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Pedepar:

1. Po3po6yieHa H1U3Ka HOBUX YUCEJIBHO CTIMKUX METO/IB 1Jisk PiBHSIHb MaKcBeJsisia: MeTOJ], 3BasKeHUX HEB'SI30K i

MO €eJb Y UMJIIHAPUYHINA reOMETPii, BapiaHT METOY MIAaXOBOi CITKU 1111 OCECUMETPUYHUX BiIKPUTHUX MACTOK,
HOBITHi!1 MeTOJ] CKIHUeHHUX Pi3HULb [AJIS1 IBOBUMiPHO HEOHOPiAHOI na3mu. IIpencrasieni Mmozesi Ha 6asi ux
MeTogiB. Po3pobaenuit opuriHanbHui i epeKTUBHUIN MeTO/, 1151 PO3PAaXYHKIB i3 CUIIbHO OCLUJIIOIUUMU
po3B'si3kamu. HaBeJieHa MeTOMKa 3aCTOCYBaHHS MeToy ITpadiB 00 WapiB HUKHBOTO ri6pUAHOrO PE30HaHCY B
XOJIOJHIN Mya3mi. 3anpornoHoBaHa HOBa popma piBHSAHb MakcBesa /1J1s1 YUCJI0BOr0O MOAIEN0OBaHHs. Po3paxoBaHi
eeKTUBHI cLieHapii BUCOKOYaCTOTHOTO HArpiBaHH i0HIB, 10 NIy THCS, Y BiIKpUTiN nacTui. Hamannii netanpHUN
aHaJi3 BUHAIAEHOro ClieHapilo MBUAKOTO HarpiBaHHs I71a3MU B MPOOKOTPOHI Mif, yac ii cTBopeHHs1. 3pobyeHe
TEOpETUYHE JOCIiI>)KEHHS IPOHUKHEHHS €JIEKTPOCTaTUYHOrO 11015 yepe3 PapaneiB ekpaH. ExcnepuMeHTH Ha
Yparani-3M npojieMOHCTPYBa/IX YCHIlIHICTb CLieHapilo Anb(pBEHOBA HAarpiBaHHS 3 BUCOKUMU K||, sIKuit

peasli3oBaHMI 3a LOIIOMOTOI0 KOMIIAKTHOI TPhOX-HAIiBBUTKOBOI aHTeH! Ha (OHi Baj, MarHiTHoi KoHiryparii



Yparana-3M. Briepuie BpoBaJyKEHO i JOCIiIKEHO BUCOKOYACTOTHMI HarpiBaHHA IJIa3MU B YparaHi-2M 3a
IIOTIOMOTOI0 KOJIIHYaCTOBAJIbHOI aHTEHU. 3alIPOIIOHOBAHI, BIIPOBAIKEH] i JOCiIKeHi HOBI cLieHapii
BHMCOKOYAaCTOTHOI YMCTKU BHYTPIIIHIX BAKyyMHUX IIOBEPXOHb y aTMocdepi BogHIO Ha YparaHi-2M Ta Ha
Wendelstein7-X. [IpoBeeHO neTanbHe JOCTIIXEHHS Ha YparaHi-3M iMIyJIbCHOI BUCOKOYACTOTHOI YACTKU B
MaJIOMy MarHiTHOMY 1oJii. PO3po6JieHO OpuriHasbHy KOHILEMIiI0 CTeIapaTOPHO-TIPOOKOTPOHHOTO SIIE€PHO-
TEepMOsIepHOrO ribpuy Ta 3pobJieHi oLiHKY oA0 6anaHcy eHeprii. [IpoBeeHO MOeI0BaHHS 00 KOHLIEii
CTEeJIapaTOPHO-TIPOOKOTPOHHOIO ribpUy 3 iHXXeKLielo HeUTpaJbHUX aTOMIB Pe3ysibTaTu po3paxyHKiB 6anaHCy
IIOTY>KHOCTI 6JIM3bKi O pe3ysbTaTiB, OTPUMAaHUX [IJI CUCTEMH 3 BUCOKOYACTOTHUMMU HarpiBaHHIM. BukoHaHO
IOCJIiIKeHHS pyXy MIBUAKKUX 10HIB, CTBOPEHUX BUCOKOYACTOTHUM HarpiBaHHSIM Yy CT€J1IapaTOP-TIIPOOKOTPOHHOMY

pesxkumi pobotu Yparana-2M.

2. A new numerically stable method of weighted residuals and a model for Maxwell's equations in cylindrical
geometry are developed, where all components of the electric field are represented by means of identical finite
elements. It is more effective than Galerkin method when stiffness takes place in Maxwell's equations. An original
numerically stable model for the calculation of electromagnetic fields in the plasma of axisymmetric open traps
without taking into account slow waves has been developed. It is implemented in the new upgraded PLFEM-S
code, which differs in the possibility of numerically stable calculation of azimuthal-asymmetric modes. The new
method is proposed, and the model for calculation of electromagnetic fields in plasma of non-axisymmetric open
traps without taking into account slow waves is developed. A new numerical model for calculating the distribution
and absorption of radio frequency fields by sloshing ions (splashing ions). An original and effective method for
calculations with strongly oscillating solutions has been developed. It allows one to use a sparse grid and thereby
significantly reduce computational costs. Lower hybrid resonance in cold plasma leads to singular solutions of
Maxwell's equations. The application of the penalty method allows one to bypass these difficulties without the
large additional costs associated with the complexity of the calculation algorithm. The comparative analysis of
methods of radio-frequency heating of plasma in mirrors is given. Simulation of ion-cyclotron heating of sloshing
ions in an open trap with straight lines of force was performed. For large traps, heating of the minority is effective
in a wide range of minority concentrations and plasma densities. An efficient scenario of heating sloshing ions on
the second cyclotron harmonic in an open trap with straight lines of force is substantiated and proposed. A
detailed analysis of the invented scenario of rapid plasma heating during its creation in a mirror showed its
significant efficiency. The calculations indicate its prospects for pulse modes of operation. A theoretical study of
the penetration of an electrostatic field through a Faraday screen of a half-turn antenna for the first time showed a
significant advantage of a two-layer screen. Experiments on the Uragan -3M demonstrated the success of the
Alfven heating scenario with high k||, which was implemented using a compact three-half-turn antenna. The
analysis of the features of discharges in the Uragan -3M torsatron showed the high efficiency of radio-frequency
plasma heating together with defects in the magnetic configuration of the Uragan -3M. There are several options
to change the configuration to make the area of the embedded magnetic surfaces wider. An inwardly shifted
magnetic configuration is a promising choice in this regard. Radio-frequency plasma heating was first introduced
and studied in Uragan -2M. The new crankshaft antenna heats the plasma at frequencies below the ion-cyclotron
frequency. The discharge supported by this antenna becomes "hot" for a few milliseconds, and then fades under a
strong influx of impurities into the plasma. The scenario of high-frequency cleaning of inner vacuum surfaces with
the help of continuous VHF discharge, proposed, implemented and studied at Uragan -2M, showed a high cleaning
speed. Numerical simulations indicate the insufficient suitability of the initially used loop antenna for VHF
discharge: its load resistance is too small for good electrical matching. Instead of a frame, a T-shaped antenna was
proposed, which can be used during continuous cleaning of walls in toroidal magnetic traps. The scenario of high-
frequency cleaning of inner vacuum surfaces in the mode of ultrashort pulses of electron-cyclotron heating in a
hydrogen atmosphere was introduced and studied on the Wendelstein7-X stelarator. A detailed study of Uragan -
3M pulsed high-frequency cleaning in a small magnetic field. The cleaning discharge with excitation of fast
magnetosonic wave is convenient that it can be carried out, using the same antenna devices and RF generators
which are used for creation and heating of plasma in working modes, and without any change of frequency of



antenna and generator RF circuits. An original concept of a stelarator-mirror nuclear-thermonuclear hybrid has
been developed and estimates of energy balance have been made. Modeling was performed on the concept of
stelarator-mirror hybrid with injection of neutral atoms. Injection of the neutral beam can be used to create a
population of hot tritium ions in the mirror part of the stelarator- mirror thermonuclear-fission hybrid. The results
of power balance calculations are close to the results obtained for a system with radio-frequency heating. The
calculated thermonuclear Q is within the required range. Also, a study of the motion of fast ions created by high-
frequency heating in the stelarator-mirror mode of Uragan -2M operation was performed.
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