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1. Inceprauiiina po60Ta NpUCBSIYE€HA CTBOPEHHIO MiAXOLY 10 POEKTYBAaHHS HA[I3BYKOBUX CONEJ Pi3HO]

KOHirypauii 17151 X0J10JHOT0 ra3oHaMiqYHOr0O HAaMWJIIOBaHHS Ta ONTUMI3allil TapaMeTpiB HAaMWJIIOBaHHS 11pU

PO3pOOJIEHHI TEXHOJIOTIYHAX PEKOMEHALIIM Ha OCHOBI YMCEJIbHOTO MOJIE/IIOBaHHSI IIPOLIECIB IPUCKOPEHHS

YaCTUHOK IOPOLIKY B Ta30BOMY IIOTOL Ta X BUCOKOUIBUIKICHOTO 3iTKHEHHS 3 TOBEPXHEIO MiAKIanKUA. O6'€KTOM

IOCJIiIKeHHSI € MPOolieC IPUCKOPEHHS YaCTHHOK IIOPOIIKY HaI3BYKOBUM [TOTOKOM B KaHaJli COILJIa JJIs1 XOJIOGHOTO

ra30lMHaMi4HOTO HaIMJIIOBAHHS Ta BUCOKOIBUIKICHOI B3a€MO/II IPpU 3iTKHEHHI YaCTUHOK 3 MiKJIaIKOIO.

[IpepmeToM AOCTiIKEHHS € 3aKOHOMIPHOCTI BIJIMBY I'€OMETPIi CoIia Ta mapaMeTpiB POLECY XOJIO0LHOTO



ra3ofyMHaMiYHOrO HAMJIIOBAHHSA HA TEMIIEPATYPY Ta WBUIKICTb YACTUHOK INOPOUIKY B IOTOL. AKTyasIbHICTh Ta
HEeOOXiJIHICTh IPOBEAEHHS AOCiIKeHb 0OYMOBJIEHA PO3BUTKOM TEXHOJIOTIi X0JI0[JHOT0 ra30JHaMiYHOTO
HaNWIIOBaHHS B 06J1aCTi iH>KeHepii MoBepxHi, a TaK0X BUKOPUCTaHHS TEXHOJIOTII [I71s1 CTBOPEHHS 06’€MHUX
aIVUTYMBHUX Marepiais. [liBUIeHHS MPOAYKTUBHOCTI IIpoLiecy Ta 3a0e3M1eUYeHHs BUCOKMX eKCIUlyaTalitH1X
[IOKa3HUKIB SIKOCTi IOKPUTTIB MOKe OyTH JOCSITHYTO IIJISIXOM BI,OCKOHAJIEHHS €JIeMEHTIB 00JIalHaHHS Ta
onTUMizallii pe>kxrMiB HaNWJIIOBaHHS 1711 GOPMYyBaHHS IIOKPUTTIB i3 3aJlaHKX [TOPOLIKOBUX MaTepiasiB. OKpiM Toro,
POBLINPEHHS TEXHOJIOTIUHAX MOXJIMBOCTEN 06JIalHAHHS /171 HAallWJIIOBaHHS IIOKPUTTIB HA BHYTPIlIHI Ta
BaXXKOJOCTYIIHI IOBEPXHI €Talel, BiIKp1E HOBI HAMIPSIMKU IIPAKTUYHOIO 3aCTOCYBAHHS TEXHOJIOTI B 06J1aCTi
HalWIIOBAaHHS 3aXUCHUX i BiTHOBJIIOBAJIbHUX ITIOKPUTTiB. HayKkOoBa HOBU3HA OTPUMaHUX PE3YJbTATIB IOJISITAE B
TakoMmy: 1) ynepiiie 3alipoIIOHOBAaHO METO/ TPOQiIIoBaHHS HAJ3BYKOBUX OJHO- Ta 6araToKkaHaJIbHUX [IOBOPOTHUX
COII€eJI 1171 XOJIOGHOTO ra304MHaMiYHOrO HAlIMJIIOBaHHS IIOKPUTTIB HA BHYTPILIHI Ta Ba)KKOJOCTYIIHI [IOBEPXHI, SIKE
3abe3nevyye HeoOXigHi 3HaUeHHS MBUIKOCTI YAaCTHHOK IIOPOLIKY Ha BUXO[Ii 3 COILIA AJ1s iX 3YeIJIeHHS 3 MiKJIaIKOI0
IIpU IOBOPOTi NOTOKy Ha 90°. 2) Ynepiue 3a pe3yabTaTaMy YMCEIbHOTO MOJIEJIIOBAHHS OJIE€P>KaHO 3aJ1€KHOCTI
TeMIIEpaTypPHO-LIBUAKICHUX XapaKTePUCTUK YaCTHHOK IIOPOLIKY Ha BUXO/Ii 3 IOBOPOTHOTO COILJIA BiJl MaTepiany
YaCTHHOK, iX po3Mipy, TEMIIepaTypy Ta TUCKY a3y Ha BXOZi B COILIO. 3) YIeplie 3allpONOHOBAHO MiAXin 4o
MIPU3HAYEHHS PEKMMIB XOJIOJHOIO ra30JMHAMIYHOTO HaNMJIIOBAHHS, 3aCHOBAaHUH Ha IJIaHYBaHHI
6araToakTOPHOTO eKCIIEPUMEHTY, METOL0JI0rii MoBepxHi Binryky i GA+BPNN, sikuii 103BoJIsie IpU3HayaTH
TEXHOJIOTi4HI TapaMeTpy HANMJIIOBAHHS [TIOKPUTTIB, 10 3a0€3MeYYI0Th JOCITHEHHS YaCTUHKAMU ITOPOIIKY
IIBUJIKOCTI, HEOOXiHOI 11715 iX 34eryIieHHs 3 MiAKIaAKo10. 4) Yriepiie Ha OCHOBI YNCEIbHOIO MOZEJIIOBAaHHS Ta
METOJ0JI0Tii [JIaHyBaHHs 6araToPpakTOPHOro eKCIIepUMEHTY OTPUMAaHO 3aJ1e’KHOCTI [IOPUCTOCTI Bif, IIBUAKOCTI
YaCTUHKHY, ii TeMIlepaTypH, Ta TEMIIEPATypy MiAKIaAKY B JOCIIIKYBaHUX Jlialla30Hax 3HaueHb. [IpakTuyHa
3HAYYLIiCTh OTPMMAHMX PE3YJILTATIB [10JIATa€ B TOMY, 1O PE3yJIbTaTU, OTPUMAHI y IMCEPTALiMHOMY AOCIIIKEHHI,
MOXYTb OYTH BUKOPUCTAHI [1pY PO3B’sI3yBaHHI LIMPOKOTO KJIAaCy MPAaKTUYHUX 3a71a4 [IpY PO3pO6IIeHi TEXHOJIOTiN Ta
TEXHOJIOTIYHMX PEKOMEHALliN 3 HAIMJIIOBAHHS 3aXVCHUX i BiHOBJIIOBAJILHUX [IOKPUTTIB, 30KpeMa: -
3aIPONIOHOBAHMM METOJ, NPOPiNIOBaHHS IOBOPOTHOT'O HAJI3BYKOBOTO COILJIA [1J11 XOJIOAHOTO ra30iMHAMIYHOTO
HaIlWJIIOBaHHS [03BOJISI€ BUBHAYUTH T€OMETPUYHI IapaMETPU COILJA 32 33JaHUMU XapaKTE€pPUCTUKAMU
BHMKOPHCTaHOI'O IIOPOIIKOBOrO MaTepiay, TUCKY Ta TeMIlepaTypy ra3y Ha BXOJli B COILJIO; - BUSIBJIEHi 0COOJINBOCTI
BILJIMBY MaTepiajy YaCTUHOK MTOPOLIKY, iX po3Mipy, IOYaTKOBMX 3HaUY€Hb TEMIIEPATYPU Ta TUCKY ra3y Ha
TeMIIepaTypy Ta WBUIKICTb YACTUHOK Ha BUXO]Ii 3 COMJIA, pPO3IINPIOIOTh YSIBJIEHHS NP0 3aKOHOMIPHOCTI IIPOLIECiB
razonrHamiku 1BOQa3HOro MOTOKY B HAJ3BYKOBUX COILJIAX [IJIS1 XOJIOJHOTO ra30JMHAaMIYHOTO HaIIWJIIOBAaHHS; -
PEe3yJIbTaTU JOCIIIKEHHS IIPOLECIB IPUCKOPEHHS YaCTUHOK IOPOUIKY B HA3BYKOBUX COILIAX Ta
BYCOKOMIBU/IKICHOTO 3iTKHEHHSI YaCTUHOK 3 MiJKJIaJJKOI0 CTBOPIOIOTh TEOPETUYHY 0a3y /1J1S BIOCKOHAJIEHHS
MoOJeJsieil [UX MTPOLEeCiB, TPOEKTYBAHHS Ta CTBOPEHHS 00JIafHAHHS JJ1s1 XOJIOGHOTO ra304HAMIYHOrO
HaIWIIOBaHHS; - 3aIIPOTIOHOBAHI B IXCEPTaLiiiHill pO6OTi MigX0oau M00 NIPU3HAYEHHSI PEXXUMIB HAMUIIOBaHHS
MOXYTb OyTM BUKOPUCTAHI [J151 ONTUMi3allii TapaMeTpiB XOJIOJHOI0 ra30JMHaMiYHOrO HaIllWJIIOBAaHHS 3 METOIO

KEPYBAHHA Ta 3abe3revyeHHs 3aJJaHUX XdPaKTEPUCTUK l'IOKpI/ITTiB.

2. The dissertation is devoted to the creation of an approach to the design of supersonic nozzles of various
configurations for cold gas-dynamic spraying and the optimization of spraying parameters in the development of
technological recommendations based on numerical modeling of the processes of the acceleration of powder
particles in the gas flow and their high-speed deposition with the substrate surface. The object of research is the
process of acceleration of powder particles by a supersonic flow in the nozzle channel for cold gas-dynamic
spraying and high-speed interaction when the particles impact on the substrate. The subject of the study is the
influence of the nozzle geometry and the parameters of the cold gas-dynamic spraying process on the
temperature and speed of the powder particles in the flow. The relevance and necessity of research is due to the
development of cold gas-dynamic spraying technology in the field of surface engineering, as well as the use of
technology to create volumetric additive materials. Increasing the productivity of the process and ensuring high
performance indicators of coating quality can be achieved by improving equipment elements and optimizing
spraying modes for forming coatings from given powder materials. In addition, the expansion of technological



capabilities of equipment for spraying coatings on internal and hard-to-reach surfaces of parts will open new
directions of practical application of technology in the field of spraying protective and restorative coatings. The
scientific novelty of the obtained results is as follows: 1) for the first time, a method of profiling supersonic single-
and multi-channel right-angle nozzles for cold gas-dynamic spraying of coatings on internal and out-off-view
surfaces was proposed, which provides the necessary values of the speed of powder particles at the exit of the
nozzle for their adhesion to the substrate when the flow is turned by 90°. 2) For the first time, based on the results
of numerical modeling, the dependence of the temperature-velocity characteristics of the powder particles at the
exit from the right-angle nozzle on the material of the particles, their size, temperature and gas pressure at the
entrance to the nozzle was obtained. 3) For the first time, an approach to assigning cold gas-dynamic spraying
modes is proposed, based on the planning of a multi-factor experiment, response surface methodology and
GA+BPNN, which allows assigning the technological parameters of coating sputtering, which ensure that the
powder particles achieve the speed necessary for their adhesion to the substrate. 4) For the first time, on the basis
of numerical modeling and the planning methodology of a multifactorial experiment, the dependences of porosity
on particle speed, its temperature, and the temperature of the substrate in the studied ranges of values were
obtained. The practical significance of the obtained results lies in the fact that the results obtained in the
dissertation research can be used in solving a wide class of practical problems when developing technologies and
technological recommendations for spraying protective and restorative coatings, in particular: - the proposed
method of profiling a right-angle supersonic nozzle for cold gas-dynamic spraying allows to determine the
geometric parameters of the nozzle according to the specified characteristics of the used powder material,
pressure and temperature of the gas at the nozzle entrance; - the revealed features of the effect of the material of
the powder particles, their size, initial values of temperature and gas pressure on the temperature and speed of
particles at the exit from the nozzle, expand the understanding of the regularities of gas dynamics processes of
two-phase flow in supersonic nozzles for cold gas dynamic spraying; - the results of the study of the processes of
acceleration of powder particles in supersonic nozzles and high-speed deposition of particles on the substrate
create a theoretical basis for improving the models of these processes, designing and creating equipment for cold
gas-dynamic spraying; - the approaches proposed in the dissertation regarding the designation of spraying modes
can be used to optimize the parameters of cold gas-dynamic spraying in order to control and ensure the given
characteristics of the coatings.

Jep>kaBHHHM peecTpaniiiHuii Homep iP:

IIpiopuTeTHHH HaNIpSIM PO3BHTKY HayKH i TEXHIKHU: OyHaMeHTa bHI HAyKOBI HOCIIIPKEHHS 3 HANGLIbII
Ba)KJIMBYX MPOGJIEM PO3BUTKY HayKOBO-TEXHIYHOTI0, COLiaJIbHO-€KOHOMIYHOTr0, CyCIIiJIbHO-TIOJIITUYHOTO,
JIIOACBKOTO TMOTEHLiaNy AJ1s1 3a6e3le4yeHHs KOHKYPEHTOCIIPOMOKHOCTI YKpaiHu y CBITi Ta CTAaJIoro pO3BUTKY

CYCIIiJIbCTBA i Aep>KaBy

CrpareriyHuil NpiOpUTETHUH HANIPSIM iHHOBALiMHOI Ais1JIbHOCTI: OCBOEHHS HOBMX TEXHOJIOTIH

BMPOOHULITBA MaTepiasliB, ix 0Opo6JIeHHs i 3'eJHaHHS, CTBOPEHHS iHIYCTpii HAHOMATEPialiB Ta HAHOTEXHOJIOTIN
ITizcyMKH JOCiI>KeHHS: HoBuil HANPSMOK y Haywi i TEXHiL

Iyo6sikaii:

¢ 1. Kun, T, Jie, H. W., Markovych, S., & Wang, Y. Dimet Laval nozzle expansion section analysis and
optimization. Journal of Engineering Sciences, 2021, 8(2): F6-F10

¢ 2. Kun, T., Jie, H. W., Markovych, S., & Wang, Y. Optimization of cold spray nozzles based on the response
surface methodology. Journal of Engineering Sciences, 2024, 11(1): F1-F11

e 3. Hu, W. ], Tan, K., Markovych, S., & Liu, X. L. Study of a cold spray nozzle throat on acceleration
characteristics via CFD. Journal of Engineering Sciences, 2021, 8: 19-24. DOI: https:/ /doi.org/10.21272 /
jes.2021.8(1).f3



e 4. W.J. Hy, K. Tan, S. Markovych, T. T. Cao, and X. L. Liu. Ordered Zirconium Alloys with Intermetallic
Hardening Research on Adhesive Mechanism of Al + Ti Mixed Powders Deposited on Ti6Al4V Substrate by CS
Using Abaqus /Explicit. Metallofz. Noveishie Tekhnol, 2022, 44(5):613-621

e 5. Tan, K., Hu, W,, Shorinov, O., & Wang, YR. Simulating multi-particle deposition based on CEL method:
studying the efects of particle and substrate temperature on deposition. Aerospace Technic and Technology,
2024, 1(193): 64-75

¢ 6. Tan, K. Analysis of spray particles entrance of Right-angle cold spray nozzle based on CFD. Mechanics and
Advanced Technologies, 2023, 7(3(99)): F1-F11

HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILis: TexHOOrii
ComniasTbHO-€KOHOMIiYHA CIPSIMOBAHICTh: €KOHOMisl MaTepiaiB; 3MEHIIEHHS 3HOCY 06J1a/JHAHHS]

OxopoHHi gokymeHTH Ha OIIIB:

BrnipoBagkeHHs pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B's130K 3 HAYKOBUMH TeMaMH: 01220001341

VI. BizoMocCTi mpo HayKOBOr0 K€PiBHUKa /KePiBHHUKIB (KOHCYJIbTAaHTA)

BaacHe IlpizBume Im'st I10-6aThKOBI:
1. llopinos Osiekcangp Bosogumuposuy

2. Oleksandr V. Shorinov

KBasigikanis: k.r.u., nouenr, 05.03.07
InenTudikarop ORCHID ID: He 3actocoyerbcs
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAUYHOI 0COOH: HaujoHanbHuii aepokocMmiunumii yHiBepeuter im. M. €.

JKykoBcbKoro "XapkiBCbKuUM aBiallilHUI iHCTUTYT"

Kopg 3a €IPIIOY: 02066769

Micue3Haxoa>KeHHS: By Ukanosa, 6y, 17, Xapkis, XapkiscbKuii p-H., 61070, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHicTepCcTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUI

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

1. Canin Anarozniit ®enopoBuy

2. Anatoliy Sanin

KBasigikanis: 1. ¢.-m. ., npodecop, 05.02.01



InenTudikarop ORCHID ID: 0000-0002-5614-3882
JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI OCOOH: [IHINPOBCHKMII HALIOHAIBHUIA YHiBepCcUTET imMeHi Onecs

l'oHuapa

Kopg 3a €IPIIOY: 02066747

Micue3HaxoaKeHHS: npocnekt Hayku, 6y, 72, IHinpo, JIHinpoBcbkuii p-H., 49045, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

Inentudikarop ROR:

CeKTOop HayKH:. YHiBEPCUTETCHKUI

Bsacue IlpizBuuie Im's I1o-6aThKOBI:
1. KoHorisiHueHKo €BreH BianuciaBoBUY

2. levgen V. Konoplianchenko

KBasigikamis: . r. u., gou., 05.02.08, 05.03.07
InenTudikarop ORCHID ID: 0000-0003-4814-1796

JoparkoBa iHdpopmamnist:
;https: / /www.scopus.com /authid /detail.uri?authorld=57194868590;https: / /www.webofscience.com /wos /autho
r/record /561850

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: CyMchKuii Hal[iOHAIbHUI arpapHUii YHIBEPCUTET
Kopg 3a €IPIIOY: 04718013

Micuesnaxo,rm(eHHﬂ: ByJ. ['epacuma Konppateesa, 6yz. 160, Cymu, Cymcepkuii p-H., 40021, Ykpaina
dopma ByracHOCTI:

Cdepa ynpaBiriHHS: MiHicrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: YHIBepCUTETChKUI

Penensentu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Bpeyc AHppiit OnekcaHgpoBUY

2. Andrii O. Breus

KBasidikamis: k.r.u., nouenr, 05.03.07
Imentudikarop ORCHID ID: 0000-0002-7310-1465
JoparkoBa iHdpopmamist:

IloBHe HaﬁMeHyBaHHH IOPUIHUYHOL 0CO0M: HamioHanbHUil aepOKOCMiYHMI YHiBepcUuTeT iM. M. €.

JKykoBcbKoro "XapkiBCbKuUii aBialliiHUI iHCTUTYT"



Kopg 3a €IPIIOY: 02066769

Micueanaxo,zm(eﬂna: ByJI. UkasnoBa, 6yz. 17, XapkiB, XapkiBCbKUM p-H., 61070, YkpaiHa

dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUI

Baacue IlpizBuuie Im's I1o-6aThbKOBI:
1. Inpoxkuit IOpiit BauecnaBoBuy

2. Yurii V. Shyrokyi

KBasigikanis: . . 1., gor., 05.03.07

InenTudirkarop ORCHID ID: 0000-0002-4713-0334

JopaTrkoBa indpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHu# aepoKocMiuHmil yHiBepcuTeT iM. M. €.

JKykoBcbKoro "XapKiBCbKUi aBialliiHUIA iHCTUTYT"

Kopg 3a €IPIIOY: 02066769

Micuesnaxo,lpKeHHﬂ: ByJ1. UkasnoBa, 6yx. 17, XapkiB, XapkiBcbkuil p-H., 61070, Ykpaina

dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MiHictrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUI

VIII. 3aKkJII04Hi BiZoMOCTi

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBi

TOJIOBH pajgu

ByiacHe IlpizBuie Im's ITo-6aThKOBI

rOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasibHUI 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeectpaTtop

KepiBHuk Bigginy YKpIHTEI, mpo €

BiZIOBiZaJIbHUM 32 peeCTpallilo HayKOBOi

OisSIIBHOCTI

BapaHoB Oser Oserosuy

bapanos Oser OseroBuy

ImMutpeHko €srenisa BanepiiBHa

VKpIHTEI

IOpuenko TersHa AHaTosIiiBHA



