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Pedepar:

1. Inceprauiifina po60Ta IpUCBIYeHa AOCiIKEHHIO CTPYKTYPHOTO Ta (pa30BOro CTaHy, MEXaHIYHUX BJIACTUBOCTEN
crnaBiB FeCoNiAlVMo, FeCoNiCrMoW, FeCoNiCrMnW, FeCoNiAlICrMnx(x=0,5;1), FeCoNiAIVMoB, FeCoNiCrMoWB,
FeCoNiCrMnWB y BuxigHOMY CTaHi Ta MiCJis1 OKUCHEHHY, a TAKOX CEPEIHbOEHTPONIMHUX N1O0PUIiB HA OCHOBI
nopoukiB HfB2, TiB2, ZrB2, NbB2,TaB2. Y po60Ti HaBe[leHO JiiTepaTypHUI OIJIS[, OCTaHHIX LOCIiIKEeHb 32 TEMOIO
IyceprauiiiHoi pobotu. [IpeacTaBieHo aHali3 JIiTepaTypHUX AKepeJl, IPUCBSIYEHNX OCHOBHUM XapaKTepUCTUKaM i
BJIACTUBOCTSM 6araTOKOMIIOHEHTHUX CUCTEM i3 CKJIaJloM HabJIMKEHUM [0 €KBIMOJISIPHOTO, BiTOMUX SIK
BUCOKOEHTpOIIiHI ciiaBu (BEC). OnrcaHo OCHOBHI METO/IM iXHBOTO CMHTE3Y Ta EMIIPUYHI TapamMeTpy, 10

BHUKOPHUCTOBYIOTBCSI 17151 IPOTHO3YBaHHS ¥ yTBOPEHHSI TaKUX CIUIaBiB. Po3risiHyTO CTpyKTYpHi 0cobauBocTi BEC i



IIPOBEEHO iX MOPIBHSAHHSA 3 KDUCTANIYHMMH Ta aMOP(PHUMU METAIIYHUMU CIIJIaBaMU. PO3IJISIHYTO OCHOBHI
KpuTepii, 110 BU3Ha4Yal0Th GopmyBaHHS cTpykTypu BECiB — TBeprodaszHOro po3urHy. Ha OCHOBI oiep>kaHUX JaHUX
c(OpPMYIbLOBAHO METY Ta 3aBJAHHA JAHOTO JOCHiIKeHHs. [IpefcTaBieHo pe3ybTaTy JOCTIiIKEHHS CIIaBiB
BHMCOKOEHTPOIMINHNX MaTepiaJiB Micjisg aprOHHO-AYyTOBOTrO Nepensasy. [IpoBeieHnii aHali3 BaJIeHTHOI €JIEKTPOHHO]
koHuenTpauii (VEC) ans pisnux cknagnis BEC, sikuil 103BoJIsie€ Iepe6aunTy iXHIO KPUCTANIIUHY CTPYKTYpyY. 3arajiom,
st VEC > 7,5 es1/at xapakTepHUM € (popMyBaHHs rpaHelleHTpoBaHoi Ky6iunoi (['LIK) cTpykTypu, 1o 3ab6e3nedye
BHICOKY IIJIACTUYHICTb Ta CTabinbHICTh TBEPHOi pas3u. KiacuyHMM IPUKIIAJOM € eKBiaTOMHME crutaB KaHTopa
FeCoNiMnCr (VEC = 8 esn1/ar), B sKOMy popmyeTbcs ogHOGasHuil TBepauil po3uuH 3 I'LIK-cTpykTyporo. ¥V cninaBax
3i 3HauenHsimu VEC y nianasoni 6,8-7,5 es1/at moxknnba nosiea cymimi ¢as (I'UK + OLK), mo crioctepiraerscs,
Hanpukiag, y FeCoNiCrMoWB (VEC = 6,9). 3a VEC < 6,8 nepeBaxkae 06’emHoLieHTpoBaHa KybiuHa (OLIK) ¢asa, 1o
xapakrepHo 11 crnaBy FeCoNiAIMnCrB (VEC = 6,7 en/at). JleryBanns cninaBy Kanropa amominiem amenuye VEC
1o 7,2 en/ar iy cnnasi FeCoNiAIMnCr ¢ikcyeTbes ongHopasHuil TBepauil po3unH 3 OLIK cTpykTypoio,
yrnopsiKoBaHoto 3a Tunom B2. JleryBanus W ogHodasHnoro I'IJK crinaBy Kantopa FeCoNiCrMn, npuBoauTs 1o
3MiHM ¢a3oBoro ckuany i3 GopMyBaHHSIM CyMilli TBEPAUX po3urHiB Ha ocHOBI ['LIK Ta OLIK rpaTok, a Takox
BUIiZIEHHS iHTEpMeTanigy tuny p-dasu (Fe7W6). lonaBaHHS 60py CIIpUs€E BiIXWUJIEHHIO Bif] IPaBUJIa BU3HAYEHHS
ckiany 3a VEC i BinOyBaeTbCsl yTBOPEHHS TPbOX 60punHUX (a3 — FeW2B2 Ta WB 3 TeTparoHanabHOIO i
opTopomb6iuHoo cTpykTypamu Ta (Cr,Fe)23B6 3 KybiuHo!o rpaTkolo i cTpykTypoto tuny Cr23C6. [1pu 3amiHi
MapraHijio Ha moJii6eH, y criasi FeCoNiCrMoW crnioctepiraetbcst 3HauHe 36isbimeHHs gosi OLK 3 16 mo 45 % Bar, a
u-dasu 3 23 1o 40 % Bar. [Ipu noganbmoMy BBeIEHHI [0 CI1aBy 60py, y nopiBHsHHi i3 FeCoNiCrMn,
CIIOCTEPITaeThCs 36ibIIeHHS KiJIbKOCTI 60puaHuX (a3 3 TPbOX MO I SITH, IKi MAIOTh Pi3HUM TUI KPUCTATiYHOI
cTtpyktypu - (MoW)B, MeB2, Fe2B, Ni3B ta Ni2ZIM02B6. 3 MeTO0 NOPiBHSIHHS BIJIMBY €HTPOIIMHOrO (pakTopa Ha
ozlep>KaHHS 60pUiB IHIMMU METOAAMMU, IPOBEIEHO NOCiIPKEHHS CTPYKTYPU Ta a3oBOro CKIIamy
BHCOKOEHTPOIINHUX 60puiB, oTpuManux 3a Temmeparypu 2000 C metomom rapsyoro rnpecysaHHs (['T]) BuxigHux
nopouikis gu6opuzis. OnHodaszni gudopunu (TiB2, ZrB2, HfB2, NbB2, TaB2) BUKOpuCTOBYBau [J1s1 OTPUMaHHS
pisHuX TBepaux po3unHiB. KoHCoiAalio cepeiHbOeHTpONiHUX TBepAux pos3uuHis (Ti, Zr, Hf)B2, (Zr, Hf, Nb)B2,
(Zr, Hf, Ta)B2 , (Zr, Hf, Nb, Ta)B2 npoBoaunu rapsiuum npecysanssm (I'TI) B atmocdepi CO/CO2. HaBeneHno
Pe3yJIbTaTU NOCiKeHHs (a30BOro Ta CTPYKTYPHOrO CTaHy BUCOKOEHTPOIINHUX MaTepiaiB MicJisi OKUCHeHHS. [1in
4yac TPUBAJIOro BUCOKOTeMIIepaTypHoro okucHeHHs ipu 900 C npoTsirom 50 roAuH Ha IOBEPXHI CIJIaBiB
AICrMnO,5FeCoNi ta AICrMnFeCoNi dopmytoTbcs cyninbHi 6aratodasHi OKCUAHI MITiBKY, SKi MiCTSITb OKCUIU
Mn304, FeMnO3, mminens NiMn204 ta Al203. [1pu 11poMy B MaTpULi CILJIABiB BilOyBa€ThCS CIIIHOAATBHUI PO3Naz
BropsigxoBaHoi OLIK (B2) cTpykTypu Ha cymilll IBOX TBEPAUX PO3UHUHIB, 1m0 MatoTe OLIK i I'TIK kpucTanivxi
CTPYKTypH Ta O-(a3zy 3 TeTParoHaJbHOIO rpaTkolo. I1ix yac okucHeHHs ciaBy Kantopa FeCoNiMnCr npu 1000 C
IpOTSrom 1 rogvHM Ha MOro OBEPXHI CIIOCTePiraeTbCsl (POPMYyBAHHS TOHKOI IIJIiBKY i3 IBOX OKCHJIIB 32 y4acTIO
mapranio Mn304 ta MnFeO3. TIpu BBegeHHi fo cnnaBy Kantopa Bosbdppamy (FeCoNiMnCrW), Ha 11oro nosepxHi
ITiCJ151 OKMCHEHHSI B aHaJIOTIYHUX YMOBAX, CIIOCTEPIraeThCsl HEpiBHOMipHE (POPMYBaHHSI OKCUAHOTO IIApPYy.
OxucHeHHs BosIbdpaMy Bifl0yBaeThCs 3 yTBOPEHHSIM okcuny WO3, sikuil Ipy BUCOKUX TemIieparypax (nonag 1000
C) mae 31aTHICTh 10 BUNapoByBaHHsL. [1if 4yac okucHeHHs Ha noBepxHi crnaBy FeCoNiMnCrWB ¢opmyeTbes
IIOPUCTA OKAJIMHA, B CTPYKTYPI SIKOi CIIOCTEPIraloThCsl yTBOPEHHS KiJIbKOX TUIIIB OKCHIIiB — CBITJIMX APiOHO
3€PHUCTHUX FOJIKONOIOHMX Ta [0 OIJIaBJIEHUX 3€peH pizHoro po3mipy. Ha nosepxHi cninaBy FeCoNiCrMoWB nif,
yac okucHeHHs npu 1000 C npoTtsrom 3 roguH (OPMYETHCS TOBCTA IOPUCTA OKalIUHA (1o 1400 MKM), IKa 4aCTKOBO
OoCcHUMaeThCs 3 ToBepxHi 3pa3ka. [Tpu okucHeHHi criaBiB FeCoNiAlVMo ta FeCoNiAlVMoB crioctepiraerbes pizHuUIS
y popmyBaHHi (a3oBOro CKafy, o NOSICHIOETHCS K Pi3HULEI0 Y TPUBAJIOCTI NPOLECY, Tak i y ¢pa3oBoMy CKIaAi

CILJIaBiB.

2. The PhD thesis is devoted to the study of the structural and phase state, as well as the mechanical properties of
FeCoNiAlVMo, FeCoNiCrMoW, FeCoNiCrMnW, FeCoNiAICrMnx (x=0.5;1), FeCoNiAlVMoB, FeCoNiCrMoWB, and
FeCoNiCrMnWB alloys in their initial state and after oxidation, as well as medium-entropy diborides based on HfBn,
TiBo, ZrBo, NbBn, and TaBo powders. The work provides a literature review of the latest research on the topic of the
dissertation. An analysis of literature sources is presented, focusing on the key characteristics and properties of



multicomponent systems with compositions close to equimolar, known as high-entropy alloys (HEAs). The main
synthesis methods and empirical parameters used to predict and form such alloys are described. Structural

features of HEAs are considered, with a comparison made between crystalline and amorphous metallic alloys. The
main criteria determining the formation of HEA structures — solid solutions — are examined. Based on the

obtained data, the aim and objectives of the study are formulated. The results of research into high-entropy
materials after arc-melting under argon are presented. An analysis of the valence electron concentration (VEC)

was carried out for different HEA compositions, allowing prediction of their crystal structures. In general, for VEC
>17.5 en/atom, face-centered cubic (FCC) structures are formed, which ensure high plasticity and solid-phase
stability. A classical example is the equiatomic Cantor alloy FeCoNiMnCr (VEC = 8 en/atom), which forms a single-
phase solid solution with an FCC structure. Alloys with VEC in the range of 6.8-7.5 en/atom may exhibit a mixture

of FCC and body-centered cubic (BCC) phases, as observed in FeCoNiCrMoWB (VEC = 6.9). For VEC < 6.8, BCC

phase predominates, as in FeCoNiAIMnCrB (VEC = 6.7 en/atom). Alloying the Cantor alloy with aluminum reduces

the VEC to 7.2 en/atom, resulting in a single-phase solid solution with a BCC structure ordered according to the B2
type. Alloying the FCC single-phase Cantor alloy FeCoNiCrMn with tungsten leads to a change in phase

composition with the formation of a mixture of solid solutions based on FCC and BCC lattices, along with the
emergence of a p-phase intermetallic compound (FeoWn). The addition of boron causes deviations from VEC-based
composition predictions and leads to the formation of three boride phases — FeWnoBo and WB with tetragonal and
orthorhombic structures, and (Cr,Fe)onBo with a cubic lattice and CronCo-type structure. Replacing manganese with
molybdenum in the FeCoNiCrMoW alloy leads to a significant increase in the BCC phase fraction from 16 to 45 wt%
and the p-phase from 23 to 40 wt%. Further addition of boron results in an increase in the number of boride

phases from three to five compared to FeCoNiCrMn, with different crystal structures: (MoW)B, MeBq, FeoB, NioB, and
NiooMooBo. To compare the impact of the entropy factor on boride formation using alternative methods, the structure
and phase composition of high-entropy borides synthesized at 2000°C via hot pressing (HP) of initial diboride
powders were studied. Single-phase diborides (TiBo, ZrBo, HfBo, NbBao, TaBo) were used to produce various solid
solutions. Consolidation of medium-entropy solid solutions (Ti, Zr, Hf)Bn, (Zr, Hf, Nb)Bn, (Zr, Hf, Ta)Ba, and (Zr, Hf, Nb,
Ta)Bo was performed via hot pressing in a CO/COn atmosphere. The results of phase and structural state studies of
high-entropy materials after oxidation are provided. During prolonged high-temperature oxidation at 900°C for 50
hours, continuous multiphase oxide films form on the surfaces of AICrMno.oFeCoNi and AICrMnFeCoN:i alloys. These
films contain MnoOn, FeMnOun, NiMnoOw spinel, and AlnOn oxides. Meanwhile, spinodal decomposition of the ordered BC(
(B2) structure occurs in the alloy matrix, forming a mixture of two solid solutions with BCC and FCC structures and

a o-phase with a tetragonal lattice. Oxidation of the Cantor alloy FeCoNiMnCr at 1000°C for 1 hour results in the
formation of a thin surface film containing two manganese-based oxides, MnoOo and MnFeOn. When tungsten is
added to the Cantor alloy (FeCoNiMnCrW), non-uniform oxide layer formation is observed under similar oxidation
conditions. Tungsten oxidizes to form WOg, which has a tendency to evaporate at high temperatures (above

1000°C). Oxidation of FeCoNiMnCrWB results in the formation of a porous scale containing several oxide types —
light, fine needle-like grains and partially molten grains of various sizes. Oxidation of the FeCoNiCrMoWB alloy at
1000°C for 3 hours forms a thick porous scale (up to 1400 pm), which partially spalls off the sample surface. In
FeCoNiAlVMo and FeCoNiAlVMoB alloys, differences in the phase composition during oxidation are observed,

which are attributed to differences in oxidation duration and initial phase composition of the alloys.
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VIII. 3aKkJII04Hi BiZmoOMOCTi

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI IOpkoBa Onekcannpa IsanisHa
rOJIOBH pajgu

BaacHe IlpizBume Im's I10-6aTbKOBI IOpkoBa Onekcannpa IsanisHa
TOJIOBYIOYOTO Ha 3acCifiaHHi

BiagmoBizasibHUM 32 MiATOTOBKY Haymenko Makcum I1aBnioBuy

00JIiKOBHX JOKYMEHTIB

PeectpaTop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




