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Pedepar:

1. Y nucepralliiiHiil pob0Ti IpeCTaBIeHO Pe3yIbTaTy €KCIIEPUMEHTAIbHUX JIOCTI/I)KEeHb BILJIMBY 30BHIIIHbOTO
[IO3[JOB>XKHbOT'O MArHiTHOTO 110JI B PO3PSHOMY KaHaJjli MarHiTomnuiasmoBoro komnpecopa (MIIK) Ha
(yHIaMEHTasIbHI IPOLEeCH B KOMIIPECIHUX TJ1a3MOBUX MOTOKAX. JleTasbHO JOCTiIKEHO BIUIUB 30BHIITHBOTO
MTO3[I0B>XXHBOT'O MAarHIiTHOrO MoJ1s B KaHasi MITK Ha OCHOBHI €J1IeKTPOTEXHIYHI TapaMeTpu po3psiny. [IposeneHo
aHaJi3 BOJbT-aMIIePHUX XapakTepUucTuK (BAX) nys pisHUX 3HauY€Hb 30BHIIIHbOTO NMO30BXHBOTO MAarHiTHOTO MOJISt
Iif yac pob0TH 3 aprOHOM Ta rejlieM 3a Pi3HUX MOYAaTKOBUX TUCKIB. BHsSBIIE€HO, 110 BOJIbT-aMIIEPHi XapaKTepUCTUKU
PO3psny MalOTh HEJIHINHY 3aJI€XKHICTD Bifj BEJIMYMHU 30BHIIIHBOTO [TO340BXXHBOTO MarHiTHOro noss. BAX npu
BAUMKHEHOMY MarHiTHOMY I10JIi BilPi3HSIOTLC BiJl ITONIEPENHBO OTPUMAHUX IO BCTAHOBJIEHHS COJIEHOIA, 10
CIIPMYMHEHO 3MiHOIO T€OMETPUYHUX NIapaMeTpiB PO3PSAHOro KaHany. BAX po3psay 3 1OCTaTHbOIO TOYHICTIO MOXKHA
ONKCATU CTENEHEBOIO (PYHKIi€10, 0 J0OPE Y3rOIKY€eThCs 3 TEOPETUYHUMU YSBJIEHHSIMU. 32 6ib1II0ro

II0YaTKOBOI'O TUCKY TeJlito, a OTXKe, 3a OiyIbII0i MacoBOi BUTPATH, HAIIpyra po3psily 3MeHIyeTbcs. Llelt pesypraT



HiATBEPIXYEThCSI TEOPETUYHUMU YSBJIEHHSIMU IIPO Te, [0 HAMIPyra po3psiy 06epHEHO NPONOopLiliHa iHTerpasbHii
MacoBill BUTpaTi. JJOCigyKeHO BIIJINB METAJIEBOI UJIIHIPUYHOI KOHCTPYKII i3 COJIEHOINOM, 1110 BCTAHOBJIEHO Ha
PO3pSIHUN KaHAaJl, Ha €JIEKTPUYHI CTPYMH, 4Ki IIPOTIKAIOTh Y IOTOL 1032 MEXKaMU PO3PSLHOr0 KaHaily IIpu
BAUMKHEHOMY MarHiTHOMY 110Jii. HagBHICTbL KOHCTPYKILIi i3 cOsIeH0ifoM Ha po3psaaHomy KaHaiai MIIK npussesna go
3MiHM r€OMETPUYHNUX [IapaMeTpiB KaHaly, 0, 3i CBOro 60Ky, CHPAUYMHUIIO 3MiHYy IPOCTOPOBOTO PO3IOALTY
BJIACHOT'O MArHITHOTO I10J15 B IVIA3MOBOMY IIOTOLLi 11032 KaHAJIOM Ta 3MEHIIEHHS YaCTKM CTPYMY B IIOTOLLi BiIlHOCHO
IIOBHOTO PO3PSIHOIO CTPYMY. BUBU€HO BIJIMB 30BHIIIHBOTO MarHiTHOro 1oJs B kaHani MIIK Ha po3nogin BiracHoro
a3MMYTaJIbHOTO MArHiTHOTO MOJIs B IJIa3MOBOMY IIOTOLLi [103a PO3PSIHUM KaHasoM. [TokasaHo, 10 3aCTOCYBaHHS
30BHILIHBOTO MArHiTHOTO MOJISl IPUBOLUTD 10 3POCTAHHS BEJIMUUHU BJIACHOTO MarHiTHOTO MOJIS B IPUOCHOBIN 30Hi
Ha BCil TOBXXMHI I171a3MOBOT'0 IIOTOKY. CIIOCTEPIrasocs «BUTICHEHHS» MAarHiTHOTO I10JIS i3 [IPMOCBOBOI YaCTUHNU
IIOTOKY, 1[0 BKa3ye Ha (POPMyBaHHSI 30HU CTUCHEHHSL. 3a JONOMOrOI0 NOJBIMHUX €JIEKTPUYHUX 30H/iB IIPOBELEHO
BU3HA4YEHHS 0COOJIMBOCTEN PO3MOIiy JIOKA/IBbHOI €JIEKTPOHHOI TEMIIEPATYPU B IIOTOLi CAMOCTUCHEHOI IJ1a3MU 3
IOCUTb BUCOKOIO IIPOCTOPOBOIO Ta YaCOBOIO PO3MiJIbHOIO 3[IaTHICTIO. EKCIIEpUMEHTAaIbHO BCTAHOBJIEHO, 0 (PYHKIIis
PO3II0ZiNy eJeKTPOHIB Yy I1a3MoBoMy noroli MIIK 6e3 3acTocyBaHHS 30BHIIIHBOIO MarHiTHOTO 110JIS €
HaOJIMKEHOIO 10 MAaKCBEJIBChKOI. YIIepIle eKCIIEPMMEHTAILHO BUSIBJIEHO HAsIBHICTDb ABOX IOMYJISLIN €JIEKTPOHIB i3
Pi3HMMU TeMmIlepaTypaMy, L0 € 03HAKOI0 6iMaKCBeJIiBCbKOI PYHKIIii pO3MOiny eJeKTPOHiB, Ta 3DOCTaHHS
€JIEKTPOHHOI TeMIIepaTypu 06Uy OCi [171a3MOBOT0 MOTOKY I1iJ], 4aC 3aCTOCYBaHHSI 30BHIIIHbOTO II03[,0BXXHbOTO
MarsitHoro nosn 0,24 Tn B po3psagHomy Kanami MIIK. [IpoBezeHo neTtanbHUM aHasli3 IMHAMIKY I1JIa3MOBOTO IIOTOKY,
npoueciB GopMyBaHHS 06J1aCTi CTUCHEHHS Ta ii reOMeTPUYHUX XapaKTepUCTUK. OTPUMAHO PO3NOLiIN IBUAKOCTI
Ipendy, eeKTPUYHOTO CTPYMY, €JIEKTPUYHOTrO NOTEHLjany Ta cunu Aminepa. [lokasaHo, o B [IJ1a3MOBOMY MOTOLL]
(opMyeTbCsl 3aMKHEHA CTPYKTYpa BKJIQJ€HUX eKBinoTeHnianen. Ilig yac 3acTocyBaHHS 30BHIIIHBOTO MarHiTHOrO
I0JIS1 CTPYKTYPa BKJIAIEHUX €KBIMTOTEHIiaJel 3CyHyTa Ha 6isbily BigcTaHb Bif Buxony MIIK. I1ina3moBuii OTiK Mae
CKJIaJIHy CTPYKTYPY, a CaAM€e CYKYITHOCTi KOHLIEHTPMYHUX BUXOPIB i 3aMKHEHUX TOPOINAIILHUX CTPYMOBUX CTPYKTYD,
SKi CIIOCTEPIraloTbCs MPOTATOM YChOT'O YacCy ¥Oro iCHyBaHHS. BCTaHOBJIEHO, 110 30BHILIIHE MarHiTHe IoJje
IIPUBOAUTD [0 30i7bIIEHHS BEJIMUMHY €JIEKTPUYHOTO CTPYMY B I1JIa3MOBOMY IOTOLLi, 3MiHIOE 1I0r0 IPOCTOPOBUI
PO3MOiJ i 3MEHIIy€e KiJIbKICTbh CTPYMOBUX BUXOPIB. YIieplie [OKa3aHo, 10 3a IPUCYTHOCTI 30BHIIIHLOIO MarHiTHOTO
nosis (0,24 Ti) 36inb11yeThCst pO3Mip 30HU CTUCHEHHS, TEMIIepaTypa B Hiil 3pocTae B LIICTb pasiB, a pafjiaibHa
CKJIaJloBa CUJIM AMIIepa — IIOHAMMEHIIe B TPU pa3u. 3a pe3yJibTaTaMy aHajli3y IPOCTOPOBOIO PO3IOLiNLY
€JIEKTPUYHOTO CTPYMY B IIJIa3MOBOMY MOTOLIi 6yJI0 BUSIBJIEHO CTPYKTYPY, NOMIOHY 10 HEUTPAJIIbHOTO CTPYMOBOTO
mapy, mo GOpMYyeThCS IIPOTATOM [IPYroro HaliBnepiony po3psiHOro CTpyMy. Y BUSIBJI€HIH CTPYKTYpi, OTOYEHIN
30HaMM IJIA3MOBOTO IIOTOKY 3 IIPOTUJIESKHO CIIPSIMOBaHMMU MarHiTHMMU T10JISIMU, CIIOCTEPIraeThCsl 3pOCTaHHS
T'YyCTUHM €JIEKTPUYHOrO cTpyMy. GopMyBaHHS OAIOHOI CTPYKTYPH B IIOTY)KHUX IIOTOKAaX I1J1a3MU, TEHEPOBAHUX
KBasiCTallioHapHUMMU IJIa3MOAVHAMIYHUMY CUCTEMAaMU, BUSBJIEHO Bliepuie. HagBHICTL CTPYKTYpU TUITY
HeWTpaybHUI CTPYMOBUII MIap pOOUTD MepCreKTUBHUM BUKopucTaHHs MIIK 1 ekcrieprMeHTalbHOrO

MOJ€JIIOBaHHS acTPOPi3NYHUX SIBUIL,

2. The thesis presents the results of the experimental studies of the influence of an external longitudinal magnetic
field in the discharge channel of a magnetoplasma compressor (MPC) on fundamental processes in compressive
plasma flows. The influence of the external longitudinal magnetic field in the MPC channel on the main electrical
parameters of the discharge was studied in detail. The current-voltage (I-V) characteristics for the modes of
operation with argon and helium as working gases at different initial pressures were analyzed as a function of the
external longitudinal magnetic field. It was found that the current-voltage characteristics of the discharge have a
nonlinear dependence on the magnitude of the external longitudinal magnetic field. The I-V characteristics for the
case when no magnetic field is applied differ from those obtained before the solenoid was installed. Such a
difference is attributed to a change in the geometry of the discharge channel. The current-voltage characteristics
can be described by a power-law function with sufficient accuracy that shows good agreement with theoretical
models. Under a higher initial pressure of helium and, therefore, at a higher mass flow rate, the discharge voltage
drops. This result is supported by the theoretical notion that the discharge voltage is inversely proportional to the
integral mass flow rate. The influence of the cylindrical metal structure with a solenoid installed on the discharge



channel on the electric currents flowing outside the channel was investigated when no magnetic field was applied.
The presence of the structure with a solenoid on the discharge channel of the MPC led to a change in the
geometry of the channel, which, in turn, caused a change in the spatial distribution of the self-magnetic field in the
plasma flow outside the channel and a decrease in the ratio of the current in the stream to the magnitude of the
total discharge current. The influence of the external magnetic field in the MPC channel on the distribution of the
azimuthal self-magnetic field in the plasma stream outside the discharge channel was studied. Findings show that
the external magnetic field imposed inside the MPC discharge channel leads to an increase in the magnitude of the
self-magnetic field in the axial region along the entire length of the plasma flow. Displacement of the magnetic
field from the axial part of the plasma stream that indicates the formation of a compression zone was observed.
Double electric probes were used to determine the features of the local electron temperature distribution in the
self-compressed plasma flow with sufficiently high spatial and temporal resolution. It has been established
experimentally that the distribution function of electrons in the plasma flow of the MPC is close to the Maxwellian
when no external magnetic field is applied. For the first time, the presence of two populations of electrons with
different temperatures, which indicates a bi-Maxwellian electron distribution function, and an increase in the
electron temperature near the axis of the plasma stream have been observed when the external longitudinal
magnetic field of 0.24 T was applied in the MPC discharge channel. A detailed analysis of the dynamics of the
plasma stream, the processes of the formation of the compression zone and its geometric characteristics, drift
velocity, electric current, electric potential, and Ampere's force was conducted. The results show the formation of
a structure of enclosed equipotentials in the plasma flow. During the application of an external magnetic field, the
configuration of the enclosed equipotentials is shifted to a greater distance from the MPC output. The plasma
stream has a complex structure, including clusters of concentric vortices and closed toroidal current structures
observed throughout its lifetime. The external magnetic field leads to an increase in the magnitude of the electric
current in the plasma stream, changes its spatial distribution, and reduces the number of current vortices. The
findings demonstrate that in the presence of an external magnetic field (0.24 T), the compression zone grows, its
temperature increases sixfold, and the radial component of Ampere's force goes up at least threefold. The analysis
of the electric current distribution in the plasma stream revealed a structure similar to a neutral current sheet that
forms during the second half-period of the discharge current. In the observed structure, which is surrounded by
the plasma flow zones with oppositely directed magnetic fields, an increase in the electric current density was
detected. The formation of such a structure in powerful plasma flows generated by quasistationary plasmadynamic
systems has been observed for the first time. The presence of a structure similar to a neutral current sheet opens
an opportunity to use the MPC for the experimental modeling of astrophysical phenomena.
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Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€HTiB
OdiuiiiHi OIOHEHTH
BaacHe IlpizBume Im's I1o-6aThKOBI:

1. Beksiny AHaTos1ii MUKOJ1al10BUY

2. Anatolii Veklych

KBasigikamnis: 1. ¢.-m. ., npodecop, 01.04.08
InenTudikarop ORCID ID: 0000-0002-0335-7430
JoparkoBa iHdpopmamnist:

TloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: KuiBchKuil HaujoHaIbHMIT yHiBEpCHUTET iMeHi Tapaca

[lleByeHka

Kog 3a €IPIIOY: 02070944

Micue3HaxoO KeHHS: By. Bonogumupcebka, 6ya. 60, Kuis, 01033, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

BaacHe IlpizBume Im's I10-6aThKOBI:
1. Liosnko B'gyecnaB BoroguMuposuy

2. Vyacheslav Tsiolko

KBasigikanis: k.¢.-m.u., c.H.C., 01.04.04

Imentudikarop ORCID ID: 0000-0002-3123-4411

JoparkoBa indpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: [ncTuTyT disuku HanionansHoi akaziemii Hayk Ykpainu
Kopg 3a €IPIIOY: 05417302

Micue3HaxoaKeHHS: npocnekt Hayku, 6ya. 46, Kuis, 03680, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: HaujoHanbHa akazemist Hayk YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. 3ukoB OsekcaHzp BomoguMuposuy



2. Oleksandr Zykov

KBasigikanis: g. ¢.-m. 1., npodecop, 01.04.08

ImenTudikarop ORCID ID: 0000-0002-5409-2655

JoparkoBa iHdopmamist:

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0COO0H: XapKiBCbKuil HallioHAbHUI yHiBepcUuTeT imeni B. H. Kapasina
Kopg 3a € IPIIOY: 02071205

Micue3HaxoaKeHH: maiinan CBo6ou, Oyz. 4, XapkiB, XapkiBcbkuil p-H., 61022, Vkpaina

dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's I1o-6aTbKOBI:
1. JlicoBcbkuit Banepiit OsekcangpoBuy

2. Valerii Lisovskiy

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

InenTudikarop ORCID ID: 0000-0002-6339-4516

JopaTrkoBa indpopmanis:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOH: XapKiBCbKuil HallioHaMbHKT yHiBEpcUTeT imeni B. H. Kapasina
Kopg, 3a €IPIIOY: 02071205

MiCIICSHaXO,T.[)KeHHﬂ: Maipan Ceobonu, 6yn. 4, XapkiB, XapkiBCcbKuil p-H., 61022, Vkpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

InmenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi

Biacue IpizBume Im's [10-6aThKOBI l'pka Irop OnekcanmpoBuy
rOJIOBH pagu

BaacHe IlpizBuime Im's [10-6aTbKOBI T'pka Irop OnekcannpoBud
roJIOBYIOYOroO Ha 3aciJaHHi

BiamoBiganbHUH 32 MiITOTOBKY [llepyenKo AHzpiii OneKcaHapOBUY

00JIIKOBHX JOKYMEHTIB

Peectpartop YkpIHTEI



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

JisiIbHOCTI




