AHOTAIISA
JIO MATICTEPCHKOI JTMCEPTALII
CTYJIEHTA 2-ro (MATICTEPCHKOI'O) PIBHSI BUILIOI OCBITU I'P. OD-2 1M

ITaBmyka €ropa Kupunjiosuua

(nie)

Ha Temy «J/lociigkeHHsl BIUJIMBY TreoMeTpii KOAKCIaJbHUX €JEKTPOAIB HAa XapaKTepUCTHUKH

TJII0Y0r0 PO3psAY B 30T

HaykoBuii kepiBHUK _JI0KTOp (inocodii, acucteHT kadenpu 3arajbHoi (izsMku Ta MoJeJIOBAHHSA

¢iznunux nponecis, MaiikyTt Cepriit OaekciiioBu4

(HayKOBMii CTYyIiHb, BYEHE 3BaHHS, TIocaja, M6 )

AKkmyanpHicms AKTYAJIBHICTH [JAHOTO JOCHIUKEHHSI TMOJISITAa€ B _HeOOXITHOCTi PpPO3YMiHHS Ta

onTHMi3anii ra3’opo3psiiHUX NPoIeCiB, 30KpeMa TJIIY0ro po3psay B a30Ti 3 BHKOPHCTAHHAM

KOaKCiaJbHOI cucTeMu ejekTpoaiB. Ile mocaigkeHHs Ma€ BeJHKe 3HAYEHHS JJIS PO3BHTKY HOBHX

TEXHOJIOTiH, TAKMX fIK ILIA3MOBi JKepejia CBiTJIa, TeXHOJOrii 00poOKHM MaTepiagiB, Ta IHIIHX

BAKJIMBHX BHPOOHHYMX IPOIECIB.

BuBUeHHSI BILIMBY reoMeTpii KOaKCiaJbHHX €JEeKTPOJiB HA XapaKTEPHCTHKH TJIIOYOro po3psiay

MO’Ke NPHU3BECTH J0 BJIOCKOHAJEHHS e(eKTHBHOCTI Ta cTaliJIbHOCTI Takmx cucreM. Pe3viabTaTm

IbOr0 JOCTIIUKEHHS MOKYTh MATH NPAKTHYHE 3aCTOCYBAHHA B PI3HUX rajJy3siX, BKIIOYAI0YH

OCBITJICHHS, TEXHOJIOTiYHI MPOIECH, TA BUPOOHHUITBO €JEKTPOHIKH.

3acTocyBaHHS KOMI'IOTEPHHUX MojAeJdeld V JOCTIIKEeHHAX Ta30po3psiAHUX HMPoleciB BAXKJINBO IS

IIBHJAKOI0 Ta e(eKTHBHOI0 BWBYEHHS CKJIATHUX Gizmunnx sapum. Iled minxin mo3BoJise

3XiliCHIOBATH BipTYaJbHi €KCIIEPHMEHTH TA ONTHMI3YBATH NMPOEKTH 0e3 HeoOXigHocTi (izmuHoro

CTBOPCHHSA HDOTOTI/IHiB.

38’a30k po6omu 3 HAYKOBUMU NPO2PAMAMU, NAAHAMU, memamu Kagedpu

«TexHoJi0Ti KOMOiIHOBAHOIQ JA3€PHOro Ta iMl'lVJ'leHO IJIA3MOBOI0 HAHECEHHS 3HOCOCTIHKHX

NOKPUTTIB /14 3MillHEeHHS CTBOJIB BOrHenmaJbHoI 30poi» — a/p Ne 0121U111822, nara peecTpanii:

27-06-2021

06’ekm docnidxceHHA _TJail0UMii po3psa B a30Ti, HOPMAJILHHI Ta AHOMAJLHUI PEKUMH TJIiI0Y0r0

pPoO3pAaY B KOaKciaJabHill cucTeMi eJIeKTPOaiB.

Mpedmem 0ocnidxceHHA 3MiHN XaPAKTEPUCTHK IIA3MH TJiI0Y0r0 PO3PsAAY B 230Ti B KOAKCiaAbHil

CHCTEMi eJIeKTPOAiB MPH Pi3HUX THCKAaX i paaiycax CHCTEeMH.

Mema po6omu QCHOBHOIO METOIO JAHOI HAVKOBO-I0CTIiIHOI p00OOTH € BUBYECHHS BILIHBY 3MiHH

reoMeTpii KoakciaJbHHX eJIeKTPOAIB HA XaPAKTEPHUCTHKH TJII0Y0ro po3psiiy B a30THOMY

cepenouii. KonkperHi mijii BKJII0OY210TL aHAJi3 OCHOBHHX BJIACTHBOCTEH TJIiI0Y0r0 po3psaay,

JOCJTIZKeHHS HOro moBeJiHKHM B 230Ti, BUBYEHHS 0C00JIMBOCTEN KOAKCIaJIbHOI CHCTEMH

€JEeKTPOIiB, 2 TAKOK PO3POOKY Ta Bepudikanio MaTeMaTHYHOI MoJAeJdi AJI KOMI'IOTEPHOro

MOJ€CJIOBAaHHA.




Memodu 0ocnidxceHHA MeToaU MaTeMaTH4HOoI Gi3uKH, MATeMaTHYHEe MOACIIOBAHHS | YHCeNILHUI

PO3PAXYVHOK I JOCTiIKEeHHS TJII0Y0ro Po3psaaAy V ABOMIpHIii Moaei KOaKciaJLHOI CHCTEMH

€JIEKTPO/iB.

Bioomocmi npo o6caz 36imy, Kinpkicme inwocmpayii, madauub, 000amKie I JAimepamypHux

HalIMeHY8aHnb 3a nepeikom suxkopucmanux __B po0OTi HaBeleHO: BUKOPUCTAHOI JiiTepatypu - 104,

CTOPIiHOK: - 126, pucYHKIB - 36, TA0J1HIb - 6.

Mema inougioyanvbHoz0 3a860aHHA, BUKOPUCHIAHI MEMOOU MA OMPUMAHI Pe3yTbmamu

ToJioBHi Iiji iLIMBIAYaJILHOI0 3aBJAHHA:

1. IIpoBecTH XpPOHOJIOTiYHE BUBYEHHS icTOPii BIIKPUTTS razoBux po3psiiB Ta BHECKY BUEHHX Y

e npouec. O3zuaiiomurncd 3 GisHYHUMH poLecAMH B IJIA3Mi ra3oBHX PO3pPAAiB i MPOBECTH

OLJISIA CYYACHUX TE€OPETUYHHMX KOHIeNUiii. BUBUMTH MexaHi3MH Ta YMOBHM IepPeXoay Bix

HEeCAMOCTIIHOI0 0 CAMOCTIIiHOI0 ra30BOro Po3psay.

2. BUBYNTH 0CHOBHI XapaKTEePUCTHKH TJaiI090ro po3psaay. JocaiguTn noBeaiHKy TJiI0Y0ro po3psaay

B 230THOMY CepeI0BHINLi YV TOHKHX TPYOKaX. BUBUNTH 0C00JIHBOCTI Ta mapaMeTpH KOaKCiaJbHHX

CHCTEM eJIEKTPOJiB, AKi BUKOPHCTOBYIOTHLCS JJI CTBOPEHHS TJII0Y0r0 po3psaay. 3AiliCHUTH aHAJII3

HAVKOBHX NY0JiKalii Ta 10Cai’KeHb, MPUCBAYECHUX TIOUOMY PO3PAAY.

3. O0rpyHTYBAaTH BHOIpP KOMII'IOTEPHOI0 MOJAEIIOBAHHS SIK iHCTPYMEHTY /IS HAYKOBHX

JOCJHKEeHDb ra30po3psAHUX nponeciB. OnucaTy BHKOPHCTAaHe MPOrpaMHue 3a0e3nevYeHHs A

KOMIT'IOTEPHOI'0 MOAEJIOBAHHSA TJHIOUOro po3psaay B KoaKciaJabHil cucreMi ejJekrpoais. Onucaru

MAaTEMATHYHY MOJAEC/Ib, IKA BUKOPHUCTOBYETHCH NI KOM]'[’IOTCI)HOFO MOI€JIOBAHHS TJII0Y0r0

PO3pAAY B KOAKCIAJBLHIH cHCTEMIi eJIEeKTPOIiB.

4. OnmcaTu po3po0aeny Mmoaeb v ceperosuiai COMSOL Multiphysics, Bka3zaBmm Bei BXigHi

napaMeTpH Ta BHOpaHi 00acTi gociigkenns. IIpecTaBuTH Ta NIPOaHAJi3yBaTH OTPHUMaHi

PE3VJIAbBTATH MOACJIOBAHHSA. Cd)ODMVJ'IlOBaTH DeKOMeHIlalli'l' AJISI MOKJIMBOI'O 3aCTOCYBAHHSA

OTPUMAHHUX De3V.]'ILTaTiB Ha HDaRTI/IIIi TAa BKA3aTH MOKJIUBI HAIIPAMKH JJIS TOJAJBIINX HAYKOBHUX

IOCJHIKeHb vV naHiii 00JacTi

Bucnoeox B pamMkax 1aHOro xocjaif:kKeHHs1 BUBYEHO MPOILECH B IJ1a3Mi po3ps/iiB Ta YMOBH Iepexoay

Bil HeCcAMOCTIHHOrO 10 CAMOCTIiiHOro ra3oBoro po3psaay. JlocaiikeHo OCHOBHI BJIACTHBOCTI

TJII0Y0ro pPo3psaay TAa HOro moBeAiHKY B a30THOMY cepeloBHIN, BU3HAYEHO KJIIOYO0BIi mapaMeTrpH,

10 BIJIMBAIOTH HAa po3psad. BcTraHoBJeHO, 0 KOMI'IOTEpHE MOAETIOBAHHA € edeKTHBHHM

iHCTPYMEHTOM Ul BHBYEHHSI Ta30po3psiiHUX MpoleciB, OOIPYHTOBAHO BHOIp NpPOrpamMHOro

3a0e3neYeHHs] TAa HaJaHO MATEMATHYHY MOJAeJb JJs MOAEJNIOBAHHA TJIIOYOro po3psaay B

KoakciaJbHili cucTeMi egexktpoais. Omucano Moaeab, po3podeny B cepeaosuimti COMSOL

Multiphysics, npeacraBjieHO OTPHMAaHI Pe3VJbTATH KOMII'IOTEPHOI0 MOJECJIOBAHHA Ta NPOBEIEHO

ix amaqaiz. B pe3yabrTaTti Bepudikanii moaeai chopMyJb0BaHO peKOMeHAANIl AJs MPaKTHYHOIO

BHKOPHMCTAHHS OTPHMMAHHMX Pe3YJbTATIiB TA BKA3aHO HANPAMKH NOAAJBINHX A0CJHiIKeHb V rajysi

ra30po3psiAHNX MPOIeciB.




Ilepenix kniouosux ciie (ne oGinvwie 20) TAiYUH _PO3Psia, KOAKCIAJIbLHA CHCTEMA €JIEKTPOiB,

NIIIHAPUYHA CHCTEMA eJEeKTPOAiB, Ppo3psaa B a30Ti, KOMI’'IOTepHEe MOJCJIOBAHHA, ILIa3Ma

po3psaais, COMSOL Multiphysics
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On the topic__Investigation of the influence of the geometry of coaxial electrodes on the

characteristics of a glow discharge in Nitrogen

Scientific supervisor _a doctor of philosophy, assistant Maikut Serhii
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Actuality The relevance of this research lies in the necessity to understand and optimize gas discharge

processes, particularly the glow discharge in nitrogen using a coaxial electrode system. This study is

crucial for the development of new technologies, such as plasma light sources, material processing

technologies, and other essential industrial processes.

Investigating the influence of the geometry of coaxial electrodes on the characteristics of the glow

discharge can lead to improvements in the efficiency and stability of such systems. The findings of this

research may find practical applications in various fields, including lighting, technological processes,

and electronics manufacturing.

The application of computer models in the study of gas discharge processes is essential for the rapid

and __effective exploration of complex physical phenomena. This approach allows for virtual

experiments and optimization of designs without the need for the physical creation of prototypes.

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, registration date: 06/27/2021

Object of research The glow discharge in nitrogen, normal and abnormal modes of the glow discharge

in a coaxial electrode system.

Subject of research Changes in the characteristics of the plasma in the glow discharge in nitrogen in a

coaxial electrode system at different pressures and system radii.

Purpose of work The main objective of this scientific research is to study the influence of changes in

the geometry of coaxial electrodes on the characteristics of the glow discharge in nitrogen. Specific

goals include the analysis of the basic properties of the glow discharge, investigation of its behavior in

nitrogen, study of the features of the coaxial electrode system, and the development and verification of

a mathematical model for computer simulation.

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

calculations will be employed to investigate the glow discharge in a two-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 - 104, pages: - 126, figures - 36, tables
-6.

The purpose of the individual task, the methods used and the results obtained
Main Objectives of the Individual Task:

1. Conduct a comprehensive study of the history of the discovery of gas discharges and the

contributions of scientists to this process. Thoroughly investigate the physical processes in the plasma

of gas discharges and provide an overview of modern theoretical concepts. Study the mechanisms and

conditions of the transition from non-self-sustained to self-sustained gas discharge.

2. Examine the main characteristics of the glow discharge. Investigate the behavior of the glow

discharge in a nitrogen environment. Study the features and parameters of coaxial electrode systems

used to create the glow discharge. Analyze scientific publications and research dedicated to the glow

discharge.

3. Justify the choice of computer modeling as a tool for scientific research on gas discharge processes.

Describe the software used for computer modeling of the glow discharge in a coaxial electrode system.

Develop and describe the mathematical model used for computer modeling of the glow discharge in a

coaxial electrode system.

4. Describe the model developed in COMSOL Multiphysics, specifying all input parameters and

selected areas of study. Present and analyze the results of modeling. Formulate recommendations for

the practical application of the obtained results and suggest possible directions for further scientific

research in this field.

Conclusion Within the scope of this study, plasma discharge processes and the transition conditions

from non-self-sustained to self-sustained gas discharge have been investigated. The fundamental

properties of the glow discharge and its behavior in a nitrogen environment have been explored,

identifying key parameters influencing the discharge. Computer modeling has been established as an

effective tool for studying gas discharge processes, with a rationale for software selection and a

provided mathematical model for simulating the glow discharge in a coaxial electrode system. The

model, developed in the COMSOL Multiphysics environment, is described, and the obtained results of

computer simulation are presented and analyzed. Recommendations for practical application of the

results and directions for further research in the field of gas discharge processes are formulated based

on model verification.

Keyword list (no more than 20)_glow discharge, coaxial system of electrodes, cylindrical system of

electrodes, discharge in nitrogen, computer modeling, plasma discharges, COMSOL Multiphysics
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