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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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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Cexuust 3. AJAMTUBHBIE TEXHOJIOTHH MTOJTYYEHHSI HOBBIX MaTEpUAIOB

It should be noted that the analysis of modern trends of development of the relevant area
of science and technology shows a rapidly growing segment of additive manufacturing refers to
production technology of ceramic components and parts by means of selective fusing.

Thus, the proposed project is fully consistent with modern trends in the field of additive
technologies and the development of the aerospace industry, and contributes to the solution of
questions of import substitution in the domestic market and has export potential.

The project will develop new materials micro and nano structured type, which ensures the
creation of goods by means of additive technologies for operation in extreme conditions. The
materials will be used in new high-tech industries and provide substantial (more than 30 %) to
increase the thermal stability of the products.

In addition, the project will be developed production technologies of ceramic components
and parts of hypersonic vehicles by means of selective laser melting behaviour and methods of
diagnosis of processes and obtained products. The same will determine the best modes of fusing
ceramic materials depending on particle size distribution.

In the course of the project it is expected to obtain at least two results, capable of legal
protection is itself modified powdered ceramic material and a useful additive model to streamline
the installation.

The object of this project is the technology of production of ceramic units and parts by
selective laser fusion with the use of innovative methods of diagnostics of processes and obtained
products. This technology relates to new processes layer-by-layer combining materials to create
the object and, according to foreign classification ASTM F2792-12a, in the course of the project
will create a technology called "Powder bed fusion" - the fusion of material into a pre-formed
layer.

Work is performed under support of Federal target program, code: 2016-14-579-0009-
027.

IHOJYYEHUE TUTAHOBBIX OBPA3LIOB
METOAOM 2JIEKTPOHHO-JIYYEBOI'O CIIVIABJIEHU A

M.I'" KPUHUIIBIH*?
"Yucruryr dusukn npounoctn u Matepuanosenerus CO PAH
TOMCKHIi TOJINTEXHAYECKHI YHUBEPCUTET
E-mail: krinmax@gmail.com

BBenenue. DIEKTPOHHO-TyYEBBIE TEXHOJOTHMH HAa CETOMHSAIIHUN JEHHL ITOMHMO BCETO
MIPOYETO MPUMEHSIOTCS B TEXHOJOTHH TPEXMEPHOM MeYaTH METAIIMICCKUX WM3ICTUH, TIe JeTalb
(dhopMupyeTCs 3a CYET MOCIOWHOTO CIUIABICHHUS METaJLUTMYECKOTO IMOpOIIKa C(HOKYCHPOBAHHBIM
ITy9KOM JJICKTPOHOB TI0 33JJaHHOMY alaTopuTMy. B mporiecce Bo3melicTBHs Ha TIOPOIIOK, OCOOCHHO
MpY MMOCTPOCHUH KPYMHOTaOAPUTHBIX HW3ICIINHA, MOI'YT OOpa30BbIBATHCS MACCHBHBIC BaHHBI
pacmiiaBa W BO3HUKATh SBICHHUS, NPUBOASIIME K (OPMHUPOBAHUIO CIIOKHOTO penbeda
MMOBEPXHOCTH JIETANIM, YTO SIBISETCS HEJOMyCTUMBIM. TakuM o0pa3oM, MpHU 3IEKTPOHHO-ITY4EBOM
00paboTKe TOBEPXHOCTH HEOOXOJMMO TOA00paTh TaKOW CIOCO0 MOAYISIHH JTy4a, KOTOPBIA OBl
HE TIPUBOAWI K (POPMHUPOBAHHIO CJIOXKHOTO pelbeda IMMOBEPXHOCTH, MPH STOM 00ecrednBal
COXpaHEHHE WIIU TIOBHIIIICHUE 3HAYEHUH TIPOYHOCTHBIX CBOMCTB. L{enbro nanHo paboThI SBISLIOCH
HccieoBaHre MOP(OJIOTHH MOBEPXHOCTH HAIJIABJICHHOTO 3JICKTPOHHBIM JIy4OM MHOTOCJIOWHOTO
oOpa3lia M3 THTAHOBOI'O IIOpPOINKA Ha CTAJbHYH) 3arOTOBKY, a Takke MOP(OJIOTHU CaMoOM
3aroTOBKH, OOpa0OTaHHOW JIIEKTPOHHBIM JYy4OM W CpPaBHEHHE €€ TBEPJOCTH C TBEPIOCTHIO
Heo0pabOTaHHO 3arOTOBKHU.

Marepuajbl 1 METOAMKA 3KCIEPUMEHTA. YIPOYHEHHE MOBEPXHOCTH MPOBOAMIN Ha
noanoxke u3 cranu 12X18H10T, ornenpsHO Ha aHANOTMYHYKO MOJJIOKKY HAIUIaBIISJIM CIION
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