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BBEJ EHUE

HaHomopHcThle CHIMKAaTHBIe MaTpulisl (HIICM), mosny-
yaeMble U3 IByxda3HOro 60pocHINKATHOIO cTeK1a (1],
[Ipe/ICTABISIOT 3HAUHUTeIbHBIN UHTEPeC 1151 Psiia CoBpe-
MeHHBIX Hay4YHO-TeXHHUYeCKHUX HallpaBIeHUH bia-
rofaps LeJoMy PSIAy II0JIe3HBIX CBOMCTB. O6pasiisl
HIICM B dopMe IIOCKOIIApasIIe/bHBIX IIJIACTHH 06J1a-
IAIOT BBICOKOM IIPO3PAYHOCTHIO B BUAKMMOM U OIIIK-
Hell MK-06/1acTsIX CIIeKTPA, BBICOKOHM XMMHYECKOH,
TepMHUYeCKOH, Ty4eBOM CTOMKOCTbIO U GU3UKO-Mexa-
HHUYeCKOM IPOYHOCTHIO 6/IM3K0M K CBOMCTBAM CIIIOII-
HOT'O CHJIMKATHOIO CTeKJIa. DTo 06ycaaBIKNBaeT 3Ha-
YHTe/IbHbIe IIePCIIeKTUBbI UX UCII0JIb30BAHU S B OIITH-
YeCKOM 3KCIIepUMeHTe B KaueCTBe OCHOBBHI /14 COo3/1a-
HHS OIITHYECKUX 3/IeMeHTOB Pa3/IMUHOIO Ha3Haye-
HUS (HanpuMep, ONTOQIIOMIHEIX 371eMeHTOB [2-3]),
a Tak>ke /s NPOBeJeHHUs HUCCIef0BaHUMN CBOMUCTB
BellleCTB B HAaHOPa3sMepPHOM AUCIePrUPOBAHHOM
COCTOSIHUH [4-5].

14 XxapaKkTepHu3alliu BHYTPeHHEeH CTPYKTYPhI IIPO-
3pauHbBIX 00BEKTOB 3a4aCTyI0 UCIIOAb3YIOT OIITHYe-
CKHe MeTOJbl, pa3paboTaHHBIe [JI5 CIUIONIHBIX CPef.
OnHaKo KIK4YeBON 0C0OOeHHOCTHIO HAHOIIOPHCTHIX
cpen ABseTCA paccesHUe, oIlpefe/iseMoe pasMepoM
HEOJHOPOAHOCTEN U HUX 3aBUCHMOCTBIO OT AJTHHBI
BOJIHBI U3/1y4eHus [6-7].

J71s XxapaKTepH3alluK CBOKCTB BHYTPeHHEM CTPYK-
Typbl HIICM HCIIONB3YIOT pAf IIapaMeTpoB, Cpeau
KOTOPBIX Hanbosee BAXKHBIMH, C TOYKH 3PeHUS IIpak-
THUYEeCKOro IIPUMeHeHHU S, ABJISIOTCSA pasMep Iop U
cBO6OAHEIN 06beM 06pa3iia, 3aHATHH [TOPAaMHU (Vp).
BenuuynHa Vp Ha IIPaKTHKe OIlpelieIsieTcs JOCTaTOYHO
IIPOCTO BECOBBIM MeTo[oM [8] - 1o Becy obpa3na B BO3-
OYIIHO CYXOM COCTOSIHMM M IIPH 3aIlOJTHEHHUHU II0P
BOJOM. B To ke BpeMs ollpefiesieHHe pa3Mepa IIOP
(1 pacripeneneHUs IIOp II0 pa3MepaM) IIpefCcTaBisieT
cob0¥ TOCTATOYHO CIOKHYI0 HayYHO-TeXHHUYECKYI0
3a/lauy, KOTOpas B HACTOsIIee BpeMs pelllaeTcsl MeTo-
IaMU IIOPOMeTPHH U TpebyeT cIelnaapHOro obopy-
noBaHUS. Hanbonee pacripocTpaHeHHOM SIBISETCS
BE3T-Mmetonuka (BET-method). OHa 3akiouyaeTrcs B
HaXOX[IeHUH IIJIOMaAH [IOBePXHOCTH TBEPAOTro Tela
1o agcopbuny Kakux-1ubo BemecTB. IIpy nposese-
HUM H3MepeHUH MeTOoJaMU II0POMeTPHUHU TpebyeTcs
JUCIIeprupoBaHKe (M3MeJlb4eHHeE) HCCIIeLyeMOoro
obpasua. MccaemoBaHKe HAHOMOPUCTHIX MAaTPHIL
3aHMMaeT OIpeeIeHHYI0 HHUINY B JKU3HHU Hayu-
HOTO coobmecTBa. [isl IONy4YeHHUs MaTepHaa, KOTo-
pBif OymeT o61amaTh HEOOXOOAUMBIMU CBOMCTBAMH,
Ba’KHO Pa3paboTars He TONIBKO TeXHOJIOTHIO 10y de-
HHs 00pa3ioB cO CTAOUABHBIMU K BOCIIPOM3BOLHU-
MBIMHU XapaKTePUCTUKAMHM, HO U METOAbI KOHTPOJIS
KadeCTBa M3TOTAaBIKBaeMbIx 00pa3oB. Kak IIpaBuio,
CYILIeCTBYIOLIKe MeTOAbl pa3paboTaHbl ISl XapaKTe-
PH3alLlMH1 KayeCcTBa ONTHUYECKUX [I0BePXHOCTeH. B To

INTRODUCTION

Nanoporous silicate matrices (NPSM) derived from
biphase borosilicate glass [1] are of significant interest
for a number of modern scientific and technical fields
due to a number of useful properties. NPSM samples
in the form of plane-parallel plates possess high trans-
parency in visible and near-infrared regions of spec-
trum, high chemical, thermal, radiation resistance
and physical-mechanical strength close to the prop-
erties of solid silicate glass. This opens up signif-
icant perspectives for their use in optical experi-
ments as the basis for the development of optical
elements for various applications (e.g., optofluidic
elements [2-3]) and for investigation of the proper-
ties of substances in the nanoscale dispersed state
[4-5].

The optical methods developed for continuous
media are often used to characterise the internal
structure of transparent objects. However, a key
feature of nanoporous media is scattering, which
is determined by the size of non-uniformities and
their wavelength dependence [6-7].

A number of parameters are used to characterise
the internal structure properties of NPSM, among
which the most important, from the point of view
of practical application, are the pore size and
the free volume of the sample occupied by pores
(V,). In practice, the value of V, is determined
quite simply by the weight method (8] - by the
weight of the sample in air-dry state and when
the pores are filled with water. At the same
time, the determination of pore size (and pore
size distribution) is a rather complex scientific
and technical task, which is currently solved
by methods of porometry, and requires special
equipment. The most common is the BET-method.
It consists in finding the surface area of a solid
body by adsorption of some substances. In the
case of porometry measurements, dispersion
(grinding) of the sample in question is required.
The study of nanoporous matrices occupies a niche
in the scientific community activity. In order
to obtain a material that will have the desired
properties, it is important to develop not only the
technology for obtaining samples with stable and
reproducible characteristics, but also the quality
control methods applied to manufactured samples.
As a rule, the existing methods are developed to
characterize quality of optical surfaces. At the same
time, the optical quality of NPSMs is determined by
the internal porous structure of the sample which
characterisation may not always be achieved by
the methods developed for assessing the optical
parameters of homogeneous (solid) non-porous
materials.
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Puc.1. Onmuyeckue xapakmepucmuku 06pa3su,o8 HIMCM moawuHol 1 Mm: a — cnekmpbl 0CAabAeHUSs!; b — cnekmpbl nponyckaHus.

Obpasey 1 - cnaowHas Kpusas; obpaseu, 2 - wWmpuxoeas Kpusaas

Fig.1. Optical characteristics of 1 mm thick NPSM samples: a - attenuation spectra; b - transmittance spectra. Sample 1 - solid curve;

sample 2 - dashed curve

JKe BpeMs onTu4Yeckoe KadecTso HIICM ompenenseT
BHYTPeHH SIS [IOPUCTasi CTPyKTypa obpasiia, K Xxapak-
TepH3alluU KOTOPOL He BCerAa IPUMeHHUMBI MeTO/bI,
paspaboTaHHBIe [/151 OLleHKH ONTHYeCKUX [TapaMeTpoB
OJTHOPOZIHBIX (CIITIOIIHBIX) HETIOPUCTBIX MaTepHaJIOB.

Kpome TOro, KOJIM4YeCTBO MCC/IeLYyeMOro Belle-
CTBa JOJIKHO COCTaB/IATh, KaK IIPaBUJIO, HECKOIBKO
rpaMmmoB. Ob6pasusl HIICM 1abopaTopHOTO H3ro0-
TOBJIE€HHUS MMeIOT HeOoJbIlIHe pa3Mepbl, BeC KOTO-
PBIX COCTAB/SET OecsaThie NOJIHW IpaMMa, a IOoIy-
YaloT UX HebonpmUMU HapTUsaMu [1]. Takum obpa-
30M, BOIIPOC Hepa3pylaoero KOHTPOJIsS U COOT-
BeTCTBYIOIIHMX METOAUK XapaKTepHu3aluU CTPYK-
Typsl HIICM 0CTPO CTOMT IPH UX U3TOTOBJIEHUHU U
KCIIOJIb30BAHHH.

HaHHasg CTaThs HOCBALIEHA ONMMCAHHUIO ITOM-
X0[la, IMO3BOJIAIOLIETO PEIIUTh 3TY 3a4a4y C MCIIOIb-
30BaHHMEM ONTHYECKOTO0 M3MepeHUS U MaTema-
THYECKOTO MOJEeJIHPOBAHUSA COOTBETCTBYHIUX
XapaKTePHUCTHUK.

METOAbI NCCIEAOBAHUA

JKCIepHUMeHT. F3MepeHU s ONTHYECKOM IIJIOTHO-
ctu (D) u nponyckarus (T) 06pa3noB IpoOKU3BOLU-
nock Ha cruekTpodoTomerpe Evolution 300 B fua-
rnasoxe JaKH BoaH 200+900 HM. M3MepeHHS IIPO-
BOAU/IHCH B BO3AYIIHO-CyXOM COCTOSIHUM 00pas-
LIOB OTHOCHTeJbHO Bo3Ayxa. Ob6pasibl mpen-
CTaBAAIHU COo6OM IJIOCKOIMApasjelbHble IJa-
CTUHBL ¢ rabapurtamu 15x20 MM H TOJIIH-
Hou 1 MM. PaccMaTpuBanuch ABa TUMa obpas-
noB HIICM-7 (o6pasen 1) u HIICM-17 (obpa-
3el 2), KOTOpble pa3/IM4aloTCsd BHYTpPeHHeH
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In addition, the substance quantity to be tested
should normally be in the range of a few grams.
The laboratory-made NPSM samples are small,
weighing tenths of a gram, and are produced
in small batches [1]. Thus, the problem of non-
destructive testing and appropriate techniques for
characterising the structure of NPSMs is important in
their manufacture and use.

This paper describes an approach to solve
this problem using optical measurements
and mathematical modeling of the relevant
characteristics.

RESEARCH METHODS

Experiment. The optical density (D) and trans-
mittance (T) of the samples were measured on an
Evolution 300 spectrophotometer in the 200+900 nm
wavelength range. The measurements were taken
in air-dry condition of the samples relative to air.
The samples were plane-parallel plates with dimen-
sions of 15x20 mm and a thickness of 1 mm.

Two types of NPSM-7 (sample 1) and NPSM-17
(sample 2), which differ in their internal porous
structure, were studied [1]. Figure 1 shows the
attenuation (optical density) and transmittance
spectra of different types of samples. As shown
in [6-7], the decrease of transmittance of
NPSM samples with decreasing wavelength
of radiation is caused by two main reasons -
absorption by components of the initial glass
(silicate framework) and scattering on the porous
structure. As noted in the cited papers at A >
350 nm, the main contribution to the decrease in
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IIOPUCTOM CTPYKTypoH [1]. Ha puc.l npuBeseHE
CreKTphl ocsabneHus (ONTHUYECKOM IIJIOTHOCTH)
Y NPpONycKaHUs 00pa3loB pa3HBIX THUIOB. Kak
IoKa3aHo B paboTax [6-7], CHU>KeHHe NPOIyCKaAHUS
o6pasuoB HIICM npu yMeHbIIeHUH JIHUHBI BOTHEI
H3J1yueHUs 06yC/I0BIeHO ABYMSI OCHOBHBIMHU IIPH-
YMHAMHU -~ [IOIJIOIeHHeM KOMIIOHeHTaMM HCXO0[-
HOTO CTeKkJ/a (CMIMKATHOrO KapKaca) U paccessHHeM
Ha IIOPMCTOM CTPYKType. Kak oTMe4YaeTcs B M TH-
pyeMbix paborax mpu A > 350 HM, OCHOBHOHM BKJIA[,
B CHUJKeHHe MPONYyCKaHHUs 06pa3LoB B BULUMOK
o6acTu creKTpa BHOCUT paccesiHHe Ha MOPUCTOM
cTpyktype. IIpu A > 600 HM 06pa3isr HIICM oboux
THUIIOB B BO3JYIIHO-CyXOM COCTOSHUHU 0b61agaioT
BBICOKOM ITpo3padyHoCcThio, T > 0,8.

TeopHsi. MaTeMaTHYeCKast MoAe/Ib. PAacCCMOTpUM
rayccoB IIYYOK IIPU €ro HOPMaJ/JbHOM MHaJeHHuHU Ha
IIJIOCKOMapaJie/IbHYIO IJIACTUHY, 3aII0JIHEHHYIO
CIy4alHO-HeOJHOPOALHOU Cpefou. IIpu mpoxoxie-
HHUH 4Yepe3 TaKoH obpasel] HHTEHCHBHOCTH IIy4Ka
IIPY BBIXOJIe U3 IIACTHUHBI TONIIUHON d oIrpesenseTcs
cremyonKM obpasom:

I=Itine” )

rae I, - MHTeHCUBHOCTB ITy4YKa Ha BXOZe, t;, t, —~ Koapdu-
LIKIeHTBHI [IPOXOKIEH U S ITyIKa HHTEePEHCOB INIACTHHKHU
[9], KoTOpBIe OITpe/ieISIIOTCSI BEIPAsKEHUSIMH

2 2

’ tz = n °’ (2)

n

g,= =
14 —ef 1+
n

ef

3[lech I ~ ONTHUYECKUH HHIEeKC pedpaK UK BHeIlHeHn
OIHOPOZHOK CpeJlbl II0 OTHOLIEHHIO K [IJIACTHHE, a Ny~
3QPeKTUBHBIIN OIITUYECKHUH HHAEKC pedpakliuU CIIy-
YalHO-HeOLHOPOJLHOM Cpelbl. B pe3ynbTaTe gus/IeK-
TpHUecKas IPOHHUIIAeMOCTb C/1y4alHO-HeOJHOPOLHOL
Cpenbl OIlpe/ie/IsIeTCsl KaK:

e=n’(1+2n), ©)

rae fi - clydarHas GryKTyal s OITHYeCKoro HHAeKCa
pedpaKLIMU CTy4ariHO-HeOAHOPOILHOM cpesibl. COr/lacHO
(10], mIpu oIMCaHKUU PacCesiHHOIO M0 Ha C/Iy4YalHbIX
HEOJITHOPOJHOCTSIX C ITIOMOIIIBIO IIePBOT0 IPHUO/IKKeHU S
BopHa, K03$PUITHEeHT S3KCTUHKIIUU 0y MOXKHO OLIeHHUTh
C IIOMOII[BIO AyCCOBOM KBaJPaTUUHON QYHKLIMK KOP-
pensuuu (OGHOPOAHBIN M M30TPOIHBIN CIyYanHBIH
IIpoLIecc):

B(r)=< it > e 2%, @

rge <> - CpefHUMN KBaApaT GIYKTyallUH ONTHUe-
CKOT0 MHJIeKCa pedpakiKH, a |, - pamuyc KOppesiuH.
CrnenyeT 3aMeTHUTb, 4To = 0. Torma AJ1si JAHHOTO Caydast

transmittance of the samples in the visible region
of the spectrum is due to scattering on the porous
structure. At A > 600 nm, both types of NPSM
samples in air-dry state have high transparency,
T>0.8.

Theory. The mathematical model. Let us
consider a Gaussian beam at its normal incidence
onto a plane-parallel plate filled with a randomly
inhomogeneous medium. When passing through
such a sample, the intensity of the beam, as it
exits the plate of thickness d, is determined as
follows:

I=Iti5e” 1)

where [, - beam intensity at the inlet, t;, t, - the
beam coefficients of the plate interfaces [9], which
are defined by the expressions:
2 2
t,= t,= , (2)

- ’
n
14 Dt 1+
n nef

where n - the refractive index of the external
homogeneous medium in relation to the plate, and
n, - effective optical refractive index of a randomly
heterogeneous medium. As a result, the dielectric
permittivity of a randomly inhomogeneous
medium is defined as:

e=n’(1+2n), (3)

where nn - random fluctuation of the optical
refractive index of a randomly heterogeneous
medium. According to [10], when describing the
scattered field on random non-uniformities with
the Born first approximation, the extinction
coefficient g, can be estimated with a Gaussian
quadratic correlation function (homogeneous and
isotropic random process):

o, @

B(ry=<n’>e
where <ii> - mean square of the fluctuation of the
optical refractive index, 1. - correlation radius. It
should be noted that <ii> = 0. So, in this case we get
the extinction coefficient as follows:

N -2k212
oV =21 < 0?2 > k2, (1—e ‘ C), (5)
where k = k,(n "2, k, = 21/A - is the wave number
in a vacuum. Using the exponential correlation

function, we obtain:

B(r)=<n?>e"l, (6)
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MBI IIOJTY YU M KO3QOUIHEHT SKCTUHKITUHU B CJIeYIOIeM
BU]IE:

R 2112
o’ =\2m < ? > k2, (l-e2 j, (5)

pu 3ToM k = ky(n.p"2, k, = 21/A - BonHOBOE YK CIIO
B BakyyMe. C IIOMOIIBIO SKCIIOHEHITHATBHOM QYHKLIH
KOPPEJISLIUH IOy IHM:

B(r)= <?*>e"l, ©6)

JJLsL KOBCl)(l)I/ILII/IEHTa SKCTHHKIHH ITI0JTYyYHM BbIpA’KEHHE:

~ 1
o =2<m’ > KL | 1l-—e|. @)
(1+4KL)

B pesynbTare, MOXKHO IIPe/IIOI0KHUTh, YTO BOTHO-
Bble 3aBUCHMOCTH CIIEKTPOB IIPOIYCKAHUS HAHOIIOPH-
CTBIX 06pas3Il0B MPUBTUKEHHO OMMCHIBAIOTCS [[BYMS
3aBUCHMOCTSIMM:

_U(l),zd
11,2(}‘)= Iotftée y 8

rae Iy - MHTEHCUBHOCTD ITyYKa Ha BXozie, I; M I, - UHTeH-
CHBHOCTH IIY4YKOB Ha BHIXOJE M3 Cpelbl IIPH Pa3sHBIX
KO3QOUIIMIeHTAX SKCTUHKIIU U,

KoadpdunmeHT nponyckaHusa T ompenesnsercs cie-
IyIONIHM 06pa3oMm:

T, , W =1, MW/, ©)
PE3Y/IbTATDI

I[IpoBeneHBI H3MepeHH S CIIeKTPa/IbHBIX XapaKTePHUCTHUK
HaHOIIOPHCTBIX CHJIMKATHBIX MATPHULI IBYX THIIOB.

CIIeKTPHI IPOIYCKAHUS OITHUYECKOro U3TyYeHHUs
HCCTIeyeMBIX 06pas3LIoB OITKUCAHBI IIPU HCII0JIb30BAHHH
3aBUCHMOCTH (8). Ha puc.2a, b mpuBe/ieHbI SKCIIepHMeH-
TaJIbHbIE 3aBUCHMOCTH CIIEKTPOB ITPOITYCKAHUS OIITH-
YeCKOro U3/TyYeHHsI HAHOIIOPHUCTBIX 06pasLoB 1 1 2 1 Be
TeopeTuyeckue Kpussle T;(A) u T,(A), onydeHHBIe IpU
C/TefyIONIUX 3HaUeHUSIX [IapaMeTpPoOB MaTeMaTH4eCKOk
MOJIeNH: Nye= 1,275, <i?>=0,39, 1 =0.001 HM 1 <ii?> = 0,17,
1.=0,0009 HM mns obpasua 1, n, = 1,225, <i?> = 0,4,
1.=0,0012 M 1 <1?> = 0,22, 1.=0,00095 HM 1151 06pasiia 2.
Kax BUZHO U3 IPUBeJIeHHBIX JAHHBIX, 00 pacCUYHTaH-
Hele KpuBble T;(A) U T,(A) XOpOIIIO OITKCBIBAIOT SKCIIEPH-
MEHTAJIbHYO0 3aBUCHMOCTb.

BbIBOAbI

[ToslyyeHHBbIe pe3yabTaThl CBUAETENIbCTBYIOT O TOM,
YTO IIpeJJIOKeHHBIH II0AXO0[ ONHMCAHUS HAaHOIOPH-
CTOM CHJIMKATHOM MaTPUIIBI KakK CJIyYalHO-HEOLHO-
POAHOM Cpefbl I103BOJISIeT IIPK COOTBETCTBYIOLIEM
nonbope mapamMeTpoB MaTeMaTH4YeCKOH MOJeIH
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Puc.2. Cnekmpbl nponyckaus o6pasuoe HINCM Ne 1 (a) u
Ne 2 (b) moawuHoli 1 mm. 1 - akcnepumeHm (cnAowHas Kpu-
8a9), 2, 3 — M0deAUposaHUe C UCN0Ab308AHLEM 2dYCC080Ll KOp-
peAsuUoHHOU PYHKUUU (2 — Wmpuxo8as Kpusds) U 3KCNOHeH-
UUanbHoU KoppeAsuuoHHOU QyHKUUU (3 — wmpux-nyHKmup)
Fig.2. Transmission spectra of 1 mm thick NPSM samples No.1 (a)
and No. 2 (b). 1 - experiment (solid curve), 2, 3 - simulations using
Gaussian correlation function (2 - dashed curve) and exponential
correlation function (3 - dashed dotted line)

for the extinction coefficient we get the following
expression:

6¥=2< >R |1 — 1 | %)
(1+4K°E)

As a result, it can be assumed that the wave
dependences of the transmittance spectra of
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[IPaBUJIBHO OIIMCATh CIIEKTPajIbHbIe XapaAKTePUCTUKH
HaHOIIOPUCTBIX 06Pa31l0B B BULKUMOM 00/1aCTH CIIeK-
Tpa u bnrkHeM MK-nuanasoHe.

9TO0 M03BOJIsAeT B Ja/IbHEeHIIeM COBepIIeHCTBOBATh
KCIIO/JIb30BAHHYK METOLUKY C LeJbI0 BO3MOXKHO-
CTH COIIOCTaBJIeHUS IapaMeTPOB MaTeMaTH4YeCKOH
MOJeIH ¢ PU3UYeCKMMHU ITapaMeTpaMU HaHOIIOPU-
CTOM CTPYKTYPBI HCC/IelyeMbIX 06pa31ioB.

WHOOPMALIUSA O PELLEH3UPOBAHUU

Pemakuus 61arogapuT aHOHKMMHOIO pelleH3eHTa
(pelieH3eHTOB) 3a UX BK/IaJ, B pelleH31POBaHUe 3TOM
paboThl, a TakKe 33 pa3MellleHHe CTaTel Ha CanTe
JKypHaJla 4 Ilepefavy KX B 3JIeKTPOHHOM Bue B HOb
eLIBRARY.RU.
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nanoporous samples are approximated by two
dependences:

_U(l),zd
II,ZO\) = Iotftie y @®)

where I, - beam intensity at the inlet, I, and I, -
beam intensity at the medium outlet at different
extinction coefficients.

The transmission coefficient T is determined as
follows:

Ty, W) =1 ,(N/1,. 9)
RESULTS

Spectral characteristics of two types of nanoporous
silicate matrices were measured.

Transmission spectra of optical radiation
of investigated samples are described using
dependence (8). Figure 2 (a, b) shows experimental
dependences of transmission spectra of the optical
radiation of nanoporous samples 1 and 2 and two
theoretical curves T,(A) and T,(A), obtained by
using the following values of mathematical model
parameters: n = 1.275, <n?> = 0.39, 1.=0.001 nm u
<n?>=0.17, 1.=0.0009 nm for sample 1, n,¢= 1.225,
<fi?> = 0.4, 1,=0.0012 nm u <ii?> = 0.22, 1.=0.00095
nm for sample 2. As can be seen from the above
data, both calculated curves T,(A) and T,(A) describe
the experimental dependence well.

CONCLUSIONS

The obtained results indicate that the proposed
approach to description of the nanoporous silicate
matrix as a random non-uniform medium allows
to correctly describe the spectral characteristics of
nanoporous samples in the visible and near-infrared
spectral range if the parameters of the mathemati-
cal model are selected accordingly.

This makes it possible to further improve the
used methodology in order to be able to compare the
parameters of the mathematical model with the
physical parameters of the nanoporous structure of
the studied samples.
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