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PED®EPAT

JuniomHuas padora: 54 crpaHulpl, 27 puCyHKOB, 4 Ta0nuIbl, 32 UCTOYHHKA.

Knwoueswvie crosa: METOJI JUCKPETHBIX JUIIOJIEM, TPAG®EHOBAS
[INTACTUHA, UWHIUKATPUCA  PACCEAHUA, TIPAMOYTOJIBHBIE
JUITIOJI, ADDA

Obvexmom uccnenoBanus sBisieTcs rpadenonas miactTuHa(9x9x0.02 mxm) u
MpUOIMKEHHBIC K HEeM MoJienu (Takue Kak MUauHAP(9x0.2 mMKkM) U 1eCATHYTOJIbHAs
npu3Ma(9x0.2 mxm)).

Lleny MUMIIOMHOW pabOThl — MOJAEIHUPOBAHHME CHEKTPATBHBIX ONTHUYECKUX
CBOMCTB rpa)€HOBBIX MJIACTUH METOAOM JIUCKPETHBIX TUIOJIEH.

Memoowvl  uccnedoganus. aHanu3 HAyYHOM JIMTEPATypbl, IOCTPOCHHE
WHJUKATPUC PACCESIHUS TI0 JTaHHBIM, IMOJYYCHHBIMH B KOMITBIOTEPHOU MpOTpaMme
ADDA, ananu3 nmojay4eHHbIX WHIUKATPUC PACCESHHUS 10 3aJJaHHBIM ITapaMeTpaM.

B xozxe BbIMOMHEHHWS TMPAKTUYECKONW YACTH JUIUIOMHOW pabOThl ObLIO
UCIIOJIb30BAaHO  CIIELMATU3UPOBAHHOE  NpOrpaMMHOe  olecrieueHue  JUis
BBIMIOJTHEHUSI ~ PacyeToB M TMOJATOTOBKM  paboThl, mporpamMma ADDA,
pacnpocTpaHseTcsi Ha OCHOBE OTKPBITOM JIMIIEH3WH, KOTOpas Mperoiaraet
BBITMIOJTHEHUE PACUETOB C YKa3aHUEM [apaMeTpOB B KOMaHAHOM CTPOKE.

[Toxazan mpollecc MOJETUPOBAHUS MaTeMaTHYECKOW Moenu rpadeHOBOM
miactudbl 9 X 9 x 0.02 mMxkM € HCHOJIB30BAaHHUEM TMPSMOYTOJIBHBIX JUIIOJEH.
Ucnonezys MJIJI, Obuto ucCclenoBaHO — BIWSHHE OpPUCHTAIMU TpadeHOBOMU
IUTACTUHBI HA ee uHauKaTpucy. g 3Toro Obuta MpoBeeHA Bapuallvs yIiia MEX1y
OCbI0 CHMMETPHUU YaCTHUIIbI U HAIIPABJIECHUEM PACIPOCTPAHEHHUS MAJAI0IIETO CBETA.
Taxxe mpomemMoHCTpupoBaH 3PGEKT (HOPMBI(UISI ATOTO JOMOTHUTEIHHO ObLIH
CMOJEIUPOBAHBI MATEMAaTHUYECKUE MOJIENIA I[WIMHAPA U JAECATUYTOJIbHOU
MIPU3MBI), YCPEHEHUE OPUECHTAIIMU U BIUSHUE JITTMHBI BOJHBI HA €€ UHAUKATPUCY.
Ha ocHoBaHWM TOJNY4eHHBIX PE3yJbTATOB OBUIM CJHEJaHBl BBIBOJLI O BIUSHUU
OpHEHTAIMu TPaeHOBOW IJIACTUHBI HA €€ WHAMKATPHUCY, a TaKXKe O BIHMSHUU

(GbOopMBI MaTEMATHIECKOW MOJIETM HA HHIUKATPUCY PACCESTHHUS.



PODEPAT

JlpItuioMHast npana: 54 craposki, 27 mamoHka, 4 Ta0minpl, 32 KPBIHIIBL.

Knrwouaswvis croser: METAJL JIBICKPOTHBIX JIBIIIOJIAY, TPAGEHABAS
IUTACIIIHA, IHI3IKATPBICA PACCEMBAHHS, IIPACTAKYTHBIA
JBITIOJII, ADDA

Ab'ekmam nacnenaBanHs 3'synsenua rpadenanas miaciiga (9x9x0.02 Mxm) i
HaOnbKaHbIA Aa se Mamdmi (Takis Ak wbUHAP (9x0.2 MKM) 1 A3€csALiKyTHas
npeisMa (9x0.2 MKm)).

Mb>ma nBITUIOMHAW Tpanbl - MaAdJIsIBaHHE CHEKTPAIbHBIX —AalTBIYHBIX
ynaciriBacisty rpadeHaBbIX IUIACIIIH METaJaM JIBICKPITHBIX JIBITIOJISY .

Memaowvl  Oacnedasannsa: aHani3 HaByKoBail JiTaparypbl, malynoBa
IHA3IKaTpBIC pacceliBaHHA Ma JaJ3€HBIX, aTPhIMAHBIMI ¥ KaMITyTapHai mparpame
ADDA, aHami3 aTpbIMaHbIX IHA3IKATPBIC pacceWBaHHS Ia  3aJaJ3€HbIX
napaMmeTpax.

VY Xon3e BbIKAaHAHHA TPAKThIYHAW YaCTKI JABIJIOMHAM Tparbl  ObLIO
BBIKApPBICTAHA CHEIbIsUII3aBaHae IMparpaMHae 3a0eCHsYdHHE ISl BbIKAaHAHHS
pasiikay 1 maapbIXToyKi mpariibl, nparpama ADDA, pacnaycrokBaeriia Ha aCHOBE
aZKpbITall JIPH31L, sKasg TpaayriiekBae BbIKAHAHHE pa3iikay 3 yKa3zaHHEM
napameTpay y KaMaHIHbIM PaJIKy.

[Takazanbl mpampc MaIdPJIsBaHHS MaTAIMaThlyHA Mamdial  TrpadeHaBait
miaciinbl 9 x 9 x 0.02 MKM 3 BBIKApBICTAHHEM TIPACTaKYTHBIX JBIMOJISY.
BrikapeicroyBarousr MJIJI, Ob10 jacieqaBaHa YIUTBIY apbleHTaIlbli rpad)eHOBOM
TIAacIiHbl Ha se€ iHm3ikaTpeicy. Jlyis ratara Obuta mpaBeq3eHa BapbISALbIS KyTa
MaMDK BOCCIO CIMETPBII YacIlil[bl 1 KipyHKaMm pachayCro/pKBaHHS IMajajibHara
cBaTia. Takcama mpagdmMaHcTpaBaHbl dPeKT GopMbI (151 TITara aagaTkoBa ObLTI
3MaJPJSBAHBII MATAOMATBIYHBIA MaJdJi IBUNHIAPY 1 A3ECAMIKYTHYIO TPBI3MBI),
YCSIpOAHCHHE apbIeHTAIlbli 1 YIUTBIY JayKbIHI XBaJli Ha sie IHa3ikarpeicy. Ha
MajICTaBe aTPhIMAHBIX BBIHIKAY ObLTI 3p00JICHBI BHICHOBBI TIpa YTUIBIY apbICHTAIIbI
rpadeHaBail IUIACIiHBI Ha s€ IHA3IKATpBICy, a Takcama Tpa YIUibly (HopMbl

MaT3MaTbIYHAK MaI3J11 Ha IHI3IKATPHICY pacCceiBaHHI.
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ABSTRACT

Thesis: 54 pages, 27 figures, 4 tables, 32 sources.

Keywords: DISCRETE DIPOLE METHOD, GRAPHENE PLATE,
SCATTERING INDICATRISE, RECTANGULAR DIPOLIES, ADDA

The object of the study is a graphene plate (9x9x0.02 um) and models close to
it (such as a cylinder (9x0.2 um) and a decagonal prism (9x0.2 pm)).

The aim of the thesis is to simulate the spectral optical properties of graphene
plates by the method of discrete dipoles.

Research methods: the analysis of scientific literature, the construction of
indicatrix scattering data obtained in the computer program ADDA, the analysis of
the obtained indicatrix scattering on the specified parameters.

In the course of performing the practical part of the thesis, specialized
software was used to perform calculations and prepare the work, the ADDA
program is distributed on the basis of an open license, which involves performing
calculations with the indication of parameters in the command line.

The process of modeling a mathematical model of a graphene plate 9 x 9 x
0.02 um using rectangular dipoles is shown. Using DMD, the influence of the
graphene plate orientation on its indicatrix was investigated. For this, a variation
was made of the angle between the axis of symmetry of the particle and the
direction of propagation of the incident light. The effect of the form was also
demonstrated (for this purpose, the mathematical models of a cylinder and a
decagonal prism were additionally modeled), orientation averaging and the effect
of wavelength on its indicatrix. Based on the results obtained, conclusions were
made about the influence of the orientation of the graphene plate on its indicatrix,
as well as on the influence of the shape of the mathematical model on the indicatrix

of scattering.



