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1.V nuceprarniiiitiil po60Ti po3po6seHO Ta AOCTiI’)KEHO YMCI0BO-aHATITUYHI METOIU MOIEIOBaHHS Di3UYHUX
npoleciB y c1a60i0Hi30BaHil M1a3Mi Ta MJ1a3Mi MarHiTHOTO YTPUMAaHHS, XapaKTePHUX [1J1 TEPMOSIIEPHUX
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€JIEKTPOHIB-YTiKauiB Iif, Yac MHAaMIYHUX 3MiH €JIEKTPUYHOTrO I10JI4. Y NEPLUIOMY PO3Aii 3alIPONIOHOBAHO METO[]



004K CJIEHHS MIBUIIKICHOTO Koe@illieHTa ioHi3alil eJIeKTPOHHUM yAApOM IIPU 3iTKHEHHSIX 3 aTOMaMu BOJHIO. MeTo[,
6a3yeThCsl Ha CIIPOILEHHI iHTerpajbHUX BUPa3iB [P i30TPOITHOMY MaKCBEJIOBOMY PO3IOLii IBUIKOCTEH,
anpokcumanii yHKuii nepepizy KyCKOBO-IIOCTIHHUMU (PYHKLISIMU, & TAKOK BUKOPUCTAHHI BUCOKOTOYHO]
epMiToBoi inTepnosuii (Traub, 1964). m'sitoro nopsiaKy. Peanisanist KOM6iHOBAHOTO MigXOAY, IO BKIIOYAE
NOIEPEAHIN PO3PaxyHOK Y BY3JI0BUX TOYKAX i3 MOAAJIBUION IHTEPIIOJIALIIEL0, Najla MOKIIUBICTL CYTTEBO CKOPOTUTH
004MCI0BaJIbHI BUTPATH 6€3 BTPaTy TOYHOCTI. JIpyruil po3nis NpruCBsSYeHo NOCTiIKeHHIO MO MPEHHS IT0BiIbHO]
XBWJIi B 00J1aCTi HUKHBOTO MOPUIHOTO PE30HAHCY, [I€ CIIOCTEPIraeThCsl 0COOJIMBA NI0BEiHKA €J1IEKTPOMArHiTHOro
110J1s1. 3aIIPOIIOHOBAHO /IBa ajIbTePHATYBHI MiIX0Y 1O YMCIOBOTO PO3B'sI3aHHS PiBHIHB: MeToh, mrpady i3
BBEJIEHHSIM HEBEJIMKOI KOMILJIEKCHOI ITONPAaBKU [0 iarOHAaJIbHOTO KOMIIOHEHTA TeH30pa JieJeKTPUYHOI
IIPOHUKHOCTI Ta METOJ, aHAJIITUYHOTO IPOJIOBKEHHS NJISIXY iHTErpyBaHHS HAa KOMIUIEKCHY IIJIOIIKHY. [IpoBeneHo
NOPiBHSIJIBHUI aHaJli3 TOYHOCTi 064K CIIEHD IOIJIMHEHO] MOTY>KHOCTI, IO MiATBEpIUB NepeBary IriaagKoro UIsaxy
00X0[ly 3aBJSIKM 320€3ME€YEHHIO HEIIEPEPBHOCTI MOXiTHUX QYHKIiI. Y TpeTboMy po31isi 1o6y10BaHO aHATiTUYHY
MOJI€JIb FeHepallil eJIeKTPOHIB- YTiKayiB y TOKaMakax IIifl YaCc HeCTiKOCTi 3pUBy B TOKaMalli. Moziesib BpaXxOBye SIK
[IEPBMHHI ITPOLECH, TaK i JaBUHHUI ME€XaHi3M HapOCTAaHHS I'YCTUHU €JIEKTPOHIB-YTiKayiB i3 ypaxyBaHHSAM BTpAT.
BBeneHo 6e3po3MipHi mapaMeTpH, 3[1iliCHEHO HOPMYBaHHsI Ha XapaKTEePHi YaCOBi Ta €eHepreTUyYHi Macmraby, mo
JlaJI0 MOXKJIMBICTb OTPMMAaTU KOMIIAKTHI aHAIITUYHI BUPa3y, IPULATHI [JIs1 YUCJIOBOTro aHamisy. [IpoBeneHo
MOJ€JIIOBaHHS [J1s1 TOKaMaKiB cepeiHiX PO3MipiB i3 ypaxyBaHHSM iXHiX KOHCTPYKTMBHUX OCOOJIMBOCTEH, 1110
[IPOJIEMOHCTPYBAJIO Y3TOIKEHICTh 3 iHIIMMY OO0YMCIIEHHSIMU Ha CYIIEPKOMITIOTEPi Ta MiATBEPANIIO YyTIUBICTb
MIPOLIECY IO [1apaMeTpiB iHAYKOBAHOrO N0JIs. Pe3ysbTaTi Aucepralii € akTyaJbHUMU [JIs1 337124 YU CIIOBOTO
MOJI€JIIOBaHHS, IPOrHO3yBaHHS Ta ONTUMIi3allii 1J1a3MOBUX IIPOLECIB y CUCTEMaxX MAarHiTHOTO YTPUMaHH4.
3anponoHoOBaHi METOAM BiJI3HAYAIOTHCS JOCTATHBOIO TOYHICTIO, aHAJIITUYHOIO OO PYHTOBAHICTIO Ta

004N CIIIOBATIbHOIO €(PEKTUBHICTIO, 1[0 POOUTSH iX NEPCIEKTUBHYUMMU 17151 TOJJILIIOTO 3aCTOCYBAaHHS B LOCIIPKEHHSIX

y rajysi TepMOSIIEPHOTO CUHTE3y Ta KEPOBAHOI [1J1a3MOIMHAMIKU.

2. The dissertation presents the development and investigation of numerical-analytical methods for modeling
physical processes in weakly ionized plasma and magnetically confined plasma, typical for thermonuclear devices
such as tokamaks. Particular attention is given to the efficient calculation of velocity-dependent rate coefficients
for binary collisions, the analysis of electromagnetic wave absorption near resonant points, and the modeling of
runaway electron generation during dynamic changes in the electric field. The first chapter proposes a method for
calculating the ionization rate coefficient due to electron impact with hydrogen atoms. This method is based on
the simplification of integral expressions under the assumption of an isotropic Maxwellian velocity distribution,
the approximation of cross-section functions using piecewise constant functions, and the use of high-accuracy
fiftth-order Hermite interpolation (Traub, 1964). The implementation of a combined approach —precomputing
values at nodal points followed by interpolation — allowed a significant reduction in computational cost without
sacrificing accuracy. The second chapter focuses on the propagation of slow waves in the lower hybrid resonance
region, where the electromagnetic field exhibits peculiar behavior. Two alternative numerical approaches to
solving the equations are proposed: the penalty method, involving the introduction of a small complex correction
to the diagonal component of the dielectric permittivity, and the method of analytical continuation of the
integration path into the complex plane. A comparative analysis of the accuracy of absorbed power calculations
confirmed the advantage of the smooth integration path due to the ensured continuity of the function derivatives.
The third chapter presents an analytical model for the generation of runaway electrons in tokamaks during
disruption instability. The model takes into account both primary processes and the avalanche multiplication
mechanism with consideration of losses. Dimensionless parameters are introduced, and normalization is carried
out with respect to characteristic time and energy scales, enabling the derivation of compact analytical
expressions suitable for numerical analysis. Simulations are performed for medium-sized tokamaks, taking into
account their structural features. The results showed good agreement with supercomputer-based computations
and confirmed the process’s sensitivity to the parameters of the induced electric field. The results of this
dissertation are relevant to the tasks of numerical modeling, forecasting, and optimization of plasma processes in
magnetic confinement systems. The proposed methods are distinguished by sufficient accuracy, analytical



justification, and computational efficiency, making them promising for further applications in the studies in the
field of thermonuclear fusion and controlled plasma dynamics.
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