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[IpezacTaBieHbl pe3yJbTaThl YUCIEHHOTO MOJEJUPOBAHUA Ha OCHOBe Teopun Mu addexra cyneppesoHaHca
IS TUDJIEKTPUYecKoil cepbl ¢ HU3KHUM II0Ka3aTeseM IpeloMyeHnsd. B kadecTBe MaTepuasa Me3opa3MepHOil chepbl
HCTI0Jb30BaHA BoJa. BrepBble IoKasaHO, UTO He TOJBKO paHee H3y4YeHHbIe CTa00AUCCHIATHBHBIE Me30pa3MepHbIe
cdeppl 13 Mateprana co «cpexanM» (~ 1,5) u BoicoknM (Gosee 2) MoKazareneM MpPeJOM/IeHHs], HO U cepbl 13 Mate-
pHajia ¢ HU3KUM HoKasaTesneM mpenomiaenus (~ 1,3) nomuepskuBaior addekt pesonanca MaHO BbICOKOTO IMOPSIKA,
CBSI3AHHOTO € BHYTPeHHHMH MoJaMu Mu. IIpm 2TOM HHTEHCHBHOCTH PE30HAHCHBIX IMHKOB KaK ISl MATHUTHOTO,
TakK U VIS 9JIEKTPHUYECKOTO T10Jiell B OKPECTHOCTH MOJIOCOB c(pepbl MOTYT JOCTUTATh OTPOMHBIX 3HAUEHUIT MOPSIAKA
10°~107 B okpecTHOCTH MO/TI0COB cephbl U3 BOABI C MapaMeTpoM pasMepa Mu ~ 70, 3aHNMAIONIIMI T'PaHIYHOE TI0-

JIOJKeHHe C reOMeTpH‘IeCKOﬂ OITUKOIL.

Kanarouesvie caosa: teopus Mu, pesonanc daHo BBICOKOTO TOPSAKA, Me3opa3MepHas cdepriecKas JacTHIa,
9KCTPEMATBHO BBICOKNE 3yTeKTpoMarHuTHble mosist; Mie theory, high-order Fano resonance, mesoscale spherical

particle, extreme high electromagnetic fields.

BBeaeunne

Cdeprueckiie [UATEKTPUUECKUE YACTHUIIBI C Tapa-
MerpoM pasmepa Mu g = ka (rne k u a — BosHOBOE
qHCJa0 W paguyc cepudecKoil 9acTUIBI) TOPAIKa
10 [1—3] (qmamMeTp 4acTuibl GOJIBIIE NN paBeH JINHE
BOJIHBI) 3aHMMAIOT MaJOUCCAEI0BAHHYIO HUITY MEKLY
Hanodactuiamn (¢ <1) W yacTuUIaMu, IS KOTOPBIX
clpaBejinBa TeoMeTpuueckas omntuka (g~ 100)[1],
XOTS1 MHTepec K TaKMM YacTUIlaM BO3HUK elle 6ojiee
BeKa Hasa[ TP 00bSCHEHNN HEOOBIYHBIX OMTHYECKUX
a(dekToB paccesHHsS cBeTa B3BECSMH MEJKOICIEPC-
HoIi cepsr [4].

B nocrnegnee BpeMmsi [y cpepUYeCcKUX JUITEKT-
PUYECKUX YACTHUI[ OOHAPY KEH DSl BAXKHBIX ONTUYECKUX
addekroB u cBoiicTB [1—3], cpesin KOTOPBIX OTMETHM
Tak Ha3biBaeMbIil apdekT cymeppesoHanca [, 6]. B [6]
Bb.C. JlykbsHUyK ¢ KoJlIeraMu IIPOJieMOHCTPUPOBAJIH,
4yTo cjaabopaccenBaloline Me30pa3MepHble IHIJIEKT-
pudeckne cdepbl, pacroyiokeHHble B BaKyyMe, MOTYT
Mo/I/IEPsKUBATh pe3oHaHchl (DaHO BBICOKOTO TMOPAIKA,
CBsI3aHHBIE C BHYTpeHHUMH Mojgamu Mu. IIpudyem wH-
TEHCUBHOCTH PE30HAHCHBIX TTHKOB KaK [IJII MarHUTHO-
TO, TaK U Ui 3JeKTPIUUECKOTO TMoJell B OKPEeCTHOCTH
TTOJTIOCOB ¢(pepbl MOTYT JIOCTUTATh OTPOMHBIX 3HAUEHUII.
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3aMeTHM, YTO IOKAa 3TU HCCJIeJOBaHUS HOCAT (hyHIA-
MEHTAIbHBI XapakTep MW WX MPHUKIaJHOE 3HAUYeHUE
elle TPeICTOUT OIEHUTb.

[lo cux mop addekTsl cyneppe3oHaHca paccMaT-
puBasnuch A1 chepuuecKuX Me30pa3MepHBIX YaCTHUI]
TIPENMYIIIECTBEHHO ¢ TIOKa3aTeseM IpejoMieHns n ~ 1,5,
XapaKTepHbIM /LI JUJIEKTPUKOB B onTudeckoM u TTi-
nuanasoHax [5—8]. OxHako, HaCKOJIbKO HaM U3BECT-
HO, He OBbLIO TIPEJIOKEeHO HU OJHOTO WCCJEeJTOBaHUSI,
JleMOHCTpHUpYyToliero agdekT cyneppe3oHaHca B cdepn-
YeCcKOil YacTHlle ¢ HU3KUM IoKasarejieM 7, 0COOEHHO
B BHAMMOM jAuamnaszoHe dactoT. OTMeTHM, UTO HCCJIe-
JoBaHUsA ocoGeHHOCTell paccessHUSI cBeTa, HalpuMep
Ha BOJHBIX KaIlIIX paHee OBLIN CBSI3aHBI B OCHOBHOM
c usydeHmeM aTMOC(hEpHOTO a3pP0o30Jis U WM TOCBSI-
[EHO OrpOMHOe KoJuvecTBo Ty6imkanuii (Hampumep,
o630p [9] u [10—13]).

B nacrogrieii pabote MbI PaccCMOTPUM OCOGEHHO-
ctu adpderra cyneppesonanca st chepHUIecKHX dac-
THI[ U3 BOABI ¢ 7= 1,33 B onTndeckoM anamnasone [14]
C 1IeJIbI0 BBIICHEHUS] TPAHUI[ CYIIECTBOBAHUS 3TOTO
adderTa Mg YACTUI] ¢ MAJIBIM KOI(PPUITNEHTOM TIpe-
JIOMJIEHUSI.

AddekT cyneppesonanca

CyTtp adderra cymeppe3oHaHca 3aKJII0IAETCS
B TOM, YTO AT cdeprieckoil caa6oAMCcCUTIaTHBHOI
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JIN3JIEKTPIYECKON YaCTUI[BI MOJa BHYTPEHHETO Pe30-
HaHca BbICOKOro mopsiaka [15] muTepdepupyer c¢ mm-
POKHIM CIIEKTPOM BCeX OCTaJbHBIX Moi. MHrepdepen-
IUST MIUPOKUX U Y3KUX CIEKTPAJIbHBIX JUHUI TIPUBO-
IUT K XapakrepHoii ¢opme pesonanca dawo [16, 17]
BbicOKUX mopsiakoB [6]. Takas ke dbopma nHabiona-
eTcsl IS CIEKTPOB HAIPSKEHHOCTH 3JIEKTPHYECKOTO
U MATHUTHOTO TIOJIefi Ha MOBEPXHOCTU YacTHIlbl. Pac-
cMarpuBaeMbie chepuyecKiie YaCTUIlbI UMEIOT YHUKAb-
HOEe pacIoJIoKeHIe TopsSYnX TOUeK Ha moJiocax cde-
poI [5, 18], obycioBientoe crermpuyeckuM TOBeIeHN-
eM BHyTpeHHHX Mo Mu. Ilpm sToM 1751 pe3oHaHCOB
DaHo K03 (UINEHTHI YCUIEHNS HAIPSIKEHHOCTH Mar-
HUTHOTO M 3JIEKTPUYECKOTO IM0Jieil B OKPECTHOCTH TO-
PSYNX TOYEK MOTYT JOCTUTATh 9KCTPEMAJbHBIX 3HaUe-
Huit [2, 3, 5—8, 19]. Heo6xoanuMblii 1711 CyIiecTBOBaHMU
cylieppe3oHaHca, TOIEPKUBAEMOTO TOJBKO cepudec-
KIMH YacTUIIaMU, JHAalla30H MapaMeTpoB cdepbl 3aBH-
CUT KaK OT ONTHYECKHX CBOWCTB MaTephajia YacCTHUIIBI,
TaKk M OT mapaMmerpa pasmepa Mu [5—8]. [Ipyras oco-
6eHHOCTD HccaeayeMoro adderrta — o4eHDb CIOKHAS
IUPKYJISIIUS 9Hepruu BOJIM3U MOBEPXHOCTH U BHYTPHU
YacTHUI[Bl, TPHUBOJAIMAS K BO3HHKHOBEHHUIO OTITHYE-
ckux Buxpeil [20] u apyrux oco6eHHOCTEll BEKTOPHOTO
nosig TloftaTiara [6—8]. Tlogpo6HbBIT aHATM3 aMILIN-
Tyx koadpdunmentos paccesuus Mu (c,, d,) moxasb-
BaeT, YTO OCHOBHOHW (DaKTOP, OTBETCTBEHHBIH 3a sIBJIe-
HUe cyleppe30HaHca — CUIbHOE paccessHue OJMHOYHOI
MOJIBI BBICOKOTO TIOPsIIKA BO BHYTPEHHEM 3JIEKTPHUe-
CKOM WJIM MarHUTHOM Iojie dacTuilpl [5—8]. Ormernum,
YTO Ha Y/IWBJIEHNE Majas [UCCUIAINS SHEPTUU B Ma-
Tepuasie cdepbl MOKeT He yXYyALIaTh, a CIIOCOOCTBO-
BaTh cy6aNpaKkINOHHON JOKAJM3aIny Mo [8].

PesyabraTsl u 00Cy:K/1eHHE

Ha puc. 1 addexTt ompeeyndionero BIMSTHUSI
MOJIbl BHYTPEHHETO pe30HaHCa BBICOKOTO IOPSIKA
Ha CYIEPPE30HAHC TPOJEMOHCTPUPOBAH [T HEIOTJIO-
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matoneil cepuueckoil xammm ¢ n=1,33 u g=70,6.
ITH 3HAYEHHsS COOTBETCTBYIOT pe30HaHCHOII Moje [=
= 86. Ha puc. 1, @ nokazaHo pacupejiesieHle 3JeKTPU-
YeCKOr0 U MArHUTHOTO TOJIell B JBYX ILIOCKOCTSIX, KO-
rga TpH MOJENUPOBAHWH OBLIN YUYTEHBI BCE MOJIBI
1<1<100. Ha puc. 1, 6 mpejcTaBjieHa 3Ta ke KapTi-
Ha, T/Jle YYTE€HBbI BCe YJIEeHbI, KpOMe eJINHCTBEHHOTO pe-
3oHancHOTO wiena ¢ [=86. B arom ciydae 06/acTb
JIOKAJIN3AIUN U3JIy9YeHUs B TeHEBOW YacTU YaCTUIIBI
uMeeT BUJ, XapakTepHbI st doToHHOI cTpynm [1—3].
TakuMm o6pa3oM, eIWHCTBEHHBbIH ujieH [ =86 B aTtoMm
cIyvae TPUBOINT K YBEJUYEHUIO WHTEHCHBHOCTH pPac-
cessHHOTO U3saydenust Gosiee yeM B 4000 pas. Anasoru-
YHBII BBIBOJL OBLT paHee cieJaH s cdepudeckoii
yacTuilbl ¢ » = 1,5, BBoe MEHbLIINM ITapaMeTpPoOM pa3-
Mepa U, CJIe/loBaTeJbHO, HA MOPAJA0K MeHbBIINM yCIJie-
HueM [6].

OrMernM, 4TO 6e3 ydeTa pe3oHaHCHOI Mojbl [ = 86
pactipesiesieHne THTEHCUBHOCTH B OOJIACTH JIOKAJIM3AIIH
uzayuenns (poTOHHOI cTpye) MpUMEPHO OJMHAKOBOE
kak g Marautaoro ((1, 2) Ha puc. 1), Tak U JJ1g 3/€K-
Tprueckoro mosieit (3, 4) m CUMMETPUYHO B JBYX ILIOC-
KOCTSX. B TO ke BpeMsi B yCJIOBHSX CyIeppe3oHaHCa
UHTEHCUBHOCTD MATHUTHOTO TOJISI HA TIOPSIZIOK TIPEBbI-
Ia€T MHTEHCUBHOCTD 3JEKTPHUYECKOTO I0JIsI, & COOTBET-
CTBYIOII[ME TOPSTYNE TOYKHM B JIBYX MJIOCKOCTSIX HMEIOT
Pa3HYIO MIPOCTPAHCTBEHHYIO CTPYKTYPY.

Hamomuum, 4to B cooTBeTCTBUU ¢ Teopueil Jlopen-
ma—Mmu [21, 22] paccestHue TIOCKON JIMHEHHO MOJISIpH-
30BaHHOIl 3JIEKTPOMATHUTHOIl BOJIHBI Ha cdepryecKoit
YacTHIle MPe/CTaBIgeTCd B BUE MeIJIeHHO CXOSIIEro-
cs1 6eCKOHEYHOTO psifla TapIHaJbHBIX COCTABISIONINX.
[Ipm sToM Kaxkgas mapIajbHas BOJHA TIPeCTABJISET-
cs B BHJE CYMMBI [BYX MOJ — MarHUTHOH ¥ 3JIE€KT-
pudeckoii [21—24]. CoorBercrByiomue 3¢ deKTHBHOCTH
BHEITHETO ¥ BHYTPEHHETO PaCCESHUI MaTeMaTHIecKu
CBSI3aHBI C BBIPAKEHISIME [IJISI IBYX T1ap KOMILIEKCHBIX
koaunnenros paccesuus (a;, b)) u (¢, d;) coorBer-
CTBEHHO, KOTOPbBIE, B CBOIO OYepe/b, BBIPAKAIOTCS depe3
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Puc. 1. UnreHcuBHoCcTH 3iekrpudeckoro (1, 2) u MarautHoro (3, 4) moseil B IBYX IUIOCKOCTSIX /ISl KAILIH BOJBI B CIyYasiX: KOrja yd-
Tenpl Bee Moapl 1 < [ <100 (@); yurenst Bee Moapl, kpome [ = 86 (6). Il1ockast TuHERHO MOMSPU30BaHHAS BOJHA MAJA€T CBEPXY BHU3
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roMOmHaTMN chepruecknx QyaKimil beccens nm Heii-
MaHa U WX NMpou3BoAHBIX [1—4]. B mannoM ciaydae Hac
nHTepecyiorT koaddunuenTsr Mu, cBsI3aHHBIE C BHYT-
PEHHIM paccesHHeM T10Jiell B YPaBHEHHUSX /IS KOMIIO-
HEHT I0JIs1, KOTOPble MOJKHO 3alIlicaTh B BHJE

e A _ al+ 20 +1 moA e+ 20+1
- 11(1+1)C” = 1z(z+1) v ™
rae
¢, = Lot (Wi () = G () w1 ()
Y8 () v (y) - 28 () wi (y)
d, = L5 )i (%) = g6 (V)i (x) )
Y& (0) i (y) - xCi () wi ()

3nece x =Fk,a U y=~kRya (m, p — uHIEKCHI, O3HAYAIO-
Ire cpeiy W YacTHILY ),

&) =" () =[5, (p),
2

un(p)==pﬁ(p)=aJ?§iﬁ+1(pL

)= "1, vip)= 210,

[Togpo6Hble ypaBHeHHS U UX JeTaTbHOE OIIca-
HHUe /I paccesTHHOH BOJHBI Kak B cpeje, Tak U BHYT-
pH HeMArHuTHOil cdepbl MOXKHO HaiiTH, HalpuMmep,
B [24, 25]. M3 (1, 2) creayer, 4To 3HaYE€HUS COOTBET-
CTBYIOUINX aMILTUTYJl YMEHBIIAIOTCS C POCTOM 1 1 §.

Ha puc. 2 moxasadbl  K03(hOUINEHTH ‘EA,‘
n "”A,‘ (1) @1t paccMaTpUBaeMOro CJIydas B YCJIOBUSX
cymeppe3oHaHca. BuanHo, 4to KoaddunmeHT pesoHaH-
cHOTO paccesHus |© Agg| 10 BelmunHe HAMHOTO GOJIbIIe
(6omee wem B 40 pas) ocranbHbIX KOI(D(UIMEHTOB.
Takoe aHOMaJTbHO BBICOKOE 3HAUYEHHE OODBSCHIETCS
KOHCTPYKTHUBHOI WHTepQepeH el oJHON MapIuaib-
HOW BOJIHBI C MOJIOH BBICOKOTO TIopsifika [ = 86 ¢ mrmm-
POKIM CIIEKTPOM BCeX OCTAJBHBIX MOJ BHYTPH Me30-
pa3MepHOil KalIim BOJBI.

[TapameTp pasmepa g = 70,6 cdeprueckoii KamIn
BOJIBI B ONTHYECKOM JAMAINla30He B JJAHHOM CJIydae ObLI
BBIOpAH MCXOMAS W3 TOTO, YTO JJI MEHBIINX 3HAYeHUit
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Puc. 2. Pacnpezenenne koad@UIUEHTOB paccesHHI BHYTPH

cepuueckoil KamIu BOJAbI B YCJIOBUAX Cylleppe3oHaHCA.

CrpeJkoil oKkasaHo NOJIOKEHHe Pe30HaHCHOTro KoadduimenTa
pacceaHus

3TON BeJTUINHBI pe30oHaHCHbIE MUKW pacCeAHUA HUMEIOT
CYIIeCTBEHHO MEHBIITYI0 MHTEHCUBHOCTH (pI/IC 3)
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Puc. 3. CmexTp pe3oHAHCHBIX MOJ [Js KAILIH BOJbI IIpU
q = 50—70; cromHasg JUHUSA COOTBETCTBYET 3JEKTPUUECKOMY
MOJTI0, MTPUXOBasi — MarHUTHOMY

YuuteiBag pesyJsbTatsl pabor [5—8], cremyer oT-
METHTD, UTO C YMeHBIeHNeM TOKa3aTess TPeJoMIeHIT
MaTepuasa c@epbl yBeTMUNBAETCA KaK HOMepP pe3o-
HAHCHOII MO/pI, TpeOGyeMblil [1JisI BO3HUKHOBEHUS CY-
neppesoHaHca, Tak M MapaMeTp pasMepa (auamerp) yac-
tuipl. Tak, AJg dacTuilel ¢ 7 = 1,5 pe3oHaHCHOe 3HAa-
yenne ¢ = 26,9419 [ =35 [6]. Ilpu ymeHbimeHUU n
mo 1,43 snavenne q = 28,64159 [5, 8], a mpn n = 1,33,
Kak OBLIO0 YIIOMSHYTO BBINIE, ¢ yBeamdnBaercs 1o 70,6
[=86. CoorBeTcTByMOIHE 3aBUCUMOCTH IPUBE/IEHBI
Ha puc. 4. Ilpu n>2 obmacTh JOKAJTU3AIUU IO
CMellaeTcsl OT FPAHMIIBl YacTUIbI K ee IeHTpy (BHYTpb
cepbl), HO KaYeCTBEHHO TEH/IEHIUsT COXPAHAETCS.
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Puc. 4. 3aBuCHMOCTb TapaMeTpa pasMepa IU3JeKTPHUECKOil
ccepnr (CILUTONTHAS KpHBas) W Pe3oHAHCHOH Mozpl (IITpHXoBas
KpHBasi) OT TIOKA3aTe/Tsl MPeTOMICHHS MaTepHaia JacTHIbl B 06-
JIACTH TeHepaliy MAKCHMA/IbHBIX OTHOCHTE/IbHBIX MATHUTHDIX
H/HO\Z U aJeKkTpuyeckux [E /EO\2 noJeit mopska 10—107

OODBACHUTD KaueCTBEHHO 3TY TEHAEHIINIO MOKHO
caenyomnM obpasoM. [JIMHA BOJHDBI M3JyYeHHUS B He-
ToTJIONIAfoNeM IN3JeKTPHKe MeHbIle, 4YeM B BaKy-
yMe, B n pa3. CiegoBaTesbHO, YTOOBI dacTuia ObLaa
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Pe30HATOpOM, IIpU yMEeHbIIeHHH IIoKa3aTessl IIpesoM-
JIeHUs cIaboINCCUTIAaTUBHON chepbl HEO6XOINMMO YBeTH-
YUTh ee AuaMeTp, YTOOBI [JWHA BOJHBI W3JTy9eHUs
BHYTPHU YaCTUIbI ObLIa COTOCTABUMOII C ee pa3MepoM.

W3 puc. 4 BUJHO CTPOTOE COOTBETCTBUE DPE30HAH-
CHOTO 3HaueHMsl NapaMeTpa pa3Mmepa cdepbl U pe3o-
HAHCHOI MO/Ibl B 3aBHCHMOCTH OT TIOKa3aTeJssl IpeoM-
JIeHUs TIpH (UKCHPOBAHHOM YPOBHE WHTEHCHBHOCTH
110JIA.

Kak yske ymoMmHaI0Ch, MHTePMEPEHIT IHPOKUX
7 Y3KUX CHeKTPAJbHBIX JUHUI MPUBOANUT K XapaKTep-
Hoit ¢opme pesonanca Dawo [5—8, 17, 25, 26] BBICO-
KOX TIOPS/IKOB. AHAJOTHYHAS acUMMeTpuyHas ¢opma
HabJIo/1aeTcd M I CHEKTPOB HANPSSKEHHOCTH 3JIEKT-
pUYECKOTO U MArHUTHOTO T10Jieil Ha IOBEPXHOCTH Karl-
an, B Toukax x =0; y =0; z=a. Ha puc. 5 npuBesen
CIIEKTP PE30HAHCOB JIJId KaIlJIn BOJBI uaMeTpoM 12 MKM
B amamnasoHe AjauH BoaH oT 400 mo 700 mm. [lma rta-
kux pe3oHancoB Mano KoaPGUINEHTH yCUJIEHUT
HAIPSKEHHOCTH TOJII B PAacCMATPUBAEMOM CJIydae
MOTYT JOCTUTATb 3KCTPEMAJbHbIX 3HAUeHUIl ITOps/-
ka 10°~107, uTo cBA3AHO ¢ Pe3KUM Cy’KeHHeM IIMPH-
Hbl pe3oHaHCHoil JuHuu. Bosee aeranbHO Xapakrep-
Hble pe30HaHCHble JIMHUK II0Ka3aHbl Ha pHc. 6.
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Puc. 5. CoekTp HHTEHCHUBHOCTeHl pe30HAHCOB /I KaIlIu

BOJBI aAmaMeTpoM 12 MKM B AmanasoHe AjguH BoJH oT 400

no 700 um (a@); ¢parMeHT ABYX CyHeppe3OHAHCHBIX MO

¢ MaKCHUMaJbHOH HHTEHCHBHOCTHIO MATHUTHOTO ¥ 3JIEKTPH-
yeckoro noJeii (6)
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Puc. 6. Crpykrypa pesonatca Mamo ua A = 533,939 um (a); nu-

KU OTHOCUTEJTbHBIX MHTEHCUBHOCTEH asekTpudeckoro (6) u Mar-

nurHoro noJeii (6); pacupenenenus (6, ¢) IOCTPOeHbI BIOJIb
JuaMeTpa KaIluli B JIMHeliHOM Maciuta6e

Kak BujHO, BCe pe30HAHCHDIE JIMHUU J[OCTATOYHO
y3kue. CriekrpasbHas y30CTb COOCTBEHHBIX BO30YK/e-
HUil YaCTHUIIBI U, CJIE0BATEJIbHO, Y30CTh H3JIy4aeMbIX
PE30HAHCHBIX IM0JIOC SIBJISIETCS OJHHUM U3 OIPEIesi-
onmux napamerpos addexruBrocTn pesoHaropa. Co-
IJTaCHO OTpeJle/IeHN0 JOOPOTHOCTh Pe30HaTOpPa MOIK-
HOOLIEHUTDH C IOMOIIbI0 BbipaskeHus Q = A/AN [27],
rge A — pes3OHaHCHas [JMHA BOJHBI, A\ — IIHpUHA
pe30HaHCHOI JTMHUN Ha moJyBbicoTe [28]. U3 puc. 6, a
(B norapmdmmueckoM MacmTaGe) cjaeayer, 4To B pac-
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CMaTpPHBAEeMBbIX YCJOBHUAX JOOPOTHOCTD KAIJIU BOJBI
0=6-10% ma A=533,939 um. [lupuua muHHA K159
nnTeHcHBHOCTell E2 u H? Ha IIOJIyBBICOTE U, CJIe/l0Ba-
TEJNbHO, JOOPOTHOCTH TPUMEPHO O/IITHAKOBBHI.

N3 puc. 6, @ TakKe OTYETIUBO BUIHO, YTO aCHM-
MeTPHsl MHTEHCHBHOCTEN PE30HAHCOB J[JISI MarHUTHOTO
U 3JIEKTPUYECKOTo moJiell 3epkaibha. C yd4eToM TOrO,
YTO PEIIAOIIYI0 POJib B BO3HUKHOBEHUH PE30HAHCOB
MaHo UrpaloT MarHUTHbBIE JAUIOJbHbIE PE30HAHCHI U30-
JIMPOBAHHBIX AMAJIEKTpUUecKux vactuil [3, 6, 7], Bo3-
O6y:KXJeHHas Ha JJIIHE BOJHBI MaTrHUTHOTO pe30HaHCa
aMIUIITYa AUTIOJIBHON MOBI AM3JeKTPUIeCKOIl JacTh-
I[bI MO3KeT OBITh GoJiee CHJIBbHOMN, YeM OTKJINK 3JIeKTPH-
YeCKOr0 [IUIIOJIsI, W TeM CaMbIM BHOCHTb OCHOBHOM
BKJaJ B 3 dekTuBHOCTD paccesHus (M. puc. 6, 6—a).
B panHOM ciyyae MHTEHCUBHOCTb MarHHTHOTO INHKA
MPUMEPHO Ha TOPSIOK 6OJIbllle, YeM 3JeKTPUYECKOTO.
WNurepecro, urto A = 533,939 HM ANd Kamim ¢ yKa-
3aHHBIM 3HauYeHWeM ¢ JeKUT OJM3KO K JJINHE BOJTHBI
Bropoii tapmonnkn Nd:YAG-nasepa [29].

JlpyruMu 0co6eHHOCTSIMI COTIPOBOXK/ICHUST PE30HAH-
coB DaHo, HAOGTOJAEMBIX TPU paccessHNn Mu Ha IH-
anexTpmaeckoii cepe [30] B ycroBugx cymeppe3oHaH-
ca[5—8, 25, 26], aBaAtoTca CUHTYJIApHBIE (Ha30BBIE
apdextrr [1—-3, 5—8, 20] ¢ orpoMHBIMU 3HAYEHUSIMU
JIOKAJbHOTO BOJTHOBOTO BeKTOpa [2, 3, 31] u reHeparius
ontmueckux Buxpeii [1, 5—8, 20, 32] ¢ xapakrepHbIM
MPOCTPAHCTBEHHBIM pa3MepoM, 3HAYHTEJbHO MEHbIIe
nudpakimonsoro npezena [2, 3, 5—8, 25, 26]. Otme-
THM, 4To o6pa3oBaHme o6JacTeil ¢ THTAaHTCKUMH 3HA-
YeHUSIMHU JIOKAThHBIX BOJHOBBIX BEKTOPOB aHAJIOTHYHO
apdexram cymepoctmaanun [5, 6, 33—36]. Bosuuk-
HOBEHHE ONTUYECKUX BUXPeil B COOTBETCTBUI C 3aKO-
HoM buo—CaBapa cosaeT KoJiblieBble TOKH [6], KOTO-
pble U MPUBOALT K TeHepaIi 3KCTPEMATIbHO BBICOKHX
MarHuTHbBIX moJteii (puc. 6, 6). B 1esoM B pexume cy-
meppe3oHaHca MOKeT TeHepHPOBAThCS PEKOPIHO BbI-
COKHII YpPOBeHb HATIPSIKEHHOCTH KaK 3JeKTPUYECKOTO,
TaK W MarHUTHOTO TIOJiell, He YCTYHAloU[Hil TaKOBOMY
JUIS TIA3MOHHBIX CTPYKTYP [37—39], Ho 6e3 mcmomb3o-
BaHUs COOTBETCTBYIONINX ILJIA3MOHHBIX 3((PEKTOB U Ma-
TepPHAJIOB.

B TO ke BpeMs <«HEIOCTaTKOM» CyIleppe3OHaHCa
SIBJISIETCSI €TO BBICOKAsl YyBCTBUTEJNbHOCTb K BeJHYITHE
JINCCUTIATUBHBIX TOTEPh B MaTepuaje 4acTHilbl [S5—8]
U mapaMeTpaM okpyskatomieil cpeapl [25, 26]. Tak, mis
Bo3ayxa [26] Tpw u3MeHEHUN TIOKA3aTeJs TPeIoM-
JIeHUs cpebl Ha BeamuuHy mopsaka 107 maGmonaer-
csl IByKpaTHOe TajieHne WHTEHCHBHOCTU MarHUTHOTO
U 3JEKTPUYECKOTO TOJell B «ropsunx Toykax». [Ipum
3TOM pe30HAHCHBIE 3HAYEHUs TapaMeTpa pa3Mepa dac-
THIBI HE COBMAJAIOT C TAKOBLIMHU JJIS BaKyyMa U cMe-
mafTcd B cuHIo o6Jacth [25, 26]. [lag cKoppeKTHpo-
BaHHBIX C Y4YETOM OKPY’KAIOMIell Cpelbl Pe30HAHCHBIX
3HAYEHWH TapaMeTpa pa3Mepa YacTUI[bI MaKCHMaJIbHbIE
UHTEHCHBHOCTH MarHUTHOTO U 3JIEKTPHYECKOTO T0JIeit
MOTYT ObITh TAaKUMHU JKe, KaK B BakyyMe [25, 26].

Heo6xo1uMo OTMETHTD, U4TO 3KCTPEMAJBHBIN YPO-
BeHb TeHepUPYEMbIX 3JEKTPUYECKUX M MArHUTHBIX IO-
Jlefl MOKeT TPHUBOJAUTH K Pa3pYHIEHUI0 YACTHIIBI, YTO
paHee HabJOMATOCh B 3dKcmepnMeHTax [8]. Paspymme-
HUIO W B3PbIBY KaILIM BOJBI MOCBSIIEHO IOCTATOYHO

MHOTO paboT, B TepBYIO ouepeb CBSI3aHHBIX C B3aNMO-
JleficTBIeM KallJTi W MOIITHOTO JIA3ePHOTO M3JIyIeHu [27,
40—44]. B mpospaunHoil BoaHOI Kame Ja3epHbBIH
uMITyJibC (DOKyCHPYeTCs 3a CUeT ONTHYECKUX pedpak-
noHHbIX 3 dekToB. JIOKaTbHAS UHTEHCUBHOCTD BHYT-
pu ccepbl TIpU ONpe/eIEHHBIX YCJIOBHSAX MOJKET BbI-
3BaTh 06pa3oBaHue TIA3Mbl, KOTOPasl MOTJIOIIAET OCTaB-
nIyiocsl Ja3epHYIO 3HEpTUIo, YTO HPH OIpe/eeHHBIX
VPOBHSIX W TIPUBOJNT K €€ Pa3pyIleHW0 U B3PBIBHOMY
pacmazny [27, 40—45]. Takoil pacmaj coOmpoBOXKIAETCA
pAnoM WHTepecHBIX 3(hdEKTOB, BKIOYAsS 06pa3oBaHIe
KyMyJATUBHOI cTpyH, oOHapyskeHHOe B [45] m Hesa-
BHCUMO TO/JTBep:kaenHoe Gosiee 20 jer cmycts [46].
B uactHOCTH, M3BECTHO, YTO B3PbIB Kalleb BOJIBI pa-
nuycoMm a = 10—30 MKM TPOMCXOAUT TPH JOCTHUKEHUHN
JokaspHON TeMmepaTypbl T ~ 580 K, mpu aToM coOTBeT-
CTBYIOIINE JIOKQJIbHBIE MaKCHUMyMbI TEMIIEPATyPhl pac-
MOJIATAIOTCSI B OKPECTHOCTH TI0JTI0COB cepbl. B pesxii-
Me Cyneppe3oHaHca MeXaHU3M 06pa30BaHUS «TOPSYUX
TOYEK» U XapaKTePUCTUKU CYOBOJHOBBIX objacreit
JIOKATTM3AIIMH U3JTyYeHHs] OTJINYAIOTCS OT YIOMSIHYTBIX
Boiie [6, 47]. TloaToMy HeoOXOAMMO H3yYeHUe [ITHA-
MUKHI 1 ocoGeHHOCTell pas3pylleHns MaTepuana cgepu-
YeCcKOl YacTHIBI B 3THX ycJoBHAX. Hy:KHO oTMETHTD,
YTO TpsIMast JKCIepHMeHTaIbHAs [IHATHOCTHKA IOH06-
HBIX TPOIECCOB gBJIAETCS HeTPpUBHAILHON 3ajaveil na-
JKe C UCIMOJIb30BAHUEM COBPEMEHHDBIX [HATHOCTUYECKUX
MeTooB [48—50] m cKOpoCTHOI BHU3yaJH3alluu MpoTe-
KaloIux TpoieccoB [51].

Takum o6pasoM, ¢ y4eToM paHee OIyOIMKOBAHHDBIX
pesyabTaToB [5—8, 25, 26] MbI Mokasau, 4TO pean3a-
st pe3oHaHcoB MaHO BBICOKOTO Mopsiika (B JTaHHOM
ciaydae [ = 86) Bo3MOKHa B Me30pa3MepHbBIX cepuyec-
kux vactunax [50] He ToJbKO M3 MaTepHasa ¢ BBICOKHM
(n~4) nu cpegaum (n~1,5), Ho u ¢ nuskum (n ~1,3)
mokasartesjeM IpeJOMJIEHHUs ¢ TeHepalueil pe3oHaHC-
HBIX WHTEHCUBHOCTEIl 3JIEKTPHYECKOTO W MarHUTHOTO
nosneit mopsaka 105—10% B o6macti momocos cepb.

3akaoueHue

3HauynuTeJSbHOE YCUJIEHUE T0JS B JNIJIEKTPUYe-
CKHUX CTPYKTYpaX ¢ HU3KUM IOKa3aTeseM MpesoMJie-
HUSI UMeeT OOJIbIoe 3HAYeHne [T MHOTUX MPUJIOKe-
Huil oToHNKH, Me30TPOHUKH [47] 1 KBaHTOBOI ONTH-
k. OJHAKO JIOKAIU3AIMs CBeTa B ITUX MaTepuasax
ABJSETCA CI0XKHON 3amadeif [52]. Ha ocHoBanum mpn-
Be/IEHHDBIX Pe3yJIbTaTOB MOKHO 3aKJIOYUTh, YTO CJabo-
JIICCUTIATUBHBIE Me30Pa3MepHble [[HaJleKTpuuecKne cde-
pHYECKHe YaCTHIBI KAK C MaJbIM, TaK M C BBICOKHMMH
[OKa3aTeIIMH [PEJOMIEHUST MO3BOJSIOT 3P DEKTHB-
HO YTIPABJSITh MarHUTHOH M 5JIEKTPHYECKONH KOMIIO-
HEHTaMI OJHOBPEMEHHO, MOJIEP:KUBAIOT KaK Hepe-
30HAHCHBI pexknM Jokausaiun noss (popMupoBaHne
(oToHHOI CcTpyM), TaKk W Cymneppe3oHAHCHBIH 3(QeKT.
[Tokaszatesb 1pesioMJieHusT chepryecKoii YacTHIbl B yC-
JIOBHSIX CyTIepPPe30HAHCA OJJHO3HAYHO CBSI3aH C MapaMeT-
POM pa3Mepa YacCTHIIbI U HOMEPOM BO3GYsKIaeMoil B Heil
DE30HAHCHON MOJBI BbICOKOro (MHOr[Aa dKCTPEMAIBHO
BBICOKOTO, Kak B Haiueil paGore) mopsiaka. IIpu atom
BO3MOKHOCTH TeHepain [53] 9KCTpeMasybHO BBICOKUX
uHTeHCcuBHOCTell (OTHOCHTENIBHO COOTBETCTBYIOIIUX
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HHTEHCHUBHOCTeil B majaiolieil BoJHE) MarHUTHOTO
I sJeKTpHYeckoro moseit mopsaaka 10°—10% crasur
3a/1aqy HCCJIeIoBaHIA 0COOEHHOCTell BO3MOKHOTO pas3-
pyIIeHNs BOAAHDBIX U JPYTUX YACTHUI[ B pacCMaTpUBa-
eMoM pesknMe. IIocKONbKy B TaKOM pesKuMe JeMOHCT-
PHUPYIOTCSI pe3Kie W YPe3BbIYAllHO Y3KHe ONTHYeCKIe
pe3oHaHChl, 3a(deKT cyneppe3oHaHCA B NEPCIEKTHBE
MOXKeT OBbITh IPUMEHEH /I OOHAPYKEH!S MaJbIX OT-
KJOHEHUI ToKa3aTesisd MpeJoMJIeHUs cpelsl [25, 26,
53] mm pasaMYHBIX BUAOB 6HOMapKepoB 6e3 MCIOJIb-
30BaHMA CHENNATbHBIX METOK W MOKeT OTKPBITh IYThb
JUIA TIPaKTHYecKoil peatm3aIiiil (DOTOHHBIX YCTPOIICTB
Ha OCHOBe [UIJEKTPUYECKUX MaTepHasoB C HHU3KHUM
IoKa3aTeseM IpeJOMICHNU.

(uunancupoBanue. PaGora BbINONHEHA B paMKaX
[Iporpammbl pa3Butus TOMCKOTO MOJUTEXHUYECKOTO
yHuBepcuTeTa U [IporpaMMbl ecTeCcTBEHHOHAYYHDBIX HC-
crenoBannit Xyaitaub (Ne HAB202153).
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The results of numerical simulation based on the Mie theory of the superresonance effect in a dielectric
sphere with a low refractive index are presented. Water was used as the material of the mesoscale sphere. It is
shown that not only the previously studied weakly dissipative mesoscale spheres made of a material with “me-
dium” (~1.5) and high (>2) refractive indices, but also with a low one (~1.3) support the high-order Fano
resonance effect associated with internal Mie modes. In this case, the intensities of resonant peaks for both
magnetic and electric fields can attain extremely high values on the order of 10°~107 in the vicinity of the poles

of a water droplet with a Mie size parameter of ~ 70.
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