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1. TIinBuIeHHs eKCIUlyaTalilfHUX BJIACTUBOCTEH HAarpiBHUX €J1eMEeHTIB CUHTEe3yBaHHSIM HaHOCTPYKTYpOBaHUX
(yHKIiOHAIbHO-TPaliEHTHUX LIApiB

2. Increasing performance properties of the heating elements by synthesizing nanostructured functionally graded
layers

Pedepar:

1. O6'eKT BOCIIIKEHHS - IPOLECU CTPYKTYPOYTBOPEHHS Mif, yac (GOPMYyBaHHS ieJIEKTPUYHUX MIAPiB 3 OKCUIB Ta
HiTpuzis Mg, Al, Ti meTomamu ilxeHepii noBepxHi. MeTa po60TH - BCTAHOBJIEHHSI OCOOJIMBOCTEN
CTPYKTYpPOTBOPEHHS PYHKIiOHATIbHO-TPaJlieHTHUX JlieJIeKTPUYHUX 1IapiB 3 OKCUAiB Ta HiTpULiB Mg, Al, Ti nins
NiABUILEHHS €KCIITyaTaliflHAX BIACTUBOCTEH IIJIiIBKOBUX HAarPiBHUX €JIEMEHTIB. Y poOOTi BUBUEHO OCOBIMBOCTI
CTPYKTYPOYTBOPEHHS, XapaKTeP pPO3MNoLiny AedeKTiB KpUCTANiYHOi 6yI0BU i pa30BUil CKIaf JieIeKTPUYHUX MIapiB
3 MgO, TiO2, Al203, AIN Ha nigknankax i3 ctasni 40X13, criiaBy AMr2 3aesxHo Bifj pe>kuMiB ix GpopmyBaHHS. Y
SIKOCTi iHCTPYMEHTY JJ1sl CTBOPEHHSI TaKUX IIapiB OOIPYHTOBAHO JOLIiJIbHICTh BUKOPUCTAHHS OLHOTO i3 METOTiB
imKeHepii MoBepXHi - iIOHHO-I1J1a3MOBOTO HAIIWJIIOBAHHS. BCTaHOBJIEHO B3a€MO3B'SI30K MK XiMIYHUM CKJIAZIOM,
CTPYKTYPOIO [i€JIEKTPUYHUX MIAPiB, iX aAre3ielo 4o MOBEPXHi, MIKDOMEXaHIYHUMH, TEMJIOBUMHU i €J1IeKTPOQi3nYHNMNU

BracTuBOCTIMU. Cepiero MOPiBHANBHUX €KCIIEPUMEHTIB BCTAHOBJIEHA ONTUMAaJIbHa KOMOIHALIiSI B CUCTEMI



"MigKanka - gienexkTpuyHuii map” - "cranb 40X13 - AIN". [Ing ocmiipKyBaHUX CUCTEM BCTAaHOBJIEHI ONITUMAJIbHI
PeKMMU HaHECEeHHsI JlieJIeKTpUYHUX apiB. BoHu 3a6e3neuyoTs GOpMYyBaHHS TaKUX CTPYKTYPHO-T€OMETPUIHUX
napaMerTpis i (pa3oBOro cKiaay, o JATh MOKJIMBICTD OflepKaTh HeoOXiAHI excrlyaTaliiiHi B1acTuBocTi. [17s
KepyBaHHS PeXXUMaMU HAaHECEHHSI Ta KOHTPOJIIO SIKOCTI JlieJIeKTPUYHUX 11apiB (32 IapaMeTpaMu MiKpOCTPYKTYpPH,
piBHeM IedeKTHOCTI, afresii Ta eJIeKTPUYHMMU BJIACTUBOCTSIMU) BIleplie KOHDIrypoBaHO i afanTOBaHO
MIpOrpaMHUil HelipoMepeskeBuil KOHTposiep HediTKoi jioriku T - Controller Workshop Ta po3po6seHo nporpamHuii
HelipomepexxeBui npenukrop "Ib /T'pazgieHT 1.1". Ha ocHOBI mpoBegeHuX AOCTiI>)KEHb BUTOTOBJIEHO TOCTiTHUN
3pasok, SIKMH YBIMIIOB y KOHCTPYKIiio kanopudepa KEIT 2-10-4-220 /380 i ycninHoO NpoiioB CTEHI0BI
Burpo6ysanHs Ha OOO TIIKIIIT "Kpenys".

2. The object of research is processes of structure formation of the dielectric layers during formation of the oxides
and nitrides Mg, Al, Ti by surface engineering methods. The aim of the work is establishment features of structure
formation of the functionally graded dielectric layers with oxides and nitrides of Mg, Al, Ti for increasing the
performance properties of film heating elements. The characteristics of structure, the nature of the defect
distribution of the crystal structure and phase composition of the dielectric layers of MgO, TiO2, Al203, AlN lined
40X13 steel, alloy AMg2 depending on the mode of their formation were studied at work. As a tool for the creation
of such layers justified the feasibility of using one of the methods of surface engineering - ion-plasma sputtering.
The correlation between the chemical composition of the dielectric layers of the structure, their adhesion to the
surface micromechanical, thermal and physical properties were found. A series of comparative experiments
established the optimal combination in the system "substrate - dielectric layer" - "Steel 40X13 - AIN". In the studied
systems, the optimal modes of applying dielectric layers which provide structural formation geometry and phase
composition to achieve the required performance properties were found. To manage application modes and
quality control of dielectric layers (the parameters of the microstructure, the level of defects, adhesion and
electrical properties) first configured and customized software neural network fuzzy logic controller T - Controller
Workshop and developed a software neural network predictor "DB/Gradient 1.1". Based on the research developed
a prototype that entered the construction heater KEP 2-10-4-220/380 and successfully passed the test bench on
OOO PKPP "Kreduv."
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