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Pedepar:

1. Y nuceprauiiiniii po6oTi 3'siICOBaHO 0COOJIMBOCTI TPAHCIIOPTY HAATEIJIOBUX iOHIB y CTesapaTopax, 30Kpema B
ONTUMIi30BaHUX (KBa3Ui30JMHaMiYHUX) cTeslapaTopax Tuny Wendelstein, OoTpuMaHO yMOBU 30y I)KEHHS Ta 3racaHHs
asnb(PBEHOBUX HECTIMKOCTEH y IJ1a3Mi TaKMX CTEJIapaTopiB, Ta BUBUEHO NIEPEHECEHHSI €HEPTii IoNepeK MarHiTHOro
110J141, [IOB'S13aHE 3 [MMU HECTIKoCTIMU. PO3BUHEHO NOCIiIOBHY TEOPilo CTOXaCTUYHOI AndY3ii HaATenI0BUX i0HIB
y CcTeJslapaTopax Ta [T0Kas3aHo, 10 cToXacTuyHa audysis y cresaparopax Tuny Wendelstein e y kinbka pasiB
CUJIBHIIIIOIO, HDK Nlepen6aydasnocs paHiue. 3aiporoHOBaHO METOJ, 10C/1a0JI€HHSI HEraTUBHOTO BIIJIUBY CTOXaCTUYHO]
orysii Ha yTpUMaHHS HAATEIJIOBUX i0HIB IISIXOM 3aMUKaHHSI CENapaTpUC MiX JIOKAJIbHO MIPOJITHUMU Ta
JIOKaJIbHO 3aXOIJIEHMMU OpOiTaMu BCEPENMHI NJ1a3MH, Ta BUBYEHO BILJIMB PAZiaIbHOTO €JIEKTPUYHTO I10J1s51 Ha
yTPUMaHHS JIOKaJIbHO 3aXOIJIEHUX HAATEIVIOBUX iOHIB y cTeslapaTopax. 3alporlOHOBAaHO BUKOPUCTaHHS
PE30HAHCHOTO €JIEKTPUYHOTO OJISI [IJ1s1 BUJAJIEHHS [eJlieBOro 'moreity” 3 peakropa-cresnaparopa Helias. BusineHo
CUJIBHUI CTabiNi3younii BIVIMB MeXaHi3My 3racaHHs JlaHzay Ha anb(BEHOBI MOJIY Yy CTeJlapaTopax 3aBAsKU

iCHyBaHHIO HEOCECHMETPUYHNX PE30HAHCIB Ta [10Ka3aHo, 1110 30y KeHHS i30MOHHUX i TOPOinasbHUX ajib(PBEHOBUX



BJIACHUX MO]], y [Ieplliil eKCIIEPMMEHTAJIbHIY KaMIIaHii 3 ikKeKuielo HelTpaabHUX MydKiB HA Wendelstein 7-X €
MasioiMOBipHUM. Briepine 11okazaHO MOKIUBICTb 30yIKeHHs ab(BEHOBUX BJIACHUX MOJ, I'PafliEeHTOM TEMIIEpaTypu
iOHIB OCHOBHOI IJIa3MU1 B HEOCECUMETPUYHUX CUCTEMAX, 1[0 CYIIPOBOKYEThCS [IEPEHECEHHSIM MOJIAMU €HEPTil
[IOTIEPEK MarHiTHOro noJist. OnucaHni MexaHi3M MOXKe [IPUBOJUTH 10 30yA>KEHHs alb(BEHOBOI MOJIX 3 YACTOTOIO
~200xI'y Ha Wendelstein 7-X, 1m0 MO>Ke ITOSCHUTH LOBIOTPUBAJIi BUCOKOYACTOTHI OCLUIALLL, IO CIIOCTEpiraauncs B

€KCIIepUMEHTI.

2. This dissertation consists of the results of theorerical investigation of diffusional transport of suprathermal ions
in stellarators, particularly in optimized (quasi-isodynamic) stellarators of the Wendelstein type, of the conditions
of destabilization and damping of Alfven eigenmodes in such stellarators, and of the energy flux across magnetic
field surfaces associated with such instabilities. A consistent theory of stochastic diffusion of suprathermal ions is
derived. It is shown that stochastic diffusion in Wendelstein-type stellarators is several times stronger than
previously predicted. A method of mitigation of stochastic diffusion losses is proposed that is based on closing the
separatrices between locally passing and locally trapped orbits within the plasma volume, and the influence of
radial electric field on the confinement of locally trapped suprathermal ions in stellarators is studied. The use of a
resonance radial electric field is proposed for helium ash removal in the Helias reactor. The strong stabilizing
influence of the Landau damping mechanism on Alfven eigenmodes in stellarators due to the presence of non-
axisymmetric resonances is demonstrated. It is shown that isomon and toroidicity-induced Alfven eigenmodes are
unlikely to be destabilized in the first NBI experiments on Wendelstein 7-X. It is shown that Alfven eigenmodes
may be destabilized by temperature gradient of the bulk plasma ions, and that this destabilization is accompanied
by an energy flux across the magnetic field. In Wendelstein 7-X, this mechanism may lead to a destabilization of an
Alfven mode with frequency ~200kHz, which may explain long-lasting high-frequency oscillations observed in
experiments.
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