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3micT

Beryn

L Cnocoou oepkaHHs MOPOILIKiB

1I. MeTtoau HaHeceHHS i BJ1aCTHBOCTI MOKPUTTIB
II. 3acTrocyBaHHS ra30TepMiYHMX MOKPHUTTIB i3 KBa3iKpUCTATIYHHX CIJIABIB
IHonska.
Beryn 3allpOIOHYBaB  NMPHUHLMIIA  JOAATKOBOTO  JIETYBaHHS
crmaBy Al-Cu-Fe y 3anesxHocTi Bij fioro npusHaueHHs y
OcoGnuBicTIO  CTPYKTYpH  KBasikpucramis e BUTIIAAI JUTHX cIoiaBiB abo mokpurrie [1]. Ckman
HETPAMIHHHMA THI  KPHCTATIMHOI  DEIITKH, 1110 CIUIaBYy TIpU IBOMY MpPEACTABISAETBCA y  BHIJLIIL

IPYHTY€ETBCSl Ha KBa3ilepionuuHii cumeTpii 1 HasBHOCTI
3a00pOHEHHX 3aKOHAMH KJIaCUYHOI KprcTranorpadii ocet
cumerpii 5-ro, 8-ro, 10-ro i 12-ro mopsakiB i
PETYISIPHUX MTYCTOT.

[lepma poOota, mpucBsUeHa KBa3ikpHucTanaM, Oyia
omybmikoBana B 1984 pomi. 3 TOro wacy BiAKpHUTO
Oinpmie 100 criaBiB, y SIKUX BHSBICHA IMPHCYTHICTh
KBazikpucranigaoi ¢asu. [Ipu npomy OUTBIIICTE 3 HUX -
CIUTaBM Ha OCHOBI amoMmiHito. Le#t kmac marepianis, 1m0
3aliMalOTh TPOMDKHE TIOJIOKEHHS MK amMop(HUMH 1
KPHUCTAJIYHUMHU CIUIaBaMH, Ma€ YHIKaJbHE MOE€IHAHHS
KOMIUIEKCY BJIACTUBOCTEM, IO MAIOTh IIPAKTHUYHUHI
iaTepec. Jlo HHX BIZHOCATBCA HHU3BKI TEIUIO- i
€JIEKTPOIPOBIIHICTh, BUCOKI TBEPAICTh 1 3HOCOCTIHMKICTB,
HU3bKI 3HauYeHHs Koe(ilieHTa TepTs 1 IOBEPXHEBOI

€Heprii, 3JaTHICTb OO0 TPYKHBOTO  BiIHOBIICHHS,

HA/IIUIACTUYHICTh MPH BUCOKUX TEMIIEPATypax Ta iH.
Haiibinpmme  pobiT  NPHCBAYEHO  JOCIHIIKEHHIO

MPOIECiB  ONEpXKaHHA, CTPYKTypH 1 BIIACTHBOCTEH

norpiiiHoro cruaBy Al-Cu-Fe i criaBiB Ha Horo ocHoOBI,
neropanux iHmumu einementamu. K. M. [ro0ya
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Al,CuyFe Xyl (ar. %), me X — omuH abo Oinbpiie
eleMenTiB 3 yucaa V, Mo, Ti, Zr, Nb, Cr, Mn, Ru, Rh,
Ni, Mg, W, Si i P3M; I — HemuHydi TEXHOIOTi4YHI
npomimkn; atb+ct+d+e = 100%.

Cuctema Al-Cu-Fe Oyna npocmimkeHa OaratbMma
aBTopamu [2-8]. VY wiil cucTeMi BCTAHOBJICHE iICHYBaHHS
ikocaenpuyHoi -asm, 1m0 Mae By3bKy 00JacTh
TOMOTEHHOCTI B Mexax (atr.%) 65..70 Al, 17..25 Cu,
8...13 Fe. IIpu Temmnepatypi 800°C s (haza 3HaXOAUTHCS
B PIBHOBA3i 3 KPUCTATIYHUMHE (pa3aMu: MOHOKIMHHOIO A i
ky6iuHOtO . TlocmigoBHICTH (pa30BHX MEPETBOPEHB IIPH
oxomomkeHHi  posmmaBy  Al-Cu-Fe 1 ymoBm
TEPMOJIMHAMIYHOT CTaOITBHOCTI KBa3iKPUCTATIYHOT -
(ha3u Hamu JieTanbHO PO3MIISIHYTI B po6oTi [9]. ¥V manomy
BUTIAJIKY HEOOX1IHO JIUIIE BiA3HAYMUTH, 110}
tpaHcopmaniss  y-pasm y  kpucramiyny  ¢azy
BiZIOYBa€eThCS SIK y pe3ysbTaTi 3MiHM CKJIAJAy CIUIaBy 1
BUXOAy HOro 3a Mexi o0nacti icHyBaHHS \-(asu
(Hanpukmax, y 3BSI3KYy 3 BTparaMH aJIOMIHIIO TpHU
IUIABJICHHI CIUIaBy), Tak 1 y 3B'I3Ky 31 CKJIaJHICTIO
(ha30BHX NEPEXOMIB — CEpi€r0 MEPUTEKTUYHHUX PEaKLiil -
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TIPH OXOJIOJPKEHHI PO3ILIABY.

IctotHMM HemoaikoM Y-(a3u € T KPUXKICThb, IO
00MeXye 3acTOCYBaHHs KBa3iKPUCTATIYHUX CIUIABIB Y
BUTIIAI ~ MAaCMBHHX  BHPOOIB, OJHAK  IO3BOJISE
BUKOPHCTOBYBATH iX SIK MOKPHUTTS 1 TOHKI 1utiBKH. Cepen
METOJIB HAHECCHHS IIOKPUTTIB HAHOLIBII MIUPOKO
3aCTOCOBYIOTh METOAM Ta30TEPMIYHOTO  HAMMJICHHS
('TH) [10-15]. Bigomi pobotn 3 ox;epKaHHS
KBa3iKpUCTAJIIYHUX TOKPHUTTIB 31 cmiaBy Al-Cu-Fe i
IHIIMMH ~ METOJaMH, HANpPUKIAL,  CJICKTPOHHO-
MIPOMEHEBUM OCA/DKEHHSAM y BakyyMi [16].

SKiCTh Ta30TepMIYHUX TOKPHUTTIB 1 BMICT Y HUX Y-
(a3u HacamIiepe]] BU3HAYAIOThCS CKIIAZIOM, CTPYKTYPOIO,
po3MipoM 1 (POPMOIO YACTOK Ta IHIIMX XaPAKTEPHUCTUK
BUXIZIHOTO TOPOIIKY, IO Yy CBOK Yepry 3alearh BiJ
Croco0y HOro ojiep)KaHHs.

I. Cnoco6u onep;kaHHS NOPOLIKIB

B panumii yac i oJepiKaHHS KBa3iKpUCTATIYHHX
MOPOMIKIB Y TPOMHUCIOBOMY MAacIiTadi 3aCTOCOBYIOThH B
OCHOBHOMY JIBa CIIOCOOM: PO3IMHUICHHS PO3ILIABY
aproHoM 1 TIUIABJICHHS 3JIMTKAa 3 HACTYIHUM HOro
MexaHiyHUM mompionennsm [13, 15, 17, 18]. V¥
JiTepaTtypi € BIIOMOCTI TPO OAEPIKAHHS MOPOLIKIB, L0
MICTSATh KBa3iKpUCTaNiYHy (a3y, METOIOM MEXaHIYHOTro
JIETYBaHHA Y BHCOKOCHEPIeTUYHOMY IUIAHETAPHOMY
KynboBOoMy MituHi [19, 20], MeTo0oM Jia3epHOI a0l B
cepenoBuili aprony [21], BUTSATYyBaHHSIM pO3IUIaBy B
KBapIoBy TpyoOouky [17], ommak yci mi pobOoTm He
BUHIILIM 38 PaMKX 1aG0OPATOPHUX TOCIiIKEHb.

Taoauna 1
XapakrepucTuka KBasikpuctamyHux nopomkis AlgCu,sFeqp
. . Hacunna KinpkicTh

Ne Po3mip gacrox, TekyuicTs, B HICTS Pesynberatu y-tasm

MKM c/50r 3 PCDA ’

r/cM Mmac. %

PosmuieHHs po3IiaBy aproHOM
1 > 160 - - B, w, A 20
2 120...160 59 1,78 B, w, A 25
3 100...120 50 1,88 B, w,cmimgm A 32
4 80...100 47 1,97 B, v, cmiou A 38
5 63...80 44 2,06 B, v, cmiou A 42
6 40...63 35 2,15 B, w 45
7 25...40 38 2,20 v, B 50
8 <25 56 2,32 v, B 58
PosmuieHHs po3IuiaBy BOJIOK0 BHCOKOTO THCKY
1 80...100 63 1,38 B, v, caigm A 47
2 63...80 He teue 1,33 B, v 48
3 40...63 He teue 1,36 B, v 53
4 25...40 He Teue 1,30 v, B 55
5 <25 He Teue - v, B 59
Po3nusieHHs po3IuiaBy CTUCHEHHM TOBITPSIM
1 100...160 - - v, B -
2 80...100 65 1,50 v, B 50
3 50...80 58 1,65 v, B 52
4 <50 80 1,88 v, B 54
JloBinbHUIA pO3Maj] CTPYMEHS 1 MeXaHIuHe MOAPIOHEHHS rPpaHy.I

1 100...160 He Tteue - B, w, A 22
2 80...100 He teue - B,w,\, O 30
3 50...80 He teue - B,w, A, ® 22
4 <350 He Tteue 1,50 By, A, ® 29
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Taoauns 2

Bwict kuchio (Mac. %) y kBasikpuctaniunux nopoikax AlgCu,sFe,

MeTO 0PN ®DpaKkIrisi HOPOUTKY, MKM

AOAP -100+80 ~80+63 ~63+40 ~40+25
PoszmmieHHst po3miiaBy aproHOM - - 0,048 0,140
PosmiieHHs po3miaBy BOJIOKO 1,35 : 1,75 : 0,177* 0,279*
Poznunenns pO3IUIaBy
CTHCHEHHM TIOBIiTpAM 0,38 ) 1,5 )
IToapiGHEHHS 0.73 ) 0,77 )
rpaHyJ

* Mopowku orpumani B IIIM HAH Vkpaiun HeiikoBum O.[l. 3 BBEeINEHHSAM Y BOXy IHTiOITOpIB, IO

3aXUINAIOTh PO3ILIAB BiJl OKHCICHHS

Jlo mpoMHCIIOBHX METOJIB OJep)KaHHS ITOPOIIKIB,
OYEBHUIHO, MOXKHAa BIJHECTH METOJ  PO3NHJICHHS
pO3IIIaBy BOJOK BHCOKOTO THCKY, IO YCIILIHO
pOo3po0IIsieThCS Y JaHUK Yac B YAOCKOHAICHOMY BapiaHTi
B IIIM HAH VYxpainu. Bynu takox BuUmpoOyBaHi Taki
CrocoOM  OJEep)KaHHA TOPOIIKIB, SK  PO3MHICHHS
PO3IIJIaBy CTHCHEHHWM IHOBITPSAM 1 MUIIXOM JOBLIBHOTO
po3many CTpyMeHs, IO BHTIKae depe3 KPYIIHid OTBip i
JpOOUTHCS BIANOBIAHO /0 3akoHY Peniest min BIUIMBOM
MaJix 30yproBaHb Ha OKpeMi pparmenTH [22].

Bim  Meromy — onepkaHHS ~— KBa3iKPHUCTATIYHHX
TIOPOIIKIB 3ajeXath (a30BUil CKIaJ i CTPYKTYpa 4acToK,
X TEXHOJIOTiIYHI BIACTUBOCTI.

XapakTepucTHKa TIOPOILKIB CIUIaBy
Al-Cu-Fe, oTpumanmx  pi3HUMH  MeTOIaMH i
nocrimkernx y IE3 im. €. O. Ilarora HAH VYxpainuy,
MpeacTaBleHa B Ta0l. 1, a Ha puc. 1 HaBe/eH] 30BHINTHIN
BUTJISIL 1 CTPYKTypa 4YacTOK OCHOBHHX (pakiiii, mio
BUKOPHUCTOBYIOThCS Jutst I TH mokputTiB.

AHani3 npejcraBlieHUX JaHUX CBIMYHUTH MPO Te, L0
B TOPSJKY 3MEHIICHHS BMICTY W-(a3d B IOpOLIKAax
OJTHAKOBOI JUCHEPCHOCTI METOIM iX OAEPIKaHHSI MOXKHA
pO3TallyBaTH B Psil: PO3NMIICHHS BOJIOIO BUCOKOTO THCKY
— PpO3NWIECHHA CTHCHEHHUM IIOBITPSIM —> PO3MHJICHHS
aproHoM — TPaHYJIOBaHHS pO3IUIaBY JIOBIJIBHUM
po3mamoM CTpyMEHss 3 HACTYIHHM TOAPIOHEHHSIM
rpanyi. B ycix Bumagkax BMIiCT W-(asum B MOpOMIKY
3pocCTa€ 31 3MEHIIICHHSAM pO3Mipy YacTOK.

TakuM YMHOM, KIJTBKICTh W-(a3w 3HAXOOUTHCS B
MpsAMii 3aJIeKHOCTI B HIBUAKOCTI OXOJIOKEHHS, IO
00yMOBITIOETECSI TUIIOM €HEProHOCiS MPH PO3MHJICHHI 1
po3Mipom  4YacTOK. TeXHOJOriYHi  XapaKTEPUCTHKH
HOPOILKIB (TEKYYiCTh 1 HACUIIHA IIUIBHICTH) 3aexaTh
Big po3mipy i ¢opmu uacrok. Haiibinpm nockonana
¢dopma, O61M3bKa 10 CPEepUUHOI, Y TIOPOLIKIB, OTPUMaHUX
PO3NHIICHHSM aproHOM, BOHU MArOTh OLIBII BHCOKI
MOKAa3HUKM TEKydocTi 1 OiIbII BHUCOKI 3HAYCHHS
HACHIHO]T IIITBHOCTI.

BMmicT KHCHIO B IOpONIKAaX OJHAKOBHX (pakiiit
MiHIMalIbHUH TPH BHUKOPUCTAHHI aproHy IijJ 4ac
OJIepKaHHS IIOPOIIKY 1 JUI BCIX METOAIB IiJBHILLY€ETHCS
31 3MEHIIECHHIM PO3Mipy 4acTok (Talur. 2).

Haii6inpir MOBHO BHMOTaM, IO CTaBIATHCA O
MarepianiB Ui ra3oTepMi4HOTO HaWICHHS,
BiANIOBIIAIOTH TIOPOIIIKH, OTpUMaHi METOIOM
PO3IMWIEHHS PO3IUIaBy aproHoM. BoHn MaroTh HaiiOLIbII
BHUCOKI TIOKa3HMKHM TEXHOJIOTIYHHMX  BJIACTHBOCTEH,

HaWOUIBII OJHOPiAHY OE3MOPHUCTY CTPYKTYpy 4YacTOK,
MiHIMQJIBHUH BMICT y HUX KHCHIO, OJHAK ITOCTYIAIOTHCS
HOpPOLIKaM OTPHMAaHUM iHIIUMH METOAAaMH PO3IHICHHS
3a BMicTOM -(ha3m.

II. MeToau HaHeceHH i BJ1aCTUBOCTI
NOKPUTTIB

Jnst onepkaHHS MOKPHUTTIB i3 MOPOLIKIB HA OCHOBI

ANOMIHIIO, 10 MICTATh KBa3ikpucTaniuHy (¢asy,
3aCTOCOBYIOTH ~ HAaCTYITHI ~ METOIM  Ta30TE€pPMIYHOTO
HaIWICHHS:

— IU1a3MoBe HanwieHHs B arMocdepi nositpst (AITH), y
Bakyymi (BIIH) i B Kamepi BHCOKOTO THCKYy B
cepenoBumi aprony (TIIH) 3 BUKOpHUCTaHHSAM aproHy
abo Moro cywmimeit 3 BogHeM abo TemieM y SKOCTi
IJIa3MOYTBOPIOIOYOTO Trasy;
—  TOBITpAHO-ra3oBe  IUIa3MOBE  HAIWICHHA 3
BUKOPUCTaHHSM Y SIKOCTi IIIa3MO-yTBOPIOIOYOTO Trasy
cymili moBitpst 3 npupoauM razom (ITTTIH);
— HaJ3BYKOBE IUIA3MOBE HANWJICHHS 3 BUKOPHCTaHHIM
cyMmimi aproHy 3 BomHeM a00 TeJmieM Yy  SKOCTi
a3moyTBoprorouoro razy (HITH);
— HaJ3BYKOBE MOBITPSHO-Ta30B€ IIa3MOBE HAIMIJICHHS 3
BUKOPUCTaHHSIM Y SKOCTI IUIa3MOYTBOPIOIOYOTO Trasy
cymimri moBiTps i mpupoaHoro razy (HIII'TIH);
— razonoxymeneBe HarmwieHHs ([ TIH);
— HaJ3BYKOBe rasonomymenene HamwieHHs (HI'TIH);
— netoHarniitne HaruneHHst (J1H).

3azHadeni wmerogu ['TH  pospisHAOTBCS — 3a
aOCOJIFOTHUM 3HAYEHHSIM 1 CIIBBIJIHOIICHHSIM TEIIOBOI 1
KIHETHYHOI EHEprii, sKa MepPeJaeThCsi Marepiany Mo
HANWIIOETBCS, Ta 33 CKJIaJOM BHCOKOTEMIIEpaTypHOI'O
ra3oBoro noToky. I[leBHi 0OMeXeHHs KOKEH KOHKPETHHUN
METOJl HakJaJa€ Ha MaKCUMaJIbHUH pO3MIp 4YacToK,

3naTHUX ~ (OpPMYBaTH  TOKPHUTTSA 3 BHCOKHMHU
IMOKA3HUKAMH MIIIHOCTI 34YEIUIEHHA 1 KOTE€3MOHHOM
MIIIHOCTI.

OcHOBHa 3anada, KOTPY MPUXOIHUTHCS BUPINIYBAaTH
npu BiampanpoByBaHHI TexHojorii I'TH moxputTiB i3
KBa31IKpUCTATIYHUX CIJIaBiB 3 MaKCHMaJIbHUM BMiCTOM
y-Ga3u - 3BelleHHs [0 MIHIMyMy BTpaT aJIIOMIHIIO,
NPUYMHA SIKMX, Ha JYMKY 3aKOPJOHHHX JOCIITHHKIB, Y
HHU3bKOT TEIUIONPOBIAHOCTI, 0 IPUBOAUTH JI0 IIEPETPIBY
MOBEPXHEBOI'O  HIApy YacTOK 1  IepeBa)Karouoro
BUIIAPOBYBAHHS 3 HHOTO ajlfOMiHil0. Brparn anromiHiro
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1o 6...7 at. % 3cyBaroTh ckiaj y-dasu B aBodazHy y+f
obmacte aszoBoi miarpamu  Al-Cu-Fe (puc. 2), y
pe3yJbTaTi 4oro BMICT Y-(a3u B MOKPHUTTI 3HUKYETHCS.
OpHak MPUYMHOIO BTPATH AJTIOMIHIIO, HA HANIy AYMKY,
HE € CeJIEKTHBHE HOro BUIIapOBYBAHHS IIPU HarpiBaHHI,
TaK K  BIQNOBIIHO 1O  MNPOBEICHUX  HAMHU
TEpMOAMHAMIYHUX  po3paxyHkiB  cmiaB  Al-Cu-Fe
BUIIAPOBYETHCSI KOHTPYEHTHO. BMicT anroMiHito B cruiasi
3MEHIIYETHCS, IMOBIpHiIIE 3a Bce, Yy pe3yJbTari
OKHCIJIEHHS 3 YTBOPEHHIM JieTKoro okcuay AlO.

VY 3aranpHOMY BHIIAAKY CTPYKTypa i (ha3oBHi CKiIas

MOKPUTTIB, OTPUMAHMX 3 TOPOIIKIB KBa3iKpUCTATIIHUX
CIUIABIB, BH3HAYAIOTHCSA ILIMM PsaAoM  (aKToOpiB, [0
OCHOBHHX 3 KUX BIJHOCATBCS:
BUXIIHUHM CKJax TOPOIIKY, pO3Mip YacTOK 1 YMOBH
(hopMyBaHHS TMOKPUTTS, IO 3aJCKaTh Bi METOAY 1
TEXHOJIOTIYHAX PEKUMIB HAHCCCHHS, a TaKOX BiJ
TEeMIIepaTypH 1 TEIUIOMPOBIIHOCTI OCHOBH, Ha SKill BOHO
(opmyeTbes.

I[Ipn  ra3orepMiyHOMYy  HaHECEHHI  ITOKPHUTTIB
Hai4acTime (QOpPMYIOTBCS TOKPUTTS, 10 CKJIAJIAIOTHCS 3
v (ixocaempuunoi) i B (xyOiunoi) ¢a3. [Homi BoHH
MICTSTh y HEBEJIMKUAX KUTBKOCTSX TOMIIIKH A 1 ®-da3.

Bwmict y okpuTTi W-a3u, KOTpHil BU3HAYA€ PiBEHb
HOro BJIACTUBOCTEH, TMM BUIIMH, YUM OUIbIIE aJIFOMIHIIO
Yy BHXIIHOMYy TIOpOIIKY 1 MEHIII HOro BTPaTH B
pe3yIbTaTi OKUCICHHS 1 BUIMIAPOBYBAHHS MPY HAITMJICHHI.

3a yyacTio aBTOpiB AaHOi poOOTH OYyB IOCHIPKEHUI
BruMB MetoniB i ymoB I'TH Ha cTtpykrypy i (hasoBuit
ckyan MOKpHTTIB 31 criaBy Alg;CuysFeq, [23].

ITokputtst nHanocwiu Mmertonamu IIT'TIH, HIII'TIH,
I'TIH i AH. dns HanmuieHHsT BUKOPUCTOBYBAIN MTOPOIIKA
3 posmipom dactok 80..100 wmxm (mms IIT'TIH),
20...50mx™m (ms JTH 1 HITT'TIH) 1 Big 20...50 no 125...160
MkM (ot TTIH), oTpuMaHi pisHIMH METOJaMH i OTXKe 3
pisauM Bmicrom y-dazu (Bim S50 mo 75 mac. %).
[TokpuTTss HaHOCHIM SK HA OXOJOMKEHI HIDKYEe 3a
KIMHaTHY TeMIeparypy, Tak i Ha mimirpiti mo 400 °C
KT IKH.

Y  pesymbraTi  JOCIIIKCHB,
BCTaHOBJICHO HACTYIIHE.

1. T'a3zorepmiuni mokputts 31 cmaBy Al-Cu-Fe y
3Ha4Hill Mipi ycnaakoBYIOTh (a3oBHH CKJaJ] BUXITHOTO
MOPOILKY, Y 3B'I3KY 3 UMM Ul OJIep>KaHHS MOKPHUTTIB 3
BHCOKHM BMIiCTOM Y-(a3u HEOOXiTHO BHKOPHCTOBYBATH
HOPOLIKH 3 MAKCUMAJILHHM ii BMiCTOM.

2. Meron III'TIH, mo pmo3Bomse dopmyBatu
MOKPUTTA 3 TMOPOIIKY AOCHTH Benukoi ¢pakmii (80...100
MKM), 3a0e3redye MiHIManbHi BTpatd Y-hasu B
MOPIBHSAHHI 3 11 BMICTOM Y BHXIJHOMY MOPOIIKY, OJHAK Y
MOKPUTTSIX 3'SIBISIIOTBCs cinu okcuaiB. [Tpu HIITTIH
BUKOPHCTOBYIOTHCS TOPOIIKK Oinbln JpiOHOT (pakiil
(20...50 mMxm), Tomy BTpaTH Al i 3HWKEHHS BMICTY Y-
(a3u B MOKpHUTTAX OLIbLI 3HAUHI. Tak NMpH NMPaKTHYHO
OJTHAKOBOMY BMICTi W-(pa3u y BUXIJHHX IOPOIIKAX Y
NOKpUTTAX, HaHeceHux [II'TIH, BoHu 3meHmmnocs Ha 7,
a nmpu HIITTIH - ma 57 %. OpmHak e TOB'A3aHO HE
CTUTBKA 3 BIAMIHHICTIO yYMOB HANWJICHHSA, CKUIBKH 3
HeoOXxigHicTiI0O Bukopucrtanus npu HIITTIH mopomikis
Oinbin mpiOHOI (pakifii. 3 1HIIOT CTOPOHH OKHCICHHS

30Kkpema,  Oyio
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MOKPUTTIB  TIpH MeTOoxi HE
BiZIOyBa€THCSI.

3. Ilpu JIH yTBOpIrO€ThCS mIUIbHA IpiOHO3EpPHHCTA
CTPYKTypa 3 BEJIIMKAM BMICTOM OKCHJIB Ha TPAHHIIX
Jamesnie 1 HU3bKMM BMicTOM W-(asu (~15 mac. % y
nopiBHsAHHI 3 70 Mac. % y BUXITHOMY MOPOIIKY).

4. Ilpm TTIH Brpatu wy-ga3su B MOKPUTTAX B
MOPIBHSHHI 3 TOPOIIKOM Y 3aJISKHOCTI BiJ pO3MIipy
gactok ckiany Bix 20 1o 40 %. [TokpuTTs BigpisHSIHCS
BHUCOKHMM CTYIIEHEM MOPHUCTOCTI.

5. IHTEHCUBHE OXOJIOIKEHHSI OCHOBU MPUBOJIUTH A0
3HWKCHHS, a MiAIrpiB, HABIAKH, IO MiJBHUIICHHS BMICTY
y-(basu sik y MOpIBHAHHI 3 BUXiIHUM MOPOIIKOM, TaK 1 B
MOPiBHIHHI 3 TOKPUTTSIM, OTPUMAHUM 0e3 J0JIaTKOBOTO
TEpMIYHOTO BIUIUBY Ha OCHOBY.

Y po6orti [24] npu HanMIEHH] MOKPUTTIB 3 TOPOLIKY
Alg;CuysFeq; 3 posmipom gactok 20...45 MKM MeToIamMu
AITH i HI'TIH OyB BusiBIEeHWI OUIbII HU3BKUI BMICT
KHCHIO B IUIa3MOBOMY IOKpHUTTI (MeHme 1 mac. %) y
MOPIBHSAHHI 3 ra3zonojlyMeHEBUM (mo
3 mac. %), a TakoXX OUIBII BHCOKI BTpaTH AJIOMIHIIO 1
ITy’Ke HA3BKHUH BMICT -(ha3u B JPYTOMY BHIIAIKY.

ABTOpH BBaXKalOTh, IO NPUYHHOIO IHOTO € OLIBII
BUCOKI IIBHUIKOCTI OXOJIODKEHHS 1 OUIBII BHCOKHH
crynine aedopmarii yactok y Bumaaky merony HITIH.
OpnHak, OYEeBHAHO, TYyT HEMaly pOJb BiAIrpaEe CKIaxg
IU1a3MOyTBOpIotoyoro rasy (aprou npu AITH i mpoman-
kucens npu HI'TIH).

Y poGori [10] mns ojepKaHHS TOKPHUTTIB 13
nopomky ckiany AlgCussFep, 3 posmipom vactok <45 i
25..45 MKM  BHMKOPUCTOBYBaaM  TpH  METOAU
razorepmiudoro Hamwienns: AITH, BITH 1 HITIH.
BcranoBneHo, [0 OpH  IUIa3MOBOMY HAlMJICHHI B
aTMocdepi MOBITPsS BTPATH aJTIOMIHIIO 30LTBIIYIOTHCS 3i
3MEHIICHHSM PO3MIPY YacTOK MHOPOLIKY, NPH LBOMY
BMICT KHCHIO B IIOKPHUTTI Takox 3pocrae 10 1,2 i 0,8 mac.
% 1utst po3mipiB yacTok < 45 1 25...45 MKM, BiAIOBIHO,
y mnopiBasHHI 3 0,11 mac. % KucHIO y BHXiZHOMY
nopoiuky. Ilpm BakyyMHOMY IUIa3MOBOMY HaIMJICHHI
BTpaTH aJIOMIiHIl0 W OKHCJEHHS MEHII 1 BIANOBITHO
BUIIMI BMICT Wy-azu B mokpurTi. O4eBUIHO, ¥ TaHOMY
BUIIAJKy BIUIMBAa€ HE TUIBKM CepeloBHIIe, ane i
Temriepatypa ocHoBu (y Bakyymi ~450 °C), mo
crabinisye y-dazy. Ha BigMiHy Bijg nonepenHpoi podotu
[24] BTpaTn anfOMiHII0O BUSBHINCS MiHIMATbHUMH TIPU
BukopuctanHi Merony HITIH, omHak 3a TBepmicTiO
MOKPUTTSI 3HAYHO IOCTYyTMAJHCS IDIa3MOBAM. HaWOimbm
minbHI, Haitoutem TBepai (HV o3 = 876+144) nmoxpurrs
3 HaWOUTBII BHCOKMM BMIiCTOM VY-(hasu Oyim oTpuMaHi
npu BITH i3 mopomky 3 po3mipom gacTok 25...45 MKM.

PobGota [13] mnpucesivueHa TOCTIMIKCHHIO BIUIMBY
pO3MIpy YACTOK, TEMIIepaTypd OCHOBH Ha (Hha30BHiA
CKJIan 1 CTPYKTYpPH IUIa3MOBHX IIOKPUTTIB 31 CIUIaBy
Alg;CuysFey,. [Topomku, oTpuMaHi METOIOM PO3MIIICHHS
pO3IUIaBy aproHOM, Majii po3MipH ydactok <25, 25...40,
53...63,45...75175...100 MKM i BT COOOIO CYMIMI i
B-baz. 3acrocoByBamM OBa METOOM  IUIA3MOBOTO
Hanmnenas: AIIH 1 HITH, mo xapakTtepu3yBaiucs
CHOXKMBAHOIO MOTYXKHICTIO, BiAMOBiAHO 18 127 kBT.

IbOMY MPaKTHIHO
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Puc. 1. 3oBHiwmHiI#i Burisiy (a, B, 1, %) 1 MiIKpocTpyKTypa 4acTok (0, T, e, 3) mopouikiB AlgCu,sFey,, orpumannx
PO3IHIICHHSM PO3ILIABY aproHOM (a, 0), BOJOI0 BUCOKOTO THCKY (B, T), CTHCHEHHM IOBITPSM (I, €) i MEXaHIIHUM
ronpiOHeHHSM TpaHy (K, 3); 0, M, € — TPaBIICHO.
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Al (aT. %)

Puc. 2. [3orepmiunuii po3pi3 giarpamu crany cucremu Al-Cu-Fe npu 800 °C.

BuxinHi mopomkn pi3HEUX (pakmiii  mMamm
NPaKTHYHO OJHAKOBUHM  XIMIYHHM  CKJIam 1O
OCHOBHHX €JIEMEHTaX, Y TOH Yac K BMICT KHCHIO 1
KUIbKICTh  W-ha3u B HUX 3MEHUIyBajgucs 31
301IbIIEHHSAM pO3Mipy 4YacTok (kucHio Bix 0,205 mo
0,065, y-¢aszu Big 69 no 55 mac. %). [licns Bianamy
y Bakyymi npu Temneparypi 700 °C mpotsarom 14
TOJIMH Yy NOpOIIKax ycix ¢paxuid Oyna orpumana
npakThyHo onHodasna crpykrypa (~100 % wy-
¢asm).

B pesynbrari noCHiIpKeHHS TOKPUTTIB OyJio
BCTaHOBJICHO, IO KiTBKICTh Y-(pa3u 3MEHIIYEThCS, a
BMICT KHCHIO B TIOKPUTTSAX 30UIBIIyeTBCS 3i
3MEHILEHHSM AucHepcHocTi nopoiuky. Lleit edekr
MPOSIBIISIETBCSI B MEHIIH Mipi MPH BHUKOPUCTAHHI
HaJ[3ByKOBOTO B MIOPIBHSHHI 3 J03BYKOBHM METOJIOM
HanwieHHsa. OueBHIHO, 1€ TIOB'SI3aHO 3 MEHII
TPUBAJIUM BILIMBOM TEMIIEPATYPH i HABKOJIHUIIHBOTO
MOBITPSIHOTO  CEPEIOBHINA MPH  HAJA3BYKOBOMY
METOJli HamwieHHA. BHKOpHCTaHHS IONEpEaHBO
BiMAJICHUX [OPOIIKIB MPHBOJUTH JIO BEIUKHX
BTpAT AIIOMIHIIO TMPH HAMWICHHI 1 IiIBUIICHHIO
BMICTY KHCHIO B ITOKpUTTi. HarmmeHHs Ha migirpity
(T=650 °C) ocHOBYy NUpHUBOAWUTH MO 3OLIBIICHHS
BMICTY y-(a3u, aje i BMICT OKCHIIB y MIOKPHUTTI IpH
[bOMY 3POCTaE.

XapakTepHo, 10 NPU HAMWICHHI Ha MiJirpity
OCHOBY HASBHICTh TpaJi€HTa TEMIIEpaTypH IO
nepepizy MOKPUTTS CTBOPIOE YMOBH BHHHKHCHHS
HEOJHOpPiMHOCTI (Ha30BOr0 CKIAAy IO TOBIIMHI
MIOKPUTTA.

Brutie HacTymHOro Bigmany Ha (a3oBHid CKiaf
HalWJICHUX TOKPHUTTIB HeoJHO3HauHHi. Tak mnpu
Bigmanmi y Bakyymi mpm Ttemmepatypi 700 °C
MPOTATOM 2 TOJHMH MMOKPHUTTIB, HAMWICHUX METOJIOM
HIIH na Xxo0noIHy OCHOBY 3 BUKOPHCTaHHSAM
MOMepeHbO  HEBIAMAJICHOr0 MOPOIIKY  (pakiil
75..106 MkM, Oylo OTPUMAaHO MNPAKTHIHO
onHoda3He MOKPUTTS. Y THUX BHUIAJKaX, KOJIU
BTpaTH AJIOMIHIIO NpH (OPMYBaHHI MOKPUTTS Oyin
BeJIMKI (OpiIOHUI TOPOIIOK, HO3BYKOBHH METO[
HANWJICHHS), 30UIbIICHHSA BMicTy W-(hasu He
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CIIOCTepIranocs.

TBepaicTh MOKPHUTTIB 3pocTae 3i 301MBIICHHIM
BMiCTy W-(a3u, 3 MiABUIIEHHAM iX IIUIBHOCTI,
SIKOMY CHpUSIE TIIIrpiB OCHOBU NP HANMWIEHHI, 1 3i
3MEHIIIEHHSAM po3Mipy dYacTok. Jleskuii BKIax
BHOCSTh TP IbOMY OKcHAu. Haiibinpln BHCOKI
nokasHuku T1Beppocti HVig; (1136+£337) Oymm
orpumani aBTopamu [13] TpM BHKOpHCTaHHI
MTOPOIIKY 3 PO3MIPOM YacCTOK <25 MKM i HalmICHHI
nokputTs MetosoM HITH Ha migirpity ocHOBY.

Y pobori [14] mpencraBneHi pe3yibTaTd
JNOCTIKCHHST BIUIMBY PO3MIPY YacTOK 1 CKIIamy
BHXI/THOTO TIOPOINKY, 30BHIITHHOTO CEpEIOBHUINA i

OUCTaHIl HamWwieHHs Ha (a3oBUd CKiIam |1
CTpykTypy  mokpurriB  cucremun  Al-Cu-Fe.
[opowiky, OTpUMaHi  METOJOM  PO3MUIICHHS
poO3IUIaBy  aproHoM, Oynu KiacudikoBaHi Ha
¢Gpakmii:  10...25, 25..45 1 45..75. Ilnasmosi

NOKPHTTS HAalMJIIOBAaJM Ha TMOBITPI Ta Y BaKyyMHIid
KaMmepi B cepeloBHIIi aprony npu tucky 730 i 350
MM pT. cT. JlucraHiis HamuieHHs cKiaganta 7,5 cM
TIPY HalWJICHH] Ha MOBITpi i 15 cM - y Kamepi.

BB po3mipy 49acTok, SK e BigzHadamocs i
paHiire, 3BOOUBCS OO 30UTBIIEHHS KUTBKOCTI KHCHIO
1 3MEHIICHHIO BMICTY W-(a3um B TOKPHUTTI NpHU
3MEHIIIEHH] pO3Mipy YacTOK.

Brutus cepeoBHIIA BUSIBIIABCS pH
BHKOPHCTAHHI [UIS HAIMICHHS IPIOHUX IOPOIIKIB:
Ha NOBITpi BTpatd Al 1 OKHCIEHHS OUIbLI ICTOTHI,
HIXK y Kamepi.

Binbur Bucokuit BMICT y-¢ha3u B MOKPUTTI OyB
orpumanuii 3 nopomky AlgsCuysFe, y mopiBHsHHI 3
mopomrkoM AlgCuysFeyp, ToOTO 3 MOPOIIKY 3 BUIIIMM
BmictoM Al, mpu 30epekeHHI IHIMMHUX MapaMeTpiB
MOCTIHHUMH ~ (AMCHEpCHICTh  9acTOK,  YMOBHU
HaNWICHHA). BTpaTu amoMiHiI0 B IIbOMY BHITIAAKY
MIONIOBHIOBAJINCS 32 PaxXyHOK HOI0 HaJUIMIIKOBOTO
BMICTY y BHXiIHOMY mnopouiky. [Ipu oMy BapTto
BpaxyBaTH, SIK CIPaBEIIMBO BiJ3HAYAIOTh ABTOPH
[14], pi3HMLIO B  TEIUIONPOBIIHOCTI  CILIABIB
Al-Cu-Fe pi3Horo ckiamy, 10 TakoX BIUIMBAE Ha
HarpiBaHHs IIOBEPXHI YacTOK IMOPOIIKY i BTpaTu
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AIIOMIHIIO.

[MigBumienns Bmicty y-ha3sd B MOKPUTTI
CIIOCTEpIrajiocsi TakoXX MpH HaNWIEHHI Ha Majii
JIUCTAHINI, M[0 TMOSACHIOETLCS OUIBII BHCOKOIO
TEMIIEPaTYPOI0 OCHOBHU B LIbOMY BHUIIAJKY.

HesBakaroun Ha Te, 110 BTPATH aIIOMIHIIO NpH
HalwIeHHI MOXYTb OYTH JOCHTh BEJIHUKUMH, aie
npu npoMmy cknan cruaBy Al-Cu-Fe He Buiine 3a
MeXi icHyBaHHS W-(a3u, TO B pe3ynbraTi Py
(hazoBOrO Mepexoay IpH MigIrpiBi OCHOBH ab0 mpu

Biomanmi TOKpUTTA (TeMmmeparypa HE I[IOBHHHA
nepesumnyBat Ty, y-dasn, sxa mopisHioe 8§90 °C)
BMICT Y-(hasu B  MOKPUTTI MOXKE  ICTOTHO
301IBIITUTHCS.

[Ilo crocyeTbest MIKPOCTPYKTYPH HOKPHTTIB, TO
BOHA 3aJIOKUTh BIJl PO3MIPY YacTOK BHUXIJIHOTO
MOpOIIKY,  CKJIaay  TIa30BOro  CTPyMeHs 1
30BHIIIHBOTO CEPEOBHINA, @ TaKOX BiJ| JUCTAHLIi
HaIWJICHHS.

3acTocyBaHHs OpiOHOI (pakmii MOPOUIKY IpH
HaNWJICHHI Ha TIOBITPiI MPUBOAUTH 0 (hopMyBaHHS
IIITBHOI CTPYKTYPH MOKPHUTTIB 1 YTBOPEHHS BEIUKOT
KUTBKOCTI OKCH/IIB Ha TPAHUIISAX 3€PEH.

Taki MOKPHUTTA CKIaNAIOTHCS IEpeBaKHO 3 P-
¢da3u. 31 30UIBLICHHSIM pPO3MIPYy 4YacTOK poCTe
MOPUCTICTh NOKPHUTTIB. [Ipu HanuieHHi y kamepi 3
3aXMCHHM CEPEJOBUILEM BUCOKOTO TUCKY BUXOISThH
OUIBII IMUIBHI ITOKPUTTS B TOPIBHSHHI 3 KaMeporo
HU3BKOTO THCKY 1 TIOBITPSHUM CEPEJOBHUILEM.
[lizirpiB  OCHOBM IIpM HAIWICHHI 3a paxyHOK
JIOBrOT0 IUIa3MOBOTO CTPYMEHs ab0 Majloi AMCTaHMii
BUKJIMKAE TOSBY B TOKPUTTI TPIilIMH. IX KimbKicTh
TUM OiNbIa, YUM BUIIHN BMICT Y IMTOKPUTTI Y-dasu,
0 TOB'3aHO 3 11 KPUXKICTIO.

TaxkuM 4MHOM, IPM OAEPXKaHHI MOKPHTTIB, IO
MICTATh  KBa3ikpucTaiiuHy a3y, HeoOXiIHO
3HAaXOIUTH KOMIIPOMIC, JKEPTBYIOUM SIKHMHCH 13
BJIACTUBOCTEH MOKPUTTS B 3aJEKHOCTI Bij HOro
(YHKIIOHAJILHOTO MIPU3HAYCHHSI.

Y pobori [14] pexkomeHpamii 3 omepiKaHHS
SKICHOTO TOKPHUTTS 3BOJSTHCS JO HACTYIHOIO:

BUKOPUCTOBYBAaTH IIOPOIIOK 3 PO3MIPOM YacTOK
25...45 MKM, KaMepy 3 3aXHCHUM cepenoBHIIeM (Ar)
BUCOKOrO THCKY (730 MM pT. CT.), IO JO3BOJIUTH
OJIep>KaTH ILIILHE TIOKPUTTS 3 BUCOKUM BMICTOM -
¢asu (mo 60 mac. %).

Binomocti npo tBepaicte I'TH mnokpurriB 3i
crutaBy Al-Cu-Fe mictsathes B psai pooit (tadm.3).

AHanizyroud 1i 1aHi, MOYKHa 3pOOHUTH BUCHOBOK
mpo Te, IO TBEPHICTh TOKPHUTTIB, OTPHUMAaHUX
merogoM ['TH, 3pocrae 3i 30iNMBHOICHHAM y HHX
BMiCTy W-(a3u, IO JMJOCSTAaETbCA 3a paxyHOK
BUKOPHCTAHHS IOPOINKIB 3 MEHIINM PO3MIipOM
YacTOK, MiJIrpiBy OCHOBM MpH HamuieHHI abo
HACTYIHIH TepMooOpoOIi mokpuTTiB. TBepuicth
NOKPHUTTIB  MIJIBUILYETHCS 31 30UIBIICHHAM  1X
UIUTBHOCTI OCOOJIMBO B PE3yJbTaTi 3aCTOCYBaHHS
Haa3ByKoBUX MetoniB HamwieHHs (JH, HIIH i
HITIH) HaBiTh y THUX BHWIIaJKaX, SKIIO B HHUX
niepeBakae B-¢aza. [Ipy npoMy iCTOTHHH BHECOK Y
MiIBUIIEHAS TBEPAOCTI BHOCATh OKCHUOH. Y IIOMY
TBEPIICTh MIOKPHUTTIB MIHAETHCS B MIMPOKAX MEXax 1
MaKCUMaJIbHI 3HA4YCHHS MOXYTh HEPEBHULIYBaTH
1000 HV. Bucoka TBepaicTh HOKPHUTTIB 31 CILIABY
Al-Cu-Fe omHa 3 npu4rH iX BHCOKOT 3HOCOCTIHKOCTI
B YMOBax a0Opa3sUBHOIO 3HOLIYBaHHSI.

B poGori [12] nmpeacraBiaeHi — pe3ysbTaTH
JIOCJTIJKCHHS TPIOOTEXHIYHMX BIIACTUBOCTEH
IIa3MOBUX TOKPUTTIB 31 cmiaBy AlgCuysFe;; B
yMOBax aOpa3WBHOTIO 3HOIIYBaHHS 00 3aKpilUICHUH
abpasuB (uutipyBansHuid namip SiC 3epHucrictio 400,
P=10 kIla, V=240 xs™"). HaiiGinpir  BuCOKy
3HOCOCTIMKICTh TOKa3aJl MOKPUTTA, IO IIiIsrand
TepMoo0OpobIi (puc. 3), y TO 4ac SIK BIUIHB PO3MIpy
BUXIJHHUX YaCTOK Ha 3HOCOCTIMKICTh HE3HAUHUIA.

[ligBuieHHsT 3HOCOCTIMKOCTI MOKPHUTTIB  IMiCHIS
Bilally  MOB'A3aHE 3  MNPAKTUYHO  IOBHUM
nepeTBopeHHsAM 1BodazHoi (y+B) B omHObasHy ()
CTPYKTYPY, IiJIBUIIEHHSM TBEPIOCTi, 3HIKEHHSIM

TIOPHUCTOCTI 1 3aJIIKOBYBAaHHSM TPIIIUH.
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Puc. 3. AGpa3uBHa 3HOCOCTIHKICTh IJIa3MOBHX ITOKPHUTTIB!

A — HanuJIeHO 3 MOPOILKY (25...45MKM);

B — 1e x 3 mopomiky (45...75Mkm),

AA -3 nopouky (25...45MKMm), 3 HacTynHUM BiananoMm npu 700 °C, 2 rox, B aproHi.
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Tadanusa 3
Xapakrepucrrka ['TH nokpurris
Bwicr
oy ompens | | Migonein | R
Mac. %
1 2 3 4 5
?5163/5;1/2_55;1; d, = 80...100 MKM, 11:[::5[:1{2,0 c 70 Vs — 605:100 ’3
?5163/?\;2_5;;;; d, = 80...100 MKMm, 11:101:P:H2,0 o 50 HVius = 490:20 ’3
4A5163/S:,2_5£§;; d, = 80...100 MKM, %}::’[:I;,O c 20 HVy o 625115 ’
?36;331%552;; d,= 80...100 MM, %}::’[:I;,O c 20 HVy o= 7104200 ’3
;&363/&1‘,2_552313 d, = 50...80 MKM, %)1::15,0 c 45 HVy o= 3804130 ’
R L e TR 0 Wi |3
R I E TR 5| HVea= D00 23
WSk | T 0 s | Mo | 2
7A5163/St|l/2-5£§3]; d, =80...100 MxM, 5(12{:’20 c 55 HVpgs = 495475 3
1;‘563/?3/2_5;;3]; d, =50...80 MKM, 5(12{:’ 2ooc 60 HVpis = 500£100 ’
156*363/5;1/2_5;;3]; d, =50...100 MxM, %’C[:-I:,zo . 40 HVgs = 4054195 ’3
?36;5;1/{5;:31; d,=50...100 MKM, 5"5:{:’400 o 55 HVoos= 4704170 23
?363/?\;2_5(11?;3 d, =20...50 MKM, %)111“:12{0, c 30 HVip0s — 330480 23
;&363/?‘:[2_5;;;; d,=20...50 MKM, ?ﬂrj[% . 30 Vs = 310470 ’3
?5163/?\:[2_5;;;; d, =20...50 MxMm, ?ﬂrj[% . 10 HVis— 445125 ’3
?36(;?;{5523 d, =50...100 MxwMm, I%IOI;IHF:H{{O, oo 10 HVy0s= 400100 23
‘{“,12631\?;02'51;‘: > d, <45 mcw, AITH ; HVipq3= 87674 10
g,gfauczﬁlg A ATIH - Vs =773£154 10
(‘;“’13635;02.51;‘: 1 = 23 e, BITH . HVi5= 803161 10
(?,13635;2.55/:]8 d =25...45 miow, BIIH . HVs=876:144 10
é?faj;cz.sf/:](z)’ = HI'TIH - HVo03=610+80 10
Alg:Cuy Fey, d, = 25..45 My AITH v+ %ﬁf;ﬁ?;fé 25
AlgsCuysFey,, dy = 25...65 MKM ?(il)lgé,BiﬂrI;a; v ~ 100 g(;;‘%ﬁ% 55
BaKyyM
AlgCussFers, dy = 25...65 M HI'TIH B~ 100 g@g@ﬁ; 25
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IIpogos:keHHs TadJ. 3

1 3 4 5
Al:CuysFery, du = 25..45 ATTH VP | HVeme620E125 12
A163CLI25F612, dq =45...75 MKkM AITH \ + ﬁ HV(),()F_73()Zt198 12
ATTH sianan 700 °C,
Alg;CuysFep, dy = 25...45 Mkm 2 ror Zf“ y~100 | HVyps=827+175 12
A165CLI2()F615, dq =20...75 MM HI'TIH - HV(),(B:54&1250 11
A154CU]8F€8CI'8, dq =20...75 MM I'TTH - HV0,03:55(H:50 11
A157CUQF610 5CI'gSi3,dq =20...75MKM AITH - HV0,03:58(B:150 11
HITH,
A163CU25F€12, dq <25 MKM T CUOCHN650 °oC 24 HV(),()_?,: 11364337 13
AlgCugsFera, d, <25 Miy HIIH, ocHosa — cTan, 10 HVg5= 7044106 13
OXOJIOJKEHA
AlesCuysFers, d, <25 M HIIH, 7 HVos = 7244186 13
63 25 125 YUg = T CuOCHN650 oC 0,03
AlesCuysFers, d, <25 M AITH, ocHoBa — cTan, 2 HVog5= 675493 13
OXOJIOJKEHA
AlesCussFer, d, = 53...63 HIIH, 70 HVois=10394257 | 13
630 U250 €12, Uy ---05 MKM T Cuye~650 °C 003
AlgsCusFe s, dy = 53...63 Mim HIIH, ocHosa — cTai, 37 HVos =9814134 13
OXOJIOKECHA
AlgsCursFers, dy= 53...63 AlH, 54 HV 3 = 909-87 13
63LU2s 125 Uy MKM T CuocH~650 oC 0,03
AlgsCusFe s, dy = 53...63 Mim AlIH, ocroBa — crar, 28 HVoqs= 745494 13
OXOJIOKECHA
Al CusFe o, dy = 75...106 Mk HITH, 69 HVo5=8594112 13
63L U5 €12, Uy MKM T Clye,~650 °C 003
AlgsCursFe s, dy = 75...106 Mk HIIH, ocrosa — crar, 50 HVq5= 8464178 13
OXOJIOKECHA
AlgsCusFe o, dy = 75...106 Mk AlTH, 79 HV5= 890487 13
63LUasEC2, Ay MKM T CuOCIIN650 oC 0,03
AlgCuysFep, d, = 75...106 Mkm AITH, ocnoBa - cTans, 61 HV 5 =879+157 13
OXOJIOKEHA

Sk mokazanM pe3yibTaTH JOCIIJUKEHb, HE TUIBKH
BMIiCT y-dazu BH3HAYA€e 3HOCOCTIHKICTB
KBa3IKPHUCTAIIYHUX TOKPUTTIB B YMOBAaX CyXOTO TEPTH.
Bymu BumpoOyBaHi OTpruMaHi TUIa3MOBUM HAITHIICHHSM
MOKPHUTTS Yy BHXIIHOMY CTaHi 1 micis Bigmamny y
BakyyMi npu temrnepatypi 700°C nporsirom 4 ronuH, a
TaKoXX HOKPUTTS, OTPUMaHI METOAOM HaJa3BYKOBOI'O
ra3onoJyMEeHeBoro HanuieHHs. [1na3MoBi IOKPHUTTS
Oymu nBodasHumu (y+f), micns Bignady BOHH
CKJIaaJIMC  NpakTU4YHO 3  onHiel y-dasu, a
razononymeHeBi - 3 [-¢asu. BunpoOoByBaHHS Ha
TEpTs] TPOBOJIWIM 32 METOJOM IiH-OH-JAUCK HpH
HaBanTtaxkenui 50 H i1 mBuakocti kos3anus - 0,01 m/c.
KonTtprinom ciyxmna craneBa kynbka (0,95...1,20 C;
16,0 Cr; 1,0 Mn; 1,0 Si;
0,75 Mo) miamerpoM 6,4 MM i3 TBepzictio HV 00 =
715.

MakcumanbHy — TBEpAICTH ~ Mallkd  BijmaneHi
IU1a3MOBI OKPUTTS, MiHIMABHY - IIOKPUTTS, OTPUMaHi
ra3onoJyMEHEBUM HalMJICHHSIM, TOOTO criocTepiranacs
KOpEJIsillisi TBEPJOCTI MOKPUTTIB 31 BMICTOM y HHX -
¢azm.

KoedimieHT  TepTss  MOKpUTTIB  BiIpi3HSABCS
He3HayHo 1 3HaxomuBcsa B Mexax 0,09..0,11. Oxnak
HaWOUIBII BHCOKAa 3HOCOCTIMKICTH BiJ3HAYeHa B
ra3oMoJyMEHEBUX IOKPUTTSX, LIO CKIAIAIOTHC 3 f-
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¢dasu. Ilpum wmeranmorpadiyHOMy JOCIHIIKEHHI OyIo
BCTaHOBJICHO, IO ABO(a3HI MOKPUTTS MICTATH MOPH i
TPIIIMHY, PH IIHOMY B MPOIIECi Bilmary iX KiUTBKICTh
HaBIiTh 3poOcCiia, M0, Ha QYMKY aBTOpiB, TMOB'I3aHO 3
00'eMHMMH 3MiHAMH B Pe3yJIbTaTi Yy— 3 IepeTBOPESHHS.
OpHodazHi MOKPUTTS, 10 MICTATh P-dasy, HalOLIbLI
IIIBHI 1 OUIBIN MJIACTHYHI, HDK MOKPHUTTA 3 Y+ das,
41M 1 00yMOBJIeHa TX OUIBII BUCOKA 3HOCOCTIMKICTb.

ABropu  poborm [10]  Biag3HayawTh,  LIO
3HOLIYBaHHS TIOKPUTTIB HaBiTh OUIBII YyTJIHMBE 10 iX
IIIJIBHOCTI 1 Tomorpadii moBepxHi, HIX 10 TBEPAOCTI 1
XiMigHOro ckiaxy. OTpuMaHi HUMH TIOKPUTTS 3
nopowiky Alg;CuysFey, pisHUME MeToaMu HalMJICHHS
(AITH, BIIH i HIITTIH) mamu pi3Hi BMicT W-(asm,
TBepHicTh 1 minbHICTh. [1o 30imbpmeHHIO KOedimieHTa
TepTs METO! pO3TanryBanucs B psin:
ATIH—BITH—HIITTIH. MakcuManbHi TBEpIiCTh 1
BMicT y-(ha3u Oynu y BITH nokpurTsx, a MakcCHManbHa
wiabHICTh - y HITT'TIH nokputrsx.

IIpu mocmimKeHHI TPUOOTEXHIYHUX BIIACTHBOCTCH
MOKPUTTIB 13 KBa3iKPHCTAJIIUYHMX CIUIABIB METOJOM
CKJIEpOMeTpii TpH MOCTIHHOMY HaBaHTaXXEHHI Ha
ingeHrop (20 H) Oyna BusBIEeHa 3aJEXKHICTH
koedimieHTa TepTs BiJ Marepiany iHaeHTopa (Tabum. 4)

[11].
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Taoauns 4

TpubOTEXHIYHI BIACTHBOCTI IIOKPHUTTIB

Crinas MeTton Koeditiient teprs *
HAITHICHHS W L s
AlgsCuyoFe;s HI'TIH 0,19 £ 0,02 0,08 + 0,03 0,20+ 0,01
AlgyCuygFegCry I'TTH 0,22 £ 0,02 0,07 £ 0,01 0,22 +£ 0,01
Alg;CugFe o 5CrgSis ATTH 0,19+ 0,03 0,07 £ 0,01 0,23 + 0,02

* u, - inpenrtop cranb (R = 0,79 Mm); ; - ingerrop anmas (R = 0,79 mm);

W3 - ingenTop anmas (R = 0,20 mm)

ABTOpH Bi3HAYAIOTh, 110 MApaMETP MIOPCTKOCTI
MOKPHUTTS 3MeHIIye KoeilieHT TepTs ([) y BUMNAAKY
anMa3zHoro 1 30UIbLIyE Yy BHUMAAKY CTaJIEBOTO
iHJICHTOpA.

BigomocTi mpo KOpo3ifiHy CTIHKICTb MOKPHUTTIB
i3 KBa3IKpUCTAJIIYHUX CIUIaBiB HewucieHHi [11, 26].
Li mocmiykeHHsT MPOBOJMIIKMCS TOJIOBHUM UYHHOM Y
3B'13Ky 3 BHKOPUCTaHHSIM 1IX Yy BHPOOHHITBI
KyXOHHOTO mocyay. Y po6oti [11] Bim3HagaeTscs
BHCOKA KOpPO3ilfHa CTiHKICTh KBa3iKPHCTAIIIHUX
cruraBiB y po3umHi 0,1 H NaOH i3 pH=13. Cnnasu
AlgsCuyoFes 3 IKOCaeIPUIHOIO ¢azoro,
Al;oCugFeosCrio s 3 OpPTOPOMOIYHHM
aNpPOKCUMAHTOM JieKaroHainbHoi dasu i Al;Cu,Fe 3
KpHUCTAIIYHOIO (ha3010 MEepeBEPIIYIOTh 110 KOPO3iiHii
crifikocti uucThil amominii (puc. 4). HaitGinbmn
BHCOKY KOpO3iifHy CTIMKICTh Ma€ CIUIAB, IO MICTUTh
XpOM, HIBHAKICTH HOro KOpo3ii Ouiblie HiX Ha TpU
TOPSIIKK HIDKYA HIXK Y YHCTOTO aTIOMIHIIO.

3 BUKOPHCTAHHIM EJEKTPOXIMIYHUX METOIIB i3

3aCTOCYBaHHSM IOCTIHHOTO 1 3MIHHOTO CTpyMYy
BHBYCHA KOPO3ifiHA CTIHKICTh IUIA3MOBUX ITOKPUTTIB
31 cmmaBy AlyCugFeosCrios y 4 % pozuuni
CH;COOH vy Bomi 3 no6askoro 0,5 M Na,SO, mpu
temnepatypi 95 °C [26]. BusBuiocs, 1o HamwieHi
MOKPHUTTSL TPOXH TIOCTYMAIOTHCS 10  KOPO3iHHii
CTIHKOCTI JINTUM CILIaBaM TOTO K CKJIaAy, MIPH LILOMY
JONATKOBHH BiANad HANWJICHUX IOKPUTTIB TMpH
temnepatypi 830 °C mpotsrom 20 XBHIMH ITiIBHIIY€E
iX KOpo3iifHy cTilikicTh. BrnmuB Bigmamy, Ha TyMKy
aBTOPIB [26], IPOSIBIAEThCA y 3MEHIIEHH] Je(eKTiB
nokputTst 1 QopmyBaHHI JekaroHanbHOT  (a3u
XIMIYHO OUIBIN CTIHKOI HIXK BHXigHA IKOCAaeApHUYHA
(aza. IlopiBHSHHS TMOBEMIHKH KBa3iKPUCTATIYHUX
MarepialiB 3 HEpXKaBilOYMMH CTAISIMU [10KA3aJ1o0, 110
M0 KOpO3iiHIi CTIMKOCTI BOHM 3aliMalOTh NPOMiKHE
MIOJIOXKEHHSI MK CTaJSIMU ayCTEHITHOTO 1 ()epUTHOTO
KJ1acy.
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Puc. 4. [loreHuioctaTnyHi KpUBi, 10 ONKCYIOTh KOPO3ito cruiaBiB y pozunHi NaOH [11]:

C- xpucramiganit Al,Cu,Fe;

I- crtaB AlgsCuyoFe, s, o mictuts Ginbmie 80 06. % ikocaenpuanoi dasw;

Al- f cc MeTaneBuii aJIFOMIHIT;

O- opTOpOMOIYHMH alIPOKCUMAHT JieKaroHabHoi (a3u ckiaany Als;pCugFeosCrigs.
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I11.3acTocyBaHHS ra3oTepMiYHUX
NOKPUTTIB i3 KBasiKpucTAJIYHUX

CILIABIB
Kgasikpucramiuni Marepiaim, SIK BHIIE
BiJ3HAYAIOCS, MaroTh YHIKaTBHIHA KOMIUIEKC
BJIACTHBOCTEH, 110 POOHUTH iX NEPCHEKTUBHUMH IS
IIMPOKOTO  NPAaKTUYHOIO  BUKOpHCTaHHS.  Tak,
Harpukian, ikocaeapuuHa ¢asza cucremu Al-Cu-Fe
TBepIilIa KBapiy, ii TBepuicTs nocsrae 10 I'Tla [27],
Mae HU3bKY IIUTbHICTH (4...5 T/cM’), BUCOKY KOpO3iliHy
CTIHKICTh Y TIO€THAHHI 3 HU3BKUM KOE(iLli€EHTOM TepTs
(b = 0,1...0,2) [10], xapakTepH3yeTbCSI BHCOKOIO
3maTHicTIO A0 mpyxHOro BimHoBineHHs (H/E > 0,08)
[28] i Hu3KkorO TeruronpoBinHicTio (1...2 B1/cMxK) Ha
piBHI TemmompoBigHOCTI ZrO,, BHCOKHM piBHEM
MTOMOTO  eNeKTpuuHoro omopy  (7,8...10,5x10°
MKOmxcMm) [11]. Bucoka kpuxkictes y-aszu (Kic =
1,64 MIlaxm'?) HEPELIKOKAae I 3aCTOCYBaHHIO Y
BUIIAAI KOMIIAKTHHX  MaTepiayliB, TOMy  OiibII
MIEPCIIEKTUBHO BUKOPUCTOBYBATH  KBa3iKpUCTAJIUHI
CIUTaBH MPHU PO3POOITi MOKPUTTIB 1 TOHKHX TUTIBOK.
[lepmri poboTu 1m0 3aCTOCYBaHHIO T'a30TEPMIYHUX
mokpuTTiB Oy BukoHaHi y @pannii [29]. [Tokpurts 31

crutaBy  Al-Cu-Fe, HaHeceHi Ha KyXOHHHH TIOCY[
3aMiCTh Te(DJIIOHOBUX, BUSBHIINCS OUTBIN TBEpANMH (HE
Oostucst JpSTIaHHS), HETOKCUYHHUMH,
KOPO3iHOCTIHKUMHU, TEPMOCTaA0TPHUMH i
BIZIpI3HSUTUCS, 3aBJISKHW HM3bKIH TIOBEpXHEBIH eHepril,
AHTUIIPUTapHUMHU BiIacTUBOCTAMH [30].

Y kpaiHax €Bponu TPOBOIATHCS POOOTH TIO
3aCTOCYBAHHIO  TEIUIO3aXUCHHUX  KBa3IKPUCTATIYHHUX
MOKPUTTIB Ha eJIeMEHTaX Tra30TypOiHHMX IBHIYHIB
[25]. ¥V nanomy BuIAAKy BUKOPUCTOBYETBHCS Taka
BJIACTUBICTh  KBa3IKPHUCTANIYHUX  MarepialliB sk
TIPOSIBIICHHS IUTACTUYHOCTI npu T ABUIIIEHUX
TeMIepaTypax Mmopsz 3 HU3bKOIO TEeIIONPOBIIHICTIO.

VY minoMy ciif 3a3HAaYWTH, IO KBa3iKpHCTAIIYHI
Marepiaid 1 TMOKPHUTTA, 3a BHUHATKOM MarepialiB i
nokputtiB cucremu Al-Cu-Fe, noku mie He 3HaiIuIHM
JIOCUTD IIMPOKOTO BUKOPUCTAHHS Ha MPAKTHIll, X0ua iX
NPUpOJIa 1 BIACTUBOCTI JOCUTH 100pe BUBYEHI.

Pazom 3 TuM KoMIUIeKC  Teruo(i3WYHUX,
MEXaHIYHHUX, XIMIYHMX Ta IHIOUX BJIACTHBOCTEH
KBa3IKPUCTAJIYHUX MarepiajliB Ha OCHOBI aIIOMIHIiIO
JIO3BOJISIE  TIPOTHO3YBaTW  IIMPOKMH  CHEKTp  IX
[IPaKTUYHOT O 3aCTOCYBaHHS. IMoTenmian ix
MPAaKTUIHOTO 3aCTOCYBaHHS IPEACTaBICHUH y Tabm. 5
[30].

Taoauns 5

BrnactuBocti i moTeHuiiHI 00J1acTi 3aCTOCYBaHHs KBa3iKPUCTAIIYHUX MaTepiaiiB

BrnacrusocTi

3acTrocyBaHHs

Cxiap cruiaBy

Tepmiuni 6ap'epu (aBianiiiui i cramionapui I'T/I,

Karanituyda akTUBHICTb

Hwuzpka TermnonpoBigHicTh J3EIBHI IBUTYHH, aBTOMOOLTbHA Al-Co-Cr-Fe
MIPOMUCIIOBICTS i T.11.)
KopoziiiHa cTilikicTb, .
. AHTUTIpUTapHI MOKPUTTS U1 KYXOHHOTO

BHCOKA TBEPICTh, .

. IOCYAY, CKOBOPITOK, POPMH IS TUTTS Al-Cu-Fe-Cr
HU3bKA [MOBEPXHEBA CHEPTis s .

. IIACTMAC, XIMIYHI PEaKTOPH 1 T.I1.
(angresis)
3HOCOCTINKICTh, HU3bKHH TToKpWTTH 13 iHCTpyYMeHTa i TIpec-(opy Al-B-Cu-Fe,
Koe(DilieHT TepTs p py P p Al-Pb-Mn
Al-Pb, Al-Pb-B,

Karanizaropu B npoliieci OKHCIEHHS METaHOITy

Al-Pb-Fe, Al-Pb-Mn,
Al-Pb-Cr, Al-Cu-Fe,
Al-Cu-Co, Al-Pb-Co

TBepaicTh 1 MexaHIuHI
BJIACTHUBOCTI

3MilHEHHS M'SIKMX METajleBUX CIUIaBiB I
XIpypriuHOro IHCTPYMEHTA, EHJONPOTE3iB 1 T.II.

Al-Cu-Cr

3aBIsKM BHCOKMM 3HAYEHHSM EJIEKTPUYHOTO OIOpY
(xinpka THcsiy MKOMXCM) pO3TIISAAETHCS IEPCIEKTUBA TX
3aCTOCYBaHHS B €JEKTPOTEXHIIl Ta eJeKTpoHimi, Yy
TEPMOEJIEKTPUYHHX ITPUCTPOSIX.

OnTiuHi BJIACTHUBOCTI KBa3IKpHC-TaTIIHUX
MaTepiamiB  poOJATH 1X NpPUBaOIMBHMH B  SKOCTI
CEJIeKTHBHHUX TOIVIMHAYIB CBITJA JJIsi BUKOPHCTaHHA B
6oomeTpax i TemnepaTypHux ceHcopax [31].

Y 10CKOHAJIEHHS TEXHOJIOIl BUPOOHHIITBA BHPOOIB 1
MOKPHUTTIB 3 MaTepiaiiB, 10 MICTATh KBa3iKPUCTATIIYHY
a3y, JO3BOJNUTH ICTOTHO pO3MIMPUTH cdepy ix
BUKOPHCTAHHS B PI3HUX TaIy3sX TEXHIKH.
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IHoaska

ABTOpH CTaTTi BHUCIIOBIIOIOTH MOASKy HaykoBo-
TEXHIYHOMY LIEHTPY B YKpaiHi 3a (PiHAHCOBY MIATPUMKY
JaHoi poOOTH, siKa MPOBOJAMIACH B paMKaX HPOEKTY
1630.

bopucos FO.C. — n.1.H., ipodecop;
bopucoe A.JI. — n.1.H., ipodecop;
Aoeesa JII. — K.T.H., CT.H.C.;

Tynix A.JO. — K.T.H., H.C.;

Ilanvko M.T. — K.T.H., H.C.
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Thermal sprayed coatings containing quasicrystalline phase, them properties
and application
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Review of literature data of production methods of quasicrystalline alloys (mainly Al-Cu-Fe system) powders
and deposition technologies thermal sprayed coatings which contain quasicrystalline phase, them structure, properties
and application fields is presented.
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