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Pedepar:

1. Y mocrinsKeHHsIX BUCOKOTEMIIEPATYPHOI IJIa3MHU, CIIPSIMOBAHUX HA BUPIlIEHHS 3aBAaHb KEPOBAHOTO
TEPMOSIIEPHOTO CUHTE3Y, OJHIEI0 3 KIIOUOBUX IIPOGJIEM 3aJINIIAETHCS TIOTPAIJISTHHS JIETKUX | BAKKUX TOMIIIOK Y
nasmy. lle 3yMoBjieHO 3a0pyJHEHHSIM BHYTPILIHIX IOBEPXOHb BAKYYMHUX KaMmep, 10 IPU3BOAUTD IO MOTipIIE€HHS
I171a3MOBUX [1apAMETPiB, 3pOCTaHHS €HePreTUYHUX BTPAT, BUHMKHEHHS pafliallilHOro KOoJaIlCcy Ta 3pUBIB Y
IIPUCTPOSIX TUILY TOKaMmak. ToMy epeKTUBHA MiIrOTOBKA 1 YUCTKUA BAKyYMHUX [TOBEPXOHb € OG0B I3KOBOIO
CKJIaJIOBOIO (PYHKLIOHAJIPHOTO LIMKJIy TEPMOSIIEPHUX YCTaHOBOK. HalmomupeHimmm MeTogoM YMCTKY €
BHMKOPHMCTaHHSI I1JIa3MU >KEBPil0OYOT0 po3psy, Xoua i 3a/IMIIaeThCsl HEOOXiNHICTh AeTalbHIINX NOCTiIKeHb ii
napametpiB. OfHaK ey Miaxig Mae CyTTeBUIA HELOJIIK — PO3IUIJIEHHS MaTepialiB IOBEPXOHb, 3yMOBJIEHE BUCOKOIO
€HEPTri€Io i0HIB, gKa MepeBUIye MOPIr PO3NUIJIEHHS i 3aJIEXKUTH Bifl HANPYTY po3pAny. 3MEHLIEHHS aHOLHOI HallpyIru

[0 6e3IeYHOro PiBHS € BKpall CKJIaIHUM Yy [IPaKTUYHOMY BTijIeHHi. HaTomicTh 3acToCcyBaHHSI KOMOIHOBAaHOTO



JKEBPil0YOro-MiKpOXBUJILOBOTO PO3PANY JA€ 3MOTY CYTTEBO 3HU3UTU aHOLHY HAIPYTy, IO POOUTH Or0O
[IepCIIeKTUBHUM JJIs1 YUCTKU TOPOifasibHUX Kamep. [IpoTe mociigkens y 1[poMy HanpsiMi 3amaiio, a QisuyHi
MEXaHIi3MU PO3PAIY 3aJMUIIAIOTLCS HEJOCTATHLO BUBYEHUMU. Pa30M 3 TUM, BKJIMBE 3HAYEHHS MA€ BIOCKOHAJIEHHS
METO/IiB 1iarHOCTUKMU IJIa3MHU, IO BilirpaloTh KJIIOUYOBY POJIb Y PO3YMiHHI (Pi3MYHUX IIPOLIECIB y ra30PO3PSIHUX
cucreMax. 30Kpema, BUKOPUCTAHHS MiKPOXBUJIbOBOI pedpakliii 1ae 3MOry BUSIBJISITU JIOKaJIbHI HEOJHOPiZHOCTI
€JIEKTPOHHOI I'YCTUHYU, BU3HAYaTU a3MMYTaJlbHi 3CYBU CTPYKTYP I1JIa3MU Ta OLiHIOBATU YacTOTY ii o6epTaHHSI.
[Mopganpmuit nporpec y ¢izuili n1a3mMyu 3Ha4HOIO MipOIO 3aJI€5KUTh Bifl PiBHS pO3BUTKY AiarHOCTMYHUX 3aCO0iB, 1110
3YMOBJIIO€ HEOOXIHICTb IXHBOTO yIOCKOHAIeHHs. ToMy faHa po6oTa OyJjia CIIpsSIMOBaHA HA PO3MMPEHHS Pi3N4HOI
KapTHHU B ra30pO3PsAHiil M1a3Mi XXeBpilouoro po3psay Ta KOMOGiIHOBAHOTO >KE€BPil0YOro — MiKPOXBUJILOBOTO
PO3psny SKi peasnizyloThCs y TOPOifaIbHUX KaAMePax TEPMOSIEPHUX NPUCTPOSX HIJISXOM KOMIJIEKCHOTO
IoCiaXeHHs ii napaMeTpiB, Ta BIPOBAIPKEHHI Pe3yJIbTaTiB HA TEPMOSIIEPHUX IPUCTPOSIX. 17151 1bOTOo, 6YJI0
IIPOBELIEHO NOCJIiIPKEHHSI TapaMeTPiB IIJIa3MU >KEBPiIOUOro po3psily B Pi3HUX ra30BUX aTMOC(epax, BUBHAYEHHS
BOJIbT-aMIIEPHUX XapaKTEPUCTUK Ta CKJIAJy IJIa3MHU, PO3PAXOBaHO MapaMeTpH IJIa3MU JKEBPIil04Oro po3psgy 3a
IOTIOMOTOI0 YUCJIOBOI'O MOZEJIOBAHHS, NOCIiIP)KEHO KOMOIHOBaHU KeBPilounil — MiKPOXBUIbOBUI PO3Ps, Ta
YIOCKOHAJIEHO METOJ], BUBHAYEHHS JIOKAJIbHUX HEOJHOPIIHOCTEN MJ1a3MU 3 BUKOPUCTAHHSM MiKPOXBUJIbOBOI
pedpaxuii. Y xofi ekcriepruMeHTaIbHUX AOCiIKeHb BUMIPSIHO 3aJI€XKHOCTI ITPOGMBHOI HAIIPYTH Bill TUCKY IJIsI ra3iB
Ar, He i H2 y BunanKy BUKopucTaHHs aHoiB ¢popmu cpepruyHoi KasnoTu. BctaHoBseHO, 1110 IpoOMBHA Halpyra
3HAYHOIO MipOIO 3aJIEXKUTH SIK Bif TUITy ra3y, Tax i Bif, popMM aHO[IiB, 2 OTPUMaHi €KCIIEPYMEHTAJIbHI 3aJ1€KHOCTI
IIpOOMBHOI HANPYTH BiZIIOBiZAI0Th 3aK0HY [lamena. HaiiBuiii 3HaueHHS IPOGMBHOI HAIIPYTH CIIOCTEPIraanuch y
resiesiii atmocdepi, TOfIi SIK HAMHWKYI — B AprOHOBIN. AHAJIOTiYHa KapTHHA CIIOCTepiraaacs i gjs aHofiB Gopmu
BUTHYTOTO LuiiHApa. [IopiBHSIIBHUI aHAali3 IBOX TUIIB aHOLiB (BUTHYTOTO LMJIiHIpa Ta CPeprUIHOi KajloTH) 3a
OJIHAKOBMX YMOB I10Ka3aB CYTTEBY Pi3HULIIO B IPOOUBHUX HAnpyrax. Taka BiIMiHHICTb Y IPOOUBHIN HANIpPy3i MOXe
3YMOBJIIOBATUCS BiIMiHHOCTSIMU B T€OMETPIii aHOIB, 10, Y CBOIO YEPTY, BIJINBAE HA XapaKTep PO3MNOLiTy
€JIEKTPUYHOTO I10JIs1 Y BaKyyMHOMY 00’eMi, a pO3paxyHKH eJIeKTPUYHOrO 1107181 3a gornomMoroo FEMM-kony
HiATBEPAXYIOTh OT0 CKJIaIHY HEONHOPiIHY CTPYKTYpy. [IpoBejeHO BUMIPIOBAaHHS BOJIbT-aMIIEPHUX
XapaKTePUCTUK 17151 pi3HUX rasis (Ar, He, H2, N2) i3 BUKOpUCTaHHSM aHO/IB 1BOX TUMiB. OTPHMMAaHi 3aJ1€5KHOCTI €
TUIIOBUMU JJ151 PO3PSIZIB i3 MOPOKHUCTAM KaTOJOM i JEMOHCTPYIOTh 3POCTaHHS CTPYMY 3i 30iJIbII€HHSIM HallpYyTru
HEe3aJIeXHO Bifl TUCKY UM TUILY ra3y. I[HTEHCUBHICTb ONITUYHOI'O BUIIPOMIHIOBAaHHS TaKOX 3POCTA€E 31 CTPYMOM, 1110
BKa3ye Ha MiJIBULIEHHS I'YCTUHU 1 TEMIIEPATYPH €JIEKTPOHIB. Pi3HNUIIS HANIpyT Ha eJIeKTPoAax, Mo CIOCTEpiraacs,
HMOBIpHO, IIOB’SI3aHa 3 HEOJHOPIHICTIO TapaMeTpiB I171a3MU Y BEJIMKOMY 00’eMi po3psny. AHonu ceprudHoi popmu
KaJIoTH 3a6€3MevyI0Th BUILY PO3PSIHY HAIPYTy, HiX 1J151 aHOAiB GOPMU BUTHYTOrO LMjiHApa. HaiiBuia Hanpyra
criocTepirazach y BOOHEBIH I171a3Mi, HAMHMKYA — B TeJli€Bil. YCi 3a/IeXKHOCTI € HesliHIMHUMU: CTPYM Pi3KO 3pocTae
IIpY HE3HAYHOMY MiBUILIEHHI HAarpyru. 3a JOIOMOr00 PyXOMOTo MOTPiHOro 30Hy OYyJIM JOCiIPKEeHi TapaMeTpu
I171a3MU KeBpPil04oro po3psiay. BuMiproBaHHS TakoX MPOBOAMIINCS IJ1s1 Pi3HUX rasiB (aproHy, rejlito, BOJHIO) Ta JBOX
AHOJHUX cUCTeM. Y BCix BUNaKax 6ys0 3aikCOBaHO TUIIOBI NapaMeTpH IJIa3MU 117151 )KEBPilOUOro po3psay, a
pazianbHUI NPOPiib MOKA3aB, 0 MAKCUMAJIbHI 3HAaY€HHS I'yCTUHY IVIa3MU, TEMIIEPATYPH €JIEKTPOHIB Ta
IJIaBAI0YOro MOTEHIIialy CIIOCTePiraancs B LEHTPi MJ1a3MOBOT'O CTOBIIA, TOZ SIK Y HAIIPSIMKY [10 CTiHKU KaMepH 1ii
napaMeTpy MOCTYIIOBO 3MEHIIYBaIKCs. [Ipy MpakTUYHO OJHAKOBUX YMOBAX HalbiIbIIa IyCTUHA I171a3MU
criocTepiraetbcs y aprosi fo = 8,3-1014 m-3, HiX y redii 10 = 4-1014 m-3 Ta BogHi g0 =~ 1,5-1014 m-3.

2. In high-temperature plasma research aimed at solving the problems of controlled thermonuclear fusion, one of
the key problems remains the ingress of light and heavy impurities into the plasma. This is due to contamination of
the inner surfaces of vacuum chambers, which leads to a deterioration in plasma parameters, increased energy
losses, radiation collapse and disruptions in tokamak-type devices. Therefore, effective preparation and cleaning
of vacuum surfaces is an essential part of the functional cycle of thermonuclear installations. The most common
cleaning method is the use of glow discharge plasma, although there is still a need for more detailed research of its
parameters. However, this approach has a significant drawback - the sputtering of surface materials due to the
high energy of ions, which exceeds the sputtering threshold and depends on the discharge voltage. Reducing the
anode voltage to a safe level is extremely difficult to implement in practice. Instead, the use of a combined glow-



microwave discharge allows significantly reduce the anode voltage, which makes it promising for cleaning toroidal
chambers. However, the research in this area is insufficient and the physical mechanisms of the discharge remain
poorly understood. At the same time, it is important to improve plasma diagnostic methods, which play a key role
in understanding the physical processes in gas discharge systems. In particular, the use of microwave refraction
makes it possible to detect local inhomogeneities in electron density, determine azimuthal shifts in plasma
structures, and estimate its rotation frequency. Further progress in plasma physics largely depends on the level of
development of diagnostic tools, which necessitates their improvement. Therefore, this work was aimed at
expanding the physical picture in gas discharge plasma of glow discharge and combined glow-microwave
discharge, which are implemented in toroidal chambers of thermonuclear devices through a complex study of its
parameters and the implementation of the results on thermonuclear devices. For this purpose, the parameters of
glow discharge plasma in various gas atmospheres were studied, the current-voltage characteristics and plasma
composition were determined, the parameters of glow discharge plasma were calculated using computational
modelling, combined glow — microwave glow discharge, was investigated, and the method for determining local
plasma inhomogeneities using microwave refraction was improved. During the experimental studies, the
dependence of the breakdown voltage on pressure was measured for Ar, He and H2 gases when using spherical
calotte anodes. It was found that the breakdown voltage depends to a large extent on both the type of gas and the
shape of the anodes, and the obtained experimental dependencies of the breakdown voltage correspond to
Paschen's law. The highest breakdown voltage values were observed in a helium atmosphere, while the lowest
were in an argon atmosphere. A similar pattern was observed for anodes of curved cylinder shape. A comparative
analysis of the two types of anodes (curved cylinder and spherical calotte) under the same conditions showed a
significant difference in breakdown voltages. This difference in breakdown voltage may be due to differences in
the geometry of the anodes, which, in turn, affects the nature of the electric field distribution in the vacuum
volume, and calculations of the electric field using the FEMM code confirm its complex inhomogeneity structure.
Current-voltage characteristics were measured for different gases (Ar, He, H2, N2) using two types of anodes. The
obtained dependencies are typical for hollow cathode discharges and demonstrate an increase in current with
increasing voltage regardless of pressure or gas type. The intensity of optical emission also increases with current,
indicating an increase in electron density and temperature. A voltage difference observed at the electrodes is
probably due to the inhomogeneity of plasma parameters in a large discharge volume. Spherical calotte anodes
provide higher discharge voltage than curved cylindrical anodes. The highest voltage was observed in hydrogen
plasma, the lowest in helium plasma. All dependencies are non-linear: the current increases sharply with a slight
increase in voltage. The parameters of the glow discharge plasma were investigated using a movable triple probe.
Measurements were also performed for different gases (argon, helium, hydrogen) and two anode systems. In all
cases, typical plasma parameters for glow discharge were recorded, and the radial profile showed that the
maximum values of plasma density, electron temperature and floating potential were observed in the centre of the
plasma column, while these parameters gradually decreased towards the chamber wall. Under practically identical
conditions, the highest plasma density is observed in argon, up to = 8,3-1014 m-3, than in helium, up to = 4-1014 m-
3.
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