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Pedepar:

1. Inceprauiiiny po60Ty IPUCBSIYEHO AOCIIIPKEHHSIM [IPOLECiB reHepallii Ta TpaHCIIOPTYBAaHHS [IOTOKIB iOHIB,
€JIEKTPOHIB i XiMiYHO aKTMBHMX YaCTUHOK B KJIaCTepHill ioHHO-11a3MoBii1 cucteMi (KITIC) Ta B KoMbiHOBaHi
MarHeTpoHHii1 ioHHO-TIpoMeHeBoH / nna3moBiit cuctemax (MITIC) 3i cxpemenumu EH ronsiMu 115t CUHTE3Y
CKJIaJHO-KOMIIO3ULIMHUX HAHOCTPYKTYPHUX NOKPUTTiB. Ha nepuomy etani poboTu 6ys0 IpoBeIeHo
€KCIIEPUMEHTAJIbHI JOCII)KEHHS iHTEerpajabHUX XapaKTePUCTUK MAarHETPOHHOrO Ta BY iHAYyKUIMHOTO pOo3psLiB B
KIIIC. Taxkosx 6yJsiv BUMIPSIHI JIOKQJIbHI TapaMeTpH IJIa3MU i MOTOKIB 3apsyKeHNX YaCTUHOK (TeMIepaTypH i
I'yCTUHM €JIEKTPOHIB i i0HiB); BU3HAUEHHi €eHEPreTUYHi CIIeKTPH i0HIB i IPOCTOPOBi pO3NOiAM I'YCTUHU iOHHOTO
CTpyMy. ByJI0 CHHT€30BaHO OHOLIAPOBI i 6araTomapoBi MOKPUTTS 3 OKCUIB aJIlOMiHiI0 Ta TaHTaly i BUBYEHO iX
¢di3uyHi Ta TPUOOJIOTIUHI BJIACTUBOCTI, BUBHAUYEHO ONTUMAJIbHE «TE€XHOJIOTIiYHE BiKHO» Ta 3p06JIEHO peKoMeHallii

II0JJ0 OTPUMAaHHS CTEXIOMETPUYHUX ITIOKPUTTIB 3 NeHTOOKCcUy TaHTana B KIIIC. Takox, Ha OCHOBI IOCiIKEHb



n1a3mu nposeseHo ocHameHHs KITIC nogaTkoBUM 061afHAHHSIM 7151 KOHTPOJIIO i MOHITOPUHTY B Yaci KII04OBUX
IapaMeTpiB TEXHOJIOTIYHOTO NIPOLIeCy HaHECEHHsI IIOKPUTTIB Ha 3pa3Ku Ta MeIUYHi BUpOoOU IJ1s1 iMIIJIaHTOJIOTII.
Jpyruii erar po60oTu 6yJI0 IPUCBIYEHO KOMIIJIEKCHUM €KCIIEPUMEHTAJIbHUM i TEXHOJIOTIYHUM JTOCTiIKEHHIM
HOBITHBOI KOMOiHOBaHOI MarHeTpoHHOi ioHHONIpomeHeBoi cuctemu (MITIC). B MITIC marHeTpoHHUI po3psif, 6yy10
IIO€JIHAHO 3 IPKEPEJIOM i0HIB XOJUIIBCbKOTO THUILY, HAaJlalITOBAHOMY Ha pOOOTY B IPUCKOPIOBAJIbLHOMY PeXXnMi. B
LIbOMY pe>XuMmi 6ys10 cpopmoBaHi 1ijIbHI, HAATBEPi IIOKPUTTSI 3 BUCOKOIO BHYTPIllIHIO Hanpyroo tuly TiN ta o
AlI203. By710 10BEI€HO MO>KJIMBICTb KOHTPOJIIOBATH KiHETUKY POCTY CTEXIOMETPUYHUX NOKPUTTIB 3 Al203 npu
3HIDKEHUX TEMIIEPATYPaAX i OTpUMaTy aMOp(Hi ab0 HaHOKpHUCTaJIiuHi (po3mipom 10-12 HM) IIiBKM 3 O Ta O Ppazamu
OKCHUAY aIoMiHis. Bysio npopemoHcTpoBaHo nepesBaru MITIC nepen MarHETPOHHUM PO3PSIIIOM, a CaMe: - 3HUKEHHS
TUCKY PO60YOro rasy [ijisl 3arajaloBaHHs po3psay B 1,5-2 pa3u; - 3MEHbLIEHHS HAIIPYTy MarHETPOHHOT'O PO3PsAy Ha
(50-100) B i crabinizaris 1oro po60TH MpM TUCKAX rady, MeHIux 3a 1 MTopp; - MOKJIMBICTb KOMIIEHC ALl CTPyMy
iOHHOrO Iy4yKa NOTOKOM €JIEKTPOHIB 3 MArHETPOHHOI I1J1a3MU i CUHTE3y TOHKHUX JieJIeKTPUYHUX I1J1iBOK 6€3
[IOIIKO/KEHb; - MOKJIMBICTb IPOBOAUTY PEAKTUBHUI iOHHO-IIJIA3MOBUM CUHTE3 CTEXIOMETPUYHUX ITOKPUTTIB [IpU
napaMeTpax [0o3a 30HY nacuBallii MileHi marHeTpoHa. Takox B pe3yJibTaTi IPOBEJEHUX NOCiIKeHb OTPUMAHO
[IOCJIIOBHUY CHHTE3 aMOP(HOI, O - Ta 0 — (a3 OKCUy aJIOMiHil0 3a y4acTio ioHHOro 6omb6apaysanss B MITIC npu
tTemrepatypi 3paskiB meHmoi 500° C. Ha TpeTboMy eTamni po6oTu 6yJ10 €eKCIIEPUMEHTAIbHO JOCIiIKEHO
ionHomazmoBy Mmoaudikauito MITIC, sika npusHayeHa [J1s1 CUHTe3Yy [IOKPUTTIB 3 HU3bKOIO eHeprielo ioHiB (10-100)
eB nopmatkoBoro 6omM6apyBaHHs, aje 3 BUCOKOIO T'YCTHHOIO CTpymy 10 20 MA /cM2 . Llel fiana3oH napaMeTpis
ioHHOro 60M6apyBaHHs € HEOOXiTHUM [1JI1 HAHECEHHS IIOKPUTTIB 6€3 BHYTPIllHiIX HANIPy>K€Hb Ha TEPMOYYTJIMBI
MaTepianu. ByJio ekcriepuMeHTabHO AOBEEHO MOXKIIMBICT (POPMYBAHHS [TPU aHOJHOTO LIApy €JIEKTPOHIB B
I171a3MOBOMY PeKMMIi pOOOTi [iKepeJsia iOHiB XOJIiBCbKOTO TUITy 6€3 PO3>KaplOBaIbHOTO KaTOy 3aBASKY iHXKeKIii
€JIEKTPOHIB 3 MarHETPOHHOTO pPO3psiAy. Briepliie ekcriepuMeHTaIbHO BCTAHOBJIEHO CAMOY3TO/I)KEHE KEPYBAHHS
HaIlpyrol0 IIPU aHOJHOTO IIApy €JIEKTPOHIB B [IPKEPEJIi i0HiB XOJIJIIBCHKOTO TUMY B IIJIa3MOBOMY PEKMMI 3a
IIOITIOMOT'0I0 MaTHITHOTO MoJis. Takum YrHOM, B KoMGiHOBaHii MITIC oTpuMaHO HamnpaBJieHU KOMIIEHCOBaHU i0OH~-
€JIEKTPOHHU TIOTIiK 3 KEPOBAHOIO eHeprielo i0HiB B AianazoHi (30-500) eB i ryctuHoo ctpymy 1o 30 MA/cM2 . Ha
4EeTBEPTOMY eTarli po60TH 6yJ10 po3p06sieHO GPEHOMEHOIOTIYHY TPOCTOPOBOYCEPEIHEHY MOJIE€/Ib KOMOIHOBAaHOTO
razosoro po3pazy B EH nossx, sika nodyoBaHa Ha 3arajlbHO BU3HAHUX B (i3ulli ra30BOro po3psay i
HU3bKOTEMIIEPATYPHOI [1J1a3MU BeJIMYMHaX. ByJio BUSBJIEHO €HEPreTUYHO ONTUMAaIbHUI PEXXUM POOOTH CUCTEMU 3
MaKCUMAaJIbHUM CTPYMOM IPU MiHIMasbHIiN Hapy3i po3psay Ta BUSHAYEHO IapaMETPH, sKi BIUIMBAIOTh HA
BEJIMYMHY KaTOJHOTO i aHOJHOTO MafiHHS MOTeHIiany. B 1jinomy Moz eb, SIKiCHO Ta KiJIbKiCHO ITOSICHIOE OCHOBHI
XapakTepucTukyu poboTu kKombiHoBaHoi MITIC Bif 30BHIiIIHIX TapaMeTpPiB: TUCKY pOOOYOro rasdy, eJ1eKTPUYHOI
IIOTY>KHOCTI Ta MarHiTHOro noist. TakuM YMHOM €KCIIEPUMEHTAJIBHO JI0BEJIEHO i TEOPETUYHO OOIPYHTOBAHO HOBY
KoHLenujio komb6inosanoi MITIC. Tematrka po60OTH i OTpUMMaHi pe3yJIbTaTU CTAHOBJIATh iHTEPEC He TiJIbKU [JIs
dyHIameHTanbHOI Pi3UKU ra30BOTO pO3psAy i HUBbKOTEMIIEPATYPHOI IIJIa3MU B MarHiTHOMY T0JIi, @ € aKTyaJlbHUMU

111 pO3pOOKY HOBOI reHepallii i0HHO-T1JIa3MOBOT0 00JIafHAHHS 17151 MiKpO- i HAHOTEXHOJIOTIH.

2. The dissertation is devoted to the research of the processes of generation and transport of flows of ions,
electrons and chemically active particles in the cluster ionplasma system (CIPS) and in the combined magnetron
ion-beam / plasma systems (MIPS) with crossed EH fields for the synthesis of complex-composite nanostructured
coatings. At the first stage of the work experimental studies of integral characteristics of magnetron and RF
induction discharges in CIPS were carried out. The local parameters of the plasma and flows of charged particles
(temperature and density of electrons and ions) were also measured; determining energy spectra of ions; spatial
distributions of the ion current density were measured. As a result of the first stage of work, single-layer and
multilayer coatings from aluminum and tantalum oxides were synthesized and their physical and tribological
properties were studied. The optimal "technological window" was determined, and recommendations were made
for obtaining stoichiometric coatings from tantalum pentoxide in CIPS. Also, on the basis of plasma research, CIPS
was equipped with additional equipment for control and monitoring in time of key parameters of the technological
process of coating samples and medical products for implantology. The second stage of the work was devoted to
comprehensive experimental and technological research of the latest combined magnetron ion-beam system



(MIPS). In the MIPS, the magnetron discharge was combined with a Hall-type ion source configured to operate in
the accelerating mode. In this regime, it was possible to form dense, superhard coatings with high internal stress
such as TiN and o Al203. It was also proven that it was possible to control the growth kinetics of stoichiometric
Al203 coatings at low temperatures and obtain amorphous or nanocrystalline (10-12 nm in size) films with o and o
phases aluminum oxide. Also, the simultaneous operation of the magnetron discharge and the ion source
demonstrated the advantages of MIPS over the magnetron discharge, namely: - reducing the working gas pressure
for igniting the discharge by 1.5-2 times; - reduction of magnetron discharge voltage by (50-100) V and
stabilization of its operation at gas pressures less than 1 mTorr; - the possibility of compensating the ion beam
current with the flow of electrons from the magnetron plasma and synthesizing thin dielectric films without
damage; - the possibility to carry out reactive ion-plasma synthesis of stoichiometric coatings at parameters
outside the passivation zone of the magnetron target. Also, as a result of the conducted research, a sequential
synthesis of amorphous, o - and o - phases of aluminum oxide was obtained with the participation of ion
bombardment in MIPS at a sample temperature of less than 500°C. At the third stage of the work, the ion-plasma
modification of MIPS was experimentally investigated, which is intended for the synthesis of coatings with low ion
energy (10-100) eV of additional bombardment, but with a high current density of up to 20 mA/cm2 . This range of
ion bombardment parameters is necessary for applying coatings without internal stresses on thermosensitive
materials. The possibility of forming the anode layer of electrons in the plasma mode of operation at the Hall-type
ion source without a glowing cathode due to the injection of electrons from a magnetron discharge was
experimentally proven. For the first time, self-consistent control of the voltage at the anode layer of electrons in
the Hall-type ion source in the plasma mode using a magnetic field was established experimentally. Thus, a
directional compensated ion-electron flow with a controlled ion energy in the range (30-500) eV and a current
density of up to 30 mA/cm2 was obtained in the MIPS. At the fourth stage of the work, a phenomenological
spatially averaged model of the combined gas discharge in EH fields was developed, which is built on generally
recognized values in the physics of gas discharge and low-temperature plasma. The energetically optimal
operating mode of the system with the maximum current at the minimum discharge voltage was found, and the
parameters that affect the magnitude of the cathodic and anodic potential drop were determined. In general, the
model qualitatively and quantitatively explains the main characteristics of the combined MIPS operation from
external parameters: working gas pressure, electric power and magnetic field. In this way, a new concept of
combined MIPS was experimentally proven and theoretically substantiated. The topic of the work and the obtained
results are of interest not only for the fundamental physics of gas discharge and low-temperature plasma in a
magnetic field, but are relevant for the development of a new generation of ion-plasma equipment for micro- and
nanotechnologies.
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