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Pedepar:

1. B pucepTauii po3B’si3aHO aKTya/IbHy HAyKOBO-TIPUKJIAJIHY 3a7ja4y PO3POOKM HAYKOBUX i TEXHIYHUX OCHOB
1o0yJ0BY i IPaKTUYHOTO BUKOPUCTaHHS pe3oHaHCHUX HBY cucreM y 1onpob6iiHOMY €J1eKTPUYHOMY PeXUMI 117151
€JIeKTPOo(Pi3NYHOi Ta TEXHOJIOTIYHOI anapaTypu 3 NOJINIIEHMY IOKa3HUKaMu. [I7151 1bOTO AOCIIiIpKyBaIMCS: —
IPUHLMNN NOOYAO0BY Ta XapakKTEePUCTUKU pe3oHaHCHUX HBY cuctem tumy "pospisaHe Kisble" Ta itoro mogudikarii
6araToKiJbLI€BOr0 PE30HATOPA 3 YCECTOPOHHIM 30YI’)KEHHSM Ta CIiJIbHUM PO3PSIAHUM 3a30pPOM 32 BUCOKOTO TUCKY
pobouoro razy ta 3 6e3nposinHuM HBY >xuBieHHSIM; - IPUMHLUIIN I06Y0BU Ta XapaKTepUCTUKY pe3oHaHcHoi HBY

CUCTEMU PO3PAOAHO-KAMEPHOTO TUILY; — XdPAKTEPUCTUKN BUCOKOECHEPTETUIHNX HeﬁTpaJ’IbHHX aTOMiB, BiJ_I6I/ITI/IX Bl,[[



IIOBEPXHI eJIEMEHTIB po3psAHOi Kamepu pe3oHaHcHOI HBY cuctemu npu ioHHOMY 60MbapayBaHHi. Bynu onepykani
TaKi HOBi HayKOBi pe3yJIbTaTy: Briepiie OTpUMaHO pe3yIbTaTH MOZEJOBAHHS HAPY>KEHOCTI €JIEKTPUYHOTO T10JIS Y
pe3oHaTopi TUIly "pOo3pi3aHe Kijblie", po3paxoBaHOMY Ha pe30HaHCHY YacToty 2,45 I'T1 17151 po60TH 32 BUCOKOTO
THCKY po6040ro rasy, Ipu LibOMYy 3aCTOCOBYETbCS, 3aMiCTb IIPOBiTHOTO, 6e3npoBinHe HBY eHeproXuBieHHs.
MakcumasnbHa HaPY>KEeHICTb I10J1s1 BUHMKAE Y JIOKaIi30BaHil 061acTi 3a30py pe30HaTopa, Mo MiATBEePIKEHO
€KCIIEpUMEHTaJIbHO. Briepie 3arpornoHoBaHo Ta JOCJIIKEHO 6araTOKiIbL,EeBUI PE30HATOP 3 YCECTOPOHHIM
30yIpKEHHSM (K Mopuikaliilo pe3oHaTopa TUIly "po3pi3aHe Kisblie") y BUIJISIAI CUCTEMU OPTOTOHAJIbHUX
pO3pi3aHuX Kijenp, [0 YTBOPIOIOTh CIIJIbHUNA PO3PANHUIA 3230D, AJ1s1 pobodoi yactoTu 2,45 I'T1 Ta oTpuMaHi
PE3yJIbTaTU MOJEJIOBAHHS HAIIPY>KEHOCTI €JIEKTPUYHOTO T10J11 Y MOT0 3a30Pi B 3aJIEXKHOCTI Bif MOTyXKHOCTI HBY
JKMBJIEHHSI. Briepie oTpuMaHO pe3ysbTaTi (i3uKO-TONOoJIoriYHOro 3D Mozie/I0BaHHS PO3IOAiNy HallPYy>KeHOCT]
€JIEKTPUYHOTO I10JIS1 Y PE30HATOPI PO3PALHO-KAMEPHOIO TUIY 3 ypaxyBaHHSIM MOro reoMeTpii Ta rapamerpis
MaTepiajiiB KOHCTPYKTMBHUX €JIEMEHTIB CUCTEMU 33 YMOBU MOLIVMPEHHS B Hil OCHOBHOTO TUIly KoimBaHb H11, mjo
I03BOJIMJIO PO3POOUTHU Ta CKOHCTPYyIoBaTH HBY pe3oHaTop po3psiHO-KaMepHOro TUITY J1s1 poOOTH 3a 4acToTH 2,45
[Ty 32 HU3BKOTrO TUCKY POOOYOTro raszy y TEXHOJIOTIUHUX LiJAX: ioHi3allis ra3y [jis reHepalii My4kiB ioHiB Ta
BHCOKOEHEPTreTUYHUX HEUTPAJIbHMX YACTUHOK Y €JIEKTPO(PI3NIHUX i TEXHOJIOTIYHUX NIPUCTPOSIX. Biepie oTpumaHo
PEe3yJIbTATU 3aJIESKHOCTI MiXK NOTY>XHiCTI0O HBY reHepaTopa Ta Hanpy>XeHiCTIO MOJIs, 1[0 BUHUKAE Y PE30HATOPI
PO3PSIAHO-KaMEPHOTO TUILY 3a HU3bKOTO TUCKY POOOYOro rasy y JOInpo6iiHOMY €JIEKTPUYHOMY PEXUMI, 3
ypaxyBaHHAM IIPOBiAHOCTI CTIHOK KaMEPU XBUJIEBOLHOIO TPAKTY, HAABHOCTI Hi€JIEKTPUYHOI BCTABKU Ta F€OMETPIii
CHCTEMHU B LIJIOMY IUISIXOM (Gi3MKO-TOMOI0riYHOro 3D MozenoBaHHS. Takui minxif, JO3BOINB HA61/IbII TOYHO
BCTaHOBUTY NOTYXHicTh HBY XuBeHHSs, HEOOXiIHY 1J151 BUHMKHEHHS HAIIPY>KEHOCTi €JIEKTPUYHOTO NMPO6OI0 Ta
iHiIil0BaHHS Ta30BOr0 PO3psiAy B cUCTeMI. ByB ycnilmHoO BUIpoOyBaHUM B €KCIIEPUMEHTAIbBHOMY BUPOOHULITBI
6araTouapoBOro IJIiBKOBOTO MOKPUTTS Y CKJIaJli MarHETPOHHOI po3nuioBanbHoi cuctremu (MPC) po3pobiieHuit
HBY pe3onaTop po3psiiHO-KaMEpPHOro TUITY Y SKOCTi aKTMBaTOPa rasy. 3alipOlOHOBAaHE TEXHOJIOTIYHE
3aCTOCYBaHHS PO3pO0JIEHOrO IPUIaly JO3BOJIMIIO TIOHU3UTU po6ounii Tuck MPC B 1iiioMy. Y KOHCTPYKLIii
PO3p06JIEHOr0 TEXHIYHOTO PillleHHS peasi3oBaHi pe3yJbTaTh HOBUX JOCJIIPKEHD i OTPUMAHUX JAHUX 110
Koe(illieHTaM BilOMTTS YaCTUHOK Ta €HEepriil 171 iOHIB KMCHIO Ta aproHy IpY Pi3HUX KyTax Ma/liHHS Ha MeTajeBi

YaCTUHU KOHCTPYKIil CUCTEMU.

2. The scientific and applied problems of development of scientific and technical bases of construction and
practical use of resonant ultrahigh-frequency systems in pre-breakdown electric mode for technological
equipment are solved in the thesis. In this regard, the following subjects have been studied: - construction
principles and characteristics of "split ring" type resonant ultrahigh-frequency systems with its modification at
high pressure with wireless microwave power consumption; - construction principles and characteristics of
waveguide-type resonant ultrahigh-frequency systems with transverse electric field at low pressure with special
dielectric insertion; - characteristics of the fast neutral atoms flux reflected from the resonator discharge chamber
surface and its elements during ion bombardment, in particular the particles reflection coefficient RN and energy
reflection coefficient RE for oxygen and argon ions at different flux incidence angles and respective effect inside
the discharge chamber on resonator elements. The following new scientific results were obtained: For the first
time results of the electric field strength simulation in resonator of the "split ring" type designed for the resonant
frequency of 2.45 GHz with a wireless power supply for operation at high pressure have been obtained. The
maximum field strength occurs in the localized region of the resonator gap, which was confirmed experimentally.
For the first time the omnidirectional resonant ultrahigh-frequency system (as a modification of the "split ring"
type resonator) for the operating frequency of 2.45 GHz was developed and the results of the electric field strength
simulation in its gap depending on the microwave power value were obtained. For the first time results of the
electric field strength in the waveguide-type resonator for main mode of H11 type by physical and topological 3D
simulation have been obtained which allowed to develop and design an ultrahigh-frequency resonator to operate
at 2.45 GHz at low pressure for technological purposes: starting from gas excitation and /or ionization and up to
beams of neutral particles generating. Application of the developed models allows to increase accuracy of
predesign and the automated construction and final design. For the first time results of electric field strength (in



the waveguide-type resonator in the pre-breakdown electric mode) dependence on microwave generator power
taking into account the walls material conductivity of the waveguide chamber and the whole system geometry by
physico-topological 3D simulation have been obtained. Such approach allowed to most accurately determine the
microwave power required to breakdown voltage in the system, that is reduced the power supply of the developed
waveguide resonator. The results of the calculation were confirmed by experiment. The waveguide-type resonator
as a gas activator was successfully tested in experimental industrial production as part of a microwave magnetron
sputtering system (MSS). Such technological realization allowed to reduce the MSS operating pressure, which was
a problem before integration of the proposed resonant ultrahigh-frequency system. There are results of new
research and the obtained data on the reflection coefficients of particles and energies for oxygen and argon ions at
different incidence angles on the metal parts of the system are realized in the new technical solution.
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