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Pedepar:

1. Inceprauiiina po60Ta IpUCBsIYeHa JOCiIKEHHIO BIJIMBY KOMIIJIEKCHOI HOHHOI Ta TepMiyHOI 06pOOKY Ha
3aKOHOMIipHOCTI (POPMYyBaHHS CTPYKTYPHO-(}a30BUX CTaHIB Ta (i3MKO-XiMIYHUX BJIACTUBOCTEN Yy HAHOPO3MIpHUX
METaJIeBUX IJIIBKOBUX KOMIIO3MLisSIX, 3ATPEOYBAHUX Y SIKOCTi (PYHKLIIOHAJIbHUX €JIEMEHTIB MIiKpO- Ta
HaHOEJIEKTPOHIKY, (OTOBOJIBTAIKY, MIKPOIIPUIaA00yAyBaHHS. BcTaHOBIEHO, [0 HU3bKOoeHepreTuyHa (400-2000
eB) itfonHo-IpOoMeHeBa 06pobKa NoBepxHi TOHKOIIiBKOBUX crucTeM Ni/Cu/Cr(V) 3araapbHoI0 TOBIMHOIO 75 HM
30iMICHIOE NTaCHBYIOYMH BILJIMB HA MaTepiany MeTajleBUX LapiB, CIIPUSIE BilHOBIIEHHIO OKCHU/IIB Ha BHYTPILIHIX
MEKax pPOo3[isy, 3MEHIIyE KiJIbKIiCTb TOMIIIKOBYX aTOMIB BYIJIELIO Ta KUCHIO, MIiABUIIYE XiMi4HYy yncTOTYy mapy Cu i3

30epeskeHHsIM He3MiHHOro pa3oBOro ckjafy 3a BifcyTHOCTI audy3iliHoi B3aeMofii KOMITOHEHTIB. BudHaueHo, 1110



ONITUMAJIbHUM PEXMMOM TaKOi HU3bKOEHePreTUYHOI HTOHHO-TIPOMEHEBOi 0OPOOKY 3 TOYKY 30PY MOKPaLlEeHHS
(piznKo-xiMiYHMX BJIACTUBOCTEN HAHOPO3MiPHUX KOMIIO3UIIiil € ONTPOMiHEHHs ioHamu Ar+ 3 eHeprieto 800 eB
ypozaoBx 1200 ¢. 3anrpOnIOHOBAHO MOJI€JIb OKMCHO-BiJHOBHUX IIPOLECIB Y HAHOPO3MIPHUX CUCTEMAX IIif €10
JIOHHOTO ONPOMIHEHHS Ha OCHOBi e(eKTy JaJbHOAIi Ta MIJIIXU IOKPALEeHHS KOPO3iliHUX BJIaCTUBOCTEN. Bnepiue
[IOKa3aHo, 0 KOMOiIHYBaHHS HU3bKOEHEPreTUYHOI IOHHOI OOPOOKH 3 TEPMIUHMM BifIIaJIOM 32 ONTUMaJIbHIMU
peKMMaMHU [I03BOJISIE JOCSITHU LIiJIOr0 sy O3UTHUBHUX e(dEeKTiB, B [1epluly Yepry 3 TOUKU 30py [TOKpaIleHHs
BJIACTMBOCTEY OCHOBHOTO (yHKIiOHanbHOro mapy Cu, OUnleHHs HOro BiJl IIKiAJIMBUX JOMILIOK Ta BiJHOBJIEHHS
OKCHiB. Bisibll TOro, BCTAaHOBJIEHI YMOBY, 32 SIKUX BiZl0YBa€ThCS rajbMyBaHHsI [TpoLeciB Audy3iitHoI B3aeMoii
KOMIIOHEHTIB, i, SIK HACJi[IOK, MiIBUIIeHHS TePMIUHOI cTabinbHOCTI QYHKIIOHANBHUX [1J1IBKOBUX KOMITO3ULIiH i3
HaHopo3MipHumu mapamu Ni, Cu, Cr, V 32 yMOB KOMIUIEKCHOT'O MTOHHO-TEPMIYHOT'O BILJIMBY IIOPiBHSHO i3
TpajuLiiHUM BifnasoM. JloBeneHo, 1110 HOHHO-TIPOMEHEBOIO 06POOKOIO 32 ONITUMAJIbHUX PESKUMIB MOXKHA
[IOKPALIUTH KOPO3iiiHY CTiMKICTh HAHOPO3MIPHUX IJIIBKOBUX KOMITO3ULM 3 ITPOBigHMM mapom Cu, a KOMIIJIEKCHUM
BILJIMBOM HOHHO-TIPOMEHEBO]i Ta TepMiuHOI 06poOKU - ix afresifiHy MiljHICTb Ta 3HOCOCTIlKicTh. OTpUMaHi B poOOTi
PEe3yJIbTaTU € HAyKOBOIO OCHOBOIO J1s1 IPAaKTUYHOTO BUKOPMCTAaHHS KOMOiHallii eHepreTMYHUX BIIUBIB Pi3HOI
IpUpoaU (30Kpema, MOHHO-TIPOMEHEBOI /TI7Ia3MOBOI Ta TEPMIUYHOI 0OPOOKH) 3317151 LiJIeCIPSIMOBAHOTO (POPMYBaHHS
CTPYKTYypHO-(}a30BUX CTaHiB, cTabisizallii CTpyKTypPHUX BIACTUBOCTEN Ta JOCATHEHHS [TOKpaIleHNX
eKCIUlyaTaliiHuX XapaKTepUCTUK HAaHOPO3MipHUX BaKyyMHO-KOHE€HCOBaHUX METaJIeBUX MaTepiasiB 1j1sl 1oTpeb

Cy4aCHHUX TE€XHOJIOTI!l MiKpO- Ta HAHOEJIEKTPOHIKU, (POTOBOJIbTAIKY, MiKPONIPUIA00yIyBaHHS.

2. The dissertation is devoted to the study of the effect of complex ion and thermal treatment on the regularities of
formation of structural-phase states and physico-chemical properties in nanoscale metal films, which are
attractive as functional elements of micro- and nanoelectronics, photovoltaics, and microfabrication. It was
established that low-energy (400-2000 eV) ion-beam treatment of the surface of Ni/Cu/Cr(V) thin-film systems
with a total thickness of 75 nm exerts a passivating effect on the materials of the metal layers, promotes the
reduction of oxides at the internal interfaces, and reduces the number of carbon and oxygen impurities, increases
the chemical purity of the Cu layer while maintaining an unchanged phase composition due to the absence of
diffusion interaction between the components. It was determined that the optimal mode of such low-energy ion-
beam treatment from the viewpoint of improving the physicochemical properties of nanoscale compositions is
irradiation with Ar+ ions with an energy of 800 eV for 1200 s. A model of reduction processes in nanoscale systems
under the ion irradiation based on the long-range effect and ways to improve corrosion resistance are proposed. It
was shown for the first time that combining low-energy ion treatment with thermal annealing using optimal
modes allows to achieve a number of positive effects, primarily associated with the enhanced properties of the
main functional Cu layer, refining it from harmful impurities and reducing oxides. Moreover, we established the
conditions allowing to slow down the processes of diffusion interaction of the components and, as a result, to
improve the thermal stability of functional thin films with nanolayers of Ni, Cu, Cr, V under the complex ion-
thermal influence compared to traditional annealing. It has been demonstrated that ion-beam treatment under
optimal conditions can improve the corrosion resistance of nanoscale film compositions with a conductive layer of
Cu, while the complex effect of ion-beam and thermal treatment can improve their adhesive strength and wear
resistance. The results obtained in the work are a scientific background for the practical application of a
combination of energetical effects of various nature (in particular, ion-beam /plasma and thermal treatment) for
the purposeful formation of structural-phase states, stabilization of structural properties, and the achievement of
improved operational characteristics of nanoscale condensed metal materials for the needs of micro- and
nanoelectronics, photovoltaics, microfabrication.
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