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Pedepar:

1. luceprauiiiHa po6oTa NpucBsYeHa NOCaiTKeHHIO (Qi3UYHUX MTPOLIECiB, 110 BU3HAYal0Th BUHUKHEHHS Ta PO3BUTOK

T10JIbOBOI €JIEKTPOHHOI eMicii i Tpo60iB y BaKyyMHUX MPUCKOPIOBAJIbHUX CTPYKTypax. OCHOBHA yBara 30cepe/iKeHa

Ha BIUIMBI NieeKTiB y IPUIIOBEPXHEBOMY IIapi MeTajy — 30KpeMa, Iop, [ieIeKTPUYHUX BKpaIljleHb, AieJIeKTPUYHUX

ITIOKPUTTIB i HEPIBHOCTEN MTOBEPXHi — HA XapaKTEPUCTUKU I10JIbOBOI €MiCii Ta IMOBIPHICTb BUHUKHEHHS
BVICOKOBOJIbTHOTO MP06010. Y BCTYNi OOIPYHTOBAHO aKTyaJIbHICTh JOCIiIKEHHS, C(POPMYIbOBAHO HOTO METY Ta

sanaqi, OIMMCaHO MGTOILOI[OFiIO, d TaKOJK OKPECJIEHO HAYKOBY HOBM3HY Ta IIPAKTUYHE 3HAYE€HHI OTPUMaHUX

pesysbTartis. [lepiunii po3fin MiCTUTB OIJISIZ, Cy4aCHOTO CcTaHy npob6siemu. [IpoaHasnizoBaHO MexaHi3MU BUHUKHEHHS

BHICOKOBOJIbTHOTO BUCOKOBAaKYYMHOI'O IIPOOOIO Ta BCTAHOBJIEHO KJIIOYOBY POJIb [10JIbOBOI €JIEKTPOHHO] eMicii y
LIbOMY IpoLEeCi. BU3Ha4Y€eHO, 10 iIHTEHCUBHICTh €MICII 3HAYHOIO MIPOIO 3aJI€KUTh Bifl MATEPiaJIbHUX i

MOP@OOTIYHNX BJIACTUBOCTEN €JIeKTPO/IiB, BKIIOYAIOUM CTaH iX MMOBEPXHi, HAsIBHICTh MiKpogedeKTiB Ta



MiKpoBHUCTyMiB. OKpeMy yBary nNpuziseHo (pOpMyBaHHIO IIOP Y IPUIIOBEPXHEBOMY MIApi METAy MiJl BILIMBOM
BUIIPOMIHIOBAaHHS Ta IXHbOMY BIJIUBY Ha XapaKTEPUCTUKHU eMicii Ta mpo6o10. Y Ipyromy posmisi 31ilicCHeHO
TEOpPeTUYHE MOJIEJIIOBAHHS BIIJIMBY CYOMIKDOHHMX I1OP Ta JjieJIEKTPUYHUX BKJIIOUEHb HA €MiCiiiHi BJIaCTMBOCTI
esiekTpoZiB. [TokasaHo, 1110 106113y HAHOIIOP Y IPUIIOBEPXHEBOMY IAPi I'YCTUHA €MICIHOTO CTPYMY MOXe
IE€MOHCTPYBATH PE30HAHCHY 3aJIEKHICTD Bifl TapaMeTpiB IPOCTOPOBOTO PO3MillleHHS JedeKTy. 30KpemMa, Ipu
IIEBHMX YMOBAX I'yCTUHA CTPYMy 3pOCTae y 3,5 pa3a MOPiBHSHO 3 ifleaJbHOI0 NOBEPXHEI. Lle CBiAYnTb Ipo
KPUTHAYHY POJIb HaBiThb HE3HAYHUX IIOPYLIEHD Y CTPYKTYPi €/1eKTPoLiB. Takox 3's1cOBaHO, 0 eeKT MifCcruleHHs abo
3MEHIIEHHS EMiCIHOTO CTPYMY 3JIEKUTB Bifl pO3MIpy Ta IMIMOMHU OpU. Mavli NOpHU MiABUILYIOTE T'YCTUHY CTPYMY,
301IbLIYI0YY PU3UK IIPOOOIO, TOAI SIK BEJIUKI — 3MEHIIYIOTh 110T0, 110 MOXKE CJIYTYBAaTH 3aCOO0M MiJBUILIEHHS
CTIMKOCTIi IPUCKOPIOBAJIbHUX CTPYKTYP. JJOZAaTKOBO PO3IJISIHYTO BILIUB [1i€JIEKTPUYHUX BKIIIOYEHD, SIKi 31aTHI
3MIHIOBaTU PO3IOAiJ €JIEKTPUYHOrO I10J14, PO3MWKPIOIYY Iialla30H 110D, 110 CIPHUSIOTh 3pOCTaHHIO eMicii. TperTii
PO3iJ IPYCBAYEHUN aHali3y BIUIMBY [i€JIEKTPUYHMX ITIOKPUTTIB Ha MOJILOBY €MICi0. 3alIPOIIOHOBAHO HOBY
aHaJIiITUYHY MOJIeJIb, 110 BPAaXOBYeE ABOLIAPOBUII [TOTEHLiaIbHUI 6ap'ep Ha MeXi MeTasl—-JieJIeKTPUK—BaKyyM.
Mopenb 6a3yeThCsi Ha KBAaHTOBIN TeOPii TyHEJIIOBAaHHY i 103BOJIS€ TOYHIlIE OLiHUTH eMICIiHUI CTPYM Y IPUCYTHOCTI
TOHKUX i30JISILiAHUX MAapiB. YCTAHOBJIEHO, IO [1J11 TOHKMX IOKPUTTIB (MEHIIMX 332 XapaKT€PHY TOBIIVHY) €MiCIHHUI
CTPYM 3MEHIIYEThCS, ajle 3i 30iJIbIIeHHSIM TOBLUIMHY BiH 3pOCTae Ta cTabinidyeTbcs. BomHoyac kombiHalisl HU3bKOI
JlieJIEKTPUYHOI IPOHUKHOCTI Ta BUCOKOI €JIEKTPOHHOI CIIOPiIHEHOCTi IOKPUTTS CIIPUSIE 3DOCTAHHIO €MiCIIHOI
aKTUBHOCTI IIOBEPXHi. Y 4€TBEPTOMY PO37iJli IPELCTABIEHO PE3YJIbTaTH €KCIIEPUMEHTAJIBHOTO NOCIIiIPKEHHS
I10JIbOBOI eMicii 3 MeTaleBUX MOBEPXOHB i3 MoAu(ikoBaHO Mop@oJioriero Ta MOKPUTTAIMU. OTpUMaHi AaHi
Y3TOJIKYIOTbCS 3 TEOPETUYHMMU NepeI0aYeHHSIMY, MiATBEPIKYIOYM CYTTEBUN BIUIMB AEe(DEKTIB i IOKPUTTIB Ha
iHTeHCUBHICTb eMmicii Ta IMOBipHiCTb IP0O6OI0. BCcTaHOBIIEHO, 110 peryIoBaHHs MOPQOJIOrii OBEPXHi 11 NapaMeTpiB
IIOKPUTTSL 103BOJIsI€ €(PEKTUBHO BIIMBATY HA €MICiIiHI XapaKT€PUCTUKU Ta MiIBUIIUTU CTIMKICTb 4,0 IPO6OIB. Y
IifACyMKy, AucepTaliliHa po60Ta poOOUTh BaroMuil BHECOK Y pO3yMiHHS (Pi3UYHUX MeXaHi3MiB IIpO6OI0 Y BAKYYMHUX
IIPUCKOPIOBAJIbHUX CTPYKTypax. OTpUMaHi pe3ysIbTaTu MaloTh BaXKJIMBE 3HAYEHHS /111 PO3POOKU €JIEKTPOJIHUX
MarepiaiB i TEXHOJIOTi! BUTOTOBJIEHHS IPUCKOPIOBAJIbHUX CUCTEM 3 NTOKPAIIEHUMHU eKCIUTyaTaliliHuMN

XapaKTepPUCTUKAMU.

2. The dissertation is devoted to the investigation of physical processes that determine the emergence and
development of field electron emission and vacuum breakdowns in accelerating structures. The primary focus is
on the influence of defects in the near-surface layer of metals—specifically pores, dielectric inclusions, dielectric
coatings, and surface roughness—on the characteristics of field emission and the probability of high-voltage
breakdown. The introduction substantiates the relevance of the research, defines the purpose and objectives,
describes the methodology, and outlines the scientific novelty and practical significance of the obtained results.
The first chapter presents a review of the current state of the problem. The mechanisms of high-voltage vacuum
breakdown are analyzed, establishing the key role of field electron emission in this process. It is shown that
emission intensity significantly depends on the material and morphological properties of the electrodes, including
surface condition, presence of microdefects, and protrusions. Special attention is paid to the formation of pores in
the near-surface metal layer under irradiation and their effect on emission and breakdown processes. The second
chapter provides theoretical modeling of the influence of submicron pores and dielectric inclusions on the
emission properties of electrodes. It is shown that near nanopores in the near-surface metal layer, the field
emission current density can exhibit a resonant dependence on the spatial parameters of the defect. In particular,
under certain resonance conditions, the current density may increase by more than 3.5 times compared to an ideal
surface. This highlights the critical role of even minor structural irregularities in electrodes. It is also established
that the enhancement or suppression of emission current depends on the size and depth of the pore. Small pores
increase the current, raising the risk of breakdown, while larger ones reduce it, which can enhance the breakdown
resistance of accelerating structures. Additionally, the effect of dielectric inclusions is considered, as they alter the
local electric field distribution and expand the range of pore sizes that contribute to emission enhancement. The
third chapter focuses on the influence of dielectric coatings on field emission from metallic surfaces. A novel
analytical model is proposed, which considers a two-layer potential barrier at the metal-dielectric-vacuum



interface. This model, based on quantum tunneling theory, provides a more accurate estimation of emission
current in the presence of thin insulating layers. It is found that for coatings thinner than a critical value, the
emission current decreases, whereas for thicker layers, it increases and tends to an asymptotic value. Moreover, a
combination of low dielectric permittivity and high electron affinity in the coating enhances emission current
compared to an uncoated surface under the same electric field conditions. The fourth chapter presents
experimental studies of field emission from metallic surfaces with modified morphology and coatings. The results
align with theoretical predictions and confirm the significant impact of defects and coatings on emission intensity
and breakdown probability. It is shown that controlling surface morphology and coating parameters allows for
effective tuning of emission properties and improving breakdown resistance. In conclusion, the dissertation
provides important insights into the physical mechanisms of breakdown in vacuum accelerating structures. The
obtained results are of great value for the development of electrode materials and technologies for the fabrication
of advanced accelerator systems with enhanced operational reliability.
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