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Pedepar:

1.V nuceprarniiiitiii po60Ti po3po6s1eHO Ta AOCTIIKEHO YMCI0BO-aHATITUYHI METOIN MOIETI0BaHHS Di3UYHUX
IIpolLIeCiB y €/1a60i0HI30BaHIM M1a3Mi Ta MJ1a3Mi MarHiTHOrO YTPMMAaHHS, XapakKTePHHUX 7151 TEPMOSIIEPHUX
YCTaHOBOK TUIY TOKaMak. OCHOBHY yBary nNpufisieHo e(peKTUBHOMY pO3paxyHKy MBUAKICHUX KoeillieHTiB TapHUX
3iTKHEHb, aHaJIi3y [IOTJIMHAHHS €JIeKTPOMAarHiTHUX XBUJIb TI0GJIN3Y PE30HAHCHUX TOYOK Ta MOJEJIIOBAHHIO reHeparii
€JIEKTPOHIB-yTiKayiB Iif Yac JUHAMIYHUX 3MiH €JIEKTPUYHOTrO I10J14. Y NEPIIOMY PO3Liji 3aIIPONIOHOBAHO METO[]
004K CJIEHHS MIBUJIKICHOTO Koe@illieHTa ioHi3allil eJIeKTPOHHUM yAapOM IIPH 3iTKHEHHSIX 3 aTOMaMu BOJHIO. MeTo[,
6a3yeTbCsl HA CIPOILEHHI iHTerpajabHUX BUPA3iB IPU i30TPOITHOMY MaKCBEJIOBOMY PO3MOii IBUAKOCTEH,

anpokcumanii GyHKIii nepepizy KyCKOBO-IIOCTIHHUMU PYHKLISIMU, & TAKOK BUKOPHUCTAaHHI BUCOKOTOYHO]



epMitoBoi inTepniossuii (Traub, 1964). m'storo nopsiaky. Peanizauis KoM6iHOBaHOTO MiAX0OMY, O BKIIIOYAE
MonepenHiil PO3paxyHOK y By3JI0BMX TOYKaX i3 MOJAJIBIIO0 iHTEPIIOJIALIEI0, 1ala MOKIIUBICTb CYTTEBO CKOPOTUTU
004MCII0BaJIbHI BUTPATH 6€3 BTPAaTy TOYHOCTI. JIpyruil po3nis NprUCBsYeHO NOCTiIKEeHHIO O PEHHS IT0BiIbHO]
XBWJIi B 00J1aCTi HUKHBOTO FiOPUIHOTO PE30HAHCY, 1€ CIIOCTEPIraeThCsl 0COO/IMBA NIOBEiHKA €JIEKTPOMArHiTHOrO
110J1s1. 3aITPONIOHOBAHO /1BA aJIbT€PHATUBHI MiIXOAM IO YMCJIOBOTO PO3B'SI3aHHS PiBHSAHb: MeTog, Tpady i3
BBEJIEHHSIM HEBEJIMKOI KOMILJIEKCHOI ITONIPAaBKU [0 [1iarOHaJbHOTO KOMIIOHEHTA TeH30pa JieJeKTPUYHOI
IIPOHMKHOCTI Ta METOJ, aHAJIITUYHOTO [TPOJIOBKEHHS LIJIIXY iHTErPyBaHHS Ha KOMILJIEKCHY IJIOYHY. [IpoBeeHo
NOPIiBHSJIbHUI @HAJIi3 TOYHOCTi 06YMCIIEHD IOTJIMHEHOI MOTYKHOCTI, 10 MiATBEpAUB IIepeBary IJ1aJJKOro MIsXy
00X0my 3aBJsKU 320€3[1€YeHHIO HellepepPBHOCTI NoXigHuX QyHKILIi. Y TpeTboMy po31isi Mo0yI0BaHO aHATITUIHY
MO[IeJIb FeHepallil €JIEKTPOHIB- yTiKadiB y TOKaMaKax Iif] 4aC HECTIMKOCTI 3pUBY B TOKamalli. Mozesb BpaxoBye SIK
[IEPBMHHI ITPOLECH, TaK i JIJaBUHHMM MEXaHi3M HapOCTaHHS I'YCTUHU €JIEKTPOHIB-YTiKayiB i3 ypaxyBaHHAM BTpAT.
BBeneHo 6e3po3MipHi mapameTpH, 3/1iliCHEHO HOPMYBaHHSI Ha XapaKTEePHi YaCcOBi Ta €eHepreTUYHi Macmrabu, mo
J1aJI0 MOXKJIMBICTh OTPUMMATU KOMIIAKTHI aHaJIITUYHI BUPa3y, IPULATHI [JIs1 YUCJIOBOrO aHamisy. [IpoBeneHo
MOJI€JIOBAHHS 17151 TOKaMaKiB cepeiHiX PO3MipiB i3 ypaxyBaHHSIM iXHiX KOHCTPYKTMBHUX OCOOJIMBOCTEH, 1110
[IPOJIEMOHCTPYBAJIO Y3TOAKEHICTh 3 iHIIMMY 06YMCIIEHHSIMU Ha CYIIePKOMITIOTEPi Ta MiATBepAnIO Yy TIUBICTh
MIPOLECY [0 NapaMeTpiB iHAYKOBAaHOTO NOJI. Pe3ynbTaT [ucepTallii € akTyaJlbHUMU [1714 337,24 YMCJI0BOTO
MOJIEJIIOBAaHHS, [IDOCHO3YBAHHS Ta ONTHUMI3allii [171a3MOBUX IIPOLIECIB Y CUCTEMAX MArHiTHOrO yTPUMAaHHS.
3anponoHOBaHi METOAM BiJI3HAYAIOTHCS OCTATHBOIO TOYHICTIO, AaHAJIITUYHOIO OOI'PYHTOBAHICTIO Ta

004K CIIOBANBHOI0 €PEKTUBHICTIO, [0 POOUTS X NePCHEKTUBHUMMU [1Jis MTOAABLIOr0 3aCTOCYBAHHS B JOCIIIIPKEHHSIX

y rajysi TepMOSIIEPHOrO CUHTE3y Ta KEPOBAaHOI [IJIa3MOIMHAMIKH.

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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