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Pedepar:

1.V mocnigkeHHAX BUCOKOTEMIIEPATYPHOI IJIA3MHU, CIIPIMOBAHMX Ha BUPILIEHHS 3aBJaHb KEPOBAHOTO

TEPMOSIIEPHOIO CUHTE3Y, OJHI€I0 3 KII0UOBUX ITPOGJIEM 3a/IMIIAETHCS IIOTPAILISIHHS JIETKUX | BAKKUX JIOMIIIOK Y

nasmy. lle 3ymoBjIeHO 3a0pyJHEHHSIM BHYTPILIHIX IOBEPXOHb BAKYYMHHUX KaMep, 10 IPU3BOAUTD [0 MOTipIIEHHS

I1J1a3MOBUX I1apaMETPiB, 3pOCTaHHS €HEPreTUYHMX BTPAT, BAHUKHEHHS PafiallilHOTO KOJIAICY Ta 3pUBIB y
IIPUCTPOSIX TUITy TOKaMak. ToMy eeKTHBHA MiArOTOBKA i1 YMCTKU BaKyyMHUX [I0BEPXOHDb € 0OOB'SI3KOBOIO
CKJIaJI0OBOIO (PYHKIIOHAJIBHOTO LIMKJIy TEPMOSIIEPHUX YCTaHOBOK. HalimomupeHimmm MeTogoM YMCTKY €

BMKOPHMCTAHHSI IJIa3MU >KEBPil0OYOT0 PO3psly, X04a i 3a/IMIIA€TbCSI HEOOXiIHICTh AeTaNbHIMNX NOCiIKEHb ii



napametpiB. OfHak Liey miaxig Mae CyTTeBUA HELOJIIK — PO3IUJIEHHS MaTepialiB IOBEPXOHb, 3yMOBJIEHE BUCOKOIO
€HEPTi€lo i0HIB, SKa ePEBUIIye MOPITr PO3NUJIEHHS i 3aJIEXXUTD Bifl HANIPYTU pO3psny. 3MEHIIEHHS aHOHOI HANIPYTU
[0 6e311eYHOro PiBHS € BKpall CKJIaIHUM Yy [IPAaKTUYHOMY BTijIeHHi. HaToMicTb 3acToCyBaHHSI KOMOIHOBAHOTO
JK€BPil0YOro-MiKpOXBUJILOBOTO PO3PSY JA€ 3MOTY CYTTEBO 3HU3UTU aHOLHY HAIIPYTy, IO POOUTH 10T
NEPCIEKTUBHUM [1JI51 YUCTKU TOPOifganbHUX Kamep. [IpoTe NoCliIpKeHb y IbOMY HaNpsMi 3aMaso, a (isuyHi
MEXaHi3MH1 pO3psly 3aJIMIIAI0THCS HELOCTATHBO BUBYEHMMU. Pa3oM 3 TUM, BaXKJIMBE 3HAYEHHS Ma€ BIOCKOHAJIEHHS
METO/IiB 1iarHOCTUKMU IIJIa3MHU, IO BiirpaloTh KJIIOYOBY POJIb Y PO3YMiHHI (Pi3MYHUX IIPOLIECIB y ra30pO3PSIHUX
crucremax. 30KpeMa, BUKOPUCTaHHS MiKDOXBUJIbOBOI pepaKliii lae 3MOry BUSIBJISITY JIOKQJIbHI HEOOHOPILHOCTI
€JIEKTPOHHOI I'YCTUHY, BU3HAYaTH a3UMYTaJIbHi 3CYBU CTPYKTYP I1JIa3MU Ta OIL[iHIOBATU YacTOTY ii o6epTaHHSI.
[Mopanpmuit nporpec y ¢izuili n1a3mMyu 3HaYHOIO MipOIO 3aJI€5KUTh Bifl PiBHS pO3BUTKY AiarHOCTMYHUX 3aCO0iB, 1110
3YMOBJIIO€ HEOOXiAHICTb iXHBOTO yHOCKOHaNEeHHs. ToMy laHa poboTa OyJia CIIPsSIMOBaHA Ha PO3MHUPEHHS (i3UdHOL
KapTUHU B Ta30pO3PsIHil TJ1a3Mi )KeBPil04oro po3psify Ta KOM6iHOBAaHOTO KE€BPil04Oro — MiKpOXBUJIbLOBOTO
PO3psny SIKi peasizyloThCsl y TOPOifaIbHIX KaAMEPax TEPMOSIIEPHUX NPUCTPOSX HJISXOM KOMILIEKCHOTO
IocCimKeHHs ii napaMeTpiB, Ta BIPOBAIPKEHHI pe3yJbTaTiB HA TEPMOSIIEPHUX IPUCTPOSIX. [I71s1 1boro, 6YysI0
IIPOBEIEHO NOCIiIKEHHS [IapaMeTpiB [1JIa3MU SKEBPil0YOro po3psilly B Pi3HUX ra30BUX aTMOC(epax, BUBHAYEHHS
BOJIbT-aMIIEPHUX XapaKTEPUCTUK Ta CKJIALy IJIa3MHU, PO3PAXOBaHO MapaMeTpH IIJIa3MU JKEBPI04Oro po3psgy 3a
IIOITOMOT'0I0 YMCJIOBOT'O MOJIE/IIOBAaHHS, OCIIIPKEHO KOMOIHOBaHMM >KeBPilounil — MiKpOXBUJIbOBUM PO3Ps, Ta
YIOCKOHAJIEHO METOJ], BUBHAYEHHS JIOKAJIbHUX HEOJHOPIIHOCTEN MJ1a3MU 3 BUKOPUCTAaHHSIM MiKPOXBUJIbOBOI
pedpaxuii. ¥ xofi eKcriepuMeHTaIbHUX JOCIiIPKeHb BUMIPSHO 3a71€XKHOCTI TPOOUBHOI HANIPYTH Bifl TUCKY 17151 rasiB
Ar, He i H2 y BunaniKy BUKOpUCTaHHS aHOiB popmu cpeprudHoi KasoTu. BctaHoBsIeHO, 1110 IpOOMBHA Hallpyra
3HAYHOIO MipOIO 3aJIE>KUTH SIK Bifi TUITy rasy, Tax i Bif, popMu aHO[IiB, @ OTPUMaHi €eKCIIEpPUMEHTAJIbHI 3aJ1€5KHOCTI
MIpOOUBHOI HAIIPYTU BiNINOBial0Th 3aKOHY [lamena. HailiBuini 3HaueHHs MPOOMBHOI HAIIPYTH CIIOCTEPIraanuch y
resiesiit atmocdepi, TofIi IK HAMHWKYI — B aprOHOBIN. AHAJIOTiYHa KapTHHA CIIOCTEepiraaacs i gjs aHofiB Gopmu
BUTHYTOrO LuiiHApa. [1opiBHSIbHUI aHAali3 IBOX TUIIB aHOJiB (BUTHYTOTO LMJIiHIpa Ta cPepruyHOi KajoTH) 3a
OJIHAKOBMX YMOB I10Ka3aB CYTTEBY Pi3HULIIO B IPOOUBHUX Hanpyrax. Taka BiAMiHHICTb y IPOOUBHIN HaNIpPy3i MOXe
3YMOBJIIOBATHCS BiIMiHHOCTSMU B T€OMETPIl aHOIB, 1110, Y CBOIO YEPTY, BILJINBAE HA XapaKTEP PO3IOLILY
€JIEKTPUYHOTO I10JIs1 Y BAKyyMHOMY 00’eMi, a pO3paxyHKH eJIeKTPUYHOro 110715 3a gornomorowo FEMM-kony
HiATBEPAXYIOTh Oro CKJIaIHy HEONHOPiIHY CTPYKTYpyY. [IpoBeieHO BUMIPIOBaHHS BOJIbT-aMIIEPHUX
XapaKTePUCTUK AJ1s pi3HUX rasis (Ar, He, H2, N2) i3 BUKOpUCTaHHSIM aHOZIB IBOX TUIiB. OTPHMMAaHi 3aJIE5KHOCTI €
TUIIOBYMMU JJ151 PO3PSIZIB i3 MOPOKHUCTAM KaTOJOM i JEMOHCTPYIOTh 3DOCTaHHS CTPYMY 3i 301/IbII€HHSIM HAIIPYTU
HE3aJIEKHO Bifl TUCKY YU THUIIY ra3y. I[HTEHCUBHICTb OIITUYHOIO BUIIPOMIHIOBAHHS TaKOX 3POCTAE 3i CTPYMOM, 110
BKa3ye Ha MiJIBULIEHHS I'YCTUHU 1 TEMIIEPATYPH €JIEKTPOHIB. Pi3HuUIIS HANIpyT Ha eJ1eKTPoAax, Mo CIoCTepiranacs,
IMOBIpHO, IOB’S13aHA 3 HEOJHOPIIHICTIO NapaMeTPiB IJIa3MU y BEJIMKOMY 06'eMi po3psiay. AHonu cheprudHoi popmu
KaJIOTH 3a6€3MevyI0Th BUILY PO3PSIIHY HAINPYTy, HiXK 1J151 aHOAiB GOPMU BUTHYTOrO LUjiHApa. HaiiBuma Hanpyra
cIiocTepirazach y BOJHEBIN I171a3Mi, HAMHMKYA — B TeJIi€Bil. YCi 3aJIEXKHOCTI € HeJliHIMHNMU: CTPYM Pi3KO 3pocTae
[IPY HE3HAYHOMY MiIBUILIEHHI HAIPYTrU. 3a JOIIOMOTOI0 PYXOMOTrO IOTPIiHOTO 30HAY OYyJIM IOCIIiI>KEHi TapaMeTpu
I171a3MHU KeBpPil040ro po3psiay. BUMipioBaHHSI TaKOXK IIPOBOAWIINCS AJIsI Pi3HUX rasiB (aproHy, resito, BOGHIO) Ta JBOX
aHOJHUX cucTeM. Y BCix BUNaakax 6yso 3adikcoBaHO TUIIOBI NapaMeTpH IJIa3MU 17151 XKEBPilouoro po3psay, a
pazianbHUI NPoPinb M0Ka3aB, 0 MAaKCUMAaJIbHi 3HAYEHHS I'YCTUHY IJIa3MU, TEMIIEPATYPH €JIEKTPOHIB Ta
I171aBal0YOro MOTEHIialy CIIOCTEPIraancs B LEHTPI IJIa3MOBOT'O CTOBIIA, TOZ| SIK Y HANIPAMKY 10 CTIHKU KaMepH Lii
napameTpy MOCTYIIOBO 3MEHIIYBaIUCs. [Ipy NpakTU4YHO OJHAKOBUX YMOBAX HalbiIbIIa IyCTUHA I171a3MU
CIIOCTepiraeTbcst y aproi o = 8,3-1014 m-3, HiX y resii 1o = 41014 M-3 Ta BozHi #0 = 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.

Jep>kaBHu# peecTpaniiiHuii Homep JiP:

IIpiopuTeTHHI HanpsSIM PO3BUTKY HayKH i TEXHIKHU: OyHgamMeHTasbHi HAYKOBI HOCIIIPKEHHS 3 HANGIbII
BaXKJIMBUX IIPOGJIEM PO3BUTKY HAYKOBO-TEXHIYHOI0, COLiaJIbHO-€KOHOMIUHOT0, CyCIiIbHO-TIOJITUYHOTO,
JIIOJICBKOTO NIOTEHLjaly 17151 3a0e31e4eHHs] KOHKYPEHTOCIIPOMOXKHOCTI YKpaiHy y CBiTi Ta CTaJIOr0 PO3BUTKY

CYCIIiJIbCTBA i Jep>kaBu

CrpareriyHuii npiopUTETHUH HaNIPSIM iIHHOBALLiMHOI Ais1JIbHOCTI: OCBOEHHS HOBMX TEXHOJIOTIiA

TPaHCIIOPTYBaHHS €HEPTil, BIPOBAIKEHHS eHeproepeKTUBHUX, peCypco30epiralourx TeXHOJIOTil, OCBOEHHS



aJIbTEPHATUBHUX IKEPEJl eHeprii
ITizcyMKH BOCIiI>KEHHS: HoBe BUpIlEHHS aKTyaIbHOTO HAYKOBOTO 3aBIaHHS
Iyo6sikarii:
e Yu. P. Martseniuk, Yu. V. Kovtun, A. V. Lozin, A. N. Shapoval, M. N. Makhov, V. E. Moiseenko, O. V. Yevsiukov,
V. B. Korovin, E. D. Kramskoy, M. M. Kozulya, D. I. Baron, S. M. Maznichenko, A. Yu. Krasiuk, V. M. Listopad.
Glow discharge in helium and nitrogen atmospheres at stellarator Uragan-2M. Problems of atomic science
and technology. 2024. Vol. 154. Iss. 6. PP. 3-8.
¢ Yu. P. Martseniuk, Yu. V. Kovtun. Calculating glow discharge plasma parameters in an argon atmosphere for
the Uragan-2M stellarator. Problems of atomic science and technology. 2025. Vol. 155. Iss. 1. PP. 19-24.
¢ Yu. P. Martseniuk, Y5. V. Siusko,Yu. V. Kovtun. Using microwave refraction to determine local
inhomogeneities of a rotating plasma. Nukleonika. 2023. Vol. 68. Iss. 1. PP. 19-24.
e Yu. P. Martseniuk, Yu. V. Kovtun, V. E. Moiseenko, A. V. Lozin, Y. V. Siusko, A. N. Shapoval, O. V. Yevsiukov, V.

B. Korovin, E. D. Kramskoy, M. M. Kozulya, D. I. Baron. Glow discharge cleaning on the Uragan-2M stellarator.
Fusion Science and Technology. 2025. PP. 1-12.

HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILis: TexHOOri]
Comnia;ibHO-€KOHOMIYHA CIIPSIMOBAHICTb: €KOHOMIsi EHEPIOPECYPCiB

OxopoHHi gokymeHTH Ha OIIIB:

BrnipoBazykeHHs pe3yJIbTaTiB AHcepPTanii: [InanyeTses 10 BIPOBaIKEHHS

3B's130K 3 HAYKOBUMH TeMaMH: 0121U111963 0224U033189 0121U109316

VI. BizomocCTi Ipo HayKOBOr0 KePiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. KostyH IOpii1 BikTopoBu4

2. Yurii V. Kovtun

KBasigikanis: . ¢.-m. u., c.1., 01.04.08

InenTudikarop ORCHID ID: He sactocoyerbcs

JoparkoBa iHpopmanist: ;https:/ /www.scopus.com/authid/detail.uri?authorld=6603703901

IloBHe HaliMEeHYBaHHSI IOPHUAUYHOI 0COOM: HauioHanbHuil HAyKOBUMIA IEHTP "XapKiBChKuit (isnko-

TexXHIYHMH iHcTUTYT" HanionasnpHOI akazemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 14312223

Micue3Haxoa>KeHHS: By/. AkanemiuHa, 6yi. 1, Xapkis, XapkiBcbkuii p-H., 61108, Vkpaina
dopma ByacHOCTI: Jlepkasna

Cdepa ynpaBiiHHS: HaujonasnbHa akajiemis HayK YKpaiHu

InmenTudikarop ROR:

CeKTop HayKH: AkafeMivHuit

VII. BizomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€eHTiB



OdiuiiiHi OTIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Heguo6amiok Oser AHaTOJ1ii0BUY

2. Oleg A. Nedibaluk

KBasigikanis: . ¢.-m. u., c.1., 01.04.08
InenTudikarop ORCHID ID: 0000-0003-3791-0676
JoparkoBa indpopmamuist:

IloBHe HaliMEeHYBaHHS IOPHUAHUYHOI 0COOM: KuiBchKuil HaLioHaIbHMI yHIBEpCHUTET iMeHi Tapaca

[IleByeHka

Kopg 3a €IPIIOY: 02070944

Micue3HaxoaKeHHS: ByJI. Bonopumupcska, 6ya. 60, Kuis, 01033, Ykpaina
dopma By1acHoOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu
InenTudikarop ROR: He zacrocosyerscs

CeKTOp HayKH:. YHiBEPCUTETCHKUIL

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Ienucenko Irop bopucosuy

2. Igor B. Denysenko

KBasidikanis: 1. d.-m. ., npodecop, unen-kop. HAH Ykpainu, 01.04.08

InenTudikarop ORCHID ID: 0000-0001-7343-086X

JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPUAHUYHOI OCOOHM: XapKiBChbKuil HALOHAJIBHMI YHiBepcuTeT imeHi B. H. Kapasina
Kopg 3a €IPIIOY: 02071205

Micuesnaxomxemm: mangaH CBobonau, 4, XapkiB, XapKiBCbKuUil p-H., 61022, YkpaiHna

dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBepCUTETChKUI

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Macnos Bacusb IBaHOBUY

2. Vasil I. Maslov

KBasigikanis: n.¢p.-m.1., npodecop, 01.04.08



InenTudikarop ORCHID ID: 0000-0002-4370-7685
JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAUYHOI 0COOM: HauioHanbHuil HAyKOBUiA IEHTP "XapKiBChKuii (isnko-

TexHIYHMH iHcTuTyT" HanionanpHOI akagemii Hayk YKpainu

Kopg, 3a €IPIIOY: 14312223

Micue3HaxoaKeHHS: By/. AkanemiuHa, 6yi. 1, Xapkis, XapkiBcbkuii p-H., 61108, Vkpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu

Inentudikarop ROR:

CeKTop HayKH: AkafeMivHuit

BaacHe IlpizBume Im's I10-6aThKOBI:
1. Maxuant Bagyum OsekcaHnpoBud

2. Vadim O. Mahlay

KBasigikamis: k. ¢.-m. 1., crapmmit HayKoBuii criiBpo6iThuk, 01.04.08
InenTudikarop ORCHID ID: 0000-0002-5258-7793
JoparkoBa iHdpopmamnist:

TloBHe HaliMeHYBaHHSI IOPHUAUYHOI 0COOM: HauioHanbHuil HAYKOBUIA IEHTP "XapKiBChKuii (isnko-

TexHIYHUH iHcTuTyT" HanjionanpHOI akagemii HayK YKpaiHu

Kopg 3a €IPIIOY: 14312223

Micue3Haxoa>KeHHS: By/. Akanemiuna, 6y, 1, Xapkis, XapkiBcbkuii p-H., 61108, Vkpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiiHHSA: HaujonasnbHa akajieMis HayK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: AkafemivyHuil

VIII. 3ak1104Hi BiZOMOCTI

Biiacue IlpisBume Im's ITo-6aThKOBI T'pexos [imutpo JleoHifosuy

TOJIOBH pajgu

Biiacue IlpisBuie Im's I1o-6aThKOBI I'pexos Jimutpo Jleoninosu

TOJIOBYIOYOTO Ha 3acCiaHHi

BignoBigasibHUI 3a MiATOTOBKY HHII XOTI OKJ

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI



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

IisiIbHOCTI




