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30yPKYIOTbCSI MOZIy/IbOBAHUM IIOTOKOM €JIEKTPOHIB
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electron beam

Pedepar:

1. MeTa po60Tu - aHasi3 pe3oHaHCHUX eeKTiB y [IB y npucyTHOCTI KOHQIrypauiil 3 ofMHUYHUX KPYIJIUX Y
[IOTIIEpEYHOMY Iepepi3i HAHOHUTOK, BUTOTOBJIEHUX 3 Ai€JIEKTPUKIB, 6J1arOpOAHUX METaJIiB Ta BKPUTUX rPaeHOM, a
TaKOX CTPYKTYP 3 iX CKIHYEHHOTO YMCJIA, 5IKi 30YIPKYIOTbCSI TAPMOHITHO MOYJIbOBAaHMM ITYYKOM 3apsIpKEHUX
JacTUHOK. OO'€KT LOCIIIIPKEHb — SIBUIIA PO3CiSIHHS Ta MOTJIMHAHHS MOJYJIbOBAHOTO I10JIs1 €JIEKTPOHHOTO ITy4YKa
KOHQirypanisiMy CKiHY€HHOTO YMCJIa KPYIJIMX HAHOHUTOK i HAHOTPYOOK, a TAaKOX 33a/a4i Ha BJIaCHi 3HaY€HHS [1JIs1
TaKUX KPYIJIMX BiIKPUTUX PE30HATOPIB 3 Tpa(peHOBMM NOKPUTTSIM. T€OpEeTUYHI Ta MIPAaKTUYHi pe3yJIbTaTH.
3anponoHOBaHUI METO]], i PO3pO6JIEH] YMCEIbHI aITOPUTMU MAIOTh KOHTPOJIbOBAHY TOYHICTb i MOXKYTb OyTU

3aCTOCOBaHi JJ1s1 HAAIMHOro Ta €(PEeKTUBHOTO OOYMCIIEHHIXapAaKTePUCTUK PO3CiI0BaHHS Ta MOIJIMHAHHS



HAaHOHWTKOBMMMU KOHQIrypauisiMy, BATOTOBJIEHUMU 3 Ji€JIEKTPHKA, 6;1aTOPOJIHOrO MeTajy Ta rpadeny, 3
BHUKOPHCTaHHIM IIOMIpHOTO KOMITIOTEPHOTro 06J1afiHaHHs. HOBM3HA HayKOBUX pe3yJbTaTiB. Briepiue
IIPOJIEMOHCTPOBAHO, 1110 ITPU 3MillleHHi TpaeKTopii nyyka y criektpax [IB 3'IBis10TbCs paHillle BifCyTHI pe30oHaHCH,
NIOB'3aHi 3 cynepMoiaMu Jalimepa 3 JBOX ONTUYHO 3B’13aHUX HAHOHUTOK, I10J1s1 SIKUX OPTOTOHAJIbHI, B CEHCI
CcUMeTPpii, 10 MOJIg Ny4Ka; iIHTEHCUBHOCTI HOBUX PE€30HAHCHUX IIiKiB IIPOIOPLiMHI 3CYBY ITy4Ka. BuineBKazaHum
eeKT BUSBIJIEHO 1151 BUCOKOLOOPOTHUX CYyIIEPMOJL JaliMepiB 3 JieJIeKTPUYHUX HUTOK 3 BEJIMKUM IIOKa3HUKOM
3aJI0MJIEHHS], TOHKAX HAHOTPYOOK 3 6J1arOPOAHUX METAJIB i HUTOK 3 rpad)€HOBUM IOKPUTTSM IIPU JOCUTb BUCOKUX
3HA4YEeHHSIX XiMiyHOrO noTteHujany rpadeny. Takosx, Ipu aHasisi [IB Bif CKiH4€HHUX PEeIiTOK 3 6araTbOX HAHOHUTOK,
BKPUTHUX Irpad)€HOM, BUSIBJIEHO, 1110 ¥ CIIEKTPaX MOTY>KHOCTI [IB OMiHYIOTh pe30HAHCH Ha I1JIa3MOHHUX MOJaxX
KO>KHOI HUTKM Ta Ha IPAaTKOBUX MOJAX BCi€i peLIiTKY; iHTEHCUBHICTb TPAaTKOBUX PE30HAHCIB 3aJIEXKUTD BiJl KiJIBKOCTI
HUTOK. Briepiie npoBeeHo aHajli3 IOPOroBUX YMOB IJIs1 IJIa3MOHHUX MOJ, HAHOJIa3€pa Ha OCHOBI JaiMePY 3 IBOX
rpadeHOBHX HAHOTPYOOK 3 IOCUJIIIOUMM MaTepiaioM BcepenuHi. [TokazaHo, 1o ofiHa 3 CyIepMOJ JaliMepy Mae
IIOPIr, HIDKYMHN 32 MOy OIMHUYHOI HAaHOTPYOKU. Hapemnti, OnTHyHy Teopemy Breplle afanToBaHo 1o edexty 1B
MOJyJIbOBAHOTI'O IIy4YKa €JIEKTPOHIB. MeToau nocigkeHb. Teopisd IBOBUMIPHMX KPalOBUX 33124 KJIaCUYHOI
esleKTpoguHaMiku. IIlo cTocyeTbes rpad@HOBUX MOKPUTTIB, TO BOHU BBKAIOTLCS IPOBIIHMMH TPYOKaMU HYJIbOBOI
ToBIMHU. TyT popmanizam Kybo 3acTocoBaHO 1151 XapaKTepHUCTHUKY IIOBEPXHEBOTO iMIlejaHCy rpadeHa 3
KOMIIJIEKCHUM 3HAU€HHSIM, a 1J1s1 rpadeHy 3alUTyI0ThCS IPaHUYHi yMOBU pe3ucTuBHoro tumny. Kpim toro, mu
BHMKOPHCTOBYEMO KPYIJy (pOpMy HAHOHUTOK i 3aCTOCOBYEMO PO3KJIaZaHHs 110181 B psigy Dyp’e B JI0KaJIbHUX
MIOJISIPHUX KOOPJIMHATaX KOXXHOI HUTKY B TIOEHAHHI 3 TeOpeMolo gojaBanHs ['pada s uuniHgpuIHuX QyHKIIN.
[Tpu nizcTaHOBL B rpaHMYHI YMOBY 1€ IPU3BOIUTH 10 MATPUYHUX PiBHIHb Opesrosibma Apyroro poay s
KoedilieHTiB po3mupeHHs noJst. OTKe, Taka TexHiKa HaJIeXKUTh 10 CiMeliCTBa METOIiB aHAITUYHO]I peryssipuaalii
(MAP). TTpupogna ®peznrosbma rapanTye 361KHICTb PO3B'SI3KiB yCiY€HMX MATPUYHUX PiBHSIHb O TOYHUX PO3B’SI3KiB,
SIKIO YMCJIO 3Pi3aHHs cTae 6inpmyM. CTyIiHb YIPOBaKeHHs. OTpUMaHi pe3yJIbTaTy YMCeJIbHOIO aHaJIi3y
XapaKTEPUCTUK PO3CisSIHHS i IOTJIMHAHHS Ta KAPTUHU JIaJIbHbOTO ¥ GJIMKHBOTO 110151 [1B Bif, ny4dKa 3apsiipKeHuX
YaCTUHOK, 10 PyXaeThCs MOOJIM3Y Pi3HOMAaHITHUX HAHOHUTKOBUX PO3Cil0BauiB Ta iXHiX IrpaTOK, MalOTh
(dyHIaMeHTaJIbHE 3HAUY€HHS 1151 [TOJIbIIOTO PO3BUTKY HAHOEJIEKTPOHIKM Ta PO3POOKKA HAHOPO3MiPHUX MOHITOPIB
ITOJIO>KEHHS ITy4Ka 1 €JIEMEHTIB JieJIeKTPUYHUX JIa3€PHUX IPUCKOPIOBAYiB; aHaJIi3 IOPOrOBUX YMOB IJIs
IIJIa3MOHHUX MOJ, HAHOJIa3€epiB, PO3IVISIHYTUX Y AUCEPTaLii, MOXKe JOIOMOITH Y CTBOPEHHI HOBUX OiJbII
e(eKTUBHMX HaHOJIA3€piB, 110 IEPECTPOIOIOTHCS €JIEKTPOCTATUYHUM YMHOM. Cdepa BUKopucTtaHHs. Po3pobieHi
edeKTUBHI 11 361KHI KOIU 11711 00YMCIIEHHS XaPaKTEPUCTUK PO3CiSIHHS Ta MOTJIMHAHHS, a8 TAKOX 4aCTOT i MOPOTiB
BJIACHUX MOJI, TO3BOJISIIOTE BUKOPUCTOBYBATH iX SK PO B KOJAX JIJIS1 YACEJIbHOI ONITUMI3allil ONITUYHUX

KOH(l)iI‘ypaLLiI?I, KJIIOYOBMMU €JIEMEHTAMU SIKHX € prrOBi HAaHOHUTKM.

2. The purpose of the work is to analyze the resonance effects in DR from the mentioned above nanowire
configurations excited by the harmonically modulated beams of charged particles. In terms of applications, we
study the dimer structures that are most sensitive to variations in the beam trajectory and velocity and hence can
be exploited as beam monitors. Finite arrays of nanowires are analyzed as key components of vacuum tubes and
dielectric laser accelerators. The object of research is the phenomena of the scattering and absorption of the
modulated electron beam field by configurations of finite-number circular nanowires and nanotubes, as well as the
eigenvalue problems for such circular open resonators with graphene cover. Theoretical and practical results. The
proposed method and the developed numerical algorithms have controlled accuracy and can be applied for the
trusted and time-efficient computation of the DR-caused scattering and absorption by nanowire configurations
made of dielectric, noble-metal and graphene, using the moderate computer hardware. Novelty of scientific
results. It has been shown that if the particle beam trajectory is shifted from the central (symmetric) position, then
the DR scattering and absorption spectra display appearance of previously absent resonances, associated with the
dimer supermodes whose fields are orthogonal, in symmetry, to the beam field; the intensities of new peaks are
proportional of the beam displacement. The above-mentioned effect has been found for the high-Q supermodes of
the dimers of high refractive-index dielectric wires, thin noble-metal nanotubes, and graphene-covered wires at
the high enough values of graphene’s chemical potential; in the analysis of DR from sparse finite periodic arrays of



many graphene-covered nanowires, the dominant feature in the frequency spectra of DR power are the
resonances on the plasmon modes of each wire and the lattice modes of the whole array. For the first time, an
analysis of the threshold conditions for the plasmon modes of a nanolaser based on a dimer of two graphene
nanotubes filled by the gain material was carried out. It is shown that one of the supermodes of the dimer has a
threshold lower than that of a single nanotube. Also, the Optical Theorem, known previously in the plane-wave
scattering, has been adapted to the DR effect of the modulated electron beam. nanowires. Research methods. The
research methods include the theory of 2-D boundary-value problems of classical electromagnetics. As for the
graphene covers, they are assumed to be zero-thickness conducting tubes. Here, the Kubo formalism is applied to
characterize graphene’s complex-valued surface impedance and the resistive-type boundary conditions are
requested on the graphene. Further, we use the circular shape of the nanowires and apply the field expansions in
the Fourier series in local polar coordinates of each wire, combined with the Graf addition theorem for the
cylindrical functions. On substitution into the boundary conditions, this leads to the Fredholm second kind matrix
equations for the field expansion coefficients. Therefore, such a technique belongs to the family of the methods of
analytical regularization (MAR). The Fredholm nature guarantees that the solutions of the truncated matrix
equations converge to the exact solutions if the truncation number gets larger. Degree of implementation. The
obtained results of numerical analysis of the DR-caused scattering and absorption characteristics versus the
frequency and other parameters, the far and near field patterns of the wave emission from charged particle beam
moving near various nanowire scatterers and gratings of them have fundamental significance. They have also a
wide range of applications including the BPM and DLA designs. The analysis of thresholds conditions for the
plasmon modes of the considered in the thesis nanolasers can help in the creation of new, more efficient sources
of waves. Scope of use. The developed computational codes of the DR-caused scattering and absorption
characteristics permit using them as a core of the software for numerical optimization of optical configurations,
key elements of which are circular.
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BiacHe IIpisBuie Im'sa I1o-6aThKOBI:

1. flunn Bosogumup BacunboBud

2. Volodymyr V. Yachin

KBasigikanis: . ¢.-m. 1., c.z., 01.04.03
Inentudikarop ORCID ID: 0000-0003-4777-3927
JoparkoBa iHdpopmamist:

IloBHe HaﬁMeHyBaHHﬂ IOpI/I,I[I/I‘{HOi 0CcooM: PagioactpoHoMiyHuit iHcTUTYT HanioHanbHOI akageMii Hayk
Ykpainu

Kopg 3a €IPIIOY: 02772020



Micue3HaxoaKeHHS: By/1. MucrenTs, 6y1. 4, Xapkis, Xapkiscbkuii p-H., 61002, Ykpaina
dopma BracHOCTI: JlepxaBHa
Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Cipenko KoctguTtuH IOpitoBuy

2. Kostyantyn Y. Sirenko

KBasidikanis: k. ¢.-m. 1., 01.04.03
Imentudikarop ORCID ID: 0000-0001-8401-2022
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAUYHOI 0COOH: IHCcTUTYT pamiodisuku Ta enekTpoHiky im. O. 5. Venkosa

HaujonasnbHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 03534593

MiCI.ICBHaXO,T.[)KeHHﬂ: ByJI. AKazemika IIpockypu, 6ya. 12, XapkiB, XapkiBcbkuii p-H., 61085, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiiHHSA: HaujonasnbHa akajeMis HayK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Cremwenko Cepriit OsieKCaHAPOBUAY

2. Serhii O. Steshenko

KBasigikanis: 1. ¢.-m. u., c.u.c., 01.04.03
InenTudgikarop ORCID ID: 0000-0003-4777-3927
JoparkoBa iHdpopmamnist:

TloBHe HaliMeHYBaHHSI IOPHUAUYHOI 0COOH: IHcTUTYT pamiodisuku Ta enekTpoHiky im. O. 5. Venkosa

HaujonasnbHoi akagemii Hayk YKpaiHu

Kog, 3a €IPIIOY: 03534593

Micuesnaxo,szeﬂna: ByJI. AKazemika ITpockypu, 6ya. 12, XapkiB, XapkiBcbkuii p-H., 61085, Ykpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: HauionasnbHa akajieMis HayK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJIr04Hi BiZoMOCTi



BnacHe IlpizBume Im'st Ilo-6aTbKOBI CexeHues Ojiekcanzp €BreHoBIY
TOJIOBH pajgu

BiiacHe IIpisBuie Im'sa ITo-6aTbKOBI Ceexenues OsiekcaHznp €BreHoBUY
rOJIOBYIOYOrO Ha 3acCimaHHi

BignoBigasbHuUI 3a MiATOTOBKY IBanyeHKo 1. B.

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaToJIiBHA

OisIIBHOCTI




