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HocmimkeHo cTpykTypHO-(hazoBuii cran crumaBy AlgsMny, B obmacti icHyBaHHS KBa3iKpHCTaTIgHOI
ikocaeapuuHoi (asm. BcTaHOBIEHO, IO pi3Ke 3pPOCTaHHS IIBHUIKOCTI OXOJIOMKCHHS PO3IUIABY 3a
paxyHOK OXOJIOJUKEHHS B KJIMHOBWJAHY BIUIMBKY NPH3BOAWUTH 1O 3CYBY €BTEKTHYHOI TOYKH B OiK
TYrOIUIaBKOT'O KOMIIOHEHTY Ta JI0 YTBOPEHHS KBa3ieBTEKTHYHOI CTPYKTYpPH CKEJETHOTO THILY.
[Mpunymeno, 10 OCHOBHOIO NPUYMHOIO (OPMYBaHHS KBa3iKpHCTaIiuyHOI W-asu mHpu BHCOKHX
LIBUIKOCTSIX OXOJIO/KESHHS PO3ILIABY € 3MiHA MEXaHI3My KpUCTali3alil 3 IEPUTEKTUIHOTO Ha MEXaHI3M
Oe3mocepeTHBO1 KpUCTaTi3alii 3 po3IIaBy.

Knouosi  cnosa:  keasikpucmaniuna  asa, Keaziesmekmukda, OeHOpum, NEPUMEKMUYHA — peaKyis,

3ae6MeKmuyHUll CNIA8.
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HccrnenoBano cTpykTypHO-(asoBoe coctosHue cmiaBa AlggMny, B 007acté  CcyliecTBOBaHHS
KBa3WKPUCTAJUTHYECKON HMKOCadApudecKkoi (a3bl. YCTAHOBJICHO, YTO PE3KOE YBEIMYCHHE CKOPOCTH
OXJIKJICHHUSI pacIiaBa 3a CYeT OXJIAXKICHUS B KIMHOBHIHYIO (OPMY TPHBOAUT K CMEIICHHIO
9BTEKTUUYECKOIN TOYKH B CTOPOHY TYrOIUIABKOTO KOMIIOHEHTa U K (DOPMHUPOBAHUIO KBA3UIBTEKTHYECKOM
CTPYKTYpBI cKeseTHOro Tumna. CAenaHo MPearnosioKeHHe, YTO OCHOBHOM MPHUUYUHOW (HOPMUPOBAHUS
KBa3UKPUCTAJUINIECKOH -(ha3bl MPU BBICOKHX CKOPOCTSIX OXJIAXKJCHHS PAcIUIaBa SIBJIETCS W3MEHEHHE
MEXaHU3Ma KpUCTAJUIM3AIUN C NEPUTCKTUICCKOr0 Ha MEXaHU3M HeHOCpeL[CTBeHHOﬁ KpUucTalin3aliuu
U3 paciuiaBa.

Kniouegvie crosa: xeasuxpucmaniuveckas hasa, Kea3uIBMeKmuKa, OeHOpum, nepemeKkmuiecKas peakyus,

3a98MeKMuYecKull Cnide.

INFLUENCE OF COOLING RATE ON STRUCTURE FORMATION
OF ALLOY SYSTEM Al-Mn

Tantsura L.V.
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Structurally-phase condition of alloy AlgsMny, in the region of existence of quasi-crystalline icosahedral
phase has been investigated. It is found that an abrupt increase in the cooling rate of the melt by cooling
in a wedge shape leads to a shift of the eutectic point in the direction of the refractory component and
the formation of the quasi-eutectic structure of the skeletal type. It is suggested that the main reason for
the formation of quasi-crystalline - phase it is high cooling rates of liquid is a change in the mechanism
of crystallization on the mechanism of peritectic direct crystallization from the liquid. High cooling rates
of liquid has the potential for substantial improvements of mechanical properties through extension of
solid solubility limits, the refinement of microstructure, and dispersion of the secondary phases.
Furthermore, by this method it is possible to produce metastable phases such as quasi-crystals, nano-
crystals, and amorphous whose presence in an alloy leads to beneficial improvements in mechanical,
magnetic, electrical, and other properties. Al-Mn is an important system in which the occurrence of a
quasi-crystalline non-equilibrium phase. The icosahedral quasicrystal discovered by Shechtman in
rapidly solidified Al-Mn alloys has a unique symmetry and striking morphology which is different from
that of the crystal. In consequence this has stimulated considerable interest. However, a few studies
centered on the formation of the unique morphology of icosahedral quasicrystal, especially on the
relation between a cooling rate and morphology. Some facts are well established, e.g. the need for high
cooling rates for the production of most icosahedral phases; the dendritic morphology of the
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quasicrystals which often coexist with a supersaturated fc c¢ solid solution; the apparently random
nucleation of the phase. Some other points are still in debate, in particular, the atomic structure of the
icosahedral phase is unsolved.
Inspection of the Al-Mn phase diagram which has been recently redetermined and critically
reinterpreted, shows that many intermetallic compounds are involved in the solidification of aluminium-
rich alloys. For example, in equilibrium conditions the first solid to form from the liquid at the AlgsMny,
composition is the u -phase at 1191 K, followed by the peritectic formation of AlgMn at 978K. It is well
established that in this case the phase competing with the formation of quasicrystals during rapid
solidification is AlgMn. Though this is expected because it has the same composition as the alloy, its
peritectic formation occurs 200 K below the liquidus where both A-A1,Mn and should have a substantial
driving force for nucleation. In AlgMn,, a metastable decagonal phase (T-phase) is competing.
However, considering the metastable extrapolation of the Al¢Mn-liquid and Al;Mn-liquid phase
boundaries, congruent melting points close to each other were derived for A1gMn at 1113K and for
Al,Mn at 1153K. At these temperatures the free energy of the compounds equals that of the liquid and a
possibility for their nucleation exists just below these points. Under these circumstances it is easy to
understand that the partition less solidification of A16Mn from the undercooled liquid should be favored
with respect to the segregation of the liquid giving 2-A14Mn. The solidification pattern in Al-Mn is
therefore the result of the competition among various phases of similar free energy. The icosahedral
phase must be inserted among these and, although a higher free energy should be expected for it, it
should not be too different in stability from the equilibrium phases.
The nominal composition of AlgsMny, alloy was prepared by melting. High purity elements of Al and
Mn were used. The structure and phase composition of the alloy was studied by X-ray diffraction
(DRON-3M, Cu-Ka-radiation) and metallography (Axio Imager Alm/M1m). The microhardness
distribution was determined using a PMT-3 device.

Keywords: quasi-crystal phase, quasi-eutectic, dendrite, peritectic reaction, hypereutectic alloy.

BCTYII

CyuacHuii eTan pO3BHTKY BHPOOHHIITBA BUMAra€ CTBOPEHHS HOBUX MaTepiasliB 3 IMOJIMIICHUMH
(b13MKO-MEXaHIYHUMHU BJIACTUBOCTSAMHU. Y I[bOMY aCMeKTi BIAKPHUTI HEIIOJaBHO METAaJeBl CIUIABH,
HaszBaHi kBazikpuctanamu (QC) [1, 2], Aki XapaKTepU3yIOThCS HE3BUYAWHUMHU JJIS METaJIeBHX
CIUIaBiB BIIACTUBOCTSIMH, BUKJIMKAIOTh 3HAYHY 3alliIKaBJICHICTh HE JIUIIE JOCTIAHHKIB, a i 1H)KEeHepiB
Ta TEXHOJIOTIB.

OcobnuBicTio OynoBu QC € HeTpaiuMUIWHUN TUN KPUCTAIIYHOI I'paTKU, SIKUH IPYHTYETHCS Ha
KBa31Mepiou4HIi cUMETpil Ta Mae 3a00pOHEH]1 3 TOUKHU 30py KJIACUYHOI KpHucTajgorpadii poTariiiti
oci cumerpii 5-ro, 8-ro, 10-ro 1 12-ro mopsankiB. Taka OynoBa MOCIyXHWIa HMPUUYUHOIO 3MIHU
BJIACTMBOCTEH IIMX MaTepiajliB NOPIBHSIHO 3 KPUCTAIIYHUMH aHAJIOTaMHU.

Ilepma QC-¢aza Oyna Binkputa y 1984 poui IllexTmMaHOM Mpu IMIBUJIKOMY rapTyBaHHI CIUIaBiB
cuctemMu Al-Mn B iHTepBaJli KOHIIEHTpaIliid Maprasio Big 25 mo 9 ar. % [3]. Cumerpis 1iel ¢a3u
BUSIBUJIACS 1KOCAEAPUYHOI0. Y HAYKOBIM JIiTepaTypi BOHAa YacTO IMO3HAYA€ThCA, K y-(aza [4].
Oxkpim ikocaeapuunoi ¢aszu B AlMn-criaBax Oysi0o BUSBICEHO TaKOX ICHYBaHHsS JE€KaroHaJIbHOL
¢azu (D-da3n) 3 Biccto cumerpii 10-ro nopsaxy [4].

Hiarpama dazoBux piBHoBar cuctemu Al-Mn ne wmictuth QC-da3 [5]. lle o3nauae, mo ix
dbopmyBaHHSI TOB’s3aHO 31 3HAYHUMHU MIBUJKOCTSAMH OXOJIOJDKEHHS PO3IUIaBy, TOOTO MOXKeE
B1JI0yBaTHCS JIUIIE Y BUCOKOHEPIBHOBAXKHUX yMoBaxX. [IMTaHHA & 11010 KIHETUKH (Pa30yTBOPEHHS
B O3HAYEHIM cHcTeMi BUBYEHI 1€ HEOCTaTHHO. TOMYy METOI0 JaHOi poOOTH OYyiI0 AOCHIIKEHHS
nporieciB (pa3oyTBOPEHHS y KJIACHYHOMY alllOMiHiN-MapraHIeBOMY CIUIaBi, SKHH 3a MEBHUX YMOB
KpHUCTaIi3alii MoXke MICTUTH Y-(hazy, IPpU Pi3HUX MBUIKOCTAX OXOJIOJKEHHS PO3IUIABY.

MATEPIAJIM I METOAN

3a 00’exT nociimkeHHs Oyno oOpaHo amoMiHieBUil criaB AlggMnNis, sIKuil BUIUIABISBCS Y
IUTAaBUJIBHIM mTewi y BiIKpuTii atmocgepi. CryiaB BUTOTOBISBCS 3 aJIOMIHIIO Ta MapraHIo
TEXHIYHOT YHCTOTH Yy BIANOBIJHOMY CHiBBIJIHOIIEHHI MI)K KOMIIOHEHTaMHU. XIMIYHUI €JIeMEHTIB
IINXTH HaBeaeHo B Tadmum 1.

Jlig 3axUCTy BiJA OKHMCIIEHHS MiJ 4yac IUJIABJICHHS 3acTOoCyBaiu padiHyBaHHS, SKE€ IMOJSIraio B
00poOJIeHH] pO3IIIaBy aIOMIHIIO clLII0 xsopucTtoro Mapradio MnCly. [Ipocymeny cinb BBOAMIN
y po3muiaB turis y kimbkocTi 0,02...0,05% mpu temneparypi 973...1003 K. Ilicns padinyBaHHS Yy
pO3IJIaB aMIOMIHIIO JOAABaIM IMOPOIIOK MApraHIlo IIIIXOM 3aHypeHHs Horo uepe3 TpyoOKy B
cepenuny posmiany. [licis nocaraenns posmiaBoM temneparypu 1473 K BukoHyBasacsi BUTpUMKa
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0sm3pK0 30 XBHIIMH (710 ITOBHOTO PO3YMHY KOMIIOHEHTIB). [ '0TOBUI pO3IIaB BUIIMBABCS y CTATbHUAN
KOK1JIb 3 MOJAJBIINM OXOJOKEHHIM B aTMocdepi moBiTps. i 1eTaabHOro JOCTIKEHHS CIUIaBy
OTpHMaHUi1 3IMBOK OyB MOpi3aHUH 32 CXeMOI0, HABEACHOIO Ha puc. 1.

Taomuus 1 — XiMIYHUE CKIa] HIUXTA

Enement KinpkicTh, HE MEHIIIE, Cyma JIOMIIIIOK, He OLITbIIIe, Hopmarusauit
at. % at. % JOKYMEHT
TexHiuHMH 99,85 0,15 I'OCT 11069-74
anroMiHii A85
Enexrposituunmii 99,7 C<0.04,5<0.05, Fe <0.05, No CAS: 7439-96-5
MOPOIIoK Mn P <0.004, Se <0.08, Si<0.0035

JlocimiHi 3pa3Ku BUPI3aIKCs 3 BEPXHbOI, CEpeIHBOI Ta HIDKHBOI 00JacTeil 31MMBY 1 Maiau po3Mipu
20x15x10 MM (BepxHsS Ta CepeAHsl YAaCTHHU 3THUBKY), 1 2X15x10 MM (HW)KHA 4YacTHHA 3JIMBKY)

(puc. 1).

CrpykTypHO-(ha30BUi CKJIaj 3pa3KiB AOCIIPKYBABCS METOAAMU peHTreHOCTpykTypHOoro (JJPOH-3,
Cu-K,-BunpomintoBannsi) ta metanorpagiunoro (EPIQUANT) anamniziB. 3Ha4eHHsI MiKpOTBEPIOCTI
BU3HAYAJIMCS 32 JJOMTOMOTOI0 MikpoTBepaomipy [IMT-3.

PE3YJBTATH TA IX OBTOBOPEHHSI

VY PpIBHOBaXHOMY CTaHI CTPYKTypa 3aeBTEKTHYHOIO CILIaBY
______ Bepxis AlggMny4 npu KiMHATHIN TeMmreparypi CKIQJaeTbesi 3 EBTEKTHKU
- (a-paza + AlgMn) Ta nepBuHHUX KpucTaiiB Gazu AlgMn [5].

Pi3Ha mBUAKICT BIABOMY TEIUIA 3a TIONEPCYHUM TIEPETHHOM
-—-( [enTpankha  xIUHOBMAHOI BWJIMBKM TIpH3BeNa 10 (OPMYBaHHS CTPYKTYp
HCTRR PI3HOTO TUIMY B pi3HUX ii YaCTHUHAX.

CrpyKkTypa BEpXHbOi LEHTPAIbHOI YaCTUHM BWJIUBKH — L€

eBrekTka Al+ AlgMn Ta mnepBunHi kpuctanu  AlgMn,

__ Huxns Mop(oIoris sIKUX 3MiHIOBajacs BiJ IIECTUTPaHHOI (OPMHU 0
= B 9acTMHA [ acTUHYACTOI (PHC. 2).

[Ipu oMy 3HaYEHHS MIKPOTBEPIOCTI €BTEKTUYHOI CKIIQJ0BOI HE

Puc. 1. Cxema BUTOTOBJIEHHS nepesuiyBaiu ~510 MIla, a nepBunHux kpucraiis AlgMn — 3,5
3pa3KiB U1 10CTI/UKEHb 3 KOKimO  ['TTa. HeoOXifHO 3a3Ha4nTH, 1110 NEpBUHHI KpucTtand ¢asu AlgMn
(GopMOIO POCTY y BHIJISIIL WECTUTPAHHAKA MAJTH «00O0JIOHKOBY

6y110By» (pHc 2, a), To0TO BHyTleIHH YaCTUHA IIECTUTPAHHUKA

Puc. 2. CTpykTypa BepXHbOI LIEHTPAJIbHOI (a) Ta KpaiioBoi (0) 4acTHHH BiAJIUBKH cIijiaBy AlgsMnyy

Oyna orodeHa Ipyrow (as3oro, sika BUTpABIIOBAjacs iHIIMM KOJbopoM. DopMyBaHHS MOAiOHOT
CTPYKTYpU MOXXHA MOSCHHUTH, SIKIIO BPaxoBYyBaTH, 10 B cucremi Al-Mn kBasikpucraniyna ¢aza
(bopMyeThCs 32 IEPUTEKTUYHIUM MEXaHI3MOM 3a y4acTio came Kpuctaiiunoi ¢asu AlgMn. IIpu Tux
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MIBUJIKOCTSAX OXOJO/DKEHHS PpO3IUIaBy, SIKI JIOCATANHMCS y BEPXHIM CEepeaHId YacTHHI 3JIMBKY,
MEPUTEKTHYHA peakilis BimOyBaacs He 10 KiHI. ToMy Ha MIKpOCTpyKTypax (pikcyBanucs aBi Ga3u
— IHTepMeTalieBa Ta KBasikpucraniyHa y-¢asa. [Ipore cTBepmaKyBaT 0HO3HAYHO MI0A0 (pa3oBOro
CKJIaJly KPUCTAIIB IEeCTUTPaHHOI (OPMU POCTY JOCUTH CKIQJHO, OCKUIBKH TUQpaKIiiHI
MaKCHMYMH BiJl TPaTOK LUX (a3 MPaKTUYHO CHiBnaaamu (puc. 3, a).

=2 § 8 § &% g < agaa Ilepubepilini AiNSHKA BEPXHBOI YACTUHH
YW ¥ vy Y BiJIMBKH XapaKTEePH3yBaIHCS

A M= anT

PIBHOMIPHMM  PO3IMOIIOM  NEPBHHHHUX
kpuctaniB ¢asu AlgMn (puc. 2, 6) B
< y-¢gaa  CBTEKTHIIl Ta MPAKTUYHOK BIJICYTHICTIO SIK
KPUCTAJIB UIECTUTPaHHOI (OpMHU POCTY,
Tak 1 OOOJOHKOBOi CTPYKTYpH, IO
‘ - ‘l | MOB’SI3aHO 31 3pOCTaHHSIM H_IBI/II[.KOCTi
b b A u bl 6 OXOJIO/UKCHHS ~ PO3ILIABY. Ockinbku
MIBUAKICTE OXOJIOJUKCHHSI Y BUUIMBII €
MaKCUMaJIbHOIO Ha TpPaHHUI PO3IUIABY 3
6 (OopMOIO0 BUJIMBKH, TO MOYKHA IPUITYCTUTH,
i 10 €BTEKTHKA, IKa POPMYETHCS Y IiH 30HI,
€ BUpOKeHOW. lleHTpanbHa 4YacTUHA
BunuBku (puc. 4) Oyna mnoxibHOIO 3a
CTPYKTYpOIO J10 BepXHboi yactunu. [Ipote,
20 40 60 80 100 120 140 3BAKAIOYM Ha Te, IO  IIBUAKOCTI
2 OXOJIOJDKEHHSI PO3IUIaBy y LUX IUISHKAX,
MOPIBHSHO 3 PO3TJISIHYTHMH BUILE, 3POCIH
Ha TOPSAAOK, CTPYKTypH BCE XK JEII0
BiJIPI3HSUIUCS: no-mepiie,  3MiHWIACA
MopdoJioris nepBUHHUX KpucTaiiB (a3u AlgMn (BoHM Manmu Ounbll TpyOy, HENpaBWIbHY (OpMY
pocTy); mo-Apyre, HpurHidyBajocs (opMyBaHHsS OOOJIOHKOBOI CTPYKTYpH Yy THX Hebararbox
KpUcTaiax, (GopMa pOCTy SKUX 3aiuilimiacs ONU3bKOI A0 IIecTurpaHHoi (puc. 4, 0). Y
nepudepiiHiil xke 061acTi i€l YaCTUHU BiJUIMBKH, A€ HIBUIKICTh OXOJO/DKEHHS Oyia e O1bIIOoN0,
KpucTaiu iHTepMeTaniny AlsMn manu npsmMokyTHy ¢opmy, a ixHsS (opma pocTy HaraayBaia
neHaputHy (puc. 4, 6). Ilpu 1pboMy SBHUX O3HaK (OpMyBaHHS KBaziKpHCTalIluHOI (a3u He
¢ikcyBaocs, 110 0yJI0 MiATBEPIKEHO TaKoX peHTreHorpadiuno (puc. 3, 6).
: l } o TR

- AlMn

-—(54/85)
-—(78/123)

-—(40/63)

Puc. 3. ludpakrorpamu Bil HOBEPXHEBHX MIAPIB CILUIABY
AlgsMn,,: BepxHs (a), neHTpanbHa (6), HUKHS (6) YaCTHHA
KOKLITIO

.

S 4 g ?
~dll |
413 Nab .
. 20 MKM .6 7 ‘%TJKM :
Puc. 4. CTpyKTypa HEHTPaIbHOI YaCTHHH BHJIMBKH: IIEHTP 30HU (a), MIKPOCTPYKTYpa MEPBUHHKUX KpUCTAIiB (6),
KpailoBa yacTHHA 30HH ()

Pi3ke migBHILEHHS MIBUIKOCTI OXOJOMKEHHS PO3IUIaBY (110 ~10° K/c) y HrkHIN 9acTUHI BIATUBKH
MIPU3BEJIO IO CYTTEBUX 3MIH CTPYKTYpU. HIKHIO NIITHKY KOKIJII0 YMOBHO OYyJIO TaKOK MOJIIJIEHO Ha
JIB1 YaCTUHU — IICHTPaJIbHY Ta nepudepiiny.

Binomo [6], 1o npu 301IbIIEHHI EPEOXOIOKEHHS PO3IJIaBy 3a PaxyHOK 3pPOCTaHHS IIBHUIKOCTI
HOT0 OXOJIO/KEHHS B CIUIaBaX HEEBTEKTUYHOTO CKJIAJy HMIBHIIKICTH POCTY €BTEKTHYHOI CKIIQJIOBOI €
BUIIOI0, HIK MIBHJKICTh POCTY OKpEMHUX MHEepBUHHUX (a3. Y 3B’A3Ky 3 LIMM, B 3aJI€KHOCTI BiJ
3HAa4YeHb MIBUAKOCTI OXOJIOJKEHHS, 3a€BTEKTUYHUI CIUIaB MOXKE cTaBaTH a00 KBa31€BTEKTUYHUM,
a00 HaBiTh KBa310EeBTEKTHYHUM. [IpH IbOMY TBEpIHil pO3UHMH Ha OCHOBI AJTIOMIHIIO MOX€E MiCTUTH
y co0i OUTBbII BHUCOKY KOHIIGHTpALI0 MapraHiio, HDK NMpPU PIBHOBAXKHUX YMOBAxX KpHCTalli3aii.
Buxonsun 3 mporo Ta aHami3yloud MIKpPOCTPYTYpPY 3a€BTEKTHYHOTO (IpU PIBHOBaXHHUX yMOBAax
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KpucTaiizaiii) cruiaBy cucreMu Al-Mn B IIeHTpasbHIM YaCTHHI BUIMBKH, MOKHA BBa)KATH, 110 BiH,
TIPH JIOCATHEHH] IIBHIKOCTI OXOIOMKeHHs po3miaBy ~10° K/c, crae kBasieBTeKTHUHHM (pHC. 5).
CdopmoBaHa KBa3ieBTEKTUKA Oyi1a AUCIEPCHOIO 3 BUPAKEHOIO CKEJIETHOIO OYI0BOIO.

hme veren o ARGINSCEAEE L B
‘,‘f SATAS 4 ., 5 -y 5

g
e

=
Dy
qo

18 ot |
¢ =~ 3
6 10 MkMm
Puc. 5. MikpocTpyKTypa HUKHBOT Puc. 6. CTpykTypa HIKHBOT YaCTHHU BIJIMBKH: KpaioBa 30Ha (a),
LUEHTPaJIbHOI YaCTUHU BUIUBKH. KBa3iKpHUCTaiuHa «KBITKOMOAI0HAY (ha3a (6)

VY nepudepiiiHiii yacTUHI BIIJIMBKH (PIKCYyBaUCSA CTPYKTYpH, sIKI OyiH MOAIOHMMHU JO CTPYKTYp
IIBUJIKO 3arapTOoBaHUX cCIUiaBiB cucteM Al-Mn (puc. 6, a). [lpu npomy oaHi€r0 31 CKIaJ0BHX
CTPYKTYypU OynM KpPHUCTaJH, SKI Maju KBITKOMOmiOHY ¢opmy pocty (puc. 6, 6), onucany B [7].
AHani3yo4u aHi MeTanorpadiuHoro aHani3zy BEpXHbOI Ta LIEHTPAJIbHOI YaCTUHU BUJIMBKH, MOXHA
JIMTH BUCHOBKY, LII0 CTPYKTYpa € TpU(PA3HOIO, OCKITIBKU TPU CTPYKTYPHI CKJIAI0B1 MiCIs TPaBJIEHHS
MalTh PI3HUHA Komip. MoOXKHa HOpUITyCTUTH, 1O (a3a 3 KBITKONOJIOHOIO (OPMOIO poOCTy €
KBa31KpUCTAIIYHOIO, BUXOAAYM 3 TaKMX MIpKyBaHb. Buie Oyno mokasaHo, 10 31 3pOCTaHHSAM
HIBUJIKOCTI OXOJIOJKEHHS pO3IUIaBy KUIBKICTh KBa3lKpUCTaliyHOI (a3u 3MEHUIYETbCA, 1110
OB S13aHO 3 JIOCHTh TPUBAIHUM Yy Yaci MEPUTEKTUIHUM NepeTBOpPeHHsM Tty L + AlgMn — y-da3za.
Jlemo mapanokcanbHe (OpMyBaHHS KBa3iKpUCTaNiuHOi (a3W TpPH 3pPOCTaHHI  IIBUIKOCTI
OXOJIOJIPKEHHS PO3ILIaBy 10 ~10° K/c moske OyTH MOSICHEHO MOXJIMBICTIO (pikcawii mpu KiMHATHIH
Temmeparypi OUIbII BUCOKOTEMIIepaTypHOro (a3oBoro ckiaay. A 3a Takux yMOB y-(a3a Moria
(dhopMyBaTHCS BXKE HE 33 IEPUTCKTHYHUM MEXaHI3MOM, a 0€3MMOCePEIHBO 3 PO3ILIABY.

CTBep/uKyBaTH OAHO3HAYHO TIpo (opMmyBaHHA KBasikpuctamiuHoi ¢asm y-daza 3a maHUMH
PEHTIeHIBCHKOTO (ha30BOTO aHaJi3y Oyjo JyXe CKIAJHO BHACTIIOK OMWCAHOI BUINE MPUYUHU —
mudpakiifHi MaKCUMYMH BiJl TpaTok iHTepMeTaniay AlsMn Ta y-¢a3u mpakTHYHO CHiBIANAIA
(puc. 3, 6). ns moBHOI BiANOBiAI m010 icCHYBaHHS -(a3u HEOoOXiIHE BHUKOPUCTAHHS OiIbII
TOHKHMX CTPYKTYPHUX METOIB JOCIIIKEHHS, 30KpeMa TPaHCMICIHHOT eIeKTPOHHOI MIKPOCKOTTIi.

BUCHOBKHA

Bucoki mBHAKOCTI OXOJIOJKEHHS po3IuiaBy cucteMu Al-Mn nmpu3BOASTH 10 3CYBY €BTEKTHYHOI
TOYKH y OiK TYroIuIaBKOro KOMIOHEHTY Ta JI0 YTBOPEHHS KBa31€BTEKTUYHOI CTPYKTYPH CKEIIETHOTO
THUITY.

dopMyBaHHS KBa3iKpUCTATIUHOI Y-(ha3u NPpHU BUCOKMX HIBUJIKOCTSX OXOJOKEHHS 3a€BTEKTHUHOTO
Al-Mn-cruiaBy moB’si3aHO 3i 3MIHOK MEXaHi3My KpHCTalli3allil 3 MePUTEKTHYHOTO Ha MEXaHi3M
0e3rocepeIHbOI KpUCTali3allii 3 po3IiaBy.
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VIIK 539.3

BIIVYIUB ITIEPIOIMYHOI'O 30BHIHIHBOI'O HABAHTAKEHHSA
HA KOJMBAHHSA ®I'M ITOJIOTUX OBOJIOHKOBHUX KOHCTPYKIIIN
31 3SMIHHOIO 3A YACOM TOBIINUHOIO

®dareesa 10O. O.

3anopizvrutl HayioHanbHULl yHIGEpcUumen,
8yn. ’Kykoscvkozo, 66, m. 3anopixcocs, 69600, Ykpaina

fateevajulia@gmail.com

Y po06oTi po3rasaaeThCss HAONMKSHUM aHATITHYHUN PO3B’SI30K 3a7adi JUHAMIKK TOJIOT01 00OJIOHKH 13
¢dyHKIIOHaTBHO-TpaieHTHOr0 Matepiany (PI'M) i 3MIHHOIO 32 YacOoM TOBIIMHOIO IIPH HASBHOCTI
MIEPiOINIHOTO 30BHIMIHBFOTO HaBaHTaXXEHHS. PyX KOHCTPYKIII OMHMCY€ETHCS HA OCHOBI KJIACHYHOI Teopii
006050HOK. [0 IIhOTO HAMPSAMKY MOCHiKeHb MOXHA BigHecTH myOumikamii [1-3]. OcobmmBa yBara B
poOOTI TPUALIAETBCS JOCIHIIKEHHIO BIUIMBY XapakTepy 3MIHM TOBIIMHM OOOJIOHKM 3a 4YacoM Ha
JVHaMiYHy TOBEIIHKY IpH 3aJaHuX II0YaTKOBMX yMoBax. OCHOBHI 3aJIe)KHOCTI «xedopmarii —
nepeMimeHHs» 0a3yoThest Ha Teopii Kapmana. IIpoGmema 3BOAMTBCSA [0 CHHTYISPHOTO HENiHIHHOTO
T epeHianbHOTO PIBHSHHS JAPYTOro MOPSAKY 31 3MIHHOIO 32 4acoM IpaBolo yacTuHOo. [IpoBeneHo
MOPIBHSAHHA 3100yTOr0 aHAJIITHYHOTO PO3B’S3KY IS JESKHX IapaMeTpiB KOHCTPYKLIi 3 HpPSIMHM
YHCEIbHNM 1HTEIPYBAaHHSIM II0YaTKOBOTO PIBHAHHS 3a/1a4i.
Kmouoei cnosa: monxocminni obonouxu 3 @I'M, neninitini korueanus, meopis Kapmana, memoo BKB.

Bicnuxk 3anopizbkozo nayionanvhozo ynisepcumemy MNe 1,2016
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