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Ha3Ba eTamy: 3akoHOMIpHOCTi CTPyKTypOyTBOPEHHS! IOKPUTTIB BUCOKOEHTPOMIMHUK GaraToeJeMeHTHIX CUCTEM

Ha BHYTPILIHIX 10BEPXHSIX TPy MaJIMX JiaMeTpiB
IToyaToK eramy: 01.2018
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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

3aKOHOMIPHOCTI CTPYKTYpOYTBOPEHHS [TOKPUTTIB BUCOKOEHTPOIIMHUX 6araToeJeMeHTHUX CUCTEM Ha BHYTPIIIHIX

MIOBEPXHSAX TPYO Mayux IiaMeTpiB

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Regularities of structure formation of multicomponent high-entropy coatings on inner surfaces of small-diameter
pipes
Pedepar yKpaiHCBKOIO:

O6'eKT nociyKeHHs: npoLecy GOpMyBaHHS 6araToeJeMeHTHUX BUCOKOEHTPOIIHUX [IOKPUTTIB Ha BHYTPILIHIX
[IOBEPXHSAX TPYO Mayux JiaMeTpiB IpYU iOHHOMY PO3IOPOIIEHH]I CKJIaJIEeHUX CTPUKHIB B YUCTOMY iHEPTHOMY
cepenoulli. [Ipenmer pocuimxkeHHs: B3aeMHMII 3B's130K CTPYKTYPH, (Pa30BOr0 CKIIALy, MEXaHIYHUX XapaKTEPUCTUK
6araToesieMeHTHUX BUCOKOEHTPOmiitHuX MOKPUTTiB cucteM Ti-Cr-Fe-Co-Ni-Cu, Ti-Cr-Fe-Co-Zr-Cu, Ti-Cr-Fe-
Co-Zr-Cu-C, Ti-Cr-Fe-Co-Ni-C Ta Ti-C-Ni-Cr 3 TeXHOJIOTIYHUMU NTapaMeTPaMHu ixX OCaI>KEHHS Ha BHYTPIIIHIX
MOBEPXHAX TPYO Manux IiameTpis (MiHiManbHO 40 MM). PO3p06Ji€HO i BUTOTOBJIEHO BLOCKOHAIEHY KOHCTPYKLIO
IOHHO-T1JIa3MOBOTO PO3IOPOLIYBAYa 3 MILIEHHIO Y BUIJISIII CTPVDKHS, CKJIaIEHOrO 3 IeTaled Pi3HUX XIMIYHUX
€JIEMEHTIB. BlIoCKOHaIeHnI1 pO3MOpoIyBad IPUIATHUI 117151 1abOPAaTOPHOT BUKOPUCTAHHS [71s1 HA€CEHHS
6araTOKOMIIOHEHTHUX IIOKPUTTIB Ha BHYTPIlLIHIO TOBEPXHIO TPYyO AiameTpom 40 MM i Buie. CTBOPEHO MaTEMaTUYHY
MOJIeJIb MaCOII€PEHECEHHS PO3IIOPOLIEHOI PEYOBUHMU B 1IbOMY IIPUCTPOI AJ1s1 MillleHi-CTprKHS pi3HOI KOHIryparii.
Mopenb 03BOJIsI€ KiZIbKICHO OLIiHIOBAaTH PO3IIOiJ €JIEMEHTHOTO CKJIally 6araTOKOMIIOHEHTHUX MeTaJIeBUX
IIOKPUTTIB Ha BHYTPIillIHi} NOBEPxHi TPyO Majoro fiameTpy. 3a JOIOMOIOI0 BUTOTOBJIEHOTO IPUCTPOIO OJlePKaHO
nnokpurts cucrem Ti-Cr-Fe-Co-Ni-Cu, Ti-Cr-Fe-Co-Zr-Cu, Ti-Cr-Fe-Co-Zr-Cu-C, Ti-Cr-Fe-Co-Ni-C ta Ti-C-Ni-
Cr, a TaKOX JOCTiIKEHO 3aKOHOMIPHOCTI (POPMYBaHHS iX CTPYKTYPHO-(a30BOr0 CTaHy, €IEMEHTHOTO CKJIALYy,
MIKpOTBEpPZiCTb Ta afiresiio 3aJIe>XKHO Bifl TUCKY poO0YOro rasy, TeMIiepaTypyu poCTOBOI [IOBEPXHi Ta IOTY>KHOCTI
posmnopolryBaya. [IpoBeieHi KOMIIJIEKCHI JOCiIpKEHHS CTPYKTYpHU Ta (a30BOr0 CTaHy IIOKPUTTIB 3 MIAPOKUM
CIIEKTPOM €JIEMEHTHUX CKJIaJiB 3a mornomorolo IIEM i peHTreH0(ha30BOro aHasisy nokasany, o MOKPUTTS 3
HaOJIMKEHVMU [10 €KBiaTOMHUX eJIeMEHTHUMU CKIasiamu popMyIoThCsl y BUrIsni amopdHoi dasu. [Topsia 3 num
IIOKPUTTSI 3 BUCOKAM BMiCTOM Xpomy (62 aT. %) MaloTb B CBOEMY CKJIAJi BifjIOBiIHY [0 Liboro eneMeHTy OLIK
PELIiTKy, a IOKPUTTS, B CKJIaJIi SIKUX [I€PEBAKAIOTh BYIJIEeLlb Ta TUTAH, O4iKyBaHO MalOTh B cBoeMy ckiai I'LIK-

pewiTky TiC.

Pedepar aHI1iliChKOIO:

Investigation object: processes of formation of multielement high-entropy coatings on inner surfaces of low
diameter pipes by means of ion sputtering of compound rods in pure inert ambient. Investigation subject:
interrelation of structure, phase composition, mechanical properties of multielement high-entropy coatings of Ti-
Cr-Fe-Co-Ni-Cu, Ti-Cr-Fe-Co-Zr-Cu, Ti-Cr-Fe-Co-Zr-Cu-C, Ti-Cr-Fe-Co-Ni-C and Ti-C-Ni-Cr systems with
technological parameters of their deposition onto inner surfaces of low diameter pipes (minimum 40 mm). The
improved construction of the ion-plasma sputterer with rod-like target composed of pieces of different chemical
elements has been developed and produced. The improved sputterer is applicable for laboratory use to deposit
multicomponent coatings onto intter surface of low diameter pipes (40 mm and higher). A mathematical model of
mass transfer of sputtered substance has been developed for this sputterer and various configurations of the rod
target. The model allows numerically estimating elemental composition distribution of multicomponent metallic
coatings along the inner surface of low diameter pipes. Using the developed sputterer the coatings were obtained
for the systems Ti-Cr-Fe-Co-Ni-Cu, Ti-Cr-Fe-Co-Zr-Cu, Ti-Cr-Fe-Co-Zr-Cu-C, Ti-Cr-Fe-Co-Ni-C and Ti-C-Ni-
Cr, as well as regularities of their structure formation, elemental composition, microhardness and adhesion have
been determined depending on the working gas pressure, the growth surface temperature, and the discharge



power. Complex studies of structure and phase statehave been done for coatings of wide spectrum of elementl
compositions using transmission electron microscopy and X-ray diffraction analysis which have shown that the
coatings with compositions close to equiatomic are formed amorphous. The coatings with high Cr content (62

at.%) include corresponding to Cr bcc lattice. The coatings with predominant C and Ti include fcc lattice of TiC.
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Koau TemaTHYHHUX PYOpPHK: 29.19.03
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zga HTII yKpaiHCBKOIO: Po3po6iieHi TEXHOIOTIYHI OCHOBY (OPMYBAHHSI 3aXMCHUX [IOKPUTTIB Ha

BHYTPIIIHIX IOBEPXHSIX TPYO MaJIMX AiaMETPIiB.

Haszsa HTII anrJiiicbKo10: Technological bases of formation of protective coverings on internal surfaces of

pipes of small diameters are developed.

HTII, sixy nepen6a4asiocsi CTBOPUTH:
IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:
OTpuMmaHi pe3yJIbTaTH: Martepianu

l'any3s 3acTocyBaHHs: 29.60.0, 40.10.2, 28.30.0
PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Onuc HTII: [Tpu Bukonanui HAP 6yB po3po6ieHuil Ta 3araTeHTOBAHWIA HOBUIA 33 IPUHLUIIOM POGOTH I0HHMIA
PO3NMIIIOBAY CKJIAEHUX 3 PI3HUX PEYOBUH CTPUIKHIB Ta BiflIOBiHA HOBA TEXHOJIOTiS HAHECEHHS 6araTollapoBUX i
BOJIHOYAC 6araTOKOMIIOHEHTHUX IMIOKPUTTIB Ha BHYTPILIHIO IOBEPXHIO TPY6 Masoro giamerpy (~39 mm). B ocHOBY
CTBOPEHHSI 3asIBJIEHUX PO3IUJIIOBAYiB OYyJIM MOKJIaNleHi ToegHaHI MiXK 00010 MarHeTPOHHUH e(eKT Ta ePeKT
NOpoKHKCTOro. KokeH 3 1BOX 3a3HaU€HUX €(EKTIB IOPi3HO, CTBOPIOIOYY MACTKY 7151 €JIEKTPOHIB, CTUMYJIIOIOTh
ioHi3awio poboyoro rasy i, Ik HaCJigOK, 3HWXKYIOTb 10r0 po604nii TUCK Ta MiBUILYIOTh CTPYM HECAMOCTIHHOTO
TJIi040r0 po3psify. BcTaHOBIIEHO, 10 B pa3i MO€IHAHHS 3a3HAYEHNUX IBOX €(EKTiB MOKHA JJOCSTTU YMOBU
PiBHOMIPDHOTO PO3MUJIEHHS CKJIQZEHOTr0 3 Pi3HMX METaJIiB Ta rpadiTy CTPYXKHS, TOBXUHO ~140 MM Ta 3MEHIINTU
THCK pobodoro rasy 1o 3 I1a. Po3pobseHa TeXHOJIOTiS N03BOJISIIA, 32 YMOBU IIE€PEMIIEHHS TPyOHU BiTHOCHO
PO3INMIIIOBAJIBHOTO CTPYIKHS, (POPMYBATH 6AraToOLIapOBi KOMIIO3UTHU 3 HE OOMEXEHUMHU 33 €JIEMEHTHUM CKJIAZIOM
npomapkamu. [Ipu po3nuseHHi YOTUPhOX BapiaHTIB CTPUIKHIB, IO CKJIAZIeHi 3 Pi3HUX HAOOPiB XiMiYHUX eJIeMeHTiB
((Ti,Cr,Fe,Co,Ni,Cu); (Cr, Ti, Ni, Co, Fe i C), (W, Ta, Hf, Ti, Zr, Ni, Co i C) i (W, Ta, Hf, Ti, Mo, Cr, Al, Rb, V Ta C)) 6ys0

OTPUMAHO Ta NOCJIIKEHO 22 Pi3HUX 32 €JIEMEHTHUM CKJIQJOM ITIOKPUTTIB.
ConianbHO-eKOHOMIYHA cripsimoBaHicTh HTII: 3menmenns snocy obnagHanus
Brnius HTII Ha moBKiJjs:
BnposaaykenHss HTII: Bnposamxeno
IIpakTuyHa peasnisanis HTII
IToyaTok eramy: 01.2018
3akiHyeHHs eTamy: 12.2020
Crnio>KuBavi NPOAYKILii: CyMcbKuii Iep>KaBHUI yHIBEPCUTET
IlepcrieKTHBHI PUHKH: Vkpainu, ATOMHa eHepreTuka YKpainu
XapakTep cniBpOOIiTHHIITBA 3 iIHBECTOPOM
IToTpiOHMI 06CAT iHBECTHILiH, THC. TPH.:
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TexHiKO-€eKOHOMiYHEe OOrpyHTYBaHHSI.
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