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V. BimoMocTi npo gucepraniio
MoBga gucepraiiii:
Koau TeMaTHYHHX PyOPHK: 55.20.15

Tema gucepranii:
1. @opmyBaHHS! HAHOCTPYKTYP NPY MIBUAKOIJIMHHUX MPOLIECAaX iOHHOTO i J1a3epHOro 06pO6JIEHHS Pi3aIbHOTO
IHCTpYMEHTY i IeTanein

2. The formation of nanostructures during fast processes of ion and laser processing of cutting tools and parts

Pedepar:

1. O6'eKT moCHiIpKEHHs — pi3aJIbHUM IHCTPYMEHT i ieTasli 3 HAHOIIOKPUTTSIM i HAHOCTPYKTYpPOBaHUMMU LIapamH,
OTPUMaHMMM BHACJIJOK Jii [IOTOKIB iOHIB i JIa3€pHOTO BUIIPOMIHIOBAHHS; META NOCJIIIPKEHHS — TiBUILEHHS
ePeKTUBHOCTI GOPMOYTBOPEHHSI [TI0BEPXHi Pi3ajibHUM iHCTPYMEHTOM, I0T0 POGOTO3ATHOCTI U 306iIbIIeHHS
pecypcy neTasel; MeToIu NOCiIPKeHHS — KJIaCUYHi MeTOIM BU3HAYEeHHs eHeprii Kpucranizauii kap6izis, HiTpuis,
OKCHUJIiB i BpaXOBaHO KBaHTOBO-MEXaHi{4Hi BJIACTUBOCTI TEMIO(DiI3NYHUX i TEPMOMEXAHIYHNX XapaKTePUCTUK

MaTepiaJIiB, d TaKOXX METOON pOSB’HBaHHH 3a1a4 MaTeMaTU4YHOi CbiBI/IKI/I 3 BUKOPDUCTAaHHAM CYy4aCHUX MeTO,[LiB



€KCIIEPUMEHTAJIbHUX NOCIIIKEHD i BUMIPIOBAJIbHUX NIPUJIAZiB; PE3YyJIbTaTU — BUSBJIEHO COPTH, 3HAYEHHS €HEPTiN i
3apsiB iOHIB, IIPU SIKUX Peasli3yloThCsl HAHOKJIACTED B 00'€Mi 11 CTBOPIOIOTHCSI HAHOCTPYKTYPH Y BUTJTISAL]
[IOBEPXHEBUX CTPYKTYP, @ TAKOX BU3HAYEHO TEXHOJIOTIYHI IapaMeTPU JIA3€PHOTO BUIIPOMIHIOBAHHS IIPU SIKUX
CTBOPIOIOTBCSI HAHOCTPYKTYPH 33JaHOTO PO3Mipy Ha HEOOXi[Hill IIIMOMHI B MaTepiasi pisajabHOrO iHCTPYMEHTY, a ix
3MiHEHHS [IPUBOIUTH [0 MOSBY HAHOCTPYKTYPOBAHOTO IIAPY; HOBU3HA — yIIeplle 3HaWEHO Aialla30Hu €Heprin
ioniB iy yac aii Ha TBepauit crieyenuit MC221 i amominieBnii J16T crinaBy, y SKMX HEOOXiTHO BpaxOByBaTU
CIIiZIbHUI BIJIMB €HEprii yTBOPEHH: 3epHa 3 HIiTPUAiB, KapbifiB, OKCUAIB i ix TenynodisnyHi i TepMoMexaHiuHi
XapaKTEPUCTUKHU 3 yPaxyBaHHSIM KBAHTOBO-MEXaHIYHMX BJIACTUBOCTEN 7151 301/IbIIEHHSI TOYHOCTI TPOTHO3YBAHHS
TEXHOJIOTIYHUX ITapaMeTpPiB yTBOPEHHS HAHOCTPYKTYP IIif] Yac i0HHO-I17Ia3MOBOT0 O6POGIIEHHS; LOPOOIEHO
MaTeMaTU4Hy MoJesb Qi3MYHUX [IPOLECiB Iifl Yac iOHHO-T1JIa3MOBOT0 00pO6JIeHHS MaTepiay i yBeleHO KpUTepii,
IKi BU3HAYAIOThb CIIOCIO 33JaHHS TEIJIO(PiI3NYHMUX i TEPMOMEXaHIYHUX XapaKTePUCTHUK (KBAHTOBO-MEXaHIYHUI 260 3
eKCIIepMMEHTAJIbHUX [IOBIIKOBUX JaHUX) TBepAoro crevyeHoro MC221 i marniesoro MA14 cnnagis, 1o aao 3Mory
301IBIIMTY TOYHICTb TPOTHO3YBAHHS PO3MIpPy 3€pHa; yreplle BU3HAUYE€HO TEXHOJIOTIUHI IapaMeTpH JIa3€pHOTo
BUIIPOMIHIOBaHHS J|J1s1 yTBOPEHHSI HAHOCTPYKTYP MiJl yac Horo nii Ha kepamiuHuii TBepguil cninas Enbb6op-P i
BCTAHOBJIEHO, 10 TPUBAJIICTD [ii iMITyJIbCY BUIIPOMIHIOBAHHSA CEPEl iHINX TEXHOJIOTTYHUX [TaPAMETPIB €
BM3HAYaJIbHOIO i BHAXOIUTHCS y (PEMTOCEKYHIHOMY [1ialla30Hi, TAKOX [IOBELIEHO, 11O IIifl 9ac Iii sla3epa y LbOMY
Iliana3oHi peasli3yloThCsl BUCOKI TEMIIepaTypHi HalIPY>KEHHS, SIKi iHillil0I0Th BUHUKHEHHS HAHOCTPYKTYP 6€e3
IOJATKOBUX YMOB; CTYIIiHb BIIPOBAI)KEHHS — OCHOBHI pe3y/bTaTy i peKoMeHalii peasizosani Ha AT «DE]l» npu
BUKOHaHHI POGIT 3i 3MiLIHEHHS POOOYMX [TIOBEPXOHD Pi3aJIbHOTO iIHCTPYMEHTY i ieTaseil arperatooyayBaHHs Ta
OTPUMAaHO PiYHUM eKOHOMIYHUI edeKT y po3mipi 350 Tuc. IpH.; rajy3b BUKOPUCTaHHS — aBialliliHe Ta 3arajbHe

MalMHOOYyBaHHS.

2. Object of research - cutting tools and parts with nanocoating and nanostructured layers obtained due to the
action of ion fluxes and laser radiation; the purpose of research - increase of efficiency of formation of a surface by
the cutting tool, its working capacity and increase in a resource of details; research methods - classical methods
for determining the crystallization energy of carbides, nitrides, oxides and taking into account the quantum
mechanical properties of thermophysical and thermomechanical characteristics of materials, as well as methods
for solving problems of mathematical physics using modern methods of experimental research and measuring
instruments; results - revealed varieties, values of energies and charges of ions at which nanoclusters are realized
in volume and nanostructures in the form of surface structures are created, and also technological parameters of
laser radiation at which nanostructures are created of the set size at necessary depth in material of the cutting
tool , and their the change leads to the appearance of a nanostructured layer; novelty - for the first time ranges of
ion energies during action on hard sintered MC221 and aluminum DI6T alloys were found, in which it is necessary
to take into account the joint influence of grain formation energy from nitrides, carbides, oxides and their
thermophysical and thermomechanical characteristics taking into account quantum mechanical properties for to
increase the accuracy of forecasting technological parameters of nanostructures formation during ion-plasma
treatment; the mathematical model of physical processes during ion-plasma processing of material is improved
and the criteria defining a way of setting thermophysical and thermomechanical characteristics (quantum-
mechanical or from experimental reference data) of hard sintered MC221 and magnesium MA14 alloys are
introduced, which allowed to increase the accuracy of grain size prediction; for the first time the technological
parameters of laser radiation for the formation of nanostructures during its action on the ceramic hard alloy
Elbor-R were determined and it was found that the duration of the radiation pulse among other technological
parameters is decisive and is in the femtosecond range also proven that high temperature stresses are realized in
this range, which initiate the emergence of nanostructures without additional conditions; degree of
implementation - the main results and recommendations were implemented at JSC "FED" in the performance of
works to strengthen the working surfaces of cutting tools and parts of aggregate construction and obtained an
annual economic effect of 350 thousand UAH,; field of application - aviation and general engineering.
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