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HNCITIOJIb30BAHUE IJIASMOHHOI'O YCUJIEHU A JIOMUHECHEHIINN
I YIIYVHIIEHUSA XAPAKTEPUCTUK CBETOAUOJHbBIX CUCTEM

B paboTe nokazaHa BO3MOXHOCTbh MHOTOKPATHOTO yBEIUIEHHUS dPPEKTUBHOCTH HIEKTPOTIOMHHECIIEHIIH 1 YCKOPEHHS
MOAYJISALNU CBETOIUOAHBIX HCTOUHUKOB C MOMOIIBIO TNIa3MOHHBIX 3(dexToB. Mcnonb3oBaHa MOAETb, KOTOPask yUUTHIBAET
COOCTBEHHBIN KBAHTOBBII BBIXOJ MOy TPOBOTHUKA, N3MEHEHHE BEPOSATHOCTEH M3y daTeNbHBIX U O€3bI3TydaTeIbHBIX KBAH-
TOBBIX MEPEX00B BOIM3M METANINIECKNX HAHOUACTHIL, BKJIAJ PACCEIHNS U3TYUCHNS B U3MEHEHNE B3aUMOACHCTBUS U3ITy-
YEeHHUs C BEIECTBOM BOJIH3H METAUIMYECKHX HAHOUACTHII.

Kniouesvle cnosa: HaHOTIIA3MOHHKA, CBETOJUO/, SMEKTPOITIOMUHECHEHIINS, METAIIINIECKHE HAHOYACTUIIBI.

D. V. Guzatov', Academician S. V. Gaponenko’

Ya. Kupala Grodno State University, Grodno, Republic of Belarus
’B. I Stepanov Institute of Physics of the National Academy of Sciences of Belarus, Minsk, Republic of Belarus

APPLICATION OF PLASMONIC LUMINESCENCE ENHANCEMENT
FOR IMPROVEMENT OF LED SYSTEMS

Multiple enhancement of electroluminescence efficacy and acceleration of modulation of LED light sources are shown to
be possible using plasmonic effects. The model is used which accounts for an intrinsic quantum yield of a semiconductor, the
modification of probabilities of radiative and non-radiative quantum transitions near metal nanoparticles, and the radiation
scattering contribution to the modification of light-matter interactions near metal nanoparticles.
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BBenenue. [11a3M0oHHOE YCHIIEHNE TIOMUHECIICHIINH C TIOMOIIIBIO METAJNTNYECKUX HAHOYACTHII SIB-
JIETCS aKTUBHOM 00JACThIO SKCIMEPHMEHTANBHBIX M TEOPETUUYECKUX HCCIEIOBAHHM, TTOCKOJIBKY OHO
MMeeT MePCIEeKTUBHBIE TPIMEHEHUS B aHATUTUYECKON CIIEKTPOCKOINHU, B TUCTUIEHHBIX U CBETOM3ITY-
YJaIoNMX ycTpoiicTBax (cBeTommonax). OHO peann3oBaHO ISl aTOMOB, MOJEKYJ M HAHOKPHCTAJIOB
(kBaHTOBBIX TOUEK). Kak M3BECTHO, B METAJUIMUECKOW HAHOYACTHUIIE MOTYT BO30YKJaThCs MJIA3MOHHBIE
konebanus [1; 2]. B aToM cirydae, kak TpaBmIIo, BOIM3W HAHOYACTHIIH YCUITUBACTCS JIOKAIHHOE DJICK-
TPUYECKOE T0JIe ¥ YBENTNUNBAETCA BEPOSTHOCTh M3ITyHaTEeNbHBIX TIEPEX0I0B aTOMa (MOJIEKYJIIbI, HAHO-
KpHUCTAJIa), 9TO IPUBOAUT K BO3PACTAHUIO NHTEHCUBHOCTH (DOTOIFOMHUHECIICHITHH.

Oco0eHHO aKTyaJIbHBIM B HACTOSIIEE BpeMs SBIISIETCS MPUMEHEHHE TIIa3MOHHOTO YCHIJICHHUS JTIO-
MUHECIEHITNH MOyTPOBOHUKOBBIX HAHOCTPYKTYD AT yBeNnIeHU dPPEKTHBHOCTH CBETOINOTHBIX
CUCTeM. 37€Ch MOT'YT OBITh BBIJICNIEHBI TPU OCHOBHBIX HAIIPABJICHUS: YCUJICHHE (POTONFOMUHECIICHIINH
[3], yenmenne >meKTpOTIOMIHECTICHITHH [4; 5] B yCKOpeHUEe MOMYJIISAINN CBETOINOIOB, HMEIOIIEe BaXkK-
HOE ITPUKJIATHOE 3HAUCHHE JJIs1 YBETUUCHUS CKOPOCTH Tepeaadn TaHHbIX B «Li—Fi» muausx cBs3u [6].

s onricaHus B3aUMOIEHCTBHI HAHOKPUCTAIJIA ¢ HAHOYACTHIICH TpeOyeTes pa3paboTKa OTHOCH-
TEJIBHO TPOCTHIX TEOPETHUYECKUX MOJENel TaKUX B3aWMOJIEHCTBHM, KOTOPBIE XOPOIIO TOATBEP)KIAI0TCS
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IKCcTIepuMEHTaNbHO. 7151 3 dexra rrasmMonHOro ycusaeHus GoTONIOMUHECIICHIIMH TTOAX0As1Ias Teope-
THUYecKast Mozieb HaiieHa [3; 7], a asist onucanus 3¢GEeKTOB MIA3MOHHOTO YCHUIICHUS 3JEKTPOIIOMU-
HECLCHIIMU ¥ YCKOPEHHSI MOAYJISIIMM MOIOOHBIX Mozesiel roka HeT. [loaToMy, 1enb HacTose paboTs! —
MPEIJIOKUTD aJIeKBaTHYIO TEOPETHUYECKYIO MOJIENb JJIsl OMMMCAHUS MJIa3MOHHBIX 3(QPEKTOB B CBETOIH-
OZIHBIX CUCTEMaX, yUUTHIBAIOILYIO U3MEHEHHUE (POTO- U AIEKTPOITIOMUHECIICHIINH, 8 TAKXKE ONPENICIUTh
BO3MOXKHBIE TIPEAEIIbl MOBBIICHUST (DYHKIMOHAIBHBIX XapPaKTEPUCTHK CBETOAMOJOB C MOMOIIBIO Me-
TaJTNYECKUX HAHOYACTHLI.

Teopusi. DPPeKT NMIa3MOHHOIO YCHUIICHHUS SIIEKTPOITIOMUHECHCHIINN 3aKJII0YaeTCs B CUIILHOM yBe-
JUYEHUH WHTEHCUBHOCTH JIOMUHECIEHIINM HAaHOKPHUCTAJJIA, UMEIOIIEro Majblii KBAaHTOBBIH BBIXOJ,
[P MIOMENEHUH PAJIOM C HUM METaJUIM4ecKoil HaHouacTuusl [4; 5]. Jlns onucaHus Niaa3MOHHOIO yCH-
JICHUS 3JEKTPOTIOMUHECIIEHIINHN BOCIIOIB3YEMCSI MOZIENBIO, TO3BOJISIIOIIEH paccunTaTh MOAU(DUKALINIO
CKOPOCTEH CHOHTaHHOT'O paciaja aTOMOB M MOJICKYJI BOIHM3H METAINTMYECKUX HAHOYACTHII.

Kak n3BecTHO, cioHTaHHBIN pacnax aromMa (MOJEKYJIbl) BOJTM3U HAHOYACTULIBI MOXKET ObITH OXapak-
TEPHU30BaH BEPOSITHOCTSIMHU U3TydaTeNbHBIX U O€3bI3ydaTeNIbHBIX NepexooB [8]. BeposTHOCTD n3iy-
YaTEeNbHBIX MEPEXOI0B, UM PaJHAMOHHAs CKOPOCTh CIIOHTAHHOIO pacnaja Yy, ONUCHIBACT M3IyYae-
MBI aTOMOM (MOJICKYJION) CBET. BeposITHOCTh O€3bI311ydaTeNbHbIX NePeXo0B, NN HEpaauallHoHHAs
CKOPOCTb CIIOHTaHHOTO pacrnaja y, 00yCIOBJIEHa JHKOYJIEBBIMU HOTEPSIMH B HAHOYACTHIIE, KOT/Ia YacTh
U3ITy4eHHUs: aToMa (MOJISKYJIb) MoryomaeTcs HaHoyacTule. D(h(EeKTHBHOCTD U3ITy4YeHHUsl CBETa aTo-
MOM (MOJIEKYJION) BOJM3M HAaHOYACTULIBI MOXKET OBITh PaCCUMTaHa C TIOMOILIBIO KBAHTOBOTO BBIXOJA —
OTHOIIEHHUSI paJJUAlMOHHON CKOPOCTH pacrnaia K MOJHOI CKOPOCTH pachaja y, KoTopas sIBISETCS CyM-
MOH pa/IMallHOHHON U HEPAUAIIMOHHON CKOPOCTEid: Y =7y +y .

B ToM cnyuae, ecnu B KadecTBE MCTOYHMKA CBETA pacCMAaTpUBAeTCs HAHOKPHUCTAII, MOKHO HC-
MOJI30BaTh OMMCAHHBIN BbIIIE (popManu3M cKkopocTeil pacnaga. OQHAKO 3Ty MOJENIb HEOOXOAUMO J10-
MOJTHUTH, YTOOBI yUYECTh BHYTPECHHHE MOTEPU B HAHOKPHUCTAJIJIC, KOTOPBIE YUUTHIBAIOTCSI C TOMOIIBIO
HEPAJIMALMOHHON CKOPOCTH Y, . DTa CKOPOCTH TPEAIONATaeTCs He 3asucsuyeti OT TIPUCY TCTBUS HAHO-
yacTUIbl. [loyHBIE TOTEPU CBETOIMOJHON CHCTEMBI, COCTOSIIIEN U3 HAHOKPUCTAJIA U METAJITMYECKOM
HAHOYACTHIBI, IBJIAIOTCS CyMMOW BHYTPEHHUX MOTEPh B HAHOKPHUCTAJIJIE U JIKOYJIEBBIX MOTEPh B Ha-
HOYACTHILIE, a HEpaJIuaMOHHAasl CKOPOCTh HAHOKPHUCTAJIA BOJIM3H HAHOYACTULIBI OyJIET SIBISITHCS CyM-
MOH HEpaJMallMOHHBIX CKOPOCTEH v, U Y, . TakuM 00pa3oM, BbIpaKEHHE /Il KBAHTOBOTO Bhixona (O
HAaHOKpHCTAJ1a BOMM3M METaJUTMUYECKONH HAHOYACTULIBI UMEET BUJ

Y
YrtYur +Yint

OTMeTHM, YTO TIPU yNAJCHWH HAHOKPHUCTAJIA OT HAHOYACTHIIBI BBIMOIHAETCA: Y, — Yo, ¥ — Yo
Y, — 0, T11€ ¥, — BEPOATHOCTH U3IIyYaTEIbHBIX NIEPEXONOB B HCTOYHUKE (HAHOKPHUCTAILIE) TIPU OTCYT-
CTBUHM HAHOYACTHUIIBL.

@DakTOp YCHIJICHUS SJIEKTPOIIOMUHECHCHIMH £ HaHOKpUCTaia BOJIM3M METaJUIMUECKOH HaHOda-
CTHUIIBI MOKET OBITh pacCYMTaH KaK OTHOLICHWE WHTEHCHBHOCTEH M3Iy4YeHHUs HAHOKPUCTAJJIa BOJIN3H
HAaHOYACTHIIbl U B €€ OTCYTCTBHE M MOJHOCTHIO 33/1a€TCS U3MEHEHHEM KBAaHTOBOT'O BBIXOJa B IPUCYT-
CTBUHM HAHOYACTHUIIBL:

D VotV Vi Yo Yo Yo

e O, — KBaHTOBBIM BBIXO/] HAHOKPHCTAILIA B OTCYTCTBHE HAHOYACTHUIIBI. Tak Kak O, moaaraeTcs u3BecT-
HBIM, HEPAIMALMOHHYIO CKOPOCTB Y, YIOOHO 3a1aBaTh B IapameTpuyeckom Buae v, = v (1 / O, — 1).
B otom ciydae B (1) ocraercs b O v OTHOLIEHUS Y, / Y, U Y / Y,, JUISL KOTOPBIX, HAIPUMED, B CIIy4ae
cepruuecKuX HAaHOYACTHUL, TPEIIOKEHBI METObI pacueTa [8].

D¢ dexT m1a3MOHHOTO YCKOPEHUSI MOAYIISILIMH CBETOAMOIHON CHCTEMBbI 3aKJII0YACTCS B BO3PACTaHUH
BEPOSITHOCTU NEPEXOJ0B B HAHOKPUCTAIIE BOIM3M METAIIIMYECKON HAHOYACTHUIIBI, YTO TO3BOJISIET yBe-
JUYUTHh CKOPOCTh MOIYJSIMM AaHHBIX B ceTH «Li—Fi» (GecripoBoanas onTuyeckasi CBs3b C MCHONb30-
BaHHEM CHUCTEMBI OCBEILEHHS IIOMELICHUIT), U, KaK CICACTBUE, YBEIIMUUTh CKOPOCTh UX nepenauu. [Ipu

P Q B Y, YO+Yint :Y_r/ 1+Q0 w_l , (1)
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5TOM OCOOCHHO BaKHO HO)_'[O6paTL TAKHUC YCJIOBHS, ITPU KOTOPBIX YBCINYCHUC CKOPOCTHU MOAYJIALIUU HEC
MMPpUBEACT K CHUIKCHHUIO APKOCTH UCTOYHUKOB OCBCHICHUS N3-3a CHUIKCHUS KBAHTOBOI'O BbIXO/A.

(DaKTOp IMJIa3MOHHOI'0O YCKOPCHUA MOAYJIAIIMU CBETOANOAOB A MOXeT OBITh pacCuuTaH KaKk OTHO-
MICHUC CYMMBI BepO}ITHOCTGﬁ H3JTy4aTCIIbHbIX U 6€3BI3J'Iy‘laTGJ'IBHI>IX Nnepexoa0B B HAHOKPUCTAJIIIC
BOJIM3U METAILTHYCCKOM HaHO4YaCTHIbI K COOTBCTCTBYIOH_[eﬁ CyMME BCpOHTHOCTeﬁ B HAHOKPHUCTAJLJIC
IIpu OTCYTCTBUU HAHOYACTUIIBI:

A:Yr+an+Yint=1+QO Yr+Yn;‘_1 . (2)
Yot Vint Yo

3aMeTHM, YTO OCHOBHOM BKJIaJl B (hakTOp yCKOPEHHUs MOAYJIAUMH (2) marty /Y, uy, /v, N03TOMY
B JaJIbHEWIIeM OCHOBHOE BHUMAaHME NpH aHanu3e daktopa A OyaeT ynesneHo Moau(pUKaui BEpOITHO-
CTEH M3IIy4yaTeabHbIX M O0€3bI31yuaTebHbIX IEPEX0A0B B HAHOKPUCTAJIIEC BOJIM3M METAIINUECKON Ha-
HOYACTHULBL.

Pe3yabraThl 1 uUX o0cys:xkaeHue. s geranpHOro aHannsa 3(QEKTOB MIA3MOHHOIO YCHUJICHHUS
NIEKTPOITIOMUHECLICHLINN U TUIA3MOHHOT'0 YCKOPEHMSI MOAYJISIIUU OBLI PACCMOTPEH AUIIOIBHBIA HCTOY-
HUK (HAaHOKpHUCTAJIJ) BOMU3U cepedpsiHol chepruueckoil HaHoyacTULbl. [Ipy BBIYMCICHUN BXOIALIUX
B (1) u (2) pagnanmoHHOW M HEPAIUAIMOHHON CKOPOCTEH MCIOIB30BAIUCH OOIITHE BBIpaKeHUS U3 [8],
HOJTYUYCHHBIE C TOMOLIBIO TECOPHH MU U yUUTHIBAIOIINE BKJIAJl PACCESIHHBIX KOMIIOHEHT, YTO Ba>KHO AJIs
qacTuIl ¢ pazmMepom Oobie 20 aM [3]. Mcrmonb30Banuck TaHHBIE 3aBUCHMOCTH AUAIIEKTPUIECKOH Mpo-
HUL[AEMOCTH cepeOpa OT AJUHBI BOIHBI A U3 [9]. IUNONBHBIH MOMEHT UCTOUHHUKA OPUCHTUPOBAH IIEP-
HNEHIUKYISIPHO K HOBEPXHOCTH HAHOYACTHULIBL.

Ha puc. 1 noxasansl 3aBucumocty otHomenust Q / O OT JUTMHBI BOJHBI U OT PacCTOSAHUS Ar OT Ha-
HOKpHCTaJIJIa 10 MOBEPXHOCTH HAHOYACTHUIIBL, a TAKXKE OT JUIMHBI BONHH A. Kak cnenyet u3 puc. 1, a,
otHomenue O / O, (1. e. GakTop ycuneHus 3MEKTPONIOMUHECHEHIMH £) Ha 3alaHHON JJIMHE BOJNHBI
A = 450 HM, COOTBETCTBYIOIIEH TUMTUYHON JUIMHE BOJIHBI KOMMEPUYECKHX CBETOJMOAOB CHHETO CBETA,
U TIPH 3a/IaHHOM JIHAMETPe cepeOpsIHOI HAHOYACTULIBI MOXKET ObITh OOJIbILEC SAMHUIIBI, & HA ONITUMAJb-
HOM PacCTOSIHMM OT HAHOKPHUCTAJIJIa 10 HAHOYACTHIIBI JOCTUTaTh HECKOIbKUX enuHu. I1pu aToM oueHb
Ba)KHO, YTO AaKe Ha JOCTATOYHO OOJIBIIOM YAAJICHUM HCTOYHHMKA OT HAHOYACTHIIBI YCUJICHHE TaKKe
MMEET MECTO, €CJIM KBAHTOBBIN BBIX0OA ) 10CTaTOYHO MaJl. M3Ha4anbHas ManoCTh KBAHTOBOTO BBIXO/A
Y BO3pacTaHHE JIOMUHECLCHLINN HAHOKPHUCTAJIA BOJIM3U METAJIJINYECKOH HAHOYACTHUIIBI COOTBETCTBY-
I0T 3KCHEPUMEHTAJIbHBIM YCIOBUSIM, B KOTOPBIX HAOIIOIATI0Ch MJIa3MOHHOE YCUJICHHE 3JIEKTPOIIOMHU-

Puc. 1. Otnomenune Q / O, pacCUUTaHHOE JjIs KBAHTOBOIO M3IIyuaTells B BO3AYXE B NPUCYTCTBHHU CepeOPAHON HAHOYACTH-
Ibl: @ — KaKk QYHKIIMS PacCTOSHUS 0 MOBEPXHOCTH HaHOUacTHLBI Ar; quameTtp 50 HM, 1iuHa BOJTHBI A = 450 HM, Q0 =0,10
(1), 0,=0,25 (2) m Q, = 0,50 (3), b — KaK GpyHKUUS JUTMHBI BOIHBI A, IuameTp 20 um (4), 40 um (5), 60 am (6) u 80 HM (7),
0,=0,25, Ar=25 um
Fig. 1. Q I Q, values for a quantum emitter in air in presence of a silver nanoparticle: @ — versus distance to nanoparticle
surface Ar; diameter is 50 nm, wavelength A =450 nm, Q= 0,10 (1), O, = 0,25 (2) and Q, = 0,50 (3); b — versus wavelength A,
diameter is 20 nm (4), 40 nm (5), 60 nm (6), 80 nm (7), O, = 0,25, Ar =25 nm
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HecueHuu [4; 5]. Ilpu aToMm, Kak cienyeT u3 puc. 1, b, yBenuueHue pazMepa HAaHOYACTHIIBI MOXKET J0-
TIOJTHUTENIBLHO TIPUBOMTE K yBeauueHuto Q / Q. DTo CBA3aHO C TEM, YTO MAKCUMYM CTIEKTPA SKCTHHK-
UMW TpubaMXKaeTcs K JUIMHE BOJHBI CBETOAMONA, YTO OOYCJOBJIMBAEeT Oo0Jiee BHICOKHE 3HAYCHUS
CKOPOCTH HM3Jy4aTeJIbHBIX MEPEXOA0B. DTOT Pe3yibTaT yKa3blBaeT Ha Ba)KHOCTb KOPPEKTHOTO ydeTa
KOHEYHOT'0 pa3Mepa HaHOYaCTULbI B TEOPUH.

Ha puc. 2 nokazana 3aBHCMMOCTb HOPMUPOBAHHBIX BEPOATHOCTEH HM3JIydaTeNbHBIX U Oe3bI3Iyda-
TENbHBIX TIEPEXONIOB Y, / Y, U Y, /Y, JUIs Clly4as HAHOKPUCTAIUIA, PACIIONIOKEHHOTO B IMIJIEKTPHYECKOM
cpeze BOMU3M cepeOpsiHOH cepruueckoll YacTullbl, OT JJIMHBI BOJHEI B BakyyMme A. Koadduuuent npe-
JIOMJICHHSL AMAJIEKTPUUECKON cpeibl BRIOpaH paBHBIM 1,50, 4TO COOTBETCTBYET THIIMYHBIM MOJIUMEPAM.

Kak cnenyer u3 gaHHOTO pucyHKa, BOIN3U cepeOpsSHBIX HAHOYACTHIL HAOIIOAAeTCsl yBEJIMUCHNE Be-
POSITHOCTEH M3Iy4aTeNbHBIX U Oe3bI3TydaTeNbHbIX IEPEX0J0B B HaHOKpHcTaie. [Ipu 3ToMm 310 yBenu-
YEHHE HOCHUT PEe30HAHCHbIU XapaKTep OT JUIMHBI BOJIHBL, T. €. UMEET BHJ IIMKOB JJIsl COOTBETCTBYIOIIECH
3aBucuMocTH. [loguepkHeM, UTo JaHHOE yBEIMUYEHHE UMEET YUCTO NIA3MOHHbIU XapaKTep, TaKk Kak He
3aBUCHUT OT COOCTBEHHOIO KBAHTOBOTO BbIXO/1a M3iydarens Q.

Baxno ormeTuts (puc. 2, @), 4T0 yBEIHMUCHHE BEPOATHOCTH M3JTydYaTelIbHBIX IEPEXOA0B B HAHOKPU-
cTajuie BOIM3H cepeOpsSHBIX HAaHOYACTHL MMeeT MecTo B obmactu A > 380 uMm. B wactHocTH, 11 Ha-
HOYACTHIIbI TMaMeTPoM S50 HM BBINOIHSETCS ¥, / Y, = 26 Ha JyuHe BOAHBI 450 HM — JJIMHE BOJHBI KOM-
MEpYECKHUX CBETOIMOAOB. B TO ke Bpemsi, Kak cliefyeT u3 puc. 2, b, Bo3pacTaHue 0e3bI3mydaresbHbIX
MEPEXO0B UMEET MECTO B O0JIee KOPOTKOBOIHOBOK 00IaCTH U JIsl YaCTUILBI JuaMeTpoM 50 HM uMeeTcs
yBenuuenue y, /v, = 4 ua puune Bonubl 450 nM. Takum 06pasom, ik HAHOKPUCTAJLIA, U3JTYYaioIETO
Ha JUIMHE BOJHBI 450 HM M PacroJIOKEHHOTO B OJIMMEpe BOIM3U cepeOpsiHOM HAaHOYACTUIIBI TUAMETPOM
50 HM, MOKHO CO37aTh YCJIOBHUSI 3HAUYUTEIBLHOTO YBEIMUEHHUS BEPOATHOCTH M3ITydaTeNIbHBIX MEpEX0a0B
[IPU OTHOCHUTEJIBHO HEOOJIBIIOM YBEIMUECHHN BEPOSTHOCTH O€3bI3NTydaTesIbHBIX EPEX0I0B. ITO MO3BO-
JSIET UCTIONB30BaTh TAKUE CBETOAMOAHbIE CUCTEMBI sl yBenuueHust a¢ppexrnBHocTr «Li—Fi» ceteii 6e3
norepu 3)(HEeKTUBHOCTH UCTOYHUKOB CBETA, KAK CUCTEMBI OCBELICHUSI.

Crnenyer OTMETHUTD, YTO BaXKHO TAK)K€ YUMTBHIBATh PACCTOSHUE OT HAHOKPHUCTAJUIA 0 MOBEPXHOCTH
HAHOYACTHUIIBI, TIOCKOJIBKY Ha MaJIbIX PACCTOSHHUSIX BEPOSTHOCTH OE3bI3IydaTelbHBIX NepexonoB OyaeT
MIPEBOCXOIUTH BEPOSATHOCTH M3Iy4aTeNIbHBIX NepexonoB (T. €. OyneT MPOUCXOAUTh TYIICHHE JIIOMHHEC-
LIEHIINH), @ Ha OOJIBIINX PACCTOSHUSX BBIMONMHAETCA Y, — 0 My, — Yy, ¥ ycuieHus He BO3HUKHET. Kpome
TOT'0, HE MEHEE BAJKHO YUHUTHIBATH KBAHTOBBIH BBIX0/I HAHOKpUCTAILIA (J ), TOCKOIbKY €r0 Majloe 3Ha4YCHHE

Puc. 2. HopmupoBaHHbBIE BEpOATHOCTH M3JIy4aTeIbHBIX (@) U Oe3bI3IIydaTeNabHbIX (b) MepexogoB KBAHTOBOTO M3JIydaTels

B AMSJIEKTPUUYECKOH cpesie ¢ mokasareneM npeiaomienns 1,50 kak pyHKIUSA ITUHBI BOJIHBI B BaKyyMe A BOJTH3U cepeOpsiHOM

HaHoyacTULbl auametpoM 20 HM (1), 50 HM (2) u 80 HM (3), paccTOsSTHUE OT M3IydaTeds A0 IHOBEPXHOCTH HAHOYACTUIIBI
Ar=15um

Fig. 2. Normalized probabilities of (a) radiative and (b) non-radiaitve transitiona for a quantum emitter in a dielectric medium
with refractive index 1.50 versus wavelength in vacuum A near a silvaer nanoparticle with diameter 20 nm (7), 50 nm (2),
and 80 nm (3), distance from an emitter to nanoparticle surface is Ar = 15 nm
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(T. €. BBICOKasi HauaJIbHAsE CKOPOCTh OE€3bI3TyYaTEIbHBIX MEPEXOI0B) MOKET 3aMETHO CHH3UTH d(h(eKT
TUTa3MOHHOTO YCKOPEHUSI MOy IsIvH (2).

OTMETHM TaKXe, YTO UCIOJIh30BAHUE BBITSIHYTHIX (HECHEPUUSCKUX) METAUINYSCKUX HAHOUACTHII
MO3BOJISICT MCIIOJIb30BaTh MOP(OIOTHUSCKHE PE30HAHCHI, BO30YK/IaeMble B TAKMX HAHOYACTHUIAX, JUIS
erie OOJIBIIETO YBEITHYCHUS! BEPOSATHOCTH M3ITYYaTEIIbHBIX ITEPEX0I0B, [0 CPABHEHUIO C BEPOSITHOCTHIO
0e3p3ITyuaTenbHbIX mepexonos [10; 11].

3aMeTUM elle, UTO HAIlIM PACUETHI MOKA3BIBAIOT aHAJIOIMYHOE PUC. 2, @ CUIIBHOE BO3PACTaHUE MH-
TEHCUBHOCTH (DOTOJFOMHUHECIICHIIUN HAHOKPHUCTAJLIa BOJIHM3U cepeOpsiHON cheprudeckoil HAHOYACTHIIHI,
PaCIONIOKEHHOW B MOJIUMEPE. ITH PacyeThl SBISIOTCS MPEIMETOM OTIIEIBHOMN MyOIUKAIIUHU, TOITOMY
3/1eCh HEe 00CYXKIAr0TCSI.

3akaw4denne. B HacTosIIed paboTe MpeIIokKeHa TEOPETUUECKasi MOJEIb, OMUCHIBAIOIIAS 11J1a3-
MOHHOE YCHJICHUE JJICKTPOIIOMHHECICHIIUYA BOJIHM3M METaIINYECKOW HAHOYACTHIIBI, YYUTHIBAIO-
masi COOCTBEHHBIM KBAHTOBBIM BBIXOJ H3JydyaTels, U3MCHCHUE BEPOSATHOCTEH H3TydaTelbHBIX
1 0e3bI3yUYaTeNbHBIX IePEX0/I0B, KOHCUHBIM pa3Mep HaHOYACTUIIBI. MOJIeb corliacyeTcsi ¢ UMEI0-
IIUMUCS DKCIIEPUMEHTAJIbHBIMU JIAHHBIMH U TIPEJCKa3blBA€T MHOTOKPATHOE MOBHIIICHUE 3 (hek-
THBHOCTH CBETOAUOJIOB MPH UCIIOJIH30BAaHUY METAJUIMYSCKUX HAHOYACTHIL, YTO OYJIET CIIOCOOCTBO-
BaTh TOCTAHOBKE HOBBIX JKCIEpHUMEHTOB. lloka3aHo, 4TO TiIa3MOHHBIE 3(PPEKTHI MOTYT Cylle-
CTBEHHO MOBBICHTH CKOPOCTh MO YJISIIIUU CBETOJIUOTHBIX HCTOUHUKOB 0€3 OTEPH IHEPTreTUUECKOU
3(PEeKTUBHOCTH, YTO BAXKHO JJIsI pa3BUTHUS CUCTEM OSCIIPOBOJHOIN ONTUYECKOUW CBSI3U C UCIOJIH30-
BaHUEM cBeTouoaHOTO ocBemieHus («Li—Fi»). Jns mocTrkeHuss MaKCUMaIbHOTO TIOJI0KUTEIBHO-
ro 3¢ (hexTa OT IPUMEHEHUS METAJNIMYCCKUX HAHOYACTHI] B CBETOIMOaX HEOOX0JUMO 00CCIIEYUTh
MaKCUMaJIbHOEC YCKOPEHHE U3JIYyYaTeIbHBIX NMEPEX00B 03 CYIECTBEHHOTO PocTa Oe3bI31yYaTelNb-
HBIX TEPEXO0JIOB, s YeTO IeJIeCo00pa3Ho MPUOIMKATh MAKCUMYM CIIEKTPa SKCTUHKIIMU HaHOYA-
CTHII K CIIEKTPY CBETOJIHO/Ia, YBEIMYUBAS pa3Mep HAHOYACTHIL JILOO MCTOIb3Ys THIICKTPUUCCKUE
cpenbl ¢ BBICOKMM MOKA3aTeaeM MPEIOMIICHUS.

[lomy4yeHHble pe3yabTaThl MOTYT HAWTH MPAKTHYECKOE MPUMEHEHUE TpH pa3paboTke 3 (deKTHB-
HBIX UICTOYHUKOB OCBEILCHUSI, a TAKKE YBEIUYCHUS CKOPOCTH MEePeJaul TaHHBIX B ONTUYECKUX CUCTE-
Max cBsi3u «Li—Fi».
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