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Pedepar:

1. lucepTaniiiny po60Ty IPUCBIYEHO TEOPETUIYHOMY JOCIIiIPKEHHIO MTOMUPEHHS IIBUIKOI MarHiTO3BYKOBOI XBUJIi 3a
OCTaHHBOIO [I0BEPXHEI0 TOKaMaKa y HabIVDKeHHI X0JI01HOi 1171a3Mu 6e3 3iTKHEHb, SIKa 3HaXOJIUThCS Y 30BHIIIHbOMY
CTaJIOMY MarHiTHOMY 1oJli. Y po60Ti 3HalIeHO NI0JIOXKEHHS TOUOK IIOBOPOTY /111 KOMIIOHEHT €JIeKTPOMarHiTHOro
1107151 XBUJIi; LOCJIIPKEHO 3aJI€;KHOCTI PO3TallyBaHHS LIMX TOYOK BiJl [TapaMeTpiB I171a3MU Ta Bifl Ipafii€HTIiB LUX
rapameTpiB; BUBYEHO AUCIIEPCIiMHI BIaCTUBOCTI BJIACHUX €JIEKTPOMATrHiTHUX CUTHAJIIB, Ki MOXKYTb ITOLIMPIOBATUCSA
B iIOHHOMY LIMKJIOTPOHHOMY [ialla30Hi YaCTOT B 00JIACTi JIOKaTIbHOTO Ab()BEHOBOT'O PE30HAHCY 32 OCTaHHbOIO
3aMKHEHOI0 MarHiTHOIO IOBEPXHEIO ToKaMaka. Ha nepiiomy etari po60Ty 6yJ10 OTPUMAaHO SIBHUI BUTJISI]

,U,I/I(l)epeHU,iaJIbHI/IX piBHHHb [J14 3HaAXOIPKEHHS IIPOCTOPOBOTO pOBHO,I[iJIy KOMIIOHEHT eJIeKTpOMaFHiTHOFO I10JIs B



iOHHOMY LIMKJIOTPOHHOMY Iialla30Hi YaCTOT 3 ypaxXyBaHHAM pafiasbHOI HEOAHOPIIHOCTI NapaMeTpiB IJIa3MU.
To4KOI0 [TIOBOPOTY B 11ii1 pOOOTI Ha3UBAIOTh TOUKY, 10 Pi3Hi OOKY Bifl IKOi KOMIIOHEHTH €JIEKTPOMAarHiTHOTO I10J1s
MaloTh Pi3HUI xapaKTep. SIKIIO0 M0 OOVH 6iK KOMITIOHEHT I10JISI OCLUJIIOE 3 KOOPJAWHATOIO, TO I10 iHIINi 6iK -
IIPOCTOPOBO 3aracae. Y Liil podoTi 3100y Ti piBHIHHS, SKi BU3HAYAIOTh [TOJIOKEHHS TOYOK TOBOPOTY HA OCHOBI
aHasizy 3MiHHUX 32 KOOPAMHATOIO KoedilieHTiB OTpMaHuX PiBHSIHB, a HE HA OCHOBI CIIPOLIEHUX, 10 A€
MOXUIMBICTb 3HAUTU KOOPAMHATH TOYOK [I0BOPOTY TOYHO. Llell pakT CBiAUNTh PO HOBUBHY NOCJiIKEHHS, a>Ke
TPaAULiliHO TOUYKU [I0BOPOTY IJIs1 33724 €JIEKTPOJMHAMIKY I171a3MU 3HAXOJSTh HA OCHOBI PiBHSIHD, SIKi OIIUCYIOTh
OIHOPIiAHY I1a3My. Y pe3ysbTati IepIoro eTamny poboTu 6yJio BUBELEHO YMOBHU [1J1s BUBHAYEHHS TOYOK [I0BOPOTY
KOMIIOHEHT €JIEKTPOMATHITHOTO I0JI51 XBUJIb B iOHHOMY LIMKJIOTPOHHOMY [lialla30Hi 4aCTOT JJ151 BUIIAAKY
HEOJHOPiHOI y1a3mMu. Ha npyromy ertamni po6otu 6yJs10 IPOBEAEHO YUCIIOBE NOCiI)KEHHSI OTPYMAaHUX PiBHSIHb [JI51
3HAXO/’)KEHHS! KOOPIMHAT TOYOK II0BOPOTY KOMIIOHEHT €JIEKTPOMAarHiTHOTO I0JISI XBUJIb B iOHHOMY LIUKJIOTPOHHOMY
IianasoHi 4acToT. [Jist YMCI0BOro MOZEJIIOBaHHS OyJI0 3aCTOCOBAHO HACTYITHI MapaMeTpH IJIa3MU Ta XBUJII:
LMKJIiYHa yacToTa 0 = 3.34 oci, 30BHillHe cTasie MarHitHe nose BO = 2.0 Tu, manuii pagiyc nasmu a = 0.5 M i BeJIMKUA
pagiyc miaa3mu R = 2.12 M, JOBXMHA €KCITIOHEH1iaJIbHOTO 3MEHIIEHHS TYCTUHU YaCTUHOK 11a3mu o0 = 0.01801 m. Li
napameTpu € 6IM3bKUMHU JI0 TapaMeTPiB peasbHOI yCTAaHOBKY — TOKaMaka cepefHix po3mipis ASDEX Upgrade.
Yucnosi JoCHigyKeHHS MiATBEPIUIIY, 0 Y HEOOHOPIAHIN M1a3Mi TOYKM TOBOPOTY MAIOTh Pi3HE MOJIOKEHHS IJ1s1
TPbOX HAOOPiB KOMIIOHEHT €JIEKTPOMAarHiTHOro 10J1s MBUKOI MarHito3pykosoi xBuJi: Ex i Hy, Ey i Hx, Hz. YmoBa,
gKa € 3arajibHO BiJOMOIO Y JIiTepaTypi, SIK yMOBa [J151 BU3HAYEHHS YaCTOTHU BifICIYK/ MIBUAKOI MAarHiTO3ByKOBOI XBUJI
[LJIS1 33IaHKX T1apaMeTPiB OSHOPIAHOI IIJIa3MU, 30BCIM HE MIAXOOUTD [JIs1 3aCTOCYBAHHS 3HAXOIKEHHS TOYOK
[IOBOPOTY B HEOLHOPiAHIN I1a3Mi 32 OCTaHHBOIO 3aMKHEHOIO MarHiTHOIO [IOBEPXHEIO TOKaMakiB. Pe3ysbTaTn
IpYyroro erany AoCJipKeHHSs MiATBePIXYIOTb, 10 HEOAHOPIAHICTb MJ1a3MM BUKJIMKAE Pi3HMII BIIJIMB Ha
PO3TalllyBaHH$ MOJIOXXEHHS TOYKU [TIOBOPOTY 151 XBUJIb 3 Pi3HUMU XBUJILOBUMU 4uciaMu. Ha TpeTbomy ertarmi
po6OTH 6YJI0 HOCIIKEHO IPOCTOPOBUM PO3IIOLIJ [10JIiB €J1eKTPOMAarHiTHOI XBUJIi 3 TOPOITHNM [TIOKa3HUKOM
3aJI0MJIEHHS, MEHIIUM OLVHUILi, i HEHYJILOBUAM I10JIOIJHAM XBUJILOBUM UYKCJIOM, gKa JIOKaJi30BaHa B OKOJIi
Anb(pBEHOBOrO PE30HAHCY 32 OCTAHHbOIO 3aMKHEHOIO MArHiTHOIO [I0BEPXHEI0 TOKaMaka. OCKiIbKY 32 OCTaHHBOIO
3aMKHEHOIO MarHiTHOIO [IOBEPXHEI0 TOKaMaKa I'yCTUHA IJIa3MU 3MIHIOETHCA IyKe MBUIKO, TO 3aCTOCYBATH Y Liil
yacTuHi npocropy metof, BKb HeMoXKnBo. 111 OTpUMaHHS IPOCTOPOBOTO PO3IOIIITY OIS XBUJIL B OKOJII
AnbpBEHOBOrO PE30HAHCY 3aCTOCOBAHO TaK 3BaHUI METOJ, By3bKOro mapy. OCTaHHIM eTarnioM poboTU OyB aHali3
JUCIIEPCIMHUX BIACTUBOCTEN €JIEKTPOMArHiTHOrO CUTHajy B iOHHOMY LIMKJIOTPOHHOMY [ialla3oHi 4acCToT.
[TapameTpu my1a3mu Ta XBUJIi 4J1S1 LIbOTO €TaIy OOMPAJIMCh TaKi caMi, 5K i AJI1s1 IPyroro eramny. Pe3ysipTaTu YnucjioBOro
MOJ€JIIOBaHHSI [10Ka3aJjy, 10 BJIACHI 4aCTOTH € IPUOJIM3HO MPONOPLINHUMU TOPOifHOMY HOMepy Moz, ooll|. Taka
3aJIEXKHICTb TaKOX Bioma 17151 ab(HBEHOBUX XBUJIb. M€XaHi3MU 30y/I>)KEHHSI LIUX €JIEKTPOMArHiTHUX CUTHAJIIB Y
IaHiil po6OTi He PO3rIsAAaloTh. HaTOMICTh Yy pO60Ti pO3IJISHYTO NPO6GJIEMY BIACHUAX 3HAY€Hb i BIACHUX QYHKLIN. ¥
TOW XK€ 4ac 3alIPOIIOHOBAHUN JIOKaJIi30BaHNUI BUCOKOYACTOTHUI CUTHAJI BCE 1€ MOKHA PO3IJISIATH SIK OJIUH i3
MEXaHi3MiB, Bi[IIOBiAa/bHUX 32 HEOA)KaHe MOTJIMHAHHS ITIOTY)XKHOCTI CUTHAJy BiJ[IOBiAHOI YaCTOTH B PO3PiIpKeHIN
ns1a3Mi 32 OCTaHHBOIO 3aMKHEHOI0 MAarHiTHOIO NTOBEPXHEIO TOKamaka. [lepenoadaeTncs, 0 CUrHAT € JIOKali30BaHUM
11067113y JIOKaJIbHOTO AIb(PBEHOBOTO PE30HAHCY. BUBUEHHS TOYOK Bi[ICiUKH Ta [IOBEiHKY €JIeKTPOMarHiTHUX
CUTHAJIIB Y PO3PiIPKEHIN I171a3Mi 32 OCTaHHbOIO 3aMKHEHOIO MArHiTHOIO [TIOBEPXHEIO TOKAMaKa € IIPeIMETOM
aKTUBHUX JOCJIiIPKEHb, OCKiJIbKYM IOKPALEHHS PO3yMiHHS NIPOLECIB Y IIbOMY IIPOCTOPI, 3HAXOIPKEHHSI II0JIOKEHHS
TOYOK BiJICIYKM Ta PO3yMIHHS iX 3a71€;KHOCTEN Bif MIapaMeTpiB I1JIa3MU Ta IX TPajlieHTiB MOXKE JOIIOMOITH

niABUIIMTY €(PEeKTUBHICTb Ta JOBrOBIYHICTb POOOTU TEPMOSIEPHUX YCTAaHOBOK.

2. The dissertation work is devoted to the theoretical study of the propagation of a fast magnetoacoustic wave in a
tokamak scrape-off layer in the approximation of a cold magnetoactive collisionless plasma. The work is devoted
to finding the positions of the turning points for the components of the electromagnetic field of the wave; studying
the dependence of the location of these points on the plasma parameters and on the gradients of these
parameters; studying the dispersion properties of electromagnetic signals located within Alfvén resonances in a
tokamak scrape-off layer in ion cyclotron frequency range. At the first stage of the work, an explicit form of
differential equations is derived for the components of the electromagnetic field in ion cyclotron frequency range.



These are ordinary second-order linear uniform differential equations with the presence of terms with the first
derivatives of the wave field amplitudes in them. In this work, equations for finding the turning points were
obtained based on the derived equations rather than on the basis of simplified ones, which allows correct finding
the coordinates of the cut-off points. This fact indicates the novelty of the research, because turning points for
electrodynamics problems are practically not found in this way. As a result of the first stage of work, conditions for
determining the cut-off points of the electromagnetic wave field components in the ion cyclotron frequency range
are derived with account for plasma strong inhomogeneity. At the second stage of work, a numerical study of the
obtained equations is carried out to find the coordinates of the cut-off points of the electromagnetic wave field
components in ion cyclotron frequency range. The following plasma and wave parameters are used for numerical
modeling: generator angular frequency o = 3.34 oci, external static magnetic field BO = 2.0 T, minor plasma radius a =
0.5 m and major plasma radius R = 2.12 m, the decay length of the plasma particle density o = 0.01801 m. These
parameters are consistent with the parameters of the real installation - the medium-sized tokamak ASDEX
Upgrade. Numerical studies have confirmed that in inhomogeneous plasma the cut-off points have different
positions for three sets of components of the electromagnetic field of a fast magnetosonic wave: Ex and Hy, Ey and
Hx, Hz. The condition, which is generally known in the literature as a condition for determining the cut-off
frequency of a fast magnetosonic wave for given homogeneous plasma parameters, is not at all suitable for the
application for finding cut-off points in inhomogeneous plasma, which is present in all fusion facilities. The results
of the second stage of the study indicate that the non-uniformity of the plasma causes a different effect on the
location of the cut-off points for waves with different wave numbers. At the third stage of the work, the spatial
distribution of the eigen wave field with the toroidal refractive index smaller than a unit and the frequency higher
than ion cyclotron frequency localized in the region of Alfven resonance in a tokamak scrape-off layer is
considered. Since in the region of a tokamak scrape-off layer, the plasma density varies very quickly, it is
impossible to apply the WKB method in this region. Therefore, the so-called narrow layer method is used to obtain
the spatial distribution of the wave field in the close vicinity of Alfven resonance. To solve the differential
equations, the space around the Alfven resonance is separated into four characteristic zones. The analysis of the
dispersion properties of electromagnetic signal in ion cyclotron frequency range in a tokamak scrape-off layer is
the last stage of the work. The plasma and wave parameters for this stage are chosen the same as for the second
stage. The results of numerical modeling show that the eigen frequencies are approximately proportional to the
toroidal wave index, oo|n|. This feature is also known for Alfvén waves. The mechanisms of excitation of radio
frequency signals are not considered in this work. Instead, the paper addresses the problem of eigen values and
eigen functions. At the same time, the proposed localized radio frequency signal can still be considered as one of
the mechanisms responsible for the unwanted absorption of signal power of the corresponding frequency in a
tokamak scrape-off layer. It is assumed that the signal is localized in a local Alfvén resonance. The study of cut-off
points and the dispersion properties of electromagnetic signals localized in the vicinity of Alfven resonance in a
tokamak scrape-off layer are the subject of active research, since improving the understanding of processes in the
scrape-off layer, determining the position of cut-off points and understanding their dependences on plasma
parameters and their gradients can help increase the efficiency and durability of fusion plants.
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1. Jlynenko Bagum BacuiboBud

2. Vadym Lutsenko

KBasidikamis: 1. ¢.-m. H., cTapumii HayKoBuii CriBpo6iTHUK, 01.04.08
Imentudikarop ORCHID ID: 0000-0002-2143-3433

JoparkoBa indopmamnist:

ITIoBHe HaﬁMeHYBaHHﬂ IOpI/I,I[I/I‘{HOi 0Co0M: [HCTUTYT AnepHUX gocuimkeHb HaionanpHOI akagemii Hayk
YKpainu

Kopg 3a €IPIIOY: 23724640

MicueBHaxo,ereHHﬂ: npocnekt Hayku, 6ya. 47, Kuis, 03028, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YKpainu
InenTudikarop ROR:

CeKTop HayKH: AkafeMivHuil

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Bepnuuk Cepriii JIeoHioBUY

2. Serhii Berdnyk

KBastidikanis: . ¢.-m. 1., crapmmii HaykoBuii criiBpo6iTHUK, 01.04.03

InenTudikarop ORCHID ID: 0000-0002-0037-6935

JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI OCOOM: XapKiBCbKMil HALOHAJIBHUIT YHiBepcuTeT imeHi B. H. Kapasina
Kopg 3a €APIIOY: 02071205

MicueSHaxo,q)KeHHﬂ: MangaH CBob6omu, 4, XapkiB, XapKiBCbKuUil p-H., 61022, YkpaiHna

dopma BracHOCTI: J/lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH: YHIBEpPCUTETCHKUI

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:
1. Cnopos Osnekcanap €BreHoBuY

2. Oleksandr Sporov



KBasigikanis: k. ¢.-m. 1., 01.04.08

InenTudikarop ORCHID ID: 0000-0002-4610-9656

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: XapKiBChbKuil HALOHATILHMI YHiBepcuTeT imeHi B. H. Kapasina

Kopg 3a €IPIIOY: 02071205

Micueanaxonmeunﬂ: mangaH CBobonu, 4, XapkiB, XapKiBCbKuUil p-H., 61022, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHiBEpPCUTETCHKUI

VIII. 3aKkJIr04Hi BiZoMOCTi

BiiacHe IIpizBuie Im's Ilo-6aTbKOBI

TOJIOBH pajgu

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

roJIOBYIOYOrO Ha 3aciJaHHi

BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTparop

KepiBHuKk Bigginy YKpIHTEI, mpo €

BiZIIOBiZaJIbHUM 3a peeCcTpallilo HayKOBOi

OisIIBHOCTI

JlicoBcbkuii Banepiit OnekcannpoBuy

JlicoBcpkuii Banepint OnekcaHnpoBruY

[lleByenko AHpint OsieKCaHIPOBUAY

VKpIHTEI

FOpuenko Tersna AHaTosiiBHa



