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V. BimomocTi npo guceprauiio

Mosga guceprarii:

Koau TemaTHYHHUX PYOPHK:

Tema gucepranii:

1. TTomnpeHHs anbPBEHOBUX XBUJIb Ta [IEPEHECEHHS €HEPTii onepeKk MarHiTHUX MOBEPXOHb Y TOPOiAAIbHIN MII1a3Mi.

2. Propagation of Alfven waves and energy transfer across magnetic surfaces in toroidal plasmas.

Pedepar:

1. B pucepTauii npencTaBiaeHo pe3yibTaTi TEOPETUYHUX JOCiIKeHb (i3KY IIepeHeCeHHs! eHeprii nonepex
MarHiTHUX IOBEPXOHb aJIb(DBEHOBMMH XBUJISIMU Ta MarHiTHUMU OCTPOBaMH i €(peKTiB IPOCTOPOBOrO KaHAJIIOBAHHS
€Heprii MBUIKMX HOHIB (BKJIIOYHO 3 ab(a-4yaCTUHKaMM) eCcTabii3oBaHnMU alb(PBEHOBUMU BJIACHUMU MOJAMU B
ToKaMakax. [IokazaHo, 110 TOpPOifaibHICTh MOKE MaTH HACJIiIKOM JIiHINHY TpaHcdopMallilo KiHeTHYHO]
anb(PBEHOBOI XBUJI B iHIIY KiHETUYHY alb(BEHOBY XBUJIIO, SIKA BilPi3HSIETHCS Bif] 104YaTKOBOI XBUJIi HOMEPOM MOJY.
OTpuMaHO aHaNITUYHI BUPa3u [JIs1 aMILITy [, TPaHCPOPMOBaHOi i HeTpaHCc(hOPMOBaHOI XBUJIb. [ToKazaHo, o
TpaHchopmallis Moxke OyTH CUJIBHOIO IJ151 XBAJIb 3 MAJIMMU TI0JIOIIaJIbBHUMU HOMEPaMU MOJ], B TaKUX TEPMOSIIEPHUX
npuctposix sik NSTX (CILIA) ta ITER (OpaHnuis). 3HaliieHO BEeJIMUMHY Ta PO3TalllyBaHHSI [1I0TOKIB YaCTMHOK Ta €HEePrii,
1110 BUHUKAIOTh TIpY Lie6€pPHOMY II€PEHECEHH] BHACIILOK 3iITKHEHHEBOTO TaJIbMyBaHHS IIBUIKUAX MOHIB B 10
KBasicTaliOHapHUX 30ypeHb. BuspieHo Qi3nyHMi1 MexaHi3M Nepeadi eHeprii nornepexk MarHiTHOTo MoJst

ineanpHUMU asib(PBEHOBMMU XBUWISIMU B TOPOifajpHil my1a3mi. 3HaleHo, 110 Ha BiIMiHY Bif KJIaCUYHUX



asb(PBEHOBUX XBUJIb Y HECKIHYEHHIN I1a3Mi, aJIb(PBEHOBI XBUJIi B TOPOiJaJIbHUX CUCTEMAX CIIPUYMHSIIOTh
CTHICHEHHS IJIa3MU 3aBISKY 3a4EIUIEHHIO 31 MIBUIKMMU MarHiTO3ByKOBUMMU XBUJISIMY, 1O i BMOXKJIMBIIIOE IIepenavy
eHeprii. [TopaxoBaHo pafianbHy IPyNoOBY MBUAIKICTb AJ1S1 61Ky4MX XBUJIb, sIKi yTBOpI0I0Th GAE-Monu Ta TAE-monu.
3's1COBaHO YMOBH, 32 SIKUX MHOXXMHHi ayb()BEHOBI BJIaCHI MOJY 3[aTHi BifjibpaTy 3HaYHY YaCTKy €HEPTii MBUIKUX
MIOHIB /1711 MOXJIMBOI lepeayi B iHIy 06s1acTs npocTtopy. [Tokasano, mo nopsaky 10 GAE-mog, (Taka KijbKicTb
CIIeKTPaJIbHUX JIiHIl HecTillkocTel criocTepirasach y eKCllepuMeHTax) OCTaTHbO, 111006 BifliopaTy II0JI0BUHY €Heprii
wBUAKKX 1oHIB y NSTX. TlokasaHo, 10 IpOCTOPOBE KaHAJNIOBAHHS MOJKE BillirpaBaTy BaXKJIMBY POJIb Y IIOKPALIEHHI
XapaKTEPUCTHK IJIa3MU Ta 3pOCTaHHI MOHHOI TEMIIEPATypPU B €KCIIEPUMEHTAX 3 HarpiBaHHSIM aslb(pa-4aCTUHKAMU Yy

tokamaky JET (Benuka Bpuranis).

2. This dissertation consists of the results of theoretical investigation of physics of the transverse energy transfer
by Alfven waves and magnetic islands, and of effects of the spatial chanelling of the energy of energetic ions/alpha
particles by destabilized Alfven eigenmodes in tokamaks. It is demonstrated that toroidicity can result in linear
transformations of propagating kinetic Alfven waves into other kinetic Alfven waves branches, which differ by their
mode numbers from the initial waves. Analytical expressions for the amplitudes of the transformed and non-
transformed waves are derived. The transformation is found to be strong for kinetic Alfven waves with low poloidal
mode numbers in typical tokamaks, NSTX (USA) and ITER (France). The magnitude and location of the particle and
energy fluxes caused by the bucket motion due to the collisional slowing down of fast ions in the case of quasi-
steady-state perturbations are found. Physics of the transverse energy transfer by ideal Alfven waves in toroidal
plasmas is elucidated. It is found that, in contrast to the classical Alfven waves in infinite plasmas, the Alfven waves
in toroidal systems produce plasma compression due to coupling with fast magnetoacoustic waves, which provides
the energy transfer. The radial group velocities of the traveling waves constituting the Global Alfven Eigenmodes
and Toroidicity-induced Alfven Eigenmodes are calculated. The conditions are established when multiple Alfven
eigenmodes are able to withdraw a significant part of the energy of fast ions for possible transfer to another spatial
region. It is calculated that about 10 GAE modes (spectrograms of instabilities in NSTX show that such a number of
unstable modes are observed simultaneously) are sufficient to extract a half of the fast ion energy. It is found that
spatial channeling may have played a role in the improved confinement and increased ion temperature in JET
(Unite Kingdom) experiments with alpha particle heating.
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