3D-ne4yaTb Ha OCHOBe KEpaMMKU NOMOXXET U3roTaBsMBaTh AeTanu gns
CaMoJIeTOB U pakeT

3D-neyaTb Ha OCHOBE KepaMnKn rnoMoXXeT N3rotaBanBaTb AeTan AN CAaMOJIETOB N paKeT

YyeHble CaHKT-leTepbyprckoro noANTEXHUYECKOr0 yHuBepcmTeTa lleTpa Bennkoro
pa3spaboTann HOBYO TexHonormno 3D-nevyatn ngennn Ha OCHoBe MaTepuaaoB U3 kapbuga
KpeMHus SiC n nccne[oBasin CBOVWCTBA U3rOTOB/IEHHbLIX AeTasled. YCTONYMNBBIN K KOPPO3UUN U
BbICOKUM TemnepaTypam Kapbug KpeMHUS - NepCrneKTUBHbIVI KaHANWAAT A5 3aMeHbl bosiee
TAXKEJbIX METaNJINYECKNUX CrMNIaBOB B PAaKETOCTPOEHUMU, aBUaUUN N IHEPreTUYECKOUN
MNPOMbILJIEHHOCTN. WccnepnoBaHne nogaepxaHo [Ipe3ngeHTCKoOW rnporpaMmMon
mccnenoBaTtesibCKUX MNpoekToB Poccunmckoro HayyHoro ¢oHaa (PH®).
Ctatbsa onybnnkoBaHa B XypHane Materials.

et L4
S i e AMKOTO
il nerpa Ber
3 Camr-Merep6yprexui lnonurexnmueckuit yui wsepeHTeT piien.
'j Peter the Great St.Petersburg Polytechnic Univ

i
{=ae
s B



http://rscf.ru/prjcard/?rid=19-79-30002
https://doi.org/10.3390/ma13071766

B Hayane 1980-x rogoB Ha CMeHy MexXxaHW4YeCKUM MeTodaM MPOM3BOLACTBa AeTalsen
(Bblpe3aHue, obTaymBaHue uam apyrom cnocob npupoaHusa GopMbl) CTanu NPUXOAUTb
afAuTUBHbIe TexHonorum (AT). OHu npennonarakT co3faHue obbekTa nyTem ero
NOCJIONHOr0 HapalwMBaHUA Ha OCHOBE KOMMbIOTEPHOM Mogenn. K TakuMm TeXHONOorusm
OTHOCUTCS MNOJy4MBLUAsA U3BECTHOCTb 3D-nevyaTb, B X04e KOTOPON MaTepmas HAaHOCAT Ha
cneynanbHyto naaTtopMy uAM 3aroToBKy. MeTannuyeckue, naacTUKOBbIE WU
KepaMunyeckune nopoLLKM NPonuTLIBAKOT KJieeM, CNekatoT, MPeccyoT 1 Tak fanee, nobusasch
HeobxoauMbIX CBONCTB. C pa3BUTMEM TEXHUKW U MPOrpaMMMpPoBaHns CTano BO3MOXKHbLIM He
TOJIbKO M3roTaBanBaTb ByMa)kHble ¥ NAACTUKOBbIE NMPOTOTUMbLI, HO U CO34aBaTb rOTOBbIE
(OYHKLUMOHaNbHble n3nenna. AGONTUBHbIE TEXHOJIOMMN NO3BONAIOT peasin3oBaTh Ntobble
KOHCTPYKTOPCKNE U WHXEHEepPHble uaen B HAaYKOEMKUX OTpacnsax Npou3BOACTBa -
aBMaCTPOEHMK, ABuUraTesie- 1 MOTOPOCTPOEHUMN, PAaKeTOCTPOEHUN N MeanumMHe (B TOM Yucie
MOXHO «ne4vyaTaTb» WMMAaHTaTbl). KONM4YeCcTBO MaTepuasioB, NPUMEHAEMbIX O
aO0ANTUBHBIX TEXHONOM NI, MOCTOSAHHO YBEJIMYMBAETCSH, BO3SMOXKHbIN CMEKTP CBOWNCTB U34eNni
paclIMpAeTCs, a U3roToBJIeHMe - yaelleBnseTcs. ITo cnocobcTByeT BCe Honee MacCoBOMY
ncnonb3oBaHuio AT: no gaHHbIM onpoca Sculpteo, B 2018 roay 40% MuMpoBbIX
NPOMBILLIEHHbIX KOMMNAHUA NpUMeHANn B npoussoactee 3D-nevaTsb.

MaTepuanbl Ha ocHoBe Kapbupga kpemHusa SiC cyuTalwTCqd oAHMMU U3 Haubornee
NepcrnekKTUBHbIX OJI9 MPUMEHeHUs B aBUALMOHHOW, KOCMUYECKON N 3HepreTuveckomn
oTpacnax npomblwneHHocTn. Kapbup kpemHusa obnafaeT BbICOKONW KOPPO3UOHHOW W
TEPMUYECKOWN YCTONYMBOCTbIO, MO3TOMY OH - MOTEHUMaNbHbIN KAaHAMOAT N5 3aMeHbl bonee
TSXKeNbIX MeTaJINY4EeCKUX XaponpoYyHblX CNaaBoB. TpaguLMOHHbIE MeTOAbl NPON3BOACTBA
KepaMuyeckux getaneun, Kak npasuno, no3BoNAOT MojiyvyaTb U3LESINA TONbKO NMPOCTON
reoMeTpuyeckon opMbl, a MexaHn4yeckas obpaboTka KepaMuKn ABASETCA OOPOrOCTOALNUM
N TPyLo3aTpaTHbIM MPOLLEeCCOM, 3a4acTyto Tpebyowmnm NCnoib30BaHNSA TBEPAOCMIaBHbIX U
aJIMa3HbIX MHCTPYMEHTOB. Bo MHOrnx ciy4yasax MexaHuyeckas obpaboTka MoXeT COCTaBNATb
10 80% oT obwen CTOMMOCTU U3rOTOBJIEHUS KepaMuyeckux getanen. B 1o xe Bpemsa
npumMmeHeHne metofoB 3D-nevaTn npepsaraeT csoboy Npu NPOEKTUPOBAHUM KOHCTPYKLNN
1 NO3BOJISET U3roTaBANBaTb U3 KEPAMUKU U3LESINA CJIOXKHON (hOPMbI HAaNpPsAMY0 Ha OCHOBe
[LaHHbIX KOMMbIOTEPHOM MOLENN AeTann, YTO NPUBOAUT K CHUXKEHUIO CTOMMOCTU U CPOKOB
N3roTOBNEHUS.

YyeHble n3 CaHkT-MNeTepbyprckoro NoIMTEXHMYECKOro yHUBepcuTeTa lMNeTpa Bennkoro
(Cneny) paspabotann TexHonoruto 3D-nevyaTn U3 HOBbIX KepaMUYeCKMX MaTepuasnos u
nccnenoBasy CBOMCTBA NOMYYEHHbIX n3gennin. OHW NpennoXxuin co3faBaTb KOMMO3UThI Ha
baze Kapbupga KpeMHuns«, YAPOYHEHHOTO ero Xe
BONOKHaMu. KepamMoMaTpuU4yHble KOMMO3UUWOHHbIE MaTepuanbl (MAM KOMMO3UTHI),
YNPOYHEHHbIE BOJIOKHAMK, KakK npasuio, 06i1afatoT BbICOKOM MPOYHOCTbLIO U YJyYLLIEHHON



TPELLNHOCTOMKOCTbIO 3a CHET TBEPAON OCHOBbLI - MAaTPULbl - N aPMUPYIOLLNX HANOJHUTENEN,
KOTOpble MPenaTCTBYIOT pacnpoCcTpaHeHU0 TpewunHbl. iccnenosaTenn UCNOAb30BaIn B
KayecTBe mMcxonHoro matepuana npu 3D-nedvaTtm nopowok SiC cpepuyeckon mnnu
HernpaBuJbLHON (hOPMbl U BbISCHUAK, 4TO B NEPBOM ciiy4yae usgenune obnagaet bonbien
rMOKOCTbIO 1 TBEPLAOCTHLIO, HO 60Nee HU3KON NPOYHOCTbIO Ha U3rub.

Ansa pa3paboTkm TexHonorum noTpeboBanoCb KOMMJIEKCHOe UCCiefoBaHne: Ha NepBoMm
3Tane HeobxoamMmMo 66110 NONYHYUTL Chepnyeckuii NopoLokK kapbrnga KkpemHus. Ons 3Toro
y4yeHble MPUMEHUIN MeTOoLbl CNPenHOW CYLWKM (pacnblieHne BOAHOrO pacTBOpa Ha
BpaLlaloWwmncsa ANCK) n nnasMeHHon cpeponamsaumm (0bpaboTka B naasMeHHbIX NOTOKaX).
3aTeM uccneposatenu otpabotann pexumbl 3D-nevyaTn Mo TEXHOJIOTMU CTPYMHOrO
HaHeceHWs cBAsylowero. B pesynbTaTte OblIM M3roTOBJIEHbI NOPUCTLIE 3ar0TOBKU U3L4eSINS C
Tpebyemo reomeTpumen U3 KOMMNO3ULMOHHOIO MaTepuana. [lanee yyeHble NpoBenu
HEeCKOJIbKO LMKI0B 06paboTKK, COCTOAWMX U3 NPONMUTKN 3aroTOBOK KepamoobpasyoLwmm
NoAMMepoM C Nocaefywmnm NUPoanM3oM (TEpMUYECKUM pasoXXeHneM) Ona npugaHus
3aroToBKam Heobxo4MMOon NPOYHOCTU U YYYLLEeHUA UX CBOWCTB. B pe3ysibTaTe NponuTKM u
NMpoamn3a ocTaToYHble Nopbl B M3genumn 6ol 3anonHeHsl kKapbugom KpeMHus. Ha ocHoBe
NpoBeLeHHbIX NCC/IeJOBAHNIN YY4eHble U3rOTOBWJIA MPOTOTUM COMNJIOBOW JIONAaTKW - AeTau,
Ncrnonb3yemon B TypbuHax, Hanpumep, pakeT, camoeToB UM aBToMobunen.

«B nocneagHue rofbl agaNTUBHBLIE TEXHOOM MU MOJyYaloT BCe 60bLUEe pacrpoCcTPaHEHNE B
MPOMBbILLIEHHOCTY. OAHAKO BO3MOXHOCTU X MPUMEHEHNS AJ1S U3rOTOBJIEHUS KEPAMNYECKNX
W30eni OCTaTCA OTHOCUTENIbHO HENCC/IeA0BaHHbLIMU. Mbl 0TPaboTam TEXHOIOMMYECKYIO
LIernoYyKy Mo npou3BoACTBY CJIOXKHbIX 0ObEKTOB U3 KOMMO3ULMOHHOIO KepPaMn4yecKkoro
mMaTepuana C nomolbto 3D-neqyaTn. B ToM Yyucie Mbl U3yYnam CTPYKTYPY M CBOWUCTBA



MoNy4YeHHbIX n3fennn. HemanoBaxxHasi 4aCcTb Haweun paboTbl - CUHTE3 Chepudecknx
MopoLLKOB Kapbuaa KpeMHUs 415 npumeHeHus B 3D-nevyatu. VIx ncrosib30BaHue rno3Bosset
YAYYLWNTb PSS CBOWCTB KOHEYHOIro MaTepmasa», - KOMMEHTUPYeT PYKOBOAUTESb rpaHTa
Bepa MOMOBWY, kKaHANOAT TEXHUYECKUX HaYyK, MNaBHbIA HAay4YHbIN COTPYOHUK JlabopaTopum
An3anHa MaTepuasioB U agAUTUBHOrO Npom3BoacTBa WHCTUTYTa MalMHOCTPOEHUS,
MaTepuanoB u TpaHcnopTa CII6IMY.

NccnenoBaHua NpoBOAUANCE COBMECTHO C KoOJiJleraMu M3 BCepoccuinckoro Hay4Ho-
NCCNeNoBaTENbCKOr0 UHCTUTYTa aBMALIMOHHBLIX MaTepuanoB (MoOCKBa).



