MHUHUCTEPCTBO OBPA30BAHUSA PECITYBJIMKHU BEJIAPYCb
BEJIOPYCCKUHN I'OCYJAPCTBEHHbLIA YHUBEPCUTET
®U3NYECKH ®PAKYJIBTET

Kadenpa ¢pusuxu TBepaoro rea

BYIIKEBNY
WNynnana AnekceeBHa

CTPYKTYPA, MUKPOTBEPJIOCTb U CTABWJIBHOCTD CIIJIABOB

CUCTEMBI Al-Mg, TOJTYYEHHBIX BBICOKOCKOPOCTHOM
KPUCTAJJIU3ALIMENA

JluniomHast pabota

HayuHsblii pykoBOAUTEIb
npodeccop, T0KTop (hu3.-Mar.
HayK, rmpodeccop
[lleneneuy B.I'.

JomyieHa K 3ammure
« » 202 .

3aB. kadenpoit pU3MKM TBEPIOTO T
TOKTOp (pus.-mat. Hayk, mpodeccop B.B. Yrios

Mumnck, 2020



PE®EPAT

Junnomuas pabota 51 crpanuna, 20 pucyHKoB, 5 Tabnull, 54 HCTOYHHKA.

BBICOKOCKOPOCTHAA KPUCTAJUIM3AILIMUA, CIUIABBI Al-Mg,
MUKPOCTPYKTVYPA, ®A30BBIN COCTAB, MUKPOTBEPAOCTD,
TEPMNYECKASA OBPABOTKA

OObeKTOM  HcCleNoBaHUSl  SIBIAIOTCS  ObICTpo3aTBepAeBlIne  (QOJBTU
MIPOMBITIUICHHBIX CTU1aBOB Al-Mg—Li—Sc—Zr (1421) u AI-Mg—Cu—Mn—Fe (1191).

Llenp paboThl — WuCCIENOBAaTh BIMSHUE OTXKUTA Ha CTPYKTypHO-(ha30BoOe
COCTOSIHUE ¥ MHUKPOTBEPJOCTh CIUIABOB cHCTeMbl Al-Mg, CcHHTE3upOBaHHBIX
CBEpXOBICTPOM 3aKaJKOU U3 pacIiaBa.

Hcnonb30BaHbl  METOABl  PEHTTEHOCTPYKTYPHOIO  aHalIM3a, pPacTpOBOM
AJIIEKTPOHHOM MHUKPOCKOIIMM, MIHOBEHHBIX SAJIEPHBIX PEAKLUHd, a TaKXKE METOJ
U3MEPEHUsS] MHKPOTBEpAOCTH. KOIMYeCcTBEHHBIN aHANW3 HMHTEPMETAUIUIHBIX
BKITIOUCHUH BBITTOJTHEH METOJIOM CEKYIUX B MaTeMaTudeckoM makere OriginPro.

YcTaHOBIEHBI 3aKOHOMEPHOCTU M3MEHEHHS! CTPYKTYPHO-(a30BOr0 COCTOSIHUS
¢onbr craBa 1421 npu omkure. BBISIBIEHO, YTO YaCTOTHBIE pacHpenesieHus
pa3MEPOB  BBIICIICHWM HMMEIOT JIOTHOPMAJbHBIM  Xapakrep. B pesynbrare
TEPMUUECKON 00pabOTKM CTENEHb HEOJHOPOJHOCTH MHUKPOCTPYKTYPHI PacTeT,
OpUBOAS K (UIyKTyalusM aMIUTUTY[bl MHKOB PACIPEICICHHsS] pa3MEPOB YacTHII.
BriepBoie oOHapysxeH 3¢ dekt nepepacnpenencnus Li mocie omxura mpu 380°C: B
IIPUIIOBEPXHOCTHOM cioe TommuHou 0,1 MKM €ro KOHUEHTpauus JOCTUTAET
~38,0 ar. %, uTo B 4,8 pa3 BhIIIE PaCUETHOTO COJICPKAHMS B CIUIABE.

OmnpeneneHbl TeMIiepaTypHble UHTEPBaJbl ()a30BbIX MPEBpPALICHUI B CILJIaBax
npu omxure. BrnepBble oOHapyx eHO, YTO B MHTEpBajie TemiepaTyp otrxkura 300-
400°C ¢donsr craBa 1421 npoucxoauT pacmajl NePECHIIEHHOr0 TBEPAOro pacTBopa
C BBIJICJICHUEM 4YacTHIl MeTacTaOwiabHOW (as3wl, comepkamieir Li, Mg, Sc u Zr.
VYcranoBieH 3¢¢eKkT ynpouyHeHus (GOJIbI MPU BBICOKOTEMIEPATYPHOM OTXKUTE,
00yCJIOBJICHHBIH BbIACNeHHEeM Li-comepxkamux meractaOwibHbIX (a3. [lomydeHo,
qto JerupoBanue cuctembl Al-Mg Menpo TPUBOIUT TpU HUBKOTEMIIEPATYPHOM
omkure 10 190 °C Kk MOBBINICHUIO 3HAYEHUNW MHUKPOTBEPAOCTH (HOJBI 3a CUeT
dbopMupoBanus MeTacTaOUIBHBIX BeIeneHnit Cu- u Mg-coaepxkamux das.

CreneHb BHEIPEHUs — PE3yNbTAThl OMyOJIMKOBaHBI B 3 cTaThax M 1 Te3ucax
JIOKJIa/1a B MaTepranax MEeKIyHapOIHbIX KOH(EpEeHIUN.

Pe3ynbTaThl McciaeioBaHMM MOTYT OBITh HMCIIOJIB30BaHbI JIS IPOU3BOJCTBA
HOBBIX MAaTEpHAJIOB C YHHMKAJIbHBIMH CBOMCTBaMH, BKJIIOYAIOIIUMHU BBICOKYIO
NPOYHOCTh,  KOPPO3MOHHYIO  CTOMKOCTh W  IJIACTUYHOCTh.  PazpaboTka
OBICTPO3aTBEPACBIIMX CIUIABOB cuUCTeMbl Al-Mg u onTtuMuzanusi pexuMoOB UX
TEPMUYECKON 00pabOTKH HMEIOT MPAKTUYECKUM HHTEpeC s MaIlMHOCTPOCHMS,
aBUALIMOHHOUN IIPOMBIIUIEHHOCTH U IPEAIPUATHI ITOPOIIKOBOU MeTaiutypruu Pb.
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Thesis 51 pages, 20 figures, 5 tables, 54 sources.

HIGH SPEED CRYSTALLIZATION, Al-Mg ALLOYS,
MICROSTRUCTURE, PHASE COMPOSITION, MICRO HARDNESS,
THERMAL PROCESSING

The object of the study is the rapidly hardened foils of industrial alloys Al —
Mg — Li—Sc—Zr (1421) and Al - Mg — Cu — Mn — Fe (1191).

The aim of this work was to study the effect of annealing on the structural
phase state and microhardness of Al — Mg system alloys synthesized by superfast
guenching from a melt.

Used methods of x-ray structural analysis, scanning electron microscopy,
instant nuclear reactions, as well as a method of measuring microhardness.
Quantitative analysis of intermetallic inclusions was performed by the secant method
in the OriginPro mathematical package.

The regularities of changes in the structural-phase state of the foils of alloy
1421 during annealing are established. It was revealed that the frequency
distributions of the precipitate sizes are lognormal. As a result of heat treatment, the
degree of heterogeneity of the microstructure increases, leading to fluctuations in the
amplitude of the peaks of the particle size distribution. For the first time, the effect of
redistribution of Li after annealing at 380 ° C was discovered: in a surface layer 0.1
um thick, its concentration reaches ~ 38.0 at. %, which is 4.8 times higher than the
calculated content in the alloy.

The temperature ranges of phase transformations in alloys during annealing are
determined. It was found for the first time that, in the annealing temperature range of
300400 ° C, foils of alloy 1421 decompose a supersaturated solid solution with the
release of particles of a metastable phase containing Li, Mg, Sc, and Zr. The effect of
hardening of foils during high-temperature annealing due to the release of Li-
containing metastable phases is established. It was found that alloying the Al-Mg
system with copper during low-temperature annealing up to 190 ° C leads to an
increase in the microhardness of the foils due to the formation of metastable
precipitates of Cu- and Mg-containing phases.

The degree of implementation - the results are published in 3 articles and 1
abstract of the report in the materials of international conferences.

The research results can be used to produce new materials with unique
properties, including high strength, corrosion resistance and ductility. The
development of rapidly solidified Al — Mg system alloys and the optimization of their
heat treatment modes are of practical interest for mechanical engineering, the aviation
industry, and powder metallurgy enterprises of the Republic of Belarus.
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BricakaxyTkacHbI KpblTaiizamsli, criaBel Al-Mg, MikpacTpykTypy, (a3aBbl
CKIJTAJI, mikpa nBEpaaciib, TApMidHAS anparoyka

Ab'exktam  fmacnenaBaHHA — 3'SAynSONIA XyTKa  3auBApA3enbl  Ganibri
paMbICIIOBBIX crutaBay Al-Mg-Li-Sc-Zr (1421) i Al-Mg-Cu-Mn-Fe (1191).

MbTa mpanbl - gaciefaBallb yIUIBIY ajnaly Ha CTPyKTypHa-(a3zaBae CTaH 1
MUKPOTBEPAOCTH CIlIaBay cicTaMbl Al-Mg, CIHTA3aBaHbIX 3BBIII XyTKal 3arapToyKai
3 pacIuIaBy.

BoikappicTanblss  MeTagpl pAIHTTEHA CTPYKTypHara aHamily, pacTpaBai
AIIEKTPOHHAM MiKpacKarii, IMTHEHHBIX S/I3€PHBIX pAIaKIblii, a Takcama MeTaj
BBIMSIPOHHS Mikpa 1BEpaacii. KonbkacHbl aHami3 HHTEPMETAUIUAHBIX YKIIOUIHHSIY
BBIKaHAHbI METaJlaM C€UHas ¥ MaTAIMaThIuHbIM makeie OriginPro.

VeranapaHell  3aKkaHaMepHACLi 3MSAHEHHA CTPYKTypHa-(asaBara CTaHy
¢danbroii crmaBy 1421 npel aanane. BeisyneHa, IITO YacTOTHBIS pa3MepKaBaHHS
naMepay BBUTYYSHHSAY MAalollb JIOTHOPMAaJbHBIM XapakTap. Y BBIHIKY T3pMIYHAK
anpamoyKl CTYNEeHb HeaJHAacTalHacll MIKPACTPYKTYpy pacue, MpbIBOI3SIYbI 1A
GbaykTyalpli aMIUNITYJbl KAy pa3MepKaBaHHS MamMepay daciiil. YIEepIIbIHIO
BbIIYIIEHbl 3(exkT mnepapazMepkaBanHs Li macng aamany nper 380 ° C: vy
IIPBINAaBEPXHEBBIA IUIAcE TayIIdbIiHEN 0,1 MKM Aro KaHIpPHTpanels aacsarae ~ 38,0 ar.
%, IITo ¥ 4,8 pa3bl BBILIAH pa3inikoBara YTpbIMaHHs Y CILJIaBE.

BrI3HauaHbl TAMIEPATYPHBIA 1HT3PBaJbl (pa3aBbIX MEpaTBAPIHHAY Yy CIUIaBax
NpBI aanane. YOEpIIbIHIO BhISYIeHA, IITO ¥ IHT3pBANIe Tamneparyp aanany 300-400 °
C danbroit crimaBy 1421 anOwiBaeliiia pacrnajl NEePECHIIEHHOTO BEPAAra pacTeopa 3
BBUIYYIHHEM 4Yacllll MeTacTaOulbHbIM (a3bl, sikasg 3msmyae Li, Mg, Sc 1 Zr.
VYcransBanbl 3¢eKT ymamaBaHHS (ayibry Npbl BBICOKATIMIIEPATYPHBIM aJriaje,
a0yMoyJeHbl BbUTYyYIHHEM Li-3Msmyaronb MetactabulbHBIM (pa3. ATpbiMaHa, IITO
jeripaBaHHe cicTaMbl Al-Mg Mem1310 NpbIBO3IIb MPhI HI3KaTAIMIIEpaTypHara ajrane
na 190 °C pa mnaBbIIBHHSA 3HAYDHHSY MHUKPOTBEPIOCTH (anmbri 3a KOIIT
(bapmipaBaHHs MeTacTaOlIbHBIM BeUTYUsHHY Cu- 1 Mg-3msinruarons ¢as.

Crynenb ykapaHeHHs - BbIHIKI amyOJiikaBaHblsl ¥ 3 apTeikynax 1 1 Ta3icax

JaKJaay ¥ MaTIphlisiiax MI>KHAPOJHBIX KaH(EpPIHIBIM.
BreiHiki JacienaBaHHSY MOTYIh ObIllb BBIKAPBICTAHBI ISl BBITBOPYACIIl HOBBIX
MaTAIpbIsiay 3 YHIKAJIbHBIMI YIacIiBacUsIMi, sIKisl YKIIOYArOlb BICOKYIO TPhIBAJIACIlb,
KapasiiiHyl0 CToMKacup 1 IJIacThlYHAcCUb. Pacmpanoyka ObICTpO3aTBEPACBIINX
crutaBay cictambl Al-Mg 1 anTbIMiZalbis paxKbIMay 1X TIPMiIYHAN anparoyki Marolb
MPaKTBIYHBI 1IKaBacllb [IJIsi MallblHAOyJaBaHHs, aBislbIMHAN TpamMbICIOBACIl 1
npaanpbleMcTBay napamkoBaii Metanyprii Pb.






