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Pedepar:

1. Incepraniiina po60Ta IpUCBIYeHa AOCTIIKEHHIO (Qi3MYHUX [IPOLECiB, 110 BUBHAYAIOTh BUHUKHEHHS Ta PO3BUTOK
I10J1bOBOI €JIeKTPOHHOI eMicii i TPo60iB Y BaKyyMHUX IIPUCKOPIOBATIbHUX CTPYKTypax. OCHOBHA yBara 30cepeyKeHa
Ha BIUIMBIi [leEeKTiB y IPUIIOBEPXHEBOMY IIapi METAJy — 30KpeMa, Iop, [ieIeKTPUYHUX BKPAIlJIeHb, Ai€JIeKTPUYHUAX
IIOKPUTTIB i HEPIBHOCTEN MTOBEPXHI — HA XapaKTEPUCTUKHU I10JILOBOI €MiCii Ta IMOBIPHICTb BUHUKHEHHS
BHCOKOBOJIbTHOTO ITP06010. Y BCTYIi OOIPYHTOBAHO aKTYyaJIbHICTh NOCIiIKEHHS, cPOPMyIbOBAaHO HOTO METY Ta
3a7a4i, ONMCAaHO METOMOJIOTIIO, @ TAKOXK OKPECJIEHO HAYKOBY HOBU3HY Ta MIPAKTUYHE 3HAYEHHS OTPUMAHUX

pe3ysbTartiB. [lepunii po3ais MiCTUTD OTJISL, CY4acHOTO cTaHy npobiaemu. [IpoaHasnizoBaHO MeXaHi3MU BUHUKHEHHS



BUCOKOBOJITHOTO BUCOKOBAaKyyMHOTO ITPO6O0IO Ta BCTAHOBJIEHO KJIIOYOBY POJIb [10JIbOBOI €JIEKTPOHHOI eMicii y
LIbOMY IIpolieci. Bu3HaueHo, o iIHTEHCUBHICTDb €MiCii 3HaYHOIO MipOIO 3aJI€KUTD Bif] MaTe€pialbHUX i
MOpQOJIOTIYHMX BIACTUBOCTEN €JIeKTPO/IiB, BKJII0YAI0UM CTaH iX MOBEPXHi, HASBHICTh MiKpoaedeKTiB Ta
MiKpoBHUCTyMiB. OKpeMy yBary nNpuzijeHo (pOpMyBaHHIO IIOP Y IPUIIOBEPXHEBOMY MIapi METAy MiJl BILIMBOM
BUIIPDOMIHIOBaHHS Ta IXHbOMY BIUIMBY Ha XapaKT€PUCTUKU eMicii Ta mpo6oto. Y npyromy po3szisi 3aiicCHeHO
TeOpeTUYHE MOJIEJIIOBAHHS BIIJIMBY CYOMIKDOHHMX I1OP Ta JjieJIeKTPUYHUX BKJIIOYEHb HA €MiCiiiHi BJIaCTHBOCTI
esiekTpo;iB. [TokasaHo, 1110 1106113y HAHOIIOP Y IPUIIOBEPXHEBOMY IIAPi I'YCTUHA €MICIHOTO CTPYyMY MOXeE
I€EMOHCTPYBAaTU PE30HAHCHY 3QJIEXKHICTD Bill TapaMeTpiB IPOCTOPOBOrO PO3MilleHHS AedeKTY. 30KpemMa, Ipu
IIEBHMX YMOBAX I'yCTHHA CTPYMy 3pOCTae y 3,5 pa3a MOPiBHSHO 3 ifleaJbHOI0 OBEPXHEN. Lle CBiiuuTb Ipo
KPUTHUYHY POJIb HaBiTh HE3HAYHUX IIOPYLIEHD ¥ CTPYKTYPi €/1eKTPoLiB. Takox 3's1cOBaHO, 10 ePeKT MifcuieHHs abo
3MEHIIEHHS] EMiCIHOTO CTPYMY 3aJI€5KUTB Bifl pO3MIpy Ta IMIMOMHU Opy. Majli NOopHU MiABUILYIOTE T'YCTUHY CTPYMY,
301BLIYI09M PU3UK POOOIO, TOAI SK BEJINKI — 3MEHIIYIOTh 110T0, 110 MOXKE CJIYTYBaTH 3aCOO0M MifBUIIEHHS
CTiMKOCTi IPUCKOPIOBAJIBHUX CTPYKTYP. JJOZAaTKOBO PO3IJISIHYTO BILIMB [i€JIEKTPUYHUX BKIIIOYEHD, SIKi 31aTHI
3MIHIOBaTU PO3IOLiJ €JIEKTPUYHOrO I10J18, PO3MWKPIOI0YY Iialla30H 110D, IO CIPHUSIOTh 3pOCTaHHIO eMicii. TperTin
PO3IiJ IPYCBAYEHUN aHAali3y BIUIMBY [i€JIEKTPUYHMX ITIOKPUTTIB Ha M10JILOBY €MICi0. 3alIPOIIOHOBAHO HOBY
aHaJIITUYHY MOJIEJIb, [0 BPAaXOBYeE ABOLIAPOBUII [TOTEHLiaIbHUI 6ap'ep Ha MeXi MeTal-JieJIeKTPUK—BaKyyM.
Mopenb 6a3yeThCsi Ha KBAHTOBIN TeOPii TyHEJII0BaHHS i 103BOJIS€ TOYHIlIE OLiHUTH eMiCillHUi1 CTPYM Y IPUCYTHOCTI
TOHKUX i30JISILiIHUX MapiB. YCTAHOBJIEHO, 10 [1J11 TOHKMX NOKPUTTIB (MEHIIMX 33 XapaKTePHY TOBIIVHY) €MiCiiHUI
CTPYM 3MEHIIYETHCS, ajle 3i 30iJIbIIeHHsIM TOBLUIMHY BiH 3pOCTae Ta cTabinidyeTbcs. BomHovyac kombiHalisl HU3bKOI
LlieJIeKTPUYHOI IPOHUKHOCTI Ta BUCOKOI €JIEKTPOHHOI CIIOPiIHEHOCTi IOKPUTTS CIIPUSIE 3POCTAHHIO €MiCIlHOI
aKTUBHOCTI IIOBEPXHi. Y 4eTBEpPTOMY PO37iJi IPEACTABIEHO PE3yJIbTaTH €KCIIEPUMEHTAJIBHOTO NOCIIiIPKEHHS
[I0JIBOBOI €Micii 3 MeTaleBUX IOBEPXOHD i3 MOIM(PIKOBaHOIO MOP(OJIOTi€I0 Ta MOKPUTTIMU. OTPHUMaHI AaHi
Y3TOJIKYIOTbCS 3 TEOPETUYHMMU Nepe10aYeHHSIMY, MiATBEPIKYIOUM CYTTEBUN BIIUB Ae(EKTiB i IOKPUTTIB Ha
iHTeHCUBHICTb eMmicii Ta IMOBipHiCTh Ip0O6OI0. BcTaHOBIEHO, 110 peryioBaHHs MOp¢oJIorii OBEpXHi I NapaMeTpiB
IIOKPUTTS 103BOJI€ €(PEKTUBHO BIUIMBATU HA €MiCiliHi XapaKTepUCTUKU Ta MiABUIIATU CTilKICTb [0 NPOOOIB. ¥
IiICcyMKy, AucepTaliiiHa po60Ta poGUTh BATOMUI BHECOK Y PO3YMiHHS (i3MYHUX MEXaHi3MiB IPOOOI0 y BaKyyMHUX
IIPUCKOPIOBAJIbBHUX CTPYKTypax. OTpUMaHi pe3ysIbTaTu MaloTh BXKJIMBE 3HAYEHHS 111 PO3POOKU €JIEKTPOJIHUX
MarepiaiB i TEXHOJIOTi! BUTOTOBJIEHHS IPUCKOPIOBAJIbHUX CUCTEM 3 IIOKPAllEHUMHU eKCITyaTaliiHuMu

XapaKTEPUCTUKAMMU.

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.

Jep>kaBHHH peecTpaniiiHuil Homep [iP:

IIpiopuTeTHHI HanpsSIM PO3BUTKY HayKH i TEXHIKH: OyHnamMeHTasbHi HAYKOBI TOCIIIPKEHHS 3 HANGIIbII
Ba)KJIMBUX NPO6JIEM PO3BUTKY HayKOBO-TEXHIYHOT0, COLiaJIbHO-€KOHOMIYHOTO, CyCIiJIbHO-TIOJIITUYHOTO,
JIIOJICbKOTO NIOTEHLjany 1715 3a6e3le4eHHs] KOHKYPEHTOCIIPOMOXKHOCTI YKpaiHU y CBiTi Ta CTaJIOr0 PO3BUTKY

CYCIIiJIbCTBA i Aep>kaBy
CrpareriyHuii npiopUTETHHHA HaNIPSIM iIHHOBALiHHOI AisfAJIBHOCTI: He 3acToCOByeThHCS
I'[i,ILcyMKI/I IOCJIiI>KEHHS: TeopeTuyHe y3arajabHEHHs i BUPilIEHHs BAXJIMBOI HayKOBOI TpoGieMu

Iy6sikaii:

e S. Lebedynskyi, I. Musiienko, Yu. Lebedynska, M. Diachenko, R. Kholodov Modeling of field electron emission
current with hemispherical protrusions consideration // The European Physical Journal D, 2023, volume 77,
issue 11, 192 ISSN 14346060 DOI: https:/ /doi.org/10.1140 /epjd /s10053-023-00775-6

¢ Yu.S. Lebedynska, S.O. Lebedynskyi, O.P. Novak, R.I. Kholodov Probability of electron tunneling through
dielectric pores in surface metal layer // Problems of Atomic Science and Technology, N25 (153), 2024, p. 111-
116. ISSN 1562-6016. ISSN 16829344 DOI: https:/ /doi.org /10.46813 /2024-153-111

e Lebedynskyi S. O. Field electron emission in an external magnetic field parallel to the surface / S. O.
Lebedynskyi, R. I. Kholodov, Yu. S. Lebedynska // 8th International Workshop on Mechanisms of Vacuum
Arcs, MeVArc'2019. - Padova, Italy. September 16, Field Emission - Modeling and Simulations / 74, p.26

¢ Kholodov R. An influence of the cathode surface morphology on the dark current and high-gradient high-
vacuum breakdown of the accelerating structures / R. Kholodov, S. Lebedynskyi, Yu. Lebedynska // 10th
International Workshop on the Mechanisms of Vacuum Arcs (Hybrid MeVArc 2022), p. 9

¢ Musiienko I. The field emission current density from a metal in the presence of field emitting nanotips on the
surface in accelerating structures / I. Musiienko, Yu. Lebedynska // 10th International Workshop on the
Mechanisms of Vacuum Arcs (Hybrid MeVArc 2022), p. 22

o Jle6epunceka 10.C. ITonpoBa e1eKTPOHHA eMicisl 3 «peasbHOi» oBepxHi MeTany / Jlebepunceka 10.C.,
Jlebenuucbkuil C.0., Xononos P.I. // CyyacHi npo6ieMu eKClieprMeHTalIbHOI, TeOpeTUYHOI (i3uKu Ta
METOJMKU HaBuaHH4 (pizuku: matepianu VIII BceykpaiHcbkoi HAyKOBO-TIPAaKTUYHOI KOH(epeHLii 3
MIKHapOJHOIO y4yacTio, M. Cymu, 24-26 koBTHA 2022 p. —c. 43-44.

o Jle6epunceka 0. C. [TosboBa e1eKTPOHHA eMicCisl IPU HasIBHOCTI JiieJIeKTpUYHUX BKpaIjleHb B MeTasi /
Jle6enuHcbka 10.C., Jlebennncokuit C.O., Xonognos P. 1., Cropixko B.IO. // CyyacHi npobiemu

€KCIIEPMMEHTAJIBHOI, TEOPETUYHOI (Pi3MKM Ta METOAMKM HaBYaHHS (i3nku: matepianu IX BceykpaiHCcbKoi



HAYKOBO-IIPaKTUYHOI KOH(epeHLii 3 MDKHapoaHOIo y4yacTio, M. Cymu, 10-12 kBiTHS 2023 poky - c. 51-53.

e Jle6egunHcekuii C. O. TeopeTuyHi JOCiIKEHHS BIUIMBY MOP Y IPY TIOBEPXHEBOMY IIapi MeTasly Ha T'yCTUHY
cTpyMy nosboBoi emicii / Jlebenuncbkuii C. O., Jlebenuncoka 0. C., Xonogos P. I. // CyyacHi npobiemu
€KCIIEPMMEHTAJIbHOI, TEOPETUYHOI (Pi3MKM Ta METOIMKM HaBYaHHS (i3uku: matepianu IX BceykpaiHCcbKoi
HAYKOBO-ITPaKTUYHOI KOH(epeHLii 3 MDKHapoaHOIO y4yacTio, M. Cymu, 10-12 kBiTHS 2023 poKy - c. 53-55

¢ Jle6epunceka 1O. C. BriivB Ha M0JIbOBY €MICII0 [lieJIeKTPUYHNX YTBOPEHD Y IIPUIIOBEPXHEBOMY HIapi
KOHCTPYKLiHUX maTepianis npuckoprosauis / 10. C. Jlebepunceka, C. O. Jlebeguncekuit, P. 1. Xononos //
XXII xondepeHLis 3 Qpizuku BUCOKUX €HEPTiil Ta saepHoi Ppisuku (Xapkis, 26- 29 6epesns 2024 poky), ¢.59

¢ Lebedynskyi S. Theoretical Analysis of the Nanovoids Influence on the Field Emission / S. Lebedynskyi,

Yu. Lebedynska, R. Kholodov // 37th International Vacuum Nanoelectronics Conference (IVNC 2024), 15-19
July 2024, Brno, Czech Republic, 202301, pp. 1-2

e Jle6enunceka 1O. C. Posb fieIeKTpUYHMX BKpAIIeHb Y MOJIbOBUM €MICITHMI CTPYM 3 KOHCTPYKLIHUX
marepiasis npuckopioBauiB / Jlebepunceka 0. C., Jlebenuncokuii C. O., Xononos P. I. // CyyacHi npobiemu
€KCIIEPMMEHTAJIbHOI, TEOPETUYHOI (Pi3MKM Ta METOMKM HaBYaHHS (iznku: Matepianu X BeceykpaiHcbkoi
HAyKOBO-IIPaKTUYHOI KOH(epeHLii 3 MDKHapoHOIO y4yacTio, M. Cymu, 15-17 kBiTHS 2024 poky - 95 c.- €.55-56

¢ Jle6epuncekuii C.O. [JocmimKeHHs IUPUHU Pe30HAHCHOTO MiKy KoedillieHTa IIPO30pOCTi IOTEHIiaIbHOTO
6ap’epy y Bunaaxky moaudikoBaHoi rnosepxHi merany / JlebeguHcbkuii C.O., Jlebenunceka 1O. C., Xononos P. 1
// Cy4acHi npo6yieMu €eKCIIEPUMEHTAJIbHOL, TEOPETUYHOI (Pi3NKM Ta METOOVKN HaBYaHHS (i3uKU: MaTepianu
X BceykpaiHCbKOI HayKOBO-TIPAKTUYHOI KOH(epeHLlii 3 MbDKHapoAHOIO y4yacTio, M. Cymu, 15-17 kBiTHs 2024
poky - 95 c.- ¢.57-58

HaykoBa (HayKOBO-TeXHi‘{Ha) HpO,ILyKI.liSIZ METOJH, TeOpii, rinoresu
ConiasIbHO-€KOHOMIYHA CIIPSIMOBAHICTh:

OxopoHHi goKymeHTH Ha OIIIB:

BrnpoBag>keHHS pe3yJIbTaTiB AHCEPTAallii: BipoBakeHHs He IIaHyEThCs

3B'A30K 3 HAYKOBHMH TeMaMH: 0121U110548; 0122U000416

VI. BizoMocCTi Ipo HAayKOBOr0 K€PiBHUKa /KEePiBHHUKIB (KOHCYJIbTAaHTA)

Baacwue IlpizBuuie Im's I1o-6aTbKOBI:
1. HoBak Onekcangp IletpoBuy
2. Oleksandr Novak

KBasidikamis: k. ¢.-m. 1., crapmmit HayKoBuii CriBpoGiTHYK, 01.04.02

Inentudikarop ORCID ID: 0000-0002-9316-4885

JoparkoBa indopmamist:

IloBHe HaﬁMeHyBaHHﬂ IOpI/I,I[H‘{HOi 0COOM: IHcTuTyT npukiagHoi ¢pisuku HanjoHanbHOI akagemii Hayk
Ykpainu

Kopg 3a €IPIIOY: 05399225

Micue3HaxoaKeHHS: ByJ. [leTpomnasiiBcbka, 6y1. 58, Cymu, Cymcbkuit p-H., 40000, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpaiHu

InenTudikarop ROR:



CeKTop HayKH: AkafemivyHui1

VII. BizomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Certi FOnis OnekcangpiBHa

2. Julia O. Seti

KBasigikanis: 1. ¢.-m. ., npodecop, 01.04.02

InenTudgikarop ORCID ID: 0000-0001-5576-8031

JoparkoBa iHdpopmamist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujonanbHuii yHiBepcuteT "JIbBiBCbKa MOTTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micuesnaxomxeunﬂ: ByJ. CrenaHa Bangepy, 6yz. 12, JIbBis, 79013, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBepCUTETChKUI

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. OpnonBopens Jlapuca BaseHTuHiBHA

2. Larisa Odnodvorets

KBasidikanis: . ¢.-m. n., npodecop, 01.04.01

InenTudgikarop ORCID ID: 0000-0002-8112-1933

JoparkoBa indpopmamuist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOHM: CyMCBbKUIL J€PKaBHUI YHIBEPCUTET
Kopg 3a €IPIIOY: 05408289

Micuesﬂaxo,rm(eHHﬂ: ByJI. XapKiBcbKa, 0y1. 116, Cymu, Cymcbkuii p-H., 40007, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH: YHIBEPCUTETCHKUI

PeuenseHTn

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Barypin Bosnogumup AHnpifioBuy



2. Volodymyr A. Baturin

KBasmigikamis: x.¢p.-m.u., c.H.C.,, 01.04.20

ImenTudikarop ORCID ID: 0000-0001-6171-8575

JoparkoBa iHdopmamist:

IloBHe HaﬁMeHyBaHHﬂ IOpPI,I[H‘IHOi 0COoO0M: IHcTuTyT npukiagHoi (pisuky HanjoHanbHOI akagemii Hayk
YKkpainu

Kopg 3a €IPIIOY: 05399225

Micue3HaxoaKeHHS: ByJ. [leTpomnasiiBebka, 6y1. 58, Cymu, Cymcbkuit p-H., 40000, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: AkafieMivHui1

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Jlucenko Osier bopucosu4

2. Oleg B. Lysenko

KBasigikamis: k. ¢.-m. 1., 01.04.04

Imentudikarop ORCID ID: 0000-0002-0459-4964

JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: THcTUTYT NIpUKIaAHOi Bisuku HanjonanbHoi akaziemii Hayk
Ykpainu

Kopg 3a €IPIIOY: 05399225

Micue3HaxoaKeHHS: By [Tletponasnischbka, 6y7. 58, Cymu, CymchbKuii p-H., 40000, Vkpaina
dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂZ HaujonanbHa akageMid HayK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: AkafeMivHuit

VIII. 3aKkJII04Hi BiZoMOCTi
BnacHe IlpizBume Im's I10-6aTbKOBI Tlonomapros Onekcauap Teopriiiosuy

roJIOBH pagu

BaacHe IlpizBuie Im's [10-6aTbKOBI TTonomapros Onekcansp Teopriiiosuy

rOJIOBYIOYOrO Ha 3acigaHHi

BignoBigasibHuUI 3a MiATOTOBKY Bopommio Onexciii IBaHOBIY

00JIIKOBHX JOKYMEHTIB



PeecTtpaTop VYKpIHTEI

KepiBHuk Bigginy YKpIHTEI, mo €
BiZITIOBiZAaILHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

OistJIBHOCTI




