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Pedepar:

1. Mera i 3aBIaHHs JOCiIKeHHs. MeTolo IucepTaliiiHoi po60TH € po3pobKa Ta arnpoballis rigpoJuHaMiYHNX
(i3MKO-TOMNOJIOTIYHUX MOZEJIEH TJiI090r0 PO3Psly HU3bKOTO TUCKY B I1€PCIIEKTUBHUX TPUCTPOSIX iOHHOI TEXHIKMU..
J7151 BOCSITHEHHS! I0CTaBJIEHOI MeTH HeOOXiIHO BUPILIMTY HACTYIIHI OCHOBHI HAyKOBi Ta IpakTuyHi 3azgayi: 1. Orsp,
Ta aHaJji3 0COOJINBOCTEN MOJIE/IIOBAHHS TJIil04Or0 Po3psiny; 2. Po3pobka rinpoauHaMiyHoi (i3MKO-TONOJIOTIYHO]
MOJeJIi TJIII0Y0ro po3psiAy HU3bKOrO TUCKY B IOBI'MX TPyOKax Majoro fiaMeTpy Ta alnpobalis Ha IPUCTPOSIX iI0HHOI
texHiky; 3. JlocimkeHHs po3NoIiy IOTOKY ra3y B KOAaKCiaybHIN cucTeMi 3 r1ofadero rasy yepes nepgoposanuii
BHYTPIilIHIN esiekTpon; 4. EkciepuMeHTanbHa NlepeBipKa Ta aHasli3 e(peKTMBHOCTI 3aIIPOIIOHOBAHOI MOJieli, HaJJaHHS
PEKOMEHAMiN 3 iX IPaKTUYHOrO BUKOPUCTaHHS. OO'€KT NOCIIIPKEHHS: TIII0UNA PO3Psi], B JOBIUX TOHKUX
MeTaJIeBUX Ta AieJIeKTPUYHUX TPyOKax. [Ipenmer pocimkeHHs: (i3suKO-TONOJIOTYHI MO, 111 BpaxXyBaHHS

esleKTpoi3nIHMX NpOoLieCiB Ta IapaMeTpiB po3psay i KOHCTPYKTUBHUX 0COOJIMBOCTEN PO3PSAIHUX (I0HHUX)



IPUCTPOIB. MeToau NoCisKeHHs: 6i61iorpadiuHnii aHasi3 HayKOBO-TEXHIUHO] JliTepaTypy, a TaKOX
iHpopManiitHux MatepiasiB B 6a3ax JaHUX Ta B IHTepHeTi, METOAN MaTeMaTUYHOI Pi3uKu, Hi3UKO-TOMOJIOTIYHOTO
MOJIEJIIOBAHHS 1 YMCEJIbHOTO PO3PaxyHKYy, €JIEKTPUYHI BUMIPIOBAHHS BOJIbT-aMIIEPHOI XapaKTEPUCTUKHU Ta 30HIOBI
OTPMMAaHUX aBTOPOM, NIOJISITA€ Y HACTYNHOMY: 1. Briepie no6ynoBaHo (pisMKO-TONOJIOTIYHY ripoJuHaMIiuHy MOJEIb
IOBrOMipHOi I171a3MOBOI CUCTEMU 3 TJIIOYMM PO3PSLOM B IpeiidpoBO-Iu(y3HOMY HAOIMKEHH] 3 ypaxyBaHHSIM
IIPY>KHUX 3iTKHEHb €JIEKTPOHIB Ta iOHIB 3 MOJIEKYIaMU Ta3y, iOHi3allii aTOMIB rasy eJIEKTpOHHMM yJapOM, reHepaikii
MeTacTabiIbHUX YACTUHOK, BTOPUHHOI iOHHO-€JIEKTPOHHOI eMicii 3 oBepxHi KaToja, peKombiHallii 3apsisKeHnux
YaCTUHOK, NpoueciB audysii Ta npeiidy 3apsakeHNX YaCTUHOK, BIUIMBY [IPOCTOPOBOrO 3apsly Ha PO3IOIi
€JIEKTPUYHOTO I0JIS Ta IPUJINIIAHHS YaCTMHOK Ha [IOBEPXHI €JIEKTPOAIB 03BOJISIE€ aJIleKBaTHO PO3paxyBaTu
napaMeTpu po3psify i po3psHOI [1J1a3Mu (MaKCUMaJIbHa I0XMOKA PO3PaxXyHKiB BTOPUHHOI €JIEKTPOHHOI eMicii
ckyana 14%, a njst cTpyMy He nepesuilyBaja 4%) B JOBTOMIPHUX BY3bKUX TPYO4aCTUX €JIEKTPOJHUX CUCTEMAX 3
BiJHOLIEHHSIM JJOBXXUHM [10 BificTaHi MiX enekTpogamu L>>d (nmpu d B mexax 3-20 mMm, L - mo 1 M) 3a THCKY, 110
Binnosinae o6snacti MiHiMymy KpuBoi IlameHa, To6To A pd B Mmexkax 0,5-1,5 Tla-M B cepepoBuili aprony. 2. Bnepie
no6yj0BaHa MOJIEJIb Fa30PO3MOiNy Y JOBFOMIpHIl IJIa3MOBil KOAKCialbHIM CUCTEMI MAJIOTO AiaMeTpy 3
nep@opoBaHUM BHYTPIIIHIM €JIEKTPOJOM Y JIAMIHAPHOMY PeXUMI pyxy ra30BUX MOJIEKYJI (IIPU IiaMeTpi OTBOPIB
CYTTEBO OisIbllle Hi3K JOBXXMHA BiJIbHOTO IIPOGIry MOJIEKYJI ra3y) J03BOJIsl€ BUBHAYUTH XapaKTEPUCTUKU PO3IIOAINY
rasy B ra3opo3psAHOMY IIPOMIXKKY, 30KpEMA BEJIMYUHY HEOTHOPIZHOCTI Ta30BOr0 IOTOKY 3i IIBUIKICTIO BXiZHOTO
noToKy nopsigky 100 m/c [IpakTudHe 3Ha4EHHS] OTPUMAaHUX PE3YJIbTATIB M0JIIrae B HaCTynHomy: 1. CTBopeHa
(i3MKO-TOIOJIOTiYHA MOZEJb TIIII0Y0ro po3psay 3adesneuye afileKBaTHI PO3PaxyHKU [1apaMeTpiB po3psiny (Hanpyry,
CTPYMy, T'YCTMHHU CTPYMY) Ta ra30pO3pPsIHOI I1J1a3MU (PO3MOi KOHIIEHTpalii 3apsi)KeHUX YaCTUHOK B
MIXEJIEKTPOOHOMY IIPOMIXKKY, [IOTEHLiajy IJIa3MH1, TEMIIEPATyPH €JIEKTPOHIB) IpY Pi3HMUX PO3Mipax Ta TOMOJIOTii
€JIEKTPOJHUX CUCTEM IIOJIETIIye IIPOEKTYBAHHSI [IPUCTPOIB 117151 TEXHOJIOTIN i0HHOI 06pOOKY B JOBrOMIPHUX BY3bKUX
TPYOUYaCTHX €JIEKTPOJHUX CUCTEMAaX 3 BiIHOLIEHHSIM JOBXKUHMU 10 BificTaHi MiXX esekTpogamu L>>d (npu d B mexxax
3-20 mMm, L - no 1 M) 3a TUCKy, 110 BignoBigae o6aacti Minimymy kpuBoi [TameHa, To6To 1715 pd B Mexax 0,5-1,5 [Ta-m
B CEPEOBUIIi aPTrOHY, aJIe CUCTEMA MOXXE 3aCTOCOBYBATUCD [JIs Pi3HMX rasis. 2. Pe3ysbTaTy MOLEJIIOBAHHS Ta
IOCJIiI)KeHHSI BUKOPUCTaHi IIpY po3po01ii TeXHOJIOTiI i0HHOTro 06p0oOKU TPyOUYacTHX MeTaleBUX JOBIOMIPHUX
BHPOO6IB MajIoro AiaMeTpy s OOIPYHTYBaHHS PEXXUMIB i TPMMaHHS iOHHO-TEHEPYIOUOTO TJII0YOro po3psiay 3a
€JIEKTPUYHUM >KUBJIEHHSIM i TUCKOM po6040ro rasdy. TakoK MOJeII0BaHHSI JO3BOJINIIO OOIPYHTYBATU BUOGIp
IiaMeTPY BHYTPIIIHBOTO €JIEKTPOJY IIPU 3aJaHOMY BHYTPIIIHBOMY JliaMeTpi 30BHITHBOTO €JIEKTPOLY. 3.
Po3pobseHa Mozesb BOX€JIEKTPOLHOTO IPUCTPOIO Y [lieJIeKTPUYHIN 060JI0HIi 3 HEOHOBUM HAIlOBHEHHSM 32
IOTIOMOTOIO 5IKOi 6B PO3pO6JIEHUI iHAMKATOP KPUTUYHOI HAIIPYKEHOCTI €JIEKTPOMAarHiTHOro noss. [Ipuctpiit
yCHIMIHO aripo60BaHMiA 1J151 BAKOPUCTAHHS B MiKPOXBUJIbOBIl Tedi. Ha OCHOBI JaHOTO MPUCTPOIO MOXe OyTH

o0y j0BaHa I1J1a3MOBa CHCTeMa BEeJIMKO] MJIOIMHY [J151 BAKOPUCTAHHS B CUCTEMAaX KEPYBaHHSI €JIeKTPOMAarHiTHUM
BUIIPOMIHIOBaHHSM. 4. Po3po6iieHa MoJiesib ra30po3I0ily N03BOJIsI€ BUBHAUUTH PEXUM IIPOTIKAHHS Ta PO3IO/i
THCKY ra3dy B MDKeJIEKTPOJHOMY ITPOMDKKY KOAKCiaJIbHOI CUCTEMU IIpY NIOJAYi rady 4epes neppopoBaHuil
BHYTPIIIHIN eJIeKTPOo/, Ta M0Ka3aja CyTTEBY HEOQHOPITHICTh TUCKY pOO0YOro ra3y Ipyu TaKoMy CIocobi nopayvi rasy
B €JIEKTPOJHY cucTeMy. Kito4oBi ciioBa: po3psif, TIi0Yuil po3psif, MOJEI0BaHHS I1a3Muy, audysiiiHi mogeri,

rigpoJrHaMiuHi MoJieli, Fa30po3psHi NPUCTPOi, Nep(OpoBaHa TPYOKa, KOAKCialbHa CUCTEMA, a30T, aprOH, HEOH.

2. The purpose and objectives of the study The aim of the dissertation is to develop and test hydrodynamic
physical-topological models of low-pressure glow discharge in prospective ion-technology devices. To achieve this
goal, the following key scientific and practical tasks must be addressed: 1. Review and analyze glow discharge
modeling features. 2. Develop a hydrodynamic physical-topological model of low-pressure glow discharge in
elongated, narrow tubes and validate it using ion technology devices. 3. Study gas flow distribution in a coaxial
system with gas introduced through a perforated inner electrode. 4. Experimentally verify and analyze the
effectiveness of the proposed model, providing recommendations for practical application. Object of research:
Glow discharge in elongated, thin metal and dielectric tubes. Subject of research: Physical-topological models for
considering electrophysical processes, discharge parameters, and design specifics of discharge (ion) devices.



Research methods: Bibliographic analysis of scientific and technical literature, as well as information materials
from databases and the Internet; methods of mathematical physics, physical-topological modeling, and numerical
calculation; electrical measurements of current-voltage characteristics; and probe measurements for determining
plasma parameters and the uniformity of its glowing. The scientific novelty of the results obtained by the author is
as follows: 1. For the first time, a physical-topological hydrodynamic model for an elongated plasma system with
glow discharge was developed using a drift-diffusion approximation, considering elastic electron-ion collisions
with gas molecules, electron-impact ionization of gas atoms, generation of metastable particles, secondary ion-
electron emission from the cathode surface, recombination of charged particles, diffusion and drift of charged
particles, spatial charge effects on electric field distribution, and particle adhesion to electrode surfaces. This
model accurately calculates discharge and plasma parameters (maximum error of secondary electron emission
calculations is 14%, while current calculations error does not exceed 4%) in elongated narrow tubular electrode
systems with length-to-electrode spacing ratios L>>d (d within 3-20 mm, L up to 1 m), under pressures
corresponding to the Paschen curve minimum region (pd within 0.5-1.5 Pa-m) in argon. 2. For the first time, a gas
distribution model was developed for elongated plasma coaxial systems with a small diameter and perforated inner
electrode in laminar gas molecule flow mode (with hole diameters significantly greater than gas molecule free path
length), enabling characterization of gas distribution within the discharge gap, particularly the gas flow non-
uniformity at inlet flow velocities around 100 m/s. The practical significance of the obtained results 1. The
developed glow discharge model enables accurate calculation of discharge parameters (voltage, current, current
density) and discharge plasma characteristics (charged particle concentration distribution, plasma potential,
electron temperature) for different electrode system dimensions and topologies, facilitating the design of ion-
processing devices in elongated narrow tubular electrode systems with length-to-electrode spacing ratios L>>d (d
within 3-20 mm, L up to 1 m), under pressures corresponding to the Paschen curve minimum region (pd within
0.5-1.5 Pa'm) in argon, with potential applicability to other gases. 2. The modeling and research results supported
the development of ion processing technology for elongated small-diameter metal tubular products, substantiating
the operational regimes for maintaining ion-generating glow discharge through power supply and working gas
pressure. Additionally, modeling justified selecting the internal electrode diameter based on the given external
electrode diameter. 3. A two-electrode model device within a dielectric shell filled with neon was developed,
leading to the creation of an indicator for critical electromagnetic field intensity. The device was successfully
tested in microwave ovens. Based on this device, a large-area plasma system for electromagnetic radiation control
systems can be developed. 4. The gas distribution model developed allows determining gas flow regimes and
pressure distribution in coaxial system electrode gaps when gas is introduced through a perforated inner
electrode, revealing significant working gas pressure non-uniformities with this gas introduction method. Key
words: discharge, glow discharge, plasma modeling, diffusion models, hydrodynamic models, gas discharge
devices, perforated tube, coaxial system, nitrogen, argon, neon.
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Kog, 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT Bepecreiichkuii, 6yx. 37, Kuis, 03056, Ykpaina
dopma Bi1acHoCTI:

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayK1 YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3akir04Hi BimoMocTi
Biacue IpizBume Im's ITo-6aThKOBI MebHuK Irop Bitanifiopuy

rOJIOBH pagu

BaacHe IlpizBuie Im's [10-6aTbKOBI Menbuuk Irop Bitanifiosuy

rOJIOBYIOYOTO Ha 3acCifiaHHi

BiAHOBiAaﬂbHHﬁ 3a Hi,ILI‘OTOBKy AHﬂpieHKO Ogbra BO]IO,HI/IMI/IpiBHa

00JIIKOBHX JOKYMEHTIB

Peectpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




