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PE®EPAT

Jumnomuas pabota 51 crpanuna, 3 yactu, 31 pucyHok, 10 UCTOUHHUKOB.

KJIIOUEBBIE ~ CJIOBA:  BBICOKODHTPONMUHBIA  CIUIAB,
LIUPKOHMUIA, KOMITPECCUOHHBIE [TJTABMEHHBIE [TOTOKH,
CTPYKTYPHO-®A30BOE COCTOAHUE, MUKPOTBEPJOCTD.

OOBEeKTOM  HCCIEAOBaHUS  SIBISIETCS  BBICOKOAHTPONHMMHBIA  CIIIaB
NiCoFeCrMn u crimaB NiCoFeCrMn ¢ HaHeCEHHBIM OKPBITHEM U3 [TUPKOHUS.

Llenpto maHHOW pabOTHI SBJISJIOCH HMCCIENOBAHUE CTPYKTYpHO-(a3zoBOro
cocrosinus craBa NiCoFeCrMn, moaBepruyToro Bo3J€iCTBHIO KOMIIPECCHOHOTO
IJJa3MEHHOTO TIOTOKA, W MW3YYEHHUE BIMAHUE BO3ICHCTBUS HA IPOYHOCTHBIC
XapaeTePUCTUKH.

Mertoapl HCCIENOBAHUSA: PEHTICHOCTPYKTYPHBIM aHalu3, CKaHUpYrOUas
AJIEKTPOHHAsT MHUKPOCKOIUS, PEHTIE€HOCHEKTPAIbHBIA MHUKPOAHAIN3, WU3MEPEHUE
MaccChbl, U3MEPEHUE MUKPOTBEPAOCTH.

VcranosneHo, uyro Bo3aeilictBue KIIII ¢ INIOTHOCTHIO IIOTJIOMICHHOM
smeprux  13-23 JDk/cM® OPHBOANT K IUIABICHHIO IOBEPXHOCTHOTO CJIOSL
TonumHa MOAU(UIIMPOBAHHOTO CJIOSL C TUCIIEPCHOM CTPYKTYpPOH COCTaBIsIET ~
15 mxm. Bosneiictue KIIII Takke npuBOAUT K NEPEMEIIMBAHUIO ITOKPHITUA ZT C
MaTepHaJIoM CIUIaBa. TONIIHMHA JIETUPOBAHHOTO IIUPKOHUEM cJ10s cocTaiiger 10-
12 MxMm

ITokazano, uyrto BozaeiictBue KIIII Bemer K 3po3uM MOBEPXHOCTH,
0oOyCIIOBJICHHON THAPOJMHAMUYECKMM TeueHHeM pacruiaBa. Hanecenue
NOKPBITHS LMPKOHUS HAa CIUIAB YMEHBLIAET HHTEHCHUBHOCTH 3po3uu c 2,218
Mr/cM’ 10 0,081 MI/cM>.

BosnetictBue KIIII Ha cmuaB npuBOAUT K (QOPMHUPOBAHUIO OKCHIA
mapraniia MnO. Ilocne o6pabotku KIIII cmmaBa ¢ MOKpeITHEM LHMPKOHUS
npoucxoaut ¢popmupoBanne ZrOQ, ¢ MOHOKIMHHON KPUCTAJUTMYECKONW PEIIETKOM.
®dopmupoBanue 3THX Pa3 o0yciosieHo AUPPy3ueil KUCIopoIa U3 OCTaTOUHOM
aTMoc(epbl BaKyyMHOW KaMepbl B IMOBEPXHOCTHBIN cioi U (HOPMUPOBAHUEM
TOHKOW OKCUIHOM TUIEHKH HA MIOBEPXHOCTH.

[Tocne o6pabotku KIIIT mukpoTBepaocTs cruiaBa ymeHsiiaerca ot 312 o
220 HV (13 JIx/cm®), JlerupoBaHue IMPKOHHEM IPHUBOIMT K YBEIHYCHHUIO
MHKPOTBEpHOCTH 10 485 HV 1pH [IIOTHOCTH MOTIIOMEHHO# sHepruu 13 JIx/cM’.

[Tonmy4yeHHble pe3ynbTaThl MOTYT OBITh HMCHOJB30BaHbl [JISl TMOBBIIICHUS
IPOYHOCTHBIX XapPaKTEPUCTUK MHOTOKOMIIOHEHTHBIX M BBICOKO3HTPONUNHBIX
CIUIaBOB.



POD®EPAT
JpiiomHas padota 51 craponka, 3 yaci, 31 mamtonak, 10 KpbIHILI.

KJIFOUABBISI CJIOBA: BBICKADHTPOIINIMHBI CIUIAY, I[BIPKOHIN,
KAMIIPOCIMHBIS TUIASMEHHBIS TIATOKI, CTPYKTYPHA-®A3ABbBI
CTAH, MIKPALIBEPJIACLIb.

Ab'extam pacnemaBaHHs 3'synsenia BbicokasHTpamiiHbl cruiay NiCoFeCrMn 1
cray NiCoFeCrMn 3 HaHECEeHBIM MaKPBILIEM 3 IIBIPKOHIS.

Mbraii mam3eHail mpaiel 3'sSyisiacs naciefaBaHHE CTPYKTypHa-(azaBara CTaHy
cruiaBy NiCoFeCrMn, nagBeprayrara y3A3€siHHIO KOMIIPECCHOHHOTO MJIa3MEeHHAara
CTPYMEHS, 1 BRIBYUIHHE YIUIBIY y3A3ESHHS Ha TPHIBATBHBIS XapaKTaAPHICTHIKI.

Mertanpl nacieaaBaHHs: PIHTICHACTPYKTYPHBI aHai3, CKaHaBaJIbHAS SJIEKTPOHHAS
MiKpacKallis, pIHTT€HACIEKTPaIbHbI MiKpaaHaii3, BHIMSIPIHHE Machl, BHIMSPIHHE
MIKpanBeépaactii.

Ycranoynena, mro y3azesaHe KIIII ca mrapuibHaciio marnsiHyTaid sHeprii 13-23
I[}K/CM2 OpBIBOMA3ING J1a IUIAYJEHHsS MaBsIpXoyHara Iulacta. Tayurdbras
MajpiikaBaHara 1iacTa 3 JeICIIEpCHAN CTPYKTypail ckiagae ~15 MxM. Y3m3esHHe
KIIIT takcama mpbIBOA3INb J1a MSIIAHHS HAKphIIS Zr 3 MaTdpbisyiaM CIUIaBa.
TaymruplHg JieripaBaHara 1pIpkoHieM 1acta ckiajgae 10-12 Mxwm.

[Takazana, mto y3m3esHHe KIIII Bsaze nma sposii maBepxHi, aOymoyJieHait

riipafblHaMIYHBIM LiraM paciiaBy. HaHsceHHe Makphllls LBIPKOHIS Ha CIUiay
) - . 2 2
namsiHIIae IHTAIHCIYHAcb 3po3ii 3 2,218 mr/cm” ga 0,081 Mr/cm”.

V3nzesune KIIII Ha crutay npeiBoa3ins Ja gpapMaBaHHA akciny Mapraniy MnO.
[Tacna anmpanoyki KIIIT crutaBa 3 makphIiiém IbIPKOHIA ag0biBaeliia hapMaBaHHE
7ZrO, 3 MaHakJIiHHAWl KpbITadiyHai pamoTkail. ®dapMipaBaHHe TATHIX (a3
abymoyiena apiy3iai Kicaapoay 3 palITKaBaid atMacepsl BakyyMHail KaMephl ¥
NaBsIPXOYHBI TUIACT 1 papMaBaHHEM TOHKaM akcijHal TIEHK] Ha MaBEpXHI.

[Macna ampanoyki KIIIT mikpansépnacup crmaBy naMsHmaenia ag 312 ma 220
HV (13[x/cm”), JleripaBaHHe IBIPKOHIEM TPBIBOA3ING A4 MABEI{YIHHS
MmikpanBépnacii ga 485 HV npbl mubuibHACII MArIbIHYTal dHEPTii 13 I[)K/CMZ.

ATpbIMaHbIsl BBIHIKI MOTYIIb OBIllb BBIKAPBICTAHbI JJIS1 MaBBIIIHHS TPbIBAIbHbIX
XapaKTapbICTHIK IIIMAaTKAMITAHEHTHBIX 1 BBICOKa HTPAIIWHBIX CIUIaBay.



ABSTRACT

Diploma thesis 51 pages, 3 parts, 31 figures, 10 sources.

KEYWORDS: HIGH-ENTROPY ALLOY, ZIRCONIUM,
COMPRESSION PLASMA FLOWS, STRUCTURAL-PHASE STATE,
MICROHARDNESS.

The object of the study is high-entropy NiCoFeCrMn alloy and
NiCoFeCrMn alloy with a zirconium coating.

The purpose of this work was to study the structural-phase state of the
NiCoFeCrMn alloy exposed to a compression plasma flow, and to study the effect
of exposure on strength characteristics.

Research methods: X-ray diffraction analysis, scanning electron microscopy,
X-ray spectral microanalysis, mass measurement, microhardness measurement.

It was found that the effect of CPF with the absorbed energy density of 13-
23 J/em® leads to melting of the surface layer. The thickness of the modified layer
with a dispersed structure 1s ~ 15 um. The effect of CPF also leads to mixing of the
Zr coating with the alloy material. The thickness of the zirconium-alloyed layer is
10-12 pm

It was shown that the effect of CPF leads to surface erosion caused by the
hydrodynamic flow of the melt. Application of a zirconium coating to the alloy
reduces the erosion intensity from 2.218 mg/cm’ to 0.081 mg/cm’.

The effect of CPF on the alloy leads to the formation of manganese oxide
MnO. After CPF treatment of the alloy with a zirconium coating, ZrO, with a
monoclinic crystal lattice is formed. The formation of these phases is due to the
diffusion of oxygen from the residual atmosphere of the vacuum chamber into the
surface layer and the formation of a thin oxide film on the surface. After
processing the CPF, the microhardness of the alloy decreases from 312 to 220 HV
(13 J/em®). Alloying with zirconium leads to an increase in microhardness to 485
HV with an absorbed energy density of 13 J/cm®. The obtained results can be used
to improve the strength characteristics of multicomponent and high-entropy alloys.



