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Pedepar:

1. B po6OTi pO3IiIsSiHyTO aKTyasbHICTh Ta IPOOJIEMATHKY PO3POOKU JTMBAPHUX )KAPOMILIHUX aJIIOMiHi€BUX CILJIABiB 3
MiJBUILIEHUM PiBHEM MEXaHIYHUX BJIACTUBOCTEN Ta €KCILTyaTalliiHUX XapaKTepUCTHUK. [TokazaHo, 1[0 IPOTIroM
TPUBAJIOrO Yacy MOCTIHO iCHye roTpeba y MiJIBUIEHi TEMIIEPATYPHOTO MTOPOTrY eKCIIyaTallii alloMiHi€eBUX CIJIaBiB
B cepeaHbomy Ha 30...40 % - 3180...250 °C go 300...350 °C npu TeOpeTUYHill TeMIlepaTypHiil MexXi >KapoMillHOCTi
anmoMiHieBux criasiB 425 °C. BupimenHs onrcaHoi 3aa4i 03B0JIsi€ CyTTEBO MiABULINTH HAiMHICTD i OBrOBIUHICTh
JeTasieil MalllvH i MeXaHi3MiB, BMEHIINTH iX Macy i NiABUIIUTY eHepreTu4Hy e(eKTUBHICTb iCHYIOUUX 3Pa3KiB
aBTOMOOINIBbHOI Ta BifiCbKOBOI TEXHIKM, EHEPreTUYHUX YCTAaHOBOK, TOWIO. [IpecTaBieHi JOCiIKeHHs HallpaBJleHi Ha
BCTaHOBJIEHHSI 3aKOHOMIPDHOCTEN CTPYKTYPO- Ta (pa30yTBOPEHHSI CEPITHMX )KapOMILHUX cIIaBiB cuctemu Al-Si-Cu

IicsIst KOMIIZIEKCHOTO MOAM(DiKyBaHHS Ta MiKpOJIeryBaHHS, @ TAKOXK Y JOCJIIKeHHI IX MeXaHIYHUX BJIaCTUBOCTEH 3a



3BUYalHUX YMOB Ta IIPY BUCOKUX TeMmIeparypax. B axocti moaudixkatopis 6yso o6paHo Co, Cr, Mo, V, Zr, TiTa La, a
B SIKOCTi MikpoJieryiounx no6aBok — Ni ta Mg. [HIna yacTuHa fociifkeHb O6yJia MpucBsueHa po3pooLi Ta
IIOCJIiMKEHHIO HOBUX )KapOMIITHUX CIIIaBiB Ha OCHOBI cucteM Al-Ni-La ta Al-Fe-Mn-Ni, A5 IKUX B IKOCTi
OCHOBHUX Mogudikaropis 6ys0 obpaHo Ti, Zr Ta V, a B IKOCTi OCHOBHUX MiKpoJieryiouux go6asok — Si, Cu, Mg, Mn
ta Li. [lns1 3a6e3ne4eHHs: epeKTUBHOTO MOAUQIKYBaHHS allOMiHi€BUX CILJIaBiB, 0COOJIMBO — TYrOIJIaBKUMU
KOMIIOHEHTaMH, 0yJI0 po3p0o06sieHO HOBY e(PeKTUBHY TEXHOJIOTII0 eJIeKTPOHHO-TIPOMEHEBOI BUILJIABKU JliraTyp Ha
OCHOBI aoMiHilo 3 BUCOKUM (5...15 % Mac.) BMiCTOM BUCOKOpPeaKIiHUX i TyronaaBkux MeTasis. 3a ii gornomoroio B
JINTUX JIiraTypax BIAETHCS JOCSATTU 3MiHM MOP(OJIOTii IeSKUX iHTepMeTalifiB 3 roayacToi abo NIaCTUHYACTOl Ha
KyOiuHy Ta ofiepsKaTh HaA3BUYAliHO BUCOKY JUCIEPCHICTh Moaudikyiounx ¢as, o nepeBaxae oKa3HUKU
IIPOMUCJIOBUX aHazoriB y 10-250 pasiB. [locigpkeHo 0CO6IUBOCTI Ta €PeKTUBHICTb 3aCBOEHHS JIraTyp
€JIEKTPOHHO-TIPOMEHEBOI BUILJIaBKU. BU3HAa4eHO 0COGJIMBOCTI BIVIUBY 6araTOKOMIIOHEHTHOTO MOAN(IKyBaHHS
0i151€BTEKTUYHUX )KapOMiLIHUX cuiyMiHiB cuctemu Al-Si-Cu Ha npukiazi crinaBy A380 (AlSi9Cu3) ko6anbToM,
XpPOMOM, BaHaZi€eM, MOJIi6IEHOM, TUTAHOM, ITUPKOHIEM i JJaHTaHOM. [ToKa3aHO IOLiNBbHICTh KOMIIJIEKCHOTO
MoaupikyBaHHS 6€3 3aCTOCYBaHHS XPOMY Ta BCTAHOBJIEHO, 110 1€ IIPU3BOJUTS [10 MiJIBUILIEHHS MIIJHOCTI CIIJIaBiB Ha
10...25% npu kimHaTHUX TemnepaTypax Ha 10...40% ta npu 300 °C 6e3 3MiHM IIJIACTUYHOCTI, O ckianae 145 ta 110
MITa ta 2 i 3% BigmoBimHO. PO3p06sieHO HOBI KapOMillHi CIyIaBu Ha OCHOBI cuctemu Al-Ni-La 3 HaHOpO3MipHUMU
BOJIOKHUCTUMMU da3zaMu B CKJIaJi €eBTEKTUKU. BcTaHOB/IEHO, 1110 Halbibll TepCleKTUBHI criyiaBu cuctemu Al-Ni-La
MicTaTb 2-5% Mac. Hikeso Ta 10-12% mac. nanTtany. JlogaBanHs 1o ix ckiany Cu, Mg, Mn Tta Si 3a6e3neuye
TBEPIOPO3YNHHE 3MillHEHHS CIIJIaBiB, @ TAKOX CTabisi3ye eBTeKTUYHI CKJIaZOBI, 0 J03BOJISIE 3a0€311eYnTy MaiiKe
He3MiHHY MilHicTb Ha piBHi 140 MIla Ta nyiactuyHicTs 61113bK0 2% B iHTepBaii Temnepatyp go 300 °C.
BcTaHOoBIIEHO, 110 pO3PO06JIEHi MiX0AM JIETYBAaHHS CILJIaBiB Make He 3MiHIOIOTh TEMIIEPATYPHU COJIyC Ta JKBILYyC y
MOPiBHSIHHI 3 HEJIErOBaHUM €BTEKTUYHUM ciiaBoM Al-5Ni-12La (% mac.). IIpu nboMy, TaKOK BCTAHOBJIEHO, 110
TEXHOJIOTIs IX MPUroTyBaHHS BUMarae reperpisy posmniasy Buile 800 °C. Bysio po3po6yieHo CcKiany CIIaBiB Ha
ocHOBi cuctemu Al-Fe-Mn-Ni, sIKi J€MOHCTPYIOTb CTPYKTYPHY CTabinbHICTb Ta MilHICTb Ha piBHi 150 MIla 3a
3BryarHux yMoB Ta 80...120 MIla nipu 300 °C. IIpu uboMy ixHS IIJIACTUYHICTb BapiloeTbCs B MeXKax 1...12% npu
KiMHaTHUX TeMIiepaTtypax Ta 1,4...19% nipu 300 °C, 3a1eKHO Bif XiMiYHOrO CKIaay crjaBy. Halikpamui KOMIJIEKC
MeXaHIYHUX BJIACTUBOCTEN Hasiexxas ciiapy Al-1,5Fe-1,1Mn-1,1Ni, sikuii 6yy10 OJATKOBO JIETOBAaHO XPOMOM, MarHiem
Ta Migao. B iutomy craHi fioro minHicTs nepesumysasa 150 MIla, a niactuyHicTs - 10%. CriiaB go6pe nignaBascs
nedopMmaliiliHiil Ta TepMiyHill 06pobKam, TOMY 3a iX TOMOMOT010 B HbOMY 0YyJIO JOCSATHYTO 3HaUY€Hb MIlJTHOCTI Ha
piBHi 200...230 MIla npu nyacTUYHOCTI 5...8% 3a 3BM4aiiHuX yMOB i 85...120 MIla Ta nsactuyHocTi 7...13% npu 300
°C. [l BCix eKCllepUMeHTaIbHUX CILJIaBiB pO3p006JIeHO TEXHOJIOTIUHI pEeXKUMU IPUTOTYyBaHHS iX pO3IJIaBiB,
BA3HAYEHO TEMIIEPATYPU COJIAYC Ta JIKBiAYC, & TAKOXK iHTEpBaIU KpUcTaidanii. JJociaKeHo pigKOIINHHICTD Ta
TPIlIMHOCTINKICTb NIPU JIUTTI BCiX HAOLIbII NEPCIIEKTUBHUX CIIABIB i BUBHAYEHO iXHi TeMnepaTypHi KoedillieHTn
JiHiiHOTO po3mupeHHs 10 400 °C. 3i criaBiB TakoX BUTOTOBJIEHO ITPOMUCIIOBI 3pa3ku BUPOOiB BifllIOBIANbHOTO
IIPU3HAYEHHS, SIKi NOTPEOYIOTh BUCOKOTO PiBHS CTa0iIbHOCTI CTPYKTYPHO-(PA30BUX XapaKTEPUCTUK Ta MEXaHIYHUX

BJIACTUBOCTEN B IIMPOKOMY iHTepBai Ttemmneparyp no 300 °C.

2. The paper considers the relevance and problems of developing foundry aluminum alloys with an increased level
of mechanical properties and operational characteristics under the influence of a high temperatures. It is shown
that for a long time there is a constant need to increase the operational temperatures for aluminum alloys by an
average of 30...40% - from 180...250 °C to 300...350 °C with a theoretical temperature limit of high temperature
application limit of 425 °C. Solving the described problem allows to significantly increase the reliability and
durability of machine parts and mechanisms, reduce their mass and upgrade the energy efficiency of existing
samples of automotive and military equipment, power plants, etc. The presented studies are aimed on the
establishing the design and regularities of the structure and phase formation in creep-resistant Al-Si-Cu system
alloys for high temperature application after complex multicomponent modification and microalloying, as well as
on the study of their mechanical properties under normal conditions and at high temperatures. Elements like Co,
Cr, Mo, V, Zr, Ti and La were chosen as modifiers, and Ni and Mg as microalloying additives. Another part of the
research was devoted to the development and investigation of new high-temperature applicable alloys based on



the Al-Ni-La and Al-Fe-Mn-Ni systems, for which Ti, Zr and V were chosen as the main modifiers, and Si, Cu, Mg,
Mn and Li - as the main microalloying additives. To ensure effective modification of aluminum alloys, especially
with refractory components, a new technology with high effectivity level has been developed and provided. It is
based on electron beam foundry method and allows to obtain aluminum-based master alloys with a high (5...15 wt.
%) content of highly reactive and refractory metals. With its help, it is possible to change the morphology of some
intermetallics from needle-like or lamellar to cubic in as-cast conditions and to obtain an extremely high
dispersion of modifying aluminide phases, which exceeds the indicators of industrial analogues by 10-250 times.
The features and efficiency of the assimilation of electron-beam smelted master alloys have been studied. The
peculiarities of the multicomponent modification influence of near-eutectic high-temperature application Al-Si-
Cu system alloys, on the example of the A380 (AISi9Cu3) alloy, modified with cobalt, chromium, vanadium,
molybdenum, titanium, zirconium and lanthanum are determined. The feasibility of complex modification without
the use of chromium is shown and it is established that this leads to an increase in the strength of the alloy by
10...25% at room temperatures by 10...40% and at 300 °C without changing the plasticity, which is 145 and 110 MPa
and 2 and 3%, respectively. New high-temperature alloys based on the Al-Ni-La system with nanosized fibrous
phases in the eutectic composition have been developed and investigated. It has been established that the most
promising Al-Ni-La system-based alloys contain 2-5 wt.% nickel and 10-12 wt.% lanthanum. Addition of Cu, Mg, Mn
and Si to their composition provides solid solution strengthening and also stabilizes the eutectic components,
which allows to provide almost constant strength at the level of 140 MPa and plasticity of about 2% in the wide
temperature range up to 300 °C. It has been established that the developed approaches of alloying the developed
compositions almost do not change the solidus and liquidus temperatures in comparison with the unalloyed
eutectic alloy Al-5Ni-12La (% wt.). At the same time, it has also been established that the technology of their
preparation requires overheating of the melt above 800 °C. Alloy compositions based on the Al-Fe-Mn-Ni system
were developed. They demonstrate structural stability and strength at the level of 150 MPa under normal
conditions and 80...120 MPa at 300 °C. At the same time, their plasticity varies within 1...12% at room temperatures
and 1,4...19% at 300 °C, depending on the chemical composition of the alloy. The best set of mechanical properties
belonged to the Al-1,5Fe-1,1Mn-1,INi alloy, which was additionally doped with chromium, magnesium and copper.
In the as-cast state, its strength exceeded 150 MPa, and its ductility was 10%. The alloy was well amenable to
deformation and heat treatments, so with their help it was possible to achieve strength values at the level of
200...230 MPa with a plasticity of 5...8% under normal conditions and 85...120 MPa and a plasticity of 7...13% at
elevated temperature 300 °C. For all experimental alloys, technological modes of preparation of their melts were
developed, solidus and liquidus temperatures, as well as crystallization intervals were determined. The fluidity and
crack resistance during casting of all the most promising alloys were studied and their temperature coefficients of
linear expansion up to 400 °C were determined. Industrial samples of products for critical purposes were also
produced.
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