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OCOBEHHOCTH ®OPMHUPOBAHUA CTPYKTYPBI B CIINTABAX
CUCTEMBI AL-CU-CO
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3anopostcckuil HAYUOHATLHBIU YHUBEPCUMEN,
va. Kykoeckoeo, 66, 2. 3anopooicee, 69600, Yrpauna
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HccnenoBanu cTpykrypHo-(hazoBoe cocrosiuue ciiaBa AlgssCUigC0565, MOITYUYEHHOTO METOJOM 30HHO-THUTEIbHOU
IUTaBKH. YCTAHOBIICHO CYIIECTBOBaHME reTepo)asHON CTPYKTYPhI, B COCTAB KOTOPOI BXOAWUT KBA3UKPHUCTALUTHUCCKAs
(a3a. OCHOBY CTPYKTYpHI CIUTaBa COCTABJIAIOT JCKArOHajIbHas U MOHOKIWHHAS ()a3bl, KOTOPbIC MMEIH [UIACTHHYATOS
CTPOEHHE U B KOTOPBIX (PUKCHPOBAIM MaKCUMAJIbHOE 3HaYeHHEe MUKpoTBepaocTu ~ 11T Tla.

Kniouegvie cnosa: dexazonanvuas ¢asa, K6asuKpUCmal, MUKPOMEEpOOCnv, OeHOPUM, NEPUMEKMUYECKASL PeaKYUsl.

OCOBJIUBOCTI ®OPMYBAHHS CTPYKTYPHU Y CIIJIABAX CUCTEMMH Al-Cu-Co
Tanmtopa 1. B, x. ¢.-m. H.

3anopizbkuti HayioHATLHUL YHIBEpCUmen,
8yn. ’Kykoecvkozo, 66, m. 3anopixcacs, 69600, Vrpaina

tanivl4@gmail.com

JocunimkeHo ctpykrypHO-hazoBuii cran criiaBy AlgssCUigCO016 5, 0JIepKaHOTO METOZOM 30HHO-THIEIIBHOTO IJTaBJICHHSL.
BcraHoBieHO icHyBaHHS TeTepodasHoi CTPYKTypH, AO CKIaay $Koi BXOOWTH KBasikpucraiiuHa ¢aza. OCHOBY
CTPYKTYpPH CIUIaBY CKJIaJal0Th JIeKaroHaJIbHA Ta MOHOKIIIHHA (pa3wy, sIKi Mali IJIaCTUHYACTY OY/I0BY 1 B SIKUX (iKCyBaIu
MaKkcHMallbHe 3Ha4eHHs MikpoTBepaocTi ~ 11T T]a.

Knouogi cnosa: oexazonanvua gasa, keasikpucmai, Mikpomeepoicme, 0eHopum, nepumeKmuyHa peaxyis.

SINGULARITY STRUCTURE FORMATION OF THE ALLOY SYSTEM AI-Cu-Co
Tantsura I. V., Ph.D. in Physics and Maths

Zaporizhzhya National University,
Zhukovsky str., 66, Zaporizhzhya, 69600, Ukraine

tanivi4@gmail.com

Discovery of a wide class of alloys with an unconventional structure, which were called quasicrystalline, gave rise to
the development of new conceptions on the structure of substance both in the field of crystallography and solid physics
on the whole. The presence of symmetry axes of the fifth, eighth, tenth, and twelfth orders in the diffraction patterns of
these materials stimulated the development of crystallography of such spaces where the above-indicated axes are
possible if a translation symmetry takes place. The high hardness in combination with a low friction coefficient makes it
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possible to employ them in machine units with high requirements to wear resistance. A large number of studies have
been carried out to discover new stable icosahedral (i-) and decagonal (d-) quasicrystals and to clarify atomic structures
and physical properties. For the Al-TM system, a number of stable i- and d-quasicrystals were discovered in Al-Cu-TM
(TM=Fe, Ru, Os), Al-Pd-TM (TM=Mn or Re), and Al-Co-TM (TM=Ni or Cu) systems.

Since the discovery of Al-Cu-Co stable-decagonal quasicrystalline phase, several investigations have been conducted to
explore the phase stability. Among all alloy systems in which D-phase has been found, the Al-Cu-Co is one of the
easiest alloy systems to form stable D-phase by the slow-cooling method. As is well known, the slow-cooling
method is not suitable for preparing bulk single crystals because one cannot control spontaneous nucleation during
solidification. For example, it has been demonstrated that D-phase transforms to crystalline phases for different
processingconditions, for example annealing temperature and high-energy ball milling. According to the phase
equilibrium diagram the D-phase is stable up to at least 1000°C. Several alloy compositions indicates that the D-phase
is formed by a peritectic reaction between the AICo phase and the liquid. These investigations suggest that the AlCo
phase has an important role on the formation of the D-AICuCo phase. Therefore, the aim is to establish the possibility of
obtaining a quasicrystalline decagonal phase in the Al-Cu-Co by zone melting crucible.

The nominal composition of AlgsCuy;5C0475 alloy was prepared by zone melting crucible and solidified by cooling in
water. High purity elements of Al, Co and Cu were used. The structure and phase composition of the alloy was studied
by X-ray diffraction (DRON-3M, Co-Ka, — radiation), spectral analysis (SpectroMax), scanningelectron microscopy
(JSM 6360LA), and metallography (Axio Imager A1m/M1m). The microhardness distribution over the depth of the
laser-affectedzone was determined using a PMT-3 device.

According to the X-ray diffraction data, to formation of a D-ghaswr, Al;3Co4 Al,Cu in the surface layers of
AlgssCu1gCos65 alloy. .The formation of heterogeneous structure in the alloy was established, one of the structure
components is quasi-crystalline D-phase, that resulting in a significant increase of microhardness. The microhardness of
alloy system was D-phase —11 GPa, Al;3Co, —7 GPa Al,Cu —3GPa.

Key words: decagonal phase, quasicrystalline, microhardness, dendrite, peritectic reaction.

BBEJEHUE

Bo MHOrux Metaqim4eckux cuctemMax ObuIo OOHapyKeHO (HOPMHUPOBAHHE KBA3UKPUCTATUIMUECKUX
(a3 MKOCAdAPUUYECKON WM JIEKOTOHATBHONH CUMMETPUHU, KOTOPHIC SBISIFOTCS CTAOMIBHBIMH IIPU
BBICOKHMX TemrepaTypax. Ha cerofgHsi OTKpBIT LENbIi psii CUCTEM, CIUIaBbl KOTOPBIX COJEpKaT B
cebe KBa3MKpHUCTANINYECKylO a3y JnekaroHaibHOW cuMMeTpuu. C TOUKH 3peHHs] MPAKTHUYECKOTO
WCIIOJIb30BAaHUsI  TepcrieKTUBHON  sBiisiercss  cuctema  Al-Cu-Co, TIOCKONIBKY, BO-TICPBBIX,
nexaronanbHast (aza (D-ghasza) B 310l cucteme cTabuibHasA, a BO-BTOPBIX, €€ MOTYYSHHE BOZMOKHO
C TOMOIIbIO psima MeTooB: bpumkmena [1], Yoxpanbckoro [2], ObicTpoil kpucTtammzanuu [3] u
npyrux. HecMoTpsi Ha HalM4uMe NIMPOKOTO Psiia METOIOB MOTYYEHUS, BCE €I11€ OCTAETCS OTKPBITHIM
BOIIPOC 00 00J1acTH TOMOTEHHOCTH M MeXaHu3Me noiydeHus: D-gazwvr. Kpome toro, B nureparype
OTCYTCTBYIOT JIaHHBIE O BO3MOXXHOCTH TOJIYUEHHUS KBA3UKPUCTAIIIMYECKOTO CIJIaBa METOJIOM
30HHOW THUTENbHOW TIUIaBKU. [lodTOMY 11€7bI0 pabOTHl SIBISIETCS YCTAHOBJIICHHE BO3MOXHOCTU
MOJTyYeHUsT KBa3UKPHUCTALTHYECKON JekaroHambHOU (as3el B cucreme Al-Cu-Co mMeTonoM 30HHOU
TUTENbHOM MIIaBKHU.

MATEPHUAJIBI U METO/bI

B kauectBe 00BekTa mcciemoBaHus ObUT BRIOpaH crutaB cuctembl Al-Cu-Co, B cocTtaB KOTOPOTO
Bxomamwm Al (65 at.%), Cu (17,5 at.%), Co (17,5 at.%). CrutaB ObL1 IOJYYEH U3 YUCTHIX DJIEMEHTOB
(99,99%) meToOM 30HHO-TUTENBHOW IUTABKM B MHAYKIMOHHOM IE€YM C BOJOOXJIAXKJAIOIIAM
ITOIJOHOM.

XUMHUYECKUI COCTaB TIOJIYYCHHOTO CIUTaBa KOHTPOJIHMPOBAIH C TIOMOIIBIO CIIEKTPAILHOTO aHAN3a
(SpectroMax). CrtpykTypHO-(a30BBIi COCTaB HCCICAOBAIM C TOMOIIBIO PEHTTEHOBCKOTO
(APOH-3M, Co-K, — nznydenue), meranorpadpuyeckoro (Axio Imager Alm/M1m) u a1neKTpoHHO-
Mukpockornuyeckoro  (JSM  6360LA), mopomerpuueckoro (IIMT-3) anamuzos. Ilpu
unaeHtudukanun D-gaser npumeHsm MeTouKy, NPeAIoKEHHYIO B [4].

PE3YJBTATBI U UX OBCYXIEHUE

W3 aHamn3a M30TEPMHUYECKOTO paspesa TporHou auarpammbl coctosaus Al-Cu-Co mpu 873 K [5]
cruiaB  AlgsCuUy75C0175 AomkeH ObITh  oAHO(MA3HBIM  KBasWKpUcTaTHdeckuM. C  MOMOIIBIO
CHEKTPATBLHOTO aHaIKW3a OBUIO YCTAaHOBIEHO, YTO XMMHYECKH COCTaB JIUTOTO CIUIaBa HECKOJBKO
OTJMYAJCS TO COCTaBy OT COCTaBa MCXOJHOM MMXTHI M cooTBercTBoBan Al (65,5 ar.%),
Cu (18,5 at.%), Co (16 ar. %). D10, OUYEBUAHO, CBA3AHO C TEM, YTO B MCIIOJIb30BAHHOM METOJIC
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OBUTH HEIOCTATOYHBIE TEMIIEPaTyphl JJIsi IMOJHOTO paciuiaBlIeHus KoOambra. Jloka3zaTelnbCTBOM
3TOr0 MOXKET OBITh CYIIESCTBOBAHME HEKOTOPOTO YHCJIA CIEKIIUXCS YaCTHYEK, O0OTralleHHBIX
koOanbToM. [logoOHOE M3MEHEHHE XMMHUYECKOTO COCTaBa, COTJACHO IuarpamMme COCTOsSHUsS [5],
JOJDKHO TIPUBECTH K (hopMHUpOBaHHIO HE 0JHOGA3HOTO, a Tpex(ha3HOTO CIUIaBa ¢ mpeodiaiaHueM
nekaroHanbHo D-ghaszwi. Ilpu 3ToM, B paBHOBecuu ¢ D-¢haszoil mpu ykazaHHOW TemIieparype
JOJDKHBI HAXOIUTHCS CTaOMiIbHBIC HHTepMeTautndeckue ¢asnl Al13C0o4 1 AlgCo;.

Pentrenorpaguueckn ycraHoBieHo (puc. 1), YTO HCXOAHAas CTPYKTypa JHMTOTO CIUIaBa
JICUCTBUTENLHO Obuta Tpex(dasHoit, HO coctosiia u3 D-¢ghasei, monoximuHONH Al13C0s
tetparoHansHoi Al,Cu.

P
- (d11)

~— (400)
= (420)
~—(510)

- (332)

0 20 30 40 50 60 70 80 90 100

Puc. 1. fudparorpamma ot nosepxaoctu 00pasnos crtaBa Algs sCu;sC0165
HOI[OGHOC NU3MCHCHHUC (1)a30B0r0 COCTaBa HaxoAuT o0BsICHEHHE npu ACTAJIBHOM HU3YYCHUU
CTPYKTYpHI citaBa. COrjacHO JaHHBIM MeTauiorpaduyeckoro anaigu3a OOJIBIIYIO YacTh CILIaBa
COCTaBJISUIM KPUCTAJUIBI C ICHAPUTHON (DOPMOI pocTa M IPKO BBIPAKEHHON aHU30TPOIMEH pocTa B
cTOp a Tera (puc. 2, a).
‘ LR O

Sy DY

Puc. 2. Ucxonnas MukpocTpykrypa craBa Algs sCU18C0165 X75 (a), x3000(6): 1-4 — ydacTku, B KOTOPBIX POBOIHIN
XMMHUUYECKHUN aHAIU3

HccnemoBanue CTPYKTYpBI JUTOrO CIIaBa OBLIO IMPOBEIEHO C TOMOINBIO  JIOKAJIHHOTO
MUKPOPEHTI€HOCIIEKTPATFHOTO aHaIn3a. XUMHUYECKUU cocTaB (a3 ompenensan 0e33TaloHHBIM
METOJIOM C YYETOM ITOMPABOYHBIX KOI(PPHUIMCHTOB OTPAKCHUS IJICKTPOHOB 30H[A, MMOTJIOIICHUS
XapaKTePUCTHUECKOTO PEHTTEHOBCKOTO U3My4YeHHS U (IyopecleHIHUU. AHAIU3Upys TaHHBIC
AIEKTPOHHOW MHKPOCKOIHUH, OBIJIO YCTAHOBIIEHO, YTO HMCXOJHAS CTPYKTYpa JIMTOTO CIIaBa ObLia
rerepodaszHoii. Beicokasi paspemiaromasi CriocCOOHOCTh METO/Ja UM XUMHUYECKUI aHanmn3 (ha30BbIX
COCTaBJISIONIMX JIMTOTO CIUIaBa TIO3BOJIMJIM  YCTAaHOBHTH OCOOCHHOCTH (OPMHPOBAHHS H
MopdoJoruio BeIsBICHHBIX (a3 (tadiu. 1). D-¢hasza umena neHaputHyro dopmy pocra (puc. 2, 6,
y4acTOK 2), Ha KOTOPOH, KaKk Ha TMOJUIOKKe, ¢dopmupoBanach MoHokiauHHas Ali3Cos ¢aza c
KpUCTaJIJIaMH HENPaBUIBHOW (opMbI pocTa (puc. 2, 6, ydactok 3). B MexdazHOM MpoCTpaHCTBE
KPUCTAITN30BaIUCh TeTparoHanbHas ¢asza Al,Cu ¢ mractuHuaToii mopdosoruein (puc. 2, 6,
yuacTtok 4) u 3BTekTrka Al,Cu + Al (puc. 2, 6). HeoOX01uM0O OTMETHTh, YTO XUMHUYECKUN COCTaB
(tabn. 1) NABOWHBIX MHTEPMETAUIMYECKUX (a3 3HAUYUTEITBHO OTIMYAICS OT PAaBHOBECHOM
CTEeXHOMETPHUH, UYTO CBSI3aHO, OUEBUTHO, C HEPABHOBECHBIMHU YCIOBUSAMH KPHUCTAJUTA3AIIHH.
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Tabmuma 1 — XuMudeckuil cocTaB y4acTKOB, 0003HAUEHHBIX HA PUC. 2, 6

XuMHUecKHii cocTaB, aT%

VYyactok Al Co cu [Mpenamnonaraemsle ha3sl
1 83 2 15 Al + Al,Cu
2 59 3 38 AlCu
3 63 30 7 Al13Co,
4 58 22 20 D-gasa

Pa3Mmepbl CTPYKTYPHBIX COCTAaBJISIONIMX B JIMTOM CIUIaBE IIO3BOJIMIM YCTAHOBHTH 3HAYCHHUC
MUKpPOTBEPJIOCTH B KaXI0H (asze, YTO Takke KOCBEHHO YKa3blBAI0 Ha KOPPEKTHYIO
UICHTH(DHUKAIUIO MPUCYTCTBYIOMKX (a3 B criaBe. OCHOBY CTPYKTYPHI CIUIaBa B JJUTOM COCTOSTHHH
cocraBisuia D-ghaza ¢ MakcumanbHBIM 3HaueHueM MHKpoTBepaocTu ~ 11 I'Tla, uro cormacyercs ¢
naHHbIMH paboTel [2]. MukpotBepaocts ¢a3 Ali3Cos u Al,Cu cocraBiasma 7 I'Tla u 3 TTla,
COOTBETCTBEHHO.

AHaM3upys MOJydEeHHBIC SKCIIEPUMEHTAIIBHBIC JTAHHBIC U COIOCTABJISISL UX C JIMTEPATypHbIMHA [5],
MOJKHO CJIIeJIaTh MPEAMOIOKECHHS O TIpoIiecce CTPYKTypooOpa3zoBanus B cruiaBe cuctemsl Al-Cu-Co,
MOJlyYCHHOM METOJIOM 30HHO-THUTEIIbHOW IUIAaBKM BOJIW3W 00JlacTH ToMoreHHOCTH D-gaszwi. Ilo
Xapaktepy chopMHpOBaBIICHCS CTPYKTYpPhl MOXHO CKa3aTh, YTO B MEPBYIO OYepe]b M3 paciliaBa
KpHCcTaJUIU3yeTcst BhicokoTemmeparypHas (aza Al;3Cos. B nmambHeiiniem, Mo mepUTEKTHYECKOM
peakiuu popMupyeTcs KBasukpucraumdeckas D-¢aza. Tlockonbky Temmneparypa GOpMUPOBAHHS
dassr Al,Cu cocrasnser ~ 700 K, To B Mexk(pa3HOM MPOCTPAHCTBE IEKArOHAIbHOW U MOHOKIHHHON
ba3 popmupyetcs TerparonanbHas ¢dasza Al,Cu u sBrexktuka Al+Al,Cu.

B cBi3u ¢ HepaBHOMEpHBIM pacmpeefieHHeM KoOanbTa, B TOJIYYEHHOM CIUIaBE HE
chopmupoBagack (aza ero coxepxkamas AlgCo,, koropas pacmojoeHa BONIM3M 00JacTH
roMoreHHoctu D-ghaszwi.

BbIBO/IbI

VYcraHoBieHa  BO3MOXKHOCTh — (DOPMUpOBAHUSI  KBA3WKPUCTAUTMUECKOW a3kl B CIUIaBe
Algs 5Cu13C016 5, TOTYICHHOM METOJIOM 30HHO-TUTEIHHOM IJIABKH.

[Tokazano, uro B cmiaBe cucteMbl Al-Cu-Co dopmupyercst reTreporeHHas CTpyKTypa, B COCTaB
KOTOPO# Hapsiy ¢ KBasukpuctatnueckoit D-gasoii Bxoast dassr Al;3C04 u Al,Cu.
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MOJAEJIOBAHHSA HEITEPEPBHOTI'O ITEPIOJJUYHOI'O PO3B’A3KY
XBUJIBOBOI'O PIBHAHHA
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HaBeneHo HOBY cxeMy JOCIHIIDKEHHS PO3B’SI3KiB KpaioBOi mNepioguyHoi 3ajadi Ui HEOJHOPIAHOTO XBHJIBOBOI'O
piBHsHHSA U, —U,, = f(X,t). [ToOynoBaHO HeNepepBHUH pO3B’S30K XBHJIBOBOTO PIBHAHHA Yy HPSIMOKYTHHKY
[0,7]x[0,2t]. Bcranoeneno yMoBM iCHYBaHHS 2W-TIEPIOJMYHMX 33 YAaCOBOK 3MIHHOK pPO3B’SA3KIiB XBUILOBOIO

HEOTHOPITHOTO PIBHSHHS 3 HYJIbOBUMH KPaOBUMH YMOBAMH 3a 3MIHHOKO X Y KJIaci y3arajqbHEHHX PO3B’SI3KiB.
Knrouogi crosa: xeunvoee pigHanis, HenepepsHull po38 130K, NepioouyHULl po38 30K, KpAtoei yMOGU.
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IIpuBenena HOBas cxeMa HMCCJIEJOBAHUS PEIICHUH KPaeBOM MEpHOJMYECKON 3a7adM A HEOJHOPOIHOTO BOJIHOBOTO
ypaBHeHust U, —U,, = f(X,t). ITocTpoeHO HeNpephIBHOE pEUIEHHE BOJHOBOIO YPaBHEHHS B IPSIMOYTOJIbHHUKE
[0,]x[0,27]. VcraHOBiEHBI YCIIOBHS CYLIECTBOBAHHS 27M-NMEPHOANYESCKHX [0 BPEMEHHOW IMEPEMEHHON peIIeHHUI

BOJIHOBOTO HEOJIHOPOJHOTO YPaBHEHHMS C HYJIEBBIMH KpPaeBbIMHU YCIIOBHSMH II0 NIEPEMEHHOI X B Kiacce 0000IIEeHHbBIX
pelleHHit.
Kntouesvie cnosa. 6onnosoe ypasnenue, HenpepbléHoe peuienue, nepuoouyeckoe peuenue, Kpaesble YCaioGusl.

MODELING OF UNINTERRUPTED PERIODIC SOLUTION OF WAVE EQUATION
Homa-Mogyl’s’ka S. G., k. ¢.-M. H.
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Str. L'vivs'ka, 11, Ternopil, 46020, Ukraine
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The theory of differential equations in partial derivatives is developing the fastest today. Essential differences are
characterized to different types of differential equations (elliptic, parabolic and hyperbolic). Each type of such equations
has significantly different characteristics in construction of problem solution: the Cauchy problem, mixed problem,
boundary-value problem. The need to research of hyperbolic equations is due to the needs of applied nature. Indeed
hyperbolic equations describe many physical operations such as the wave processes, oscillating characteristics of radio-
electronic circuits, the movement of liquids and gases in certain circumstances. A large number of problems of celestial
mechanics are reduced to solving equations of this type.
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