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IHOKPAIIEHHSA AKOCTI JIMCTOBHUX 3AI'OTOBOK I3 XOJIOJHOKATAHHUX
JE®OPMIBHUX AJIIOMIHIEBUX CIIVIABIB

Jomeukina 1. B.
XapkiBcbKUil HAlIOHAJBbHUI ABTOMOOIJILHO-10PO:KHIll YHiBepcUTeT

Anomauia. Po3pobneno pescum wUOKICHO20 peKpUCMANi3ayiino2o eionany 0 ni08UUeHHs meXx-
HOLO2IYHOI IACTMUYHOCE 30 YMOBU 30ePedceH st MIYHOCTI TUCMOBUX XOT0OHOKAMAHUX 3A20MOBOK i3
0eOopMIBHUX AIOMIHIEGUX CNAABIB, WO HE 3MIYHIOIOMbCS INEPMIYHUM 0OPOOIEHHSM.

Knrouoei cnoesa: oepopmisni antominiesi cniasu, moHKUil aucm, wWeUOKICHUL HA2Pi8, peKpucmaniza-
YIiHULL 8IONAT, HA2APTYBAHHS, CIPYKINYPA, MEXAHIYHI 61aCMUBOCMI, TUCTNOGE UMAMNYB8ANHS, 2AU00-

Ke 6UmMACY6AHHAL.

Beryn

AJIOMIHI€BI CIUTABH SIK KOHCTPYKIIHHUN Ma-
Tepian JOCTaTHBO IIMPOKO BUKOPHCTOBYIOTHCS B
0araTboX rajy3sXx HAapoOAHOTO T'OCHOAAPCTBA
(aBiamiiiHa i aBTOMOOLTbHA MPOMHUCIIOBICTD, 3a-
JM3HUYHUNA Ta BOAHHWHA TPAaHCIOPT, IPOMUCIIOBE
i uuBinbHEe OYAIBHHUIITBO, MAIIWHOOYITyBaHHS,
XiMIYHa Ta €JCKTPOTEXHIYHA MPOIYKIIisl, MPe-
METH JOMAIITHBOTO CIIOYKMBAHHS), PO IO CBiJI-
YaTh 3HaYHI TEMITH 3pOCTaHHs KiIbKOCTI BUPOO-
JICHOTO AJIOMIHIIO Ta CIUIaBiB Ha HOrO OCHOBI B
pO3BUHEHHX KpaiHax [1].

OnHUM 13 OCHOBHUX CIOXKHBAdiB €(EeKTHB-
HOI'O BHMKOPHUCTaHHS XOJOAHOKATAHOTO JIUCTO-
BOTO0 TpOKaTy 3 Je(GOpMiBHUX alFOMiHIEBUX
CIUIaBiB € TPAHCIIOPTHE MAIIMHOOYMyBaHHs [2].
3acrocyBanHs ciuiaBiB cucteM Al — Mn ta 4 —
MQ niid BUTOTOBIIEHHSI JI€Tajedl TPaHCIOPTHUX
3aco0iB J]a€ 3MOT'y 3HAYHO 3HHM3HMTH Bary KOHC-
TPYKIIii, 1110 3a0€3MeYNTh ITiJIBUIIICHHS 11 MaHEeB-
PEHOCTI, a TAKOXK CKOPOTUTH BUTPATH MAIBHOTO
Ta KUIBKICTh HIKIJIMBUX BUKHJIIB y aTMochepy,
OTpUMaTH BUPOOH €()hEKTUBHUM BHUCOKOIPOIYK-
TUBHMM CIIOCOOOM XOJIOHOTO IITAMIIyBaHHS 3
SIKICHOIO ITOBEPXHEI0 Ta HEOOXIJIHUMHU EKCILTya-
TAI[IfHAMH BIACTUBOCTSIMH, 3 TPUBAJIOKO rapaH-
Ti€I0 BiJ) KOPO3ii.

YcKknagHeHHST  KOHCTPYKIiN,  30UTbIIEHHS
eKCIUTyaTaIlifHUX HaIMpY>KEHb, 10 JIFOTh Ha Jie-
Tali Ta BY3JIM TPAaHCIOPTHUX MAIlIWH, CIIPHYH-
HSIOTH yce OUIBII BUCOKI BUMOTH JI0 AJIOMiHi€-
BUX Je(OPMIBHUX CILIABIB, 1 1100 32/ I0BOJILHH-
TH iX, MMOTPIOHO 3HAXOJUTH CITOCOOM ITiBHUIIICH-
HS SIK TEXHOJIOTIYHHUX, TaK 1 (QyHKIIOHAJIBHUX
BJIACTHBOCTEH. BupimieHHS IhbOTO THUTAHHA €
aKTyalbHHM, 00, SIK 3a3HaueHO B pobdori [1],
«TEPCIIEKTUBHUMHU B TICISIBOEHHUH Tepiox €
MPOBEJIEHHS] HAYKOBUX JIOCIIKEHb MI0JI0 CTBO-
PEHHSI TEOPETUYHUX 1 TEXHOJOTTYHUX 3acal M-
BUILIEHHSI BIACTUBOCTEH AIIOMiHIEBHUX CIUIABIBY.

AHaJji3 myOaikanii

[upoxe 3acTocyBaHHS AIOMIHIEBUX CIUIABIB
Yy TPaHCIIOPTHOMY MaIIMHOOYAyBaHHI HaHOLIbIIT
pO3BHHEHHX KpaiH cBity (6mm3bko 40 % Bix 3a-
rajbHOTO CIOXUBaHHS [2]), 00yMOBIICHO HasB-
HICTIO B HUX CYTTEBHX IepeBar cepel iHIINX
KOHCTPYKIIIHHMX MarepialliB. Malla TyCTHHA,
BUCOKa MHUTOMa MIIHICTh, KOPO3iiiHa CTiHKICTb,
rapHa JeOpPMIBHICTh y XOJOJHOMY CTaHl B
Mporieci BUTOTOBIIEHHS BUPOOIB  (0COOIMBO
CKJIaaHOI KOH(DIryparii), ski mo6pe miaaaroThes
MOJANIBIIOMY KiHIIEBOMY MEXaHI4YHOMY 00po0-
JICHHIO Ta 3BaproBaHHio [3].

Hedopwmisni crutaBu Al — Mn ta A — MQ ner-
KO OOpOOJISIOTBCS THUCKOM 1 TMPHU3HAYEHI IS
OTPUMAaHHS XOJIOJHOKaTaHWX HamiBhaOpHKaTiB
y BUIJISAI JIMCTIB, CTPIUOK, cMyT, TpyO [4]. Cro-
COOOM XOJIOMHOTO  JINCTOBOTO IITAMITYBaHHS
(abo mpecyBaHHS) 3 HUX BTOTOBJISIOTH IIHPOKY
HOMEHKIIATYypy HaWpi3HOMAHITHIMIUX 33 MPH3-
HAa4YeHHSM 1 (OPMOI0 TOHKOCTIHHUX BHPOOIB
Oyab-KO1 CKJIQJHOCTI 13 Jy’)K€ TOYHUMH PO3Mi-
paMH Ta rapHOIO YHCTOTOKO MOBEPXHi.

Jns nedopMyBaHHS B XOJOJHOMY CTaHi Ba-
KIIMBO, 00 XOJIOTHOKATAHUH JIUCT MaB BHCOKY
TEXHOJIOTIUHY IUIACTHYHICTh, 1[0 HAa BITYU3HS-
HUX METaNypriiHuX KoMmOiHaTtax 3a0e3mneuy-
€ThCS PEKPUCTAII3AIIIHAM BIANAIOM PYJIOHHO-
ro JIMCTa B KOBMAKOBHX CAQJIOBHX I€Yax Iepio-
auanoi aii [5]. Ommak Takuit Bigman 4acTo He
3a0e3neyye piBHOMIPHOCTI BJIACTHBOCTEH y3-
JTIOBK JTOBXKWHU JIMCTIB, SIKOCTI 1X MOBEpPXHi, ra-
pPAHTOBaHUX TEXHOJIOTIYHUX BIACTUBOCTEH 3a-
TOTOBOK 1, IK HAaCJiJOK, IIOTaHa iX MITaMIIOBa-
HIiCTb 1 3HauHU# Opak. HeoOxigno Opatu 110 yBa-
T'H, 10 aTIOMIHIEBI CIUIABH MAIOTh OBOJI BHCO-
Ky BapTicTh (TIOPIBHSHO 3i CIUIaBAaMH Ha OCHOBI
3ajiza MpHOJIM3HO YII'SITEpO JOpOoXkYi) 1 Opako-
BaHI 3arOTOBKH CIPUYWHSIOTH 3HAYHI €KOHOMi-
YHI BTpaTH, 00 METOJIB MOKPAIECHHS 3JaTHOCTI
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70 nehopMyBaHHSA BXXE TOTOBOTO JIMCTA HE ic-
Hye. CazakoBi meui TepMidHOTO 0OpOOIeHHS
PYJIOHHOTO TPOKATy sl MOKPAIIEHHS SKOCTI
OKpEeMHUX 3arOTOBOK i3 B)KE TOTOBOTO JIUCTa HE
NpUAaTHi.

Kpim Toro, umHi, konu BupoOM HaOyBaroTh
Oimpm cxmagHOi KOH(Iryparii, moTpedyoTh TOo-
YHHAX PO3MIpiB, BUCOKOI YMCTOTH TOBEPXHI Ta
3a3HAIOTh OIIBII KOPCTKUX YMOB EKCILTyaTarii,
CIOXXMBa4 BHUCYBA€ IiJBUINEHI BUMOTHU /0 aJio-
MIHIEBOTO MPOKATY, AKI TAKOXX HE MOXYTh OyTH
pealti3oBaHi B MPOIIECI 3aCTOCYBaHHS KOBIIAKO-
BOTO Bifmany. SIK CBimdUaTh JiTEpaTypHi IKepe-
na i Hamr qocBin [6-8], epextuBHEM MOXe OyTH
BUKOPUCTAaHHS IIBHAKICHOTO Oe3mepepBHOTO
3HEMIIHIOBAJILHOTO TEPMIYHOTO OOpOOIICHHS.
VY po6oTax mOBeACHO, IO 3aBASKH PiBHOMIp-
HOMY IIBHIKICHOMY HarpiBaHHIO MeTal Ha0yBae
OJTHOPITHOT NPIOHO3EPHUCTOT CTPYKTYPH Ha BCii
JOBKHHI Ta MUpHUHI Jucta (cMyru). ABropu [6]
MOKa3aJIH, M0 CEepeIHiil po3Mip 3epHa B JIMCTaX
3i crmaBy AJl1, mo Oynm BiamasieHi Oe3mnepeps-
HUM IIBUJAKICHUM criocoOoMm, y 2,5 paza MeH-
IIWiA, HDK MCHS Bignaly B CaJOBHX Ie4ax. 3a-
BJISIKH TTOJIPIOHEHHIO 3€pHA W CYTTEBOMY ITiJ[BH-
HICHHIO TUIACTHYHOCTI TiCHsl peKpHCTalli3aliii-
HOTO BifNajy 3HAYHO MOKPAIIy€ThCS MITAMITY-
BaHHS BUPOOIB.

B ocTanHi poku 3a KOpIOHOM y Oe3nepeps-
HUX JIHIIX TEPMOOOPOOIEHHS YCIIIIHO BHKO-
PUCTOBYIOTh KOHTAKTHHH CITOCIO HArpiBy W 0XO-
JIOJKEHHST METally, ajle HaBeJeHI B JliTepaTypi
TEMIIepaTypHO-4acoBi TapaMeTpu HelepepBHO-
ro MBUAKICHOTO a00 MPHCKOPEHOTO  Bigmaimy
AIIOMIHIEBOTO TOHKOJIHMCTOBOTO MpPOKAaTy Ta iX
BIUIMBY Ha MEXaHIYHI Ta TEXHOJIOTIYHI BJIACTH-
BOCTI MeTalry Aayxe oOMexeHi. BupimeHHs 1150-
IO MUTAaHHA € aKTyalbHHM 1 Mae Oe3yMOBHE
NpaKTUYHE 3HAYCHHS.

Meta Ta MIOCTAHOBKA 3aBJaHHS

Merta poOOTH — pO3pOOUTH pPEXKHUM IIBUJIKI-
CHOT'O PEKPUCTATI3AIIHHOIO Bianany s Mij-
BUIIEHHS  TEXHOJIOTIYHOI IUIACTHYHOCTI  3a
YMOBH 30€peKEeHHSI MIITHOCTI JINCTOBUX XOJOJ-
HOKaTaHKX 3arOTOBOK 13 JIe)OPMIBHHX aITFOMiHi-
€BUX CIUIABIB 1 BU3HAYUTH CTYHiHb Aedopmarii
miciis BiAnmany Ui OTpUMaHHS HalliBHarapToBa-
HOT'O Ta HArapTOBaHOTO CTaHY CIIABY.

JIst MOCSTHEHHS MMOCTaBJIEHOI METH HeoOXi-
JIHO OyJI0 BUPILIMTH KOHKPETHI 3aBIaHHSI.

1. Hocmigutu (opMyBaHHsS CTPYKTypU Ta
BJIACTMBOCTEM XOJIOMHOKATaHUX JePOPMIBHUX
AIIOMIHIEBHX CILIABIB 32 YMOBHU Pi3HUX PEKHUMIB
MIBUJKICHOTO peKpHCTali3aliifHOro Bignaimy i3

3aCTOCYBaHHSAM KOHTAKTHOI'O HAarpiBy Ta 0XOJIO-
JOKESHHS,

2. BusHauntu HalMEHII €HEPrOEMHI TEMIIE-
paTypHO-4acoBi IMapaMeTpH BiAIaly 3arOTOBOK
13 XOJIOJIHOKATaHOTO MPOKATy JJsi OTPUMAaHHS
HEOOXITHOTO PiBHS MEXaHIYHHX BJIACTUBOCTEH
BIAMOBIAHO [0 TEXHIYHMX BHUMOI CIIOKHMBAaya,
aki 0 3abesmeunnm Oe3nedexTHy ix nedopmis-
HICTh 1 3JaTHICTH JI0 IyX€ TJIMOOKOTO BUTITY-
BaHHJI ITiI YaC BUTOTOBJICHHS BHPOOIB METOIOM
XOJIOJHOTO NITAMITYBaHHS.

3. PexomennyBatu cTymiHb gedopmarii mic-
TSl BIANAITy 3 METOIO 3a0e3MedeHHs] HalliBHarap-
TOBAaHOTO ¥ HArapTOBaHOTO CTaHy 3arOTOBOK
JUTsl BUPOOIB 3aJIe)KHO Bij 1X eKCIUTyaTalliifHUX
YMOB Ta TEXHIYHMX BHUMOT CIIO)KMBaya JI0 FOTO-
BOT IPOAYKIIi.

MarepiaJj i MeToOAMKM TOCTiTKEHD
006’exToM nociimkeHHs 00paHi TOHKOIHCTO-
Bi (3aBTOBIIKM 1 MM) 3aroTOBKH i3 XOJOTHOKA-
TaHUX JAe(POPMIBHMX aTIOMIHIEBUX CIUIABIB
AJll, AMn, AMr3.

3aroToBKHU-CTPIYKKA TiAJaBAIN IIBHIKICHO-
My Oe3lepepBHOMY PEKpHUCTaNi3aIliitHOMY Bij-
Majy B arperari 3 Terio00MiHHUMU KOHTaKTHH-
Mu Oapabanamu. CTpiuka HaIXOIUTh y KaMepy
redi, /e TOCiIOBHO OOTWHAE /IBa HarpiTux Oa-
pabaHu i y mpolleci KOHTAKTy 3 TFapsSYUMH T0-
BEPXHSMHU BIJNANIOETHCSA, 2 HA BHUXOMI 3 Tedi
OXOJIO/KY€EThCSl 200 Ha TOBITPi, a0 BOIAOOXO-
JIOJKYBaJIbHUMH POJIMKAMHU.

Meran HarpiBaBcs 3i mBuakictio 5 °C/c go
temneparyp Big 250 no 400 °C 3 iHTepBanioM y
50 °C. ButpumyBaHHs 3a TeMIIEpaTypH HarpiBy
TpuBaJio 5—15 XB, OXOJOMKEHHS 3IIHCHIOBAIM
Ha moBiTpi. [Ipo sKicTh mpoBeneHOro Bimmamy
CBITUHMITH PE3YNIbTATH METAIOTpadivHOro aHai-
3y Ta MOKAa3HUKH MEXaHIYHUX BJIACTUBOCTEH.
CraH mNOBEpXHI NEpeBipsUIM 32 IMOKa3HUKaMH
LIOPCTKOCTI. 3MaTHICTH A0 BUTATYBAaHHS 3aroTo-
BOK Y PI3HOMY CTaHi OI[iHIOBaJIH TEXHOJIOTTYHOIO
npo6oro 3a EpikceHom.

OcHOBHI pe3yJbTaTH J0CJTiIKEeHb

Ha puc. 1 HaBeneHi rpadiku 3ai1eHOCTI Me-
XaHIYHUX BIIACTUBOCTEH AalfOMiHIEBUX CILIABIB
BiJ] TeMIIEpaTypH HarpiBy.

AHai3 pe3ysbTaTiB J1a€ 3MOTY BU3HAYHMTH
TEMIIEPATypH BiAmany, ki 3a0e31e4y0Th BUMO-
T'H CIIO’KMBa4a-3aMOBHUKA (Ta0. 1):

- mst crotaBy AJ[1 360 °C,
- st croiasy AMip 330 °C,
- i ciasy AMr3 350 °C.
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Puc. 1. 3anexHicTh MEXaHIYHUX BIIACTUBOCTEN
crasiB A/]1 (a), AMu (6) AMr3(B) Bix
TeMIIepaTypy HarpiBy Mij 4ac Biamamry

Tabmuus 1 — MexaHiuHl BJIaCTHBOCTI CIUIABIB,
BiJIITAJICHHUX 32 ONTHMAIBHOI TeMIIepaTypu

Crutas [licns Bignamy

68, MIla | 61, MIla 0,%
AJll 58 27 31
AMig 92 67 27
AMI3 173 90 23
CrmuiaB Bumoru 3amoBHHKa
Alll 60 25 25
AMig 90 65 22
AMI3 175 90 20

30UIbIICHHS Yacy BUACPKKH 10 15 XBUJIMH
MIPH PSKOMEHJIOBAHUX TEMIIEpaTypax BiJllary HE
CYTTEBO BIUTMHYJIO Ha TIOKA3HUKU MEXaHIYHUX
BJIACTUBOCTEH: MillHICTh moHM3Miacs Ha 10-20
MIla, a mracTHYHICTE TiABUIIMIACT HA ~2 Y.

AHaii3 MiKpOCTPYKTYp TOKa3aB, 10 y AOC-
JKyBaHOMY I1HTEpBANI BHAEPIKOK IIPH PEKO-
MEHJIOBaHUX TEeMIIepaTypax BiAmaay po3mip 3e-
pHa o — a3y 3MIHIOETHCSI B MEXKaX OJHOTO HO-
Mepy. CTpyKkTypa ycCiX CIIaBiB BHACHIJIOK Bij-
Majy TIOBHICTIO PEKPHCTaNi30BaHa, APiOHO3Ep-
HUCTa, oTHOpiAHA ( puc. 2).

Puc. 2. MikpoctpykTypa cram 08 it micis
HIBUAKICHOTO Bifgnany 3a ymosu 700 °C:
a — BUTpuUMyBaHHs 5 xB; x 500

1 BU3HA4YeHHS BIUIMBY IIBUAKOCTI OXOJO-
JOKCHHSI Ha BJIACTUBOCTI 3pa3KW aJIFOMiHIEBUX
CIUIaBiB HarpiBamucs 3i mBuakictio 5 °C/C 10
350 °C, BuTpuMmyBaimmcs 3a Ii€l TeMIeparypu
NPOTATOM 5 XB, @ TOTIM OXOJIOJKYBAJIWCS Ha
MOBITPi, Y BOAI Ta 3 miu4r0. 3100yTi pe3ysbTaTu
CBiYaTh, MO MIBUAKICTH OXOJIOKEHHS PAKTH-
YHO HE BIUIMHYJA Ha 3HAYEHHS MiKpPOTBEpPAOCTI
CIUIABIB, sIKi 3a3HAJM MOBHOI peKpHCTai3amii B
npoleci MOJANbIIOr0 HarpiBaHHS Ta BHUTPUMY-
BaHHS TIiJ1 Yac BiJnaiy.

[IpoBeneHi eKCEpUMEHTH TiITBEP/KYIOTh
JIOLUIBHICTh IIBH/IKICHOTO PEKPUCTAITI3aliHHOTO
BiJMaJly XOJIONHOKATAaHUX CMYT 1 CTPi4OK 3
AIOMIHIEBUX CIUIaBiB 3aBTOBIIKU 0,8-1 MMm.
Jiss  oTpuMaHHS TapaHTOBAHOTO KOMIUIEKCY
BIACTHBOCTEM, IO XapaKTepU3yIOTb M AKHUU
CTaH CIUIaBiB Ta X SKiCHE IUTaMITyBaHHS B XO-
JIOJJTHOMY CTaHi, IBUAKICHUN peKpucTalizaIiii-
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HUH BiAIIag MO>KHa NMPOBOAUTH 3 JOTPHUMAHHAM
SHEePreTUYHO CKOHOMHUX MapameTpiB (Tadum. 2).

Tabmuns 2 — OnTuMaibHi TapaMeTpH IBUAKICHOTO
PEKpUCTATI3AIIITHOTO BiANATY

Crmmas | VH, t. °C T XB Oxonox-
°Clc ’ ' JKEHHS
Al | ~5 | 360-370 | 5-10 | mosirps
AMI |« 1320330 |« «
AMr3 |« 1350360 | « «

Heo06xigHo 3a3HauMTH, IO BIAMOBIAHO 1O
BHMOT TIOBEPXHS JINCTIB Mae OyTH YUCTOIO: 0e3
TPILLMH, HAIPUBIB, PO3LIApyBaHHA, OyJIbOAIIOK
nepenainy, MisM OUIAKOBHX BKIIOYEHb.

BaxnmBo, mo6 mapaMeTp MOPCTKOCTI MOBe-
pxHi He mepeumlyBaB Ra = 1,25 wmxwm. 106
MEPEKOHATHUCS Y BiAMOBITHOCTI SKOCTI MOBEPXHI
JHCTa 3a3HAYCHUM BHUMOTAM, BCTAHOBIICHA HOTO
MIOPCTKICTh Micis Oe3rmepepBHOTO MIBUAKICHOTO
Bigmany. [Ipodinorpama moBepxHi BixmaieHOi
CMYTH HaBelleHa Ha pHC. 3 1 CBIIYUTH, IO BUCO-
ta penbedpy Ra = 1,18 mMrm.

OTKe, MIBUAKICHUIA BiANAaN 3arOTOBOK CMYT
13 XOJIOJHOKATAaHMUX JIKCTIB aJIIOMIHIEBUX CILIa-
BiB 3a0e3Me4nB OJHOPIAHY CTPYKTYpPYy 3a JOB-
JKUHOIO Ta IIAPHHOI0 CMYTH, OB BHCOKI Xa-
PaKTEPUCTUKU MIIHOCTI Ta IUIACTUYHOCTI TOPi-
BHSHO 3 BIJITAJIOM y CaJlOBUX KOBIAKOBUX Ie-
gax. Kpim Toro, cnocrepiraerbcsi 3Ha4HO Kpamia
AKICTh TIOBEPXHI, aJpKe BiJICyTHil Harap i mexa-

HIYHI TOIIKOJ/PKEHHS BiJl TPaHCIOPTYBaHHS,
OCKITBKM BOHO 3JIIHCHIOETBCS Ha TIOBITPSHIN
O T IIIIT.

MKM

00,05 0,130,20.27 0,35 0,43 0,50,57 0,65 0,73 0,80,87
OnopHa AOBXWHA NPochinto,MM
Puc. 3. IopcTkicTe NOBEpXHI CMYTH MicCIs
MIBUJIKICHOTO PEKPUCTAITI3AIIHHOTO BiMAITy

Jist oTpuMaHHS BignalleHUX 3aroTOBOK i3
[MABUILEHOO MIIHICTIO HA 3aMOBJIEHHS CIIOKH-
Baya OyJI0O BHUKOPHCTaHE XOJOJHE IUIACTUYHE
nedopMyBaHHS 00THCKOM. MexaHiuHI BIIacTH-
BOCTI ICJS PI3HOTO CTyNeHs JedOopMyBaHHS
300paxkeHi Ha puc. 4, 3 IKOT0 BHJIHO, IO BIIAC-
THBOCTI, Kl BIJIIOBIZIal0TH BUMOTaM 3aMOBHHKA,
3a0e3neuyroTecsi OOTHUCKyBaHHAM Big 10 1o

15 %. JIna HaOyTTs OiNbII BUCOKHX MOKAa3HHKIB
BJIACTUBOCTEH Ha 3aMOBJICHHS MeTall HEOOXiIHO
HaraproByBaTu aedopmyBanHsM Ha 20-30 %.
BogHouac BaxiMBO MaTH Ha yBasi, IO PI3HUILL
MIX TPaHUIIMH MIITHOCTI Ta IJIMHHOCTI 32 YMO-
BH 3HAYHMX |[CTyre¥dB jedopmariii crpuyuHse
noraHe IMTaMIABHHHS, 3THHAHHSA Ta 3HIDKCHHS
iHmMX TexHOn#PHHX XapakTepucTuk MeTany.
Cruia AJl1 |y m™¥@bmy crani mae moctatHbO
BUCOKHH BiJIGOF®K TOJOBKEHHS, TOMY HOro BuU-
KOPUCTOBYIOTH Ul BHPOOHHUTBA HamiBhaOpu-
KaTiB, 3aroTOBOK i Oe3iidi TOTOBHUX BHPOOIB
CHoco0OM TIMOOKOro Ta CKJIaJHOTO BUTATYBaH-
Hs (TpyOwm, pesepByapH, IMCTEPHH, MOCYH, XO-
JOMHOTATHYTI Tpodimi Tomno). ns omiHoBaHHS
i€l BakKIMBOI TEXHOJIOTIYHOI BIACTUBOCTI BiI-
HaJIeHOTO 3a PO3POOJEHHM DPEKHMOM CIUIABY
MOCTAJI0 MUTAaHHS BU3HAYUTH 3[aTHICTH IO BU-
TATYBaHHA 32 MeTo1oM Epikcena.

BinmoBigro no iHdopmamii 3 miTepaTypHUX
JOKepe, IS BinaJeHoro jmcra 3i cruiaBy AJ[l
3aBTOBIIKK 1 MM, 10 TIpU3HAYEHUH A TIU060-
KOTO BHUTSTYBaHHs, IIMOMHA JIYHKH Ma€ JOPiB-
HIOBaTH 9,9 MM.

Pesynbratn BunpoOyBaHb Ha BHAABIIOBAHHS
JHCTIB y PI3HOMY CTaHi Ta pi3HOI TOBIIMHU Ha-
BeJIeHI Ha puc. 5. 3 puc. BUIHO, MO U JTUCTA
3aBTOBIIKM | MM TIMOWHA BHUAABICHOI JTYHKH
nopiBaroe 11,15 mm (kpusa 1). Lle cBiquuth npo
MOJJIUBICTb SIKICHOTO XOJIOJHOTO ILTaMITyBaHHS
JIMCTA 3 TIIMOOKUM 1 CKIIaTHUM BUTSTYBaHHSIM.

68,MMNa
|' AN
300 l’ /-,.//‘;’('A

200007 o

100

1

Soz,MNa

300 >
_,,-rr‘“'ﬂ‘rl

Zﬂnll/

100

5,%

40

il

0 ,
0 10 20 30 40 50 60 70 80 90

QOBTHCHEHHR, %

Puc. 4. MexaHi4H1 BJIaCTHBOCTI aIFOMIHIEBUX
CIUTaBIB 3QJIEKHO BIJ CTYICHsS XOJOIHOIO
nedhopMyBaHHS OOTHCHEHHSIM
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Puc. 5. BunpoOyBanus cmyru 3i craBy A/l B
pisHomy crani (3a Epikcenom): 1 — Biamase-
Hui; 2 — HaniBHaraproBuuii (15 %); 3 — Ha-
rapToBanwuii (40 %)

s HamiBHArapTOBaHOTO XOJIONHUM IpOKa-
TyBaHHSAM Jucta Ha 15% rnubuHa IyHKH
9,8 MM (kpuBa 2), 0 Maibke BiAIMOBimae BiAma-
JICHOMY CTaHy MeTajly W rapaHTye MOXKIHUBICTBH
TTUOOKOTO BUTATYBAHHS MiJi Yac BHUTOTOBJICHHS
13 3arOTOBOK METOJaMH XOJIOJHOTO 0OpOOIeHHS
THCKOM. Y nmcra, ootucHyTtoro Ha 40 %, rmu-
OWHA JYHKM BUTATYBaHHS JOpIBHIOE 6,2 MM
(xpuBa 3), 1 Ha ii MOBEpXHIi 3’ ABIAETHCA OKPYTIIA
TpimpHa, 00 HarapTOBaHW METall € KPYITHO3e-
PHHCTHM, TOX 1 OUTBII KPUXKUM 1 0 3HAYHOI Ta
CKJIaJHOI XOJIOJHOI AedopManii He MpUIaTHHA.
BuxopucTtanHs anrOMiHIEBHX CIUIaBiB, MO Ma-
JOTh JIOCUTHL BHCOKI IOKA3HMKKA MIIIHOCTI, Ja€
3MOTY B JICSIKAX CUTYalliiX 3aMiHUTH HamiB}ao-
pPUKATH 3 JIOPOTHX JIETOBAHWX CIUIABIB OLUIBII
JICTIIEBUM ITPOKATOM.

BucnoBku
1. EKCIiepUMEHTAIBHO TOBEJCHO, IO MiCs
HIBUJKICHOTO — pEKpHUCTAI3aI[iifHOrO  BiAmanmy

nociimkeni crasu AJl1, AMi, AMr3 na0Oyga-
I0Th OJTHOPI/THOI, TIOBHICTIO PEKPUCTAIII30BaHOT,
JpiOHO3EPHUCTOT CTPYKTYPH.

2. Po3poOneni HaiiMeHII E€HEProBHTPATHI
peXuMu Oe3MepepBHOrO MIBHIKICHOTO BiIairy
3aroOTOBOK i3 ~ TOHKOJIMCTOBOTO  IIPOKAaTy
(0,8-1 MM) mocmimKEeHHX ATIOMIHIEBUX CILIABIB
JUISE OTPUMAaHHS TIBUIIEHUX MOKa3HHKIB TIAC-
TUYHOCTI (32 yMOBH 30€peXeHHS MIIHOCTi) Ta
MOKPAIIEHHS] XOJIOMHOTO OOPOOJIEHHS THCKOM
MiJ1 Yac BUTOTOBJICHHSI BUPOOIB CKIIaIHOI KOH]i-
rypari.

3. Hns Bigmanenoro cmmaBy AJll, sxuii y
HAHOUTBIIMX 00’€Max BHKOPHUCTOBYETHCS ISt
HamiBQaOpUKaTiB MUPOKOI HOMEHKJIATYPH BH-
po0iB, BU3HavYeHuil inTepBan crynens (Big 10 go
15 %) moganporo MeXaHiYyHOrO HarapTyBaHHS

JUIS  OTPUMAaHHS HAIiBHArapTOBAaHOTO CTaHY
CIUTaBy, IO JA€ 3MOTY BUTOTOBJSATH BHPOOU
METOJaMH  XOJIOJHOTO  AeopMyBaHHS 3
TTHOOKUM, a 1HOMI W CKIIaJHUM BUTSATYBaHHSM.
VY 11b0My pa3i HOBEPXHS MAE€ BUCOKY SIKICTb.

4. IlIBuaxicHUN peKpucTaii3amiiHui Biaman
Ha eKCIepUMEHTAILHOMY OOJIaJJHaHHI 3 KOHTa-
KTHAM HArpiBOM Ii/IBHIY€ TEXHOJOTIYHY ILjac-
TUYHICTh 3aTOTOBOK 13 BXXE TOTOBOT'O JIUCTA, T0-
KpaIlye MTaMITyBaHHS BHPOOIB, IO CIIPUSATHME
3MEHIICHHIO OpaKy, eKOHOMil MeTaly Ta 3HH-
JKEHHIO BUTpPAT i/l 9aC BUTOTOBJICHHS TOHKOJIH-
CTOBOI TPOAYKIIi XOJOTHOI nedopMaliiero 3
TTHOOKHM 1 CKIIQJHAM BUTSITYBaHHSIM.
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Improving the quality of cold-rolled deformable
aluminum alloy billets

Abstract. A mode of high-speed recrystallization an-
nealing has been developed to increase technological
plasticity while maintaining the strength of sheet
cold-rolled blanks made of deformable aluminum
alloys that are not strengthened by heat treatment.
Problem. Cold deformation of cold-rolled plates is
achieved by recrystallization annealing in hooded
furnaces. However, such annealing often does not
provide the technological plasticity for defect-free
stamping of products and, as a result, has significant

rejects. Hooded furnaces are not suitable for improv-
ing the deformation of individual billets. In addition,
for products with complex configurations that oper-
ate in harsh environments, the requirements for
rolled aluminum are increased, which is also not
possible to realize in open hearth furnaces. These
problems can be solved by high-speed continuous
parting heat treatment. Goal. The aim is development
of a high-speed recrystallization annealing regime
for increasing technological plasticity while main-
taining the strength of cold-rolled sheet billets from
deformable aluminum alloys. Methodology. The ob-
ject of the study was thin-sheet (1 mm) billets from
cold-rolled aluminum alloys AD1, AMts, AMg3. Strip
blanks were subjected to high-speed continuous re-
crystallization annealing using contact heating. The
metal was heated at a rate of 5 °C/c to temperatures
from 250 to 400 °C with an interval of 50 °C with a
holding time of 5 - 15 min at the heating temperature
and cooling in air. The quality of the annealing was
judged by the nature of the obtained structure and
indicators of mechanical properties. The ability to
extract metal in different states was evaluated by the
Eriksen method. Result. The least energy-consuming
modes of continuous high-speed annealing of work-
pieces from the studied alloys were developed to ob-
tain increased plasticity indicators (while maintain-
ing strength) and improve cold pressure processing
in the manufacture of products of complex configura-
tion. Practical value. High-speed recrystallization
annealing provides reduction of defects, saving of
metal, improvement of productivity in the production
of thin-sheet items by the method of cold deformation
with deep and complex drawing.

Key words: deformable aluminum alloys, thin sheet,
rapid heating, recrystallization annealing, tempering,
structure, mechanical properties, sheet stamping,
deep drawing.
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