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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

EnexkTpoMarsniTHe MOJ€JIIOBaHHS MIiKPO Ta HAaHO Jla3epiB 3 PE30HAaHCHUMU IpapeHOBUMU €JleMEHTaMU, Ha [10PO3i

CTaHiOHapHOFO BI/IHpOMiHIOBaHHH

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Electromagnetic modeling of micro and nano lasers with resonant graphene elements, at the threshold of
stationary radiation

Pedepar yKpaiHCBKOIO:

[Tpu BukoHaHHiI H/IP, BinnoBinHO 10 BUMOT TEXHIYHOTO 3aBAaHHs Ha 2021 p., MOLEJII0BAIMCS €JIEKTPOMArHiTHI [10J1s1
B IIPUCYTHOCTi HAHOCTPYKTYP, 110 I0OYJ0BaHi HA OCHOBi KBAHTOBUX HUTOK 3 rpa)€HOBUMU 0O0JIOHKAMU,
rpaeHOBUX CTPIiYOK Ha [TOBEPXHi a60 BCcepenHi KPyroBOi KBAHTOBO-aKTUBHOI HUTKU, PELIITOK 3 rpadeHOBUX
MIiKpOCTPIUOK, HAHECEHUX Ha IJIOCKi KBAHTOBO-aKTUBHI MiAKIaAKu, Ta rpadeHOBOro AUCKY Ha IIOBEPXHI aKTUBHOTO
IVICKy, KOMOiHYIOUM IpaHMYHI 3a/ayi 17151 piBHSIHb MakcBeslsla 3 KBaHTOBYM OIIMCAHHSIM IPOBITHOCTI rpadeny.
['panmnyHi 3a724i 3BOAATHCS 1O TAKUX HECKIHUEHNX MATPUYHUX PiBHSIHB a00 iX CUCTEM, 1110 JO3BOJISIIOTbb OTPUMATU
YUCEJIbHI PO3BSI3KY 3 TaPAaHTOBAHOIO TOYHICTIO. TeCTyBaHHS BiAIOBIZHUX KOMITIOTEPHUX [IPOrPamM IPOBOLUIIOCS 3a
IIOTIOMOTOI0 NTepeBipKU 30KHOCTI OTPUMAaHUX Pe3yJIbTaTiB Ta BUKOHAHHS 3arajlbHUX CIIiBBiJHOLIEHb, TAKUX SIK
3aKOH 30epiraHHs eHeprii, (PaHUYHUX YMOB Ha €JIEMEHTAaX HAHOCTPYKTYP. B IesaKux BUNagKax 1i pe3ybTaTh
MOPiBHSIOTHCS 3 BiIOMUMU TaHUMU, OTPUMAHUMU HAGIPKEHUMHU MeTofamu. Po3po6iieHo BUAKOA 0]
KOMITIOTEPHI IIPOrpaMU YMCeJIbHOTO PO3B'SI3KY 3374 PO3CIsSIHHS XBUJIb i 337124 Ha BJIACHI 3HAaY€HHS JJ1s1
HaHoJIa3epiB, 110 BUBYAIOThCA. [ Bepudikaliii Ta onTHMi3zallii 3a1poroHOBaHUX METO/IiB Ta KOMIIIOTEPHUX
IIporpam Hi ix OCHOBI 6yJIM IPOBEAEHI CUCTEMATAYHI YMCEJIbHI €KCIIEPUMEHTH 3 PO3CiSIHHS XBUJIb 33jaHOI 4aCTOTHU
Ha BKa3aHUX HAHOCTPYKTypax. PO3IJIAHyTi 3aa4i pO3CisIHHS XBUJIb JEMOHCTPYIOTh PE30HAHCHI €(PeKTH, YaCTOTH
SIKMX BiNOBIZIAI0Th YaCTOTAM BJIACHUX MOJL T2 MOXKYTb CJIyTyBaT/ 3pyYHUMU HayaJabHUMU HAOIMKEHHSIMU Y
BHABUYEHHI BJIACHUX MOJ, HaHOJ1a3epiB. OCKUJIBKY Lii pe3yJIbTaTy MAIOTh CAMOCTIIHE 3HAYEHHS Y XBUJIEBIN
HaHoonTuli, y 2021 p. 3a HUMU 6yJ10 OIy6J1iKOBAHO 7 CTaTell y NPOBiAHUX MDKHAPOAHUX )KypHajaX 3 ONTUKY Ta

doronikm.

Pedepar aHr1ilicbKOIO:

The work on the project was performed in line to the requirements of the Terms of Reference for 2021. The
research method is the modeling of the electromagnetic fields in the presence of the nanostructures for the micro
and nanolaser cjnfigurations, built on active circular quantum wires with graphene shells, graphene strips on the
surface or inside such quantum wires, graphene strip gratings on the flat active quantum substrates, and graphene
disk on the surface of the active disk, combining Maxwell's boundary-value problems with quantum-theory
description of graphene. The boundary value problems are reduced to infinite matrix equations or their systems,
which allow to obtain numerical solutions with guaranteed accuracy. Testing of the corresponding computer
programs has been carried out by means of the verification of satisfaction of the general relations, such as the
power conservation law, the boundary conditions on the nanostructure elements, and also by the check of
convergence of the obtained results. In some cases, these results are compared with known data obtained by
approximate methods. High-speed computer programs for the numerical solution of the wave scattering and
eigenvalue problems for the studied nanolaser configurations have been developed. To verify and optimize the
proposed methods and computer codes based on them, systematic numerical experiments on the scattering of
waves of a given frequency by these nanostructures were performed. The considered problems of wave scattering
demonstrate resonance effects, the frequencies of which correspond to the frequencies of the eigenmodes and
can serve as convenient initial approximations in the numerical study of nanolaser modes. As these results have
independent value in the wave nano-optics, 7 research papers have been published in 2021 in the leading



international journals on optics and photonics.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)
Haszsa HTII ykpaiHCBKOIO: [IpomixHuwmii 38it 3a 11 eTan 2021 pik

HaszBa HTII aHrJificbKo10: Intermediate report for the second stage of 2021
HTII, sixy nepezn6ayasiocsi CTBOPUTH:

IIpuunnu, yepe3s saki HTII e Gysio cTBOpeHO:

OTrpumaHi Pe3yJbTaTH: Meroau, Teopii, [[porpamui mpoayktu

l'asmy3b 3aCTOCYBaHHS: y chepi IPUPOAHUYNX | TEXHIYHUX HAYK
PeecTpanifiHuil HOMep KapTKH T€XHOJIOTii:

Omuc HTII: lMpomixuwuii 3sir 3a I eran HIP 3a 2021 p., BiiMOBiHO 10 BUMOT TEXHIYHOTO 3aBaaHHs Ha 2021 p.,
MicTuTh iHdOpMaLLilo o0 po3po6KHu eEeKTUBHIX KOMITIOTEPHUX [IPOrpaM YKMCEeIbHOrO PO3B'I3Ky 3a/1a4 Ha BJIACHI
3HaAYEHHS 1J151 KOHQIrypaliil HaHoJ1a3epiB, 110 106YA0BaHi Ha OCHOBI KBAHTOBUX HUTOK 3 rpa()eHOBUMU
000JI0HKaMH, rpad)eHOBUX CTPIYOK Ha IIOBEPXHi 200 BCepeAuHi KpyroBoi KBAaHTOBO-aKTUBHOI HUTKY, PEILIITOK 3
rpaeHOBUX MIKPOCTPiYOK, HAHECEHNUX Ha MJI0CKiI KBAHTOBO-aKTUBHI MiIKIaAKK, Ta rpadeHOBOr0 JUCKY Ha
IIOBEPXHi aKTUBHOTO IUCKY. lle BKiIIo4ae TeCTyBaHHS Ta ONTHUMI3allilo BifITOBIIHUX [IPOrPaM [JIs1 PO3PaxyHKy 3a7ay4
PO3CisSIHHS XBUJIb, 1110 6ysu po3pobiieHi Ha I erani HIP y 2021 p. Ile € HeoOXigHMM IIOIIEPEIHIM €TaNoM Ieper,
aHaJIi30M JIa3epHX 3a7ja4 Ha BJIaCHi 3HaYeHHs. PO3p006sIeHO MBUAKOI0Yi KOMITIOTEPHI IPOrpamMu YUCEIbHOTr0
PO3B’3Ky 3a/1a4 PO3CisIHHS XBUJIb i 33/1a4 HA BJIaCHI 3HAYEHHS [1JI1 HAHOJIa3€ePiB, 10 BUBYAIOThCS. [I71s Bepudikarii
Ta ONTHUMi3allii 3aIIPOIIOHOBAHUX METOIiB Ta KOMITIOTEPHUX IIPOrpaM Hi ix OCHOBI OysM [IpOBEJI€HI CUCTeMaTUYHi
4yCeJIbHI €EKCIIEPUMEHTH 3 PO3CisSIHHS XBUJIb 334aHOI 4aCTOTH Ha BKa3aHMX HAHOCTPYKTypax. Po3ryisHyTi 3agadi
PO3CiSIHHS XBUJIb IEMOHCTPYIOTh P€30HAHCHI e(eKTH, YaCTOTH SKUX Bifl[IOBiaI0Th 4aCTOTaM BJIACHUX MOJ, Ta

MOXYTb CJIYT'YBAaTU 3pYYHUMU HA4YaJIbHUMU HaOJIMKEHHSIMU M BUBYEHHi BJIaCHUX MO/, H&HOJIElBepiB.

ComniannbHO-eKOHOMIYHA cupsimoBaHicTh HTII: Creopenns npuHumnoBo HOBOI nmpoaykKuii (Matepiasis,

TEXHOJIOTI} TOMIO) AJ11 3a0€3MeYeHHs eKCIIOPTHOTrO NMOTEHIialy Ta 3aMillleHHIO iIMIIOPTY
Bnyiue HTII Ha mOBKiJIS:
BnposagskeHHst HTII: He snpoBamxeHo
ITpakTuyHa peasisanis HTTI
ITouaTok eramy: 09.2021
3akiH4yeHHs eTamy: 12.2021
Crnio>KHuBavi NPOAYKILii:
IlepcneKTHBHI pUHKH:
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IToTpiGHMI 0GCAT IHBECTHILIH, THC. TPH.:
IIpagBa, 0 HaAAKOTHCS iIHBECTOPY MicJIsl 3aBepIIEHHST POGOTH:
HasaBHicTb Oi3Hec-1JIaHY:
TexHiKO-eKOHOMiYHE OOrpyHTYBaHHSI.
IloTeH1iaILHU 0OCAT IIPOAASKY, THUC. TPH..
OuiKkyBaHHI TepMiH OKYIHOCTi (pPOKiB):

JoaaTkoBa iHdpopmanist:
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