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PE®EPAT

Junnomuas paborta: 43 crpanunbl, 15 pucyHkoB, 2  TaOIMIBI,
17 UCTOYHHUKOB.

Kniwouesvie cnosa: MAI'HETPOHHOE PACIIBUIEHUE, HUTPU/I,
KAPBOHUTPU]], PACTPOBAS DJIEKTPOHHAS MHMKPOCKOIINUA, POM,
OIITUYECKAA CITEKTPOCKOIINA, KOOOOPUIMEHT OTPAXKEHIA.

Obvekmom uccriedosanus ABISIIOTCS HAHOCTPYKTYPUPOBAHHBIE HUTPHUIHbBIE
TiAIN u xapOouutpuansie TIAICN nokpbITHs.

Llenv pabomwvl — 0TpabOTKA ONTUMAIIBHBIX PEKUMOB HAHECEHUS] HUTPUAHBIX
TiAIN u kapoonutpuanbix TIAICN  DHOKpBITUH METOJAOM  PEAKTUBHOTO
MarHeTpOHHOTO PACHbUICHUS M MCCIEAO0BAHUE MX CTPYKTYPHBIX M ONTHYECKHX
CBOMCTB, TakuX Kak KO3(PPUIMEHT OTpakeHHs, a TaKKE PACCMOTPEHUE
BO3MOXKHOCTh MX UCIOJIb30BaHUS B PA3JINYHBIX 00JIACTAX HAYKU U TEXHUKH.

B mporecce paboTel MeTOAaMM 3JEKTPOHHOM pPAaCTPOBOW MHUKPOCKOIHH B
COYETaHUM C ONTUYECKUMH METOJAaMH H3YYEHbl CTPYKTYPHBIE U ONTHYECKHE
cBorictBa mokpeiTuii HUTPUAO0B TIAIN u xapoonutpumoB TIAICN nepexomnbix
METAaJUIOB.

PesynbraThl WCClieOBaHUS TOKa3aJld, YTO METOA KOHTPOJIHPYEMOTO
PEaKTHBHOTO MAarHETPOHHOTO PACHBUICHHUS MO3BOJSCT IMOJy4YaTh TOHKHE TUICHKH
autpugoB  TIAIN u xapOGonutpumoB TIAICN ¢ minoTHOW CTpyKTypoil
pa3HOOOpa3HbIM CTpOoeHUEM. MeTogaMHu SHEPrOAMCIICPCUOHHON PEHTTEHOBCKOM
cnekpockonuu 1 POM ycranoBieHo, yto coctaB nokpeIThil TIAICN cymiecTBeHHO
3aBUCUT OT TEXHOJOTMYECKUX MapaMEeTPOB OCAXKIEHHsS: TEMIEPaTyPhl MOIOXKKH,
COOTHOILICHHUSI MEX1y MapIHaJbHbIMU JaBJICHUIMHU peakTUBHBIX ra3oB No/CoH; u
noreHnuana cmemeHus. C TOMOIBI0 MeToda CHEKTPOhOTOMETPHUPOBAHUS
ornpenenén koddduimeHT orpakenus npu pasiarnuHoM coctaBe TIAIN u TIAICN,
OBLITM TOCTPOCHBI 3aBUCUMOCTH KOI(PDUIIMEHTA OTPAKEHUS OT IJTUHBI BOJHBI.

PaccMoTpeHbl  BO3MOXXHOCTH  NPUMEHCHHSI  JAaHHBIX  IOKPBITUH B
KOCMHYECKOW TEXHUKE JIJIsl KOHTPOJISL TEMITEPATypbl HAHOCITYTHUKOB.



ANNOTATION
The diploma: 43 pages, 15 images, 2 tables, 17 sources.

Keywords: MAGNETRON SPUTTERING, NITRIDE, CARBONITRIDE,
SCANNING ELECTRON MICROSCOPY, SEM, OPTICAL SPECTROSCOPY,
REFLECTION COEFFICIENT.

Obijects of study are nanostructured nitride TiAIN and carbonitride TIAICN
coatings.

Objective — development of optimal modes of sputtering process for nitride
TiAIN and carbonitride TIAICN coatings by reactive magnetron sputtering and to
study their structural and optical properties, such as the reflection coefficient, as
well as to consider the possibility of their use in various fields of science and
technology.

In the process, the structural and optical properties of coatings of TiAIN
nitrides and TIAICN carbonitrides of transition metals were studied by scanning
electron microscopy in combination with optical methods.

The results of the study showed that the method of controlled reactive
magnetron sputtering makes it possible to obtain thin films of TiAIN nitrides and
TiAICN carbonitrides with a dense structure and various structures. Using energy-
dispersive X-ray spectroscopy and SEM, it was found that the composition of
TIAICN coatings significantly depends on the technological parameters of
deposition: the substrate temperature, the ratio between the partial pressures of
reactive gases N2/C2H2, and the bias potential. Using the method of
spectrophotometry, the reflection coefficient was determined for different
compositions of TIAIN and TIiAICN, and the dependences of the reflection
coefficient on the wavelength were plotted.

The possibilities of using these coatings in space technology to control the
temperature of nanosatellites are considered.



PODEPAT

JlpimioMHast mpana: 43 craposki, 15 imoctpariisiif, 2 Tabmiiel, 17 KpbIHiL.

Kniwouasvins ~ cnosvi:  MAT'HETPOHA  PACIIBUUIEHHE, HITPBI/,
KAPBOHUTPU/I, A DJIEKTPOHHAS MIKPACKAIIISA, POM, AIITBIYHAMA
CIIEKTPACKAIIIA, KAD®ILIBIEHT AJIJTOCTPABAHHAL.

Ab'ekmam Oacneoasanns 3'SYNAIONNIA HAHACTPYKTYPaBaHBIX HITPBIIHBISA
Ti1AIN 1 kapoonuTpuaabsiec TIAICN makpsIis.

Mbdma npaywl - agnpanoyka anThIMaJIbHBIX PIKbIMAY HAHSICEHHSI HITPBIIHBIX
TiAIN 1 kapOanutpuansix TiAICN makpellusy MeTagam piakThlyHara
MAarHeTpOHHOTO pacHbUIEHHA 1 JacielaBaHHE 1X CTPYKTYPHBIX 1 aNTBIYHBIX
yiaciiBacily, Takix SK Kad(pilbIeHT aJJIloCTpaBaHHsA, a Takcama pasriisi
MardbIMaclp 1X BBIKAPBICTAHHS ¥ PO3HBIX TaJIIHAX HABYKI 1 TAXHIKI.

VY npampee mpansl MeTaznaMi 3JEKTPOHHAM pacTpaBall Mikpackamii ¥
CHAJyuYdHHI 3 AaNTbIYHBIMI MeETajaMl BbIByYaHbl CTPYKTYpPHBIS 1 alThIUHBIS
ynacuiBacil nakpsiisay HiTpeiaay TiAIN 1 kap6orutpunoB TiAICN nepaxoHbix
MeTanay.

BoiHiKI gacnenaBaHHs Makasali, IITO METaJ KaHTpalisiBaHara p3akTblyHara
MarHeTpOHHOTO pAacHbUICHHS Ja3Bajiie aTpbIMIIIBallb TOHKIS IUIEHKI HITpbLAAY
TiAIN 1 xapOonutpunoB TiAICN 3 mybUIbHal CTPYKTypall 1 pa3HacTaiHBIM
OyabsiHKaM. MeTagami SHEproAMCIepCUOHHON pIHTreHayckal cnekpackanii 1 POM
Vycranoynena, mTo ckian makpeisay TiAICN  icToTHa 3aiexXbilb  aj
TAOXHAJIATIYHBIX MapameTpay abyori: TaMIepaTypbl MaaKialKi, CyaJHOCIH MaMIX
NaplbIsUIbHBIMI IIICKaM1 paakThIyHbIX ra3ay N2/C2H2 i1 marsHubisny 3pyusHHS. 3
Janamoraii  mMetamy — CHeKTpopOTOMETPUPOBAHHUS  BbI3HAYaHbl  Kad(]ilbIEHT
amroctpaBadHsi Tpel po3HbIM ckianze TiAIN 1 TiAICN, Owbuti maOynaBaHBIS
3aJieXHacCH] Kad3(ilbleHTa aJIFOCTpaBaHHs aJ 1ayKbIH1 XBaJl.

Pasriemxanbl MarubiMaciii NPbIMSAHEHHS Ja/13€HbIX MaKPBILLSY Y KacMiuHal
TAXHIIBI JJIS1 KAHTPOJIIO TAMIIEpATyphl HAHACTIAIAPOKHIKAY .
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