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AxkmyanbHicmbs AKTYaJIBHICTh JITaHOI pPOOOTH 00YMOBJIEHA BaXJIMBICTIO BHUBYCHHS XapPaKTEPHCTUK

AHOMAJILHOIO TJIFOYOr0 PO3PsAy B KOAKCIQJIBHIA CHCTEMI €JIEKTPOAIB B a3MMYTAJIbLHOMY MAarHiTHOMY

IOJIi. I[OCJ'IiI[)KCHHH PO3KpPHUBAE HOB1 AaCIEKTH TOBEAIHKM IJa3MH B YMOBAX, IO BHM3HAYAIOTHCA

3a3HAYE€HOI IeOMETPICI0 Ta HAABHICTIO MAar”iTHOro mnoijsl. OyHnaMeHTalbHE PO3YMIHHS IIHOrO SBHINA

MOYKE MAaTH 3HAYEHHS JUIS PO3IIMPEHHS 3HAHb V Tajly3i ra30BUX PO3PsUIiB, 30KpeMa., Tiirounx. Orpumadi

PEIYIBTATH MOXKYTH 3HAUTH IOPAKTUYHE 34CTOCYBAHHS B BHCOKOTEXHOJIOTTYHUX rajay3iax, 30KpEMa, B

ONITUMI3aIlii TJIA3MOBUX TEXHOJNOTIH Juis OOpOOKM BHYTPIITHIX TOBEPXOHb BY3bKHUX TPYOOK.

MoenoBadHs TIIFYOro pO3psy vV KOaKClaJIbHINA CHCTEMI €JIEKTPOIB 1 IIPpY HASIBHOCTI a3UMYTAJILHOIO

MAarHiTHOI'O HOJs A0CI HE JIOCJI/PKEHO YV MOBHOMY 00cs3i. Pi3HKO-TONOJIOrYHUX TPUBUMIPHUX MOJIENEH,

AHAJIOTIYHUX JI0 PO3POOIECHOI B paMKaxX JaHOi poOOTH, HE OYJO0 MpeAcTaBIeHO paHimie. Po3mmpeHHs

3HAHb Y NbOMY HAIIPAMKY CHIPUATHMEC PO3BUTKY HOBUX HAYKOBUX KOHHGHHif/i Ta NOTJUOJEHHIO HAayYKOBUX

JIOCHIJKEHB B 00JIACTI ra30BUX PO3PA/IIB 1 IIA3MHU.

38’a30k pobomu 3 HayKo8UMU npo2pamamu, nadHamu, memamu Kageopu

«TexHoNoris KOMOIHOBAHOI'O JIa3CPHOI'o Ta iMHVJ'IBCHO IJIA3MOBOrO HAHECEHHS 3HOCOCTIHKHMX HOKDI/ITTiB

JUI 3MIIHEHHS CTBOJIIB BOrHENAJIbHOI 30poi» — Ji/p Ne 0121U111822. nara peecrpanii: 27-06-2021

06’ekm 0ocniorceHHA HOPMaJIGHUN 1 aHOMAJIBHUN TIIIOYHI PO3PSi B KOAKClaJdbHI CUCTEMI EJIEKTPOIIB

33 HAsIBHOCTI a3UMYTaJIbHOI0 MAarHiTHOI'O ITOJIA.

Mpedmem docnidxceHHA IPUPOJIa BUHUKHEHHSI TIIIF0YO0T0 PO3PSUTY B KOAKCIATBHIN IVITTHAPHYHINA

CHCTEMI eJeKTPOIIB, IPOIIEC IePEeX0y Bil HOPMATBHOI'O 10 aHOMAJIBHOT'O TIIIOYOr0 PO3PSY, POMOIIT

[MOTEHIIIAJY, T'YCTHHH €JIEKTPOHIB 1 10HIB B MIKEJIEKTPOJAHOMY POCTOPI, BIUIMB a3UMYTaJILHOIO

MAarHITHOT'O ITOJISl HA XapaKTSPUCTUKK PO3PSIA.




Mema po6omu_MerTa 1aHOi poOOTH MOJATAE Y BCCOIYHOMY BUBYCHHI ITOBENIHKHY 1 XapAKTEPUCTHK

TUILFOYOr0 PO3PSAY B KOAKCIAIBHINA CHCTEMI JIEKTPO/IIB 3a HAsIBHOCTI a3MMYTAJILHOIO MAarHiTHOIO I1OJI.

KOHKDCTHi HiJ'Ii I[OCJ'IiI[)KCHHSI BKJIFOYAIOTh BCTAHOBJICHHA YMOB BUHUKHCHHA TJIFOYOr0 PO3piAay Ta

ocpexony Bi,[[ HOPMAJIBHOI'O IO aHOMAJIBHOI'O PEXKUMY FODiHHH, BHUBYCHHA BIIJIMBY MAarHiTHOI'O II0JIs Ha

IIOBE iHKV TIIIOYOTO Po3pAAy B 3a3HAYCHHUX YMOBAX, DO3DO6KV MaTeMaTHYHO1 MOI[CJ'Ii JUIA TTOACHCHHSA

(h13MYHUX IPoLECIB, 1110 BUIOYBAIOTHLCS B CUCTEMI, 1 EKCIEPUMEHTAILHE MUITBEPHKEHHS Ta BEPUDIKALIIO

OTPUMAHUX [263YJ'IBTaTiB. OCHOBHOI METOIO € PO3MHUPEHHA 3HAHD IIPO TIIFOYHN PO3pAIN B TOHKHUX

TpPyOKax, 30KpeMa, B KOHTEKCTI HeCcTaul JaHUX V JITeparypi 111010 aHOMAILHUX TIIIOUYUX PO3PSIIB B

YMOBax HasIBHOCTI A3UMVYTAJIbHOI'O MArHITHOI'O I10JIS.

Memodu docnidnceHHa MeToayu MareMaTudHol (hi3UKH, MaTeEMaTHYHE MOJIEIIOBAHHS 1 YNCEIbHUI

PO3PaxXyHOK JUIS JIOCHLDKEHHS TJIIOYOr0 PO3PSIAY V TPUMIPHINA MOAENl KOAKCIaJIbHOI CUCTEMU

€JICKTPOJIIB.

Bioomocmi npo ob6caz 36imy, Kinbkicme intocmpauii, madauub, 000amkKie i JimepamypHux

HaliMeHy8aHb 3a nepenikom euxkopucmanux _ B poOoTi HaBeseHO: BUKOpHCTaHOI jitepaTypu - 96,

cTopiHOK - 202, pucyHKIB - 75, Tabauim - 16.

Mema inougioyanbnozo 3a60aHH:A, GUKOPUCIAHI MEMOOU Ma OMPUMAHI pe3yibmanmu

TonoBHIi 11iJ1i iHAUBIAYVAIBLHOrO 3aBAAHHS:

1. HDOBGCTI/I aHaJi3 iCTODH‘IHI/IX ACIIEKTIB I[OCJ'IiZ[)KeHHH ra30BUX DO3D$I)1iB. BupunTu oponecu, mo

BIIOYBAIOTHC B IIJIa3Mi Fa30BOI0 PO3PSAY, 30KpEMA V TUIIOYOMY po3psiai. PosrinsHyTh kiacuGikaliio

ra30BUX PO3PAJIIB, YMOBU TX BUHUKHEHHS 1 chepU 3aCTOCYBAHHS B HaVIl 1 TEXHIIL.

2. Bu3HaunTy OCHOBHI MOHATTS, I1OB's13aH1 13 TIIIOYMM PO3PSLAOM, Ta chOPMYIIFOBATH KIIFOYOB1

TEOPETUYHI aCIEKTH ILOro sBuia. [IpoaHaiizyBaTu TEOpeTHYHI MOJIeN 1 KOHIenii, sIKi po3'sICHIOIOTh

BJIACTUBOCTI aHOMAJILHOI'O TIHIOYOr0 po3psiay. Po3risiHyTH 0CO0JMBOCTI TIIOYOr0 pO3psia B

KOAaKClaJIbHIA CUCTEMI elneKTpoaiB. JJOCIIIMTH BINIMB a3UMYTaJIbHOIO MArHITHOIO ITOJIST Ha TIHIOYMI

PO3psaa, BpaxoBYIOYH DO31"JI$IHVTi TCODCTI/I‘{Hi MOI[CJ'Ii.

3. Jocaimuru cepy 3aCTOCYBAHHS TIFOYOro pO3psLy B KOaKClaJbHIM CHCTEMI KOOPIMHAT 1, 30KpEMa, B

TOHKHUX TPYOKax. 3p0OMTH JITEPATYPHUI OIVIST HAYKOBUX JOCII/DKEHD V TaJIy3l TIIOYOr0 PO3PSLY.

HDOBeCTI/I CKCIICPUMCEHT I10 Z[OCJ'Ii)I)KCHHI'O XAPAKTCPUCTHUK TIIFOYOTO PO3pAaAy vy KOAKCIaJIbHIA CHCTEMI

eslekTpoaiB. OOrpyHTYBAaTH BUOIp OporpaMHoro 3abdesneyeHus Uil eheKTHBHOIO MOJIEIFOBAHHS

TJIIFOYOTr0 PO3pSAY.

4. Onucatu BI/IKODI/ICTaHi Hi}lXO)II/I Ta METOAM JJI1 MOACIIIOBAHHA TIIOYOTO PO3pAay. BKIOYAOYH OIHC

MaTeMaTH4YHOI 1 KOMII I0TepHOI MoJeleii. [IpoaHai3yBaTh OTpUMaHl Pe3yabTaTH MOAECIIOBAHHSL.

IIpeacraButu Ta HDO&HaJ’Ii3VBaTI/I pE3yALTaTH eKkcnepuMeHTy. [IpoBectu BCDI/Id)iKaHiIO MOACIbHUX TAHUX.




Bucnoeox IIpoanaiizoBaHo 1CTOPIIO JIOCIIDKEHHS Ta30BUX PO3PSUIIB, PO3IISHYTO KIIOYOBI IPOLIECH VY

Ia3sMi po3psay Ta Kiach(iKaio ra3oBUX PO3PsAiB, aKIIEHTYIOYNCH Ha TXHHOMY 3aCTOCYBAHHI B PI3HUX

chepax. BuBUeHO TIIOYMI pO3psL 1 BCTAHOBJIEHO HOrO BJIACTUBOCTI, CTPYKTYPY Ta IIPOILIECH, IO

HDOTiKaIOTI: B_IIJa3Mi TJIIOYOro PO3pAay. I[OCJ'IiI[)KeHO BIVIMB a3MMYTAJIBHOI'O MATHITHOIO IOJs Ha

XApPaKTCPpUCTUKH TIIFOYOTO Po3piAaAy Ta BHABJICHO HOro BasKJIMBI NEPCICKTHBU B Di3HI/IX Trajay3saXx,

BKJIIOYAKOYH TUIA3MOXIMIYHY 00OpPOOKY MOBEPXOHB, 30KpeMa B TOHKUX TpyOkax. [IpoBeieHO KOMITJICKCHE

MOJEJIFOBAHHS PI3HUX THUIIIB TJIIOYOr0 PO3PSLY, OTPUMAaHI pPe3yabTaTh MOJIEIIOBAHHS OVIU MATBEPUKEH]

eKCOepUMEeHTAILHO. Po3pobieHa Moaens BeprudiKOoBaHAa B PI3HUX YMOBAaxX, IMOKA3YIOUM 3aJI0BUILHY

TOYHICTh PO3PAXVHKIB. Pe3ynpTaTh MalOoTh BaXKIMBE 3HAUYCHHS JIIS PO3YMIHHS SBHINA aHOMAILHOI'O

TJIFOYOr0 Po3pAAy Ta BIIJIMBA HAa HHOT'O a3sMMYTaJbHHUX MAarHiTHUX HOJIiB, i MOXYTHh MaTHh HNPAKTHYHEC

34CTOCYBAHHA B BHCOKOTCXHOJIOTTYHHX Taly34x.

Ilepenik knouosux cnie (e 6invuie 2()) nnazMa aproly, po3psia HU3LKOTO TUCKY, IIHJIIHIPUYHA CHCTEMa

€JIEKTPOIB, TPUBUMIpHI MoOJem, (I3MKO-TOIIOJOTIYHE MOJIEIIOBAHHS, KOMII IOTEPHE MOJEJIIOBAHHS,

COMSOL Multiphysics
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Actuality_The relevance of this work is driven by the importance of investigating the characteristics of

anomalous glow discharge in a coaxial electrode system in the presence of azimuthal magnetic fields. The

research reveals new aspects of plasma behavior under conditions defined by the specified geometry and

the presence of a magnetic field. A fundamental understanding of this phenomenon can contribute to the

expansion of knowledge in the field of gas discharges, particularly in the context of glow discharges. The

obtained results may find practical applications in high-tech industries, particularly in optimizing plasma

technologies for processing the internal surfaces of narrow tubes. Modeling glow discharge in a coaxial

electrode system with the presence of an azimuthal magnetic field has not been fully explored to date.

Physico-topological three-dimensional models, similar to the one developed in this work, have not been

presented before. Advancements in this direction will contribute to the development of new scientific

concepts and deepen scientific research in the field of gas discharges and plasma.

Relationship of work with scientific programs, plans, themes of the department

«Technology of combined laser and pulsed plasma application of wear-resistant coatings for
strengthening firearm barrels» — project No. 0121U111822, reqistration date: 06/27/2021

Object of research normal and abnormal glow discharge in a coaxial system of electrodes in the presence

of an azimuthal magnetic field.

Subject of research the nature of the appearance of a glow discharge in a coaxial cylindrical system of

electrodes, the process of transition from a normal to abnormal glow discharge, the distribution of the

potential, the density of electrons and ions in the interelectrode space, the effect of the azimuthal

magnetic field on the characteristics of the discharge.

Purpose of work The objective of this work is to comprehensively study the behavior and characteristics

of the glow discharge in a coaxial electrode system in the presence of an azimuthal magnetic field.

Specific research goals include establishing the conditions for the occurrence of the glow discharge and

the transition from normal to abnormal burning mode, investigating the influence of the magnetic field on




the behavior of the glow discharge under the specified conditions, developing a mathematical model to

explain the physical processes occurring in the system, and experimentally confirming and verifying the

obtained results. The primary aim is to expand knowledge about glow discharges in narrow tubes,

particularly addressing the lack of data in the literature regarding abnormal glow discharges in the

presence of an azimuthal magnetic field.

Research methods Methods of mathematical physics, mathematical modeling, and numerical

calculations will be employed to investigate the glow discharge in a three-dimensional model of the

coaxial electrode system.

Information about the volume of the thesis, the number of illustrations, tables, applications and
references in the list of used ones The work contains: references - 96, pages - 202, figures - 75, tables -
16.

The purpose of the individual task, the methods used and the results obtained

Main Obijectives of the Individual Task:

1. Conduct an analysis of the historical aspects of gas discharge research. Study the processes occurring

in the plasma of a gas discharge, particularly in a glow discharge. Examine the classification of gas

discharges, conditions for their occurrence, and their applications in science and technology.

2. Define the key concepts related to a glow discharge and formulate the fundamental theoretical aspects

of this phenomenon. Analyze theoretical models and concepts explaining the properties of abnormal glow

discharge. Consider the characteristics of a glow discharge in a coaxial electrode system. Investigate the

influence of an azimuthal magnetic field on the glow discharge, taking into account the discussed

theoretical models.

3. Explore the applications of a glow discharge in a coaxial coordinate system, especially in thin tubes.

Conduct a literature review of scientific research in the field of glow discharge. Perform an experiment to

investigate the characteristics of a glow discharge in a coaxial electrode system. Justify the choice of

software for effective modeling of a glow discharge.

4. Describe the approaches and methods used for modeling a glow discharge, including the description of

mathematical and computer models. Analyze the obtained results of modeling. Present and analyze the

experimental results. Verify the model data.

Conclusion_The history of gas discharge research has been analyzed, focusing on key processes in

plasma discharge and the classification of gas discharges, emphasizing their applications in various fields.

The glow discharge has been studied, and its properties, structure, and plasma processes have been

established. The influence of azimuthal magnetic fields on the characteristics of the glow discharge has

been investigated, revealing significant prospects in different areas, including plasma chemical surface

treatment, particularly in thin tubes. Comprehensive modeling of various types of glow discharge has




been conducted, with modeling results validated through experiments. The developed model has been

verified under different conditions, demonstrating satisfactory accuracy in calculations. The findings are

crucial for understanding the phenomenon of anomalous glow discharge and its response to azimuthal

magnetic fields, with potential practical applications in high-tech industries.

Keyword list (no more than 20) argon plasma, low-pressure discharge, cylindrical electrode system,

three-dimensional models, physical-topological modeling, computer simulation, COMSOL Multiphysics
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