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BBICOKOITPOYHEII AJTIOMHUHUEBBIN CIUIAB JIUIA ITPOM3BO/ICTBEHHBIX
ITPOLIECCOB BEICOKOCKOPOCTHOM KPUC TAJLTU3AITUU

OBJIACTb TEXHUKH

[001] HManHoe n300peTeHHE OTHOCUTCS K BBICOKOMPOYHOMY AJIOMHHHEBOMY CILIABY,
NOAXOASIIEMY IJIl UCIOJIb30BaHUS B aJAUTUBHOM IPOU3BOACTBE, a TAKXKE NPUMEHHUMOMY K
APYrUM MpoueccaM, B YaCTHOCTU K APYTMM MPOU3BOACTBEHHBIM MPOLIECCAM BBICOKOCKOPOCTHOM

KpuUcCTajjin3aluu.

YPOBEHb TEXHUKU

[002] Tepmun «agmutuBHOe mpousBoAcTBo» (Additive Manufacturing, AM) cran
IIUPOKO PACTpPOCTPAHEHHBIM B MOCJIEAHUE TOAbl Onaromapst THOKOCTH mpoLecca, KOTOPBIH OH
0003Ha4aeT, NPy U3rOTOBJIIEHHH T'€OMETPUUECKH CIIOJKHBIX JeTajel, a TAKKe YHUBEPCATIbHOCTH
B psine obnacreii npumenenus. Texnonoruss AM Obuta paspaborana B 1980-x rogax ¢ menbto
HEMOCPENCTBEHHOr0 NMPOM3BOJCTBA AeTanell M ObICTPO pa3BUBAJACh B TEUEHUE MPOLICAIIErO
nepuona BpeMeHH. HeTpaguLMOHHBI  XapakTep OSTOrO  NPEACTABISIOIEr0  HMHTEpec
IPOU3BOACTBEHHOIO TPOLECcca 3aKII0YAeTCsl B TOM, YTO KOMIIOHEHTBI CO3/IAI0TCS aJAINTHBHO, B
OTJIMYME OT TPAAULIMOHHBIX COCO00B CyOTpakTHBHOM 00padboTku. Cpenu Bcex pa3pabOTaHHBIX
TeXHOJOrud AM [JIsi IPOM3BOACTBA METAIMYECKUX JeTajell UX MOXKHO B IIHPOKOM CMBICIIE
pa3nenuTh Ha OCHOBAaHWM THIIOB HCXOIHOTO MaTepHajia Ha HEOrPAaHMYHMBAIOIIHME KATErOPUH
TEXHOJIOTMH C TNpUMEHeHHeM 3apaHee C(HOPMHPOBAHHOTO CJIOs, & HMMEHHO CEJIEKTHBHOIO
nazepHoro masyeHust (Selective Laser Melting; SLM) u 3JeKTPOHHO-JIy4€BOTO TUIABJICHHSI
(Electron Beam Melting; EBM); BbIAyBHBIX MOPOIIKOBBIX TEXHOJOTHUH JIA3€PHOTO OCAKIEHHS
metanna (Laser Metal Deposition; LMD) u na3epHOro CriekaHusi pacibLIsIEMOro MOPOIIKOBOTO
matepuana (Laser Engineered Net Shaping; LENS); TeXHONOTHiA, TPU KOTOPBIX B CTPOUTETHHBIX
JeTaNsIX UCTOJB3YIOT MPOBOJIOKY, MOPOIIKU, «METAIMYECKHE KPACKI» U APYrUe MaTepHasbl B
Ka4ecTBe ChIpbsi. B pmanbpHelllleM TEpMHH «aIAWTHBHOE MPOU3BOACTBO» (AM) Oyner
HCIIOJIb30BATHCS] B KAUYECTBE LIMPOKON KOHLIETILHH, OXBATHIBAIOLIEH 3TH U JPYrHe TEXHOJOTHH.
Tem He MeHee, AM He OrpaHHUYMBAETCS] TOJBKO 3TUMH TEXHOJOTHSIMH, U JaHHOE U300peTeHHe
MOKET MCIOJIb30BaThCsl HE TOJBKO AJIsl TEXHOJOTHI AM, HO U Ui IPYyrUX MPOU3BOACTBEHHBIX
MPOLIECCOB  BBICOKOCKOPOCTHOHN KpHCTA/UIM3ALMK, TaKUX Kak JiasepHas HamaBka (Laser
Cladding; LC), Tepmuueckoe nampuierne (Thermal Spray; TS), nckpoBoe mia3sMeHHOE ClieKaHUe
(Spark Plasma Sintering; SPS), razosoe pacnbutienue (Gas Atomisation; GA) u popmoBanue u3

pacriaBa (Melt Spinning; MS).
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[003] B mpoueccax AM HCHNONB3YIOT JA3€pHBIM Jyd, 3JEKTPOHHBIA Jyd WIH
3JIEKTPUYECKYIO AYI'y B KaueCTB€ HCTOYHMKA SHEPTUHU, NMPUYEM YKA3aHHbI HCTOYHUK TOUYHO
ynpasisiercs: nmbo cucremorr ¢ UITY, mubo cucremoll 3epKaJbHOW pPa3BEpTKH HAa OCHOBE
ranbBaHoMeTpa. 1locpencTsoM miaBneHUs U KPUCTAILUIM3ALUN MATEPHUANIOB MOCIEAOBATENIbHbBIE
CJIOM MOXHO CO37aBaTh IO O4epeau, nepeMelnasi ICTOYHUK SHEPTUM TOYKA 32 TOYKOM M Iar 3a
IIarOM B COOTBETCTBUH CO CBSI3aHHBIMH (POPMaMHM IOTIEPEUHOTO CEUEHUs], COOTBETCTBYIOIIMMHU
YCIOBHBIM Cpe3aM TpeOyeMOoro KOMIIOHEHTa, KOTOPBIH IOJDKEH ObITh M3roToBJEeH. TO €CTh
KOMIIOHEHT CO3Ja€TCsl MyTeM MOBTOPEHUS MOCIOWHOIO MPOLECCa U NOCTHXKEHUS] COCIUHEHUS
MEXY MOCIEN0BATENbHBIMU CIOSMU BAOJIb HAIIPABJICHUS CO3AHUsI.

[004] B mpoueccax AM muaBlieHHE€ M KPUCTAUIM3ALUS CWIBHO JIOKaJIM30BaHbL B
pe3ysibTaTe O4YE€Hb BBICOKME CKOPOCTH OXJIAXKIEHUs, NOCTUraeMble B OJHOM BaHHE pacCILIaBa,
MOTYT JOCTUraTh NpUMEpHO BILIOTh 10 10°—107 K/c. DTH CKOPOCTH OXNA’KAEHHS TAKOBBI, UTO
U3TOTOBJICHHBIE KOMIIOHEHTbl MMEIOT TOHKYK0 MUKPOCTPYKTYPY M IOJIydaeMble MPEBOCXOAHbIE
CBOICTBA IO CPAaBHEHHIO C KOMIIOHEHTaMH, W3TOTOBJIEHHBIMU C IOMOINBIO TPAAULUOHHBIX
npoueccoB JuThs. Hapsay ¢ monesHeIMH (akTopaMu CBOOOABI INPHU NPOEKTHPOBAHHH U
rMOKOCTH TIPOM3BOJCTBA, NpellaraeMbIMHu IporeccaMu AM, pacTeT Cnpoc Ha KPUTHYECKH
Ba)KHBIE JIETKHE KOMIIOHEHTBI, KOTOPbIE JOJDKHBI OBITh M3TOTOBJIEHBI TAKUM CHOCOOOM, Takue
KaK KOHCTPYKLMOHHBIE WJIM TEXHHYECKHE AETAJN U3 BBICOKOI(D(PEKTHBHOIO ATIOMUHHUEBOIO
cruiaBa. Kpome TOro, BbICOKO3(p(heKTHBHBIE ANTIOMUHHUEBBIC CIUIABBL, HM3TOTOBJIEHHBIE 1O
TeXHOJNIOTUU AM, KOTOpbIe MOTYT padOTaTh MPU MOBBIIIEHHBIX TEMIepaTypax (Hampumep, BbILIe
150 °C), Takke BBI3BIBAIOT OOJIBIIOW HHTEPEC B PA3JIUYHBIX OTPACHSAX MPOMBILILIEHHOCTH,
MIOCKOJIBKY OHH MOTYT 3aMEHHTb HEKOTOPbIE TUTAHOBBIE CIUIABHI C 0OJIee BHICOKOH MIOTHOCTBIO
Ui Aetaned, HeoOXOIUMBIX JUIsi paboThl B CpeOHETEMIEPATYPHBIX peXUMax Oe3 MOoTepu HX
CBOJNCTB.

[005] BriGop BbICOKO3(h(EKTUBHBIX ANOMHUHHEBBIX CIUIABOB, MOAXOISMINUX IS
npoueccoB AM, Bce ellle 04eHb OrpaHUYEeH, U MOTeHLUAIbHOE IPUMeHeHue npoueccoB AM ans
IIPOU3BOJICTBA AJIOMHHUEBBIX KOMIIOHEHTOB OrpaHu4deHo. B Hacrosimee Bpemsi LIMPOKO
UCTIOJIb3YEMBIMU  aJIFOMHUHUEBBIMH CIIABAMH JUIsI  TIpolieccoB AM  sBISIFOTCST  ONMU3KHE K
SBTEKTHYECKUM CIUIaBbl Ha ocHOBe Al-Si, Takme kak Al7SiMg, Al12Si u Al10SiMg, Onaromapst
UX XOpollel >KUIKOTEKYy4ecTH W cBapuBaemocTu. llonTBepskaeHHble 3HAU€HUs MPOYHOCTH HA
pacTsKeHUe BBILIEYKA3aHHBIX CIUIABOB B OCHOBHOM Hipke 400 MlIla, a nmpeaen TexydecTu HUxe
300 MIIa B U3rOTOBJIEHHOM COCTOSTHUH U eIle HIDKE Tocie 00padOTKH AJIsi CHATHS OCTATOYHBIX
HANPSKEHUH BCIIEICTBUE OCAXKIEHHS W/WIIN YKPYITHEHUS YaCTHL, COepKaIuX Si. DTH yPOBHH
CBOWCTB HE MOTYT COOTBETCTBOBAaTh TPEOOBAHUSIM K TEKYIIEMY MPOMBILUIEHHOMY HCIIOJTHEHHIO

U TpeOOBAHUSIM K MPUMEHEHHIO, OCOOEHHO B CJIydae CO3MaHUsI KPUTHYECKUX HECYIINX HArPY3KY
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KOHCTPYKTHBHBIX 3j1eMeHTOB. Kpome Toro, /it KOMIIOHEHTOB, U3TOTOBJIEHHBIX U3 3THUX CIUIABOB,
TpedyroTcst TepmMooOpaboTka Ha TBEpPABIA PACTBOP TOCHE HW3TOTOBJICHUS JUISI JTOCTHKEHUS
TpeOyeMbIX CBOWCTB, YTO YBEJIMYMBAEeT KaK BpeMsl LHUKIA 3aKa3a, TaKk U CTOUMOCTh
MPOMBIILJICHHOTO MPOU3BOACTBA. J[pyrue BBICOKONPOYHbIE AJTFOMHHUEBBIE CIUIABBI, TaKHE Kak
nebopmupyembie CIIaBbl CepUM  2XXX U 7XXX, KOTOpble OOBIYHO HCMONB3YIOTCS B
A3POKOCMUYECKHIX OTPACIISIX, HE MOTYT OBITh JIETKO M3TOTOBJIEHBI C MOMOIIBI0 TeXHOJOTUH AM
U3-32 UX BBICOKOH MOJBEP:KEHHOCTH OOPA30BAaHUIO YCAAOYHBIX TpeuiuH mpu obpadotke AM.
IMpu Hamuuuu OONBLIOTO KOJMYECTBA MEAM, MAarHUS W IMHKA B TaKHUX CHUCTEMax CILJIABOB
OUarna3oH KPUCTAIUTH3AUHN PACLIHPSETCS, YTO, B CBOIO OUepellb, YBEJIUYUBAET MOIBEPKEHHOCTD
o0pa3oBaHUI0 TOpsiUMX TpemuH. Kpome TOro, OTCYTCTBYIOT NONTBEPXKIEHHBbIC MaHHBIE O
CBOWCTBAX TMpH TIOBBILIEHHOW TeMIepaType aJIOMHHHMEBBIX CIUIABOB, WM3TOTOBJIEHHBIX C
nomotbio mporeccoB AM. CoOOTBETCTBEHHO, NaHHOE H300PETEHHE OTHOCUTCS K CO3aHHIO
BBICOKOIIPOYHOT'O aJIFOMHUHMEBOTO CILIABA, MOAXOAINEro ISl UCTIONIb30BaHuUs B mpoueccax AM,
a Takke MPUMEHUMOIO K JPYrUM MPOM3BOACTBEHHBIM TPOLIECCAM BBICOKOCKOPOCTHOM

KpucTtajlsin3alluu.

CYIIHOCTD U30BPETEHHA

[006] B cooTBeTcTBUM C MEPBBIM aCIEKTOM H300peTeHusi oOecreyueH CIUlaB Ha OCHOBE
Al-Mn-Sc, npu 3ToMm ciiaB Ha ocHoBe Al-Mn-Sc¢ conmepskut ot 2,01 mac. % mo 15,0 mac. %
mapranua, oT 0,3 mac. % mo 2,0 mac. % ckaHgusi, ¢ OaaHCOM, OTJIUYHBIM OT BTOPOCTETIEHH bIX
JIETUPYIOLIUX 3JIEMEHTOB U CJIy4alHbIX MPUMECEH aTFOMUHUS.

[007] B cooTBeTcTBMHM CO BTOPBIM aCIEKTOM H300peTeHue oOecrednBaeT Crocod
MOJIyYeHUs] KOMIIOHEHTOB M3 CIJIaBAa HA OCHOBE AJFOMHUHUS, B KOTOPOM B CIIOCOOE MCMOJIB3YIOT
AM wuau npyroul mporecc BBICOKOCKOPOCTHOM KPUCTAJUTM3ALMK JJIsl TIOJYYeHHs] KOMIIOHEHTA
MyTEeM IUIABJICHUS], & 3aTEM BBICOKOCKOPOCTHOM KPUCTAJUIM3ALMU CIJIaBa HA OCHOBE AJFOMUHUS,
U TIpU 3TOM cIutaB Ha ocHoBe Al-Mn-Sc conepskut ot 2,01 mac. % no 15,0 mac. % maprasma, ot
0,3 mac. % nmo 2,0 mac. % ckanaus ¢ OallaHCOM, OTJIMYHBIM OT BTOPOCTENEHHBIX JIETHPYIOIUX
3JIEMEHTOB U CIy4aiHbIX IPUMECEN aTFOMUHHSL.

[008] Kak B mepBOM, Tak W BO BTOPOM acCleKTe HM300peTeHUsT YPOBEHb Maprasia
NPEANOYTUTENBHO COCTaBysieT oT 2,5 Mac. % 1o 8 mac. % u Oojee mpeanovTuTeNnbHO oT 3 Mac.%
10 5 mac. %. YpoBeHb CKaHIUs MPEAnouTUTeNbHO coctasisier oT 0,4 mac. % mo 1,5 mac. % u
bonee npeanoururensHo ot 0,6 mac. % no 1,2 mac. %.

[009] CnnaB Ha ocHOBe Al-Mn-Sc¢ 1o n300peTeHHto, MPEANOYTHTENBFHO B BHJIE TTOPOIIKA
MOAXOAIIE MapKu, MOKHO HCIIOJIb30BATh JUIsi M3TOTOBJICHHST KOMIIOHEHTOB C TOMOIIBIO

AAAUTUBHOIO MPOU3BOACTBA WIIM APYIrUX MPOHU3BOACTBCHHBIX IMPOLECCOB BbICOKOCKOpOCTHOfI
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KPUCTAUTM3ALMA. JTH KOMIIOHEHTBl MOTYT TIOJBEPraTtbCs MNPSIMOMY JHUCHIEPCHOHHOMY
TBEPIEHHUIO Uil JOCTWKEHHS ONHOBPEMEHHO ONTHMHU3MPOBAHHBIX CBOWMCTB W YCTPAHEHUS
OCTATOYHBIX HANPSDKEHUH, BO3HHUKAIOIIUX B MPOLECCE MPOU3BOACTBEHHOTO HW3TOTOBJICHHUS.
Ucxonnblii Marepuan crutaBa Ha ocHoBe Al-Mn-Sc umeer Ooniee BBICOKOE COAEpIKaHUE
MapraHua M CKaHIus, 4YeM B OOBIYHBIX AJFOMHUHHEBBIX CIUIABAX, & JETAJH, U3TOTOBJCHHBIC M3
JAaHHOTO CIUIaBa B COOTBETCTBHHM C H300peTeHHeM, OOeCHeyuBarOT IPEBOCXOHBIE
MeXaHMYEeCKHe CBONCTBA KaK NMPH KOMHATHOM TeMIepaType, TaKk U B YCIOBUSIX MOBBIIEHHON
temnepatypbl. CrlaB 1Mo JaHHOMY H300pETEHHIO, KPOME TOrO, YTO OH NPEANOYTHTEIbHO
coaepxut 2,01-15,0 mac. % mapranuma u 0,3-2,0 mac. % CkaHIUsA, TaKXKE€ MOXKET COAEPIKATh
JOTIOJIHUTENIbHBIE JIETUPYIOIIUE KOMIIOHEHTBI, COzepskaiiue BIUIOTH a0 6,0 mac. % MarHus,
BIUIOTh 710 4,0 mMac. % LUPKOHMA, APYTHE 3JIEMEHTHI, CIOCOOHBIE OOECIEUUTh 3aMEeHy WU
SIBJISIFOIUECS] JOTIONIHUTEIbHBIMU 3JIEMEHTAMU K JIFOOOMY M3 aJIOMUHHS, MapraHua, CKaHIHs,
MarHusi U LUPKOHHMS M KOMOMHALMSIM JABYX MM 0OoJjiee JOMOJHHUTENbHBIX JIETHPYIOLINX
KOMIIOHEHTOB.

[010] CrinaB Ha ocHOBe Al-Mn-Sc 1o maHHOMY M300PETEHHIO MOXKHO MCIOIb30BATh IS
HETOCPECTBEHHOIO M3rOTOBJIEHUSI KOHCTPYKTHUBHBIX KOMIIOHEHTOB JJIsI LIMPOKOIO JHara3oHa
NPOMBILUIEHHbIX NMPUMEHEHUH b0 ¢ momoupto 00paboTkn AM, nubO C HCHOJNB30BAHUEM
APYTUX TPOU3BOACTBEHHBIX IPOIECCOB BBICOKOCKOPOCTHOM KpucTauuzauud. KoMIIOHEHTSI,
U3rOTOBJIEHHBIE U3 CIIJIABA B COOTBETCTBUH C M300pEeTEHHEM, MOTYT OBITh MOJBEPTHYTHI POCTOM
00paboTKe NTUCTIEPCHOHHBIM TBEPIAEHHEM HEMOCPENCTBEHHO Oe3 TepMOOoOpabOTKU Ha TBEpAbIH
pacTBOp I NOCTHIKEHHS ONTHUMAJBHBIX CBOHCTB. DTH KOMIIOHEHTHI CIOCOOHBI MPOSIBJIATH
CBOWCTBA BBICOKOH MPOYHOCTH M TEPMOCTOMKOCTH, KOTOPbIE MOTYT JOTOJHUTEIbHO YBEJIUYHTD
MOTEHIMAJ TPUMEHEHHs! ATFOMHUHUEBBIX JIETaJIeH, N3rOTOBJIEHHBIX METOIOM AM.

[011] Panee cuctema marepuanoB Al-Mn-Sc Ha OCHOBE aJFOMHHHEBBIX CIUIABOB CEPUH
3xxx Obu1a U3y4yeHa UCCIIEIOBATEISIMH Ha npeaMer PUMEHEHHUS
neopMHpPyeMOro/SKCTPY3HOHHOTO — M3JENHUs  NPEUMYIIECTBEHHO H3-3a €ro  XOpOouIeH
cnocobHocTu K nedopmanmu [1-3]. Llenbto noGaBneHust ckaHAus B AeQOPMUPYEMbIE CIUIABBI
cepuu 3XxX OBUIO MPEUMYIIECTBEHHO IMOBBILICHUE CTOHKOCTU K PEKPUCTAJUIM3ALNH, & TaKXKe
YIPOUHEHHE CIIJIaBa C MOMOINBIO AMCIIEPCUOHHOTO TBEPAEHUs. TeM He MeHee, B MPEeIbIayIiux
UCCIIEIOBAHMSIX KOJIMYECTBO MapraHua ObUIO OrpaHHYEHO 10 MeHee 2 mac. % U, Kak MpaBuio,
mMeHee 1,5 mac. %, Torna Kak KOJIMYECTBO CKaHAUs 0ObIYHO cocTaBisuio MeHee 0,4 mac. %. IT1o
CBSI3aHO C T€M, YTO PACTBOPHUMOCTb MapraHIa M CKaHJAWS B TPATULHMOHHBIX MPOU3BOJICTBEHHBIX
nporeccax OYeHb OrPaHHWYEHA, W 3TO, B CBOK OYepelb, OTPAHUYMBACT MOJydaeMbld >PQexT

YIPOUHEHHS].
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[012] B oTnmume ot sToro cmiaBa Al-Mn-Sc, OCHOBaHHOTO Ha CHCTEME aJTFOMHUHHEBBIX
crulaBoB cepun 3xxx, B W02008125092 u DE 10 2007 018 123 B4 3a aBropctBoM Palm
(npaBonpeemunk EADS Deutschland GmbH) npennosken cnocob nony4deHnst KOHCTPYKTHBHOTO
KOMIIOHEHTa ¢ TIOMOIIBIO TpoLiecca ObICTPOro MPOTOTUITUPOBAHMS C UCTIONBb30BAHUEM CIUIABA HA
ocHoBe Al-Sc, conepxkamero ot 0,41 mac. % o 2,0 mac. % ckauams u ot 2,0 mac. % mo 10 mac. %
Mmarausi. B pesyibrare 3TOi paboThl Obuta paspaboTaHa CHUCTeMa MOPOIIKOBBIX CIUIABOB HA
ocHoBe Al-Mg-Sc mia ucnonp3oBanus B mponeccax AM, AOCTYHHBIX MOJA TOPrOBOH MapKoOi
SCALMALLOY®, cnnaB, s¢p¢exktuBHO pa3paboTaHHbi 1y npomeccoB AM  myrem
no0aByieHUs]  MPOLIEHTHOTO  CONIEP’KaHMA CKaHAUS B  CYLIECTBYIOLIMH  CBapUBaeMbIH
nepopmupyembrii criaB cepun Sxxx. Llenpto SCALMALLOY® sBnsiercss eme Oosbliee
yIpouHeHHe 0a30BOro CIulaBa C MWCIHOJb30BAHUEM IMPEUMYINECTBA BBICOKOW CKOpPOCTH
oxnaxaeHus: npu npoueccax AM. OmgHako u3-3a OONBIIOTO COAEP’KAHMS MArHusl C HU3KOM
TEMIepaTypoi IUIABJIEHHsI MOTYT BO3HUKATh CHUJIbHBIE MCIIAPEHUS U TaK Ha3blBa€Mble SIBJICHUS
3abIMJIEHHSI, YTO IPHUBOJUT K OOPa30BAHUIO BBICOKOH IMOPUCTOCTH M, KaK CIEICTBHE, K
YXYALWEHUIO CBOWCTB KOHEYHBIX M3JENUH, MoiydeHHbIX MetonoM AM. Kpome toro, Gosee
BBICOKOE COZIepKaHNe MarHusi, OObIMHO BbIIE 3 Mac. %o, B CIUIABAX CEPUU SXXX TAKKE MOXKET
NPUBOAUTHL K Tpo0ieMaM KOpPPO3MH IO TPHYMHE MEXKPUCTAJUIUTHOH KOPPO3HH H3-3a
OCaXKIeHus1 HerpepbiBHOU (hasbl P-MgsAlg BIONb rpaHHIl 3epeH, OCOOEHHO MPHU BO3AEHCTBUU
temrieparyp Beie 65 °C, B yactHoctu oT 150 °C mo 200 °C, B TeyeHHE MPOAOKUTEIBHOTO
BpemeHH [4]. OpHako npu TemnepaTypax JUCIIEPCUOHHOTO TBEpAEeHHs Bbile YyeM okoJio 200 °C
daza B-MgsAlg Moxer ObITh pacTBOpeHa, U OOJiee BBICOKHE COAEPIKAHHS MArHus MOTYT OBITh
JOTYCTUMBI, €CJIH TEMIIEPaTypbl MPUMEHEHHs BBIXOIST 32 MPeAeibl KPUTHYECKOTO JHANa30Ha
okoJyio 65-200 °C. TeM He MeHee, He PEKOMEHAYETCSl CoIepKaHue MarHus Boime 6 Mac. %, Tak
KaK CIUIAB TAKXKe CTAHOBUTCS 0OJiee MOIBEPKEHHBIM OOPAa30BaAHUIO TOPSYHX TPEIIuH [S].

[013] He u3BecTHO, uTO cIiaB Ha ocHOBe Al-Mn-Sc mo maHHOMYy H300peTeHHIO ObLT
NPEJIOKEH WIN UCTIOJIBb30BAJICS paHee Ul MPOoLeccoB AM WiH JUtst IPYTrUuX MPOU3BOJACTBEHHBIX
NPOIIECCOB BBICOKOCKOPOCTHOM KPUCTAJUIM3ALMH. YJIAJ€HHE MAarHusl W CYIIECTBEHHOE
CHIDKEHHE COJIepIKaHMsI MArHUS TIO3BOJISIET JAHHOMY M300peTeHHI0 3PEKTHBHO CHIKATh PUCKH
UCTIAPEHHsT U CBS3aHHBIE C 3THM MPOOJIeMBl BBICOKOH mopucrocTu. JloOaBieHne mapranua B
AFOMUHHUEBBIC CIIJIABBI HE UMEET M3BECTHBIX MPOOJIeM KOPPO3UU MITH UCTIAPEHHUs BO BpeMsi AM
WIA APYTUX MPOU3BOJICTBEHHBIX IMPOLECCOB BBICOKOCKOPOCTHOM KpUCTaJUTM3aUuH. biaromapst
BBICOKOM CKOPOCTH OXJIQKISHHs, MOJy4aeMOll B paMKax MPOU3BOACTBEHHOIO IMpoLecca,
UCTIOJIb30BAHNE BBICOKMX KOJHMYECTB MapraHIia M CKaHIUS BO3MOJKHO Ojarojapsi 3HAUMTEIbHO
MOBBIIIEHHON PaCTBOPHMOCTH. Maprasen B CIIJIaBe MO U300PETEHHIO UIPAET OCHOBHYIO POJIb B

YIPOUHEHUH TBEPAOTO PAcCTBOpA, TOTZa KaK CKaHOUN OOpasyer TEepPMHUYECKH CTaOWIIbHBIC
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CTPYKTYpUPOBaHHBIE  HaHOpasMepHble BbimaBmue (Gasel L1, mocne  mocnepyromei
TEPMOOOPaOOTKH, KOTOPbIE MOTYT 3HAYUTENIBHO YIIPOUYHUTH CIUIAB U MOANEP)KUBATH YIyUIIEHHbIE
MeXaHMYECKHe CBOWMCTBA BIUIOTH /0 BBICOKMX TeMmmeparyp. Ba’kHO OTMETHUThb, UTO MapraHen
obnamaer Gonee BBICOKMM 3(p(heKTOM yrpOUHEHHsI TBEPAOTO PacTBOpPa, YeM MarHuii U3 pacdera
mac. % [6]. Paznoxenue u obpasoBanne OOJbIIOH OOBEMHON 10N HAHOPA3MEPHBIX BBINABLINX
¢da3 Al;Sc BO Bpems mpolecca IUCIEPCHOHHOTO TBEPAEHUS MOXKET 3HAYUTENBHO YIPOYHUTH
CIUIaB 1O JaHHOMY wu300pereHuio. Brmasmue ¢asbr Al;Sc uMeT rpaHeleHTPUPOBAHHYIO
KyOMYeCKyI0 CTPYKTYPY U UMEIOT Ype3BbIUAiHO HU3KOE€ HECOOTBETCTBHE MAPAMETPOB PELIETKH
U BBICOKYIO KOT€PEHTHOCTb C AJIFOMUHHMEBOI MaTpHIEH, a HU3Kasi CKOPOCTh TU(Py3un CKaHIHS
NPENATCTBYeT YKPYNMHEHMUIO BBINABIIMX (a3 Npu NOBBINEHHBIX TeMmmepaTrypax. Bricokoe
HANpsDKEHWE M3-32 HECOOTBETCTBHUS IAapaMETPOB PEIIeTKH M 3HEPrus Mek(pa3HbIX TIPaHUL]
BbImaBuInx (a3 Al3Sc cmocoOCTBYIOT BBICOKOU MPOYHOCTH CIUIABA MO JAHHOMY HM300pETEHHIO,
3aKperIsisi FPaHMLIbl 3€PeH U MPEeNsATCTBYS IBMKEHUIO auciokauuil. Takxe Obuto oOHApysKeHO,
YTO CIUIAB TI0 HW300PETeHUIO TPOSBISIET NPEBOCXOAHYKD KOPPO3UOHHYKO CTOHKOCTB,
CBapUBAEMOCTh, TEPMHUYECKYIO CTOWKOCTh M MEXaHMYECKHE CBOICTBA mocie 00paboTku AM min
apyroi o6paboTKN BBICOKOCKOPOCTHOI KPUCTAJIITH3ALIUH.

[014] CsoiictBa crulaBa Ha ocHoBe Al-Mn-Sc mno wu3o0pereHHI0 MOTryT OBITb
JOMOJHUTENIBHO YIYUIIEHBI 32 CYeT NOOABJICHUS APYIHX, 3aMEIIAOIINX WA AOTOJHUTENIbHBIX
JIETUPYIOIIUX 3JIEMEHTOB B CIUIaB MO u3o0Operenuro. Hampumep, B cruiaB mo u300peTeHHIO
MOJKeT ObITh NOOABJIEHO MO MEHbLIECH Mepe OJHO M3 KPEeMHHs, LIMHKA, MATHHs, MEIH, HUKEJ,
kobanbTa, Jkejes3a, cepedpa, Xpoma, JIUTHUS, BaHAOWs, TUTAHA, KaJbLUs, TAHTAJa, LIUPKOHUS,
radHus, uTTpusi, utrepoust u 5pous. OgHuM WM Oosee U3 3THX HJIEMEHTOB 00ECTIEUHBAOTCS
creayromue npeumymiectsa: (1) ympouHeHHe TBepAoro pactBopa; (i) 3¢¢exT u3menpueHus
3epHa; (iil) KOHTPOJIb CTPYKTYPBI 3epHa; (1v) AOMONHUTENBHOE UCTIEPCUOHHOE YIIPOYHEHHE UITH
yrIpouHeHHe BbIMaBmuxX (a3; wmm (v) KoMOMHanus 3THX npeumyinectB. Kak mnpasuio,
COJZIEpKAHHE BbIIIEYKA3aHHBIX JIETUPYIOLINX 3JIEMEHTOB JOJDKHO COCTABISITh MeHee 4 mac. % 1o
OTIENbHOCTH | He Oosee 15 mac. % B nenom.

[015] Kpome Toro, B 3aBUCHMOCTH OT KOHCTPYKIHMH M TpeOOBAaHUH K NMPUMEHEHHIO, B
cruiaB Ha ocHOBe Al-Mn-Sc 1o maHHOMy M300peTeHHIO MOTYT ObITh TOOaBIIEHBI JETHPYIOLINE
3JIEMEHTBI, BKJIIOYAIOIIME 10 MEHbLIEH Mepe OOUH M3 XpOMa, BaHAIus, TUTAaHA, TAHTAJA,
LUPKOHUS, TaHUSI U UTTPHSI IS YIYULIEHHONH CTaOMIBHOCTH MPHU BBICOKOH TeMIlepatype.. ITh
JIETUPYIOIIHE 3JIEMEHTbI UIMEIOT HCKIIFOUUTENbHO HU3KUHA KO3 puumeHT nuddy3nn B aTFOMUHUH,
MIO3TOMY TIPH TOBBIIIEHHBIX TEMIIEpATypax OXHUIAOTCS HU3KUE CKOPOCTH OU(Py3UN U BBICOKAs
YCTOHYMBOCTh K YKPYIHEHHUIO YaCTHIL. JTH JIETHPYIOLINE 3JEMEHThl TaKXKe WMEIOT BBICOKYIO

TEHICHIINIO OTIENSTh U OKPY:KaTh ocanku Al;Sc ¢ oOpasoBaHneM 3aIUTHON 0OOJIOUKH, KOTOpast
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MOXET CTa0mnmm3npoBaTh ocaakd AlsSc OT ykpynmHeHuss BO BpeMsi BO3IEHCTBHA MpU
MOBBILIEHHBIX TeMrepaTypax. Kak mpaBuio, colepskaHue BbIIIEyKa3aHHbIX JIETHPYIOLINX
3JIEMEHTOB TakKe JOJI’KHO COCTaBIISATh MeHee 4 Mac. % MO OTHENbHOCTH M, caMoe OoJbiiee, 15
Mac. % B LIeJIOM.

[016] CnnaB Ha ocHOBe Al-Mn-Sc Mo maHHOMY M300PETEHUI0 MOKHO HCTOJIB30BATh IS
U3TOTOBJIEHUS] KOMIIOHEHTOB MEXAHHYECKOTO YCTPOMCTBA, a TakK€ B KaueCTBE OCHOBHOIO
marepuasa Ui W3TOTOBJIEHHS] ~ KOMIIO3ULIMOHHBIX ~ JOOABOK  METAIMYECKUX MU
HEMETAJUNTMUYECKUX MaTEepPHajOB MOCPEACTBOM PeakLUil Kak in situ, Tak u ex situ. B nononnenue
K M3TOTOBJICHMIO KOMITOHEHTOB U3 crijiaBa Ha ocHoBe Al-Mn-Sc mo m3o0peTeHuro B KayecTBe
HCXOJTHOTO MaTepuaa, CIUIaB MO0 H300peTEeHHI0O MOXKET ObITh INpeBpalleH B NojygaOpHuKaTsl,
TaKye KaK MOPOLIKH, TPOBOJIOKH U Ipyrue GopMsbl, I APYTHUX MPOU3BOJICTBEHHBIX LIETIEH.

[017] [ns miaBjieHUsT UCXOMHOTO ChIPbsSi MOJKET HCIOJBb30BATHCS JIFOOOM BO3MOSKHBIMHM
UCTOYHHK SHEPrMM WM KOMOWHAIMsS HCTOYHHMKOB, TAaKMX KakK Jia3zepbl, (OpMHpOBATEIH
3JIEKTPOHHOIO JIy4a, I1a3Ma U UCTOUYHUKH 3JIEKTPUYECKON AyTHU, WIN MOAXOASALIAs XUMUYECKast
peakuusi, WIM NPOBOAALINN WMIM HWHAYKTUBHBIA IPOLECC, CBSI3aHHBIA C TEXHOJOTUAMU
BBICOKOCKOPOCTHON KkpucTaumzauui. CKOPOCTb OXJaXAEHUs B XOJe IPOU3BOICTBEHHOTO
mpoLecca J0JDKHA ObITh TaKOH, YTOOBI TOCTHYB IMEPEHACHIIIEHHOIO TBEPAOTO pPacTBOpa JUIs
OCHOBHBIX  JJIEMEHTOB JJIi  COXPaHEHHUS  CBOHCTBA  HM3TOTOBJICHHBIX  KOMIIOHEHTOB.
[IpennoururenpHas CKOPOCTh OXJIAXKIEHHUS B MPOU3BOJICTBEHHOHN TEXHOJOTHUECKOW IIeTovKe
npesbimaer 100 K/c. Xapakrep oxXjakaeHHs B XOHIe MpoLecca MOXKET OOYCIOBIMBATHCS
HEMOCPEACTBEHHO CaMHMM IIPOM3BOACTBEHHBIM IIPOLIECCOM, KaK B TEXHOJOrusX AM, wuiu
APYTUMU BCIIOMOTATEIbHBIMU MPOLECCAMH, TAKUMH KaK HMCIIONIb30BaHHE BOJBI, KUIKOTO a30Ta
WK JTI000H APYroH MOIXOAALIEH OXITaXKAAOIIEeH CPEeIbl.

[018] Hnst mOCTHKEHHs] ONTUMAJIbHBIX CBOWCTB, a TaKXe€ MJII CHSATUS OCTaTOYHOTO
HaNpPsDKEHUs, CO3/1aBa€MOr0 B H3TOTOBJICHHBIX KOMIIOHEHTAaX, IOJYYEHHBIX C TOMOIIBIO
nporecca AM WM qpyroro mpouecca BBICOKOCKOPOCTHOH KPHCTAJTH3AHH, OOBIMHO TpeOyeTcst
nocneayromas  TepmoodpadoTka. JlaHHoe wu3o0peTeHHMEe BKIIOHAET B CeOsl TOCIENYIOIIYIO
TepMooOpaboTky nocie SLM, mpu KOTOpO#l KOMIIOHEHT, H3TOTOBJICHHBIN € MOMOIIBIO MpoLecca
AM, ¢ wucnonp3oBaHUEM CiulaBa Ha OcCHOBe Al-Mn-Sc B coOTBeTCTBUU € H300pETEHHEM,
MOJIBEPratOT HArpeBy, MPEANOYTUTENILHO B paMKax OJHOTO IpoLecca TepMOOOpadOTKH, B
temneparypaoMm nuamnazone or 200 °C mo 500 °C B TedeHHE HAKOIUICHHOTO BPEMEHH,
cocrapisiromero ot 0,10 4 mo 100 u. Tem He MeHee, Takke NMPUMEHUMBI TEPMOOOpadOTKa C
COOIOICHNEM aHAJIOTHYHBIX MEPUOIOB BPEMEHHU C TOMIPABKOW HA TEMIIEPATyPy, MHOTO3TAITHAS
obpaboTka i 0OpaboTKa B CIELHATBHBIX YCIOBHUSIX. JTO MOXKET BKIIIOYATh B ce0si ropsiaee

usocrarnueckoe npeccoanue (hot isostatic pressing; HIP) mox cOOTBETCTBYIOINM JaBJICHUEM.
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IIpsimast  oOpaboTka  OUCIEPCHOHHBIM  TBEPIEHHEM MPOCTOH  mpsiMOH  00paboTKoi
IVICTIEPCUOHHBIM TBEpACHHEM 0Oe3 OTHIEeNbHOH TepMOOOpadOTKM Ha TBEPABIH PACTBOP SIBJISETCS
HanOoJiee MPEANOUTUTENbHON, W 3TO SBJSIETCS APYTMM MOMEHTOM OTJIMYMS OT JIPYTUX CHUCTEM
aucriepcuoHHoro teepaeHusi. Ilocme Ttepmuyeckol o0paboTku He TpeOyercss HUKAKUX
HEOOXOIUMBIX OTPAaHUYEHHH U TMOCIEAYIOIEro OXJIAXACHUS W KOHTPOJS OXJIAKICHUS, U
OXJIAXK/IEHUE MOXKET BapbHPOBATBCS OT MEJIEHHOTO OXJIAXKIEHHs B IeYd 1O OBICTPOro
3aKaJIOUHOTO BOASIHOTO OXjaxxaeHusi. OcTaTo4YHble HANpPSDKEHHs, BO3HUKAIOIINE U3-3a BBICOKHX
CKOpPOCTEH OXJIaXXIeHUs BO BpeMs IPOM3BOACTBEHHOIO Iporecca MetoaoM AM, Moryt
3¢ (eKTUBHO CHUMAThCS TpU TepmooOpadoTke. Kpome Toro, pasyoskeHue MepechIleHHOTO
TBEPJIOTO PacCTBOPa B PE3YJbTATE BBICOKMX CKOPOCTEH OXJIAXKIEHHUS MPUBOIUT K OCAKICHHIO
Oonpiiol OOBEMHON AOJIM HAHOPA3MEPHBIX YACTHULl MM JPYTUX [IUCHEPCHH, TE€M CambIM
3HAYUTENbHO YJIy4llasi MEXaHUYEeCKHEe CBOMCTBA KOMIIOHEHTOB, NOJy4aeMBbIX B rporecce AM.
[019] st mpou3BOACTBEHHOTO Tporiecca AM ¢ MCTIOJB30BaHUEM CIUTaBa Ha OCHOBE Al-
Mn-Sc 1o nmaHHOMY H300pPETEHHIO MPEANOYTUTENbHBIMU SIBJISIIOTCS HEKOTOpBIE IPYyTrHe
NOJIE3HbIE aCMEKThl yrpaBieHus. Hampumep, oxumaercsi, 4YTO TINATENBHOE pEryJHpOBaHUE
napaMeTpoB (TaKMX KaK THII Ja3epa, MapaMeTpsl Jlazepa, CTPaTerus CKAaHUPOBAHUS, TEMIIEPATypa
HOJUIOKKH U T. .) B TEXHOJOTUAX AM U1l oAep KaHus OAXOAALIEeH CKOPOCTH OXJIAKACHUS U
Jaydiiei o0pabaThiBAEMOCTH, € HCIOJB30BAHHEM 3aLIUTHBIX Ta30BbIX CpPEeA Ui 3aLlUThl
U3TOTOBJICHHBIX JETaJiell OT OKHUCJIEHWs, YIAaJeHUs TaK Ha3bIBAEMOrO JAbIMa WM OpBI3T,
BO3HUKAIOIIHUX BO BpeMs mpouecca AM, ui JFOObIX IPyruxX HEOOXOTUMBIX CPEICTB KOHTPOJIS
s MerooB AM W Ipyrux METOJOB BBICOKOCKOPOCTHOW KPHCTAJUTH3ALMM, emle OoJjblne

YJIYULIUT CBONCTBA U3TOTOBJIEHHBIX U3ETUN.

IMPUMEPBI U30BPETEHUA

[020] ITpumep 1: IIpou3BOACTBO KOMIIOHEHTOB CIUIaBOB Ha oOcHOBe Al-Mn-Sc B
COOTBETCTBUU C JaHHBIM H300peTeHneM mnyrem o0OpaboTku meromoM AM MonenupoBaiud ¢
UCIIOJIb30BAHMEM JIBYX COCTABOB cIijiaBa. IlepBriii criaB Ha ocHOBe Al-Mn-Sc umen cocras Al-
4,18Mn-2Mg-0,95¢-0,18Zr (mac. %), Torna kak BTOpo#l crutaB umen cocraB Al-3Mn-1,5Mg-
1Sc-0,05Zr (mac. %). ITu crutaBbl OBLIH MOJIYYEHBI MyTEM IUIABKU JIUTEHHBIX CIUIABOB COCTABOB
Al-60Mn, Al-50Mg, Al-2Sc u Al-10Zr (Bce B Mac. %) B me4yu ¢ pe3UCTHBHBIM HArPEBOM TPHU
800 °C, OTIMBKM NOCIEAOBATENbHbIX PpACIUIABOB U OXJAXJIEHUS OTJMBOK IIPU CKOPOCTH
OXJIAKJICHUS] KPUCTAIIIM3ALMH, COCTABIISAIOLIEN OKOJIO 10° K/c. JTuteiiHble CruiaBbl paspesainu Ha
o0pa3mpl TOJNIMHUHOW 5 MM, a 3aTeM 0Opasubl NUTH(OBAIN C MOMOIIBI adpa3uBHON Oymaru c

COXPAaHCHUEM OHHHaKOBOﬁ IEpOXOBATOCTHU MMOBECPXHOCTH.
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[021] Obpa3ipl, monyueHHBIE TAKHM 00pa30M, MOMEIIATN Ha TOJIOKKY KOMMEPUECKOH
mamuHel EOSINT M280 SLM nnist nma3epHOro ckaHupoBaHHs. B oOmieit ciokHOCTH OBLIO
npoBeneHo 30 Ja3epHBIX CKAHUPOBAHMHA Ha IMOBEPXHOCTH H3MENBUYEHHOro olpasma i
CO3/IaHUsl TAapAJUIEIBHBIX CMEXHBIX pPACIUIABOCOOPHUKOB 0€3 1o0aBJIeHHS] TOpOINKA, B
pe3yJibTaTe 4ero IUIOIMaab 30HbI CKAHHUPOBAHUS COCTABJIsIa MPUOIU3UTEIHHO 3 MM Ha 18 Mm.
IIpouecc naszepHOro CKaHUPOBAHUS MPOBOAMIICS MPU MOLIHOCTU Jla3epHOro usnydenus 370 Br,
ckopoctu ckaHuposanus 500 mm/c, pasmepe naTHa 0,1 MM U paccrosiHUM WTPUXOBKU 0,1 MM.
ITocne nmasepHOro CckaHUPOBAHUSI OOpa3Ibl BbIACPKHUBAJIA B coyistHOM BaHHe mpu 300 °C B
TE€YEHHE DPA3JINYHbIX OTPE3KOB BPEMEHH BIUIOTH A0 168 uacos. 3arem oOpasibl paspesaiu c
NOMOIIBI0  HU3KOCKOPOCTHOM MWJbL, TOCJAE€ 4Yero YCTaHABIMBAIM, YTOOBI  BBIIBUTH
pacIIaBoCOOPHUKU B IOMEPEYHOM CEYEHUH IS MOCIENYIIIUX uccnepoBanuil. OOpasusl s
HAOMIONEHUH 32 MHUKPOCTPYKTYPOM M H3MEPEeHHH MHUKPOTBEPAOCTH NOATOTABIUBAIN B
COOTBETCTBUU CO CTaHAAPTHBIMU criocobamu MeTayuiorpaduu Ui MOATOTOBKH 0OpasLOB.
Teepnocte mno Buxkepcy wusMepsiii B Ipenenax IUIOLAAM TONEPEYHOr0  CEeYeHHs
pacriaBocOOpPHUKA C TMOMOINBIO Mpubopa anst u3MeHeHus: TBepaoctd Duramin A300 mpu
Harpy3ke 0,5 xr B Teuennme 10 c. HM300pakeHuss IuOmany MOMEPEYHOTO CEYEHUS C
UCIIOJIb30BAHUEM 3JIEKTPOHHON MUKpOCKONHMH ¢ 0OpaTHBIM paccestHueM (backscattered electron
micrograph; BSE) nony4anun Ha ckaHupyromem snekTpoHHoM Mukpockone JEOL 7001 FEG
(SEM). bbutu nostyueHbl CIEAYIOIINE XapaKTePUCTUKH:

a) MaKCUMaJIbHasi TBEPJOCTh, NOCTUTHYTAast AJisi epBoro crutaa Al-4,18Mn-2Mg-0,9Sc-
0,18Zr nocne nucnepcuonHoro tBepaeHus npu 300 °C B Teuenue 10 yacos, coctasuna 186,3 + 2
HVys, u

b) MakcumanbHasi TBEPAOCTb, NOCTHTHyTasi s BToporo cruiasa Al-3Mn-1,5Mg-1Sc-
0,05Zr nocne nucnepcuoHHoro teepaeHus npu 300 °C B Teuenue 24 yacos, coctaBuia 170,6 £2
HVo,s.

IMpumep 2. OOpasmpl NPU3MEHHOro THIA ObUTM HM3TrOTOBJIEHBI MeTonoM SLM u3
PaCTBIJICHHOTO Ta30M MOpPOIIKa C MacCOBOM noJieit cocraBa Al-4,52Mn-1,32Mg-0,79Sc¢c-0,74Zr.
O06pasubl ObuTH M3roToBJIEHBI HA KoMMepdeckoir SLM mamuue EOSINT M290 ¢ MOITHOCTBEO
nazepHoro m3nyderus 370 BT, ckopocTeio ckaHupoBanus 1000 Mm/c, pacCTOSTHHEM IITPUXOBKU
0,1 mm 1 TommuHOo# cnost 30 MkM. OOpasubl ObUTH CO3MaHBI HA TMOJUIOKKE M3 ATFOMHUHHEBOTO
crutaBa 6061, ¢ koTOpod OHM OBUIM yHalleHBI MyTEeM 3JIEKTPOUCKPOBON oOpabotku (electric
discharge machining; EDM). Hekotopeie 00pa3ipl ObLTH TOABEPTHYTHI TEPMOOOPaOOTKE B
coJistHOM BaHHe mpu Temmepatype 300+2 °C B TeueHue 5 4, a 3aTeM Bce 00pasiibl ¢ TEPMHUECKOH
oOpaboTkoii n 0e3 Hee ObBUIM TOABEPrHYTHI MEXaHMYECKOH 00pabOTKe C MpeBpalleHHEM B

oOpa3ipl sl UCTIBITAHUN Ha PAcTsDKEHHE C FeOMETPUYECKOl KoH(pUrypauuei, mokazaHHOH Ha
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¢ur. 3, B coorserctBun ¢ ASTM E8M. Hcnbitanus Ha pacTsHKEHHE MPOBOAWINA C TOMOIIBIO
MaIldHBl C TPUBOJOM OT XomoBoro BuHTa Instron S5500R/4505 ycummem 100 xH mpum
MIOCTOSIHHOM CKOPOCTH TepeMeIneHusi TpaBepehl, cocrasisitomed 0,48 mm/muH. IlonyueHHble
KPHBBIE YCIOBHOTO HanpsipkeHUst/ieopMaliiy pH pacTsHKEHNUHU MOKa3aHbl Ha Gur. 4, Toraa Kak
APYTUMH ONPEAESICHHBIMHI XapaKTEePUCTUKAMHU ObUTH CIEAYIOIINE:
1) xapakTepuCTUKH MPOYHOCTH HA PACTSDKEHUE 0e3 TepMU4ecKkoil 00paboTKy, B KauecTBe
00pa3LoB, M3TOTOBJIEHHBIX MeTOAOM SLM:
npenen Texydectu paseH 427 Mlla, npenen npo4HOCTU NIPU paCTsSLHKEHUU paBeH 453
MIla, ynnunenue paBHo 12,0 %;
2) XapakTepUCTHKH INPOYHOCTH HA paCTsHKEHHWE OOpasloB, M3TOTOBJIEHHBIX METOJIOM
SLM, nocne repmuueckoi oopadotku npu 300 + 2 °C B TeueHHe 5 4acoB:
npenen Tekydectu paseH 577 Mlla, npenen npovyHOCTH MPU PaCTsKEHUU paBeH 588

MlIla, ynnunenue pasHo 11,3 %.

KPATKOE OITMCAHHUE 'PA®MYECKHUX MATEPHAJIOB

[023] Paboune xapakTepHCTUKH OOpasLOB MEPBOrO M BTOPOrO CIUIABOB Ha OCHOBE Al-
Mn-Sc, nojy4eHHBIX B mpuMmepe 1, NMPOMUIIOCTPHPOBAaHBI Ha mpuiaraembix ¢ur. 1 u 2, a
paboune XapaKTepHCTUKH B COOTBETCTBUH C PUMEpOM 2 moka3aHbl Ha ¢ur. 3 u 4. Ha urypax
IIOKa3aHO ClieNyrolee:

Ha ¢ur. 1 mpowutrocTpupoBaHo u3oOpaskeHre BSE, mokaspiBaroinee BHaBIMBaHUSI
UHJIEHTOpa B 00pasiie BTOporo cruiaBa Ha ocHoBe Al-Mn-Sc;

Ha ¢ur. 2 OPOWUIIOCTPUPOBAH TrpaduK 3aBUCUMOCTA TBEPAOCTH OT BPEMEHHU
AMCIIEPCHOHHOTO TBEPAEHHSI ISl KAJKIOTO U3 MEPBOTO U BTOPOTO CIUIABOB Ha OCHOBE Al-Mn-Sc;

Ha ¢ur. 3 NPOWUIIOCTPUPOBAHO CXEMATHYECKOE H300pakeHHe TIeOMEeTPHUYECKUX
koHpurypauuii odpasna Ha pactsokerue B coorserctsrn ¢ ASTM E8M; a takske

Ha (¢ur. 4 NPOWUIIOCTPUPOBAHBI KPUBBIC YCIOBHOTO HAIpsDKEHHs/negopManuu Mpu
pacTsokeHrH 00pasloB, HE MOABEPTrHYTHIX TEPMOOOPabOTKe, MOJTYYEHHBIX MyTeM HU3TOTOBJICHHS

meTooM SLM, 1 00pasioB, MOABEPrHYTHIX TEPMOOOpabOTKeE.

INOAPOBHOE OITMCAHUME CYIIIHOCTU U30BPETEHUA

[023] Ha ¢ur. 1 nmoka3aHa MOBEPXHOCTh Cpe3a oOpas3lia BTOPOro CIuiaBa Ha OcHOBe Al-
Mn-Sc, BbISIBIEHHAas C TOMOINBI MeTaulorpauyeckoll MOATOTOBKH Ha H300paskeHUH,
MOJIY4€HHOM METOJIOM 3JIEKTPOHHONH MUKpOCKONHHU ¢ oOpaTHbeIM paccesHueM (BSE). B HiokHei
30He M300pa’ke€HUs] MOKa3aHa MHUKPOCTPYKTYpa OTIMBKH BTOPOTO CIUIaBa, & B BEpXHEH 30HE

MOKa3aHa MHUKPOCTPYKTypa BO3HUKIIETO B PE3yJbTaTe BBICOKOCKOPOCTHOW KPHUCTAJUIU3ALNU
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pacriaBocOOpHUKA, TIOJy4YeHHas IyTeM TIEepPeIUIaBKd CIulaBa C TOMOINBIO  JIa3€PHOTO
ckaHupoBaHus. Kak nokazano, n3MepeHusi TBEPJOCTU MPOBOAMIINCEH B BEPXHEN 30HE MeperiaBa.
Ha ¢ur. 1 yerko BHIOHO, YTO BepXHsisl 30HA, OOpA3yIOMIASICS W3 TEPEIUIaBJIEHHOTO JIa3epoM
pacriaBocOOPHUKA, OTJIMYAETCST OT HAYaJbHOH 30HOM JIUThS, TIOCKOJIbKY HE MOJXKET
HaOTIOIaThCsl BhINAJIEHNE NMEPBUYHBIX BbIMABIIUX a3 AlsMn mmm AlsSc Trma Oenoit urnel umm
CTEP)KHEBOTO THINA. JTO HYETKO IIOKa3bIBa€T, YTO MapraHel] U CKaHIUN OBLIM YCHEIIHO
3axBaveHbl AFOMHUHUEBOI MaTpuULeil mocyie OYeHb OBICTPOTO OXJIAKIACHUS JIA3EPHOTO MEPeriaBa
U JOCTH)KEHUsI COCTOSIHUS TIEPEHACHILIEHHSI.

[024] Ha ¢ur. 2 mMoxxkHO BuUIETh, YTO CIUIaB Ha OCHOBe Al-Mn-Sc mo naHHOMY
N300pETEHUI0 JIEMOHCTPUPYET OYEHb MHOTOOOELIAIoIUe Pe3YJbTaThl, IOCKOJBKY 3HAUYEHUs
TBepAocTU pocturau pauanasoHa 170-186 HVps. OTu cBolicTBa aHaJOrMYHBI CBOWMCTBAM
BBICOKOIIPOYHBIX CIIJIABOB CEPUM /XXX, OJHAKO TEpMUYECKash YCTOWYMBOCTb 3HAYUTENBHO
MOBBICUJIACH, TAK KaK BBICOKHE YPOBHU TBEPAOCTU COXPAHSIMCh Aake CIycTs 168 udacos mpu
300 °C. Ob6paboTaHHbIE JTa3€pOM AJTFOMUHHEBbIE CIUIABBI UJIH JIAKe JINTEHHbIE CIIJIaBbl HE MOTYT
OOBIYHO AOCTUTaTh TAKHX CBOWCTB, OCOOEHHO MO CPABHEHMIO C IIUPOKO PACIPOCTPAHEHHBIMHU B
HACTOsLIee BpeMsl alIOMHUHHMEBBIMU CIIJIaBaMH AJIsl UCHOJB30BaHUs B TexHojorusx AM. Ilpu
HOPMAJIbHOM JIMCIEPCHOHHOM TBEPACHUH CIUIaBbl Al HAUMHAIOT CIMINKOM 3aTBEpAEBaTbh U
pa3MAr4aroTCs B TEUEHUE HECKOJIbKUX MHUHYT mocie Bo3zaericTeus npu 300 °C. Takke nmerorcs
yKa3aHUsl Ha TO, YTO PE3YJIbTAaThl, MIOKA3aHHbIE B MPUMEPax MO JAHHOMY H300PETEHHIO, MOTYT
OBITh TOMOJHHUTENBHO YJIYULISHBI 33 CYET elle 0oJjiee BBICOKOW CKOPOCTH OXJIAKIACHUS U IPYTUX
npeumyiiects mpouecca AM. Takum oOpasom, cruiaBel Ha ocHoBe Al-Mn-Sc mo naHHOMY
n300peTeHnI0 00/1a1al0T OYeHb MHOTOOOEIIAOIMMU CBOMCTBAMU U BHICOKUM MOTEHIHAJIOM JIJIs
NPUMEHEHUsT B LIMPOKOM JMara3oHe KOHCTPYKLMOHHBIX, IPOMBILIIEHHBIX, TEXHUYECKUX,
a3POKOCMHUYECKUX M TPAHCIIOPTHBIX KOMIIOHEHTOB, U3rOTOBJIEHHBIX C MOMOINBIO npolecca AM
WM JPYTUX TIPOU3BOACTBEHHBIX MTPOLIECCOB BBICOKOCKOPOCTHON KPUCTAJUIU3ALIUH.

[025] Ha ¢wur. 3 mpousuTIOCTpUPOBAHBI HAJIEKAITUM 00pa30M H3rOTOBJIEHHBIE OOPA3IIbI
HAa pacCTsDKEHHE, TI0 KOTOPbIM OBUIM TOJYY€HBbI KPUBBIE YCJIOBHOTO HamNpsuKeHUs/nedopMarum
npu pactsukeHuu B cootBeTcTBuM ¢ dur. 4. [Ipenen tekydectu, cocrapisromuii 427 Mlla, mst
U3TOTOBJIEHHBIX (HE TepMOOOpabOTaHHBIX) OOPA3LOB SIBJISIETCS MPEBOCXOTHBIM, XOTS 3aMETHO
NOBBIIIEHHBIA TpeAeN TeKydecTH, cocraBisiromuid 577 MIla, s TepmooOpaboTaHHBIX
00pa3loB MOAYEPKHUBAET TOTEHLMAN Ul CIUIABOB IO JaHHOMY H300pereHHto. M HampoTus,
CUMTAETCS, YTO HauboJsiee MPEANOUTUTENbHBIN Mpees TeKYy4eCTH, YKa3aHHBIA Uil TePMUYECKH

obpaboranHoro SCALMALLOY®, naxomutcs B nuamnasoHe ot 459 MIla no 479 Mlla (cm.

www.citim. de/en/metal-additive-manufacturing).



PCT/AU2018/051291 12 WO 2019/109135

[026] Ilpumeper 1 m 2 wu pe3ynbTaThl, MNPOWLIIOCTPUPOBaHHbIE Ha ¢ur. 1-4,
NOTYEPKUBAIOT PAI BAXKHBIX BOMPOCOB, KACAIOIIUXCS CIUIABA IO JAHHOMY H300PETEHHIO.
JIaHHBINA CIUTaB UMEET MpenMylnecTBa OJaronapst HU3KUM CKOPOCTM AU((Y3UH, YITOMSHYTHIM
paHee B JaHHOM JOKYMEHTe, Kak B Cllydyae CKaHAMs, TaK U B Clydae MapraHiia, a Takxke
HEKOTOPBIX JIPYruX AO00AaBJIEHHBIX 3JIEMEHTOB, TAKMX KaK LIUPKOHUH. DTH HU3KHE CKOPOCTH
CHOCOOCTBYIOT CBOMCTBY CILIaBa TOCJE BBICOKMX CKOPOCTEH OXJKASHHS NPHU LHKINYECKOM
W3MEHEHUU TeMIepaTypbl MOABEPraTbCsl AMCIEPCHOHHOMY TBEPACHHUIO IIyTEM OCAKIEHUS
TEPMOCTONKMX HAHOPa3MEPHBIX BBINABINNX (a3 min aucnepcHuiX ¢a3. B ciayuae maprania 1o
BO3MOJKHO OT HIDKHETO 3¢ (dekTuBHOro npeaena, papHoro 2,01 mac. %, BIJIOTh 10O OTHOCUTENBHO
BBICOKOTO BepXHero mnpexaena, pasHoro 15,0 mac. %, 0e3 HeXeNaTeNbHOTO YKPYITHEHUS
BBINABLINX (pa3, YTO MOXKET UMETh MECTO IPH YPOBHsIX 100aBIeHNs Mapranua Beiue 15 mac. %.

[027] KpoMe TOro, JaHHBIN CIJIaB XapaKTepU3YyeTCsl YIYUIIEHHBIM Pa3BUTUEM CBOICTB,
IOCTH)KMMBIM 32 CUET MPOCTOM TepMUYECKOi 00paboTku, 6e3 HeOOXOIUMOCTH TePpMOOOPabOTKH
Ha TBEPAbI PacTBOpP, KaK B CIOXHBIX PEXHMMax TEPMHUYECKOW o0paboTku, TpeOyeMmbIx st
HEKOTOPBIX APYTUX AJOMUHHUEBBIX CILUIABOB, OTBEP)KAAEMBIX C IOMOLIBK) AUCIEPCHOHHOTO
TBepaeHus. [Ipoctas TepMooOpaboTKa, KOTOpasi MPEANOYTHTENbHO BKIIOUAET B CE0sl TOJNBKO
OJHOATAIHYIO OTepalio, 3pPEeKTHBHO yIBAaUBAETCS B KAYECTBE 3Tald CHATHS HANPSDKEHUS U
TepMOOOPa0OTKN METOZOM AUCIIEPCHOHHOTO TBepAeHus. B ciyuae mcmosp3oBaHUs Ipolecca
AM ¢ BBICOKOCKOPOCTHOM KPHUCTAJUTM3AIMEH, TaKoro Kak Tpouecc Ha ocHoBe SLM,
TepMuyeckas 00paboTka MOXKET POBOIUTHCS IO HIIU MOCTIE TOTO, KaK MOJy4aeMblii KOMITOHEHT,
MPOM3BOIUMBIN B XOJI€ JAHHOTO MPOLIECCa, CPE3A0T CO CTPOUTENBHOH MIAT(OPMBI, HAa KOTOPOIt
OH CO3/IaH.

[028] B TO BpeMs Kak CIUIaB IO JAHHOMY HW300PETEHUIO XOPOIIO MOAXOIUT IS
ucnosp3oBaHus B npouecce AM, takom kak SLM u apyrue mporiecchl BbICOKOCKOPOCTHOM
kpuctam3anuy, npumep 1 u ¢ur. 1 u 2 NOKa3bIBAIOT NMPHUTOJHOCTH JAHHOTO CIUIABA JUIS
UCIIOJIb30BAHUSl B aJbTEPHATUBHOM IPOLIECCE BBICOKOCKOPOCTHOM KpucTamiauzauuu. B
YaCTHOCTH, B CJIy4ae C KOMIIOHEHTOM, H3TOTOBJIEHHBIM B XOJ€ Mpolecca CyOTPaKTUBHOM
00paboTKH, TAKOTO Kak JIIOOOH U3 psiia MPOLECCOB JINThS, KOMIIOHEHT MOKET CKaHHPOBATHCS
UCTOYHUKOM DJHEpPruH, TaKUM KaK JIa3epHbIM WMIM BJEKTPOHHBIM Jyd, Uil AOCTHXKEHUS
IUTABJICHUS CKAHMPYEMOH OOJIACTH TOBEPXHOCTH KOMIIOHEHTA, MPHYEM 3aT€M OCHOBHAsl 4acCTh
KOMIIOHEHTa 00ECIeUnBAET TEIJIOOTBO, MPHUBOASAIINHA K BBICOKOCKOPOCTHOH KPHCTAJLTH3ALHH,
YTOOBI YIAYYIIUTh CBOMCTBA CIIaBa CKAHUPYEMOH 00JIaCTH MOBEPXHOCTH. JTO BKIIKOYAET B ceOs
MOBEPXHOCTHYIO O0palOTKy, TaKyl0 Kak Jla3epHas HalUlaBKa MM TOYMHKA KOMIIOHEHTOB, C
UCTIOJIb30BAHUEM CIlIaBa Ha OocHOBe Al-Mn-Sc mo naHHOMY HM300pETEHHIO B KadeCTBE YacTH

KOMITOHEHTA W/UJIH OCAXKIACHHBIX MMOBEPXHOCTHBIX MAaTCPUATIOB.
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OOPMVIJIA U30BPETEHUA

1. Cnnas Ha ocHoBe Al-Mn-Sc, mpu 3Tom crutaB Ha ocHoBe Al-Mn-Sc comepkut ot
2,01 mac. % no 15,0 mac. % wmapranma, ot 0,3 mac. % mo 2,0 mac. % ckannus ¢ OanaHcoM,
OTJIMYHBIM OT BTOPOCTETIEHHBIX JIETHPYIOLINX 3JIEMEHTOB U CIyYalHBIX IPUMECEH aTFOMHHUS.

2. CmnaB Ha ocHoBe Al-Mn-Sc mo m. 1, oTiuYaromuiicss TeM, YTO CIUJIAB COAEPIKUT
JOTIOJIHUTENIbHBIE JIETUPYIOIIUE KOMITIOHEHTBI, cozepskamue BIUIOTh a0 6,0 mac. % marHws,
BILIOTh 10 4,0 Mac. % LUMPKOHUS, OPYTUe 3JIEMEHTHI, CIOCOOHBIE 3aMEHHUTD UJIH AOTIOIHSIOINE
3JIEMEHTBI JI000TO U3 aIFOMUHUS, MAPTaHIla, CKAHANS, MarHus ¥ LUPKOHUS M KOMOMHAIIUH IBYX
iy 0oJee NOTOTHUTENBHBIX JIETUPYIOLINX KOMIIOHEHTOB.

3. Cnnas Ha ocHOBe Al-Mn-Sc o 1. 2, OTIMYAIOIUICS T€M, YTO CIUIAB COJEPIKHUT I10
MeHbIIEH Mepe OIHO W3 MarHus M LIUPKOHUS NPU COOTBETCTBYIOLIEM Iperene BIIoTh 6,0 mac. %
maraus 1 4,0 mac. % LUPKOHUSL.

4. CmnaB Ha ocHoBe Al-Mn-Sc mo mobomy u3 mm. 1-3, oTnuuarOmuiics TeM, 4TO
collep;KaHue MapraHia coctaBisier ot 2,5 mac. % no 8 mac. %.

5. CmnaB Ha ocHOBe Al-Mn-Sc mo m. 4, OTIIMYAIOIIMICS TEM, YTO COJAEPKaHHE
Maprasua cocTtasiseT oT 3 mac. % 1o 5 mac. %.

6. CmaB Ha ocHoBe Al-Mn-Sc mo moGomy u3 mi. 1-5, OTIMYAOLIUICS TeM, YTO
coaeprkanue ckanaus cocrasisiet oT 0,4 mac. % o 1,5 mac. %.

7. Cmnnas Ha ocHOBe Al-Mn-Sc 1o 1. 6, OTIMYAIOLIUICS T€M, YTO COEPKaHUE CKAHIHSI
cocrasiisieT oT 0,6 mac. % mo 1,2 mac. %.

8. CmaB Ha ocHOBe Al-Mn-Sc o aroboMy u3 M. 1-7, OTIUYAIOLIUIACS TEM, YTO CILJIaB
npeacTasisier co0OH MapKy MOpOIIKAa, MPUIOAHYO MJIi TMPHUMEHEHHs] B IPOH3BOJCTBE
KOMIIOHEHTOB B MPOU3BOACTBEHHOM MPOIIECCEe aIUTUBHOTO MPOU3BOJCTBA.

9. Cnna Ha ocHOBe Al-Mn-Sc o mrobomy u3 mm. 1-8, OTIMYAIOIUIACS TeM, YTO CILJIaB
JNOTIOJIHUTENIbBHO ~ COJAEP>KUT IO MEHbLIeW Mepe OIUH JAPYrod, 3aMellarliuil  WiIu
JOTIOJIHUTEIbHBIH, JIETUPYIOIIUN 3JIEMEHT, BBIOPAHHBIH W3 KPEMHUS, LWHKA, MAarHus, MeIu,
HUKeJs,, KoOajbTa, skeje3a, cepeOpa, Xpoma, JUTHS, BAaHAAWs, TUTAHA, KaJbLHs, TaHTAJA,
LUPKOHUS, raQHUS, UTTPUsL, UTTepOUs U SpOHsT B KOJMUYECTBE, JOCTATOUYHOM JUIA 0OeCreueHust
MO MeHbIeH Mepe OTHOro M3 clieAyromux (GakTopos: (1) ynpodHeHHs] TBEpAOTO pacTtBopa, (ii)
U3MeNbUeHHs 3epHa, (1i1) KOHTPOJISI CTPYKTYPBI 3epHA U (1V) IOTIOHUTENBHOTO AUCTIEPCHOHHOTO
YIPOUHEHHSI HJTH YIPOYHEHHsI BBINMABIINX (a3 B KOJHMUECTBE MeHee 4 Mac. % MO OTIAENbHOCTH U
He Oosee 15 mac. % B meoM.

10. Cruna Ha ocHOBe Al-Mn-Sc mo mobomy u3 . 1-9, OTIMYAOIMMICS TeM, YTO CILIaB

JOTIOJIHUTENIBHO COIEPIKHUT IO MEHBIIEH Mepe OJIMH APYTroi JETUPYIOLINI 3JIEMEHT, BRIOpaHHBIN
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U3 XpOMa, BaHAnWs, TUTAHA, TaHTAJlA, LHUPKOHUsS, TrapHUS W WTTPUSI B KOJIHYECTBE,
o0ecrieunBaroIeM YIYULIEHHYI0 CTOWKOCTb NMPU BBICOKOH TEMIIEPaType, KOTOPOE COCTABIISIET
meHee 4 Mac. % 1o oTaeNnbHOCTH U He Oosee 15 mac. % B mesom.

11. Cnocob mony4yeHnst KOMIIOHEHTA CIUIaBa HA OCHOBE AJTFOMHHMUS, OTIIMYAIOIIUICS TEM,
YTO B Ccriocobe UCTosb3yoT AM mim Apyroi nmporece BBICOKOCKOPOCTHOM KPUCTAJIM3ALNHN IS
MOJYy4YeHUs1 KOMIIOHEHTa IyTeM IUIaBJI€HUsT U MOCIEAYILEH  BBICOKOCKOPOCTHOU
KPUCTAJIM3ALMU CIUIaBa HA OCHOBE AJIOMMHMs, U INPU 3TOM CIIJIaB HA OCHOBE AJIOMHUHMUS
conmepkut crutaB Ha ocHoBe Al-Mn-Sc, koropsrit cogepxut ot 2,01 mac. % no 15,0 mac. %
mapranna, ot 0,3 mac. % g0 2,0 mac. % ckaHgusi ¢ 0aJaHCOM, OTJIIMYHBIM OT BTOPOCTENEHHBIX
JIETUPYIOLIUX 3JIEMEHTOB U CIIy4alHbIX IPUMECEH aJTtOMUHHUSL.

12. Cnoco6 mo mn. 11, omnuuaromuiics TeM, YTO CIUIaB Ha ocHOoBe Al-Mn-Sc
COOTBETCTBYET JitoOoMy u3 . 2-10.

13. Cnoco6 mo m. 11 wimm m. 12, OTAMYAKOIIMICS TEM, YTO YKa3aHHBIH KOMITOHEHT,
MOJIYYeHHBIH B pe3ynbrate AM WM Ipyroro mpouecca BbICOKOCKOPOCTHON KPHUCTAJIU3ALNH,
NOJABEPraloT JUCIEPCUOHHOMY TBEPACHHUIO.

14. Cnocob no mobomy u3 nm. 11-13, oTmyaromuiics TeM, 4TO CKOPOCTh OXJIAXKICHUS B
XOJle TPOU3BOACTBEHHOIO MpPOLECCA TakKOBa, YTO MOJIy4arOT IIEPEHACBILEHHBbIH TBEpPAbIN
pacTBOp Ui OCHOBHBIX JJIEMEHTOB, 4YTOOBI TOIJEPKUBATh CBOWCTBA MPUTOTOBJIEHHBIX
KOMIIOHEHTOB.

15. Cnoco6 mo mn. 14, OTIMYAIOIIUICS TEM, YTO CKOPOCTb OXJIAXKIEHHsS B LIEIH
MPOU3BOACTBEHHOrO mpouecca mnpeBbimaer 100 K/c u  MokeT ObITh JOCTHUTHYTA
HEMOCPEACTBEHHO B XOJI€ CAMOT'0 MTPOU3BOACTBEHHOI'O MpoLiecca, Kak B TEXHOJOrusXx AM, iy B
pe3ynbTaTe APYTHX BCIOMOTATENbHBIX MPOLIECCOB, TAKUX KaK MPUMEHEHHE BOJBI, KUAKOTO
a30Ta WK JIF00OH IPpyroil MOoaXOAsIeld OXIaKIAIIEH Cpebl.

16. Cnoco6 mo modomy u3 mm. 11-15, NOMONHUTENBHO BKIFOYAOIIHA MOCIEAYIOUIYEO
TepMOOOPa0OTKY KOMIIOHEHTa, MPUTOTOBJIEHHOrO mocpenctsoM AM, wmiu Apyroil mporuecc
BBICOKOCKOPOCTHOM KpUCTAJNIM3aLlMd KOMIIOHEHTa, IIOJIBEpraeéMoro HarpeBy, Hampumep, B
OTIENIbHOM Tpoliecce TepmMooOpadoTkn B amamaszoHe Temneparyp ot 200 °C mo 500 °C B
TEUEHHUE HAKOIUIEHHOTO BpeMeHH, cocTasiisaroniero ot 0,10 4 go 100 u.

17. KommnoneHT Ha ocHoBe Al-Mn-Sc, nosyueHHbIH criocoboM o rodomy u3 nm. 11-16.
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BricOkONpOUYHBIN aTFOMUHHUEBBIN CILIAB
JUTsl IPOU3BOACTBEHHBIX MTPOLIECCOB BBICOKOCKOPOCTHON KPUCTAJUIM3ALUN
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dur. 1. Boasnusaqus wHgentopa s cnnase Al-3Mn-1,5Mg-15¢-0,05Zr, noneepryyTom nasepHoi
nepennaske, nepeg, TepmoobpaboTkoil, ¢ gopoxkami pacnnasocbopHuKa, BXOAALWMMK HA CTPAHMLY W
BBIXOAALIMMI U3 Hee, KaK MOKa3aHO NYHKTUPHLIMMK KPHUBBIMM.
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DUT. 2. 3navenns TBEPAGCTH ANA CTNasos Ha ocHose Al-Mn-Sc nocne nasepHoi nepennaski 1
srpepsim npu 300 °C.
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BricOkONpOUYHBIN aTFOMUHHUEBBIN CILIAB
JUTsl IPOU3BOACTBEHHBIX MTPOLIECCOB BBICOKOCKOPOCTHON KPUCTAJUIM3ALUN
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Dur. 3. Cremammmecioe wiobpaneHne reomeTpudeckux KoHdurypaumi oBpasyos AR wenkImaHwi
Ha pacTAXEHWE B cooTBETCTRIMM ¢ ASTM EEM.
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