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Pedepar:

1. Ckpunka M.1O. KoMmniekcHa MOZesb €/1IeKTPOHHOI ONITUKY TEXHOJIOTIYHUX TapMaT BUCOKOBOJIBTHOI'O TJIiI0YOTO
po3psany — Jucepranis Ha 3006y TTsI HAYKOBOTO CTyIeHs fokTtopa ¢inocodii 3a cnenianpHicTio 171 EnexTpoHika.
HTYVYY «KIII imeni Irops Cikopcekoro», Kuis, 2026. Meta po60T1 — CTBOPEHHS KOMITJIEKCHOI Y1 CEIbHOI MOJei
€JIEKTPOHHHUX rapMaT BUCOKOBOJIbTHOTO TJIiI04oro po3psay (BTP), sika y3roiskeHo MOAeJIoe poLecu GOpMyBaHHS,
TPaHCIOPTYBaHHS Ta (POKyCyBaHHS €JIEKTPOHHOTO My4Ka, 3a0€311e4yI04M ONTUMIi3allilo TapaMeTpiB €1EKTPOLIB i
PEKUMIB PO3PSIAY 71 JOCSATHEHHS 3a1aHUX TEXHOJIOTTYHMX XapaKTePUCTUK. AKTyaJIbHICTh 0OYMOBIIEHA LIMPOKUM
3aCTOCYBaHHSM €JIEKTPOHHO-TIPOMEHEBUX TEXHOJIOTIN y 3BapIOBaHHi, HAHECEHHI IIOKPUTTIB, IJIaBJIEHH] MaTepiaisB
Ta aAUTUBHOMY BUPOOHUIITBI, e HEOOXiHE TOYHE KepyBaHHS NpodineM i POKyCyBaHHSIM €JIEKTPOHHUX ITyYKiB.
O6'exT mociykeHHs — npouecy GOpMyBaHHS Ta TPAHCIIOPTYBAHHS €JIEKTPOHHOIO IyYKa B €JIeKTPOHHUX rapmaTax
BTP, mo npaijooTh y cepeoBulli 3a/INIIKOBOro ra3dy Ta opMyIoTh ITy4YOK 32 y4acTio I171a3M0oBoi Mexi. [Tpegmer



IOOCJiIKEHHSI — METOIY Y3TOJKEHHS Ta ONTUMi3allil IapaMeTpiB TIil040ro po3psily (HApyru, po3nominy
[IOTeHLiiajly, TUCKY ra3y, FeOMeTpii eJIeKTpoAiB) [j1s OTpUMAaHHS IIy4Ka i3 33JaHMMU XapaKTepruCTUKaMu. Y poboTi
[IPOAHAJII30BaHO €BOJIOLII0 KOHCTPYKTUBHYX PillIEHb €JIEKTPOHHMX rapMarT — Bif] TEPMOEJIEKTPOHHUX JIPKEPEJ 0
I1JIa3MOBHUX rapMar i3 caMmo-IiATPUMYBaHVM TJIII0YMM PO3PAAOM, & TAKOK PO3BUTOK ITiIXOIIB [0 iX PO3PaxXyHKY: Bif,
aHaJIITUYHUX HAOJVDKEHb [10 TibpUIHNX MOZEeH, 110 OEAHYIOTh PO3B'sI3aHHS piBHSIHHA Jlaniaca, KiHeTHYHi
MoZeJii pyxy eJIeKTPOHIB Ta Ipolenypy ontumisanii. Ha 11ii ocHOBi po3p0o6sieHO HOBU CIIOCIO PO3PaxyHKY, SIKU
I[10J1rae y JEKOMIIO3H1Lii €JIEKTPOHHOI rapMaTy Ha B3a€MOIIOB'S3aHi MiZICUCTEMU: TEOMETPIs €JIEKTPOLIIB, IVIA3MOBa
MeXa, eJIEKTPOCTATUYHE T10JIe, KiHEMATHKa €JIEKTPOHIB, MEXaHi3MU BTPAT Ta KpUTepii ontrumisauii. KomriekcHa
Mogesib peanizoBaHa B cepenosullli GNU Octave i Bkytoyae Moyt To6YZI0BY reoMeTpii, po3paxyHKy MeKi IJ1a3MH,
004MCIIeHHs NOTeHLjany (3anaya Jlanaaca), BU3Ha4€HHs eJIEKTPUYHOTO 1107151, iIHTeIrPyBaHHs TPA€EKTOPIil €J1IeKTPOHIB
Ta aBTOMAaTUYHOI ONTHMIi3allii napameTpiB. Mozesb peasnizye 3aMKHEHUI 004K CIIOBAIBHUM LIUKJL: T€OMETPist
eJIEKTPOJiB (popMye Mexi A4 3anadi Jlansaca 0 oTeHLjalbHe MoJie BU3HAaYae IPUCKOPEHHS €JIEKTPOHIB O TPAEKTOPii
(HOpMYIOTh TOKA3HUKY IIMPUHHU ITy4Ka Ta (POKYCHOI 30HU 0 OTPHUMaHi 3HaU€HHSI € KPUTEPIsIMU [1J1s1 ONITUMI3aLlii
paziyca KpuBM3HM KaToja. Takuil minxifn 3abesnedye y3ro>)KeHiCTb Ha BCiX piBHIX MojietoBaHHs. OCHOBHI
Pe3yJIbTaTU: BUKOHAHO YMCEJIbHY ONTMMI3allilo pafiyca KpMBU3HU KaTOa Ta 3HaleHO KOHdirypauii, mo
MiHIMIBYIOTb IUPUHY ITyyKa. OTPUMAHO ONTHMAJIbHI IIapaMeTpy TapMarty, 110 3a6e31e4yi0oTh IHUPUHY MTy4YKa
65113bK0 3 MM 3a (QOKYCHOI BifcTaHi ~85 MM. Po3risiHyTo KopeHeBo-nosliHoMianbHi PyHKuUii (RPF) nis inTepnossunii
IPaHUYHUX TPAEKTOPIi, I0KA3aHO ix NepeBary Haj, KJIaCUYHUMU METOAAMMU 11711 KOPOTKO(OKYCHUX IYUKiB.
[TpoanasnizoBaHO MOKpAlIEHy FEOMETPII0 aHOAA, 110 3abe3Iedye 3MEHILIEHHS BTPAT €JIEKTPOHIB i piBHOMipHE 10J1e B
30Hi MpuckopeHHs. Bepudikariisi Momesni Ha OCHOBI eKCIIepUMEeHTaTbHUX JaHUX 110Ka3aja BiIXUJIEHHS B MeXKax
10-15%, mo nigTBepKye KOPEKTHICTb €/1IeKTPOCTAaTUYHOI MOZeJTi, MOZeJli 11a3MOBOi Me>Xi Ta I0YaTKOBUX YMOB
eMicii, a TakoX NpUAATHICTb MiAXOLy [0 iHKE€HEePHUX PO3paxyHKiB. HaykoBa HOBU3HA OJISITAE Y PO3POOLI
METOAMKY iHTerpalii pisHOPiAHUX MOJIesIEN B €JMHUN YNCEJILHUN IHCTPYMEHT. Briepie nokasaHo, 0 o€ gHaHHS
eJIeKTpocTaTuyHoi Mogesi, RPF-anpokcumalii Ta napaMeTpruyHOi oNTUMi3allii 3a6e3reuyye BUCOKY TOUHICTb
PO3paxyHKy npo@dimo my4yka y rapmartax BTP. Brepiue 3anipoloHOBaHO M€XaHi3M aBTOMAaTUYHOTO LIMKILY
nepepaxyHKy 3 JUHAMIYHOIO 3MiHOIO TeOMeTpii Ta TpaHNYHUX YMOB, 110 3a6e31edye 30DKHICTb 4O OIITUMAJIbHOTO
pimeHH4. [IpakTUYHe 3Ha4€HHS — CTBOPEHHS IHCTPYMEHTY JJ1s1 IPOEKTYBAaHHS €JIEKTPOHHUX rapMar,
HaJIAIITYBaHHS TEXHOJIOTIYHUX PEXXUMIB Ta Bepuikaliii HOBUX KOHCTPYKTUBHUX pillleHb. MOJieJIb MOXKe OyTU
iHTErpoBaHa B CUCTEMU aBTOMATHU30BAHOTI'O [IPOEKTYBAHHS Ta PO3MIMPEHA [IJIs1 BpaXyBaHHS IPOCTOPOBOTO 3apsay,

MarHiTHoro (oKycyBaHHsI, 3iTKHEHb €JIeKTPOHIB i3 ra3oM i TepMoeMicii.

2. Skrypka M.Yu. Comprehensive Model of Electron Optics of Technological Guns of High-Voltage Glow Discharge
— Dissertation for the degree of Doctor of Philosophy, specialty 171 Electronics. Igor Sikorsky Kyiv Polytechnic
Institute, Kyiv, 2026. The aim of the work is to create a comprehensive numerical model of high-voltage glow
discharge (HVGD) electron guns that consistently simulates the processes of electron beam formation, transport,
and focusing, providing optimization of electrode parameters and discharge modes to achieve specified
technological characteristics. The relevance of the study is driven by the wide application of electron beam
technologies in welding, coating deposition, material melting, and additive manufacturing, where precise control
of beam profile and focusing is required. The object of research is the processes of electron beam formation and
transport in HVGD electron guns operating in a residual gas environment and forming the beam with the
participation of a plasma boundary. The subject of research is the methods of coordination and optimization of
glow discharge parameters (voltage, potential distribution, gas pressure, electrode geometry) to obtain a beam
with specified characteristics. The work analyzes the evolution of electron gun designs — from thermionic sources
to plasma guns with a self-sustained glow discharge — as well as the development of calculation approaches: from
analytical approximations to hybrid models combining the solution of the Laplace equation, kinetic models of
electron motion, and optimization procedures. On this basis, a new calculation method was developed, based on
decomposition of the electron gun into interconnected subsystems: electrode geometry, plasma boundary,
electrostatic field, electron kinematics, loss mechanisms, and optimization criteria. The comprehensive model is
implemented in GNU Octave and includes modules for geometry construction, plasma boundary calculation,



potential computation (Laplace problem), electric field determination, electron trajectory integration, and
automatic parameter optimization. The model implements a closed computational cycle: electrode geometry
defines boundaries for the Laplace problem o the potential field determines electron acceleration o trajectories form
beam width and focal zone indicators o the obtained values serve as criteria for optimizing the cathode curvature
radius. This approach ensures consistency across all levels of simulation. Main results: numerical optimization of
the cathode curvature radius was performed and configurations minimizing beam width were identified. Optimal
gun parameters were obtained, providing a beam width of approximately 3 mm at a focal distance of ~85 mm.
Root-polynomial functions (RPF) for boundary trajectory interpolation were examined, demonstrating their
advantages over classical methods for short-focus beams. An improved anode geometry was analyzed, providing
reduced electron losses and a uniform field in the acceleration zone. Model verification based on experimental
data showed deviations within 10-15%, confirming the correctness of the electrostatic model, plasma boundary
model, and emission initial conditions, as well as the suitability of the approach for engineering calculations.
Scientific novelty lies in the development of a methodology for integrating heterogeneous models into a unified
numerical tool. For the first time, it is shown that the combination of an electrostatic model, RPF approximation,
and parametric optimization provides high accuracy in calculating the beam profile in HVGD guns. For the first
time, a mechanism for an automatic parameter recalculation cycle with dynamic changes in geometry and
boundary conditions is proposed, ensuring model convergence to an optimal solution. Practical significance —
creation of a tool for electron gun design, technological mode adjustment, and verification of new design solutions.
The model can be integrated into computer-aided design systems and extended to account for space charge,
magnetic focusing, electron-gas collisions, and thermionic emission.
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2. Serhii B. Sydorenko
KBasmigikamis: k. 1. 1., 05.27.02
Imentudikarop ORCID ID: 0000-0002-3109-2011

JopaTrkoBa indpopmamnist:



IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuTeT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3Haxoa KeHHS: npocnekT Bepecreiicbkuii, Kuis, 03056, Ykpaina

dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3aKkJII04Hi BiZoMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBi
TOJIOBH paju

BaacHe IlpizBuiie Im's ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasbHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpartop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 pEeECTpallil0o HAyKOBOIi

OisIJIBHOCTI

Ky3sbmuyeB AHatoJiii [BaHOBAY

Ky3sbmuueB AHatoJ1ill [BaHOBHAY

Ckpurnka Muxaiino KOpiiioBruy

Opuenko TersiHa AHaToJIiBHA

Opuenko Tetsana AHaTosiiBHa



