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Pedepar:

1. B pucepTauii po3B’s13aHO aKTyasbHy HAayKOBO-IIPUKJIAHY 3371a4y PO3POOKM HAYKOBUX i TEXHIYHUX OCHOB
No6YI0BY i IPAKTUYHOTO BUKOPUCTAHHS pe3oHaHCHUX HBY cuctem y Bonpo6iiiHoMy eJ1eKTPUYHOMY PeXUMI 118
eJsleKTpodi3anyHOi Ta TEXHOJIOTIYHOI anapaTypu 3 MOJNIIEeHUMY [I0Ka3HUKaMu. [I71s1 IbOTO AOCIIiIpKyBaIUCS: ~
IIPUHLUIIN IOOYJOBYU Ta XapaKTEPUCTUKU pe3oHaHcHuX HBY cucrem tumy "pospisaHe Kinble" Ta ioro mogudikariii
6araTOKiJIbLIEBOIO PE30HATOPA 3 YCECTOPOHHIM 30yIKEHHSM Ta CIiIJIbHUM PO3PSIIHUM 3230POM 32 BUCOKOTO TUCKY
pobouoro razy ta 3 6e3nposinaum HBY >xuBieHHSIM; - IPUHLUIIN 0OYJ0BU Ta XapaKTepPUCTUKY pe3oHaHcHoi HBY
CHACTEMU PO3PSIHO-KaMEPHOr0 TUIlY; -~ XapaKTE€PUCTHUKYU BUCOKOEHEPreTUYHUX HEUTPaJbHUX aTOMIB, BilOMTHX Bif
[IOBEPXHI €JIEMEHTIB PO3psIHOI Kamepu pe3oHaHcHoi HBY cucremu npu ioHHOMY 60omMb6apyBaHHi. bynn ogepkaHi
TaKi HOBI HAyKOBi pe3yJIbTaTU: Briepiue OTpMMaHO Pe3yIbTaT MOLEIIOBAHHS HAPY>KEHOCTI €JIEKTPUYHOTO T10J1S Y
pe3oHaTopi TUIly "po3pi3aHe Kijblie", po3paxoBaHOMY Ha pe30HaHCHY YacToTy 2,45 I'T1 111 po60oTH 32 BUCOKOTO



THCKY po6040ro rasy, Ipu bOMY 3aCTOCOBYEThCS, 3aMiCTh IIPOBiTHOTO, 6e3npoBinHe HBY eHeproXuBieHHS.
MakcumanbHa HalPY>KeHICTb I10J1s1 BUHUKAE y JIOKaJli30BaHil 061acTi 3a30py pe30HaTopa, 10 MiATBePIKEHO
€KCIIEpMMEHTAaJIbHO. Briepiie 3ariporioHOBaHO Ta OCIiI)KEHO 6araToKijbLeBUl pe30HaTop 3 YCECTOPOHHIM
30yIpKEHHSM (K MopuQiKallilo pe3oHaTopa TUIly "po3pi3aHe Kisble") y BUIJISIAI CUCTEMU OPTOTOHAJIbHUX
PO3pi3aHuX Kijiellp, 1[0 YTBOPIOIOT CIIiJIbHUI PO3PSAHMIA 3a30D, AJ1s1 pobo4oi yactoru 2,45 [Ty Ta oTpumaHi
PEe3yJIbTaTU MOJEJIOBAHHS HAIIPY>KEHOCTI €JIEKTPUYHOTO I10J11 Y MOT0 3a30Pi B 3aJIEXKHOCTI BiJ MOTy>KHOCTI HBY
JKMBJIEHHSI. Briepine oTpMMaHO pe3ysbTaTi (i3suKO-TONOJIOrYHOro 3D Moe/I0BaHHS PO3IOAiNy HAalIPY>KEHOCT]
€JIEKTPUYHOTO I10JIS1 Y PE30HATOPI PO3PALHO-KAMEPHOIO TUITY 3 ypaxyBaHHAM MOro reoMeTpii Ta rapamerpis
MaTepiajliB KOHCTPYKTUBHUX €JIEMEHTIB CUCTEMU 32 YMOBU NOIIMPEHHS B Hill OCHOBHOTO TUIy KosMBaHb H11, mo
II0O3BOJIMJIO PO3POOUTHU Ta CKOHCTPYIoBaTH HBY pe3oHaTop po3psiHO-KaMepPHOTro TUITY J1s1 pOOOTH 3a 4acTOTH 2,45
[Ty 32 HU3BKOTrO TUCKY POOOYOro raszy y TEXHOJIOTIUHUX LiJISAX: iOHi3allis ra3y [jis reHepalii My4KiB iOHiB Ta
BHCOKOEHEPTreTUYHUX HEUTPAJIbHMX YACTUHOK Y €JIEKTPO(PI3NIHMUX i TEXHOJIOTIYHUX [IPUCTPOSIX. Biepime oTpumaHo
PEe3yJIbTaTU 3aJIEXKHOCTI MiXK NOTY>XHiCTI0O HBY reHepaTopa Ta Hanpy>XeHiCTIO MOJIs, 1[0 BUHUKAE Y PE30HATOPI
PO3PSAIHO-KaMEPHOTO TUITy 32 HU3bKOT'O TUCKY POO0OYOro rady y 1onpo6iliHoOMY eJIeKTPUYHOMY PEXKUMI, 3
ypaxyBaHHSM IMPOBIIHOCTI CTIHOK KaMePH XBUJIEBOJHOIO TPAKTY, HASIBHOCTI Ai€JIEKTPUYHOI BCTABKU TA F€OMETPii
CHCTEMHU B LIJIOMY IUISIXOM (i3MKO-TOMNOosI0riyHOro 3D MopenoBaHHs. Takui Minxin JO3BOJIUB Ha6i/IbII TOYHO
BCTAHOBUTU NOTY>KHiCTh HBY >kuBjIeHHS, HEOOXiAHY /1711 BUHUKHEHHSI HAlIPYy>KEHOCTi €JIEKTPUYHOTO [IPpOoOOIo Ta
iHiliI0BaHHS Ta30BOr0O PO3psiAy B CUCTEMI. ByB yclimHO BUIPOOYBaHUM B €KCIIEPUMEHTAIbBHOMY BUPOOHULITBI
6araTouapoBOro IJIiBKOBOTO MOKPUTTS Y CKJIaJli MarHETPOHHOI po3nuioBanbHoi cuctremu (MPC) po3pobieHnit
HBY pe3onaTop po3psagHO-KaMEepHOro TUIY Y SIKOCTi aKTUBATOPa rasdy. 3arpoIloHOBaHe TEXHOJIOTIYHE
3aCTOCYBaHHS PO3pO0JIEHOrO IPUIay JO3BOJINIIO TIOHU3UTU po6ounii TucK MPC B 1iioMy. Y KOHCTPYKLii
PO3pO6JIEHOrO TEXHIYHOrO pillleHHs peali3oBaHi pe3ysbTaTy HOBUX JOCTIIKEeHb i OTPUMAHUX JAaHUX 110
KoediljieHTaM BiOUTTS YaCTUHOK Ta €Heprili AJisl i0HIB KUCHIO Ta aproHy IIpM Pi3HUX KyTaX MafiHHS Ha MeTaJleBi

YaCTUHM 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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