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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

KBaHTOBI fiBUILIA ITPY B3A€MO[Iii €JIEKTPOMArHiTHMX XBUJIb 3 TBEPLOTIIBHUMUA HAHOCTPYKTYPaMU

Ha3sBa po6oTH aHIJIilICbKOIO:

Quantum phenomena in the interaction of electromagnetic waves with solid-state nanostructures

PedepaT ykpaiHCbKOIO:

[1py BUKOHAHHI 1ji€l YaCTMHY IIPOEKTY OYyJIM IPOBEIEH] HACTYIIHI TEOPETHUYHI po60TU. Bu3HaueHo ¢(a30Bi nepexonu
y KBa3iOJJHOBUMIPHIil crCTeMi B3aeMO/Iil04MX 6€3CIiHOBUX €JIEKTPOHIB Ta BCTAHOBJIEHO, 1110 33 IIEBHUX I1apaMeTpiB
CHCTEMM MEHII BipOTifiHe YIIOPAIKYBaHHS KOMIPKU 3 IIEPIOAOM 3, Ma€ MEHIIly €HEPril0 OCHOBHOIO CTaHy, HiXK
VHOpPsIKyBaHHS 3 nepiofom 2. [TobynoBaHo rpadiky 3a1e>KHOCTeN eHeprii CUCTeMU Bifl aCUMETPii 30BHIIIHBOTO
MOTEHLiAy 32 Pi3HUX ITapaMeTpiB 3a7a4i. TakoK OTPMMAHO aHAIITUYHI BUPA3U [JIS1 TEILJIOBOTO KYJIOHIBCHKOTO
OIIOPY B CUCTEMi IBOX KBAHTOBUX APOTIB, 10 MIiCTATb OGHOBUMIPHI €JIEKTPOHHI KPUCTAJH, & TAKOX ITPOAHaJi30BaHO
J10ro 3a71€XKHOCTI Bif IapaMeTpiB cucTeMu. 30KpeMa BUSIBIIEH] XapaKTepHi TeMIIepaTypH, sIKi BUBHAYaloTb GOpMY
TeMIIEPATYPHOI 3aJIE5KHOCTI KyJIOHIBCBKOTO 0nopy. OKpiM TOTo, PO3pO6JIEHO OPUTiHAJIBHAN METOJ, TEOPETUYHOTO
OIUCY MOIIMPEHHS IOBEPXHEBUX €JIEKTPOMArHiTHUX XBUJIb Ta 00UMCJIEHHS M0JIS1 BUTOKY (BUIIPOMiHIOBAHHS), 10O
BMHUKAE IIPU PO3CiSIHHI Ha BUIIAJKOBUX HEOJHOPITHOCTSX iMIlelaHCy. 3a I0IIOMOT0I0 pO3p0O06JIEHOI0 METOLY
004MCJIEHO JliarpaMy CIIPSIMOBAHOCTI ITOJIs1 BUTOKY Ta II0Ka3aHOo, 10 B MOJieJli 6€301MCHUIIaTUBHOIO METay
HaJITaIoYui NI7Ia3MOH-TIOJISIPUTOH ITOBHICTIO BiIOMBAETHCS Bif 30ypEHOI AiJITHKY TOBEPXHi Y 3BBOPOTHOMY
HaIlpSIMKY, HE3aJIEXKHO BiJl HAIBHOCTI Ha Hill yMOB 151 aHIIEPCOHIBCHKOI JI0Kai3anii. TakoK BCTAHOBJIEHO BILJIVB
BUIIAJIKOBOI CKJIQ[OBOI Ha BJIACTUBOCTI P-IIOJISPU30BAaHUX HEOJHOPINHUX €JIeKTPOMArHiTHYX XBWJIb, SIKi
MOIIMPIOIOTHCS Y3I0BX MIAPiB Y BUNIAAKOBO MOAYIbOBAHOMY [i€JIEKTPUKY i JIOKaIi30BaHi y NEepIEeHIUKYIISIPHOMY
HanpsMKy. [TokaszaHo, o 17151 HEOGHOPIAHUX XBUJIb 3 PiIKCOBAHUMU 3HAYEHHSIMU YACTOTHU i XBAJIEBOTO YU CJIA
BUIIKOBA HEOJIHOPITHICTb CIIPUYMHSIE MTOCIa0IeHHS JoKasizaii. JIist 1a3MoH-TIOISIPUTOHIB JI0Kasti3anist
AnpepcoHa 3MiHIO€ 3aKOH AMCIepCii, B pe3yJbTaTi Yoro rJinb1Ha JIoKasli3allii 3MiHIOETbCSI Pi3HUM UMHOM, B

3aJIEXKHOCTI Bill TOTO, SIKA 3 IApaMEeTPiB, Y4aCTOTA YU XBUJIbOBE YUCJIO, € (PiIKCOBAHUM.

Pedepar aHIJIiHCBKOIO:

During the implementation of this part of the project the following theoretical works were carried out. Phase
transitions in a quasi-one-dimensional system of interacting spinless electrons are determined and it is shown that
for certain parameters of the system less probable unit cell arrangement with period 3 has lower ground state
energy than arrangement with period 2. Dependences of the system energy on asymmetry of external potential for
different parameters are plotted. Analytical expressions for the thermal Coulomb resistance in a system of two
quantum wires containing one-dimensional electron crystals are also obtained, and its dependences on the system
parameters are analyzed. In particular, the characteristic temperatures that determine the shape of the
temperature dependence of the Coulomb resistance are revealed. In addition, an original method for the
theoretical description of the propagation of surface electromagnetic waves and the calculation of the leakage field
(radiation) that occurs when scattering on random impedance inhomogeneities has been developed. Using the
developed method, the radiation field pattern is calculated and it is shown that in the model of dissipative metal
the incident plasmon-polariton is completely reflected from the perturbed area of the surface in the opposite
direction, regardless of the conditions for Anderson localization. The effect of random component on the
properties of p-polarized inhomogeneous electromagnetic waves, which propagate along the layers in a randomly
modulated dielectric and are localized in the perpendicular direction, has also been studied. It is shown that for
inhomogeneous waves with fixed values of frequency and wave number, random inhomogeneity causes a
weakening of localization. For plasmon polaritons, the Anderson localization changes the dispersion law, as a result
the localization depth changes in different ways, depending on which parameter, frequency or wave number, is



fixed.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Hazga HTII ykpaiHCBKOIO: Da30Bi epexoay y KBasiofHOBUMIPHIi CHCTEMI B3aEMOZIIOYNX GE3CTIIHOBUX
€JIEKTPOHIB; KOeQillieHT TEIJIOBOTO KYJIOHIBCbKOTO OMOPY Ta MOTr0 TEMIIEPATyPHA 3aJI€KHICTh; OPUTiHAJIbBHUI METOZ,
TEOPETUYHOTO OIKMCY MOIIMPEHHS IOBEPXHEBUX €JIEKTPOMATHITHUX XBUJIb; 3aKOH JUCIIEPCii P-NOIIpU30BaHUX
HEOJHOPITHUX €JIEKTPOMAarHiTHUX XBUJb. [IpomibxkHui 3BiT 3a 2 etan H/IP «KBaHTOBI siBUIA IpY B3aeMOJIii

eﬂeKTpOMaTHiTHI/IX XBWUJIb 3 TBep,EOTiJIbHI/IMI/I HaHOCTPYKTypaMmn».

Ha3zpa HTII aHrsiiicbKO¥0: Phase transitions in a quasi-one-dimensional system of interacting spinless
electrons; the coefficient of thermal Coulomb resistance and its temperature dependence; an original method of
theoretical description of the propagation of surface electromagnetic waves; the dispersion law of p-polarized
inhomogeneous electromagnetic waves. Report for the 2nd stage of the project "Quantum phenomena in the
interaction of electromagnetic waves with solid-state nanostructures".

HTII, sixy nepezn6ayasiocsi CTBOPUTH:
IIpuunnmu, yepe3s saki HTII ne 6ysi0 cTBOpeHoO:
OTpuMaHi pe3yJbTaTH: Meroau, Teopii

l'asmy3b 3acTOCYBaHHS: [[pakTHYHA 3HAYYIIICTh PE3YJIbTATIB I10B'I3aHA 3 HU3bKOBUMIDHUMMU €JIEKTPOHHUMU
CHCTeMaMU i KBAHTOBUMU TEX3HOJIOTISIMY, a/I)Ke OTPUMaHi pe3yJIbTaTH MOKYTb CTUMYJIIOBATH PO3POOKY CTPYKTYP 3
Harepe]] 3aJaHMMHU BIIACTUBOCTSIMU [IJIs MiTICUJIEHHS TIEBHUX KBAHTOBUX €(EeKTiB 3aBISIKM APOOOBI ITPOBIIHOCTI;
BCTAHOBJIEHA KiJIbKiCHA 3aJI€JKHICTh MK KOe(illieHTOM TEIJIOBOIO KyJIOHIBCBKOTO OIOPY, SKUI MOXKHA
IOCIiIKyBaT/ €KCIIEPUMEHTAJILHO, Ta MIKDOCKOIIIYHMMU NIapaMeTPaMy BirHEPYBCbKOTO KPUCTAY, 110 Ja€e
IOATKOBI MOXKJIMBOCTI /17151 PO3BUTKY HAHOEJIEKTPOHIKY; PO3pO6JI€HNIT METO, OOUNCIIEHHS T10J1SI BUTIPOMIHIOBaHHS
MOXe OyTY BUKOPUCTAHMII B 3aJla4axX PO3CisIHHS NOBEPXHEBUX €J1IeKTPOMAarHiTHUX XBUJIb HA Pi3HUX
HEOJHOPIJHOCTSAX MEX IIOMDK METAJIOM i Ii€JIEKTPUKOM, SIK €JIEKTPOMArHiTHOrO, Tak i FEOMETPUYHOIO
[IOXO/IKEHHSI; BUSIBJIEHA 3aJI€KHICTh IMIMOMHY JIOKali3alii XBrJIb Bil XaOTHYHOI CKJIa0BOI AieIeKTPUYHOI
IIPOHUKHOCTI MOKe OyTH KOPUCHOIO y [100y10Bi KEPOBaHUX (iNbTPiB €1€KTPOMArHiTHUX XBUJIb, & TAKOX IIPU

BMBYEHHI [IOIIMPEHHS XBUJIb Y IPUPOJHUX CEPEOBUIIAX (30KPEMA, aTMOCHEPHUX, iOHOCPEPHUX, OKEAHIUHUX).
PeectpanifiHuii HOMep KapTKH TEXHOJIOTIi:

Omnuc HTII: Busnaueno ¢azoBi nepexou y KBazioHOBUMIPHiil CUCTEMI B3a€MOJIiI0YMX 6E€3CITIHOBUX €JIEKTPOHIB;
PO3paxoBaHo Koe(illieHT TeI0BOro KyJIOHIBCHKOTI'O OIIOPY Ta LOCJIiI’)KEHO HOTro TeMIIepaTypHY 3aJ1€>KHICTB;
PO3p06JIEHO OpUTiHATIBHUI METOJ TEOPETUYHOTO ONMCY NOLIMPEHHS [I0BEPXHEBUX €JIEKTPOMArHiTHUX XBUJIb;
[I0OKa3aHo, L0 JIOKaJli3alisd AHIEPCOHA 3MIHIOE 3aKOH AUCIEPCii p-TIOJISIPU30BAHNX HEOLHOPIIHUX
€JIEKTPOMarHiTHUX XBUJIb. 32 pe3yJIbTaTaMU JOCIIiIPKEeHb, ONy0JIiKOBaHO 1 CTATTIO Y HAYKOBOMY >KypHaJli IIEPIIOTO
KBapTiJIIoO Ta 5 T€3 JOINOBifell Ha MDKHapoHil KoHdepeHlii, roTyloTbcs o nyb6sikauii 4 HayKoBi cTaTTi, Ki Oyze
HaMOJ/IM>KYMM YaCOM IIPEICTABIIEHO Y HAYKOBi XXypHaJIM NEPLIOTo, APYroro Ta TPeTbOro KBapTilel. Y3arajabHeHO

pesyabrary, oTpumani 3a HIIP.

ConianbHO-eKOHOMIYHA cripsimoBaHicTh HTII: Creopenns Teopiit Ta METOAMK [/l PO3BUTKY

HayKOEMHUX TEXHOJIOTIN

Bnins HTII Ha moBKiJjs:

BnposaaskeHHst HTII: He snpoBamxeHo

ITpakTuyHa peasnizanis HTTI
IToyaToK eTamy:

3aKiHYeHHs eTaly:



Crnio>KuBavi NPOAYKILii:
HepcneKTPlBHi PHHKH: [ncTtutyT Makca [11aHKa CTPpYKTypu Ta AMHAMIKY pedoBuHU, HiMeuuynna, IHCTUTYT
¢disuko-ximiuHux nocainxens (PIKEH), SInoHis, XapkiBcbkuil HallioHanbHUH yHiBepcuTeT im. B.H. KapasiHa,
Ykpaina, Incrutyt ¢isuku HAH Ykpainy, Ykpaina
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM

IToTpiOHUI 00CAT iHBECTHILiH, THC. TPH.:

IIpaBa, 0 HafAIOThCS iHBECTOPY MiCJIsA 3aBEPIIEHHSI POOOTH:

HasaBHicTb Oi3Hec-1JIaHY:

TexHiKO-€eKOHOMiYHe OOrpyHTYBaHHSI:

IToTeH1iaIbHUE 0OCAT IIPOJASKY, THC. TPH..

OuikyBaHHI TepMiH OKYIHOCTi (pPOKiB):

JopaTtkoBa iHdpopmamist:
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