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Pedepar:

1. V nucepraniiiitiil po60Ti IpeACcTaBaeHo pe3yIbTaTu EKCIIEPUMEHTATbHUX JOCIiIKEHD BIIJINBY 30BHIIIHHOTO
[IO3[I0B>KHbOT'O MarHiTHOTIO IOJIS B PO3PSIHHOMY KaHaJjli MarHiToIasmoBoro komnpecopa (MIIK) na
dyHIaMeHTaJbHi IPoLeCy B KOMIIPECIIHUX I1J1a3MOBHUX ITOTOKaX. JleTanbHO JOCIIiKEHO BIJIUB 30BHIIHBOTO
NO3[JOBXXKHBOI'O MArHiTHOro noJis B KaHasi MITK Ha OCHOBHI eJ1IeKTpOTexHiuHi NapaMmeTpu po3psny. [IposeneHo
aHaJli3 BOJIbT-aMIIEPHUX XapaKTepUCTUK (BAX) niis pisHMX 3Ha4€Hb 30BHILTHBOTO MO30OBXXHbOTO MAarHiTHOTO MOJIS
Mif yac po60TH 3 ApTOHOM Ta reJlieM 3a Pi3HUX MOYATKOBUX TUCKIB. BUSBIIEHO, 1[0 BOJIBT-aMIIEPHI XapaKTePUCTUKI
PO3psay MalOTh HEJIHIMHY 3aJIEXKHICTD Bifj BEJIMYMHY 30BHIIIHBOTO MI0O34,0BXKHbOIO MArHiTHOro 1oJss. BAX npu

BUMKHEHOMY MarHiTHOMY I10JIi BiPi3HAIOTLCA BiJl ITONIEPESHBO OTPUMAHUX IO BCTAHOBJIEHHS COJIEHOIA, 10



CIIPMYMHEHO 3MiHOIO T€OMETPUYHUX NIapaMeTpPiB PO3PSAHOTro KaHaly. BAX po3psy 3 IOCTaTHbOIO TOYHICTIO MOXKHA
ONKCATU CTENEHEBOIO (PYHKIi€10, 110 J0OPE Y3rOIKY€EThCS 3 TEOPETUYHUMU YSBJIEHHIMU. 32 6i7b1IIOr0
II0YaTKOBOI'O TUCKY TeJlilo, a OTXKe, 3a 6i/IbII0i MAacOBOi BUTPATH, HAIIpyra po3psly 3MeHIyeTbcs. Llell pe3ybTaT
HiATBEPAXYETbCSI TEOPETUYHMMU YSBJIEHHSIMHU NIPO T€, 10 HANPyra po3psiay 00€pHEHO NPONOPLiiiHa iHTerpaibHii
MacoBilt BUTpaTi. JJOCIIiI)KEHO BIJIMB METAJIEBOI LUJIIHAPUYHOI KOHCTPYKII i3 COJIEHOILOM, 110 BCTAHOBJIEHO HA
PO3pSIHUN KaHaJl, Ha €JIEKTPUYHI CTPYMH, SKi IPOTIKAIOTh Y IOTOL 11032 MEXXaMHU PO3PSAHOTO KaHay IIPU
BYMKHEHOMY Mar"iTHoMy 1oJii. HagBHICTh KOHCTPYKLi i3 COIeH0ifoM Ha po3psagHoMy KaHaiti MIIK npussesna 1o
3MiHM r€eOMEeTPUYHUX [IapaMeTpiB KaHaly, 10, 3i CBOro 60Ky, CHPUYMHUIIO 3MiHYy IPOCTOPOBOTO PO3IOALTY
BJIACHOT'O MArHiTHOTO I10JI51 B IVIA3MOBOMY IIOTOLLi [103a KaHAJIOM Ta 3MEHIIEHHS YaCTKU CTPYMY B IIOTOLLi BiITHOCHO
IIOBHOT'O PO3PSAHOIO CTPYMy. BUBYE€HO BIJIMB 30BHIIIHBOrO MarHiTHOro 1noJist B kKaHasi MIIK Ha po3nopisn BjacHOro
a3MMYTaJIbHOTO MArHiTHOTO IOJIs1 B I1JIa3MOBOMY IOTOLLi [103a PO3PSIHUM KaHaoM. [TokasaHo, 10 3aCTOCYBaHHS
30BHIIIHBOTO MAarHITHOI'O I10J1 IIPUBOIUTD IO 3pOCTaHHA BEJIMYMHY BJIACHOTO MArHiTHOTO I10JIs B [IPUOCHOBIN 30Hi
Ha BCi#l TOBXXMHI IIJIa3MOBOT0 IIOTOKY. CIIOCTEPIrasocs «BUTICHEHHS» MarHiTHOTO I10JIS i3 IPMOCBOBOI YaCTUHU
IIOTOKY, 1J0 BKa3ye Ha (POPMYyBaHHS 30HU CTUCHEHHS. 3a JONOMOIOIO NOJBIMHUX €JIEKTPUYHUX 30H/iB IIPOBELEHO
BU3HAYEHHS 0COOJIMBOCTEN PO3MOIiy JIOKAIbHOI €JIEKTPOHHOI TEMIIEPATYPU B IIOTOLI CAMOCTUCHEHOI IJ1a3MU 3
IOCUTb BUCOKOIO IIPOCTOPOBOIO Ta YaCOBOIO PO3MiJIbHOIO 3[]aTHICTIO. EKCIIEpUMEHTAaIbHO BCTAHOBJIEHO, 0 (PYHKIIis
PO3II07iNy eJ1eKTPOHIB Yy Iy1a3MoBoMy notoui MIIK 6e3 3acTocyBaHHS 30BHIIIHBOIO MarHiTHOTO 11015 €
HaOJIMKEHOIO 10 MAaKCBEJIBChKOI. YIIepIle eKCIIEPMMEHTA/ILHO BUSIBJIEHO HAsIBHICTDb ABOX IOMYJIALiN €JIeKTPOHIB i3
pi3HMMU TemIepaTypamu, 0 € 03HAKOI 6iMaKCBeJIiBCbKOI (PYHKIIii pO3I0Ainy eJeKTPOHIB, Ta 3pOCTaHHS
€JIEKTPOHHOI TeMIepaTypu 06JIU3Y OCi [171a3MOBOT0 MOTOKY I1if], YaC 3aCTOCYBaHHS 30BHIIIHbOTO II03[,0BXXHbOTO
MarHitHoro noss 0,24 Tn B po3psagHomy Kanasi MIIK. [IpoBeneHO neTtanbHUM aHasli3 IMHAMIKY [1JIa3MOBOTO II0TOKY,
npoueciB GOpMyBaHHs 00JIaCTi CTUCHEHHSI Ta ii FeOMETPUYHUX XapaKTePUCTUK. OTPUMAHO PO3MOMiNN MBUIKOCTI
npendy, e1eKTpUYHOTO CTPYMY, €JIEKTPUYHOrO NMOTEHLialy Ta cuinu Amiepa. [lokasaHo, o B IJ1a3MOBOMY MOTOLL
(dopMyeTbCsl 3aMKHEHa CTPYKTypa BKJIQJEeHUX eKkBinoTeHniane. Iig yac 3acTocyBaHHS 30BHIIIHBOTO MarHiTHOTO
II0J1s1 CTPYKTYPa BKJIAIEHUX €KBIMTOTEHIjazel 3CyHyTa Ha 6isbily BigcTaHb Bif Buxony MIIK. T1na3moBuii oTik Mae
CKJIa[IHy CTPYKTYPY, & CAM€ CYKYITHOCTi KOHLIEHTPMYHUX BUXOPIB i 3aMKHEHUX TOPOINILHUX CTPYMOBUX CTPYKTYD,
Ki CIIOCTEPIraloTbCs MPOTIATOM YChOTO YacCy MOro iCHyBaHHS. BCTaHOBIIEHO, 110 30BHILIHE MarHiTHe MoJje
IIPUBOAUTD [0 30i7bIIEHHS BEJIMUMHY €JIEKTPUYHOTO CTPYMY B I1JIa3MOBOMY IOTOLLi, 3MiHIOE 10r0 IPOCTOPOBUI
POS3IOJiJ i 3MEHIYE KiJIbKICTb CTPYMOBUX BUXOPIB. YIeplle I0Ka3aHo, 110 32 IIPUCYTHOCTI 30BHIIIHBOTO MarHiTHOTO
niosis (0,24 Ti) 36inbIIyeThCst pO3Mip 30HU CTUCHEHHS, TEMIIepaTypa B Hiil 3pOCTae B LWIICTh pasiB, a pafianbHa
CKJIafIOBa CUJIY AMIIepa — LOHAWMEHIIE B TPU Pa3u. 3a pe3yJIbTaTaMU aHaJIi3y IIPOCTOPOBOTO PO3IOLiTY
€JIEKTPUYHOTO CTPYMY B I1JIa3MOBOMY IIOTOLIi 6yJIO BUSIBJIEHO CTPYKTYPY, NOZiOHY 4O HEUTPAJIIBHOTO CTPYMOBOTO
mapy, mo GOpMy€eThCS IPOTATOM [IPYroro HamiBIepiony po3psiHOrO CTPyMy. Y BUSIBJIEHIN CTPYKTYpi, OTOYEHIN
30HaMM IJIA3MOBOTO ITIOTOKY 3 IIPOTUJIESKHO CIIPSIMOBaHMMU MarHiTHMMU TI0JISIMU, CIIOCTEPIraeThCst 3pOCTaHHS
T'yCTUHM €JIEKTPUYHOrO cTpyMy. GopMyBaHHS NOIOHOI CTPYKTYPH B IIOTY)KHUX IIOTOKAaX IJ1a3MU, TeHEPOBAHUX
KBa3iCTalliOHADHUMU IJIa3MOIMHAMIYHMMU CHCT€MaMHU, BUSIBJIEHO Brepile. HasBHICTb CTPYKTYpH TUILY
HEWTPaJIbHUI CTPYMOBUI IIap POOUTH NEPCIEKTUBHUM BUKopucTaHHs MITK 11 ekcriepruMeHTanbHOTO

MOJeJIIOBaHHS acTPOPi3NYHMX 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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Micue3Haxoa>KeHHS: By/. Akanemiuna, 6y, 1, Xapkis, XapkiBcbkuii p-H., 61108, Vkpaina
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBiriHHS: HaujonasnbHa akajeMis HayK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: AkafemivyHui1

VII. BizomocTi npo odiliiHuX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OTIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Bekninu AHaTosiit MukoaanioBuy

2. Anatolii Veklych

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

IloBHe HaliMEeHYBaHHS IOPHUAHUYHOI 0COOM: KuiBchKuil HaLioHaNIbHMI yHIBEpCUTET iMeHi Tapaca

[IleByeHka

Kopg 3a €IPIIOY: 02070944

Micue3HaxoaKeHHS: ByJI. Bonmogumupceka, 6ya. 60, Kuis, 01033, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu
InenTudikarop ROR:

CeKTOop HayKH:. YHIBEPCUTETCHKUIL

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Llionko B'syecnas Bosmogumuposuy

2. Vyacheslav Tsiolko

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

Imentudikarop ORCHID ID: 0000-0002-3123-4411

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: [ncTuTyT disuku HanjonansHoi akaziemii Hayk Ykpainu
Kopg, 3a €IPIIOY: 05417302

Micue3HaxoaKeHHs: npocnekt Hayku, 6y, 46, Kuis, 03680, Vkpaina

dopma BracHOCTI: JlepxasHa

Cdepa yllpaBJIiHHSIZ HaujonanbHa akageMid HayK YKpaiHu



InenTudikarop ROR:

CeKTop HayKH: AkafemiyHui1

Penensentu

Baacwue IlpizBume Im's Ilo-6aTbKOBI:
1. 3ukos Osiekcanap BosnoguMuposud

2. Oleksandr Zykov

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

Imentudikarop ORCHID ID: 0000-0002-5409-2655

JonaTkoBa iHdopmalist:

IloBHe HaﬁMeHyBaHHﬂ IOPUIUYHOL 0CO0M: XapKiBCchbKMil HalliOHAIbHYI YHiBepcuTeT iMeni B. H. Kapasina
Kopg 3a € IPIIOY: 02071205

Micue3HaxoaKeHH: maiinan CBo6oH, Oyz. 4, XapkiB, XapkiBcbKuil p-H., 61022, Vkpaina

dopma BracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUIL

BiacHe IIpi3Buie Im'sa ITo-6aThKOBI:
1. JlicoBcbkuit Banepiit OsiekcangpoBuy

2. Valerii Lisovskiy

KBasmigikanis: n. ¢.-m. 1., c.H.C., 01.04.08

ImenTudikarop ORCHID ID: 0000-0002-6339-4516

JoparkoBa iHdopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0COOH: XapKiBCbKuii HallioHAMbHUT yHiBepcUuTeT imeni B. H. Kapasina
Kopg 3a € IPIIOY: 02071205

Micue3HaxoaKeHH: maiinan CBo6oy, Oyz. 4, XapkiB, XapkiBcbkuil p-H., 61022, Vkpaina

dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCUTETCHKUI

VIII. 3aKkJII04Hi BiZOMOCTi

BaacHe IlpizBuie Im's [10-6aTbKOBI T'pka Irop OnekcanapoBid

TOJIOBH pajgu



Biacue IpizBume Im's [10-6aTbKOBI l'pka Irop OnekcanipoBuy

TOJIOBYIOYOTO Ha 3acCiiaHHi

BiznoBigassHUH 3a MiATOTOBKY [llepuyenko AHzpiit OnekcaHapoBUY

00JIiKOBUX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




