HepaBHOMEpHOCTh ~ pacripe/ieieHHss TEMIIEpaTyp BbI3bIBACT TOSBICHHE BBICOKOTO
OPOICHTA JMCIOKAIUA ¥ HEOJAHOPOJHOCTH ONTHYECKHX CBOWCTB BBIPAIIMBACMBIX HA OJHOU
MOJUIOKKE CTPYKTYp [4].

B nmoknange mpenctaBiieHbl pe3yNbTaThl aHAIM3a MPOOJIEMbl ONTHMHU3AIUHU IPOIECCOB
BeipanuBanus [1I-N matepraaoB B peakTopax razodasHoil SMUTaKCHH MHIYKIIMOHHOTO HarpeBa ¢
BpAILAOLIEHCS MOTOKKOM.

IIpoananu3upoBaHbl  NPUYHMHBI  BO3HMKHOBEHHUS  YKa3aHHBIX  HEOJHOPOIHOCTEM.
YcTaHOBJIEHO, YTO CBA3AHBI OHH B IMEPBYIO OYEpEIh C HEONTHMAIbHON KOH(Urypalueil moToka
HECYIIEro ra3a W MHAYKTOpa. JlaHbl BBIBOJABI MO0 BO3MOXHBIM ITyTSM IPEOIOJEHHS YKA3aHHBIX
pobiiem.

Pe3ynbTaThl HCCICIOBAHUS TPEIJIAracTCsi WCIONB30BaTh B OpPraHM3alMK  Ipolecca
MOBBINIEHHS S(PEKTUBHOCTH YKa3aHHBIX pPEAKTOPOB, YTO IO3BOJIUT IOBBICHTH Ka4deCTBO
BBIPAIMBACMBIX CTPYKTYP U COKPATUTh BPEMSI HX POCTA.
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Ha nanHbBIM MOMEHT 3a pyOe:KOM HPOBOASTCS MCCIEAOBaHUS IO pa3pabOTKe METOIUKU
CEJIEKTUBHOTO JIA3€pHOI0 CIUIABJICHUS THUTAH-HUOOMEBOIO, a Takke J00aBlieHHE IMPKOHUS
MOPOLIKOB M HAaXOXKICHHWE ONTHMAIBHBIX PEKUMOB CIUIABICHHSA, MO3BOJSIOMNX O0ECHEeYUTh
BBICOKYIO IUIOTHOCTH 00pa3LoB M OTCYTCTBHE KPYITHBIX Makpoae(eKTOB.

JlaHHBIE TTOPOIIKK HCTIOIB3YIOTCS MPH M3TOTOBIIEHUH 3YOHBIX UMITIAHTAT, pudeM (hopma
MMIUTAaHTaT WHAMBHIyaldbHA A KAXKIOrO TMalUEHTA. BBIABICHHE ONTUMAIBHBIX PEXUMOB
CIUTIABJICHUS MO3BOJIUT B JAIIBHEHIIIEM UCIONb30BATh UX JJS MOJY4YEHUs UMIUIAHTAT HyKHOW JUIs
KaXIO0r0o KOHKPETHOTO ManyeHTa (GOpMBbl U3 CMECH MOPOIIKOB TUTaHA, HUOOUS M IMUPKOHUS TPU
3TOM CHHU3UTh UX CTOMMOCTD.

CenextuBHOe nasepHoe crekanue (SelectivelLaserSintering — SLS) - wmeron
aJUIMTUBHOTO TPOU3BOJCTBA, HCIOJNB3YyEeMbIH ISl CO3JaHUs IMapTUil TOTOBBIX JAETaNeH WIn
(YHKIHOHAIBHBIX HPOTOTHIIOB. IMpornecc IPOM3BOJICTBA HpECTaBIISCT coboii

3anporpaMMHUPOBAHHBIM IIUKI NeUCTBUM aAnUTUBHON MamuHbl. Hacagka cHUMaeT cioil moporika
C TMTaTeNss W PAaBHOMEPHO paclpelesiseT ero Mo MOBEPXHOCTH IMOJJIOKKH M BO3BpalllacTCs
obpartHo. [locie yero y1a3epHbId JIyd MPOXOAUT MO IMOBEPXHOCTH CJIOS MOPOINKA U (hOPMHUPYET
HY)KHBIH KOHTYp. Ilo OKOHYaHWIO CKaHHPOBAaHUS TOPOIIKOBOTO ClIosS Iiargopma ¢
M3rOTaBIMBAEMBIM U3JICIUEM OIYyCKACTCs, U MPOIIECC MOBTOPSIETCSI, PUCYHOK 1.
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Cexuust 3. AJAMTUBHBIE TEXHOJIOTHH MTOJTYYEHHSI HOBBIX MaTEpUAIOB

Pucynox 1 - IIporecc ckaHMPOBAHUS ITOPOIITKOBOTO CIIOS

JUis  ocTMKeHMsT HauIydllero KadecTBa IIOBEPXHOCTH HEOOXOAMMO MAaKCHUMAJIbHO
MUHHMMHU3UPOBATh TOJILUHY CJIOs HAaHOCHMOro mopoiuka. Kpome Toro, Heo0xonumo o0ecrneyuTsb
MOCTOSIHHOCTH CJIOSI HAHOCUMOT'O TIOPOIIKA, MMOCKOJIBKY TIociie 00pabOTKH J1a3epoM CIIOS TIOPOILIKa
TOJIIIIMHON XMKM CIIJIaBJICHHBIH IOPOLIOK 3aHMMAET TOJIIIUHY ¥ MKM, KOTOpasl HA @ MKM MEHbIIIE
TOJIIMHBI CJIOS MCXOAHOTO Hopomka. TakuMm o0pa3oM, Ui COXPaHEHHs MOCTOSHHOW TOJIIHHBI
CIUIABJICHHOTO CJIOSI Y HEOOXOOMMO COXPAaHUTh TOJIIMHY CJIOSI MOPOIIKA X M TOCHE KaxIou
olepanuny CIUIaBICHUS OMyCKaTh M1aT(OopMy HE Ha BBICOTY X, a Ha BBICOTY X—d.

Ilepen mpoBeneHmeM Tporiecca kamepa Bakyymupyercss mao gaienwms ~0,9 Ila, mpu
noctkeHnn nasienus 1,5 Ila BkimrowaeTcs oOorpeB CTeHOK Kamepbl. B TeueHue mepsbix 10
MHUHYT OT MOMEHTa BKJIIOUYEHHs 00OrpeBa JaBjeHHE B Kamepe pocTeT 1o 3Hadenus ~3 [la, uro
TOBOPUT 00 MHTEHCHBHOM Ta30BbIAeNeHIH. Takas o4rcTKa MOBEPXHOCTEH KaMephl, MOIOKKH, a
TaK)ke IMOpOIIKa fABJsETCS 0043aTebHBIM NPHU IPOBEASHUH MpPOIEcca JIa3epHOr0 CIUIABICHHMS.
Ecnu pabotats 6e3 mpeaBapUTEIbHOrO MPOrpeBa, TO MPOLECC Ta30BbIACTICHUS TPOUCXOINT yKE B
npoliecce CIUTABIICHUS, YTO MPUBOIUT K 00pa30BaHUIO KPYIHBIX ITOP B IMOTy4aeMbIX 00pasIax.

BoNbIIMHCTBO pa3MUYHBIX CIUIAaBOB IIOKA3bIBAIOT OoJjiee BBICOKHM Moayns FOHra
(>70TTIa) mo cpaBHeHuio ¢ MoayieM KOura koprukanphoit koctu (10-30 I'Tla). B-turanoBbie
criassl, cucteMbl Ti-Nb-Zn, sBrnsroTcst OAHUM U3 KaHIUIATOB ISl TAKUX MPUMEHEHHUI M3-3a ero
Huskoro Mopaynst FOnra (~ 52 TI'Tla) u3-3a mpucytcTBusi BbicokoTemneparypHoii OLIK-¢assr,
CcTaOMIIN3UPOBAHHOM C BHICOKUM COZIEPKAHUEM HUOOUSL.

[lonck onTUManpHBIX MApaMETPOB JIa3€PHOTO CIUIABJICHHS MOPOIIKOB  SIBJISETCS
TpyZOoeMKOH 3amadeld. CBs3aHO 3TO C HaJMYMEM MHOXKECTBa MapaMETPOB, KOTOpPbIE BO3MOXHO
MEHSATh B IIUPOKUX Mpeenax.

B xoze mpoBemeHHs SKCHEPUMEHTOB IIOCTOSIHHO MEHSIOT OCHOBHBIE BapbHpyeMbIE
napameTpsl, sl JOCTIKEHHS JTy4lle pe3yiabTaToB. OCHOBHBIC BapbHUpyEeMbIE MapaMeTpbl — 3TO
MOIIHOCTh H3Jy4YeHHsI, CKOPOCTh CKaHHpPOBAHMs, pa3BepTKa W TOJIIMHA CJIOS HACHIIAEMOTO
nopoika. Mcronb3yeMble pexxuMbl IpUBEIeHbI B Taduie 1.

Tabmuna 1 - Pexumsl SLS nipu mpoBeeHUH SKCIIEPUMEHTA

[TapameTpsl 3HaueHUs
MormHOCTh Ja3epHOTro H3IydeHus, BT 125
JluameTp J1a3epHOro Jiyda Ha MOBEPXHOCTH, MKM 205
PaccrostHre Mex Ty TUHHSIMUA CKaHUPOBAHUS, MKM 200
CKOpOCTh IIEPBOT0 CKAaHMPOBAHUS, MM/C 160
CKOpOCTh BTOPOr0 CKaHUPOBAHUS, MM/C 140
JlaBieHre MHEPTHOTO Ta3a, aTM. 1,6
TomnmuHa ClIos, MKM 100
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Ha BenmuwHy MOAyNs yHpyroctd pa3padaThiBaeMbIX CIUIABOB CHIILHOE BIHSHUE
OKa3bIBaCT M TEMIIEpaTypa IutaBiicHusI. UeM Hibke OyJeT TeMIieparypa IUIaBIICHUS, TEM MEHBIIC
Oy/yT CHIIBI CBSI3U ATOMOB B TBEPJIOM COCTOSIHHH, a, CIICIOBATEIILHO, M HIXKE MOJTYJb YIIPYTOCTH.

Jns momydeHumss HykHOTO cmuiaBa cuctemsl [|1-NB-ZR, HeoOXomumel mambHEHITHE
WCCJICIOBAHUS OCHOBHBIX BAPhUPYEMBIX IMAPaMETPOB aJIUTUBHOW MAIIHHEI.
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THE DEVELOPMENT OF ADDITIVE TECHNOLOGIES FOR PRODUCTION OF
CERAMIC COMPONENTS AND PARTS OF A NEW TYPE BY MEANS OF SELECTIVE
LASER MELTING

S.V.KOLMAKOQV, S.A.KOITOV
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Increasing demands for range and intensity of maneuvering hypersonic vehicles at the
moment is hampered by the complex dependent factors: weight, heat resistance and mechanical
strength of structural materials at elevated temperatures. Existing to date technology of hot
pressing and conventional sequential molding followed by sintering of ceramic materials, can not
provide the required characteristics of the structural parts for hypersonic vehicles. This is
especially true of hollow ceramic parts of cellular structure. Technology of production of ceramic
units and parts by selective laser fusion, which refers to the additive technology will enable the
engineering industry to solve complex materials science problems and to create a programmable
structural material of cellular structure. Therefore, the formation of products on the basis of
ceramic materials is developing in the direction of use of the additive technologies.

The significance of the problem being solved with the use of additive technologies from
the perspective of overcoming technical, technological, resource, environmental limitations
relevant to the areas of development of the country is formed by the set of advantages of additive
manufacturing technologies over traditional machining of workpieces. So, for example:

- a significant savings when production is started. The data required to start the production,
can be stored digitally, and reproduced without material cost;

- ability to make amendments at any stage by a simple adjustment of the CAD file;

- customization production line: additive technologies allow to make party, in which every
object (item) may be different from the previous one.

- the effectiveness of additive technologies is the increase in utilization of material,
reduced weight and lower cost parts through the optimization of the technological cycle.

- ecological purity of production, since the space of additive machines are generally closed
and includes in its design the filtration system, all the gases passing through the chamber is filtered
from particles of powder. Unused powder during the process is sent back to the head of the
production cycle.
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