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Hcenedosano — enusimue  yenoeuti  NOJYHeHUs — OKCHPYOUPOSAHHBIX — HOJOC — CHIABA
AlgsFe;sCrysTip Ha eco cmpykmypy u Mmexanuuyecxue xapakmepucmuxy. Ilonocer ceve-
Huem 4 X 15 mm nonyyenvt 6e3 npoyedypvl CHEKAHUSL KOMRAKIMUPOSAHUEM NOPOULKOS,
U320TNOGNIEHHBIX  MEMOOOM  PACHBLIEHUS. PACHIABA  B000U  GbICOKO20 OaBNeHUs, U
nocieoviougeit sxempysuu. Ipu memnepamype sxcmpysuu 400 T 6 nonoce noaHocmeio
COXpanunacey 06yxpasHas CMpPYKmMypa 6000pacnulieHHblx nopouikos: Al mampuya +
+ Hanoxsasuxpucmaniuieckas ynpounsiowas Qasa. Ilpu OanvHeiiuem noguviue Huu
MeMnepamypsl  IKCHMpY3ul 001t K6AUKPUCTHALTUHECKUX — YAPOUHAIOWUX — HACTHUY
HOCINENEHHO COKPAULAETNC, HACTHb U3 HUX HepexoOum 6 KPUCTHAIIUHECKOe COCHOSHUE.
B mamepuane, nonyuennom npu memnepamype sxcmpyzuu 450 T, xeazuxpucmaniu-
yecKue Hacmuysl NOTHOCIMbIO OMCYMemeyiom. Pesyremamer mexanuueckux ucnelmanuii
Oaiom  OCHOGAHUE CHUMAMb, HIMO YPOGEHb MEXAHUYECKUX CBOUCE 6 OCHOEHOM
ONpeoeNsemcs CIMPYKIMYPHBIM COCTHOSHUCM YRPOHUHSIOUWUX HaCmuy (K6a3uKpUCTHAIIU-
yecKuM uau Kpucmaniuieckum). Ilpu ynpounenuu anromunuesoil Mampuysl HAHOKSA3U-
KPUCTATIUHECKUMY HACUYAMY 8 HONIOCAX COXPAHACTNCA WIACTHUYHOCb, HPESbIUalouas
5%. Ynpounenue wacmuyamu unmepmemaiinoa CHux3caem niacmuyHocme 0o 0 < 1%.
Taxoii pesyremam noomeepicoaem Npeocmasients 0 MoM, YMo Kea3UKPUCHALIbL NPy
JOKANLHOM HAZPYICEHUU 0ONA0QIOM CYUeCEeHHOI NAACTHUYHOCTIBIO. JMO NO36015em
PeNaKCUPOSab HANPSICEHUS 6 ATOMUHUCEOT Mampuye npu deghopmayuu cniasa.

Knroueevie cnosa: HAHOKeA3UKpUcCmaiel, aliOMUHUEBbIe CHIA8vL, CMPYKMypa,
d)aSOSbllZ cocmas, NPOHYHOCH b, HIIACIMUYHOCTb.

Beeaenne

ANFOMHHHCBBIC CIUIABBI IIMPOKO HCIONB3VIOTCSA B Pa3NUYHBIX OOIACTAX
TCXHUKH. JTO, B TMEPBYK OYCpeIb, AaBHALMA, a TaKKE CYAOCTPOCHHE,
ABTOMOOHMIIECTPOCHHE H JPYIHE OTPACIH TPAHCIOPTHOTO MAINMHOCTPOCHUSL.
AJFOMUHHCBBIC CIUIaBbl NPUMEHSIOTCS TAKKE B CTPOHTCIBCTBE, B CEIBCKO-
XO3AHCTBEHHOM MAIIMHOCTPOSHUH, [T H3TOTOBICHHS PA3IAIHOTO CIIOPTHBHOTO
uHBCHTAps. bBraromaps Mamoil rioTHOCTH amoMuums (2,7 r/eM’)  pan
ATIOMHHHCBBIX CIUIABOB IO VPOBHIO YACIBHOW MPOYHOCTH NPEBHIIIACT Hanboee
pacmpoctpaHeHHble copta ctamd. Co3aaHHe BBICOKOIPOUHBIX ACPOpMHPYEMBIX
AFOMHUHHEBBIX CILIABOB IS PaOOTHl MPU MOBBINICHHBIX Temmeparypax (300—
400 °C) aBnseTcs BKHCHIINM HAIPABICHUCM UCCICAOBAHUN AT psiaa oTpacieit
npoMbIlIeHHOCTH. HoBeIM 3dQeKTHBHEIM METOIOM TIONYYCHHUS TAKUX MaTe-
pHANIOB SABIAETCA WX YIPOUYHEHHE HAHOPA3MEPHBIMH KBa3WKPHUCTALIMYESCKIMH
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gacturamu [ 1, 2]. M3-3a MeTacTabMIbHOTO XapakTepa KBa3UKPUCTAILIOB, CIyKa-
IIHX YIPOYHSIOMINMH YaCTHIIAMH, VKA3aHHbBIC CILIABbl MOYKHO MOTYYUTh TONBKO
C WCMOJIb30BAHUEM TEXHONOTHUH OBICTPOro OXJaKIcHus pacruiasa [3]. Pauce, B
padorax [4, 5] aBropamMu OBUTH MONYYCHB M HCCICAOBAHBI HPYTKH Kapo-
MPOYHBEIX MOPOLIKOBHIX CIIaBoB cucteMbl Al—Fe—Cr ¢ HaHOKBa3H-
KPUCTATITHYSCKUM VIPOYHEHHEM. B mporecce HM3roToBICHUS NPYTKOB TAKHX
CIIABOB KOHCOMHJALUIO TIOPOLIKOB MPOBOAIH 0€3 CHECKAHH, IIYTEM HX SKCTPY-
3HH B IPEABAPUTCIFHO BAKYYMHPOBAHHBIX U TCPMETH3HPOBAHHBIX KAICyIax.

Kax u3BeCTHO, UueM HIDKES TEMIIEPATYPA IKCTPY3HH, TeM Oosice Ae(hEKTHYIO
CTPYKTYPY MOXKHO MOJYYHTH MPH COXPAHCHUH KBAZHKPHCTAIUIHMICCKOTO CTPOC-
Hus ynpousstomed ¢assl [6]. Takol pexxum momayucHHs nonyhadpuKkaTos
CYILIECCTBCHHO TOBBIIIACT H3HOC 00OPYAOBAHHS I 3KCTPY3UH. B TO ke Bpems
MOBBIIICHHE TEMIICPaTyphl Ac(QOPMUPOBAHUS MNPHUBOAWT K YMCHBIICHHIO
VCUIHS OKCTPYIHPOBAHHUS, 4YTO JAcT BO3MOXKHOCTh HCIOJB30BaTh 0Oojce
BbICOKHE KO3 (uimeHThl BEITS:KKYA., OTHAKO 3TO YBEIMYHMBACT PUCK MEPEX0aa
MeTacTabHIbHOW KBA3HKPUCTATUTMUCCKOW YIPOUHSAIOMICH (a3bl B KpHCTAILIH-
YECKOE COCTOSIHHAE M YKPYITHEHHMS 3¢PEH ATIOMHHACBON MATPHIIBL.

[losToMy axTyampHas 3ajavya HCCIACAOBAHUSI — IMOUCK ONTHMAIBHOTO
COOTHOLICHHS TEMITCPATYPbl M YCHIHS SKCTPY3HU MPU MAKCHMATIBHO BO3MOXK-
HOM COXPAaHCHHH KOMIIICKCA MEXAHUYCCKUX CBOMCTB. OCOOEHHO 3TO BaKHO
MPH NIEPEXOJE OT H3TOTOBICHUS NPYTKOB K H3TOTOBICHHUIO TIOJOC H JIHCTOB.

MaTtepuanbl H METOAHKH HCCIEI0BAHHS

Ha ocroge npeapiaymux pabort [4, 5], BEIMOTHEHHBIX HA MPYTKAX JHAMETPOM
8 MM, U1 MCCIeNOBaHUA BEIOPAH OJVMH W3 HAMOONCE TMEPCIICKTUBHEIX COCTABOB
cnaBoB cucteMd Al—Fe—Cr ¢ HaHOKBAaZHKPHUCTATTMUCCKHM VIIPOYHCHHEM —
AlyFe,sCrysTiy (Al—4,89Fe—4,55Cr—1,68Ti) (% (mac.)). CmmaBel  Taxkoro
cocTaBa 00NafA0T ONTHMATBHBIM COOTHOIICHHEM MPOYHOCTH W IUIACTHYHOCTH.

[lopomku BEIOPAaHHOTO COCTaBa MOJYYATH JUCICPTUPOBAHUEM PACILIABA
CTpyeH BOABI MOA BBICOKMM JABICHHCM, YTO IO CPAaBHCHUIO C AUCICPIHU-
pOBaHUEM pacljiaBa aproHOM [JAcT BO3MOXKHOCTb TIOBBICHTB CKOPOCThb
oxnaxacHus pacmmasa g0 10° K/c [7]. Jns mamsHe#mel KOHCOTHIALIAN
KCIIOJIB30BAJH MOPOIIKH (pakipu —63—40 MM,

Konconupanmio BomopacmpuicHHBIX mopomkos cucteMbl Al—Fe—Cr
OCYLIECTBILUTN 3KCTpy3ueH Oe3 cmekanus. llepex skcTpysuel MOpOMKH mpH
KOMHATHOH TEMIEPaType NPECCOBATH B OPHKETBI, KOTOPbIC MOMEINATH B
OWIHHAPWIECKHAE KalCyasl AuaMmeTrpoM 25 MM u3 cmiaBa AMrS. Kancyner
TCPMETHU3NPOBAH, HCIONB3YS aprOHHO-AYTOBYIO CBApKy, & 3aTEM BaKyyMH-
poBanu. Jlerazamuro NmpeccOBaHHBIX OPHKETOB BBINONHSIM NMPH TEMIEpAaType
350 °C. DxcTpy3uro TakuxX OPUKETOB MPOBOIWIH mpu Temmeparype 400—450 °C,
MoNy4as Monaockl ceucHueM 4 X 15 mv. B stom ciyuae koadGHUHEHT BBITHKKN
L = 6,8. BrocieacTBUH OCTaBIIYIOCH 000I0UKY ATIOMUHHEBOTO cruiaBa AMrS ¢
MOBEPXHOCTH MONOC VAATITH.

CTpyKTYpHBIC HCCIICAOBAHUS BBITIONHIIM METOAAMH HPOCBCUUBAIOLICH SIICK-
TporHOH MuKpockormm (IT9M) (Mmxpockon Beicokoro paspemenns JEM-2100F)
U PEHTTCHOCTpYKTYpHOro aHammza (xudpaxrometp JAPOH-YM1 B CuK -uznyue-
HuH). JudpakrorpaMmbl CHAMAIH METOJOM IOIIATOBOIO CKAHHPOBAHUS B
unHTepBasie yriaos 20 = 20—82°. Illar ckanuposanus cocrasasti 0,05°, Bpemst
SKCIIO3ULMHU B TOUKe — 4—9 ¢.
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Mexanmueckre cBoiicTBa Ac(opMHpPOBaHHBIX MONY(HaOpPUKATOB BBICOKO-
MpOYHEIX cI1aBoB cucteMbl Al—Fe—Cr B BHae monoc oOmpeaensy,
OCHOBBIBASCH HA JaHHBIX HCHOBITAHUH Ha pacrTspkeHue. Mcnbitanus
CTAaHIAPTHBIX MATHKPATHRIX 0OPa3LOB HAa PACTDKCHHE C 3AIHCBI0 KPHBOU
aeopmaliiy IpOBOIMIN PU KOMHATHOH Temneparype u temneparype 300 °C
Ha ucneiTatenbHOM MamuHe 1246 trma INSTRON co ckopocThio mepeme-
meHust 3axBaros | MM /MuH (ckopocts gedopmarmm 10° ¢). TTo kpuBbIM
aeopMall PACCUMTHIBATA TNPEACTB NPOYHOCTH Op M TEKYYECTH OCpp H
VUTHHCHUE J0 PaspyLICHHs O.

PesyabTare! n ux o0cy:Raenne

Ha ctpykTypy mopoimkoBbix no1yhabpUKkaToB CIIaBOB CUCTEMbl Al—Fe—
Cr, HONyYCHHBIX IKCTPY3HUEH, CYIIECTBCHHOE BIMSHUE OKA3bIBACT TEMIICPATypa
mponecca. [lostoMy [ns mOHMMaHMS 3aKOHOMEPHOCTEH (opMupoBaHUA
CTPYKTYPEL U MEXaHHYCCKUX CBOMCTB ATIOMHUHHCBBIX CIUIABOB TAKOrO THIIA
MPOBEACHB PEHTTCHOCTPYKTYPHBIC UCCICAOBAHUS UCXOMHBIX MOPOIIKOB MMOCIIE
OT)KUTOB B TeueHHME | 4 B Bakyyme mpu temmeparypax 330, 350, 400, 435 u
450 °C (puc. 1).

PenTreHocTpykTypHOE HCCIEIOBAHNE TIOKA3AT0, YTO B HCXOAHOM MOPOLIKE
(UKCUpYETCS HANMUYHEC TOIBKO IHU(PAKLHUOHHBIX MAaKCHMYMOB, COOTBET-
CTBYIOIIMX ATIOMHUHHCBOH MaTpHLE H KBa3WKPHUCTALIMYSCKOH HKOCA3APH-
yeckod  i-pasze, TpUMEcEH  KPUCTAITMUCCKHUX  MHTCPMETAIIHIOB  HE
oOHapyxeno. Kax BuaHo Ha puc. 1, B BOXOPACHBUICHHBIX MOPOIMIKAX COCTaBA
AlgsFe, 5CrpsTi; kBasukpucTamimdeckas (aza COXpaHICTCs MPAKTHUCCKH 0
435 °C (puc. 1, x1). Ha pentreHorpaMmax mpu 5TOH TeMIEpaType 3aMETHA
HEKOTOpas acuMMeTpus AW(QPAKLUHOHHBIX MHKOB KBA3HKPHCTAIIOB, YTO
CBHACTCIBCTBYET O TOSABICHUM HE3HAYUTCIBHOTO KOJIMYCCTBA KPUCTAIITH-
yeckux HHTepMeTammuaos tThna Al ;Cr,. [lepexon nkocasapudaeckoil KBa3uKpH-
CTAUTMYCCKON (ha3el B KPHCTAUIMYCCKHE HMHTCPMETAIHABI 3aBCPLIACTCS MPH
temmeparype 450 °C (puc. 1, ¢). [Ipu manpHEHIIEM POCTE TEMIICPATYPBI OTXKUTA
10 550 °C Bug penrtreHorpamv He uaMeHseTcs. Cyas MO COOTHOIICHHIO
HHTCTPANTbHEIX HUHTCHCHBHOCTEH MUQPAKUIUOHHBIX TUHHN Al W KBasWKpHCTaT-
JIMYECKOH YIpOUYHArOWEH (asel, KOTMISCTBO 3TOH (azel HE U3MEHSIOCH MOCTC
OTKHroB mpu Temmeparypax 330, 350 u 400 °C.

Al (111) Ha ocnoBanmnu >tHx JAAHHBIX O
HCCTeNoBaHMs BIMAHUA  (pazoBoro
COCTABA HA MCXAHWYCCKHE CBOWCTBA
mosocel  ceueHueM 4 X 15 mM
MONMy4Yand  OpH  TeMIeparypax
skctpysuu 400, 410,430 u 450 °C.

Al (200)

Puc. 1. PenrrenorpaMMmsl Bojopac-
IBUICHHBIX HIOPOITIKOB cIuIaBa
AlgsFe, sCrysTi; Tocie oTxkmra B
TedeHne 1 1 B BaKyyM€ IIPH PasIMIHBIX
temmeparypax (°C): @ — HUCXOMHBIH
nopomok; 6 — 330; ¢ — 350; 2 —
T ' T ' 400; 0 — 435; ¢ — 450, o0 — i-dasa;
, Tpaj ¢ — A]13CI'2.

NHTEHCMBHOCTD
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Ha puc. 2, g Buano, uto npu temmneparype skctpysun 400 °C, kak u mocne
OTXKWI'OB TOPOIIKOB, B MAaTcpHaje MOTHOCTBIO COXpaHHIach JAByxdasHas
cTpyktypa Al Matpuna + KBasUKpHCTAIIHUECKas ynpouHstomas ¢asza. Ksazu-
KPUCTATTHYESCKHIC YACTULBI UMCIOT YSTKYIO OKPYIIIYIO GOPMY M THUIHYHBIN AT
3TOro Marepuana KOHTpacT. llpw moBBIIIEHMH TeMmepaTypsl 3KCTPY3HUH 10
410 °C HaYMHACTCS YACTUYHBIN MEPEXOA METACTAOMIBHOW KBa3HKPUCTAILTHYIC-
CKOM ympouHstomeld (assl B KPHCTAUIMYCCKHE HMHTepMeTammuabl. Kak Ha
peHtreHorpamme, Tak u Ha [19M m3o00pakeHHn CTPYKTYpHI HONOCH (puUc. 2, 6)
Hapsay C KBAa3HKPHCTALTMUECKMMH VIPOUYHAIOIMAMH YacTHIIAMH 3aMETHEI
KpucTauIdeckne uaTepMetaumasl. Ha perTreHorpamMmax ¢ mosoc, monydeH-
HBIX mpu Temreparype dketpy3un 430 °C, mpakTHICCKH HE 3aMETHO YCTKHX
MAaKCUMYMOB, OTBCUAIOIIMX HKOCA3IPUUCCKON KBAa3HKpUCTATHUCCKON (hase,
BCC JIMHUU COOTBETCTBYIOT ClOKHOMY uHTepMmetamuay Al;Cr, (puc. 2, 6).
Ompako Ha IIOM wu300pakeHHMM B  HEKOTOPBIX MECTax PSIIOM C
KPUCTAIMMECKAMH  MHTEPMETAUTUAHBIMA YacTHIIAMM 3aMETHBI TaKke |
JacTHIBl KBa3UKpuctawioB (puc. 2, 6). Crpykrypa mMmOJOCH — CILIaBa
AlgsFe, sCr, sTi;, moay4eHHO# npu Temneparype skctpysun 450 °C, cocrout
n3 Al MaTpuIbel M YacTUI KPHUCTALIHYCCKHX HHTEPMETALTHAOB. MHTEpME-
TAJTTUIHBIC YaCTHIBI HE WMCIOT YCTKOH OKPYriaod (OpMel, CBOWCTBEHHOU
KBa3UKPHUCTAUTINICCKIAM YaCTHULIAM, UX Kpas Pa3MBITH (PHC. 2, 2).

B komoHHE 3NEKTPOHHOTO  MHKPOCKOINIA  BBICOKOTO  pa3peIneHUL
HCCIIEIOBAHbl XUMHYECKHE COCTABBl KBA3HKPHCTALTMUECKON HKOCA3APHIECKOM
yopounsiome azsr (puc. 3, @, Taba. 1) U KPUCTALIHICCKUX HHTCPMETAIT-
auaoB (puc. 3, 6, Tadn. 2). Ilpu ux cpaBHCHUM BUJHO, YTO OHH OYCHb OJIH3KH.
B gacthnmax KpHCTATIMYECKOTO0 WHTEPMETAINAA HECKOJIBKO YMEHBIIHIIOCH
COIOCPKAHHE IKENE3a, YTO MOXKHO OOBSCHHTh C€ro pPacTBOPCHHEM B
ATIOMUHHEBOH MaTpuile (pacTBOPHMOCTh JKEJIE3a B ATIOMHHHHM HECKOIBKO
BBIIIIE PACTBOPUMOCTH XpOMa M THTaHa) [8].

N3 momoc cnmasa AlgFe,sCr,sTi; ceuenmem 4 X 15 MM, NOIy4eHHBIX
OKCTPY3UCH TPH PazIuYHBIX TEMIICPaTypax, TOTOBHIH 0Opasupl A
HCHBITAHNI Ha pacTsHKCHUE. Pe3ynbraTsl HCIIBITAHWN MPHBEACHHI B Tabm. 3, U3
KOTOPOH CIIEAYET, UTO MAKCHMAIBHBIH YPOBEHD TPEeIa MPOIHOCTH IIPH BCEX
TeMIEparypax HUCHbITAHUH 00CCNEUnBACT CTPYKTYpPa, HMEIOINAsS TOJBKO
HaHOPA3MEPHBIE KBA3UKPUCTAILTHUIESCKUE YIIPOTHAIOINAE YACTHIIBI.

[onoca crmasa AlgsFe, sCr, 5Ty, momydeHHas mpu TeMmeparype 3KCTpy3HH
410 °C u umeroImas B CTPYKTYPE HEOOBIIVIO OO KPUCTAUIHYCCKAX HHTCP-
METAUIUAOB,  00JIaJacT  NPAKTHUCCKH  TAKHMH  KE  MPOYHOCTHBIMU
XapaKkTepUCTHKAMH IIPH KOMHATHOHW TeMrepaTrype, 4YT0 H Marepuail c
ITOJTHOCTBIO KBAa3UKPHUCTALIMUECCKUM VIIPOYHEHHEM, OJHAKO IPH TeMIEpaType
ucterranui 300 °C 1eMOHCTPUPYET HEKOTOPOS CHUKCHUE YPOBHS MPOYHOCTH,
COIMPOBOXKAAIOIIEEC TMOBBIIIEHUEM IUIACTUYHOCTH. B momocax, skcTpyaupo-
BaHHBIX mpu Temreparype 450 °C, xorga KBa3HKPHUCTAUTHHUCCKUX YACTHI] B
CTPYKTYpEe CIIaBa V)K€ HE HaOMI0JACTCs, VPOBCHb IUIACTHYHOCTH PE3KO
CHMYKACTCS Kak MPY KOMHATHOM, TaK M TPH TeMneparype ucnsitanuii 300 °C.

[losyueHHBIE  OaHHBIE CBHACTENBCTBYIOT O TOM, HYTO  VPOBEHB
MEXaHUYCCKUX CBONCTB cruiaBa Al—Fe—Cr onpeaenseTcs: riaBHbIM 00pazoM
CTPYKTYPHBIM COCTOSIHHEM YIIPOYHAIOIINX YacTHI (KBAa3HKPHUCTAIIMYECKOS
WM KpHUCTAIIHIeckoe). [Ipyu yIpouyHeHNN amOMHHAEBOM MaTPHLBI KBa3UKPH-
CTAIIMYECKUMH YacTUIIAMH B TIOJYYSHHBIX IOJI0cax cedeHweM 4 X 15 MM
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Puc. 2. ®a30Bblif coctaB U cTpyKTypa Hosockl ciuiaBa AlgyFe, sCrysTi; pu Temiepa-

Typax skcrpysum 400 (a), 410 (6), 430 (¢) u 450 °C (2).
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Tam Electron Image 1

Puc. 3. Ctpykrypa monocsl cinaBa AlgFe,sCrpsTi;. Temmeparypa skerpysun 400 (a)
1 450 °C (6).

Taonuupa 1. Xumudecknii cocrab (% (at.)) CTPYKTYPHBIX
coctaasiwmux B ciiae  AlyFe,sCrysTi;, 0003HaYeHHBIX
TOYKAMH HA PHC. 3, a

Yuactok Al Fe Cr Ti

Crextp 1 87,18 4,93 6,15 1,75
Crextp 3 84,20 7,78 6,92 1,11
Criextp 4 86,66 5,48 6,07 1,80
Criextp 5 86,53 5,69 6,17 1,61

Taonuuma 2. Xumuuecknii cocraB (% (aT.)) CTPYKTYPHBIX
coctaasiwmux B ciiaBe  AlyFe,sCrysTi;, 0003HaYeHHbIX
TOYKAMH Ha pHUC. 3,

YuacTox Al Fe Cr Ti

Crextp 1 87,37 4,12 7,00 1,51
Criextp 2 86,95 4,68 6,69 1,68
Crextp 3 86,57 4,96 6,83 1,63
Criextp 4 86,90 4,99 6,52 1,58

Tadnunma 3. Mexanuyeckue cBoiictBa mosnoc cniiasa AlyFe, sCr; sTi,
NPH Pa3JIHYHbIX TEMIEPATYPAX HCNBLITAHUH

00,2, MIla O, MIla 8, %
20°C 300 °C 20°C 300 °C 20°C 300 °C
445,8 259,8 484 276,2 0,67 1,65
429,3 252 5159 278,2 4,35 6,87
449,3 251 522,7 276 5,17 7,59
430,5 263 524.,5 282 5,55 4,78

COXpaHAeTCs IUIACTUYHOCTh, mpeBblmammas 5%. B mnpyrkax momoOHBIX
cmwiaBoB O > 7% [4]. B 10 e BpeMst YIPOUHCHHE YaCTHLIAMH HHTCPMETALTHAA
CHHZKACT IIACTHYHOCTH 10 3Ha4YCHH O < 1%. Takoii pesynprar moaTBepKAacT
MPEACTaBICHNA O TOM, YTO B KBa3WKPHUCTAIAX MPH JIOKAIBHOM HarpyKeHHH
MMEETCs CYIIECTBEHHAS IUTACTHYHOCTEH [9], UTO pemakchpyeT HaIpsDKEHHSA B
QIIOMHHHEBOH MaTpHUIE IpH A¢(HOPMAIHH CILIABA.
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Boisoasl

Paspaborana TeXHOIOTHS MOAYUCHHUS MOJOC MOPOIIKOBOTO YKAPOIPOUHOTO
cmaBa cucteMbl Al—Fe—Cr ceuenmemM 4 X 15 MM, VOPOYHEHHBIX
HaHOKBA3UKPHUCTALTMHMECKUMH JYaCTHIIAMH.

[Mokazano, uto mpu Temneparype dxctpysun 400 °C B MoI0Ce MOTHOCTHIO
coxpaHuiach AByX(]a3Has CTpYKTypa BOAOPACHBUICHHBIX IOPOIIKOB: Al MaTpu-
Ia + HaHOKBa3WKpHUCTALIMYeckas ynpousstomas ¢aza. [lpu manpreiimem
MTOBBIIIICHUHN TEMIIEPATYPhl SKCTPY3HH MO0JI KBAa3HKPHUCTALTMUECKHAX VIIPOU-
HAOIUX YacTHIl TOCTEIICHHO COKPAINAcTCd, 4YacTh W3 HHAX IEPEXOJUT B
KPUCTAIMYUECKOE COCTOSHHE. B MaTepmase, MONYYEHHOM IIPH TEMIIEpaType
axetpysun 450 °C, KBa3HKPUCTAITHICCKHUC YACTHLBI TIOJTHOCTHIO OTCYTCTBYIOT,
VOPOYHECHUE 00VCIOBICHO YACTHLAMH KPHCTAIUTHICCKUX HHTCPMETAILTHIOB.

Pesynprarel MEXaHMUECKHUX HCIBITAHUN JAFOT OCHOBAHWE CUYUTATh, YTO HE
XUMHYECKAH COCTaB YIPOYHAIOIIUX YacTHI[, a WX CTPYKTYPHOE COCTOSHHE
(KBa3MKPUCTAIIMUECKOE WM KPHUCTAUIMYECKOE)  ONPEAENIET YPOBEHb
MEXaHUYECKHX CBOMCTB.

[Ipn ympoYHEHMH AMIOMHHHEBOM MAaTPHIBl KBa3UKPHUCTALTHYICCKUMH
YACTULAMHU B MOJIOCAX IMIACTHYHOCTh MpeBbIIAacT 5% (B MpyTKax MOZOOHBIX
cmwiaBoB O > 7%). B To e BpeMst YIOPOUHCHHE YaCTHLAMH HHTCPMCTALTHIA
CHHZKACT TLIACTHYHOCTH 10 3Ha4YCHH O < 1%. Takoil pesynprar moaTBepKIacT
MPEACTaBICHAE O TOM, YTO B KBa3WKPHCTAIAX HPH JOKAIBHOM HATPYKEHHH
MMEETCS CVINECTBEHHASA IUIACTUYHOCTh, YTO MPHBOJUT K PElIaKCaIldu
HANPSDKCHUH B aMIOMUHUCBOH MaTpHLe npu aeopMaliy CIUIaBa.

Pabora BrImonmHeHa mpu yacTHYHOM (HUHAHCHPOBAHHH B PaMKax LEICBOU
KOMILUICKCHOH mporpaMMsel ¢yHIameHTanbHeIX ucciaeaosanuii HAH Ykpaunst
"®OyHaaMeHTATBHEIC TPOOIEMBI CO3AaHUS HOBBIX BCLIECTB H MATCpPHAIOB
XHUMHYECKOTO MPOU3BOACTBA", poekT 17-13.
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BnyiuB ¢cTPYKTYPHOro CTaHy 3MILIHIOOYHUX HAHOYACTHHOK
Ha MexaHi4Hi BjacTusocTi cniaBy AlyFe; sCr;sTi;

10. B. Mineman, H. T1. 3axaposa, M. O. €dimos, M. 1. JlanineHko,
A. O. aposcexuii, O. /1. Heiikos

Hocnidocerno ennue ymoe ompumannus ekcmpyoosanux cmye curagy AlgFe, sCrsTi; Ha
fioco cmpyxmypy ma mexauiuni xapaxmepucmuxy. Cmyeu nepemunom 4 X 15 mm
ompumani 6e3 npoyeoypu CHIKAHHA KOMHAKMYSAHHAM HOPOUIKIE, GUSOMOGNEHUX
MeMOoOoM pOSHUNCHHSL PO3NIABY 600010 BUCOKO20 TMUCKY Ma noOanbulol excmpysii. IIpu
memnepamypi excmpysii 400 °C ¢ cmysi nosuicmio 36epeznacs 0soghasna cmpyxmypa
eodoposnunenux nopouikie: Al mampuysa + Hanoksazikpicmaniuna smiyHowua Qasa.
IHpu nooanvuomy niosuugeHHi memMnepamypu excmpysii HaCmKa KeaziKpuUCMAaniuHux
BMIYHIOIOHUUX HACMUHOK HOCHYNOBO CKOPOUVEMbCS, HACWMUHA 3 HUX NEpexoounsv y
Kpucmaniunuii cman. Y mamepiani, ompumanomy npu memnepamypi excmpysii 450 °C,
Keazikpucmaniuni  4ACWMUHKY — noeHicmio  gidcymui.  Pesyiemamu  MexXaHIiUHUX
sunpobysanb O0aMe NIOCMAGY 68ANCAMU, U0 PIGeHb MEXAHIYHUX 6AACMUBOCTHE
2OJIO6HUM YUHOM 6USHAYACMBCA CMPYKMYPHUM CHAHOM 3MIYHIOIOYUX YACHUHOK
(keaszixpucmaniunum  abo kpucmaniynum). Ilpu smiynenni anominieeoi mampuyi
HAHOKGABZIKPICTHANTYHUMY  HACMUHKAMUY Y cMy2ax 30epicacmvbess NIACTMUYHICIb, U0
nepesumye 5%. 3IMmiyHeHHS HACMUHKAMU THMEPMEMAanioy SHUNCYE NIACNUUHICTHE 00
0 < 1%. Taxuii pesyromam niomeepodcye YAgIeHHs NpO me, W0 KEasiKpucmaiy npu
JOKQANBHOMY — HAGAHMANCEHH]  8OJ00iI0Mb  cymmegoio  naacmuunicmio.  ILle  oae
MOJICTUBICIING PENAKCYBAMU HANPYSU 8 ANOMIHIEsIl mampuyi npu deopmayii cniagy.

Kanrwouosi croea: nanoxsasikpucmanu, anominiesi cnias, cmpykmypa, ¢pasosuii ckiao,
MIYHICMb, NAIACMUUHICHb.

The influence of the structural state of the reinforcing nanoparticles
on the mechanical properties of the alloy AlysFe; sCr,5Ti;

Yu. V. Milman, N. P. Zakharova, M. O. Iefimov, M. O. Danilenko,
A. O. Sharovsky, O. D. Neykov

The effects of production conditions of Aly,Fe;sCr;sTi; extruded strips on its structure
and mechanical properties were studied. Strips with cross-section of 4 x 15 mm were
obtained without sintering by compacting and subsequent extrusion of powders
produced by water atomization technique. At extrusion temperature of 400 °C the two-
phase structure of the water atomized powders (Al matrix and reinforcing
nanoquasicrystaline phase) remained unchanged. Further increase in extrusion
temperature reduced the content of quasicrystalline reinforcing particles gradually; the
part of them transformed into a crystalline state. Quasicrystalline particles are
completely absent in the material obtained at extrusion temperature of 450 °C. The
results of mechanical test give reason to assume that the mechanical properties of this
alloy are mainly determined by the structural state of the reinforcing particles
(quasicrystalline  or  crystalline). Strengthening of aluminum matrix by
nanoquasicrystalline particles provides the plasticity 0 of the alloy above 5%. On the
contrary, strengthening by intermetallic particles reduces the plasticity of the alloy to
values 0 < 1%. This result confirms the idea regarding significant plasticity of
quasicrystals at local loading. This local plasticity allows relaxing the stresses arisen in
aluminum matrix at deformation of the alloy.

Keywords: nanoquasicrystals, aluminum alloy, structure, phase composition, strength,
plasticity.
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