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MpocTpaHCTBEHHO-YNOPSA0YEHHbIE HAHOCTPYKTYPbI
nokasa/im CBOIO NepcrneKTUBHOCTb B KaYeCcTBe ONTUYeCKUX
aHaJI0roB 3/1eMEHTOB MUKPO3/1eKTPOHUKMN A5l HOBbIX
BbIYMCNTEJIbHBIX CUCTEM. Lienible TeXHonormyeckume
HanpasieHusi BO3HMKIM Ha 6a3e uccnefoBaHUM UX
($OTOHHbIX CBOMCTB. OAHAKO CaMa BO3MOXHOCTb CO34aHUS
MaTepuanos c o6paTHbIM Noka3saTenemM npenomaeHus

B BUAUMOM AnanasoHe nogsepraercs Kputuke. Ctatbs
npuraawaer K AUCKYCcCUU, 3aKaHYMBaSCb oNnucaHuem
3pdekTa Nyca-XeHXeH.

BUTb MeTaMaTepuaJl AJIs BUAMMON 4YacTH AHa-

[asoHa [IJHH BOJAH MIM HeT,~ HeoOXOoaHMOo
OTAENUTb CMeJIble IIPOTHO3BL PSd YYEHBIX OT PeasIbHO
HabIromaeMbIX OITHYeCKUX 3¢ deKToB. Pazbrpascs c Ux
bu3MYecKkor CyThI0 U 0TOpachIBas METOABL UX MaTeMa-
THUYeCKOr0 MOJEIIHNPOBaHUS, IIPOLO/IKUM PacCMOTpe-
HUe psifia HabmomaeMbIX OIITHYECKUX 3G PeKTOB.

q TOOBI OTBETUTH Ha BOIIPOC — MOKHO JIH H3rOTO-

2.8. YCJIOBUE BP3ITA-BYJ/Ib®A

9TO yC/I0BHe oOIlpeleisieT II0JIOKeHHe HHTeppepeHIIH-
OHHBIX MaKCHMYMOB DeHTTeHOBCKHX JIydek, pacce-
SIHHBIX KPHUCTA/UIOM 6e3 M3MeHeHHs AJIHHBI BOTHBI.
Ycnosue Bparra-Bynsda yctaHoBieHo B 1913 rogy Hesa-
BHCMMO JPYyT OT [pyra aHIJIMMCKUM y4eHbIM Y.JL.Bpar-
rOM M PycCKMM ydeHBIM [.B.BynppoM BCKope mocie
OTKPBITHS HeMeLIKMM y4YeHbIM M.JIays U ero coTpya-
HUKaMH JUPPAKLUK PeHTTeHOBCKUX ay4eH [54, 55].
CornacHo Teopuu Bparra-Bynbda, MaKCUMyMBI HHTEH-
CUBHOCTH (OUPPaKIHOHHBIE MAaKCUMYMbI) BOSHHKAIOT
IIPH OTPa>KeHHM PEHTIeHOBCKUX JIydyel OT CHCTeMBbI
Mapa/lelbHbIX KPHUCTA/IJIOrpaduyuecKUX ILIOCKOCTeH,
KOIZa JIy4H, OTPa’keHHble Pa3sHbBIMH ILIOCKOCTSIMH
3TOK CHCTeMBI, UMeIOT Pa3sHOCTh XO/Ia, PAaBHYIO LIeJIOMY

*  Yactblcm.: "®oTtoHuka", 2017, Ne 1, c. 108-125; yacTb 2 cM.: "doTo-

Huka', 2017, Ne 2, c. 62-79.
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The spatially arranged nanostructures have
shown their prospects as optical analogs of
microelectronics elements for new computing
systems. The entire technology directions have
emerged based on the researches of their photon
properties. However, the possibility of creation

of materials with the reverse refractive index in
the visible range is subject to criticism. The article
invites to discussion, coming to an end with the
description of Goos-Hanchen effect.

possible to make metamaterial for visible portion

of wavelengths or not, it is necessary to separate
bold forecasts of a number of scientists from
actually observed optical effects. Dealing with their
physical essence and discarding the methods of
their mathematical modeling, we will continue to
consider a number of observed optical effects.

I n order to answer the question, whether it is

2.8. BRAGG-WOLF CONDITION

This condition defines the provision of interferential
maxima of the X-rays disseminated by crystal
without wavelength change. Bragg-Woolf condition
was found in 1913 independently from each other
by the English scientist W.L. Bragg and Russian
scientist G.V. Wolf soon after discovery of X-ray
diffraction by the Cerman scientist M. v. Laue
et al. [54, 55]. According to Bragg-Wolf theory,
intensity maxima (diffraction peaks) arise when
X-rays are reflected from a system of the parallel
crystallographic planes when the beams reflected
by different planes of this system have path-length
difference equal to integral number of wavelengths
(fig. 17). Bragg-Wolf condition can be written down
as follows: 2dsin® = mA, where d is an interplanar
distance, 0 is a gliding angle, i.e., an angle between
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YUCITY AAUH BonH (puc.l7). YcnoBue
bparra-Bynbdpa MOMKHO 3ammcaTh
B cienymomeM Buze: 2dsinf=mA,
re d - MeXIIZIOCKOCTHOe PacCTosi-
HUe, 0 - yTo/I CKOIbKeHHU S, T.€e. YTOJ
MeKY OTPa’KaIoIIeH IIJIOCKOCTBIO
U IMaJaoNUM JIY9oM, A - IJIMHA
BOJIHBI PEHTI€HOBCKOTO H3/TyYeHH
M M - TaK Ha3blBaeMBIM MOPSIOK
OTpaskeHH S ([IOJIO>KUTENIbHOE 11eJIoe
YUCJIO).

YcimoBue bparra-Bynbgpa Io3Bo-
JIsIeT OIIPeJe/IUTh MeKIIJIOCKOCTHBIE
paccrosiHust d B KpHCTasle, Tak
Kak A 0OBIYHO M3BeCTHa, a yroa 6
(BparTOBCKUM  yTol) H3MepseTcs
3KCIIePHMEHTAJIbHO. Yciiosue
Bparra-Byneda monydeHo 6e3 yuera

Puc.17. Juppakuus bp3zza-Byabda
Fig. 17. Bragg-Wolf diffraction

Maparowmm ny4ok
Incident beam

OTpaXkeHHbIN My40K
Reflected beam

Kpuctannorpaduyeckas n1ockoCTb
Crvstalloaraphic plane

3dderTa mpenoMeHUs A be3rpa-
HHUYHOIO KPHCTajja, MMEIOUIEro MeasbHO TIepUOIH-
YecKoe CTpOeHHe. B IerCTBUTeIbHOCTH AUPParUpOBaH-
HOe K3/TyY€HHEe PaCIIPOCTPAHAETCS B KOHEYHOM YITIOBOM
vHTepBase 0+A0, mpuyeM IIMPHUHA 3TOrO MHTepBaJa
ompefensieTcss B KUHeMaTHUeCKOM IIPUOIHKeHUH YHC-
JIOM OTpa’KaloIIUX aTOMHBIX ILIOCKOCTeH (T.e. IIPOIOp-
LIMOHa/IbHA JTMHEHMHBIM pasMepaM KpHCTajja) aHajo-
THYHO YHC/Y INTPUX0B TUPAKIIOHHOU PeIlIeTKH.
HMcka>keHHS pellleTKH KPHUCTajla B 3aBUCHMOCTH
OT KX XapaKTepa BelyT K M3MEHEHHMIO yIyia 0 MK BO3-
pacTaHuio A, UK K TOMY U JPyrOMy OfHOBPeMeHHO.
Ycnosue bparra-Bynbda sABaseTcs UCXOAHBIM IIyHKTOM
HCCIe[JOBAaHUI B PeHTIeHOBCKOM CTPYKTYPHOM aHa-
nr3e, peHTreHorpadUHu MaTepHaJIOB, PeHTTeHOBCKOM
TOIOIPaduM; OCTAETCSA CIIPaBeIJIMBBIM IIPH IHGpPaK-
UMK Y-U3/Iy4eHMs, 3JIeKTPOHOB M HEUTPOHOB B KpH-
CTajiax, Ipyd OJUPPAKLUMU B CIOMCTHIX U IIepUogHYe-
CKUX CTPYKTypax H3/y4yeHHs Pajuo- K OITHYECKOro
[HUAIIa30HOB, a TaKKe 3ByKa. B HeJIMHEMHOH OITHKe
1 KBAaHTOBOK 3/IeKTPOHHKe IIPH OIIHMCAaHUH IIapaMeTpH-
YeCKHUX W HEeYNPYIHX IIPOLIeCCOB IIPUMEHSIOTCS pas-
JIAYHBIe YCJIOBHS IMPOCTPAHCTBEHHOIO CHHXPOHHM3Ma
BOJIH, 6/IM3KHe T10 CMBICTTY YC/IOBHIO Bparra-Bynbda.

2.9. TPYNMNMOBASA CKOPOCTb CBETA
JIJ1s1 MOHOXPOMATHYeCKOr0 Iy4YKa CBeTa KCII0Nb3yeTCs
HOHATHE Ha30BOM CKOPOCTH Vj, ~ CKOPOCTH IepeMerrie-
HUSI OIlpefie/ieHHOM $a3bl BOTHBI B 3a/JAHHOM HaIlpaB-
neHUU. ECIM MOKasaTenlb MpeloMJIEHUS Cpellbl, 3aBU-
CSIITUE OT YacTOThI, paBeH n(w), To V¢=c/ n(w). ®Pa3osasg
CKOPOCTh HEe COOTBETCTBYeT PeabHOMY GH3HUYECKOMY
pacIIpocTpaHeHHIO CBeTa.

PaccMOTpUM MPOXOKAeHHe HMMIIYIbCa, COmepsKa-
IIero HEeCKOJBKO PA3HBIX YACTOTHBIX KOMIIOHEHTOB

the reflecting plane and the falling beam, A is the
wavelength of X-ray radiation and m is the so-called
order of reflection (positive integral number).

Bragg-Wolf condition allows defining interplanar
distances d in a crystal since A is usually known, and
angle 6 (Bragg angle) is measured experimentally.
Bragg-Wolf condition is received without refractive
effect for the boundless crystal having ideal
periodic structure. In fact, the diffracted radiation
propagates in a final angular interval 8 + A8, where
the width of this interval is defined in a kinematic
approach by a number of the reflecting nuclear
planes (i.e., it is proportional to the crystal linear
dimensions), similar to a number of strokes of
diffraction grating.

Distortions of crystal lattice, depending on their
character, cause change of angle 6, or A0 increase,
or both in the same time. Bragg-Wolf condition is
a starting point of researches in X-ray structure
analysis, X-ray study of materials, X-ray topography;
it remains true for diffraction of y-radiation,
electrons and neutrons in crystals, for diffraction
in layered and periodic structures of radio- and
optical radiation, as well as acoustic. In nonlinear
optics and quantum electronics, when describing
parametrical and inelastic processes, different
conditions of wave spatial synchronism, similar to
Bragg-Wolf condition, are applied.

2.9. GROUP VELOCITY OF LIGHT

For monochromatic light beam, the concept of phase
velocity Vy,, the traverse velocity of certain phase
of wave in the set direction, is used. If the medium
refractive index depending on frequency is equal to
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(C Y3KMM YaCcTOTHBIM CIIEKTPOM)
Yyepes JINHEHHYIO Cpeny, rae cobmio-
JaeTcsl NMPUHLUI CyIEepIO3HLIHH.
Cpema ¢ 3aBUCAIIMM OT YacCTOTHI
IIoKa3aTejieM IpeJioMJIeHHUS,
HaIpuMep cepoyriepof, [56], 13me-
HseT XapaKkTep HHTepdepeHIHH,
3aCTaBJIsIsI BOMHBI KasKOOHM OTHEeIIb
HOM YaCTOTBl PaCIIPOCTPaHSTBCSI
co cBoer (a30BOM CKOPOCTHIO.
LIS OIMCAHUS TAKOI'0 OBUSKEHUS
HCIIONB3yIOT T'PYIIIOBYI0 CKOPOCThb
V.=c/(n(w)+v-dn/dw)=c/n,, tme n, -
IPYyIIIOBOM IIOKa3aTesb IIpesioMIle-
HHUS. ['pynmoBasg CKOPOCTb BOJTH -
CKOPOCTbH JIBHKEHHUSI TPYIIIIBI BOMH,
06pasymomux B KaKAbIM AAHHBIN
MOMEeHT BpeMeHHU JIOKaJIN30BaHHOe
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Puc.18. ®omoHHble Kpucmaaabl pasauyuHol pasmepHocmu [65]: a) odHomep-

HbIl OK — 6p32208CK0e 3epkano (nonepeyHoe cedeHue, NOCMOSHHAS pellemKu

0,15 mkm); b) dsymepHbili DK Ha ocHOBe Makponopucmozo KpemHus (NOCMosHHAS
pewemku 1,5 mkm, 8bicoma nop 100 Mkm); c) mpexmepHbili @K Ha ocHose cuHme-
muyeckozo onana (NocmosiHHas pewemxu 300 HM)

Fig. 18. Photonic crystals of different dimension [65]: a) one-dimensional PC -
Bragg mirror (transverse section, grid constant is 0.15 pm); b) two-dimensional

PC based on macroporous silicon (grid constant is 1.5 ym, pore height is 100 ym);
c) synthetic opal-based three-dimensional PC (grid constant is 300 nm)

B IIPOCTPAHCTBe BOTHOBOe 06pa3o-

BaHHE K3 CYNEepIO3ULINH IIJIOCKUX

MOHOXPOMATHYeCKUX BOJH C OIM3KMMHM 3HAaYeHHUSIMU

YacToT () ¥ BOMHOBBIX BeKTOPOB (K).

[Ipy CHJIBHOM AUCIIEPCHH TPYIIIOBAast CKOPOCTb
MO3KeT OBITh Ha HECKOIBKO IIOPSIIKOB MEHbIIIe CKOPOCTH
CBeTa B BakyyMe. Eciiu cpefia He ob/1afiaeT AUCIIepCHer,
TO BCe TapMOHHYEeCKHe BOJHBI PaCIIPOCTPAHSIOTCS
C OHOM M TOH >Ke $a30BOM CKOPOCTBIO U IIaKeT BefeT
cebst KaK CTPOro CTAIlMOHAPHAsI BOJIHA — ero IPYIIIIOBas
CKOPOCTh COBIAZAET C $a30BO CKOPOCTHIO,

Pa3/JIM4aoT HOPMA/IbHYI0 U aHOMAJIBHYIO JMCIIEp-
CHIO CBeTa.

e HopMmasbHas (OTpULIaTeNbHAS) JUCIIEPCHS CPefbl —
II0Ka3aTesIb [IPe/IOM/IEHH S YBeTHYHNBAELTCS C POCTOM
YacTOTHl TapMOHKYecKor BonHH (dn/dw>0). Tpym-
I10Basi CKOPOCTh MeHbIe $a30BOM, JTHHHBIE BOTTHEI
PacIpoCTPaHSIOTCS OBICTpee KOPOTKUX. IIprMepsl
Cpen C HOPMAJIbHOM IHCIIEPCHeM: BeIlecTBa, IIPo-
3pauHble ISl OIITUYeCKHX BOJIH, BOTHOBOIBI, H30-
TPOIIHAs IIJIa3Ma.

e AHOMasbHas (HOMOKUTENbHAS) OUCIIEPCUST CPeIbl
(dn/dw<0) - rpymnmoBas CKOPOCTb CHUTHAJIA ITPEBBI-
maeT ero pasoyo ckopocTe: dw/dk>w/k (n1rHHEIE
BOJIHBL PAaCIIPOCTPAHSIOTCS Me[j/IleHHee KOPOTKHX).
AHOMaJIbHASI IOYCIIePCHUSl XapaKTepHA IS KarluiI-
JIAPHBIX BOJIH Ha MOBEPXHOCTH BOABI (V=2Vy), mis
37IeKTPOMarHUTHBIX M aKYCTHUYECKHX BOJIH B Cpefiax
C Pe30HAHCHBIM IOIVIOLIEHUEM, a TAKKE, ITPHU OIIpe-
Ie/leHHBIX YCIOBHSIX, AJIS BOTH B IEePHOIHYECKHUX
CTPYKTYpax (KPUCTAIBL, 3aMef/ISIOIe CUCTEMBI
U T.IL.). [Ipy 3TOM BO3MOXKHA Jaske CHUTYaLlus, [IpH
KOTOPOH I'PYIIIIOBAsl CKOPOCTh HAIIpaB/eHa IPOTH-
BOIIOJIOKHO Ga30Bo¥. BonHbl, obnamaromiye 3TUM
CBOMCTBOM, Ha3bIBAIOTCSI OOPaTHBIMH. AHOMAJlb-
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n(w), then V,,= c/n(w). The phase velocity does not

correspond to real physical propagation of light.

Let us consider the way the pulse containing
several different frequency components (with
narrow content frequency) passes through the
linear medium where the superposition principle
is observed. The medium with the refractive index
depending on frequency, e.g., carbon sulfur [56],
changes the nature of interference, forcing the waves
of each separate frequency to extend at their phase
velocity. Such movement is described using the group
velocity Vg = c/(n(w) + v-dn/dw)zc/ng, where n, is a
group refractive index. Group velocity of waves is
the motion velocity of group of waves causing wave
formation localized in space of superposition of plane
simple harmonic waves with near-frequencies values
(w) and wave vectors (k) in each moment of time.

Under strong dispersion, group velocity can be
some orders less than light velocity in vacuum. If the
medium does not possess dispersion, all harmonious
waves propagate at the same phase velocity, and the
package behaves as a strictly stationary wave, i.e.,
its group velocity coincides with phase velocity.

The normal and abnormal dispersions of light
can be distinguished.

« Normal (negative) dispersion of the medium -
when the refractive index increases with growth
of frequency of harmonious wave (dn/dw>0).
Group velocity is less than the phase velocity;
long waves propagate faster than the short ones.
Examples of mediums with normal dispersion:
substances, transparent for optical waves, wave
guides, isotropic plasma.
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Has JHCIepcHsi HabnmopaeTcs B Ipefesax II00C

WM JHMHUM TOIVIOLIeHMs], HOpPMaJIbHasl — BAAIHU

OT CO6CTBEHHBIX TUHUH IIOITIOMIEHHU .

['pymmoBasi CKOpOCTH OIIpefesnsieT CKOPOCTh
Y HaIlpaBjIeHMe [IePeHOoCa SHEPIUM BOTHAMU. B aHM30-
TPOIIHBIX Cpellax (B KPHUCTa/llax, B IlJIa3Me, B IIOCTOSIH-
HOM MaTHUTHOM II0JIe), IJie 1 BOTTH 3aBUCST OT YaCTOTBI
Y HalpaB/JeHHUs PaclIpOoCTpaHeHHs, IPYyIIoBas CKO-
PpocTh ompepenseTcs KaK BeKTOPHas ITPOM3BOAHAS
V.=dw/dk 1 06bIYHO He cOBIAZaeT II0 HAIIPaBIEHHUIO
¢ $a30BOM CKOPOCTBIO. B cpemax C CHUIBHBIM IIOIJIO-
IIeHHeM BMeCTO TPYyIIIIOBOM CKOPOCTH BBOAST BejH-
YHMHY, XapaKTePU3YIOIIYI0 CKOPOCTh IIepeHoca SHEPIUU
V,,=<S>/<W>, rme <S> - cpefHssl IUJIOTHOCTb ITOTOKA
3HEPruu, a <W> - cpeiHss IUIOTHOCTb SHEPIHUH B BOJI-
HaX. B Mpo3pavuHbIX Cpelax BeJIUYHHBI V,, U V. cOBIIa~
JaroT. COIIaCHO TeOPUH OTHOCHUTE/IBHOCTH I'PYIIIIOBAs
CKOPOCTb He MOXKET IIPeBbIIIAaTh CKOPOCTh PacIIpocTpa-
HeHUs CBeTa B Bakyyme [57-60].

2.10. POTOHHbIE KPUCTAJJ1bl

MHoro BHUMaHHS yzensieTcss OTOHHBIM KpHCTa/IaM
(@K) - CTPyKTypaM, B KOTOPBIX AH3/IeKTpHUecKas Mpo-
HMIIaeMOCTb MOAY/IHPYeTCS C IepHOAOM, CPaBHUMBIM
C IJIMHOM BOMHBI cBeTa [61]. BparroBckas Audpakius
COBCTBEHHBIX 3/1eKTPOMArHUTHBIX COCTOSSHHUH 6710X0B-
CKOTO THIIA HA KPato 30HbI BpUIIIiosHa  TaKUX CTPYKTYP
IIPUBOAUT K BOSHUKHOBEHHIO POTOHHOM 3aIIpelleHHON
30HE! (photonic band gap) ans nsnyuenus [62, 63).

CnoxkHo? IlompobyeM YIpPOCTUTb U Iepedop-
MY/JIHPOBaTh.

@K - CTPYKTypEl, COCTOAIIHE M3 IepHOAHUYECKH
yepeAyIOIUXCSl MaTepuasos (puc.18), MpU IIPOXOXK-
neHuy DMH depe3 KoTOpble BO3HHKaeT Oparroeckast
nuopakuus (M. puc.l7) Ha mepyUoAHyecKU depenyio-
IIMXCSl TPAaHULAX C/I0€B C Pa3sHOM JU3IeKTPHUecKOr
[IPOHHIIAeMOCTBI0. JTa MePUOJHUYHOCTD, 10 aHAJIOTHH
C 37IeKTPOHHOL 30HHOM CTPYKTYPOH B PeryasipHOM KpH-
CTJIZIMYeCKON pellleTKe, 00yC/IOBIMBaeT BO3HHUKHO-
BeHUe "GOTOHHOM 3aIpelieHHON 30HBI — CIeKTPaib-

Bonua Brnoxa (Bloch wave) - BonHoBas QYHKUMS YaCTULBI, IBHUXKY-
IeHICsl B IePUOAHYeCKH HeOJHOPOLHOM cpejie (KpUCTaJLIe).

**  BpuutosHa 30HH (Brillouin zones) - o6actu 3HaYeHU I BOTHOBO-

ro BeKTOpa k, Ipu KOTOPHIX SHEPrUs 371eKTPOHOB U3MeHSIeTCs He-
[IPepBIBHO, a Ha TPAaHUIAX IIpeTepIieBaeT Pa3phlB.

BO/MHOBOH BeKTOp K sIBIsIeTCS OLHOHM U3 OCHOBHBIX XapaKTe-
PHUCTHK COCTOSIHHS 3/IeKTPOHA B TBePJOM Tejle. B COOTBeTCTBUU
C 30HHOHM TeOopHei, 371eKTPOH B KPHUCTa/Jle He MOXET HMeTb
HeIpephIBHBIM CIeKTP 3HaueHHUH JHepru, I03TOMYy M Ha 3a-
BHUCHMOCTH 3Hepruu 31eKTpoHoB E(k) Takke JOMKHBI 6BITH UC-
KJIIOYeHBl yYaCTKH, COOTBETCTBYIOIME 3aIlpellleHHBIM 30HaM,
T.e. KpuBas E(k) Z0MKHA UMeTb pa3phIBbl B HEKOTOPBIX TOUKAX.

QU3NYeCKUH CMBIC TPAHHUIL 30HB BPHIIIIO9HA 3aK/II0YAETCS
B TOM, YTO OHH I10Ka3bIBAIOT TAKHE 3HAYeHHU S BOJTHOBBIX BEKTOPOB
MJTH KBa3HHMIIYJICOB 3IEKTPOHA, IIPH KOTOPBIX 37IeKTPOHHAS BOTI-
Ha He MOXeT PacIIPOCTPaHAThCS B TBePAOM Tesle [64].
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Puc.19. Mpuzauus kpblnbes 6abouku \VVanessa kershawi

U ppazmeHm nosepxHOCMU KpblAa

Fig. 19. Irisation of butterfly wings of Vanessa kershawi and
a fragment of wing surface

« Abnormal (positive) dispersion of the medium
(dn/dw<0) - when the group velocity of signal
exceeds its phase velocity: dw/dk > w/k (long
waves propagate more slowly than the short
ones). Abnormal dispersion is characteristic for
capillary waves on water surface (V, = 2V),
for electromagnetic and acoustic waves in
mediums with resonance absorption, and also,
under certain conditions, for waves in periodic
structures (crystals, slow-wave circuits, etc.).
Thus, the situation where group velocity is
directed opposite to the phase velocity is possible.
The waves possessing this property are called
reverse waves. Abnormal dispersion is observed
within bands or lines of absorption, normal

Puc.20. Mukpogomozpapusi onana 8 npocee4usarou,em
pexxume, ynakoska mukpocgep

Fig. 20. Microphotograph of opal in the translucent mode,
microspheres packaging




METATPOHUKA

HOI 0671acTH, B IIpefieslaX KOTOPOM pacIpocTpaHeHUe
CBeTa I10/IaBJIeHO BO BCeX HMJIM B HEKOTOPBIX M36paHHBIX
HampasaeHUusaX K.

[Ipy COBMAIEHUM MacCIITab0B MOAYISLIMH AH3IEK-
TPHUYeCKOM [TPOHUIIAeMOCTH M IJIMHBI BOJHBI 30HIH-
PYIOLIETo H3/Iy4eHHUs CIIeKTPBI IIPOITyCKAHUSI CONEPsKaT
XapaKTepHbIe I0/0CHI, 0OyC/IOB/IeHHBble 6P3rTOBCKHUM
OTpakeHHeM JIeKTPOMAarHUTHBIX BOJH. IIposBiieHHe
$OTOHHBIX CBOKCTB BCTPEYAeTCSl U B KMBOM IIPUPOAE
(puc.19). XapakrtepHoe s K siBleHHe WUPHU3ALUU
(pamy>kHast Urpa cBeTa) HabmiomaeTcs y HEKOTOPBIX
6abouek (Vanessa kershawi, Morpho rhetenor), y mop-
ckoro uepBs (Genus aphrodita) ¥ y HEKOTOPBIX APYTUX
BH/IOB OPraHH3MOB [65].

Oman - oIMH U3 OBeJIMPHBIX KaMHeEH, IPOSBIIS-
IOIIMX CBOMCTBA @K. DTOT MHHEpaJ XapaKTepH3ylo-
I[MFCS Pa3HOOOPA3HOM UTPOI CBETA ~ OTTAJIeCLIEHIINEH
IIpefCTaB/isieT cobO THUApPOrenb AUOKCHIA KPeMHMS
SiO, nH,0 c nepeMeHHBIM COflep>KaHHEM BOJbI U IMeeT
Cne/:[ylomuﬁ XHMHYECKHH COCTaB, Mac.%: SiO2 - 65-90,
H,0-4,5-20, Al,0;- 10 9, Fe,0;- 1o 3, TiO, - mo 5. 'Horza
B OIlajIaxX IIPUCYTCTBYIOT ITpuMecu NiO, MnO,, opraHu-
YeCKOro BemlecTBa. OIasbl MOTYT ObITh 6eCLIBETHBIMU
WJIM OKpAllleHHBIMH B pa3/IM4HBble LIBeTa 33 CUeT IIPH-
MeceH. [Toka3aTesnb ITpesioMyeHus 1,44-1,46.

C mOMOIIBIO 37IeKTPOHHOM MMKPOCKOIIMH YCTaHOB-
JIeHO, YTO 6/11aropofHBble OIasbl COCTOSIT K3 OFHOPOA-
HBIX II0 pa3Mepy chepudecKHX 4acTull o-SiO, gUame-
Tpom 150-450 HM (pric.20), KOTOphble, B CBOIO Ouepefb,
obpasoBaHBl U3 6oee MeIKUX IOOYISPHBIX CTPYK-
Typ AuameTpoM 5-50 HM. IIyCTOTHI yIIaKOBKU cdep
a-SiO, 3amo/HeHbl aMOPHBIM THOKCHUIOM KPeMHHUS.
VIHTeHCHUBHOCTh AUQParMpPOBaHHOIO CBeTa OIIpelesis-
eTCsl "M/IeaIbHOCTBIO" YIIAKOBKU MHUKpOcdep U pasiu-
YHeM B I10Ka3aTe/IsX IIPe/IOM/IeHUS KPUCTAJI/ILYeCKOro
1 aMopdHOro IHOKCHAA KpeMHUs. Hambornee 3amert-
Hasi upHu3alus HabniofaeTcs IJisi YepHBIX OIIaJOB,
pas3/inuiMe B IIOKA3aTelsaX IIPeIOM/IeHHS I/ KOTOPhIX
coctasnsetT ~0,02.

@K mpeaCcTaB/s0T MHTepeC Kak Aj1d GyHIaMeHTallb-
HBIX HCC/Ie[OBAHUM, TaK U [ PA3IHYHBIX [IPUMeHe-
HHH: B ONTHYECKOM CBSI3H, JIA3€PHBIX TeXHOJIOIHSX,
O/ CO3JaHMsl NPHUHLUIINAIBHO HOBBIX YCTPOLCTB
u npubopoB. Hampumep, Ha HX OCHOBE MOXKHO CO37a-
BaTb HOBble YCTPOKMCTBA [JIS YIIPaB/IeHMSI CBETOBBIMH
IIOTOKaMH. BO3MOXXHOCTH YIIPaBJIeHHS TPYIIIOBOK
1 Ga30BOK CKOPOCTBIO CBETOBBIX MMIIY/IbCOB, & TaKJKe
yBelu4eHHs. 3PPeKTHBHOCTH HeJIHHEeLMHO-OITHYe-

Crioco6HOCTh MUHEpaJjIa UCIYCKaTh Pa3HOL[BETHbIE CBETOBBIE B/11-
KU CBOEH [IOBEPXHOCTBIO ([lepeIMBYaTOCTh, Pafy>KHasl UIrpa IiBe-
T0B). DbdeKT 06ycnoBIeH NHTepdEePeHIIMOHHBIMU SBIEHUSIMH,
CBSI3aHHBIMU C Pery/sipHOH CTPYKTYPOHM MHHepasa, I10 MacIITa-
6y epHoAMYHOCTH OTBeYaoIe J/IMHAM BOJH BUJMMOrO CBeTa.
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a) b)

Puc.21. [1goiiHoe Ay4enpenomaeHue: a) pazdeoeHue Haonucu,
paccmampugaemoli 4epes Kpucmana ucAaHockozo wnama; b)
pasdeneHue Ay4a Ha 08a Npu NPOXoXKOeHUU Yepe3 aHu3ompon-
HbIl 0OHOOCHBIL Kpucmana (Ay4 nadaem nepneHOUKyASpHO
no8epxHOCMuU; 0 — 0BbIKHOBEHHbIL Ay, € — HE06bIKHOBEHHbIL
ay4)

Fig. 21. Birefringence: a) bifurcation of inscription viewed
through a crystal of Icelandic spar; b) separation of beam into
two when passing through anisotropic uniaxial crystal (the
beam is incident perpendicular to surface; o - ordinary beam,
e - extraordinary beam)

dispersion is observed far from own lines of

absorption.

Group velocity determines the velocity and
direction of energy transfer by waves. In anisotropic
mediums (in crystals, in plasma, in constant
magnetic field) where the number of waves depends
on frequency and direction of propagation, group

Jly4, OTPaXKeHHbIN OT MALANbHOrO 3epkana
Beam reflected from the ideal mirror
MNaparowmm nyy
Incident beam

OTpaXxkeHHbIV nyYy
Reflected beam

n;>n,

|
[0
ny

Bakyym
Vacuum

Puc.22. MMonoxxumenbHbill coguz Nyca-XeHxeH npu NnoAHOM
8HYMpeHHeM ompa)keHuu 0As KOHeYHOU NAOCKOLU MOHOXpoMa-
muuyeckol 31eKmpoMazHUMHOU 80AHbI HA 2PAHUUE onmuye-
CKUX cped. D8aHECUEHMHAs 80AHA CMeL,dem 0mpaXxeHHYH
80/Hy 8Npago. BeauyuHa c08u2a AUHELHO NOASPU308AHHO20
(s- u p-noAspuzayus) ceema pasauyHa

Fig. 22. Positive Goos-Hdnchen shift in the event of

total internal reflection for finite plane simple harmonic
electromagnetic wave on the border of optical mediums. The
evanescence wave displaces the reflected wave to the right.
The value of linearly polarized (s- and p-polarization) light
shift is different
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CKUX ITPOLIECCOB B TAKUX CTPYKTYPax 0OYyCIOBIHBAIOT
[IePCIIeKTHUBBl UCII0Nb30BaHUSL PK B TeIeKOMMYHHKA-
LIMOHHBIX CHCTeMaX (CBeTOQHU/IBTPBI, MUHUATIOPHBIE
BOJTHOBOJIBI, TPe06pa3oBaTesy IIUHBI BOTHBI) [65].

[llrpokoe paCIpPOCTPaHEHHEe IIONYyYHUIH IIOKPHI-
THUSI U KPacKH Ha OCHOBe KOJIOMJTHBIX MHKpocdep.
IIpu uX BBICBIXaHUU obpa3yeTcs IUIEHKA, SIPKO Iepe-
JIMBAIOLIASCS. HA CONMHIE IIPH M3MeHeHHH yIya Iafe-
HUSI cBeTa (0COOEHHO aKTyasbHO MJIS ABTOMOOHMIIBHOM
IIPOMBIIITIEHHOCTH).

CUMTaeTCs, UTO yKe B HefjaneKoM bynyineM GOTOHBI
MOTYT "3aMeHHUTD 3/IeKTPOHBI He TOJIBKO B CHCTeMax
nepefauu UHGOpMAlLIMM, HO U B KOMIIBIOTEpax (yxke
ceryac pa3pabaThIBaIOTCS IIPOEKTHI I10 CO3MAHUIO OIITH-
YeCcKOro KOMIIBIOTepa), |UTO IIPHUBeleT K PeBOJIIOIHOH-
HBIM H3MEHEHHUSM BO BCell HHGOPMAIIMOHHOHM TeX-
Hoyoruu. Hcronb3oBaHue ®K Ipy KOHCTPYHPOBAHUHU
TeJIleKOMMYHHKAITMOHHBIX CHCTeM MOKeT CII0CO6CTBO-
BaTb CHHJKEHMIO KO3QHIIMEHTA 3aTyXaHHs OINTHYe-
CKHX BOJIOKOH, CO3IAHMUIO HU3KOIIOPOTOBBIX JIA3€PHBIX
H3ydarenei (BUOUMOro 1 6inrkHero MK-Iyana3oHoB)
1 CBepxXOBICTPBIX ONTHYECKHUX IIepeK/IovaTeel II0To-
KOB MHQOpPMALIKH.

C TOUKH 3peHUSI JOCTIREHU ST He0OXOOUMBIX GOTOH-
HBIX CBOICTB BeCbMa II€PCIIeKTHBHBI HAHOKOMITIO3UTHI
Ha OCHOBE CHHTeTHYEeCKHX OIIaJIOB, 3aIl0JHEeHHBIX
IIOJTyIIPOBOAHUKOBBIMHM MaTepHUaiaMHU. JTo 06ycioB-
JIeHO KaK J[EeNIeBHU3HOM M TeXHOJIOTMYHOCTBIO IIPHUIO-
TOBJIEHUS JOCTATOYHO COBEPLIEHHBIX OMAJIOB U KOMIIO-
3MTOB Ha UX OCHOBE C TOJIIMHOH 6ostee 100 1 maske 1000
CTPYKTYPHBIX sideeK, TaK X BO3MOXKHOCTBIO BapbHPOBa-
HHUS UX OIITUYECKUX CBOKCTB.

2.11. ABOMHOE JYYEMPEJIOMJIEHUE.
DOOEKT KEPPA

JIBoTHOe syuernpesioM/ieHHe - 3deKT pacIleIlieHHs
B aHMU30TPOIIHBIX CpPefax Jyda CBeTa Ha JBe COCTaB-
nswomue. Brepeble 3¢deKrT obHAPYsKeH Ha KPHCTAJIIe
HCJIAHACKOrO HIaTa. ECIM /yd cBeTa IafiaeT IepIieH-
IOUKY/ISPHO K IIOBEPXHOCTH KpHCTalIa (puc.2l), To oH
PacCIIeIUIsieTCs Ha 1B J1y4a. [IepBBI Ty IIPOJOJIKAeT
PaCIIPOCTPAHSTECS MPSIMO U Ha3bIBAETCS OOBIKHOBEH-
HBIM (0 - ordinary), BTOPOF >Ke OTK/IOHSIETCSI B CTOPOHY
Y HasbIBaeTcsl HeoOBIKHOBEHHBIM (e - extraordinary).
B pesynbrare B KpPHCTaJI/Ie BO3HHUKAIOT /IBe BOJIHHBI,
HMeION{e B3aHMHO IIepIIeHJUKYISPHYIO JTHHEHNHYIO
MONSIPU3ALMI0 U HAYIIHe B Pa3sHBIX HAIlpaBIeHHUSX
C Pa3IUYHBIMU CKOPOCTSIMHU (COOTBETCTBEHHO, C pas-
JTUYHBIMU [T0KA3aTe/ISIMU ITPEJIOMIIEHHST).

JUIT  XapaKTepUCTHUKU  ABYIy4eIlpeloM/IeHHU s
HICITONB3YIOT Pa3HOCTb [TOKA3aTesIel IIPeIOMIeHHS IBYX
obpasoBaBIIMXCS BOMH: A, =n,-n,. Ha BbIXOZe U3 KpU-
CTaJIIa U3-3a Pa3HOHM CKOPOCTH BO3HHMKAET CIBUT das.

i

velocity is defined as vector derivative V, = dw/dk,
and usually does not coincides in the direction with
phase velocity. In mediums with strong absorption
instead of group velocity, the value characterizing
the velocity of energy transfer V,, = <S>/ <W>, where
<S> is the average energy flux density, and <W> is
the average density of energy in waves, is introduced.
In transparent mediums, V,, and Vg values coincide.
According to the relativity theory, group velocity
cannot exceed the velocity of propagation of light in
vacuum [57-60].

2.10. PHOTONIC CRYSTALS

Much attention is paid to photonic crystals (PC),
the structures where dielectric permittivity
is modulated with the period, comparable with
the wavelength of light [61]. Bragg diffraction of
intrinsic electromagnetic conditions of Bloch™ type
on the border of Brillouin zone™ of such structures
leads to emergence of photonic band gap for
radiation [62, 63].

Does it sound difficult? Let us try to simplify and
reformulate.

PCs are the structures consisting of periodically
alternating materials (fig. 18) when passing EMI
through which Bragg diffraction arises (fig. 17)
on periodically alternating borders of layers with
different dielectric permittivity. This periodicity, by
analogy with electronic zonal structure in regular
crystal lattice, causes emergence of "photonic band
gap', i.e., spectral area within which propagation
of light is suppressed in all or in some chosen
directions of PC.

When scales of modulation of dielectric
permittivity and wavelength of probing radiation
coincide, transmission spectrums contain the
characteristic bands caused by Bragg reflection
of electromagnetic waves. Manifestation of
photonic properties is also met in wildlife (fig. 19).
The irisation phenomenon, characteristic for

Bloch wave is a wave function of the particle moving in periodically
non-uniform medium (crystal).

ok

Brillouin zones are the ranges of values of wave vector k, where
energy of electrons changes continuously, and discontinues on the
borders.

The wave vector k is one of the main characteristics of electron
condition in a solid body. According to the band theory, the
electron in crystal cannot have ionization continuum of values of
energy, therefore the dependence of energy of electrons E(k) should
not have sites corresponding to band gaps, i.e. curve E(k) should
have discontinuities in some points.

The physical sense of the Brillouin zone borders is that they
show such values of wave vectors or electron quasi-momentums
where the electronic wave cannot propagate in a solid body [64].
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dddexT Keppa - BO3HUKHOBEHHE [BOKHOIO Jyde-
IIpeJIOMJIEHUSI B OIITUYeCKH KM30TPOIIHBIX BellecTBax
(CKHUIOKOCTSIX, CTeKIaxX, KPHUCTa/UIaX C LEHTPOM CHM-
MeTPHH) II0f, BO3LEHCTBHEM IIOCTOSIHHOIO 3JIeKTPH-
4eckoro rong. IlomelieHHOe B 3JIeKTpPHUYECKOe I10jIe
HM30TPOIIHOE BeIlleCTBO CTAHOBUTCS AHU3O0TPOIIHBIM,
rpruobpeTasi CBOMCTBA OFLHOOCHOTO KPHCTAIIA. Bemu-
YMHa [BOHHOIO Jy4YelpeloM/IeHUs A, IPONOPLHO-
HajIbHa KBaJpaTy HAIPS’KeHHOCTH 3JIEKTPHUYECKOIro
monst E: A =nkE?, rme n - mokasaTeab IpeIOMIIeHHUS
BellleCTBa B OTCYTCTBHe I10714, k - mocTosiHHAs Keppa.

2.12. DPODEKT 'YCA-XEHXEH

ddderT I'yca-XenxeH (GH) mpexctasnsieT cobod IIpo-
JONBHBIM CIOBHUI OTPa’KeHHOIO Jiyda IIPH IIOJIHOM
BHYTPeHHEM OTPakKeHHUH OTHOCHUTEJIbHO IIOJIOKeHHS,
OIlpefie/IeHHOIO TeOMeTPHYecKON OITHUKOH (pHC.22).
9T0T 3ddeKT 6p171 06HapPYKeH B 1943 rogy ®.I'ycom u X.
XeHXeH NPH MHOIOJy4YeBOM HHTepdepeHLIUU B CTe-
K/ISIHHOM ILTacTHHe. HabmiomaeMblil COBUI COCTABHII
12\ IIpH IJIMHE BOJHEL 578 HM.

OoMH U3 IOOXOHoB K 0ObsicHeHUI0 GH-coBura Obui1
mpesisiokeH B pabore [66]. IIpy IOTHOM BHYTpPeHHEM
OTPKEHHMM Ha IIOBEPXHOCTH JHUYIEKTPHKA BO3HHKAeT
3KCIIOHEHIIMA/IBHO 3aTyXalolllee 3BaHeCLeHTHOe IIojie
(cmotpu paszen 2.5). IIOTOK SHEPrUM depe3 IIOCKOCTb,
[epIIeHAUKY/ISPHYIO IUIOCKOCTHA IafeHHs jyda U Ipa-
HMIIe pasfesa [BYX Cpell, He paBeH HYJ/II0, a MHTEeHCUB-
HOCTH I[AIOIIEr0 M OTPa’keHHOIO Jydel OJHHAKOBEI.
B 3TOM CJTy4ae 3aKOH COXpaHeHHUS S3HePIHH BhIIIO/IHAETCS
TOJIBKO ITPH BOSHUKHOBEHHH CIIBUTa OTPasKeHHOI0 JIy4a.

HMmeercst psip nybnukanuu [67-74], B KOTOPBIX
aBTOPHl pacCykAaroT o6 oTpuiatenbHoM GH-chBure.
BoNBIIMHCTBO 3THUX PaboT - TeopeTHYeCKHe, T.e.
aBTOPBI MOZIE/IUPYIOT OTpHLIaTe/IbHbIM GH-CABUT B pas-
JTHUYHBIX Cpelax (IOIJOMIAIOIINe cpelbl, Me IoBepx-
HOCTH) YU IOA, Pa3IMYHBIMHU yIJIaMH MafJeHHs. IKC-
[IepHMEHTAJIbHOe IIOATBEpPKAEeHHe OTPHUIIATeIbHOIO0
GCH-coBura moxkasaso 6bl cymectBoBaHue NIM. K BoT
M.MepaHo c coaBTopaMHu [73] 3asBnseT 06 3Kcmepu-
MEHTA/IbHOM IOATBEPKAEHUH CYIIeCTBOBAHUS OTPH-
LarenpHoro CH-cABUTa IPH OTPa’keHHH OT 30JI0TOM
IIeHKH. OfHAKO, KaK 3TO HHU yIOHUBUTE/ILHO, B TeK-
CTe CTaThbH He YKa3aHbl BeJIMUYMHBI OTPHUIIATEIHHOIO
caBura Dy, (cOBUT [yisi P-IIONISIPU30BAHHOLO CBeTa)
1 II0JIOKUTe/IBHOTO cABUTA D (4151 S-I10/IpH30BaHHOIO
CBeTa). BmecTo 3Toro NpHUBOAUTCSL Pa3HOCThb D,-Dq,
KoTopas Ipu 6onbMIMX yITax MajeHus (1yd jasepa
CKOJIB3UT IO I[IOBEPXHOCTH 30JI0TOH IJIEHKH) CTaHO-
BHTCSI OTPHLIATE/IBHOM. OCTAeTCs TOJIBKO IaJlaTh, 3a4eM
aBTOPHL B TAKOM BH/Ie IIPEJCTaBH/IU 3KCIIePUMEHTaIb-
Hble JaHHble M 4YTO OHH IIOJY4YM/IM Ha CaMOM [eJle.
Bein mu 3aQUKCHPOBAH OTPHULIATENBHBIN CABUI HJIHA
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PC (iridescent play of light) is observed in some
butterflies (Vanessa kershawi, Morpho rhetenor),
sea worm (Genus aphrodita) and in some other types
of organisms [65].

Opal is one of the gemstones demonstrating PC
properties. This mineral is characterized in various
play of light, i.e., opalescence’, and represents
silicon dioxide hydrogel SiO,nH20 with variable
water content and has the following chemical
composition,% wt.: SiO, - 65-90, H,0 - 4.5-20, AL,O; -
up to 9, Fe,0;-up to 3, TiO,-up to 5. Sometimes opals
have NiO, MnO, impurities, organic substance.
Opals can be colorless or have different colors due to
impurities. Their refractive index is 1.44-1.46.

By means of electronic microscopy it was
established that jeweler’s opals consist of spherical
particles, homogeneous by the size, a-SiO, (fig. 20)
with a diameter of 150-450 nm which, in turn,
are formed of smaller globular structures with a
diameter of 5-50 nm. Voids of spheres packaging
a-SiO, are filled with amorphous silicon dioxide.
Intensity of diffracted light is defined by "ideality”
of microspheres packaging and distinction in
refractive indices of crystal and amorphous silicon
dioxide. The most noticeable irisation is observed for
black opals, where distinction in refractive indices
makes ~0.02.

PCs are of interest both to basic researches, and
to different applications: in optical interconnection,
laser technologies, for creation of essentially new
appliances and devices. For example, it is possible
to create new devices for control of luminous
fluxes. Possibilities of management of group and
phase velocity of light pulses, and also increase
in efficiency of nonlinear and optical processes in
such structures cause perspectives of PCs use in
telecommunication systems (light filters, miniature
wave guides, wavelength converters) [65].

Coverings and paints based on colloid
microspheres are widely used. When they dry up,
the film is formed opalescent in the sun at change
of light incidence angle (especially popular for
automotive industry).

It is considered that in the near future photons
can already "replace" electrons not only in the
information transfer systems, but also in computers
(projects on creation of optical computer are under

Ability of a mineral to emit multi-colored highlight from its
surface (iridescence, iridescent change of colors). The effect is
caused by the interferential phenomena connected with the
regular structure of mineral, corresponding to lengths of waves of
visible light by scale of frequency.
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IOIIPOCTY CABUI D¢ IHpeBBIIIAeT CABHUT Dp? AHano-

TUYHO IIpe/CTaB/IeHbl SKCIIePUMEeHTA/IbHbIe JaHHbIe

B pabore [74], rme aHAMM3UPYeTCS PasHOCTb Apy—Arg

(TM - p-mionsipy30BaHHBIN, a TE - S-IONSPH30BaHHBIN

ceT). CielyeT KOHCTaTHPOBaTh, UTO Ha CEeTOAHSIMI-

HUI JeHb MCCIe[loBaTe/IIM He YAaJIoCh 3KCIIePHMeH-

TaJIBHO IIOATBEPAUTD CYLIeCTBOBAHHE OTPULIATEILHOIO

GH-coBura.

CIIMCOK MHTEepPeCHBIX ONTHYeCKHUX 3PPeKToB, Kaca-
IOIIMXCSI IPOXOKAeHUsT MU uepe3 BelllecTBO, MOKHO
mpomo/kath. Hampumep:

e IIapaMeTpHUecKoe paccesHHe CBeTa — HeyIIpyroe
paccesiHMe CBeTa B OTHOPOHOM HeJITMHELHHOMH cpefie,
IapaMeTpbl KOTOPOI MOJYIHUPYIOTCSI CBETOBOM BOJ-
HOM,;

* paccesHHe MaHOenbpIITaMa -BpUJIII0O3HA — pacces-
HHe CBeTa Ha afrabaTH4eCcKUX QIyKTyaLlUsIX II/I0T-
HOCTH KOHJIEeHCHUPOBAHHBIX Cpefl, COIIPOBOKAAIOLIe-
ecst u3MeHeHHeM YaCTOTHI;

* paccesHue THHIAISA - YIpyroe paccesHHe CBeTa
HeONHOPOAHBIMH CPelaMHU;

e  MHOro$OTOHHOE IIOIJIOIIeHHE — B3aMMOAENCTBUE
SMH c BeleCcTBOM, IIPH KOTOPOM B OZHOM 3jIeMeH-
TApHOM aKTe IIOIVIONAeTCsI HeCKOIBbKO GOTOHOB.

Ho 3T0 y>ke TeMBI IPyTUX IyOIHUKALINH.

3AKJ/TFOMEHUE

B mepBor uyactu o63opa 6pl1K paccMoTpeHBl NIMs
U [IpoBeJleH KPUTHUYeCKHUH aHalau3. Bo BTOpoM U Tpe-
Thel YaCTSIX KPaTKo OIIKMCAHBI peabHO Habiogaemble
C/IOKHBIe ONTHYecKHe 3pPeKTl. AHATHU3UPYs MarTe-
pHas, U3/I0KeHHBIN B [I€PBOM YaCTH, MOXKHO CelaTh
BBIBO/JI, O TOM, 4TO NIM, pa60Ta10H11/n?1 B BUAUMOM Ha-
[Ia30He X OTBEYAIOIIHE IIpeII0osKeHHsIM/IIpefcKa3a-
HUAM Becenaro u [lenapu, co3gaH He 6y,ueT.

CoBpeMeHHBIM HCC/IeIOBATEISIM HY>KHO HayYUThCS
OT/IMYaTh peasibHO CYILIeCTBYIOLIMe CJIOKHBIe, Heo-
6pruHble siBeHUS (3GPeKkTh) OT TyMaHHBIX IpeJIo-
JIOKeHWH W THIIOTe3, OCHOBAHHBIX B II€PBYIO Ouepefb
Ha aMOHIIHSIX aBTOPOB. JTO OUeHb TOHKAsl [PaHb, Tpe-
byromras oT HcclemoBaTeseN INTyOOKUX 3HAHUI B IIpe-
METHOH 06/1aCTH, UHTYHULIUH, KPUTHYIECKOTO aHAIK3a
noborl HOBOM HHOPOPMAllMU U OLHOBPEeMEHHO TH6-
KOTO MBIIIJIEHH S U CIIOCOOHOCTH BOCIIPUHUMATD HOBOE,
KOHCTPYKTHBHO PearupoBaTh Ha KPUTHKY.

OnHO M3 OCHOBHBIX HAaIlpaBJIeHUN Pa3sBUTHS COBpe-
MEeHHBIX HaHOTeXHOJIOTHI 6a3upyeTcst Ha HCIIO0Ib30Ba-
HUH YHUKJIBHBIX CBOHCTB IIPOCTPAaHCTBEHHOYIIOPS-
JOYeHHBIX HAHOCTPYKTYP U IIOCTPOEHHHU Ha KX OCHOBE
ONTHYeCKHX aHAJIOr0B 31eMeHTOB MUKPO3I1eKTPOHHUKHU
(TpOBOIHMKOB, [IHOJOB, TPAH3HCTOPOB, 3/€MEHTOB
NaMSTH U T.IL.). TaKue HCC/IeIOBaHUSI UMEIOT KOHeu-
HOH LIe/IbI0 pa3paboTKy 31eMeHTHOM 6a3bl [JIsi co3ma-
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development) that will lead to revolutionary
changes in all information technology. Use of
PCs in designing of telecommunication systems
can promote decrease in attenuation coefficient
of optical fibers, creation of low-threshold laser
radiators (visible and near Infrared ranges) and
superfast optical switches of information flows.

From the point of view of achievement of
required photon properties, synthetic opal-based
nanocomposites filled with semiconductor materials
are very perspective. It is caused both by low cost
and technological effectiveness of preparation of
relatively perfect opals and opal-based composites
with thickness over 100 and even 1000 structural
cells, and possibility of variation of their optical
properties.

2.11. BIREFRINGENCE. KERR EFFECT
Birefringence is the effect of splitting in anisotropic
mediums of ray of light into two components. For the
first time the effect was found on crystal of Icelandic
spar. If the ray of light is incident perpendicularly to
crystal surface (fig. 21), it is split into two beams.
The first beam continues to propagate directly and
is called ordinary (o - ordinary), the second deviates
and is called extraordinary (e - as extraordinary). As
a result, two waves having mutually perpendicular
linear polarization and diverging with different
velocitys (respectively, with different indices of
refraction) occur in the crystal.

The difference of refractive indices of two formed
waves is used to characterize birefringence: A, = n, -
n,. On the exit from crystal phase shift occurs due to
different velocity.

Kerr effect is the emergence of birefringence
in optically isotropic substances (liquids, glasses,
crystals with the center of symmetry) under the
influence of constant electric field. The isotropic
substance placed in electric field becomes
anisotropic, gaining properties of uniaxial crystal.
Birefringence value An is proportional to square
of electric field intensity E: A, = nkE?, where n is
refractive index of substance in lack of field, k is
Kerr constant.

2.12. GOOS-HANCHEN EFFECT

Goos-Hdnchen (CH) effect represents longitudinal
shift of reflected beam in the conditions of total
internal reflection relative to location determined
by ray optics (fig. 22). This effect was discovered
in 1943 by F. Goos and H. Hinchen for multibeam
interference in a glass plate. The observed shift was
1-2 A at the wavelength of 578 nm.
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HHSI KBAaHTOBBIX KOMIIBIOTEPOB M HEHPOHHBIX CeTell.
U XOTSI TeKyLIUI YPOBeHb Pa3BUTHS TEXHOIOTHH I10Ka
BeCbMa JlajJleK OT HeNOCPe[CTBeHHOH peanu3allkuu
TaKUX IIPOEKTOB, MOXHO OTMETUTb HeCOMHEHHYIO
BasKHOCTb JAHHOM 06/1aCTH /15 CO3MAHUS KaUeCTBEHHO
HOBBIX BBIUHC/IUTE/IBHBIX CUCTEM.

Yro KacaeTcsi UCC/IeIOBAHUI I10 CO3AHUIO Pa3Iuy-
HBIX KOMIIO3HMIIMOHHBIX MaTepHasoB, TO OHH, Heco-
MHEHHO, [JaAyT HpaKTU4YeCKHH pe3ynbraT [75-89].
HanpuMep, KOMIIO3UTHl C HAaHOYAacTHLAMM (HaHO-
TpybKaMM, HAHOBOJIOKHAMHM) KK CYOMHKPOHHBIMHU
YacTHLIAMHM MpHUMeHs0Tcs: B Stealth TexHomoruwm,
[P CO3ZAaHUU TepMOPOTO3TeKTPUUECKUX 3JIeMeH-
TOB, GOTONETEKTOPOB (CEHCOPOB), /15l paAHaLlHIOHHOIO
OXJIaK/leHHsI/HarpeBa OIITO31eKTPOHHBIX YCTPOKCTB,
B CIEKTPOCKOIIMM T'HTAaHTCKOIO KOMOHHAIIHOHHOTO
paccestHM 4, IIPU U3rOTOBIeHUH JKK-yCTPOKCTB.

HesameTHoO 1151 6O/IBIIMHCTBA YHUTaTeIel HUCCIIeNo-
BaTe/IM U3 00JIACTU MPAKTUYeCKOH GU3UKU I1epeliy
B 0071aCTh abCTPaKTHOM MaTeMaTUKU. M KpUTHKA OTHO-
CHTe/IbHO MPe/ICKa3aHUM O CyIleCTBOBAHUH MeTaMaTe-
PHaJIOB B AHAIa30He BUAMMOIO CBeTa OCTalach IIPak-
THYEeCKH He3aMe4YeHHOM H3-3a OOJIBIIOro KOTHYeCTBa
TeopeTHYeCKHX paboT B I10/Ib3y TAKOK BO3MOSKHOCTH.
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One of the approaches to GH shift explanation
was suggested in work [66]. With total internal
reflection on dielectric surface, there is exponential
attenuating evanescent field (see section 2.5). The
energy flow through the plane, perpendicular to
the plane of beam incidence and interface of two
mediums, is not equal to zero, and the intensity of
the incident and reflected beams are identical. In
this case the law of energy conservation is true only
in case of shift of reflected beam.

There are a number of publications [67-74]
where the authors argue on negative GH shift.
The majority of these works is theoretical, i.e.
authors model negative GH shift in different
mediums (absorbing mediums, Me surfaces) and
under different incidence angles. Experimental
confirmation of negative GH shift would prove the
existence of NIM. And now M. Merano et al. [73]
declare experimental confirmation of existence of
negative GH shift in under conditions of reflection
from gold film. However, surprisingly, the values
of negative shift D, (shift for p-polarized light)
and positive shift D, (for s-polarized light) are
not specified in the text of article. Instead the
difference D, - D is given becoming negative with
significant incidence angles (laser beam slides
on gold film surface). One can only guess why
the authors have presented experimental data in
such form and what they have obtained in reality.
Whether negative shift was recorded or simply
shift D, exceeded shift D,? Experimental data in
work [74] where the difference Ap, - Arg is analyzed
(TM is p-polarized light, and TE is s-polarized light)
are similarly presented.

It should be noted that nowadays the researchers
have not managed to confirm the existence of
negative GH shift experimentally.

The list of the most interesting optical effects
concerning EMI passing through substance can be
continued. For example:

« parametrical dispersion of light - inelastic
dispersion of light in homogeneous nonlinear
medium where the parameters are modulated by
light wave;

+ Mandelstam-Brillouin dispersion - the dispersion
of light on adiabatic fluctuations of density
of condensed mediums which is followed by
frequency change;

« Tyndall dispersion - elastic dispersion of light by
non-uniform mediums;

« multiphoton absorption - interaction of EMI with
substance where several photons are absorbed in
one elementary act.
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But these should be the subjects of other
publications.

CONCLUSION

The first part of the overview concerned the NIMs
and their critical analysis. Actually observed
complex optical effects were briefly described in
the second and third parts. Analyzing the material
stated in the first part of article, it is possible to
draw conclusion that NIM operating in the visible
range and corresponding to Veselago and Pendry
assumptions/predictions will not be created.

Modern researchers need to learn to distinguish
the real-life complex, unusual phenomena (effects)
from the foggy assumptions and hypotheses based,
first of all, on ambitions of their authors. It is a very
thin edge demanding the researchers to possess
profound knowledge in subject domain, intuition in
critical analysis of any new information and at the
same time flexible thinking and ability to perceive
new information, positively reacting to criticism.

One of the main directions of development
of modern nanotechnologies is based on use of
unique properties of the spatially arranged
nanostructures and creation of optical analogs
of elements of microelectronics on their base
(conductors, diodes, transistors, memory elements,
etc.). Such researches have ultimate goal to develop
element base for creation of quantum computers
and neural networks. And though the current level
of development of technologies is still very far
from direct implementation of such projects, it
is possible to note undoubted importance of this
area for creation of qualitatively new computing
systems.

As for researches on creation of different
composition materials, they, undoubtedly, will yield
practical result [75-89]. For example, composites
with nanoparticles (nanotubes, nanofibres) or
submicronic particles are applied in Stealth
technology, for creation of thermophotoelectric
cells, photodetectors (sensors), for radiation cooling/
heating of optoelectronic devices, in spectroscopy
of huge Raman scattering, for manufacturing LC
devices.

Imperceptibly for most of the readers, the
researchers have shifted from the area of practical
physics into the area of abstract mathematics.
Therefore, the criticism concerning predictions for
existence of metamaterials in the field of visible
light remained almost unnoticed because of a
large number of theoretical works in favor of such
possibility.





