OTKPbITbIE PESOHAHCHbIE CUCTEMBbI.
BbIHYXXOEHbIE KONIEBAHUA LLUAPA

Kypasnes AHTOH BUKTOpOBUY,
BenokonbiToB ['eHHaann Bacunbesny

®usundecknin pakynbtet MIY kad. pusmkm konebaHmin
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= Bo30OyxaeHue kornebaHun B
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s [locTaHoBKka 3agayumn Mwu
= Moabl wenyyuien ranepeu
= [IpnnoxeHuns
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Cdepuyeckasa cuctema koopauHar
x=rsinécose

y=rsinfsing

z=rcosl

MeTpuyeckun TeH3op (kBagpat anddepeHumnana ayrn)
ds’ =r’d0’ +(rsin@)’de’ + dr’

[MapameTpbl Jlame

h=r h =rsind, h, =1



? Cdepunyeckme BOMHbI

B cdepunyeckom cucreme koopanHat ypaBHeHua Makcsenna

3alnnmcbliBarOTCA B BUAE.

i3 oL 47T oE =rotH
C 8t C
_#H = rotE
c Ot

BpeMeHHaA 3aBUCMMOCTb.

exp(ior)

s, B, = — 1 o(rH,sin0) o(rH,) |
r-sind 06 oQ

ke E, = 1 OH, O(rH ,sin 0) |
rsin@ | o or

zkgE B 8(rH) 8H}
r or 00

gl = — 1 O(rE,sin0) O(rE,) ’
r°sin @ 06 oQ

it H = 1 OE, O(rE,sin0) |
rsinf | 0@ or

: 1 |0(rE,) OE.
lk“SH(P:?{ o _@9}'



Cdepunyeckne BOMHbI

byoem uckaTb pelleHue B BUAe cynepnosvnumm gByx JinHEMHO
He3aBUCUMbIX MNOJIen.

TE (H —moabI) I'M (E —wmoppl)

E =0 H =0

r r

3 ypaBHeHUI nonsg cnefyeT, YTo B 3TOM Cliydae BCE KOMMOHEHTDI
9IIEKTPUYECKOro N MarHUTHOrO Nosien Anst BOfiH o6omnx ceMencTs MoryT
ObITb BblpaXeHbl Yepe3 NPON3BOAHLIE HEKOTOPbLIX BCMOMOraTefbHbIX
CKandapHbIX NOTeHUManNbHbIX PYHKLUNA:

VU +k*U =0 VU+k*U =0
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ONEKTPOMAarHUTHbIE NONA Yepes ckanspHble PYHKUNK BbipaXatoTcs
crneayowmnm obpasom.

TE (H —wmonpbl) M (E —™monpl)
iky oU 1 o'V
)= — E,=—
rsinf op r orod
ik U g L
Y r 00 Y rsin@ ordg
E =0 oV
i E =k’cuV + 2
H,=—
" rorod o ___iks OV
g __1 oU ? rsinf dp
? rsin@ orog oo ike OV
o°U ? 00
)
H, =k"guU +—; H =0

ar r
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YpaBHeHue ans noteHumanos U, V' B chpepnyecknx KoopanHaTax:

) _
8(2]+ > 1 g (sinﬁa—anL & ,1 ou +k’enlU =0
or® r°sinf| 00 060 ) O@\sinf o0

Byoem uckatb pelieHne ypaBHEHNS METOAOM pasdeneHnsi NnepeMeHHbIX.
Pasnenum Bce 4neHbl Ha U 1 NONOXUM:

U=F(r)K(0,p)

[Tony4nm:

2
1 a}jl+k2<9,u - 12 1 : (sinHanj+ 0 ,1 oK 11t _g
F, or r~ | F,s1in@| 00 060 ) O@\sinf O¢
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2
: allerkzg,u + 12 1 g (sin06F2j+ g _1 ok, =0
F, or r° | F,sin@| 00 00 ) O@\sinf 0@

BulpaxeHue, 3akntovyeHHoe B oUrypHyto cKobky, He 3aBUCUT OT paguaribHOW
koopauHaTbl. O603HaUYMM:

1 0 ( . anj o 1 OF,
. sin& + - =—y
F,sin6| 00 060 ) Op\sinf 0@

Ecnn MOJNIOXUTb, UTO 7/ — MNOCTOAHHasA BEJIMYNHA, TO NepeMeHHble pPpa3aesiAarnTCA.
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[Tony4atoTca aBa ypaBHeHUS.

Ans OYHKUMK YrioBbIX KOOpAUHAT F2 ((9, gﬁ) ;

2
: 6(Sin96sz+ 1 aFer;/Fzzo,

sin@ 00 00 ) sin“0 0¢’

M AN YHKUMKU paguanbHon sasmcumoctn  F(r)

1 0°F, ., /4
+k'eu—=+|=0.
[E or’ a r2j
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B YpaBHEHNN ONA YIMOBbIX KOOpAUHAT

2
,1 a(siné’ngjJr .12 aF§+7/F2:O
siné 06 00 ) sin"6 0p

JYHKLMNA Fz(é’,go) OOJMKHA yOOBNeTBOPATb TpeboBaHUAM NepPUOaANYHOCTH:
Fz(‘g + 272-9(0) — Fz(eaCD) F2(99¢+ 272-) — Fz(gagp)

B pesynbTaTte nony4aeTtcs kpaeBas 3ajada, kKotopas UMeeT peLleHUs
TONbKO MpW:

y=n(n+1)
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PelwueHune YpaBHEHNA 414 YIT1I0OBbIX KOOpANUHAT NMEET BUA.
S1nme

F2<«9,<o)=nM<9,¢)=aM<cose>{

COSMQ

rae n=12,3,... m=0,1,2,3,...nn P"(z)-
npucoeanHeHHble PyHKUUK JlexaHapa.

B nanbHeliwem ansa yao6etsa 6ynem obosnavath dyHkunio F, (6, 9)
B BUAeE:

F,(0,9) = P (cos0)D(mp)
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Heckonbko nepBbix NpUcoeanHeHHbIX hyHKumi Nexanapa P (cosd)

n=1: @X' Q
m=0 m=1
n=2: KY\ 9 Q
m=1 m=2

m=0

n=3: %@ ég O

=2
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B ypaBHeHUU ons paguanbHOU KoopauHaThl

1 0°F, | > /4
+kcu—=|=0
(Fl or’ “ rzj

caeflaemMm 3aMeHbl

F(r)=r"f(r), p=kieur, f’(p)=%, y=n(n+1).

B pe3ynbTaTe nony4yaetcs ypaBHeHne beccens nonyuenoro nopsiaka

1/y2 |
f”+lf’+ 1—(n+?) f=0.
P P
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PeweHne ypaBHeHusa beccena nveet BuAa:

f(p)=cJ (p)+c,N [(p).

n+— e
2

PeweHne ncxogHoro pagnarnbHOro ypasHeHnAa UMeeT BUAa.

F(r)= ¢, (kJeur) =y, (kJeur) + c,x, (kJeur),

roe V., ¥ — dyHkumn Pukkatn-beccens:

=570 @[TV .
sz\@.



v, (z)=

_” Cdepunyeckne BOMHbI

HeckonbKko nepBbiX paguanbHbIX PYHKUWA:

2 n+l (Z)

/N
NN

B 8 10 12

X.(2)=

a

N

B 8 10 12

m —Re

Hm-Im
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B pesynbraTte pewleHus paguarnbHOro 1 yrnoBbiX YpaBHEHUN NOMyYalTCS
crnefyroLime cooTHolweHna ana nosnen sosnH TE (H) tmna:

E, = ik & (kJe )P (cosO)D'(me)
I"SlIl

E, = —74@ <k\/esusr>%a’"<cose>cb<mm

E =0
k \F , 0 m

Hy== 2481k e u,r) == P (cos O)d(mp)
r\ K, 00

H, = rsfn@\/7A ¢ (ke u r)P"(cos@)D'(mep)

H =" o ko) PP (cos0)D(m)

ur’
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AHanornyHo, ang sonH TM (E) Tvna nony4yarTca creyroume COOTHOLLEHUS:

k , o
E, =—,/fj B.G (ke )= Pl (cosO)0(my)

r
E,= rsfn - J‘Z B.C)(kyJe, 1. P (c0s0)D' ()
E = nn+ 1) B¢ (ke pu r)P"(cos@)D(me)

Er

S

B <& (ke pur)P"(cosO)D'(mp)

rsiné

H, = B¢, (ke 1) B (cos O)D(mp)

H=O

r



Pasnn4yHble cnocobbl BO30OyXaeHUs
konebaHun B cdpepmnyeckon Yyactuue
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[Tnockon ["ayccoBbiM
BOJIHOU IIY4YKOM

[Ipu3mMeHHBIM Cpe3aHHbIM

3JIEMEHTOM CBSI3U BOJIHOBOJIOM

O
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Pactauyteim /
BOJIOKHOM BoJ1oKOHHO —
IIPU3MEHHBIM

SJICMCHTOM



[locTaHoBKa 3agayn Mwu

= [lrockasi BOfIHa pacnpocTpaHdaeTcsa BAOSb OCU z U pacCeEMBAETCH Ha
cdepunyeckon Yyactuue

= [lagaowyo NNOCKyK BOMHY crieayeT pasnoXutb B pad no
cdepuyecknm BosSIHaMm

= PelleHne BHYTPU N CHapyXXu Lapa creayeT npeacrasntb B BUAE paaa
no cpepnyeckmMm BOSIHAM C HEN3BECTHbIMU KO3(PdnUneHTamu

= Koa(pdpnumneHTbl pasnoXeHns HY>XHO HanTu UCNONb3yA rPaHnYHble
yCnoBus

= B pesynbtaTte npoBegeHUsa aTUX OeNCTBUU MOMNy4YaeTCs, UTo
BO30YyXOatTCcs MObl TOSIbKO C MHOEKCOM m=1
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q 3agadva Mu

I
KoadhpumumeHTbl pasnoxeHud

Ons nons pacceAHHOW BOJSIHbI:

Ly, (m)y, (x) —y, (O, (mx)
mé, (X, (mx) =y, (mx)&, (x)
g = Vam0)y, (x) —my, (x)y, (mx)

" E ()l (mx) — my, (mx)E(x)

AN Nons BHYyTpW Lapa:
. —im
tomé, (X)), (mx) -y, (mx)é (X)

—im

d =
t & (0, (mx) —my, (mx)S) (X)

™

TE

TE

™

0003Ha4YeHuns:

M — OTHOCUTEIbHbIN
rnokasaTtenb
NpenomMreHmns

\ gllul
\/ glels

X — napameTp
andppakumm

m =

x=ka



Mopabl Wwenyyulen ranepen

Cobop Ceartoro NaBna

Kpyrnasa komHaTa



PacnpeneneHue noneu
TE wn TM mon

=  CTpyKTypa aneKkTpuyeckoro nonsi BHyTpu pesoHaTopa
B6NM3KN NOBEPXHOCTU -

= Paccmotpenbl TE n TM moabl ¢ =20, £1

.,

Bo36yxxaeHne pacTsaHyTbIM
BOJTOKHOM



[MpunoxeHuns

-MexaHun4eckmne ceHcopsl

-KnuHemaTtmnyeckne ceHcopbl

-Pe3oHaTopHO-yny4ylleHHada CNeKTPOCKOMNnUS

-KBaHTOBas anekTrpogmMHamMmuKka pesoHaTopa
-MeTannnyeckme HaHoYacTuULbI

-buoceHcopbl Ha MeTannMMyecknx HaHo4vacTuuax

-Busyanusaumna TkaHen n pototepmmyeckasa tepanus

[ToBEpXHOCTHO-YCUMEHHAA CNEKTPOCKOMNUA

OnTrnyeckas MUKpockonus 6nmxHero nons
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S ) _ =~ 50 + _
m - O
I 1 1] 1 L
0 10 20  10h 05 10 20
t, min t, min

M3MeHeHrne BpEMEHHU 3BOHA U CABUIa COOCTBEHHOM YaCTOTHI B MPOIIECCE aACOPOLIHU
aTMOC(epHOM BOJIbl HA TOBEPXHOCTHU KBAPIIEBOTO IIAPHUKA, OTOXKEHHOTO MpH Temiepartype 400°
C, a 3aTeM OXJIAXXJAECHHOTO B TEUEHUE OJITHOM MUHYTHI U IOMEIIEHHOTO Ha OTKPBITHIM BO3YX.
Hnamerp mapuka 750 MKkm

M. L. Gorodetsky, A. A. Savchenkov, and V. S. Ilchenko, 1996 / Vol. 21, No. 7 / Opt. Lett.



buocneundpunyeckne B3anmMoaencTBums

OH— P==(
| H,C 0 H—N\ Mo |
O==P —OH \C_C< cc” f_H cl)
H— c/ (ST c/ \N-"‘ e
CH—CH, \N_ C/ \N_ C/ H(i /CH
y CH/ \o HC—CH
AN (7] (A |
CH;
| |
H
(|3 o) H—n H i v
s IF' e /N\ ) y— |
H=C e = T
RN \ 7 \N— Hoeeeeeeeeeeeeesie N/ \c |
C/H—C\H— N—C / \ / CH,
N ;N A/
HC CH N=—Huurreererrerernne 0 \HC CH
i | S
; o 0—I| |
O = |F’ —OH |

YyeTbIpex a30TUCTble OCHOBAHUS COeNHAOTCS
BOJOPOAHbIMU CBA3SAMU - TAPOPOOHBIMM B3aMOAENCTBUAMUN

[OHK: A - AgeHuH, T - TUMUH, YV MIIEKOIMUTAIOIIUX
[ - 'yaHuH, C - UnTo3umH mmHa JIHK ~ 1 M, pagnyc ~ 20 M

~ 109
PHK: TuMuH <-> Ypauun YHUCJIO Map HYKJIEOTUI0B ~ 10



* KonnyecTtBeHHas perncrtpauus npouecco [HK-
-1 [OHK B3anmopgencreus

P F

Fa e —————— o
|- e r/" 2 \ / Onuronykieotuasl U3 11 ocHoBaHuUit
= \ | \ | I IIr B © 6 T/ MM2
S | | | BICOKAsl 9YBCTBUTEIBLHOCTE: 6 TIT/MM
7 |' | | |u| npu cooTHomenuu S/N = 54
E | I| 1 JOOPOTHOCTH PE30HATOPOB ~ 5 X 107
© ||i l'
2 | — | 5 (y xomMepueckux gatunkos CITP

YYBCTBUTEIIBHOCT >= 10 nir/mMm?)

Wavelength A
F. Vollmer, S. Arnold, D. Braun, et al., Biophys. J., 2003, Vol. 85, P. 1974
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CeHcopbl CMEeLLEHUN

da3oBasi YYBCTBHUTCJIbHOCTD:

b4
6 —{_] D———] w0 |- 8x10 -12 em/pan
A= 1.55 Mxkm
8 > Y Q>1x 10°
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=

1
w
L*]

1

N

12

3

Fig. 1. Schematic diagram of the experimental setup for measure-
ment of mechanical tunability and quality-factor of whispering-
gallery modes in coupled spherical microresonators. 1: probe laser,

. i | .
—_— i f *
} :

2: objective; 3: prism coupler; 4: first microresonator; 5,9: photo- g ry pA pa 0
electron multiplier tube; 6: LO laser; 7: electrooptical modulator; ‘ . | Swmwmninm
8: RF oscillator; 10: oscilloscope; 1 1: second microresonator; 12: Fig. 2. Mechanical tunability of optical whispering-gallery modes

\ .. ) . in coupled spherical microresonators: displacement-to-fre-
piezo-positioner; 13: ac and dc voltage supply for piezo-positioner. quency shift sensitivity dv/dx as function of actual gap x be-
tween the resonators. Single sphere diameter 200 pm (mode
number /=1400); wavelength A=632.8 nm (optical frequency
v=476 THz).

V.S. Ilchenko, M.L. Gorodetsky, S.P. Vyatchanin, Optics Communications, 1994, Vol. 107 P. 41
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J. P. Laine, C. Tapalian, B. Little, H. Haus, Sens. Actuators A, 2001, Vol. 93 P. 1



[ upockonbl Ha pe3oHaTopax ¢ MLUI

PazHocTth (ha3 Mexay BOJTHAMH,
PaCIPOCTPAHSIONIMMHUCS B Pa3HBIX
HaIPaBJICHUSIX

2me B RHERE QHU

Ap =" Ar=""" }
4 4V
al A
/1- . "-\.,-' : £F
Elmm — 2T 4ﬂ”U '

\/

——

— 4 Ein. Eour
T=1/F, F — pe3koctb ~ 10
Fig. 1. A waveguide sensor for rotation measurements. High
dispersion of the waveguide 1s achieved due to its coupling to
high-O WGM resonators placed along the waveguide rim.

A.B. Matsko, A.A. Savchenkov, V.S. llchenko, et al., Opt.Commun., 2004, Vol. 233 P. 107
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Fig. 3 lustration of the effect of illumination geometry on the cavity
enhanced Raman fingerprint. The fingerprint shows the Raman scat-
tered O-H stretching band from a probe 532 nm laser pulse, as dis-
cussed further in Section IV. In (a)-(c) the laser is translated
progressively further from the droplet centre towards the edge.

Pe3oHaTopHO-yNny4leHHasa cnekTpockonuga
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Fig. 4 A structured fluorescence spectrum for a 34.45 pm radius
water droplet doped with 107> M R6G. compared with the bulk con-
tinuous fluorescence spectrum. Progressions of fluorescence from dif-
ferent droplet mode orders can be seen. The scaling of the bulk
spectrum, as discussed in Section 1V, yields a stimulated fluorescence
envelope with a gain factor of ~12 which is consistent with the droplet
spectrum.

R. Symes, R. M. Sayer, J. P. Reid, Phys. Chem. Chem. Phys., 2004, Vol. 6 P. 474
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Av
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cavity transmission [arb. units]
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detuning [MHz] detuning [MHz]

FIG. 2. The transmitted intensity 7(w;) for single WGMs is
shown for (a) O=1.5X10° and (b) O=4X10". In the regime of
(a), we infer from a phenomenological model [solid line, see Eq.
(3)] that the dip width is driven by a set of atoms selected by the
cavity geometry. As the O increases (b), the width of the absorptive
feature narrows, suggestive of a class of atoms with small velocity.
Zero detuning corresponds to the common atom-cavity resonance
(w;=w,= w,.). The inferred empty cavity transmission is indicated
in (a) (dashed line).

KBaHTOBas anekTpoanHamMuka pesoHaTtopa

grating- /_, saturated
stabilized /| T absorption  time-averaged
diode monitor cavity
laser transmission

¥ isolator

AOM .
/ \
Y
N\

coupling prism
PMT
incoupling collimating
optics optics
: microsphere
cesium ~ —» temperature
reservoir servo

vacuum chamber

FIG. 1. A simplified schematic of the experimental setup is
shown with detailed discussion in the text. The microsphere is in-
dicated by the dark circle at the face of the coupling prism and is
surrounded by a dilute atomic cesium vapor.

D. W. Vernooy, A. Furusawa, N. P. Georgiades, V. S. Ilchenko, and H. J. Kimble,

Phys. Rev. A., 1998, Vol. 57 N 4 P. R2293
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PacnpeneneHmne anekTpuyeckoro nons npwu
paccesiHMM Ha 30/10TOW HaHo4acTULe

X . z/a

m, =016+3.17i

d =312 um uw -
Ny

A =0.655 Mxm
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Metal nanoparticles provide up to 5 fold additional increase in contrast

K. Sokolov, presentation, 2006

R. Leggett, E. E. Lee-Smith, S. M. Jickells,
Angew. Chem. Int. Ed. 2007, 46, 4100 —410
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[ToBEepXHOCTHO — ycuneHHaa BKP

CNEeKTPOCKONMnA
metal particle B 00bemubIx cpegax BKP umeer ceuenue:
(~10...100 nm) ~10-39 cM? Ha MOJIEKyITy. DTO HAMHOTO HIDKE

N molecules with G:‘::f_-,, COOTBCTCTBYIOLICTO AJIA B®:
' ~10-16 cM? Ha MoJEKYy.

U

[Ipy HaNMM4YMK HAHOYACTHUI] TOCTUTHYThI
‘ ko3 dunrenTrl ycunenus BKP B
‘I'[\-'\\- ). |f1£1]‘t]|- 1014 —_— 1015 pa3

I(ve)- |a(ve)

M3onupoBaHHBIN OMHOYHBIN chepoun, u3
cepedpa WK 30JI0Ta MOKET 00ECIEUUTh
ycmierue B 10 - 107 pa3

B. D. JuMopees.
TNTAHTCKOE KOMBHHAIIMOHHOE PACCEAHME
cneTa— sbhberT, mpoABRIAOUpiicA B YBeIHYeHUH (OO -
10%) WMATEHCMBHOCTH JHHUHE NIpH KoMOHIAI. pacCedHHH 1088
¢BeTa Ha apcopbup. Monexynax. B sapyGermxpoll auTepa-

200 nm

10nm

K. Kneipp, H. Kneipp, I. Itzkan, et al. ]J. Phys.: Condens. Matter, 2002, Vol. 14 P. R597



Figure 1. Photograph of fluorescein-labelled human serum albumin
(HSA) on quartz and SIFs.
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Figure 8. Emission spectra of calf thymus (ct) DNA in solution and B@ B 2000 pag

near SIFs.

(1151 BEIIECTB ¢ HU3KUM
KBAaHTOBEIM BBIXOJ0M

104~ 10°)

Intensity

Fluorescence
Observation

J. R. Lakowicz, Analytical Biochemistry, 2001, Vol. 298, P. 1
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an/IMeHeHVIe HaHOYaCTUL B MUKPOCKOINMNA

B ONTUYECKON ONMXHENONbHON
MUKPOCOMNun

nasepHoOM KOHoKanbHOM
CKaHUPYHOLLEN MUKPOCKOMUM
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Alschinger, M.; Maniak, M.; Stietz, F.; Vartanyan, T. et al.
Appl. Phys. B, 2003, 76, 771-774

Kawata S. (editor) Near-Field Optics and Surface Plasmon
Polaritons, Springer, 2001
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