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Onrryeckuii pe3oHaHC BHYTPEHHEro 110 AN3JIeKTPHYecKoii MUKPOYacTUI[bl BO3HUKAeT IIPU HAaCcTpPOlike yacTo-
Thl IIajlatoleil cBeTOBOI BOJTHBI Ha 4acTOTY OJHOI M3 COOCTBEHHBIX MO/ YACTHUIIBI U IPUBOJUT K PE3KOMY IIObeMy
WHTEHCHBHOCTU ¥ JIOKAJTM3AIUH 10T BOJM3U MOBEPXHOCTH ¢ 06Pa30BaHUEM KOJIBIEBBIX IEPHOAUIECKUX CTPYKTYP
B (popMe CTOSUMX BOJIH, TaK Ha3bIBaeMbIX MOJ <«mremuymieii ramepens (MIIIT).

B paGore TeopeTnuecku paccMOTpeH cJydail ToMelieHns Mukpocgepbl BOIM3N THOKOIT oTpakaloleil MeMOpa-
HbI, KOTOpas BBINOJIHAET (DYHKIUIO JAaTYNKA BHeNTHero AapjeHusd. [Ipm 3ToM 3a cueT oTpaskeHUsI OT 3epKaJbHOI
MeMOpaHbl TPOUCXONT /iBoiiHOe Bo36y:xaeHre MIIT cdepbl npsAMbIM 1 OTpaskeHHBIM HA3aJ U3JyYeHUeM, KOTOpoe
3aTeM uHTepdepupyer B o6beMe MUKpouacTUibl. ONTHUeCKass MHTEHCUBHOCTDH pesyibrupyioniero nosas MIIT He-
ceT MHQPOPMAIINIO O MOJOXKEeHUN THOKOI HarpyskeHHOII MeMOpaHbl, YTO HO3BOJIIJIO HaM paspaboraTh (pusnueckuii
KOHI[eNIT HOBOTO MUHHUATIOPHOTO IIOJIHOCTBIO ONTHUECKOro JaTuhka JaBjeHus. IlokasaHo, UTO YyBCTBHUTEIbHOCTb
TaKOTO JaTYMKA 3aBHCHUT OT JOOPOTHOCTH BO3GYSKIAIOIIIXCS PE30HAHCHBIX MOJ, TeOMETPUYECKIX U MeXaHIMYeCKUX
nmapaMeTpoB THOKOH MeMOpaHbl. BaskHble NpenMyIecTBa MPeIJaraeMoro Jartiuka — MUHHATIOPHOCTh IU3aiiHa
(pasMepbl JaTINKa ONPEAENIOTCS IUaMeTPOM IMOKONH MeMOpaHbl), a Takske GeCKOHTAKTHBIA TUII Pa3MeIeHHsT CeH-
copa JaBJeHUA.

Kniouesvie cnoea: onTmiaecKuii pEe30HaHC, ONTHUYECKHIT CEeHCOp MdaBJeHUdA, MOIbI «LHeH‘IyH.[efI rajepeun»,
oTpakeHue BOJIH, I/IHTepCbepeHHI/IH BOJIH, Me€30BOJIHOBasd 4YaCTHUILA; optlcal resonance, optical pressure sensor,

whispering gallery modes, wave reflection, optical wave interference, mesowavelength particle.

Bsegenne

Knaccudyeckuit gaTtymk gaBjieHuss 1o ¢uamdec-
KOl cyTH sBJigeTcs Tpeobpa3oBaresieM MPUIOKEHHOTO
HA €ro YyBCTBUTEJbHBII 3J€MEHT [aBJEeHUS B H3Me-
PSIEMBIIT ¢ TIOMOII[BIO COOTBETCTBYIOIIETO TIPUGOPA HJIEK-
TPUYECKUIl, aKyCTHYeCKUi, MUKPOBOJHOBOW WU ONTH-
yeckuil curHat. /laTYmky maBjeHuS aKTHBHO M3yya-
10TCS W3-32 WX TMUPOKOTO TIPUMEeHEHN B MEXaHWJIeCKOil,
2JIEKTPOTEXHWYECKOW U OUOMEeANITNHCKON WHKeHe-
pun [1]. OTaenpHyI0 MOATPYIIY COCTABJAIOT OTTHYE-
CKIHe [IaTYUKH, HCIOJIb3YIOI[Ne BBICOKOAOOPOTHBIE CO6-
CTBEHHBIE PE30HAHCHI — MOJbBI <IMemuyllell ragepens
(MIIIT), Bo36GyskaaeMble B CHMMETPHYHBIX [HAJEKT-
pUYECKUX CTPYKTYpax [2—5]. BHyTpeHHee omnTiyeckoe
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nosie MIII xapakrtepusyeTcd MHOKECTBOM THKOB
C IepenaioM HHTEHCHUBHOCTH B HECKOJIbKO IIOPSI/IKOB
BEJIMUMHBI W CKOHIEHTPUPOBAHO BOJU3U TIOBEPXHOCTH
JIN3JIEKTpIIeckoro MukpopesoHaropa [6]. MIIT o6bra-
HO MMeIOT BBICOKYI0 go6portHocTs (> 10%) u, crenosa-
TeJbHO, Y3Kylo CIleKTpajbHylo mupuny. CyiiecTBoBa-
He MIIT 6bLI0 TOATBEPIKIEHO HKCIIEPUMEHTATBHO
110 HAJMYUIO NMHUKOB B CIIEKTPe YIPYTOro W BbIHYK/EH-
HOTO paccedHust ot chepniecknx Mukpodactuil [7, 8].

[IpuHIINT [eficTBUS CEHCOPOB [aBJeHHS Ha 3d-
¢exre MIIT, kak mOpaBusio, 3akjaioyaeTcs B H3Me-
PEeHHUU MPONYyCKaHUS CIelUaJbHOIl oNTHYecKOl JTUHUN
(oNTHYECKOTO BOJIOKHA KPYTJIOTO MM HPAMOYTOJIb-
HOTO CcedyeHus ), MCHOJb3ylolelcs ATs BO30YKACHUS
u mpueMa curtaja pesonatopa MIIT, npu ckanuposa-
HUU YaCTOTBI BO3GY K/EHISI TIEPECTPAUBAEMbBIM JIA3€POM.
B npenenax cnekrpanbHoro koutypa MIIT mpomyc-
KaHMe BOJIOKHA Pe3Ko I1a/laeT, YTO sBJsIeTcsl MHINKA-
TOPOM HACTPOIKN Ha pe3oHaHc. JI06oe MeXxaHIYecKoe

581



WIN TeIJIOBOe BO3/elicTBUEe Ha PE30HATOP u3Me-
HSeT €ero XapaKTEepUCTUKH U pabodyyio dYacToTy
MIIIT, uro AeTekTUpyeTCs € IOMOLIBbIO CIEKTPOMeTpa.
ITo Benmmumnnue crekrpasbHoro cMerienuss MIIT MoxkHO
cyauth o6 YpOBHe MeXaHWYeCKOH Harpys3Kdm Ha pe-
3oHaTOp. Onrudeckue gatuuku Ha MIIT B npuHIim-
e HeBOCIPUUMYHUBLI K 3JEeKTPOMATHUTHBIM TIOMeXaM
1, cJeoBaTeJbHO, MOTYT UMeThb 6ojiee HU3KHUH Yypo-
BeHb MapasuTHBIX KoseGaHuii (10 CpaBHEHHIO C WIHPO-
Ko pacmpocTpaneHHbIME MEMS ananoramn). Hammane
MeXaHIMIeCKOTO KOHTAKTa TyBCTBUTEJIBHOTO K BHETTHENH
Harpyske gartunka (MeMOpaHBI) U ONTHYECKOTO PE30-
Hatopa (Mukpocdepbl), UTO XapaKTepPHO /s KOHCT-
PYKIMI TpaJuIMOHHBIX JaTYUKOB AaBjeHud Ha MIIT,
oTpaHmumBaeT chepy UX MpUMeHEHNs.

B mpakTWuecKWX TNPHUIOKEHHUAX BO3OYKIeHIE
MIIT B MukpouacTuiiax pa3JuyHbBIX T€OMETPUYECKIX
GopM OCyIIeCTBISAETCS 3aTYXAOMMMI 37IeKTPOMATHUT-
HBIMH TOJIIMH C TIOMOIIBIO COTPSIKEHHOTO C MUKPO-
CTPYKTYPOIl KOHUYECKOTO BOJIOKHA WM Tpu3Mbl. OJ-
Hako MIIT takske MoTyT a3ppeKTHBHO BO3GYKIATHCS
U TIPH OCBENeHNN MHUKPOYACTHIIBI TPIMBIM H3JIyde-
uHueM [9]. IIpenmyrecTBo Takoro crmoco6a B TOM, YTO
OH He TpeOyeT TOYHOTO TMO3UIIOHIPOBAHUS 3JIeMeH-
Ta, TepeJarIlero onTuieckoe muaryuenne (BOJOKHO,
npusma), u pesonaropa MIIIT. Baskno, uto addex-
TUBHOCTb Bo30y:xaeHus MIIT B MukpodacTuile mps-
MBIM W3JlyueHHeM MOKHO CYIIeCTBEHHO TOBBICUTD,
UCTHOJIb3YST Pa3JIMYHble MPHeMbl, HalpuMep GOKOBOe
ocBellleHHe CTPYKTYPUPOBAHHBIM C(OKYCHPOBAHHBIM
myukoM [10] i adpdext paccesauss Mu nipu pasmelttie-
HUW pe30oHaTopa OKOJIO oTpaskatomreil mooxkn [11].

B [12] myTeM 4YmcIeHHOTO MOJeNNPOBAaHUS OBLIO
mokaszano, uTo Bo3Oyxkaenne MIIIT B nuaiekTpraeckoii
cepe, pacmosokeHHoil BOJU3W TIIOCKOI AMAJIEKTPH-
YeCKO# IMOJJIOXKKU, XapaKTepu3yercs 3aMeTHBIM Y-
peHneM pe30HAHCOB, CHIDKEHHEM WX WHTEHCHBHOCTH
U CMellleHueM II0 4acToTe HpU TPUOIIKEHNN YaCcTHIIbI
Kk noanoxke. [Ipu atom TM-pe3onaHcHble MO/IbI Bce-
rIa uMeloT KpacHoe cMemlmenme, a TE-moabr Moryt
CcMemlaThCcsl B KPAacHY U CHHIOI 00JacTH CIHeKTpa
TIPU TIOBBITIEHNH ONTHYECKOTO KOHTPACTA TOJJTOMKKI.
B [13] umcsenHo wuccaeoBaHBI 3aKOHOMEPHOCTH pac-
cesTHUA cBeTa cdepruecKoil dyacTuieil BOJIM3N TUITEK-
TPUYECKON TIOJJOKKH U YCTAHOBJEHA CHUJIbHAs 3a-
BUCUMOCTb aMILUIUTYAbI U (pa30BOIl JAUArpaMMBbl pac-
CesTHUSI OT BeJIMYMHBI TPOMEKYTKa MeKIy cdepoit
n Tnomnoxkkoii. C HCIIOTb30BaHHEM TEOPUU BUPTY-
aJbHBIX M300pa’keHUil W 3epKaJbHBIX TOKOB B [14]
MpeICTABIEHO 3KCIEePUMEHTATbHOE J0Ka3aTeJbCTBO
(GOTOHHOTO B3aMMOENCTBUS MEKIY AMIJIEKTPUIECKIM
kBapueBbiM (Si) HaHOPE30HATOPOM M €ero M3o6paske-
HUeM 3a TJIOCKUM 30JI0TBIM 3epKasioM. I[lokasano,
YTO cevyeHUEe paccedHUs KpeMHHeBOIl pe30HAHCHOI
MOJIOCTH  YCUJIUBAETCA TIPU  PACIOJOKEHUN PIOM
C MeTaJINYeCKUM 3epKajoM. AHATIOTHYHbIE Ppe3yJib-
TaThl TIPUBEJEHBI B JKCHEPUMEHTATbHON paboTe [15]
no Quroopectiennnn  Kpacuresass (Nile blue) mosem
MHUIT B SiOy-Mukpocdepe aunamerpom 3 MkM. Cdepa
pasMemazach Ha 30J0Toll Tomnoxkke (3epkare),
Ha KoTopyio u 6bL1 HaneceHn duyopodop. ITokazano,
YTO 32 CYeT KOHTAKTAa C MEeTAJJIOM IPOUCXOUT pac-

nielleHue a3uMyTaJbHbIX MO/l 1 MHOTOKDPATHBII 110/b-
em maTencuBHoctu MIIT. Uurepecno, uto adgdext
oTpakaloliell MOJJIOXKKH TakKe IPOSBJISETCI B HeJH-
HeNHO-ONTHYECKNX B3aUMOJIeICTBUAX, HANpUMep TIpH
reHepalun TpeTbell TapMOHUKHN U3 Si-Hanoamcka [16].

B wnactogmeit pa6ote MBI TpejJaraeM HOBBIIT
KOHIIENITYaJIbHBI J3aiiH MUHUATIOPHOTO ceHcopa JaB-
JIeHWsI, OCHOBaHHOTO Ha addekre Bo36y:xaeHns MIIT
B M3JIEKTPUYECcKOil MuKpocdepe pasMepoM TOpsaKa
JUIMHBI BOJHBI m3aydeHnst (Me30BONHOBas YacTHIA).
Oco6eHHOCTH TIpejijIaraeMoro Amu3aifHa — 3To caM CIO-
c06 BO3OYKIEHUST BBICOKOAOOPOTHBIX COOCTBEHHBIX pe-
3oHaHCcOB (IpsIMOe ocBellleHNe) W GECKOHTAKTHDIH THII
pa3MeleHnsl YyBCTBUTENIBHOTO K JIaBJIEHUIO dJeMeHTa —
ru6Koii 3epkajbHONl MeMOpaHbl. IIpum sTOM 3a cdyeT
HAJIUYUsA y MeMOPaHbI ONTHYECKOTO OTPA’KEHUS MTPOUC-
xoauT [JBoiiHoe Bo36y:kaeHne MIIT cdeppr cHavama
[IPSIMBIM, a 3aTeM OTPa’KeHHbIM Hu3sydeHueM. Onruue-
CKasl MHTEHCHBHOCTb pe3yJ/bTupylomero mosuas MIIT
oTIpe/iesigeTcs pe3yabTaToM WHTep(epeHIny MpsSMOii
u orpaxkerroii MIIIT u 3aBUCHT OT MOJIOKEHUST THOKOMI
HarpyskenHoit mem6panpi. C ucnosb3zoBanueM FEM-
moaemuposanus (Finite element method) mMbr mpous-
BeJIM pacueT TaKoro JaTyuka sl cgepbl U3 OKHUCH
TUTAHA PAaJUYCcOM 2 MKM IpU BO3OYKIAeHUU B Heil
MIIT n nokasajy BBICOKYIO YYBCTBUTEJIbHOCTb IIpejl-
JIO)KEHHOT'O KOHIleNITa K /JIaBJIEHUI0 Ha OTPaKaloIlyio
MeMOpaHy.

1. KoMnbloTepHoe Mo/ieupoBaHue
BO30y:kAeHus cBsa3annbix MIIT
B JM3JIEKTpUYECKoil MUKpocdepe

Jlns Bo3GyxzaeHuss B Mukpocdepe unrepdepn-
pylomux (B gajbHedlIeM — CBI3aHHBIX) Pe30HAHCHBIX
MIIIT paccMoTpuM crreayronyto reomerputo (puc. 1, a@).
[lmsmexTpryeckass MUKPOYACTHINA, TPEACTABJISIONIAs CO-
60it Mukpocdepy paauycoM R B HECKOJDBKO OITHYE-
CKUX [ITMH BOJH A U TIOKa3aTeJeM TIpeJOMJeHus 7,
MOMeIaeTcsl BOJIM3N OTpasKalolieil MeTalInuecKol mia-
CTHHKI, WTPAIoOIIeil poJib IJIyXOoro 3epKajia, U OCBella-
eTcs ¢ o6paTHOI CTOPOHBI TJIOCKOI 3JIeKTPOMAarHUTHOI
BOJIHO#. 3aMeTHM, 4TO B KayecTBe IJIOCKOTO 3epKaja
MOJKEeT MCTOJb30BAThC TaK:Ke TUITEKTPUK C BBHICOKIM
ToKa3aTesleM TpejoMeHus B OmmxHeM WK-nuama-
30He, HapUMep KpucTtaaindeckuit kpemunii (Si) [17]
¢ n=4,5 B BUAUMOIl 4YacTH CHeKTpa IIpU JOCTaTOYHO
HU3KOM ypoBHe moryonterus [18] (mpu takom moka-
3aTesie TIpeJoMIeHus] Ko UIMeHT oTpaskeHus OJH-
30K K KO3(p(PUIMEHTY OTPaKEHUS OT MEeTAJINIeCKOTO
3epKajia B BUAUMOIT 06/1aCcTH CIIEKTpa).

DJIeKTpoANHAMITYecKasd 3ajada O JUMPAKIAN OIl-
TUYeCKON BOJIHBI Ha JAMIJEKTPUYECKON dYacTuile Moje-
smpoBajack ¢ momorrpio makera COMSOL Multiphysics
(ver. 5.2a) B ocecUMMETPUYHOI MPOCTPaHCTBEHHOIT
reoMerpun. [[UPKyJIsIpHO TOJAPU30BAHHASI ILJIOCKAS
OTITHYECKAsT BOJIHA, OCBENIAION[as MUKPOYACTUILY, UMe-
Jla HavaIbHyl0 aMIUIUTyay Ey u pacmpocTpaHsiach
B HalpaBJeHWH BOJHOBOTO BeKTopa K 1o HOpMaiu
K TIJTOCKOCTH 3epKaja. Bcsa ¢doToHHAsA cTpyKTypa ATd
OTIpe/ie/IeHHOCTH paclioJlaralach B BO3/IyXe U OKpYy’Ka-
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3epkamno (Au)

a

Puc. 1. Yucrennag mogeab (COMSOL) asoiinoro Bos6y:xaenuns MINT B gusnextpuueckoit (TiO,) mukpocdepe (R, n), mome-

IIEHHOI B BO3/yXe BOJU3H ILJIOCKOI 30J10TOI MeMOPaHbI M OCBEIeHHOIl IJIOCKOI ONTHYeCKOil BOJHOI (k) ¢ KPYTOBOIl ToJIspu3a-

mueit (a). IokasaHa o6acTb HaeanbHO Toriomaomux caoes (PML), cuHie u KpacHble CTPEJKU 0603HAUAIOT pacCessHHbIe U OT-

pa’keHHbIe BOJIHBI cooTBeTcTBeHHO. Hopma asexrpuueckoro nong |E|/E, B rraBHOM ceueHnn MHUKpocdepbl TIpH BO3GYkKICHUN
pasmrunbix MIIT (6, ¢) (11B. pucyHnok cM. http://iao.ru/ru/content,/vol.35-2022,/iss.08)

JIach CUCTeMOH IOIVIONAOIINX IMJINHAPUYECKUX CJIOeB
(PML) ans peamusaiiuu ycJIoBUH CBOGOJHOTO W3JIY-
yeHHsl Ha BHEUIHUX I'paHuliax jgoMeHa. [l auckpern-
3aIuu O6JIACTH pacyueTa WCIOJb30BATACH AaNTHBHAS
TIPOCTPAHCTBEHHAS CeTKA W3 TETPadIPAJbHBIX dJIeMeH-
TOB ¢ MUHUMAJIbHBIM M MaKCHMaJIbHbIM pazmepaMu A/ 50
n A/15 COOTBETCTBEHHO, obecTeynBaoIias aBTOMATH-
YecKoe CTYTeHNe CEeTOUYHBIX sSdeek B 00JacTIX ¢ 60JIb-
M TPQINEHTOM [U3JeKTPUUecKoll TocTosgHHON. [Ipu
9TOM CyMMapHOe YHCJO cTeleHell cBOOObI, I KOTO-
PBIX IIPOU3BOAMJICSI pacyeT IO BCeMY MOJeTUPyeMOMY
IIPOCTPAHCTBY, GbIIO TOpsIKa 5 - 10°.

[Ipu BbINOJHEHNM YCJIOBUII pe3oHaHCa C OJHOIL
u3 Bbicokogo6potHbix MIIT B Mukpouactuie Bo30y:k-
JlaJIach Pe30HAHCHASd KOH(UTYPAINS ONTHYECKOTO TOJIST
B MIPOCTPAHCTBEHHOI (hopMe IKBUINCTAHTHO PACIOJIO-
SKEHHbBIX BJI0JIb IIOBEPXHOCTH IMHKOB aMILIUTYAbl. Bia-
rojlapsl HAJMUUIO 3epKajia paccesiHHasg Ha 4acTulle om-
THYEeCKasl BOJIHA He TOKuaia 06JIacTh MOIETUPOBAHIS,
a M3-32 OTPaKeHWs OT 3epKajia PacHpoCTpaHAIACh Ha-
33l K MUKPOYACTUIlE ¥ BTOPHYHO BO3OYKJATa Ty Ke
co6ctBennyio Moay. Murepdepennus moseit mpsmoii
7 3epKaJTbHO OTPaKEHHON PEe30HAHCHBIX MOJI, B 3aBU-
CIMOCTH OT COOTHOIIeHUsI nxX ¢a3, MPUBOANIA K YCH-
JIEHHIO MM TojaBreHunio cBa3anubpix MIIIT.

Jlna mpumepa Ha puc. 1, 6, 6 TIOKazaHo pacipejie-
JIeHIe HOPMbI d/eKkTpideckoro 1o [E|/Ey asyx MIIT
JIN3JIEKTPUYECKOl chepbl, OTIMYAIONIIXCS MOJSIPU3a-
nueil moJsig, a TakyKe a3MMYyTATbHBIM 72 U PAIUATbHBIM
unzexcamu [ (TM!,, TEL). Jlna Bos6ysxaenust co6et-
BEHHBIX MoJ ObLTa B3gTa cdepa M3 AMOKCHIA THTaHA

(TiO,) ¢ nokasaTeeM mpesoMJIeHusa 1= 2,45 B GIMK-
Heit cmekrpasnbhoit UK-o6mactn u paanycoM R =2 MKM.
IIpu sTOM pe3oHaHCHBIe MAJWHBI BOJH COCTABJISIN
A = 1,3078562 mxm (TMg) u 1,30902 mxm (TE?;) co-
OTBETCTBEHHO, YTO /IaBajo 3HaueHue Ge3pa3MepHOTro Ma-
pamerpa Mu p =2nR/ ), = 10 = 3n. Pacuer npoBo/ii-
ca 6e3 yueTa 3epKaja.

Kak oTMeuyeHO BbIlE, PE30HAHC BHYTPEHHETO I0-
JIT YacTUIBI BO3HWKAET MPH HACTPOHKe YacTOThI Ma-
Jlafolieil cBeTOBOI BOJIHBI Ha YacTOTY OJHOI M3 cOOCT-
BEHHBIX MOJ YacTHIBI. B aToM ciydae TMpPOMCXOIUT
MepecTpoiika TIPOCTPAHCTBEHHON CTPYKTYPbI BHYTPEH-
HETo TIOJISA, TIPUBOANIAS K Pe3KOMY MObeMy WHTEH-
CUBHOCTU W JIOKAJTW3AIUN TOJIA BOJU3N TIOBEPXHOCTH
ceprdeckoil 4acTHIBI ¢ 06pa3oBaHUEM KOJBIEBBIX
MePUOIUYECKUX CTPYKTYP B (OpMe CTOSYUX BOJIH.
C TOUKH 3peHUs TeOMeTPUYeCKON ONTUKHM 3TU TPUIIO-
BEPXHOCTHBIE PE30HAHCHBIE MOJbI COOTBETCTBYIOT YC-
TONYNBBIM KOHTPYSHIINSAM TPEJOMJIEHHBIX cdepude-
CKOIil TOBEPXHOCTBIO CBETOBBIX JIyYell PN BBITOJHEHUN
JUIT HUX YCJOBUS TOJHOTO BHYTPEHHETO OTpaske-
aug [19]. Otm syun Kak 6Bl 3aXBaTHIBAIOTCS YaCTHUIIEH
1, PacIpoCTPaHsIsACh BJOJb ee MOBEPXHOCTH, 06pasyioT
3aMKHYTY10 006J1aCTh, OTPAHUYEHHYIO C OJHOI CTOPOHDI
BHYTpeHHell KayCTUKOH, a ¢ Apyroil — MOBEPXHOCTHIO
YaCTHUIIBI.

Ecan ob6parutbes k puc. 1, 6, 6, ToO CTaHOBUTCS
sgced (U3NUECKUN CMBIC MOJOBBIX HHIeKCOB. Tak,
HOMep MOJBI 7/ PaBeH [eJeHHOMY IIONOJIaM YHCJIY
MaKCHMYMOB BHYTPEHHETO IOJIS II0 a3MMyTaabHOMY
YIJIy @, a TIOPSIIOK MOJBI [ COOTBETCTBYET YHCJIY KOJEI]

CBsi3aHHbIE ONTHYECKHE PE3OHAHCHI B AUJIEKTpUYecKoil Mukpochepe. Dusnyeckuii KOHIENT MHHHATIOPHOTO... 583



B paJuajbHOM HampaBjgeHUu. [LogoOHBII BUI IO
MIIT gaBasierca Tak)ke TPAMBIM CJIeJICTBUEM TeO-
punm pacceanns Mmu, B paMKaxX KOTOpOil BHYTpeHHee
U BHeITHee 3JIEKTPOMarHUTHBIE TOJIST TPEACTaBISTIOTCS
B (hopMe GECKOHEYHOTO Pa3JIOKEHIsI MO CUCTeMe CO6-
CTBEHHBIX MOJ YacTHilbl — psioB Mu [20]. B pamkax
Teopun Mu BbIpakeHue, HAIPUMep, [JISI TI0JSI BHYTPU
ceprdeckoil 4acTHIIbI, OCBEIeHHOI IIJTOCKON ONTHYe-
CKOIl BOJIHOI, UMeeT BU/L

oo

E
E(l‘): - {CmMizn(e:(p)Wrn(kr)"'
2k m=1
+%dmv[M1m (ey(P)\Vm (kr)]}‘f' K.C. (1)

3mech k — BOJHOBOe 4YucsIO BHYTpu vactuilb; My, —
ceprueckrue BeKTOP-TADMOHUKH, 3a/laHHble B cdepu-
weckoil cucreMe koopjauHat r={r,0,¢}; y, — chepude-
ckue yukimu Pukarru—Beccenst; ¢, d, — aMIUIATY/IbI
TMapIHaJbHBIX TapMOHHUK; K.C. — KOMILJIEKCHO-COIIPS-
SKeHHDBIH uJieH.

[Ipu co6cTBEHHOM pe3oHaHCe A = A,,; U3 BCETO PsI-
ga Mu (1) HauMHaeT JOMUHUPOBATH TOJIBKO OJHO CJia-
raeMoe ¢ COOTBETCTBYIOIIel Togpu3aliieil I HoMepoM
Mozbl [8]. Ilpu 3ToM ocHOBHasl 9HEPTHUSI MOJSI BHYTPH
YACTHUIIBl COCPEJOTaYNBaeTcsl B 00beMe Pe30HAHCHOI
MozibI 1 B 06J1acTAX (DOKYCHPOBKU Taatoleil cBeToBoit
BOJTHBI, CBSI3aHHBIX MeKIy C000ii KOJIBbIEBOI CTPYKTY-
poit moanl. IIpocTpancTBenHasg opma aTol CTPYKTYp-
HOIl MOJbBI TOJISI IOJHOCTBIO OIIPEe/esIIeTCs YIJIOBbIM
npodueM COOTBETCTBYIOINEH BEKTOP-TAapPMOHWKH, T.€.
[E,, (6)] < My, (6)] st TM-Mozt m [E,,,(6)] < [06M, (8)] mmst
Mo TE-momapusanuu. CoriacHo ompefesleHuio cde-
puyeckyie BeKTOP-TAapMOHUKHU BBIPAXKAIOTCS yepe3 IpU-
coe/IMHeHHbIe TMOJNHOMbBI JlexkaH/pa, KOTOpble Ha II0-
BEPXHOCTH €JMHIYHON cdephbl IaloT ceMelicTBO IKBU-
JINCTAHTHBIX MMUYKOB aMILIUTY/IbI T0JisI, TIOJZ00HBIX TeM,
4yTO TOKa3aHbl Ha puc. 1. IlpudeMm Jokagu3aIysa Tmo-
g MIIT B pagnaJbHOM HaNpaBIeHUN 00eCIIeYnBaeTCsT
cepmueckoit dynximeit Beccensg coOTBeTCTBYIOINIETO
a3MMyTaJbHOTO MH/IEKCA /7 W ee TIPOM3BOAHOIN TIO 7.

PaccmoTpuM cutyaiiio ¢ Bo30Oy:KaeHueM B cepu-
yeckoil Mukpoudacruue cpgasannpix MIIT npu mome-
IIeHNN ee BOJM3N IIOCKOTO 3epKasia. B atoM ciydae
MIPOUCXONT WHTePMEPEHIIN Pe30HAHCHBIX MO, BO3-
6y KIaIoIUXCcsd B YacTHIlE ONTHYECKOIl BOJIHOI TIpH
pacmpocTpaHeHU B IIPSIMOM M OOPaTHOM HallpaBJie-
nuax (KpacHble W cuHHe cTpesnknm Ha puc. 1, a). Jlia
HECKOJIPKUX BBIODAHHBIX PE30HAHCHBIX MOJ PHC. 2, d
TTOKA3bIBAET 3aBUCHMOCTb MaKCHUMAJIbHON WHTEHCHBHO-
crn MIIT E2,. oT HOPMHPOBAHHOTO paccTOsHUS S/ R
MEXy TOBEPXHOCTBIO 3epKaja W dJacTuilbl. Bo Bcex
PACCMOTPEHHBIX CJIyYasX WHTEHCUBHOCTH Pe3YJIbTHPYIO-
meil ABYKpaTHO BO30YKIE€HHOI PEe30HAHCHOI MOJIbI
HEe3aBHUCHMO OT ee MOJIOBBIX MH/IEKCOB BJIAJI OT 3epKa-
Jla JIEMOHCTPHPYeT MepHOINYeCcKyI0 I0C/Ie0BaTeIbHOCTD
MAKCHUMyMOB ¥ MWHHUMYMOB TIpU W3MeHEHUU IpoMe-
skyTKa . ITockosbKy /g Kask/10il M3 pacCMOTPEHHBIX
MIIT pesonaHcHast JJMHA BOJHBI A,; HMeeT pa3HOe
3HadeHne, MPOCTPAHCTBEHHbIE KOOPAMHATHI IKCTpe-
MYMOB UHTEHCHBHOCTH TaKxe OYyIyT pPa3IHYHBIMU.
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Puc. 2. TuxoBas nuTeHcHBHOCTS E-, B MIIIT, Bo36y:x1a10-
muxcsa B TiOy-Mukpocdepe ¢ R = 2 MKM, B 3aBUCHMOCTH OT pac-
CTOSIHUS $ JIO 30JI0TOTO TLTOCKOTO 3epKasa (@). VIHTeHCHBHOCTD
MIIIT 6e3 3epkasa mokaszaHa MITPUXOBBIMU JUHIAMU COOTBET-
CTBYIOIIETo I[BeTa. Pe30HaHCHBIH KOHTYP TEfS -mozabl (A =
=1,30902 MKM) Ha Pa3JIUYHOM Y/IAJeHHU OT MEeTaIHIECKOTO

sepkamta: s = 0,3 (1); 0,5 (2); 1,1 (3) u 1,6 Mxm (4) (6)

Opnnako Bcerjia co6JI0/IaeTcsT YCTOBUE CTOSUEl BOJHDBI,
3ajaiolllee yepeloBaHNe MaKCHMyMOB U MUHUMYMOB
Ha TTPOMEKYTKE TOJTyBOJHBI A,/ 2 (Mokazan Ha puc. 2
3aTOHMPOBAHHBIMU 06JIACTAMIE).

Baxxno, dWto mpu cuHxpoHU3anuu ¢daz MexIy
«BcrpeunbiMiy MIIIT Bo36y:kaeHne pe3yIbTHPYIONIEit
CO6CTBEHHON MO/l MPOUCXOAUT € KpPaTHO OOJIblei
WHTEHCHBHOCTHIO, YeM B KJACCHYECKON CHUTYaIU OJTHO-
HAIPaBJIEHHOTO OCBENIEHNST YacTUIbI TLJIOCKOH BOJIHOM
I IIIPOKHM IIyYKoM. Bemmumna E2,. B 9TOM cJIydae
MoKa3aHa Ha PHC. 2, d TOPU3OHTAJIBHBIMHI ITPUXOBBIMU
gunuamn g kaxjaoit MUIIT. Ilockosabky cTpyKTypa
OTpa’KEeHHOIl OT 3epKaja ONTHYECKOH BOJHBI, KOTOpas
BO30YIK/IaeT «OTPaKeHHYI0» PE30HAHCHYIO Moy, Oy/eT
HCKasKeHa pacCessHHBIM Ha vacTie TojeM (yxke He
IJIOCKAs BOJIHA), MHTeP(EPEHIIMOHHOE YCUIeHHe HHTEH-
cuBHoctt MUIT mpu cuuxpoHm3aruu ¢a3 MOMyTHOI
n orpaxkenHoit MIIIT oka3bIBaeTCsI CHUKEHHBIM B 2,5—
3 pasa, a He B 4, KaK B KJACCUYECKOIl CTOSYeil BOJIHE.
AHAJIOTUYHO JIeCTPYKTUBHASA WHTep(epeHInd CBI3aH-
upix MUIT Takxe He NMPUBOAUT K IMOJHOMY TallleHUIO
nosst co6erBennoit Moznt (E2, > 0).

Henocpe/icTBeHHO BOJIM3W 3epKajia, Ha PACCTOSHU-
AX S — A/ 2, HaGIOJAeTCsl Pe3Koe CHIDKEHUE aMILIN-
Tyl BO30YK/IaeMbIX PE30HAHCOB B YacTHUIlE, OCOOEHHO
3aMeTHOe Uit BbIcOKomo6poTHbIix MIIIT. Kak 6bL10

584 Teiinn 10.9., Munun 1.B., Munun O.B.



nokasano B [12], 3mech paGotaer addekT cMmereHus
DPE30HAHCHON JIMHUU TIPU BO36Y:KIEHUN CBI3aHHON MO-
JIBI OKOJIO OTpasKaioIeil MoAToKK. IJToT apdeKT mi-
JIIOCTPUPYET pUC. 2, 6, Ha KOTOPOM TOKA3aHbI Pe3yJib-
TaThl pacyeTa CIeKTPATHHOTO KOHTYpa COOCTBEHHOTO
pesonanca TEZ-Mozbl Ipu HpHOIIGKEHHIT MuKpocde-
pbl K 30J0TOMYy 3epkaiy. Ilo ocu abcice OTJIoKeHa
YacTOTHAsl paccTpoiika AA=A—A,; OT YacTOTBbI <He-
Bo3Mytennoity MIIT A,;, a camMu 3HayeHUsS WHTeH-
CUBHOCTH pPe30HaHCa /I HATIIIHOCTH HOPMUPOBAHBI
Ha cBoOil MakcumyM. Kak ciemyer us puc. 2, 6, B ciaydae
BBICOKOOTPAsKAIONIENl MeTaITIMIecKoil MOJIOKKI pea-
JIU3yeTcsl He TOJIbKO CHHee cMellleHue Pe30HAHCHOI
JINHUU, HO ¥ YIIMpPEHNe Pe30HAHCHOTO KOHTYpa cOoOCT-
BeHHOIT Mozibl. Clie/loBaTeIbHO, €CJIN TIPE/IIOJI0KUTD, YTO
peructparus amuccuu MIIT npousBoauTesi Ha AJHE
BOJTHBI A, TO WHTEHCWBHOCTH CHUTHaJa OyJeT MocTe-
MeHHO ocJiabeBaTh BCJIEJCTBHE YXOJa PE30HAHCA B KO-
POTKOBOJTHOBYIO 06JIacTh ClieKTpa. B ciemyionieM pas-
Jlejile Mbl MTOKa)keM, KaK MOMKHO HCI0JIb30BaThb 3TOT
apdexT aAng KOHCTPYNPOBAHMS MUHHATIOPHOTO JATUYH-
Ka JTaBJIeHUs UCCTIeyeMOil Cpejibl.

2. Du3HYECKHii KOHIENT AaTYHKA /[aBJICHUS
Ha s dekre cazauupix MIIT

[TpuaTIMT pa6oOTBI MPOTOTUIIA AATIMKA TaBIEHUST
mokazan Ha puc. 3. OH ocHoBaH Ha addeKTe WHTEpP-
depentu pezonancubix MIIIT, Bo36y:km1aeMbIX B [IH-
AJIEKTpUYeCcKOli ceprdeckoit Mukpodactuie (Mam MUK-
POLIIMHAPE) TPSIMBIM U OTPAKEHHBIM OT THOKOTO
sepkasa (oTpaskatomieil MeMOpaHbI) ONTHYECKHM W3-
gydenueM. IIpm aToM, Kak ciexyeT W3 TIPeIbIAYIIETO
pasgena, nntepdepennusg MIIT MoxeT HOCHTD KOH-
CTPYKTUBHBIN WJM [eCTPYKTUBHBIN XapakTep B 3a-
BUCUMOCTH OT pa3HocTu ¢a3 BosOyskmatomux MIIT
BOJTH, UTO TIPUBe/IET K N3MEHEHUIO aMILTATYIbI Pe3yJIb-
THPYIOINIEr0 pPe30HAHCHOTO IOoJII B dacTuile. B cBoio
ouepe/ib, pa3HOCTb (ha3 MPsMOil U OTpaKeHHOI BOJH
3aBUCUT OT BEJMYUHBI TIporuba 3epKaJbHOU MeMO-
paHbl, BO3HHUKaOIlell MmoJ JAeiicTBeM HU36BITOYHOTO
JIaBJIEHWST aHAJU3UPYEMOTO BelleCTBa, HAXOAIIErocs
¢ 06paTHOIl CTOPOHBI 3epKaja JaTunKa.

Ecmm BHyTpH 4acTuiel, B o0beMe, 3aHATOM Pe30-
HAHCHOW MO/I0if, TTOMECTUTh KBAHTOBbIE W3JIydaTesn
(KM) tuma xBanToBoil Touku [21], cmaiizepa [22] mwim
HAHOUYACTHIL ¢ (HJIyOPeCIUpPYIONUM BellecTBOM [23—25],
TO MHTEHCUBHOCTh UX CBeuyeHUs, MpuHUMaeMas ($HoTo-
MIPUEMHIKOM, TakkKe OyIeT U3MEHSThCS B 3aBUCUMOCTH
oT mporuba YyBCTBHUTENbHON 3epKaJbHON MeMOpaHBI.
MoskHO BBIOpaTh Takoil AWama3oH mpornba MeMOpa-
HBI, YTOOBl (PYHKIIMOHAJBHAS CBSA3b MEXIY WHTEH-
cuBHOCTBIO aMuccuun KM u mporu6oM 3epkasia ObLia
O/THO3HAYHOI, UYTO MO3BOJHUT BOCCTAHOBUTH M3Mepsie-
Moe 1u36bITouHOe naBienue. [Ipyroil croco6 perucrpa-
I[UY ONTHYECKOTO CUTHAJTA — TIPUEM PACCESTHHOTO M3JIY-
yeHus HernocpejctBenHo u3z MIIT ¢ momoribio cuc-
TeMbl KOHHYECKHUX 3epKaJs [26].

PaccmorpuM creytomuil Bo3MOKHbBIN JU3aiiH J1aT-
ymKa AaBiaeHUA Ha addexre cBgzamapix MIIT. [lar-
yuk (cM. puc. 1, @) COCTONT U3 JUAJEKTPUYECKOH MUK-

ZIZIBIIGHI/IE cpeabl
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Puc. 3. Ipuniunuaibias cxema (@) u pabouyast XapaKTeprc-
tuka (6) ONTUYECKOTO JaTUYMKa JaBJIEHUS Ha OCHOBE [BONHOTO
Bo30ykaenuss MIIT

pocdepsl, KeCTKO 3aKpelJIeHHOH BHYTPH HIHJINH/pPA,
O/INH M3 TOPIOB KOTOPOTO MMeeT ONTHYEeCKOe OKHO,
a Apyroil 3akpbIT ru6koil (MeTasmueckoii) MeMOpaHoit
C BBICOKIM KO03(h(UIHEHTOM OTPAKeHNS N3TydeHHT
B paboyeM aualnia3oHe JJIMH BOJIH (ONTHYeCKHil, Tepa-
repioBbIil u T.1.). Mukpocdepa MoKeT GbITh M3TOTOB-
JieHa u3 J060TO AUIJIEKTPUIECKOT0 MaTepuasa U Jieri-
poBaHa KaKUM-THOO H3JY4YAlOlUM HAHOATEHTOM, Ha-
TpIMep KBAHTOBBIMI TOYKAMI, KOTOPBIH mpeobpasyer
BbICOKOJIOKa30BaHHoe 1osne MIIT B yxoasiee us-
JlydeHue, npuHIMaeMoe Ha (OTOAEeTEeKTOP MOCPeJCTBOM
CeHcopa ¢ WCIHOIb30BaHNeM KOHIMYECKOTO ONTOBOJIOKHA.
CaM UINHAPUIECKUN JaTYNK MOKET ObITb BMOHTHPO-
BaH B MHUKPOKaHAaJ, M0 KOTOPOMY IOJaeTcsl MccJierye-
Moe BeIIecTBO.

Uepes onTuyeckoe 0KHO MUKpocdepa ocBemaercst
U3JIyYeHNeM Ha JJITHe BOJIHBI OJHOTO U3 ee COOCTBEH-
HBIX PE30HAHCOB. B HOPMAIBHBIX YCIOBHAX MPU OTCYT-
CTBUM Pa3HOCTH JIaBJIeHWH BHYTPH IUJIMHIPA C MHKPO-
cepoit 1 MUKPOKAHATIOM € aHAJTM3UPYEMbIM BelllecT-
BoM (Ap = 0) rubkag orTpaxkaiomas MeMOpaHa JaT4nKa
uMeeT IMJI0CKYyIo (GOpMy, U CUTHAT SMUCCHH KBAHTOBBIX
n3aydyareneil u3 3oHpl MIIT 6ymeTr MakcuMaJabHBIM
(puc. 4, a). TIpu u36BITOYHOM JaBJeHUM B KaHaje
(Ap > 0) mem6pana Gyjmer mporuGaTbcst BHYTPb Jat-
YHKa, YTO NpHUBeIeT K MaJeHUI0 MHTEHCUBHOCTH CBS-
3aHHoil MIII" n aHaJOrMYHOMY CHUKEHHMIO 3MUCCHH

CBsi3aHHbIE ONTHYECKHE PE3OHAHCHI B AUJIEKTpUYecKoil Mukpochepe. Dusnyeckuii KOHIENT MHHHATIOPHOIO... 585
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Puc. 4. Tlpumep geficTBuS TNpe/jaraeMoro JaTUMKA JaBJIeHNS
na ocaoBe MIIIT. ITpocrpancTBeHHBIN TPOMUID HHTEHCUBHOCTH
MIIT TMjs- B TiOy-Muxpocdepe (pamyc 2 MM, 1 = 2,45)
npu s =0 (a) u 0,8 MM (6); 3aBUCUMOCTb MHTEHCHBHOCTH
MIIT or s (8)

KBAHTOBBIX HU3JIydyaTeseil, MpUHIMaeMoil (oTo/eTeKTo-
pom (puc. 4, 6). Tlo momydeHHONH M3 YHMCJIEHHBIX pac-
yeToB 3aBucuMocTH nHTeHcuBHocT MIIT oT cTpenku
nporu6a 3epkaia s (cM. puc. 4, 6) MOKHO pPacCIuTaTh
n306BITOUHOE JaBJeHre Ha MeMOpany. 3/ech IpuBeeHa
OTHOCHUTEbHAS BeJINYMHA MAaKCHMAaJbHON WHTEHCUBHO-
cti pesyabrupylomeit MINT §=FE2 (S)/Egmx (s=0),
ToKa3bIBatoNast ociaabaeHne IMoJst cOOCTBEHHOH MOJBI
pu mporuée 3epKaabHOIl MEMOPAHBI.

CienyeT OTMETHTDb, YTO M3MeHEHNe MHTEHCHBHOC-
tm MIIT npu o6paTHOM Tpornbe oTpazkaiolieid MeM-
6panbl (B CTOPOHY MHKpOKaHasa), BO3HHKAIOIIEM IIPH
nedunnre gasaenust (Ap < 0), oKa3blBaeTCs MeHee YyB-
CTBUTEJIbHBIM K BeJIMUWHE S 110 TMPUYUHE OCIUJIATOD-
HOTO XapakTepa 3aBHCHMOCTH EZ,. OT pacCTOSHHUS
JI0 3epKaTbHOIl TOJTOKKH C HMEepPHOJOM MOJYBOJIHBI
co6cTBeHHON Moabl (cM. puc. 2, @). ITO orpaHUYHBAET
UCTIOJIb30BAHUE IPE/JIAraeMoro KOHCTPYKTUBA TOJBKO
caydaeM M30BITOYHOTO JIABJEHUS B MIKpOKaHAJIE.

MoskHO Takke TIPEIJIOKUTH WCIOIb30BaTh B Ka-
YecTBe MHAMKATOpPA Mporn6a MeMOpaHbl He WHTEHCHB-
HocTh, a AL (eM. puc. 2, 6). OgHako O6BIYHO HO6POT-
nocte MIIT, Bo36y:kmatomuxcss B chepruiaeckoil yac-
THIe, JOCTATOYHO BBICOKA I cocTaBisgeT Gomee 103
(cM. pue. 1). BenejacTBue 3TOTO cleKTpajbHas IIH-
pUHA pe30HAHCA M BEJUYIHA €r0 CMelleHNs] COCTABIA-
10T JIOJIM HAaHOMeTpa, 4YTO TpeOyeTcs /sl PerucTpaiuu
anmapaTypbl ¢ BBICOKIM CIEKTPAJTHHBIM Pa3perieHneM.

[lng pacyera mporn6a IeHTpa IIOCKON MeMOpPaHHI,
3aKpeIUIeHHOIl M0 KOHTYPY I[WJINHAPA, MOJ JeficTBIHeM
Ha Hee M36BITOYHOTO JaBJIEHUS BOCHOIb3YyeMCS Pe3yIb-
TaTaMu HeJuHeiiHo#t Teopunm usrnbéa TUOKUX TLIACTH-

HOK [27, 28]. CorsacHo aTolf Teopmm I KPYTJIOi
MeMOpaHbl naMeTpoM [ 1 TOJIIMHON /i CBSA3H MEXy
S M Ap BBIMHCJSAETCS U3 PEIIeHNs KyOMYecKoro ypas-
HEHUA

(ap)D* 16 s+6(sj3 <)
t6en’  3(1-p’)h 7\R) "
3nech &, U — Moxayab yupyroctu IOura m koaddu-
mnueHT Ilyaccona maTtepmama MeMOpaHbl. Pe3ynbTarn
pacuera mo BbIpaxkeHuio (2) npu ycaosuu 2= 100 uM
u MeMOpaHBl, W3TOTOBJEHHOH u3 30J0TON (DOTBTH
(e=280 I'Tla, p=0,44), mpusenen Ha puc. 5, a. Teneps,
UCTIOJNIb3YSl TIOJYYEHHYIO U3 YUCTEHHOTO MOJETMPOBAHIS
3aBucuMocTh nHTeHcuBHOCTH MIIIT oT mporuba 3epkaa
(puc. 5, 6), MOKHO TOCTPOUTD PABOUYIO XaPAKTEPUCTUKY
MpejljIaraeMoro JaTyika JaBieHus. Takas XapakTepuc-
tika ans TMig-Moabr cdepbl TokazaHa Ha puc. 5, 6
JIUIS TPeX Pa3INYHBIX AIaMeTpoB ceHcopa. Kax BHAHO,
u3MeHeHneM napaMerpa D BO3MOKHO CYIIECTBEHHO C/IBU-
HYTb [AMANla30H PETHCTPUPYEMBIX BEJUYNH JaBJIEHUS.
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Puc. 5. PaGoune XapaKTepUCTHKII [aTUnKa faBieHns Ha TMg

MIIT ¢ pazamuubiM guamMerpoM D oTpaskarorieii MeMOpaHbI:

nporu6 mMem6panbt s (2 =100 um) (@) u pacuerHoe majeHne

MHTEHCUBHOCTH § BosOy:xjatomeiica MIII B 3aBucuMoctn
OT U36BITOYHOTO HaBieHus Ap cpepl (6)

CreiyeT OTMETHTDb, UTO UYyBCTBHTEJIBHOCTDL TIpe-
JIATaeMOTo JIaTYMKA JaBJIEHNS, TTOMHMO MeXaHMYeCKHUX
CBOHCTB THOKOI MeMOpPaHbI, 6y/IeT ONpeaeTAThCA TUTIOM
CcOOGCTBEHHOTO pe3oHaHca, BO30YsKJaeMOro B 4acTHIIE.
Kax BUAHO u3 cpaBHeHHS NpoQuiIeil HHTEHCUBHOCTH
COGCTBEHHBIX MO/ Ha puc. 1, 6 U 6, ¢ TMOBBIIEHNEM
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nopsigka [ MoAbl MPOUCXOAUT CHHsKeHue moJs MIIT
B o6beM cepnl. [locregumit apdexkT KapaMHAIBLHO
BJINFeT Ha YyBCTBHUTENbHOCTDb cBA3aHHbIX MIMT k pac-
CTOSTHHIO OT 3epKaja. Kak MOKa3bIBaeT MOJeNTnpoBa-
HITe, TpH Bo36ysKIeHnn B Miukpocdepe TE}s Moapr 3a-
meTHble (>2 n1B) usMenenus B uHTeHcuBHOCTH MIIIT
TOSBJISIIOTCST TOJIBKO TIPU CTpeJike Tporub6a MeMOpaHbI
§>0,3 MmxM. [lnga cpaBHeHUA: 1y 6oJee BBICOKOTOG-
POTHOI MOJIBI TE}S 3TOT TIOpor coctaiseT s > 0,15 MKM
(cMm. puc. 2).

IIpu pabore ¢ Bbicokogo6porabiMu MIIIT (106-
potHOCTh ~ 10°) OleHeHHas! YyBCTBUTENLHOCTD MPe//Ia-
raeMoro Jart4nka Mo M30bITOYHOMY JaBJIEHUIO COCTaB-
aget ot 3,2 n1b/klla mma D =200 mxm u 25 n1b/xlla
s D =40 MxM. 3aMeTnM, 4To KOH(UTYPAIIS JaTdi-
Ka CIeIaJbHO He ONTUMHI3NPOBAIach, U €ro 4yBCTBH-
TEJBHOCTh MOJKHO KPATHO YJIYYIIUTb, €CJH BbIOPaTbh
6osee KpymHYI0O MUKpocdepy ¢ 6oJiee BEICOKOI00POT-
Hoit «paboueit» MIIIT, a Takike HCIOJIb30BaTh Gosee
ONITHMAJIbHBIN MaTepuas [T oTpaskaroleil MeMOpaHbI,
HaIpUMep KOMMepUecKHil MIacTHK ¢ MeTaINIecKUM
HaTbLICHWEM, MMEIONIIil Ha IMOPSIOK MEeHbINue 3Have-
Hug monyaa IOwnra.

3aknouenne

PaccMOTpeHBI 3aKOHOMEPHOCTH BO36YKIEHUS CO6-
CTBEHHBIX BBICOKOJAOOPOTHBIX ONTHYECKUX PE30HAHCOB
B JM3JeKTpUYecKoil MIUKpocdepe, TTOMeIeHHOI BOII3N
oTpaskaioleil TTOBEPXHOCTH. Y CTAHOBJIEHO, UTO 32 CYeT
OTpPa’kKeHUsI OT 3epKaja MPOUCXOAUT IBOWHOE BO3OYK-
JleHne CBA3aHHBIX PE30HAHCHBIX MO/ YACTHIIBI MPSMBIM
1 OTPaKEeHHBIM Ha3aJ M3JIyyeHHeM, KOTopoe mHTepde-
pupyiorT B o6beMe MUKPOYACTHUIBI, TPUBOAI K MOJIY-
JIIIA UHTEHCUBHOCTU Pe3yJbTUpPYIolleil co6CTBeHHOI
Mojbl. [IpeacraBien ¢pusndeckuii KOHIENT MIHHATIOP-
HOTO TIOJTHOCTBIO ONTHYECKOTO JaTYhKa JaBJEHUS, OC-
HOBAHHOTO Ha BO30y:kaeHnn cBg3anubix MIIT B au-
3JIEKTPIUECcKoil MUKpouacTuile. B oTimune oT 13BecT-
HBIX aHaJOTOB TIPHUHIUI pPabOThl TPeTaraeMoro
JaTyiKa OCHOBAH Ha perucTpaiuu aMIuTyabl (MH-
tencusHoctn) MIIT, a He ee CIEKTPaJbHOIO II0-
JoskeHms. UyBCTBUTEIbHBIM K JAaBJIEHHUIO 3JeMEeHTOM
JaTymKa ABJAgeTcs THOKasg 3epKaTbHasg MeMOpaHa,
KOTOpas OTpakaeT Majaiolllee ONTHYECKOe W3JIydeHle
Ha3aJ K YacTHuile, cIocoOCTBYS MHTep(EPeHIH Mpsi-
MOH W OTpa’keHHOIl pPe30HAHCHBIX MO/ B ee 00beMe.
[To u3MeHeHMIO AMILIUTY/Abl Pe3YJbTHUPYIOLIEro II0JIsI
MIIIT MOkHO OIpeeJguTh MPOTUO 3ePKAJbHON MeM-
6paHbl W PACcCYNTATD JaBJIeHNe aHAIN3NPYEMOTO Bele-
cTBa. UyBCTBUTEIBHOCTD JAaTYMKA 3aBUCUT OT T0OPOT-
HOCTH BO36Y:KIAIOMINXCS PE30HAHCHBIX MOJ, pajiryca
ru6koit MeMOpaHbI U ee YIPYTUX XapaKTePUCTHK.
BaskHoe mpenmylIecTBo IpeijaraeMoro ceHcopa — €ero
MUHHUATIOPHOCTDB, TOCKOJBKY €ro MaKCHMaJbHbIe pas-
Mepbl  OTIPEJIEJISAIOTCS TJIABHBIM 00pa3oM IuaMeTpoM
YYBCTBUTEJbHOI MeMOpaHBI. DTO TO3BOJIIET HCIOJb-
30BaTh Ipe/lJIaraeMblil KOHIENT B YCTPOHCTBAX MUKPO-
dotoHNKN, MUKPOMIIONINKN, «JTabopaTopudax Ha Y-
ey, onTHuYecknx MukpodoHax [29] u 1.1.

CrelyeT OTMETUTH, YTO JIOCTATOYHO y3Kas CIIEKT-
pajpHas mupuHa JuHuu pabodeit MIIT mpeararaemo-

TO JIaTYMKA Ha IPAKTHKe MOXKET YCJIOKHUTb HACTPONKY
Ha ONTWYECKWil pe30HaHC MPH MCIOJTb30BAHUU B Kade-
CTBe MCTOYHUKA HENPEepPbIBHBIX Ja3epoB. /11 Bo3Oyk-
neuns nenesoit MIIT B MukpoudacTuile MOXKHO ucC-
110JIb30BaTh MMITYJIbCHOE JIa3epHOe U3JydeHue, Halpu-
Mep THMKOCEKYHIHOe MM (HeMTOCEeKYHIHOe, NMeloliee
JTOCTATOYHO GOJIBIIYIO IMUPUHY JUHUH TeHepaluu, 4To-
OBl 3aXBATUTh PE30HAHCHBII KOHTYP COOCTBEHHOI MO-
et [30, 31].

MunancupoBanue. Vcce0BaHUS TPOBEEHDI TIpU
dunancoBoit moamep:kke MUHUCTEPCTBA HAYKM U BBIC-
urero o6pasoBanuss PD B paMKax TOCYAapCTBEHHOTO
dagannsg MMOA um. B.E. 3yesa CO PAH u npmu noa-
nep:kke nmporpammbl pazsutug TITY.
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Optical resonance of the internal field of a dielectric microparticle occurs when the frequency of the inci-
dent light is tuned to the frequency of one of the particle spatial eigenmodes which leads to a sharp increase in
optical intensity and higher field localization near the particle rim providing the formation of annularly-pe-
riodic structures in the form of standing waves, the so-called “whispering gallery” modes (WGM). We theoreti-
cally consider the case where a dielectric microsphere is placed near a flexible light reflecting membrane, which
acts as an external pressure sensor. In this case, due to reflection from the reflecting membrane, the WGMs of
the sphere are excited twice by direct and reflected backward radiation, which then couples within the mi-
croparticle volume. The optical intensity of the resulting WGM carries enough information about the position
of the flexible loaded membrane. This allows one to propose a physical concept of a new miniature all-optical
pressure sensor. We show that the pressure sensitivity of such a sensor depends on the quality factor of the ex-
cited resonant mode, as well as the geometrical and mechanical parameters of the flexible membrane. Important
advantages of the sensor proposed are the miniature design (the size of the sensor is determined by the diameter
of the flexible membrane) and the non-contact type of the pressure sensor placement.
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