., Honner M. Selective surface modification of complexly
shaped steel parts by robot-assisted 3D scanning laser hardening system. Lecture Notes in Networks and
System. New Technologies, Development and Application V. Switzerland: Springer International Publishing,
2022.V.472. P. 30-36. https:/ /doi.org /10.1007 /978-3-031-05230-9_3.

o Ixemenincbkuil B. B., Jlecuxk [I. A., Canisi C. C., Januneiiko O. O. 3a6e3nedyeHHs SKOCTi IOBEPXHEBOTO MIapy
IpiOGHOPO3MIpPHUX NeTasell KOMGIHOBAHOK 037100 TI0BAIbHO-3MII[HIOBAIbHOIO 06pO6KOI0. Bibpaii B TexHili Ta
TexHoJiorisx. 2016. N2 1(81). C. 81-85.

o Jlecux [I. A., IIxxemenincekuii B. B., lanunesiko O. O., Xwkescbkuil B. B. locigxkenHs mikpopenbedy Ta
CTPYKTYpHY IIOBEPXHEBOTO LIapy IIPU JIa3€PHill Ta yIbTPa3ByKOBill TepmoaedopmalliiiHiil 06pooLi
iHCTpyMeHTabHOI cTasi. BicHuk HanioHanbHOTo TEXHIYHOTO yHiBepcuTeTy YKpainu «KuiBcbKuin
noJliTexHiyHui iHctuTyT». Cepis «MammnnoOymyBanHa». 2016. N2 3(78). C. 58-64.

e Jlecuk [I. A., II>xxemenincekuit B. B., Mopgtok b. M., [Tpokonenko I'. 1., lannnerko O. O. BusHaueHHs
ONITUMAJIbHUX PEXXUMIB KOMOIHOBAHOTO JIa3€PHO yJIbTPa3ByKOBOTrO 3MilIHEHHS iHCTpyMeHTiB cTaji X12MO.
Bicuuk HanjioHaspHOro TEXHIYHOTO YHIBEPCUTETY «XapKiBCbKUM MOJITEXHIYHUN iHCTUTYT». Cepist «HoBi
pillIeHHs B Cy4aCHHUX TexXHOJIOrisAx». 2017. N2 23(1245). C. 27-35. https:/ /doi.org /10.20998 /2413-
4295.2017.23.05.

¢ Lesyk D., Dzhemelinskyi V., Martinez S., Lamikiz A., Danyleiko O., Hyzhevskyi V. Laser transformation
hardening effect on hardening zone features and surface hardness of tool steel AISI D2. Mechanics and
Advanced Technologies. 2017. N21(79). P. 26-33. http: / /dx.doi.org /10.20535 /2521-1943.2017.79.95851.

o Ixemenincokuii B. B., Jlecuk [I. A., lanuneiiko O. O., bepHaupkuii A. B. ITinBuimeHHs e(peKTUBHOCTI
[TIOBEPXHEBOT0 3MillHEHHS MeTaJIeBUX BUPOGiB KOMOIHOBaHOIO TepMmoiedopmaliiliHoo 06pobkoo. Bibpaiiii B
TexHili Ta TexHosorisax. 2020. N2 1(96). C. 103-110. http: / /dx.doi.org /10.37128 /2306-8744-2020-1-11.

e anunenko O. O., [bxemeninceku B. B., Jlecuk [I. A. [ToninmeHHs SKOCTI noBepxHeBOro mapy craui 30XI'CA
KOMOiIHOBaHO!IO Jla3epHO AedopmMalifiHO0 06po6KoI0. IIporpecuBHi TeXHOJIOTII B MAaIIMHOOYAYBaHH; :
marepianu VII MbKHap. HayK.-TeXH. KOH®., M. JIbBiB-3BeHiB, 5 9 soToro 2018 p. C. 41-43.

e Lesyk D., Mordyuk B., Dzhemelinskyi V., Prokopenko G., Danyleiko O. Influence of ultrasonic impact
treatment on surface topography and microstructure of AISI 321 stainless steel. International trends in
Science and Technology : Proceedings of 2nd International Scientific and Practical Conference, Warsaw. 2018.
Ne 3(10). V. 2. P. 3-8.

e Jlecuk [I. A., II>xxemenincekuit B. B., lanunenko O. O., Cxisip A. MOXKJIMBOCTI BiTHOBJIEHHSI IIOBEPXOHD I€TAJIEN
aBTOMOOisiB KOMGiHOBaHO!O Jla3epHO-IedopMalliiiHO aJUTUBHOIO TexHoJIorielo. CyyacHi TeXHOJorii Ha

aBTOMOOIZIBHOMY TPAHCIOPTi Ta MaIMHOOYAYBaHHI : MaTepiasn MiXKHaAp. HayK. IPaKT. KOH., M. XapkiB, 15-18



>koBTH4 2019 p. Xapkis, 2019. C. 164-166.

¢ Lesyk D., Dzhemelinskyi V., Danyleiko O., Salii S. Surface finishing of complexly shaped metal parts by
vibratory treatment combined with magnetic treatment. International Trends in Science and Technology :
Proceedings of the XVII International Scientific and Practical Conference, Warsaw, September 30, 2019.
Warsaw, Poland : RS Global Sp. Z O. O., 2019. V. 1. P. 16-20.

¢ Janunetiko O. O., Ibxemesnincekuii B. B., Jlecuk [I. A. TexHosioridyHe 3a6e3l1euyeHHs! SIKOCTi [I0BEPXHEBOTO L1apy
craJi 45 KoM6iHOBaHOIO JIA3EPHO YJIbTPa3ByKOBOIO 06po6KoI0. KoMIliekcHe 3a6e3ne4eHHs IKOCTi
TEXHOJIOTIYHUX NPOLECIB Ta CUCTEM : MaTepianu [X MbkHap. HayK. IPaKT. KOH., M. YepHiris, 14-16 TpaBHg 2019
p. YepHiris : YUHTY, 2019. T. 1. C. 94-95.

o Jlecuk [I. A., [Ibxemenincekuii B. B., JaHuneiiko O. O. [lepcrnekTrBU BUKOPUCTAHHS KOMOIHOBAHOI J1a3epHO
ripoCTPyMEHEBOi 0OPOOKMU MeTaJIeBUX JieTanell. KoMIlIeKCHe 3a6e3le4eHHS SIKOCTi TEXHOJIOTIYHUX IIPOLIECIB
Ta CUCTEM : MaTepinu X MDKHAp. HayK. IIPakT. KOH., M. UepHiris, 29 30 ksit. 2020 p. Yepniris : YHTY, 2020. T.
1. C. 165-166.

e Nanunetriko O. O., [Ixxemenincekuii B. B., Jlecux [I. A. ITinBuiieHHsI 3HOCOCTIMKOCTi MeTajieBUX BUPOOiB
KOMOiHOBaHOI TepMmozedopmaliitHo 06po6koo. [IporpecrBHa TexHika, TEXHOJIOTIS Ta iHKeHepHa OCBITa :
marepianu XXI Mi>kHap. HayK. TexH. KOH®., M. KuiB, 6 9 skoBTHs 2020 p., Kuis, 2020. C. 110-113.

o Jlanuneiiko O. O., Ibxemesnincekuii B. B., BepHaupkuii A. B., Jlecuk [I. A. Briius po60CTPyMUHHOTO 3MilJHEHHS
3 HACTYIIHUM JIa3€PHUM TEPMO3MILHEHHSM Ha SKiCTb [10BEPXHEBOTro wapy craji 30XI'CA. KomiiekcHe
3a6e31e4YeHHs SIKOCTi TEXHOJIOTIYHUX IIPOLEeCiB Ta cucteM : maTepianu XIII MibkHap. HayK. IPaKT. KOHQ., M.
YepHiris, 25-26 TpaBHs 2023 p. Yepwiris : YHTY, 2023. T. 2. C. 111.

HaykoBa (HayKOBO-TE€XHiYHa) IPOIYKILisL: TexHomOrii
COI.liaJIbHO—eKOHOMi‘IHa CHpﬂMOBaHiCTb: 3MEHUIEHHS 3HOCY 00JIaJJHaHHS

OxopoHHi goKymeHTH Ha OIIIB:

Bunaxopnu, KOpUCHI MOJI€JIi, TPOMUCIIOBI 3pa3Ku
1. YcraHoBKa /17151 J1a3epHOro TepMoePpopMaliliHOro 3MilJHEHHS Ta 031,00JI0BaHHS BEJIMKOrabapUTHUX
IIOBEPXOHB JeTaynel ckaaaHoi popmu: nar. 119671 Ykpaina: MIIK B23K 26 /08 (2014.01), B24B 39 /00, C21D
10,/00. N2201611320 / I>xemenincekuii B. B., Jlecuk [. A., anuneiixo O. O.; 3aas. 09.11.2016; omy61.
10.10.2017, Bros1. N2 19. 3 c. 2. Crioci6 1a3epHO-YyIbTPa3ByKOBOTO JIETYBAHHS Ta 03[100JII0BAHHS METAJIEBUX
MoBepxoHb: nart. 121637 Ykpaina: MITK C21D 10 /00. N2201706447 / IxxemeniHcbkuii B. B., Jlecuk 1. A.,
Januneiiko O. O.; 3asBi1. 23.06.2017; ony6s1. 11.12.2017, Bros. N2 23. 3 c. 3. Crioci6 KoMO6iHOBAHOTO JIa3€pHO-
TiIpOCTPYMEHEBOTO 3MilIHEHHS Ta 03[100/II0BAHHS METaJIeBUX [IOBEPXOHb CKIanHOI popmu: nat. 127865
Ykpaina: MIIK C21D 10,/00, B23K 26 /352 (2014.01), B23K 103 /00. N2201802226 / I>xemeniHcekuii B. B., Jlecuk
I. A., Danuneriko O. O.; 3agsi. 05.03.2018; ony6:1. 27.08.2018, Bros1. N2 16. 4 c. 4. Cnioci6 anuTUBHOTO
BUPOOHUIITBA METaJIEBUX BUPOOGIB CEJIEKTHBHUM JIa3€PHUM I1JIaBJIEHHSIM B [TO€JHAHHI 3 iIHTEHCUBHUM
MIOBEPXHEBO-IIJIACTUYHUM JlepopMyBaHHAM: nat. 127866 Ykpainu, MITK C21D 10,/00. N2201802227 /
Ixemenincbkuii B. B., Jlecuk 1. A., lanuneiiko O. O.; 3asB. 05.03.2018; ony6a1. 27.08.2018, Bron. N2 16. 3 c. 5.
Cnoci6 3MiljHEeHHS Ta 03[00JII0BAaHHS [TIOBEPXOHb BUPOOiB CKIaiHOI (POPMHU BUTOTOBJIEHUX CE€JIEKTUBHUM
Jla3epHUM MJ1aBJaeHHsIM: naT. 132835 Vkpaina: MITK C21D 10 /00. N°201810339 / Jlecuxk [. A., II>keMesiHCbKUN
B. B., Hanusneiiko O. O.; 3assi1. 19.10.2018; ony6:1. 11.03.2019, Bros1. N2 5. 4 ¢. 6. Crioci6 BUTOTOBJIEHHS Ta
BiZIHOBJIEHHSI MeTaJIeBUX BUPOOIB Jla3epHUM HAIlJIaBJIEeHHSIM B [TO€HAHHI 3 IHTEHCUBHUM iMITYJIbCHUM
3MminHeHHsM: nart. 135798 Ykpaina: MITK C21D 10,/00, B22D 19 /10 (2006.01). N2201808165 / [)xemesniHCbKUL B.
B., Jlecuk [. A., Janunetiko O. O.; 3asB. 24.07.2018; ony6:1. 25.07.2019, Bros1. N2 14. 4 c. 7. Cnioci6
TepMOMeXaHiYHOi MoBepXHEeBOi 06pOOKU MeTasieBux BUpo6iB: nat. 142704 Ykpaina: MITK C21D 8 /00.
Ne201911672; 3asBn. 05.12.2019 / Januneiixko O. O., Ixxemesnincbkuii B. B., Jlecuk [I. A.; ony6:1. 25.06.2020, Bioa.
Ne12.5¢c.

BrnpoBaZKeHHS pe3yJIbTaTiB AHCEPTalii: BuposamkeHo



3B's130K 3 HAYKOBHMH TeMaMH: N2 0121U113829, N2 01220002389, N¢ 01170000499, N¢ 0116U002605, N°
0114U003431, N2 0118U002071

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA/KEPiBHHUKIB (KOHCYJIbTAaHTA)

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. Jlecuk IMuTpO AHATOJIINOBUY

2. Dmytro Lesyk

KBasmigikamis: x.1.1., 05.03.07
InenTudikarop ORCID ID: 0000-0002-6919-7409
JoparkoBa iHpopmawist: ;https:/ /www.scopus.com/authid /detail.uri?authorld=57191952602

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuii TexHiuyHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN iHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3Haxoa KeHHS: npociekT bepecTeiichKuii, oyz. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

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

1. Kanamesuud ['eopriit BikropoBry

2. Heorhii Kanashevych

KBasigikamis: 1. 1. n., npodecop, 05.03.07

InenTudikarop ORCID ID: 0000-0002-6708-040X

JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHSI IOPHUAUYHOI O0COOH: UepKachKuii Iep>KaBHUI TEXHOJIOTIYHMUI YHIBEPCUTET
Kopg 3a €IPIIOY: 05390336

Micue3HaxoaKeHHS: oysbBap llleBueHka, 6yz. 460, Uepkacu, Uepkacbkuil p-H., 18006, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBume Im's Ilo-6aTbKOBI:

1. Jlnxomsa Banepii [leTpoBuy



2. Valerii Lykhoshva

KBasigikamis: p.1.1., npodpecop, 05.03.07
Inentudicarop ORCID ID: 0000-0003-3396-9793
JoparkoBa iHdopmamist:

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

HanjjionasnbHoi akagemii Hayk Ykpainu

Kopg 3a €IPIIOY: 05417153

Micue3HaxoaKeHHS: oysbBap Akanemika Bepnanacokoro, 6yn. 34 /1, Kuis, 03142, Ykpaina
dopma BiracHoCTI:

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs

Penensentu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. broumuuuH Muxaiino CeprifioBud

2. Mykhailo Bloshchitsyn

KBasigikamis: k.1.1., 05.03.07
Inentudikarop ORCID ID: 0000-0002-3688-7948
JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii TexHiuHuil yHiBepcuTteT Ykpainu "KuiBchKuit

NOJIiTeXHIYHMI iHCTUTYT iMeHi Irops Cikopcbkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT Bepecreiichkuii, 6yx. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayK1 YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. PomaHeHko Biktop BacuiboBuy

2. Viktor Romanenko

KBasigikanis: k.r.u., nor,, 05.03.07
ImenTudikarop ORCID ID: 0000-0002-3230-5664
JonaTkoBa iHdopmaris:

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHMil yHiBepcuTeT Ykpainu "KuiBchKuit

NOJIiTeXHIYHMI iHCTUTYT iMeHi Irops Cikopcekoro”
Kog, 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt bepecreiicbkuil, 6yg. 37, Kuis, 03056, Ykpaina



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

InenTudikarop ROR:

VIII. 3akar04Hi BimoMocTi

Biacue IlpisBuie Im's Ilo-6aTbKOBI Tonoko Jieonis denoposuy
rOJIOBH pajgu

Bnacwue IpizBume Im's I1o-6aTbKOBI Tonosko Jleowin denoposuy
rOJIOBYIOYOrO Ha 3aCiflaHHi

BinnosimasabHHUi 3a ni,uI‘OTOBKy Hauunnenko Onekcanap Osnekca’ngpoBruy

00JIIKOBHX JJOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZJaJIbHUM 32 PEECTpalLilo HayKoBoi IOpuenko TeTsHa AHaToiiBHA

OisIIBHOCTI




