DKCTPEMAJI/IbI TPUBOJIOT USUIBIK KOJIJAHYJIAPFA APHAJIFAH BEUIMIEJITILII
HAHOKOMITO3UTTIK X KXABBIHAAP/IbI O3IPJIEY

7Ko6a KP BI'M rpanTThIK Kap:KbLIaHIBIPYBI asiChIHAA KYy3ere achIpbLIabl, AP08857579 rpanTsl.
2020-2022 xkbL1aapFa apHAJIFaH KapKbLIAHABIPY KeJieMi — 69,063 MuiH Tenre.

BacbiM 0aFbIT: TaOHFU pecypcTapasl YTBIMIBI Maiifagany, OHBIH IIIHAE Cy pecypcTapbl, TeoIoTHS,
KaiiTa eHJIey, KaHa MaTepualiap MEH TeXHOJIOTUsUIap, Kayinciz OyibIMaap MEH KOHCTPYKIUSIIAP.

3eprreynin o3ekrimiri: JXoOGaHbIH wHIEsICHl ©3repMelti YHKENiC >KarjaijaapbiHa OcHiMIeNne ajaThiH
KYPBUIBIMFAa M€ TO3yFa TO3IMJIi HAHOKOMIIO3HMTTIK >KaOBIHIAP/IbI 931piieyre HerizaenreH. by skaObiHmap
TYPAaKThI )KOHE alfHBIMAJIBI JKYKTEMeNepIiH acepine Oelimaenyre, aOpa3uBTI TO3y MEH ChIpFaHay YHKeETici
Ke3iH/le, COHBIH iIIiH/Ie KOFaphl TEMIIEpaTypa KarJalblHIa, TO3YAbl a3aiiTyFa MyMKiHaik Oepeni. Ti, Zr,
Mo, Cr, Nb, Y cusKTBI aybICliajbl METaAapAblH HUTPUIATEPIHIH SPTYpJi KOMOWHAIUSIIAPHI HETI3iHIe
JKaKCapThUFaH TPUOOJOTHSIIBIK KacuerTepi Oap jkaHa HAHOKOMITO3UTTIK KaObIH JKYHEIEpiH aylylIbiH
MaTepHanTaHyJbIK HeTi3iepl o3ipiieHeni. AJBIHFAH HOTWXKENEp HeTi3iHAE aybICmalbl MeTanjaap
HUTPUATEPIHEH TYPaThIH TO3YFa TO3IMII KONKAOATTHI XYyHenepai o3ipieyaiH jKaHa TYKbIPHIMIaMaChIH
KaJIBIITACTHIPY JKOHE OHBI OHJIIPICKE eHTi3yre OarbITTajfaH MHHOBAIMUIBIK YCBIHBICTAP/bI NAibIHAQY
MYMKIHJIIT TYBIHIAHIbI.

Makcarbl: AybIcliajbl MeTaijgap HHUTPHATEPl HETi3iHAE KOnkadaTThl JKOHE KONKOMITIOHEHTTI
HAHOKYPBUIBIMJIBI KaOBbIHIAP/IbI ATy TEXHOJOTHSICHIH 93ipJiey, oJlaplibl YHKeENiC TIeH TO3Y/bIH e3repMeni
KarJainapeiHa OeiiMzey, COHJIAN-aK BaKyyMIIBIK-IOFaNbIK TYHIBIPY Kesinpe Ti, Zr, Mo, Cr, Nb, Y
HUTPHUITEPIHIH OPTYpJii KOMOMHAIUSIAPHl HETi3iHAErT HAHOKOMIIO3MTTIK JKAOBIHIAAPABIH KYpaMbl,
KYPBUIBIMBI )KOHE TPHOOJIOTHSIIBIK KACHETTEPiHIH KaJIbINTACy 3aHIbUIBIKTAPBIH AHBIKTAY.

7KobanbiH HITHXKeJNEepi: PeakusuiblK ra3 KhICBIMBI MEH OWcioinap canbiHa OavinaHbicThl (TiZr/Nb)N
kenKabaTTel Arc-PVD jkaObIHAapBIHBIH KYPBUIBIMIBIK-(Da3anblK KYWHIHIH KAIBINTACy 3aHIBUIBIKTAPHI
KOHE ONapAbIH MEXaHHWKAJbIK >KOHE TPUOOJOTHSIIBIK CHIIATTAMANAPBIHBIH ©3repy epeKmIeiKTepi
aHbIKTanAbl. To3yFa Te3iMJli KONKaOaTThl KaObIHAAPIBI JKAFY/AbIH OHTAWIBI peXUMIEpl OenrineHmui,
HAHOKOMIIO3HTTIK KaObIHIAPIbIH MEXaHUKAIIBIK KACHETTEPiHIH KABINTACY ePEKIIENiKTepl XKoHe YHKeTIC
XKaralbiHa OafIaHBICThI OJAPBIH TO3Y MEXaHU3MJIEPi alKbIHIAJJIbL.

Koanany cananapbel: Mammna xkacay K9HE METaJTypIHsl.



PA3PABOTKA AJIAIITUBHBIX HAHOKOMIIO3UTHBIXIIOKPBITUH JIJI SKCTPEMAJIBHBIX
TPUBOJIOTMYECKUX ITPUMEHEHUIA

[pu nopnepxke rpantooro punancuposanust MOH PK, rpant AP08857579.00bem
¢punancupoBanus na 2020-2022 rr.— 69,063 muin. TeHre

IMpuoputeTHoe HampapJjieHHe: PalMoHAIBHOC HCIOJNB30BAHUE MPHPOAHBIX, B TOM YHCIE BOIHBIX
pecypcoB, Teosorus, repepadoTka, HOBbIE MaTepualbl M TEXHOJIOTMH, O€30MacHble HU3ACIUS U
KOHCTPYKIIMH

AKTyalbHOCTh HMCCIeqoBaHMii: Maes rmpoekra oOCHOBaHa Ha pa3pabOTKe H3HOCOCTOMKHUX
HAHOKOMIIO3UTHBIX TOKPBITUH CO CTPYKTYpPOH, CHOCOOCTBYIOIIEH WX ajanTaldd K MEHSFOIUMCS
YCIIOBUSIM TPEHMSI — BO3JEHCTBHUIO TMOCTOSHHBIX M 3HAKONEPEMEHHBIX HAarpy30K, YMEHBIIEHHIO M3HOCA
npy aOpa3svMBHOM HW3HANIMBAHUM W TPEHUH CKOJBKEHHS, B TOM YHCJIC B YCIOBHUSX ITOBBIIICHHBIX
Temrepatyp. byayr pa3paboTraHbl MaTepHAIOBEAYECKHE OCHOBBI IOMYYEHHS HOBBIX CHCTEM
HAHOKOMITIO3UTHBIX TOKPHITUH Ha OCHOBE Pa3IMYHBIX KOMOHWHAIMH HUTPHJIOB TMEPEXOJHBIX METAIIOB,
takux kak Ti, Zr, Mo, Cr, Nb, Y c ynyumieHHbIMH TpHOOIOTHYECKUMH cCBOiicTBamMu. Ha 0Oase
MOJMYYEHHBIX JAHHBIX CTAaHET BO3MOXKHBIM CO3/IaHHUE HOBOHM KOHIICMIIUM Pa3pa0O0TKH H3HOCOCTOWKUX
MHOTOCIIOWHBIX CHCTEM HUTPHUJIOB MEPEXOTHBIX METAIOB U OyAyT copMyIHpOBaHBI HHHOBAIIMOHHBIC
MIPETIOKEHUS C IEPCIIEKTUBONW BHEIPEHUS pa3paOOTKH B TPOU3BOICTRO.

Heab: PazpaboTka TEXHOIOTHH MOITYyYEHUS MHOTOCIOHHBIX ¥ MHOTOKOMIIOHEHTHBIX HaHOCTPYKTYPHBIX
MOKPHITUII HA OCHOBE HUTPUAOB NEPEXOMHBIX METAJUIOB, aJaNTHPOBAHHBIX K MEHSIOMINMCS YCIOBHUSIM
TPEHHs ¥ W3HAIIMBAHHA, a TAK)KE YCTAHOBJICHHE OCHOBHBIX 3aKOHOMEpPHOCTEH (hOPMUPOBAHUS COCTABA,
CTPYKTYpHl M TpPHOOJOTHYECKUX CBOHCTB HAHOKOMIIO3UTHBIX IIOKPHITHH Ha OCHOBE pa3IMYHBIX
KOMOHMHAIWN HUTPUIOB IEPEXOJHBIX MeTajuioB, Takux kak Ti, Zr, Mo, Cr, Nb, Y npu BakyymHO-
TyTOBOM OCaKICHHH.

Pe3yabTaThl NpoeKTa:

VY CTaHOBIICHBI 3aKOHOMEPHOCTH (OPMHUPOBAHUS CTPYKTYPHO-(A30BOrO COCTOSIHUST W OCOOCHHOCTH
M3MEHEHUS! MEXaHMYECKMX W TPUOOIOTMYECKUX XapaKTEePUCTHK MHOTOCIOHHBIX Arc-PVD mokpsiTuit
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(TiZx/Nb)N B 3aBUCUMOCTH OT JaBJIECHUS PEAKIIMOHHOIO ra3a U KOJIUYecTBa OUCIIOEB.

Omnpenenens! ONTHUMaJIbHBIE PEKUMbl HAHECEHHSI M3HOCOCTOMKMX MHOTOCIOWHBIX TOKPBITUH H
BBISIBJIGHBI OCOOEHHOCTH (POPMHUPOBAHUS MEXAaHUYECKUX XapaKTEPHUCTUKU HAHOKOMITIO3UTHBIX ITOKPBITHH,
a TaKXe BBISIBICHBI OCOOCHHOCTH HW3HAILMBAHWS HAHOKOMIIO3UTHBIX ITOKPBITUH B 3aBUCHUMOCTH OT
YCIIOBHUS TPEHHUS.

Otpacju npuMeHeHHs pa3padoToK: MallmHOCTPOEHUE U METAJLTYpIHsL.



DEVELOPMENT OF ADAPTIVE NANOCOMPOSITE COATINGS FOR EXTREME
TRIBOLOGICAL APPLICATIONS

The project was carried out with the support of grant funding from the Ministry of
Education and Science of the Republic of Kazakhstan, Grant AP08857579.
Total funding for 2020-2022 amounted to 69.063 million KZT.

Priority area: rational use of natural resources, including water resources, geology, processing,
new materials and technologies, and safe products and structures.

Relevance of the research: The project is based on the development of wear-resistant
nanocomposite coatings with a structure capable of adapting to changing friction conditions,
including constant and alternating loads, reduction of wear under abrasive wear and sliding
friction, as well as operation at elevated temperatures. Materials science foundations for
producing new nanocomposite coating systems based on various combinations of transition
metal nitrides such as Ti, Zr, Mo, Cr, Nb, and Y with improved tribological properties will be
developed. Based on the obtained results, it becomes possible to create a new concept for the
development of wear-resistant multilayer systems of transition metal nitrides and to formulate
innovative proposals with prospects for industrial implementation.

Objective: To develop a technology for producing multilayer and multicomponent
nanostructured coatings based on transition metal nitrides, adapted to changing friction and wear
conditions, and to establish the main regularities of composition, structure, and tribological
properties formation of nanocomposite coatings based on various combinations of transition
metal nitrides such as Ti, Zr, Mo, Cr, Nb, and Y during vacuum arc deposition.

Project results: Regularities in the formation of the structural and phase state and features of
changes in mechanical and tribological characteristics of multilayer Arc-PVD (TiZr/Nb)N
coatings were established depending on the reactive gas pressure and the number of bilayers.
Optimal deposition regimes for wear-resistant multilayer coatings were determined, and features
of the formation of mechanical properties of nanocomposite coatings as well as wear
mechanisms under different friction conditions were identified.

Fields of application: Mechanical engineering and metallurgy.
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